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COAL TECHNOLOGY PROGRAM PROGRESS REPORT FOR FEBRUARY 1976 

ABSTRACT 

This report - the nineteenth of a series is a compendium 
of monthly progress reports for the ORNL research and develop­
ment projects that are in support of the increased utilization 
of coal as a source of clean energy. The projects reported 
this month include those for hydrocarbonization research, 
solid-liquid separations, in situ gasification, analytical 
chemistry, engineering evaluations of nuclear process heat for 
coal conversion,_ coal-fueled MIUS, materials, and engineering 
evaluations of the Synthoil and Hydrocarbonization processes. 

1. STJMMARY 

J. P. Nichols 

Highlights of our progress in February are summarized below: 

o In hydrocarbonization research, final testing of the 20-atm 
bench-scale system is underway in preparation for experiments with 
hydrogen. Design modifications to raise the pressure from 20 to 80 atm 
for the bench-scale system are progressing satisfactorily. 

0 Results this month in supporting research and development in 
separations technology include laboratory-scale testing of a. number of 
inexpensive pure compounds to improve the settling rate of solids in 
Solvent Refined Coal (SRC) unfiltered oil (UFO), bench-scale testing 
of the effect of the Tretolite additive on settling, and characterization 
tests on a. new sample of UFO from the PAMCO-SRC process. The bench-scale 
settling of SRC-UFO mixed with Tretolite additive required longer periods 
of time at all concentrations to obtain a clarity equal to the laboratory­
scale results. 

o Laboratory results in experimental engineering support of an 
in situ gasification process include low-temperature pyrolyses at 
exceptionally low heating rates (0.3 C0 /min). Highly pyrophoric chars 
were consistently produced by thcoc cJ~crimentc. 

0 In analytical chemistry, aqueous by-products from coal conversion 
technologies and oil shale retorting are analyzed directly tu dete:nnine 
major organic components. Data are reported for an aqueous condensate 
from the Synthane gasification process, a scrubber liquor from the COED 
liquefaction process, and product water from simulated in situ retorting 
of oil shale. 
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o In the engineering evaluations of nuclear process heat for coal 
conversion, a report is being prepared discussing various aspects of the 
program. Also, a review of an ORNL report dealing with coal conversion 
and other GCR applications and a proposal from General Atomic for a 
bench-scale test program on thermochemical water splitting for hydrogen 
production has begun. 

v In the coal-fueled MIUS program, preparations for procurement of 
tubing for the matrix in the fluidized-bed furnace and for fabrication of 
the furnace continued. Analyses of the AiResearch gas turbine and recuper­
ator under coal-fueled MIUS operating conditions were near completion. 
Injected coal mixing rate tests in the cold flow model and performance 
tests of coal metering and feed systems continued. 

o The assessment effort in t.h.~ .m.at.P.riaJ.s prngr::un o.n t-hte Pressure 
Vessel and Piping Technology Program was accelerated. Initial specimens 
for evaluation on the inspection of wear and p:rocess-resistan.t coatings 
were received. Ultrasonic and x-ray fluorescence tests were completed 
on these specimens. The literature survey on formation of iron and nickel 
carbonyl is in progress. Experimental equipment is being assembled for 
the initial tests. A pressure let-down valve from PERC was examined after 
its removal from service. Severe erosion was identified. 

o In the engineering evaluations work for Synthoil, process flow 
diagrams and heat and material balances were completed for most of the 
process units. Overall utilities requirements were calculated and the 
coal preparation flowsheets were finalized. For Bydrocarbonization, the 
flowsheet was revised to include additional coal data. Flowsheets were 
i'inaLized for the acid gas separation and recycle, and the oil-solids 
separation. 

I 
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2. HYDROCARBONIZATION RESEARCH 

H. D. Cochran, Jr. 

Yield data and carbon balances f'rom earlier atmospheric -pressure 
experiments are reported. Further effort in experimental development has 
been curtailed. Successful shakedown testing of the 20-atm bench-scale 
system continued,and experiments with hydrogen will be performed early 
next month. 

2.1 Review and Evaluation 

(Completed) 

2.2 Experimental Development 

P. R. WestmoreJ.FJ.nd, J. B. Gibson_, R. L. Andrews, and J. C. Rose 

Ambient mock-ups 

Occasional tests with the ambient mock-ups will be reported periodic­
ally, but no results are available f'rom work during February. An effort 
is underway to reduce available data f'rom the ambient mock-ups to a form 
useful for prediction and extrapolation, and results will be reported 
later. Analysis of solid recirculation performance data will be continued 
on a time -available basis. 

High-temperature studies 

No experiments were attempted in February, but the carbon balance for 
Run AHC-9 was completed, showing 11.2% liquid yield, and preliminary yields 
of char and liquid were determined for Run AHC-11. Liquid yield in Run AHC-9 
was slightly less than in Run AHC-8, probably reflecting a lower hydro­
carbonization temperature (l000°F vs ·l050°F). The 9.1 wt % of carbon not 
recovered in Run AHC-9 was apparently char as suggested by an ash balance 
and by comparison to Run AHC-8. Liquid and solid analyses from Run AHC-ll 
permitted preliminary evaluation of the experiment. In AHC-11, smooth 
operation of recirculating fluidized-bed hydrocarbonization (to 1020°F) 
was achieved; however, approximately half the remaining char was found 
below the gas distributor plate, having sifted between the distributor 
plate and the reactor wall because of improper assembly. Coal in the 
plenum would not have reached 1020°F, so the high char yield probably 
resulted f'rom incomplete hydrocarbonization. 

No experiments are planned since this apparatus is now being used 
for residua carbonization. Yield da.t:::t and a carbon balance for Run AHC-11 
will be reported when completed. 
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2.3 Bench-Scale System 

H. D. Cochran, Jr.·' and G. L. Yoder 

Design and review 

The final draft Safety Analysis Report for the bench-scale hydro- · 
carbonization experiment has been issued as ORNL/CF-76/38. The experiment 
has been reviewed and approved for safety by representatives of ERDA-ORO 
following approvals from ORNL safety officers. 

Desie;n for modifications to the bench-scale system to raise it~:; 

pressure capability from 20 to 80 atm is progres~:;ing satisfactorily, 

'l'he integral eo-atm reactor-preheater design will be prepared as an 
engineering drawing and should be available for inr.lnRi nn in t.h~;> M~ch 
progress report. Bids for the hydrogen booster compressor should be 
received in April. 

Fabrication and installation 

There was no effort to report in this area during February. No 
effort is planned except maintenance as required. 

Operation 

Shakedown operation continued during February with successfUl feeding 
of -20 by +50 mesh coal to the reactor at 20 atm and l200°F with nitrogen. 
Samples were taken for analysis. In the next test, app:r.oximR.t.P.ly 5 lb of 
-50 by +150 mesh coal was fed to the reactor successf'llll y with nitrogen. 
So, we are confident that our difficulties wHh r.nal feed.ing have beP.n 
overcome. (The l-ton batch of coal to be grounu to -50 by. +150 mesh at 
MERC has not yet been received.) 

Several safety-related shakedown tests were required for safety 
approval and were completed succeRR~Jlly, Th~;> system was pre££urizcd 
and leak checked at design temperature and at 1.15 times design pressure. 
The performancesof the vent.j.J.a.tion system and the back-up roof vent were 
checked first with smoke generators and then with helium and found to be 
acceptable. All instrument and controls components of the safety system 
and automatic shutdown system were test.P.d H.nri/or recalibrated individually, 
and the performance of the integrated system was tested successfUlly. 

Introduction of hydrogen to the system will be initiated during the 
first week of March. The first 20-atm experiment with hydrogen will be 
performed using the -50 by +1.50 mesh coal expected from MERC. 
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2.4 Residua Carbonization 

H. D. Cochran, Jr., and J. B. Gibson 

System modifications to convert the batch-operated atmospheric 
hydrocarbonizer to a continuous feed residua carbonizer were completed 
during the previous month. The feed vessel, char receiver, and associated 
piping were installed and tested. A shakedown of the feeding system, 
reactor and char receiver was completed successfully using an inert 
ceramic material as the feed. The ceramic material, which will be used 
as a bed starter for the reactor during residua runs, had a particle size 
range of -45 to +140 mesh. A total of 8.4 lb of ceramic was fed to the 
reactor a.t a rate of 9. 9 lb/hr. A fluidized-bed height of 21.4 in. was 
maintained in the reactor during the shakedown test; 

The review and evaluation of the CSF carbonizer has been completed. 
The report is in the process of being distributed for comments. 

Experimental runs with H-Coal vacuum tower bottoms will begin this 
month. 
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3. SUPPORTING RESEARCH AND DEVELOIMENT 
IN SEPARATIONS TECHNOLOGY 

B. R. Rodgers 

Results.this month include laboratory-scale testing of a number of 
inexpensive pure compounds to improve the settling rate of solids in 
Solvent Refined Coal (SRC) unfiltered oil (UFO) .• bench-scale testing of 
the effect of the Tretolite additive on settling, and characterization 
tests on a new sample of UFO from the PAMCO-SRC process. Some inexpensive 
and readily available pure compounds were found which significantly 
improved settling rates in the laboratory-scale apparatus. 

The bench-scale settling of SRC-UFO mixed with Tretolite additive 
required longer periods of time at all concentrations to obtain a clarity 
equal to the laboratory-scale results. A number of changes in operating 
procedures were tried to determine the differences, but none provided a. 
satisfactory explanation. 

Data supporting the results discussed this month will be included 
in the quarterly report for January-March. 

3.l Additive Agglomeration Studies: Laboratory Scale 

8. K~tz and B. R. Rodgers 

Tests of additives to improve settling continued using the system 
previously described.l It was concluded that Tretolite additive 
significantly improved particle settling; optimum temperature appears 
the same as that previously found for simple thermal agglomeration and 
settling, 300 to 350uc, with the best results at the highest concentration 
tested (4000 ppm). Scouting tests with pure co~pounds suggest that a 
number of inexpensive materials may improve settling. The manner and 
conditions for dispersal of solid and liquid additives which are not 
readily soluble or miscible with the UFO appear important. 

Agglomeration, which has been established by a. large number of 
observations as an important mechanism leading to better settling, may 
not be the exclusive mechanism. Particle enlargement during the process 
as a result of recrystallization and chemical change is indicated as 
likely. Different additives appear to promote the settling through 
different overall mechanisms. 
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Additives of useful effectiveness showed a dependence upon 
concentration up to a given value, above which very little improvement 
occurred. For most additives, settling rates increased with 
temperature. 

3.2 Additive Agglomeration Studies: Bench Scale 

B. R. Rodgers, S. Katz, and D. A. McWhirter 

Bench-scale results continue to indicate that .longer settling 
times than previously indicated may be required to obtain a sufficient 
quantity of clarified SRC product. Eleven runs were made this month 
using a Tretolite additive at concentrations from 500 to 2500 ppm and 
530°F. In most cases, 90 to 150 min were required to obtain 30 to 50% 
c.Larl:t'led product. 

The standFJrd operating procedure for the above runs consisted of 
injecting the additive into a stirred autoclave, bringing the autoclave 
to temperature, and transferring the mixture to the settler, which was 
maintained at the same temperature. This procedure is closer to field 
conditions than the laboratory-scale experiments, where the additive is 
mixed in a sealed tube and inserted into a heated silicone bath. However, 
the latter experiments obtained clarified product in shorter times for 
a given set of conditions, as reported previously. 1 ' 2 A number of 
changes in bench-scale operation procedures were tried to determine the 
cause of this disparity of results: 

(l) Heating the mixtures in the settler without stirring, instead 
of using the stirred autoclave. 

(2) Mixing the additive in the feed pot, instead of injecting 
directly into the Etirred autoclave. 

The settling rates were similar for all procedures. 

3.3 Characterization Studies 

D. n. nodgers and D. A. McWhirter 

Samples of fH tered and tmfil tered oil from the PAMCO-SRC plant 
were received and analyzed. The material had a higher oxygen (6.7 wt %), 
nitrogen (1.12 wt %), ash (4.0 wt %), and cresol solids content (6.0 wt %) 
than the Wilsonville SRC material (3.3, 1.01, 3.2, and 4.0 wt %, respect­
ively). Other data on the PAMCO mater·ial will be reported in the next 
quarterly report. 
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3.4 References for Sect. 3 

1. J. P. Nichols Quarterly 
~~~~~~~~~~~~~==~~~~~~CL~l~9~75, ORNL-5093 

2. Program Quarterly 
December 31 1975, ORNL-5120 



., 

9 

4. EXPERIMENTAL ENGINEERING SUPPORT 
OF AN IN SITU GASIFICATION PROCESS 

R. C. Forrester, III 

Summary 

Laboratory results for the past month include low-temperature 
pyrolyses at exceptionally low heating rates (0.3 C0 /min). Highly 
pyrophoric chars were consistently produced by these experiments, the 
results of which were presented to Dr. P.R. Wieber,' ERDA program 
coordinator for Underground Coal Gasification, during his visit on 
the 24th. 

4.1 Large-Block Pyrolysis Studies 

H. c. l''orrester, 111, 1'. H. Westiii.ore.Lanct, 
F. H. Wilson, and G. D. Owen 

Experiments conducted during February (and the latter part of 
January) have included pyrolyses at conditions shown in ':Cable 4.l. 

Table 4.1. Block pyrolysis: Recent test conditions 

Sample Heating rate Maximum Temperature 
Description (C 0 /min) (oc) 

l. Wyodak (Roland seam) J 900 

2. Wyodak (Roland seam) 3 1000 

3· Wyodak (Roland ceam) 3 500 

4. Wyodak (Roland seam) 0.3 500 

5. LERC test site 
(Hanna No. 1 seam) 3 500 

The most interesting aspect of this work is that all of the low-tempera­
ture tests produced a pyrophoric char. As described in ORNL/TM-5291, the 
char produced by one experiment early in. the program exhibited marked 
pyrophoricity, a phenomenon not previously observed by other researchers. 
Several subsequent tests were unable to reproduce this behavior,and the 
observed pyrophoricity was thought to· have been anomalous. These latest 
experiments, however, have consistently produced highly pyrophoric chars·' 
and preliminary indications suggest tbat the maximum pyrolysis temperature 
plays an important role in this phenomenon. ('l'he pyrophoric materials 
are produced only at the lower temperatures. ) 
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A brief survey of the literature describing pyrophoricity of various 
substances (coal, lignites, heavy-metal powders, etc.) was unable to 
uncover a reference to pyrophoric chars, but did provide many detailed 
theories concerned with the mechanism of self-ignition and ways to 
prevent this behavior. A bibliography containing more than 300 literature 
references to pyrophoricity and related problems has been compiled. 

Ab iJ.lllic:tt.Lt:i:J. b;y Table 4.1, the programmable f\n."l'lace 3Y3tem ho..G 
recently been altered to provide PID control of heating rate between the 
limits of 0.1 and 10 Centigrade degrees per minute. (Heating rates 
are referenced to the surface of the coal block being pyrolyzed.) The 
effects of this order-of-magnitude reduction in heating rate will be 
examined in the course of the next few months' experiments. 

4.2 ERDA's UCG Program 

R. C. Forrester, !!I 

Dr. Paul R. Wieber, Chief of In Situ Conversions for ERDA,has 
activated five working groups within ERDA's Underground Coal Gasification 
program whose purpose is to promote and facilitate rapid exchange of 
information and technical criticism among the various participants. 
These groups, with the names of their corresponding chairmen, are 
presented in Table 4.2. 

'l'able 4. 2. 'Technical working groups within the 
ERDA Undergro1..Uld Coal Gasif'icA.tion JJ:r.ogrl'l.m 

Working group Chairman (Affiliation) 

Field Operations Dr. c. F. Brandenburg (LERC) 

Geology and Site 
'Dr. c. F. Br~md.enh1.tre; (T.F.RG) 

Pre:pa:ca tion 

Laboratory Rcocarch Dr. L. .!.... Shuo¥. (IviERC) 

Instrumentation Dr. D. A. Northrop (Sandia) 

Modeling D:r.. R. B. Ho7.sa. ( J,LI,) 

Dr. Wieber has also expressed interest in creating a sixth group, which 
would explore Environmental Data Needs. 

Although a formal presentation is not required, an ORNL observer is 
included at meetings of the Modeling group in order to keep abreast of 
computational data needs. The last meeting of that group was held at 
LLL on September 25, 1975. Code developments at LERC, MERC, and LLL 
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were presented, as well as some comments about Russian models and an 
NSF-funded program at the University of Texas (Austin). The next 
meeting of this group is planned for the last week of April,and recent 
communications with LLL staff members confirm plans to present the 
results of kinetic code calculations based upon data generated by ORNL 
pyrolysis studies. 
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5. ANALYTICAL CHEMISTRY 

W; D. Shults 

Sunnnary 

Aqucouo by-producto from coal COl'l.VCr3ion. teclmologie.!l ~nd oil .sbdlO.:: 
retorting are analyzed directly to determine major organic components. 
Data are reported for an aqueous condensate from the Synthane gasification 
process, a scrubber liquor from the COED liquefaction process, and product 
water from simulated in situ retorting of oil shale. 

5.l Analysis of Aqueous By-Products from Coal Conversion 
Technologies and Oil Shale Retorting 

' 

H. ~. Clark, c. H. Ho, and M. ~. Guerin 

Condensate water from the Synthane coal gasification process 
(Pittsburgh Energy Research Center) and scrubber water from the first 
stage in the COED process (FMC Corporation) have been analyzed directly 
for some of the major organic components. Whole samples were injected 
directly into a gas chromatograph equipped with a packed Tenax column as 
described in Sect. 5.2 concerning oil shale retorting by-product water. 
It is interesting to compare these results with the oil shale by-product 
water. Acetic acid concentrations are nearly identical, but other acids 
are much lower or not detectable. Phenol and cresols are present in large 
quantities at levels in agreement with previously reported values. These 
data are summarized in Table 5.1. 

5.2 Analysis of the Aqueous By-Product from Oil Shale Retorting 

B. R. Clark, C. H. Ho, and M. R. Guerin 

Whole water samples are injected directly into a gas chromatograph 
equipped with a packed Tena.x column. Polar compounds A.re separA.ter'l with 
good resolution under the temperature programming conditions employed. 
Chemical identifications are made by co-chromatographic comparisons with 
pure compounds, and quantification is achieved using standard solutions. 
The by-product water from oil shale retorting contains carboxylic acids 
in a series ranging from acetic to decanoic acid. Various amides, cresols, 
and phenols are present in trace amounts. These are listed in order of 
abundance (ppm): acetic acid (605), heptanoic acid (263), hexanoic acid 
(252)_, octanoic acid (250), acetamide (232), valerie acid (210), propionic 
acid (208), butyric acid (132), nonanoic acid (105), propionamide (48), 
decanoic acid (45), o-cresol (27), ~- and £-Cresol (14), phenol (13), and 
butyramide ( 8). 
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Table 5.1. Major organic compounds in coal 
conversion by-product water 

Synthane condensate water 
(untreated) 

(ppm) 

Phenol 2070 

~;e,-cresol 1830 

o-cresol 670 

Acetic acid 619 

2,5-dimethylphenol 248 

3,5-dimethylphenol 225 

3,4-dimethylphenol 94 

2,6-dimethylphenol 44 

_£-ethylphenol 33 

2,3-dimethylphenol 32 

Proprionic acid 63 

Butyric acid 18 

Valerie acid 10 

Hexanoic acid 16 

a-naphthol lO 

t)-naphthol 32 

" 

COED scrubber 
water 
(ppm) 

2060 

1830 

650 

602 

217 

240 

873 

30 

34 

26 

94 

40 

30 

32 
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5.3 Analytical Services 

W. R. Laing and L. J. Brady 

There was more than a threefold increase in the number of samples 
submitted for analyses this month as compared to the previous month. Of 
the total of 576 samples submitted, 527 were derived from solids-liquid 
separation tests. 

Twenty-five coal samples were tested for heat value (Btu/lb), total 
sulfUr, carbon, and hydrogen. 

The gas chromatograph was used to determine nitrogen, carbon monoxide, 
and methane on two sets of samples in addition to the determination of the 
simulated boiling range of five liquid samples. Proximate and ultimate 
analyses were completed on one set of coal and char samples from a 
hydrocarbonization run. 

A SPF-1258 spectrophotofluorometer has been received and is being 
checked. This instrument will be used as an aid in the characterization 
of some of the components of coal-derived liquid samples. 
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6. ENGINEERING EVALUATIONS OF NUCLEAR PROCESS HEAT 
FOR COAL CONVERSION 

W. R. Gambill 

The various sections of the report to Fossil Energy titled "A Critical 
Evaluation of the Application of Gas-Cooled Reactors to Coal Conversion" 
were assembled, reviewed, and edited. This report, which will be issued 
in March after retyping, addresses the following topics: 

0 

0 

0 

0 

0 

discussion of rationale for developing nuclear process heat 
for coal conversion, 

application of external hydrogen from a thermochemical water 
splitting unit to fuels synthesis, 

evaluation of a coal liquefaction process using either a nuclear 
nr a fnR Ri l hAA.t. Rnnr~A for r.Afnrming 1 

a conceptual design of a coal-steam gasification process heated 
by a gas-cooled reactor, 

a review of candidate materials for process heat exchangers (for 
reformers, steam gasifiers, and the Westinghouse thermochemical 
H2 process). 

The writer reviewed in detail a more comprehensive ORNL report to 
ERDA which includes the coal conversion evaluations and also treats other 
potential GCR applications, including petroleum refining, steelmaking, 
oil shale and tar sands processing, and peaking powe:r;J generation. 

A review was begun of General Atomic's proposal to ERDA for a bench­
scale test program on thermochemical water splitting for hydrogen 
production. 

It appears that Fossil Energy f'unding for f'urther GCR/Coal Conversion 
Evaluations has been terminated and that any additional work will be con­
ducted under the NRA program. 
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7. COAL-FUELED MIUS 

A. P. Fraas and W. R. Mixon 

This project for analysis, design, and demonstration of a concept 
utilizing a fluidized-bed coal combustion system as a heat source for a 
gas turbine generator suitable for applications in Modular Integrated 
Utility Systems (MIUS) is carried ·out under the ORNL-HUD-MIUS Program 
within the Energy Division. Work is supported by the U.S. Department of 
Housing and Urban Development under HUD Interagency Agreement No. 
lAA-H-40-72 and by the Energy Research and Development Administration, 
Office of Fossil Energy (formerly Office of Coal Research, Department of 
the Interior), under ERDA contract No. E(49-18)-1742. The project con­
sists of four phases: I- Conceptual Preliminary Evaluation; II- Con­
ceptual Design; 111 -Detailed Design and Construct~on; and lV - ~hake­
down, Performance, and Endurance Tests. 

Summary 

Preparations for procurement of tubing for the matrix in the 
fluidized-bed furnace and for fabrication of the furnace continued. 
Analyses of the AiResearch gas turbine and recuperator under coal-fueled 
MIUS operating conditions were near completion. Injected coal mixing 
rate tests in the cold flow model and performance tests of coal metering 
and feed systems continued. 

Furnace Procurement 

Bids for the longest-term procurement item, the Incoloy eoo tubing 
for the matrix within the furnace, were received, a vendor was selected, 
and contractural arrangements were nearly completed during this period. 

Negotiations with potential vendors for furnace fabrication continued. 
The preliminary furnace layout and fabrication problems of the fluidized­
bed furnace were discussed with Foster-Wheeler personnel during a visit to 
their plant. 'l'hey showed de:t'ini te interest in bidding on the job and pre­
fer to prepare the detailed shop drawings. 

Preparation of layout drawings and specifications for a furnace fabri­
cation bid package was in progress. 

Turbine-Generator Unit 

A meeting was held at AiResearch to review their progress on the 
evaluation of' ways to adapt the Model 831-200 gas turbine to the MIUS 
application. Disassembled engines selected f'or MIUS use were inspected; 
results of the performance, mechanical, and control studies were 
presented; and the open- and closed-cycle test plans were discussed. 
Results were also presented of the performance analysis of AiResearch 
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recuperators over a range of MIUS parameters,and materials of construc­
tion were recommended. The AiResearch study was near completion,and a 
published report of complete results is expected in March 1976. 

Cold Flow Tests of a Fluidized Bed 

A second test on the mixing rate of coal injected through feed ports · 
into the 4-ft-square cold flow model of the fluidized bed was completed, 
and samples taken from the bed are being analyzed. The fluidizing velocity 
for the test was a little higher than the velocity chosen for minimum flow 
conditions for the operating system. Initial results indicated that the 
mixing rate was good in both the vertical and horizontal directions, a 
much more favorable situation than that found at the flow rate in the 
first test, which was a little below the full-scale design point for mini­
mum flow. 

Coal Metering and Feed System 

Tests of the flow splitter type of system for dividing the coal feed 
stream into four equal parts indicate that each of the four streams can be 
kept within plus or minus 5% of the mean coal flow rate over the entire 
operating range, and that the results are repeatable from day to day and 
week to week. Thus, this system appears to be satisfactory for the full­
scale MIUS system·. 

The vibrator-eductor type of coal feed system was tested using four 
eductors with adjustable stainless steel outlets. The vibratory mass was 
optimized to achieve a reproducible amplitude capable of delivering about 
520 lb/hr of' coal at a maximum setting of the voltage controller. With a 
fixed air flow through the feed system, coal delivery rate could then be 
varied by varying the vibratory amplitude. The system could be adjust·ed 
to give equal coal flow through each of the four feed tubes at a given 
amplitude setting, but equal flow in the four tubes was not maintained at 
other amplitude settings. The total feed rate is fairly predictable, but 
ad.d.itional development will be necessary before equal feed rates can be 
obtained from all four eductors for all settings of vibratory amplitude. 
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8. MATERIALS 

W. R. Martin and D. A. Canonico 

The materials engineering and supporting technology reported herein 
are in support of activities directed by Materials and Power Generation, 
Division of Fossil Energy Research. Other related work not funded directly 
by this division of ERDA/FE is included also. 

Summary 

The assessment effort on the Pressure Vessel and Piping Technology_ 
Program was accelerated in February. Visits to Fluor, R. M. Parsons, 
and Bechtel were productive. Interim reports are being prepared, and 
additional visits to additional A-E's are being arranged. 

Initial specimens for evaluation on the inspection of wear- and 
process-resistant coatings were received. Ultrasonic and x-ray 
fluorescence tests. were completed on these specimens. 

The literature survey on formation of iron and nickel carbonyl is in 
progress. Experimental equipment is being assembled for the initial 
tests. 

A pressure let-down valve from PERC was examined after its removal 
from service. Severe erosion was identified. 

8.1 Pressure Vessel and Piping 'I'echnology Assessment 

D. A. Canonico, R. H. Cooper, R. K. Nanst.acl, aud G. C. Robinson 

A review of the piping and pressure vessel needs for coal conversion 
systems is in progress. The program will identity those areas where 
additional material property data needs are required in order to assure 
that the pressure boundary components in conversion systems can be designed, 
fabricated, and operated in a safe and reliable manner. 

During February, work on this project was initiated. An outline of 
the report was prepared and responsibility for the various chapters was 
assigned. Initial work has included a review of the various ASME Code 
approved steels for pressure vessel application. This review identified 
the steels, their plate thickness limitations (if they exist), chemical 
analysis and minimum property requirements. 

Concurrent with this effort, three major architectural engineering (AE) 
firms have been visited by members of the project staff. (Trip reports will 
be forwarded to the Materials and Power Generation Division of Fossil Energy -
ERDA.) The aim of these visits was to obtain information on design philosophy 
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and plant designs employed by the various AE' s. We were particularly 
interested in the materials currently being considered for pressure 
boundar.y components. 

The AE's visited were Fluor, Ralph M. Parsons, and Bechtel. We also 
visited Atomics International and discussed their molten-salt gasifica­
tion process. They have designed and are planning to build a PDU in the 
near future. 

Discussions with Fluor involved two major projects: (1) the coal 
liquefaction pilot plant at Cresap, West Virginia,and (2) the WESCO 
commercial gasification project. The Cresap facility is a pre-existing 
facility which Fluor is redesigning and rebuilding. They have had to 
remove most of the piping and many other components.to upgrade the 
facility and plan to start up before Labor Day of this year. The WESCO 
project is a multi-train plant using the Lurgi gasification process. It 
will be commercial size, 20,000 tons/day coal input, but is currently 
pending financial arrangements. 

The Bechtel Company discussed their design of a HYGAS gasifier for 
commercial operation. Design procedures and materials were discussed. 
Bechtel indicated that the material property needs for commercialization 
of their coal conversion systems are minimal. 

The Ralph M. Parsons Company has two basic ERDA projects: 
(1) preliminar,r design services for various coal conversion processes, 
mainly liquefaction, and (2) technical evaluation services to help monitor 
liquefaction processes. They have 50-75 people working on coal programs 
and were ver,r helpful with regard to specific information regarding 
their work. 

8.2 Inspection Techniques for Wear- and Process-Resistant Coatings 

R. W. McClung and G. W. Scott 

This is the first report for this section. This work was authorized 
to commence in Januar.r 1976. Our first objective was to obtain specimens. 
We investigated three sources: (1) previously used or excess specimens 
from Argonne National Laborator,r; new specimens, manufactured by 
(2) UCC-ND Y-12 Plant, or (3) ORNL Welding and Brazing Laborator,r. Based 
on economics and capability, ORNL seems to be the best current choice, 
and preparations are underway to manufacture specimens here. 

We received one specimen, No. C5, from Argonne. Preliminar,r ultra-
sonic and x-ray fluorescence spectrographic tests were performed on this 
specimen. The ultrasonic results were inconclusive. The spectrographic 
results indicate some unexpected phenomena which require further investigation. 

Preliminary literature searches have produced some information for 
seeping the experimental efforts. 
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Review and Evaluation 

Communications with ERDA (Fossil Energy Research Division) and 
management at Argonne National Laboratory to open communication channels 
at the working level occupied the first few weeks of project time. On 
February 19, we received ANL Specimen C5 (95% Co mix, 5% TiC, on Incoloy-
800 :;;ul;>stra;t;;~). On February 20, we received detailed information (via 
telephone) from Dr. R. Swaroop (of ANL) on the preparation of his specimen. 

While setting up communications with ANL, we investigated the UCC-ND 
Y-12 Plant and the ORNL Welding and Brazing Laboratory as potential sources 
of coating specimens. The ORNL facility has a rectilinear motion capability 
suitable for the work anticipated. We are setting up the equipment and 
procuring specimen materials now. 

Scientific and engineering literature was searched briefly for 
information on Nill of ceramic and cermet materials, mechanical and 
electrical properties of pure-phase coating materials, and high-temperature 
chemistry of ceramics and cermets. The chemistry data indicate that 
significant changes in the coating composition can be expected after 
prolonged use. Therefore, it is likely that multiple NDT tests will be 
required to evaluate aged coatings: one (or more) to characterize the 
material itself, e.g., conductivity; and others to determine desired 
condition of the material, e.g., cracks, nonbond, o:r. other flaws. One 
case of coating composition change may have been found experimentally 
(see Section 8.2.2). 

Penetrating Radiation Testing 

Preliminary studies were performed on ANL specimen C5 with a Nurelco 
Portaspec (portable x-ray fluorescence spectrometer). This instrument 
illuminates the specimen with 40-keV x-rays and measures the relative 
intensities of characteristic emission lines for elements above Z-23 
( vanadi urn). The coated and metal-substrate sides of the specimen were 
analyzed independently. The substrate yielded lines for Fe, Cr, and 
Ni with intensities approximately equal to their nominal proportions in 
the alloy. The coating side produced a strong Co line and reduced Fe, 
Cr, Ni, and Mn lines, as expected. However, the J:t'e line now had the 
lowest intensity and was no longer proportional to its concentration in 
the alloy. This will be further studied; e.g., one possible explanation 
of the line structure is that Ni and Cr may selectively ·migrate from the 
substrate into the coating during aging. 

Ultrasonic Testing 

Estimates of acoustic velocities in pure-phase coating materials, 
computed from elastic moduli and densities, indicate that the velocities 
will be high enough to make thickness gaging by conventional pulse-echo 
technique very difficult. 
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The ANL-C5 specimen was examined for reflection and transmission 
properties in a simple through-transmission goniometer and in a Schlieren 
optical set-up. Coarse measurements of critical reflection angles and 
angles for generation of Lamb waves in the plate substantially agreed 
between the two devices. There appeared to be slight differences in the 
response, depending on whether the sound beam entered from the coating 
side or substrate side. Further work will determine whether the difference 
was due to the specimen or to uncertainties in the measurement systems. 

8.3 Iron and Nickel Carbonyl Formation and Prevention 

J. Brynestad and J. H. DeVan 

We have completed our collection of literature pertinent to iron and 
nickel carbonyl formation and prevention. This information is being 
evaluated and organized into a report. Three autoclaves, 5 in. ID x 
24 in. (net) long, for pressures up to 3000 psi and temperatures up to 
650°F have been ordered. Equipment has also been assembled for the 
preliminary evaluation of chemical methods for the analysis of small 
amounts of iron and nickel carbonyl. 

8.4 Failure Analysis of Materials and Components 

D. A. Canonico and D. P. Edmonds 

This project is devoted to the examination and evaluation of 
components that have been employed in liquefaction processes. Currently, 
we are examining a pressure let down valve trim set from the 1/2-ton-per­
day Synthoil PDU at the Pittsburgh Energy Research Center. The primary 
purpose of the valve is to regulate the pressure differential in the 
operating unit. The average operating life of these trim sets is about 
1000 hr. The valve delivered to ORNL was removed from service after 
operating at a pressure dit't'erential o1' 4uou psig for 915 hr at 125°C. 
The total weight of liquid, which contained 5-6% residual solids, let 
down through the valve was 22,875 pounds. 

The trim set is made up of a valve seat and plug,both of which were 
cast (and machine ground) from Kennametal grade 701 (a proprietary alloy 
consisting of tungsten carbide in a chromium-containing cobalt-rich 
matrix). The plug stem and valve body are fabricated from type 316 
stainless steel. 

The valve seat and plug have both undergone severe erosion. Erosion 
of the trim set (stem, valve seat, and plug) is localized and is the 
reason for the short life of these let-down valves. The valve is a 
standard Masoneilan Wee-Willie Control Valve with the Kennametal grade 701 
modifications. The plug and seat are brazed into position. Braze metal 
cra.cking is evident in the stem-to-plug braze. Measurements have been 
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made of the trim set, and we found some ovali ty of the valve plug toward 
its tip and also found that a concentricity variation of 0.0033 em 
(0.0013 in.) exists between the plug and the stem. We are investigating 
the possibility that the cracked braze could have caused the concentricity 
variation and that this lack of concentricity is responsible for the 
preferential erosion. 

We are also investigating the material properties of' the trim set. 
Scanning electron microscopy (SEM) studies are being conducted on the 
eroded surfaces. Our SEM observations to date do not indicate any difference 
between the severely eroded surfaces and the more uniformly worn surfaces. 

8.5 Prestressed-Concrete Pressure Vessel Studies 

W. L. Greenstreet 

Nothing to report. 

8.6 Other Related Work 

R. H. Cooper, Jr. and J. H. DeVan 

Fluidized-Bed Material Support Activities 

Contracts for the purchase of Incoloy 800 tubing were reviewed. 

GCR/Cc.>(;l.~ Conversion 

We have completed a critical assessment of the material~ problems 
associated with the coupling of an HTGR nuclear heat source to endothermic 
chemical processes of interest to fossil energy development. The study 
examined the materials re~uirements for high-temperature heat exchangers 
relating to three different processes: steam/coal gasification, steam/ 
methane reforming, and thermochemical H2 production. Candidate materials 
for these processes were listed, and their chemical and mechanical 
properties were rated against the proces-s re~uirements. This review will 
appear in a report to Fossil Energy entitled, "A Critical Evaluation of 
the Application of Gas-Cooled Reactors to Coal Conversion." 
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9. ENGmEERING EVALUATIONS OF THE SYNTHOIL 
AND HYDROCARBONIZATION PROCESSES 

J. M. Holmes, R. Salmon, and E. G. St. Clair 

Summary 

Synthoil. Process flow diagrams and heat and material balances were 
completed for all process units except the Claus sulfUr plant, the Stretford 
unit, the ammonia plant, and the oxygen plant. The overall utilities 
requirements were calculated. The coal preparation flowsheet was finalized. 

ijYdrocarbonization. The flowsheet was reviseq to include additional 
raw coal needed for the fluid-bed combustion system. A contract was 
signed with Fluid Bed Combustion Company for the design and cost estimate 
of the fluid-bed combustor. Flowsheets were finalized for Unit l3, acid 
gas separation and recycle, and Unit l9, oil-solids separation. 

9.l Synthoil Process 

R. Sal.lllon, E. G. St. Clair, M. S. Edwards, 
W. C. Ulrich, and D. A. Dyslin 

Process flow diagrams and heat and material balances were completed 
for all process units with the exception of the Claus sulfUr plant, the 
Stretford unit·, the ammonia plant, and the oxygen plant. These are all 
proprietary units for which simplified flow diagrams will be presented. 
Some minor changes remain to be made in the gasification unit due to 
revisions in the low-temperature carbonizer unit. 

The overall utilities requirements were calculated. A utilities 
system balance was reached for steam, water, electricity, and fuel gas. 
Utilities systems flow diagrams are now being prepared. 

Work was started on cost collection for a preliminary cost estimate. 

Other areas of the Synthoil flowsheet progressed as follows: 

(l) Coal handling and preparation: The Synthoil coal preparation 
flowsheet was finalized; the pulverizers are located separately from 
those for :reeding the gasifiers. Seven pulverizers, each having a 
capacity of 230 tons/hr, will feed the slurry system. Each pulverizer 
will be driven by a 2000-H.P steam turbine, and the drying air fo:r. each 
pulverizer will be supplied by two 750-HP fans driven by steam turbines. 
The pulverized coal will be mixed with recycle oil directly beneath the 
cyclone separators and pumped at low pressure to a holding tank. The 
slurry will be agitated in the holding tam~ to maintain homogeneity, 
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(2) Gasification: Contacts were made and meetings were held with 
vendor representatives to obtain cost information on various equipment 
items (e.g., pumps, compressors, and heat exchangers) for the gasification 
·unit. 

(3) Low-temperature carbonization: The revised low-temperature 
carbonizer unit material balance was incorporated into the Synthoil 
flowsheet overall material balance. Efforts to obtain equipment cost 
information for this unit were initiated. 

9.2 Bydrocarbonization Process 

J. M. Holmes, D. S. Joy, G. R. Peterson, M. S. Edwards, 
c. B. Smith.. Wld. p. A. Dyslin 

The design and cost est:unation ol' a bydroca;rbonha.Lluu .tctdl..i. Ly Eu1.· 
the production of clean fUel equivalent to 100,000 bbl/d~ of fUel oil 
continued. The various units of the plant progressed as follows: 

(l) Coal beneficiation: The flowsheet was revised to include 
additional raw coal needed for the fluid-bed combustion system. This 
coal will not have to be beneficiated but must be properly sized for 
consumption in the fluid-bed combustor. 

(2) HYdrocarbonization: Cost estimation of the vessels for the 
hydrocarbonization unit continued. Consideration of construction mate­
rials for the Stage II carbonizer and the char burner led to a decision 
to use a l/4-in.-thick inl~ of Monel instead of the Incoloy 800 inlay 
originally proposed. Computer codes were written for the de::;lgu of Ll1e 
carbonizer cyclones based on the American .PetroleUiii Institute C'ycloue 
Separator procedure (A.P..l Publication 931, Cllct.f:JLt=L' il). A computei' eo~e 
was prepared for estimating the purchased cost of the carbonizer vessels. 

The hydrocarbonization char handling system is being studied. The 
char must be removed from a vessel at 125 psia and 600°F, then mixed 
with water and stored in a holding tank befuL·e being pumped through a 
slurry pipeline to· a power plant. Some information has been obtained 
from vendors, but more information is needed. 

(3) Fluid-bed combustor: Estimation of the high-pressure steam 
requirements for the plant showed that the :r:ctw coal requirements for 
the fluid-bed combustor would have to be increased. The increase 
amounted to 3100 tons/d~,which is about 8% of the total coal feed to 
the plant. High-pressure steam (600 psia, 825°F) produced by the fluid­
bed combustor is currently specified at 4.3 million lb/hr. A contract 
was signed with Fluid Bed Combustion Company for the design and cost 
estimate of the fluid-bed combustor. This work will be completed in 
about three months. 

,r 
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(4) Acid gas removal: The bydrocarbonizer make-gas treating plant 
(Unit 14) was sized, and equipment lists and utilities requirements were 
prepared. The methanator reactors in Units 14 and 21 were sized by 
Girdler Chemical, Inc. Catalyst volume and cost, exit temperatures, and 
pressure drops were also provided. 

(5) Ammonia recovery: Chevron Research provided conceptual cost, 
design, and utilities requirements for two modes of sour water treating: 
one recovers anhydrous ammonia, and the other aqueous ammonia (25%). 
Investment cost was estimated at $7.60 million for the anhydrous ammonia 
process, and $5.65 million for the aqueous ammonia process. 

(6) Flowsheets: Finalized flowsheets were prepared with equipment 
callouts and material balances for Unit 13, acid gas separation and 
recycle, and Unit 19, oil-solids separation. 

, ..... 
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