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EDS COAL LIQUEFACTION PROCESS DEVELOPMENT - PHASE IV 
ANNUAL TECHNICAL PROGRESS REPORT FOR THE PERIOD 

JULY 1, 1978 - JUNE 30, 1979

ABSTRACT

This report is the second Annual Technical Progress Report 
for U.S. Department of Energy Cooperative Agreement No. EF-77-A-01-2893 
for Exxon Donor Solvent (EDS) Coal Liquefaction Process Development - Phase 
IV. This report covers the period July 1, 1978 through June 30, 1979.
Funding is shared by U.S. Department of Energy, The Carter Oil Company (a 
subsidiary of Exxon Corporation), Electric Power Research Institute, Japan 
Coal Liquefaction Development Company, Phillips Petroleum Company, Atlantic 
Richfield Company, and Ruhrkohle A.G. The agreement covers the period 
January 1, 1977 through December 31, 1982. The Laboratory Process Research 
and Development studies were conducted at various Exxon Research and Engineer­
ing Co. (ER&E) facilities: Research and Development Division at Baytown, 
Texas; Products Research Division at Linden, New Jersey; and the Exxon 
Research and Development Laboratories at Baton Rouge, Louisiana. The 
Engineering Research and Development studies were performed at the Synthetic 
Fuels Engineering and Exxon Engineering Technology Departments of ER&E at 
Florham Park, New Jersey. The information dealing with the Management, 
Detailed Engineering, and Procurement and Construction of the 250 T/D Exxon 
Coal Liquefaction Pilot Plant (ECLP) was generated at The Carter Oil Company, 
Houston, Texas, and Exxon Engineering - Project Management Department of 
ER&E, Florham Park, New Jersey.

Highlights from this report are summarized as follows. They are 
grouped according to their corresponding reporting categories in the report.

LABORATORY PROCESS RESEARCH AND DEVELOPMENT 
LIQUEFACTION PROCESS RESERACH

1. OPERATION OF RECYCLE COAL LIQUEFACTION UNITS (RCLU)

• Screening studies were completed on four EDS sponsor-selected 
coals in the 50 pound-per-day Recycle Coal Liquefaction Unit 
(RCLU-1). The purpose of these screening studies was to determine 
the response of these coals in the EDS liquefaction process. The 
four coals investigated were a Pittsburgh seam bituminous coal from 
the Ireland mine in West Virginia, a Texas lignite from the Big 
Brown mine, an Illinois No. 6 bituminous coal from the Burning 
Star No. 2 mine, and an Australian black coal from the Wandoan 
area of Queensland.

Yield response to liquefaction variables, such as temperature 
and residence time, varied considerably and did not appear to be 
directly related to coal rank. Unit operability and solids deposi­
tion in the liquefaction reactor were found to be dependent on coal
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rank. In general, the higher rank coals are easier to process in 
RCLU because of a lower viscosity bottoms product and a lower 
solids deposition rate during liquefaction.

• Sulfur dioxide (SC>2)/air pretreatment of Wyoming coal from the 
Wyodak mine was successful in significantly reducing calcium 
carbonate (CaCC^) scale formation during liquefaction in RCLU-1. 
Reactor scale formation was reduced over one hundred fold compared 
to that from untreated Wyodak coal to less than 0.001 lbs per ton 
of coal fed. A similar decrease in CaC03 content of the free- 
flowing reactor solids was found. The pretreatment had no detri­
mental effects on conversion or liquid yield compared to untreated 
coal.

• Two liquefaction bottoms recycle studies were conducted in RCLU-1. 
The purpose of these studies was to evaluate the effect of bottoms 
recycle on Exxon Donor Solvent (EDS) liquefaction yields for 
Illinois No. 6 bituminous coal from the Monterey No. 1 mine and 
Wyoming subbituminous coal from the Wyodak mine. Vacuum bottoms 
from the one ton-per-day Coal Liquefaction Pilot Plant (CLPP) were 
fed with fresh coal to RCLU in a once-through mode to simulate 
recycle bottoms feed.

At 840°F, 1500 psig, 1.6 solvent-to-coal ratio and 40 minutes 
slurry residence time, variation of the bottoms-to-coal ratio over 
the range of 1:3 to 1:1 produced little variation in conversion of 
the bottoms in liquefaction.

Wyodak bottoms recycle required more solvent than Monterey bottoms 
recycle for bottoms conversion (2.4 versus 1.6 solvent-to-coal).
At 2.4/1/0.5 solvent-to-coal-torbottoms, Wyodak bottoms conversion 
and C^-1000°F liquid yields were between 25-30 wt % and 22-25 
wt % on 1000°F+ bottoms fed, respectively, at 840°F, 1500 psig, 
and 25 to 60 minute residence times. Little bottoms conversion was 
observed at 1.6/1/0.5 solvent-to-coal-to-bottoms.

2. OPERATION OF THE ONE-TON-PER-DAY COAL LIQUEFACTION PILOT PLANT (CLPP)

• Scheduled operations were completed on Wyoming subbituminous 
coal from the Wyodak mine during the last quarter of 1978 on 
the one ton-per-day Coal Liquefaction Pilot Plant (CLPP). Data 
were supplied from Wyodak operations to the EDS Liquefaction 
Engineering Division (ELED) for use in the Wyoming Coal Study 
Design. •

• Operability on Wyoming subbituminous coal was improved by solids 
withdrawal on the CLPP. A withdrawal rate of approximately four 
weight percent on coal was sufficient to control reactor solids 
accumulation. Operability in the high pressure gas scrubbing 
system was also improved by controlling ammonium carbonate salts.
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• Equipment for vacuum bottoms recycle was installed on the CLPP 
during the first quarter of 1979. In addition, the coal feed 
system was modified to give better coal feed rate controlability.

• Vacuum bottoms recycle was operated for over 550 hours with bottoms 
containing as low as 2-3% 1000°F-. Yield data from bottoms 
recycle show improved conversions compared to coal-only operations 
but below those expected based on tubing bomb and RCLU simulated 
operations.

3. SOLVENT HYDROGENATION STUDIES

• Additional data on the effect of carbon oxide impurities were 
obtained from a Ni/Mo-10 catalyst activity study. Results agree 
with previous findings indicating that carbon oxide impurities in 
solvent hydrogenation treat gas do not affect hydrogenation activ­
ity. The major effects are a slight reduction in desulfurization 
and denitrogenation activities.

• Solvent hydrogenation.catalyst activity studies to confirm earlier 
observed effects attributed to feed heteroatom (sulfur, nitrogen, 
and oxygen) content were completed. These effects, with both 
Illinois No. 6 and Wyoming coal solvents over Ni/Mo-10 catalyst, 
were due to high initial catalyst activities and not to the lower 
Wyoming solvent heteroatom content. Over the ranges tested, the 
effects of the heteroatoms on the activity of both Ni/Mo-10 and
Co/Mo-20 catalysts were negligible.

• Hydrotreating EDS spent solvent and heavy product naphtha together 
was demonstrated to be a feasible alternative to processing these 
liquids separately.

4. BENCH UNITS, MODELING AND CORRELATIONS STUDIES

• A bench scale kinetic study of the SO2 pretreatment of Wyoming 
coal was conducted. It was concluded that mass transfer through 
the coal pores is the overall rate limiting step. •

• The effectiveness of gaseous SO2 pretreatment of Wyoming coal to 
prevent CaCOj formation during liquefaction was tested in a batch 
fluidized mode. This mode of treatment was observed to be effec­
tive for both Wyoming subbituminous coal and Texas Big Brown 
lignite. Similar pretreatment of Wyoming coal was also carried 
out at higher than room temperature to simulate the expected 
commercial unit pretreatment temperature in the fluidized bed. In 
this temperature range, the e^reatment effectiveness, expressed 
as wt % CaCOj in tubing bomb liquefaction residue ash, is some­
what lower than that at room temperature (75°F).
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• The Once-Through Coal Liquefaction Unit (OTCLU) feeding Illinois 
No.6, Monterey No. 1 mine coal showed good agreement with RCLU 
yields at one operating condition (840°F/40 minutes). Validation 
of the unit, previously used only for operability studies, at 
other operating conditions and with other coals is in progress.

• Tubing bomb liquefactions were carried out on three samples of 
Illinois No. 6 (Burning Star No. 2) coal obtained by the Electric 
Power Research Institute (EPRI) from Hydrocarbon Research, Inc.
The same conversion at 840°F/40 minutes was observed with this coal 
as with the sample currently used in the RCLU coal screening 
studies.

• Tubing bomb simulations of bottoms recycle for program and sponsor 
coals indicate a yield incentive exists for operating the EDS 
process in a bottoms recycle mode with each of the coals investi­
gated. Approximately 22% of the 1000°F+ bottoms derived from 
bituminous coals and Wandoan subbituminous coal could be converted 
at 840°F and 40 minutes reaction time. Coal and bottoms showed a 
synergism for conversion with Wyodak subbituminous coal and Texas 
Big Brown lignite. The amount of synergism displayed by Wyodak coal 
and bottoms was affected strongly by the solvent-to-solids ratio.

• Fit of the first-pass fundamental model for coal liquefaction to
its data base on Monterey coal was achieved. Final parameter values 
were employed to simulate RCLU yield periods not included in the 
data base. Good agreement between experimental data and model 
predictions served to further confirm the applicability of the 
model. The model was used to simulate RCLU bottoms recycle runs 
and predicted overall Cj-1000°F hydrocarbon yields within 3% of 
the measured values. Process variable simulations covering a broad 
range of reaction temperatures, residence times and bottoms recycle 
ratios were conducted which indicate these variables have a strong 
influence on C^-1000°F yield and on hydrocarbon product distri- 
butions. •

• The updated version of the fundamental recycle solvent hydrogena­
tion model was completed. This involved addition of Ni/Mo-10 
catalyst kinetics for heteroatom removal and an aging function for 
heteroatom removal. Simulations were carried out to predict 
product donor hydrogen and catalyst activity for different operat­
ing conditions using Ni/Mo-10 catalyst and a target of one year 
catalyst life. Model predictions showed that the target donor 
hydrogen levels could be achieved and maintained.
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5. PRODUCT QUALITY STUDIES

• Studies with Illinois (Monterey mine) and Wyoming (Wyodak mine) coal 
naphthas showed that catalytic reforming feed specifications can be 
met by hydrotreating the coal naphthas in a conventional, single- 
stage hydrotreater.

• Caustic washed naphthas (to remove phenolic compounds) require 
lower hydrotreating severity, approximately a two-fold increase in 
space velocity, and lower hydrogen consumption, about 50% reduc­
tion, to meet reformer feed specifications.

• Bench scale studies indicate that oxygenated solvents (e.g. 
methanol/water blends) can be used to remove phenolic compounds 
from EDS naphthas. Potential advantages, relative to caustic 
washing, include the elimination of reagent consumption and solids 
disposal associated with caustic extraction.

• Analytical characterization and storage stability testing of Wyoming 
(Wyodak mine) coal liquid products were completed. Measurements of 
viscosity, Conradson carbon and sediment versus storage time at 150 
and 210°F indicated that these coal liquids are comparable in 
stability to petroleum-derived reference materials.

• Combustion tests with Wyoming (Wyodak mine) 350/1000°F and 350°F+ 
(including coker liquids) fuel oils in a 50 HP Cleaver-Brooks boiler 
revealed burning characteristics similar to fuel oils derived from 
Illinois coal, namely, low smoke and particulate emissions, but high 
N0X emissions consistent with high levels of fuel-bound nitrogen.

• Hydrotreating studies at the Exxon Research and Development 
Laboratories (Baton Rouge) were completed with Illinois (Monterey 
mine) and Wyoming (Wyodak mine) fuel oils, with and without coker 
liquids. The purpose of these studies was to define the severity 
and hydrogen uptake required to achieve product nitrogen targets of 
0.5 and 0.2 weight percent. •

• A major objective of the 1979 product quality program is to issue 
an interim report containing an initial assessment of preferred EDS 
products markets considering handling, storage, shipment, health 
and e nvironment.

V.
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LABORATORY PROCESS RESEARCH AND DEVELOPMENT 
BOTTOMS PROCESSING RESEARCH

6. COKING AND GASIFICATION STUDIES 
8. SUPPLEMENTAL FLEXICOKING* FROGRAM-Part I

• A study of the effect of dilution on the viscosity and stability of 
coal liquefaction bottoms was completed. Dilution of the bottoms 
with 1000°F- coal derived liquids reduces the initial viscosity 
and increases the storage stability of both Wyodak and Illinois 
bottoms. Data on initial viscosities of Wyodak bottoms was corre­
lated using multiple linear regression with 1000°F- content and 
liquefaction severity as the independent variables.

• Viscosity measurements of the Illinois liquefaction bottoms 
from the liquefaction of mixtures of recycle bottoms with coal 
show that the initial viscosity and the thermal stability were 
similar to bottoms obtained from single-pass liquefaction.

• The viscosity and storage stability for two Wyoming (Wyodak) 
bottoms from CLPP were measured at 600°F. The initial visco­
sities for these Wyodak bottoms, which had low 1000°F_ contents, 
averaged 28 poise. After 8 hours storage at 600°F, the average 
viscosity increased to 40 poise.

• A study of the properties of ground bottoms/solvent slurry feeds 
indicated that such a feed system would not be feasible for the 
FLEXICOKING prototype. Bottoms mixtures with raw creosote oil 
formed settling suspensions that would require high agitation rates 
and transport velocities.

• Bench coking studies of Wyodak bottoms from 1978 CLPP yield 
periods 264 through 284 were completed. These data give an 
estimate of the coke, liquid and gas yields from coking of the 
bottoms at base conditions. The data are used for guidance
in further coking studies.

• Coking runs were made on the Continuous Stirred Coking Unit 
(CSCU) using heavy Wyodak coker liquids (837°F+) from the Large 
Stirred Coking Unit (LSCU) to simulate recycle coking operations.
No evidence of production of 1000°F_ liquids was found.

• An initial CSCU screening study with Big Brown coal liquefaction 
bottoms was completed. The net liquid yields from these Texas 
lignite bottoms are similar to those obtained previously for Wyodak 
bottoms. *

*Service Mark
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• Seven coking yield runs on coal liquefaction bottoms from Illinois 
No. 6 Burning Star coal were completed in the CSCU. The bottoms 
came from RCLU-1 operations at two conditions of liquefaction 
temperature and residence time. Coker liquid yields from bottoms 
produced at liquefaction conditions of 840°F and 40 minutes 
residence were higher than from 880oF/25 minute bottoms (18.6 and 
10.2 wt % on dry coal, respectively). The overall total yields 
(liquefaction plus coking) were 42.7% and 40.6%. For both samples, 
an increase of coking temperature caused a decrease of liquid 
yield.

• Six CSCU runs were made with RCLU bottoms produced from Pitts­
burgh No. 8 Arkwright coal at two different liquefaction residence 
times. The coking yield structure over a range of coking temper­
atures was found to be similar to that of bottoms from Illinois No.
6 (Monterey) coal.

• Four CSCU runs were made with Wandoan coal bottoms from 840°F- 
40 minute RCLU liquefaction. At base coking temperature, coking 
liquid was estimated to contribute one-fourth of the total EDS 
liquid yield.

• A listing of the accumulated data on coking yields from the several 
coal liquefaction bottoms that were run in the CSCU reveal definite 
trends with coal rank. Liquid yields increase and gas yields 
decrease as the coal rank increases. Evidence of coking yield 
dependence on liquefaction conditions was observed for all types of 
coal liquefaction bottoms processed in the CSCU.

• CSCU liquid yields from the bottoms of liquefaction operations 
with mixtures of Illinois coal and recycled bottoms are very 
similar to those from regular Illinois coal liquefaction bottoms.

• One CSCU run was performed with a mixture of 70% Illinois bottoms 
and 30% vacuum gas oil. The CSCU conditions were similar to those 
expected on the FLEXICOKING process prototype. The results 
indicate that the liquid yield is the same as would be predicted 
from simple combination of VGO recovery plus normal coking yield.

• Three runs were made in the CSCU using ground Illinois No. 6 coal 
feed. Pyrolysis yields for these coals agreed well with the 
Fischer Assay yields. Two CSCU runs were made with a mixture of 
bottoms and coal. The yields were the same as would be predicted 
from a combination of the yields from separate coking and pyrolysis.

• Coker liquids from Illinois No. 6 Burning Star bottoms were 
characterized by benzene and pyridine extractions to determine 
the nature of the recovered liquids as a function of coking 
temperature. As coking temperature increased, the net 1000oF- 
asphaltenes increased up to RV+150°F and then decreased. This 
suggests that cracking of the 1000°F- asphaltenes takes place 
above RV+150°F.
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• The Large Stirred Coking Unit (LSCU) was revamped and was operating 
to produce coker liquid samples for various program studies such as 
hydroclone tests with heavy coker liquids and combustion tests with 
a full-range 350°F+ EDS product blend that includes coker
liquid. Operations were satisfactory with both Illinois and Wyodak 
bottoms feeds.

• A bottoms remelt study was conducted to determine physical property 
data for coal liquefaction bottoms. The objective of the study was 
to confirm models for the mixing and pumping of non-Newtonian 
bottoms blends in order to provide tighter design of the feed 
preparation system for the FLEXICOKING prototype. Calculated heat 
transfer coefficients were higher than anticipated. Power consump­
tion for mixing was low with rapid transient approach to steady- 
state torque. No evidence of high mixer torque or pressure impulse 
on start-up was noted.

• Steam and carbon dioxide gasification of IKG Illinois coke (bottoms 
derived from Monterey mine coal) was studied in the development of 
the air FLEXICOKING process for EDS bottoms. Preliminary data 
analysis shows a Langmuir-type rate expression may be used to 
correlate mild reactant inhibition although this inhibition can be 
neglected in short-cut calculations. The coke gasification thermal 
response agrees with literature values.

• Bench scale coke gasification studies of ash fusion conducted 
in the Small Fluidized Bed Unit (SFU) showed similar sintering 
behavior for Wyoming and Illinois cokes. A non-agglomerating 
region was determined by testing the process variables of superfi­
cial velocity, temperature, and steam/air ratio. The sintering 
effects were found to apply at partial gasification as well as
at complete gasification. The quartz reactor used in the SFU was 
modified to alleviate excessive particle entrainment experienced 
during coke gasification runs. The addition of an enlarged dis­
engaging section eliminated the problem.

• There was evidence from both the SFU and the Fluidized Bed Unit 
(FBU) that smaller coke particles were more prone to form sinter 
than larger particles.

• Particle size measurements at various levels of coke gasification 
in the SFU indicated that gasification causes gradual shrinking of 
the coke particles until the ash content reaches 75% where
no further shrinkage occurs. The final average particle size was 
80% of the initial particle size, even though all that remained was 
ash. The particle size shrinkage was similar for air, steam or 
air-steam mixtures.

• SFU tests with coke from a North Dakota lignite showed that it 
was much more prone to sinter than were Illinois or Wyodak cokes. 
The cause was attributed to a high level of sodium (10%) in the 
ash.
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• Cold model studies with horizontal jet nozzles in models of the FBU 
and IKG gasifier reactors indicated that there was stagnant coke in 
the region of the air/steam inlet jets. This stagnant coke is 
thought to have been a contributing factor in the formation of 
sinter. These studies demonstrated that stagnant coke could be 
eliminated by the use of a properly designed conical distributor.

• Sinter was formed in FBU coke gasification runs at operating 
conditions similar to the nominal conditions in the IKG when 
sinter was formed. Temperature instabilities during coke gasifi­
cation at low superficial velocities in the FBU were alleviated by 
operating at higher superficial velocities. Sintered agglomerates 
were formed over a range of superficial velocities with Illinois 
coke using a horizontal jet gas distributor. The sintering was 
attributed to stagnant coke near the gas inlet jets. Sintering was 
reduced by the use of a conical gas distributor which eliminated 
the stagnant coke in the FBU.

• Coke gasification studies on the Fluidized Bed Unit (FBU) provided 
evidence of the mechanism of sinter formation in stagnant zones.
The FBU sinter is formed after all the carbon in the fluidized coke 
is consumed. Then, oxygen diffuses into the stagnant coke and the 
heat of reaction causes an increase in temperature. The FBU sinter 
formation appears to be caused by undissipated heat generated in the 
stagnant zone of coke. Elimination of the stagnant coke would 
likely eliminate the FBU sinter formation at target operating 
conditions.

• The amount of fines produced from FBU gasification of Wyodak 
coke was the same as for Illinois coke. Also, FBU experiments 
with both Illinois and Wyodak cokes showed no apparent effect 
of gasification temperature on fines make. Ash enrichment of 
the Wyodak fines was lower than for Illinois fines under similar 
gasification conditions. Because of the relatively low carbon 
content of the FBU fines from EDS cokes, the carbon rejection with 
the fines does not appear to be excessive.

• Coke gasification studies in the Fluidized Bed Unit (FBU) confirmed 
earlier indications that attrition in the overhead cyclone produced 
roughly half of the coke fines observed in the FBU.

7. CONSTRUCTION AND OPERATION OF THE 2 B/D COKING/GASIFICATION PILOT 
PLANT •

• The Integrated Coking/Gasification Pilot Plant (IKG) was used
in the development of air FLEXICOKING for EDS bottoms processing. 
Work this year was analysis of Illinois and Wyodak operations 
conducted and reported last year. Material and ash balances for 
the second quarter 1978 operations were much improved over previous 

*v EDS work. This enhanced the confidence in IKG data. Heater-
gasifier fines production for Wyodak operation were higher than
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for Illinois, but not limiting to desired gasification. Reactor 
fines production was unexpectedly high for Wyodak operation and 
is still under study in bench work. Wyodak coke was more active 
toward gasification than Illinois. This enabled lowering gasifi­
cation temperatures about 50°F and which in turn helped avoid 
Wyodak coke sintering.

ENGINEERING RESEARCH AND DEVELOPMENT 
PROCESS ENGINEERING AND COST EVALUATIONS

1. COMMERCIAL STUDY DESIGN AND COST ESTIMATE

• Preliminary economics for the Illinois Coal Study Design Update Base 
Case and estimates of the Market Sensitivity Case were completed.
The economics were developed for both 3Q87 startup (SDU Basis) and 
1Q85 startup (for comparison with the 1975/76 Study Design). The 
total erected cost (TEC) for a plant with the Base Case configuration 
(steam reforming/FLEXICOKING) is estimated to be 3050 M$ (instant 
plant, 4Q1978 $) including an 8.1% process development allowance 
(PDA) and 25% project contingency. The estimated project cost for a 
1Q1985 startup is 4035 M$, and 4780 M$ for a 3Q1987 startup.
Based on Process Alternatives Model (PAM) screening studies, the TEC 
for the Market Sensitivity Case is currently assumed to be nominally 
5% less than the Base Case. Required Initial Selling Prices (RISP) 
of coal liquids were developed over a range of effective annual 
differential escalation rates for product values relative to coal 
and operating costs.

• Thermal efficiency calculations for the Illinois Study Design Update 
base case were completed. Overall plant thermal efficiency is 55.6%. 
Additional efforts involved reconciliations of the calculated value 
with the 1975/76 Study Design value and identification of thermal 
loss locations and quantities.

• The overall plant thermal efficiency for the Illinois Market Sensi­
tivity case is 63.6% as compared to 55.6% for the base case. This 
increase in efficiency reflects the recovery of C2- high Btu gas 
and C3 LPG as products.

• Revision of the onsite design basis for the Illinois Coal Base Case 
was completed. The revision reflects changes in the onsite facilities 
which occured during the design phase. Work was also completed on 
the onsite design for the Base Case. Design information packages 
were prepared and released to cost estimating. Final documentation
of the Onsite Design Basis and the onsite design is in progress. •

• The fuel system study for the Illinois Coal Base Case was completed. 
This study defined the basis to be used in designing a safe, operable 
fuel system for the plant.
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• Work was completed in defining the offsite design basis for the 
Illinois Coal Base Case. The offsite facilities include all utili­
ties, the fuel system, product and intermediate storage facilities, 
product shipping, coal transportation and preparation, wastewater 
treating, solid waste disposal facilities and the safety facilities 
for the plant. The offsite design for the plant Base Case was also 
completed. Design information for all the offsite facilities was 
prepared and released to cost estimating. The design information 
reflects the most restrictive operating mode of the plant.

• Results of an assessment of the air pollution impact of the Illinois 
Coal Base Case indicate that the plant could be located in a Class 
II attainment area having the typical meteorological conditions of 
southwestern Illinois. Location of the plant in a nonattainment 
area would require off-setting reductions in emissions. Results 
also indicate that the plant would be defined as a major pollutant 
source since the emission rates for all the criteria pollutants 
significantly exceed 100 tons per year.

• The onsite design basis for the Illinois Coal Market Flexibility 
Sensitivity Case was completed. Major differences in the onsite 
facilities are a result of substituting partial oxidation of vacuum 
bottoms for steam reforming of C^/C3 as the hydrogen generation 
process. This change also releases the Cj/C2 for sales as high 
Btu gas. Work was also completed on the onsite design. Efforts 
were concentrated in designing the sections with major changes from 
the Illinois Coal Base Case. Design information packages were 
prepared and released to cost estimating.

• The offsite design basis and the offsite design for the Illinois 
Coal Market Flexibility Sensitivity Case were completed. This 
offsite design is in considerably less depth and detail than for the 
Illinois Coal Base Case. Whenever possible, the Base Case design 
was used. Efforts were concentrated on the fuel/steam/ power system, 
the water systems and solid waste disposal. Design information 
packages for the offsite facilities were prepared and released to 
cost estimating.

• Work was completed on the Onsite Design Basis for the Wyoming Coal 
Case. The process configuration for this case is identical to that 
of the Illinois Coal Market Flexibility Sensitivity Case, (i.e., 
partial oxidation of vacuum bottoms for hydrogen production and 
FLEXICOKING of the remainder of the vacuum bottoms for plant fuel 
production). The liquefaction conditions selected are a reactor 
temperature of 840°F, a residence time of 60 minutes, and a 
solvent-to-coal ratio of 1.6. •

• The onsite design for the Wyoming Coal Case is underway. Initial 
efforts concentrated on generating heat and material balances for 
the plant. These balances will be the basis for equipment design. 
Preparation of the heat and material balances included the develop­
ment of liquefaction yields and solvent hydrogenation yields
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(at SOR and EOR). An effort was also made in improving the represen­
tation of the heavier portions of the process streams.

• Design sensitivity cases to examine process uncertainties and 
potential improvements for the FLEXICOKING unit in the Illinois Coal 
Base Case were prepared and cost estimated. The major improvement 
was in coke handling where potential savings approaching 10% of 
FLEXICOKING investment cost were identified.

• The maximum feasible vacuum pipestill (VPS) cutpoint for feeding 
partial oxidation for hydrogen production in the Wyoming Coal Case 
was identified to be 900°F. The cutpoint was reduced from the 
975°F cutpoint used with Illinois coal due to the higher viscosity 
of Wyoming vacuum bottoms and its effect on pump performance.

2. COST REDUCTION AND LABORATORY GUIDANCE STUDIES

• An engineering screening study based on RCLU data on Illinois No. 6 
(Monterey No. 1 mine) coal indicated a potential economic incentive 
for Illinois No. 6 coal for vacuum bottoms recycle to the liquefaction 
reactor. The potential incentive of 1-2 $/B (2-5% on RISP 1985$),
can be achieved using<^40% bottoms recycle (defined as total bottoms 
plus coal feed to liquefaction) and various ^/fuel alternatives.
The choice of configuration may depend on the specific coal feed and 
the relative stage of development of the bottoms processes. CLPP 
runs are underway to verify yields and hydrogen consumption during 
equilibrium operation.

• An engineering screening study on Wyoming (Wyodak) coal showed 
incentives for operating at more severe liquefaction conditions than 
were used in the 1975/1976 Wyoming Coal Study Design. The results 
of this study were used to form the basis for selecting liquefaction 
conditions in the Wyoming Coal Study Design Update case.

• Preliminary results were obtained from the Process Alternatives (LP) 
Model (PAM) evaluation of West Virginia (Pittsburgh No. 8) coal, the 
first sponsor coal. Results showed the most attractive cases utilize 
once-through FLEXICOKING for fuel/partial oxidation for hydrogen and 
liquefaction conditions at 840°F/60-100 minutes residence time.
An economic comparison with Illinois No. 6 (Monterey) coal at 
840°F/40 minutes with the same configuration showed Pittsburgh No.
8 coal to have a small potential economic advantage. •

• An engineering process variables screening study was completed for 
Big Brown lignite, the second sponsor coal. Results showed the most 
attractive cases utilize once-through FLEXICOKING for fuel/partial 
oxidation for hydrogen, and liquefaction conditions of 840°F/25-60 
minutes residence time. An economic comparison of Big Brown with 
Illinois No. 6 Monterey (840°F/40 minutes) and Wyodak coal (840°F/
60 minutes) cases with the same configuration shows that the Illinois 
No. 6 Monterey coal plant in Illinois has about a 20 M$/yr (1985$)
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advantage over the Big Brown plant in Texas and approximately a 70 
M$/yr (1985$) advantage over a Wyodak coal plant in Wyoming when 
considered on a consistent economic basis and estimated location 
effects are included.

• Work began on an engineering screening study aimed at evaluating 
the economics of a coal liquefaction plant feeding Burning Star 
coal, the third sponsor coal, run in the Recycle Coal Liquefaction 
Unit (RCLU) as part of the overall sponsor coal screening program. 
Various liquefaction temperatures/residence time severities will be 
evaluated with different bottoms processing configurations. Labora­
tory data on the FLUID COKING response of Burning Star vacuum 
bottoms indicate an increased liquid recovery for Burning Star 
compared to Monterey No. 1 vacuum bottoms.

• An evaluation of alternative slop disposal methods in ECLP was 
completed. Two viable schemes of reprocessing slop in available 
facilities during scheduled unit downtime were identified. As a 
result, separate slop processing facilities, which would cost 
approximately 2 M$, are not needed.

• An overall process using a methanol/water extraction for recovery of 
phenols from EDS naphtha is being evaluated. Based on batch extrac­
tion data, a 60 wt% methanol in water solvent and a 0.5/1.0 solvent/ 
feed ratio was selected as being close to the optimal balance of 
phenol capacity and selectivity. The proposed flow scheme includes 
the following units: naphtha splitting, phenolic extraction, 
methanol recovery, phenolic concentration and phenol splitting.

• A Data Reconciliation System (DRS) model for handling ECLP process 
data is under development. The DRS model accomplishes reconciliation 
with a least squares analysis of errors that is based on the reliabil­
ity (standard deviation) of each flow or analytical measurements
used in generating material balances.

• Control of calcium carbonate deposition in liquefaction reactors 
with high-calcium coals was examined from two directions: minimizing 
adverse effects of the calcium carbonate once it forms (mechanical 
treatment) and chemical feed pretreatment to prevent calcium carbon­
ate formation. The mechanical approach is potentially lower cost 
and is the preferred alternative. Confirmation in ECLP is required 
for the mechanical approach.

• Definitive planning of the ECLP Test Program began. Three plans are 
being developed: nominal 2 1/2-year test program; one-year test 
programs; 3-month roll-over test programs.

3. ENGINEERING STUDIES OF BOTTOMS PROCESSING/HYDROGEN MANUFACTURE
8. SUPPLEMENTAL FLEXICOKING PROGRAM - Part I

• A bottoms process screening evaluation for the Wyoming Coal Study 
Design Update indicated that FLEXICOKING for fuel and partial
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oxidation for hydrogen are the most economically attractive bottoms 
processing options. Liquefaction conditions of 840°F and 60 
minutes or longer residence time will provide a pumpable vacuum 
bottoms feed to the partial oxidation reactor.

• Several FLEXICOKING process improvement studies are underway.
Various methods for increasing the amount of solids-free coker 
liquids from a recycle coking operation without undue economic debit 
were identified. Feeding a mixture of coal and vacuum bottoms to 
the FLEXICOKING unit to increase liquid yield and fuel gas production 
is also being evaluated as a potential process improvement.

• A recent update confirms the relatively large economic incentive 
shown in previous studies for maximizing the VPS cut point prior to 
partial oxidation or other non-FLEXICOKING bottoms processes. In 
addition, we defined 1050°F as the maximum probable VPS cut point 
as limited by preheat furnace constraints and viscosity limitations 
with the VPS itself. Because of high bottoms viscosity, a 1050°F 
VPS cut point could require vacuum bottoms solidification prior to 
feeding downstream units.

• An initial economic screening comparison of Texaco and Shell-Koppers 
partial oxidation processes (TPO/SPO) on liquid EDS vacuum bottoms 
indicates that TPO is 0.75 $/B and 0.25 $/B less expensive for 
producing hydrogen and fuel gas, respectively. For solidified 
vacuum bottoms, SPO appears to have about a 1 $/B cost advantage for 
hydrogen because of TPO's aqueous slurry feed. The magnitude of 
these cost differences for liquid vacuum bottoms is expected to 
decrease based on revised SPO investments due from Shell in 3Q79.
The above assessment is based on non-confidential information 
obtained from Texaco and Shell.

ENGINEERING RESEARCH AND DEVELOPMENT 
ENGINEERING TECHNOLOGY DEVELOPEMENT

LIQUEFACTION ENGINEERING TECHNOLOGY

• The new Generalized Riedel (G.R.) procedute for predicting the
vapor pressures of coal liquids was incorporated into the Chao-Seader 
correlation and the Joffe-Zudkevitch modification of the Redlich-Kwong 
equation of state (RKJZ) used in estimating coal liquid vapor-liquid 
phase distributions. The G.R. procedure significantly improved the 
Chao-Seader predictions (deviation in weight fraction vaporized 
reduced from 20.9% to 12.8%) but had little effect on the RKJZ (13.8%). •

• The viscosity data for Illinois vacuum bottoms and blends of bottoms 
with heavy raw creosote oil were fit to a power law viscosity 
model. The shear thinning and shear thickening behavior are 
modeled as a function of shear rate and 1000°F minus content at 
temperatures from 524°F to 704°F on the bottoms and 332°F to 
425°F on the blends.
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5. BOTTOMS PROCESSING ENGINEERING TECHNOLOGY

• The pressure leaf filtration tests by the vendor of the equipment 
showed that pressure filtration without precoat or body feed will 
not be suitable for fines removal from EDS scrubber liquid.
Filtration rates were low, less than 4 gph/ft^ after six minutes, 
the screens were rapidly blinded, and the solids removal efficiencies 
were poor.

• Recent lab work on FLEXICOKING unit reactor feed nozzles demonstrated 
that viscous solids free feeds can be atomized satisfactorily at 
lower gas rates than required previously.

6. MATERIALS AND ENVIRONMENTAL ENGINEERING TECHNOLOGY

• The organic acid concentrations of the Wyoming (Wyodak mine) process 
wastewater after stripping and extraction is 2.4 times that of 
Illinois (Monterey mine) wastewater and the total dissolved solids 
(TDS) 1.75 times. The resulting higher BOD5 and TOC may require a 
trickling filter or other roughing biological treatment upstream of 
an activated sludge unit. Depending on the receiving body of water, 
the high TDS may require tower makeup and subsequent evaporation of 
the blowdown.

ECLP PROJECT MANAGEMENT, DETAILED ENGINEERING, 
PROCUREMENT AND CONSTRUCTION

1. PROJECT MANAGEMENT

• In late 1978 and early 1979 ER&E project management team engineers 
prepared detailed descriptions and scope definitions of the thirteen 
sections of ECLP which are to be turned over in an ordered sequence 
in keeping with Carter Oil's start-up plan. Further subdivisions of 
some of the thirteen major turnover packages were prepared by Daniel 
and Carter. To assist in construction planning/execution as well as 
final checkout of each turnover package, McKee prepared listings of 
equipment, instruments, electrical facilities and piping drawings 
for each section and defined piping materials needed to provide for 
the separation/safe isolation of each package. This work was 
completed in June 1979.

2. ENGINEERING AND PROCUREMENT

• McKee's engineering and procurement work for ECLP was 96% complete at 
the end of June 1979, approximately 1% or 4 weeks behind the original 
plan. The total number of McKee engineering and procurement hours 
projected at the end of June 1979 was 688k, an increase of 56% over 
our base projection of 440k hours, and 149k hours (28%) greater than our

June 1978 projections. This increase reflects the continued development 
of scope changes that occurred as detailed engineering progressed.
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• Basic engineering work during the year consisted primarily of the 
development of design bases for the changes in scope required as the 
detailed engineering progressed and operating/model reviews were 
completed, and the preparation of Change Lists to formally document 
all modifications to the original design specifications. Among the 
major changes handled by the Exxon engineering design follow-up 
engineers with assistance from the McKee engineering staff were:

+ Electrical heating systems modifications/definitions.
+ Power distribution systems changes for increased load require­

ments .
+ Solvent flushing and blowdown systems definition.
+ Dowtherm heating system operating range change.
+ Definition of modifications required by interim turnovers.

• Preparation of the ECLP plant model, a vital engineering tool, 
continued into the second quarter of the year. As work progressed, 
the model was continually studied and used to resolve both engineer­
ing and anticipated operations problems. Teams made up of Carter 
Oil, Exxon process and safety engineers, and ER&E project management 
personnel conducted formal reviews as the models of the various 
areas were completed. After McKee revised the models in accordance 
with the input, piping isometric work proceeded.

• The number of tagged equipment items increased from 470 to 516 
during the year, primarily due to changes. All items were ordered 
and 465 were delivered to the construction site. As of June 30, 
1979, commitments for all procurement totaled 37.9M$, 93% of the 
forecast total for the project vs. 99% planned.

• The cost outlook for ECLP as of June 30, 1979 was 112.15M$. (The 
original cost estimate for ECLP was 110M$). The most significant 
increases during the year, other than increases attributable to 
approved changes, were in bulk materials, direct labor and field 
indirects. The largest material increases were in field purchased 
bulk materials. Direct labor and indirects increased as the result 
of the increased bulk materials quantities projected and an antici­
pated three month schedule extension.

3. CONSTRUCTION

• Construction of ECLP was 62% complete at the end of June 1979, about 
3 months behind our original plan. Progress during the year was 
affected by the increased scope of work, adverse weather, and 
delayed completion of engineering. •

• Independent, in-depth ECLP construction schedule reviews by Daniel
and ER&E were completed in May 1979. The studies were based on 
progress/productivity trends to date and review of materials deliv­
eries and labor projections. Based on this work, we believe that 
the "most probable" completion date is 15 February 1980 2 weeks.
We have designated 25 January 1980 as our "target" date for completion.
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• Major ECLP construction events from July 1978 to June 1979 were the 
following:

1978

+ First hydrostatic test of underground piping 
+ Completed slipforming of raw coal silo 
+ Started tank erection 
+ Initiated field Positive Materials 

Identification Program 
+ Started area paving
+ Started erection of process area pipe

rack steel
+ Started installation of aboveground piping 
+ Started construction of cooling tower
+ Started installation of underground

power cables

July
August
September

October
October

October
October
November

December

1979

+ Received and set all eight reactors 
+ Received and set control house instrument 

racks
+ Completed cooling tower erection 
+ Firewater system mechanically complete 
+ Completed erection of field fabricated tanks 
+ Interplant lines mechanically complete 
+ Control house mechanically complete 
+ Main electrical substation mechanically 

complete
+ Completed underground power/instrument cables

January

February
February
April
April
May
June

June
June

4. PREPARATION FOR OPERATIONS

• Over the past year ending June 1979, the ECLP staff grew to 98 
members with the addition of 86 people. These staff additions 
included 52 people for the Process Division, 6 people for the 
Mechanical Division, 19 people for the Technical Division and 9 
people for the Administrative Division.

• The first turnover of equipment was accomplished on schedule on 
April 6, 1979, with the completion of a portion of the fire water 
system. This first turnover package included a diesel-engine-driven 
fire water pump and a portion of the fire water distribution system.

• In mid-February 1979, seventeen Process Technicians on loan from 
Exxon's Baytown Refinery arrived at the ECLP site to begin training. 
Four weeks of classroom training of the Process Technicians was 
completed during March 1979. Twenty-three new hires, who ultimately 
would be assigned to ECLP as Process Technicians, reported for work
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at Exxon's Baytown Refinery in March 1979, and began five weeks of 
basic training in the Refinery. This group began onsite ECLP 
training in mid-May 1979.

• An environmental health work group was formed, with the task
of developing a proposal for an ECLP Occupational Health Program. 
Elements of the program included areas such as personal hygiene, 
medical surveillance, and engineering controls. The program was 
reviewed and approved by year-end 1978.

• All ECLP staff members attended a safety workshop. The purpose of 
the workshop was to inform all employees of the several components 
that comprise the integrated safety program for ECLP, to solicit 
employee input into some of the program details and to provide a 
stimulus for safety awareness on the part of each employee.

• The purchase option was exercised for thirty (30) 100-ton "Rapid 
Discharge" hopper cars from Ortner Freight Car Company of Cincinnati, 
Ohio. These cars are scheduled to be manufactured in July 1979. 
Proform, Inc. was selected as the successful bidder of 30 rail car 
covers.

• The prototype ECLP rail car cover system was tested at Proform's 
plant in Minneapolis during April 1979. The cover was operated 
satisfactorily for 230 cycles, which is approximately twice the 
number of cycles expected during the 2-1/2-years of operation. The 
prototype ECLP rail car test program was successfully completed 
June 15, 1979. The prototype car made 15 trips (6,000 miles) 
between The Carter Oil Company's Monterey No. 1 Mine in Illinois and 
a power plant during the "over-the-rail" phase of the test program.

• All sections of the ECLP engineering model were received onsite 
and the entire model assembled during May 1979 for use as an aid to 
both training and construction.

• By the end of the first quarter 1979, the ECLP General Purpose 
Building was 97 percent complete overall. Storehouse personnel 
occupied their area during March 1979 and turnover was accomplished 
in April 1979.

• A specification sheet and floor plan for the ECLP laboratory was 
prepared in mid-April 1979 for release to obtain vendor quotations. 
Anticipated construction and equipment delivery times are consistent 
with having a fully operational laboratory in October 1979.

• A service agreement was executed early in 1978 between The Carter 
Oil Company and Exxon Company, USA's Baytown Refinery. This agree­
ment established a task order system which outlines a procedure for 
obtaining a variety of services, including utilities for ECLP, from 
the Refinery. In all, twelve task orders with Exxon USA's Baytown 
Refinery were completed. Five task orders are being processed and 28 
remain to be drafted. All task orders affecting ECLP should be 
completed by year-end 1979.
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• Engineering data submitted by ECLP to the Texas Air Control Board 
(TACB) were reviewed by TACB and found to be acceptable. The 
requirements of Special Provision No. 13 of TACB Permit No. C-6080 
were thus satisfied which permitted us to install our emission 
abatement equipment.

• As of the end of June 1979, the ECLP Mechanical Job Plans overall 
were 98 percent complete and copies of the manuals were reproduced 
for the use by the maintenance contractor. Also, editing and 
revision of the safety manuals is complete and the Carter Mechanical 
Procedures Manual is 85 percent complete.

5. OPERATIONS

• Reporting under this category to start upon the start of ECLP 
operations.

6. ECLP ENVIRONMENTAL ASSESSMENT

• This task was completed and no further reports will be made.

FLEXICOKING PROTOTYPE PROJECT MANAGEMENT 
DESIGN, ENGINEERING AND PROCUREMENT

1. INSPECTION

• Inspection of the FLEXICOKING Prototype Unit for the Class IV
cost estimate for revamp of the unit was completed. Internally, the 
unit (which had been nitrogen-blanketed) was in very good condition. 
Externally, small piping was heavily corroded and insulation was 
deteriorated.

2. PROCESS DESIGN

• Work on the FLEXICOKING Prototype Unit Onsite Design Specifications 
started in early February 1979. By the end of June 1979, these 
specifications were approximately 80 percent complete. A preliminary 
issue of the design specifications will be released internally for 
comments in July, with final issue targeted for early September 
1979. •

• During April 1979, the FLEXICOKING Prototype Unit Offsite Design 
Basis Memorandum was completed. In June 1979, the Offsite Facilities 
Definition document was issued. This document is being used as the 
basis for the Class IV cost estimates. Overall, the offsite design 
is approximately 15 percent complete.
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3. ENVIRONMENTAL ASSESSMENT

• Data on estimated emissions at both the FLEXICOKING Prototype
Unit and the vacuum bottoms storage facility at ECLP were assimi­
lated and applications for construction .rmits were made to the 
Texas Air Control Board.

4. PROJECT MANAGEMENT

• Bids were solicited from six contractors covering the detailed
design, procurement, and construction of the FLEXICOKING Prototype 
Unit facilities. Commercial terms will be on a cost-plus-fixed fee 
basis. The schedule for contract award is July 1, 1979.

5. ENGINEERING AND PROCUREMENT

• Reporting in this category is to start after contract award.
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EDS COAL LIQUEFACTION PROCESS DEVELOPMENT - PHASE IV 
ANNUAL TECHNICAL PROGRESS REPORT FOR THE PERIOD 

JULY 1, 1978 - JUNE 30, 1979

INTRODUCTION

This report is the second Annual Technical Progress Report for 
U.S. Department of Energy Agreement No. EF-77-A-O1-2893 for the Exxon Donor 
Solvent (EDS) Coal Liquefaction Process Development - Phase IV. This 
agreement covers the period January 1, 1977 to December 31, 1982, and is a 
continuation of DOE Contract No. E(49-18)-2353-Phase IIIA covering the 
period January 1, 1976 to June 30, 1977. The six-month overlap in funding 
in the first part of 1977 applies to activities related to the 250 T/D Exxon 
Coal Liquefaction Pilot Plant (ECLP), to be constructed during Phase IV of 
the project.

Prior development of the EDS Process was conducted during the 
ten-year period 1966 to January 1, 1976. During this period the Exxon Donor 
Solvent process was selected over several other options as the preferred 
route to the production of Coal liquids. This work was funded entirely by 
Exxon and was divided into Phase I, the Predevelopment Phase, and Phase II, 
the Planning and Design Phase. A summary of this work is given in the 
report, FE-2893-16, "Summary of EDS Predevelopment (1966-1975)." Phase IIIA 
was a continuation of the Phase I and II programs, and was divided into the 
following two tasks:

• Laboratory Process Research and Development, and

• Engineering Research and Development.

A description of the work performed in Phase IIIA can be found in the 
reports cited.(1,2) Phase IIIB which began on July 1, 1977 and Phase IV 
which began on January 1, 1978, include the above two tasks as well as tasks 
relating to project management, detailed engineering, procurement, and 
construction of ECLP.

Part I of the Supplemental FLEXICOKING* * development program began 
October 23, 1978 and is scheduled for completion December 31, 1979* It 
includes laboratory and engineering tasks in support of the program, as well 
as tasks related to revamp of the FLEXICOKING Prototype Unit. Part II, a 
continuation of the program, is contingent on Sponsors Management Committee 
approval of the program.

(1) January-December 1976, EDS Annual Technical Progress Report

(2) January 1976-June 1977, EDS Final Technical Progress Report

(FE-2353-9)

(FE-2353-20)

* "Service Mark"

1



A list of Technical Progress Reports prepared for U.S. Department 
of Energy (and also submitted to private sector participants) under this 
program is given in Table 1. A list of relevant publications and presen­
tations by Exxon on coal liquefaction during this time period is given in 
Table 2.

During the week of 21 August, 1978, an inspection team from the 
Office of the Inspector General of DOE conducted a detailed inspection of 
the overall EDS Project. Visits were made to facilities where the work is 
being conducted and discussions were held with individuals involved.
Sites visited were: ER&E's EDS Process Research Laboratory in Baytown, 
Texas, ER&E's EDS Liquefaction Engineering Division and Engineering 
Technology Department in Florham Park, N.J., ECLP construction site in 
Baytown, and McKee's engineering offices in Cleveland. Discussions were 
held with individuals from ER&E, Carter, McKee, and Daniel who are 
working on all phases of the integrated R&D program. Also, during the 
week of 14 August, the leader of the DOE inspection team attended meetings 
of the ECLP and Overall R&D Subcommittees. ER&E, Carter and the EDS 
Sponsors participate in these meetings.

- 2 -



TABLE 1

EDS COAL LIQUEFACTION PROCESS DEVELOPMENT 

TECHNICAL PROGRESS REPORTS PREPARED FOR DOE 

PHASES IIIB AND IV

Report No. Type

FE-2893-16 Interim

FE-2893-17 Annual

FE-2893-18 Monthly

FE-2893-19 Monthly

FE-2893-20 Monthly

FE-2893-21 Quarterly

FE-2893-22 Monthly

FE-2893-23 Monthly

FE-2893-24 Monthly

FE-2893-25 Quarterly

FE-2893-26 Monthly

FE-2893-27 Monthly

FE-2893-28 Monthly

FE-2893-29 Quarterly

FE-2893-30 Monthly

FE-2893-31 Monthly

FE-2893-32 Interim

FE-2893-33 Interim

FE-2893-34 Monthly

Period Covered

Summary of EDS Predevelopment 

July 1, 1977 - June 30, 1978 

July 1 - July 31, 1978 

Aug. 1 - Aug. 31, 1978

Sept. 1 - Sept. 30, 1978

July 1 - Sept . 30 , 1978

Oct. 1 - Oct. 31, 1978

Nov. 1 - Nov. 30, 1978

Dec. 1 - Dec. 31, 1978

Oct. 1 - Dec. 31, 1978

Jan. 1 - Jan. 31, 1979

Feb. 1 - Feb. 28, 1979

March 1 - March 31, 1979

Jan. 1 - March 31, 1979

April 1 - April 30, 1979

May 1 - May 31, 1979

EDS Commercial Plant Study Design 
Update - Revised Onsite Design Basis 
Illinois Coal Base Case

EDS Commercial Plant Study Design 
Update - Offsite Design Basis - 
Illinois Coal Base Case

June 1 - June 30, 1979
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TABLE 2

EXXON PUBLICATIONS ON COAL LIQUEFACTION 
JULY 1, 1978 - JUNE 30, 1979

Swabb, Jr., L. E., Vick, G. K., and Aczel, T., "The Liquefaction of Solid 
Carbonaceous Materials", World Conference on Future Sources of Organic 
Raw Materials (CHEMRAWN), Toronto, Canada, July 10-13, 1978.

Epperly, W. R. and Taunton, J. W., "Exxon Donor Solvent Coal Liquefaction 
Process Development", 13th Intersociety Energy Conversion Engineering 
Conf., San Diego, CA, August 20-25, 1978.

Epperly, W. R., "Cooperative Agreement, EDS Coal Liquefaction Project", 
Regional Symposium of the National Contract Management Association,
Houston, TX, October 27, 1978. Also in the July 1979 issue of Contract 
Management.

Swabb, L. E., Jr., "Prospects for Coal Liquefaction", National Academy 
of Engineering Annual Meeting, Washington, D.C., November 2, 1978.

Epperly, W. R. and Taunton, J. W., "Exxon Donor Solvent Coal Liquefaction 
Process Development", COAL DILEMMA II - American Chemical Society, Indus­
trial and Engineering Chemistry Division, Colorado Springs, Col., February 
12-13, 1979.

Lendvai-Lintner, E. and Sorell, G., "Materials Evaluation Program for the 
EDS Coal Liquefaction Process", CORROSION/79, National Association of 
Corrosion Engineering, Atlanta, GA, March 12-16, 1979.

Vernon, L. W., "Free Radical Chemistry for Coal Liquefaction", ACS/Chemical 
Society of Japan Congress, Honolulu, Hawaii, April 1-6, 1979.

Zaczepinski, S., Kamienski, P. W., et al, "Upgrading of Coal Liquids", 
Mid-Year API Meeting, San Francisco, CA, May 14-17, 1979.

Mitchell, W. N., et al, "Performance of Low Rank Coals in the Exxon Donor 
Solvent Process", 1979 Lignite Symposium, Grand Forks, N.D., May 30-31, 
1979.
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LABORATORY PROCESS RESEARCH AND DEVELOPMENT

LIQUEFACTION PROCESS RESEARCH 

1. Operation of Recycle Coal Liquefaction Units (RCLU)

1.1 Unit Operations

The Recycle Coal Liquefaction Units (RCLU's)^ are continuous 
integrated liquefaction units with nominal coal feed rates of 50 pounds per 
day (RCLU-1) and 100 pounds per day (RCLU-2). The units consist of a 
hydrogen feed system, coal slurry feed system, a liquefaction reactor, a 
hydrogenation reactor, and a product recovery and solvent recycle system. 
The flow plan for both units is shown schematically in Figure 1-1. A 
detailed flow diagram and process description is given in Appendix A of the 
January-June, 1976, EDS Quarterly Technical Progress Report [FE-2353-2].

The units are used for process variable studies, feed coal 
evaluations, and process improvement studies. During this reporting 
period the units were used to evaluate EDS sponsor-selected coals, test 
sulfur dioxide pretreatment effectiveness in reducing calcium carbonate 
deposition during liquefaction of a Wyoming subbituminous coal, and in­
vestigate the potential of liquefaction bottoms recycle with the EDS 
process. The coals selected by the EDS sponsors for screening studies in 
RCLU were a Pittsburgh seam bituminous coal from the Ireland mine in West 
Virginia (Department of Energy), a Texas lignite from the Big Brown mine 
(The Carter Oil Company), an Illinois No. 6 bituminous coal from the 
Burning Star No. 2 mine (Electric Power Research Institute), and a black 
coal from the Wandoan area of Queensland, Australia (Japan Coal Lique­
faction Development Company). The liquefaction bottoms recycle studies 
were done using an Illinois No. 6 bituminous coal from the Monterey No.
1 mine and a Wyoming subbituminous coal from the Wyodak mine.

The data for these studies are presented in Appendix A. The 
operating conditions are presented in Table A-l,2 and the yields are 
presented in Table A-2. Inspections for all feed and product streams are 
shown in Tables A-3 through A-5.

Yields from these runs are based on an elemental balancing 
procedure. This procedure balances the total weight of feed and products 
and also balances the elements carbon, hydrogen, oxygen, sulfur, nitro­
gen, and total ash.

1.2 EDS Sponsor Coal Screening Studies

The purpose of these screening studies was to determine the 
response of these coals in the EDS liquefaction process. Liquefaction

A list of abbreviations is included at the end of this report.
( 2 ) Tables and figures with a letter prefix are located in the Appendices.
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yields and unit operability were investigated primarily as a function of 
liquefaction temperature and liquefaction residence time. Liquefaction 
pressure, molecular hydrogen treat rate, and solvent-to-coal ratio were 
also investigated briefly for some of the coals. The residual bottoms 
product and residual liquefaction reactor solids were also analyzed for 
each coal.

During the first quarter of 1979 RCLU-1 operations were devoted 
to a screening study with Wandoan coal from Queensland, Australia. The 
results of this study are presented in detail in this report. The results 
of the other sponsor coal screening studies have been reported previously 
and the data are presented in this report in a summarized fashion. For 
more details, see the following references.

________ Coal________ EDS Quarterly Technical Progress Report
Ireland July, 1977-June, 1978 [FE-2893-17]
Arkwright July-September, 1978 [FE-2893-21]
Big Brown July-September, 1978 [FE-2893-21]
Burning Star No. 2 January-March, 1979 [FE-2893-29]

Arkwright mine coal from the Pittsburgh seam in West Virginia was not 
a sponsor-selected coal, but was studied briefly because of interest in 
liquefaction behavior with a higher rank coal. Other coals included for 
comparison which were studied earlier in the EDS program are North Dakota 
lignite (Indian Head mine), Wyoming subbituminous (Wyodak mine), and 
Illinois No. 6 bituminous (Monterey No. 1 mine) coals.

• Wandoan Coal Screening Study

Study Conditions

The liquefaction conditions investigated in this study are as
follows.

Temperature,
°F

Residence Time, 
Minutes

Pressure
psig

800 40 1500
100 1500

840 25 1500
40 1500
40 2500

100 1500

880 25 1500

Solvent-to-coal ratio and molecular hydrogen treat rate were held constant 
at 1.6:1 and 4 wt% on dry coal, respectively.

- 7 -



Conversion and Yields

The yields for Wandoan coal are presented in Table 1-1 and in 
Figures 1-2 through 1-6. The Wandoan coal was not cleaned for this study 
and the coal contained about 20 wt % ash. Cleaning the coal should reduce 
the ash content to approximately 10 wt % and increase conversion and 
yields. The 1000°F conversion for Wandoan coal at 840°F increases rapidly 
as residence time is increased from 25 to 40 minutes. Beyond 40 minutes, 
the 1000°F conversion is still increasing, but at a much slower rate. The 
corresponding C4-1000°F liquid yield shown in Figure 1-3 also increases 
significantly up to 40 minutes residence time. Beyond 40 minutes residence 
time, the liquid yield decreases with increasing coal conversion due to 
increased cracking of liquids to gas. The increase in C2-C3 gas yield 
at 840°F with increasing residence time is shown in Figure 1-4.

The 1000°F conversion at 800°F parallels, but is significantly 
lower, than that at 840°F. However, the C4-1000°F liquid yield at 100 
minutes is still increasing at 800°F in contrast to 840°F. As shown in 
Figure 1-4, the C2-C3 gas yield at 800°F is considerably lower than at 
840 °F.

Coal conversion is increased significantly at 25 minutes 
residence time by increasing liquefaction temperature from 840°F to 880°F. 
However, essentially all of this increase in coal conversion at 880°F 
resulted in additional gas make, not liquids, compared to 840°F. Also 
considerably more cracking to naphtha was observed in the liquids at 880oF, 
as indicated in Table 1-1.

Raising liquefaction pressure from 1500 psig to 2500 psig at 
840oF and 40 minutes residence time did not greatly affect conversion and 
yields. Conversion and C4-1000<>F liquids increased by 1.8 and 2.7 
lbs/100 lbs of dry coal, respectively. C3-C3 gas yield decreased 
slightly, 0.9 lbs/100 lbs dry coal, at 2500 psig. Likewise, the percentage 
of naphtha in a C4-1000°F liquid dropped from 67 wt % at 1500 psig to 62 
wt% at 2500 psig. Lower gas make and heavier liquids at 2500 psig versus 
1500 psig indicate that cracking is suppressed during the higher pressure 
operations.

Hydrogen consumption for Wandoan coal is shown in Figure 1-5.
As expected, hydrogen consumption increases with increasing residence time 
(more gas and naphtha) both at 800°F and 840°F at 1500 psig. Hydrogen 
consumption is lower at 800°F than at 840°F because of lower coal conver­
sion at 800°F. Likewise, the dramatic increase in hydrogen consumption at 
880°F/25 minutes compared to 840°F/25 minutes is due to the higher coal 
conversion and shift to a ligher product slate at 880°F. Very little 
additional hydrogen is consumed at 2500 psig/40 minutes compared to 1500 
psig/40 minutes. Although 2.7 lbs/100 lbs dry coal more liquid is produced 
at 2500 psig, less C3-C3 gas and a heavier liquid product reduce 
hydrogen consumption to about the 1500 psig level.

The hydrocarbon product yields at 840°F/1500 psig for Wandoan 
coal in Table 1-1 are shown graphically in Figure 1-6. Continual cracking

- 8 -



TABLE 1-1

SUMMARY OF AUSTRALIAN WANDOAN COAL YIELDS

Liquefaction Conditions

Temperature, °F 840 800 840 800 840 880 840
Pressure, psig 1500 1500 1500 1500 1500 1500 2500
Residence Time, Minutes 40 40 100 100 25 25 40

Liquefaction Yields 
(Lbs/100 Lbs dry coal)

h2 -3.1 -2.4 -4.1 -2.9 -2.6 -4.0 -3.3
HoO 10.6 10.7 12.6 10.5 10.3 12.7 11.5
CO 1.0 0.8 1.1 1.0 1.0 1.3 0.9
co2 2.2 1.7 2.2 2.0 2.2 2.5 1.4
nh3 0.3 0.2 0.3 0.2 0.2 0.3 0.3
h2s 0.2 0.2 0.2 0.2 0.1 0.2 0.2
C1 2.7 1.2 4.8 2.7 2.0 4.7 2.3
c2 2.1 1.1 3.5 1.7 1.5 3.3 1.9
c3 2.3 1.2 3.8 1.9 1.6 3.3 2.1
c4 1.6 0.9 2.1 1.3 1.2 2.0 1.1
C5-400°F 16.9 11.4 22.7 15.3 14.1 19.2 17.7
400-700°F 5.8 5.7 -3.2 5.4 1.2 -2.0 6.2
700-1000°F 3.4 4.3 3.2 4.0 5.6 3.5 5.5
1000°F+ Bottoms 54.1 63.1 50.8 56.8 61.5 53.0 52.3

C1-C3 Gas 7.1 3.5 12.1 6.3 5.2 11.3 6.3
C4-400oF Naphtha 18.5 12.3 24.8 16.5 15.2 21.2 18.8
C4-1000°F Liquids 27.7 22.4 24.8 25.9 22.0 22.7 30.4

1000°F Conversion
(Lbs/100 Lbs dry coal) 45.9 36.9 49.2 43.2 38.5 47.0 47.7

Liquid Product Selectivity, wt%
(C4-400°F Naphtha/ 66.7 55.2 99.6 63.8 69.1 93.3 61.7
C4-1000°F Liquids)

Yield Periods 625-628 629-631 632-634 635-637 638,639 641,642 643-647
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to lighter products is apparent as residence time (i.e. liquefaction 
severity) is increased. At 25 minutes, total hydrocarbon yield is still 
low, 27.2 lbs/100 lbs dry coal. At this condition, the 400-1000°F liquid 
constitutes 25.0% of the Ci-1000°F hydrocarbon product, the C4-400°F 
naphtha comprises 56.0%, and the CJ-C3 gas equals 19.0%. These propor­
tions become 26.5%, 53.0%, and 20.5%, respectively, as coal conversion 
increases and more total liquid is made at 40 minutes residence time. 
Cracking becomes significant after about 40 minutes at 840oF/1500 psig as 
shown by the decrease in 400-1000°F liquid and increase in naphtha and 
gas. Solvent balanced operations with Wandoan coal become critical 
as 100 minutes residence time is approached at 840°F. Similar solvent 
balance concerns are apparent at 880oF/25 minutes as shown by the net loss 
of 400-700oF liquid and high naphtha yield in Table 1-1.

• Summary of Sponsor Coal Liquefaction Yields

The liquefaction yields for the sponsor-selected coals plus 
several other coals run in RCLU are presented in Table 1-2 at conditions 
of highest C4-1000°F liquid yield. These are not necessarily opti­
mal liquid yields for any coal, particularly since several coals were 
screened on a limited basis. The number of liquefaction conditions 
investigated is shown for each coal.

The chemical gas and water yields are approximately constant for 
each coal at all conditions studied. Hydrogen consumption is dependent 
upon coal conversion and the distribution of hydrocarbon products, i.e. 
gas, naphtha, heavy liquid. In general, as can be seen, the coals which 
require more severe conditions to achieve high liquid yield also produce 
proportionately more gas and naphtha.

W
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TABLE 1-2

HIGHEST LIQUID PRODUCT YIELDS FOR EDS PROGRAM COALS AT 1500 PSIG

(RCLU Data)

Coal

Arkwright Ireland

Liquefaction Conditions

Temperature, °F 840 840
Residence Time, Minutes 100 100

Number of Conditions
Investigated 2 10

Liquefaction Yields 
(Lbs/100 Lbs dry coal)

Hydrogen -4.2 -4.6
Water 4.6 6.0
Carbon Oxides 1.1 1.4
Ammonia 0.7 0.6
Hydrogen Sulfide 1.8 3.2
C1-C3 Gas 13.5 13.5
C4-1000°F Liquid 29.9 32.7

1000°F Conversion
(Lbs/100 Lbs dry coal) 47.4 52.8

Liquid Product
Selectivity, wt%

C^-400°F Naphtha 73.2 71.6
C^-IOOO'F Liquids

Burning
Star Monterey Wandoan Wyodak

Big
Brown

Ind i ai
Head

880 800 840 840 840 840
25 140 40 100 25 40

7 16 6 10 4 3

-3.4 -4.6 -3.1 -4.8 -3.1 -4.3
8.2 9.8 10.6 15.1 10.4 17.5
1.5 0.6 3.2 5.8 6.8 7.9
0.6 0.7 0.3 0.5 0.4 0.6
2.4 3.4 0.2 0.5 0.7 0.4
9.5 9.0 7.1 10.1 6.2 6.8

30.4 36.1

C
M 30.9 28.0 28.1

49.2 55.0 46.0 58.1 49.4 57.0

48.0 62.7 66.7 80.1 57.6 68.5
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Analyses of the feed coals run in RCLU are presented in Table 
1-3. The differences in oxygen and sulfur content for these different 
coals are manifested in the corresponding hydrogen sulfide, carbon oxides, 
and water yields. Coal nitrogen contents are not sufficiently different to 
accurately follow the corresponding levels of ammonia yields. Water and 
carbon oxide yields for the different coals studied in RCLU are shown in 
Figure 1-7 as a function of organic oxygen (i.e. oxygen by difference) in 
the coals. As can be seen, water yield correlates very well with coal 
oxygen content. One consequence of this is greater hydrogen consumption 
(to make water) for the coals containing more organic oxygen. Thus, the 
lower rank coals will undesirably consume more hydrogen to make water than 
the higher rank coals. The carbon oxide yields show similar dependence on 
coal oxygen content. Figure 1-8 shows the hydrogen sulfide yields as a 
function of total sulfur content for the different coals. The Monterey and 
Ireland bituminous coals have the highest sulfur contents and consequently 
the highest hydrogen sulfide yields. The lower rank coals contain signi­
ficantly less sulfur and thus much lower hydrogen sulfide yields. Wandoan 
coal, which is between Monterey and Wyodak coals in rank, had the lowest 
sulfur content (0.38 wt% DAF) of the coals investigated and also the lowest 
hydrogen sulfide yield (0.19 wt% DAF coal basis).

Most of the screening study data were taken at 840°F/1500 psig 
for the different coals, and liquid yields at these conditions are pre­
sented in Figure 1-9. As can be seen, the yield responses for the coals 
are for the most part unrelated to rank. For example, Monterey and Burning 
Star coals are close in rank (and both are Illinois No. 6 coals) but 
exhibit dramatically different yield behavior over the same range of 
conditions. Thus the different conditions shown in Table 1-2 required to 
obtain the highest liquid yields for each coal is not surprising.

The varying responses of C^-1000°F liquid yields for these 
coals also results in considerable flexibility in liquid product distribu­
tion, as shown in Figure 1-10. For most of the coals the wt % C4-400°F 
naphtha in the total liquid product can be varied by 15 to 20 wt % over the 
range of conditions shown. For Wandoan and Big Brown coals, the flexibility 
is much greater over the same range of conditions because both coals 
approach solvent balance limitations rapidly (i.e. all naphtha product) as 
100 minutes residence time is approached.

These screening study results show that more detailed process 
variable studies will be required for each coal to determine the preferred 
EDS yield conditions. Results from one coal cannot necessarily be used 
to approximate optimum conditions for another coal, even though the coals 
may be close in rank.

• Summary of Unit Operations with Sponsor Coals

An operations summary for the coals run in the RCLU screening 
studies is presented in Table 1-4. Considerably more RCLU time was 
devoted to pre-EDS program studies with Monterey and Wyodak coals. Over 
10,000 hours on coal from more than 40 runs have been logged with Monterey

17



TABLE 1-3

ANALYSES OF FEED COALS RUN IN RCLU

Coal
Illinois No. 6 

Bituminous
Pittsburgh Seam 

Bituminous
Australian

Black
Wyoming

Subbituminous
Texas

Lignite
North Dakota 

Lignite

Mine
Monterey 

No. 1
Burning Star

No. 2 Ireland Arkwright Wandoan Wyodak Big Brown Indian Head

Elemental Analyses, Dry WtZ

Carbon 70.1 70.4 74.0 78.4 59.8 68.5 62.0 63.8
Hydrogen 5.1 4.9 5.2 5.4 5.0 4.9 4.8 4.7
Oxygen (by difference) 10.6 9.9 6.3 5.1 13.4 17.2 14.5 19.2
Nitrogen 1.2 1.2 1.2 1.5 0.7 1.1 1.1 0.9
Sulfur 4.1 3.1 4.3 2.3 0.3 0.5 1.2 1.2
Ash 8.9 10.5 9.0 7.3 20.8 7.8 16.4 10.2

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

H/C Atomic Ratio 0.87 0.84 0.84 0.82 1.01 0.86 0.92 0.88
Ash (SOj-Free) 8.8 10.2 8.8 7.0 20.8 6.6 14.0 7.6
Total Oxygen 15.1 14.9 10.0 8.5 26.3 23.4 23.8 26.0

Equilibrium Moisture, Wt% 14.0 10.4 2.1 1.8 10.5 29.0 - 33.6

Proximate Analysesz, Dry Wt%

Volatile Matter 42.1 39.0 39.1 36.8 44.6 45.5 44.4 44.1
Fixed Carbon 49.0 51.2 51.9 55.9 34.6 46.7 39.2 45.7
Ash 8.9 10.5 9.0 7.3 20.8 7.8 16.4 10.2
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coal. The longest Monterey run in RCLU was 610 hours. Wyodak coal has 
been investigated for over 6000 hours on coal in more than 50 runs. The 
longest continuous run with Wyodak coal was 171 hours.

TABLE 1-4

OPERATIONS SUMMARY FOR RCLU- 1 COAL SCREENING STUDIES

Sponsor Coals Hours in Unit Longest Run, hrs . Number of Runs

Ireland 711 248 4
Big Brown 681 139 8
Burning Star No. 2 833 288 5
Wandoan 773 205 6

Additional Coals

Arkwright 320 129 3
Indian Head 470 73 10

While yield structure was not for the most part related to 
coal rank, operability in RCLU was found to be directly affected by 
coal rank. The lower rank coals were more difficult to run in RCLU.
Run lengths were typically shorter than for the higher rank coals, and 
the runs were very often ended due to plugging in the liquefaction reactor, 
product separator drawdown valves, and residual bottoms accumulator 
drawdown valve.

Residual bottoms viscosity has been shown to be an effective 
index to operability trends in RCLU. The lower rank coals, i.e. Big 
Brown, Indian Head, and Wyodak coals, exhibit much higher bottoms 
viscosities than the higher rank coals, i.e. Monterey, Burning Star, 
Ireland, and Arkwright. Furthermore, as shown in Figure 1-11, the bot­
toms viscosities for lower rank coals are a function of coal conversion.
As liquefaction severity is increased (via increased residence time in 
Figure 1-11), conversion increases and the resulting bottoms viscosities 
decrease. Typically RCLU plugging problems occur when bottoms viscosi­
ties exceed 50-100 poise (550°F, 10 sec-^ shear rate). This happens 
when Big Brown, Wyodak, and Indian Head coals are liquefied below about 
40 minutes residence time at 840°F/1500 psig.

No plugging problems due to buildup of viscous residue in the 
liquefaction reactor, product separators, or residual bottoms accumulator 
were experienced with the higher rank Monterey, Burning Star, Ireland, and 
Arkwright coals. Withdrawal of residual bottoms from the bottoms accumu­
lator was accomplished easily because of the low bottoms viscosities, as 
shown in Figure 1-11.
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/'-% Wandoan coal, which is between Monterey high volatile C bituminous
and Wyodak subbituminous C in rank, exhibited operability behavior inter­
mediate to Monterey and Wyodak behavior. Of the six RCLU runs made with 
Wandoan coal, two were ended by plugs forming in the liquefaction reactor. 
Near the end of a third run, several high pressure surges were recorded in 
the liquefaction reactor, indicating an incipient plugging condition. 
However, unit operability overall was judged better than for Wyodak coal 
because no problems were experienced emptying the residual bottoms accum­
ulator even though the Wandoan bottoms were more severely stripped (3 to 7 
wt % 1000oF- content) than Wyodak bottoms at comparable liquefaction 
conditions (8 to 12 wt % 1000oF_ content).

Wandoan bottoms viscosities at 3 to 8 wt % 1000°F- content 
ranged from 50 to 150 poise, normally sufficient to promote drawdown valve 
plugging in the bottoms accumulator. These Wandoan bottoms viscosities, 
when evaluated at ^10 wt% 1000°F_ by laboratory solvent dilution experi­
ments, are shown to be relatively low (25-50 poise) and less sensitive to 
coal conversion (i.e. residence time) than the lower rank coals. Thus, 
better operability might be expected compared to Wyodak, Big Brown and 
Indian Head coals. The leveling off of Wandoan bottoms viscosity at about 
25 poise beyond 40 minutes residence time compared to the lower 5-10 poise 
values for the other coals may be a "filler" effect due to much higher ash 
content of the Wandoan bottoms.

Wandoan coal operations at 2500 psig experienced no problems.
The bottoms viscosities from 2500 psig operations were lower than the 
equivalent 1500 psig operations, 12 poise versus 26 poise at 550°F,
10 sec-l shear rate, and ^10 wt% 1000°F_ content.

As in previous sponsor coal screening studies, the Wandoan 
bottoms produced at the various study conditions were characterized using 
benzene and pyridine extraction procedures. The trend in 1000°F+ organics 
distribution shown in Figure 1-12 for Wandoan bottoms is very similar to 
that found for the other coals. As liquefaction severity (i.e. conversion) 
is increased, the asphaltenes (1000°F+ benzene solubles) increase 
whereas the preasphaltenes (pyridine solubles/benzene insolubles) 
decrease. For example, increasing severity by increasing residence time at 
840°F/1500 psig increases the asphaltene/preasphaltene ratio from 0.29 at 
25 minutes residence time to 0.81 at 100 minutes. Likewise,increasing 
temperature at 25 minutes/1500 psig from 840°F to 880oF increased the 
asphaltene/ preasphaltene ratio from 0.29 to 0.60. The highest asphaltene 
content was found in the bottoms produced at 2500 psig and 840°F/40 
minutes. The asphaltene/preasphaltene ratio increased from 0.38 at 1500 
psig/840°F/40 minutes to 1.6 at 2500 psig. As already reported, the 
highest 1000°F- liquid yield was also obtained at 2500 psig.

Pyridine extracted essentially all organics except the 
fusinite/semifusinite (inertinite) portions of the Wandoan bottoms.
Thus, the Wandoan bottoms are similar to the bottoms from the Ameri­
can bituminous coals studied in RCLU. The lower rank subbituminous 
and lignitic coal bottoms studied contain heavy organics, in addition 
to the inertinites, which are not extracted by pyridine (July-September,
1977, EDS Quarterly Technical Progress Report [FE-2893-3], p 16).
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Figure 1-12
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Figure 1-13 presents a summary of the 1000°F+ asphaltenes 
in the residual bottoms for the coals studied in RCLU. As mentioned 
above, the trend is similar for all the coals. Asphaltenes increase in 
the coal bottoms with increasing liquefaction severity (i.e. conversion). 
These data indicate that as the 1000°F+ asphaltene content becomes 
substantial, i.e. at 100 minute residence time in Figure 1-13, bottoms 
processing schemes to further convert these molecules to 1000°F~ liquids 
may require less severe conditions than for lower residence time bottoms 
which contain a higher preasphaltene fraction.

• Summary of Sponsor Coal Liquefaction Reactor Solids

Inspection of the liquefaction reactor contents following 
liquefaction of lower rank coals in RCLU has proved important in identi­
fying potential problems with solid deposits, e.g., the formation of 
calcium carbonate. Analyses of reactor residual solids following lique­
faction of the higher rank coals run in RCLU were also initiated during 
this reporting period. The primary purpose of these studies is to elucidate 
differences/ similarities in reactor deposits for the different rank 
coals.

The reactor solids were drained from the reactor tubes and washed 
with toluene to remove residual oil. The reactor tube walls were then 
washed with methyl ethyl ketone and mechanically scraped to remove any 
residual scale. The reactor solids were screened to separate the +20 mesh 
and the -50 +100 mesh size fractions for further examination. The +20 mesh 
size fraction was checked for pieces of reactor scale. The -50 +100 
mesh size fraction was examined for evidence of particle growth. The 
oolites (calcium carbonate aggregates) and iron sulfide particles which 
grow larger than the RCLU feed coal top size (100 mesh) are found in 
this size fraction for the lower rank coals.

Table 1-5 presents summarized data from liquefactici reactor 
inspections for the different rank coals run in RCLU. Detailed analyses 
for Wandoan reactor solids are given in Appendix Table A-6 of this re­
port. The major crystalline species found in the reactor solids were 
essentially the same for all the coals: calcium carbonate (calcite and 
vaterite), iron sulfide, quartz, and kaolinite. This is consistent with 
the mineral elements contained in these coals, as shown in Table 1-6.
Indian Head lignite also formed Na2Mg(C03)2 during liquefaction, 
presumably because this coal contains much more sodium than the other 
coals. For all coals but Monterey coal, growth of iron sulfide and calcium 
carbonate occurs during liquefaction. Monterey coal exhibits iron sulfide 
growth, but no evidence of calcium carbonate growth was found. Wall scale 
accumulation and composition data for these coals are shown in Table 
1-7.

The impact of wall scale and aggregate growth on operability 
should be small for the higher rank Monterey, Burning Star, Ireland, 
and Arkwright coals. The aggregates comprise less than 15% of the total 
reactor solids and wall scale growth rates are insignificant compared
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Figure 1-13
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TABLE 1-5

COMPARISON OF LIQUEFACTION RESIDUAL REACTOR SOLIDS FROM DIFFERENT RANK COALS RUN IN RCLU

Coal
Illinois No. 6 

Bituminous
Pittsburgh Seam 

Bituminous
Australian

Black
Wyoming

Subbituminous
Texas

Lignite
North Dakota 

Lignite

Monterey Burning Star
Mine No. 1 No. 2 Ireland Arkwright Wandoan Wyodak Big Brown Indian Head

Reactor Solids^

Accumulation,
Lbs/100 Lbs Coal Fed

0.01-0.10 0.03-0.20 0.10-0.21 0.20-0.29 0.04-1.1 0.35-0.57 0.49-2.0 0.22-1.1

Composition, Ranges, Wt%

Ash 52-69 24-71 89-90 54-73 60-76 56-70 78-82 57-67
CaC03 4-9 7-50 5-10 3-9 43-57 24-83 67-74 17-49
Carbon 17-37 9-67 3-4 13-37 6-15 5-26 3-4 9-22

CaC03 Accumulation (Avg),
Lbs/Ton of Goal Fed 0.18 0.85 0.26 0.32 3.3 5.6 12.0 6.8

Major Crystalline Species Calcite Calcite Calcite Calcite Calcite Calcite Calcite Calcite
FeS FeS FeS FeS Vaterite Vaterite Vaterite NaaMgCCOa)-;
Si02 Kaolinite

Si02
CaSO^

Kaolinite
Si02

Kaolinite
Si02

FeS
Kaolinite

Si02

FeS
Si02

FeS
Si02

FeS
Si02

Toluene washed



TABLE 1-6

MAJOR MINERAL ELEMENTS IN RCLU COALS

Coal Illinois No. 6 
Bituminous

Pittsburgh Seam 
Bituminous

Australian
Black

Wyoming
Subbituminous

Texas
Lignite

North Dakota 
Lignite

Mine Monterey 
No. 1

Burning Star
No. 2 Ireland Arkwright Wandoan Wyodak Big Brown Indian Head

Element,
Wt% on Dry Coal

Si 2.2 2.3 1.7 1.5 5.3 1.3 2.9 0.88

Fe 1.2 0.86 2.0 0.97 0.33 0.29 0.63 0.77

Al 0.88 1.0 0.89 0.95 3.5 0.95 1.2 0.53

Ca 0.20 0.39 0.17 0.24 0.80 1.4 2.2 1.3

Mg 0.07 0.06 0.04 0.05 0.22 0.33 0.32 0.31

Na 0.05 0.05 0.03 0.07 0.13 0.06 0.04 0.84
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TABLE 1-7

COMPARISON OF REACTOR WALL SCALE FORMED DURING LIQUEFACTION OF DIFFERENT RANK COALS IN RCLU

Coal Illinois No. 6
Bituminous

Pittsburgh Seam 
Bituminous

Australian
Black

Wyoming
Subbituminous

Texas
Lignite

North Dakota 
Lignite

Mine Monterey No. 1 Burning Star No. 2 Ireland Arkwright Wandoan Wyodak Big Brown Indian Head

Scale Accumulation, Trace-0..001 0.00005-0.001 Trace-0.001 Trace-0.008 0.005-0.006 0.002-0.007 0.002-0.010 0.005-0.035
Lbs/100 Lbs Coal Fed

Composition, Wt%
Ash (by TGA) 61-96 69-93 78-86 47-61 56-74 59-63 52-86 57-80
CaC03 (by TGA) 5-14 8-25 9-41 57-73 36-48 71-85 53-86 64-84

Maior Crystalline Species FeS Calcite Calcite Calcite Calcite Calcite Calcite Calcite
(by X-ray Diffraction) Si(>2 FeS FeS FeS Vaterite Vaterite Vaterite FeS

Si02 FeS FeS FeS Si02
Sl02 Si02 Si02

Kaolinite
Ma.ior Elements, WtZ
(by X-ray Scan of Cross-Section)

Al 2-4 0.0-4 1-2 0.1-1 0.4-4 0.1-5
Ca 2-7 0.1-13 17-34 3-43 0.5-30 Not 0.8-38 Not
Ti 0.2-7 0.0-12 2-4 0.0-0.6 0.1-2 Analyzed 0.0-0.7 Analyzed
Fe 5-30 0.9-28 1-2 0.0-24 2-44 1-48
S 3-25 0.7-18 0.5-1 0.1-20 0.1-26 0.2-34
Si 2-27 0.1-4 0.4-1 0.1-0.8 0.6-6 0.4-5
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Figure 1-15
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to the lower rank Wyodak, Big Brown, and Indian Head coals. Reactor 
solids from Wandoan coal are very similar to those formed from Wyodak 
coal (January, 1976-June, 1977, EDS Final Technical Progress Report [FE- 
2353-20], p. 46). Figure 1-14 shows the types of oolites (calcium car­
bonate aggregates) which formed during liquefaction of Wandoan coal. One 
type also very prevalent in Wyodak reactor solids has a very smooth sur­
face of calcium carbonate. Less prevalent for both coals is the oolite 
which contains iron sulfide crystals growing over a calcium carbonate 
substrate.

The amount of calcium carbonate formed during liquefaction is 
related to the calcium content in the feed coal. Figure 1-15 shows the 
lbs of calcium carbonate accumulated in the reactor per ton of coal fed 
as a function of calcium in the coal. The linear relationship indicates 
that about the same proportion of calcium is available for ion-exchange 
in all the lower rank coals studied to date.

Based on the accumulation shown in Figure 1-15, some opera­
bility problems with calcium carbonate deposition could be expected 
with Wandoan coal. Because these deposits from Wandoan, Wyodak, Big 
Brown, and Indian Head are very similar, the solutions used for reduc­
ing/eliminating calcium carbonate deposition for one coal (e.g. sulfur 
dioxide pretreatment discussed in Section 1.3 of this report) will probably 
apply to the others as well.

1.3 Sulfur Dioxide Pretreatment of Wyoming Coal * •

Earlier RCLU operations with sulfur dioxide pretreated Wyoming 
coal from the Wyodak mine were not successful in completely eliminating the 
formation of calcium carbonate deposits during liquefaction (January-March, 
1978, EDS Quarterly Technical Progress Report [FE-2893-12]). Bench 
studies indicated that the chemistry requires the presence of oxygen to 
make the treat effective. In the current test, performed during the third 
quarter of 1978, Wyodak coal was first treated with sulfur dioxide under 
conditions comparable to those for the previous RCLU study. Following the 
sulfur dioxide treat step, the coal was exposed to a dilute oxygen atmos­
phere. The effect of this oxidation step on the deposition of calcium 
carbonate, as well as conversion and yields, was then investigated in a 
continuous flow unit (RCLU-1).

• SO2 Pretreatment Step

The Wyodak coal was pretreated with sulfur dioxide under 
conditions comparable to those for the previous RCLU study. Wet coal 
was pretreated in the Coal Preparation Unit Anex (CPU-A) drier. The 
drier, containing -1/4" mesh coal, was partially evacuated prior to 
introduction of the sulfur dioxide. A pressure of 15 psig of sulfur 
dioxide was maintained for the five days of treat.
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• Oxidation Step

Bench studies showed that the unstable calcium sulfite salts 
formed during sulfur dioxide pretreating are stabilized when exposed 
to oxygen. Oxygen reacts with the sulfite salt to form calcium sulfate 
which is stable at liquefaction conditions. RCLU feed coal was exposed 
to a nitrogen/air mixture with a 4% oxygen concentration. The amount 
of oxygen used for the oxidation step was 10% greater than the stoichio­
metric need based on calcium in the feed coal.

• Results of S02/Air Pretreatment •

The results show that sulfur dioxide/air pretreatment has been 
successful in substantially reducing the formation of calcium carbonate 
deposits formed during liquefaction of Wyodak coal. A summary of RCLU 
operations with sulfur dioxide treated coal is presented in Table 1-8.

The data show a substantial reduction in wall scale formation 
for the sulfur dioxide/air pretreated runs over that of the untreated 
and previous sulfur dioxide pretreated cases. The major compounds in 
the scale that did form from the SC^/air pretreated coal were calcium 
carbonate and iron sulfide. More detailed solids analyses are presented in 
Appendix Table A-6 of the October-December, 1978, EDS Quarterly Technical 
Progress Report [FE-2893-25].

The data also show that there is a substantial reduction in calcium 
carbonate in the reactor solids for the sulfur dioxide/air treated coal 
runs. The amount of total solids produced per ton of coal are comparable 
for the untreated and SC>2/air pretreated runs. However, the solids from 
the sulfur dioxide/air pretreated runs were high in carbon content, whereas 
the solids from the untreated runs were primarily calcium carbonate.

• Conversion and Yields

Sulfur dioxide/air pretreatment of Wyodak coal shows no detri­
mental effects on conversion or liquid yields. A comparison of yields 
for sulfur dioxide/air pretreated coal with untreated coal is presented 
in Table 1-9. The increase in conversion seen in the sulfur dioxide/ 
air pretreated runs is due primarily to increased water and hydrogen 
sulfide yields. The hydrocarbon yields are comparable, with a slight 
increase of 0.5 percent of treated coal over the untreated. There was 
a slightly higher gas yield and lower C4-1000°F liquid yield for the 
untreated coal. Overall, the impact of sulfur dioxide/air pretreatment 
on Wyodak coal yields is small.
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TABLE 1-8

SUMMARY OF RCLU OPERATIONS WITH S02-PRETREATED WYODAK COAL

Liquefaction Conditions: 840°F
1500 psig 
60 minutes
1.6 solvent/coal ratio 
4 wt% H2 on dry coal

Coal Batch Untreated
so2-

Pretreated
S02/Air

Pretreated

RCLU-1 Run No.

RCLU-2 Run No.

1-3,17-19,23,24,27,30

1-4

58,59

Reactor Wall Scale

Lbs Wall Scale/Ton Coal 0.04-0.14 0.02-0.26 Trace-0.002
CaC03 in Scale, Wt.% 70-85 2-63 0.7-60
Lbs CaC03 in Scale/Ton Coal 0.02-0.12 0.003-0.038 Trace-0.0009

Reactor Solids

Lbs Solids/Ton Coal 7-11 — 4.8-28
CaC03 in Solids, Wt.% 24-83 — 0.3-2.3
Lbs CaC03 in Solids/Ton Coal 1.6-9.4 — 0.02-0.08
Ca in Reactor/Ca in Feed Coal, Wt.% 2-7 — 0.078-0.35



TABLE 1-9

EFFECT OF SULFUR DIOXIDE/AIR TREATING ON 
WYODAK COAL LIQUEFACTION YIELDS

Liquefaction Conditions: 840°F
60 Minutes Nominal Residence Time 
1500 psig
1.6 Solvent/Coal Ratio 
4 wt% H2 on Dry Coal

Sulfur Dioxide/Air
Untreated Wyodak Coal Treated Wyodak 1

Yield Periods 575,576 569,570
577,578 571,572

579 573,574

Liquefaction Yields,
Lbs/100 Lbs Dry Coal

h2 -4.3 -4.2
h2o 13.7 14.5
cox 7.2 7.2
nh3 0.4 0.4
h2s 0.5 1.3
C1-C3 Gas 11.0 9.2
C4-1000°F Liquids 25.7 28.0
1000°F+ Bottoms 45.8 43.6

Ci-1000°F Hydrocarbons 36.7 37.2

Unit Operations

Operations with the sulfur dioxide/air treated Wyodak coal 
were very similar to operations with untreated Wyodak coal. The run 
lengths for the pretreated coal were comparable to those with untreated 
coal. The viscosities of the liquefaction bottoms from the treated coal 
were somewhat lower (17 poise at 550°F, 10 sec-^ shear rate) than 
those for the untreated Wyodak coal (37 poise at 550°F, 10 sec-^ shear 
rate). This is primarily due to the higher conversion of the treated coal 
(July, 1977-June, 1978, EDS Annual Technical Progress Report [FE-2893-17], 
Table 1-11). At comparable conversions, the bottoms viscosities for 
treated and untreated coals would be nearly the same.

V.
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1.4 Liquefaction Bottoms Recycle Studies

During the third quarter of 1978 a simulated bottoms recycle 
study with Monterey Mine No. 1 coal was performed in RCLU-1. This study 
was a follow-on to earlier bench tubing bomb studies which demonstrated 
substantial conversion of Monterey bottoms in admixture with coal. The 
RCLU study showed a similar bottoms conversion increase in a continuous 
flow unit with Monterey coal, confirming the tubing bomb data (October- 
December, 1978, EDS Quarterly Technical Progress Report [FE-2893-25]).

Recent bench tubing bomb studies showed similar enhanced conver­
sion for liquefaction of Wyodak bottoms. During the fourth quarter of 1978 
a study was conducted in RCLU-1 to evaluate the effect of recycling bottoms 
on EDS liquefaction yields and operability for Wyodak coal. The results of 
the simulated bottoms recycle study with Monterey coal are reviewed and 
compared with the results from the Wyodak bottoms recycle study.

• Study Conditions

In these studies, liquefaction bottoms were fed in a once- 
through fashion rather than in an actual recycle mode. This was done 
for two reasons. Once-through operation can be accomplished rapidly 
without unit modifications. Secondly, once-through bottoms would be 
expected to show the maximum yield incentive for bottoms recycle be­
cause subsequent bottoms conversion per pass would be less. A schematic 
of the RCLU bottoms recycle operation employed is shown in Figure 1-16.

The bottoms used as once-through feed were vacuum tower bot­
toms from CLPP Monterey coal and Wyodak coal operations. The CLPP bottoms 
were ground to a -100 mesh particle size and mixed with fresh coal and 
recycle solvent. The variables investigated in the Monterey bottoms 
recycle study were bottoms/coal ratio and' liquefaction residence time. 
Solvent/coal ratio and liquefaction residence time were studied in the 
Wyodak bottoms recycle study. The conditions for each study are given in 
Table 1-10.
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FIGURE 1-16
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Table 1-10

LIQUEFACTION BOTTOMS RECYCLE STUDY CONDITIONS IN RCLU

Monterey Coal
40-Minute CLPP Bottoms

Temperature, °F 840 840 840 840
Pressure, psig 1500 1500 1500 1500
Residence Time, Minutes 40 40 40 100
Bottoms-to-Coal Ratio 1:3 1:2 1:1 1:2
Solvent-to-Coal Rat io 1.6:1 1.6:1 2.1:1 1.6:1

60 Minute 25-•Minute
Wyodak Coal CLPP Bottoms CLPP' Bottoms

Temperature, °F 840 840 840 840 840
Pressure, psig 1500 1500 1500 1500 1500
Residence Time, Minutes 60 60 60 25 25
Solvent/Coal/Bottoms 1.6/0/1 1.6/1/0.5 2.4/1/0.5 1.6/1/0. 5 2.4/1/0.5

The vacuum bottoms used were produced in CLPP at 840°F/1500 psig and 
the nominal residence times shown.

In addition, coal-only runs were made with both coals at bottoms 
recycle study conditions to provide liquefaction data for comparison with 
the bottoms recycle data.

• Effect of Bottoms-to-Coal Ratio on Monterey Bottoms Yields

The effect of bottoms-to-coal ratio on the liquefaction yields 
for Monterey once-through bottoms recycle are summarized in Figures 
1-17 through 1-21. Detailed yields are presented in Appendix Table A-8 of 
the October-December, 1978 EDS Quarterly Technical Progress Report [FE- 
2873-25]. These yields represent the net yields on dry coal with the 
bottoms feed considered as an internal recycle stream. On this basis, the 
net 1000°F+ bottoms yield decreases significantly as the bottoms-to-coal 
ratio increases, as shown in Figure 1-17. The C^-1000°F liquid yield 
shown in Figure 1-18 increases significantly as the bottoms-to-coal ratio 
increases. Estimates of the actual conversion of the bottoms show little 
variation with bottoms-to-coal ratio. This is shown in Table 1-14 and 
discussed later.

The liquid product selectivity is shown in Figure 1-19. The 
amounts of C4-400°F naphtha and 400-700°F liquid increase as bottoms- 
to-coal ratio increases, while the amount of 700-1000°F remains about 
constant. However, the percent of C^-400oF naphtha in the total C4- 
1000°F liquid remains constant at about 60 wt% for the conditions studied. 
The 700-1000°F liquid fraction decreases from 19.4 wt% for coal-only to
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15.5 wt% at 1:1 bottoms-to-coal ratio, while the 400-700°F liquid fraction 
increases from 20.7 Wt% for coal-only to 24.5 wt% at 1:1 bottoms-to-coal 
ratio. Thus, increasing the bottoms-to-coal ratio, in addition to pro­
ducing more liquids, directionally produces a lighter solvent stream for 
once-through Monterey bottoms recycle.

The hydrocarbon gas yields are shown in Figure 1-20. Total 
C1-C3 gas make increases with increasing bottoms-to-coal ratio.
The percent of methane in the total gas increases slightly with increas­
ing bottoms-to-coal ratio, while ethane and propane show less response.

The chemical gas yields are essentially independent of bottoms- 
to-coal ratio (5.3 to 6.2 lbs/100 lbs dry coal), which means very little 
of these gases produced from the bottoms. Carbon oxide, ammonia, and 
hydrogen sulfide yields are less than 1 wt% on 1000°F+ bottoms fed.

Water make also increases only slightly with increasing bottoms- 
to-coal ratio from 9.3 to 11.1 for 1:3 and 1:1 bottoms-to-coal ratio, 
respectively. The hydrogen consumption also increases as bottoms-to- 
coal ratio increases, as shown in Figure 1-21. Analyses of these data 
imply that for once-through bottoms there is no incremental benefit/ 
debit in hydrogen consumption for the slight change in liquid product 
selectivity noted previously with increasing bottoms-to-coal ratio.
This is because the hydrogen consumption per pound of liquid made is 
about constant.

• Effect of Solvent-to-Coal Ratio on Wyodak Bottoms Recycle Yields

The detailed liquefaction yields for the Wyodak once-through 
bottoms recycle study are presented in Appendix A, Table A-7. These 
yields are summarized in Table 1-11 below.

The results show a strong effect of solvent-to-solids ratio with 
Wyodak coal both at 60 minutes and 25 minutes residence times. At both 
residence times, the increase in C^-1000°F liquid yield at 1.6/1/0.5 
solvent-to-coal-to-bottoms (1.07 solvent-to-solids) over coal-only liquid 
yield was small. The net bottoms conversion calculated by backing out the 
coal-only yields from the coal plus bottoms yields was only 5.6 lbs/100 lbs 
1000°F+ bottoms fed at 60 minutes residence time. Virtually all of this 
was conversion to Cj-C3 gas. At 25 minutes residence time, net bottoms 
conversion was 14.4 lbs/100 lbs 1000°F+ bottoms fed of which 4.6 lbs/100 
lbs was C1-C3 gas and 6.3 lbs/100 lbs was C4-1000oF liquids.

It was hypothesized that this low bottoms conversion might be 
due to insufficient solvation of the bottoms and/or a deficiency of 
donor hydrogen. To test this hypothesis, RCLU runs were made with 25- and 
60-minute CLPP bottoms using 50% more recycle solvent, i.e. 2.4/1/0.5 
recycle solvent-to-coal-to-bottoms. This increased the solvent-to-solids 
ratio from 1.07/1 to 1.6/1. This increase in solvent-to-solids ratio 
significantly increased the conversion and liquid yields with Wyodak 
bottoms recycle, as shown in Table 1-11. At 60 minutes residence time,
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TABLE 1-11

WYODAK BOTTOMS RECYCLE STUDY YIELDS

• 840°F
• 1500 psig
• 4 wt % H2 on coal

CLPP 60-Minute Bottoms _______ CLPP 25-Minute Bottoms

Nominal RCLU
Residence Time, Minutes 1 -------------- ---------- 60------- -------------------  1 , ------------ -------- 25---------

Solvent/Coal/Bottoms

Yields, Lbs/100
Lbs Dry Coal

1.6/1/0 1.6/1/0.5 2.4/1/0.5 1.6/1/0 1.6/1/0.5 2.4/1/0.5

h2 -3.9 -4.2 -6.0 -3.0 -4.1 -4.5
H2O + Chemical Gases 21.7 21.8 23.0 20.2 23.4 22.2
C1-C3 9.5 12.4 12.1 6.1 8.7 8.2
C4-IOOO F 28.1 28.3 39.0 25.0 28.5 37.4
1000^ 44.6 41.7 31.9 51.6 43.5 36.7

Yield Periods 606-608 603-605 617-620 609
614-616

610-613 623
624



the C^-1000°F liquid yield increased by 39% from coal-only yield (28.1 
to 39.0 lbs/100 lbs dry coal). Likewise, at 25 minutes residence time 
C^-IOOCF liquid increased by 50% from coal-only yield (25.0 to 37.4 
lbs/100 dry coal). The net bottoms conversions at this increased solvent- 
to-solids ratio were 25.3 and 29.9 lbs/100 lbs 1000°F+ bottoms fed at 
60-minute and 25-minute residence times, respectively. As can be seen in 
Table 1-11, essentially all this increase in conversion over the 1.07 
solvent-to-solids data resulted in additional C^-1000°F liquids at both 
residence times.

At the same 1/0.5 coal-to-bottoms ratio and 840°F/40 minutes/
1500 psig conditions, Monterey bottoms recycle study results showed an 
18% increase in C4-1000°F liquids over coal-only yield (31.9 to 37.5 lbs/ 
100 lbs dry coal). On a net bottoms basis, this represents a 21.1 lb/
100 lbs 1000°F+ bottoms fed conversion of which 11.5 lbs/100 lbs was 
C4-1000°F liquid.

Thus, on a once-through basis, Wyodak coal shows a potential 
for bottoms recycle similar to Monterey coal. However, more solvent 
will apparently be required to achieve comparable liquid yields with 
Wyodak coal.

• Effect of Residence Time on Wyodak Bottoms Recycle Yields

As shown in Table 1-11 for 2.4/1/0.5 solvent-to-coal-to-bottoms, 
slightly more C4-1000°F liquids are produced at 60-minutes residence time 
(39.0 lbs/100 lbs coal fed) than at 25-minutes residence time (37.4 lbs/100 
lbs coal fed). However, the 25-minute bottoms actually show more net 
conversion than the 60 minute bottoms. The net bottoms yields are shown in 
Table 1-12.

TABLE 1-12

NET WYODAK BOTTOMS YIELDS

• 840°F
• 1500 psig
• 2.4/1/0.5 Solvent/Coal/Btms
• 4 wt% H2 on Coal

CLPP 60-Minute Btms CLPP 25-Minute Btms

Nominal RCLU Residence
Time, Minutes 60 25

Yields, Lbs/100 Lbs 
1000°F+ Bottoms Fed

h2 -4.1 -3.2
H2O + Chemical Gases 2.4 4.1
C^—C3 Gas 5.2 4.2
C4-1000oF Liquid 21.8 24.8
1000°F+ 74.7 70.1

Yield Periods 617-620 623,624
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The 60-minute CLPP bottoms run at 60 minutes in RCLU show 4.6 lbs/100 lbs 
1000*F+ bottoms less conversion than the 25-minute CLPP bottoms run 
at 25 minutes in RCLU. Most of this conversion difference is in higher 
C^-IOOO’F liquid make from the 25-minute bottoms. This result might be 
expected since coal conversion at 25 minutes residence time is less than at 
60 minutes; therefore, the 25-minute bottoms probably contain more con­
vertible residue than the 60-minute bottoms. Because these net yields are 
obtained by calculation using coal-only and coal-plus-bottoms yields the 
accuracy of the remaining yields is questionable, although they appear 
comparable for both bottoms.

• Liquid Product Selectivity with Bottoms Recycle

The liquid product selectivity with bottoms recycle operations 
for Wyodak and Monterey coals is shown in Table 1-13. Although the 
total liquid yields for Wyodak bottoms recycle were comparable for 60- 
minute and 25-minute recycle cases (39.0 versus 37.4 lbs/100 lbs dry 
coal, respectively), the liquid product distributions at 2.4/1/0.5 solvent- 
to-coal-to-bottoms were considerably different. As can be seen

TABLE 1-13

LIQUID PRODUCT SELECTIVITY WITH ONCE-THROUGH BOTTOMS RECYCLE

• 840°F
• 1500 psig
• 4 wt% H2 on Coal

Wyodak Monterey No. 1
60-Minute 25-Minute 40-Minute

Coal 2.4/1/0.5 Coal 2.4/1/0.5 Coal 1.6/1/0.5

Wt% of C4 -1000°F 
Liquids

Only S/C/Btms. Only S/C/Btms Only S/C/Btms

C4-400°F 70.6 84.5 65.4 72.0 59.9 58.9
400-700°F 11.4 8.1 12.6 19.1 20.7 26.0
700-1000°F 18.0 7.4 22.0 8.9 19.4 15.1

in Table 1-13, for the 60-minute recycle case the percentage of C4- 
400"F naphtha increased from 70.6% with coal-only to 84.5% with bottoms 
recycle. Both 400-700°F and 700-1000°F fractions decreased significant­
ly. At 25-minutes, the C4-400°F naphtha fraction with bottoms re­
cycle also increases over the coal-only case, but not nearly as much 
as for 60-minutes. Rather than decrease, the 400-700°F liquid fraction
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increases with bottoms recycle at 25 minutes to 19.1% from 12.6% with 
coal-only. The 700-1000°F liquid fraction decreases considerably com­
pared to coal-only at 25-minutes recycle conditions, just as for 60- 
minutes recycle.

In comparison, Monterey coal showed no increase in C4-400°F 
naphtha at these conditions. The 400-700°F liquid fraction increased with 
bottoms recycle, while the 700-1000°F liquid fraction decreased. Overall, 
just as with Wyodak bottoms recycle, the liquid product slate also becomes 
lighter with recycle of Monterey bottoms.

These results indicate that, at least on a once-through bottoms 
basis, considerable flexibility exists in liquid product composition with 
Wyodak bottoms recycle operations. This flexibility is significantly 
greater than that observed with Monterey bottoms recycle for the conditions 
studied.

• Coal/Bottoms Synergism with Wyodak Recycle Operations

No synergistic effects were apparent when coal and bottoms 
were mixed during the Monterey bottoms recycle study. The net yields 
on bottoms in Table 1-14 are comparable for the different bottoms-to- 
coal ratios investigated and in reasonable agreement with the yields 
from a bottoms-only run. Net C4-1000°F liquid yields were actually 
somewhat less than for bottoms-only.

TABLE 1-14

COMPARISON OF NET BOTTOMS YIELDS WITH BOTTOMS-ONLY YIELD * •
FOR MONTEREY RECYCLE OPERATIONS

• 840°F
• 1500 psig
• 40 minutes
• 4 wt % H2 on Coal

Nominal Bottoms/Coal Ratio

Yields, Lbs/100 Lbs 1000°F+ Bottoms

C1-C3 Gas 
C4-1000oF Liquid 
1000°F+ Bottoms

Yield Periods

Bottoms
1:3 1:2 1:1 Only

5.0 5.0 4.7 4.4
10.4 11.6 11.8 14.6
84.2 79.1 82.1 79.2

550-554 555-556 557-558
561-563
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TABLE 1-15

f"

COMPARISON OF NET BOTTOMS YIELDS WITH BOTTOMS-ONLY 
YIELD FOR WYODAK RECYCLE OPERATIONS

• 840°F
• 1500 psig
• 60 minutes
• 4 wt% on Coal
• 1.6/1 Solvent/Solids

Yields, Lbs/100 Lbs 1000°F+ Bottoms •

Cj—C3 Gas 
C4-1000oF Liquid 
1000°F+ Bottoms

Bottoms Bottoms 
+ Coal Only

5.2 5.8 
21.8 13.7 
74.6 79.5

Calculation of the net yields from Wyodak bottoms recycle at 
60-minutes residence time is shown in Table 1-15. A significant increase 
in C4-1000°F liquid yield over bottoms-only at the same liquefaction 
conditions was determined. Liquid yield increased from 13.7 lbs/100 lbs 
1000°F+ bottoms to a calculated 21.8 lbs/100 lbs 1000°F+ bottoms when 
coal was added. This 8.1 lbs/100 lbs delta is indicative of a similar 
synergistic effect observed in bench scale tubing bomb studies with Wyodak 
bottoms. (See Section 4 of this report.)

Further work will be required with Wyodak coal to determine 
the effect of continuous bottoms recycle on the solvent-to-solids and 
synergistic effects observed with once-through operations.

• Unit Operations

A total of 610 hours on coal and bottoms was logged on RCLU-1 
during the Monterey simulated bottoms recycle study. Operability with 
bottoms recycle at the conditions studied was similar to that with Monterey 
coal alone. No significant problems were experienced. The longest of four 
bottoms recycle runs was ended after 286 hours due to a plug in the feed 
line between the slurry feed pump and the liquefaction reactor.

Wyodak bottoms were run with coal for 563 hours in RCLU-1.
The longest run was 149 hours. Five bottoms recycle runs were made, 
of which three were ended voluntarily. The remaining two runs were 
ended following plugs in the liquefaction reactor. Overall, operability 
with bottoms recycle was improved somewhat over that with Wyodak coal alone 
when additional solvent was added for the 2.4/1/0.5 solvent-to-coal-to- 
bottoms runs. In contrast, operability during the 60-minute bottoms-only 
run was not as good. Higher than usual pressure and occasional plugging in
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the slurry circulation lines from the feed tank to the feed pumps were 
experienced. The plugging may have been due to the slow solvating action 
of the recycle solvent on the bottoms after circulating for several hours 
at ambient temperature. Softened, partially dissolved bottoms would tend 
to be "stickier" than coal slurry and more likely to plug the slurry 
circulation lines. No problems were experienced in the liquefaction 
reactor during the run.

The bottoms viscosities for Monterey bottoms recycle at the 
conditions studied are presented in Table 1-16. As can be seen, the 
bottoms viscosities are similar for the different bottoms-to-coal ratios 
run. The viscosity for bottoms from coal appears to be somewhat less than 
the recycle bottoms, but the corresponding 1000°F- content in the bottoms 
is higher. The CLPP bottoms used as recycle feed had considerably higher 
viscosity than the product bottoms. These high viscosities are due to the 
low 1000°F- content in the CLPP bottoms. Because of the varying 1000°F- 
content in the bottoms, no direct effects of recycle on viscosity can be 
determined. If these viscosities are adjusted to 10 wt% 1000°F- content 
in the bottoms (July-September, 1978, EDS Quarterly Technical Progress 
Report [FE-2893-21], Figure 6-2), all the bottoms in Table 1-16 are within 
the 5 to 10 poise viscosity range. Regardless, the product bottoms vis­
cosities were well below the 50 to 100 poise which cause difficulty in 
emptying the RCLU bottoms accumulator.

TABLE 1-16

VISCOSITY OF LIQUEFACTION BOTTOMS FOR MONTEREY BOTTOMS RECYCLE

Wt % 1000°F~ in 
Bottoms

Viscosity, poise

(550°F. 10 sec-1 
shear rate)

Coal
Only Nominal Bottoms/Coal Rat io CLPP(Feed)

Bottoms 1:3 1:2 1:1 Bottoms

11 6 6 6 1.2-2.6

6 11 13 17 40-130

The viscosities of residual bottoms from Wyodak coal-only 
operations are dependent on the degree of coal conversion (July 1977-June 
1978, EDS Annual Technical Progress Report [FE-2893-17], p. 12). Thus, the 
increased conversion of Wyodak coal afforded by recycle of bottoms might be 
expected to reduce the product bottoms viscosity over coal-only operations.
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Evidence that reduction in Wyodak bottoms viscosity should 
occur for continuous bottoms recycle is shown in Figure 1-22. Compared 
to the bottoms feed viscosities, some reduction was noted in viscosity 
for bottoms-only, 1.6/1.0/0.5 solvent-to-coal-to-bottoms, and 2.4/1.0/0.5 
solvent-to-coal-to-bottoms operations. The reduction in bottoms viscosity 
was notably less at the 1.6 solvent-to-coal condition where little ad­
ditional bottoms conversion was obtained. When bottoms conversion was 
significant, such as with the bottoms-only and 2.4 solvent-to-coal opera­
tions, considerable reduction in feed bottoms viscosity resulted.

Pyridine and benzene extractions were also performed on the 
feed and product bottoms. Figure 1-23 shows the organic (i.e. ash-free) 
fractions which are benzene soluble (asphaltenes) and pyridine soluble/ 
benzene insoluble (preasphaltenes). Total bar height represents pyri­
dine solubles. The 1000oF_ fraction in the bottoms was assumed to 
be benzene soluble in these calculations. These solubility results are 
consistent with the bottoms recycle 1000°F- conversion. The increase in 
benzene solubles in the bottoms product compared to the bottoms feed can be 
interpreted as conversion of 1000°F+ organics from the preasphaltene 
fraction to asphaltenes.

For Monterey coal pyridine extracts essentially all but the 
fusinite fraction from the bottoms. Additional pyridine insoluble organics 
contribute to a much lower (60-70 wt%) pyridine soluble fraction in the 
Wyodak feed and product bottoms. When significant conversion to 1000°F- 
products occurred, the asphaltene fraction in the product bottoms also 
increased over that in the feed bottoms. This indicates conversion within 
the 1000°F+ fraction also taking place. Thus, with Monterey bottoms 
recycle and with Wyodak bottoms recycle at 2.4 solvent-to-coal ratio, the 
asphaltenes increased somewhat in the product bottoms over the level in the 
feed bottoms. However, for the Wyodak bottoms recycle with 1.6 solvent- 
to-coal ratio where little net bottoms conversion was observed, the product 
bottoms actually decreased in asphaltene content compared to the feed 
bottoms. In this instance, the product bottoms can be considered less 
converted than the feed bottoms since the preasphaltene fraction has 
increased

1.5 Future Plans

During the second quarter of 1979, a detailed process variable 
study was initiated in RCLU-1 with the first of the sponsor coals, Pittsburgh 
seam coal from the Ireland mine. Primary variables investigated were 
liquefaction temperature, residence time, and pressure. The results of 
this portion of the study will be presented next quarter. This study is 
scheduled to last up to six months.

RCLU-2 will remain shut down concurrent with ongoing CLPP 
operations .
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Initial bench liquefaction studies (see Laboratory Process 
Research and Development, Section 4.4) aimed at determining the applic­
ability of bottoms recycle to different coals is complete. These results 
and an assessment of the possible use of RCLU for equilibrium operations 
with bottoms recycle (rather than the simulated operations described 
herein) is underway and will be discussed in the next Quarterly Technical 
Progress Report.
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FIGURE 1-22

COMPARISON OF BOTTOMS FEED AND BOTTOMS PRODUCT 
VISCOSITIES WITH WYODAK BOTTOMS RECYCLE
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FIGURE 1-23 <r

COMPARISON OF BOTTOMS FEED AND BOHOMS PRODUCT 
ORGANIC FRACTIONS FOR WYODAK AND MONTEREY NO. 1

BOHOMS RECYCLE

840°FI40 MINUTES 
0.5 BTMS/COAL 
1.6 S/C

^ ASPHALTENES 
□ PREASPHALTENES

840° F
60 MINUTES 
0.5 BTMS/COAL

2.4 S/C r

i- 60

WYODAK
COAL

MONTEREY NO.l 
COAL

- 56 -



LABORATORY PROCESS RESEARCH AND DEVELOPMENT

LIQUEFACTION PROCESS RESEARCH

2. Operation of the One-Ton-Per Day Coal Liquefaction Pilot Plant (CLPP)

The one ton-per-day Coal Liquefaction Pilot Plant (CLPP) was 
operated during the last half of 1978 on Wyoming subbituminous coal from 
the Wyodak mine. From December, 1978 to February, 1979, CLPP underwent 
a scheduled turnaround to do necessary maintenance and especially to 
install vacuum bottoms recycle equipment. Since that time CLPP has 
operated with Illinois No. 6 coal from the Monterey No. 1 mine in both 
coal-only and continuous bottoms recycle modes. A detailed description 
of CLPP and a process flow diagram were included in the July 1, 1976- 
June 30, 1977 EDS Annual Technical Progress Report (FE-2893-17). In 
addition, a flow diagram of the bottoms recycle portion of the CLPP was 
included in the January-March, 1979, EDS Quarterly Technical Progress 
Report (FE-2893-29).

In the last six months of 1978, CLPP operated with Wyodak coal. 
Thirteen elementally balanced yield periods were obtained. Full details on 
conditions and tabulated yield data may be found in the October 1-December 
31 and January 1-March 31 EDS Quarterly Technical Progress Reports (FE-2893- 
25 and FE-2893-29). Studies were also conducted to characterize the 
liquefaction reactor solids withdrawal products and to determine the level 
of entrainment and fouling in the primary vacuum tower. Solids formation 
in the high pressure gas scrubbing system was also studied.

2.1 Basis for Wyoming Coal Study Design

Data from CLPP has been supplied to the EDS Liquefaction Engineering 
Division (ELED) for use in setting the basis for the Wyoming Coal Study 
Design. The data supplied to ELED were obtained by averaging the data from 
Yield Periods 267, 268, 269, and 270. The overall yields and conditions 
are shown in Table 2-1. The longer residence time and higher solvent/coal 
ratio, as compared to Illinois No. 6, are necessary due to the higher 
viscosity of Wyoming coal liquefaction bottoms at lower conversion levels.
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TABLE 2-1

YIELD STRUCTURES FOR WYOMING COAL STUDY DESIGN

Liquefaction Temp., °F 
Nominal Residence Time, Min. 
Liquefaction Pressure, psig 
Solvent-to-Coal Ratio 
Yield Periods

840
c0

loOO
1.6/1

267,268,269,270 

Overall Yields

Hydrogen -3.68 
Water 13.87 
Carbon Oxides 6.39 
Ammonia 0.40 
Hydrogen Sulfide 0.21 
C1-C3 Gas 7.38 
C4-400°F Naphtha 22.18 
400o-700°F Middle Distillate 1.67 
700-1000°F Heavy Distillate 5.05 
1000°F+ Bottoms 46.53

2.2 Engineering Studies on Wyodak Coal

In the last half of 1978, engineering studies continued on Wyodak 
coal in the three major areas of liquefaction reactor solids withdrawal, 
vacuum tower fouling and entrainment, and solids formation in the high- 
pressure gas scrubbing system.

Since its installation, the liquefaction reactor solids with­
drawal system has proven to be quite effective in eliminating reactor 
plugging. About 4 wt % withdrawal on coal feed controlled reactor solids 
buildup during normal operation. Analysis of the withdrawal products 
indicates that solids from the first reactor are enriched in calcium. The 
wall scale from the first reactor was also examined and was determined to 
be about 67% calcium carbonate. The scale accumulated at a rate of about 
0.006 lb scale per 100 lb of coal feed. For more information, consult the 
October 1-December 31, 1978, EDS Quarterly Technical Progress Report 
(FE-2893-25).

Examination of the primary vacuum tower (F-l) has shown that 
very little solids entrainment and fouling occurs for Wyodak coal during 
normal operation. Only scattered deposits have been found on the entrain­
ment grid suspended in the tower, and the vessel walls have shown no 
buildup of solids or scale.
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During integrated operations with Wyodak coal, plugs occasion­
ally have formed in the high-pressure gas scrubbing system. Analyses 
indicate that the plug materials were mixtures of ammonium carbonate, 
(NH/f)2C03, and ammonium bicarbonate, NH4HCO3. However, plugs of 
these materials were minimized on the CLPP by heating or water washing the 
affected lines.

2.3 Installation and Operation of New Equipment

During the turnaround starting in December, equipment to re­
cycle hot, molten vacuum bottoms to liquefaction was installed. This 
equipment has been operated successfully with bottoms from Illinois 
No. 6 (Monterey) coal.

A new coal feed system was also designed and installed on 
CLPP during the turnaround. Performance of the new system has been far 
superior to the old feed system. Fluctuations in coal feed rate have been 
reduced to within plus or minus 2% of the set rate. Additional details are 
included in EDS Quarterly Technical Progress Report FE-2893-29.

2.4 Operations With Bottoms Recycle

Initial operations of bottoms recycle equipment showed very 
good service and only two areas have shown erosion attributed to bottoms 
recycle. The first was the vacuum bottoms and coal slurry mix point, 
and the other was at the preheater junction near the liquefaction reactor 
inlet. However, both of these areas were redesigned and have not shown 
further erosion. These are more fully described in the April, 1979, EDS 
Monthly Technical Progress Report [FE-2893-30].

Since starting operations, over 550 hours of operation have 
been completed with bottoms recycle fully integrated on the CLPP. In 
addition, over 1200 hours of time have been logged with coal fed to the 
unit as part of the bottoms recycle study. Bottoms properties have 
varied to viscosities of over 50 poise with 2-3% 1000°F" material 
in the bottoms. And only minor difficulties were encountered in pumping 
and recycling the higher viscosity bottoms.

Preliminary yield data with bottoms recycle indicated lower 
conversions than expected when compared to RCLU data. However, at least 
part of the low conversion was attributed to poor coal-only yields on 
the CLPP. Bench equipment RCLU and CLPP were used to study all lique­
faction components as well as bottoms recycle until the CLPP yield struc­
ture was resolved. After a complete turnaround on the CLPP to recalibrate 
and reconfigure the unit, coal-only yields returned to normal and bottoms 
recycle studies were resumed. (For more complete details, see June, 1979, 
EDS Monthly Technical Progress Report [FE-2893-34]).
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Bottoms recycle yields after the turnaround showed improve­
ments over coal-only operation. Further data workup as well as addi­
tional bottoms recycle operations are planned into the next quarter 
before starting on Pittsburgh coal. During operations on Pittsburgh 
coal, the bottoms recycle information will be evaluated, and further 
work on bottoms recycle will be planned.
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LABORATORY PROCESS RESEARCH AND DEVELOPMENT

LIQUEFACTION PROCESS RESEARCH

3. Solvent Hydrogenation Studies

During the third quarter of 1978, solvent hydrogenation studies 
were made on the effects of treat gas impurities and feed solvent on 
catalyst activity. Illinois spent solvent and Ni/Mo-10 catalyst were used 
to broaden the data base on the solvent hydrotreating effects of carbon 
oxide impurities in the hydrogen treat gas. In addition, a Wyoming coal 
spent solvent was hydrotreated at various temperatures and space velocities 
over Ni/Mo-10 and Co/Mo-20 catalysts. This study was undertaken to define 
fresh catalyst performance and to select SOR conditions for an activity 
maintenance study with the preferred catalyst.

During the fourth quarter of 1978, solvent hydrogenation studies 
continued to concentrate on the effects of Wyoming spent solvent on 
catalyst activity. The initial catalyst activity study described above 
with Wyoming spent solvent over Ni/Mo-10 and Co/Mo-20 catalysts was com­
pleted. An additional scoping study was performed with the same solvent 
and catalysts. In this study, the solvent was spiked with heteroatoms 
(sulfur, nitrogen, and oxygen) separately to determine the effects of each 
on catalyst activity independently of the other two heteroatoms.

During the first quarter of 1979, hydrogenation of a Wyoming 
spent solvent/naphtha mixture was compared to the hydrogenation of a 
Wyoming spent solvent only. The primary purpose of this study was to 
determine any effects the added naphtha had on the product, solvent quality 
and catalyst activity. Also, brief scoping runs were carried out to study 
the hydrogenation of Illinois 400°F+'.and Wyoming 350°F+ products.

During the second quarter of 1979, no work was scheduled in 
solvent hydrogenation.

A summary of the solvent hydrogenation studies conducted during 
this reporting period is shown in Table 3-1. Results are discussed in 
Sections 3.2 through 3-»4 of this report. Data obtained from the studies 
completed during the first nine months are reported in detail in previous 
quarterly technical progress reports.

3.1 Experimental Facilities and Procedures

Laboratory studies of solvent hydrogenation are conducted 
in small once-through fixed bed reactor systems. A simplified flow 
diagram of the bench scale hydrotreaters used in this program is shown in 
Figure 3-1. These units, designated M20, M21 and M22 are equipped with
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TABLE 3-1

SUMMARY OF SOLVENT HYDROGENATION STUDIES

Reac tor Temperature-RV Pressure Duration
Run Catalyst Feed Size, ML. °F psig Days Purpose of Run

13M22 A Ni/Mo-10 111 . MPSS 10 125-190 1500 38 Carbon Oxide Impurity Study
B Ni/Mo-10 111 . MPSS 10 125-190 1500 38 Carbon Oxide Impurity Study

14M22 A Ni/Mo-10 Wyo . Spent Solvent 10 65-165 1500 73 Catalyst Activity Screening
B Co/Mo-20 Wyo Spent Solvent 10 65-165 1500 73 Catalyst Activity Screening

15M22 A Ni/Mo-10 Wyo . Spent Solvent 10 65 1500 45 Catalyst Activity Screening
B Co/Mo-20 Wyo . Spent Solvent 10 65 1500 45 Catalyst Activity Screening

15M21* Ni/Mo-10 111 . 400°F+ 20 125-145 2250 9 Total Product Hydrotreating Study

16M21* Ni/Mo-10 Wyo . 350°F+ 50 165 2250 4 Total Product Hydrotreating Study

16M22 A Ni/Mo-10 Wyo . Spent Solvent 10 65-165 1500 39 Effects of Spent Solvent/
B Ni/Mo-10 Wyo . Spent Solvent/ 

Naphtha Mixture
10 65-165 1500 39 Naphtha Mixture Hydrotreating

17M22 Ni/Mo-10 Wyo . 350°F+ Naphtha 10 215-265 1000 12 Naphtha Dehydrogenation Study

*Fuel oil hydrotreating studies at EPRL are discussed in Laboratory Process Research and Development, Section 5.4 of this report



FIGURE 3-1

SIMPLIFIED FLOW DIAGRAM OF BENCH SCALE HYDROTREATERS
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sufficient automatic monitoring and shutdown devices to allow safe and 
reliable overnight unattended operations. In general, these units are 
capable of running continuously for several months on a single catalyst 
charge.

One of the three bench units, M22, is operated as a dual reactor 
catalyst testing unit. This unit basically is similar to M20 and M21 but 
uses a single sandbath for isothermal temperature control of two separate 
reactor systems and incorporates dual feed pump and product accumulator 
capabilities. Smaller reactors (10 ml. catalyst volume compared to 70 ml. 
catalyst volume used in M20, M21) are used in this dual-train unit.

Experimental solvent hydrogenation studies begin with catalyst 
selection and preparation. Then the units are operated with the desired 
feedstock to carry out the details of the planned experiments. Solvent 
feed and products are characterized by mass spectrometry. Mass spectro­
metry provides a measure of the component distribution (both aromatics and 
saturates) and how this distribution is affected by the hydrogenation 
process. Of particular importance is the donor hydrogen characteristics of 
the feeds and products. These characteristics are directly related to the 
solvent quality index (SQI) used in determining the most effective recycle 
solvent.

3.2 Carbon Oxide Impurity Study * •

An experimental study was carried out to broaden the data 
base on the solvent hydrotreating effect of carbon oxide impurities 
in the hydrogen treat gas. Previous observations (see July 1977 to 
June 1978, EDS Annual Technical Progress Report [FE-2893-17]) showed 
that carbon oxides do not adversely affect catalyst activity in solvent 
hydrogenation.

• Experimental Conditions

Illinois coal multi-pass spent solvent (MPSS) and Ni/Mo-10 
catalyst were used at additional start-of-run (SOR) conditions. Tempera­
tures ranging from RV+123°F to RV+190°F and various space velocities were 
tested in the two-train catalyst testing unit, M-22, with one reactor 
utilizing hydrogen-only treat gas and the other 2% C02/2% CO in hydro­
gen. Liquid products and tail gas samples were collected and analyzed.

• Study Results

Results from this study confirmed the absence of any effect 
on donor hydrogenation activity due to the presence of carbon oxides.
Some loss in desulfurization and denitrogenation activity was observed, 
but these deactivations were apparently reversible. Approximately 20% 
desulfurization and denitrogenation activity losses were observed at all 
test conditions based on heteroatom contents of the liquid products. 
Examination of the tail gas samples also confirmed conversion of carbon
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dioxide to carbon monoxide and methane due to water gas shift and methana- 
tion reactions. A summary of the results from this study is shown in Table
3-2.

3.3 Effect of Wyoming Solvent on Catalyst Activity

Two catalyst initial activity scoping studies with Wyoming 
coal spent solvent were completed during the third quarter of 1978.
These studies were carried out, with both Ni/Mo-10 and Co Mo-20 catalysts, 
to obtain data on catalyst activity performance and provide a basis for 
selecting SOR conditions for an activity maintenance study with the pre­
ferred catalyst.

The effects of feed heteroatom (sulfur, nitrogen and oxygen 
compounds) content on catalyst activity were investigated by spiking 
a Wyoming spent solvent to heteroatom concentrations similar to those 
in Illinois spent solvent. Various space velocities and temperatures 
of RV+65°F and RV+115°F were tested in the first study (Run 14M22).

Results from Run 14M22 agreed with earlier findings which 
indicated that Wyoming spent solvent behaves differently than Illinois 
solvent. Higher solvent donor hydrogen levels were produced from Wyoming 
spent solvent than Illinois solvent with Ni/Mo-10 catalyst at low tempera­
tures, but no significant difference with Co/Mo-20 catalyst at similar 
temperatures. The observed difference in pioduct donor hydrogen level with 
Ni/Mo-10 catalyst was thought to be due to the differences in feed hetero­
atom content (See July-September, 1978, EDS Quarterly Technical Progress 
Report [FE-2893-21]). Results also indicated that sulfur and nitrogen 
compounds in the feed did not significantly affect catalyst activity at the 
experimental temperatures, but that oxygen compounds did. However, these 
results were considered misleading since the catalyst had already been 
deactivated at higher temperatures prior to this investigation. The effect 
of the heteroatoms on catalyst activity, if any, was expected to be more 
pronounced on fresh catalyst.

As a result, a second study (Run 15M22) was carried out to 
confirm the effects of Wyoming solvent heteroatom content on catalyst 
activity. Fresh Ni/Mo-10 and Co/Mo-20 catalysts were used to hydro­
genate a spent solvent spiked with each heteroatom separately to the 
levels of the individual concentrations of Illinois solvent. In addition, 
space velocities were varied to broaden the data base. Thus, the effect of 
each heteroatom on catalyst activity was examined independently of the 
other two heteroatoms.

The 15M22 study was conducted only at a temperature of RV+65°F 
and space velocities ranging from 1.21xRV to 4.0xRV HR~1. Wyoming spent 
solvent was hydrogenated without any heteroatom spike, with sulfur spiked 
to 0.3 wt %, with nitrogen spiked to 0.3 wt %, with oxygen spiked to 1.6 wt
% and with all heteroatoms spiked to the above levels.

Results of both studies are compared in Figures 3-2 and 3-3.
Solvent donor hydrogen content of hydrogenated product is shown for
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TABLE 3-2

RESULTS OF CARBON OXIDE IMPURITY STUDY

Run:
Catalyst:
Feedstock:
Pressure:
Treat Gas Impurity:

13M22 A&B 
Ni/Mo-10
Illinois Spent Solvent
1500 psig
2.3% C02/2.1% CO

Space Velocity
Temp.-RV (W/H/W) Treat Relative Gcis Product, Mole %

°F % of R.V. Gas Activity C0 9 CO CH4

125 417 h2 100 0.01 .03 0.07
125 412 h2 (co2/co) 98 1.04 2.37 0.61
125 125 h2 100 0.01 Trace 0.06
125 122 h2(co2/co) 101 0.61 1.73 1.05
165 418 h2 100 0.0 Trace 0.08
165 413 h2(co2/co) 100 1.86 2.24 1.31
165 125 h2 100 0.08 Trace 0.12
165 125 h2(co2/co) 102 1.22 2.12 1.76
190 417 h2 100 0.01 Trace 0.17
190 413 h2(co2/co) 99 1.22 2.03 1.10
190 253 h2 100 0.15 Trace 0.18
190 250 h2(co2/co) 99 1.66 2.83 1.71
190 126 h2 100 0.01 Trace 0.21
190 130 h2(co2/co) 103 1.27 2.17 1.37

Product Quality Obtained from Contaminated Hydrogen Stream 
Product Quality Obtained from Pure Hydrogen Stream*R.A.
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FIGURE 3-2

EFFECTS OF TEMPERATURE AND SPACE TIME ON WYOMING SPENT SOLVENT
FOR Ni/Mo-10 CATALYST
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FIGURE 3-3

EFFECTS OF TEMPERATURE AND SPACE TIME ON WYOMING SPENT SOLVENT
FOR Co/Mo-20 CATALYST
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different space times at a temperature of RV+65°F for Ni/Mo-10 and Co/Mo-20 
catalysts, respectively. The solid and dashed lines represent previous 
Illinois solvent experimental data and Wyoming solvent model predictions 
for a catalyst activity of 1.0, respectively. The circular symbols are 
from the 14M22 study, and the triangular symbols are from the 15M22 study.

Within experimental variability, heteroatom spikes to the 
Illinois solvent levels did not affect the hydrogenation activity of 
the catalysts with Wyoming spent solvent at the above conditions. The data 
used in the analysis of the 15M22 study were taken after an initial catalyst 
stabilization period of nominally two weeks. These hydrogenation catalysts 
exhibit high initial activity prior to lineout after about 1 to 3 weeks on 
stream. The experimental Wyoming spent solvent results obtained in this 
study are predicted by the solvent hydrogenation model for an initial 
catalyst activity. Results obtained at the lower temperatures in the 
previous 14M22 study were collected during the first 2 to 3 weeks of 
catalyst life. Thus, what appeared to be increased catalyst activity due 
to lower heteroatom content was increased activity due to the high initial 
catalyst activity (prior to line-out).

3.4 Hydrogenation of Wyoming Solvent/Naphtha Mixture

Depending on environmental regulations, hydrotreatment of 
the EDS 350°F+ fuel oil product may be required. A relatively low 
cost, on-site hydrotreatment step blends heavy naphtha with the total spent 
EDS solvent from liquefaction, withdrawing the upgraded naphtha and excess 
solvent from the solvent hydrotreater product stream. In this configura­
tion, heavy naphtha and solvent products are upgraded with incremental 
catalyst added to an existing solvent hydrogenation reactor. Additional 
upgrading of the 350°F+ fuel oil, if required, could be achieved in a 
downstream facility processing VGO and higher boiling fuel oil components.

To assess this hydrotreating option, a study was conducted 
in which a mixture of spent solvent and 350°F+ naphtha from Wyoming coal 
was hydrotreated. The primary purpose of this study was to determine the 
effects, if any, of the added naphtha on the product, solvent quality and 
catalyst activity. The effect on naphtha quality due to hydrotreating the 
mixture was also determined.

• Experimental Conditions

The two-train solvent hydrogenation bench unit was used to 
hydrotreat a mixture of 92.5 wt % Wyoming coal spent solvent and 7.5 wt % 
350°F+ naphtha. As a comparison, Wyoming coal spent solvent only was 
hydrotreated alongside the mixture at the same operating conditions. The 
catalyst used was Ni/Mo-10, and the inlet hydrogen partial pressure was a 
constant 1500 psig. The temperatures used were RV+115°F and RV+165°F, and 
the space velocities were nominally l.OxRV and 2.0xRV W/H/W.
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• Study Results

Donatable hydrogen levels are shown in Table 3-3 for selected 
hydrotreated solvents and for the corresponding hydrotreated mixtures 
based on the solvent fraction only (i.e., assuming the hydrotreated 
heavy naphtha portion contains negligible donatable hydrogen). For 
the operating conditions shown, the mixture donatable hydrogens, based on 
the solvent fraction only, equal or exceed the donatable hydrogens of the 
pure solvent. Thus, the 350°F+ naphtha acted only as a diluent in the 
hydrogenation of the spent solvent. And, because these comparisons are 
over the life of the catalyst, it can also be concluded that the naphtha 
did not affect catalyst activity.

TABLE 3-3

COMPARISON OF DONATABLE HYDROGEN FOR HYDROTREATED 
SOLVENT ONLY AND FOR THE SOLVENT/NAPHTHA MIXTURE

Operating Conditions

H 1 3 O W/H/W, % of RV

67 98
116 100
117 98
116 198
116 211
166 198
166 182
165 200
116 198

Donatable Hydrogen, % of RV

Mixture
(Based on 92.5 Wt % 

Solvent Only Solvent Fraction)

155 178
159 164
181 182
198 207
200 205
173 182
180 185
182 191
202 202

■^Values for soFvent/naphtha mixture 
for naphtha.

assume no donor hydrogen contribution

Distiliat 
product, the napiir:, 
tions are shown ■ ■

.ms were 
• n : h e

obtained on the solvent feed, the solvent 
blend. Results of these ASTM 15/5 distilla- 
for different boiling range cuts.
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TABLE 3-4

DISTILLATION COMPOSITIONS OF FEEDS AND PRODUCTS 
From RUNS 16M22A AND 16M22B

Distillation, Liquid Volume %

Stream Feed Solvent Product Solvent Feed Naphtha
SoIvent/Naphtha 
Product Blend

IBP/350 °F 0.0 3.8 11.4 7.4
350/400°F 11.6 19.7 75.6 21.6
400/650°F 74.3 67.6 13.0 64.4

650°F+ 14.1 8.9 0.0 6.6
TOTAL 100.0 100.0 100.0 100.0

These boiling pool compositions also show the amounts of solvent 
converted from each higher boiling range to the next. Due to hydrotreat­
ing, approximately 37% 650<>F+ material was converted to 350/400°F 
material. And finally, 33% of the 350/400°F boiling range cut was shifted 
downward to the IBP/SSO'F boiling range material. Hence, these results 
show which solvent boiling range cuts were affected, and to what extent, by 
hydrotreating.

In addition, as shown in Table 3-4, approximately 76% of the 
naphtha boils in the 350/400°F range. Assuming that each higher boiling 
pool, when hydrotreated, is converted only to the next lower boiling pool, 
approximately 50% of this 350/400°F naphtha is converted to an IBP/350°F 
boiling pool material. This IBP/350°F boiling pool may be more valuable as 
catalytic reformer feed.

In summary, hydrotreating EDS spent solvent and heavy pro­
duct naphtha together is feasible since neither the solvent nor naphtha 
quality is compromised by hydrotreating the mixture. Moreover, there were 
no indications of decreased catalyst activity as a result of solvent/ 
naphtha coprocessing.
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LABORATORY PROCESS RESEARCH AND DEVELOPMENT

f"-.

LIQUEFACTION PROCESS RESEARCH

4. Bench Units, Modeling and Correlations Studies

Batch tube autoclave and continuous flow reactors are employed to 
provide yield and operability data for a variety of coals. The yield data 
from the bench scale hydrotreaters and the liquefaction pilot plants are 
correlated to provide models for recycle solvent hydrogenation and lique­
faction which are used for process simulation.

4.1 Operability Studies on Wyoming Coal

During liquefaction of low rank coals, such as Wyoming sub- 
bituminous coal, calcium present in salts of humic acids decomposes 
to form calcium carbonate (CaCC^). This calcium carbonate accumu­
lates in the liquefaction reactor as wall scale and free-flowing aggregates 
(oolites).

Calcium carbonate formation in liquefaction can be prevented 
by chemically altering the form of the calcium in the coal by pretreat­
ment. One of the proposed methods of preventing liquefaction scale forma­
tion is to pretreat the coal with sulfur dioxide (SO2). SO2 dissolves 
in the pore moisture of coal and forms stable calcium salts prior to 
liquefaction. Since these calcium salts are stable during liquefaction, 
calcium tied up in this form does not produce CaCOj scale in the lique­
faction reactor.

The various methods employed to overcome the calcium carbon­
ate deposition problem can be classified as mechanical or chemical solu­
tions. Mechanical solutions are those in which the process conditions, 
process configurations or mechanical equipment are modified to alleviate 
the problem. Chemical solutions are those in which the chemical form of 
the calcium is changed by pretreatment of coal or a chemical is added to 
the coal slurry before it is liquefied. A detailed description of methods 
and results of various solutions (both mechanical and chemical in nature) 
tested with Wyoming coal was reported in the July 1977-June 1978, EDS 
Annual Technical Progress Report (FE-2893-17).

During this reporting period, an extensive study was conducted to 
test one of the chemical solutions, viz. gaseous SO2 pretreatment of low 
rank coal. Two fluidized bed units were used for this study to achieve two 
objectives of the project. The first objective was to study the kinetics 
of pretreatment and the second was to test the effectiveness of the pre- 
treatment as a function of various process variables.

The kinetic study was carried out in a 0.7 inch diameter Bench 
Scale Pretreatment Unit (BSPU). In this study, ten gram samples of -8 mesh
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Wyoming coal were pretreated at 5 psig in the BSPU. The major process 
variables covered the following conditions:

Temperature:
SC>2 Gas Concentration: 
Treat Time:

65°F, 85°F 
5 mole %, 10 mole %
5, 15, 30 and 60 minutes

Figure 4-1 summarizes the results of the kinetic study. As 
pretreatment temperature increased, total sulfur and sulfate sulfur de­
creased. This is due to the fact that SO2 is less soluble in the 
coal moisture at the higher temperature. With a lower HS03_ (from 
SO2 solution) concentration, the driving force for mass transfer is 
lower. The effect of increasing SO2 concentration is similar to the 
effect of decreasing temperature. As treat time increased, total sulfur 
content increased rapidly for the first five minutes, increased more slowly 
to 15 minutes and then leveled off. Sulfate sulfur also increased very 
rapidly in the first five minutes but then continued to increase more 
slowly up to 30 minutes.

A 4-inch diameter plexiglass Fluidized Pretreatment Unit (FPU) 
was used to test the effectiveness of gaseous SO2 pretreatment of high 
calcium coals. The pretreatment experiments were carried out with Wyoming 
subbituminous and Big Brown Texas lignite. The description of the unit was 
included in the July 1977-June 1978, EDS Annual Technical Progress Report 
(FE-2893-17). The effectiveness of the pretreatment was determined by 
carrying out tubing bomb liquefaction experiments on pretreated samples.
The effectiveness is expressed as weight percent CaC03 present in the 
liquefaction residue ash. The results of these experiments show that this 
factor is significantly lower (8-10 wt %) than that of untreated coal 
(40-50 wt %). Thus it was established that both these high calcium coals 
can be effectively and uniformly treated in the FPU.

After these experiments, the FPU was modified to test the 
effectiveness of the pretreatment in the expected temperature range 
for a commercial process fluidized bed unit. Two experiments were run 
in this temperature range (100-120°F). Tubing bomb experiments were 
carried out to determine the effectiveness of these tests. The results 
of these experiments showed that there was 16 wt % CaC03 on lique­
faction residue ash. Comparing this result with those for untreated 
and room temperature pretreated samples shows that although this factor is 
significantly lower than that of untreated coal, it is higher than the room 
temperature result. This finding agrees directionally with the kinetic 
study of SO2 pretreatment made in the BSPU.
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4.2 Modification of the Once-Through Coal Liquefaction Unit (OTCLU) 
and Validation of Yields

In the past, OTCLU has been extensively used to address operability 
problems (see January 1976-June 1977, EDS Final Technical Progress report 
[FE-2353-20] and July 1977-June 1978, EDS Annual Technical Progress Report 
[FE-2893-17]). Over this reporting period, the unit was modified to allow 
the generation of yield information.

With this unit modification the product slurry is stripped 
with hydrogen in a hot separator to recover the liquid. The bottoms 
product thus obtained, containing 33-55 wt % 1000°F- content by Micro­
lube distillation, is collected in the bottoms storage vessel through an 
auto-actuated valve. The product liquid is stored in the product liquid 
accumulator. Figure 4-2 is a schematic representation of the unit in its 
present configuration.

After the initial modifications, several trial runs were carried 
out to debug the unit, to check overall material balance and to generate 
elementally balanced yield information for comparison with RCLU results at 
similar conditions. These runs were with Illinois No. 6, Monterey No. 1 
mine coal and hydrogenated multi-pass spent solvent (MPSS). The solvent- 
to-coal ratio was kept at 1.6. Nominal residence time was 40 minutes and 
the reaction temperature was 840°F. These runs resulted in overall 
measured material balances ranging from 92 to 96%. The hydrogen consump­
tion, water yield and gas yield were comparable to corresponding RCLU 
data. However, the C4-1000°F liquid yield was lower (>/'10%) and the 
1000°F+ bottoms yield correspondingly higher (>/'8%).

Based on this initial experience with the unit, a test pro­
gram was initiated to improve the overall material balance on the unit and 
to reconcile differences in liquid and 1000°F+ bottoms yield between 
OTCLU and RCLU.

As a part of this program, several further modifications were 
made on the unit to ensure proper accounting for the products (both liquid 
and bottoms). Also, a detailed operational procedure was implemented to 
reduce any uncertainties in measuring input and output streams. Weight 
scales and gas flow meters were recalibrated.

With these modifications, four yield periods have been carried 
out with Illinois No. 6, Monterey No. 1 mine coal at 840oF reaction temper­
ature and 40 minutes nominal residence time. These runs resulted in very 
good overall measured material balance (98-100%). Results of these runs 
are compared in Table 4-1 with liquefaction results of similar RCLU runs.
It is apparent from this table that, within experimental error, there is 
good agreement between OTCLU and RCLU yields in terms of gas, water, 
C4-1000°F” liquid and 1000°F+ bottoms. Hydrogen consumptions for 
this unit and the liquefaction section of RCLU are comparable. A modifi­
cation in the bottoms product distillation procedure also helped achieve 
better estimation of the 1000°F- content of the bottoms.
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Another series of runs with Monterey No. 1 mine coal has been 
completed to check the reproducibility of the unit. Analyses of the 
various product streams are in progress. In the future, the unit will be 
further validated with additional coals and at different operating condi­
tions .

TABLE 4-1

COMPARISON OF OTCLU AND RCLU YIELDS

Run Conditions: 840°F/40 minutes
Solvent/Coal = 1.6
Illinois #6, Monterey Mine No. 1 coal

Yield (Elementally balanced)
(Lbs/100 Lbs of Dry Coal)

YP 493 YP 494
OTCLU 

YP 495 YP 496 Avg.
RCLU*

(Liquefaction)

Overall Measured 
Material Balance

98.4 100 100 99.9

Components
h2 -1.4 -1.4 -1.6 -1.6 -1.5 -1.4
h2o 7.1 8.4 6.9 6.9 7.3 6.6
cox 1.2 1.5 1.7 1.7 1.5 1.7
nh3 0.1 0.1 0.1 0.0 0.1 0.1
h2s 3.1 3.2 3.2 3.2 3.2 2.7
C1-C3 6.8 6.3 7.6 6.5 6.8 7.3
C4-1000°F 35.0 32.4 34.5 33.1 33.8 32.7
10000F+ 48.1 49.5 47.7 50.2 48.9 50.6

*Average data for YP1's 564-566 (Ref. October-December■, 1978 , EDS
Quarterly Technical Progress Report [FE-2893 -25]).
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4.3 Correlation of Coal Conversion with Coal Properties

Stepwise multiple regression analysis of tube autoclave con­
version data has been completed for six different coals and coal types.
This is directed at developing a correlation expressing liquefaction 
conversion as a function of measurable coal properties and is similar 
to an effort underway at Pennsylvania State University.^- Principal 
differences in the two studies include differences in feed coal prepara­
tion, conditions used for liquefaction, and in the definition of lique­
faction conversion. As pointed out by Given, requirements for a valid 
statistical correlation include an extensive data base and a wide range of 
variability for each property studied. The work to date represents a 
modest beginning in this regard. More significance can be attached to the 
correlation as additional data are included.

Data used in the initial correlation work are given in Table 4-2. 
Independent variables include ultimate, proximate, and petrographic 
analyses. Hie dependent variable is taken to be the tubing bomb conversion 
(DAF) at 840°F and 40 minutes residence time, based on cyclohexane in­
soluble residue. Coals to date include two bituminous coals, two bituminous 
coal lithotypes, a subbituminous coal, and a lignite.

Results of single variable linear regression analyses are 
given in Table 4-3. Significance of each variable in explaining lique­
faction behavior is expressed in terms of the percent of variation about 
the mean removed by regression. This is frequently referred to as the 
index of determination (R^). Percent volatile matter was found to be 
the most significant variable, while percent mineral matter was the least 
significant. Only two variables were found to be of significance when all 
variables were simultaneously included in a stepwise linear regression 
analysis. These were percent volatile matter and percent total sulfur.
The resulting index of determination was 96.8. Volatile matter was highly 
correlated with percent carbon, H/C atomic ratio, and percent exinite while 
total sulfur was not highly correlated with any other independent variables.

The resulting correlation was used to predict liquefaction 
conversion for several additional coals for which sufficient data for 
comparison was available. The result is shown in Figure 4-3. Predic­
tions were made for four Gulf Coast lignites, two Pittsburgh Seam coals, 
two Australian coals (one a lignite and the other subbituminous), and an 
Illinois No. 6 coal. While some scatter does exist about the parity line, 
considering the limited number of coals and the great diversity of coal 
types included in the data base, the results are considered to be encourag­
ing.

Several additional coals have been acquired for inclusion in the 
correlation data base in order to better cover the range of variables 
considered in the analysis. These are listed in Table 4-4. This will be 
a continuing activity throughout 1979 as more data become available.

^Given , P.H., et al., "Dependence of Coal Liquefaction Behavior on Coal 
Characteristics." 3. Statistical Correlations of Conversions in Coal 
Tetralin Interactions, FUEL, 57, February, 1978.
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TABLE 4-2

COAL SCREENING DATA BASE

COAL
Pennyslvania
Bituminous

Illinois #6 
Bituminous

Wyoming
Subbituminous

North Dakota 
Lignite

Illinois
Lithotypi

Vitrain

#6
es
Fusain

Ultimate Analysis (Wt %, DMMF)

Carbon 90.95 80.71 71.74 72.35 79.03 91.47
Hydrogen 4.84 5.15 5.44 4.66 5.44 2.99
Oxygen (Diff.) 2.22 9.31 21.50 21.54 11.64 3.88
Sulfur

Total 0.87 5.64 0.53 0.86 3.82 2.16
Organic 0.55 3.39 0.32 0.56 2.48 1.12

Nitrogen 1.44 1.44 1.16 0.89 1.41 0.54

Proximate Analysis (Wt %)

Mineral Matter (Dry) 7.8 14.5 8.8 6.2 6.6 14.07
Volatile Matter (DMMF) 19.3 43.9 48.4 46.5 44.0 17.5
H/C Atomic Ratio 0.65 0.78 0.90 0.78 0.83 0.41

Petrographic Analysis (Vol. %)

Vitrinite 86.8 83.4 87.9 80.5 94.2 9.5
Exinite 0.0 5.4 4.3 2.7 2.3 0.4
Total Reactive Macerals 86.8 88.8 92.2 83.2 96.5 9.5

Tubing Bomb Liquefaction Conversion 9.7 56.6 51.9 47.5 59.3 19.3
(DAF)(840°F/40 Min/4 wt % H?)



TABLE 4-3

RESULTS OF SINGLE VARIABLE REGRESSION

Percent of Variation 
About Mean Removed

Independent Variable By Regression

Volatile Matter 88.5
% Exinite 70.6
% Carbon 66.4
H/C Atomic Ratio 61.5
% Oxygen (Org.) 46.8
% Hydrogen 40.4
% Exinite + Vitrinite 30.4
% Vitrinite 26.3
% Sulfur (Total) 21.6
% Nitrogen 9.5
% Mineral Matter 1.5

TABLE 4-4

SAMPLES ACQUIRED FOR SCREENING PROGRAM

Region Seam County State ASTM Rank

Rocky Mountain #8 San Juan NM SBA-HVC
Wadge Routt CO HVC

Lower Sunnyside Carbon UT HVB

Western Interior Bevier Howard MO HVC-HVB
Fleming Bourbon KS HVC-HVB
Unnamed Jasper 10 HVC-HVB

Appalachian Lower Kitanning Cambria PA LV
Pittsburgh Somerset PA MV-HVA
Pittsburgh Washington PA HVA

Upper Freeport Beaver PA HVA
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FIGURE 4-3

PARITY PLOT FOR TWO PARAMETER CORRELATION
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4.4 Coal Screening

• Comparison of Burning Star and Monterey Coal Conversion

Tubing bomb liquefaction experiments were carried out, in 
support of RCLU operations, to determine the effects of process variables 
on the liquefaction conversion of two Illinois No. 6 coals. These coals 
were from two different mines, Burning Star No. 2 and Monterey No. 1, and 
were liquefied at three different temperature/ reaction time combinations 
with tetralin as the solvent. The solvent-to-coal weight ratio was 1.6 and 
molecular hydrogen was present at 4 wt % on coal. The process variable 
combinations used in these experiments are shown in Column 1 of Table 4'5.

The results of these experiments are also presented in Table 4-5. 
Both conversion and gas make are expressed as weight percent on dry 
coal. For all process variable combinations studied, Monterey coal shows 
higher conversions than Burning Star coal, which is consistent with RCLU 
results. At the same experimental conditions, Monterey coal conversions 
are approximately 3 to 8 wt % higher than Burning Star coal conversions.
To summarize, Burning Star coal from the No. 2 mine gave less conversion 
and was less sensitive to process variable changes than was coal from the 
Monterey No. 1 mine.

TABLE 4-5

EFFECT OF PROCESS VARIABLES ON TUBING BOMB 
CONVERSION AND GAS MAKE FOR TWO ILLINOIS NO. 6 COALS

Temp./Reaction Time 
___ ( °F/Min. )_________

840/40
880/25
800/100

Delta Cyclohexane 
Conversion,* 

Wt % on Dry Coal

3.4
8.4
6.1

Delta
Gas Make,* *

Wt % on Dry Coal

-1.3
2.1

-0.1

*Delta refers to Monterey No. 1 minus Burning Star No. 2 results.

• Tubing Bomb Liquefaction of Burning Star No. 2 Coal Sample Obtained 
from Hydrocarbon Research, Inc. (HRI)

Three Burning Star No. 2 coal samples (obtained by EPRI from HRI) 
were liquefied in tubing bomb autoclaves in order to compare these coal 
samples used in the H-coal development work with the Burning Star No. 2 
coal sample used in the coal screening program underway in the EDS Project. 
The experiments were conducted at 840°F reaction temperature and 40 minutes 
reaction time. The solvent (tetralin)-to-coal ratio was 1.6 and molecular 
hydrogen was present at 4 wt % on coal.
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The three samples showed essentially the same conversion and 
gas make on a dry coal basis. No significant differences were observed 
between these results and results obtained on the Burning Star No. 2 sample 
currently in use in the coal screening program. The proximate and ultimate 
analyses for the three HRI samples and the analyses of the Burning Star 
No. 2 sample used in the coal screening program were also comparable.

• Effect of Process Variables on Liquefaction Conversion of Burning 
Star No. 2 Coal

Illinois No. 6 coal from the Burning Star No. 2 mine has not 
shown the same degree of conversion sensitivity to changes in liquefac­
tion severity as has been obtained for Illinois No. 6 coal from the 
Monterey No. 1 mine. This has been observed both in preliminary, on­
line RCLU-1 results (October, 1978, EDS Monthly Technical Progress Report 
[FE-2893-22]) and from tubing bomb autoclave studies. Additional tubing 
bomb experiments were performed to determine if increased conversion is 
possible when operating at a higher hydrogen treat rate or with the 
combination of a relatively low temperature (800°F) and long holding time 
(140 minutes). Tetralin was used as solvent at a 1.6 solvent-to-coal 
ratio. Results are given in Table 4-6.

TABLE 4-6

EFFECT OF PROCESS VARIABLES ON TUBING BOMB 
CONVERSION AND GAS MAKE FOR BURNING STAR NO. 2 COAL

Cyclohexane 
Conversion 

(Wt % on Dry Coal)
Gas 

(Wt % on
Make
Dry Coal)

Hydrogen Treat 
(Wt % on Dry Coal) 4.0 6.5 4.0 6.5

Temp ./Reaction Time 
(°F/Min.)

840/40 Base 0 Base 0
800/100 +4 ----- 0 —

In the presence of tetralin as solvent at 840°F/40 minutes, 
increasing initial hydrogen charge from 4.0 wt% to 6.5 wt% had no effect on 
either conversion or gas make. This result complements a RCLU study which 
indicated that increasing donor hydrogen availability by increasing 
solvent-to-coal ratio did not affect conversion or yield distribution.
(See November, 1978, EDS Monthly Technical Progress Report [FE-2893-23]).
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Using a low temperature with long residence time resulted in a 
conversion which was approximately 4 wt % higher than achieved at 840°F and 
40 minutes reaction time. There was no significant change in gas make.

• Effect of Process Variables Study on Liquefaction Conversion 
of Pittsburgh Seam Ireland Mine Coal

A tubing bomb liquefaction process variable study was con­
ducted for Ireland mine coal to provide guidance for the upcoming process 
variable study in RCLU. Five experiments were performed to test the effect 
of reaction time and temperature on liquefaction conversion. The reaction 
temperature/time combinations (°F/minutes) for these experiments were 
8h0/40, 860/40, 880/40, 840/60 and 840/100. The solvent (tetralin)-to-coal 
ratio was constant at 1.6.

At 40 minutes reaction time, increasing the reaction temper­
ature from 840 to 880°F resulted in approximate increases of 7 wt % 
and 4 wt % in conversion and gas make, respectively. Increasing the 
residence time from 40 to 100 minutes at 840°F reaction temperature 
resulted in the liquefaction conversion and gas make increasing by 
9 wt % and 3 wt %, respectively. Assuming the hydrogen consumption and 
water make to be constant over these ranges of temperature and reaction 
time studied, then approximately 6 wt % increase in liquid make would 
be expected by increasing the reaction time from 40 minutes to 100 minutes 
at 840°F. For a constant 40 minutes reaction time, an increase in liquid 
yield of approximately 3 wt % would be expected when the reaction tempera­
ture is increased from 840°F to 880°F.

• Screening of Australian Coals

In order to select an Australian coal for additional EDS testing, 
proximate and ultimate analyses and tubing bomb liquefaction tests were 
conducted on two screening program candidate Australian coals. These coals 
were a subbituminous (Wandoan) and a brown coal.

Tubing bomb liquefaction tests were conducted at a temperature of 
840°F and 40 minutes reaction time. Solvent (tetralin)-to-coal ratio was 
1.6. Results of these tests were compared on a dry, ash-free basis since 
the Wandoan coal sample contained appreciably more mineral matter (~20 wt 
%) than did the brown coal (~3 wt %).

Overall conversions (DAF) were comparable at just over 60 
wt % and total hydrogen consumption was about 3 wt % in each case.
However, the Wandoan subbituminous coal produced 5.7 wt % more gas (0^-03 
plus C0X) than did the brown coal. Since the brown coal had a higher 
organic oxygen content ('•-26 wt %) than the Wandoan coal (*-16 wt %) , it may 
be concluded that the brown coal produced more water than the Wandoan.
These results did not, by themselves, support one coal as a clear-cut 
choice over the other for further EDS testing.

f"-
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Data supplied with the two samples indicated that, on an as 
received basis, the Wandoan and brown coals contain approximately 7.7 
wt % and 60.2 wt % moisture, respectively. Based principally on this 
factor, other factors being approximately equal, a recommendation has been 
made that the Wandoan coal be selected for additional EDS testing.

A 26 drum shipment of Wandoan coal has subsequently been received 
for RCLU-1 screening studies. Tubing bomb liquefaction tests were con­
ducted on this sample to insure that the shipment was consistent with the 
earlier, smaller sample tested. Conversions on the two samples were 
essentially equal on a dry, ash-free basis.

• Liquefaction Conversion of Wyoming Coal Bottoms from CLPP

This study was conducted to test the reactivity of Wyoming 
coal bottoms during bottoms recycle. Tubing bomb liquefaction experiments 
were conducted with two CLPP bottoms samples liquefied separately in the 
absence of coal. The bottoms samples were produced from Wyoming coal at 
liquefaction residence times of 25 and 60 minutes, and are referred to as 
25- and 60-minute bottoms, respectively. Wyoming coal was liquefied 
concurrently with each bottoms sample as a base case to ensure consistency 
with previous experiments.

The tubing bomb liquefaction of 25-minute bottoms was carried 
out at reaction times of 25 and 60 minutes. Liquefaction of 60-minute 
bottoms was carried out at a reaction time of 60 minutes only. Tetra­
lin was used as the solvent for these experiments at a solvent-to-feed 
(either bottoms or coal) weight ratio of 1.6. The reaction tempera­
ture was constant at 840°F. These conditions are summarized with the 
results in Table 4-7.

TABLE 4-7

TUBING BOMB LIQUEFACTION OF WYOMING COAL BOTTOMS

V

Operating 
Conditions

25 Min. CLPP 
Bottoms

60 Min. CLPP 
Bottoms

Temperature, °F 840 840 840

Residence Time, Min. 25 60 60

Solvent/Coal/Bottoms

Tubing Bomb Results* 
Conversion 
Gas Make

1.6/0/1 1.6/0/1

30.3 34.0
1.8 3.0

1.6/0/1

25.7
2.4

*Wt % on dry solids. Conversion based on cyclohexane insolubles.
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Conversion and gas make results for these experiments are 
expressed as weight percent on bottoms. At a reaction time of 60 minutes, 
the conversions for 25-minute bottoms and 60-minute bottoms were 34.0 and 
25.7 wt %, respectively. At a reaction time of 25 minutes the liquefaction 
conversion for 25-minute bottoms was 30.3 wt %. Results for Wyoming coal 
run at the base case were consistent with previous experience. These 
results indicate that significant additional liquid yield can be achieved 
by recycling Wyoming bottoms, at least when no coal is present to compete 
for solvent donatable hydrogen.

A more comprehensive study of bottoms recycle potential for all 
program and sponsor coals was conducted subsequent to this study and is 
reported later in this section.

• Atmospheric Bottoms Recycle Simulation

Three sets of tubing bomb liquefaction experiments were con­
ducted to simulate recycle of Wyoming coal-derived atmospheric tower 
bottoms to liquefaction. The experiments were at a 840°F reaction 
temperature for 40 minutes reaction time, and 4 wt % hydrogen on coal. 
Atmospheric tower bottoms were simulated by combining vacuum bottoms (A-l) 
and vacuum gas oil (VGO, A-2) samples. The A-l and A-2 samples were 
obtained from CLPP yield periods which were conducted with Wyodak coal at 
liquefaction conditions of 840°F and 40 minutes residence time.

The feed composition and results obtained from each run are 
summarized in Table 4-8 (next page). Coal and tetralin were used as a base 
case for all three experiments. These results were used to calculate 
bottoms conversion and gas make. From the results of experiment #1, the 
bottoms conversion and percent gas make from bottoms were calculated 
assuming no synergistic effect between coal and bottoms. Similarly, 
conversion and gas make from VGO were calculated from experiment #3 
assuming no synergism between coal and VGO. Bottoms conversion and gas 
make in the presence of VGO were calculated from experiment #2 using the 
results from #3. These results are presented in Table 4-9 for comparison.

TABLE 4-9

ESTIMATED BOTTOMS AND VGO CONVERSIONS AND GAS YIELDS

Bottoms Results 
(Wt % on Bottoms)

Experiment
Number Conversion Gas Make 1 2

1 26.6 1.0

2 21.6 5.6

VGO Results
________  (Wt % on VGO)
Cyclohexane
Insolubles Gas Make
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TABLE 4-8

SIMULATED ATMOSPHERIC BOTTOMS RECYCLE 
FEED COMPOSITION AND OVERALL RESULTS

Tube
Feed Composition 

(Grams)
Overall Results

Number Designation Coal Bottoms Tetralin VGO Conversion1 Gas Make

1 A 2 1 3.2 0 40.4 8.5
B2 3 0 3.2 0 47.3 12.4

2 A 2 1 3.2 1 35.4 8.8
B 3 0 3.2 0 47.4 10.4

3 A 2 0 3.2 1 42.4 12.5
B 3 0 3.2 0 47.1 12.6

^-Conversion based on cyclohexane insolubles. 

^Tubes designated "B" were used as the base case.



From Table 4-9, it is seen that the estimated conversion of 
recycled vacuum bottoms material was found to decrease by 5 wt % when 
vacuum gas oil was included with the vacuum bottoms. At the same time, gas 
make increased by 4.6 wt %. In addition, 9.4 wt % of the vacuum gas oil 
was found to convert to cyclohexane insoluble material. These results are 
consistent with earlier results obtained for staged liquefaction of Illinois 
No. 6 coal in RCLU-2 (EDS 1976 Annual Technical Progress [FE—2353-9]).

Tubing Bomb Investigation of Bottoms Recycle of Sponsor Coals

Based on optimistic results obtained simulating bottoms recycle 
in RCLU and tubing bombs with Illinois and Wyoming coals, a tubing bomb 
study to screen sponsor coals for possible yield incentives for operating 
the EDS process in a bottoms recycle mode was conducted. The primary 
objective of the project was to estimate the extent to which the liquefac­
tion residues for the sponsor coals can be converted. A second objective 
of the study was to determine if a yield sensitivity to solvent-to-solids 
ratio can be identified in tubing bombs. Past experience with Wyodak coal 
bottoms recycle simulations in RCLU indicate such a sensitivity exists in 
the pilot units, although earlier tubing bomb studies using tetralin as 
solvent did not demonstrate the same sensitivity. A final objective of the 
study was to determine if any conversion interaction occurs between the 
coal and bottoms.

The seven program and sponsor coals employed in this study 
range in rank from lignite to bituminous. Those coals investigated 
included a Texas (Big Brown) lignite, Wyoming (Wyodak) and Australian 
(Wandoan) subbituminous coals, two Illinois No. 6 (Monterey No. 1 mine 
and Burning Star No. 2 mine and two Pittsburgh seam (Ireland and Arkwright 
mines) bituminous coals. Liquefaction residues employed in the study had 
been generated on RCLU at operating conditions of 840°F and 40 minutes 
nominal residence time during preliminary screening studies on each of the 
coals.

Preliminary bottoms recycle simulations for Wyodak coal using 
Illinois coal-derived hydrogenated MPSS as solvent indicated the desired 
conversion sensitivity to solvent-to-solids ratio could be identified in 
tubing bombs. Increasing the solvent/coal/bottoms ratio from 1.6/1/.5 to 
2.4/1/.5 resulted in a 5.1% increase in cyclohexane conversion for the 
mixture based on total solid feed. As a result of these findings, hydro­
genated MPSS was employed as solvent throughout the study.

During the initial part of this study, neat bottoms were lique­
fied at a temperature of 840°F for 40 minutes reaction time, with a 4% 
hydrogen treat rate and 1.6 solvent-to-bottoms ratio. Results of these 
experiments are presented in Table 4-10. Cyclohexane conversions are based 
on 1000°F+ content of the RCLU bottoms and gas makes are based on total 
bottoms feed. Different bases are used for these results because all 
conversion of feed bottoms to 1000°F- material is assumed to come only 
from 1000<,F+ material, whereas in this study the source of gas produced 
was not assumed to be necessarily solely attributed to 1000°F+ material.
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TABLE 4-10

TUBING BOMB CONVERSION OF RCLU LIQUEFACTION RESIDUES FOR EDS PROGRAM
AND SPONSOR COALS AT BASE CASE* CONDITIONS

1978
Ireland Arkwright

Burning
Star Monterey Wandoan Wyodak

Big
Brown

Cyclohexane Conversion 
(wt % on 1000°F+ bottoms)

26.6 22.0 21.2 23.2 20.2 16.1 11.4

Gas Make
(wt % on feed bottoms)

3.8 4.6 6.5 4.4 3.8 3.6 2.6

S03-free Ash Content
of Feed Bottoms
(wt % on feed bottoms)

13 8 9.0 15.4 22.3 36.2 12.0 26.8

RCLU YP 315 526 580 498 628 327 532

*T = 840°F t = 40 minutes Ph2 = 1500 psi 4% hydrogen treat rate



The tubing bomb conversion for Monterey bottoms (23%) agrees well with RCLU 
conversion of neat bottoms (20%, by microlube) as reported in the October- 
December, 1978, Quarterly Technical Progress Report (FE-2893-25). Cyclo­
hexane conversions for all the bituminous coals and Wandoan coal are 
roughly equivalent to 22%, by weight. Gas makes are also approximately the 
same (4%). Wyodak bottoms yield only 16% conversion and Big Brown bottoms 
give only 11% conversion. Gas yields from these bottoms do not appear to 
be significantly different from the other coals. Difference between the 
Wyodak conversion and that reported for Wyodak bottoms earlier in this 
section can be explained by the different bases useP to express conversion 
and solvent effects. The Ireland bottoms from RCLU yield period 515 gave 
significantly more conversion than the other liquefaction residues, lending 
further credence to the contention that yields obtained during the 1978 
screening study may not have been representative of the coal's actual 
liquefaction potential.

For the remainder of the project, mixtures of coal plus bottoms 
in a 2/1 ratio were liquefied at 840°F and 40 minutes reaction time for 
solvent-to-solids ratios of 1.6 and 1.07. A set of tubing bombs containing 
coal at the same solvent-to-solids ratio was used as reference in each 
experiment. Results for the mixtures are presented in Table 4-11. Dif- 
ferer.es in gas make were observed, but are probably not significant and 
conversion decreased slightly for each coal when less solvent was used. 
Results for tubing bomb conversion of the coals at the two solvent-to-coal 
ratios are shown in Table 4-12. There does appear to be a sensitivity of 
coal conversion to solvent quantity for each of the coals. ,

The conversion of the bottoms can be calculated in each case by 
backing the results for coal only out of the results for the mixtures of 
coal plus bottoms. These calculated values are presented in Table 4-13.
The results indicate that the conversion and gas yield for Wandoan coal and 
the bituminous coals are independent of the solvent-to-solids ratio (in the 
range studied) and are not affected by the presence of coal. Wyodak and 
Big Brown samples, on the other hand, showed a very strong conversion 
synergism of about 10 wt % (on bottoms) between coal and bottoms. In 
addition, this synergism for Wyodak coal plus bottoms was strongly affected 
by the solvent-to-solids ratio employed.

4.5 Fundamental Model for Coal Liquefaction

Development of a fundamental model for coal liquefaction was 
conducted to gain additional insight into liquefaction behavior by 
identifying reaction mechanisms by which conversion can occur. The 
approach to this effort has been to group individual chemical species into 
lumped components on the basis of similar chemical reactivities. The 
initial first-pass formulation consists of a minimum number of lumped 
components and kinetic reaction equations to describe the production and/or 
consumption of these components. Any subsequent refinements in the model 
would be achieved by progressively decreasing the size of the lumps and 
increasing the number of corresponding kinetic reaction equations. The
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TABLE 4-11

COMPARISON OF EFFECTS OF SOLVENT-TO-SOLIDS RATIO ON CONVERSION 
FOR MIXTURES OF SPONSOR COALS PLUS BOTTOMS

T = 840°F t = 40 minutes Coal/Bottoms = 2.0 4% Hydrogen Treat

Burning Big
Ireland Arkwright Star Wandoan Wyodak Brown

Solvent-to-Solids = 1.6

% Cyclohexane Conversion 38.8 32.0 35.6 32 8 39.5 38.2
Gas Make 7.8 5.8 6.0 7.4 9.8 10.2
S03~free Ash Content of Feed 10.3 7.9 12.3 27.3 9.0 17.9
RCLU Yield Period 515 526 580 628 327 532

Solvent-to-Solids = 1.07

% Cyclohexane Conversion 35.4 30.0 32.8 31.8 36.0 35.8
Gas Make 5.6 5.3 5.9 6.6 8.6 10.7
S03~free Ash Content of Feed 10.4 7.3 12.3 27 2 9.0 17.8
RCLU Yield Period 515 526 580 628 327 532

Units on all variables are wt % on dry solid (coal + bottoms) feed.



TABLE 4-12

COMPARISON OF EFFECTS OF SOLVENT-TO-COAL RATIO ON CONVERSION FOR SPONSOR COALS

T = 840°F t = 40 minutes 4% Hydrogen Treat Rate

Burning Big
Ireland Arkwright Star Monterey Wandoan Wyodak Brown

Solvent-to-Coal = 1.6

% Cyclohexane Conversion 41.5 36.0 38.2 42.2 37.1 41.0 43.8
Gas Make 9.0 7.0 8.4 8.5 9.8 13.4 13.6
S03~free Ash Content of Feed 8.6 6.7 9.6 10.2 22.5 7.5 14.0

Solvent-to-Coal = 1.07

% Cyclohexane Conversion 37.0 32.4 34.7 34.6 39.6 40.0
Gas Make 6.9 6.4 8.1 8.6 11.2 14.4
S03-free Ash Content of Feed 8.6 6.7 9.6 22.1 7.3 14.1

Units on all variables are wt % on dry coal feed.



TABLE 4-13

CALCULATED CONVERSIONS FOR SPONSOR COAL BOTTOMS BASED ON
DATA FOR COAL AND MIXTURES OF 1COAL PLUS BOTTOMS

T = 840°F t = 40 minutes 4% Hydrogen Treat Rate

Burning Big
Ireland Arkwright Star Wandoan Wyodak Brown

Solvent-to-Solids =1.6

% Cyclohexane Conversion 25.4 17.5 23.8 21.6 28.4 19.2
Gas Make 5.4 3.4 1.2 2.6 2.6 3.4
S03-free Ash Content 13.7 10.4 17.7 36.9 12.0 25.7

Solvent-to-Solids = 1.07

% Cyclohexane Conversion 24.2 18.9 22.1
1

23.5 18.4 19.3
Gas Make 3.0 3.1 1.5 2.6 3.4 3.3
S03-free Ash Content 12.9 8.7 17.7 37.3 12.4 25.4

Conversion calculation based on 1000°F+ content of bottoms. 
Other data based on entire bottoms charge.



definition of the lumped components has been formulated in a manner some­
what consistent with the fundamental solvent hydrogenation model so as to 
provide a basis for interaction between the two models. Definition of 
components for the two models are not entirely consistent due to the better 
degree of chemical characterization possible in the solvent hydrogenation 
system. This fact may establish a limitation in the manner in which the 
solvent hydrogenation and liquefaction models can be used interactively.

A final fit of the model to the model data base was achieved 
during the third quarter of 1978, as reported in the July-September, 1978, 
EDS Quarterly Technical Progress Report (FE-2893-21). Final parameter 
values were then employed by the model to simulate experimental yield 
periods covering a variety of conditions not included in the model data 
base. The generally good agreement between model predictions and the 
experimental results served to further confirm the validity of the model 
formulation and parameter estimates.

During the last quarter of 1978, this model was used to simulate 
modifications to the EDS Process. One set of model predictions simulated 
staged solvent liquefaction. Although experimental data from RCLU yield 
periods were not as yet worked up in a form which could be used for 
quantitative comparison, model predictions of increased yields over base 
case yields were directionally correct when compared with overall RCLU 
yield data.

The model was also employed to simulate RCLU yield periods 
during operation in a bottoms recycle mode. Conditions covered were for a 
liquefaction temperature of 840°F, 40 minutes space time and coal-to- 
bottoms ratios of 1.0, 2.0 and 3.0. Because of limitations inherent in 
the first-pass model, it was anticipated beforehand that predicted gas and 
liquid yields would be less than the corresponding experimentally observed 
yields. Figure 4-4 compares measured (RCLU) and predicted C^-1000°F 
hydrocarbon yields. The response of product yield as a function of coal- 
to-bottoms ratio was qualitatively accurate and was within approximately 
3% agreement quantitatively on C^-1000°F yield.

Further simulations of bottoms recycle were conducted cover­
ing various temperatures (800, 820, 840, 860, 880°F) space times (25, 40 
60, 80, 100 minutes) and bottoms-to-coal ratios (0.3, 0.5, 1.0). These 
simulations were conducted to predict the effect of >ottoms recycle operat­
ing conditions on liquefaction product yield distri' itions. Since pilot 
plant data have not been generated at these conditions, experimental 
verification of the model predictions is not possible at this time. The 
general trend predicted by the model is that Cq-1000°F hydrocarbon yield 
increases as temperature and space time increase and as coal-to-bottoms 
ratio decreases . The selectivity ratio for 400-1000°F oil, defined as 
[400-1000°F yield/C^-1000oF yield] , is predicted to decrease as temper­
ature increases and coal-to-bottoms ratio decreases. These predictions 
pertain only to Monterey mine coal on a once-through recycle basis.
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4.6 Mathematical Modeling of Solvent Hydrogenation

During this past year, the fundamental solvent hydrogenation 
model was completed by the addition of Ni/Mo-10 catalyst kinetics for 
heteroatom removal to the updated version. With the completed model, 
simulations were conducted for one year Ni/Mo-10 catalyst life projec­
tions with both Illinois and Wyoming spent solvents. In addition, the 
solvent hydrogenation simulator was used to help explain why higher product 
donor hydrogen content was observed with Wyoming spent solvent than 
Illinois MPSS at similar operating conditions.

• Catalyst Age-Dependent Heteroatom Removal Kinetics

Heteroatom (sulfur, oxygen and nitrogen) removal activity 
is not only a function of operating temperature and space velocity, 
but also catalyst age and history. Bench unit data from the most recent 
Ni/Mo-10 catalyst activity maintenance study (14M21) was analyzed to 
determine this effect. The same non-selective deactivation model used for 
the solvent hydrogenation reactions, and reported in the July 1977-June 
1978, EDS Annual Technical Progress Report (FE-2893-17), was applied to the 
heteroatom removal reactions.

Simulation of the catalyst activity maintenance study was 
made with and without heteroatom removal kinetics included as a function of 
relative catalyst activity. Experimental concentrations from Run 14M21 
were compared to both sets of model-predicted concentrations over the life 
of the catalyst. Predictions made with catalyst activity-dependent removal 
kinetics provided a better fit of the experimental data than predictions 
made with a constant relative catalyst activity of 1.0. Thus, heteroatom 
removal kinetics were added to the EDS solvent hydrogenation model as a 
function of temperature, space velocity, catalyst age and catalyst 
history. Addition of Ni/Mo-10 catalyst kinetics for heteroatom removal as 
a function of catalyst age completed the updated version of the fundamental 
solvent hydrogenation model for the EDS process.

• Ni/Mo-10 Catalyst Life Simulations

Simulations using the fundamental solvent hydrogenation model 
were conducted to predict product donor hydrogen and catalyst activity 
levels for various operating conditions using Ni/Mo-10 catalyst and one 
year catalyst life. Different start-of-run temperatures and temperature 
histories were simulated for space velocities ranging from 1.32xRV to 
2.63xRV using Illinois and Wyoming spent solvents as feedstocks. Model 
predictions indicated that desired levels of product donor hydrogen could 
be maintained for a year at the lower space velocity. However, desired 
donor hydrogen levels could not be sustained for a year at the higher space 
velocity.
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• Wyoming MPSS Process Variable Study

A process variable study was carried out for Wyoming multi­
pass spent solvent and Ni/Mo-10 catalyst at initial activity using the 
hydrotreater simulator. Temperatures and space velocities were varied over 
a wide range of operating conditions. Hydrogen partial pressure was kept 
constant at 1500 psig.

Results from these simulations were compared to experimental 
results obtained in the solvent hydrogenation bench units using the 
same feed and catalyst. Comparisons were made using simulated and experi­
mentally determined product donatable hydrogen content. Experimental 
donatable hydrogen levels were higher than the simulated values over the 
ranges of temperature and space velocity studied. These results were 
different from those obtained for Illinois MPSS and Ni/ Mo-10 catalyst 
although the feed component concentrations were similar. In the Illinois 
study, predicted and experimental donatable hydrogens agreed reasonably 
well over the ranges of temperature and space velocity studied.

As shown in additional experimental solvent hydrogenation 
studies (see Laboratory Process Research and Development, Section 3) 
there was a subtle reason for the experimental donatable hydrogens being 
higher than the simulated values. These hydrogenation catalysts exhibit 
high initial activity prior to line-out after about 1 to 3 weeks off 
catalyst life. The experimental donor hydrogens had been obtained during 
the first 2 to 3 weeks of catalyst life. As a result, the simulated donor 
hydrogens were lower because the catalyst had a higher initial activity 
(prior to line-out) than was used in the simulations.
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LABORATORY PROCESS RESEARCH AND DEVELOPMENT

LIQUEFACTION PROCESS RESEARCH 

5. Product Quality Studies

5.1 Coal Naphtha Hydrotreating * •

The currently planned end use for EDS coal naphtha is catalytic 
reforming to make gasoline. Although these naphthas have high aromatic and 
naphthenic contents, thereby making them attractive reformer feeds, they 
also contain high levels of sulfur, nitrogen and oxygen which are reformer 
catalyst poisons. Coal naphthas therefore require more severe hydrotreating 
relative to petroleum-derived naphthas to meet reformer feed specifications.

Initial scoping studies had indicated that two-stage hydrotreating 
may be required to achieve the contaminant removal necessary for reforming 
coal naphthas (see January, 1976-June, 1977, EDS Final Technical Progress 
Report [FE-2353-20]). More extensive testing at the Baton Rouge Labora­
tories has demonstrated that reformer feed specifications can be achieved 
in a single-stage hydrotreater. In addition, the minimum hydrotreating 
conditions have been quantified along with the associated hydrogen consump­
tion. Final documentation of these studies, including feed inspections and 
pilot unit data, is contained in the July-September 1978, EDS 
Quarterly Technical Progress Report (FE-2893-21).

Four coal naphthas were selected for hydrotreating upgrading 
studies. These were raw and caustic washed samples derived from CLPP 
operations with Illinois and Wyodak coals. Caustic washing removes 
phenolic compounds, thereby offering a potential two-fold process credit: 
reduced hydrogen consumption and severity in the hydrotreater along with 
product credits for the sale of recovered pheonls.

Based on previous studies, which indicated nitrogen removal 
to be limiting, a Ni/Mo catalyst was chosen for upgrading. Conclusions 
from these pilot plant studies are summarized below:

• Reformer feed qualities can be met with all four coal naphtha 
feedstocks by hydrotreating in a conventional, single-stage hydrotreater.

• Minimum conditions required to meet reforming specifications 
were set by product nitrogen level. When a product nitrogen target of <1 
wppm is met, sulfur and Bromine No. are sufficiently low to permit reform­
ing with either platinum or bimetallic reforming catalysts.

• Relative difficulties of hydrotreating these feeds are demonstrated 
by the maximum space velocities at which <1 wppm nitrogen product is 
obtained. These conditions are summarized in Table 5-1.
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• The Wyodak naphthas were more difficult to hydrotreat than the 
corresponding Illinois naphthas, requiring approximately a two-fold 
increase in severity. This is due to a higher final boiling point of the 
particular samples tested and/or the higher heteroatom content.

• Both raw naphthas exhibit the same effects of caustic washing: 
slightly more than a two-fold increase in space velocity with the washed 
naphtha along with a 50% reduction in hydrogen consumption. Thus, nearly 
half the hydrogen consumed by raw naphthas is required to saturate phenolic 
compounds .

• Nitrogen removal was affected by treat gas rate but was insensitive 
to reactor temperature. This suggests a denitrogenation equilibrium
1 imitation.

• Plugs just before the reactor inlet occurred with both raw and 
caustic washed naphthas. These plugs were rich in iron (>^11 wt % FeS) , the 
remainder being a coke-like material.

TABLE 5-1

HYDROTREATING OF COAL DERIVED NAPHTHAS

Target: 1 wppm Nitrogen
Temperature: T = 238+RV,°F

Feed
Pressure , 

psig
Maximum LHSV,

% of RV
Hydrogen Consumption 

SCF/B

Illinois Raw 800 132 620
Illinois Washed 700 368 300

Wyodak Raw 800 66 650
Wyodak Washed 700 159 300

5.2 Fhenolic Coal Naphtha Upgrading

Phenolic compounds constitute approximately 10 wt % of the raw, 
unhydrotreated naphtha produced by the EDS coal liquefaction process.
These compounds must be removed prior to reforming the EDS naphtha to high 
octane gasoline. Although phenols can be removed by hydrotreating, addi­
tional hydrogen uptake and catalyst are required as shown in the previous 
section. Extracting the phenols prior to hydrotreating, coupled with 
recovery/upgrading to marketable products, may be economically attractive.
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Bench scale extraction studies were conducted in Phase IIIB on 
Illinois and Wyoming raw coal naphthas using both water and caustic 
solution as solvent. Data reported in the July-September, 1977, EDS 
Quarterly Technical Progress Report (FE-2893-3) show that caustic treating 
removes 98+ percent of the phenolic compounds at the theoretical treat rate 
required to form sodium phenolates , whereas water washing removes only 75 
percent even at a high water/naphtha ratio of 10/1. In spite of the poor 
selectivity using water, economic studies have indicated a $l-2/B EDS 
product credit for recovery and sale of phenols versus the base case 
disposition ultimately to mogas. (See October-December, 1977, EDS Quarterly 
Technical Progress Report [FE-2893-7]).

Based on studies reported in the literature in which oxygenated 
solvents (e.g., methanol/water) were found to be very selective for re­
covering tar acids from coal tar distillates, a scoping program was 
initiated to see if improved recovery of phenols from raw EDS naphthas was 
feasible with similar solvents. Potential advantages for a more selective 
oxygenated solvent would be lower solvent/feed ratios relative to water- 
only extraction and the elimination of reagents consumption and solids 
disposal associated with caustic extraction. For scoping studies with EDS 
naphtha.methanol/water solvent blends were investigated.

Scoping studies were conducted with a heart-cut EDS naphtha 
derived from Illinois coal. Based on composition data versus boiling 
range an initial cut point of 275°F was chosen, since naphtha boiling 
below 275°F was found to be essentially phenol-free. An end-point of 
370°F was arbitrarily chosen, since topping CLPP naphtha at this 
temperature would eliminate any polymer and/or particulates which might 
have built up during drum storage.

Distillation data obtained on the raw naphtha along with 
compositions have been reported in the July-September, 1978, EDS Quarterly 
Technical Progress Report (FE-2893-21). Extraction data with methanol/ 
water solvent blends were also reported; subsequent data are presented in 
the subsequent quarterly report (FE-2893-29). A grid showing the data base 
is presented in Table 5-2.

The objectives of these bench equilibrium experiments were 
to determine distribution coefficients for the phenolic and nonphenol ic 
naphtha components as a function of solvent composition and to deter­
mine the capacity of the solvent by reducing the solvent/feed ratios up 
to the solubility limit.

Equilibrium distribution coefficients for phenol and cresols are 
shown as a function of solvent composition in Appendix B Figure B-l.
Points falling above the equilibrium curve indicate that the amount of 
solvent present was insufficient to affect an equilibrium distribution of 
phenol and cresols. It may be concluded from these data that the minimum 
solvent/feed ratio for batch equilibrium is about 0.5:1 by volume. The 
selectivity of a given solvent/naphtha system can be determined by com­
paring the capacity of a solvent to the distribution coefficient of the 
nonphenolic naphtha fraction. The latter is plotted as a function of the
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extract phase water content, Figure B-2 in Appendix B. It is apparent from 
these two graphs that the capacity of the solvent increases with methanol 
content, while the selectivity decreases.

TABLE 5-2

EXPERIMENTAL GRID OF NAPHTHA EXTRACTION EXPERIMENTS

Wt % Methanol
in Solvent 0 10 20 30 40 50 60 70 80 90

Solvent/Feed 
Vol. Ratio

2:1 X X X

1:1 X X X

1:1 X X X X X X X X X X

0.5:1 X X X X X X X X

0.3:1 X X X X

0.15:1 X X X X

5.3 Wyodak Coal Liquids Characterization Studies

Samples of Wyodak coal liquid products from the Coal Lique­
faction Pilot Plant (CLPP) plus 1000°F- coker liquids from the Large 
Stirred Coking Unit (LSCU) were blended in production ratios and frac­
tionated to yield three major liquid product streams: IBP/350°F naphtha, 
350/650°F distillate and 650/1000°F VGO. In addition, two Wyodak fuel 
oils, a 350/1000°F (CLPP products blend) and a 350°F+ (CLPP products 
blend plus LSCU coker liquids), were prepared.

Product quality support activities to characterize Wyodak 
coal liquids were divided into four phases: Phase 1, analytical; Phase 2, 
storage stability; Phase 3, compatibility studies; and Phase 4, combustion 
studies. The majority of this work was conducted at ER&E's Products 
Research Division (PRD) in Linden, New Jersey.

Regarding combustion studies, tests involved primarily the 
two fuel oil blends and were conducted in the 50 HP Cleaver-Brooks boiler 
at PRD. Identical samples were sent to the Baton Rouge Laboratories for
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hydrotreating studies. The purpose of the hydrotreating studies was 
two-fold: first, to determine the severity and hydrogen uptake required to
reduce the fuel-bound nitrogen content to target levels of 0.5 and 0.2 wt 
%; and second, to provide product samples with which to assess the degree 
of improvement with respect to storage stability and compatibility when raw 
coal liquid fuel oils are upgraded via hydrotreatment.

The blend preparation of the total IBP/1000°F Wyodak coal 
liquid product along with distillation data and yields of IBP/350°F, 
350/650°F and 650/l000°F fractions has been reported in the January- 
March, 1979, EDS Quarterly Technical Progress Report (FE-2893-29).
Included in this same report are the compositions of both Wyodak fuel oil 
blends according to CLPP and LSCU product components. All blends were 
prepared using samples available at the time, and particular blends used 
for characterization studies will be re-examined if they are found to 
deviate appreciably from the Study Design Update case.

Phase 1: Analytical

Analytical inspections were obtained on the three major Wyodak 
fractions and the two fuel oil blends; these results are summarized in 
Table B-l in Appendix B. Also included in this table are inspections of a 
partially hydrotreated IBP/350°F Wyodak naphtha produced in CLPP when part 
of the naphtha product was being hydrotreated. The primary difference 
between this sample and the raw IBP/ 350°F material distilled from the 
total product blend is the removal of phenolics due to hydrogenation. As 
expected, nitrogen and sulfur levels are also lower in the hydrotreated 
sample .

The raw IBP/350°F Wyodak naphtha and the narrow boiling fractions 
(ic20°F) obtained during distillation were submitted for more detailed 
analysis. Characterization included low resolution Mass Spectrometry (MS), 
Fluorescent Indicator Adsorption (FIA) hydrocarbon types, and oxygen by 
neutron activation analysis. Data have been reported in the January-March, 
1979, EDS Quarterly Technical Progress Report (FE-2893-29).

Phase 2: Storage Stability

The storage stability test program consisted of monitoring 
sample product quality at two different storage temperatures, 150°F 
and 210°F, at intervals of 1 , 2, 3 and 12 months (@150°F) and 1 month 
(@210°F). Viscosity, Conradson carbon and sediment were monitored for the 
partially hydrotreated Wyodak IBP/350°F and the 350/650°F distillate, along 
with two fuel oil blc .ds, 350/1000°F and a 350°F+ (including coker 
liquids). A reference petroleum regular sulfur fuel oil (RSFO) from 
Venezuelan crude was included for comparison.
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Test results are summarized in Table B-2, except for 12-month 
stability data at 150°F. Fairly small viscosity increases were observed 
for all the Wyodak liquids except the 350°F+ fuel oil. Future work in 
this program will include a 650/1000°F Wyodak gas oil, a raw IBP/ 350°F 
naphtha, and samples of Illinois and Wyodak fuel oils hydrotreated at 
the Exxon Research and Development Laboratories in Baton Rouge (ERDL).

Phase 3: Compatibility Studies

The compatibility of EDS liquids with two petroleum-derived 
fuels (RSFO and No. 2 fuel oil) plus coal derived hydrogenated creosote oil 
was investigated in this program phase. The degree of compatibility, 
determined by the formation of solids upon mixing, has been measured by an 
Exxon proprietary test (i.e., sediment by hot filtration) developed for 
petroleum-derived fuels. The results of this test, presented in Table B-3, 
indicate that visual observations do not always agree with the measured 
sediment values. New compatibility tests which are meaningful for coal 
liquids need to be developed in order to reconcile physical observations 
with a quantifiable parameter.

Phase 4: Combustion Studies

A combustion study was completed at Products Research Divi­
sion (Linden, New Jersey) in a pilot scale industrial boiler (50 HP 
Cleaver-Brooks, 15 GPH) on raw Wyodak fuel oils. Tests were conducted with 
350/1000°F and 350°F+ fuel oils. Composition by CLPP/LSCU product 
streams and analytical inspections are summarized in Table 5-3 and in Table 
B-l, Appendix B, respectively.

TABLE 5-3

BLEND OF WYODAK FUEL OILS

Weight
Blend Component 150/1000°F 350°F+

CLPP Products

Heavy naphtha (nominal 350/400°F) 10.9 8.5
Excess solvent (A-5) 25.5 12.8
Vacuum Gas Oil (A-2) 63.6 33.4

LSCU Products

Stripper K.O. — 11.6
Condenser K.O. — 24.3
Stripper Bottoms — 9.4

100.0 100.0
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These combustion tests complement similar tests with Illinois 
fuel oil blends (October-December, 1978, EDS Quarterly Technical Progress 
Report [FE-2893-25]). Test results summarized below confirm previous 
results with the Illinois fuels, namely, that smoke and particulate emis­
sions are low, indicative of clean-burning fuels. N0X emissions reflect 
the high fuel-bound nitrogen content.

Test Fuel 350/1000°F 350°F+

Emission Data

% CO2 in flue gas 14.7 14.7
% ©2 (excess) 2 2
N0X, ppm 400 423

% N in Fuel 0.48 0.86

Particulates, Wt % 0.01 0.03

Effect of Excess Air on NOx
and Bacharach Smoke No.

N0X Smoke Smoke

% Excess 5 376 2 400 2
10 402 <1 423 1
15 416 <1 442 1
20 433 <1 447 1
25 437 «1 452 <1

Regarding the 350°F+ Wyodak blend for combustion testing, a 
25/75 wt % blend was prepared from the 350/1000°F and 350°F+ blends shown 
in Table 5-3. Combustion tests were conducted at constant nozzle viscosity 
to insure similar atomization. Steam tracing of feed is used to adjust 
nozzle temperatures and therefore set viscosity. The 350°F+ fuel oil, 
as blended at EPRL, would have exceeded target viscosity even with maximum 
heat input via steam tracing. Consequently, dilution with the lower 
viscosity 350/1000°F was used to attain target viscosity.
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As with the Illinois blend containing coker liquids, the Wyodak 
350°F+ fuel oil was filtered to <0.1 wt % ash. Since the LSCU is not 
designed for efficient removal of coker reactor-side fines carryover, the 
fines content of coker liquids is exceptionally high. Removal by filtra­
tion insures that any particulates emitted during combustion due to un­
burned hydrocarbons can be quantified. As with the Illinois fuel oil 
tests, particulates emitted agree closely with the ash contents, indicating 
good atomization and combustion of the hydrocarbon portion of these fuels.

5.4 Hydrotreating Illinois and Wyodak Fuel Oils

Pilot plant hydrotreating studies at the Exxon Research and 
Development Laboratories (Baton Rouge) with Illinois and Wyodak fuel 
oils have been completed. Two blends (with and without coker liquids) 
were prepared for each coal from products produced in the Coal Lique­
faction Pilot Plant (CLPP) and the Large Stirred Coking Unit (LSCU). 
Illinois blends were prepared from CLPP raw solvent and vacuum gas oil 
products in production proportion (nominally 400/1000°F) and an equi­
valent blend containing coker liquids (nominally 400°F+). Wyodak 
blends included 350°F/FBP heavy naphtha, derived from topping CLPP naphtha, 
along with raw solvent and vacuum gas oil products (nominally 350/1000°F). 
The corresponding blend containing coker liquids is referred to as a 
350°F+ fuel oil.

Depending on the specific end-use applications and future 
emission regulations, some hydrotreatment of coal-derived fuel oils 
may be required, especially to reduce N0X emissions by lowering the 
content of fuel-bound nitrogen. The purpose of the hydrotreating studies 
at the Baton Rouge laboratories was to define for each of these fuel oil 
blends the hydrogen consumption and severity required to achieve target 
product nitrogen levels of 0.5 and 0.2 wt %.

A final report is in progress, and a comparison of relative 
severities to achieve product nitrogen targets will be presented in a 
subsequent report. Summarized below, however, are the hydrogen con­
sumptions required to reduce nitrogen contents to the targeted levels.

H2 Consumption (SCF/B)

Feedstock Feed N, wt % @ 0.5 wt % N 0.2 wt % N

Illinois 400/1000°F 0.69 500 1400

Wyodak 350/1000°F 0.43 — 800

Illinois 400°F+ 0.86 800 2100

Wyodak 350°F+ 0.87 1400 24 00

105 -



Operating problems were encountered with the Illinois 400°F+ 
fuel oil. Plugging of the reactor inlet occurred repeatedly in spite of a 
number of unit design changes (guard chamber, etc.), limiting time-on-oil 
to typically less than two-week intervals. Carbonaceous deposits, rich 
in iron sulfide, which limited run lengths were presumably due to iron 
present in the feed which is ultimately converted to the sulfide in the 
presence of H2S.

To test whether contamination with iron can be attributed to CLPP 
operations or whether it is picked up during prolonged drum storage of CLPP 
products, fresh samples of CLPP naphtha, solvent and VGO (from then current 
Wyodak operations) were collected and stored in glass containers at ambient 
temperature and at 150°F in the presence of iron filings. Initial levels 
of iron in each fraction were low, and after a two-month storage, no 
increase in iron content was detected. These tests indicate little, if 
any, metals contamination during storage.

Samples of the Illinois fuel oils have been fractionated at 
the Baton Rouge laboratories to assess which boiling ranges are par­
ticularly high in iron content. With both fuel oils >95% of the iron is 
contained in the 1000°F+ boiling fraction.

EPRL Hydrotreating Studies

The primary products from the EDS plants , as currently en­
visioned, will be naphtha and a 350oF,,' fuel oil. The latter is a blend 
of heavy naphtha, excess solvent, vacuum gas oil and coker liquids derived 
from bottoms processing. Depending on coal type, EDS configuration/ 
severity, and environmental regulations, some degree of additional fuel oil 
upgrading could be required.

Economic convention dictates that the fuel oil components 
which are the least costly to upgrade be processed first. Progression 
to the more refractory components follows, and in the extreme case, 
it may be necessary to upgrade all the fuel oil components (full range 
fuel oil upgrading).

Product hydrotreating work to date has focused on both extremes. 
As described in Laboratory Process Research and Development, Section 3.4 of 
this report, an experimental program was completed involving hydrotreating 
solvent/naphtha mixtures. The purpose of that study was to assess the 
impact on solvent hydrotreater performance when heavy naphtha is included 
with EDS spent solvent feed. This is a relatively inexpensive upgrading 
step since it requires only incremental capacity in the EDS solvent hydro­
treater train.

If, after blending hydrotreated heavy naphtha and excess solvent 
into the fuel oil pool, additional upgrading would still be required, 
hydrotreating vacuum gas oil/light coker liquids would be the next least 
costly step. Pilot plant studies at the Baton Rouge laboratories defined
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the severity required to reduce the heteroatom content of Illinois vacuum 
gas oil to various levels (sse January 1976-June 1977 EDS Final Technical 
Progress Report, Phase IIIA [FE-2853-20].

More recent studies at Baton Rouge were directed at defining 
the severity required to upgrade the total fuel oil product. This would be 
the preferred hydrotreating option if fuel oil product quality targets 
could not be met via a stepwise approach (i.e., each and every fuel oil 
component required upgrading).

A pilot plant program was completed at the Baton Rouge lab­
oratories with each of the following feeds: Illinois 400/1000°F and 
400°F+ (including coker liquids) and Wyodak 350/1000°F and 350°F+
(including coker liquids). Severities to achieve product nitrogen levels 
of 0.5 and 0.2 wt % were established. Operating problems were encountered 
only with the Illinois 400°F+ fuel oil, with repeated upsets caused by 
plugs rich in iron sulfide.

• Experimental Conditions

In addition to the main hydrotreating program activities at 
Baton Rouge, very brief scoping runs on selected Illinois 400°F+ and 
Wyodak 350°F+ fuel oils were carried out at Baytown. The Illinois 
400°F+ feed was hydrotreated at a space velocity of 0.66xRV W/H/W, and a 
nominal temperature of 165°F+RV. Both studies were conducted at an inlet 
hydrogen partial pressure of about 2250 psig using Ni/Mo-10 catalyst.

• Study Results

As expected, heteroatom removal in the Illinois study was 
best accomplished with fresh catalyst. During the first yield period, 
feed nitrogen was reduced from 0.74 wt % to 0.37 wt %, while feed sulfur 
was reduced from 0.87 wt % to 0.14 wt %. However, as the catalyst aged, 
heteroatom removal became more difficult at the operating conditions 
studied. At end-of-run, nitrogen removal was quite low, and sulfur removal 
had been reduced to 68% of feed concentration. This indicates that operat­
ing condition adjustments may be required to achieve acceptable cycle 
length .

Iron sulfide plugs found in the Baton Rouge Illinois 400°F+) 
studies were not encountered. However, due to the limited feed supply, 
only short run durations were possible and hence these observations cannot 
be compared directly to the Baton Rouge experience with relatively longer 
run lengths .

Because of the limited number of yield periods obtained with the 
Wyodak 350°F+ liquids, the effects on catalyst activity of this feed are 
not well defined. However, nitrogen removal was not achieved to the 0.20 
wt % level established at Baton Rouge. Product nitrogen concentrations 
ranged from 0.27 to 0.66 wt %. On the other hand, an average 73% of feed 
sulfur was removed over the length of this run. Moreover, an average 45% 
of feed oxygen was removed during this study.
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As in the Illinois study, problems associated with iron sulfide 
plugging were not encountered in the Wyodak 350°F+ experiments. But 
pumping the Wyoming liquids to the reactor required tape heaters on all 
feed lines. One of these tape heaters failed, and as a result, plugging 
did occur because of increased liquid viscosity.

• Metals in Coal Liquids

A screening study was conducted to determine the concentra­
tion and composition of metals contained in various EDS product streams. 
Wyodak fractions analyzed included a 350/650°F distillate cut, a vacuum 
gas oil (800/1000°F) and a 350°F+ fuel oil blend containing coker 
liquids. The Illinois samples analyzed were: multi-pass spent solvent 
(MPSS, 400/800°F), vacuum gas oil (800/1000°F), and two fuel oil blends 
(400/1000°F and 400°F+).

The ash concentration and composition by Inductively Coupled 
Plasma Emission Spectroscopy (ICPES) were determined for all samples 
except the Wyodak VGO. The ash levels for the Wyodak and Illinois fuel 
oils blended for this study were less than 0.1 wt % (blends containing 
coker liquids were filtered to this level). The most abundant metals in 
the Illinois fuel oil blends were Fe, A1, Si and Ca, while in the Wyodak 
case Si, Fe, A1 and Na were present in the highest concentrations. The ash 
level in the Illinois vacuum gas oil was approximately 0.02 wt %, pre­
dominantly Fe. The Illinois MPSS sample had a total metals content of 22 
ppm, mostly Fe, Si, Na and A1. The Wyodak solvent sample was found to 
contain about 8 ppm metals, mostly Si, Na and Fe.

5.5 Turbine Fuel Combustion Tests

Three drums of hydrotreated multi-pass Illinois solvent were 
tested by Westinghouse in an EPRI-sponsored program to evaluate the per­
formance of synthetic liquids as stationary turbine fuels. Inspections of 
the fuel sent to Westinghouse are summarized in Table B-4.

Test results indicated that smoke and N0X emissions and com­
bustor wall temperature rise deviated from trend lines established for 
other test fuels. It was felt that a high nitrogen, hydrogen deficient 
650°F+ fraction may have accounted for these deviations, since the 
sample had not been fractionated prior to shipment and raw solvent feed to 
hydrotreating is typically a 700-800°F end-point CLPP product.

Unused test fuel was returned to EPRL for fractionation to 
yield a 350/650°FVT distillate cut for retesting at Westinghouse. By 
removing j'ISLVX 650°F+ material, a reduction in nitrogen and an increase 
in hydrogen content were realized as shown in Table B-4. The 350/650°FVT 
material was subsequently retested at Westinghouse.

EPRI plan to issue documentation of the turbine test results.
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5.6 Interim Product Quality Report

A major objective of the 1979 product quality studies is to issue 
an iterim report containing an initial analysis of the preferred EDS 
products markets considering handling, storage, shipment, health and 
environment. This report will be updated during the EDS development 
program, with a final report issued on project completion. The major 
topics to be covered in this report are as follows:

I: Market Projections

General energy projections along with demand projec­
tions for naphtha, distillate and fuel oil

II: Environmental/Indus trial Hygiene Regulations

- Current and projected/proposed regulations regarding 
N0X, particulates, PNA's, etc.

Ill: EDS Products - Characterization and Composition

- Yield distribution versus process conditions 
Format for interpolation/extrapolation

IV: Product Disposit ion/Upgrading/Processing Options

Tabulation and assessment of data obtained to date affecting 
direct end-use applications

V: Product Conversion Options

Available data from other DOE-sponsored programs (e.g. UOP, 
Mobil, etc .)

VI: Future Test Work Recommendations

VII: Comparisons with Other Coal Conversion Liquids
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LABORATORY PROCESS RESEARCH AND DEVELOPMENT

BOTTOMS PROCESSING RESEARCH

6. Coking and Gasification Studies 
8. SupplementTal FLEXICOKTNG* Program

6.1 Bottoms Characterization Studies

• Effect of Diluent on Bottoms Viscosity

Results of a study of the effect of dilution on the visco-* 
sity and stability of coal liquefaction bottoms were reported in the 
July-September 1978 EDS Quarterly Technical Progress Report (FE-2893-21). 
Dilution of the bottoms with 1000°F- coal-derived liquids up to 30 wt % 
reduced the initial viscosity and improved the storage stability of both 
Wyodak and Illinois bottoms. Data on initial viscosities of Wyodak bottoms 
was correlated using multiple linear regression with 1000°F- content and 
liquefaction severity as the independent variables.

• Wyodak Bottoms Viscosity

The viscosity and storage stability for two Wyodak bottoms 
were measured at 600°F. The results were presented in the January-March, 
1979, EDS Quarterly Technical Progress Report (FE-2893-29). Ihe initial 
viscosities for these CLPP Wyodak bottoms, which had low 1000°F- 
contents, averaged 28 poise. After 8 hours storage at 600oF. the average 
viscosity increased to 40 poise.

• Viscosity of Recycled Bottoms

Viscosity and stability determinations of Illinois coal lique­
faction bottoms from the bottoms recycle studies on the Recycle Coal 
Liquefaction Unit (RCLU-1) were reported in the October-December, 1978, EDS 
Quarterly Technical Progress Report (FE-2893-25). The recycled bottoms had 
initial viscosities and thermal stabilities similar to bottoms obtained 
from single-pass liquefaction

• Solid Bottoms/Solvent Slurry Study

A study was made of the properties of ground bottoms/solvent 
slurry feeds to establish the feasibility of such a feed system for 
the FLEXICOKING Prototype and to identify the important operating con- 
traints. Bottoms mixtures with raw creosote oil formed settling suspen­
sions due to the density difference between the two materials and the low 
viscosity of the solvent. Fairly high agitation rates and transport 
velocities would be required to operate a system containing bottoms as 
solids (see the October-December, 1978, EDS Quarterly Technical Progress 
Report [FE-2893-25])-

*Service Mark
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• Bottoms Handling Studies

An experimental program was reported in the October- 
December, 1978, EDS Quarterly Technical Progress Report (FE-2893-25) 
concerning the properties of coal liquefaction bottoms when handled and 
stored as a bulk solid. Results indicated that the friability of solid 
bottoms was such that dust generation was not excessive. Also, wettability 
tests indicated that bottoms have little tendency to pick up moisture, so 
that outside storage of bottoms would be feasible from a wettability 
standpoint.

6.2 Bench Coking Studies

Bench coking results were reported in the January-March, 1979, 
EDS Quarterly Technical Progress Report (FE-2893-29) for Wyodak bottoms 
from 1978 CLPP yield periods 264 through 284. The coker liquid yields 
ranged from 12% to 22% of the bottoms feed.

6.3 Coking Yields and Qualities - Continuous Stirred Coking Unit •

The Continuous Stirred Coking Unit (CSCU) is used to obtain 
yield and quality data from the simulated fluidized bed coking of coal 
liquefaction bottoms. The CSCU uses mechanical agitation to simulate the 
action of a fluidized bed unit. A typical CSCU run processes 4-6 kilograms 
of bottoms feed at a rate of about 0.9 kg/hr. Coke is deposited on an 
initial starting bed of tabular alumina while the vapors are condensed 
downstream and the gas is metered and analysed. In general, CSCU 
runs are coal liquefaction bottoms (CLB) resulting from the EDS process 
operations in CLPP or RCLU.

Detailed data from CSCU runs completed in the last quarter 
will be presented first (April-June, 1979). Then, the results of the 
CSCU program covering the last year of operations are summarized.

• Pittsburgh No. 8 Arkwright Bottoms

Pittsburgh No. 8 (Arkwright mine) coal has been liquefied 
at various conditions in the Recycle Coal Liquefaction Unit (RCLU-1). 
Bottoms samples from RCLU operations were selected at two different 
liquefaction conditions: (1) 840°F and 40 minutes residence time and (2) 
840°F and 100 minutes residence time. Ihe coking runs were performed at 
nominal coking residence time, 25% steam/feed ratio, and coking temper­
atures ranging from base coking temperature to 200°F above base coking 
temperature. A total of six runs were satisfactorily completed.

Detailed data on each CSCU run is presented in Appendix C. 
Included are the overall material balances, product liquid distilla­
tions, gas compositions, elemental analyses, and elemental balances.
A summary of the yields is presented in Table 6-1. In addition to 
measured yields, yields based on ash-free 1000°F+ bottoms and yields
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TABLE 6-1

SUMMARY OF CSCU YIELDS ON RCLU PITTSBURGH NO. 8 ARKWRIGHT BOTTOMS

• Based on Microlube Distillation Technique

CSCU Run No. 164 165 174 166 175 178
RCLU YP Conditions 840°F, 40 minutes 840°F, 100 minutes

Bottoms Ash Content, Wt % 10.46 9.68 9.56 12.55 11.24 11.27
Bottoms 1000°F- Content, Wt % Microlube 6.6 6.6 5.1 8.7 6.2 6.2
Coking Temperature, °F-RV 141 92 159 64 167 100
Coking Steam/Feed Ratio, % 29 24 23 18 18 16
Coking Residence Time, seconds/RV 2.28 2.12 2.62 3.3 2.7 2.6
CSCU Run Material Balance, % 103 100 102 100 99 100

Measured Coking Yields, Wt % on Feed
Coke 60.1 61.8 64.4 67.1 67.9 70.0
Liquid 35.2 33.8 29.6 28.8 27.4 26.7
Gas 4.7 4.4 6.0 4.1 4.7 3.3

Coking Yields, Wt % on Ash Free
1000°F+ Bottoms

Coke 60.0 62.2 64.3 69.3 68.6 71.2
Liquid 34.4 32.5 28.7 25.5 25.7 24.8
Gas 5.6 5.3 7.0 5.2 5.7 4.0

Coking Yields, Wt % on 1000oF+ Bottoms
Coke 64.4 66.2 67.9 73.5 72.4 74.6
Liquid 30.6 29.1 25.8 22.0 22.6 21.9
Gas 5.0 4.7 6.3 4.5 5.0 3.5



based on 1000°F+ bottoms are also presented in Table 6-1. Ash-free 
1000°F+ bottoms yields are useful in comparing the effect of coking on 
bottoms with different ash and 1000°F- contents or on bottoms from 
different types of coal. The 1000°F+ bottoms yields are useful in 
relating coking yields to total liquefaction yields on coal.

The ash-free 1000°F+ liquid yields from Pittsburgh Arkwright 
bottoms are plotted in Figure 6-1- The liquid yields from 840°F-40 
minute bottoms show a characteristic dependence on coking temperature. 
Previoud experience has shown that a maximum in coker liquid yield occurs 
around RV+70°F coking temperature. This behavior is also a function of 
liquefaction conditions, most notably residence time. For more highly 
converted bottoms (eg., 840°F-100 minute bottoms), the yield structure 
shows less variation as a function of coking temperature. The same flat 
yield structure is also suspected for bottoms from low-conversion condi­
tions. For comparison, the yield structure of 840°F-40 minute Illinois No. 
6 Monterey bottoms is also depicted in Figure 6-1. The yield structures 
are similar for both the Illinois #6 and Pittsburgh No. 8 Arkwright.

In Table 6-2 information about the effect of coking on 1000°F- 
liquids is examined. The microlube data indicate that no 1000°F- liquid 
is being produced, while the HiVac-C data indicate that 1000°F~ liquid is 
being produced 5 to 9% on feed. This trend was also observed for Illinois 
No 6 Burning Star bottoms. Coking yields from Pittsburgh Arkwright 
bottoms will be compared to those from other coal liquefaction bottoms in 
the summary section.

+ Wandoan Bottoms

Three CSCU runs were completed on bottoms from the liquefac­
tion of Wandoan coal at 840°F and 40 minutes residence time. The de­
tailed CSCU data are presented in Appendix C and summarized in Table 
6-3. These bottoms had a particularly high ash content (J'36%); however, 
this did not appear to affect either processability or yields. The liquid 
yield structure corrected for ash and microlube 1000°F“ liquid is de­
picted in Figure 6-2. The other data points give an appearance of a yield 
structure similar to that seen for other 840oF, 40 minute bottoms.

A comparison of the product liquid distillation results for 
Wandoan coal is given in Table 6-4. Both Microlube and HiVac-C methods 
show net production of 1000°F_ material. Again, 1000°F~ liquid produc- 
t ion is seen to be a function of coking temperature, with higher net 
10.j0°F~ liquid recovered from coking between RV+65°F and RV+199°F.
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TABLE 6-2

COMPARISON OF FEED 1000°F- CONTENT WITH CALCULATED 10000F- LIQUID RECOVERED

• Pittsburgh Arkwright Bottoms

CSCU Run No. 165 164 174 166 178 175

Liquefaction Conditions 840°F, 40 minutes 840°F, 100 minutes

Coking Temperature, °F- RV 92 141 159 64 100 167

Microlube Distillation
Feed 1000oF_, Wt % 6.6 6.6 5.1 8.7 6.2 6.2
Product 1000°F_, Wt % on Feed 7.4 7.1 7.1 4.6 6.3 5.5

HiVac-C Distillation 
Feed 1000‘F", Wt % 9.9 9.9 11.9 12.4 14.6 14.6
Product lOOO'F-, Wt % on Feed 19.1 19.5 19.4 20.6 19.4 20.0
Net 1000°F_, Wt % 9.2 9.6 7.5 8.2 4.8 5.4
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TABLE 6-3

SUMMARY OF CSCU YIELDS ON RCLU WANDOAN BOTTOMS

• Simulated Fluidized Coking
• Microlube Distillation Basis

CSCU Run No. 170 172 189
RCLU YP Conditions 840 °F, 40 minutes

Bottoms Ash Content, Wt % 38.03 36.66 36.59
Bottoms 1000°F'' Content. Wt % Microlube 4.2 4.2 7.7
Coking Temperature, °F-RV 65. 199 175
Coking Steam/Feed Ratio, % 55 19 23
Coking Residence Time, Seconds/RV 2.08 3.8 3.3
CSCU Run Material Balance, % 100 96 95

Measured Coking Yields. Wt % on Feed
Coke 76.5 76-9 70.1
Liquid 20.6 18.0 27.1
Gas 2.9 5.1 2.8

Coking Yields. Wt % on Ash Free
1000°F+ Bottoms

Coke 66.6 68.0 60.2
Liquid 28.4 23.3 34.8
Gas 5.0 8.6 5.0

Coking Yields, Wt % on 1000°F+ Bottoms
Coke 79.9 80.3 75.9
Liquid 17.1 14.4 21 .0
Gas 3.0 5.3 3.1



FIGURE 6-1

NET LIQUID YIELDS FROM COKING PITTSBURGH #8 
ARKWRIGHT BOTTOMS

• NOMINAL COKING STEAM RATE AND RESIDENCE TIME

• LIQUEFACTION CONDITIONS:

A - 840°F, 100 Minutes 

O - 840°F, 40 Minutes

Illinois CLB

Temperature, °F-RV
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FIGURE 6-2

NET LIQUID YIELD FROM COKING WANDOAN COAL 
LIQUEFACTION BOTTOMS

• BOHOMS PRODUCED AT 840°F, 40 MINUTES

• MICROLUBE DISTILLATION BASIS

O E
inois CLB

2 ij-

Coking Temperature, 0F-RV

117 -



TABLE 6-4

COMPARISON OF FEED 1000°F~ CONTENT WITH 
CALCULATED 1000°F~ LIQUID RECOVERED

• Wandoan coal liquefaction bottoms feed
• Simulated fluidized coking processing (CSCU)

CSCU Run No. 170 171 189 172
Coking 1 Temperature, °F-RV 65 153 175 199

Microlube Distillation
Product 1000°F . wt % on feed 6.8 12.3 10-2 5.8
Feed 1000°F-, wt % 4.2 5.9 7.7 4.2

NET 2.6 6.4 2.5 1.6

HiVac-C Distillation
Product 1000°F , wt % on feed 15-7 26.2 18.6 10.8
Feed 1000°F-, wt % 9.4 9.0 11.4 11.4

NET 6.3 17.2 7.2 -0.6

The estimated contribution of coker liquids to the overall 
Wandoan EDS yields is given in Table 6-5. Coking is estimated to con­
tribute 92 wt % liquids on coal to the overall EDS process yield which 
one-fourth of the total.

TABLE 6-5

ESTIMATED CONTRIBUTION OF COKER LIQUIDS 
TO EDS PROCESSING OF WANDOAN COAL

• Base Coking Temperature, 70°F+RV
• 840°F-40 Minute Liquefaction Conditions

Liquefaction Yields
C^-1000°F, wt % on dry coal 27.9
1000°F+ Bottoms, wt % on dry coal 54.1

Coker Liquid Yield
Wt % on 1000°F+ Bottoms 17.1
Wt % on Dry Coal 9.2

Total Liquefaction Yield
Wt % on Dry Coal 37.1

is
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+ Coker Liquid Properties

Coker liquids from coking Illinois No. 6 Burning Star bottoms 
were further characterized by benzene and pyridine extractions. The
Burning Star coker liquids were generated in a CSCU screening study 
reported in the January-March, 1979, EDS Quarterly Technical Progress 
Report (FE-2893-29). This extraction study was undertaken to inves­
tigate the nature of the recovered liquids as a function of coking temper­
ature. The results are summarized in Table 6-6. The distillation basis 
for the study was HiVac-C distillation because it was found that the 
HiVac-C was the most efficient in removing benzene solubles from the 
bottoms. In order to compare the coker liquid properties with the feed 
properties, the former are tabulated on a wt % on feed basis. The entries 
are arranged according to coking temperature.

As previously reported, the highest coker liquid yields occurred 
below RV+150°F for 840°F-40 minute bottoms. In Table 6-6, for the 40 
minute bottoms, the product liquid 1000°F- asphaltenes for coking below 
RV+100°F are higher than those from coking at higher temperatures. The 
product liquid 1000°F+ asphaltenes decrease as the temperature increases. 
Taking into account the 1000°F- asphaltenes that come in with the feed, 
an increase in the net 1000°F- asphaltenes can be seen up to RV+150°F and 
then a definite decrease. This trend can be observed in both the 40 and 
100 minute bottoms. This suggests that above RV+150°F that cracking of the 
1000°F~ asphaltenes takes place.

Lastly, a summary of Burning Star coker liquid yields and 
properties is presented in Table 6-7.

V. ■-
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TABLE 6-6

CHARACTERIZATION OF BURNING STAR COKER LIQUIDS BY BENZENE-PYRIDINE EXTRACTIONS

• HiVac-C

LIQUEFACTION CONDITIONS

Distillation Basis

880°F, 25 Minutes 840°F, 40 Minutes

CSCU Run, YT 151 156 144 149 148 157 146
Coking Temperature, °F-RV

Coker Liquid Properties

91 136 165 60 95 149 156

Wt % on Feed
Inerts

(Pyridine Insolubles)
0.2 0.9 0.2 0.4 1.4 0.8 3.2

Pre-Asphaltenes, 1000°F+
(Pyridine Soluble-Benzene Insoluble)

1.8 1.9 2.0 3.1 4.3 5.5 6.8

Asphaltenes
(Benzene Solubles)

1000*F+ 4.1 4.1 4.8 5.1 4.1 3.8 1.2
1000*F-

Feed Properties, Wt % on Feed

19.0 20.7 15.9 27.3 27.4 20.4 21.3

Asphaltenes (All HV 1000°F- material) 15.5 15.7 16.0 24.7 21.0 25.6 26.4
Pre-Asphaltenes 50.0 54.0 58.1 52.6 59.6 51.3 50.0

Net Asphaltenes

1000*F+ 4.1 4.1 4.8 5.1 4.1 3.8 1.2
1000°F- 3.5 4.9 -0.1 2.6 6.4 -5.2 -5.1
Total 7.6 9.0 4.7 7.7 10.5 -1.4 -3.9



TABLE 6-7

f--->4

BURNING STAR COAL LIQUEFACTION BOTTOMS COKER LIQUID PRODUCT YIELDS

• Base coking conditions
• CSCU results on RCLU bottoms (840°-40 Minutes)
• Average of two runs

Product Wt % on 1000°F+ Bottoms
Wt % on Ash-Free 

1000°F Bottoms

Gas
h2 0.4 0.5
co, co2, h2s, nh3 0.9 1.1
C1-C3 1.7 2.1

Liquid, C4-1000°F+ 30.7 36.9
Coke 66.3 59.4

BURNING STAR COAL LIQUEFACTION BOTTOMS COKER LIQUID
PRODUCT INSPECTIONS

• Base coking conditions

400-700° F 700-1000°F 1000°F+ Total Product

Sp. Gr. 1.04 1.19 1.23 1.24

Con. Carbon , Wt % 0.2 12.6 44.7 35.4

BTU/lb 16300 15946 __
lb Sulfur/MBTU 0.3 0.6 —

Viscosity, cp — 1.5 @ 400 °F
— 0.5 @ 450°F 13 @ 270°F

Elemental
Analysis, Wt %

C 87.9 88.7 87.9 87.5
H 7.8 6.6 5.9 6.2
S 0.4 0.6 0.8 .7
N 0.7 0.9 1.5 1.3

Atomic H/C 1.10 .89 0.80 0.85
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• Annual Summary of CSCU Operations

+ Coal Liquefaction Bottoms Screening Studies

During this annual reporting period, coking yield screening 
studies were performed on the following coal liquefaction bottoms:

Coal Liquefaction Conditions

Big Brown (Texas Lignite) 840°F, 40 minutes

Illinois No. 6 (Burning Star) 880°F, 25 minutes
840°F, 40 minutes

Pittsburgh No. 8 (Arkwright) 840°F, 40 minutes
840°F, 100 minutes

Wandoan (Australian black coal) 840°F, 40 minutes

A comparison of the .coking yields from all types of bottoms 
processed is given in Table 6-8. With the exception of the Pittsburgh 
Ireland bottoms, the coking yields are from bottoms produced at 840°F 
and 40 minutes residence time. The Pittsburgh Ireland yields listed 
in Table 6-8 were from 840°F-100 minute bottoms. Estimating from 
Pittsburgh Arkwright bottoms, Table 6-1. 840°F-40 minute Pittsburgh 
Ireland bottoms can be expected to give a liquid yield of about 33 wt % 
on ash-free T000°F+ bottoms. Liquid yields can be seen to increase 
with coal rank, while gas yields decrease with coal rank. Evidence of 
coking yield dependence on liquefaction conditions has been observed for 
all types of coal liquefaction bottoms processed in CSCU. Coker liquid 
yield depends primarily on liquefaction residence time and temperature 
(thus conversion) and secondarily on coking temperature at nominal coking 
residence time and steam rates. Specific details on this effect can be 
found in the technical progress report in which the results of the 
particular screening study were presented. A summary of the contribution 
of coker liquids to the overall EDS process yields is given in Table 6-9. 
Care should be exercised in interpreting the information in Table 6-9. The 
yields are from various screening studies at 840°F and 40 minutes liquefac­
tion residence time. For most of the coals listed, the optimum lique­
faction C4-1000°F liquid yields occur at conditions different from 840°F 
and 40 minutes. Greater liquefaction conversion necessarily means lower 
1000°F+ bottoms yield and often coker liquid yield also decreases for the 
bottoms from longer liquefaction residence time. However, total yield 
often stays the same. A good example of this can be seen in Table 6-10 for 
Pittsburgh Arkwright coal. Although the 40 minute liquefaction residence 
time gave a lower C^-1000°F liquid yield than 100 minute condition, the 
liquids not fully converted into the C4-1000°F range at 40 minutes were 
recovered as coker liquids. The total yield from both 40 and 100 minute 
operations is nearly the same. The difference is in the quality and 
distribution of liquids. The information in Table 6-9 indicates that at 
840 F and 40 minutes the overall liquefaction yields increase with increase 
in coal rank from lignites to bituminous.

- 122 -



123

TABLE 6-8

COMPARISON OF COKING YIELDS FROM LIQUEFACTION BOTTOMS FROM DIFFERENT COALS

• Base case coking conditions

• Bottoms feed produced under similar 
liquefaction conditions of 840°F,
40 minutes residence time except 
Pittsburgh Ireland bottoms produced 
at 100 minutes residence time

• Yields expressed as weight percent 
on ash-free 1000°F+ feed basis

Big Brown 
Lignite

Wyoming
Subbituminous

Illinois #6 
Monterey 

Bituminous

Wandoan 
Aus tralian 
Black Coal

Pittsburgh
Ireland

Bituminous

Pittsburgh #8
Arkwright
Bituminous

Illinois #6 
Burning Star #2 
Bituminous

Coke 68.3 71.8 67.8 66.6 69.0 62.2 59.9

Liquid 24.0 23.2 26.7 28.4 27.3 32.5 37.1

Gas 7.7 5.0 5.5 5.0 3.7 5.3 3.0
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TABLE 6-9

COMPARISON OF LIQUEFACTION YIELDS FROM DIFFERENT RANK COALS

• Conditions: 840°F, 40 minutes residence time,
1500 psig, 1.6 S/C, 4% H2 and base coking conditions

• Liquefaction conditions not optimum for maximum 
C^-IOOO yields in some cases

Big Brown 
Texas Lignite

Liquefaction C^-1000°F Liquid, 
wt % on dry coal

27.9

Liquefaction 1000°F+ Bottoms, 
wt % on dry coal

48.3

Coker Liquid, wt % on
1000°F+ bottoms

16.8

Coker Liquid, wt % on 
dry coal

8.1

Total Liquefaction Yields 
C4-1000oF+, 36.0

Wyoming
Subbituminous

Wandoan
Australian Black

Pittsburgh Ireland 
Bituminous

29.0 27.9 28.6

45.5 54.1 58.1

19.3 17.1 21.0*

8.8 9.2 12.4

37.8 37.1 41.0

Pittsburgh Arkwright 
Bituminous

Illinois #6 
Monterey 

Bituminous

Illinois #6 
Burning Star 
Bituminous

22.6 35.3 24.1

67.3 47.0 60.1

29.1 21.0 30.9

19.6 10.0 18.6

42.2 45.3 42.7

*Estimated from coking data on 100 minute residence time bottoms.



TABLE 6-10

COMPARISON OF LIQUEFACTION YIELDS FROM PITTSBURGH ARKWRIGHT COAL 

Liquefaction Conditions

Temperature, °F
Residence Time, minutes

840
40

840
100

Yields*

Liquefaction C4-1000°F
Wt % on Dry Coal

22.6 29.9

Liquefaction 1000°F+ Bottoms
Wt % on Dry Coal

67.3 52.6

Coker Liquid Wt % on
1000°F+ Bottoms

29.1 22.2

Coker Liquid Wt % on Dry Coal 19.6 11.7

Total Liquefaction Yield 42.2 41.6
Wt % on Dry Coal

*Yields from 2/78 RCLU-1 operations
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+ Special Coking Studies

Two CSCU runs were performed to simulate recycle coking of 
1000°F+ Wyodak coker liquid. Wyodak stripper bottoms product from the 
Large Stirred Coking Unit (LSCU) were distilled in a large scale HiVac-C 
distillation column to an equivalent 837°F endpoint. Bottoms from this 
distillation were used as feed for CSCU. The results of these two runs 
showed that no additional 1000°F- liquids could be produced by recycle 
coking.

To test the effect of feed diluent on coking yield, a CSCU 
run, YT 132, at base coking conditions was performed with a mixture 
of 70% CLPP Illinois bottoms with 30% Vacuum Gas Oil (VGO). CLPP VGO 
is a nominal 700“1000°F vacuum tower cut. Both the bottoms and the 
VGO were from CLPP yield period 263 at 840°F and 40 minutes residence 
time. The CSCU conditions were similar to those expected in the 
FLEXICOKING process prototype . Ihe yield from this run is compared in 
Table 6-11 to 70% of the normal yield expected from CLPP Illinois bottoms 
plus complete recovery of the 30% VGO. The VGO is assumed to be all 
1000°F- material (HiVac-C basis). Ihe agreement between the actual and 
calculated yields is very good. Ihe total liquid yields closely agree and 
also the split between 1000°F+ and 1000°F- material agrees -veil. These 
results indicate that, in mixing VGO into bottoms to achieve lower vis­
cosities for prototype operations, the VGO plus the normal coker liquids 
can be recovered from the coker.

TABLE 6-11

COMPARISON OF ACTUAL AND PREDICTED COKING YIELDS FROM 
70% BOTTOMS PLUS 30% VACUUM GAS OIL

• Illinois Coal
• Base coking temperature
• HiVac-C Distillation Basis
• Assumes all VGO HiVac-C Recoverable

Actual CSCU Yield Predicted Yield

YT 132 70% YT 122 Yield + 30% VGO
Wt % on Feed Wt %

Coke 46.6 47.8

1000°F+ 10.8 11.2

1000°F~ 17.9 38.2

Gas 4.7 2.8

Total Liquid 48.7 49.4
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In liquefaction bottoms recycle experiments, Illinois bottoms 
from 840°F and 40 minute operations in CLPP were mixed with Illinois 
coal and liquefied in RCLU at 840°F and 40 minutes residence time.
The bottoms from this recycle operation, first pass bottoms recycle 
bottoms, were again mixed with Illinois coal and recycled through RCLU for 
a second pass bottoms recycle operation. Both first and second pass 
recycle bottoms have been coked in CSCU at base conditions. The results 
are compared with the coking yields from regular CLPP Illinois bottoms in 
Table 6-12. At base coking conditions, the net yields from all three types 
of bottoms are nearly the same. Previous CSCU yield data on Illinois 
bottoms has shown that net coker liquid yield at base coking temperature 
does not vary much for all types of Illinois bottoms. At 100°F above base 
coking temperature, coker liquid yield has been shown to depend on lique­
faction residence time. Therefore, a more sensiti’-e indicator of the 
effect of bottoms recycle in liquefaction would be to coke the bottoms at 
100°F above base temperature. So far, the results indicate that on a 
bottoms feed basis no coker liquid yield debit is incurred by recycling 
Illinois bottoms to liquefaction.

A total of seven CSCU runs were performed to investigate the 
yields from the coking of Illinois coal with Illinois coal liquefac­
tion bottoms. Three CSCU runs were completed with coal alone, two runs 
were completed with 15% coal in bottoms, and two runs were completed with 
equal parts coal, bottoms and vacuum gas oil. All runs were at base coking 
conditions. The three runs with coal alone used the CSCU dry coal feeder 
system and had poor material balances (92-96%). However, the yields did 
agree well with Fischer Assay at the same temperature. To simulate coking 
of a 1:1 coalrbottoms mixture, equal parts vacuum gas oil, bottoms and coal 
were fed into the CSCU reactor. The vacuum gas oil (VGO) served as a 
viscosity lowering diluent. The coal:bottoms yield was corrected for the 
VGO. The results are summarized in Figure 6-3. A slight synergistic 
effect in liquid yield can be seen in the 0-20% coal in bottoms range.

Future Plans

The CSCU operations for the next quarter include coking yield 
screening studies on RCLU bottoms from Wandoan and Pittsburgh No. 8 
(Ireland) coals. Bottoms from a variety of liquefaction conditions are to 
be studied to elucidate coker yield dependency on upstream liquefaction 
processing. These studies will complete the CSCU operations on coal 
liquefaction bottoms from the sponsors' coals.

6.4 Large Stirred Coking Unit (LSCU)

during this 
unchanged. 
June, 1976,

The Large Stirred Coking Unit (LSCU) was revamped and started up 
reporting period. The basic configuration was maintained 
A simplified flow diagram of the LSCU appeared in the January- 
EDS Quarterly Technical Progress Report (FE-2353-2).
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TABLE 6-12

• Base coking conditions in CSCU
• 840°F and 40 minutes residence 

time for each liquefaction pass
• Illinois coal

Net Yields Net Yields

COMPARISON OF COKING YIELDS FROM BOTTOMS RECYCLE BOTTOMS

Wt % on Ash Free Wt % on 1000 F+
1000 0F+ Bottoms Bottoms

CSCU
Run

Liquefaction
Operation

Bottoms
YP Coke Liquid Gas Coke Liquid Gas

122 Regular 263 68.5 25.8 5.6 75.3 20.3 4.4

129 1st Pass Recycle 561 69.6 25.7 4.7 77.3 17.2 3.5

136 2nd Pass Recycle 567 67.8 26.8 5.4 75.8 20.2 4.0



FIGURE 6-3

COKING YIELDS FROM BOHOMS - COAL MIXTURES

• BASE COKING CONDITIONS

• AVERAGE VALUES

• FEED SOURCE-CLPP ILLINOIS BOTTOM, YP 263,
AND ILLINOIS COAL

Bottoms
Wt.% Coal - Bottoms Mixture
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The objective of the current LSCU operations is to produce 
coker liquid samples for various program studies, such as hydroclone 
tests with heavy coker liquids and combustion tests with a full-range 
350°F+ CLPP/LSCU production ratio blend. Both Illinois bottoms and 
Wyodak bottoms from CLPP will be processed to fulfill the sample needs.

Continuous operations have been achieved. Runs were usually 
terminated due to plugging in the product stripper inlet zone. Several 
mechanical modifications are being made to minimize this plugging problem. 
The service factor for LSCU was between 40 to 50% during this reporting 
period .

6.5 Bottoms Remelt Study * •

A short-term bottoms remelt project was initiated during 
the last quarter of 1978. The objective of the study was to experi­
mentally measure physical property data for bottoms blends in order 
to confirm mathematical models for mixing and pumping solutions of bottoms 
and heavy hydrogenated creosote diluent. The data collection phase of this 
project was completed during January, 1979, and analyses of the data were 
conducted throughout the remainder of the first quarter of 1979. Results 
from this project will be utilized to provide tighter specification of the 
feed preparation system for the 70 T/D FLEXICOKING prototype unit.

The variables measured fall within the headings of flow pro­
perties and mixing properties. The flow properties being determined 
were :

• Viscosity
• Pressure drop
• Heat transfer coefficient for counter-current heat exchanger

while the mixing properties being evaluated for the agitated melt tank 
were:

• Approach to perfect mixing
• Steady state stirring torque
• Transient stirring torque
• Heat transfer coefficient for the melt tank

Independent variables in the study were 1000°F- content of the blends, 
temperature, stir rate and pumping rate. A preliminary study was also 
conducted on a 1.2 wt % Natrosol solution, a synthetic analog of bottoms 
blends.

A schematic flow diagram of the experimental system was pre­
sented in the October-December, 1978, EDS Quarterly Technical Progress 
Report (FE-2893-25). The Large Stirred Coking Unit (LSCU) was modified 
to conduct these experiments. The fully baffled melt tank was fitted 
with a four-bladed, pitched turbine that was driven by a variable-speed DC
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motor and provided downflow agitation of the process blends. Mixing was 
qualitatively evaluated using an isotopic tracer injection system. All 
mixing properties were measured for the melt tank and flow properties were 
measured within the recycle circulation loop outside the melt tank. The 
recycle loop consisted of two pressure drop lines of different diameters, 
an on-line viscometer capable of varying shear rate by two orders of 
magnitude and a counter-current heat exchanger. Bypasses around the 
viscometer and heat exchanger were provided.

Determinations of qualitative mixing behavior, stirring torques 
and flow heat transfer coefficients were obtained at EPRL and more detailed 
analyses were conducted by Exxon Engineering Technology Department (EETD). 
In general, mixing behavior was about as expected. Mixing power consump­
tion was low with quick asymptotic transient build-up to steady-state 
torque and no evidence of torque or pressure impulse on startup. Estimates 
of heat transfer coefficients are higher than anticipated. Computational 
analyses being conducted by EETD have been completed during the second 
quarter of 1979.

6.6 Coke Gasification Kinetics

The air FLEXICOKING process is under development in the EDS 
program for processing liquefaction bottoms to recover additional liquids 
and to provide gaseous fuel. Steam and air are fed to the FLEXICOKING 
gasifier to burn coke for heat and to produce fuel gas. Rate data on coke 
gasification is obtained from a differential type fixed-bed minigasifier 
and from an integral type fluidized-bed gasifier in the Integrated Coking/ 
Gasification Pilot Plant (IKG). The minigasifier is by far the more 
flexible of the two and is used to study the relative reaction rates of EDS 
cokes with steam and/or carbon dioxide as influenced by gas partial pres­
sures, temperature, velocity and coke particle characteristics. Relative 
rate information from the minigasifier will be combined with IKG rate data 
for EDS FLEXICOKING gasifier design.

The minigasifier program this year has included a change of 
technique to the acquisition of initial rate data on gasifier cokes from 
previous relative ranking of coke gasification activity. Some time was 
spent on mechanical changes to the minigasifier to eliminate radial 
temperature gradients and to increase the gas chromatograph sampling 
frequency for better rate data. Kinetics data were obtained for steam and 
carbon dioxide gasification of Illinois (Monterey mine) bottoms derived 
IKG gasifier coke. The analysis of this study coke is given in Appendix D 
Table D-l. Initial rate data on gasifier coke is studied to determine 
the responses of practical cokes with known properties, such as surface 
area, which are produced in integrated operation.

Preliminary data analysis shows steam and carbon dioxide gasifi­
cation of IKG Illinois gasifier coke may be correlated by Langmuir-type 
rate expressions. However, in the range of design interest, simple linear 
expressions can be used for screening work to extrapolate reactant rate
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effects from IKG conditions to design. Thermal response of the rate data 
agrees fairly well with literature values. There are indications that 
Illinois mineral matter gasification catalysis declines with reduction in 
temperature. At the temperature of commercial interest, about RV-55°F, 
mass transfer effects are important. So far, the data are available only 
for the slower carbon dioxide gasification. External mass transfer effects 
are definitely present as demonstrated by rate response to velocity.
This information together with particle size effects on rate suggest 
that internal particle mass transfer is also a factor. It will be import­
ant to include both the external and internal mass transfer effects into 
design equations. For instance, the internal effects change the rate 
response in extrapolating from large particle IKG conditions to relatively 
small coke particle commercial conditions.

• Gasification Rates Mildly Inhibited by Reactants

It is well known that carbon gasification rates are inhibited by 
reactants and products. The plot of steam and carbon dioxide gasification 
of EDS Illinois coke in Figure 6-4 shows this inhibition effect by react­
ants. Carbon dioxide inhibition is somewhat stronger than the inhibi­
tion of steam, as evidenced by the greater change of the rate with pres­
sure. This type of inhibition may be correlated by Langmuir-type rate 
expressions of the type:

R(Pr - K'e)
r =

1 + KrPr + KpPp
where,

r = reaction rate, %C/hr 
R = reaction rate constant, %C/hr-atm-^ 
K = inhibition constant, atm-l 
K'= equilibrium constant 
P = partial pressure, atm

with subscripts

e for equilibrium 
r for reactant 
p for product

Results of preliminary correlations at RV-55°F which ignore product 
inhibition, internal mass transfer, and the reverse reaction are given 
in Figure 6-4. These formulas may be quickly examined in the follow­
ing comparison.
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Relative Reaction Rates

IKG Illinois Gasifier Coke 
RV-55°F, 50/70 mesh

Reactant Partial 
Pressure, atm rH20/rC02

0.0 1.2
0.5 1.6
3.0 2.3

This shows steam is always more reactive than CO2 at RV-55°F. Since 
carbon dioxide more strongly inhibits through pressure, the reactivity 
ratio increases with partial pressure.

A design implication of these data is in the extrapolation 
of IKG gasification to commercial conditions. The range of design interest 
is indicated on Figure 6-4. The most probable design conditions are at 
pressures about 30% above IKG operations. If IKG carbon dioxide gasifica­
tion were linearly extrapolated to design neglecting reactant inhibition, 
the predicted rates would be about 10% higher. For steam,this error would 
be about 3%. This suggests that shortcut extrapolations can be made 
neglecting product inhibition in the relatively linear design interest 
region. Of course, product inhibition will be included in rigorous pro­
cedures .

Thermal response provides insight to the nature of the mini­
gasifier technique. Data over a range of 125°F is plotted in the form of 
the reaction rate constant versus the reciprocal of absolute temperature in 
Figure 6-5 using the well known Arrhenius expression for activation energy. 
The following activations are calculated assuming that reactant inhibition 
activation is zero as suggested by literature.

Activation Energies, AE

IKG Illinois Gasifier Coke 
k cal/g mole °R

Range H?0 C0?

Overall 51 65
RV-130°F to 61 74

RV-55 °F
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Activation energies in the literature for this temperature range are 
typically 50-60 kcal or close to the overall values . Since the mini­
gasifier reactant gases are in high velocity down-flow to eliminate 
external mass transfer, these activation energies should reflect EDS 
coke activity. The higher activation energies over the lower temper­
ature range for both steam and carbon dioxide are somewhat surprising.
These may reflect a loss of Illinois coke mineral matter catalysis.
It is noted that apparent activation energies in a fluidized bed will 
be lower as mass transfer effects will be present.

• Mass Transfer Effects Important

Data on velocity and particle size effects are now available 
for carbon dioxide gasification. As this reaction is slower than steam 
gasification, any apparent mass transfer effects should be even greater for 
steam. Previous work on velocity had shown that the high down-flow super­
ficial velocity of about 19 cm/sec for most of this work eliminates ex­
ternal mass transfer limitations (see January-March, 1978, Quarterly 
Technical Progress Report [FE-2893-12]).

Some data were taken this year at low superficial velocity 
around 0.5 to 1.0 cm/sec, to investigate reaction rates at near minimum 
fluidization. Minimum fluidization exists in the emulsion phase of the 
gasifier fluidized bed and therefore is an important condition for the 
bulk of the coke. It was found that the low-velocity reaction rate 
was much lower or,

= 3 to 4
klow vel.

The data for this (see Appendix Table D-33) are at RV-55*F and 2.5 to 2.8 
atm of carbon dioxide. Similar results had been found previously in the 
minigasifier and strongly support the existence of external mass transfer 
effects.

Data were also taken with coke particle sizes ranging from 
100 to 400 microns (see Appendix Table D-33) at high velocity. One 
expression of these data is as follows.

Coke Particle Size Effects

IKG Illinois Gasifier Coke 
CO2 Gasification, RV-55°F, 

19 cm/sec Superficial Velocity

Average 
Coke Diameter, 

microns
Reaction Rate Constant* Dia 

(%C/hr)*microns*10-3

125
255
360
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This suggests that reaction rate is proportional to the reciprocal of the 
coke diameter for larger particles but decreases for smaller particles. As 
external mass transfer limitations exist at low velocity, it is possible 
that internal mass transfer limitations are present and produces shellwise 
gasification near the coke surface. For smaller particles the whole 
particle may come into play with product inhibition effects. Additional 
work on gasifier coke surface area and porosity is planned to study this 
effect for both CO2 and steam gasification data. It is noted that 
particle size effects are important as much of the IKG data are for 200 to 
250 micron diameter cokes whereas the full-scale FLEXICOKING process is 
expected to yield 75 to 150 micron cokes. Therefore, diameter effects will 
be important in extrapolating IKG data to design.

• Future Program

The near term program will be run with mixed gases, that is, 
reactants and products. This will be done to determine product inhi­
bition effects which are expected to be larger than the reactant inhibition 
effects already studied. This will be followed by a program of steam, 
carbon dioxide and mixed gas runs with IKG Wyodak coke to develop the 
Wyodak data base. The Wyodak runs will probably be followed by rate 
studies of cokes that have been modified with additives to avoid sinter­
ing. Experimentation will next turn to other program cokes.

Upon completing analysis of the Illinois gasifier coke series, 
work will begin on modelling gasification. This will be split into short­
cut modelling for scoping studies and rigorous models for design.

6.7 Bench Coke Gasification - Ash Fusion Studies

The air/steam gasification of coal liquefaction bottoms coke 
in the FLEXICOKING process gasifier could lead to the formation of ash 
agglomerates which are considered to be related to potential bed sintering 
problems. The Small Fluidized Unit (SFU) described in the July-September, 
1977, EDS Quarterly Technical Progress Report (FE-2893-3) has been used to 
investigate the effect of process variables on the ash agglomeration in 
gasifying coal liquefaction bottoms derived cokes with steam and air. The 
objective is to determine potentially nonagglomerating regions in a well 
fluidized bed as a function of process variables such as temperature, 
superficial velocity and steam/feed ratio.

SFU runs were made on a -40+100 mesh sample of IKG gasifier 
coke from CLPP Illinois bottoms. Duplicated runs were made under each set 
of testing conditions. The bed agglomeration is determined by the presence 
of +40 mesh ash particles after the run. A conical gas distributor was 
used for this series of SFU runs in that it was observed to provide a well 
fluidized bed without any stagnant zones. Recently the 1-inch quartz 
reactor was modified to include an enlarged 'action of 2-inch diameter 
above dit fluid bed tc decrease the superficial velocity in the disengaging 
zone to avoid fines ryover in SFU runs.
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• Mapping of Sintering/Non-Sintering Region by Process Variables 

+ Sintering Conditions for Different Coal Bottoms

As reported in the October-December, 1978, EDS Quarterly 
Technical Progress Report (FE-2893-25), the sintering and nonsintering 
regions for Illinois and Wyodak bottoms coke could be mapped on a plot 
of gasification temperature versus superficial velocity. A common boundary 
of sintering/non-sintering regions can be drawn from this plot for both 
Illinois and Wyodak bottoms as shown in Figure 6-6. In other words, SFU 
results showed that sintering occurred at the same gasification conditions 
for both Wyodak and Illinois bottoms cokes.

The sintering behavior of different coals in the EDS process 
development program was investigated by gasification runs in the SFU 
with cokes prepared from RCLU bottoms produced from these coals. Bottoms 
coke samples for these SFU runs were prepared by a bench coker and ground 
to -40+100 mesh. So far, SFU runs were completed only on bottoms coke from 
North Dakota lignite. The bottoms coke from this lignite coal showed bed 
sintering under the gasification condition within the non-sintering region 
for Illinois and Wyodak bottoms cokes as illustrated in Figure 6-6. The 
bed defluidization appeared to be caused by particles sticking together. 
These agglomerates could be broken up by mechanical stirring or by pressing 
them with fingers. This particle agglomeration could, however, not be 
avoided at a low gasification temperature (RV-230°F) and the high super­
ficial velocity in a SFU run. The high sodium content in the ash (>/'10%) of 
this lignite bottoms coke might be responsible for the severe sintering or 
agglomeration in SFU runs. This is being investigated by microscopic 
examinations and trace metal analyses on agglomerates from SFU runs.

Difficulties were encountered in preparing the other coke 
samples from different coals due to the high 1000°F_ contents. The 
apparatus and/or procedure for coke preparation will be modified before 
proceeding with SFU runs on bottoms cokes from other coals.

+ Complete Versus Partial Gasification

The sintering/non-sintering region in gasification of Illinois 
(Monterey) and Wyodak bottoms cokes was defined by the data from SFU 
runs at 100% gasification. The gasifier of a commercial FLEXICOKING 
unit is generally operated at partial gasification. The EDS design 
target for the gasifier is about 80% carbon gasification. Additional 
SFU runs were, therefore, made on these bottoms cokes and were termi­
nated before completion of gasification to see if this boundary of sinter­
ing/nonsintering region might be shifted due to the partial gasification.

As shown in Figure 6-7, results of these SFU runs 
gasification fit well with the boundary defined by those at 
gasification. This suggests that bed sintering could occur 
gasification was complete. The condition for bed sintering 
to be appreciably affected by the gasification level.

at partial 
complete 
before carbon 
did not appear
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+ Coke Particle Size Effect

Previous SFU runs for studying process variable effects on 
bed sintering were made on coke samples of -40+100 mesh. In EDS 
FLEXICOKING process unit study design, the coke particle mean diameter 
is projected to be finer than 100 mesh. SFU runs were therefore made 
on -80 mesh IKG cokes to see if the sintering problem might be aggra­
vated by gasifying the finer coke particles. Due to the limited quantity 
of -80 mesh sample that could be sieved from IKG cokes, these additional 
SFU runs were made under the marginal gasification conditions for non­
sintering observations in previous runs on -40+100 mesh coke samples.

As shown in Table 6-13, SFU runs showed no appreciable change 
of sintering condition in gasifying Wyodak bottoms coke of the finer 
particle size. However, bed sintering for the -80 mesh Illinois coke 
sample was observed at gasification conditions under which bed sintering 
did not occur for the -40+100 mesh coke samples. The sintered material, 
which appeared to be composed of agglomerated particles, was examined by 
the hot stage microscope. The micrographs (Figure 6-8) showed that the 
individual particles of agglomerates were finer than the non-agglomerated 
particles, but these particles melted at approximately the same temperature 
(2020°F). This indicates that particle dynamics plays an important role 
for controlling agglomeration in fluid bed gasification.

Due to the observed effect of particle size on sintering for 
Illinois bottoms coke, more SFU runs on -80 mesh Illinois coke will be made 
to gain added understanding of the interaction of particle size with 
process variable effects on bed sintering.

TABLE 6-13

PARTICLE SIZE EFFECT ON BED SINTERING 

• S - Sintering; NS - Non-Sintering

Gasification Temperature 
Superficial Velocity 

Steam/Air Ratio

RV-30°F 
Medium

15

RV+70°F
Low

30

Coke Particle Size, mesh -40+100 -80 -40+100 -80

Sintering Observation:

Illinois Coke NS s* NS S
Wyodak Coke NS NS NS NS

*Small amount of agglomerates in bed drain (0.4 wt %).
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FIGURE 6-8

MICROGRAPHS OF HOT STAGE MICROSCOPE 

• SFU RUNS ON -80 MESH ILLINOIS BOTTOMS COKE

AGGLOMERATES SINGLE PARTICLES
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• Mechanism of Bed Sintering

The nominal gasifier conditions in IKG runs on Illinois and 
Wyodak bottoms were within the non-sintering region as defined by SFU runs. 
The bed sintering in IKG is, therefore, believed to occur in the stagnant 
coke zone in the bed as observed by the cold model studies and the 
gasification runs in the Fluidized Bed Unit (see Section 6.8 following).
It is not necessary to locally overheat the stagnant coke in the stagnant 
zone to cause sinter formation. Sintering of a material can occur, as 
cited in the literature, a temperature below its fusion temperature by any 
one or all of the following material transport phenomena: surface diffu­
sion, volume diffusion, viscous flow and evaporation/condensation.

In a well fluidized bed, sintering can occur under more severe 
gasification conditions as demonstrated by the mapping of sintering/non­
sintering regions with process variables in Figure 6-6. Evidences from SFU 
runs showed that sinter formation in a well fluidized bed might follow the 
following four steps:

1. Particle surface stickiness—surface softening, local 
melting or plastic deformation.

2. Particle agglomeration.

3. Defluidization of agglomerates.

4. Sintering of defluidized agglomerates.

The particle surface stickiness is dependent upon the par­
ticle temperature and chemical properties of the ash particles. The 
particle temperature in air/steam gasification could be higher than 
the measured fluid bed temperature due to the inadequate dissipation 
of the heat of combustion of the coke particles, as reported in the 
October-December, 1978, EDS Quarterly Technical Progress Report (FE- 
2893-25). SFU runs on IKG Illinois coke were made by using steam, nitrogen 
and CO2 replacing oxygen to simulate steam/air gasification without the 
combustion on coke particles. Particle temperature in these runs should be 
close to the measured bed temperature. Results from these runs showed that 
the Illinois coke particles could become sticky enough to cause sinter 
formation at a temperature 100-200°F higher than the nominal IKG gasifier 
temperature. This temperature is still lower than the initial deformation 
temperature in ASTM fusion temperature determinations on Illinois coke 
ash. The formation of relatively low-melting mineral matter in gasification 
could also cause stickiness of ash particles. The identification of 
fayalite, (2Fe0-Si02, m.p. 2200°F) in Illinois coke ash by X-ray 
diffraction is evidence of such a chemical conversion of mineral matter 
in gasification atmosphere.

The agglomeration of fine particles in bed sintering has been 
demonstrated by the hot stage micrograph in Figure 6-8. The molten junc­
tions between agglomerated particles could be of micron size as shown by a
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Scanning Electron Micrograph (SEM) in Figure 6-9. Apparently these 
agglomerated particles are held together loosely. This seems to explain 
the possibility of reducing sintering tendency by increasing the particle 
momentum at the higher superficial velocities. When the agglomerates grow 
too large to fluidize, they settle to the bottom of the fluidized bed as 
stagnant material, where the sintering process progresses to form stronger 
agglomerates.

• Change of Particle Size, Density and Sulfur Retention at Various % 
Gasification

In carrying out SFU runs to various levels of gasifications, 
the data of size distributions, densities and elemental analyses of 
feed cokes and bed drains were obtained for investigating the change 
of particle properties with gasification. Figure 6-10 shows the decreases 
of particle size and density for Illinois and Wyodak bottoms cokes in SFU 
runs at different levels of gasification as expressed by % ash in bed 
coke. As can be. seen, the particle shrinkage of both bottoms cokes in 
gasification reached an asymptotic level after the ash content in the coke 
was increased to about 60%. The final particle size of the coke ash was 
about 80% of its original size. The density of coke particles, however, 
decreased almost linearly with the % ash in the bed coke. The low density 
of Wyodak coke ash may cause the fines carryover problems in the gasifier 
as demonstrated in SFU runs (January-March, 1979, EDS Quarterly Technical 
Progress Report [FE-2893-29]).

In elemental analyses on the bed drains from SFU runs, it was 
noted that the Illinois bottoms coke after partial gasification still had 
an appreciable content of sulfur. The sulfur retention in coke after 
partial gasification is illustrated in Figure 6-11.

6.8 Coke Gasification - Operability Studies * •

Two major questions of gasifier operability that have emerged in 
the development of the EDS FLEXICOKING process are particle integrity and 
sinter formation. Both questions were addressed in coke gasification 
studies in the Fluidized Bed Unit (FBU), which is a three-inch diameter 
fluidized bed designed for batch gasification of coke with air and steam.
A description of the FBU was given in the January-March, 1977, EDS Quarterly 
Technical Progress Report (FE-2353-14).

• FBU Fines Make Studies

The effect of gasification on coke particle integrity was 
investigated by measuring the fines that were produced during gasifi­
cation in the FBU. An indication of the ultimate carbon utilization 
can be obtained from the amount of fines produced and the ash content 
of the fines .
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FIGURE 6-9

SCANNING ELECTRON MICROGRAPHS SHOWED MOLTEN 
JUNCTIONS BETWEEN AGGLOMERATED PARTICLES

• IKG Gasifier Coke from Illinois Bottoms After SFU Run
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r
FBU studies indicate that coke made from EDS Illinois or Wyodak 

bottoms maintains sufficient particle integrity to allow gasification in 
the FLEXICOKING process. The fines make is higher than petroleum but the 
low carbon content of the fines keeps the carbon loss with the fines 
relatively low. The experimental evidence with EDS bottoms cokes suggests 
that as gasification proceeds, the outer layers of the coke particles are 
composed of highly gasified coke that is mostly ash. The amount of fines 
generated depends on the intensity of attrition and the attritability of 
the particles. Comparisons of the absolute amount of fines make from 
different units should be made with caution because of the complex depen­
dence of fines generation on unit geometry and operating conditions, as 
well as on the properties of the coke itself.

+ Effect of Cyclone on FBU Fines Make

Data were reported in the July-September, 1978, EDS Quarterly 
Technical Progress Report (FE-2893-21) that showed that half the fines 
produced in the FBU were caused by attrition in the cyclone. Hot attrition 
tests reported in the October-December, 1977, EDS Quarterly Technical 
Progress Report (FE-2893-7) also showed a strong effect of attrition in the 
FBU overhead system on the generation of fines. All these tests were made 
with EDS Illinois coke produced on either the IKG or LSCU. The high ash 
content of the fines that were produced by attrition supported the ash- 
layer theory of EDS coke attrition.

+ Effect of Gasification Temperature on Fines Make

The effect of gasification temperature on fines make was investi­
gated by a number of runs with both Illinois and Wyodak coke. It was 
thought that fines make might be lower at higher temperature because 
sintering of the outer layer might reduce the fines make caused by attri­
tion. Data were presented in the July-September, 1978, EDS Quarterly 
Technical Progress Report (FE-2893-21) that indicated there was no con­
sistent effect of temperature on fines make over a 100°F range of 
temperature.

+ Comparison of Fines Makes With Illinois and Wyodak Coke

Data were presented in the July-September, 1978, EDS Quarterly 
Technical Progress Report (FE-2893-21) which showed that the fines makes 
with Illinois and Wyodak cokes were comparable. Five additional FBU runs 
were made with IKG Wyodak coke, especially to better define the fines makes 
at moderate levels of gasification. Data are shown in Figure 6-12. The 
curve labeled "Illinois Average" represents the average of fourteen FBU 
runs with Illinois coke produced in the IKG reactor when it was operated in 
the FLUID COKING mode. The datapoints are for coke produced in the IKG 
reactor when it was operated in the FLEXICOKING mode, that is, where coke 
gasification was an integral part of the process. The amount of fines 
produced in the FBU gasification runs was the same regardless of whether 
the coke was produced in the FLUID COKING or the FLEXICOKING mode of 
operation. This is surprising because one would think that the
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Figure 6-12

FBU GASIFICATION FINES MAKE 

COMPARISON OF ILLINOIS AND WYODAK COKES
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gasification experienced in the FLEXICOKING process would cause the core of 
the coke particles to be weakened and thus more susceptible to attrition. 
Apparently, the layering of fresh coke on the circulating particles in the 
coking reactor was sufficient to maintain particle integrity. This con­
clusion is based on Illinois coke only because no Wyodak fluid coke was 
produced by the IKG.

Data are shown for two gasification temperatures because the 
gasification activity of Wyodak coke was greater than Illinois coke so that 
the standard FBU gasification temperature of Wyodak coke was 100°F lower 
than that of Illinois coke. As mentioned earlier, there was not a signi­
ficant effect of temperature on FBU fines make for this range of temper­
ature .

The data in Figure 6-12 show that Illinois and Wyodak cokes 
have similar overall fines makes. However, the two Wyodak runs at 37% and 
41% gasification suggest that the Wyodak coke has higher fines makes at 
intermediate gasification. Additional fines make data were obtained by 
measuring cyclone fines at time intervals during each run. The total 
amount of FBU fines make data for IKG coke made in the FLEXICOKING process 
mode are shown in Figure 6-13. With all the intermediate data points 
included, it is difficult to detect any significant difference in the fines 
makes with Illinois and Wyodak cokes.

The two cokes show definite differences with respect to the ash 
enrichment of the fines. Figure 6-14 shows that the fines from Illinois 
coke exceeded 90% ash after only 20% gasification in the FBU while the 
Wyodak fines were less than 70% ash at 20% gasification. Hie Wyodar fines 
gradually increased to 90% ash after 60% of the carbon had been gasified. 
The ash levels of fines at 20% FBU gasification correspond to the ash 
levels in the IKG heater/ gasifier fines that were reported in the July- 
September, 1978, EDS Quarterly Technical Progress Report (FE-2893-21). The 
gross coke carbon gasification in the IKG was about 70%; however, due to 
the coke circulation between reactor and gasifier vessels, the average 
gasification per pass of an individual particle was considerably lower 
than 70%. Thus, there is some basis for comparing Illinois and Wyodak 
behavior at intermediate levels of gasification.

A summary of the FBU coke gasification comparison of Illinois 
and Wyodak cokes is that fines makes are similar and ash contents of 
the Wyodak fines are generally lower. At 20% FBU gasification, the 
FBU data show close agreement with IKG experience with respect to ash 
content and similar fines makes for Illinois and Wyodak. The IKG did, 
however, show somewhat higher heater-gasifier fines makes with Wyodak than 
Illinois in the gasifier.

The FBU data for fines makes and ash contents are combined 
in Table 6-14 to show calculated carbon losses in the fines. Though 
the amount of fines made with the EDS cokes is 2-5 times that found 
for the Billings petroleum coke, the low carbon contents of the EDS 
cokes keeps the carbon rejection from being excessive. In fact, for 
the six comparisons shown, only one condition showed a higher carbon
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Figure 6-13

FBU COKE GASIFICATION FINES MAKE 

COMPARISON OF ILLINOIS AND WYODAK COKES
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* IKG WYODAK COKE RV - 130°F
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Figure 6-14

FBU COKE GASIFICATION ASH CONTENT OF FINES 
COMPARISON OF ULINOIS AND WYODAK COKES

• IKG ILLINOIS COKE RV - 30°F 
a IKG WYODAK COKE RV - 130°F
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rejection than the Billings coke. This was Wyodak coke at 40% gasi­
fication. Extrapolation of these results to a large-scale continuous 
unit are not recommended. However, the results do indicate that coke 
particle integrity should not prevent application of the FLEXICOKING 
process to the bottoms from the EDS coal liquefaction process.

TABLE 6-14

FBU COKE GASIFICATION RESULTS 
CARBON REJECTION IN FINES

FBU Coke Gasification

20% 40% 60%

Wyodak Coke

Fines (% of feed coke) 0.5 2.0 3.3
Carbon (wt % in fines) 40.0 28.0 14.0
Carbon Rejection:

% of feed coke 0.2 0.56 0.46
Relative to Billings 0.69 1.47 0.70

Illinois Coke

Fines (% of feed coke) 0.5 1.7 3.3
Carbon (wt % in fines) 12.0 6.0 5.0
Carbon Rejection:

% of feed coke 0.06 0.1 0.17
Relative to Billings 0.21 0.26 0.26

Billings Coke

Fines(% of feed coke) 0.3 0.4 0.7
Carbon (wt % in fines) 98.0 96.0 94.0
Carbon Rejection:

% of feed coke 0.29 0.38 0.66

+ Future Work

No additional work is planned on fines make from coke gasi­
fication. However, an increasing concern is carryover of fines into 
the overhead of the coking reactor. The FBU is being modified to per­
form coking reactor operability studies on bogging and fines.
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LABORATORY PROCESS RESEARCH AND DEVELOPMENT

BOTTOMS PROCESSING RESEARCH

7. Construction and Operation of the 2 B/D Coking/Gasification
Pilot Plant (IKG)

The Integrated Coking/Gasification Pilot Plant (IKG) is being 
used in the development of air FLEXICOKING for EDS bottoms processing. It 
is the smallest unit available in ER&E for integrated operation in which 
fluid coke is continuously formed and gasified. The IKG is used primarily 
to assess operability on varying feedstocks; however, data in areas such as 
rate of coke gasification can also be obtained.

The IKG was not operated during the year of this report.
IKG associated studies this year were data analyses conducted in the 
third quarter of 1978 (see July-September, 1978, EDS Quarterly Technical 
Progress Report [FE-2893-21] for detailed report) on second quarter opera­
tions. The operational results were discussed in the previous annual 
report (see July, 1977 - June, 1978, EDS Annual Technical Progress Report 
[FE-2893-17]). The technical findings of this year's studies are in the 
areas of coke particle integrity and gasification kinetics.

The IKG schematic in Figure 7-1 is included for reference.
The bottoms feed of this study was CLPP liquefaction bottoms from Illinois 
(Monterey No. 1 mine) No. 6 bituminous coal operation and Wyoming (Wyodak 
mine) subbituminous coal operation. The bottoms were diluted with about 10 
wt % creosote oil and pumped through a single feed nozzle to the reactor. 
The coke produced circulates between the reactor, heater and gasifier as 
indicated. Product coke and coke for feed grinding were withdrawn from the 
reactor bottom. Gristmilled seed coke was returned to the heater-reactor 
hot coke line. The seed coke operation is a pilot unit practice which is 
not done in commercial petroleum operation. Gases, liquids, and fines were 
taken from the system as shown.

7.1 Annual Summary

• Unit Material Balances Show Improvement

Results from the first IKG air FLEXICOKING simulations in 
1977 with EDS bottoms produced concerns about data reliability because 
of low ash balances. The second quarter 1978 operations yielded periods of 
97% ash balance which were much better than the 1977 74% balances. This 
ash balance improvement is attributed to modifications of the seed coke and 
reactor fines return systems and dispelled many of the data reliability 
concerns. It was also found in regard to ash that ash elements were not 
selectively distributed between bed coke and fines for either Illinois or 
Wyodak IKG operations.
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Feed balances were made for two periods of Wyodak operation. 
Product gas, liquid and cokes accounted for 97 to 98% of the feed in these 
periods. This further supported the IKG material balance reliability. In 
regard to feed balances, it was found that IKG product distributions were 
consistent with stirred coker (CSCU) results if the IKG's high reactor 
steam rates of around 400 wt % on feed were considered.

It is noted that the EDS coke of the second quarter 1978 came 
very close to equilibrium for IKG operation and essentially all of the 
starting seed coke was displaced. For Illinois operations, the starting 
petroleum seed coke had already been 96% displaced during 1977 operations 
and probably reached 97 to 98% displacement. Illinois gasifier coke ash 
i creased to 48 wt.% from 43% at the end of 1977. The Wyodak operations 
b^gan with Wyodak seed produced in the LSCU which was in turn 99% dis­
placed. The gasifier coke ash reached 43 wt % which was very close to a 
projected 48% for IKG equilibrium at 78% gross coke carbon gasification. 
These displacement and equilibrium considerations are important in that 
they say such phenomena as particle attrition and gasification were occur­
ring on near equilibrium IKG coke. This is important as the large ratio of 
system coke capacity to feed for the IKG makes it difficult to obtain 
equilibrium coke as compared to lower ratio commercial systems.

• Wyodak Fines Higher Than For Illinois

Fines producing mechanisms in the IKG differ substantially 
from commercial scale. The IKG's seed coke production loop is a signi­
ficant illustration of this. Therefore, EDS fines data from the IKG is only 
indirectly relevant to design as it relates to petroleum experience where 
IKG to commercial practice tie-ins exist. However, EDS coke integrity 
issues make fines production a required study.

IKG fines production may be broken into heater-gasifier fines and 
reactor fines. Heater-gasifier fines are defined as -325 mesh particles. 
Wyodak operation resulted in 6 to 7-1/2 wt % fines on gross coke whereas 
Illinois operation yielded less than 6% fines. Based on carbon alone these 
results are 3 to 4 wt % of Wyodak gross coke carbon versus 1% in Illinois 
fines. Although Wyodak operation gave more carbon rejection, it was not 
high enough to limit operation to the commercial design level of 80% 
gasification. Also, carbon rejection was not unusually high compared to 
petroleum experience at similar levels of gross coke gasification.

The picture for second quarter 1978 reactor fines production 
is less clear. Illinois operations yielded reactor fines of 1 to 3 wt % on 
gross coke which is similar to 1977 Illinois operations. This agreement is 
somewhat surprising in that ash balance improvements are attributed to seed 
coke and reactor fines loop modifications which should have increased 
reactor fines make. However, Wyodak reactor fines production at 7 to 25 wt % 
of gross coke was unexpectedly high. It is not clear from operations 
data alone what factors are significant in this high Wyodak rate. Grinding 
tests showed Wyodak coke is more susceptible to grinding than Illinois 
which could lead to higher reactor fines. However, grinding tests did not
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show the magnitude of difference that operating fines collection did. It 
is possible that more than one mechanism is important here. A bench 
program will soon be underway to test if reactor coke bed properties and 
production mechanisms could have also influenced the difference.

• Wyodak Coke Shows More Gasification Activity Than Illinois Coke

Second quarter 1978 Illinois coke gasification rates continued at 
the same rates as in 1977. The rates are very similar to petroleum coke 
rates. Wyodak coke was consistently more active toward gasification than 
Illinois. This increased activity permitted lowering of gasification 
temperatures about 50°F to avoid mineral matter sintering. It is suspected 
the increased activity is due to catalytic effects of the mineral matter. 
Coke BET surface areas do not account for the activity differences.
Similar activity differences have been seen in bench gasification of the 
cokes and in earlier in steam gasification of the parent coal chars. The 
IKG EDS coke gasification data is now serving as a cornerstone to bench 
gasification data for constructing detailed gasification models of EDS air 
FLEXICOKING.

7-2 Future Plans

Late
1980

No IKG operations are scheduled for the remainder of 1979. 
in 1979 a decision will be made on 1980 IKG operations. The expected 
operation involves sintering control.

W

- 157 -



ENGINEERING RESEARCH AND DEVELOPMENT

PROCESS ENGINEERING AND COST EVALUATIONS

1. Commercial Study Design and Cost Estimate 

EDS Study Design Update - Illinois Coal Base Case

1.1 Onsite Design Basis Revision - Illinois Coal Base Case

The onsite basis for the Study Design Update Base Case was issued 
as an interim report in May 1978, (FE-2893-10). Since that time, various 
basis changes have occurred. The major changes include the following:

+ Utilization of C1-C3 as steam reforming feed whereas original basis 
utilized plant purge gas containing H2 and C1-C3 gases as feed.

+ Increase in the available FLEXICOKING capacity to 122.4% of the normal 
vacuum bottoms production.

+ Increase in the required FLEXICOKING scrubber bottoms recycle.

+ Additions/modifications to the tankage basis to reflect the production 
of a blended fuel oil with sulfur and solids specifications.

+ Reduction in vacuum bottoms tankage to reflect elimination of 
surge storage.

The original interim report on the Onsite Basis has been revised and will be 
reissued during the third quarter of 1979 with all changes made during the 
Study Design phase.
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1.2 Onsltes Design - Illinois Coal Base Case

Work was completed on the onsltes design for the Illinois Coal 
Base Case of the EDS Study Design Update. The onsite sections include the 
following:

+ T.iquefaction (section 100)
+ Product Fractionation (section 150)
+ Solvent Hydrogenation (section 200)
+ Solvent Fractionation (section 250)
+ FLEXICOKING (section 300)
+ Cryogenic Hydrogen Recovery (section 400)
+ Hydrogen Generation and Compression (section 425)
+ Gas and Water Treating (section 500)
+ Light Ends Recovery (section 600)
+ Other Onsite Support Facilities (flushing and blowdown system,

CO2 compression, etc.)

Heat and material balances, flowschemes, equipment design, and utility estimates 
were developed for all the onsite sections.

Design information packages for these sections were released to 
cost estimating. These packages included equipment lists, specifications of 
individual equipment pieces and flow diagrams. The design information 
reflects the effect of end-of-run operating conditions in solvent hydrogenation. 
The utility requirements were used in developing the offsite design basis.

Descriptions of these facilities have appeared in previous 
reports (refer to FE-2893-17, FE-2893-21, FE-2893-25 and FE-2893-29).
Remaining efforts center on completing final documentation of the onsite 
designs. Final documentation will appear at a later date as an interim 
report covering the complete Illinois Coal Study Design Update effort.
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1.3 FLEXICOKING Unit - Design Sensitivity Cases for The
Illinois Coal Base Case 

During and following the design of the FLEXICOKING units for the 
EDS Study Design Update - Illinois Coal Base Case, a number of process 
uncertainties and potential improvements were identified. In order to 
assess the impact of design assumptions and the incentive for process 
optimization, design sensitivity cases were prepared and cost estimated.

The results of some of these sentivities follow:

• The original coke handling facilities design was overly conservative.
The design was completed without complete awareness of the cost impact 
on the FLEXICOKING unit. Facilities included several days onsite 
storage of purge coke in pressure vessels and a startup coke silo for 
each of the three FLEXICOKING units.

Recent reviews of the coke handling facilities resulted in a more 
realistic design for these facilities. The new design introduces 
common silos for the three FLEXICOKING units. The reduction in the 
number and size of the coke silos has produced potential savings of 
about 10% on total FLEXICOKING investment.

• There is a significant cost incentive to reduce the steam rate to the 
FLEXICOKING reactors. The Study Design Update incorporated a steam 
rate of 25% steam-on-feed based upon Continuous Stirred Coking Unit 
(CSCU) data.

A sensitivity case has demonstrated potential saving of 3% on FLEXICOKING 
investment if consumption could be lowered to 15% without significant 
effect on yields. Future CSCU runs will be made at lower steam rates 
to identify yield effects. The savings are due to a smaller reactor, 
fractionator and overhead condenser. Possible cost reductions in the 
boiler and steam distribution system have not been accounted for. •

• A lower entrainment rate from the gasifier, in line with observations 
on petroleum feedstocks, could allow savings of about 2% by allowing a 
smaller gasifier vessel. However, the Integrated Coker Gasifier (IKG) 
and other pilot unit operations have indicated that entrainment levels 
may be higher with coal based feedstocks. If this observation holds 
for commercial units, a larger vessel diameter may be necessary to 
maintain coke inventory. The FLEXICOKING investment would increase by 
up to 4% due to increased gasifier size. Operation of the FLEXICOKING 
Prototype Unit is needed to define the entrainment rate and gasifier 
size.
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• The original basis for the Study Design Update provided 15 days storage 
of excess vacuum bottoms produced during an unscheduled FLEXICOKING 
outage. In addition, surge storage capacity equivalent to 10 days feed 
to one FLEXICOKING unit was also provided. Total storage required 12 
tanks (each 75 feet in diameter).

The present basis provides only 15 days of excess vacuum bottoms 
storage in 5 tanks. As discussed in the October-December, 1978 
Quarterly (FE-2893-25) surge capacity was believed unnecessary.
The savings in eliminating the 10 days of surge capacity has been 
estimated at 5% of FLEXICOKING investment.

• The Illinois Coal Base Case Study Design Update provides three stages 
of hydroclones for solids removal from scrubber liquids. A higher 
scrubber liquids viscosity, increased solids loading or more stringent 
fuel oil particulate emissions specification may require the use of 
five stages of hydroclones. The additional two stages, with associated 
pumping and piping, would require an additional 0.5% investment.

• During the vacuum bottoms runoff operation, coke is purged from FLEXI­
COKING with a high carbon content due to reduced gasification level.
In the Study Design Update, this coke is sent to offsites for disposal. 
Providing offsite storage facilities for this coke with two concrete 
silos (80' diameter) could enable recovery of some of this carbon 
during a later turndown period. These storage facilities would 
require another 2% of FLEXICOKING investment. An assessment is underway 
to determine whether the improvement in thermal efficiency justifies 
the incremental investment for these storage facilities.
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1.4 Fuel System Study - Illinois Coal Base Case

A study was carried out to determine the basis for the fuel system 
in the Illinois Coal Base Case of the EDS Study Design Update. The study 
considered variations in plant fuel requirements and fuel availability which 
result from various plant operations. The results of this study defined the 
basis to be used in designing a safe, operable fuel system for the plant. 
Full documentation of this study was reported in previous Quarterly Reports 
(refer to FE-2893-21 and FE-2893-25).

The plant utilizes 3 different fuels, as follows:

• Low Btu gas (LBG) produced by the FLEXICOKING units for all onsite 
requirements and in the offsite boilers

• Vaporized C3 LPG used as auxiliary and backup fuel in the onsite 
facilities

• Coal in the offsite boilers

For environmental considerations, any excess LBG produced may be flared/ 
vented only during emergencies. This restriction requires that enough 
boiler capacity be available at all times to consume the LBG produced but 
not utilized in the onsite facilities. Otherwise process changes must be 
made to reduce the excess LBG production to a manageable level. However, a 
minimum amount of LBG must always be used in the offsite boilers to accom­
modate the short-term variability in the LBG supply/demands. As a result of 
the various modes of operation of the plant, the inherent short-term and 
longer-term variability in both the fuel supply and demand, and the restrict 
ions on flaring/venting of the fuel, the fuel system of the plant is complex

Tests with LBG have indicated that no supplementary fuel is 
required to maintain combustion. However, safety concerns require that a 
system be provided to protect a furnace in case of flameout. Three systems 
were evaluated, and it was concluded that providing LBG pilots is the 
preferred method for the Study Design Update. Flame scanners provide a 
fallback.
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1.5 Offsite Design Basis - Illinois Coal Base Case

The Offsite Design Basis for the Illinois Coal Base Case of EDS 
Commercial Plant Study Design Update was completed. The offsite facilities 
include all utilities, the fuel system, product and intermediate stream 
storage facilities, product shipping, coal transportation and preparation, 
wastewater treating, waste disposal facilities, and facilities for personnel 
protection and safe operation of the plant. In keeping with the philosophy 
used for all onsite units, the offsite facilities were to avoid major 
step-outs in technology in peripheral areas. As in the onsite units, a 
two-train concept was to be used, as necessary, to ensure that a complete 
plant shutdown is not required for scheduled turnarounds.

The Offsite Design Basis, including the basis for the safety 
system will be issued as an interim report during the 3rd quarter of 1979. 
The Offsite Design Basis has also been covered in more detail in previous 
reports (refer to FE-2893-21 and FE-2893-25).

1.6 Offsites Design - Illinois Coal Base Case

The offsite design for the Illinois Coal Base Case of the EDS 
Study Design Update was completed. The offsite facilities include the 
following:

• Coal Storage and Handling

• Utilities

+ Raw Water/Boiler Feedwater Treating 
+ Steam Generation and Distribution 
+ Plant Fuel System 
+ Cooling Water System 
+ Inert Gas/N2 Systems 
+ Compressed Air System 
+ Electric Power Distribution

• Tankage, Interconnecting Lines and Product Shipping

• Chemical Storage and Handling 

© Waste Solids Handling

• Wastewater Treating

• Safety and Fire Protection

• Miscellaneous (Buildings, Communications, Rail Facilities, etc.)
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Design information for these facilities were released to cost estimating.
The design information for each of the offsite sections reflects the most 
restrictive operating mode of the plant.

Descriptions of most of these facilities have appeared in previous 
reports (refer to FE-2893-25 and FE-2893-29). Final documentation is 
underway, and will be included in the Illinois Coal Study Design Update 
interim report.

1.7 Critical Issues and Assumptions - Illinois Coal Base Case

Work has begun toward compiling a list of critical issues and 
assumptions for the SDU Base Case. Sensitivity of the plant economics to 
these issues and assumptions will be determined. In general, this list will 
contain basis items which were assumed or which were a result of previous 
screening studies. The intention is to re-examine these bases in view of 
the updated plant costs.

Present efforts have concentrated on compiling the list while some 
work has been started in evaluating the issues and assumptions.
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1.8 Plant Thermal Efficiency - Illinois Coal Base Case

Thermal efficiency was calculated for the Illinois Coal Base Case
of the EDS Study Design Update (SDU). An overall plant thermal efficiency 
was determined by combining individual efficiencies for six modes of plant 
operation, each at start-of-run and end-of-run conditions. The individual 
efficiencies were based on the higher heating values for all feed, product, 
byproduct, and waste streams and with electric power valued at 8,500 Btu/Kw- 
Hr. Additionally, stream day and calendar day product rates for the overall 
plant operation were calculated on a weight,, heat, and volume basis.

An overall thermal efficiency of 56% resulted for the Illinois Coal 
Base Case SDU. The total C3 liquid product rate was 55,380 B/CD or 51,260 
FOEB/CD (one FOEB equals 6.415 MBtu)s considering all the modes of operation. 
The higher heating value of the total 05! liquid products was 19,960 Btu/lb 
compared to a value of 18,340 Btu/lb in the 1975/76 Study Design. This 
increase in heating value reflected the higher hydrogen consumption for the 
update effort which appears in the liquid products and upgrades their value.
The weight recovery of C5+ liquid products for the update effort is 40.53 
lb/100 dry coal versus 42.93 lb/100 dry coal for the 1975/76 Study Design.
When this yield debit was combined with the heating value credit, the C5+ 
liquid product recovery for the update design (expressed as Btu/100 Btu dry 
coal feed) was essentially equivalent to that for the 1975/76 Study Design.

The plant capacity factor, expressed as the ratio of calendar day 
process coal feed to normal stream day process coal feed, is 86.8%. Similarly, 
a product recovery factor can be developed which shows that the calendar day 
weight recovery of C3+ liquid products is 85.3% of the normal stream day 
recovery. The differences between these factors reflects the consumption 
during FLEXICOKING unit outages and during startups.

Several factors contribute to the lower efficiency for the SDU 
when compared to the 1975/76 Study Design. Electric power consumption has 
increased in the offsite area, reflecting the increased facility definition, 
and in the hydrogen generation and recovery area, reflecting the 20% increase 
in hydrogen demand. The FLEXICOKING unit air blowers are now steam driven, 
resulting in a savings in electric power but increasing the need for offsite 
steam production and coal feed to the offsite boilers. Recovery of C3 LPG 
as a product is decreased, reflecting consumption of C3 as steam reformer 
feed lo meet the increased hydrogen demand and consumption as backup fuel 
in the steam reformer furnaces during periods of FLEXICOKING outages 
and 'Startups. Recovery of C/t LPG is also decreased, mainly reflecting 

ver yields from liquefaction and solvent hydrogenation.

Consideration of the effects of various modes of operation 
a lowers the thermal efficiency. For example, operations at end-of-run 
conditions result in a 2.2% efficiency debit over start-of-run conditions.

■e, v’*
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On a yearly basis this efficiency debit is 1.1%. In addition, the effect of 
the FLEXICOKING outage operation in conjunction with the vacuum bottoms 
runoff modes causes an 0.87% efficiency debit on a yearly basis. Design 
changes to minimize these debits and other debits attributable to other 
operational effects will be areas of possible future economic studies.

In addition to the thermal efficiency calculations, an energy 
balance identifying plant thermal losses for normal start-of-run operation 
was completed. The balance indicates rates of heat lost to air fins, 
cooling water, flue gas, etc. and identifies areas where potentially 
recoverable heat (streams with a temperature >250°F) exists. Areas with 
the largest potential for heat recovery will be considered in future designs 
for process efficiency improvements.

Final Documentation of the plant's thermal efficiency and thermal 
losses will appear in the Illinois Coal Study Design Update interim report.
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1.9 Air Pollution Impact - Illinois Coal Base Case

The air pollution impact of the Illinois Base Case of the EDS 
Study Design Update (SDU) has been assessed for a representative Southwest 
Illinois location. An earlier assessment of the air quality impact of an 
EDS plant was based on the 1975/1976 EDS study. Three major changes in the 
EDS process occurred since this earlier assessment:

• an increase in coal feed rate from 24 to 30 k tons/day;

e a switch from a fuel combination of low Btu gas (LBG) and LSFO to a 
combination of LBG and coal for the offsite steam boilers; and,

• a reduction in the sulfur content of the LBG from 310 to 83 vppm.

Additionally, estimates have been made of fugitive dust emissions from the 
coal storage piles based on recently-developed emission factors. Also 
included were estimates of 24 hour average ground level concentrations of 
SO2 downstream of the plant using the prevailing wind direction and 
meteorological conditions for a typical southwestern Illinois location.

Only the facilities needed to process the coal from the point of 
coal receipt to product storage and solid waste disposal have been considered 
here. The atmospheric impact of coal mining, coal preparation at the mine, 
and coal transport from the mine to the EDS plant site have not been considered. 
Also, the impact of emissions on in-plant workers' environment and emissions 
associated with the use of the coal liquefaction products have not been 
considered.

Results of this evaluation indicate that the emission rates for 
all the criteria pollutants significantly exceed 100 tons/ year which is the 
threshold to be defined as a major source. Off-setting reductions in 
emissions from other sources would be required to locate an EDS plant in 
areas classified as in nonattainment of National Air Quality Standards.
This essentially excludes construction of an EDS plant in a nonattainment 
area. An EDS plant could be located in a Class II attainment area having 
meteorological conditions typical of southern Illinois. A conservative 
buffer zone of 10 miles between the plant and Class I areas (national parks) 
would ensure that Class I Prevention of Significant Deterioration (PSD) 
Increments would not be exceeded. The impact of the EDS plant relative to 
PSD requirements must be determined by air dispersion modeling after a 
specific plant location has been selected.

Full documentation of this study will appear in the Illinois Coal 
Study Design Update interim report.

V

167



1.10 Cost Estimate - Illinois Coal Base Case

f

The capital cost for the Illinois Coal Base Case of the EDS Study 
Design Update has been estimated at 4780M$. The cost is for a Western 
Illinois location and includes escalation consistent with a 3Q87 mechanical 
completion of the first train and 3Q88 mechanical completion of the second 
train. The 1975/76 EDS Study Design cost estimate was based on a 1Q85 
mechanical completion. Adjusting the current Illinois Coal Base Case estimate 
to a 1Q85/1Q86 (Train 1/Train 2) mechanical completion basis, results in a 
4035M$ capital cost.

The above costs include a 25% project contingency and an average 
process development allowance of 8.1%. The project contingency is a histori­
cally based allowance required to give an equal probability of underrun/overrun 
for an estimate of this quality. The contingency is intended to cover process 
design and estimating developments that typically occur as a project develops. 
The contingency does not cover changes in the project scope or basis. The 
process development allowance is to compensate for a historically demonstrated 
increase in cost estimates for new technology as the technology is developed. 
The amount of the allowance depends on the stage of development and was 
determined on a section by section basis.

The capital costs presented above exclude the site specific and 
expensed items that are listed below. However, these costs have been 
incorporated in the overall project economic analysis.

• Mine and mine development costs.

• Land (1450 acres)

• Product pipelines outside the plant battery limits.

• All costs of early planning and feasibility studies by 
ER&E or owner. •

• All right-of-way costs associated with the pipelines and 
conveyors.

• External power generation plant.

• Owner's non-recurring expenditures.

Table 1-1 presents a breakdown of the Total Erected Cost (TEC) by 
major plant sections for both the 1975/76 Study Design and the current 
Illinois Coal Base Case. Table 1-2 presents the development of the total 
erected cost for the Base Case from the 4Q78 direct costs at location.
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Table 1.3 presents a reconciliation of the current Base Case to the 1975/76 
Study Design. This reconciliation shows that the current estimate is 220% 
of the 1975/76 Study Design. This increase reflects, a general increase in 
Illinois construction productivity, the use of a limited site agreement and 
the cost increase (labor burden) incurred in going from an Eastern (in the 
1975/76 Study Design) to a Western Illinois location. New estimating 
methods for large job field labor overheads resulted in an 11% increase.
Scope changes caused an additional increase of 51% in the plant cost. The 
most significant scope change was the 25% increase in coal feed rate to 
liquefaction, which added 19% to the cost. Design and estimating developments 
added a further 43%. Finally, changing the mechanical completion of the 
plant from 1Q85 to 3Q88 has also added 13% in escalation.

Final documentation of the Illinois Coal Base Case investment will 
appear in the Illinois Coal Study Design Update interim report.

KJ'
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TABLE 1-1

EDS STUDY DESIGN UPDATE 
ILLINOIS COAL BASE CASE 

ESTIMATED BREAKDOWN BY SECTION 
TOTAL ERECTED COST, k$

75/76(1)

Study Design EDS/SDU

Onsites

100 - Liquefaction 510,550 672,400
100A - Flushing & Blowdown - 22,600
150 - Product Distillation 51,510 79,300
200 - Solvent Hydrogenation 139,560 204,600
250 - Solvent Fractionation 12,370 15,200
300 - FLEXICOKING 370,910 825,500
400 - Cryogenic, H2 Recovery 64,000 113,300
400A - CO2 Compression - 6,300
425 - H2 Generation, Compression 375,280 650,400
500 - Gas & Water Treating 91,370 157,700
600 - Light Ends Recovery 16,000 23,500

Common Facilities 50,590 379,200

Total iOnsites 1,682,140 3,150,000

Offsites
I Coal Handling 45,850 131,800
I LA - Raw Water/BFW Treating 18,700 120,900
IIB - Steam Generation & Distribution 32,700 306,600
IIC - Fuel System 3,180 56,100
IID - Cooling Water 11,000 43,800
HE - Inert Gas - 17,300
HE - Compressed Air 3,100 8,300
IIC - Electrical Power 130,700 148,200
III - Tankage, l/C Lines, Shipping 62,210 236,100
IV Chemical Storage & Handling 3,200 9,400
V Waste Solids Handling 42,800 192,500
VI Wastewater Treating 58,700 190,500
VII - Safety & Fire Protection 20,400 71,600
VIII - Miscellaneous 47,360 78,900
IX Layout & Site Prep. 8,000 18,000

Total Offsites 487,900 1,630,000

Total 2,170,040 4,780,000

NOTES:

(2)

(1) Includes escalation for a 1085 mechanical completion.
(2) Includes escalation for a 3Q87/3Q88 (Train 1/Train 2) mechanical completion.
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TABLE 1-2

EDS STUDY DESIGN UDPATE 
ILLINOIS COAL BASE CASE 

ESTIMATE SUMMARY

WESTERN ILLINOIS (M$) 
MATERIAL LABOR S/C TOTAL

DIRECT COSTS

• Onsites 598 187 233 1,018
• Offsites 168 113 240 521

SUBTOTAL 766 300 473 1,539

INDIRECT COSTS

• Field Labor Overheads 332
• Burden 177
• Contractor's Engineering 104
• Engineering & Erection Fee 59
• Loss on Surplus, Insurance, 

and Vendor Reps. 23

SUBTOTAL 2,234

OTHER COSTS

• ER&E Charges 60
• Escalation (4Q78 to 3Q88 M.C.) 1,295
• Project Contingency (25%) 898
• Process Development Allowance 293

TOTAL ERECTED COST "MC 3Q88" 4,780 M$
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TABLE 1-3

EDS STUDY DESIGN UPDATE 
ILLINOIS COAL BASE CASE 
ESTIMATE RECONCILIATION

STUDY DESIGN

TEC M$ % 75/76

• 15/16 Estimate, 1Q85 M.C., Rep, U.S. 2,170 100
• Economic Basis Changes, 1Q85 W. Illinois - -
m Indirect Cost Method Changes 230 11

REVISED SD, 1Q85 M.C., W. Illinois 2,400 111

STUDY DESIGN UPDATE

• Scope Changes

+ 25% Increase In Coal Feed 410 19
+ Add New Process Sections 90 4
+ Add Coal and Water Delivery Systems 140 6
+ Other 480 22

• Design Developments 590 27
• Design/Estimating Developments 240 11
• Estimating Developments 110 5
• Job Size Impact On Indirects 170 8
• Added Escalation to 3Q88 M.C. (1st Train 3Q87) 280 13
• Change In Process Development Allowance (70) (3)
• Reconciliation Net-by-Difference (60) (3)

TOTAL SDU 3Q88 M.C., W. ILLINOIS 4,780 220
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1.11 Preliminary Economics - Illinois Coal Base Case

Preliminary economics for the Illinois Coal Study Design Update 
Base Case and estimates of the Market Sensitivity Case have been completed. 
The economics were developed for both third quarter 1987 startup (SDU Basis) 
and first quarter 1985 startup (for comparison with the 1975/76 Study 
Design). The total erected cost (TEC) for a plant with the Base Case 
configuration (once-through FLEXICOKING/steam reforming) is estimated to be 
3050 M$ (instant plant, 4Q 1978$) including an 8.1% process development al­
lowance (PDA) and 25% project contingency. The estimated project cost for 
a IQ 1985 startup is 4035 M$, and 4780 M$ for a 3Q 1987 startup. Based on 
Process Alternatives Model (PAM) screening studies, the Market Sensitivity 
Case (once-through FLEXICOKING/partial oxidation) is currently assumed to 
be nominally 5% less than the Base Case, or 4540 M$ for 3Q87 startup and 
3830 M$ for 1Q85 startup. The actual investment estimate for the Market 
Sensitivity Case will be available later this year.

Economic Basis Set from Public Sources

Table 1-4 presents the final economic basis for the Study Design 
Update as presented to the Overall EDS Advisory Subcommittee in early June. 
These bases do not represent a forecast by Exxon Corporation or any of its 
affiliates. The economic factors were selected from public sources as a 
reasonable basis for reference cost calculations of EDS coal liquids. Major 
basis items include a 30/31 year project life (due to one-year staging of 
the construction of the two trains), 48% tax rate, 100% equity financing, 13 
year sum-of-the years-digit depreciation, and a 20% investment tax credit 
taken in the year of expenditure. Production, investment expenditure, and 
startup expense schedules all reflect the staged startup.

The required initial selling price (RISP) for coal liquids is 
calculated using a current dollar cash flow analysis. For this analysis, 
product values are assumed to escalate at 9% per year for the first half of 
the project life and at 7 1/2% per year thereafter. Coal and operating 
costs are assumed to escalate at 6% per year. Sensitivities will be performed 
on major basis items.

Table 1-5 presents the major economic bases differences between 
uhe Study Design Update and the 1975/1976 Study Design. The major differences 
include raising the investment tax credit from 7% to 20%, increasing the 
product value escalation rate from 6% to 9/7.5% per year and the coal/operating 
cost escalation rates from 5% to 6% per year, and lengthening the project 
life from 25 to a staged 30/31 years.
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TABLE 1-4

EDS COMMERCIAL PLANT STUDY DESIGN UPDATE 

ILLINOIS COAL BASE CASE - ECONOMIC BASES

Project Factors General Bases Basis Comments

• Startup Year 3Q 1987 First train startup.

• Project Life 31/30 years

• Capacity Factor Coal Feed Rate & Annual production/(Normal stream day produc-
Product Recovery tion x365).

• Construction Factors

- No. of Trains Two

- Staging One Year Second train to startup one year after first 
train, 3Q 1988.

- Plant Location Western Illinois

- Labor Market See comments Impact of St. Louis labor union effects, 
closed shop, field labor overhead, productivity

- Large Job Effect See comments has been developed by ER&E and is included 
in the project cost estimate.

Capital Expenditures •

• Land

- Lead time for expenditures 7 years
for land acquisition prior
to mechanical completion.

- Land Cost for plant site

+ 3Q 1978, $/Acre 2500



TABLE 1-4 (Cont'd)

+ Escalation to year of
purchase, % 8

- Pipeline (Water) Right of
Way Cost

+ 3Q 1978, $/Mile 26400

+ Escalation to year of
purchase, % 8

- Conveyor Right of Way Cost

+ 3Q 1978, $/Mile 42200

+ Escalation to year of
purchase 8

Capital ExpenJi^i,contj_d)_ Basis

• Plant Investment Expenditure 
Schedule

- Years from Mechanical Com- % of TEC
pletion (1)

-4 4.5
-3 9.5
-2 18.5
-1 25.0

0 23.5
+1 14.5
+2 4.5

• Investment Escalation

- 3Q 1978 to 3Q 1987 7

- After 3Q 1987 7

• Working Capital, % TEC 4.5

Comments

Taken in year 1. Recovered in year 31. Es­
timated from components making up working 
capital.

MffT'gT (T) Mechanical Completion/Startup at end of year 0 for first train. Mechanical Completion/Startup 
at end of year 1 for second train. Production begins in year 1 for first train.
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TABLE 1-4 (Cont'd)

Basis Comments

Non Recurring Expenditures,
% TEC (in year of expenditure) 4.5

• Expense Schedule, years from
Mechanical Completion (1) % of Non-Recurring Expense • Startup Costs

-1 5
0 15

+1 45
+2 35

Cost of labor (contractor, subcontractor 
or affiliate loan) for owner-supervised 
pre-startup operations.

- Loan startup personnel - salaries, wages, 
benefits, travel, moving, resettlement, etc.

- Startup consumables
• Preoperating Personnel Costs
• Construction Period Costs
• Licensing Fees (excluding EDS and FLEXICOKING)
• Miscellaneous Others - Property tax prior to 

startup

Plant Production Schedule

• Years from Mechanical 
Completion (1)

0
+1
+2
+3

% of Yearly Capacity

0
25
81.25

100.0

Taxec

• Income Taxes 48% of Gross Profit Federal - 46%, State and Local - 4%, but re-
.duces to about 2% when considering Federal 
Income Taxes.

Notes; (1) Mechanical Completion/Startup at end of year 0 for first train. Mechanical Completion/Startup 
at end of year 1 for second train. Production begins in year 1 for first train.
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TABLE 1-4 (Cont’d)

Taxes (cont'd) Basis Comments

• Investment Tax Credit 20%‘ In year of expenditure.

• Depreciation

- Method Sum of Years Digits (SYD)

- Life 13 years

• Property Tax Prior to
Startup

1.7% of Land Cost & Included in Non Recurring Expenditures
Improvements

Grants and Incentives ER&E will evaluate a number of possible 
alternatives.

Financial Factors

• Rate of Return 15% DCF (current Assumed Cost of Capital. Alternative methods
dollars). of financing to be considered.

• Rate of General Inflation 6%/yr Pertains to salaries, chemicals, utilities, etc.

Cleaned Coal Cost,
$/ST FOB Mine

• Present cost 3Q 1978 22 Levels selected as basis from range of data avail­
able in public or literature source(s). Sensitivi

• Escalation rate to 3Q 1987 6 ties will be examined. In 1975/76 Study Design
5%/yr escalation was assumed.

• Escalation rate after 1987 6

Byproduct Values

• Byproducts, 3Q 1978 Level selected as basis from data available in 
public or literature(s). Sensitivities will be

- Sulfur

- Ammonia, Anhydrous

51 $/LT examined.

157 $/ST- Ammonia, Anhydrous
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TABLE 1-4 (Cont'd)

• Escalation rate to 3Q 1987

• Escalation rate after 3Q87

• Escalation rate after 3Q2002

Byproduct Values (cont’d)

5-6%/yr, NH3 9%/yr

S-6%/yr, NH3 9%/yr

S-6.%/yr, NH3 7 1/2%/yr

Basis Comments

Operating Costs (Excluding 
Manning Costs) •

• Catalysts and Chemicals

- Amount of each catalyst 
and chemical

Available List will be issued with documentation.

- Present cost of each 3Q 1978

- Escalation of each 3Q 1978

$12 M/yr

to 3Q 1987

- Escalation of each after

6%/yr

3Q 1987

Utilities

6%/yr

- Purchased power Level selected as basis from data available 
in public or literature(s). Sensitivities

+ Present cost. 3Q 1978 ,
<?/kWhr

3 will be examined.

+ Escalation rate 3Q 1978
to 1987 6%/yr

+ Escalation rate thereafter 6%/yr
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TABLE 1-4 (Cont'd)

A
/*

Operating Costs (Excluding
Manning Costs) Basis Comments

• Investment Related Costs,
% of TEC 3Q 1978

- Repair Material 2.1%/yr

+ Escalation rate after
3Q 1987 6%/yr

- Local Taxes 1.7%/yr

+ Escalation rate after
3Q 1987 6%/yr

• Insurance, % of Investment 0,04% Limits - Deductible 2% of plant value. Upper
limit of 20% of plant value.

- Escalation rate after
3Q 1987 6%/yr

Personnel Costs

• Salaries and Related Costs Level selected as basis from range of data 
available from public or literature references.

- Present costs, 3Q 1978 Sensitivites will be studied.

+ Wage Earner, $/man-year 20,000

+ Salaried Personnel, 
$/man-year 27,000

+ Benefits, % of Salaries 
& Wages 32 1/2

+ Overhead, supplies, etc.
% of salaries and wages 20

- Escalation of each 3Q 1978 
to 1987 6%/yr

- Escalation of each thereafter 6%/yr



TABLE 1-4 (Cont'd)

• Operating and Maintenance 
Personnel Requirements

Personnel Costs (cont'd) Comments

Wage

Management
Professional
Technical

Contract
Maintenance

Process 287 47
Mechanical 699 106
Administrative 85 116

Total 1071 269 317

Based on most recent analysis.

Total = 1657

Pre-Operating Personnel Costs Included in Non-Recurring Expense.
ooo
! • Salary, Wages, Benefits of

Staff

- Project Coordination

- Design/Project Services

- Permanent Manning

• Employee/Public Relation Cost

• Training

• Manpower/Services Burden

Construction Period Costs Included in Non Recurring Expense. * •

• Temporary Rentals

• Owner's Office Operating Costs

• Services, Fees and Travel
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TABLE 1-4 (Cont'd)

i

l

Petroleum Product Values Basis

• Present Cost Lt Arab crude
3Q 1978 (2) $14.50

- Gasoline

- Distillate ?

- LSFO ?

• Escalation 3Q 1978 to 3Q 1987 9

• Escalation after 3Q 1987 9

• Escalation after 3Q 2002 7-1/2

• Cost of Transportation to 
Illinois

- 1978 ?

- Escalation to 3Q 1987 7

- Escalation after 3Q 1987 7

Comments

Crude price from National Energy Policy II 
used as bases.

Will be developed later for SDU,

Escalation from Medium Case in National 
Energy Policy II used with some adjust­
ment to smooth out escalation, and allow 
further escalation after 2002 at lower rate.

To be developed.

Note: (2) U. S. Gulf Coast
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TABLE 1-5

EDS COMMERCIAL PLANT STUDY DESIGN UPDATE 
ILLINOIS COAL BASE CASE - PRELIMINARY ECONOMICS

MAJOR ECONOMIC DIFFERENCES: 75/76 SD VERSUS SDU BASIS

Selected Basis Parameter

• Investment Tax Credit, %

• Product Value Escalation Rate, %

• Op Cost/Coal Escalation Rate, %

• Differential Escalation Rate 
(Product Value-Coal), %

• Project Life, years

• Plant Startup

• DCF Return, Current $, %

1975/1976 
Study Design

7

6

5

1

25

1Q85

15

SDU
Economic Basis

20

9/7.5

6

3/1.5

30/31

3Q87/88

15

Current SDU 
Sensitivities d)

10

0-5

1Q85/86

Note: (1) Sensitivities examined to date. Additional sensitivities to be developed.



Cost of Coal Liquids

Figure 1-1 shows the effects of product value escalation on RISP 
for EDS coal liquids. RISP is plotted versus effective annual differential 
escalation, or the difference between the product value escalation rate and 
the coal/operating costs escalation rate. The coal/operating cost escalation 
rate is assumed to be 6% per year. RISP's are in 1985$ and assume 15% 
current $ DCF return. When the differential escalation rate varies from 0% 
to 5%, RISP ranges from about 61 $/B in the Base Case and an estimated 49 $/B 
in the Market Sensitivity Case to 36 $/B and 29 $/B respectively. In the 
Market Sensitivity Case, C2- gas is priced in Btu parity with the C3+ 
liquids.

The effective annual differential escalation rate corresponding to 
the SDU economic base of 3/1.5% is represented on Figure 1-1 by a weighted 
average value of 2.7%. For that scenario, the required initial selling price 
of coal liquids for the 1Q85 plant startup is 46.85 $/B (1985$) for the Base 
Case and estimated to be 37.25 $/B (1985$), for the Market Sensitivity Case.
The corresponding RISP's in 1987$ for a 3Q87 plant startup are about 17% 
higher than for 1Q85 startup.

Table 1-6 is a 1985$ comparison of the SDU Base Case and the 
estimated Market Sensitivity Case versus the 1975/76 Study Design. The SDU 
cases are those described above and reflect 3%/1.5% product value escalation 
over coal (at 6% escalation per year). The 1975/76 Study Design assumed 6% 
product escalation and coal/operating costs at 5% escalation per year (or a 
1% differential). Shown is the impact of various costs, such as coal and 
capital charges, on the RISP. Also included in this table are sensitivities 
which show the effect on RISP of excluding Process Development Allowance 
(PDA) and project contingency in the total erected cost and also reducing 
the investment tax credit from 20% to 10%.

Table 1-7 presents a preliminary economic reconciliation.
Starting with the 1975/76 Study Design the cumulative effect in RISP of each 
major difference to the new Study Design Update is shown in $/B. The 1975/76 
Study Design (41 $/B, 1985$) is adjusted first to the SDU Base Case and then 
to the estimated Market Sensitivity Case. The largest effects on RISP are 
the increased investment (2170 M$ for the 1975/1976 Study Design to 4035 M$ in the 
SDU Base Case) and the new economic bases (including the 3/1.5% product 
value differential escalation versus coal).
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Figure 1-1 r^

EDS COMMERCIAL PLANT STUDY DESIGN UPDATE 
PRELIMINARY ECONOMICS

EFFECT OF PRODUCT ESCALATION ON RISP FOR EDS COAL LIQUIDS

Basis

• 1985$
• 15% Current $ DCF Return
• Coal And Other Operating Costs

EFFECTIVE ANNUAL DIFFERENTIAL ESCALATION (PRODUCT VALUE-COAL), %

184
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TABLE 1-6

EDS COMMERCIAL PLANT STUDY DESIGN UPDATE 
ECONOMIC COMPARISON OF SDU BASE CASE AND MARKET SENSITIVITY 

VERSUS 1975/1976 STUDY DESIGN

i

i

Investment, M$ ^
10^2 Btu/yr Product 
MB/yr C3+ Product
Effective A Escalation Rate (Product Value-Coal)' '

1975/1976 SDU SDU Market
Study Design Base Case Sensitivity

2170 4030 3830<2)
96 120 144

17.5 20.2 20.7
1% 2.7% 2.7%

Costs, 1985$ M$/yr $/MBtu M$/yr $/MBtu M$/yr $/MBtu

Coal 195 2.02 316 2.63 335 2.32
Byproducts

Sulfur (16) (0.17) (22) (0.18) (23) (0.16)
Ammonia (8) (0.09) (18) (0.15) (ID (0.08)

Utilities
Power 42 0.45 85 0.71 73 0.51
Water 1 0.01 - - - -

Catalyst/Chemicals/Waste Disposal 9 0.09 23 0.19 22 0.15
Salaries & Related Costs 47 0.48 82 0.68 82 0.57
Inv. Related Op. Costs 72 0.74 155 1.29 147 1.02
Capital Charges (15% Current$ DCF Return) 374 3.87 326 2.73 303 2.07

Total 716 947 928
RISP, $/MBtu 7.40 7.90 6.40

$/B C3+ Product 40.91 46.85 37.25

Sensitivities

- Without PDA or Contingency
$/MBtu 6.05 6.65 5.45
$/B C3+ Product 33.50 39.50 31.55

- 10% Inv. Tax Credit
$/MBtu - 8.45 6.90
$/B C3+ Product - 50.30 39.90

Notes:

(1) Investment for 1Q85 plant startup obtained by deflating investment 
for 3Q87 plant startup (4780 M$/yr) by 7%/yr. RISP (1987$) for 3Q87 
plant startup about 17% higher than for 1085 startup.

(2) Preliminary - based on PAM screening studies investment for Market 
Sensitivity Case is estimated as 5% less than corresponding Base Case.

(3) 1975/1976 Study Design Basis: 6% product escalation; coal/operating 
costs at 5% escalation per year. SDU Economic Basis of 3%/1.5% 
product value escalation delta over coal (with 6% escalation per year). 4

(4) Includes C2- gas sold in Btu parity with C3+ liquids.
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TABLE 1-7

EDS COMMERCIAL PLANT STUDY DESIGN UPDATE
ILLINOIS COAL BA^E CASE

preliminary reconciliation OF ECONOMICS

$/Bbl 
C„+. 1985

Investment
M$

c3+
MB/vr Comment s

1975/1976 EDS Study Design

3—’---------

41 2170 17.46 1975/76 Study Design Basis

Adiust 75/76 SD to SDU Base Case

Updated forecast coal/power/manning +3 2170 17.46 Increased unit costs of coal, power & manning

Increased investment +23 4030 17.46

+ Larger plant size +4 25% increase in coal thruput

+ Updated Cost Est. Methods & 
Proj. Mgmt. Effects 46 Large job size effect, Western Illinois location, etc.

+ Scope/Basis Changes +7 Increased tankage, liqn. residence time, 3 FXC, etc.

+ Process/Design Changes +6 Increased wastewater treating, system steam pressure, '-tc

Larger Plant Size/Op Costs +7 4030 17.46 Increased coal rate, power, manning for larger SDU plant.

New economic basis (20) 4030 17.46 , 20% ITC, 3/1.5% differential escalation, staging, etc.

SDU Yields on SDU plant size _CZ1

47

4030 20.21 SDU product rate.

Adiust to SDU Market Sensitivity Case

Reduced Investment (1) 3830 20.21 5% estimated lower TEC based on PAM screening studies.

Op cost effects ~ 0 3830 20.21 Reflects increased coal requirement, lower power, etc.

Increased yield effect 121
37

3830 20.69 Includes C * gas sales In Btu parity with C^+ liquid?



EDS Study Design Update - Illinois
Coal Market Flexibility Sensitivity Case

1.12 Onsite Design Basis - Illinois Coal Market Flexibility 
Sensitivity Case

The onsite design basis for the Illinois Coal Market Flexibility 
Sensitivity Case was completed. This case is a sensitivity to the Illinois 
Base Case. The sensitivity case produces hydrogen by partial oxidation of 
vacuum bottoms instead of steam reforming of methane, ethane and propane (as 
in the Base Case). The methane and ethane released by elimination of steam 
reforming in the sensitivity case will be sold as high Btu (HBG) gas to an 
industrial user. HBG will also be used as backup fuel (instead of C3 
LPG). Oxygen for the partial oxidation units is provided by oxygen plants 
through cryogenic fractionation of air.

Slurry drying, liquefaction, solvent hydrogenation and solvent 
fractionation sections are essentially the same as in the Illinois Coal Base 
Case. The liquefaction product distillation facilities are also similar to 
the Illinois Coal Base Case. The design of both atmospheric pipestills 
(APS) units have not changed from the Base Case. The vacuum pipestill (VPS) 
upstream of the FLEXICOKING units has also not changed from the Base Case 
(/V920°F cutpoint); however, the VPS upstream of the partial oxidation 
units will be designed for a 975°F cutpoint. By cutting deeper in the 
bottoms stream, liquids which would otherwise be destroyed in the partial 
oxidation units are recovered as vacuum gas oil (VGO), and sent to the fuel 
oil pool. In FLEXICOKING, most of the 920/975 FVT liquids present in its 
vacuum bottoms feed are recovered in the reactor-scrubber overhead. Several 
modifications were also made to the FLEXICOKING units. Since only about 50% 
of the vacuum bottoms are processed in FLEXICOKING, only two units are 
needed to provide sufficient fuel for all the onsites needs and maintain the 
required spillover to offsites. The recycle conversion of coker scrubber 
liquids was changed to 15%, (compared with 30% in the Base Case). This 
change was possible since plant needs for LBG fuel are not as tight as in 
the Base Case. Also, since overall scrubber liquids recovery rate is 
reduced, the solids level could be increased while maintaining the same 
quality fuel oil product from the plant.

Full documentation of the Onsites Design Basis for the Illinois 
Coal Market Flexibility Sensitivity Case will appear as an interim report.

V
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1.13 Onsites Design - Illinois Coal
Market Flexibility Sensitivity Case

Work was completed on the onsite design for the Illinois Coal 
Market Sensitivity Case. Work concentrated on designing the sections with 
major changes from the Base Case, as follows:

• Product Fractionation (section 150)

• FLEXICOKING (section 300)

• Cryogenic Hydrogen Recovery (section 400)

• Partial Oxidation, Synthesis Gas Upgrading and Hydrogen Compression 
(section 425)

• Oxygen Manufacture

Heat and material balances, flowschemes, equipment design, and utility 
estimates were developed for all these sections. The remaining sections of 
the plant required only minor modifications.

Design information packages for the section which changed were 
released to cost estimating. These packages included equipment pieces and 
flow diagrams. In addition to the sections with only minor modifications, 
cost estimating was informed of the relavent changes. All the design 
information reflects the effect of end-of-run operating conditions in 
solvent hydrogenation.

Descriptions of these facilities have appeared in previous reports 
(refer to FE-2893-29). Remaining efforts are in completing final documenta­
tion of the onsite design which will be included in the Illinois Coal Study 
Design Update interim report.
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1.14 Offsite Design Basis - Illinois Coal Market 
Flexibility Sensitivity Case

The offsite design basis for the Illinois Coal Market Flexibility 
Sensitivity Case has been completed. This case is a sensitivity case to 
evaluate the use of partial oxidation to produce H2 and sell C2- high 
Btu gas (HBG) which had been processed in steam reforming in the Base 
Case.

The offsite design of the Market Sensitivity Case will be in 
considerably less depth and detail than for the Illinois Base Case. Wherever 
possible, the Base Case design will be used to develop the offsite design 
for the Market Sensitivity Case. The offsite design effort will be concen­
trated in the following areas:

• Fuel, steam, and power systems
• Water systems
• Transport and disposal of solid wastes

A major change is that for the Sensitivity Case, the C2- HBG will be sold 
via a pipeline. HBG will serve as onsite backup fuel for the plant. HBG 
will also serve as startup and emergency fuel for the offsite area.

There will be minimum design effort (i.e., hold constant, prorate, 
or use judgement of the Base Case) on the remainder of the offsites, such as 
the following:

• Plot Plan
• Fire Protection
• Safety Facilities
• Buildings
• Coal Receipt, Storage, and Preparation
• Catalyst and Chemicals Receipt and Storage
• Waste Treatment and Disposal
• Oil Movement and Storage
• Product Shipment
• Air Compression

Full documentation of the Offsite Design Basis - Illinois Coal 
Market Flexibility Sensitivity Case will appear as an interim report.
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The design of the offsite facilities for the Illinois Coal Market 
Flexibility Sensitivity Case has been completed. The offsite design was 
carried out in considerably less depth and detail than for the Illinois Coal 
Base Case. Wherever possible, the Illinois Coal Base Case design was used 
to develop the offsite design for the Market Sensitivity Case. A description 
of some of the offsite facilities follows:

• Coal Storage and Handling

The capacity of the coal storage and handling equipment was 
increased 4% over the Base Case due to increased coal feed to the boilers. 
Equipment serving only the process area has not changed. The equipment serv­
ing only the boiler pulverizers has increased by 55% (2,280 t/d to 3,550 t/d).

• Raw Water/Boiler Feedwater Treating

The amount of raw water required in the Market Flexibility 
Sensitivity Case is 5% less than that required in the Base Case. However, 
the split between the major consumption areas has changed significantly.
The process deaerator requirements have fallen by 70%, the offsites deaerator 
demands have more than doubled, and the process consumption has fallen by 
33%. The softening, filtration, sludge dewatering, and cooling tower feed 
systems have not changed significantly.

• Steam Generation and Distribution

1.15 Offsite Design - Illinois Coal Market
Flexibility Sensitivity Cases

The offsite steam generation and distribution system for the 
Market Flexibility Sensitivity Case differs from the Base Case in that steam 
is produced only to meet the net plant requirements. Excess steam generation 
is not required in the Sensitivity Case since the spillover of LBG to 
offsites provides less than the total boiler fuel requirement. This is a 
direct result of increased process steam demands and a reduction in total 
FLEXICOKING capacity. The total offsite boiler capacity has increased 
approximately 55 percent in the Market Sensitivity Case.

Offsite steam generation is at the same level as the Base Case 
(1250 psig). The 1250 psig steam is reduced to the 600 psig and 125 psig lev­
els, where demand exists, through the use of back pressure and extract ion/back 
pressure turbines. These turbines are onsite drivers for the FLEXICOKING units 
air blowers (2), the oxygen compressors (3), and the offgas compressors (2).

• Plant Fuel System

The plant fuel system for the Market Flexibility Sensitivity Case 
is similar in concept to the Base Case. The two major differences in the 
fuel system between the cases are as follows:
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+ The amount of low Btu gas (LBG) produced in the Market Sensitivity Case 
is about 50% of the Base Case production.

+ The Market Sensitivity Case utilizes C2- high Btu gas (HBG) instead 
of C3 LPG (in the Base Case) for startup and backup fuel.

Low Btu Gas is the normal fuel for all onsite fuel consumers 
(VPS furnace, slurry furnaces, sulfur plant, solvent hydrogenation and 
product recovery). LBG is also used as boiler fuel and as pilot fuel for 
the offsite safety system flares. LBG is available at 20 psig minimum after 
cleanup. A vent stack on the main LBG header is specified to release LBG to 
the atmosphere to prevent overpressure of the LBG system during an emergency.

The fuel balance requires that varying amounts of LBG be sent to 
the offsite boilers because of varying process fuel usage and production 
during different operating modes. The LBG sent to offsite boilers is burned 
with coal to provide plant steam requirements. The coal firing rate will be 
varied to keep the boiler steam output constant as the available LBG varies.
A gas holder will smooth out the rapid fluctuations in LBG sent to the 
offsite boilers and provide response time for coal feed adjustment.

High Btu Gas plant fuel is provided as startup and backup fuel for 
the slurry furnaces, and as startup and emergency fuel for the offsite 
boilers. HBG is also used as fuel for two small offsite fuel consumers.
All HBG is available from the H2 recovery area at 60 psig for normal opera­
tion and from the industrial gas pipeline for startup and emergency.

Piping is included to use some H2 recovery offgas and purge gas 
in the offsite boilers during a H2 recovery compressor outage. In the 
Base Case, the offgas and purge gas was sent during outages to the steam 
reformers as feed. When more offgas and purge gas is produced than the 
boilers can use, the excess is sent to the safety system.

A fuel system simulation study would be required to guarantee the 
operability of the LBG/coal/HBG fuel system.

• Cooling Water System

The cooling water system for the Market Flexibility Sensitivity 
Case is similar to the Base Case system. The major changes from the Base 
Case are that the process cooling water requirement has increased to 93,000 
gpr'i and the FLEXICOKING unit air blower turbine condensate cooling has been 
eJIminated.

• Inert Gas/N? Systems

The inert gas/H2 system for the Market Flexibility Sensitivity 
Case has changed substantially from the Base Case. All inerting requirements 
for the Market Sensitivity Case are satisfied with nitrogen from the process 
area. Offsite N2 generation is not required.
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Nitrogen is available as a waste stream from the process oxygen 
plants at 1 psig. The N2 is compressed and distributed at 150 psig by 
offsite equipment.

For a situation when N7 is required and the oxygen plants 
are not operating, a backup N2 system is provided. The backup N£ 
system consists of a refrigerated storage sphere for liquid N2 and a steam 
heated vaporizer system. The storage sphere is sized to provide the slurry 
driers with N2 for 24 hours. The tank will be filled by truck Import.
The vaporizer capacity is adequate to supply the maximum simultaneous N2 
demand.

• Compressed Air System

The compressed air system for the Market Flexibility Sensitivity 
Case is similar to the Base Case system.

• Electric Power Distribution

The electric power distribution system is similar to the Base Case 
with the addition of the oxygen plant air compressor drivers (three). The 
arrangement and sizes of the substations have been modified from that in the 
Base Case to reflect the revised Market Sensitivity Case loads.

• Tankage, Interconnecting Lines

The total offsite storage capacity in the Market Sensitivity Case 
has been reduced 6% from the Base Case. This change reflects differences in 
product, byproduct, and intermediate stream rates. The offsite storage 
capacity for C3 LPG has been greatly reduced since C3 LPG is not used as 
backup fuel in the Sensitivity Case.

The offsite storage capacity for vacuum bottoms has been slightly 
reduced in the Market Sensitivity Case. This corresponds to a reduced rate 
of excess vacuum bottoms produced during a FLEXICOKING unit outage. The 
size of the vacuum bottoms transfer pumps and interconnecting lines have 
also been changed. All other facilities associated with vacuum bottoms 
movements and storage are unchanged from the Base Case.

• Solid Chemicals/Catalyst

All facilities in this area are the same for the Market Sensitivity 
Case as for the Base Case, except for minor warehouse requirements.

• Bulk Liquid Chemical Receipts

All equipment and facilities are the same tor the Market Sensitivity 
Case as for the Base Case except for the equipment associated with chemical 
and catalyst handling for hydrogen generation and FLEXICOKING.
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• Waste Solids Handling

/~N.

The Market Flexibility Sensitivity Case offsite boilers and the 
onsite FLEXICOKING units produce waste solids that are handled similarly to 
the methods used in the Base Case. A POX (partial oxidation) unit produces 
a second type of onsites waste that is handled separately and disposed of in 
the common disposal area.

The offsite boiler waste solids system handles 55% more material 
than the Base Case equipment due to the increase in boiler size. The 
FLEXICOKING unit waste solids system handles 40% of the Base Case FLEXICOKING 
solids plus an additional 2% (90 ton/day) of POX fines that are similar to 
FLEXICOKING unit scrubber fines.

The POX unit produces a maximum of 994 ton/day of slag (0.1-7 mm 
diameter). The slag slurried to the offsites solids handling area where 
excess water is screened off and recycled, and the solids are dumped into a 
silo.

The blended FLEXICOKING unit fines and the POX unit slag are 
disposed of in the waste disposal pile. The increased production of boiler 
wastes results in a 9 ft deep barrier. The 50 ft high pile covers only 510 
acres instead of the original 740 acres due to the higher density of POX 
slag and processing changes in the FLEXICOKING area that leave less carbon 
on the ash.

• Wastewater Treating

The wastewater treating equipment for the Market Sensitivity Case 
changes only slightly from the Base Case. Due to reductions in leachate and 
FLEXICOKING unit waste flow, the major water-treating equipment is smaller 
than the Base Case, but the sludge equipment remains the same. Revised 
waste flows from the utilities area results in a plant effluent flow th^t is 
lower than the Base Case by 380 gpm.

• Safety and Fire Protection

The safety system for the Market Sensitivity Case is similar to 
the Base Case. A reduced vapor release from the onsite process units 
(FLEXICOKING units) in the Market Sensitivity Case is offset by an increased 
vapor release from the offsite fuel system. The net effect of all changes 
from the Base Case safety system is small and considered negligible.

The fire protection system for the Market Sensitivity Case is 
similar to the Base Case. Changes in plant layout do not have a major 
effect on the firewater equipment requirements.

Final documentation of the offsite design is underway and will be 
included in the Illinois Coal Study Design Update interim report.
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1.16 Plant Thermal Efficiency - Illinois Coal Market Flexibility 
Sensitivity Case

Thermal efficiency calculations were completed for the Illinois 
Coal Market Flexibility Sensitivity Case. The overall plant thermal effici­
ency is 63.6% as compared to 55.6% for the Base Case. This increase in 
efficiency reflects the recovery of C2- high Btu gas (HBG) and C3 LPG as 
products. In the Base Case, all of the C2-HBG and most of the C3 LPG 
were consumed as feed to the steam reformers for production of hydrogen or 
burned as auxiliary fuel in process furnaces. In the Market Sensitivity 
Case, hydrogen is produced through partial oxidation of vacuum bottoms and 
HBG is available for use as auxiliary furnace fuel.

In the Market Sensitivity Case, the vacuum bottoms feed to the 
FLEXICOKING units is approximately one-half of the Base Case feed rate. As 
a result, FLEXICOKING liquid yields are decreased. However, this debit is 
partially offset by an increase in vacuum gas oil recovery due to the 
deeper-cut vacuum pipestill located upstream of the partial oxidation units. 
Overall, the C5+ liquid recovery for the Market Sensitivity Case is 
slightly lower that for the Base Case. When the increased C3 LPG recovery 
is accounted for, the Market Sensitivity case recovers slightly more C3+ 
liquids than the Base Case.

Byproduct recovery for the Market Sensitivity Case is slightly 
lower than the Base Case. Offsite coal requirements are up, reflecting an 
increased offsite steam demand due to the loss of onsite steam production 
from the deleted steam reformers and an increase in steam requirements for 
onsite turbine drivers for the oxygen compressors and the offgas compressors. 
Electric power is also up somewhat, reflecting the addition of air compressors 
at the oxygen plants and HBG product compressors.

Final documentation of the plants thermal efficiency will appear 
in the Illinois Coal Study Design Update interim report.
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EDS Study Design Update - Wyoming Coal Case

1.17 Onsite Design Basis - Wyoming Coal Case

The Onsite Design Basis for the Wyoming Coal Case of the EDS Study 
Design Update has been completed. The process configuration for the Wyoming 
Coal Case is to be identical to that of the Illinois Coal Market Flexibility 
Sensitivity Case, i.e., partial oxidation of vacuum bottoms for hydrogen 
production and FLEXICOKING of the remainder of the vacuum bottoms for plant 
fuel gas production. The plant dry coal feed rate will be 25.0 kST/SD 
(36.3 kST/SD of "as received" coal) which is the same as that of the Illinois 
Coal Cases. The slurry drying facilities are expected to be substantially 
larger than those of an Illinois coal plant because of the higher moisture 
content of Wyoming coal, roughly 30% vs 17%.

The liquefaction conditions that were selected from evaluations of 
screening studies and laboratory data results are:

Reactor temperature 840°F
Residence time 60 min.
Solvent-to-coal wt. ratio 1.6

The longer residence time and higher solvent-to-coal ratio compared to 
Illinois No. 6 coal are based on laboratory data. This indicates the need 
for higher severity for the liquefaction for Wyoming coal. In addition, 
data indicate that the viscosity increase of Wyoming coal liquids is more 
rapid than that of Illinois liquids. Therefore, the outpoint of the vacuum 
bottoms feed to partial oxidation may be limited to less than the 975°F 
basis used for the Illinois coal liquid. The FLEXICOKING unit hydroclone 
underflow fractionation may also be limited by viscosity.

The basis for controlling the potential formation of calcium 
carbonate scale in the liquefaction reactors is the use of screen/grids and 
periodic withdrawal of solids. In addition, the reactors are cleaned 
periodically using a dilute phosphoric acid solution.

The product fuel oil sulfur content will be lower than that of an 
Illinois coal based plant. Thus, there will be no need to hydrotreat excess 
solvent blended into fuel oil. It will also not be necessary to include the 
350/400°F heavy naphtha in the fuel oil to meet sulfur specifications, 
although this may be desirable to control viscosity of the fuel oil pool.

Gas with a low H2S content from regeneration of the liquefaction 
rich DEA will need to be segregated from other higher H2S gas streams. To 
3 r ’-d combustion problems in the sulfur plant, the low H2S content stream 
will be staged into the combustion chamber after combustion has been initi­
ated on the stream with a higher H2S content.

Full documentation of the Onsite Design Basis - Wyoming Coal Case, 
will appear as an interim report.
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1.18 Onsite Design - Wyoming Coal Case

Preparation of the onsites portion of the EDS Study Design Update 
(SDU) for Wyoming coal has begun. Initial efforts have focused on generating 
detailed heat and material balances for the plant to provide the basis for 
equipment design as well as the necessary data to determine overall plant 
fuel balances and the impact these have on bottoms processing configuration.

Preparation of heat and material balances has included yield 
development for start-of-run and end-of-run solvent hydrogenation operations. 
In addition, several sensitivities involving different hydrogen consumption 
splits between the liquefaction and solvent hydrogenation sections were 
investigated in an effort to successfully simulate the laboratory results 
from the CLPP confirmation runs. Also, an effort was made to improve the 
component representation of the heavier portions of the process streams.
This effort was intended to improve the prediction of process conditions 
necessary for the deeper-cut fractionation in the vacuum bottoms tower 
upstream of the partial oxidation units. The work has included comparisons 
of laboratory Hivac-C and microlube distillations for samples of CLPP vacuum 
flasher feeds during operations with Wyoming coal.

Most of the equipment in the slurry drying section of the plant 
has been designed based on a near-final heat and material balance for that 
section. The slurry drier overhead system has been modified from that in 
the Illinois SDU to accommodate the larger amount of water (approx. 31 wt% 
vs 16 wt% in the Illinois SDU) and the larger amount of hydrocarbon stripped 
overhead. The hydrocarbon distillate from the overhead separator distillate 
drum is now heated up through heat exchange with the overhead vapor stream 
and mixed in the slurry product stream. The overhead recycle loop has thus 
been eliminated, reducing the size of the overhead vapor stream and the 
accompanying equipment.

The slurry drier temperature has been increased to 300°F from 
275°F in the Illinois SDU. This increase was necessary to reduce the 
residence time in the reactor by approximately 40% and avoid a possible 
multiplicity of slurry drier vessels.
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1.19 Hydrogen Facilities for the Wyoming Coal Case -
Selection of Vacuum Pipestill Cutpoint Feeding Partial Oxidation

A study was carried out to determine the maximum feasible vacuum 
pipestill (VPS) cutpoint for feeding partial oxidation for hydrogen production 
in the Wyoming Coal Case of the EDS Study Design Update. Previous screening 
studies had shown an incentive to maximize liquid recovery by cutting as 
deeply as possible in the VPS feeding partial -oxidation. Following analysis 
of viscosity information from CLPP operations, a maximum cutpoint of 900°F 
was selected for Wyoming coal processed at 840°F/60 minutes liquefaction 
residence time.

The major limitation in increasing cutpoint is the corresponding 
increase in vacuum bottoms viscosity and its effect on pump performance. A 
900°F maximum cutpoint has been selected since it produces a bottoms 
stream whose viscosity falls within demonstrated pumping capability of about 
50 poise for reciprocating pumps. Reciprocating pumps are needed for this 
service since screw pumps, which can handle higher viscosities, cannot 
provide sufficientAP to move bottoms to the high pressure partial oxidation 
unit.

The maximum cutpoint with Wyoming coal has been reduced from the 
975°F cutpoint used with Illinois (Monterey) coal due to the higher vis­
cosity of Wyoming coal liquefaction bottoms. A discussion of the procedures 
used to set the Illinois basis was given in January - March, 1978 Quarterly 
Progress Report (FE-2893-12).
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ENGINEERING RESEARCH AND DEVELOPMENT

PROCESS ENGINEERING AND COST EVALUATIONS

2. Cost Reduction and Laboratory Guidance Studies

2.1 Illinois Coal Vacuum Bottoms Recycle Evaluation

Recycle of vacuum bottoms to the liquefaction reactor has been 
identified as a potential improvement for the EDS Process. Experimental 
data had shown that liquefaction yields increase during recycle operations 
using Illinois coal. A preliminary engineering evaluation had indicated a 
potential incentive in the order of 1 $/B (1985) for recycle operations 
(refer to the October-December, 1978 Quarterly Technical Progress Report, 
FE-2893-25). The purpose of this study was to assess the potential incentive 
for vacuum bottoms recycle using various plant configurations and to determine 
if CLPP operations in the recycle mode were warranted. Of special interest 
was the effect alternative bottoms and supplemental coal processes have on 
the incentive. This evaluation was completed with the use of the EDS 
Process Alternatives LP Model (PAM).

The Study Design Update (SDU) liquefaction unit was used as the 
base case for the study. Two levels of bottoms recycle, 20% and 40%
(lb 1000°F+ bottoms/100 lb of coal plus 1000°F+ bottoms), were evaluated.
In the earlier engineering evaluation, 40% bottoms recycle was found to give 
the maximum incentive. The 20% recycle level was selected as a less severe 
operation which may maximize the incentive in a fuel-short plant configuration. 
All these liquefaction units have a 1.2 solvent-to-coal ratio (I.e., bottoms 
recycle operations were assumed to need no solvent in addition to that 
provided in the SDU unit). The liquefaction reactor H2 partial pressure 
of the bottoms recycle units is maintained at <*■'510 psig (the SDU level) by 
using a larger H2 treat gas rate in liquefaction.

Results of the evaluation indicate that based on the available 
once-through bottoms recycle data, there is a potential incentive for vacuum 
bottoms recycle. CLPP operation on a bottoms recycle mode using Illinois 
coal is required to verify yields and hydrogen consumption during equilibrium 
operation. Such CLPP runs are now underway. The study also confirms that 
40% recycle is preferred over 20%. A bottoms recycle level somewhat higher 
than 40% may be attractive with some configurations. The potential incentive 
of 1-2 $/B (2-5% on RISP) can be achieved usings 40% bottoms recycle and 
various H2/'fuel alternatives. This potential incentive does not include 
any credits for a lighter, solids-free fuel oil product usually resulting 
from the 40% bottoms recycle operation. The choice of configuration may 
ultimately depend on the coal feed and the relative stage of bottoms process 
development.

Complete documentation of this study appeared in the January-March, 
1979 Quarterly Rep*ort (FE-2893-29).
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2»2 EDS Wyoming Coal Liquefaction Process Variables Study

S'

The purpose of this study was to determine the preferred temperature 
and residence time for operating the liquefaction section of the EDS plant 
with Wyoming (Wyodak) coal. Yield information for the alternative liquefac­
tion operating conditions used in this study was provided by EPRL. The 
alternative liquefaction operating conditions selected for study were at 
800°F, 840°F and 880°F with residence times ranging from 15 to 120 minutes.
EDS Process Alternatives LP Model (PAM) vectors at these liquefaction condi­
tions were prepared and validated. Investments were based on using equipment 
patterned after the 1975/1976 Wyoming Coal EDS Study Design. The investments 
were adjusted as required to reflect not only the new liquefaction reactor 
conditions but also higher gas rates and/or increased vaporization relative 
to the 1975/76 Study Design. Bottoms processing alternatives available 
were once-through FLEXICOKING for fuel production and steam reforming or 
partial oxidation for hydrogen production.

Results of the study showed incentives for operating at more severe 
liquefaction conditions than were used in the 1975/1976 Wyoming Coal Study 
Design. The most attractive cases used coal in a coal-fired boiler and purge 
gas (feed to H2 cryogenic recovery unit) to close the fuel balance. The 
optimum plant configuration, of the alternatives studied, utilized a once- 
through FLEXICOKING unit to produce fuel and partial oxidation to produce 
hydrogen. Although liquefaction temperatures higher than that used in the 
1975/76 Study Design seemed to have a marginal economic advantage, possible 
operability problems and less well-defined investments at the higher tempera­
tures resulted in the selection of liquefaction at 840°F and longer 
residence times for the Study Design Update.
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2.3 EDS Pittsburgh No. 8 Coal Liquefaction
Process Variables Engineeering Screening Study

This engineering screening study was performed to evaluate the 
coal liquefaction economics of a plant feeding Pittsburgh No. 8 (Ireland 
mine) coal. Liquefaction vectors were prepared from RCLU data obtained by 
EPRL for the following temperature/residence time severities: 840°F/40,
60, and 100 minutes, and 800°F/100 minutes. Evaluation of the Pittsburgh 
No. 8 coal liquefaction vectors was accomplished using the Process Alterna­
tives (LP) Model developed for Pittsburgh No. 8 from the Illinois (Monterey) 
Coal Model.

The results of that evaluation indicate that the overall preferred 
case is liquefaction at 840°F for 60 or 100 minutes residence time followed 
by once-through FLEXICOKING of vacuum bottoms for fuel and partial oxidation 
of vacuum bottoms for hydrogen. A comparison of this case with the optimum 
Illinois (Monterey) No. 6 case in this configuration (840°F/40 minutes) 
shows that the Pittsburgh No. 8 plant has a small potential economic advantage, 
yielding a net cash flow that is 40 M$/yr (1985$) higher than the Illinois 
No. 6 plant. Sensitivities performed on location and coal price assumptions 
can change the Pittsburgh plant's net cash flow advantage to 20 and 72 M$/yr., 
respectively.

The results of this screening study show that, while conversion of 
Pittsburgh No. 8 is lower than that for Illinois (Monterey) No. 6 in the 
liquefaction section of the plant, bottoms processing response is the same 
for both coals, so that additional liquids are recovered from the higher 
bottoms feed rate, thus narrowing the yield differences. This, coupled with 
lower coal moisture content and lower operating costs (higher byproduct 
credits) gives Pittsburgh No. 8 coal a small potential economic advantage 
over Illinois No. 6 coal for optimum severity processing. This advantage, 
however, is judged to be within the range of uncertainty defined by the 
limited (relative to Illinois No. 6) Pittsburgh coal data base. In addition, 
similar process development allowances (PDA) were applied to Pittsburgh No. 8 
and Illinois No. 6 coal process blocks in this study. PDA's might direct­
ionally be higher for Pittsburgh No. 8 coal due to the limited data base, 
which would reduce or eliminate the small potential economic advantage 
for Pittsburgh No. 8 coal liquefaction.
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2.4 Big Brown Lignite Liquefaction Engineering 
Process Variables Screening Study

This screening study was undertaken to evaluate the coal liquefaction 
economics of a plant feeding Big Brown lignite, the second sponsor coal 
under evaluation as part of the EDS program. Liquefaction vectors were 
prepared for the following temperature/residence time severities: 840°F/25,
40 and 60 minutes and 800°F/100 minutes. Vectors were also prepared for 
the following bottoms processing options: once-through and recycle FLEXICOKING 
for fuel production, partial oxidation for fuel and hydrogen production, and 
a coal-fired boiler. Evaluation of the Big Brown lignite liquefaction 
vectors was accomplished using the EDS Process Alternatives LP Model developed 
for Big Brown from the Wyoming Coal Ash-Free Model.

The results of this evaluation indicate that the overall preferred 
configuration is liquefaction at 840°F with 25-60 minutes residence time 
followed by once-through FLEXICOKING of vacuum bottoms for fuel and partial 
oxidation of vacuum bottoms for hydrogen production. An all partial oxidation 
case with IBG sales may be cbmpetitive with once-through FLEXICOKING/partial 
oxidation, but is highly dependent on the availability of a market for the 
IBG and product pricing. As with Western subbituminous coals. Big Brown 
lignite experiences high bottoms viscosity in addition to calcium carbonate 
deposition in the liquefaction reactors. Further, the high ash level in the 
Big Brown bottoms might require higher carbon rejection (i.e., lower gasific­
ation level) in FLEXICOKING. Operability considerations will be critical in 
ultimately choosing the optimum liquefaction severity.

An economic comparison (1985$) of Big Brown lignite with the 
optimal Illinois No. 6 Monterey (840°F/40 minutes) and Wyodak (840°F/60 
minutes) coal cases in the best configuration (once-through FLEXICOKING/ 
partial oxidation) shows that the Illinois No. 6 coal liquefaction plant has 
a possible economic advantage of about 20 M$/yr (1985$) over a Big Brown 
plant and 75 M$/yr (1985$) over a Wyodak plant when potential location 
factor differentials are included for all coals. If, hypothetically, all 
location effects are excluded (e.g., all cases on a common Illinois basis).
Big Brown is significantly Jess attractive relative to Illinois and Wyodak 
by ^140 M$/yr. Under the most optimistic circumstances (with a low lignite 
cost of 15.50 $/T and the location factor credit). Big Brown becomes basically 
a standoff with Illinois coal.

Details of this study can be found in the January-March, 1979 
Quarterly Technical Progress Report and the May, 1979 Monthly Technical 
Progress Report (FE-2893-29, 31).
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2.5 Burning Star Coal Liquefaction Process 
Variables Engineering Screening Study

Work has begun on an engineering screening study aimed at evaluating 
the economics of a coal liquefaction plant feeding Burning Star coal.

Liquefaction Vectors Developed From Laboratory Data

Burning Star is an Illinois No. 6 seam coal, as is Monterey coal 
(the coal on which both the 1975/1976 Commercial Plant Study Design and the 
current Study Design Update are based). Burning Star coal is mined in Perry 
County, Illinois; it is the third sponsor coal run in the Recycle Coal 
Liquefaction Unit (RCLU) as part of the overall sponsor coal screening 
program. Data have been obtained from RCLU for the following temperature/ 
residence time severities:

Temperature, °F Residence Time, Minutes

800 40, 100
840 25, 40*, 100
880 25

* at two different solvent-to-coal ratios (S/C).

The RCLU data for Burning Star coal represent averages of several 
yield periods obtained for each severity. At the 840°F/100 minutes 
severity, all yield periods show a net consumption of the 400-700°F cut, 
implying an operation out of solvent balance, which is not feasible on a 
commercial scale. As a result, EPRL was asked to furnish a hand-calculated 
estimate of liquefaction/solvent hydrogenation yields for 840°F/60 minutes 
residence time. However, that estimate also showed an out of solvent 
balance situation. Initially, the 840°F/25 and 40 minutes severities will 
be evaluated, and those results will determine the necessity for the develop­
ment of other longer residence time estimates.

Liquefaction vectors have been prepared from the data on a moisture/ 
ash-free basis, each vector representing a temperature/residence time 
severity. In addition, these liquefaction vectors have been developed for 
both normal (925°F) and deeper (975°F) cut point operation on the vacuum 
pipestill. This means that for deeper cut point operation, the vacuum 
bottoms contain less 1000°F- material (0.8 wt% by microlube), the differential 
1000°F- liquids being recovered in the liquefaction section. The basis 
for such deeper cut-point operation with Burning Star coal is the same as 
for Monterey coal. This appears to be a reasonable assumption since vacuum 
bottoms viscosity at 40 minutes residence time is the same for both coals.
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However, Burning Star vacuum bottoms at 25 minutes residence time show a 
higher viscosity than Monterey vacuum bottoms, and as such the assumed 
975°F cut point may not be applicable at this residence time. Deeper cut 
point operation has been shown to have an economic incentive for configura­
tions utilizing partial oxidation of vacuum bottoms for fuel or hydrogen, as 
a result of the additional revenues for the differential 1000°F- material 
recovered.

Investments for the Burning Star liquefaction vectors were based 
on investments prepared for the 1975/1976 Commercial Plant Study Design, and 
were modified to reflect reductions in the slurry drying sections due to a 
lower feed coal moisture content (9.33 wt% for Burning Star vs. 16.5 wt% for 
Monterey). Utilities consumptions for the liquefaction vectors were adjusted 
for reduced 600 psig steam consumption in slurry drying, and for higher fuel 
consumption in the deeper cut point vectors.

Liquids Recovery From Burning Star Bottoms 
Higher Than For Monterey Bottoms

Data on the FLUID COKING response of Burning Star vacuum bottoms 
in the Continuous Stirred Coking Unit (CSCU) have indicated that vacuum 
bottoms from liquefaction of Burning Star coal have a higher liquids recovery 
in the coker than Monterey vacuum bottoms. New FLEXICOKING vectors have 
been developed by the EDS Bottoms Processing Section for the Burning Star 
screening study. These vectors represent the latest CSCU yield data and the 
most recent FLEXICOKING investment information for operations with 840°F/40 
and 880°F/25 minutes vacuum bottoms. The 840°F/40 minutes coking yields 
will initially be assumed for all the 800°F and 840°F cases. Additional 
CSCU runs on vacuum bottoms from other liquefaction severities were carried 
out in May and June; an analysis of the data obtained from these runs is 
expected in August and the vectors will be revised as necessary.

In addition to the new FLEXICOKING vectors, the Monterey partial 
oxidation vectors (fuel and hydrogen) have been modified to reflect the 
difference in bottoms compositions between Burning Star and Monterey and the 
assumed change in yields of fuel gas and hydrogen. While these changes have 
been incorporated into the Burning Star data base, no modifications have 
been made to the partial oxidation investments, since it is believed that 
partial oxidation of Burning Star vacuum bottoms would be similar in oper­
ability to partial oxidation of Monterey bottoms.
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Case Evaluation Similar to Previous Sponsor Coal Studies

To evaluate the new liquefaction and bottoms processing vectors, a 
Process Alternatives LP Model (PAM) Burning Star coal model has been developed 
based on the Monterey coal model, but was formulated on a moisture/ash-free 
basis. Evaluation of the various processing configurations will follow the 
same outline as previous PAM screening studies:

+ partial oxidation for hydrogen, FLEXICOKING (once-through and recycle) 
for fuel;

+ steam reforming for hydrogen, FLEXICOKING (once-through and recycle) to 
feed;

+ partial oxidation for hydrogen and for fuel.

In addition, the following sensitivities will be examined:

+ Deeper cut vacuum pipestill operation (for cases using partial oxidation 
of vacuum bottoms for hydrogen and/or fuel);

+ C2- gas sales parity values for FLEXICOKING/partial oxidation vs.
FLEXICOKING/steam reforming;

+ IBG sales in the all partial oxidation configuration as well as calcul­
ation of the resulting parity values relative to the overall best 
configuration and to the all partial oxidation configuration selling 
vacuum bottoms;

+ Several spreads between naphtha and fuel oil values for all configurations.

Once completed. Burning Star coal liquefaction will be compared to 
Illinois No. 6 (Monterey) and Pittsburgh No. 8 coal liquefaction on a 
"best-case" basis; such a comparison will give an indication of the relative 
profitability of operating a plant with Burning Star coal, versus either 
Monterey or Pittsburgh coals.
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2.6 ECLP Slop Disposal

An investigation was conducted to assess alternative slop disposal 
methods other than continual run-off with feed to the slurry drier. Concern 
had been expressed that continual slop run-off would result in degradation 
of ECLP data and that this disposal method should be avoided. The investig­
ation concluded that slop inventories could be run-off in blocked operations 
without the need for specification of new auxiliary facilities. Estimates 
of slop production rates combined with anticipated service factors for 
various areas of the ECLP processing sequence indicated that sufficient 
flexibility was already available to allow this blocked slop run-off without 
significantly affecting ECLP's availability for production of program 
data.

Among the key points brought out by the investigation was the 
desirability to recover the solvent portion of the slop. Solvent is required 
for blending with naphtha to meet sulfur specifications when excess liquid 
products are disposed of as fuel, to satisfy sponsor requests for ECLP 
products, and to provide flushing oil for normal plant operations. As a 
result, out-right disposal of slop to a contracted waste disposal firm 
should be avoided except during emergency situations.

Two alternative blocked run-off operations were identified.
One operation involves use of the liquefaction and fractionation sections of 
the plant with slop feed going to the slurry driers during periods of 
controlled plant shutdowns. One month's slop inventory could be disposed of 
in approximately 17 hours using this technique. The second operation 
involves using only the vacuum furnace and fractionator portion of the plant 
in a blocked operation. Disposal of one month's slop inventory would take 
approximately two days using this technique.

A question remained regarding the ability to solidify slop 
bottoms at all times using the Sandvik belt at the vacuum tower. Steps 
which could solve or reduce the problem regarding bottoms solidification 
were identified and included:

+ Use of a waste disposal firm to remove slop bottoms in which solids 
have been concentrated.

+ Recycle of slop bottoms back to the slop storage tanks until the high 
viscosity bottoms/solids concentration is high enough to allow solid­
ification .

. Run-off of slop in a blocked operation which involves use of the 
vacuum furnace, atmospheric tower, and vacuum tower in series.

+ Use of the concentrated slop bottoms as flux material for the prototype 
FLEXICOKING unit.
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To evaluate the cost-effectiveness of blocked slop run-off opera­
tions, an approximate estimate was made of the investment which would be 
required for auxiliary rerun facilities. An investment of the order of 
1.7-2.4 M$ would be required. Aside from the cost, other considerations 
were identified which would present several difficulties. Among these were 
the timing required to design and construct facilities for the 1980 startup, 
the availability of utilities to support the operation, the increased 
operator attention needed to run the facility, and the availability of plot 
space for the additional equipment.
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2.7 Phenol Recovery from EDS Naphtha

/-N

An overall process using a methanol/water extraction for recovery 
of phenols from EDS naphtha is being evaluated. The flow scheme is depicted 
in Figure 2-1 and includes the following units: naphtha splitting, phenolic 
extraction, methanol recovery, phenolic concentration, and phenol splitting. 
Naphtha feed rates and qualities used in this study are the same as for the 
debutanizer bottoms stream from the light ends section of the EDS Commer­
cial Study Design Update.

Extraction of phenolics prior to hydrotreating was investigated 
earlier and found to be potentially more attractive than the base case which 
hydrotreats and veforms the raw EDS naphtha to mogas. Relative to a phenol- 
free naphtha, substantially more hydrogen is consumed and additional catalyst 
is required during hydrotreating. Economic evaluations were completed 
previously for extraction processes with water and dilute caustic as solvents, 
revealing a potential credit of $0«50-$1.00 per barrel of total EDS product.

Methanol/water extraction of phenol offers advantages over water 
and caustic extraction. Over caustic, methanol/water eliminates the consump­
tion of reagents and solid disposal problems associated with caustic washing. 
Relative to extraction with water, methanol/ water offers higher recoveries 
at much lower solvent/feed ratios which reduces equipment size and requires 
less heat input.

Bench scale batch extraction studies were carried out to determine 
the recovery of phenolics from EDS naphtha achievable with methanol sol­
vents. Solvent compositions (0 to 90 wt% methanol in water), and solvent/ 
feed ratios (0.5, 1.0 and 2.0 volume basis) in single batch extractions were 
investigated. The experimental data base was later extended to include 
solvent/feed ratios below 0.5/1.0.

Results from the lab studies showed, that recoveries in excess of 
90 percent can be achieved in a single extraction stage with solvents 
containing at least 50 wt% methanol and a solvent/feed of 2.0/1.0. Similar 
recoveries are obtained with solvents containing at least 70 wt% methanol 
and a solvent/ feed ratio of 0.5/1.0. Extract purities with various solvent 
blends were highest at a 1.0/1.0 solvent/feed ratio, falling off as solvent/ 
feed was increased to 2.0/1.0 or decreased to 0.5/1.0. Also, the capacity of 
the solvent for solubilizing phenols was reached at about 0.5/1.0 solvent/feed 
ratio.

Based on these batch extraction data, a 60 wt% methanol in water 
£ >lvent and a 0.5/1.0 solvent/feed ratio was selected as being close to the 
optimal balance of phenol capacity and selectivity. A ternary phase diagram 
showing the equilibrium data and stream compositions for these conditions is 
shown in Figure 2-2.

v.
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Figure 2-1
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Figure 2-2

TERNARY DIAGRAM - ILLINOIS NAPHTHA 
WITH 60/40 MeOH/H20 SOLVENT

WT% NAPHTHA (Ex Phenolics)

Solvent Composition



The process block flow diagram for recovery of Phenol from naphtha 
using methanol/water extraction is shown in Figure 2-1.

In this study debutanizer bottoms, nominally 350oF-, from the light 
ends section are fed to a naphtha splitter where the naphtha is separated 
into a low phenol content distillate {C^I215°Y) which is sent to refining 
and a 275°F/FBP naphtha (10-15 wt% phenolics) which is sent to the Phenolic 
Extraction system. This fractionation step substantially reduces the 
required capacity of downstream processing equipment.

In the Phenolic Extraction system 90 wt% of the phenolics are 
removed from the naphtha using a 60 wt% methanol in water solvent and a
0.5/1.0 solvent/feed ratio.

The extract rich in methanol and phenolics, is sent to the Methanol 
Recovery section which consists of a Methanol fractionator and a settling 
drum. In the Methanol Fractionation 95-99% of the methanol in the feed is 
recovered and recycled back to the phenolic extraction unit. Bottoms are 
cooled forming two liquid phases which are separated in the settling drum.
The upper layer is a water phase, saturated with phenolics (5-7 wt%), which 
is recycled back to the extraction unit. The lower layer contains phenols/ 
naphtha/water (70/10/20 wt%) and is sent to the Phenolic Concentrator.

In the Phenolic Concentrator, crude phenolics from waste water 
treating are added to the phenolic phase from the settling drum to obtain 
maximum phenols recovery. This concentrator fractionates water and lighter 
hydrocarbons from the phenolics. The water and naphtha (containing 15-20 wt% 
phenolics) are separated in the distillate drum and recycled back to the 
Extraction Unit. Naphtha is blended with extractor feed and water with 
recycle solvent.

The heavy naphtha/phenolics bottoms stream is then sent to a 
Phenol Splitter where high purity phenol is recovered overhead. Higher 
boiling phenols and naphtha are taken as a bottoms product and blended into 
fuel oil.
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2.8 Data Reconciliation Model for ECLP

A Data Reconciliation System (DRS) model for handling ECLP process 
data is currently under development. DRS is a generalized computer program 
developed by the Escxon Communications and Computer Sciences (ECCS) Department 
of Exxon Corporation. Models built with DRS are able to determine more 
accurate and internally consistent values from raw operating data for 
improved process monitoring and operations analysis. The DRS model accom­
plishes reconciliation with a least squares analysis of errors that is based 
on the reliability (standard deviation) of each of the flow or analytical 
measurements used in generating material balances.

Mass balances that will be carried out include both total flow and com­
ponents (carbon, hydrogen, nitrogen, sulfur and ash). The flow balance model 
has been completed. It is comprised of 35 balance areas and 151 "streams". 
Included in the "stream" measurements are delta inventories (level changes) 
in the process equipment, as well as flow meters, weigh belts and pump speed 
monitors.

The elemental balances will be slightly simplified with about 25 
balance areas and about 100 streams. Simplified elemental balances are 
necessary because of laboratory analysis and sample taking constraints. 
However, the ECLP sections that are of greatest interest will be included.
Not included are Fuel Gas Treating, DEA Regeneration, and Naphtha Weathering. 
These sections use conventional petroleum technology and are not representa­
tive of facilities anticipated for a commercial plant, therefore, flow 
reconciliation alone will be adequate.

The component balance model will be completed in July. Subsequent 
work will include Interfacing DRS with the ECLP Data Logger and laboratory 
analysis results. This work will continue during the third quarter of 
this year.
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2.9 CaC03 Deposition in Liquefaction 
Reactors With Wyoming Coal Feed

Dealing with CaC03 deposition in liquefaction reactors with 
high-calcium coal feeds has been examined from two directions: (1) mini­
mizing adverse effects of the CaC03 once it forms and (2) chemical feed 
pretreatment to prevent scale formation. After completing laboratory feed 
pretreatment experiments to define the chemistry and exploring possible 
alternatives,the two preferred solutions are:

• Mechanical: Withdraw solids from the reactors, add protective screens 
and strainers, and chemically clean equipment during turnarounds

• Chemical: Pretreat the feed coal with SO2 to convert the calcium 
salts in the feed coal to CaS04 which is stable in liquefaction

The mechanical approach is preferred because it is lowest-cost. 
However, its efficiency must be demonstrated in ECLP. The development 
approach will be to defer development of the SO2 pretreatment process pending 
results from the ECLP demonstration of the mechanical approach. In the 
event that it does not provide satisfactory control of the CaC03 deposition 
problem in ECLP tests, a full commercial development program for SO2 pretreat­
ment would be undertaken.

The commercial design modifications in the preferred approach 
include the following additions:

• Solids withdrawal nozzles at each distributor from both the side and 
through the tray.

• Wire screens with 1" openings located about three feet above each 
distributor.

• Y-type strainers with 1/4" screen openings upstream of the slurry 
letdown valves that control the reactor effluent separator bottoms flow 
to the atmospheric fractionator.

With these modifications the majority of the CaC03 would be removed 
through the solids withdrawal nozzles. If large scale should spall from the 
reactor wall (scale that is too large for the solids withdrawal nozzles), 
the screens above the distributors will prevent the scale from plugging the 
distributor. The spacing between the distributor and screen assures good flow 
distribution even if the screens should become partially plugged. Should 
any scale be carried over from the liquefaction reactors by pressure surges, 
the Y-type strainers will protect the high-pressure letdown valves from 
plugging.

212 -



To prevent long-term scale build-up, the reactors would be period! 
cally cleaned with dilute phosphoric acid. Laboratory tests on scaled 
reactor tubes from RCLU have demonstrated complete scale removal with this 
technique. The chemical cleaning operation would be carried out during 
slurry furnace decoking operations so that no additional downtime is needed. 
The cost of the chemical cleaning would be about 25 k$ per reactor.

A general plan to test the design and operational changes in ECLP 
has been formulated. Necessary ECLP equipment changes will be specified 
after several months of initial ECLP operation on Illinois coal. This will 
enable the use of ECLP experience in developing equipment modification 
designs for both ECLP and commercial.

As mentioned earlier, if ECLP experience shows that satisfactory 
control is not obtained with the design and operational changes, a 
full commercial development program for SO2 pretreatment would be undertaken 
The SO2 pretreatment scheme has been reported in several past quarterly and 
annual reports, with the latest update of the economics appearing in the 
July-September 1978 Quarterly.* SO2 pretreatment costs for a commercial 
plant are estimated to be 32 M$/yr (2.35 $/B, 1985). In this scheme sulfur 
is burned in air to form an 8 mol% treat gas which is passed through 
the coal in a fluidized bed. About 60% of the SO2 is reacted across the 
fluid bed with the remainder being recycled either directly or through a 
Wellman-Lord scrubber/regenerator.

Limited SO2 pretreatment process development tests have been 
carried out to answer key process feasibility operations and to prepare for 
commercial development if it is needed. (See Laboratory Process R&D Item 4. 
for a description of this at work).

*FE-289 3-21
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2.10 ECLP Test Program

Definitive planning of the ECLP Test Program began in the 4th 
Quarter of 1978. Three tiers of program plans are being prepared. These 
three plans, in order of increasing detail, are described below:

1. Nominal 2 1/2-year Test Program - This plan starts with coal-in and 
covers the entire ECLP operating period. It is an outline of ECLP 
testing objectives for major periods of operations which includes 
processing three coals: an Illinois No. 6, a sub-bituminous and a 
third coal to be named.

2. One-Year Test Programs - These plans cover each calendar year of 
operations and will be used for budget preparation and manpower 
planning as well as providing a framework for scheduling individual 
tests. The first one-year test program will cover the entire 15-month 
operation with Illinois No. 6 coal.

3. Three-Month Roll-Over Test Programs - A new three-month plan will be •
prepared every month and will incorporate results of past operations 
into the test schedule. These plans will serve as the basis for the 
ECLP organization's preparation of detailed operating plans.

To date,the 2 1/2-year Test Program and the first one-year test 
program (covering Illinois No. 6 operations) have been prepared. The 
2 1/2-Year Test Program schedule is summarized in Figure 2-3. The two key 
overall objectives are to:

1. Demonstrate operability of EDS Liquefaction

2. Obtain required scaleup data for the design of a Commercial Pioneer 
Plant with acceptable risk.

A possible sequence of operations for the first one-year test 
program, which has been expanded to cover the entire 15-mcnth Illinois No. 6 
operations, is shown in Figure 2-4. This sequence has been used to provide a 
basis for scheduling individual component tests. In scheduling tests an 
attempt was made to accomplish the following:

• Conduct related tests concurrently

• Prevent interference between unrelated tests

• Provide early assessment of unanticipated results

• Bracket the range of operability as soon as practical without upsetting 
operations

• Allow for the simplest possible analysis of results
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Figure 2-3
SCHEDULE

2-1/2-YEAR ECLP TEST PROGRAM

Operations with Illinois No. 6 Coal - 15 Months

I. Shakedown Operations
Solve operating problems.

- Turnaround for modifications.

II. Initial Sustained Run 2
- Demonstrate ability to operate for a prolonged period.
- Prove out ECLP as a research/development tool.

III. Exploration of Operability Limits
- Determine equipment limitations.
- Investigate alternate conditions/configurations.

IV. Long-Tenn Operability
- Demonstrate capability to operate for an extended period 

and obtain time dependent data.
- Simulate a commercial operating environment.

V. Turnaround 1

Operations with Sub-bituminous Coal - 9 Months

I. Shakedown and Initial Testing ^
- Solve operating problems.
- Evaluate operational differences (comparison to 

Illinois No. 6).

II. Exploration of Operability Limits <
- Same as II1inois No. 6.

III. Long-Term Operability <
- Same as Illinois No. 6.

IV. Confirmation of Controlled Scaling C
- Chemically clean liquefaction equipment.

Inspect equipment (before and after cleaning).

V. urnaround 1

Operations with Third Coal - 6 Months*

To be developed when coal is identified. Approach will be similar to 
sub-bituminous coal program.

* Testing period will be shortened, if necessary, to stay within overall 
project budget constraints.

Months

Months

Months

Months

Month

Months

Months

.5 Months

.5 Month

Month
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Figure 2-4

ECLP TEST PROGRAM 
POSSIBLE SEQUENCE OF OPERATIONS 

FOR ILLINOIS NO. 6 COAL
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A summary of selected development programs included in the schedule 
is given in Figure 2-5. The testing is broken down into eight areas, the 
majority of which emphasize component testing rather than yield testing. A 
listing of proposed testing was given in the April Monthly.* As a result of 
initial scheduling, it appears that there is sufficient time available in the 
15-month program to complete all of the proposed tests. The planned average 
service factor described in Figure 2-4 is high enough for required process 
runs, yet there is sufficient downtime for the needed inspections.

Near-term work in the area of ECLP Test Program development 
includes finalizing the first one-year program and preparation of the first 
three-month roll-over test program. The latter is scheduled for completion 
in the Fall of 1979. This program will give a detailed look at the first 
three months of testing. Since this is a shakedown period, there will be 
relatively little testing other than assuring adequate operability and 
identifying problem areas.

Other activities related to the ECLP Test Programs that were 
planned for the balance of 1979 include:

• Develop detailed planning and initiate design of plant modifications 
that are required for conducting tests

• Start definitive planning of pre-startup testing

• List data that are required for each test

*FE-2893-30
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Figure 2-5
ECLP TEST PROGRAM

SUMMARY OF SELECTED DEVELOPMENT PROGRAMS

Liquefaction Product Fractionators
• Evaluate Applicability of Petroleum Distillation 

Correlations
• Determine Fouling, Entrainment and Foaming 

Characteristics
Liquefaction Reactors

• Develop Design Correlations
Fluid Flow - Coal Derived Liquids and Slurries

• Establish Design Correlations for Saltation and 
Pressure Drop

Heat Transfer - Coal Derived Slurries
• Determine Coking Rates in Furnace Tubes
• Develop Heat Transfer Correlations
• Measure Erosion of Serpentine Coil Furnace Tubes 

Valves and Instruments in Slurry Service
• Establish Reliable Designs for Isolation and Check 

Valves
• Determine Design Characteristics of Pressure 

Let Down Valves
• Develop Reliable Level, Flow and Pressure (and AP) 

Measurement Capabilities
Pumps in Slurry Service

• Establish Design Criteria and Correlations for Both 
Reciprocating and Centrifugal Pumps

• Develop reliable Mechanical Seal Designs 
Materials of Construction

• Determine Corrosion/Erosion Rates for Base and 
Alternate Materials

Air/Noise and Water Pollution Control
• Measure Pollutant Levels for Use in Future Permit 

Applications
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ENGINEERING RESEARCH AND DEVELOPMENT

PROCESS ENGINEERING AND COST EVALUATIONS

3. Engineering Studies of Bottoms Processing/Hydrogen Manufacture
7. Supplemental FLEXICOKING Program

In June, 1978 ERE completed a reassessment of the EDS liquefaction 
bottoms processing program. The goal of the EDS development program is to 
advance the EDS process to commercial readiness so that the design of a 
pioneer commercial plant could begin in 1981 with a reasonable and acceptable 
level of risk. In light of this goal, ERE concluded that development of 
vacuum bottoms processing was on the critical path. ERE proposed a program 
which was comprised of expanding the coal liquefaction bottoms FLEXICOKING 
program to include operation of a 70 T/D prototype unit and aggressively 
evaluating alternative bottoms processing approaches such as partial oxida­
tion. This program was to be implemented in two parts keyed to the design 
and construction schedule of' the 70 T/D FLEXICOKING prototype. At the 
conclusion of Part I, the prototype project would be ready to enter the con­
struction phase requiring major commitment of program funds. Prior to 
making this commitment, the assessment of availhble bottoms alternatives 
would be reviewed to insure that proceeding with the FLEXICOKING prototype 
was warranted.

During the last half of 1978 and the first half of 1979, bottoms 
processing studies within the EDS program have therefore focused on two main 
objectives. First, definitive planning studies and design work have been 
undertaken on the FLEXICOKING prototype to better define the program cost 
and operating plan. Secondly, alternative bottoms processes have been 
extensively evaluated to determine the development status of the technology, 
the interface of the bottoms process with the liquefaction section and the 
relative product costs for various EDS process configurations. Primarily, 
emphasis has been on partial oxidation for fuel and hydrogen production with 
both the Texaco and Shell processes being investigated. Screening studies 
have also been undertaken to look at other alternatives, most notably direct 
combustion of bottoms for process fuel. The goal of this activity is to 
complete the reassessment of alternatives for review with the EDS sponsors 
in September/Octbber, 1979. The reassessment will provide the information 
necessary to evaluate the various alternatives with regard to development 
timing and cost, process and product flexibility and product cost. From 
this evaluation, the EDS bottoms processing development strategy will be 
selected which best suits the project needs as determined collectively by 
the sponsors.

The activities reported herein constitute various elements of this 
overall reassessment. The conclusions and resulting bottoms processing 
development strategy will be discussed in future reports.
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3.1 Fuel Gas Cost Comparisons

Several new or revised Process Alternatives Model (PAM) fuel gas 
vectors for Illinois coal were developed in support of PAM process improvement 
studies. These include an entrained flow partial oxidation vector based on 
coal feed, and a modification of the existing moving bed gasification fuel gas 
vector. Low Btu fuel gas costs from a FLEXICOKING unit feeding vacuum 
bottoms have also changed as a result of yield and investment changes 
identified in the Study Design Update. Because of these changes a comparison 
of fuel gas costs from various process options was updated.

Section 10.8 of the Phase III A Final Technical Progress Report, 
FE-2353-20, January 1, 1976 - June 30, 1977, reported the costs of fuel gas 
from several sources as a function of supplemental coal to the plant. Table 
3-1 presents the current update for the component cost of fuel gas for an EDS 
plant configuration using Illinois #6 coal. (Coal fired boilers are available 
in each configuration.) The fuel costs presented are marginal values obtained 
from PAM results.

FLEXICOKING

Fuel gas from a FLEXICOKING unit is in the range of 3.00-3.75 
$/MBtu. Several changes to the FLEXICOKING unit between the 1975/1976 Study 
Design and Study Design Update affected LBG cost. The SDU FLEXICOKING unit 
reflects an investment increase due to more accurate cost estimates, and to 
increasing unit size. Higher product credits reflect changes in gas and 
liquid yield. Production of 125 psi steam from the heater overhead gas 
instead of 600 psi steam results in lower utility costs for the SDU FLEXICOK­
ING unit. While capital costs have risen for the SDU FLEXICOKING unit, the 
marginal price of fuel has dropped from 3.74 to 3.08 $/MBtu. The reason is 
lower feed costs for the SDU FLEXICOKING unit, for as FLEXICOKING costs 
increase, the bottoms become less valuable as coker feed.

Entrained Bed Gasification

The entrained bed gasifier vectors were expanded to use either 
vacuum bottoms or coal feed. The higher cost of fuel from coal (7.18 
$/MBtu) versus vacuum bottoms (4.61 $/MBtu) can be attributed to higher 
investment and feed costs. The lower cost of vacuum bottoms vs. coal feed 
is due to the pricing structure in the PAM. Vacuum bottoms sales are fixed 
at coal parity. However, vacuum bottoms consumed within the process are 
valued below coal parity due to the cost of the bottoms sales facilities.
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TABLE 3-1

r

PAM FUEL COSTS IN ILLINOIS EDS PLANTS

Fuel Units: FLEXICOKING FLEXICOKING Entrained Bed Entrained Bed MBG^ MBG^

Fuel Source: Bottoms Bottoms Bottoms Coal Coal Coal

Vector Status: Current SDU Current Current Old Current

Fuel Production, 
kFOET/CD

1.1 1.3 1.1 1.2 1.9 1.1 1.8

Costs, $/MBtu

Investment 3.31 4.81 1.58 2.86 1.26 2.91 2.37

Feed costs 5.25 3.46 1.09 1.81 1.86 1.94 1.98

Gas and Liquid 
By-product Credits (6.07) (6.54) - - (0.73) (0.48) (0.57)

600 psi Steam (1-12) 0.26 (0.73) (0.87 1.01 1.25 1.35

Oxygen - - 1.94 1.92 - - -

Utilities 1.95 0.73 0.55 1.00 0.52 1.29 1.64
(3)Miscellaneous 0.42 0.36 0.18 0.46 0.86 0.85 0.52

Cost of Fuel, $/MBtu 3.74 3.08 4.61 7.18 4.78 7.76 7.29

Notes:

(1) 1985 Economic Basis
(2) MBG - Moving Bed Gasification
(3) Includes sulfur and ammonia by-product credits, ash handling facilities, 

water facilities, etc.
sour



Moving Bed Gasification

The old MBG vector produced fuel at about 4.80 $/MBtu, while 
the current vector fuel costs is approximately 7.30-7.75 $/MBtu. These 
higher costs are attributed, in part, to a higher investment which resulted 
from a more detailed process basis. Decreased liquid yields, and lower tar 
oil product value (RSFO vs. LSFO) have reduced liquid product credits.
Also, an increase in air and steam requirements for gasification have 
resulted in higher steam and compression costs.

Purge Gas

Table 3-2 presents the costs associated with burning liquefaction 
purge gas for fuel. The costs presented have been adjusted to reflect 
internal component values prior to cryogenic fractionation and light ends 
processing. This adjustment is necessary because the PAM values C^- purge 
gas fuel components at their market price.
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TABLE 3-2

PAM PURGE GAS FUEL COST IN ILLINOIS EDS PLANT

Component of
Purge Gas Mole % Costs, $/MBtu of Purge Gas

S' 36.1 4.00

C3 2.6 0.40

C4 1.3 0.11

H9 60.0 1.06

Cost of Fuel, $/MBtu 5.57



3.2 Wyoming Coal Liquefaction Screening Study

The Wyoming Coal Bottoms Processing screening study evaluated a 
range of liquefaction conditions to select the Study Design Basis for 
the liquefaction of Wyoming coal (July 1-September 30, 1978 Quarterly 
Technical Progress Report)* The optimal liquefaction conditions were then 
considered with the following bottoms processing alternatives to determine 
the most attractive plant configuration:

Hydrogen

• Steam reforming of high Btu gas
• Partial oxidation of vacuum bottoms (POX)
• Moving-bed gasification of coal (MBG)

Fuel

• FLEXICOKING of vacuum bottoms (LBG)
• Partial oxidation of vacuum bottoms (IBG)
• Moving-bed gasification of coal (LBG)

Steam

• Coal-fired boiler
• Gas-fired boilers

The economic basis is 1985 plant startup and operation.

An overall economic comparison of the various fuel and hydrogen 
producing combinations was developed. The results are summarized briefly, 
and a detailed explanation of the results can be found in the reference 
cited above.

Overall Economic Evaluation

A comparison of the various hydrogen and fuel producing combinations 
is presented in Figure 3-1. This figure shows the net cash flow for the EDS 
plant versus the hydrogen producing process. The lines of Figure 3-1 
represent three different options for providing process fuel: FLEXICOKING, 
partial oxidation of vacuum bottoms, and moving-bed gasification of coal.
The results are presented for liquefaction conditions of 840°F and 60 
minutes residence time.

For all cases shown in Figure 3-1, high Btu gas, when it is 
available, is sold in parity with coal liquids distillate. A coal-fired 
boiler is used as needed to provide supplemental plant steam. The 1000°F- 
content of the vacuum bottoms is 9% in all cases.

*FE-2893-21
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FLEXICOKING For Fuel

The dashed line in Figure 3-1 represents the use of FLEXICOKING to 
provide plant fuel. Hydrogen is produced by one of three processes: steam 
reforming, moving-bed gasification of coal, or partial oxidation of vacuum 
bottoms.

The major differences between the MBG and POX cases are the amount 
of supplemental coal to the plant, and the liquid and gas yields. In the 
case which uses MBG of coal, all vacuum bottoms are fed to the FLEXICOKING 
unit and supplemental coal is used for hydrogen production. The sale of HBG 
increases significantly due to the large amounts of high Btu gas produced in 
the MBG unit.

The cost of hydrogen is greater from the MBG unit than from the 
partial oxidation unit. However, added revenues from liquids recovered by 
FLEXICOKING the entire vacuum bottoms stream, and increased HBG production^ 
compensates for the increased cost of hydrogen.

The other configuration which uses FLEXICOKING for fuel utilizes 
steam reforming of HBG to produce hydrogen. This is the least attractive 
case of those using FLEXICOKING for fuel. The major reason steam reforming 
is less attractive than either MBG or partial oxidation is that C2- is not 
available for sale.

MBG and Partial Oxidation for Fuel

Neither MBG or POX are as attractive as FLEXICOKING for fuel. The 
cost differential between the partial oxidation and moving bed gasification 
cases is nearly constant. This 20 M$/yr delta is due to the higher cost of 
fuel from the MBG unit because of higher investment, feed, and operating 
costs.

Summary of Screening Cases

From this screening study, the three most attractive cases were 
selected for further evaluation. These are: (1) FLEXICOKING-fuel/Partial 
Oxidation-hydrogen, (2) FLEXICOKING-fuel/MBG-hydrogen and (3) Partial 
Oxidation-fuel/Partial Oxidation-hydrogen.

This second phase evaluation considered several design-related 
issues. One issue is the viscosity of the vacuum bottoms. A sufficiently 
low viscosity must be maintained when feeding vacuum bottoms to a FLEXICOKING 
or partial oxidation unit to avoid pumping and stability problems. Several 
factors affect the final viscosity of the vacuum bottoms. The 1000°F- 
content (which is determined by the vacuum tower cut point temperature), 
liquefaction severity, storage time, and storage temperature are all 
important. To increase liquid yield, a low 1000°F- content is preferred for 
feeding a partial oxidation reactor. However, high 1000°F- content aids in 
maintaining the low viscosities necessary for pumping.
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FLEXICOKING and partial oxidation units have different feed 
requirements. Figure 3-2 shows the minimum viscosity for a given storage 
time versus the 1000°F- content of the vacuum bottoms for each unit. The 
minimum viscosity results from an optimized combination of initial viscosity 
and viscosity stability (both of which decrease with increasing temperature) 
such that the resulting viscosity after a given storage time is as low as 
possible. The viscosity of vacuum bottoms from 840°F/40 minutes and 
840°F/60 minutes liquefaction conditions are indicated. A maximum viscosity 
of 60 poise was used as the current pumping limitation.

The design basis for the partial oxidation reactor requires 
a 2-hour storage time for process feed control. With liquefaction conditions 
of 840°F/60 minutes,an acceptable viscosity below the pumping limitation was 
determined with a 1000°F- content of 2%.

The design basis for vacuum bottoms storage time for a FLEXICOKING 
unit is 8 hours. Figure 3-2 b indicates the 1000°F- content of the vacuum 
bottoms necessary to keep the viscosity below the pumping limitation of 60 
poise. The need to limit the feed 1000°F- content, however, is not important 
in this case since the FLEXICOKING reactor recovers all 1000°F- liquids 
remaining in the feed.

Base Case Configuration

The analysis of viscosity stability and vacuum pipestill cut point 
indicated that liquefaction residence times of 60 minutes or longer at 840°F 
would provide a pumpable feed to a partial oxidation reactor with lower 
1000°F- contents than was assumed in our initial screening studies (9%)• 
Therefore, the three best cases from the initial screening study (FLEXICOKING/ 
POX for fuel/hydrogen respectively) were compared at various liquefaction 
residence times with a vacuum bottoms 1000°F- content of 2% (Figure 3-3).
The dotted lines in Figure 3-3 below the 60 minutes residence time indicate 
a vacuum bottoms viscosity that exceeds pumping limitations.

The configuration at 840°F using FLEXICOKING for fuel and partial 
oxidation for hydrogen became the most economically attractive. The improve­
ment of the economics of the FLEXICOKING/POX case relative to the FLEXICOKING/ 
MBG case (Figure 3-3 vs Figure 3-1) results from the additional liquid re­
covered from the vacuum pipestill operating at a 2% 1000°F- vacuum bottom 
content.

The bottoms screening study has indicated that a range of liquefac­
tion conditions can provide an economically optimum Wyoming plant configura­
tion. Final liquefaction operating conditions for the Wyoming Study Design 
will be selected based on this study, and laboratory pilot data on bottoms 
viscosity and unit operability.
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3.3 FLEXICOKING Improvement Studies

The study to Investigate techniques for reducing the solids 
content of coker scrubber liquids is continuing. An EDS plant incorporating 
a recycle FLEXICOKING unit can produce a solids-free distillate fuel oil but 
at a cost higher than the SDU basis which employs a once-through FLEXICOKING 
unit. Presently the same scrubber design is used for once-through and 
recycle coking. Possible design changes are being investigated which can 
reduce solids entrainment from the reactor, or can increase recovery of clean 
coker products. Evaluation of alternate methods for solids removal from the 
scrubber bottoms is also underway.

Several methods of achieving a higher recycle coking scrubber cut 
point are being developed. Raising the scrubber vapor exit temperature will 
achieve a deeper cut point and permit greater liquid recovery. At elevated 
temperatures, coking on the scrubber sheds may occur more readily and means 
are being considered to minimize this problem.

Preliminary results indicate the economic debit between once-through 
and recycle coking can be reduced by about 30-50% by raising the scrubber 
cut point. Laboratory results indicate coke formation may not be a problem; 
however, demonstration of this higher cut point would be needed to insure 
coke formation is minimized.

Another approach to increase recovery of solids-free 1000°F+ 
liquids is to improve the scrubber design. Redesign of the FLEXICOKING 
scrubber would permit operation at a very high recycle cut point, and could 
nearly eliminate the economic delta between once-through and recycle coking. 
Several key technical issues concerning the modified design need to be 
evaluated; however, preliminary evaluations are encouraging.

The design and evaluation of the use of a scrubber liquids vacuum 
flash unit is also complete. Results indicate that the economic delta 
between once-through and recycle coking may be reduced by approximately 
two-thirds. Key technical issues such as coking of the scrubber liquids in 
the vacuum flash preheat furnace must be investigated.

Future work will concentrate on further identifying the technical 
issues to be resolved, and better identifying the economic incentives 
associated with each area.



3.4 Coal FLEXICOKING

The engineering evaluation of feeding a mixture of coal and vacuum 
bottoms to a FLEXICOKING unit to increase liquid yields and fuel gas produc­
tion for the EDS liquefaction plant is continuing. Development of a vector 
for the Process Alternatives Model (PAM) to evaluate the economic and 
process impact of feeding supplemental coal to the FLEXICOKING unit is under­
way.

Several technical problems specific to the feeding and operation 
of a coal FLEXICOKING unit are being addressed. One of these is the coal 
feed system. The selected design consists of a dense phase feed system, 
which would inject the coal directly into the dense bed of the reactor.
This design enables variations in coal feed rate to be handled.

In the current SDU, coal boilers are used together with gas fired 
boilers to produce steam, and to balance fluctuations in FLEXICOKING LBG 
fuel production. The use of coal FLEXICOKING would eliminate the need for 
these offsite coal boilers, and would require another method for handling 
the variations in FLEXICOKING LBG production. The use of gas fired turbines 
to produce electricity is the proposed means of controlling these fuel 
fluctuations.

Work is progressing on the development and implementation of 
vectors into the PAM.



3.5 Deep-Cut Vacuum Fractionation

As part of ongoing cost reduction studies, the feasibility of and 
incentives for recovering additional heavy liquid product from Illinois 
vacuum bottoms in the vacuum pipestill (VPS) is being updated. Earlier 
studies were carried out to scope the overall feasibility of deep-cut VPS 
operation with Illinois coal (Quarterly Technical Progress Report, FE-2353-2, 
January-June, 1976). Based on these studies, and subsequent bottoms viscosity 
data and bottoms pumping requirements, the maximum VPS vacuum bottoms cut 
point was defined for the Market Sensitivity Case (MSC) EDS Study Design 
Update (Quarterly Technical Progress Report FE-2893-12, January-March, 1978). 
Studies to estimate the incentive for a deeper-cut VPS operation were also 
reported (Final Technical Progress Report FE-2353-20, January, 1976 - 
June, 1977).

The present update confirms the relatively large economic incentive 
shown in previous studies for maximizing VPS cut point prior to partial 
oxidation (POX) or other non-FLEXICOKING bottoms processes. This update is 
based on the current bottoms distillation characterization curve used in the 
Market Sensitivity Case (Figure 3-4). Figure 3-4 was developed in conjunction 
with the EETD bottoms characterization program using Hi-Vac C distillation 
data. Using this distillation data, we confirmed that the 975°F vacuum 
bottoms cut point used in the Market Sensitivity case for liquid feed to the 
POX system appears to be the operable limit as determined by current pumping 
limitations. This is based on a vacuum bottoms viscosity of about 50 poise 
(at a shear rate of 200 sec-^) set by POX feed holding requirements and 
high-discharge pressure pumping considerations. The current study was also 
extended to define the maximum probable VPS severity limited by preheat 
furnace constraints and viscosity limitations within the VPS itself. On the 
basis of VPS furnace and flash zone operability, a nominal 1050°F cut 
point may be attainable. A VPS operation of this type would bring VPS 
yields to within 3-4 wt% on dry coal relative to SDU Base Case liquid yields 
(Figure 3-5). Economics screening studies indicate about a 3 $/B RISP cost 
reduction if all bottoms were cut at 1050°F rather than 975°F.

The expected viscosity of 1050°F+ Illinois vacuum bottoms would 
be in the range of 10-20 poise (at a shear rate of 200 sec-l and 750°F).
If cooling of these bottoms to 600°F for feed storage ahead of a POX unit 
is required, the viscosity would likely be unacceptably high, or the bottoms 
may even solidify. Therefore, feed to POX as a liquid would require holdup 
at a temperature above 700°F to maintain the viscosity at the 50 poise 
pumpability limit, and consequently, the holdup time would have to be 
reduced to only several minutes to prevent bottoms degradation. If this 
were not feasible, or if a high-discharge pressure could not be developed to 
handle a significantly more viscous vacuum bottoms stream, a 1050°F cut 
point operation would require vacuum bottoms solidification facilities with 
subsequent solid rather than liquid feed to POX. The potential coal liquid 
cost reduction based on a 1050°F cutpoint VPS operation would have to be 
debited for the cost of solidification and grinding facilities. These costs 
are currently being developed.
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FIGURE 3-5
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To achieve a 1050°F vacuum bottoms cut point, VPS flash zone 
:onditions of 775°F, 20 mm Hg, with 2 LV% overflash are required in a 
single-stage, dry VPS operation (i.e., no steam stripping). A two-stage 
VPS system was also considered as a means of increasing the 1050°F 
cutpoint, but the small additional yield recovered was judged to be insuffi­
cient to pay for the cost of the additional tower and ejectors. Also, a 
steam-stripped rather than dry VPS was considered. The dry operation 
is preferable because it is capable of recovering more liquid, has lower 
operating costs, and does not require stripping trays in the bottom of the 
VPS, which are undesirable for high-viscosity, solids containing bottoms.
The selected flash zone conditions are within the upper range of petroleum- 
based experience. They compare to 725°F, 25 mm Hg, and 2 LV% overflash 
flash zone conditions required to attain the 975°F VPS cut point in the 
Market Sensitivity case. If coal liquids are no more susceptible to coking 
and thermal cracking than petroleum residue, VPS operating conditions 
required to achieve the 1050°F cut point should allow acceptable commercial 
operability, based on these constraints.

To achieve the 1050°F nominal bottoms cut point, the VPS furnace 
requires a coil outlet temperature (COT) of about 830°F under mixed-phase 
flow conditions. This temperature is somewhat higher than for typical 
petroleum VPS furnaces. Therefore, some uncertainty exists as to whether a 
typical mixed-phase outlet VPS furnace can operate at 830°F with acceptable 
decoking intervals. An alternative operation which may alleviate the 
potential coking problem would employ single-phase liquid furnace outlet 
conditions at 860°F COT to attain the same VPS flash zone conditions. If 
the coking tendency of the coal derived VPS feed is no worse than for 
petroleum VPS feed, there is a good probability that a commercially-operable 
furnace can be designed to achieve a nominal 1050°F bottoms cut point.

A brief evaluation of the potential for deeper-cut of Wyoming 
vacuum bottoms was also carried out. The major drawback with Wyoming 
bottoms is their higher viscosity, which can range from two to more than five 
times greater than for Illinois bottoms for a given nominal cut point. For 
the Wyoming Study Design Update, a nominal cut point of 900°F (rather than 
the 975°F cut point for Illinois bottoms) is required to provide 50 poise 
viscosity at the inlet to the POX feed pumps. Conceivably, a nominal cut 
point of 1050°F would be possible for Wyoming bottoms with respect to 
furnace and VPS limitations, but the viscosity would almost certainly rule 
out a liquid feed to subsequent POX or other bottoms processing steps. The 
viscosity exiting the VPS would be in the range of 100 poise (at a shear rate 
of 200 sec“l) which would allow no room for cooling for even minimal POX 
liquid bottoms feed holdup. Therefore, solidification and grinding facilities 
would be required.

An experimental verification program is under consideration to 
compare coking tendencies of coal to petroleum-derived VPS feeds. Because 
these data would only provide general qualitative tendencies rather than 
quantitative rate comparisons of coke formation, they will permit only 
a general assessment of the maximum commercially-operable furnace severity. 
ZCLP testing would be required to develop a commercial design basis.
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3.6 Burning Star Coal Screening Study - Bottoms Processing

S'"

Bottoms processing vectors for once-through and recycle FLEXICOKING 
have been developed for the engineering screening study of Illinois No. 6 
(Burning Star No. 2 mine) coal. Process Alternative LP Model (PAM) vectors 
have been prepared utilizing Continuous Stirred Coking Unit (CSCU) data as 
well as the latest investment information on FLEXICOKING. The initial CSCU 
data was obtained with vacuum bottoms feed produced at liquefaction severities 
of 840°F/40 minutes residence time and 880°F/25 minutes residence time. 
FLEXICOKING vectors will be prepared at other liquefaction conditions when 
data from additional CSCU runs have been analyzed.

EDS operation with Burning Star coal exhibits a different yield 
pattern than operation with Illinois No. 6 coal from a Monterey No. 2 mine.
At severities of 840°F/40 minutes residence time, liquid yields from lique­
faction decreased from 35 to 24 wt% on dry coal when feeding Burning Star 
rather than Monterey coal. Lower liquefaction yields, however, are offset 
by increased liquid recovery from FLEXICOKING. FLEXICOKING yields increased 
by 9 wt% on dry coal (from 10 to 19 wt%) with Burning Star relative to 
Monterey.

Modifications have also been made to the Monterey partial oxidation 
vectors to account for differences in fuel gas and hydrogen yields when 
feeding Burning Star mine coal. These vectors are being used in PAM along 
with liquefaction vectors at various operating conditions to determine the 
most favorable plant configuration. Three configurations are being considered: 
FLEXICOKING for fuel/steam reforming for H2, FLEXICOKING for fuel/partial 
oxidation for H2, and partial oxidation for fuel/H2.
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3.7 FLEXICOKING Prototype Unit Revamp Planning Study

For the period from July 1, 1978 to June 30, 1979, work proceeded 
on the EDS FLEXICOKING Prototype Unit (EDS-FPU) revamp project. Screening 
studies were initiated to develop a preliminary operating program for the 
EDS-FPU and to define preliminary heat and material balances covering 
operations on Illinois and Wyodak coal liquefaction vacuum bottoms. As an 
outcome of initial onsite screening studies, the fresh feed rate to the 
Prototype was set at 70 T/D. From laboratory studies identifying limiting 
liquid feed storage time/temperature/viscosity relationships, the desirability 
of decoupling the EDS-FPU from the ECLP unit was identified as a significant 
issue. Therefore, additional screening studies were carried out to scope 
out the design of feed remelt facilities. These studies identified a feed 
remelt system which required diluent as the melting medium. This flux, when 
combined with the pump seal oil, could amount to about 40% of the total 
feed, and a recovery system is required to minimize makeup requirements 
by recycling the flux and seal oil.

Gasification kinetics were also evaluated to ensure that prototype 
gasifier conditions would adequately simulate commercial conditions.
Factors such as gasifier temperature, gas velocity, and steam rate were 
considered as a part of this evaluation. These studies completed the 
process planning for the EDS-FPU revamp and were used to set the basis for 
the Class V Update cost estimate.

In 4Q78, Exxon Engineering Project Management (EEPM) completed the 
Class V Update for the EDS-FPU revamp project showing an increase in estimated 
total erected cost (TEC) from 23 M$ as shown in the original class V estimate 
to 33.8 M$. This updated TEC reflected the results of the feed system 
alternative study. The cost increase reflected a better understanding of 
the feed properties and a resulting increase in the complexity of the feed 
storage and handling requirements. A Revamp Task Force panel was then 
convened to consider cost reductions to the original plan of recomissioning 
the Prototype FLEXICOKING Unit. A Grass Roots Task Force considered the 
possibility of achieving the program objective with a smaller 10 T/D mini­
plant .

The Revamp Task Force identified several potential areas of cost 
reduction in the onsites, offsites and project execution categories (discussed 
in detail in the October-December, 1978 Quarterly (FE-2893-25). At the same 
time, the Grass Roots Task Force developed a screening quality design for 
the 10 T/D mini-plant, including major vessel dimensions, elevations, lines, 
along with heat and material balances. From this design the task force 
evaluated the potential benefits of building and operating the mini-plant as 
opposed to the EDS FLEXICOKING Prototype Unit. The Grass Roots Task Force 
assessed the probability of developing significant useful scale-up information 
from the 10 T/D plant in critical areas of slag formation and particle 
behavior. Overall operability was also evaluated. In all these areas, the 
70 T/D revamp was judged to be superior to the 10 T/D plant.
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With the results of the two task force efforts in hand, the 
decision was made to proceed with the revamp effort, utilizing the modifica­
tions and cost reductions detailed in Table 3-3. In addition, it was decided 
that a project cost control procedure be implemented to monitor costs as the 
design work proceeded.

Work on the onsite Design Basis Summary (DBS) for the EDS FLEXICOKING 
Prototype Unit revamp was resumed with the completion of the task force 
efforts in mid-November. Two design base cases were selected which, together 
with design contingencies, cover the range of expected prototype operation.
These cases were based on Illinois coal liquefaction bottoms data with 
once-through scrubber bottoms operation (Case 1) and Wyodak coal liquefaction 
bottoms data with recycle scrubber bottoms operation. A short summary of 
the design cases is included on Table 3-4.

Screening studies of the EDS FLEXICOKING Prototype Unit Product 
Recovery facilities were completed in preparation of the DBM. These studies 
are discussed in detail in the October-December, 1978 Quarterly Technical 
Progress Report (FE-2893-25). The product recovery block will play a 
critical role in decoupling the EDS-FPU from ECLP facilities since the 
remelting of solidified vacuum bottoms will require a lighter, less viscous 
diluent. The simulation cases considered were the two basis cases for the 
EDS-FPU: Illinois once-through operation at a 20 wt% feed diluent level 
and a Wyodak Recycle operation at a 30 wt% feed diluent level. Results of 
the study were used to scope the quantity of diluent (Heavy Raw Creosote 
Oil) needed for makeup and to provide flowrate, temperature, and pressure 
information for the design engineers.

In order to determine air and water pollution abatement facility 
design, levels of contaminants in the gas and water streams were estimated 
using laboratory data. Current plans call for sending solids-free sour 
water to the Baytown Refinery's sour water treating system and the solids 
laden sour water to a slurry stripper and then send the stripped slurry to 
the refinery settling pond. The technique used in characterizing the gas 
and water pollutant levels is discussed in the October-December, 1978 
Quarterly Technical Progress Report (FE-2893-25). Once the gas streams were 
characterized, sour water estimates were made. Sour water formed as a 
result of water condensation was also characterized. The results of this 
study were included in the Design Basis Memorandum (DBM) for the EDS-FPU 
revamp project.

The basis for the slurry stripping facilities was set following a 
cooperative effort by ER&E's EDS Liquefaction Engineering Division and the 
Baytown refinery to define facilities to handle slurry products from the 
EDS-FPU. Based on the current refinery slurry and wastewater handling 
requirements, it was recommended that the NH3 content of the slurry streams 
be reduced by 99% to avoid adverse environmental effects. This sets the 
design of the EDS-FPU slurry stripper and was included in the DBM.

Concurrent with the ELED/Baytown Refinery efforts to design slurry 
handling facilities, a joint effort was undertaken by ELED, and EEPD's Gas 
Treating Section to define facilities for meeting the refinery sulfur

■f'
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TABLE 3-3
FLEXICOKING PROTOTYPE REVAMP

COST REDUCTIONS

Item
Recommended 

Cost Change, M$ Comment

Onsite/Offsite Design Base

Eliminate ECLP Electrical
Sub-station

(1.45)

Eliminate Feed System Dust
Control Equipment

(1.30)

• Reduced Dowtherm System (0.90)

v Eliminate Sandvik Belt (0.60)

Optimize remelt system including 
creosote oil as feed system flux

(0.55)

Others (0.25)

Subtotal

reject Execution

(5.05)

Engineering/construction by 
local Houston-area contractor

(3.4)

• Change in project management 
approach

(1.4)

Others (0.2)

Sub total (5.0)

Total (10.1)

• Reduced load resulting from 
deleted and relocated equipment

• Lab data indicates no respirable 
dust problem

• Eliminate need to trace flush, 
seal lines by using creosote 
oil in place of VGO

• Dispose of excess FXC scrubber 
bottoms to spare refinery tank

• Results in smaller mixers and 
remelt tanks

• Net of several cost increase/ 
decrease items

• Based on Carter/EUSA experience 
at Baytown

• Net of several cost increase/ 
decrease items
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TABLE 3-4

EDS FLEXICOKING PROTOTYPE CASE DESCRIPTION

Case 1 Case 2

Coal Feedstock Illinois Wyodak

Mode of Operation Once-Through Recycle

Gasifier Process Steam Low High

Coke Gasified, ///hr 2563 3504

Purge Coke, #/hr 1687 1628

% Gasification on
Ash-Free Coke Make

82.0 86.6
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specification of 160 volume parts per million (vppm) in the FLEXICOKING 
unit's low Btu Gas (LBG). Various treating schemes were evaluated which use 
different scrubbing media and process configurations. The choice of scrubbing 
media was limited to those materials used by the Baytown Refinery in its gas 
treating processes. This work shows that conventional scrubbing with trays 
or packing in the existing absorber require vessel modifications to achieve 
160 vppm Sulfur.

An evaluation of the refinery H2S removal tailgas cleanup facilities 
revealed that a slipstream of the selected H2S removal solution would not be 
available. Therefore, the DBS for the gas treating facilities is based on 
the need for a self-contained, "stand-alone" H2S removal plant. The DBS for 
the H2S removal facilities was prepared by ER&E's Gas Treating Section 
separate from the overall onsite DBM and was released in final form late 
second quarter, 1979.

In late December, 1978, a working copy of the onsites DBM was 
circulated to the petroleum process designers, petroleum process planners 
and the Baytown and Baton Rouge research labs for review. Feedback from the 
review of the DBM was incorporated into the preliminary draft of the DBM 
which was released late January, 1979. The goal of the preliminary DBM was 
to allow the design engineers to begin preparation of the onsites Design 
Specification. The finalized DBM was released early in the second quarter 
of 1979, and contained information released with the preliminary DBM plus 
bases for gas treating and slurry stripping facilities. With the final DBM 
in hand, it is anticipated that the design engineers will have the onsites 
Design Specification completed in the third quarter of 1979.

Concurrent with this effort, work was done to prepare an Investment 
Basis Memorandum (IBM) for the onsite block of the EDS-FPU revamp. Equipment 
to be added to the existing unit was identified and sized, while changes to 
the existing plant layout and piping were developed. A preliminary draft of 
the IBM was issued in late first quarter, 1979 for review by Exxon Research 
and Engineering personnel in the areas of safety, layout, onsite design, 
cost and scheduling, and project management. Feedback from this review was 
incorporated into a finalized IBM which was released early in the second 
quarter of 1979. The document itself provides the information necessary for 
the preparation of the Class IV cost estimate.

Work on the offsite facilities for the EDS FLEXICOKING Prototype 
Unit proceeded in parallel with the onsite work. Studies were begun in late 
4Q78 to define the feed system, including requirements for solid vacuum 
bottoms storage, handling, and remelting. Environmental and industrial 
hygiene considerations played an important role in the choice of a facilities 
configuration. Various feed piping heat tracing systems were studied. A 
heat medium system was designed for remelter heating and line tracing. 
Utilities requirements for the onsites and offsites areas were developed.
An Offsite Facilities Definition for the EDS FLEXICOKING Prototype Unit was 
issued on June 14 which incorporates the results of this work. This informa­
tion will be used in preparation of the Class IV cost estimate.
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As part of the EDS FLEXICOKING Prototype Revamp Project, work 
proceeded on developing a technical operating plan. The final release of 
the operating plan is targeted for late 4Q79. Areas to be addressed by the 
operating plan include gasifier ash sintering, particle properties, and 
coker scrubber liquids solids content. Recommendations for test programs 
have been solicited from various Exxon organizations. A preliminary test 
program submittal was made by various EETD sections. These test programs 
address areas of uncertainty such as particle properties, materials per­
formance, scrubber liquids solids removal, waste stream compositions, and 
heat exchanger and pump operating data. The proposals are currently under 
review. A preliminary selection of test programs to be included in the 
overall operating plan will be made in 3Q79.

In preparation for the building permit application, the EDS 
Liquefaction Engineering Division and the General Engineering Division 
assembled an information package to be used by the Carter Oil Company to 
prepare the application for the Texas Air Control Board (TACB) permit. This 
package contained information on the types and sources of air pollutants 
which will be emitted from both the onsite and offsite portion of the 
EDS-FPU. Initially, a preliminary package was sent to the Carter Oil 
Company for their review in mid second quarter, 1979. Carter Oil Company 
feedback was then incorporated into the final information package with a 
release late in second quarter of 1979. The permit application was then 
prepared by Carter Oil and submitted to the TACB where it is currently under 
review. A response to the permit is anticipated during the third quarter of 
1979.
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3.8 Engineering Studies of Bottoms Processing/Hydrogen Manufacture

Economic Comparison of Texaco and Shell-Koppers 
Partial Oxidation on EDS Vacuum Bottoms Feed

An initial economic screening comparison of Texaco and Shell-Koppers 
Partial Oxidation (TPO/SPO) processes on liquid EDS vacuum bottoms indicates 
that TPO is 5 - 7% less expensive for producing hydrogen and fuel gas, 
respectively. This cost advantage for TPO corresponds to about 0.75 $/B and 
about 0.25 $/B respectively, for hydrogen and fuel gas on an average EDS 
liquids cost basis. When compared on solidified vacuum bottoms rather than 
liquid feed, SPO appears to have roughly a 1 $/B liquid product cost 
advantage for hydrogen generation because of TPO's aqueous slurry feed 
requirement compared to dry feed used by SPO. The magnitude of these cost 
impact differences for liquid vacuum bottoms feed are expected to decrease 
based on revised investment requirements for SPO expected from Shell in 3Q79. 
Therefore, in light of the screening quality of the economic comparison, we 
have concluded that these two partial oxidation processes feeding liquid 
vacuum bottoms are an economic standoff in the context of an EDS process 
application, while for solidified vacuum bottoms feed, SPO appears to have 
a slight cost advantage.

Evaluation Based on Non-Confidential 
Information from Texaco and Shell

This initial economic evaluation is based on ER&E's interpretation 
of non-confidential, screening quality process and economic information 
supplied by both Texaco and Shell. This information was presented in the 
Quarterly Technical Progress Report*for January - March, 1979, and is 
summarized in Table 3-5. This summary table, as well as this evaluation, 
reflects recent information from Shell in which their investments are 
decreased by 13% and their power requirement are decreased by 85% relative 
to their original basis to be consistent with the Texaco basis. Additional 
cost information is expected to be received from Shell in 3Q79, and is 
expected to show a further reduction in SPO investment requirements relative 
to their original basis.

This economic comparison stressed hydrogen generation from 
liquid vacuum bottoms, but production of intermediate Btu fuel gas was also 
evaluated in somewhat less detail, as was the impact of a solidified vacuum 
bottoms feed. Although this comparison was based on Illinois coal- 
derived vacuum bottoms feed, the results should be applicable for vacuum 
bottoms derived from a wide range of coals.

*FE-2893-29
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TABLE 3-5

jT'-i
SUMMARY OF TEXACO AND SHELL-KOPPERS 

PARTIAL OXIDATION INFORMATION 
FOR HYDROGEN PRODUCTION

Basis: • 150 MSCF H^ + CO/SD syngas production
• Illinois coal derived, liquid vacuum bottoms feed

Process Feed Rates, T/Hr

• Vacuum Bottoms
• Steam
• Boiler Feed Water
• Oxygen

Yields * •

• H^/CO Ratio
• Carbon Utilization, %
• Syngas Pressure, psig

Investment

• Investment, M$

- No. of Trains
- Gasifiers per Train
- Contingency, %
- Year

Utilities

• Power, MW
• Steam, T/Hr

Texaco Shell-Koppers

93.0 93.8
37.2

16.4
73.3 73.9

0.64
99.2

960

0.65
98.0

425

9
1
2
0

Jan. '77

35
2
1

10
Mid '78

1.2 2
22
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Processes are Generally Similar

The Texaco and Shell-Koppers processes are similar in concept.
Both feed vacuum bottoms with oxygen and steam into a reactor at elevated 
temperature and pressure. A syngas consisting primarily of hydrogen and 
carbon monoxide is produced, which can be upgraded to hydrogen, or cleaned 
and used as an intermediate Btu fuel gas. A flow schematic comparing the 
two processes for hydrogen production is shown in Figure 3-6. The principle 
differences between the processes are (1) TPO's higher operating pressure 
(1,000 vs 450 psig), (2) TPO's use of a refractory liner versus a water 
jacketed reactor, (3) SP0*s ability to feed solid vacuum bottoms as a dry, 
ground solid versus an aqueous slurry, and (4) SPO's use of a cyclone in 
the overhead solids recovery system, which allows disposal of soot as a dry 
stream compared to aqueous slurry from the TPO process.

Hydrogen from Liquid Vacuum Bottoms 
5% Cheaper via Texaco

Our initial economic screening comparison indicates a 5% cost 
advantage for TPO vs SPO for producing hydrogen from a liquid vacuum 
bottoms feed. This cost advantage for TPO corresponds to a 0.75 $/B reduc­
tion on an average EDS product cost basis.

A summary of the cost differences between TPO and SPO is shown in 
Figure 3-7. These are based on a typical application of both processes to the 
EDS process for hydrogen generation, based on EDS Study Design Update 
requirements. The cost comparison is shown relative to an assumed 45 $/B 
base (1985$) liquids cost for a TPO hydrogen production source. This base 
liquids cost is not necessarily representative of the cost expected for the 
EDS Study Design Update Market Sensitivity Case which employs TPO for 
hydrogen production. It is meant to serve as a rough estimate for purposes 
of this comparison only. Overall, the credit for TPO relative to SPO is on 
the order of 5% lower hydrogen cost, which translates to a 0.75 $/B reduction 
in the overall liquid product cost.

ER&E's adjustment of Texaco's and Shell's data are presented in 
Table 3-6, which shows the comparison based on cash flow impact and required 
initial selling price of the EDS product liquids (relative to a 15% DCF 
return). The major component of SPO's higher cost relative to that for TPO 
is SPO's greater investment, and the additional hydrogen compression required 
because of SPO's lower operating pressure. The investment, after adjustment 
by ER&E to a consistent basis, is over twice as great for SPO than for TPO.
The less significant cost components which appear more expensive for SPO are 
repair materials (investment related), greater oxygen and bottoms feed 
requirement (resulting from a slightly lower carbon utilization efficiency), 
salaries and related costs, and power consumption.
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FIGURE 3-6
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FIGURE 3-7
SHELL-KOPPERS/TEXACO PARTIAL OXIDATION COST 
DIFFERENTIAL SUMMARY FOR HYDROGEN PRODUCTION 
BASED ON EDS STUDY DESIGN UPDATE REQUIREMENT

Investment

H. Compression

Oxygen & Bottoms Feed

Inv. Rel. Repair Mat.

Salaries & Rel. Costs

Utilities (Power)

-1.00 40.50 +1.00-0.50 +1.50 +2.00

Process Steam

VPS Bottoms Yield

0, Compression

A Overall Cost =0.75 $/B 
A Hydrogen Cost = 5%

Fines Dewatering

TPO Assumed Base Cost 
(~45 $/B - 1985$)



TABLE 3-6

SHELL-KOPPERS/TEXACO PARTIAL OXIDATION
COST DIFFERENTIAL f

FOR HYDROGEN PRODUCTION

Basis: • 4 trains each 94 MSCF H2 + CO/SD based on EDS
Study Design Update requirements

• Liquid vacuumi bottoms feed
• Economics in 1985 $

Shell-Koppers Texaco Cost, M$/Yr
Debits for Shell-Koppers

Investment, M$

- As Received (1) 35 9 —

- Adjusted (Texaco) (2) 21.5 7.7 -

- Adjusted (ER&E/Texaco) (3) 21.5 10.0 -

- SDU Basis (ER&E/Texaco) (4) 187 87 17.2

H„ Compression

- Pressure, psig (in/out) 400/1860 880/1860 —

- Inves tment, M$ 100 70 6
- Power, MW 42 25 4.2

Utilities

- Power, MW (@3.5 q/kwhr) 5 3 0.5
- Steam, T/hr 50 0 0 (5)

Investment Related
Repair Materials, M$/Yr (6)

- SDU Basis (ER&E/Texaco) 6.2 2.9 3.3

Oxygen/Bottoms Feed (7)

- Oxygen, T/hr (@53 $/T) 185.7 184.2 0.6
- Bottoms, T/hr (@47 $/T) 235.8 233.7 0.7

Salaries and Related Costs

- Operators Required (8) 9 4 0.7

Acid-Gas Cleanup

- Maximum Benefit of Higher Base -6 0 (9)
Texaco Pressure, M$/yr

TOTAL DEBITS 33.2
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TABLE 3-6 (cont'd)

SHELL-KOPPERS/TEXACO PARTIAL OXIDATION
COST DIFFERENTIAL

FOR HYDROGEN PRODUCTION

Credits for Shell-Koppers

Process Steam

Shell-Koppers Texaco

- Steam Req'd., T/hr (@ 8 $/1000 lbs) 0 (10) 93.5

VPS Bottoms Yield (11)

- Additional Yield, wt% Dry Coal +0.25 Base
- Cut Point, °F +-10 Base
- Value, M$/Yr - -

Oxygen Compression

- Pressure, psig (in/out) 1/500 1/1100
- Investment, M$ -7 Base
- Power, MW (@ 3.5 d/kwhr) -4.9 Base

Fines Dewatering (12)

- Fines Produced Dry Slurry
- Dewatering Inv. M$ - +-9.7
- Dewatering Op. Costs, M$/yr - +0.1

TOTAL CREDITS 

TOTAL DEBITS-CREDITS 

A HYDROGEN COST, % (13) 

A PRODUCT COST, $/B (14)

Cost, M$/Yr

(10.4)

(3)

(1.5)
(1.2)

(2.2)
(0.1)

(18.4)

15

5

0.75
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TABLE 3-6 (cont'd)

SHELL-KOPPERS/TEXACO PARTIAL OXIDATION
COST DIFFERENTIAL FOR HYDROGEN PRODUCTION

Notes:

(1) Includes syngas generation system only.

(2) Shell and Texaco "as-received" investment adjusted to comnon basis based 
on ER&E's understanding of the investment bases.

• Texaco investment adjusted from 2 gasifiers per train to 1 
assuming gasifier is 50% of investment and each is 60% capacity 
using 0.7 plant size exponent (9 M$—^7.7 M$) .

• Shell investment put on consistent basis (40 M$—^21.5 M$) adjusting 
following:

- Remove 10% contingency
- Adjust from mid-78 to Jan. 77
- Adjust from 2 trains to 1 train
- Subtract estimated investment for sour water stripping (3.7 M$)

(3) Texaco "as-received" investment increased by 30% to make it consistent 
with other ER&E estimates.

(4) Shell and Texaco investments adjusted to EDS Study Design Update (SDU) basis 
(requires 377 MSCF H^ + CO/SD) as follows:

• Multiply 7.7 M$ adjusted Texaco basis by:

- Gulf Coast to Illinois location (1.15)
— Jan. 77 — Jan. 85 (1.45) \ 0 7 \
- Four trains at 94.2 MSCF H2 + CO/SD •♦[[94.2 | ' x 4)
- Add 20% project contingency (1.2) \\150 / /
- Add 20% process development contingency (1.2)
- Add 2 spare gasifiers (1.25)

• Multiply SDU basis Texaco estimate by 21.5/7.7 ratio of adjusted 
Shell/Texaco investments to get SDU basis Shell investment.

• Multiply investment difference by 0.172 capital recovery factor 
for 15% DCF return to get cost in M$/Yr.

• Increase SDU basis Texaco investment by 30% as in Note 3.

(5) Shell process not debited for utility steam. This steam estimated to
be used for sour water stripping, which is not included in Texaco's basis.

(6) At 3.3% of investment.
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TABLE 3-6 (cont'd)

Notes:

(7) Due primarily to carbon utilization, which is 98% for Shell and 99% 
for Texaco.

(8) Salaries and related costs assumed to be 50% greater for Shell than for 
Texaco, in light of the higher reported operator requirements.

(9) Since actual credit is uncertain depending on optimal process at each 
pressure, this benefit for Texaco was not included in overall total.

(10) Shell understood to generate process steam in water-cooled reactor 
walls.

(11) Shell reports 15-20 minute vacuum bottoms feed holdup time, while 
Texaco reports 2 hour holdup time is required. Due to bottoms viscosity 
increase in storage, the reduced holdup time allows deeper vacuum 
tower cut point while achieving the required bottoms feed pump inlet 
viscosity.

(12) Texaco is debited for producing aqueous slurry fines which are assumed 
to require dewatering prior to disposal. Filtration system costs 
included for Texaco.

(13) Based on preliminary Texaco generated hydrogen cost.

(14) Based on assumed 45 $/B product liquids cost with Texaco hydrogen 
generation.
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The principal credit for SPO is the internal generation of process 
steam in the water-cooled reactor, in conjunction with lower process steam 
requirements. This credit cancels out the hydrogen compression cost debit 
for SPO. Also, because of Shell's lower anticipated vacuum bottoms holdup 
surge requirement (15 minutes versus two hours for Texaco), less degradation 
(i.e. viscosity increase) of the bottoms will occur. This permits a deeper 
cut point operation in the vacuum tower, resulting in a slightly greater 
liquid yield. In addition, SPO has a small credit in lower feed oxygen 
compression requirements due to lower operating pressure, and a credit for 
producing a dry fines stream for waste disposal, which must be dewatered in 
the TPO process prior to disposal.

Shell-Koppers Shows 1 $/B Advantage 
for Solidified Vacuum Bottoms Feed

When compared on solidified vacuum bottoms feed rather than liquid 
feed, SPO appears to have roughly a 1 $/B liquid product cost advantage 
over TPO for hydrogen generation. For solid feed, the TPO process uses a 
water slurry of solidified bottoms, whereas SPO feeds the bottoms directly as 
a dry, ground solid. The injection of this water as a 50 wt% solids slurry 
increases the oxygen requirement for TPO by roughly 35% due to the additional 
heat required to vaporize the water. Also, the cold gas efficiency is 
released by 10% (i.e. „ the amount of syngas produced per unit of feed). This 
requires additional bottoms feed, oxygen, and larger equipment to produce the 
equivalent amount of syngas. Consequently, the overall debit for SPO of 0.75 
$/B for liquid vacuum bottoms feed changes to a credit of 1 $/B for solid 
vacuum bottoms feed.

Fuel Gas from Liquid Vacuum Bottoms 
7% Cheaper via Texaco

Although this comparison stressed hydrogen generation, fuel gas 
production was also considered. The results indicate that TPO is about 7% 
less expensive for producing fuel gas from a liquid vacuum bottoms feed.
This corresponds to a 0.25 $/B cost reduction on an average EDS liquid 
product cost basis. The economic comparison for fuel gas production is 
shown in Figure 3-8, with dotted lines representing the previous comparison 
for hydrogen generation.

The basis for the fuel gas production comparison is generally 
similar to that for hydrogen generation. The fuel gas requirement was based 
on producing sufficient fuel gas to meet the total onsite requirements of 
the EDS Study Design Update Market Sensitivity Case. Because this requirement 
for syngas from partial oxidation is considerably smaller than that for hydro­
gen generation, the cost impact of fuel gas production is less even though 
the differential cost per unit of fuel gas produced is 7 versus 5% for 
hydrogen generation. The TPO fuel gas process requirements and investments 
were adjusted by ER&E from the hydrogen generation case since Texaco fuel 
gas data were not available. Shell fuel gas requirements were used directly.
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FIGURE 3-8

SHELL-KOPPERS/TEXACO PARTIAL OXIDATION COST 
DIFFERENTIAL SUMMARY FOR FUEL GAS PRODUCTION 
BASED ON EDS STUDY DESIGN UPDATE REQUIREMENT
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The principal difference between production of hydrogen and fuel 
gas is the syngas quench system. For hydrogen generation, generally the 
syngas leaving the reactor is quenched with water. This water is required 
for subsequent carbon monoxide shift conversion. In the case of fuel gas 
production, this water is not desirable, so direct quench is not employed. 
Instead, a cooled synthesis gas recycle quench is followed by cooling in a 
waste heat boiler with steam generation.

The primary cost component difference is again higher SPO invest­
ment. Since fuel gas is required at a pressure well below the maximum 
pressure capabilities of either process, there is no compression cost 
difference. SPO again shows a steam credit as in the hydrogen generation 
case. The effect of the other components are similar, but reduced 
relative to hydrogen generation due to the lower syngas requirement.
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ENGINEERING RESEARCH AND DEVELOPMENT

ENGINEERING TECHNOLOGY DEVELOPMENT

4. Liquefaction Engineering Technology

4.1 Coal Liquefaction VLE Data

Summary

The objectives of this program are to obtain VLE measurements 
under coal liquefaction process conditions; to analyze these data with the 
Chao~Seader correlation and the Redlich-Kwong-Joffe-Zudkevitch (RKJZ) 
equation of state; and to modify, if necessary, the VLE correlations.

We have received all the vapor pressure data on pure aromatic 
compounds and Wyoming coal liquid fractions. These vapor pressure data have 
been analyzed with the Maxwell-Bonnell correlation and the Generalized 
Riedel procedure. With the Generalized Riedel procedure, the vapor pressure 
predictions for heavy aromatics and coal liquids have been significantly 
improved. We have also reanalyzed the available VLE data on Illinois coal 
liquids by incorporating the new Generalized Riedel procedure into the 
Chao-Seader and RKJZ VLE correlations. Although no significant improve­
ment was observed in the RKJZ correlation, the use of the Generalized 
Riedel procedure, in place of Maxwell-Bonnell, has improved the Chao-Seader 
correlation.

An experimental program to obtain six VLE data on mixtures of 
H2/CH4 with Wyoming coal liquids is underway. For cross-checking 
Professor Chao's VLE measurements at Purdue University, we also initiated an 
experimental program with Wilco Research Company to repeat Chao's VLE 
measurements on mixtures of hydrogen with 1-methylnaphthalene, quinoline, 
and an equimolar tetralin/diphenylmethane mixture.

Vapor Pressure Measurements

Wilco Research Company (formerly the Thermochemical Laboratory at 
Brigham Young University) has completed all the vapor pressure measurements 
on pure aromatic compounds and coal liquid fractions. A Generalized Riedel 
procedure has been developed to improve the vapor pressure predictions for 
heavy aromatics and coal liquid fractions. It has been confirmed that the 
conventional Maxwell-Bonnell approach to petroleum fraction vapor pressure 
prediction can be significantly in error when applied to heavy aromatics, 
such as coal liquids, at temperatures above the normal boiling point.
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Comparison of the Generalized Riedel procedure and the Maxwell- 
Bonnell procedure with vapor pressure on heavy aromatics is shown in Table
4-1. Table 4-1 shows that the Generalized Riedel procedure reduces the 
average absolute deviation from 6.30%, obtained with the Maxwell-Bonnell, to 
3.70% (with literature Tc and Pc) and 4.87% (with Tc and Pc estimated 
with a new procedure).

The accuracy of the Generalized Riedel procedure in predicting the 
vapor pressures of coal liquids has been reported in the October-December, 
1978 EDS Quarterly Progress Report. ^The results from the atmospheric bubble 
point to the critical point are significantly better with the Generalized 
Riedel procedure than with Maxwell-Bonnell. Overall deviation in vapor 
pressure prediction is reduced from 10.38% to 5.14% and the bias from +9.96% 
to +2.57%.

Vapor-Liquid Equilibrium Measurements

Wilco Research Company has completed the reruns of the VLE measure­
ments on Illinois coal liquids carried out in Phase III-A. The reanalysis 
of the available VLE data on Illinois coal liquids by incorporating the 
Generalized Riedel vapor pressure procedure into the Chao-Seader and RKJZ 
VLE correlations were discussed in the January-March, 1979 EDS Quarterly 
Progress Report. ^It indicated that the Generalized Riedel procedure signifi­
cantly improved the Chao-Seader predictions; the overall deviation in 
predicting the weight fraction vaporized for 18 experimental points was 
reduced from 20.9% obtained with the Maxwell-Bonnell to 12.8%. However, 
no significant improvement was found in using the RKJZ with the Generalized 
Riedel over the RKJZ with the Maxwell-Bonnell.

Wilco Research Company has completed the six VLE runs on mixtures 
of H2/CH4 with Wyoming coal liquids and three VLE runs on mixtures of 
hydrogen with 1-methylnaphthalene, quinoline, and an equimolar tetralin/diphenyl- 
methane mixture. Analyses of the oil samples and data reductions remain to 
be done.

Analysis of Chao's VLE Data

As reported in the Phase III-A Final Report, 1978 Annual Report/^ 
and October-December, 1978 Quarterly Report, ' ' Professor K. C. Chao at Purdue 
University has made extensive VLE measurements on H2/hydrocarbon and 
CH4/hydrocarbon binaries as part of an EPRI-funded research project. The 
results of the data analysis with the RKJZ correlation were presented in the 
1978 Annual Report for 8 H2 binaries and in the October-December, 1978 
Quarterly Report for three CH4 binaries of benzene, toluene and n-decane.
Seven additional binaries have been investigated by Chao (3), and the 
results of the data analysis are summarized in Table 4-2 for H2 binaries 
and Table 4-3 for CH4 binaries.

(1) FE-2893-25; (2) FE-2893-29; (3) FE-2893-17
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The additional systems are H2/toluene and CH4 binaries 
with tetralin, 1-methylnaphthalene, diphenylmethane, m-xylene and non-hydro­
carbons (quinoline and m-cresol). For all the CH4 binaries, as well as 
for H2/toluene, RKJZ proved to be just as reliable a correlation as it had 
previously been found for the H2 binaries. Furthermore, as for the case 
of the H2 binaries, the optimum values of the interaction constant, C^j, 
for the CH4/non-hydrocarbon binaries are very close to those found for 
the CH4/hydrocarbon binaries.

Further Work

Upon completion of the VLE measurements on the mixtures of H2/CH4 
with Wyoming coal liquids, the data will be analyzed with the Chao-Seader 
correlation and RKJZ equation of state using both the Maxwell-Bonnell and 
the Generalized Riedel procedures for vapor pressure predictions. Also the 
VLE data on H2 with pure components from Wilco Research Company will be 
cross checked against Chao's data.
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TABLE 4-1

PURE HEAVY AROMATICS VAPOR PRESSURES ABOVE 1 ATMOSPHERE: 
CORRELATION DEVIATION, % AVERAGE ABSOLUTE DEVIATION

Generalized Riedel
With With New

Literature Method For
Compound Points Maxwell Bonne11 Tr and Pf, Tc and Pc Data Source

Naphthalene 23 3.80 1.25<a) 1.93 5,8,15,16

1-Me thyInaph thalene 37 7.00 5.24<b) 2.81 2,3,6,16

2-Methylnaphthalene 17 11.95 5.70(C) 8.73 6,8

Tetralin 21 4.61 1.73(d) 1.71 3,8,16

Phenylbenzene 43 6.47 2.61(a) 2.66 4,6,8,11

Diphenylmethane 26 5.37 3.92(e) 5.47 3,6,16

Phenylcyclohexane 7 21.73 7.26<f) 9.36 14,16

Phenanthrene 10 3.86 6.73(f) 5.86 12,13,16

cis-Decalin 28 7.85 7.01(g) 6.99 6,16

2,4-Xylenol 35 5.55 2.63(g) 9.50 1,6,16

Quinoline 31 2.70 1.67(g) 3.59 3,6,8,16

TOTAL 278 6.30 3.70 4.87

Notes: (a)
(b)
(c)
(d)

(e)
(f)
(g)

from Reference 9.
Tc from Reference 9; Pc by fitting Wilson's data to Riedel's equation and extrapolating to Tc- 
from Reference 9.
Tc estimated from Lydersen's method; Pc by fitting Wilson's data to Riedel's equation and 
extrapolating to Tc. 
from Reference 7.
Tc and Pc estimated from Lydersen's method, 
from Reference 6.
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TABLE 4-2

ANALYSIS OF CHAO’S VLE DATA ON H2 BINARIES WITH RKJZ

System Points t Range, °F P Range, psia Optimum C-n
RMSD ofv ' 
Both K, %

HYDROCARBONS

Toluene 25 372-576 292-3680 0.307 6.10

m-Xylene 27 373-588 288-3691 0.322 4.79

Tetralin 24 373-732 294-3674 0.250 6.69

1-Methylnaphthalene 27 372-803 294-3674 0.178 5.14

Diphenylmethane 27 373-803 294-3674 0.224 4.97

Bicyclohexyl 28 372-803 294-3674 0.416 6.11

NON-HYDROCARBONS

Quinoline 27 373-803 392-3671 0.272 2.82

m-Cresol 41 372-732 294-3684 0.293 3.61

Thianaphthene 27 370-805
290-3670 | ^ 0.381

0.206
5.51
3.64

Notes: (a) RMSD = root mean square deviation
(b) With specific gravity at 60/60°F of thianaphthene = 1.15
(c) With specific gravity at 60/60°F of thianaphthene = 1.22
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TABLE 4-3

ANALYSIS OF CHAO'S VLE DATA ON CH/, BINARIES WITH RKJZ

System Points t Range, °F P Range, psia Optimum Ci
RMSD of 

Both K, !

HYDROCARBONS

Benzene 18 298-442 288-3510 0.058 7.09

Tolu.' i e 26 301-518 292-3665 0.074 6.86

m-Xylene 22 370-588 292-2929 0.058 4.46

Tetralin 24 372-736 294-3674 0.095 4.79

1-Me thyInaph thalene 28 376-807 297-3645 0.090 4.84

Diphenylmethane 25 373-805 291-3670 0.075 3.46

NON-HYDROCARBONS

Quinoline 28 373-805 291-3670 0.100 4.43

m-Cresol 25 372-734 290-3674 0.117 4.11
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4.2 Coal Liquids Physical Properties

Summary

The objective of this program is to develop correlations for 
predicting coal liquids physical properties including density, viscosity, 
and surface tension. Density and viscosity measurements on four Illinois 
coal liquids have been completed and preliminary correlations have been 
developed. With regard to surface tension, Brigham Young University (BYU) 
has reported data on three Illinois coal liquids (A-10, A-6 and A-3); data 
on Illinois coal liquid A-2 are expected during the last half of 1979.

In order to gain some insight into the effects of different 
kinds of coal on the properties of coal liquids, a similar experimen­
tal program for Wyoming coal liquids has been initiated and measurements are 
in progress at several laboratories including BYU, Southwest Research 
Institute (for density and viscosity measurements), and Exxon's Baytown 
Laboratory (for viscosity measurements).

Illinois Coal Liquids

BYU has reported the surface tension data for the Monsanto 
reference fluid and three Illinois coal liquids—hydrotreater feed (A-3), 
recycle solvent (A-6), and fractionator feed (A-10), over the temperature 
range of 200-700°F and pressure range of 100-3000 psia. Surface tension 
data on Illinois heavy vacuum gas oil (A-2) remain to be done. Analysis of 
the data indicated that for the Monsanto fluid, the data at 100 psia show a 
similar convex curvature with respect to temperature as compared to the data 
at 14.7 psia from Imperial Oil Limited, Sarnia; however, at 3000 psia, 
the surface tension-temperature curve is concave and the data are probably 
too high at 300 and 500°F. With regard to coal liquid surface tension, 
comparison between our petroleum-based prediction and experimental data 
shows a considerable disparity. Moreover, the experimental data are somewhat 
scattered.

•jf
As reported in the January-March, 1979 EDS Quarterly Report, we 

have reanalyzed the experimental physical properties of Illinois coal 
solvent. The reanalysis was made by submitting the coal liquid fractions, 
with the critical properties predicted by the new procedure, as pure aromatic 
compounds. Although no significant differences were observed in the density 
and surface tension predictions, the use of new criticals, in place of the 
petroleum-based criticals, had a remarkably large effect on the viscosity 
prediction. The average deviation in predicting viscosity was reduced from 
29.1% to 10.6%, and the bias from +18.4% to -5.9%. *

*FE-2893-29
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Wyoming Coal Liquids

Arrangements have now been completed for the experimental program 
on four Wyoming coal liquids including unhydrotreated solvent (A-5), hydro­
treated solvent (A-6), spent solvent (V-l bottoms) and heavy vacuum gas oil 
(A-2). Densities in the absence of added hydrogen will be measured at 
Southwest Research Institute (SWRI). Viscosities, in the absence of hydrogen, 
will be measured at Baytown, using the slurry viscometer. Viscosities and 
densities of coal liquids saturated with hydrogen, as well as surface 
tension with, and without hydrogen, will be measured at BYU.

SWRI has completed the density measurements at 200 psig. They 
might have difficulty in carrying out the density measurements at 2000 psi 
if no suitable seal material for the test cylinder can be found. They also 
indicated the requested viscosity measurements were beyond the capability of 
their present instrumentation; accordingly, the viscosity measurements have 
been dropped from the SWRI program.

Future Work

Continued work on this program will center around obtaining 
and analyzing the physical properties on coal liquids. Upon completion of 
the physical-property work at three laboratories, these data will be used as 
a base for developing correlations.
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4.3 Commercial Fractionator Recovery Prediction

The objective of this program is to collect data and determine the 
applicability of existing petroleum distillation interconversion correlations 
to coal liquid samples from Illinois and Wyodak coal. These correlations 
are required to convert data obtained from the various analytical stills 
used on coal liquid products to a distillation basis consistent with our 
current design procedures. This permits the calculation/prediction of the 
distillate product recovery achievable in the commercial vacuum tower and 
coker fractionator. To achieve this objective, laboratory distillations 
were performed on samples of the feed and product streams for the CLPP 
Vacuum Tower and the Large Stirred Coking Unit (LSCU). A simplified flow 
plan of these two processes is shown in Figure 4-1.

Based on the analysis of the distillation data the existing 
petroleum distillation interconversion correlations for Hivac C distillations 
can be used for coal liquid samples from Illinois or Wyodak coal. This 
applies to both the CLPP Vacuum Tower and the Large Stirred Coking Unit.

Data

A complete list of all the distillations performed for this 
project is given in Tables 4-4 and 4-5. The standard procedure for obtaining 
distillation data on small samples of high-boiling liquids such as coal 
liquids is to run an atmospheric 15/5 distillation up to a specified cutpoint. 
Distillation data on the remaining bottoms is then obtianed via a Hivac C or 
microlube vacuum distillation. A Hivac C distillation is preferred since it 
generates a curve whereas a microlube distillation generates only a single 
point. When larger quantities of samples are available a metal Hivac 
distillation can be performed to obtain the distillation data. A metal 
Hivac distillation consists of running an atmospheric 15/5 distillation to a 
650°F cutpoint followed by a vacuum metal Hivac distillation on the 
resulting bottoms.

Data Conversion

Depending on the type of distillation available for a particular 
stream, different techniques are used to obtain a total distillation curve 
that is consistent with our current design procedures. Three steps are 
required if small scale 15/5 and Hivac C distillations are available.
First, the vacuum distillation temperatures are converted to atmospheric 
equivalent temperatures through the use of characterization corrected vapor 
pressure charts. Second, the Hivac C atmospheric distillation temperatures 
are converted to 15/5 distillation temperatures using petroleum interconversion 
correlations. Third, the converted Hivac C distillation is combined with 
the 15/5 distillation to obtain a total distillation curve. If 15/5 and 
metal Hivac distillation data are available the first and third steps are 
required to obtain a total distillation curve. Currently, if 15/5 and 
microlube distillation data are available a total distillation curve cannot 
be accurately obtained.
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FIGURE 4-1

SIMPLIFIED FLOW PLAN

CLPP
Vacuum
Tower
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To allow for a direct comparison of the 15/5 distillation tempera­
tures, the distillation curves for the product streams were combined to give 
a distillation curve for the respective feed stream. A comparison of the 
various total distillation curves for the Vacuum Tower feed and the Coker 
Fractionator feed from Illinois coal is given in Table 4-6. For each feed 
the total distillation curves obtained from the small scale distillations 
are averaged and then each total distillation curve is compared to the 
average total distillation curve.

CLPP Vacuum Tower Model

In addition to a direct comparison of the distillation curves, a 
model was developed for the CLPP Vacuum Tower. This model consists of an 
adiabatic flash and is based on the following data obtained from the Illinois 
coal run - yield period 256.

Feed Temperature 
Feed Pressure 
Flash Pressure 
Flash Temperature 
V/F, Vol %

702°F 
10.9 psia 
1.22 psia 
662°F 
55.2

The 15/5 distillation curve for the A-l Bottoms is used to represent data 
for the liquid stream and a combined 15/5 distillation curve of the V-l 
LVGO and A-2 HVGO is used to represent data for the vapor stream. A compari­
son of this data with the results of flashes performed on the various total 
distillation curves of the feed stream is given in Table 4-7.

Future Work

All the distillation data have been received for this project. 
Remaining work includes the preparation of a final report which will contain 
additional details of the project along with the available results for 
Wyodak coal.
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TABLE 4-4

DISTILLATIONS PERFORMED ON ILLINOIS COAL LIQUID SAMPLES(1)

Small Scale Distillations Metal Hivac Distillation
Stream 15/5 Cutpoint Hivac C Microlobes 15/5 Cutpoint

Vacuum Tower 550°F X X 650°F
Feed 650°F X X

Blended Vacuum^^ 500°F X X
Tower Feed 550°F X X

650°F X X

A-l Bottoms - X X

A-2 HVGO - X X

V-l LVGO 858°F - -

Blended Coker^^ 500“? X X 650°F
Fractionator Feed 550°F X X

650“F X X

Light Oil 500°F X X
550°F X X
650°F X X
807“F X X

Knock-out Oil 650°F X X

Stripper Bottoms - X X

(1) Vacuum Tower samples are from CLPP Yield Period 256
Coker Liquid samples are from LSCU Run #7.

Hivac C (2)

(2) Hivac C distillation performed on each metal Hivac cut.

(3) Sample prepared by blending product stream samples.

V,.
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TABLE 4-5

DISTILLATIONS PERFORMED ON WYODAK COAL LIQUID SAMPLES

Small Scale Distillations Metal Hivac Distillation

Stream 15/5 Cutpoint Hivac C Microlubes 15/5 Cutpoint Metal Hivac

Vacuum Tower 550°F X X 650°F X
Feed 650°F X X

Blended Coker 500oF X X 650°F X
Factionator Feed 550°F X X

650°F X X

Light Oil 500°F X X
550°F X X
650°F X X

Knock-Out Oil - X X

Stripper Bottoms - X X

(1) Vacuum Tower samples are from CLPP Yield Period 238. 
Coker Liquid samples are from LSCU RUN #17.

(2) Samples prepared by blending product stream samples.
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TABLE 4-6

COMPARISON OF TOTAL DISTILLATION CURVES FOR VACUUM TOWER FEED FROM ILLINOIS COAL

Avg. Deviation^ of 15/5 Bias(1) of 15/5

Stream - 15/5 Cutpoint Distillation Temperatures Distillation Temperatures

Vacuum Tower Feed - 550°F 16.4 -11.2

Vacuum Tower Feed - 650°F 14.8 -11.1

Blended Vacuum Tower Feed - 550°F 19.5 14.8

Blended Vacuum Tower Feed - 650°F 11.8 8.5

Combination of Vacuum Tower Product Streams 10.3 -1.0

Average 14.6 0

COMPARISON OF TOTAL DISTILLATION CURVES FOR COKER FRACTIONATOR FEED FROM ILLINOIS COAL

Stream - 15/5 Cutpoint

Avg. Deviation^ of 15/5 

Distillation Temperatures

Bias(-L) of 15/5 
Distillation Temperatures

Blended Coker Fractionator Feed - 500°F 7.6 0.2

Blended Coker Fractionator Feed - 550°F 22.4 22.2

Blended Coker Fractionator Feed - 650°F 19.8 19.6

Combination of Coker Fractionator 
Product Streams with Light Oil 
Cutpoint of - 550°F

15.7 -15.6

Combination of Coker Fractionator 
Product Streams with Light Oil 
Cutpoint of - 650°F

12.5 -12.4

Combination of Coker Fractionator 
Product Streams with Light Oil 
Cutpoint of - 807°F

14.3 -14.0

Average 15.4 0

100 [ T(LV%) - Tavg (LV%) 
1) Average Deviation = r-,

LV% = 0
100

Bias = ^
LV% = 0

T(LV%) - Tavg (LV%)

41

LV% = liquid volume percent distilled in increments of 2.5/,.
T(LV%) = 15/5 distillation temperature, °F, at LV% distilled for indicated stream. 
Tavg(LV%) = 15/5 distillation temperature, °F, at LV% distilled for average stream.
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TABLE 4-7

COMPARISON OF DATA AND MODEL PREDICTIONS FOR THE CLPP VACUUM TOWER

Feed Stream - 15/5 Cutpoint
A Flash 
Temp,°F

V/F
Percent
Error

Avg. Dev.
Of is/s^1) 

Temp For Vapor
Of

Temp

Bias
15/5(D
For Vapor

Avg. Dev.
Of 15/5(1) 

Temp For Liquid

Bias
Of 15/5(1) 

Temp For Liquid

Vacuum Tower Feed - 550°F 7 2.5 12.9 -1.8 17.3 0.9

Vacuum Tower Feed - 650°F 9 1.5 15.1 -3.9 13.3 -2.8

Blended Vacuum Tower Feed - 
550°F 8 -8.8 12.2 -5.3 16.8 -6.4

Blended Vacuum Tower Feed - 
650°F 8 -6.6 7.1 -4.1 14.2 -8.8

Combination of Vacuum Tower 
Product Streams 9 -1.8 3.1 -2.4 7.3 -6.7

Average 8 4.2 10.1 -3.5 13.8 -4.8

100
(1) Average Deviation = E |t(lv%) ~ ^data. (LV%)|

LV% =0 12
100

Bias = E T(LV%) - Tdata (LV%)
LV% =0 12

LV% = liquid volume percent distilled in increments of 10%.

T(LV%) = 15/5 distillation temperature, °F, at LV% distilled for indicated stream. 

Tdata (LV%) = 15/5 distillation temperature, °F, at LV% distilled from data.



4.4 Vacuum Tower Fouling

The performance of the CLPP vacuum flasher (F-l) was monitored 
throughout the past year. The vacuum flasher operated satisfactorily, 
showing no signs of coking except that attributable to bottoms level upsets.

In April, the Glitsch grid internals in the vacuum flasher had 
corroded over the years to the point where the welds failed. Therefore, a 
new 316 SS grid was ordered, in addition to a chrome-plated grid. This 
chrome-plated grid will be used to qualitatively evaluate whether coke 
formation is inhibited by a smooth surface.

In April, the detailed ECLP Test Programs' descriptions and 
objectives were completed. The test programs are:

• "Vacuum Tower Transfer Line and Pipestill Simulation." This program 
includes a series of six tests with each coal over a range of flash 
zone operating conditions. The detailed heat and material balances and 
product quality data will be used in the simulations of the vacuum 
pipestill, transfer line and furnace. The simulation results will 
provide input for the following four EETD coal liquefaction programs:

+ Vacuum Tower Fouling 
+ Vacuum Tower Transfer Line
+ Thermal Cracking of Coal Liquids in Vacuum Separation 
+ Commercial Fractionation Recovery Prediction

At present, only the Vacuum Tower Fouling and Commercial Fractionation 
Recovery Prediction programs are active; the remaining two will com­
mence when ECLP has begun operating.

• "Vacuum Pipestill Stripper Efficiency." A series of three tests are 
proposed to determine the effect of stripping steam on the vacuum 
flasher cutpoint. From the detailed heat and material balances and 
product quality data collected at various stripping steam rates, the 
stripping efficiency of the shed rows can be determined and the effect 
of stripping steam on the cutpoint quantified. •

• "Adiabatic Vacuum Distillation." In the adiabatic testing program, the 
vacuum furnace is bypassed so that the maximum cutpoint in the absence 
of furnace preheat can be determined. During the testing, detailed 
heat and material balances and product quality data will be obtained. 
These data will be used in the adiabatic operation simulations of the 
vacuum pipestill.
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4.5 Coal Liquefaction Reactor Cold Model Studies

Summary

Studies were carried out to provide the data base for the develop­
ment of correlations describing gas, liquid, and solids holdup in the ECLP 
reactor as a function of such variables as gas and slurry velocity, slurry 
concentration, and particle size. These were carried out using the 6" 
diameter column. With 60 mesh minus coal, gas and solids holdups were 
strong functions of feed coal concentration within the ECLP design range.
The average residence times of these coal particles were about equal to the 
bulk liquid. Higher coal holdups were obtained previously using an 8 mesh 
minus cut at the same feed inlet concentration and flow conditions showing 
that the larger size cut did not fluidize in a full transport regime.

A review was made of the SRC pilot plant experience at Wilsonville, 
Alabama with its reactor and solids withdrawal system. Good Wilsonville 
operation of the distributor and solids withdrawal system indicates compar­
able experience in ECLP can be anticipated. Operation appeared satisfactory 
using a three phase distributor similar to the ECLP design at the reactor 
inlet. No change in the ECLP design was made as the result of this review.

Test programs were developed for evaluating the fluid dynamic 
performance of the ECLP reactor and solids withdrawal system.

Solids Holdups are Sensitive to 
Feed Coal Concentration and Size

As reported in the January-March, Phase IV 1979 Quarterly Report,^^ 
solids holdups are sensitive to the feed coal concentration for the 60 mesh 
minus coal tested in a 6" diameter column. Coal solids holdups in the 
column increased linearly with the coal feed concentration and were less 
sensitive to changes in gas and slurry velocities as shown in Figure 4-2.
This was due to solids being nearly fully transported at the velocities 
tested. Higher coal holdups were obtained previously with an 8 mesh minus 
cut for a wide range (14 wt% to 41 wt%) of feed concentrations also shown in 
Figure 4-2. This indicates that the larger size particles were not fluid­
ized in the same range of fluid velocities. An ECLP test to quantify the 
withdrawal operation is being considered.

(^FE-2893-29
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Figure 4-2
SOLID HOLDUP IN SLURRY FEED OPERATIONS

Legend

■ 8 Mesh Minus, 14-41 Wt% Coal (6" And 24" Units With Heptane/N2)

□ 60 Mesh Minus, 44 Wt% Coal (6" Unit With Heptane/^)

A 60 Mesh Minus, 34 Wt% Coal (6" Unit With Heptane/N2)

O 60 Mesh Minus, 12 Wt% Coal (6" Unit With Heptane/N2)

ECLP

SUPERFICIAL GAS VELOCITY, ft/sec
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Gas Holdups Are Affected by Feed 
Coal Cencentration and Size

Gas holdups were also affected by the feed coal concentration for 
the 60 mesh minus coal tested in a 6" diameter column. The strong influence 
of gas velocity on gas holdups was similar for both 8 and 60 mesh coals as 
shown in Figure 4-3. The holdups obtained from the 60 mesh minus cut are 
bounded by the results from the pure liquid and the 8 mesh minus coal slurry 
runs. All gas holdups obtained within the ECLP design flow velocities were 
acceptable for the residence time and mass transfer considerations in the 
reactor.

Good Wilsonville Process Operating 
Experience Augers Well for ECLP

A review was made of the SRC pilot plant experience with its 
reactor distributor and solids withdrawal system. Process conditions for 
this pilot plant and ECLP reactors are similar. Both reactor configurations 
have comparable internals and similar locations for the solids withdrawal 
lines. However, ECLP uses larger sized feed coal, employs five-fold higher 
slurry and gas velocities, and has a high solvent quality. The higher 
velocities, required to keep the coarser coal in suspension, should increase 
turbulence, mixing and mass transfer. Hence, in view of good Wilsonville 
operation on the distributor and solids withdrawal, comparable experience in 
ECLP can be anticipated.

ECLP Test Programs for Reactor and Solids Withdrawal

Test programs aimed at confirming scaleup criteria and defining 
operating limits for the liquefaction reactor and solids withdrawal system 
for ECLP have been developed for further review. These involve evaluating 
distributor pressure drops, turnup and turndown characteristics, reactor 
pressure drops and densities, holdups and particle concentrations, particle 
size distributions, and solids withdrawal frequency tests, and examinations 
of bubble caps, baffle plates and the solids withdrawal system.

Future Work

Studies will continue on establishing the effect of slurry 
concentration and particle size in the six inch column to provide the data 
base for coal slurry fluidization correlations. Work will also continue on 
defining the details of the proposed ECLP test programs.
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Figure 4-3
GAS HOLDUP IN SLURRY FEED OPERATIONS

Legend

■ Heptane/N2 (6" And 24" Units, Slurry Feed = 14-41 Wt% 8 Mesh Minus)

O Heptane/N2 (6" Unit, Slurry Feed = 12 Wt%, 60 Mesh Minus)

A Heptane/N2 (6" Unit, Slurry Feed =34 Wt°/o, 60 Mesh Minus)

□ Heptane/N2 (6" Unit, Slurry Feed =44 Wt°/o, 60 Mesh Minus)

Heptane/N

ECLP

SUPERFICIAL GAS VELOCITY, ft/sec
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4.6 Rheology of Coal-Solvent Slurries and EDS Products

f

Summary

Viscosities and pressure drops were measured for Illinois vacuum 
bottoms with a 5.7 wt% 1000°F minus content, heavy raw creosote oil (HRCO), 
and blends of bottoms and HRCO. Microlube distillations showed the blends 
to have 20 to 37 wt% 1000°F minus contents. The vacuum bottoms and blends 
exhibited the characteristic thinning or thickening behavior as functions of 
shear rate and 1000°F minus content. A 524°F vacuum bottoms showed shear 
thinning behavior at shear rates below 200 sec-^ and shear thickening 
at higher rates. The 20 and 27 wt% 1000°F minus content blends were 
shear thinning at 376 and 425°F at all tested shear rates; the 37 wt%
1000°F minus content sample shear thickened at temperatures of 332 and 
353°F. The HRCO and blends data were fitted to a power law viscosity model. 
The detailed results of these runs are reported in the January 1 through 
March 31, 1979 Phase IV Quarterly Report (FE-2893-29).

Viscosity measurements were also made on Illinois 30 mesh minus, 
feed coal/solvent slurry containing 15 wt% solids at temperatures up to 
300°F. Measurements of a 30 wt.% solids slurry are in progress and tests on 
a 45 wt% slurry are planned. Data analyses are underway and will be com­
pleted during the next quarter.

Future Work

The 45 wt% Illinois feed coal slurry measurements will be completed 
and the data from all runs will be analyzed. Similar measurements on Wyodak 
feed coal slurries are planned at temperatures up to 810°F and solids 
concentrations up to 45 wt%. Correlations will be developed for predicting 
the viscosities of feed slurries as a function of solids content and temper­
ature and of bottoms streams with varying amounts of 1000°F minus material.
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4.7 Slurry Preheater Development

o>

The overall objective of this program is to investigate the coking 
tendency of coal slurry preheater furnaces and to gain a qualitative under­
standing of preheater coking as it is affected by important process and 
design parameters. The data from this program will be used for more accur­
ate prediction of the performance of the ECLP slurry preheater and for 
evaluation of data from ECLP.

Summary

In the past year the coking tendency of slurry feeds in the CLPP 
sectionalized slurry preheater has been investigated. The operating exper­
ience of slurry preheaters in the PAMCO and Southern Services pilot plants 
has been reviewed for implications to the ECLP slurry preheater. In addi­
tion, several test programs for the ECLP slurry preheat furnace have been 
developed.

The CLPP preheaters have operated virtually trouble-free with no 
coking being detected at conditions equal to or more severe than the ECLP 
design basis. A review of the PAMCO and Southern Services slurry preheaters 
has shown that coking has not occurred at normal operating conditions which 
are close to but not as severe as ECLP design conditions. The PAMCO and 
Southern Services preheaters have a 3 phase feed consisting of coal, solvent, 
and treat gas as does ECLP, but in contrast to ECLP they operate with 
low heat fluxes and do not demonstrate return bends.

CLPP Slurry Preheater Testing

The CLPP slurry preheater continued to operate satisfactorily on 
Wyodak coal with solvent to coal ratios (S/C) varying between 1.2 and 1.5. 
The slurry preheater ran for a 6 day period where both a low S/C ratio 
(nominal 1.5) and a high coil outlet temperature (848°F) were achieved 
simultaneously with Wyodak coal. To date, the preheaters have operated 
virtually troublefree with no coking being detected at conditions equal to 
or more severe than the design basis established for ECLP. This suggests 
that reasonable run lengths can be achieved in the ECLP preheater on 
Wyodak coal at design conditions. Discussions of CLPP preheater operating 
experiences were detailed in the Oct.-Dec. 1978 Quarterly Progress Report.*

The operating experience of the CLPP slurry preheater with 
recycled vacuum bottoms is being monitored because bottoms recycle could 
potentially increase coking in the preheater. Since recycle operation 
commenced, the most significant period from a coking standpoint was a run 
for 261 hours from late March to mid-April. During this period CLPP oper­
ated with a 1.2 solvent/coal ratio fresh feed and 40% of the total feed 
containing recycled bottoms. Coking or plugging has not occurred at normal 
operating conditions with coil outlet temperatures of about 840°F.

*FE-2893-25
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Southern Services and 
PAMCO Slurry Preheater Review

Based on information obtained from a visit to the 6 T/D Southern 
Services SRC pilot plant in Wilsonville, Alabama and from a review of recent 
Southern Services Quarterly and Annual reports, the Southern Services slurry 
preheater performance has been reviewed and evaluated for its implications 
to ECLP. The Southern Services preheater has not experienced coking at 
normal operating conditions very similar to ECLP conditions except that heat 
flux and coil outlet temperature were lower. On occasion. Southern Services 
has experienced coking; in tests where the hydrogen gas partial pressure 
was reduced, a reduction in the solvent hydrogen donor capability was 
reported as the probable cause of coking. They also indicated that lighter 
solvents (350-800°F) have a higher tendency to form coke than heavier 
solvents (450-900°F), but it is not known whether this is due to increased 
vaporization or reduced solvent hydrogen donor capability. ECLP has a 
high hydrogen donor solvent and is not expected to experience rapid 
coking at design conditions; however, preheater coking should be closely 
monitored when the ECLP solvent composition changes, for example, during a 
plant upset.

The Southern Services preheater has been successfully steam-air 
decoked although twice the coil has plugged during spalling in the small 
diameter (1.16 inch ID) tubes. This gives increased confidence that the 
ECLP preheater can be steam-air decoked. Plugging is not expected to be a 
problem in ECLP's larger preheater tubes. There has been little apparent 
saltation or erosion in the Southern Services preheater. Though this is 
encouraging, extrapolation to ECLP cannot be made since the ECLP preheater 
has a larger coal particle size, higher linear velocity, and short radius 
return bends. Therefore, erosion and saltation will still have to be 
closely monitored in ECLP to establish the expected rate for commercial 
design.

A comparison of the PAMCO and ECLP slurry preheaters has been made 
based on a review of recently published information. Compared to the ECLP 
slurry preheater the PAMCO preheater operates at similar pressures but at 
coil outlet temperatures primarily 50 to 100°F lower than the ECLP design 
temperature of 850°F. As expected,the PAMCO preheater has not experienced 
coking at normal operating conditions. In the PAMCO preheater, the coal 
particle size is significantly smaller, and both the heat flux and linear 
slurry velocity are lower. However, PAMCO is planning to operate a new 
preheater without return bends at higher heat fluxes and linear velocity 
which potentially may provide data pertinent to ECLP.
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ECLP Test Program

Detailed test programs for the ECLP slurry preheat furnace have 
been developed to define requirements on manpower, costs, test procedures, 
and equipment. Test programs for the slurry preheater will investigate 
coking, steam-air decoking, and three-phase, high temperature inside heat 
transfer coefficients. These programs will provide the necessary scaleup 
criteria and operating limits for the EDS commercial slurry preheater. Data 
on the effects of film temperature, heat flux, residence time, and solvent 
to coal ratio on coking and run length will be obtained. Steam-air decoking 
of the slurry preheater will be demonstrated. Also high temperature three 
phase heat transfer correlations will be checked and modified for calcula­
tions of film temperature and tube metal temperature.

Future Plans

Investigation of the coking tendency of slurry feeds in the CLPP 
slurry preheater will be continued with emphasis on new processing condi­
tions and a new coal. Wyodak coal will be retested but with bottoms recycle 
as well as with H2S addition to the treat gas. Pittsburgh No. 8 coal is 
also scheduled to be tested. Operating data from the new PAMCO preheater 
will be analyzed when it is available and evaluated for its implications to 
the ECLP and commercial EDS slurry preheaters.
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4.8 Slurry Distributor Manifold

The overall objective of this program is to develop the technol­
ogy necessary to design the slurry distributor manifold for the slurry 
preheat furnace in the commercial EDS Coal Liquefaction Plant. Uniform 
distribution of coal, solvent and treat gas to each of the parallel passes 
is essential to minimize coking in a multi-pass slurry preheater. In the 
commercial design the coal/solvent slurry and the treat gas are distributed 
separately to each pass. The feed laterals each have a control valve and 
flow measurement to provide an equal quantity of the feed stream in the 
individual furnace passes.

There is a concern that momentum and friction effects in the 
manifold could cause a maldistribution of slurry coal particles to each 
pass. This maldistribution is envisioned as possibly occurring either as:
(1) a concentration maldistribution or (2) a particle size maldistribu­
tion. Either case could increase the possibility of coking in some passes 
due to higher viscosity, lower inside heat transfer coefficient, and higher 
film temperature.

Summary

A laboratory slurry distribution manifold test unit was designed 
to evaluate slurry distribution patterns as a function of feed coal concen­
tration, slurry velocity in the manifold, and manifold configuration. Con­
struction of this test unit was completed 2nd Quarter, 1978. During check­
out and shakedown, which followed in the 3rd Quarter, 1978, minor instrument 
problems were resolved and mechanical modifications were identified and 
completed to minimize air trapping in the test facilities.

Preliminary testing was scheduled for 4th Quarter, 1978, but it 
was delayed because a portion of the test facilities was used for another 
study. Tests employing coal slurry in the distribution manifold is now 
scheduled to begin in 3rd Quarter, 1979.
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4.9 Slurry Fluid Dynamics In Process Use

Summary

The objective of this project is to assess the impact of current 
slurry fluid dynamics technology on the design and operation of ECLP and an 
EDS commercial plant. During this year, two areas of potential concern were 
evaluated: possible saltation problems associated with the handling of EDS
bottoms slurries and the accuracy of pressure drop prediction techniques for 
feed coal/solvent and feed coal/soIvent/treat gas systems. Laboratory 
studies with an 8.1 wt% slurry of 200 pm glass beads in glycerin were 
carried out to assess the magnitude of possible saltation problems with EDS 
bottoms slurries. Saltation velocities were found to be below 1.0 ft/sec 
and design techniques were conservative, predicting saltation velocities of 
3 ft/sec. If these results are confirmed in additional tests with smaller 
particles and higher solids content slurries, then long term performance of 
EDS slurry lines should not be a problem despite laminar flow regime oper- 
ation.

Currently used pressure drop correlations for feed coal/solvent 
and feed coal/soIvent/treat gas systems were compared to available data and 
found to overpredict the pressure drop by as much as 55%. However, there is 
little or no data available on coal systems at elevated temperatures. 
Therefore, an ECLP test program was developed to collect suitable data 
across the slurry preheater.

Saltation May Not be a Problem 
With EDS Vacuum Bottoms Slurries

EDS vacuum bottoms slurries, with viscosities probably above 10 
poise, will be in the laminar flow regime. Although particle settling rates 
will be low, long term operation could result in particle buildup in process 
lines. Laboratory experiments were carried out to assess the magnitude of 
the problem using an 8.1 wt% slurry of 200 Mm glass beads in glycerin to 
simulate EDS vacuum bottoms slurries.

The experiments were done in a 3 inch diameter pipe loop that was 
equipped with 1 ft long glass viewing section. The slurry, which had an 
average viscosity of 11 poise, was circulated through the lines for 30 
minutes. No settling was observed at flow rates as low as 0.2 ft/sec or a 
particle Reynolds number of about 5. The flow was stopped and the solids 
were allowed to settle. Resuspension of the particles was achieved in 10 to 
15 minutes of operation at a flow velocity of 0.5 ft/sec. The predicted 
saltation velocity was 3 ft/sec using current design techniques. Additional 
experiments are planned with smaller particles and higher solids loadings.
If the results are confirmed, long term operation should not be a problem.
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Pressure Drop Predictions for Feed Coal 
Slurry Systems are Conservative

An evaluation was made of the accuracy of pressure drop prediction 
techniques for feed coal/solvent and feed coal/solvent/treat gas systems. 
Current design techniques for coal liquids are conservative, overpredicting 
the pressure drop by as much as 55%. However, there is little or no data 
available on coal systems at elevated temperatures for validation of exist­
ing and proposed correlations. Therefore, an ECLP test program was devel­
oped to collect suitable data across the slurry preheaters.

For feed coal/solvent slurries, the Zandi correlation (ASCE 
Hydraulics Div. J JL3, 145 [1967]) was used to predict pressure drop.
This correlation was compared to data obtained in a pipeloop that had 1 inch 
and 2 inch diameter lines with an Illinois Coal/Creosote oil slurry at 
temperatures up to 280°F (Phases I and II Summary of Results [1966-1975]).* 
The solids concentrations were between 15 and 45 wt%. The difference 
between data and predictions averaged about 13%. The correlation has not 
been tested on coal systems at higher temperatures where dissolution and 
swelling may occur. Particle degradation either by chemical or physical 
mechanisms cannot be accounted for with the Zandi correlation.

Three phase systems are generally handled by treating them as two 
phase liquid-gas flow with the slurry properties substituted for those of 
the liquid. The Dukler-Hughmark correlation (AIChE J. _1(), 78 [1964]) was 
employed for predicting pressure drops. This correlation was compared to 
data obtained on the previously mentioned pipeloop with a coal/creosote/ 
nitrogen system. The average difference between predicted and measured 
values was 11% with a maximum difference of 40%. These data were measured 
at temperatures below 300°F.

At elevated temperatures, data were recently collected across the 
CLPP preheater during a 24 hour operation on Illinois coal. The preheater 
is a 3/8 inch diameter 50 ft coil with a 12 ft straight run of pipe on 
either end. The slurry was about 37 wt% Illinois coal ground to 30 mesh 
minus; the gas volume fraction was 82%. Measurements were made at 810°F and 
1530 psig. This temperature is higher than the 600°F value at which 
swelling of Illinois coal occurs. The Dukler-Hughmark correlation, corrected 
for the helical geometry, overpredicted the data by an average of 26% with 
the difference varying from 5 to 55%.

Future Work

Additional tests are planned with smaller particles and higher 
loadings to confirm that saltation of EDS vacuum bottoms slurries will not 
be a problem. The review is continuing of relevant slurry handling exper­
iences to establish the importance of other possible problems such as 
restarting and flushing of slurry pumps and the operation of safety and 
control valves and pulsation dampeners.

*FE-2893-16
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4.10 High Pressure Coal Slurry Separat. ion Technology

In the EDS coal liquefaction process, coal slurries at high 
temperature and pressure are separated from gaseous reactor products. There 
is limited experience with these types of three phase separator systems. 
Proper design of the separators (as in CLPP) or towers (as in ECLP) after 
the pressure letdown system is required to avoid carry over from the drums 
or premature flooding in the atmospheric tower. Foaming, which can be a 
problem at high temperatures and after pressure letdown, may be a critical 
factor in obtaining good separation. In addition, the presence of fine 
solids which tend to stabilize foam could further aggravate the foaming 
tendency.

This project began with the scoping of high pressure, heavy crude 
processes in which foaming may exist. A comprehensive review of certain 
petroleum processing unit design allowances for foaming was completed.
In addition, consultants for these processes were contacted for information 
on any persistent foam problems in the refineries. The only foam problems 
that occurred have been during start-up operations and disappeared soon 
after the units were lined out.

A review of outside coal liquefaction design considerations 
and operating logs for foaming or foam related problems has also been 
completed. Of the processes examined, only H-coal and the SRC plants have 
pressure letdown operations similar to that in the EDS design. However, no 
indication of foaming following pressure letdown has been found.

To assess the nature of foaming, if any, in the EDS separation 
system, the installation of a sight glass at CLPP has been proposed. This 
would allow direct observation of the foam, if present, and permit an 
estimate of foam stability. This information is required for dependable and 
economic design of future EDS commercial plants. The current ECLP design 
includes a safety factor on the sizing of the atmospheric pipestill (down­
stream of the pressure letdown system) for possible foam problems. If the 
CLPP tests show that foam is not present, future commercial plants could be 
designed more economically by eliminating this safety factor.
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ENGINEERING RESEARCH AND DEVELOPMENT

ENGINEERING TECHNOLOGY DEVELOPMENT

5. Bottoms Processing Engineering Technology

5.1 Improve Quality of Coker Scrubber Liquid

Summary

An evaluation was made of non-precoated pressure filtration for 
removal of solids from EDS coker scrubber liquid. Vendor tests documented 
in the January 1 through March 31, 1979 Quarterly Technical Progress Report 
(FE-2893-29) indicated that non-precoated pressure filtration is unsuitable 
for solids removal. Filtration rates were low, less than 4 gph/ ft^ after 
six minutes, the screens were rapidly blinded and the solids removal efficien­
cies were poor. These results appear to be typical of non-precoated filtra­
tion in this type of service based on a review of recent experiences with 
other coal liquids.

Viscosity measurements were made of Large Stirred Coking Unit 
(LSCU) samples at temperatures up to 700°F. These samples simulate the 
anticipated viscosity of scrubber liquid from the EDS FLEXICOKING unit. The 
viscosity of the filtered stripper bottoms was 3.7 cp at 700°F and 700 sec-^ 
shear rate. This value is slightly higher than that previously predicted 
based on extrapolation of low temperature data. The stripper bottoms also 
exhibited a 30% increase in viscosity when held at 650°F for 43 minutes. 
Similar thermal stability has been observed with CLPP vacuum bottoms. The 
viscosity of a blend of equal amounts of unfiltered stripper bottoms and 
1000°F minus material was approximately one-half that of undiluted stripper 
bottoms at 500°F. Based on these results, it appears that blending of EDS 
scrubber liquid with lighter material could reduce the viscosity to the 
targeted 3 to 5 cp range.

Multistage Hydroclone Loop Proposed 
for EDS FLEXICOKING Unit

A process basis was developed for a multistage hydroclone test 
loop at Baytown. The loop will be used to demonstrate the predicted high 
level of departiculation and multistage operability using EDS scrubber 
liquid from the FLEXICOKING unit. The loop will have three stages of 10 mm 
diameter Doxie hydroclones; the first and second stages have four units and 
the third stage has three units. Provisions are included for full or 
partial recycle of underflow streams from the second and third stages to the 
feed stream for the first stage. Both the overflow and underflow product 
streams will be sent back to the FLEXICOKING unit. The scrubber liquid rate 
will be 3 gpm at 690oF.
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Future Plans

/■>

Hydroclone separators were identified as the preferred technique 
for removal of solids from coal liquids in an economic and technical anal­
ysis of alternative removal schemes completed last year (Annual Technical 
Progress Report, FE-2893-17). Hydroclone performance was predicted using a 
model based on data obtained with petroleum coker liquids. To verify this 
performance model for coal liquids, high temperature testing of a single 
stage hydroclone separator is planned using LSCU liquids in the laboratory 
fines removal loop.
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5.2 FLEXICOKING Unit Coke Attrition Characterization

Summary

Particle size distribution control is critical to the operability 
of a FLEXICOKING unit. Attrition studies in captive fluid beds (Annual 
Technical Progress Report, FE-2893-17) and IKG/FBU data indicated that high 
ash coal derived cokes could be several fold more attritable than petroleum 
cokes and, hence, particle size distribution of circulating coke could be 
appreciably finer. Finer particle size distributions could cause excessive 
fines losses. The overall objective of this project is to better define the 
quantity and size distribution of fines to be generated in the EDS FLEXICOKING 
unit and to develop attrition models for incorporation in the FLEXICOKING unit 
solids material balance model.

Future Work

A two foot diameter fluidized bed will be adapted for these tests. 
Attrition rates will be measured as a function of operating variables. Sub­
sequently, mathematical representations for the various attrition mechanisms 
will be developed and incorporated into the FLEXICOKING unit solids material 
balance model.
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5.3 FLEXICOKING Unit Solids Material Balance and Control

Summary

The FLEXICOKING solids material balance developed under this 
project (Annual Technical Progress Report, FE-2893-17) was used to determine 
the effects of design and operating parameters on equilibrium particle size 
distributions and entrainment rates from the reactor, heater and gasifier in 
both the prototype and commercial scale study designs for the EDS FLEXICOKING 
process program. Computer simulations indicated potentially high rates of 
fines carryover from the gasifier and increased fines losses from the 
reactor and heater cyclones when operating at turndown conditions. Recently, 
the model was revised to allow attrition to a spectrum of fragment sizes and 
account for various attrition and agglomeration mechanisms and for feeding 
solids to any of the process vessels. The revised model predictions match 
loss rates from the cyclones without the cyclone efficiency and/or fines 
agglomeration adjustments needed previously. Satisfactory agreement was 
also obtained with measured commercial FLEXICOKING fines losses and particle 
size distributions. Loss predictions for the commercial unit at maximum 
throughput are similar to those obtained with the original model; but prototype 
reactor losses were four times higher than with the original model and about 
equal to those estimated for the commercial reactor. The model is now complete 
and will soon be available for evaluating FLEXICOKING unit operations.

Revised Model Includes Improved 
Agglomeration/Attrition Mechanisms

In the original model, attrition was treated as a surface grinding 
phenomenon producing uniform size fragments. The attrition fragments in the 
reactor were assumed to be equal to the minimum particle size which could 
grow by carbon deposition and heat balance considerations. Particles 
smaller than this minimum size were assumed to be agglomerated to larger 
particles. Generation of smaller than the minimum particle size for coke 
deposition was assumed to take place in the heater by attrition. Agglomer­
ation of particles was omitted and the particles in each bed were free 
to be entrained overhead.

The revised model allows for attrition in each vessel by specify­
ing a maximum fragment size below which all fragments are distributed 
uniformly. Agglomeration, ranging from temporary clusterings in the dense 
phase to permanent agglomeration of fines to the surface of large particles 
is treated by various program options. In addition, the revised program 
allows for feeding solids to any of the fluidized beds.
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Revised Model Predictions

The revised model was validated using petroleum data from the 
FLEXICOKING prototype unit and commercial FLEXICOKING units. Satisfactory 
agreement was obtained with measured prototype and commercial FLEXICOKING 
fines losses and particle size distributions without requiring any adjustments. 
Model predictions for the EDS prototype and commercial scale FLEXICOKING units 
showed that particle size distributions were found to be very sensitive to the 
assumed minimum size for coke deposition. Reactor loss predictions were made 
by adjusting the minimum size for coke deposition to maintain a median particle 
size equal to petroleum experience. Loss predictions for the commercial unit at 
maximum throughput are similar to those obtained with the original model; but 
prototype reactor losses were four times higher than with the original model 
and about equal to those estimated for the commercial reactor. The model is 
now complete and will soon be available for evaluating EDS FLEXICOKING unit 
operations.
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5.4 FLEXICOKING Unit Gasifier Grid Design

Summary

The objective of this project is to evaluate gas/solids mixing 
near the grid of the FLEXICOKING unit gasifier in order to identify grid 
configurations which will minimize sintering and particle agglomeration.
A flow visualization fluid bed unit is being modified for cold model studies. 
Initial tests will concentrate on characterizing the gas/solids motion in 
the grid region using commercial size petroleum FLEXICOKING gasifier grid 
caps. Subsequent testing will be directed to evaluating grid designs that 
may achieve more intense circulation, less stagnation and possibly greater 
scouring.

Flow Visualization Unit Modifications

An existing fluid bed unit is being adapted for grid studies. 
Fabrication of commercial size petroleum FLEXICOKING grid caps is near 
completion. The unit will be completed by August.

Future Work

After initial characterization of the current petroleum FLEXI­
COKING unit grid cap design, subsequent testing will be conducted using three 
standard caps as a reference and alternate cap designs at the other two 
locations. A fiber optics probe will be used for observations of solids 
motion.

289



5.5 FLEXICOKING Unit Reactor Feed Nozzle Development

Summary

Atomization of coal liquefaction bottoms slurry in a typical 
FLEXICOKING unit reactor feed nozzle is difficult due to its high liquid 
viscosity and anticipated solids content of up to 30 wt%. Inadequate 
reactor feed dispersion could result in bogging and particle size control 
problems. Laboratory experience with typical petroleum FLEXICOKING unit 
feed nozzles and assessment of their operating characteristics when handling 
coal-derived feedstocks indicated nozzle capacity and atomization may 
require high pressures or very high steam dilution rates compared to 
typical petroleum feedstocks. Thus, this program has been planned to 
develop a nozzle configuration which offers adequate atomization of coal 
derived feedstocks with minimum gas requirements and pressure drop and 
without being plugged.

Tests of typical petroleum FLEXICOKING unit reactor feed nozzles 
with simulated solids-free and solids-containing EDS feedstocks showed 
severe two phase flow slugging and poor atomization at conventional petroleum 
FLEXICOKING flow conditions. Excessive superficial gas velocities were re­
quired for satisfactory performance. Recent lab tests have demonstrated that 
these feeds can be atomized satisfactorily at a third to half the gas rates 
required with petroleum FLEXICOKING nozzles by alternative nozzle designs. 
Based on these tests, a nozzle configuration embodying these modifications 
was recommended for the EDS FLEXICOKING prototype test program.

The detailed design and materials of construction for minimizing 
plugging and erosion are being defined by the Mechanical and Materials 
Engineering Division. A prototype nozzle will be fabricated for further 
testing at design solids concentrations of 20 to 30 wt%.

Operation of Petroleum FLEXICOKING Unit 
Feed Nozzle was Unsatisfactory

Nozzle operation with typical petroleum feedstock was initially 
simulated using nitrogen and water. The effect of the high viscosity 
expected with coal liquefaction bottoms feedstocks was assessed using 
glycerin. Spray dispersion was photographed and nozzle pressure drop data 
were obtained over a wide range of flow conditions, and various nozzle 
configurations. Poor atomization and serious slugging were observed with 
the high viscosity feedstock at typical gas rates of petroleum FLEXICOKING 
unit reactor feed nozzles. High gas velocities were required to elimin­
ate feed slugging. Modification of the nozzle tip produced only marginal 
improvements (October 1 through December 31, 1978, Quarterly - Technical 
Progress Report, (FE-2893-25). Pressure drop data gathered during the test 
program were used to develop a correlation to predict nozzle pressure drop 
for two phase flow and for high viscosity feeds.
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Gas Requirements Reduced by Improved Design

A modified nozzle configuration was tested next. Significant 
reductions in gas requirements, a third to a half the gas rates required 
previously, were achieved. Based on this configuration, three test nozzles 
were constructed and tested using different gas/liquid blending combinations. 
Also, for reference, a commercial air atomizing nozzle was tested.

Nozzle Performance with Solids 
Containing Feeds Found Satisfactory

The improved nozzle was tested with glycerin containing up to 
16 wt% of 200/<.m glass beads. No apparent adverse effects of solids on 
nozzle performance were observed. Only relatively minor increases in 
pressure drop were measured due to the increased slurry density. Based on 
these tests a prototype nozzle has been recommended for evaluation and 
testing in the Baytown prototype FLEXICOKING unit. It is presently being 
reviewed to define materials and the detailed mechanical design which will 
minimize plugging and erosion.

Future Work

After the final design has been completed, a prototype nozzle will 
be fabricated and tested with concentrated slurries (>20 wt%) of fine (<70/^m) 
glass beads. Examination of wear patterns inside the nozzle will be made 
to identify erosion patterns.

V
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5.6 Scrubbing/Fractionation of Liquefaction Bottoms from FLUID COKING

f

The objective of this program is to determine whether conventional 
petroleum FLUID COKING design and operating criteria are applicable to the 
FLUID COKING of coal liquefaction bottoms or must be modified to account for 
any quality differences. To achieve this objective, the qualities of raw 
and heat soaked coker scrubber liquids from both liquefied coal and petroleum 
based FLUID COKING units were compared.

The Annual Technical Progress Report, covering July 1, 1977-June 
30, 1978 (FE-2893-17), presented the background information on this program, 
the experimental procedure employed, and the results for Illinois coal based 
coker liquids. The current report summarizes the status of the work on 
Wyodak coal coker liquids.

The results of the analysis of the feed and product from the 
Wyodak coal based LSCU liquids heat soaking experiments have been received. 
The viscosity, benzene insolubles content, pyridine insolubles content, ash 
content and bench coking yields were measured for both the raw and heat 
soaked samples. A comparison of these analytical tests results with those 
previously obtained on Illinois coal based LSCU liquid products showed 
inconsistencies in several of the measurements. Therefore, additional 
heat soaking experiments and analytical tests on the feeds and products from 
these are currently in progress. The data from these additional tests will 
be used to resolve the inconsistencies.
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5.7 Physical Properties of FLEXICOKING Streams

Summary

The objective of this program is to determine whether generalized 
correlations for physical properties based primarily on standard inspection 
data are adequate for scrubber/fractionator process engineering; and, if 
necessary, initiate an experimental program to obtain supplementary data.

Samples of coker liquid fractions have been submitted for various 
inspection tests.

The specific heat data required for the preparation of a design 
basis model of the EDS Prototype FLEXICOKING Revamp Project have been 
completed. These specific heat data, along with the enthalpy data on 
several coal liquids measured at Colorado School of Mines(l), were used as 
the data base to generate a new set of parameters for the Watson and Nelson 
specific heat equation.

Inspection Tests on the Coker Liquid Fractions

The narrow-cut Illinois and Wyoming coal liquid samples of FLEXI­
COKING products have been blended into wider cuts, 650-1000°F and 1000°F+. 
The physical property tests needed to characterize the streams are underway. 
The inspection tests will include GC distillation, density, viscosity, 
molecular weight, surface tension, elemental analysis, Conradson carbon, and 
aniline point.

Specific Heat Correlation for Coal Liquids

Imperial Oil Limited (I0L) has completed the specific heat 
measurements on Illinois #6 vacuum bottoms, scrubber bottoms, heavy raw 
creosote oil (HRCO), and 20% HRCO/80% Illinois #6 vacuum bottoms. Enthalpy 
data on several coal liquids, including Western Kentucky Syncrude, Western 
Kentucky Syncrude light distillate, Utah Syncrude atmospheric distillate, 
Western Kentucky Sythoil distillate, SRC-I naphtha, and PAMCO middle distil­
late, have been reported by Colorado School of Mines (1). Analysis of 
these data has provided a check for the accuracy of new specific heat 
correlations and the original Watson and Nelson specific heat equation (2) 
to coal-based liquids. These specific heat data, covering the experimental 
range of 100 to 700°F, were also used as a data base to generate a new set 
of parameters for the Watson and Nelson equation. Results are summarized in 
Table 5-1. With the new parameters, the overall average absolute deviation 
in reproducing the specific heat is reduced from 12.53%, obtained with the 
original parameters, to 3.68%, and the bias from -12.23% to +0.25%.
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TABLE 5-1

SPECIFIC HEATS OF COAL LIQUIDS: CORRELATION DEVIATION, % 
(TOTAL OF 63 DATA POINTS)

Method Avg. Abs. Dev, Bias Max. Dev

• New Data Book Correlation 6.46 -2.71 -18.78

• Original Watson and Nelson Equation 12.57 -12.23 -36.12

C = (0.35 + 0.055 K)
[0.6811 - 0.308 S + (0.815 - 0.306 S)

• Modified Watson and Nelson Equation 3.68 +0.25 +20.38

C = (0.465 + 0.0436 K) o
[0.4949 - 0.02479 S + (0.8117 - 0.3672 S)

NOTE: Cp = specific heat, Btu/lb mol °F

K = Watson characterization factor. 

S = specific gravity at 60o/60oF. 

t = temperature, °F.
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Future Work

Laboratory inspection data on the coker liquid fractions are 
expected by September 31, 1979. Analysis and determination of the adequacy 
of generalized physical property correlations is expected to be completed by 
end of 1979.
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5.8 FLEXICOKING Unit Waste Withdrawal

Under this project, potential methods and equipment for withdraw­
ing the solid waste streams from the FLEXICOKING Unit and preparing them for 
transfer to final disposal are being investigated. Work developed on this 
subject to date has centered in the following three areas.

Moistened Loading of Dry Solids Streams

The prevention of fugitive dust emissions while loading out dry 
solids has been accomplished for many years in coal fired power plant fly 
ash handling by usage of a "dustless unloader". The many available devices 
rely upon fluffing the solids and exposing them to water sprays.

One of the simpler devices available for this purpose closely 
resembles a drum pelletizer in its construction and moisture requirements. 
The output of the device is essentially loosely agglomerated pellets at a 
moisture level suitable for landfill purposes.

For effective dust control, the solids feed must be maintained 
rigidly constant. To determine which of the available feed devices is most 
suitable for FLEXICOKING Unit tertiary cyclone fines and a mixture of 
bed/cyclone fines, a visit to a vendor was undertaken. It was determined 
that a fluidized orifice feeder would give the most constant and controll­
able solids feed rate for both materials tested.

Throughput of available dustless unloaders varies from 50 to over 
150 dry tons of solids per hour depending upon the particular model and the 
material density. Water rate is dependent upon the solids throughput and 
required weight percentage. For FLEXICOKING Unit materials a 25 to 35 water 
weight percentage is required.

Dry Loading of Dry Solids

In some instances it may be desired to maintain the solids dry 
during loading. The lime and cement industry often controls fugitive dust 
emissions during truck and barge loading by using extensible "dust free" 
loading chutes. Such devices funnel the solids into a small diameter flow 
stream inside an extensible fabric chute and pull a flow of dust entraining 
air counter to the solids flow. The dust laden air is pulled through 
a filter and the dust is recycled into the silo while the solids stream is 
caught by a funnel connected to the extensible chute. In the case of closed 
containers, adequate venting is required to maintain a proper airflow into 
the vessel and through the chute to entrain the dust.
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The usual air rate in the devices is approximately twice the 
solids volumetric loading rate. The maximum solids loading rate can range 
from 130 cubic feet per minute to 3300 cfm depending upon the model chosen. 
Several variations on the basic design can tailor the devices to load 
trains, barges, trucks or drums.

Mixing/Drying

In some cases, gravity belt filter press (GBFP) cake (obtained by 
partially dewatering venturi scrubber slurry) may be required to be simul­
taneously mixed and dried with another solid waste stream from a FLEXICOKING 
Unit. The mixer/dryer is an equipment piece that can accomplish this task. 
Steam supplied to mixing discs on the machine provides heat for drying.

A series of vendor tests were run to attempt to a) mix GBFP cake 
with dry tertiary fines and dry the mixture to a handleable moisture content 
and b) dry GBFP cake to a handleable moisture content. Both tests were 
successful.
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ENGINEERING RESEARCH AND DEVELOPMENT

ENGINEERING TECHNOLOGY DEVELOPMENT

6. Materials and Environmental Engineering Technology

6.1 Solids Waste Characterization for 
Handling and Disposal

Under this project, the handling and physical characteristics and 
the landfill and environmental disposal properties of the solid streams 
discharged from the FLEXICOKING of coal liquefaction vacuum bottoms are 
being determined in order to develop methods and facilities for handling and 
disposal of these streams from future commercial plants. Coke/ash materials 
from the IKG unit as well as coke from the FLEXICOKING of petroleum feed 
have been used to represent the streams from a commercial plant. Work 
developed on this project in the past year include:

Characterization Tests

During the past year, solids handling characterization testing was 
completed on dry samples of solid wastes from the integrated coker gasifier 
(IKG) unit at Baton Rouge as well as on three samples of boiler fly ash.
The fly ash samples were tested to determine the applicability of existing 
fly ash handling and disposal technology. Physical and flow test data may 
be found in Tables 6-1 and 6-2 for the July-September, 1978 Quarterly 
Report. Review of the data indicates that the gasifier and reactor bed 
coke/ash streams are very flowable materials that should present no signi­
ficant problems in design of storage and transfer systems. The overhead 
fines coke/ash streams, however, have poor flow characteristics and are 
similar to the characteristics of boiler fly ash.

Testing was also performed to determine the handling properties of 
one of the ashy IKG streams with various levels of moisture content. Test 
results with the overhead fines may be found in the July-September, 1978 
Quarterly Report (FE-2893-21).

Bulk density and compressibility tests were run on mixtures of 
FLEXICOKING Unit bed coke and tertiary cyclone fines to determine their 
characteristics in combined storage. Bed coke and tertiary fines from the 
FLEXICOKING of petroleum feed were used. Results of these tests may be 
found in the January-March, 1979 Quarterly Report (FE-2893-29).
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Landfill Properties

A soils testing laboratory was engaged to conduct a series of 
tests on Illinois #6 and Wyodak bed/fines mixtures and power plant fly ash 
in order to develop data required for landfill design. The results of this 
test series are being reviewed and will be presented at a later date.

Solid Wastes Environmental Testing

Leachates from materials that simulate expected EDS FLEXICOKING 
Unit solid waste were gathered in the laboratory, then analyzed for trace 
elements, organic carbon, flouride, and nitrates, and screened for poly­
nuclear aromatic hydrocarbons (PNA's). Corrosivity of some of the leachates 
was also tested by measuring the corrosion rate of carbon steel in contact 
with the leachate. These analyses were then used to develop the potential 
hazard classification criteria. It must be realized that the classifica­
tions developed cannot be considered as final since neither federal nor 
state criteria for classifying wastes have been finalized.

Solid waste samples for the tests were obtained from the inte­
grated coker gasifier (IKG) unit at Baton Rouge. The following samples were 
obtained for both Illinois #6 and Wyodak coal feeds: reactor chunk coke, 
gasifier purge coke, overhead fines, and overhead fines that were sieved 
into fractions representing tertiary cyclone fines and dewatered venturi 
scrubber sludge.

Two different leaching procedures were performed on each sample. 
They were the EPA Toxicant Extraction Procedure proposed in section 3001 of 
the 9/12/78 RCRA draft regulations, and the Texas Water Development Board 
procedure, specified in their Technical Guide No. 1 (revised 3/1/78).

To determine the hazard classification or toxicity of the leachate 
of each sample, the trace element concentrations of the leachates were 
measured against the existing EPA or Texas toxicity guideline. The two 
guidelines are not the same. The EPA guidelines are concerned with eight 
trace elements only. If the leachate concentration of any of the eight 
elements is higher than the standard set by the guidelines, that leachate is 
toxic. Texas criteria are not limited to eight elements. They include many 
trace elements, and the cumulative effect of the concentrations of these 
many elements determines the toxicity of the leachate.

Results of the tests are presented in Table 6-1. They indicate 
that, with one exception, each sample of tertiary cyclone fines, dewatered 
venturi scrubber sludge, gasifier purge coke, and reactor chunk coke leached 
by Texas procedures would be categorized as Class I, the most hazardous of 
the three Texas solid waste classes. In the Texas classification system, 
Illinois //6 reactor chunk coke would be categorized as Class II, an inter­
mediate category.
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TABLE 6-1

INDICATED HAZARD CLASSIFICATION

SAMPLE TEXAS HAZARD CLASSIFICATION EPA HAZARD CLASSIFICATION

Wyodak EDS FLEXICOKING Unit Wastes

• Dewatered Venturi Scrubber Sludge (Simulated) Class I^1 2^ No Test
• Tertiary Cyclone Fines (Simulated) ft I! No Test
• Overhead Fines (Unsieved) ff ff Non-hazardous
• Reactor Chunk Coke H M If ff

• Gasifier Purge Coke If tl ff ff

Illinois #6 EDS FLEXICOKING Unit Wastes

• Dewatered Venturi Scrubber Sludge (Simulated) Class I No Test
• Tertiary Cyclone Fines (Simulated) No Test No Test
• Overhead Fines (Unsieved) Class I .

Class II(' ;
Non-hazardous

• Reactor Chunk Coke ff If

• Gasifier Purge Coke Class I fl ff

(1) Most hazardous of the three Texas classifications.
(2) An intermediate classification.



In addition to trace element test results, corrosion tests and PNA 
screenings were performed on Texas leachates. The corrosion tests, conducted 
according to National Association of Corrosion Engineers' Standard TM-01-69, 
found that all samples tested would easily meet Texas specifications of <250 
mils per year corrosion of carbon steel. PNA screening of Texas leachates 
detected no PNA's at the parts per billion level.

Analysis of leachates per the draft EPA procedure indicated 
that all the wastes tested meet the non-toxic criteria specified in the 
12/18/78 draft RCRA regulations.

The conflicting answers resulting from use of the tentative 
EPA and Texas leaching test and analysis criteria make it unclear whether 
solid wastes from the FLEXICOKING of EDS vacuum bottoms will be considered 
toxic. As EPA and other criteria are further developed the answer should 
become clearer. Also, if the prototype FLEXICOKING Unit at Baytown is 
programmed to run on ECLP vacuum bottoms, an opportunity will develop to 
collect larger and more representative waste solid samples for further 
analysis.

'w
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6.2 Environmental Control - Water

Summary

As part of the development of the Exxon Donor Solvent coal lique­
faction process to a state of commercial readiness, a long range R&D program 
was proposed to generate the data for evaluating the impact of a commercial 
EDS plant on the water environment and for designing a commercial-scale 
wastewater treating system. The current program is shown in Figure 6-1, and 
reflects changes resulting from a re-evaluation of the overall program 
conducted in 1978 (described later in this report).

Results of the program to date support our conclusion that a 
proposed treatment scheme of sour water stripping, solvent extraction, 
equalization, secondary oil removal, air activated sludge, filtration, and 
carbon adsorption should be able to meet most, if not all, of the projected 
quality requirements for discharge to surface waters. However, heavy 
element discharge regulations, which appear to be getting more strict, may 
require the addition of a heavy element removal system to the treating 
sequence. In addition, if the discharge of total dissolved solids is 
severely restricted (e.g. by locating the plant in a water-short or sen­
sitive environment), it may become necessary to reuse the final treated 
effluent in the cooling tower and to evaporate the cooling tower blowdown.

Accomplishments for the July, 1978, through June, 1979, period 
included the following:

• Characterization of samples from the coal liquefaction pilot plant 
(CLPP), continuous stirred coker unit (CSCU), and integrated coker/ 
gasifier (IKG) during Wyoming operations.

• Initiation of a comparison of direct aqueous gas chromatography and 
extraction/gas chromatography for analyzing the organic components in 
EDS wastewaters.

• Laboratory testing of an alternative (to isopropyl ether) solvent for 
liquid-liquid extraction of phenolics from EDS process wastewaters.

• Preliminary estimation of the composition of untreated wastewaters from 
a commercial EDS plant using Wyoming coal.

• Re-evaluation of the long-range EDS wastewater program.

• Preliminary planning of the testing to be done on samples from the 
ECLP.

Each of the accomplishments is discussed below:
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Figure 6-1

TIMETABLE FOR COAL LCQUEFACTION WASTEWATER STUDIES

\

1975 1976 1977 1978 1979 1980 1981 1982

Characterize Wastewater 
From Existing Pilot Units

Characterize ECLP Wastewaters

r_7/82. End Of 
Project

Define Treatment Alternatives 
To Be Investigated

Run Preliminary Batch Treatability 
Tests Using Wastewater From Existing 
Pilot Units

Run Bench-Scale Continuous And 
Batch Treatability Tests Using 
Wastewater From The ECLP and,
If Possible, The FLEXICOKING 
Prototype



Characterization of Samples from Existing 
Pilot Units during Wyoming Operations

This activity was carried out to provide data for preliminary 
assessment of the effect of a Wyoming-coal-fed EDS plant on the water 
environment, and to allow process selection for wastewater clean-up. As 
part of this activity, a wastewater sample (YT123) was obtained from the 
continuous stirred coker units during a Wyoming CLPP bottoms operation. 
Analysis of this sample indicated that the level of mono-hydric phenolics in 
this wastewater was ~40% greater than previously found. If this higher 
level of mono-hydric phenolics is produced in a commercial plant, it should 
not significantly affect the size of biological oxidation or carbon adsorp­
tion units, since the liquid-liquid extraction of process wastewater effec­
tively removes the mono-hydric phenolics prior to downstream treatment.

In another part of this activity, analysis of a wastewater sample 
obtained from the integrated coke/gasifier (IKG) unit during Wyoming opera­
tions indicated that little organic contamination should be present in the 
heater/gasifier wastewaters from a commercial plant.

Also analyzed during this period were wastewater samples obtained 
from the liquefaction and solvent hydrogenation sections of the coal lique­
faction pilot plant (CLPP) during Wyoming operations. These analyses showed 
that Wyoming and Illinois wastewater contain similar types of organic and 
inorganic constituents, although in different proportions. Based on these 
analyses, and the Phase IIIA batch treatability studies, all of the compounds 
identified in the samples should be effectively removed during treatment in 
a scheme similar to the one described earlier in this report.

Comparison of Direct Aqueous Gas 
Chromatography and Extraction/Gas Chromatography

This was done to see if a change in methods would improve the 
accuracy and reproducibility of analyses for organic contaminants. The EPA 
has used the extraction GC approach during their search for priority pollu­
tants in industrial effluents. A sample of CLPP liquefaction section(A8) 
wastewater, previously analyzed by direct aqueous injection gas chromato­
graphy as part of the characterization program mentioned above, was also 
analyzed by extracting the sample at pH = 12 and pH = 2 with methylene 
chloride followed by gas chromatography of the extracts. Concentrations of 
organics found in the CLPP wastewater sample using this method were consid­
erably lower than concentrations previously found by direct aqueous injec­
tion gas chromatography. It is possible, however, that sample aging may 
have caused the decrease.. Therefore, parallel tests are being run using 
both the direct aqueous injection and extraction methods on a sample ob­
tained from the Large Stirred Coker Unit (LSCU) in order to more accurately 
compare the results obtained from the two methods.
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Laboratory Tests of an Alternative Commercially 
Available Liquid-Liquid Extraction Process

The present scheme for removing phenolic materials from the EDS 
process is isopropyl ether extraction. During this past year, a vendor 
performed batch tests using his alternative solvent process on unstripped 
samples of liquefaction section wastewater obtained from the CLPP during 
Wyoming operations (10/24/78). Analyses of the water both before and after 
extraction were done by ER&E. Results (shown in Table 6-2) indicate very 
good removal of the phenolic materials. The calculated distribution 
coefficient, kp, for phenol averaged 93 in this test. This value exceeds 
the equilibrium coefficient calculated during earlier tests using isopropyl 
ether (Kp = 45). Considering this result and the fact that the process is 
commercially proven, it should be considered as a candidate for a full-scale 
EDS plant. Further evaluation of this process will be done on a larger 
scale during the treatability tests to be conducted on ECLP wastewater.

Preliminary Estimates of the Composition of Wastewater 
from a Commercial EDS Plant using Wyoming (Wyodak) Coal

Organic composition of the process wastewater from a Wyodak coal 
EDS plant was estimated by adjusting the available Wyodak wastewater data 
from the pilot units using a ratio of the composition obtained from the 
Illinois computer simulation studies (See January-March, 1978 Quarterly 
Technical Progress Report)*to the Illinois wastewater data from the oper­
ating pilot units. Table 6-3 shows the estimated organic and total dis­
solved solids (TDS) composition of wastewater after stripping and extrac­
tion.

Two implications of the estimates are noteworthy. First, because 
of its higher BOD5 concentration, the Wyodak wastewater may require the 
addition of a roughing biological treatment unit upstream of the activated 
sludge unit in the proposed treatment scheme for an Illinois coal EDS plant. 
Second, depending on the receiving body of water, the higher TDS of Wyodak 
process wastewater may cause the final effluent to exceed the allowable 
quality criteria. If this situation occurs, additional treatment (e.g., 
reuse of the treated effluent as cooling tower makeup and subsequent evapor­
ation of the blowdown) may be needed.

Re-evaluation of the Long-Range 
Wastewater R&D Program

The purpose of the re-evaluation was to develop a plan to assure 
that all information needed to design a reliable wastewater treating system 
for a commercial EDS plant would be available by mid-1982. The first 
conclusion from the re-evaluation was that extensive bench scale treatability 
testing tentatively scheduled late in the fourth quarter of 1978 should be

*FE-2893-12
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TABLE 6-2

RESULTS OF BATCH TESTS OF AN ALTERNATIVE 
SOLVENT FOR PHENOLICS REMOVAL (D

Component
Untreated

Wastewater
Treated Wastewater(1)

After Two Extractions After Five Extractions

Phenol (mg/1) 1600 6.6 N.D.(<0.5)(2)

Cresols (mg/1) 960 N.D.(<1) N.D.(<1)

ph(3) 8. 1 6.5 6.5

Notes:

(1) A single wastewater sample was extracted a total of five times with a 
solvent in laboratory glassware. After each extraction the water phase 
was separated from the solvent phase and the water was re-extracted 
using fresh solvent. A solvent to water ratio of 0.13 by volume ( 0.1 
by weight) was used in each extraction.

(2) N. D. means not detected. Detection limit given in parentheses.

(3) The wastewater pH was adjusted to 6.5 prior to extraction.
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TABLE 6-3

PRELIMINARY ESTIMATES OF PROCESS 
WASTEWATER QUALITIES(L)(2)

Wyodak Illinois (Mine #1)

Flow, gpm 1980 1420
Phenol, ppm 10 8
Resorcinol, ppm 12 36
Alkyl Resorcinol, ppm 5 5
Organic Acids, ppm 3600 1500
TDS, ppm(3) 4200 2400
NaHC03, % of TDS 99 75
BOD5, ppm 3300 1410
TOC, ppm 1700 725

Notes:

(1) After stripping and extraction.

(2) Estimates are for a 15,000 ton/day (as received coal) EDS Pioneer 
plant.

(3) The estimate for TDS included the amount of NaOH to be added to the 
sour water stripper to remove ammonia, and the amount of bica*bonate 
that would be formed by the conversion of organic materials during 
downstream biological treatment.
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delayed until 1980-1981$ when the ECLP will be running. The ECLP and the 
proposed FLEXICOKING prototype unit should provide wastewaters more like 
those in a commercial plant than can presently be obtained.

The second conclusion was that bench-scale rather than pilot-scale 
treating tests should be run using wastewater from the ECLP and the proposed 
FLEXICOKING prototype. Although the more expensive pilot-scale testing had 
a potential benefit-to-cost ratio of about 2:1, this ratio was judged too 
low to justify the substantial additional cost (~750 k$) of the pilot-scale 
tests. Bench scale tests should provide enough information to design a 
dependable wastewater treating plant which meets effluent requirements.

Preliminary Planning of ECLP Tests

During the past quarter, we made preliminary plans for sampling 
and analyzing the wastewaters from the ECLP. Tentative plans call for the 
following studies:

• A study to determine the short-term variability of the composition
of the ECLP wastewaters - Knowing the variability will allow us to 
determine the proper number of samples needed to adequately charac­
terize the wastes. Ammonia measurements will be made to obtain infor­
mation on the variability of the concentrations of inorganic constit­
uents, while total organic carbon will be used to characterize the 
variability of the concentrations of organic constituents. Six process 
wastewater streams will be sampled hourly for thirty six hours at the 
beginning of steady state ECLP operations on Illinois coal.

® A study to determine the untreated wastewater characteristics from the
ECLP during steady state, operations - These results will form a design 
basis for a commercial treatment plant and will allow us to verify the 
computer models used to predict the untreated wastewater composition 
for a commercial EDS plant. Six process wastewater streams will be 
sampled once/shift for a maximum of seven days over a three week 
period during steady state ECLP operations on each of the three 
coals. A daily composite sample will be made for each source from the 
three samples collected each day. Samples will be analyzed for organic 
and inorganic contaminants. •

• A bench-scale treating study to verify the applicability of the pro­
posed treatment scheme and to develop design data for a commercial 
wastewater treating plant - This will include the collection and 
pretreatment of wastewaters from the ECLP and proposed FLEXICOKING 
prototype. Combined waters would be tested in continuous and batch 
bench-scale experiments after stripping, neutralization, extraction, 
and oil removal. Only wastewaters from an Illinois (bituminous) coal 
operation and a subbituminous coal operation will be tested, since this
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should represent the range of wastewater qualities from the first 
commercial-scale EDS plant. Treatability experiments involving Illi­
nois coal wastewaters will include activated sludge and activated 
carbon isotherm tests, while the treatability experiments involving the 
sub-bituminous coal wastewaters will include a rotating biological 
contactor (biodisk), activated sludge, and activated carbon isotherm 
tests. In addition, simulated activated carbon effluent will be 
examined for corrosion, scaling, and biological fouling tendencies to 
give a preliminary idea of the feasibility of its reuse as cooling 
tower makeup.

Future Work

Plans for the remainder of 1979 include the following:

• Detailed planning of the treating tests to be conducted on ECLP waste- 
water.

• Complete analysis of recently received samples of Illinois and Wyoming 
wastewaters from the Large Stirred Coker Unit (LSCU) during operations 
at steam-to-feed ratios closer to a commercial FLEXICOKING unit.

• Complete analyses of a sample of LSCU wastewater using both direct 
injection GC and extraction GC methods to determine the better analyt­
ical method.
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6.3 Environmental Control - Atmospheric Emissions

Emissions from Combustion of Wyodak Coal Liquids 
Analyzed for Polynuclear Aromatics

Combustion tests were performed on two EDS heavy fuel oils pro­
duced from Wyodak coals. The results of analyses of these samples for 
polynuclear aromatic matter (PNA) are shown in Table 6-4. The results of 
previously-reported similar tests on EDS fuel oil derived from Illinois coal 
are included for comparison. There was concern about the earlier test 
conditions that the sample size was not large enough and/or that the analyt­
ical methods may not have been sensitive enough. Consequently, a newer, 
more sensitive method of analysis was used for the Wyodak coal liquids 
tests, the Single-Ion Mode GC/Mass Spectroscopy method. These analyses, 
performed at Battelle-Columbus Laboratories, were confirmed for one sample 
by the formerly-used GC/UV method of ER&E. The overall aggreement between 
the two methods is within experimental accuracy.

The Wyodak coal-liquids produced higher concentrations of three- 
and four-ring compounds than the Illinois coal-liquids. The significance 
of these results is being evaluated.

Additional analyses were made of the EDS heavy fuel oils for PNA 
content to enable correlation of PNA concentration in the fuel oil with PNA 
emissions in the flue gas. These; results are described under Product 
Quality Studies.

Detailed plans developed for the ECLP test program included tests 
of Slurry Preheat Furnace decoking, particulate emissions from coal-handling 
facilities, emissions passing the Venturi Scrubber for the Sandvik belt, and 
tests to enable accurate design of a High Energy Venturi Scrubber for the 
gas swept mill.

Noise Survey and Sampling Planned

New, more stringent, OSHA noise regulations have not yet been 
promulgated, and is doubtful that they will be before the end of 1979. In 
1978 the National Institute for Occupational Safety and Health (NIOSH) 
recommended to OSHA that new plants should be designed to a criterion of 85 
dBA for 8-hour worker exposure, but no action has been taken on this recom­
mendation.

Plans developed for the ECLP test program include noise 
surveys at the plant and adjacent communities. In addition, tests will 
be made of the gas swept mill and 600 psi let-down valve. Previous 
baseline community noise data will now require updating, since a large 
new plant will start up at Baytown before ECLP. This updating will be
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accomplished economically by cooperation with a similar survey being con­
ducted for the new Baytown Plant.

Air Pollution Impact Estimated for 
Commercial-Scale Plant

Estimates have been updated of expected emissions of conventional 
air pollutants (SO2, N0X, CO, hydrocarbons and particulates) from a commercial- 
scale EDS plant. These were made for the revised plant configuration 
specified in the EDS Study Design Update, and are reported in Section 1.

V.-'

- 311 -



312

TABLE 6-4

PNA's IN EXHAUST GASES 
FROM COMBUSTION SOURCES 

(nR/m )(i)

NUMBER OF (3)MATE K 1
WYODAK WYODAK

(2)COMPOUND (CARCINOGENIC ACTIVITY)v ’
CARBON 350-1000°F 350 °F +

RINGS VALUES ANALYSIS= BATTELLE BATTELLE ER&E
(4)

Phenanthrene (-) 3 1,590,000 | 106,000 >459,000 450,000
Anthracene (-) 3 56,000,000
Methyl Anthracenes (?) 3 NR | 13,500 167,000 _

Phenanthrenes (-) 3 1,590,000
Fluoranthene (-) 3 90,000,000 24,000 187,000 164,000

Methyl Pyrene/Fluoranthene (-) 4 NR 1,360 62,400 -

Pyrene (-) 4 230,000,000 7,080 161,000 140,000
Benzo (c) Phenanthrene (+++) 4 27,000,000 230 2,780 -
Benz (a) Anthracene (++) 4 45,000 \ 1,630 65,300 49,000
Chrysene (+) 4 2,220,000 i
Methyl Chrysenes (-) 4 1,800,000 110 16,300 -
7, 12-Dimethyl Benz (a) Anthracene (+++) 4 260 28 1,950 <270

Benzo Fluoranthenes (- or ++) 5 1,600,000 to 900,000 v <4 2,680 15,000
Benzo (e) Pyrene (+) 5 3,040,000 1 4 3,000 7,700
Benzo (a) Pyrene (+4+) 5 20
Perylene (-) 5 NR 8 1,500
Indeno - (1, 2, 3-c, d) Pyrene (+) 5 1,630,000 4 390 <8

Benzo (ghi) Perylene (-) 6 NR 4 790 610
Dibenz (a,h) Anthracene (+++) 6 93 8 5 <13
Dibenz (a,i) Pyrene (++) 6 43,000 1 8 85
Dibenz (a,h) Pyrene, (?) 6 3,700,000

Coronene (-) 7 NR 16 28 80
NR = not reported

(1) Standard Conditions - Dry at 15°C, 1 atm.
(2) Plus signs indicate degree of carcinogenic activity...

Minus sign indicates no carcinogenisis has been proved in animals.
(3) Minimum Acute Toxicity of Effluent (MATE). See EPA 600/7-77-136a,b
(4) Some overlap between compounds occurs in the analysis.

EDS ILLINOIS 
400°F+
ER&E

15,000

1,500

<450

<200

<3,800
<770
<490

<730

50



6.4 Construction Materials - Liquefaction and FLEXICOKING

Summary

1. CLPP Materials Evaluation Program

Series V in-situ corrosion tests have been completed. Corrosion rates 
in the liquefaction reactor were determined in new Test Site 10, indi­
cating appreciable attack on 5 Cr alloy steel. Flow velocity has been 
verified as a process variable having a marked accelerating effect on 
metal loss (erosion-corrosion).

2. ECLPMaterials Evaluation Program

The ECLP integrated materials evaluation program has been enlarged and 
updated. This 7-part program consists of corrosion racks, corrosion 
probes, component materials tests, NDT inspection, and stream sampling. 
For additional corrosion/erosion monitoring, two cooperative programs 
with National Laboratories on stress corrosion cracking and slurry 
erosion have been initiated.

3. State-of-the-Art Materials Technology

ER&E continues to take an active role in the activities of technical 
bodies guiding and studying synthetic fuels materials problems. Major 
activities have been: preparing a coal liquids laboratory corrosion test 
program, presenting a paper on the EDS materials program, visiting the 
SRC pilot plant in Wilsonville, and attending various technical symposia.

4. IKG Corrosion Tests

Corrosion tests in the IKG Unit have been completed. This integrated 
coking/gasification pilot unit, located at Baton Rouge, LA, simulates 
process conditions anticipated in EDS FLEXICOKING. Results from IKG 
testing indicate low rates of attack of gasifier internals and heater 
overhead components.

5. FLEXICOKING Prototype Inspection

Inspection of the FLEXICOKING prototype showed it to be in generally good 
condition. Specific findings will be reflected in design specifications 
for revamping the prototype for EDS operation.

6. High Temperature Erosion Testing

A cooperative testing program has been initiated with Lawrence Berkeley 
Laboratory to study high temperature gas/solids erosion of interest to 
EDS FLEXICOKING application. Preliminary tests are being conducted, 
aimed at understanding of basic test variables and determining equipment 
reproducibility.
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x • U Materials Evaluation Program

This section presents and discusses the results of materials evaluation 
in CLPP during the reporting period, broken down into the following 
three topics:

• In-Situ Corrosion Testing
• Effect of Velocity
• Component Failure Analysis

1•1 In-Situ Corrosion Testing

During March-December 1978, the fifth series of corrosion test samples 
(tubing sections and coupon specimens) were exposed in CLPP. Feed 
during this test period was Wyodak coal. The results from all five 
Test Series are tabulated in Table 6-5. Sample locations for all ten 
CLPP Test Sites are marked on Figure 6-2. As anticipated, rates are 
generally lower than with Illinois coal, and are comparable to a 
previous Wyodak run (Test Series III).

Test Series V contains the first evaluation of coupons exposed in the 
liquefaction reactor (Test Site 10). Since flow velocity is only about
0.5 ft/sec, the rates measured represent corrosion losses, as contrasted 
to erosion-corrosion wastage registered by tubing specimens in slurry 
test sites.

1.2 Corrosivity as a Function of Velocity

Figure 6-3 presents the effect of velocity on metal loss in liquefac­
tion reactor slurry service. The points plotted represent data from 
Test Sites 1, 2, and 10. All of these are at substantially the same 
temperature and may contain up to 40-50% solids. Test Site 10 is 
located inside the liquefaction reactor, representing very low flow 
rates (less than 1 ft/sec). The range of velocities investigated is
0.5 fps to 35 fps.

The general trend apparent from Figure 6-3 shows a sharp increase of 
metal loss at higher flow velocities. Such response is characteristic 
of so-called erosion-corrosion where corrosion is accelerated by 
erosion and/or abrasion, often in a synergistic manner. As expected, 
stainless steel performs better than chrome steel. This improvement is 
attrljuted principally to inherently better corrosion resistance, since 
Cr-Ni stainless steels are not known for good erosion resistance.
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TABLE 6-5

/*'' j

CLPP I J^ - SITU CORROSION TEST SUMMARY

Test Site Testdi 
t) Series

Test
Tube

Dimension Process Temperature Pressuee Exposure
(2)

Corrosion Rate (mils/year)
AWeight(See Figure 6- Type Coal Specimens Dia. Wall Environment (•f) (psig) Time (hrs) Material AThickness

TS-l-l r) <") 830 1650 282 304 93 281 3/8 0.049
TS-1-2 Illinois 3/8 0.049 830 1650 282 316 93 1 94

15-1-3 2 Tubing 3/8 0.049 840 1650 47 5 Cr 370 120

TS-1-4 Sections 3/8 0.065 slurry + H2 820 1650 591 304 0 (+)

TS-1-5 3 Wyoming 3/8 0.049 820-840 1650 965 316 0 3

TS-1-6 3/8 0.049 820-840 1650 965 5 Cr 63 64

TS-1-7 5 Wyoming 5/16 o o •C
- 820-840 1650 1407 316 19 12.5

TS-1-8 3/8 0.065 820-840 1650 1407 316 19 6.2

TS-2-1 1 1/2 0.065 840 1620 282 304 0 27

TS-2-2 Illinois 1/2 0.065 840 1620 282 316 (+) (+)
TS-2-3 1/2 0.065 840 1620 485 5 Cr 90 29

TS-2-4
2

Tubing
Sections

1/2 0/065 Solvent/coal 840 1620 485 316 0 bo

TS-2-5 1/2 0.083
slurry + H2 770-820 1620 965 304 5 1

rs-2-6 3 Wyoming 1/2 0.065 770-820 1620 965 316 0 •v

TS-2*7 1/2 0.065 770-820 1620 965 5 Cr 18 11

TS-3-1 60-100 2 282 CS - 12.4
TS-3-1 1 60-100 2 282 12 Cr - 3.0

TS-3-1 60-100 2 282 304 - 2.2
Illinois

TS-3-2 60-100 2 485 Monel - 2.7
TS-3-2 2 Test rack 

Coupons
Liquefaction water 
condensate 60-100 2 485 Alloy 20 - 1.9

TS-3-2 60-100 2 485 Titanium 3.6

TS-3-3 60-100 2 965 CS - 0.6
TS-3-3 3 Wyoming 60-100 2 965 304 - 0.3

TS-3-3 60-100 2 965 Alloy 20 - 0.3
TS-3-4 60-100 2 CS - 0.3

TS-3-4 5 Wyoming 60-100 2 2639 304 - 0.1
TS-3-4 60-100 2 316 - 0.2
TS-4-2 1+2 Illinois 3/4 0.035

Vacuum tower 
bottoms

550 0 408 316 0 4
TS-4-3 3 Wyoming Tubing 3/4 0.035 580 0 180 CS 150 23
TS-4-4 4 Illinois 3/4 0.065 580-650 0 794 CS 0 15
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TABLE 6-5 (Continued)

------------------ ,
Tube (2)

Corrosion Rate (mils/year)
Temperature

(°F)Test Site Test(i)
) Series Tvpe Coal

Test
Specimens

Dimension 
Dia. Wall Environment (psig) Time (hrs) Material AThickness AWeight

TS-5-1 ("> (") 60-100 2 1064 CS - 1.6

TS-5-1 16.2 60-100 2 1064 12 Cr - 1.4

IS-5-1 Illinois
60-100 2 1064 304 a 1.1

60-100 761 Monel 1.4TS-5-2 2

TS-5-2 1976 Test rack Hydrotreating 60-100 2 761 Alloy 20 - 0.7
Coupons water condensate 60-100 2 761 Titanium - 0.9

TS-5-3 60-100 o CS - 0 8

TS-5-3 3 Wyoming 60-100 2 1203 304 - 0.4

TS-5-3 60-100 2 1203 Alloy 20 - 0.3

TS-5-4 60-100 2 CS - 0.3

TS-5-4 5 Wyoming 60-100 2 2639 304 - 0.2

TS-5-4 60-100 2 316 - 0.2

TS-6-1
—

600 25 249 CS 250 190
TS-6-2 1/2 0.035 600 25 249 304 0 (+)
TS-6-3 1 Illinois 1/2 0.035 600 25 249 316 35 (+>
TS-6-4 1/2 0.035 600 25 249 12 Cr 0 36

TS-6-5 1/2 0.035 600 25 249 5 Cr 0 16

1/2 0.035 700 25 180 CS 150 17

TS-6-7 1/2 0.035 Coal liquid slurry 700 25 180 304 240 <+)
TS-6-8 Sections 1/2 0.035 to vacuum tower 700 25 180 12 Cr 0 2

TS-6-10 1/2 0.035 700 25 180 5 Cr 0 15

TS-6-11 3 Wyoming 1/2 0.035 600-700 25 170 CS 23 33
TS-6-12 1/2 0.035 600-700 25 770 304 0 10
TS-6-13 1/2 0.049 600-700 25 770 316 23 (+)

TS-6-14 1/2 0.035 600-700 25 770 12 Cr 0 0
TS-6-15 1/2 0.035 600-700 25 770 5 Cr 0 7

TS-6-16 4 Illinois 1/2 0.035 700 25 794 5 Cr 22 8

TS-7-1 1 3/8 0.049 800 1500-150 21 304 1700 (+)

TS-7-2 . Til -InrM G
3/8 0.049 800 1500-150 3 316 3000 (+)

TS-7-3 2 3/8 0.049 Coal liquid slurry 800 1500-150 18 5 Cr 0 2000
TS-7-4 Tubing 3/8 0.049 letdown line 800 1500-150 20 316 (+) 900

Sections (intermittent
TS-7-5 3/8 0.049 service) 750-800 1500-150 9 316 970 120
TS-7-6

3 Wyoming 3/8 0.049 750-800 1500-150 9 5 Cr 0 2000
TS-7-7 3/8 0.065 750 1500-150 23 5 Cr 0 920
TS-7^8 3/8 0.049 750 1500-150 23 316 380 340

':\5
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TABLE 6-5 (Continued)

J

Test Site 
(See Figure 6-

Test f 
l) Series' ^

Test
Specimens

Tube
Dimension Process Temperature Pressure Exposure

(2)
Corrosion Rate (mils/year)

Type Coal Dia.
f")

Wall
(") 

Environment (°F) (psig) Time (hrs) Material AThickness AWeight

TS-8-1 142 1/2 0.035 500 2 464 316 (+) 2

TS-8-2 Illinois Tubing
Sections 1/2 0.035 Heavy vacuum gas 

oil 500 2 464 CS 57 49

TS-8-3 4 1/2 0.049 500 2 795 5 Cr 11 7

TS-9-1 1/2 0.065 RV-55 1650 317 316 55 9
TS-9-2 1

Illinois
1/2 0.065 RV-55 1650 317 304 0 4

T^-9-4
2 1/2 0.065 RV-55 650 747 5 Cr 35 30

TS-9-5 1/2 0.065
Coal liquids/raw

RV-55 650 747 316 23 5
Tubing

TS-9-6 Sections 1/2 0.065 creosote oil RV-55 1650 1203 304 5 3

TS-9-7 3 Wyoming 1/2 0.065 RV-55 1650 1203 316 0 (+)
TS-9-8 1/2 0.065 RV-55 1650 1203 5 Cr 9 12

TS-9-9 4 Illinois 1/2 0.083 RV-55 1650 978 304 18 6

TS-10-1 840 1650 5 Cr _ 66.5,66.4,
66.0

TS-10-2 840 1650 304 - 3.7,4.2

TS-10-3 5 Wyoming Coupons Slurry 4- H2 840 1650 452 304 SE(3) - 5.7

TS-10-4 (Liquefaction
Reactor) 840 1650 316 - 6.8

TS-10-5 | 840 1650 321 - 8.4

NOTES: (1) Test series 1 = December 1976-February 1977
Test series 2 = January 1977-April 1977 
Test series 3 = April 1977-July 1977 
Test series 4 = July 1977-September 1977 
Test series 5 * March 1978-Deceraber 1978

(2) (+) entries in "Corrosion Rate” column indicate measured
gain in weight or wall thickness. Wall thickness measure­
ments were discontinued after Test Series IV because they 
give less reliable results than weight loss measurements.

(3) SE - sensitized
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Figure 6-2
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1.3 Component Failure Analysis

During the reporting period, one failure analysis was performed. It 
involved corrosion caused perforation of a carbon steel tubing specimen 
which was installed in the safety line off the vacuum tower pumparound 
system. The failure is attributed to corrosion by aqueous condensate 
which formed in this dead-ended location.

Failure occurred after 37 days' service in form of locally holing 
through the 0.035 inch wall. Temperature in the jacketed main vacuum 
gas oil loop (Test Site 8) was about 550°F; however, stagnant fluid 
trapped in the failed test section (unjacketed) was consid.erably 
cooler. Schedule pressures for the CLPP run did not permit installa­
tion of the test section in the normal TS-8 location.

Severity of corrosion of the failed tubing was considerably greater 
than registered on earlier TS-8 specimens. During Test Series 2 
(January-April, 1977), carbon steel corroded at about 50 mils/year. By 
comparison, the calculated rate of penetration for the test tubing 
under discussion is close to 1000 mils/year. Such high rates of attack 
are occasionally experienced at dead zones where corrosive condensates 
can collect, both in pilot and commercial plants.

2.0 ECLP Materials Evaluation Program

An extensive materials evaluation program has been planned for ECLP to 
collect in-situ corrosion and erosion data, and to evaluate materials 
performance on working equipment components. The overall program 
presently consists of seven major parts, described in Table 6-6. 
Originally, the Materials Evaluation Program incorporated into the ECLP 
Design Specification consisted of only the first three parts. These 
have now been updated and modified. The four areas where considerable 
progress has been made during the reporting period and covered in this 
report are as follows:

• Corrosion racks
• Corrosion probes
• Miscellaneous equipment components
• Cooperative programs with National Laboratories

The other programs have been generally defined and are in the early 
stages of implementation. These activities will be covered in future 
progress reports.
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TABLE 6-6

ECLP MATERIALS EVALUATION PROGRAM

Title Purpose Test Sites

Corrosion Racks Obtain corrosion rates and investigate 
stress corrosion cracking

36

Corrosion Probes Record corrosion rates via automated 
probe system

19

Slurry Letdown Valves Evaluate developmental trim materials in 
actual service

2

Slurry Pumps Evaluate optimum materials on working 
pump internals

8

Miscellaneous Equipment 
Components

Evaluate materials performance through 
full sized working pieces

11

Equipment Inspection Measure metal loss of plant equipment 
by NDT techniques

Numerous

Stream Sampling Identify and quantify corrosive 
stream constituents

29
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2.1 Corrosion Racks

Table 6-7 is an updated listing of rack location, service environment, 
and test materials for all of the 36 corrosion test racks to be in­
stalled. During the reporting period, the following was accomplished:

• 1830 coupons were prepared per ASTM G-l, consisting of degreasing, 
grit blasting, rinsing and drying, followed by stamping with iden­
tification numbers. The coupons were subsequently measured and 
weighed, and assembled onto 72 racks.

• Eccentric reducers were added to contain all racks installed 
in small piping (<4 inch diameter). The reducers allow more 
coupons to be tested, reduce pressure drop, minimize the flow area 
reduction, and decrease risk of coal settling.

• 316 stainless steel was added in duplicate to each rack to serve as 
a control material.

2.2 Corrosion Monitoring (Corrosion Probes)

The prime function of the corrosion probe program is to reveal through 
its quick response characteristic large, unexpected fluctuations in 
corrosion rates. The system consists of three parts: probes/cables, 
data gathering equipment, and computer interface. Individual probe 
locations, type, and enviroriment for all 19 probes are tabulated in 
Table 6-8.

Progress during the reporting period consisted of defining test instal­
lation details for the contractor, and setting software and hardware 
requirements for computer interface equipment.

2.3 Miscellaneous Component Materials Test

The purpose of these component tests is to collect materials perform­
ance data that cannot be reliably derived from racks and coupons.
These supplemental tests employ a variety of working components such as 
piping spools, fractionation trays, and heat exchanger and furnace 
tubes. The latter are of particular importance since corrosion heat 
transfer surfaces cannot be reliably predicted from probes or coupons.

An updated summary of miscellaneous component materials tests is 
presented in Table 6-9. Two additional tests have been added to this 
updated listing. These tests evaluate fractionating trays of different 
materials, installed in the Atmospheric Fractionator and the Vacuum 
Stripper Tower.
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TABLE 6-7

ECLP CORROSION TEST RACK SUMMARY CHART

Identification Service 12]
Humber Eaufoment & Location Environment Test Rack Coupon Materials

Slurry Drying & Llquefac- 101 F-102 outlet line (6) Hydrocarbon Alonlzed 5 Cr, 9 Cr, 12 Cr, 304, 316, 321,
tlon Section Alonized 321, 1-800

102 F-101 outlet line upstream of Hydrocarbon
slurry mix point

104 R-101D outlet upstream of D-103 (6) Hydrocarbon 12 Cr, 304, 316, 321, Alonized 321, 1-800

105 D-103 below liquid level Hydrocarbon CS, 5 Cr, 12 Cr, 304, 316, 321, 1-800
106 D-104 below liquid level Hydrocarbon CS, 5 Cr, 12 Cr, 304, 316, 321, 1-800
107 E-108 shell side inlet (6) Aqueous CS, 12 Cr, 304, 316, 1-800, 1-825, A-20, 3RE60,

HC, HG, Tl [3]

108 D-105 water outlet line (6) Aqueous CS, 12 Cr, 304, 316, 1-600, 1-825, A-20, 3RE60,
HC, HG, Ti (3]

111 D-105 in water phase (2) Aqueous CS, 304, 316L, A-20, 3RE60, HB, HC, [3]

Product Distillation 201 T-201 feed line near tower (6) Hydrocarbon CS, 5 Cr, 9 Cr, 304, 316
Section 203 T-201 top pan Hydrocarbon CS, 316, 1-825, A-20, Monel, 3RE60, Ti

204 T-201 HGO drawoff tray Hydrocarbon CS, 5 Cr, 12 Cr, 304, 316, 1-825, HG
205 T-201 bottom below liquid level Hydrocarbon CS, 5 Cr, 12 Cr, 304, 316, 1-825, HG
208 D-201 water boot Aqueous CS, 316, 1-825, A-20, 3RE60, Monel, 11 [3]
209 T-204 feed line near furnace (4) Hydrocarbon CS, 5 Cr, Alonized 5 Cr, 9 Cr, 304, Alonized

304, 316
210 T-204 feed line near tower (4) Hydrocarbon CS, 5 Cr, Alonized 5 Cr, 9 Cr, 304, Alonized 304,

316
211 T-204 HVGO drawoff tray Hydrocarbon CS, 5 Cr, 12 Cr, 304, 316
212 T-204 bottom "Y" Hydrocarbon CS, 5 Cr, 12 Cr, 304, 316
215 T-201 overhead line, near E-203 (6J)' Aqueous CS, 316, 1-825, A-20, 3RE60, Monel, Ti
216 D-206 below liquid level Hydrocarbon CS, 316, 1-825, A-20, 3RE60, Monel, Ti [3]
222 T-204 top above pall rings Aqueous CS, 316, 1-825, A-20, 3RB60, Monel, Ti

Solvent Hydrogenation 301 ■-361 akall efetlat, upatraaa of Hydrocarbon C8, Aloeleed CB, 2 1/4 Cr, 5 Cr, 12 Cr, 304r321,
Section gas mix point (6) 1-825, 316

302 P-301 feed line, downstream of Hydrocarbon CS, n_tt/aized x x,-. wi, 2 1/4 wi, 5 Cr, 9 Cr, 12 Cr,
gas mix point (6) 304, 321, 1-800, 1-825, 316

303 F-301 transfer line near F-301 (6) Hydrocarbon 2 1/4 Cr, Alonized 2 1/4 Cr, 5 Cr, 9 Cr, 12 Cr,
304, 321, 1-800, 316

304 R-304 effluent line near E-301 (6) Hydrocarbon 2 1/4 Cr, Alonized 2 1/4 Cr, 5 Cr, 9 Cr, 12 Cr,
304, 321, 1-800, 316

305 D-302 vapor line downstream of Aqueous CS, 2 1/4 Cr, 12 Cr, 304, 316, 321, 1-825, A-20, Tl
venturi (6)

306 D-303 inlet line (6) Aqueous CS, 12 Cr, 304, 316, 321, 1-600, 1-825, A-20, Tl [31
307 D-303 water outlet line (6) Aqueous CS, 12 Cr, 304, 316, 321, 1-600, 1-825, A-20, Ti [3]
308 T-3G1 water outlet line at T-301 (6) Aqueous CS, 12 Cr, 304, 316, 321, 1-600, 1-825, A-20, Tl [3]
309 D-306 inlet line near E-304 (6) Aqueous CS, 12 Cr, 304, 316, 321, 1-600, 1-825, A-20, Tl [3]
310 F-302 transfer line near F-302 (6) Hydrocarbon CS, 5 Cr, 12 Cr, 304, 316
311 T-303 bottoms line at T-303 (6) Hydrocarbon CS/5 Cr, 12 Cr, 304, 316
312 T-303 at tray 15 Hydrocarbon CS, 5 Cr, 12 Cr, 304, 316
313 T-303 overhead line downstream Aqueous CS, 12 Cr, 304, 316, 1-600, 1-825, A-20, Monel, Ti

of water injection (6)
314 D-305 inlet line at D-305 (6) Aqueous CS, 12 Cr, .304, 316, 1-600, 1-825, A-20, Monel, Ti[3]

Fuel Gas Treating & DEA 604 T-604 bottom section CS, 304, 316, 1-600, 1-825 (3]
Regeneration Section 406 T-603 bottom section Aqueous CS, 304, 316, 1-600, 1-825 [3]

Sour Water Collection 
Facilities

751 D-751 liquid Aqueous CS, 304, 316, 1-825, A-20, Ti [3]

[1] Parenthesized number Indicates pipe size where racks are installed in piping.
[2] Materials abbreviations:

CS - carbon steel
1 1/4 Cr - 1 1/4 Cr-1/2 Mo steel
2 1/4 Cr - 2 1/4 Cr-1/2 Mo steel
5 Cr - 5 Cr-1/2 Mo steel
9 Cr - 9 Cr-1 Mo steel
12 Cr - 12 Cr stainless steel 
304 - 304 stainless steel

316 - 316 stainless steel
316L - 316L stainless steel
321 - 321 stainless steel
Monel - Monel 400 
1-600 - Inconel 600 
1-800 - Incoloy 800 
1-825 - Incoloy 825

A-20 - Carpenter 20Cb3
HB - Hastelloy B
HC - Hastelloy C-276
HC - Hastelloy G
3RE60 - Sandvik 3RE60 
Ti - Titanium

[3] Indicated test racks will have stress corrosion cracking specimens (U-bends) attached.

V.
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TABLE 6-8
ECLP CORROSION PROBE SUMMARY

Probe#
Corrosion Probe

Phase /ResponseService/Location Method^ Type(2) Element

Slurry Drying & Liquefaction Section
CP-109 Recycle Gas Cold Separator I^O (D-105) Res W40 CS Liquid Slow
CP-110 Recycle Gas Water Scrubber Bottoms (T-101) Res W40 CS Liquid Slow
Product Distillation Section
CP-207 Distillate Condenser Outlet (E-209) Res T20 CS/304 Gas/Mist Fast
CP-217 Reflux Condenser Outlet (E-203) Pol Corr CS/316 Gas/Mist Fast
CP-218 Reflux Drum Sour H2O (D-206) Res T20 CS/304 Liquid Fast
CP-219 Distilate Drum Sour f^O (D-201) Pol Corr CS/304 Liquid Fast
CP-220 Vacuum Ejector Condensate (E-205) Res T20 CS Gas/Mist Fast
CP-221 Vacuum Condensate Drum Sour H2O (D-203) Res W40 CS Liquid Slow/Med
Solvent Hydrogenation Section
CP-315 Reflux Drum Sour H2O (D-305) Res T20 CS Gas/Mist Fast
CP-316 Reflux Condenser Outlet (E-303) Pol Corr CS Liquid Fast

CP-317 Distillate Condenser Outlet (E-304) Res T20 CS Gas/Mist Fast
CP-318 Distillate Drum Sour H2O (D-306) Pol Corr CS Liquid Med/Fast

CP-319 Solvent Recycle Gas Water Scrubber Outlet (T-301) Res T20 CS Liquid Slow

CP-320 Cold Separator Drum Sour H2O (D-303) Res T20 CS Liquid Slow/Med

Gas Treating & DEA Regeneration Section
CP-601 Hot Rich DEA to Regenerator Tower (T-601) Res W40 CS Liquid Slow

CP-602 DEA Regenerator Overhead Condenser Outlet (E-604) Res W40 CS Gas/Mist Flow

CP-603 Regenerator Tower Bottom (T-601) Res W40 CS Liquid Slow
CP-605 Fuel Gas Condensate Separator Drum Sour H2O (D-603' Res W40 CS Gas/Mist Slow
CP-606 Regenerator Tower Reboiler Outlet (E-602) Res W40

1
CS Liquid Slow

NOTES:

(1) Res - Electrical resistance Pol - Polarization resistance
(2) W40, T20 designate Magna Corrosometer element.

Zorv designates Magna Corrater



325

TABLE 6-9

ECLP MISCELLANEOUS COMPONENT MATERIALS TESTS

Location Test Components

F-201 Vacuum Stripper Feed Furnace • Thirteen 9 Cr spare tubes and return bends
• Two 321 spare tubes and return bends
• Two un-Alonized 9 Cr tubes and return bends for last tubes in radiant 

coil

E-209 Atmospheric Fractionator Overhead 
Distillate Condenser

• Two AL-29-4 (Allegheny Ludlum) test tubes
• Two AL-6X (Allegheny Ludlum) test tubes
• Two 3RE60 (Sandvik) test tubes

E-103 Atmospheric Fractionator Bottoms 
Cooler

• Three carbon steel test tubes at hot end

E-104 S/H Bottoms Cooler • Three carbon steel test tubes at hot end

E-108 Cold Separator Condenser • Two AL-6X (Allegheny Ludlum) test tubes
• Two 29-4 (Allegheny Ludlum) test tubes
• Two 3RE60 (Sandvik) test tubes
• Two Carpenter 7-Mo (Carpenter) test tubes

E-302 Hot Separator Vapor Condenser • Two AL-6X (Allegheny Ludlum) test tubes
• Two 29-4 (Allegheny Ludlum) test tubes
• Two 3RE60 (Sandvik) test tubes
• Two Carpenter 7-Mo (Carpenter Technology) test tubes

T-204 Vacuum Stripper Tower Feed Line 
at tower inlet

• One unlined 5 Cr removal test spool
• One carbon steel removable test spool lined with metal fiber reinforced 

erosion resistant refractory castable

M-101 Slurry Drier Mixer • Six different blade materials - CS, rubber lined CS, 12 Cr, Stellite
6, Manganese steel, tungsten carbide faced CS

D-751 Sour Water Collection Drum • Cement test site, 6 types of cement

T-201 Atmospheric Fractionator Tower • Alternating trays of CS, 410, 316

T-204 Vacuum Stripper Tower • Alternating wash zone sheds and stripping section baffles of CS,410,316



2.4 Cooperative Programs with National Laboratories

Two cooperative programs have been initiated with National Labs. One 
program addresses the question of stress corrosion cracking at ECLP; 
the other program involves nondestructive monitoring of slurry erosion 
and block valve leakage.

The stress corrosion cracking (SCC) program will be conducted cooper­
atively with Oak Ridge National Laboratory (ORNL). Its objective is to 
investigate the potential problem of SCC, principally with respect to 
chloride SCC of stainless steels. Toward this objective, ORNL has 
agreed to supply U-bend specimens which will be mounted on existing 
corrosion racks. ORNL will also perform post-exposure metallographic 
analyses. Table 6-10 summarizes locations, rack ID number, and test 
materials.

The second cooperative program consists of field testing of novel 
nondestructive testing (NDT) devices for acoustic monitoring of slurry 
block valve leakage, and for ultrasonic measurement of slurry erosion 
in piping and furnace coils. This program is to be run with Argonne 
National Laboratory (ANL). ANL will supply sensing devices, and 
furnish technical assistance for installing hardware, commissioning 
systems, and training ECLP staff. In addition to developing NDT 
techniques for future commercial plant applications, these monitoring 
devices will serve a useful function in ECLP operation.

f ■ •

3.0 State-of-the-Art Materials Technology

Significant effort has been directed to keeping abreast of and guiding 
materials engineering developments in coal conversion processes, 
principally through active participation in technical society/committee/ 
workshop activities. Major activities during this reporting period 
have been as follows:

• Initiated coal liquids corrosion test program in Metals Properties 
Council Subcommittee 9.

• Chaired symposium and presented paper at National Association of 
Corrosion Engineer's CORROSION/79.

• Briefed Engineering Societies Commission on Energy on coal liquids 
materials technology.

• Attended/participated in various symposia/workshops in coal lique­
faction materials. •

• Visited SRC pilot plant at Wilsonville, Alabama to discuss corrosion 
problem.
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TABLE 6-10

ECLP STRESS CORROSION CRACKING TESTS

( JOINT ER&E/ORNL PROGRAM )

Area
Equipment

Item
Rack
ID //

SCC
Potential Test Materials

Liquefaction
Overhead

D-105 108 High 304, 304 SE, 1825, 3RE60

E-108 107 High 304, 304 SE, 1825, 3RE60

Hydrogenation
Overhead

D-303 306 Medium CS, 304, 304SE, 1825, 3RE60

T-301 308 Low CS, 304, 304 SE, 1825, 3RE60

Solvent
Fractionator
Overhead

D-305 314 Low CS, 304, 304 SE

D-306 309 Medium CS, 304, 304 SE

Notes: (1) SE - sensitized

(2) Material U-bends Required

Carbon steel 8
304 stainless steel 24

Incoloy 825 8
Sandvik 3RE60 8

\
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3.1 Metal Properties Council (MFC)

Since 1972, MPC has been active in generating, developing and directing 
broad programs on materials degradation and evaluation in coal gasifi­
cation environments, under the auspices of Subcommittee 9 (Materials for 
Coal Gasification and Liquefaction Processes). A new Phase Group (VII) 
was organized in June 1977 in response to the growing interest and 
activities in coal liquefaction, presently chaired by ER&E. The three 
main areas of interest in Phase Group VII are coal liquids corrosion, 
coal slurry erosion, and in-situ materials testing in coal liquefaction 
pilot plants. Presently, the only active project is formulating the 
comprehensive laboratory test program on coal liquids corrosion de­
scribed below.

An official MPC Project Specification for this program entitled 
"Materials to Resist Corrosion in Coal Liquefaction Processes" was 
sent out for competitive bids in April 1978. In November 1978, 
recommendations were made to award the work to a specific laboratory, 
and the program was formally submitted to DOE for funding consider­
ation in December 1978. It is anticipated that the contract will 
be executed in 3Q1979.

The objectives of this comprehensive test program are outlined below. 
Test parameters are surveyed in Table 6—11. Detailed analytical pro­
cedures for identifying corrosive species have not yet been finalized, 
and therefore will not be described in this report.

Using representative process streams (coal liquids) obtained from coal 
hydroliquefaction pilot plants, the objectives of the test program 
are:

A. To conduct a series of autoclave exposure tests to:

1. measure approximate corrosion rates of common steels
2. determine the effect of temperature on corrosion
3. determine the effect of temperature on stability/concentration 

of corrosive species

B. To analyze these coal liquids to:

1. identify suspected corrosive species
2. measure amounts of these species before and after autoclave 

testing

C. To provide background for:

1. elucidating form and mechanism of corrosion
2. interpreting results from in-situ corrosion tests and component 

failures in coal liquefaction facilities
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TABLE 6-11,0

TEST PARAMETERS FOR COAL LIQUIDS CORROSION TEST PROGRAM 
(MPC PROPOSAL No. 979-P104)

Test Fluid Donor Process/
Location (Note 1)

CSF/Cresap, WV
EDS/Baytown, TX
H-Coal/Trenton, NJ
SRC I/Wilsonville, AL
SRC II/Fort Lewis, WA

Test Fluids (Note 2) 7 streams per plant

Test Temperatures 350-500°F (Light streams)
425-575°F (Medium streams)
500-650°F (Heavy streams)

Test Pressure (Note 3) > 1000 psi

Test Duration 100 hours

Volume/Area Ratio (Note 4)
2

20 cc test fluid/cm test specimen

Test Materials (Note 5) Carbon steel
Type 502 (5 Cr-1/2 Mo) alloy steel
Type 410 (12 Cr) stainless steel
Type 316 (18-8 Mo) stainless steel
Hastelloy C-276 (Ni-Cr-Mo alloy)

Specimen Configuration (Note 6) 1" x 1" x 1/8-1/4" weight loss coupons

Specimen Evaluation Weight loss
Dimensional change
Pitting characterization
Metallography (10% of specimens)
SEM and/or X-Ray analysis (5% of specimens)

NOTES: 1)

2)

Donor process/locations are subject to change during course of program.

Test fluids will not include coal liquids with strong coking/polymer­
izing tendency.

3) Test pressure will be 1000 psi argon plus test fluid vapor pressure.

4) Specimens are to be fully immersed in test fluid which is to fill 
75% of autoclave volume.

5) When several metals are tested simultaneously, CS/5 Cr/12 Cr may be 
tested in one group, and 316/Hastelloy in the other.

6) All specimens are to be tested in duplicate.
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3.2 National Association of Corrosion Engineers (NACE)

Since its inception in 1976, NACE Technical Practices Committee T—12 
(Materials for New Energy Systems) has fulfilled its objective of 
developing and presenting technical symposia, and providing an open 
forum for the identification and discussion of materials problems being 
experienced and anticipated in the construction and operation of coal 
conversion plants. ER&E participation in coal conversion directed NACE 
activities during the reporting period were as follows:

• Attend meeting of NACE Committee T-12 held at CORROSION/79 in 
Atlanta, GA.

• Chaired T-12 Symposium entitled "Materials Developments for the Coal 
Conversion Industry" held at CORROSION/79.

• Presented ER&E authored paper entitled, "Materials Evaluation 
Program for EDS Coal Liquefaction Process" by E. Lendvai-Lintner and 
G. Sorell, to be published in Materials Performance.

3.3 Engineering Societies Commission on Energy (ESCOE)

The ESCOE Engineer in Residence visited ER&E in Florham Park, N. J. in 
February, 1979 to discuss materials technology in coal liquefaction 
processes, with specific reference to EDS. The immediate purpose of 
this briefing was to furnish background for a forthcoming report on 
"Materials of Construction for Coal Conversion Systems - Coal Liquefac­
tion", being prepared by ESCOE under DOE Contract No. EF-77-C-01-2468. 
Particular emphasis was placed on materials selection and testing 
in Exxon's 250 T/D EDS pilot plant in Baytown, TX (ECLP). A brief 
summary of materials of construction utilized for ECLP equipment is 
presented in Table 6-12.

3.4 Other Meetings

ER&E participated in several meetings/symposia/workshops devoted to 
coal conversion materials technology, as itemized below:

• Materials for Coal Conversion and Utilization - Third Annual Confer­
ence, Gaithersburgh, MD (October 1978).

Presented short briefing on integrated materials testing programs 
for EDS, and served as panelist in technical sessions on Materials 
for Coal Conversion Applications (Low Temperature). •

• International Materials Congress - Materials Aspects of World Energy 
Needs, Reston, VA (March 1979).
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TABLE 6-12
MATERIALS SPECIFIED FOR EQUIPMENT 

250 T/D EDS PILOT PLANT

Ar ea/Eq uipmen t Environment
Temperature

(°F)
Pressure

(psi) Equipment Materials

Slurry Drying and 
Liquefaction 
Section

Slurry Drier 
Circuit

Hydrocarbon + 
solids

100-300 2000 Carbon steel

Slurry Preheat Hydrocarbon + 
solids

200-850 2000 300 series stainless 
steel

Liquefaction
Reactor

Hydrocarbon + 
solids

800-900 2000 2 1/4 Cr with 300
SS overlay

Reactor
Separator

Hydrocarbon + 
solids

800-900 2000 1 1/4 Cr with 300
SS overlay

Recycle Gas Hot 
Separator

Hydrocarbon/aqueous 
fluids

300-650 2000 1 1/4 Cr with 300
SS overlay

Recycle Gas Cold 
Separator

Aqueous/hydrocarbon 
fluids

100-150 2000 Carbon steel, gunite 
lined

Product Distilla- 
tion Section

Atmospheric
Fractionator

Hydrocarbon + 
solids

300-650 50 Carbon steel, 
bottom 12 Cr clad

Atmospheric
Frac tiona tor 
Overhead Circuit

Hydrocarbon/aqueous
fluids

100-300 50 Carbon steel

Vacuum Stripper 
■ Preheat

Hydrocarbon + 
solids

500-750 50 5 Cr

Vacuum Stripper Hydrocarbon + 
solids

300-650 5 Carbon steel, 12 Cr 
clad

Vacuum Stripper 
Overhead Circuit

Hydrocarbon/aqueous
fluids

100-300 50 Carbon steel
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Served as Rapporteur in workshop on "Materials Science and Technol­
ogy for New Energy Sources and More Efficient Energy Conversion - 
Fossil Fuels".

• American Physical Society, Chicago, IL (March 1979)

Presented invited paper entitled, "Materials Technology in Coal 
Liquefaction - Status and Challenges", by G. Sorell at symposium on 
Physics and Coal Utilization.

• MPC Task Group on Extra Large Pressure Vessels for Coal Conversion 
Processes, New York, NY (December 1978) and Pittsburgh, PA (February 
1979)

ER&E attended organizational meeting and will chair subgroup on 
Environmental Compatibility.

• DOE Task Force on Advanced Research and Technology Development, 
Washington, D.C. (April 1979)

• DOE/NACE/LBL Workshop on Corrosion/Erosion of Coal Conversion System 
Materials, Lawrence Berkeley Laboratory (January 1979).

• DOE/ANL Conference on Coatings for Materials Protection in Energy 
Systems", Argonne National Laboratory (June 1979).
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4.0 IKG Corrosion Tests

Although relatively little materials related work was done at the IKG 
unit during the reporting period, this report presents a summary of all 
such work to date. The rationale for this overview is based on the 
discontinuation of IKG operation for an indefinite period.

Materials testing in the IKG unit consisted of three tasks:

• Sour water corrosion racks
• Heater overhead condenser test tubing
• Gasifier grid specimens

To date, two sets of heater overhead tubing and one set of gasifier 
specimens have been exposed. In addition, results from two corrosion 
rack exposure periods have been obtained.

4.1 Sour Water Corrosion Racks

Results from the corrosion rack exposures are tabulated in Table 6-13, 
together with waste water compositions. With the change from Illinois 
to Wyodak coal, carbon steel corrosion rates increased substantially 
while stainless steel corrosion rates decreased somewhat. This behavior 
is indicative of a possible change in corrosion mechanism. Based on 
the moderate corrosion rate of carbon steel coupons (8-21 mpy) ordinary 
steel construction would appedr to be adequate.

The two sour water analyses give no clue to the higher corrosivity of 
Wyodak derived condensate. In fact, based on its greater S, Cl, CN and 
phenol content, Illinois coal derived condensate would be predicted to 
be the more aggressive. It is therefore concluded that these two 
single analyses are not representative for the entire exposure periods 
of the corrosion test coupons.
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TABLE 6-13

IKG UNIT CORROSION RACK DATA

EXPOSURE 1
6/9/77-12/8/77
Illinois Coal

EXPOSURE 2
2/9/78-6/21/78

Wyodak Coal

EXPOSURE 3 
(Future)

Rack 1 (Bott ora of D-4)

Carbon Steel 
Carbon Steel
304 SS
Monel
Titanium
Inconel 600

Carbon Steel 3.6
304 SS 0.56
316L SS 0.73
Alloy 825 0.63
Titanium 0.78

Carbon Steel 15.7 
Carbon Steel 11.3
304 SS 0.29
Welded 304 SS 0.20
316 SS 0.26

Rack 2 (Top of D-4)

Carbon Steel 
Carbon Steel
304 SS
Monel
Titanium
Inconel 600

Carbon Steel 8.0
304 SS 0.48
316L SS 0.48
Alloy 825 0.41
Titanium 0.51

567 hour exposure

Carbon Steel 21.2
Carbon Steel 20.6
304 SS 0.13
Welded 304 SS 0.18
316 SS 0.19

1040 hour exposure

Wasfewater Composition

Phenol 43 ppm
S 2.5 ppm
Cl 118 ppm
NH3 3700 ppm
total CN 4.8 ppm
pH 8.3

Phenol 1 ppm
S <1 ppm
Cl 20 ppm
NH^ 12,600 ppm
total CN undetermined
pH 8.6

Notes: (1) Condensate in D-4 was drained every 24 hours and replaced 
with fresh water.

(2) Unit was N2 purged when not operating.

(3) Corrosion rates are in rails per year.
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4.2 Condenser Test Tubing

Condenser test tubing installed in the Coke-Gas Condenser (Heater 
Overhead system) during the Wyodak run showed appreciable corrosion.
The carbon steel tube registered corrosion rates of 29 mils/year at the 
cold end, and 68 mils/year in the middle and hot end, plus some mild 
pitting throughout. This rate of attack is considerably higher than 
measured on D-4 coupons situated directly downstream.

The condenser tube experiments to date do not permit direct comparison 
between Illinois and Wyodak generated sour waters because the only tube 
installed during Illinois operation was 316L SS. It did not show any 
evidence of general corrosion or pitting.

4.3 Gasifier Test Specimens

The ring test specimens installed on the gasifier grid indicated 
practically no corrosion. Three 310 SS specimens gave rates of 1.4,
1.7 and 2.1 mils/year and showed evidence of pitting. Two Incoloy 800 
specimens registered a mere 0.2 mils/year and were devoid of pitting.

4.4 Future Plans

The following test specimens have been sent to the pilot plant for the 
eventuality that IKG is recommissioned for EDS bottoms processing.

• Two D-4 corrosion racks (coupons listed in Table 6-13). 
m 304 SS condenser test tube
• 304 SS, 310 SS, Incoloy 800 gasifier specimens 

5.0 EDS FLEXICOKING Inspection

An inspection was carried out on the decommissioned FLEXICOKING 
prototype located in Exxon's Baytown Refinery, to assess the condition 
of the unit after mothballing, and to determine the scope of necessary 
repairs to be made for reactivation of the unit for EDS operation. No 
major repair items were discovered which had not already been identified 
when the prototype was shut down in 1975. However, considerable 
external corrosion had occurred on insulated surfaces, notably small 
diameter piping. Inspection comments and repair/modification items 
will be incorporated into the EDS FLEXICOKING Design Specification.
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6.0 High Temperature Erosion Testing

The first series of a cooperative LBL/ER&E R&D program to evaluate EDS 
FLEXICOKING erosion has been completed. These tests were conducted in 
Lawrence Berkeley Laboratory's erosion test facilities.

Over 80 tests were run in a 30-week period on the elevated temperature 
gas-solids erosion test apparatus shown in Figure 6-4. The main 
objective was to evaluate the reproducibility of data generated. This 
was accomplished by exposing specimens of 310 SS and an erosion resis­
tant refractory at room and elevated temperatures at the conditions 
listed in Table 6-14. A secondary objective was to obtain a limited 
amount of data on the effect of temperature on erosion. The results of 
these tests are currently being analyzed. A second series of tests is 
planned for 3rd Quarter 1979.

Future Work

The following summary of future plans for materials engineering 
R&D is limited to the next 6 month period, commencing July, 1979.

1. CLPP Materials Evaluation Program

• Evaluate Series VI (Illinois bottoms recycle mode) and VII (first 
sponsor's coal specimens).

• Supply set of coupons for evaluation of second sponsor's coal.

2. ECLP Materials Evaluation Program

• Update Materials Evaluation Program prior to ECLP startup.
• Assist in commissioning of corrosion monitoring system.
• Install ORNL U-bends on corrosion racks and ship to ECLP.
• Implement joint ANL/ER&E program to install and evaluate NDT 

devices for ultrasonic erosion monitoring.

3. State-of-the-Art Materials Technology

• Initiate MPC coal liquids corrosion program pending DOE 
contract.

4. EDS FLEXICOKING

• Prepare full materials evaluation program similar to ECLP program.

5 • High Temperature Erosion Testing

• Evaluate results of Phase 1 tests at LBL.
• Conduct Phase 2 tests.

336 -



Figure 6-4
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TABLE 6-14
f

CONDITIONS FOR LBL/ER&E EROSION TESTS 
(PHASE I)

Series #1 Series #2 Series //3 Series #4

Material 310 SS 310 SS Refractory^^ Ref ractory^^

Temperature Room 1350°F Room 1500°F

Impingement Angle 20°

OOC
M 90° 90°

Test Duration 20 minutes 20 minutes 2.5 minutes 2.5 minutes

(2)Erodent SiC SiC SiC SiC

Erodent Velocity 100 ft/sec 100 ft/sec 100 ft/sec 100 ft/sec

1) Resco RS-17E

2) SiC grit 250-300 ym

NOTES:



6.5 Mechanical Engineering Technology

Summary

The mechanical engineering accomplishments for the year consisted 
of the development of a detailed inspection and testing plan for slurry 
service valves and high pressure flanges at ECLP, the initiation of a valve 
test program at CLPP, and the development of preliminary purchase specifica­
tions for low cost slurry block valves for testing at ECLP. A detailed 
description of the inspection and testing plan developed for slurry service 
valves and critical flanges at ECLP is contained in the January-March, 1979 
Quarterly Technical Prcgress Report (FE-2893-29) and therefore, only a 
summary of each test program is given below. In addition, work was started 
on surveying the high pressure heat exchanger industry to determine if 
commercial scale coal liquefaction exchangers are feasible with present 
technology.

Mechanical Engineering ECLP Test Program

A detailed inspection and testing plan for slurry service block 
and check valves and critical high pressure flanges in ECLP was developed 
during this report period. The purpose of this program is to provide 
operational and mechanical performance data on these components in ECLP in 
order to allow for reliable scale up of the equipment to commercial plant 
size. A listing of the tests planned and the objective of each follows:

I. Block Valves for Slurry Service

A. Slurry Block Valve Leakage Tests

Objective: To determine the long-term reliability of each of the 
block valve types specified for slurry service.

B. Slurry Block Valve Flushing Requirements

Objective: To determine the extent and frequency of flushing 
required for each valve type.

C. Double Block Valve Requirements for Slurry Service

Objective: To determine if double block valves are necessary in 
slurry service with a design temperature greater than 400°F but 
less than 1000°F and a primary class rating of less than or equal 
to 600.

V.,'
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D. Low Cost Slurry Block Valve Test (contingent on funds being 
available to procure and install required test valves)

Objective: To determine the reliability of the lower cost block
valve design, i.e., wedge type gate valve, soft sealed ball valve, 
metal seated floating ball valve, and metal seated butterfly 
valve.

II. Check Valves for Slurry Service

A. Slurry Check Valve Reliability Test/Inspect ion

Objective: To determine the long-term reliability of each of the
check valve types specified for slurry service.

III. High Pressure Flange Joint Reliability Test

A. Flange Joint Leak Tightness Test

Objective: To determine the relative reliability of the various 
high pressure flange joint configurations used in ECLP. The 
flange joints of particular interest are the insulated ring joint 
and Grayloc flanges in the liquefaction section, the uninsulated 
ring joint and the tongue and groove flanges on the solvent 
hydrogenation reactors. In addition, the merits of weather 
shielding (banding) the flanges in high pressure and high tem­
perature service will be evaluated.

Low Cost Slurry Block Valves

In conjuction with the low cost slurry block valve test program 
proposed for ECLP, preliminary purchase specifications have been developed 
for these valves. Purchase specifications were developed for a wedge type 
gate valve, metal seated floating ball valve and metal seated butterfly 
valve. These specifications are summarized below:

• Wedge Type Gate Valve - (Design pressure 200 psig, Design temperature 
SSO'-’F), Class 150 carbon steel gate valve designed, fabricated, inspec­
ted and tested per API 600 and BP 3-12-2 Steel Gate Valves. Valves to 
have flexible wedge gate, API Trim No. 5 and valve body and bonnet 
purge connections (3/4 inch). •

• Metal Seated Floating Ball Valve - (Design pressure 200 psig, Design 
temperature 350°F) Class 150 carbon steel full port metal seated ball 
valves, such as the following or equivalent:
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- LC4 coated ball/seats or Stellite No. 6 coated ball/seats with 
hardness requirement per API 600.

Ball valve with tunnel bore ball and Stellite No. 6 coated ball/ 
seats with hardness requirements per API 600.

• Soft Sealed Floating Ball Valve - (Design pressure 200 psig, Design 
temperature 350°F) Class 150, carbon steel full port soft sealed ball 
valves per BP 3-14-1-Soft-Sealed Ball Valves, Fire Safe, Type, such as 
the following or equivalent:

- Ball valve with reinforced TFE seats type HPT-2, seal code 18 (needs 
to be fire tested).

- Ball valve with reinforced P.T.F.E. seal material.

• Metal Seated Butterfly Valve - (Design Pressure 50 psig, Design 
temperature 825°F) Class 150, 5 Cr-1/2 Mo equivalent full port design 
metal seated butterfly valve such as the following or equivalent:

Butterfly valve with a laminated metal/asbestos seal and Stellite 
No. 6 coated seat.

CLPP Valve Test Program

The valve test program at CLPP consists of the installation 
of two 1/2 inch trunnion mounted ball valves on the outlets of the solids 
accumulator drums (D-9A & D-9B). One valve is a standard ball valve design 
in which springs and system pressure are utilized to provide the seating 
force between the ball and seat rings. The other valve is a modified design 
such that the spring cavity will be sealed from the process stream to 
prevent solids and/or coke buildup which could possibly lead to a reduction 
in spring seating force. A principle objective of the test program is to 
provide data on the merits of a sealed spring cavity in slurry service.

High Pressure Heat Exchanger Manufacturers Survey

A program was initiated to determine if currently available 
design/fabrication technology and experience is adequate to provide safe 
reliable high pressure heat exchangers for coal liquefaction processes. In 
order to accomplish this, a survey form asking specific questions related to 
the design, fabrication, and inspection/testing of heat exchangers was 
developed. In addition, the survey also asks for relevant service exper­
ience with specific design details recommended by the manufacturers.
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Present plans call for the sending of the survey form to about 10 leading 
high pressure heat exchanger manufacturers worldwide.

Also as a part of this program, a meeting was held with a leading 
heat exchanger manufacturer to discuss the current state of the art in high 
pressure heat exchanger design/fabrication. In the future, meetings with 
other manufacturers will be scheduled as the opportunities arise.
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6.6 Slurry Pumping 

ECLP Equipment Procurement

Orders were placed for the two centrifugal test pumps in the ECLP 
Project, as follows. Both have replaceable lining elements of hard 28% 
chrome iron inside API type steel casings. Both are prototype designs.

Tag No. P-101E P-216

Service Coal slurry feed 
booster

Atmospheric fractionator 
bottoms

Design temp 350°F 800°F

Mechanical shaft 
seal

Double Double

Nominal speed 3560 rpm 1780 rpm

Technical proposals were received from two vendors for the appli­
cation of centrifugal pumps with replaceable linings as possible replace­
ments for the screw type pump being applied in the vacuum bottoms service, 
P-210. Such a substitution would not be required for the operability of the 
plant, but may provide an advantageous opportunity to test and demonstrate 
centrifugal pumps in this challenging service.

The ECLP plant will include a total of 145 pumps.

During the year the shop testing of one of the replaceable-lining 
type centrifugal pumps was witnessed. The shop testing of two of the plunger 
pumps was also witnessed.

Hydraulic Motors for Slurry Let-Down Service

In the second quarter of 1978, inquiries were made into the use of 
a screw pump running backwards as a substitute for a pressure let-down 
valve. None of the three screw pump vendors contacted considered the idea 
promising and the investigation was dropped.
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Test Proposal Development for ECLP Slurry Pumps

S'

Proposals for the testing of 12 pumps in slurry services were 
developed at two levels - general plans for inclusion in the overall ECLP 
Test Plan, and specific testing details with the five vendors of the pumps.

The general plans included estimates of manpower and parts 
requirements to carry out the program. The specific plans include time 
estimates and speed levels for each phase of the testing. Vendor advice and 
requests have been included in the detailed planning.

The pumps included in the slurry pump test program are summarized
below:

SERVICE NO.
SERVICE

PUMPING TEMPERATURE
PUMP TYPE

RATED SPEED

P-101ABCD Coal slurry feed 
booster 300°F

Centrifugal, 
replaceable lining 
1100 rpm

P-101E Coal slurry feed 
booster 300°F

Centrifugal, 
replaceable lining 
3560 rpm

P-102AB Coal slurry feed
300°F

Reciprocating
plunger
109 rpm

P-204AB Atmospheric fraction­
ator bottoms
643°F

Reciprocating
plunger
43 rpm

P-210AB Vacuum fractionator 
bottoms
775°F

Screw, two-rotor 
350 rpm

P-216 Atmospheric fraction­
ator bottoms prototype 
test pump
643°F

Centrifugal, 
replaceable lining 
1780 rpm
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Test Plans for Other ECLP Machinery

In addition to the development of test plan proposals for the 12 
pumps in primary slurry service, test proposals were also developed for the 
following miscellaneous machinery:

• Mechanical seal serviceability and design improvement development (for 
all centrifugal and rotary pumps)

• Experience monitoring for other severe service pumps

• Fouling potential of the slurry drier compressor, C-102

FLEXICOKING Prototype Feed 
Pump Service Designs Development

The design of the feed pumping service for feeding ECLP vacuum 
fractionation bottoms to the FLEXICOKING Prototype unit was developed 
further. The service design consists of a pair of screw pumps as boosters 
and a pair of plunger pumps on primary feed pumps, developing the required 
600 psig.

Preliminary proposals for testing the slurry pumps in the EDS 
FLEXICOKING Prototype Revamp Project were developed and submitted for 
review.
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6.7 Instrumentation

Summary

Program objectives for the reporting period included keeping 
abreast of new developments and testing of high pressure letdown valves for 
coal slurries, selecting and specifying the best available materials for 
internal coating of venturi meters in coal slurry service, and following 
experience with viscometers as applied to measurement of slurry concentra­
tion. All of our objectives have been met.

High Pressure Letdown Valves

Discussions with commercial valve manufacturers have not produced 
any improved designs over the valves selected for ECLP. We have been fol­
lowing planned testing of the EPRI sponsored valve (consolidated controls) 
at SRC, Wilsonville, Alabama but no test results are available. We plan to 
review the test data when available.

Venturi Meters

The result of our efforts in the area of venturi flow element 
internal coatings has been that flow element vendors indicate that the 
meters used for ECLP are too small for practical application of the internal 
hard coatings recommended. Our recommendation is to use flame spray tung­
sten carbide applied to the inside of the venturi surface. This is not 
viewed as a significant shortcoming since meters will be used for monitoring 
only and degradation of metering accuracy will not reach unacceptable levels 
within the life of the pilot plant. Coatings can easily be applied to 
venturi meters in the commercial plant because the sizes are large 
enough for spray application of the coating.

Viscometers for Slurry Concentration

A nuclear density gauge has been purchased for use on ECLP for 
this application.

Another aspect of work completed during the reporting period was 
documentation of ECLP Test Program Planning, cost estimating, ECLP cost 
projection for both engineering and test implementation and how ECLP plant 
tests will be applied to the future commercial design.
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6.8 Civil Engineering Aspects of EDS Waste Disposal

During the reporting period the initial preliminary work on the 
program established that outside Civil Engineering Consultants having 
significant experience in coal waste disposal could be advantageously used 
to carry out the detailed work. The extent of the proposed consultant's, 
participation in the preparation of the design guides for EDS waste disposal 
facilities was explored in a series of meetings with the consultant.

During the last quarter the consultant's proposal was reviewed and 
found to comply with ER&E requirements for a design guide covering site 
selection criteria for the facility^and engineering considerations for the 
safe design of secure landfills and impoundments.

V.
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ECLP PROJECT MANAGEMENT, DETAILED ENGINEERING,
PROCUREMENT AND CONSTRUCTION

1. Project Management

Statistical highlights regarding the status of ECLP engineering and 
construction activities at the close of the first half of 1979 are summarized 
below. Each topical area is covered in more detail in later sections of this 
report.

+ Progress

+ Cost

+ Schedule

% Complete
Original Actual

Plan 29 June
Engineering and Procurement 97 96
Material Commitments 99 93
Construction 86 62

M$
Total Process Dev

Proj ect Allowance
Outlook, Sept. '77 110.0 2.0
Class II Estimate, Nov. '77 108.5 5.0
Adjusted Control Budget, June '79 111.8 0
Outlook, June ' 79 112.2 0

Mechanical
Completion

Planned 15 November, 1979
Projected, Most Probable 15 February, 1980 + 2 wks

Representatives of the DOE Inspector General's staff visited both the 
construction site and the engineering office in August, 1978 as part of their 
inspection of the overall Exxon Donor Solvent program. Discussions were held 
with selected members of the Exxon Engineering, Daniel and McKee project and 
construction management staffs.

The following additions/changes to the ER&E Project and Construction 
Management staff groups occurred during the year.

+ New Inspection Coordinator assigned on 5 July, 1978 
+ Field Engineer assigned on 18 July, 1978 
+ Lead Field Inspector assigned on 4 August, 1978 
+ Field Inspector assigned on 28 August, 1978 
+ Field Engineer assigned on 5 September, 1978
+ Project Engineer for instrumentation, was reassigned as the Field Engineer 

for instrument installation on 15 December, 1978.
+ Project Purchasing Advisor, completed his assignment in mid-December and 

returned to the Exxon, USA Supply Department.
+ Project Engineer for piping and vessels, was reassigned as a Field 

Engineer on 22 January, 1979.
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+ Cost/Schedule Control Engineer, relocated to the construction site on 
29 January, 1979.

+ Project Manager, relocated to the construction site on 31 January, 1979

There were no significant changes to McKee's Engineering and 
Procurement Project Management staff during the year. Some changes to the 
Daniel Construction Management staff took place during the year.

Project Management tasks are described in more detail in the 
writeups on Engineering and Procurement, and Construction.
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ECLP PROJECT MANAGEMENT, DETAILED ENGINEERING,
PROCUREMENT AND CONSTRUCTION

2. Engineering and Procurement

Basic Engineering

Basic engineering work during the year consisted primarily of the 
development of design bases for the many changes in scope required as the 
detailed engineering progressed and operating/model reviews were completed, 
and the preparation of Change Lists to formally document all modifications 
to the original design specifications. Among the major changes handled by 
the Exxon engineering design follow-up engineers with assistance from the 
McKee engineering staff were:

+ Electrical heating systems modifications/definitions.
+ Power distribution systems changes for increased load requirements.
+ Solvent flushing and blowdown systems definition.
+ Dowtherm heating system operating range change.
+ Definition of modifications required by interim turnovers.

Change Lists issued during the year to document the above major changes as 
well as all other changes were as follows.

__________________ Title _____ _____ _ C. L. No .
Slurry Drying & Liquefaction 6 
Product Distillation 6 
Solvent Hydrogenation 6 
Fuel Gas Treating and DEA Regeneration 4 
Hydrogen Compression Facilities 3 
Sour Water Collection 4 
Layout and Buildings 2 
Coal Preparation Facilities 2 
Utilities 2 
Waste Treating Facilities 2 
Fire Protection 2 
Safety Facilities 2 
Vacuum Bottoms Solids Handling 2

Issue Date
April. 2, 1979
April. 20, 1979
Jan. 29, 1979
Jan. 29, 1979
Jan. 29, 1979
Jan. 29, 1979
Aug. 9, 1978
Aug. 30, 1978
Aug. 18, 1978
Aug. 25, 1978
Jan. 17, 1978
Aug. 9, 1978
July 28, 1978

Engineering

McKee’s engineering and procurement work was 96% complete at the 
end of June, 1979, approximately 1% or 4 weeks behind the original plan (see 
Figure 2-1 for Progress Charts). Design work for modifications to the Exxon 
Refinery VGO/DAU blending facilities and the Exxon Chemical Plant Paraxylene 
Absorption Unit (PAU) furnaces to accommodate certain ECLP product streams 
was essentially complete.

The total number of McKee engineering and procurement hours pro­
jected at the end of June, 1979 was 688k, an increase of 56% over our base 
projection of 440k hours and 149k hours (28%) greater than our June, 1978 
projections. This increase reflects the continued development of scope 
changes that occurred as detailed engineering progressed and additional design/ 
operating problems were uncovered. The following tabulation summarizes the 
evolution of the engineering and procurement workload for the project.
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FIGURE 2-1
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FIGURE 2-1 (cont’d)
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Eng./Proc. Projected Manning
% Complete ______ Workload Equivalent Full Time

Date Actual Planned k Hours % Change Actual* Planned
Base - - 440.5 - - -
June, ' 78 47.0 55.0 538.9 22.3 229 205
Sept., '78 65.0 75.0 571.1 29.6 226 160
Dec., ' 78 79.0 86.0 615.5 40.0 195 72
Mar., ' 79 90.0 94.0 680.0 50.0 183 38
June, ' 79 96.0 97.0 688.2 56.0 67 25

*Peaked at 241 in October, 1979.

At the end of June, 1979 all engineering work had been completed
except for the following.

+ Piping - 250 out of a programmed 1,750 isometrics requiring minor 
revisions remained to be issued, 13 P&I diagrams were to be updated, 
and final material take-offs completed.

+ Instrumentation - Engineering requisitions for recent changes and 
instrument lists revisions were to be completed.

+ Electrical - Engineering of the electric heating systems, revisions 
to substation No. 1 layout and final vendor drawings checks remained 
to be completed.

+ Materials Handling and Mechanical - Only final checking of some vendor 
drawings remained.

Developments which added significantly to the engineering and 
procurement effort for the project during the year are highlighted in the 
following paragraphs.

+ Electric heating requirements covering a temperature range of 170°F 
to 850°F required the design of three separate systems (discussed in 
more detail later). Added engineering/procurement effort amounted 
to 19,920 hours. Overall costs for time and materials were 2,004 k$.
In May, 1979 the decision was made to replace the existing 7,500 kva 
main transformer with a 10,000 kva transformer because of the increased 
electrical loads. This change increased engineering hours by 2,000 and 
overall costs by 210 k$.

+ Design modifications to permit the Dowtherm system to operate as low 
as 500°F were begun in December, 1978 and completed in May, 1979. 
Approximately 1700 hours were required and overall costs were increased 
by 97 k$.

+ McKee began work on defining the boundaries of turnover packages in 
January, 1979 and completed associated material take-off work in June, 
1979. About 6,830 hours were expended on this effort and total time 
and materials costs were 242 k$.

V,,-
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+ Design basis studies and detailed engineering for the solvent blowdown 
and flushing system extended from March, 1978 to July, 1979. The final 
designs for this system included 13 pumps, two drums, and associated 
complex piping and instrument systems. Total hours expended were 31,410 
and the overall cost for the system was 3,460 k$.

+ The gas swept mill system was purchased as a package unit from Fuller.
An estimated 10,600 engineering hours were expended in coordinating the 
engineering and procurement, expedite drawing, etc., over a period 
extending from June, 1978 through June, 1979. The additional cost for 
this effort was about 285 k$.

+ Almost 13,000 valves of more than 590 different types (size, materials, 
rating, etc.) are required for the plant. The search for sources of 
supply to meet technical and schedule requirements resulted in an 
unusually protracted effort by engineering and procurement personnel, 
beginning in December, 1977 and continuing through June, 1979. Approx­
imately 8,400 additional hours were required in this effort.

Preparation of the plant model, a vital engineering tool, continued 
into the second quarter of the year. As work progressed, the model was con­
tinually studied and used to resolve both engineering and anticipated opera­
tions problems. Teams made up of Carter, Exxon process and safety engineers, 
and Exxon project management personnel conducted formal reviews as the models 
of the various areas were completed. After McKee revised the models in 
accordance with the comments, piping isometric work was permitted to proceed. 
The following table summarizes the original planned and actual model review 
dates and shipping times for the various sections of the model.

 Areas
Fuel gas, DEA regeneration 
Utility area, pipe racks 
Hydrogenation
Compressors, coal preparation 
Liquefaction, distillation 
Solvent flushing, Dowtherm

Review Dates
Original Plan

7/24/78
7/24/78
9/14/78
10/2/78
10/9/78
10/9/78

Actual
7/24/78
7/24/78
8/4/78

10/16/78
9/11,18/78

11/6/78

Date Shipped 
to Field 

3/2/79 
4/21/79 
5/18/79 
5/18/79 
5/18/79 
5/18/79

McKee originally estimated that 2,000 isometrics would be required 
for the plant, based on their historical piping data. Initial checks using 
Exxon's piping correlations supported this estimate. In December, 1978 
McKee revised their estimate upward to 2,700 and in March, 1979 this was 
revised again to 3,145. The final number was 3,174, reflecting the unusual 
complexity of the plant. The following table highlights the changes in 
this critical engineering effort as final detailed piping design progressed.

Isometric Production Actual Date
Schedule/Revised Schedule of Issue Estimated Number of Isometrics
Start
First issue

Sept., 
Nov. ,

'78
'78

Sept., '78 
Nov., 78

2,000
2,000

(original estimated 
(original estimated

number)
number)

Complete April, ' 79 Feb., '79 2,000 (original estimated number)
Complete May, ' 79 April, '79 2,700 (revised projection 12/78)
Complete June 1 ,'79 - 3,145 (revised projection 3/79)
Complete - June 9, *79 3,174 (actual count)
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The increased scope of piping engineering work resulting from the above 
changes had a significant impact on the procurement of piping materials, 
the fabrication of pipe spools and the piping erection program for the plant.

In late 1978 and early 1979 Exxon project management team engineers 
prepared detailed descriptions and scope definitions of the thirteen sections 
of the plant which are to be turned over in an ordered sequence in keeping 
with Carter's start-up plan. Further subdivisions of some of the thirteen 
major turnover packages were prepared by Daniel and Carter. To assist in 
construction planning/execution as well as final checkout of each turnover 
package, McKee was requested to prepare listings of equipment, instruments, 
electrical facilities and piping drawings for each section and to define 
piping materials needed to provide for the separation/safe isolation of 
each package. This work was completed in June, 1979.

Requirements for the electrical heating of process lines and 
equipment could not be fully developed until the piping design work had 
progressed to the point where specific lines and/or potential operating 
problems could be fully identified. Work began in August, 1978 and con­
tinued to July, 1979 on heating systems design. The final designs include 
three different type systems.

+ Teflon insulated tracers for temperatures of less than 210°F (57 piping 
and 47 equipment circuits). Cost about 210 k$.

+ Mineral insulated tracers for temperatures from +210°F - 600°F (85 
piping and 44 equipment circuits). Cost about 272 k$.

+ Impedance heating for critical services at temperatures in excess of 
600°F (42 piping circuits). Approximate cost 224 k$.

The scope of heat tracing required was considerably greater than defined 
in the design specifications and the added power needed for the systems 
dictated the addition of another substation and a 1125 kva standby diesel 
generator. The added heating load plus the power requirements for equipment 
added for other changes, such as the flushing and blowdown system, led to 
the decision in May, 1979 to replace the 7500 kva transformer at the main 
substation with a 10,000 kva unit. The new transformer is scheduled for 
delivery in December, 1979 and the changeover, which will require 1-2 days, 
will be made during an early turnaround.

During the year McKee completed the design/specification and 
procurement of the three principal components of the plant control/data 
collection system. In summary, the status of this work at year end was as 
follows.

+ Control house instrumentation was installed and the main control 
house was turned over to Carter for loop checking. The instrument­
ation for plant control/monitoring consists of split architecture 
Foxboro Spec 200 instruments mounted in a high density, console 
style, control panel 37 feet long. Signal conditioning and process­
ing instruments are mounted in four freestanding rack sections. These 
racks also contain paralleled + 15 vDC instrument power supplies each 
of which is supplied with 120 vAC power from an uninterruptible power 

V , system with battery backup.

355



+ The data logger system utilized Digital Equipment Corporation PDF 11/34 
and 11/04 minicomputers along with Herco multiplexers to acquire about 
700 high and low level analog measurements and 128 digital status inputs. 
Data logger software systems provide for historical logging, alarming, 
real-time digital and graphic displays, data correlation, and user 
Fortran programming. This equipment is in final testing and will be 
delivered in July.

+ Automatic analyzers for the plant total 29, 15 of which are housed, 
along with their sample conditioning and calibration systems, in four 
pre-wired, pre-piped analyzer houses. Analyzers in three of the four 
houses had been functionally tested with calibration samples by the 
end of June. The fourth analyzer house was scheduled to be tested and 
shipped to the plant site in July. Of the remaining 14 analyzers, 13 
have been delivered and 5 installed. The one remaining analyzer is 
scheduled for delivery by the end of August.

jf

Procurement

The number of tagged equipment items increased from 470 to 516 during 
the year, primarily due to changes. All items have been ordered and 465 have 
been delivered to the construction site. As of June 30, 1979, commitments 
for all procurement totaled 37.9 M$, 93% of the forecast total for the project 
vs. 99% planned. The status of procurement as related to tagged items through 
the end of June, 1979 follows.

June 30, 1979
Required/Purchased Delivered

Cooling Tower 1 1
Compressors 14 13
Drums 58 57
Exchangers 61 60
Furnaces 6 5
Pumps 146 121
Reactors 8 8
Tanks 17 17
Towers 15 15
Other 190 168

516 465

The status of bulk materials purchased by both McKee and Daniel 
at the end of June, 1979 is summarized below.



Cost,

</>
&

Projected Committed Committed, %
McKee Purchases
Pipe and fittings 3,536 3,356 95
Valves 4,031 3,914 97
Instruments 3,174 3,071 97
Electrical 4,234 3,931 93
Steel 2,452 2,422 99

Sub to tal 17,427 16,694 96

Daniel Purchases
Miscellaneous 7,581 5,719 75

Total 25,008 22,413 90

Spare parts commitments through June, 1979 totaled 1,143 k$,
92% of the total projected spares requirement on a cost basis.

As mentioned previously , almost 13 ,000 valves of over 590 dif-
ferent types are required for the project. The overall procurement status
as of the end of June is tabulated below.

Purchased through June, '79 Total Shipped Remaining % Remaining
Carbon steel 9,370 7,865 1,505 16
Slurry valves 325 130 195 60
Special valves (materials) 705 405 300 43
High pressure 1,784 717 1,067 60
Motor operated 25 5 20 80

Subtotal 12,209 9,122 3,087 25

Added in June, ’79 22 3" and larger for turnover packages
68 small valves for miscellaneous change
55 for pump cooling water systems

112 for flushing oil service
241 for process drains (3/4")
206 recommended surplus

Total 12,913

The valves added in June are all short delivery items and will be on order by 
mid-July.

Exxon delegated inspection of vessels, piping and heat exchangers 
to McKee. The division/status of inspection activities at the end of June, 
1979 was:

Exxon Inspection

Number of 
Main

47

Orders
Sub
13

McKee Inspection 171 109
Totals 218 122

Inspection Complete 140 118
Active 78 4
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Cost

The cost outlook for the project as of 30 June, 1979 was 112.15 M$; 
see Table 2-1 for details. Major factors contributing to the increase were:

June 30, 1978 Forecast 
Materials
Direct Labor & Indirects
Subcontracts
Engineering
Pending & Anticipated Changes 
Exxon Refinery/Chemical Plant Work 
Exxon Engineering/Owner Expense 
Contingency Rundown
Process Development Allowance Rundown 

June 30, 1979 Forecast

Costs, k$
Changes + Other = Totals

6299 2905
104,025

9,204
3609 7934 11,543
(585) (739) (1,324)
2834 244 3,078

(4,610)
(335)
109

(4,540)
(5,000)

112,150

The most significant increases during the year, other than increases 
attributable to approved changes, have been in bulk materials, direct labor 
and field indirects. The largest material increases were in field purchased 
bulk materials. Direct labor and indirects increased as the desult of the 
increased bulk materials quantities projected and an anticipated three month 
schedule extension.

Two hundred eighty-one change orders have been issued to date;
269 of the changes totaling 11.794 M$ have been approved. Summaries of 
approved, and pending and anticipated changes are shown in Tables 2-2 
and 2-3, respectively. The continued addition of significant changes during 
the year caused a three month delay of mechanical completion. The rate of 
changes is shown graphically in Figure 2-2 which compares the cost of approved 
and pending changes, ex. budget shifts, to the contingency rundown. The 
following table compares the status of changes as of 30 June, 1979.

30 June 1978 30 June 1979
Number Cost, k$ Number Cost, k$

Approved Changes 99 (713) 269 11794
Pending Changes 32 2195 12 355
Anticipated Changes - 2740 - 180

Total Changes 131 4222 281 12329

An analysis of changes through 1979, excluding budget shifts.
indicated that design basis (scope) changes accounted for 51.3% and design 
development 32.9% of the cost of all changes; estimate adjustments, miscel­
laneous and field changes totaled 15.8%. A summary of the analysis follows.
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Changes
Type_________________________ Number
Design Basis: Major 33

Minor 50
Design Development: Major 13

Minor 70
Engineering Support 15
Miscellaneous 14
Estimate Adjustment 5
Field/Start-up 33
Cancellations 19

Subtotal 252

Budget Shifts 29

Total 281

Distribution, %
Cost, k$ Number Cost
6479.4 13.1 43.7 .51.31131.4 19.8 7.6
3730.0 5.2 25.2 [32.9
1140.8 27.7 7.7
407.9 6.0 2.8']
441.7 5.6 3.0 15.81276.1 2.0 8.6
210.0 13.1 1.4 >

- 7.5 -

14817.3

(2650.9)

100.0 100.0

12166.4

Engineering overtime (excluding contract employees) at the end of 
June, 1979 on a cumulative basis was about 4.4%, an increase of approximately 
2.3% over June, 1978. The increased overtime was necessary to minimize the 
impact of changes during the year. Including overtime worked by contract 
employees would increase the overall overtime by .25%. See Figure 2-3 for 
the cumulative overtime in engineering throughout the project.

The cost status of subcontracts at year end follows.

Costs

</>

Number Projected Committed
Directs

Completed 11 2601 2575
In Progress 9 1648 1422
In Negotiation 3 68 -

Planned 4 83

Total Directs 27 4400 3997

Indirects 6 553 553

33 4953 4550

Schedule

A number of schedule updates were prepared during the year; 
highlights and conclusions resulting from updates Numbers 5 (June, 1978) 
through 9 (January, 1979) are summarized in Table 2-4. Following the 
January, 1979 update, work was begun to better define materials quantities 
and deliveries and to improve engineering and field labor forecasts. The 
schedule update planned for March, 1979 was delayed until this work could 
be completed. This study indicated that the overall mechanical completion 
date should be extended to 7 December, 1979 + 3 weeks, and that late 
delivery of materials, especially valves, could affect some interim completions.
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A subsequent schedule update by the Daniel cost/scheduling group and an 
independent study by senior scheduling/cost specialists from Exxon Engineerings 
Project Management Department and the Project Team were completed in May. The 
studies were based on progress/productivity trends to date and an extensive 
review of the status of materials deliveries and labor projections. Results of 
these studies, along with the major assumptions on which they were based, are 
summarized below.

Total projected labor hours, M 
Equivalent direct labor (peak) 
Level of changes 
Valve deliveries by 
All pipe spools delivered by 
Overall mechanical completion

Schedule Study
Daniel ER&E

1.795 
880 

Minimum 
1 Dec.’79 

1 Sept.’79 
1/25/80

1.830 
715 

Minimum 
1 Dec.'79 

1 Sept.'79 
2/15/80 + 2 wks

Original
Projections

1.145
430

Aug.'79 
15 July,'79 

11/15/79

s

The ER&E study was viewed as providing the "most probable" completion date and, 
as such, has been used as the basis for the current cost outlook. However, the 
25 January, 1980 completion date has been set as the "target" date for comple­
tion. Dates for the various- interim turnovers developed in the Daniel study 
were also set as "targets" (see Table 2-5) and field planning/manning will 
be consistent with these dates with the full recognition that Daniel's ability 
to hit the "targets" may be affected by bulk materials deliveries, the level 
of future changes, and appreciable changes in productivity.
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TABLE 2-1

r

EXXON COAL LIQUEFACTION PILOT PLANT 
PROJECT COST SUMMARY THROUGH JUNE 30, 1979

Original Changes, Transfers Revised
Cost Control & Control Underrun(-)

Outlook Estlmate(2) Estimate Adjustments Estimate Forecast Overrun(+) Commitments
k$(l) k$ k$(3) k$ k$ k$ k$

McKee & Daniel

Direct Material 38,100 34,062 8,570 42,632 40,800 1,832 (-) 37,737
Direct Labor 12,370 11,604 1,647 13,251 16,710 3,459 (+) 7,684
Subcontracts (4) 4,810 8,305 (2,510) 5,795 4,400 1,395 (-) 3,997
Field Indirects (5) 19,910 19,030 99 19,129 20,950 1,821 (+) 13,229
Fee (6) 2,000 1,323 192 1,515 1,550 35 (+) 1,195
Engineering (7) 13,610 12,500 3,446 15,946 15,600 346 (-) 14,960
Loss on Surplus 460 490 - 490 300 190 (-) -

Insurance 250 600 - 600 600 - 564 (13)
Pending Changes (8) - - 145 145 145 - -

Total Prime Contract 91,510 87,914 11,589 99,503 101,055 1,552 (+) 79,366 (12)

Baytown Refinery Costs(9) _ 3,984 3,984 2,710 1,274 (-) 1,902 (13)
Anticipated Changes 180 - 180 180 180 - -
ER&E Services (10) 4,200 4,200 (554) 3,646 4,115 469 (+) 3,330 (14)
Owners Costs (11) 1,930 1,930 251 2,181 1,800 381 (-) 1,201 (13)
Project Contingency 10,180 9,486 (7,196) 2,290 2,290
Process Development

Allowance (15) 2,000 5,000 (5,000) - - - “

Total Project Cost 110,000 108,530 3,254 111,784 112,150 366 (+) 85,799

Notes: See next page



NOTES:

(1) Cost Outlook dated 9 September, 1977.

(2) The Original Control Estimate is the Exxon Research and Engineering Class II 
Estimate which excludes all changes.

(3) Changes, transfers, and estimate adjustments are alterations to the Original 
Control Estimate and include changes through 15 June, 1979.

(4) Major subcontracts include tankage, piling, coal silo, cooling tower erection, 
railroad spur, and site preparation.

(5) Includes burden, field supervision, construction tools, temporary facilities 
and vendor representatives.

(6) Includes fee for both engineering and construction contractors.

(7) The Original Control Estimate reflects the Class II Estimate prepared by ER&E. 
The forecast for engineering includes McKee's engineering only.

(8) Includes Change Orders now being processed but not yet approved.

(9) Includes costs associated with the Baytown Refinery and Chemical Plant 
for the engineering, procurement, and erection of interplant lines and the 
reconditioning of Burleson Street. The forecast reflects subcontract costs 
to Brown & Root for associated work in both the Refinery and Chemical Plant. 
Costs for the Baytown Chemical Plant facilities required for disposal of 
ECLP naptha blend as distillate fuel, $350k per Chemical Plant Class II 
estimate, and the Baytown Refinery facilities required for disposal of ECLP 
Vacuum Gas Oil in Dau Rock, $110k per Refinery Class II estimate, are also 
included.

(10) The Revised Control Estimate reflects a transfer of the cost of inspection 
services to McKee, the transfer of ER&E services for the preparation of 
operating guides to the Owners Account, and transfer to McKee for the work 
associated with the preparation of change lists.

(11) Includes: Administration and General Purpose Building, communication system, 
power hookup to Houston Power & Light, additional site borings, and the 
encasement of Texas Eastern, Diamond Alkali, and the Houston Pipeline Co. 
pipelines, a transfer of the data logger programming costs from the McKee 
material account, a transfer of costs for the preparation of operating guides 
from ER&E services.

(12) Includes commitments through 15 June, 1979.

(13) Includes commitments through 30 June, 1979.

<r

(14) Includes expenditures through 31 May, 1979.

(15) Process Development Allowance has been applied to the following approved 
changes, OCR-85 and OCR-185 (Partial), Flushing and Blowdown; OCR-86, Corrosion 
Probe Data Gathering; and OCR-114, Data Logger Calculated Variables. A transfer 
of 2M$ has been made to Phase V of the EDS program budget and is no longer 
included in our revised control estimate or cost forecast. Revising the Class 
II estimate to reflect this transfer to Phase V results in an original control 
estimate of $106,530k.
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TABLE 2-2
EXXON COAL LIQUEFACTION PILOT PLANT 

SUMMARY OF APPROVED CHANGES 
THROUGH JUNE 15, 1979

Change No.
OCR Description Type*

Cost
k$

Schedule
Effect

1 thru 205, Two hundred fifty two Previously Approved/Cancelled 9885.6 + 3 mos.
207 thru 210
212 thru 216
EFCR 1 thru 34
36, 37, 40, 41

206

Changes

McKee Process Assistance in Preparing Turnover Packages 
and Procurement of Additional Valves OT 241,8 None

211 Provide Alternates for Pacific and Velan Long Delivery 
Valves DD 50.0 None

217 Additional Electric Heat Tracing Requirements DD 1,270.3 None
219 Miscellaneous Piping and Relief Valve Comments DD 20.1 None
221 Changes in Analyzer Sample Probes DD 12.9 None
222 Increase Size of Main Transformer and Modifications to 

Substation #1 DB 209.9 None
223 Miscellaneous Piping and Instrument Changes DD 54.3 None

EFCR

38 Relocate Gate House Airconditioner FC .3 None

39 Control House Wiring Changes FC 8.5 None
42 Change North-South Roadway to Concrete FC 15.8 None
43 Color Drawings for Turnover Packages OT 10.0 None
44 Add Lifting Lugs to Five Vessels FC 2.0 None
45 Pull GTE Cable from Administration Building to

General Purpose Building FC 3.0 None
47 Add Instrument Air to Control House FC 1. . None
48 Provide 208V Power to Instrument Shop in Control House FC 1.8 None
49 Remove Raised Face Flanges from Non-Oily Water Sump Pumps FC 2.0 None
50 Provide Equipment Grout Protection FC 4.6 None

Total Negative Approved Changes 
Total Positive Approved Changes 
Grand Total Approved Changes

(4507.3)
16301.3
11794.0**

*DD-Design Development; DB-Design Basis;EA-Estimate Adjustment; BS-Budget Shift; OT-Other; FC-Field Change; SC-Startup Change
**Does not reflect $350k transfer to preparation for operations (C-33)
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TABLE 2-3
EXXON COAL LIQUEFACTION PILOT PLANT 

SUMMARY OF PENDING AND ANTICIPATED CHANGES 
THROUGH JUNE 15, 1979

i

i

PENDING CHANGES Execution Cost
Authority (Order of

Change No. Description Type* Given Note
OCR

218 Design Specification Change Lists DB Yes 10
220 Modifications to Reacceleration DD Yes 20
224 Miscellaneous Additional Engineering Requirements OT Yes 10
225 Coal Unloading Third Rail Resolution DD Yes 5
226 Pump Flushing System Changes DD Yes I£

Subtotal Office Changes 55

EFCR

35 Provide Non-Slip Walkways along Conveyors FC No 10
46 Add Equipment Wash Rack FC No 10
51 Liquefaction Reactor Flange Modifications FC Yes 5
52 Replace Teflon Tape Thread Lubricant FC No 5
53 Additional Waste Water Instrument Requirements FC Yes 15
54 Add Lifting Lugs to Five Towers FC No 5
55 Additional Concrete Road Paving DB No 40

Subtotal Field Changes 90
Grand Total Pending Changes 145

k$

Note 1: Order of Magnitude costs only reflects the portion of the change not already Included In the direct
forecast. Actual cost of the changes will not be shown until they have been approved. Attachment VII 
however reflects the total anticipated cost of pending changes.

* DD-Design Development; DB-Design Basis; EA-Estimate Adjustment; BS-Budget Shift; OT-Other; FC-Fleld Change; SC-Startup Change
ANTICIPATED CHANGES

+ 60 
+ 20 
+100

Repair Baker Road
Oyster Shell In Tank Farm
Miscellaneous

+180



TABLE 2-4
EXXON COAL LIQUEFACTION PILOT PLANT 

HIGHLIGHTS/CONCLUSIONS OF SCHEDULE UPDATES

REPORT NUMBER/DATE HIGHLIGHTS/CONCLUSIONS

5, June 1978

6, August 1978

7, October 1978

* Original planned mechanical completion dates can 
be achieved.

* Possibility of 2-3 week schedule extension
* All valve deliveries projected by May 1, 1979
* Changes recognized as potential for schedule slippages

* Original planned mechanical completion dates can 
be achieved.

* Possibility of 4-5 week schedule extension
* Spot overtime approved to achieve turnovers
* Valve deliveries later than May 1, 1979 identified
* Critical vendors need to be continuely expedited
* Schedule slippages resulting from major changes 

appeared probable
* Schedule effect of flushing and blowdown system to 

be more critically assessed

* Original planned mechanical completion dates can 
be achieved.

* Flushing and blowdown system assessed to have
a probable 4 week delay on mechanical completion. 
Further study required.

* Overtime to be utilized to achieve turnovers.
* Underground electrical program hampered by late 

deliveries.

8, December 1978 * Original planned mechanical completion dates 
(except electrical facilities) can be achieved.

* Overtime or double-shifting still required to obtain 
planned mechanical completion

* Valves deliveries expected as late as 30 June 1979.
* Extensive effort seen in utilizing material 

substitutions to meet field need dates.
* Revised mechanical completions for substations 

developed.
* Material deliveries continue to be critical

9, January 1979 * Mechanical completion dates revised for a number 
of turnovers, Nov. 15, 1979 still achieveable.

* Revised manpower loadings e'liminate need for 
extensive overtime or double-shifting to achieve 
revised completion dates.

* Valve and control valve deliveries major concern 
for meeting turnovers.

* Substantial increase in critical field activities
* Weather adversely affecting progress
* Late material deliveries identified by interim 

turnovers.

- 365 -



TABLE 2-5
EXXON COAL LIQUEFACTION PILOT PLANT 

COMPARISON OF PLANNED/PROJECTED TURNOVERS

Completion Dates
Turnover Package
No. Description

Original
Plan

Mar.,'79
Revision

May, '79
Targets

Current
Predicted

1 Firewater System 4/06/79 4/06/79 Complete -

2 Electrical Facilities 
- Main Substation 5/25/79 5/25/79 Complete
- Substation 4 5/25/79 5/25/79 7/06/79 7/13/79
- Substation 4A 5/25/79 6/01/79 7/06/79 7/13/79
- Substations 1,3,5 5/25/79 6/15/79 7/06/79 7/13/79
- Substation 2 5/25/79 6/22/79 7/06/70 7/13/79
- Substation 4B 5/25/79 8/24/79 8/24/79 8/24/79

3 Control House 6/01/79 6/01/79 Complete -

4 Utilities 6/29/79 6/29/79 7/27/79 7/27/79 (1)

5 Waste Treating 7/13/79 7/13/79 7/27/79 7/27/79 (1)

6 Coal Receipt 7/27/79 7/27/79 7/27/79 7/27/79 (1)

7 Analyzers 8/10/79 8/10/79 8/10/79 8/10/79

8 Tankage
- South Tank Farm 8/10/79 8/10/79 8/17/79 8/17/79
- North Tank Farm 8/10/79 10/12/79 10/12/79 10/12/79
- Sponsor's Tankage 11/15/79 11/15/79 10/26/79 10/26/79

9 Coal Preparation 8/24/79 9/14/79 9/28/79 9/28/79

10 Safety Facilities 8/24/79 8/24/79 8/31/79 8/31/79

11 Fuel Gas 
- Compressors 9/07/79 8/31/79 9/21/79 9/21/79
- Unit 9/07/79 9/28/79 10/12/79 10/12/79

12 Hydrogenation 
- Compressors 10/05/79 9/28/79 11/16/79 11/16/79
- Unit 10/05/79 10/26/79 12/21/79 12/21/79

13 Liquefaction & Distillation 
- Solidification Conveyor 11/15/79 11/16/79 10/19/79 10/19/79
- Compressors 11/15/79 11/16/79 12/21/79 12/21/79
- Unit 11/15/79 12/07/79 1/25/80 2/15/80 ± 2

(1) Currently under study. Slippage may occur because of 
anticipated late deliveries of power, instrument and 
lighting panels.
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FIGURE 2-3

EXXON COAL LIQUEFACTION PILOT PLANT 
CUMULATIVE ENGINEERING OVERTIME

Notes
(1) Excludes contract employees
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ECLP PROJECT MANAGEMENT, DETAILED ENGINEERING, 
PROCUREMENT AND CONSTRUCTION

3. Construction

Construction was 62% complete; about 24% or 3 months behind our 
original plan at the end of June, 1979. Progress during the year was affected 
by the increased scope of work, adverse weather, delayed completion of engineer­
ing and late delivery of materials. As shown in the' following table, projected 
direct labor requirements very closely tracked the increases in engineering 
and procurement discussed earlier in this report.

Projected End of Month
% Complete Direct Labor Personnel

Date Actual Planned k Hours °l Change Ac tual Planned
July '78 9 12 1145 - 307 395
Aug. 13 16 1145 - 383 421
Sept. 16 22 1145 - 493 522
Oct. 20 31 1229 7 514 554
Nov. 25 37 1235 8 536 503
Dec. 29 43 1241 8 600 522
Jan. '79 33 49 1259 10 832 609
Feb. 40 55 1261 10 843 670
Mar. 45 62 1384 21 936 670
Apr. 49 70 1485 30 977 689
May 55 80 1795 57 922 654
June 62 86 1808 58 1011 622

The "actual" personnel figures shown above include all contractor personnel 
including direct and indirect labor, and supervision. Personnel devoted to 
direct activities are shown in Figure 3-1 in comparison with the original 
and revised projections of "equivalent" personnel.

Major construction events during the reporting period are shown 
below; monthly highlights are shown in Table 3-1.

1978
First hydrostatic test of underground piping July
Awarded purchase order prefabricated pipe 3 Aug.
Completed slipforming of raw coal silo 27 Aug.
Started tank erection 26 Sept.
Initiated field Positive Materials Identification program 2 Oct.
Started area paving 27 Oct.
Started erection of process area pipe rack steel Oct.
Started installation of aboveground piping Oct.
Received first shipment of prefabricated pipe 16 Nov.
Hired first apprentices 29 Nov.
Started construction of cooling tower Nov.
Started installation of underground power cables Dec.

kw/
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Received and set all eight reactors Jan.
Received and set control house instrument racks Feb.
Completed cooling tower erection Feb.
Firewater system mechanically complete 6 April
Completed erection of field fabricated tanks April
Interplant lines mechanically complete 31 May
Control house mechanically complete 1 June
Main electrical substation mechanically complete 15 June
Completed underground power/instrument cables 29 June

1979

The total effect of adverse weather on productivity cannot be 
measured in absolute terms; however, during the first half of 1979 it 
impacted heavily on construction activities. From 1 January, 1979 to 
30 June, 1979 total rainfall, as measured at the Exxon Refinery in Baytown, 
was over 41 inches; normal annual rainfall for this location is 45 inches. 
During this six month period the project was completely closed down on 
12 occasions because of rain and at numerous other times work was slowed 
by showers and extremely wet conditions.

The status of equipment receipt and erection at the end of the 
year is summarized below.

Total
Description Purchased Received Erected
Cooling Tower 1 1 1
Compressors 14 13 13
Drums 58 57 47
Exchangers 61 60 56
Furnaces 6 5 5
Pumps 146 121 91
Reactors 8 8 8
Tanks 17 17 17
Towers 15 15 15
Other 190 168 41

516 465 294

The status of piping prefabrication work by the offsite fabricator 
and at the field shop at year end was as follows.

% Complete
Isos/Orthos Spools

Fabrication Materials Issued Fabricated
Shop C.S. 100 79
Shop Alloy 100 16

Field Shop C.S./Alloy 99 84
Field Run C.S. 99 20
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TABLE 3-1

1978
EXXON COAL LIQUEFACTION PILOT PLANT

gTflMTPTPAMT rftMfiTPUrTTftM EVRUTg Page 1 of 2

July -
* Sheet piling conpleted.
- Piling cap for coal alio completed,
- Raw coal alio subcontractor mobilized.
- First structural steel arrived at site.
- First tankage ring vails formed and poured.
- Liquefaction furnace foundations completed.
- Site preparation essentially completed.
- Site fencing completed.

August -
- Coal unloading hopper excavation completed and base slab started.
- Tank base excavation and crushed stone foundations started.
- Control house foundations started.
~ Firewater Intake structure completed.
~ First pieces of major equipment placed.
- Cooling tower foundations and basin started.
* Oil and non-olly water sumps excavations completed.
- Slipforming of coal storage silo shell completed.
* Laying of rail spur tracks, ex ballast essentially complete.

September -
- Tank erection started.
- Cooling tower basin completed.
* Raw coal silo roof poured.
- Structural steel erection started.
- Lower floor of coal unloading hopper poured.
- Spur turnout from main rail line completed.
- Precasting catch baalna and manholes started.
- Second major lift crane placed In operation.
- Equipment preservation program Initiated.

October -
- Track hopper pic valla poured.
- Track hopper pit tunnel excavation started.
- Waste water sump first stage vails poured.
- Installation of the support steel for the rav coal transport

conveyor started.
- Pile cap and columns for the liquefaction reactor structure poured.
- First section of area paving completed.
- Underground piping completed in the fuel gas area.
- Pipe rack steel erection started in the process unite.
* Installation of rack piping started.
- Railroad tle-ln completed > spur now available for equipment

deliveries.

+ November -
- Assembly of raw coal transport conveyor support trusses completed

on the ground and conveyor installation started.
- Track unloading hopper concrete work and conveyor tunnel

excavation completed.
- Clearing and grubbing started in the sponsors' tank farm ares.
- Erection of precast vail panels and roof tees for the control

house started.
- Non-destructive testing facilities set up and X-ray examinations

of velds Initiated.
- First apprentices hired for the apprentice training program.
- Received the first shipments of prefabricated pipe on 16 November.
- Pipe welding started in the major pipe racks.
- Foundations for four compressors poured.
- Largest process vessel, 0-751, received and set in place.
- Steel erection on several onsite structures initiated.

+ December 1978 -
- Main substation transformer and 138kv circuit breaker set,
- Installation of gas swept mill foundations started.
- Waste water sump concrete work completed.
- Track unloading hopper conveyor tunnel concrete work started.
- Installation of underground power cables started.
- First prefabricated pipe erected.
- Started foundation work for flare and associated equipment.
- Erection of precast walls and roof tees for the control house

completed.
- Completed structural work on the cooling tower.
- Contracts awarded by the Exxon Refinery and Chemical Plant

for the Interplane piping.

+ January 1979 -
- Equipment installation In track hopper was started.
- Three of the four support trusses of the rav coal transport

conveyor were erected.
- The main substation was placed.
- About 90X of the low level foundations for the gas swept mill

system were completed and backfill started.
- Excavation for impact mill foundations was started.
- The raw coal silo elevated floor was poured.
- Structural steel erection vss started for the prepared coal bln

structure.
- All eight reactors were erected.
- The main oily water sewer was completed to the waste water sump.
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TABLE 3-1 (cont'd)

c

EXXON COAL LIQUEFACTION PILOT PLANT 
SIGNIFICANT CONSTRUCTION EVENTS

+ February -
- The HVAC system in the control house vas energised on teoporary power.
- The Foxboro Spec 200 instrument racks were received and set in the

control house.
- Installation of aboveground firewater piping In the firewater Intake

pump area vas started.
- Prefabricated substations 1, 3, and 5 were delivered and substatlona

1 and 3 were set in place.
* Fireproofing of structural steel in the onsite area was started.
- The track unloading hopper tunnel floor was poured.
- Erection of two process unit furnaces vas started.
- Placement of pipe in offsite pipe racks was started.

+ March -
- Preparations for turnover of the firewater facilities on 6 April

were completed.
- Area paving in utility area vas started.

All vessels In the distillation and liquefaction separator structures
were placed.

Substation 5 vas placed.
Control panels from Panelmatics, Inc. were received and set In the 

control house.
- Installation of permanent lighting in the fuel gas area vas started.
- The coal unloading pit tunnel vas completed.
- Completed 93Z of the gas swept mill foundations.
- Field assembly of the prepared coal bln vas started.
• Erection of the rav coal conveyor support steel vas completed.
- Substation 4B foundations were completed.
- Completed hydrotest of eight tanks snd started testing four others.

+ April -
- The firewater system. Turnover #1, vas completed as scheduled on

6 April.
- Construction of the flare stack vas atartcd.
- CB&I completed construction of the field erected tanka.
- Marlty completed "punch list11 work on the cooling tower.
- Control house "punch list" work vas started in preparation for the

scheduled 1 June turnover.
- Piping tle-ln at the ECLP boundary with the interplant pipe lines

Installed by the Exxon Refinery and Chemical Plant vas started.
- Impact mill and gaa avept nill foundatlona vara completed except

for two small pump*.
- The gas heater furnace for the gas svept mill vas delivered and sfet

on Its foundation.
- Erection of the prepared coal bln vas completed.
- The elevated slab for the separator structure In the liquefaction/

distillation unit vas poured.
- Structural steel around the liquefaction reactors vas erected.
- Miscellaneous steel erection In hydrogenation and distillation areas

vas completed.
- Completed installatlon/velding of the hydrogenation unit furnace tubes
- Foundations were poured and structural steel vss erected for the

Sandvik conveyor.

+ May -
- Interplant lines were mechanically complete.
- Strapping of tanks vas completed.
- Erection of the vacuum stripper furnace, F-201, vas started.
- The prefabricated electrical substation 02 vas set.
- Installation of underground Instrument and pover cables In the

hydrogenation, liquefaction, distillation, and compressor areas 
was completed.

- Erection of the solids vithdrawal conveyor structure vas completed.
- Initial leveling and alignment work on the Ingersoll-Rand compressors

vas started.
- Assembly of gas swept mill ductwork vas started.
- Testing of the main substation vas completed.

+ June -
- The control house vas mechanically complete on 1 June.
- The main substation vas mechanically complete on 15 June.
- Checkout and hydrotesting of piping vas started in preparation for

the late July scheduled completion date for the utility area.
- Construction of tank farm fire dikes vas started.
- The prefabricated electrical substation vas set.
- Tank mixers In the south tank farm were set.
- Construction of the flare stack anchors vas completed.
- Installation of underground pover and instrumentation cables vas

basically completed.
- Erection.of the coal transport conveyors in the coal preparation

area started.
- Alignment of conveyors in the coal receipt area vas completed.
- Refractory lining of the gas svept mill ducting vas started.
- Structural fireproofing in the fuel gas and liquefaction areas vas

completed.
- Stacks for the slurry furnaces, F-102A/B, were set.
- Area paving In 85Z of the process area vas completed.



The following table summarizes the status of piping weld quality
control.

Welds__________ Rejections
Contractor Material Number Radiographed Number %
Field C.S./S.S. 11,106 1038 117 11.3

*Alloy 25 19 8 42.1

Offsite C.S./S.S. 11,581 671 64 9.5
Fabricator *Alloy 199 132 4 3.0

*Carbon 1/2 moly through 9 chrome, requires 100% radiograph.

A Positive Materials Identification Program (PMI) was initiated at 
the construction site in October of 1978. A nuclear analyzer is used to check 
all alloy piping materials received at the site or at the prefabrication shop. 
Results of this program as of 29 June, 1979 are summarized below.

Number of Items Checked
Field________ _______ Shop

Material Checked Rejected Checked Rejected
9 Chrome 1 Moly 30 0 0 0
Carbon 1/2 Moly 166 110 51 0
1 1/4 Chrome 11 0 30 0
21/4 Chrome 48 4 48 6
5 Chrome 1/2 Moly 232 0 189 0
304 Stainless Steel 384 1 396 0
316 Stainless Steel 864 14 15 0
321 Stainless Steel 749 1 561 0
ENCO 825 44 0 0 0
Alloy 20 36 0 70 0

Totals 2,564 130 1,360 6

Items rejected, % 5.5 0.4

The status of active subcontract work at year end is summarized
below.

+ Work was completed on the raw coal silo on 11 June.
+ The tank construction subcontractor returned to the site to correct 

exception list items on the field fabricated tanks.
+ The electrical testing subcontractor is continuing work on substations 

and related electrical facilities.
+ Tank painting continued.
+ The railroad work at the coal unloading hopper is being completed.
+ The subcontractor started refractory work in the ducting for the gas 

swept mill. Preparations to install refractory in various process 
vessels and furnaces were also started.

+ The successful bidder for post weld heat treating work was awarded 
a unit price contract on 19 June, 1979.
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+ Inquiries for subcontracting chemical cleaning work were reviewed by 
Exxon and will be issued by Daniel early in July.

+ A contract was awarded by the Exxon Chemical Company for the interplant 
line and roadway between ECLP and the Chemical Plant. Except for 
upgrading Burleson Street this work has been completed.

+ Work on the modifications to the Paraxylene Absorption Unit (PAU) furnaces 
in the Exxon Chemical Plant (to permit burning of ECLP products) and the 
VGO-DAU blending facilities in the Exxon Refinery should be complete as 
scheduled on 2 January, 1980. The design for the PAU project is complete 
and a subcontractor has been selected to do the construction. The DAU 
project is in the design stage; construction on both projects is scheduled 
to begin late in the summer of 1979.
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ECLP PROJECT MANAGEMENT, DETAILED ENGINEERING, 
PROCUREMENT AND CONSTRUCTION 

4. Preparation for Operations

ECLP Staff

Over the past year ending June 1979, the ECLP staff grew to 
98 members with the addition of 86 people. These staff additions included 
52 people for the Process Division, 6 people for the Mechanical Division,
19 people for the Technical Divison and 9 people for the Administrative 
Division. The quarterly buildup rate was consistent with our projections 
and numbered 10 people during the third quarter of 1978, 12 people during 
the fourth quarter of 1978, 33 people during the first quarter of 1979 
and 31 people during the second quarter of 1979.

Equipment Completion and Turnover

ECLP construction plans call for the completion and turnover 
of the plant by sections and/or systems in a staged fashion and spanning 
a period of several months . Process manpower was assigned to identify 
each section in detail and coordinate the turnover.

The first turnover of equipment was accomplished on schedule 
on April 6, 1979, with the completion of a portion of the fire water system. 
This first turnover package included a diesel-engine-driven fire water 
pump and a portion of the fire water distribution system. After running in 
the driver and pump and flushing the lines, this system was placed on 
standby status for operations when needed.

The main electrical substation had been scheduled to be completed 
and energized in late May. The schedule for energizing the substation 
slipped because of a delay in making the final hookup to the 138 kv power 
system. This delay was caused by some problems encountered in obtaining 
right-of-ways between the main line and the ECLP substation. Energizing the 
main substation was rescheduled for early July.

The interplant lines between ECLP and Exxon's Refinery/Chemical 
Plant complex are nearing completion. Coordination activity with the 
refinery is underway to get the lines in service as they are needed to 
support ECLP operations.

Training Activities

The preparation of operating manuals for ECLP is well underway. 
Guidelines for manual preparation and format have been prepared, and in 
September 1978, six members of the operating staff were engaged essentially 
full time in this effort. The ECLP operating manuals for each major 
processing area will be comprised of three sections—a basic information 
section, a procedures section, and an emergency section. By year-end 1978, 
work was completed on the first section of all manuals and the preparation
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of the process procedures sections were well underway. Also, by year-end, 
all of the Chief Operators had visited the engineering model at McKee's 
offices in Cleveland, Ohio, as an aid in manual preparation.

In mid-February 1979, seventeen Process Technicians on loan 
from Exxon's Baytown Refinery arrived at the ECLP site to begin training.
Four weeks of classroom training of the Process Technicians was completed 
during March 1979. By the end of March, the Chief Operators and Process 
Technicians jointly developed a program for detailed post training. Actual 
post training began in April.

Twenty-three new hires, who utlimately would be assigned to 
ECLP as Process Technicians, reported for work at Exxon's Baytown Refinery 
in March 1979, and began five weeks of basic training in the Refinery.
Several members of the ECLP Process Division staff participated in various 
phases of their initial training activity. By mid-April the new-hire group 
completed five weeks of basic refinery training and were assigned to an 
operating department within the Refinery for four weeks of "hands on" 
training. This group began onsite ECLP training in mid-May.

Portable buildings (trailers) were set up to serve as classroom 
training facilities for the 40 Process Technicians and 9 Chief Operators.
These facilities were completed and occupied by May 1979, and will be 
used for training activities for a period of about six months.

The "new hire" group of Process Technicians completed the orienta­
tion phase of their training program with the experienced Process Technicians 
serving as instructors during most of this activity. In preparing and 
giving this training material, the experienced technicians reinforced their 
own learning experience.

During May, the use of a process simulator was obtained and 
training was conducted on the operation of a distillation tower. The 
Process Technicians and Chief Operators took part in this training activity 
which was conducted in eight-hour sessions with four to six people in 
attendance at each session.

A preliminary version of the start-up procedure for the liquefac­
tion and fractionation areas has been developed and is currently under 
review. Initial efforts addressed leak test procedures, optimization of 
inerting procedures to minimize utility requirements and identification of 
additional circuits to permit extended periods of near total recirculation.

Occupational Health Program

An environmental health work group was formed, with the task 
of developing a proposal for an ECLP Occupational Health Program. Elements 
of the program included areas such as personal hygiene, medical surveillance, 
and engineering controls. The work group comprised ECLP staff members, as 
well as representatives of the Medical and Industrial Hygiene Departments of 
Exxon Company, U.S.A. The program was reviewed and approved by year-end 1978.
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Representatives of the National Institute of Occupational Safety 
and Health (NIOSH) and JRB Associates, Inc., a NIOSH subcontractor, visited 
Baytown on April 23, 1979 to obtain background and information regarding 
Exxon's activities on Occupational Health Programs for EDS as they pertain 
to ECLP and the smaller BARD pilot plants. This information was to aid them 
in preparing a Criteria Document concerning occupational exposure in coal 
liquefaction plants. The visit consisted of a review of the ECLP Occupa­
tional Health Program and a plant tour of ECLP, followed by a review of the 
BARD Occupational Health Program and a tour of CLPP, RCLU and the locker/ 
shower facilities at the BARD site. The visitors stated that the nature and 
content of the discussions met their intent and needs.

Industrial hygiene test equipment selection has been completed 
and purchase orders will be issued shortly. Some initial testing using this 
equipment will be done before ECLP start-up.

Safety

All ECLP staff members attended a four-hour safety workshop. The 
purpose of the safety workshop was to inform all employees of the several 
components that comprise the integrated safety program for ECLP, to solicit 
employee input into some of the program details and to provide a stimulus 
for safety awareness on the part of each employee. Each workshop session 
included presentations which described the overall safety program. Organiza­
tional responsibility for development of the various parts of the program 
was also discussed. The workshops also included the assignment of safety- 
related tasks to employee groups for discussion and recommendation of ideas 
and solutions which may be incorporated into an overall ECLP safety program.

Coal Receipt and Preparation

The purchase option was exercised for thirty (30) 100-ton "Rapid 
Discharge" hopper cars from Ortner Freight Car Company of Cincinnati, Ohio. 
These cars are scheduled to be manufactured in July 1979. The Traffic 
Division of Exxon Company, USA's Supply Department agreed to administer 
ECLP's 30 rail cars during operations. TMC Engineering Services of Houston 
was selected as ECLP's agent to inspect the cars during their manufacture.
In June 1979, representatives from Carter Oil and TMC Engineering Services 
visited Ortner. The purpose of the meeting was to review the specifications 
with Ortner, begin inspection activities, review administrative details, 
and tour the shop facilities.

Proform, Inc. was selected as the successful bidder of 30 rail 
car covers. A single prototype cover was fabricated during the first 
quarter 1979 and the remaining 29 covers will be fabricated following 
approval of the prototype design by ER&E.

A rail car was subleased from the Monterey Coal Company and 
moved to Proform's St. Paul plant for the prototype cover installation.
The rail car identification prefix, EDSX, which will appear on the side 
of all ECLP cars, was approved by the Association of American Railroads.
The prototype cover was installed on the test car at Proform's plant 
in early April 1979.
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The prototype rail car cover system was tested at Proform's plant 
in Minneapolis during April 1979. The cover was operated satisfactorily for 
230 cycles, which is approximately twice the number of cycles expected 
during 2-1/2-years of operation. Several minor modifications were made as a 
result of the test and inspection.

On May 15, 1979, representatives from Carter Oil, ER&E, and 
Proform met at The Carter Oil Company's Monterey No. 1 Mine in Carlinville, 
Illinois, to inspect the loading of the prototype covered car. It was shown 
that there were no clearance problems and that coal can be loaded into the 
car such that the cover will close over the coal heap. The car was followed 
on its first trip in the unit train and no problems were encountered 
during the unloading operation.

The prototype rail car test program was successfully completed 
June 15, 1979. The prototype car made 15 trips (6,000 miles) between the 
Monterey No. 1 Mine and a power plant during the "over-the-rail" phase 
of the test program. The cover system was found to be structurally sound 
at the final inspection of the car. The prototype car has been sent to 
Proform's plant in Paducah, Kentucky, for dismantling. Once the cover has 
been removed, it will be transferred to a rail car repair shop to return it 
to its previous condition before it is returned to Monterey.

The installation of dust suppression spray nozzles and the "third 
rail" unloading system at the ECLP track unloading hopper required a variance 
from the Texas Railroad Commission. An application for the variance was 
filed in September 1978. In November 1978, Carter representatives partici­
pated in hearings before the Texas Railroad Commission on the variance.
During the first quarter of 1979, notice was received from the Texas Railroad 
Commission that the application had been approved.

Engineering Model

ECLP staff members participated in reviews of the engineering 
model at A.G. McKee's offices in Cleveland, Ohio. A detailed section-by­
section review of piping was initiated in July 1978. Formal model review 
work was completed with the compressor and coal preparation areas during 
October 1978, and with the flushing and blowdown and Dowtherm areas during 
November 1978.

All sections of the engineering model were received onsite and 
the entire model assembled during May 1979 for use as an aid to both training 
and construction.

General Purpose Building

Bid solicitations were sent out in August 1978, for the General 
Purpose Building and were received by late September. This building will 
house the shops and stores facilities, locker rooms, and laboratory. A 
contract was let for the General Purpose Building and work was started in 
October 1978. During December 1978, the slab was poured, outer framing
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completed, and sheathing started. By the end of the first quarter 1979, 
the General Purpose Building was 97 percent complete overall. Storehouse 
personnel occupied their area during March 1979 and turnover was accomplished 
in April 1979. Utility tie-ins and telephone installation were completed in 
May 1979.

Information Systems

A laboratory specification sheet and floor plan was prepared 
in mid-April 1979 for release to obtain vendor quotations. Anticipated 
construction and equipment delivery times are consistent with having a fully 
operational laboratory in October 1979-

Following bid conditioning, a laboratory furniture supplier 
was selected to provide furniture for the ECLP Laboratory. Bids were 
received from five companies who made proposals for seven lines of furniture. 
Also, two separate proposals were received to complete the Laboratory 
interior structure by providing air conditioning, partitioning, insulation, 
and furniture set-up.

A Carter Change Request was approved which will link ECLP with 
the Exxon Company, USA computer system in the Houston Headquarters Office 
Building. A Data 100 Corporation time-sharing terminal located in the 
ECLP Administration Building will provide access to Exxon's IBM 370/168 
Computer System. This will allow the data stored on tape by the ECLP data 
logger to be transferred to the Houston computer for tape copies and storage. 
The system also allows for direct access to ECLP data by scientists and 
engineers at the various ER&E locations involved in EDS research and de­
velopment activities. The linkage also permits ECLP personnel to use 
Exxon's Technical Computer Programs. Site preparation is in progress and 
should be complete to accept the system in July 1979. Work will then begin 
to link the system to the Houston Refinery IBM 370/168.

Contract Administration

A service agreement was executed early in 1978 between The 
Carter Oil Company and Exxon Company, USA's Baytown Refinery. This agreement 
established a task order system which outlines a procedure for obtaining a 
\/._iiety of services, including utilities for ECLP, from the Refinery. A task 
order has been executed for the construction of interplant lines. In 
addition, task order drafts have been prepared which cover the use of loaned 
manpower from the Refinery and any use of the Refinery warehouse which may 
become necessary. In all, twelve task orders with Exxon USA's Baytown 
Refinery have been completed. Five task orders are being processed and 28 
remain to be drafted. All task orders affecting ECLP should be completed by 
year-end 1979.

The I&E Services contract for instrument maintenance and the rail 
car inspection contract with TMC Engineering Services were both executed in 
June 1979.
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Emission Abatement Equipment

Engineering data submitted by ECLP to the Texas Air Control Board 
(TACB) were reviewed by TACB and found to be acceptable. The requirements 
of Special Provision No. 13 of TACB Permit No. C-6080 were thus satisfied 
which permitted us to install our emission abatement equipment.

Mechanical Department Activities

As of the end of June 1979, the ECLP Mechanical Job Plans overall 
were 98 percent complete and copies of the manuals had been reproduced for 
the use of the maintenance contractor. Also, editing and revision of the 
safety manuals is complete and the Carter Mechanical Procedures Manual is 85 
percent complete. The ECLP Mechanical Job Plans include items such as 
vessel breakdown blinding lists, lifting requirements, a detailed tool list, 
documentation of job procedures and gasket lists. Contract maintenance 
manuals and procedures are being printed and safety valve testing procedures 
have been finalized.

The equipment required for calibration and loop checking of 
instruments was placed on order and calibration began in February 1979.

The radioactive material handling license from the Texas Depart­
ment of Health was received. The radiation officer and his backup attended 
certification school in January 1979. There are regulatory requirements 
which stem from the use of radioactive material in certain types of level 
instruments.

Supervisors from both the general maintenance contractor and the 
instrument maintenance contractor arrived on site during January 1979.

ECLP personnel participated in the checkout of Foxboro Spec 200 
instrument racks at the factory. The control house check began during 
the first week of June 1979.

5. Operations

Reporting under this category is to start upon start of operations.

6. ECLP Environmental Assessment

This task has been completed and no further reports will be made.

ECLP TERMINATION OF OPERATIONS

1. Dismantling

Planning for ECLP disposition is to start January 1, 1982.
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FLEXICOKING PROTOTYPE PROJECT MANAGEMENT, 
DESIGN, ENGINEERING AND PROCUREMENT

1. Inspection

Inspection of the FLEXICOKING Prototype Unit for the Class IV 
estimate was completed. Internally, the unit (which had been nitrogen- 
blanketed) was in very good condition. The only significant repairs 
identified will be (I) replacement of the stainless steel cone of the heater 
vessel, which is extensively cracked, (2) retubing of one exchanger, and
(3) replacement of trays in the amine scrubber. Externally, small piping 
was heavily corroded and insulation has deteriorated. To reduce further 
corrosion, all wet and deteriorated insulation will be removed from piping 
and vessels.

2. Process Design

Onsite Design

Work on the Onsite Design Specifications started in early February 
1979. By the end of June 1979, these specifications were approximately 
80 percent complete. Design developments during May and June resulted in 
the deletion of some pumps, drums and condensers and the addition of onsite 
coker gas treating facilities. A duty specification is being prepared for 
these facilities. Additionally, tertiary fines from the heater overhead 
have been combined with the stripped wet slurry disposal steam, thus elimi­
nating a potential housekeeping and environmental problem at the unit.

A preliminary issue of the design specifications will be released 
for comments in July, with final issue targeted for early September 1979.

Offsite Design

In the offsite area, design basis work is on schedule. Environmental 
health issues associated with storage and handling of the ECLP vacuum 
bottoms were resolved and a dust collection system and Occupational Health 
Program requirements were specified and are consistent with plans approved 
for ECLP.

During April 1979, the Offsite Design Basis Memorandum was completed. 
The offsite equipment layout was reviewed and approved for compliance with 
safe spacing standards and fire protection coverage.

In June 1979, the Offsite Facilities Definition document was issued. 
This document is being used as the basis for the Class IV cost estimates. 
Comments have been reviewed and will be included in the appropriate design
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specifications. Also in June, initial drafts of the speccifications for the 
vacuum bottoms storage facilities at the ECLP site and the specifications 
for the air compression facilities were issued. Overall, the offsite design 
is approximately 15 percent complete.

3» Environmental Assessment

Data on estimated emissions at both the FLEXICOKING Prototype 
and the vacuum bottoms storage facility at ECLP were assimilated for 
preparation of construction permit applications. By May 1979, all necessary 
data were available. During June 1979, aplications for construction permits 
were made to the Texas Air Control Board (TACB). The New Source Environmental 
Questionnaire will be submitted to the EPA during the first half of July.

4. Project Management

Bids were solicited from six contractors covering the detailed 
design, procurement, and construction of the FLEXICOKING Prototype Unit 
facilities. Commercial terms will be on a cost-plus-fixed fee basis. This 
approach was selected in order to keep the overall implementation schedule 
as short as possible. The schedule for contract award is July 1, 1979, 
which is consistent with a mechanical completion of February 1, 1981.

By the end of May 1979, evaluation of bids from the contractors 
was complete and contract award work was proceeding on schedule. Work 
on the Class IV cost estimate was proceeding as planned, with the expected 
completion of this work holding the early July target.

A division of responsibility agreement was reached with Exxon 
Company, USA's Baytown Refinery whereby the Refinery will be responsible for 
design, procurement, and construction of those offsite facilities which 
require installation on existing Refinery pipe racks and/or in exisitng 
Refinery operating units outside the FLEXICOKING unit. Overall management 
and coordination will remain the responsibility of The Carter Oil Company.

5. Engineering and Procurement

Reporting in this category is to start after contract award.
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Appendix A

RCLU TABULATED YIELD PERIOD DATA

This appendix provides tabulated yield period data for the 
50 pound-per day Recycle Coal Liquefaction Unit (RCLU-1) discussed in 
Laboratory Process Research and Development, Section 1 of this report. 
Tables A-l and A-2 contain operating conditions, material balances, and 
product yields for RCLU-1 yield periods 603-647. Analyses of feed and 
product streams for these yield periods are given in Tables A-3 through 
A-5. The liquefaction reactor solids inspections for the Wandoan coal 
screening study are presented in Table A-6. Table A-7 contains the average 
liquefaction yields for the Wyodak bottoms recycle study. Also included 
in Table A-8 are the liquefaction-only yields for Burning Star No. 2 coal 
which were incomplete last quarter. The overall Burning Star yields were 
presented in Appendix Table A-2 in the January-March, 1979, EDS Quarterly 
Technical Progress Report CFE-2893-293.
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TABLE A-1

RCLU YIELD PERIOD OPERATION SUMMARY
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v i a j I’ri1. iu j iM'jn k l-

1
603

1
6^4

1
00 ‘j

l
£> 0 O

1
607

1
60b

1
609

1
610

1
611

ym o '>rk ir:j L L j T U ’4 2* 24 24 2* 24 24 24
TYPE OF COAL USED I--WYOMING W/CLPP A-l BTMS---■i---------------- ■WYOM1NG---------- l-WYOMING W/CLPP A-l BTMS 1

LIQUEFACTION

mu a-rks.j-:, dsi~. 1642. 1 543. l 543. 1533. 1533. 1 532 . 1 535. 1534. 1535.
* Vpi \nr ^ arupr f R4 2 . R4 1 . 841. 834. 834. 839. B38. 838. 837 .

[ TV, v/u^/v' 0. 99 1 .OJ 1.01 1.17 1.04 1.09 2. 58 2.53 2.49
SPECIFIC FEED RATE, LBS/HR/FT3* 33. 33. 32 . 28. 2 5. 27 . 64. 82 . 80.
T^r u % F AT! , Ik , H2/100L* Oo 4.04 4.06 4.31 3.83 4.28 3.98 4.19 5.02 4.86
H’ I N TNF.M “a f,, v‘3i. p w 100. luO. luO. lOu . 100. 100. 100. 100. 100.
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TABLE A-J (Con tinued)

RCLU UNIT 
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TABLE A-l (Continued)

RCLU YIELD PERIOD OPERATION SUMMARY

PCLU UNIT 1 1 l 1 l 1 l 1
YIELD "LM-j; \\M 'L / 621 62? 62 3 624 625 626 62 7 626

v? m .» pr * i n ) t rN ^ ih 2 1 ? 4 24 1 7 24 24 24 24
TYPE OF COAL USED |—CLPP A-lL BTMS—-|WYO W/CLPP A-l BTMS|—

L10JrFACTIUN

IM C 7 ^ ' CS ' , PSI ; 1 541 . 1547. 1525 . 1531. 1515. 1512. 1 514. 1514.
AVErACE H43. 843. B ,0. d4 0. 840. 840. 841. 841.
S P A L *- VrLOClTY, V/.Hk/V 0. Yd 1.10 2-23 2.2 i 1. 59 1.56 1.52 1 .49
SPECIFIC FEED RATE, LBS/HR/FT3* 23. 21. •»Y. 59 . 42. 41 . 40. 39.
Tf.FAT GAS '< ATc* LrSS -C/10DL4 DC 4. o 2 3. YR 6.07 6.06 3.8 4 3.96 4.10 4.18
H? IN TP FAT GAS, ^ JLr 3! 100 . 100. luO . 100. 1 OU. 100. 100. 100.
SLURRY Cr’NC. LAS FEED/LBS SLURRt* 0.3 5 o. 35 u. 3 8 0.38 0.38 0.38 0.38 0.38
DRY COAL FrC-'» HATE, LBS/HP 2.7d 3.20 1.88 1.87 3. 35 3.26 3.20 3.13
LIQUEFACTION BOTTOMS FEED RATE, LBS/HR
SOLVENT QUALITY INDEX 5.92 5.56

0.94
7.41

0.94
7.09 4.49 4.43 4 .27 4.28

HYDROGENATION

() J t i rj PU'FSS ip F , RSIS 1331. 1534. 1 52b. 1530. 1510. 1508. 1509. 1507.
AVERAGE TEMPERATURE, CF-RV 125. 12 5. 123. 12 3. 1 24. 124. 125. 124.
S°ACb VPIJCITY, %RV 210. 234. 214. 214. 262 . 257. 251. 247.
T^I-AT GAS u A T F , S C P H ? / B G L 0 1 L F Cf ri# XRV 260. 24Q. 272. 270. 224. 231 . 239. 242.

OVER ALL '•‘AT F*' UL ALA

L M S ui ITP JT / : )0 l ^ S I N P U T 100.11 100.70 100.99 100.41 100.02 97.93 100.65 99.18

l
62*5
2**

1521. 
803. 
1 .53 
40. 

4.02 
1 DO. 
0. 38 
3.2?

3 .95

1510. 
118. 
240. 
246 .

98.16

★ FEED DRY COAL + LIQUEFACTION BOTTOMS



RCLU UNIT NJNUifV
ri£tb PfPlilf)

VIEtO PE Rim l r ‘J 3T H
TYPE OF COAL USED j

l I our r (vc n un

INLET PRESSHPF f 3SI i 
AVEKA^f TpMPcRATUrr, F
space vnucnv, v/*r</v
SPECIFIC COAL FEED RATE, LBS/HR/FT3 
TREAT GAS RATE, IfiS H?/IOOLH Jf 
H2 IN TRC AT GAS» MOLE J 
SLURRY flUC. L*S GC/HS SLURRY 
DRY COAL FEEO RATE, LBS/HR 
SOLVENT QUALITY INUEX

HYDROGENAT UJN

flUTLFT PRESS UP E , PSIG
AVERAGE TEMPERATURE, *F-RV
SPAf.t VEL1C1TY, h/ms/*, XRV
T^FAT GAS PATr(SCFH2/B9init F EE 0, XRV

HVE-Ml MATdiilAL «ALAUCE

i
630

2<»

1 biO. 
003. 
1.69 
39 . 

6.05 
100. 
0.3b 
3.15 
3.97

1518.
119.
233.
266.

LRS nuTPlJT/100 LLS INPUT 98.05

TABLE A-1 (Continued)

ACLU YIELD PEAIOO OPERATION SUMMARY

1 1 l 1
<.11 02Z 63 * 636

?6 26 26 26

1526. 1 563. 1565. 1569.
803. 861 . 861. 961.
1.69 G. 62 0.59 0.69
39. It. 16. 18.

6. 16 3.54 6.15 3.59
100. 100. 100. 100.
0.3G 0.38 0.38 0. 38
3. 16 3. 28 3.12 3.59
3.71 6.68 6.68 6.63

1 516. 1 526. 15 2 5. 1527.
lie. 136. 13 3. 136.
235. 266 . 250. 2 SO •
252. 226. 237. 211 .

96.96 101.10 100.02 98.4<

1 l 1 1
635 636 637 638

26 26 26 26

1551 . 1569. 1550. 1526.
806. 806. 805. 862.
0.66 0.67 0.56 2.68

16. 18. 16. 70.
3 .65 3.65 6.56 3.91
100. 100. 100. 100 •
0.38 0. 38 0. 38 0.38
3.51 3.52 2.83 3.35
6. 35 6. 30 6.29 6.26

1536 . 1535. 1536. 1531.
l?3. 126. 126. 125.
2 69. 273. 225. 251.
217. 215. 262. 238.

97.01 98.09 102.62 100.77
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pclii trm
yiflo pppioj

y I Cl T prr’ n > l r‘; n
TYPE OF COAL USED |

LiOUFFACTnN

J NLTT PHCSr,lJPr , PS!'.
avfi’ Tt^Pcr.Ay»j-<£ 10r
SPACC VEL'ICITY, V/H^./V
SPECIFIC COAL FEED RATE,. LBS/HR/FT3
TRfM GAS RAIL * LHS H?/I(JOLo
H? IN TP FAT GAS, 10 Lc Z
SLURRY CU*JL. LBS OL/LttS SLURRY
DRY COAL FCT.) 'LATE, L8S/HR
SOLVENT quality imtx

HYOROGFNATION

OUTLET P?.:SSU:'C, PS IS
AVERAGE TEMPERATURE, °F-RV
SPAfF VPL JC J "rY , V/'*'■'./«, XRV
TREAT GAS pATr,SCF 1 :/hoLO IL FLLU, XRV

OVERALL R A T F K! A L SAL A N C t

I
639

1 b3 3. 
841 .
2. 53 
06 .

4.09 
100. 
0.3C
3. lb 
4.3o

1 535. 
125.
240.
245.

LBS OUTPUT/]DO LBS INPUT 98.37

TABLE A-1 (Continued)

RCLU YIELD PERIOD OPERATION SUMMARY

1
64 0

24

1
o4l

24

1
642

24

1
643

14

1530. 1524. 1 5 35. 2604.
82 8 . a 7 5. 874. 840.
2.52 ?.6u 2.30 1.55
66. oP. o2. 4 0.

4.11 3.55 4.30 3.90
100. 100. 100. 100.
0.36 0.38 0.38 0. 38
3.18 3.28 2 .97 3.23
4. 21 3.92 4.1 5 4.90

1 525 . 1520. 1 628. 2463.
12 3. 124. 125. 132.
231 . 242. 223. 242.
244. 231 . 247. 225.

97.90 100.26 98.01 102.8<

1 1 1 1
644 64 5 b ' *> 647

24 24 24 2-«

2506. 2515. 2513. 2509.
839. 834. 833. 834.
1.65 1.69 1.54 1.50
43. 44. 40. 39.

3.65 3.60 3.97 4.09
100. 100. 100. 100.
0. 38 0.38 0.38 0.38
3.47 3.55 3.22 3.15
4. 96 4.91 4.51 4.29

24d7. 2492. 2492. 2488.
128. 132. 131. 130.
257. 262. 244. 237 .
212. 211. 227. 235.

98.06 98.52 101.18 97.5'
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v

RCLU

RCLU Unit Number 1 1 1 1 1
Yield Period Number 603 604 605 606 607

Overall Yields.
Wt X on Dry Coal

Hydrogen -2.81 -2.81 -2.72 -3.97 -3.87
Water 8.62 8.53 8.08 13.97 12.30
Carbon Oxides 4.87 5.25 5.67 7.43 8.57
Hydrogen Sulfide 0.25 0.35 0.33 0.65 0.51
Ammonia 0.35 0.41 0.33 0.41 0.45
CI-C3 Gas 8.24 8.17 8.08 8.63 10.14
C4-400°F 14.77 13.39 13.87 19.82 19.83
400-700°F 2.24 3.64 3.19 4.47 2.82
700-1000®F 1.01 2.31 1.51 4.97 4.93
looo'r*- 62.44 60.77 61.68 43.81 44.33
C4-1000cF 18.02 19.34 18.57 29.26 27.58

Liquefaction Yields,
Wt % on Dry Coal

Hydrogen -1.11 -1.00 -1.16 -1.89 -1.57
Water 7.31 6.96 6.69 12.20 10.07
Carbon Oxides 4.87 5.25 5.67 7.43 8.57
Hydrogen Sulfide 0.16 0.22 0.23 0.50 0.44
Ammonia 0.01 0.05 0.00 O.ll 0.14
C1-C3 Gas 8.24 8.17 8.08 8.63 10.14
C4-1000°F 18.07 19.59 18.81 29.20 27.90
1000°f+ 62.44 60.77 61.68 43.81 44.33

*Value for hydrogen is questionable.

TABLE A-2

PERIOD SUMMARY OF YIELDS

1 1 1 1 1
608 609 610 611 612

-3.94 -2.79 -2.54 -2.87 -2.48
12.12 11.80 9.51 8.91 8.60
8.25 8.30 5.31 4.99 5.04
0.47 0.55 0.'3 2 0.38 0.37
0.46 0.31 0.25 0.31 0.31
9.61 5.76 5.38 5.61 5.61

19.77 17.66 12.76 14.49 13.12
2.34 0.86 3.69 2.57 2.42
5.25 5.40 2.29 2.45 1.31

45.67 52.15 63.02 63.16 65.70
27.37 23.93 18.74 19.50 16.85

-1.58 -0.81 -0.70 -1.30* -0.51
10.00 9.42 8.41 7.78 6.66
8.25 8.30 5.31 4.99 5.04
0.32 0.41 0.26 0.31 0.30
0.14 0.08 0.02 0.09 0.05
9.61 5.7b 5.38 5.61 5.61

27.60 24.70 18.29 19.36 16.95
45.67 52.15 63.02 63.16 65.70

1 1 1 1 1
613 614 615 616 617

-2.64 -3.04 -3.18 -2.80 -3.99
9.78 13.42 12.44 10.77 9.77
5.05 7.21 6.91 6.66 4.09
0.42 0.44 0.37 0.73 0.45
0.29 0.37 0.45 0.28 0.40
5.66 6.27 6.53 5.81 7.90

13.11 14.28 17.09 16.32 21.58
2.12 3.11 3.45 5.14 3.74
2.72 6.27 4.71 5.60 1.20

63.48 51.68 51.22 51.50 54.85
17.95 23.65 25.25 27.07 26.52

-0.89* -1.62 -1.26 -1.31 -1.61
8.71 11.04 10.11 9.04 7.63
5.05 7.21 6.91 6.66 4.09
0.34 0.23 0.20 0.49 0.18
0.08 0.16 0.23 0.14 0.10
5.66 6.27 6.53 5.81 7.90

17.58 25.02 26.05 27.68 26.86
63.48 51.68 51.22 51.50 54.85



TABLE A-2 (Continued)

RCLU YIELD PERIOD SUMMARY OF YIELDS

RCLU Unit Number 1 1 1 1 1 1
Yield Period Number 618 619 620 621 622 623

Overall Yields.
Wt % on Dry Coal

Hydrogen -4.13 -3.85 -3.91 -2.73 -.230 -3.02
Water 10.78 9.69 10.37 2.37 2.75 10.12
Carbon Oxides 3.89 4.84 4.54 0.63 0.37 4.37
Hydrogen Sulfide 0.36 0.40 0.42 0.04 0.07 0.44
Ammonia 0.42 0.40 0.44 0.34 0.35 0.33
C1-C3 Gas 8.01 8.05 8.23 6.60 5.08 5.54
C4-400°F 23.91 21.41 20.90 13.43 10.74 17.22
400-700°F 1.59 ..1.37 1.72 -1.96 2.58 5.36
700-1000®F 1.71 2.32 2.47 1.32 1.23 3.47
1000°F+ 53.A7 55.37 54.83 79.98 79.14 56.17
C4-1000°F 27.21 25.10 25.09 12.79 14.54 26.05

Liquefaction Yields,
Wt X on Dry Coal

Hydrogen -1.69 -1.40 -1.81 -1.01 -0.65 -0.67
Water 9.07 7.91 8.53 1.75 1.68 8.60
Carbon Oxides 3.89 4.84 4.54 0.63 0.37 4.37
Hydrogen Sulfide 0.25 0.33 0.33 0.04 0.02 0.36
Ammonia 0.17 0.15 0.20 0.16 0.09 0.08
C1-C3 Gas 8.01 8.05 8.23 6.60 5.08 5.54
C4-1000°F 26.83 24.75 25.15 11.87 14.27 25.55
1000°F+- 53.47 55.37 54.83 79.98 79.14 56.17

1 1 1 1 1 1 1 1 1
624 625 626 627 628 629 630 631 632

-3.00 -3.17 -2.96 -3.23 -3.17 -2.35 -2.56 -2.42 -4.10
9.19 10.99 9.10 12.11 10.01 10.04 11.68 10.26 12.53
4.50 3.20' 3.13 3.18 3.32 2.51 2.49 2.47 3.28
0.41 0.18 0.12 0.12 0.19 0.15 0.17 0.18 0.11
0.35 0.26 0.26 0.35 0.32 0.17 0.19 0.16 0.33
5.38 6.81 7.35 7.08 7.32 3.51 3.36 3.57 11.88

18.63 18.58 18.61 18.52 18.18 12.47 12.93 11.57 25.64
4.15 6.70 5.95 5.97 6.34 5.72 4.56 7.64 -4.12
0.98 3.44 3.71 2.53 2.28 3.65 5.14 3.41 3.64

59.40 53.01 54.71 53.39 55.21 64.14 62.05 63.17 50.81
23.76 28.72 28.28 27.01 26.80 21.83 22.63 22.62 25.16

-0.32* -0.97 -0.35* -0.86 -1.09 -0.59 -0.44 -0.90* -2.07
6.99 8.88 7.13 9.97 7.94 8.79 9.56 8.48 11.05
4.50 3.20 3.13 3.18 3.32 2.51 2.49 2.47 3.28
0.32 0.12 0.08 0.08 0.15 0.11 0.10 0.14 0.07
0.10 0.01 0.01 0.09 0.07 0.01 0.01 0.01 0.06
5.38 6.81 7.35 7.08 7.32 3.51 3.36 3.57 11.88

23.63 28.92 27.94 27.08 27.08 21.52 22.88 23.07 24.92
59.40 53.01 54.71 53.39 55.21 64.14 62.05 63.17 50.81

*Value for hydrogen is questionable
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TABLE A-2 (Continued)
RCLU YIELD PERIOD SUMMARY OF YIELDS

RCLU Unit Number
Yield Period Number 633 634 635 636 637 638 639 640“ 641 642 643 644 645 646 647

Overall Yields,
Wt X on Dry Coal

Hydrogen -4.26 -3.95 -2.95 -2.84 -3.01 -2.48 -2.63 -2.92 -4.12 -3-78 -3-42 -3.14 -3.16 -3.47 -3.43
Water 12.49 12.74 11.69 9.25 10.66 9.89 10.73 12.62 13.07 12.34 12.00 12.70 9.45 12.43 10.89
Carbon Oxides 3.40 3.16 2.77 2.98 3.16 3.18 3.26 2.96 3,92 3.52 2.43 1.95 2.32 2.46 2.31
Hydrogen Sulfide 0.19 0.14 0.15 0.15 0.22 0.10 0.17 0.10 0.17 0.13 0.19 0.17 0.16 0.16 0.20
Ammonia 0.38 0.29 0.26 0.25 0.17 0.15 0.16 0.20 0.27 0.33 0.28 0.27 0.29 0.40 0.33
C1-C3 Gas 13.24 11.26 5.54 5.81 7.55 5.01 5.34 5.89 11.46 11.21 6.99 5.22 6.50 6.66 6.03
C4-400°F 24.47 24.24 17.02 15.81 16.71 15.47 14.99 14.68 21.98 20.46 16.05 17.82 19.95 19.88 20.25
400-700°? -1.97 -2.90 3.04 7.69 5.46 1.13 2.20 5.17 -2.61 -0.48 8.62 7.55 5.72 3.96 6.69
700-1000°F 1.82 3.70 4.57 4.27 3.12 5.56 4.73 4.51 2.15 3.98 3.94 5.43 5.92 6.48 3.78
iooo°r+ 50.23 51.33 57.93 56.62 55.96 61.98 61.04 56.78 53.72 52.29 52.70 52.04 52.85 51.06 52.95
C4-1000°F 24.33 25.03 24.61 27.77 25.30 22.17 21.92 24.37 21.51 23.96 28.82 30.79 31.58 30.31 30.72

Liquefaction Yields,
Wt % on Dry Coal

Hydrogen -1.70 -1.51 -1.06 -0.74 -0.54 -0.70 -1.05 -1.16 -2.04 -1.47 -0.90 -1.32 -1.16 -1.39 -1.34
Water 10.17 11.14 10.87 7.42 8.57 7.97 8.67 10.70 11.53 10.41 9.58 10.91 7.15 10.20 8.65
Carbon Oxides 3.40 3.16 2.77 2.98 3.16 3.18 3.26 2.96 3.92 3.52 2.43 1.95 2.32 2.46 2.31
Hydrogen Sulfide 0.15 0.11 0.10 0.11 0.18 0.07 0.13 0.06 0.13 0.12 0.15 0.14 0.12 0.13 0.17
Ammonia 0.13 0.02 0.08 0.01 0.00 0.00 0.01 0.01 0.01 0.06 0.00 0.01 0.02 0.11 0.06
Ci-C3 Gas 13.24 11.26 5.54 5.81 7.55 5.01 5.34 5.89 11.46 11.21 6.99 5.22 6.50 6.66 6.03
C4-1000°F 24.38 24.50 23.77 27.78 25.11 22.49 22.60 24.76 21.28 23.85 29.05 31.06 32.21 30.78 31.18
1000°F+ 50.23 51.33 57 .93 56.62 55.96 61.98 61.04 56.78 53.72 52.29 52.70 52.04 52.85 51.06 52.95

♦‘Questionable elemental balance; data not used in reported averages



TABLE A-3

RCLU YIELD PERIOD ANALYTICAL DATA SUMMARY
FEED COAL, BOTTOMS FEED. RES 1 DUAL BOTTOMS, AND S<0 L V E N T inspect IONS

Rrt ‘l Til T 'J.J'l-w.h I l 1 1 1 1 1 1 1
y n-ia pr0 i" ) l.' i’-'' ■ •

f ■: t- .) LMAI YSI '«

(50 3 6 U -* 60 5 606 607 608 609 6 10 611

fLtMINTM ANALYSIS, WY wT *

lart,!:. 67.01 66. 9fl 6 l. 9 d 67. 23 67.21 67.96 66.70 67.36 66.80
Hriv»nr,f n 4.9 y 4.90 4.99 4.87 4.89 4.83 5. 01 5.02 4.65
Niip-r, >-*• 0. 89 0. *7 0.84 0.8? J.83 0.82 0.85 0.84 0. 86
S Jl f r> (TOTAL) U. 7(> 0. 70 0. b9 0- 7d 0.63 0.66 0. 76 0.7? 0.83

SULFATE 0.05 0.04 0.05 0.04 0.04 0.03 0.06 0.04 0.05
PYRIT1C 0.15 0.17 0.11 0.17 0.18 0.12 0.17 0.15 0.18

8.8b 9.2b 8.39 8.66 8.91 7.8 7 9. 07 8.7 3 9.05
ASM 1 $0 ^ 1 i r'rZ 7. 3i 7. 68 0.83 7.11 7.3? 6.33 7.42 7.20 7. 5?
qx Y r,i- r, 22.91 2 1.85 22.07 2 2.64 22.2 6 21.96 2 3.03 25.Q3 22.34
M.i 1 S tup r

BOTTOMS FEED ANALYSIS

0. 19 1 .05 7 . bf 10.1? 8.69 6.43 5.3 8 4. 32 5. 1 7

ELEMENTAL ANALYSIS^ DRY WT X

CARBON 75 .93 76.22 75.86 74.25
HYDROGEN 4.16 4.15 4 . 14 4.60 4.67
NITROGEN 1.10 1.09 1.06 1.02 1.06
SULFUR 0.34 0.33 0 . 37 0.54 0.57
ASH 14.62 14 . 66 14 . 60 15.01 14.85
ASH (S03) FREE 13.73 13.79 13.73 13.57 13.41
OXYGEN 9.45 10.05 10.4 3 11.81 12.33

4 1 S I »UU • :T I ./‘S f \-l

LLF-iTT.*.! 1V \ l Y S ! S , MY nT-*1

C A t: '• O'' 74.63 75.74 7 5.5? 76.64 75. 05 76. 1 2 76. 23 74.43 73.9?
Hy v)IT',L-' 4. 01 4. 05 3.SR 4.53 4.20 4.29 4.5 0 4.37 4.*6
Ml Tr lGrO 0.98 0.96 1.00 0. 96 0. 9? 0. 97 1.02 1 .02 1 .01
SOI r or 0.59 0.40 0.4? 0.35 0.41 0.42 0. 41 u. 53 0. 57
A3 H 1 5.6 > 1 5. 97 1 5. Bi 1 3.46 16.54 14.53 13.61 15.23 15.40
A .5>! (SCSI f ■, f r 1 4.6 I 14.92 1 *♦. H 7 12.53 14.50 13. 55 12.61 13.91 14.11
n X Y G T W 1 1. 3H 1 u. 45 1 u . 5 8 9.96 10.20 10.00 11.18 11.07 11.03

oi S M LLATION

iojo° r- 7. 00 7.9u 7. 7() 9.40 9.50 10.-*0 4.3 0 11.20 10.60
tv IN in.n®r- 0 . 51 0.56 0. 56
Sol FJ9 IN LJJ)0 F- 0.06 0.06 0.06 0.07 0.05 0.06 0.08 0.08 0.07

S :l Vf- NT , *-;>

l-Li.mONTAI ANALYSIS, )-<Y

C A8 'Ni'i 50.09 R 9.9 5 89.74 39.95 39.90 89.81 89. 87 89.82 89.53
HY G1 •' 9. 44 9. 51 9.5 5 Q.49 9.62 9.71 9.55 9.77 9.90
N ! 7 W1A r N 0.0 7 0.06 0.06 0.03 0. 04 0.04 0.05 0.05 0.04
cl Ll O' G. 002 0.001 0.001 0.002 0. 001 0.O01 0.002 0.002 0.006

v , . 1 0. 40 0.48 0.6 5 0. 51 0.44 0,4‘t 0.53 0.36 0.53
Oil K ” ho 1 N SOLVENT, X OF RV 21 1 . 209 . 207 . 208. 217. 216. 21 7. 207. 207 .

Of ST HI AT 1 ON

* A i 7 i'r«- , F 399.7 398.2 399.2 398.6 396.6 394.8 393.7 394 . 1 397.5
411.6 409.0 410.5 409.6 407.7 404.3 403.5 420.8 407.4
441.4 434 .9 437.6 437.2 433.6 425.2 429.6 4 52.6 436.4
519.9 506.7 511.9 510.6 504.3 489.4 501.0 531 . 1 511.4
603.1 592.2 602.6 594.8 589.9 573.4 583.5 606.2 595.2
768.9 7 35 .6 775.9 745.3 746.4 69 7 .9 711.7 791.4 753.4

^oo'n - f >. r r 5.58 7. 99 t>.40 7.16 8. 7 7 10. 76 12.32 L .74 3 .44
3 4.53 84.63 5 3.05 8 4.66 8 3.16 84.46 81.90 81.24 62.81

/ l j if, y, r 9.8 9 7. 78 10.5 r- 8-18 0. 07 4.78 5.78 10.0? a. 75
SPECIFIC GRAVITY S 60‘,F/60oF 0.987 0. 982 0.972 0.980 0.975 0. 983 0. 977 0.97 7 0.953

394



TABLE A-3 (Contlnu«d)

P U il '. ‘JIT V M" : f
v i rin »M n*) ‘."JH ir^ 

m'> • nM ANMYsn
(-“LM^L \:.U VMT-b P.V

r^pHON 
HTL>Pn “f 'JUllPUGF »
‘ijinjp (TOTAL)

SULFATE
PYRITICA Sk-Av' (Soil fprtCIIYf.FNJ

RCLU YIELD PERIOD ANALYTICAL DATA SUMMARY 
F£|D COAL. BOTTOMS FETb; RESlPljAL BOTTOMS. AND SOLVENT ~l NSPE CT1 OHS

1 1 1 61 ? ol3 olA

6 )• 1 6 6 6.64 67.1 0
5. J1 A .90 4.89
0. RE 0. 03 0. 81
0. /P 7.70 0 • 6u
0.05 O.OS 0.04
0.19 0.19 0.19
9. 37 9. io V.04
7. 72 7. 74 7. 4b

2?.51 23.20 24.67
5. 11 3. 84 0. 00

1 1 1 
61b 616 61T

67.27 67. 23 66.98
4.93 5.05 4.98
0.9h 0.79 0.80
0.60 1.03 0.85

0.04 0.0' 0.05
0.18 0.44 0.3?
9.1? 9.26 8.94
7.57 7.25 7.06

72.68 21.36 22.20
0.00 0.19 0.52

1 1 1 
618 61V 620

67.23 66.78 67.02
5.07 4.99 5.03
0.03 0.87 0.02
0. 75 0.79 0.79

0.04 0.04 0.04
0.31 0.32 0.27
8. 73 8.77 8.46
7.00 6.99 6.64

22. 39 21.57 21.18
0.35 0.12 0.00

BOTTOMS FEED ANALYSIS

ELEMENTAL ANALYSIS, DRY UTX

CARBON
HYDROGEN
NITROGEN
SULFUR
ASH
ASH ($03) FREE 
OXYGEN

RESILUIAL liCiTl-MS.A-l

CLP Mr NT AL ANALYSIS, r>RY WT *

74.19 73.94 75.58 75.12 75.55 75.46
4.68 4.48 4.08 4.06 4.12 4.09
1.11 1.07 1.03 1.09 1.08 1.09
0.53 0.63 0.38 0.33 0.31 0.35

15.02 14.91 15.02 14.97 15.06 14.83
13.57 13..45 14.15 14.07 14.18 13.93
12.60 12.80 10.88 10.75 11.17 11.07

CAa-MN 74.61 74. 71 76.43
HV ‘V n~,FN 4.45 4. 36 4. 69
Nl T ^ : J 3 f N 1.01 0.09 0 .bb
SJirua 0.51 0. <*H 0.40
ASM i 5.41 lb. 4 7 12.67
ASH <M;3) P4CF 14.10 14.12 l l .7 J
JXvr,:*N 1 1.46 10. 73 10.41

jJSnilAU'iN

100J*F- v. BO 10.30 11.30
n? rj ioo- 
sotFUK IN IjOOV- 0.07 0.09 0.11

76.54 75.46 73.03 73. 57 73.93 74.20
4.69 4.68 4. 13 4.1 5 4.15 4.22
0.99 0.98 0.97 1.03 1.05 0.96
0.44 0.61 0.49 0.50 0.44 0.45

13.26 14.45 17. b7 17.36 17.33 16.35
13. 1? 17.72 16.19 16.12 16.12 15.31
11.37 12.10 12.69 11.68 11.03 10.24

1 0. 10 11.00 5.30 ft.00 8.20 9.20

0.08 0.08 0.05 0.02 0.05 0.06

sni vt’i T , A-?

[ir.MCNTAI .iN.UYSIS, ■IkY kT 4

CAI-sP’IN HV tlK'I'.PN
ni tf jr,ri SULF!.W 
UXYP FN
0 )M U U? f *, SOLVENT, X OF «V

01 ST HI. AT] ON

5 U T * OFFi*F
1 'i »bTT IJ^F , *F 
2S kt; uf f,t 
50 ts T T OFF , T 
7b kTY OFF , •f 
9S piT?, OFF* *F

400*f-. WT ?
400-700*F, *1 *
7 00*F ♦ , WT i

SPECIFIC GRAVITY d 60*F/60*F

89. 53 89.45 89.93
9.95 1 0. OB 9. 56
U. 07 0.03 0.06
0. 060 0. OJl 0.003
0.49 0.43 0.4b
201. 201 . 211.

378.8 395.8 393.7
389.5 406.7 403.9
616.6 435.0 433.1
493.8 507.5 508.8
S83.1 595.2 586.1
779.6 761.9 712.9

lv.* / 9.46 12.82
7 0. 6 3 60. 49 81.27
9.07 4. 5b 5.91

0.960 0.950 0.982

09.67 89.57 89.63
9. 75 9. 36 10.11
0.04 0. 04 0. 03
0.001 0.002 0.000
0. 54 0. 53 0.23
209. 204. 232 .

379.4 396.7 393.7
388.4 406.3 403.5
416.9 435.7 434.0
491.8 509.8 499.8
570.9 591.9 582.2
730.5 767.4 722.0

19.82 9.22 12. 32
73.57 31.47 . ftl.10
6.6? 9.31 6. 50

0.973 0.967 0.968

89. 53 89.40 89. 44
10.27 10.46 10.45
0. 02 0.02 0.02
0.000 0.000 0.0
0.19 0.10 0.09
234. 213. 220.

393.2 391.8 391.8
402.9 402.1 402.1
431.7 430.4 426.4
496.1 493.7 480.5
579.5 576.7 568.4
722.6 726.7 719.6

12. 58 13.40 13.32
80.91 79.03 80.37
6.51 6.77 6.31

0.963 0.957 0.950
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TABLE A-3 (Continued)

RCLU YIELD PERIOD ANALYTICAL DATA SUMMARY 
FEED COAL, BOTTOMS FEED,"RETiPUAI BOTTOMSt AND SOLVENT INSPECTIONS

RCLU »IM T N l 1 1 1 1 l 1 1 1
Yin >»f r' I UJ -jtJM'JLH 621 622 623 624 625 62b 62 7 628 629

Frr ) r )A | VJ41 Y3I S

M f Mf ’JT Al ASM Y S 1 j , )»Y

cah:1 vj

wT t
*

7 6 • 6 B 76. 70 5 6.56 c*7.34 5H.56 62.67 60.23 58.40 61. 57
HY ,)M OiLN 4, IB 4.19 5. 1? 5.08 4.92 5.28 5.11 4.81 5.23
N! TP J»jEN 1.10 I .10 0.8 1 0.86 0.66 0.71 0.73 0.66 0.67
SjLtUH (TOTAL) o. 33 0. 37 0. 7? 0.7? 0.28 0.25 0.22 0.28 0.25

SULFATE 0.06 0.06 0.05 0.04 0.03 0.04 0.05 0.04 0.04
PYRITIC 0.01 0.01 0.25 0.25 0.08 0.06 0.07 0.08 0.05

ASH 1 3. i>6 1 i.66 0.51 b. 49 22. 73 18.07 20.84 22.81 18.89
ASH 1 SO 3) IMcZ 12. 37 12.87 7.7 J 7.04 22.25 17.87 20.42 21.98 18.47
DXY C,l » 1 0. 76 10. 67 ?4. 06 25.S4 25.83 24.28 26.34 24.98 26.72
M'.j 1 S T J? L 0. 15 0.22 0. 10 0.72 0.14 0. 16 0. 1 0 0.23 0.08

BOTTOMS FEED ANALYSIS

ELEMENTAL ANALYSIS, DRY

CARBON
HYDROGEN
NITROGEN
SULFUR
ASH
ASH (S03) FREE
OXYGEN

WT X

73.13
4.88 
1.00 
0.56

14.54
12 . 94 
13.22

73.08
4.91 
1.04 
0.62

14.54
12.93 
13.29

RFS I DUAL DU jMN , 1

cLlHcNYAL analysis, >^Y

f.AIH’UN 75.51 75.94 74. 50 73. 72 52.68 54.20 54.96 52.02 58.21
HYsjsnsrN 4.17 4.21 4.74 4.68 3.62 3 • 66 3 • 66 3. 49 4.41
NlTcnGF‘J 0.99 0. 99 1. 00 1.03 0.77 0.78 0.75 0.69 0.74
sul fuh 0. 3fc 0.37 0.45 0.57 0.20 0.21 0. 1 8 0.17 0.15
ASH 16. 00 15. 57 14 . 34 15.14 36.24 36.44 34. 85 38.08 30.46
ASH (SO?) FPFF 15. 12 14. 70 12.67 13.37 35. 79 35.41 34.43 37.57 29.57
□ X YC- E N 9.97 9 .69 10.94 12.20 24.2 J 22.20 22. 70 23.96 22.33

niST ILL AT ION

1 OuODF- 10. 50 13.70 14.10 10.90 5.90 5.80 4. 20 3.30 4.30
N? IN 10JJ°F- 
S J L rUK IN 1000° F-

0.65
0.02 0.03 0.10

0.50
0.06 0.05 0.05 0.04 0.03 0.05

S 01. VF NT ,A-r

ELc^CNTAl analysis, j?y

CA P POiN

yT S

o9.69 89.75 8 5.82 89.84 89. 71 89.63 89.49 89.45 89.23
Hv L)P 1' f ■ 10.17 10.16 9.96 10.04 9. 79 9.95 10.13 10.26 10.61
NITf-OOLN u. 0 1 0. Ol U. 02 0. 02 0.06 0.05 0.04 0.03 0.02
SHI 1 UR o.ouo 0.0 0.0 0.0 0. 001 0.000 0. 000 0.000 0.000
OXYGEN 0. 13 '0 • C 7 0.20 0.11 0.44 0.37 0. 35 0.25 0.13
DON(j;'. H2 IN SOLVENT, X OF RV 247. 239. 243. 232 . 221. 218. 211. 211. 195.

JIS1 ILLATI T.1

r. ir fjFrf°r 390.5 391.0 389.8 390.2 383.9 393.5 400. 3 3 94.5 396.6
i s -n i r’FF , ° f 399.6 400.3 399.1 400.4 398.3 402.4 410.7 405.6 40*. 9
2S hT / GF F , 0 c 425.6 423.4 425.7 428.9 429.9 434.5 444.5 437.0 438.7
50 ^T?: OFF , ® F 487.0 483.7 492.8 495.1 511.3 511 .4 521. 3 514.0 511.3
75 WT7 OFT f° F 558.4 550.9 575.6 577.6 590.5 591.3 605.7 605.1 601.2
••’5 ;.t ?: nr t ,o c 685.7 680.9 697.8 713.0 752.8 749.9 780.9 782.4 776.9

400't-. »T 1 5. 96 15.20 15.93 15.12 15.95 12.58 5.19 11.38 6. 70
400-700Ot, «T « HO.04 81.04 79.31 79.05 75.60 78.63 83.59 77.09 80.24
7 00° | 4.U0 3.76 4.76 5.83 8.45 8.79 11.22 11.53 11.06

SPECIFIC ^RAVITY 8 60"F/60*F 0.965 0.964 0.967 0.963 0.977 0.966 0.959 0. 953 0.939
-j---------

A“1 FEED ANALYSIS
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TABLE A-3 (Continued)

€

I

I

SCL'i
YI61J

^rr.) rnAt vm vs is

CLfHtNTAL AKALYilS, JHV .^1Z

CARMON 
rfY v
N!TKOSFn 

^ IIUIK (TOTAL)
SULFATE
PYRITIC

ASH
ASH ISfVU fKFf 
rUYCF*:
MriTSTORf

RES 1 00At H.JTTO^S, A-l

ELTHFNTAt ANMYSIS, );<Y *TX

CARLON
HYORO'TFN
NlTR'l^fc^
SUL F Ur 
ASH
ASH ISn^) ^rf 
OXYGEN

DIST ILLAT ln‘.r

1000°F- 
N2 IN luv»u°F- 
SULFUR IN IOOOT--

SOLVENTt A-2 * * * * 5 * 7

ELEMENTAL ANALYSIS, JR Y mi'i

CARBON
MYOPOGcN
nitrocfn
SULFUR
nXYGFN
DONOR H2 IN SOLVENT, X OF RV

distillation

5 wrr OFF ,•F 
15 KTX Off , c F 
25 kT* OFF,*f 
50 WT? 0CF ,* F 
75 WTT HFF,0F 
95 «T? DFf ,# F

400°r—» *T -
A00-700*F , KT «
7 0 0 * F ♦, W 7 i

SPECIFIC GRAVITY 3 60oF/60°F

*-CLU yield PERIOD ANALYTICAL DATA SUMMARY 
FEED COAL, BOTTOMS FEED. RESI DUAL BOTTOMS« AMP SOLVENT INSPECTIONS

l 1 1 l 1 1 1 1 1030 631 63? 633 634 635 636 637 638

6U.0t 69.5d u l. 3o 59.18 59.21 57.61 61.48 60.03 60. 795. 01 5. 06 5.13 5.04 5.01 4.R0 5.07 4.98 5. 110. 63 0.6? 0.68 0.67 0. 66 0.66 0.69 0.6? 0.650 • Z £> 0.27 0.2c 0.29 0.26 0.24 0.26 "'.29 0.230.04 0.04 0.04 0.04 0.03 0.04 0.04 0.04 0.040.08 0.09 0.05 0.06 0.05 0.07 0.05 0.07 . 04^ 1 • 23 21.34 20. i? 22.26 21.60 23.44 19.06 21.42 20.232 *)• lb 20.90 I 9. 86 21.8 3 20. 99 22. 57 2 a. 5 7 20.90 19.7721 • 2S 26.49 26.29 26.37 27.03 27.46 26.01 25.81 25.93O.ll 0.00 0.00 0.00 0. 00 0.00 0.07 0.03 0.00

5 6. 32 56. 61 56. 73 53.20 54.29 55.02 53.01 54.78 57.404.35 4.34 3.43 3.22 3.36 3.97 3. 80 3.84 4.150.67 0. 79 0.70 0.66 0.72 0.69 0. 73 0.80 0.74C. 14 G. 14 0.27 0.21 0.22 0.16 0.13 0.14 0.1830.2? 32.02 34.34 38.13 37.41 34.71 36.66 34.78 31.0729. 95 31.60 33. 98 37.7? 36.63 34.30 35.69 34.36 30.2721.33 22.70 21.90 24.00 23. 00 22.80 24.20 23.50 21 .90

6.00 4.50 7.80 4.10 6. 10 6.80 5.80 4.20 7.90

0.06 o o 0.05 0.03 0-03 0.10 0.05 0.05 0-05

89. 10 83.96 89. 66 99. 84 69. 69 89. 77 69.59 89.4o 99.631 0. 74 10.90 9.09 9.96 10.01 9.71 9.96 10.21 9.91
0. 02 0. 02 0. 04 0. 03 0.03 0.07 0.05 Ch, 04 0.050.000 0.000 0.001 O.ono 0. 000 0.002 0.000 0.000 0.0010.15 0. 12 0.41 0.18 0.27 0.45 0.40 0.30 0.41191. 183. 221. 221- 218. 214. 212. 212. 205.

393.5 392.6 393.8 408.1 396.7 3 9 6.1 408.9 401.0 393.3404.9 404.9 402.3 415.9 405.3 403.0 416.0 409.3 402 .-6434.2 439.9 422,8 439.9 422.9 433.8 446.9 439.9 433.8505.0 506.8 492.1 507.3 485.3 512.4 518.0 511.7 514.2594.0 600.3 578.6 595 . 7 570.4 595.3 601.6 596.7 596.27 68.3 779.1 704.0 734.9 710.3 758.5 762.2 779.9 758.5
12.09 13.35 12.95 2.00 8.44 12.38 0.46 4.20 12.49
7 7.42 74.92 3 1.77 90.41 35. 89 78.53 90.19 85 .25 77.821 0.4V 11.73 5.28 7.59 5.66 9.09 9. 35 10. 5 5 9.69
0.932 0.926 0.967 0.961 0.954 0.976 0.966 0.956 0.967
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TABLE A-3 (Continued)

RCLU YIELD PERIOD ANALYTICAL DATA SUMMARY
FEED COAL, BOTTOMS FEED. RESIDUAL BOTTOMS. AND SOLVENT INSPECTIONS

KCLu UNIT ‘J11 'A U >' 1 1 1 1 1 1 1 1 1
YICLO 1M k lf’'T H'.y* J.cr,' 030 640 641 64? 643 644 64 5 640 647

FEEU ( UAL AN MVS IS

fcLtr^ENlAL ANALYSIS, ">R V wT"

CAHflGf; 57. RR 63.04 59.3° 5ft. 4B 58. 75 57. 77 62.61 57.98 58.17
HYDFOSEN A.tiO 5.27 4.76 4.9o 4.90 4.90 5.24 4.91 4.87
NITRMGFN 0. oT 0. 69 0. 6 4 0.63 0.64 0 .64 0.69 0.67 0.65
SUIT Ilf' (TOTAL) 0.?b 0. ?5 0.24 0. 2b 0. ? 9 0.26 0.26 0.26 : 2 7

SULFATE 0.05 0.04 0.06 9."5 0.05 0.04 0.03 0.04 0.04
PYRITIC 0.06 0.04 0.06 0.07 0.10 0.07 0.04 0.06 0.05

ASH ? 3.59 1 7.2 f. 21.57 22 .69 22.39 23.75 17. 82 23.38 23.26
ASH ISOS) FPuf ?3.Ub 1 O • A 0 2 1. 3 3 22.1 7 21.86 23. 13 17. 12 22.81 22.71
OXYGEN 26.49 25.33 2 o • 4 4 26.32 26. 90 27.19 PQ <6 00 26.44 27.04
MOISTURE 0. ou 0. 00 0.00 0.00 0.2? 0.00 0.11 0.11 0. 21

RESIDUAL BOTTOMS,A-l

ELEMENTAL A4MYSIS, DRY WT*

CAknU*' 56. 9t* 53.23 55.50 54.73 52.22 52.23 54.43 55.06 49.47
HY Dc uGFN 4. 00 3. fll 3. 5o 3.41 3.79 3.97 4.00 4.13 3.64
NITROGEN 0. RO 0.69 0.70 0.62 0.70 0.69 0.71 0.59 0.64
SJL FJR 0. IT v, 20 0.21 0.24 0.19 0.16 0.17 0.19 0.13
A S H 31.5? 36.76 35.62 36. 75 37. 12 37.20 34.40 33.85 40.26
ASH | Sl-3) ^.Cr. 31.03 36.17 3 5.14 36.0? 36.75 36.84 33. 43 33.49 39. 64
OXYGEN' <: 1 • ou 15. 59 2 o. 3 0 22.30 24.83 24.50 23.50 24.00 27.31

D I S T I L l 1 T I IN

1C00°F- 3.10 7. SO 6. 10 7. 10 6. 50 9. 60 10.00 1 1 .20 5.70
N2 IN 0.37
SUL Ft JR IN' i HJifF- 0.06 0.05 0.03 0.02 0.06 0.08 0.04 0.04 0.04

SOL VF*,' T ♦ A - .■>

ELEMENTAL ANALYSTS, TRY WT t

C AF T’ON n°. 5° 09. 76 Q5.7 5 69.7b 39.59 89.77 89. 76 89.54 89.31
HYUROCFN I u. oc 9. HQ 9. 74 9.73 9. 99 9.56 9.71 10.05 10.32
'i I TKOGLN 0.0* 0.0 7 0.06 0.05 0.03 0. 06 0. 04 0. 02 0.02
SJLL UF 0. 000 o. 0u3 u. 000 u . 009 0.000 0 .002 0.001 0.000 0.000
OXYGEN 0.37 0.48 0.44 0.45 0. 40 0.62 0.49 0.39 0.35
DLNGR H? IN SOLVENT, X OF RV 211 . 207 . 192. 203. 237. 242. 241. 221. 209.

o T ST 1LLAT 1 UN

S T" VCht % 394.6 397.0 397.3 395.0 398.6 396.2 395.9 393.5 393.8
I 3 WTC 0 F c , °r 404.6 410.0 408.7 404.5 407.0 402.7 401.8 401.4 402.6
?5 wT i nrp , °F 436.9 447.0 440.0 430.5 434.6 4 3 2.1 435.5 433.3 4 34.4
5J kTT T'-|-i T 518.7 530.0 517.9 503.2 503.2 504.5 512.5 507.7 506.6
75 L'Tr nrp , °l 604.4 615.2 599.6 590.8 586.3 582.0 587.2 58-6.4 587.4
95 *12 OFF , °F 788.5 804.3 771.8 758 . C 726.2 7CC.4 718.9 737.2 749.5

400T-. WT f 12.03 3.6 3 6.24 11.73 7.63 10.96 12.89 13.63 12.98
400-700* » -T 7 6. 19 7 8. 73 3 1.82 79.29 35.48 84.07 80.67 78.77 78. 59
700*^ ♦ , ^ T C 1 L.76 12.64 9.4*, 8.96 6. 89 4.95 6.45 7 .60 8.43

SPECIFIC GRAVITY 9 60*F/60°F 0.961 0.975 0.972 0.967 0.960 0.982 0.974 0.959 0.950
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TMlt
KCLU TltLO ftltlOO AMAtYT I CAL DOTA SUWHAKY

WAPHTWA AWt {6u* W*TCK HUPfCTIOWS
RCU* UNIT ‘W-lliFk 1 1 1 t i i 1 i 1
YlfLD PCPlfn MiMK*' oOT 604 605 6 J6 607 608 609 610 611

N»^MTl A, A- J

CLC^hNTAL ANAIVSIS, J«V JT l

CARBON 35.57 P5.5* 85.43 85.51 85.46 86.61 85.53 85.59 84.88
hy r)^n*£v 12. 74 12.6V 12.65 12.74 12.95 12.85 12.76 12.75 12.89
NITHOGEN O.Ob 0.06 0.06 0.04 0.04 0.03 0.04 0.07 0.04
SUL f»P 0.002 0.002 0.004 0.003 0.003 0.003 0.002 0.007 0.002
OXYGEN 1.6<t 1. 73 1. 64 l. 70 1.65 1.70 1.69 1.59 2.19

DIST linn J-J

5 nFF,*r 168.1 169-1 165.6 165.6 164.0 168.2 181.1 188.6 181.1
is WT ? yrF ,•! 209.6 212.8 213.0 211.8 210.5 213.5 216.9 223.7 216.5
25 ivT? OFF t * F 233.1 239.0 240.4 239.0 235.7 240.4 246.9 263.2 246.8
SO WT” OFF ,* P 312.2 317.1 317.1 317.8 310.6 312.1 320.0 324.7 313.6
75 WT; OFF, 362.5 362.8 362.1 364.3 361.0 361.9 364.2 364.9 357.6
95 wT” 0FF t * F 383.5 3 84.1 383.5 384.5 382.9 384.1 384.4 393.4 377.0

400”F-. WT ; 99.39 99.27 99.44 99.40 99.54 99.4o 99.37 98.04 99. 73
400" F*-. WT 7 0.62 0.73 0.56 0 • 60 0. 4ts 0.54 0.63 1.96 0.27

SPECIFIC GRAVITY 9 60*F/60,'F 0.831 0.833 0.833 0.830 0.826 0.828 0.832 0.831 0.829

SUUP VATf:n,<v-4

CG?««T ' 7.20 7.7 J 6 .9 C- 4.60 4. 33 4.70 4. >0 4.9i) 5.20
NH3 WT » 3.RF 3.70 3.45 i. rj 2. 1 0 2.20 2.60 2.4 D 2.60
HI'S -T ^ 0.5 1 0.51 0.6* 0. 35 0. 33 0.51 0. 51 0.43 0.60

SPECIFIC 6RAVITT 8 60*F/40*F 1.068 1.064 1.063 1.040 1.034 1.032 1.039 1.042 1.042
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TABLE A - ^4 (Continued)

I

I

KCLtJ OMT NlM:5rK 
YltLU PCBJU')

N^PHTH^,A-3
El r MU NT At. ANALYSIS, )RY *1 r

CAkP TN 
HYDROGEN 
NI Tr.DGFN 
SJLEJ:
n\YC,rr.(

DIST111ATION

rj W T ? OFF, ® F 
15 WT ' OFF,°p 
25 0FF , °F
5D k T » 0 F F , # F 
75 ► T~ nc p f ® p 
^5 rll * 1FF t ° F

A 0 Cfl - , / T T
400T f, r-T ^

SPECIFIC GRAVITY Si 60oF/60°F

C'?,V.'T v 
NHO WT
h:s WT

RCLU YIELD PERIOD ANALYTICAL DATA SUHHARY
NAPHTHA AND SOUR WATER INSPECTIONS

1 ) 1 1 1 1 l 1 1
512 6 13 61 A 615 6 1 6 617 61 B 619 620

8 <♦ . 9 6 65.80 8 8.60 85.15 85. 1 2 86.54 86. 63 86.61 86.71
1 2.8h 12. 73 12.64 12.08 12.88 13.39 13.34 13.37 13.26

O.OA 0.05 0.05 0.04 0. 04 0.01 0. 01 0.01 0.01
0. U 1 8 0. 003 0.005 0.002 0.005 0 .002 0.000 0.000 0.001
2.10 1 .A3 1.71 l. 93 1.95 0. 06 0.02 0.01 0.02

180.8 180.9 169.0 166.8 166.5 164.6 168.3 203.5 198.6
216.1 218.0 212.8 211.9 211.8 189.3 196.9 237 .3 237.4
24 7 . 3 253.6 236 . 7 233.5 234.3 218.8 223.7 256.6 271.6
314.3 324 .4 315.0 306.9 308.0 291.2 298.8 330.7 348.3
359.2 363.8 363.4 359.8 361.1 361.1 366.6 383.0 386.1
378.5 382.3 381.6 380.4 382.8 380.1 384.3 404.6 408.1

54.65 4 9.49 95.61 95. 64 99. 33 99.12 99. 03 91 .68 83.84
0.36 0.61 0.33 0.36 0.62 0.88 0. 97 8.32 11.16

0.830 0.832 0.830 0.826 0.825 0.806 0.807 0.806 0.808

4. Hu 5. 50 6.3 u 5. 70 6.4J 7.26 7.28 14.20 8. 75
2.31 2.3 8 2. B7 2. 34 2. 95 3.70 4. 30 4.24 4.02
1.15 0.4 0 1.02 0.47 0.4 0 0.87 0.95 0.81 0. 77

1.052 1.042 1.052 1.041 1.051 1.057 1.047 1.052 1.056SPECIFIC GRAVITY 3 60oF/60°F
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V

mil »-> (towtlwwO

ncm ruip Pinioo «>i«irric/>i data suwmaht
WAfHTWA AWO SOUR MATEK IWSUCTIOWS

tCLU UNIT NU^fr^. i 1 1 1 1 1 i t 1
vmn PiRiirj *j <>?? 6? 3 62* 62* 626 62 T 62* 629

NAPHUU, 4-3
LlP-fNTAt \%ALYSJ5t

CARBON
JRY W1-'

t»7. 73 o7. 77 M6. 73 36. 80 86. 55 86.23 86.19 86.18 86.00
HYDROGEN 12.2& 12.72 l 3.76 n.i9 13.3« n.45 13.58 13.47 13. 79
NlTROGfN U.Ol 0*01 C.01 O.Oi 0.03 0.02 0.02 0.02 0.01
s ilf ’JR 0.000 0.0 o.ooi 0.0 0.000 0.000 0.000 0.000 0.000
C1XY3FN 0.0 0.0 0.0 6.0 0.09 0.25 0.2* 0.33 0.20

31STILLATI/W
5 wt* nrr*•k 201.2 202.2 183.1 190.8 172.0 173.8 173.0 172.5 182.0

is wt^; nrF,*F 236.8 237.9 211.9 228.3 208.5 205.5 205.8 210.8 218.5
25 wT* orF,*F 272.2 279.6 238.7 242.1 236.6 236.2 236.4 237.9 239.6
*0 WT• OFF f * F 374.7 375.1 302.6 326.7 304.9 295.7 295.6 307.6 291.0
75 wr* arr,*F 396.0 393.3 371.2 380.8 374.3 366.6 366.7 374.1 354.8
95 «T* F*F F , * F 411.0 407.7 393.6 398.9 394.7 391.7 393.6 399.4 388.5
*nrtF-, jt •; fll.** S6.36 96.11 95.91 97.52 98.06 97.54 95.53 98.08
40(TFt* wT ' X8. 4? 13.62 X .96 4.09 2.48 1 .94 2.46 4.47 1.92
SPECIFIC GRAVITY S 60*F/60*F 0.641 0.645 0.808 0.817 0.803 0.797 0. 794 0.798 0.790

SOUR *v4TFR,^-4

f 3. SO S.20 7.40 t.90 8.10 7.30 6.37 6.36 5.07
NH3 ,.T ; 0.67 0.65 0.36 0.34 0. 70 0.4V 0.84 0.68 1 .41
H?S WT 2.34 l .74 0.64 0.64 0.51 0.36 0.36 0.35 0.34

SPECIFIC GRAVITY 8 60* F/60* F 1.007 0.996 1.057 1.043 1.051 1.046 1.051 1.052 1.038
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TABLE A-*t (Continued)

RCLU YIELD PERIOD ANALYTICAL DATA SUHHARY
NAPHTHA AND SOUR WATER INSPECTIONS

RCLU UNIT ,‘JU*:»eR I 1 1 1 1 1 i 1 1

YIELD PERIOD NUM-^th 630 631 632 633 63 A 635 636 63 f 6 38

NAPHTHA, A-T

ELEMENTAL ANALYSIS, DRY ^T?

C 4 RR ON R 6 • 1 P 8c. 1** 86.24 86.38 86. 35 86.42 86.28 86 .00 86.11

HYDROGEN I 3 . AA 13.69 13.47 13.41 13. A5 13.09 13.22 13. 42 13.37
0.01 0. 01 0. 01 0.01 0 .OA 0.03 0.03 0.03

SULE UR 0.000 0.000 0.000 0.000 0. 000 0.002 0.000 0.000 0.000

ClXYCiEr^ 0.17 0. 1 6 0.27 0.20 0.18 0.118 0. 48 0.56 0.A9

DISTILLATIUrj

^ T j OFF , PF 174.3 181.7 117.2 139.7 116.8 157.6 152.9 151.3 151.6
1 S In T* OFF , °F 216.6 217 . 3 155.0 189.7 154.8 210.2 201.3 191.8 190.2
2S hT^ OFF,°r 227.7 228.1 191.6 219.5 191.5 240.4 219.5 216.3 215.5
50 OFF,°F 292.6 293.2 280.6 281.8 281.2 338.3 310.8 292.3 282.9
7S WTT OFF , °F 354.3 354.3 349.4 354.5 348.7 371.1 363.7 359.4 352.8
9S WT ^ 0Fr , °F 380.1 380.3 375.4 381.2 376.6 386.6 382.1 379.9 376.0

AO Of-, WT Z 99.63 99.39 99 .9 P 99.64 99.95 99.2A 99.01 99.53 99.62

^00^ + , WT ?, 0. 37 0. 61 G. 02 0. 36 0.05 0.76 0.99 0.A7 0.38

SPECIFIC GRAVITY S) 60°F/60‘>F 0.795 0.794 0.792 0.792 0.791 0.815 0.808 0.799 0.802

SOUR ». AT r R , A

Cn2,WT Z 5. 72 6. 81 7. Lt 7. 37 7.07 6.00 6.10 6 .04 6.2)
NH7 wT » I . Al i.«F 4.33 4.21 4. 20 3. Al 3. Al 3.36 3.19
H2S T ?, 0.27 0. 32 0. A7 0.37 0.37 0.32 0.32 0.3 A 0. 36

SPECIFIC GRAVITY S 60oF/60°F 1.032 1.037 1.061 1.056 1.057 1.041 1.041 1.050 1.051
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TA»Lt A-> tContlnwd)

%

I

RC4.U OMIT IWHH-fk
rieiu ••fri'.ii vj^irk

NAPHlrl*, i-'.

ELfMtNlil .\l4ALYSn. I)PY wT«

CART IN 
HV Ok
N! TkriGff
SULHJP
nxvf.FN

01ST ILLATION

5 hir qtf ,*r
15 KTV OFF.'f 
25 kT* OFF,.'- 
50 wn; nFF,*f 
75 WT V OFF t * F 
95 WTl llFF,*r

*00’F-, k-T *
400*1♦, *1 t

SPECIFIC GRAVITY 3 60*F/60*F 

SOLF WAT Fk,A-4

Cn2.WT • 
NUT WT v 
H2 G ./T -

RCLU YIELD PERIOP AWALYTICAL DATA SUHHARY
NAPHTHA AWb SOU* MATER INSPICTI QMS

1 1 1 1 1 I i i i

639 640 641 642 649 644 649 646 647

B6* 22 35.B<< 55.63 85.75 86.30 86.90 86.21 86.12 86.00

13.il 13. 52 13.20 13.62 15.24 12.71 13.35 13.52 13.79

0.02 0.09 0.04 0.03 0.02 0.04 0.03 0.02 0.01

0. 000 0. 000 0.003 o.ooo 0.000 0.000 0.000 C.000 0.026

0.49 0.56 0.84 0.60 0.44 0.35 0.41 0.34 0.18

158.5
201.4
220.7
298.7
362.0
381.0

135.7
169.6
184.7 
222.0 
296.1
325.7

92.7
160.6
181.4
237.8
313.0
334.0

101.8
163.5
180.1
218.7
296.7 
331.3

125.7
169.8 
186.4 
257.1
320.8
337.8

128.5
170.8
188.4 
273.2
324.5
339.8

164.8 
211.6 
242.0 
329.6
367 .4
384.9

216.1
299.2
358.8
376.9

itt:8
207.4 
270.0 
345.2
373.4

S6. 69 59.93 95.63 99. R6 99.8*. 99.64 98.66 99.23 99.80

3. 32 0.07 0.17 0.14 0. 1 6 0.36 1.34 0.7? 0 .20

0.804 0.786 0.791 0.784 0.802 0.818 0.801 0.797 0.784

6.05 5.82 4.8 b 6.44 6.52 6.65 6.95 7.06 9.14

3. 25 2. 97 3. *4 3.17 3.69 4.40 4.20 3.47 3. 79

J.29 0.09 O.OV 0.51 0.19 0.36 0.64 0.55 0.51

1.042 1.047 1.051 1.051 1.047 1.061 1.052 1.046 1.047
SPECIFIC GRAVITY 9 60*F/60*F
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TABLE A-5

RCLU YIELD PERIOD ANALYTICAL DATA SUMMARY
TAIL CAS INSPECTIONS

R(.LJ tiNI 1 1 l 1 1 1 1 l 1 1
Y!FU> I»rpnr) NMM-'JPR 60 3 604 605> 60'' 607 606 60S- 610 611

tail i.as, molr •:

MY dp dgpn 02. 92. 4B R2. 0 5 91. u3 91.44 91.15 92.30 92.33 92.12
NI TPOf.FN 2. ON 3.09 3.57 3.56 3. 57 3. 72 3. 77 3.60 3.75
ARGf-N + nXYGr*. 0. 0 0. 0 0.0 u.O 0.0 0.0 0.00 0.0 0. 0
HYOPUGFN SJLFIJt 0. 06 0.06 0. 06 0. 09 0. 09 0. 09 0.00 0.0 0 .0
GJLP’r di:jvi;jl 0.0 0.0 0 • 0 0.0 0.0 0.0 0.00 0.0 0.0
CARBON V.GN’OXfOF 0. 35 0. 3 3 0.30 0. 32 0.34 0.36 C.36 0.30 0.30
CARBUN DIQXIOr 0.60 0.6 6 0.6 9 0.97 1.0? 1.05 1.06 0.77 0.75
METHANE 1.84 1.76 1.62 1.68 1.76 1 . R 2 0. 99 1.40 1.47
ethylenr 0. 0 0. 0 0.0 0. 0 0. 0 0.0 0.00 0.0 0.0
C T HA N l 0.72 0.72 0.69 0.72 0. 75 0.75 0.47 0.47 0.49
PROPYL ENF 0. 0 0. 0 0.0 0.0 0.0 0.0 0.00 0.0 0.0
PR UPANf 0.47 0.47 0.46 0. 52 0. 53 0. 52 0.35 0.31 0.32
N-RUTANE 0. 12 0.12 0.12 0.13 0.12 0. 13 0.15 0. 13 0.13
I-BUTANE 0.03 0. 04 0. 04 0. 04 0.03 0.04 0.03 0.03 0.03
1 - PENTENF 0.0 0.0 0.0 0.0 0.0 0.0 0. 00 0.0 0.0
CIS/TRANS, ?-? E N T t N E 0. 0 0. 0 0.00 0.0 0.0 0.0 0.00 0.00 0.00
N— PfN T AN r 0. 02 0.03 0.05 0. 04 0.03 0. 03 0.02 0.02 0.02
I-pentane u. 02 0 . C 3 0.04 0.03 0. 02 0. 02 0. 01 0. 01 0.01
N-HEXANE 0. 02 U. 0? U.Q3 0.02 0.02 0.02 0.02 0.03 0. 03
2- ME ThYl PENT AN E 0.01 0.01 0.02 n. 01 0. 01 0. 01 0. 02 0.03 0 .03
N-HE PT A.Nt 0.00 0.00 0.00 0.00 O.Oo 0.00 0.00 0.02 0. 02
p-wrj wyi IfX AN r 0. 0 0. c 0. CO 0. 00 0.0 0.0 0.00 0.01 0.01
3-ME 7 HYL HfcXAN = 0.0 0.0 0.0 0.0 0. 0 0.0 n. oo 0.00 0.01
CYCLfT-PENTANE/J-lEPrVTANE \J, u 0. 01 U.Ol 0.01 0.01 0.02 0.02 0.02 0.02
METHYL C YC L ‘J— 0 r NT A N E 0. 03 0.01 0.01 0.01 0. 01 0.01 0.03 0.06 0*0 5
CVCLfJ N t X A N c 0.03 0 . U 3 0.04 0.06 0. 06 0.06 0. 07 0.12 0. 10
ME T HYL r YC L : -‘■'1 xA‘;E 0. 016 u. 031 0.039 0.02 2 0.023 0.023 0. 061 0.108 0.092
BENZFNE 0.0 0. C 0. 0 0.0 0. 0 0.0 0.000 0.0 0.0
TiiLUENC 0.04 2 0.041 0.044 0.037 0.035 0.041 0. 061 0.043 0.045
I-RUTFNF 0. 0 0. 0 0.0 0.0 0.0 0.0 0.000 0.0 0. 0
TR AN ? -BUT !. N" 0. QON 0.004 0.019 0.0 0. 0 0. n 0.010 0.030 0.031
CIS 2-BUTCNE 0.0 0.0 0.000 0.0 0. 0 0.0 0. 000 0.001 0.001
A M M; i \M A 0. 003 0.005 o. 001 0*002 0.001 0.001 0.003 0.005 0. 001
WATER 0-053 0.050 0. 155 0. 131 0. 12? 0. 1 06 0. 301 0.163 0.170
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r "X.
J

TA>Lt A-S (Continwd)
RCLU YltlO PtKIOO ANALYTICAL DATA SUHHARY

TAIL C*S mSPCCTIOWS
*ctu UNIT N'JMrtrk 1 i l i t 1 1 l t
VICL'J PFPI 1J N'JN-tcR 61? 613 616 615 616 617 618 619 620

TAIL CAS, TO! F i

MVfJP^fcN 92.OH r 1 .63 92.09 92.31 92.94 91.32 <6 • * 09 91.93 91.59
Niiknoc*; 3.66 3.^8 4.24 3.91 3.b5 6.19 4.03 4.04 4.28
ARGON ♦ OXVGfl O.o 0.0 0.0 0.0 0.0 LI. 00 0.00 0.00 0.00
HYjkor.ri suifnr J.O 0.0 c.o 0.0 0.0 0.05 0.06 0.05 0.04
S'JLF:|I'. 01.IX 101 c.o 0. 0 0.0 0.0 0.0 0.00 0.00 0.00 0.00
CARBON NONOXIOf 0.29 0. 30 0.37 0.34 0. 35 0.61 0.37 0.40 0.41
CARB3\ DinXME 0. 76 u. 82 0.86 0.74 0.79 0.33 0.30 0.32 0. 36
MFTHANE 1.50 1.61 i. n 1.05 1.01 1.61 1.51 1.55 1.61
ETHYLEN" 0.0 0.0 U.O 0.0 0.0 0.00 0.00 0.00 0.00
ethane o. <»e 0.51 0. 50 0.47 0.46 0 .58 0.59 0.56 0.55
PPOPYLENE 0.0 0.0 0.0 0. 0 0. 0 0.00 0.00 0.00 0.00
PROPANE 0. 31 0. 34 0. 34 0.32 0.31 0.44 0.43 0.42 0.41
N-HUTANE 0.15 ◦ • 16 0.12 0. 00 0.14 0.27 0.24 0.26 0.25
I-BJTANE 0.04 0.04 0.03 0.02 0.04 0. 06 0.05 0.06 0.06
1-PPNTE1 u.O 0. 0 u.O 0. J 0.0 J . 00 0.00 0.00 0.00
CIS/TPANS, :-nrNTENE 0.00 0.00 0.0 0. 0 0.0 0.00 0.00 0.00 0.00
N-Pf-NTAVC 0. 03 0.03 0.02 0.02 0.03 0. 10 0. 10 Q. 1 0 O.ll
I -P ENT A*' E o. 02 0.03 0.01 0.01 0.02 0 • 1 A 0.11 0.12 0. 13
N-HF XANT 0.03 0.03 0.01 0. 01 0. 01 0. 02 0. 02 0.02 0.02
?-MC TrIYL PfNTANc 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.01
N-Hf PT A.NF 0.02 0. 31 3. 0 0. 00 0.00 0.00 0.00 0.00 0.00
P-MCTMYL HTXANt 0.01 0.01 0.0 0.0 0. 0 0.00 0.00 0.00 0.00
3-«FTHYL ‘IEXANc o. 00 0. Ou u.O 0.0 0.0 0.00 0.00 0.00 0.00
CYCLO-PTMT ANF/3MFPEJT ANE 0.02 0.02 0.02 0. 02 0.02 0. 02 0.01 0.02 0.02
Mf TH YL C YCL J-^LfiTA JE 0.06 0.05 0.01 O.Oi 0. 01 0.02 0.02 0.02 0.02
CYCLO HEXANt 0. 10 0.09 0.01 0.01 0.01 0.05 0.05 0.05 0.05
Mc T HY L CYCL-J-HFX ANT u. 0R6 0. 074 0.033 0. 032 0.030 0.030 0.032 0.029 0.026
BLN7sNE 0.0 0.0 0.0 0.0 0.0 0. 000 0.003 0.000 0.000
T r*L UEk: E 0.024 0.05) 0.050 0.038 0.039 0.022 0.021 0.021 0.022
l-OUT ENT 0. 0 0.0 0.0 0.0 0.0 0.000 0.000 0.000 0.000
Tc AN P-F'ITENC 0.030 0.022 0.0 0.0 0.0 0.000 0.003 0.000 0.000
CIS 2-RUT ENE 0. 001 0. 001 0. u G .U 0.0 0.003 0.000 0.000 0. 000
AMHL.NI A 0.001 0.001 0.001 0.001 0. 030 0. 001 0.005 0.002 0.004

0.2 72 0.167 C. 144 U. 101 0.143 0.336 0. 369 0.012 0.045



406

TABLE A-S (Continued)

RCLU YIELD PERIOD ANALYTICAL DATA SUHHARY
TAIL CAS INSPECTIONS

KCL'> U.JIT NJMrii'K l 1 l i 1 1 l 1 i

vino '*cRTrn 0^ L 6 2 ’z 62^ 625 626 627 626 629

TAIL (> A S * M:)Lt ’

HVf‘P 0'rN 9 3.05 94.5b 91.62 93.54 93. 73 93.97 92.93 93.86 94.79
NIT EN 17 *.27 5.73 3.81 3 • 0 i 3.03 4.32 3.59 3.38
ArtOfJN ♦ !JXVSrN 0.0 u. 0 G. C 0. 0 0. 0 0.0 0.0 0.00 0-0
HYr)P''r,c:< S'.JLri:): 0.0 0.00 0.05 0.05 0. 0 0. 0 0. 0 0.00 0.0
SULLUP OIxiX I-Jt o. 0 0. 0 u.O 0.0 0.0 0 .0 0.0 0.00 0.0
CAPRTN 0. 1 4 0.09 0.3 0 0.31 0. 28 0.2 5 0.24 0.22 0.19
CARBON (Mnxi.)C 0. 0 0.0 0.34 0.37 0. 24 0.24 0.24 0.21 0.20
mfthanf 1.2 3 0.90 0.85 0.83 1 .29 1 .28 1.04 0.96 0.51
tTHYL^Nf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
ET HANC 0.39 0.47 0.36 0.36 0.49 0.50 0.49 0.47 0.25
PROPYLFNF 3.0 0. 0 0. 0 0. 0 0. 0 0.0 0.0 0.00 0.0
PROPANE 0.30 0.28 0.26 0.20 0. 36 0.37 0. 37 0.35 0.19
N-BUT AN E 0. 23 0. 1 4 0.13 0.14 0.16 0.15 0.14 0.13 0. 08
I-BUTANF 0.05 0.03 0.04 0. 04 0. 04 0.03 0.03 0.03 0.02
l_orNTF*! = 0.0 J.U 0.0 n.o 0.0 0.0 0.0 0.00 0.0
CIS/TRANS, ?-^FNTFNF u.O •J.O 0. 0 0. u 0. 0 0.0 0.0 0.00 0.00
N- Pt NTzANc 0.09 0.03 0.03 0.03 0. 00 0.00 0. 00 0.00 0.00
1-PC‘JTANE 0. 14 0.07 u .0 5 G.uS u.Ol 0.00 0.00 0.00 0.00
N-HFX AN F C. 01 0. 01 J. 01 0.01 0. 02 0.03 0.03 0.03 0.02
?-*£ THYL PlNTANC 0.00 0.00 0.01 0.01 0.01 0. 01 0. 01 0.01 0.01
N-HFPT A*Jl u. 0 0. 0 O.u u.O 0.00 0.00 0.00 0.00 0.00
2-METMYl HEXANt 3.0 0.0 0.0 0. o 0. 0 0. 0 0.0 0.00 0.0
3-METHYL HEXANE 0. 0 0.0 u.O 0.0 0.0 0.0 0.0 0.00 0.0
CvC L D-^FNT a n E/ 3 '*E PL NT Ar.’F u.Ol U.Ol 0. 01 C. 01 0.01 0.01 0.01 0.01 0.01
METHYL CYCLC-PFNTAN; 0.01 0.01 0.01 0.01 0. 02 0.0? 0. 02 0.02 0-02
CYCLu HEXANE 0. 06 0.05 0.u4 0.01 0.05 0.U4 0.03 0.03 0.04
METHYL cyclo-hexa^l G.02j> 0.017 0. 019 0.027 0. 025 0.023 0.034 0.033 0.044
BEN7.FVr 0.013 0.008 0.0 0.0 0.0 0.0 0.0 0.000 0.0
TOLU LN r u. OOo 0.012 0.025 0.030 0.026 0.015 0.013 0.019 0.000
I-BUTENC 0.0 0.0 0.0 0. 0 0. 008 0. 004 0.004 0.003 0 .006
T* AN ?-FUTD,‘F 0.0 0.0 0.0 0.000 0.0 0.0 0.0 0.000 0.0
CIS 2 -B1 n r NE 0. G u.O 0. 0 0. 0 0.0 0.0 0.0 0.000 0.0
AMHONIA 0. 063 0.020 0.005 0.004 0. 006 0.001 0.001 o. coo 0.003
rtA r LR 0.0 0 7 0. 000 0.107 0.104 0.200 0 • 009 0.031 0.013 0. 240
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X
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J

T»«H (ContlwyQ
KCLU rieto fcmeo **ALrTiCAi data tunn»»r

TAii 'CTi liuMTTIfliii

HCUI UNIT NUMI1ER l 1 1 l 1 i I i l
rieto (•FPtrn num>«fk OJO 631 *12 633 634 635 636 637 63B

TAIL f.AS, HilLC r.

MYOKUGtN 95.22 94.70 91.35 91.69 91.61 96.17 94.53 94.66 94. 75
nitrogen 3. IR 1. 71 3.43 3.69 2.95 2.94 2.52 2.36 3.06
4VG0Y ♦ fjxy.’ifj 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0
HYOPOG F\* SUIFIOL 0.0 0.0 0.00 0.0 0.03 0.0 0.0 0.0 0.0
SUtPUR OffiXl^r 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0
CARBON MrNUVIJF 0. IV 0.18 0.3? 0.28 0.32 0.28 0.27 0.26 0.24
CAF^HN Dnx !i)C D. 20 0.1 R 0.28 0.23 0.30 0.27 0.25 0.20 0.27
mfthanf 0.46 0. 54 2.33 2.29 2.23 1.23 1.16 1.29 0.85
ETHYLCNE 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0
ETHAME 0.26 0. 24 0.94 0.84 0.94 0.46 0.42 0.40 0.33
PROPYLENE 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0
PROPANE 0.19 0.16 0.69 0.62 0.69 0.34 0.32 0.30 0.26
N-BUTANE 0.09 0. or* 0.25 0.21 0.25 0.13 0.13 0.12 0.11
1-BUTANE 0.02 0.02 0.05 0.04 0.05 0.03 0.03 0.03 0.03
1-PfNTENt 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0
CIS/TPANS, 2-PENTENE 0.00 0.00 0.00 0. 00 0. 00 0.0 0.0 0.0 0.0
N-PFNTANE 0.00 0.00 C.00 0.00 0.00 0.03 0.03 0.03 0.02
I-PENTANE 0.00 0. uo 0.00 0.00 0.00 0.02 0.02 0.02 0.02
N-HCXANE 0.03 0.0? 0.04 0.03 0.03 0. 02 0.02 0.02 0.02
2-METHYL pentane 0.01 0.01 0.03 0.02 0.02 0.01 0.01 0.01 0.01
N-HfPT ANE o.oo 0. 00 0. OC 0.00 0.01 0.00 0.00 0.00 0.00
?-Mr thyl hex ane 0.0 0.0 0.00 0.00 0. 00 0.0 0. 00 0.00 0.00
3-methyl hexane 0. 00 0. 0 o.oo 0.0 0.00 0.0 0.0 0.00 0.00
CYCL O-PENT AN F/3 MEP ENT A Nc 0.01 0.01 0. 00 0. 00 0.01 0.01 0.01 0.01 0.01
NE THYL C YCLO-PF.NTANE 0.02 0.02 0.01 0.01 0.01 0.00 0.00 0.01 0.00
CYCLfl HEXANE 0. 04 0.03 0.15 0.11 0.12 0.00 0.00 0.00 0.01
METHYL CYCLJ-HEXANE 0.053 0.039 0.043 0.027 0. 032 0. 019 0.016 0.013 0.015
BENZENE 0.0 0.0 0.000 0.0 0.0 0.0 0.0 0.0 0.0
TOLUENE 0.0 0.006 0. 000 0.0 0.0 0.011 0.006 0.016 0.007
I-SUTFNE u.O 0.011 0.000 0.0 0. 001 0.0 0.0 0.0 0.003
TRAN 2-507 CN E 0. OuO 0. OOu 0.002 0.001 0.001 0.0 0.0 0.0 0.0
CIS 2-BUTENE 0. 000 0.000 0.000 0. 0 0. 000 0.0 0.0 0.0 0.0
A'lMONI A 0.004 0.00? U.005 0.002 0.003 0.003 0.005 0.001 0.002
WATER 0. 000 0.000 0.090 U. 106 0.431 C.014 0.249 0.275 0.023
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TABLE A-5 (Continued)
RCLO V t ELD PERIOD ANALYTKAL DATA SUHHARY

TAIL GAS INSPECTIONS

RCL'J UNIT NUMMCP 1 1 1 l 1 1 1 1 1
YIELD PERIOD NUMHlk 63Q 6A1 6'»2 643 644 645 646 647

tail gas, y-)Lr *

HY PRO'"JEN S5. 3S S2.87 90.33 91.36 92. 31 92.84 93.25 91 .92 91.19
NI tp. nnc N ^.45 4.74 *♦. V6 4. 44 4. 68 4.39 3.81 5.68 6.61
AP. GUN + OXYGEN 0.0 0.0 O.u u .00 0.00 0.00 0.0 0.0 0.00
HYDROGEN SJLTIDF 0.0 0. 0 0. 00 0. 00 0.00 0.00 0.0 0.0 0.00
SULFUR DIOXinF 0.0 0.0 0.0 0.00 0. 00 0.00 0.0 0.0 0.00
CARBON MON ■ l XI Of 0. 22 0. 25 0.3 4 0.?1 0.26 0.24 0.28 0.22 0.20
CAPBON OIOX I "JT 0.27 0. 24 0.33 0. 24 0. 1 2 0. 12 0.13 0.14 0.11
ME THAN! 0.81 I.01 2.18 2.02 1. 51 0.96 1.39 0.84 0.71
ETHYLENT 0.0 0. 0 O.U 0.00 0.00 0.00 0.0 0.0 0.00
ETHANE 0.33 0. 41 0. 90 0. 71 0. 49 0.43 0.48 0 .59 0.46
PROPYL CNE 0.0 0.0 0.0 0.00 0.00 0.00 0.0 0.0 0.00
PROPANE 0. 25 0. 30 0.58 0.49 0.34 0.32 0.36 0.41 0.36
N-BUTANE 0. 10 o.ov 0. 1 6 0. 23 0. 1 1 0.13 0.13 0.11 0.11
I -BUTANE 0.03 0.03 0.04 C.05 0.03 0.03 0.03 0.02 0.02
I-PTNTPNE 0.0 0. 0 0. 0 0.00 0.00 0 .00 0.0 0.0 0.00
Cl S/TRANS, / -?r-NTE'Jr 0.0 0.0 0.0 0.00 0. 00 0. 00 0. 0 0.0 0.00
N-PENTANE J. 02 0. 01 0.03 0.05 U . 0 2 0.02 0.04 0.02 0.03
I -PT NT ANr 0.01 0. 01 0.02 0. 03 0. 01 0. 01 0.03 0.00 0.01
N-HEXANE 0.0? O.Oi 0.01 0.02 0.01 0.01 0. 01 0.01 0.01
2 - M TTf^YL PENTANE 0.01 0. ol U.Ol 0.01 0.01 0.01 0.01 0.01 0.01
N-HT PT ANE O.oo o.o 0.00 0. 00 0. 00 0. 00 o.oo 0.0 0.00
2-MtTHYL IEXANL 0. CO 0.00 0.0 0.00 0.00 0.00 0.0 0.0 0.00
3-METhvl HEXANE 0.00 0. 0 0. 0 0. 00 C. 00 O.OO 0.00 0.00 0.00
CYC i 0-PrNT A’r/iMC »ENTMiT 0.01 0.00 0.01 0.01 0.00 O.Oi 0.0 0.0 0.00
METHYl CY:Lr'-PFNT ANC »j. Ou 0. Ou 0.00 c.co u .0 0 0.02 0.01 0.00 0.01
CYCLf) HEXANE 0. 0 1 o.oo C. Oo 0. 00 0. 01 0. 02 0.0? 0.02 0.01
METHYL CYCLj-HEXANc u. O^u 0.00? 0.003 0.010 0.006 0. 003 0.007 0. 008 0.006
BEN'7 ENT u. 0 U. 0 O.u o.ooo 0.000 0.000 0.0 0.0 0.000
TOLUENE 0.001 0.009 0.012 0. 009 0. Ol 8 0.015 0. 018 0.013 0.011-
I - PUT ENE o.OOl 0. 0 0.0 0.000 0.000 0.000 0.0 0.0 0.000
IRAN 2-CUTEvT- 0.000 0. 0 0. 0 0.000 0.000 0.000 0.000 0.0 0.000
CIS P-hUTcUE 0.0 0.0 0.0 0.000 0. 000 0. 000 0. 0 0.0 0.000
AMMONIA u. 004 O. 004 u.003 0 • 0u4 0.002 0.003 0.008 0.007 0. 005
WATER 0.018 0.006 0.020 0. 009 0. 062 0.417 0.000 0 .000 0.130



Table A-6

RCLU-1 LIQUEFACTION REACTOR INSPECTIONS FROM AUSTRALIAN BLACK COAL

Source ________________________________ Wandoan Area
RCLU Run Number 1 2 3 4 c

Hours on Coal 205 93 86 85 155

Reactor Conditions
Temperature, 6F 800/840 840 800 840 840/880
Pressure, psig 1500 1500 1500 1500 1500
Slurry Residence Time, Kinutes 40 100 100 25 25
Solvent/Coal Ratio 1.6 1 6 1 6 1.6 1,6
H2 Treat Rate, Wt% on Dry Coal 4 4 4 4 4

Shutdown Conditions
Reactor Plug? Voluntary Yes Voluntary Yes Voluntary
Feed Line Plug? Shutdown No Shutdown No Shutdown

Reactor Solids (toluene washed)

Accumulation Rate
(Lbs/100 Lbs Coal Fed)

Total Solids 0.20 1 1 0.44 0.04
-50+100 Mesh Solids 0.13 0.34 -
Wall Scale 0.006 0.005

Overall Composition, WtZ
Ash (ASTM, SOj-free) 75.9 59.6

(by TGA) 79.6 64.7
CaC03 (by TGA) 30.2 48.6

(by Acid Evolution of CO2) 42.5 56.5
Carbon 6.38 14.97
Hydrogen 0.79 0.89
H/C Atomic Ratio 1.49 0.72

Scale Composition! WtZ
Ash (by TGA) 74.4 56.0
CaC03 (by TGA) 48.3 36.4

X-ray Diffraction Analyses Calcite Calcite
Vaterite Vaterite

FeS FeS
Kaollnite

c Si02
Major Elements, WtZ u Q 0
(by X-ray scan of cross section) H W w

Al 0.4-4.2 U N 0.8-1.4 t-o

Si 0.6-5.6 U1 >> 1.5-3.1 >•

S 0.2-25.8 0 0.1-1.5 j
Ca 0.5-29.6 in < 15.9-28.8 <
Ti 0.3-2.4 z Z 0.1-0.6 z
Fe 1.8-43.9 M < 1.7-4.6 <

-50+100 Mesh Solids Comp., WtZ H H H

Ash (ASTM, S03-Free) 76.3 O O 58.8 O

(by TGA) 78.4 Z Z 64.1 Z
CaC03 (by TGA) 31.4 ' 53.3

(by Acid Evolution of O2) 42.2 62.0
Carbon 7.37 14.02
Hydrogen 0.82 0.80
H/C Atomic Ratio 1.33 0.68

X-ray Diffraction Analyses Calcite Calcite
Vaterite Vaterite

FeS FeS
Kaollnite Kaollnite

S102 S102
Major Elements, WtZ
(by X-ray scan of cross section)

Al 0.1-26.6 0.9-11.0
Si 0.3-33.5 1.2-n.o
S 0.1-30.4 0.1-1.9
Ca 0.3-63.7 5.6-32.5
Ti 0.1-3.3 0.3-1.7
Fe 0.3-47.8 0.6-3.7

Yield Periods Completed 625 6 32 635 638 640
626 633 636 639 641
627 634 637 642
62S
629
630
631

- 409 -
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Table A-7

AVERAGE LIQUEFACTION YIELDS FOR BOTTOMS RECYCLE OF WYODAK COAL

Once-through 
25-Minute CLPP BtmsFeed

Coal
Only

Bottoms
Only

Once-through 
60-Minute CLPP Btms

Coal
Only

609
Yield Periods 606-608 621,622 603-605 617-620 614-616 610-613 623-624
Temperature, 6F 840 840 840 840 840 840 840
Pressure, psig 1500 1500 1500 1500 1500 1500 1500
Residence Time, Minutes 60 60 60 60 25 25 25
Nominal Solvent/Coal/Bottoms 1.6/1/0 1.6/0/1 1.6/1/0.5 2.4/1/0.5 1.6/1/0 1.6/1/0.5 2.4/1/0.5
Actual Solvent/Coal/1000 F* Btms 1.60/1/0 1.60/0/1 1.58/1/0.52 2.40/1/0.50 1.60/1/0 1.54/1/0.56 2.40/1/0.50

Yields
Lbs/100 LbsDrv Coal + 1000°F*-Btme

H2 - - -2.78 -3.97 - -2.63 -3.02
H20 - - 8.41 10.15 - 9.20 9.73
CO - - 1.07 1.47 - 0.88 1.43
C02 - 4.20 2.87 - 4.22 2.93
nh3 - - 0.36 0.42 - 0.29 0.34
H2S - - 0.31 0.41 - 0.37 0.42
Cl - 3.26 3.31 - 2.52 2.05
C2 ~ - 2.50 2.26 - 1.55 1.66
C3 0 - - 2.40 2.47 - 1.49 1.76
C4-400 F - - 14.01 21.95 _ 13.37 17.93
400-700°F - - 3.02 2.10 _ 2.70 4.76
700-1000°F - - 1.61 1.93 - 2.19 2.22
1000°F+ - - 61.63 54.63 - 63.85 57.79

Total 100.00 100.00 100.00 100.00

C1-C3 _ _ 8.16 8.04 _ 5.56 5.47
C4-1000°F - * 18.64 25.98 - 18.26 24.91

Lbs/100 Lbs Dry Coal
H2 -3.93 - -4.22 -5.96 -2.95 -4.11 -4.53
H20 12.73 - 12.78 15.23 12.11 14.38 14.60
CO 1.23 - 1.63 2.21 1.35 1.37 2.15
CO2 6.85 - 6.38 4.30 5.91 6.60 4.39
NH3 0.44 - 0.55 0.63 0.35 0.45 0.51
h2s 0.54 - 0.47 0.62 0.52 0.58 0.63
Cl 3.59 - 4.95 4.96 2.21 3.94 3.08
C2 2.89 - 3.80 3.39 1.92 2.42 2.49
C3 2.99 - 3.65 3.71 1.97 2.33 2.64
C4-400°F 19.81 - 21.27 32.94 16.34 20.90 26.90
A00-700°F 3.21 - 4.59 3.15 3.14 4.22 7.14
700-1000°F 5.05 - 2.45 2.90 5.50 3.42 3.33
1000°F+ 44.60 - 41.70 31.92 51.63 43.50 36.67

Total 100.00 100.00 100.00 100.00 100.00 100.00

C1-C3 9.47 12.40 12.06 6.10 8.69 8.21
C4-1000°F 28.07 - 28.31 38.98 24.98 28.54 37.38

Lbs/100 Lbs 1000oF+ Btms
«2 - -2.52 -0.57 -4.05 - -2.06 -3.16
H20 - 2.56 0.09 5.00 - 4.03 4.97
CO - 0.44 0.77 1.95 - 0.04 1.59
C02 - 0.06 -0.91 -5.08 - 1.22 -3.02
NH3 - 0.34 0.21 0.38 _ 0.18 0.32
h2s - 0.06 -0.13 0.15 - 0.10 0.22
Cl - 2.35 2.62 2.75 - 3.07 1.73
C2 - 1.72 1.75 1.00 - 0.89 1.14
C3 - 1.76 1.27 1.43 _ 0.64 1.34
C4-400°F - 12.08 2.84 26.23 - 8.10 21.11
400-700°F - 0.31 2.65 -0.12 _ 1.92 8.00
700-1000°F - 1.28 -5.02 -4.30 -3.69 -4.33
1000°F+ - 79.56 94.43 74.66 _ 85.56 70.09

Total 100.00 100.00 100.00 100.00 100.00

C1-C3 _ 5.83 5.64 5.18 _ 4.60 4.21
C4-1000°F - 13.67 0.48 21.80 - 6.33 24.77
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TABLE A-8

r

RCLU YIELD PERIOD SUMMARY OF LIQUEFACTION-OKLY YIELDS FOR BURNING STAR WO. 2 MINE COAL

Yield Period Rumber 580 581 582 583 564 585 506 587 568 589 590 591

Liquefaction Yields, 
Wt% on I>ry Coal

Hydrogen -1.04 -0.92 -0.93 -1.08 -1.10 -1.84 -1.70 -1.60 -2.44* -1.70
Water 6.95 6.65 6.52 5.95 5.76 5.87 5.92 6.81 7.02 6.14
Carbon Oxides 1.39 1.55 No No 1.32 1.22 1.43 1.49 1.68 1.79 1.61 1.66
Hydrogen Sulfide 1.18 1.58 Samples Samples 1.17 1.36 1.37 1.99 2.02 2.08 1.07 1.85
Ammonia 0.01 0.02 for for 0.04 0.16 0.01 0.21 0.13 0.13 0.20 0.24
C1-C3 Gas 6.55 7.63 Analyses Analyses 3.51 4.23 4.49 11.06 10.95 11.47 6.33 6.25
C4-1000°F 24.47 23.84 24.44 24.97 26.21 25.17 21.49 20.40 27.75 27.81
1000°F+ 60.49 59.45 63.93 63.19 61.83 56.05 59.51 58.92 58.46 57.75

Yield Period Number 592 593 594 595 596 597 598 599 600 601 602

Liquefaction Yields, 
WtX on Dry Coal

Hydrogen -1.53 -1.80 -1.88 -1.49 -0.62* -1.45 -1.44 -1.17 -1.07 -1.12 -1.27
Water 6.34 5.79 7.32 7.14 4.65 6.10 5.92 6.35 6.23 5.85 5.67
Carbon Oxides 1.35 1.54 1.38 1.55 1.22 1.17 1.17 1.16 1.55 1.64 1.47
Hydrogen Sulfide 2.07 2.14 1.41 1.44 1.33 1.76 1.69 1.67 1.63 1.91 1.64
Ammonia 0.18 0.21 0.27 0.13 0.07 0.11 0.04 0.03 0.04 0.02 0.01
C1C3 Gas 5.65 9.90 8.84 9.98 5.52 5.69 5.56 6.92 6.94 7.18 6.95
C4-IOOO F 26.69 32.09 32.17 29.51 28.56 28.58 29.29 25.28 28.29 26.81 24.57
1000 F+ 59.25 50.13 50.49 51.74 59.27 58.04 57.77 59.76 56.39 57.71 60.96

*Value is questionable



Appendix B

TABULATED DATA - PRODUCT QUALITY STUDIES

This appendix contains tabulated data for product quality studies 
discussed in Laboratory Process Research and Development, Section 5 of this 
report.
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TABLE B-l

ANALYTICAL INSPECTION OF EDS WYODAK LIQUIDS

IBP/350°F 350/650*? 650/ 1000°F 350/1000'F 350 * F+
Part tally F.O. F.O.

Test Raw Hydrotreated Raw Raw Blend Blend

C, Wt.Z 85.29 86.84 86.4 88.75 88.64 89.21
H, Wt.Z 11.95 12.17 10.22 7.13 8.13 7.33
N, Wt.Z 0.11 0.07 0.27 0.98 0.48 0.86
S, Wt.Z 0.11 0.006 0.03 0.13 0.10 0.18
0, Wt.Z 2.55 1.99
Ash, Wt.Z 0.03 0.07
Gravity, “API 40.95 41.5 20.6 1.15 5.7 1.12
Flash Pt., *F 73 152 435 158 200
Pour Pt., °F -35 -35 115 +45 +75
Kinematic Viscosity

cs @ 40*C 0.72 1.84 _______ 10.4 2922
cs @ 100°C 0.43 0.82 385 2.3 26
Water Content, Wt.Z 0.05 0.10 0.05 0.08 0.05
Con. Carbon, Wt.Z 0.0 0.0 0.06 17.2 2.85 17
Aromatics, Wt.Z (By F1A) 23.7 36.8 64.2
Major Metals — — — Fe, Si Fe ,Si,Ca,Al
Trace Metals, ppm Fe 1.5

Na 3.4 5.5
K 0.2 24.0

R.O.N
M.O.N.
Bromine No. 
Reid V.P.
Heat ing “Value,

77.3
72.2
22.9 2.86
1.9 {.12

BTU/Lb 18,085



TABLE B-2

STORAGE STABILITY STUDIES

EDS WYODAK LIQUIDS

Vis., cSt Con Carbon SHF^1^

40°C 100°C Wt %

RSFO Reference Start 1005 40.8 14.53 0.05
150°F 1 mo. 1516 50.2 15.14 0.06

2 mo. 1869 57.1 13.49 0.01
3 mo. 3165 57.3 15.20 0.01

210°F 1 mo. 2127 59.9 14.63 0.11

IBP/350°F Start 0.72 0.43 0.00 0.02
150°F 1 mo. 0.75 0.47 0.02 0.02

2 mo. 0.75 0.45 0.03 0.00
3 mo. 0.76 0.45 0.03 0.00

350/650°F Start 1.84 0.82 0.06 0.01
150°F 1 mo. 2.01 0.86 0.39 0.03

2 mo. 2.06 0.87 0.66 0.01
3 mo. 2.07 0.88 0.73 0.01

210°F 1 mo. 2.13 0.89 0.88 0.07

350/1000°F Start 10.39 2.29 2.85 0.07
150°F 1 mo. 12.35 2.46 3.61 —

2 mo. 13.83 2.55 4.05 0.13
3 mo. 14.79 2.80 4.36 0.15

210°F 1 mo. 15.00 2.74 4.86 0.29

75/25 Mix - 350°F+
and 350/1000°F Start 2922 26.00 17.01 0.22

210°F 1 mo, 6926 32.78 17.11 0.15

Sediment by hot filtration is an Exxon proprietary test.

(2)Regular sulfur petroleum fuel oil.
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TABLE B-3

COMPATIBILITY STUDIES 

EDS WYODAK LIQUIDS

Sediment by
Hot Filtration(2) Comments and Observations

Wt %

EDS 350/1000°F 0.07

with 50% RSFO 0.64

with 50% HCO^1) 1.13 Did not appear to be 
totally incompatible 
under microscope.

with 50% Home Heating Oil 0.14 Large globs of preci­
pitate formed.

350°F+ 0.22 Dark viscous liquid.

with 50% RSFO 0.07 Appeared incompatible; 
black tar in bottom of 
beaker.

with 50% HCO 0.14 Appeared compatible.

with 50% Home Heating Oil 0.13 Appeared incompatible; 
soft tar in bottom of 
beaker.

RCLU-1, YP551 A-l Bottoms

with 90% RSFO 0.45

(1)

(2)

Hydrogenated creosote oil from Baytown.

Exxon proprietary test. Target 0.15-0.25 
content.

depending on viscosity and sulfur
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Table B-4

INSPECTIONS OF EDS DISTILLATE TESTED AS 

STATIONARY TURBINE FUEL BY WESTINGHOUSE 

ILLINOIS #6 MONTEREY COAL

Hydrotreated 350/650°F Portion
MPSS Solvent (Retest Fuel)

Physical Properties

Gravity, °API 16.0 17.1

Flash (PM), °F 100 122

Pour Point, °F <-36 <-36

Conradson Carbon, wt % 0.03 0.03 (1C

ASTM D-2382, BTU/Lb 18,340 18,400

Viscosity .

+ 40°F • 5.65 cs

+ 100°F 35.0 SSU 2.34 cs

+ 212°F 29.4 SSU 1.0 cs

Distillation (D-1160)

5% 312 409

50% 454 499

95% •695 602*

Chemical Characterization

Carbon, wt % 89.53 89.12

Hydrogen, wt % 9.95 10.16

Nitrogen, wt % 0.081 0.044

Oxygen, wt % 0.32 0.48

Sulfur, wt % 0.031 0.02

Ash, wt % .0.001 0.001

Carbon Distribution, 48.4 46.8
% Aromatic Ring (NMR)
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FIGURE B-l

DISTRIBUTION COEFFICIENTS

PHENOL, CRESOLS, VS. SOLVENT COMPOSITION

SOLVENT/FEED 
* 0.15/1 
^ 0.3/1 
□ 0.5/1 
O 1/1 
v 2/1 
0 2nd 1/1

< o

OPEN POINTS: PHENOL 
SOLID POINTS: CRESOLS

SOLVENT COMPOSITION, WT.% METHANOL
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Appendix C

Appendix C contains data for Yield Tests 164-189 for the Continuous 
Stirred Coking Unit (CSCU). The information contained in these tables in­
cludes:

• Run Conditions

• Product Yields

• Liquid Product Distillations

• Gas Analysis

• Elemental and Material Balances

For each run, the results are presented on two bases; microlube 
distillation basis and HiVac-C distillation basis.
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CSCU RUN-164

PRESSURE, PSIG 5.10

FEED SOURCE RCLU VP- 527( 840 F/ 40 MIN.) 
PITTSBURGH #8 ARKWRIGHT BOTTOMS

TENPtRATURE, DEP. F RV ♦ 141.00

FEED, GM. 5362.UO
FEED RATE, Gft/MIN. 14.90

STEAM FEED RATIO, X ON FEED 28.86

VAPOR RESIDENCE TIME,SEC. RV X 2.28

PRODUCT YIELD
COKE/ GMS• 3224.96

X ON FEED 60.14
LIQUID/ GMS. 1&b7.18

X ON FEED 35.20
GAS/ GMS. 249.8?

X ON FEED 4.66

MATERIAL SAL AN CE,% 103.57

WATER BALANCE,X 96.24

GAS AN AL V SES,MOL XFUT X
H2
CO
C02
H2S
NH3
CH4
C2H6
C2H4
C3H8
C3H6
MOLECULAR HEIGHT 
HEATING VALUE, BTU/CU FT

DISTILLATION CUT(HICROLUBE> 
C4-400 DEG. F.
400-700 DEG. f.
700-1000 DEG. F.
1000 DEG F.*
TOGO DEG F.- 
X 1000 F- IN FEED

59.49/12.19 
1.41/ 4.05 
2.61/11.76 
0.59/ 2.05 
1.38/ 2.41 

28.28/46.37 
3.63/11.16 
0.94/ 2.69 
0.70/ 3.16 
0.97/ 4.16 

9.76 
612.46

OF LIQUID,X ON FEED 
0.37 
2.76 
3.94 

28.09 
7.07 
6.60

ANALYSES OF LIQUID PRODUCT 
C4-400 DEG F.
C/H/S/N,UT X 
ATOMIC H/C 

400-700 DEG F.
C/H/S/N,WT X 
ATOMIC H/C 

700-1000 DEG F.
C/H/S/N,UT X 
ATOMIC H/C

1000 DEG F.- 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F.+ 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU

84.98/13.73/ 0.08/ 0.18 
1.94

87.75/ 7.81/ 0.35/ 0.81 
1.07

88.45/ 6.39/ 0.46/ 1.18 
0.87

88.00/ 7.32/ 0.40/ 0.98 
1.00 

16844.62 
0.24

88.75/ 5.30/ 0.87/ 1.65 
0.72 

15738.79 
0.55

ELEMENTAL BALANCE

C H S N ASH

FEED

WT X 79.50 4.81 1.32 1.67 10.46
GM 4262.79 257.91 70.78 89.55 560.86
X ON FEED 100.00 100.00 TOO.00 100.00 100.00

LIQUID PRODUCT

NT X 88.51 5.70 0.77 1.51 0.0
GM 1670.26 107.62 14.61 28.55 0.0
X ON FEED 39.18 41.73 20.65 31 .88 0.0

GASEOUS PRODUCT

WT X 57.11 28.12 1 .93 1 .99 0.0
GM 142.69 70.25 4.82 4 .96 0.0
X ON FEED 3.35 27.24 6.81 5.54 0.0

COKE

WT X 75 .63 2.69 1.65 2.36 17.38
GM 2439.04 86.78 53.29 76.12 560.59
X ON FEED 57.22 33.65 75.29 85.01 99.95

ELEMENTAL
BALANCE A 99.75 102.62 102.74 122.43 99.95

ATOMIC RATIO OF H/C: FEED-0.73 GAS-5.91 LIQU1D-Q.77 COKE-
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CSCU HUN-164

TENPtHAIUHE, DEG. F RV ♦ HI.00

PRESSURE, PSIG 5.10

FEED SOURCE RCLU YP- 5<!7( 840 F/ 40 MIN.) 
PITTSBURGH F8 ARKWRIGHT BOTTOMS

FEED, GW. 5362.OU
FEED KATE, GM/MIN. 14.90

STEAM FEED KAT10, X ON FEED 28.86

VAPOR RESIDENCE TIME,SEC. RV X 2.28

PRODUCT YIELD
COKE, GMS. 3226.89

X ON FEED 60.18
LIQUID, GMS. 1885 .25

X ON FEED 35.16
GAS, GMS. 249.87

X ON FEED 4.66

MATERIAL BALANCE,X 103.57

WATER BALANCE,X 96.24

GAS ANALYSES,NQL X/UT X 
H2 
CO 
C02 
H2S 
NH3 
CH4 
C2H6 
C2H4 
CJH8 
CJH6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU FT

59.49/12.19 
1.41/ 4.05 
2.61/11.76. 
0.59/ 2.05 
1.38/ 2.41 

28.28/46.37 
3.63/11.16 
0.94/ 2.69 
0.70/ 3.16 
0.97/ 4.16 

9.76 
612.46

DISTILLATION CUT(HIVAC'C) OF LIUUID,X ON FEED
C4-400 DEG, F. 0.37 
400-700 DEG. f. 2.76 
700-1000 DEG. F. 16.42 
1000 DEG F.* 15.61 
1000 DEG F.- 19.54 
X 1000 F- IN FEED 9.95

PRODUCT

84.98/13.73/ 0.08/ 0.18 
1.94

87.75/ 7.81/ 0.35/ 0.81 
1 .07

88.88/ 6.33/ 0.4U/ 1.41 
0.85

ANALYSES OF LIQUID 
C4-400 DEG F. 
C/H/S/N,UT X 
ATOMIC H/C 

400-700 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C 

700-1000 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C

1000 DEG F.- 
C/H/S/N,UT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F.+ 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU

88.65/ 6.68/ 0.39/ 1.30 
0.90 

16565.73 
0.23

89.30/ 4.72/ 1.14/ 1.66 
0.63 

15495 .42 
0.73

ELEMENTAL BALANCE

C H S N ASH

FEED

NT X 79.14 4.79 1 .56 1.67 10.46
GM 4243.48 256.84 83.65 89.55 560 .86
X UN FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

WT X 88.92 5 .81 0.72 1.46 0.0
GM 1676.31 109.51 13.56 27.58 0.0
X ON FEED 39.50 42.64 16.21 30.80 0.0

GASEOUS PRODUCT

WT X 57.11 28.12 1 .93 1.99 0.0
&M 142.69 70.25 4.82 4.96 0.0
X ON FEED 27.35 5 .76 5.54 0.0

COKE

WT X 75.59 2.69 1 .65 2.36 17.42
GM 2439.35 86.79 53 .29 76.13 562.18
X ON FEED 57.48 33.79 63.71 85.02 100.24

ELEMENTAL
BALANCE .X 100.35 103.78 85 .68 121.37 100.24

ATOMIC RATIO OF H/C: FEED-0.73 GAS-5.91 LIQUID-0.78 COKE-I
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CSCU KUN-16S

TEMPERATURE, DEG. F RV t 92.UU

PRESSURE, PSIG i.2U

FEED SOURCE RCLU YP- S27( BAU F/ 40 MIN.) 
PITTSBURGH >8 ARKWRIGHT BOTTOMS

mo, cm. 59 70.00
FEED RATE, GM/HXN. 19.80

STEAM FEED RATIO, X ON FEED 23.82

VAPOR RESIDENCE TIME,SEC. RV X 2.12

PRODUCT YIELD
COKE, CHS. 3688.1b

X ON FEED 61.78
LIQUID, CHS. 201S.54

X ON FEED 33.76
GAS, GMS. 266.28

X ON FEED A.46

MATERIAL BALANCE,X 10U.29

UATER BALANCE,X 97.70

GAS ANALYSES,MOL X/WT X 
H2 
CO 
CO 2 
H2S 
NH3 
CH4 
C2H6 
C2H4 
C3H8 
CJH6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU FT

59.71/12.27 
1.42/ 4.08 
2.62/11 .83 
0.59/ 2.07 
1.02/ 1.78 

28.39/46.67 
3.64/11.23 
0.94/ 2.71 
0.70/ 3.18 
0.97/ 4.19 

9.73 
614.81

DISTILLATION CUT(MICROLUBE) OF LIQUID,X ON FEED
C4-400 DEG. F. 0.31 
400-700 DEG. F. 2.37 
700-1000 DEG. F. 4.74 
1000 DEG F.« 26.34 
1000 DEG F.- 7.42 
X 1000 F- IN FEED 6.60

ANALYSES OF LIQUID PRODUCT
C4-400 DEG F. 

C/H/S/N,WT X 
ATOMIC H/C 

400-700 DEG F. 
C/H/S/N,WT X 
ATONIC H/C 

700-1000 DEG F 
C/H/S/N,WT X 
ATOMIC H/C

84.62/14.53/ 0.04/ 0.09 
2.06

87.87/ 7.83/ 0.33/ 0.72 
1.07

89.48/ 6.48/ 0.48/ 0.99 
0.87

1000 DEG F.- 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F.t 
C/H/S/N,UT X 
ATOMIC H/C 

UTU/LB 
LB S/MBTU

88.76/ 7.25/ 0.41/ 0.87 
0.98 

16946.02 
0.24

89.35/ 5.36/ 0.77/ 1.49 
U. 72 

15879.05 
0.49

ELEMENTAL BALANCE

C H S N ASH

FEED

WT X 79.14 4.79 1.56 1.67 9.78
GM 4724.66 285.96 93.13 99.70 583.87
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

WT X 89.22 5.77 0.69 1.35 0.0
GM 1798.31 116.32 13.96 27.27 0.0
X ON FEED 38.06 40.68 14.98 27.36 0.0

GASEOUS PRODUCT

WT X 57.47 28.18 1.94 1.46 0.0
GM 153.04 75.05 5.18 3.90 0.0
X ON FEED 3.24 26.24 5 .56 3.91 0.0

COKE

WT X 76.78 2.30 1 .70 1.36 17.65
GM 2831.72 84.72 62.75 50.20 650.95
X ON FEED 59.93 29.62 67.38 50.35 111.49

ELEMENTAL
BALANCE,X 101.24 96.54 87.92 81.62 111 .49

ATOMIC RATIO OF H/C: FEED-0.73 GAS-5 .88 L1QUI0-0.78 COKE-
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CSCU RUN-16 S

TEMPERATURE, DEG. F 

PRESSURE, PSIG

HV ♦ V2.U0

.5.20

FEED SOURCE RCLU YP- S27( 840 F/ 40 MIN.) 
PITTSBURGH #8 ARKWRIGHT BOTTOMS

FEED, GM. 5970.UO
FEED RATE/ GM/MIN. 19.80

STEAM FEED RATIO/ X ON FEED 23.82

VAPOR RESIDENCE TIME/SEC. RV X 2.12

PRODUCT YIELD
COKE/ GMS. 3668.95

X ON FEED 61 .46
LIQUID/ GMS. 2034.77

X ON FEED 34.08
GAS/ GMS. 266.28

X ON FEED 4.46

MATERIAL BALANCE/X 100.29

WATER BALANCE/X 97.70

GAS ANALYSES/MOL X/WT X 
H2 
CO 
C02 
H2S 
NH3 
CH4 
C2H6 
C2H4 
C3H8 
C3H6
MOLECULAR WEIGHT 
HEATING VALUE, HTU/CU FT

S9.71/12.27 
1 .42/ 4.08 
2.62/11.83 
0.59/ 2.07 
1.02/ 1.78 

28.39/46.67 
3.64/11.23 
0.94/ 2.71 
0.70/ 3.18 
0.97/ 4.19 

9.73 
614.81

DISTILLATION CUT(HIVAC-C) OF LIQU1D/X ON FEED
C4-400 DEG. F. 0.31 
400-700 DEG. F. 2.30 
700-1000 DEG. F. 16.51 
1000 DEG F.+ 14.89 
1000 DEG F.- 19.12 
Z 1000 F- IN FEED 9.95

PRODUCT

84.62/14.53/ 0.04/ 0.09 
2.06

87.87/ 7.83/ 0.33/ 0.72 
1.07

89.48/ 6.48/ 0.48/ 0.99 
0.87

ANALYSES OF LIQUID 
C4-40C DEG F. 
C/H/S/N/UT X 
ATOMIC H/C 

400-700 DEG F. 
C/H/S/N/UT X 
ATOMIC H/C 

700-1000 DEG F. 
C/H/S/N/WT X 
ATOMIC H/C

1000 DEG F.- 
C/H/S/N/WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F.+ 
C/H/S/N/WT X 
ATOMIC H/C 
BTU/LB 
LB S/MBTU

89.21/ 6.77/ 0.45/ 0.94 
0.91 

16729.68 
0.27

89.33/ 5.35/ 0.77/ 1.49 
0.72 

138/4.48 
0.49

ELEMENTAL BALANCE

c H S N ASH

FEED

WT X 79.n 4 .79 1 .56 1 .67 9.78
GM 4724.66 285.96 93.13 99.70 583.87
X UN FEED too.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

WT X 89.08 6.14 0.59 1.18 0.0
GM 1812.64 124.92 12.04 24.01 0.0
X ON FEED 38.3? 43.69 12.93 24 .08 0.0

GASEOUS PRODUCT

WT X 57.47 28.18 1.94 1 .46 0.0
GM 153.04 75.05 5.18 3.90 0.0
X ON FEED 3.24 26.24 5.56 3.91 0.0

COKE

WT X 77.09 2.31 1 .71 1.37 17.32

GM 2828.24 84 .6 1 62.68 50.14 635.44
X ON FEED 59.86 2 9.59 6 7.30 50.29 108.83

ELEMENTAL
BALANCE A _ 101.47 99.52 85.79 78.29 108.83

AT&MIC RATIO OF H/C: FEED-U .73 b AS -5 .'8 8 LIQUID-0.83 COKE-0.37



CSCU HUN-166

TEMPtRATUHE, DEG RV + 64.40

PRESSURE , PSIG tt.SU

FEED SOURCE RCLU IP- 5J0( 840 F/10U MIN.)
PITTSBURGH #8 ARKWRIGHT BOTTOMS

FEED, GM.
FEED KATE, GM/MIN

5VUO .OU 
19 .70

STEAM FEED RAT 10, X ON FEED 17.77

VAPOR RESIDENCE TIME,SEC. RV X 3.34

PRODUCT YIELD 
COKE, GMS.

X ON FEED 
LIQUID, GMS.

X ON FEED 
GAS, GMS.

X ON FEED

3959.16 
67.10 

1701 .49 
28.84 

239.35 
4.06

MATERIAL BALANCE,X 10U .12

WATER BALANCE,X 92.12

GAS ANALYSES,MOL X/WT X 
H2 
CO 
C02 
H2S 
NH3 
CH4 
C2H6 
C2H4 
C3H8 
C3H6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU FT

66.32/16.29 
0.35/ 1.22 
0.83/ 4.46 
0.33/ 1.37 
1.01/ 2.11 

24.95/49.03 
3.95/14.55 
0.57/ 1.96 
1 .02/ 5.53 
0.67/ 3.48 

8.14 
585.93

DISTILLATION CUT(MICROLUot> OF LIQUID,X ON FEED
C4-400 DEG. F. 0.14 
400-700 DEG. F. 1.04 
700-1000 DEG. F. 3.37 
1000 DEG F.+ 24.29 
1000 DEG F.- 4.55 
X 10U0 F- IN FEED 8.70

PRODUCT

83.82/15.92/ 0.0 / 0.0 
2.28

88.98/ 7.43/ 0.19/ 0.81
1.00

89.97/ 6,27/ 0.38/ 1.12 
0.84

ANALYSES OF LIQUID 
C4-400 DEG F. 

C/H/S/N,WT X 
ATOMIC H/C 

400-700 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C 

700-1000 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C

1000 DEG f 
C/H/S/N,WT Z 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 OEG F.+ 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU

89.55/ 6.84/ 0.32/ 1.01 
0.92 

16835.15 
0.19

90.27/ 5.36/ 1.48/ 1.59 
0.71 

16150,32 
0.91

ELEMENTAL BALANCE

C H S N ASH

FEED

WT X 78.42 4.40 1 .41 1.56 12.55
GM 4626.78 259.60 tt3.19 92.04 740.45
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

WT X 90.16 5 .59 1.30 1.50 0.0
GM 1534.05 95.11 22.04 25 .47 0.0
X ON FEED 33.16 36.64 26.49 27.68 0.0

GASEOUS PRODUCT

WT X 59.33 33.69 1 .29 1.74 0.0
GM 142 .01 80.65 3.09 4.16 0.0
X ON FEED 3.07 31.07 3.72 4.52 0.0

COKE

WT X 68.12 2.34 1 .53 0.97 14.46
GM 2697.10 92.56 60.64 38.30 572.63
X ON FEED 58.29 35.66 72.90 41 .61 77.33

ELEMENTAL
BALANCE ,3C 94.52 103.36 103.11 73.81 77.33

ATOMIC RATIO OF H/C: FEED-0.67 GAS-6.81 LlQUID-0.74 COKE-0.34
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CSCU RUN-166

PRESSURE, PSIG tj.50

TEMPERATURE, DEC. f RV « 64.AU

FEED SOURCE RCLU TP- 53Q< 640 F/100 MIN.)
PITTSBURGH »8 ARKWRIGHT BOTTOMS

FEED, GM. S900.OU
FEED RATE, GM/MIN. 19.70

STEAM FEED RATIO, X ON FEED 17.77

VAPOR RESIDENCE TIME,SEC. RV X 3.34

PRODUCT YIELD 
COKE, GMS.

X ON FEED 
LIOUID, GMS.

X ON FEED 
GAS, GMS.

X ON FEED

395B.61
67.10

1702.04
28.85

239.35
4.06

MATERIAL BALANCE,X 100.1 2

WATER BALANCE,X 92.12

GAS ANALYSES,MOL X/WT X 
M2 
CO 
C02 
H2S 
NH3 
CH4 
C2H6 
C2H4 
C3H8 
C3H6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU FT

66.32/16.29 
0.35/ 1.22 
0.83/ 4.46 
0.33/ 1.37 
1.01/ 2.11 

24.95/49.03 
3.95/14.55 
0.57/ 1.96 
1.02/ 5.53 
0.67/ 3.48 

8.14 
585.93

DISTILLATION CUT(HIVAC-C) OF LIQUID,X ON FEED
C4-400 DEG. F. 0.14 
400-700 DEG. F. 1.04 
700-1000 DEG. F. 19.46 
1000 DEG F,♦ 6.94 
1000 DEG F.- 20.64 
X 1000 F- IN FEED 12.35

PRODUCTANALYSES OF LIQUID 
C4-400 DEG F. 

C/H/S/N,WT X 
ATOMIC H/C 

400-700 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C 

700-1000 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C

1000 DEG F.- 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F.♦ 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU

83.82/13.92/ 0.0 / 0.0 
2.28

88.98/ 7.43/ 0.19/ 0.81
1.00

90.84/ 5.77/ 0.46/ 1.46 
0.76

90.70/ 5.92/ 0.44/ 1.42 
0.78 

16499.71 
0.27

90.66/ 4.81/ 0.74/ 1.71 
0.64 

15797.97 
0.47

ELEMENTAL BALANCE

C N ASH

FEED

i

WT X 78.42 4.40 1.41 1.56 12.35
GM 4626.78 259.60 83.19 92.04 728.65
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

WT X 86.70 5.40 0.50 1.42 0.0
GM 1475.70 91.85 8.43 24.24 0.0
X ON FEED 31 .89 35.38 1U.14 26.34 0.0

GASEOUS PRODUCT

UT X 59.33 33.69 1.29 1.74 0.0
GM 142.01 80.65 3.09 4.16 0.0
X ON FEED 3.07 31 .07 3.72 4.52 0.0

COKE

UT X 68.13 2.34 1.53 0.9? 14.45
GM 2697.01 92.56 60.64 38.30 572.19
X ON FEED 58.29 35 .65 72.90 41 .61 78.53

ELEMENTAL
8AL AN C£,X 93.26 102.10 86.75 72.47 78.53

ATOMIC RATIO OF H/C: FEED-0.67 GAS-6.81 LIQUID-0.75 COKE-O.35
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CSCU RUN-170

TENPERATURE, OEG. F KV ♦ Gb.OU

PRESSURE # PSIG 6.00

FEED SOURCE RCLU YP- 6tli( 8A0 f/ AO MIN.)
WANDOAN BOTTOMS

F E E D ^ GM.
FEED KATE, GM/MIN.

5562.00 
11 .60

STEAM FEED RATIO, X ON FEED 54.88

VAPOR RESIDENCE TIME,SEC. KV X 2.08

PRODUCT YIELD 
COKE, GMS.

X ON FEED 
LIQUID, GMS.

X ON FEED 
GAS, GMS.

Z ON FEED

A257.16 
76.54 

1147.03 
20.62 

157.82 
2 .84

MATERIAL BALANCE,X 100.22

WATER BALANCE,X 96.67

GAS ANALYSES,MOL X/UT X 
H2 
CO 
C02 
H2S 
NH3 
CH4 
C2H6 
C2H4 
C3H8 
C3H6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU

55 .14/10.24 
2.55/ 6.62 
4.21/17.20 
0.18/ 0.56 
1.13/ 1.79 

30.64/45.53 
4.07/11.34 
1.17/ 3.03 
0.76/ 3.09 
0.15/ 0.59 

10.77
FT 627.52

DISTILLATION CUT(MICROLUBE) OF LIQUID,X ON FEED
C4-400 DEG. F. 0.28 
400-700 DEG. F. 1.74 
700-1000 DEG. f. 4.79 
1000 DEG F.♦ 13.81 
1000 DEG f.- 6.81 
X 1000 f- IN FEED 4.20

PRODUCT

87.04/10.92/ 0.02/ 0.27 
1.51

88.79/ 8.33/ 0.03/ 0.40 
1.13

89.73/ 7.00/ 0.05/ 0.65 
0.94

ANALYSES OF LIQUID 
C4-400 DEG f. 

C/H/S/N,WT X 
ATOMIC H/C 

400-700 DEG F. 
C/H/S/N,UT X 
ATOMIC H/C 

700-1000 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C

1000 DEG F.- 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F.♦ 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU

89.38/ 7.50/ 0.04/ 0.57 
1 .01 

17184.46
0.03

87.31/ 4.71/ 0.30/ 1.16 
0.65 

14957.68 
0.20

ELEMENTAL BALANCE

C H S N ASH

FEED

UT X 5 2.14 3.49 0.23 0.69 38.03
GM 2900.03 194.11 1 2.79 38.38 2115.23
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

UT X 87.96 5.63 U.22 0.96 0.0
GM 1008.92 64.55 2.47 11.06 0.0
X ON FEED 34 .79 33.25 19.33 28 .82 0,0

GASEOUS PRODUCT

WT X 56.38 25.32 U .53 1.47 0.0
GM 88.98 39.96 0.84 2.32 0.0
X ON FEED 3.07 20.59 6.53 6.05 0.0

COKE

UT X 45.52 2.18 0.23 0.61 46 .23
GM 1937.85 92.67 9.75 26.01 1968.15
X ON FEED 66.82 47.74 76.25 67.78 93.05

ELEMENTAL
BALANCE,X 104 .68 101.58 102.1 1 102.65 93.05

ATOMIC RATIO OF H/C: FEED-0.80 GAS-5.39 LIQUID-0.,77 COKE-i
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CSCU RUN-170
/mN

TEMPERATURE, DEG. F RV ♦ 6S.00

PRESSURE, PSIG 6.00

FEED SOURCE RCLU VP- 62B( 840 F/ 40 MIN.)

WANDOAN BOTTOMS
FEED, GM.
FEED RATE, GM/MIN.

STEAM FEED RATIO, X ON FEED

VAPOR RESIDENCE TIME.SEC.

5562.00
11.60

54.88 

RV X 2.07

PRODUCT YIELD
COKE, GMS. 4013.48

X ON FEED 72.16
LIQUID, GMS. 1390.71

X ON FEED 25.00
GAS, GMS. 157.82

X ON FEED 2.84

MATERIAL BALANCE,! 100.22

WATER BALANCE,X 96.67

GAS ANALYSES,MOL X/UT X 
H2 
CO 
C02 
K2S 
NH3 
CH4 
C2H6 
C2H4 
C3H8 
C3H6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU

55.14/10.24 
2.55/ 6.62 
4.21/17.20 
0.18/ 0.56 
1.13/ 1.79 

30.64/45.53 
4.07/11.34 
1.17/ 3.03 
0.76/ 3.09 
0.15/ 0.59 

10.77
FT 627.52

DISTILLATION CUT(HIVAC-C) OF LIQUID,! ON FEED
C4-400 DEG. F. 0.29 
400-700 DEG. F. 1.74 
700-100U DEG. F. 13.70 
1000 DEG F.4 9.28 
1000 DEG F.- 15.72 
X 1000 F- IN FEED 9.40

ANALYSES OF LIQUID PRODUCT 
C4-400 DEG F.

C/H/S/N,WT X 87.11/10.82/
ATOMIC H/C 

400t700 DEG F.
C/H/S/N,WT X 88.79/ 8.33/
ATOMIC H/C 

700-1000 DEG F.
C/H/S/N,MT X 69.53/ 6.83/
ATOMIC H/C

0.02/
1

0.27 
49 .

0.03/ 0.40 
1.13

0.06/ 0.69 
1.18

1000 DEG F.- 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F. ♦ 
C/H/S/N,UT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU

71.98/ 7.07/ 0.06/ 0.65 
1.18 

13396.79 
0.04

88.10/ 5.54/ 0.21/ 1.12 
0.75 

15664.01 
0.13

ELEMENTAL BALANCE

C H N ASH

FEED

UT X 52.14 3.49 0..23 0.78 38.03
on 2900.03 194.11 12.79 43.38 2115.23
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

WT X 77.97 6.50 0.11 0.83 0.0
GM 1084.39 90.43 1.58 11.48 0.0
X ON FEED 37.39 46.58 12.32 26.46 0.0

GASEOUS PRODUCT

UT X 56.38 25 .32 0.53 1 .47 0.0
GH 88.98 39.96 0.84 2.32 0.0
X ON FEED 3.07 20.59 6.53 5.35 0.0

COKE

UT X 47.56 2.27 0.24 0.60 43.82
GH 1908.81 91.28 9.61 24.02 1758.78
X ON FEED 65.82 47.02 75.11 55.37 83.15

ELEMENTAL
BALANCE/X 106.28 114.19 93.95 87.18 83.15

ATOMIC RATIO OF H/C: FEED-0.80 GAS-5.39 LIQUID-1..00 COKE-0.44
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CSCU RUN-172

PRESSURE, PSIG 9.70

TEMPERATURE, DEG. F RV ♦ 198.80

FEED SOURCE RCLU TP- 626< 840 F7 40 MIN.)
WANDOAN BOTTOMS

FEED, GM.
FEED RATE, GM/MIN.

3966.00 
16.60

STEAM FEED RATIO, X ON FEED 18.55

VAPOR RESIDENCE TIME,SEC. RV X 3.80

PRODUCT YIELD 
COKE, GMS.

X ON FEED 
LIQUID, GMS.

X ON FEED 
GAS, GMS.

X ON FEED

3063.44
76.85

718.38
18.02

204.18
5.12

MATERIAL BALANCE,X 96.29

WATER BALANCE,X 109.70

GAS ANALYSES,MOL X/WT X 
H2 
CO 
C02 
HZS 
NH3 
CH4 
C2H6 
C2H4 
C3H8 
C3H6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU FT

53.84/ 8.87 
2.54/ 5.86 
7.71/27.95 
0.23/ 0.65 
1.62/ 2.27 

27.44/36.18 
3.51/ 8.69 
1.14/ 2.63 
0.69/ 2.52 
1.27/ 4.40 

12.14 
627.87

DISTILLATION CUT(MICROLUBE) OF LIQUID,X ON FEED
C4-400 DEG. F. 
400-700 DEG. F. 
700-1000 DEG. F. 
1000 OEG F.t 
1000 DEG F.- 
X 1000 F- IN FEED

0.37 
1 .66 
3.74 

12.25 
5.77 
4.20

ANALYSES OF LIQUID PRODUCT 
C4-400 DEG F.

C/H/S/N,WT X 
ATONIC H/C 

400-700 DEG F.
C/H/S/N,WT X 
ATOMIC H/C 

700-1000 DEG F.
C/H/S/N,WT X 
ATOMIC H/C

1000 OEG F.- 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F.t 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU

85.35/13.78/

89.56/ 7.60/

0.01/ 0.11
1.94

0.04/ 0.57
1.02

90.61/ 6.14/ 0.06/ 0.78 
0.81

89.97/ 7.06/ 0.05/ 0.68 
0.94 

17016.81 
0.03

89.96/ 4.84/ 0.15/ 1.32 
0.65 

15583.48 
0.09

ELEMENTAL BALANCE

WT X 54.20 3.61 0.21 0.78 36 .66
GH 2160.41 143.89 8.37 31.09 1461.27
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

WT X 89.96 5.55 0.12 1.11 0.0
GH 646.29 39.85 0.83 8.01 0.0
X ON FEED 29.92 27.69 9.88 25.76 0.0

GASEOUS PRODUCT

WT X 52.29 21 .55 0.61 1 .87 0.0
GH 106.77 44.01 1.25 3.82 0.0
X ON FEED 4.94 30.58 14.95 12.29 0.0

COKE

WT X 42.98 2.11 0.20 0.54 55 .11
GM 1316.54 64.77 6.03 16.57 1688.14
X ON FEED 60.94 45.01 71.98 53.29 115.53

ELEMENTAL
BALANCE 95.80 103.29 96.81 91.34 115.53

ATOMIC RATIO OF H/C: FEED-0.80 GAS-4.95 LIQUID-0.,74 COKE-i
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Cr.Cn uu\“17Z

T 1; ,'IP E I! ATU M E , DEG. F RV + rt'i.Gu

I’M t SSU HE , PSIG 9.70

FEED SOURCE HCLU YP- 626< S40 F/ 40 MIN.)
Ff . WANDOAN BOTTOMS 3956.00
FEED »:ATE, Gx / < I \ . 16.60

STEA- FEED RATIO, 7, OX FCLD 1 ii . 5 5

VAPOR RESIDENCE TI,L,5EC. RV X 3.00

PRODUCT YIELD
COKE, GMS. 3079.41

7. ON FEED 77.26
LIOUID, G>'!S . 702.41

7 OX FLED T? .62
(iAS, 6XS. 2 04.13

7. 0\ FLED 5.12

lATCKlAL r * A L A \ C F. , 96.29

uATEl* UALA:;CC,7. 109.70

,'.AS A wAL YSC S^.tOL /'./UT r. 
Hi?
CO
CO?
H2S

CU4
C2H6
C2U<,
riitn
C5H6
MOLECULAR UCK.MT 
HCATING VALUE, UTU/CU

53.S4/ o.M7 
2.5^/ b.>;6 
7.7 1 / 2 7 . V b* 
U . 2 .5 / f). 6 5 
1 .62/ 2.27 

2 7.44/3/.. IK 
3.51/ .‘t.AO 
1 .14/ 2.63 
0.6'V/ 2.52 
1 .27/ 4.40 

12.14
FT 627 .«7

UIST1LLATI0S CUT(HIVAC-C) OF LIOUID,/'. OX FFCD
C4-40U DCC.. F. U.37
4:)(i-7UU DEC,. F. 1.66
7nu-im»u ucr.. f . n .72
l:mu DEG F.+ 6.K7
1UUU DEG F.- 1U.75
r. 1'JU'j F- I\ FEED 11.40

PRODUCTANALYSES OF LIOUID 
C4-4D0 DEG F. 

C/H/S/N,UT X 
ATOXIC H/C 

400-711(1 DEG F. 
C/M/S/N,WT 7. 
ATOXIC M/C 

7UO-10un DEG F. 
C/H/S/X,WT r. 
ATOXIC H/C

lUUO DEG F.- 
C / It / S / H , i/T 7, 
ATOXIC H/C 

HTII/LM 
LU S/XHTU 

1 (HU DEG F.+ 
C/H/S/\,UT 7. 
ATOXIC H/C 

HTU/LH 
Lit S/ XUTU

n5.3S/13.?G/ 0.01/ 0.11 
1 •*/4

39.56/ 7.60/ 0.04/ U.S7
1 .02

90.43/ 6.04/ 0.06/ U.:i7 
O.GO

90.1 2/ 6.55/ 0.06/ U.iiO 
U.«7 

16718.53
0.0 i

90.73/ 4.25/ 0.22/ 1.41 
0.56 

1 5365 .02
0.14

l. L F. IE XT AL H AL AN C E

C H S N ASH

FEED

UT 7. 54.20 1.61 0.21 0.73 36.66
r, x 2160.41 143.09 0.37 31 .09 1461 .27
% ON FEED 100.UO 101).00 100.00 100.00 100.00

LIOUID PRODUCT

UT 7, 90.36 5 .65 0.12 1 .04 0.0
c,.-; 634.69 39.72 0.8 3 7.2 7 0 .0
7. ON FEED 29.33 27.60 9.37 2 3.39 0.0

GASEOUS PRODUCT

in 7. 5 2.29 21.55 0.61 1.07 0.0
GX ‘’06.7 7 44 .01 1 .25 3.32 0.0
X UN FEED 4 .94 30.5 3 14.95 12.29 0.0

COKE

UT 7. 4 2. ;i n 2.11 0.20 0.54 55.29
G,< 1317.94 6 4.84 6.03 16.59 1702.65
X ON FEED 61 .00 45 ,06 72.06 53.35 116.52

ELE -ENTAL
OALANCE,*' 9 5.32 103.25 96. BO 89.03 116.52

ATOXIC RATIO OF H/C: FEED-0 .MO GAS-4.95 Liouin-o. 75 COKE-l
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CSCU KUN“1?4

TEMPeHATUKE, DEG. F RV ♦ 1SV.40

PRESSURE, PSIG 1U.00

FEED SOURCE RCLU YP- 5Z6( B40 F/ 4U MIN.) 
PITTSBURGH 08 ARKWRIGHT BOTTOMS

FEED, GM. 6UQU.U0
FEED RATE, GM/MIN. 19.U5

STEAM FEED RATIO, X ON FEED 23.49

VAPOR RESIDENCE TIME,SEC. RV X 2.62

PRODUCT YIELD
COKE, GMS. 3866 .25

X ON FEED 64.44
LIOUID, GMS. 1773.08

X ON FEED 29.55
GAS GMS. 360.68

X ON FEED 6.01

MATERIAL BALANCE,X 101 .77

WATER BALANCE,X 95.63

G AS ANALYStS,KOL X/WT X ANALYSES OF LIQUID PRODUCT
H2 54.13/10.11 C4-400 DEG F
CO 3.72/ 9.73 C/H/S/N,WT X 85.08/13.80/ 0.1U/ 0.16
C02 2.61/10.73 ATOMIC H/C 1.95
H2S 0.29/ 0.92 400-700 DEG F.
NH3 1.58/ 2.51 C/H/S/N,WT X 87.97/ 7.56/ 0.45/ 0.76
CH4 31 .64/47.28 ATOMIC H/C 1.03
C2H6 3.48/ 9.74 700-1000 DEG F .
C2H4 0.88/ 2.31 C/H/S/N,WT X 88.92/ 6.33/ 0.49/ 1.24
C3H8 0.79/ 3.24 ATOMIC H/C 0.85
C3H6 0.87/ 3.43
MOLECULAR WEIGHT 10.71 1000 DEG F.-
HEATING VALUE, BTU/CU FT 631.29 C /H/S/N,WT X 88.12/ 7.67/ 0.43/ 0.94

ATOMIC H/C 1.04
DISTILLATION CUT(MICROLUBE) OF LiaUID/X ON FEED BTU/LB 17102.28

C4-400 OEG. F. 0.86 LB S/MBTU 0.25
400-700 OEG. F. 2.51 1000 DEG F.♦
700-1000 OEG. F. 3.73 C/H/S/N,WT X 88.54/ 5.35/ 1.00/ 1.74
1000 DEG 1F.* 22.46 ATOMIC H/C 0.72
1000 DEG IF.- 7.10 BTU/LB 15744 .90
X 1000 F- 1N FEED 5.10 LB S/MBTU 0.64

ELEMENTAL BALANCE

C H S N ASH

FEED

WT X 79.43 4.73 1 .60 1 .63 9.56
GM 4765.80 283.80 96.00 97.80 573.60
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

WT X 88.45 5.91 0.86 1.55 0.0
GM 1568.22 104.71 15 .31 27.43 0.0
X ON FEED 32.91 36.90 15 .94 28.04 0.0

GASEOUS PRODUCT

WT X 57.92 25.78 0.86 2.07 0.0
GM 208.90 93.00 3.11 7.47 0.0
X ON FEED 4.38 32.77 3.24 7.63 0.0

COKE

WT X 79.70 2.30 1 .93 1 .44 16.49
GM 3081.23 88.85 74.57 55.53 637.46
X ON FEED 64.65 31 .31 77.68 56.78 111.13

ELEMENTAL
BALANCE A 101.94 100.97 96.86 92.46 111.13

ATOMIC RATIO OF H/C: FEED-0.71 GAS-5.34 LiauID-0.80 COKE-I

- 430 -



CSCU RUN-174

y*"-—%

TEMPERATURE, DEG 

PRESSURE, PSIG

RV ♦ 159.40

10.00

FEED SOURCE RCLU YP- 526< S40 F/ 40 MIN.) 
PITTSBURGH #8 ARKWRIGHT BOTTOMS

FEED, GM. 6000.00
FEED RATE, GM/MIN. 19.05

STEAM FEED RATIO, X ON FEED 23.49

VAPOR RESIDENCE TIME,SEC. RV X 2.62

PRODUCT TIELO
COKE, GMS. 3868.95

X ON FEED 64.48
LIQUID, GMS. 1770.38

X ON FEED 29.51
GAS, GMS. 360.68

X ON FEED 6.01

MATERIAL BALANCE,X 101.77

UATER BALANCE,X 95.63

GAS ANALYSES,MOL X/WT X 
H2 
CO 
C02 
H2S 
HHS 
CH4 
C2H6 
C2H4 
C3H8 
C3H6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU FT

54.13/10.11 
3.72/ 9.73 
2.61/10.73 
0.29/ 0.92 
1.58/ 2.51 

31 .64/47.28 
3.48/ 9.74 
0.88/ 2.31 
0.79/ 3.24 
0.87/ 3.43 

10.71 
631.29

DISTILLATION CUT(HIVAC-C) OF LIQUID,X ON FEED
C4-400 DEG. F. 0.86 
400-700 DEG. F. 2.51 
700-1000 DEG. F. 16.04 
1000 OEG F.f 10.10 
1000 OEG F.- 19.41 
X 10J0 f- IN FEED 11.90

ANALYSES OF LIQUID PRODUCT 
C4-400 DEG F.

C/H/S/N,WT X 
ATOMIC H/C 

400-700 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C 

700-1000 OEG F. 
C/H/S/N,WT X 
ATOMIC H/C

85.08/13.80/ 0.10/ 0.16 
1.95

87.97/ 7.56/ 0.45/ 0.76 
1.03

75.27/ 6.27/ 0.60/ 1.38
1.00

1000 OEG F.- 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F.+ 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU

77.35/ 6.77/ 0.56/ 1.25 
1.05 

14343.17 
0.39

89.06/ 4.79/ 1.13/ 1.88 
0.65 

15504 .23 
0.73

ELEMENTAL BALANCE

C H S N ASH

FEED

UT X 79.43 4.73 1 .60 1 .63 9.56
GM 4765.80 283.80 96.00 97.80 573.60
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

UT X 81.35 6.09 0.75 1 .46 0.0
GM 1440.28 107.88 13.35 25 .91 0.0
X ON FEED 30.22 38.01 13.91 26.49 0.0

GASEOUS PRODUCT

WT X 57.92 25.78 0.86 2.07 0.0
GM 208.90 93.00 3.11 7.47 0.0
X ON FEED 4.38 32.77 3.24 7.63 0.0

COKE

UT X 79.65 2.30 1.93 1.44 16.53
6M 3081.75 88.87 74.58 55.54 639.61
X ON FEED 64.66 31.31 77.69 56.79 111 .51

ELEMENTAL
BALANCE 99.27 102.10 94.84 90.92 111 .51

ATOMIC RATIO OF H/C: FEED-0.71 GAS-5.34 LIQUID-0.90 COKE-
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CSCU KUN-IO

sT'"

UMHLKATUftt/ DEG. F KV ♦ 166.8U

PKESSUHE, PSIG V.UU

FEED SOURCE RCLU YP- B^U f/lOU MIN.)
PITTSBURGH #8 ARKWRIGHT BOTTOMS

FEED/ GM. SVV6.U0
FEED RATE, GM/MIN. 20.70

STEAM FEED RATIO, X ON FEED 1U.32

VAPOR RESIDENCE TIME/SEC. KV X 2.72

PRODUCT YIELD
COKE, GMS. 407U.A3

X ON FEED 67.B9
LIQUID, GMS. 1644.00

X ON FEED 27.42
GAS, GMS. 281.S7

X ON FEED 4.70

MATERIAL BALANCE/X 99.32

UATER BALANCE/* 96.18

GAS ANALYSES/MOL X/wT X 
H2 
CO 
C02 
H2S 
NH3 
CH4 
C 2 H6 
C 2 H4 
C3H8 
C3H6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU

62.73/13.49 
5.37/16.18 
2.01/ 9.53 
0.39/ 1.43 
1.52/ 2.77 

23.40/40.25 
2.74/ 8.84 
0.60/ 1.81 
0.62/ 2.91 
0.62/ 2.80 

9.30
FT 549.50

DISTILLATION CUT<MICROLUBE ) OF LIQUID/* ON FEED
C4-400 DEG. F. 0.20 
400-700 DEG. F. 1.64 
700-1000 DEG. F. 3.69 
1000 DEG F .+ 21 .89 
1000 DEG F.- 5.53 
* 1000 F- IN FEED 6.20

PRODUCT

85.70/13.06/ 0.07/ 0.27 
1 .83

89.51/ 7.13/ 0.22/ 0.88 
0.96

90.32/ 6.00/ 0.40/ 1.29 
0.80

ANALYSES OF LIQUID 
C4-400 DEG F. 

C/H/S/N/WT * 
ATOMIC H/C 

400-700 DEG F. 
C/H/S/N/WT X 
ATOMIC H/C 

700-1000 DEG F. 
C/H/S/N/WT * 
ATOMIC H/C

1000 DEG F.- 
C/H/S/N/WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F.+ 
C/H/S/N/WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU

89.91/ 6.60/ 0.33/ 1.13 
0.88 

16755.91 
0.20

90.89/ 5.16/ 0.49/ 1.81 
0.68 

16059.07 
0.31

ELEMENTAL BALANCE

C H S N ASH

FEED

WT X 79.4 7 4.41 1 .26 1 .62 11.24
GM 4765.02 264.42 75.55 97.14 673.95
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

WT X 90.69 5 .45 0 .46 1 .67 0.0
GM 1490.86 89.58 7.60 27.47 0.0
X ON FEED 31.29 33.88 10.06 28.28 0.0

GASEOUS PRODUCT

UT X 53.12 27.08 1.35 2.28 0.0
GM 149.57 76.24 3.79 6.42 0.0
X ON FEED 3.14 28.83 5.02 6.61 D.O

COKE

UT X 79.32 2.17 1 .34 1.14 1 8.71
GM 3228.55 88.39 54.64 46.60 761 .53
X ON FEED 67.76 33.43 72.32 47.98 112.99

ELEMENTAL
BALANCE /X 102.18 96.14 87.40 82.87 112.99

ATOMIC RATIO OF H/C: FEED-0.67 GAS-6.12 LIQUID-0.72 COKE-l
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CSCU KUN-V/S

TtNPEHATURE, OEG RV * 166.UU

PRESSURE, PSIG 9 .OU

fEEO SOURCE RCLU YP- 5291 84U F/100 HIM.)
PITTSBURGH #8 ARKWRIGHT BOTTOMS

FEED, GM. 5996.00
FEED HATE, GM/MIN. 20.70

STEAM FEED RATIO, % ON FEED 18.32

VAPOR RESIDENCE TIME,SEC. RV K 2.72

PRODUCT YIELD
COKE, GMS. 4070.99

X ON FEED 67.90
LIQUID, GMS. 1643.45

X ON FEED 27.41
GAS, GMS. 281.57

X ON FEED 4.70

MATERIAL BALANCE,X 99.32

WATER BALANCE,X 96.18

GAS ANALYSES,HOL X/UT X 
H2 
CO 
C02 
H2S 
NH3 
CH4 
C2H6 
C2H4 
C3H8 
C3H6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU FT

62.73/13.49 
5.37/16.18 
2.01/ 9.53 
0.39/ 1.43 
1.52/ 2.77 

23.40/40.25 
2.74/ 8.84 
0.60/ 1.81 
0.62/ 2.91 
0.62/ 2.80 

9.30 
549.50

DISTILLATION CUT(HIVAC-C) OF LIQUID,X ON FEED
C4-400 DEG. F. 0.20 
400-700 DEG. F. 1.64 
700-1000 DEG. F. 18.23 
1000 DEG F.t 7.34 
1000 DEG F.- 20.07 
X 1000 F- IN FEED 14.60

ANALYSES OF LIQUID PRODUCT 
C4-400 DEG F.

C/H/5/N,UT X 
ATOMIC H/C 

400-700 DEG F.
C/H/S/N,WT X 
ATOMIC H/C 

700-1000 DEG F.
C/H/S/N,UT X 
ATOMIC H/C

85.70/13.06/ 0.07/ 0.27 
1.83

89.51/ 7.13/ 0.22/ 0.88
0.96

89.92/ 5.80/ 0.43/ 1.53
0.77

1000 DEG F.- 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

10U0 DEG F.t 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU

89.84/ 5.98/ 0.41/ 1.46 
0.80 

16361.16 
0.25

90.81/ 4.62/ 0.71/ 1.86 
0.61 

15704 .09 
0.45

ELEMENTAL BALANCE

C N ASH

FEED

UT X 79.47 4.41 1.26 1 .62 11 .24
GH 4765.02 264 .42 75.55 97.14 673.95
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

WT X 90.10 5.62 0.49 1.57 0.0
GM 1480.78 92.30 8.05 25 .82 0.0
X ON FEED 31 .08 34.91 10.66 26.59 0.0

GASEOUS PRODUCT

UT X 53.12 27.08 1 .35 2.28 0.0
GM 149.57 76.24 3.79 6.42 0.0
X ON FEED 3.14 28.83 5.02 6.61 0.0

COKE

UT X 79.31 2.17 1 .34 1.14 18.72
GM 3228.66 88.39 54.64 46.61 761.96
X ON FEED 67.76 33.43 72.33 47.98 113.06

ELEMENTAL
BALANCE,X 101.97 97.17 88.00 81.18 113.06

ATONIC RATIO OF H/C: FEED-0.67 GAS-6.12 LIQUID-0.75 COKE-I
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CSCU RUN-178

TEMPERATURE/ DEG. f RV ♦ 100.50

PRESSURE, PSIG 9.00

FEED SOURCE RCLU TP- 529( 840 F/100 MIN.) 
PITTSBURGH «8 ARKWRIGHT BOTTOMS

FEED/ GH. 4195.00
FEED KATE/ GM/HIN. 23.31

STEAM FEED RATIO/ X ON FEED 16.22

VAPOR RESIDENCE TIME/SEC. KV X 2.63

PRODUCT YIELD
COKE, GMS. 2935.78

X ON FEED 69.98
LIQUID/ GMS. 1120.87

X ON FEED 26.72
GAS/ CMS. 138.36

X ON FEED 3.30

MATERIAL BALANCE/X 99.92

UATER BALANCE/X 91.12

GAS ANALYSES,MOL X/WT X 
H2 
CO 
C02 
H2S 
NH3 
CH4 
C2H6 
C2H4 
C3H8 
C3H6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU FT

67.66/17.19 
1.43/ 5.08 
1.71/ 9.56- 
0.23/ 1.01 
1.38/ 2.98 

23.78/48.33 
2.58/ 9.82 
0.37/ 1.32 
0.48/ 2.68 
0.38/ 2.03 

7.87 
538.52

DISTILLATION CUT(MICROLUBE) OF LIOUID,X ON FEED
C4-400 DEG. F. 0.21 
400-700 DEG. F. 2.24 
700-1000 DEG. F. 3.82 
1000 DEG F.4 20.45 
1000 DEG F.- 6.27 
X 1000 F- IN FEED 6.20

ANALYSES OF LIQUID PRODUCT 
C4-400 DEG F.

C/H/S/N/UT X 
ATOMIC H/C 

400-700 DEG F.
C/H/S/N,WT X 
ATOMIC H/C 

700-1000 DEG F.
C/H/S/N,WT X 
ATOMIC H/C

85.69/12.79/ 0.08/ 0.36 
1.79

89.16/ 7.19/ 0.20/ 0.94 
0.97

90.36/ 6.06/ 0.42/ 1.33 
0.80

1000 OEG F.- 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F.+ 
C/H/S/N,WT X 
ATOMIC H/C 

UTU/LB 
LB S/MBTU

89.77/ 6.69/ 0.33/ 1.16 
U. 89 

16792.01 
0.20

89.46/ 5.19/ 0.71/ 1.74 
0.70 

15802.51 
0.45

ELEMENTAL BALANCE

C H S N ASH

FEED

WT X 79.52 4.45 1.13 1 .51 11 .27
GM 3335.86 186.68 47.40 63.34 472.78
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

UT X 89.52 5.54 0.62 1 .60 0.0
GM 1003.45 62.13 6.99 17.95 0.0
X ON FEED 30.08 33.28 14.75 28.34 0.0

GASEOUS PRODUCT

WT X 53.95 32.79 0.95 2.46 0.0
GM 74.65 45.36 1.32 3.40 0.0
X ON FEED 2.24 24.30 2.78 5.37 o.u

COKc

WT X 73.57 2.09 1.42 1.02 19.16
GM 2159.71 61 .24 41 .82 29.87 562.48
X ON FEED 64.74 32.80 88.22 47.16 118.97

ELEMENTAL
BALANCE/X 97.06 90.38 105.74 80.86 118.97

ATOMIC RATIO OF H/C: FEED-0.67 GAS-7.29 LIQUID-0.74 COKE-i
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CSCU RUN-178

TEMPERATURE, DEG. F RV t 100.50 

PRESSURE, PSIG 9.00 

FEED SOURCE RCLU VP- 529C 840 F/100 MIN.)
PITTSBURGH #8 ARKWRIGHT BOTTOMS

FEED, GM. 4195.00
FEED RATE, GM/MIN. 23.31

STEAM FEED RATIO, X ON FEED 16.22

VAPOR RESIDENCE TIME,SEC. RV X 2.63

PRODUCT YIELD
COKE, GMS. 2937.79

X ON FEED 70.03
LIQUID, GMS. 1118.85

X ON FEED 26.67
GAS, GMS. 138.36

X ON FEED 3.30

MATERIAL BALANCE,X 99.92

WATER BALANCE,X 91.12

GAS ANALYSES,HOL X/WT X 
H2 
CO 
C02 
H2S 
NH3 
CH4 
C 2 H6 
C2H4 
C3HB 
C3H6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU FT

67.66/17.19 
1.43/ 5.08 
1.71/ 9.56 
0.23/ 1.01 
1.38/ 2.98 

23.78/48.33 
2.58/ 9.82 
0.37/ 1.32 
0.48/ 2.68 
0.38/ 2.03 

7.87 
538.52

DISTILLATION CUT(HIVAC-C) OF 
C4-400 DEG. F.
400-700 DEG. F.
700-1000 DEG. F.
1000 DEG f.*
1000 DEG F.- 
X 1000 F- IN FEED

LIQUID,X ON FEED 
0.21 
2.24 

16.91 
7.32 

19.35 
14.60

ANALYSES OF LIQUID PRODUCT 
C4-400 DEG F.

C/H/S/N,WT X 
ATOMIC H/C 

400-700 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C 

700-1000 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C

85 .69/12.79/

89.16/ 7.19/

90.30/ 5.95/

U. 08 /
1.

0.36
79

0.20/ 0.94 
0.97

0.40/ 1.39 
0.79

1000 DEG F.- 
C/H/S/N,WT X 
ATONIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F.♦ 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU

90.12/ 6.17/ 0.37/ 1.33 
0.82 

16529.48 
0.23

90.98/ 4.22/ 0.90/ 1.74 
0.56 

15489.13 
0.58

ELEMENTAL BALANCE

C N ASH

FEED

UT X 79.47 4.41 1.26 1 .62 11 .24
GM 3333.77 185.00 52.86 67.96 471.52
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

WT X 90.35 5.63 0.52 1.44 0.0
GM 1010.94 63.04 5.81 16.12 0.0
X ON FEED 30.32 34.07 10.99 23.72 0.0

GASEOUS PRODUCT

UT X 53.95 32.79 0.95 2.46 0.0
GM 74.65 45.36 1.32 3.40 0.0
X ON FEED 2.24 24.52 2.49 5.00 0.0

COKE

UT X 73.52 2.08 1.42 1.02 19.20
GM 2160.00 61.24 41 .83 29.88 564.18
X ON FEED 64.79 33.11 79.13 43.96 119.65

ELEMENTAL
BALANCE,X 97.35 91.70 92.61 72.68 119.65

ATOMIC RATIO OF H/C: FEED-0.67 GAS-7.29 LIQUID-0.75 COKE-I
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CSCU RUN-189

TEMPERATURE, DEG. F 

PRESSURE, PSIG

»V + 175.00 

9.70

FEED SOURCE RCLU YP- 626( 840 F/ 40 MIN.) 
WANDOAN BOTTOMS

FEED, GM. 5625.00
FEED RATE, GM/MIN. 15.60

STEAM FEED RATIO, X ON FEED 23.25

VAPOR RESIDENCE TIME,SEC. RV X 3.32

PRODUCT YIELD
COKE, GMS. 3945.58

X ON FEED 70.14
LIQUID, GMS. 1522.44

X ON FEED 27.07
GAS, GMS. 156.98

X ON FEED 2.79

MATERIAL BALANCE,X 95.26

WATER BALANCE,X 97.52

GAS ANALYSES,MOL X/WT X 
H2 
CO 
C02 
H2S 
NH3 
CH4 
C2H6 
C2H4 
C3H8 
C3H6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU FT

56.03/ 
2.01/ 
8.59/ 
0.25/ 
3.34/ 

24.18/ 
2.97/ 
1 .04/ 
0.54/ 
1.05/ 

11 .
582

9.46 
4.76 

31 .90 
0.73 
4.80 

32.66 
7.52 
2.45 
1 .99 
3.73 

84 
39

DISTILLATION CUT(MICROLUBE) OF LIQUID,X ON FEED
C4-400 DEG. F. 
400-700 OEG. F. 
700-1000 DEG. f. 
1000 DEG F•♦
1000 DEG F.- 
X 1000 F- IN FEED

0.26
3.32
6.64

16.84
10.22
4.20

PRODUCT

86.30/11.68/ 0.03/ 0.25 
1.62

88.54/ 7.73/ 0.07/ 0.50 
1.05

89.70/ 6.34/ 0.10/ 0.63 
0.85

ANALYSES OF LIQUID 
C4-400 DEG F. 

C/H/S/N,WT X 
ATOMIC H/C 

400-700 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C 

700-1000 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C

1000 OEG F.- 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F.t 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU

89.24/ 6.93/ 0.09/ 0.58 
0.93 

16778.48 
0.05

67.58/ 5.26/ 0.22/ 0.75 
0.93 

11375.53 
0.19

ELEMENTAL BALANCE

C H S N ASH

FEED

UT X 53.62 3.63 0.25 0.79 36.59
GM 3016.12 204.19 14.06 44.44 2058.19
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID

UT X

PRODUCT

75.76 5.89 0.17 0.69 0.0
GM 1153.43 89.69 2.55 10.46 0.0
X ON FEED 38.24 43.93 18.12 23.54 0.0

GASEOUS

UT X

PRODUCT

48.18 21 .27 0.68 3.95 0.0
GM 75.64 33.38 1.07 6.20 0.0
X ON FEED 2.51 16.35 7.62 13.96 0.0

COKE

WT X 30.71 0.81 0.24 0.81 63.10
GM 1211 .86 31 .89 9.57 31 .89 2489.74
X ON FEED 40.18 15.62 68.03 71 .77 120.97

ELEMENTAL 
BALANCE,X 80.93 75.89 93.78 109.26 120.97

ATOMIC RATIO OF H/C: FEED-0.81 GAS-5.30 LIQUID-0,.93 COKE-I
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CSCU RUN-189

^r*\.

TEMPERATURE, OEG. F RV ♦ 175.00

PRESSURE, PSIG 9.70

FEED SOURCE RCLU YP- 626( 840 F/ 40 MIN.)
WANDOAN BOTTOMS

FEED, GM.
FEED RATE, GM/MIN.

STEAM FEED RATIO, X ON FEED 

VAPOR RESIDENCE TIME,SEC.

5625.00
15.60

23.25 

RV X 3.32

PRODUCT YIELD
COKE, GMS. 3964.72

X ON FEED 70.48
LIQUID, GMS. 1503.30

X ON FEED 26.73
GAS, GMS. 156.98

X ON FEED 2.79

MATERIAL BALANCE,X 95.26

WATER BALANCE,X 97.52

GAS ANALYSES,MOL X/WT X 
H2 
CO 
C02 
H2S 
NH3 
CH4 
C2H6 
C2H4 
C3H8 
C3H6
MOLECULAR WEIGHT 
HEATING VALUE, BTU/CU FT

56.03/ 9.46 
2.01/ 4.76 
8.59/31 .90' 
0.25/ 0.73 
3.34/ 4.80 

24.18/32.66 
2.97/ 7.52 
1.04/ 2.45 
0.54/ 1.99 
1.05/ 3.73 

11 .84 
582.39

DISTILLATION CUT(HIVAC-C) OF LIQUID,X ON FEED
C4-400 DEG. F. 0.26 
400-700 DEG. F. 3.32 
700-1000 DEG. F. 15.05 
1000 DEG F.+ 8.09 
1000 DEG F.- 18.63 
X 1000 F- IN FEED 11 .40

PRODUCT

86.30/11.68/ 0.03/ 0.25 
1.62

88.54/ 7.73/ 0.07/ 0.50 
1.05

89.04/ 6.28/ 0.11/ 0.90 
0.85

ANALYSES OF LIQUID 
C4-400 DEG F. 

C/H/S/N,WT X 
ATOMIC H/C 

400-700 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C 

700-1000 DEG F. 
C/H/S/N,WT X 
ATOMIC H/C

1000 DEG F.- 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU 

1000 DEG F.+ 
C/H/S/N,WT X 
ATOMIC H/C 

BTU/LB 
LB S/MBTU

88.91/ 6.61/ 0.10/ 0.82 
0.89 

16518.33 
0.06

90.47/ 4.90/ 0.30/ 1.15 
0.65 

15733.81 
0.19

ELEMENTAL BALANCE

C H N ASH

FEED

WT X 53.62 3.63 0.25 0.79 36.59
GM 3016.12 204.19 14.06 44.44 2058.19
X ON FEED 100.00 100.00 100.00 100.00 100.00

LIQUID PRODUCT

WT X 89.38 6.09 0.16 0.92 0.0
GM 1343.71 91 .62 2.43 13.83 0.0
X ON FEED 44.55 44.87 17.30 31.13 0.0

GASEOUS PRODUCT

WT X 48.18 21 .27 0.68 3.95 0.0
GM 75.64 33.38 1 .07 6.20 0.0
X ON FEED 2.51 16.35 7.62 13.96 0.0

COKE

WT X 30.60 0.81 0.24 0.81 63.24
GM 1213.32 31.93 9.58 31 .93 2507.14
X ON FEED 40.23 15.64 68.12 71 .85 121 .81

ELEMENTAL
BALANCE A 87.29 76.86 93.04 116.94 121 .81

ATOMIC RATIO OF H/C: FEED-0.81 GAS-5.30 LIQUID-0. 82 COKE-I
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Appendix D

MINIGASIFIER RATE DATA

Reduction/Adjustment Procedures

Raw data from the minigasifier consists of coke description, time, 
temperature, pressure, gas volumes, and gas analyses. These raw data are 
illustrated by empty reactor runs 646, 647, 657 and 661. Two adjustments 
are applied to the coke gasification raw data before it is studied and re­
ported as in Tables D-2 to D-32. The first adjustment is the background or 
empty reactor adjustment to the C02-coke runs. The second adjustment is 
for carbon balance on all runs.

The background gasification adjustment is derived from Runs 617, 
644 and 645. In Tables D-2, D-18, and D-19 these runs are reported as if 
they contained a 1-gm. charge of pure carbon. From these data are derived 
the first-order correction:

CUE = cuE0 e k Pc°2 t 

where,

Cue = unevolved background carbon, CuEo = G-049 gm. 
k = first-order rate constant, 4.7 x 10-3 min-1 atm-1 

PCO2 = carbon dioxide partial pressure, atm 

t = run time, min

The evolved carbon appears as CO. It is believed that:

C02 + M M-0 + CO

where M is a component of the metal reactor. At first it was thought that 
M was carbon. However, empty reactor runs with steam did not yield CO or 
CO2, suggesting M may not be carbon. Examples of steam-empty reactor runs 
are given in Tables D-20, D-21, D-28, and D-31 for runs 646, 647, 657 and 
661, respectively. H2 is evolved for the steam-empty reactor runs, but 
steam run background corrections are not needed since gasification is cal­
culated by carbon contained in the gaseous carbon oxides.

The runs reported, except the empty reactor runs, are carbon 
balanced. The carbon balances are based on weight charged and solid analyses 
because they are more accurate than gas measurements. The coke charge of
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about 1 gm. is accurately measured and analyzed for carbon and ash. The 
gasified residue is also analyzed for carbon and ash. As some of the resi­
due carbon is trapped in the glass wool packing, the residue carbon is 
calculated by ash and carbon balances. Then the gas CO content for CO2 
runs or CO and CO2 contents for H2O runs are linearly adjusted to obtain 
100% carbon balance. Usually this adjustment is small and a run is dis­
carded if it is large.

The rate data in Tables D-2 to D-32 are next reduced to initial 
rate data. This is done by examining the data in several forms. For an 
ideal system, the instantaneous and average rates (see the following "Rate 
Data Representation" for definitions) reduce to the same value at zero 
carbon conversion. In the case of the CO2 runs this is very helpful in 
that there is little backmixing. There is some random fluctuation in the 
data up to 15 or 20% carbon conversion so typically rates at 20 to 60% 
carbon conversion are extrapolated back to zero conversion for the initial 
rate.

The H2O runs are more troublesome in that the condenser, conden­
sate collector, and drying tube (items 6, 7, and 8 in Figure D-l) are 
larger and induce backmixing which results in an initial lag in measured 
gas composition. This lag effect is eliminated in rate extrapolations 
by using carbon gasified versus time plots. The average steam gasification 
rates as reported in Tables D-22 through D-32 erroneously extrapolate 20 
to 40% low at zero gasification if the lag effect is ignored.
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FIGURE D-l

I

I

MINIGASIFIER 
RATE DATA REPRESENTATION

Two Different Methods are Used to Represent the Coke 
Gasification Rates, as are Described Below Graphically.

Time (Hours)

Instantaneous Rate on Remaining Carbon:

ci " ci-l + Cj+l - Cj 
*i " ti-1 *i+l "

1

2^

Average Rate on Initial Carbon:



FIGURE D-2
MINIGASIFIER FLOWPLAN

T T T 
1

T

12

I I
rO

9
10

11

1 Inlet Gas Metering
2 Water Pump (H2O)
3 Vaporizer (H2O)
4 Reactor Heater
5 Fixed-Bed, Down-Flow Reactor
6 Condenser

7 Condensate Collector
8 Drying Tube (H2O)
9 Back Pressure'Regulator

10 Gas Sampling Valve (GC)
11 Gas Meter
12 Reactor Thermocouple



TABLE D-l

MINIGASIFIER 

STUDY COKE

Source: IKG Illinois Gasifier, Run 21, Balance 9 
(See July-September, 1978, Quarterly 
Technical Progress Report [FE-2893-2], 
pp. 81-98 for discussion of operation)

Analyses, Wt %

IKG
Unit

Mesh Size,
U.S. Sieve

-40+50 -50+70 -70+100 -100+150 Sample

Carbon 50.6 48.7 46.0 44.3 51.6

Hydrogen 0.56 0.33 0.40 0.23

Nitrogen 0.34

Sulfur 1.73 2.31

Moisture 3.12 3.50

Carbon-Hydrogen
Residue

45.1 47.3 50.2 51.1

Ash 46.2 49.2 48.1

BET Surface Area, 74
m2/g

NOTES:

1. IKG unit sample analyses were conducted at ERDL; whereas, sieve fraction 
sample analyses were conducted at BARD.

2. Carbon-hydrogen residue provides a check on ASTM ash determinations and
is generally in close agreement for these cokes as can be seen in the table.
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TABLE 0-2

KUN 617

GASIFICATION KAILS FKOrt rtXulbASIFXtK

T£«P. (Utb. F - KV) 
PKtSSUKk (PSlb) 
SUPLMFICIAL VLLOtiTY 
COKb CHAKbk (bn)
X CAKUON IN COAL 
X ASH IN COKE
inlet gas.........................
COKE SAhPLt......................

-l)S.UO
Zb.uu

(Crt/SLC) 19.47 
1 .UU 

10b.UU 
O.U

CAKtiON GlOXiOE 
ErtPTT KLALTUK

I. instantaneous oata

TlnE C0NVEKS10N , l PAKTlAL PKLS SO HE/ ATM Al\ALYSlS(bKY);VUL « KATL (1)
MN. CAKUON C02 CO C02 CO C02 XCAKHUN/HK

1 .3 0.3 0.67 0.04 2.86 1 .4 98.3 10.6
10.S 1 .7 0.41 0.03 2.86 0.9 99.0 7.7
19.8 2.6 0.26 0.02 2.69 0.6 99.4 5.0
29.2 3.2 0.20 J .01 2.89 0.4 99.5 3.9
38.5 3.8 0.21 0.01 2.89 0.5 99.5 3.5
47.8 4.3 0.16 0.01 2.89 O.i 99.6 2.9
57.2 4.6 0.11 0.01 2.90 0.2 99.7 2.2
66.5 4.9 U.1U 0.01 2.90 0.2 99.6 1 .8
75.9 5.2 0.09 0.01 2.90 0.2 99.8 1 .6
b3.2 5.4 U.08 0.00 2.90 0.2 99.6 1.3
94.5 5.6 0.04 0.00 2.90 0.1 99.9 1.1

AVEKAGL OAT A

TINE GAS ANALYSIS(OKY),VOLX KATE (2)
MIN . CO CO 2 XCAKUON/HK

1 .3 1 .4 98.3 11.8
10.5 1 .2 96.6 9.7
19.8 1 .0 98.9 7.8
29.2 0.8 99.1 6.6
38.5 0.7 99.2 5.9
47.6 0.7 99.3 5.3
57.2 0.6 99.3 4.9
66.5 0.5 99.4 4.4
75.9 0.5 99.4 4.1
85.2 0.5 V V. 5 3.8
94.5 0.4 99.5 3.5

notes:
(1) tiASED ON KEHAIN1NG CAK80N 
U) UASEO ON INITIAL CAKUON
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TABU D-3

KUt' 61b

GASXFICATIUN KA It 5> FKOH Ml NIGA6 1 F 11 k

TtHP. (UEb. F - KV) 
PKESSUKb (PSlb) 
SUPENF1C1AL VELOCITY 
COKE CHARGE (OH)
X CARBON IN COKE 
X ASH IN COKE
INLET bAS............................
COKE SAMPLE.......................

-ss .ou
S7.00

(CH/SEC) 1&.69 
1 .00 

46.70 
46 .20

CARBON DIOXIDE
IKb ILLINOIS COKE (60/70 MESH)

I. INSTANTANEOUS DATA

TIME conversion , X PARTIAL PRESSURE, ATM GAS AN ALT SI i ( UK Y ) , V UL » RATE (1)
MIN . CARBON C02 CO C02 CO CU2 XCAKUON/HK

1 .4 1 .8 1 .69 0.16 4.66 3.7 96 .0 62. V
lU.b 16.0 1.57 U . 1 6 4.72 3.2 90.7 96.0
2U.1 27.3 1.52 0.16 4.72 3.1 90.9 106 .6
29.5 39.1 1.38 U • 14 4.74 2.6 97.2 116.1
38.b 49.8 1 .24 0.1r2 4.76 2.6 9/.5 129.3
48.1 69.3 1 .08 0.11 4.77 2.2 97.6 141.7
57.5 67.7 0.94 0.09 4.78 1 .9 96.1 164.6
66.8 74.6 0.78 u.ut 4.80 1 .6 96.4 163.9
76.2 60.6 0.60 0.06 4.82 1 .2 96.8 166 .1
85.5 84.8 0.44 0.04 4.83 0.9 99 .1 161.5
94.8 88.2 0.38 0.04 4 .64 0.7 99.2 169.9

1U3.2 90.8 0.29 0 .03 4.66 0.6 99 .4 106.6
112.5 92.7 0.20 0.02 4 .86 0.4 9V .6 149.4
121.9 94.2 0.16 0.02 4.86 0.3 99.7 142.7
131.2 96.3 0.12 0.01 4.87 0.2 99.7 126.1
140.5 96.0 0.07 0.01 4.87 0.1 99.6 121 .2

II. AVERAGE DATA

TIME GAS ANALYSISCUKYI/VOLX RATE (2)
MIN. CO C02 XCAHUUN/HR

1 .A 3.7 96.0 79.0
1U.S 3.5 96.3 63.2
2U.1 3.3 96.5 61 .6
2V.5 3.2 96.7 79.5
38.8 3.1 96.8 76.9
48.1 2.9 97.0 73.9
57.5 2.8 97.1 70.:
66.8 2.6 97.3 67 ^2
76.2 2.5 97.5 63.4
85.5 2.3 97.6 69.6
94.8 2.2 97.8 56.6

103.2 2.0 97.9 52.6
112.5 1.9 98.0 49.4
121 .9 1.8 98.2 46.4
131.2 1.7 98 u 3 43.6
140.5 1 .6 9b.4 41 .0

NOTES :
(1) BASED ON KEftAlNlhb CARBON
(2) based on initial carbon
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TABLE D-4

KUN 62(j

GASIFICATION KATtS FkOM nlNlOASlflLN

TfcHP. (Dtl*. f - KV) -i5.00
PRESSURE (PSlb) 27.UU
SUPERFICIAL VELOCITY Ufl/SEC) 1ti.b7 
COKE CHARGE (OH) 1 .UU
X CAKUON IN COKE 4b.7U
X ASH IN COKE 46.2D
INLET GAS............................ CAKUON 0 IOX IL>£-NiTfctM»fc«
COKE SAMPLE....................... IKO ILLINOIS COKL (iU/70 NtSH)

I. INSTANTANEOUS a»ata

time C0NVEKS10N , X PARTIAL PRESSURE^ ATM GAS ANALYSlS(DkY),VUL X KATE (1)
MIN. CAKUON LUZ CO C02 CO C02 XCAKUON/HK

1.1 1.2 ,2.111 0.12 2 .U2 4.2 71.1 63.4
10.6 10.3 i.19 U.1U 2.U1 3.3 71 .0 60.1
IV.» ltt.1 2.07 o.uv 2.03 3.1 72.4 61 .2
29.3 25.9 2.2Jt U.10 2.04 3.4 71.9 69 .1
38.6 34.1 2.12 U .U9 2.04 3.2 72.1 76.2
47.9 41.6 2.07 t <U9 2.04 3.2 72.1 80.9
37.3 48.8 1.«« U.08 2.06 2.8 72.5 86.6
66.6 55.4 1.76 u.Ub 2.U6 2.7 72.8 92.1
73.9 61 .6 1.63 iL.U? 2.06 2.4 72.7 100.2
83.3 67.4 1.52 U.Ub 2.07 2.3 72.9 106.2
94.6 72.4 1.2* 0.U5 2.09 1 .9 73.7 1 U8 .9

1U4.U 76.7 1.15 0 .05 2.0b 1.7 73.5 114 .4
113.3 80.7 1.02 0.04 2.09 1.5 73.7 119.2
122.6 83.9 O.bO U .03 2.11 1.2 74.3 120.0
132.U 86.7 0.74 0 • U 3 2.11 1.1 74.2 122.7
141 .3 69.U U.56 U .1)2 2.12 o.b 74.7 121 .7
150.7 90.8 0.49 0.U2 2.12 U.7 74.6 116.5
16U.0 92.3 0.37 U.U2 2.12 0.6 74 .7 1U6.S
169.3 93.4 U .27 U .01 2.13 U. 4 75.0 92.7
178.7 94.2 0.25 0.01 2.13 0.4 75.0 84.5
lttb.0 94.9 0.17 0 .01 2.13 0.3 75.1 66.3
197.4 95.3 0.12 0.01 2.14 0.2 73.4 37.4

II. AVERAGE DATA

TIME GAS ANALTSIS(OKY),VOIX KATE (2)
MIN • CO C02 XCAKUON/HK

1.1 4.2 71 .1 67.5
1U .6 3.9 71.0 58.7
19.9 3.6 71 .4 54.7
29.3 3.5 71.6 53.2
38.6 3.4 71.7 53.0
47.9 3.4 71.8 52.0
57.3 3.3 71 .9 51 .1
66.6 3.2 72.U 49.9
75 .9 3.2 72.1 48.7
65.3 3.1 72.1 47.4
94.6 3.0 72.3 45.9

1U4.U 2.9 72.4 44.3
113.3 2.8 72.5 42.7
122.6 2.7 72.6 41 .0
132.U 2.6 72.7 39.4
141 .3 2.4 72.8 37.8
150.7 2.3 72.9 36.2
loU.O 2.2 73.0 34.6
169.3 2.2 73.1 33.1
178.7 2.1 73.2 31 .6
1 88 .0 2.0 73.3 30.3
197.4 1 .9 73.4 29.0

NOTES:
(1) UASED ON REMAINING CAKUON
(2) uased on initial cakuon
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TABcf D-e

IUK 629

6ASinCAT10k tATCS laon HlAlCASlfUK

TIHP. (DEC. f - av) 
aacssuai (asic)
SUPERFICIAL VELOCITY (CM/SEC) 
COKE CHARGE <GK)
X CARBOH IN COKE 
t ASH IN COKE
INIfT CAS.........................
COKE SAMPLE...................

-150.DC 
26.00 
IS .82 
1.00

48.70
46.20

CARBON 610*101
1KG ILLINOIS COKE ($0/70 AE$H>

I. INSTANTANEOUS BATA

TINE CONVERSION , X PARTIAL PRESSURE, AT* CAS AKALTS)S(RNY),VOL X RATE (1)
NIK. CARBON C02 CO C02 CO C02 XCA«BGN/hR

1 .2 0.4 0.78 0.05 2.85 1.6 96.1 19.0
8.9 2.7 0.52 0.03 2.87 1.1 96.6 16.0

15.9 4.3 0.57 0.03 2.87 1.2 98.7 15.9
22.7 6.1 0.65 0.04 2.86 1.3 96.6 18.9
29.5 8.3 0.68 0.04 2.86 1.4 98.6 21 .1
36.5 10.5 0.69 0.04 2.86 1 .4 96 .6 22.6
43.2 12.9 0.71 0.04 2.86 1.4 96.5 24.1
$0.0 15.3 0.71 0.04 2.86 1 .4 96.5 25 .3
$6.8 17.8 0.69 0.04 2.86 1.4 96.6 25.5
63.7 20.1 0.65 C .04 2.87 1.3 96.7 25.3
70.4 22.3 0.64 0.04 2.87 1.3 96.7 25.5
77.3 24.6 0.63 0.04 2.87 1.3 96.7 26.2
B4.1 26.8 0.63 0.04 2.87 1.3 98.7 27.2
90.8 29.1 0.63 0.04 2.87 1.3 98.7 26.6
97.7 31.5 0.66 G.Ga 2.67 1.3 98.6 30.3

104.5 33.8 0.64 0.04 2.87 1.3 98.7 31 .4
111.4 36.2 0.64 0.04 2.87 1.3 96.7 32.2
118.2 38.5 0.61 0.04 2.87 1.2 96.7 32.5
124.9 40.7 0.59 0.03 2.67 1.2 98.6 32.5
131.8 42.9 0.57 0.03 2.67 1.2 96.8 32.7
138.5 44.9 0.54 0.03 2.87 1.1 98.9 33.0
145.4 47.0 0.54 0.03 2.67 1.1 96.9 33.3
1S2.2 49.0 0.51 0.03 2.87 1.0 99.U 33.7
159.0 50.9 0.51 0.03 2.67 1.0 99.0 34.9
165.9 $2.9 0.52 0.03 2.67 1.0 96.9 36.6
172.7 54.8 0.50 0.03 2.67 1.0 99.0 37.6
179.6 $6.8 0.50 0.03 2.68 1.0 99.0 36.9
166.4 58.7 0.49 0.03 2.66 1.0 99.0 39.7
193.1 60.5 0.47 0.03 2.86 0.9 99.1 40.3
199.9 62.2 0.32 0.03 2.86 0.9 99.1 26.3
216.6 63.8 0.31 0.03 2.68 0.9 99.1 26.0
223.4 65.5 0.42 0.02 2.86 0.6 99.2 41.0
230.1 67.0 0.39 0.02 2.88 0.6 99.2 40.9
236.8 68.5 0.38 0.02 2.88 0.8 99.2 41.3
243.6 69.9 0.36 0.02 2.68 0.7 99.3 41 .5
2$0.3 71.3 0.35 0.02 2.86 0.7 99.3 41.5
257.1 72.6 0.33 0.02 2.69 0.7 99.3 42.4

AVERACE BATA

TIME CAS ANALT$IS(RRT),VOLX RATI (2)
MIN. CO C02 XCARBON/HR

1.2 1.6 98.1 20.5
8.9 1.4 98.4 17.8

15.9 1.3 98.6 16.1
22.7 1.3 98.6 16.2
29.5 1.3 98.6 16.6
36.3 1.3 98.6 17.4
43.2 1.3 96.6 17.9
$0.0 1.3 96.6 16.4
$6.8 1.3 96.6 18.7
63.7 1.3 96.6 16.9
70.4 1.3 96.6 19.0
77.3 1.3 96.6 19.1
84.1 1.3 96.6 19.2
90.8 1.3 98.6 19.2
97.7 1.3 96.6 19.3

104.5 1.3 98.6 19.4
111.4 1.3 98.6 19.5
116.2 98.6 19.6
124.9 11$ 98.6 19.6
131.8 96.6 99.$
136.5 1.1 98.7 19.5
145.4 1.3 98.7 19.4
152.2 1.3 96.7 19.3
159.0 1.3 98.7 19.2
165.9 1.3 98.7 19.1
172.7 1.2 98.7 19.0
179.6 1.2 98.7 19.0
166.4 1.2 98.7 18.9
193.1 1.2 98.7 16.6
199.9 1.2 98.8 18.7
216.6 1.2 96.8 17.7
223.4 1.2 96.8 17.6
230.1 1.2 98.8 17.5
236.8 1.2 98.8 17.4
243.6 1.1 96.8 17.2
250.3 1.1 98.6 17.1
257.1 1.1 96.8 16.9

NOTES:
(1) BASES ON REMAINING CARBON
(2) BASER ON INITIAL CARBON
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TABLE b-9

KUK Oit

CAi1f1CAl 1 ON MAlt* fKOn «1N10AS1f 1LN

T£«K. (UtO. F - «V) -5.0U
PAESSOKt (PMu) ib .01
iUPtKUUAL VtLOClTY (CAi/StC) U.bi 
COKE CMAKGb (brt) 1.01
1 CAKBON IN COAt 4b.?0
X AbH In CCAt 46.^0
Inlet GAb........................... iakbon oioxiot
COKE bAAPLt....................... iNO iLLlNOib COAt (bU/70 Atbh)

X. iNblAnTANtOOb WATA

Tint CONVERSION , X PANT IAL PNtSbUKL, AT ft GAS AKALY*1S(UKY;,VOL X NATt (1>
MlK . CANNON C02 CO C02 CO C02 XCANBON/HM

1.1 2 .0 i.2* 0.1V 2.70 6.6 9j.1 102.3
0.1 11.4 *.2J 0.19 2.71 6.6 93.3 115 ■ o

14.9 24.9 3.17 0.16 2.72 6.5 93.3 126.9
21 .8 3S.S 2.61 0 • 1 6 2.74 *.6 94.3 139.5
28.6 4 5>.J 2.67 0.16 2.7* *.4 9 4.3 149.0
3i.5 *4.1 2.29 0.15 2.77 4.6 93.3 1*3.4
42.2 61 .* 1 .94 0.11 2.79 5.9 Vo . 0 1*9.6
49.1 66.0 1.75 U.1U 2.60 5.* Vo .4 1b6 .9
Si.8 71.6 1 .47 0.09 2.62 3.0 96.9 170.4
62.6 76.2 1 .19 0.07 2.63 2.4 97 .* 172.0
69.5 62.1 1 .07 0.00 2.64 2.1 97.6 161.6
76.3 6* .6 0.V1 0.0* 2.6* 1 .6 96.1 190.6
83.U 66.4 0.74 0.04 2.66 1 .* 96 .4 196 .2
89.8 90.7 0.66 0.04 2.66 1.3 96 .6 212.4
96.6 92.8 U • *7 0.03 2.67 1.2 96 .6 232.9

1U3.4 94.* 0.44 0.05 2.66 U .9 99 .0 236.1
11b.1 9*.7 0.54 0 .02 2.66 0.7 99.3 236.2
116.8 96.6 0.26 0.0^ 2.69 0.6 99.4 244 .6
123.6 97.5 0.21 0.01 2.69 0.4 99.* 247.1
13U.3 96.1 0.18 0.01 2.69 0.4 99.6 2** .4
137.1 96.6 0.14 0.01 2.90 0.3 99.7 269 .3
143.9 99.0 0.14 0.01 2.90 0.3 99.7 36o .1
151.5 99.4 0.11 0.01 2.90 0.2 99.7 *40.7
158.2 99.6 0.10 0.01 2 • 9u 0.2 99.o 1104 .6

XI. AVtKAGE DATA

Tint GAS ANALYSIS(ORY),VOLX KATt (2)
nln. CO C02 ZCAKtiUN/hK

1 .2 6.6 93.1 101.6
8.1 6.6 93.2 99.3

U.V 6.5 93.3 VV .6
21 .6 6.4 93.5 97.8
28.6 6.1 93.7 95 .0
35.5 5.9 93.9 91 .5
42.2 5.7 94.2 87.4
4».1 5.4 94.5 83.2
55.8 5.1 94.8 7V.1
62.6 4.9 95.0 74 .9
69.5 4.6 95.3 70.9
76.3 4.4 95.5 67.3
83.0 4.2 95.7 63.8
89.8 4.0 95.9 60.6
96.6 3.8 96.1 37.6

103.4 3.6 96.3 54.8
110.1 3.4 96.5 52.2
116.8 3.3 96.7 49.7
123.6 3.1 96.8 47.3
13U.3 3.0 96.9 45 .2
137.1 2.8 97.1 45.2
145.9 2.7 97.2 41.5
151.5 2.6 97.3 39.4
158.2 2.5 97.4 57.8

NOTES:
*1) BASED ON REMAINING CANNON 
(2) BASED ON INITIAL CANNON
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l»»Lt ft-10

•UN *»1

t*SIfJC*TION »*US MON NINIOASmia

TtNP. (»(b. r - RV >
MISlURl (PSIt) 
tUPCRFlURI. VELOCITY 
COKE CHAROt (6N) 
t CARSON IN COKE 
K AIM IN COKE
INLET fcAS.............................
COKE IRNPLE.......................

•ISO.00
21.00

(CN/SEO II II
1.00

41.20
46.20

C ARSON 6 101161
IK6 ILLINOIS COKE 00/70 NUN)

I. INSTANTANEOUS «ata

TINE CONVERSION. X
NtN. CAIRON C02

PARTIAL PRESSURE. ATN 
CO C02

•AS ANALTS1S(»RT),V0L I 
CO C02

•ate m
SCAROON/HR

T.2 0.4 0.11
1.0 2.0 0.61

14.1 S.1 0.72
21.6 7.4 0.73
20.3 10.3 0.80
36.2 13.2 O.IS
43.0 16.1 0.14
46.8 19.1 0.81
56.7 21.9 0.79
63.S 24.7 0.78
70.4 27.6 0.79
77.2 30.4 0.78
•4.0 33.3 0.78
90.9 36.1 0.76
97.7 31.9 0.73

104.6 41.3 0.68
111.4 44.1 0.68
118.2 46.6 0.66
123.1 49.0 0.64
131.9 31.4 0.63
138.8 33.9 0.64
143.6 36.3 0.60
132.4 38.3 0.38
159.3 60.7 0.57
166.1 62.8 0.34
173.0 64.8 0.S1
179.8 66.7 0.48
186.6 68.5 0.45
193.5 70.3 0.45
200.3 72.0 0.43
207.2 73.7 0.43
214.0 75.3 0.41
220.8 76.8 0.39
227.7 78.3 0.37
234.3 79.7 0.35
241.4 81.1 0.33
248.2 82.3 0.31
255.0 83.5 0.29
261.9 84.6 0.27
268.7 83.6 0.25
275.6 86.5 0.23
282.3 87.4 0.21
289.1 $«.1 0,20
295.8 88.9 0.18
302.6 89.6 0.17
309.3 90.2 0.15
316.0 90.8 0.15
322.7 91.3 0.13
329.4 91.8 0.12

0.05 2.84 
0.04 2.86 
0.04 2.84 
0.04 2.86 
0.05 2.86 
0.05 2.85 
0.05 2.85 
0.05 2.06 
0.05 2.84 
0.05 2.16 
0.05 2.86 
0.05 2.86 
0.03 2.86 
0.04 2.86 
0.04 2.84 
0.04 2.86 
0.04 2.86 
0.04 2.87 
0.04 2.87 
0.04 2.87 
0.04 2.87 
0.04 2.87 
0.03 2.87 
0.03 2.87 
0.03 2.87 
0.03 2.87 
0.03 2.88 
0.03 2.88 
0.03 2.88 
0.03 2.88 
0.02 2.86 
0.02 2.88 
0.02 2.88 
0.02 2.68 
0.02 2.66 
0.02 2.88 
0.02 2.69 
0.02 2.69 
0.02 2.89 
0.01 2.89 
0.01 2.89 
0.01 2.89 
0.01 2.69 
0.01 2.19 
0.01 2.89 
0.01 2.90 
0.01 2.90 
0.01 2.90 
0.01 2.90

1.6 97.9
1.4 96.5
1.5 96.4
1.5 96.4
1.4 96.3
1.7 96.2
1.7 98.2
1.6 96.3
1.6 98.4
1.6 96.4
1.6 96.4
1.6 96.4
1.4 96,4
1.3 96.4
1.5 98.5
1.4 96.6
1.4 98.6
1.3 96.4
1.3 96.7
1.3 96.7
1.3 96.7
1.2 98.6
1.2 96.8
1.1 96.6
1.1 91.9
1.0 99.0
1.0 99.0
0.9 99.1
0.9 99.1
0.9 99.1
0.9 99.1
0.8 99.2
0.6 99.2
0.7 99.2
0.7 99.3
0.7 99.3
0.6 99.4
0.6 99.4
0.5 99.6
0.5 99.5
O.S 99.5
0.4 99.4
0.4 99.4
0.4 99.6
0.3 99.7
0.3 99.7
0.3 99.7
0.3 99.7
0.2 99.8

21.1 
II .1 
II .1
23.4 
26.6
29.5
30.7 
31.1
31.7
33.0
34.6
36.1
37.4
36.7
38.7
36.7
39.4
40.4 
41.9
44.1
45.6
46.5
67.1
46.1
41.4
48.7
41.1
49.4
51.0
52 .9
54.8 
5*.4
37.7 
5*.7
59.5
40.1
40.3
59.9
59.3
54.6
57.4
57.0
56.8
58.5
55.4
54.5
53.5
52.1
52.1

II ’CIA4C IATA

TINE «AS ANALTSIS(»RT),VOLX
"IN. CO C02

RATE (2) 
tCARBON /HA

1.2
8.0

14.8 
21 .6
29.3
34.2
43.0
49.8
54.7 
63.5
70.4
77.2
84.0
90.9
97.7

104.4 
111 .4 
118.2
125.1 
131.9
136.8
145.6
152.4
159.3
166.1
173.0
179.8
186.6
193.5
200.3
207.2
214.0
220.8
227.7
234.5 
241 .4
246.2
255.0 
261 .9
268.7
275.6
262.3
289.1 
295 .8
302.6
309.3 
316.0
322.7
329.4

1.8 97.9 
1.6 98.2 
1.6 98.3 
1.5 96.3
1.5 98.3
1.6 98.3 
1.6 98,3 
1.6 98.3 
1.6 98.3 
1.6 98.3 
1.6 98.3 
1.6 91.3 
1.6 98.3 
1.6 98.3 
1.6 98.3 
1.6 96.4 
1.6 98.4 
1 .5 98.4 
1.5 98.4 
1.5 96.4 
1.5 98.4 
1.5 98.4 
1.5 96.5 
1.5 98.5 
1.4 98.5 
1.4 98.3 
1.4 98.5 
1.4 98.5 
1.4 98.6 
1.4 98.6 
1.3 98.6 
1.3 98.6 
1.3 98.6 
1.3 98.7 
1.3 96.7 
1.3 98.7 
1.2 98.7 
1.2 91.7 
1.2 96.7 
1.2 96.8 
1.2 98.8 
1.2 98.8 
1.1 96.6 
1.1 98.8 
1.1 98.9 
1.1 98.9 
1.1 98'. 9 
1.1 96.9 
1.0 94.9

20.3
21.5
20.5
20.4 
21.1 
21 .9 
22.3 
22.9
23.2
23.3
23.5
23.6
23.8
23.9
23.9
23.6
23.7
23.6
23.5
23.4 
23.3
23.2
23.0
22.9
22.7
22.5
22.3
22.0
21.8
21 .6
21.3
21.1
20.9
20.6
20.4
20.2
19.9
19.6
19.4
19.1
10.0
18.6 
18.3 
18.0 
17.8
17.5
17.2 
17.0 
16.7

NOTES:
(1) 8ASI6 ON RENAININR CARBON
(2) BASES ON INITIAL CAR RON
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TABll U-,i

R UK 653

GASIFICATION RATES FROM HlNIGASIF!£H

TE HP . ( DEG . F - RV ) 
PRESSURE { P$1G)
SUPE Rf1CIAL VELOCITY
coke Charge (Gh>
X CARBON IS COKE 
X ASH IN COKE
INLET GAS............
COKE SAMPLE..........

-55.00
28 .00

<CH/$EC) 19.0?
1 .00

48.70 
46 .20

CARBON D!OX IPE-NITROGEK 
I KG ILLINOIS COKE (50/70 MESH)

I. INSTANTANEOUS DATA

TIME CONVERSION / X PARTIAL PRESSURE. ATM GAS ANALTSIS(DRY).VOL X RATE (1)
MIN. CARBON C02 CO C02 CO C02 XCARBON/HR

1.1 1.3 15.10 0.11 0.35 3.9 12.1 57.9
7.8 6.1 5.03 0.04 0.37 1 .4 12.8 34.2

15.5 8.9 5 .07 0 .04 0.35 1 .4 12 .0 23.9
22.7 11 .4 4.62 0.04 0.35 1.3 1 2 .0 23.3
29.5 13.7 4.49 0.03 0.37 1 .2 12.7 22.5
36.4 15.9 4.37 0.03 0.38 1 .1 13.0 22.6
43.2 18.1 4.31 0 .03 0.36 1 .1 12.3 22.9
50.1 20.2 4.22 0.03 0.36 1 .1 12.3 23.1
56.9 22.3 4.22 0.03 0.35 1 .1 11 .9 '23.1
63.8 24.2 4.19 0 .03 0.38 1 .1 13.0 23.4
70.6 26.3 4.20 0.03 0.38 1 .1 13.0 24.7
77.4 28.4 4.17 0.03 0.37 1 .1 1 2 .7 .4
84.3 30.5 4 .08 0.03 0.36 1 .1 12.3 25.7
91.1 32.5 3.93 0.03 0.35 1.0 11 .9 25 .4
97.9 34.4 3.76 0 .0 3 0.35 1.0 11 .9 24 .4
104.8 36.1 3.55 0.03 0.36 0.9 12.3 22.9
111.6 37.7 3.35 0.03 0.38 0.9 13.1 23.6
118.5 39.5 3.28 0.03 0.35 0.9 12.0 22.4
125.3 40.8 3.19 0.02 0.40 0.8 13.8 22.5
132.1 42.5 3.25 0 .02 0.3? 0.9 12.8 24.8
139.0 44.0 3.26 0.02 0.38 0.9 13.1 24 .9
145.8 45.7 3.25 0.02 0.37 0.8 12.8 27.0
152.7 47.4 3.19 0.02 0.35 0.6 12.0 26 .9
159.5 48 .9 3.05 0.02 0.35 0.8 12.0 24.7
166.3 50.3 2.85 *0.02 0.36 0.7 12.4 21 .7
173.2 51.4 2.6? 0.02 0.40 0.7 13.8 23.5
18C.0 52.9 2.61 0.02 0.36 0.7 12.5 25.9
186.9 54.1 2.56 0.02 0.36 0.7 12.4 24.5
193.7 55.4 2.52 0.02 0.35 0.7 12.1 22.5
200.5 56.4 2.50 0.02 0.38 0.7 13.2 24 .6
207 .4 57.9 2.53 0 .02 0.35 0.7 12.0 27 .6
214.2 59.1 2.47 0.02 0.35 0.6 12.1 24.7
221 .1 60.2 2.38 0 .02 0.36 0.6 1 2.4 25.3
227.9 61.4 2.27 0.02 0.35 0.6 12.1 22.7
234.8 62.2 2 .08 0 .02 0.36 0.5 13.2 16.9

II. AVERAGE OATA

TINE GAS ANALYSIS(DRY) ,VOLX RATE (2)
MIN. CO coz XCARBON/HR

1 .1 3.9 12.1 72.1
7.8 2.8 12.4 46 .4

15.5 2.1 12.4 34.4
22.7 1 .8 1 2.2 30.3
29.5 1 .7 12.3 27.9
36.4 1 .6 1 2 .4 26.2
43.2 1 .5 1 2 .4 25.1
50.1 1 .5 12.4 24.2
56.9 1 .4 12.4 23.5
63.8 1.4 12.4 22.8
70.6 1 .4 12.4 22.4
77.4 1 .3 12.5 22.0
84.3 1.3 12.5 21.7
91 .1 1 .3 12.5 21 .4
97.9 1.3 12.4 21 .1

104.8 1 .3 12.4 20.7
111.6 1 .2 12.4 20.3
118.5 1.2 12.4 20.0
125.3 1.2 12.5 19.5
1 32.1 1.2 12.5 19.3
139.0 1 .2 12.5 19.0
145 .8 1 .1 12.5 18.8
152.7 1.1 12.5 18.6
159.5 1 .1 12.5 18.4
166.3 1.1 12.5 18.1
173.2 1 .1 12.5 17.8
180.0 1.1 12.5 17.6
186.9 1 .1 12.5 17.4
193.7 1 .0 12.5 17.2
200.5 1 .0 12.5 16.9
207,4 1 .0 12.5 16.7
214.2 1 .0 12.5 16.5
221.1 1.0 12.5 16.3
227.9 1 .0 12.5 16.2
234.8 1 .0 1 2 .5 15.9

NOTES :
U) BASED ON REMAINING CARBON 
(2) BASED ON INITIAL CARBON
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TABLE 0-12
KUK 634

GASIFICATION RATES FROM KIN1GASIFIER

T£f"P. (OEG. F - RV) 
PRESSURE <PSIG) 
SUPERFICIAL VELOCIfY
coke charge <gp)
X CARBON IN COKE 
X ASH IK COKE
INLET GAS....... , . . .
COKE SAMPLE..........

-55 .00
Z8 .00

(CP/SEC) 1.04
1 .00

48.70
46.20

CARBON OIOXIOE 
IK G ILLINOIS COKE ( 50/70 PES

I. INSTANTANEOUS OATA

TIME CONVERSION, X PART J AL PRESSURE, ATP GAS AN ALTS1S(DRY) .VOL X RATE (1)PIN. CARSON C02 CO CO 2 CO C 0 2 XC ARSON/HR
1.1 0.0 0.27 0.01 0.29 0.4 9.9 4.07.3 0.9 14.92 0.79 2 .03 27.3 69.9 14.614 .2 3.2 12.32 0.72 2.13 24 .6 73.4 18.921 .0 5.0 13.50 0.69 2.17 23.7 74.7 21 .527.9 7.9 14.73 0.67 2.20 23.0 75.6 25 .734.7 10.4 13.26 0.69 2.18 23.7 75 .0 23.041 .5 12.6 1 1.73 0.68 2.19 23 .4 75 .4 20.448.4 14.5 1 2 .28 0.65 2.22 22.5 76.5 22.855.2 17.0 14.09 0.65 2.22 22.4 76.6 28 .062.1 19.8 1 3.39 0.66 2.22 22.6 76.5 27 .668.9 22 .1 11 .37 0 .66 2 .22 22.7 76.4 2*.375.8 23.9 1 1 .46 0.64 2.25 21 .9 77.3 24.382.6 26.3 12.98 0.61 2.27 21.1 78.2 30.089.4 29.0 12.61 0.62 2.27 21 .3 78.1 30.396.3 31.2 10.96 0.62 2.26 21 .4 77.9 26.1103.1 33.1 10.35 0.59 2.30 20.2 79.2 25 .9109.9 35.1 12.20 0.57 2.31 19.8 79.6 32 .9116.8 37.9 12.35 0.58 2.31 20.0 79.4 34.612 3.6 40.0 10.16 0.58 2.31 19.9 79.6 28.8130.5 41 .9 9.55 0.55 2.34 19.1 80.4 28 .0137.3 43.8 11.10 0.53 2.36 18.3 81.2 34.9144.1 46.4 11 .26 0.53 2 . 36 18.3 81.3 37.5151.0 48.3 9.64 0.53 2.36 18.4 81.2 32.4157.8 50.2 8.82 0.51 2.38 17 .6 82.0 30.81 64 .7 51 .8 ID .00 0.49 2.40 16.9 82.7 37.4171.5 54.3 10.39 0.49 2.40 16.8 82.8 41 .1178.3 56.1 8.89 0:49 2.40 17.0 82.6 36 .0185.2 57.9 8.26 0 .48 2.4 1 16 .5 83.1 34 .7192.0 59.5 8.77 0.-6 2.44 15.7 83 .8 39.4198.9 61.5 9.47 0.45 2.44 1 5 .6 83.8 45.0205.7 63.4 8.40 0.46 2.43 15 .7 83.7 42.0212.5 65.0 7.16 0.46 2.43 15 .8 83.5 36 .8219.4 66.4 6.95 0.44 2.44 15 .3 83.9 37.02 26.2 67.9 7.77 0.42 2.46 14.5 84.7 44.8233.1 69.6 7 .65 0.42 2.45 14 .6 84.5 46.52 39.9 71 .1 6 .52 0.43 2.45 14.7 84.3 41.124 6.8 72.4 5.76 0.42 2.45 14.6 84 .4 37.6253.6 73.4 5 .48 0.40 2.47 13.8 85.1 37 .8260.4 74.6 6.60 0.39 2.48 13.5 85.4 48.526 7 .3 76.2 6.67 0.40 2.48 13 .6 85 .2 52.0274.1 77.5 6.54 0.40 2.47 13.7 85.2 47 .0

II. AVERAGE RAT A

T 1 HE GAS AN ALT SIS (0 RY),VOL X RATE (2)
PIN. CO C02 XCARBON/HR

1 .1 0.4 9.9 0.3
7.3 11.4 34.4 7.0

14.2 18.1 51 .5 1 3.6
21 .0 19.8 57.9 14.4
27.9 20.8 63 .0 16.9
34.7 21.4 65 .6 18.0
*1.5 21 .7 67.0 18.1
48.4 21 .9 68.1 18.0
55.2 21 .9 69 .3 18.5
62.1 22.0 70.2 19.1
68.9 22.1 70.8 19.2
75.8 22 .1 71.2 19.0
82.6 22.0 71.8 19.1
89.4 22.0 72.3 19.4
96.3 21 .9 72.7 19.4

103.1 21 .8 73.1 19.3
109.9 21 .7 73.4 19.2
116.6 21 .6 73.9 19.5
123.6 21 .5 74.2 19.4
130.5 21 .4 74 .4 19.3
137.3 21 .3 74 .7 19.1
144.1 21 .1 75.1 19.3
151.0 21 .0 75.4 19.2
157.8 20.9 75.6 19.1
164.7 20.8 75.9 18.9
171.5 20.6 76.2 19 .0
1 78.3 20.4 76.4 18.9
185.2 20.3 76.7 18.8
192.0 20.2 76.9 18.6
198.9 20.0 77.1 18 .6
205.7 19.8 77.4 18.5
212.5 19.7 77.5 18.4
219.4 19.6 77.7 18.1
226.2 19.5 77.9 18.0
233.1 19.4 78.1 1 7.9
2 39.9 19.2 78.2 17.8
2*6.8 19.1 78.4 17.6
253.6 19.1 78.5 17.4
260.4 18.9 78.6 17.2
267.3 18.8 78.8 17.1
27* .1 18.7 78.9 17.0

NOTES:
<1) 6A»E0 ON REMAINING CARBON 
(2) BASED ON INITIAL CARBON 453 -



RUN 636

GASIFICATION RATES FROM HINIGASIMER

TEMP. (DEG. F - RV) 
PRESSURE (PSIG) 
SUPERFICIAL VELOCITY 
COKE CHARGE (GH)
X CARBON IN COKE 
X ASH IN COKE
INLET GAS............
COKE S AMPL E..........

-55.00
30.00

(CN/SEC) 0.51
1.00

48.70
46.20

CARUON DIOXIDE
IKG ILLINOIS COKE (50/70 PESH)

CONVERSION, X PARTIAL PRESSURE, AT H GAS AN ALT SIS(DRY),VOL X RATE (1)
CARBON CO 2 CO CO 2 CO C 02 XCARBON/HR

0.0 0.0 0.0 0.0 0.0 0.0 4.4
0.9 27.59 1 .32 1 .58 43.5 51 .8 11 .9
2.6 19.81 1.07 1.89 35 .1 62.1 15.5
4.4 16.65 1 .05 1.92 34.4 63.2 14.3
5.7 16.87 1 .03 1 .94 34.0 63.9 12.6
7.1 17.67 0.99 1 .99 32.6 65.5 14.4
6.8 22.37 1 .00 1.98 33.0 65.2 19.7

11 .2 24.30 0.09 2.00 32.6 65.8 22.2
13.3 19.76 0.95 2.04 31.3 67.2 18.5
U .6 17.10 0.96 2.04 31 .6 67.0 15.9
16.4 16.98 0.95 2.05 31 .3 67.3 16.1
1 7.9 15.28 0.94 2.07 30.8 67.9 14 .7
19.1 15.14 0.93 2.08 30.5 68 .3 15.2
20.7 18.68 0.93 2.07 30.6 68.2 19.5
22.6 20.76 0.90 2.11 29.7 69.2 23.3
24.6 20 .84 0.91 2.10 29.8 69.2 24 .0
26.7 17.81 0.89 2.12 29.2 69 .8 20.7
28.2 15.44 0.87 2.14 28.5 70.5 18.2
29.7 14.52 0.85 2.16 28.0 71 .1 17 .6
31 .1 13.27 0.85 2.16 28 .0 71.1 16.0
32.2 13.89 0.81 2.20 26 .8 72.4 17 .8
33.8 16.94 0.81 2.20 26.8 72.3 22 .9
35.7 19.23 0.81 2.21 26 .6 72.5 26 .6
37.7 1 7.26 0.77 2.24 25.5 73.7 25.5
J9.3 14.59 0.79 2.23 25 .8 73.4 21.6
40.7 14.45 0.78 2.24 25.6 73 .6 21 ,6
42.2 12.75 0.75 2.27 24.5 74 .7 20.0
43.3 11.72 0.75 2.27 24 .7 74 .6 18.6
44 .6 13.24 0.74 2.28 24.4 75 .0 21 .7
46.1 15.62 0.73 2.30 23.9 75.5 26 .9
47.9 17.03 0.72 2.30 23.6 75.8 30.8
49.7 14.94 0.72 2.30 23 .6 75.8 27.5
51 .0 12.40 0.70 2.33 22.9 76.5 23.4
52.3 12.11 0.68 2.34 22.3 77.1 23.8
53.6 11.64 0.68 2.34 22.4 77.0 23.2
54 .8 10.80 0.66 2.36 21 .7 77.7 22.3
55.9 12.10 0.65 2.37 21 .4 78.0 26.1
57.4 14.69 0.66 2.37 21 .7 77.8 32.3
59 .1 14.51 0.63 2.39 20.7 78.8 34.0
60.6 12.53 0.62 2.40 20.5 78 .9 30.4
61.8 11 .20 0.63 2 .40 20 .7 78.8 27 .4
63.0 10.68 0.60 2.43 19.7 79.8 27.7
6* . 1 9.80 0.60 2.43 19.7 79 .8 26 .0
65 .1 9.27 0.59 2.43 19.5 80.0 25.1
66.1 10.20 0.58 2.45 19.0 80.5 26 .9

CAS ANALYSIS(DRY),VOLX RATE (2)
CC CO 2 XCARBON/HR

0.0 0.0 0.0
21 .6 25.7 5.7
29.5 39.6 9.5
31.2 47 .1 11 .1
31,8 50.7 11.4

13.2
32.3 58.5 13.8
3 2.? 59.4 1 3.8
32 .1 60.1 13.8
32.0 60.7 13.7
31 .9 61 .2 13.5
31 .8 61 .7 13.5
31.7 62.3 13.8

IM .S
31.3 .7 14.2
31 .1 6 «• .0 14 .2
31 .0 64.4 U .0
30.8 64 .6 13.9
30.6 65.0 13.9
30.4 65.4 1 4 .0
30.2 65.8 14.1
30 .0 66.2 14.1
29.8 66.4 14.1
->n ■* *•.*.?

o / . 5 1 3.8
6? .8 1 3.8

2 6./ 6* 1 13.9
?8.6 66.4 1 3.8
28.4 68.6 13.8
28.3 68.6 1 3 .7
28.1 69.0 13.6
28.0 69.2 13.5
27.8 69.5 13.5
27.6 69.8 13.5
27.3 70.0 13.5
27.2 70.2 1 3.4
27.0 70.4 13.3
26.9 70.7 13.3
26.7 70.8 1 3.2
26.6 71 .0 13.1

BASED ON REMAINING CARBON 
BASED ON INITIAL CARBON - 454 -



TABLE D- 1^

bASlflLKllON KA TL ii hKUi'l riiNlUAiiFitK

TCMP. (DLO. F - HM)
PKtSbUKL (Pbibj cb.UU
SUPLKFICiAL VELOCITY 1b.V3
CUKE CHAKOt (GM) 1.UU
X CAKBOK IN CUKt AA.^b
X ASH IN CUKt SU.Ib
INLET GAS.................................... CAKdUN UlOKlOk
COKE SAMPLE............................. IKG ILLINOIS CUKL 11UU/1SU MESH)

1. INSTANTANEOUS OATA

TIME CONV LKSI ON P A U T I A L PAISSOKE, ATM gas Anal1. SlStOKY),900 X KATE (1)

MIN . CAKBON C02 CO CO 2 Co C 0 2 4CAKB0N/HK

1 .t 1 .5 2.47 0.16 2.74 5 .4 94.4 83.7

y.3 13.5 2.39 U . 1 4 2 . 76 4.7 93.1 1UU .4

16.1 E3.1 2.46 0.14 2.76 4.9 93 .0 111.1

32.9 2.40 0.14 2 . 76 4.8 93 .1 1 23.8

dV.b 4 2.1 2.16 U . 1 2 2.78 4.3 93.0 132 .8

36.6 50.4 2.U1 0.12 2.79 4.0 95.9 143 .8

43.4 5b .3 1 .91 0 .1 1 2.79 3.8 96.1 15 7.2

5U.3 65.3 1 .62 0.09 2.81 3.2 96.7 1 0 5.9

b 7.1 71 .4 1 .40 0.08 2.82 2.8 97.1 174.2

63.9 76.7 1.28 U .07 2.63 2.5 9 7.4 Ho .9

70.7 81 .4 1 .09 U . 06 2.84 2 .1 97 .8 202 .0

77.6 85.3 0.88 0.0 5 2.83 1 . ? 98.2 210.8

64.3 88.4 0.77 0.04 2.86 1 . 3 Vo .4 222 .8

91.3 91 .2 0.62 0.04 2.87 1 .2 98 .7 236.5

96.3 93.3 0.49 0.03 4 .88 1 . U 99 .0 248.1

105.1 95.0 0.40 0 0 2,88 0.8 99.2 200.3

111.9 96.3 0.32 0 . j 4 2.8V 0.6 99.3 268.7

118.S 97.2 0.21 0 .0 1 2.8V 0.4 99.3 246.6

1 db .6 97.9 0.16 0.0’ 2.89 0.3 99.6 207 .0

13^.4 98.3 0.11 o .ui 2 .90 0.2 99.8 20 1 . 7

II, A'jLKAoE OATA

TIME LAS ANALYSISIDKY) ,VOL X K H T L ( 2 ;
M i 0 . CO C02 2 CAKdON/HH

1 .2 5.4 94.4 7o .2
9.3 5.1 94.7 67.1

16.1 5.0 94.9 66.2
22.9 4.9 94.9 0 6.1
29.6 4.8 95.0 64 .8
36.0 4.7 95.2 62.7
43.4 4.6 95.3 60.5
5 U . 3 4.4 95.4 76.0
57 .1 4.3 95.6 73.0
63.9 4 . 1 95.8 7 2.0
7U.7 3.9 96.0 69.0
77.6 3.8 96.2 65.9
84.3 3.6 96.3 62.9
91 .3 3.4 96.5 59.6
98.3 3.2 96.7 3 7 ,.U

i 0 3 .1 3.1 96.8 3 L . 2
111.9 3.0 97.0 3 1.6
1 3 . b 2.8 97.1 c . 1
12 3.6 2.7 97.2 06.7
1 i 2 .. . 2.6 97.4 4 4.5

's o T t s :
(1; BASES ON KEMAiNlNG CAKdON 

i (d) BASEL ON INITIAL CAKBONv>-
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TABLE D-IS

&

RUN 638

GASIFICATION RATES FROM MINIGASIFIER

TEMP. (DEG. F - RV) -55.00
PRESSURE (PSIG) 27.50
SUPERFICIAL VELOCITY (CM/SEC) 19.22 
COKE CHARGE (GM) 1.00
X CARBON IN COKE 44.28
X ASH IN COKE 50.18
INLET GAS............................ CARBON DlOXIDt
COKE SAMPLE...................... IKG ILLINOIS COKE (100/150 MESH)

I. INSTANTANEOUS DATA

TIME CONVERSION , X PARTIAL PRESSURE, ATM GAS ANALYSIS(DRY),VOL X RATE (1)
MIN. CARBON C02 CO C02 CO C 02 X C ARSON/H

1 .1 1 .1 2.12 0.13 2.73 4 .5 95.1 75.5
8.8 1 1 .6 2.43 0.14 2 .73 4 .8 95 .0 93.4

15 .8 21 .4 2.37 0.14 2 .73 4.7 95.2 105 .0
22.6 30.6 2.23 0.13 2 .74 4 .4 95.5 113.9
29.4 39.4 2.14 0.12 2.75 4 .3 95.7 124.5
36.3 47.8 2 .02 0.12 2.75 4.0 95.9 135.0
43.1 55.5 1 .77 0.10 2.77 3.5 96.4 141.6
50.0 62.2 1 .56 0.09 2.78 3.1 96.8 148.0
56.8 68.2 1 .45 0.08 2.79 2.9 97.1 160.0
63.6 73.8 1 .30 0.07 2.79 2.6 97.3 173.1
70.5 78.6 1 .12 0.06 2 .81 2.2 97.7 181 .5
77.3 82.6 0.92 0.05 2.82 1 .8 98.1 187.9
84.2 86.0 0.80 0.05 2 .82 1 .6 98.4 199.2
91 .0 89.0 0.70 0.04 2.83 1 .4 98.6 217.0
97.8 91 .5 0.59 0.03 2.84 1 .2 98.8 234.0

104.7 93.5 0.47 0.03 2.84 0.9 99.0 244.3
111.5 95.1 0.37 0.02 2 .85 0.7 99.2 249.8
118.4 96.3 0.29 0 .02 2.85 0.6 99.4 257.1
125.2 97.3 0.24 0.01 2 .86 0.5 99.5 285.1
132.0 98.1 0.23 0.01 2 .86 0.5 99.5 376.8
138 .9 98.9 0.22 0.01 2 .86 0.4 99.5 640.6

II. AVERAGE DATA

TIME GAS ANALYSIS(DRY),VOLX RATE (2)
MIN. CO C02 XCARBON/HR

1 .1 4.5 95.1 68.2
8.8 4.6 95.1 79.3

15.8 4.7 95.1 81 .4
22 .6 4 .7 95.2 81 .3
29.4 4.6 95.3 80.3
36.3 4.5 95.4 79.1
43.1 4.4 95.5 77.2
50.0 4.2 95.6 74.7
56.8 4.1 95.8 72.1
63.6 3.9 95.9 69.5
70.5 3.8 96.1 66.9
77.3 3.6 96.3 64.1
.'4.2 3 .5 96.4 61 .3
91 .0 3.3 96.6 58.7
•'7 .8 3.2 96.7 56.1

1 u - . 7 3.1 96.9 53.6
' i . 5 2.9 97.0 51 .2
. ' 8.4 2.8 97.1 48.8
125.2 2.7 97.3 46.6
1 32.0 2.6 97.4 44.6
1 38 .9 2.4 97.5 42.7

NOTES:
(1) BASED ON REMAINING CARBON
(2) BASED ON INITIAL CARBON
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T A P ; f [ •

«UN 6 40

1 ( * M 0 x » » 0 ■ *>IMGASJfn4

J t' ■ p . I C t 6 . * - » v '
PB l S S>| p f (RSH. ■>
S -J p t B > : ' i » L V i » 0 M ’ ' 
COKt C«*6G( (G"'
1 C *fc8( s IN CONf 
X ASH In COk e
IN.ET G»s............
C O* £ S ANP L £.........................

-5i .00
50 .00 

C " / S £ C J * . o t 
1 .00 

44.28 
50.18 

cabpon 11o»: of
IKG I L L 1 N C I j COKE (100/ 1 50 PESH)

1. IMS^ANTANfGUf 0*T*

Tmt C 0 N V £BSI04i , X PABTIAL Pfi£SSUBE, ATM GAS ANAlT$ 1 $(0 fir ) ,VOL X RATE m
ftl N . C ABBOK CO? CO C 02 CO C 02 XCABRON/HR

1 . 1 C .0 0.01 0 .on 0.04 0.0 1 .4 4 . 4
S . 8 1.1 14.23 0.90 2 .07 29 . 5 68.0 16.9
16.6 4.3 14.8? 0.85 2.13 28.0 70.1 28.3
25.5 7 . 7 15.95 0.81 2.18 2 6 .? 71 .6 32.7
50.4 11.2 14.6? 0.8 C 2.20 26.2 72.3 30.8
37.2 14.0 1 2 . 7C C . 79 2 .21 25.8 72.8 26.9
44.1 16.5 13.1? 0.76 2.24 25 .0 73.7 29.7
50.9 19.6 14.71 0.76 2.25 24 .9 73.9 35.8
57.8 23.1 14.09 0.77 2.24 25.3 73.6 34.8
64.6 25 .7 11.79 0.73 2.28 24.0 75 .0 30.1
71 .4 26 . 2 12.16 0.70 2.31 23.2 75.8 32.9
78.3 31 .1 13.60 0.70 2.31 23.0 76.0 39.6
65.1 34 .4 12.95 0.71 2.31 23.2 75.9 38.7
91 . 9 36.9 10.90 0 .67 2.34 22.2 77.0 33.7
98 . E 59 . ? 11.03 0 .65 2 .36 21 .5 77.7 36.6

1C5 .6 4 2.0 1 2.60 0.66 2 .36 21 .7 77.5 4 3.4
112.5 45 .0 11.64 0.63 2 .38 20.8 78.4 43.4
119 .J 4 7.4 9.82 0.61 2.41 20.0 79.3 38.2
126.1 49 . 6 10.17 0.62 2.40 20.2 79.1 40.5
13 3.0 52.1 11.28 0.59 2.4! 19.5 79.8 47.9
139,8 5 4.8 10.26 0.56 2.46 16.4 80.9 47.4
14 6.? 5?.C 9.01 0.56 2 .46 18.3 81 .0 43.1
15 3.5 59.0 9.10 0.55 2.4 7 18.1 81.3 45.1
16 0.3 61.2 9.70 0.52 2 .50 17.1 82.3 52.1
16 7.2 63.6 9 . 36 0.50 2.52 16.5 83.0 54 . 2
t 7 4 . C 65.7 8.15 0.4 9 2.53 16 . 2 83.2 49.2
ip :. 9 6 7.5 7.47 0.47 2.55 15.5 83.9 47.9
'5 • ,7 69.2 8.19 0.46 2.5? 15.0 84.5 56.8
1 9^ . > 7 1.5 8.53 0.46 2.5? 15 .0 84.5 63.0
2 3'.- 73.3 7.26 0.44 2 .59 14.4 85.1 57.2
?C8 . 2 74.9 6.5? 0.4 2 2.61 13.7 85.9 56.C
2 15.’ 76.5 7.23 0.4 1 2.62 13.5 86.0 65.8
2 2 1 .9 78.5 7.56 0.40 2.62 13.3 86.2 74.0
228 .8 80.2 6.33 0.37 2.65 12.3 87.2 68.8
25i .6 81 .6 5.71 0.36 2.67 1 1 .9 87.7 66.6
?4?. 4 83.0 6.10 D .35 2.6? 1 1 .6 87.9 77.1
249 j 84.6 6.36 0.35 2 .66 11.4 88.2 88.0
2 5 6.1 86.1 5.71 0.32 2 .70 10.7 88.9 8 8.7
26? .9 87.4 4.87 0.31 2.7? 10.1 89.5 8 4.6
269 ,8 88.5 4.97 0.31 2.72 10.1 89.5 92.2
276.6 89.8 5.17 0.29 2.74 9.6 90.0 114.7

JJ. XATA

V

T; *e GAS AN A,. * $ I S(CRT),vOlX ■ATE (2)
NTN, CO CC? X C ARBON/HR

1 . 1 0.0 1 .4 0.1
8 . E 1 3.2 3i.i 7.7

Ife .6 20 .5 49 .0 15.6
2 3.5 22.8 56.4 19.7
3C .4 23.8 60.4 22.2
j* 2* .2 62.5 22.5
- 4 . ' 24.4 64.1 22.5
3 0.9 24.4 65.5 23.1
5 7.8 24.5 66.6 24 .0

.< 24.5 67.4 23.9
24.5 68.1 23.7

ri j 24.3 68.8 23.9
5 . ’ 24.2 69.5 24.2

•i ! .. 9 24.1 69.9 24 .1
'3.8 24.0 70.4 23.6

tJ* . 6 23.8 70 .9 23.8
1 T 2 . 5 23.6 7 1.4 24.0
1 e .3 23.5 71.8 23.8
' ?. 1 23.3 72.1 23.6
• J i . 0 23.1 72.5 23.5
'39.8 22 .9 73.0 23.5
itt.? 22 .7 73.3 23.3
157 .5 22.5 73.6 23.1
U 0 . 3 22.3 74.0 22.9
.67.2 22.0 74.4 22.8
174 .C 21 .8 74 . 7 22.6
190.9 21 .6 75.0 22.4
18 7.7 21.4 75.3 22.1
194.5 21.1 75.7 22.0
201 .4 20.9 76.0 21 .8
208.2 20.7 76.3 21 .6
: > 5.1 20.3 76.6 21.3
!21 9 20.3 76.9 21 .2
22 .& 20.1 77.2 21 .0s. * 19.8 77.5 20.6
24 2.4 19.6 77.7 20.5
249 .3 19.4 78.0 20.4
256.1 19.2 78.3 20.2
262.9 18.9 78.6 19.9
269.8 18.8 78.8 19.7
276.6 18.5 79.1 19.5

MOTES:
(1) tA|E® «t MHAIHlM CARSO* 
(2> »AJE» O* INITIAL CARSON 457 -



TMlI 0*17

RUN 44*1

6AS1F1CATI0N RATES fRON N1NIGAS1fIER

TENP. (OEG. r - RV) 
PRESSURE (PSJC) 
SUPERHC1AL VELOCITY 
COKE CHARGE (GR>
X CARBON IN COKE 
X ASH IN COKE
INLET 6AS..........
COKE SAMPLE........

-55.00
26.50

(CM/SEC) 18.61 
1 .00 

50.58
44.51

CARBON M0X16E
IKG ILLINOIS COKE (40/50 MESH)

1. INSTANTANEOUS BATA
TIME CONVERSION , X PARTIAL PRESSURE. ATM GAS ANAlY5IS(DRY),V0L X RATE (1)
MIN. CARBON C02 CO C02 CO C02 XCARBON/HR

1.2 0.9 1 .57 0 .09 2.84 3.2 96.5 45.4
9.6 7.5 1 .59 0 .09 2.84 3.2 96.7 51.6

16.8 13.3 1 .75 0.10 2.83 3 .5 96.4 59.3
23.7 19.4 1 .61 0.11 2.63 3.6 96.3 67.6
30.5 25.7 1 .85 0.11 2.83 3.7 96.2 75.8
37.4 32.2 1 .84 0.11 2.83 3.7 96.2 62.8
44 .2 38.5 1 .75 0.10 2.83 3.5 96.4 68.9
51 .0 44.7 1 .71 0.10 2.84 3.4 96.5 93.9
57.9 50.4 1 .53 0.09 2.85 3.1 96.8 98.3
64.7 55.8 1.50 0.09 2.85 3.0 96.9 103.4
71 .6 60.8 1 .34 0.06 2.86 2.7 97.3 108.7
78.4 65.5 1.28 0.06 2.86 2.6 97.4 115.0
65.2 69.9 1.16 0.07 2.87 2.4 97.6 121.3
92.1 73.8 1 .05 0.06 2 .86 2.1 97.9 126.3
98.9 77.4 0.96 0.06 2.66 1 .9 96.0 131.3
105 .8 80.6 0.63 0.05 2.69 1 .7 98.3 136.1
112.6 63.4 0.77 0.05 2.89 1.5 96.4 140.4
119.4 65.9 0.63 0.04 2.90 1 .3 98.7 142.2
126.3 68.0 0.56 0.03 2.90 1 .1 98.8 144.4
133.1 89.8 0.49 0.03 2.91 1.0 99.0 146.0
140.0 91 .4 0.39 0.02 2.91 0.8 99.2 143.0
146.8 92.7 0.34 0.02 2.92 0.7 99.3 136.6
153.6 93.7 0.27 0.02 2.92 0.5 99.4 130.3
160.5 94.5 0.22 0 .01 2.92 0.5 99.5 116.6
167.3 95.2 0.17 0.01 2.93 0.3 99.6 106.0
174.2 95.7 0.15 0.01 2.93 0.3 99.7 95.5
161 .0 96.1 0.12 0.01 2.93 0.2 99.7 63.3
167.8 96.4 0.09 0.01 2.93 0.2 99.8 67.8
194.7 96.7 0.07 0.00 2.93 0.1 99.8 59.1
201 .5 96.9 0.07 0.00 2.93 0.1 99.8 59.0

11. AVERAGE BATA
TIME (AS ANALYSIKBRY) ,VOLX RATE (2)
MIN . CO <02 XCAR0ON/HR

1 .2 3.2 96.5 43.9
9.6 3.2 •6.6 45.8

16.8 3.3 96.6 47.3
23.7 3.3 96.5 49.1
30.5 3.4 96.4 50.6
37.4 3.5 •6.4 51.7
44.2 3.5 96.4 52.3
51 .0 3.5 96.4 52.5
57.9 3.5 96.4 $2.2
64.7 3.4 •6.5 51.7
71 .6 3.4 96.5 51 .0
76.4 3.3 •6.6 50.1
65.2 3.2 96.7 49.2
92.1 3.2 96.6 46.1
96.9 3.1 96.8 46.9
105.6 3.0 96.9 45.7
112.6 2.9 97.0 44.5
119.4 2.6 97.1 43.1
126.3 2.7 97.2 41.6
133.1 2.6 • 7.3 40.5
140.0 2.6 97.4 39.2
146.8 2.5 97.5 37.9
153.6 2.4 97.5 36.6
160.5 2.3 97.6 35.3
167.3 2.2 • 7,7 34.1
174.2 2.2 97.6 33.0
181 .0 2.1 97.9 31 .9
167.1 2.0 97.9 30.6
194.7 2.0 98.0 29.8
101 .5 1.9 •8.1 28.8

•BUS:
n> baser •« ■emaiiinc carbon 
<!> baser bn initial cabbon
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TABLE D-18

KUN 644

6 AS 1 f 1 CAT I UN KATtS FKUil H1 N 1 U AS 1 F X EK

TEMP. (UEb. F - KV) 
PRESSURE (PS1G) 
SUPERFICIAL VELOCITY 
COKE CHARGE (GM)
1 CARUON IN CUKE 
X ASH IN COKE
INLET GAS....................................
CUKE SAMPLE.............................

-SS .UU 
LS .Gu

(CM/SEC) 19.37 
1 .Ub 

1UU .OU 
U .U

CAKdON 0IUX1UE 
EMPTY REACTOR

J. INSTANTANEOUS U AT A

TIME CONVERSION / ^ partial PRESSURE, ATM GAi ANALriJS(UKY),VOL X KATE (1)
MIN . CARBON C02 CO C 02 CO C02 xcakuon/hk

1 .2 U.1 0.39 0.03 2.bb 1.0 99.0 3.5
9.4 0.9 0.1b 0.01 2.69 0.4 99 .6 4.2

17.7 1 .3 0.15 0.01 2.90 0.3 99.7 2.7
26.0 1 .6 0.14 0.01 2.90 0.3 99.7 2.5
34.4 1 .9 0.13 0.01 2.90 0.3 99.7 2.3
42.6 2.3 0.13 0.01 2.90 U.3 99.7 2.3
SU .9 2.5 0.12 0.01 2.90 0.2 99 .6 2.1
3 9.1 2 .b 0.11 U .01 2.90 0.2 99 .b 1 .9
67.3 3.1 0.09 U.U1 2.90 0.2 99 .6 1 .7
73.6 3.3 0.0b 0.00 2.90 0.2 99.tt 1.5
63.9 3.5 O.Ub 0.00 2 .90 U . 2 99 .a 1.4
92.3 3.6 0.0b o.ou 2 .90 U. 2 99 .6 1 .4

1UU.5 3 .6 0.07 u.uu 2.90 0.1 99.9 1 .2
loa.a 4.0 0.06 u.uu 2.90 U.1 99.9 1.1
117.0 4.1 0.05 o.ou 2.90 U.1 99.9 U.9
125.3 4.2 0 .04 u.uu 2.90 0.1 99.9 0.7
1 33.6 4.3 0.03 u.uu 2.90 0.1 99 .9 0.6
142.1 4.4 0.03 o.ou 2.90 U.1 99 .9 U . 5
15U.5 4.4 U .02 o.ou 2 .90 0.0 100.0 0.4
156.9 4.5 0.02 u.uu 2.90 u.u 1UU.U 0.4
167.4 4.5 0 .02 u.uu 2.9U 0.0 1GU .0 0.3

II . AVERAGE DATA

GAS ANALYSIS(DRY),VOLX
MIN . CO C02 XCARBON,

1 .2 1 .0 99 .0 3 .4
9.4 0.7 99.3 5.5

17.7 0.5 99.5 4.3
26.0 0.4 99.6 3.7
34.4 0.4 99.6 3.4
42.6 0.4 99.6 3.2
30.9 0.4 99 .6 3.0
59.1 0,3 99.7 2.9
67.3 U.3 99.7 2.7
75.6 0.3 99.7 2 .6
63.9 0.3 99.7 2.5
92.3 0.3 99.7 2.4

1 UU .5 0.3 99.7 2.3
) u 8. a 0.3 99.7 2.2
117.0 0.2 99.8 2.1
1 ? 3 . 3 U .2 99.8 2.0

1 7 3.6 0.2 99.8 1 .9
i; 2. 1 0.2 94 . 1 .8

0.2 99.8 1 .8
t 3 8 9 0.2 99.8 1 . 7
7 6 . 4 0.2 99.8 1 .6

NOTES:
(1) dASED UN REMAINING CAHdON
(2) BASED ON INITIAL CARBON
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TABLE D-19

KUN 64b

GASIFICATION KATbS FKOH NlNlbASIflbK

TEHP. (Ut(i. F - KV) 
PKESSUKE (PSIti) 
SUPEKFICIAL VELOCITY 
COKE CHANGE (OH)
X CAKUON IN COKE 
X ASH IN COKE
INLET GAS............................
COKE SAMPLE......................

-bb .UU 
<t& .UU

(CM/SbC) 19.1U 
1 .OU 

1UU .UU 
U.U

CAKUON UlOXIDb 
EMPTY Kb AC TO K

I. INSTANTANEOUS DATA

TIME CONVERSION / x PARTIAL PRESSURE/ ATM bAS ANALYSIS(DRY).VOL l KATE (1)
hXN. CAKBON C02 CO CU2 CO C02 XCAKBON/HR

1.1 U.1 0.23 U .02 2.89 O.b 99.5 3.6
9.3 0.6 U.1b 0.01 2.89 0.4 99.6 3.5

17.7 1 .0 U. 1 9 U.U1 2.89 0.4 99.6 3.1
25.9 1 .4 0.15 0.01 2.90 0.3 99 .7 2.8
34.1 1 .8 0.14 0.01 2.90 0.3 99 .7 2.4
42.3 2.1 0.12 0.01 2.90 0.2 99.8 2.1
50.6 2.3 U.11 0.01 2.90 0.2 99.8 1.9
5b .b 2.6 0.10 0.01 2.90 0.2 99.8 1 .7
67.2 2.8 0.09 0.01 2.90 0.2 99 .8 1.6
75.5 i.U U.U9 0.01 2.90 0.2 99.8 1.5
b3.7 3.2 U.U7 0.00 2.90 0.1 99.9 1.3
91.9 3.3 0.06 0 .00 2.90 0.1 99 .9 1.1

10U.3 3.5 U.OS 0.00 2.90 0.1 99 .9 0.9
1 Ub. 7 3.6 0.05 0.00 2 .90 U.1 99.9 0.9

AVERAGE DATA

TIME GAS ANALYSIS(DKY)/VOLX KATE (2)
MIN . CU C02 XCARBUN/HK

1 .1 0.5 99.5 3.4
9.3 0.5 99.5 3.7

17.7 0.4 99.6 3.5
25.9 0.4 99.6 3.3
34.1 0.4 99.6 3.1
42.3 0.4 99.6 2.9
50.6 0.3 99.7 2.8
58.8 0.3 99.7 2.6
67.2 0.3 99.7 2.5
75.5 0.3 99.7 2.4
83.7 0.3 99.7 2.3
91 .9 0.3 99.7 2.2

100.3 0.2 99.8 2.1
108.7 0.2 99.8 2.0

01 ES :
(1) BAStO ON KEMAINING CAKBQN
(2) BASED ON INITIAL CAKBON
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TABLE D-20

Run 646

Minigasifier

Empty

Temperature, RV-°F 55.0

Pressure, psig 36.0

Superficial Velocity, cm/sec 18.0

Inlet Gas Steam

Time
Min.

Gas Volume 
Liters

02
Vol %

N2
Vol %

CO
Vol %

C02
Vol %

h2
Vol %

CH4 
Vol %

0.0 0.0 0.0 100.000 0.0 0.0 0.0 0.0

3.270 0.420 0.0 95.114 0.0 0.0 4.886 0.0

9.640 1.100 0.0 96.735 0.0 0.0 3.265 0.0

15.860 1.770 0.0 98.448 0.0 0.0 1.552 0.0

22.070 2.430 0.0 99.198 0.0 0.0 0.802 0.0

28.290 3.070 0.0 99.339 0.0 0.0 0.661 0.0

34.500 3.730 0.0 99.450 0.0 0.0 0.550 0.0

40.580 4.360 0.0 99.560 0.0 0.0 0.440 0.0

46.950 5.010 0.0 99.541 0.0 0.0 0.459 0.0

53.170 5.730 0.0 99.610 0.0 0.0 0.390 0.0
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TABLE D—21

Run 647

Minigasifier

Empty

Temperature, RV-°F 55.0

Pressure, psig 36.0

Superficial Velocity, cm/sec 18.0

Inlet Gas Steam

Time
Min.

Gas Volume 
Liters

02
Vol %

N2
Vol %

CO
Vol %

C02 
Vol %

h2
Vol %

ch4
Vol %

0.0 0.0 0.0 100.000 0.0 0.0 0.0 0.0

4.260 0.510 0.0 97.064 0.0 0.0 2.936 0.0

11.120 1.270 0.0 97.394 0.0 0.0 5.606 0.0

17.760 1.640 0.0 95.403 0.0 0.0 4.597 0.0

25.480 2.470 0.0 97.059 0.0 0.0 2.941 0.0

32.480 3.190 0.0 98.378 0.0 0.0 1.622 0.0

39.890 3,920 0.0 98.704 0.0 0.0 1.296 0.0

50.900 4.600 0.0 98.886 0.0 0.0 1.114 0.0

53.170 5.230 0.0 99.494 0.0 0.0 0.506 0.0

59.460 5.810 0.0 99.218 0.0 0.0 0.782 0.0

66.460 6.510 0.0 99.347 0.0 0.0 0.653 0.0

73.520 7.160 0.0 99.391 0.0 0.0 0.609 0.0
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TABLE 0-22

RUN 649

GASIFICATION RATES FROM M1NIGASIFIEK

TEMPERATURE (DEG. F - RV) -55.00
PRESSURE (PSIG) 35.00
SUPERFICIAL VELOCITY (CM/SEC) 19.61
COKE CHARGE (GM) 1 .00
X CARBON IN COKE 48.70
X ASH IN COKE 46.20
INLET GAS................................
COKE SAMPLE..........................

STEAM
IKG ILLINOIS COKE (50/70 MESH)

I. INSTANTANEOUS DATA

TIME CONVERSION. X PARTIAL 1PRESSURE, ATM GAS ANALY SIS(DRY ,N2-FREE) , V OL X RATE (1)

MIN. CARBON STEAM CO C02 H2 H20 CO CO 2 H2 CH 4 XCARBQ N/HF

4.4 1.6 3.71 0.03 0.00 0.10 2.69 23.8 0.8 74.7 0.7 55.7

11 .4 11.9 5.17 0.08 0.02 0.14 2.63 29.7 6.0 63.2 1.1 133.0

18.2 28.3 4.85 0.08 0.02 0.13 2.65 34.2 9.1 55.2 1 .4 189.8

25.0 42.6 4.53 0.06 0.02 0.12 2.68 35.5 8.9 54.2 1 .4 2 20.5

31.7 56.9 3.84 0.07 0.02 0.10 2.70 35.9 8.8 53.9 1 .4 261.2

38.5 68.0 3.10 0.06 0.01 0.08 2.74 36.0 9.1 53.5 1 .4 283.1

45.3 77.3 2 .46 0.04 0.01 0.07 2.77 35 .6 9.4 53.7 1 .3 315.8

52.0 84.1 1 .68 0.03 0.01 0.05 2.81 35.4 9.8 53.6 1.2 321 .3

58.8 86.8 1.12 0.02 0.01 0.03 2.87 34.8 10.1 54 .0 1.1 290.0

65.8 91.5 0.58 0.01 O.OU 0.02 2.88 34.3 10.9 53.9 0.9 229.6

73.1 93.5 0.51 0.01 0.00 0.01 2.85 33.3 10.9 55.2 0.7 189.3

80.2 94.5 0.32 0.00 0.00 0.01 2.89 28.4 8.3 63.0 0.3 114.9

87.3 95.0 0.37 0.00 0.00 0.01 2.90 20.1 5.0 74.9 0.0 60.2

94.3 95.2 0.34 0.00 0.00 0.01 2.88 12.5 2.2 85.3 0.0 46 .8

AVERAGE DATA

TIME GAS ANALYSIS(DRY ,N2-FREE> /VOL X RATE (2)
MIN. CO C02 H2 CH4 XCARBON/HR

4.4 23.8 0.8 74.7 0.7 20.9
11.4 28.6 5.1 65.2 1 .0 62.4
18.2 31.5 7.2 60.1 1 .2 93.3
25.0 32.7 7.7 58.3 1 .3 102 .3
31.7 33.5 8.0 57.3 1.3 107.5
38.5 33.9 8.1 56.7 1 .3 105.9
45.3 34.1 8.3 56.4 1 .3 102.5
52 .0 34.2 8.4 56.1 1 .3 97.0
58.8 34.2 8.5 56.0 1 .3 90.6
65.8 34.2 8.5 56.0 1 .3 83.4
73.1 34.2 8.6 56.0 1 .3 76.7
80.2 34.1 8.6 56.1 1 .3 70.7
87.3 34.0 8.6 56.2 1 .2 65.3
94.3 33.8 8.5 56.4 1 .2 60 .6

NOTES:
(1) BASED ON REMAINING CARBON
(2) BASED ON INITIAL CARBON
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TABLE 0-23

RUN 650

GASIFICATION RATES FROM MINIGASIFIER

TEMPERATURE (DEG. F - RV) -55 .00
PRESSURE (PS1G) 54.00
SUPERFICIAL VELOCITY (CM/SEC) 22.11
COKE CHARGE (GM) 1.00
X CARBON IN COKE 48.70
X ASH IN COKE 46.20
INLET GAS.........................
COKE SAMPLE....................

STEAM
IKG ILLINOIS COKE (50/70 MESH)

I. INSTANTANEOUS DATA

TIME CONVERSION, X PARTIAL iPRESSURE, ATM GAS ANALYSISCDRY ,N2“FRE E) ,VOL X RATE (1)
MIN. CARBON STEAM CO C02 H2 H20 CO C02 H 2 CH4 XCARBON/HR

3.4 2.9 3.79 0.05 0.00 0.15 3.79 26.8 1.4 70.8 1.1 93.9
10.0 17.3 3.93 0.10 0.02 0.15 3.91 31.9 5.8 60.9 1 .3 187.7
16.6 37.0 3.38 0.09 0.0-2 0.13 3.99 35.5 8.8 54.1 1.5 252.1
23.2 52.2 2.64 0.07 0.02 0.10 4.06 36.0 9.1 53.3 1.5 270.1
29.9 65.7 2.12 0.06 0.02 0.08 4.08 36.3 9.4 52.8 1 .5 311 .9
37.0 76.7 1.54 0.04 0.01 0.06 4.13 36.4 9.8 52.5 1.3 340.2
43.8 84.1 0.96 0.03 0.01 0.04 4.21 36.4 10.4 52.0 1.2 327.8
50.4 88.4 0.64 0.02 0.01 0.03 4.23 36.6 11 .2 51 .1 1.1 300.5
57.5 92.0 0.53 0.01 0.00 0.02 4.21 34.9 10.9 53.5 0.7 302.9
64.1 93.9 0.39 0.01 0.00 0.02 4.21 30.4 9.2 59.8 0.6 291.1

AVERAGE DATA

TIME GAS ANALYSISCDRY ,N2“FREE) ,VOL X RATE (2)
MIN. CO C02 H2 CH4 XCARBON/HR

3.4 26.8 1 .4 70.8 1 .1 51 .4
10.0 30.8 4.9 63.1 1 .3 103.6
16.6 33.1 6.7 58.8 1 .4 133.8
23.2 33.9 7.4 57.3 1 .4 135 .0
29.9 34.3 7.8 56.5 1 .4 131 .7
37.0 34.6 8.0 56.0 1 .4 124.4
43.8 34.7 8.2 55.6 1 .4 115.2
50.4 34.8 8.4 55.4 1 .4 105.2
57.5 34.8 8.5 55.4 1 .4 96.1
64.1 34.7 8.5 55.5 1 .3 88.0

NOTES:
(1) BASED ON REMAINING CARBON
(2) BASED ON INITIAL CARBON
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TABLE D-2*

RUN 651

GASIFICATION RATES FROM MINIGASIFIER

TEMPERATURE (DEG. F - RV) -55.00
PRESSURE (PSIG) 35.00
SUPERFICIAL VELOCITY (CM/SEC) 19,61
COKE CHARGE (GM) 1 .00
X CARBON IN COKE 48 .70
X ASH IN COKE 46.20
INLET GAS.......................... STEAM
COKE SAMPLE..................... IKG ILLINOIS COKE <50/70 MESH)

I. INSTANTANEOUS DATA

TIME CONVERSION. X PARTIAL PRESSURE. ATM GAS ANALYSIS CORY ,N2-FKEE) /VOL X RAT
MIN. CARBON STEAM CO C02 H2 H20 CO C02 H2 CH4 XCAR

5.4 3.7 4.87 0.05 0.01 0.13 2.6U 26.7 4.5 67.7 1.0 0 7
12.0 15.6 4.76 0.08 0.02 0.12 2.61 31 .5 7.1 60.2 1.2 14
18.7 31.2 4.70 0.08 0.02 0.12 2.63 35.9 9.0 53.7 1.4 19
25.4 45.9 4.07 0.08 0.02 0.11 2.66 36.7 6.8 53.1 U4 2<
32.0 58.3 3.34 0.06 0.01 0.09 2,72 36.7 8.9 53.0 1 .4 22
39.0 68.0 3.08 0.05 0.01 0.08 2.76 34.8 8.4 55.5 1.3 2'
46.1 76.6 2.08 0.04 0.01 0.06 2.78 34.8 6.6 55.4 1.2 2)
53.1 83.2 1 .42 0.03 0.01 0.04 2.81 36.5 10.9 51.4 1.2 Zt
60.4 88.1 1.16 0.02 0.01 0.03 2.84 33.4 13.6 52.0 1.0 It
67.6 91.3 0.88 0.01 0.01 0.03 2.88 27.4 14.5 57.4 0.7 2:
74.6 93.0 0.48 0.01 0.00 0.01 2.89 24.2 14.7 60.5 0.5 1?
81 .6 94.1 0.31 0.00 0.00 0.01 2.94 22.7 15.2 61 .8 0.3 1 ,
88.3 94.6 0.14 0.00 0.00 0.00 3.03 22.1 13.9 64.0 0.0 #

AVERAGE DATA

TIME GAS ANALYSISCDRY /N2-FREE) /VOL X RATE (2)
MIN. CO C02 H2 CH4 XCARBON/HR

5.4 26.7 4.5 67.7 1.0 40.8
12.0 30.2 6.4 62.2 1 .2 78.0
18.7 32.8 7.6 58.4 1 .3 100.2
25.4 33.9 7.9 56.8 1.3 108.2
32.0 34.5 8.1 56.1 1 .3 109.3
39.0 34.5 8.2 56.0 1.3 104.7
46.1 34.5 8.2 55.9 1 .3 99.7
53.1 34.7 6.4 55.6 1.3 93.9
60.4 34.6 8.7 55.4 1.3 87.5
67.6 34.4 8.9 55.5 1.3 81.1
74.6 34.2 9.0 55.6 1.3 74.8
81 .6 34.0 9.1 55.7 1.2 69.2
88.3 33.9 9.1 55.7 1 .2 64.3

NOTES:
(1) BASED ON REMAINING CARBON
(2) BASED ON INITIAL CARBON
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TABLE D-2S

RUN 652

GASIFICATION RATES FROM MINIGASIFIEK

TEMPERATURE (DEG. F - RV) -55 .00
PRESSURE (PSIG) 27.00
SUPERFICIAL VELOCITY (CM/SEC) 19,35
COKE CHARGE (GM) 1.00
X CARBON IN COKE 4B.7Q
X ASH IN COKE 46.20
INLET GAS................................
COKE SAMPLE..........................

STEAM
IKG ILLINOIS COKE (50/70 MESH)

INSTANTANEOUS DATA

TIME CONVERSION, X PARTIAL iPRESSURE, ATM GAS ANALYSIS(ORY ,N2-FREE) ,VOL X RATE (1)
MIN. CARBON STEAM CO C02 H2 H20 CO C02 H2 CH4 XCARBON/HR

0.9 0.0 0.04 0.00 0.0 0.00 2.34 81.5 0.0 18.5 0.0 29.7
7.5 6.5 4.61 0.07 0.02 0.09 1 .95 40.2 9.8 49.1 1 .0 96.2

14.6 20.7 5.17 0.08 0.02 0.10 1 .93 38.6 9.7 50.6 1.1 154.5
21 .9 36.0 4.95 0.08 0.02 0.10 1.95 39.3 8.9 50.4 1 .3 185.5
28.9 49.1 4.54 0.07 0.01 0.09 1.97 39.2 8.6 50.9 1 .3 209.0
36.0 60.9 3.88 0.06 0.01 0.08 1.99 39.1 8.6 51 .1 1.3 235 .3
42.7 70.4 3.18 0.05 0.01 0.06 2.02 39.0 8.8 51 .0 1.3 255.4
49.5 78.0 2.32 0.04 0.01 0.05 2.08 38.8 9.0 51.0 1 .2 251.6
56.3 82.9 1 .68 0.02 0.01 0.03 2.10 37 .9 9.3 51 .7 1.1 226.9
63.1 86.7 1 .26 0.02 0.00 0.03 2 .09 36.4 9.5 53.2 0.9 212.1
69.9 89.3 0.76 0,01 0.00 0.02 2.10 36 .6 9.9 52.8 0.7 173.3
77.1 91 .0 0.28 0.01 0.00 0.01 2.12 40.7 1U.9 46.1 0.3 123.5
83.8 91.9 0.10 0.00 0.00 0.00 2.12 50.6 11 .5 37 .9 0.0 98.6

AVERAGE DATA

TIME GAS ANALYSISCDRY ,N2-FREE> ,VOL X RATE (2)
MIN. CO C02 H2 CH4 XCARBON/HR

0.9 81.5 0.0 18.5 0.0 0.0
7.5 40.2 9.8 49.1 1 .0 51 .9

14.6 39.1 9.7 50.1 1 .1 85.4
21 .9 39.2 9.4 50.3 1 .2 98.5
28.9 39.2 9.2 50.4 1 .2 102.0
36.0 39.2 9.1 50.5 1 .2 101.5
42.7 39.1 9.0 50.6 1 .2 98.8
49.5 39.1 9.0 50.6 1.2 94.4
56.3 39.0 9.1 50.7 1 .2 88.4
63.1 38.9 9.1 50.8 1 .2 82.5
69.9 38.8 9.1 50.9 1.2 76.7
77.1 38.9 9.1 50.8 1 .2 70.8
83.8 39.0 9.1 50.7 1.2 65.8

NOTES :
(1) BASED C N REMAINING CARBON
(2) BASED ON INITIAL CARBON
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TABLE D-26

RUN 6^5

GASIFICATION RATES FROM riINIGAS IfIE R

TEMPERATURE (DEG. F 
PRESSURE (PSIG) 
SUPERFICIAL VELOCITY 
COKE CHARGE (GM)
X CARBON IN COKE 
X ASH IN COKE
INLET GAS.............................
COKE SAMPLE.......................

kV) -55.UO
26.00

(CM/SEC) 19.98 
1 .00 

48.70 
46.20

STEAM-NITROGEN
IKG ILLINOIS COKE (50/70 MESH)

I . INSTANTANEOUS DATA

TIME CONVERSION, X PARTIAL 1PRESSURE, ATM GAS AK ALY SI S (0 KY ,N2-FR£E) /VOL X RATE (1)
MIN. CARBON STEAM CO C02 H 2 H20 CO C02 H2 CH4 XCARBON/HR

1 .4 0.0 3.91 0.00 0.0 0.06 1 .58 6.7 0.0 93.3 0.0 23.5
8.1 5.1 8.17 0.05 0.01 0.11 1 .26 21.3 5.4 72.9 0.4 72.5

15.6 16.5 7.37 0.06 0.01 0.10 1 .26 31.3 8.2 59.6 0.9 113.9
22.5 27.9 8.30 0.06 0.01 0.11 1 .26 33.2 8.1 57.6 1.1 135.4
29.3 38.8 7.10 0.06 0.U1 0.09 1 .28 33.1 8.0 57.8 1.1 150.5
36.4 49.2 7.41 0.05 0.01 0.10 1 .28 32.3 7.9 58.7 1 .1 164.8
43.4 58.5 6.09 0.05 0.01 0 .08 1.30 31 .8 7.9 59.3 1 .0 179.9
50.2 66.4 4.02 0.04 0.01 0.05 1.33 34.7 8.7 55.5 1.1 186.4
57.1 72.8 3.32 0.03 0.01 0.04 1.34 36.6 9 .6 52.7 1 .1 184.4
63.9 77.8 2.66 0.02 0.01 0.04 1.38 35.4 9.5 54.2 0.9 167.1
70.6 81.2 1 .71 0.02 0 .00 0.02 1 .39 35.5 8.8 54.8 0.8 139.5
77.7 83.8 1 .04 0.01 0.00 0.01 1 .39 38.3 8.7 52.3 0.7 113.9
24.5 85.5 0.51 0.01 0.00 0.01 1.40 42.2 9.6 47.9 0.3 101.6

AVERAGE DATA

TIME GAS ANALYSISCDRY ,N2-FREE) ,VOL 7. RATE (2)
MIN. CO C02 H2 CH4 XCARBON/HR

1 .4 6.7 0.0 93.3 0.0 1.2
8.1 21 .0 5.2 73.4 0.4 37.9

15.6 27.1 7.0 65.2 0.7 63.6
22.5 29.3 7.4 62.5 0.8 74.4
29.3 30.3 7.5 61.3 0.9 79.5
36.4 30.7 7.6 60.7 0.9 81.1
43.4 30.9 7.7 60.5 1 .0 80.9
50.2 31 .3 7.8 60.0 1 .0 79.3
57.1 31 .7 7.9 59.4 1 .0 76 .5
63.9 31 .9 8.0 59.1 1 .0 73.1
70.6 32.0 8.0 59.0 1 .0 69.0
77.7 32.2 8.1 58.8 1 .0 64.7
84.5 32.3 8.1 58.6 0.9 60.7

NOTES :
(1) BASED ON REMAINING CARBON
(2) BASED ON INITIAL CARBON
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TABLF D-27

r

KUN 656

GASIFICATION RATES FROil MINIGASIFIER

TEMPERATURE (DEG. F - RV) -55.00
PRESSURE (PSIG) 27.00
SUPERFICIAL VELOCITY (CM/SEC) 19.17
COKE CHARGE (GM) 1.00

CARUON IN COKE 48.70
X ASH IN COKE 46.20
INLET GAS............................. STEAM"NITROGEN
COKE SAMPLE........................ IKG ILLINOIS COKE (50/ 70 MESH)

I. INSTANTANEOUS DATA

TIME CONVERSION, y. PARTIAL PRESSURE, ATM GAS ANALYSIS(DRY ,N2-FREE) , V OL 7. RATE (1 )
MIN . CARBON STEAM CO C02 H2 H20 CO C02 H 2 C H 4 XCARBON/HR

4.5 0.4 14.05 0.01 0.00 0.0 5 0.31 15 .3 7.5 77.2 0.0 12.4
11 .8 2 . 7 10.50 0.01 0.01 0.03 0.27 18.4 9.3 72.2 0.0 20 .9
19.1 5.4 1 3.06 0.01 0 .01 0.04 0.26 23.1 11 .0 65.9 0.0 24.1
26 .4 8.3 1 3.02 0.01 0.01 0.04 0.26 23.9 10.1 66.0 0.0 26.9
33.e 1 1 .4 1 2.96 0.02 0.01 0.04 0.26 25.6 9.9 64.5 0.0 29.7
40.7 14.5 11.77 0.02 0.01 0.04 0.27 27.8 10.3 61.9 0.0 31 .9
47.6 1 7.7 12.43 0.02 0.01 0.04 0.26 26.6 10.3 61 .1 0.0 33.8
54.9 21 .1 13.83 0.02 0 .01 0.04 0.26 26.0 9.6 62.4 0.0 35 .7
62.1 24.5 10.58 0.02 0.01 0.03 0.27 29.7 9.6 60.7 0.0 36.7
69.0 27.7 13.12 0.02 0.01 0.04 0.26 29.8 9.5 60 .8 0.0 37.7
76.1 30.9 13.07 0.02 0.01 0.04 0.26 28 .2 8 .6 63.2 0.0 38.6
83.2 34.0 11 .58 0.02 0 .00 0.03 0.27 29 .6 8.0 62.4 0.0 39.2
90.3 37.0 11 .40 0.02 0.01 0.03 0.27 30 .0 S. 3 61.7 o.u 40.5
97.3 40.0 8.85 0.02 0.00 0.03 0.27 32.3 9.2 58.5 0.0 42.6

104.4 43.0 11 .29 0.02 0.00 0.03 0.27 32.9 8.6 58.5 0.0 43.5
111.5 45.8 10.67 0.02 D .00 0.03 0.27 30.4 7 .8 61 .8 0.0 44.0
1 18.5 48.6 7.48 0.02 0.00 0.02 0.28 33.6 8 .6 57.9 0.0 45 .5
1 25.6 51 .3 10.84 0.02 0.00 0.03 0.27 33.1 8.4 58.5 0.0 46.5
132.7 54.0 7.24 0.01 0.00 0.02 0.26 33.0 7.9 59.2 0.0 47.6
139.7 56.5 7.35 0.01 0.00 U .02 0.28 37 .1 8.3 54.6 0.0 48 .7
146.8 58.9 7.29 0.01 0.00 0.02 0.28 36.3 7.8 55.8 0.0 50.1

AVERAGE DATA

TIME GAS ANALYSISCDRY ,N2-FREE) , VOL X RATE (2)
MIN. CO C02 H 2 C H 4 XCARBON/HR

4.5 15.3 7.5 77.2 0.0 5 .8
11.8 17.9 9.0 73.1 0.0 1 3.9
19.1 20.1 9.9 70.0 0.0 16.9
26.4 21 .4 9.9 68.7 0.0 IS .8
33.8 22.4 9.9 67.7 0.0 20 .3
40.7 23.4 10.0 66.6 0.0 21 .4
47.6 24.2 10.1 65.7 o.u 22.3
54.9 24 .8 10.0 65.2 0.0 23.1
62.1 25.4 9.9 64.6 0.0 23.7
69.0 25 .9 9.9 64.2 0 .0 24.0
76.1 26.1 9.8 64.1 0.0 24.3
83.2 26 .4 9.6 64.0 0.0 24.5
90.3 26.7 9.5 63.8 0.0 24 .6
97.3 27.1 9.5 63.5 0.0 24.6

104.4 27.4 9.4 63.1 0.0 24.7
111.5 27 .6 9 .3 63.1 0.0 24 .7
118.5 27.9 9.3 62.8 0.0 24.6
125.6 28.1 9.3 62.6 0.0 24.5
1 32.7 28.4 9.2 62.4 0.0 24.4
139.7 28.7 9.2 62.2 0.0 24.3
146.8 29.0 9.1 61 .9 0.0 24.1

NOTES:
U> BASED ON REMAINING CARBON 
(2) BASED ON INITIAL CARBON
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TABLE D-28

Run 657

Minigasifier

Empty

Temperature, RV-°F 

Pressure, psig 

Superficial Velocity, cm/sec 

Inlet Gas

55.0

35.0

18.0

Steam-Carbon Monoxide

Time
Min.

Gas Volume 
Liters

°2
Vol %

n2
Vol %

CO
Vol %

co2
Vol %

h2
Vol %

ch4
Vol %

0.0 0.0 0.0 100.000 0.0 0.0 0.0 0.0

6.950 0.690 0.0 95.109 0.754 0.237 3.900 0.0

14.400 1.470 0.0 96.789 0.983 0.094 2.134 0.0

21.630 2.240 0.0 97.172 0.713 0.040 2.075 0.0

28.900 3.000 0.0 97.345 0.786 0.185 1.684 0.0

36.170 3.740 0.0 97.741 0.810 0.198 1.251 0.0

43.440 4.480 0.0 97.936 0.802 0.222 1.040 0.0

50.700 5.230 0.0 97.980 0.801 0.210 1.009 0.0

57.970 5.970 0.0 98.037 0.811 0.219 0.933 0.0

65.270 6.710 0.0 98.362 0.806 0.230 0.602 0.0

72.540 7.440 0.0 98.388 0.802 0.206 0.604 0.0

79.810 8.040 0.0 98.540 0.809 0.218 0.433 0.0

87.080 8.760 0.0 98.335 0.820 0.230 0.615 0.0

97.350 9.480 0.0 98.386 0.820 0.248 0.546 0.0

101.620 10.230 0.0 98.518 0.797 0.240 0.445 0.0

108.890 10.860 0.0 98.403 0.793 0.248 0.556 0.0

116.160 11.560 0.0 98.545 0.810 0.249 0.396 0.0

123.430 12.300 0.0 98.563 0.795 0.237 0.405 0.0

130.700 13.030 0.0 98.432 0.795 0.251 0.522 0,0

137.970 13.740 0.0 98.555 0.800 0.249 0.396 0.0
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TABLF D-29

RUN 658

GASIFICATION RATES FROM MINIGASIFIER

TEMPERATURE (DEG. F - RV) -130.00
PRESSURE (PSIG) 35 .50
SUPERFICIAL VELOCITY (CM/SEC) 19.35
COKE CHARGE (GM) 1 .00
Z CARBON IN COKE 48.70
Z ASH IN COKE 46.20
INLET GAS . ., STEAM
COKE SAMPLE, IKG ILLINOIS COKE (50/70 MESH)

I . INSTANTANEOUS DATA

TIME CONVERSION^ % PARTIAL PRESSURE, ATM GAS ANALYSIS(DRY /N2-FREE) ,VOL Z RATE (1
MIN. CARBON STEAM CO C02 H 2 H 2 0 CO CG 2 H2 CH4 XCARBON/

6.9 1 .6 1 .86 0.02 0.01 0.05 2.82 23.1 7.5 68.8 0.5 27 .5
14.3 6.5 1 .82 0 .03 0.01 0.05 2.82 27 .8 8.3 63.2 0.7 47.5
22.0 12.9 1 .92 0.03 0.01 0.05 2.82 33.2 8.6 57.1 1 .0 60.2
29 .3 19.7 1 .96 0 .03 0.01 0.05 2.82 34.8 8.2 55.7 1 .2 68.5
36.8 26.5 1 .91 0.03 0.01 0.05 2.83 35.5 8.0 55.2 1 .3 74.9
44.1 33.2 1 .82 0.03 0.01 G .0 5 2.83 36.1 7.9 54.8 1 .3 79 .8
51 .5 39.6 1 .60 0.03 0.01 0.04 2.88 36.2 7.8 54.7 1 .3 76.9
58.9 44.7 1 .43 0.03 0.01 0.04 2.89 36 .4 7.8 54.5 1 .3 77.2
66.3 50.1 1 .48 0.03 0.01 0.04 2.86 36.7 7.7 54.3 1 .3 86.0
73.7 55.2 1 .32 0.02 0.01 0 .04 2.86 36.5 7.6 54.7 1 .3 87.3
81 .0 59.8 1 .20 0.02 0.00 0.03 2.86 36.6 7.6 54.5 1 .3 87.7
88.4 63.9 1 .08 0 .02 0.00 0.03 2.87 36.5 7.6 54.7 1 .3 86.3
95.8 67.5 0.97 0.02 0.00 0.03 2.88 35.8 7.5 55 .5 1 .2 83.6

103.2 70.6 0.84 0.02 0 .00 0.02 2.88 35.7 7.1 56.1 1 .1 79.9
110.6 73.3 0.66 0.01 0.00 0.02 2.94 35.7 6.9 56.4 1 .0 68.7
118.0 75.1 0.58 0.01 0.00 0.02 2.94 35 .4 7.3 56.3 1 .0 63.7
125.4 77.2 0.53 0.01 0.00 0.01 2.89 35 .6 7.6 56.0 0.9 67 .6
132.7 78.9 0.47 0.01 0.00 0.01 2.90 35 .6 7 .6 56.0 0.8 61 .6
139.8 80.3 0.40 0.01 0 .00 0.01 2.94 34 .6 7.3 57.2 U .9 52.4
147.1 81 .4 0.32 0.01 0 .00 0.01 2.94 34.2 7.1 57.9 0.8 46.1
154.5 82.4 0.31 0.00 0.00 0.01 2.90 34 .1 6 .8 58 .4 0.7 43.9
161 .9 83.3 0.29 0.00 0.00 0.01 2.91 32.6 6.1 61 .0 0.3 37.6
169.3 83.9 0.17 0.00 o.co 0.01 2.92 33.S 5.7 60.3 0.2 34.6

II. AVERAGE DATA

TIME GAS ANALYSISCDRY ,N2-FREE) , V OL Z RATE (2)
MIN. CO C02 H2 CH4 XCARBON/HR

6.9 23.1 7.5 68.8 0.5 15 .5
14.3 26.4 8.0 64 .9 0.6 27 .3
22.0 29.4 8.3 61.5 0.8 35.3
29.3 31 .1 8.3 59.7 0 .9 40.2
36.8 32.2 8.2 58.6 1 .0 43.3
44.1 32 .9 8.2 57 .9 1 .1 45 .1
51 .5 33.4 8.1 57.4 1 .1 46.1
58.9 33.7 8.1 57.1 1 .1 45.5
66.3 34.0 8 .0 56.8 1 .2 45.4
73.7 34.2 8 .0 56.6 1 .2 45.0
81 .0 34.4 8.0 56.5 1 .2 44.2
88.4 34.5 7.9 56.3 1 .2 43.3
95.8 34.6 7.9 56.3 1 .2 42.3

103.2 34.7 7 .9 56.3 1 .2 41 .0
110.6 34.7 7.8 56.3 1 .2 39.7
118.0 34.7 7.8 56.3 1 .2 38.2
1 25.4 34.7 7.8 56.3 1 .2 36.9
132.7 34.8 7.8 56.3 1 .2 35.7
139.8 34.8 7.8 56.3 1 .1 34.5
147.1 34.7 7.8 56.3 1 .1 33.2
154.5 34.7 7.8 56.3 1 .1 32.0
161 .9 34.7 7.8 56.4 1 .1 30.9
169.3 34.7 7.7 56.4 1 .1 29.8

NOTES :
(1) BASED ON REMAINING CARBON
(2) BASED ON INITIAL CARBON
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TABLE P-30

RUN 659

GASIFICATION RATES FROM MINIGASIFIER

TEMPERATURE (DEG. F - RV) -5.00
PRESSURE (PSIG) 35.50
SUPERFICIAL VELOCITY (CM/SEC) 19.21
COKE CHARGE (GM) 1 .00
X CARSON IN COKE 48.70
X ASH IN COKE 46.20
INLET GAS...........................
COKE SAMPLE......................

STEAM
IKG ILLINOIS COKE (50/70 MESH)

I. INSTANTANEOUS DATA

TIHE CONVERSION^ X PARTIAL PRESSURE, atm GAS ANALYSISCDRY ,N2-FREE) , VOL X RATE (1)
MIN. CARBON STEAM CO C02 H 2 h20 CO C02 H2 CH4 XCARBON/HF

7.0 9.6 6.50 0.10 0.04 0.17 2.59 32.3 11 .5 54.9 1.2 152.7
U.3 33.2 6.25 0.12 0 .03 0.17 2.59 34.5 11.1 53.4 1 .1 274.9
22.4 56.6 4.93 0.10 0 .03 0.13 2.67 36.8 10 .6 51 .8 0.8 339.9
30.8 73.5 3.14 0.06 0.02 0.09 2.77 36 .9 10.4 51 .9 0.8 366 .6
41.5 86.4 1.86 0.03 0.01 0.05 2.84 35.6 10.7 52.7 1 .0 404.8
50.6 92.1 0.99 0.01 0.01 0.03 2.88 32.7 11 .4 54.8 1 .2 350.3
59.0 94.6 0.45 ^.01 0.00 0 .01 2.90 31 .8 10.1 57 .4 0.8 240.7
66.5 95.7 0.24 0.00 0.00 0.01 2.91 33.7 7.8 58.1 0.4 191 .1

AVERAGE DATA

TIME GAS ANALYSISCDRY ,N2-FREE) ,VOL X RATE (2)
MIN. CO C02 H2 CH4 XCARBON/HR

7.0 32.3 11.5 54.9 1 .2 82.1
14.3 33.8 11.2 53.8 1 .1 139.1
22.4 35.0 11 .0 53.0 1 .0 151.4
30.8 35.4 10.8 52.8 1 .0 143.4
41.5 35.5 10.8 52.7 1.0 125 .0
50.6 35.3 10.9 52.9 1.0 109 .3
59.0 35.2 10.8 53.0 1 .0 96.1
66.5 35 .2 10.8 53.1 1 .0 86.2

NOTES :
(1) BASED ON REMAINING CARBON
(2) BASED ON INITIAL CARBON
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TABLE D-31

Run 661

Minigasifier

Empty

Temperature, RV-°F 130.0
Pressure, psig 35.5
Superficial Velocity, cm/sec 18.0

Inlet Gas Steam

Time
Min.

Gas Volume
Liters

02
Vol %

N2
Vol %

CO
Vol %

co2

Vol %
h2

Vol %
ch4

Vol %

0.0 0.0 0.0 100.000 0.0 0.0 0.0 0.0

1.060 0.145 0.0 99.971 0.0 0.0 0.029 0.0

8.070 0.945 0.0 95.163 0.0 0.0 4.837 0.0

15.130 1.695 0.0 98.272 0.0 0.0 1.728 0.0

22.150 2.435 0.0 99.124 0.0 0.0 0.876 0.0

29.160 3.175 0.0 99.374 0.0 0.0 0.626 0.0

36.170 3.925 0.0 99.382 0.0 0.0 0.618 0.0

43.180 4.665 0.0 99.515 0.0 0.0 0.485 0.0

50.190 5.475 0.0 99.609 0.0 0.0 0.391 0.0

57.200 5.835 0.0 99.629 0.0 0.0 0.371 0.0

64.210 6.565 0.0 99.699 0.0 0.0 0.301 0.0

71.220 7.285 0.0 99.955 0.0 0.0 0.045 0.0

78.230 8.035 0.0 99.937 0.0 0.0 0.063 0.0

85.240 8.765 0.0 99.827 0.0 0.0 0.173 0.0

92.250 9.495 0.0 99.985 0.0 0.0 0.015 0.0

99.260 10.225 0.0 99.977 0.0 0.0 0.023 0.0

106.270 10.965 0.0 100.000 0.0 0.0 0.0 0.0
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TABLE D-32

r^-

KUN 66^

GASIFICATION RATES FROM MINIGASIFIER

TEMPERATURE (DEG. F - RV ) -1 it) .00
PRESSURE (PSIG) 35.00
SUPERFICIAL VELOCITY (CM/SEC) 10.54
COKE CHARGE (GM) 1 .00
X CARBON IN COKE 48.70
X ASH IN COKE 46.20
INLET GAS........................ ..
COKE SAMPLE........................

STEAM
IKG ILLINOIS COKE <50/70 MESH)

I. INSTANTANEOUS DATA

TIME CONVERSION, X PARTIAL IPRESSURE, ATM GAS ANALYSISCDRY ,N2-FREE) ,VOL X RATE (1)
MIN . CARBON STEAM CO C 02 H2 H 2 0 CO C02 H 2 CH4 XCARBON/HR

1 .2 0 .0 0.0 0.00 0.0 0 .0 2.85 100.0 0.0 0.0 0.0 7.2
8.3 1 .7 1 .93 0.02 0.0 0.05 2 .79 28.5 0.0 70.7 0.8 27.3

15.5 6 .5 1 .96 0.03 0.01 0 .05 2.77 31 .9 3.2 63.9 1 .0 51.1
22.9 1 3.4 2.05 0.04 0.01 0.06 2.77 35.4 7.2 56.2 1 .2 67.1
30.3 20.8 2 .08 0.04 0.01 0.06 2.78 35.8 8.3 54.6 1 .3 76.3
37 .7 28.3 1 .95 0.04 0.01 0.05 2.78 36.2 8.2 54.2 1 .3 82.0
45.1 35.3 1 .82 0.03 0.01 0.05 2.79 36.7 8.3 53.7 1 .3 86.1
52.7 42.2 1 .60 0.03 0.01 0.04 2.84 36.7 8.3 53.7 1 .3 84.5
60.1 47.5 1 .47 0.03 0.01 0.04 2.85 37.2 8.3 53.3 1 .3 86.3
67.9 53.7 1 .43 0.03 0.01 0 .04 2 .81 37.1 8.4 53.2 1 .3 96.0
75.3 58.8 1 .25 0.02 0.01 0.03 2.82 37.0 8.5 53.2 1 .3 95.6
82.7 63.4 1 .11 0.02 0 .00 0 .03 2.83 37.3 8.6 52.9 1 .3 95.2
90.2 67.5 0.99 0.02 0*00 0.03 2.84 36.9 8.7 53.0 1 .3 95 .0
97.6 71 .1 0.89 0.02 0.00 0.02 2.84 36.6 3.9 53.3 1 .2 94.1

105.0 74.2 0 .68 0.01 o .no 0.02 2 .89 36.6 8.9 53.3 1 .2 83.3
112.4 76.3 0.58 0.01 0.00 0.02 2.90 37.0 8.8 53.2 1 .0 76.5
119.8 78.6 0.54 0 .01 0.00 0.01 2 .86 37.0 8.9 53.2 0.9 80.1
127.3 80.6 0.47 n .01 0.00 0.01 2.86 36.4 9.2 53.5 1 .0 73.8
134.9 82.2 0.32 0.01 0.00 0.01 2.89 36.9 9.6 52.7 0.8 64.3
142.3 83.4 0.27 0.01 0.00 0.01 2 .90 38.6 10.1 50.7 0.6 57.1
1 49.8 84.6 0.24 0.00 0.00 0.01 2.87 33.0 10.3 51 .0 0.7 52.7
157.2 85.5 0.15 0.00 0.00 o .on 2 .88 39.3 10.0 50.2 0.4 43.2
164.7 86.2 0.13 0.00 0 .00 0.00 2.89 41 .8 9.9

00 0.0 39.1

II. AVERAGE DATA

TIME GAS ANALYSISCDRY ,N2-FREE) /VOL X RATE (2)
MIN. CO C02 H2 CH4 XCARBON/HR

1 .2 100.0 0.0 0 .0 0.0 0.1
8.3 28.5 0.0 70.7 0 .8 12.3

15.5 30.9 2.2 66.0 1 .0 25.0
22.9 32.9 4 .5 61 .,5 1 .1 35.0
30.3 33.8 5.7 59.3 1 .1 41 .1
37.7 34.4 6.3 58.1 1 .2 45.0
45.1 34.8 6.7 57.3 1 .2 47.0
52.7 35.1 6.9 56.7 1 .2 48.0
60.1 35.3 7.1 56.4 1 .2 47.4
67.9 35.5 7.2 56.0 1 .2 47.4
75.3 35.6 7.3 55.8 1 .2 46.9
82.7 35.8 7.4 55.6 1 .2 46.0
90.2 35.8 7.5 55.5 1 .2 44.9
97.6 35.9 7.6 55.3 1 .2 43.7

105.0 35.9 7.6 55.3 1 .2 42.4
112.4 35.9 7.6 55.2 1 .2 40.8
119.3 35.9 7.7 55 .2 1 .2 39.4
127.3 36.0 7 .7 55.1 1 .2 38.0
1 34 .9 36.0 7.7 55.1 1 .2 36.6
142.3 36.0 7.8 55.0 1 .2 35.2
149.8 36.0 7.8 55.0 1 .2 33.9
15 7.2 36.1 7.8 54.9 1 .2 32.6
164.7 36.1 7.8 54.9 1 .2 3A ,4

VJ NOTES:
(1) BASED ON REMAINING CARBON
(2) BASED ON INITIAL CARBON
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TABLE D-33

MINIGASIFIER

INITIAL CO2 GASIFICATION RATE DATA

IKG Illinois Gasifier Coke

Run Conditions___________ _______ Initial Response

Run
Temp., 
RV-°F

Press., 
atm

Superficial 
Velocity, 

cm/sec

Coke
Mesh
Size,

U. S. Sieve
Rate
%C/hr

Partial Pressures* 
(Bed Avg.), atm

C09 CO

618 55 4.9 18.7 50/70 84 4.8 0.09

620 55 2.8 18.9 50/70 57 2.1 0.06

626 55 2.9 18.8 50/70 63 2.8 0.06

627 55 2.9 19.2 50/70 50 1.3 0.05

628 50 2.9 18.9 50/70 59 2.8 0.05

629 130 2.9 18.8 50/70 19 2.9 0.02

630 5 2.9 18.8 50/70 100 2.8 0.10

631 130 2.9 18.9 50/70 20 2.9 0.02

633 55 2.9 19.1 50/70 23 0.38 0.02

634 55 2.9 1.0 50/70 19 2.5 0. 36

636 55 3.0 0.5 50/70 14 2.4 0.54

637 55 2.9 18.9 100/150 87 2.8 0.08

638 55 2.9 19.2 100/150 84 2.8 0.07

640 55 3.0 1.1 100/150 23 2.6 0.44

641 55 2.9 18.8 40/50 44 2.9 0.05

*N2 diluent in some runs.
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TABLE D-34

MINIGASIFIER

INITIAL H20 GASIFICATION RATE DATA

IKG Illinois Gasifier Coke *

Run Conditions_________ _________ Initial Response

Run
Temp., 
RV-°F

Press., 
atm

Superficial 
Velocity, 

cm/sec

Coke
Mesh
Size

U.S. Sieve
Rate
%C/hr

Partial Pressures, 
(Bed Avg.), atm

H20 H2 CO CO 2 CH4

649 55 3.4 19.6 50/70 136 2.8 0.07 0.04 0.01 0.002

650 55 4.7 22.1 50/70 180 4.0 0.08 0.05 0.01 0.002

651 55 3.4 19.6 50/70 135 2.8 0.06 0.04 0.01 0.002

652 55 2.8 19.4 50/70 121 2.0 0.05 0.04 0.01 0.001

653 55 2.8 20.0 50/70 102 1.3 0.05 0.03 0.007 0.001

656 55 2.8 19.2 50/70 26.5 0.27 0.02 0.009 0.003 0.0

658 130 3.4 19.4 50/70 54 2.9 0.03 0.02 0.004 0.0006

659 5 3.4 19.2 50/70 194 2.7 0.09 0.06 0.02 0.002

662 130 3.4 19.5 50/70 58 2.8 0.03 0.02 0.004 0.0008

*N2 diluent in all runs.
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LIST OF ABBREVIATIONS

APS Atmospheric Pipe Still

ASTM American Society for Testing and Materials

BARD Baytown Research and Development Division (Baytown, TX)

B/CD Barrels Per Calendar Day

B/SD Barrels Per Stream Day

BOD5 5-Day Biological Oxygen Demand

CLPP Coal Liquefaction Pilot Plant

Co/Mo Cobalt/Molybdenum

CSCU Continuous Stirred Coking Unit

DAF Dissolved Air Flotation

DBM Design Basis Memorandum

DCF Discounted Cash Flow

DEA Diethanolamine

DMMF Dry Mineral Matter-Free

DOE Department of Energy

ECLP Exxon Coal Liquefaction Pilot Plant

EDS Exxon Donor Solvent

EDS-FPU Exxon Donor Solvent - FLEXICOKING Prototype Unit

EEPD Exxon Engineering Petroleum Department (Florham Pk., N.J.)

ELED EDS Liquefaction Engineering Division (Florham Pk., N.J.)

EOR End-of-Run

EPA Environmental Protection Agency

EPRI Electric Power Research Institute

EPRL EDS Process Research Laboratories (Baytown, TX)

ER&E Exxon Research and Engineering Company

FBU Fluidized Bed Unit

GC Gas Chromatography

GPM Gallons Per Minute

HBG High Btu Gas

HCO Hydrogenated Creosote Oil

IBG Intermediate Btu Gas

IKG Integrated Coking/Gasification Pilot Plant
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k

LBG

LHV

LP

LPG

LSCU

LSFO

M
MBG

MPSS

NDT

Ni/Mo

OTCLU

PAM

PDA

P&ID

PNA

PRD

RCLU-1

RCLU-2

RCO

RISP

RV

SCF

SDU

SEM

SFU

SOR

SQI

TDS

Thousand 

Low Btu Gas 

Lower Heating Value 

Linear Program 

Liquefied Petroleum Gas 

Large Stirred Coker Unit 

Low Sulfur Fuel Oil 

Million

Moving-Bed Coal Gasification 

Multi-Pass Spent Solvent 

Non-Destructive Testing 

Nickel Molybdenum

Once-Through Coal Liquefaction Unit 

Process Alternatives LP Model 

Process Development Allowance 

Piping and Instrument Diagram 

Polynuclear Aromatics

Product Research Division (Linden, N.J.)

50 Pounds-per-Day Recycle Coal Liquefaction Unit 

100 Pounds-per-Day Recycle Coal Liquefaction Unit 

Raw Creosote Oil 

Required Initial Selling Price

Reference Value. Under terms of this Agreement, all non-program 
data are coded in terms of Reference Values to prevent disclosure.

Standard Cubic Feet

Study Design Update

Scanning Electron Microscope

Small Fluidized Bed Unit (for coke gasification)

Start-of-Run 

Solvent Quality Index 

Total Dissolved Solids
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T/D Tons Per Day

TEC Total Erected Cost

TIR Temperature Increase Required

TOC Total Organic Carbon

T/SD Tons Per Stream Day

VGO Vacuum Gas Oil

VLE Vapor Liquid Equilibrium

VPS Vacuum Pipe Still

V/Hr/V
O O

Volumetric Hourly Space Velocity, feed per hour per ft of
reactor volume.

WWT Wastewater Treatment

YP Yield Period

YT Yield Test

U.S. GOVERNMENT PRINTING OFFICE: 1980-640-258/1765
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