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I. OBJECTIVES 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
was to make recommendations for a refinery based on lignite as
feedstock. The experimental portion of the program was intended
to develop data and know-how to carry out technological steps in
the refinery processes for which information for scaleup was
insufficient.

In keeping with this objective, laboratory and benchscale
work were carried out and a continuous process development unit
(PDU) was constructed and operated to demonstrate the feasibility
of continuous liquefaction of lignite. Economic studies were
made, and under a project subcontract, the Department of Chemistry
of UND developed information on catalytic hydrogenation of sol-
vent refined lignite.

The continuous process originally envisioned was the two
stage conversion of lignite to fuel liquids, with solvent refined
lignite as an intermediate and useful fuel 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 was to be the catalytic hydrogenation
to premium liquid fuels of the solvent refined lignite produced
in the first stage. However, this latter step was not implemented,
and the program has been directed at developing the liquefaction
and solid-liquid separation stages.

Project Lignite was originally undertaken in accordance
with Office of Coal Research Contract No. 14-32-0001-1224,
later changed to ERDA Contract No. E(49-18)-1224, for the period
March 28, 1972, through March 27, 1977. The period was later
extended to June 15, 1977. 1In early 1977, a supplemental agree-
ment was made under ERDA Contract No. EF-77-C-02-4189 to provide
for the continuation of Project Lignite for the period June 1,
1977, through June 15, 1978.

The continuation basically provides for extended runs in
the liquefaction section of the Process Development Unit, together



with some operation of the gas clean-up and recycle sections,
the evaluation of the solid/liquid separation section, corrosion
coupon testing, the determination of solids accumulation on

the dissolvers, the production of clean solvent refined lignite,
and data collection and analysis.

This report is the first of the required quarterly pro-
gress reports. The work statement for the supplemental agree-

ment for the continuation of Project Lignite is attached as
Appendix A.



II. SUMMARY

Approximately 900 hours of liquefaction operation were
accumulated with the PDU most of which was in two extended
runs scheduled for 28 days each. Relatively high conversions
were maintained with potential solvent recoveries of over
100 percent of solvent charged. Actual solvent recoveries,
however, were about 90 percent. Product distribution changed
with time of operation with relatively more SRL and less
liquids produced while total conversion remained high. Buildup
of solids in the reactor resulted in deposits on reactor walls
and reduction in residence time giving a higher melting point
product. Process upsets and higher melting point SRL caused
plugs in piping and process vessels as well as pumping diffi-
culties. Product gas cleanup and recycle were accomplished
without difficulty and with no significant difference noted
in liquefaction characteristics.

In a short run (83 hours), Gascoyne lignite was found to
have the greatest response to liquefaction of the lignites
tested so far. Conversions were high and yields of SRL were
high at the expense of light o0il production.

Operation of the solids-liquid separation unit gave signi-
ficant separation of SRL from the mineral matter and unreacted
lignite although the separation was variable and less effective
than desired.

Distillation of solvent by the routine laboratory method
and equipment was compared with results using standard ASTM
procedure. The routine distillation gave slightly lower dis-
tillate volumes at a given vapor temperature.



III. TECHNICAL PROGRESS

A. PDU OPERATIONS
1. General

Run M-33, the last of the: short tests (nominally a week),
was completed, and the long test series (nominally a month)
was started. During Run M-33, four yield periods were estab-
lished totaling 83 hours of operation on lignite. This run
continued the investigation of the effects of different sources
(mines) of the feed lignite on liquefaction and plant opera-
bility.

The extended runs were given a different code designation,
that of the "L" series. Two runs, L-1 and L-2, of the three
planned for the program were completed. Each run was scheduled
for 28 days and lignite was processed for approximately 75 per-
cent of actual operating time for a total of 860 hours. Opera-
tion of the PDU for extended periods was established with rela-
tively high conversion and indicated potential recovery of sol-
vent over 100 percent. Mechanical problems were still trouble-
some and upsets in operation often resulted in formation of
plugs in the lines which usually could be corrected without shut-
down. Build-up of solids in the reactor was also noted.

Summary data for Run M-33 are included in Table 1 and that
for Runs L-1 and L-2 in Tables 2 and 3. Detailed write-ups for the
runs are included in the Appendix with Run M-33 in Appendix B,
Run L-1 in Appendix C, and Run L-2 in Appendix D. Each run is
reviewed and average results discussed in the following sections.

Emphasis in laboratory work was directed towards analytical
_support of the PDU operations. Some special work was done on
distillation procedures for recycle solvent in comparing results
using ASTM procedures with those from the routine laboratory
distillations.

2. Run M-33

Lignite from the Gascoyne mine of the Knife River Coal
Mining Company near Gascoyne, ND was used as feedstock in the

continuing investigation of the effects of coal source on lique-
faction yields and plant operability. Ash and moisture content
of the Gascoyne lignite was significantly higher than those of
the lignites previously used with the PDU, being approximately

9 and 35 percent, respectively.



TABLE 1:

Lignite Source
Yield Period
Symbols
Hours on Coal at end of Y.P.
During Run
Cumulative
Reactors Used
Coal Charged, lbs/hr
Gas Charged, SCF/hr
Solvent/Coal Ratio
LHSV, Hr~l
GHSV, Hr~l
Coal Rate, 1lbs/hr/CF
Gas Rate, SCF/1b Coal
Gas Consumed, SCF/1b Coal
MolZ% Hy in Gas Consumed
Yields, Wt% MAF Coal
Net Gas
Net 0Oil
(Lt 0il)
(SRL)
Net Hy0 and Ash
Unconverted MAF Coal

Solvent Recycle, %
Actual
Potential (Calc.)
Potential (Excluding Lt 0il)

Material Balance, %

Conditions

Temperatures, °F
Slurry Preheater Outlet
Dissolver Inlet
R-1A 3 ft
R-1A 15 ft
R-1B 3 ft
R-1B 15 ft
Dissolver Outlet
Flash Preheat
Flash Vapor

Pressures
Dissolver, psig
Inter, Sep., psig
Vacuum Flash Vapor, Torr

SLS System in Use?
Percent Hy in Feed Gas
CO0p Yield, Wt% MAF Coal
C1-C3 Yield, WtZ%Z MAF Coal

Gas Consumed (Hy Equiv) Wt% MAF Coal

SUMMARY DATA FOR RUN M-33

* Negative value indicates a net hydrogen production.

- Gascoyne— -~ e
M-33A M-33B M-33C M-33D
O »
23.0 35.0 71.0 83.0
1925.8 1937.8 1973.8 1985.8
R-1B
41 45 47 42
413 430 430 437
2.18 2.04 1.94 2.16
1.34 1.37 1.49 1.43
289 301 301 306
28.8 31.3 32.7 29.3
10.0 9.7 9.2 10.4
2.4 2.7 2.4 1.9
19.2 19.1 6.7 ~19.4%
39.9 34.2 34.1 39.1
58.1 66.6 63.4 62.0
(-4.6) (2.8) (6.0) (17.6)
(62.7) (63.8) (57.4) (44.4)
=5.6 -6.4 -9.3 -11.8
7.6 5.5 11.8 10.7
89.8 94.2 86.2 98.6
98.9 100.7 101.7 104.4
96.5 96.4 95.1 100.2
99.5 96.8 97.0 98.6
762 752 741 749
735 725 717 721
NIU NIU NIU NIU
NIU NIU NIU NIU
768 762 765 768
822 815 822 828
751 743 751 748
629 642 650 657
513 513 515 523
2500 2500 2500 2500
300 300 300 300
15 15 15 15
No No Yes No
52.4 49.6 51.1 50.5
56.2 55.6 57.1 60.6
9.1 7.9 6.7 6.6
2.36 2.64 2.34 1.80
6/14/78
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TABLE 2: SUMMARY DATA FOR EXTENDED RUN L-1
Yield Period L-1B L-1C L-1D L-1E L-1F 1-18 L-11 1-1J L-1K
Symbols O
Hours on Coal @ End of Y.P.
Since Reactor Cleaning 70.0 82.0 31.5 43.5 60.0 101.0 113 152.5 164.5
During Run 70.0 82.0 162.4 174.4 313.9 354.9 366.9 406.3 418.3
Cumulative 2055.8 2067.8 2148.2 2160.2 2299.7 2340.9 2352.7 2392.1 2404.1
Reactor Used . 4 R-18 * -— R-1A >
Coal Charged, 1bs/hr 47 50 50 48 50 52 51 51 50 °
Gas Charged, SCF/hr (Recycle Gas, SCF/hr) 472 489 454 434 462 469 469 487 481
Solvent/Coal Ratio 1.96 1.88 1.85 1.92 1.87 1.76 1.75 1.77 1.81
LRSvV, Hr-l 1.38 1.44 1.4 1.46 1.44 1.43 1.41 1.40 1.42
GHSV,Hr-1 330 342 318 304 323 328 328 341 336
Coal Rate, lbs/hr/CF 32.7 35.2 34.8 33.8 35.1 36.2 35.9 35.3 35.2
Gas Rate, SCF/1b Coal 10.1 9.7 9.1 8.9 9.2 9.1 9.1 9.6 9.6
galszcl?nsimeg,ssgl-‘llb Cgal 2.7 2.3 2.8 2.9 3.1 1.7 2.1 1.4 1.7
Yoieldsz, w‘; ZSHAFO'E;;T 25.6 19.6 26.8 21.6 27.6 32,2 24.3 13.3 19.6
Net Gas 36.8 28.2 33.3 31.0 40.3 27.1 30.0 28.5 26.9
Net Oil 74.0 73.0 62.6 71.6 56.1 65.0 65.0 61.8 65.8
(Dist 01il1) (23.0) (24.2) (9.0) (15.7) (4.1) (3.9) (5.9) (10.5) (22.2)
(SRL) (51.0) (48.8) (53.6) (55.9) (52.0) (61.1) (59.1) (51.3) (43.6)
Net H20 & Ash -11.6 -8.5 -3.2 -5.8 -5.3 -4.1 -4.4 -0.9 ~3.5
Unconverted MAF Coal 0.8 7.3 7.3 3.2 8.9 12.0 9.4 10.6 10.8
Solvent Recycle, X
Actual 89.7 95.0 93.4 91.4 86.8 93.3 93.2 83.5 86.4
Potential (Cale) 107.3 108.0 . 103.0 105.2 101.4 101.4 102.1 103.7 107.6
Potential (Excluding Lt 0il) 100.5 103.9 - 99.3 - - - 97.2 101.4
Material Balance, X 100.2 100.2 98.1 99.6 99.5 101.3 101.0 98.6 99.3
Conditions
Temperatures, °F
Slurry Preheater Outlet . 717 715 718 721 715 736 741 754 757
Dissolver Inlet 698 695 693 697 702 710 715 729 733
R-1A 3 ft NIU NIU NIU NIU 770 745 746 755 758
R-1A 15 ft NIU NIU RID NIU 828 823 824 815 804
R-1B 3 ft 757 757 745 742 NIU NIU NIU NIU NIU
R-1B 15 ft 827 829 824 822 " NIU NIU NIU NIU NIU
Dissolver Outlet 779 767 - - - - - - -
Flash Preheat 646 647 650 655 - 650 626 626 636 641
Flash Vapor 526 526 530 528 507 505 504 508 504
Pressures
Dissolver, psig 2500 2500 2500 2500 2500 2500 2500 2500 2500
Inter. Sep., psig 300 300 300 308 273 296 290 290 297
Vacuum Flash, Torr 15 14 14 15 14 14 14 14 14
SLS System in Use? No No No No Yes No No Yes Yes
Mole Percent Hy in Feed Gas 53.2 52.8 52.4 52.4 53.4 54.1 52.2 52.2 52.5
Mole Percent CO in Feed Gas 46.3 46.8 47.1 47.0 46.0 45.5 47.1 47.2 47.0
. CO2 Yield, Wt I MAF Coal 52.6 43.4 51.0 50.7 59.5 41.0 42.6 38.1 38.6
C1-C3 Yield, Wt Z MAF Coal 7.9 6.6 7.0 6.8 8.1 5.9 6.7 4.6 4.8
Gas Consumed (Hy Equiv), Wt Z MAF Coal 2.30 1.97 2.41 2.42 2.68 2.09 1.82 1.2 1.48

6/14/78



TABLE 3:

SUMMARY DATA FOR EXTENDED RUN L-2

L-2
Yield Period L-2B L-2¢ L-2D L-2E L-2F L-2G L-24 - L-21 Overall
Symbols
Hours on Coal @ End of Y.P.
Since Reactor Cleaning 33.5 45.5 109.5 121.5 68.5 80.5 99.0° 110.8 -
During Run " 80.3 92.3 156.0 168.0 306.1 318.1 429.6 441.4 441.4
Cumulative 2521.7 2533.7 _ _ 2597.4 2609, 4 2747.5 2759.5 2871.0 2882.8 2882.8
Reactor Used - ¢ R-1A L R-18 ] -JA —————» -
Coal Charged, lbs/hr 49 46 47 48 46° 47 47 50 49
Gas Charged, SCF/hr (Recycle Gas, SCF/hr) 459(210) 458(234) 457 (240) 442(252) 506(292) 511(263) 475(168) 486(221) 465(184)
Solvent/Coal Ratio 1.82 1.97 1.92 1.87 1,99 1.93 1.91 1.83 1.90
LHSV, Hc™1l 1.38 1.37 1.38° 1.48 1.41 1.40 1.40 1.42 1.42
CHSV, Hre-l 321 320 320 309 354 358 332 340 325
Coal Rate, 1lbs/hr/CF 34.1 32.4 33.0 33.9 32,5 33.0 33.0 35.0 34.0
Gas Rate, SCF/1b Coal 9.4 9.9 9.7 9.1 10.9 10.8 10.1 9.7 9.6
Gas_’Consumed, SCF/1b Coal 2.0 1.0 3.7 1.5 2.9 3.6 4.3 3.2 2.4
‘{."llcﬂ-m‘;z’ In Gas Consumed 33.8 -48.7* 59.1 12.8 40.4 55.0 35.6 38.1 290
Net Gas 36.6 38.3 23.6 21.8 38.2 36.7 28.4 22.3 30.6
Net 0il 49.6 49.6 58.6 62.0 58.8 6l1.6 70.4 75.7 63.5
(dist 011) 9.0) (13.7) (-0.1) 3.7 (17.7) (22.6) (21.3) (14.3) (15.6)
(SRL) (40.6) (35.9) (58.7) (58.3) (41.1) (39.0) (49.1) (61.4) (47.9)
Net Hj0 & Ash -2.0 -1.9 0.7 -0.8 -5.8 -6.7 -8.1 -6.5 ~5.4
Unconverted MAF Coal 15.8 14.0 17.1 17.0 8.8 8.4 9.3 8.5 11.3
Solvent Recycle, %
Actual 89.1 92.3 93.1 91.6 101.0 92.7 100.2 98.5 92.6
Potential (Calc) 103.0 104.2. 100.0 101.2 105.4 107.2 107.0 104.8 105.0
Potential (Excluding Lt 011) 94.3 92.8 91.9 89.5 95.6 94,7 95.7 96.7 90.7
Matertial Balance, X 98.5 98.7 99.9 99.2 96.7 46.7 97.9 9¢6.0 94.7
Conditions
Temperatures, °F
Slurry Preheater Outlet 746 751 747 741 726 721 729 738 737
Dissolver Inlet 735 736 746 739 711 714 710 718 726
R-1A 3 ft 778 776 752 739 NIU RIU 777 699 752(3 f£u)
R~1A 15 ft 820 822 808 798 NIU NIU 785 787 799(7 ftr)
R-1B 3 ft NIU NIU NIU NIU 747 745 NIU NIU 802{11 f¢
R-1B 15 f¢ NIU RIU NIU NIU 832 829 NIU RIU 810(15 ft)
Dissolver Outlet 817 812 813 803 824 828 792 781 209
Flash Preheat 630 639 644 641 643 646 656 654 644
Flash Vapor 512 505 503 496 509 505 496 492 502
Pressures
Dissolver, psig 2460 2460 2450 2450 2460 2460 2450 2450 2460
Inter, Sep., psig 250 250 250 250 238 240 240 240 245
Vacuum Flash, Torr 14 14 15 15 14 14 14 14 i4
SLS System in Use? No No No No No No No No No
Mole Percent Hy in Feed Cas 54.0 55.2 57.4 50.1 45,2 45.2 48.3 53.4 51.1
Mole Percent €O in Feed Gas 31.6 29.6 33.4 41.6 36.7 38.7 43.9 40.0 36.9
CO2 Yield, Wt Z MAF Coal 37.8 42.7 37.9 33.3 46.9 44.6 54.1 41.8 41.0
C1-Cq Yield, Wt Z MAF Coal 14.7 12.7 5.1 4.6 12.4 11.9 7.4 4.3 10.5
Gas Consumed (Hy Equiv), Wt % MAF Coal 1.71 0.87 3.18 1.32 2.55 i.10 3.66 2.74

*Negative value indicates a net hydrogen production.

6/14/78



One reactor was used with nominal process conditions of
820-830°F maximum temperature of liquefaction at 2500 psig
dissolver operating pressure. Hourly space velocities of
ligquid and gas were 1.41 and 301, respectively. All recover-
able organic distillates with atmospheric boiling points above
about 400°F were recycled for use as solvent. The molar ratio
of hydrogen to carbon monoxide was maintained at 1 and product
gases were not recycled. The solids-liquid separation unit
was operated during the later part of the run.

Four yield periods were completed, M-33A through M-33D,
during which 83 hours of balanced operation was achieved.
Material balances of from 96.8 to 99.5 percent were adjusted to
100 percent closure by compensating for known errors followed
by normalizing to 100 percent recovery. Conversion of MAF
lignite to gas, o0il and SRL averaged 91.1 percent for the four
yield periods. Consumption of reducing gases was 2.4 SCF per
pound of as-charged lignite. Actual recovery of solvent for
recycle averaged 92.2 percent while the calculated potential
recovery was 101.3 percent. Average of SRL yields was 57.4
weight percent while yield of net organic liquids averaged 62.5
weight percent of the MAF lignite charged. These results indi-
cate the Gascoyne lignite to be one of the more reactive of the
lignite samples tested.

The liquids-solids separation unit was operated during
yield period M-33C. Results were favorable with unconverted
coal and ash concentrations in the vacuum bottoms product (SRL)
being reduced to 0 to 0.2 weight percent, respectively.

Operating problems during the run included oil-water separa-
tion, plugging of the F-1 bottoms leg, failure of gaskets and
check valves in pumps P-5 and P-11A of the deashing unit, and
difficulty in removing accumulated solids from the solids preci-
pitation tower.

Oil~-water separation was not always effective and continuous
monitoring of the effluent streams was required. Some of the
difficulty in separation was caused by the partial miscibility
of the oil-water phases and by apparent changes in oil density
during the run. Variation in density of the oil phase affected
the position of the oil-water interface in the separation vessel.
A low interface position results in oil withdrawal in the waste
water underflow, and a high position causes water to be contained
in the o0il overflow.

Plugging of the F-1 vacuum bottoms discharge line occurred

several times. Most of the difficulty was caused by the tempera-
ture control of the heating elements in the line tracing. Too

-12-



high a temperature promotes coking while too low a temperature
allows product solidification. Fluctuations in the melting
point (250-450°F) of the vacuum bottoms additionally complicate
temperature control. The problems of changes in oil density
and in melting point of the vacuum bottoms were not unique to
liquefaction of Gascoyne lignite. Similar problems had been
encountered in use of Zap lignite.

Failure of the gasket in the toluene-slurry circulating
pump P-5 and plugging of the F-0 vacuum bottoms discharge pump
P-11A initially prevented integration of the liquid-solids sepa-
ration system with the liquefaction section of the PDU. After
repairs, the deashing unit was brought on stream. Following
28 hours of operation, the collar connecting the valve stem on
the V-8 bottoms withdrawal valve and the actuator was loosened
and became misaligned so that the actuator could not operate the
valve. Before the actuator was reconnected to the valve, the
line had plugged so that the deashing operations were stopped.
However, the operation of the liquefaction section continued
until the scheduled shut-down.

3. Run L-1

A series of three runs, each scheduled for 28 days of con-
tinuous operation, was planned for the PDU with the general ob-
Jjectives of testing plant performance for longer periods of
operation on lignite, determining the effects of solvent recycle
on liquefaction yield, and testing the effects of off-gas cleaning
on the process. Additionally, the solids-~liquids separation unit
was to operate intermittently to produce a quantity of low-ash
content SRL.

Run L-1, the first in the series, used normal process condi-
tions which were thought to be optimum for minimizing production
of gases and maximizing yields of SRL. Lignite from North American
Coal Company's mine near Zap, ND was liquefied with a nominal
maximum reactor temperature of 820-840°F at a pressure of 2500 psig.
Charge rates of lignite and solvent were at the design capacity.
One reactor was used and all recoverable organic distillates with
boiling points above about 400°F were recycled. An equimolar
mixture of hydrogen and carbon monoxide was used at a total feed
rate of about 9.4 SCF per 1lb of as-charged lignite. The deashing
section was operated at 300 psig and 450°F using toluene as the
solvent. Toluene to slurry ratio was approximately four to one
by volume.

Nine yield periods, each of a nominal 12 hours duration, were
completed. Quantitative material balances were made for each period.

-13-



Elemental balances were made for two of the periods. Actual
material balance closures were from 98.1 to 101.3 percent and

were normalized to 100 percent recovery. A forced carbon balance
was necessary in yield period L-1E and was made by adjusting

the oil-water ratio of the waste water stream. V-8 bottoms
compositions were calculated for yield periods L-1J and L-1K,which
involved deashing, by making material balances around the deashing
unit assuming average ash loss obtained when the deashing unit

was not in use.

Conversion of MAF lignite to gas, oil and SRL was high,
averaging 92.2 percent with a range from 88 to 99.2 weight per-
cent. In the first yield period, pyridine soluble content of
the F-1 vacuum bottoms was unusually high. Such high conversion
was not expected, and it is believed that the conversions over
93 percent are not representative of typical results for solvent
refining of lignite. Net gas yields averaged 31 weight percent
of the MAF lignite charged and were close to the expected yields.
The average net hydrocarbon liquid yield of 66 weight percent is
considered typical. The hydrocarbon liquids were 20 percent dis-
tillable o0il and 80 percent SRL. On a hydrogen equivalent basis,
consumption of reducing gases was 2.0 weight percent of the MAF
lignite or 2.35 SCF per 1lb of as-charged lignite.

Three of the nine yield periods were completed with the
deashing system in operation. The ash content of the F-1 vacuum
bottoms varied from 0.9 to 6.4 percent while the unconverted
lignite content ranged from 0.3 to 2.9 weight percent.

Actual solvent recovery for recycle averaged about 90
percent for the nine yield periods. The longest period of opera-
tion without fresh solvent make-up was 120 hours which is approxi-
mately 24 turnovers of solvent inventory.

Run L-1 was scheduled for 672 hours of continuous operation
of which 652 hours were to be devoted to liquefaction of lignite.
Lignite was actually charged for 460.5 hours which was about 75
percent of the actual operating time. Approximately 11.4 tons
of lignite was processed at an average feed rate of 49.5 1lb/hr.

Operating problems exclusive of equipment malfunctions were
in the three categories of F-1 vacuum bottoms withdrawal, solids
build-up in the reactor and process lines, and solvent recovery.
Product solidification in the vacuum-~flash leg on two occasions was
caused by a malfunction in the heat tracing tapes resulting in
nonuniform heating. This can be avoided by careful control of
temperatures provided the melting point of the product remains
below 450°F. Solids also collected on the walls of the bottom

-14-



drawoff leg and in the vessel because of localized coking and
adhesion to the walls of a thick sand-like material discharged
from the reactor.

About halfway through the run, and after Reactor R-1B had
been about 76 hours on lignite, the pressure within the reactor
began to rise slowly, and the pressure drop between the reactor
outlet and the high pressure flash separator increased to bet-
ween 300-400 psi indicating solids buildup in the 5/16-inch ID
tubing. Attempts to clear the line by flushing with solvent were
not successful and operations were continued in spite of the
pressure drop. After 85 additional hours on lignite, the line
plugged and operations were switched to Reactor R-1A which was
utilized for the remainder of the run. Upon disassembly of Reac-
tor R-1A after the run, it was found that this reactor was also
partially plugged with material in a sort of long pitch spiral;
the thickness of the plug was up to 2 inch in the 3-5/8 inch ID
reactor. The decrease in reactor volume because of buildup and
the corresponding decrease in residence time caused a reduced
conversion resulting in a lower reactor temperature. The lower
conversion may also have caused the higher melting point of the
vacuum bottoms observed near the end of the run. The air cooler
tubing from the top of the reactor also had significant reduction
in effective volume due to deposits. Lignite was processed for
a total of 201 hours in Reactor R-1A and for a total of 259 hours
in Reactor R-1B. The longest continuous periods of operation
without interruptions in the lignite feed were 136 hours for
Reactor R-1A and 134 hours for Reactor R-1B.

Solvent recovery data indicated that for the entire run
about 4 percent more organic liquid was generated than charged,
but in the course of the run an average of 90 percent was recycled.
Loss of organic ligquid (o0il) occurred in the oil-water separation
system, in the light ends column and in the F-1 bottoms product.

4. Run L-2

The second of the three scheduled extended runs used nominal
run conditions similar to those employed for L-1 of 820-830Q°F
maximum reaction temperature, 2500 psig operating pressure, and
liquid and gas hourly space velocities of 1.43 and 336, respectively.
The recovered organic distillates boiling above about 3500F were
recycled. In addition to the objective of Run L-1 of evaluating
plant operability during extended operation using continuous lique-
faction recycle, the effects of off-gas clean-up and recycle on
liquefaction yields were to be determined. One reactor volume
was used throughout the run.
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Eight yield periods were established. Quantitative material
balances were made for all yield periods and elemental balances
done for six of the nine periods including an overall yield
period of 441.4 hours. Material balance closures varied from
94.7 percent for the overall balance to an average of 98 percent
for the eight standard yield periods. For comparison purposes
the 12-hour yield periods were adjusted and normalized to 100
percent recovery. Adjustements in the calculations for three
yield periods and the overall balance are discussed in detail in
Appendix D.

The net gas yield was 30.6 weight percent . of the MAF lignite
charged and that of net hydrocarbon liquids, 63.5 percent. Dis-
tillable o0il was 24.6 percent of the total organic liquid yield
while SRL comprised the remaining 75.4 percent. Conversion of
MAF lignite to 0il, gas and SRL varied from 83 to 91.5 percent
while overall conversion for the entire run was 88.7 percent.
Actual recovery of solvent for recycle during processing was 92.6
percent. The potential solvent recovery on a total oil basis
was calculated to be 104 to 105 percent. On a light-oil free
basis (about 5200F plus boiling point material) solvent recovery
was 90 to 94 percent. Consumption of reducing gases on a hydrogen
equivalent basis was 2.1 weight percent of the MAF lignite or 4
SCF per pound of MAF lignite charged. Operating with gas recycle
presented no problems and approximately the same net yields were
obtained as when operating with once-through gas. Lignite was
processed approximately 75 percent of the actual operating time
or 54 percent of the total scheduled time. Nearly 11 tons of
lignite were processed at an average rate of 48.6 lbs/hr.

The run was initially delayed because of plugging in some
process lines believed clear after Run L-1. After processing
started, a solid state contactor in the heating tape circuit for
the F-1 vacuum-bottoms draw-off leg failed closed allowing over-
heating of the bottoms to coking temperature. Leakage also deve-
loped in the S-1 high-pressure slurry-let-down valves. Correction
of these and other minor problems accounted for the first 155 hours
of the scheduled 672. To compensate for the lost time, planned
run time was increased to 816 hours. After being at temperature
for approximately 30 hours, problems developed with the slurry
charge pumps which had worked well pumping solvent, but would not
pump the lignite-solvent slurry. The difficulty is believed to
be caused by the presence of larger size material in the pulverized
lignite. Comparison of sieve analysis for the material charged
during Run L-2 when pumping problems existed to those of the M-
Series when no difficulty was encountered indicated that nearly
22 percent of the pulverized lignite was larger than 65 US mes@
for L-2 and only 0.4 percent for the M-Series. The particle size
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distribution for L-2 indicated significantly larger material
which interferred with proper sealing of the slurry pump check
valves. When a new pulverizer screen was installed and a finer
feed material prepared, the pumps performed satisfactorily.

The problem with solids build-up in the reactor, noted in
Run L-1, was also encountered in L-2. After 220 hours of pro-
cessing using Reactor R-1A, the melting point of F-1 vacuum
bottoms had increased to approximately 450°F, and operations were
switched to dissolver R-1B. The effects of a clean reactor
were quickly apparent in reduced melting temperature of the
vacuum bottoms of less than 350°F, improved operation of the
vacuum bottoms discharge system, and increased conversion. Reac-
tor R-1A was cooled by flushing with solvent, disassembled and
cleaned of solids. Collected solids amounted to about one third
of the reactor volume.

The system continued to operate smoothly for about 70 hours
until the back pressure control valve plugged causing a major
upset in the liquefaction section which resulted in a forced _
shutdown. After 40 hours spent to clear or replace plugged lines,
the unit was restarted and processing resumed when operating
pressure and temperature were reached. For an additional 110
hours, smooth operation was achieved, but then plugging in the
vacuum-flash-drum F-1 and its bottoms discharge line resulted
in slurry overflow of the vacuum flash tower, plugging of the over-
head condenser, the condensate accumulator S-7, the line from
S-7 to the condensate bottoms pump, the pump and the line to the
solvent accumulator A-5A. The run was terminated and 94 hours
were spent in complete disassembly of the vacuum-flash-solvent
recovery system, cleaning and reassembly.

5. Discussion of Results
a. General

A total of 980.5 hours were completed in processing lignite
in the Process Development Unit with 897.5 hours being achieved
in two extended runs. High average conversion of lignite to gas,
0il and SRL was achieved in the last scheduled short run investi-
gating effects of lignite source; Gascoyne lignite was liquefied
for 83 hours at the highest conversion of any lignite processed
up to that time. While the PDU could be operated smoothly at high
yields with solvent and gas recycle, mechanical and operating pro-
blems persisted. The major operating problems were related to
solids buildup in the reactors and to oil-water phase separations.
Correlations and observations of the liquefaction operations are
discussed in the following.
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b. Source of Lignite

Lignite from three different North Dakota mines have been
liquefied in the PDU under similar process conditions. One,
from the Zap Mine of the North American Coal Co. near Zap, ND
in Mercer County, has been used as a 'standard" lignite in most
runs. The second lignite was from the Larson Mine of Baukol-
Noonan, Inc. near Larson, ND in Burke County, and third, from
the Gascoyne Mine of the Knife River Coal Mining Co. near
Gascoyne, ND in Bowman County. Nominal process conditions were
825CF maximum reactor temperature, 2500 psig reactor pressure
and hourly space velocities of liquid and gas, 1.4 and 280,
respectively. Reducing gases were equimolar in hydrogen and car-
bon monoxide. Comparisons are made graphically and summary
tables presented in Appendix B. Major results from the average
of the first two yield periods of comparable runs are summarized
in the following:

Lignite Zap Larson Gascoyne
Average (M-29) Average (M-32) Average (M-33)
Yields, Wt%
_/MAF Lignite

Net Gas : 36 33 37
Light 0Oil 13 -3 -1
SRL 46 58 63

Conversion, Wt%

MAF Lignite 90 80 93

Reducing Gas

Consumption,

SCF/1b lignite 3.1 1.8 2.6

Solvent Recovery
possible % 104 99 100

The gross yield data indicate significant differences in
response to liquefaction depending on the source of lignite.
Larson lignite appears to be the least reactive for the process
conditions selected with an average overall conversion of 81 per-
cent while the Gascoyne lignite is most reactive with an indicated
conversion of 93 percent. Total yield of liquids and gas were
also the highest using Gascoyne lignite and the lowest with the
Larson. However, separation of the net organic liquids into dis-
tillable and SRL components indicates that Zap lignite had the
highest yield of the distillable fraction (light o0il). Both
Larson and Gascoyne lignites actually exhibited a net loss in
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distillable o0il because of loss of more solvent boiling range
material by cracking, polymerization, or condensation than is
produced from the lignite. The highest overall solvent pro-
duction was with the Zap lignite. The Larson and Gascoyne lig-

nites showed a slight net loss or an essential balance of sol-
vent, respectively.

A comparison of yields per unit conversion of MAF lignite
for the same averaged yield periods is given in the following
tabulation:

Lignite Zap Larson Gascoyne

Average ratio of

yield to total

conversion
Net Gas 0.402 0.409 0.396
Net Liquid 0.658 0.688 0.668
Net Distillable 0il 0.145 -0.038 -0.010
Net SRL 0.513 0.726 0.678

Per unit of lignitic matter converted, the three lignites
exhibit similar distribution to liquid and gaseous components.
However, more of the Zap lignite was converted to lower molecular
weight liquids as shown by the highest distillable oil yield, and
lowest yield of SRL. The Gascoyne and Larson lignites produced
more SRL but results in lower yields of distillable oils and
losses of solvent.

The liquefaction tests indicate that lignites do respond
differently although the lignites are from generally the same
geological age and formation. Gascoyne lignite appears to. be the
most responsive to liquefaction, Zap lignite responds slightly
less, and the Larson lignite the least active. Test conditions
were those believed to be nearly optimum for Zap lignite. No
attempt has been made to determine optimum conditions for the
Larson or Gascoyne lignites.

Except for variations in moisture and ash content, and some
differences in ash composition, the lignites were similar as
shown in the following selected typical analytical values:
Lignite Zap Larson Gascoyne

Proximate analysis,
Wt%, as charged

Moisture 30.9 26.8 34.0
Fixed Carbon 25.4 24,1 26.3
Ash 6.0 5.5 8.9
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Lignite Zap Larson Gascoyne

Ultimate analysis,

Wt%, dry
Carbon 68.8 67.8 62.2
Hydrogen 4.1 4.5 4.1
Sulfur 0.7 0.4 1.4
Nitrogen 0.9 0.7 1.0
Ash 8.7 7.5 13.4
Oxygen (diff) 16.7 19.1 17.9

Ash Component,

Wt% of ash
SiO2 20.2 19.0 37.6
Al203 10.5 17.7 12.9
Cal 26.7 22.4 20.5
Na90 6.7 14.3 4.1

The moisture and ash as well as fixed carbon contents
followed the apparent order of indicated activity being highest
for the Gascoyne lignite followed by the Zap lignite and lower
for the Larson lignite. Except for the high Si0O9 content in the
ash of the Gascoyne lignite, no gross differences between the
lignites is apparent from the ash and dry ultimate analyses.

c. Effect of Solvent Recycle on Ligquefaction

A major objective of the extended runs in regards to process
effects was to determine if there would be any progressive changes
in product yields or distribution because of solvent recycle.

The effects of extended periods of solvent recycle were more
apparent during Run L-2 than during Run L-1 because of improved

and longer periods of operation without addition of make-up sol-
vent. The approximate number of solvent cycles through the reactor
was estimated at the middle of each yield period for Run L-2 and
net yields for each data period were plotted depending on the
number of solvent passes. The graphs are presented in Appendix D,
Figure 1. Generally, total conversion is little influenced by

the number of solvent cycles being fairly constant at about 88
percent of the MAF lignite despite a somewhat reduced reaction tem-
perature.

In Run M-29, data had indicated an increase in total conversion
until about eight recycles of solvent, after which conversion
remained nearly constant. Previous data have indicated that in
the range of operational temperature, a temperature reduction
decreases total conversion. Thus if it had been possible to con-
trol the reaction temperature nearer the desired level, an improved
conversion could have been realized. Although total conversion
remained essentially constant, increased total net liquid yields
occur at the expense of decreased gas yields as the liquefaction
solvent becomes more lignite derived. Again this relationship is
also temperature dependent. Water consumption by reaction also
seems independent of the number of cycles.
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With increasing number of cycles for the solvent, and with
the decrease in reaction temperature, the net SRL yield increased
while the net distillable o0il yield decreased (See Figure 2,
Appendix D) being less than 15 percent of the MAF lignite after
18 cycles. If this trend is the result of solvent recycle rather
than lowered temperature and continued, production of coal derived
solvent might be reduced below that required for solvent balance.

During Run L-2, the feed solvent was monitored by infrared
spectroscopy to determine variations in the aromatic-to-aliphatic
carbon ratio, called the IR ratio, depending on hours of operation
(number of solvent recycles). Sulfur concentration of solvent was
also measured. (See Figures 3 and 4, Appendix D.) Aromaticity of
the solvent, as indicated by the infrared ratio, increased with
time of operation for the first 150 hours of operation after start-
up which was equivalent to about 11 solvent cycles. After this
time, the infrared ratio was essentially constant indicating an
approach to equilibrium between solvent charged and solvent pro-
duced. Sulfur content decreased with time of operation from nearly
1.5 percent to about 0.5 percent. Batch autoclave tests had indi-
cated approximately 0.3 percent for the sulfur content of lignite
derived solvent. With a longer test period the sulfur concentration
should become constant at some equilibrium value, perhaps slightly
higher than that found in the batch autoclave tests.

d. Effect of Solids Accumulation in Reactors

A major unresolved problem in maintaining continuous long
term operation of the PDU is the accumulation of solids in the
reactor. With the present dissolver design featuring upflow of
slurry at low space velocities, unreacted lignitic material and
ash tend to agglomerate and are not removed with the slurry. Not
only do the accumulated solids reduce the available reaction volume
and consequently the slurry residence time, but at intervals some
of the solids are discharged and plug the downstream lines. The
problem is compounded because of the reduced residence time which
results in lowered production of liquids in the solvent boiling
range and an increase in the melting point of the vacuum bottoms.
The higher melting point causes solidification of the SRL and
plugging in subsequent processing resulting in process upsets and
often in shutdown of operations. Major modifications in reactor
design seem necessary to prevent the accumulation of solids.

The longest period of operation using one reactor, 220 hours,
was accomplished during Run L-2 using Reactor R-1A. Shutdown in
operations was required because the increase in the melting point
of the F-1 bottoms presented many operating problems. After cooling,
the reactor was disassembled and 43 pounds of solids were removed
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by drilling. Samples were taken at various elevations in the
reactor and analyzed for ash and pyridine insoluble contents
with the following results:

Height from Reactor Ash, Wt% Pyridine
Base, ft Insoluble, Wt%
Bottom 28.2 43.9

3 21.5 62.7

6 19.1 69.7

9 18.1 73.5

12 15.9 73.7

Typically, ash content of the deposits decreased with
height, while the pyridine insolubles increased. Higher ash
content near the bottom indicate that the more reacted residue
from liquefaction being heavier and perhaps more agglomerated,
tends to settle against the upward flow of slurry. The increase
in pyridine insolubles is indicative of coking of SRL material
at the higher temperatures.

Comparison of the residue in the reactor remaining after
48 hours and after 220 hours of operation indicated the same
general trend with reactor height in ash content and pyridine
insolubles (See Appendix D), although the ash and pyridine in-
solubles contents were higher after 220 hours than after 48.

It appears that the total solids in the reactor after initial
buildup remains fairly constant with time at about 29 1lb/cu ft
of reactor volume. Also it is not clear what would happen in the
present reactors with longer periods of lignite processing. Under
the present conditions, the accumulation is sufficient to decrease
conversion and change distribution of products significantly after
220 hours of processing.

e. Effect of Gas Recycle

In Run L-2, the product gas stream was washed with caustic to
remove carbon dioxide and hydrogen sulfide. Approximately 75 per-
cent of the cleaned gas was recycled to the process and the remain-
der was vented to the thermal oxidizer to reduce accumulation of
other gases such as methane in the recycle gas stream. Makeup
gas was added to the recycle stream as required. This portion of
the pilot plant system operated without difficulty.

The effect, if any, of gas recycle on liquefaction was limited
as indicated by the comparisons on the following page of yield
data for the average of Run L-1, without gas recycle, with the
averages from Run L-2, with gas recycle.
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Without Gas With Gas

Recycle Recycle
Average Temp., OF 822 810
Yields, Wt%
MAF Lignite
Net Gas 31.3 30.7
Net Liquid 66.1 60.8
Net Water & Ash -5.2 -3.9
Unconverted Lignite 7.8 12.4
Possible solvent for
Recycle, % 104.0 104.1

For these average data obtained under somewhat similar
process conditions, the effects of solvent reuse should be
approximately the same and differences could be attributable
to gas recycle or to changes in other variables. There are some
differences in conversions and liquid yields but these are of the
range to be expected because of the differences in average tempera-
tures. Consequently, the results appear to be equivalent.

f. Deashing of Vacuum Bottoms (SRL)

Three yield periods during Run L-1 were completed with the
toluene extraction-settling separation system integrated with the
liquefaction operations. In addition to mechanical and plugging
problems within the deashing system itself, operational problems
in the liquefaction system were also reflected in adverse opera-
tion of the deashing unit, and resulted in erratic separation,
Separation was achieved with ash contents of the product being
as low as 0.9 percent while the unconvert«:d lignite content was
as low as 0.3 percent. The ash content of the initial vacuum
bottoms is from 10 to 12 percent and the bottoms also contain up
to 10 percent unconverted lignite as determined by the pyridine
solubility test.

While the extraction deashing method is attractive, more work
has to be done in modification of the present system and to insure
that the vacuum bottoms feed to deashing can be handled by the
pumping system.

g. Solvent Recovery

With the Zap lignite, sufficient possible solvent is generated
from the lignite to sustain the process. However, because of
recovery problems, sampling, and decrease in distillable material
with solids buildup, solvent is lost, and makeup solvent must be
added. During Run L-1, an average of 4 percent more organic ligquid
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was generated than charged, although throughout the run an
average of only 90 percent was recovered and recycled.

The 14 percent average loss occurred mainly in three areas:
with the F-1 vacuum bottoms, with the waste water and light
0il streams, and in operation of the small light ends column.
Most of the losses could be remedied in larger scale operations.

h. PDU Operability

The liquefaction unit was operat=sd on lignite for appro-
ximately 900 hours, most of which was accumulated during the two
extended tests. Although lignite was processed for about 75
percent of the actual operating time, the objective of long term
smooth operability of the PDU was not completely achieved. Failure
of equipment such as that of heat tracing lines contributed to
down time. Any malfunction causing process upsets compounded opera-
ting problems as the reacted slurry or vacuum bottoms would solidify
on loss of temperature, would coke if temperatures were too high
resulting in plugged lines and process vessels, or otherwise would
cause trouble in transfer of material. The vacuum bottoms with-
drawal system was particularly troubled by product solidification
and buildup as was the high pressure piping. The separation system
for light oil and water operated with variable efficiency, and
often carryover of o0il was as high as 25 to 30 percent of the
water. The small light ends column, because of unfavorable area-
volume relationship, had high heat loss which made it very sen-
sitive to changes in cooling water rates to the partial condenser,
and at times excessive reflux condensation caused column flooding.

The major non-correctable problem hindering operability was
solid accumulation in the reactor. Such accumulation is not
unique to liquefaction of lignite as similar problems have been
encountered in processes using higher rank coal and upflow dissolvers.
Accumulation of solids in the reactor caused difficulties in two
ways. With time, the solids tended to deposit on the walls of the
dissolver and coke into a hard mass which plugged the unit prevent-
ing flow of the lignite solvent slurry. Retention of solids reduced
the effective volume for liquefaction and decreased residence time.
This resulted in decreased overall conversion of the lignite and a
higher melting point vacuum bottoms. The higher melting point
material was more difficult to pump and to separate from the solvent.
The higher melting point also contributed to solidification in
piping and process equipment downstream from the reactors.



B. PDU MAINTENANCE AND CONSTRUCTION
1l. General

With two 28-day runs scheduled, nearly all effort was
directed towards maintaining the operability of the unit.
Maintaining clean work areas and sound safety practices were
stressed during the reporting period. Some activities are
discussed in the following subsections, and additional details
are available in the monthly reports.

2. Area 00: Buildings and Utilities

The partition to isolate the control-instrumentation area
of PDU from the operational areas was completed. A supplementary
heating and ventilating system to service the control room is
being installed.

3. Area 0lA: Coal Preparation and Storage

A small concrete apron was installed adjacent to the Inverta-
bin storage pad to facilitate footing for the 1ift truck to the
storage area during inclement weather.

4, Area 01B: Slurry Preparation and Pdmping

Before the first scheduled long run the check valve assembles
on the two Hills-McCanna slurry-charge pumps were rebuilt with new
stainless steel seats and ceramic balls. The removed seats and
balls showed some evidence of wear or erosion. All equipment and
lines in this section were cleaned and washed with a heavy aromatic
solvent.

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

The bottom closure on dissolver R-1B was removed, the dissolver
was cleaned and the corrosion test coupons installed prior to M-33
were removed. Another set of test coupons was installed for the
start of Run L-1. Some 316 stainless steel tubing at the outlet
of reactor R-1B was replaced with Incoloy 800 tubing before Run
M-33. The four slurry letdown valves constituting the primary and
auxiliary captive volume letdown systems were cleaned and checked.

6. Area 03: Solids-Liquid Separation
The Teflon seats in both the solids-removal valve and the
block valve above it were replaced with Rulon seats which should

be more resistant to the severe operating conditions experienced.
The valves were set so that the block valve remains open while
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the dump valve cycles. The top valve will close automatically
when electric power to the air solenoid valve is interrupted.
The solids precipitation tower (V-8) was partially disassembled
to allow removal of solids which accumnlated during Run M-33
after failure of the solids removal valve.

7. Area 04: Liquid Separation and Solvent Recycle

Two 100-gallon solvent storage tanks were installed on
weigh cells and piped in series for use as solvent accumulator
(A-5A) for Run L-1.

8. Area 05: Gas Purification and Recycle

Equipment, sight glasses and control valves were cleaned.

C. PROJECT LIGNITE LABORATORY

The major effort of the laboratory staff was to provide
analytical support for PDU operations. Some special analytical
work was done on distillations using ASTM methods D-86 and D-1160
for comparison with results obtained using the routine Project
Lignite Laboratory (PLL) distillation procedure. Additionally,

a Pensky-Martens closed-cup flash-pump test was performed on a
light o0il stream (S-8 bottoms from the PDU).

Data from the flash point test showed that the light oil
had a low flash temperature of 10°F which indicated that extreme
care must be taken with these highly volatile liquids.

The recycle solvent distillation data are presented graphi-
cally in Figure 1. Measured temperatures were adjusted to equi-
valent temperatures at atmospheric pressure (760 mm Hg) using
API Procedure 5A1.13 which had been developed for use with
petroleum hydrocarbon mixtures. Applicability of the correction
to hydrocarbon liquids derived from lignite has not been estab-
lished although the use of the procedure gave apparently reason-
able corrections.

The adjusted vapor temperature scale is nominally cartesian
while the recovered volume scale (abscissa) has probability divi-
sions. The general shapes of all curves are similar. However, the
data from the PLL distillation indicates that a significantly
higher temperature is required to distill a given fraction of the
recycle solvent. The discrepancy is more pronounced as the volume
of overhead exceeds 50 percent. The tests at the higher vacuums
(1.6 mm Hg and 5 mm Hg abs.) gave essentially the same results
during the initial stages of distillation, but as the distillation
continued, the recovery in the PLL distillation deviates more
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and more from the three ASTM distillations.

Measured vapor temperatures for the two distillation pro-
cedures at the same pressure (1.6 mm Hg) as a function of volume
distilled are illustrated in Figure 2 using the same plotting
procedure as for Figure 1. The PLL distillation gives a lower
total volume of distillate at any vapor temperature. Initially,
both distillations are nearly the same, but the slope of the PLL
distillation curve is greater. This indicates that the longer
column used in the PLL method results in more effective fractiona-
tion. When 50 percent of the sample has been vaporized, the
vapor temperature using the ASTM D-1160 test is 3290F compared to
3630F for the PLL distillation procedure.
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Iy. CONCLUSIONS

A. PDU OPERATIONS

1. During almost 800 hours of operation in liquefaction of Zap
lignite in two runs, relatively high conversions could be main-
tained during the extended tests with potential solvent recovery
of over 100 percent, although actual solvent recovery was about
90 percent.

2. Gascoyne lignite was found to give the highest conversions
of any lignite yet tested in the PDU up to that time with high
yields of SRL but relatively lower yields of distillable oils,
including solvent-type material.

3. Product gas cleanup and recycle were accomplished without
undue difficulty and no significant differences were apparent
in liquefaction characteristics when compared to similar tests
without recycle.

4. The solids-liquid separation unit using toluene extraction-
settling was operated for three yield periods with significant
separation achieved, although ash content of the SRL was variable
and higher than desired.

5. Buildup of solids in the dissolver was found to affect opera-
bility of the PDU. In addition to coking and deposition in the
reactor, reduction in residence time resulted in a higher melting
point product and subsequent solidification in downstream process
vessels and piping.

B. PDU MAINTENANCE AND CONSTRUCTION

Because of the scheduled long duration runs, maintenance
activities were concentrated on repairs concerned with insuring
operation of the unit, during which problems with pumps, valves
and control equipment were the major mechanical difficulties
encountered.

C. DPROJECT LIGNITE LABORATORY
Solvent distillations conducted by ASTM methods for comparison

with the routine Project Lignite Laboratory (PLL) distillations
indicated the PLL distillations to be somewhat more efficient.
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APPENDIX A

STATEMENT OF WORK

Objective

The objective of this one year project is to obtain
adequate data on which to base a decision regarding scale up
at an existing facility, should it prove desirable. The
data also will be available for new economic evaluations.

Tasks

- The basic task involves operating the continuous unit
processing 0.6 tons per day of lignite and providing support
functions to acquire and analyze process data. These process
data are required by ERDA in order to make future decisions
concerning the desirability of scaling up the process in a
larger existing facility for the production of solvent
refined lignite. The same data will serve to guide any other
development activities which may be required.

Task 1 - Operating of One-Half Ton Per Day Unit for Extended Runs

Under the existing project optimum conditions are being
established for possible extended operations. An extended
run is defined as covering periods of more than 1 week,
preferably about 4 weeks (672 hours) of continuous operation.
Such runs will establish the effects of continuing to recycle
the lignite generated process solvent and demonstrate the
extent of solvent balance achieved under the operating con-
ditions which have been explored to date.

Three such runs conducted over a period of 6 months should
be sufficient for this task. Because current operations are
limited to a 5 day week, additional manpower will be required.
Maximum use of overtime is suggested, due to the short term
nature of this work, i.e., possibly 3 months total continuous
operation during a period of 6 months. If adequate data is
obtained in a short time from the extended runs, and if the
ERDA technical project officer agrees, shorter runs may be
conducted during this phase of the project, further evaluating
construction materials and the effect of varying operating
pressures and gas composition.

Task 2 - Operation of Gas Cleanup and Recycle Sections

If possible, this section will be operated as an integral
part of the PDU on an extended run to determine makeup gas
requirements and the effect of any impurities in the recycle
gas. No major design or engineering changes will be intro-
duced in this section.

Task 3 - Solid/Liquid Separation

The separation section will be operated as an integral

-29-



part of the PDU, producing a clean solvent refined lignite
for characterization. A secondary task is to evaluate opera-
tion of the separation unit as designed. No major design or
equipment changes will be introduced.

Task 4 - Corrosion Coupon Testing

After appropriate analysis and consultation, as required,
the contractor will have a number of coupons of austenitic
stainless steels pre-stressed and inserted in the PDU for
corrosion testing. The steels to be tested will include
selected types from those used in the SRC plants at Tacoma
and Wilsonville: stainless steel types 304, 310, 316, and

"347. The contractor will prepare a plan for this task
explaining his selections of material, the method of pre-
stressing and test-site locations. This corrosion coupon
test plan will be submitted to ERDA for approval by the
Technical Project Office prior to its implementation.

Task 5 - Determine Extent of Solids Accumulation in Dissolvers

The reactors (dissolvers) may accumulate mineral matter
and unconverted coal during operation. The contractor will
determine the composition of the solids and the rate at which
solids are accumulated. The possible existence of a maximum
concentration of solids at steady conditions, will also be
explored.

Task 6 - Production of Clean Sclvent Refined Lignite

The contractor will produce up to one ton of clean sol-
vent refined lignite for shipment in drums to other ERDA
contractors, as specified by the Technical Project Officer.
This material will be evaluated by the appropriate contractors
for various purposes including upgrading to chemical feed-
stocks, light liquid fuels, and use as a solid fuel. It is
anticipated that half of the quantity produced will have a
melting point higher than 340°F. Actual quantities and
specifications for the product will be established during the
contract by agreement between the ERDA Technical Project
Officer and the contractor.

Task 7 - Data Collection and Analysis

This task continues to be significant. The contractor
will provide material balances (over-all and for major streams
and vessels), solvent balance, hydrogen consumption, product
yields and product characteristics within 30 days of completion
of a PDU run. Properties to be measured and reported for the
solvent refined lignite and liquid products include:

1. Distillation Curve
2. Viscosity
3. Specific Gravity
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4. Penetration or Melting Point of the Product
(at temperatures not suitable for viscosity
measurements)

5. Elemental Analysis (including chlorine)

6. Trace Elements

7 Asphaltene Content

Correlation studies will be made of the data obtained
from runs to examine the effect of changing different process
variables.

The corrosion coupon data will be analyzed as part of
this task.

Yield structures and appropriate data summaries will be

published in gquarterly reports, and a final report will be
prepared. -
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APPI''DIX B

Process Developr:2nt Unit Run M-33
June 20-24, 1977

Run M-33 was made to continue the investigation of the effects
of coal variation on plant operability and liquefaction yields.
Lignite mined by the Knife River Coal Mining Company near Gascoyne,
North Dakota, was used. Gascoyne lignite differed from previous
lignites tried in the PDU in that the ash and moisture contents
were significantly higher at about 9 percent and 35 percent,
respectively. Other significant differences are apparent from
the ultimate analysis and X-ray fluorescence analysis of the ash
shown in the table on the following page.

Nominal operating conditions in Run M-33 were 820-830°F
maximum liquefaction temperature and 2500 psig dissolver operating
pressure with liquid and gas hourly space velocities of 1.41 and
301, respectively. One reactor volume was used and all recoverable
organic liquids boiling above about 350°F at one atmosphere were
recycled. The feed gas contained equal volumes of hydrogen and
carbon monoxide. Product gases were not recycled but were sampled,
measured and then oxidized. The deashing unit was on stream during
part of the run.

Numerous operating problems were encountered during the run,
mainly with (1) oil-water separation, (2) plugging of the F-1
vacuum bottoms leg, (3) gaskets and check valves in pumps P-5 and
P-11A of the deashing unit and (4) solids removal from the solids
precipitation tower.

Oil-water separation proved difficult throughout the run
with constant monitoring of effluent streams required. Substantial
quantities of o0il were lost with the waste water, partly because of
partial miscibility of the two phases and partly because of
fluctuating oil densities. Changes in oil density affected the
position of the oil water interface within the separation vessel.
Interface location is critical in the separation process as a low
interface results in oil withdrawal with the waste water underflow
while a high interface results in water leaving with the oil
overflow. It should be noted that this problem is not unique to
the processing of Gascoyne lignite as similar problems have been
experienced when handling Zap lignite also.

Plugging of the F-1 vacuum bottoms outlet line occurred
several times during the run and at least once required drilling
to clear. Temperature control of the line tracing elements presents
one of the main problems. Over heating promotes coking and under-
heating results in product solidification. The sometimes widely
fluctuating melting point (250-4509F) of the vacuum bottoms product
further complicates temperature control problems. Again this is
a problem not unique to Gascoyne lignite.
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Anal: ses of
North Dakota Lignites

Proximate Analysis, Wt %

Mine Location Zap Velva Larson
Moisture 30.91 29,58 26.85
Ash G.04 5.91 5.48
Volatile Matter 37.65 42.45 43.56
Fixed Carbon 25.40 22.06 24.11
Total 100.00 100.00 100.00

‘Ultimate Analyvsis, Wt % (Dry Basis)

Mine Location Zap Velva Larson
Carbon 68.82 65.99 67.82
Hydrogen 4.10 4.23 4.49
Nitrogen 0.88 0.83 0.69
Oxygen (by diff) 16.72 20.22 19.06
Sulfur 0.74 0. 34 0.45
Ash 8.74 8.39 7.49
Total 100.00 100.00 100.00

X-Ray Fluorescence Analysis of Ash, Wt %

Mine Location Zap Velva Larson

Loss on ignition 0.4 -

@ 8000C

Si09 20.2 28.4 19.0
Al903 10.5 14.1 17.7
FeqOj 10.0 4.5 6.0
TiO9 0.5 0.5 0.4
P505 0.6 0.9 1.0
Cal 26.7 31.2 22.4
Mg0 G.8 9.1 5.7
Nag0 6.7 1.8 14.3
Ko0 0.4 0.6 0.4
S0o 17.2 8.9 13.1
Total 100.00 100.00 100.00
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Gasket failure in the t«luene-slurry circulating pump P-5
and check valve plugging in the F-0 vacuum bottoms removal pump,
P-11A, delayed integration of the solids-liquid separation unit.
After the gaskets were replaced and the check valves cleaned,
the deashing unit was brought on stream and operated for approxi-
mately 26 hours. Yield period M-33C was started and completed
during this period. At the end of M-33C, it was found that the
collar connecting the V-8 bottoms withdrawal valve stem and the
actuator had become loose and misaligned, with the result that
movement of the actuator did not operate the valve. The bottoms
line had already plugged before the actuator could be reconnected
to the valve, and deashing operations were terminated. Liquefaction
operations continued through another yield period to a scheduled
and orderly shutdown 12 hours later.

Four yield periods were completed and two, M-33C and D, were
selected for complete workup including elemental balances and oil
phase ASTM D86 and D1160 distillations. The results of these
workups along with the guantitative material balance data for yield
periods M-33A and B are attached.

Material balance closure for the four yield periods varied
from 96.8 to 99.5 percent. The various yield periods were adjusted
to 100 percent recovery as follows. In data period M-33A, the one
half of one percent error in material balance closure was corrected
by increasing the F-1 vacuum bottoms rate. A partial plug had
developed at the bottom of the draw off leg and while it was being
cleared some F~1 vacuum bottoms sprayed onto the floor and was
lost. A similar situation occurred during yield period M-33B with
some of the vacuum bottoms material clinging to the walls of the
drawoff leg. Consequently, the F-1 bottoms rate was increased so
that the ratio of the F-1 vacuum bottoms to feed coal was comparable
to that of yield period M-33A. This initially increased the
material balance closure from 96.8 percent to 97.5 percent. The
remaining loss was then normalized among all outgoing product
streams.

In yield period M-33C, during which the deashing unit was on
stream, material balance closure was low at 97 percent because the
V-8 bottoms draw off line plugged and an indeterminate amount of
so0lids accumulated in the bottom of the precipitation tower.
Consequently, the material balance was adjusted to 100 percent
recovery first by decreasing the V-9 overhead rate to maintain a
constant inventory in the toluene accumulator and then by increasing
the V-8 bottoms rate to provide mass balance closure. The V-8
bottoms composition was calculated by making a material balance
around the deashing unit assuming that the level in the toluene
accumulator remained constant but that the composition changed.

Material balance closure in yield period M-33D was 98.6 percent
and was adjusted to 100 percent recovery by normalizing all outgoing
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product streams because no particular sources of error were
known.

A comparison of the four material balance periods after
adjustment is shown on the following page.

Net gas yields averaged 36.8 and net organic liquid yields
62.5 weight percent of the MAF lignite charged. Net distillable
0il yields averaged 5.4 weight percent of the MAF lignite fed
while SRL yields averaged 57.1 weight percent.

Conversion of MAT lignite to gas, o0il and SRL averaged 91.1
percent. Reducing gas consumption averaged 2.4 SCF per pound raw
lignite charged.

Actual solvent recovery for recycle averaged 92.2 percent with
a calculated possible recovery of 101.4 percent.

Results of the deashing operation during yield period M-33C
were quite favorable with the unconverted coal and ash contents of
the vacuum bottoms product reduced to O and 0.2 weight percent,
respectively.

As mentioned earlier, Run M-33 was made to evaluate Gascoyne
lignite as feed to the liquefaction process and to determine plant
operability. A comparison of results with three different lignites
in Runs M-29, M-32 and M-33 are tabulated on a following page.
Conversion of MAF coal to gas, oil, and SRL averaged 80.4 weight
percent when using Larson lignite (Run M-32) which is significantly
lower than that obtained when using either Zap or Gascoyne lignite,
and is apparently the result of lower reactivity of the lignite.

The Gascoyne lignite seems to be the most reactive of the three
coal varieties, yielding MAF lignite conversions of about 93 percent.

A graphical comparison of the results with the three lignites is
attached. The highest conversion and gas and liquid yields are
obtained with Gascovne lignite and the lowest with Larson lignite.
However, dividing the net organic liquid vield into its distillable
0il and SRL components indicates that the Zap lignite provides
higher yields of distillable o0il, while both Larson and Gascoyne
lignite show a net loss of distillable o0il, because of the loss of
more solvent range material by cracking and/or polymerization and
condensation than is produced from the coal.

The graphs of solvent recovery indicate the highest overall
solvent production (and also actual recycle) occurs with Zap lignite,
and that both Larson and Gascoyne show slight net losses of solvent.

When the vields are calculated as fractions of the MAF coal
converted, the following results are obtained:
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Yield Period
No. of Reactors

LHSV

GHSV

Solvent /MAF Coal Ratio
Ho/CO Mol Ratio

Temperatures, OF
Preheater Outlet, E-1
Reactor 3 ft
Reactor 7 ft
Reactor 11 ft
Reactor 15 ft
Max. Reaction
Vacuum Flash Ovhd

Dissolver Pressure, Psig

Solvent Recycle, %
Actual
Possible

Yields, Wt % MAF Lignite
Net Gas
Net Liquid
(Lt 0il)
(SRC)
Net Ho0 and Ash
Unconverted Coal

Overall Material Balance,

Process Development Unit Run M-33

o
0

M-33A
1

1.34
289
4.08
1.1

762
768
799
797
822
822
513

2500

89.8

- 98.9

39.
58.
(-4.
(62.
-5.

wm SOOI ©
~

99.

M-33B
1

1.37
391
3.84
1.0

752
762
794
790
815
815
513

2500

94 .2
100.7

~
N

D00 MN
~—

(e}
(2}
o]

M-33C

741
765
729
802
822
822
515

2500

86.2
101.7

34.
63.
(6.

(57.
-9

11.

00 WO b
N’ N

97.

o

62,

M-33D

1.43
30€
3.95
1.0

749
768
804
806
828
828
523

2500
98.6
104.4
39.
(17.
(44.

-11.
10.

(o] NN O -
S’ Nt

98.

Average
1

1.41
299
3.85
1.0

751
766
799
790
822
822
516

2500

92.2
101 .4

36.
62.
(5.
(57.

ON H S0
S’ e’

98.

o



Process Development Unit Runs

Run

Reactor
Type of Lignite

LHSV
GHSV
Solvent /MAF Coal Ratio
Percent Ho in Feed Gas

Temperatures, ©9F
Preheater Outlet, E-1
Maximum Reaction

Dissolver Pressure, Psig
Solvent Recycle, %
Actual
Possible

Yields, Wt % MAF Lignite
Net Gas
Net Liquid
(Lt 0il)
(SRL)
Net Ho0 and Ash
Unconverted Coal

Overall Material Balance, %
Conversion, Wt % MAF Coal

Reducing Gas Consumption, SCF/1b Coal

M-20A & B
Average
B
Zap

1.38

270

3.00
48.0

710
836
2400

92.
105.

—

36.
62.
(15.
(46.
-8.
10.

TR OOW
~

98.

o O

89.

W
&

M-29, 32 and 33

M-29F & G
Average
A
Zap

1.41

268

3.13
49.8

716
826
2450

95.
100.

o N

36.
58.
(2.
(55.
-6.
11.

02} N OW®
~

98.

88.3

M-32A & B
Average
B
Larson

1.43

325

2.90
52.9

738
824
2500

87.
98.

e clie)]

32.
55.
(-3.
(58.
-7.
19.

) 00 WY
~

98.

~3

80.4

1.8

M-33A & B
Average
B
Gascoyne

1.36

295

3.96
51.0

757
818
2500

92.0
99.8

37.0
62.4
(-0.9)
(63.3)
-6.0

6.6

98.2
93.4

2.6



Lignite Variety f.arson Gascoyne Zap AB Zap FG

Net Gas Yield 0.409 0.396 0.405 0.417
Conversion

Net Organic Liquid Yield 0.688 0.668 0.693 0.660
Conversion

Net Distillable 0il Yield -0.038 -0.010 0.174 0.033
Conversion

Net SRL Yield 0.726 0.678 0.519 0.627
Conversion

For a given degree of MAF lignite conversion, the various lignites
do not vary much in gas and organic liquid yields, but the Zap
lignite produces the highest net distillable oil yield and
consequently the lowest SRL yield. The Gascoyne and Larson lignites
produce more SRL, but at the expense of solvent as indicated by the
overall net loss of distillable liquids.

In summary then it appears that the Gascoyne lignite is the
more reactive of the three lignites tested followed closely by
Zap and then by Larson lignites. It should be noted; however, that
Runs M-32 (Larson) and M-33 (Gascoyne) were made at conditions
thought to be near optimum for Zap lignite. No attempts have been
made yet to find the actual optimum conditions for Larson or
Gascoyne lignites.
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FIGURE 1 -YIELDS AND CONVERSION WITH THREE NORTH DAKOTA LIGNITES
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RUN CONDITIONS

RUN NO. _M:l%____7
DATE MADE 6/21-22/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-I

SAND BATH 773
INLET 288
OUTLET 762
DISSOLVERS
R-14A (1)
(2)
(3)
(4)
R-I1B (1) 768
(2) 799
(3) 797
(4) 822

REACTOR PROODUCT SEPARATORS
S- 1 590

5-2 74 _
53 487
S-44 80
$-4B 77

PREHEATER E-II

DOWTHERM 670 __
INLET 448
QUTLET 629

VACUUM FLASH F-I
OVERHEAD VAPOR ___513

UPPER WALL 576

LOWER WALL 679 o
DOWNCOMER 458
CONDENSATE

ACCUMULATOR,S-7_.82

PREHEATER E-I3

SEPARATORS S-| and S5-2

DOWTHERM 511 2500
INLET 76 SEPARATOR S-3
OUTLET 340 300

LIGHT ENDS COLUMN, F-2
REBOILER 424

LOWER SECTION 490

SEPARATORS S-4A and $-4B
60

VACUUM FLASH, F-I
15 Torr

FEED SECTION._ 322

LIGHT ENDS COLUMN, F-2
0

OVERHEAD 178
5-8 “_ 83 SOLVENT COLUMN, F-3
5-9 - NIU
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 NIU
REBOILER NIU VACUUM FLASH, F-0
LOWER SECTION NIU
FEED SECTION SETTLING TOWER, V-8
OVERHEAD NIU
RECOVERY TOWER, V-7
HEAVY ENDS COLUMN, F-4 NIU

REBOILER NIU

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-0Q
OVERHEAD __NIU

BOTTOMS

PRECIPITATION TOWER, V-8
ZONE (1) NIU

(2)

(3

RECOVERY TOWER V-9
REBOILER NIU

OVERHEAD
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Stoct | End Rua.Na: M-33A MASS RATES. AND RUNpRoouc-r CAS' TUTHERMAC" 21.24
Dote ¢f Run  16/21/7716/22/77 [Uni+s? 1bs/hr. °F.psie CONDITIONS _ BEREEF e as 1o RECYCLE _ _-0-
e of Rua | 1430 | 0230 |Peep. By:BCL & GGB Sx 20
{Lenerh o Pun 12 hour ’ d: 12/20/77 ‘
|tb:::or,wi+e:na of Y.P. | 2L31?) Hfteds L K4 KNOCKOLT POT TTMS, _=0-.
751 pr»{SCRUBBER AR SORBED GASES , NIU
_n. RECYCLE GAS X j Sx- ;’
YNGAS o- T
15.65 MAKEUPG{} NG - T 822 4 772 WASTE GAS . _2.78
41.23 LIGNITE { {>
T ] o Ly ek L
AL =180 || s
. 4 590 ! ~ 60 o 77 |
: 2500 : !
. 250( o= ' P, 60 | Sv.37
"y T 799 [—"‘T-487 L T ’{‘}' S-4A BOTTOMS —-0-
MIXER T 768 P: 300 L l [=RWAT D) BOTTCV; 18-84
A S ~ bl
XB{}TOLL.‘E_NE ACCLMULATOR . _ NIU
z 735 T l ID.C. Onis Negl.
- S- =-q
178 -oi7 83 =
9 Sy
d L A V
'g s T ! A onT oS, 3,18
| ;Er ][ T F-z F->
g = . T:187 T
o~ ;Tt . 0 1=
g P 322
490
' ;2*_} |
| |
458 l 11.70 1bs/hr - ' V-a goTToMS  NIU
- EXMAUST,  0.4]1
[ CCLm (S~
= COLY T RAP
s-7 l HA2C i CeinsT
I+ 82 LY
P 15 Torr A- 1_A1 ) V-2 68 oS . _NIU
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167.12 oqpy bd oPEM P CLOSED ~cTAL 147.12

Numbers in parentheses are not included in the totals.
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Quantitative

—Elemental

PROJEC' LIGNITE

ADJUSTED MATERIAL BALANCE

F-1 Btme Increased

Revised: 12/20/77 Temperature: 762°F

pater 6/21-22/77 SUMMARY v s P
Time:  1430-0230 1bs/hour GHSYV: 288
STREAM DESCRIPTION igtal Tgﬁil Ylj\fgtid g:tl:.gl‘flbé‘gF
SAMPLE POINT

Hydrogen = H, 1.14 1.04 -0.10

Carbon Monoxide-CO 14.51 8.63 -5.88

Carbon Dioxide - CO, 12.39 12.39

Hydrogen Sulfide-H,S 0.32 0.32

Methane- CH, 1.25 1.25 8.80 39.91
Ethane~ Cy Hg 0.50 0.50

Propane~ CyHg ‘ 0.26 0.26

Butane —~ C4H o

Nitrogen-N, 0.02 0.02

Ammonio~NHjy 0.04 0.04

Lignt on (010 C@OF o 7.03 1.95

Sovent -([00-239°CO| ¢, g6 75.13 7.27 12.80 58.05
Heovy 01-(TE ) 17,06 6.81 | -10.25

SRL 13.83 13.83

Coal (MAF) 22.05 1.68 | -20.37 =92.38
Ash 3.86 3.48 -0.38 =1.72
Water 15.56 14.71 -0.85 -3.86
Phenol

ToTAL 147.12 147.12 -0-

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL
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PROJEC! LIGNITE
ADJUSTED & MEASURI.D MATERIAL BALANCE
Updated: 12/20/77

Temperature: 762°F

Run No: M-33A MATERIAL IN Pressure: 2500 psig

Date: 6/21-22/77 LHSV : 1.34

Time: 1430-0230 1bs/hour GHSV: 289

r Feed Feed Total

STREAM DESCRIPTION| . (gag Lignite Solvent In
SAMPLE POINT Sx-21 Sx-1 Sx-14
Hydrogen ~H, 1.14 1.14
Carbon Monoxide-CO 14.51 14.51

Carbon Dioxide —CO,

Hydrogen Sulfide- H,S

Methone- CH,

Ethane~ C; Hg

Propane—~ CyHg

Butane — C4H) o

Nitrogen-N,

Ammonia-NHy

. 0-100°
Light on-{9Z199" C@ _ 5.08 5.08

~ 3]
Solvent -{00:2307C@ 67.86 67.86

Quantitative

Heavy oli-{570-2)C 17.06 17.06

SRL

Coal (MAF) - 22.05 22.05

Ash 3.86 3.86

Water 15.32 0.24 15.56

Phenol

L[ ToTAL 15.65 41.23 90.24 147.12

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

,———Elemental
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PROJEC® LIGNITE
ADJUSTED MATERIAL BALANCE
F-1 Btms Jancreased

Updated: 12/20/77 Temperature: 762°F
Run No: M-33A Pressure: 2500 psig
Date: 6/21-22/77 MATERIAL OUT LHSV: 1.34
Time: 1430-0230 1bs/hour GHSV: 289
a Product S5=4A S5=4bB 8—ﬁ o—& J=-1
STREAM DESCRIPTION Gas Ovhd Btms vhd Btms Exh.
SAMPLE POINT Sx-19 Sx-30 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H, 0.97 0.06 0.01
Carbon Monoxide~CO 8.02 0.55 0.06
Carbon Dioxide - CO, 10.23 1.86 0.30
Hydrogen Sulfide-H,S 0.23 0.09
Methone - CH, 1.16 0.08 0.01
Ethane - Ca Hg 0.42 0.07 0,01
Propane- CyHg 0.19 0.05 0.02
Butane ~ C4Hjp
® Nitrogen~N, 0.02
> -
S Ammonlo_(g'jl’oooc@ 0.02 0.02
'g Light Oil-"/'¢ Torr) 1.68 0.83
_{100-230°C
& [sowent-4 750 @ 3.03 1.90
(230-255%C
Heavy °““@|.6 Torr) 0.42
SRL
Coal (MAF)
Ash
Waoter 13.69 0.45
Phenol
L ToTAL 21,24 2,78 |_18.84 Negl. 3.18 0.41
-
Carbon
Hydrogen
Nitrogen
Sultur
-é Oxygen (by diff}
&
£ Ash
9
w
L TOTAL

-4 5=




PROJEC! LIGNITE
ADJUSTED MATERIAL BALANCE

F-1 Btms Increased
Revised: 12/20/77

Temperature: 762°F

Run No: M-33A Pressure: 2500 psig
Date:  6/21/22/77 MATERIAL OUT LHSV : 1.34
Time: 1430-0230 1bs /hour GHSv: 289
e CoIld F- <Recycle Solvent—> Total
STREAM DESCRIPTION|  rrgp Btms S-7 Btms__ [F-3 Btms Qut
SAMPLE POINT Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H, 1.04
Carbon Monoxide=~CO 8.63
Carbon Dioxlde - CO, 12.39
Hydrogen Suifide-H,S 0.32
Methane- CH, 1.25
Ethane~ Cy He 0.50
Propane- CgHg 0.26
Butane — C4Ho
° Nitrogen~N, 0.02
'.g Ammonia-NHy 0.04
-— - {¢]
Z [ Lignt on {91007 C@T 4 45 2.55 1.80 7.03
S 100-230Q°C
3 Sotvnt -(|% o) “@| .18 60.58 9,44 75.13
" on (230-255%C
eavy ®@!.6 Torr) 0.04 5.89 0.46 6.81
SRL 13.83 13.83
Coal [MAF) 1.68 1.68
Ash 3.48 3.48
Water 0.28 0.29 14.71
Phenol
L TOTAL 0.67 18.99 69.31 11.70 147.12
( Carbon
Hydrogen
Nitrogen
Sulfur
° Oxygen (by diff)
]
£l Ash
2
w
L TOTAL

-46~




PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 12/19/77
Run No: M-33a
Date: 6/21-22/77
Time: 1430-0230 WEIGHT PERCENT
([ sampLE oEscripTion| Feed pial Makeup = g5 v loir°
SAMPLE POINT sx-1 Sx-2 Sx-8 Sx~12 Sx-14 Sx-16
Hydrogen ~H,
Carbon Monoxide-CO
Carbon Dioxide —=CO,
Hydrogen Sulfide-H,S
Methane ~CH,
Ethone—C2He
Propane—-CsHg
Butane—C4H,o
Nitrogen~N,
Ammonio~NH, (PPM)
| [Llont o971 @ 4.93 15.40 5.63 30.26
£ [Sovent- (@ Tom) - & 90.40 80.70 | 75.20 69.06
£ [Hoavy 0il-{Z30"255)C 4.60 3.90 | 18.90
2 |sL 72.84
Coal (MAF) 53.47 8. 86
Ash 9.36 18.30
Water 37.17 0.07 0.27 0.68
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solublos(xs':‘ f?ée} 89.15
Melting Point °F 292
Specitic Gravity 60/60 1.028 0.997 1.039
L Viscosity , ¢p 49.5 14.1
( Carbon
Hydrogen
Nitrogen
5 Sulfur
C | Oxygen (by diff)
1% Ash
TOTAL
Number of Sample Avg, 2 1 2 2 2 2
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Quoantitotive

-~

——— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 12/19/77
Run No: M-33A
Date: 6/21-22/77
Time: 1430-0230 WEIGHT PERCENT
T S O el - S W
SAMPLE POINT Sx~16 Sx-16 Sx-19 Sx-21 Sx-23 Sx-23
Hydrogen —H,- 4.56 7.28
Carbon Monoxide-CO 37.78 92.72
Carbon Dioxide—CO, 48.17
Hydrogen Sutfide-H,S 1.06
‘|Methane ~CH, 5.45
Ethane—C2Hs 1.96
Propane—~CxH, 0.91
Butane —C4H,o
Nitrogen—N, v
Ammonia—~NH, (PPM) 0.11 0.12
Lignt 0inn-{97100 € ©@ 26.17 32.52
Solvent -1 Toer) © O 59.73 58.42
Heawy 0il- G ) 8.08
SRL
Coal (MAF)
Ash
Water 100 14.10 99.88 0.98
Phenol
ToTat 100 100 100 100 100 100
Pyridine Solubles ! 7o
Melting Point °F
Specific Gravity 60/60 0.941
Viscosity , cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Sample Avgq. 2 2 2 2 2 2

-4 8-




Quantitative

N

,——— tlemental

PROJEC'L LIGNITE
SAMPLE ANALYSIS

Updated: 12/19/77

Run No: M-33A

Date: 6/21-22/77

Time: 1430-0230 WEIGHT PERCENT
SAMPLE DESCRIPTION| §tiB Ovh Disch fold Bms
SAMPLE POINT Sx-23 Sx-30 Sx-32 | Sx-33 Sx-39
Hydrogen —H, 2.21 1.46
Carbon Monoxide~-CO 19.85 13.58
Carbon Dioxide —~CO, 67.01 73.16
Hydrogen Sultide~H,S 3.06
Methane -CH, 2.83 3.16
Ethone— C2Hse 2,55 3.46
Propane—-C3Hs 1.92 5.18
Butane ~C4H,o
Nitrogen—~N, 0.47
Ammonia~NH, (PPM) Q.09 0.1Q
tignt 0D T O] 504 25.56 3.68
Solvent -0 7o) ~ | 16.07 26.10 87.40
Heavy Oil -%ﬁ%--?g?;,c 2.22 5.83 8.50
SRL
Coal (MAF)
Ash
Water 72.68 42.51 0.42
Phenol
TOTAL 100 100 100 100 100
Pyridine Solubles W! 7o
Melting Point °F
Spacitic Gravity 60/60 1.049
Viscosity , cp 42.4
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Somple Avg. 2 2 2 3 2
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Quantitative

,———— Elemental

PROJEC: LIGNITE
SAMPLE /NALYSIS

Updatect: 12/19/77

Run No: M-33A

Date: 6/21-22/77

Time: 1430-0230 MOLE PERCENT
SAMPLE DESCRIPTION| Product feed Soih Didcl.
SAMPLE POINT Sx~19 Sx-21 Sx-30 Sx-32
Hydrogen -H, 43.96 52.35 29.41 22.10
Carbon Monoxide-CO 26.00 47.65 18.88 14.66
Carbon Dioxide —CO, 21.10 40.56 50.24
Hydrogen Sulfide-H,S 0.60 2.40
Methane -CH, 6.56 4,72 5.96
Ethane—C2Hs 1.26 2,26 3.48
Propane—CsHg 0.40 1.16 3.56
Butane ~C4H,o
Nitrogen—N, 0.45
Ammonia=~NH; (PPM) 0.12 0.16
Light ons—(?g"?r?:r? @
Solvcnf—(:%o-'r%i’ro)oc @
oo o1
SRL
Coal (MAF)
Ash
Water
Phenol
TOTAL 100 100 100 100
Calc Mole Wt.. . 19.27 14.39 26.63 30.22
Melting Point °F
Specific Gravity 60/60
Viscosity, cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by dift)
Ash
TOTAL
Number of Sample Avq. 2 3 2 2
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Quoantitative

A

— Elemental

PROJECT LIGNITE
MEASURED MATERIAL BALANCE
Updated: 12/20/77

Run No: M-33A MATERIAL OUT

Temperature: 762°F
Pressure:2500 psig

Date: 6/21-22/77 Lhsv: 1.34
Time: 1430-0230 1bs/hour GHSV: 289

stream oescrieion| FESSUCE | S5iRa | Shims | Bvha | BEms | men.
[SAMPLE POINT | Sx-19 | Sx-30 | Sx-23  Bx-44 Sx-16 Sx-32
Hydrogen -~ H, 0.97 0.06 0.01
Carbon Monoxide-CO 8.02 0.55 0.06
Carbon Dioxide - CO, ' 10.23 1.86 0.30
Hydrogen Sulfide-H,S 0.23 0.09

Methane - CH, 1.16 0.08 0.01
Ethane - Cz He 0.42 - 0.07 0.01
Propane~ Cy Hg 0.19 0.05 0.02
Butane — C4H,o '

Nitrogen-N, | 0.02

Ammonia~NHy 0.02 0.02

Light on (G150 §©@ 1.68 0.83

sotvent (107500 O 3.03 1.90

Hoavy Oll-i8 Forr) 0.42

SRL

Cool (MAF)

Ash

Water 13.69 0.45

Phenol

ToTat 21.24 2.78 | 18.84 | Negl. 3.18 0.41
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL
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PROJEC! LIGNITE
MEASURED MATERIAIL BALANCE
Updated: 12/20/77
Temperature: 762°F

MATERIAL OUT

Run No: M-33A

Quantitative

Pressure: 2500 psig
Date: 6/21-22/77 LHSV: 1.34
Time: 1430-0230 1bs/hour GHSV: 289
steean oescnenion 520 | Gene [ hime: | Pod Bros ut.
SAMPLE POINT Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H, 1.04
Carbon Monoxide~-CO 8. 63
Carbon Dioxlde ~CO, 12.39
Hydrogen Suifide-H,S 0.32
Methane- CH, 1.25
Ethane— Cp Hg 0.50
Propane— Cy Hg 0.26
Butane — C4H,o
Nitrogen-N, 0.02
Ammonia-NHy 0.04
Lignt on 92100 C@T 2.55 1.80 7.03
sotvent 030750 °@| 0.1 60.58 9.44 75.13
Hoavy Oll-@ e Torn) | 0.0 5.89 0.46 6.81
SRL 13.32 13.32
Coal (MAF) 1.62 1.62
Ash 3.34 3.34
Water 0.28 0.29 14.71
Phenol
ToTAL 0.67 18.28 69.31 11.70 146.41
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL

————Elemental
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RUN CONDITIONS

DATE MADE /22771

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-|
SAND BATH 755

INLET 279
OUTLET 752
DISSOLVERS
R-1A (1)
(2)
(3)
(a)
R-18 (1) 762
(2) 794
(3) 790
(4) 815
REACTOR PRODUCT SEPARATORS
S-1
s-2 /3
-3 486
s-4A /3
s-48 68

PREHEATER E-{1
DOWTHERM 680
INLET 445
OUTLET 642

VACUUM FLASH F-I
OVERHEAD VAPOR 513

UPPER WALL 595
LOWER WALL 586
DOWNCOMER 460
CONDENSATE

ACCUMULATOR,S-7_78

PREHEATER E-I3

SEPARATORS ;-1 and §-2
2500

DOWTHERM ___275
69

INLET
OUTLET 503

SEPARATOR $-3
300

LIGHT ENDS COLUMN, F-2
REBOILER ____#39

LOWER SECTION 206

SEPARATORS 36-6}/& and S-48

VACUUM FLASH, F-I
15 Torr

FEED SECTION._ 448

LIGHT ENDS C%LUMN, F-2

OVERHEAD 191
s-8 74 SOLVENT COLUMN, F-3
$-9 - NIU
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 NIU
REBOILER NIU VACUUM FLASH, F-0
LOWER SECTION NIU
FEED SECTION SETTLING TOWER, V-8
OVERHEAD NIU
RECOVERY TOWER, V-7
NIU

HEAVY ENDS COLUMN, F-4
REBOILER Y

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH, F-
CVERHEAD [QIU

BOTTOMS

PRECIPITATION TOWER, V-8
ZONE (1) NIU

(2)

(3)

RECOVERY TOWER V-9
REBOILER NIU

OVERHEAD e
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 Stact | £~d  IRunMoi M-33B MASS RATES AND RUNpropucr aas o THERMAL . _22.96
Dote of Run  [072277716/22777 jynivss” Ths/br,°F, Psig CONPDITIONS I p————
Hrene of Run 0230|1430 |prep. By: BCL & GGB Sx20 =0=
Length oF Run | 12 hours [Upnated:s 12/20/77 o I
Hours on Ceald at End oF. . P,T 35.0 g | K=4 KNDCKCULT POT BTMS -0-
. s’%@ SCRu I ARSORBED GASES . NIU
-0- RECYCLE GAS 743 - :
1730 MAKELIP GA YGRS j 2 5-2 I
o T T 815 =73 WASTE GAS 1.85
44.74 LIGNITE 79/ E—"' T : T -
i;s‘-'l == 18 E-[\' 752 R-1A -1t - 2500 m S,;Bo
S-1 i Pt
&= T T 790 |, ) 73 ! s-4r
g L p2500 [T T]r588 < 26) 68 |
P [ 2500 b, :
_ | 4 \ o 7 60 : Sv-37
1Y T T: 794 l y T T S-4A BCTTOMS -0-
MIXER ’ - : T 762 o | S4B RoTTOM . 18.83
. SX-B{}TCL_' JENE ACIUMULATOR NIU
2 v——*x———————-z z X 2.C. Ontg Neé]__
= — S =-q
2 o 7% T
= v JF o r—o.
~ S 1914t
O i tZ - .
' , | £ anT oc. 3.0
P X r——] V-9 F-2 F-2
T:
V-8 P Z - 204 T
o ;— l L;DQWP: 0 [
: i \ 448
%——ﬂ' 506
[><H | 439 l
11.42 1bs/hr X i Vo meTTomS  NIO
; ! EXHAUS TS 0.45
60 - o 4 575
4 5} ! \»‘f-’@% OB TRAP 0.23
Lﬁ‘.’:7 ‘Lq-ﬂﬁ\‘zc - {r.\_l;.lu.._.!D5
P. 15 Torr oAl R V-8 Bohrores | NIU
Yoo §74.82 1bsttr
psowers] | .
-3 )“{}'“’s‘_e A-DA " §S=-2 VACLULN ZOTTOMS  19.92
; A-BA OvEksiow
153.48 ToTAL D orPeEM b CLOSED =7 A 153.48

Numhers in parentheses are not included in the totals.



PROJECY LIGNITE
ADJUSTED MATER(AL BALANCE
F-1 Btms Increased, then Normalized

Revised: 12/20/77 Temperature: 752°F

Quantitative

e smiaey et L
Time:  0230-1430 1bs/hour GHsv: 301
" [ sTREAM DESCRIPTION T°§§1 Tgﬁil Yi‘iié Eigf‘;iff
SAMPLE POINT
Hydrogen - H, 1.13 1.01 -0.12 |
Carbon Monoxide=-CO 16.00 8.90 -7.10
Carbon Dioxlde ~CO, I 13.23 13.23
Hydrogen Suifide-H,S 0.23 0.23
Methane=- CH, 1.11 1.11 ~  8.15 34.24
Ethane- Cp Hg 0.47 0.47
Propane- CxHg 0.29 0.29
Butane — C4H;o
Nitrogen~N,
Ammonia-NHg 0.04 0.04 ’
Lignt 010510 5@ 5,60 9.32 3.70 ||
sovent-(%078°0 ] 67.29 75.92 8.63 15.86 | 66.64
Hoovy OU-ET3 T | 18.44 6.77 | -11.67 |
SRL 15.20 15.20
Coal (MAF) 23.80 1.31 | =22.49 ~94.49
Ash 4.09 3.41 -0.68 ~2.86
Water 17.11 16.27 -0.84 -3.53
Phenol
L TOTAL 153.48 153.48 -0-
( Carbon
Hydrogen
Nitrogen
Sultur
:g Oxygen (by diff)
g Ash
2
i
L TOTAL
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— E lemental

Quantitative

PROJECY LIGNITE
- MEASURED MATCERIAL BALANCE
Updated: 12/20/77

Temperature: 752°F

Run No: M-33B MATERIAL IN Pressure: 2500 psig
Date:  6/22/77 LHSV: 1.37
Time:  0230-1430 1bs/hour GHSV: 301

STREAM DESCRIPTION ggga Lignite Sgi\elgnt l%gal
[SAMPLE PONT | ge21 |  Sx~1 | Sx-14

Hydrogen - H, 1.13 1.13
Carbon Monoxide-CO 16.00 16.00
Carbon Dioxlde ~ CO, ‘

Hydrogen Sulfide-H,S

Methane- CH,

Ethane~ Cz Hg

Propane~ CyHg

Butane— C4H o

Nitrogen~N,

Ammonia-NHg

ignt ou- P 5O 5.62 5.62
sowvent -([307259 °© 67.29 67.29
Heavy Oll-@i6 Torr) 18. 44 18.44
SRL

Coo! (MAF) 23.80 23.80
Ash 4.09 4.09
Water 16.85 0.26 17.11
Phenol

ToTaL 17.13 44.74 | 91.61 153.48
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dift)

Ash

TOTAL
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’

Quantitative

——Elemental

PROJEC" LIGNITE
ADJUSTED MATERIAL BALANCE

F-1 Btms Increased, then Normalized
Revised: 12/20/77

Temperature: 752°F

IP)\\;rtmeI:lo: 21;:232?77 MATERIAL OUT i;g‘s/s:ureiiﬁSOO psig
Time: 0230-1430 1bs/hour CHSV: 301

 steean oescmeTion| FTRGNCY | Sukd | afna” | ovha | Bems | mefause
SAMPLE POINT $x-19 Sx-30 Sx-23 Sx-44 | Sx-16 Sx-32
Hydrogen - H, 0.97 0.04

Carbon Monoxide-CO 8.46 0.38 0.06
Corbon Dioxide -~ CO, | 11. 64 1.25 0.34
Hydrogen Sulfide-H,$S 0.19 0.04

Methane - CH, 1.05 0.05 0.01
Ethane~ CaHg 0.41 0.04 0.02
Propane~ CyH, 0.23 0.04 0.02
Butane — C4H;o

Nitrogen=-N,

Ammonia~NH, 0.01 0.01 0.02

Light oit-'Dc1007 ¢ ©® 1.08 0.48

Sovam (Q230°C® L6 8o

Hoavy o= G800 0.27 0.04

SRL

Coal (MAF)

Ash

Woter 15.50 0.59

Phenol

ToTaL 22.96 1.85 18.83 Negl. | 3.00 *0.45
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen {by diff)

Ash

TOTAL 1
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Quantitative -

Run No: M~33B MATERIAL OUT Pressure: 2500 psig
Date: 6/22/77 LHSvV: 1.37
[Mime: _ 0230-1430 1bs/hour crsv: 301
 STREAM DESCRPTION 0.0 | hegs  [507 Bime -3 Bins out”
SAMPLE POINT 5x-33 Sx-2 Sx-39 Sx-12
Hydrogan - H, 1.01
Carbon Monoxide-CO 8.90
Carbon Dioxlde - CO, 13.23
Hydrogen Sulfide-H,S 0.23
Methane- CH, 1.11
Ethane~ C, Hg 0.47
Propane-CyH, 0.29
Butane— C4Ho
Nitrogen-N,
Ammonia~NHy 0.04
Lignt o1V 5% .05 6.63 1.08 32
soven-{30720 @] o.15 61.88 10.04 75.92
Heavy OH—(@E?%_-?O%?;,C 0.03 6.13 0.30 6.77
SRL 15.20 15.20
Coal (MAF) 1.31 1.31
Ash 3.41 3.41
Water 0.18 16.27
Phenol
Torat 0.23 19.92 74.82 11.42 153.48
Carbon
Hydrogen
Nitrogen
Suifur
Oxygen (by diff)
Ash
TOTAL

——Elemental

PROJEC: LIGNITE
ADJUSTED MATLRIAL BALANCE

F-1 Btms Increased,

Revised: 12/20/77

the Normalized

Temperature: 752°F
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Quantitative

;——— tlemental

PROJEC'Y LIGNITE
SAMPLE ANALYSIS

Updated: 12/20/77
Run No: M-33B
Date: 6/22/77
Time: 0230-1430 WEIGHT PERCENT
([SAMPLE OESCRIPTION| 1i005ce | pme  |NakveRr | bras | sofveme | 810
SAMPLE POINT Sx-1 Sx=2 Sx-8 Sx-12 Sx=14 Sx-16
Hydrogen —H,
Carbon Monoxide-CO
Carbon Dioxide —CO,
Hydrogen Sulfide-H,S
Methane -CH,
Ethane—C2zHse
Propane—-CxMHe
Butane —C4H,o
Nitrogen—N,
Ammonia=NH; (PPM)
Light oits-DC1E0 T © 4.53 9.50 6.13 19.86
Solvant-{[00-2307C® 63. 60 87.90 73.45 78.20
Heavy 0il-{23Q"255'C 31.80 2.60 20.13 1.50
SRL 76.32
Coal (MAF) 53.20 6.59
Ash 9.15 17.09
Water 37.65 0.07 0.29 0.44
Phenol
ToTAL 100 100 100 100 100 100
Pyridine Solubles (A“s't'\ :r/:e 92.05
Melting Point °F 242
Specific Gravity 60/60 1.028 1.004 1.054
Viscosity , cp 49.5 18.6 49.3
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Sample Avg, 2 2 2 2 2 2
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PROJEC! LIGNITE
SAMPLE ANALYSIS

Quantitative

N\

————— tlemental

Updated: 12/20/77
Run No: M-33B
Date: 6/22/77
Time: 0230-1430 WEIGHT PERCENT
SAMPLE DESCRIPTION| 1S8t8, |T8E81 product |  teed 511" Water
SAMPLE POINT Sx~16 Sx-16 Sx-19 sx-21 Sx-23 Sx-23
Hydrogen ~H, 4.20 6.57
Carbon Monoxide-CO 36.83 93.43
Carbon Dioxide —CO, 50.71
Mydrogen Suifide-H,S 0.84
Methane -CH, 4.58
Ethane = C2Hs 1.80
Propane~CsHMg 0.98
Butone —C4Ho
Nitrogen—N,
Ammonic—NH, (PPM) 0.06 0.11
ight 0its-{05100 €@ 16.00 32.03
(Sotvent I Z30°C® 62.99 58.42
Heavy Oil _(éﬁ%—_?gf:;’c 1.21 8.08
SRL
Coal (MAF)
Ash
Water 100 19.80 1.47 | 99.89
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solublo’s(‘\v;,"?&}—
Melting Point °F
Specific Gravity 60/60 0.958
Viscosity , cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by dift)
Ash
TOTAL
Number of Sample Avg. 2 2 2 2 2 2

*Insufficient oil sample for distillation, Analysis assumed the same as M-33A
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Quontitative

~

;—————— clemental

PROJEC? LIGNITE
SAMPLE ANALYSIS

Updated: 12/20/77
Run No: M-333B
Date: 6/22/77
Time: 0230-1430 WEIGHT PERCENT
SAMPLE DESCRIPTION| — 2#E T 558 Disch. | Tygm gitt Harer
SAMPLE POINT Sx-23 | Sx-30 | $x-32 Sx=-33 Sx-37 Sx=37
Hydrogen ~H, 1.97 1.12
Carbon Monoxide~CO 20,27 12.81
Carbon Dioxide —CO, 67.70 76.44
Hydrogen Sulfide-H,S 2.23
Methane ~CH, 2.92 2.64
Ethone—-CzHs 2,37 3.24
Propone~CsHg 2,27 3.75
Butane =C4Ho
Nitrogen—N,
Ammonia~NH; (PPM) 0.09 0.97 0.15
Light o0 OOTE@] 20.21 | 28.60
Solvent-[QB°C® - 63.80 71.40
Heaw 0= &0 E0 % 144 13,30
SRL
Coal (MAF)
Ash
Water 82.32 2.69 99.85
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles m; f:/:e
Melting Point °F
Specitic Gravity 60/60 0,942
Viscosity , cp 5.6
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Sample Avg, 2 2 2 1l 2 2

-61-~




PROJECT LIGNITE
SAMPLE ANALYSIS

Updated:

Run No:
Date:
Time:

12/20/77

M-33B

6/22/77
0230-1430

SAMPLE DESCRIPTION

S—-4A

SAMPLE POINT

Sx-37

Recycle
ven

olvent

Total S

WEIGHT PERCENT

Sx-39

Hydrogen —H,

Carbon Monoxide-CO

Carbon Dioxide -CO,

Hydrogen Sulfide-H,S

Methane -CH,

Ethane—C2Hs

Propane—CsHg

Butansa —C4H,o

Nitrogen—N,;

Ammonia—=NH; (PPM)

0.01

8.86

—16-100°C @
Light Oils~" & "Torr)

27.52

82.70

_{100-230°C
Solvent 1.6 Torr ) @

68.69

8.20

. _(230-255Y¢C
Heavy Oil @1.6 Torr)

Quantitative

N

SRL

Coal (MAF)

Ash

Water

3.78

0.24

Phenol

TOTAL

100

100

Pyridine Solubhjpgt'\ for/ge

Melting Point °F

Specitic Gravity 60/60

1.059

Viscosity , ¢p

42.5

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

——— tlemental

Number of Somple Avg,
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Quantitative

7

tal

-
ci

PROJEC!

LIGNITE

SAMPLE ANALYSIS
Updated: 12/20/77

Run No:
Date:
Time:

M-33B
6/22/77
0230-1430

SAMPLE DESCRIPTION

Product
Gas

Teed
Gas _

Sutia

Exl']\e—u]ist

MOLE PERCENT

SAMPLE POINT

Sx-19

Sx-21

Sx-30

Sx-32

Hydrogen -H,

42.28

49.62

27.02

17.98

Carbon Monoxide-CO

26.50

50.38

19.88

14.70

Carbon Dloxide—CO,

23.22

42.26

55.82

Hydrogen Sulfide-H,S

0.50

1.80

Methane ~-CH,

_5.77

3.01

5.29

Ethone —~C2He

1.21

3.47

Propane—~CxHg

0.45

1.42

2.74

Butane —C4H,o

Nitrogen-—N,

Ammonia—NH, (PPM)

0.07

0.44

1. \0~100° C @
Light Oils 1.6 Torr)

_{100-230%C
Solvent (I.G Torr) @

.. _(230-255°C
Heavy Qil @®1.6 Torr)

SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL

100

100

100

100

Calc Mole Wt

.

20.15

15.10

27.47

32.13

Melting Point °F

Specific Gravity 60/60

Viscosity , cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dift)

Ash

TOTAL

Number of Somple Avg. '

-6

3-




PROJEC!T LIGNITE

MEASURED MAT¥RIAL BALANCE
Updated: 12/20/77

Quantitotive

N\

r——— Elementol

] °
— mpersnurs: 1ot
Date: 6/22/77 LHSV: 1.37
Time: (0230-1430 1bs/hour GHSV: 301

stecan oesoneniof TECTET S Tote | ova | beme | mnauer
SAMPLE POINT Sx-19 Sx=30 Sx-23 Sx-44 | Sx-16 Sx=32
Hydrogen =H, 0.91 0.03 0.01
Carbon Monoxide-CO 7.98 0.35 0.05
Carbon Dioxide=€0, | 10.99 1.18 0.32
Hydrogen Sulfide-MH,S 0.18 0.04

Methane- CH, 0.99 0.05 0.01
Ethane~ Ca Hg 0.139 Q.04 0.01
Propane-Cy Hg 0.21 0.04 0.02
Butane ~ C4H; o

Nitrogen-Nj

Ammonia-NH, 0.01 0.01 0.02

Light o (0c100 3 O .02 0.45

sowvant -{[0720 °© 1.85 1.78

oy oG BT o2 or0t

SRL

Coal (MAF)

Ash

Water 14,62 0.56

Phenol

ToTaL 21.66 1.74 17.76 Negl. 2.83 0.42
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL
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Quantitative

——— Elemental

PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Updated: 12/20/77

HATERIAL oI
Date: 6/22/77 LHSv: 1.37

Time: 0230-1430 1hs /hour GHSV: 301

[ormean oesoreronl 5237 T acpe’ TN Rene | Eea beme out”
SAMPLE POINT Sx=33 Sx-2 Sx-39 Sx-12
Hydrogen ~ H, - 0.95
Carbon Monoxide~CO 8.38
Carbon Dioxide - CO, 12.49
Hydrogen Suifide-H,S 0.22
Methane~ CH, 1.05
Ethane - C, Hg 0.44
Propane~ Cy M, 0.27
Butane— C4H o

Nitrogen-Nj, '
Ammonia—NHg 0.04
Lignt ou-D5"0 S 4. 04 6.63 1.08 9.22
Soivent-(100:23C°c@ | 61.88 10.04 75.69
Heavy ol-EFEE L 0.03 6.13 0.30 6.75
SRL 13.49 13.49
Coal (MAF) 1.16 1.16
Ash 3.02 3.02
Water 0.01 0.18 15.37
Phenol
ToTAL 0.22 17.67 74.82 11.42 148.54
Carbon
Hydrogen

Nitrogen
Sulfur .
Oxygen (by diff)
Ash
TOTAL




RUN CONDITIONS

RUN NO, _MZ33C
DATE MADE _6/23-24/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-1|

SAND BATH 753
INLET 266
OUTLET 741
DISSOLVERS
R-1A (1)
(2)
(3)
(4)
R-1B (1) 765
(2) 799
(3) 802
(@) 822

REACTOR. PRODUCT SEPARATORS
S-1

§-2 75
s-3 440
S-4A 89
s-48 87
PREHEATER E-I1
DOWTHERM 685
INLET 376
OUTLET 650
VACUUM FLASH F-I
OVERHEAD VAPOR _ 915
UPPER WALL 621
LOWER WALL 615
DOWNCOMER 453
CONDENSATE

ACCUMULATOR,S-7 .91

PREHEATER E-13 SEPARATORS S-1 and S$-2
DOWTHERM 2500
INLET 99 SEPARATOR S-3
OUTLET 505 300
SEPARATORS S-4A and S-4B
LIGHT ENDS COLUMN, F-2 60
REBOILER VACUUM FLASH, F-I
LOWER SECTION ___20% 15 Torr
FEED SECTION 422 LIGHT ENDS COLUMN, F-2
OVERHEAD 192 0
S-8 90 SOLVENT COLUMN, F-3
5-9 - NIU
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 NTU
REBOILER NIU VACUUM FLASH, F-0
LOWER SECTION 15 Torr
FEED SECTION SETTLING TOWER, V-8
OVERHEAD 300

HEAVY ENDS COLUMN, F-4
REBOILER NIU

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-0
OVERHEAD 44

BOTTOMS 470

PRECIPITATION TOWER, V-8
ZONE (1)

(2) 437

(3) 442

RECOVERY TOWER V-9

REBOILER 500
OVERHEAD 324

-66-~

RECOVERY TOWER, V-7
: 2




Stoct | £nd l?un-uo:.a., M-33C MASS RATES AND RUNpropuct cas 76 THERMAL 22.43
Dote of @un | 6723777 6724777}y ;s °F, psig, lbs/hr CONDITIONS O 2R G A T RECNCLE ~0-
e of ®Ron | 1430 0230 |pcep. By BCL & GGB Sx20 = e
Lenarh of Run 12 hours |y, yadeds: 12/22/77
Hours on Coal atEnd of \(,y,l 71.0 ﬁ ' K=4d KNOCKOUT POT BTMms —0-
- €| SCRUBRES ARSORBED GASES » —NIU
-0- RECYCLE GAS * i‘; 751 Sx-! &
16. 68MARELIP G YNGAS S5-2 P
; N Sx-21 T T.822 + 75 WASTE GAS o _2.55
46. T9LIGNITE U 1yee K [ —P-ZS —_— P o
exr| = e Y4l | R-1A R-1® :2500 'S-LIA b or30
! S-1 . : x-
% T T: 802 . ) T 89 P s_a
753 < e 2500 T 607 ~r: 60 T 87 |
. ; X £:250 [ s-3 .~ 00 Sx-37
Y T T 799 7440 L T S-4A BOTTOMS -
MIXER ™ T 765 300 o [ e-21B poT—owiz  20.10
. -
XZ30TCLUENE_A££LNM;ATCR . _—0-
l> Z X D.C. OH Neg]
P S- 5~
t — T—™T &0 !—""'5 h
” £ o
| x 324 86.7353.33.?/h | 192 g 0 r
& b J T 505 . l 4 onT o 3.26
ﬁ — V-9 A 99 F-2 F-3 b
o) ) l T -]
o -8 P 332 T: 200 T
> 1 470 . 342 P ° "
-1 o P 300 500 ] | Es/ ]4 1,
621 915 < 422
P- 15 Tory t 437 504 |
'._l ]
615\j ap 433 | 426] |
5 ! T
l . 14.00 1bs/th X VO BOTTOME -
453 ol d-1 ExnausT,  0.42
< L '}%\};ﬁ cjffoaﬁ{r.fu:ﬁ 0.32
1ol r—“A‘ZC‘l T ot
Sz 2T -
e | P15 Tozr48 l_éx‘lﬁj V-8B BAToaS . 12.32
(12.60§0vanr A-BA ¥ ) hrT“—Jgﬁ
- ort -t 3 {}sy-z VAZ LN EOTT'CMS‘ 14.67
L A-BTA OVEET_OW - -
241.28 oAy DA oPEM M  CLOSED ToTAL 241.28

Numbers in parentheses are not included in the totals.



PROJECY LIGNITE
ADJUSTED MA1RKRIAL BALANCE ‘
V-9 Ovhd and V-8 Btms Adjusted with Forced Ash Balance

Revised 12/22/77 Temperature: 741°F

B e s
Time:  1430-0230 1bs/hour GHSV: 301
([ STREAM DESCRIPTION T‘fgal Tgﬁil YNiztid Egg:/;i}égF
SAMPLE POINT
Hydrogen - H, 1.16 1.12 -0.04
Carbon Monoxide~CO 15.52 7.69 -7.83
Carbon Dioxlde - CO, 14.65 14.65
Hydrogen Sulfide-H,S 0.23 0.23 8.74 34.06
Methane- CH, 0.96 0.96
Ethane~ Cy Hg 0.42 0.42
Propane— CyH, 0.33 0.33
Butane— C4Hyo
© Nitrogen-N,
< [Ammonia~NH, 0.02 0.02
Z [Lignt ou 97190 C@T 98 89 | 104.27 5.38 )
S 1sowent-(1Q02236°CO[ 5, g1 | 45 69 ~4.12  |r 16.27 63.40
Heary ou-BPeESE 4 gy 4.20 0.28 ’
SRL 14.73 14.73 g
Coal (MAF) 25.66 3.03 -22.63 ~88.19
Ash 3.97 3.97 -0- -0-
Water 17.35 | 14.97 -2.38 -9.27
Phenol
L TOTAL 241.28 241.28 -0-
( Corbon 182,52 182,84 0.32
Hydrogen 19.15 19.26 0.11
Nitrogen 0.26 0.37 0.11
Sultur 1.80 1.68 -0.12
S| oxygen (by dift) 33.58 | 33.16 | -0.42
E | ash 3.97 3.97 ~0-
W
L TOTAL 241.28 241,28 -0~

~68 =~



PROJEC! LIGNITE .
ADJUSTED & MEASURED MATERIAL BALANCE
Updated: 12/22/77

Run No: M-33C MATERTAL IN brrener %500 pais
Date: 6/23/77 LHSV: 1.49
Time:  1430-0230 1bs/hr GHSV: 301
([[stream oescrierion| Feed Lignite |Solvent | Toluene R
SAMPLE POINT Sx-21 Sx-1 Sx-14 Sx-40 |
Hydrogen = H, 1.16 1.16
Carbon Monoxide-CO 15.52 15.52
Carbon Dioxide = CO,
Hydrogen Sulfide-H,S
| Methane- CH,
Ethane~ C, Hg
Propane= CyHy
Butane =~ C4H;o
© Nitrogen=N,
> -
'g Ammonia=~NHy
'E Light °“'(?.é'°r%:§@ 13.29 85.60 98.89
3 | solvent -([G0:2307C@ 73.68 1.13 74.81
Heavy Oll—(@zig'fosrf;c 3.92 3.92
SRL :
Coal (MAF) 25.66 25.66
Ash 3.97 3.97
Water 17.16 0.19 17.35
Phenol
[TomaL 16.68 46.79 | 91.08 | 86.73 241.28
([Carbon 6.65 17.91 78.83 79.13 182.52
Hydrogen 1.16 3.20 7.25 7.54 19.15
Nitrogen 0.24 0.02 0.26
Sultur 0.33 1.45 0.02 1.80
2 [oxygen (by aith) 8.87 21.14 3.53 0.04 33.58
£ | Ash 3.97 3.97
2
W
L TOTAL : | 16.68 46.79 91.08 86.73 241.28
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Quantitative

—— Elemental

PROJEC! LIGNITE
ADJUSTED MATERIAL BALANCE

V-9 Ovhd and V-8 Btms Adjusted with Forced Ash Balance

Revised: 12/22/77

Temperature: 741°F
Run No: M-33C Pressure: 2500 psig
Date:  6/23/77 MATERIAL OUT LHSV: 1.49
Time: 1430-0230 1bs/hour GHSV: 301
Product S-4A S-4B8 S5-38 5-8 J-1
STREAM DESCRIPTION Gas Ovhd Btms Ovhd Btms Exhaust
SAMPLE POINT Sx-19 Sx-30 Sx~-23 Sx-44 Sx-16 Sx-32
Hydrogen - H, 1.08 0.04 -
Carbon Monoxide-CO 7.30 0.35 0.04
Carbon Dioxlde - CO, ' 12.42 1.89 0.34
Hydrogen Sulfide-H,S 0.16 0.07
Methane~- CH, 0.89 0.06 0.01
Ethane=- Ca Hg 0.35 0.06 0.01
Propane- CyH, 0.23 0.08 0.02
Butane — C4H)q
Nitrogen—~N,
Ammonia—NHy 0.02
] {0-100°C
Light oil-' Pz To")@ 2.49 3.11
_(100-230%C
Solvent (1.6 Torr) ® 2.81 0.13
Heavy 0il- 232 "20)C
SRL
Coal (MAF)
Ash
Water 14.78 0.02
Phenol
TOTAL 22.43 2.55 20.10 Negl. 3.26 0.42
Carbon 7.66 0.82 4.70 2.60 0.14
Hydrogen 1.42 0.09 2.11 0.34 0.01
Nitrogen 0.02 0.01
Sultur - 0.15 0.07 0.04 _0.01
Oxygen (by diff) 13.20 1.57 13.23 0.30 0.27
Ash
roTaL 22.43 2.55 20.10 Negl 3.26 0.42
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Quantitative

Elemental

PROJEC! LIGNITE
ADJUSTED MATFRIAL BALANCE

V-9 Ovhd and V-8 Btms Adjusted With Forced Ash Balance

Revised: 12/22/77 Temperature: 741°F

Run No: M-33C Pressure: 2500 psig
Date: 6/23/77 MATERIAL OUT LHSV : 1.49
Time: 1430-0230 1bs/hour GHSV: 301

sTReam DescriPTIon|  §220 Blns Bima §a |5 5°teec PRosBems
SAMPLE POINT Sx-33 Calc Sx-2 Sx-28 Sx-39 Sx-12
Hydrogen — H,

Carbon Monoxide-CO

Carbon Dioxide = CO, v

Hydrogen Sulfide~-H,S

Methane- CH,

Ethane- Cy Hg

Propane- CyHy

Butane — C4H) o

Nitrogen-N,

Ammonia~-NHy

Light ou-{021GTC@1 .31 2.95 82.65 11.75 1.01
Sowent-(100:230°C@[ ¢ o1 1.94 0.37 4.08 48.88 12.47
Heavy oi-{510- 20 3.68 0.52
SRL 0.46 14.27

Coal (MAF) 3.03

Ash 3.94 0.03

Water 0.17

Phenol

TOTAL 0.32 12.32 14.67 86.73 64.48 14.00
Carbon 0.25 6.88 12.57 78.99 55.74 12.49
Hydrogen 0.03 0.59 0.88 7.51 5.09 1.19
Nitrogen ' 0.04 0.12 0.14 0.04
Sultur 0.01 0.07 0.14 0.07 0.93 0.19
Oxygen (by ditf) 0.03 0.80 0.93 0.16 2.58 0.09
Ash 3.94 0.03

TOTAL 0.32 12.32 14.67 86.73 64.48 14.00
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PROJEC! LIGNITE
ADJUSTED MATFRIAL BALANCE
V-9 Ovhd and V-8 Btms Adjusted with Forced Ash Balance

Revised: 12/22/77
/22/ Temperature: 741°F

Run No: 6123157 MATERIAL OUT Pressure: 2300 psis
Time: 1430~0230 1bs/hour GHSV: 301

" [ STREAM DESCRIPTION Tgﬁil
SAMPLE POINT ' |
Hydrogen = H, ' 1.12
Carbon Monoxide~CO 7.69
Carbon Dioxide -CO, 14.65
Hydrogen Suifide-H,S 0.23
Methane- CH, 0.96
Ethano - CaHg . ‘ 0.42
Propane- CgHg 0.33
Butane =~ C4H o

¢ Nitrogen-N,

s Ammonio~NHy 0.02

% Light °“‘(?é'°rg:§@ , 104.27

| Soment 1130720 €O 70.69
Heavy ou;@‘“hg'.rzos,sr)c 4.20
SRL 14,73
Cool (MAF) ‘ 3.03
Ash ‘ 3.97
Water 14.97
Phenol

[ToTac 241.28
(carbon ' 182.84
Hydrogen ] 19,26
Nitrogen 0.37

I Sulfur 1.68

% Oxygen (by diff) | 33.16

g Ash 3.97

w

[ TOTAL 241.28
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Quantitative

,————— tlemental

PROJECT LIGNITE
SAMPLE ANALYSIS

r

Updated: 12/22/77

Run No: M-33C

Date: 1430-0230

Time: 6/23-24/77 WEIGHT PERCENT
SAMPLE DESCRIPTION| [ionire | Bimd Yakeup, pE-2 SoSoat 011
SAMPLE POINT Sx-1 Sx-2 Sx-8 Sx~12 Sx-14 Sx-16
Hydrogen —H,
Carbon Monoxide~-CO
Carbon Dioxide—CO, ;
Hydrogen Sulfide-H,S
Methane -CH,
Ethane—C2Hs
Propane—-CxsHg
Butane —C4Ho
Nitrogen—N,
Ammonia—NH; (PPM)
Lignt 0ia{9C10% £ ©@ 5.01 7.20 14.59 | 95.33
Solvent-{| QO 12307C® 2.50 | 84.50 89.10 80.90 4.00
Heavy 0il={&3Q°255/C 10.20 3.70 4.30
SRL 97.32
Cool (MAF) 54.84
Ash 8.48 0.18
Water 36.68 0.29 0.21 0.67
Pheno!
TOTAL 100 100 100 100 100 100
Pyridine Solublos(gg,’.‘ :,/&1 100
Meiting Point °F 193
Specific Gravity 60/60 1.038 1.008 1.034
Viscosity, ¢p 57.4 16.8 28.2
Carbon 38.28 85.73 87.58 89.21 86.55 79.84
Hydrogen 6.83 5.98 8.18 8.54 7.96 10.41
Nitrogen 0.51 0.80 0.12 0.28 0.02 0,24
Sulfur 0.71 | 0.94 2.00 1.34 1.59 Q.19
Oxygen (by diff) 45.19 6.37 2.12 0.63 3.88 9,32
Ash 8.48 0.18
ToTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 2 2

-73-




Quantitative

,————— tlemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 12/22/77

Run No: M-33C

Date: 6/23-24/77

Time: 1430-0230 WELGHT PERCENT
SAMPLE DESCRIPTION| yaier | poral | “Goe - | 'Gas | 011 | water
SAMPLE POINT Sx-16 Sx-16 Sx-19 Sx-21 Sx-23 Sx-23
Hydrogen ~H, 4.81 6.95
Carbon Monoxide-CO 32.53 93.05
Carbon Dioxido-062 55.37
Hydrogen Suifide-H,S 0.70
Methane -CH, 3.97
Ethane— CzHe 1.57
Propane—-CsHg 1.03
Butane —C4Ho
Nitrogen—=N,
Ammonia—NH, (PPM) | 0.02 0.11
Light 0in19. 1007 C @ 95.33 44.94
Sotvent 1| @72 © & 4.00 50.79
vy 1B T
SRL
Coal ({MAF)
Ash
Water 100 0.67 4.27 99.89
Pheno!
TOTAL 100 100 100 100 100 100
Pyridine Solubles (Av;," :r/:e]
Melting Point °F
Specific Gravity 60/60 0.954
Viscosity , ¢p
Carbon 79.84 34,12 39.88 " 84.88
Hydrogen 11.11 10.41 6.34 6.95 8.76 11.12
Nitrogen 0.24 0.02 0.22 0.09
Sulfur 0.19 0.66 0.74
Oxygen (by dift) 88.89 9.32 58.86 53.17 5.40 88.79
Ash
TOTAL 100 100 100 100 100 100
Number of Sample Avg, 2 2 . 2 2 2 2
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Quantitative

PROJECT LIGNITE
SAMPLE ANALYSIS

,———— Elemental

Updated: 12/22/77

Run No: M-33C

Date: 6/23-24/77

Time: 430-6230 WEIGHT PERCENT
SAMPLE DESCRIPTION| 25437 | pimg Ovhd | Qvhd Exhaust | “Trap_
SAMPLE POINT Sx-23 | 5x-27 Sx-28 5%-30 sx-32 | Sx-33
Hydrogen —H, 1.80 1.17
Carbon Monoxide~CO 13.74 8.43
Carbon Dioxide —CO, 74.01 80.85
Hydrogen Sulfide~H,S 2.76
Methane ~CH, 2.42 2.42
Ethone~C2Me 2.17 3.02
Propane~CxHe 2.96 4.11
Butane —C,4Ho

. [Nitrogen—~N,
Ammonia=NH, (PPM) 0.08 0.14
ignt =050y O 12,38 95.30 96.40
Solvent-Y @ Toer] C o1 13.99 4.70 2.35
ey 010 255
SRL
Coal (MAF)
Ash 0.35
_|Water 73.55 0.90

Phenol
ToTAL 100 NA 100 100 100 100
Pyridine Solubles (x:; :/;]
Melting Point °F
Specific Gravity 60/60 0.868
Viscosity, cp
Carbon 23.38 91.08 32.05 33.26 78.60
Hydrogen 10.47 8.66 3.55 3.12 10.53
Nitrogen 0.12 0.12 0.36
Sulfur 0.20 0.08 2.60 1.84
Oxygen (by diff) 65.83 0.18 61.68 63.62 8.32
Ash 0.35
TOTAL 100 NA 100 100 100 100
Number of Sampls Avgq, 2 2 2 2 1
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Quantitative

[

,———— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 12/22/77

Run No: M-33C

Date: 6/23-24/77

Time: 1430-0230 WELGHT PERCENT
SAMPLE DESCRIPTION| St/ Tolced, N
SAMPLE POINT Sx-39 Sx-40 *Calc.
Mydrogen —H,
Carbon Monoxide~CO
Carbon Dioxide —~CO,
Hydrogen Sulfide~H,S
Methane ~CH,
Ethane—C2He
Propane-CxsHg
Butane —C4H o
Nitrogen—N,
Ammonia—~NH (PPM)
ight 0itspc' 9 T @] 18.23 98. 70 23.94
Sowvent-1 2729 @ 75.80 1.30 15.75
Heawy 0i1- &30 2% 5.70
SRL 3.73
Coal (MAF) 24.60
Ash 31.98
Water 0.27 0.27
Phenol
TOTAL 100 100 100
Pyridine Solubles(Av;r" ;:/ge] 57.51
Melting Point °F
Specific Gravity 60/60 1.033
Viscosity, ¢p 22.7
Carbon 86.44 91.24 55.84
Hydrogen 7.89 8.69 4.77
Nitrogen 0.22 0.30
Sutfur 1.45 0.02 0.59
Oxygen (by ditt) 4.00 0.05 6.52
Ash 31.98
TOTAL 100 100 100
Number of Sample Avq. 2 2 -

*Analysis calculated by material balance around the deashing unit.
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"Quantitative

,—— clemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 12/22/77
Run No: wm-.33C

Date:
Time:

6/23-24/77
430-0230

MOLE PERCENT

SAMPLE DESCRIPTION

PEX%“Ct

Fess

vha

Bzéch.

SAMPLE POINT

Sx-19

Sx~21

S$x-30

Sx-32

Hydrogen ~H,

46.53

51.11

26.11

19.10

Carbon Monoxide~CO

22.46

48.89

14.20

9.81

Carbon Dioxide ~CO,

24.33

48.68

59.85

Hydrogen Sulfide-H,S

0.40

2.35

Methane ~CH,

4.80

4.38

4.92

Ethone~C2Hs

1.01

2,09

3.28

Propane~CsHg

0.45

1.95

3.04

Butane = C4 Mg

Nitrogen—N,

Ammonia—=NH; (PPM)

0.02

0.24

T0-100°C @
Light oits-'D 2100 €

_(100-230%C
Solvent 1.6 Torr) @

. _(230-255%C
Heavy Oil-'a1 6 Torr)

SRL

Coal (MAF)

Ash

Water

Pheno!

TOTAL

100

100

100

100

Mole Wt (Calc)

19.33

14.71

28.94

32.57

Melting Point °F

Specific Gravity 60/60

Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avgq.
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PRO.JECT LIGNITE
SAIiPLE ANALYSES

RUN NO: M-33cC
DATE: 6/23-24/77
TIME:  1430-0230
SAMPLE DESCRIPTION F-1 Btms Makeup Soly F-3 Btmg Feed Solv| S-8 0il
SAMPLE POINT Sx—2 Sx-8 Sx-12 Sx-14 Sx-16
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 3 5
18P 70.2 89.5 70.2
5% r 121.0 114.2 98.8
rso% 142.6 116.0 114.8
. 20% o 185.2 123.6 137.8
z 30% o 188.8 131.6 162.0
O 40% 3 191.0 145.4 168.6
W 50% 5 196.2 160.4 183.3
. 60% x 203.0 173.4 189.2
= 70% g 212.0 182.4 195.6
g 80% w 230.0 190.6 203.6
3 90% ‘ 248.6 206.8 223.8
Lgs59, L 260.0 222.2 231.0
DRY PT. . 222.2 231.0
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 744
I8P 79
5% r 99
ﬁo% ! 130
E 20% ° 152
W 30% o 168
T 40% x 184
a 50% 5 191
w 60% « 199
2 80% w 216
> 90% 223
L’95"/0 L -
DRY PT. 216
ASPHALTENE TEST
WT % ASH 0.18
WT % UNCONVERTED COAL -
WT % PRE-ASPHALTENES 21.20
WT % ASPHALTENES 36.46
WT % MALTENES 8 DIST. OIL 42.16
TOTAL 100.00
SAYBOLT VISCOSITY, SSU
100° F 16.1 11.1 12.7
210° F 8.8 8.6 8.7
MISCELLANEOQUS
KF_H0 WT %/ (Raw Sx) 0.29 0.00 0.21 1.16
INFRARED RATIO
SP. GRAV. 60/60 F 1.038 1.008 1.034

PREASPHALTENES

MALTENES~ N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

~ PYRIDI ME SOLUBLE, BENZENE INSOLUBLE MATERIAL
ASPHALTENES~ BENZZNE SOLUBLE,

N-PENTANE INSOLUBLE MATERIAL

DISTILLABLE OIL -RECOVERABLE BY DISTILLATION, USUALLY LESS THAN 8% FOR THE F-1 VACUUM BOTTOMS MATERIAL
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PRCJECT LIGNITE
SAMIPPLE ANALYSES

RUN NO: M-33C
DATE: 6/23-24/77
TIME: 1430-0230
SAMPLE DESCRIPTION V-9 Btms {Cold TRap | S—-7 Btms | S-4A 0il |[Recycle So
SAMPLE POINT Sx-28 Sx-33 Sx-34 Sx-37 Sx-39
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 5 5
I8P 123.0 81.0 63.6
5% 170.0 106.5 95.4
rm% [—_‘ 180.0 121.0 114.
N 20% o 188.5 144.7 136.5
z 30% o 195.0 169.3 158.6
S 40% & 204.0 178.3 170.8
W 50% 5 213.0 185.0 "179.5
Y 60% x 225.0 191.0 184.3
= 70% %- 245.0 199.0 192.8
3 80% @ [-260.0 209.0 200.6
S 90% T 229.0 223.0
Los o, L 239.3
DRY PT. 229.0 239.3
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 742 742
I8P 69 80
— 5% [—_—‘ 78 164
[ 10% 96 190
£ 20% s 125 200
W 30% o 146 208
& 40% = 162 712
& 50% o 176 217
w 60% = 187 231
Z 70% a 193 268
2 80% & 201 308
> 90% 211 336 .
L*9593 L_*
DRY PT. ‘ 215 340
ASPHALTENE TEST ‘
WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES & DIST. OiL
TOTAL
SAYBOLT VISCOSITY, SSU .
100° F ' 11.8
210° F 8.6
MISCELLANEQUS
KF H0 WT%{Raw Sx) 0.90 0.27
INFRARED RATIO
SP. GRAV. 60/60 F 0.960 1.033

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES- BENZENE SOLUBLE,

N-PENTANE INSOLUBLE MATERIAL
MALTENES~ N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES
DISTILLABLE OIL -RECOVERABLE BY DISTILLATION., USUALLY LESS THAN 5% FOR THE F-1 VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE
SANPLE ANALYSES
RUN NO! M-33C

DATE: 6/23-24/77
TIME:  1430-0230

SAMPLE DESCRIPTION Deashing Solv.

SAMPLE POINT Sx-40

ASTM D-1160 DISTILLATION DATA

PRESSURE, TORR
18P

5%
rl 0%
20%

30%
40%
50%
60%
70%
80%
90 %
Los o
DRY PT.

VOLUME PERCENT

[——TEMPERATURE , °C ——I

ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 744

18P 111

5% (_‘ 112
ﬁo% 5 112
)E 200/0 ) 112
8 30% w 112
x 40% z 112
& 50% 5 112
w 60% & 112
2 70% g 112
3 80% W 113
2 90% 114
L'95°/o l_.

DRY PT. 130

ASPHALTENE TEST

WT % ASH

WT % UNCONVERTED COAL

WT 9% PRE-ASPHALTENES

WT % ASPHALTENES

WT % MALTENES 8 DIST. OiL

TOTAL

SAYBOLT VISCOSITY, SSuU

100° F

210° F

MISCELLANEQUS

KF H O WT%(Raw Sx)

INFRARED RATIO

SP. GRAV. 60/60 F 0.867

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES - BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL

MALTENES - N-PENTANE SCLJUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

DISTILLABLE OIL ~RECOVERABLE BY DISTILLATION, USUALLY LESS THAN 5% FOR THE F-| VACUUM BOTTOMS MATERIAL
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PROJEC!T LIGNITE
MEASURED MATFRIAL BALANCE
Updated: 12/22/77

Run No: M-33C MATERIAL OUT gf;z:f\izl:re.ZSZ)glpzig
Date:  6/23/77 LHSV : 1.49
Time: 1430-0230 1bs/hour GHSV: 301
(" [[sTream oescripTion] Ppoduct [ 5-4a Bras ovha Bems Exhaust
SAMPLE POINT Sx-19 Sx-30 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H, 1.08 0.04
Carbon Monoxide~-CO 7.30 0.35 0.04
Carbon Dioxide - CO, 12.42 1.89 0.34
Hydrogen Sulfide-H,S 0.16 0.07
Methane - CH, 0.89 0.06 0.01
Ethane - Cy He 0.35 0.06 0.01
Propane- CyH, 0.23 0.08 0.02
Butane — C4H,o
® Nitrogen-N,
% Ammonia—NH; 0.02
= | Lignt ou-{DEISET S @ 2.49 3.11
S| sowent-([00:230°C@® 2.81 0.13
vy 1R EET
SRL
Coal (MAF)
Ash
Water 14.78 0.02
Phenol
L TOTAL 22.43 2.55 20.10 Negl 3.26 0.42
([Carbon 7.66 0.82 4.70 2.60 0.14
Hydrogen 1.42 0.09 2.11 0.34 0.01
Nitrogen 0.02 0.01
Suttur 0.15 0.07 0.04 0.01
g Oxygen (by diff) 13.20 1.57 13.23 0.30 0.27
@
£ |Ash
2
w
L TOTAL 22.43 2.55 20.10 Negl. 3.26 0.42
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Quantitative

r——Elementol

PROJEC! LIGNITE
MEASURED MATERIAL BALANCE
Updated: 12/22/77

MATERLAL OUT Temperature: 741°F

Run No: M-33C Pressure: 2500 psig
Date: 6/23/77 LHSV: 1.49
Time: 1430-0230 1bs/hour GHSvV: 301

stoeaw oescuerion] pn | hene | mens | ovad |5 beme [-3 Bems
SAMPLE POINT Sx-33 Sx-27 Sx-2 Sx-28 Sx-39 pekSx—12
Hydrogen ~ H,

Carbon Monoxide-CO

Carbon Dioxide ~CO, ‘

Hydrogen Sulfide-H,S

Methane- CH,

Ethane - Cy Hg

Propane- CyHgy

Butane — C4H o

Nitrogen-N,

Ammonia=-NHy

ight 0125190, 3®]  0.31 87.49 11.75 1.01
sovent-([Q0:2307C@] ) 01 0.37 4.31 48.88 12.47
Heavy Oll-(@zig_.?osj;’c 3.68 0. 52
SRL 14,27

Coal (MAF)

Ash 0.03

Water 0.17

Phenol

TOTAL 0.32 -0~ 14.67 91.80 64.48 14.00
Carbon 0.25 12.57 83.61 55.74 12.49
Hydrogen 0.03 0.88 7.95 5.09 1.19
Nitrogen 0.12 0.14 0.04
Sultur . 0.01 0.14 0.07 ~0.93 0.19
Oxygen (by diff) 0.03 0.93 0.17 2.58 0.09
Ash 0.03

TOTAL 0.32 -0- 14.67 91.80 64.48 14.00

% Settling tower bottoms line plugged. Unable to remove solids.
*% Flow rate estimated.
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PROJEC: LIGNITE
MEASURED MATERIAL BALANCE
Updated: 12/22/77

o
MATERTAL OUT Temperature: 741°F

Run No: M-33C Pressure: 2500 psig °
Date:  6/23/77 LHSV 1,49
(-Tlme: 1430-0230 1bs/hour GHSV: 3p1
STREAM DESCRIPTION . Total
Qut
SAMPLE POINT
Hydrogen - H, 1.12
Carbon Monoxide-CO | 7.69
Carbon Dioxide ~CO, 14.65
Hydrogen Suifide-H,S 0.23
Methane - CH, 0.96
Ethane~ Cp Hg 0.42
Propane- Cy Hg 0.33
Butane — C4H o
° Nitrogen-N,
> ;
:c: Ammonlu—(:Hroorc ‘ 0.02
£ |viont 015 Yore; @ 106.16
_(100-2309C :
é’ Solvent "Ggfér)?_ss@ ) 68.98
Heavy oll-(&72 200 4.20
SRL 14.27
Coal [(MAF)
Ash ' 0.03
Water 14.97
Phenol
L TOTAL 234.03
T —
Carbon 180.58
Hydrogen 19.11
Nitrogen 0.33
| Sulfur 1.61
3]
;c: Oxygen (by diff) 32.37
Ash
g s 0.03
73]
L TOTAL 234.03
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RUN CONDITIONS

RUN NO._M=33D
DATE MADE6/24/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-i

SAND BATH.__756
INLET 266
OUTLET 749
DISSOLVERS
R-1A (1)
(2)
(3)
(4)
R-18 (1) 768
(2) 804
(3) 806
(4) 828
REACTOR PRODUCT SEPARATORS
S-1 607
§-2 73
$-3 492
S-4A 81
$-48 79

PREHEATER E-1I

DOWTHERM 685 B
INLET 434 -
OUTLET 657

VACUUM FLASH F-i

OVERHEAD VAPOR 523

UPPER WALL 616

LOWER wALL 619

DOWNCOMER 456 _

CONDENSATE
ACCUMULATOR,S-7_ 86 _

PREHEATER E-13 SEPARATORS S-i and S-2
DOWTHERM 571 2500
INLET 82 SEPARATOR §-3
OUTLET 479 300

LIGHT ENDS COLUMN, F-2
REBOILER 416

SEPARATORS 5-64OA and S-48

VACUUM FLASH, F-I
or

LOWER SECTION 302 . 15 Torr
FEED SECTION. 424 LIGHT ENDS COLUMN, F-2
OVERHEAD 193 Q
S-8_.__.__.._.__83 SOLVENT 'COLUMN, £-3
s-9 - NIU
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 NIU
REBOILER NIU VACUUM FLASH, F-0
LOWER SECTION NIU
FEED SECTION ____ SETTLING TOWER, V-8
OVERHEAD N1U
RECOVERY TOWER, V-7
HEAVY ENDS COLUMN, F-4 NIU

REBOILER NIU

LOWER SECTION

FEED SECTION
OVERHEAD

VACUUM FLASH,F-0
OVERHEAD
BOTTOMS

PRECIPITATION TOWER, V-8
ZONE (1) NIU

(2)

(3)

RECOVERY TOWER V-9
REBOILER NIU
OVERHEAD
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Stoct+ | £EAd Kun No: M-33D MASS RATES. AND RUNPRODUCT GAS TO THERMAL ~ 22.49
Dote of Ron 1 8/26/77]6/24/77|Unis 1bs/hri®F, Psig CONDITICNS OXDIZER oo 1o proncle | -0
e of Ron | 0230 1430 |pees. ByBCL & GGB Sx 2O ———rs R
Lenagh o Run 12 | hours |y raded: 12/19/77 J,
Foos on Coml ot Erd oF Y'P'I 83.0 l K-& KNOCKCUT POT BTMS -0~
bt SCRUCEE AR SORBES L ASES - NIU
-0- RECYCLE GAS " 748 Seru
1 X P: l
17.13MARELIP G S = 5- WAST GA 8
41.891 1cNi1TE i - 828 - : {)E GAS - 2.9
et N R-16 ] P 230 | S-2A
S-1 4 H [ S Sx-20
: T: 806 — 81 ! =-43 !
‘ .- . il . :
b 2500% ¢ 07 P 60 . 79
2500 5.3 ' g 760 : Su-37
T 804 492 T B S-4A BOTTOWMS -
- 2 Las
T 768 300 [ S-4IB LOTTOME 11.56
= Sx-224
22 TOLUENE ALIUMULATOR NIU
2 721

Ez x D.C. oug; Negl
S-a =-q I

- 193 =783 -
' 0 :
@ = e
| E ‘i{ F-2 F-3 . -
iy P
w S |
- ) T ; 28 7
;TW P: F l =
S
7 424i
>4 502 ;
] T ‘ s | Y
! H
! { | 135:32 Ibs/hr X - X Vo porToass NI
- ~ e J-1 ExueusT: 0-60
7 B iouo ISATEn T UL
‘ T L i o
L_WT:S 6 A-Lcr—J [ FRAP ot TRAD
Sx-Z
MAKELIP P. 15 Torr A-ZA; ol : v-aSEE—oas _ NIU
_(_1;38_LOLVE»Jﬁ N 63,84 1bsttr— i
Sx-8 | Gsy-z VAC ECTTCV\i 's 77
A-ZLA SVERT_OW o -
149.56 —5—rpay D4 orPeM > CLOSED oaL 149.56

Numbers in parentheses are not included in the tctals.



Quantitative

——Elemental

PROJEC! LIGNITE
ADJUSTED MATERIAL BALANCE
Normalized
. 0

Run No: M-33D SUMMARY Ifﬁ‘;‘gzﬁi;‘jr%soé"gs‘{g
Date:  6/24/77 LHSV: 1.43
Time: 93?-9:}5,30 1bs/hour GHSV: 306
streaw oescmerion] TR TTRET TNy Lignite’

SAMPLE POINT _

Hydrogen = H, 1.16 1.24 0.08 ]

Carbon Monoxide-CO 15.97 9.08 -6.8Y

Carbon Dioxide ~CO, ‘ 13.86 ‘13.86

Hydrogen Sulfide-HiS 0.36 0.36

Methane-CH, 0.93 0.93

Ethane - CaHg 0.37_ 0.37 (8,95 39.15
Propane~ CyHy 0.21 0.21

Butone - C4H;o

Nitrogen-N,

Ammonia—-NHy 0.03 0.03 J

ight on-=1DS1E @1 g 9.79 3.90_|]

sowvent 1907259 @1 77,49 78.08 0.59 _|r 14.18 62.03
Heavy O“'%Eg_w?osj;’c 7.00 6.54 -0.46_

SRL 10,15 | 10.15

Cool (MAF) 20.86 2. 44 ~20.42 -89.32
Ash 3.92_ 3.18 | -0.74 =3.24
Water 15.27 13.30 -1.97 -8.62
Phenol

ToTAL 149.56 149.56 -0~

Corbon 102.16 101.70 -0.46

Hydrogen 11.17 11.71 0.54

Nitrogen 0.37 0.44 0.07

Sultur 1.96 1.91 -0.05

Oxygen (by ditt) 29.98 30. 62 0.64

Ash 3.92 3.18 -0.74

TOTAL 149.56 149.56 -0-
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Quantitative

———Elementao!

ADJUSTED & MEASURED MATERIAL BALANCE

PROJECT LIGNITE

Updated: 12/19/77

MATERIAL IN

Temperature: 749°F

Run No: M-33D Pressure: 2500 psig
Date: 6/24/77 LHSV: 1.43
Time: 0230-1430 1bs/hour. GHSV: 306

| strea oescmerion)  cS8% | picnice |sofvent T
SAMPLE POINT Sx~-21 Sx-1 Sx~-14

Hydrogen - H, 1.16 1.16
Carbon Monoxide-CO 15.97 15.97
Carbon Dioxide - CO,

Hydrogen Sulfide-H,S

Methone- CH,

Ethane— Ca Hg

Propane-C, Hg

Butone — C4H,o

Nitrogen-N,

Ammonia—-NH,

Light ou-{95190 ¢ 5.89 5.89
Solvent -1Q07230°C@® 77.49 77.49
Heavy o11-{570-Z0)C 7.00 7.00
SRL

Coal (MAF) 22.86 22.86
Ash 3.92 3.92
Watar 15.11 0.16 15.27
Phenol

ToTAL 17.13 41.89 90. 54 149.56
Carbon 6.85 15.95 79.36 102.16
Hydrogen 1.16 2.83 7.18 11.17
Nitrogen _0.21 0.16 0.37
Sulfur 0.30 1.66 1.96
Oxygen (by ditf) 9.12 18.68 2.18 29.98
Ash 3.92 3.92
TOTAL 17.13 41.89 90. 54 149.56

-87-




PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE
Normalized

d: 12/19/77 ;
Update 119/ Temperature: 749°F

fon o190 wcsaia oo
_Time: 0230-1430 1bs/hour GHSV: 306

([streaw oescremion] TeSF | Sovty [ Beme | Ovha [ Bems [evhauer
SAMPLE POINT Sx-19 Sx-30 Sx-23 Sx-44 Sx~16 Sx-32
Hydrogen - H, 1.15 0.08 0.01
Carbon Monoxide-CO 8.33 0.67 0.08
Carbon Dioxide ~CO, ' 11.43 1.97 0.46
Hydrogen Sulfide-H,S 0.29 0.07
Methane - CH, 0.84 0.08 0.01
Ethane- C, He 0.29 0.06 0.02
Propane- C4Hy 0.14 0.05 0.02
Butane— C4Hg

o Nitrogen=-N,

'é Ammonio—NH, 0.02 0.01

Z [Lignt on 01007 CE 0.26 3.53

g | sowem ([0 C@ 0.25 1.06
Hoavy 0= Torr) 0.03
SRL
Coal (MAF)
Ash
Water 11.01 1.73
Phenol

LLTOTAL 22.49 2.98 11.56 Negl 6.32 0.60

([carbon 7.67 0.97 0.45 4,02 0.20
Hydrogen 1.46 0‘-12 1.27 0.65 0.02
Nitrogen 0.01 0.01 0.01 0.03
Sulfur . 0.27 0.07 0.01 0.05

g Oxygen (by diff) 13.08 1.81 9.82 1.57 0.38

£ |Ash

2

V8]

L TOTAL 22.49 2.98 11.56 Negl. 6.32 0.60
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Quantitative

r— E lemental

ADJUSTED MATERIAL BALANCE

PROJECT LIGNITE

Normalized
Updated: 12/19/77

Temperature: 749°F

pate: 62077 NATERIAL 0UT e Rt
Time: 0230-1430 1hs/hour GHSV: 306

| STREAM DESCRIPTION| 1000 | nems 57 Bime | P2 Bems | | Ouc.
SAMPLE POINT Sx-33. Sx-2 | 5x-39 Sx-12

Hydrogen - H, 1.24
Carbon Monoxide-CO 9.08
Carbon Dioxide -~ CO, . 13.86
Hydrogen Suifide-H,S 0.36
Methane- CH, 0.93
Ethane~ C;Hg 0.37
Propane~ CyH,y 0.21
Butane — C4H g

Nitrogen-N,

Ammonia-NH; 0.03
ignt ou-P5E 5O o 06 4.44 1.50 9.79
sotvent (%072 °@ | 014 53.69 22.94 78.08
Heavy o“_(230-255°(§

_@1.6 Torr) 0.01 5.62 0.88 6.54

SRL 10.15 10.15
Coal (MAF) ' 2.44
Ash 3.18 3.18
Water 0.47 0.09 13.30
Phenol

ToTaL 0.68 15.77 63.84 25.32 149.56
Carbon 0.18 10.72 55.21 22.28 101.70
Hydrogen 0.07 0.71 5.20 2.21 11.71
Nitrogen 0.14 0.17 0.07 0.44
Sulfur 0.14 1.05 0.32 1.91
Oxygen (by diff) 0.43 0.88 2.21 0.44 30.62
Ash 3.18 3.18
TOTAL 0.68 15.77 63. 84 25.32 149.56
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Quantitative

r

—— tlemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 12/19/77

Run No: M-33D

Date: 6/24/77

Time: 230-1430 WEIGHT PERCENT
SAMPLE DESCRIPTION| , . .., Bths' Yaksup, Eras sof8ane 0f18
SAMPLE POINT Sx-1 Sx-2 Sx-8 Sx-12 Sx~14 Sx-16
Hydrogen —H,
Carbon Monoxide-CO
Carbon Dioxide —CO,
Hydrogen Suifide~H,S
Methane ~CH,
Ethone—C2Hs
Propane—~CxHg
Butane —C4H,o
Nitrogen~N,
Ammonia—=NH; (PPM)
Lignt 0its{97100 € ®@ 5.01 5.93 6.51 73.40
Sotvent-{[002307C 84.50 | 90.60 | 85.58 22.05
Heavy 0il-(230"2557C 10.20 3.47 7.73
SRL 64.36
Coal (MAF) 54.56 | 15.47
Ash 9.36 20.17
Water 36.08 0.29 0.18 4.55
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles S\“s',', fc:/:el 80.62
Melting Point °F 319
Specitic Gravity 60/60 1.038 1.007 1.043
Viscosity, ¢p ' 57.4 17.5 40.42
Carbon 38.09 68.00 87.58 88.00 87.65 83.73
Hydrogen 6.75 4.51 8.18 8.73 7.93 _9.98
Nitrogen 0.50 0.86 0.12 0.27 0.18 0.53
Sulfur 0.71 0.90 2.00 1.27 1.83 1.14
Oxygen (by diff) 44.59 5.56 2.12 . 1.73 2.41 4.62
Ash 9.36 20.17
TOTAL 100 100 100 100 100 100
Number of Sample Avg, 2 2 2 2 2 2
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Quanlitvolivo

——— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated:12/19/77

Run No: M-33D

Date: 6/24/77

Time: 230-1430 WEIGHT PERCENT
SAMPLE DESCRIPTION | fizfcr ¥otal Pgduer | Ege? | 511 vate
SAMPLE POINT Sx-16 Sx-16 Sx-19 Sx-21 Sx-23 Sx-23
Hydrogen ~H, 5.12 6.79
Carbon Monoxide~CO 37.05 93.21
Carbon Dloxide —CO, 50.83
Hydrogen Sulfide-H,S 1.28
Methane -CH, 3.73
Ethane—C2Hs 1.31
Propane—~CxHs 0.61
Butane ~C4H,o
Nitrogen—~N,
Ammonio—NH; (PPM) 0.07 Q.10
Light Oia- D100 €@ 55.81 47.83
Solvont-(:%o}%io;rc @ 16.76 47.37
Heavy Oit~{220"255C 4.81
SRL
Coal (MAF)
Ash
Water 100 27.43 99,90
Phenol
TOoTAL 100 100 100 100 100 100
Pyridine Solubles (X;L for/gei
Melting Point °F
Specific Gravity 60/60
Viscosity, cp
Carbon ) 63.66 34.09 39.95 84.89
Hydrogen 11.11 10.25 6.51 6.79 8.76 11,12
Nitrogen 0.40 0.06 0.22 0.08
Sulfur 0.87 1.20 1.36
Oxygen (by diff) 88.89 24,82 58.14 53.26 4.77 88.80
Ash
ToTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 2 2
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Quantitative

——— ctlemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 12/19/77

Run No: M-33D

Date:  6/24/77

Time: 0230-1430 WEIGHT PERCENT
SAMPLE DESCRIPTION| 18745 Sv#4 pist. %S Begycle
SAMPLE POINT Sx-23 Sx-30 Sx-32 Sx-33 | Sx-39
Hydrogen —H, 2.60 1.49
Carbon Monoxide-CO 22.33 13.87
Carbon Dioxide ~CO, 65.98 76.77
Hydrogen Sulfide-H,S 2.29
Methane ~CH, 2.74 2.48
Ethane—~CzHs 2,05 2.65
Propane-CsHg 1.74 2.74
Butans —=C4Ho
Nitrogen—N, 0.17
Ammonia=NH, (PPM) 0.10 0.10
Lignt 0ie {02100 C @), ) 8.48 | 6.96
Solvent-{1Q2230°CQ@] g 21.08 | 84.10
Heavy Oil-(ésl%_?g‘:’;rc 0.22 1.69 8.80
SRL
Coal (MAF)
Ash
Water 95.28 68.75 0.14
Phenol
ToTAL 100 100 100 100 100
Pyridine Solubles ! 7o |
Melting Point °F
Specitic Gravity 60/60 1.048
Viscosity, ¢p 43.30
Carbon 3.92 32.68 33.10 26.51 | 86.48
Hydrogen 11.01 4,16 3.14 10.26 8.15
Nitrogen 0.09 0.25 0.10 0.27
Sulfur 0.06 2.16 0.52 1.64
Oxygen (by dift) 84.92 | 60.75 63.76 62.61 | 3.46
Ash
TOTAL 100 100 100 100 100
Number of Sample Avg, 2 2 2 2 2
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Quaontitotive

r

—————— clemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 12/19/77
Run No: M-33p
Date: 6/24/77
Time: _ 0230-1430 MOLE PERCENT
SAMPLE DESCRIPTION Pégglct Fﬁ‘é_g of4 D132k,
SAMPLE POINT Sx-19 sx-21 Sx-30 5x~32
Hydrogen ~H, 47.66 50.50 32.89 22.62
Carbon Monoxide-CO 24.64 49,50 20.16 15.06
Carbon Dioxide —CO, 21.51 37.90 53.03
Hydrogen Suifide—H,S 0.70 1.70
Methane -CH, 4. 34 4.32 4.72
Ethane~Cz2Hse 0.81 1.73 2.68
Propane~CzHs 0.26 1.00 1.89
Butane —C4Ho
Nitrogen=N, 0.15
Ammonia=NH, (PPM) 0.08 0.15
Light ous-(?g"?r%ff@
v o1-BS EET
SRL
Coal (MAF)
Ash
Water
Phenol
ToTAL 100 100 100 100
IMole Wt (Calc) 5 18.62 14.87 25.27 30.39
Melting Point °F
Specitic Gravity 60/60
Viscosity , cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by dift)
Ash
TOTAL
Number of Sample Avg, 2 2 2 2
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PRC.ECT LIGNITE
SAMPLE ANALYSES
RUN NO: M-44D

DATE: 6/24/77
TIME:  0230-1430
SAMPLE DESCRIPTION F-1 Btms Makeup Soly LEC Btms Feed Solv. Lold trap
SAMPLE POINT Sx=-2 Sx-8 Sx~12 Sx-14 " §x-33
ASTM D-1160 DISTILLATION DATA -
PRESSURE, TORR 5 5 5
1BP 70.2 105.0 80.0
5% 121.0 117.5 108.5
r;o% 142.6 120.0 121.0
. 20% © 185.2 127.0 150.8
z 30% o 188.8 140.0 | 169.8
o 40% g 191.0 143.0 178.0
W 50% g 196.2 157.0 185.2
L 69% & 203.0 172.3 191.6
= 70% % 212.0 181.0 199.0
3 80% ] 230.0 188.6 207.3
2 90% v 748.56 201.0 1 239.6
o502, 260.0 218.0 | 260.0
DRY PT.
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 747
18P 86
5% F 98
rjo%b o 100
L 20% o 101
W 30% N 102
§’J 40% ‘c‘z; 103
a 50% E 105
w 60% o 256
Z 70% Y 310
2 80% i 336
> 90% 348
L595°/° -
DRY PT. 350
ASPHALTENE TEST
WT % ASH ' 20.17
WT % UNCONVERTED COAL 15.47
WT % PRE-ASPHALTENES 20.63
WT % ASPHALTENES 24.44
WT % MALTENES 8 DIST. OIL 19.29
TOTAL 100.00
SAYBOLT VISCOSITY, SSU
100° F 16.1 11.3 13.4
210° F : 8.8 9.1 8.9
MISCELL ANEOUS ’
KF H0 WT% (Raw Sx) 0.29 0.18 68.75
INFRARED RATIO *
SP. GRAV. 60/60 F 1.038 1.008 1.043

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES~ BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL

MALTENES=- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES
DISTILLABLE OIL - RECOVERABLE BY DISTILLATION, USUALLY LESS THAN 5% FOR THE F-1 VACUUM BOTTOMS MATERIAL

-04-

il



PROJECT LIGNITE
SAMPLE ANALYSES
RUN NO:M-33D
DATE: 6/24/77
TIME:  0230-1430

SAMPLE DESCRIPTION S-7 Btms [S~4A Btms
SAMPLE POINT Sx-34/39 | S§x-37
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5
18P 72.6
5% [_. 111.6
Flo% 128.2
20% O 155.3
L 30% °. 728
w L
O 40% x | 181.6
W 50% § | 186.6
o 60% € | 193,2
= 70% ¢ |_200.4
3 80% Wl 211.2
> 90% 236.4
Lgs9, L 260.0
DRY PT.
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 749
1BP 80
5% F 127
[—1096 & 172
E 20% o 204
8 30% l‘; 221
@ 40% 3 231
a 509% ! 239
w 60% & 251
§ 700/0 o 281
2 80% 3 315
> 90% 338
Lgs o, -
DRY PT. ! 342
ASPHALTENE TEST
WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES & DIST. OiL
TOTAL
SAYBOLT VISCOSITY, SSU
100° F 14.3
210° F 8.8
MISCELL ANEQUS .
KF H0 WT%{Raw Sx) 0.14
INFRARED RATIO
SP. GRAV. 60/60 F 1.048 0.953

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES ~ BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL

MALTENES~ N-PENTANE SOLJBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

DISTILLABLE OIL - RECOVERABLE BY DISTILLATION., USUALLY LESS THAN 5% FOR THE F-1 VACUUM BOTTOMS MATERIAL
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PROJEC! LIGNITE
MEASURED MATERIAL BALANCE
Updated: 12/19/77

MATERIAL OUT Temperature:749°F

Quantitative

——— Elemental

Run No: M-33D Pressure: 2500 psig

Date: 6/24/77 LHSV: 1.43

Time: 0230-1430 1bs/hour CHSV: 306

steeau vescremion| FEoCiet | GOLh |mime | ovng | Btme | mxhavst
SAMPLE POINT Sx-19 $x-30 Sx-23 Sx~44 | Sx-16 Sx-32
Hydrogen - H, 1.11 0.07 0.01
Carbon Monoxide=-CO 8.04 0.64 0.08
Carbon Dioxide - CO, 11.04 1.89 0.44
Hydrogen Sulfide-H,S 0.28 0.07

Methane-CH, 0.81 0.08 0.01
Ethane - C,Hg 0.28 0.06 0.02
Propane~CzH, 0.13 0.05 0.02
Butone — C4H o

Nitrogen=-N,

Ammonia=NH; 0.02 0.01 0.01

Lignt ou-1051%0 5@ 0.25 3.41

sotvent (1003209 °© 0.24 1.02

Heavy Oll-léls‘g'fgf;c 0.03

SRL

Coal (MAF)

Ash

Woter 10.63 1.67

Phenol

ToTat 21.71 2.87 | 11.16 Negl. | 6.10 0.58
Carbon 7.40 0.94 0.44 3.88 0.19
Hydrogen 1.42 0.12 1.23 0.63 0.02
Nitrogen 0.01 0.01 0.01 0.02

Sulfur 0.26 0.06 0.05

Orygen (by dift) 12.62 1.74 9.48 1.52 0.37
Ash

ToTAL 21.71 2.87 | 11.16 Negl. 6.10 0.58
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Quantitative

———Elementol

PROJECT LIGNITE

MEASURED MATERIAL BALANCE

Updated: 12/19/77

MATERIAL OUT

Temperature: 749°F

Run No: p-33p Pressure: 2500 psig
Date: 6/24/77 LHSV: 1.43

Time: 0230-1430 1bs/hour GHSV: 306

| seean oescreTion| 100 | nene 577 hems | P2 Beme e
SAMPLE POINT Sx-33 Sx~2 Sx-39 Sx-12

Hydrogen - H, 1.19
Carbon Monoxide~CO 8.76
Carbon Dioxide - CO, 4 13.37
Hydrogen Sulfide-H,S 0.35
Methane - CH, 0.90
Ethane~ C; Hg 0.36
Propane~ CyH, 0.20
Butane — C4H,o

Nitrogen-~N;,

Ammonia~NHy 0.04
Light o900 COT - L.b4 1.50 9.66
Soivent-(100:230°%c@ [ ., 53.69 22.94 78.03
Heavy oujéig'ﬁiﬁ’c 0.01 5.62 0.88 6.54
SRL 9.80 9.80

| Coal  (MAF) 2.35 2.35
Ash 3.07 3.07
Water 0.45 0.09 12.84
Phenol

rotat 0.66 15.22 63.84 25.32 147.46
Carbon 0.18 10.35 55.21 22.28 100.87
Hydrogen 0.07 0.69 5.20 2.21 11.59
Nitrogen - 0.13 0.17 0.07 0.42
Sulfur - 0.14 1.05 0.32 1.88
Oxygen (by diff) 0.41 0.84 2.21 0.44 29.63
Ash 3.07 3.07
TOTAL 0.66 15.22 63.84 25.32 147.46
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Appendix C

Process Development Unit Run L-1
July 10 - August 6, 1977

Run L~1 was the first in a series of three runs, each to
involve 28 days of continuous operation. The purpose of the
run was to test plant operability for extended periods of coal
processing and to determine the effects of solvent recycle on
liquefaction yields. In addition, the solid-liquids separation
unit was intermittently on-stream in an effort to produce a
substantial quantity of low-ash solvent refined lignite.

Nominal run conditions were those thought to be optimum
for minimizing gas and maximizing SRL yields when processing
lignite mined near Zap, North Dakota. The maximum reaction
temperature in the liquefaction reactor was nominally controlled
at 820-840CF with the reactor operating at 2500 psig pressure.
Coal and solvent charge rates to the Process Development Unit
were equivalent to those used for the unit's design i.e. 50 1lbs/hr
coal feed - 93 lbs/hr solvent feed. One reactor volume, about
1.4 cubic feet, was used throughout the run and all recoverable
organic liquids boiling above 3009F were recycled. The gas
charge rate averaged about 9.4 standard cubic feet per pound of
raw coal fed and the gas consisted of equal parts hydrogen and
carbon monoxide. All product gases were measured, sampled, and
oxidized. The product deashing section of the PDU was operated
at 300 psig and 450°F using toluene as the deashing solvent.
The solvent to charge slurry ratio was nominally four to one by
volume.

Operating difficulties during Run L-1, exclusive of those
attributeable to wear and tear of process machinery, fall into
three broad categories: (1) F-1 vacuum bottoms withdrawal;

(2) Solids buildup in the liquefaction reactor and process lines
and (3) Solvent recovery.

Problems with the vacuum bottoms withdrawal system were
basically two. - product solidification and buildup. Solidification
of product within the vacuum flash drum leg occurred on two
separate occasions and was .caused by non-uniform heat tracing in
the vicinity of the vacuum lockout valves in one case and by
heat tracing element burn out in the second. Product
solidification within the vacuum flash vessel leg was relatively
easy to avoid by careful temperature monitoring and control,
provided the conversion of coal to pyridine soluble material
was sufficiently high so that the vacuum bottoms melting point
remained below 450°F.

The second problem with the vacuum flash tower and with
the bottoms withdrawal system in particular was solids buildup
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on the walls of the bottoms drawoff leg and the vessel proper.
This buildup seems to result via two mechanisms. First, localized
coking with the coked material acting as an initiator for further
buildup, and, second, adhesion to the walls of a very thick,

sandy like material which is relatively high in ash and unconverted
coal. This material may result when solids are burped from the
liquefaction reactor and then carried through the system, flowing
relatively easily when diluted with hot process solvent but
becoming very viscous when the solvent is removed. This material
characteristically exhibits a melting point in excess of 500Q0F,
These high melting point solids may also result when solids
accumulations in the liquefaction reactor is sufficient to
decrease residence time and suppress conversion.

This leads to the second major problem in extended unit
operations; that is, solids buildup in the liquefaction reactor
and associated high pressure piping.

During Run L-1, coal processing operations were temporarily
interrupted when the high pressure tubing between dissolver R-1B
and the high pressure flash separator S-1 plugged. Prior to
this incident, and after approximately 76 hours of coal feed to
the dissolver, the pressure within the reactor began increasing
slowly. The pressure drop measured between the dissolver outlet
and the high pressure flash separator increased to between 300
and 400 psig indicating material buildup in the 5/16 inch ID
tubing connecting these two vessels. While coal feed was cut
out,efforts to clear the line by flushing with solvent proved
ineffective, so coal processing was resumed and continued for
approximately another 85 hours, after which time the line plugged
and operations were switched to the standby reactor R-1A. Reactor
R-1A was used for the remainder of the run and afterwards was
disassembled and cleaned. Disassembly revealed that reactor
R-1A was also partially plugged with the plug thickness varying
up to perhaps 2-inches at places in the 3-5/8-inch ID vessel.
This decrease in volume, with the corresponding decrease in
residence time, may be responsible for the lower temperature
gradients resulting from lower conversions, which correspondingly
produced the higher melting point vacuum bottoms seen near the
end of the run. The air cooler tubing from the top of reactor
R-1A to separator S-1 was found to have uniform deposits about
1/16-inch in thickness, reducing the internal diameter from
5/16-inch to 3/16-inch. The deposits were initially black,
but became light tan or white upon heating, without a noticeable
decrease in volume. A rough analysis of the deposits after
heating, conducted by the Grand Forks Energy Research Center
with an electron micro-probe, indicated the approximate dis-
tribution of the major components. This analysis with the major
constituents calculated as oxides and normalized to 100 percent,
is compared with a typical X-ray fluorescence analysis of the
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Zap lignite ash in the table below:

Tubing Deposits Zap Lignite Ash

Na~O 11.9 6.7
Mg 21.8 6.8
Cal 16.7 26.7
FegOq 8.2 10.0
Alg0qg 31.8 10.5
Si0g 2.9 20.2
SO3 6.7 17.2
Other - 1.9

An analysis by X-ray diffraction of the tubing deposits indicated
the presence of magnesium oxide, but no calcium carbonate. There
are obvious differences between the compositions of lignite ash

and the tubing deposits, but no firm conclusions as to the cause

of fouling have been reached. Reactor R-1A was used intermittently
throughout Run L-1 without cledning the product cooling line.
During its use, coal was processed for approximately 204 hours

as compared to 161 hours of coal processing before dissolver

R-1B plugged.

The third major problem associated with extended PDU
operations is solvent recovery. Data from Run L-1 indicate that
on the average about 4 percent more organic liquid is generated
than charged; but throughout the run an average of only: 90 percent
was actually recovered and recycled. The 14 percent oil loss
occurred mainly in three areas. First, some of the solvent
remains with the F-1 vacuum bottoms. A good vacuum bottoms
product with a melting point around 350°F contains roughly
9.8 weight percent solvent. This translated into percent of
charge solvent amounts to 2.7 percent when the charge solvent
to feed coal ratio is 1.86.

The second area of solvent loss is the separation system
for waste water and S-4A light oil streams. On the average,
the waste water stream contained about 11.4 weight percent oil
during Run L-1. Efficiency of the gravimetric separation system
varied substantially throughout the run. In some cases only
trace amounts of oil were present in the waste water while at
other times this stream contained as much as 25 or 30 percent
0il. The oil lost in this way amounted to 1.9 percent of the
charge solvent. Solvent losses of this nature can be easily
remedied in a larger scale plant by incorporating a relatively
larger settling or separation volume to provide a longer settling
time.

The third area of solvent loss was with the light ends
column. Because of the column's small size, heat losses in the
area of the top flange and light oil draw off port would at times
cause excessive condensation of o0il vapor resulting in the column
flooding. In this state, the distillation column overhead
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contained substantial quantities of recycleable o0il. The problem
was worsened by water in the feed to the distillation column
which results in solvent range oil going overhead because of
steam distillation.

During Run L-1 nine data periods, each of a nominal 12
hours duration, were completed and quantitative material balances
made. In addition elemental balances were made for two of the
nine yield periods and are included in their respective workups.
All nine material balance workups, including sample analyses,
ASTM D-86 and D-1160 distillation data and average run conditions,
are attached.

Material balance closures varied from 98.1 percent in data
period L-1D to 101.3 percent in yield period L-1H. 1In all nine
cases, the outgoing product streams were normalized to provide
100 percent recovery. In addition, in yield period L-1E where
elemental balances were available, a forced carbon balance was
made by adjusting the oil-water ratio of the waste water stream;
and in yield periods L-1J and L-1K, for which only poor samples
of the V-8 bottoms were available, the V-8 bottoms compositions
were calculated by making material balances around the deashing
unit assuming an ash loss equal to that of the average ash loss
of the L-1 vield periods made without the deashing unit on stream.

A comparison of the nine material balance periods after
adjustment is shown on the following page. Also included in the
comparison is a tenth column showing the average of all the L-1
data periods.

Conversion of MAF lignite to gas, oil and SRL varied from
88 to 99.2 weight percent with the overall average being 92.2
percent. During the early yield periods of Run L-1, the pyridine
soluble material content of the F-1 vacuum bottoms appeared
unusually high and the pyridine extraction and ash tests were
repeated in triplicate on each sample. Essentially the same
results were obtained, confirming the initial tests. It is not
known why such high (above 93%) MAF lignite conversions were
obtained in some of the data periods, but it is felt that those
yield periods where conversions were above 93% should not be
viewed as representative of expected results in the solvent
refining of lignite.

Net gas yields were within the range anticipated for the
reaction conditions employed. They varied from 27 to 40 percent
with the average close to 31 weight percent of the MAF lignite
charged. The average net hydrocarbon liquid yield averaged about
66 weight percent of the MAF lignite fed and was typical of
previous results obtained at similar conditions. The breakdown
of the hydrocarbon liquid yield into its distillable oil and SRL
components was 20 and 80 percent, respectively.
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Yield Period L-1B
Reactor in Use R-1B
SLS System in Use No
LHSV 1.38
GHSV 330
Solvent /MAF Coal Ratio 3.16
Hy/CO Mol Ratio 1.16
Temperature, °F
Preheater Qutlet, E-1 717
Reactor 3 ft 757
Reactor 7 ft 797
Reactor 11 ft 806
Reactor 15 ft 827
Max. Reaction 827
Vacuum Flash Ovhd 526
Dissolver Pressure, psig 2500
Solvent Recycle, %
Actual 89.7
Possible 107.3
Possible (Ex Light 0il) 100.5
Yield, Wt % MAF Lignite
Net Gas 36.8
Net Liquid 74.0
(Dist. 0il) (23.0)
(SRL) (51.0)
Net Water & Ash -11.6
Unconverted Coal 0.8

Overall Material Balance, % 100.2

Number of solvent passes 1.1
thru Liquefaction Reactor

by middle of yield period.
(Estimated)

L-1C

R-1B
No
1.44
342
3.02
1.13

715
757
798
806
829
829
526

2500

95.
108.
103.

v oo

28.
73.
(24.2
(48.8

o N

100.2
2.1

Table 1

Process Development Unit Run L-1

L-1D

R-1B
No
1.41
318
2.96
1.11

718
745
798
782
824
824
530

2500

93.4
103.0

~
~
(9}
w

00 k= WO W

A g

L-1E

R-1B
No
1.46
304
3.03
1.11

721
742
794
782
822
822
528

2500

91.4
105.2
99.3

31.0
71.6
(15.7)
(55.9)
-5.8

3.2

99.6
9.8

L-1F

R-1A
Yes
1.44
323
3.00
1.16

715
770
811
804
828
828
507

2500

86.
101.

&~

40.3
56.1
4.1)
(52.0)
~5.3
8.9

99.5
9.5

L-1H

R-1A
No
1.43
328
2.89
1.19

736
745
761
770
823
823
505

2500

w

93.
101.4

27.1
65.0
(3.9)
(61.1)
-4.1
12.0

101.3
1.9

L-1I

R-1A
No
1.41
328
2.82
1.11

741
746
762
764
824
824
504

2500

93.2
102.1

30.0
65.0
(5.9)
(59.1)
~4.4
9.4

101.0
2.9

L-1J

R-1A
Yes
1.40
341
2.87
1.11

754
755
772
771
815
815
508

2500

83.5
103.7
97.2

28.5
61.8
(10.5)
(51.3)
-0.9
10.6

98.6
6.7

L-1K

R-1A
Yes
1.42
336
2.91
1.12

757
758
774
773
804
804
504

2500

86.
107.
101.

S~ o

26.9

(22.2)
(43.6)
-3.4
10.8

99.3
8.4

L-1
Average

1.42

328
2.96
1.13

.730
753
785
784
822
822
515

2500

90.3
104.0

31.3
66.1
(13.2)
(52.9)
-5.2
7.8

99.8



Actual solvent recovery for recycle averaged about 90
percent for the nine data periods, but because of various
operating and equipment problems during the run the longest
period of operations without fresh solvent addition was 120
hours or about 24 turnovers for the solvent inventory. Overall,
the calculated maximum possible solvent available for recovery,
which includes all organic liquids, averaged 104 percent which
compares well with that obtained from previous runs.

Of the nine data periods, three were completed with the
deashing system on stream. During these yield periods, the
ash content of the F-1 vacuum bottoms varied from 0.9 to 6.4
weight percent while the unconverted coal content varied from
0.3 to 2.9 weight percent. For comparison, the ash content of
undeashed F-1 vacuum bottoms would range between 10 and 12
weight percent and the unconverted coal content would be about
9-1/2 percent, for an MAF lignite conversion of about 92 percent
with a feed lignite containing about 6 percent ash and 33 percent
moisture.

Consumption of reducing gases on a hydrogen equivalent
basis averaged 2.0 weight percent of the MAF coal charged or
2.3 standard cubic feet of gas per pound raw coal fed.

The two prime objectives of Run L-1 were (1) to demonstrate
and to define the problems of long term plant operations and (2)
to determine the effects of extended solvent recycle on liquefaction
yields. In these respects Run L-1 was only partly successful.
Results from the run indicate that the general problems of long
term plant operations are (A) solids buildup in the reactors
which eventually lead to low conversions and plugging; (B)
erosion and some corrosion; and (C) equipment malfunctions.

The effects of extended solvent reuse are only sketchily
known from the data at hand. To illustrate, the number of solvent
passes thru the liquefaction reactor has been estimated for each
of the nine data periods and listed at the bottom of Table 1.
There does not appear to be a discernable relationship between
the net yields and the number of solvent cycles. This is perhaps
because only oil boiling above 350°F was recycled. From the.
distillation data obtained during this run, it appears that
approximately 0.5 percent more liquefaction solvent, i.e.
450-850°F boiling range material, was made than was charged.

This is consistent with the general trend of previous similar
runs where the yield of 450—850°F material was sometimes slightly
more and sometimes slightly less than that charged.

In summary, Run L-1 was scheduled for 672 hours of continuous
operation with 652 hours devoted to coal processing. In practice,
from the time coal was first introduced to the time coal was
last shut off 615-1/2 hours of operating time were logged during
which coal was actually charged for 460-1/2 hours or about
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75 percent of the actual operating time. The total amount of
lignite processed was 22,800 pounds at an average feed rate of
49-1/2 pounds per hour.

Make~up solvent was added at various times throughout the
run, either because operating difficulties resulted in the loss
of solvent, or because of the failure to recover enough of the
solvent range material. The longest period of operation without
make-up solvent addition was 120 hours. Thus one of the primary
purposes of the run, to demonstrate long continued operation
without make-up solvent addition, was not entirely successful.
However, the 120 hours of operation without solvent addition
represented approximately 24 turnovers of the solvent inventory.
During this period the solvent inventory decreased by 1093
pounds for an average loss of 9.1 1lbs/hr, including that in
samples. A large part of the loss represented the failure to
recover all of the recoverable solvent in the streams from the
oil-water separator and in the F-1 vacuum bottoms. There was
no significant effect on liquefaction during solvent recycle
as the original starting solvent was being replaced by coal
derived material.

A chronological log of Run L-1 follows to provide additional
details of the operations and difficulties of the Process
Development Unit.

1. Run Hours 0 to 89.

After the usual start-up difficulties coal was charged
at 0500 hours of the second day of operation. The unit was allowed
to line out for 45 hours, at which time yield period L-1A was
initiated. However, the yield period was terminated after only
three hours because of plugging in the bottoms draw-off leg of
vacuum flash column F-1. The leg was cleared without inter-
rupting the coal feed, but a considerable amount of recycle
solvent was lost, and the solvent system was replenished with
fresh solvent. After 9 hours of lined out operation another
yield period operation was initiated.

2. Run Hours 89 to 113.

Two yield periods of 12 hours duration eéch were run
back to back. The run conditions were as follows: '

Specified
Pressure, psig 2500
Max. Dissolver Temperature, °F 820 to 830
Solvent to Raw Coal Ratio 1.8:1
Slurry Flow Rate, 1lbs/hr. 140
LHSV 1.4
GHSV 330
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3. Run Hours 113 to 289.5

After the yield period L-1C the plant was run for
several days to test longer term operability. During the fifth
day of operation the F-1 bottom draw-off leg plugged again,
this time as the result of a burned out heat tape which allowed
part of the leg to cool down to 280°F. The heat tape was
replaced and the solidified SRL was cleared from the leg.

During this period, the compressors experienced some minor
malfunctions as a result of worn check valves. Other minor
problems involved the trim of the high pressure letdown valves
and packing in valves and pumps.

On the afternoon of the seventh day of operation, with an
outside temperature of 96°F, the safety relief disc blew out on a
carbon dioxide extinguisher on the upper catwalk near the dissolvers
heads. The sound of the explosion and the dense fumes were
interpreted as a vessel or line failure at the top of the dissolvers
and the emergency shutdown procedure was implemented. The carbon
dioxide extinguisher at this high temperature location has been
replaced by a dry powder extinguisher.

The emergency shut down caused the plugging of numerous
lines including preheater coil E-1 and dissolver R-1B. Hence
PDU operations were suspended and startup solvent was prepared
by distilling Raw FS-120 carbon black feedstock until the coil
in E-1 could be removed and replaced.

The liquefaction section was started up again, this time
with dissolver R-1A in service. After this start-up, there were
numerous problems with wire-drawn valves around the dissolvers
and with partial plugging of the line between S-1 and S-3.
Therefore the operations were again interrupted to repair these
valves and clean the lines.

At 2000 hours on the tenth day of operations the plant was
again started up, this time with dissolver R-1B in operations,
and coal was charged at 0600 hours on the eleventh day. After
19-1/2 hours lining out, yield period operations were started.

4. Run Hours 289.5 to 313.5

Yield periods L-1D and L-1E were 12 hours each and were
run back to back. These yield periods were successfully completed
with only a few minor problems under the same nominal operating
conditions as had been used for L-1B and L-1C. Again only the
liquefaction section was in operation.

5. Run Hours 313.5 to 453

After completion of yield period L-1E, preparations were
made for the startup of the solid-liquid separation section or
deashing section. However, after 32 hours, the pressure in
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dissolver R-1B began to increase slowly. The pressure behavior
indicated that there was probably some material build up in the
5/16" Incoloy line between dissolver R-1B and separator S-1.
The pressure drop between these two vessels increased to 300-
400 psig. This line could not be cleared with solvent flushing.
Finally, after about 85 hours of pressure drop build-up, the
line became plugged and operations were switched to dissolver
R-1A. Thus far the deashing unit had been used only sparingly.
After the warm up of dissolver R-1A, both the liquefaction and
separation units were started up in series. After lining out
for 39 hours on coal, yield period operations were initiated.

6. Run Hours 453 to 473

Yield period L-1F was the first attempted with both the
liquefaction and the separation sections in operation simultane-
ously. During this yield period both distilled solvent and toluene
were added to the respective charge tanks A-5A and A-1A in order
to enable the solvent pumps to keep suction. The only other
problem encountered during L-1F yield veriod was with deashing
settler V-8. The solids dumping valves developed a leak which
was easily remedied.

Yield period L-1G was started back to back with L-1F. About
seven hours into the yield period problems were experienced with
the slurry charge pump. A bleed valve in the slurry system which
was opened to flush the pump released some of the dissolver contents
and resulted in sudden depressurization of the dissolver R-1A.
This upset resulted in plugging of various parts of the system
and the yield period was terminated.

7. Run Hours 473 to 529.5

After lines and reactors were cleared and the slurry
pump repaired, operations were resumed still using dissolver R-1A.
Coal was charged at 0400 hours of the 21st day, and the liquefaction
section only was lined out for 21-1/2 hours before starting yield
period operations.

8. Run Hours 529.5 to 553.5

Yield periods L-1H and L-1I were run back to back and
successfully completed. Both were made at the same nominal
conditions as the previous yield periods.

9. Run Hours 553.5 to 58.

After completing two yield periods with liquefaction
section operation only, the deashing section was started up.
Because of depletion of the recycle liquefaction solvent, add-
itional recycle solvent was added. The added solvent was that
which had remained after Run M-33 and had been stored for such
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contingency. After 27-1/2 hours of switching in and lining out
the deashing unit, yield period operations were again initiated.

10. Run Hours 581 to 605

Yield periods L-~1J and L-1K were made with both
liquefaction and separation sections in operation simultaneously.
They were successfully completed with little difficulty.

11. Run Hours 605 to 644.5

Following yield periods L-1J and K, some changes were
made in the operation of the deashing system which seemed to
give improved results. However, operation of this section was
terminated when the gasket in the solids withdrawal valve failed,
allowing toluene and SRL to spray out.

After 30 hours more on coal for the liquefaction section,
another yield period operation was started. However, yield period
L-1L was terminated because of plugging problems in the flash drum
F-1, During this period the temperature rise through the dissolver
had decreased, indicating less reaction, perhaps because of lower
residence time because of build up of solids in the reactor or on
the reactor wall.

Operations were continued for a time after the termination of
L-1L, but the problems with the vacuum bottoms became so acute
that shut down procedures were initiated after 644.5 hours of the
scheduled 660 hours of the run before shut down. The last sample
taken of the vacuum bottoms had a melting point higher than the

500C°F maximum range of the gradient bar melting point apparatus.
12. Recapitulation
Run L-1 was the first of the three scheduled long runs

of four weeks duration. Overall, it was fairly successful, as
indicated by the summary table following:

Total Time Scheduled 672 hours
Operating Time on Coal Scheduled 852 hours
Actual Operating Time* 615.5 hours
Actual Time on Coal during 460.5 hours

Operating Time
Time on Coal as percent of

Actual Operating Time 74.8%
Scheduled Operating Time 70.8%
Total Scheduled Time 68.5%

*From time coal first introduced to time coal last shut off.
During actual time on coal 22,800 pounds of lignite was processed
at an average feed rate of 49.5 pounds per hour.



RUN CONDITIONS

RUN NO. _L71B
DATE MADE _7/13-14/77

TEMPERATURE °F

PRESSURE, psig

PREMEATER E-|

SAND BATH____ /25
INLET 265
OUTLET 717
DISSOLVERS
R-14a (1)
{2) -
(3) —
(4)
R-18 (1) 157 e
(2) 1917 _—
(3) 806
(4) 827
REACTOR PRODUCT SEPARATORS
S-1 618
5-2 77
s-3 477
S-4A 89
$-48 88
PREHEATER E-I
DOWTHERM 672
INLET 440 S
OUTLET 646

VACUUM FLASH F-I
OVERHEAD VAPOR ___226 _

UPPER WALL 598 _
LOWER WALL 588
DOWNCOMER 493
CONDENSATE

ACCUMULATOR,S-7_92

PREHEATER E-13 SEPARATORS S-1 and S$-2
DOWTHERM 596 2500
INLET 89 SEPARATOR S$-3
OUTLET 504 300

LIGHT ENDS COLUMN, F-2

SEPARATORS 2641\ and S-48B

REBOILER 464 VACUUM FLASH, F-i
LOWER SECTION ___560 15 Torr
FEED SECTION 464 LIGHT ENDS COLUMN, F-2
OVERHEAD 185 0
S8 ... _88 | SOLVENT COLUMN, F-3
5-9 - NIU
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 NTIU
REBOILER NIU VACUUM FLASH, F-0
LOWER SECTION NIU
FEED SECTION _ SETTLING TOWER, V-8
OVERHEAD NIU
RECOVERY TOWER, V-7
HEAVY ENDS COLUMN, F-4 NIU

REBOILER NIU

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-0
OVERHEAD
BOTTOMS

PRECIPITATION TOWER, V-8
ZONE (1) NIU

(2)
(3).

RECOVERY TOWER V-9

REBOILER . NIU . ___

OVERHEAD
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Start [ €nd |RunNo- L-1B MASS RATES AND RUNpgsouct cas Fo THE RMAL 24.24
Dote of Run | /377N T/14777|( nivs: 1ha/hr. ,°F, psig CONDITIONS Sx2 BROBGCT GAS TO RECYCLE 0=
Time of Rus | 1500 0300 _ |Prep. By: BCL & GGB * =
Lenath of Run 12 |hrs. Updated: 1/3/78
Fours on Coal at €nd of Y-P-| 70.0 K—4 KNOCKOUT POT BTMS —0-
- 779 ISCRUZBFA AR SORBED GASES » _NIU
—0- RECYCLE GAS X X T
17.61 YNGAS . =
MAKEUPGA}@S"_ZI - T and 52 WASTE GAS
46. 74 cmiTe £ |oo e — T - —3.39
et ] 22T £ Y717 | R-iA R-1& o P 2504 S-UA ey Sx-30
Y T T 806 ) T: 89 S-4B
725 2500 T:618 1P 60 T 88
P £.2500 =3 G alP 60
13 T T 797 477 T 5’637 S-4A BOTTOMS -
MIXER 757 T : >
. = . 300 | S-4B BOTTOMS__ 18.87
! SX‘EETOL E ~ NEY
UENE ACCUHMULATOR .
X T1Dc. oug,  Negl.
646 440
S-8
. ) - T: 88 :
H = 185 e 0 [_’ ;
i ey 3 L{XFT_—W x
g ﬁ BLUIGHTYT OILS> 1.55
© - F-2 F-3
l 3 %74
A 504
—
O
/
59 |7 526
L P 15 Torr
588 r_l
‘ILN 28.42 1bs/hr VA BOTTOMS
— - -l EXHANST 0.57
493 S-[7 l L2 EXS rrar 0.07
L _iv. 92 e s . _r:\oums
P15 Torr Ae2A V-8T BoTTOMS NIU
MAKELP 1h -
(9. 34)S0OWENT A SA ¥ 53.64 B }
Sx-8 ] | $Sx-2 VACUUM BOTTOMS . .
{ A-BSA OVERFELOW -
155.75 +~oTAL 04 oPEN P4 CLOSED ToTAL. 15375

Numbers in parentheses are not included in the totals.



PROJEC' LIGNITE
ADJUSTED MATU'RIAL BALANCE
Normalized

Quantitative

Revised: 1/3/78 o
Temperature: 717°F

Time:  1500-0300 SUMTARY GHsv: 330
[reeaw oesomemon TE T T el Ligutce
SAMPLE POINT

Hydrogen - H, 1.32 1.15 -0.17 ]

Carbon Monoxide-CO 16.11 9.18 -6.93

Carbon Dioxide - €O, 15.17 15.17

Hydrogen Sulfide-H,S 0.21 0.21

Methane- CH, 1.38 1.38

Ethans - C, Hg 0.61 0.61 |{ 10.61 36.76
Propane- CsHa 0.29 0.29

Butane — C4H;q

Nitrogen-N, 0.18 0.19 0.01

Ammonia-NHy 0.04 0.04 |J

Light on-PZ107 6@ 4,80 11.02 6.22 |

soivent -(1007239°CO] o0 62 84.26 1.64 |f 21.37 74.05
Heavy Oil-(570 50 )C 3.75 2.53 -1.22

SRL 14.73 14.73 )

Coal (MAF) 28.86 0.23 -28.63 _=99.20
Ash 2.90 2.63 -0.27 -0.94
Woter 15.21 12.13 -3.08 -10.67
Phenol

ToTaL 155.75 | 155.75 -0-

Carbon

Hydrogen

Nitrogen

Sultur

Oxygen (by diff)

Ash

TOTAL

——Elemental
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Quantitative

Run No: L-1B MATERIAL 1IN e pae
Date: 7/13-14/78 LHSv: 1.38
Time: 1500-0300 lbs/hour GHSV: 330
oteeaw oescreron  £260 T pqgniee | sofvent It
SAMPLE POINT Sx-21 Sx-1 Sx-14
Hydrogen - H, 1.32 1.32
Carbon Monoxide~-CO 16.11 16.11
Carbon Dioxide ~CO, .
Hydrogen Sulfide-H,S
Methane - CH,
Ethane~ C, Hg
Propane- C; Hy
Butone — C4Hjp
Nitrogen-N, 0.18 0.18
Ammonia—NH,
ignt ouLPIT SO 4.80 4.80
Soivent -([0072309°C@ 82.62 82.62
ey o2 %Y
SRL
Cool (MAF) 28.86 28.86
Ash 2.90 2.90
Water 14.98 0.23 15.21
Phenol
rorat 17.61 46.74 | 91.40 155.75
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL

—Elementaol

PROJEC! LIGNITE
MEASURED & ADJUSTED MATERIAL BALANCE
Revised: 1/3/78
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Quantitative

Run No: 1-1B

'PROJEC! LIGNITE

ADJUSTED MATIIRIAL BALANCE

Normalized
Revised: 1/3/78

MATERIAL OUT

Temperature: 717°F
Pressure: 2500 psig

Date: 7/13-14/77 LHSV: 1.38
Time: 1500-0300 1bs/hour GhHSV: 330
[ soeaw oescremion] FE2E 1o St | stms. | overness | pems |psnauer
| 'SAMPLE POINT Sx~19 Sx-30 Sx-23 Sx=44 Sx-16 $x-32
Hydrogen - H, 1.09 0.06 |
Carbon Monoxide-CO 8.70 0.44 0.04
Carbon Dioxide - CO, ‘ 12.27 2.46 0.44
Hydrogen Sulfide-H,S 0.15 0.06
Methane- CH, 1.22 0.14 0.02
Ethane— Ca Hg 0.47 0.11 0.03
Propane~CyHg 0.16 0.09 0.04
Butane— C4Ho
Nitrogen-N, 0.17 0.02
Ammonia—NHy 0.01 0.01 0.02
Light on-(?_;'ng:ﬁ@ 4. 44 3.49
solvant -{[Q072397CO 1.99 0.06
Heavy Oll-&72 7o) 0.55
SRL
Coal (MAF)
Ash
Water 11.87
Phenol
ToTaL 24.24 3.39 18.87 | Negl. 3.55 0.57
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by ditf)
Ash
TOTAL

r———Elemental
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Quantitative

——Elemental

PROJEC: LIGNITE

ADJUSTED MATHRIAL
Normal ized
Revised: 1/

BALANCE

3/78

Temperature: 717°F

N7 B R
Tine:  1500-0300 nsthous cisy: 3%
steean OSCRETION 530 | hine |G Ghms. | Po2 Bme out
SAMPLE POINT Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - M, 1.15
Carbon Monoxide-CO 9.18
Carbon Dioxide ~CO, . 15.17
Hydrogen Sulfide-H,S 0.21
Methane - CH, 1.38
Ethane—- C, Hg 0.61
Propans~ CyH, 0.29
Butans — C4H o
Nitrogen=-N, 0.19
Ammonia—-NHy 0.04
Lignt 01051907 5@ 407 3.02 11.02
solvent -([007239°C@ 5.41 | 49.01 27.79 84.26
Hoavy Ol- B e 1.35 0.63 2.53
SRL 14.73 14.73
Cool (MAF) 0.23 0.23
Ash 2.63 2.63
Water 0.26 12.13
Phenol
ToTAL 0.07 | 23.00 53.64 28.42 155.75
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
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Quantitotive

/—~———— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/3/78
Run No: L-1B
Date.: 7/13-14/77
Time: £00-0300 WEIGHT PERCENT
SAMPLE DESCRIPTION| .~ | i1 sofvenl | Bims sof¥ent | OIl
SAMPLE POINT Sx-1 Sx~2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen —H, V
Carbon Monoxide~CO
Carbon Dioxide —CO,
Hydrogen Suitide-H,S
Methane -CH,
Ethane—C2Hse
Propane-CsHg
Butane ~C4H,o
Nitrogen—N.,
Ammonia—NH, (PPM)
Light ou--‘?;"’g::)‘:_@ 3.73 5.25 98.40
Solvent-{| P 72307C® 23.50 89.50 | 97.80 | 90.40 | .1.60
Heavy Oil-&30"255C 6.70 2.20 4.10
SRL 64.05
Coal (MAF) 61.74 1.01
Ash 6.20 11.44
Water 32.06 0.07 0.25
Phenol
ToTaL 100 100 100 100 100 100
Pyridine Solublis(‘\vg"‘ ,or/ge 98. 86
Melting Point °F 244
Specific Gravity 60/60 1.040 1.052 1.047
Viscosity, ¢p
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by ditf)
Ash
TOTAL
Number of Sample Avg. 2 2 2 2 2 2

~114.




Quantitative

~

————— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/3/78
Run No: L-1B
Date: 7/13-14/77
Time: 1500-0300 WEIGHT PERCENT
SAMPLE DESCRIPTION] 5-8 $ooal | Faoduet geed 011 Water
SAMPLE POINT Sx~16 Sx-16 Sx-19 sx-21 Sx-23 Sx-23
Hydrogen ~H, 4,51 7.51
Carbon Monoxide~CO 35.87 91.50
Carbon Dioxide—CO, 50.62
Hydrogen Sulfide~H,S 0.61
Methane ~CH, 5.04
Ethane—C:Hs 1.92
Propane-CsHy 0.68
Bufane ~C4Ho
Nitrogen~N, 0.72 0.99
Ammonia—NH, (PPM) 0.03 0.21
Light Oill-(?g'c;.oo:} 98. 40 62.82
Solvent-([P239°C® 1.60 28.10
TR 1.50
SRL
Coal {MAF)
Ash
Water 100 1.28 99.79
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles ! 7o |
Melting Point °F
Spacitic Gravity 60/60 0.958
Viscosify._ cp
Carbon
4 Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Sample Avg, - 2 2 2 2 2
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Quantitative

,————— clemental

PROJECT LIGNITE

SAMPLE ANALYSIS
Updated: 1/3/78
Run No: L-1B
Date: 7/13-14/77
Time: 1500-0300 WEIGHT PERCENT
SAMPLE DESCRIPTION| _S_4B ) oot go8 | EefYes
SAMPLE POINT Sx-23 Sx-30 Sx-32 *Sx-33 Sx-39
Hydrogen ~H, 1.73 0.92
Carbon Monoxide—-CO 13.11 7.50
Carbon Dioxide—CO, 72.71 76.76
Hydrogen Sultide-H,S 1.66
Methane -CH, 4.14 3.54
Ethane — C2Hs 3.30 4.57
Propane~CxHg 2.54 6.71
Butane —C 4 Ho
Nitrogen—N, 0.63
Ammonia—NH, (PPM) 0.13 0.18
Light 09100 €@ o5 o, 99.92 5.62
Solvent-([Q0:2307C® ) o, 91.37
Heawy 0i- Gl 2.92 2.52
SRL
Coal (MAF)
Ash
Water 62.91 0.08 0.49
Phenol
TOTAL 100 100 100 100 100
Pyridine Solublos%ﬁ(&)
Melting Point °F
Specitic Gravity 60/60 1.052
Viscosity, ¢p
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Sample Avg. 2 2 2 - 2

*Insufficient sample for distillation.
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Quantitative

tal

-
c

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/3/78

Run No: 1L-1B

Date: 7/13-14/77

Time: 1500-0300 MOLE PERCENT
SAMPLE DESCRIPTION| Pgocuct Feed Sonk Disch.
SAMPLE POINT $x-19 Sx-21 $x-30 Sx-32
Hydrogen —H, 43.99 53.20 24.75 15.39
Carbon Monoxide~CO 24.99 46.30 13.40 8.92
Carbon Dioxide ~CO, 22,44 47.30 58.15
Hydrogen Sulfide-H,S 0.35 1.40
Methane -CH, 6.15 7.40 7.38
Ethane —C2He 1.25 3.15 5.08
Propane~CsH, 0.30 1.65 5.08
Butane = C 4 Hp
Nitrogen—N, 0.50 0.50 0.65
Ammonia=NH, (PPM) 0.03 0.30
Light 0its=05 "’T?;f @
Solvont—(:?}iio)oc @
taay -G
SRL
Coal (MAF)
Ash
Water
Phenol
ToTAL 100 100 100 100

alc Mole Wt. 4 19,51 14,17 28.62 33.33

Melting Point °F
Specific Gravity 60/60
Viscosity, cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen {(by dift)
Ash
TOTAL
Number of Sample Avg. 2 2 2 2
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PROJECT LIGNITE
SAMPLE ANALYSES

RUN NO: L-1B
DATE: 7/13-14/77
TIME: 1500-0300
_SAMPLE DESCRIPTION Makeup Sly F-2 Btms |Feed Solv.) S-8 0il S-4B 0il
SAMPLE POQINT Sx-8 Sx-12 Sx~14 Sx-16 Sx-23
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 . 5 5
18P 73.5 143 43.4
5% 134 152 117
rlo% 164 157 145
e 20% 3) 187 162.5 175.6
5 30% o 193 169 187.2
S 40% o 198 174 193.5
W 50% ] 203 180 198.6
. 69% © 208 184 205
g 70% % 218 191 212.2
3 80% W 226 196 223
> 90% 240 204 244.3
g5 L _252.5 221 260
DRY PT, 260 231 260
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 745 742
I8P 59 91
5% r 65 92
rno% 1 68 169
£ 20% o 72 169
W 30% o 76 220
& 40% x 80 249
a 50% 5 84 277
w 60% @ 89 302
z 70% 3 9 328
2 80% n 101 328
> 90% 212 328
Los o, L 378
DRY PT. ‘ 212 356
ASPHALTENE TEST
WT % ASH .
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES 8 DIST. OiL
TOTAL
SAYBOLT VISCOSITY, SSU
100° F 15.7 14.5 14.8
210° F 9.2 9.0 8.9
MISCELL ANEQUS
KF_H0 WT%(Raw Sx) 0.07 0.25 1.28
INFRARED RATIO
SP. GRAV. 60/60 F 1.040 1.052 1.047 0.959

PREASPHALTENES - PYRIDi NE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES - BENZENE SOLUBLE,

MALTENES- N-PENTANE SOLUBLE MATERJAL NOT RECOVERABLE BY STANDARD ODISTILLATION PROCEDURES

N-PENTANE INSOLUBLE MATERIAL

DISTILLABLE OIL -RECOVERABLE BY DISTILLATION, USUALLY LESS THAN 5% FOR THE F-1 VACUUM BOTTOMS MATERIAL
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PRCJECT LIGNITE
SANMPLE ANALYSES
RUN NO: L-1B

DATE:  7/13-14/77
TIME:  1500-0300

SAMPLE DESCRIPTION S—7 Btms
SAMPLE POINT Sx-39
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5
18P 60.4
5% r 113.5
rlo% 137.2
! 20% o [170.2
2 30% - 183.8
w w
O 40% @ 189.6
x pm }
W 50% 5 197.0
w 60% EJ 199.3
s T0% % 208.2
3 80% & 216.5
S 90% v [239.6
Ligs o, L 260.
DRY PT.

ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR
18P

5%
MCo%
20%
30%
40%
50%
60%
70%
80%
90%
95 %
DRY PT.

VOLUME PERCENT
C

f——TEMPERATURE ) °C—1

ASPHALTENE TEST

WT % ASH

WT % UNCONVERTED COAL

WT % PRE-ASPHALTENES

WT % ASPHALTENES

WT % MALTENES & DIST. OiL

TOTAL
SAYBOLT VISCOSITY, SSU
100° F 14.9
210° F 9.2
MISCELL ANEOUS
KF HXO WT % {Raw Sx) 0.49
INFRARED RATIO
SP. GRAV. 60/60 F . 1.052

PREASPHALTENES - PYRIDINZ SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES- BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL

MALTENES=- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTI!ILLATION PROCEDURES

DISTILLABLE OIL ~RECOVERABLLE BY DISTILLATION. USUALLY LESS THAN 5% FOR THE F-1 VACUUM BOTTOMS MATERIAL
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Run No: 1-1B

PROJEC! LIGNITE

MEASURED MATERIAL BALANCE
Revisged: 1/3/78

MATERIAL OUT

Temperature: 717°F
Pressure: 2500 psig

Quaoantitative

Date: 7/13-14/77 , LHSV: 1.38
Time: 1500-0300 1bs /hour Gusy: 330
[srreaw oescnemion] T T Sd | Beme | Ovha | ems |mxhauer
SAMPLE POINT '$Sx-19 Sx~-30 Sx~23 | Sx~44 Sx-16 Sx~32
Hydrogen - H, 1.10 0.06
Carbon Monoxide-CO 8.73 0.44 0.04
Carbon Dioxide - CO, ' 12.31 2.47 0.44
Hydrogen Sulfide-H,S 0.15 0.06
Methane- CH, 1.23 0.14 0.02
Ethane - CoHg 0.47 0.11 0.03
Propans- CyHg 0.16 0.09 0.04
Butane — C4Hyo
Nitrogen-N, 0.17 0.02
Ammonia- NH, 0.01 0.01 0.02
Light 0n-PE190, 5@ | 4.46 3.50
so'“m'(ll.oso'-l%?ro)vc@ 1.99 0.06
Heavy Oll-@Te o) 0.55
SRL
Coal {MAF)
Ash
Water 11.92
Phenol '
_[ToTAL 24.33 3.40 18.94 - | Negl. 3.56 0.57
r Carbon
Hydrogen
Nitrogen
Suitur
-.g Oxygen (by diff)
E;’ Ash
2
Ww
L TOTAL
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Quontitative

——Elemental

PROJEC!) LIGNITE
MEASURED MATUERIAL BALANCE
Revised: 1/3/78

HATER AL OUT Preroure 500 pols
Date: 7/13-14/77 LHSV: 1.38
Time: 1500-0300 bs/hour GHSvV:330
Ry I I N e R g e
SAMPLE POINT Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H, 1.16
Carbon Monoxide~-CO 9.21
Carbon Dioxlde - CO, | 15.72
Hydrogen Suifide-H,S 0.21
Methane - CH, 1.39
Ethane~ CHg 0.61
Propane—-Cy Hy 0.29
Butane— C4H o
Nitrogen=-N, 0.19
Ammonia-NH, 0.04
ignt 010510 59 .07 3.02 11.05
Sovent -(3032%9 ©©@ 5.43 49.01 | 27.79 84.28
Hoavy Ol1-Te Fore) 1.35 | 0.63 2.53
SRL 14.78 14.78
Cool (MAF) 0.23 0.23
Ash 2.64 | 2.64
Woter - 0.26 12.18
Phenol
ToTaL 0.07 23.08 53.64 | 28.42 156.01
Carbon
Hydrogen
Nitrogen
Sulfur.
Oxygen (by diff)
Ash
TOTAL
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RUN CONDITIONS

RUN NO.“L:ML_7_~
DATE MADE _1/14/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-i

SAND BATH 7126
INLET 260
OUTLET 715

DISSOLVERS

R-1A (1)
(2)
(3)
(4)
R~1B (1) 757
(2) 798 .
(3) 806
() 829
REACTOR PRODUCT SEPARATORS
S-| 622
5-2 79
Ss-3 474
S-4A 83
$-48 /9

PREHEATER E-tI

DOWTHERM 672
INLET 435
OUTLET 647 —_

VACUUM FLASH F-lI

OVERHEAD VAPOR 526
UPPER WALL 600
LOWER WALL 583
DOWNCOMER 491
CONDENSATE

ACCUMULATOR,S-7___ 87

PREHEATER E-13

SEPARATORS S-i ond S-2

DOWTHERM 596 2500
INLET 79 SEPARATOR S-3
OUTLET 558 300

LIGHT ENDS COLUMN, F-2
REBOILER 471

SEPARATORS S-4A and S-48
61

VACUUM FLASH, F-I

REBOILER NIU

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-0
OVERHEAD

BOTTOMS

PRECIPITATION TOWER, V-8
ZONE (1) NIU

(2)

(3)

RECOVERY TOWER V-9
REBOILER NIU

OVERHEAD
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LOWER SECTION 373 14 Torr
FEED SECTioN . 200 LIGHT ENDS COLUMN, F-2
OVERHEAD 185 0
' .5-8 86 SOLVENT COLUMN, F-3
S-9 - NIU-
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 _NIO
REBOILER NIU VACUUM FLASH, F-0
LOWER SECTION NIU
FEED SECTION SETTLING TOWER, V-8
OVERHEAD NI
RECOVERY TOWER, V-7
HEAVY ENDS COLUMN, F-4 NI




Start | £nd 7R‘un No: L-1C MASS RATES AND RUNprooucr aas Fo THE RMAL o 22.65
Dote of Run | 7/18/77) 7114777\ ni4s: Tbs/hr, °F, psig CONDITIONS PROBUCT GAS TO RECYCLE _
Time of Run 0300 1500  |Prep.By:BCL_& GGB SxZ =0=
Length ozojun 12 hrs.  |Updated: 1/3/78 l Kot KNOCKOUT POT BTMS
Hours on aténd of Y.P.| 82.0 — ) hi# -0~
R 767 ScRUBAER AR SORBED GASES » 0=
~0- RECYCLE cAS X X Sx- T
YNGAS - P
18. 42MAKELIP G Ay - T 829 S WASTE  GAS 3.97
50. 40LIGNITE ! ] > 2500 & R
Qonr] ° 9&-, 715 | R-iA R-1B P i - Sx-30
= T 806 | 4 622 4
726 o P: 2500 T 2500 e
: - Sx-37
9 T T 798 —L_#_T_“A §f S-4A BOTTOMS =
MIXER T T 757 2300 S-4B BOTTOMS 14 .90
Sx-
xaﬁ}TOLUEME_ ACCUMULAYOR _  NIU
Z T 10.c. oHD Negl.
. 647 435
H \ ?-»75*8 -
E ’:’% 185 986 p
1 — 2 i X
& - % | & icnr oS, 7.3
N o F-z 1 E-3
| < 677"
X 7196 T
=3 P:
F_ :
600 [Tz 526
C 14 Thr e 500
575
SSH‘ I ala _La'zr]__ Y
! 32.32 1bs/hr X -~ % L gorroms
- - 1-1 EXHAUST 0.57
491 s};’ i Ef?é?;ggfgé;RAp 0.13
r87 £[—>A-2C>—1 § vauios
S x—
. P14 Torr —on o V-8B TrToms | nn
G 19¥8Se] §57.22 128 y
Sx-8 ¥ {}Sx—z VACUUM BOTTOMS 24,47
i A-SA OVERFLOW
163.55 oAl D4 orPeENM Pd cLOSED TOoTAL. 163.55

Numbers in parentheses are not included in the totals.



Quantitotive

——Elemental

Run No:

PROJEC!

LIGNITE

ADJUSTED MATFERIAL BALANCE

Normalized

Revised: 1/3/78

Temperature: 715°F

Date: I77%2/77 SUMMARY i;g\slzsui?liézsoo poie
Time:  0300-1500 1bs/hour GHSV: 342
seean oescerion| 3T T TOEE TNEE, Lignite
SAMPLE POINT

Hydrogen - Hy 1.36 1.24 -0.12 |

Carbon Monoxide-CO 16.88 9.97 -6.91

Corbon Dioxide - CO, ’ 13.53 13.53

Hydrogen Sulfide-H,S 0.21 0.21

Methane - CH, 1.06 1.06 r 8.79 28.17
Ethane~ Cp Hg 0.49 0.49

Propane=~CyHg 0.50 0.50

Butane ~ C4H;o

Nitrogen~N; 0.18 0.17 -0.01

Ammonia—~NHy 0.04 0.04 )

Lignt 002190 @1, o, 11.79 4.15 ||

sotvent-{[9072%9 °@ | 83.66 87.53 3.87_|r 22.77 72.98
Hoowy on- STl a1 2.35 -0.46

SRL 15.21 15.21 U

Coal (MAF) 31.20 2.28 -28.92 -92.69
Ash 3.00 2.70 -0.30 -0.96
Water 16.82 14.48 -2.34 -7.50
Phenol

TOTAL 163.55 163.55 -0-

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL
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PROJECT LIGNITE

MEASURED & ADJUSTED MATERIAL BALANCE

Revised: 1/3/78

Temperature: 715°F

Run No: L-1C MATERIAL IN Pressure: 2500 psig
Date: 7/14/77 LHSV: 1.44
Time: 0300-1500 1bs/hour GHSV: 342
4 Feed Teed Total
STREAM DESCRIPTION  Gag ___| Lignite | Solvent In
SAMPLE POINT Sx~21 Sx-1 Sx-14
Hydrogen - H, 1.36 1.36
Carbon Monoxide-CO 16.88 16.88
Carbon Dioxide ~CO, '
Hydrogen Sulfide- H,S
Methane- CH,
Ethane~ Cy Hg
Propane~CyH,
Butane ~ C4H o
o Nitrogen-N, 0.18 0.18
.'>: Ammonio~NH,
2 [0-T00°C®
g Light OU=1y e 3err) 7.64 7.64
-(100-230°
& | Solvent ‘n.s121§g> 0 83.66 83.66
=-250%C
Heavy Oll-@i6 Torr) 2.81 2.81
SRL ‘
Coal (MAF) 31.20 31.20
Ash 3.00 3.00
Water 16.20 0.62 16.82
Phenol
(TOTAL 18.42 50.40 94.73 163.55
[ Carbon
Hydrogen
Nitrogen
Sulfur
2 oxygen (by diff)
S
£ | Ash
2
w
L TOTAL

~125-




PROJECT LIGNITE

ADJUSTED MATERIAL BALANCE
Normalized

Revised: 1/3/78 Temperature: 715°F

T TSRLAL O0T e e
‘Time:  0300-1500 1bs/hour GHSY: 342
([ stoean oesomemion]  Fgoduct | 0@t | Bems_ | Owna | bome |mensusr
SAMPLE POINT Sx-19 Sx-30 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H, 1.14 0.09 0.01
Carbon Monoxide-CO 9.17 0.73 0.07
Cmbm\DMUde-COZ' 10.37 2.73 0.43
Hydrogen Sulfide-H,S 0.14 0.07
Methane - CH, 0.93 0.12 0.01
Ethane— C, Hg 0.37 0.10 0.02
Propane- CyHy 0.38 - 0.09 0.03
Butane — C4H,q
g |Nitrogen—Ne 0.14 0.03
B [Ammonia-NHs 0.01 0.01 0.02
£ [uignt on-195150 5O 0.32 7.01
3 [Soven -0, BECE 0.3
Heavy Oll-%?g-.l?z?)vcv 0.21
SRL
Coal (MAF)
Ash
Water 14.20 0.10
Phenol
JOTAL 22.65 3.97 14.90 Negl. 7.32 0.57
( Carbon
Hydrogen
Nitrogen
Sulfur
:_S Oxygen (by diff)
g Ash
ot
w
L TOTAL
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PROJECY LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized
Revised: 1/3/78

Temperature:715°F

o e teRsL oun s, U
Time: 0300-1500 1he/haur GHSV :342

B - P g Moot
SAMPLE POINT *Sx~33 Sx-2 Sx~39 Sx-12
Hydrogen - H, 1.24
Carbon Monoxide-CO 9.97
Carbon Dioxide - CO, ' ) ' 13.53
Hydrogen Suifide-H,S 0.21
Methane-CH, 1.06
Ethane - C, Hg 0.49
Propane- CyHg 0.50
Butane ~ C4H o

© Nitrogen-N, 0.17

':_E Ammcnioj-ztlrooo 0.04

"cé, Light Ol -"/ g Tor;c)—@ 0.13 4,33 , 11.79

5| Sotvent-([G0:230"¢@ 4.28 51,14 31.75 87.53
Hoovy oil-EP8 700 1.57 0.57 2.35
SRL 15.21 15.21
Coal (MAF) 2.28 _ 2.28
Ash 2.70 2.70
Water 0.18 14.48
Phenol

L TOTAL 0.13 24.47 57.22 32.32 163.55

( Carbon
Hydrogen
Nitrogen
Sulfur .

g Oxygen (by dlff)

g Ash

2

w

L TOTAL

*No sample available. Assumed to be 100% light oil
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Quantitotive

———— clemental

PROJECT

LIGNITE

SAMPLE ANALYSIS

Updated:

1/3/78

Run No: L=-1C

Date:
Time:

7/14/77
0300-1500

SAMPLE DESCRIPTION

Lignite

SAMPLE POINT

Sx-1

F-1

Sx=-2

F-2

| _Bftmg | _Rtmg |

Sx-12

Feed
ISolvent | Btms

Sx-14

WEIGHT PERCENT

roduct
Gas

Sx-16

Sx-19

Mydrogen -H,

5.05

‘| carbon Monoxide~CO

40.48

Carbon Dioxide—CO,

45.78

Hydrogen Sulfide-H,S

0.64

Methane - CH,

4.11

Ethane—C2Hs

1.62

Propane~CsHg

1.6

Butane = C4Hyo

Nitrogen—N,

0,61

Ammonia=~NH, (PPM)

0,05

o (0-100° C @
Light Oils 1.6 Torr)

8.06

95.78

~{100-230"C
Solvent 1.6 Torr) @

17,50

98,24

88,32

{230-255°C

Heavy Oil~ @16 Torr)

1.76

2.97

2.90

SRL

62.15

Coal (MAF)

61.90

9.30

Ash

5.96

11.05

Water

32.14

0.65

1.32

Pheno!

TOTAL

100

100

100

100

100

100

Pyridine Solubles (Av;;r:/ge)

89.55

Meiting Point °F

262

Specitic Gravity 60/60

1.031

1.053

Viscosity, ¢p

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen {by ditf)

Ash

TOTAL

Number of Sample Avgq,
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Quantitative

,—————— £lemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated:

Run No:
Date:
Time:

1/3/78

L-1C

7/14/77
0300-1500

WEIGHT PERCENT

SAMPLE DESCRIPTION

Feed
Gas

811"

S-418
Water

S5-48
Total

C~GA
Ovhd

J=1
Disch.

SAMPLE POINT

Sx-21

Sx-23

Sx-23

Sx-23

Sx-30

Sx-32

Hydrogen —H,

7.39

2.27

1.07

Carbon Monoxide~CO

91.63

18.37

11.82

Carbon Dioxide—~CO,

68.75

75.97

Hydrogen Sulfide~H,S

1.67

Methane ~CH,

3.11

2.66

Ethone—C2He

2.54

3.28

Propane—~CsHg

2,32

5.20

Butane ~C4H,o

Nitrogen-N,

0.98

0.84

Ammonia=NH, (PPM)

0.13

0.12

0.13

.. (0~100Y C
Light Oils 1.6 Torr)

46.90

2.16

_(100-230°C
Solvent 1.6 Torr) @

52.50

2.42

-~ (230-2559¢C
Heavy Oil-'@6 Torr)

SRL

Coal (MAF)

Ash

Water

0.60

99.87

95.30

Phenol

TOTAL

100

100

100

100

100

100

Pyridine Solubles (A:;, :,/:9]

Melting Point °F

Specitic Gravity 60/60

Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg.
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Quantitative

-

tal

-
[

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/3/78
Run No: L-1C
Date: 7/14/77
Time: 0300-1500 WEIGHT PERCENT

SAMPLE DESCRIPTION | Recycle

SAMPLE POINT Sx-39

Hydrogen —H,

Carbon Monoxide-CO

Carbon Dioxide —-CO,

Hydrogen Sulfide~H,S

Methane -CH,

Ethane—CzHe

Propane~CzHg

Butane ~C4H,o

Nitrogen~N,

Ammonia—NH; (PPM)

Light 0i|s-(?g"’T‘g:r§: 7.57

Solvent (& Toor) - | 89.37

Heaw 0I-&ETER 2.7

SRL

Coal (MAF)

Ash

Water 0.31

Pheno!

TOTAL 100

Pyridine Solubles (Av;:‘ :r/:e)

Melting Point °F

Specitic Gravity 60/60 1.054

Viscosity, ¢p

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by ditf)

Ash

TOTAL

Number of Sample Avg. °
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/3/78
Run No: L-1C
Date: 7/14/77
Time: 0300-1500 MOLE PERCENT
([samPLE DESCRiPTION| Product | Feed gufi Didch.
SAMPLE POINT Sx-19 Sx-21 Sx-30 | Sx-32
Hydrogen —H, 46.75 52.75 30.05 17.29
Carbon Monoxide~-CO 26.75 46.75 17.40 13.73
Carbon Dioxide —CO, 19.25 41.45 56.17
Hydrogen Sulfide~H,S 0.35 1.30
Methane ~CH, 4,75 5.15 5.40
Ethane—~C:Hse 1.00 2.25 3.55
Propane-CxMe 0; 70 1.40 3.86
Butane —C, Ho
Nitrogen—N, 0.40 0.50 0.80
Ammonia=NH, (PPM) 0.05 0.20
| [uight °“"“|)_;|°T§:§—@
-é Solvonf—(:%o}gfro)oc@
T
Q
3R
Coal (MAF)
Ash
Water
Phenol
TOTAL 100 100 100 100
Calc Mole Wt. 18. 50 1429 26.53 32,53
Melting Point °F
Specific Gravity 60/60
L Viscosity , cp
( Carbon
Hydrogen
Nitrogen
1 1 Sulfur
s
€ | Oxygen (by diff)
§ Ash
TOTAL
Number of Sample Avg. 2 2 2 2
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PRCJECT LIGNITE
SAMPLE ANALYSES
RUN NO: L-1C
DATE: 7/14/77
TIME: 0300-1500

SAMPLE DESCRIPTION LEC Btms [Feed Solv.|{S-8 0il [S-4B 0il | S-7 Btms

SAMPLE POINT Sx-12 Sx-14 Sx-~-16 Sx-23 Sx-39
ASTM D-1160 DISTILLATION DATA )

PRESSURE, TORR 5 5 - 5
IBP 133.6 71.3 65
5% r 153.8 103 105

rlo% 157.2 132.2 128.5

. 20% o 161.7 164.7 157.5

z 30% o 168.2 178.2 173

S 40% x 174.8 187.4 181

W 50% E 181 193.8 185

. 69% « 186 198.6 193

s 70% a 191 204.3 200

3 80% @ 198.2 218 ' 208

S 90% v 511.2 538.3 274,

g5, L 229.5 240.5
DRY PT. 234.5 265 260
ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 742 746
1BP , 68 70
5% [——‘ 80 108

[’P‘IO% i 80 151

2 20% ° 157 202

& 30% W 182 220

T 40% x 197 250

a 50% E 209 280

w 60°/o [ 222 305

= 0% a 235 335

2 80% & 247 355

>L900/° 259 363
95% L 260
DRY PT. ‘ 263 363

ASPHALTENE TEST

WT % ASH

WT % UNCONVERTED COAL

WT % PRE-ASPHALTENES

WT % ASPHALTENES

WT % MALTENES 8 DIST. OIL

TOTAL
SAYBOLT VISCOSITY, SSU -
100° F 13.1 15.1 15.0
210° F 8.8 8.9 8.9
MISCELLANEOQUS

KF H0 WT%/{Raw Sx) 0.65 1.32 0.60 0.31

INFRARED RATIO 0.30

SP, GRAV. 60/60 F 1.031 1.053 1.054

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES- BENZENE SOLUBLE, N~-PENTANE INSOLUBLE MATERIAL

MALTENES- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

DISTILLABLE OiL -RECOVERABLE BY DISTILLATION, USUALLY LESS THAN 5% FOR THE F-1 VACUUM BOTTOMS MATERIAL
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Quontitative

r——Elemental

PROJECT LIGNITE

MEASURED MAT/ERIAL BALANCE
Revised: 1/3/78

MATERIAL OUT

Temperature: 715°F

Run No: 1-1C Pressure: 2500 psig
Date:  7/14/77 LHSV 1.44
Time:  0300-1500 1bs/hour GHSV: 342
stecaw oescremion “G05"C" | Gund | Bems [ ovhd | Sems |Evhaust
SAMPLE POINT Sx-19 Sx~-30 Sx=-23 Sx-44 Sx-16 Sx-32
Hydrogen - H, 1.15 0.09 0.01
Carbon Monoxide=CO 9.21 0.73 0.07
Corbon Dioxlde=CO, | 10.42 2.74 0.43
Hydrogen Sulfide-H,S 0.15 0.07

Methane - CH, 0.93 0.13 0.01
Ethane - Cz He 0.37 0.10 0.02
Propane=- C Hg 0.38 0.09 0.03
Butane — C4H; o

Nitrogen-N, 0.14 0.03

Ammonia-NHs 0.01 0.01 0.02

Light ou (021907 ¢® 0.32 7.04

Solvant -H[G072%0 ©O@ 0.36

ey oI

SRL

Coal (MAF)

Ash

Water 14.27 0.10

Phenol

TOTAL 22.76 3.99 14.97 Negl. 7.35 0.57
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL
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Quantitotive

——Lklementol

Run No: [L-1C

PROJEC!" LIGNITE
MEASURED MATERIAL BALANCE
Revised: 1/3/78

MATERIAL OUT

Temperature: /15°F
Pressure: 2500 psig

Date:  7/14/77 LHSV: 1.44
Time:  0300-1500 1bs/hour GHSV: 342
Cold F-T <Keécycle polvent—s Toralr

 STREAM OESCRITION 1ia, | pems |'s-7 Bems [F-2 Bims oue
SAMPLE POINT *Sx-33 Sx-2 Sx-39 Sx-12

Hydrogen - H, 1.25
Carbon Monoxide-CO 10.01
Carbon Dioxide ~CO, 13.59
Hydrogen Sulfvide-HzS 0.22
Methane- CH, 1.07
Ethane- C, Hg 0.49
Propane= CyHyg 0.50
Butane — C4H)o

Nitrogen-N, 0.17
Ammonia-NHg, 0.04
ight oD SO gu1a 4.33 11.8
sotvent (|30 720 ©©@ 4.30 51.14 | 31.75 87.55
Hoavy OlI-GIE Torr) 1.57 0.57 2.35
SRL 15.28 15.28
Coal (MAF) 2.29 2.29
Ash 2.71 2.71
Water 0.18 14.55
Phenol

rorat 0.13 24.58 57.22 | 32.32 163. 89
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

*No sample available.

-134-
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RUN CONDITIONS

RUN NO, __L-1D__
DATE MADE 7/22/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-I

SAND BATH 733
INLET 312
OUTLET 718
DISSOLVERS
R-1A (1)
(2)
(3)
(4)
R-1B (1) 745
(2) 798
(2) 782
(@) 824
REACTOR PRODUCT SEPARATORS
S-1 600
s-2 17
5-3 486
S-4A 82
$-48 78

PREHEATER E-It

DOWTHERM ____ 677
INLET 438 -
OUTLET 650

VACUUM FLASH F-I

OVERHEAD VAPOR 330
UPPER WALL 600
LOWER WALL 581
DOWNCOMER 378
CONDENSATE

ACCUMULATOR,S-788

PREHEATER E-13 , SEPARATORS S-1 ond S-2
DOWTHERM 597 2500
INLET 82 SEPARATOR S-3
QUTLET 228 300
SEPARATORS S-4A and S-4B
LIGHT ENDS COLUMN, F-2 60
REBOILER 459 VACUUM FLASH, F-i
LOWER SECTION __549 14 Torr
FEED SECTION 474 LIGHT ENDS COLUMN, F-2
OVERHEAD 200 0
$S-8_ ... _._. 86 SOLVENT COLUMN, F-3
3-9 - NIU
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 NTIU
REBOILER NIU VACUUM FLASH, F-0
LOWER SECTION NIU
FEED SECTION__.. . | SETTLING TOWER, V-8
OVERHEAD . - NIU
RECOVERY TOWER, V-7
HEAVY ENDS COLUMN, F-4 NIU

REBOILER NIU

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-0
OVERHEAD NIU

BOTTOMS

PRECIPITATION TOWER, V-8

ZONE (1) NIU
(2)
(3)
RECOVERY TOWER V-9
REBOILER NIU
OVERHEAD —
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S.f‘*,"f End - Ru'\ “O: L"lD MASS RATES AND RUNPRODUCT GAS‘T'O THERMAL 23.51
7/22777] 17227 Units: 1bs/hr,°F, psiz | CONDITIONS S .20 PROBUCT GAS TO RECYCLE _ _~0-
0130 |1330 Prep. By: BCL, & GGB v
7 hrs. [ ated: 24/78
Can!‘CanF}(?P. 12;_,4 Led 124/ ] K—4 KNOCKOUT POY BTMS -0-
ISCRUBBEA ARSORBED GASES » NIU
x > > Sx- IT: ' :
M X 52 . WASTE GAS
- % = H T o _
: JLIGNITE A \ T 824 l———‘l‘-77 I ) — .40
Peri] S*® }) R-1A R-1B P2500 S-Un
E-) 1718 S-1 r-—.' Sx-30
L T 182 { T: 82 S-48
733 _ e 7600 P 60 | [T 78
P ; 2500 250 Y —»{P 60 .37
i T T 798 T: 486 ] "y s-4ABOTYOMS -
. MIXER -+ 745 P 300 T—N | S-4B BOTTOMS_ 14 6]
_ B e AccumuiaTor . _NIU
v X | X X ¥ 1o OHD, _ Negl.
650 438 | g =& - .
»1T: 86 H
}c: y 20 P ,p; |
’L 2 > 1 | XLIGHT ois. _ 6.09
w A X ; V-9 F-3 o
=41 T .
o= 2 i v-la ] T R
o Yy IT
o P
F-1 P:
600 [ 530
& 14 Tor:
ol 4
581 ~ s
L‘ %e_4.58 1bs/hr.X v-q poTTOMS  HIU
J-1 EXHAUST.  _0.59
— - > e
e <o | <8 X renr . 0203
t_ls A2 j - -2.7UQU‘D5 :
P 14 Torr Ae2A ) v-8>EoTToms _ _ NIU
6.11)88%8|  _ 81,39 2
- ' §S*-2 VACUUM BOTTOMS o, gy
1 A-SA OVERALOW -
159.06 TovaAL 04 oPEN M closeD ToTtaL. 159.06

Numbers in parentheses are not included in the totals.



PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE
Normalized

Revised: 1/24/78

uantitative

Run No: L-1D SUMMARY Temperature:718°F
Date: 7/22/77 Pressure: 2500 psig
Time: 0130-1330 LHSV: 1.41
1bs/hour GHSV: 318
( Stream Description T?gal T85§Ii Y?gid gga% MAF
Sample Point
Hydrogen - H2 1.26 1.06 ~-0.20 )
Carbon Monoxide - CO 15.81 8.18 -7.63
Carbon Dioxide - CO9p 15.80 15.80
Hydrogen Sulfide - H3S 0.16 0.16
Methane - CHy _1.30 1.30 r 10.31 33.29
Ethane -~ CoHg 0.57 0.57
ropane - C13Hg 0.29 0.29
Burane = C4Hig
Nitrogen - N Q.18 0.16 | =0.02
Ammonia - NH3 0,04 Q.04 ’
Dist-illaé%Pa%%ST%og%ié 91.79 94.58 2.79 1- 19.39 62.61
SRL 16.60 16.60
Coal (MAF) 30.97 2.25 1-28.72 ~-92.74
Ash 3.18 3.16 | -0.02 -0.06
Water 15.87 14.91 | -0.96 -3.10
Phenol
Total 159.06 | 159.06
[ Carbon
Hydrogen
Nitrogen
Sulfur
Oxvgen (by diff)
Ash
Total

—~——————Elemental
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PROJECT LIGNITE
MEASURED &VADJUSTED MATERIAL BALANCE
Revised: 1/24/78

MATERIAL IN
Run No: L-1D Temperature: 718°F
Date: 7/22/77 Pressure: 2500 psig
Time: 0130-1330 LHSV: 1.41
1bs/hour GHSV: 318
p -
Stream Description 5§§d Lignite séi&é‘nt T
Sample Point Sx~21 Sx-1 Sx—14
Hydrogen - H2 1.26 1.26
Carbon Monoxide - CO 15.81 ~ 15.81
Carbon Dioxide - CO9
Hydrogen Sulfide - H2S
Methane - CHg
Ethane - CoHg
Propane - C3Hg
.g utane = CiH1g
@ Nitrogen - Nj 0.18 0.18
o
Ol Ammonia - NH3
€ (IBP-255°C @L.6
SiDistillable 0il - Torr) 91.79 91.79
Tl srL
Coal (MAF) 30.97 ’ 30.97
Ash 3.18 3.18
Water 15.58 0.29 15.87
Phenol
Total 17.25 49.73 | 92.08 159.06
.
Carbon
Hydrogen
Nitrogen
—
@l Sulfur
e
vl Oxygen (by diff)
@
= Ash
t Total
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ADJUSTED MATERIAL BALANCE

PROJECT LIGNITE

Normalized
Revised: 1/24/78

MATERIAL OUT

Run No: L~1D Temperature: 718°F
Date: 7/22/77 Pressure: 2500 psig
Time: 0130-1330 LHSV: 1.41
1bs/hour GHSV: 318
™ e S-ZA S-48 ~5=8 5=8 J=1
Stream Description Prgduct Ovhd Btms Ovhd Btm Exhaust
Sample Point Sx-19 S$x-30 Sx-23 Sx~-44 Sx-16 Sx~32
Hydrogen - H3 0.99 0.07
Carbon Monoxide -~ CO 7.62 0.50 0.06
Carbon Dioxide - CO»o 12.89 2.44 0.47
Hydrogen Sulfide =~ H2S 0.10 0.06
Methane - CHy 1.15 0.13 0.02
Ethane - C2Hg 0.45 0.10 0.02
Propane - C3Hg 0.18 0.09 0.02
.g Butane = C4llig
| Nitrogen - Ny 0.13 0.03
Tl Ammonia - NH3 0.02 0.02
el (IBP-255°C @1.6
5| Distillable Qil Torr) 0. 04 6.02
7 SRL
Coal (MAF)
Ash
Water 14.55 0.07
Phenol
Total 23.51 3.44 | 14.61 Negl. 6.09 0.59
( Carbon
Hydrogen
Nitrogen
—~
ol Sulfur
E
9 Qxygen (by diff)
V)]
o Ash
t Total
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized

Revised: 1/24/78

MATERIAL OUT

Run No: L-1D Temperature:718°F
Date: 7/22/77 Pressure: 2500 psig
Time: 0130-1330 LHSV: 1.41
1bs/hour GHSV: 318

( . s Cold F=1 «—Recycle [Solvent—>» Total
Stream Description Trap Btms S-7 Btms | F-2 Btms Out
Sample Point S$x-33 Sx-2 Sx~-39 Sx-12
Hydrogen - H2 1.06
Carbon Monoxide - CO 8.18
Carbon Dioxide - CQO» 15.80
Hydrogen Sulfide -~ H3S 0.16
Methane - CHy 1.30
Ethane - CoHg 0.57
Propane - _C3HS 0.29

g Butane = C4Hig

@l Nitrogen - Np 0.16

4

Tl Ammonia - NH13 0.04

= (IBP-255°C @1.6

5| Distillable 0il Torr) 0.02 2.81 81.11 4.58 94.58
SRL 16.60 16.60
Coal (MAF) 2.25 2.25
Ash 3.16 3.16
Water 0.01 0.28 14.91
Phenol
Total 0.03 24.82 81.39 4.58 159.06
Carbon
Hydrogen
Nitrogen

—

ol Sulfur

=

¢| Oxygen (by difft)

)

o Ash

{ Total
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I'ROJECT LIGNITE
SAMPLE ANALYSIS

U'pdated: 1/4/78
L-1D

7/22/77
0130-1330

Run No:
Date:
Time:

WEIGHT PERCENT

Sample Description

Lignite

F-1
Btms

" Makeup
Solvent

LEC
Btms

Feed
Solvent

S-8
0il

Sample Point

Sx-1

*Sx-2

Sx-8

Sx-12

Sx-14

Sx-16

Hydrogen - H2

Carbon Monoxide - CO

Carbon Dioxide = CO9y -

Hyvdrogen Sulfide = 198

Methane - CH4

Ethane - Caollg

Propane - C3Hg

Butane - CuH1n

Nitrogen = Nj

Ammonia - NH3 (PPM)

(IBP-255°C @1,
Distillable Oil Torr

11.35

99.93

100

99.69

98.91

Quantitative

SRL

66.87

Coal (MATF)

62.27

9.06

Ash

6.40

12.72

Water

31.33

0.07

0.31

1.09

Total

100

100

100

100

100

100

P.S. (Ash—frge

89.62

Melting Point

338

Specific Gravity 60/60

1.040

1.028

1.042

Viscosity, cp

Carbon

Hyvdrogen

Nitrogen

Sulfur

Oxygen (by diff.)

Ash

Total

————FElemental

Number of Sample Avg.

2

2

2

*Distillable o0il calculated by following equation =

Wt % Distillable 0il = -0.1273 (F-1 Btms Melting Point) + 54.38

See attached graph.
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"ROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/4/78
Run No: L-1D
Date: 7/22/77
Time: 0130-1330 WEIGHT PERCENT
1 S-8 5-8 Product Feed S4B S=4B
Sample Description Water Total Gas Gas 0il Water
Sample Point Sx-16 Sx-16 Sx-19 Sx-21 $x-23 Sx~23
Hydrogen - Hjp 4,24 7.28
Carbon Monoxide - CO 32.40 91.65
Carbon Dioxide - CO» 54.82
Hydrogen Sulfide - HpS 0.42
Methane - CHy 4,88
Ethane - CoHg 1.93
Propane - C3Hg 0.76
Butane - Cyllipg
; Nitrogen - No 0.55 1.07
o Ammonia - NH3 (PPM) 0.14
e Distillabiooii’ Crok: 98.91 100
§ SRL
Coal (MAF)
Ash
Water 100 1.09 99.86
Total 100 100 100 100 100 100
P.S. (Ash-free
Melting Point
Specific Gravity 60/60
Viscosity, cp
' Carbon
Hydrogen
Nitrogen
| Sulfur
§ Oxygen (by diff.)
% Ash
—
Total
INumber of Sample Avg. 2 2 2 - 2
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/4/78
Run No: L-1D
Date: 7/22/77
Time: 0130-1330 WEIGHT PERCENT
( ) S-4B S-LA J-1 Cold Recycle
Sample Description Total Ovhd Discharge| Trap Solvent
Sample Point $x-23 Sx-30 Sx-32 Sx-33 Sx-39
Hydrogen - Hp 1.99 0.90
Carbon Monoxide - CO 14.56 9.86
Carbon Dioxide - CO3 71.05 80.21
ydrogen Sulfide - H3S 1.67
Methane - CH4 3.88 2.80
Ethane - CoHg 2.80 2.99
Propane - C3Hg 2.64 3.24
Butane - CxHig
g Nitrogen - No 0.82
gﬂmonia - (PR 0.14 0.59
“iDistillable 0il Tort 0.30 56.22 99.65
é‘i SRL
Coal (MAF)
Ash
Water 99.56 43.78 0.35
Total 100 100 100 100 100
P.S. (Ash-free
Melting Point
Specific Gravity 60/60 1.054
Viscosity, cp
' Carbon
Hydrogen
Nitrogen
—~l Sulfur
% Oxvgen (by diff.)
&l Ash
—
Total
I Number of Sample Avg. 2 2 2 2
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Quantitative

———— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/4/78

Run No: L-1D

Date: 7/22/17

_ Time:  0130-1330 MOLE PERCENT

SAMPLE DESCRIPTION| Product | Fee K= Disch.
SAMPLE POINT Sx-19 Sx-21 S$x-30 Sx-32
Hydrogen —H, 42.91 52.35 27.37 15.06
Carbon Monoxide-CO 23.41 47.10 14.29 11.85
Carbon Dioxide -CO, 25.20 44,36 61.36
Hydrogen Sulfide-H,S 0.25 1.35
Methane -CH, 6.17 6.67 5.90
Ethone~CzHse 1.30 2.56 3.35
Propane~CsHg 0.35 1.65 2.48
Butane ~C4 Mo
Nitrogen—N, 0.40 0.55 0.80
Ammonio=NH;y (PPM) 0.01 0.95
Light 0its='"5 "’T?m?
Solvom-q%}iio)uc @
Heavy OII-%Z',%'%E:;C
SRL
Coal (MAF)
Ash
Water
Phenol
TOTAL 100 100 100 100
Calc. Mole Wt. j 20.23 14,39 27.47 33.66
Melting Point °F
Specific Gravity 60/60
Viscosity, ¢cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Semple Avg. 2 2 2 2
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MEASURED MATERIAL BALANCE

PROJ T ILIGNITE
Revised: 1/24/78

MATERTAL OUT

Quantitative

————— Elemental

Run No: L-1D Temperature: 718°F
Date: 7/22/77 Pressure: 2500 psig
Time: 0130-1330 LHSV: 1.41
1bs/hour GHSV: 318

Stream Description S Sl I Rems | _ovid Rtne | Exhaust
Sample Point Sx-19 Sx-30 Sx-23 Sx-44 Sx-~16 Sx-32
Hvdrogen - 12 0.96 0.07

Carbon Monoxide - CO 7.30 0.48 0.06
Carbon Dioxide - CO» 12.36 2.34 0.44
Hydrogen Sulfide - H2S 0.09 0.05

Methane - Clly 1.10 0.13 0.02
Lthane - Colgp 0.44 0.09 0.02
Propane = C3lig 0.17 0.09 0.02
tButane = Calllg

Nitrogen ~ No 0.12 0.03

Ammonia - NHA3 0.02 0.02

Distillabis 011> Foers® 0.04 5.78

SRL

Coal (MAL)

Ash

Water 13.95 0.06

Phenol

Total 22,54 3.30 | 14.01 | Neel. 5.84 0.56
Carbon

Hydrosen

Nitrogen

' Sulfur

Oxyeen_(by diff)

Ash

Total
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Run No:

PROJECT 1L IGNITE

MEASURED MATERIAL BALANCE

Revised: 1/24/78

MATERIAL OUT

L-1D Temperature: yygey
Date: 7/22/77 Pressure: 2500 psig
Time: 0130-1330 LHSV:1.41
1bs/hour GHSV:318
(T I W N R TRt
Sample Point Sx-33 Sx-2 Sx-39 Sx~-12
Hydrogen - H) 1.03
Carbon Monoxide - CO 7.84
Carbon Dioxide - €02 15.14
Hydrogen Sulfide - H»2S O.ll}___1
Methane - CHy 1.25
. Ethane - CoHg 0.55 _
ropane — Cilg 0.28
.g utane = CzHig
"l Nitrogen - Nj 0.1
E Ammonia ~ NH7 Q.04
§ Dist:ill:llﬁgpag%sogog}j6 0.02 2.70 81.11 4.58 94.23
SRL 15.91 15.91
Coal (MAT) 2.16 2.16
Ash 3.03 3.03
Water 0.01 0.28 14.30
Phenol
Tocal 0.03 23.80 | 81.39 4.58 156.05
[ Carbon
Hydrogen
Nitrogen
§‘Sulfur
3| oxygen (by diff)
]
= Ash
[ Total
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RUN CONDITIONS
RUN NO, ___L-1E
DATE MADE _1/22-23/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-1

SAND BATH 738
INLET 309
OUTLET 721
DISSOLVERS
R-1A (1)
(2)
(3)
(4) —_—
R-1B (1) 7142
(2) 194
{3) 782
(4) 822
REACTOR PRODUCT SEPARATORS
S-1 586 o
$-2._ 79
S-3 485 —
S-4a 90 —_
$-48 88

PREHEATER E-It

DOWTHERM 676 .
INLET __ 438
OUTLET 655

VACUUM FLASH F-I
OVERHEAD VAPOR___528 ___

UPPER WALL 604
LOWER WALL 285
DOWNCOMER 461
CONDENSATE

ACCUMULATOR,S-7__ 94 . . . _

PREHEATER E-I13

SEPARATOR%586I and S$-2

DOWTHERM 595
INLET 90 SEPARATOR S-3
OQUTLET 539 308

SEPARATORS S~-4A and S~-48B

LIGHT ENDS COLUMM, F-2 60
REBOILER 461 VACUUM FLASH, F-I
LOWER SECTION 961 15 Torr
FEED SECTION 474 LIGHT ENDS COLUMN, F-2
OVERHEAD 220 Q
s-8 .93 SOLVENT COLUMN, F-3
S-9 - NIU

HEAVY ENDS COLUMN, F-4

SOLVENT COLUMN, F-3 NIU
REBOILER . NIU | VACUUM FLASH, F-0
LOWER SECTION NIU
FEED SECTION SETTLING TOWER, V-8
OVERHEAD NIU

RECOGVERY TOWER, V-7

HEAVY ENDS COLUMN, F-4 NIU

REBOILER NIU
LOWER SEGTION

FEED SECTION
OVERHEAD

VACUUM FLASH,F-0
OVERHEAD______ __NIU
BOTTOMS

- PRECIPITATION TOWER, V-8

ZONE (1) NIU .
(2)

(3)

RECOVERY TOWER V-9
REBOILER TS\ & § S
OVERHEAD
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Start+ | End  |Run No L-1E MASS RATES AND RUNppoouct gas Fo THE RMAL 21.82
Date of Run | 7/22/77 7/23/7AUni+s:1hs/hr,°F, psig | CONDITIONS PRODUCT GAS TO RECYCLE _ _ —0-
Time of Run 0 OL3O Prep. BJ: GGB & BCL Sx2 T
Lenath of Run 12 hrs. |Updeted: 7/25/77 .
Fouss on Coul ot End of Y- P.1170 4 l K4 KNOCKOUT POY BTMS _-0-
‘ CRUBBER ARSORBED GASES - » NIU
—0- RECYCLE GAS i i Sx- T :
16.47 MAKEUP G JYNGAS - T892 S5-2 a WASTE GAS 3.53
48.36 LisniTe £ |70 N T 82 s 79 - 7 -
set] ZPUE Y21 | R-1A R-® S-1 i San L Sx30
=] T T 789 - ) T:90 5-48
0. 25007 ¢ "+ 58% P: 60 =88
738 i QT 0, 20 5-3 m— Sx-37
¥y T T L~JT-485 T §  s-4an porvoms  “0-
MIXER - = 742 p. 308 | S-4B BpoTTOMS_  16.92
. >
xa{}TOLUENE AccumMmuLsTor . NIU
! Y X 697 o.c. oug, _Nesl-
| 655 438 -
- ] -
£ y
@
! S 4,93
:: - CIGHY OILS
‘|9 < Eé%l x rl- :
& y V-8 :
T:
4 Fe] P:
604 |T:52
P15 Torr
585\" y
| ), 3.44 1bs/hr X - V-9 BOTTOMS _NIU
r61 - _ 1-1 eynaust0.57
T coue EASES .7 0.59
| I e Y A-ZC—] < 2;_\0&.\\05
£ 15 Torr A-2A o V-8 B0TTOMS _ NI
MAXELP
(g.71y3owen , §81.81 502 ¥
—* . &s,‘-z VACUUM BOTTOMS 94,18
T A-SA OVERFLOW = -
157.79 ToTAL >d oPeEN P4 CLOSED TovAL. 157.79

Numbers in parentheses are not included in the totals.



Quantitative

r—Elementol

PROJEC! LIGNITE
ADJUSTED MATERIAL BALANCE
Normalized with Forced Carbon Balance by Adjusting S-4B oil/HZO ratio

Revised: 12/22/77

Temperature: 721°F
Run No: 1-1E

SUMMARY Pressure: 2500 psig
Date: 7/22-23/77 LHSV: 1.46
Time: 1330-0130 1bs/hour GHSV: 304

STREAM DESCRIPTION|  1otal Total Yicrd fién}i{g
SAMPLE POINT
Hydrogen ~ H, 1.20 1.04 -0.16
Carbon Monoxide-CO 15.06 6.95 -8.11
Carbon Dioxlde -~ CO, 15.49 15.49
Hydrogen Sulfide-H,S 0.17 0.17
Methane - CH, 1.21 1.21 > 9,47 30.98
Ethane— C, Hg 0.54 0.54
Propane=- Cy H, 0.33 0.33
Butane — C4H|o
Nitrogen=-N, 0.21 0.17 -0.04
Ammonia~NHyg 0.04 0.04 )
, 0=T00°¢C
tignt on-05"0 5@ 6,72 12.14 5.42 ||
_{100-230%C
Solvent (;.s(ron) ®| 80.97 81.76 0.79 |} 21.89 71.60
230-255%C
Heavy Oll-& 6 Torr) 4.93 3.52 -1.41
SRL , 17.09 17.09 |
Coo! (MAF) 30.57 0.99 -29.58 ~96.76
Ash 2.72 2.56 -0.16 -0.52
Water 15.41 13.79 -1.62 -5.30
Phenol
TOTAL 157.79 157.79 -0-
Carbon 108,66 108. 66 -0-
Hydrogen 11.66_ 11,72 0.06

‘ Nitrogen 0.71 0.66 -0.05
Sulfur 1.74 1.97 0.23
Oxygen (by ditf) 32.30 32.22 -0.08
Ash 2.72 2.56 -N.16
TOTAL 157.79 157.79 -0-
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PROJEC!" LIGNITE
MEASURED & ADJUSTED MATERIAL BALANCE
Revised: 12/22/77

Temperature: 721°F

Run No: L-1E MATERIAL IN ‘ Pressure: 2300 psig -
Date:  7/22-23/77 LHSV: 1.46
Time:  1330-0130 1bs/hour GHSV: 304
([ stream oescripTioN Fggg Lignite Sogsggt T?ﬁal
[SAMPLE POINT | Sx-21 | sSx-1 |  Sx-14
Hydrogen - H, 1.20 1.20
Carbon Monoxide~-CO 15.06 15.06
Carbon Dioxlde - CO, '
Hydrogen Sulfide-H,S
Methane- CH,
Ethane - Cy Hg
Propane-CyHy
Butane — C4H o
o | Nitrogen-N, 0.21 0.21
>
'.:5' Ammonia~NHyg
Z | ignt 0519074 @ 6.72 6,72
§ sovent -(100:230°C@® 80.97 80.97
Heavy ol-{570"20)C 4.93 4.93
SRL
Coal (MAF) 30.57 ' 30.57
Ash 2.72 2.72
Water 15.07 0.34 15.41
Phenol .
[ TOTAL 16.47 | 48.36 92.96 157.79
[ [carbon 6.45 21.40 80.81 108.66
Hydrogen 1.20 3.17 7.29 11.66
Nitrogen 0.21 0.30 0.20 0.71
Sulfur 0.25 1.49 1.74
% Oxygen (by diff) 8.61 20.52 3.17 32.30
E|Ash 2.72 2.72
2
78]
L ToTAL 16.47 48.36 92.96 157.79
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Quantitative

—Elementaol

/,

Normalized with Forced Carbon Balance by Adjusting

PROJEC! LIGNI

TE

ADJUSTED MATERIAL BALANCE

S-4B 011/H,0 Ratio

Revised: 12/22/77 Temperature: 721°F
vace: | 1725-23/77 ATERIAL 0UT v Lol
Time: 1330-0130 1bs/hour GHSV: 304

stecan vesoeTion] FER0CE | S0k | Bms | Ovhg | Bems | Eehause
SAMPLE POINT Sx-19 $x-30 calc. Sx-44 Sx-16 Sx=32
Hydrogen -~ H, 0.97 0.06 0.01
Carbon Monoxide-CO 6.49 0.40 0.06
Carbon Dioxide = CO, ' 12.36 2.68 0.45
Hydrogen Sulfide- H,S 0.11 0.06

Methane - CH, 1.09 0.11 0.01
Ethane - C,y Hg 0,42 0.10 0.02
Propane- Cy Hy 0.22 0.09 0.02
Butune~ C4H (g

Nitrogen-N, 0.15 0.02

Ammonia-NHs 0.01 0.01 0.02

Light oil-' 9710 6@ 1.75 4.53

Solvent _(:.060_}%'3(0)°C@ 1.84 0.13

Hoovy O1l-{E00 05T 0.21 0.21

SRL

Coal (MAF)

Ash

Water 13.10 0.06

Phenol

TOTAL 21.82 3.53 16.92 Negl. 4.93 0.57
Carbon 7.49 1.13 3.20 3.87 0.19
Hydrogen 1.38 0.14 1.81 0.50 0.01
Nitrogen 0.16 0.03 0.02 0.01

Sulfur 0.10 0.05 0.04 0.02

Oxygen (by diff) 12.69 2.18 11.85 0.53 0.37
Ash

ToTAL 21.82 3.53 16.92 Negl. 4.93 0.57
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Quantitative

—Elementaol

PROJECT" LIGNITE

ADJUSTED MATERIAL BALANCE
Normalized with Forced Carbon Balance by Adjusting S-4B Oil/HZO Ratio.
Revised: 12/22/77

Temperature: 721°F

Ml TR, e o
Time:  1330-0130 1bs/hour GHSV: 304

| STREAM DESCRPTION| 1200 | mems 1677 Rems: |P=b Btms | et
SAMPLE POINT Sx-33 Sx-2 Sx-39 Sx-12

Hydrogen - H, 1.04
Carbon Monoxide~CO 6.95
Carbon Dioxide - CO, | 15.49
Hydrogen- Sulfide-H,S Q.17
Methane - CH, 1.21
Ethane~ Ca Hg 0.54
Propans- CyHg 0.33
Butane — C4H;o

Nitrogen-N, 0.17
Ammonia~NHg 0.04
ignt o1 PR SOT 412 5.74 12.14
sotvent-11%0 7209 °©| .40 3. 54 72.48 3.37 81.76
Heavy oIl-&T0"2o0C 3.03 0.07 3.52
SRL 17.09 17.09
Coal (MAF) 0.99 0.99
Ash ‘2.56 2.56
Woter 0.07 0.56 13.79
Phenol

ToTAt 0.59 24,18 81.81 3. 44 157.79
Carbon 0.45 18.91 70.38 3.04 108.66
Hydrogen 0.05 1.22 6.32 0.29 11.72
Nitrogen 0.24 0.19 0.01 0.66
Sultur 0.01 0.23 1.46 0.06 1.97
Oxygen (by diff) 0.08 1.02 3.46 0.04 32.22
Ash 2.56 2.56
ToTAL 0.59 24.18 81.81 3.44 157.79
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PROJECT LIGNITE
SAMPLE /NALYSIS

Quantitative

N

tal

Updated: 12/22/77

Run No: L-1E

Date: 7/22-23/77

Time: 1330-0130 WEIGHT PERCENT
SAMPLE DESCRIPTION| (389 Bee | Sojvent | Bims | soteone | o1t
SAMPLE POINT Sx-1 Sx~2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen —H,
Carbon Monox!de-CO
Carbon Dioxide ~CO,
Hydrogen Sulfide~-H,S
Methane -CH,
Ethane—C2He
Propane~CzHg
Butane —C4H)o
Nitrogen—N,
Ammonia—~NH; (PPM)
Light Oils- 0’0+ @ 3.73 7.23 91.86
Solvant - @207C® 14.62 89.50 98.00 87.10 2.60
Heovy 0i1-Z30°235) 6.70 2.00 5. 30 4.30
SRL 70.70 -
Coal (MAF) 63.22 4.10
Ash 5.62 10.58
Water 31.16 0.07 0.37 1.24
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solut>los(A""$:| fr]ge 95,42 A
Melting Point °F 290
Specitic Gravity 60/60 1.040 1.032 1.054
Viscosity, ¢p
Carbon 44.25 78.20 87.39 88.49 86.93 78.517
Hydrogen 6.55 5.04 8.16 8.29 7.84 10.17
Nitrogen 1 0.63 1.00 0.10 0.23 0.22 0.27
Sulfur 0.51 0.96 2.28 1.79 1.60 0.32
Oxygen (by ditt) 42,44 4.22 2.07 1.20 3.41 10.67
Ash 5.62 | 10.58
TOTAL 100 100 100 100 100 100
Number of Somple Avg. 2 2 2 2 2 2
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Quantitative

e

,——— £lemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 12/22/77

Run No: L-1E

Date: 7/22-23/77

Time: _ 1330-0130 WEIGHT PERCENT
SAMPLE DESCRIPTION| [ 5°8 Total Tag_g‘ﬁt cacsd Sotl “dater
SAMPLE POINT Sx-16 | _Sx-16 Sx~19 Sx-21 Sx-23 Sx-~23
Hydrogen —H, 4.44 7.28
Carbon Monoxide-CO 29.73 91.46
Carbon Dioxide—CO, 56.63
Hydrogen Sulfide-H,S 0.51
Methane ~CH, 5.01
Ethane—~CzHe 1.95
Propane-Cx Mg 0.99
Butane—~C4H,o
Nitrogen—N, 0.70 1.26
Ammonia—~NHy (PPM) 0.04 0.12
Light ous-(?g'oT‘Z:? © 91.86 45.37
Solvent-{|Q072307C ® 2.60 47.50
Heavy Oil-%ﬁ%'%;",f;c 4.30 5.50
SRL
Coal (MAF)
Ash
Water 100 1.24 1.63 99.88
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles ! 7o
Melting Point °F
Specific Gravity 60/60
Viscosity, ¢cp
Carbon 78.57 34.31 39.20 82.77
Hydrogen 11.11 10.17 6.30 7.28 9.13 11.12
Nitrogen 0.27 0.73 1.26 0.25 0.10
Sulfur 0.32 0.48 1.00
Oxygen (by diff) 88. 89 10.67 58.18 52.26 6.85 88.78
Ash
TOTAL 100 100 100 100 100 100
Number of Sample Avgq. 2 2 2 2 2 ‘2
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 12/22/77

Run No: L-1E
Date: 7/22-23/77 .
Time: 1330-0130 _VEIGHT PERCENT
(| SAMPLE DESCRIPTION %Sggl 8;?113 D{s%h. ng%a OJS_l"l;A VSJager
SAMPLE POINT $x-23 | Sx-30 Sx-32 Sx-33 Sx-37 S5x-37
Hydrogen —H, 1.85 0.83
Carbon Monoxide-CO = 11.32 10.77
Carbon Dioxide —CO, I z 75.86 79.76
Hydrogen Sulfide-H,S | B = 1.60
Methane ~CH, E@ 3.10 2.27
=g
Ethane—C2Hs¢ ct % 2.72 3.03
Propane-C3Hs S 2.53 3.34
Butane ~C4 Mo g
Nitrogen—N, 0.63
Ammonia—NH, (PPM) 0.10 0.39 0.20
| [uiont oin {00 C® 5 o, 19.88 52.85
.3_ Solvont-(:‘oso:rﬁigcc @ 6.18 68.31 42.98
Z |Heawy 0i=-{E3UZ3Cl 4 71 3.30
Q
8 SRL
Coal (MAF)
Ash
Water 87.11 11.81 ~ 0.87 99.80
Phenol
TOTAL '100 100 100 100 100 100
Pyridine Solublcsg':," ,;,.7:;
Melting Point °F
Specitic Gravity 60/60 0.975
g Viscosity , ¢p
(Tcarbon 10.76 | 32.11 33.22 | 76.93 83.29
Hydrogen 10.86 3.79 2.62 8.51 9.55 11.13
Nitrogen 0.12 0.95 Q.40 0.23 0.16
L | suitur 0.13 1.51 0.98 0.90
§ [ Oxvgen (by ditt) 78.13 | 61.64 | 64.16 | 13.18 6.0 | 88.71
S| ash
TOTAL 100 100 100 100 100 100
L Number of Sample Avg, 2 2 2 5 2 2
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Quantitative

,———— clemental

PROJECT LIGNITE .
SAMPLE ANALYSIS

Updated: 12/22/77

Run No: L-1E
Date: 7/22-23/77
Time: 1330-0130

WEIGHT PERCENT

SAMPLE DESCRIPTION| To7a; | BStush Bens
SAMPLE POINT Sx-37 Sx=39 Calc.
Hydrogen - H,

Carbon Monoxide-CO

Carbon Dioxide ~CO,

Hydrogen Sulfide-H,S

Methane -CH,

Ethone—C2Hs

Propane~CxMs

Butane ~C4Ho

Nitrogen—N,

Ammonia~NH, (PPM) 0.09
Lignt o= 02100 E@1 ) oo 7.02 10.38
Sotvent - @ Too) | 42.77 88. 60 10.86
Heawy Oil-(a30 259 C] 5 og 3.70 1.26
SRL

Cool (MAF)

Ash

Water 1.36 0.68 77.41
Phenol

TOTAL 100 100 100
Pyridine Solubles W! 72 |

Melting Point °F

Specitic Gravity 60/60 1.052

Viscosity , ¢p

Carbon 82.87 86.03 18.93
Hydrogen 9, 56 7.73 10.67
Nitrogen 0.23 0.23 0.14
Sulfur 0.90 1.78 0.23
Oxygen (by ditt) 6. 44 4.23 70.03
Ash

TOTAL 100 100 100
Number of Sample Avg. 2 2 -
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Quantitative

-~

,—— Elemental

PROJECY LIGNITE
SAMPLE ANALYSIS

Updated: 12/22/77

Run No: I~1E

Date: 7/22-23/77

Time: 1330~013" MOLE PERCENT
SanrLE vescrTon] PERTeT | Feed | 5iA | ohhn
SAMPLE POINT Sx-19 $x-21 Sx-30 Sx-32
Hydrogen —H, 44,27 52.35 26.50 14.16
Carbon Monoxide-CO 21.19 47.00 11.60 13.12
Carbon Dioxide—CO, 25.69 49.45 61.84
Hydrogen Sulfide-H,S 0.30 . 1.35
Methane -CH, 6.25 5.55 4.84
Ethane—C2Hs 1.30 2.60 3.45
Propane-CsHg 0.45 1.65 2.59
Butane ~C,4H,o
Nitrogen-—N, 0.50 0.65 0.65
Ammonla—NH, (PPM) 0.05 0.65
Light oan—‘?g"’g:f ©
Solvonf—-q%o}%‘?ro)ac @
oo on- BT
SRL
Coal- (MAF)
Ash
Water
Phenol
TOTAL 100 100 100 100
Calc. Mole Wt. 19.96 14.39 28.68 34.12
Melting Point °F
Specitic Gravity 60/60
Viscosity, ¢p
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by dift)
Ash
TOTAL
Number of Sample Avg. 2 2 2 2
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PRO.IZCT LIGNITE

SAMIPLE ANALYSES
RUN NO: L-1E

DATE: 7/22-23/77
TIME:  1330-0130

SAMPLE DESCRIPTION F-1 Btms Makeup Solv| LEC Btms Feed Solv. [ S-8 0il
SAMPLE POINT Sx-2 Sx-8 Sx~12 Sx-14 Sx-16
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 5 5
18P ‘ 73.5 150 67
5% r 134 155.5 106
rlo% 164 161.5 133
L 20% o 187 165.5 165
z 30% o 193 172.0 180
S 40% x 198 179.0 187
W 50% > 203 182.6 193
L 69% « 208 187.4 198
s 70% o 218 193.2 205
3 80% ] 226 197.5 212
S 90% ¥ 740 710.0 | 228
o5 9, L 252.5 229.5 | 249
DRY PT. 260 233.2 260
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR ) 742
I8P 67
5% (_* 79
(—:0°/o o 84
E 20% ) 158
W 30% o 186
& 40% & 200
Q 500/0 : 210
w 60% ) 5 223
£ 70% a 235
6’ 80°/o l’.l_J 246
> 90% 260
L~95% L 290
DRY PT. 290
ASPHALTENE TEST
WT % ASH 10.58
WT % UNCONVERTED COAL 4.10
WT % PRE-ASPHALTENES 37.68
WT % ASPHALTENES 20. 44
WT % MALTENES 8DISTOIL| 97.90
TOTAL 100.00
SAYBOLT VISCOSITY, SSU
100° F 15.7 13.0 14.0
210° F 9.2 8.5 8.7
MISCELLANEOUS
KF H,0 WT % (Raw Sx) 0.07 0.09 0.37 1.24
INFRARED RATIO 0.35 0.28
SP. GRAV. 60/60 F . 1.040 1.032 1.054

PREASPHALTENES ~ PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES ~ BENZENE SOLUBLE, N-PENTANE (NSOLUBLE MATERIAL

MALTENES - N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DIST!LLATION PROCEDURES

DISTILLABLE OIL ~RECOVERABLE BY DISTILLATION. USUALLY LESS THAN 5% FOR THE F-1 VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE
SAMPFLE ANALYSES
RUN NO! L-1E

DATE: 7/22-23/77
TIME:  1330-0130

SAMPLE DESCRIPTION S-4B 0il |S-4A 0il |Recycle Sglv.
SAMPLE POINT Sx=23 Sx=37 Sx=39
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5
18P 68
5% r 105
rlod/o 131
L 20% IS 164
z 30% o 178
L 40% & 186
W §50% 5 194
w 60% &3 198
s 70% % 204
3 80% W 210
@] b=
> 90% 4 226
Los o [_ 247
DRY PT, > 263
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 747 752
18P 84 79
5% r 147.5 182
ﬁo% i 182 192
E 20% o 205 216
W 30% o 228.5 254
& 40% x 258 280
a 50% s 284 290
w 60% & 312 316
2 70% g 336 350
3 80% & 362 355
> 90% 360
L'95"/0 L
DRY PT. 362 360
ASPHALTENE TEST
WT Y% ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES & DIST OIL
TOTAL
SAYBOLT VISCOSITY, SSU
100° F 14.4
210° F 8.5
MISCELL ANEQUS ‘
KF_Hz0 WT % {Raw Sx) 1.63 0,87 0.68
INFRARED RATIO ‘ 0.36
5P, GRAV. 60/60 F 0.975 1.052

PREASPHALTENES ~ PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPMALTENES = BENZENE SOLUBLE, N~PENTANE INSOLUBLE MATERIAL

MALTENES~ N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

DISTILLABLE OIL -RECOVERABLE BY DISTILLATION, USUALLY LESS THAN 5% FOR THE F-| VACUUM BOTTOMS MATERIAL
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MEASURED MATERIAL BALANCE

PROJECY LIGNITE

Revised: 12/22/77

Temperature: 721°F

. MATERIAL OUT
Run No: 1-1g _ Pressure: 2500 psig
Date: 7/22-23/77 LHSV: 1.46
Time:  1330-0130 1bs/hour GHSV: 304
¢ A Product | S-ZA S-4B 3-8 3-8 J=1
STREAM DESCRIPTION!  Gas___| Ovhd | Btms Ovhd Btms Exhaust
SAMPLE POINT Sx-19 Sx=-30 Sx~23 Sx=44 Sx-16 Sx-32
Hydrogen - H, 0.96 0.06 | 0.01
Carbon Monoxide-CO 6.44 0.40 0.06
Carbon Dioxide - CO, ‘ 12.26 2.65 0.45
Hydrogen Sulfide-H,S 0.11 0.06
Methane - CH, 1.09 0.11 0.01
Ethane=~ Cp Hg 0.42 0.10 0.02
Propane- Cy My 0.21 0.09 0.02
"1 Butane — C4Ho
o | Nitrogen-N, 0.15 0.02
>
5 A'"'"°"'°‘(';“’=OOUC 0.01 0.01 0.02
'g Lignt oi-Peiee § @ 0.99 4.49
100-230°
3 Sol\mnt—(L6 Torr) c@ 1.04 0.13
1230-255%
Heavy Oll-r e T o) 0.12 0.21
SRL
Coal (MAF)
Ash
Water 14.62 0.06
Phenol
| TOTAL 21.65 3.50 16.79 Negl. 4.89 0.57
[ [carbon 7.43 1.13 1.81 3.84 0.19
Hydrogen 1.36 0.13 1.83 0.50 0.01
Nitrogen 0.16 0.03 0.02 0.01
1 | Sutfur : 0.10 0.05 0.01 0.02
o]
;c; Oxygen (by diff) 12.60 2.16 13.12 0.52 0.37
£ |Ash
2
w
L TOTAL 21.65 3.50 | 16.79 Negl. 4.89 0.57
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Quantitative

——Elemental

PROJEC: LIG

NITE

MEASURED MATERIAL BALANCE

Revised: 12/22/77

Run No: 1-1E MATERLAL OUT g?‘li:ﬁii‘freésgglpzig
Date: 7/22-23/717 LHSV: 1.46
Time: 1330-0130 1bs/hour GHSV:304

stoean oescmerion| 2030 | Sene 16T  Bime. -2 Brns ouc_
SAMPLE POINT S$x-33 Sx-2 Sx-39 Sx-12

Hydrogen - H, 1.03
Carbon Monoxide-CO 6.90
Carbon Dioxide ~CO, ' 15.36
Hydrogen Sulfide-H,S 0.17
Methane - CH, 1.21
Ethane~ C, Hg 0.54
Propane- CyHg 0.32
Butone —~ C4H,p

Nitrogen~N, 0.17
Ammonia~NHy 0.04
iont 010590 SO ouns 5.74 11.33
Sotvent-{CO70 @] 0.40 3.51 | 72.48 3.37 80.93
Heavy Oli-(57 020>/ 3.03 0.07 3.43
SRL 16.96 16.96
Coal (MAF) 0.98 0.98
Ash 2.54 2.54
Water 0.07 0.56 15.31
Phenol

TOoTAL 0.58 23.99 81.81 3.44 157.22
Carbon 0.45 18.76 70.38 3.04 107.03
Hydrogen 0.05 1.21 6.32 0.29 11.70
Nitrogen _ 0.24 0.19 0.01 0.66
Sultur - 0.23 1.46 0.06 1.93
Oxygen (by dift) 0.08 1.01 3.46 0.04 33.36
Ash 2.54 2.54
TOTAL 0.58 23.99 81.81 3.44 157.22
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RUN CONDITIONS

RUN NO.__L-1F
DATE MADE _//28-29]77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-I

SAND BATH____ /23
INLET 305
OUTLET 715
DISSOLVERS
R-1A (1) 770
() 811
(3)._ 804
(4) 828
R-1B (1)
(2)
(3)
(4)

REACTOR PRODUCT SEPARATORS
S-| 614
5-2 80
S-3 463
5-4A 82
$-4B 79

PREHEATER E-1!
DOWTHERM 677
INLET 365
OUTLET 650

VACUUM FLASH F-I

OVERHEAD VAPOR __ 207
UPPER WALL 627
LOWER WALL 593
DOWNCOMER 439
CONDENSATE

86

ACCUMULATOR,S-7

PREHEATER E-13 SEPARATORS S-1 and §-2

DOWTHERM 596 2500

INLET 80 SEPARATOR S-3

OUTLET 565 273

SEPARATORS S-4A and S-4B

LIGHT ENDS COLUMN, F-2 60

REBOILER 406 VACUUM FLASH, F-I

LOWER SECTION 226 4 Torr

FEED SECTION

LIGHT ENDS COLUMN, F-2

OVERHEAD
s-8 85 SOLVENT COLUMN, F-3
$-9 - NIU

HEAVY ENDS COLUMN, F-4

SOLVENT COLUMN, F-3 NTII

REBOILER NIU VACUUM FLASH, F-0
Torr

LOWER SECTION

FEED SECTION

OVERHEAD

SETTLING TOWER, V-8
300

HEAVY ENDS COLUMN, F-4
REBOILER NIU

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-Q
OVERHEAD

BOTTOMS 495

PRECIPITATION TOWER, V-8

ZONE (1) 417 -
(2) 418
(3) 428

RECOVERY TOWER V-9
REBOILER 493

OVERHEAD 330
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MASS RATES AND RUNpropuct cas o THERMAL

_.24.66

Start [€nd _ [Ron Mo I-1F
Dote of Run | 7/28/77) 7/29/77|Units: 1bs/hr,°F, psig CONDITIONS OXIDIZER 0=
PRODUCT G oyeLl
Time of Run 2100 0900 Prep. By: BCL & GGB Sx~2 QDL T As TO RECYCLE _
Lenath of Run 12 hrs. Updated: 1/4/78
Hours on Coal at&nd of Y.P-| 313.9 | K—4 KNOCKOUT PoT BTms  —0-
‘ , lscru AR SORBE 5 NIU
—-0- RECYCLE GAS g Sx- T:
17.20 MAKEUP G YNGAS 5o P:
4 Sx-2| - . % WASTE GAS .
50.26 LlGNlT;—:sﬁ "\ T 828 ™ l——_..v. 80 : 5 o _4:30
SX‘I x"B % l R""A R‘lb S‘I P‘. 250( S'L(A ___—ﬁ sx-ao
&3 T 804 el .. ] ~1. 82 | [ s-48
* P: : T:614 e 60 | [T 79
P 2500 £.2500) == L .lP 60
vy : : T 463 ; ] $ S-9aBOTTOMS = -~
MIXER = 770 ™ P 273 { S5-4B BoTTOMS__ 9.75
Sx-&‘} o
‘ TOLUENE ACCUMULATOR (=12.55)
702 X X 10.c. ovp, _Negl.
o 365
; v > 85 :
2 213 ) P;
| - $
5 P g > 565 L XLIGHT ons,_ 14.89
w . F-2 F-3
i ) gﬁl
o ‘ 2 X T:217 T
49 ) |T:428 >N, O o
1 ol l.  |P:300 e-13 (Y 450
+507 ﬁIF 418 96
=3 . -
1627 14 T ry ° 417 493
593 p~y , ! _\ir
1bs :
L < 1,909 4y X - V-9 BOTTOMS -
e
_ _ -1 EXHAUST,
439 [ L ™coLp [GARsES ™ _84%58
S-7 TRAP oL O TRAP .
|+ 86 A-2C j Ciauins
P14 Tprr Se2A v-8> B8 Toms _ 21.49
MAKEUP 1bs o e
.(J-l'_l‘l LV ENT A-S5A i .37 hr.
Sx-8 ¥ LS*-2 VACUUM BOTTOMS  15.90
¢ A-SA OVERFLOW
D4 oPEM P4 CLOSED ToTAaL. 252.39

252.39 roTaL

Numbers in parentheses are not included in the totals.



PRNJECT ! IGNITE

ADJUSTED MATERTIAL BALANCE
Normalized
Revised: 1/4/78

uantitative

Run No: L-1F SUMMARY Temperature: 715°F
Date: 7/28/77 Pressure: 2500 psig
Time: 2100-0900 : LHSV: 1,44
1bs/hour GHSV: 323
[[stream Description T?Eal T8E§1 {{%id ) V&é‘i@
Sample Point
Hydrogen - Ho 1.30 1.07 -0.23  |]
Carbon Monoxide - CO 15.68 7.23 | -8.45
Carbon Dioxide - CO» 18.53 18.53
Hydrogen Sulfide - H2S 0.18 0.18
Methane - CHy '1.40 1.40
| Ethane - CoMg 0.64 0.64 1 12.53 40.24
BPropane - C3lig 0,48 Q.48
[Butane = C4Hig : ‘
Nitrogen - N | 0.22 0.16 -0.06
Ammonia - NH 0.04 0.04 |
Distillnb}gp6%35 %o;%ig 184,63 185.91 1.28 . 17.48 56.13
SRL 16.20 16.20 |
Coal (MAF) 31.14 2,78 | -28.36 | -91.07
Ash 3.38 3.24 ~0.14 -0.45
Water 16,04 14,53 -1.51 ~4.85
Phenol
Total 252.39 252.39 -0~
Carbon
Hydrogen
Nitrogen
E Sulfur
§_Qxxggn (by diff)
ﬁ_Ash
[ Total
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PROJECT LIGNTTE

MEASURED & ADJUSTED MATERIAL BALANCE

Revised: 1/4/78

MATERIAL IN
Run No: L-1F Temperature: 715°F
Date: 7/28/77 Pressure: 2500 psig
Time: 2100-0900 LUSV: 1.44
1bs/hour GRSV: 323
( —— 5 ' ~Feed ta
Stream Description Feggs Lignite Sgisgnt Toluene lolﬁl
Sample Point Sx-21 Sx-1 Sx-14 Sx-40
Hydrogen - H»2 1.30 1.30
Cairbon Monoxide - CO 15.68 15.68
Carbon Dioxide - CO2p
Hvdrogen Sulfide - H»2S
Methane - CHg
Ethane - CoHg
Propane = C3Hg
_g utane = C4H3i0
@l Nitrogen - No 0.22 0.22
o
‘Tl Ammonia - NH13
e~ (IBP=255°C @1,6
5 Distillable 0il Torr 93.57 91.06 184.63
SRL
Coal (MAI) 31.14 31.14
Ash 3.38 3.38
Water 15.74 0.30 16.04
Phenol
Total 17:20 50.26 | 93.87 91.06 252.39
p
Carbon
Hvdrogen
Nitrogen
— .
| Sulfur
=
g Oxveen (bv dif€)
L% Ash
l Total
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PROJICT LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized

Revised: 1/4/78

MATERIAL OUT

Run No: L-1F Temperature: 715°F
Date: 7/28/77 Pressure: 2500 psig
Time: 2100-0900 LHSV: 1.44

1bs/hour GHSV: 323

[ Stream Description gggdﬁbt giﬁﬁ—' Si%gs j d%ig EE%S Eiﬁéust
Sample Point Sx-19 $x-30 Sx-23 Sx~44 Sx-16 Sx-32
Hydrogen - 12 1.00 0.06 0.01
Carbon Monoxide - CO 6.74 0.44 0.05
Carbon Dioxide - CO»p 14.63 3.29 0.61
Hydrogen Sulfide - H2S 0,12 0.06
Methane = Clig 1.24 0.14 0.02
Ethane -~ CoHg 0.50 0.12 0.02
Propane - C3Hg 0.29 0.15 0.04

SlBurane = CAHyg

| Nitrogen - Np 0.13 | = 0.03

E Ammonia - NHj 0.01 0.01 0.01 0.01

Sl pistittarie 011> foets’ 0.34 10. 04

57 SRL
Coal (MAF)
Ash
Water 9.40 4,84
Phenol
Total 24.66 4.30 9.75 Negl. 14.89 0.75
( Carbon
Hydrogen
Nitrogen

E Sulfur

é Oxygsen (by diff)

[\}]

| Ash

{ Total B
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PROJI. T LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized
Revised: 1/4/78

MATERIAL OUT

—Quantitative

Run No: L-1F Temperature: 715°F
Date: 7/28/77 Pressure:2500 psig
Time:. 2100~-0900 LHSV: 1.44
lbs/hour CHSV: 323
4 5T = = == 7 e 5
Stream Description r%ﬁ Btr\r,\s6 B%mé Ode9 §:§e§¥g¥?’ OEYEﬁECma
Sample Point §x-33 Sx-27 Sx-2 Sx-28 Sx=-39 Sx-12
Hydrogen - H2
Carbon Monoxide - CO
Carbon Dioxide - COp
Hvdrogen Sulfide - H»S
Methane - CHy
Ethane = CoHg
Propane = C3HS
utane - CzH1g
Nitrogen - Njp
Ammonia - NH1j .
.. (IBP=-255"C @1,6
Distillable Oil Torr) 0.60 11.42 3.75 78.51 72,16 9.09
SRL 5.49 10.71
Coal (MATF) 2.36 0.42
Ash 2.22 1.02
Water 0.08 0.21
Phenol
Total 0.68 21.49 | 15.90 78.51 72.37 9.09
) .
Carbon
| Hydrogen
Nitrogen
—
ol Sulfur
E
9l Oxvgen (by diff)
Sl asl
o Ash
I Total
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Run No: L-1F

PROJECT !.1GNITE

ADJUSTED MATURIAL BALANCE

Normalized
Revised: 1/4/78

MATERIAL OUT

Temperature: 715°F

Date:  7/28/77 Pressure: 2500 psig

Time: 2100-0900 LHSV: 1.44
1bs/hour GHSV: 323

( Stream Description - T85%L
Sample Point
Hydrogen - H? 1.07
Carbon Monoxide - CO 7.23
Carbon Dioxide - CO» 18.53
Hydrogen Sulfide - H»2S 0.18 |
Methane - CHg 1.40
Ethane - C2Hg 0.64
Propane -~ C3Hg 0.48

_ggButane = CiHyg

HiNitrogen - Ny 0.16

E Ammonia - NH3 0.04

§ Dist111a£{£P6%f$°%09%56 185.91__ |
SRL 16.20
Coal (MAF) 2.78
Ash 3.24
Water 14.53
Phenol
Total 252.39

B
Carbon
Hydrogen
Nitrogen

E Sulfur —

9| Oxygen (by diff)

9]

o Ash

[ Total
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<

CRAJECT LLICONLTE
UAMPLE ANALYSIS

tindated: 1/4/78

Run No:
Date:
Time:

L-1F

7/28/77

2100-0900

WEIGHT PERCENT

Sample Description

Lignite

F-1
Btms

Makeup
Solvent

LEC
Btms

Feed
Solvent

S-8
01l

Sample Point

Sx-1

*Sx-2

Sx-8

Sx-12

Sx-14

Sx-16

Hydrogen - Hy

Carbon Monoxide - CO

Carbon Dioxide - €O

Uydrogen Sulfide = 1178

Methane - CHy

Ethane - Collg

Propaune - CiHg

Butane - Cxll1n

Nitrogen = N9

Ammonia - NH3 (PPM)

(1BP=255°C @1.9
Distillable Oil Torr

23.57

99.80

100

99.68

100

Quantitative

SRL

67.33

Coal (MAF)

61.96

2.66

Ash

6.72

6.44

Water

31.32

0.20

0.32

Total

100

100

100

100

100

100

P.5. (Ash-free

97.16

Melting Point

242

Specific Gravity 60/60

1.040

1.032

1.033

Viscosity, cp

Carbon

———L lemental

Hvdrogen

Nitrogen

Sulfur

Oxveen (bv diff.)

Ash

Total

Number of Sample Avg.

2

2

2

*Distillable o0il calculated by following equation:

Wt % Distillable 0il = =0.1273 (F-1 Btms Melting Point) + 54.38

See graph.
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"ROJECT LIGNLTE

SAMPLE ANALYSIS
Vodated: 1/4/78
fun No: L-1F
Date: 7/28/77
Time: 2100-0900 WEIGHT PERCENT
1 5-8 5-8 Product Feed S=4B S=%4B
Sample Description Water Total Gas Gas 0il Water
Sample Point S$x~-16 Sx~16 Sx-19 Sx-21 Sx~-23 Sx-23
Hydrogen - Hp 4,07 7.55
Carbon itonoxide - CO 27.32 91.16
Carbon Dioxide - CO9 59.31
Hydrogen Sulfide = H9S 0.49
Methane ~ CHy 5.04
Ethane - CoHg 2.02
Propane - C3lig 1.16
Butane ~ CzHip
% Nitrogen = Nj 0.54 1.29
; Ammonia ngﬁfzégg'\c‘)@l 0.13 0.04 0.05 0.13
Slbistillable 011 Tot: 67.43 100
§ SRL
Coal (MAF)
Ash
Water 99.87 32.53 99.87
Total 100 100 100 100 100 100
P.S. (Ash-[ree
Melting Point
Specific Gravity 60/60
yViscosity, cp
' Carbon
Hydrogen
Nitrosen
—~ Sul fur
©
2l Oxvaen (by diff.)
% Ash
-
Total )
Number of Sample Avg. 2 2 2 2 - 2
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" ECT

LIGNLTE

AMPLE ANALYSIS

“odated: 1/4/78

aun No:
Pate:
Time:

L-1F
7/28/77
2100-0900

WEIGHT PERCENT

Sample Description

o—-4B
Total

V=8
Btms

V=g
Ovhd

S<ZK
Ovhd

J=1
Disch.

Cold
Trap

Sample Point

Sx-23

*Sx~27

Sx~28

Sx~-30

Sx-32

Sx-33

Hydrogen - 1y

1.42

0.68

Carbon Monoxide - CO

10.24

6.22

Carben Dioxide - €09

76.50

82.00

Hydrogen Sulfide = oS

44

Methane - CHy

.19

2.18

Ethane - Colg

3.23

Propane - Cjlig

1
3
2.79
3.59

5.69

Butane - Cyzllip

Nitrogen - No

o

.69

Ammonia - N3 (PPM)

0.13

Q.14

(1BP=255°C @1,
Distillable Oil Torr

3.43

53.14

100

88.19

SRL

Quantitative

25.55

Coal (MAF)

10.98

Ash

10.33

Water

96.44

11.81

Total

100

100

100

100

100

100

P.8. (Ash-free

Melting Point

Specilic Gravity 060/60

Viscosity, cp

Carbon

Hvdropen

Nitrogen

Sulfur

Oxygen (by diff.)

Ash

Total

———FL.lemental

Number of Sample Avg.

*Composition calculated by mass balance around area 03.
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PROJECT LLIGNLITE
SAMPLE ANALYSIS

Updated: 1/4/78
Run No: L~-1F

Date: 7/28/77
Time: 2100-0900

WEIGHT PERCENT

Sample Description

Recycle
Solvent |

Sample Point

Sx-39

5Eashing
| __Solvent

Sx~40

Hydrogen = H9g

Carbon Monoxide - CO

Carbon Dioxide - CQ»

Hvdrogen Sulfide - H»S

Methane = CHy

Ethane - CoHg

Propane - CiHg
Butane - CzHi1q.

Nitrogen = No

Ammonia - NH1_ (PPM)

. (IBP-255°C @),
Distillable 0Oil Torr

99.71

100

Quantitative

SRL

Coal (MAF)

Ash

Water

0.29

Total

100

100

P.S. (Ash-free

Melting Point

Specific Gravity 60/60

1.034

Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff.)

Ash

Total

——Elemental

Number of Sample Avg.
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,———— tlemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/4/78

Run No: L-1F

Date: 7/28/77

Time: 2100-0900 MOLE _PERCENT
SAMPLE DESCRIPTION| LZgauct | Teed. ovtd Disch. e
SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen —H, 42,39 53.35 21.80 12.19
Carbon Monoxide-CO 20.30 46.00 11.20 7.94
Carbon Dioxide—CO, 28.05 53.25 66.55
Hydrogen Suifide~H,S 0.30 1.30
Methane -CH, 6.55 6.10 4.86
Ethane—C2Hs 1.40 2.85 3.84
Propane-CsHg 0.55 2.50 4.62
Butone —C4H,o
Nitrogen—N, 0.40 0.65 0.75
Ammonia—NH; (PPM) . 0.06 0.25
Light on--“l’.;'ﬂ.g:‘): @
Solvont—(:%o}g‘?ro)oc @
oo o1
SRL
Coal (MAF)
Ash
Water

|Phenol

TOTAL 100 100 100 100
Calc Mole Wt 20.81 14.13 30.63 35.71
Meiting Point °F
Specific Gravity 60/60
Viscosity , cp
Carbon
Hydrogen
Nitrogen
Sulfur ‘
Oxygen (by dift)
Ash
TOTAL
Number of Sample Avg, 2 2 2 2
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60

50

N (] B
o] O o

WT % DISTILLABLE OIL (IBP - SMOKE POINT @ 5 TORR)
[S)

DISTILLABLE OIL CONTENT OF F-1 BOTTOMS
VERSUS

F-1 BOTTOMS MELTING POINT

®L-1

Y= -0.1273X + 54.38
i L-1B /CORR. COEF./=0.95

o 1 1 1 1 ! 1 1 1 1 1 Il T 1 t 1 1 1 1 J
180 190 200 210 220 .230 240 250 260 270 280 290 300 3i0 320 330 340 350 360 370

F-t BOTTOMS MELTING POINT, °F

X



PROJECT LIGNITE

MEASURED MATERIAL BALANCE

Revised: 1/4/78

MATERIAL OUT
Run No: L-1F

Temperature:715°F

Date: 7/28/77 Pressure:2500 psig
Time: 2100-0900 LHSV: 1.44
lbs/hour GHSV: 323
| Stream Description 838U | ovnd” B ems Bvhd Rees | Exbiust
Sample Point Sx-19 5%~ 30 $x-23 Sx=-44 Sx-16 Sx-32
Hydrogen -~ Hy 0.99 0.06
Carbon Monoxide - CO . 6.65 0.43 0.05
iCarbon Dioxide = CO9 14.44 3.24 0.61
Hydrogen Sulfide - H2S 0.12 0.06
Methane = CHy 1.23 0.14 0.02
Ethane ~ CoHg 0.49 0.12 0.02
Propane - C1iHs 0.28 0.15 0.04
ZlBurane - CiH1g |
| Nitrogen - Ny 0.13 0.03
Tl Ammonia - Nilj 0,01 . 0.01 0.01 0.01
€ (IBP=755°C @L.6
S| Distillable 0il Torr) 0.33 9.91
T sk '
Coal (MATF)
Ash
Water - 9.28 4.78
Phenol |
Total 26,36 | 4,24 | 9.62 Negl. 14.70 0.74
[ Carbon
Hydrogen
Nitrogen
E Sulfur
§ Oxvgen (by diff)
ﬁ_Ash
{ Total

-176-




PROJECT ! IGNITE

MEASURED MATERIAL BALANCE

Revised: 1/4/78

MATERTAL OUT

Run No: [-]1F Temperature: 715°F
Déte: 7/28/77 Pressure: 2500 psig
Time: 2100-0900 LHSV: 1,44
1bs/hour CHSV: 323
(M . Cold ] V=8 T F-T V-9~ “<TRecyclg Solvent=>|
Stream Description Trap Btms Btms Ovhd s-7 Bzms F-2 Btms
Sample Point Sx-33 Sx-27 Sx-2 Sx-28 Sx-39 Sx-12
Hydrogen - H2
Carbon Monoxide - CO
Carbon Dioxide - CO»
Hydrogen Sulfide - H2S
Methane - Cly
Ethane - Colg
ropane - C13Hg
.g Burane - C4Hjg
alVitrogen - N9y
)
Ol Ammonia - NH3j
= I (IBP-255°C @1,6
a{Distillable O0il Torr 0.59 11.27 3.70 78.51 72.16 9.09
SRL 5.42 10.56
Coal (MAY) 2.33 0.42
Ash 2.19 1.01
Water 0.08 0.21
Phenol
Total 0.67 21.21 15.69 78.51 72.37 9.09
p
Carbon
Hydrozen
Nitrogen
~—
| Sulfur
E
g Oxygen (by diff)
ﬁ sh
l Total
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PRNJECT ! IGNITE
MEASURED MATFRIAL BALANCE
Revised: 1/4/78

MATERIAL OUT

uantitative

Run No: L-1F Temperature: 715°F
Date: 7/28/77 Pressure: 2500 psig
Time: 2100-0900 LHSV: 1.44
1bs/hour CHSV: 323
( Stream Description N , T - R ngél
Sample Point
Hydrogen - H2 1.05
Carbon Monoxide - CO 7.13
Carbon Dioxide - CO» 18.29
Hydrogen Sulfide - H9S 0.18
Methane - CHy 1.39
Ethane - Colg 0.63
Propapne - C3HSg 0.47
utane = GsHig
Nitrogen - No 0.16
Ammonia - NH3 0.04
Distillable 031  fort) | 185.56
SRL 15.98
Coal (MAF) 2.75
Ash 3.20
Water 14.35
Phenol
Total 251.18
[ Carbon
Hydrogen
Nitrogen
Sulfur
veen_ (by diff)
Ash
Total

r+————Elemental
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RUN CONDITIONS
RUN NO. L-1H

DATE MADE 8/1/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-I

SAND BATH 758
INLET 319
OUTLET 736
DISSOLVERS
R-1A (1) 745
(2) 761
(3) 770
) 823
R-18 (1)
(2)
(3)

(4)

REACTOR PRODUCT SEPARATORS
S-1

5-2 80
s-4aa 80
S-48 74
PREHEATER E-11
DOWTHERM 646
INLET 432
OUTLET 626

VACUUM FLASH F-1
OVERHEAD VAPOR ___ 9505

UPPER WALL 617
LOWER WALL 610
DOWNCOMER 434
CONDENSATE

ACCUMULATOR,S-7___83

PREHEATER E-I3

SEPARATORS S-I and S-2

DOWTHERM 596 2500
INLET 75 SEPARATOR §-3
OQUTLET 565 296
SEPARATORS S-4A and S-48
LIGHT ENDS COLUMN, F-2 60
REBOILER 399 VACUUM FLASH, F-|
LOWER SECTION 468 14 Torr

FEED SECTION. 416

LIGHT ENDS CO%UMN, F-2

OVERHEAD 190
s-8 19 SOLVENT COLUMN, F-3
5-9 - NIU
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 NIU
REBOILER Ay VACUUM FLASH, F-0
LOWER SECTION NIU
FEED SECTION SETTLING TOWER, V-8
OVERHEAD NIU
RECOVERY TOWER, V-7
HEAVY ENDS COLUMN, F-4 NIU

NIU

REBOILER

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-0
OVERHEAD NIU

BOTTOMS

PRECIPITATION TOWER, V-8
ZONE (1) NIU

(2)

(3)

RECOVERY TOWER V-9
REBOILER NIU

OVERHEAD -
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Start | End _ [Ron Not L-1H MASS RATES AND RUNpgropucrt cas Fo THERMAL 22.01
Dote of Run 8/1/77 B/1/77 Uni+s: 1b ° i CONDITIONS BROBUCT GAS TO RECYCLE. _ -0-
Time of Run 0130 11330  |Prep.By: BCL & GGB Sx -
Length of Run 12 | hrs. Updated: 1724778 ) .
et o Y] 350D L K—4 KNOCKOUT POT BTMS __g-
_ CRUBBER A RB _NIU
-0~ RECYCLE GAS X Sx- T
MAKELIP YNGAS ,——E- - P
17,24 MAKELIP G Ay T 823 - S5% WASTE GAS 2.96
51.73LIGNITE o 19) \ ] ’J': 2504 in - T —-
x= * R-1A R-1® . - - ]
Sx-{ E 736 770 S-1 S-4a " Sx-30
Q‘é‘- T g 1 T: 80 S-4B
58 . 250(J X |° T:622 fp- 60 | [T° 74
’ x 2500 5-3 le—a{P: 60 Se-37
33 . T ;2; T T, 467 T §§ Ss-4aBoTYOMS = -
MIXER T s 296 | &-4B BoTrTOoMS, 17.07
TOLUENE ACCUMULATOR NIU
71@ 3 —D.c. Orp, _ Negl.
626 432 .
o - \ :
\ 5 L 3.46
§ 2 X o-a LIGHY OILS
. E-1] B
! ~ 64 | V-8 I o
> o
e t
o17|T 905
P 14 Jonrr
610 J
- I 12.77 bs/br X V-9 BOTTOMS  NIU
4-1 EXHAUST. .70
o —— CoLD [GASES g 0.38
e TRAP EovO TRAP .
LT: A [—v-A-ZC Ciauips
£ 14 Forr PN j v-g> B8 roms NIU
MAKEUP 1bs -
ySowenT) | v72.24 T—
(5.18 —E;; A SA et . —hr &s,_z VACUUM BOTTOMS 98 17
{ A-BA OVERFLOW -
159.76 +oTaALL 04 oPEN P4 cLOSED TOoTAL 159.76

Numbers in parentheses are not included in the totals.



PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized
Revised: 1/24/78

Run No: L-1H SUMMARY Temperature: 736°F
Date: 8/1/77 Pressure: 2500 psig
Time: 0130-1330 LHSV: 1.43
1bs/hour GHSV: 328
[ Stream Description Tgﬁal 4T8§%1 f?ggd WE;EIEKF
Sample Point
Hydrogen - H? 1.34 1.13 -0.21
Carbon Monoxide - CO 15.75 9.56 -6.19
Carbon Dioxide - COp 12.81 12.81
Hydrogen Sulfide - H»S 0.17 0.17
Methane - CHy 0.89 0.89
Ethane - CoHg 0.60 0.60 r 8.45 27.04
Propane - C3Hg 0.35 0.35
ZlBurane = C4H1g
wlNitrogen - Ny 0.15 0.15 -0-
E Ammonia - NH3y 0.03 0.03 J
S Distillasis 021> Foers"| 90.36 91.58 1.22 - 20.31 64.99
SRL 19.09 19.09
Coal (MAF) 31.25 3.76 | =27.49 ~-87.97
Ash 3.22 3.20 | -0.02 -0.06
Water 17.69 16.44 | -1.25 ~4.00
Phenol
Total 159.76 159.76 -0-
Carbon
Hydrogen
Nitrogen
S| Sulfur
g_Qxxggn (by diff)
il Ash
[ Total
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PROJY T LIGNITE
MEASURED & ADJUSTED MATERIAL BALANCE
Revised: 1/24/78

MATERIAL IN
Run No: [-1H Temperature:736°F
Date: 8/1/77 Pressure:2500 psig
Time: 0130-1330 LUSV: 1.43
1bs/hour GHSV: 328
[ stream Description Feas Lignite | Soivemt | Togat
Sample Point Sx-21 Sx-1 Sx-14
Hydrogen - 112 1.34 1.34
Carbon Monoxide - CO 15.75 15.75
Carbon Dioxide - COp
Hydrogpen Sulfide - HS
Methane ~ CHg4
Ethane - CoHp
Propane -~ C3HS
.g Butane = CsHlig
wiNitrogen - No 0.15 0.15
E Ammonia - NH3
§ Distillaé{gp6§%5°$;€isé 90. 36 90.36
7 SRL
Coal (MAF) 31.25 31.25
Ash 3.22 3.22
Water 17.26 0.43 17.69
Phenol
Total 17.24 51.73 | 90.79 159.76
[ Carbon
Hvdrogen
Nitrogen
E Sulfur
é Oxygen (by diff)
é Ash
{ Total
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ADJUSTED MATERIAL BALANCE
Normalized

PROJVCT LIGNITE

Revised: 1/24/78

MATERIAL OUT

Run No: L-1H Temperature: 736°F
Date: 8/1/77 Pressure: 2500 psig
Time:  0130~1330 LHSV: 1.43
. 1bs/hour cHSV: 328
| Stream Description “Praduct | oRA e ovhd BEms Exhaust
| sample Point Sx-19 $x-30 | 5x-23 Sx-44 Sx-16 | Sx-32
Hydrogen - H? 1.06 0.06 0.01
Carbon Monoxide -~ CO 8.97 0.50 0.09
Carbon Dioxide - CO» 10.19 2.07 0.55
Hydrogen Sulfide - H2S 0.12 0.05
Methane - CHy 0.81 0.07 0.01
Ethane - CoHgp 0.49 0.09 0.02
Propane = C3Hg 0.23 0.10 0.02
_g utane - CsHig
Wi Nitrogen - Ny 0.13 0.02
'E_whia - NH1 0.01 0.02
% Discillanie 011> Yorrs 1.53 3.46
? SRL. ‘
Coal (MAF)
Ash
Water 15.52
Pﬁenol
Total 22.01 2.96 | 17.07 Negl. 3.46 0.70
( Carbon
Hydrogen
Nitrogen
E_Sulfur
§ Oxygen {by diff)
5 sh
[ Total
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PROJ LT LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized

Revised: 1/24/78

MATERIAL OUT

Run No: L-1H Temperature: 736°F
Date: 8/1/77 Pressure: 2500 psig
Time: 0130-1330 LHSV: 1.43

1bs/hour GHSV: 328

( Stream Description %gég %Eés 4——Rec¥cle %é vggﬁ;ﬁ» lSE?L
Sample Point Sx-33 | Sx-2 Sx-39 Sx-12
Hydrogen - H2 ' 1.13
Carbon Monoxide - CO 9.56
Carbon Dioxide - CO2 12.81
Hydrogen Sulfide - l92S 0.17
Methane - CHg 0.89
Ethane = CoHg 0.60
Praopane - Cilig: 0.35

:>: Bufnné = CiHi0

ol Nitrogen - N»p 0.15

o -

Nl Ammonia - NH 0.03

e P-255°C ‘

1 Distilldble 0il Torr) 0.15 2.12 71.55 12.77 91.58
SRL 19.09 19.09
Coal (MAF) 3.76 3.76
Ash 3.20 3.20
Water 0.23 0.69 16.44
Phenol
Total 0.38 28.17 | 72.24 12.77 159.76
Carbon

8
| Hydrogen
Nitrogen

- :

@ Sulfur

e .

gl Oxygen (by diff)

ﬁmh

l Total
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PIOJECT LIGNITE

SAMPLE ANALYSIS
Updated: 1/4/78
Run No: L-1H
Date: 8/1/77
Time: 0130-1330 WEIGHT PERCENT
(Sample Description .Li:gnite Btms garsen: ﬁs SToEergnt 811
Sample Point Sx-1 *Sx-2 Sx-8 Sx-12 Sx=~-14 Sx-16
Hydrogen - H2
Carbon lonoxide - CO
Carbon Dioxide - CO2
Hydrogen Sulfide - HpS
Methane - CHy4
Ethane - CoHg
Propane - C3Hg
Butane - CzHip
§ Nitrogen = N3
o Anmonia - NH3_(PPM)
-§§§stma§{gf’5ﬁ5°0£%,} 7.53 | 99.80 100 99.53 | 100
3| SRL 67.77
Coal (MAF) 60.41 13.34
Ash 6.23 11.36
Water 33.36 0.20 0.47
Total 100 100 100 100 100 100
P.S. (Ash-free 84.95
Melting Point 368
Specific Gravity 60/60 1.040 1.006 1.039
Viscosity, cp
' Carbon
Hydrogen
Nitrogen
~| Sulfur
]
clO0xygen (by diff.)
% Ash
=
Total
I Number of Sample Avg. 2 2 2 2 2 2

*Distillable oil calculated using the following equation:
Wt % Distillable oil = -0.1273 (F-1 Btms melting point) + 54.38.

See graph
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I'ROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/4/78

Run No: L-1H
Date: 8/1/77
Time: 0130-1330 WEIGHT PERCENT
( ] S-8 S-8 Product Teed 5-48 5-4B
Sample Description Water Total Gas Gas 0il Water
Sample Point Sx-16 $x-16 Sx~19 Sx-21 Sx-23 Sx-23
Hydrogen - Hp 4.82 7.75
Carbon Monoxide - CO 40.77 91.35
Carbon Dioxide - CO9 46.28
Hydrogen Sulfide = H2S 0.54
Methane ~ CHg4 3.68
Ethane - CoHg 2.22
Propane - C3lg 1.05
Butane - CxiHin
[
I Nitrogen - Nj 0.59 0.90
o Anmonia - NH3 (PPM) 0.05 0.14
b (IBP-255°C @1,
R- Distillable 0il  Tofr 100 98.57
3| SRL
S
Coal (MAF)
Ash
Water 100 1.43 99.86
Total 100 100 100 100 100 100
P.S5. (Ash-free
Melting Point
Specific Gravity 60/60
Viscosity, cp
,
Carbon
Hydrogen
Nitrogen
=l Sulfur
«
% Oxvgen .(by diff.)
E Ash
-
" t{Total
Number of Sample Avg. - 2 2 2 2 2
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I'ROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/4/78
Run No: 1-1H
Date: 8/1/77
Time: 0130-1330 WEIGHT PERCENT
( . S-4B S-GA J-1 Told Recycle
Sample Description Total Ovhd Disch. Trap Solvent
Sample Point Sx-23 Sx-30 Sx-32 Sx-33 Sx-39
Hydrogen - H2o 1.98 0.93
Carbon Monoxide - CO 17.08 12.32
Carbon Dioxide - COjy 69.85 78.35
Hydrogen Sulfide - H»7S 1.59
Methane = CHg 2.35 1.35
Ethane - CoHg 3.12 3.67
Propane - C3Hg 3.31 3.38
Butane - C4H1Q_
g Nitrogen =~ Nj 0.60
gmonia W 0.13 0.12
“iDistillable 0il Torr 8.96 40.70 99.04
§ SRL
Coal (MAF)
Ash
Water 90.91 59.30 0.96
Total 100 100 100 100 100
P.S. (Ash-frece
Melting Point
Specific Gravity 60/60 1.042
Viscosity, c¢p
Carbon
Hydrogen
Nitrogen
e~ Sulfur
o
g Oxvgen (by diff.)
5 Ash
=
Total
INumber of Sample Avg. 2 2 2 2 2
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———— tlemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/4/78
Run No: L-1H
Date: 8/1/77
Time: 0130-133 MOLE PERCENT
SAMPLE DESCRIPTION| lrgduct |  Teed 1 =-fiA Dischy
SAMPLE POINT 5x-19 Sx-21 Sx-30 Sx-32
Hydrogen = H, 45.62 54.05 27.55 15.66
Carbon Monoxide-CO 27.54 45.50 17.00 14.82
Carbon Dioxide—CO, 19.89 44.25 59.97
Hydrogen Sulfide-H,S 0.30 1.30
Methane -CH, 4. 35 4.10 2.84
Ethane~CzHs 1.40 2.90 4,12
Propane~CxHg 0.45 2.10 2.59
Butane ~C,4H,o
Nitrogen~N, 0.40 0.45 0.60
Ammonia—NH, (PPM) . 0.2
Light Oilt-(?glor?:;?—@ w2 .
Solvonf—q'oso}gfro)oc @
ooy 10255
SRL
Coal (MAF)
Ash
Water
Pheno!
| TOTAL _ 100 100 100 100
Calc Mole Wt. . +8.91 13.95 27.88 33.68
Melting Point °F
Specific Gravity 60/60
Viscosity , cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by ditf)
Ash
TOTAL
Number of Sample Avg. 2 2 2 2
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WT% DISTILLABLE OIL (IBP =~ SMOKE POINT @ 5 TORR)
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DISTILLABLE OIL CONTENT OF F-l1 BOTTOMS

VERSUS

F-1 BOTTOMS MELTING POINT

O L-1J
Y= —0.1273X + 564.38
- L-IB /CORR. COEF./ = 0.95
B
] 1 | B L - | [ 1 (N 1 1 1 1 [] 1 — 1 1 1
190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360
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PROJLCT LIGNITE
MEASURED MATERIAL BALANCE
Revised: 1/24/78

MATERIAL OUT

uantitative

Run No: L-1H Temperature: 736°F
Date: 8/1/77 Pressure: 2500 psig
Time: 0130-1330 LHsv: 1.43

1bs/hour GHSV: 328

[[stream Description Prduct | oPnd* | Bros ovha® Btms  |Exhaust
Sample Point 5x-19 Sx-30 8x-23 Sx-44 Sx-16 Sx-32

Hydrogen - H? : 1.09 0.06 0.01

Carbon Monoxide - CO 9.22 0.52 0.09

Carbon Dioxide - CO2 10.46 2.12 ) 0.56

Hydrogen Sulfide - H2S 0.12 0.05 '

Methane - CHy 0.83 0.07 0.01

Ethane - Collp 0.50 0.10 0.03

Propane = C3HQ 0.24 0.10 0.02

ﬁréne = Cs/H10

Nitrogen - Np 0.13 - 0.02

Ammonia --NH3 : 0.01 |- 0.02

Ll_)?tiuaé{gp(—)ﬁso%oggié ' 1.57 N 3.55

SRL v '

Coal (MAF)

Ash

Water - 15_§4

Phenol

Total . 22.60 3.04 | 17.53 Negl. 3.55 0.72
.

Carbon.

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

Total

}——————Elemental
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PROJLCT LIGNITE
MEASURED MATERIAL BALANCE
Revised: 1/24/78

uantitative

MATERTAL OUT
Run No: L~1H Temperature: 736°F
Date: 8/1/77 . Pressure: 2500 psig
Time: 0130-1330 LHSV: 1.43
1bs/hour GHSV: 328
| stream Description 235 Bimy (557 Bfas PR9 hims Qe
1 Sample Point Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - Hy ‘ 1.16
Carbon Monoxide ~ CO ’ -9.83
Carbon Dioxide - COp : 13.14
Hydrogen Sulfide - HoS | | ‘ 0.17
Methane - CHg v 0.91
Ethane - CoHg - 0.63
Propane - C3Hg ' : 0.36
litane - Cs4H1Q0
Nitrogen - No' 0.15
_Qmmbnia - N4 - : ‘ 0.03
ADistillaé{gpaﬁs forss®l  0.16 2.18 | 71.55 12.77 91.78
SRL o 19.60 : 19.60
Coal (MATF) 3.86 3.86
Ash | | 3.29 3.29
Water 0.23 0.69 16.86
Phenol
Total 0.39 28.93 72.24 12.77 161.77
(F - :
‘Carbon
Hydrogen
Nitrogen
Sulfur
Oxvgen (by diff)
| Ash -
Total

r~——————Elementai
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RUN CONDITIONS
RUN NO, _L-11

DATE MADE 8/1-2/77

TEMPERATURE °F

PRESSURE, psig

PREMEATER E-I

SAND BATH 760 .
INLET 322
OUTLET 741
DISSOLVERS
R-1A (1) 746
(2) 762
(4) 824
R-18 (1)
(2)
(3)

{4)

REACTOR PRODUCT SEPARATORS

S-| 617
§-2 80
S-~3 465
S-4a 83
S-~48 60

PREHEATER E-II
DOWTHERM 646

INLET 433
OUTLET 626
VACUUM FLASH F-
OVERHEAD VAPOR 504
UPPER WALL 623
LOWER WALL 611
DOWNCOMER 436
CONDENSATE

ACCUMULATOR,S=7 ..

PREHEATER E-I3

SEPARATORS S-i and S§-2
2500

DOWTHERM 596
INLET 78 SEPARATOR S$-3
QUTLET: _566 290

LIGHT ENDS COLUMN, F-2
REBOILER 400

SEPARATORS sggA and S$-48

VACUUM FLASH, F-

LOWER SECTION _474 14 Torr
FEED SECTION. 425 LIGHT ENDS COLUMN, F-2
OVERHEAD 194 0
s-8 81 SOLVENT COLUMN, F-3
$-9 - NIU
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 NIU
REBOILER NTU VACUUM FLASH, F-0
LOWER SECTION NIU
FEED SECTION SETTLING TOWER, V-8
OVERHEAD NIU
RECOVERY TOWER, V-7
HEAVY ENDS COLUMN, F-4 NIU

REBOILER NIU

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-0
OVERHEAD _NIU

BOTTOMS

PRECIPITATION TOWER, v-8

ZONE (1) NIU
(2)

(3)

RECOVERY TOWER V-9
REBOILER NIU

OVERHEAD —
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Start | £nd Rua No: 111 MASS RATES AND RUNgpgooucraas o THERMAL  22.57
Dote of Run 8/1/77 18/2/77 JUnits: 1bs/hr,°F, psig CONDITIONS . PRODUCT GAS TO RECYCLE _ -
[Time of Run 1330 0130 Prep. By: BCL & GGB Sx~2Ck =, -
Length of Run 12 hrs Updoted: 1/4/78
Hours onCoel at&nd of Y.P.| 366.9 . l K-4 KNOCKOUT POT BTMS -
. CRUBRER AR SORBED GASES NIU
- _ RECYCLE GAS X g X Sx- T:
17.85MAKEUP G YNGAS s-2 B
Sx-21 . . WAST A
51.341L1GNITE £ 32?‘\ T824 T l———-b‘!‘- 80 [ i}E GAS - 4:07
swt] 3P E-) Y41 | R-IA R-1& = P"‘ZSO S-4a Sx-30
% T 764 T ro ) T:83 S5-48
U 2500 . 7:617 *1Peo | [ 77
P ¢ 2500 [5-3 o—alP: 60
3 . 762 , ; 537
' T T T 465 j \Q S-4A BOTTOMS .
MIXER T 746 T e 290 | S-4B BOTTOMS,_ 1. 79
Sx-B{} o
TOLUENE ACcuMuLaTor . NIU
713 : X 10C. OHD,  Negl.
ul A26 433 S-8
g T 81
L
| A %
© N p
& o E-1l '
© 64 ‘ >
y E d
504
T
623 p- 14 T¢ry
611 A Y
l.“ J15.81 Ibs/he X v-a porroms | - .
436 - . _ J-1 EXHAUST 0.71
57 ] B8 i rane, 03
_{+:85 I ’A’zcj < J;\aulos
b Sk
RELp 14 Tprr el 220 — V-8"BOTTOMS _NIIJ_
(6.21)Sowent| | ¥67.72 —
) ox-8 N nr. ‘ {}Sx-z VACUUM BOTTOMS: 26.63
¥ - A-BA OVERFLOW
158.931T0oTAaL 4 oPEN Pd cCLOSED TOTAL. 158.93

Numbers in parentheses are not included in the totals.



PROJYCT LIGNITE
ADJUSTED MATERIAL BALANCE
Normalized
Revised: 1/4/78

SUMMARY

uantitative

Run No: L-1I Tempera;ure: 741°F
Date: 8/1-2/77 Pressure: 2500 psig
Time: 1330-0130 LHSV: 1.41
1bs/hour GHSV: 328
( Stream Description T?ﬁal TS&%I—N Y§g£d o W&aEiMA
Sample Point
Hydrogen - H2 1.29 1.15 -0.14 |]
Carbon Monoxide ~ CO 16.30 10.20 -6.10
Carbon Dioxide = CO9 13.49 13.49
Hydrogen Sulfide — H2S 0.20 0.20
Methane - CHy4 0.90 0.90 r 9.52 30.03
Ethane - CoHp . 0.67 0.67
Propane - C3HY - 0.55 0.55
utane = C/ill1g
Nitrogen - Ny 0.26 0.17 | -0.09
Ammonia - NH3 0.04 0.04 J
Distillablo 041 Tortj | 89.30 91,18 1.88 | }20.60 64.99
SRL | 18.72 18.72 ||
Coal (NAF) 1 31,70 2.98 | -28.72 ~90. 60
Ash 3.11 2.86 -0.25 -0.79
Water 16.97 15.82 -1.15 1 =3.63
Phenol »
| Total 158.93 | 158.93 -0-
[ Carbon
llydrogen
Nitrogen
Sulfur
Oxvgen (by diff)
Ash
Tétal

~——————FElemental
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Run No: -1I

- Date:
Time:

8/1-2/77
1330-0130

PROJEC! LIGNITE |
MEASURED & ADJUSTED MATERIAL BALANCE

Revised: 1/4/78

MATERTAL IN

1bs/hour

Temperature: 741°F
Pressure: 2500 psig
LHSV: 1.41 »
GHSV 328

7

Stream Description

F&ed

Lignite

ngsggt

e

T

Sample Point

Sx-21

Sx-]

Sx=14

Hydrogen - H2

1.29

1,29

uantitative

Carboa Monoxide - CO

16.30

16.30

Carbon Dioxide - COp

Hydrogen Sulfide - H»S

Methane - CHy

Ethane ~ CoHg

Propane - C3Hg

utane = C4Hig

Nitrogen = Ng -

0.26

0.26

Ammonia - NH13

(IBP-255°C @1.6
Distillable 0il Torr)

89.30

89.30

SRL

Coal (MAF)

31.70

31.70

Ash

3.11

3.11

Water

16.53

0.44

16.97

Phenol

Total

17.:85

51.34

89.74

158.93

~~———Elemental

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

Total
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ADJUSTED MATERIAL BALANCE

PROJEC T LIGNITE

Normalized

Revised: 1/4/78

MATERIAL OUT

Temperature: 741°F

“Run No: L-1I
Date: 8/1-2/77 Pressure: 2500 psig
Time: 1330-0130 LHSV:1.41
1bs/hour GHSV: 328
Stream Description Progduct | Sgifq ro 8b t8s | Exbaust
Sample Point Sx-19 . Sx-30 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H2 1.07 0.07 _0.01
Carbon Monoxide - CO 9.41 0.70 0.09
Carbon Dioxide - CO9 10,20 2.75 0.54
Hydrogen Sulfide - H2S 0,12 o,oé
Methane - CHy 0.78 0.11 0.01°
Ethane - CoHg 0.51 0.14 0.02
Propane - C13Hg 0.34 0.17 0.04
.g Butape = C/Hig
tlNitrogen - Ny - 0.13 0.04
&
‘Tl Ammonia - KH3 0.01 0.01 0.02
€ (IBP-255°C @1,6 ‘
S{Distillable 0il Torr) 1.47 4.30
SRL '
Coal (MAF)
Ash
Water 15.29
Phenol
Total 22.57 4.07 16.78 Negl. 4.30 | 0.71
-
Carbon
Hydrogen
Nitrogen
(]
@l Sulfur
e
g Oxygen (by diff)
]
E Ash
I Total
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PROJECE LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized

Revised: 1/4/78

MATERIAL OUT

Run No: L-1I Temperature:741°F
Date:  8/1-2/77 Pressure: 2500 psig
Time: 1330-0130 LHSV: 1.41
1bs/hour GHSV: 328
[ Stream Description ;%ég EEéﬁ 15:%e§¥§§e g}zeggﬁg; TBE%L
Sample Point Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H? : ‘ 1.15
Carbon Monoxide - CO 10.20
Carbon Dioxide = CO» A 13.49
Hydrogen Sulfide - H9S _ 0.20
Methane - CHy 0.90
_gghgne - CoHgp 0.67
rapane - CaHg 0.55%
_g utane = C4H1g0 -
@l Nitrogen - Np ‘ 0.17
léﬂm‘o?ii-(xggjzss"c @16 | 0.04
S| Distillable 0il” Torr) 0.09 2.07 67.44 15.81 91.18
7| srL 18.72 18.72
Coal (MAF) 2.98 ' 2.98
Ash 2.86 2.86
Water 0.25 0.28 ' 15.82
Phenol
Total 0.34 | 26.63 67.72 | 15.81 158.93
Carbon
Hydrogen
Nitrogen:
E Sulfur
§l oxvgen (by diff)
g_Aah
] Total
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'ROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/4/78

Run No:
Date:
Time:

L-1I
8/1-2/77
1330-0130

WEIGHT PERCENT

Sample Description

Lignite

F-1
Btms

Ma LEC
So 338t Btms

Feed
Solvent

S-8
Btm

Sample Point

Sx-1

*Sx-2

Sx-8 Sx-12

Sx-14

Sx-16

Hydrogen - Hp

Carbon Monoxide - CO

Carbon Dioxide - CO9

vdrogen Sulfide - HsS

Methane - CHy

Ethane - CoHg

Propane - Cg3Hg

Butane - Cxillipn

Nitrogen = N»y
Ammonia - NH3 (PPM)

(IBP-255°C @1.
Distillable Oil Torr

7.79

99.80 100

99.51

100

Quantitative

SRL

70.28

Coal (MAF)

61.75

11.19

Ash

6.06

10.74

Water

32.19

0.20

0.49

Total

100

100

100 100

100

100

P.S. (Ash-free

87.46"

Melting Point

366

Specific Gravity 60/60

1.040 1.017

1.039

Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff.)

Ash

Total

———Flemental

Number of Sample Avg.

*Distillable oil calculated using following equation:

Wt % Distillable 0il = -0.1273 (F-1 Btms Melting Point) + 54.38

See Attached graph.
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated:1/4/78
Run No: L-1I
Date: 8/1-2/77
Time: 1330- 0130 WEIGHT PERCENT
( ; Product Feed S-4B S-48 S-4B S=GK
| Sample Description Gas Gas 0il Water Total Ovhd
Sample Point Sx-19 Sx-21 Sx-23 Sx~-23 Sx-23  {Sx~30
Hydrogen - H2o 4,75 7.22 1.77
Carbon Monoxide - CO 41,69 91.32 17.23
Carbon Dioxide - CO» 45,17 67.69
Hydrogen Sulfide - H2S 0,54 1.85
Methane - CHy4 3.45 2.73
Ethane - CoHg 2.28 3.59
Propane - C3Hg 1.50 4.10
Butane - CzHip ’
g Nitrogen ~ N3 0.59 1.46 0.89
@ Anmonia - NH3 (PPM) 0.03 0.15 0.14 | 0.15
o Distillable 011> CTort | 99, 46 8.73
§ SRL
Coal (MAF)
Ash
Water 0. 54 99.85 91.13
Total 100 100 100 100 100 100
P.S. (Ash-free
Melting Point
Specific Gravity 60/60
Viscosity, cp .
Carbon
Hydrogen
Nitrogen
—~| Sulfur
% Oxygen (by diff.)
5 Ash
=
Total
[ Number of Sample Avg. 2 2 2 2 2 2
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Quantitative

PROJECT LIGNITE
SAMPLE ANALYSIS

U'pdated: 1/4/78

Run No:
Date:
Time:

L-11
8/1~2/77
1330-0130

WEIGHT PERCENT

Sampl. Description

J=1
Disch.

Cold
Trap

Kecycle
Solvent

Sample Point

Sx=-32

Sx-33

S$x-39

Hydrogen - Hp

0.74

Carbon MMonoxide - CO

13,16

 Carbon Dioxide - CO9

75.17

lydrogen Sulfide - H2S

Methane = CH4

1.56

Ethane = CoHg

3.36

Propane - C3Hg

6.0]

Butane —~ Cxl1n

I Nicrogen = N3

Ammonia - NH (PPM)

TBP~755°C 01,
Distillablo 011> CTokt

26.08

99.58

SRL

Coal (MAF)

Ash

Water

73.92

0.42

‘Total

100

100

P.S. (Ash-free

100

Melting Point

Specific Gravity 60/60

1.044

Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff.)

| Ash

Total

———Elemental

Number of Sample Avg.
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Quantitative

-~

——— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/4/78
Run No: [-1T
Date: 8/1-2/717
Time: 1330-0130 MOLE PERCENT
SAMPLE DESCRIPTION| '5oquct | reed ovhd Exhaust
SAMPLE POINT Sx-19 Sx-21. $x-30 Sx-32
Hydrogen —H, 45.19 | 52.15 25.15 | 12.75
Carbon Monoxide-CO 28. 34 47.10 17.50 16.24
Carbon Dioxide—CO, 19.54 43,75 59.04
Hydrogen Sulfide-H,S 0.30 1.55
Methane -CH, 4.10 4.85 3.38
Ethane—~CzHs 1.45 3.40 3.87
Propane-CsHg 0.65 2.65 4.72
Butane —=C4 Mo
Nitrogen-N, 0.40 0.75 0.90
Ammonia=NH, (PPM) 0.03 0.25
Light °“"«|).;'qr2:§:—@
ooy 01830 255
SRL
Coal (MAF)
Ash
Water
Phenol.
|ToTat 4 100 100 100 100
[Calc Mole Wt A 19.03 14.44 28.44 34.56
Malting Point °F
Specitic Gravity 60/60
Viscosity , ¢p
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by ditf)
Ash
TOTAL
Number of Sample Avg. 2 2 2 2
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60

n O H
o o o
| T T

WT% DISTILLABLE OIL (1BP - SMOKE POINT @ 5 TORR)
o
1

O L-tJ

DISTILLABLE OIL CONTENT OF F-1 BOTTOMS

VERSUS

F-1 BOTTOMS MELTING POINT

Y= -0.1273X + 54.38
/CORR. COEF./ =0.95

]

OI80

1
190

1
200

1
210

1
220

1
230

1 1 1 1 1
240 250 260 270 280
F-1 BOTTOMS MELTING POINT, °F

X

L
290

'
300

310

)
320

A
330

L
340

1
350

3
360

370



Run No:
Date:
Time:

L-1I
8/1-2/717
1330-0130

MEASURED MATERIAL BALANCE

PROJECT LIGNITE

Revised: 1/4/78

MATERIAL OUT

1bs/hour

Temperature: 741°F
Pressure: 2500 psig

LHSV:1.41
GHSV: 328

p
Stream Description

Prgggct

gvhd

%8
tns

Ovhd

Bems

J=1
Exhaust

‘|| Sample Point

Sx-19

x-30

Sx-23

Sx-44

Sx-16

Sx—32

Hydrogen - H2

1.09

0.07

0.01

Carbon Monoxide - CO

9.60

0.71

0.10

Carbon Dioxide = CO»

2.81

0.54

Hydrogen Sulfide - H2S

10.40
0.12

0.08

Methane - CHy

0.79

0.11

0.01

Ethane - CoHg

0.53

0.15

0.02

ropane - C3HS

0.35

0.17

0.04

utane = CsHig

Nitrogen - N9

0.14

0.04

Ammonia - NH3

0.01

0.01

0.02

uantitative

IBP-255°C @1.6
Distillaéle 0il Torr)

1.50

4.39

SRL

Coal (MAF)

Ash

Water

Phenol

15.61

Total

23.03

4.15

17.13

Negl.

4.39

0.72

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

sh

Total

~——FElemental’
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 1/4/78 ‘

MATERTAL OUT

Run No: L-1I Temperature: 741°F

Date: 8/1-2/77 Pressure: 2500 psig

Time: 1330-0130 LHSV: 1,41

1bs/hour GHSV: 328

[ . 1T Cold -1 ~Recycle[Solvent — Total
Strecam Description Trap Btms S-7 Btms [F-2 Btms Out
Sample Point Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H2 1.17
Carbon Monoxide -~ CO 10.41
Carbon Dioxide - CO9 13.75
Hydrogen Sulfide - H9S 0.20
Methane - CHy ] 0.91
Ethane - CoHp 0.70
ropane - C3Hg : 0.56

_%’ utane - CAHIQ‘

ol Nitrogen - No 0.18

&

‘Ol Ammonia - NH3 0.04

el (IBP=255°C Q1,6 .

5| Distillable 0il Torr) 0.09 2.12 67.44 15.81 91.35

ﬁySRL : 19.10 19.10
Coal (MAF) 3.04 3.04
Ash 2.92 2.92
Water 0.26 0.28 16.15
Phenol
Total 0.35 27.18 | 67.72 15.81 160.48

p
Carbon
Hydrogen
Nitrogen

—t

@ Sulfur

=

g Oxyvegen (by diff)

al . .

! Ash

[ Total
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RUN CONDITIONS

RUN NO, Lzl
DATE MADOE ___8/3/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-I

SAND BATH.__773
INLET 315
OUTLET 154
DISSOLVERS
R-1A (1) 755
(2) 772
E E——p
(4)_._ 813
R-18 (1)
' (2)
(3)
(4)

REACTOR PRODUCT SEPARATORS
-1 610 .
5-2 .80
s-3 463 e et e
5-4A 83
s-48 16

PREHEATER E-11
DOWTHERM . 661
INLET 367
OUTLET 636

VACUUM FLASH F-I

OVERHEAD VAPOR .. 508

UPPER WALL 628

LOWER waLL 638
DOWNCOMER 466
CONDENSATE

ACCUMULATOR,S-7._.83.

PREHEATER E-I3 SEPARATORS S-1 and $-2
DOWTHERM 598 2500
INLET 80 SEPARATOR §-3
OUTLET 551 290

LIGHT ENDS COLUMN, F-2
REBOILER 365

SEPARATORS ngA and S-48

VACUUM FLASH, F-i
14

LOWER SECTION 457 _ Torr
FEED SECTION 438 LIGHT ENDS COLUMN, F-2
OVERHEAD 208 0
$*8 e 88 SOLVENT COLUMN, F-3
$-9 = NIU
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 _NIU
REBOILER NIU VACUUM FLASH, F-O
LOWER SECTION ' 14 Torr
FEED SECTION — oo | SETTLING TOWER, V-8
OVERHEAD 300
‘ RECOVERY TOWER, V-7
HEAVY ENDS COLUMN, F-4 ' 2

REBOILER NIU

LOWER SECTION

FEED SECTION
OVERHEAD

VACUUM FLASH,F-0
OVERMEAD 495
BOT TOMS -

PRECIPITATION TOWER, V-8

ZONE (1) 2355
(2) 380
(3) 407
'‘RECOVERY TOWER V-9
REBOILER ... 470  __
OVERHEAD _.311
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! Start [End [RunNo® L-1J MACS)S DR_?T(%S AND RUNPRODUCTGAS Yo THERMAL __ 23.50
Dote of Ron | 8/3/77|8/3/77 |Units: 1bs/hr,°F,psig | CONDITIONS -
PROD A EC
Time of Run 0500 1700 |Prep. 8y:GGB & BCL Sx=2 2 UCT GAs TOR YCLE
Lenath of Run 12 | hrs. pdoted: 8/4/77
Hours on Coal ot End of . P. | 506.3 | K-4 KNOCKOUT POT BTMS -
: - cRusesd AR SORBED GAsEs ~ , NIU
—(- RECYCLE GAS X x Sx- T
18. 55MAKELIP G RGAS - - S-2 = WASTE GAS 3.22
50.55LIGNITE 31? \ -815 ) l'——“T"SO T _ - =2
1] SO N 754 | R-ta R-1B — P:2500 l S-4A  |a——m Sr-30
= T 771 _ ) =1 7T:83 | S-4B.
773 e T 610 P61 b 76
P 2500 £.2500 s> p: 61
| T 772 T . Sx-37
T d 1463 | | pe T {  s-ansoTTOMS
T 755 ™ 290 [ S-4B BOTTOMS,_ 8.54
. .
< < X?"’T-roq_uaue ACCUMULATOR ‘( -9-83)
729
32 o D.C. oD, )
636 367 > SX —Hagl
y - T:
| ul =
S = é LiGHY ons, 18.00
T =t E-1|
n 61 v-8
o T 407
o y — wl b p: 300
” s2am 508 ﬁ[ﬁ 380
P 14 Tory o
O
. 355
~s><H
638 o )
L‘ V-a pOTTOMS -
466 - - - 14-1 EXHausT  _ 0.66
L <. l QL EG Trap 0.42
1 T.BZ ; [—*A'ZC——L LiQuUIDS
. P14 Tprr A2A ) -as'bo-r-roms 2044
) MAKEUP
(14.81)30wves] , ¥51.21 12 y |
- Ws«8 ' 'R i §S*-2 VACUUM BOTTOMS 3 g6
;! A~ SA OVERFLOW -
249.69 roraL. . D4 oPEN M4 CLOSED TOTAL. 249.69

Numbers in parentheses are not included in the totals.



’”

Quontitative

——— Elemental

Run No: 1-1J

PROJECT LIGNITE

ADJUSTED MATERTAL BALANCE
Normalized with V-8 Btms Composition Calculated
Revised: 12/30/77

Temperature: 754°F

SUMMARY Pressure: 2500 psig
Date: g/3/77 LHSV: 1.40 '
Time: 0500-1700 1bs/hour GHSV: 341
STREAM DESCRIPTION total total it Goal
SAMPLE POINT

Hydrogen - H, 1.34 1.29 -0.05

Carbon Monoxide-CO 16.98 12.42 -4.56

Carbon Dioxide - CO, 11.83 11.83

Hydragen Sulfide-H,S 0.22 0.22

Methane - CH, 0.66 0.66 |[ 8.84 28.46
Ethane~ C, Hg 0.49 0.49

Propane—~CyHg Q.29 0.29

Butane — C4H,o

Nitrogen-N, 0.23 0.16 -0.07

Ammonia-NHyg 0.03 0.03 |

Light on-"P1e0S 99,92 1105.44 s.52_ ]

Solvent 1100750 ©@ | 78,44 75,42 -3.02 |r19.19 61.78
Heavy 0“15?2 Tors) 1.88 2.64 0.76

SRL 15.93 15.93 |

Coal (MAF) 31.06 3.29 -27.77 - -89.40
Ash 2.79 2.62 -0.17 —0.55
Water 17.05 16.96 -0.09 -0.29
Phenol’

TOTAL 249.69 | 249.69 -0~

Carbon 184.62 | 183,86 -0.76

Hydrogen 19.55 20.18 0.63

Nitrogen 0.78 0.64 -0.14

Sultur 1.64 1.59 -0.05

Oxygen (by diff) 40.31 40.80 0.49

Ash 2.79 2.62 -0.17

TOTAL 249.69 249.69 -0-
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PROJECT LIGNITE

MEASURED & ADJUSTED MATERIAL BALANCE

Revised: 12/30/77.

Temperature: 754°F

Run No: L-1J MATERIAL IN Pressure: 2500 psig
Date: 8/3/77 LHSV: 1.40
Time:  0500-1700 1bs/hour GHSV: 341
([stream oescriprion] Ese®  [rignite | Solvent |Sofsencs Totel
(SampL PONT | sxe21 | swel | Sxel4 | Sx-40
Hydrogen = H, 1.34 1.34
Carbon Monoxide-CO 16,98 16.98
{ carbon Dioxide = CO,
Hydrogen Sulfide-H,S
Methane=~ CH,
Ethane- Cy Hg
Prépono- CsHy
Butane— C4Ho
¢ Nitrogen-N;, 0.23 0.23
'.; Ammonlo—NH,
"‘g-: Light 0"-(?;'1235?_@ 9.50 | 90.42 99.92
3| sotvant -(100:230°C® 77.80 | 0.64 78.44
Heavy on-%?g}?jf;c 1.88 1.88
SRL
Coal (MAF) 31.06 31.06
Ash 2.79 2.79
Water 16.70 0.35 17.05
Phenol
LLToTAaL 18.55 50.55 89.53 | 91.06 249.69
Carbon 7.28 22.03 75.64 | 79.67 184.62
Hydrogen 1.34 3.41 6.72 8.08 19.55
Nitrogen 0.23 0.32 0.22 0.01 0.78
Sulfur 0.30 1.34 1.64
g Oxygen (by diff) 9.70 121.70 5.61 3.30 40.31
g Ash 2.79 2.79
w
Lrow. 18.55 50.55 89.53 | 91.06 249.69
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Quantitative

"ADJUSTED MATERIAL BALANCE

PROJECT LIGNITE

Normalized with the V-8 Btms Composition Calculated

Revised: 12/30/77

Temperature: 754°F

Run No: 1-17 Pressure: 2500 psig
MATERIAL OUT
Date: 8/3/77 LHSV: 1.40
Time: 0500-1700 1bs/hour GHSV: 341
IRE ESCRIBTION Product S-4A S=48 5=8 5-8 J-1

| ST RTTTIN Gas_ | _ovhd | Bems ovhd __| Btms Exhaust

SAMPLE POINT Sx~-19 Sx-30 Sx-23 Sx-44 Sx-~16 Sx-32
Hydrogen - H, 1.22 0.06 0.01
Carbon Monoxida=-CO 11.68 0.60 0.14
Carbon Dioxide ~CO, I 9.26 2.16 0.41
Hydrogen Sulfido-st 0.16 0.06

Methane- CH, 0.57 0.07 - 0.02
Ethane - CzHe 0.35 0.10 0.04
Propane~ CyH, 0.12 0.13 0.04
Butane — C4H|o

Nitrogen-N. 0.13 0.03

Ammoniu—NH, O-Q]. 0.01 0.01

_(0-100°¢C
Light on-(9; To")@ 0.32 9.02
_(100-230°¢
Solvent ("6(22‘6') c@® 0.26 0.22
-255%

Heavy- OII--@I6 Torr) 0.03 0.27

SRL '

Coal (MAF)

Ash

Water 7.92 8.49

Phenoi

roraL 23.50 3.22 8.54 | Negl. 18.00 0.66
Carbon 8.33 1.08 0.52 7.78 0,25
Hydrogen 1.47 0,13 0.94 1.92 0.03
Nitrogen 0.14 0.04 0.01 0.01

Sulfur 0.15 0.06 0.01 0.03

Oxygen (by diff) 13.41 1,91 7.06 8.26 0.38
Ash

TOTAL 23.50 3.22 8. 54 Negl. 18.00 0.66

r—Elemental
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PROJEC! LIGNITE
ADJUSTED MATERIAL BALANCE
Normalized with V-8 Btms Composition Calculated

Revised: 12/30/77 Temperature: 754°F

Run No: L-1J MATERTAL OUT Pressure: 2500 psig

Date: 8/3/77 Lusv: 1.40
Time:  0500-1700 1bs/hour GHSV:341
4 Cold V-8 F-1 V-9 <«—Recycle]|Solvent
STREAM DESCRIPTION|  Trap __|. Btms__ | Btms Ovhd | -7 Btms |F-2 Btms
SAMPLE POINT Sx-33 Calc Sx-2 Sx-28 $%-39 Sx-12
Hydrogen -~ H,
Carbon Monoxide-CO
Carbon Dioxide - CO, .
Hydrogen .Sulfide-H,S
Methane- CH,
Ethane - C; Hg
Propane-CyH,
Butane— C4H o
© Nitrogen—N,
% Ammonia-NH,
= A _10-100°C }
.g Light oil=* "¢ T°'fr)@ 0.11 7.12 80.46 4.81 3.60
_(100-230°C
& | Solvent (1'6(2?5{)255?;: 0.02 4.28 6.16 0.77 45.42 18.29
Heavy o"’@LG Torr) . 0.72 1.62
SRL 3.37 12.56
Coal (MAF) 3.23 0.06
Ash 2.44 0.18
Water - 0.29 ‘ 0.26
Phenol
rora. 0.42 20.44 18.96 | 81.23 51.21 23.51
) _
Corbon 0.11 .15.28 15.86 | 70.40 43.58 20. 67
Hydrogen 0.04 132 1.09 7.16 4,13 1.95
Nitrogen 0.07 0.16 0.01 0.13 0.07
1 |Sultur : 0.12 0.14 0.01 0.73 0.34
o} ’ ’ )
g [Owoen (b dift) 0.27 1.21 1.53 3.65 2.64 0.48
E[Ash 2.44 0.18
w
LW”L 0.42 20.44 18.96 | 81.23 51.21 23.51
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized with V-8 Btms Composition Calculated

Quantitative

r

——Elementol

Run No: L-1J

Revised: 12/30/77

Temperature: 754°F
Pressure: 2500 psig

Date:  8/3/77 MATERTAL OUT LHSV: 1.40

Time:  0500-1700 1bs/hour GHSV: 341
STREAM DESCRIPTION ‘ ‘Total
.;Z;;L?}aa;_- N —t- —— —-
Hydrogen - H, 1.29
Carbon Monoxide-CO 12.42
Corbon Dioxide = CO, 11.83
Hydrogen Suifide-H,S 0.22
Methane - CH, 0.66
Ethane— CaHg 0.49

A Propane-Cy Mg " 0.29
Butane— C4H)o

Nitrogen-N, 0.16
Ammonia—NH, 0.03
Light OI"(?g'qrorr(i 105.44
Solvent -([00;250°C@ 15.42
Heavy 0!(-%?%?3?;6 2.64
SRL 15.93
Coal (MAF) 3.29
Ash 2.62
Water 16.96
Phenoi

TOTAL 249.86
Carbon 183.86
Hydrogen 20.18
Nitragen 0.64
Sulfur 1.59
Oxygen (by diff) 40.80
Ash 2.62
TOTAL 249.69
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Quantitative

r———— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 12/30/77
Run No: L-1J
Date: 8/3/77
Time: 0500-1700 WEIGHT PERCENT
sawpie DEscRiPTION| Feed | GE1 | oFaZ  [sbesdnc | oti’ | warer
SAMPLE POINT Sx-1 Sx-2 Sx-12|  Sx-14 Sx-16 Sx-16
Hydrogen —H,
Carbon Monoxide-CO
Carbon Dioxide~CO,
Hydrogen Suifide-H,S
Methane ~CH,
Ethone—C2He
Propane—~CsHg
Butane ~C,4Ho
Nitrogen—=N,
Ammonlo—NH, (PPM)
tight 007007 @ 15.30 | 10.61 94.38
Wc@ 32.50 77.80 86.90 2.30
Mooy 0il-/ 230255 6.90 2.10 2.80
SRL ‘ 66.23
Coal (MAF) 61. 44 0.33
Ash 5,52 0.94
Water 33,04 0.39 0.52 100
Phenol
{roraL 100 100 100 100 100 100
Pyridine Solublosg“s':‘:{;’e 99.67
Melting Point °F 198
Specitic Gravity 60/60 1.015 1.031
Viscosity , ¢cp
Carbon 43.58 83.63 87.91 84.49 81.35
Hydrogen 6.74 5.77 8.28 7.50 10.33 11.11
Nitrogen 0.63 0.84 0.29 0.24 0.08
Sultur 0.60 0.74 1.47 1.50 0.31
Oxygen (by diff) 42,93 8.08 2.05 6.27 7.93 88.89
Ash 5,52 0.94
TOTAL 100 100 100 100 100 100°
Number of Sample Avg. 2 2 2 2 2
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Quontitative

———— Clemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 12/30/77

Run No: L-1J
Date: 8/3/17
Time: )500-1700 _ WEIGHT PERCENT
SAMPLE DESCRIPTION| Ho8,, |[Prpduct | Fged §1%8 Rator ofal
SAMPLE POINT Sx-16 Sx-19 Sx-21 Sx-23 Sx-23 Sx-23.
Hydrogen ~H, 5.21 7.22 |
Carbon Monoxide~-CO 49.70 91,52
| Carbon Dioxide ~CO, 39.41
Hydrogen Sulfide~H,S 0. 66
Methane ~CH, 2. 44
Ethane—Cz2He 1.49
Propane-CxH, 0.49
Butane ~C4H,o
Nitrogen-—N, 0.54 1.26
Ammonia=~NH; (PPM) 0.06 0.13 0.12
Light °”"‘?§'072:)E@ 50.12 51.63 ~3.73
soivent -1 o - @ 1.27 42.10 3.04
Hoawy 0il- @ E9 ] 1.49 5.60 0.40
SRL ‘
Coal (MAF)
Ash
Water 47.17 0.67 99,87 92,71
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubln(Av:," :@i
Melting Point °F
Specitic Gravity 60/60
Viscosity , cp
Carbon 43.21 35.47 39.22 84.26 6.08
Hydrogen 10.70 6.26 7.22 9.42 11.12 11.00
Nitrogen 0.04 0.59 1.26 '0.20 0.11 0.12
Sulfur 0.16 0.62 0.98 0.07
Oxygen (by ditt) 45.89 57.06 52.30 5.14 88.77 82.73
Ash
TOTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 2 2
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated:12/30/77

Run No: L-1J
Date: 8/3/77
Time: - 0500-1700 WEIGHT PERCENT
([ SAMPLE DESCRIPTION BtE V-9 544 pioin | 7S9ld §1A
SAMPLE POINT Sx-27 Sx-28 Sx-30 Sx=32 Sx-33 Sx=137
Hydrogen - H, 1.92 1.92
Carbon Monoxlde~CO 18.67 20.57
Carbon Dioxide —CO, 67.13 62.12
Hydrogen Suifide~H,S 1.89
Methane ~CH4 2.21 3.34
Ethane ~C2He 3,17 5.40
Propane~CsHg 3.87 6.65
Butane ~C4 Ho
Nitrogen~N, 0.90
Ammonia-=NH, (PPM) 0.24
| |Light oi= e Torr) 46.23 99.05 26,50 52.34
£ [sorvem-TROZICO ™ 56,29 0.95 5.50 30.70.
‘:'.; Heavy Oil-%i%-,?‘?,?;’c 15.90
2 Ishe 14.03
Coal (MAF) 8.96
Ash 4.49
Water 68.00 1.06
Phenol
TOTAL 100 100 100 100 100 100
Pyridine SotublesW! 7ol g0 42
Malting Point °F
Specific Gravity 60/60
S Viscosity , cp
( Carbon 85.33 86.67 33.68 _38.02 25,59 79.37
Hydrogen 7.29 8.81 3.95 5.05 10.59 9.02
Nitrogen 0.28 0.01 1.10 0.30 0.20 |
5 Sulfur 0.99 0.01 1.78 0.25 O,.'79
§ [Oxygen (by ditt) 1.62 4.50 59.49 56.93 63.27 10,62
i [Ash 4.49
TOTAL 100 100 100 ~ 100 100 100
_[Number of Sample Avg. 2 ' 2 2 1 2 2 J
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Quontitative

Updated: 12/30/77
Run No: L-1J
"Date: 8/3/77
Time: 0500-1700 WEIGHT PERCENT

sawpie OescRPTiN| LU | hn | Latyele [Reroinee Bets”
SAMPLE POINT Sx-37 Sx-37 Sx-139 Sx=40 Calc.
Hydrogen —-H,
Carbon Monoxide-CO

| carbon Dicxide~cCO,
Hydrogen Suifide~H,S
Methane ~-CH,
Ethane ~C2H¢
Propane-C3Hg
Butane —C4Ho
Nitrogen—N,
Ammonia—~NH, (PPM) 0.19 0.07
Light 0is-DS10" £ @ 32.92]  9.40 | 99.30 34.83
Sotvent =T 720) © © 19.31 ]  88.70 0.70 20.94
Heawy 0i1- G000 10.00 1.40
SRL 16.49
Coal (MAF) 15.80
Ash 11.94
Woter 99,81 37.70 .50
Phenol
ToTaL 100 100 100 100 100
Pyridine Solublosg‘s':, :r/:e)
Melting Point °F
Specitic Gravity 60/60
Viscosity , ¢p
Carbon 49.92 85.11 87.49 74.75
Hydrogen 11.12 9.80 8.06 8.88 6.47 |
Nitrogen 0.16 0.19 0.26 0.01 0.35
Sulfur 0.50 1.42 - 0.57
Oxygen (by dift) 88.72 39.59 5.15 3.62 5.92
Ash 11.94
TOTAL _ 100 100 100 100 100
Number of Sample Avg, 2 2 2 2 -

~———— tlemental

PROJECT LIGNITE
SAMPLE ANALYSIS
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Quantitative

————— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated:

Run No:
Date:
Time:

12/30/77

L-1J
8/3/77
0500-1700

MOLE PERCENT

SAMPLE DESCRIPTION

Product
Gas

Feed
Gas

S-4A
Ovﬁd

Disch.

SAMPLE POINT

Sx-19

Sx-21

S$x-30

Sx-32

Hydrogen —H,

47.12

52.15

26.75

26.28

Carbon Monoxide-CO

32.08

47.20

18.60

20.16

Carbon Dioxide -CO,

16.19

42.55

38.74

Hydrogen Sulfide-H,S

0.35

.55

Methane ~CH,

2,75

5.73

Ethone—CzHs¢

0.90

.95

4.94

Propane~CsHg

0.20

1
3.85
2
2

.45

4'15

Butane —C4H,o

Nitrogen—N,

0.35

0.65

o

.90

Ammonia—NH, (PPM)

0.06

0.40

Light 0ils(0_100° C®

1.6 Torr)

~1100-230°C
Scivent (I.G Torr) @

., _(230-255°C
Heavy Oil- @1.6 Torr)

SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL

100

100

100

100

| lcale. Mole Wt.

18.07

14,44

- 27.89

27.44

Melting Point °F

Specitic Gravity 60/60

Viscosity , ¢p

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg.
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PRCO.ECT LIGNITE
SAMPLE ANALYSES

RUN NO: 1-1J
DATE: 8/3/77
TIME: 0500-1700
SAMPLE DESCRIPTION F-1 Btms | LEC Btms |Feed Solv., S-8 0il | S-4B 0il
SAMPLE POINT Sx~-2 - Sx-12 Sx-14 Sx-16 Sx-23
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 5
18P 34 83 T
5%, 134 104
rlo% r 148 119
e 20% é’ 162 140
z 30% g 192 162
O 40% o 212 178
x 2
W 50% = 227 185
L 60% © 237.5 192
= 70% % 247 197.5
3 80% ] 262 206
2 909% v 7772
Lgs 9, L 247
DRY PT, 247
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 742 746
18P 50 61
5% [_—. 72 114
rlo% Lo 91 141
E 20% ) 105 196
W 30% " 114 229
x 40% x 119 25Q
a 50% z 127 270
w 60% & 140 290
2 0% a 162 316
3 80% 3 197 333
> 90% 231 352
Lgs o, L 275
DRY PT. 280 354
ASPHALTENE TEST '
WT Y% ASH 0.94
WT % UNCONVERTED COAL 0.33
WT % PRE-ASPHALTENES 26.29
WT % ASPHALTENES 41.86 .
WT % MALTENES 8 DIST. OIL 30.58
_ TOTAL 100.00
SAYBOLT VISCOSITY, SSU :
100° F 13.2 12.1
210° F 8.6 8.9
MISCELL ANEOUS
KF H0 WT%{Raw Sx) 0.39 0.52 0.67
INFRARED RATIO 0.27
SP, GRAV. 60/60 F 1.015 1.031

PREASPHALTENES ~ PYRIDINZ SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES~ BENZENE SOLUBLE,

N-PENTANE INSOLUBLE MATERIAL

MALTENES~ N-PENTANE SOLUBLE MATERIAL NOT RECOVERAEBLE BY STANDARD DISTILLATION PROCEDURES
" DISTILLABLE OIL ~RECOVERAELE BY DISTILLATION, USUALLY LESS THAN 5% FOR THE F-! VACUUM BOTTOMS MATERIAL
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PROJICT LIGNITE
SAMP'LE ANALYSES
RUN NO: L-1J
DATE:  8/3/77
TIME:  0500-1700

SAMPLE DESCRIPTION V-9 OvhdiV-9 Btms Cold Trap |S-4A Q0il | S-7 Btms

SAMPLE POINT Sx-28 Sx-29 Sx-33 Sx-37 Sx~-39
ASTM D-1160 DISTILLATION DATA '

PRESSURE, TORR 5 5
I8P 114.5 78
5% r 165 106

{—10€6 179 120

r 20% & 192 141

2 30% o 197 163

L 40% x 200 - 176

W 50% s 207 184

L 69% 5 220 190

= 70% S 245 196

2 80% L 260 203

> 90% , 218

Ligs9, L 238

DRY PT. 238
ASTM D-86 DISTILLATION DATA ,

BAROMETRIC PRESSURE, TORR | 742 741 747
18P 109 87 76
5% r 112 - 87 91

(—7096 5 112 96 141

L 20% ) 112 105 193

W 30% o 112 110 227

& 40% « 112 114 247

a 50% 5 113 118 210

w 60% x 113 : 126 284

2 70% a 113 128 311

S 80% i 113 146 327

> 90% ; 113

L"95 % 114
DRY PT. — 168 152 362
ASPHALTENE TEST

WT Y% ASH

WT % UNCONVERTED COAL

WT % PRE-ASPHALTENES

WT % ASPHALTENES

WT % MALTENES 8 DIST. OIL

TOTAL
SAYBOLT VISCOSITY, SSU
100° F 12.1
210° F 8.5
MISCELLANEQUS

KF H0 WT % {Raw Sx) 68.00 1.06 0.50

INFRARED RATIO 0.37

SP. GRAV. 60/60 F 0.968 1.029

PREASPHALTENES ~ PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES- BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL

MALTENES=- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

DISTILLABLE OIL - RECOVERABLE BY DISTILLATION, USUALLY LESS THAN 5% FOR THE F-| VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE
SAMPPLE ANALYSES
RUN NO: 1-17
DATE:  8/3/77
TIME: 0500-1700

SAMPLE DESCRIPTION Deashing S$olv.
SAMPLE POINT . Sx-40
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR
IBP
5% r
rloo/o
s S0 °.
) w
& 0% P
w 60% E‘
= 70% %
3 80% W
O —
> 90%
3 L
DRY PT,
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 746
IBP 112
5% r 112
[_:OO/O o 112
E 20% o 112
W 30% g 112
gj 40% % 112
a 50% l&- 112
w 60% fﬁ 112
2 70% q 112
2 80% tw 112
3T 90% 113
L»95 % L 113
DRY PT. ‘ 183
ASPHALTENE TEST
WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES 8 DIST. OIL
TOTAL
SAYBOLT VISCOSITY, SSU
100° F
210° F
MISCELLANEOUS
KF Ho0. WT % {Raw Sx)
INFRARED RATIO
SP. GRAV. 60/60 F

PREASPHALTENES ~ PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL
ASPHALTENES~ BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL
MALTENES- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STAMDARD DiSTILLATION PROCEDURES

DISTILLABLE OIL -RECOVERABLE BY DISTILLATION, USUALLY LESS THAN 5% FOR THE F-1 VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 12/30/77

» MATERIAL OUT Temperature: 754°F
- Run No: 1-173 Pressure: 2500 psig
Date: g/3/77 LHSV: 1.40
Time:  0500-1700 1bs/hour GHSV: 341
([ stream oescrierion| TE3°T | Gend | Bems Bvhd Btms |Exhaust
[SAMPLE POINT | sx-19 | Sx-30  [5x-23 Sx-44 Sx-16 S-32
Hydrogen -~ H, 1.18 0.06 0.01
Carbon Monoxide-CO 11.24 0.58 0.13
.{ Carbon Dioxide - CO, ' 8.92. 2.08 0.40
Hydrogen Sulfide-H,S 0.15 0.06
Methane~ CH, 0.55 0.07 0.02
Ethane~ CaHg 0.34 0.10 0.04
Propans- CyHg 0.11 | 0.12 0.04
Butane—~ C4H;o
g |Nitrogen-Ne _0.12 0.03
% Ammonia—-NHj 0.01 6.01
£ [Lignt on-1P7T07C D 0.31 8.68
::.; Solvent-(1007230°C@® 0.25 0.21
[Heovy oin-Ere o) 0.03 0.26
SRL
Coal (MAF)
Ash
Water 7.62 8.17
Phenol
([ToTAL 22.62 3.10 8.22 Negl. 17.32 0.64
( Corbon 8.02 1.04 0.50 7.48 0.24
Hydrogen 1.42 0.12 0.90 1.85 0.03
Nitrogen 0.13 0.04 0.01 0.01
Sultur : 0.14 0.06 0.01 0.03
g Oxygen (by diff) 12.91 1.84 6.80 7.95 0.37
€| Ash
2
W
L TOTAL 22.62 3.10 8.22 Negl. 17.32 0.64
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PROJEC! LIGNITE
MEASURED MATERIAL BALANCE
Revised: 12/30/77

‘ o
Run No: L-1J MATERLAL OUT gzz:z::‘:m%()gsgSig
Date: 8/3/77 LHsv: 1.40
Time:  0500-1700 1bs/hour ~ GHSV: 341

([ srream oescmerion]  £238 | §ode | Bims | ovea  ['s3Bima|Ped sems

SAMPLE POINT $x-~33 Sx-27 Sx=2 Sx-28 $x-39 |. Sx-12
Mydrogen - H, ' '

Carbon Monoxide~CO

Carbon Dioxlde =CO,

Hydrogen Sulfide-H,S

Methane - CH,

Ethane~ Ca Hg

Propane=CyHg

Butene— C4Ho

© Nitrogen-N,

2

'.é Ammonio—Nt!; _

£ | Lo °“'(?s'°r‘3¥j@ 0.11 9.10 80. 46 4.81 3.60

3 [ sowent-([007238°C@T  9.02 5,17 5.93 0.77 45.42 | 18.29
Heavy OIIJ@ZEE-T?O?,?;C 0.72 1.62
SRL 2.76 12.09 '

Coal (MAF) 1.76 0.06

Ash 0.88 0.17

Water 0.27 ' 0.26
Phenol R

_|ToTAL 0.40 19.67 18.25 81.23 51.21 23.51

([carbon 0.10 16.78 15.26 70.40 43.58 20.67
Hydrogen 0. 04 1.43 1.05 7.16 4.13 1.95
Nitrogen 0.06 0.15 0.01 0.13 0.07
Sulfur 0.20 0.14 | 0.01 0.73 0.34

% [onygen (by ait) 0.26 | 0.32 1.48 | 3.65 2.64 0.48

€| asn 0. 88 0.17 |

w

L TOTAL 0.40 19.67 18.25 81,23 51.21 23.51
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Quantitative

"Run No: L-1J MATERIAL OUT Pressure: 2500 psig
Date: 8/3/77 LHSV: 1.40
Time: 0500-1700 1bs/hour GHSV: 341 -
T Total
STREAM DESCRIPTION Out
.;_;.';;L.E..;aﬁ;_.. g s
Hydrogen -~ H, 1.25
Carbon Monoxide-CO 11.95
Carbon Dioxide —CO, . 11.40
Hydrogen Sulfide-H,S 0.21
Methane - CH, -0.64
Ethans— Ca Hg 0.48
.| Propane~C4Hg 0.27
' Butane —~ C4H;o
Nitrogen-N, 0.15
Ammonia~NH, 0.02
Light ou—“,’_;“’rdoﬁ@ 107.07
Soven (R0 76.06
Heavy 0“’_..(2?2-1?3?')’(2 2.63
SRL ' 14.85
Cool (MAF) 1.82
Ash 1.05
Water 16.32
Phenol .
TOTAL 246.17
Carbon 184.07
Hydrogen 20.08
Nitrogen 0.61
Sultur 1.66
Oxygen (by diff) 38.70
Ash 1.05
TOTAL 246,17

———Elemental

PROJECT LIGNITE
. MEASURED MATERIAL BALANCE

Revised: 12/30/77

Temperature: 754°F
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RUN CONDITIONS

RUN No._L-1K
DATE MADE __8/3-4777
TEMPERATURE °F PRESSURE, psig
PREMHEATER E-I PREHEATER E-13 SEPARATORS S-1 and S-2
SAND BATH 777 DOWTHERM 597 2500
INLET 307 INLET 77 SEPARATOR S-3
OUTLET 757 OUTLET 567 ' 297
SEPARATORS S-4A and $-48
DISSOLVERS LIGHT ENDS COLUMN, F-2 60
R-14 (1) 758 REBOILER 395 VACUUM FLASH, F-I
(2) /74 LOWER SECTION __470 _ 14 Torr
(3) 713 FEED SECTION 422 LIGHT ENDS COLUMN, F-2
_ (4) 804 OVERHEAD 183 0
R-1B8 (1) s-8 80 SOLVENT COLUMN, F-3
(2) $-9 = NIU
(3) HEAVY ENDS COLUMN, F-4
(4) SOLVENT COLUMN, F-3 NIU
. REBOILER NIU.. VACUUM FLASH, F-0
REACTOR PRODUCT SEPARATORS LOWER SECTION 14 Torr
s-1 593 FEED SECTION __.__ SETTLING TOWER, V-8
5-2 79 OVERHEAD ' . 300
5-3 460 _ — RECOVERY TOWER, V-7
S-4A 83 HEAVY ENDS COLUMN, F-4 2
5-4B 77 REBOILER NIU
LOWER SECTION
PREHEATER E-I! FEED SECTION
DOWTHERM 667 _ OVERHEAD
INLET 360 »
OUTLET 641 VACUUM FLASH, F-0

VACUUM FLASH F-I

OVERHEAD VAPOR 504
UPPER WALL 626
LOwER waLL 626
DOWNCOMER 451
CONDENSATE

ACCUMULATOR,s-7____ 86

OVERHEAD_. 492
BOTTOMS =

PRECIPITATION TOWER, V-8

ZONE (1) 342
(2) 372
(3) 398

RECOVERY TOWER V-9
REBOILER 449

OVERHEAD 312
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22.29

[Start [£4d  [Roa Not L-1K MASS RATES AND RUNppopuct cas 1o THERMAL
18/3/77 [8/4/77 |unita:y °F,psi CONDITIONS OXIDIZER o RECYCLE 0.
1700 0500 |Prep By:BCL & GGB Sx-2 ==
12 hrs. {Ueodoted: 1/4/78
Hours on Coul ot End of Y. P.| 418. 3 | K—4 KNOCKOUT POT BTMS _ ~0-
o ScRuseER AR SORBED Gases —  NIU
—-0- RECYCLE GAS X x Sx- T
YNGAS P
18_20 MAKELP Szt [+ 80 — S3 WASTE GAS 3.58
50.31 LIGNITE 309 \ 250 I T -
-] - Y57 | R-iA R-18 = P S-4n e or o
T: 773 T el o ) T:83 S-48
11 p2500| X |* 5393 Lk 60
i P
'—} ' T 774 r 5-3 Sx-37 s
r— : : T:460 | [ ¥ -4A BOTTOMS = -
T 758 T P:297 | S-4B BOTTOMS,__ 18.59
[
xB‘}TOLUENE ACCUMULATOR _(-10.81)
733;2 X 10.c. oup, Negl.
641 360 S o
™ ) 80
< P_0
I ® -
S a LIGHY ons,  7.47
»
1 E-i)
A 67 ‘
o
il I
626 504

451

| 19.55 1bs/hr X

V-9 BOTTOMS -

COLD

A2C

J

TRAP

IGASES

0.70
0.57

J-1 EXHNJST’I
CovO TRAP

LiQuins

V-8B Toms | 21.67

y

(Jacur
K - RS Ay §5>-2 VACUUM BOTTOoMs 16.79
% A-SA OVERFLOW -
254.86 TOTAL >4 oPEN P4 cCLOSED ToTAL 234-86

Numbers in parentheses are not included in the totals.



Quantitative

A

-

Run No: L-1K

PROJEC! LIGNITE

ADJUSTED MATIRIAL BALANCE
Normalized with V-8 Btms Composition Calculated

Revised: 1/4/78

Temperature: 757°F
Pressure: 2500 psig

Date: 8/3-4/77 SUMMARY LHSV: 1.42
Time:  1700-0500 1bs/hour GHSv: 336
STREAM DESCRIPTION| ' oiat 1?,531 Tiory Veoat
R ar T B AR & S RET:
Hydrogen ~ H, 1.33 1.24 -0.09 ]
Carbon Monoxide-CO 16.67 11.49 -5.18
/| Carbon Dioxide = CO, : 12.03 12.03
Hydrogen Sulfide-H,S 0.14 0.1l4
Methane- CH, 0.63 0.63 - 8.39 26.94
Ethane- C, Hg 0.49 0.49
Propane~CyHg 0.36 0.36
Butane— C4H,o -
Nitrogen-N, 0.20 0.15 -0.05
Ammonia-NHy 0.06 0.06 |)
tignt oSO CO 11 4 | 117.31 5.87
Sowvent 11507000 O | 74.40 73.17 | -1.23 |f 20.50 65.81
Hoavy on-STETSNCl 0.18 2.47 2.29
SRL 13.57 13.57
Cool (MAF) 31.15 3.35 -27.80 -89.25
Ash 2.88 2.71 -0.17 -0.55
Water 16.61 15.69 -0.92 -2.95
Phenol
ToTaL 254.86 254.86 -0-
Carbon
Hydrogen
Nltrog_on
Suifur
Oxygen (by diff)
Ash
TOTAL

r———Elemental
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Quantitative

—Elemental

PROJECT LIGNITE

MEASURED MATERIAL BALANCE

Revised: 1/4/78

Temperature: 757°F

Run No: 1-1K MATERIAL IN Pressure: 2500 psig
Date: 8/3-4/77 LHSV: 1.42
Time:  1700-0500 1bs/hour GHSV: 336
Feed Feed Deashing Total
| STREAM DESCRIPTION!  Gas.___|.Lignite | Solvent | Solvent In
SAMPLE POINT Sx-21 Sx-1 Sx-14 Sx-40
.Hydroqon -H, 1.33 v 1.33
Carbon Monoxide-CO 16.67 16.67
| carbon pioxide-co,
Hydrogen Sulfide-H,S
Methane - CH,
Ethane - C, Hg
Propane=- CgHg
Butane — C4H;o
Nitrogen-N, 0.20 0.20
Ammonio-NHy
Light on-9Z100° €@ 16.23 95.21 111.44
Sotvent (1507500 O 74.21 0.19 74.40
Hoawy OlI-GiEror) 0.18 0.18
SRL
Coal (MAF) 31.15 31.15
Ash 2.88 2.88
Water 16.28 0.33 16.61
Phenol
TOTAL- 18.20 50.31 90.95 95.40 254.86
Carbon
Hydrogen
Nitrogen
Sulfur .
Oxygen (by diff)
Ash
TOTAL
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PROJEC! LIGNITE
ADJUSTED MATFRIAL BALANCE
Normalized with V-8 Btms Composition Calculated

Revised: 1/4/78
Temperature: 757°F

Run No: 1.1k MATERIAL OUT Pressure: 2500 psig
Date: g§/3-4/77 LHSV: 1.42
_Time: 1700-0500 1bs/hour GHSV: 336
([ steean oescmemon Feodet | o | Beme_ | owid | Bims |Exhasss
SAMPLE POINT Sx-19 Sx~30 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H, 1.14 0.09 0.01
Carbon Monoxide=-CO 10.52 0.86 0.11
Carbon Dioxide - CO, ‘ 9.29 2.25 . 0.49
Hydrogen Sulfide-H,S 0.10 0.04
Methane - CH 0.53 0.08 ‘ 0.02
Ethane~ CaHg 0.37 0.10 ) 0.02
Propane- CyHg 0.19 0.12 0.05
Butone— C4H;p
o | Nitrogen=N, 0.12 0.03
% Ammonia - NHy 0.03 0.01 0.02
£ [Lignt ou-PE190 5O , 2.13 | 7.41
§ Solvent-(}%o}gsro)oc@ 1.10 0.06
Heavy on—‘é?g'.?of’rf;c 0.20
SRL
Coal (MAF)
Ash
Water 15.14
Phenol
L TOTAL 22.29 3.58 18. 59 Negl. 7.47 0.70
( Carbon
.Hydrogon
Nitrogen
Sulfur
g Oxygen (by diff)
g Ash
2
w
L TOTAL
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Quantitative

N\ 7

—— Elemental

PROJECI LIGNITE

ADJUSTED MATERIAL BALANCE

Normalized with V-8 Btms Composition Calculated
Revised: 1/4/78

_ Temperature: 757°F
e L, i ot
Time:  1700-0500 1bs/hour GHSV: 336
steeam oescreTioN 10y | nrme | mews | ovhd |57 Btms 522 Bems”
SAMPLE POINT Sx-33 Calc. Sx-2 Sx-28 | Sx-39 Sx-12
Hydrogen - H,
Carbon Monoxide-CO
Carbon Dioxide = CO, 4
Hydrogen Sulflde-HzS
Methane- CH,
Ethane~ C, Hg
Propane-CyHg
‘| Butane = C4H)o
Nitrogen-N,
Ammonia~NHy
ight 0105190 SO o.31 8.51 83.87 | 10.25 4.83
solvent-([0230°CO] 4 03 5.41 4.21 0.72 47.25 14.39
Heavy 011 -Z30-Z39C 0.70 1.24 0.33
SRL 2.18 11.39
Cool (MAF) 2.86 0.49
Ash | 2.01 0.70
Water 0.23 0.32
Phenol
ToTAL 3.57 21.67 16.79 84.59 59.06 19.55
Carbon l
Hydrogen
Nitrogen
Sulfur
Oxygen (by. diff)
Ash
TOTAL
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Quantitative

-~

Run No: L~1lK

ADJUSTED MATERIAL BALANCE"
Normalized with V-8 Btms Composition Calculated

PROJECi" LIGNITE

Revised: 1/4/78

MATERIAL OUT

Temperature: 757°F
Pressure: 2500 psig

Date: -8/3-4/77 LHSV: 1.42
Time:  1700-0500 1bs/hour GHSV:336
STREAM DESCRIPTION Total
SAMPLE POINT
Hydrogen - H, 1.24
Carbon Monoxide-CO 11.49
Carbon Dioxlde ~CO, | 12.‘03
Hydrogen Sulfide-H,S 0.14
Methane - CH, 0.63
Ethane~ CaHg 0,49
Propane=CyHg 0.36
Butone — Cq‘H,o
Nitrogen-N; 0.15
Ammonia=NH, 0.06
Light 0"'(88' Torr) 117.31
Solvont-(}%o.‘rﬁff)fc@ 73.17
Heavy Oll-&7e Form)” 2.47
SRL 13.57
Cool {MAF) 3.35
Ash 2.71
watar 15.69
Phenol
TOTAL 8. Ak
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash -
TOTAL

r———Elementaol
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated:

Run No:
Date:
Time:

1/4/78

L-1K
8/3-4/177
1700-0500

WEIGHT PERCENT

‘SAMPLE DESCRIPTION

Lignite

SAMPLE POINT

_m;is

Makeup
Solvent

=3
Btmg

FYeed
Solvent

=8
0il

*Sx—-2

Sx-8_

Sx-12

Sx-14

Sx~16

Quantitotive

-~

Hydrogen —H,

_Sx~1

Carbon Monoxide—CO

Carbon Dioxide -CO,

Hydrogen Sulfide-H,S

Methane -CH,

Ethane—=C2He

Propane~CsHg

Butane ~C4H;o

Nitrogen—N,

Ammonio~NH, (PPM)

.- (0-100°C @
Light Oils 1.6 Torr)

3.74

24.70

17.84

99.20

—{100-230°C
Solvent—' & Torr ) @

25.10

92.42

73.60

81.60

0.80

. _(230-2557C
Heavy Oil @1.6 Torr)

3.64

1.70

0.20

SRL

67.85

Coal (MAF)

61.92

2.91

Ash

5.72

Water

32.36

4.14

0.20

0.36

Phenol

TOTAL

100

100

100

100

100

100

Pyridine Solubles W! ;’r{ge,

96.96

Melting Point °F

230

Specitic Gravity 60/60

1.040

1.007

1.030

Viscosity , ¢p

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg.

,—— lemental

2

2

2

*Distillable oil calculated by following equation .

Wt% Distillable 0il = -0.1273 (F-1 Btms Melting Point) + 54.38.

-230-
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PROJEC". LIGNITE
SAMPLE ANALYSIS

Quantitative

Ve

————— Elemental

Updated: 1/4/78
Run No: L-1K
Date: 8/3-4/717
Time:  1700-0500 WEIGHT PERCENT
SAMPLE DESCRIPTION| §-8 98 groduct ged 8it° Water
SAMPLE POINT Sx-16 Sx-16 Sx-19 sx-21 |  Sx-23 Sx-23
Hydrogen —H, 5.12 7.32
Carbon Monoxide-CO 47.21 91.61
Carbon Dioxide —-CO, 41.66
Hydrogen Sulfide-H,S 0.46
Methane -CH, 2.40
Ethane—CzHs 1.64
Propane~CxsHe 0.84
Butane —=C4H,o
Nitrogen—N, 0.53 1.07
Ammonia=NH, (PPM) 0.14 0.14
Light ons-(f;".’r‘;:f @ 99.20 61.04
SOIvcnt-(:%o-'rgfro)uc ® 0.80 31.70
Heavy Oil—%zi%-?gf;c 5.60
SRL
Cool (MAF)
Ash
Water 100 1.66 99.86
Phenol
ToTAL 100 100 100 100 100 100
Pyridine Solubles Q’::‘ :r/:e)
Melting Point °F
Specific Gravity 60/60
Viscosity, cp
Carbon
1Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Sample Avg. - 2 2 2 2 2
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Quantitotive

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/4/78

7 Elemental.

Run No: 'L-1K
2?1::1:: 1?68:3é55 WEIGHT PERCENT
SAMPLE DESCRIPTION %;ﬁg_l__ Yros | 'ovhd Ovid Diseh. | Yers
SAMPLE POINT Sx-23 Sx-27 Sx-28 Sx-30 Sx-32 $x-33
Hydrogen ~H, 2.37 1.24
Carbon Monoxide-CO 24.00 16.20
Carbon Dioxide —CO, 62.93 70.41
Hydrogen Sulfide~H,S 1.25
Methane -CH, 2.;3 2.35
Ethone—CzHs 2.78 3.60
Propane~Cxs Mg 3.48 6.20
Butane ~C4H)p
Nitrogen—=N, 0,70
Ammonia—NH; (PPM) 0.11 0.26
tgnt oin-OcRVE®T 1 44 39.25 99.15 54.85
Solvent~ :.6 Torr | 5.94 24.98 0.85 5.20
Heoavy 0“‘@3|.s-1on)c 1.05 3.24
SRL 11,56
Coal (MAF) 15.14
Ash 5.83
Water 81.46 39.95
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles ! 7o, |
Melting Point °F
Specific Gravity 60/60
Viscosity, cp
Carbon -
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Sample Avg. 2 2 2 | 2 . 2 1
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Quantitative

-~

————— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated:

Run No:
Date:
Time:

1/4/78

L-1K
8/3-4/77
1700-0500

WEIGHT PERCENT

SAMPLE DESCRIPTION

S-4A
0il

S—-4A

SAMPLE POINT

Sx~-37

Sx~37

S-4A
1

Recycle
Sofzent

Deashin
Solventg

V-8
Btms

Sx-37

Sx-39

Sx-40

Calc.

Hydrogen ~H,

Carbon Monoxide~-CO

Carbon Dioxide—-CO,

Hydrogen Suitide~H,S

Methane ~CH,

Ethane—C2Hs

Propono-c; He

Butane ~C4Ho

Nitrogen—N,

Ammonia=NH, (PPM)

0.16

.~ (0-100° C @
Light Oils 1.6 Torr)

69.00

68.46

17.35

99.80

39.25

_{100-230%¢C
Solvent 1.6 Torr) @

29.20

28.97

80.00

0.20

24.98

. _(230-255°C
ﬂ.ow O_" @1.6 Torr)

1.80

1.79

2.10

3.24

SRL

10.07

Coal (MAF)

13.18

Ash

9.28

Water

99.84

0.78

0.55

Phenol

TOTAL

100

100

100

100

100

100

‘g (wt %5
Pyridine Solubles ash fr:e

Molting Point °F

Specific Grovity 60/60

1.031

Viscosity , cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dift)
Ash

TOTAL

Number of Sample Avg.
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Quontifoﬁiu

N\

;——— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/4/78
Run No: L-1K
Date: 8/3-4/177
Time: 1700-0500 MOLE PERCENT
SAMPLE DESCRIPTION | Pggduct Ty ed ~5-iA Didet.
SAMPLE POINT Sx-19 5x~-21 $x-30 Sx-32
Hydrogen —H, 46.90 52,50 30.73 19.29
‘| Carbon Monoxide~CO 30.90. 46.95 22.19 18.05
Carbon Dioxide—CO, 17.35 37.03 49.93
Hydrogen Sulfide-H,S 0.25 0.95
Methane -CH, 2.75 3.60 4.59
Ethone—C2He 1.00 2.40 3.74
Propane=C3Hs 0.35 2.05 4.40
Butane —C4H,o
Nitrogen—N, 0.35 0.55 0.65
Ammonio=~NH, (PPM) 0.15 0.40
Light ona-,(ﬁ;"}?:,,m
Solvent '(: .060 }gi())" C@
Heavy on'ésl?s-'lz'or?)c
SRL
Coal (MAF)
Ash
Water
Phenol
TOTAL 100 100 100 100
Calc. Mole Wt. 18.33 14.35 ©25.89 31.20
Melting Point °F
Spacific Gravity 60/60
Viscosity , ¢p
Carbon
Hydrogon
| INitrogen
- Sulfur
Oxygen (by diff)
Ash
TOTAL ;
Number of Somple Avgq. ‘ 2 2 2 2
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PRC 'ECT LIGNITE
SANMPPLE ANALYSES
RUN NO! L-1x
DATE: 8/3-4/77
TIME: 1700~0500

SAMPLE DESCRIPTION LEC Btms Feed Solv|S-8 0il S—-4B 0il V-9 Ovhd
SAMPLE POINT Sx=12 Sx-14 Sx=16 Sx-23 Sx-28
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 5
18P 104 78
5% r 108 93
Fno% 111 106
) 20% © 118 130
= 30% 5 126 152
S 40% @ 136 167
5 509 e 149 177
o ° a
L 60% © 165 183
E 70% 3 176 189
g 80 % 0 185 196
S 90% 196 206
Lgs o, 207 212.5
DRY PT. 211 230
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 742 737 749
18P 40 83 107
5% r 89 101 112
r“)% 4 101 126 112
E 20% o 116 201 112
W 30% o 1723 775 117
€ 40% « 138 245 112
& 50% i 159 261 112
w 60% = 188 272 113
2 70% g 198 278 113
3 80% & 207 317 13
> 90% v 220 113
Loso, L 226 115
DRY PT. 230 336 125
ASPHALTENE TEST '
WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES & DIST. OIL
TOTAL
SAYBOLT VISCOSITY, SSU
100° F 10.8 11.4
210° F 2.5 8.8
MISCELL ANEQUS
KF_H0 WT %/ (Raw Sx) ‘ 0.36 0.52 1.66
INFRARED RATIO 0.29
SP, GRAV. 60/60 F 1.007 1.030

PREASPHALTENES ~ PYRIDINZ SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES~ BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL

MALTENES- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

DISTILLABLE OiL -RECOVERABLE BY DISTILLATION. USUALLY LESS THAN 5% FOR THE F-i| VACUUM BOTTOMS MATERIAL
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PRCJECT LIGNITE
SAMPLE ANALYSES
RUN NO: L-1K
DATE: 8/3-4/77
TIME: 1700-0500

SAMPLE DESCRIPTION Cold Trap) S—-4A 0il S-7 Btms [Deash.Solv
SAMPLE POINT Sx-33 Sx-37 S$x-39 Sx-40
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5
18P 78
5% r 88
ruo% 100
O, (&}
s o °. The
w w
g 40% :: 163.5
& 50% ’&' 176
w 60% 5 183.5
s 70% a 188
S =
3 80% n 195.5
> 90% 213
959, L 226
DRY PT. 227
ASTM D-B6 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR | 744 749 744
iBP 91 84 106
5% l’—) 101 107 109
ﬁo% 106 139 110
£ 209% s 113 198 111.5
W 30% o 113 218 111.5
€ 40% x 115 229 112
a 50% = 116 239 112
w 60% o 1119 256 112
2 70% S | 124 278 112
o 80% W | 142 315 112
>L‘9O°/o 162 346 112
95 % L 351 112
DRY PT. 167 360 176
ASPHALTENE TEST
WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES 8 DIST. OiL
TOTAL
SAYBOLT VISCOSITY, SSU
100° F 11.5
2109 F 8.6
MISCELLANEOUS
KF H0 WT % (Raw Sx) Q.55
INFRARED RATIO
SP. GRAV. 60/60 F 0.969 1.031

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES- BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL

MALTENES~- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

DISTILLABLE OIL ~RECQVERABLE BY DISTILLATION, USUALLY (ESS THAN 5% FOR THE f-1 VACUUM BOTTOMS MATERIAL
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DISTILLABLE OIL CONTENT OF F-! BOTTOMS

VERSUS
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PROJEC! LIGNITE
MEASURED MATTERIAL BALANCE-

Revised: 1/4/78

MATERIAL OUT Temperature:757°F
Run No: L[-1K Pressure: 2500 psig
Date: 8/3-4/77 LHSV: 1.42
Time: 1700-0500 : 1bs/hour GHSV: 336
(" Product S=4K S=4B S5-8 S5=8 J-1
STREAM DESCRIPTION Gas Ovhd Btms Ovhd | Btms  Exhaust |
SAMPLE POINT Sx-19 S$x-30 Sx-23 Sx-44 Sx-16 Sx~32
Hydrogen - H, 1.12 0.08 0.01
Carbon Monoxide~CO 10.33 0.85 0.11
Carbon Dioxide - CO, . 9.12 2.22 0.49
Hydrogen Sultide-H,S 0.10 0.04
Methane- CH, 0.52 0.08 0.02
Ethane - C2Hg 0.36 0.10 Q.02
Propane- CyHg 0.18 0.12 0.04
Butane — CQH|°
o|Nitrogen-Nz | .12 0.02
> .
5 “"‘"‘°“'°'(:t"soooc 0.03 0.01 0.02
E Light O/’ Tor;)@ , 2.09 7.27
_{100-230%C
3 | Solvent ("%’5'2255?\; 1.08 0.06
Heavy Oll~@y 6 Torr) A 0.19
SRL
Coal (MAF)
Ash
Water 14.87
Phenol
_LToTAL 21.88 3.52 18.25 | Negl. 7.33 0.69
h :
Carbon
Hydrogen
Nitrogen
Sulfur
§ Oxygen (by diff)
S
€ |Ash
2
w
t TOTAL
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Quantitative

——Elemental

PROJECT LIGNITE
MEASURED MATERIAL BALANCE
Revised: 1/4/78

MATERIAL OUT

Temperature:757°F

Run No: -1K Pressure: 2500 psig
Date: 8/3-4/77 LHSV: 1.42
Time: 1700-0500 1bs/hour GHSV: 336

streaw oescrerion]  £08 T el | tms | ovha  |'s bems [P bems

SAMPLE POINT Sx=33 Sx=27 Sx=2 Sx-28 Sx=39 Sx-12_
Hydrogen - H,

Carbon Monoxide-CO

Carbon Dioxide ~CO, ‘

Hydrogen Sulfide-H,S

Methane - CH,

Ethane - C, Hg

Propane-CyHq

Butane — C4H;o

Nitrogen-N,

Ammonia-NHy

ignt on-{PZI00TC®T ) 5y 8.35 83.87 10.25 4.83
soivent -(100-23°C®[ 5 5.32 4.14 0.72 47.25 14.39
Heavy Ollﬁgﬁiﬁc 0.69 1.24 0.33
SRL 2.46 11.18

Cool (MAF) 3.22 0.48

Ash 1.24 0.68

Water 0.22 ‘ 0.32

Phenol

ToTaL 0.56 21.28 16.48 | 84.59 59.06 19.55
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL
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Quantitative

——Elemental

Run No: L-1K
Date: 8/3-4/77

PROJEC! LIGNITE
MEASURED MATFRIAL BALANCE
Revised: 1/4/78

MATERIAL OUT

1bs/hour

Temperature:757°F
Pressure: 2500 psig
LHSV: 1.42

Time: 1700-0500 GHSV: 336
STREAM DESCRIPTION Tgﬁﬁl
_S‘LEPL‘EM;;)—I;}-M - RUUURURS [PPSR RS
Hydrogen - H, 1.21
Carbon Monoxide~-CO 11.29
Corbon Dioxids - CO, 11.83
Hydrogen Suifide-H,S 0.14
Methane- CH, 0.62
Ethane - Cp Hg 0.48
Propane=~CygH, 0.34
Butane = C4Hio
Nitrogen-~N; 0.14
Ammonia-NHg 0.06
Light o2 ;100" €@ 116.97
Solvant-(]Q0:230°C® 72.99
Heovy Oli@zjg-?z?;c 2.45
SRL 13.64
Coal (MAF) 3.70
Ash 1.92
Water 15.41
Phenol
TOTAL 253.19
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by dift)
Ash
TOTAL
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APPENDIX D

Process Development Unit Run L-2
August 21 - September 23, 1977

Run L-2 was the second of three runs scheduled for 672 hours
of continuous operation. The objectives were (1) to evaluate long
term plant operability with continuous liquefaction solvent recvcle
and (2) to determine the effects of off-gas clean-up and recycle
on liquefaction yields.

Nominal run conditions were similar to those of previous
Run L-1 and were 8290-830°F maximum reaction temperature and 2500
psig dissolver operating pressure with liquid and gas hourly
space velocities of 1.43 and 336, respectively. All recoverable
organic distillates boiling above 350°F were recycled. The main
product gas stream was caustic washed to remove carbon dioxide
and hydrogen sulfide and then approximately three quarters was
recycled and one quarter vented to the thermal oxidizer. One
reactor volume, about 1.4 cubic feet, was used throughout the
run. '

Initially Run L-2 got off to a bad start because plugging in
some lines that had not been replaced at the end of Run L-1 delayed
PDU startup. Later, after coal processing had started, a solid
state contactor in the electrical circuit servicing the heat
tapes on the F-1 vacuum bottoms draw off leg failed closed,
allowing the leg to overheat and coke the vacuum bottoms.

Operating difficulties initiated by the plugging of the
vacuum flash tower bottoms outlet were compounded when the S-1
high pressure slurry letdown valves started leaking. These
problems, coupled with other minor operating problems with the
slurry charge pumps, consumed approximately the first 155 hours
of the scheduled 672. To compensate, the run was extended an
additional 144 hours for a total of 816 hours.

With the initial problems resolved, satisfactory startup was
achieved on about the sixth day of operations. The unit operated
at temperature for about thirty hours, then problems developed
with the slurry charge pumps. The pumps worked well with solvent
but not with coal slurry. This apparently resulted from an
increase in the particle size distribution of the ground coal
caused by a worn screen in the coal pulverizer. Sieve analvses
for a feed coal sample taken while the pumping problem existed
and one taken during the earlier M-series of runs are compared
on the following page.
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US Screen Sieve Total Percentages

Mesh On Passing
: L-2 M-Series L-2 M-Series

65 21.9 0.4 78.1 09.6
100 39.5 3.3 60.6 96.7
150 53.1 16.2 36.9 83.8
170 78.5 43.5 21.5 56.5
230 89.3 71.6 10.8 28.4
325 95.3 90.7 4.8 9.3
Pan 100.0 100.0 0.0 0.0

There is a significant change in the particle size distribution
between the M-series and L-2 feed coal samples. These larger
particles are believed to have interfered with the proper
sealing of the slurry pump check valves and consequently with
the pump's overall performance.

When a new pulverizer screen had been installed and a finer
feed coal prepared, the run progressed smoothly, although some
minor problems did arise. Solvent recovery during the run was
less than desired but better than during Run L-1. The loss
amounted to about 10 percent of the hourly feed solvent rate and
aside from the usual loss due to sampling occurred mainly in the
waste water and the light ends column overhead streams.

The problem of solids accumulation in the reactor was also
encountered. After processing coal for approximatelyv 220 hours
in Reactor R-1A, the melting point of the F-1 vacuum bottoms had
risen to about 4500F. This high melting point material offered
considerable resistance to removal from the vacuum flash tower,
The high melting point of the F-1 vacuum bottoms also indicated
a low level of conversion and preparations were made for switching
to Reactor R-1B. The coal feed was stopped and Reactor R-1A was
flushed with solvent for about 12 hours while cooling. The
vessel was then depressured, disassembled and cleared of solids
buildup which amounted to approximately 32 percent of the free
volume of the reactor.

With Reactor R-1B in service, the unit was brought to
reaction conditions and coal processing resumed. The effects of
switching to a clean reactor were immediately apparent in the
improved operation of the vacuum bottoms removal system and in
the reduced malting point of the vacuum bottoms (320-350CF).

After switching reactors, the unit operated smoothly for
another 70 hours of coal processing, then the back pressure
control valve plugged causing a major upset in the liquefaction
section and a forced shutdown resulted. Approximately 40 hours
were required to clear or replace plugged lines, after which the
unit was restarted and heated. Coal processing resumed and
proceeded smoothly for about 110 hours then was interrupted
because of plugging in vacuum flash drum F-1 and its bottoms
drawoff line. Slurry overflowed the vacuum flash tower, plugging
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the overhead vapor condenser, the condensate accumulator S-7,
the line from S-7 to the condensate bottoms pump, the pump
itself and the line from the pump to the solvent accumulator
A-5A. The liquefaction section was flushed with raw solvent
and cooled for shutdown. Complete disassembly of the vacuum
flash - solvent recovery equipment was required for cleaning
and this, along with reassembly, consumed the remaining 94
hours of the run period. ' ‘

Eight yield periods, each nominally 12 hours long, and
one overall material balance (441.4 hours long) were completed
during Run L-2. Quantitative material balances were made for
all, and elemental balances made for six of the nine yield periods.
All nine data period workups, including quantitative and elemental
balances, sample analyses, ASTM D-86 and D-1160 distillation data
and the average run conditions are attached.

Material balance closure varied from 94.7 percent for the
overall balance to an average of 98 percent for the eight standard
length data periods. The 12 hour. 1long yield periods were all
adjusted to 100 percent recovery in similar fashion. The main
adjustment was made by increasing the product gas rate and
calculating the recycle gas rate so that its contribution to the
feed gas was consistent with the total feed gas rate and
composition. The makeup gas rate was assumed to be the difference
between the feed gas and recycle gas rates. In addition, some
minor adjustments to the F-1 vacuum bottoms and J-1 discharge
rates were made for certain yield periods. These adjustments
involved assuming a value of 1/2 pound per hour for the J-1
discharge rate in those cases where the metering orifice was
not working properly and changing the F-1 wvacuum. bottoms rate so
that the ash out was less than or equal to the ash measured in
for that particular data period. In the case of the F-1 bottoms
rate change, the adjustment involved approximately the amount of
material contained in one cycle of the vacuum bottoms drawoff
system. Thus, depending on how quickly the vacuum bottoms
collection drum was changed at the end of the yield period, the
drum may have contained slightly less or slightly more vacuum
bottoms material than that actually produced during the time
period in question. Finally, in those yield periods for which
elemental analyses were available and carbon balances were poor,
forced carbon balances were made by adjusting the oil-water ratio
in the waste water streams.

In the overall material balance, adjustment to 100 percent
recovery was slightly different from that of the shorter yield
periods because of the greater uncertainty in product rate
measurements. The first step in adjustment was to increase the
product gas rate so that the total gaseous nitrogen out equaled
that in the feed. Next the F-1 vacuum bottoms rate was adjusted
to satisfy a forced ash balance and then any remaining error was
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normalized among the other outgoing liquid streams. With this
completed a forced carbon balance was made and the oil-water
ratio of the waste water stream adjusted as required. The end
result of these adjustments to the overall material balance
agreed with the results obtained from the shorter yield periods.

A comparison of the results for the nine data periods
along with the average for the eight 12 hour long yield periods
is shown on the following page.

Conversion of MAF lignite to gas, oil and SRL varied from
83 to 91.5 weight percent with the overall conversion for the
run being 88.7 percent.

In general, the net gas yield was equal to 30.6 weight
percent of the MAF lignite charged and the net hydrocarbon liquid
yield 63.5 weight percent. Distillable o0il made up 24.6 percent
of the total organic liquid yield while SRL comprised the
remaining 75.4 percent.

Actual solvent recovery for recycle during the coal
processing period was about 92.6 percent. For the entire 600
odd hours of operation it was necessary to add about 3400 pounds
of fresh solvent to maintain the working inventory. This
constituted as hourly loss of about six percent of the feed solvent.

The calculated maximum possible solvent recovery on a total
0il basis was 104-105 percent and on a light oil free basis
90-94 percent.

Consumption of reducing gases on a hydrogen equivalent
basis was 2.1 weight percent of the MAF lignite or 4.0 standard
cubic feet per pound MAF lignite charged.

As mentioned earlier, the two general objectives of Run L-2
were (1) to determine the effects of partial product gas recycle
and (2) to determine the effects of extended solvent reuse.

Analysis of the first objective is perhaps best accomplished
by comparing the average results of all 12-hour yield periods for
Run L-1 with a similar average from Run L-2. This is done in
Table 2 on the following page. In the overall averages for these
two runs, the effects of extended solvent reuse should be
approximately the same in both cases and the differences in
product yields then attributeable to gas recycle or to variations
in other wvariables. The average results of the two rumns in
Table 2 do indicate some differences in net yields, but the
magnitudes of the differences are small and perhaps due to
experimental or material balance adjustment errors. Thus, the
results of the two runs appear equivalvent,

In regard to plant operability, the same type of problems
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Yield Period

Reactor in Use

SLS System in Use
LHSV

GHSV

Solvent /MAF Coal Ratio
Hy/CO Mol Ratio

Temperatures, °F
Preheater Outlet, E-1
Reactor 3 ft
Reactor 7 ft
Reactor 11 ft
Reactor 15 ft
Vacuum Flash Ovhd

Dissolver Pressure, psig

Solvent Recycle, %
Actual
Possible
Possible (Ex Lt 0il)

Yields, Wt % MAF Coal

Net Gas
Net Liquid
(Dist 0il)
(SRL)
Net Water and Ash
Unconverted Coal

Overall Material Balance,

Solvent Passes @ Mid-Y.P.

L-2B

R-1A
No
1.38
321
3.00
1.71

746
778
823
820
820
512

2460

89.
103.
94.

wo =

36.6
49.6

98.

Table 1

Process Development Unit Run L-2

L-2C L1L-2D 1-2E L-2F L-2G L-2H 1L1-21
R-JA R-1A R-1A R-1B R-1B R-1A R-1A
No No No No No No No
1.37 1.38 1.48 1.41 1.40 1.40 1.42

320 320 309 354 358 332 340
3.21 3.14 3.04 3.28 3.14 3.07 2.96
1.86 1.72 1.20 1.23 1.17 1.10 1.34

751 747 741 726 721 729 738

776 752 739 747 745 777 699

825 809 808 791 788 786 765

816 793 780 818 824 786 777

822 808 798 832 829 785 787

505 503 496 509 505 496 492
2460 2450 2450 2460 2460 2450 2450
92.3 93.1 91.6 101.0 92.7 100.2 98.5

104.2 100.0 101.2 105.4 107.2 107.0 104.8

92.8 91.9 89.5 95.6 94,7 95.7 96.7

38.3 23.6 21.8 38.2 36.7 28.4 22.3

49.6 58.6 62.0 58.8 61.6 70.4 75.7

(9.0) (13.7) (-0.1) (3.7) (17.7) (22.6) (21.3) (14.3
(40.6) (35.9) (58.7) (58.3) (41.1) (39.0) (49.1) (61.4
-1.9 0.7 -0.8 -5.8 -6.7 -8.1 -6.5

14.0 17.1 17.0 8.8 8.4 9.3 8.5

98.7 99.9 99.2 96.7 96.7 97.9 96.0

2.4 12.0 14.9 4.5 5.5 15.6 16.8

0
15.8
5
3

Overall
L-2

No
1.42

325
3.10
1.38

737
752
799
802
810
502

2460

[a-
=
w

~NOoO o

L-2B thru I
Average

No
1.40

332
3.10
1.42

737
752
799
802
810
502

2460

94.
104.
93.

O =

30.7
60.8
(12.8)
(48.0)
-3.9
12.4

98.0



Process Development Unit Runs L-1 & L-2

Run

LHSV

GHSV

Solvent/MAF Coal Ratio
Ho/CO Mole Ratio

Temperatures, °F
Preheater Outlet, E-1
Reactor, 3 ft
Reactor 7 ft
Reactor 11 ft
Reactor 15 ft
Maximum Reaction
Vacuum Flash Ovhd

Dissolver Pressure, psig

Solvent Recycle, 7%
Actual
Possible

Yields, Wt % MAF Coal
Net Gas
Net Liquid
(Dist. 0il)
(SRL)
Net Water and Ash
Unconverted Coal

Overall Material Balance,

Table 2

L-1B - L-1K
Average
1.42
328
2.96
1.13

730
753
785
784
822
822
515

2500

90.3
104.0

31.3
66.1
(13.2)
(52.9)
-5.2
7.8

% 99.8
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L-2B - L-2I
Average
1.40
332
3.10
1.42

737
752
799
. 802
810
810
502

2500

94.8
104.1

30.7
60.8
(12.8
(48.0)
-3.9
12.4

98.0



were encountered in both runs.

In summary then, operating with gas recycle posed no new
operating problems and resulted in approximately the same net
vields as operating with once-thru gas.

The effects of extended solvent recycle are more apparent
in Run L-2 than in previous Run L-1, perhaps because of the
better and longer operating periods without makeup solvent
addition. The approximate number of solvent cycles without
makeup solvent through the liquefaction reactor at the middle
of each L-2 yield period was calculated and the net yields
obtained in each data period plotted against the number of
solvent passes. These are presented in Figure 1 on the following
page. :

Solvent recycle appears to have little effect on MAF lignite
conversion. Conversion remains fairly constant at about 88 percent
even though the temperature is lower in the runs with longer
solvent recycle, which in this temperature range usually lowers
conversion. Previous data obtained in Run M-29 indicated that
the overall MAF lignite conversion increased with solvent recycle
until about 8 passes, then leveled off and became constant.

This trend might have been better demonstrated in Run L-2 had
the temperatures been better controlled at the desired level.

Continued solvent recycle seems to favor. increased total
net liquid yields while the net gas yields decrease as the
liquefaction solvent becomes more coal derived, though again’
this may be partially the effect of temperature. Water consumption
remains relatively constant at about 4 weight percent of the MAF
lignite.

Figure 2 presents a plot of the distillable o0il and SRL
components of the net liquid yield versus the number of solvent
passes. With increasing solvent recycle and with decreasing
temperature, the net SRL yield increases while net distillable
0il yield decreases. If this trend persisted through greater
solvent recycle, and perhaps decreasing temperature, only SRL
might be generated, though in that case solvent production could
be decreased below solvent sufficiency.

During Run L-2, the feed solvent was monitored by infrared
spectroscopy for the aromatic-to-aliphatic carbon ratio, and
analyzed for sulfur content periodically. Graphs of the IR ratio
and sulfur content versus hours of use without make-up are shown
on the following pages. In Figure 3, the infrared ratio (and
consequently the solvent aromaticity) increases with time until
approximately eleven solvent passes thru the liquefaction reactor
have been completed. In this particular case, approximately
150 hours were required after initial startup to complete eleven
passes. The starting solvent was the overhead condensate from
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FS-120 carbon black feed stock that had been vacuum flashed at
20 Torr and about 525°F vapor temperature. In Figure 4, the
sulfur content of the recycle solvent is shown to decrease
steadily with time and apparently would level off at some
equilibrium concentration below that shown on the graph. Batch
autoclave experiments with low-sulfur solvents indicate the
lignite derived sulfur content of SRL to be about 0.3 weight
percent and a similar or slightly higher level might be expected
for lignite derived solvent.

In review, some general statistics concerning Run L-2 are
shown in the following table:

Total Time Scheduled 816 hours
Operating Time on Coal Scheduled 796 hours
Actual Operating Time* 591 hours
~Actual Time on Coal during 441.4 hours

operating time
Time on Coal as percent of

Actual Operating Time 74.7%
Scheduled Operating Time 55.5%
Total Scheduled Time 54.1%

*From time coal first introduced at 131 hours to
time coal last shut off at 722 hours.

During the actual operating time on coal 21,468 pounds of
lignite was processed at an average feed rate of 48.6 lbs/hr.

In Run L-2 two sets of reactor solids were obtained for analysis
The first set was removed from dissolver R-1B, which had been shut-
down after approximately 48 hours of coal processing because of a
leaky bottom closure. During shutdown the reactor was cooled to
about 600°F by flushing with solvent for six hours. Flows were
then stopped and the reactor was isolated and allowed to cool to
room temperature, after which it was depressured, disassembled and
40 pounds of solids removed by drilling. Samples were taken at
different distances from the bottom of the reactor and each was
analyzed for ash and pyridine insoluble material. The results of
these tests are presented in Table 3, and shown graphically in
Figure 5. The mineral residue appears to be somewhat more concen-
trated near the base of the reactor, probably because of settling,
although a plating-out type of mechanism may also be involved.
The pyridine insoluble material is somewhat more concentrated in
the upper regions of the reactor, probably because the SRL product
is more subject to coking in the upper sections of the reactor
where the temperatures are higher.

The second set of reactor solids samples was obtained from
dissolver R-1A which had been shutdown after approximately 220
hours of coal processing because the melting point of the F-1
vacuum bottoms had risen excessively and presented numerous operating
difficulties. During shutdown, reactor R-1A was cooled to below
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4500F by flushing with solvent for about 12 hours. It was then
isolated and allowed to cool to ambient temperature after which
it was depressured, disassembled and 43 pounds of solids removed
by drilling. As with the solids removed from reactor R-1B, samples
were taken at various points throughout the reactor and analyzed
for ash and pyridine insoluble material. The results are shown
in Table 4 and Figure 6. The same general trends in composition
are apparent for the R-1A reactor solids as were indicated for
the R-1B solids, although one important difference mav be noted.
The concentration of both the ash and pyridine insoluble material
has been shifted to the right, indicating an increase in these
materials with time. The average data for the R-1R and R-1A
reactor solids are plotted versus hours of coal processing in
Figure 7. It appears that the amount of total solids in the
reactor remained fairly constant with time at about 29 pounds per
cubic foot of reactor volume. However, the concentrations of both
ash and pyridine insoluble material increased with time. The
pyridine .insoluble material and the ash were both higher after
220 hours of operation in reactor R-1A than after 48 hours of
operation in reactor R-1B. The apparent rate of increase over
the period from 48 hours to 220 hours was 0.027 and 0.018 pounds
per hour per cubic foot of reactor volume for pyridine insolubles
and for ash, respectively.

It is not clear as to what might happen to the reactor solids
during longer periods of coal processing; however, in the present
reactors the conversion of MAF lignite to gas, oil and SRL is
greatly decreased after approximately 220 hours of operation on
coal.
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Table 3

R-1B Reactor Solids
Run L-2
August 29, 1977
48 hours of Coal Processing
40 pounds of solids removed

Sample Location Wt % Ash Wt % Pyridine
(feet from bottom of Reactor) ‘ Insocluble Material
7 10.4 39.1
10 12.4 57.1
13 _ 11.6 57.6
15 11.5 59.9
Top 9.0 50.8
Table 4
Reactor R-1A Solids
Run L-2

September 9, 1977
220 hours of Coal Processing
43 pounds of solids removed

Sample Location Wt % Ash wt % Pyridine
(feet from base of Reactor) Insoluble Materil
Btm 28.2 43.9
3 21.5 62.7
6 19.4 69.7
12 18.1 73.5
12 15.9 73.7
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reactor in
use at any one time

Onlv one

‘RUN CONDF”ONS

RUN NO. _L=2
DATE MADE 8[21 9/23/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-|

SAND BATH 757
INLET 276
OUTLET 737
DISSOLVERS
XR%XX (1) 752
(2) 799
(3) 802
(4) 810
WXXE (1)

(2)

(3)

(@)

REACTOR PRODUCT SEPARATORS
S-1

§-2 80
5-3 497
S-4A 82
$-4B 74

PREHEATER E-Il

DOWTHERM 682

INLET 432

OUTLET 644
VACUUM FLASH F-I

OVERHEAD VAPOR 502

UPPER WALL 606

LOWER WALL 600
DOWNCOMER 550
CONDENSATE

ACCUMULATOR,S-7___ 83

PREHEATER E-13 SEPARATORS S-1 and S-2
DOWTHERM ____403 2460
INLET 80 SEPARATOR S-3
OUTLET 176 245

LIGHT ENDS COLUMN, F-2
REBOILER 314
LOWER SECTION ___229

SEPARATORS S-4A and 5-48
62

VACUUM FLASH, F-I
14 Torr

FEED SECTION 227

LIGHT ENDS COLUMN, F-2
Atm

OVERHEAD 180
5-8 73 SOLVENT COLUMN, F-3
5-9 - ) NIU
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 NIU

REBOILER NIU

LOWER SECTION

| VACUUM FLASH, F-0

NIU

FEED SECTION
OVERHEAD

SETTLING TOWER, V-8
NIU

HEAVY ENDS COLUMN, F-4
REBOILER NIU
LOWER SECTION

FEED SECTION
OVERHEAD

VACUUM FLASH,F-0
OVERHEAD
BOTTOMS

NIU ~

PRECIPITATION TOWER, V-8
ZONE (1) NIU

(2)

(3)

RECOVERY TOWER V-9
REBOILER NIU
OVERHEAD
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Start | £nd Run No:  L-2 MASS RATES AND RUNPRQDUCTGASWTHERQ‘AL 2622.0
Date of Run 18/21/7719/23/77|Units: 1bs,°F, psig CONDITIONS RODUCT GAS TO RECYCLE _ 2673.7

[Time of Run 0000 | 2400 Prep. By: GGB
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Quantitative

Run No:1.-2 Overall.

PROJECT LIGNITE

ADJUSTED MATERIAL BALANCE
Product Gas and F-1 Btms Rates Adjusted, then Normalized with Forced Carbon Balance
Revised: 3/7/78 '

SUMMARY

Temperature: 737°F
Pressure: 2460 psig

Date: 8/21-9/23/77 LHSV: 1.42
Time:  441.4 hrs of Coal Processing 1pg. GHSV: 325
STREAM DESCRIPTION T‘I’;al T8§i’1 , Y§§i‘d Wf:o§1m
SAMPLE PONT | | o '
Hydrogen - H, 554.4 473.9 -80.5 |
Carbon Monoxide-CO | 5856.9 3095.7 =2761.2
Carbon Dioxide-CO, | 27.3 5398.1 5370.8
Hydrogen Sulfide-H,S 90.6 90.6
Methane-CH, _633.4 1429.6 796.2 |{4011.9 30.63
Ethane- C2He 204.8 551.5 346.7
Propane-CyHe - 95.2 328.5 233.3
Butane — C4H¢ .
Nitrogen-N, 93.6 93.6 -0-
Ammonia—NHy 16.0 16.0 |
Light on X0 SO 0011.5 | 14914.8 | 4903.3
5°""“',“}.°s°?§?f°@ 29543.6 | 26758.5 | -2785.1 |t 8319.1 63.52
Heavy 0“_(230-255"\3 :
‘@16 Torr) | 1100.1 1029.3 -70.8
SRL___ 6271.7 6271.7 |
Coat (MAF) 13097.6 1474.4  |-11623.2 _-88.74
Ash | 1283.8 1283.8 -0- =0-
Water 7327.9 6620.1 -707.8 -5.41
Phenol
ToTaL 69830.1 | 69830.1 -0-
Carbon 48186.9 48186.9 =0~
Hydrogen 5433, 5 5668, 8 235.3
Nitrogen 334, 6 335.1 0.5
Sulfur 582.8 578.6 -4.2
Owygen (by ditt) | 94008.5 | 13776,9 | -231.6
Ash 1283.8 1283.8 -0-
TOTAL 69830.1 | 69830.1 -0-

——Elemental
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— Quantitative

r—Elemental

PROJECT LIGNITE
MEASURED AND ADJUSTED MATERIAL BALANCE
Revised: 3/6/78

- Temperature:737°F

Run No: 1.2 Overall MATERIAL IN Pressure: 2460 psig
Date: 8/21-9/23/77 LHSV: 1.42
Time: 441.4 hrs Coal Processing 1bs. GHSV: 325
 STREAM DESCRIPTIONE e e Gas | Lignise.|_Soivent 5
SAMPLE POINT Sx-20 Sx-18 Sx-1 *Sx-14
Hydrogen - H, 223.3 331.1 554.4
Carbon Monoxide-CO 1445.9 4411.0 5856.9
Carbon Dioxlde =CO, 27.3 27.3
Hydrogen Sulfide- H,S '
Methane - CH, 633.4 633‘.4
Ethane - Cz He 204.8 204.8°
Propane- CyH, 95.2 95.2
Butane — c..‘H.o
Nitrogen-N, 43.8 49.8 93.6
Ammonia-NHg
Lignt o {91007 C& 10011.5 10011.5
Solvone-“%ng?goc@ 29543.6 29543.6
Heovy ON-ETETorm) 1100.1 1100.1
SRL
Cool (MAF) 13097.6 . 13097.6
Ash 1283.8 1283.8
Water 7086.6 241.3 7327.9
Phenol
TOTAL 2673.7 | 4791.9 | 21468.0 | 40896.5 69830.1
Carbon 1344.1 | 1890.4 '9450.2 | 35502.2 48186.9
Hydrogen 439,8 331.1 1386.8 3275.8 5433.5
Nitrogen 43.8 49,8 122.4 118.6 334.6
Sulfur ‘ 128.8 454.0 582.8
Oxrgen (by ditt) 846,0 | 2520.6 | 9096.0 | 1545.9 14008.5
Ash 1283.8 1283.8
ToTAL 2673.7 | 4791.9 | 21468.0 | 40896.5 69830.1

*Based on average solvent/coal ratio (1.905)
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Quantitative

r—Elemental

Run No:

PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE .
Product Gas and F-1 Btms Rates Adjusted, then Normalized with Forced Carbon Balance
Revised: 3/7/78

Temperature: 737°F

e A S v our
Time: 441.4 hrs of Coal processing jy,4- GHsV: 325

 STREAN OESCRIPTION S oo Kcvele GagAbsorbed Ghs Ovhd_| Brms | _Ovnd
SAMPLE POINT Sx-20 Sx~20 Calc Sx-30 Calc - Sx-44
Hydrogen - H, 218.9 223.3 30.1

Carbon Monoxide=CO | 1418.0 | 1445.9 | 208.1

Carbon Dioxlde=CO, 26.7 27.3 | 393s5.0 | 1263.2

Hydrogen Sulfide-H,S 56.7 33.9

Methane- CH, 621.2 633.4 162.1

Ethane- C, Hg 200.9 204.8 129.0

Propane-CyH, 93.3 95.2. 120.2

.Butuno— CaHjo ‘

Nitrogen-N, 43.0 43.8

Ammonio~NHy 4.8 7.3

Lignt on-{P100 C@ 1599.7

Soven ([0 ZCCD 6318

Heavy Oll—(@zig'-?g?;c 34.0

SRL :

Coal (MAF)

Ash

Water 5827.0

Phenol

ToTaAL 2622.0 | 2673.7 3996.5 | 1957.3 | 8099.8 | Negl.
Carbon 1318.1 1344.1 1073.1 756.7 1884.2

Hydrogen 431.3 | 439.8 4.0 121.1 855.3

Nitrogen 43.0 43.8 - 4.0 10.0 13.8

Sulfur _ 53.5 31.9 11.4

Oxygen (by diff) 829.6 | 846.0 2861.9 1037.6 5335.1

Ash :

TOTAL 2622.0 | 2673.7 3996.5 | 1957.3 | 8099.8 Negl.
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Quantitative

———Elemental

’-

. PROJECY LIGNITE

ADJUSTED MATERIAL BALANCE
.oduct Gas & F-1 Btms Rates Adjusted, then Normalized with Forced Carbon Balance

Revised: 3/‘7/-78 Temperature:737°F

L armn o
Time: 441.4 hrs of Coal Processing 1bs. GHSV:325
streaw 0escRPTioN “5cus | priouor | Tean | Beme |57 Bime |1EC Bia |
SAMPLE POINT Sx~16 Sx-32 Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H, 1.6
Carbon Monoxide~CO 23.7
Carbon Dioxide —CO, 145.9
Hydrogen Sulfide-H,S
Methane~ CH, 12.9
Ethane - Cz Heg 16.8
Propane- CyHg 19.8
Butane — C4H|o
Nitrogen~Nj
Ammonia-NH,
ignt on-PEYC 5@ 1499.7 50.9 5807.4 | 5957.1
Sotvant 107500 O | 131.4 7. 1056.9 | 21087.1 | 3845.7
Heavy Ol1-12307255%

@!.6 Torr) 13.0 863.2 119.1
SRL 6271.7
Coal (MAF) 1474 .4
Ash 1283.8
Water 553.3 63.8 176.0
Phenol
ToTat 2197.4 220.7 122.3 |10084.8 | 27933.7 9921.9
Carbon 1353.8 89.3 51.9 | 7755.2 | 24285.6 | 8274.9
Hydrogen 253.8 11.8 11.8 476.0 2192.8 871.1
Nitrogen 2.0 .2 | 101.9 86.6 | . 29.8
Sulfur 4.4 .4 99.8 329.6 47.6
Oxygen (by diff) 583.4 119.6 58.0 | 368.1 1039.1 698.5
Ash 1283.8
ToTAL 2197.4 220.7 122.3 | 10084.8 | 27933.7 9921.9
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ADJUSTED MATFRIAL BALANCE

PROJEC!' LIGNITE

Product Gas and F-1 Btms Rates Adjusted, then normalized with Forced Carbon Balance
Revised: 3/7/78

Quantitative

——Elemental

Temperature: 737°F

Run No: L-2 Overall Pressure: 2460 psig
Date: 8/21-9/23/77 MATERIAL OUT LHSV : 1.42
Time: 441.4 hrs of Coal Processing 1bs. GHSV: 325

STREAM DESCRIPTION Tgﬁil
SAMPLE POINT

Hydrogen - H, 473.9
Carbon Monoﬂdo-col 3095.7
Carbon Dioxide ~ CO, 5398.1
Hydrogen Sulfide-H,S 90.6
Methane - CH, 1429.6
Ethane~ Cy He 551.5
Propane~ Cy Hg 328.5
Butane — C4Ho

Nitrogen-N, 93.6
Ammonia=-NHy 16.0
Light onpS10" 5@ 14914.8

: 100-230

Solvent -(|00-230°C® 26758.5
Hoay on-E00-20% 1029.3
SRL 6271.7
Coal (MAF) 1474.4
Ash _1283.8
Water 6620.1 .
Phenol )
TOTAL 69830.1
Corbon | 48186.9
Hydrogen 5668.8
Nitrogen 335.1
Sulfur ' 578.6
Oxygen (by diff) 13776.9
Ash 1283.8
TOTAL 69830.1
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~ Quantitative

ital

El

PROJECT LIGNITE .
SAMPLE ‘ANALYSIS

Updated: 3/7/78

f

\

Run No® L-2 Overall
Date: 8/21-9/23/77
Time: 441.4 hrs. WEIGHT PERCENT
SAMPLE DESCRIPTION| Tignice | brts | BGe | ohioda | 583 | tater
SAMPLE POINT Sx-1 *Sx-2 Sx~12 Sx-14 Sx-16 Sx-16
Rydrogen —H,
Carbon Monoxide—CO
Carbon Dioxide-CO,
Hydrogen Sulfide-H,S
Methaone -CH,
Ethane—CzHe
Propono—cgﬂg
Butane ~C4H,o
Nitrogen—N,
Ammonia—NH, (PPM)
Light oils-{9100" € @ 60. 04 24.48 91.22
Solvent (10 7230°C® 10.46 | 38.76 72.24 7.99
Hoovy 0il-&0"20% 1.20 2.69 0.79
SRL 62.19
Coal (MAF) 61.01 14.62
Ash 5.98 12.73
Water 33.01 0.59 100
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles (! 7o | 83.25
Melting Point °F 345
Specific Gravity 60/60 0.990 1.042
Viscosity, cp »
Carbon 44,02 76.90 83.40 86.81 82.35
Hydrogen 6.46 4.72 8.78 8.01 11.69 11.11
Nitrogen 0.57 1.01 0.30 0.29 0.12
Suttur 0.60 .99 0.48 1.11 0.27
Oxygen (by dift) 42.37 3.65 7.04 3.78 5.57 88.89
Ash: 5.98 12.73
TOTAL 100 100 100 100 100 100
Number of Sample Avg.
*Wt % distillable oil calculated by following equation:
Wt % distillable oil = -0.1273 (F-1 Btms melting point) + 54.38
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Quantitative

tal

vl

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/7/78

Run No: L-2 Overall

Date:  8/21-9/23/77 , :

Time: 441;4 hrs.- WEIGHT PERCENT
SAMPLE DESCRIPTION| 13¢5 | Magegp | Prpduct | Regycle | Tegd ™ 1  8-4B
SAMPLE POINT Sx-16 Sx-18| Sx-19 Sx-20 Sx-21 Sx-23
Hydrogen —-H, 6.91 4.57 8.35 7.40
Carbon Monoxide-CO 92.05 | 29.21 54.08 74.94
Carbon Dioxide~-CO, 44.78 1.02 0.41
Hydrogen Sulfide-H,S “0.65
Methane ~CH, 13.46 23.69 10.35
Ethone-C:2H¢ 4,42 7.66 3.59
Propane~CxHg 2.06 3.56 2.17
Butane—C4H,o
Nitrogen—N, 1.04 0.79 1.64 1.14
Ammonia~NH;, (PPM) 0.06
Light 0ils- 0100 C @ 0 55 69.75
Solvent-11Q2230°C@[ 5 oo 27.56
Hoawy 0I-@2 20| 0.59 1.49
SRL
Coal (MAF)
Ash
Water 25.18 1.20
Phenot
TOTAL 100 100 100 100 100 100
Pyridine Solubtes W! o
Melting Point ?F
Specific Grovity 60/60 0.979
Viscosity , ¢p
Carbon 61.61 39.45 40.06 50.27 44.64 82.17
Hydrogen 11.55 6.91 9.23 16.45 11.10 9.15
Nitrogen 0.09 1..04 0.84 1.64 1.14 0.28
Sulfur 0.20 0.61 0.50
Oxygen (by dift) 26.55 52.60 49.26 31.64 43.12 7.90
Ash
TOTAL 100 100 100 100 100 100

Number of Sample Avg,
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Quantitotive

,—— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/7/78

Run No: L-2 Overall
Date: 8/21-9/23/77
Time: 441.4 hrs.

WEIGHT PERCENT

SAMPLE DESCRIPTION| =48 | [S-4B Bvkd  |pischarge | TP3p | Btms
SAMPLE POINT Sx-23 Sx-23 | Sx-30 Sx~-32 Sx-33 Sx-34/39
Hydrogen ~H, ) 1.54 0.71
Carbon Monoxide-CO 10.63 10.73
Carbon Dloxide ~CO, 64.54 66.13
Hydrogen Suifide-H,S 1.73
Methane -CH, 8.28 5.84
Ethone — C2He 6.59 7.63
Propane—-Cx Mg 6.14 8.96
Butane —C4H,o
Nitrogen-N, 0.35

| Ammonia~NH (PPM) 013 0.11 0.20
Light Oits-10190° ¢ ® 8. 86 41.65 | 20.79
Solvonf—(:%o}ﬁ%um 3.50 6.19 75.49
Heayy 0il-{&30°255'C: 0.19 3,09
SRL
Coal (MAF)
Ash
Water 99.87_ 87.34 52.16 0.63
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles ! 7o
Melting Point °F
Specific Gravity 60/60 1.048
Viscosity , ¢p
Carbon 10.44 38.66 40.45 42,47 836.94
Hydrogen 11.12 10.87 6.19 5.33 9.62 7.85
Nitrogen 0.12- 0.14 0.51 0.13 0.31
Sulfur 0.06 1.63 0.33 1,18
Oxygen (by dift) 88.76 78.49 { 53.01 54.22 47,45 3.72
Ash
TOTAL 100 100 100 100 100 100
Number of Somple Avg,

~267-




Quantitative

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/7/78

Run No: L-2 Overall
. Date: 8/21-9/23/77
Time:  441.4 hrs. WEIGHT PERCENT

SAMPLE DESCRIPTION| §79A | foid, Torar | pems | vgas>? | Beae

| SAMPLE POINT Sx-37 Sx~-37 | Sx-37 Sx-34/39 Calc Calc
ﬁydrogon ~H,
Carbbn Monoxide~CO
Carbon Dioxide —-CO, 98.46
Hydrogen Sulfide-H,S 1.42
Methane -CH,
Ethane—C2He¢
Propane=~CsHg
Butane ~C4H,o
Nitrogen—N,
Ammonia—NH, (PPM) 0.12 0.01 0.12 0.09
Light 00590 SO 40 o5 61.94 20.79 19.75
Solvent-{|Q72307C O], 4 264.17 75.49 7.80
Heawy 0il-G39°255°C| | og 0.86 3.09 0.42
SRL o '

| Coal (MAF)
Ash
Water 0.94 99.88 | 13.02 0.63 71.94
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles (! 7o |
Melting Point °F
Specific Gravity 60/60 | (964
Viscosity,vcp A
Carbon 82.25 72.21 86.94 26.85 23.26
Hydrogen 9.25 11.12 9.48 7.85 0.10 10.56
Nitrogen 0.25 0.10 0.23 0.31 0.10 0.17
Sulfur 0.43 _ 0.38 1.18 1.34 0.14
Oxygen (by ditt) 7.82 88.78 | 17.70 3.72 71.61 65.87
Ash v
ToTAL 100 100 100 100 100 100
Numbo} of Sample Avg.

——— Clemental
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Quontitative

———— clemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/7/78

Run No: L~2 Overall
Date: 8/21-9/23/77

SAMPLE DESCRIPTION

Ma EGUB

Gas

Time: 441.4 hrs.
Produce

MOLE PERCENT

Gas Gas

Gas

Digzﬁarge

| sAMPLE POINT .

Sx-18

Sx-19 Sx-20

Sx-21

Bvid

Sx-30

ﬁ

Sx-32

Hydrogen -H,

50.96

42.09 52.17

51.11

21.55

11.54

Carbon Manoxide-CO

48.49

19.20 24.12

36.94

10.64

12,51

Carbon Dioxide ~CO,

18.73 0.29

0.13

41.12

49.07

Hydrogen Suifide~H,S

0.35

1.43

Methone -CH,

15.48 18.49

8.93

14.50

11.92

Ethane—Cz2He

2.71 3.19

1.65

6.16

8.31

Propone~CsHg »

0.86 1.01

0.68

3,91

6.65

Butane ~=C4H,o

Nitrogen=N,

-0.55

0.52 0.73

0.56

0.35

Ammonia—NH; (PPM)

0.06

0.34

~100° C
Light Olls-P 20 3

- - [
Solvent 1,6 Torr )

Heowy Oil- @1,6 Torr)

1230-255%C]

SRL

Cool (MAF)

Ash

Water

Phenol

TOTAL

100

100 100

100

100

100

 Calc Mole Wt.

14.75

18.40 12.49

13.80

28.03

Melting Point °F

32.65

‘| Specitic Gravity 60/60

'a

Viscosity , cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sampie Avg.
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Quantitative

————— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 3/7/78

Run No: L-2 Overall

Date: 8/21-9/23/77
Time: 441.4 hrs.

MOLE PERCENT

SAMPLE DESCRIPTION

Ab&orb ed
as

SAMPLE. POINT

Calc

Hydrogen =H,

Carbon Monoxide-CO

Carbon Dioxide ~CO,

97.86

Hydrogen Sulfide-H,S

1.83

Methane ~CH,

Ethane—CzH¢

Propane~CsH,

Butane —=C,4H;o

Nitrogen—N,

Ammonio~NHy (PPM)

0.31

—{0-100° C
Light Oits—p i S

_{100-230°%C
Solvent 1.6 Torr) @

. _(230-255%C
Heavy o"‘@I.G Torr)

SRL

Coal (MAF)

Ash

Water

Phenol

Calc Mole Wt.

TOTAL

100

- |Melting Point °F

43.73

- Specitic Gravity 60/60

Viscosity, ¢cp

Carbon

Hydrogen

Nitrogen

Sulfur ‘

Oxygen (by diff)

Ash

TOTAL

Number of Somple Avg.
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PRO.ECT LIGNITE
SAMPLE ANALYSES
L-2 Overall
DATE: 8/21-9/23/77
TIME: 0000-2400

RUN NO:

SAMPLE DESCRIPTION

F-1 Btms

LEC Btms

Feed Solv.

S-8 011

S-4B 0il

SAMPLE POINT

Sx-2

Sx-12

Sx-14

Sx-16

Sx~23

ASTM D-1160 DISTILLATION DATA

PRESSURE, TORR

s

I8P

45

48

67

83

72

5%
rl 0%
20%

80

116

30%

88

137

40%

97

155

50%

108

170

60%

122

180

70%

141

188

OLUME PERCENT

80%

162

198

90 %

V

182

222

L—*95.0/0

f——TEMPERATURE, °C —*——]

198

254

DRY PT,

202

256

ASTM D-86 DISTILLAT

ION DATA

BAROMETRIC PRESSURE, TORR

740

740

iBpP

55

83

71

131

e

80

176

20%

96

200

30%

110

212

40%

126

224

50%

139

243

60%

156

266

70%

173

294

80%

VOLUME PERCENT

173

336

90%

204

350 -

Y]

5%

280

I——TEMPERATURE , °Cj

DRY PT.

281

352

ASPHALTENE TEST

WT Y% ASH

12.73

WT 9% UNCONVERTED COAL

14.62

WT % PRE-ASPHALTENES

. 31.92

WT % ASPHALTENES

20.58

WT % MALTENES & DIST. OIL

20.15

TOTAL

100.00

SAYBOLT VISCOSITY, SSU

100° F

11.5

210° F

[eo3 i)
Olw

8.5

MISCELLANEQUS

KF Hzo WTO/Q(RQW S&)

0.59

1.20

INFRARED RATIO

0.23

0.34

SP. GRAV. 60/60 F

0.990

1.042

0.979

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES- BENZENE SOLUBLE,

DISTILLABLE OIL ~-RECOVERABLE BY DISTILLATION,
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PROJECT

LIGNITE

SAMPLLE ANALYSES
RUN NO; L-2 Overall
DATE: 8/21-9/23/77

TIME: 0000-2400

SAMPLE DESCRIPTION Cdld Trap Oi]] S-7 Btms | S-4A 0il
SAMPLE POINT Sx-33 | Sx-34739 | Sx-37
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5
I8P ‘ 47
5% r 83
rlod/o 97
20% O 124
E 30% :: 146
O 40% & 164
W 50% 5 174
L 69% = 182
s 70% g 189
: § 80% w 200
S 90% 226
Los 9 L 256
DRY PT. 258
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR | 740 739
18P 86 88
5% . r 93 121
ﬁo% 97 171
£ 20% s 98 192
W 30% o 131 703
& 40% x 140 216
a 50% 5 146 230
w 60% o 162 252
2 70% a 170 279
3 80% ] 173 312
> 90% 344
L‘95 % L
DRY PT. ‘ 347
ASPHALTENE TEST
WT % ASH
WT ‘ZQ UNCONVERTED COAL
WT %. PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES 8 DIST. OIL
TOTAL
SAYBOLY VISCOSITY, SSU
100° F 12.1
210° F 8.6
MISCELLANEOUS
KF HO WT % (Raw Sx) 52.16 0.63 0.94
INFRARED RATIO 0.35
SP, GRAV. 60/60 F 1.048 0.964

PREASPHALTENES ~ PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL
ASPHALTENES- BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL

MALTENES~ N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES
DISTILLABLE OiL -RECOVERABLE BY DISTILLATION, .
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Y
WT % DISTILLABLE OIL (IBP - SMOKE POINT @ 5 TORR)

. 60¢

50

N
(@)

w
o]
I

n
O
l

o
T

OL-1J

DISTILLABLE OIL CONTENT OF F-i1 BOTTOMS

VERSUS

F-1 BOTTOMS MELTING POINT

-0.1273X + 54.38
/CORR. COEF./ =0.95

- |

%o

190

1
210

1 1
220 . 230

L 1 L | 1
240 250 260 - 270 280
F-1 BOTTOMS MELTING POINT, °F

X

1
290

1
300

1
310

1
320

1
330

1
340

1
350

4
360

370



Quantitctive

r

——Elemental

PROJEC! LIGN

ITE

MEASURED MATFRIAL BALANCE

Run No: L-2 Overall

Revised: 3/7

MATERIAL OUT

178

Temperature: 737°F
Pressure:2460 psig

Date:  8/21-9/23/77 LHSV: 1.42
Time: 441.4 hrs of Coal Processing 1bs. GHSV: 325
| STREAM DESCRIPTION ™ e Gas frsarhed Gad_Ovhd | frma | _ovhd
SAMPLE POINT Sx-20 $x-20 Calc Sx-30 Sx-23 Sx-44
Hydrogen ~H, 118.9 223.3 30.1
Carbon Monoxide-CO 770.1 1445.9 208.1
Carbon Dioxide = CO, 14.5 27.3 3294.8 |1263.2
Hydrogen Sulfide-H,S : 47.5 33.9
Methane- CH, 337.3 633.4 162.1
EmanofczH. 109.1 204.8 129.0
Propans~ CyHg 50,7 95,2 120.2
Butane — C4Hyg
Nitrogen-N, 23.4 43.8 6.8
Ammonia—NHy 4.0 3.9 7.7
Lignt ou-(P;1007 ¢ @ 621.2
Solvont-(:%o.}%?gac@ 245.4
Heavy Ollﬁig-?g?;c 13.3
SRL
Coal (MAF)
Ash
Water 6123.4
Phenoi
TOTAL 1424.0 2673.7 3346.3 1957.3 7011.0 Neg.
Carbon 715.8 | 1344.1 | 898.5 | 756.7 732.0
Hydrogen 234, 2 439.8 3.3 121.1 762.1
Nitrogen 23.4 43.8 3.3 10.0 9.8
Sutfur 44.9 31.9 4.2
Oxygen (by diff) 450.6 846.0 | 2396.3 1037.6 5502.9
Ash
TOTAL 1424.0 2673.7 3346.3 1957.3 7011.0 Negl. -
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———Elemental

Quantitctive

PROJECT LIGNITE

MEASURED MATFRIAL BALANCE
Revised: 3/7/78

Run No: L-2 Overall MATERIAL OUT

Temperature: 737°F
Pressure: 2460 psig

Date:  8/21~9/23/77 LHSV: 1.42

Time: 441.4 hrs of Coal Processing 1bs. GHSV:325

| stream oescreTion) oo oicuee | meap | Bems. |57 bims | LEC bems |
SAMPLE POINT Sx-16 Sx-32 Sx-33 Sx~2 Sx~-39 Sx-12
Hydrogen - H, 1.6

Carbon Monoxide=-CO 23.7

Carbon Dioxide ~CO, ' 145.9

Hydrogen Sulfide-H,S

Methane- CH, 12.9 .

Ethane - Cy Hg 16,8

Propane-Cy Hgy 19.8

Butane —~ C4H;o

Nitrogen-N,

Ammonia-NH,

Light on DG SO 120801 44.1 5807.4 | 5957.1
Sotvent -850 c@| 1138 6.6 | 1008.5 | 21087.1 | 3845.7
Heavy 0”-(&.3.2'720"’5? 11.2 863.2 119.1
SRL 5995.7

Cool (MAF) 1409.5

Ash 1227.3

Water 478.9 55.2 176.0

Phenol_

ToTAL 1902.0 220.7 105.9 | 9641.0 | 27933.7 | 9921.9
Carbon 1171.8 89.3 45.0 | 7413.9 | 24285.6 | 8274.9
Hydrogen 219,17 11.8 10.2 455.0 2192.8 871.1
Nitrogen 1.7' 0.1 97.4 86.6 29,8
Sulfur 3.8 ) 3 95.5 329.6 47.6
Oxygen (by diff) 505.0 119.6 50.3 351.9 1039.1 698.5
Ash 1227.3

TOTAL 1902.0 220.7 105.9 | 9641.0 | 27933.7 9921.9
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Quantitctive

———Elemental

Run No: 1-2 Overall

PROJECT LIGNITE

MEASURED MATIRIAL BALANCE

Revised: 3/7/78

MATERIAL OUT

Temperature: 737°F
Pressure: 2460 psig

Date:  8/21-9/23/77 LHSV: 1.42
Time: 441.4 hrs of Coal Processing 1bs. GHSV: 325

STREAM DESCRIPTION ‘ nggl
;AEPLE*;(-)“IN;- I - —

Hydroéen ~H, 373.9
Carbon Monoxide-CO 2447.8
Carbon Dioxlde ~ CO, I 4745.7
Hydrogen Sulfide-H,S 81.4
Methane - CH, 1145.7
Ethane— Ca Hg 459.7
Propdne-C,H, 285.9
Butane — C4Ho

Nitroqen-N'z 74.0
Ammonia-NHy 15.6
Light on-(fg'°1.‘3:’r‘)7@ 13727.9
Solvent -(100:230°C@ 26307.1
Heavy Oll-Zr2 20" 1006. 8
SRL 5995.7
Coal (MAF) 1409.5
Ash 1227.3
Water 6833.5
Phenol

TOTAL 66137.5
Carbon 45727.6
Hydrogen 5321.1
Nitrogen 305.9
Sulfur . 557.8
Oxygen (by diff) 12997.8
Ash 1227.3
TOTAL 66137.5
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RUN CONDITIONS
RUN NO, _L-2B

DATE MADE _8/31/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-|

SAND BATH 766

INLET 298

OUTLET 746

DISSOLVERS

R-1A (1) 778
(2) 823
(3) 820
(4) 820

R-1B (1) NIU
(2)

(3)
4)

REACTOR PRODUCT SEPARATORS
S-1

s-2 /9
- 514
5-4A 82
s-48 4
PREHEATER E-il
DOWTHERM 677
INLET 440
OUTLET 630

VACUUM FLASH F-i
OVERHEAD VAPOR 512

UPPER WALL 596
LOWER WALL 571
DOWNCOMER 544
CONDENSATE

ACCUMULATOR,S-7__ 84

PREHEATER E-I3

SEPARATORS S-1 and S-2
2460 -

DOWTHERM 50 A
INLET . SEPARATOR S-3
OUTLET _ 19 250

LIGHT ENDS COLUMN, F-2
REBOILER

SEPARATORS625—4A and $-48

VACUUM FLASH, F-|

LOWER SECTION =191 14 iorr
FEED SECTION LIGHT ENDS COLUMN, F-2
OVERHEAD 180 Atm

-8 74 SOLVENT COLUMN, F-3
$-9 - NIU

SOLVENT COLUMN, F~3
REBOILER NIU

LOWER SECTION

HEAVY ENDS COLUMN, F-4
NIU

VACUUM FLASH, F-0
NIU

FEED SECTION

OVERHEAD

SETTLING TOWER, V-8
NIU

HEAVY ENDS COLUMN, F-4
REBOILER NIU

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-0
OVERHEAD.____NIU

BOTTOMS

PRECIPITATION TOWER, V-8

ZONE (1) NIU
(2)
(3)
RECOVERY TOWER V-9
REBOILER NTIU
OVERHEAD
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RECOVERY TOWER, V-7
NIU




o T ] MASD SATER NG Rl e e st
Date of Run [8/31/778/31/77 |Uni+s: 1bs/hr, F,Psig ! - PRODUCT GAS TO RECYCLE _ 71-15
Time of Rua 0200 11400  |Prep.By: GGB & BCL > FN -
Lenath of Run 12! hrs,. Updated: 3/3/78 N ' :
Hours on Coal at End of Y.P.| 80.3 { L K-4 KNOCKOUT FPOT BTMS -
817; ISCRLBAER A R B 7.01
7.15 RECYCLE GAS X Sxll T
MAKELIP YNGAS - P.
8,62 MAKEUP GAS ey T 820 - : WASTE GAS & 90
48.71 LIGNITE 3) \ l———-o [ T -
Sx-} -B29 E-) Y46 R-1A R-1®& o P2460 S-4A [e—y Sx-30
@ T: 820 T Lo ) T: 82 S-48
766 P: T: 595 P62 74
p2460| X . P.
S5-2 L'———’ © 62 Sx-37
K3 T 823 T ] . T § S-4A BOTTOMS -
NOIXER ) T:514 g — -
T e T £250 L S-4B BoTrTOoMsS,  18.08
Sx-
XBQ}TOLUEME ACCUMULATOR NIU
73§ J 10.C. OvD,  Negl,
630 440 -
] -
% v
3 £ § LIGHT OILS. 6.22
vz e }
A 671! .
® X
0! o
< o 512
596ip: 14 Tory
3
571 4 i
L 9.81 1bs/hr ¥
——— V-Qq ROTTOMS
N - J-1 EXHAUST. (.50
S44 r o CoLp [GASES AT 0.37
S-7 TRAP EOLO TRAP V.37
)|+ 84 [““"A'Zcr] Liauios
TF’=14 Tprribs | p-2A v-8> B8 rToms -
ARELIP I - -
(9. 66 50LvenT A SA § © .31 hr
" y §S*-2 VACUUM BOTTOMS 22 95
L A-SA OVERFLOW o
153.26 ToTAL. D4 oPEN Pd CLOSED ToTAL. 153.26

Numbers in parentheses are not included in the totals.



Quantitative

—Elemental

PROJECY LI

GNITE

ADJUSTED MATERTAL BALANCE
Product Gas and F~1 Btms Rates Adjusted

d: 3/3/78 '
Revise /31 Temperature: 746°F
Run No:L-~2B UMMA Pressure: 2460 psig
Date: 8/31/77 SUMMARY LHSy: 1.38
Time: 0200-1400 s hour GHSV: 321
STREAM DESCRIPTION|  Lor2 otal Yieey ol
SAMPLE POINT '
Hydrogen - H, 1.31 1.14 -0.17
Carbon Monoxide-CO 10. 70 6.04 -4.66
Carbon Dioxide - CO, . ' 0.56 11.69 11.13
Hydrogen Sulfide-H,S 0.13 0.13
Methane- CH, 2.00 4.49 '2.49 - |l 10.78 36.57
Ethane - C, He 0. 64 1.68 1.04
Propane=- CyHg 0. 40 1.19 0.79
Butane — C4H,o
Nitrogen-N, 0.16 0.14 -0.02
Ammonia~NHy 0.05 0.05
{0-100°¢C
Light °““o|662;<g;)@ 9.50 16.68 7.18
- - c

Solvent =) 6" vorr) © 17.31 71.99 -5.32 |f 14.62 49.59
Heavy Oll~(2507255%

Y @\.6 Torr) 1.61 2.41 0.80
SRL 11.96 11.96
Coal (MAF) 29. 48 4. 66 -24.82 -84.19
Ash 3.14 3.14 -0- =0~
Water 16.45 15.87 -0.58 -1.97
Phenol
TOTAL 153.26 153.26 -0-
Carbon
Hydrogen
Nitrogen .
Sulfur
.Oxygen (by ditf)
Ash
TOTAL
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Quantitative

———Elementol

PROJEC!) LIGNITE

MEASURED & ADJUSTED MATERIAL BALANCE

Revised: 3/3/78

Temperature: 746°F

Run No: L-2B ’MATERIAL IN Pressure: 2460 psig
Date: 8/31/77 LHSv: 1.38
Time: 0200-1400 1bs/hr. GHSV: 321

STREAM DESCRITIONGC 7ot Waieup Gap_Lianire| Solvent o,
SAMPLE POINT Sx-20 Sx-18 Sx-1 Sx-14

Hydrogen - H, 0.56 | 0.75 1.31
Carbon Monoxide-CO 2.93 7.77 10.70
Carbon Dioxide -~ CO, I 0.56 0.56 |
Hydrogen Sulfide-H,S

Methane- CH, 2.00 2,00
Ethane~ C Hg 0. 64 0.64
Propane-Cj Hy 0. 40 0.40
éufcno- CaHio

Nitrogen=-N, 0.06 0.10 0.16
»Ammonia-NH,

Light ou-{0;100" ¢& 9.50 9. 50
Solvent -{[G07279"C@ 77.31 77.31
Heavy Oll-gg?zﬁc 1. 61 1.61
SRL

Coal (MAF) 29.48 29.48
Ash‘ 3.14 3.14
Water 16.09 0. 36 16.45
Phenol

TOTAL . 7.15 8.62 48,71 88.78 153.26
Carbon

Hydrogen

Nitrogen '

Sulfur

Oxygen (by diff)

Ash

TOTAL
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PROJEC! LIGNITE
ADJUSTED MATERTIAL BALANCE
Product Gas and F-1 Btms Rates Adjusted

Revised: 3/3/78 Temperature: 746°F

Pressure: 2460 psig
LHSV : 1.38

'Run No:
Date:

L-2B

MATERIAL OUT
8/31/77

Time: 0200-1400

1bs/hr.

GHSV: 321

-

s 4 1 o o et 1 e e 5

SAMPLE POINT

i STREAM DESCRIPTION

«———"Product Gas
Vent Gas Recycle Gas

Sx-20

Sx-20

e
_Absorbed

Fas

S—4A
Ovhd

S5-45b
Btms

S—=&
Ovhd.

Calc

Sx-30

Sx-23

Sx-44

Hydrogen - H,

0.52

0.56

0.06

"Carbon Monoxide~CO

2.73

2.93

0.36 -

Carbon Dioxide ~CO,

0.52

0.56

6.92

3.36

Hydrogen Sulfide-H,S

0.04

Methane- CH,

1.86

2.00

0.09

0.58

‘thﬂn"' CZ Ho

0.60

_0.64

0.39

Propane=CyHg

0.37

0.40

0.37

Butone — C4Ho

Nitrogen-N,

0.06

0.06

0.02

Ammonia-NHg .

0.02

0.03

Lignt on-'P2 S

T0-100°C®

2.40

Quantﬂcﬁve

6 Torr)

Salvent-([00-230°CQ

1.65

(2301255€

Heavy o‘_@‘Torr)

SRL

Coal (MAF)

Ash

Woter

14.00

Phenol

TOTAL
\

6.66

7.15

7.01

5.20

18.08

Negl.

f Carbon

Hydrogen

Nitrogen

TSultur

Oxygen (by d"f)

Ash’

——Elemental

TOTAL
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Quantitctive

——Elemental

PROJECT LIGNITE

ADJUSTED MATERIAL BALANCE
Product Gas and F~1 Btms Rates Adjusted
- Revised: 3/3/78

Temperature:746°F
pacer Iz;;§]13/77 MATERIAL OUT i;gxsr?uféauw peis
Time: 0200-1400 1bs/hr. GHsV: 321
[sreeaw oescrerion 358 Tugyiauer | Trap | pine [57'Bims |18 bema

SAMPLE POINT §x-16 Sx-32 Sx-33 Sx-1. - 5x-39 Sx-12 |
Hydrogen - H, | . |

Carbon Monoxide-CO 0.02

Carbon Dioxide = CO, 0.33

Hydrogen Sulfide-H,S

| Methane~ CH, 0.05

Ethane - Ca Hg 0.05

Propane- CyHg 0.05

Butane— C4H|o

Nitroqon-Nz

Ammonia~-NH;

Light on-D2100 COT 4 o 0.26 6.69 3.83
sowent 190239 °@1 1,67 0.02 3.19 59.67 5.79
Heavy Oll-5rg Foo)° 2.22 0.19
SRL 11.96

Coal (MAF) 4.66

Ash 3.14

Water 1.05 0.09 0.73

Phenol

ToTar 6.22 0.50 0.37 22.95 69.31 9.81
Carbon

Hydrogen

Nitrogen

Sulfur .

Oxygen (by diff)

Ash

TOTAL

*Rate assumbed to be similar to those of the other L-2 yield periods in which

the orifice meter was working properly.
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PROJEC! LIGNITE
ADJUSTED MATERTAL BALANCE
Product Gas and F-1 Btms Rates Adjusted

Revised: 3/3/78
Temperature: 746°F

Run No: 1_)p MATERIAL OUT Pressure: 2460 psig '
Date: 8/31/77 LHSV : 1.38
Time:  0200-1400 1bs/hr.. GHSV: 321

" [sTReam oEscrIPTION ' T&E%F
;;;PLE;B_IN;’—“ ek e e e e e
Hydrogen - H, 1.14
Carbon Monoxide-CO 6.04 -
Carbon Dioxide = CO, 11.69
Hydrogen Suifide-H,S - 0.13
Methane- CH, 4.49
Ethane - Ca Hg 1.68
Propane—Cy Hg v 1.19
Butane - C4Hp

° Nitrogen-N, 0.14

:é Ammonia-(gl—-ll,oooc v ) 0.05 .

'og— Light oll-* " Torcr’)@ 16.68

& [ Soent 11303200 O 71.99
Heavy Oll-(@z?_g'fg‘:’;c 2.41
SRL 11.96
Coal (MAF) , 4.66
Ash - | ' 3.14
Water ‘ 15.87 -
Phenol

L TOTAL 153.26
Carbon l
Hydrogen
Nitrogen
Sulfur

:—g Oxygen (by dIff)

E’ Ash

2

w

L TOTAL
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Quantitotive

7

Y mnme—— Zlemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/3/78
Run No: L-2B
Date: 8/31/77
Time: _ 0200-1400 WEIGHT PERCENT
SAMPLE DESCRIPTION| Lignite 52_1@ Btms Solvent i1 Vater
SAMPLE POINT Sx-1 *Sx-2 Sx-12 Sx-14 Sx-16 Sx-16
Hydrogen —H,
Carbon Monoxide-CO
Corbon Dioxide-CO,
Hydrogen Sulfide-H,S
Methane -CH,
Ethone~C2Hs
Propane~CsHe
Butane —~C4Ho
Nitrogen-N,
Ammonia—NH, (PPM) |
Light °“"(?§'°T<3:‘): ® 39.05 10.70 67.60
Sotvent-{{D7om) © & 13.90 58.98 | 87.08 32.40
Heavy 0“-%3&'123?7‘; 1.97 1.81
SRL 52.13
Coal (MAF) 60.53 | 20.29
Ash 6,45 13.68
Water 33,02 0.41 100
Phenol
ToTaL 100 100 100 100 100 100
Pyridine Solubles\W! 7o 76. 49
Melting Point °F 318
Specific Gravity 60/60 0.997 1.040
Viscosity, cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by dift)
Ash
TOTAL
Number of Sample Avg. 2 2 2 2 2 2

*Distillable o0il calculated by following equation:
Wt % Distillabe 0il = -0.1273 (F-1 Btms Melting Point) + 54.38. See graph.
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Quantitative

————— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

-285-

Updated: 3/3/78
Run No: L-2B
Date: 8/31/77
Time.: 0200-1400 WEIGHT PERCENT
SAMPLE DESCRIPTION| 2°° . Makeup P‘Eggﬁct RECyCIE sed PR
SAMPLE POINT Sx-16 Sx-18 Sx~19 Sx=-20 Sx=21 *Sx-23
‘| Hydrogen ~H, 8.70 3.77 7.77 8.28
-Carbon Monoxide-CO 90.13 20.21 41.03 - 67.89
Carbon Dioxide—CO, 47.81 7.83 3.54
Hydrogen Sulfide-H,S 0.79
Methane -CH, 19.54 27.96 12.68
Ethone—C2He 4,89 8.93 4.05
Propane-CsHg 2.51 5.61 2.53
Butene —C4Ho
Nitrogen~N, 1.17 0.44 0.87 -1.03
Ammonia—~NH, (PPM) 0.04
Light on--“l’_;"?r?;?—@ 6.1 ‘ 58.93
Sotvent-[P00CO1 6 03 40.60
o o1- B2
SRL
Cool (MAF)
Ash
Water 16.88 0.47
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solublos%ﬁr/’:‘]
Melting Point °F
" | Specitic Gravity 60/60 0.956
Viscosity, cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Somple_ Avg, ) 2 2 2 2 2
*Insufficient sample for distillation. Assumed to be the same as the S-4A Oil.




‘Quaontitative

———— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/3/78

Run No: L-2B
Date: 8/31/77

- Time: _ 0200-1400 WEIGHT PERCENT
SAMPLE DESCRIPTION] (-0 | 73tA0 | ovnd®  |pidcharge | Toba | o1
SAMPLE POINT sx-23 | sx-23 sx=30 | sx-32 sx=33 | sx-37
 Hydrogen.—H, 1.11 0.75
Carbon Monoxide-CO 6.94 4.31
Carbon Dioxide ~CO,. 64.56 66.70
Hydrogen Sulfide-H,S 0.82
Methane ~CH, 11.16 9.52
Ethane—C2Hs 7.59 8.93
Propane—~C3 M, 7.05 9.79
Butane ~C4H,o
Nitrogen—N,
Ammonia=NH, (PPM) 0.18 0.14 0.39
Light 0",_(?:%2:)?@ 13.28 0.38 69.24 58.93
Solvent~(100230°C® 9.15 6.30 | 40.60
aowy 0i1-(Z30-2557C
SRL
Coal (MAF)
Ash
Water 99.82 | 77.43 24.46 0.47
Pheno!
TOTAL 100 100 100 100 100 100
Pyridine Solubles ! ;’,/gg#
Melting Point °F
Specific Gravity 60/60 0.956
Viscosity , cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Sampls Avg. 2 2 2 1 2
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Quantitotive

,———— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

 -287-

Updated: 3/3/78
Run No: L-2B
Date: 8/31/77
Time: 0200-1400 WEIGHT PERCENT
SAMPLE DESCRIPTION| fz48. SRR | penl Abgorbed
SAMPLE POINT 5x-37 |  sx=37 Sx-39 Calc.
Hydrogen ~H,
Carbon Monoxide—-CO
Carbon Dioxide —CO, 98.67
Hydrogen Sulfide-H,S 1.30
Methane -CH,
Ethone~C2Hs
Propane-CxHg
Butane —C H,o
Nitrogen—N,
Ammonia—~NH, (PPM) 0.18 0.01 0.03
Light 0ifs-05 100" €@ 55.07 9.65
Solvant (10 230°C @ 37.94 86.10
Heavy 0i1-{&39"255C1 3.20
SRL
Coal (MAF)
Ash
Water 99.82 6.98 1.05
Phenol ‘
TOTAL 100 100 100 100
Pyridine Solubles ¥ f,g}
Melting Point °F
Specitic Gravity 60/60 1.056
Viscosity , cp
‘Carbon
Hydrogen
Nitrogen
Suifur
Oxygen (by diff)
Ash
TOTAL
Number of Sample Avg, 2 ] 2 2 -




PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/3/78

Run No: L-2B
Date: . 8/31/77
. Time: ngg-]égg MOLE PERC
(" 'saMPLE DESCRIPTION Makgup PGgsuc 8§§° e (e;:g SBﬁﬁd Dischar
SAMPLE POINT sx-18 | Sx-19 Sx-20 Sx-21 sx-30 Sx-32
Hydrogen ~H, 57.15 | 36.43 50.25 53.99 16.20 11.91
Carbon Monoxide-CO 42.30 | 13.94 18.95 31.63 7.20 |  4.87
Carbon Dioxide - CO, 20.99 2.30 1.05 42.60 .| 47.95 .
Hydrogen Sulfide-H,S 0.45 0.70
Methane ~CH, . 23.59 22. 60 10.34 20.25 18.81
Ethons ~CaHse 3.15 3.85 1.76 7.35 9,42
Propane~CyHg 1.10 1.65 0.75 4,65 1.04
Butono-c.H.o
Nitrogen-N, 0.55 0.30 Q.40 0.48 0.40
Ammonia=NH, (PPM) 0.05 0.65
[ ant O 0-100° C @
. Light Oils 1.8 Torr)
S R Io0-230°C®
:°: Solvent 1.6 Torr -
g Hoaw °“"%|.6'Ton)
3lsmL
Coal (MAF)
Ash
Water
Phenol
TOTAL 100 100 100 100 100 100
Calc Mole Wt.. 13.14 19.32 12.93 13.04 29.04 31.63
Melting Point °F
Specitic Gravity 60/60
g Viscosity, ¢cp
( Carbon
Hydrogen
Nitrogen
S | Sulfur
3
S | Oxygen. (by ditf)
.% Ath
TOTAL
Number of Sample Avq. 2 2 2 9 2 2
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Quantitative

r

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/3/78

L-2B
8/31/77
0200-1400

Run No:
Date:
Time:

MOLE PERCENT

SAMPLE DESCRIPTION

Ab(e;orbed
348

SAMPLE POINT

Calc.

Hydrogon -H,

Carbon Monoxide-CO

Carbon Dioxide ~CO,

98.25

-|Hydrogen Sulfide-H,S

1.67

Methane ~CH,

Ethone—C2Hs

-|Propane~CsHg

Butane ~C4H,o

Nitrogen—N,

Ammonlia=NH, (PPM)

0.08

—6-100°C @
Light Oits-Pc100 %

_{100-230%C
Solvent (l.s Torr ) @

—  (230-255°C
Heavy 0Oil- 6 Torr)

SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL

100

Calc. Mole Wt

y

43.81

Meiting Point °F

Specific Gravity 60/60

Viscosity, cp

Carbon

|Hydrogen

Nitrogen

Sulfur

Oxygen (by ditf)

Ash

TOTAL

Number of Sample Avg.

———— Elemental
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PRCJECT LIGNITE
SAMPPLE ANALYSES

RUN NO: L-2B
DATE: 8/31/77
TIME: 0200-1400
SAMPLE DESCRIPTION LEC Btms |Feed Solv.| S~8 0il [Cold Trap | S-4A 0il
SAMPLE POINT Sx-12 Sx-14 Sx-16 5x-33 Sx-37
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 5
I8P 72.8 65.8
5% T 80.4 101
(*|O§5 85.0 118.6
. 20% 4 94.2 153.2
Z 30% o 106.6 172
§ 40% o | 122.8 181.3
W 50% = 140 187
" 60% x 158.4 191.6
= 70% o 175.2 198.4
2 80% ] 186.5 207.2
2 90% v 198.2 227.5
Lgso, 212.4 255. 4
DRY PT, 215 259
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 739 742 741
I1BP A 67 84 112
5% r 144 99 158 .
ﬁo% 157 100 173
E 20% S 170 101 200
W 30% o 180 114 212"
5 40% g 196 127 234
a 50% ‘& 219 127 248
w 60% & 255 132 294
Z 70% a 301 137 328
3 80% w 137 338
> 90%
L"950/0 L
DRY PT. 310 137 343
ASPHALTENE TEST
WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES & DIST. OiL
) TOTAL
SAYBOLT VISCOSITY, SSU
100° F
2i0° F
MISCELLANEQUS
| KF_H0 WT % {Row Sx) 0.41 24,46 0.34
INFRARED RATIO
SP, GRAV, 60/60 F 0.997 1.040 0.956

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL
N-PENTANE INSOLUBLE MATERIAL
MALTENES- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

ASPHALTENES- BENZENE SOLUBLE,

DISTILLABLE OiL -RECOVERABLE BY DISTILLATION.
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PRCIECT LIGNITE
SAMNPLE ANALYSES
RUN NO: L-2B

DATE: 8/31/77
TIME: 0200-1400
SAMPLE DESCRIPTION S~7 Btms
SAMPLE POINT Sx-39

ASTM D-1i60 DISTILLATION DATA

PRESSURE, TORR 5
I8P 71.%
5% r 101.3

rm% 119.6
20% o [156.8

S 30% - [173.2

§ 40%, %J 180.6

W 50% £ [ .185.6

L 60% @ [190.8

s 70% CEL 199

g 80 % y_J 209.3

S 90% 234.8

9579, L
DRY PT. 260

ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR
iBpP
5%
[Cio%
20%
30%
40%
50%
60%
70%
80%
90%
95 %

DRY PT.

VOLUME PERCENT
C

f—TEMPERATURE , °C—l

ASPHALTENE TEST

WT Y% ASH

WT % UNCONVERTED COAL

WT % PRE-ASPHALTENES

WT % ASPHALTENES

WT % MALTENES 8 DIST. OiL

TOTAL

SAYBOLT VISCO

SITY, SsSuU

100° F

210° F

MISCELLANEQUS

|_KF H0 WT % {Raw Sx)

1.05

INFRARED RATIO

SP. GRAV. 60/60 F

1.056

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES~- BENZENE SOLUBLE,

MALTENES- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

N-PENTANE INSOLUBLE MATERIAL

DISTILLABLE OiL -RECOVERABLE BY DISTILLATION,
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=¢62-
IIYH .
WT% OISTILLABLE OIL (IBP - SMOKE POINT @ 5 TORR)

60

50}

H
o
I

DISTILLABLE OIL CONTENT OF F-I BOTTOMS

VERSUS

F-1 BOTTOMS MELTING POINT

F-1 BOTTOMS MELTING POINT, °F

"n.,n

X

OL-1J
30}
Y= -0.1273X + 54.38

i L-1B /CORR. COEF./ = 0.95
20t

10—

o 4 1 l‘ - | L ([ 1 L 1 1 1 1 1 L 1 1 A [] J
180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360

370



Qu‘antijative

Run No: L-2B

PROJEC! LIGNITE

MEASURED MATVRIAL BALANCE

" Revised: 3/3/78

MATERIAL OUT

Temperature: 746°F
Pressure: 2460 psig

r—E lemental-

Date: g/31/77 LHSV: 1.38
Time:  0200-1400 Lhs/br. GHSv: 321
 STREAM DESCRIPTION G T 1 s | Abporbed fas Ovhd_ |Bems | buhd
SAMPLE POINT $x-20 $x-20 Calc Sx-30 $x-23 Sx=44
Hydrogen - H, 0.26 0.56 0.06
Carbon Monoxide~CO 1.36 2.93 0.36
Carbon Dioxlde = CO, 0.26 0.56 8.88 3.36
Hydrogen Sulfide- H,S 0.12 0.04
Methane - CH, 0.93 2.00 0.58
Ethane - Cp He 0.30 0.64 0.39
Propane=CyHy 0.18 0.40 0.37
Butane— C4H(o
Nitrogen-N, 0.03 | 0.06 0.02
Ammonia-NHy 0.02 0.03
Light ou-(?g'%‘g:m 2.40
Solvent -({%o}ﬁfrm 1.65
Heavy Oll-j@zig}o")
SRL
Cool (MAF)
Ash ]
Water 14.00
Phenol
ToTAL 3.32 7.15 9.00 5,20 18.08 |Negl.
Carbon
| Mydrogen
Nitrogen
Sulfur
Oxygen (by ditf)
Ash
TOTAL
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Quantitctive

N

—Eliementgl

PROJECT LIGNITE
MEASURED MATERIAL BALANCE
Revised: 3/3/78

Run No: L-2B MATERIAL OUT gzz:z:zgr&:zgﬁzig
Date: 8/31/77 ‘ LHSV: 1.38
_Time: 0200-1400 1bgi¥ . _ GHSV:321
| STREAM DESCRIPTION| Btmg | Exhaust | Trap | Btms | 5o/ Beme. |LBC Sems *
SAMPLE POINT Sx-16 | Sx-32 | sx-33 | sx-1 5x-39 | sx-12
Hydrogen - H, '
Carbon Monoxide~CO
Carbon Dioxlde ~CO, ’
Hydrogen Sulfide-H,S
Methane- CH,
Ethane— CaHg
Propane~ CyHg
Butane ~ C4H,;o
Nitrogen-N,
Ammonia-NH,
Lignt on-1PSTC 01 3,50 ' 0.26 6.69 3.83
Solvent-{[Q0:239°CO| 1 67 0.02 3.12 59. 67 5.79
Heavy OU-E ) | , - 2.22 0.19
SRL 11.69
Coal (MAF) S 4,55
Ash | 3.07
Water 1.05 0.09 0.73
Phenol
roraL 6.22 NA 0.37 22.43 69.31 9.81
Carbon .
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL

NA - Not available .
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Quantitative

———E lemental

Run No: 1-2B
Date: 8/31/77

PROJEC!” LIGNITE
MEASURED MATERIAL BALANCE
Revised: 3/3/78

'MATERIAL OUT

Temperature: 746°F
Pressure: 2460 psig

LHSV: 1.38

Time:  0200-1400 ibs/hr. GHSV:321
Total

STREAM DESCRIPTION Out
[sampLe pONT | | o T

Hydrogen ~ H, 0.88
Carbon Monoxide-CO 4.65
Corbon Dioxide ~CO, 13.06
Hydrogen Sulfide-H,S 0.16
Methane - CH 3.51
Ethane - Ca He 1.33
Propane— CyH, 0.95
Butane — C4H ;o

Nitrogen-N, 0.11
Ammonia-NHy 0.05
Lignt on-{9;100° ¢® 16.68
Solvont-(:%o}gfgoc@ 71.92
Heavy OII-EE%’-I?;?;’C .2.41
SRL 11.69
Coal (MAF) 4.55
Ash ‘ 3.07
Water 15.87
Phenol

TOTAL 150.89
Carbon

Hydrogen

Nitrogen

Sultur

Oxygen (by diff)

Ash

TOTAL
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RUN CONDITIONS
RUN NO, __L=2C

DATE MADE 977777

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-I

SAND BATH 770
INLET 292
OUTLET 751
DISSOLVERS
R-1A (1) : ;;g
(2)
(3) 816
(4) 822
R-18 (1) ~_NIU
(2)
(3)
(4)

REACTOR PRODUCT SEPARATORS
S-| 596

5-2 77
o3 508
S-4A /8
5-48 /2
PREHEATER E-11
DOWTHERM 677
INLET 1440
QUTLET 639

VACUUM FLASH F-I
OVERHEAD VAPOR __905

UPPER WALL 597
LOWER WALL 370
DOWNCOMER 541
CONDENSATE

ACCUMULATOR,5-7_83

PREHEATER E-I3

SEPARATORS S-1 ond S-2
2460

DOWTHERM ___.___398
INLET 78 SEPARATOR §-3
QUTLET 221 - 250

LIGHT ENDS COLUMN, F-2

'SEPARATORS gf4A and S-4B

REBOILER 354 VACUUM FLASH, F-I
LOWER SECTION __ 372 14 Torr
FEED SECTION 315 ‘LIGHT ENDS COLUMN, F-2
OVERHEAD 192 Atm

-8 71 SOLVENT COLUMN, F-3
S-9 ’ NIU .

SOLVENT COLUMN, F-3
REBOILER NIU

LOWER SECTION

HEAVY ENDS COLUMN, F-4
NIU

VACUUM FLASH, F-0
. NIU

FEED SECTION

OVERHEAD —

SETTLING TOWER; V-8
NIU

HEAVY ENDS COLUMN, F-4
REBOILER NIU

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-0
OVERHEAD NIU

BOTTOMS

PRECIPITATION TOWER, V-8

ZONE (1) NIU
(2)
{(3)
RECOVERY TOWER V-9
REBOILER NIU
OVERHEAD .
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RECOVERY TOWER, V-7
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1-2C MASS RATES AND RUNpropucr cas 1o TuERMAL - b.74

Start | £nd Run Not
Dote of Ron  |8/31/77] 9/1/77 [Unies: 1bs/hr,°F,Psig |  CONDITIONS - R e aAs TO RECYCLE 7.23
Time of Rua 1400 0200 |prep.By: BCL & GGB : s”f}z . o -
- o 12 |hrs. . |Updated: 3/2/78 - : ‘ '
‘Q:wsﬂ;nof:od a:'CnJoFY.P. 92.3 e : K—4 KNOCKOUT POT BTMS -~
- 812 ScRuseed AR SORBED GASES o 9 .14
7.23 RECYCLE GAS ° : X i ' ’
i YNGAS ,
7.93 MAKEUP G Sx-2) T 82 - WASTE GAS . _4.32
46.34 LlGNlT_ESi? ) .
Sx-] il 51 R-iA R-1& ~“ Sx-30
T: 816 T el S-48
. T 72
1p 2460 e ~
, le—{P: 61 o
[_1’ - 825 T Sx-37
. . ms i S-4A BOTTOMS = .
MIXER | + 776 T | S-4B BOTTOMS.  20.80
. Sx- . I
XBQTOLUENE ACCUMLULATOR NIU
736 X J X T12C. onp,  Negl.
639‘ 440 - S 8
) . T 71
.4 —t
N ~
© 2 LIGHY OIS, _ 2.02
© .
! ~J
3
—
[
- V-a poOTTOMS -
o _ _ -t ExnansT - 0.50
{% g%;g c;f§é¥RAP 0.20
541 | T:S’8.3 A2 S lames
P14 Thrr A-2A j v-e>Bbirroms | _NIU.
(7.04) 5688 |, §73.97 2> |
- . Hes §S*-2 VACUUM BOTTOMS 19 59
1[ . A-DA OVERFLOW g
152,94 ToTAL. 04 orPEM P clLosED TOoTAL. 152.94

Numbers in parentheses are not included in the totals.



Quantitative

———Elemental

PROJEC!T LIGNITE

ADJUSTED MATERIAL--BALANCE
Product Gas, Recycle Gas and F-1 Bottoms Rates Adjusted
Revised: 3/2/78

Temperature: 751°F

parer I£;/§(;—9/1/77 SUMMARY LS 1. 3%460 e
Time:  1400-0200 1bs/hr. GHSV: 320
STREAM DESCRIPTION ngﬂ Tgﬁiﬂ' Y?Efd w&o:/‘{LlMAF
CsampLE PONT | | T o

Hydrogen - H, 1.03 1.15 0.12

Carbon Monoxide-CO 10.57 5.44 -5.13

Carbon Dioxlde—CO, ' 12.03 12.03

Hydrogen Sulfide-H,S 0.16 0.16

Methane - CH, 2.35 4.43 2.08 |¢ 10.79 38.29
Ethane~ Cy Hg 0.71 1.56 0.85

Propane~ Cy Hg 0.35 1.01 0.66

Butane — C4H o

Nitrogen-N, 0.15 0.14 -0.01

Ammonia-NHgy 0.03 0.03

Light 0u-P5 0 S®1 926 | 18.99 9.73

Solvent -([003230°C@| 1518 73.07 -5.11 |f 13.97 49.57
Hoavy Ol-8Tom | 3.11 2.34 -0.77

SRL 10.12 10.12 |

Coal (MAF) 28.18 3.96 | -24.22 -85.95
Ash 2.57 2.57 -0- __-o-
Water 16.48 | 15.94 | -0.54 -1.91
Phenol

ToTAL 152.94 | 152.94 -0-

Carbon

Hydrogen .

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

-298-




PROJECT LIGNITE '
ADJUSTED MATERIAL BALANCE
Product Gas, Recycle Gas and F-1 Btms Rates Adjusted

Revised: 3/2/78 Temperature:751°F

Pater §/31-9/1/77 MATERIAL IN Thows 1oar o Pels
.Time: 1400-0200 ibs/hr. GHSV:320
([ steean oescremionesy o c¥s Kilieur Gas|_tgnice [solvenc i
SAMPLE POINT Sx-20 Sx-18 Sx-1 Sx-14
Hydrogen - H, 0.65 0.38 1.03
Carbon Monoxide-CO 3.09 7.48 10.57
Carbon Dioxide - CO, |
Hydrogen Suifide-H,S
Methane - CH, 2.35 2.35
Ethane~ CHg 0.71 0.71
Propane- CyH, 0. 35 0.35
Butane — C Hjo '
g [NitrosenNe 0.08 0.07 0.15
'.c':‘ Ammonia~NHg
'%' Light °”‘(?é'°r°o:;<§@ . 9.26 9.26
3 | sowent-([G0:2307C@ 78.18 78.18
Heavy Oll-%?g-%i??c 3.11 3.11
SRL
Coal (MAF) 28.18 28.18
Ash 2.57 2,57
Water 1550 | 0.89 16.48
Phenol
L TOTAL 7.23 7.93 46.34 91.44 . 152.94
( Carbon
Hydrogen
Nitrogen
Sulfur |
-Ea Oxygen (by diff)
£ |Ash
2
w
L TOTAL
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Quantitctive

—Elemental

ADJUSTED MATERIAL BALANCE

PROJECT LIGNITE

Product Gas, Recycle Gas and F-1 Btms Rates Adjusted
Revised: 3/2/78

Run No: 1-2C
Date:

Time: 1400-0200

MATERIAL OUT
8/31-9/1/77

1bs/hr.

Temperature:751°F
Pressure: 2460 psig

LHSV:
GHSV: 320

1.37

STREAM DESCRIPTION
SAMPLE POINT

P ———A
Vent Gas_|
Sx-20

duct Gas—

ecycle GasAbsorbed st

5-4A
Ovhd

S-4B
Btms

5-8
Ovhd

Sx~-20

Calc.

Sx-30

Sx-23

Sx~44

Hydrogen ~ H,

0.43

0.65

0.06

Carbon Monoxide-CO

3.09

0.29

Carbon Dioxide - CO, -

2.03

9.08

2.64

Hydrogen Sulfide~- H,$

0.06

0.09

Methane- CH,

1.54

2.35

0.48

thﬂl\‘ - Ca He

0.46

0.71

0.35

Propane-CyH,

0.23

0.35

0.39

Butane ~ C4H,o

“i'fog.n"Nz

0.05

0.08

0.01

Ammonia-NHy

0.01

0.02

(0=100°C
Light oit-(0; To")@

3.17

_{100-230%C
Solvent-' "¢ Torr) @

1.76

Heary on-Z30-255°C

0.24

SRL

Coal (MAF)

Ash

Water

15.61

Phenol

TOTAL

4.74

7.23

9.14

4.32

20.80

Negl.

Carbon

Hydrogen

Nitrogen

Sultur

Oxygen (by diff)

Ash

TOTAL

-300~




PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE
Product Gas, Recycle Gas and F~1 Btms Rates Adjusted

Revised: 3/2/78 Temperature: 751°F

et® LSy MATERIAL ov1
.Time: 1400-0200 1bs/hr. GHSV: 320
([srecan oesoneron neng ”  Tevause | Teap_ | Bems |57 tus [so2 bems
SAMPLE POINT . Sx-16 *Sx-32 Sx-33 Sx=-2 Sx-34 Sx-12
Hydrogen - H, 0.01
Carbon Monoxide-CO 0.03
Carbon Dioxlde ~CO, 0.31
Hydrogen Sulfide-H,S 0.01
Methane-CH, - 0.06
Ethane -~ CaHe 0.04
Propane~ CyHy 0.04
Butane ~ C4H;o
Q‘ Nitrogen-N,
'% Ammonia~NHy
':é Light °"'(?é'°rog§ 1.99 0.07 9.26 4.50
| sewent 1PN @ 5.03 0.01 2.94 62.58 5.75
Heavy gn-‘éig’%"’j;" 1.92 0.18
SRL . ' 10.12
Coal (MAF) 3.96
Ash 2,57
Water 0.12 0.21
Phenol
(| TOTAL 2.02 0.50 0.20 19.59 73.97 10.43
r Carbon
Hydrogen
Nitrogen
Sulfur
E Oxygen (by diff)
E Ash
2
w
L TOTAL

*Rate assumed similar to those of the other L-2 yield periods where the orifice
meter was operating properly.
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Quantitative

——Elemental

Product Gas, Recycle Gas and F-1 Btms Rates

Run No: L~-2C

PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Revised: 3/2/78

MATERIAL OUT

Adjusted

Temperature:751°F
Pressure: 2460 psig

Date:  8/31-9/1/77 LHSV: 1.37

Time:  -1400-0200 1bs/hr. GHSV: 320
STREAM DESCRIPTION| | B | ng:]'
SAMPLE POINT
Hydrogen - H, 1.15
Carbon Monoxide-CO 5.44
Carbon Dioxlde - CO, ' 12.03
Hydrogen Sulfide-H,S - 0.16
Methane - CH, 4.43
Ethane— C, Hg 1.56
Propane-CyH, © 1,01
Butone ~ C4H;o
Nitroqm-Nz‘ 0.14
Ammonia~-NHy 0.03
tignt on 1051985 18.99
solvent-([0:230°C® 73.07
Heavy ou-%ﬁg'fg?;c 2.34
SRL 10,12
Coal (MAF) 3.96
Ash 2,57
Woter 15.94
Phenol
TOTAL 152.94
Carbon

{Hydrogen
Nitrogen
Sulfur

Oxygen (by diff)

Ash

TOTAL
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Quantitative

———— tlemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/2/78

Run No: 1-2¢C
Date:  8/31-9/1/77 .
Time: 1400- : WEIGHT PERCENT
SAMPLE DESCRIPTION| [ignice B}:& Blggg__,_?_q_l?;gnt 58 Wateo
SAMPLE POINT Sx-1 Sx=2 Sx-12 Sx-14 Sx-16 Sx-16
Hydrogen ~H,
Carbon Monoxide-=CO
Carbon Dloxide —~CO,
Hydrogen Sulfide~H,S
Methane -CH,
Ethane—C2He
Propane—~C3Hg
Butone —C 4 H,o
Nitrogen~N,
Ammonia—NH, (PPM)
Light 0i1s-105100° C® 43.20 | 10.13 98.70
Solvent-{[Q02230°C® 15.00 | 55.10 | 85.50 1.30
Heovy Oil='&5% 2oo) © 1.70 | 3.40
SRL 51.68
Coal (MAF) 60.81 20. 20
Ash 5.55 13.12
Water 33,64 0.97 100
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles (! 7o | 76.75
Melting Point °F 316
Specific Gravity 60/60 1.006 1.062
Viscosity , cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash '
TOTAL
Number of Sampls Avg. 2 2 2 2 2 2
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Quantitative

-~

,—— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated:

Rﬁn No:
Date:

3/2/18
L-2C .

8/31-9/1/77

-304-

Time: 1400-0200 - WEIGHT PERCENT

SAMPLE DESCRIPTION| =8 - Bae P | "EagUct | “egigte | cas- 011
SAMPLE POINT Sx-16 Sx-18 Sx-19 Sx-20 sx-21 Sx-23
Hydrogen —H, 4.77 4.39 |  9.05 8.79
Carbon Monoxide-CO 94,29 21.18 42,77 65.89
Carbon Dioxide - CO, 45.73
Hydrogen Sulfide~H,S 0.28
Methane -CH, 18.12 32.45 14.53
Ethone = C2He 5.88 9.76 4,42
Propane~CsHs 3.00 4,89 5.26
Butane—=C4H)o
Nitrogen=N, 0.94 1.37 1.08 1.11
Ammonia—NH, (PPM) 0.05
LWhtthE:%%:§75 98.70 61.05
Solvent -~ :.6 .‘;‘o::r) -~ 1.30 33,90
];;;;'3§:§§§2f$§§§0 4.60
SRL
Coal (MAF)

| Ash

~ |Water 0.45
Phenol
TOTAL 100 100 100 100 100 100
Pyridin‘ Solubles g':," :/‘f"
Melting Point °F

| Specitlc Gravity 60/60 0.966
Viscosity , ¢cp
Carbon
Hydrogen .
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Sample Avg, 2 2 2 2 2 2




Quantitative

“\

———— t.lemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/2/78

Run No: L-2C
Date: 8/31-9/1/77 :
Time: 1400-0200 WEIGHT PERCENT
SAMPLE DESCRIPTION| i#-¢8, | 35¢5) | Ouid | pischarge Teap | it
SAMPLE POINT Sx-23 Sx-23 $x-30 Sx~32 Sx-33 S$x=37
Hydrogen ~H, 1.48 0.80
Carbon Monoxide-CO 6.74 3.20
Carbon Dioxide ~CO, 61.12 67.83
Hydrogen Sulfide~H,S 2.09
Methane -CH, 11.21 9.13
Ethone—=C2Hs¢ 7.99 8.99
Propane~C3Hg 8.93 10.05
vBuMno—C4Hw
Nitrogen—N, 0.25
Ammonio=NH, (PPM) 0.11 0.08 0.19
Light 0its-05100° €@ 15.26 36.01 58.23
Solvom—(:%o:rg?ro)ac © 8.48 6.10 41.30
Heavy 0il -%3,%-$3§{c 1.15
SRL )
Cool (MAF)
Ash
Water 99.89 |  75.03 57.89 0.47
Phenol
ToTaL 100 100 100 100 100 100
Pyridine SolublosTA\z:‘ :rée] R
Melting Point °F
Specitic Gravity 60/60 0.956
vncosny.cp'
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Sample Avg. 2 2 ‘2 2 1 2
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Quantitative

————— Elemental

PROJECT LIGNITE
SAMPLE ;‘\NALYSIS’
Updated: 3/2/78

Run Nb: 1,-2C
Date: 8/31-9/1/77
Time: 1400~ 0

WEIGH

PERCENT

SAMPLE DESCRIPTION

S~4&
Water

SAMPLE POINT

Sx-37

S-4A S- Absorbed
. Total | Btms _Gas

Sx~-37 Sx-39 - Calc.

Hydrogen —H,

Carbon Monoxide~CO

Carbon Dloxide ~CO,

99,29

Hydrogen Suifide-H,S

0.61

Methane ~-CH,

Ethane—C2He¢

Propane~Cs Mg

Butane "C4 Hio

Nitrogen~N,

Ammonia—NHy (PPM)

0.11

0.01 0.10

——{0-100° C @
Light oifs- 10 3

54.45 - 12.51

_(100-230%C
Solvent 1.6 Torr) @

38.62 84.60

~(230-2555C
HCOVy Oil @'.6 Tofrl

2.60

SRL

Coal (MAF)

Ash

Water

99.89

6.92 0.29

Phenol

TOTAL

100

100 100 100

Pyridine Sotbles ! /o)

Melting Point °F

Spacitic Gravity 60/60

Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dift)

Ash

TOTAL

Number of Sample Avg.
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/2/78
Run No: L-2C
Date: 8/31-9/1/77
_Time: L"OO'OszO MOLE PERCENT
- S=4A J=1
SAMPLE DESCRIPTION Mgléhg:? Product Rggde geed Bvhd - |Discharge
SAMPLE POINT Sx-18 Sx-19 $x-20 Sx-21 Sx-30 Sx-32
Hydrogen —-H, 41,22 40.32 52.90 55.20 20.45 12.67
Carbon Monoxide-CO 58.20 13.88 17.85 29.55 6.65 3,62
Carbon Dioxide —CO, 19.07 38.35 48.87
Hydrogen Sulfide-H,S 0.15 1.70
Methane =CH, 20.78 23.70 11.40 19.35 18.10
Ethane—C:He 3.60 3.80 1.85 7.35 9,30
Propane—-C3He 1.25 1.30 1.50 5.60 7.24
Butane ~C,4H,o
Nitrogen-N, 0.58 0.90 0.45 0.50 0.25
Ammonia~NHy (PPM) 0.05 0.30
Light 0in-0:1%0 €@
H (100-230°C @
-:-; Solvent— "%273%";55%
£ |Heowy 0116 Torr)
Qo
g SRL
Coal (MAF)
Ash
Water
Phenol
TOTAL 100 100 100 100 100 100
Calc Mole~Wt. 17.28 18.35 11.69 12.56 27.61 31.70
Melting Point °F
Specitic Gravity 60/60
Viscosity , cp
\.
( Carbon
Hydrogen
Nitrogen
3| Sulfur
2
Oxygen (by dift)
o Ash
TOTAL
| Number of Sample Avg. 9 2 9 9 ) y:
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Quantitotive

——————— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/2/78

Run No: L-2C

Date: 8/31-9/1/77
Time: 1400-0200

MOLE PERCENT

SAMPLE DESCRIPTION

Abaoﬁed
as

SAMPLE POINT

Calc.

Hydrogen —H,

Carbon Monoxide~CO

| carbon Dioxide-co,

98.96

Hydrogen Sulfide-H,S

0.78

Methane -CH,

Ethane—Cz2Hes .

Propane~CsHe

-|Butane ~C4H\o -

Nitrogen—N,

Ammonia—NH, (PPM)

0.26

—{0-100°C @
Light oils-D 100 S

100-230°C
Solvom-('_6 Torr) @

. (230-255°C
Heavy 0il-'@)6 Torr)

SRL

Coal (MAF)

Ash -

Water

Phenol

TOTAL

100

43,85

Melting Point °F

Specific Gravity 60/60 ]

Viscosity , cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL'

Number of Sample Avg.
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PRC 'ECT LIGNITE
SAMPPLE ANALYSES
RUN NO: L-2C

DATE: 8/31-9/1/77
TIME: 1400-0200
SAMPLE DESCRIPTION LEC Btms eed Solv.! S-8 011l S-4B 0il |Cold Trap
SAMPLE POINT Sx~-12 Sx-14 Sx~16 Sx-23 $x-33
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 5
18P 72.4 36.4
5% [_— 82.6 102
rlo% 85.6 117.2
) 20% © 93.2 153.2
z 30% o 103.6 173.4
O 40% z 116 181
W 50% =3 130 186. 3
w 60% x 151.6 191.8
s 70% a 169.4 199
2 80% S 179.8 709.6
S 90% n 190.6 231.6
Los9, : L 204.8 260
DRY PT. 214.8
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 732 741 742
I1BP x 57 76 79
5% r 65 115 82
ﬁo% 15 69 162 87
2 20% ° 78 194 94
W 30% " 88 208 99
& 40% & 97 223 102
a 50% — 107 246 110
w 60% & 117 270 111
Z 70% o 126 297 114
2 80% i 140 334 117
> 90% 161 349
L‘95 %
DRY PT. — 169 350 117
ASPHALTENE TEST
WT Y% ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES 8 DIST. OIL
TOTAL
SAYBOLT VISCOSITY, SSU
100° F
2109 F
MISCELL ANEOUS
| KF Hz0 WT % (Raw Sx) 0.97 _0.45 57.89
INFRARED RATIO
SP. GRAV. 60/60 F 1.006 1.062 0.966

PREASPHALTENES =~ PYRIOINE SOLUBLE, BENZENE INSOLUBLE MATERIAL
ASPHALTENES~- BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL
MALTENES - N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES
DISTILLABLE OiL ~RECOVERABLE BY DISTILLATION,
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PROJECT LIGNITE
SAMi LE ANALYSES

RUN NO: L-2C
DATE: 8/31-9/1/77
TIME: 1400-0200
SAMPLE DESCRIPTION S-4A 0il!| S-7 Btms
SAMPLE POINT Sx-37 Sx-39
, ASTM D-i160 DISTILLATION DATA
PRESSURE, TORR 5
18P 64.6
5% r 91
rlo% 110.6
- 20% g 144.5
5 v 30% o 166
O 40% x 176.3
W 50% 5 181
" 60% © 185
s 70% % 192
g 80% n 202
S 90% 223
959 L 256
DRY PT. 256
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 736
I8P . 77
5% r 97
'l—.loo/o R 158
E 20% ° 197
Y 30% w 213
x 40% x 232
a 50% l&- 254
w 60% @ 276
Z 70% a 314
2 80% ?_J 340
> 90% 363
Los o L
DRY PT. ‘ 368
ASPHALTENE TEST
WT 9% ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES & DIST. OIL
TOTAL
SAYBOLT VISCOSITY, SSU
100° F
210° F
MI{SCELLANEQUS
| KF _H0 WT%(Raw Sx) 0.47 0.29
INFRARED RATIO ' '
SP. GRAV. 60/60 F 0.961

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES- BENZENE SOLUBLE,

MALTENES- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

N-PENTANE INSOLUBLE MATERIAL

DISTILLABLE OIL -RECOVERABLE BY DISTILLATION.
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PROJECL LIGNITE
MEASURED MATERIAL BALANCE
Revised: 3/2/78

Temperature: 751°F

MATERIAL IN
Run No: 1-2¢ Pressure. 2460 psig
Date:  8/31-9/1/77 LHSV: 1.37
Time:  1400-0200 1bs/hr. GHSV: 320
(" &——TFeed[Gas ———> Feed TOEAL
| STREAM DESCRIPTION .ecy..clg,G_a.4 _Makeup Gas Lignite| Solvent In
SAMPLE POINT Sx-20 Sx-18 Sx-1 Sx-14
Hydrogen - H, 0.57 0.43 1.00
Carbon Monoxide-CO 2.68 8.37 11.05
Carbon Dioxide ~CO, '
Hydrogen Sulfide-H,S
Methane- CH, 2.04 2.04 A
Ethane - C2Hg 0.61 0.61
Propane- C,H. 0.31 0.31
Butane — C4H o
v Nitrogen=N, 0.07 0.08 O.iS
'.g Ammonic-NH,
=1 ant onL0-100°CH
£ Light Oii-"/ g Torr) 9.26 9.26
-(100-230°C
3 | Solvent (I.S('zTorr) © 78.18 78.18
30-259%C ’
Heavy OII:@L6 Torr) 3.11 3.11
SRL
Cool (MAF) 28.18 28.18
Ash 2.57 2.57
Water 15.59 0.89 16.48
Phenol .
oraL 6.28 8.88 46.34 91.44 152.94
( Carbon
‘Hydrogen
Nitrogen
Sulfur .
g Oxygen (by diff)
o
_E(Ash
2
ol
t TOTAL
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Quantitative

PROJECI LIGNITE
MEASURED MATERIAL BALANCE

Revised: 3/

2/78

MATERIAL OUT

Temperature: 751°F

. Run No: 1L-2C - Pressure: 2460 psig

Date: 8/31-9/1/77 LHSV: 1.37
Time:  1400-0200 1bs/hr. GHSV: 320

STREAM of_scmpnow mﬁ”u‘é‘éﬁl‘éa@a bsorbed Cals _S;jﬁ _-_Egg Owsrt-xg
SAMPLE POINT SX_ZO" ) _Sx_zo c;1-c Sx-3<-)—m $x-23 Sx-44
Hydrogen - H, 0.31 0.57 0.06

Carbon Monoxide-CO 1.48 2.68 0.29

Carbon Dioxide - CO, 9.15 2.64

Hydrogen Sulfide-H,S 0.06 0.09

Methane- CH, 1.13 2.04 0.48

Ethane = Cz He 0.34 0.61 0.35

Propane- C4Hy 0.17 0.31 0.39

Butane — C4Hyo

Nitrogen-N; 0.04 0.07 0.01

Ammonia=-NHy 0.01 0.01 0..02

Light 017 100"C® 3.17
Solvont-“.oo g;”rc co® 1.76

Heavy 0||§2'ijfc 0.24

SRL

Cool (MAF)

Ash

Water 15.61

Phenoi

ToTAL 3.47 6.28 9.22 4,32 20.80 |  Negl,
Carbon

Hydrogen

Nitrogen

Sultur

Oxygen (by diff)

Ash

TOTAL

r———Elemental
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Quantitative

———Elemental

PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised:

3/2/78

Temperature: 751°F

Run No: L-2C MATERIAL OUT Pressure:?#50 psig
Date: 8/31-9/1/77 ' tusy: 1.37
Time:  1400-0200 1bs/hr. GHSV: 320

steeaw OEscnTION gen  lpnguse | Teep | Bins |57 Bime |F-2 Rems |
SAMPLE POINT Sx~16 Sx-32 Sx-33 Sx-2 Sx~34 Sx-12
Hydrogen ~ H,

Carbon Monoxide-CO

Carbon Dioxide - CO, '

Hydrogen Sulfide-H,S

Methane - CH,

Ethane~ Ca Hg

Propane-C,Hg

Butane — C4H,o

Nitrogen-N,

Ammonia—NHy

ight on-D810:591  1.99 0.07 9.26 4.50
sovent-([907233 °@] 0.03 0.01 3.04 62.58 5.75
Heovy OIl-STE 00 1.92 0.18
SRL 10.49

Coal (MAF) 4.10

Ash 2.66

Water 0.12 0.21

Phenol

roTat 2.02 NA 0.20 20.29 73.97 10.43
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by ditf)

Ash

TOTAL

NA - Not Available
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Quanmative

PROJECT LIGNITE
MEASURED MATERIAL BALANCE
Revised: 3/2/78

Run No: L_zc MATERIAL OUT

Date:  8/31-9/1/77
Time: 1400-0200 1bs/hour

Temperature: 751°F
Pressure: 2460 psig
LHSV: 1.37
GHSV: 320

STREAM DESCRIPTION Total
SAMPLE POINT

Hydrogen ~ H, 0.94
Carbon Monoxide-CO -4.45
Carbon Dioxide ~CO, ' 11.79
Hydrogen Sulfide-H,S 0.15
Methane- CH, 3.65
Ethane - C2 Hg 1.30
Propane- CyHg 0.87
Butane ~ C4H o

Nitrogen-N, 0.12
Ammonia—NHy 0.04
Lignt on-'9710% ¢@ 18.99
Solvent -(100:230%C® 73.17
Heavy o1-{5T0- 25T 2.34
SRL 10.49
Coal (MAF) 4.10
Ash 2.66
Water 15.94
Phenol

TOTAL 151.00
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL
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RUN CONDITIONS

RUN NO.L=2D
DATE MADE _9/3/77

TEMPERATURE °F

PRESSURE, psig

PREMEATER E-|
SAND BATH_____ 770

INLET 295
OUTLET 747
DISSOLVERS
R-1A (1) - 752
(2) 809
(3) 793
(4) 808
R-18 (1) NIU
(2)
(3)

(4)

REACTOR PRODUCT' SEPARATORS
S-1

5-2 79
o3 501
s-44A 80
5-48 74

PREHEATER E-11

DOWTHERM
INLET 418
QUTLET 644

VACUUM FLASH F-i
OVERHEAD vAPOR ___ 203

UPPER WALL 607
LOWER WALL 571
DOWNCOMER 569
CONDENSATE

ACCUMULATOR,S-7__ 80

PREHEATER E-13

SEPARATORS S-1 and S§-2
2

DOWTHERM 398 450
INLET 77 SEPARATOR S-3
OUTLET 160 250

LIGHT ENPS COLUMN, F-2
REBOILER 323

LOWER SECTION __ 214

SEPARATORS g—4A and $-48
' 0

VACUUM FLASH, F-I
15 Torr

FEED SECTION

LIGHT ENDS COLUMN, F-2

OVERHEAD 179 Atm
5-8 75 SOLVENT COLUMN, F-3
$-9 - NIU
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 NIU
REBOILER NIU ° VACUUM FLASH, F-0
LOWER SECTION NIU
FEED SECTION SETTLING TOWER, V-8
OVERHEAD NIU
RECOVERY TOWER, V-7
HEAVY ENDS COLUMN, F-4 NIU

REBOILER NIU

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-0
OVERHEAD NIU

BOTTOMS

PRECIPITATION TOWER, V-8
ZONE (1) NIU

(2)

(3)

RECOVERY TOWER V-9
REBOILER NIU

OVERHEAD
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MASS RATES AND RUNppooucrcas Fo TH'E-RMAL

Numbers in parentheses are not included in the totals.

‘ Start | End Rua Not L-2D 2.24
Dote of Run  |9/3/77 [9/3/77 [Units:1n ° CONPDITIONS BRODUCT GAS TO RECYCLE _ 6.91
Time of Run 1000 {2200 Pres. By: BCL & GGB - Sx=2 o=
Lenath of Run 12 {hrs. Updated: 2/28/78 l
Hours onCoalat&nd of Y.P-| 156.0 K—4 KNOCKOUT POT BTMS _ _

813 CRUBRER AR SORB 8.36
6.91 RECYCLE GAS. X T X Sx- T
1 SYNGAS - P
4;'—3% t“l‘c‘:j:':; s«-21 |1 8os - T [ WASTE _GAS . 3.62
— | S«-B |29 _ ; [ p.2450 i
Sx-] ﬁg 747 | r-ia R-1B = NN S — x50
e T 793 ) T: 80 s-48
770 ' o [PE 8L *P60 | [T74
P 2450 X . 245( P60
: = 5-3 s Sx-37
¥y T 809 T |__..T~501 r T {{’ S-4A BOTTOMS = -
MIXER T 759 T 250 S-4B BOTTOMS 14.96
.. > .
xBﬁTOLus_NE accumuLaTor . NIU
746.,X J X 10.c. Oxp, Negl.
644 418 - =
.- T/
[=
Lo | [E
u ~
o 2 %g o 7.21
I - E-1l
o
~ 82 Iy
) y
R I |
F-1
503
607 & 15 Tpr
Sﬁ_] | oty
I 17.76 1bs/hr. X - i Veq BOTTOMS  _
569 . - 1J-1 ExHansT,  _ 0.50
Z j_/ (%-ORL,;S QOALSDEST'RAP; 0.20
I+ 80 A'zcj § vauos
MAKELP P15 Tprr A-2A o) V-8 BE rToms > —NIU
6.34) sowent) | | ¥ 66.60 111-2- : .
Sx8 1 T §S*-2 VACUUM BOTTOMS  ,, 4¢
{ A-SA OVERFLOW -
152.82 +ora >d oPEM PMd CLOSED ToTAL 152.82



PROJEC! LIGNITE
ADJUSTED MATFRIAL BALANCE ~
.roduct Gas, Recycle Gas and F-1 Btms Rate Adjusted followed by a Forced Carbon Balance

Revised: 2/28/78 Temperature:747°F

T sy T
Time: 1000-2200 GHSV: 320
1 | STREAM DESCRIPTION Total Total viesd gga% MAF
SAMPLE POINT
Hydrogen - H, 1.62 1.08 =0.54
Carbon Monoxide~CO 11.00 5,77 -5.23
Carbon Dioxide - CO, 10.91 10.91
Hydrogen Sulflde-HzS 0.21 0.21
Methane - CH, 1.35 2.10 0.75 I 6.79 23.60
Ethane- CzHg 0.52 0.935 0.43
Propane=- Cy Hg 0.14 0.43 0.29
Butane — C4Hyp .
o | Nitrogen=N, - 0.23 0.17 -0.06
'.E Ammonia- NHg 0.03 0.03 )
":;3, Light °“'z:|.;l:1;5ion 501 23.51 28.90 5.39
g [soment -0 C@ | 6449 59.72 -4.77_|}b 16.87 58. 64
[Heavy o -BRBSC] 2.4 1.81 -0. 64
SRL 16.89 16.89
Cool (MAF) 28.77 4.92 =23.85 _-82.90
Ash 2.69 2.65 =0.04 =0.14
Water 16.05 16.28 0.23 0.80
Phenol
LToTaL 152.82 152.82 =0-
([carbon 106.56 106,56 -0~
Hydrogen 12.03 11,98 =0,05
Nitrogen 0,73 Q.70 -0.03
| [suttur 1.26 1.41 0.15
% Oxygen (by diff) 29,55 29, 52 -0.03
£am 2,69 2,65 =0.04
w
L TOTAL ‘ 152.82 152.82 -0-
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Run No: 1-92p

PROJEC! LIGNITE

_ _ ADJUSTED MATLRIAL BALANCE
Product Gas, Recycle Gas and F-1 Btms Rate Adjusted followed by a Forced Carbon Balance

Revised: 2/28/78

Temperature: 747°F

Date: 9/3/77 MATERIAL IN i;gssu;e% 2430 poig
Time: 1000-2200 1hs/br GHSV: 320
 STREAM DESCRIPTIONSC e ?ﬁmpmm solvent o
SAMPLE POINT Sx~20 Sx-18 - 8x-1 Sx~-14
Hydrogen - H, V 0.76 0.86 1.62
Carbon Monoxide-CO 4.02 6.98 11.00
Carbon Dioxide ~ CO, .
| Hydrogen Suifide-H,S
Methare~- CH, 1.35 1.35
] Ethane~ Cp He 0.52 0.52
.| Propane- CyHyg 0.14 0.14
Butane — C4H)o
Nitrogen-N, 0.12 0.11 0.23
Ammonia~NHg _
Lignt ou-(0; 100" ¢® 23.51 23.51
Solvent -({007230°C@ 64.49 64.49
Heovy OG5 Forr) 2.45 2.45
SRL
| Coal  (MAF) 28.77 28.77
Ash 2.69 2.69
Woter 15.80 0.25 16.05
Phenol
TOTAL 6.91 7.95 47.26 90.70 152.82
Carbon 3.26 2.99 20.76 | 79.55 106. 56
Hydrogen 1.23 0.86 3.06 6.88 12.03
Nitrogen 0.12 0.11 0.26 0.24 0.73
Sulfur 0.25 1.01 1.26
Oxygen (by diff) 2.30 3.99 20.24 3.02 29.55
Ash 2.69 2.69
TOTAL 6.91 7.95 47.26 90.70 152.82
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PROJEC" LIGNITE

ADJUSTED MATERIAL BALANCE
dimoduct Gas, Recycle Gas and F-1 Btms Rate Adjusted followed by a Forced Carbon Balance
Revised: 2/28/78

Temperature: 747°F

Yot L2 HATERIAL 07
Time: 1000-2200 1bs/hr. GHSV: 320

 STRCAM OESC IO S Gy Hocycle Gaofasirbes Che Ot | beme oy
SAMPLE POINT Sx-20 Sx-20 Calc. Sx-30 Calc. Sx-44
Hydrogen - H, 0.25 0.76 0.07

Carbon Monoxide~CO 1.30 4.02 | 0.40

Carbon Dioxide - CO, ‘ 8.24 2.30

Hydrogen Sulfide-H,S ‘ 0.12 0.09

Methane- CH, 0.44 1.35 0.28

Ethane - Ca Hg 0.17 0.52 0.24

Propana~ CyHg 0.04 0.14 0.22

Butane — C4H o

Nitrogen-N, A 0.04 0.12 0.01 :
Ammonia~NH, 0.01 0.02

Light ou-(O2100"C® 0.44

Solvent _(:960}%?SB?@ 0.21

Heavy OII-{@ng"-‘?g?;E 0.02

SRL

Coal (MAF)

Ash

Water 14.27

Phenol

TOTAL 2.24 6.91 8.36 3.62 14.96 Negl.
Carbon 1.06 3.26 2.25 1.38 0.56

Hydrogen 0.40 1.23 0.01 0.24 1.65

Nitrogen 0.04 0.12 0.01 0.02

Sultur 0.11 0.08

Oxygen (by dift) 0.74 2.30 5.99 1.91 12.73

Ash

ToTaL 2.24 6.91 8.36 3.62 14.96 | Negl.
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE
Product Gas, Recycle Gas and F-1 Btms Rates Adjusted followed by a Forced Carbon Balance

Revised: 2/28/77

Temperature: 747°F

Run No: [-2D MATERIAL OUT Pressure: 2450 psig
Date: 9/3/77 . LHSV: 1.38

Time: 1000-2200 1bs/hr. GHSV: 320

sreaw vescrerion] So | pfiduee | Tems | Beme b7 ntme|LEG bems.
SAMPLE POINT Sx-16 *Sx-32 Sx~-33 Sx-2 $x-39 Sx~-12
Hydrogen - H,

Carbon Monoxide~CO 0.05

Carbon‘ Dioxide - CO, . 0.37

Hydrogen Sulfide-H,S

Methane- CH, 0.03

Ethane - C; He 0.02

Propane-CyHg 0.03

Butane — C4Hjo

Nitrogen-N;,

Ammonia-NHy

Lignt on{OOCR 0.07 12.83 10.78
Sovent-([Q03230°CO | o) 0.03 52.00 |  6.66
Heavy °“'%Lg'r2ﬁ;c 0.20 1.27 0.32
SRL 16.89

Cool (MAF) 4,92

Ash 2.65
| Water 1.42 0.10 0.49

Phenol

ToTat 7.21 0.50 0.20 | 24.46 66. 60 17.76
Carbon 4.81 0.18 0.09 19.25 58.61 15.11
Hydrogen 0.74 0.02 0.02 1.15 5.02 1.50
Nitrogen 0.01 0.25 0.20 0.05
Sulfur _ 0.02 0.21 0.87 0.12
Oxygen (by diff) 1.63 0.30 0.09 0.95 1.90 0.98
Ash 2,65

TOTAL 7.21. 0.50 0.20 24,46 66.60 17.76

* Rate assumed similar to those of the other L-2 yield periods where the

orifice meter was operating properly.
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ADJUSTED MATERIAL BALANCE

PROJECY LIGNITE

Product Gas, Recycle Gas and F-1 Btms Rate Adjusted followed by a Forced Carbon Balance

Quantitative

-

Run No: 1-9p

Revised: 2/28/77

MATERIAL OUT

Temperature: 747°F
Pressure: 2450 psig

Date: - 9/3/77 LHSV: 1.38
Time: 1000-2200 1bs/hr. GHSV: 320
STREAM DESCRIPTION Total
L...s..‘;.é;l-..[.. ;aa;_—.. - e i e b - im——— ——— —
Hydrogen - H, 1.08
Carbon Monoxide~-CO 5.77
Carbon Dioxide - CO, 4 10.91
Hydrogen Sulfide-H,S 0.21
Methane~ CH, 2.10
Ethane— Ca Hg 0.95
Propane- Cy Hg 0.43
Butane — C4H, o
Nitrogen-N; 0.17
Ammonia=NHy 0.03
Light Oil (?qul’grr%@ 28.90
5°'"""“9s° ‘3?3%@ _59.72
SRL 16.89
Coal (MAF) 4.92
Ash 2.65
Water 16.28
Phenol
TOTAL | 152.82
Carbon 106.56
Hydrogen 11.98
Nitrogen 0.70
Sulfur 1.41
Oxygen (by diff) 29.52
Ash 2.65
TOTAL 152,82

r———Elementol
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/28/78

Run No: 1-2D
Date: 9/3/77
Time: 1000-2200 WEIGHT PERCENT
SAMPLE DESCRIPTION] [ .o [ E-1 LEC 5289 ot 0110 Wator
SAMPLE POINT Sx-1 Sx-2 Sx-12 Sx-14 Sx-16 Sx-16
Hydrogen - H, '
Carbon Monoxide-CO
Carbon Dioxide—CO,
Hydrogen Sultide-H,S
Methane -CH,
Ethone—C2Hs -
Propane~CxHg
Butane ~C4H,o
Nitrogen—N,
Ammonla—NH; (PPM)
| Tuignt ois-195100 ¢ 60.70 | 25.92 82. 50
£ [soivent-{[QO52507C® 37.50 71.10 14.00
Z [Heavy 0in-230-255°C 1.80 2.70 3.50
g SRL 69.06 |
Coal (MAF) 60.88 20.11
Ash 5.70 10.83
Water 33.42 0.28 100
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles W} 7o | 77.45 |
Malting Point °F 440
Specitic Gravity 60/60 1.010 1.054
g Viscosity, ¢p
,
Carbon 43.92 78.69 85.08 87.71 83.02
Hydrogen 6.47 4,72 _8.45 7.58 10,01 11.11
Nitrogen 0.56 1.00 0.27 0.27 0.21
5 Sulfur 0.52 0.86 0.70 1.11 0.40
€ [ Oxygen (by dift) 42.83 3.90 5.50 3.33 6.36 88.89
o | Ash 5.70 10. 83
TOTAL 100 100 100 100 100 100
L Number of Sample Avg. 2 4 2 2 2 -
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Quantitative

————— Elemental

PROJEC" LIGNITE
SAMPLE ANALYSIS

Updated: 2/28/78

Run No: L-2D

Date: 9/3/77

Time:  1000-2200 WELGHT PERCENT
SAMPLE DESGRIPTION| S8 | Hakewp | Feocuet | eeyele | Feed Todm
SAMPLE POINT Sx-16 Sx-18 | Sx-19 Sx-20 sx-21 | *sx-23
Hydrogen —H, 10.80 6.08 11.01 9.31
Carbon Monoxlde-CO 87.76 | 34.53 58.24 75.94
Carbon Dloxide —CO, 42.52
Hydrogen Sulfide-H,S 0.62
Methane -CH, 10.02 19.50 8.95
Ethone—CzHe¢ 3.92 7.56 3.53
Propane~CyHe 1.61 2.02 1.25
Butane ~C Ho
Nitrogen—N, 1.44 0.68 1.67 1.02
Ammonia~NH4 (PPM) 0.02
Light om-?g@frf @ 6.1 64.64
Solvont-(:%o}gfro)uc @ 11.24 31.20
Heavy Oil -(ésl%-lgg?;c 2.81 3.10
SRL
Coat (MAF)
Ash
Water 19.74 1.06
Phenot
TOTAL 100 100 100 100 100 100
Pyridine Solubles (A“s':t :"/:OJL_
Molting Point °F
Specific Gravity 60/60 0.988
Viscosity, ¢p
Carbon 66.63 37.61 | 38.38 47.28 43.10 82.11
Hydrogen 10.22 10.80 9.69 17.77 12.49 8.69
Nitrogen 0.17 1.44 0.70 1.67 1.02 0.33
Sulfur 0.32 0.58 0.77
Oxygen (by ditt) 22.66 50.15 | 50.65 33.28 43.39 8,10
Ash
ToTAL 100 100 100 100 100 100
Number of Sampls Avq. 2 2 2 2 2 ‘9

*Insufficient oil sample~distillation data assumed to be the

S-4A 0il.
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Quantitative

—————— Elemental—

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/28/78

Run No: L-2D
Date: 9/3/77
_ Time: _ 1000-2200 WEIGHT PERCENT

awrLE desoeTion] £TE T Say 1Sl LT ol [ T
SAMPLE POINT Sx-23 sx-23 | Sx-30 Sx-32 Sx-33  [Sx~34/39
Hydrogen —H, 2.07 0.81
Carbon Monoxide-CO’ 11.14 10.07
Carbon Dioxide~CO, 63.64 74.13
Hydrogen Sulfide-H,S 2.46
Methane ~CH, 7.64 5.01
Ethone—=C2Hs 6.74 4.71
Propane—CxHa 5.94 5.27
Butane —C4H,o
Nitrogen—N, 0.21
Ammonia—NH, (PPM) 0.13 0.12 0.16
Light 0is{0;100" C® 6.20 34.03 19.26
Solvent—{|072307C @ 3.00 16.40 78.10
Keavy Oil- &g o) - 0.30 1.90
SRL
Coal (MAF)
Ash
Water 99,87 90. 38 49.57 0.74
Phenot! .
ToTat 100 100 100 100 100 100
Pyridine Solubles ! 7o
Melting Point ©F
Specitic Gravity 60/60 1.059
Viscosity , cp
Carbon 7.88 38.11 36.38 44.31 88.00
Hydrogen 11.12 10.89 6.58 3.96 9.81 7.54
Nitrogen 0.11 0.13 0.34 0.10 0.30
Sulfur 0.07 2.32 0,32 1.30
Oxygen (by ditt) 88.77 81.03 | 52.65 59.66 45.46 2.86
Ash
ToTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 1 4
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/28/78

Run No: L-2D

Date: 9/3/77

Time: 1000-2200 WEIGHE PERCENT
SawpE oEscreTion] STTR | RalA, | Soin | sbal | aee |ha
SAMPLE POINT Sx-37 Sx-37 sx-37 Sx-34/39 Calc Calc.
Hydrogen ~H, '
Carbon Monoxide~CQ’
Carbon Dioxide ~CO, 98.52
Hydrogen Sulfide-H,S - 1.44
Methane -CH,
Ethane—C2Hse
Propane~CsHe
Butane = C4Ho
Nitrogen~N,
Ammonio=~NH, (PPM) 0.08 0.02 0.04 0.12
Light °“=-“.°_E"’T?,:?-75 64.64 49.42 19.26 2.94
Solvent -([QO-Z50PC® " 3) 59 23.86 78.10 1.42
Heavy on-%ﬁ%’?ﬁﬁc 3.10 2.37 1.90 0.14
SRL
Coal (MAF)
Ash
Water 1.06 99,92 24.33 0.74 95.38
Phenol ‘
TOTAL 100 100 100 100 100 100
Pyridine Solubles (‘m‘ :réo
Melting Point °F
Specific Gravity 60/60 0.984 1.059
Viscosity, ¢p
Carbon 82. 40 63.00 88. 00 26.87 3.74
Hydrogen 8.39 11.11 9.03 7.54 0.09 11.01
Nitrogen 0.28 0.07 0.23 0.30 0.03 0.12
Sultur Q.55 0.42 | '1.30 1.36 0.03
Oxygen (by ditt) 8.38 88, 82 27.32 2.86 71.65 85,10
Ash
ToTAL 100 100 100 100 100 100
Number of Sample Avg, 2 2 2 4 - -
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Quantitative

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/28/78

ental

Ei

Run No: 1-2D

Date: 9/3/77

Time:  1000-2200 MOLE PERCENT
SAMPLE DESCRIPTION | Makeup Prgggct Rgcycle Eeed e E§ﬂ§111§t
SAMPLE POINT Sx-18 Sx-19 | Sx-20 sx-21 | $x-30 Sx-32
Hydrogen —H, 62.90 __50.04 60.10 57;40 27.20 13.30
Carbon Monoxide-CO 36.50 20.29 22.70 33.45 10.45 11.83
Carbon Dioxide —CO, 15.90 38.00 55.45
Hydrogen- Sulfide-H,S 0.30 1.90
Methane -CH, 10.30 13.30 6.90 12.55 10.31
Ethane—CzHs. 2,15 2.75 1.45 5.90 5.17
Propane-CxHe 0.60 0.50 0.35 3.55 3.94
Butane —C4H;o
Nitrogen—N, 0.60 0.40 | 0.65 0.45 0.20
Ammonia—=NH; (PPM) 0.02 0.25
Light °“"(?E'qr?:r§: @
Solvent - :.6 }0"0) t@
e, o156 B2
SRL
Coal (MAF)
Ash
Water
Phenol
ToTat 100 100 100 100 100 100
Calc Mole Wt A 11.65 16,45 10.91 12.33 26.27 32.91
Melting Point °F
Specitic Gravity 60/60
Viscosity, cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Sample Avg. 2 2 2 2 2 2
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Quantitative

————— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

2/28/78

L-2D
9/3/77
1000-2200

Updated:

Run No:
Date:
Time:

MOLE PERCENT

SAMPLE DESCRIPTION

Ab sagg ed

SAMPLE POINT

Calc

Hydrogen — H,

Carbon Monoxide-CO’

Carbon Dioxide ~CO,

98.03

Hydrogen Sulfide-H,S

1.85

Methane ~CH,

Ethane ~C2Hs

Propane—~C3Hge

Butane —C4H,o

Nitrogen—N,

Ammonia—NH, (PPM)

0.12

. {0-100°C @
Light Oils~ 1.6 Torr)

T00-230°C
Solvcm—(&on") C@

—1230-2555C
Heavy Oil-@) 6 Torr)

SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL

100

Calc. Mole Wt.

Y

43.78

Malting Point °F

Specitic Gravity 60/60

Viscosity , cp

Carbon

. |Hydrogen

Nitrogen

Sulfur

Oxygen (by ditt)

Ash

TOTAL

Number o!‘ Sample Avg,
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PROJECT LIGNITE
SAMPLE ANALYSES

RUN NO: L-2D
DATE: 9/3/77
TIME: 1000-2200
SAMPLE DESCRIPTION F-1 Btms | LEC Btms |Feed Solv. §-8 Oil S-7 Btms
SAMPLE POINT Sx-2 Sx~-12 Sx-14 | sx-16 Sx-34/39
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR ‘ 5 5 5
18P 28.6 S54.4 68.6
5% r 67.2 79 83
rno% 72.3 87.8 92.6
. 20% 9 79.3 106.5 118.1
z 30% o 85.8 131 147.2
S 40% x 93.8 157 166.2
W 50% 5 104 170.5 1756
L 60% « 118.4 177.3 180.4
s 710% % 143.2 184.2 185.5
g 80% G 165.8 193.2 192.6
> 90% 180.2 211.8 212
L5, L 192.2 237.5 248, 4
DRY PT, 197.2 245,7 255.4
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 759
I1BP 62
5% r 68
(_:0% & 85
g 20% ° 112
W 30% W 140
& 40% x 171
a 50% 5 191
w 60% & 210
2 70% g 235
2 80% i 266
T 90% 344
Los o L 347
DRY PT.
ASPHALTENE TEST
WT Y% ASH 10.83
WT % UNCONVERTED COAL 20.11
WT % PRE-ASPHALTENES 37.25
WT % ASPHALTENES 15.05
WT % MALTENES BOISTOIL | 16.76
TOTAL 100. 00
SAYBOLT VISCOSITY, SSU
100° F 9,7 11.7 12.8
210° F . 8,2 8,5 __8,5
MISCELLANEOUS
KF H0 WT%(Raw Sx) 0,28 0.74
INFRARED RATIO .32 0.38 0.37
SP. GRAV. 60/60 F 1,010 1,054 1.059

PREASPHALTENES = PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES - RENZENE SOLUBLE, N-PENTANE

INSOLUBLE MATERIAL

MALTENES=- N=PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEOURES
DISTILLABLE OIL ~RECOVERADLE DBY DISTILLATION,
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PROJECT LIGNITE
SAMILE ANALYSES

RUN NO: 1-2p
DATE: 9/3/77
TIME: 1000-2200
SAMPLE DESCRIPTION S=4A 011
SAMPLE POINT Sx~-37

ASTM D-1160 DISTILLATION DATA

PRESSURE, TORR
I8P

5%
rl 0%
20%

30%
40%
" 50%
60%
70%
80%
90%
95 %
DRY PT.

rVOLUME PERCENT

TEMPERATURE, °C ————]

ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR

738
I8P 29
50/° r 161

rl0°/o R 188

£ 20% S 201

¥ 30% w 209

x 40% x 221

a 50% = 238

w 60% x 261

Z 70% a 295

> 80% w 336

T 90% 355

L‘95‘;)/0 L
DRY PT. kLY
ASPHALTENE TEST

WT Y% ASH

WT % UNCONVERTED COAL

WT % PRE-ASPHALTENES

WT % ASPHALTENES

WT % MALTENES 8 DIST. OilL

TOTAL
SAYBOLT VISCOSITY, SSU
100° F ’
210° F
MISCELLANEOUS

KF HO0 WT % (Raow Sx) 1.06

INFRARED RATIO

SP. GRAV. 60/60 F 0.984

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES - BENZENE SOLUBLE,

MALTENES- N~-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

N-PENTANE INSOLUBLE MATERIAL

DISTILLABLE OIL -RECOVERABLE B8Y DISTILLATION,

-329-




PROJECT LIGNITE
MEASURED MATERIAL BALANCE
Revised: 2/28/78

Temperature: 747°F
ERI
Run No: L-2D MATERIAL OUT ' Pressure: 2450 psig
Date: 9/3/77 LHSV: 1.38
Time: 1000-2200 1bs/hr GHSV: 320

(" <«—TFeed fas ——> Feed Total
Fﬂf?‘.‘f‘.?iii".’fl‘?!‘ Recycle Gag .Makeup Gag . Lignite} Solvent In.
SAMPLE POINT S$x~20 Sx~18 Sx-1 Sx-14
Hydrogen - H, 0.65 0.97 1.62
Carbon Monoxide-CO 3,44 7.86 11.30
Corbon Dioxide ~CO, '

Hydrogen Sulfide-H,S

Methane - CH 1.15 1.15
Ethane - C2Hg 0. 44 3 ' 0.44
Propane-Cy Hy 0.12 0.12
Butane — Cquo

o |Nitrogen-N, 0.10 0.13 0.23

%‘ Ammonia~NHy

= _(0~-1009 C

t Light Oll ") ¢ Torg)@ , \ 23.51 23.51

_ IOO -230°C :

& | Sotvent-! L6 Tor) 552 64.49 64.49
Heavy °”"@|.6 Torr) 2.45 2.45
SRL
Coal (MAF) 28.77 28.77
Ash 2.69 2.69
Woter 15.80 0.25 16.05

{ Phenol

| {ToTaL 5.90 8.96 | 47.26 | 90.70 152.82

(

Carbon 2.79 3.37 20.76 79.55 106.47
Hydrogen 1.05 0.97 3.06 6.88 11.96
Nitrogen 0.10 0.13 0.26 0.24 0.73

| Isuttur 0.25 1.01 1.26

£ [Oxygen (by diff) 1.96 4.49 | 20.24 3.02 29.71

< ,

E |Ash 2.69 2.69

o .

w

L TOTAL 5.90 8.96 47.26 90.70 1‘52.82
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PROJEC! LIGNITE
MEASURED MATFRIAL BALANCE
Revised: 2/28/78

Run No: L-2D MATERIAL OUT : gi:i:ﬁizl:lr;z&;g?;zig
Date: 9/3/77 LHSV: 1.38
Time: 1000-2200 1bs. /hr i GHSV: 320
([srreau oescremionly oot e cadbeorbed Gdsovkd | pms | _ovag
SAMPLE POINT Sx-20 Sx~-20 Calc Sx~-30 Sx-23 Sx-44
Hydrogen - H, 0.40 0.65 0.07
Carbon Monoxide-CO 2.14 3.44 0.40
Carbon Dioxide = CO, v 7.54 2.30
Hydrogen Sulfide-H,S 0.11 0.09
Methane - CH, 0.72 1.15 | 0.28
Ethane - CaHg 0.28 0.44 - 0.24
Propane- CyHg . 0.07 0.12 0.22
Butane — C4H, o '
o | Nitrogen-N, 0.06 0.10 0.01
> R
5 Ammonia—~NHy 0.01 0.02
£ [ Light on-‘?é'érgfr%@ 0.93
§ Solvent-q%o."r%;”goc@ 0.45
oary 01-E0-255 0.04
SRL
Coal (MAF)
Ash’
Water 13.52
Phenol
[ TOTAL : 3.67 5.90 7.65 3.62 14.96 Negl.
( Carbon 1.74 2.79 2.06 1.38 1.18
Hydrogen 0.65 1.05 0.01 0.24 1.63
Nitrogen 0.06 0.10 0.01 0.02
Sulfur . 0.10 0.08 0.01
S [oxygen (by ditf) 1.22 1.96 |  5.48 1.91 12.12
(4]
€ |Ash.
2
1%
L TOTAL 3.67 5.90 7.65 3.62 14.96 Negl.
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Quantitotive

——Elementgi

PROJEC! LIGNITE

MEASURED MATERTAL BALANCE

Revised: 2/28/78

MATERIAL OUT

Temperature:747°F

Run No: 1-2p Pressure:2450 psig
Date: 9/3/77 LHSV: 1.38
Time: 1000~2200 1bs/hr. GHSV: 320

steca oescueTON) Sene  |phause | feap__ |ntws |57 Bewd [LEC bems
SAMPLE POINT Sx-16 Sx-32 Sx-33 Sx-2 Sx~-39 Sx~-12
Hydrogen -~ H,

Carbon Monoxide~CO

Carbon Dioxide - CO, ‘

Hydrogen Sulfide-H,S

Methane- CH,

Ethane - Ca Hg

Propane- CyHgy

Butane ~ C4Hg

Nitrogen-N,

Ammonio~NHy

Light ou-{02100°C@ 78 0.07 12.83 10.78
sotvant (503229 C@|  0.81 0.03 52.01 6.66
Hoovy OI=ER820%C1 4. 20 1.27 0.32
SRL 17.31

Coal (MAF) 5.04

Ash 2.72

Woter 1.42 0.10 0.49

Phenol

ToTaL 7.21 NA 0.20 25.07 66.60 17.76
Carbon 4,81 0.09 19.73 58.61 15.11
Hydrogen 0.74 0.02 1.18 5.02 1.50
Nitrogen 0.01 0.25 0.20 0.05
Sultur 0.02 0.21 0.87 0.12
Oxygen (by diff) 1.63 0.09 0.98 1.90 0.98
Ash 2.72

TOTAL 7.21 NA 0.20 25.07 66.60 17.76

NA - Not Available
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Quantitctive

PROJEC' LIGNITE
MEASURED MAT)RIAL BALANCE
Revised: 2/28/78

N\

. °

Run No: t1-2p MATERLAL OUT gf:g::::?r:lt'Sga;szg
Date: 9/3/77 LHSV: 1,38

Time: 1000~2200 LBS/HR. GHSV: 320

[srmeaw oesomeronl T T Toset
SAMPLE POINT

Hydrogen - H, 1.12
Carbon Monoxide-CO 5.98
Carbon Dioxide ~CO, ‘ : 9.84
Hydrogen Sulfide-H,S ' 0,20
Methane=- CH, 2.15
Ethane~- C, Hg ‘ 0,96
Propane~ CyH, ’ 0,41
‘Butane ~ C4Hjo

Nitrogen=N; 0.17
Ammonia~NHy Q.03
Light ou-<ﬁg'°}j',’,3@! o 29,39
Solvont-q%O.',%?ro co 59,06
Heavy o"'m-Torr) 1.83
SRL ‘ 17.31
Cool (MAF) 5,04 |
Ash 2,12
Water ' 15.53 |
Phenoal
TOTAL 152,64
Carbon _107.50
Hydrogen ‘ 12.04 ]
Nltrogen l 0.70
Sultur _1.41 |
Oxygen (by ditf) 28.27
Ash 2:.72
TOTAL 152.64 ,

r——Elemental
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RUN CONDITIONS
RUN NO, _L-2E

DATE MADE _9/3-4/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-I
"SAND BATH 760

INLET 291
OUTLET 741
DISSOLVERS

R-1A (1) 739
T (2) 808

(3) 780

(4) 798

R-18 (1) NiU

(2)

(3)

(4)

REACTOR PRODUCT SEPARATORS

S-1 589
5-2 /8
53 493
S-4A 78
$-48 73

PREHEATER E-Il
DOWTHERM 680

INLET 432
OUTLET 641
VACUUM FLASH F-I
OVERHEAD VAPOR __496
UPPER WALL 602
LOWER WALL 570
DOWNCOMER 562
CONDENSATE

ACCUMULATOR,S-7

. PREHEATER E-13

SEPARATORS S-1 and §-2
2450

DOWTHERM ___ 397
INLET 79

OUTLET 170

SEPARATOR S-3
250

LIGHT ENDS COLUMN, F-2
REBOILER ___ 321

SEPARATORS S-4A and S-48

VACUUM FLASH, F-1

LOWER SECTION 212 15 Torr
FEED SECTION._213 LIGHT ENDS COLUMN, F-2
OVERHEAD 180 Atm
S-8. 14 SOLVENT COLUMN, F-3
S$-9 - NIU
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 NIU
REBOILER NIU VACUUM FLASH, F-0
LOWER SECTION NIU
FEED SECTION SETTLING TOWER, V-8
OVERHEAD NIU
RECOVERY TOWER, V-7
HEAVY ENDS COLUMN, F-4 : NIU

REBOILER NIU

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-0
OVERHEAD .__NIU

BOTTOMS

PRECIPITATION TOWER, V-8
ZONE (1) NTU

(2)

(3)

RECOVERY TOWER V-9
REBOILER NIU

OVERHEAD
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(S
- T [Starr [£nd  [RoaNot 1-2E MASS RATES AND RUNpropuct cas Fo THERMAL 3.28
Dote of Run | 9/3/77 [9/4/77 |Uni+s: 1bs/hr,°F.psig CONDITIONS BROBUCT GAS TO RECYcLE 853
Tie of Ron 12200 1000 [Prep. By: BCL & GGB SxZ =
n ” 12 hrs. d: 2/27/78 '
';;u:sﬂ;nof‘.os a:'CnJ of Y. P.] 168.0 Hedate 21/ . l ) K—4 KNOCKOUT POT BTMS; -
: 803 IScRUBRER A RB 7.01
8.53 RECYCLE GAS g o N Sx- ': .
8.15 YNGAS ’—L - :
48.44 CAKELES Sx-21 798 T. g WASTE  GAS . 3.84
44 LigniTE i}B IS s I N =
Qo] SREIK N741 | R-1A R-1B - P 245 S-da te—e g
T780 . T e ) T 78 S-48
780} | |p 2450 Y|P 1589 BN I
, 1P 2 2450 [5-3 P 62 | o
— T T | S-4/A BOTTOMS
MIXER 808 7493} e I L g
T 739 : S-48B BOTTOMS _ 20.33
Sx-23§ NIU
X TOLUENE ACCUMULATOR -
) 739 0. ovin,
5 641 432 ~ X Negl.
TN
| P y
w a -
& o
T o Eg | .66
4 E-il
68 >
F-1
T 496
, 602 P 15 Tgrn
5;61‘
| 7‘4.56 1bs/hr. X -t i V-a pOTTOMS NIU
562 N T _ : _ -1 ExpausT_0-50
! _ - %-OR';‘E Eovo rrRAP 0.53
) 5-7 A2C ‘ ]} (NTCTETToY-y
L ir79 [ j Sxz27
P15 Thrr N V-8~ BOTTOMS NIU
MAXEUP 1bs - -
(7.63) sowed| , | § 68.61 = ,
- - v b - §S»-2 VACUUM BOTTOMS  25.07
{ A-E55A OVERFLOW
155'92TOTAL.. DG oPeEN d CLOSED ) TOTAL Mz

Numbers in parentheses are not included in the torals.



ADJUSTED MATERIAL BALANCE

PROJECT LIGNITE

Product Gas, Recycle Gas and F-1 Btms Rates Adjusted followed by a Forced Carbon Balance

-

Quantitctive

r

-~

r—Elemental

Run No: L-2E

Revised: 2/2

7/78

Temperature: 741°F
Pressure: 2450 psig

Date: 9/3-4/77 SUMMARY LHSV: 1.48
Time:  2200-1000 1bs/hr GHSV:309
STREAM DESCRIPTION ngal lgﬁ:l Yqu_:id ‘é’ga% MAF
e B et

Hydrogen - H, 1.10 1.05 -0.05 .

Carbon Monoxide~CO 13.65 8.87 -4.78

Carbon Dioxide - CO, | 9.88 9.88

Hydrogen Sulfide-H,S 0.09 0.09

Methane - CH, 1.21 1.93 0.72

Ethane = Ca Hg 0.39 0.77 0.38 __|{ 6.49 21.85
Propane= CyHg 0.13 0.40 0.27

Butane = C4H,o

Nitrogen=N, 0.20 0.17 | -0.03

Ammonia-NHy 0.01 0.01 )

Lignt o130 S @ T 92,04 | 30.34 8.30

solvent-([007239°C@| 66,01 | 58.56 | -7.45 |F 18.41 | 61.99
Heavy Oll=&8"Fore) 2.36 2.61 0.25 |

SRL 17.31 17.31 |

Coal (MAF) 29.70 5.04 | =24.66 -83.03
Ash 2.72 2.72 -0~ -0-
Water 16.41 | 16.17 | ~-0.24 ~0.81
Phenol

TOTAL 155.92 155.92 | =0-

Carbon 108. 38 108.38 | =0-

Hydrogen 11.31 11,94 0.63

Nitrogen 0.74 0.69 | -0.05

Sultur 1.52 1.34 -0.18

Oxygen (by diff) 31.25 30.85 =0.40

Ash 2.72 2.72 -0-

TOTAL 155.92 155.92 | -0-
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Quantitative

r———Elementol!

PROJECY LIGNITE
ADJUSTED MATERIAL BALANCE
P.ct Gas, Recycle Gas and F-1 Btms Rates Adjusted followed by a Forced Carbon Balance

. Revised: 2/27/78 Temperature: 741°F

o tor 1z s, pessoure; 2450 pels
Time: 2200-1000 1bs/hr. GHSV: 309

 STREAM DESCRIPTION 2 akewp Gat_ Lignice| Sopwent T
SAMPLE POINT Sx-20 Sx-18 Sx-1 Sx-14

Hydrogen - H, 0.71 0.39 1.10
Carbon Monoxide~CO 5.98 7.67 13.65
Carbon Dioxide ~CO,

Hydrogen Sulfide-H,S

Methane- CH, 1.21 1.21
Ethane - Ca Hg 0.39 0.39
Propane- CyH, 0.13 0.13
Butane ~ C4H,o

Nitrogen~N, 0.11 0.09 0.20
Ammonia—-NHy

Light ou- P19 5@ 22.04 22.04
Sotvant {30229 €@ 66.01 66.01
oy 011-250 255 56 236
SRL

Cool (MAF) 29.70 29.70
Ash 2.72 2.72
Water 16.02 0.39 16.41
Phenol

ToTat 8.53 8.15 | 48.44 90.80 155.92
Carbon 3.89 3.29 21.56 79.64 108.38
Hydrogen I 1.11 0.39 3.11 6.70 11.31
Nitrogen | 0.11 0.09 0.28 0.26 0.74
Sulfur 0.27 1.25 1.52
Oxygen (by diff) 3.42 4.38 20.50 2.95 31.25
Ash 2.72 2.72
ToTAL 8.53 8.15 | 48.44 90.80 155.92
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product Gas, Recycle Gas and F-1 Btms Rates Adjusted followed by a Forced Carbon Balance

Revised: 2/27/78 Temperature: 741°F

o e L waeRinL ove Fressuce; 2050 s
Time:  2200-1000 1bs/hr. GHSV: 309
Tormom orsommronis Foofs St mogomser |5 | w11,
SAMPLE POINT Sx-20 Sx-20 Calec. Sx-30 Calc. Sx-44
Hydrogen - H, 0.27 0.71 0.07
Carbon Monoxide~CO 2.30 5.98 0.52
Carbon Dioxide - CO, 6.98 2.57
Hydrogen Suifide-H,S ' 0.03 0.06
Methane - CH, 0.47 1.21 0.22
Ethane-— Ca Hg 0.15 0.39 0.20
Propana— Cys Hg 0.05 l 0.13 0.18
Butone— C4Hjo
® Nitrogen—-N, 0.04 0.11 0.02
::.é Ammonio—(gHroooc:@ 0.01
.cc; Light Ol - Tor;) ) 3.22
8 Solvent-“osng?ro) c@ ) 1.58
Heavy Olllé::’g -?(if;t . 0.22
SRL
Cool {MAF)
Ash y
Water 15.30
Phenol
[ToTaL 3.28 8.53 7.01 3.84 20.33 Negl.
([carbon 1.50 3.89 1.90 1.39 4.27
Hydrogen 0.43 1.11 0.20 2.11
Nitrogen 0.04 0.11 0.02 0.02
Sultur 0.03 0.06 __0.03

Oxygen (by diff) 1.31 3.42 5.08 2.17 13.90

Ash

——Elemental

ToTAL 3.28 8.53 7.01 3.84 20.33 Negl.
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ADJUSTED MATERIAL BALANCE

PROJEC" LIGNITE

oduct Gas, Recycle Gas and F-1 Btms Rate Adjusted followed by a Forced Carbon Balance

Quantitative

——Elemental

Revised: 2/27/78

Temperature: ‘741°F

ey waTERIAL Ut
Time: 2200-1000 1bs/ht GHsv: 309

| stecan oescRieToN oo | gncuee | Teap | Bems  bol Bems |P-2 Bms
SAMPLE POINT Sx-16 *Sx-32 Sx-33 Sx-2 $x-39 Sx-12
Hydrogen - H,

Carbon Monoxide-CO 0.07

Carbon Dioxide ~CO, 0.33

Hydrogen Suifide-H,S

Methane- CH, 0.03

Ethane— C; Hg 0.03

Propane—- CyHg 0.04

Butane — C4Ho |

Nitrogen-N,

Ammonia—NHy

Lignt ou-9100°COT 0.17 14.96 8.68
Solvent -(100:230°C@® 0.25 51.12 5.61
Hoovy OH-ER8 2001 4.10 2.02 0.27
SRL 17.31

Coal (MAF) 5.04

Ash 2.72

Water 0.36 0.51

Phenol

ToTAL 3.66 0.50 0.53 25.07 68.61 14,56
Carbon 3.18 0.20 0.16 19.73 60.23 11.93
Hydrogen 0.40 0.02 0.05 1.18 5.24 1.20
Nitrogen 0.01 0.25 0.20 0.04
Sultur , 0.02 0.21 0.90 0.09
Oxygen (by diff) 0.05 0.28 0.32 0.98 2.04 1.30
Ash 2.72

roTat 3.66 0.50 0.53 25.07 68.61 14.56

*Rate assumed similar to those of the other L-2 yield periods where the orifice
meter was operating properly. -
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PROJECT LIGNITE.
ADJUSTED MATERIAL BALANCE
Product Gas, Recycle Gas and F-1 Btms Rate Adjusted followed by a Forced Carbon Balance

ised:
Revised: 2/27/78 Temperature:741°F

ot L2 HATERIAL 0UT Fresauze 420 pots
Time; = 2200-1000 1bs/hr. GHSV :309

(- STREAM DESCRIPTION ) 58531
SAMPLE POINT
Hydrogen - H, » 1.05
Carbon Monoxide-~CO ' 8.87
Carbon Dioxide -~ CO, 9.88
Hydrogen Sulfide-H,S 0,09
Methane - CH, 1.93
Ethane—- Ca He 0.77
‘1 Propane=CyHg 0.40
Butone ~ C4H;po

° Nitrogen-N, | 0.17

§ Ammonic—l;ljlaooo 0.01

.‘g Light 0"-(!.6 Tor;c)@ . v 30.34

& | Sowent-(100 200 °©@ | 58,56
Heavy 0ll-GTE o) 2.61
SRL ' 17.31
Coal (MAF) 5.04
Ash 2.72
Water 16.17
Phenol

| ToTaL ' - 155.92

( Carbon 108, 38
Hydrogen 11.94
Nitrogen 0. A9

i ‘Sul‘fur 1. 14

;2.’ Oxygen (by dlff) 10 85

g Ash 2.7

w

L TOTAL , 155.92
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Quantitative

————— Elomental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated:. 2/27/78

Run No: L-2E
Date: 9/3-4/77
Time: 2200-1000 WEIGHT PERCENT
SAMPLE DESCRIPTION | [ ionite BEL_%_ Makeup = | gLEC égﬁgm 0310
SAMPLE POINT Sx-1 Sx-2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen -H, '
Carbon Monoxide-CO
Carbon Dioxide—CO,
Hydrogen Sulfide~H,S
Methane ~CH,
Ethane—=CzMs
Propane—=C3Hs
Butane =C,H,o
Nitrogen~N,
Ammonia~NH, (PPM)
Light Olis=0g o0" € ® 1.79 | 59.60 24.27 | 90.40
Botvent =[P 2350°CE 94.00 | 38.50 72.70 6.80
| Heavy ou-gg‘%ff,,c 4,00 1.90 2.60 2.80
SRL ‘ 69.06
Coal (MAF) 61.32 20.11
Ash 5,61 10.83
| Water 33.07 0.21 _0.43
Phenol
| TOTAL 100 100 100 100 100 100
Pyridine Solubles (Aw," ,% 77.45 '
Melting Point °F 488
Specific Grovity 60/60 1.043 1.005 1.053
Viscosity, ¢p -
Carbon 44.51 | 78.69 88.84 81.92 87.71 86,87
Hydrogen f.42 4,72 8.32 8.23 7,38 1114,
Nitrogen Q.58 1.00 0,13 0.30 0,29 0.19
Sulfur 0.56 0.86 1.82 | 0.62 1.37 0.48
Oxygen (by diff) 42,32 3.90 _0.69 8.93 3,25 1.30
Ash 5.61 | 10.83
TOTAL 100 100 100 100 100 100
Number of Somple Avg. 2 4 1 2 2 -2

~-341-




Quontitative

tal

-
[

PROJECT- LIGNITE
SAMPLE ANALYSIS

Updated: 2/27/78

Run No: L-2E

Date: 9/3-4/77

Time: 2200-1000 WEIGHT PERCENT
SAMPLE DESGRIPTION| f=8.. | 7oto1 MRkeUP | Thgaucr | Regysle | Fegt
SAMPLE POINT Sx-16 | Sx-16 Sx-18 Sx-19 Sx-20 sx-21'
Hydrogen —H, 4.79 4.95 8.30 7.00
Carbon Monoxida-CO 94.15 41.00 70.11 81.28
Carbon Dioxide ~CO, 40.42
Hydrogen Sulfide-H,S 0.28
Methane -CH, 9.09 14.19 6.82
Ethone—C2He 2.34 4,55 2.79
Propane~C3He 1.22 1.54 1.29
Butane —C H,o

Nitrogen-n, 1.06 0.70 1.31 0.82

Ammonia~NH, (PPM)
Light 0i|s-(?g'ﬂ,§:r)°—@ 90. 40
Sotvant -1 Torr) © & 6. 80
Heavy Oil- &0 e o) 2.80
SRL
Coal (MAF)
Ash
Water 100
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles ¥} 7o
Melting Point °F
Specitic Gravity 60/60
Viscosity , ¢p
Carbon 86.87 40.35 38.28 45.59 43,24
Hydrogen 11.11 | 11.16 4.79 7.93 13.04 9.49
Nitrogen 0.19 1.06 0.70 1.31 0.82
Sulfur 0.48 0.26
Oxygen (by ditt) 88.89 1.30 53.80 | 52.83 40.06 46.45
Ash '
TOTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 2 2
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PROJECT LIGNITE
SAMPLE ANALYSIS

Quantitative

1tal

EI

Updated: 2/27/78

Run No: L-2E

Date:  9/3-4/77

Time: 2200~1000 WEIGHT PERCENT
e P i S 7 O 2
SAMPLE POINT Sx~23 Sx-23 Sx-23 Sx-30 Sx-32 Sx~-33
Hydrogen —H, 1.78 0.74
Carbon Monoxide-CO 13.45 13.60
Carbon Dioxide ~CO, 67.07 65.69
Hydrogen Sulfide~H,S 1.65
Methane -CH, 5.76 4.97
Ethane—~C2He 5.13 6.38
Propane~CsHg 4.59 8.62
Butane ~C4H,o
Nitrogen-N, 0.45
Ammonia—NH; (PPM) 0.09 0.09 0.12
Light oits-O~ oSOl 62.18 32.28
Solvont-(:%o;%zo)uc‘@ 30. 50
Heawy 0il- R 205l 4.20
SRL
Coal (MAF)
Ash
Water 3.12 | 99.91 99.91 67.72
Phenol
ToTAL 100 100 100 100 . 100 100
Pyridine Solubles(A‘z:' :é’.i
Melting Point °F
Specific Gravity 60/60 0.992
Viscosity, ¢cp
Corbon 82.42 36.23 39.63 30.10
Hydrogen 8.11 11.12 11.12 5.10 4.83 9.27
Nitrogen 0.28 0.07 0.07 0.65 0.07
Sulfur 0.62 1.55 0.36
Oxygen (by diff) 8.57 88. 81 88. 81 56.47 55.54 60.20
Ash '
ToTAL 100 100 100 100 100 100
Number of Sample Avg. 2 ) 2 2 2 1
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/27/78

Run No: 1[,-2E

Date:9/3~4/77

Time: 2200-1000 WEIGHT PERCENT
SAMPLE DESCRIPTION| B 311 | Water | Total | Bems | Gas o
SAMPLE POINT x-34/39 Sx~-37 Sx-37 Sx~37 Sx~-34/39 Calc.
Hydrogen —H,
Carbon Monoxide-CO
Carbon Dioxide~CO, 99.56
Hydrogen Sulfide-H,S 0.44
Methane -CH,
Ethone—~CzHe
Propane~CsHg
Butane ~C4Ho
Nitrogen—N,
Ammonia—=NH, (PPM) 0.08 0.03
tignt o0 R E® ) 51 | 7128 47.70 21.81
Solvent-I1Q230°C® 5, 50 | 23,00 15.39 74.50
Heavy 0il-(230°2557Cl ) o5 4.70 3.15 2.95
SRL
Coal (MAF)
Ash
Water 0.74 1.02 99.92 33.73 0.74
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles ! 7o '
Melting Point °F
Specitic Gravity 60/60 1.056 0.974 1.056
Viscosity, ¢p
Carbon 87.79 82.70 55.34 87.79 27.15
Hydrogen 7.64 8.97 11.11 9.68 7.64 0.03
Nitrogen 0.29 0.24 0.07 0.18 0.29
Sultur 1.31 0.47 _ 0.32 1.31 0.41
Oxygen (by ditf) 2.97 7.62 88.82 34.48 2.97 72.41
Ash
TOTAL 100 100 100 100 100 100
Number of Sample Avg, 4 2 2 2 4 -
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/27/78

Run No: L-2E
Date:  9/3-4/77
Time: 2200-1000

WEIGHT PERCENT

SAMPLE DESCRIPTION | Rrno
SAMPLE POINT - cale
Hydrogen —-H,

Carbon Monoxide-CO

Carbon Dioxide —CO,

Hydrogen Sulfide-H,S

Methone ~CH,

Ethone—C2aHMeg

Propone-CxHge

Butane ~C4H,o

Nitrogen~N,

Ammonia—NH, (PPM) 0.07
Light 0itsDe'0 FO 15 84
Solvent—1 01 “ O 7.77
oo 10T
SRL

Coal (MAF)

Ash

Water 75.25
Phenot

TOTAL 100
Pyridine Sounles Y1 7o |

Melting Point . °F

Specitic Gravity 60/60

Viscosity, ¢p '

Carbon 21.00
Hydrogen 10.36
Nitrogen 0.12
Sulfur 0.16
Oxygen (by diff) 68.36
Ash

TOTAL 100

Number of Sample Avg,
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/27/78

Run No: L-2E
Date: 9/3-4/77
Time: 2200-1000 MOLE PERCENT
SAMPLE DESCRIPTION| Makeup Ppgguct | Recycle Feed Sora Disch
SAMPLE POINT Sx-18 Sx-19 Sx-20 Sx-21 Sx-30 Sx-32
Hydrogen —H, 41.35 44.50 53.40 50.13 24.65 12.04
Carbon Monoxide-CO 58.00 26.30 32.20 41.59 13.35 15.84
Carbon Dioxide -CO, 16.50 42.35 48.67
Hydrogen Suifide-H,S 0.15 1.35
" |Methane ~CH, 10.20 11.40 6.11 10.00 10.13
Ethone—C2Hs 1.40 1.95 1.33 4.75 6.93
Propane~C3Hg 0.50 0.45 0.42 2.90 6.39
Butane ~C4Ho
Nitrogen—N, 0.65 0.45 0.60 0.42 0.45
Ammonia—NH, (PPM) 0.20
Light ons-(?g'%g:f @
Solvoni-(:%o}gi’x,c @
oo o1 BT
SRL
Coal (MAF)
Ash
Water
Phenol
TortaL 100 100 100 100 100 100
|Calc Mole Wt .. 17.25 17.96 12.86 14.33 27.78 32.60
Melting Point °F
Specific Gravity 60/60
Viscosity , cp
Carbon
"|Hydrogen
Nitrogen
Sulfur
Oxygen (by ditf)
Ash
TOTAL - .
Number of Sample Avg. 2 2 2 2 2 2
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PROJEC!T LIGNITE
SAMPLE ANALYSIS
Updated: 2/27/78

Run No: [-2E

Date: 9/3-4/77
Time: 2200-1000

SAMPLE DESCRIPTION

Absorbed
Gas

MOLE_PERCENT
)

SAMPLE POINT

Calc.

Hydrogen —H,

Corbon Monoxide-CO

Carbon Dioxide~CO,

99.43

Hydrogen Sulfide-H,S

0.57

Methane -CH,

Ethane —C2Hs

Propane—-CsHe

Butane ~Cs H|o

Nitrogen—N,

Ammonia~NHy (PPM)

—{0-100°C @
Light Oits={) 20 5

_({100-230°%C
Solvent 1.6 Torr) @

. (230-255%C
Heavy Oil- @1.6 Torr)

SRL

Coal (MAF)
Ash‘

Water

Phenol

TOTAL

100

Calc Mole Wt.

43.94

Melting Point °F

Specific Gravity 60/60

Viscosity , cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by ditf)

Ash

TOTAL

Number of Sample Avg.
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PROJECT LIGNITE
SAMPLE ANALYSES

RUN NO: L-2E
DATE: 9/3-4/77
TIME: 2200-1000
SAMPLE DESCRIPTION F-1 Btms |LEC Btms |Feed Solv.| S-8 0il [S-4B 0il
SAMPLE POINT Sx=-2 Sx-12 Sx-14 Sx-16 Sx=-23
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 5
18P 58 61.6
5% 70 81.0
rlo% l—_‘ 74 90.2
L 20% o 80 108.5
'5 30% o 86 135.0
O 40% x 94 157.8
W 50% = 105 169.2
W 60% @ 120 174.8
= 70% % 145 182.3
3 80% m 165.5 190.2
2 90% v 181 207.2
Lgse, L 195.5 248.2
DRY PT. 198.5 248.2
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 740 739
18P 57 90
» 59, r 66 147
r|o°/o 78 190
5 20% & 106 207
W 30% o 129 715
x 40% x 145 226
a 50% ot 154 24Q
w 60% = 167 261
Z 70% & 187" 291
3 80% n 203 338
> 90% 243 351
95 % L 316
DRY PT. ‘ 318 354
ASPHALTENE TEST
WT Y% ASH 10.83
WT % UNCONVERTED COAL 20.11
WT % PRE-ASPHALTENES 37.25
WT % ASPHALTENES 15.05
WT % MALTENES & DIST. OIL 16.76
TOTAL 100.00
SAYBOLT VISCOSITY, SSU
100° F 9.9 11.5
210° F 8.1 8.5
' MISCELLANEOUS
| KF H0 WT %(Raw Sx) - 0.43 3.12
INFRARED RATIO 0.21 0.41
SP. GRAV. 60/60 F 1.005 1.053 0.992

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL
ASPHALTENES~ BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL
MALTENES- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES
DISTILLABLE OiL -RECOVERABLE BY DISTILLATION,
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PROJECT LIGNITE
SAMPLE ANALYSES

RUN NO; L-2E
DATE: 9/3-4/77
TIME: 2200-1000
SAMPLE DESCRIPTION [old Trap {S-7 Btms S-4A 0411
SAMPLE POINT Sx-33  lsx-34/39 Sx-37
ASTM D-1i160 DISTILLATION DATA
PRESSURE, TORR 5
IBP 32.7
5% r 81.5
rlo% 92.4
. 20% IS 115.2
Z 30% o 143.8
g 40% g 163
W 50% b= 171.8
w 60% & 177.5
= 70% ¢ 182
3 80% i 189.9
o] b=
> 90% 211.6
L9579, L 252.9
DRY PT.
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 739 739
1BP 86 83
5% r 95 159
ﬁo% X 102 179
; 20% 0 103 189
W 30% o 103 197
€ 40% x 104 206
a 50% E 104 212
w 60% & 105 241
2 70% g 106 269
a 80% w 113 318
> 90% 350
L’95 % L
DRY PT. 113 353
ASPHALTENE TEST
WT 9% ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES 8 DIST. OIL
TOTAL
SAYBOLT VISCOSITY, SSU
100° F 11.9
210° F 8.3
MISCELL ANEQOUS
| KF Hz0 WT%(Raw Sx) 67.72 0.74 1.02
INFRARED RATIO 0.43
SP. GRAV. 60/60 F 1.056 0.974

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES~ BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL
MALTENES~ N<PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

DISTILLABLE OIL -RECOVERABLE BY DISTILLATION,
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE
Revised: 2/27/78

‘Temperature: 741°F

Run No: L-2E ,MATERIAL IN Pressure: 2450 psig
Date: 9/3-4/77 LHSV: 1.48
Time:  2200-1000 1bs/hr. GHSV: 309

| STREAM DESCRIPTION ccyle Gas| Makewp Gag_Lignite | Solvent "o
SAMPLE POINT Sx-20 Sx-18 Sx-1 Sx-14

Hydrogen - H, 0.59 0.46 1.05
"Carbon Monoxide-CO 4,97 9.03 14.00
Carbon Dioxide — CO, . |
Hydrogen Sulfide-H,S

Methone- CH, 1.01 1.01
Ethane~ Cp Hg ) 0.32 0.32
Propono? CsH, 0.11 0.11
Sufqno— CaHjo

Nitrogen~N, 0.09 0.10 0.19
Ammonia—NHy .
Light oi- D10 € 22,04 22.04
Solvent -(100-230°C® 66.01 66.01
Heavy ou—‘éﬁ%‘fgf;’c 2.36 2.36
SRL.

Cool (MAF) 29.70 29.70-
Ash 2.72 2.72
Water '16.02 0.39 16.41
Phenol

TOTAL 7.09 : 9.59 48.44 | 90.80 155.92
Carbon 3.23 3.87 21.56 | 79.64 108.30
Hydrogen 0.93 _0.46 3.11 | 6.70 11.20
Nitrogen 0.09 0.10 0.28 | 0.26 0.73
Suttur 0.27 1.25 1.52
Oxygen (by ditf) 2.84 5.16 20.50 2.95 31.45
Ash 2.72 2.72
TOTAL 7.09 9.59 48.44 90.80 155.92
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Run No: 1-2g

PROJEC™ LIGNITE

MEASURED MATERIAL BALANCE
Revised: 2/27/78

MATERIAL OUT

Temperature: 741°F
Pressure: 2450 psig

Date: 9/3-4/77 LHSV: 1.48
Time:  2200-1000 lbs/hr. GHSV: 309
é——TProdict Gas [ >[ S-4A o5=4b o>=8

| STREAM DESCRIPTION| Vent Gas Recycle Gaspbsorbed G3s Ovhd | Btms Ovhd
SAMPLE POINT Sx-20 Sx-20 ‘Calc Sx-30 Sx~-23 Sx-44
Hydrogen - H, 0.34 0.59 0.07

Carbon Monoxide-CO 2.84 4.97 0.52

Carbon Dioxide - CO, . 7.49 2.57

Hydrogen Sulfide-H,S 0.03 0.06

Meothane~ CH, 0.58 1.01 0.22

Ethane - CaHe 0.18 0.32 0.20

Propane=- C, Hg 0.06 0.11 0.18

Butane — CQH|°

Nitrogen-N, 0.05 0.09 0.02

Ammonic—NHy 0.02

_(0-100°C

Light Ol TW

: + _(100-230°C

Solvent (I.G Torr) @

(230-255%C

Heavy 0“;@1.6 Torr)

SRL

Coal (MAF)

Ash

Water 20.31

Phenol

ToTAL 4.05 7.09 7.52 3.84 20.33 Negl.
Carbon 1.85 3.23 2.04 1.39

Hydrogen 0.53 0.93 0.20 2.26

Nitrogen 0.05 0.09 0.02 0.01

Sulfur 0.03 0.06

Oxygen (by diff) 1.62 2.84 5.45 2.17 18.06

Ash

ToTAL 4,05 7.09 7.52 | 3.84 20.33 | Negl.
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PROJECT LIGNITE

MEASURED MATERIAL BALANCE
Revised: 2/27/78

Temperature: 741°F

Run No: L-2E MATERIAL OUT Pressure: 2450 psig
Date: 9/3-4/77 LHSV: 1.48
Time:  2200-1000 1bs/hr. GHSV:309

 sacau oescmerion) p 18 | paast | Teap_ | Beme |57 Btwe [v-0 Bems |
SAMPLE POINT Sx-16 sx-32 | Sx-33 Sx=2_ $x-39 Sx-12
Hydrogen - H, '

Carbon Monoxide-CO

Corbon Dioxide = CO, ‘

Hydrogen Sulfide-H,S

Methone~-CH,

Ethane- Ca Hg

Propone-CyHg

Butane — C4Hjp

Nitrogen-N,

Ammonia-NHy

Light Oif (?s'%oo:rc)@ 3.31 Q.17 14.96 8.68
sovent-([QOZFCB] 1 s 5112 | 5.61
Heavy °“'(§i% Tom | 0.10 2.02 0.27
SRL 16.89

Cool (MAF) 4.92

A\sh 2_;5

Water 0.36 0.51

Phenol

rorat 3.66 | NA 0.53 | 24.46 68.61 | 14.56
Carbon 3.18 0.16 19.26 60.23 11.93
Hydrogen 0.40 0.05 1.15 5.24 1.20
Nitrogen 0.01 0.24 0.20 0.04
Sultur 0.02 0.21 0.90 0.09
Oxygen (by diff) 0.05 0.32 | 0.95 2.04 1.30
Ash 2,65

TOTAL 3.66 NA 0.53 24,46 68.61 14.56

NA - Not Available
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PROJEC! LIGNITE
MEASURED MATERIAL BALANCE
Revised: 2/27/78

IAL OUT
Ryn No: L-2E MATERIAL OU

Date: 9/3-4/77

Temperature: 741°F
Pressure:2450 psig
LHSY: 1.48

Time:  2200-1000 1he/hr. GHSV: 309 sEaL
STREAM DESCRIPTION Out
P;\.&PL{P—C-NN;“ P SRR R
Hydrogen - H, 1.00
Carbon Monoxide-CO 8.33
Carbon Dioxide ~CO, » 10.06
Hydrogen Sulfide-H,S 0.09
Methane - CH, 1.81
Ethane— Cp Hg 0.70
Propane- CxHq 0.35
Butone — C4H,q
Nitrogen-N; 0.16
Ammonia~NHy 0.02
Light ou-{0; 100" ¢® 27.12
Solvent -{100:230°C@ 56.98
Hoovy O Tore) 2.39
SRL 16.89
Coal (MAF) 4.92
Ash 2.65
Water 21.18
Phenol
TOTAL 154.65
Carbon 103.27
Hydrogen 11.96
Nitrogen . 0.66
Sulfur 1.31
Oxygen (by diff) 34.80
Ash 2.65
TOTAL 154.65
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RUN CONDITIONS

RUN NO.__L=2F
DATE MADE _9/11-12/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-t

SAND BATH 743
INLET 309
QUTLET 126
. DISSOLVERS
R-1A (1) _NTU
(2)
(3)
(4)
R-1B (1) 747
(2) 791
(3) . 818
(4) 832
REACTOR PRODUCT SEPARATORS
S-1 545
s-2 84
S-3 479
S-4A 90
$-48 77
PREHEATER E-11
DOWTHERM 686
INLET 446
QUTLET 643
VACUUM FLASH F-I
OVERHEAD VAPOR 509
UPPER. WALL 618
LOWER WALL 281
DOWNCOMER 523
CONDENSATE

ACCUMULATOR,S-7 91

PREHEATER E-13 SEPARATORS S-1 and S-2
DOWTHERM 408 2460
INLET 87 SEPARATOR  §73
OUTLET 185

LIGHT ENDS COLUMN, F-2
REBOILER 275

LOWER SECTION 2153

SEPARATORS 86641\ and S-4B

VACUUM FLASH, F-I|
14 Torr

FEED SECTION.__ 214

LIGHT ENDS COLUMN, F-2
Atm

OVERHEAD 171
s-8 . 73 SOLVENT COLUMN, F-3
S-9 i NIU
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 NTU
REBOILER NIU VACUUM FLASH, F-0
LOWER SECTION NIU

FEED SECTION

OVERHEAD

SETTLING TOWER, V-8
NIU

HEAVY ENDS COLUMN, F-4
REBOILER NIU

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-0
OVERHEAD NIU

BOTTOMS

PRECIPITATION TOWER, V-8
ZONE (1) NIU

(2)

{3)

RECOVERY TOWER V-9
REBOILER NIU

OVERHEAD

-354~
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Start End Roun No: 1-2F MA SS RATES AND RUNPRODUCT GAS FO THE RMAL 4.46
Dose of Ron  19/11/77]9712/77 [Units: 1bs/hr, °F. psig CONDITIONS PRODGCT GAs To RECYeLE _ 10.23
Time of Roun 19500 | 0700 |prep.By: BCL & GGB Sk - .
Length of Run 12 hrs Updated: 2/24/78
Py onCoul s End oF NP0 3061 : | K-4 KNOCKOUY POT BTMS _ -
n 824 - RU A R 10.41
10.23 RECYCLE GAS _ X X sx-cft |T:
9:49 MAKEUP G. YNGAS S-2 a WAST
e
46.50 LIGNITE T ¥ T 832 T 84 T ‘}e =22 - D
axg] =P 726 | R-1A R-1B P 246( S-4a ;
. 518 S-1 Sx-30
T T Lo ) T: 90 5-48
P i p24%0 T'ngsm (e |
‘ ) . B lo—alP:
f_i - 791 * 5-3 60 Sx-37
T T T__T, 479 T §  S-4A BOTTOMS -
MIXER + v 747 P 238 | S-4B BOTTOMS _ 14.17
sx-23& -
TOLUENE ACCUMULATOR . NIU
‘L_j__ 10.C. oMy, gl
643 446 X
\ S-8
. y ‘E 73 [—’ :
£ = 171* 0 i
a < | ALiayr ons.  1.50
2 e F-2 F-3
A 8 y
~
o
F509
T:
618 le 14 Pork
58\
9.7 . :
&I . 1975 bs/hr X - V-9 BOTTOMS NIV
523 . 14-1 ExHausT_0.57
SL C%‘;},’ CoLO TRAP 0.28
B -7 A2E tiQuIiDS
e 91 ) —_l v-8° 88 toms
iy o T
0 LV N . .
0.9 )5—065—?_% Ae 5 A e " hes gS=-2 VACUUM BOTTOMS 1o o0
T A-BA OVERFLOW
159.05 ToTAL b4 oPEN P4 CLOSED TotalL. 159:05

Numbhers in parentheses are not

included in the totals.
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product & Recycle Gas Rates Adjusted

Revised: 2/24/78

Temperature: 726°F

A T T

Time: 1900-0700 1bs/hr. GHSV: 354
| STREAM DESCRIPTION Total Total Yﬁid v o A
SAMPLE POINT

Hydrogen - H, 1.38 1.09 -0.29

Carbon Monoxide~CO 13.61 7.62 -5.99

Carbon Dioxide ~ CO, 13.20 13.20

Hydrogen Sulfide-H,S 0.32 0.32

Methane - CH, 3.05 4.99 1.94 10.76 38.26
Ethane - C; Hg 0.98 1.90 0.92

Propane-CyHg 0.43 1.06 0.63

Butane— C4H o '

Nitrogen-N, 0.27 0.25 -0.02

Ammonia-NHg 0.05 0.05

ignt on-{9:1907¢® 19.78 27.93 8.15

Sowvent-(Q0:230°C@} 67.39 | -3.07 |t 16.53 | 58.78
Heovy °”§?g Tore) 2.14 2.02 -0.12

SRL 11.57 11.57

Cool (MaAF) 28,12 2.47 | -25.65 -91.21
Ash 2,89 2.49 -0.40 -1.42
Water 15.94 14.70 -1.24 =4.41
Phenol

ToTAL 159.05 159.05 -0-

Carbon 110.67 | 110.42 -0.25

Hydrogen 13.02 13.33 0.31

Nitrogen - 0.77 0.72 -0.05

Sultur 1.51 1.60 0.09

Oxygen (by diff) 30.19 30.49 0.30

Ash 2,89 2.49 -0.40

TOTAL 159.05 159.05 -0~
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product & Recycle Gas Rates Adjusted

Revised: 2/24/78 Temperature: 726°F

pate: o/11-12/77 MATERIAL IN E;gsszu?zi%o peis
Time: 1900-0700 ~ 1bs/hr. GHSV: 354
[ | sTream oescmeTion| S F e P eup Gab Lignite | sbieent o
[ SAMPLE POINT 5x=20 Sx-18 Sx-1 Sx-14
Hydrogen - H, 0.71 0.67 1.38
Carbon Monoxide~CO 4.90 8.71 13.61
Carbon Dioxide -~ CO, ' '
Hydrogen Sulﬂde-HzS ‘
Methane- CH, 3.05 . 3.05
Ethane~ C, Hg. ' 0.98 . 0_9§
Propane=CyHa 0.43 0.43
Butane — C4H,o
o [Nitrogen-N, 0.16 | 0.1l 0.27
% Ammonia~NHj '
':g Light °”‘(?€'°T%§)€@ ' | 19.78 19.78
3 | sowvent-(1Q03230°C@ 70.46 70. 46
Heavy O'l'Q[!I!.S-Torr): 2.14 2.14
SRL
Coal (MAF) 28.12 28.12
Ash 2.89 2.89
Water : ’ 15. 49 0.45 15.94
Phenol
1
_LroraL 10.23 9.49 | 46.50 92.83 159.05 -
([Carbon 5.52 3.73 20.17 81.25 110.67
Hydrogen 1.75 0.67 3.01 7.59 13.02
Nitrogen _0.16 0.11 0.26 0.24 0.77
sulter 0.29 1.22 1.51
g Oxygen (by diff) 2.80 4,98 | 19.88 2.53 30.19
E [Ash 2.89 2.89
w
L ToTAL 10.23 9.49 | 46.50 | 92.83 159.05
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Quantitative

—Elemental

Run No: L-2F

PROJEC! LIGNITE
ADJUSTED MATERIAL BALANCE
Product & Recycle Gas Rates Adjusted
Revised: 2/24/78

MATERIAL OUT

Temperature: 726°F

Pressure:

2460 psig

Date:  9/11-12/77 LHSV: 1.41
Time: 1900-0700 1bs/hr. - GHSV: 354

STREAM DESCR_'EI.‘ ON Vent .G_as,P.rlfedc:l;:ctJ.ﬁ.aGSa.s orbed G S-4Ahd_.__.__lsn-::i IS);EA
SAMPLE POINT Sx-20 Sx-20 Calc. Sx-30 Sx-23 Sx-44
Hydrogen - H, 0.31 0.71 0.07

Carbon Monoxide-CO- 2.14 4.90 0.51

Carbon Dioxlde - CO, I 10.16 2.77

Hydrogen Sulfide-H,S 0.23 0.09

Methane- CH, 1.33 3.05 0.57

Ethane - C; He 0.43 0.98 0.41

Propane=- C3Hg 0.18 0.43 0.34

Butane — C4Ho

Nitrogen-N, 0.07 0.16 0.02

Ammonia- NHg 0.02 0.01 0.02

Lignt on 0.1 CQ 0.26
Solvont-(l%o}g?goc@ 0.08

Heavy OII-(é:?_g?g?;c

SRL

Cool (MAF)

Ash

Water 13.81

Phenol

TOTAL 4.46 10.23 10.41 4.79 14.17 Negl.
Carbon 2.41 5.52 2.77 2.01 0.28

Hydrogen 0.76 1.75 0.02 0.37 1.57

Nitrogen 0.07 0.16 0.02 0.03 0.02

Sulfur 0.21 0.08

Oxygen (by diff) 1.22 2.80 7.39 2.30 12.30

Ash

TOTAL 4.46 10.23 10.41 4.79 14.17 Negl.
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Quantitative

—Elemental

ADJUSTED MATERIAL BALANCE

PROJECY LIGNITE

Product & Recycle Gas Rates Adjusted

Revised: 2/24/78

Temperature:726°F

pae: §74e12/77 tERIsL ovt Fressure; 1460 pets
Time:  1900-0700 1bs/hr. GHSV: 354

stacan 0EscPTON  Sng [ myhauer | Tvap | bems |o7 Bems. rc stms
SAMPLE POINT Sx-16 Sx-32 Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H,

Carbon Monoxide=CO 0.07

Carbon Dioxide ~CO, 0.27

Hydrogen Sulflde-HzS

Methane- CH, 0.04

.thane— CaHg 0.08

Propane~CyHg 0.11

Butane —~ C4H,o

Nitrogen-N,

Ammonia-NHjy

Lignt on-{97100 C@T -, ) 0.13 13.18 13.15
sovent {1029 @] 0.02 2.38 | 58.41 6.50
Heavy Oll=(EP2 200" 1.92 0.10
SRL 11.57

Coal (MAF) 2.47

Ash 2.49

Water 0.27 0.15 0.47

Phenol

TOTAL 1.50 0.57 0.28 18.91 73.98 19.75
Carbon 1.02 0.28 0.08 14.56 64 .88 16.61
Hydrogen 0.18 0.05 0.03 0..90 5.87 1.83
Nitrogen 0.18 0.19 0.05
Sultur 0.21 1.01 0.09
Oxygen (by diff) 0.30 0.24 0.17 0.57 2.03 1.17
Ash 2.49

TOTAL 1.50 0.57 1 0.28 18.91 73.98 19.75
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Quantitotive

,

PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product & Recycle Gas Rates Adjusted

Run No: 1.-2F
Date: 9/11-12/77

Revised: 2/24/78

- MATERIAL OUT

Temperature: 726°F
Pressure: 2460 psig
LHSV: 1.41

Time: 1900-0700 ibs/hr. GHSV: 354

STREAM DESCRIPTION | | Tg‘iﬁl -
sAMPLE e B o e -

Hydrogen = H, 1.09
Carbon Monoxide=-CO . 7.62
Carbon ‘Dioxide - CO, ‘ 13.20
Hydrogen Sulfide-H,S 0.32
Methane- CH, 4.99
Ethone= CaHg 1.90
Propone- Cy Hg 1.06
Butane — C.H,§

Nitrogen-N, 0.25
Ammonia~NHy : 0.05
Light Oll-(ﬁé'w 27.93
Solvonf-(:'oso}grsroac_@ 67.39
Heavy o“'@l.s-Torr) 2.02
SAL 11.57
Cool (MAF) 2.47
Ash 2.49
Woter 14.70
Phenol

TOTAL 159.05
Carbon 110.42
Hydrogen: .13.33
Nitrogen 0.72
Sultur 1.60
Oxygen (by diff)" 30.49
Ash 2.49
TOTAL 159.05

———Elemental
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4

——— Elemantal

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/24/78

Quantitative

Run No: L~2F

Date: 9/11-12/77

Time: 1900-0700 WEIGHT PERCENT
SAMPLE DESCRIPTION| ;. 4ro | Brds YBens | sb%8dnt | Hafer 81t
SAMPLE POINT . Sx-1 *Sx—2 Sx-12 Sx-14 Sx-16 Sx-16
Hydrogen —H,
Carbon Monoxide-CO
Carbon Dloxide - CO,
Hydrogen Sulfide~H,S
Methane —cr}.

: thonﬁ-Csz

Propane~CsH,
Butane ~C4H,o
Nitrogen—N,
Ammonia=NH, (PPM)
Light 00100 C® 66. 60 21.31 © 98.40
Sotvent-(1Q0:230°C® 12.57 32.90 75.90 1.60
Heavy 0il-{230"2557C 0.50 2.30
SRL ' 61.19
Coal (MAF) 60.47 13.08
Ash 6.22 13.16
Water 33.31 . 0.49 100
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles (! 7o 84.94
Melting Point °F 330
Specific Gravity 60/60 0.959 1.030
Viscosity, cp . .
Carbon 43.37 77.00 84.09 87.52_ 82.84
Hydrogen 6.47 4.75 9.28 8.18 11.11 _12.18
Nitrogen 0,56 0.97 0.24 0.26 0,10
Sulfur , 0,63 1.10 0.46 1.31 0.18
Owygen (bydift) | 43,75 3.02 5.93 2.73 | 88.89 4.70
Ash | 6.22 13.16
TOTAL 100 100 100 100 100 100
Number of Somple Avg, | 2 4 2 2 2 2

*Distillable oil calculated by following equation: Wt % Distillable oil = -0.1273

(F~1 Btms melting point) + 54.38. See attached graph.
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Quantitative

N

,———— tlemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/24/78

Run No: L-2F

Date: 9/11-12/77

Time: 1900-0700 . - WEIGHT PERCEEIT
SAMPLE DESCRIPTION| -8 Mazeup | Froduct | Regycle | Feed SHag
SAMPLE POINT Sx-16 Sx-18 Sx-19 Sx-20 Sx-21. $x-23
Hydroggn -H, 7.10 4.10 6.95 - 6.11
Carbon Monoxide-CO 91.74 27.25 47.93 69.54
Carbon Dioxide~CO, 41.18
Hydrogen Sulfide-H,S 0.91
Methane ~CH, 17.28 29.7S 15.27
Ethane —C2Hs 5.62 9.61 4.77
Propane~CxHg 2.82 4.14 2.98
Butane —C,4Ho -
Nitrogen—N, 1.16 Q.75 1.58 1.33
Ammonia=NH; (PPM) 0.09 0.13
ight o000 @ 0. 69
solvent -0 S0FCO®I ™ )
v oG
SRL
Coal (MAF)
Ash
Water 18.00 99.87
Phenol
ToTAL 100 100 100 100 100 100
Pyridine Solubles ! 7o
Melting Point °F
Specific Gravity 60/60
Viscosity, ¢cp
Carbon 67.93 39,32 42.68 53.96 47.51
Hydrogen 11.99 7.10 10.12 _17.07 11.42 11.12
Nitrogen 0.08 1.16 0.82 1.58 1.33 0,11
Sulfur 0.15 0.86
Oxygen (by dift) 19.85 52.42 45,52 27.39 39.74 88.77
Ash
TOTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 2 2

~-362-




PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/24/78

Quantitative

N

,———— tlemental

Run No: L-2F

Date: 9/11-12/77

Time: 1900-0700 WEIGHT PERCENT
SAMPLE DESCRIPTION| §7¢B 57a8a1 | 55¢ha  |pidcharee| “Mdp | Hils
SAMPLE POINT #5x-23 Sx-23 Sx-30 Sx-32 Sx-33  bx-34/39
Hydrogen —H, 1.53 0.44
Carbon Monoxide-COQO 10.55 12.22
Carbon Dioxide ~CO, 57.79 48.03
Hydrogen Suifide-H,S 1.90
Methane -CH, 11.97 6.99
Ethone ~C2zHs 8.51 13.10
Propane~C3He 7.14 19.22
Butane —C,Hp
Nitrogen=N, 0.42
Ammonio~NH; (PPM) 0.13 0.19
Light 0107007 ®T 1612 1.83 47.66 17.81
Solvent 1P 7er) © | 23.00 0.55 78.95
Heavy Oil _%3'%-?3?;’0 2.60
SRL
Coal (MAF)
Ash
Water 0.88 97.49 52.34 0.64
Phenol
TOTAL 100 100 100 100 100 . 100
Pyridine Solublos(Av;," :L/:‘;l
Melting Point °F .
Specitic Gravity 60/60| (.935 1.036
Viscosity , ¢cp
Carbon 81.65 1.96'I 41.91 49.79 28,11 87.70
Hydrogen 9,42 11.08 7,66 8.30 10,09 1.94
Nitrogen 0.20 0.11 0.58 0.05 0.26
Sulfur 0.40 0.01 1.79 0.45 1.36
Oxygen (by dift) 8.33 86.84 48.06 41.91 61.30 2,74
Ash
TOTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 1 4

*Insufficient oil sample.
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Quantitotive

7

PROJECT

LIGNITE

SAMPLE ANALYSIS
Updated: 2/24/78

r——— ctlemental

Run No: L-2F

Date: 9/11-12/77

Time: 1900-0700 WEIGHT PERCENT
SAMPLE DESCRIPTION| ¢8| of7™% | 7oral | Bems | Ghso
SAMPLE POINT Sx-37 Sx-37 | Sx-37  |Sx-34/39 | Calc.
Hydrogen —H,
Carbon Monox!de-CO
Carbon Dloxide —~CO, 97.63
Hydrogen Sulfide-H,S 2.15
Mcthone -CH,
Ethane—C2Hs
Propane—-CxsHe
Butane —=C,4Ho
Nitrogen—N,
Ammonia~NH; (PPM) 0.10 0.22
ight 0is-0;190" € @ 76.12 | 75.83 | 17.81
Solvent—{1Q02230°C @ 23.00 22.91 78.95
oo o130 2.6
SRL
Coal (MAF)
Ash
Water 99.90 0.88 1.26 0.64
Phenol
ToTaL 100 100 100 100 100
Pyridine Solubles (! 7o
Melting Point °F
Speciflc Gravity 60/60 0.935 1.036
Viscosity, ¢p
Carbon 81.65 81.34 87.70 26.63
Hydrogen 11.12 9.42 9.42 7.94 . 0.17
Nitrogen 0.08 0.20 0.20 0.26 0.18
Sulfur 0.40 0.40 1.36 2.02
Oxygen (by dift) 88.80 8.33 8.64 2.74 71.00
Ash
ToTat 100 100 100 100 100
Number of Somple Avg, 2 2 2 2 -
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Q'ubntitativc

) Smm— Eldmenral

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/24/78

Run No: 1-2F

Date: 9/11-12/77

Time: 1900-0700 _ MOLE_PERCENT
SAMPLE DESCRIPTION | Makeup Product | Regycle Eeed §och Di3eharge
SAMPLE POINT Sx-18 Sx-19 Sx-20 Sx-21 S$x-30 Sx-32
Hydrogen ~H, 51.70 38.30 46.22 45.15 20.50 7.14
Carbon Monoxide-CO 47.70 18.20 22.76 36.70 10.10 14.28
Carbon Dloxide ~CO, 17.50 35.20 35.71
Hydrogen Sulfide-H,S 0.50 1.50
Methane -CH, 20.20 24.76 14.10 20.05 14.29
Ethone=C2zHs 3.50 4,26 2.35 7.60 14,29
Propone—C3Hs 1.20 1.25 1.00 4.35 14.29
Butane ~C4H,o
Nitrogen—N, 0.60 0.50 0.75 0.70 0.40
Ammonia~NHy (PPM) 0.10 0.30
Light Oils-‘?g'o.;g:(): ©
Solvom-(l"%o.'rﬁ?goc @
Heawy Oil- e Eove)
SRL
Coal (MAF)
Ash
Water
Phenol
TOTAL 100 100 100 100 100 100
Calc. Mole Wt. 14,56 18.70 | 13.30 14.78 | 26.80 32,71
Melting Point °F
Specific Gravity 60/60
Viscosity , ¢p
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by dift)
Ash
TOTAL
Number of Sample Avg. 2 2 2 2 2 2
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Quantitative

N

—————— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 2/24/78

Run No: 1-2F
Date: 9/11-12/77
Time: 1900-0700

MOLE

PERCENT

SAMPLE DESCRIPTION

Absorbed
Gas

SAMPLE POINT

Calc

Hydrogen —H,

Carbon Monoxide-CO

Carbon Dioxide ~CO,

96.69

Hydrogen Sulfide-H,S

2.76

Methane -CH

Ethane ~C2He¢

Propane-CsHge

Butane —C4H)o

Nitrogen—N,

Ammonia—NH, (PPM)

0.55

—(0-100°C @
Light Oils=p 210 S

_{100-230%C
Solvent 1.6 Torr) @

~ (230-255°C
Heovy Ol @16 Torr) ~

SRL

Coal (MAF)

Ash

Water

‘Phenol -

TOTAL

100

Calc Mole Wt.

.4

43.58

Meiting Point °F

Specitic Gravity 60/60

Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by ditf)

Ash

TOTAL

Number of Sample Avg.
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PROJECT LIGNITE
SAMPLE ANALYSES

RUN NO; L-2F
DATE: 9/11-12/77
TIME:  1900-0700
SAMPLE DESCRIPTION F-1 Btms | LEC Btms | Feed Soly S-8 0il| S-7 Btms
SAMPLE POINT Sx~-2 Sx-12 Sx-14 Sx~16 [Sx-34/39
' ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 5 5
IBP 24.2 41.5 54
5% r 51.6 76.5 85.6
rw% 62.0 90.0 98.2
- 20% S 71.5 116. 139.2
5 30% o 78.8 146.3 159.4
S 40% @ 88.8 166 173.6
W 50% g 98.2 176 181.6
w 60% o 112.0 183 187.8
= 70% % 128.8 189 191.2
g 80% o 157.8 197 202.4
> 90% 180.6 217 226.2
L9579, L 194.6 249 260
DRY PT. 195.3 254 260
ASTM D-86 DISTILLATION DATA ‘
BAROMETRIC PRESSURE, TORR 741
I8P 45
5%, F 52
5 Soo ° %
W 309% N
E:: 40% g 80
a 50% »:t 88
w 60% o 97
Z 70% 8 107
8 80% E 121
> 90% 129
95 %
DRY PT. — 132
ASPHALTENE TEST
WT Y% ASH 13.16
WT 9% UNCONVERTED COAL 13.08
WT % PRE-ASPHALTENES 26.96
WT % ASPHALTENES 29 10
WT % MALTENES & DIST. OIL 24 .70
TOTAL 100.00
SAYBOLT VISCOSITY, SSU
100° F 8.9 11.8 11.8
210° F 8.2 8.5 8.7
MISCELLANEOUS
KF H0 WT%{Raw Sx) 0.49 0.64
INFRARED RATIO 0.16 0.29 0.30
SP, GRAV. 60/60 F 0.959 1.030 1.036

PREASPHALTENES ~ PYRIDINE SOLUB
ASPHALTENES- BENZENE SOLUBLE,

LE, BENZENE INSOLUBLE MATERIAL
N-PENTANE INSOLUBLE MATERIAL

MALTENES~ N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES
DISTILLABLE OIL-RECOVERABLE BY DISTILLATION,
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PRC.JECT LIGNITE
SANIPPLE ANALYSES
RUN NO: L-2F

DATE: 9/11-12/77
TIME:  1900-0700

SAMPLE DESCRIPTION ~ S-4A 01l

SAMPLE POINT Sx-37

ASTM D-1160 DISTILLATION DATA

PRESSURE,; TORR

18P
5% :
rlo% . ‘
- 20% oc»
5 30% w L
x
& _4.°:/° o)
W 50% =
w 60% E'
= 70% %
3 80% w
O o, -
S 90%
L‘95'°/o l
DRY PT,

ASTM _D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 741

18P . 80

5% r 89
[—‘IO°/0 5 149
5 20% o 179
8 30% o 192
fﬁ 40% g 206
a 50% Ir<—x 219
w 60% 5 239
g 70% 3 261
é 80% W 302
=z 90%
L’95°/o L

DRY PT. 1320

ASPHALTENE TEST

WT Y% ASH

WT % UNCONVERTED COAL

WT % PRE-ASPHALTENES

WT % ASPHALTENES

WT % MALTENES 8 DIST. OIL

TOTAL

SAYBOLT WVISCOSITY, SsuU

100° F
210° F
MISCELLANEOQUS
KF HO0 WT%(Raw Sx) _0.88
INFRARED RATIO
SP. GRAV. 60/60 F 0.935

PREASPHALTENES - PYRIDINE SOLUBLE ., BENZENE INSOLUBLE MATERIAL

ASPHALTENES- BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL

MALTENES- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES
DISTILLABLE OIL -RECOVERABLE BY DISTILLATION.,
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~69¢€-
IIYII .
WT % DISTILLABLE OIL (1BP - SMOKE POINT @ 5 TORR)

60 ¢

50 |-

H
@)
i

ol
(@]
T

N
O
|

o
2

OL-1

DISTILLABLE OIL CONTENT OF F-1 BOTTOMS

VERSUS

F-1 BOTTOMS MELTING POINT

Y= -0.1273X + 54.38
/CORR. COEF./=0.95

1

q -

oIBO

200

L
210

1
220

1
230

1 1 1 1 1
240 250 260 270 280
F-1 BOTTOMS MELTING POINT, °F

X

1
290

1
300

310

$
320

L
330

1
340

1
350
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Quantitative

———Elementol

PROJECT LIGNITE

MEASURED MATERIAL BALANCE
Revised: 2/24/78

Temperature: 726°F

Run No: L-2F MATERIAL IN Pressure: 2460 psig
Date:  9/11-12/77 LHSV: l.41

Time:  1900-0700 ) 1bs/hr. GHSV: 354

[ sTReau oescrPTION ) o FASieur Gae_Lignite | Solvent Tn
SAMPLE POINT Sx~-20 Sx-18 Sx-1 Sx-14 _
Hydrogen - H, 0.59 0.79 1.38
Carbon Monoxide-CO 4.09 10.27 14.36
Carbon Dioxide -~ CO,

Hydrogen 'Sulfldo-HzS

Methane - CH, 2.54 2.54
Ethane-CaHe ' 0.82 0.82
Propane-CyH, ) 0.36 - 0.36
Butane— C4H;o

Nitrogen-N, 0.13 0.13 0.26
Ammonia-NHy

Light ou-0ZTG07 ¢S 19.78 19.78
Solvent -([00323C°C@ 70.46 70.46
Heavy OII-%?g'%r’r?TC 2.14 2.14
SRL

Coal (MAF) 28.12 28.12
Ash » ' 2.89 - 2.89
Water 15.49 0.45 15.94
Phenol

TOTAL 8.53 | . 11.19 46.50 92.83 159.05
Carbon 4.60 4,40 20.17 81.25 110.42
Hydrogen 1.46 . 0.79 3.01 7.59 12.85
Nitrogen _ 0.13 0.13 | 0.26 0.24 0.76
Sultur 0.29 1.22 1.51
Oxygen (by diff) 2.34 5.87 19.88 2.53 30.62
Ash ‘ 2.89 2.89
TOTAL 8.53 11.19 46.50 92.83 159.05
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Quantitative

Run No: j_oF MATERIAL OUT gszg:z:Z?r;aGSzg;ig :
Date: 9/11-12/77 LHSV: 1.41
Time:  1900-0700 1bs/hr. GHSV: 354
STREAN ESCRTION S ot Gas) AbsarbeiGas Ovid_| Braa | ound
SAMPLE POINT Sx-20 Sx-20 Calc Sx-30  [Sx-23 Sx—44
Hydrogen - H, 0.21 0.59 0.07
Carbon Monoxide~-CO 1.44 4.09 0.51
Carbon Dioxide -~ CO, ' 8.08 2.77
Hydrogen Sulfide-H,S 0.18 0.09
Methane - CH, 0.90 2.54 | 0.57
Ethane— Cy Hg 0.29 0.82 0.41
Propane- C3H, 0.12 0.36 0.34
Bufono-_-' CaHio '
Nitrogen-N, 0.05 0.13 0.02
Ammonia-NHy 0.02 0.01 0.02
Light on (0 100" CO 0.26
Solvon'-q%o}g?—r%uc@ 0.08
Heavy ONI-EP8 o)
SRL
Cool (MAF)-
| Ash
Water 13.81
_ Phenot
ToTAL 3.01 8.53 8.28 4.79 | 14.17 Negl.
Carbon 1.62 4.60 2.20 2.01 0.28
Hydrogen 0.51 1.46 0.01 . 0.37 1.57
Nitrogen 0.05 0.13 0.02 0.03 0.02
Sultur _ 0.17 0.08
Oxygen (by diff) 0.83 2.34 5.88 2.30  {12.30
Ash
TOTAL 3.01 8.53 8.28 4.79 14.17 Negl.

——Elemental

PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 2/24/78
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Quoantitotive

.— Elemental

MEASURED MATERIAL BALANCE

PROJECT LIGNITE

Revised: 2/24/78

Temperature: 726°F

Run No: 'L-2F MATERIAL OUT Pre:sure: 2460 psig
Date:  9/11-12/77 LHSV: 1.41
Time:  1900-0700 1be /hr. GHSV: 354

T et R e I IR s s g
[ saMPLE POINT Sx-16 Sx-32 Sx-33 Sx-2 _ [sx-39 Sx-12
Hydrogen ~ H, ’

Carbon Monoxide~CO 0.07

Carbon Dioxide —CO, . 0.27

Hydrogen Sulf_lde-HZS

Methane- CH, 0.04

Ethane~ Ca Hg 0.08

Propane~CyHg 0.11

Butone —~ C4Hjo

Nitrogen-N, '

Ammonia-NHa

Light ou-{0; 0T O~ 0.13 13.18 13.15
Solvent-(1072307C@® 0,02 2.38 58.41 6.50
Heavy oii-(EP2 200 1.92 0.10
SRL ' 11.57

Cool (MAF) 2.47

Ash 2.49

Water 0.27 . 0.15 0.47

Phenol

TOTAL 1.50 0.57 0.28 18.91 73.98 19.75
Carbon 1.02 0.28 0.08 14.56 64.88 16.61
Hydrogen 0.18 0.05 0.03 0.90 5.87 1.83
Nitrogen 0.18 0.19 0.05
Sulfur 0.21 1.01 0.09
Oxygen (by diff) 0.30 0.24 0.17 0.57 2.03 1.17
Ash 2.49

TOTAL 1.50 0.57 0.28 18.91 73.98 19.75
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Quantitative

Run No: L-2F

PROJEC! LIGNITE

MEASURED MATFRIAL BALANCE -

Revised: 2/24/78

'~ MATERIAL.OUT

Temperature: 726°F .
Pressure: 2460 psig

Date: . 9/11-12/77 LHSV: 1.41

Time: 1900-0700 1bs/hr. -GHSV: 354 B
STREAM DESCRIPTION ) T&t,?l
g;x—h;PLE;’EIN;—- weef - e f e - ..

Hydrogen - H, 0.87
Carbon Monoxide-CO C6.11
Carbon Dioxlde ~CO, ‘ 11.12
Hydrogen Sulfide-H,S 0.27
Methane -~ CH, 4,05 |
Ethane—- C, Hg 1.60
Propane~CyHy Q.93
Butana— C4H,o )
Nitrogen-Nj 0.20
Ammonia=NH, 0.05 -
Lignt onPeTe0 5O 27.93
Solvent '(=.06° -}g?ro)oc@ 67.39
Heavy ou-‘éi‘e"%ﬁf;c 2.02
SRL 11,57

{ ool (MAF) 2.47
Ash 2,49
Water 14,70 .
Phenol

TOTAL 153.77
Carbon 108.14
Hydrogen 12.78

|Nitrogen | 0.67
Sulfur 1.56
‘Oxygen (by diff) 28,13
Ash 2.49
TOTAL 153.77

——Elemental
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"RUN CONDITIONS
RUN NO.__L-2G

DATE MADE _9/12/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-I
SAND BATH___ 740

INLET 305
. OUTLET 121
"DISSOLVERS

R-1A (1) NIU

(2)

(3)

(4)

R-1B (1) 745

(2) 788
(3) 824
(4) 823
REACTOR PRODUCT SEPARATORS
S-1 548 ’
5-2 88
3. 507
5-4A 24
$-48 8L

PREHEATER E-lI
DOWTHERM ___685

INLET 446

OUTLET 646

VACUUM FLASH F-1
OVERHEAD VAPOR __903

UPPER WALL 620
LOWER waLL 084
DOWNCOMER 528
CONDENSATE

ACCUMULATOR,S-7_97

PREHEATER E-I3

SEPARATORS S-1 and S-2
2460

DOWTHERM 408
INLET 91 SEPARATOR S-3
OUTLET 178 240

LIGHT ENDS COLUMN, F-2
REBOILER 282

SEPARATORS 264A and $-48

VACUUM_ FLASH, F-I

LOWER SECTiON_215 14 Torr
FEED SECTION._ 216 LIGHT ENDS COLUMN, F-2
OVERHEAD 176 Atm
S-8 77 SOLVENT COLUMN, F-3
5-9 - NIU =
HEAVY ENDS COLUMN, F-4
SOLVENT COLUMN, F-3 NIU
REBOILER NIU VACUUM FLASH, F-0
LOWER SECTION NIU
FEED SECTION SETTLING TOWER, V-8
OVERHEAD NIU
RECOVERY TOWER, V-7
HEAVY ENDS COLUMN, F-4 NIU

REBOILER NIU

. LOWER SECTION
FEED SECTION

OVERHEAD

VACUUM FLASH,F-0
'OVERHEAD NIU

BOTTOMS

PRECIPITATION TOWER, V-8
ZONE (1) NTU

(2)

(3)

RECOVERY TOWER V-9
REBOILER NIU

OVERHEAD
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MASS RATES AND RUNppoouct Gas Yo THE RMAL 5.

Start End Run No® 1-2G 36
Dote of Run | 9/12/771 9/12/77|Uni+s: 1bs/hr,°F, psig CONDITIONS .
RODUCT G O REC .
Time of Run 0700 | 1900 |Prep. By: BCL & GGB Sx-20lPRODUCT GAS TO RECYCLE _ 9.79
Length of Run 12 | hrs. Updoted:2/24/78
Hours on Coal at&nd of Y.P.] 318.1 | K—4_KNOCKOUT POY BTMS _ .q-
- 828 TRUM ARSORBED GASES > 10.01
9.79 RECYCLE GAS Sx- :
10.35 makeuPG YSNGAS —j X S5-2 P
%-2 | T T-829 8 WASTE GAS 4.99
47.17 LIGNITE ' 07 \ [———DT‘ 8 I ) >
st 5Py £ N21 | Ra R-1& P P 2464 S-4a e Sx-30
& T T 824 T 9 || =s-48
‘ H
0. 2460 [P 1,548 e g0 | b8l
B T T.788 w37 _
tlnxan 507 - ] § S-4A BOTYOMS
| T T 745 P240 | S-4B BOTTOMS_ 14.21
Sx-.
LI_ xB‘}TOLUENE ACcumMuLATOR . NIU
10.Cc. Owy,  Negl.
gl 646 446 X
1 < S-8
w = T 77
3 8 176 g 20
' o 178 ] x\_nc.m- ons, _1.52
S “6d
[
A F-}
+ 505
\620 P 14 Tory
M i
58 T
| 23.26 1bs/hr. X - VO BOTTOMS  NIU
- J-1 EXRAUST. _ 54
528 Py l OLL EoFrar,  _0.47
. A2C § Lauios” T
ir97 C ™ _tl Sx-
P14 Tprr A-2A V-85 88 roms _ _NIU
MAKELIP P 1bg o . -
(2.10)s0wvergl | § 69.73 £=
Sx-8 'S !}Sx—z VACUUM BOTTOMS; 18.32
t ~ A-SA OVERFLOW
158.20 roraL pd oPEM P closeD ToTaL 138:20

Numbers in narentheses are not included in the totals.’



Quantitative

N\

—— Elementaol
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ADJUSTED MATERTAL BALANCE

PROJECT LIGNITE

Product & Recycle Gas Rates Adjusted

Revised: 2/24/78

Temperature: 721°F

Run No: 1-26G Pressure: 2460 psig
Date:  9/12/77 SUMMARY LHSV : 1.40
Time:  0700-1900 1bs/hr. GHSV: 338
STREAM DESCRIPTION Total Total Yigicti "Ccoal
SAMPLE POINT T
Hydroqon - Hz l' 50 1001 —Oc 49
Carbon Monoxidé-CO 14.40 8.78 -5.62
Carbon Dioxide = CO, 12.83 12.83
Hydrogen Suifide-H,S 0.37 . 0.37
Methane - CH, 2.66 4.66 2.00
Ethane - Cp Hg 0.86 1.76 0.90 P 10.57 36.74
Propane=- CyH, 0.40 0.93 0.53
Butane — C4Ho
Nitrogen=-N, 0.32 0.31 -0.01
Ammonia-NHg
0.06 0.06 |

_{0-100°C
Light °”“o|oszgcg; ():@ 24,14 34.14 10.00_||
Solvent =%, 6" vorr) ® 64.54 60.85 -3.69 L 17.72 61.59
Heavy 0“_(230 255%C

@!.6 Torr) 1.79 1.99 0.20
SRL 11.21 11.21 |
Coal (MAF) 28.77 2.40 -26.37 —91.65
Ash 2.85 2,41 0. 44 -1.53
Water 15.97 14.49 -1.48 -5.15
Phenol
TOTAL 158.20 158.20 -0=
Carbon 108,47 108.55 0.08
Hydrogen 13.36 13.23 -0.13
Nitrogen 0.85 0.82 -0.03
Sulfur 1.30 1.49 0.19
Oxygen (by ditf) 31.37 31,70 0.33
Ash 2.85 2.41 -0.44
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Quoantitative

——Elemental

PROJEC! LIGNITE
ADJUSTED MATFRIAL BALANCE

Product & Recycle Gas Rates Adjusted
Revised: 2/24/78

Temperature: 721°F

o S TERAL v o™ %0 Tete
Time:  0700-1900 1bs/hr. GHSV: 358

| STREAM DESCRIPTIONST "6 | Makeup Gad Ligoite |Solvent a
SAMPLE POINT Sx-20 Sx-18 Sx-1 _Sx-14

Hydrogen - H, 0.60 0.90 1.50
Carbon Monoxide-CO 5.09 9.31 14.40
Carbon Dioxide ~CO, '

Hydrogen Sulfide-HzS

Msthane- CH, 2.66 2.66
Ethane~ Cz He 0.86 0.86
Propane—=CyH, 0.40 0.40
Butane — C4H o

Nitrogen-N, 0.18 0.14 0.32
Ammonia-NHy

Lignt on-(02100"C@ 24.14 24.14
Solvent -([007230°C@ 64. 54 64. 54
Heovy OII-%E%?&?TC 1.79 1.79
SRL

Cool (MAF) 28.77 28.77
Ash 2.85 2.85
Water 15.55 0.42 15.97
Phenol

TOTAL 9.79 10.35 47.17 90.89 158.20
Carbon 5.19 3.99 20.25 79.04 108.47
Hydrogen 1.51 0.90 3.09 7.86 13.36
Nitrogen 0.18 0.14 0.26 0.27 0.85
Sulfur 0.29 1.01 1.30
Oxygen (by diff) 2.91 5.32 20.43 2.71 31.37
Ash 2.85 2.85
TOTAL 9.79 10.35 47.17 90.89 158.20
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Quantitative

N

—— Elemental

PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product & Recycle Gas Rates Adjusted
Revised: 2/24/78

Temperature: 721°F

o s e aEEIAL 07
Time:  0700-1900 lbs/hr. . GHSV: 358

STREAN DESGMPTION GoreGac Recycle Gas fbaarbed Chs Ovd | bems | ovnd
[ 'SAMPLE POINT | 5x-20 | ' sx=20 Calc Sx-30 Sx-23 Sx=44
Hydrogen - H, 1 0.33 0. 60 0.08

Carbon Monoxide-CO 2.79 5.09 0.77

Carbon bioxide - CO, . 9.72 2.82

Hydrogen Sulfide-H,S 0.25 0.12

Methane - CH, 1.45 . 2.66 0.52

Ethane - C; Hg 0.47 -0.86 0.37

Propane~ CyHg 0.22 0.40 0.28

Butane — C4Ho

Nitrogen-N, 0.10 0.18 0.03

Ammonia-NHy 0.04 0.02

Light ou-(?;',org':,c)@

Solvont-(:%o.}gfro)oc@

Heavy Aou-(é?g'fof’rf;’c

SRL

Coal (MAF)

Ash

Water 14.19

Phenol

ToTAL 5.36 9.79 | 10.01 4.99 14.21 Negl.
Carbon 2.84 5.19 2.65 2.02

Hydrogen  0.83 1.51 0.02 0.34 1.58

Nitrogen 0.10 0.18 0.04 0.03 0.02

Sulfur 0.23 0.11

Oxygen (by diff) 1.59 2.91 7.07 2.49 12.61

Ash

ToTAL 5.36 9,79 10.01 4.99 14.21 Negl.
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Quaontitative
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ADJUSTED MATFRIAL BALANCE

PROJEC! LIGNITE

Product & Recycle Gas Rates Adjusted

Revised: 2/24/78

Temperature: 721°F

et waTERIAL OUT
Time: 0700-1900 1bs/hr. GHSV: 358

stecau oescnero oo | priauee | frap | bems |57 btms Fot bems
SAMPLE POINT Sx-16 5x-32 Sx-33 Sx~2 Sx-39 Sx~12
Hydrogen -~ H,

Carbon Monoxide~CO 0.13

Carbon Dioxlde - CO, ' 0.29

Hydrogen Sulfide-H,S .

Methane - CH, 0.03

Ethane - C, Hg 0.06

Propane—-CyHg 0.03

Butane —~ C4H o

Nitrogen-N,

Ammonia—NHy

Lignt on-197100 C@F oo 0.44 16.15 16.05
Soivent-(100:230°C®[ | 2.30 | 51.32 7.21
Heavy OII-&.?S,?;C 1.99

SRL 11.21

Coal (MAF) 2.40

Ash 2.41

Woter 0.03 0.27

Phenol

TOTAL 1.52 0.54 0.47 18.32 69.73 23.26
Carbon 1.21 0.23 0.37 14.11 60.25 19.68
Hydrogen . 0.20 0.03 0.04 0.87 5.63 2.18
Nitrogen 0.18 0.21 0.06
Sultur 0.20 0.86 0.09
Oxygen (by diff) 0.11 0.28 0.06 0.55 2.78 1.25
Ash 2,41

TOTAL 1.52 0.54 0.47 18.32 69.73 23.26
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE
Product & Recycle Gas Rates Adjusted

Run No: L-2G

Revised: 2/24/78

Temperature: 721°F
Pressure: 2460 psig

Date: 9/12/77 MATERIAL OUT LHSV: 1.40
Time:  0700-1900 1bs/hr. GHSV: 358

([ sTReam oEscripTION ' Toset
SAMPLE POINT o T o
Hydrogen - H, 1.01
Carbon Monoxide-CO ].78
Carbon Dioxlde - CO, ' 12.83 |
Hydrogen Sulfide- H,S 0.37
Methane~ CH, 4,66
Ethane~CaHg 1.76
Propane- CgxH, 0,93
Butane — C4H;o

© Nitrogen-N, 0.31

g Ammonia-NH, 0.06

g Light OHJEW 34.14

3 Solvonte_q%o.'r%?r% c® 60,85
Heavy on-E38-Z70° 1.99
SRL 11,21
Coal (MAF) 2.40
Ash 2:41
Water 14.49
Phgnol

 [Fomac 158.20

( Carbon 108.55
Hydrogen - 13.23
Ninogon 0.82
Sulfur 1.49

g Oxygen (by diff) 31.70

E Ash ’ 2.41

w

L TOTAL 158.20
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Quantitotive

N\

——— Clemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/24/78
Run No: 1~2G
?Sﬁi &;(l)zgfi;oo - WEIGH Egggn’_g ,
SAMPLE DESCRIPTION| 14.1ive | Rems | Bimg _s-gﬁgnt Facer oil
SAMPLE POINT Sx-1 Sx-2 Sx-12 Sx~-14 Sx-16 Sx~16
Hydrogen —Hz | ‘
Carbon Monoxlde-CO
| Carbon Dioxide - CO,
Hydrogen Suilfide~H,S
Methane -CH, -
Ethane—C2aHs
Propane~CsHg
Butane ~C4H)o
.INitrogen—N,
- |Ammonio~NH; (PPM)
Light Oils-10g 190, C® 69.00 26.56 98.40
Solvent-1100-230°C® 12.57 | 31.00 | 71.01 1.60
‘Heavy Oil-%s'?s'-,-%osrflc ) 1.97
SRL 61.19
Cool (MAF) 60.99 13.08
Ash 6.05 |  13.16
" Water 32.96 0.46 100
{Phenol '
TOTAL 100 100 100 100 100 100
Pyridine smwuﬂ% ‘ 84.94
Melting Point °F 330
| Specitic Gravity 60/60 0.960 | 1.027
Viscosity , cp
Corbon 42,93 17.00 84. 60 86.96 . 29.45
"{Hydrogen 6.55 4,75 9.38 8.65 11,11 | 12,94 |
Nitrogen 0.55 0.97 0.28 _0.30 0.01
Sulfur 0. 62 1,10 0.38 1.11 0,20
Oxygen (by ditt) 43.30 3.02 5.36 | 2,98 88,89 7,40
Ash - 6.05 13.16
TOTAL 100 100 100 100 100 _100
Number of Sample Avg, 2 4 2 2 2 —
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Quontitative

—————— Clemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/24/78
Run No: L-2G
g:;:i (9)'/1(1)(2)£;;00 WEIGHT PERC

'SAMPLE DESCRIPTION| 13531 Mgsgup | Fraguct ieggle ?agg ] %;LEZB -
SAMPLE POINT Sx-16 Sx-18 Sx~19 ~ $x-20 Sx-21 Sx-23
Hydrogen —H, 8.65 4.09 “6.16 6.05
Carbon Monoxide=CO 89.97 27.05 52.03 72.51
Corbon Dioxide - CO, 42.39
Hydrogen Sulfide-H,S 1.08
Msthane -CH, 16.31° 27.13 13,08
Ethone—C2zHs 5.34 8,80 | 4,34
Propane=CxHe 2.45 4,08 2.18
Butane —C4H,0

|Nitrogen—N, 1.38 1.11 1.80 1.84
Ammonia—NH, (PPM) 0.18 0.15
Light Oils'-(?g'qrg:@ 98.40 '
Solvom-(:%o.'r?;?c @ 1.60
Faom on- G025
SRL
Cool (MAF)
Ash
Water 99,85
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles ¥! /o
Melting Point °F
Specific Gravity 60/60
Viscosity , cp
Carbon 79.45 38.56 41.65 53.03 46.14
Hydrogen 12.94 8.65 9.78 15.44 10.59 11.12
Nitrogen 0.01 1.38 1.11 1.80 1.84 0.12
Sutfur 0.20 1.17 |
Oxygen (by diff) 7.40 51.41 46.29 29.73 | 41.43 88.76
Ash '
TOTAL 100 100 100 100 100 100
Number of Somple Avg. 2 2 2 2 2 2
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Quoantitative

N /[

tal
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/24/78

Run No: 1-2G

Date: 9/12/717

Time: 0700-1900 WEIGHT PERCENT
SAMPLE DESCRIPTION| g§77P Total | owhd™ |pischarge| Prap | Bims
SAMPLE POINT *Sx-23 Sx-23 Sx-30 Sx-32 Sx-33 | Sx-34/39
Hydrogen —-H, 1.52 0.90 ' |
Carbon Monoxide~CO 15,37 23.92
Carbon Dioxide ~CO, 56.50 | 53.51
Hydrogen Sultide-H,S 2.41
Methane -CH, 10.48 5.10
Ethane~CzHse 7.48 10.20
Propane—-CsHg 5.57 6.37
Butane —C4H,o
Nitrogen=N, 0.57
Ammonia=NH, (PPM) 0.15 0.10
Light ona-“l’_g")g:f @ 77.93 93.98 23.16
Solvont—(:%o}gi%fc—@ 21.30 73.60
Heavy 0il-\&30°255C 2.85
SRL
Coal (MAF)
Ash
Water 0.77 99.85 6.02 0.39
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles (A“sll'\ :r/:‘
Melting Point °F
Specitic Gravity 60/60| 0.938 1.039
Viscosity , cp
Carbon 83.82 40.40 42.03 78.14 86.40
Hydrogen 10.03 11.12 6.81 5.38 8.52 8,08
Nitrogen 0.22 0.12 0.65 0.30 0,30
Sultur 0.42 2.27 0.18 1.24
Oxygen (by ditf) 5.51 88.76 49.87 52.59 12,86 3.98
Ash
ToTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 -2 : y A

*Insufficient sample available.
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Quantitative

———— Clemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/24/78

Run No: L-2G

Date: 9/12/77

Time: 0700-1900 WEIGHT PERCENT
SAMPLE DESCRIPTION| p5ta8 31t Rota1 g{}lg Abég; e
SAMPLE POINT Sx-37 Sx-37 $x-37 | 5x-34/39 | cale.
Hydrogen - H,
Carbon Monoxide-CO
Carbon Dioxide ~CO, 97.11
Hydrogen Sulfide-H,S 2.48
Methane ~-CH,
Ethane—C2aHs
Propane=CxHg
Butane ~C4H;o
Nitrogen=N,
Ammonia=NH, (PPM) 0.14 0.01 0.41
Light 0iy-D10$ @ 77.93 | 73.29 23.16
Solvent -0 230°C® 21.30 | 20.03 73.60
Heowy o= e ' 2.85
SRL
Cool (MAF)
Ash
Water 99.86 0.77 6.67 0.39
Phenol
TOTAL , 100 100 100 100 100
Pyridine _SolebIos(A":,fI ;:/:‘
Melting Point °F
Specitic Gravity 60/60 0.938 1,039
Viscosity, ¢p '
Carbon 83.82 78.82 86.40 26.48
Hydrogen 11.11 10.03 10.09 8.08 0.22
Nitrogen 0.12 0.22 0.22 0.30 0.34
Sulfur 0.42 0.40 1.24 2.33
Oxygen (by ditt) 88.77 5.51 10.47 3.98 70.63
Ash '
TOTAL 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 -
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ital
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/24/78

Run No: L-2G

Date:  9/12/77

Time: 0700-1900 MOLE PERCENT
SAMPLE DESCRIPTION| "RXEUP | Frgguct | Rgeyele cse® | B3 |pischarge
SAMPLE POINT Sx-18 Sx~19 Sx-20 Sx-21 Sx~30 Sx-32
Hydrogen —H, 57.00 38.50 43.46 45.22 20.45 13.61
Carbon Monoxide-CO 42.35 18.20 26.24 38.69 14.75 25.68
Carbon Dioxide ~CO, 18.15 34.50 36.56
Hydrogen Sulfide-H,S 0.60 1.90
Methane ~CH, 19.20 23.94 12.21 17.60 9.58
Ethane~C2He 3.35 4.14 2.16 6.70 10.22
Propane—CxHg 1.05 1.31 0.74 3.40 4.35
Butane =C4Ho )
Nitrogen—N, 0.65 0.75 0.91 0.98 0.55
Ammonia=NH, (PPM) 0.20 0.15
Light ons-“l)_g"?rg:;@
Solvont—(:?}i‘?’o)oc @
Aoy o0 T
SRL
Coal (MAF)
Ash
Water
Phenol
TOTAL 100 100 100 100 100 100
Calc. Mole Wt.q : 13.18 18.84 14.12 . 14,94 26.87 30.06
Melting Point °F
Specific Gravity 60/60
Viscosity , cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Sample Avg. 2 2 2 3 2 2
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PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 2/24/78

Run No: L-2G
Date: 9/12/77
Time: 0700-1900

MOLE PERCENT

SAMPLE DESCRIPTION

Abaorbed
Gas

SAMPLE POINT

Calc.

Quontitative

—— Elemental

Hydrogen —=H,

Carbon Monoxide-~CO

Carbon Dioxide —~CO,

95.78

Hydrogen Sulfide-H,S

3.17

Msthane -CH,

Ethane~C:zHs

Propane—CsHg

Butane —CQ H|o

Nitrogen—N,

Ammonic~NHy (PPM)

1.05

Light 0ils=0-100° C@®

1.6 Torr)
Solvcm-—(:.%o}g':'ro)oc @
veom o1-BGEET
SRL
Coal (MAF)
Ash
Water
Phenol
TOTAL 100
Calc Mole WL, 43.40

Melting Point °F

Specitic Gravity 60/60

Viscosity , cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg.
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PROJECT LIGNITE
SAMPLE ANALYSES

RUN NO: L-2G
DATE: 9/12/77
TIME:  0700-1900
SAMPLE DESCRIPTION F-1 Btms I|LEC Btms |[Feed Solv., S-8 Btms | S-7 Btms
SAMPLE POINT Sx-2 Sx-12 Sx-14 Sx-16 = | Sx-34/39
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 5 5
I8P 32.4 40.8 52.5
5% r 47.2 75.4 67.3
FIO% 59.4 85.8 89.6
) 20% 9 71.3 105.4 114.2
Z 30% - 78.8 129.2 140
w w
S 40% :: 86.2 155.2 166.6
W 50% E 95.4 172.2 174.4
L 60% o 107.8 179.5 181.8
s 70% o 125.5 187.8 189.9
3 80% G 152.8 198.2 200. 6
S 90% v 180.4 224 276.3
Lgse, L 199.2 259.6 260
DRY PT. 199.2 260
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 732
1BP N 48
5% [—' 58
r:0°/o 4 63
5 20% o 71
W 30% o 81
EJ 40% % 91
a 50% = a8
w 60% « 108
2 70% o 116
3 80% & 128
> 90% 138
' L‘95 % L
DRY PT. 147
"ASPHALTENE TEST
WT 9% ASH 13.16
WT % UNCONVERTED COAL 13.08
WT % PRE-ASPHALTENES 26.96
WT % ASPHALTENES 22.10
WT % MALTENES 8 DIST. OIL | 24.70
TOTAL 100.00
SAYBOLT VISCOSITY, SSU
100° F 8.7 “11.4 11.9
210° F 7.9 8.8 8.6
MISCELLANEOUS
KF H0 WT % (Row Sx) 0.46 0.39
INFRARED RATIO 0.22 0.28 0.31
SP, GRAV. 60/60 F 0.960 1.027 1.040

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES- BENZENE SOLUBLE,

DISTILLABLE OIL ~-RECOVERABLE BY DISTILLATION,

N-PENTANE INSOLUBLE MATERIAL
MALTENES- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD OISTILLATION PROCEDURES

-387-




PROJECT LIGNITE
SAMPLE ANALYSES
RUN NO: L-2G
DATE:  9/12/77
TIME:  0700-1900

SAMPLE DESCRIPTION S-4A 04l

SAMPLE POINT | Sx-37

ASTM D-1160 DISTILLATION DATA

PRESSURE, TORR

8P

5%
[—‘I 0%
20%

30%

40%

50%

60%

70%

OLUME PERCENT

80%

90 %

>
L5,

(——-—TEMPERATURE , °cC

DRY PT.

ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 741

IBP 81

5% [—_\ 87
r»lo% B 152
E 20% o 179
W 30% m 193
5 40% % 204
w 60% & 232
2 0% o 253
2 80% e 295
> 90% 323

95 % L

DRY PT. N 324

ASPHALTENE TEST

WT Y% ASH

WT % UNCONVERTED COAL

WT % PRE-ASPHALTENES

WT % ASPHALTENES

WT % MALTENES & DIST. OlL

TOTAL

SAYBOLT VISCOSITY, SSU

100° F

210° F

MISCELLANEQUS

KF H0 WT %{Raw Sx) 0.77

INFRARED RATIO

SP., GRAV. 60/60 F

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES~ BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL

MALTENES~ N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES
DISTILLABLE OiL -RECOVERABLE BY DISTILLATION,
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PROJECT LIGNITE

MEASURED MATERIAL BALANCE

Revised: 2/24/78

Run No: 1-2G MATERIAL 1IN giﬁ:ﬁ:ﬁ?rié.egzisig
Date: - 9/12/77 LHSV: 1.40
Time:  0700-1900 3 1bs/hr. ~ GHsv: 358
oo esemena e T e T T
SAMPLE POINT Sx-20 Sx~18 Sx-1 Sx-14
1 | Hydrogen - Hy 0.54 0.98 1.52
| carbon Monoxide-Co 4.56 10.24 14.80
Carbon Dioxide - CO, '
Hydrogen Sulfide-MH,S
Methane~ CH, 2.37 2.37
Ethane— CaHg 0.77 0.77
Propane~ CzHy 0 36 0.36
Butane~ C4H;o
Nitrogen—N, 0.16 0.16 0.32
Ammonio-NHy
Lignt on-' 92100 ¢ 24.14 24.14
Solvont-(:_oso}sgua@ 64.54 64.54
Hoovy ON-SP8700)° 1.79 1.79
SRL
Coal (MAF) 28.77 28.77
Ash 2.85 2.85
Water 15.55 0.42 15.97
Phenol
TOTAL 8.76 11.38 | 47.17 90. 89 158.20 -
Corbon 4.65 4.39 20.25 79.04 108.33
Hydrogen 1.35 0.98 3.09 7.86 13.28
Nitrogen 0.16 0.16 0.26 0.27 0.85
Sulfur 0.29 1.01 1.30
Oxygen (by diff) 2.60 5.85 20.43 2.71 31.59
Ash 2.85 2.85
ToTaL 8.76 11.38 47.17 90.89 158. 20
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Quantitative

r———-Enmemaf

PROJEC!I LIGNITE
MEASURED MATFERIAL BALANCE
Revised: 2/24/78

MATERIAL OUT

Temperature: 721°F

Run No: L-2G Pressure: 2460 psig
Date:  9/12/77 LHSV: 1.40
Time:  0700-1900 1bs/hr. GHSvV: 358
STREAM ESCRIPTION e Go eyele Gasibaorbed Gfs Ovhd Bns_ Ovhd
SAMPLE POINT Sx~-20 Sx~20 Calc Sx-30 Sx~-23 Sx-44
Hydrogen - H, 0.21 0.54 0.08
Carbon Monoxide-CO 1.75 4.56 0.77
Corbon Dioxide - CO, 7.60 2.82
Hydrogen Sulfide-H,S 0.20 0.12
. Methane - CH, 0.91 2.37 0.52
Ethane— CaHg 0.30 0.77 0.37
Propane~CyHy 0.14 0.36 0.28
‘Butane — C4H) o
Nitrogen-N, 0.06 0.16 0.03
Ammonia~NHy 0.03 0.02
Light on-(0;100"C®
Solvent -(=.°6° }g?soc @
Heavy O“:@l.G-Torr)
SRL
Cool (MAF)
Ash
Water 14.19
Phenol
ToTAL 3.37 8.76 7.83 4.99 14.21 Negl.
Carbon 1.79 4.65 2.07 2.02
Hydrogen 0.52 1.35 0.02 0.34 1.58
Nitrogen 0.06 0.16 0.03 0.03 0.02
Sulfur 0.18 0.11
Oxygen (by diff) 1.00 2.60 5.53 2.49 12,61
Ash
TOTAL _3.37 8.76 7.83 4,99 14.21 Negl.
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Quantitative

——Elemental

‘Time:  0700-1900 1bs/hr. . CHSV: 358

stoeaw oescveniol 28 piiier | Tomm | sema 57 Bems 172 hens
SAMPLE POINT Sx-16 Sx=32 Sx-33 Sx-2 Sx=39 Sx-12
Hydrogen = H, .
Carbon Monoxide-CO 0.13
Carbon Dioxide - CO, ' 0.29

Hydrogen Sulfide-H,S

Methane- CH, 0.03

Ethane~ Ca He O. 06

Propane-CyHy 0.03

Butane — C4Hjo ’

Nitrogen-Ng

Ammonia-NH,

Light Oll-(?g'%g:?)@ 1.50 0.44 16.15 16.05
solvent -(10023°CB® [ ) 2.3 | s1.32 | 7.1
Heavy Oll:%ig?g?;c ' 1.99

SRL . 11.21

Coal (MAF) 2.40

Ash 2.41

Water 0.03 0.27

Pheno

ToTAL 1,52 0.54 0.47 18.32 69.73 23.26
Carbon 1,21 0,23 0.37 14.11 | 60.25 19,68
Hydrogen 020 0.03 0.04 0,87 5.63 2.18
Nitrogen 0.18 0.21 0.06
Sulfur 0.20 0.86 0.09
Oxygen (by diff) 0.11 0.28 0.06 0.55 | 2,78 1.25
Ash 2.41

TOTAL 1.52 0.54 0.47 18.32 69.73 23.26 |

Run No: 1._.2¢
Date: 9/12/77

PROJECT LIGNITE

MEASURED MATLERIAL BALANCE
Revised: 2/24/78

MATERIAL OUT

Temperature:

721°F

Pressure: 2460 psig

LHSV: 1.40
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r———Elemental

Run No: 1-2¢G
Date: 9/12/77

PROJEC) LIGNITE
MEASURED MATV.RIAL BALANCE
Revised: 2/24/78

MATERIAL OUT

Temperature: 721°F
Pressure: 2460 psig
LHSV: 1.40

Time:  0700-1900 1bs/hr. GHSV: 358
STREAM DESCRIPTION . | B Total
SAMPLE POINT
Hydrbgen -H, 0.83

| carbon Monoxide-CO » 7.21
Carbon Dioxide=CO, 10.71
Hydrogen Sulfide-H,S 0.32
Methone~ CH 3.83
Ethane - C, He 1.50
Propane- CyH, 0.81
Butone — C4H, o
Nitrogen-N, 0.25
Ammonia-NHy 0.05
Light ou—(?g'oToo:’r‘,:@ 34.14
sotvant 1107500 OO 60. 85
Hoavy OI1- @080 1.99
SRL 11,21
Coal (MAF) 2,40
Ash 2.41
Water 14,49
Phenol
TOTAL '153.00
Carbon _106.38
Hydrogen 12.76
Nitrogen 0.75
Sulfur . ~1.44
Oxygen (by diff) 29.26
Ash 2.41
TOTAL 1153.00
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RUN CONDITIONS

RUN NO, _L-2H
DATE MADE __9/19/77

TEMPERATURE °F

PRESSURE, psig

PREHEATER E-I

SAND BATH 748
INLET 212
OUTLET 729
DISSOLVERS
R-1A (1) 777
(2) 786
(3) 786
@) 785
R-18 (1)
{2)
(3)
(4)

REACTOR PRODUCT SEPARATORS

5-1 578

s-2 76

-3 ;88

S-4A 78

$-48 76
PREHEATER E-I1

DOWTHERM 684

INLET 426

OUTLET 656
VACUUM FLASH F-I

OVERHEAD VAPGR 496

UPPER WALL 604

LOWER WALL 991

DOWNCOMER 559

CONDENSATE

ACCUMULATOR,S-7_____ 18

PREHEATER E-13

SEPARATORS S-1 and S-2
2450

DOWTHERM 408
INLET 735 SEPARATOR S-3
OUTLET 152 240

LIGHT ENDS COLUMN, F-2

SEPARATORS 8664/-\ and S-4B

REBOILER 298 VACUUM FLASH, F-I
LOWER SECTION 207 14 Torr
FEED SECTION 210 LIGHT ENDS COLUMN, F-2
OVERHEAD 183

s-8 72 SOLVENT COLUMN, F-3
$-9 - NI1U

SOLVENT COLUMN, F-3
REBOILER NIU

LOWER SECTION

HEAVY ENDS COLUMN, F-4
NIU

VACUUM FLASH, F-0
NIU

FEED SECTION

OVERHEAD

SETTLING TOWER, V-8
NIU

HEAVY ENDS COLUMN, F-4
REBOILER NIU

LOWER SECTION

FEED SECTION

OVERHEAD

VACUUM FLASH,F-0
OVERHEAD NIU

BOTTOMS

PRECIPITATION TOWER, V-8

ZONE (1) NIU
(2)
(3)
RECOVERY TOWER V-9
REBOILER NIU
OVERHEAD
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3.56

Start | £nd __ [Run No* [-2H MASS RATES AND RUNegooucr aas Yo THERMAL
Dote of Run 9719777 9/19/77 Units: lbs/hr,°F, psig COND'TIONS PRODlUCT GAS TO RECYCLE 5 gﬁ
ima of Run 0200 | 1400 __|Prep. By: BCL & GGB Sx2 -
Lenath of Runm 12 | hrs. Ugdated: 2/23/78
Hours on Coal atEnd of Y.P.] 429.6 : K—4 KNOCKOUT POY 8TMS _ -
5.46 RECYCLE GAS Z o x Sx- T 128
13.05 MAEUP G 2’:‘52‘? - - S5-2 . WASTE GAS 5.99
47.19 LigNniTE £ 12/ \729 785 . [_'--n 76 ') = .
o] SR R-1A R-1B L P 245( S-UA Je—o x50
] T:786 : ) > T: =48
. ‘ol .578 e T
A 5-3 . Sx-37
BK1) T 786 T T. 488 T §{§ S-4A BOTYOMS = ~
MIXER T 777 T p 240 S-4B BOTTOMS  13.76
Sx-23{} ,
;‘ L TOLUENE ACCUMULATOR = —NIU
f ;X =x X ID_C' S& Negl.
P 656 . -
o 476 - K = :
- | 183$ e 0 LA
= g r x V—iq XLIGHT ons, _4.26
58_4” T:
J V-8 I P: X
-l T
196 )
604 |p. 14 Porr
591 Li
L le22:05 lbs/th - V-G BOTTOMS  yii_
- - 141 EXHAUSTV 0.44
559 A 17 QL Eotorrap,  0.12
‘L__ T:7-8 [__h A2C _] < 1L|QU IDS
P14 Tprr A-2A V-8B 0% MS  NTI
MAXEUP | 1bd - >
T 3oweNt L Ll 9 65.52 +
—& s . b st-z VACUUM BOTT‘OMS> 20.57
& A-BA OVERFLOW _ (0 29)
156.05 oAy D4 oPEM P4 CLOSED TotaL. 126:0

Numbers in narentheses are rot inclvded

in the totals.
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N\

ADJUSTED MATERIAL BALANCE

PROJECY LIGNITE

Product Gas Rate Adjusted Followed by a Forced Carbon Balance
Revised: 2/23/78

Run No: I1,-2H

Temperature:729°F
Pressure:2450 psig

‘Date: 9/19/77 SUMMARY LHSV: 1.40
Time: 0200-1400 1bs/hr. GHSV: 332
sTREAM DESCRIPTION| otal oot | vield Ml imnite
SAMPLE POINT
Hydrogen ~H, 1.24 0.86 | -0.38 ||
Carbon Monoxide-CO 15.23 5.60 -9.63
Carbon Dioxide —CO, B 15.77 15.77
Hydrogen Sulfide-H,S 0.28 0.28
Methane - CH, 1.20 2.25 1.05 |r 8.27 28.36
Ethane— Ca Hg 0.42 1.04 -0.62
Propane-CyHg 0.19 0.69 0.50
Butane— C4H;o
Nitrogen-N, 0.23 . 0.23 -0-
Ammonia~-NH, 0.06 0.06 J
Light ou-{0; 1007 COT 5, 5 43.96 8.56
sotvent {1 007200 °@ | 51.50 49.26 | -2.24 |r 20.54 70.46
Heavy Oll-(éig?osj;c 2.71 2.62 -0.09
SRL ’ 14.31 14.31 |
Coal (MAF) 29.16 2.70 | -26.46 -90.74
Ash 2.94 2.82 -0.12 -0.41
Water 15.83 13.60 -2.23 -7.65
Phenol
ToTAL 156.05 156.05 -0-
Carbon 105.39 105. 39 -0-
Hydrogen 12.12 12.20 0.08
Nltrogen 0.82 0.89 0.07
Sulfur 0.89 1.02 0.13
Oxygen (by diff) 33.89 33.73 -0.16
Ash 2.94 2.82 -0.12
TOTAL 156.05 156.05 ~0-

—Elemental
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PROJEC! LIGNITE

MEASURED & ADJUST#D MATERIAL BALANCE

Revised: 2/23/78

Temperature: 729°F

Run No: 1-2H MATERIAL IN Pressure: 2450 psig
Date: 9/19/77 LHSV: 1.40
Time: (200-1400 1bs/hr. GHSV: 332

| sTReam oesoreTIN ST T eE  keus Gas) Lignite._Solvent I
SAMPLE POINT Sx~20 Sx-18 Sx-1 Sx-14

Hydrogen - H, 0.47 0.77 1.24
Carbon Monoxide=-CO 3.05 12.18 15.23
Carbon Dioxide ~ CO, .

Hydrogen Sulfide-H,S.

Methane-CH, 1.20 1.20
Ethane=~ C; Hg 0.42 0.42
Propane~ CyH,4 0.19 0.19
Butane — C4Hq

Nitrogen-N, 0.13 0.10 0.23
Ammonia~NH,

Light on P51 5@ 35.40 35.40
sowvent (190750 °@ 51.50 51.50
Heavy OI-Gie o 2.71 2.71
SRL

Coal (MAF) 29,16 29,16
Ash 2.94 0.74 2.94
Water 15.09 15.83
Pheno!

TOTAL 5.46 13.05 47.19 90.35 156.05
Carbon 2.70 5.22 21.43 76,04 105.39
Hydrogen 0.89 0.77 31.02 7.44 12.12
Nitrogen 0.13 0.10 0.27 0.32 0.82
Sulfur . 0.32 0.57 0.89
Oxygen (by diff) 1.74 6.96 19.21 5.98 33.89
Ash 2.94 2.94
TOTAL 5.46 13.05 47.19 90.35 156.05
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PROJECT LIGNITE

ADJUSTED MATERIAL BALANCE

Product Gas Rate Adjusted followed by Forced Carbon Balance
Revised: 2/23/78

Run No: L-2H

MATERIAL OUT

Temperature: 729°F
Pressure: 2450 psig

Date: g/19/77 LHSV: 1.40
Time:  200-1400 1bs/hr. GHSV: 332

STREA DEscRETION e Cas. Fosarhed Ghs Ovhd | bims | ound
SAMPLE POINT Sx-20 Sx~20 Calc Sx-30 Calc Sx-44
Hydrogen - H, 0.31 0.47 0.08

Carbon Monoxide-CO 1.99 3.05 0.53

Carbon Dioxide - CO, | 11.08 4.35

Hydrogen Suifide-H,S 0.20 0.08

Methane- CH, 0.78 1.20 0.25

Ethane - C, Hg Q.28 0,42 0.32

Propane=-CyH, 0.12 0.19 0.35

Butane ~ C4H;o

Nitrogen-N, 0.08 0.13 0.02

Ammonia-NH, 0.04 0.01 0.01

Light ou-9;100°C® 2.02
Solvont-('ongfgoc@ 0.56

oy 01- 055

SRL

Coal (MAF)

Ash

Water - 11.17

Phenol

roTat 3.56 5.46 11.32 5.99 13.76 Negl.
Corbon 1.76 2.70 3.02 2.14, 2.11

Hydrogen 0.58 0.89 0.02 0.27 1.49

Nitrogen 0.08 0.13 0.03 0.03 0.02

Sulfur . 0.19 0.08 0.01

Oxygen (by dift) 1.14 1.74 8.06 3.47 10.13

Ash

TOTAL 3.56 2.70 11.32 5.99 13.76 Negl.
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ADJUSTED MATERIAL BALANCE

PROJEC! LIGNITE

Product Gas Rate Adjusted followed by Forced Carbon Balance

Revised: 2/23/78

Temperature:729°F

. s oun
Time: (200-1400 1bs/hr. GHSV:332

 STREAM DESCRIPTION Brme  kxhaust | Trap | Btms |57 Bems |LEC Btms
SAMPLE POINT Sx-16 Sx-32 Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen ~ H,

Carbon Monoxide-CO 0.03

Carbon Dioxlde —CO, ' 0.34

Hydrogen Sulfide-HzS

Methaone- CH, 0.02

Ethane— Ca Hg 0.02

Propane—-CyH, 0.03

Butane —~ C4H ¢

Nitrogen-N, V

Ammonia~NHg

Light 0P80 591 5,65 0.02 21.38 17.89
sowvent 1120250 ©@ 1 0.06 0.02 0.74 | 40.72 7.16
Hoavy Oll-(8TE Tor) 2.62 i
SRL 14.31

Coal (MAF) 2.70

Ash 2.82

Water 1.55 0.08 0.80

Pheno!

ToTAL 4.26 0.44 0.12 20.57 65.52 25.05
Carbon 2.16 0.16 0.04 15.40 55.54 20.36
Hydrogen 0.50 0.02 0.01 0.98 5.29 2.15
Nitrogen v 0.23 0.27 0.10
Sulfur : 0.01 0.21 0.46 0.06
Oxygen (by diff) 1.59 0.26 0.07 0.93 3.96 2.38
Ash 2.82

TOTAL 4,26 0.44 0.12 20.57 65.52 25.05
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" Run N°‘L;2H

— Quantitative

N 7

r+-Elementcl

- Date: ' 9/19/77 HATERIAL OUT 5233*1“"1‘32024” pele

-'Timgf 0200~1400 1bs/hr. GHSV: 332
_STREAM DESCRIPTION Total

[sameLe pont 1T T ~

| || Hydrogen = Hy 0.86

|.Carbon Monoxide-CO 5. 60

Carbon Dioxide ~CO, 15.77
Hydrogen Suifide-H,S 0.28
Mcthane(- CH, 2.25
Ethane~- Ca Hg 1.04
Propons-CyHg 0.69
Butane — C4Hyo
Nitrogon‘-Ng 0.23
Ammonia=-NH;, 0.06
Light ou-07O0C® 43.96
Solvent _(:?OTZ;’:rO)_’E'@ 49.26
Heovy out@rl.s Torr) 2.62
SRL 14.31
Coal (MAF) 2.70
Ash 2.82
Woter - 13.60
Phenol
TOTAL 156.05 -
Carbon 105.39
Hydrogen 12.20
Nitrogen 0.89
Sulfur 1.02
Oxygen (by diff) 33713
Ash | 2.82
TOTAL 156.05

A PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE
o Product Gas Rate Adjusted followed by a Forced Carbon Balance

Revised: 2/23/78

Temperature: 729°F
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/23/78
Run No: L-2H
Date: 9/19/77 -
Time: 0200-1400 WEIGHT PERCENT
(] SAMPLE DESCRIPTION| [50nice | Brasr Bt Solcea: 031° Water
SAMPLE POINT Sx-1 *Sx-2 | Sx-12 Sx-16 | Sx-16 Sx-16
Hydrogen ~H, '
Carbon Monoxide-CO
Carbon Dioxide-CO,
Hydrogen Sulfide-H,S
Methane ~CH,
Ethone~C2Hs
Propane—~CxHg
Butane —C4Ho
Nitrogen—N,
Ammonia~NH; (PPM)
| |Light 0inOI007E @ 71.40 39.18 | 97.73
Z [sotvem TP TO°C@ 3.59 | 28.60 57.00 2.20
2 [homm on-B0 250
HEN 69. 56
Coal (MAF) 61.79 13.12
Ash 6.24 13.73
Water 31.97 0.82 10.07 100
Phenol
ToTAL 100 100 100 100 “100 100
Pyridine Solubles W1 7o 84.79
Melting Point °F 399
Spacitic Gravity 60/60 0.989 1.026
9 Viscqtlfy » CP
( [carban 45.40 74.86 81.30 | 84.16 79.57
Hydrogen 6,39 4,76 8.57 8.24 12.14 11.11
Nitrogen ~ 0.58 1.11 0.39 0.35 0.11
L [ suttur 0.68 1.04 0.24 0.63 0.11
§ [Orraen (by dith) 40,71 4, 50 9.50 6.62 8.07 88.89
ia [ Ash 6.24 13.73
TOTAL 100 100 100 100 100 100
[ Number of Sample Avg. 2 2 2 2 2 2

*pistillable oil content calculated by following equation:
-0.1273 (F-1 Btms melting point) + 54.38.

Wt % Distillable oil =
See attached graph.
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 2/23/78

Run No: 1-2H

Date: 9/19/77

Time: 0200-1400 ____WEIGHT PERCENT
SAMPLE DESCRIPTION| S8 | Makeup | Product | Recycle | Tee I
SAMPLE POINT Sx-16 Sx~18 Sx~19 . Sx-20 Sx-21 *Sx-23
Hydrogen —H, 5.87 4.30 8.64 6.52
Carbon Monoxide~CO 93.34 27.64 55.87 82.88
Carbon Dioxide ~CO, 51.96
Hydrogen Sultide~H,S 0.35
Methane - CH, 9.45 21.94 6.28
Ethane~C:He 3.76 7.78 2.17
Propane—C3Hg 1.80 3.39 1.07
Butana —C4Ho
Nitrogen—N, 0.79 0.72 2.38 1.08
Ammonio~NH, (PPM) 0.02
Light 00100 C®I 77.14
[Solvent -0 Z30°C® 21.50
Heavy on-%"_,%'?g??
SRL
Coal (MAF)
Ash
Water 36.30 1.36
Phenol
ToTAL 100 100 100 100 100 100
Pyridine SolublesW! 7o
Melting Point °F
Specific Gravity 60/60 0.971
Viscosity, cp
Carbon 50.73 40.00 37.59 49.39 42.85 80.87
Hydrogen 11.77 5.87 7.76 16.30 8.71 9.50
Nitrogen 0.07 0.79 0.74 2.38 1.08 0.36
Sutfur 0.07 0.33 0.39
Oxygen {by diff) 37.36 53.34 53.58 31.93 47.36 8.97
Ash
TOTAL 100 100 100 100 100 100
Number of Sample Avg, 2 2 2 2 2 2

*Insufficient sample for distillation.

Assumed to be the same as the S-4A oil.
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Quantitative

,———— Elemental

SAMPLE ANALYSIS

Updated: 2/23/78

Run No: L-2H

Date: 9/19/77

Time: 0200~-1400 WEIGHT PERCENT
SAMPLE DESCRIPTION| {j7ier | ZPoca1 | Ovhd | Discharge| Tram 511
SAMPLE POINT Sx-23 Sx~-23 Sx-30 Sx-32 Sx-33 Sx-37
Hydrogen —H, 1.28 0.56
Carbon Monoxide-CO 8.87 6.22
Carbon Dioxide -~ CO, 72.63 76.87
Hydrogen Sulfide~H,S 1.32
Methane ~CH, 4.13 3.56
Ethane~C2He 5.27 5.00
Propane~CsHg 5.93 7.79
Butane —C4Ho
Nitrogen—N, 0.32

|Ammonia=NH, (PPM) 0.12 0.12 0.25

Light °“"“|).§'°Tg:r§: @ 20.01 77.14
Sotvent—([ Q1 230°C® 15.80 21.50
ooy o1
SRL
Coal (MAF)
Ash
Water 99.88 99.88 64.19 1.36
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubtes ¥/} 7o
Melting Point °F
Specitic Gravity 60/60 0.971
Viscosity, cp
Carbon 35.78 36.67 31.67 _80.87
Hydrogen 11.12 11.12 4.56 3.87 10.41 9.50
Nitrogen 0.10 0.10 0..53 0.11 0.36
Sulfur 1.24 0.36 0.30
Oxygen (by dift) 88.78 88.78 57.89 59.46 57.45 8.97
Ash
TOTAL , 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 2 2
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Quantitative

/——'- Zlemental

PROJECI LIGNITE
SAMPLE ANALYSIS

Updated: 2/23/78

Run No: L-2H
Date: 9/19/77
Time: 0200-1400 WEIGHT PERCENT
SAMPLE DESCRIPTION| [-0R— | Spohy | poal | Aogarved Stme
SAMPLE POINT Sx-37 Sx-37  |Sx-34/39 Calc Calc
Hydrogen —H,
Carbon Monoxide—CO
Carbon Dioxide—CO, 97.88
Hydrogen Sulfide-H,S '1.78
Methane ~CH,
Ethone—C2He
Propono.-c-s Me
Butane —C,4H,o
Nitrogen—N,
Ammonia—NH (PPM) 0.17 0.34 0.10
Light ous-“‘)_;"?g:’,f @ ' 74 .66 32.63 14.63
Solvent -1 230°C® 20.81 | 62.15 4.08
Heavy Oil—%%%‘fg?;c 4.00
SRL
Coal (MAF)
Ash
Water 99.83. 4.53 1.22 81.19
Phenol
TOTAL 100 100 100 100 100
Pyridine Solublng’:; :r/:e
Melting Point °F
Specific Gravity 60/60 1.039
Viscosity , cp ‘
Carbon 78.27 | 84.77 26.69 15,34
Hydrogen 11.12 9,55 8,07 0.16 10.81
Nitrogen 0.14 0.35 0.42 0.28 0.15
Sulfur 0.29 0.70 1.68 0.06
Oxygen (by diff) 88.74 11.54 6.06 | 71.19 73.64
Ash
TOTAL 100 100 100 100 100
|Number of Sample Avq. 2 2 2 - -

-404-




Quontitative

'd

,——— Elemental

VROIRL 1 (GRLTR
SAMPLE ANALYSTS

Updated: 2/23/78

Run No: L-2H

Date: 9/19/77

Time: 0200-1400 MOLE- PERCENT
SAMPLE DESCRIPTION| Makgup | Proguct Rggicle | Feed Suna Discharge
SAMPLE POINT Sx-18 Sx=19 Sx=-20 Sx=21 Sx-30 Sx=32
Hydrogen ~H, 46.60 42,09 53.28 48.33 19.74 9.87
Carbon Monoxide-CO 52.95 19.30 24.61 43,85 9.78 7.90
Corbon Dioxide~CO, . 23.09 50.94 62.10
Hydrogen Sulfide~H,S 0.20 - 1.20
Methane - CH, 11.55 16.91 5.82 7.96 7.91
Ethane—CzHe 2.45 3.20 1.07 5.42 5.93
Propane-CsHe 0.80 0.95 0.36 4.16 6.29
Butane —C4 H;o
Nitrogen=N, 0.45 0.50 1.05 0.57 0.35
Ammonia=NH, (PPM) 0.02 0.45
Light ons-(?g"’Tg:f @
Solvont—q%o;%':’f—o)ac @
Aoy 01— BT
SRL
Coal (MAF)
Ash
Water
Phenol
TOTAL 100 100 100 100 100 100
Calc. Mole Wt. 15.88 19.55 12,33 14.81 30.86 35.55
Melting Point °F
Specitic Gravity 60/60
Viscosity , ¢p
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by dift)
Ash
TOTAL
Number of Somple Avg. 2 2 2 2 2 2
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Quantitotive

—————— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 2/23/78

Run No: 1L1-2H
Date: 9/19/77
Time: 0200-1400

MOLE PERCENT

SAMPLE DESCRIPTION

Absorbed
Gas.,

SAMPLE POINT

Calc.

Hydrogen ~H,

Carbon Monoxide-CO

Carbon Dioxide —CO,

. 96.86

Hydrogen Sulfide-H,S

2.28

Methane ~CH,

Ethone~C2Hs

Propane~Cy H..

Butane ~C4H o

" |Nitrogen =N,

Ammonia—NH, (PPM)

0.86

.. (0-100°C@®
Light Oils=" & " Torr)

, _(100-230%C
Solvent 1.6 Torr) @

~(230-255°C
Heavy Oil-'a & Torr)

SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL

100

Calc Mole Wt.

43.54

Melting Point °F

Specitic Grovuy. 60/60

Viscosity, cp

Corbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg.
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PROJECT LIGNITE
SANI’LE ANALYSES

Dil

RUN NO:; L-2H
DATE: 9/19/77
TIME: 0200-1400
SAMPLE DESCRIPTION F-1 Btms | LEC Btms |Feed Solv. S-8 Oil |, 447
SAMPLE POINT Sx=2 Sx-12 Sx-14 Sx-16 Sx-33
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 5
18P 49.6 54.4
5% r 64.8 73.0
rlo% : 69.2 80.0
_ 20% & 76.9 94.2
z 30% o 82.2 103.8
S 40% o 88.4 121.0
W 50% i 95.8 145.%
L 60% < 104.5 166.6
= 70% CEL 119.0 179.0
g 80% Lo 142.8 191.3
S 90% 173.2 226.2
Lgsy, L 194.0 | 260
DRY PT. 199.8
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 740 736
I8P 5 52 93
5% r 58 97
r‘0°/o & 67 99
E 20% o 78 101
6 30% W 90 207
5 40% o 103 228
a 50% = 114 242
w 60% & 130 300
z 70% Y 143 321
3 80% w 158 324
>L_.90% 175
DRY PT. al 178 332
ASPHALTENE TEST
WT Y% ASH 13.73
WT % UNCONVERTED COAL 13.12
WT % PRE-ASPHALTENES 30.55
WT % ASPHALTENES 25.18
WT % MALTENES 8 DIST.OIL| 17.42
TOTAL 100.00
SAYBOLT VISCOSITY, SSU
100° F 9.5 11.1
210° F 7.8 8.4
MISCELL ANEOUS
| KF H0 WT%{Row Sx). 0.82 0.07 21.57
INFRARED RATIO 0.33
5P, GRAV. 60/60 F 0.989 1.026

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES ~ BENZENE SOLUBLE,

DISTILLABLE OIL -RECCVERABLE B8Y DISTILLATION,
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N-PENTANE INSOLUBLE MATERIAL
MALTENES- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD OISTILLATION PROCEDURES



PROJECT LIGNITE
SAMPPLE ANALYSES

RUN NO: L-2H
DATE: 9/19/77
TIME: 0200-1400
SAMPLE DESCRIPTION S-7 Btms S=-44 041
SAMPLE POINT Sx=34/39 Sx-37
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5
18P 57.6
5% 73.6
rlod/o 81.7
- ggzo S 98.3
S -
2 a0 ¢ [T
x po]
W 50% g 159
w 60% x 173.2
= 70% a 182.6
g 80% o 197.9
S 90% 239
L959% L 260
DRY PT.
ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 739
18P 91
5% r 91
[Co% L T6?
E 20% o 197
W 30% " 20%
E:J 40% % 214
o 50% bq— 223
w 60% x 238
2 70% 2 258
6’ 80% E 289
> 90% 336
L"95 % L
DRY PT. ‘ 341
ASPHALTENE TEST '
WT Y% ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES 8 DIST. OiL
TOTAL
SAYBOLT VISCOSITY, SsU
100° F 12.1
210° F 8.6
MISCELLANEOUS
KF H0 WT % {Row Sx) 1,22 1.36
INFRARED RATIO 0.32
SP, GRAV. 60/60 F 1.039 0.971

PREASPHALTENES - PYRIDI NE SOLUBLE, BENZENE INSOLUBLE MATERIAL

ASPHALTENES- BENZENE SOLUBLE,

MALTENES=- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES '

N-PENTANE INSOLUBLE MATERIAL

DISTILLABLE OIL -RECOVERABLE BY DISTILLATION,
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE
Revised: 2/23/78

, .
'MATERIAL OUT Temperature: 729°F

Quontitative

Run No: 1-2H Pressure: 2450 psig
Date:  9/19/77 LHSV: 1.40
‘Time:  0200-1400 1bs/hr. GHSV: 332
| ¢—————|Product Ga S-4A S=-4B 5-8
| STREAM DESCRIPTION|Vent Gas _) lgcxs:.l.eﬁ:&%.é.bﬁg.r.heé.@iﬁ Ovhd | Btms Ovhd
SAMPLE POINT $x-20 Sx-20 Calc $x-30 Sx=23 Sx~-44
Hydrogen - H, 0.24 0.47 0.08
Carbon Monoxide-CO 1.56 . 3.05 0.53
» Carbon Dioxldo-coi ' 8.61 4.35
Hydrogen Sulfide~H,S 0.16 0.08
Methane- CH, 0.61 1.20 0.25v
Ethane—- CoHg. 0.22 0.42 0.32
Propane=CyH, 0.10 0.19 0.35
Butane — C4H;o .
Nitrogen-N, 0.07 0.13 0.02
Ammonia=NH, 0.03 0.01 0.02
Canr 01 157007
(100~230°
Solvent (I.G Torr) c@®
Heavy ou-‘éig?jf;’c
SRL
Coal (MAF)
Ash
Water 13.74
Phenol
TIOTAL. 2.80 5.46 8.80 5.99 13.76 Negl.
Carbon 1.38 2.70 2.35 2.14
Hydrogen 0.46 0.89 0.01 0.27 1.53
Nitrogen 0.07 0.13 0.02 0.03 0.01
Sulfur ‘ 0.15 0.08
Oxygen (by diff) 0.89 1.74 6.27 3.47 12.22
Ash
TOTAL 2.80 2.70 8.80 5.99 13.76 Negl.

/—-——Elementol
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PROJECT LIGNITE
MEASURED MATFRIAL BALANCE
Revised: 2/23/78

MATERIAL OUT

Temperature

:729°F

Run No: 1_op Pressure: 2450 psig
Date:  9/19/77 LHSV: 1.40
Time: 0200-1400 1bs/hr. GHSV: 332
(" S-8 J-1 Cold -1 c— Recycle Solvent—y
| STREAM OESCRIPTION|  Bemg __| Exhaust_ | Trap Btms S-7 Btms | LEC Btms
SAMPLE POINT Sx-16 Sx-32 Sx-~33 Sx-2 Sx-39 Sx-12
Hydrogen ~ H,
Carbon Monoxide-CO 0.03
Carbon Dioxide - CO, ' 0.34
‘Hydrogen Sulfide- H,S
Methane~ CH, 0.02
Ethone - Cz Hg 0.02
Propane- Cy H, 0.03
Butane — C4H|o
® Nitrogen~N,
’.:.:‘ Ammonia—NH, ) ]
= - v .
Z [Lion o5l 265 0.02 21.38 17.89
- ]
& [Soment -T2 °®]  0.06 0.02 0.74 40.72 7.16
230-255
Heavy OII-(@ig 1_205";C 2.62
SRL 14.31
Cool (MAF) 2.70
Ash 2.82
Water 1.55 0.08 .0.80
Phenol
_LToTAL 4.26 0. 44 0.12 20.57 65.52 25.05 -
([carbon 2.16 0.16 0.04 15.40 55.54 20.36
Hydrogen 0.50 0.02 0.01 0.98 5.29 2.15
Nitrogen 0.23 0.27 0.10
Sultyr 0.01 0.21 0.46 0.06
% Oxygen (by ditt) 1.59 0.26 0.07 0.93 3.96 2.38
€ [Ash ' 2.82
2®
V3]
L roraL 4,26 0.44 0.12 20.57 65.52 25.05
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Quantitative

N 7

———Elementoal

PROJECT LIGNITE
MEASURED MATERIAL BALANCE
Revised: 2/23/78

MATERIAL OUT

Temperature:729°F

Run No: ;1 _ oy Pressure: 2450 psig
Datef 9/19/77 - Lusv.:aéé{wo
Time: 0200~1400 1bs/hr. GHSV: T
STREAM DESCRIPTION Out
. E-A‘h_APLE“;a;;_- PPN SR I N -
Hydrogen -~ H, 0.79
Carbon Monoxide-CO s .17
Carbon Dioxide — CO, ' 13.30
Hydrogen Sulfide-H,S 0.24
Methane -~ CH, 2.08
Ethane - C; He 0.98
' Propane—- Cy Hg 0.67
Butane - C4Hjo ]
Nitrogen-N, 0.22
Ammonio-NHy 0.06 -
Light onPS1GT" 5@ 41.94
splvont-—(:%o}%??)q@ 48.70
oy 1B 2.6
SRL 14.31
Coal (MAF) 2.70
Ash 2.82
Water 16.17
Phenoi
TOTAL 152.77
Carbon 102.23
Hydrogen ‘ 12.11
Nitrogen .86
Sulfur 0.97
Oxygen (by diff) 33.78'
Ash 2.82
TOTAL

152.77
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RUN CONDITIONS
RUN NO, . L-21

DATE MADE 9/19-20/77

TEMPERATURE °F PRESSURE, psig
PREHEATER E-I PREMEATER E-13 SEPARATORS S-1 and §-2
SAND BATH 758 - DOWTHERM 406 2450
INLET 206 INLET 71 SEPARATOR S-3
OUTLET 738 - OUTLET 149 240
SEPARATORS S-4A and S~48
DISSOLVERS LIGHT ENDS COLUMN, F-2 62
R-1A (i) 699 REBOILER 302 VACUUM FLASH, F-I
(2) 765 LOWER SECTION 208 14 Torr
(3) 1 FEED SECTION._209 LIGHT ENDS COLUMN, F-2
(4) /87 OVERHEAD 182 Atm
R-18 (1) NIU S-8 63 SOLVENT COLUMN, F-3
(2) 5-9 _ - NIU
(3) : HEAVY ENDS CI\?ILUMN.F-'%
(4) SOLVENT COLUMN, F-3 U
REBOILER NIU VACUUM FLASH, F-0
REACTOR PRODUCT SEPARATORS LOWER SECTION NI
'S-1 578 FEED SECTION SETTLING TOWER, V-8
s-2 76 OVERHEAD . NIU
s-3 485 RECOVERY TOWER, V-7
S-4A 76 HEAVY ENDS COLUMN, F-4 NIU
s-48 69 REBOILER NIU
LOWER SECTION
PREHEATER E-l! FEED SECTION
DOWTHERM 683 OVERHEAD
INLET 406
OUTLET 654 VACUUM FLASH,F-0
OVERHEAD NIU
VACUUM FLASH F-I BOT TOMS
OVERHEAD VAPOR __492
UPPER WALL 607 PRECIPITATION TOWER, V-8
LOWER WALL 590 ZONE (1) NIU
DOWNCOMER 574 (2)
CONDENSATE (3)
ACCUMULATOR,S-7__ 14
RECOVERY TOWER V-9
REBOILER NIU
OVERHEAD
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“Piv-

Strart | £End  JRon Mot L-21 MASS RATES AND RUNppopuct aas Fo THERMAL 2.93
Date of Run  P/19777 1 9720/ 77[niss: 1bs/hr,°F, psig | CONDITIONS PRODUCT GAS TO RECYCLE _ ¢ g,
Time of Run 1400 | 0145 |Prep. By: BCL & GGB Sx2 -
hof R 11-3/4 | hrs. Updated: 3/6/78 - .
%2&&\1&.] S | K—-4_KNOCKOUT POT BTMS _ ~
781 - ScRusesy ARSORQED GASES _q...l&
6.84RECYCLE GAS X X . Sx- Z: : ’
10. 64MAKEUP . S-2
: ™ WASTE GAS L 4.92
50, Q6LIGNITE T 787 |'_"T‘ ;25 [ T —
o R-1A R-1& — P S-Up fe—e er-30 -
777 T ) T: 76 s-48
k o Pt 578 o 62 | b 69
P 2450 ‘ £.2450 Y X p, 62 S,.37
BK] T 765 T I §§  S-4A BOTTOMS =
MIXER T 699 ™ | S-4B porTOMS  15.05
- -
"zﬂ}'roa_ur_ua ACCUMULATOR _ _NTII
718 X _x DC. oWy, _Negl.
654 406 — -
H ' i
K=} |
& . |
2 r - XUGH* oIS,  _4.73
x V-a F-3
g E-” ’ T:
83 y v-8 P
; T
i — P:
. 492
607 |p: 14 Tory
P 302
590
! %o 23.49 1bs/hrd V-Q ROTTOMS
- J-t EXHAUST Q.44
574 — o 9,-03';3 oLD TRAP 0.26
S5-7 A2C LiQuips
rs . '] : P
P14 Torr A-2A v-8268rtoms _ _NIU
MAKELIP 1bs o s
_(1.3930Ly AcSA 66.62}‘1}— * Sy.2 :
- . ; S VACUUM BOTTOMS  ,, of
" ' A-BA OVERFRLOW -
: ’ .04
159.04 TOTAL D4 oPEM P4 CLOSED TOTAL 1_59_

Numhers in narentheneae are mnt dnelitid in tha tarale



Quantitative

e

r———Elemento!

PROJEC) LIGNITE

ADJUSTED MATERIAL BALANCE
Product Gas, Recycle Gas and F-1 Btms Rates Adjusted
Revised: 3/6/78

Temperature:738°F

bave: 571-20/77 sy TN
Time: 1400-0145 1bs/hr. GHSV: 340
STREAM DESCRIPTION| 1o o "out Yield wéoﬁlmr
STt B MRl pi
Hydrogen - H, 1.37 1.05 -0.32
Carbon Monoxide~-CO 14.39 7.11 ~7.28
Carbon Dioxide - €O, 12.84 12.84
Hydrogen Sulfide-H,S 0.24 0.24
Methone - CH, 1.05 1.73 0.68 It 6.85 22,33
Ethane~- C, He 0.2 0.60 0.33
Propans=Cy Hg 0.18 0.48 0.30
Butane — C4Ho
Nitrogen—-N, 0.22 0.24 0.02
Ammonia—-NHy 0.04 0.04
iont 0uSPC SOl 3460 | 40.82 6.22
5°"°""(:%°'r§r3r°)6°© 52.70 50.78 -1.92 | 23.22 75.68
Hoovy Ol-gTE 7o ] 3,30 3.47 0.08
SRL 18.84 18.84
Coal (MAF) 30.68 2.61 -28.07 -91.49
Ash 3.03 2.91 -0.12 -0.39
Woter 17.16 15.28 ~1.88 -6.13
Phenol
ToTAL 159.04 | 159.04 -0-
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
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Quaoantitative

N 7

——Elemental

Run No:L-2I

PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE
Product Gas, Recycle Gas and F-1 Btms Rates Adjusted
Revised: 3/6/78

Temperature: /38°F
Pressure: 2450 psig

Date: 9/19-20/77 MATERIAL IN LHSV: 1.42
Time: 1400-0145 1bs/hr. GHSV: 340

| STREAM DESCRIPTIONCCS (7 g | Maleeup Gag  Lignire | Soivent TIn
SAMPLE POINT Sx-20 Sx-18 Sx-1 Sx-14

Hydrogen - H, 0.67 0.70 1.37
Carbon Monoxide-CO 4.51 9.88 14.39
Carbon Dioxide ~CO, '

Hydrogen Sulfide-H,S

Methane - CH, 1.05 1.05
Ethane~ C Hg 0.27 0.27
Propane= C3Hs 0.18 0.18
Butone ~ C4Hyo

Nitrogen~N, 0.16 0.06 0.22
Ammonia-NHg

Light on-P10 SO 34,60 34. 60
Solvent-(10:2307C® 52.70 52,70
Hoovy Oll~Gi6 Torr) 3.39 3.39
SRL :

Cool (MAF) 30.68 30.68
Ash 3.03 3.03
Water 16.35 0.81 17.16
Phenol

ToTaL 6.84 10.64 50.06 91.50 159.04
Carbon

Hydrogen

Nitrogen

Sulfur ,

Oxygen (by diff)

Ash

TOTAL
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Quantitative

f

—— Elemertal

PROJECY LIGNITE
ADJUSTED MATCERIAL BALANCE
Product Gas, Recycle Gas and F-) Btms Rates Adjusted
evised: 3/6/78

R

Temperature:738°F

parer 5/19-20/77 MATERIAL OUT iﬁgsfufizuso pete
Time: 1400-0145 1bs/hr. GHSV: 340

STREAM DESCRIPTION[ont Gas RFE;’SEEG‘;:‘MS “ovhd | Bems duhd
(sampLE PONT | 5x-20 | sSx-20 | Calc | Sx-30 | 5x-23 Sx-44
Hydrogen ~ H, 0.29 0.67 0.08

Carbon Monoxide=-CO 1.93 4.51 0.61

Carbon Dioxide ~CO, ' 9.00 3.51

Hydrogen Sulfide-H,S 0.17 0.07

Methane ~ CH, 0.45 1.05 0.22

Ethane ~ C, Hg 0.11 0.27 0.21

Propane- Cy Hg 0.08 0.18 0.20

Butane — C4H,o

Nitrogen~N, 0.07 0.16 0.01

Ammonia~NHy 0.01 0.01 0.02

Light Ol1- ‘?6'01.‘2"‘3@

Solvom—('oeO g?ro)oc@

0123 255

SRL

Coal (MAF)

Ash

Water 15.03

Phenol

roTat 2.93 6. 84 9.18 4.92 15.05 Negl.
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL
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r——Elementol

Run No: 1-21

Date: 9/19-20/77
Time: 1400-0145

PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product Gas, Recycle Gas and F-1 Btms Rates Adjusted
Revised: 3/6/78

MATERIAL OUT

Temperature: 738°F

LHSV: 1.42

‘Pressure: 2450 psig

bs/hr, GHSV: 340 :
STRCAM DESCRPTION|  Btus | pyhausr | Teap | Brms |57 Bems | P2 beme
SAMPLE POINT Sx-16 Sx-32 Sx=-33 Sx-2 Sx-39 Sx-12
Hydrogen - H, 0.01
Carbon Monoxide-CO 0.06
Carbon Dioxide - CO, 0.33
Hydrogen Suifide-H,S
Methane- CH, 0.01
Ethane~- Ca Hg 0.01
Propane~CyHg 0.02
Butane — C4Ho
Nitrogen-N,
Ammonia-NHy
ight 1P 5O 4 s 19.65 16.63
sowvent (OO 410 0.01 Q.22 | 43,90 6.46
Heavy Ol-&TET o0 3.07 0.40
SRL 18.84
Coal (MAF) 2.61
Ash 2.91
Water 0.25
Phenol
rovat 4.73 0.44 0.26 24.58 66.62 23.49
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
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Quantitative

———Eliemental

PROJECY LIGNITE
ADJUSTED MATTERIAL BALANCE

Product Gas, Recycle Gas, and F-1 Btms Rates Adjusted

ReVised: 3/6/78 Temperature: 7380F

Date:  9/16-20/77 MATERTAL OUT thove 1o P
Time: 1400-0145 1bs/hr. GHSV: 340

[stream DESCRIPTION ] L fotal
SAMPLE POINT
Hydrogen - H, 1.05
Carbon Monoxide-CO 7.11
Carbon Dioxide ~ €O, ' ' 12.84
Hydrogen Sulfide-H,S ‘ 0.24
Methane - CHy, 1.73
Ethane~ C2 Hg : 0.60
Propane—-Cy Hg ‘ ' ‘ 0.48
Butane — C4H) o ”
Nitrogen-N, _ 0.24
Ammonia-~NHg _ ‘ 0.04.
Light on{2;1007C® ' 40.82
Solvent -(1007230°C@ 50.78
Heovy Oll-(@zig_-,?osr?;c . 3.47
SRL 18.84
Coal (MAF) 2.61
Ash 3 ' 2.91
Water B 15.28
Phenol
TOTAL ' 159.04
Carbon
Hydrogen
Nitrogen
Sulfor
Oxygen (by diff)
Ash ’
TOTAL ' , l‘
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/6/78

Run No:
Date:

L-21

9/19-20/77

Quantitative

'd

———— Elementoal

SAMPLE DESCRIPTION

Lignite

Time:

Btms

TR

BT

0il

WEIGHT PERCENT

WaEer

SAMPLE POINT

Sx-1

*Sx-2

Sx-12

Sx=14

Sx-16

Sx-16

Hydrogen ~H, v

Carbon Monoxide-CO

Carbon Dicxide - CO,

Hy&rogon Sulfide-H,S

Methane -CH,

Ethane~C2zHse

Propoho ~CsHg

Butana —~C4Ho

Nitrogen=N,

Ammonia=NH; (PPM)

(0-100°C@®
Light Oils 1.6 Torr)

70.80

37.81

- 96.00

_(106-2307¢
Solvent 1.6 Torr @

0.90

27.50

57.60

4.00

230-255°C
Heavy 0Oil @L.6 Torr)

1.70

SRL

76.66

3.70

Coal (MAF)

61.28

10.60

Ash

6.06

11.84

Water

32,66

0.89

100

Phenol

TOTAL

100

100

100

100

100

100

‘ Wt %
Pyridine Solubles jyop froe

87.98

Meiting Point °F

420

Specific Gravity 60/60

0.991

Viscosity , cp

Carbon

Hydrogon

Nitrogen

Sulfur

Oxygen (by dift)

Ash

TOTAL

Number of Sample Avg.

2

2

2

2

2

*Distillable oil calculated using the following equation:
Wt % distillable oil = -0.1273 (F-1 Btms melting point)+ 54.38.

-420-
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/6/78

Run No: 1.-2T
Date: 9/19-20/77
Time: 1.599-8143 _ WEIGHT PERCENT
(" samPLE DESCRIPTION] 308 ®Gee® | Gas | Gls - | "°Gas "oi1
SAMPLE POINT Sx-16 Sx-18 Sx-19 Sx-20 Sx-21 | *sx-23
Hydrogen —H, 6.61 5.27 9.83 7.83
Carbon Monoxide=CO 92.83 37.16 65.84 82.22
Corboa Dioxide~CO, 44,44
Hydrogen Sulfide-H,S 0.86
Methane -CH, 7.34 15.38 5.39
Ethone = CzHe 3,47 3,95 2.77
Propane~C3Hs ' 0.87 2.62 0.97
Butone ~C4Ho
Nitrogen-N, 0.56 0.55 2.38 0.82
Ammonio=NHy (PPM) '0.04 :
. —(0-100° C @ '
- Light Oits 1.6 Torr) 96.00 80.01
,% SOIVOM-(:?:’-%?P'UC@ 4.00 18.50
= ot ﬁa‘o“%?’- 55C
g |Heawy Oil~@)6 Torr)
3 SRL
Coal (MAF)
Ash
Water 1.49
Phenol
TOTAL 100 100 100 100 100 100
Pyridine Solubles ! 7o
" [Melting Point °F
'} Specific Gravity 60/60
g Viscosity , ¢p
,
Carbon
" | Hydrogen
Nitrogen
% Suifur
g Oxygen (by diff)
] Ash .
TOTAL'
Number of Sample Avg, 2 2 2 2 2 2

*Insufficlent sample for distillation.

Assumed to be the same as the S-AA-oil.
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Quantitative

N

,——— Elemental

PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 3/6/78

Run No: L-2I
Date: 9/19-20/77
Time: 1400-0145 WEIGHT PERCENT
SAMPLE DESRIPTION| Uafly | ¥oifi | Butd |pidcharge| Toas | 01
SAMPLE POINT Sx-23 Sx-23 Sx-30 Sx-32 Sx-33 Sx-37
Hydrogen —H, 1.60 0.69
Carbon Monoxide-CO 12.41 ©13.23
Carbon Dioxide ~CO, 71.30 73.99
Hydrogen Suifide~H,S 1.36
Methane ~-CH, 4.54 2.91
Ethane ~C2Hs 4.31 4.41
Propane-CsHs 4.03 4.77
Butane ~C,4 Mo
Nitrogen-N, -1 0.19
Ammonia~NHy (PPM) 0.12 0.12 0.26
Light 0in-'07100 'S 80.01
Solvent-([D-250°C® 45.90 | 18.50
Hoaw 01- G 2o0C
SRL
Coal (MAF)
Ash
Water 99.88 | 99.88 195.10 1.49
Phenol
ToTAL 100 100 100 100 100 100
Pyridine Solubles ! %o J
Melting Point °F
Specitic Gravity 60/60
Viscosity, cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by dift)
Ash
TOTAL
Number of Somple Avg, 2 2 2 2 1 2
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Quantitative

-~

,————— tlemental

PROJEC! LIGNITE
SAMPLE ANALYSIS

Updated: 3/6/78

Run No: L-2I
Date: 9/19-20/77
Time: 1400-0145 WEIGHT PERCENT
SAMPLE DESCRIPTION a-4A §—4A g—% Ab&gébed
SAMPLE POINT Sx-37 Sx-37 Sx-139 Calc.
Hydrogen -H,
Carbon Monoxide~-CO
Carbon Dloxide —CO, 98.02
Hydrogen Sulfide~H,S 1.89
Methane -CH,
Ethane—C:zHe
Propane—~CsHg
Butane —C4H)o
Nitrogen—N,
Ammonia—NH, (PPM) 0.14 0.01 0.09
Light Oits-'Dg'S0 ¥ 75.92 29.50
Solvent (| P 7230°C @ 17.56 65.90
oo o1 BT b5
SRL
Coal (MAF)
Ash
Water 99.86 6.51
Phenol
TOTAL 100 100 100
Pyridine Solubtes ! 7o
Meiting Point °F
Specific Gravity 60/60
Viscosity , cp
Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash
TOTAL
Number of Sample Avq. 2 2 2 -
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PROJECT LIGNITE
SAMPLE ANALYSIS

- Updated: 3/6/78

SAMPLE DESCRIPTION

Run No: L-2I
Date: 9/19-20/77

Time: =014
"F?SEEE%ﬂggﬁgé§gié

Gag . Gas

Teed
Gas

Ovhd

SAMPLE POINT

Sx-19 $x-20

Sx-21

$x=30

Hydrogen ~H,

46.95 57.80

53.41

23.22 .

Carbon Monoxide-CO

23.64 27.65

40.04

12.86

Carbon Dloxide —CO,

17.99

47.04

Hydrogen Suifide~H,S

0.45

1.16

Methane ~CH,

8.17

11.30

4.59

8.24

6.19

Ethane~CzHs

2.06 1.55

1.26

4.17

5.00

Quantitative

4

Propane~CxsHg

0.35 0.70

o. 30

2.66

3.69

Butane =Cs4Hio

Nitrogen—N,

0.30

0.35 1.00

0.40

0.20

Ammonia~NH, (PPM)

0.04

0.45

" 0-100°C ®
Light oiis-D2190 ¢

Solvent~ 16 }on

. _(230-255°C
Heavy °"'@|.e Tore)

SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL

100

100 100

100

100

100

Calc Mole Wt.

15.06

17.81 11.76

13.64

29.03

34.03

Melting Point °F.

Specific Gravity 60/60

Viscosity , cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dift)

Ash

TOTAL

————— Elemental

Number of Somple Avg,
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PROJEC LIGNITE
SAMPLE ANALYSIS

Updated: 3/6/78

Run No: L-2I
Date: 9/19-20/77
Time: 1400-0145

MOLE PERCENT

SAMPLE DESCRIPTION

AbsOorbed
Gas

SAMPLE POINT

Calc

Hydrogen —H,

Carbon, Monoxide—~CO

Carbon Dioxide = CO,

97.35

Hydrogen Sulfide-H,S

2.43

Methane -CH,

Ethone—=CzHs

Propane~CsHe

Butane ~C4H;o

Nitrogen—N,

Ammonia—NHy (PPM)

. (0-100°C @
Light Oils 1.6 Torr)

_{100-230°C
Solvent 1.6 Torr) @

., _1230=~255°C
Heavy Oil-'@16 Torr)

Quantitative

SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL

100

[Calc., Mole WE,

43,70

Melting Point °F

Specific Gravity 60/60

Viscosity, ¢cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by ditf)

Ash

TOTAL

Ndmbor of Sample Avg,

;,———— Elemental
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PROJECT

LIGNITE

SAMPLE ANALYSES

RUN NO: L-2I
DATE: 9/19-20/77
TIME: 1400-0145

SAMPLE DESCRIPTION LEC Btms |Feed Solv.} S-8 0il S-4A 0il S-7 Btms
SAMPLE POINT Sx-12 Sx-14 Sx-16 Sx-37 Sx-39
ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 5 5
I8P 25 26.6 22
5% 68.6 77 81.8
FIO% 71.3 83 89.8
L 20% © |_71.6 93.8 104.5
Z 30% - . 82.8 106.3 123.0
|17 w
S 40% x | 87.8 125.4 144.8
W 50% g 95.6 150.3 165.0
60% o 105.4 169.8 177.2
w 17}
= 70% g 119.6 182 187.4
g 80% W [142.6 195.2 202.2
> 90% 172.5 234.5 238.8
a5, l 188.5 260
DRY PT, 199.6 238.8
ASTM D-86 DISTILLATION DATA ’
BAROMETRIC PRESSURE, TORR | . 740 739
18P 53 92
5% F 58 129
[—:oes 1] 67 187
£ 20% ° 89 197
W 30% w 104 204
& 40% & 123 214
a 50% = 141 226
w 60% 5 160 237
3 70% g 175 257
5 80% w 196 274
190% 236 334
95 % L
DRY PT. 268 338
ASPHALTENE TEST
WT 9% ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES 8 DIST. OIL
TOTAL
SAYBOLT VISCOSITY, SSU
1I00° F
210° F
MISCELL ANEOUS
KF HO0 WT % ({Raw Sx) 0.89 1.49 1.15
INFRARED RATIO
SP. GRAV. 60/60 F 0.991

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL
ASPHALTENES- BENZENE SOLUBLE, N~PENTANE INSOLUBLE MATERIAL
MALTENES- N~-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES

DISTILLABLE OiL ~RECOVERABLE BY DISTILLATION,
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=LV~

" »
Y
WT% DISTILLABLE OIL (IBP - SMOKE POINT ® 5 TORR)

(4
(o]
1

H
(=}
T

[T
o
¥

N
O
T

o
|

DISTILLABLE OIiL CONTENT OF F-1 BOTTOMS

VERSUS

F-1 BOTTOMS MELTING POINT

vs =0.1273X + 54.38
/CORR. COEF./ 20.95

1
210

1
220

1
230

1 1 1 1 1
240 250 260 270 280
F-1 BOTTOMS MELTING POINT, °F

X

1
290

1
300

310

A
32Q

1
330

1
340

1
350

A
360

370



Quontitative

PROJECT LIGNITE
ME_ASURED MATY.RIAL BALANCE
Revised: 3/6/78

Temperature:738°F

MATERIAL IN Pressure: 2450 psig

Run No: L-2I

‘Date: 9/19-20/77 LHSV: 1.42

Time: 1400-0145 " 1bs/hr. GHSV: 340

sTRean oscrTioN e s foq._ Lignits |_Sotvens i
SAMPLE POINT Sx-20 Sx-18 Sx-1 Sx-14
Hydrogen = H, 0.68 0.70 1.38
Carbon Monoxide-CO 4.57 9.78 14,35
Carbon Dioxlde = CO, | ’ | ‘
Hydrogen Sulfide-H,S
Methane - CH, 1.07 | 1.07
Ethane~ CoHg 0.27 0.27
Propane~ CsHg 0.18 0.18
Butone ~ C4Hjo ' ' ‘
Nitrogen-N, 0.17 0.06 ©0.23
Ammonia-NHy, ) ‘
Light on-0. 1007 C@ 1 I 34.60 34.60
Solent-([00Z3°CO 52.70 52,70
Heavy Oll-@e Fore) N 3.39 3.39
SRL
Coal (MAF) 30.68 | 30.68
Ash ” _3.03 3.03
Water 16.35 0.81 17.16
Phenol

[ToTaL _ 6.94 10.54 50.06 91.50 159.04

( Carbon |
Hydrogen
Nitrogen
Sultur

:.2 Oxygen (by diff)

£ |ash

o

W

L TOTAL
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Run No: L-2I
Date: 9/19-20/77
Time: 1400-0145

PROJECT LIGNITE
MEASURED MATRERIAL BALANCE
Revised: 3/6/78

MATERIAL OUT

lbs/hr.

Temperature:738°F
Pressure: 2450 psig

LHSV: 1.42

GHSV: 340

p
STREAM DESCRIPTION

S e

SAMPLE POINT

Sx-20

$——-——-—-Ptoduct Gas
Vent Gas Recycle Gas .

Sx=20

e
Absorbed Gds

S-4A
Ovhd

S-4B
Btms

S-8
Ovhd

Sx-30

S$x=-23

Sx=44

Hydrogen - H,

0.28

0.68

0.08

Carbon Monoxide~-CO

1.84

4.57

0.61

Carbon Dioxide~CO, '

8.18

3.51

Hydrogen Sulfide-H,S

0.16

0.07

Methane- CH,

0.43

1.07

0.22

Ethane - Cz He

Q.11

0.27

0.21

Propane~ CyHg

0.07

0.18

0.20

Butane — C4Hyo

Nitrogen=N,

0.07

0.17

0.01

Ammonia—NHy

0.01

0.02

_{0-100°C
Light Oll - /g Torr)@

o. 01

Quantitative

_{100-230%¢
Solvent - 40 €50 @

_(230-255%C
Heavy Ol @1.6 Torr)

SRL

Coal (MAF)

Ash

Woter

15.03

Phenol

TOTAL

4

2.80

6.94

8.35

4.92

15.05

Negl.

-~

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

—FElementol

TOTAL
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Run No: L-2I
Date:9/19-20/77
Time: 1400-0145

PROJECI LIGNITE
MEASURED MATERIAL BALANCE
Revised: 3/6/78

MATERIAL OUT

1bs/hr.

Temperature:738°F
Pressure:2450 psig
Lusv: 1.42
GHSV:340

STREAM DESCRIPTION

e e ¢ s i e - o 4w s

SAMPLE POINT

.Btms ___ _

Sx~-16

J-1

Sx-32

Exhaust

Cold
Trap

Btms

«— Recycle| Solvent
S-7 Btms F-2 Btms

Sx=33

Sx-2

Sx-39 Sx-12

Hydrogen‘ -H,

0.01

Carbon Monoxide-CO

_ 0.06

Carbon Dioxide ~CO, .

0.33

Hydrogen Sulfide- H,S

Methane- CH,

0.01

Ethane— Cz Hg

0.01

Propane=-CyHg

0.02

Butane — CQH|°

Nitrogen~N,

Ammonia-NHjy

({0-100°C@
Light ol 1.6 Torr)@

4.54

19.65 16.63

_(100-230°¢C
Solvent - 7E21 @

Quantitctive

0.19

0.01

0.17

43.90 6.46

_(230-255%C
»Hoovy on @16 Torr)

3.07 0.40

SRL

14.63

Cool (MAF)

2.02

Ash

2.26

Water

0.25

Pheno!

L TOTAL

0.44

0.26

19.08

66.62 23.49

4.73

~

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

—Elementaol

TOTAL
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Quantitative

— Elemental

PROJEC! LIGNITE

MEASURED MATERIAL BALANCE
Revised: 3/6/78

Temperature:738°F

Run No: L-2I Pressure: 2450 psig
Date: 9/19-20/77 MATERIAL OUT LHSY: 1.42
Time: 1400-0145 1bs/hr. GHsV: 340

STREAM DESCRIPTION Total
raapl‘-{-}a-&;—--. ced e b e e

Hydrogen - H, 1.05
Carbon Monoxide-CO 7.08
Carbon Dioxide ~CO, . 12.02
Hydrogen Sulfide-H,S 0.23
Methane- CH, 1.73
Ethane - Cp He 0.60
Propane-CyHg 0.47
Butane — C4H; o

Nitrogen-N, 0.25
Ammonia-NHy 0.04
Light on-{07100" €@ 40.82
Solvent-(1Q07230°C@® 50.73
Heavy Oll-&r 070 3.47
SRL 14.63
Cool (MAF) 2.02
Ash 2.26
Water 15.28
Phenol

ToTAL 152.68
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

#U.S. GOVERNMENT PRINTING OFFICE: 1979- 740- 429 470
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