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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.
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I. OBJECTIVE AND SCOPE

Project Lignite was established in 1972 in the Department
of Chemical Engineering at the University of North Dakota for
the purpose of determining the appropriate technological approach
to the conversion of Northern Great Plains lignite to premium
solid, liquid and gaseous fuels. The ultimate goal of the work
is to make recommendations for a refinery based on lignite as
feedstock, and the experimental portion of the program is intended
to develop data and know-how to carry out technological steps in
the refinery processes for which information for scaleup was in-
sufficient.

In keeping with this objective, laboratory and bench-scale
work have been carried out and a continuous process development
unit is being operated to demonstrate the feasibility of lique-
faction of lignite. Economic studies have been carried out by
an economist attached to the program, and under a project sub-
contract the Department of Chemistry of UND has developed infor-
mation on catalytic hydrogenation of solvent refined lignite.

The continuous process currently under development is the
two stage conversion of lignite to fuel liquids with solvent re-
fined lignite as an intermediate product. The first stage is a
unit converting 50 pounds per hour of raw lignite into solvent
refined lignite by reaction with synthesis gas (carbon monoxide
and hydrogen) in the presence of a hydrogen donor solvent that
is continually regenerated from the lignite during processing.
The mineral separations system is a countercurrent decantation
process carried out at elevated temperature and pressure. The
second stage will be the catalytic hydrogenation to premium
liquid fuels of the solvent refined lignite produced in the first
stage.



! II. SUMMARY
A. PDU OPERATIONS

Following the replacement of type 316 stainless steel with
Incoloy800 in the high-pressure, high-temperature area of the
Process Development Unit liquefaction operations were again ini-
tiated, and five runs were started during February and March.
Initially, solvent recovery was low, and the major effort was de-
voted to a search for conditions that would improve recycle solvent
recovery.

Changes in operating conditions and more attention to control
of operations resulted in reductions of solvent losses from about
22 percent of the solvent charged to about 6 percent. Specifi-
cally, the pressure was increased from 1500 to 2500 psig, the
reactor volume was halved by by-passing one of the two dissolvers,
the preheater outlet temperature was kept up to the desired
point of 7500F, the reactor temperatures were carefully monitored
and the adiabatic heaters adjusted to minimize the effect of
heat losses, the syngas feed rate was maintained at the maximum
output rate of one compressor, the vacuum flash column was
maintained at 600°F. or more, all vacuum condensate was recycled
as solvent, and the bottoms from the distillation of light oils
was recycled as solvent. Preliminary indications are that there
are still some recoverable solvent fractions in the PDU products,
and more efforts will be made to recover them for recycle.

Two adjustments proved impractical because they presented
operability problems. Lowering the solvent to coal ratio
resulted in difficulties both in charging the slurry and in
pumping out the vacuum bottoms. Increasing the vacuum flash
temperature caused coking in the vacuum flash column.

One run in the Solid-Liquid Separation section was termin-
ated because of difficulties in feeding molten vacuum pbottoms
from the heated drum into the mixing circuit and because of
diaphram failure in the pump for slurry circulation in the mix-
ing circuit.

B. PDU MAINTENANCE AND CONSTRUCTION

After completion of installation of the Incoloy 800 pre-
heater coil dissolvers, and associated piping, activities were
concentrated on modifications, repairs and maintenance necessary
to ensure operation of the liquefaction section of the PDU.
Overhaul of compressors, replacement of valves, repair of leaks
and removal of plugs in equipment were accomplished.

C. EXPERIMENTATION - PROJECT LIGNITE LABORATORY
Efforts in laboratory work were directed primarily at analy-

tical support for the PDU operations. However, several liquefac-
tion and deashing experiments were conducted.
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Four batch autoclave runs made to check previous tests
made on lignite after 70 weeks storage resulted in about the
same conversions and liquid yields as the original tests, though
gas production and water consumption were both slightly higher.
During the course of the storage tests, there appeared to be
no significant change in the liquefaction properties of lignite
stored under water or in nitrogen, whereas the reactivity decreased
somewhat for lignite stored in air.

One autoclave run was made using as liquefaction solvent a
sample of the PDU vacuum condensate taken during Run M-5. This
sample was selected because of its unusually high concentration
of heavy o0il which must have been coal derived. However, the
ash content was later found to be almost two percent, so it must
have been contaminated with feed slurry to the vacuum flash drum
spilled over or entrained in the flash vapor. The reactor product
proved difficult to filter, and a product work-up based on pyridine
extraction indicated conversion and liquid yield to be low and gas
yield to be high compared with liquefaction with the usual solvent.

In solvent deashing experiments, ash-containing SRL from a
laboratory autoclave liquefactiontest and undeashed SRC from
Wilsonville, Alabama, were extracted with toluene at elevated
temperature and pressure. Ash rejection was about 98 percent in
both cases, and product recovery was 55 percent for the SRL and 71
percent for SRC. In this and previous experiments higher product
recoveries have been realized from undeashed SRC than from un-
deashed SRL.



I1T. TECHNICAL PROGRESS
A. PDU OPERATIONS
1. General

Five runs were made with the liquefaction section of the
PDU, M-1 through M-5. Each run included a series of yield or
balance periods. Additionally, a shake-down run (S-1) using
the solid-liquids separation system was attempted. Material
balances and test conditions for yield periods M-1C, M-2A and
M-2C are given in Parts 1, 2, and 3 of Appendix A. A sketch of
the Solid-Liquid Separation section is shown in Figure 1. A
summary table showing the operating conditions is on the next page.

The vacuum flash system was operated for several days
prior to Run M-1 to prepare start-up solvent of the appropriate
boiling range from the ' FS 120 carbon black feedstock.
Approximately 180 gallons of process solvent and heavy oil
was produced. ' '

Operating conditions during the liquefaction experiments
were modified in attempts to improve solvent recovery.
Improvements were made, but the best recovery still indicated
about a 6 percent loss of solvent which would be unsatisfactory
for ‘commercial operations. Operating problems encountered were
usually related to major changes in operating variables.

The various runs are discussed in more detail in the
following sections:

2. Area 03: Solid-Liquid Separation (Run S-1)

Run S-1 was a shakedown test using the solids-liquid
separation unit (area 03) on March 1 - 3.

Three major modifications had been made to the unit prior
to this attempt. The toluene-slurry mix tank had been replaced
by a pressurized circulating and mixing loop; a small piston-
type, positive displacement pump had been installed to charge
F-1 vacuum bottoms to the system; and the ash removal system
beneath the precipitation tower V-8 had been modified by
altering the piping to provide direct downfall of solids through
two pneumatically operated ball valves in a captive-volume,
pressure-reducing system into a heated accumulator.

The planned operating conditions for the S-1 separations
run were as follows: Liquefjied F-1 vacuum bottoms from PDU Run
M-1 was to be charged at 450 F and 0.2 lbs/min to the pressurized
mixing loop along with 0.1 gal/mig of diluent (toluene). The
mixing was to be conductedat 250 F and 350 psig. Excess slurry
in the mixing loop would automatically feed through a check
valve into the precipitation tower, operating at 350 F and 350
psig.



SUMMARY OF OPERATING CONDITIONS

Yield Preheater Outlet Dissolver Vacuum Flash Feed Rates Solvent /Raw Coal
Run No. Period Temperature, °F,. Pressure, psig Temperature, °F. LHSV GHSV Ratio
M-1 A 693 1500 607 0.87 150 2.70/1
B 716 " 602 0.99 152 1.98/1
C 702 " 591 . 0.90 164 2.30/1
M-2 A 733 1500 547 - 0.87 159 1.80/1\
B 692 " | 606 0.97 128 2.30/1
C 698 " 610 0.66 161 1.70/1
M-3 A 729 2000 , 593 1.81 301* 2.30/1
B 745 " 572 '1.71 284 1.88/1
M-4 - 726 2500 603 1.43*% 301%* 2.23/1
M-5 A 754 2500 615 1.32 288 1.92/1
B 744 " 575 1.43 293 1.78/1
C 750 o 601 1.38 334 1.92/1
D 742 " 598 1.39 277 1.65/1
E 750%* " 590 1.43* 301%* -
F 750% " 586 1.63 387 . , 1.90/1

* Nominal Values



Two major problems were experienced during the run. First,
little or no vacuum bottoms feed was charged to the mixing loop
because of solidification in an inadequately heated section of
the "Verquad'" check valve assembly on the charge pump. Second,
the Viton diaphrams in the tolucne-slurry circulating pump
failed after only 34 hours of continuous operation.

Repairs and modifications were made to the equipment. The
problem of melting and feeding the F-1 vacuum bottoms in the
system should be reduced when the separation system is operated
in conjunction with the liquefaction unit and the bottoms charged
directly as produced. A flow diagram of the unit is shown in
Figure 1 of Appendix A.

3. Run M-1

In liquefaction test M-1 the complete solubilization system
up to but not including the solid-1liquid separations system was
operated continuously for five days (February 2-6). The nominal
operating conditions were 750°F. preheater outlet temperature,
1500 psig process pressure, 50 1b/hr. of raw lignite charged,
3:1 solvent to MAF lignite ratio, liquid hourly space velocity
2.8, gas hourly space velocity 620, and gas inlet composition
50% CO - 50% Ho. The vacuum flash was operated at 600°F. The
two dissolvers were used in series.

Three yield periods were obtained during the week's
operation, two of which were of 12 hours duration. Average input
rates were 54 1lb/hr lignite, 16.7 1lb/hr gas and 135 1lb/hr solvent.

Solvent recovery was low, at about 82 to 85 percent of
solvent charged. Some solvent appeared in the F-1 bottoms
product and some in the water-oil mixture in the low pressure
product separator. Some of the solvent may have been decomposed
or converted to light oils during processing. Conversion of MAF
lignite to gas, light oils and SRL was from 72 to 80 percent.
Product gas composition and quantity corresponded closely to those
assumed in the PDU design.

One yield period, M-1C, of this run was worked up completely.
The results are given in Part 1 of Appendix A.

4. Run M-2

Run M-2 was commenced at the same set of operating conditions
as M-1, but with improved startup procedures to assure a smooth
approach to steady state. After one yield period, because of
continued low solvent recovery, the preheater outlet temperature
was lowered from 7509F. to 7000F. without changes in other
variables for the balance of the run.

Three yield periods were obtained during the run. The first
was 12 hours long, the others were shortened because of
operational problems.



The first yield period, at the conditions of M-1, gave
similar results. Lowering the temperature for the balance of
the run caused lowering of conversion of MAF lignite to below
60 percent. After 8 hours of operation in Yield Period M-2B,
the F-1 bottoms viscosity became too high for pumping and the
test was terminated. Yield Period M-2C was terminated after 9
hours because of a shortage of makeup solvent. The run was
terminated because of F-1 bottoms plugging.

Two yield periods of this run, M-2A and M-2C, were worked
up completely. The results are given in Parts 2 and 3 of
Appendix A.

5. Run M-3

In this run an attempt was made to increase lignite
conversion by raising the operating pressure to 2000 psig with
the preheater outlet at the nominal 750CF. temperature. An
attempt was made to reduce solvent breakdown by halving the
residence time and therefore increasing the space velocity two-~
fold. This was done by using only one dissolver and by-passing
the other. Because of continued solvent loss, the solvent-
coal ratio was lowered to 2.3 for the balance of the run, and
the vacuum flash temperature increased to 650°. All of the
vacuum condensate from F-1 was returned to solvent recycle as
was the bottoms from the light ends column F-2.

One uninterrupted 12 hour yield period was achieved (M-3B)
at the 2.3 solvent-coal ratio. Conversion of lignite to gas,
light oils and SRL was over 80 percent but solvent recovery
remained low. The PDU was shut down after 3 days of operation
because of difficulty with intermittent overflows of the vacuum
flash drum F-1 into the vacuum condensate receiver S-7.

One yield period, M-3B, of this run is being worked up and
the results will be presented in the next Quarterly Technical
Progress Report.

6. Run M-4

Continuing the effort to find conditions under which
solvent balance could be maintained, this run was made at an
increased pressure of 2500 psig and preheater outlet of 7500F,
A single dissolver was used as in M-3, and the solvent-coal
ratio of 2.2 and vacuum flash temperature of 650°F during the
latter part of M-3 was maintained.

Plugging of the vacuum flash drum F-1 terminated this run
after about a day's operation. No yield periods were completed
during this operation.

7. Run M-5

Nominal run conditions for Run M-5 were 2500 psig pressure,



7500 preheater outlet temperature, and one dissolver used,
resulting in a liquid hourly space velocity of 1.4, and a

gas hourly space velocity of 301. In this run the solvent

to MAF coal was increased to 3 and the vacuum flash temperature
lowered to 600°F to reduce coking.

This run was easily the most successful to date. Six
12-hour yield periods were obtained. The system operated
smoothly, although solvent recovery was still not adequate.
In one series, data was gathered for 36 hours in three back-
to-back yield periods. Detailed data for this run will be
presented next quarter.

8. Problem Areas:

The major problem was in poor recovery of recycle solvent.
Loss of about 20 percent was experienced initially, but in Run
M-5, this was reduced to about 6 percent, a major improvement.

The operational problem causing the greatest concern is a
gray, gritty residue, high in mineral matter which is left in
the dissolvers at completion of a run. A significant quantity
of this residue remains after only four to five days of operation
which may occupy 15 to 25 percent of the reactor volume.
Formation of this residue is unexplained and no satisfactory
method of control or handling has been developed. Presence of
this material in the effluent from the reactor may be part of
trouble experienced with plugging and wear of control valves.

Better control of feed solvent to the slurry mix tank was
achieved by replacement of the control valve with a variable
speed metering pump. Other control valves also presented
problems with wearing of valve stems giving inadequate seating.
The ¥-1 bottoms tend to become more difficult to remove with
increased time of run. The heavier material also seems to
affect function of the level controller. Corrosion problems
with light oils and water in the vacuum pumps are still
troublesome in spite of installation of cold traps. Failure of
high pressure diaphrams in the compressors occurred after 1000
to 1500 hours of operation.
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B. PDU MAINTNEANCE AND CONSTRUCTION
1. General

Activities were concentrated on maintenance items related
to operation of the PDU. Other work was accomplished when
schedules permitted.

2. Area 00: Buildings and Utilities

Major maintenance work was done in the two control-air
compressors in which new rings and valves were installed.
Additionally, the crankshaft and main bearing were replaced
on the south compressor.

Final inspection of the electrical installation was made
and contract completion was accepted. The carbon monoxide
alarms were recalibrated and one was found to be defective in
that calibration could not be maintained. The excessive
pressure drop in the control-air supply was corrected by
replacement of the sintered metal filter element in the Norgren
prefilter. The second level catwalk in the east bay was
extended to permit easy access to the cold trap ahead of J-1.

An alarm system was installed to warn of shutdown of instrument
air compressors, circulating pump and air cooler in the west bay.

3. Area 0lA: Coal Crushing and Grinding

Replacement of two cloth chutes for use in control of dust
emissions from the pulverizer was the only work done. Otherwise,
no problems were encountered and this area is fully operational.

4, Area 01B: Slurry Preparation and Pumping

The 1/2 inch tubing in the circulation line from the slurry
mix tank (V-6 to P-6 around P-3A and P-3B and back to V-6) was
replaced by 3/4 inch tubing. Needle valves were replaced by
ball valves. Circulation rate was increased from 1 gpm to 3.5
gpm. A 480V motor circuit was extended to service this area for
use with the new mixer to be installed later in the slurrying
system. A smaller brass impeller was installed on the slurry
circulating pump in an effort to reduce the overload experienced
with the larger stainless-steel impeller at lower solvent-coal
ratios. A Zenith metering pump was assembled on a U.S. Varidrive
and installed as solvent charge pump to the mix tank.

5. Area 02: Slurry Preheating, Dissolving and Gas Separation

Installation of the two new Incoloy 800 dissolvers was
completed. All piping from the outlet of the sand bath preheater
(E-1) to the first separator (S-1) following the dissolvers were
replaced with Incoloy 800 tubing. New piping was traced with
heat tapes and insulated. The system was pressure tested
hydrostatically and with nitrogen. Additional wall heaters
installed on the dissolvers will significantly reduce start-up .
time.
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General maintenance included repair of leaks and valves.
Additional cooling fins were added to the air cooler (E-2)
Separator S-4A was modified to give increased volume for longer
separation time of water and oil. A 100 psig air line was piped
to the top of the fluidized sand-bath preheater (E-1) to allow
back flushing to clean the c¢xhaust air [ilter.

6. Area 03: Solid-Liquid Separation

Installation of the drum heater for use in remelting
vacuum bottoms was finished. A Hills-McCanna piston pump and
necessary piping were installed to remove the vacuum bottoms.
The pump can also take fluid from the bottoms pump (P-11)
below the vacuum flash tower (F-1). Heating tapes and insulation
were applied to the piping.

A Wanner Engineering Hydra-cell diaphram pump was evaluated
for use in recirculation of the toluene-vacuum bottoms slurry.
In one hour, the Viton diaphrams in the pump failed. The
circulation temperature of 340 F was decreased to-215°F, and
operation was satisfactory for 12 hours. However, 215°F is
considered to be too low to maintain the slurry in suspension.
A M-D Pneumatic Inc. lobe pump was purchased for use in this
service and will be installed on receipt of supporting equipment.
Replacement diaphrams of KALREZ were ordered from DuPont for the
Hydra-cell pump for use until the lobe pump'’'s performance can
be evaluated. Pneumatic operated ball valves installed in the
bottoms discharge line from V-8 proved to perform well. Cleaning
of lines was performed routinely.

7. Area 04: Liquid Separation and Recycle

All vessels and piping were hydrostatically tested at
2700 psig. Replacement was made of the level transmitter on
light ends column reboiler (F-2). Ball bearings on the vacuum
pumps were replaced with cast iron sleeve bearings to reduce
corrosion. Heating tapes were checked, some piping relocated
to improve flow characteristics, minor leaks repaired and lines
cleaned.

8. Area 05: Gas Purification and Recycle

The diaphrams on the high pressure heads of both compressors
developed leaks on the oil side and were replaced. The manufacture
of the displacement meter (DM-6) for excess recycle gas had
supplies an incorrect pressure rated meter (100 psi rather than
250 psi). The meter failed, but will be replaced by the
manufacturer. The feed gas analyzer was checked and appears
satisfactory.

9. Area 06: SRL-Hydrogenation
The reactor was placed in position. Completion of the

system will be postponed until operating data from Areas 1
throngh 5 have been obtained. All materials and items of
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equipment have been received with the exception of two high-
pressure separators for which purchase authorization has not
yet been given.
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C. EXPERIMENTAL
1. Project Lignite Laboratory
a. General

Major emphasis in the laboratory was given to support
analytical capability for the PDU operations. Autoclave
experiments are now conducted only during periods of reduced
analytical load or when required to furnish data for the PDU.
Five batch autoclave liquefaction and two ash-SRL separation
experiments were carried out. Four autoclave tests continued
the investigation of the effects of storage conditions on
liquefaction characteristics. The other autoclave test was
conducted to determine the effect of using recycle solvent
from PDU Run M-3A (S-7 bottoms) on liquefaction. The two
solvent deashing experiments used toluene as extraction solvent
and laboratory prepared SRL (with ash) and a Wilsonville
undeashed SRC as feedstock.

Two visiting chemical engineers from Santiago, Chile
participated in some of the experiments as part of their
orientation program and training in processing of lignite.

Test conditions and analytical data from the autoclave
experiments are given in Tables 1 and 2 of Appendix B. Data
from the deashing experiments are presented in Table 3 of
Appendix B. Experimental conditions and results are discussed
in the following.

b. Liquefaction Activity Following Storage

Following termination of the test series concerned with
liquefaction of samples stored under controlled conditions, the
lignite samples were kept for several weeks in sealed plastic
bags. Tests 613 through 616 with these samples were repeat
experiments of 592 through 595 in which unusually high gas yields
and total conversions were obtained.

Standard liquefaction procedures were used of a half hour
at 752°F with a solvent to MAF lignite ratio of 2/1 and a CO/H,,
ratio of 1/1 at 1000 pgig initial pressure. Following th
reaction period at 752°F, the autoclave was cooled to 400 F and
the products removed. The liquid-solid product was suction
filtered at 400°'F to remove ash and unreacted lignite. Detailed
equipment discriptions and analytical procedures for the batch
autoclave work were given in Quarterly Technical Progress Report
No. 1, FE-1224-36.

Yield data for Runs 613 through 616 (using Autoclave "B'")
are compared with the baseline test data of Runs 504 and 505
(using Autoclave '"A") in the following:
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Run No. 504,505 613 614 615 616
Storage None NZStrg Air Strg N2 Strg H20 Strg

Yields, Wt% MAF Coal

Gas 35.4 2.8 35.1 33.7 33.8
Liquid 66.0 67.7 57.6 61.4 66.7
(Light 0il) (20.7) (16.6)  (20.5) (19.7) (22.3) .
(Net SRL) (45.3) (51.1) (37.1) (41.7) (44.4)
Unconverted 8.9 11.8 12.4 6.7 7.4
Water and Ash -10.3 -8.3 -5.1 -1.8 -7.9
Solvent Recovery, Wt%
100% Recovery Basis 97.8 91.5 88.7 83.1 87.7

The following observations can be noted:

(1) Air storage appears to have a significant adverse
effect on lignite liquefaction in that yields of net liquid
and net SRL are reduced as is total.

(2) Lignite stored in an air-free environment for 70
weeks has about the same reactivity as fresh lignite.

Results from Runs 613 through 616 compare favorably
with the yield test data observed for other Reactivity Series
tests except for Runs 592, 593, 594 and 595 in Autoclave "A".
Because of a problem with the ring seal in Autoclave "A'" it
was sent to the factory for repairs, and until its return
Autoclave '"B" was used for the tests. Of the 26 tests conducted
in the Reactivity Series, 10 tests utilized Autoclave "A" and
16 tests were made with Autoclave '"B". In Autoclave '"B'" lower
reactor pressures at reaction temperatures were experienced as
compared with Reactor "A'", However, except for the tests after
70 weeks storage, there appeared to be no significant differences
between the results in the two autoclaves. 1In the 70 week tests,
Autoclave "B" gave lower gas yields and lower water consumption
than Autoclave "A" though conversions and liquid yields were
comparable.

c. Liquefaction with PDU Recycle Solvent

Standard liquefaction test procedures were employed in
Run 617 (see b.). However, the solvent contained ash and some
heavy o0il with a boiling point in excess of 230°C at 1.6 Torr.
Suction filtration was not possible because of plugging of the
autoclave reactor transfer tube. After cooling to room
temperature, the solid-liquid mixture was removed by hand, and
extracted with pyridine. The extract and residue were analyzed
to determine extent of conversion.

Part of the plugging problem was caused by the nature of
the solvent, which contained some ash and heavy o0il boiling
above 230°C at 1.6 Torr. When the autoclave was disassembled
for product recovery, large globules of the initial reaction
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mixture were found distributed throughout the interior of the
reactor chamber. The heavy o0il concentration in the solvent
could have partly been responsible for the plugging problem.
The solvent had been chosen because of the heavy o0il content,
since a large portion of this fraction was thought to be coal-
derived, and an evaluation of lignite derived solvent for
solution-hydrogenation of lignite was desired. However, it
was later found that the solvent contained about two percent
ash, apparently because of slurry carryover from the vacuum
flash tower to the vacuum condensate accumulator.

Yield data from Run 617 are compared with the average
yields of 19 runs with fresh UgDF8120—74 containing essentially
no heavy o0il boiling above 230°C at 1.6 Torr:

Yields, wt% MAF Coal Baseline Test Run 617
(Avg. of 19 Runs with UNDFS120-74)
Gas 34.0 40.0
Liquid 64.6 54.5
(Lt. 0il) (6.6) (1.5)
(Net SRL) (58.0) (53.0)
Unconverted 11.4 15.2
Water/Ash -10.0 -9.7
Total 100.0 100.0

The conversion to net liquids in Run 617 is significantly
less than in the baseline tests, though conversion may have
been hampered by poor mixing of the raw lignite and the heavy
PDU recycle solvent.

The high boiling ash-containing fraction of the recycle
solvent does not improve dissolution of the raw lignite.

d. Deashing of PDU Vacuum Bottoms

The deashigg experiments used extraction temperature and
pressure of 500°F and 550 psig respectively. A description of
both the test apparatus and the procedures used in these tests
can be found in Quarterly Technical Progress Report No. 6 for
July, August, and September 1975. The recovered SRL-solvent
fractions from the deashing experiments were distilled at 1.6
Torr to remove the extraction solvent; the resulting vacuum
bottoms solid was analyzed for ash content and its weight yield
determined. The solid bottom layer (pot residue) recovered from
each deashing test was stripped of residual deashing solvent by
distillation and analyzed for ash content and pyridine solubility

A summary of results from the two deashing experiments
follows:
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Run No. BEX-19 BEX-20

Solvent Toluene Toluene
Undeashed Feeg UND Lab SRL Wilsonville SRC
Temperature, F 500 500
Pressure, psig 550 550

% SRL or SRC in Feed

Input Basis 79 76
Output Basis 80 63

% of SRL or SRC Extracted

Input Basis 55 71
Output Basis 54 86
% of Original Ash in Extract 2.13 1.71
Ash Content of Extract, Wt% 0.50 0.38

Removal of mineral matter originally in the laboratory-
prepared SRL or the Wilsonville SRC was high, 98 percent.

SRC (from Wilsonville) gave a higher yield of extract
than laboratory produced undeashed SRL with toluene under the
same test procedures and conditions of 500°F and 550 psig.

A larger percentage of the pyridine soluble material
(SRL or SRC) originally in the undeashed products of liquefaction
was recovered from Tacoma or Wilsonville products from
bituminous coal than has been recovered from laboratory or
PDU products from lignite.
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v IV. CONCLUSIONS

A. PDU OPERATIONS

1. Five runs were made in the liquefaction section with
multiple yield periods established under various operating
conditions.

2. Recovery of recycle solvent was low, about 80 percent in
initial runs with 94 percent being achieved in the last run.

3. Conversion of MAF lignite to SRL, light oils, and gases
was as high as 90 percent.

4. Operation at a low solvent to lignite ratio presented
operational problems and did not improve solvent recovery.

5. Operation of the vacuum flash drum at 650°F. to increase
solvent recovery resulted in coking and subseguent plugging
0f the vessel. No coking was observed at 600°F.

6. Best operating conditions employed seemed to be 750°F at
preheater outlet and 2500 psig operating pressure. Solvent to
lignite ratio was maintained at 1.8 and hourly space velocity
of liquid was 1.4 and of gases, 301.

7. The modified liquid-solids separation step did not operate
satisfactory during a shakedown test because of difficulty in
feeding of SRL from a heated drum.

. B. PDU MAINTENANCE AND CONSTRUCTION

1. Installation of the Incoloy 800 preheater and dissolvers,

and replacement of associated piping with Incoloy enabled
operations to be resumed without the problems of stress corrosion
cracking.

C. EXPERIMENTATION - PROJECT LIGNITE LABORATORY

1. Liquefaction in a batch autoclave under standard conditions
indicated liquefaction characteristics of lignite stored for

70 weeks in an air free environment are not significantly
different than freshly mined lignite.

2. Storage in air adversely effects liquefaction to a small
extent by reducing yields of net liquid and SRL.

3. Use of recycle solvent containing high boiling fractions
and ash resulted in poor liquefaction.
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V. APPENDICES

A. PDU OPERATIONS
1. Yield Period M-1C
2. Yield Period M-2A
3. Yield Period M-2C
4, Solid-Liquid Separation

Figure 1. Flow Diagram of Solid-Liquid Separation
System

B. LABORATORY EXPERIMENTATION
1. Batch Autoclave Operations
Table 1. Material Balance and Yield Data
Table 2. Analytical Data
2. Deashing Experiments

Table 3. Deashing by Solvent Extraction and
Settling

-19-~



APPENDIX A: PART 1
Process Development Unit Yield Period M-1C

February 5, 1976

M-1 was the first run made after the reconstruction of the lique-
faction section of the PDU. It was to be run under similar conditions
to those used in the design of the PDU, 750°F slurry preheater outlet
tamperature, a liquid hourly space velocity of 0.78, a gas hourly
space velocity of 173, and with a solvent/raw coal ratio of about 1.86/1.
However, the operating pressure was to be 1500 psig rather than the
design of 3000 psig. In practice, the coal and solvent rates were some-
what higher and the gas rate sornewtlat lower than planned. There was a
considerable increase in temperature across the dissolvers, so that the
preheater outlet temperature was kept lower than planned in order to hold
the maximum dissolver temperature to about 750°F.

Three twelve hour yield periods were made during the run. Of these,
M-1C provided the most accurate and fepresentative results, and was worked
up completely. The operating oondit‘ions for yield period M-1C are

sumarized below:

Nominal Actual
LHSV 0.75 0.90
GHSV 155 164
Solvent/Coal Ratio 1.86 2.30
Dissolver Pressure, psig 1500 1500
Temperatures
Preheater QOutlet 750 702
R-1A Lower - 708
R-1A Upper - 748
R-1B Lower - 716
R-1B Upper - 735

In the following pages, the average run conditions, sample analyses, and

overall component, and elemental material balances are presented.
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In this case, product recovery was essentially 100 percent of the
material charged, so that no adjustments to the overall material balance
were necessary. However, the overall carbon recovery was slightly high
and the overall oxygen recovery slightly low. This may be a result of
the reproducibility of some of the elemental analytical procedures, par-
ticularly since oxygen is determined by difference in the solid and
liquid samples, or it may indicate that compensating adjustments to flow
rates should be made. The rates are corrected for differences in hold-up
where the hold-up can be measured, but thermay be accumulations of solid
materials in the dissolvers and the vacuum flash drum for which correc-
tions cannot be made. There may be errors in the weight of lignite
charged, since feed drums of lignite must be changed during the run and
this can affect the readings of the weigh cells used in the lignite
charge system. There is also the possibility of undetected leaks in the
gas system, particularly through leaking safety valves. Another problem
is the accurate determination of the oil/water ratio in streams where
emulsions can occur when the oil/water separators are not performing
properly. A number of criteria have been developed for use in adjusting
various streams when low material balances are encountered. Of course,
the adjustments should result in 100 percent overall balance, with as
close to 100 percent balance in carbon, hydrogen, and oxygen as is
practical, and should not result in yields that are questionable, i.e.,
there should be water consumption because of the water gas shift reaction
with a concomitant production of carbon dioxide, so that there should be
a substantial gas make. A rough order of preference for adjusting
streams if a low material balance has been obtained is as follows:

(1) Adjustthe coal feed rate

(2) Increase the product gas rate
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(3) Increase the waste gas rate

(4) Increase or decrease the product water rate, sometimes
with an inverse change in the light 0il rate

Utilizing the above guides can result in simple adjustments of certain
flow rates that result in a reasonable overall yield structure.
A summary of the yields obtained in Run M-1C is given in the follow-

ing table, as compared with the yield structure assumed for the PDU

design:
¢ M-1C - & Design —
Net Net
Wt.% Charge Product Yields(l) Charge Product Yields(1)
Gas 25.3 30.3 10.4 20.3 39.8 39.5
MAF Coal 48.6 13.0 -73.3 49 .4 4.8 -90.3
Water 21.4 19.5 - 4.0 24.7 19.2 -11.1
Ash 4.7 3.5 - 2.5 5.6 5.6 0
Net Light 0(2) 0 4.6 9.3
0il
Net SRL 33.7(2) 69.4 26.0 52.6
Total 100.0 100.0 0] 100.0 100.0 0

(1) As weight percent of MAF coal charged.

(2) Not all solvent was recovered for recycle; some was
present in the light o0il and SRL streams.

The net gas production was about 10 weight percent of the MAF lig-
nite charged and hydrocarbon liquid yields amounted to approximately 69
weight percent as determined largely by the pyridine extraction of the
vacuum bottoms. The amount of reducing gases consumed, on a hydrogen
equivalent basis, was 2.3 weight percent of the MAF lignite fed. Water
consumption was nine percent of the initial water charged and conversion

of lignite to gas and liquids was 73 percent.
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Solvent recovery for recycle was far from the optimum at 86 percent.
The unrecovered solvent was found by analyses to be in side streams (i.e.,

F-2 ovhd, F-3 ovhd) and in the F-1 vacuum bottoms.
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Run Conditions

Run No: M-1C

2/5/76
TEMPERATURE PREHEATER E-I3
DOWTHERM  51F
PREHEATER E-I INLET . s
SAND BATH___ 764°F_ OUTLET . 496°F _
INLET___ . 307%F
OUTLET _702°F LIGHT ENDS COLUMN F-2
REBOILER . . __ 635°F
DISSOLVERS LOWER SECTION426%.. _._
R-1A (1) T8F . FEED SECTION__ 386°F
(2)__. 2288 OVERHEAD_ ____281%F
(3)_. 1367 —— SEPARATOR S-8__ 68°F
(4) 748 °F e SEPARATOR S-9_ 72°F
R-IB (1)__ _7165F _
(2)_._ 724°F _ . SOLVENT COLUMN F-3
(3)___728°¢ REBOILER 276°F
(4)_ _73°¢ LOWER SECTION 230°F _
21°
REACTOR PRODUCT D O s
SEPARATORS
S-1___ s48% ________ ...  HEAVY ENDS COLUMN F-4
S-2_ _ _s8%F REBOILER
S-3___ _497°F LOWER SECTION _ .
S-4A____ 8% FEED SECTION
S-4B 15°F OVERHEAD
PREHEATER E-II
DOWTHERM . 619k
INLET_____ . 456 F
OUTLET___ _ 5% __ PRESSURE
| SEPARATORS S-182 _ 1500 psig
VACUUM FLASH F"I o SEPARATORS 5_3- 350 psig
OVERHEAD VAPOR__572F SEPARATORS 4ABB__ 46 psig
COWER WALL - s VACUUMFLASHF-l lomus
DOWNCOMER ________436°F __ _ L.EC. F-2 16:1 psiz
CONDENSATE o COLUMN F-3 0 psig
ACCUMULATOR S-7___135F __ _ HEC. F-4 _Not in use
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*MASS RATES AND RUN CONDITIONS

Start | End | IRUNNO. M-1C }
o Date of Run [2/5/7612/5/76} [UNITS 1bs/hr f c.-20
\ N L 2l
-0- T"RECYCLE GAS Time of Rur 10300 1500 PREP BY: G. Baker T cas 9.
— AT T T Length of Runi 12 hours PDATED: 5/25/76 |t————— sy 19:60_
D - (3 c -0-
18.02 T NAKEUP GAS | e =~ )] SCRUBBE] oS _
53.2 , TE o cne T % @ +:
.25 LIGN! SYNGAS ;o .—-pq......p;BY‘ > 0= _
Sk -1 T:748 | T: 735 e assed
S SRR o N e -
23 1‘. AR
| ”‘5;77 2 ! ~58 < A5rms¥skaAs= 2.01
t & e 1500 | (eoasod | Ejoo\@ s
i s3 ' 746 728 L=t ks x . SAA‘H
1548 L 68 L |5ee ,__@
PLS00 =71 P46l 175
' - - P 46 |
724 ':97 ; 47 Sx-23
lT: 716 \9 =350, 5-“513”5}& P P,
o 722 f @ - ————— — §'1A_bIM_§}' .:L_
i — &S‘-3Z Sx-37

f T-UExmAULT GabSy N.AL
| -SOLD TRAP via ze  p 0.60.-

M - ——
% Sa-224 [Ty -3-88.
" — 4
i’ ’ ° 35 AP TR
A .
: — ‘ -
:j i ; | S€
- - ' ‘ F-a ; w24 é 29 BoTTAAD » =0=_ __
: T. By-| [‘ SSLVE,NT COLUNN, S nJ. 22.38
MAKEUPRP : r"f)asseJ Js.-ll 10 QVERWEALD G |
SOLVENT 1\ : . | r_é———> —=0=
' S-1C |

TNA |

@i
A pPiINA '
{
' . !
L...r— -4

17.23
YN le— Y A 4 3;
. j 105.33 1bs/hr cnez @ i D.c. moTToms T, 0=
3 T VACUUM BOTTOM:  40.02
A-54 OVERFLCW -0-

193.83 voTAL IN *All numbers are corrected to constant holdup, where holdupsﬂ REeha U 1_?2-82
are known. Sample weights and compositions have been eésigned

to appropriate streams.



ey

— Quantitative -

Flemental

PRGIRCT LTENTTE
Measured Material Balance

Uplated: 6/30/76
Run No: M-1C Temperature: 700-750°F
Date: 2/5/76 Summary Pressure: 1500 psig
Time: 0300-1500 LSV 0,90
LBS/HGUR GHSV: 164
T Total T—otaI; Net We.Z of
Stream Descriptfon  YCharge %roduct, Yield Coal
P TEAn esel DI 2 R i e Qa3
Sample Polnt i !
Pressure (psig) i ) i O
Temperature (F) & | A S S S A
Hydrogen - H» ]:.29 0.96 —0 33
Carbon Monoxide - CO 16.56 9.81 -6.75
Carbon Dioxide - (U, 9.48 | 9.48
Hydrogen Sulfide - H,S 0.11 0.11
| Methane - Cll, 1. 0.68 | 0.68y3.59 |10.37
Ethane - CZ“L\ _ 0._,31__ _ 0.31
Propane - C3lg __1.0.02 | 0.02
Butane ~ C Hyp _ \
Nitrogen - N, 0.17] 0.24 | 0,07
Ammonia - i3 !
. TT0-100°C @ |
nght__o_i%___ 1.6 Torr) | _4,87110.02 | 5.15
100- %7! 2]
|_Solvent . _ Jgrr% 100,25 1 95.97 | = 8 $24.04 69.44
| Heavy 0il ( j? gS'S rr) | 1744 J.S:Z _::12_2 pa-0
. o ) - 11 1 - )
ﬂiihﬂ_”__,_.ﬂ,__-ﬂ__uﬂﬁ_____ 27.29 | 27.29
| Coal Mar) 1 34.62] 9.23 1-25.39 9 | _ 1=73.33
Ash __~,' 3.35) 2.50 | -0, 5_;;_” - 2.45
| Water ! 15.28 1 13. 88 | -1.40 -4.04
RS SN RUNUR S
SR TS SR
i ; {
: ! !
b e e = e e - ...1“_ P _]_
Lretal $l93 83 }93 82 | -0.01 | -0.01 ]
. F"—'.‘.’:"‘“.: - = "‘T'vl o ;o wmraeT T
| Carhen N 140 91 }143_ 68 | _2.77 ]
Jiropen Y 8315.05 | 0.22
i f ! ;
LAitresen -____"_‘. 0.79 | 0.75.1 -0.04 | S S
Jsulfer L 2,91, 3.02) 0.11} ]
xymea (b ":’.,’__,__' 30.99. " 28.82. ;_.:2-17
Lash 3. 40, 2.50 | =0.90 .
- | e i
iy h ; f
R Bl ‘ R B!
detal . ‘103.83193.82 f 0on| [ | ]|
Yreporod
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PROJECT LICGNITE
CCASHRYD MATERITA BEALANGE

Updated: 6/30/76

EEP

Run No: /M71C Temperature: 700-750°F
Date: 2/5/76 Preasure: 1500 psig
Time: 0360-1500 Material In LHSV:  0.90

. RIRATIRER Ghsv: 164

f‘ Feed eed |Makeup |+ Feed [ Total
Stream Description Syngas |Lignitg¢ Solvenft Solvent ., In od

’ Sample Polnt Sx-18 | Sx-1 | Sx-8 |Sx-14 [

| | Pressure (ste) 4 68 1 - | = T !

' Temperature (“F) o 65 RT _RT _‘_192__‘ )
Hydrogen - Ho ' 1 29 IS S P 1.29
Carbon Monoxide - CO 16.56 b R 16.56

i Carbon Dioxide - Cu, o s

i | ilydrogen sulfide - il,S ~ R B

o | Methane - CH, S S S

2 | Ethane - Cyllg | R

g Propane - CjHg S .

§ | DButane - CgHyy A

S | Nitrogen - N, 0.17 , 0.17

| fmeonta - 4L L

(0-100"¢C 3

,oplight Ot e Torm) 4 1 0.29 | 4.8] 4.8

, ST
Solvany | L00-g3° (l‘nfr'r)r L 12.00 |100.25 100.25

TSR ST T T e -
i | Heavy 0i1 "71.67Torr) 4 14,94 17.44 17.44 |
g SRL :
kRS NI U SE
P Geal k) b ! 34.62) _ __ ﬂ.,___._-._,___waé;éz_
clash b oass) b 3.35
 water ' . li1s.8) 15.28

: ' { T

g — [ SR IS SN S

: | |

i po——— e = m e e e - R ‘j(. e e Q —_—— e E e —— ettt Sttt — e

| Dot 7 im0z 53,25 .r,17_-z.3_[122-56 193.83 |

lcarben 1 7.0 | 24.80] 15.39 |109.01 140.91 |

i Hydrogen : ] ; ’

AYAroRen el 1.29) 3.4001 142 | 10.164 14.83
Mrrogen b2z ].e35) 0025 0.270 0.79

Lo Sulfur = 9 32; 0.38_ 1 2.59. .2.91 ]

] b aqe s 1 ;

g L Oxypen U by sniy L 9.46.. 21.031 002 1 0.50} _ _ . 30.99

g [Ash e e 3232350 0.05 3.40

= \ ':

i

§ S ! e e ]

o-llatar . " 18.02 : 53. 25’ 17J3_JL122 56 Loo_.._.1193.83]

Note: Total In does not include makeup solvent P
as it is part of the feed solvent

+Feed solvent was determined by using the recorded flow and the planimeter.
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Quantitative --

Elemental -

* Composition estimated from M-2A data.
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PROILCT LICNTT:
VEASURVD MNTEMLAL P SLAME
Updated: 6/30/76
Run No: M-1C - Temperature: 700-750°F
Date: 2/5/76 Pressure: 1500 psig
Time: (300-1500 Material Out Lisv: 0.90
LRS/HOUR GHSV: 164
Product| *S-4A | Cold K-1 J-1 | s-8
| Stream Descriptdon ¥ Gas_ | _Ovhd [Traps  |Btms _ Exhaust; Btms |
Sample Polut Sx-20 | Sx-30 ] Sx-33 | Sx-31 | Sx-32 ;Sx-16
Pressure (psig) 100 | | -14.2 | -14.20 0 | 15
Temperature (°F) — 72 1 1 _RT r 70
Hydrogen -~ 2 0.93 ] 0.03 S I
Carbon Moncxide - CO 9_.__44 0 3_7._ .
Carbon Dioxide - CU,y 8,__02 ,46 o
Hydrogen Sulfide - H,S 0,09 ©0.02 1 1 ___ 1
L\(_E_EE‘.?__"_(‘”L___ —-—-—046-4 - -OJOA -+ R i et LSRR DI - S A ——
Ethane - C,Hg _0.26.) 0.05_1. e o ]
.o =]
Propane - C iz 1 0.02 |
| Butane - G M)y L - d_ B
. i <
Nitrogen - 4, | 0.224 0.02 | N
Ammonid - iy ‘f ! -
T T e @ - R o
Light 01 Vo' tern) | | | 0.9 {__-__ | o] 0.59
106-239°C 9 | o -
| sotvent - 2’ L,é_'sgé"_!_')’ Lot ] 0.29] 0.03 | = 2.21
| Heavy 0il, ( ’?Té-’*}ofr)‘ ‘L ; I 0.04| 0.01 t 0.28
Ao ety M .1 _0.04 0l 1
SRL I
SO S SRS S S —
Coal (*L\F) _<|
S - - —-<(r— S ARt s -----—w- —
Ash !! A
| A8 —— VR & 3 T —]
Water 4 | ; 0‘.-9;,* _ 0.80
| | '
- T ST 7
F————— - - "“;}r' he ’E - i - "“‘l he it I Sttt
| Towal i 19.60 | »2.o>1<[ 0.56 | 0.04 3.88 |
' 6.921 0.64 | 0.45] 0.035 2,71
| bydrore 4 1] 0.6} 0.05] 0.003 0.35
| Nttrogen _ 0.22] ooz]t e O 0.01]
Salfur oo, .0.08! 0021 o0.01 0.001 0.06
wygen et G113t 17| 0:05] 0.001 * 0.75]
sh : ? |
S R
A i _e A
o B T T S
4 -
lutal 19.60! 2.01] o0.56] 0.04 | | 3.88




PRO VD LTONTTE
MEASURYD MR DAL RALAE

Uil ed: 6/30/76

Run No: M-1C Temperature: 700-750°F
Date: 2/5/76 Ma Pressure: 1500 psig
terial Out
1ime: 0300-1500 wisv: 0.90
s /aniR GHSV: 164
P 17 5-9 | F-3 | ***F-1 TRecycld " Total
| | Stream Descriptlon !_ Btms | Ovhd , Btms |Solvent }___O_u_t___1

i Sample Polnt ! sx-24 {8Sx-11 ' Sx-2 i Sx-13

! Pressure (psig) -0~

e

U SO S

Temperature (°F) % 1209 | | .. )

LA B S . -
Hydrogen - Ha N B R R 0.96
. Carbon Monoxide - CO L N I .81
Carbon Dioxide - (U, .48

B e iR S Er TR I PRy S —

.11
.68

Hydrogen Sulfide -~ M8 4 | &+ 4
Methane - CH, [_

——fs e = e e b o
|

Ethane - C,lig .

.31
.02

O |0 ; OO v {w

Propane - Cji

I B .

Butane - (:_,‘}_{m

Quantitative — —

Ritrogen - N, L 0.24
SRS Tusttl Bl Bl g
Ammonia - Lij ; 1
e e SR S SV GNP [ -

| Ammon 3
Light 011 "1 6" 7Tore) 4,61 4,63 10.02

——— e PR | SOV U S

106- Cod

 solvent - 1% el a7l e ss.n 95.97

| [reavy 011 PTERET 1 016l 026 | 12.59 13.32

| E b L2120 21.29
Co: MAF |

P | Coal @A) e S s T S S 8

l | Ash .-__.JL R ,ZASQ_T_ SN S r.___Z_l)

AT 113040 o 13.88

b ————— —— - —— e e ao e =es —.._1‘{_ - T T, C e w——— r__. R VY U ap

r——<—"—'——“
gi
cr )
=3
1
+
i
.
1
o i
|
o t
| [}
i
—4
1
oo

e e - Y Coe e

|
22 3T 40 02 | 105. 33 o 193.82

:—- F—“—‘-‘::.‘:.‘. LT oo - - - B - o ‘,’ N B - - =4 B o —Fat hal A s T i o K RS
{carben B 7.2 32.78] 92.7 143.68

0.02i 0.28{ 0.20 0.75

Ntrogen ;
el R, G

|

padmorn Vo2 2.03] s 15.05
|
|

<u1fur o.og ~0.55 2.21 3.02

. p2ulter ) 0.0

‘2 ,-‘_”LV,&_"“ ( “ BRI _____A‘T_;Z;QO___-I.GS 1.34 28.82

g | Ash / ! i 2.50 2.50

'g P e s = —— .-———--—--.—.—‘!y_ - e m—— - ema e e e JR———

[2Y] — ~ _ -' _ N D —
e _

o -LTotul . . & ! 22 38' 40 02 105.33 . 19_3-@
Kk Ash & pyridine soluables are based on lab sam-; Prepared by '

ples 84 & 114, 2/5/76. Solvent composition based on ’

sample 84, Conversiom = 73%
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Quantitative

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated:

Run No:
Date:

Time: 0300-1500

30/76

M~-1C

2/5/76

WEIGHT PERCENT

r——————Elemental

Feed | F-1 |Makeup F-3 OvhdF-30vhd [F-3 Ovh
| Sample Description ignite | Btms |Solvent|(0i1) |(Water) |(Total)
Sample Point Sx-1 | Sx-2 |Sx-8 Sx~11 {Sx-11 [Sx-11

Hydrogen - Hj
Carbon Monoxide - CO
Carbon Dioxide - CO,y
Hydrogen Sulfide - H,8
Methane - CH,
Ethane ~ CoHg
Propane - C3H3
Butane -~ C4Hig
Nitrogen - N,
Ammonia - NH3 (PPM) (97)
Light 0ils 4 1.8 Torr 1.70_| 49.35 20.61
Solvent (100 130 %.80) 1.90 [69.65 | 48.90 20.43
Heavy 0il .8 Torr 0.60 [28.65 | 1.75 0.73
SRL 68.20
| Coal (MAF) 65.01 [23.05
Ash 6.30 {6.25
Water 28.69 100 58.23
Total 100 100 100 100 100 100
Specific Gravity 60/60 1.062 L
| Viscosity, cp
Carbon 46.58 | 81.90 {89.31 | 79.41 33.17
Hydrogen 6.38 5.56 | 8.22 9.62 | 11.11 |10.49
Nitrogen 0.66 0.7 0.12 0.24 0.10
Sulfur 0.59 1.38¢ 2.20 0.98 0.41
Oxygen ( by diff ) 39.49 4.20 | 0.15 9.75 | 88.89 |55.83
Ash 6.30 6.25 | -0- -0-
Total 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 2 2

-30-
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Quantitative

——Elemental —————

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 6/30/76

Run No: M-1C
Date: - 2/5/76

Time: 0300-1500 WEIGHT PFRCENT
F-2 Feed s-8 S-8 S-8 Feed

Sample Description Btms |Solvent{0il _ | Water | Total [ Gas
Sample Point Sx-13 Sx—lA‘WSx—l6 Sx-16 | Sx-16 | Sx-18
Hydrogen - Hy 7.15
Carbon Monoxide - CO 91.89
Carbon Dioxide - COsy

Hydrogen Sulfide - H,S

Methane - CH,

Ethane - CoHg

Propane — Cgﬂs

Butane - C4Hjg

Nitrogen - N, 0.96
Ammonia - NH3 (PPM)

Light Oils 6 1.6 Torr] 4.40 | 3.97 | 19.06 15.13

Solvent 100790 %o%r) | 83.65 | 81.80 | 71.68 56.90

Heavy 011 - 3-8 Tocr) | 11.95 | 14.23 | 9.26 ) 7.35

SRL
| Coal (MAF)

Ash
r!gter 100 20.62

Total 100 100 100 100 100 100
Specific Gravity 60/60 1.046

Viscosity, cp

Carbon 88.03 88.95 88.01 69.86 | 39.38
Hydrogen 8.41 8.27 8.58 11.11 9.10 7.13
Nitrogen _fo19 ] o0.22] 0.2 0.23| 0.96
Sulfur 2.10 2.11 2.00 1.59

Oxygen ( by diff ) 1.27 | 0,41 1.12]88.89 | 19.22 | 52.51
Ash : -0- 0.04 -0-

Total 100 100 100 100 100 100
Number of Sample Avg, 3 3 2 2 2 3

Prepared by:Gene BAker
-31-



Quantitative

Elemental —mM8M8M ———

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 6/30/76

Run No: M-1C
Date: 2/5/76
Time: 0300-1500 WEIGHT PERCENT
Product] +S-4A |++ K-1 kxg;;§£_ Cold
Sample Description Gas | Oovhd |Btms _ | | Traps_
Sample Point 8x-20 Isx-30 |Sx-31 | Sx-32 | Sx-33
Hydrogen - Hj 4,76 | 1.44
Carbon Mquoxide - CO 48.16 l18.46
Carbon Dioxide - CO,y 40.93 ]72.53
Hydrogen Sulfide - H,S 0.45 |1.25
Methane - CH, 3.24° | 2.10 z
| Ethane = CoHg 1.36 | 2.35 :
Propane - Cq H. 1.03
Butane - Céﬁlg :
Nitrogen - N, 1.12 | 0.84 >
Ammonia - NH3 (PPM) :
Light 0ils 4 1.9 Torr 3.10 | > | 34.35
Solvent (100—%?8?0?1') 84.20 : 52,51
Heavy 0il .6 Torr 12.70 = 6.74
SRL
| Coal (MAF)
Ash
Water 6.40
| Total 100 100 100 100
Specific Gravity 60/60
Viscosity, cp
Carbon 35.31 | 31.99 | 87.50 81.25
Hydrogen 5.87 2.69 7.50 8.36
Nitrogen 1.12 0.84 - 0.12
Sulfur 0.42 1.18 2.50 1.97
Oxygen ( by diff ) 57.28 63.30 2.50 8.30
Ash -
Total 100 100 100 100
| Number of Sample Avg. 2 2 1 2

+ Gas composition estimated from M-2A data

4+ Elemental composition was estimated
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 6/30/76

Run No: M-1C
Date: 2/5/76
Time: 0300-1500

MOLE PERCENT

Feed {Product|+S-4A
Sample Description Gas | Gas __|Ovhd L
Sample Point Sx-18 | $x-20 | sx-30
Hydrogen - Ho 51.87 | 44.65 | 21.70
Carbon Monoxide - CO 47.63 | 32.25 | 19.80
Carbon Dioxide - CO,y 17.45 49,50
Hydrogen Sulfide - H,S 0.25 1.10
Methane - CH, 3.9 3.95
| Ethane - CoHg 0.8 | 2,35
Propane = CjHg 0.70
Butane - C4Hy1q
Nitrogen - N, 0.50 0.75 ] 0,9
Ammonia - NH3 (PPM)
Light Oils 6 1.3 Torr
Solvent (100-%?2v%ogr)
Heavy 011 (23?f§5%35r§
SRL
FQle,(MAF)
Ash
| Water
Total 100 100 100
Specific Gravity 60/60
Viscosity, cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen ( by diff )
Ash
Total
Number of Sample Avg. 3 2 2

+ Gas Composition estimated from M-2A data
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APPENDIX A: PART 2

Process Development Unit Yield Period M-2A

February 18, 1976

In the first run of this series, M-1, insufficient sol-
vent was recovered to remain in solvent balance. Analyses
indicated there to be solvent in the light streams from the
high-pressure separation system and also in the vacuum bottoms
from the vacuum flash drum. Consequently, in M-2 more atten-
tion was to be given to recovering solvent from the light oil
stream, and in the vacuum flash drum F-1. In practice, at
the start of Run M-2, the reactors were operating at somewhat
higher overall temperatures than in M-1 and with lower solvent
recovery. The nominal and actual operating conditions for

this yield period are shown in the table following:

Nominal Actual
LHSV 0.75 0.85
GHSV 160 160
Solvent/Coal Ratio 1.86 1.80
Dissolver Pressure, psig 1500 1500
Temperature, °©F
Preheater Outlet 750 733
Dissolver R-1A Lower - 714
Dissolver R-1A Upper - 760
Dissolver R-1B Lower - 735
Dissolver R-1B Upper - 752

During M-2A an overall material balance of 103.3 weight
percent was realized. However, backing out the circulating
solvent results in a net material balance of 105.2 weight per-
cent. Because of the possible errors in weighing the coal in,
this stream was selected for adjustment to provide 100 percent

material balance. The yield structure, on a solvent free basis,
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after this adjustment is shown below:

¢ M_DA e )

Wt. % Charge Product Net Yield (1)
Gas 23.4 31.8 16.5

MAF Coal 51.1 9.2 -81.9
Water 21.0 15.3 -11.2

Ash 4.5 3.9 - 1.2

Net Light 0il(2) 2.1 4.0

Net SRL(2) 37.7 73.8
Total 100.0 100.0 0

(1) As weight percent of MAF coal charged.

(2) Not all solvent was recovered for recycle; some

was present in the light oil and SRL streams.

In this run the net gas production was about 16 percent
of the MAF lignite charged and the net hydrocarbon liquid
yield amounted to approximately 78 percent, as determined
largely by pyridine extraction and distillation of the vacuum
bottoms. The amount of reducing gases consumed, on a hydrogen
equivalent basis, was about 1.7 weight percent of the MAF
lignite fed. Water consumption was 27 percent of that fed,
and conversion of MAF lignite to gas and liguid was 82 percent.

In this yield period solvent recovery and recycle was
even lower than in the previous Run M-1, at slightly over
60 weight percent of the solvent charged. Again, unrecovered

solvent was found by analyses in the F-2 distillation column

overhead stream and in the F-1 vacuum flash drum bottoms.
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Run Conditions
Run M-2A
2/18/76

TEMPERATURE

PREHEATER E-|
SAND BATH 784

INLET 308
OUTLET. 733
DISSOLVERS
R-1A (1) 714
(2) 735
(3) 752
(4) 760
R-1B (1) 735
(2) 742
(3) 745
(4) 752
REACTOR PRODUCT
SEPARATORS
S-| 562
S-2 63
S-3 723
S-4A 71
S-48 70

PREHEATER E-II

DOWTHERM ___609

INLET 546
OQUTLET 583

VACUUM FLASH F-I

OVERHEAD VAPOR 538
UPPER WALL 547
LOWER WALL 609
DOWNCOMER 434

CONDENSATE
ACCUMULATOR S-7___135

-36-

PREHEATER E-I3

DOWTHERM 498
INLET.. 116
OUTLET_ = 38

LIGHT ENDS COLUMN F-2
REBOILER____s01

LOWER SECTION__324

FEED SECTION 306

OVERHEAD___235

SEPARATOR S-8___105

SEPARATOR S-9 1

SOLVENT COLUMN F-3
REBOILER __NTU

LOWER SECTION__NIU
FEED SECTION__NIU

OVERHEAD__NIU

HEAVY ENDS COLUMN F-4
‘REBOILER__NIU

LOWER SECTION__HIU

FEED SECTION _1NIU

OVERHEAD NIU

PRESSURE

SEPARATORS S-182__1500

SEPARATORS S-3 350

SEPARATORS 4A8B___ 60

VACUUM FLASH F-l___6 mm Hg

LEEC. F-2 10
COLUMN F-3 NIU
HEC. F-4 NIU




Le

Adjusted Material Balance
*MASS RATES AND RUN CONDITIONS

Star+ | End . RUN NO M-2A
Date o Run | 2/18 12/18/74 {uNiTS #/hr, of psilg
o 'ZNRECYCLE AAS ?T’;me of Rur 200 1400 | |PREP BY: F, Nankani | Sxm2¢ ‘ 22.06
—=0=— g[ ! Length of Run|___12 hours | [IPDATED:7/2/76 11 - x&l FRODUCT GASy 22200
18.06 T MAKEUP & ‘ ) Ued_so por ., - =0-
E = I eSu-la £ {3 @ SCRUBEER BOoTToMs —
58,94 _LIGNIT : $ = , T . NIU
-~ SYNGAS .T760 L s B ——f—u$—ﬁp. » NU_
‘ R-1A i SN O 5_2] o »
I S (23; (\7‘—},‘—’—137\‘
i Co ,r T63 . N WASTE GRS 2.07
| se7s2 L emes 0 L ! £ 15°Pv S x-30
i ; PS- 7 S-aaft—H '
| .—'}7; - 7 =48] |y
°562 g T 71 . 37
742 P1500 = 60, [n70
Sx-14 H s-= | L—I:l F 60 §7,Sx-23
- 723
i1: 735 ] ) P 350 $-4B[BTMS. 1.08
E 4 Q}, ' ¢ _______ S-4a BIMs,  _ =0-
o l;s‘-az Sx-37 (F
- T ExHAUST GasEs, 029
bt | g | £otp TRAP LiGUIDS  0.51
< Sy-32Y r:jgj‘ LIGHT ou_ . 47.57
2 ‘ ;j‘“l A
5 + inioT |
e — | ,
| F-a 40 - - 36
T T F-= Sx-24 S-3 porroms|, 0= __
jp: -+ SOLVENT COLUMN OWB. NIU
MAKEUP ; P Sx-li -
SOLVENT ¥ x S-10 OVERKEAD . _NTIl
NIU NIU pars
Sx-8 _[—~—————b
4 — (\ql .TlN
‘ " P= I
41.87 L
v v 42
Sx-2 \ H.E.C. BOTToms [, NIU
J @ VACUUM BOTTOMS _  45.29
—U—

A-5A OVERFLOW _
TOTAL wuT 183.04

183.04
—==—' TOTAL IN * All numbers are corrected to constant holdup
where holdups are known



Quantitative- -

{ Mitrogen -

Uyl 7/2/76

M-2A
2/18/76
0200-1400

Run lioe:
Date:
Time:

Summary

lF\’juL?

visperaLur

Pressure:
.

Totaln' ‘Net

I “ Total g
‘ Product Yield '

Stream Deseripticn ﬂpharge

Sample Point

750°F

(A3

1500 psig
0.85
160

T
|

T

i 1
Pressure (ps !

N

Icrper1turt (

o —n c———e

i)

+

e
"

[N D S R,

— —— - U, - - H

1.21, 0.99 § -0.22 |

| 16.65 1 10.50 i —_6»_1_5_1
11.75 § 11.75 [
_0.11 T .0.11 ;
0.60 ¢ 0.60

0.31 0.31

Hydroren - H; N

Carbon Morcxide - CO

Carbon Diczide = (U, 3‘

Hydrogen Suliide - 1, S i !
e T T S T "—1r"“ R
i Methane - CH, i

Ethane - QZ“Q . i

et

S U ——

'

e

.

t

-

.

8 e

1

g} e - !
] i
| Propane - ¢ " 0.14

..) -‘_.4______._,@ e

| Butene - Gl

.
itn i

Ammonia -

—_—

sy i

) ST T
| Light Uil 1.6 7g

T

T60- 0500
| Solvent . 1.

. A‘er%_h;m
(23“—%3?:F') ;

i 730

v

PHeavy oi1r 1.

jseL . 29.06 |
N D A R

(oxl ( \I) _ 7 39'37i 7,11 1=

2.99

| Ash 3.47

65

77.85

i

|
- _fA

O e s T e SR

f . ! 5! : ;

! f ' ;o : | '
i S
[o ]

| Water . 16.22111.83 i -4.39!
il i §
o N 1
i _:,.,._ . )
e e
L total 183 16 183.16 | 0.00 !

. 129.53/132.80 |

Flenental -

L“g("o M. .., 13.83:13.68 | -0.15| ]
poftresn L 0.791 0.67 . -0.12] . _T____J,_ —
L Sulfur 2.68. 2700 +0.02! 1 1
_Oxvsen 1 32.8630.32 | -2.54 1 ]
| Ash__ 3.47, 299 -0.48! [ —

Llotal . 183.16 183.16 ! 0.00| P e o
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PROJECT LIGNLTE

ADJUSTED MATERTAL B.‘\é‘ ANCE
(Feed Lignite Increase 5
Updated: 7/2/76
Run No: M-2A Temperature: 750°F
Date: 2/18/76 Material In Pressure: 1500 psig
Time: 0200-1400 LHSV: 0.85 °
LBS /HOUR GHSV: 160
i o Feed Feed | Makeup, Feed Total
|| Stream Description Gas. |Lignite SolvenTSolv.ent_,. RSP ¢ & S
| | Sample Point Sx-18 ISx-1 Sx-8 | Sx-14
! Pressure (psig) ) R
: Temperature (°F) I R "'—l"'
| Hydrogen - Hp 4 197 | L 'r o 1.21
! Carbon Monoxide - CO 16.65 B 16.65
| Carbon Dioxide - CO,
Hydrogen Sulfide - H,S
o | Methane - CH,
>
g Ethane - CoHg
s | Propane - C3Hg
&
g [ Butane - C,H;4
3
< | Nitrogen - N, 0.20 0.20
Ammonia - NHj
(0-100°C @
Light 01%100 l§6°Torr) 0.72 3.50 3.50
Solvent ~$38 folx 31.28 |.85.52 85.52
Heavy 011 mYTZE?orCr% 9.82 | 17.02 17.02
SRL .
Coal (MAF) 19,37 39.37
Ash 3.47 3.47
Water 16. 22 16.22
[ Total 18.06 | 59.06{ 41.87 | 106.04 183. 16
e » ”
Carbon 7.14 | 28.03} 37.42 94.36 129. 53
Hydrogen 1.21 | 3.82] 3.48 8.80 13.83
Nitrogen 0.20 0.42] 0.05 0.17 1 _0.79
o | Sulfur 0.3¢] 0,90 | 2.34 2.68
-]
F Oxygen ( by diff) 9.51 ] 22,98 0.02 Q.37 32.86]
g Ash 3.47 3.47
4
=]
| Toral 18.06 | 59.06! 41.87 | 106.04 183.16
P :
Note: Feed Solvent includes makeup solvent repared by

39



T T e Quant:itative T T

r“"‘“‘Elemental i

PROJECT LIGNITE
MEASURED AND ADJUSTED MATERIAL BALANCE

Updated: 7/2/76

Run No: M-24 | Temperature: 750°F
Date: 2/18/76 Material Out Pressure: 1500 psig
Time: 0200-1400 LHSV: 0.85
LBS/HOUR GHSV 160
Product S-4A | S-4B | J-1 | Cold 5=
Stream Description Gas .| Ovhd [Btms ! Exhausy Traps | Btms |
Sample Point Sx=20 | Sx-30 !Sx-23 |8x-32 | $x-33 |Sx-16
Pressure (psig) |} {1 |
Temperature (°F) . o
Hydrogen - Hp .96 0.03 | . 0 S
Carbon Monoxide - CO 10.08 0.38 0.04
Carbon Dioxide - CO, 9.92 1.50 0.33
Hydrogen Sulfide - HpS §| o g 0.03 1 _0.02 ]
Methane - CHy 0.56 .| Q.04 | _0
Ethane - CoHg Ql25,-,,,9_,_0_5.-___ 20.01
Propane — CiHg 0.12_4.0.02 | _ _
| Butane - CpjHyy B
| Nitrogen - N; 0.11_1.0.02 | 2:01
Ammonia - NHj3 .
Light o11  °7189.C ¢ 0.39 0.10 |12.58
Solvent (loo'f?go?ogr% 0.54 0.02 |21.36
Heavy 0il . oYr a.03 0,01 2.30
SRL L
Coal (MAF) )
Ash :
Water ) 0.12 11.33
Total - 22,061 2,07 1.08 | 0.4 1 0.51 | 47,57
Carbon 7.74| _0.66| 0.80 | 0.11 | 0.11 | 29.76
Hydrogen 1.}7 0.06} 0.1] 0.01 0.05 4,44
Nitrogen 0.11! _0.02] - 0.01 - 0.05
Sulfur B | o0.06] 0.02] 0.00 | 0.02 | 0.01 | 0.65
Oxygen _ ( by diffy | 12.98| 1.31] 0.16 | 0.26_| 0.34 | 12.67_
Ash _ | o i
-___‘L..__.., — —_—
S U \
ltotat M 22,060 2.0zl 1.08 [ o1 | o.s1laz.ss

Prepared by:
-40-



--————-Quantitative

r

l"—‘"““‘—Elemental‘ TTTTT T

PROJECT TICNETE

MEASURED AND ADJUSTED MATERTAL BALANCE
Updated: 7/2/76
Run No: M-2A Temperature: 750°F
Date: 2/18/76 Material Out Pressure: 1500 psig
Time: 0200-1400 LHSV: .85
LBS/HOUR GHSV: 160
F-1 F-2 Total
Stream Description Btms . | btms. . b l0Out |
Sample Point Sy=? Sx-13
Pressure (psig) 6mmHg | _ | .l
Temperature (°F) 519 | ..t .1 B ]
Hydrogen - Ho I S L 0.99
Carbon Monoxide - CO b 10. 50
Carbon Dioxide - €Oy | 11.75
Hydrogen Sulfide - H,S o ] 0.11
Methane - CH, [ R 0.60
Ethane - CoHg o e 0.31
Propane - CqHg ] . wi_“_ 0.14
Butane - C,Hyg o
Nitrogen - N, 1 0.14
Ammonia - NHj 1
Light 0il (oi}go;‘grg) 4,82 17.89
Solvent (100—{?8°¥0g1‘ 2.51 52.97_ | 77.40
Heavy 0il (“?Tgs?ogré 3,62 | 6.38 12.34
SRL 29,06 29.06
Coal (MAF) 7.11 ! 7.11
Ash 2.99 2.99
Water 11.83
. —
Total 45.29 64,171 183.16
Carbon 36.;9 56.22? 132.80
Hydrogen 245 5.3 13.68
Nitrogen 0.136 0.1 0.6/,
Sulfur . o en 1.3 2.70
Oxygen  ( by diff) ;:;; Q.7 30.32
Ash 2. 99 2.99
—e
(Total 45,29 1 64.17 _ 18316

-41-
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Quantitative

r

r———~——-Elementa1-———"———-——1

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 7/2/76
Run No: M-2A
Date: 2/18/76
Time: 0200-1400 WEIGHT PERCENT
F-1 [Makeup F-2 | reed S -
Sample Description Lignitej, o Solvent Btms Bolvent | 0il
Sample Point Sx-1 Sx-21 sx-8 | sx-13 | sx-14 5x-16
Hydrogen - Hy
Carbon Monoxide - CO
Carbon Dioxide - COy
Hydrogen Sulfide - H,§
Methane - CH,
Ethane - CoHg
Propane — CqH,
Butane - c4§13
Nitrogen - N,
Ammonia - NHj (PPM)
Light Oils ‘G 1.5 Torr 1.85 | 7.52 3.30| 34.70
Solvent 1’6 Torr) 5.55 |74.70 |82.54 80.65] 58.95
Heavy 01l .6 Torr 8.00 |23.45 | 9.94 | 16.05| 6.35
SRL 64.16
| Coal (MAF) 66.67 | 15.70
Ash 5.87 6.59
| Water 27.46
Total 100 100 100 100 100 100
Specific Gravity 60/60 1,048 1.041
Viscosity, cp
Carbon 47,46 81.67) 89.36|88.25 | 88.98 | 82.11
| Hydrogen 6.47 5,41 8.32| 8.40 | 8.30 | 8.76
Nitrogen 0.71 0.80| 0.12| ©0.18 | 0.16 | 0.14
Sulfur 058 1.320 2,151 2,08 | 2.21 ] 1.80
Oxygen ( by diff ) 38.91 4,214 0.05| 1.09 0.35 7.19
Ash 5.87 | __6.59
Total 100 100 | 100 100 100 100
Number of Sample Avg. 2 2 2 2 2 2
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Quantitative

————Elemental —————

PROJECT LIGNITH

SAMPLE ANALYSIS
Updated: 7/2/76
Run No: M-2A
Date2/18/76
Time: 0200-1400 WETGHT PERCENT
S-8 S-8 | Feed |Product, S-4B8 | 5-4B
Sample Description Water |Total | Gas | Gas |Oll  |Water |
Sample Point Sx-16 | Sx=16 | Sx-18 | Sx-20 | Sx-23 | Sx-23
Hydrogen - Hj i 6.67 | . 4.34
Carbon Monoxide - CO 92.21 45.69
Carbon Dioxide - CO» ML_44.97
Hydrogen Sulfide - H,S 0.26
Methane - CH, 2.55
Ethane - CoHg 1.14
Propane -~ CqHg 0.55
Butane - C4Hyp -
Nitrogen - N, .1z 1 0.50
Ammonia - NHq (PPM) (86) . 1 (144)
Light Oils 8 1.8 forr 26.44) 40.80
Solvent (100_%?gv$ogr) 44.91 56.00
Heavy 011 \-~1.6°%ocr 4.84 - 3.20
SRL
Coal (MAF) -
Ash
| Water 100 23.81 100
Total 100 100 100 100 100 100
Specific Gravity 60/60
Viscosity, cp ' l L
Carbon 62,56 | 39.52 | 35.111 83.06
Hydrogen 11.11 | 9.32 | 6,67 5.32] 9.80 | 11,11
Nitrogen 0.11 1.12 0.50] 0.12
Sulfur 1.37 0.25; 1.14
Oxygen ( by diff ) 88.89 | 26.64, 52.69 | 58.82| 5.88 | 88.89
Ash
Total 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 92 2 2
-43- Prepared by:



Quantitative

PROJECT LIGNITE
AMPLE ANALYSIS

Updated: 7/2/76

Run No:

M-2A

Date: 2/18/76

Time: 0200-1400

WETGHT PERCENT

S-4B | S-9 S=4A J-1 Cold T Recycld

Sample Description Total | btms |Ovhd |Exhaust| Traps |Solvent
Sample Point Sx=23 | Sx=26 | Sx-30 | $x-32 | Sx-33 | Sx-35
Hydrogen - Hy 144 | _0.65

Carbon Monoxide - CO 18 46 9.61

Carbon Dioxide - CO, 72.53 8£Tg;

Hydrogen Sulfide - H,S 1.25 4.17

Methane - CH, 2.10 0.36
| Ethane - Colg 2.35 | 1.34

Propane - C.H, 1.03

Butane - C4ﬁ1;

Nitrogen - N, 0.84 2.19

Ammonia - NHj (PPM)

Light Oils ‘6 1.8 Torr) 36.27 | 2.70 19.78] 9.20
Solvent FIOD-%?gv%ogr) 49.78 | £5.20 4.52 82,95
Heavy 01l 8 R0er) 2.84 | 32.10 | 0.70] 7.85
SRL
| Coal (MAF)

Ash
hﬂgter 11.11 75.00

Total 100|100 | 100 | 100 | 100 | 100
Specific Gravity 60/60 ‘ 1.039
Viscosity, cp

Carbon 73.83] 89.60 | 31,99] 27.74] 21.75 | g7.61
Hydrogen 9.941 7.92 2.69 1.26] 10.48 8.36
Nitrogen 0.11{ 0.06 0.84 2.19] 0.05 0.15
Sulfur 1.01 2.16 1.18 3.92 0.40 2,12
Oxygen ( by diff ) 15.11} 0.26 | 63.30] 64.89] 67.32 1.76
Ash

Total 100 100 100 100 | 100 | 100
Number of Sample Avg. 2 1 2 1 1 2

-44~ Prepared by:
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Elemental

PROJECT LIGNITE:

SAMPLE ANALYSIS
Updated: 7/2/76

Run No: M=2A
Date: 2/18/76

Time: 0200-1400

MOLE PERCENT

Sample Description zeedm_‘LZ::i?céozgg? 4_E;h;;;f
Sample Point Sx-18 | Sx-20 | Sx~30 | Sx-32 _
Hydrogen - Hj 50.00 | 42.90 | 21.70 | 11.6
Carbon Monoxide - CO 49.40 | 32.25 | 19.80 | 12.3 | ) |
Carbon Dioxide - CO, 20.20 46?@9“M 66;é;; i ]
Hydrogen Sulfide - H,S 0.15 1.10 4.4
Methane - CH, 3.15 | 3.95 0.8

| Ethane - CoHg 0.75 2.35| 1.6
Propane - CqHgy 0.25 0.70
Butane -~ C4Hjq ] )
Nitrogen - Ny 0.60 0.351_ 0,90 2.8 | -
Ammonia - NHq (PPM) (118)
Light 0ils G 1.8 forr
Solvent (100—%?gu$o§?) i:;:
Heavy 0Oil (ZBQTgs%ggrg
SRL
Coal (MAF) ;
Ash

| Water
Total 100 100 100 100
Specific Gravity 60/60
Viscosity, cp e -
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen ( by diff )
Ash
Total
Number of Sample Avg. 2 2 2 1%

* Corrected for air contamination
** Analysis shown is for M-2C sample.
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Vra kel ety
MUASUIID MATERTAL BALS &
U;NLI!l'dl 7/2/76
Run No: M-2A {eaperatyrae: 750°F
Date: 2/18/76 Material In Pressure: 1500 psig

Time: 0200-1400 LHSV: 0,81
LRSS /HOUR GUSV: 160

- Feed Feed |Makeup,K Feed el:. Total
Stream Description lGas .. | Lignitg Solvent Solv, 4. In__
Sample Point Sx-18 | Sx-1 |Sx-8 Sx=-14
Pressure (psig) , N N L
Temperature (°F) W_Q_R_T__; RT Vo

| [ Mydrogen - Hp .20 4 ) b o [1.21 |
Carbon Monoxide - CO 16.65 | |\ 1. h6}.§5
Carbon Dioxide - CU, . L L
Hydrogen Sulfide - H,8 } — I RS S S e ]

o Methane - CH, S

A lEthane-cog & 4 V|

S | Propane - Cyliy ] R D

& | Butane - C M), _

& Hitrogen - i, 0.20 I 0.20
Ammonia - NHj T

(o 100°C @ T T
Light 011 1.6 T orr) 1 0. .5 3.50
(100-732$ R G ._1’——3_—“-“ =
| Solvent . orr . .._131.28 83.52 S_S_Q_Z_ﬁ
| Heavy 0il o )Y mo A L ‘.9 82 117.02 17.02
SRL E ,
| Coal (MA¥) B S 35_3_5 | 35.35
Ash 13,11 _ | 3.11
) !
| Water i .._.]14.56 e 14.56
v ml e e am e A e mmi e s e i = mm i § - mn e an = e b o ————— - ———— el
e IR R | N S ST — —_—
lretar j{_ 18.06 | 53.02 la1.87 | 106.04) 177.12
.-....pr;('—_—_——_:-_-'.—:.;-.:;, S = ‘,‘ .o R . it Y 4 s -
| Carbon SR - P9 € 3 2_5_,,1_6_ 3]_-42_- 94.35 126.66
| Wydrogen _i\__l.-_?l_.’ 3.43 | 3.48 | 8.80 13.44
| ¥itrogen i 0.20 | 0.38 | 0.05 | . 0.17 0.75

. _Eg_l_ff_f_____”_v____, M_f________‘_,"[ 10,31 0.90 2.34 2.65 ]

2 S ;

g | Qogen (b e 1 9.51120.63 [ 0,02 | 0.3 30,51

‘ i
g [Ash Al 3.11
= ) _ J RE
, | S SO —
LLIQ’LA]____V o o " 18 .06 | 53.02] 41.87 106.04 177.12
Note: Feed Solvent includes makeup solvent cPrepated by
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APPENDIX A PART 3
Process Development Unit
Yield Period M-2C

February 19, 1976

In Run M-2C conditions had been changed from the opera-
ting conditions of M-2A. Solvent recovery in M-2A was even
lower than in Run M-1. Batch autoclave studies had indicated
that higher solvent recoveries could be obtained at the lower
temperature of 700°F, though conversion would be lower. The
operating'conditions for yield period M-2C were changed to

those summarized below:

Nominal Actual
LHSV 0.75 0.71
GHSV 160 162
Solvent/Coal Ratio 1.86 2.06
Dissolver Pressure, nsig 1500 1500
Temperatures, ©F
Preheater Qutlet 700 698
R-1A Lower - 663
R-1A Upper - 699
R-1B Lower - 675
R-1B Upver - 690

Under these conditions the conversion droppned to less
than 60 percent of the MAF coal, and solvent recovery in-
creased only to 77 percent.

The overall material balance was 106 percent, and was
again adjusted by increasing the value for the pounds of lig-
nite charged. The overall adjusted yield structure on a sol-

vent free basis is as follows:
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wt. % Charge Product Net Yield(1l)

Gas 26.2 30.2 8.2
MAF Coal 48.5 20.2 -58.4
Water 21.2 19.3 - 3.7
Ash 4.1 4.4 0.6
Light 0il - -

SRL 25.9 53.3
Total 100.0 100.0 0]

(1) As weight percent of MAF coal.
In this run the hydrogen equivalent of the reducing gases

consumed was about 1.4 weight percent of the MAF coal charged.
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RUN CONDITIONS
M-2C
2/19/76

TEMPERATURE PREHEATER E-I3

DOWTHERM ___ 503

PREHEATER E-I INLET. . _._ 89
SAND BATH 718 OUTLET._. 433
INLET 304
OUTLET. 698 LIGHT ENDS COLUMN F-2
REBOILER_507
DISSOLVERS LOWER SECTION_ 377
R-1A (1)__s663 FEED SECTION___263
(2)_ 57 OVERHEAD 230
(3) 6229 SEPARATOR S-8_102
(4) SEPARATOR S-9__69
R-1B (1)__ 675
(2)__ 681 SOLVENT COLUMN F-3
(3)__ 686 REBOILER_ x
(4)__ 690 LOWER SECTION_x
REACTOR PRODUCT ED e TION
SEPARATORS
S-1 504 HEAVY ENDS COLUMN F-4
S-2 58 REBOILER_x
S-3 542 LOWER SECTION _x
S-4A 63 FEED SECTION _ x
S-4B 68 OVERHEAD ___x

PREHEATER E-II
DOWTHERM 603

INLET 480
OUTLET 552 PRESSURE
SEPARATORS S-1G2_1500

VACUUM FLASH F-I SEPARATORS S-3 1

OVERHEAD VAPOR.__228 SEPARATORS 4A8B__ 57

ES&EE wf\\ ::,': v VACUUM FLASH F-|__6m dg

DOWNCOMER ___508 L.EC F-2__ 18

CONDENSATE COLUMN F-3_ x

ACCUMULATOR S-7_130 HEC. F-4 X
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0s

- a ?Rscrg_:t_g GAS

18.29 QPMAKEUP GAS

ADJUSTED MATERIAL BALANCE

MASS RATES AND RUN CONDITIONS

51.38 LIGNITE
ir Sx -1
A '
=
L
~
(2]
L
L]
o~
-t
~
-]
MAKEUP
SOLVENT +
Sx-8 !
20.18

Start End_1 [RUN NO. M-2c
Date of Run  [2/19/76 2/19/7§UNITS Lbs/mr Sio20
r?'I"ime of Rur {0830 1730 PREF BY: Bill Downs ¥ $ BDUCT 19.40
| Lengthof Run| 9 hours PDATED: 741716 A 0.47
% SCRU BOTTOM$
=18 f \4/ T b
SYNGAS T:699 [T:690 pasZed
FEN R-1A R-1B é) S-2 @
E-l 398 | Tisg WASTE., GAS 1.65
&= -,1500 | 1500 P1500
Fi Pt -
= 692 686 =1 @ Sx
' 204 5-48
p1500 (2 &
678 681 q P, H5.7 F 57
DRE o Sx-23
(D @ i T 32 l!
T:663 1675 12 S-4B| BTMS. 15.13
i f @ I N S-4A _DBTMS.
< L Sx-32 Sx-37 N 1abl
T-1T EXHAUST Gases Not availabl
480 (g ]l ke ' CoLD TRAP LIGLIIDS _’ 0.61
s,-aaflr L | cur o 8.48
ﬁ’io ‘ 5-G ‘ mb. 16
F-2 f T69
. F-
T:263 2O - 1.37
433 T 0
P:18 P: T
n.a. P 0
n.a.
377 s-10
0 A .
— @ @ ;,na
]
* ¢
H.E.C. BOTTOMS Lo 0

YACUUM BOTTOMS 42.74

—

A-5A OVERFLOW , 0 ___

TOTAL ouT 156.79



PROJECT LIGNITE

Summary
Updated: 7/1/76
Run No: M-2C Temperature: 700°F
Date: 2/19/76 ADJUSTED MATERIAL BALANCE Pressure: 1500”psig
Time: 0830-1730 LHSV: 0.71
1.BS/HOUR GHSV: 162
Stream Description T?ﬁél fgzgi_¢_gizldq-___._wogtMEECna]
Sample Point
Pressure (psig)
Temperature (°F)
Hydrogen - H3 1.17 1.01 | -0,16 \
| Carbon Monoxide - CO 17.02 12.57 -4.45 JA
i Carbon Dioxide - CO, 7.00 7.00
| | Hydrogen Sulfide - H,S 0.09 | 0.09'|72.76 |8.17
o | Methane - CH, 0.20 0.20
E Ethane - CoHg 0.10 0.10
S | Propane - C3Hg 0.005| 0.005
o
= Butane - C,Hyp
& | Nitrogen - N, 0.10 | 0.07 | -0.03
Ammonia - NHj 0.005| 0.005
Light 011 °7100€ & ¥ 6.53 | 6.64 | 0.11)
solvent 0% #30 $o5ry | 78.50 | 67.51 | -10.99 ]
Heavy 0il L67Tofr) | 2,09 | 7.94 | 5.85][718.02 [53.33
SRL 23.05 | 23.05 |
Coal (MAF) 33.79 14.05 |~19.74 -58.42
Ash 2.84 3.06 0.22 0.65
Water 14.75 13.49 |~ 1.26 - 3.73
| [ Total 156.79 | 156.79] 0.00 0
Carbon 108.14 | 109.44] 1.30
Hydrogen 12,28 12,17 1~0.11
Nitrogen 0.60 0.74] 0.14
i | Sulfur 1.98 1.98| 0.00
S | oxygen  ( by diff) 30.95 | 29.40{-1.55
% Ash 2.84 | 3.06{ 0.22
@
L LToral 156.79 [156.79! 0.00

Prepared by:
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PROJECT LIGNITE

(Adj /\l)Jl(JiS'{’ED MATERIAL BALANCE )
uste y Decreasi Lignite Coal Charged
Updated: 7??7768 &

Run No: M-2C Temperature: 700°F
Date: 2/19/76 Material In Pressure:1500 psig
Time: 0830-1730- LHSV: 0,71
LBS/HOUR GHSV: 162
B Feed LignitéFMakeup Feed Total
Stream Description Gas_..{__ . {SolventSolvent| . Ll In. __
Sample Point Isx~18 ! sx-1 Sx-8! Sx-14
Pressure (psig) 57 ’
Temperature (°F) 64 RT RT
Hydrogen - Hj 1.17 1.17
Carbon Monoxide - CO 17.02 17.02
Carbon Dioxide - 'CO,
Hydrogen Sulfide - H,S
o | Methane - CH,
E Ethane - CoHg
E Propane - C3Hg |
2
g Butane - C,H;q
& Nitrogen - N, 0.10 0.10
Ammonia - NHj3
Light 01l ‘°1%2°§Sr9> 0.62| 6.53 6.53
Solvent 100 $30 %8, 13.56 | 78.50 78.50
Heavy 01l . orr 6.00]| 2.09 2.09
SRL
Coal (MAF) 33.79 33.79
Ash 2.84 2.84
Water 14.75 14.75
| | Total 18-29 | 51.38 | 20.18 | 87.12 156.79
Carbon 7.29 | 24.20 | 18,00 | 76.65 108.14
Hydrogen 1.17 3.43 1.61 7.68 12.28
Nitrogen 0.10 0.36 0.06 0.14 0.60
i Sulfur - 0.31 0.46 1.67 1.98
S | Oxygen  ( by diff) 9.73 |20.24 | 0.05| 0.98 30.95
g |Ash 2.84 2.84
=
i_LToral 18.29 | 51.38 | 20.18 | 87.12 156.79
Note: Makeup solvent included in feed solvent. Prepared by:
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, ‘PROJECT LIGNITE
ADJUSTED AND MEASURED MATERIAL BALANCE

Run No: M-2C , , Tempetature:moor
Date: 2/19/76 Material Out Pressure:1500 psig
Time: 0830-1730 LHSV: Q.66
LBS/HOUR GHSV: 162
B Produc K-4 S-4A | S-4B | Cold | 5-8
Stream Description Gas..__|Rtma [Ovhd | Btms | Trap |Btms
Sample Point Sx~20 | Sx-38 | Sx-30] Sx-23 |Sx-33 [Sx-16
Pressure (psig) 4.5 60 .
Temperature (°F) 71 72
‘ Hydrogen - H2 0.98 1 _0.03
| Carbon Monoxide - CO 12.15 0.42
| | carbon Dioxide - COp 5.86 1.14
i Hydrogen Sulfide - H,S 0.07 0.02
L | Methane - CHy 0.19 0.01
g Ethane - C,Hg 0.09 0.01
é Propane - CjHg ' 0,003
E Butane - C,Hyp
& | Nitrogen - N, 0.06 0.01
Ammonia - NHj3 0.005
~100°C
Light 011 ‘°1.€075:7) 0.05 197 | 0.5 | 2.19
- @
Solvent <i29 f?%sggggé 0.06 2.40 | 0.05 | 3.69
Heavy 0il (°°V.8ToCr 0.01 0.07 { 0.01 { 0.15
SRL
Coal (MAF)
| - —t
I | Ash .
' | water 0.35 10.69 2.45
| [ Total o 019,40 1 0.47 1.65 | 15.13 0.61 | 8.48
f_ Carbon | _2.02}0.10 } 0,51} 3.57 ] 0.48] 5.03
[ Hydrogen 1.05 | 0.05 0.04 1.62 0.07 | 0.83
| ! Mtrogen 0.06 | 0.015{ 0.01 0.02
S [ Sulfur | _0.07 0.015| 0.05 | 0.01 | 0.08
S | Oxygen _ ( by diff) 11.20 | 0.32 | 1.07 | 9.88 | 0.05| 2.52
o
g8 | Ash
< S U,
-t
‘f’ h
i e s e .
| e e —
b_lTatal .~ .. .. 0119.40 1 0,47 1 1,65 1 15.13 1 0.61] 8.48

Prepared by:
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PROJECT LIGNITE

MEASURED AND ADJUSTED MATERIAL BALANCE

Run No: M=-2C
Date: 2/19/76

Updated: 7/1/76

Material Out

Tempefature: 700°F
Pressure: 1500 psig

Time: 0830-1730 LHSV: 0.71
LBS/HOUR _ GHSV: 162
S-9 F-1 F-2 Total
Stream Description Btms |Btms | Btms | Out
Sample Point Sx=~24 Sx-2 Sx-13
Pressure (psig) L - L S
Temperature (°F)
Hydrogen - H2 1.01
Carbon Monoxide - CO 12.57
Carbon Dioxide - CO, 1.00
Hydrogen Sulfide - H,S 0.09
b Methane - CH, — 0.20
7 | Ethane - C,Hg 0.10
g Propane - C3Hg 0.005
‘é Butane - C,H;q |
& | Nitrogen - N, 0.07
Ammonia - NHj3 9,005
Light 011 %7108 Y 1 0.0 1.84 _6.64
sotvent 00130 %oSr) | 0.80 | 2.42 |58.00 67.51 |
Heavy 01l (UngS;;gi’ 0.44 | 0.16 | 7.10 7.94
SRL 23.05 23.05
Coal (MAF) 14.05 14,05
Ash 3.06 3.06
Water 13.49
| Total 1.37 142.74 | 66,94 156.79
Carbon 1.23 133.53 | 57.97 109,44
Hydrogen 0.11 2.56 S.84 12.17
Nitrogen - 0.53 0.10 0.74
. Sulfur 0.03 0.44 1.29 1.98
§ Oxygen ( by diff) 2.62 | 1.74 29.40
g | Ash 3.06 3.06
=
L__LTotal 1.37 142.74 | 66.94 36.79 |

~54~
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Quantitative

[ —

———--——Elemental -— —--—

PROJECT

LIGNITE

SAMPLE ANALYSIS
7/1/176

Updated:

Run No:

M-2C

Date: 2/19/76

Time: 0830-1730

WEIGHT PERCENT

—-55-

Feed F-1 |Makeup | F-2 | reed g

Sample Description Lignite| Btms | Solvent Btms | Solvent Oil |

Sample Point Sx=1__lSx-2 | Sx -8 Sx-13| Sx-14| Sx-16

Hydrogen - H,

Carbon Monoxide - CO T

Carbon Dioxide - CO5

Hydrogen Sulfide - H,S

Methane - CH, e

Ethane - CoHg

Propane - CqH,

Butane - Cgﬁi; .

Nitrogen - N,

Ammonia - NHy (PPM)

Light Oils ‘@ 1.6 forr 3.05 | 2.75 7.50] 36.30
Solvent (00-DET 5.67 | 67.20 | 86.65 | 90.10| 61.25

(73)-755°C @ : Rap G *

Heavy 01l .6 Torr 0,37 129.75 10.60 2.40] 2.45

SRL 53.94

Coal_(MAF) 65.71 32.87

Ash 5.53 7.15

Water 28.70

Total 100 100 100 100 100 100

Specific.Gravity 60/60 1.068 1,022

Viscosity, cp

Carbon 42,10 | 78,47 | 89.18) 86.60 | 87.98 83.66

Hydrogen 6.67 | 5.98| 7.97] 8.72 8.82} 9.21

Nitrogen 0.70 | 1.23| 0.28] 0.16 0.16 0.30

Sulfur 0.60 | 1.04| 2.30] 1.92 1.92]  1.33
| Oxygen ( by diff ) 39.40 6.13 0.27 2.60 1.121 5.50;
Ash 5.53_1__7.15

Total —— 2100 1 100 ) 100 | 100 100 | 100
(Number of Sample avg. | 2 | 3 1 2 | 2 2 | 2

Prepared by:



PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 7/1/76

Run No: M=2C
Date: 2/19/76

Time: 0830-1730 WETGHT PERCENT
B s-8 s-8 Feed | Produc *S-4B | S-48B
Sample Description Hater | Total | Gas Gas oil Water
Sample Point Sx-16 | Sx-16 |Sx-18 |Sx-20 |Sx-23 | Sx-23
Hydrogen - Hj | 6.42 ] 5.03
Carbon Moncxide - CO ‘ 93,03 62.61
Carbon Dioxide - CO» el 130201 1l
Hydrogen Sulfide - H,S 0,38
Methane - CH, 0.97 4
Ethane = Calig 0. 50 A—ﬁ
Propane -«C3H8
E Butane - Cxlijg
§ Nitrogen - N, ~ 0.55 0.31
7 | Ammonia - Nlj (PPM) (29) . o (343)
§ Light Oils ‘§ 108 Forr 25.78 | 44.37
¥ sorvent 100130755 43.49 53.91
Heavy Oilv__(n(f\_.-% Torr _1.1.74 s B 1.72 ]
SRL . /
Coal (MAF)
Ash
i Water 100 28.99 100
!
i Total 100 100 100 100 100 100
i Specific.Gravity 60/60 0.627
[ Viscosity, cp J
-
| { Carbon - 59,41 39.87] 36.20 | 80.2
| | Hydrogen 11.11 | 9.76| 6.42| 5.39 9.7 11.11
| [Mitrogen Q.21 _0.55| 0.31| 0.24
~ | Sulfur 0.94 0.36 1.07]
§ Oxygen ( by diff ) I _88.89 | 29.68] 53.16] 57.74 8.63 88.89
g Ash : _
! — -
| | Total N ' 100 | 100 | 100 | 100 100 | 100
L Number of Sample Avg. | o2 | 2 . S 1 2 2

*Corrected for water and normalized Prepared by:
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- Quantitative

r'._.._._ e

—~—-——Elemental -—

PROJECT LIGNITE
SAMPLE ANALYSIS

*%Egtimated from M—ZA data

Updated: 7/1/76
Run No: M-2C
Date: 2/19/76
Time: 0830-1730 WETIGHT PERCENT
[~ S-4B | *%5-9 | S-4A I-1 CoIa T X=3
sample Description  fTotal |Btms | 91!151_.“9.1?9?1&54%3"?8 | Btms |
Sample Point x-23 19x-24 | $x-30 1Sx-32 |Sx~33 | $x~38
Hydrogen - H, 1.81
Carbon Monoxide - CO _“:23;;é:;:j. T
Carbon Dioxide - COy 69.32
Hydrogen Sulfide - H,S 0.90
Methane - CH, 0,79
Ethane - CoHg 0n.69
Propane - C3H3 0.16
Butane - C4Hj1g
Nitrogen - N, 1.0.79
Ammonia - Niy (PPM) , 0.08
Light 0ils ‘8 1.6 forr] 13.03 | 2.70 90.30 | 11.25
Solvent (10020 €8, 15.83 | 65.20] 7.80 | 13.30
Heavy 011 {g}??g Torr 0.50 | 32.10§ 1.90 0.45
SRL .
| Coal (MAF)
Ash
| Water 70.64 75.00
Total 100 100 100 100 100 100
| Specific.Gravity 60/60
Viscosity, cp -
Carbon 23.57 | 89.60| 31.09 79.39 21.25
Hydrogen 10.72 7.92 2.24 11.35 10.64
Nitrogen 0,07 0.06] 0.86 0.0 0.05
Sul fur ‘ 0.31 2.16 0.85 0.4} 0.02
Oxygen ( by diff ) 65.33 | 0.26] 64.96 | 8.8d 68.04
Ash
Total 100 | 100 100 100 | 100
Number of.Samy{g_ﬁng_ui__Z»Aﬂ 1 2 1 2

-57-
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PROJLECT LIGNITE
SAMPLE ANALYSIS

Updated: 7/1/76
Run No: M-2C
Date: 2/19/76 ‘
Time: 0830-1730 MOLE PERCENT
Feed Product S-4A
Sample Description Gas . | Gas . | Qvhd. S SRS
Sample Point Sx-18 | S$x-20 | Sx~30 p
Hydrogen - Hy - 49.00 | 45.40 | 25.65 ) _ ___ L
Carbon Monoxide - CO 50.70 | 40.40 | 25.80 [
Carbon Dioxide - COp 12.40 | 44.70 .
Hydrogen Sulfide - H,S _0.20 | 0.75. —
Methane - CH, 1.10 | 1.40] o
Ethane - CoHg 0.30_| _0.65| i
| Propane - C3H8 _ 0.10, - J
g | Butane - C4llig | N SO
E Nitrogen - N, 0.30 10.20_ | 0.80 }
« 1 Ammonia - NH3 (PPM) (244) 0.15
o - | le 2. —
§ | Light 0ils (O A ‘ _j
< Solvent (100-%?2 %ogr)

. TTTT30-255°C 2 T - -
Heavy “Qi_lw(n-?ﬁ Torr_g‘ S S SO S . N
SRL J

T 1
Coal (MAF)
Ash _ _
Water —
| Total 100 1100 | 100 ;
: Specific 6ravity 60/60 s )
|| Viscosity, c¢p _ I _5
F T T L ST ST ; = -?.‘4 Ty RIS T i g S SRR e s T r . -3 e =X R K o3 -'
| Carbon - ) | !
i o - -
i | Hydrogen- i
| | Nitrogen o o J’
— Sulfur !
S b ——— — — R m— - —d —— - ——
§ | Oxygen ( by diff ) e _— -J‘
@ ! Ash ﬁ i
e e e ettt ST et
j Tota]._‘_ S B o ‘i
__{ Number of Sample Avg. ! 1 | 1 | 2 | i

Prepared by:



Quantitative —-—-— -~
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i

Note:

Run No: M-2C
Date: 2/19/76

PROUJECT LIGNITE
MEASURED MATERIAL BALANCE

Updated: 7/1/76

Material In

Temperature:700°F
Pressure: 1500 psig

Time: 0830-1730 LHSV: 0.66
LBS/HOUR GHSV: 162
Stream Description Fg::_ﬂ_Lignitgugzizgnhsgfggnt To;:l
Sample Point ayx—18 | Sx-—1 Sx-8 |Sx-14
Pressure (psig) 57 i -
Temperature (°F) 64 RT RT
Hydrogen - Hp 1.17 ] 1.17
Carbon Monoxide - CO 17.02 17.02
Carbon Dioxide - CO, '
Hydrogen Sulfide - H,S
Methane - CH,
E;hane - Collg
Propane - Cilg
3utane = C,Hyp
Nitrogen - N, 0.10 0.10
Ammonia - NHj
Light 011 ‘°ii£°§8r?) 0.62 | 6.53 6.53
solvent 10030788, 13.56 | 78.50 78.50
[ Heavy 01i‘T23??§5?o¥ré 6.00 | 2.09 2.09
SRL
Coal (MAF) 27.84 L 27.84
Ash 1 2,34 _ 2.34
Water 12.15 12.15
Total . 18.29 | 42,33 |20.18 |87.12 147.74
Carbon _7.29_)19.94 /18.00 | 76.65 {103.88
Hydrogen 1.17 2.82 | 1.61 7.68 11.67
Nitrogen 0.10 | 0.30| 0.06 0.14 0.54
| Sulfur e |l == 1 0.25]| 0.46 | 1.67 1.92
Oxygen  ( by di€f) | 9.73 | 16.68 | 0.05 | 0.98 27.39
ash R 2.34
L,
[ Total _ .. ......_..118.29 | 42.33] 20,18 | 87.12 147.74

Make up golvent included in the feed solvent. Prepared by:
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SOLID-LIQUID SEPARATION
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APPENDIX B PART 1
BATCH AUTOCLAVE OPERATIONS

TABLE 1: MATERIAL BALANCE AND YIELD DATA

19

Run No. 613 614 615 616 617

Test Conditions
Time, hrs. 0.5 0.5 0.5 0.5 0.5
Avg. Temp. OF 755 752 752 752 752
Max. Press., psia 3095 3085 3095 2985 . 3065
Gas Charged CO/H2 CO/Hy CO/H2 CO/Hy © CO/H2
Starting Solvent UNDCAO-73 M3A Recycle Solvent
Lignite NA 73-2 (B) PDU-H Coal

70 wks Ny Strg 70 wks Air Strg 70 wks N2 Strg 70 wks H20 Strg

Material In, grams .
Coal 271.9 274.6 274.9 303.2 284.5
Water 51.0 48.6 47.7 27.1 33.9
Solvent 399.7 400.1 399.1 399.6 398.3
Gas 141.5 137.6 141.6 142.3 142.5
Catalyst - - - - -
Other - - - - -

Total 864.1 860.9 863.3 872.2 859.2

Material Out, grams
Unfiltered Coal Prod. 500.4
Filtrate 428.9 388.9 451.7 470.4 -
Filter Cake 118.1 85.2 65.2 90.8 -
Residues 43.1 58.5 22.8 24.1 40.4
Gas 203.1 198.6 203.0 213.2 217.5
Water 86.8 87.8 93.6 84.7 80.1
Light 01l 1.2 3.5 2.3 3.3 2.9
Catalyst Gain - - - - -
Other - - - - -

Total 881.2 822.5 838.6 886.5 841.3

% Recovery 102 95.5 97.1 101.6 97.9

Yields, 100% Rec. Basis,
Products, grams

Light 011 33.3 41.0 39.3 44.7 3.0
Solvent 365.6 354.7 231.6 350.5 0.0
Vac. Btms 136.3 119.7 150.8 137.9 496.2
Total Liquid 535.2 515.4 521.7 533.1 499.2
Net Liquids 135.5 115.3 122.6 133.5 100.9
Net Gas 57.7 70.3 67.4 67.5 79.7
Net Water -14.8 -8.0 -3.4 -16.7 -17.8
Net Ash -1.8 -2.3 0.0 0.9 -1.7

Unconverted Coal (MAF) 23.5 24.9 13.3 14.8 30.3
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APPENDIX B PART 1
TABLE 1 CONT.: MATERIAL BALANCE AND YIELD DATA

Run No. 613 614 615 616 617
Yields - Wt.Z MAF Coal
Net Gas 28.8 35.1 33.7 33.8 40.0
Net Liquid 67.7 57.6 61.4 66.8 54.5
Unconverted 11.8 12.4 6.7 7.4 15.2
Net H20 & Ash -8.3 -5.1 -1.8 -8.0 -9.7
Total 100.0 100.0 100.0 100.0 100.0
Filtrate Composition, (Wt.Z)
Light 0il 6.0 7.3 7.2 7.8 -
Solvent 68.5 69.3 63.8 66.2 -
Vac. Btms. 25.5 22.4 29.0 26.0 -
Net Liquid Composition
Net Light 0il 16.7 20.5 19.7 22.3 1.5
Net SRL 51.1 37.1 41.7 44 53.0
Solvent Recovery
Wt.% 93.3 84.7 80.7 89.2 -
We.Z (100%Z Rec.) 91.5 88.7 83.1 87.7 -
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Run No.

Test Conditions
Time, hrs.
Avg. Temp., ©F
Max. Press., psia
Gas Charged
Starting Solvent
Lignite

Analytical Data

1. Gas Analysis, mol%
Hy
CHy
co
CoHg
COo2
C3Hg
H2S
Gas Specific Gravity @RT

2. Input Coal
Volatile Matter, Wt.%

Ash, Wt.%

Moisture, Wt.Z%

Fixed Carbon, Wt.%
Carbon, Wt.Z (1)
Hydrogen, Wt.Z (1)
Sulfur, Wt.% (1)
Nitrogen, Wt.% (1)
Oxygen, Wt.7Z (diff) (1)

3. _Input Solvent
Ash, Wt.%

Carbon, Wt.Z
Hydrogen, Wt.Z%
Sulfur, Wt.Z%
Nitrogen, Wt.7
Oxygen, Wt.%Z (diff)

Specific Gravity, 60/60 F
Brookfield Viscosity, cp, RT

IR Ratio

4. Coal - Solvent Slurry

Brookfield Visc., cp, RT

5. Cake
Ash, Wt.Z%
Carbon, Wt.%
Hydrogen, Wt.7%
Sulfur, Wt.Z
Nitrogen, Wt.Z%
Oxygen, Wt.% (diff)
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0.5
755
3095
CO/Hp
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0.5
752
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1900.0

Pyridine Solubles, Wt.% (2) 79.00

TABLE 2: ANALYTICAL DATA
614 615
0.5 0.5
752 752
3085 2095
CO/Hy CO/H3
UNDCAO-73
NA 73-2 (B)

70 wks Air Strg

70 wks Ny Strg

43.8 47.7
0.8 0.8
30.0 16.3
0.2 6.8
24.8 28.2
0.4 0.35
0.7330 0.7378
36.90 36.79
8.40 8.37
18.67 18.95
36.03 36.89
63.19 61.61
4.18 4.41
0.93 1.00
0.85 0.84
20.52 21.81
0.0 0.0
91.12 91.12
6.13 6.13
0.55 0.55
0.98 0.98
1.22 1.22
1.106 1.106
22.4 22.4
1.67 1.67
709.0 613.8
19.24 15.61
70.04 73.57
4.74 4.88
1.69 1.32
0.86 0.86
3.43 3.76
72.97 80.77

70 wks Hp0 Strg

43,

16.

N =

37.

0.8190

o

HNHFRPOOON~O
{¥e)
o]

106

~

29.76
62.43

3.96
0.94

80.94
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0.5
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20.

O WO RO

34,

0.7746

36.64

23.09
33.43
65.34

o]

W
| OM WO H U
o
[+

(3)
4.63
81.22
7.15
1.47
0.62
4.91

94.24



Run No.

6.

Filtrate
Ash, Wt.2
Carbon, Wt.Z
Hydrogen, Wt.Z
Sulfur, Wt.Z
Nitrogen, Wt.Z
Oxygen, Wt.%Z (diff)
Specific Gravity, 60/60 F
Brookfield Viscosity, cp, @RT
Blackness, abs/g./100ml @550 mu

Vacuum Bottoms

Ash, Wt.Z

Carbon, Wt.Z%
Hydrogen, Wt.Z
Sulfur, Wt.Z
Nitrogen, Wt.Z
Oxygen, Wt.Z (diff)
Melting Point, OF

Residues

Ash, Wt.Z

Carbon, Wt.%

Hydrogen, Wt.Z

Sulfur, Wt.Z

Nitrogen, Wt.Z

Oxygen, Wt.X (diff)
Pyridine Solubles, Wt.Z (2)

9. Light 041

10.

Carbon, Wt.Z%
Hydrogen, Wt.Z
Sulfur, We.Z
Nitrogen, Wt.Z
Oxygen, Wt.Z (diff)

Product Solvent

Ash, Wt.ZX

Carbon, Wt.Z%X

Hydrogen, Wt.Z%

Sulfur, Wt.%

Nitrogen, Wt.Z

Oxygen, Wt.X (diff)
Specific Gravity, 60/60 F
Brookfield Visc., cp, @RT
IR Ratio

(1) Moisture - free basis
{2) Ash - free basis

3)

Unfiltered Coal Product

613

0.28
88.99
6.28
0.44
1.20
2.81
1.136
1156.7
9.49

0.20
85.80

0.27

1.74

5.39
310.1

2.92
85.76
6.80
0.75
0.75
3.02
91.90

87.49
8.06

0.00
90.64
6.22
0.62
0.13
2.39
1.1027
28.4
0.97
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0.1
88.06
6.80
0.59
1.20
3.75
1.1205
1092
3.67

0.45
84.22
6.57
0.38
1.59
6.79
228.1

17.47
67.42
4.80
3.79
0.99
5.53
85.50

I~
o w
®

0.00
90.38
6.50
0.53
0.19
2.40
1.1004
35.2
0.84
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Run No.

Extraction Solvent
Coal Feedstock
Temperature, °F
Pressure, PSIG
Mixer Type

Mixing Time, hrs
Settling Time, hrs

Material In! grams
Coal Feedstock
Extraction Solvent

Total

Material Out, prams
Upper Layer No.
Upper Layer No.
Upper Layer No.
Upper Layer No.
Pot Residue

Total

= o ro

% Recovery
Corrected to 100% Recovery, grams

Upper Layer No.

Upper Layer No.

Upper Layer No.

Upper Layer No.

Pot Residue
Total

= ro

Coal Feedstock Components, Grams

Upper Layer No.

Upper Layer No.

Upper Layer No.

Upper Layer No.

Pot Residue
Total

=W o

Wt% in Upper 4 Layers
Coal Feedstock by Analysis, gms
Wt% of Input Material Extracted

Ash Content, Wt%
V.B. Solid from Upper Layer No.
V.B. Solid from Upper Layer No.
V.B. Solid from Upper Layer No
V.B. Solid from Upper Layer No.
Pot Residue (Solvent-free)
Coal Feedstock

o ro

Pyridine Solubles, Wt% (Ash-free)
Pot Residue
Coal Feedstock

‘Estimated for material balance calculations.

TABLE 3:
BEX-19
Toluene
Vac Btms from CLR--7 6 CLR-8
500
550
double-blade
0.5
2.5
194.9
780.8
975.7
Total Solvent Vac.Dist. Vac.Btms.
445.9 392.3 2.9 50.7
191.9 168.2 3.3 20.4
70.6 61.6 0.3 8.7
12.6 11.7 0.2 0.7
208.7 95.6 113.1
929.7 729.4 200.3
95.29 93.42 102.77
Extraction Vac.Dist. Vac.Dist.
Solvent Heavy 0il Solid
420.0 2.8 49.3
180.1 3.2 19.9
65.9 0.3 8.5
12.5 0.2 0.7
102.3 110.0
780.8 194.9
Vac.Dist. Vac.Btms. Unconverted Ash
Heavy 0il Solid
2.8 49.15 0.15
3.2 19.80 0.10
0.3 8.40 0.10
0.2 0.63 0.07*
71.10 18.64 20.26
155.58 18.64 20.68
54.30 2.73
153.51 18.24 23.15
55.03 1.90
0.30
0.48
1.12
18.42
11.88
79.25
89.38

DLASHING BY SOLVENT EXTRACTION AND SETTLING

195.0
780.9
975.9

Total
459.5
167.8

99.2

30.3
152.7
909.5

93.20

Heavy 0il

=N G
oy

86.
148.
70.

BEX-20

500
550

Wilsonville SRC

double-blade

Solvent
.6

91.

O N I

95

0.5
2.5

Vac.Dist. Vac.Btms.

[N NI
== oy WO

57.0

20.8

13.4

2.8
87.5
191.5

98.21

Extraction Vafc.Dist. Vac.Dist.

L1
122.

21

33
80
90

Solvent
432.

4

157.1

92.

28

70.
780.

R

Solid
57.99
21.17
13.53

2.61

Heavy 0il Solid
5.1 58.0
2.6 21.2
1.1 13.6
1.4 2.9
89.1
195.0
Ash
0.01
0.03
0.07
0.29*
49.45 22.94
49.45 23.34
- 1.71
20.73 25.47
- 1.57
0.01
0.14
0.52
25.75
13.06
25.24
87.71



