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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 bn catalytic hydrogenation of sol­vent 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. In 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.
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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 oil 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.
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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.

w

The extended runs were given a different code designation, 
that of the "L" series. Two runs, L-l 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 trouble­some 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-l 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-l 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.
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TABLE 1: SUMMARY DATA FOR RUN M-33

Lignite Source
Yield Period M-33A

------- Gascoyne-
M-33B M-33C

----------------------------p.

M-33D
Symbols
Hours on Coal at end of Y.P.

During Run
O-----
23.0 35.0 71.0 83.0

Cumulative 1925.8 1937.8 1973.8 1985.8
Reactors Used
Coal Charged, Ibs/hr 41

R-1B
45 47 42

Gas Charged, SCF/hr 413 430 430 437
Solvent/Coal Ratio 2.18 2.04 1.94 2.16LHSV, Hr-1 1.34 1.37 1.49 1.43GHSV, Hr-1 289 301 301 306
Coal Rate, Ibs/hr/CF 28.8 31.3 32.7 29.3
Gas Rate, SCF/lb Coal 10.0 9.7 9.2 10.4
Gas Consumed, SCF/lb Coal 2.4 2.7 2.4 1.9
Mol% H2 in Gas Consumed 19.2 19.1 6.7 -19.4*
Yields, WtZ MAF Coal

Net Gas 39.9 34.2 34.1 39.1
Net Oil 58.1 66.6 63.4 62.0

(Lt Oil) (-4.6) (2.8) (6.0) (17.6)
(SRL) (62.7) (63.8) (57.4) (44.4)

Net H2O and Ash -5.6 -6.4 -9.3 -11.8
Unconverted MAF Coal 7.6 5.5 11.8 10.7

Solvent Recycle, %
Actual 89.8 94.2 86.2 98.6
Potential (Calc.) 98.9 100.7 101.7 104.4
Potential (Excluding Lt Oil) 96.5 96.4 95.1 100.2

Material Balance, % 99.5 96.8 97.0 98.6
Conditions
Temperatures,

Slurry Preheater Outlet 762 752 741 749
Dissolver Inlet 735 725 717 721
R-1A 3 ft NIU NIU NIU NIU
R-1A 15 ft NIU NIU NIU NIU
R-1B 3 ft 768 762 765 768
R-1B 15 ft 822 815 822 828
Dissolver Outlet 751 743 751 748
Flash Preheat 629 642 650 657
Flash Vapor 513 513 515 523

Pressures
Dissolver, psig 2500 2500 2500 2500
Inter, Sep., psig 300 300 300 300
Vacuum Flash Vapor, Torr 15 15 15 15

SLS System in Use? No No Yes No
Percent H2 in Feed Gas 52.4 49.6 51.1 50.5
C02 Yield, Wt% MAF Coal 56.2 55.6 57.1 60.6
Ci-Ca Yield, Wt% MAF Coal 9.1 7.9 6.7 6.6
Gas Consumed (H2 Equiv) Wt% MAF Coal 2.36 2.64 2.34 1.80

* Negative value indicates a net hydrogen production. 6/14/78
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TABU 2: SUMMARY DATA FDR EXTENDED RUN L-l

Yield Period L-1B L-1C L-1D L-1E L-1F L-1H L-1I L-1J L-1X
Syabols U
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
Coal Charged, Ibs/hr

--

*7 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
LHSV, Hr'1 1.38 1.44 1.41 1.46 1.44 1.43 1.41 1.40 1.42
GHSV.Hr-l 330 342 318 304 323 328 328 341 336
Coal Rate, Ibs/hr/CF 32.7 35.2 34.8 33.8 35.1 36.2 35.9 35.3 35.2
Gas Rate, SCF/lb Coal 10.1 9.7 9.1 8.9 9.2 9.1 9.1 9.6 9.6
Gas Consumed, SCF/lb Coal 2.7 2.3 2.8 2.9 3.1 1.7 2.1 1.4 1.7
MolZ H? in Gas ConsumedYields, Ut X MAF Coal 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

(Disc Oil) (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 (Calc) 107.3 108.0 103.0 105.2 101.4 101.4 102.1 103.7 107.6
Potential (Excluding Lt Oil) 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 Preheacer 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 NIU 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 H2 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 2 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 (H2 Equiv), Ut X MAF Coal 2.30 1.97 2.41 2.42 2.68 2.09 1.82 1.21 1.48
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TABLE 3: SUMMARY DATA FOR EXTENDED RUN L-2

L-2
Yield Period L-2B L-2C L-2D L-2E L-2F L-2G L-2H L-21 Overall
Syabols n/
Hours on Coal 9 End of Y.P.

Since Reactor Cleaning 33.5 45.5 109.5 121.5 68.5 80.5 99.0' no.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

Coal Charged» Ibs/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 1.90LHSV, Hr-1 1.38 1.37 1.38 1.48 1.41 1.40 1.40 1.42 1.42CHSV, Hr"1 321 320 320 309 354 358 332 340 325
Coal Rate, Ibs/hr/CF 34.1 32.4 33.0 33.9 32.5 33.0 33.0 35.0 34.0
Gas Rate, SCF/lb Coal 9.4 9.9 9.7 9.1 10.9 10.8 10.1 9.7 9.6Gas Consumed, SCF/lb Coal 2.0 1.0 3.7 1.5 2.9 3.6 4.3 3.2 2.4Mol% Hi Ln Gas ConsumedYields, Wt % MAF Coal 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 Oil 49.6 49.6 58.6 62.0 58.8 61.6 70.4 75.7 63.5

(Dist Oil) (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 H20 & 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, X
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 Oil) 94.3 92.8 91.9 89.5 95.6 94.7 95.7 96.7 90.7

Material Balance, X 98.5 98.7 99.9 99.2 96./ 96.7 97.9 96.0 94.7
Conditions

Temperatures, *F
Slurry Preheater Outlet 746 751 747 741 726 721 729 738 737
Dissolver Inlet 735 736 746 73» 711 714 710 718 726
R-1A 3 ft 778 776 752 739 NIU NIU 777 699 752(3 ft)
R-1A 15 ft 820 822 808 79S NIU NIU 785 787 799(7 ft)
R-1B 3 ft NIU NIU NIU NIU 747 745 NIU NIU 802(11 f«
R-1B 15 ft NIU NIU NIU NIU 832 829 NIU NIU 810(15 ft)
Dissolver Outlet 817 812 813 803 824 828 792 781 809
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 14

SLS System in Use? No No No No No No No No No
Mole Percent H2 in Feed Gas 54.0 55.2 57.4 50.1 45.2 45.2 48.3 53.4 51.1
Mole Percent CO in Feed Gas 31.6 29.6 33.4 41.6 36.7 38.7 43.9 40.0 36.9
C02 Yield, Wt Z MAF Coal 37.8 42.7 37.9 33.3 46.9 44.6 54.1 41.8 41.0
C1-C3 Yield, Wt X MAF Coal 14.7 12.7 5.x 4.6 12.4 11.9 7.4 4.3 10.5
Gas Consumed (H2 Equiv), Wt X MAF Coal 1.71 0.87 3.18 1.32 2.55 3.10 3.66 2.74 2.12

♦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 
liquid 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, oil 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-l 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 oil overflow.

Plugging of the F-l 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
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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-l

A series of three runs, each scheduled for 28 days of con­
tinuous operation, was planned for the PDU with the general ob­
jectives 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-l, 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 820-840oF 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 lb of as-charged lignite. The deashing 
section was operated at 300 psig and 450oF 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.
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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-l 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 oil 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 lb of as-charged lignite.

Three of the nine yield periods were completed with the 
deashing system in operation. The ash content of the F-l 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-l 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 Ib/hr.

Operating problems exclusive of equipment malfunctions were 
in the three categories of F-l 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-
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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 liquid (oil) occurred in the oil-water separation 
system, in the light ends column and in the F-l bottoms product.
4. Run L-2

The second of the three scheduled extended runs used nominal 
run conditions similar to those employed for L-l of 820-830°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 350oF were 
recycled. In addition to the objective of Run L-l 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 oil was 24.6 percent of the total organic liquid yield 
while SRL comprised the remaining 75.4 percent. Conversion of 
MAF lignite to oil, 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 520°F 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 Ibs/hr.

The run was initially delayed because of plugging in some 
process lines believed clear after Run L-l. After processing 
started, a solid state contactor in the heating tape circuit for 
the F-l vacuum-bottoms draw-off leg failed closed allowing over­
heating of the bottoms to coking temperature. Leakage also deve­
loped in the S-l 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 mesh 
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-l, was also encountered in L-2. After 220 hours of pro­
cessing using Reactor R-1A, the melting point of F-l vacuum 
bottoms had increased to approximately 450oF, 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. Reac­tor 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-l 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, 
oil 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 
825°F 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%

yMAF Lignite
Net Gas 36 33 37y Light Oil 13 -3 -1SRL 46 58 63

Conversion, Wt%
MAF Lignite 90 80 93
Reducing Gas 
Consumption,
SCF/lb lignite 3.1 1.8 2.6
Solvent Recovery
possible % 104 99 100

The gross yield data indicate significant differences
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 oil). Both 
Larson and Gascoyne lignites actually exhibited a net loss in
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distillable oil 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 sol­vent, 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
Net Liquid 0.658 0.688
Net Distillable Oil 0.145 -0.038
Net SRL 0.513 0.726

0.396
0.668

-0.010
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 26.3Ash 6.0 5.5 8.9
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Lignite Zap Larson Gascoyne
Ultimate analysis,
Wt%, dryCarbon 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

Si02 20.2 19.0 37.6
AI2O3 10.5 17.7 12.9
CaO 26.7 22.4 20.5
Na20 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 SiC>2 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 Liquefaction
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-l 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 oil 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-l 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 
Base, ft

Ash, Wt% Pyridine 
Insoluble, Wt%

Bottom
3
6
9

12

28.2
21.5
19.1
18.1 
15.9

43.9
62.7
69.7 
73.5
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 Ib/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-l, without gas recycle, with the 
averages from Run L-2, with gas recycle.
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Without Gas With GasRecycle Recycle
Average Temp., °F 822 810
Yields, Wt%
MAF Lignite

Net Gas 31.3 30.7Net Liquid 66.1 60.8Net Water & Ash -5.2 -3.9Unconverted 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 tempera­tures. Consequently, the results appear to be equivalent.

f. Deashing of Vacuum Bottoms (SRL)
Three yield periods during Run L-l 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 unconverted 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-l, an average of 4 percent more organic liquid
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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-l vacuum bottoms, with the waste water and light 
oil 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 operated 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 oil 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.
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B. PDU MAINTENANCE AND CONSTRUCTION
1. 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 01A: Coal Preparation and Storage

A small concrete apron was installed adjacent to the Inverta- 
bin storage pad to facilitate footing for the lift truck to the 
storage area during inclement weather.
4. Area 01B: Slurry Preparation and Pumping

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-l. 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 accumulated 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-l.
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 oil 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 329°F compared to 
3630F for the PLL distillation procedure.
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IV. 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. PROJECT 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 intro­duced in this section.
Task 3 - Solid/Liquid Separation

The separation section will be operated as an integral
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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 Solvent 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 quarterly reports, and a final report will be 
prepared.
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APPI'WDIX B
Process Develop) )nt 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-l 
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 oil 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-l 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 molting point (250-450°F) 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 Vel va Larson GascoyneMoisture 30.91 29.58 26.85 34.03Ash G . 04 5.91 5.48 8.87Volatile Matter 37.65 42.45 43.56 30.76Fixed Carbon 25.40 22.06 24.11 26.34Total 100.00 100.00 100.00 100.00

•Ultimate Analysis , Wt % (Dry Basis)
Mine Location Zap Velva Larson GascoyneCarbon 68.82 65.99 67.82 62.20Hydrogen 4.10 4.23 4.49 4.15Nitrogen 0.88 0.83 0.69 0.96Oxygen (by diff) 16.72 20.22 19.06 17.86Sulfur 0.74 0. 34 0.45 1.38Ash 8.74 8.39 7.49 13.45Total 100.00 100.00 100.00 100.00

X-Ray Fluorescence Analysis of Ash, Wt %
Mine Location Zap Velva Larson GascoyneLoss on ignition 

@ 800OC
0.4 — — —

Si02 20.2 28.4 19.0 37.6AI2O3 10.5 14.1 17.7 12.9FeoOg 10.0 4.5 6.0 5.6
Ti02 0.5 0.5 0.4 0.8
p2°5 0.6 0.9 1.0 0.5CaO 26.7 31.2 22.4 20.5MgO 6.8 9.1 5.7 6.9Na20 6.7 1.8 14.3 4.1K20 0.4 0.6 0.4 0.3
SO2 17.2 8.9 13.1 10.8Total 100.00 100.00 100.00 100.00
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Gasket failure in the t'' luene-slurry circulating pump P-5 
and check valve plugging in Lhe 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 quantitative 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-l vacuum bottoms rate. A partial plug had 
developed at the bottom of the draw off leg and while it was being 
cleared some F-l 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-l bottoms rate was increased so 
that the ratio of the F-l vacuum bottoms to feed coal was comparable 
to that of yield period M-33A. This initially increased the 
materia] 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 
solids 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 
oil yields averaged 5.4 weight percent of the MAF lignite fed 
while SRL yields averaged 57.1 weight percent.

Conversion of MAF lignite to gas, oil 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 0 and 0.2 weight percent, 
respectively.

As mentioned earlier, Run M-33 was made to evaluate Ciascoyne 
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 Gascoyne lignite and the lowest with Larson lignite. 
However, dividing the net organic liquid yield into its distillable 
oil and SRL components indicates that the Zap lignite provides 
higher yields of distillable oil, while both Larson and Gascoyne 
lignite show a net loss of distillable oil, 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 producLion (and also actual recycle) occurs with Zap lignite, 
and that both Larson and Gascoyne show slight net losses of solvent.

When the yields are calculated as fractions of the MAF coal 
converted, the following results are obtained:
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Process Development Unit Run M-33
Yield Period M-33A
No. of Reactors 1
LHSV 1.34
GHSV 289
Solvent/MAF Coal Ratio 4.08
H2/CO Mol Ratio 1.1
Temperatures, 0F

Preheater Outlet, E-l 762
Reactor 3 ft 768
Reactor 7 ft 799
Reactor 11 ft 797
Reactor 15 ft 822
Max. Reaction 822
Vacuum Flash Ovhd 513

Dissolver Pressure, Psig 2500
Solvent Recycle, %

Actual 89.8
Possible 98.9

Yields, Wt % MAF Lignite
Net Gas 39.9
Net Liquid 58.1

(Lt Oil) (-4.6)
(SRC) (62.7)

Net H2O and Ash -5.6
Unconverted Coal 7.6

Overall Material Balance, % 99.5

-33B M-33C M-33D Average
1 1 1 1

1.37 1.49 1.43 1.41
301 301 306 299
3.84 3.54 3.95 3.85
1.0 1.0 1.0 1.0

752 741 749 751
762 765 768 766
794 799 804 799
790 802 806 799
815 822 828 822
815 822 828 82?
513 515 523 516
500 2500 2500 2500

94.2 86.2 98.6 92.2
100.7 101.7 104.4 101.4

35.2 34.1 39.1 36.8
66.6 63.4 ■62.0 62.5
(2.8) (6-0) (17.6) (5.4)

(63.8) (57.4) (44.4) (57.1)
-6.4 -9.3 -11.8 -8.2
5.5 11.8 10.7 8.9

96.8 97.0 98.6 98.0



Process Development Unit Runs M-29, 32 and 33
Run M-29A & B M-29F & G M-32A & B M-33A & B

Average Average Average Average
Reactor B A B B
Type of Lignite Zap Zap Larson Gascoyne
LHSV 1.38 1.41 1.43 1.36
GHSV 270 268 325 295
Solvent/MAF Coal Ratio 3.00 3.13 2.90 3.96
Percent H2 in Feed Gas 48.0 49.8 52.9 51.0
Temperatures, °F

Preheater Outlet, E-l 710 716 738 757
Maximum Reaction 836 826 824 818

Dissolver Pressure, Psig 2400 2450 2500 2500
Solvent Recycle, %

Actual 92.4 95.2 87.6 92.0
Possible 105.1 100.8 98.8 99.8

Yields, Wt % MAF Lignite
Net Gas 36.3 36.8 32.9 37.0
Net Liquid 62.0 58.3 55.3 62.4

(Lt Oil) (15.6) (2.9) (-3.1) (-0.9)
(SRL) (46.4) (55.4) (58.4) (63.3)

Net H2O and Ash -8.8 -6.8 -7.8 -6.0
Unconverted Coal 10.5 11.7 19.6 6.6

Overall Material Balance, % 98.0 98.6 98.7 98.2
Conversion, Wt % MAF Coal 89.5 88.3 80.4 93.4
Reducing Gas Consumption, SCF/lb Coal 3.2 2.4 1.8 2.6



Lignite Variety T arson Gascoyne Zap AB Zap FG
Net Gas Yield
Conversion

0.409 0.396 0.405 0.417

Net Organic Liquid Yield
Conversion

0.688 0.668 0.693 0.660

Net Distillable Oil Yield 
Conversion

-0.038 -0.010 0.174 0.033

Net SRL Yield
Conversion

0.726 0.678 0.519 0.627

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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RUN CONDITIONS
RUN NO. M-33A DATE MADE 1/21-22111

TEMPERATURE °F PRESSURE, psig
PREHEATER E-l
RAND RATH 77^

PREHEATER E-13
DOWTHFRM 511

SEPARATORS S-l and S-2 
2500

INI FT 288 INI FT 76 SEPARATOR S-3
300OUTLET 762 OUTI FT 340

DISSOLVERS
r -1 a m

LIGHT ENDS COLUMN, F-2
RFROII FR 424

SEPARATORS S-4A and S-4B 
60

VACUUM FLASH, F-l15 Torr(2) LOWFR SECTION . 490
(3) FEED SECTION . 322 LIGHT ENDS COLUMN, F-2

0(4) OVERHEAD 178
r-ir m 768 s - r 83 SOLVENT COLUMN, F-3

NIU(2) 799
(3) 797
(4) 822

S-9

SOLVENT COLUMN, F-3
REBOII FR NIU

LOWER SECTION

HEAVY ENDS COLUMN, F-4
NIU

REACTOR PRODUCT SEPARATORS
s-i .590

VACUUM FLASH,F-0NIU
FEED SECTION SETTLING TOWER, V-8

NIUS-2 - 74 OVERHEAD
^ 487
S- 4 A 80 HEAVY ENDS COLUMN, F-4

RFROII FR NIU
RECOVERY TOWER, V-7

NIU
S-4R 77

PREHEATER E-ll
DOWTHFRM 670

1 OWFR SECTION
FEED SECTION
OVERHEAD

INLET -448
OUTLET 629

VACUUM FLASH F-l
DVFRHFAD VAPOR 513
IIPPFR WAt l. . 576
1 OWFR WAI 1 679

VACUUM FLASH,F-0OVERHEAD NIU
BOTTOMS

PRECIPITATION TOWER, V-8
7 ON F m NIU

downcomfr .. 458 m
CONDENSATE
ACCUMULATOR,S-7__82______

(3)

RECOVERY TOWER V-9
REBOII.FR _ NIU
OVERHEAD
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Run No:
Date:
Time:

M-33A
6/21-22/77
1430-0230

PROJEC LIGNITE 
ADJUSTED MATERIAL BALANCE 

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

SUMMARY
Temperature: 762°F
Pressure: 2500 psig
LHSV; 1.34
GHSV:288

r STREAM DESCRIPTION TotalIn TotalOut NetYield "'Wt"Lignite
SAMPLE POINT

Hydrogen - H2 1.14 1.04 -0.10 \

Carbon MonoxIde-CO 14.51 8.63 -5.88
Carbon Dioxlde-C02 12.39 12.39
Hydrogen Sulfide-H2S 0.32 0.32
Methane - CH^ 1.25 1.25 " 8.80 39.91
Ethane- C2 H* 0.50 0.50
Propane- C5H8 0.26 0.26
Butane - C4H10

Nitrogen-N2 0.02 0.02
Ammonia- NHS 0.04 0.04
u.m 5.08 7.03 1.95

67.86 75.13 7.27 - 12.80 58.05
Heavy Oll-^fg 17.06 6.81 -10.25
SRL 13.83 13.83
Cool (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 dlff)

Ash

TOTAL
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PROJEC'1 LIGNITE

ADJUSTED & MEASURED MATERIAL BALANCE 
Updated: 12/20117

Run No: M-33A MATERIAL IN
Date: 6/21-22/77
Time: 1430-0230 Ibs/hour

Temperature: 762°F
Pressure: 2500 psig
LHSV : 1.34
GHSV: 289

STREAM DESCRIPTION FeedGas Lignite FeedSolvent TotalIn
SAMPLE POINT Sx-21 Sx-1 Sx-14
Hydrogen - H2 1.14 1.14
Carbon Monoxide-CO 14.51 14.51
Carbon Dioxide-C02

Hydrogen Sulfide-HjS
Methane - CH4

Ethane - C2 H*
Propane- C3 H#

Butane - C4H10

Nitrogen-N2

Ammonia- NH3

Light Oll-'O'10^® 5.08 5.08
X"l«“'-l|060I??rTC® 67.86 67.86on (SSO-aSS^Heavy Oilg Torr) 17.06 17.06
SRL
Coal fMAF) 22.05 22.05
Ash 3.86 3.86
Water 15.32 0.24 15.56
Phenol

TOTAL 15.65 41.23 90.24 147.12
Carbon
Hydrogen
Nitrogen

Sulfur
Oxygen (by dlff)

Ash

TOTAL
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Run No: M-33A
Date: 6/21-22/77
Time: 1430-0230

PROJEC LIGNITE 
ADJUSTED MATERIAL BALANCE 

F-l Btms Increased
Updated: 12/20/77 
MATERIAL OUT

Temperature: 762°F
Pressure: 2500 psig
LHSV: 1.34
GHSV:289

r STREAM DESCRIPTION ProductGas —S-4A----
Ovhd

—JFTB---Btms 8vgd —5=8----Btms T=IExh.
SAMPLE POINT Sx-19 Sx-30 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H2 0.97 0.06 0.01
Carbon Monoxide-CO 8.02 0.55 0.06
Carbon Dioxide-C02 10.23 1.86 0.30
Hydrogen Sulfide-H2S 0.23 0.09
Methane - CH4 1.16 0.08 0.01
Ethane - C2 H# 0.42 0.07 0.01
Propane- C5H# 0.19 0.05 0.02
Butane - C4H10

Nitrogen-N2 0.02
Ammonia- NHS 0.02 0.02u.». OII-'ST'S®'

1.68 0.83
3.03 1.90

Han., nil-(23°-255UClHeavy Oil @|,6 Torr) 0.42
SRL
Coal (MAF)

Ash
Water 13.69 0.45
Phenol

TOTAL 21.24 2.73 18.84 Neal. 3.18 0.41
Carbon
Hydrogen

Nitrogen

Sulfur
Oxygen (by dlff)

Ash

TOTAL
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Run No:
Date:
Time:

M-33A
6/21/22/77
1430-0230

PROJEC: LIGNITE 
ADJUSTED MATERIAL BALANCE 

F-l Btms Increased 
Revised: 12/20/77
MATERIAL OUT

Temperature: 762°F
Pressure: 2500 psig
LHSV: 1.34
GHSV:289

r STREAM DESCRIPTION Uold
Trap F-lBtms •^•Recycle S S-7 Btms olvent^—» 

F-3 Btms TotalOut
SAMPLE POINT sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - 1.04
Carbon Monoxide-CO 8.63
Carbon Dioxide - C02 12.39
Hydrogen Sulfide-H2S 0.32
Methane - CH4 1.25
Ethane- CjHg 0.50
Propane- CSH# 0.26
Butane - C^Hio
Nitrogen-N2 0.02
Ammonia- NHS 0.04
Light OII-OT/j© 0.17 2.55 1.80 7.03
Solvent-(|060-2300C@ 0.18 60.58 9.44 75.13

nn (230-255^Heavy Oil-^, 5 Torr) 0.04 5.89 0.46 6.81
SRL 13.83 1 3.S3
Coal (MAF) 1.68 1.68
Ash 3.48 3.48
Water 0.28 0.29 14.71
Phenol

TOTAL 0.67 18.99 69.31 11.70 147.12
Carbon
Hydrogen

Nitrogen

Sulfur
Oxygen (by dlff)

Ash

TOTAL

-46
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 12119/71
Run No: M-33A
Date: 6/21-22/77
Time: 1430-0230 WEIGHT PERCENT

SAMPLE DESCRIPTION FeedCoal F-iBtms MakeupSolvent F-3Btms FeedSolvent s-yOil
SAMPLE POINT Sx-1 Sx-2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane -CH4

Ethone-CzHe

Propane-C^H*

Butane —C4H10

Nitrogen-N2

Ammonio-NHj (PPM)
Light Oil.-^-10^® 4.93 15.40 5.63 30.26
s-'-'-'IS'ST0® 90.40 80.70 75.20 69.06

4.60 3.90 18.90
SRL 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 Solubles1*’ f% 89.15
Melting Point °F 292
Specific Gravity 60/60 1.028 0.997 1.039
Viscosity, cp 49.5 14.1
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg, 2 1 2 2 2 2

-47-
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PROJEC'J LIGNITE 
SAMPLE ANALYSIS
Updated: 12/19/77
Run No: M-33A 
Date: 6/21-22/77 
Time: 1430-0230 WEIGHT PERCENT

SAMPLE DESCRIPTION ---------
Water

ITS------------
Total

Product
Gas FeedGas S-4BWater S-4B

Oil
SAMPLE POINT Sx-16 Sx-16 Sx-19 Sx-21 Sx-23 Sx-23
Hydrogen -H2 4.56 7.28
Carbon Monoxide-CO 37.78 92.72
Carbon Dioxide-C02 48.17
Hydrogen Sulfide-H2S 1.06
Methane -CH4 5.45
Ethane-CaHe 1.96
Propane-C^Hg 0.91
Butane-C4Hio

Nitrogen-N2

Ammonla-NHj (PPM) 0.11 0.12
Light Oil»-(0-|0T°;rf @ 26.17 32.52

59.73 58.42«— ««-ssrSfcl
8.08

SRL

Coal (MAF)

Ash

Water 100 14.10 99.88 0.98
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^* f%,

Melting Point °F

Specific Gravity 60/60 0.941
Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg. 2 2 2 2 2 2

-48-



El
em

en
ta

l--
---

---
---

---
---

--
s /--

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

Q
ua

nt
ita

tiv
e

PROJEC'l LIGNITE 
SAMPLE ANALYSIS
Updated: 12/19/77
Run No: M-33A 
Date: 6/21-22/77

r
SAMPLE DESCRIPTION Btms "S' J-lDisch ColdTrap Itms
SAMPLE POINT Sx-23 Sx-30 Sx-32 Sx-33 Sx-39
Hydrogen -H2 2.21 1.46
Carbon MonoxIde-CO 19.85 13.58
Carbon Dioxide-C02 67.01 73.16
Hydrogen Sulfide-H2S 3.06
Methane -CH4 2.83 3.16
Ethone-CzHe 2.55 3.46
Propane-CjHg 1.92 5.18
Butane —C4H10

Nitrogen-Nz 0.47
Ammonia —NHj (PPM) 0.09 0.10
Light Oils-(0-|0T0°f@ 8.94 25.56 3.68‘••"■“-‘IS’-tIST0®1

16.07 26.10 87.40
Heavy Oil 2.22 5.83 R. 50
SRL
Coal (MAF)

Ash

Water 72.68 42.51 0.42
Phenol

TOTAL 100 100 100 100 100
Pyridine Solubles

Melting Point °F

Specific Gravity 60/60 1.049
Viscosity, cp 42.4
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg. 2 2 2 3 2v

-49-
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i'ROJEC LIGNITE 
SAMPLE ANALYSIS
Updated
Run No: 
Date: 
Time:

12/19/77
M-33A
6/21-22/77 MOLE PERCENT

SAMPLE DESCRIPTION ProductGas FeedGas S-4AOvhd J-iDisch.
SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen -H2 43.96 52.35 29.41 22.10
Carbon MonoxIde-CO 26.00 47.65 18.88 14.66
Carbon Dioxide —C02 21.10 40.56 50.24
Hydrogen Sulfide-H2S 0.60 2.40
Methane -CH4 6.56 4.72 5.96
Ethane —CzHe 1.26 2.26 3.48
Propane-C^He 0.40 1.16 3.56
Butane —C« H|0

Nitrogen-N2 0.45
Ammonla-NHj (PPM) 0.12 0.16

~ (230-2556CHeavy Oil-'®, 6 Torr)

SRL

Coal (MAE)

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 diff)

Ash

TOTAL

Number of Sample Avg, 2 3 2 2V

-50-
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Updated: 12120/11

Run No:
Date:
Time:

M-33A
6/21-22/77
1430-0230

MATERIAL OUT

lbs/hour

Temperature: 762°F 
Pressure:2500 psig 
LHSV: 1-34 
GHSV: 289

STREAM DESCRIPTION ProductGas
Sx-19

S-?AOvhd
Sx-30

Btms -------------------Ovhd S-8Btms J-lExh.
SAMPLE POINT Sx-23 3x-44 Sx-16 Sx-32
Hydrogen - H2 0.97 0.06 0.01
Corbon MonoxIde-CO 8.02 0.55 0.06
Carbon Dioxide-C02 10.23 1.86 0.30
Hydrogen Sulfide-H2S 0.23 0.09
Methane - CH4 1.16 0.08 0.01
Ethane- C2H* 0.42 0.07 0.01
Propane- Cs H# 0.19 0.05 0.02
Butane- C4H10

Nitrogen-N2 0.02
Ammonia-NHS 0.02 0.02
Light Oll-^g'OJ/j® 1.68 0.83

3.03 1.90
m, J230-255^Heavy Oil-@| 6 Torr) 0.42

SRL

Cool (MAF)

Ash

Water 13.69 0.45
Phenol

TOTAL 21.24 2.78 18.84 Negl. 3.18 0.41

Corbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

-51-
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PROJECI LIGNITE
MEASURED MATERIAL BALANCE

Updated: 12/20/77

Run No:
Date:
Time:

M-33A
6/21-22/77
1430-0230

MATERIAL OUT

Ibs/hour

Temperature:762°F 
Pressure: 2500 psig
LHSV: 1.34 
GHSV: 289

STREAM DESCRIPTION
SAMPLE POINT

Cold
Trap__
Sx-33

F-l
Btms
Sx-2

•e-recycle
S-7 Btms

Solvent—> 
F-3 Btms

Total
Out

Sx-39 Sx-12
Hydrogen - H2 1.04
Carbon MonoxIde-CO 8.63
Carbon Dioxide-C02 12.39
Hydrogen Sulfide-H2S 0.32
Methane - CH4 1.25
Ethane- C2H# 0.50
Propane- Cs H# 0.26
Butane - C4H10

Nitrogen-N2 0.02
Ammonia-NH3 0.04
Light OII-(0-|0T0“rC@ 0.17 2.55 1.80 7.03
s°'”“'-(!060t£Tc® 0.18 60.58 9.44 75.13o'-srsy1

0.04 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

-52



RUN CONDITIONS 
RUN NO.M~33B,
DATE MADE 6/22777"

TEMPERATURE °F PRESSURE, psig

PREHEATER E-l
SAND BATH. 755

PREHEATER E-13
DOWTHFRM 575

SEPARATORS S-l and S-2 2500
INI FT 279 INI FT 69 SEPARATOR S-3

300DUTI.FT 752 OUTLET 503

DISSOLVERS
R-IA (1)

LIGHT ENDS COLUMN, F-2
RFROII FR

SEPARATORS S-4A and S-4B 
60

VACUUM FLASH, F-l
15 Torr(?) ... LOWER SECTION .506

(?,). FEED SECTION . LIGHT ENDS COLUMN, F-2
014) OVERHEAD 191

r-ir m 762 S-R 74 SOLVENT COLUMN, F-3
NIU(2) 794 S-R

(3)____Z9jQ
f4). 815 SOLVENT COLUMN, F-3

REBOILER NI0
LOWER SECTION

HEAVY ENDS COLUMN, F-4
NIU

REACTOR PRODUCT SEPARATORS 
*! -1 588

VACUUM FLASH,F-0
NIU

FEFO SECTION SETTLING TOWER, V-8
NIUS-? 73 OVERHEAD

<;-3
S-4A 73 HEAVY ENDS COLUMN, E-4

RFROII FR NIU
RECOVERY TOWER, V-7

NIU
S-48 68

PREHEATER E-ll 
dowthfrm 680

LOWER SECTION
FEED SECTION
OVERHEAD

INLET 445
OUTLET 642

VACUUM FLASH F-l
OVERHEAD VAPOR 513.
UPPER WALL
LOWER WALL 588... .

VACUUM FLASH,F-0
OVERHEAD. NIU
BOTTOMS

PRECIPITATION TOWER, V-8
7 ON F m NIU

DOWNCOMER 460 (?)
CONDENSATE
ACCUMULATOR,S-7 78 ___

(3)

RECOVERY TOWER V-9
RE BOILER . NIU _
OVERHEAD ... .

-53-



Cfci>C Of Rur»

■*'V\ rvf

. S tn-rf- £-J Run KJo’- M-33B6/22/77 TTrUTT Uolts’r 3bs/hr. °F. Psie
0230 1430 Prep. & GGB
12 hours Updo.+cd: .17/20/77

Hx»rS A+- Cnjt of. Y. P« j 35.0

MASS RATES AWP RP^product clas to the:rmai_ 
COklDITIOMS

5x-20i<L
22.96

JL

_n_ Recycle gas £
17.^0 MAKEUP ---*
44. 74 LIGNITE iT

743
scRueeEj:

2
p-.

lOXIDJ'Z.E.r?J product g^s to RECYCLE % -0-V

y:<-L knocxclt 'POT E)TM'S -0-
^g,SOR.g^S

W/L.STE. GAEj

NIU

1.85

A^7>

153.48 £X] OPEN! M CLOSED
Niimbcrs in parentheses are not included in the totals.

-AL_ 153,-48
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PROJEC LIGNITE

ADJUSTED MATERfAL BALANCE
F-l Btms Increased, then Normalized

Revised: 12120/11
Run No: M-33B
Date: 6/22/77
Time: 0230-1430

SUMMARY

Ibs/hour

Temperature: 752°F 
Pressure: 2500 psig 
LHSV: 1-37
GHSV: 301

STREAM DESCRIPTION TotalIn TotalOut
NetYield ¥t~%MAFLignite

SAMPLE POINT

Hydrogen - H2 1.13 1.01 -0.12
Carbon MonoxIde-CO 16.00 8.90 -7.10
Carbon Dioxide - C02 13.23 13.23
Hydrogen Sulfide-H2S 0.23 0.23
Methane- CH4 1.11 1.11 ' 8.15 34.24
Ethane- Cz He 0.47 0.47
Propane- C5H# 0.29 0.29
Butane - C4H10

Nitrogen-Nz
Ammonia-NH8 0.04 0.04on-'”;10®*1

5.62 9.32 3.70
67.29 75.92 8.63 - 15.86 66.64

on (230-255°CHeavy OII-@| 6 Torr) 18.44 6.77 -11.67
SRL 15.20 15.20
Coal (MAP) 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

TOTAL 153.48 153.48 -0-
Carbon
Hydrogen

Nitrogen

Sulfur
Oxygen (by diff)

Ash

TOTAL

-55-
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PROJEC LIGNITE
MEASURED MATERIAL BALANCE

Updated: 12120/11
r N • ,, MATERIAL IN peinperatUrei,1.nn52 ^
Run No: m-33B Pressure: 2500 psig
Date: 6/22/77 LHSV: 1.37
Time: 0230-1430 Ibs/hour GHSV:301

STREAM DESCRIPTION
SAMPLE POINT

FeedGas
Sx-21

Lignite FeedSolvent TotalIn
Sx-1 Sx-14

Hydrogen - H2 1.13 1.13
Carbon Monoxide-CO 16.00 16.00
Carbon Dioxide-C02

Hydrogen Sulfide-H2S
Methane - CH4

Ethane- CjH*
Propane- Cs H#

Butane - C4H|0

Nitrogen-Nj
Ammonia- NH8

Light Oii-^-'o^/j® 5.62 5.62
67.29 67.29

0llJ|f,6'To5r?r 18.44 18.44
SRL
Cool (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 diff)

Ash

TOTAL

-56-
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PROJEC LIGNITE

ADJUSTED MATERIAL BALANCE
F-l Btms Increased, then Normalized

Revised: 12/20111
Run No: M-33B
Date: 6/22/77
Time: 0230-1430

MATERIAL OUT 
Ibs/hour

Temperature: 752°F 
Pressure: 2500 psig 
LHSV: 1.37
GHSV: 301

STREAM DESCRIPTION ProductGas S-4AOvhd S-4BBtms S-8Ovhd S-8Btms J-lExhaust
SAMPLE POINT Sx-19 Sx-30 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H2 0.97 0.04
Carbon MonoxIde-CO 8.46 0.38 0.06
Carbon Dioxide - C02 11.64 1.25 0.34
Hydrogen Sulfide-H2S 0.19 0.04
Methane - CH« 1.05 0.05 0.01
Ethane- C2H# 0.41 0.04 0.02
Propone- C5 H# 0.23 0.04 0.02
Butane - C4H10

Nitrogen-N2

Ammonia- NHS 0.01 0.01 0.02
1.08 0.48
1.96 1.89

mi (230-255°CHeavy OII-@|i6Torr) 0.27 0.04
SRL
Coal (MAP)

Ash
Water 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

-57-
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Run No: M-33B
Date: 6/22/77
Time: 0230-1430

MATERIAL OUT
Ibs/hour

PROJEC: LIGNITE
ADJUSTED MATERIAL BALANCE

F-l Btms Increased, the Normalized
Revised: 12/20/77 Temperature:752°F 

Pressure: 2500 psig 
LHSV: 1.37
GHSV: 301

STREAM DESCRIPTION
SAMPLE POINT

ColdTrap__
Sx-33

F-l.Btms
Sx-2

^Recycle S 
S-7 Btms

Divent--- ^
F-3 Btms

Total
Out

Sx-39 Sx-12
Hydrogen - Hj 1.01
Carbon Monoxide-CO 8.90
Carbon Dioxide-C02 13.23
Hydrogen Sulfide-H2S 0.23
Methane - CH4 1.11
Ethane - Cj H8 0.47
Propane- Cs H# 0.29
Butane - C4H10

Nitrogen-N2

Ammonia- NHS 0.04
Light Oll-'^10^® 0.05 6.63 1.08 9.32

0.15 61.88 10.04 75.92
H«nuv ni (23°-255UC'Heavy Oil @li6 Torr) 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

TOTAL 0.23 19.92 74.82 11.42 153.48
Carbon
Hydrogen

Nitrogen

Sulfur
Oxygen (by diff)

Ash

TOTAL

-58-
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Updated: 12/20/77

Run No: M-33B
Date: 6/22/77

PROJEC’l LIGNITE
SAMPLE ANALYSIS

Time: 0230-1430 WEIGHT PERCENT
SAMPLE DESCRIPTION Lignite

—Fri--------
Btms MakeupSolvent T-’JBtms FeedSolvent s-U ' "Oil

SAMPLE POINT Sx-1 Sx-2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide —C02

Hydrogen Sulfide-H2S

Methane -CH4

Ethane-CzHe

Propane-CjHe

Butane-C4Hio

Nitrogen-N2

Ammonla-NH3 (PPM)

4.53 9.50 6.13 19.86
63. 60 87.90 73.45 78.20
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^ 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

-59-
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Updated: 12/20111

Run No: M-33B 
Date: 6/22/77

PROJEC'l LIGNITE
SAMPLE ANALYSIS

Time: 0230-1430 TO I GET PERCENT
SAMPLE DESCRIPTION W§tlr T§t§l product ^FeedGas „1=gB—Water
SAMPLE POINT Sx-16 Sx-16 Sx-19 Sx-21 Sx-23 Sx-23
Hydrogen -H2 4.20 6.57
Carbon Monoxide-CO 36.83 93.43
Carbon Dioxide-C02 50.71
Hydrogen Sulfide-H2S 0.84
Methane -CH« 4.58
Ethane-CzHe 1.80
Propane-CsH* 0.98
Butane-C4H10

Nitrogen-N2

Ammonia —NHS (PPM) 0.06 0.11
16.00 32.03

'KT0® 62.99 58.42
o..-®srr(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 Solubles^ f%

Melting Point °F

Specific Gravity 60/60 0.958
Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg. 2 2 2 2 2 2

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

-60-
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Updated: 12/20/77

PROJEC’l LIGNITE
SAMPLE ANALYSIS

Run No: M-33B 
Date: 6/22/77

r SAMPLE DESCRIPTION—S=SB—Total
—Ovhd J-lDisch. ColdTrap S-4AOil S-4AWater

SAMPLE POINT Sx-23 Sx-30 Sx-32 Sx-33 Sx-37 Sx-37
Hydrogen -H2 1.97 1.12
Carbon Monoxide-CO 20.27 12.81
Carbon Dioxide —C02 67.70 76.44
Hydrogen Sulfide-^S 2.23
Methane -CH* 2.92 2.64
Ethane-CzHs 2.37 3.24
Propone-C^He 2.27 3.75
Butane -C4 H|0

Nitrogen-N2

Ammonio-NHj (PPM) 0.09 0.27 n. 1 s
Light OII.-^,00’C® 5.72 20.21 28.60

10.43 63.80 71.40
“ (230-255°CHeavy Oil-(gj, 6 Torr) 1.44 13.30
SRL

Coal (MAF)

Aeh

Water 82.32 2.69 99.85
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Soluble.^ f%.

Melting Point °F

Specific Gravity 60/60 0.942
Viecoiity, cp 5.6
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Aeh

total

Number of Sample Avg> 2 2 2 1 2 2v.
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PROJEC'L LIGNITE 
SAMPLE ANALYSIS
Updated: ll/iom
Run No: M-33B 
Date: 6/22/77
Time: 0230-1430 _________________WEIGHT PERCENT

SAMPLE DESCRIPTION s-4a
Total . RecycleSolvent

SAMPLE POINT Sx-37 Sx-39
Hydrogen -H2

Corbon Monoxide-CO

Carbon Dioxide-C02

Hydrogen Sulfide-^S

Methane -CH«

Ethane-CzHe

Propone-C^He

Butane-C^H,o

Nitrogen-Nz

Ammonia-NHj {PPM) 0.01 8.86
Light 0il.-<?-|00;rf@ 27.52 82.70
“•""•-‘iS’rST'® 68.69 8.20

n;i (230-255°CHeavy Oil (gj, 6 Torr)
SRL

Coal (MAF)

Ash

Water 3.78 0.24
Phenol
TOTAL 100 100
Pyridine Solubles^* f%

Melting Point °F

Specific Gravity 60/60 1.059
Viscosity, cp 42.5

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg, 2 2
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i'KOJEc: LIGNITE 
SAMPLE ANALYSIS
Updated:12/20/11
Run No: M-33B 
Date: 6/22/77
Time: 0230-1430 MOLE PERCENT

SAMPLE DESCRIPTION ProductGas Peed
Gas Exhaust

SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen -H2 42.28 49.62 27.02 17.98
Carbon Monoxide-CO 26.50 50.38 19.88 14.70
Carbon Dioxide —C02 23.22 42.26 55.82
Hydrogen Sulfide-H2S 0.50 1.80
Methane -CH* 5.77 5.01 5.29
Ethane-CaHe 1.21 2.17 3.47
Propane-C^Hs 0.45 1.42 2.74
Butane-CeHl0

Nitrogen-N2

Ammonla-NHj (PPM) 0.07 0.44
Light Oil.-(0-|0T0;rf@

ni (230-255°CHeavy OH-Torr)

SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL 100 100 100 100

Calc Mole Wt J 20.15 15.10 27.47 32.13
Melting Point °F

Specific Gravity €0/60

Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

total

Number of Sample Avg. 2 2 2 2
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PROJECT LIGNITE 
MEASURED MATERIAL BALANCE 

Updated: 12/20/77
Temperature: 752°FRun No:m-33B MATERIAL OUT Pressure: 2500 psig

Date: 6/22/77 LHSV : 1.37
Time: 0230-1430 Ibs/hour GHSV: 301

STREAM DESCRIPTION Product
Gas

S-4A
Ovhd____
Sx-30

----
Btms
—----
Ovhd

---5^
Btms

J-l
Exhaust

SAMPLE POINT Sx-19 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H2 0.91 0.03 0.01

Corbon Monoxide-CO 7.98 0.35 0.05
Carbon Dioxide-C02 10.99 1.18 0.32
Hydrogen Sulfide-H2S 0.18 0.04
Methane - CH4 0.99 0.05 0.01
Ethane- C2H# 0.39 0.04 0.01 .
Propane- C8 H2 0.21 0.04 0.02 .
Butane- C4H10

Nitrogen-Nj

Ammonio-NHj 0.01 0.01 0.02
Light OII-^-'OO;^® 1.02 0.45

.1.85 1.78
0.25 0.04

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

Sul fur

Oxygen (by diff)

Ash

TOTAL
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Run No: M-33B 
Date: 6/22/77 
Time: 0230-1430

PROJECT LIGNITE 
MEASURED MATERIAL BALANCE 

Updated: 12/20/77

MATERIAL OUT

JJjsy.froyx.

Temperature:752°F 
Pressure:2500 psig 
LHSV: 1.37 
GHSV: 301

STREAM DESCRIPTION Cold
Trap

F-l
Btms
Sx-2

■e-Recycle S_S-7. Btms_
Sx-39

olvent-- >
F-3 Btms

Total
Out

SAMPLE POINT Sx-33 Sx-12
Hydrogen - H2 0.95
Carbon Monoxide-CO 8.38
Corbon Dioxide - C02 12.49
Hydrogen Sulfide-H2S 0.22

Methane- CH4 1.05
Ethane- C2H# 0.44
Propane- C5H# 0.27
Butane- C4HI0

Nitrogen-N2
\

Ammonia-NHs 0.04
0,04 6.63 1.08 9.22
0.14 61.88 10.04 75.69

H9av* OI|J|f.6"T2o5r^ 0.03 6.13 0.30 6.75
SRL 13.49 13.49
Cool (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
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RUN CONDITIONS
RUN NO. M-33C 
DATE MADE 6/23-24/77

TEMPERATURE °F PRESSURE, psig
PREHEATER E-l 7S3SAND BATH

PREHEATER E-13
OOWTHFRM 571

SEPARATORS S-l and S-2 
2500

INI FT 266 INI FT 99 SEPARATOR S-3
300OUTI FT 741 OUTI FT 505

DISSOLVERS
R-IA (1)

LIGHT ENDS COLUMN, F-2
RFROII FR ^8

SEPARATORS S-4A and S-4B 
60

VACUUM FLASH, F-l
15 Torr(2) 1 OWFR SFOTION 504

(3) FFFD RFOTION . ^2 LIGHT ENDS COLUMN, F-2
0(4) OVFRHFAD 192

R-IR m 765 S-R 90 SOLVENT COLUMN, F-3NIU(2) 799 S-R

(3) 802
(A) 822 SOLVENT COLUMN, F-3

RFROII FR NIU
LOWER SECTION

HEAVY ENDS COLUMN, F-4NIU

REACTOR PRODUCT SEPARATORS 
s-1 607

VACUUM FLASH,F-015 Torr
FFFO SFOTION SETTLING TOWER, V-8

30075 OVFRHFAD
c_^ 440
s- 4 A. 89 HEAVY ENDS COLUMN, F-4

RFROII FR NIU

RECOVERY TOWER, V-7
2

S-4R 87

PREHEATER E-ll
DOWTHERM 685
INLET ?76
OUTLET 650

VACUUM FLASH F-l
OVERHFAD VAPOR 515
UPPFR WAI 1 621
LOWER WALL ..

LOWER SECTION
FEED SECTION
OVERHEAD _ .

VACUUM FLASH,F-0
OVERHF AD ^40
BOTTOMS 470

PRECIPITATION TOWER, V-8
7onf m 433

nnwNcoMFR .. 453 M 437
CONDENSATE
ACCUMULATOR,S-7_91______

(3) 442

RECOVERY TOWER V-9
REBOILER 500
OVERHEAR 324
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Oa^e. of Rum

L C r\t~. T'D

S 1~curi- £ RWRlot , M-33C
6123/11 6/24/77 Uo.'taT °F, psig, Ibs/hr
1430 0230 prep. &v; & GGB

12 hours U p fci ccfcc/; 12 / 22/77
HatrS on D««-l a.1- £pj of Y. K. | 71.0

MASS RATES AMD RUM
COMDITIOMS

S*-20

PRODUCT OAS to thermalcOXIDl'ZE.R
PRODUCT GA.S TO RE-C\CLE.

22.43
-0-

^ K^OCi<.OUT POT e.TMS

2.55

M.(12.60j.oL.vEKrr4)sx-^

241.28 X OP EX! CUOSE O f/VL 241.28
Numbers in parentheses are not included in the totals.
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PROJEC' LIGNITE 
ADJUSTED MA1ERIAL BALANCE

Run No:
Date:
Time:

V-9 Ovhd and V-8 Btms Adjusted with Forced Ash Balance
Revised 12/22/77 Temperature:

M-33C
6/23/77
1430-0230

SUMMARY

Ibs/hour

Pressure: 
LHSV: 1.49
GHSV: 301

741°F 
2500 psig

STREAM DESCRIPTION TotalIn TotalOut NetYield Wt % MAF Lignite
SAMPLE POINT

Hydrogen - H2 1.16 1.12 -0.04
Carbon Monoxide-CO 15.52 7.69 -7.83
Carbon Dioxide - C02 14.65 14.65
Hydrogen Sulfide-H2S 0.23 0.23 - 8.74 34.06
Methane - CH4 0.96 0.96
Ethane- Cj, H6 0.42 0.42
Propane- Cs H0 0.33 0.33
Butane - C4H|0

Nitrogen-Nj
Ammonia- NHj 0.02 0.02

98.89 104.27 5.38 ■v

74.81 70.69 -4.12 ■ 16.27 63.40
"HBn.v"nTi (230-255uCHeavy Oil @|i6 Torr) 3.92 4.20 0.28
SRL 14.73 14.73
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

TOTAL 241.28 241.28 -0-
Carbon 182.52 182.84 0.32
Hydrogen 19.15 19.26 0.11
Nitrogen 0.26 0.37 0.11

Sulfur 1.80 1.68 -0.12
Oxygen (by diff) 33.58 33.16 -0.42
Ash 3.97 3.97 -0-

TOTAL 241.28 241.28 -0-
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PROJEC! LIGNITE
ADJUSTED & MEASURED MATERIAL BALANCE 

Updated: 12122/11

Run No: M-33C 
Date: 6/23/77
Time: 1430-0230

r

MATERIAL IN

lbs/hr

Temperature: 741°F 
Pressure: 2500 psig
LHSV : 1.49
GHSV: 301

STREAM DESCRIPTION FeedGas Lignite FeedSolvent FeedToluene TotalIn
SAMPLE POINT Sx-21 Sx-1 Sx-14 Sx-40
Hydrogen - Hj 1.16 1.16
Carbon Monoxide-CO 15.52 15.52
Carbon Dioxide - C02

Hydrogen Sulfide-H2S
Methane - CH4

Ethane- CfcH#
Propane- C5He

Butane- C4H10

Nitrogen-N*
Ammonia-NHs
Light 13.29 85.60 98.89

73.68 1.13 74.81
Hea^ .°"-‘©LBIo”?5 3.92 3.92
SRL
Coal (MAF) 25.66 25.66
Ash 3.97 3.97
Water 17.16 0.19 17.35
Phenol

TOTAL 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
Sulfur 0.33 1.45 0.02 1.80
Oxygen (by diff) 8.87 21.14 3.53 0.04 33.58
Ash 3.97 3.97

TOTAL 16.68 46.79 91.08 86.73 241.28
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PROJECI LIGNITE 

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

Revised: 12/22/77 Temperature: 7A1°F
Run No: M-33C Pressure: 2500 psigDate: 6/23/77 MATERIAL OUT LHSV: 1.49
Time: 1430-0230 Ibs/hour GHSV: 301

STREAM DESCRIPTION ProductGas --------Ovhd 5-4BBtms S-8Ovhd —Btms J-lExhaust
SAMPLE POINT Sx-19 Sx-30 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - Hj, 1.08 0.04
Corbon Monoxide-CO 7.30 0.35 0.04
Corbon Dioxide-C02 12.42 1.89 0.34
Hydrogen Sulfide-H2S 0.16 0.07
Mefhone - CH4 0.89 0.06 0.01

Ethane- CjHe 0.35 0.06 0.01
Propane- CSH# 0.23 0.08 0.02

Butane - C4H10

Nitrogen-N2

Ammonia- NHS 0.02

u.». 2.49 3.11
-(i06°;STc® 2.81 0.13

H.nw nn (230-255uCHeavy Oil @| 6 Torr)

SRL
Coal (MAE)

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

Sulfur 0.15 0.07 0.04 0.01
Oxygen (by diff) 13.20 1.57 13.23 0.30 0.27
Ash

TOTAL 22.43 2.55 20.10 Negl 3.26 0.42
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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 psigDate: 6/23/77 MATERIAL OUT LHSV : x.49
Time: 1430-0230 Ibs/hour GHSV: 301

STREAM DESCRIPTION ColdTrap V-8Btms F-lBtms & 4- Recycle5- 7 Btms Solvent—* F-3 Btms
SAMPLE POINT Sx-33 Calc Sx-2 Sx-23 Sx-39 Sx-12
Hydrogen - H2
Corbon Monoxide-CO
Corbon Dioxide-C02
Hydrogen Sulfide-H2S
Methane - CH4

Ethane - CjHg
Propane- CsH#

Butane - CgH|0
Nitrogen-N2
Ammonia- NHS
Light Oll-^-10®;''® 0.31 2.95 82.65 11.75 1.01

0.01 1.94 0.37 4.08 48.88 12.47
H.ow nn (230-255PCHeavy Oll-^ g Torr) 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
Sulfur 0.01 0.07 0.14 0.07 0.93 0.19
Oxygen (by diff) 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 MATERIAL BALANCE

V-9 Ovhd and V-8 Btms Adjusted with Forced Ash Balance
Revised: 12/22/77 ^ 7/.._Temperature: 741 F

Pressure: 2500 psig 
LHSV : 1.49

Run No: M-33C 
Date: 6/23/77

r

MATERIAL OUT

STREAM DESCRIPTION
Total

Out
SAMPLE POINT

Hydrogen - H2 1.12
Carbon Monoxlde*CO 7.69

Carbon Dioxide - C02 14.65

Hydrogen Sulfide-H2S 0.23
Methane- CH4 0.96

Ethane- CgH* 0.42

Propone- CsH* 0.33

Butane- C4H|0

Nitrogen-N2

Ammonio-NHs 0.02
Light Oll-'Og10^® 104.27

70.69
h.ouv Ol,(230-255u6Heavy OH @|,6Torr) 4.20

SRL 14.73
Cool (MAF) 3.03

Ash 3.97
Water 14.97
Phenol

TOTAL 241.28

Carbon 182.84
Hydrogen 19.26
Nitrogen 0.37
Sulfur 1.68
Oxygen (by diff) 33.16
Ash 3.97

TOTAL 241.28
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Updated: 12/22/77

PROJECT LIGNITE
SAMPLE ANALYSIS

Run No: M-33C
Date: 1430-0230
Time: 6/23-24/77 WEIGHT PERCENT

SAMPLE DESCRIPTION Lignite films t,f-2Btms PeedSolvent -- 5=3----Oil
SAMPLE POINT Sx-1 Sx-2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide —C02

Hydrogen Sulfide-HzS

Methane -CH4

Ethane-CzHe

Propane-C-5 He

Butane—C4H|0

Nitrogen-Nz

Ammonia-NHj (PPM)

5.01 7.20 14.59 95.33
S0lv«--‘jS,T«rC® 2.50 84.50 89.10 80.90 4.00

10.20 3.70 4.30
SRL 97.32
Coal (MAF) 54.84
Ash 8.48 0.18
Water 36.68 0.29 0.21 0.67
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Soluble*^ ^ 100
Melting Point °F 193
Specific Gravity 60/60 1.038 1.008 1.034
Viscosity, cp 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 0.19
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
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Updated: 12/22111

PROJECT LIGNITE
SAMPLE ANALYSIS

Run No: M-33C 
Date: 6/23-24/77
Time: 1430-0230 WEIGHT PERCENT

S-b! Product Peed S-4B S-413SAMPLE DESCRIPTION ------S=F-Water -------5^5------Total ProductGas PeedGas "'•'S'-TI'H-------Oil S-4BV/ater
SAMPLE POINT Sx-16 Sx-16 Sx-19 Sx-21 Sx-23 Sx-23
Hydrogen -H2 4.81 6.95
Carbon MonoxIde-CO 32.53 93.05
Carbon Dioxide-C02 55.37
Hydrogen Sulfide-H2S 0.70
Mefhane-CH* 3.97
Ethane-CzHe 1.57
Propane-C3H6 1.03
Butane-C4H10

Nitrogen-N2

Ammonia —NHS (PPM) 0.02 0.11
Light Oile-^-'O^f® 95.33 44.94

4.00 50.79
h-- o-ss-sr
SRL

Coal (MAP)

Ash

Water 100 0.67 4.27 99.89
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^* f%

Melting Point °F

Specific Gravity 60/60 0.954
Viscosity, cp

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 diff) 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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Updated: 12122/11

Run No: M-33C 
Date: 6/23-24/77
Time: 1430-0230 WEIGHT PERCENT

PROJECT LIGNITE
SAMPLE ANALYSIS

SAMPLE DESCRIPTION -----^4iT" TTotal -----(PS---------Btms “IPS----------Ovhd S-4AOvhd ”7=1---------Exhaust T7T3----------Trap
SAMPLE POINT Sx-23 Sx-27 Sx-28 Sx-30 Sx-32 Sx-33
Hydrogen -H2 1.80 1.17
Carbon Monoxide-CO 13. 74 8.43
Carbon Dioxide —C02 74.01 80.85
Hydrogen Sulflde-^S 2.76
Methane -CH4 2.42 2.42
Ethane-CzHs 2.17 3.02
Propane-C-3 H# 2.96 4.11
Butane -Ce H|0

Nitrogen-N2

Ammonia-NHj (PPM) 0.08 0.14
Light Oito-fO-'O^f® 12.38 95. 30 96.40

13.99 4.70 2.35
0H-'|S»-SC

SRL

Cool (MAP)

Ash 0.35
Water 73.55 0.90
Phenol

TOTAL 100 NA 100 100 100 100
Pyridine Solubles^'^

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 Sample Avg, 2 2 2 2 1
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 12122111
Run No: M-33C
Date: 6/23-24/77
Time: 1430-0230 WEIGHT PERCENT

SAMPLE DESCRIPTION §Tms m FeedToluene V-8Btms
SAMPLE POINT Sx-39 Sx-40 *Calc.
Hydrogen -Hz

Carbon Monoxide-CO

Carbon Dioxide —C02

Hydrogen Sulfide-H2S

Methane - CH4

Ethone-CzHe

Propane-C-jHe

Butane —C4H10

Nitrogen-N2

Ammonia-NHj (PPM)
LI,M @ 18.23 98.70 23.94

75.80 1.30 15.75
5.70

SRL 3.73
Coal (MAP) 24.60
Ash 31.98
Water 0.27 0.27
Phenol

TOTAL 100 100 100
Pyridine Solubles^'f% 57.51
Melting Point °P

Specific Gravity 60/60 1.033
Viscosity, cp 22.7
Carbon 86.44 91.24 55.84
Hydrogen 7.89 8.69 4.77
Nitrogen 0.22 0.30
Sulfur 1.45 0.02 0.59
Oxygen (by diff) 4.00 0.05 6.52
Ash 31.98

TOTAL 100 100 100

Number of Sample Avg. 2 2 -

*Analysis calculated by material balance around the deashing unit.
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 12/22/11
Run No: M-33C
Date: 6/23-24/77
Time: 1430-0230 MOLE PERCENT

SAMPLE DESCRIPTION PEX!“C,; Fgil m iJisch.
SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen -Hz 46.53 51.11 26.11 19.10
Carbon Monoxide-CO 22.46 48.89 14.20 9.81
Carbon Dioxide-C02 24.33 48.68 59.85
Hydrogen Sulfide-H2S 0.40 2.35
Methane -CH4 4.80 4.38 4.92
Ethone-CzHs 1.01 2.09 3.28
Propane-C3He 0.45 1.95 3.04
Butane -C4 H|0

Nltrogen-N2

Ammonlo-NHj (PPM) 0.02 0.24

“"“-‘l.frliS"'®
*-* "-aBrar'

SRL

Coal (MAP)

Ath

Water

Phenol

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 Avg. 2 2 2 2
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PROJECT LIGNITE
SAMPLE ANALYSES
RUN NO: M-33C
DATE: 6/23-24/77
TIME: 1430-0230

SAMPLE DESCRIPTION F-l Btms 'lakeuo Sol' F-3 Btms Feed Solv S-8 Oil
SAMPLE POINT Sx=2 Sx-8 Sx-12 Sx-14 Sx-16

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5 5

IBP . 70.2 89.5 70.2
p 5% 121.0 114.2 98.8

10% 142.6 116.0 114.8
1 20% o 185.2 123.6 137.8
z 30% - 188.8 131.6 162.0
£ 40% § 191.0 145.4 168.6
£ 50% £ 196.2 160.4 183.3

60% gtu uj
5 70% |

203.0 173.4 189.2
212.0 182.4 195.6

3 80% UJ 230.0 190.6 203.6
> 90% 248.6 206.8 223.8
^-95 % 260.0 222.2 231.0

DRV PT. i- 222.2 231.0
ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 744
IBP -----> 79

P 5% 99
10% 130

^ 20% o 152
S 30 %
tr 40% u:

168
184

a! 50% 3 191
uj 60% 2 199
i 70% | 208
^ 80% w 216
> 90%
'-*95%

223
__

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

MISCELLANEOUS
KF HzO WT%(Raw Sx) 0.29 0.00 0.21 i:i6
INFRARED RATIO
SP. ORAV. 60/60 F 1.038 1.008 1.034

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 S% FOR THE F-l VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE
SAMPLE ANALYSES
RUN NO; M-33C
DATE: bUS-um
TIME: 1430-0230

SAMPLE DESCRIPTION V-9 Btms Cold TRap S-7 Btms S-4A Oil Recycle Sol
SAMPLE POINT Sx-28 Sx-33 Sx-34 Sx-37 Sx-39

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5 5

IBP
p5%

10%

123.0 81.0 63.6
170.0 106.5 95.4
180.0 121.0 114.8

20% 
z 30%UJ UJ£ 40% §£ 50% 55

60% aUJ UJ
S 70%3 80% 5

188.5 144.7 136.5
195.0 169.3 158.6
204.0 178.3 170.8
213.0 185.0 179.5
225.0 191.0 184.3
245.0 199.0 192.8
■260.0 209.0 200.6

> 90%
'-•95 %

DRY PT.

229.0 223.0
239.3

229.0 239.3
ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 742 742
IBP
• 5%
10%

69 80
78 164
96 190

^ 20% °
S 3°% uTa 40% a:
a. 50% 3
u 60% ^| 70% £
ri 80% uj

125 200
146 208
152 Z12 '
176 217
187 231
193 268
201 308

3 90%
— 95 %

DRY PT. ^-*
211 336

215 340
ASPHALTENE TEST

WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES ft DIST. OIL

TOTAL
SAYBOLT VISCOSITY, SSU

100° F 11.8
210° F 8.6

MISCELLANEOUS
KF HjQ WT%(Rqv» 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-l VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE
SAMPLE ANALYSES
RUN NO: M-33C
DATE: 6/23-24/77
TIME: 1430-0230

SAMPLE DESCRIPTION
SAMPLE POINT

ASTM D-II60 Dl!
PRESSURE, TORR 

IBP 
■* 5%
10%
20%

5 30% 

g 40%a 50%
ui 60%
S 70%3 80%
> 90%
'-*95 %

___DRY PT.
ASTM D-86 DIS

BAROMETRIC PRESSURE, 
IBP 

/—* 5%I 10%
20%
30%
40%
50%
60%
70%
80%

, 90%
'-*95%

DRY PT.

HZ
UJ

cc
UJ
a.

UJsD
-JO>

WT % ASH
WT % UNCONVERTED
WT % PRE-ASPHALTEi
WT % ASPHALTENES
WT % MALTENES S Dl

TO!
SAYBOLT

100° F
210° F

MISCELL
KF HgO WT%(Row S«
INFRARED RATIO
SP. GRAV. 60/60 F

PRE ASPHALT E NES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL
ASPHALTENES- BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIA L
MALTENES-N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES
DISTILLABLE OIL - R E COVERABLE BY DISTILLATION. USUALLY LESS THAN 5% FOR THE F-l VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Updated: 12/22/77

Run No: M-33C 
Date: bllZln
Time: 1430-0230

MATERIAL OUT

Ibs/hour

Temperature: 741°F 
Pressure: 2500 psig
LHSV : 1.49
GHSV: 301

STREAM DESCRIPTION ProductGas Ovh3A S-4BBtms -- 5^8----Ovhd ---5=8Btms -- J=1----Exhaust
SAMPLE POINT Sx-19 Sx-30 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H2 1.08 0.04
Corbon Monoxide-CO 7.30 0.35 0.04
Carbon Dioxide - COjj 12.42 1.89 0.34
Hydrogen Sulfide-H2S 0.16 0.07
Methane - CH4 0.89 0.06 0.01
Ethane - C2 H# 0.35 0.06 0.01
Propane- C5 H8 0.23 0.08 0.02
Butane - C^Hjo

Nitrogen -N2

Ammonia-NHj 0.02
Light O.I-WS/'© 2.49 3.11
so'-‘-(!o6oT^rc® 2.81 0.13nn (230-255^Heavy Oll-gj,^ Torr)

SRL

Coal (MAP)

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

Sulfur 0.15 0.07 0.04 0.01
Oxygen (by diff) 13.20 1.57 13.23 0.30 0.27
Ash

TOTAL 22.43 2.55 20.10 Negl. 3.26 0.42
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Run No: 
Date:

M-33C
6/21/71

MATERIAL OUT

PROJECI LIGNITE
MEASURED MATERIAL BALANCE

Updated: 12/22/77
Temperature: 741°F 
Pressure: 2500 psig 
LHSV: 1.49

STREAM DESCRIPTION
Cold
Trap__ Btms

Sx-27

F-l
Btms

V-9
Ovhd

Recycle
S-7 Btms

Solvent-^-
F-3 Btms

SAMPLE POINT Sx-33 Sx-2 Sx-28 Sx-39 **Sx-12
Hydrogen - H2

Carbon Monoxide-CO

Carbon Dioxide - C02

Hydrogen Sulfide-H2S

Methane - CH4

Ethane - CiH#

Propane- CSH#

Butane - C4H|0

Nitrogen-N2

Ammonia-NHj

Light Oil-'O-10^® 0.31 87.49 11.75 1.01

0.01 0.37 4.31 48.88 12.47
Heavy Oil-@| 6 Torr) 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

Sulfur 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 14.00v

** Flow rate estimated.
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PROJEC'i LIGNITE
MEASURED MATERIAL BALANCE

Updated: 12/22/77

Run No: M-33C 
Date: (>122,111
Time: 1430-0230

r

MATERIAL OUT

Ibs/hour
LHSV 1.49 
GHSV: 3Q!

stream description
Total

Out
SAMPLE POINT

Hydrogen - H2 1.12
Carbon Monoxide-CO 7.69
Carbon Dioxide-C02 14.65
Hydrogen Sulfide-H2S 0.23
Methane - CH4 0.96
Ethane - C2 H# 0.42
Propane- CjH, 0.33
Butane- C4H10

Nitrogen-N2

Ammonia-NHs 0.02
Light Oll-'O-10®^®

106.16
s<"«<"'-<!o6osirc®

68.98

4.20
SRL 14.27
Coal (MAF)

Ash 0.03
Water

14.97
Phenol

TOTAL 234.03

Carbon 180.58
Hydrogen 19.11
Nitrogen 0.33
Sulfur 1.61
Oxygen (by diff) 32.37
Ash 0.03

TOTAL 234.03
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RUN CONDITIONS
RUN NO. M~33D 
DATE MADF6/24/77

TEMPERATURE °F
PREHEATER E-l

SAND BATH____756
INLET_______ 266
OUTLET__ JAB-

DISSOLVERSR-1A ll)_____
(2)__________
(3) ___ -__(4) _____

R-IB (l)____ 768
(?) 804
(3) ____ 806-
(4) 828

VACUUM FLASH F-l
OVERHEAD VAPOR____523_
UPPER WA'LI_____
LOWER WALI____
DOWNCOMER___
CONDENSATE

616
619
A56

ACCUMULATOR,S-7. 86

PREHEATER E-13
DOWTHERM___ S?1

INLET________ 82
OUTLET. 479

LIGHT ENDS COLUMN, F-2 
REBOILER ____ 416 
LOWER SECTION 502 
FEED SECTION .
OVERHEAD__
S-8_______
S-9

193
83

SOLVENT COLUMN, F-3 
REBOILER________NIU_

OVERHEAD__
BOTTOMS___

NIU

PRECIPITATION TOWER, V-8
ZONE (I)________NIU ____

(2)___________________________
(3)____ ______________

RECOVERY TOWER V-9
RE BOILER______ NIU
OVERHEAD_____________

PRESSURE, psig

S-l 607 FFFD SECTION SETTLING TOWER, V-8
NIUS-2______ 73 OVERHEAD

S-3 492 RECOVERY TOWER, V-7
NTTIS - 4 A __ 81 HEAVY ENDS COLUMN, F-4

RFROII FR NIUS-4B 79

PREHEATER
DOWTHERM

E-ll
685

LOWER RFC.TION
FFFD SFCTION
OVFRHF AD

INI FT.. 434
OUTLET 657 VACUUM FLASH,F-0

SEPARATORS S-l and S-2
2500

SEPARATOR S-3
300

SEPARATORS S-4A and S-4B
60

VACUUM FLASH, F-l15 Torr
LIGHT ENDS COLUMN, F-20
SOLVENT COLUMN, F-3

NIU
HEAVY ENDS COLUMN, F-4

NIU
VACUUM FLASH, F-0
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MASS RATES AMD RUMPRODUCT CjAS TO THERMAL

149.56 X opelkj cuoseo
Niimbers in parentheses are not included in the totals.

22.49
-0-

-0-
NIU

2.98

11.56
NIU
Negl

6.32

NIU
0.60"0T68“
NIU

15.77

149.56
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PROJEC! LIGNITE 

ADJUSTED MATERIAL BALANCE 
Normalized

(

SUMMARY Temperature: 749°E
Run No: M-33D Pressure: 2500 PsiS
Date: 6/24/77 LHSV: 1.43
Time: 0230-1430 Ibs/hour GHSV: 306

STREAM DESCRIPTION TotalIn... TotalOut NetYield Wt % MAE*Lignite
SAMPLE POINT

Hydrogen - H2 1.16 1.24 0.08
Carbon Monoxide-CO 15.97 9.08 -6.89
Carbon Dioxide-C02 13.86 13.86
Hydrogen Sulfide-H2S 0.36 0.36
Methane - CH4 0.93 0.93
Ethane- C^H# 0.37 0.37 ' 8.95 39.15
Propane- C3 H* 0.21 0.21
Butane - C4H(o

Nitrogen-N2

Ammonia- NH9 0.03 0.03
Light OllJJ-'OJ/j®

6.89 9.79 3.90
*v

77.49 78.08 0.59 - 14.18 62.03

7.00 6.54 -0.46
SRL 10.15 10.15
Cool (MAF) 22.86 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-

Carbon 102.16 101.70 -0.46
Hydrogen 11.17 11.71 0.54
Nitrogen 0.37 0.44 0.07
Sulfur 1.96 1.91 -0.05
Oxygen (by diff) 29.98 30.62 0.64
Ash 3.92 3.18 -0.74

TOTAL 149.56 149.56 -0-
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Run No: M-33D 
Date: hllklll
Time: 0230-1430

MATERIAL IN

PROJEC! LIGNITE
ADJUSTED & MEASURED MATERIAL BALANCE

Updated: Yl!Villi

Ibs/hour

Temperature:749°F 
Pressure: 2500 psig 
LHSV: 1.43 
GHSV: 306

STREAM DESCRIPTION FeedGas____
Sx-21

Lignite
Sx-1

Feed
Solvent TotalIn

SAMPLE POINT Sx-14
Hydrogen - H2 1.16 1.16
Carbon Monoxide-CO 15.97 15.97
Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane - CH4

Ethane - CaH#

Propane- C s H#

Butane - C4H|0

Nitrogen-Nz

Ammonia-NHS

Light ou-^-'oo;^ 5.89 5.89
Solvent-(;060-2300C(3> 77.49 77.49
T (230-255^CHeavy 011-^ 7.00 7.00
SRL

Cool (MAF) 22.86 22.86
Ash 3.92 3.92
Water 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 diff) 9.12 18.68 2.18 29.98
Ash 3.92 3.92

TOTAL 17.13 41.89 90.54 149.56
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Run No:h-33D 
Date: 6/24/77

PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE 

Normalized 
Updated: 12/19/77

MATERIAL OUT
Temperature:749°F 
Pressure: 2500 psig 
LHSV: 1.43

STREAM DESCRIPTION

SAMPLE POINT

Product 
Gas ___
Sx-19

S-4AOvhd..
Sx-30

.S-4B
Btms

—STg-----
Ovhd

-5=5-----
Btms

“7=1
Exhaust

Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H2 1.15 0.08 0.01

Carbon Monoxide-CO 8.33 0.67 0.08
Carbon Dioxide -C02 11.43 1.97 0.46
Hydrogen Sulfide-H2S 0.29 0.07
Methane - CH4 0.84 0.08 0.01

Ethane- CaH# 0.29 0.06 0.02

Propone- CjH, 0.14 0.05 0.02

Butane- ChHiq

Nitrogen-N2

Ammonlo-NHj 0.02 0.01
Light Oll-^i10^® 0.26 3.53

0.25 1.06
n„(230-255°CHeavy Oil @|,6 Torr) 0.03

SRL

Coal (MAF)

Ash

Water 11.01 1.73
Phenol

TOTAL 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
Oxygen (by diff) 13.08 1.81 9.82 1.57 0.38
Ash

TOTAL 22.49 2.98 11.56 Negl. 6.32 0.60
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Run No: 
Date:

M-33D
e/ium

PROJECI LIGNITE 
ADJUSTED MATERIAL BALANCE 

Normalized 
Updated: 12/19/77
MATERIAL OUT

Temperature:749°F 
Pressure: 2500 psig 
LHSV '• 1-43

STREAM DESCRIPTION Cold
Trap Btms

Sx-2

^■Recycle 
S-7 Btms

Solvent-^ 
F-2 Btms

Total
Out

SAMPLE POINT Sx-33 Sx-39 Sx-12
Hydrogen - H2 1.24
Carbon Monoxide-CO 9.08
Carbon Dioxide-C02 13.86
Hydrogen Sulfide-H2S 0.36
Methane - CH4 0.93
Ethane - CaH# 0.37
Propane- CSH# 0.21

Butane - C4H10

Nitrogen-N2

Ammonia- NHS 0.03
Light Oll-fOg10^® 0.06 4.44 1.50 9.79

0.14 53.69 22.94 78.08
0.01 5.62 0.88 6.54

SRL 10.15 10.15
Coal (MAF) 2.44 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

Corbon 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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PROJEC'I LIGNITE 
SAMPLE ANALYSIS
Updated: 12/19/77
Run No: M-33D 
Date: 6/24/77
Time: 0230-1430 WEIGHT PERCENT

SAMPLE description Lienite „ F-l Btms SStSISt; J-3Btms Solvent o^I8
SAMPLE POINT Sx-1 Sx-2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide —C02

Hydrogen Sulfide-^S

Methane -CH4

Ethane — CzH®

Propane-C^ He

Butane-C4H,0

Nitrogen-N2

Ammonia —NHj (PPM)

5.01 5.93 6.51 73.40
84.50 90.60 85.58 22.05

»«-» 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^* 80.62
Melting Point °F 319
Specific Gravity 60/60 1.038 1.007 1.043
Viscosity, cp 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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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated -.12/19/71
Run No: M-33D 
Date: 6/24/77
Time: 0230-1430 WEIGHT PERCENT

SAMPLE DESCRIPTION T=S----Water O
 1

rt
OO

tu M p£giuct Sir1 8-4li
Oil Wa fpr

SAMPLE POINT Sx-16 Sx-16 Sx-19 Sx-21 Sx-23 Sx-23
Hydrogen -H2 5.12 6.79
Carbon Monoxide-CO 37.05 93.21
Carbon Dioxide —C02 50.83
Hydrogen Sulfide-H2S 1.28
Methane -CH4 3.73
Ethane-CzHe 1.31
Propane-C3He 0.61
Butane-C4H|o

Nitrogen-N2

Ammonia-NHj (PPM) 0.07 n.m
Light 55.81 47.83

16.76 47.37««-*S-SKc 4.81
SRL

Coal (MAF)

Ash

Water 100 27.43 99.90
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^* f%
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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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 12119111
Run No: M-33D 
Date: 6lU/n
Time: 0230-1430 WEIGHT PERCENT

SAMPLE DESCRIPTION T§ti? m Dxsli. ColdTrap RecycleSolvent
SAMPLE POINT Sx-23 Sx-30 Sx-32 Sx-33 Sx-39
Hydrogen -H2 2.60 1.49
Carbon Monoxide-CO 22.33 13.87
Carbon Dioxide-C02 65.98 76.77
Hydrogen Sulfide-^S 2.29
Methane -CH4 2.74 2.48
Ethane —CzHe 2.05 2.65
Propane-CTHB 1.74 2.74
Butane —C4H10

Nitrogen-N2 0.17
Ammonia-NHs (PPM) 0.10 0.10
Light 0ii.-(0-|0T°;rf@ 2.21 8.48 6.96

2.19 21.08 84.10
Heavy Oil-^0^5^0 0.22 1.69 8.80
SRL

Coal (MAP)

Ash

Water 95.28 68.75 0.14
Phenol

TOTAL 100 100 100 100 100
Pyridine Soluble!^ f%

Melting Point °F

Specific Gravity 60/60 1.048
Viscosity, cp 43.30

Carbon 3.92 32.68 33.10 26.51 86.48

Hydrogen n.m 4.16 3.14 10.26 8.15

Nitrogen n.nq O. 25 0.10 0.27

Sulfur 0.06 2.16 0.52 1.64

Oxygen (by diff) 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

-92-



el
em

en
ta

l--
---

---
---

---
---

--
s /■--

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

Q
ua

nt
ita

tiv
e

PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 12/19117

Run No: M-33D 
Date: Mlk/ll
Time: 0230-1430________________ MOLE PERCENT

SAMPLE DESCRIPTION Product FesS SvM Discli.
SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen -H2 47.66 50.50 32.89 22.62
Carbon Monoxide-CO 24.64 49.50 20.16 15.06
Carbon Dioxide —C02 21.51 37.90 53.03
Hydrogen Su!fide-H2S 0.70 1.70
Methane -CH4 4.34 4.32 4.72
Ethane-CeHe 0.81 1.73 2.68

Propane-CsHg 0.26 1.00 1.89
Bufane-C4H|0

Nitrogen-N2 0.15
Ammonio-NHj (PPM) 0.08 0.15
Light Oile-fO-'0^®

SRL

Coal (MAF)

Aeh

Water

Phenol

TOTAL 100 100 100 100

Mnle Wt (Calc’) 18.62 14.87 25.27 30.39
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
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PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO: M-44D 
DATE: hllklll 
TIME: 0230-1430

SAMPLE DESCRIPTION F-l Btms 1 [akeup Sol\ LEG Btms ’eed Solv. ]old trap 0]
SAMPLE POINT Sx-2 Sx-8 Sx-12 Sx-14 Sx-33

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5 5

IBP 
p 5%

10%

70.2 105.0 80.0
121.0 117.5 108.5
142.6 120.0 121.0

20% o
z 30%
U UJ
g 40% |

£ 50% ^
60% p:

UJ UJS 70% ^3 80% W

185.2 127.0 150.8
188.8 140.0 169.8
191.0 143.0 178.0
196.2 157.0 185.2
203.0 172.3 191.6
212.0 181.0 199.0
230.0 188.6 207.3

> 90%
^-95 %

DRY PT. ....  »

248.6 201.0 239.6
260.0 218.0 260.0

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 747

IBP 
f—*■ 5%

10%

r---- * 86
98

100
^ 20% 0
B 30 %
a: 40% a

a 50% w
uj 60% 2
§ 70% %

80% 5

101
102
103
105
256
310
336

> 90%
'-►95%

DRY PT. l---- >

348
-

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

MISCELLANEOUS
KF HzO 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-l VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO:M-33D 
DATE: tllklll
TIME: 0230-1430

SAMPLE DESCRIPTION S-7 Btms S-4A Btms
SAMPLE POINT Sx-34/39 Sx-37

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5

IBP 72.6
/—* 5% 111.6

10% 128.2
1 20% « 155.3
z 30% - 172.6
o 40% | 181.6
£ 50°/o £ 186.6
, , 60% £ 193.2
S 70% ^ 200.43 80% w 211.2

> 90% 736.4
'—95 % 260.0

DRY PT. 1-------->

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 749

IBP -----5 80
r-+ 5% 127

10% 172
^ 20% ° 204
g 30% J 221
ec. 40% a: 231.
£ 50% h 239
tu 60% pc 251
| 70% % 281
£ 80% 5 315
> 90% 338
— 95 % -

DRY PT. {---- 1 342
ASPHALTENE TEST

WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES S DIST. OIL

TOTAL
SAYBOLT VISCOSITY, SSU

100° F 14.3
210° F 8.8

MISCELLANEOUS
KF HzO WT%(Row SO 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 SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES 
DISTILLABLE OIL - RECOVERABLE BY DISTILLATION. USUALLY LESS THAN 5% FOR THE F-l VACUUM BOTTOMS MATERIAL
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Run No: m-33D 
Date: 6/24/77
Time: 0230-1430

PROJECI LIGNITE 
MEASURED MATERIAL BALANCE 

Updated: 12/19/77

MATERIAL OUT

iWllour

Temperature:749°F 
Pressure: 2500 psig 
LHSV '• 1-43 
GHSV: 306

STREAM DESCRIPTION

SAMPLE POINT

Product 
. Gas____

Sx-19

S-4A 
_ Qyh d

Sx-30

S^B
Btms

S-8
Ovhd

S-8
Btms

3=1Exhaus t
Sx-23 Sx-44 Sx-16 Sx-32

Hydrogen - H2 1.11 0.07 0.01

Corbon Monoxide-CO 8.04 0.64 0.08
Carbon Dioxide-C02 11.04 1.89 0.44
Hydrogen Sulfide-H2S 0.28 0.07
Methane - CH4 0.81 0.08 0.01

Ethane - C2 0.28 0.06 0.02

Propane- C8Ha 0.13 0.05 0.02

Butane - C*H|0

Nitrogen-N2

Ammonia-NH5 0.02 0.01 0.01
u.« Oll-’u'Torr1!® 0.25 3.41

0.24 1.02
Heavv 0, .{M0-2S5'tl
Heavy Oil @|i6 Torr) 0.03
SRL

Coal (MAF)

Ash

Water 10.63 1.67
Phenol

TOTAL 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

Oxygen (by diff) 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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PROJECT LIGNITE
MEASURED MATERIAL BALANCE 

Updated: 12/19/77
„ . Temperature:749°FRun No: m-33D MATERIAL OUT Pressure: 2500 psig

Date: 6/24/77 LHSV: 1.43
Time: 0230-1430 Ibs/hour GHSV: 306

STREAM DESCRIPTION Cold
Trap

F-l
Btms
Sx-2

e-Recycle S
S-7 Btms

olvent—*
F-2 Btms

Total
Out

SAMPLE POINT Sx-33 Sx-39 Sx-12
Hydrogen - H2 1.19
Carbon Monoxide-CO 8.76
Carbon Dioxide-C02 13.37
Hydrogen Sulfide-H2S 0.35
Methane - CH4 0.90
Ethane- C2 H# 0.36
Propane- Cs He 0.20
Butane- C4H|o

Nitrogen-N2

Ammonia- NHS 0.04
Light Oil-^-'O^C® 0,06 4.44 1.50 9.66

0.14 53.69 22.94 78.03
«•»» 0.01 5.62 0.88 6.54
SRL 9.80 9.80
Cool (MAF) 2.35 2.35
Ash 3.07 3.07
Water 0.45 0.09 12.84
Phenol

TOTAL 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-l July 10 - August 6, 1977

Run L-l 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 820-840°F 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 Ibs/hr coal feed - 93 Ibs/hr solvent feed. One reactor volume, about 1.4 cubic feet, was used throughout the run and all recoverable organic liquids boiling above 300°F 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-l, exclusive of those attributeable to wear and tear of process machinery, fall into three broad categories: (1) F-l 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 500°F. 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-l, coal processing operations were temporarily interrupted when the high pressure tubing between dissolver R-1B and the high pressure flash separator S-l 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-l 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 dis­tribution 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

NaoOMgO
CaO

11.9
21.816.7
8.231.8 
2.9 6.7

6.7
6.8 

26.7 
10.0 10.5 
20.2 
17.2
1.9

FeoOq
M2O3
SiOo
SO3Other

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-l without cleaning 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-l 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-l 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-l. 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 oil. 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 

t ime.
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 oil vapor resulting in the column flooding. In this state, the distillation column overhead
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contained substantial quantities of recycleable oil. 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-l 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. In 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-l yield 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-l 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-l, the pyridine soluble material content of the F-l 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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Table 1

Process Development

Yield Period L-1B L-1C L-1D L-1E

Reactor in Use R-1B R-1B R-1B R-1B
SLS System in Use No No No No
LHSV 1.38 1.44 1.41 1.46
GHSV 330 342 318 304
Solvent/MAF Coal Ratio 3.16 3.02 2.96 3.03
H2/CO Mol Ratio 1.16 1.13 1.11 1.11

Temperature, °F
Preheater Outlet, E-l 717 715 718 721
Reactor 3 ft 757 757 745 742
Reactor 7 ft 797 798 798 794
Reactor 11 ft 806 806 782 782
Reactor 15 ft 827 829 824 822
Max. Reaction 827 829 824 822
Vacuum Flash Ovhd 526 526 530 528

Dissolver Pressure, psig 2500 2500 2500 2500
Solvent Recycle, %
Actual 89.7 95.0 93.4 91.4
Possible 107.3 108.0 103.0 105.2
Possible (Ex Light Oil) 100.5 103.9 - 99.3

Yield, Wt % MAF Lignite
Net Gas 36.8 28.2 33.3 31.0
Net Liquid 74.0 73.0 62.6 71.6

(Dist. Oil) (23.0) (24.2) (9.0) (15.7)
(SRL) (51.0) (48.8) (53.6) (55.9)

Net Water & Ash -11.6 -8.5 -3.2 -5.8
Unconverted Coal 0.8 7.3 7.3 3.2

Overall Material Balance, % 100.2 100.2 98.1 99.6
Number of solvent passes 1.1 2.1 8.8 9.8
thru Liquefaction Reactor 
by middle of yield period.
(Estimated)

Run L-l
L-l

L-1F L-1H L-1I L-1J L-1K Average

R-1A R-1A R-1A R-1A R-1A -

Yes No No Yes Yes -
1.44 1.43 1.41 1.40 1.42 1.42
323 328 328 341 336 328

3.00 2.89 2.82 2.87 2.91 2.96
1.16 1.19 1.11 1.11 1.12 1.13

715 736 741 754 757 . 730
770 745 746 755 758 753
811 761 762 772 774 785
804 770 764 771 773 784
828 823 824 815 804 822
828 823 824 815 804 822
507 505 504 508 504 515

2500 2500 2500 2500 2500 2500

86.8 93.3 93.2 83.5 86.4 90.3
101.4 101.4 102.1 103.7 107.6 104.0

- - - 97.2 101.4

40.3 27.1 30.0 28.5 26.9 31.3
56.1 65.0 65.0 61.8 65.8 66.1
(4.1) (3.9) (5.9) (10.5) (22.2) (13.2)

(52.0) (61.1) (59.1) (51.3) (43.6) (52.9)
-5.3 -4.1 -4.4 -0.9 -3.4 -5.2
8.9 12.0 9.4 10.6 10.8 7.8

99.5 101.3 101.0 98.6 99.3 99.8
9.5 1.9 2.9 6.7 8.4 -



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-l 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-l 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-l 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-l 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-l 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 Ibs/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-l 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-l 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-l. 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 each 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, Ibs/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-l 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-l 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-l 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-l 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-l.
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 period 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-l. 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 
500°F maximum range of the gradient bar melting point apparatus.

12. Recapitulation
Run L-l 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 
Operating Time on Coal Scheduled 
Actual Operating Time*
Actual Time on' Coal during

Operating Time 
Time on Coal as percent of 

Actual Operating Time 
Scheduled Operating Time 
Total Scheduled Time

672 hours 652 hours
615.5 hours
460.5 hours

74.8%
70.8%
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.
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RUN CONDITIONS
RUN NO. L~1B 
DATE MADE 7/13-14/77

TEMPERATURE °F PRESSURE, psig

PREHEATER E-l 
SAND BATH_ 725
INI FT 2755
OUTI FT 717

DISSOLVERS
R- 1A (1)

(2)
(3)

r-ib m 757
(?) 797
(3) 806 .
(4) 827__________

REACTOR PRODUCT SEPARATORS
S-l_________ 618
S-? 77
S-3 477
S- 4 A 89
S-4R 88

PREHEATER E-l
DOWTHERM

l
672

INLFT 440
OUTLET 646

VACUUM FLASH F-l
OVERHEAD VAPOR 526
UPPFR WAI1 598
1 OWFR WAI 1 588
DOWNCOMER 493
CONDENSATE

ACCUMULATOR, S-7 _i.2___...........

PREHEATER E-13
DOWTHERM_______596_
INLET____________ 89„
OUTLET__________504-

LIGHT ENDS COLUMN, F-2
REBOILER_______ 464
LOWER SECTION__ 36Q_
FEED SECTION____ 464_
OVERHEAD __185._
S - 8______________ 88 .
S - 9______________ -__

SOLVENT COLUMN, F-3
REBOILER_______NIU__
LOWER SECTION_______
FEED SECTION________
OVERHEAD___________

HEAVY ENDS COLUMN, F-4
REBOILER______ NIU
LOWER SECTION_______
FEED SECTION_________
OVERHEAD___________

VACUUM FLASH,F-0
OVERHEAD______ .NIU_
BOTTOMS____________

PRECIPITATION TOWER, V-8
ZONE (I)_______ NIU

(2)__________
(3).______________

RECOVERY TOWER V-9
REBOILER_______NIU_
OVERHEAD__________„

SEPARATORS S-l and S-2
2500

SEPARATOR S-3
300

SEPARATORS S-4A and S-48
60

VACUUM FLASH, F-l
15 Torr

LIGHT ENDS COLUMN, F-20
SOLVENT COLUMN, F-3

NIU
HEAVY ENDS COLUMN, F-4

NIU
VACUUM FLASH,F-0

NIU
SETTLING TOWER, V-8

NIU
RECOVERY TOWER, V-7

NIU
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Qajfrfc 0-P Ruo
*T"i»v*€ of R-Un
Lcna+b Run

S tac r +- £ nd Run Klo- L-1B
7/13/77 7/14/77 Lloi'+s' lhs/br. , °F, psi g
1500 0300 Prep. Bv- BCL & GGB

12 hrs. Updected: 1/3/78
Hot/rS on C««J aT £oJ of Y- P- | 70.0

MASS RATES AMD RUM
CONDITIONS Sx-ZO

PRODUCT GAS TO THERMAL.
OXIDIZERPRODUCT GA.S TO REC-YCLE

24.24
-0-

779
-0- Recycle gasIt_^ ^ \

VK—^ KROCVCOUT POT BTMS -0-
\ SCRUBBER AP.SORQED G.ASE.S j. NIU

Si-Ri) T:
P.

MAi<EUP(9,34)50LvEJTr

155.75 1X1 OP EM W CLOSED
Numbers in oarendieses are not included in the totals.

TOTAL 155.75
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Run No: L-1B 
Date: 7/13-14/77
Time: 1500-0300

PROJEC' LIGNITE
ADJUSTED MAT!:RIAL BALANCE

Normalized
Revise'!: 1/3/78

SUMMARY

Temperature: 717°F
Pressure: 2500 psig
LHSV: 1«38
GHSV: 330

STREAM DESCRIPTION
Total 
. In___

Total- 
, Out

Net
Yield

1 Wt"%"FKF 
Lignite

SAMPLE POINT

Hydrogen - Hz 1.32 1.15 -0.17
■N

Carbon Monoxide-CO 16.11 9.18 -6.93
Carbon Dioxide - C02 15.17 15.17
Hydrogen Sulfide-H2S 0.21 0.21
Methane - CH4 1.38 1.38
Ethane- C2H# 0.61 0.61 ' 10.61 36.76
Propane- Cs Hs 0.29 0.29
Butane - C4H10

Nitrogen-N2 0.18 0.19 0.01
Ammonia-NHj 0.04 0.04
Light Oll-1^10® ® 4.80 11.02 6.22

■N

82.62 84.26 1.64 ’ 21.37 74.05
«•»> 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
Water 15.21 12.13 -3.08 -10.67
Phenol

TOTAL 155.75 155.75 -0-
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL
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PROJEC) LIGNITE

MEASURED & ADJUSTED MATERIAL BALANCE
Revised: 1/3/78

Run No: L-1B MATERIAL IN Temperature:717°F 
Pressure: 2500 psig

Date: 7/13-14/78 LHSV: 1-38
Time: 1500-0300 Ibs/hour GHSV: 330

STREAM DESCRIPTION
SAMPLE POINT

FeedGas___
Sx-21

_Lignite
Sx-1

FeedSolvent
TotalIn

Sx-14
Hydrogen - H2 1. 32 1.32
Carbon Monoxide-CO 16.11 16.11
Carbon Dioxide-COj,
Hydrogen Sulfide-HZS
Methane - CH^

Ethane - C* H8

Propane- Cs Hg

Butane - CeHio
Nitrogen-H* 0.18 0.18
Ammonia-NHj
Light Oil-fO'10^® 4.80 4.80
S«l™'-,!060&3r°"C® 82.62 82.62
hToVv OII-(23°-255UCHeavy Oil @|,6 Torr) 3.75 3.75
SRL
Cool (MAF) 28.86 28.86
Ash 2.90 2.90
Water 14.98 0.23 15.21
Phenol

TOTAL 17.61 46.74 91.40 155.75

Carbon

Hydrogen
Nitrogen

Sulfur
Oxygen (by dlff)

Ash

TOTAL
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Run No:
Date:
Time:

L-1B
7/13-14/77
1500-0300

MATERIAL OUT

PROJEC' LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized
Revised: 1/3/78 Temperature: 717°F

Pressure: 2500 psig
LHSV: 1.38
GHSV: 330

STREAM DESCRIPTION
SAMPLE POINT

Product 
Gas___
Sx-19

S-4AOverhead
Sx-30

S-4B
Btms

S-8Overhead
S-8Btms J-lExhaust

Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H2 1.09 0.06
Carbon Monoxide-CO 8.70 0.44 0.04
Carbon Dioxide - C02 12.27 2.46 0.44
Hydrogen Sulfide-H2S 0.15 0.06
Methane - CH« 1.22 0.14 0.02

Ethane- CjH# 0.47 0.11 0.03
Propone- Cs H4 0.16 0.09 0.04
Butane- C4H10

Nitrogen-N2 0.17 0.02
Ammonia-NHs 0.01 0.01 0.02

4.44 3.49
1.99 0.06
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 dlff)

Ash

TOTAL
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Run No: 
Date: 
Time:

L-1B
Hu-ib/n
1500-0300

MATERIAL OUT

PROJEC: LIGNITE
ADJUSTED MAT!RIAL BALANCE

NormalLzed
Revised: 1/3/78 Temperature: 717°F

Pressure: 2500 psig
LHSV: i-38
GHSV: 330

STREAM DESCRIPTION Cold
Trap

F-l
Btms

^—Recycle
S-7 Btms

Solvent—>
F-2 Btms

TotalOut
SAMPLE POINT Sx-33 Sx-2 Sx-39 Sx-12
Hydrogon - Hj 1.15
Carbon Monoxide-CO 9.18
Carbon Dioxide - COz 15.17
Hydrogen Sulfide-H2S 0.21
Methane - CH4 1.38
Ethane- CzH* 0.61
Propane- Cs H# 0.29
Butane - C4H|0

Nitrogen-N2 0.19
Ammonia- NHS 0.04

0.07 3.02 11.02
Solvent-(]°0-230°C@l.o Torr) 5.41 49.01 27.79 84.26
Heavy oil-< ^O''25^Heavy OH @|i6 Torr) 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

Sul fur
Oxygen (by dlff)

Ash

TOTAL
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Updated: 1/3/78

PROJECT LIGNITE
SAMPLE ANALYSIS

Run No: 
Date.:

L-1B
7/13-14/77

SAMPLE DESCRIPTION Lignite
—Btms MakeupSolvent “7r2---------Btms Sof^ent ~W.

SAMPLE POINT Sx-1 Sx-2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane -CH4

Ethane-CzHe

Propone-C3He

Butane-C4H10

Nitrogen-Mi

Ammonia —NHS (PPM)
Light Oil.-(°;,0°;rf@ 3.73 5.25 98.40
••'"-'is’isr® 23.50 89.50 97.80 90.40 ,1.60

o.-as-sr 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 Solubles f% 98.86
Melting Point °F 244
Specific Gravity 60/60 1.040 1.052 1.047
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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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 1/3/78
Run No: L-1B
Date: 1 / 13-lb Hi
Time:1500-0300 WEIGHT PERCENT

SAMPLE DESCRIPTION A-8Water fotal ProductGas t'eedGas y-4iiOil —S=7TB------- 1Water
SAMPLE POINT Sx-16 Sx-16 Sx-19 Sx-21 Sx-23 Sx-23
Hydrogen -H2 4.51 7.51
Carbon Monoxide-CO 35.87 91.50
Carbon Dioxide —C02 50.62
Hydrogen Sulfide-H2S 0.61
Methane -CH4 5.04
Ethane-CzHs 1.92
Propane-CsHg 0.68
Butane-C4Hio

Nitrogen-N2 0.72 0.99
Ammonia-NHj (PPM) 0.03 0.21
Light Oil.-(f-,0T^rf@ 98.40 62.82
"•'"•"-‘iS’iSrT® 1.60 28.10
” {230-255°CHeavy O.l-^ 7.80
SRL

Coal (MAF)

Ash

Water 100 1.28 99.79
Phenol

TOTAL 100 100 100 100 100 100

Pyridine Solubles^’ f%,

Melting Point °F

Specific Gravity 60/60 0.958
Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg. - 2 2 2 2 2
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Updated: 1/3/78
Run No: L-1B
Date: 7/13-14/77

PROJECT LIGNITE
SAMPLE ANALYSIS

Time: 1500-0300 WEIGHT PERCENT
SAMPLE DESCRIPTION S-4BTotal S-4AOvhd J-lDisch. ColdTrap RecycleSolvent
SAMPLE POINT Sx-23 Sx-30 Sx-32 *Sx-33 Sx-39
Hydrogen -H2 1.73 0.92
Carbon Monoxide-CO 13.11 7.50
Carbon Dioxide —C02 72.71 76.76
Hydrogen Sulfide-H2S 1.66 .
Methane -CH4 4.14 3.54
Ethane- CjHs 3.30 4.57
Propane-C^He 2.54 6.71
Butane—C4Hio

Nitrogen-N2 0.63
Ammonia-NHs (PPM) 0.13 0.18
i ini,* n:i. (0-100° C @Light O.ls- , 6 Torr) 23.52 99.92 5.62

10.52 91.37
-SSrS!^1 2.92 2.52

SRL

Coal (MAF)

Ash

Water 62.91 0.08 0.49
Phenol

TOTAL 100 100 100 100 100
Pyridine Solubles^'f%

Melting Point °F

Specific Gravity 60/60 1.052
Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg. 2 2 2 - 2

*Insufficient sample for distillation. Assumed to be light oil and water.
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 1/3/78
Run No: L-1B
Date: 7/13-14/77
Time: 1500-0300 MOLE PERCENT

SAMPLE DESCRIPTION ProductGas —Fisa—Gas —3=1------Disch.
SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen -H2 43.99 53.20 24.75 15.39
Carbon Monoxide-CO 24.99 46.30 13.40 8.92
Carbon Dioxide-C02 22.44 47.30 58.15
Hydrogen Sulfide-H2S 0.35 1.40
Methane -CH4 6.15 7.40 7.38
Ethane-CzHe 1.25 3.15 5.08
Propane-'-C^He 0.30 1.65 5.08
Butane — C4 H|0

Nifrogen-Nz 0.50 0.50 0.65
Ammonia-NHs (PPM) 0.03 0.30
Light Oil.-(°-|0T0"rf@

*-»»'-iig,TSsrc®
h.^ o.i-*BrBSc

SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL 100 100 100 100

Calc Mole Wt. 19.51 14.17 28.62 33.33
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
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PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO: L-1B 
DATE: 7/13-14/77
TIME: 1500-0300

SAMPLE DESCRIPTION Makeup Sbl’ F-2 Btms Feed Solv. S-8 Oil S-4B Oil
SAMPLE POINT Sx-8 Sx-12 Sx-14 Sx-16 Sx-23

ASTM D-1160 DISTILLATION DATA
PRESSURE, TORR 5 5 5

IBP 
i"-* 5%

10%

73.5 143 43.4
134 152 117
164 157 145

l 2°% o°
z 30% , -u uj
£ 40% g
£ 50% *5
u 60% £
5 70% |
3 80% w

187 162.5 175.6
193 169 187.2
198 174 193.5
203 180 198.6
208 184 205
218 191 212.2
226 196 223

> 90%
'-*95 %

DRY PT. *-»
2A0 204 244.3
252.5 221 260
260 231 260

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 745 742

IBP
z—• 5%

10%

r—^ 59 91
65 92
68 169

£ 20% 0
B 30%
a: 40% oc
o! 50% g
ui 60% 2

i 70% |
J 80% iu

72 169
76 220
80 249
84 277
89 302
94 328

101 328
> 90%
L*95%

DRY PT. l—*

212 328
328

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 1475 14.8
210° F 9.2 9.0 8.9

MISCELLANEOUS
KF HzO WT%(Raw S<) 0.07 0.25 1.28
INFRARED RATIO
SP. GRAV. 60/60 F 1.040 1.052 1.047 0.959

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. USUALLY LESS THAN 5% FOR THE F-l VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO:l-ib 
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

IBP 
r~* 5%

10%

60.4
113.5
137.2

h 20% ?
z 30%
UJ UJ
£ 40% “
£ 50% £

60% a-
5 70% |
3 80% w

170.2
183.8
189.6
197.0
199.3
208.2
216.5

> 90 %
'-*•95 %

DRY PT.

239.6
260.

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR

IBP
r- 5%

10%

r—*

^ 20% o
B 30% J
a 40% q:
a 50% 3

ui 60% a
| 70% |
J 80% S

* 90%
'-►95%

DRY PT. '----->
ASPHALTENE TEST

WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % asphaltenes
WT % MALTENES 8 DIST. OIL

TOTAL
SAYBOLT VISCOSITY, SSU

100° F 14.9
210° F 9.2

MISCELLANEOUS
KF HzO WT%(Raw Sx) 0.49
INFRARED RATIO
SP. GRAV. 60/60 F 1.052

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. USUALLY LESS THAN 5% FOR THE F-l VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 1/3/78

Run No: L-1B 
Date: 7/13-14/77Time: 1500-0300

MATERIAL OUT

Ibs/hour

Temperature: 717°F 
Pressure: 2500 psig
LHSV: 1.38 
GHSV: 330

STREAM DESCRIPTION

SAMPLE POINT

Product"Gas
Sx-19

~5=2TA---, Ovhd
Sx-30

—S=TTB---
Btms —5^8----Ovhd -------Btms

—-PI----
Exhaust

Sx-23 Sx-44 Sx-16 Sx-32
Hydrogon - H2 1.10 0.06
Carbon Monoxide-CO 8.73 0.44 0.04
Carbon Dioxldo-C02 12.31 2.47 0.44
Hydrogen Sulfide-H2S 0.15 0.06
Methane - CH4 1.23 0.14 0.02
Ethane- C^Hj 0.47 0.11 0.03
Propane- C8H# 0.16 0.09 0.04
Butane- C4H|0

Nit rogen-Nj 0.17 0.02
Ammonia-NHj 0.01 0.01 0.02
Light OII-<®-,0T^® 4.46 3.50
S«'«*"'-(|060T??,0,°C® 1.99 0.06

0.55
SRL

Coal (MAF)

Ash

Water 11.92
Phenol

TOTAL 24.33 3.40 18.94 Negl. 3.56 0.57
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL
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PROJEC1 LIGNITE 
MEASURED MATT: (UAL BALANCE 

Revised: 1/3/78

Run No: L-1B
Date: 7/13-14/77

MATERIAL OUT Temperature:717°? 
Pressure;2500 psig 
LHSV! 1.38

STREAM DESCRIPTION ColdTrap
Sx-33

F-l 
_ Btms

Sx-2
<—Recycle S-7 Btms Solvent— F-2 Btms Total

Out .
SAMPLE POINT Sx-39 Sx-12
Hydrogen - H2 1.16
Carbon Monoxide-CO 9.21
Carbon Dioxide - C02 15..22
Hydrogen Sulfide-H2S 0.21
Methane - CH4 1.39
Ethane- C2 H8 0.61
Propane- CSH# 0.29
Butane- C4H|0

Nitrogen-N2 0.19
Ammonia- NH3 0.04

0.07 3.02 11.05
5.43 49.01 27.79 84.28

1.35 0.63 2.53
SRL 14.78 14.78
Cool (MAF) 0.23 0.23
Ash 2.64 2.64
Water 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-1C DATE MADE ..7/14/77

TEMPERATURE °F PRESSURE, psig
PREHEATER E-l
SAND BATH 726

PREHEATER E-13
DOWTHFRM 596

INI ET... 260 INI FT 79
OUTLET -- 715 OUTLET 558

DISSOLVERS
r -1 a m

LIGHT ENDS COLUMN, F-2
RFROII FR 471

(2) LOWER SECTION 575
(3) FFFO SECTION 500
(4) OVERHEAR 185

R-IB (1) _Z5lZ s-8 86
(2) . _Z9S________
(3) 806
(4) .... 829 _

REACTOR PRODUCT SEPARATORS
s-i 622

S - 9

SOLVENT COLUMN, F-3
REBOILER.. NIU
LOWER SECTION
FEED SECTION

s-?_ 79 OVERHEAD
f-3 474
F-4A 83
S-4R 79

HEAVY ENDS COLUMN, F-4
RFROII FR NIU

PREHEATER E-ll
DOWTHERM 672...... _

LOWER SECTION..
FEED SECTION.
OVERHEAD..

INLET.. .435
OUTLET  647

VACUUM FLASH F-l
OVERHEAD VAPOR 526
UPPER WAI 1. 600
LOWER WAI 1 583
DOWNCOMFR _ 491

VACUUM FLASH,F-0
OVERHEAD NIU
BOTTOMS.

PRECIPITATION TOWER, V-8
7. ONE (1) NIU

(?)
CONDENSATE
ACCUMULATOR, S-7 87__ _

(3)

RECOVERY TOWER V-9
RE BOILER NIU
OVERHEAD

SEPARATORS S-l and S-2 
2500

SEPARATOR S-3 
300

SEPARATORS S-4A and S-4B 61
VACUUM FLASH, F-l 

14 Torr
LIGHT ENOS COLUMN, F-2

0
SOLVENT COLUMN, F-3

MIL
HEAVY ENDS COLUMN, F-4

Mill
VACUUM FLASH, F-0
-------- NIU--------

SETTLING TOWER, V-8
NIU

RECOVERY TOWER, V-7
MIU
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Oskjtft o-P Cun
Tinr»e ©"f Run 
L<r»o+'H of Run

S tcxr 1- £ r.J Ro« Mo’- L-1C
7/14/77 7/14/77 (Joi'+a: Ibs/hr.°F» osie
3300 1500 Prtp.6v.BCL & GGB

12 hrs. Updcu+cd: 1/3/78
Hours on CmJ oJ- CnJ of Y- P- | 82.0

^PRODUCT gas to THE:RMA1
COMD T OMS [Oxidizer

S.--2C PRQDUCT GA-S To RECYCLE.

-0- RECYCUE GAS
18.4 2 MAKEUP GA^-|g[X:^p 
50.40LIGKJITE 4}

S,-I8

M IXER.

T- T: 829
R-/A R-I&

T. •n 806

P i rk, p- 2500

T r. 798
T ^ 757

tS3
COI

(5.19^'

163.55 00 OP EM CUO SE D T OTA.L-. 163.55

Numbers in parencheses are not included in Lhe totals.
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Run No: l-1C
Date: 7/14/77
Time: 0300-1500

PROJEC! LIGNITE 
ADJUSTED MATERIAL BALANCE 

Normalized 
Revised: 1/3/78

SUMMARY
Ibs/hour

Temperature: 715°F
Pressure: 2500 psig
LHSV: 1.44
GHSV: 342

STREAM DESCRIPTION TotalIn____
TotaF-

. ___.Out..
NetYield

Wt 1.Ml'Lignite
SAMPLE POINT

Hydrogen - H2 1.36 1.24 -0.12
Carbon Monoxide-CO 16.88 9.97 -6.91
Carbon Dioxide - C02 13.53 13.53
Hydrogen Sulfide-H2S 0.21 0.21
Methane - CH4 1.06 1.06 ' 8.79 28.17
Ethane- C2He 0.49 0.49
Propane- C5H8 0.50 0.50
Butane - C4H|0
Nitrogen-Nj 0.18 0.17 -0.01
Ammonia- NH5 0.04 0.04
Light Oll-t?-10^© 7.64 11.79 4.15

83.66 87.53 3.87 ' 22.77 72.98
Heavy Oil @| 6 Torr) 2.81 2.35 -0.46
SRL 15.21 15.21
Coal (MAE) 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 dlff)

Ash

TOTAL
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PROJECT LIGNITE
MEASURED & ADJUSTED, MATERIAL BALANCE 

Revised: 1/3/78

Run No: L-1C
Date: 7/14/77
Time: 0300-1500

MATERIAL IN

Ibs/hour

Temperature: 715°F
Pressure: 2500 psig
LHSV: 1.44
GHSV: 342

STREAM DESCRIPTION

SAMPLE POINT

Feed
Gas_____

Sx-21
,, Lignite,.. 

Sx-1

Feed
Solvent

Total
In

Sx-14

Hydrogen-H2 1.36 1.36

Carbon Monoxide-CO 16.88 16.88

Carbon Dioxide - COj

Hydrogen Sulfide-HZS

Methane - CH4

Ethane- Cj H*

Propane- C5Ha

Butane- C4H10

Nitrogen-N2 0.18 0.18
Ammonio-NHj

Light Oll-^-10^®
7.64 7.64

83.66 83.66
H.nvv onHeavy OH @,i6 Torr) 2.81 2.81
SRL

Coal (MAP) 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

Oxygen (by dlff)

Ash

TOTAL
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Run No:
Date:
Time:

L-1C
7/14/77
0300-1500

PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE 

Normalized 
Revised: 1/3/78

MATERIAL OUT

Temperature: 715°F
Pressure: 2500 psig
LHSV’ 1*44
GHSV: 342

STREAM DESCRIPTION

SAMPLE POINT

Product 
Gas_____

Sx-19

S-4A
. . Ovhd____

Sx-30

S-4B
Btms

S-8
Ovhd

S-8
Btms

J-l
Exhaust

Sx-23 Sx-44 Sx-16 Sx-32

Hydrogen - H2 1.14 0.09 0.01

Carbon Monoxide-CO 9.17 0.73 0.07

Carbon Dioxide - C02 10.37 2.73 0.43

Hydrogen Sulfide-H2S 0.14 0.07
Methane - CH4 0.93 0.12 0.01

Ethane - CjHe 0.37 0.10 0.02

Propane- C8H8 0.38 0.09 0.03

Butane— C4H10

Nitrogen-Nj 0.14 0.03
Ammonia-NH8 0.01 0.01 0.02
ug». oi.-'fiX'S®

0.32 7.01
s.i».«-l|06'>^r5r0°c@

0.36
Heavy nil-1230"255^
Heavy Oil gy.e Torr) 0.21

SRL

Coal (MAF)

Ash

Water 14.20 0.10
Phenol

TOTAL 22.65 3.97 14.90 Negl. 7.32 0.57

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL
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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

Run No: L-1C

Normalized
Revised: 1/3/78
MATERIAL OUT

Temperature:715°F 
Pressure: 2500 psig

Date: 7/14/77 LHSV: 1.44
Time: 0300-1500 Lb a/hour GHSV;342

STREAM DESCRIPTION Cold
Trap
*Sx-33

F-l
Btms___
Sx-2

^-Recycle
S-7 Btms

iolvent—*
F-2 Btms

Total
Out

SAMPLE POINT Sx-39 Sx-12
Hydrogen - H2 1.24
Corbon Monoxide-CO 9.97
Carbon Dioxide - C02 13.53
Hydrogen Sulfide-H2S 0.21
Methane - CH4 1.06
Ethane - CjH# 0.49
Propane- Cs H# 0.50
Butane- C4H|0

Nitrogen-N2 0.17
Ammonia- NHS 0.04
Light 0.13 4.33 11.79

4.28 51.14 31.75 87.53
"•»r 0,,-'“"-^ 1.57 0.57 2.35
SRL 15.21 15.21
Cool (MAF) 2.28 2.28
Ash 2.70 2.70
Water 0.18 14.48
Phenol

TOTAL 0.13 24.47 57.22 32.32 163,55
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL

*No sample available. Assumed to be 100% light oil
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Updated:1/3/78

Run No: L-1C

PROJECT LIGNITE
SAMPLE ANALYSIS

Date: lllklll
Time: 0300-1500________________WEIGHT PERCENT

SAMPLE DESCRIPTION Lignite F-l
Rt-roo

F-2
"Rtma

FeedSolvent S-8Btms ProductGas
SAMPLE POINT Sx-1 Sx-2 Sx-12 Sx-14 Sx-16 Sx-19
Hydrogen -H2 5.05
Carbon Monoxide-CO 40.48
Carbon Dioxide-C02 45.78
Hydrogen Sulflde-H2S 0.64
Methane -CH4 4.11
Ethane-CzHe 1. 62
Propane-C^Hg 1.66.
Butane-CgHio

Nitrog»n-N2 0.61 .
Ammonla-NHj (PPM) 0.05 

8.06 95.78
17.50 98.24 88.32

uini (230-255°CHeavy Oil ®|>6Torr) 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
Phenol

TOTAL 100 100 100 100 100 100

Pyridine Solubles 89.55
Melting Point °F 262
Specific Gravity 60/60 1.031 1.053
Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg, 3 2 2 2 2 2
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 1/3/78
Run No: L-1C
Date: lllklll
Time: 0300-1500 WEIGHT PERCENT

sample description feedGas TsIF y-4feWater "5-48---Total S--4AOvhd —3=1----Disch.
SAMPLE POINT Sx-21 Sx-23 Sx-23 Sx-23 Sx-30 Sx-32
Hydrogen -H2 7.39 2.27 1.07
Carbon Monoxide-CO 91.63 18.37 11.82
Carbon Dioxide —C02 68.75 75.97
Hydrogen Sulflde-H2S 1.67
Methane-CH4 3.11 2.66

Ethone-CjHe 2.54 3.28
Propane-C-sH # 2.32 5.20
Butane-C4H10

Nitrogen-N2 0.98 0.84
Ammonla-NHj (PPM) 0.13 0.12 0.13
Light Oito-(Jgl(jJ”f ® 46.90 2.16
••'"‘"-'I'STIft"'® 52.50 2.42

n. (230-255°Cl
Heavy Oil-Torr)

SRL

Coal (MAF)

Ash

Water 0.60 99.87 95.30
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^’ f%,
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 2
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Updated: 1/3/78
Run No: L-1C 
Date: 7/14/77

PROJECT LIGNITE
SAMPLE ANALYSIS

Time: 0300-1500 WEIGHT PERCENT
SAMPLE description RecycleSolvent
SAMPLE POINT Sx-39
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane -CH4

Ethone-CzHs

Propane-CsHg

Butane—C4H|o

Nitrogen-N2

Ammonla-NHj (PPM)
Light Oils-(J-,0T°^@ 7.57

89.37
2.75

SRL

Coal (MAF)

Ash

Water 0.31
Phenol

TOTAL 100
Pyridine Solubles^’f%

Melting Point °F

Specific Gravity 60/60 1.054
Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg,
2------------------
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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 p6iiuct Eiid m Discft.
SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen -H2 46.75 52.75 30.05 17.29
Carbon Monoxide-CO 26.75 46.75 17.40 13.73
Carbon Dioxide —C02 19.25 41.45 56.17
Hydrogen Sulfide-^S 0.35 1.30
Methane -CH4 4.75 5.15 5.40
Ethane-CzHs 1.00 2.25 3.55
Propane-C3He 0.70 1.40 3.86
Butane—C4H|0

Nitrogen-N2 0.40 0.50 0.80
Ammonia —NHj (PPM) 0.05 0.20

*-* "■-asrffiT’
SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL 100 100 100 100

Calc Mole Wt. 18.50 . 14.29 26.53 32.53
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

-131-



PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO: L-1C 
DATE: 7/14/77 
TIME: 0300-1500

SAMPLE DESCRIPTION LEG Btms Feed Solv. S-8 Oil S-4B Oil S-7 Btms
SAMPLE POINT Sx-12 Sx-14 Sx-16 Sx-23 Sx-39

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5 5

IBP 133.6 71.3 65
r-* 5% 153.8 103 105

10% 157.2 132.2 128.5
. 20% 161.7 164.7 157.5
z 30% - 168.2 178.2 173
g 40% g 174.8 187.4 181
w 50% fc 181 193.8 185

60% pc 186 198.6 193
S 70% | 191 204.3 200
3 80% w 198.2 218 208
> 90% 211.2 238.3 224
^-*95 % 229.5 240.5

DRY PT. 1 » 234.5 265 260
ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 742 746
IBP -- ) 68 70

—* 5% 80 108
10% 80 151

£ 20% o 157 202
S 30 % uT
or. 40% or
S 50% h

182 220
197 250

. 209 280
uj 60% a1 70% %

222 305
235 335

o 80 % t £
Li 247 355

^ 90% 259 363
^95 % 260

DRY PT. *-----^ 263 363
ASPHALTENE TEST

WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENE S
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

MISCELLANEOUS
KF HzO WT%{Row 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
MALTESES-N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES 
DISTILLABLE OIL-RECOVERABLE BY DISTILLATION, USUALLY LESS THAN 5% FOR THE F-l VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: l/Vlb

Run No: l-IC 
Date: 7/14/77
Time: 0300-1500

MATERIAL OUT

Ibs/hour

Temperature: 715°F 
Pressure: 2500 psig 
LHSV 1.44
GHSV: 342

STREAM DESCRIPTION Product
Gas

—ttT
Ovhd____

Sx-30

"""S-4B--
Btms

—S=B---
Ovhd

-STB
Btms

t-t;
Exhaust

SAMPLE POINT Sx-19 Sx-23 Sx-44 Sx-16 Sx-32

Hydrogen - H2 1.15 0.09 0.01

Carbon Monoxide-CO 9.21 0.73 0.07

Corbon Dioxide-C02 10.42 2.74 0.43

Hydrogen Sulfide* HZS 0.15 0.07
Methane - CH4 0.93 0.13 0.01
Ethane - CjH# 0.37 0.10 0.02

Propane- ^H* 0.38 0.09 0.03

Butane- C4H10

Nitrogen-Nj 0.14 0.03
Ammonia- NHj 0.01 0.01 0.02

0II-,L6I Torr^®
0.32 7.04

Solvent-(j060-T2300C@
0.36nM (23'0"-255aCHeavy Oll-0|i6 Torr) 0.21

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 dlff)

Ash

TOTAL
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PROJEC! LIGNITE
MEASURED MATERIAL BALANCE

Revised: 1/3I7&

Run No: L-IC 
Date: l/lMll
Time: 0300-1500

MATERIAL OUT

Ibs/hour

Temperature: 715°F 
Pressure: 2500 psig 
LHSV: 1*^4 
GHSV: 342

STREAM DESCRIPTION

SAMPLE POINT

Cold '
Trap___
*Sx-33

--- F-I---
_ Btms__
Sx-2

Recycle
S-7 Btms

)bivefttr-=qr-
F-2 Btms

Total----
Out

Sx-39 Sx-12
Hydrogen - H2 1.25
Carbon Monoxide-CO 10.01

Carbon Dioxide-C02 13.59
Hydrogen Sulfide-H2S 0.22
Methane - CH4 1.07
Ethane- C^Hj 0.49
Propane- Cs H8 0.50
Butane - C4H|o

Nitrogen-N2 0.17
Ammonia- NHS 0.04
Light Oll-^-10^® 0.13 4.33 11.82

4.30 51.14 31.75 87.55
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

TOTAL 0.13 24.58 57.22 32.32 163.89

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL

*No sample available. Assumed to be 100% light oil.
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RUN CONDITIONS
RUN NO. L-1D__
DATE MADE 7/22/77

TEMPERATURE °F PRESSURE, psig

PREHEATER E-l
SAND RATH 733

PREHEATER E-13
DOWTHFRM 397

SEPARATORS S-l ond S-2 2500
INI FT 312 INI FT 82 SEPARATOR S-3

300OUTLET 718 OUTLET 558

DISSOLVERS
R- 1 A (1)

LIGHT ENDS COLUMN, F-2
REROILFR 459

SEPARATORS S-4A and S-4B 
60

VACUUM FLASH, E-l
14 Torr(?) LOWER SECTION .. 549

(3) FEED SECTION . 474 LIGHT ENDS COLUMN, F-20(4) ..... OVERHEAD 200
R-IB (i) 745 s-R 86 SOLVENT COLUMN, F-3

NIU(2) 798 S-9
(2.) 782
(41 824 SOLVENT COLUMN, F-3

RFROILFR NlU
LOWER SECTION

HEAVY ENDS COLUMN, F-4
NIU

REACTOR PRODUCT SEPARATORS
S-l 600

VACUUM FLASH, F-0
NIU

FEED SECTION SETTLING TOWER, V-8
NIUR-? 77 OVERHEAD

s -3 486
R-4A 82 HEAVY ENDS COLUMN, F-4

RFROII FR NIU

RECOVERY TOWER, V-7
NIU

S-4R 78

PREHEATER E-ll
DOWTHERM____ 677___ _______
INLET 438
OUTLET 650

VACUUM FLASH F-l
OVERHEAD VAPOR 530
UPPER WAI1 600
LOWER WAI 1 581

LOWER SECTION
FEED SECTION
OVERHEAD

VACUUM FLASH,F-O
OVERHEAD NIU
BOTTOMS

PRECIPITATION TOWER, V-8
7 ON F (1) NTH

DOWNCOMFR. 378 (?)
CONDENSATE
ACCUMULATOR, S - 7__88______

(3)

RECOVERY TOWER V-9
REROILFR NIU
OVERHEAD
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Qa&e Chf Stun
Ti»»»« of Run 
L«na'tj> of Ron

Sto-rT £ nj f?un Wo’- L-1D
7/22/77 viim Un.'-hs*. lbs/hr.°F. osig

0130 1330 Pr«p. By.- BCL 6 GGB
12 hrs. UpdecteJ: 1/24/78

onCaoItthM of Y.p. | 162.4

MASS RATES AMD R^^proouctoas to thermal 
COMDITIONJS ------------------------►OXlDliER

PRODUCT GAS TO RECYCLE.

-0- RECYCI-E GAS 
17.25 MAKEUP
49.73L Ignite

T t-824
R-IA R-16

T. T' 782

P ■ 1
i k ^ 2500

T r- 798
T ■n 745

U)a>i

MAKEUP
(6. Iljapl-VEHT

159.06 totaj_ tXJ OP EM M CLOSED

Numbers in parentheses are not included in the totals.

TOTAL. 159.06



El
em
en
ta
l 

r ..
 ■ 

--
Qu
an
ti
ta
ti
ve

PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

L-1D

Normalized
Revised: 1/24/78

SUMMARY Temperature:718°F
7/22/77 Pressure: 2500 psig
0130-1330 LHSV: 1.41

Ibs/hour GHSV: 318
Stream Description -Tjtar T8£tr NetYield Wt 7o MAFCoal
Sample Point
Hydrogen - Il2 1.26 1.06 -0.20
Carbon Monoxide - CO 15.81 8.18 -7.63
Carbon Dioxide - CO? 15.80 15.80
Hydrogen Sulfide - H2S 0.16 0.16
Methane - CH4 1.30 1.30 ■ 10.31 33.29
Ethane - C?Hfi 0.57 0.57
Propane - ClHs 0.29 0.29
Butane - C/|Hio
Nitrogen - N? 0.18 0.16 -0.02
Ammonia - NH? 0.04 0.04(IBP-255°C @1.6Distillable Oil Torr) 91.79 94.58 2.79 “ 19.39 62.61
SRL 16.60 16.60
Coal (MAF) 30.97 2.25 -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
Oxveen (bv diff)
Ash

Total
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PROJECT LIGNITE

MEASURED & ADJUSTED MATERIAL BALANCE
Revised: 1/24/78

Run No: L-1D
MATERIAL IN

Temperature: 718°F
Date: 7/22/77 Pressure: 2500 psig
Time: 0130-1330 LHSV: 1.41

Ibs/hour GHSV: 318
Stream Description PeedGas Lignite FeedSolvent TotalIn
Sample Point Sx-21 Sx-1 Sx-14
Hydrogen - H2 1.26 1.26
Carbon Monoxide - CO 15.81 15.81
Carbon Dioxide - CO?
Hydrogen Sulfide - H?S
Methane - CH4
Ethane - C?Hfi
Propane - C?Hr
But/ine - C/,Hiq
Nitrogen - N? 0.18 0.18
Ammonia - NH?

(IBP-255“C @1.6Distillable Oil Torr) 91.79 91.79
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
Sulfur
Oxygen (by difO
Ash

Total
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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

Run No: L- ID

Normalized
Revised: 1/24/78
MATERIAL OUT Temperature: 718°F

Date: 7/22/77 Pressure: 2500 psi]
Time: 0130-1330 LHSV: 1.41

Ibs/hour GHSV: 318
Stream Description ProductGas S-4AOvhd S-4BBtms S- 8 ' Ovhd S-8Btms “■■3=1----Exhaust
Sample Point Sx-19 Sx-30 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H2 0.99 0.07
Carbon Monoxide - CO 7.62 0.50 0.06
Carbon Dioxide - COp 12.89 2.44 0.47
Hydrogen Sulfide - H?S 0.10 0.06
Methane - CH4 1.15 0.13 0.02

Ethane - C?Hfi 0.45 0.10 0.02

Propane - CaHs 0.18 0.09 0.02

. Butane - C4U1Q
Nitrogen - Np 0.13 0.03
Ammonia - NH9 0.02 0.02

(1BP-255°C @1,6Distillable Oil Torr) 0.04 6.02

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
Sulfur
Oxvgen (bv diff)
Ash

Total



El
em

en
ta

l-
--
-n
  ̂

--
--

--
--

- ■ -
--

--
--

Qu
an
ti
ta
ti
ve

PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

Normalized
Revised: 1/24/78

Run No: L-1D MATERIAL OUT Temperature:718°F
Date: 7/22/77 Pressure: 2500 psig
Time: 0130-1330

Ibs/hour
LHSV: 1.41
GHSV: 318

Stream Description ColdTrap F-lBtms ■<—Recycle S-7 Btms SbTveivE—>■ F-2 Btms TotalOut
Sample Point Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - Il2 1.06
Carbon Monoxide - CO 8.18
Carbon Dioxide - COp 15.80
Hydrogen Sulfide - H?.S 0.16
Methane - CH4 1.30
Ethane - C?Hft 0.57
Propane - CaHs 0.29
Butane - C/|Hiq
Nitrogen - N? 0.16
Ammonia - NH-} 0.04(IBP-255“C @1.6Distillable Oil 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
Sulfur
Oxygen (bv diff)
Ash

Total
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated:1/bllS

Run No: L-1D 
Date: 1llllll
Time: 0130-1330 WEIGHT PERCENT

Sample Description Lignite F-lBtms \ Makeup Solvent LEGBtms FeedSolvent S-8Oil
Sample Point Sx-1 *Sx-2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen - \\2

Carbon Monoxide - CO
Carbon Dioxide - CO?
Hydrogen Sulfide - II7S
Methane - CHa
Ethane - CjHf,
Propane - C^Hg
Butane - C/,Hin
Nitrogen - No
Ammonia - NHa (PPM)

(IBP-255"C @1.6Distillable Oil Torr) 11.35 99.93 100 99.69 98.91
SRL 66.87
Coal (MAF) 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-free 89.62
Melting Point 338
Specific Gravity 60/60 1.040 1.028 1.042
Viscosity, cp

Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (bv diff.)
Ash

Total
Number of Sample Avg. 2 2 2 2 2 2

*Distillable oil calculated by following equation =
Wt % Distillable Oil = -0.1273 (F-l Btms Melting Point) + 54.38 
See attached graph.
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i'ROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 1/4/78

Run No: L-1D 
Date: 7/22/77
Time: 0130-1330 WEIGHT PERCENT

Sample Description S-8
Water

S-8
Total

Product
Gas

reea
Gas S-ABOil S-4H ' 'Water

Sample Point Sx-16 Sx-16 Sx-19 Sx-21 Sx-23 Sx-23
Hydrogen - H2 4.24 7.28
Carbon Monoxide - CO 32.40 91.65
Carbon Dioxide - CO? 54.82
Hvdrocen Sulfide - H?S 0.42
Methane - CH4 4.88
Ethane - C2H6 1.93
Propane - C3H8 0.76
Butane - C/.lhn
Nitrocen - N7 0.55 1.07
Ammonia - NH? (PPM) 0.14

(IBP-255°C @1.6Distillable Oil Torr) 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
Number 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

Sample Description s-Zb
Total

5-4A
Ovhd

J^TDischarge
coldTrap RecycleSolvent

Sample Point Sx-23 Sx-30 Sx-32 Sx-33 Sx-39
Hydrogen - H2 1.99 0.90
Carbon Monoxide - CO 14.56 9.86
Carbon Dioxide - CO9 71.05 80.21
Hvdrocen Sulfide - H?S 1.67
Methane - CH4 3.88 2.80
Ethane - C2H6 2.80 2.99
Propane - CrjHg 2.64 3.24
Butane - CaHid
Nitroeen - N7 0.82
Ammonia - NHt (PPM) 0.14 0.59

(IBP-255°C @l.fiDistillable Oil Torr) 0.30 56.22 99.65
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
Sulfur
Oxvgen (bv diff.)
Ash

Total
Number of Sample Avg. 2 2 2 2
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 1/4/78
Run No: L-1D
Date: 1122/11
Time: 0130-1330 MOLE PERCENT

SAMPLE DESCRIPTION ProductGas FeedGas s-4aOvhd Disch.
SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen -H2 42.91 52.35 27.37 15.06
Carbon Monoxide-CO 23.41 47.10 14.29 11.85
Carbon Dioxide-C02 25.20 44.36 61.36
Hydrogen Sulfide-H2S 0.25 1.35
Methane -CH« 6.17 6.67 5.90
Ethone-CzHs 1.30 2.56 3.35
Propane-C^He 0.35 1.65 2.48
Butane-C4H10

Nltrogen-N2 0.40 0.55 0.80
Ammonia-NH, (PPM) 0.01 0.95
LlghtOil.-(°-|0T°;rf@

H-e

SRL

Coal (MAP)

Ash

Water

Phenol

TOTAL 100 100 100 100
Calc. Mole L’t. 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 Sample Avg. 2 2 2 2
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60

DISTILLABLE OIL CONTENT OF F-l BOTTOMS 
VERSUS

F-l BOTTOMS MELTING POINT

OL--- 1---- 1---- 1—
180 190 200 210

—1------ 1------- 1-------1-------1------- 1 l I I i I I i|
230 240 250 260 270 280 290 300 310 320 330 340 350 360

F- I BOTTOMS MELTING POINT, °F 

"X"

220 J
370
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PKOJi ' T I,IGNITE 

MEASURED MATERIAL BALANCE 
Revised: l/lk/TB

MATERIAL OUT
Run No: L-1D 
Date: 7/22/77
Time: 0130-1330

Ibs/hour

Temperature: 718°F 
Pressure: 2500 psig 
LHSV: 1.41 
GHSV: 318

Stream Description ProductGas ~m"' S-4BBtms S-8Ovhd S-8Btms J-lExhaust
Sample Point Sx-19 Sx-30 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - 112 0.96 0.07
Carbon Monoxide - CO 7.30 0.48 0.06
Carbon Dioxide - CO? 12.36 2.34 0.44
Hydrogen Sulfide - H?S 0.09 0.05
Methane - CII4 1.10 0.13 0.02

Ethane - C?Hfi 0.44 0.09 0.02

Propane - Calls 0.17 0.09 0.02

Rurnne - C/,1110
Nitrogen - N? 0.12 0.03
Ammonia - Nil? 0.02 0.02

(IBP-255°C @1.6Distillable Oil Torr) 0.04 5.78
SRL
Coal (MAE)
Ash
Wa ter 13.95 0.06
Phenol

Total 22.54 3.30 14.01 Neel. 5.84 0.56

Carbon
Hydrocen
Nitrogen
S u 1 f u r
Oxveen (bv diff)
Ash

Total
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PROJECT I. f.GNITE
MEASURED MATERIAL BALANCE 

Revised: 1/24/78
MATERIAL OUT

Run No: L-1D Temperature: 7]R°-p
Date: 7/22/77 Pressure:2500 psigTime: 0130-1330 LHSV:1.41

Ibs/hour GHSV:318
Stream Description “XoTcT ” Trap

—p l---
Btms Recycle-SS-7 Btms olventF-2 Btms "“TotalOut

Sample Point Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H2 1.03
Carbon Monoxide - CO 7.84
Carbon Dioxide - CO? 15.14
Hydrogen Sulfide - H?S 0.14
Methane - CH4 1.25
Ethane - C?H6 0.55
Prooane - CjHr 0.28
-Butane - C/|Hiq
Nitrogen - Np 0 15

Ammonia - NHp n oa(lBP-255°C @1.61Distillable Oil Torr) 0.02 2.70 81.11 4.58 94.23
SRL 15.91 15.91
Coal (MAF) 2.16 2.16
Ash 3.03 3.03
Water 0.01 0.28 14.30
Phenol

Total 0.03 23.80 81.39 4.58 156.05

Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (bv
-Ash

T o t a .1

diff)
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RUN CONDITIONS
RUN NO___
DATE MADE

L-1E
7/22-23/77

TEMPERATURE °F

PREHEATER E-l

SAND BATH_ 738
PREHEATER E-13

DOWTHFRM 595
INI.FT 309 INI FT 90
OUTLET 721 OUTI FT 539

DISSOLVERS
R-IA (1)

LIGHT ENDS COLUMN,

RFROII FR

F-2461
(2) 1 OWFR SECTION 561
(3) ... FFFD SECTION . 474
(4) OVFRHFAD 220

R-IB (1) 742. S-fi 93
(2) Z94__ s-q -

(3)..... 782
(4) 822 SOLVENT COLUMN, F- 3

REBOILER NIU
REACTOR PRODUCT SEPARATORS LOWER SECTION

S- 1 _5.86 ... FEED SECTION ....
S-2 79 OVFRHFAD
S-3 .. 485
S- 4 A. 90 HEAVY ENDS COLUMN. F-4
S-4B _ 88 RFROII FR NIU

I.OWFR SECTION
PREHEATER E-M FEED SECTION

DOWTHFRM 676 OVERHEAD.
INLET 438
OUTLET 655 VACUUM FLASH,F-0 

OVERHEAD_________
BOTTOMSVACUUM FLASH F-l

NIU

OVERHEAD VAPOR. _A2.8 .
UPPER WAI 1 604 PRECIPITATION TOWER V-R

LOWER WALL 585 7 ON F fl) NIU
DOWNCOMER 461 (?)
CONDENSATE (3).

ACCUMULATOR,S-7.......94
RECOVERY TOWER V-9

RE BOILER............ ........NIU.
OVERHEAD.................. .............

PRESSURE, psig

SEPARATORS ^S -I and S-2

SEPARATOR S-3 308
SEPARATORS S-4A and S-4B

60
VACUUM FLASH, F-l

15 Torr
LIGHT ENDS COLUMN, F-2Q
SOLVENT COLUMN, F-3

NIU
HEAVY ENDS COLUMN, F-4

NIU
VACUUM FLASH,F-0

NIU
SETTLING TOWER, V-8

NIU
RECOVERY TOWER, V-7

NIU

-148-



Dojtc o-P Cun
T*i»vxe of R-Vrt
L€f\a+H of

S 1*o. r +■ Lr>A I?UA K/o^ L-1E
7 mm 7/23/77 Uo;+s:ibs/hrf°F. psie

1330 0130 Prep. By- GGB & BCL
L2 hrs. Updex+Cei: 7/25/77

HoorS on CpoJ oJ- crT V- P* | 1 7£.

COMDITIOMS
MASS RATES AMD ^^^proouctgas to thermal. 21.82

OXIDIuLE-R 1 ""
S)c_20 PRODUCT GAS TO REC-YCLE. _ -0-

A! ,
K—A KNOCKOUT POT BTMS -0-

-Q- RECYCLE CAS
16.47 MAKEUP Ga3—T^£WGAS

48. 36 LIGNITE^Sx-1

CDI

s,-ie

Sx-ZI
,30^1y

E-l 21

MIXER.

738

655 438

f 1
T T- 822
R-IA R -IS

T. 71 782
P: 2500P1 i h. 794

T T*.
T: T 742

S- I 
586T 250C

5-Z 
T. 79 
P-.2500

SCRUOBE* 
T 
P-.

■Q

ABSORBED gases

S-3
r 485 
>308

697

-CXh

E-il67A

604

MAKEUP
(7. 71 ~)5Qlve>tt 

^S/-3

F-J 
528

1^15 Totr

585 U

461

A.- 3A»

P-O

S-9A -—-I
T: 90 s-^B
P: 60 Ti88
--- c p.60

v-a
T-.
P:

V-R
T:
P-.

"a-ia

u

WASTE
r~

GAS

NIU

3.53

>4

Sx-3o

Sx-374) S-^A BOTTOMS -0-

Sx-Z3f s-^b e. err tolas 16.92

TOLUEKJE accumulator NIU

i90 X 539

s-e s-q|—P-TigS f—•"T:
220V igL.Q.J 1^-t—

~1D.C- Quo, Negl.

E

F-Z 

T: 229 
P: 0

474

561

F-S
T.
P:

‘ LIC.HT OILS.

p 3.44 Ibs/hr E
V-q BOTTOMS MIP

S-7 
T: 94 
P-- 15 itorr
rsi.si W71 A.-ZA

A-ZC
Cold
trap

J-l EXHAUST 0.57X ^ ir < ^ R RTGASESCOCO TRAP .
^ liquids"

V-8S,feoTTOKAS
0.59

NIP

LSx-Z VACUUM BOTTOMS 24.18
A- S A. OVERFLOW

157.79 [XI OP EM CLOSED TOTAL. 157.79

Numbers in parentheses are not included in the totals.



PROJEC! LIGNITE 
ADJUSTED MATERIAL BALANCE

Normalized with Forced Carbon Balance by Adjusting S-4B oil/l^O ratio
Revised: 12/22/77

Run No:
Date:
Time:

L-1E
7/22-23/77
1330-0130

SUMMARY
Temperature: 721 F 
Pressure: 2500 psig 
LHSV: 1.46 
GHSV: 304

STREAM DESCRIPTION

SAMPLE POINT

TotalIn___ Total _ __Out__
NetYield

JTTHSP—Lignite

Hydrogen - H2 1.20 1.04 -0.16
K

Carbon Monoxide-CO 15.06 6.95 -8.11
Carbon Dioxide-C02 15.49 15.49
Hydrogen Sulfide-H2S 0.17 0.17
Methane - CH4 1.21 1.21 • 9.47 30.98
Ethane- C2H# 0.54 0.54
Propane- CSH8 0.33 0.33
Butane - C4H10

Nitrogen-Nz 0.21 0.17 -0.04
Ammonia- NHb 0.04 0.04

6,72 12.14 5.42
80.97 81.76 0.79 ■ 21.89 71.60

H.nwv mi (230-255-^Heavy Oll-^, 6 Torr) 4.93 3.52 -1.41
SRL 17.09 17.09
Cool (MAE) 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-

co3o

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 dlff) 32.30 32.22 -0.08
Ash 2.72 2.56 -0.16

TOTAL 157.79 157.79 -0-
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PROJEC! LIGNITE
MEASURED & ADJUSTED MATERIAL BALANCE

Revised: 12122/11

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

MATERIAL IN

Ibs/hour

Temperature: 721°F 
Pressure: 2500 psig 
LHSV: 1.46 
GHSV: 304

STREAM DESCRIPTION

SAMPLE POINT

Feed
Gas__
Sx-21

Lignite
Sx-1

—Fiia—Solvent TotalIn
Sx-14

Hydrogen - 1.20 1.20

Carbon Monoxide-CO 15.06 15.06
Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane - CH4

Ethane - C2H#

Propane- CSH$

Butane - C4H|o

Nitrogen-N2 0.21 0.21
Ammonia-NHS

Light Oil-^-'0^® 6.72 6.72
.... -re0®"0® 80.97 80.97nll r23'0"-255°CHeavy Oil-@| 6 Torr) 4.93 4.93
SRL

Coal (MAP) 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
Sul fur 0.25 1.49 1.74
Oxygen (by dlff) 8.61 20.52 3.17 32.30
Ash 2.72 2.72

TOTAL 16.47 48.36 92.96 157.79
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PROJEC! LIGNITE 
ADJUSTED MATERIAL BALANCENormalized with Forced Carbon Balance by Adjusting S-4B Oil/l^O Ratio

Revised: 12/22/77
Run No:
Date:
Time:

L-1E
7/22-23/77
1330-0130

MATERIAL OUT 
Ibs/hour

Temperature: 721°FPressure:2500 psig
LHSV: 1>46 
GHSV: 304

STREAM DESCRIPTION Product
Gas

s-4a
Oyhd___
Sx-30

Btms
—STB----

Ovhd
----- S=E--------

Btms
“1=1
Exhaust

SAMPLE POINT Sx-19 calc. Sx-44 Sx-16 Sx-32
Hydrogen - H2 0.97 0.06 0.01

Carbon Monoxide-CO 6.49 0.40 0.06
Carbon Dioxide - C02 12.36 2.68 0.45
Hydrogen Sulfide-H2S 0.11 0.06
Methane - CH4 1.09 0.11 0.01

Ethane- CjH* 0.42 0.10 0.02

Propane- CSH# 0.22 0.09 0.02

Butane - C4H10

Nitrogen-N2 0.15 0.02
Ammonia-NHs 0.01 0.01 0.02
Light Oll-lfg'OJVj® 1.75 4.53
.....-‘ISPtIS"'® 1.84 0.13

fill (23(3-"255°CHeavy OII-@|i6 Torr) 0.21 0.21

SRL

Coal (MAP)

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 dlff) 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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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

r

v.

Normalized with Forced Carbon Balance by Adjusting S-4B Oil/HoO Ratio
Revised: 12/22/77

Run No:
Date:
Time:

L-1E
7/22-23/77
1330-0130

MATERIAL OUT 
Ibs/hour

Temperature: 721°F 
Pressure: 2500 psig 
LHSV: 1.46 
GHSV: 304

stream description

SAMPLE POINT

Cold
Trap____
Sx-33

F-l 
 Btms
Sx-2

•«r Recycle S-7 Btms Solvent-- >F-2 Btms TotalOut
Sx-39 Sx-12

Hydrogen - Hj 1.04
Carbon Monoxide-CO 6.95
Carbon Dioxide-C02 15.49
Hydrogen Sulfide-H2S 0.17
Methane - CH^ 1.21
Ethane- CgHg 0.54
Propone- CjHj 0.33
Butane - C4H10

Nitrogen-Nj 0.17
Ammonia-NHj 0.04
Light Oll-^i1^® 0.12 5.74 12.14

0.40 3.54 72.48 3.37 81.76~ (230-255XHeovT OI|-@L6Torr) 3.03 0.07 3.52
SRL 17.09 17.09
Cool (MAP) 0.99 0.99
Ash 2.56 2.56
Water 0.07 0.56 13.79
Phenol

TOTAL 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

Sulfur 0.01 0.23 1.46 0.06 1.97
Oxygen (by dlff) 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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Updated: 12/22111

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

PROJECT LIGNITE
SAMPLE ANALYSIS

sample description FeedCoal F-lBtms MakeupSolvent F-2Btms FeedSolvent- S-8Oil
SAMPLE POINT Sx-1 Sx-2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide —C02

Hydrogen Sulfide-H2S

Methane -CH4

Ethane-CzHs

Propane-C^Hs

Butane-C4H|0
Nitrogen-N2

Ammonia —NHS (PPM)

3.73 7.23 91.86
14.62 89.50 98.00 87.10 2.60

H«»» 6.70 2.00 5.30 4.30
SRL 70.70
Coal (MAP) 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 Solubles^’ f% 95.42
Melting Point °F 290
Specific Gravity 60/60 .1.040 1.032 1.054
Viscosity, cp

Carbon 44.25 78.20 87.39 88.49 86.93 78.57
Hydrogen 6.55 5.04 8.16 8.29 7.84 10.17
Nitrogen 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 diff) 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 Sample Avg, 2 2 2 2 2 2
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Updated: 12122/71
Run No: L-1E 
Date: 7/22-23/77
Time: 1330-0130 WEIGHT PERCENT

PROJECT LIGNITE
SAMPLE ANALYSIS

SAMPLE DESCRIPTION Water *"3=3-----Total ProductGas PeedGas Oil ----Water
SAMPLE POINT Sx-16 Sx-16 Sx-19 Sx-21 Sx-23 Sx-23
Hydrogen -H2 4.44 7.28
Carbon Monoxide-CO 29.73 91.46
Carbon Dioxide-C02 56.63
Hydrogen Sulfide-HjS 0.51
Methane -CH4 5.01
Ethane-CiHs 1.95
Propane-C3 He 0.99
Butane-C4HI0

Nitrogen-N2 0.70 1.26
Ammonla-NHs (PPM) 0.04 0.12

91.86 45.37
2.60 47.50
4.30 5.50

SRL

Coal (MAP)

Ash

Water 100 1.24 1.63 99.88
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^’f%j

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 Avg. 2 2 2 2 2 2
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Updated:12/22177

PROJECT LIGNITE
SAMPLE ANALYSIS

Run No: 
Date:

L-1E
7/22-23/77

SAMPLE DESCRIPTION --------Total —-------Ovhd inDisch. ColdTran S-4AOil -m---------Water
SAMPLE POINT Sx-23 Sx-30 Sx-32 Sx-33 Sx-37 Sx-37
Hydrogen -H2 1.85 0.83
Carbon Monoxide-CO PQ 11.32 10.77
Carbon Dioxide-C02

'j
1w 5 75.86 79.76

Hydrogen Sulflde-H2S O M
W H 1.60

Methane -CH« < w hJ 0 3.10 2.27
Ethone-CzHs

'—1 MHu T. iJ 0 2.72 3.03
Propone-CsHg

ua 2.53 3.34
Butane —C4H10

w
wCO

Nifrogen-N2 0.63
Ammonio-NH, (PPM) 0.10 0.39 0.20

5.90 19.88 52.85
6.18 68.31 42.98

Heavy Oil-^^C 0.71 3.30
SRL

Coal (MAP)

Ash

Water 87.11 11.81 0.87 99.80
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^ ^

Melting Point °F

Specific Gravity 60/60 0.975
Viscosity, cp

Carbon 10.76 32.11 33.22 76.93 83.29
Hydrogen 10.86 3.79 2.62 8.51 9.55 11.33
Nitrogen 0.12 0.95 0.40 0.23 . 0.16
Sulfur 0.13 1.51 0.98 0.90
Oxygen (by diff) 78.13 61.64 64.16 13.18 6.03 88-71
Ash

TOTAL 100 100 100 100 100 100

Number of Sample Avg. 2 2 2 5 2 2
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Updated: 12/22/77

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

PROJECT LIGNITE
SAMPLE ANALYSIS

sample description Total MKSAS
SAMPLE POINT Sx-37 Sx-39 Calc.

Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane -CH4

Ethane-CzHe

Propone-C^Hs

Butane -C4H10

Nitrogen-N2

Ammonia —NHS (PPM) 0.09
Light Oil.-{0-,00;rf@

52.59 7.02 10.38

42.77 88.60 10.86

""ISBrSK*1
3.28 3.70 1.26

SRL

Cool (MAP)

Ash

Water 1.36 0.68 77.41
Phenol

TOTAL 100 100 100

Pyridine Solubles^* f%,

Melting Point °F

Specific Gravity 60/60 1.052
Viscosity, cp

Corbon 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 diff) 6.44 4.23 70.03
Ash

TOTAL 100 100 100

Number of Sample Avg. 2 2 -
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Updated: 12/ll/Tl
Run No: L-1E 
Date: 7/22-23/77
Time: 1330-013"MOLE PERCENT

PROJECT LIGNITE
SAMPLE ANALYSIS

sample description ProductGas ---FeeH--Gas —---Ovhd "~J=T---------Disch.
SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen -Hz 44.27 52.35 26.50 14.16
Carbon Monoxide-CO 21.19 47.00 11.60 13.12
Carbon Dioxide-C02 25.69 49.45 61.84
Hydrogen Sulfide-H2S 0.30 1.35
Methane -CH4 6.25 5.55 4.84
Ethane-CzHs 1.30 2.60 3.45
Propane-C^H# 0.45 1.65 2.59
Butane-C4H|0

Nitrogen-N2 0.50 0.65 0.65
Ammonia —NHj (PPM) 0.05 0.65

Soivent-^^C®
on-as-s^

SRL

Coal (MAP)

Ash

Water

Phenol

TOTAL 100 100 100 100
Calc. Mole Wt. 19.96 14.39 28.68 34.12
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
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PRO.ISCT LIGNITE 
SAMPLE ANALYSES 
RUN NO; L-1E 
DATE: 7/22-23/77
TIME: 1330-0130

SAMPLE DESCRIPTION F-l Btms Ilakeup Solv LEG Btms 1 ’eed Solv. S-8 Oil
SAMPLE POINT Sx-2 Sx-8 Sx-12 Sx-14 Sx-16

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5 5

IBP 
p 5%

10%
73.5 150 67
134 155.5 106

164 161.5 133
f. 20%
2 30%LU UJg 40% ^
ff 50% S
ui 60% £
5 70% |3 80% £

187 165.5 165
193 172.0 180
198 179.0 187
203 182.6 193
208 187.4 198
218 193.2 205
226 197.5 212

> 90%
^95 %
DRY PT.

240 210.0 228
252.5 229.5 249
260 233.2 260

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 742

IBP
r- 5%10%

--- * 67
79
84

£ 20% -o
S 30% J
5 40% «Q. 50% 3
lu 60% 2
| 70% %

£ 80% u

158
186
200
210
223
235
246

> 90%
^*95 %
DRY PT. ---- »

260
290
290

ASPHALTENE TEST
WT % ASH 10.58
WT % UNCONVERTED COAL 4.10
WT % PRE-ASPHALTENES 37.68
WT % ASPHALTENES 20.44
WT % MALTENES 8 DIST OIL 27.20TOTAL 100.00

SAYBOLT VISCOSITY, SSU100° F 15.7 13.0 14.0
210° F 9.2 8.5 8.7

MISCELLANEOUS
KF HjO WT%(Raw Sx) 0.07 0.09 0.37 1.24
INFRARED RATIO 0.35 0.28
SP. 6RAV. 60/60 F 1.040 1 .032 ____1.054-

PREASPHALTENES - PYRID I NE 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-l VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE
SAMPLE ANALYSES
RUN NO: L-1E
DATE: 7/22-23/77
TIME: 1330-0130

SAMPLE DESCRIPTION S-4B Oil S-4A Oil Recycle S< lv.
SAMPLE POINT Sx-23 Sx-37 Sx-39

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5

IBP 68
r~* 5% 105
10% 131
20% “ 164

2 30% - 178
g 40% “
IP 50% t

186
194

60% a 198
S 70% | 204
3 80% w 210> 90 % K 226'-*95% 247

DRY PT. L 263
ASTM D-06 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 747 752
IBP —’ 84 79

—► 5%
10%

147.5 182
182 192

£ 20% o 205 216
o 30 % 228.5 254
« 40% r 258 280S 50% w 78A 290
lj 6 0 % i c 312 316
§ 70% a 336 340
J 80% S 362 355
> 90% 360
^-*95 %

DRY PT. '-- » 362 360
ASPHALTENE TEST

WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES Q DIST OIL

TOTAL
SAYBOLT VISCOSITY. SSU

100° F 14.4
210° F 8.5

MISCELLANEOUS
KF HjO WT%{Raw SO 1.63 0.87 0.68
INFRARED RATIO 0.36
SP. GRAV. 60/60 F 0.975 1.052

PREASPHAITENES - 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 0% POR THE F-l VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 12/22/77

Run No: l-IE 
Date: 7/22-23/77
Time: 1330-0130

MATERIAL OUT

Ibs/hour

Temperature: 721°F 
Pressure: 2500 psig 
LHSV: 1.46 
GHSV: 304

STREAM DESCRIPTION

SAMPLE POINT

Product Gas __
' 'sx-19

S-4AOvhd
'Sx-30 " '

S-4B
Btms

---------
Ovhd SFS-------Btms J=I----

Exhaust
Sx-23 Sx-44 Sx-16 Sx-32

Hydrogen - H2 0.96 0.06 0.01
Carbon Monoxide-CO 6.44 0.40 0.06
Carbon Dioxide-C02 12.26 2.65 0.45
Hydrogen Sulfide-H2S 0.11 0.06
Methane - CH4 1.09 0.11 0.01
Ethane- C*H# 0.42 0.10 0.02
Propone- C jHs 0.21 0.09 0.02
Butane — C4H10

Nitrogen-N2 0.15 0.02
Ammonia-NHs 0.01 0.01 0.02
Light Oll-^g10^® 0.99 4.49
s“»»’-(!060t^Tc® 1.04 0.13
Hea^ OI|-©L6To5*r: 0.12 0.21
SRL
Coal (MAP)

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
Sulfur 0.10 0.05 0.01 0.02
Oxygen (by dlff) 12.60 2.16 13.12 0.52 0.37
Ash

TOTAL 21.65 3.50 16.79 Negl. 4.89 0.57
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Run No: l-1E 
Date: 7/22-23/77
Time: 1330-0130

MATERIAL OUT

PROJEC; LIGNITE
MEASURED MATERIAL BALANCE

Revised: 12/22/77

Ibs/hour

Temperature: 721°F 
Pressure: 2500 psig 
LHSV- 1-46 
GHSV:304

STREAM DESCRIPTION

SAMPLE POINT

Cold 
Trap__
Sx-33

F-l
_ Btms

Sx-2

^Recycle
S-7 Btms

Solvent—$■
F-2 Btms

Total
Out

Sx-39 Sx-12
Hydrogen - H2 1.03
Carbon Monoxide-CO 6.90
Corbon Dioxide - C02 15.36
Hydrogen Sulfide-H2S 0.17
Methane - CH4 1.21
Ethane- C2 H# O. 54
Propane- CsH# 0.32
Butane - C4H|0

Nitrogen-Nj 0.17
Ammonia-NH8 0.04
Light Oil-^-'O^® 0.11 5.74 11.33
S«''*»'-(|060T?,3,TC® 0.40 3.51 72.48 3.37 80.93

ol'-@L6"ro5*r: 3.03 0.07 3.43
SRL 16.96 16.96
Coal (MAE) 0.98 0.98
Ash 2.54 2.54
Water 0.07 0.56 15.31
Phenol

TOTAL 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
Sulfur 0.23 1. 46 0.06 1.93
Oxygen (by dlff) 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 7/28-29/77

TEMPERATURE °F PRESSURE, psig
PREHEATER E-l

SAND RATH 723
PREHEATER E-13

DOWTHFRM 596
SEPARATORS S-l and S-2 

2500
INI FT 305 INI FT 80 SEPARATOR S-3

273OUTLET 715 OUTLET 565

DISSOLVERS
R-IA m 770

LIGHT ENDS COLUMN, F-2
RFROM FR 406

SEPARATORS S-4A and S-4B 
62

VACUUM FLASH, F-l
14 Torrf?) 811 LOWER SECTION 526

804 FEED SECTION . 450 LIGHT ENDS COLUMN, F-2
0(4) 828 OVFRHFAD 213

r-ib m R-R 85 SOLVENT COLUMN, F-3
NIU(2) S - 9

(3)
(4) SOLVENT COLUMN F-3

REBOILER NIU
LOWER SECTION

HEAVY ENDS COLUMN, F-4
NTTI

REACTOR PRODUCT SEPARATORS
S-l 614

VACUUM FLASH, F-0
14 Torr

FEED SECTION SETTLING TOWER, V-8
300S-? 80 OVERHEAD .

463

S-4A 82 HEAVY ENDS COLUMN, F-4
RFROII FR NIU

RECOVERY TOWER, V-7
2

S-4R 79

PREHEATER E-ll
DOWTHERM 677

LOWER SECTION
FEED SECTION
OVERHEAD

INLET 365:
OUTLET 650

VACUUM FLASH F-l
OVFRHFAD VAPOR 507

UPPER WAI t 627
LOWER WAI 1 593

VACUUM FLASH,F-0
OVERHEAD. 440
BOTTOMS 495

PRECIPITATION TOWER, V-8
7 ON E (1) 417

DOWNCOMER 439 (?) 41 ft
CONDENSATE

ACCUMULATOR,S-7 86
(3)____ 428_____

RECOVERY TOWER V-9
REBOILER 493^

OVERHEAD___ 330. .
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OajVt Rua
Xi'V'C O'? R-V»n 
Leno^fi of ftun

S-to-r-t- £oJ Wo'- L-l.F
7/28/77 7/29/77 Un.'-t-s: Ibs/hr,°F, psig
2100 0900 Prep- Bv* BCL & GGB

12 hrs. Updo.irJ-- 1/4/78
Hours on Cotti o-t- £nj of Y- P- | 313.9

MASS RATES AKJP RUKJproduct<-as-jnoCOMDITIOMS ----------------- 24.66

-0- Recycle gas 
17.20 makeupgasI~~| 
50.26 lignite

0tL1

(-12.55) 
Negl.

MAKEUPq^IJEolvemt ^

252.39 TO'TA.L. 1X3 OPEW M closed
Numbers in parentheses are not included in the totals.

TCTTAt_ 252^39
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PROJECT I IGNITE
ADJUSTED MATERIAL BALANCE

Normalized
Revised: llb/7%

Run No: L-1F 
Date:
Time: 2100-0900

SUMMARY

Ibs/hour

Temperature: 715°F 
Pressure: 2500 psig 
LHSV: 1.44 
GHSV: 323

Stream Description ■T^tST "Total
Out

Sample Point
Hydrogen - Hp 1.30 1.07 -0.23
Carbon Monoxide - CO 15.68 7.23 -8.45
Carbon Dioxide - CO? 18.53 18.53
Hydrogen Sulfide - H?S 0.18 0.18
Methane - CH4 1.40 1.40
Ethane - CoHa 0.64 0.64 > 12.53 40.24
Propane - ClHc ■Q. 48 JLM-
Butane - C/|Hip
Nitrogen - N? 0.22 0.16 -0.06
Ammonia - NHt(lBP-2550C @1.(3Dtstillable Oil Torr)

0.04 0.04
184.63 185.91 1.28

SRL 16.20 16.20
17.48 56.13

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

To t a 1 252.39 252.39 -0-

Carbon
Hydrogen
Nitrogen

.Oxygen (by diff)
Ash

To t a 1
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PROJir.T LIGNITE
MEASURED & ADJUSTED MATERIAL BALANCE

Revised: \lkll%

Run No: L-1F
MATERIAL IN

Temperature: 715°F
Date: 7/28/77 Pressure: 2500 psig
Time: 2100-0900 LHSV: 1.44

Ibs/hour GHSV: 323
Stream Description FeedGas Lignite Sofvent Tofuene TotalIn
Sample Point Sx-21 Sx-1 Sx-14 Sx-40
Hydrogen - Ha 1.30 1.30
Carbon Monoxide - CO 15.68 15.68
Carbon Dioxide - COp
Hvdrogen Sulfide - H9S
Methane - CH4
Ethane - C9Hfi
Propane - Calls
Rnrnne - C/|H]q
Nitrogen - N9 0.22 0.22

Ammonia - Nila
(IBP-255°C @1.6Distillable Oil Torr) 93.57 91.06 184.63

SRL
Coal (MAP) 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

Carbon
Hvdroeen
Nitrogen
Sul fur
Oxvecn (bv diff)
Ash

Total
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PROJl'iCT LIGNITE

Run No: L-1F 
Date: 7/28/77
Time: 2100-0900

ADJUSTED MATERIAL BALANCE 
Normalized 
Revised: 1/4/78

Temperature: 715°F 
Pressure: 2500 psig 
LHSV: 1.44 
GHSV: 323

MATERIAL OUT

Ibs/hour
Stream Description product Ovhd S-4BBtms o5>,3 iiL j-r=—Exhaust
Sample Point Sx-19 Sx-30 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - 112 1.00 0.06 0.01

Carbon Monoxide - CO 6.74 0.44 0.05
Carbon Dioxide - COp 14.63 3.29 0.61
Hvdrogen Sulfide - H?S . 0.12 0.06
Methane - CII4 1.24 0.14 0.02

Ethane - CpHfi 0.50 0.12 0.02

Prooane - C'Ufg 0.79 0.1 5 0.04
Butane - C/|Hio
Nitrogen - Np 0.13 0.03
Ammonia - NHp 0.01 0.01 0.01 0.01

(IBP-255°C 01.6Distillable Oil Torr) 0.34 10.04
SRL
Coal (MAF)
Ash
Water 9.40 4.84
Phenol

Total 24.66 4.30 9.75 Negl. 14.89 0.75

Carbon
Hvdrogen
Nitrogen
Sulfur
Oxvecn (bv diff)
Ash . .

Total
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Temperature: 715°F
Pressure:2500 psig
LHSV: 1.44 
GHSV: 323

1’ROJl 1' EIGNLTL5
ADJUSTED MATERIAL BALANCE

Normalized
Revised: 1/4/78

Stream Description ColdTrap
—--TO—

Btms Btms ovKjr £FS?SF'“ms

Sample Point Sx-33 Sx-2 7 Sx-2 Sx-28 Sx-39 sx-12
Hydrogen - Ii2
Carbon Monoxide - CO
Carbon Dioxide - CO?
Hvdrogen Sulfide - H?S
Methane - CH4
Ethane - C?Hfi
Propane - CaHfi
Butane - C/|Hio
Nitrogen - N?
Ammonia - Nil?

(I15P-255UC 01.6Distillable Oil Torr) 0.60 11.42 3.75 78.51 72.16 9.09
SRL 5.49 10.71
Coal (MAP) 2.36 0.42
Ash 2.22 1.02

Water 0.08 0.21

Phenol

Total Q..63.....21..-.49, 15.90 78.51 72.37 9.09

Carbon
Hvdrogen
Nitrogen
Sulfur
Oxvgen (bv diff)
Ash

Total

Run No: 
Date: 
Time:

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

MATERIAL OUT

Ibs/hour
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized
Revised: 1/4/78

Run No: L-1F 
Date: 7/28/77
Time: 2100-0900

MATERIAL OUT

Ibs/hour

Temperature: 715°F 
Pressure: 2500 psig 
LHSV: 1-44 
GHSV: 323

Stream Description ‘TotalOut
Sample Point
Hydrogen - Il2 1.07
Carbon Monoxide - CO 7.2.3
Carbon Dioxide - COp 18.53
Hydrogen Sulfide - H?S 0.18
Methane - CH4 1.40
Ethane - C?H^ 0.64
Propane - CaHs n. 48
Butane - C/|H^o
Nitrogen - N? QJJ
Ammonia - NHp "3Cc

(T BP-2550C TT76Distillable Oil Torr) 185.91
SRL 16.20
Coal (MAF) 2.78
Ash 3.24
Water 14.53
Phenol

Total 252.39

Carbon
Hydrogen
Nitrogen
Sulfur
Oxvoen (bv diff)
Ash

Total
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: <0.1 KCT UCNITE 
::AMPLE ANALYSTS
Undated: \lkll%
Run No: L-1F 
Hate: 7/28/77
Time: 2100-0900 WEIGHT PERCENT

Sample Description Lignite
F-lBtms MakeupSolvent LEGBtms FeedSolvent S-8Oil

Sample Point Sx-1 *Sx-2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen - H2

Carbon Monoxide - CO
Carbon Dioxide - COp
llvdroi’.en Sulfide - IbS
Methane - CH4
Ethane - C2Hf,
Propane - C;jHb
Butane - CAllin
Nitrouen - N7

Ammonia - Nila (PPM)
(1BP-255°C @1.6Distillable Oil Torr) 23.57 99.80 100 99.68 100

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.S. (Ash-free 97.16
Melting Point 242
Specific Gravity 60/60 1.040 1.032 1.033
Viscosity, cp

Carbon
Hvdrogen
Nitrogen
Sulfur
Oxvgen (bv diff.)
Ash

Total
Number of Sample Avg. 2 2 2 2 2 2
*Distillable oil calculated by following equation:
Wt % Distillable Oil = -0.1273 (F-l Btms Melting Point) + 54.38 
See graph.
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1 i’.OJECT LICNLTE 
-AMPLE ANALYSIS

updated: 1/4/78
Run No: L-1F 
Date: 7/28/77
Time: 2100-0900 WEIGHT PERCENT

Sample Description S-8Water S-8Total ProductGas PeedGas S-"5T5 1Oil -- -------Water
Sample Point Sx-16 Sx-16 Sx-19 Sx-21 Sx-23 Sx-23
Hydrogen - W'l 4.07 7.55
Carbon Monoxide - CO 27.32 91.16
Carbon Dioxide - CO9 59.31
Hvdroeen Sulfide - HoS 0.49
Methane - CH4 5.04
Ethane - CoHf, 2.02

Propane - C3Ha 1.16
butane - CaIIid
Nitroeen - N7 O. SA 1.29
Ammonia - Nila (PPM) 0.13 0.04 0.05 0.13

(IBP-255°C 0i.fiDistillable Oil loir; 67.43 100

SRL
Coal (MAP)
Ash
Is'a ter 99.87 32.53 99.87

Total 100 100 100 100 100 100

P.S. (Ash-free
Melting Point
Specific Gravity 60/60
Viscosity, cp

Carbon
Hvdrogen
Nitrogen
Sul fur
Oxvgen (bv diff.)
Ash

Total
Number of Sample Avg. 2 2 2 2 - 2
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UUKCT UCNLTli 
AMPLE ANALYSIS

' Delated: l/blVi

:\ua No: L-1F 
DaLo: 7/28/77

2100-0900 WEIGHT PERCENT *
Samp It: Oescr ipt ion

-- Total V-8Btms v-9Ovhd S^ZTAOvhd
J-l

Disch.
Cold

Trap
Sanmlc Point Sx-23 *Sx-27 Sx-28 Sx-30 Sx-32 Sx-33
Hydrogen - H'2 1.42 0.68

Carbon Monoxide - CO 10.24 6.22

Carbon Dioxide - CO7 76.50 82.00
Hvdroeen Sulfide - II7S 1.44
Methane - CH4 3.19 2.18
Ethane - CyHf, 2.79 3.23
Propane - C3IIR 3.59 5.69
Butane - CaUid
Nitrouen - No 0.69
Ammonia - Nila (PPM) 0.13 0.14

(IBP-255°C Ol.A Distillable Oil lorr) 3.43 S3.14 100 88.19
SRL 25.55
Coal (MAF) 10.98
Ash 10.33
Water. 96.44 11.81

Total 100 100 100 100 100 100

P.S. (Ash-free
Melting Point
Specific Gravity 60/60
Viscosity, cp

Carbon
Hvdrogen
Nitrogen
Sulfur
Oxygen (bv diff.)
Ash

Total
Number of Sample Avg. - - - 2 2 2

*Composition calculated by mass balance around area 03.
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1'i.OJ ECT I.ICNITE 
SAMPLE ANALYSIS
Updated: IlkllQ

Run No: 
Date:
T ime:

L-1Fvum
2100-0900 WEIGHT PERCENT

Sample Description Recycle
Solvent

Deashlng  Solvent-
Sample Point Sx-39 Sx-40
Hydrogen - \\2

Carbon Monoxide - CO
Carbon Dioxide - CO?
Hvdrogen Sulfide - H?S
Methane - CH&
Ethane - CgHfi
Propane - C^Hr
Butane - C/.Hin
Nitrogen - N2
Ammonia - NHt (PPM)
Distillable Oil(IBP-255 C @1.61 ’ - Torr; 99.71 100
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
Hvdrogen
Nitrogen
Sulfur
Oxvgen (bv diff.)
Ash

Total
Number of Sample Avg. - -
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 1/4/78
Run No: 
Date:

L-1Fimm
SAMPLE DESCRIPTION i'roauccGas feeaGAs S-4AOvhd —n---------Disch. V

SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen -Hz 42.39 53.35 21.80 12.19
Carbon MonoxIde-CO 20.30 46.00 11.20 7.94
Carbon Dioxide —C02 28.05 53.25 66.55
Hydrogen Sulfide-H2S 0.30 1.30
Methane-CH« 6.55 6.10 4.86
Ethane-CjHe 1.40 2.85 3.84
Propane-C^He 0.55 2.50 4.62
Butane-C4H10

Nitrogen-N2 0.40 0.65 0.75
Ammonla-NH] (PPM) 0.06 0.25

H-- —aBref6
SRL

Coal (MAE)

Ash

Water

Phenol

TOTAL 100 100 100 100
Calc Mole Wt 20.81 14.13 30.63 35.71
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

-174-
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PROJECT LIGNITE 
MEASURED MATERIAL BALANCE

Run No: L-1F

Revised: 1/4/78

MATERIAL OUT
Temperature:715°F

Date: 7/28/77 Pressure :2500 psig
Time: 2100-0900 LHSV: 1.44

Ibs/hour GHSV: 323
Stream Description ProductGas rts-4AOvha S-4BBtms Svfid Btms Exhaust
Sample Point Sx-19 >x-30 1 5x-23 Sx-44 Sx-16 Sx-32
Hydrogen - H2 0.99 0.06
Carbon Monoxide - CO 6.65 .0.43 0.05
Carbon Dioxide - CO? 14.44 3.24 0.61
Hydrogen Sulfide - H?S 0.12 0.06
Methane - CH4 1.23 0.14 0.02

Ethane - C?Hfi 0.49 0.12 0.02

Prooano - Cilia 0.28 0.15 0.04
Butane - C/,H]g
Nitrogen - N? 0.13 0.03
Ammonia - Nlli 0.01 0.01 0.01 0.01

(IBP-255UC @1.6Distillable Oil Torr) 0.33 9.91
SRL
Coal (MAF)
Ash
Water 9.28 4.78
Phenol *

Total 24.34 4,24 9.62 Neel. 14.70 0.74

Carbon
Hydrogen
Nitrogen
Sulfur
Oxveon (bv diff)
Ash

Total
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MATERIAL OUT

PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 1/4/78

Run No: L-1F 
Date: 7/28/77
Time: 2100-0900

Ibs/hour

Temperature: 715°F 
Pressure: 2500 psig 
LHSV: 1.44 
GHSV: 323

Stream Description ■ Cold-" Trap —V-8----Btms =Btms " V-9Ovhd RecycleS-7 Btms Solvent-^ F-2 Btms
Sample Point Sx-33 Sx-27 Sx-2 Sx-2 8 Sx-39 Sx-12
Hydrogen - H2

Carbon Monoxide - CO
Carbon Dioxide - COy
Hydrogen Sulfide - H?S
Methane - CII4
Ethane - Cyllfi
Propane - C^Hs
Butane - C4H10
Nitrogen - N?
Ammonia - NHi(lBP-255°C 01.6Distillable Oil Torr) 0.59 11.27 3.70 78.51 72.16 9.09
SRL 5.42 10.56
Coal (MAF) 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

Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by diff)
Ash

Total
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MATERIAL OUT
Run No: l-1F 
Date: y/28/77 
Time: 2100-0900

PROJECT ! IGNITE
MEASURED MATERIAL BALANCE

Revised: 1/4/78

Stream Description TotalOut
Sample Point
Hydrogen - Ily 1 .05
Carbon Monoxide - CO 7.13
Carbon Dioxide - CO? 18.29
Hydrogen Sulfide - H?S 0.18
Methane - CH4 1.39
Ethane - C?Il6 0.63
Propane - CaHfi 0.47
Butane - C^H^q
Nitrogen - N? 0.16
Ammonia - NH? 0.04'(iBP-255°Ginrr6iDistillable Oil Torr) 185.56
SRL 15.98
Coal (MAE) 2.75
Ash 3.20
Water 14.35
Phenol

Total 251.18

Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (bv diff)
Ash

Total

Ibs/hour

Temperature: 715°F 
Pressure: 2500 psig 
LHSV: 1.44 
GHSV: 323

-178-



RUN CONDITIONS
RUN NO. L-1H 
DATE MADE 8/1/77

TEMPERATURE °F PRESSURE, psig
PREHEATER E-l

SAND BATH 758
PREHEATER E-13

DOWTHFRM 596
SEPARATORS S-I and S-2 

2500
INI FT 319 INI FT 75 SEPARATOR S-3

296OUTI FT 736 OUTI FT 565

DISSOLVERS
R - 1 A m 7^5

LIGHT ENDS COLUMN, F-2
RFROII FR 399

SEPARATORS S-4A and S-4B 
60

VACUUM FLASH, F-l14 Torr(21. 761 LOWER SECTION . 468
(3) 770 FFFO SECTION . 416 LIGHT ENDS COLUMN, F-20(4) 823 OVERHEAD 190

R-18 (1)

O
N

1̂
.CO1

CO SOLVENT COLUMN, F-3
NIU(2) s - 9

(3)

(4) SOLVENT COLUMN, F-3
REBOILFR NIU

LOWER SECTION

HEAVY ENDS COLUMN, F-4
NIU

REACTOR PRODUCT SEPARATORS
S-i _ 622

VACUUM FLASH, F-0
NIU

FFFO SECTION SETTLING TOWER, V-8
NIUs-? 80 OVERHEAD

S-3 *67 _
S-4 A. 80 HEAVY ENOS COLUMN F-4

RFROII FR

RECOVERY TOWER, V-7
NIU

S-4R 74

PREHEATER E-ll
DOWTHFRM 646

1 OWFR SECTION

FEED SECTION
OVERHEAD

INLFT . 432
OUTIFT 626

VACUUM FLASH F-l
OVFRHEAD VAPOR 505
UPPFR WAI 1 617
1 OWFR WAI 1 610

VACUUM FLASH,F-0
OVERHEAD NIU
BOTTOMS

PRECIPITATION TOWER, V-8
7 ONF m NIU

DOWNICOMFR. 434 (?)
CONDENSATE

ACCUMULATOR^-? 83
(3)

RECOVERY TOWER V-9
RFROII FR NIU
OVERHEAD

-179-



Dote o-£ Ron
Ti^e R-Un
Lcno'fh of Run

S tOLT 1- £ oj Ron Wo-- T.-1H
R/1/77 ^/1/77 Un.’+s: Ibs/hr.°F. psik

0130 1330 Prep- &v* BCLt St GGB
12 hrs. Updo-tech 1/24/78

Ho^ns on CooJ o.t' CnJ of Y» P. | 354.9

MASS RATES AMP ^L)MpRODUCT-f-p thermal 
COMPITION1S ^ ->Q p^putrr^GAs to re.c-yc.le

22.01

[X3 opem >4 cv-oseo

Numbers in parentheses are not included in the totals.
159.76 TOTAL- TOTAL 159-16
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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

Normalized
Revised: 1/24/78

Run No: L-1H SUMMARY Temperature: 7360F
Date: 8/1/77 Pressure: 2500 psig
Time: 0130-1330

Ibs/hour
LHSV: 1.43
GHSV: 328

Stream Description TotalIn TotalOut TIE W^MAF

Sample Point
Hydrogen - H2 1.34 1.13 -0.21
Carbon Monoxide - CO 15.75 9.56 -6.19
Carbon Dioxide - CO9 12.81 12.81
Hydrogen Sulfide - H?S 0.17 0.17
Methane - CH4 0.89 0.89
Ethane - CsHa 0.60 0.60 ■ 8.45 27.04
Propane - C^Hs 0.35 0.35
Butane - C/,H;[Q
Nitrogen - N? 0.15 0.15 -0-
Ammonia - NH^ 0.03 0.03

(IBP-255“C @1.6Distillable Oil Torr) 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
.Sulfur
Oxygen (bv diff)
Ash

Total
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PR0J1T LIGNITE
MEASURED & ADJUSTED MATERIAL BALANCE

Revised: 1/24/78

Run No: L-1H
MATERIAL IN

Temperature :736°F
Date: 8/1/77 Pressure-.2500 psig
T ime: 0130-1330 Ibs/hour

LHSV: 1.43
GHSV: 328
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Stream Description Gas Lignite FeedSolvent -Tjtai ’

Sample Point Sx-21 Sx-1 Sx-14
Hydrogen - 112 1.34 1.34
Carbon Monoxide - CO 15.75 15.75
Carbon Dioxide - CO?
Hydrogen Sulfide - H?S
Methane - CH4
Ethane - C?Hfi
Propane - CtHs
Butane - C/.Hin
Nitrogen - N? 0.15 0.15
Ammonia - NH?~ (I]JP-255°C @1.6Distillable Oil Torr) 90.36 90.36
SRL
Coal (MAF) 31.25 31.25
Ash 3.22 3.22
Water 17.26 0.43 17.69
Phenol

To t a L 17.24 51.73 90.79 159.76

Carbon
Hvdroaen
Nitrogen
Sulfur
Oxveon (bv diff)
Ash

Total
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PROJIa.T LIGNITE 
ADJUSTED MATERIAL BALANCE 

Normalized 
Revised:

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

Ibs/hour GHSV: 328
r Stream Description 
Sample Point 
Hydrogen - H2
Carbon Monoxide - CO
Carbon Dioxide - CO?
Hydrogen Sulfide - H?S
Methane - CH4
Ethane - C?Hft
Propane - C^Hs

ProductGas
Sx-19

1.06
8.97

10.19
0.12
0.81
0.49
0.23

'~W
Sx-30
0.06
0.50
2.07
0.05
0.07
0.09
0.10

Sx-2 3 Sx-44

„S-8— Btms
Sx-16

ExhausT
Sx-32
0.01
0.09
0.55

0.01
0.02
0.02

Rutane - C/|H^q

Nitrogen - N?
Ammonia - NH7
(IBP-255UC @1.6Distillable Oil Tore)

SRL,
Coal (MAF)

Ash
Water

Phenol

0.13
0.01

0.02
0.02
1.53

15.52

3.46

Total 22.01 2.96 17.07 Negl 3.46 0.70

Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (bv cliff)
Ash

To t a 1
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proj:.'/!: lignite
ADJUSTED MATERIAL BALANCE 

Normalized 
Revised: 1/24/78

MATERIAL OUT
Run No: L-1H 
Date: 8/1/77
Time: 0130-1330 Ibs/hour

Temperature: 736°F 
Pressure: 2500 psig 
LHSV: 1.43 
GHSV: 328

Stream Description GoldTran F-lBtms RecycleS-7 Btms Solvent—SfF-2 Btms

po

Sample Point Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H2 1.13
Carbon Monoxide - CO 9.56
Carbon Dioxide - CO? 12-J1]
Hydrogen Sulfide - H?S 0.17
Methane - CH4 0.89
Ethane - C?Hft 0.60
Propane - Calls 0.35
Butane - C/|Hiq
Nitrogen - N? 0.15
Ammonia -NHa 0.03(IBP-255”C @1.6Distillable Oil 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
Hydrogen
Nitrogen
Sulfur
Oxygen (bv diff)

Aaii;

Total
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 1/4/78

Run No: L-1H
Date: 8/1/77
Time: 0130-1330 WEIGHT PERCENT

Sample Description Lignite F-lBtms MakeupSolvent ft
 1 §u sSSSInt 13-----

Sample Point Sx-1 *Sx-2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen - H2
Carbon Monoxide - CO
Carbon Dioxide - CO9
Hvdroeen Sulfide - H?S
Methane - CHa
Ethane - CjHfi
Propane - C^Hg
Butane - C/,Hin
Nitrogen - N2

Ammonia - NHg (PPM)(IBP-255°C <h.6Distillable Oil Torr) 7.53 99.80 100 99.53 100
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
Oxygen (bv diff.)
Ash

Total
Number of Sample Avg. 2 2 2 2 2 2
*Distillable oil calculated using the following equation;:
Wt % Distillable oil = -0.1273 (F-l Btms melting point) + 54.38. 
See graph
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I’KOJECT LIGNITE 
SAMPLE ANALYSIS

Updated:l/h/78
Run No: L-1H 
Date: 8/1/77
Time: 0130-1330 WEIGHT PERCENT

*

a
>•r-
4-R
4.
•r-i.c2
c

Sample Description
—s=S----
Water

—S=ff—
Total

Product
Gas

Peed
Gas

-- 5=511--
Oil

—5--4B----
Water

Sample Point Sx-16 Sx-16 Sx-19 Sx-21 Sx-23 Sx-23
Hydrogen - H2 4.82 7.75
Carbon Monoxide - CO 40.77 91.35
Carbon Dioxide - COy 46.28
Hvdroeen Sulfide - H?S 0.54
Methane - CH^ 3.68
Ethane - C?Hft 2.22
Propane - C3H8 1.05
Butane - C/,Hin
Nitroeen - Nj 0.59 0.90
Ammonia - NHa fPPM') 0.05 0.14

(IBP-255°C @1.$Distillable Oil Torr) 100 98.57
SRL
Coal (MAF)
Ash
Water 100 1.43 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
Oxveen .(bv dif f.)
Ash

Total
Number of Sample Avg. * 2 2 2 2 2
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PROJECT LIGNITE 
SAMPLE ANALYSIS

Updated: 1/4/78
Run No: L-1H 
Date: 8/1/77
Time: 0130-1330 WEIGHT PERCENT

Sample Description s^Tb
Total S-4AOvhd

J-lDisch.
--- CoTcT—Trap RecycleSolvent

Sample Point Sx-23 Sx-30 Sx-32 Sx-33 Sx-39
Hydrogen - H2 1.98 0.93
Carbon Monoxide - CO 17.08 12.32
Carbon Dioxide - CO? 69.85 78.35
Hvdroeen Sulfide - H7S 1.59
Methane - CH& 2.35 1.35
Ethane - C7H6 3.12 3.67
Propane - CsHg 3.31 3.38
Butane - C/,Hm
Nitroeen - Nj 0.60
Ammonia - NH? (PPM) 0.13 0.12

(IBP-255°C @1.6Distillable Oil 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-free
Melting Point
Specific Gravity 60/60 1.042
Viscosity, cp

Carbon
Hydrogen
Nitrogen
Sulfur
Oxveen (bv diff.)
Ash

Total
Number of Sample Avg. 2 2 2 2 2
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: IlkllZ

Run No: 
Date:

L-1H
8/1/77

SAMPLE DESCRIPTION ProductGas FeedGas y-4AOvhd j-lDisch.
SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen -H2 45.62 54.05 27.55 15.66
Carbon MonoxIde-CO 27.54 45.50 17.00 14.82
Carbon Dioxide-C02 19.89 44.25 59.97
Hydrogen Sulfide-H2S 0.30 1.30
Methane -CH4 4, 35 4.10 2.84
Ethane-CzHe 1.40 2.90 4.12
Propone-C3He 0.45 2.10 2.59
Butane -C4H10

Nitrogen-N2 0.40 0.45 0.60
Ammonia-NHj (PPM) 0.05 0.20
1 Inht Oil.J0,00° c @Light Oil*- , 6 Torr) ^

oe-SSTSK*
SRL

Coal (MAP)

Ath

Water

Phenol

TOTAL 100 100 100 100
Calc Mole Wt. 7.8.91 13.95 27.88 33.68
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
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PROJECT MGNITE 
MEASURED MATERIAL MLANCE 

Revised: 1/24/78

MATERIAL OUT
Run No: L-1H 
Date: 8/1/77
Time: 0130-1330

Ibs/hour
Stream Description ProductGas “^hiA S-4BBtms OviidB Btms Extiaust
Sample Point Sx-19 Sx-30 .Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H2 1.09 0.06 0.01

Carbon Monoxide - CO 9.22 0.52 0.09
Carbon Dioxide - CO? 10.46 2.12 0.56
Hydrogen Sulfide - H?S 0.12 0.05
Methane - CH4 0.83 0.07 0.01

Ethane - C?Hfi 0.50 0.10 0.03
Propane - CaHs 0.24 0.10 0.02

Rntane - C/|Hjo
Nitrogen - No 0.13 0.02

Ammonia - NHa 0.01 0.02
(II3P-255“C @1.6 Distillable Oil Torr) 1.57 3.55

SRL
Coal (MAF)
Ash
Water 15.94
Phenol

Total 22.60 3.04 17.53 Negl. 3.55 0.72

Carbon,
Hydrogen
Nitrogen
Sulfur
Oxygen (bv diff)
-Ash

Total

Temperature: 736°F 
Pressure: 2500 psig 
LHSV: 1.43 
GHSV: 328
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proji;(;t lignite
MEASURED MATERIAL BALANCE 

Revised: 1/24/78

MATERIAL OUT

Run No: L-1H 
Date: 8/1/77
Time: 0130-1330

Ibs/hour

Temperature: 736°F 
Pressure: 2500 psig 
LHSV: 1.43 
GHSV: 328

Stream Description ' Cold----Trap _F—1 Btms ^Recycle S S-7 Btms IP

Sample Point Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - Hp 1.16
Carbon Monoxide - CO 9.83
Carbon Dioxide - CO? 13.14
Hydrogen Sulfide - H?S 0.17
Methane - CH4 0.91
Ethane - C?Hfi 0.63
Propane - ClHR 0.36
..Butane - C/,Hio
Nitrogen - N? 0.15
Ammonia - NHt 0.03~ (IBP-255UC 01.61
Distillable Oil Torr) 0.16 2.18 71.55 12.77 91.78
SRL 19.60 19.60
Coal (MAE) 3.86 3.86
Ash 3.29 3.29
V>later 0.23 0.69 16.86
Phenol

Total 0.39 28.93 72.24 12.77 161.77

Carbon
Hydrogen
Nitrogen
Sulfur
.QXY£eU..iby..dif f.)
Ash 

Total
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RUN CONDITIONS 
RUN NO. L-1I 
DATE MADF B/l-im

TEMPERATURE °F PRESSURE, psig

PREHEATER E-l
SAND RATH 760 PREHEATER E-13

DOWTHFRM 596
INI FT. . 322 INI FT 78
OUTI FT . 741 OUTI.FT 566

DISSOLVERS
R -1A (1) 746

LIGHT ENDS COLUMN, F-2
RFROII FR 400

tPl . 762 LOWER SECTION 474
(3) 764 FFFD SECTION . 425
14) 824 OVERHEAD 194

R- IB fl) S-R 81
(21 S-B
(3)
(4)

REACTOR PRODUCT SEPARATORS 
s -1 _ . 617

SOLVENT COLUMN, F-3
REROIL FR NIU
LOWER SECTION
FFFD SECTION

s-?....... 80 OVERHEAD
s-3 465
S- 4A. 83
S-4R 60

HEAVY ENDS COLUMN, F-4
RFROII ER NIU

PREHEATER E-ll
DOWTHFRM 646

LOWER SECTION
FEED SECTION
OVERHEAD

INLET 43_3____  .
OUTLET  _____ U26

VACUUM FLASH F-l
OVERHEAD VAPOR 50^
UPPFR WAI L 623
LOWER WAU . 611

VACUUM FLASH,F-0
OVERHEAD NIU
BOTTOMS

PRECIPITATION TOWER, V-8
7 ON F Ml NIU

DOWNCOMER.. 436 r?i
CONDENSATE
ACCUMULATOR,S-7. .

(3)

RECOVERY TOWER V-9
REBOILER NIU..
OVERHEAD

SEPARATORS S-I and S-2
2500

SEPARATOR S-3
290

SEPARATORS S-4A and S-4B
60

VACUUM FLASH, F-l
14 Torr

LIGHT ENDS COLUMN, F-2
0

SOLVENT COLUMN, F-3
NIU

HEAVY ENDS COLUMN, F-4
NIU

VACUUM FLASH, F-0
NIU

SETTLING TOWER, V-8
NUi

RECOVERY TOWER, V-7
NIU
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Oodtt <>•£ Run 
Ti*v%« ©-f R.Ur\ 
Lerva-fK of Run

St^r-h £r.J Ron Mo’- L-1I
8/1/77 sum Unl+i: Ibs/hr.°F. psig
1330 0130 Prop. By: BCL & GGB

12 hrs. Updoctccl: 1/4/78
Hours onCo«J ai-EoJ of Y-P-| 366.9

MASS rates and run
CONDITIONS

PRODUCT GAS TO THERMAL"OfclDrSl&R 
S„-20 PRODUCT GAS TO RECYCLE

22.57

RECYCLE gas
17.85MAKEUP GAsI-|Ss"2‘

s«-» 32 41

MIXER.

1

T: 824 T.
R-/A R-ie.
T-764 T.

Ps 2500
4

r
i

P:

T 762 T:
T 746 T;

Il-10w1

s-e s-q
T: 81 T:R 0 P;

MAKEUP£fL21)59j-^ ^5a■J
I

S-7T: 85 ’ lIT" A-2C
Pl4 T Drr |A-2.Albs

ColdTRAP
Q ASE-S
-OUQ TRAP
^ liquids'"

V-8S’feoT~~rO)v\s

hTT LSx-2 VACUUM BOTTOVAS
A-SA. OVERFLOW

4—30

0.71
0.34

-Mill.

26.63

.158.93-roTAj_ [X] OP EM closed TOTAL.. 158.93
Numbers in parentheses are not included in the totals.
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized
Revised: 1/4/78

Run No: L-1I 
Date: 8/1-2/77
Time: 1330-0130

SUMMARY

Ibs/hour

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

Stream Description T?SaI' T8iit; Y^eid
Sample Point
Hydrogen - H2 1.29 1.15 -0.14
Carbon Monoxide - CO 16.30 10.20 -6.10
Carbon Dioxide - CO? 13.49 13.49
Hydrogen Sulfide - H?S 0.20 0.20

Methane - CH4 0.90 0.90 r 9.52 30.03
Ethane - C?Hfi 0.67 0.67
Propane - CaHs 0.55 0.55
Rut,hip - C/|Hio
Nitrogen - N? 0.26 0.17 -0.09
Ammonia - NHa 0.04 0.04 -

(IBP-255°C @1.6Distillable Oil Torr) 89.30 91.18 1.88 •20.60 64.99
SRL 18.72 18.72
Coal (MAF) 31.70 2.98 -28.72 -90.60
Ash 3.11 2.86 -0.25 -0.79
Water 16.97 15.82 -1.15 -3.63
Phenol

Total 158.93 158.93 -0-

Carbon
Hydrogen
Nitrogen
Sulfur
Oxveen (bv diff)
Ash

Total
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PROJECT LIGNITE
MEASURED & ADJUSTED MATERIAL BALANCE

Revised: 1/4/78
MATERIAL IN

Run No: L~H Temperature: 741°F
Date: 8/1-2/77 Pressure: 2500 psig
Time: 1330-0130 LHSV: 1.41

Ibs/hour GHSV£328
Stream Description r6ii Lignite Solvent -ifta—
Sample Point Sx-21 Sx-1 Sx-14
Hydrogen - H2 1.29
Carbon Monoxide - CO 1ft. 30 16.30
Carbon Dioxide - CO?
Hydrogen Sulfide - H^S
Methane - CH4
Ethane - C?Hfi
Propane - C^Hs
Rutane - C/|Hio
Nitrogen - N? ' 0.26 0.26
Ammonia - NHr

(IBP-255UC @1.6Distillable Oil Torr) 89.30 89.30
SRL
Coal (M\F) 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

Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (bv diff)
.Asil.

Total
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PROJEC I’ LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized
Revised:

Run No: L-1I 
Date: 8/1-2/77
Time: 1330-0130

MATERIAL OUT

Ibs/hour

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

Stream Description ProductGas ... .QykL 5-4Bkma id. pH-Btms Exhaust
Sample Point Sx-19 Sx-30 Sx-23 Sx-44 Sx-16 Sx-32

Hydrogen - 112 1.07 0.07 0.01
Carbon Monoxide - CO 9.41 0.70 0.09
Carbon Dioxide - CO? 10.20 2.75 0.54
Hydrogen Sulfide - H?S 0.12 0.08
Methane - CH4 0.78 0.11 0.01
Ethane - C?Hfi 0.51 0.14 0.02
Propane - ClHft 0.34 0.17 0.04

Butane - .C4H10.
Nitrogen - N? ’ JLJUL 0.04
Ammonia - NHi

(IBP-255“C @1.6
Distillable Oil Torr)

■ Q..Q1 JU1L 0.02
-L..4L 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
Sulfur
Oxygen (by diff)

Ash

Total
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized
Revised:

Run No: L-1I MATERIAL OUT Temperature:741°F
Date: 8/1-2/77 Pressure: 2500 psig
Time: 1330-0130 LHSV: 1.41

Ibs/hour GHSV: 328
Stream Description S&K Itms "RecycleS-7 Btms Solvent —♦F-2 Btms TotalOut
Sample Point Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H2 1.15
Carbon Monoxide - CO 10.20

Carbon Dioxide - CO? 13.49
Hydrogen Sulfide - H?S 0.20

Methane - CH4 0.90
Ethane - C?Hfi 0.67
Propane - C^Ha 0.55
Butane - C/,H]o
Nitrogen - N? 0.17
Ammonia - NH? 0.04(IBP-255“C @1.6Distillable Oil Torr) 0.09 2.07 67.44 15.81 91.18
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
Sulfur
Oxygen (bv diff)
Aah

Total
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updated: 1/4/78

Sample Description Lignite

Run No:
Date:
Time:
T__

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

r
Btms MakeupSolvent LEGBtms FeedSolvent “_S-8Btms

Sample Point Sx-1 *Sx-2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen - H2
Carbon Monoxide - CO
Carbon Dioxide - CO?
Hydrogen Sulfide - HyS
Methane - CH4
Ethane - CyHfi
Propane - ClHg
Butane - C/.Hin
Nitrogen - No
Ammonia - N1H (PPM)

(IBP-255°C @1.6Distillable Oil Torr) 7.79 99.80 100 99.51 100
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 (bv diff.)
Ash

Total
Number of Sample Avg.

*Distillable oil calculated using following equation:
Wt % Distillable Oil = -0.1273 (F-l Btms Melting Point) + 54.38 
See Attached graph.
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PROJECT LIGNITE
SAMPLE ANALYSIS

Updatedd/4/78

Run No: L-1I 
Date: 8/1-2/77
Time: 1330- 0130 WEIGHT PERCENT

Sample Description Product
Gas

Peed
Gas
—---

Oil
.S-4B----
Water

h!-4B
Total

S-4A
Ovhd

Sample Point Sx-19 Sx-21 Sx-23 Sx-23 Sx-23 Sx-30
Hydrogen - H2 4.75 7.22 1.77
Carbon Monoxide - CO 41.69 . 91.32 17.23
Carbon Dioxide - CO9 45.17 67.69
Hvdroeen Sulfide - H9S 0.54 1.85
Methane - CH4 3.45 2.73
Ethane - C?Hfi 2.28 3.59
Propane - C3HR 1.50 4.10
Butane - CaHid
Nitrogen - N2 0.59 1.46 0.89
Ammonia - NHi (PPM') 0.03 0.15 0.14 0.15

(IBP-255°C @l.fiDistillable Oil TorrJ 99.46 8.73
SRL
Coal (MAE)
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 (bv diff.)
Ash

Total
Number of Sample Avg. 2 2 2 2 2 2
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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

Sample Description
—7=1----

Disch.
.Cold---
Trap

Recycle
Solvent

Sample Point Sx-32 Sx-33 Sx-39
Hydrogen - 0.74
Carbon Monoxide - CO 13.16
Carbon Dioxide - CO? 75.17
Hvdroeen Sulfide - H?S
Methane - CHa 1.56
Ethane - C2H6 3.36
Propane - C.^Hg 6.01
Butane - C/.Hm

<u> Nitrogen - Nj
Ammonia - NH? (PPM)

•h (IBP-255°C @1.6« Distillable Oil TorrJ 26.08 99.58| SRL

Coal (MAF)
Ash
Water 73.92 0.42

Total 100 100 100
P.S. (Ash-free
Melting Point
Specific Gravity 60/60 1.044

„ Viscosity, cp

Carbon
Hydrogen
Nitrogen
Sulfur
Oxveen (by diff.)

Total
Number of Sample Avg.

"V' ,V J
-200-
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Updated: 1/4/78

PROJECT LIGNITE
SAMPLE ANALYSIS

Run No:
Date:
Time:

L-1I8/1-2/77
MOLE PERCENT

SAMPLE DESCRIPTION rroauctGas teeaGas "T=TO--------Ovhd J“1Exhaust
SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen -Mz 45.19 52.15 25.15 12.75
Carbon MonoxIde-CO 28. 34 47.10 17.50 16.24
Carbon Dioxide —COz 19.54 43.75 59.04
Hydrogen Sulflde-H2S 0.30 1.55
Methane -CH4 4.10 4.85 3.38
Ethane-CzHe 1.45 3.40 3.87
Propane-CsHe 0.65 2.65 4.72
Butane—C4H|0

Nitrogen-Nj 0.40 0.75 0.90
Ammonia-NHj (PPM) 0.03 0.25
Light Oil.-(0-'°0" f @

SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL 100 100 100 100
Calc Mole Wt 19.03 14.44 28.44 34.56
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

201-



DISTILLABLE OIL CONTENT OF F-l BOTTOMS 
VERSUS

F-l BOTTOMS MELTING POINT

0I--- 1---- 1—
180 190 200

—J----1 l I i l l l
220 230 240 250 260 270 280 290

F-l BOTTOMS MELTING POINT, °F 
"X"

J I—
340 350

l
370210 l l

300 310 320
1

330
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PROJECT LIGNITE 
MEASURED MATERIAL BALANCE 

Revised: 1/h/Vi
MATERIAL OUT

Run No: L-lI 
Date: Q/l-2m
Time: 1330-0130

Ibs/hour

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

Stream Description ProductGas ~ m ~ S-4JBBtras Md Btms Exhaust
Sample Point Sx-19 3x-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? 10.40 2.81 0.54
Hydrogen Sulfide - H^S 0.12 0.08
Methane - CH4 0.79 0.11 0.01

Ethane - C?Hfi 0.53 0.15 0.02

Propane - ClHa 0. 35 0.17 0.04
Butane - C/^iq
Nitrogen - N? 0.14 0.04
Ammonia - NHr 0.01 0.01 0.02

(IBP-255UC @1.6Distillable Oil Torr) 1.50 4.39
SRL
Coal (MAF)
Ash
Water 15.61
Phenol

Total 23.-03 4.15 17.13 Negl. 4.39 0.72

Carbon
Hvdroeen
Nitrogen
Sulfur
Oxvgen (bv diff)
Ash

Total
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PROJECL' LIGNITE 
MEASURED MATERIAL BALANCE 

Revised: 1/4/78

Run No: L-1I
MATERIAL OUT

Temperature: 741°F
Date: 8/1-2/77 Pressure: 2500 psig
Time: 1330-0130 LHSV: i.4i

Ibs/hour GHSV: 328

Stream Description LoldTran t-iBtms v—RecycleS-7 Btms SolvefTE —>F-2 Btms localOut
Sample Point Sx-33 Sx-2 sx-39 Sx-12
Hydrogen - H2 1.17
Carbon Monoxide - CO 10.41
Carbon Dioxide - CO? 13.75
Hydrogen Sulfide - H?S 0.20
Methane - CH4 0.91
Ethane - C?Hf, 0.70
Propane - ClHs 0.56
Butane - C/|Hiq
Nitrogen - N? 0.18
Ammonia - NH? 0.04(IBP-255°C @1.6Distillable Oil Torr) 0.09 2.12 67.44 15.81 91.35
SRL 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

Carbon
Hydrogen
Nitrogen
Sulfur
Oxveen (bv diff)
Ash

Total
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RUN CONDITIONS
RUN NO-- L~1J
DATE MADE__ 8/3/77

TEMPERATURE °F PRESSURE, psig
PREHEATER E-l 

SAND BATH. 773
INLET_____ 315.
OUTLET____ L5A

PREHEATER E-13
DOWTHERM___
INLET_______
OUTLET_____

598
80

551

DISSOLVERS
R-1 A (1) 755

(2) 111

(3) _ 111

(4) 815
R-IB m

(?)
(3)
(4)

REACTOR PRODUCT SEPARATORS
S-l. 610
S-? 80
S-3 463
S - 4 A . 83
S-4B _ 76

PREHEATER E-l
DOWTHERM
INLET

l
661
367

OUTLET_____ 636.
VACUUM FLASH F-l
OVERHEAD VAPOR_ 508
UPPER WAl L 628
LOWER WAl 1. 638
DOWNCOMF R 466
CONDENSATE
ACCUMULATOR, S-7__ 85:.

LIGHT ENDS COLUMN, F-2
REBOILER_______ 365.
LOWER SECTION 457
FEED SECTION_____4.38
OVERHEAD__________ 208.
S-8___    .86.
S-9_____________

SOLVENT COLUMN, F-3

REBOILER_____________N1U 
LOWER SECTION_____________

FEED SECTION_______________

OVERHEAD___________

HEAVY ENDS COLUMN, F-4
REBOILER_____________ NIU
LOWER SECTION_____________

FEED SECTION________________
OVERHEAD____________

VACUUM FLASH,F-0
OVERHEAD_______495
BOTTOMS_________ -

PRECIPITATION TOWER, V-8 

ZONE (I)__________ :____355 _

(2) _________380__
(3) ________ 407

RECOVERY TOWER V-9

REBOILER_______ 470..
OVERHEAD____________ 311...

SEPARATORS S-l and S-2 
2500

SEPARATOR S-3 
290

SEPARATORS S-4A ond S-4B61
VACUUM FLASH, F-l14 Torr
LIGHT ENDS COLUMN, F-2

0
SOLVENT COLUMN, F-3

NHJ
HEAVY ENDS COLUMN, F-4

NIU
VACUUM FLASH,F-0 

14 Torr
SETTLING TOWER, V-8

3.00
RECOVERY TOWER, V-7
:2



Oo^e o-P Run
Ti»v»e of R.un
L </>£»+>» of Run

Sto-rl- £ Ron Kio* L-1J
8/3/77 zizm Uo.'+a: 1hs/hr. 0F.nsie
0500 1700 Prep. By-GGR & BCL

12 hrs. updo+c«J; 8/4/77
Hcx-cS on C«J o-i- £nj of T. P- | 406.3

MASS RATES AMD R^^proouctcsas to thermal. 
COK1DITIOMS

23.50

249.69 TOTAU CX] OPEM X closed

Numbers in parentheses are not included in the totals.
TOTAL-. 249.69
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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

Normalized with V-8 Btms Composition Calculated 
Revised: 12/30/77 Temperature: 754°F

Run No: l_ij SUMMARY Pressure: 2500 psig
Date: 8/3/77 LHSV: 1.40
Time: 0500-1700 ____________Ibs/hour_____________________ GHSV: 341__________

STREAM DESCRIPTION Total
In____

total
Out

---Hit----
Yield

Wt TW ' 
Coal

SAMPLE POINT

Hydrogen - H2 1.34 1.29 -0.05
1 ' ■

Corbon MonoxIde-CO 16.98 12.42 -4.56
Carbon Dioxide-C02 11.83 11.83
Hydrogen Sulfide-H2S 0.22 0.22
Methane- CH4 0.66 0.66 8.84 28.46
Ethane - C2H# 0.49 0.49
Propone- C8 H# 0.29 0.29
Butane - C4H10

Nitrogen-Nj 0.23 0.16 -0.07
Ammonia-NHj 0.03 0.03
Light OII-^-,0T0;rC® 99.92 105.44 5.52

• i

78.44 75.42 -3.02 '19.19 61 .'78nil (230-255PfiHeavy OII-@|i6 Torr) 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
Sulfur 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: Yll’Sfolin

Run No: L-1J MATERIAL IN
Date: 8/3/77
Time: 0500-1700 Ibs/hour

Temperature: 754°F 
Pressure: 2500 psig 
LHSV-’ 1.40 
GHSV: 341

STREAM DESCRIPTION Feed
Gas Lignite

Liguef. 
Solvent

Deashing
Solvent

-TjHT—

SAMPLE POINT Sx-21 Sx-1 Sx-14 Sx-40

Hydrogen - H2 1.34 1.34

Carbon Monoxide*CO 16.98 16.98
Carbon Dioxide-C0t

Hydrogen Sulfide-H2S

Methane- CH4 -

Ethane-C2H#

Propane- CSH|

Butane- C4H10

Nitrogen-Nj 0.23 0.23
Ammonla-NHj

Light 011-^-'°^®
9.50 90.42 99.92

77.80 0.64 78.44
OI|-®f.6To5'),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

TOTAL 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

Oxygen (by diff) 9.70 21.70 5.61 3.30 40.31

Ash 2,79 2.79

TOTAL 18.55 50.55 89.53 91.06 249.69

208-



El
em
en
ta
l-
--
--
--
--
--

Nv
 r-

--
--
--
--
--
--
--
--
--
--
--
--
-Q

ua
nt
it
at
iv
e

PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized with the V-8 Btms Composition Calculated
Revised: 12/30/77

Run No: l-1J 
Date: 8/3/77
Time: 0500-1700

MATERIAL OUT
Temperature: 754<>F 
Pressure: 2500 psig 
LHSV: 1.40 
GHSV: 341

STREAM DESCRIPTION
Product
Gas . _ Ovhd__

Sx-30

——
Btms

-----EFo----
Ovhd

S-8
Btms

“3=1-----------
Exhaust

SAMPLE POINT Sx-19 Sx-23 Sx-44 Sx-16 Sx-32
Hydrogen - H2 1.22 0.06 0.01
Carbon MonoxIde-CO 11.68 0.60 0.14
Carbon Dioxide-C02 9.26 2.16 0.41
Hydrogen Sulfide-H2S 0.16 0.06
Methane - CH4 0.57 0.07 0.02
Ethane- CjHj 0.35 0.10 0.04
Propone- CSH# 0.12 0.13 0.04
Butane - C4H10

Nitrogen-N2 0.13 0.03
Ammonia-NHS 0.01 0.01 0.01
Light OII-^-'O^C® 0.32 9.02
S'>l«*'''J!0e0Ti?rTC® 0.26 0.22m (230-255oCHeavy Oil-@| 6 Torr) 0.03 0.27
SRL

Cool (MAF)

Ash

Water 7.92 8.49
Phenol

TOTAL 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
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

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

Run No: L-1J 
Date: 8/3/77 MATERIAL OUT

Temperature: 754°F 
Pressure: 2500 psig
LHSV: 1-40

STREAM DESCRIPTION ColdTrap
V-8 _ Btms
Calc

P-1
Btms

V-9Ovhd
—Recycle 
S-7 Btms

Solvent—9 F-2 Btms
SAMPLE POINT Sx-33 Sx-2 Sx-2 8 Sx-39 Sx-12
Hydrogen - H2

Carbon MonoxIde-CO

Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane - CH4

Ethane - Cg H*

Propane- CSH$

Butane - C4H10

Nitrogen-N2

Ammonia- NH5

Light Oll-fO-'OO;^ 0.11 7.12 80.46 4.81 3.60
0.02 4.28 6.16 0.77 45.42 18.29

Heavy OII-@|i6Torr) 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

TOTAL 0.42 20.44 18.96 81.23 51.21 23.51
Carbon 0.11 .15.28 15.86 70.40 43.58 20.67
Hydrogen n.ru 1.32 1.09 7.16 4.13 1.95
Nitrogen 0.07 0.16 0.01 0.13 0.07
Sulfur 0.12 0.14 0.01 0.73 0.34
Oxygen (by diff) 0.27 1.21 1.53 3.65 2.64 0.48
Ash 2.44 0.18

TOTAL 0.42 20.44 18.96 81.23 51.21 23.51
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Temperature: 754°F
Run No: L-lJ MATERIAL OUT Pressure: 2500 psig
Date: 8/3/77 LHSV: 1>40
Time: 0500-1700_________ Ibs/hour________________ GHSV: 341__________

PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

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

STREAM DESCRIPTION
........ ................ - ---------------

Total
Out

sample point

Hydrogen-H2 1.29
Carbon MonoxIde-CO 12.42
Carbon Dioxide-COz 11.83
Hydrogen Sulfide-H2S 0.22

Methane- CH4 0.66

Ethane - CjHg 0.49
Propone-CjHg 0.29
Butane - C4H10

Nitrogen-Nj 0.16
Ammonia-NH8 0.03
Light OII-^-'O-O;^®

105.44
s.h„,-l‘00^o-c@

75.42

2.64
SRL 15.93
Coal (MAF) 3.29
Ash 2.62
Water 16.96
Phenol

TOTAL 249.86

Carbon 183.86
Hydrogen 20.18
Nitrogen 0.64
Sulfur 1.59
Oxygen (by diff) 40.80
Ash 2.62

TOTAL 249.69

-211-



£ (
•m

en
ta

l--
---

---
---

--
---

---
 ̂/---

---
---

---
---

---
---

--
---

---
---

---
---

---
---

---
-Q

uo
nt

ito
tiv

*
Updated: 12/30/77
Run No: L-lJ
Date: 8/3/77
Time: 0500-1700 WEIGHT PERCENT

PROJECT LIGNITE
SAMPLE ANALYSIS

r SAMPLE DESCRIPTION Coal F-lBtms F-2Btms Solvent -Oil 1 S-8 ■■ Water
SAMPLE POINT Sx-1 Sx-2 Sx-12 Sx-14 Sx-16 Sx-16
HydrogM -H2

Carbon Monoxld«-CO

Carbon Oioxlda —CO,

Hydrogen Sulfide-H2S

Methane -CH4

Ethone-CzHs

Propane-C3He

Butane-C4H 10

Nitrogen-Nj

Ammonlo-NH, (PPM)

15.30 10.61 94.38

U.nwv nil(230-255oC
Heavy O^- fSi.s Torr)

32.50 77.80 86.90 2.30
6.90 2.10 2.80

SRL 66.23
Coal (MAF) 61.44 0.33
Aeh 5,52 0-94
Water 33.04 0.39 0.52 100
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^ 99.67
Melting Point °F 19.8
Specific Gravity 60/60 1.015 1.031
Viscoeify, 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
Sulfur 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 2
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated:12/30/77
Run No: L-lJ
Date: 8/3/77
Time: 0500-1700 WEIGHT PERCENT

SAMPLE DESCRIPTION ?o?al Pr8isct r6ts liF -jipnswater Uh

SAMPLE POINT Sx-16 Sx-19 Sx-21 Sx-23 Sx-23 Sx-23
Hydrogen -Hj 5.21 7.22
Carbon MonoxIde-CO 49.70 91.52
Carbon Dioxide-CO.; 39.41
Hydrogen Sulflde-H2S 0.66
Methane-CH* 2.44
Ethane-CzHe 1.49
Propane-C-sH* 0.49
Butane-CeHto

Nltrogen-Nj 0.54 1.26
Ammonla-NHj (PPM) 0.06 0.13 0.12
Light 50.12 51.63 3.73SoW.n-<[«-Ta°^

1.22 42.10 3.04
Heavy 1.49 5.60 0.40
SRL

Cool (MAF)

Ath

Water 47.17 0.67 99.87 92.71
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^’ f%,

Melting Point °F

Specific Gravity 60/60

Viscoeity, 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 diff) 45.89 57.06 52.30 5.14 88.77 82.73
Aeh

TOTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 2 2
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Updated:12/30/77
Run No: L-lJ

PROJECT LIGNITE
SAMPLE ANALYSIS

Date! 8/3/77
Time: 0500-1700 WEIGHT PERCENT

SAMPLE DESCRIPTION V-8Btms V-9DvhH S-4AOvhd J-lTH srh _ColdTrap tkfA
SAMPLE POINT Sx-27 Sx-2 8 Sx-30 Sx-32 Sx-33 Sx-37
Hydrogen -H2 1.92 1.92
Carbon MonoxIde-CO 18.67 20.57
Carbon Dioxide-C02 67.13 62.12
Hydrogen Sulfide-H2S 1.89
Methane-CH, 2.21 3.34
Ethane-CzHe 3.17 5.40
Propane-C-jH* 3.87 6.65
Butane-CiHio

Nitrogen-N2 0.90
Ammonla-NH, (PPM) 0.24
1 laht OlleJ0"100" C @ Light Oils- , 6 Torr) ^ 46.23 99.05 26.50 52.34

26.29 0.95 5.50 30.70.miJZ30-255*0Heavy Oil (S)|i6Torr) 1 5. QO.
SRL 14.03
Coal (MAF) 8.96
Ash 4.49
Water 68.00 1 . Ofi
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^ ^ 90.62
Melting Point °F

Specific Gravity 60/SO

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
Sulfur 0.99 0.01 1.78 0.25 0.79
Oxygen (by diff) 1.62 4.50 59.49 56.93 63.27 10.62
Ash 4.49

TOTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 1 2 ....J
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 12/30/77
Run No: L-lJ 
Date: 8/3/77

r
SAMPLE DESCRIPTION —3^5-Water ....'5-4'A--------Total feecycleSolvent DeashingSolvent -MT=r—Btms
SAMPLE POINT Sx-37 Sx-37 Sx-39 Sx-40 Calc.
Hydrogen -H2

Carbon MonoxIde-CO

Carbon Dioxide —C02

Hydrogen Sulfide-H2S

Methane -CH*

Ethane-CzHe

Propane-C^Hg

Butane-C4H|o

Nitrogen-N2

Ammonia-NH, (PPM) 0.19 0.07
Light Oile-^-'OO^® 32.92 9.40 99.30 34.83

19.31 88.70 0.70 20.94
».•«» o-srsr6 10.00 1.40
SRL 16.49
Coal (MAF) 15.80
Ash 11.94
Water 99.81 37.70 0.50
Phenol

TOTAL 100 100 100 100 100
Pyridine Solubles^ f%,

Melting Point °F

Specific Gravity 60/60

Viscosity, cp

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 diff) 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 -
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Updated: 12130/11
Run No: L-lJ 
Date: 8/3/77
Time: 0500-1700___________________MOLE PERCENT

PROJECT LIGNITE
SAMPLE ANALYSIS

SAMPLE description ProductGas PeedGas
——

Ovhd Discli.
SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen -Hz 47,12 52.15 26.75 26.28
Carbon MonoxIde-CO 32.08 47.20 18.60 20.16
Carbon Dioxide-COz 16.19 42.55 38.74
Hydrogen Sulfide-H2S 0.35 1.55
Methane -CH4 2.75 3.85 5.73
Ethone-CeHe 0.90 2.95 4.94
Propane-C^He 0.20 2.45 4.15
Butane-C4H10

Nitrogen-N2 0.35 0.65 0.90
Ammonla-NH, (PPM) 0.06 0.40
u,h.oi»-i^ioT°;r=®

h— o..-(BSrSSc
SRL
Coal (MAF)

Ash

Water

Phenol

TOTAL 100 100 100 100
Calc. Mole Wt. 18.07 14.44 27.89 27.44
Melting Point °F

Specific Gravity 60/60

Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ath

TOTAL

Number of Sample Avg. 2 2 2 1
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PROJECT LIGNITE
SAMPLE ANALYSES
RUN NO: L-lJ
DATE: 8/3/77
TIME: 0500-1700

SAMPLE DESCRIPTION F-l Btms LEG Btms Feed Solv. S-8 Oil S-4B Oil
SAMPLE POINT Sx-2 Sx-12 Sx-14 Sx-16 Sx 23

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5

IBP 
p 5%

10%

34 83
134 104
148 119

i_ 20% o
2 30% , -UJ UJ
g 40% |
g 50% ^

60% fzU UJ
5 70% |
3 80% }aI

162 140
192 162
212 178
227 185
237.5 192
247 197.5
262 206

> 90%
^■95 %

DRY PT. - t

222
247
247

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 742 746

IBP 
p* 5%

10%

r—* 50 61
72 114
91 141

z 20% 0
o 0U '° Ul
tr 40% a
u 50% f?
uj 60% 2
| 70% a
J 80% w

105 196
114 229
119 250
127 270
140 290
162 316
197 333

> 90%
^*95 %

DRY PT. '—>

231 352
275
280 354

ASPHALTENE TEST
WT % 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

MISCELLANEOUS
KF HzO WT%(Raw SO 0.39 0.52 0.67
INFRARED RATIO 0.27
SP. GRAV. 60/60 F 1.015 1.031

PREASPHALTENES - PYRIOt N ■ 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-l VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE
SAMPLE ANALYSES
RUN NO: L-lJ
DATE: 8/3/77
TIME: 0500-1700

SAMPLE DESCRIPTION v-q ovhd V-9 Btms Cold Tran S-AA...Oil... .-S.-7-JBtms
SAMPLE POINT Sx-2 8 Sx-29 Sx-33 Sx-37 Sx-39

ASTM D-H60 DISTILLATION DATA

PRESSURE, TORR 5 5
IBP 

|—* 5%
• 10%

114.5 78
165 106
179 120

H 20% o°
3 30%
£ 40% 5=
£ 50% £
ui' 60% £
5 70% |3 80% w

192 141
197 163
200 176
207 184
220 190
245 196
260 203

> 90%
^95 %

DRV PT. i- ■ »

218
238
238

ASTM D-66 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 742 741 747
IBP

r- 5%

10%
-- ' 109 87 76

112 87 91112 96 141
£ 20% 0
g 30%
a 40% ce

a 50% h

u 60% a

1 70 % |
rl 80% uj

112 105 1931X2 110 227
112 114 247
113 118 270
113 126 284
113 128 311
113 146 327

90%
^95%

DRY PT. ------>

113
114
168 152 362

ASPHALTENE TEST

WT % ASH

WT % UNCONVERTED COAL

WT % PRE-ASPHALTENES

WT % ASPHALTENES

WT % MALTENES B DIST. OIL

TOTAL

SAYBOLT VISCOSITY, SSU

100° F 12.1
210° F 8.5

MISCELLANEOUS

KF HzO WT%(Raw SO 68.00 1.06 0.50
INFRARED RATIO 0.37
SP. GRAV. 60/60 F 0.968 __ LJ322__

preasphaltenes - pyridine soluble, benzene insoluble material

ASPHALTENES- BENZENE SOLUBLE, N-PENTANE INSOLUBLE MATERIAL
MALTENES-N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES
DfSTlLLABLE OIL - RECOVERABLE BY DISTILLATION. USUALLY LESS THAN 5% FOR THE F-l VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE
SAMPLE ANALYSES
RUN NO: L-lJ
DATE: 8/3/77
TIME: 0500-1700

SAMPLE DESCRIPTION Deashing 5 olv.
SAMPLE POINT Sx-40

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR

IBP 
p 5%

10%
20%

2 30%
Ul Ul
g 40% *
£ 50% £

60% k
UJ UJ
S 70% |
3 80% 5

> 90%
^-*95 %

DRY PT.
ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 746
IBP 

/—*■ 5%
10%

----- * 112
112
112

£ 20% o
B 30 % J
a: 40% cc
Ul
a. 50% i-
uj 60% 2
§ 70% |

80% S

112
112
112
112

. 112
112 .
112

3 90%
'-♦95%

DRY PT. '-----»

113
113
183

ASPHALTENE TEST
WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES S DIST. OIL

TOTAL
SAYBOLT VISCOSITY, SSU

100° F
210° F

MISCELLANEOUS
KF HgO 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 STANDARD DISTILLATION PROCEDURES 
DISTILLABLE OIL - RECOVERABLE BY DISTILLATION, USUALLY LESS THAN 5% FOR THE F-l VACUUM BOTTOMS MATERIAL
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Revised: \2lZ0lll
PROJECT LIGNITE

MEASURED MATERIAL BALANCE

MATERIAL OUTRun No: l-1J 
Date: 8/3/77
Time: 0500-1700 Ibs/hour

Temperature: 7540F 
Pressure: 2500 psig 
LHSV: 1.40 
GHSV: 341

STREAM DESCRIPTION
ProductGas
Sx-19

grzfs
Ovhd

Sx-30

“S-4B----Btms —S=8-----Ovhd --- EF8Btms —Exhaust
SAMPLE POINT Sx-23 Sx-44 Sx-16 Sk-32
Hydrogen - H2 1.18 0.06 0.01
Carbon MonoxIde-CO 11.24 0.58 0.13
Carbon Dioxide-COz 8.92 2.08 0.40
Hydrogen Sulfide-H2S 0.15 0.06
Methane- CH4 0.55 0.07 0.02
Ethane- CiH# 0.34 0.10 0.04
Propane- CjHa 0.11 0.12 0.04
Butane - C4H10

Nitrogen-Nj 0.12 0.03
Ammonla-NHj 0.01 0.01
Light OllJS'^C® 0.31 8.68

0.25 0.21
H.nuv'mi <230-255^Heavy OH-@|i6Torr) 0.03 0.26
SRL

Coal (MAE)

Ash

Water 7.62 8.17
Phenol

TOTAL 22.62 3.10 8.22 Negl. 17.32 0.64

Carbon 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

Sulfur 0.14 0.06 0.01 0.03

Oxygen (by diff) 12.91 1.84 6.80 7.95 0.37

Ash

TOTAL 22.62 3.10 8.22 Negl. 17.32 0.64
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: \lllQlll

Run No: L-lJ 
Date: 8/3/77
Time: 0500-1700

MATERIAL OUT

Ibs/hour

Temperaturo: 754°F 
Pressure: 2500 psig 
LHSV: 1-40 
GHSV: 341

STREAM DESCRIPTION

SAMPLE POINT

Cold 
Trap.__
Sx-33

V-8Btms__
Sx-27

F-l
Btms V-9Ovhd e—Recycle S-7 Btms Solvent1-•-> F-2 Btms
Sx-2 Sx-2 8 Sx-39 Sx-12

Hydrogen - H2

Carbon Monoxide-CO

Carbon Dioxide-COz

Hydrogen Sulfide-H2S

Methane - CH4

Ethane- CaHe

Propane- C8Hj

Butane - C4H|0

Nitrogen-N2

Ammonio-NHj

Light Oll-^-10^® 0,11 9.10 80.46 4.81 3.60
0.02 5.17 5.93 0.77 45.42 18.29

“ ('230-255'^Heavy Oll-^fg 0.72 1.62
SRL 2.76 12.09
Coal (MAE) 1.76 0.06
Ash 0.88 0.17
Water 0.27 0.26
Phenol

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
Oxygen (by diff) 0.26 0.32 1.48 3.65 2.64 0.48
Ash 0.88 0.17

TOTAL 0.40 19.67 18.25 81.23 51.21 23.51
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Run No:
Date:
Time:

. L-lJ 
8/3/77 
0500-1700

MATERIAL OUT

PROJECT LIGNITE
. MEASURED MATERIAL BALANCE

Revised: 12/30/77

Ibs/hour

Temperature: 754°F 
Pressure: 2500 psig 
LHSV: 1.40 
GHSV: 341

STREAM DESCRIPTION
• ■.--------------- —

Total
Out

SAMPLE POINT

Hydrogen - H2 1.25

Carbon Monoxlde-CO 11.95

Carbon Dioxide-COt 11.40

Hydrogen Sulfide-H2S 0.21

Methane - CH4 0.64

Ethane** Cj 0.48

Propane- C#Hf 0.27

Butane - C4H10

Nitrogen-Nj 0.15
Ammonia-NHg 0.02
Light OII-^-'OO^®

107.07
S«l«*”t-l!060T!?rTC®

76.06
o'l-'Se'To5^

2.63

SRL 14.85
Cool (MAP) 1.82

Ash 1.05
Water 16.32

Phenol

TOTAL 246.17

Carbon 184.07

Hydrogen 20.08

Nitrogen 0.61

Sulfur 1.66

Oxygen (by diff) 38.70

Ash 1.05

TOTAL 246.17
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RUN CONDITIONS
RUN NO.
DATE MADE

L-1K
8/3-4/77

TEMPERATURE °F PRESSURE, psig
PREHEATER E-l

SAND BATH 77^ ........... . . PREHEATER E-13
DOWTHERM 597

SEPARATORS S-l and S-2 
2500

INLET. 307^ INI FT 77 SEPARATOR S-3
297OUTLET.. 757 OUTLET___________ 5.67.

DISSOLVERS
r-1a m 758

LIGHT ENDS COLUMN, F-2
REROII ER 395

SEPARATORS S-4A ond S-4B 
60

VACUUM FLASH, F-l
’14 Torr(2) __ _..7™ LOWER SECTION 470

(3) 773 FEED SECTION . 422 LIGHT ENDS COLUMN, F-2
0(4) 804 OVERHEAD l83

R-IR (1) S-fl 80 SOLVENT COLUMN, F-3
NIU(2) S-9 ~

(3)
(41 SOLVENT COLUMN, F-3

REBOILER .NIU.. .
LOWER SECTION

HEAVY ENDS COLUMN, F-4
NIU

REACTOR PRODUCT SEPARATORS
S-l. 593

VACUUM FLASH,F-0
14 Torr

FEED SECTION SETTLING TOWER, V-8
30079 OVERHEAD .

s —3 460
S-4A 83 HEAVY ENDS COLUMN, F-4

REROII ER NIU

RECOVERY TOWER, V-7
2

S-4R 77

PREHEATER E-ll
DOWTHERM 667
INLET . 360 ___
OUTI FT 641

VACUUM FLASH F-l
OVERHEAD VAPOR 504
UPPER WAl 1 .... 626
LOV/ER WALL .626_ .
DOWNCOMER 451
CONDENSATE

ACCUMULATOR.S-7 86____

1 OWER SECTION
FEED SECTION
OVERHEAD

VACUUM FLASH,F-0
OVERHEAD . . 492_________
BOTTOMS

PRECIPITATION TOWER, V-8
7 ON F (1) 342

(2). . 372.
13) 398

RECOVERY TOWER V-9
REBOILER 4A9
OVERHEAD ..312 ..
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Qa±e o-f Rvn
O'? R.Un 
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St«.ri“ £nJ Ron Wo'- L-1K
8/3/77 8/4/77 Uol+a:lhs/hrr °F,psig

1700 0500 Prep- ByiBClj & GGB
12 hrs. UpdoL.-W: 1/4/78

Hou<S on C~J «-♦- £nj of Y- P- | 418 . 3

MASS RATES AMP RUN 
CONIPITIONS

PRODUCT GAS TO THERMAL.

-0- Recycle gas

18. TO MAKEUP 
50.31 LiGMITE

i

U

00to
to tH

mO'
oOv

(12.34yo«^Pg€s.-e

254^96 t-otaju. tXj OP EM >4 CLO SE D TOTAL- 254^86

Numbers in parentheses are not included in the totals.
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PROJECI LIGNITE

ADJUSTED MATERIAL BALANCE
Normalized with V-8 Btms Composition Calculated 

Revised: llbllS
Temperature: 757°F

Run No: L-1K SUMMARY Pressure: 2500 psig
Date: 8/3-4/77 LHSV: 1*42
Time: 1700-0500 Ibs/hour GHSV: 336
”, To til ■"To tal ----------Ret—-------------------- Rt'TWI----------------
STREAM DESCRIPTION

To til
In____

Total 
_ Out____

Net
Yield

"WYUflT
Coal

SAMPLE POINT

Hydrogen - H2 1.33 1.24 -0.09
Carbon Monoxide-CO 16.67 11.49 -5.18
Carbon Dioxide-C02 12.03 12.03
Hydrogen Sulfide-H2S 0.14 0.14
Methane-CH4 0.63 0.63 - 8.39 26.94
Ethane - C2He 0.49 0.49
Propane- CjH# 0.36 0.36
Butane- C4H10

Nitrogen-Nj 0.20 0.15 -0.05
Ammonia-NH8 0.06 0.06 <

111.44 117.31 5.87

74.40 73.17 -1.23 ■ 20.50 65.81
~ (230-255^0Heavy Oll-1^"^ 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

Nitrogen

Sulfur

Oxygen (by dfff)

Ash

TOTAL
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PROJEC LIGNITE
MEASURED MATERIAL BALANCE

Revised: llbllS

Run No: l-1K 
Date: 8/3-4/77
Time: 1700-0500

MATERIAL IN

Ibs/hour

Temperature: 757°F 
Pressure: 2500 psig 
LHSV: 1.42 
GHSV: 336

STREAM DESCRIPTION

SAMPLE POINT

Feed
. Gas_____

Sx-21
. Lignite.... 

Sx-1

Feed
Solvent

ueasnmg
Solvent

xotai
In

Sx-14 Sx-40

Hydrogen-H2 1.33 1.33

Carbon MonoxIde-CO 16.67 16.67

Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane - CH4

Ethane - C2H#

Propane- CSH#

Butane - C4H10

Nitrogen-N2 0.20 0.20

Ammonia- NHj

16.23 95.21 111.44

SO........-<|!J?T??rrC® 74.21 0.19 74.40

Heavy OII-@li6 Torr) 0.18 0.18

SRL

Cool (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 dlff)

Ash

TOTAL
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PROJECI LIGNITE
ADJUSTED MATERIAL BALANCE

Normalized with V-8 Btms Composition Calculated

Run Nor l-1K 
Date: 8/3-4/77
Time: 1700-0500

Revised: 1/4/78 

MATERIAL OUT 

Ibs/hour

Temperature: 757°F 
Pressure: 2500 psig 
LHSV: 1.42 
GHSV: 336

STREAM DESCRIPTION

SAMPLE POINT

Product
. , .Gas_____

Sx-19

S-4A
. -..O.vhd___

Sx-30

S-4B
Btms

S-8
Ovhd

S-8
Btms

J-l
Exhaust

Sx-23 Sx-44 Sx-16 Sx-32

Hydrogen - H2 1.14 0.09 0.01

Carbon Monoxide-CO 10.52 0.86 0.11

Carbon Dioxide-C02 9.29 2.25 0.49
Hydrogen Sulfide-H2S 0.10 0.04
Methane - CH4 0.53 0.08 0.02

Ethane- CjHe 0.37 0.10 0.02
Propane- CSH, 0.19 0.12 0.05
Butane- C4HI0

Nitrogen-N2 0.12 0.03
Ammonia-NHj 0.03 0.01 0.02
Li,», 2.13 7.41

1.10 0.06
nii (230-255uCHeavy Oll-^ Torr) 0.20

SRL

Coal (MAE)

Ash

Water 15.14
Phenol

TOTAL 22.29 3.58 18.59 Negl. 7.47 0.70

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL
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PROJECI LIGNITE
ADJUSTED MATERIAL BALANCE

/

V.

Run No:
Date:
Time:

Normalized with V-8 Btms Composition Calculated
Revised: 1/4/78 ___o_Temperature: 757 F

L-1K MATERIAL OUT Pressure: 2500 psig
8/3-4/77 LHSVi 1-42
1700-0500 Ibs/hour GHSV: 336

STREAM DESCRIPTION

SAMPLE POINT

Cold
. . .Trap,__

Sx-33

------ V^8-------
. JB.tms___

Calc.

F=I------
.. Btms. .

—V^9----
Ovhd

4—Recycle 
S-7 Btms

solvent—? 
F-2 Btms

Sx-2 Sx-28 Sx-39 Sx-12
Hydrogen - H2

Carbon Monoxide-CO

Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane - CH4

Ethane- C2Hg

Propane- C8 H$

Butane- C4H10

Nitrogen-Nj

Ammonia- NHB

Light OII-^-'O^® 0.31 8.51 83.87 10.25 4.83
S«l«‘'''-(|060lI,5r<rC® 0.03 5.41 4.21 0.72 47.25 14.39
“ „I,(230-255°CHeavy Oll-^g 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 0.57 21.67 16.79 84.59 59.06 19.55

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by. dlff)

Ash

TOTAL
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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

r

V.

Run No
Date:
Time:

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

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

MATERIAL OUT 
Ibs/hour

Temperature: 757°F 
Pressure: 2500 psig 
LHSV: 1.42 
GHSV:336

STREAM DESCRIPTION
- ■ • -..... -—•

Total
Out

SAMPLE POINT

Hydrogen - H2 1.24
Carbon MonoxIde-CO 11.49
Carbon Dioxide-C02 12.03
Hydrogen Sulfide-H2S 0.14
Methane- CH4 0.63
Ethane- C2H8 0.49 
Propane- CgH8 0.36
Butane - C4H10

Nitrogen-N2 0.15
Ammonia-NHj 0.06
Light Oll-tO-10^®

117.31

73.17
Heavy 0| J^0-255^
Heavy OII-g)|l6 Torr) 2.47
SRL 13.57
Cool (MAF) 3.35
Ash 2.71
Water 15.69
Phenol

TOTAL
-2.54.86 —

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL
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Run No: L-1K

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 1/4/78

Date: 8/3-4/77Time: 1700-0500_______________WEIGHT PERCENT
F-l Makeup I P-3 I ir'eed S-8SAMPLE DESCRIPTION Lienite P-1
Btms MakeupSolvent f-3Btms "Teed---Solvent ------Oil

SAMPLE POINT Sx-1 *Sx-2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen -H2

Carbon MonoxIde-CO

Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane -CH4

Ethane-CzHe

Propane-C3 He

Butane-C4H10

Nitrogen-N2

Ammonlo-NH, (PPM)

‘•'•"-“'-'fsxr 3.74 24.70 17.84 99.20
25.10 92.42 73.60 81.60 0.80

o-ssrs^ 3.64 1.70 0.20
SRL 67.85
Coal (MAF) 61.92 2.91
Ash 5.72 4.14
Water 32.36 0.20 0.36
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^* 96.96
Melting Point °F 230
Specific Gravity 60/60 1.040 1.007 1.030
Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg. 2 2 2 2 2 2

*Distillable oil calculated by following equation .
Wt% Distillable Oil = -0.1273 (F-l Btms Melting Point) + 54.38. See graph.
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PROJECI LIGNITE 
SAMPLE \NALYSIS
Updated: X/A/IQ

Run No: L-1K
Date: 8/3-4/77
Time: 1700-0500_____________ WEIGHT PERCENT

sample description S-8water „S-8Total ProductGas FeedGas "TsiF "■'S-4B---Water
SAMPLE POINT Sx-16 Sx-16 Sx-19 Sx-21 Sx-23 Sx-23
Hydrogen -H2 5.12 7.32
Carbon MonoxIde-CO 47.21 91.61
Carbon Dioxide-C02 41.66
Hydrogen Sulfide-H2S 0.46
Methane -CH4 2.40
Ethane-CzHs 1.64
Propane-C? He 0.84
Butane -C4H10

Nifrogen-N2 0.53 1.07
Ammonia-NH, (PPM) 0.14 0.14

99.20 61.04
S0.vent-\^-|30rc® 0.80 31.70
7 (230-255°CHeavy 0,1-^g^^ 5.60
SRL

Cool (MAF)

Ash

Water 100 1.66 99.86
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^ {%,

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
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Updated: l/h/lS

PROJECT LIGNITE
SAMPLE ANALYSIS

Run No:
Date:
Time:

L-1K
8/3-4/77

1700-0500
SAMPLE DESCRIPTION S-4B--Total V-8Btms -----------Ovhd S-4AOvhd J-IDisch. uoiaTrap
SAMPLE POINT Sx-23 Sx-2 7 Sx-28 Sx-30 Sx-32 Sx-33
Hydrogen -H2 2.37 1.24
Carbon MonoxIde-CO 24.00 16.20
Carbon Dioxide-C02 62.93 70.41
Hydrogen Sulfide-H2S 1.25
Methane -CH4 2.23 2.35
Ethane-CzHe 2.78 3.60
Propane-CjH* 3.48 6.20
Butane -C4H10

Nltrogen-N2 . 0.70
Ammonlo-NHj (PPM) 0.11 0.26

11.44 39.25 99.15 54^85
5.94 24.98 0.85 5.20

"*ovy 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'^

Melting Point °F

Specific Gravity 6O/6O

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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Updated: 1/4/78
Run No: L-1K

PROJECT LIGNITE
SAMPLE ANALYSIS

Date: Q/3-1*171
Time: 1700-0500__________________ WEIGHT PERCENT

SAMPLE DESCRIPTION S-4AOil S-4AWater S-4ATotal RecycleSolvent DeashingSolvent Btms
SAMPLE POINT Sx-37 Sx-37 Sx-37 Sx-39 Sx-40 Calc.
Hydrogen -H2

Carbon MonoxIde-CO

Carbon Dioxide-C02

Hydrogen Sulfide-HjS

Methane-CH«

Ethane-CaHs

Propane-C^H*

Butane-C4Hio

Nitrogen-N2

Ammonia-NH] (PPM) 0.16
Light Oi..-^-,0T°Jrf @ 69.00 68.46 17.35 99.80 39.25

29.20 28.97 80.00 0.20 24.98
"•°o 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
Pyridine Solubles^* f% j

Molting Point °F

Specific Gravity 60/60 1.031
Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg, 2 2 2 2 2 -
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Run No: L-1K

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: l/h/TQ

Date: 8/3-4/77
Time: 1700-0500____________ MOLE PERCENT

SAMPLE DESCRIPTION ProductGas Tpa—
Gas s-4aOvhd j-iDisch.

SAMPLE POINT Sx-19 Sx-21 Sx-30 Sx-32
Hydrogen -H2 46.90 52.50 30.73 19.29
Carbon MonoxIde-CO 30.90 46.95 22.19 18.05
Carbon Dioxide-C02 17.35 37.03 49.93
Hydrogen Sulfide-H2S 0.25 0.95
Methane-CH« 2.75 3.60 4.59
Ethane-CzHe 1.00 2.40 3.74
Propane-C? H« 0.35 2.05 4.40
Butane-C4H10

Nitrogen-N2 0.35 0.55 0.65
Ammonlo-NH, (PPM) 0.15 0.40
Light Oil.-^-10^®

«— oi'-SSSK*
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

Specific Gravity 60/60

Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg. 2 2 2 2
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PRO'ECT LIGNITE 
SAMPLE ANALYSES 
RUN NO; L-1K 
DATE: 8/3-4/77
TIME: 1700-0500

SAMPLE DESCRIPTION LEG Btms Feed Solv S-8 Oil S-4B Oil V-9 Ovhd
SAMPLE POINT Sx-12 Sx-14 Sx-16 Sx-23 Sx-28

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5

IBP 104 78
5% 108 93

10% 111 106
. 20% o 118 130

2 30% - 126 152
g 40% § 136 167

50% & 149 177
60% a 165 183

5 70% | 176 1893 80% S 185 196
> 90 % 196 206

L-*95 % 207 212.5
DRY PT, »--- 211 230

ASTM 0-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 742 737 742

IBP -----) 40 83 107
—► 5% 89 101 112

10% 101 126 112
£ 20% o 116 201 112
g 30% J 111 214 112
a 40% a 138 245 112
a 50% 2 159 261 112
uj 60% a 188 272 113
| 70% % 198 278 113
d 80% 2 207 312 113
> 90% 220 113
^95% 226 115

DRY PT. l--- > 230 336 125
ASPHALTENE TEST

WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES S DIST. OIL

total

SAYBOLT VISCOSITY, SSU
100° F 10.8 11.4
210° F 8^5 8^8

MISCELLANEOUS
KF HzO WT%(Raw Sx) . 0.36 0.52 1.66
INFRARED RATIO 0.29
SP. GRAV. 60/60 F ____ LJ)07__ 1.030

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-l VACUUM BOTTOMS MATERIAL
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PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO: L-1K 
DATE: 8/3-4/77
TIME: 1700-0500

SAMPLE DESCRIPTION Cold Trap S-4A Oil S-7 Btms Deash.Solv
SAMPLE POINT Sx-33 Sx-37 Sx-39 Sx-40

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5

IBP 
r~* 5%

10%

78
88

100
H 20% o°
2 30%u UJ
g 40% *
£ 50% £
u, 60% S5 70% |
3 80% iu

127
146
163.5
176
183.5
188
195.5

> 90%
'-*95 %

DRV PT. *

21 3
226
221

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 746 74? 744

IBP
r~* 5%

10%

-- } 91 84 106
101 107 109
106 139 110

£ 20% 0
S 30%
CE 4 0 % a:
a 50% g
uj 6 0 % a:§ 70% |
^ 80% 5

113 198 111.5
113 218 111.5
115 229 112

_ 116 239 112
119 256 112
124 278 112
142 315 112

^ 90%*-*95%
DRY PT. '----->

162 346 112
357. 112

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
210° F 8.6

MISCELLANEOUS
KF HgO WT % (Raw S*) 0.55
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 - R E COVER ABLE BY DISTILLATION. USUALLY LESS THAN 5% FOR THE F-l VACUUM BOTTOMS MATERIAL
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DISTILLABLE OIL CONTENT OF F-l BOTTOMS
VERSUS

F-l BOTTOMS MELTING POINT

© L-IJ

o 30

,Y= -0.I273X + 54.38 
/CORR. COEF./ = 0.95L-IB

O 20 -
©L-IC

^ L-2CG L-IE

O L-2G

F-l BOTTOMS MELTING POINT
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Run No: L-1K 
Date: B/Z-Uni
Time: 1700-0500

MATERIAL OUT

PROJEC! LIGNITE
MEASURED MATERIAL BALANCE

Revised: 1/4/78

Ibs/hour

Temperature:757°F 
Pressure: 2500 psig 
LHSV: 1.42 
GHSV: 336

STREAM DESCRIPTION

SAMPLE POINT

Product
Gas___
Sx-19

-----S=-4A-------
..Ovhd___

Sx-30

---S=4B---
Btms

—S=8---------
Ovhd

-----5=8--------

Sx-16

J-I
J&hauat__
Sx-32Sx-23 Sx-44

Hydrogen - H2 1.12 0.08 0.01
Carbon MonoxIde-CO 10.33 0.85 0.11
Carbon Dioxide-C02 9.12 2.22 0.49
Hydrogen Sulfide-HZS 0.10 0.04
Methane - CH4 0.52 0.08 0.02
Ethane - C2HS 0.36 0.10 0.02
Propane- C3Ha 0.18 0.12 0.04
Butane - C4H|o

Nitrogen-N2 0.12 0.02
Ammonia-NHj 0.03 0.01 0.02
Light OII-^-'OO^® 2.09 7.27

1.08 0.06"hahuv nii:(230-255^Heavy OII-@( 6 Torf) 0.19
SRL

Coal (MAF)

Ash

Water 14.87
Phenol

TOTAL 21.88 3.52 18.25 Negl. 7.33 0.69
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL —:----------- -
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 1/4/78

Run No: l-1K 
Date: ZlZ-klll

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

STREAM DESCRIPTION

SAMPLE POINT

CoI3 
Trap___

Sx-33

V-8
_ Btms____

Sx-27

F-l
Btms

----
Ovhd

4-Recycle ! 
S-7 Btms

iolvent--->
F-2 Btms

Sx-2 Sx-28 Sx-39 Sx-12
Hydrogen - H2

Carbon MonoxIde-CO

Carbon Dioxide-C02

Hydrogen Sulfide-HjS

Methane- CH«

Ethane - C2 He

Propane- C5HS

Butane - C4H10

Nitrogen-N2

Ammonia-NH8

Light Oll-^g10®;^ 0.31 8.35 83.87 10.25 4.83
Solv.nt-(j°°-2300C@

0.03 5.32 4.14 0.72 47.25 14.39
~ (230-255aCHeavy 011-^"^ 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

TOTALV

-239-



El
em
en
ta
l-
--

--
--

--
-\
 r
--
--
--
--
--
--
--
--
--
--
--
-Q

ua
nt
it
at
iv
e

PROJECI LIGNITE
MEASURED MATERIAL BALANCE

Revised: 1/4/78

Run No: L-1K 
Date: Zll-klll
Time: 1700-0500

MATERIAL OUT

Ibs/hour

Temperature:757°F 
Pressure: 2500 psig 
LHSV: 1.42 
GHSV: 336

STREAM DESCRIPTION

SAMPLE POINT
- ----------------

TotalOut

Hydrogen - H2 1.21

Carbon Monoxide-CO 11.29
Carbon Dioxide-C02 11.83
Hydrogen Sulfide-H2S 0.14
Methane- CH4 0.62
Ethane - Cj Hj 0.48
Propane- CjHj 0.34
Butane - C4H10

Nitrogen-Nj 0.14
Ammonia-NHj 0.06
Light Oll-^g10^®

116.97
s»'«"-i!060t??,Tc®

72.99
OI|J|f,6To5r^

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 dfff)

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 recycle 
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-l and were 820-830°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-l delayed 
PDU startup. Later, after coal processing had started, a solid 
state contactor in the electrical circuit servicing the heat 
tapes on the F-l 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-l 
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 analyses 
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 PercentagesMesh On Passing
L-2 M-Series L-2 M-Series

65 21.9 0.4 78.1 99.6
100 39.5 3.3 60.6 96.7
150 63.1 16.2 36.9 83.8
170 78.5 43.5 21.5 56.5230 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-l. 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 approximately 220 hours 
in Reactor R-1A, the melting point of the F-l vacuum bottoms had 
risen to about 450°F. This high melting point material offered 
considerable resistance to removal from the vacuum flash tower,
The high melting point of the F-l 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 (320-350°F).

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-l and its bottoms 
drawoff line. Slurry overflowed the vacuum flash tov/er, 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, long 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-l vacuum bottoms and J-l discharge 
rates were made for certain yield periods. These adjustments 
involved assuming a value of 1/2 pound per hour for the J-l 
discharge rate in those cases where the metering orifice was 
not working properly and changing the F-l vacuum 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-l 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-l 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 oil 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 
oil 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-l 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 variables. The average results of the two runs 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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Table 1
Process Development Unit Run L-2

Yield Period L-2B L-2C L-2D L-2E L-2F L-2G L-2H L-2I
Overall

L-2
L-2B thru I 

Average
Reactor in Use R-1A R-1A R-1A R-1A R-1B R-1B R-1A R-1A _ _
SLS System in Use No No No No No No No No No NoLHSV 1.38 1.37 1.38 1.48 1.41 1.40 1.40 1.42 1.42 1.40GHSV 321 320 320 309 354 358 332 340 325 332Solvent/MAF Coal Ratio 3.00 3.21 3.14 3.04 3.28 3.14 3.07 2.96 3.10 3.10H2/CO Mol Ratio 1.71 1.86 1.72 1.20 1.23 1.17 1.10 1.34 1.38 1.42
Temperatures, °F

Preheater Outlet, E-l 746 751 747 741 726 721 729 738 737 737Reactor 3 ft 778 776 752 739 747 745 777 699 752 752Reactor 7 ft 823 825 809 808 791 783 786 765 799 799Reactor 11 ft 820 816 793 780 818 824 786 777 802 802Reactor 15 ft 820 822 808 798 832 829 785 787 810 810Vacuum Flash Ovhd 512 505 503 496 509 505 496 492 502 502
Dissolver Pressure, psig 2460 2460 2450 2450 2460 2460 2450 2450 2460 2460
Solvent Recycle, %

Actual 89.1 92.3 93.1 91.6 101.0 92.7 100.2 98.5 92.6 94.8Possible 103.0 104.2 100.0 101.2 105.4 107.2 107.0 104.8 105.0 104.1
Possible (Ex Lt Oil) 94.3 92.8 91.9 89.5 95.6 94.7 95.7 96.7 90.7 93.9

Yields, Wt % MAF Coal
Net Gas 36.6 38.3 23.6 21.8 38.2 36.7 28.4 22.3 30.6 30.7
Net Liquid 49.6 49.6 58.6 62.0 58.8 61.6 70.4 75.7 63.5 60.8

(Dist Oil) (9.0) (13.7) (-0.1) (3.7) (17.7) (22.6) (21.3) (14.3) (15.6) (12.8)
(SRL) (40.6) (35.9) (58.7) (58.3) (41.1) (39.0) (49.1) (61.4) (47.9) (48.0)

Net Water and Ash -2.0 -1.9 0.7 -0.8 -5.8 -6.7 -8.1 -6.5 -5.4 -3.9
Unconverted Coal 15.8 14.0 17.1 17.0 8.8 8.4 9.3 8.5 11.3 12.4

Overall Material Balance, % 98.5 98.7 99.9 99.2 96.7 96.7 97.9 96.0 94.7 98.0
Solvent Passes @ Mid-Y.P. 1.3 2.4 12.0 14.9 4.5 5.5 15.6 16.8 _ _



Table 2
Process Development Unit Runs L-l & L-2

Run L-IB - L-1K L-2B - L-:
Average Average

LHSV 1.42 1.40
GHSV 328 332
Solvent/MAF Coal Ratio 2.96 3.10
H2/CO Mole Ratio 1.13 1.42
Temperatures, °F

Preheater Outlet, E-l 730 737
Reactor, 3 ft 753 752
Reactor 7 ft 785 799
Reactor 11 ft 784 802
Reactor 15 ft 822 810
Maximum Reaction 822 ' 810
Vacuum Flash Ovhd 515 502

Dissolver Pressure, psig 2500 2500
Solvent Recycle, %

Actual 90.3 94.8
Possible 104.0 104.1

Yields, Wt % MAF Coal
Net Gas 31.3 30.7
Net Liquid 66.1 60.8

(Dist. Oil) (13.2) (12.8)
(SRL) (52.9) (48.0)

Net Water and Ash -5.2 -3.9
Unconverted Coal 7.8 12.4

Overall Material Balance, % 99.8 98.0
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were encountered in both runs.
In summary then, operating with gas recycle posed no new 

operating problems and resulted in approximately the same net 
yields as operating with once-thru gas.

The effects of extended solvent recycle are more apparent 
in Run L-2 than in previous Run L-l, 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 oil 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 
oil 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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FIGURE I
EFFECTS OF SOLVENT RECYCLE ON LIQUEFACTION YIELDS

RUN L-2
AUGUST 21-SEPTEMBER 23, 1977

ioo r

MAF LIGNITE CONVERSION
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FIGURE 2

EFFECTS OF SOLVENT RECYCLE ON LIQUEFACTION YIELDS

RUN L-2

AUGUST 21 - SEPTEMBER 23, 1977

45 -

■^SIlLLABJ.^oiLjnELD

SOLVENT PASSES THRU LIQUEFACTION REACTOR



IN
FR

A
R

ED
 RAT

IO
FIGURE 3 

RUN L-2
INFRARED RATIO vs TIME 
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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 hoursOperating Time on Coal Scheduled 796 hoursActual 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 Ibs/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-l 
vacuum bottoms had risen excessively and presented numerous operating 
difficulties. During shutdown, reactor R-1A was cooled to below
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450°F 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 may 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-1B 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 Locati 
(feet from bottom of

7
10
13
15
Top

n Wt % Ash
Reactor)

10.4
12.4
11.6
11.5 
9.0

Wt % Pyridine 
Insoluble Material

39.1
57.1 
57,6 
59.9 
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 
from base of Reactor)

Wt % Ash Wt % Pyridine 
Insoluble Materi

Btm 28.2 43.9
3 21.5 62.7
6 19.4 69,7
9 18.1 73.5

12 15.9 73.7
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FIGURE 5
REACTOR R-IB SOLIDS 

Run L-2 
August 29, 1977 

48 hours of cool processing 
40 pounds of solids removed
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FIGURE 6
REACTOR R-IA SOLIDS 

Run L-2
September 9, 1977 

220 hours of cool processing 
43 pounds of solids removed
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FIGURE 7
REACTOR SOLIDS ACCUMULATION 

RUN L-2

TOTAL SOLIDS
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lv

RUN CONDITIONS
RUN NO. 
DATE MADE

Lz2
8/21-9/23/77

TEMPERATURE °F PRESSURE, psig

PREHEATER E-l

SAND BATH_____________Zll
INLET-__________________ 276.
OUTLET________ 737

PREHEATER E-13 
DOWTHERM ^03

INLET________ 80
OUTLET_________1IA

a a) cfl c a) o n
ca) «do
<u
to3

DISSOLVERS
XRXXS (|) 752

12) 799
(3) 802
(4) 810
m12)
(3)

(4)

REACTOR PRODUCT

S-l

SEPARATORS
580

q-? 80
q-s 497
S-4A 82
S -4B 74

PREHEATER E-11

DOWTHFRM 682
INI FT 432
OUTI FT 644

VACUUM FLASH F- l

OVERHEAD VAPOR 502
UPPFR WAI 1 606
1 OWFR WAI 1 600
nOWNOOMFR _ 550
CONDENSATE

ACCUMULATOR,S .7 83

LIGHT ENDS COLUMN, F-2

REBOILER

LOWER SECTION.

314

FEED SECTION

OVERHEAD_____

S-8_____________

229
227
180
73

S-9.
SOLVENT COLUMN, F-3

REBOILER_______________NIU

LOWER SECTION____________

FEED SECTION______________

OVERHEAD___________________

HEAVY ENDS COLUMN, F-4

REBOILER___________ NIU

LOWER SECTION____________

FEED SECTION_______________
OVERHEAD___________________

VACUUM FLASH,F-0
OVERHEAD______________ NIU

BOTTOMS_____________________

PRECIPITATION TOWER, V-8
ZONE (I)_____________Miy___

(2)_____________________
(3)______________________

RECOVERY TOWER V-9
REBOILER___________ NIU

OVERHEAD_________________

SEPARATORS S-1 and S-2
2460

SEPARATOR S-3
245

SEPARATORS S-4A and S-4862
VACUUM FLASH, F-l14 Torr
LIGHT ENDS COLUMN, F-2Atm
SOLVENT COLUMN, F-3

NIU
HEAVY ENDS COLUMN, F-4

NIU
VACUUM FLASH, F-0

NIU
SETTLING TOWER, V-8

NIU
RECOVERY TOWER, V-7

NIU
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o*P Run 
T»n*€ of ftvn 
LcnovK of Run

Stour T £ nj f?un k/o'- L-2
8/21/77 9/23/77 Uai'+s: lbs.°F, psig

0000 2400 Pr<». Bt».‘ GGB
816 hrs. UpdouW; 3/7/78

Mount on CmJ at- CnJ of Y. P- | 441.4

MASS rates amp rum
COWDITIOMS

PRODUCT OAS TO THERMAL.

Sx-ZQ PRODUCT GAS TO RE-CYCLE.

2622.0

2673.7

809
2673.7 RECYCLE GAS 
4791.9 MAKEUP 

21468.0 LIGNITE

t 'TK-9 KNOCKOUT POT 8TM^
i SCRUB&EI ABSORBED r;A.«;E«; ^

T: 96
P.100

3996.5

1957.3

(3040.9)

69,830.1TOTAJL- 1X3 OP EM
or*«; t >7^ i q o o n »■ ,o

closed

■? n1 Mr'orl -in f-hr
TOTAL.

10084.8

69830.1



PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

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

Temperature:737 F
Run No:l-2 Overall SUMMARY Pressure:2460 psig
Date: 8/21-9/23/77 LHSV: 1.42
Time: 441.4 hrs of Coal Processing its. CHSV: 325/*

o3o

STREAM DESCRIPTION
Total
In

Total
_

Net
Yield

Wt % MAF
Coal

SAMPLE POINT -

Hydrogen - H2 554.4 473.9 -80.5
N

Carbon Monoxide-CO 5856.9 3095.7 -2761.2
Carbon Dioxide - C02 27.3 5398.1 5370.8
Hydrogen Sulfide-H2S 90.6 90.6
Methane - CH4 633.4 1429.6 796.2 '4011.9 30.63
Ethane - CiH* 204.8 551.5 346.7
Propane-CjH# 95.2 328.5 233.3
Butane- C4H|0

Nitrogen-Nj 93.6 93.6 -0-
Ammonia-NH8 16.0 16.0
u«m 10011.5 14914.8 4903.3
Solvent-<j060-230oC@

29543.6 26758.5 -2785.1 ■ 8319.1 63.52

«•«» 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-

c4)
E4)

UJ

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
Oxygen (by dlff) 14008.5 13776.9 -231.6
Ash 1283.8 1283.8 -0-

TOTAL 69830.1 69830.1 -0- ________i
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PROJECT LIGNITE
MEASURED AND ADJUSTED MATERIAL BALANCE 

Revised: 3/6/78

Run No: L_2 Overall 
Date: 8/21-9/23/77

MATERIAL IN Temperature:737°F 
Pressure:2460 psig 
LHSV: 1-42

STREAM DESCRIPTION

SAMPLE POINT

«----- Feed
.ecycle.G§s

Sx-20

Gas---—>
ylakeup Gas.

Sx-18
Lienite

Feed
Solvent

Total
In

Sx-1 *Sx-14
Hydrogen - Hz 223.3 331.1 554.4
Cgrbon Monoxide-CO 1445.9 4411.0 5856.9
Carbon Dioxide-C02 27.3 27.3
Hydrogen Sulfide-H2S

Methane - CH4 633.4 633.4
Ethane - C2H» 204.8 s 204.8
Propane- C8H# 95.2 95.2
Butane- C4HI0

Nitrogen-N2 43.8 49.8 93.6
Ammonia-NHj

ught oii-(o-,ot°;<;(3) 10011.5 10011.5
29543.6 29543.6

~ (230-255XHeavy Oll-^"^ 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
Oxygen (by dlff) ... 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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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

Product Gas and F-l Btms Rates Adjusted, then Normalized with Forced Carbon Balance
Revised: 3/7/78 Temperature:737 F

Run No: L_2 Overall MATERIAL OUT Pressure: 2460 psigDate: 8/21-9/23/77 MATERIAL OUl LHSV: 1-42

Time: 441.4 hrs of Coal processing GHSV:325

STREAM DESCRIPTION «---------------
Vent.Gas. J

Sx-20

Product Gas 
lecycleGas

Sx-20

----------------?
Absorbed G;

S-4A 
is Ovhd

EPTB
Btms

S-8
Ovhd

SAMPLE POINT Calc Sx-30 Calc Sx-44
Hydrogen - H2 218.9 223.3 30.1
Carbon Monoxide-CO 1418.0 1445.9 208.1
Carbon Dioxide-C0Z 26.7 27.3 3935.0 1263.2
Hydrogen Sulfide-HZS 56.7 33.9
Me!hane-CH4 621.2 633.4 162.1
Ethane - CaHg 200.9 204.8 129.0
Propane- C8H8 93.3 95.2 120.2
Butane - C4H10

Nitrogen-Nj 43.0 43.8 6.8
Ammonia-NHj 4.8 3.9 7.3
Ught Oll-fO"10^® 1599.7
Solvent-^O^C® 631.8

'H":;v"v“o(lJ 230-255^
Heavy OH @|l6 Torr) 34.0
SRL

Coal (MAF)

Ash

Water 5827.0
Phenol

TOTAL 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 dlff) 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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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

oduct Gas & F-l Btms Rates Adjusted, then Normalized with Forced Carbon Balance
Revised: 3/7/78 Temperature:737°F

L-2 Overall Pressure:2460 psig
8/21-9/23/77 MATERIAL OUT LHSV:1.42
441.4 hrs of Coal Processing GHSV:325

Run No:
Date:
Time:

STREAM DESCRIPTION S-8
Btms

—3=1----
_ Exhaust..

---C3I3--
Tran

-- F=T_---
Btms

<— Recycl 
S-7 Btms

a Solvent-#

SAMPLE POINT Sx-16 Sx-32 Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H2 1.6
Carbon Monoxide-CO 23.7
Carbon Dioxide-C02 145.9
Hydrogen Sulfide* H2S

Methane - CH4 12.9
Ethane - C2Hj 16.8
Propane- C8He 19.8
Butane- C4H10

Nitrogen-N2

O Ammonia- NHb

C Light OllJfe10^® 1499.7 50.9 5807.4 5957.1o3a s"‘»“"-(!06°r!,3,Tc® 131.4 7.6 1054.9 21087.1 3845.7~ „.i(230-255uCHeavy 011-^ 13.0 863.2 119.1
SRL 6271.7
Coal (MAF) 1474.4
Ash 1283.8
Water 553.3 63.8 176.0
Phenol

V TOTAL 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 0.2 101.9 86.6 . 29.8
Sulfur 4.4 0.4 99.8 329.6 47.6

oc Oxygen (by dlff) 583.4 119.6 58.0 368.1 1039.1 698.5
4)
E Ash 1283.8
Ui

V. TOTAL 2197.4 220.7 122.3 10084.8 27933.7 9921.9
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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

Product Gas and F-l Btms Rates Adjusted, then normalized with Forced Carbon Balance
Revised: 3/7/78 _Temperature:737 F

Run No: L-2 Overall MATERIAL OUT Pressure:2460 psigDate: 8/21-9/23/77 MATERIAL OUT LHSV: 1.42
Time: 441.4 hrs of Coal Processing ^)St CHSV:325

STREAM DESCRIPTION
• --------------- - ---- ---------

Total
Out

SAMPLE POINT

Hydrogen - H2 473.9
Carbon Monoxide-CO 3095.7
Carbon Dioxide-C0Z 5398.1
Hydrogen Sulfide* H2S 90.6
Methane - CH4 1429.6
Ethane - C2He 551.5
Propane- C8H0 328.5
Butane - C4H10

Nitrogen-N2 93.6
Ammonia-NH8 16.0
Light Oil-^g10^®

14914.8

26758.5
Heavy Oll-^"^

1029.3
SRL 6271.7
Coal (MAF) 1474.4
Ash 1283.8
Water 6620.1
Phenol

'

TOTAL 69830.1

co3o

Carbon 48186.9
Hydrogen 5668.8
Nitrogen 335.1

Sulfur 578.6
Oxygen (by dlff) 13776.9
Ash 1283.8

TOTAL 69830.1

c
EJJLU
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Updated: 3/7/78

PROJECT LIGNITE
SAMPLE ANALYSIS

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

SAMPLE DESCRIPTION Lignite ------F=I--------Btms LECBtms FeedSolvent —5^8---------Oil S-8Water
SAMPLE POINT Sx-1 *Sx-2 Sx-12 Sx-14 Sx-16 Sx-16
Hydrogen -Hz

Carbon MonoxIde-CO

Carbon Dioxide —C02

Hydrogen Sulfide-H2S

Methane -CH4

Ethane-CzHs

Propane-CjHe

Butane—C4H10

Nitrogen-N2

Ammonia —NHj (PPM)
Light Oila-(0-|0T°;rJ@ 60.04 24.48 91.22

10.46 38.76 72.24 7.99
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^’ f%, 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
Sulfur 0.60 .99 0.48 1.11 0.27
Oxygen (by diff) 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-l Btms melting point) + 54.38
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Updated: 3/7/78

PROJECT LIGNITE
SAMPLE ANALYSIS

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

SAMPLE DESCRIPTION Total Makeup Pr8asCt Reggie FeedGas S-4BOil
SAMPLE POINT Sx-16 Sx-18 Sx-19 Sx-20 Sx-21 Sx-23
Hydrogen -Hz 6.91 4.57 8.35 7.40
Carbon Monoxide-CO 92.05 29.21 54.08 74.94
Carbon Dioxide-C02 44.78 1.02 0.41
Hydrogen Sulfide-H2S 0.65
Methane -CH4 13.46 23.69 10.35'
Ethane-CzHe 4.42 7.66 3.59
Propane-C3He 2.06 3.56 2.17
Butane-C4H|0

Nitrogen-N2 1.04 0.79 1.64 1.14
Ammonlo-NH3 (PPM) 0.06
Light Oil.-(0-,0T0;rf@ 68.25 69.75

5.98 27.56
H.nwv nil-^30-255°CHeavy 0.1-(gj, 6 Torr) 0.59 1.49
SRL

Coal (MAF)

Ash

Water 25.18 1.20
Phenol

TOTAL 100 100 100 100 100 . 100
Pyridine Solubles

Melting Point °F

Specific Gravity 60/60 n.97Q
Viscosity, cp

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 diff) 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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Updated: 3/7/78

PROJECT LIGNITE
SAMPLE ANALYSIS

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

SAMPLE DESCRIPTION S-4BWater TotaS Discharge ColdTrap
-—j-----
Btms

SAMPLE POINT Sx-23 Sx-23 Sx-30 Sx-32 Sx-33 Sx-34/39
Hydrogen -H2 1.54 0.71
Carbon Monoxide-CO 10.63 10.73
Carbon Dloxide-COj 64.54 66.13
Hydrogen Sulfide-H2S 1.73
Methane -CH4 8.28 5.84
Ethane-CxHe 6.59 7.63
Propane-CsHs 6.14 8.96
Butane—C4H10

Nitrogen-N2 0.35
Ammonio-NHj (PPM) 0.1 3 o.n 0.20
Light 0il.-(J-,0T0rOrf@ 8.86 41.65 20.79SoWnl-^-I^Cwl

3.50 6.19 75.49
nll (230-255°CHeavy Oil-gj, 6 Torf) 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^’ f%,

Melting Point °F

Specific Gravity 60/60 1.048
Viscosity, cp

Carbon 10.44 38.66 40.45 42.47 Rfi.QA
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 diff) 88.76 78.49 53.01 54.22 47.45 3.72
Ash

TOTAL 100 100 100 100 100 100
Number of Sample Avg,
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Updated: 3/7/78

PROJECT LIGNITE
SAMPLE ANALYSIS

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

SAMPLE DESCRIPTION §ifA ■""s^----Water s-4aTotal —sP7--------Btms AbsorbedGas S-4BBtms
SAMPLE POINT Sx-37 Sx-37 Sx-37 Sx-34/39 Calc Calc
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide —C02 98.46
Hydrogen Sulfide-H2S 1.42
Methane -CH4

Ethone-CeHs

Propane-C^He

Butane — C4H10

Nitrogen-N2

Ammonia-NHj (PPM) 0.12 0.01 0.12 0.09
Light Oil.-(0-|0T0”f@ 70.55 61.94 20.79 19.75

27.53 24.17 75.49 7.80
"-n-aBTS^ 0.98 0.86 3.09 0.42
SRL

Coal (MAF)

Ash

Water 0.94 99.88 13.02 0.63 71.94
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^* f%

Melting Point °F

Specific Gravity 60/60 0.964 ■
Viscosity, cp

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 diff) 7.82 88.78 17.70 3.72 71.61 65.87
Ash

TOTAL 100 100 100 100 100 100
Number of Sample Avg.
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PROJECT LIGNITE
SAMPLE ANALYSIS

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

SAMPLE description MaKeupGas rroauccGas KecycxeGas Gas yi Discharge
SAMPLE POINT Sx-18 Sx-19 sx-20 Sx-21 Sx-30 Sx-32
Hydrogen -H2 50.96 42.09 52.17 51.11 21.55 11.54
Carbon Monoxide-CO 48.49 19.20 24.12 36.94 10.64 12.51
Carbon Dioxldo-C02 18.73 0.29 0.13 41.12 49.07
Hydrogen Sulftdf-H2S 0.35 1.43
Methane-CH4 15.48 18.49 8.93 14.50 11.92
Ethane-C* He 2.71 3.19 1.65 6.16 8.31
Propone-CsHe 0.86 1.01 0.68 3,91 6.65
Butane-C4H10

Nitrogen-N2 0.55 0.52 0.73 0.56 0.35
Ammonia-NH3 (PPM) 0.06 0.34
Light Olle-<^,0°"rf@

“""•-'IS’iST®
~ ... (i30-255oCHeavy O.l-4®^ ^rr) ^

SRL

Coal (MAF)

Aeh

Water

Phenol

TOTAL 100 100 100 100 100 100
Calc Mole Wt. 14.75 18.40 12.49 13.80 28.03 32.65

Melting Point °F

Specific Gravity 60/60

Viecoeity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Aeh

total

Number of Sample Avg.
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Updated: $1111%

PROJECT LIGNITE
SAMPLE ANALYSIS

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

SAMPLE DESCRIPTION AbsorbedGas
SAMPLE. POINT Calc
Hydrogan -H2

Carbon Monoxide-CO

Carbon Dioxide —C02 97.86
Hydrogen Sulfide-H2S 1.83
Methane -CH4

Ethane-CzHs

Propane-C3 He

Butane-C4H10

Nitrogen-N2

Ammonio-NHj (PPM) 0.31
Light Oil.-(0-,0°;rf@

7 (230-255°C
HMVy 0l ” @1.6 Torr)

**

SRL

Coal (MAF)

Aeh

Water

Phenol

TOTAL 100
Calc Mole Wt. 43.73
Melting Point °F

Specific Gravity 60/60

Viecoeity , cp

Carbon

Hydrogan

Nitrogen

Sulfur

Oxygen (by diff)

Aeh

TOTAL

Number of Sample Avg.

-270-



PRO iECT LIGNITE 
SAMPLE ANALYSES 
RUN NO; L-2 Overall 
DATE: 8/21-9/23/77 
TIME: 0000-2400

SAMPLE DESCRIPTION F-l Btms LEG Btms reed Solv. S-8 on s-4b on
SAMPLE POINT Sx-2 Sx-12 Sx-14 Sx-16 Sx-23

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5

IBP 
r~* 5%

10%

45 48
67 83
72 94

i_ 20%s 30%g 40% ^
£ 50% £

60% cc
UJ UJ5 70% |
3 80% UJ

80 116
88 137 0,
97 155

108 170
122 180
141 188
162 198

> 90%
'-♦gs %

DRY PT. >__ _
182 222
198 254
202 256

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 740 740

IBP
r~* 5%

10%

r—v 55 83
71 131
80 176

^ 20% °
£ 30%
cc 40% o:UJ
a 50% fl
uj 60% §
1 70% a
^ 80% w

, 96 200
110 212
126 224
139 243
156 266
173 294
173 336

> 90%
L‘95%

DRY PT. i—
204 350 •
280
281 352

ASPHALTENE TEST
WT % ASH 12.73
WT % UNCONVERTED COAL 14.62
WT % PRE-ASPHALTENES 31.92
WT % ASPHALTENES 20.58
WT % MALTENES 8 DIST. OIL 20.15

TOTAL 100.110 
SAYBOLT VISCOSITY, SSU

100° F 9.3 11.5
210° F 8.0 8.5

MISCELLANEOUS
KF H20 WT%(Raw Sx) - 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, 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-2 Overall 
DATE: 8/21-9/23/77 
TIME: 0000-2400

SAMPLE DESCRIPTION Cc Id Trap Oi] S-7 Btms S-4A Oil
SAMPLE POINT Sx-33 Sx-34/39 Sx-37

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5

IBP 47
p* 5% 83

10% 97
i 20% o 124
z 30%
Ui UJ
g 40% g

146
164

£ 50% 15 174
u 60°/<> £ 182
s 70% | 1893 80% uj 200
> 90%
'—95 %

226
256

DRY PT. 258
ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 740 739
IBP j----- i 86 88

(—*■ 5% .
10%

93 121
97 171

2 20% o •98 . 192
8 50% J
£ 40% £
o. 50% h

131 203
140 216
146 230

uj 60% a 162 252| 70% | 170 279
g 80% < u 173 312
^ 90%
'—95%

344

DRY PT. —> 347
ASPHALTENE TEST

WT % 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 HjO 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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DISTILLABLE OIL CONTENT OF F-l BOTTOMS
VERSUS

F-l BOTTOMS MELTING POINT
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i V w

Y= —0.1273 X + 54.38 
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MATERIAL OUT

PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 311/1%

Run No: l-2 Overall 
Date: 8/21-9/23/77
Time: 441.4 hrs of Coal Processing lbs.

Temperature: 737°F 
Pressure:2460 psig 
LHSV: 1.42 
GHSV: 325

✓ T> roduct Gas
acy-cle Gas./

Sx-20

—
Ovhd

------5=51
Btms

—5=8---------
STREAM DESCRIPTION Vent. Gas_ F

Sx-20
.b.so.rb.ed,.fia{

Calc
Ovhd

SAMPLE POINT Sx-30 Sx-23 Sx-44
Hydrogen - H2 118.9 223.3 30.1
Carbon Monoxide-CO 770.1 1445.9 208.1
Carbon Dioxide-C02 14.5 27.3 3294.8 1263.2
Hydrogen Sulfide-H2S 47.5 33.9
Methane- CH4 337.3 633.4 162.1
Ethane- CjH# 109.1 204.8 129.0
Propane- CSH0 50.7 95.2 120.2
Butane - C4H|0

Nitrogen-N2 23.4 43.8 6.8
Ammonia-NHj 4.0 3.9 7.7
Light 621.2

245.4
«•»» 13.3
SRL

Cool (MAP)

Ash

Water 6123.4
Phenol

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
Sulfur 44.9 31.9 4.2
Oxygen (by dlff) 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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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 3/7/78
Temperature: 737:°FRun No: L-2 Overall MATERIAL OUT Pressure: 2460 psig

Date: 8/21-9/23/77 LHSV: 1*42
Time: 441.4 hrs of Coal Processing lbs. GHSV:325

STREAM DESCRIPTION

SAMPLE POINT

5-8
. .Btins___

Sx-16
Exhaust ...

Cold
Tran

f-i
Btms

«—Recycle 
S-7 Btms

solvent
LEG Btms

Sx-32 Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H2 1.6
Carbon Monoxide-CO 23.7
Carbon Dioxide-C02 145.9
Hydrogen Sulfide-H2S

Methane- CH4 12.9
Ethane - C2H# 16.8
Propane- CsHj 19.8
Butane- C4H10

Nitrogen-N2

Ammonia-NHs

Light oii-(°-ioto;c® 1298.1 44.1 5807.4 5957.1
113.8 6.6 1008.5 21087.1 3845.7

H.nvv oil-'230-255^Heavy Oil gji.g Torr) 11.2 863.2 119.1
SRL 5995.7
Coal (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 219.7 11.8 10.2 455.0 2192.8 871.1
Nitrogen 1.7 0.1 97.4 86.6 29.8
Sulfur 3.8 0.3 95.5 329.6 47.6
Oxygen (by dlff) 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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PROJEC LIGNITE
MEASURED MATERIAL BALANCE

Revised: 3/111%

Run No: l-2 Overall 
Date: 8/21-9/23/77
Time: 441.4 hrs of Coal Processing

MATERIAL OUT

lbs

Temperature: 737°F 
Pressure: 2460 psig 
LHSV: 1.42 
GHSV: 325

STREAM DESCRIPTION

SAMPLE POINT
• ------------ •- —...... ............

TotalOut

Hydrogen - H2 373.9

Carbon Monoxide-CO 2447.8

Carbon Dioxide-C02 4745.7

Hydrogen Sulfide-H2S 81.4
Methane-CH4 1145.7

Ethane- C* H# 459.7
Propane-CjHj 285.9
Butane - C4H)0

Nitrogen-Nz 74.0
Ammonia-NHj 15.6
Light Oil-^-'OO^® 13727.9

26307.1
Hanuv nil J23'0'25506Heavy Oil-@| 6 Torr) 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 dlff) 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-l

SAMD RATH 766
PREHEATER E-13

DOWTHFRM ^99
SEPARATORS S-l and S-2 

2460 ■
INI FT 298 INI.FT 8U SEPARATOR S-3

250niJTi FT 746 192OUTI FT

DISSOLVERS
R -1A (I) ■ 778

LIGHT ENDS COLUMN, F-2
RFROII FR 556

SEPARATORS S-4A and S-4B 
62

VACUUM FLASH, F-l14 Torr(?) 823 1 OWFR RFCTION - —191
<*) 820 FFFD SPOT ION . LIGHT ENDS COLUMN, F-2

Atm820 OVFRHF AD 180
R-IR rn NIU s-fl 74 SOLVENT COLUMN, F-3NIU(2) R-9

(3)
(A) SOLVENT COLUMN, F-3

REBOILER NIU
1 OWFR SFOTION

HEAVY ENDS COLUMN, F-4NIU

REACTOR PRODUCT SEPARATORS
S-1 595

VACUUM FLASH, F-0NIU
FFFD RFCTION SETTLING TOWER, V-8

NIU.-p 79 OVFRHFAO
S-3 514
S-4A 82 HEAVY ENDS COLUMN, F-4

RFROII FR NIU

RECOVERY TOWER, V-7
NIU

S-4R 74

PREHEATER E-ll
DOWTHFRM 677

LOWER SECTION
FEED SECTION
OVFRHFAO

INLET 440
OUTLET 630

VACUUM FLASH F-l
OVFRHFAD VAPOR 512
UPPER WALL 596
I.OWFR WAI 1 571

VACUUM FLASH,F-0
OVERHEAD NIU
BOTTOMS

PRECIPITATION TOWER, V-8
7 ON F ( 1) NIU

downoomfr. 544 (?)
CONDENSATE

ACCUMULATOR^-? 84
(3)

RECOVERY TOWER V-9
REBOILER NIU
OVERHEAD
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Oock-e o-p Ron 
of Run

L<na+h of Run

S ta-r + £ r> J Rxj n Mo* L- 2 B
R/W/ll 8/31/77 Ua.>s: Ibs/hr,°F,Psig

0200 1400 Prep- By: GGB & BCL
12 hrs. Updo-.+ed: 3/3/78

Hou^S on C»«-i a.'t £nj aP Y. P* | 80 • 3

N/1ASS RATTE1S AKJ.D ^^^productgas to thermal. COUDITIOMS

7.15 Recycle gas 
&_62 makeup G>4~l|,'

48.71 LIGNITE "IF --- - ----  sx-»IFs*-i

Hi

YUGA5 Sx-2. |
J9^\46

766

M IXER.

T

i 817

73
630 440 %

T 820 T-
R-IA R-lb

T: 820 T
P= 2460
T 823

1
i
f P:

T:

t: T.778

(9. 66^olvent
—o

596

571

T: 512

p: 14 T<j>ri

544

A-SA

,r 9.81 Ibs/hr g
V-q BOTTOMS

rS8^
P: 14 T ^rribs 

^-gg.Sl hr
A.-2 A

A-2Ca

J-l EXHAUSTCold gas els*TR/\P —-QO ^ RA»P 
^ LIQUIDS*

v-es>fecrr~ro>vAS

JFSx-2 VACUUM BOTTOMS

A- S A. OVERFLOW

M op EM M closed

Numbers in parentheses are not included in the totals.

6.66
7.15

7.01

5^.20.

18.08
NIU
Neel.

6.22

0.50
0.37

22.95

153.26 toTWI—. TOTAL. 153.26
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Run No:L-2B 
Date: 8/31/77 SUMMARY

PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product Gas and F-I Btms Rates Adjusted
Revised: 3/3/78 Temperature: 746°F 

Pressure: 2460 psig 
LHSV: 1-38

STREAM DESCRIPTION

SAMPLE POINT

Total 
... In___

total
Out____

Net
Yield

WtlT MAF. 
Coal

Hydrogen - H2 1.31 1.14 -0.17
■v

Carbon Monoxide-CO 10.70 6.04 -4.66
Carbon Dioxide-COz 0.56 11.69 11.13
Hydrogen Sulfide-HZS 0.13 0.13
Methane - CH4 2.00 4.49 2.49 ■ 10.78 36.57
Ethane - C2H# 0.64 1.68 1.04
Propane- CsHa 0.40 1.19 O'. 79
Butane - C4H10

Nitrogen-N2 0.16 0.14 -0.02
Ammonia-NHs 0.05 0.05 /
Light OII-^-'O^C® 9.50 16.68 7.18
S‘"-"-,i060^TC® 77.31 71.99 -5.32 * 14.62 49.59

(■?30-255°CHeavy Oll-^,^ Torf) 1.61 2.41 0.80
SRL 11.96 11.96
Coal (MAP) 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 dlff)

Ash

TOTAL
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PROJECT LIGNITE
MEASURED & ADJUSTED MATERIAL BALANCE

Revised: 313/IS

Run No: L-2B 
Date: 8/31/77 
Time: 0200-1400

MATERIAL IN

Ibs/hr.

Temperature: 746°F 
Pressure: 2460 psig 
LHSV: 1.38 
GHSV: 321

STREAM DESCRIPTION
SAMPLE POINT

«—Feed G; Iecycie..Gaf
Sx-20

is —----Makeup Ga
Sx-18

s Lignite
.Feed----
Solvent

Total
In.

Sx-1 Sx-14
Hydrogen-Hz 0.56 0.75 1.31
Carbon Monoxide-CO 2.93 7.77 10.70
Carbon Dioxide - C02 0.56 0.56
Hydrogen Sulfide-H2S
Methane - CH4 2.00 2.00

Ethane - C2H# 0.64 0.64
Propane- CjHa 0.40 0.40
Butane-C4H10

Nitrogen-Nf2 0.06 0.10 0.16
Ammonia-NHj
Light Oll-^g10^® 9.50 9.50

77.31 77.31
■H«a«v"oi|J2'30-255qfiHeavy 0ll-@li6 Torr) 1.61 1.61
SRL

Coal (MAF) 29.48 29.48
Ash 3.14 3.14
Wafer 16.09 0.36 16.45
Phenol

TOTAL. 7.15 8.62 48.71 88.78 153.26
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL

280



El
em
en
ta
l-
--
--
--
--
-\
 /■
--
--
--
--
--
--
--
--
--
--
--
-
Qu
an
ti
ta
ti
ve

PROJECI LIGNITE 
ADJUSTED MATERIAL BALANCE

Product Gas and F-l Btms Rates Adjusted 
Revised: 3/3/18

Run No: l-2B 
Date: 8/31/77 
Time: 0200-1400

MATERIAL OUT 
Ibs/hr.

Temperature: 746°F 
Pressure: 2460 psig 
LHSV : 1.38 
GHSV: 321

STREAM DESCRIPTION <------------------- PiVent Gas' 1
Sx-20

roduct Gas tecycle Gas
Sx-20

Absorbed^ S-4A
-as Ovhd "EFTTBBtms

S=B
Ovhd.

SAMPLE POINT Calc Sx-30 Sx-23 Sx-44
Hydrogen - H2 0.52 0.56 0.06
Carbon Monoxide-CO 2.73 2.93 0.36
Carbon Dioxide-C02 0.52 0.56 6.92 3.36
Hydrogen Sulfide-H2S 0.09 0.04
Methane- CH4 1.86 2.00 0.58
Ethane - C2 Hfl 0.60 0.64 0.39
Propane- CsHa 0.37 0.40 0.37
Butane - C4H|0

Nitrogen-Nj 0.06 0.06 0.02
Ammonia-NH5 0.02 0.03
Light Oll-^g10^® 2.40

1.65
Heavv on J2J0-26S«CHeavy Oil @(,6 Torr)

SRL

Cool (MAF)

Ash

Water 14.00
Phenol

TOTAL 6.66 7.15 7.01 5.20 18.08 Negl.

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL
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Run No: L-2B 
Date:
Time: 0200-1400

MATERIAL OUT
Ibs/hr.

PROJECI LIGNITE
ADJUSTED MATERIAL BALANCE

Product Gas and F-l Btms Rates Adjusted
Revised: 3/3/78 Temperature:7 46°F 

Pressure: 2460 psig 
LHSV: 1.38 
GHSV: 321

STREAM DESCRIPTION S-8Btms
3=1

*Exhaust
Sx-32

Cold
Trap

--- F=I---
Btms

-•—Recycie 
S-7 Btms

Solvent—»■ 
LEC Btms

SAMPLE POINT Sx-16 Sx-33 Sx-1 Sx-39 Sx-12
Hydrogen-H2

Carbon Monoxide-CO 0.02
Carbon Dioxide-C02 0.33
Hydrogen Sulfide* H2S

Methane - CH4 0.05
Ethane-CZH# 0.05
Propane- CSH( 0.05
Butane-C4H10

Nitrogen-N-j

Ammonia-NHs

Light Oil-tO-^® 3.50 0.26 6.69 3.83
1.67 0.02 3.19 59.67 5.79

H.owv nii-f230-255aCHeavy Oll-^g Torr, 2.22 0.19
SRL 11.96
Coal (MAF) 4.66
Ash 3.14
Water 1.05 0.09 0.73
Phenol

TOTAL 6.22 0.50 0.37 22.95 69.31 9.81
Carbon

Hydrogen *

Nitrogen

Sulfur -

Oxygen (by dlff)

Ash

TOTAL

*Rate assumbed to be similar to those of the other L-2 yield periods in which 
the orifice meter was working properly.

-282-



El
em
en
ta
l-
--
--
--
--
--

\ r
--
--
--
--
--
--
--
--
--
--
--
--
--

Qu
an
ti
ta
ti
ve

Temperature: 7460F
Run No: l_2b MATERIAL OUT Pressure: 2460 psig
Date: 8/31/77 LHSV : 1.38
Time: 0200-1400 Ibs/hr. GHSV: 321

PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product Gas and F-l Btms Rates Adjusted
Revised: ZlZ/lQ

STREAM DESCRIPTION

SAMPLE POINT
. ---------------- - ------- -------

TotalOut

Hydrogen - H2 1.14
Carbon Monoxide-CO 6.04
Carbon Dioxide-C02 11.69
Hydrogen Sulfide-H2S 0.13
Methane - CH4 4.49
Ethane- CfcHj 1.68

Propane- CsHi 1.19
Butane - C4H10

Nitrogen-N2 0.14
Ammonia-NHj 0.05
Light O.l^-1^®

16.68
S"'-"-(|060^°)°C®

71.99
Heavy nil-1250-255^Heavy Oil @li6 Torr) 2.41
SRL 11.96
Coal (MAF) 4.66
Ash 3.14
Water 15.87
Phenol

TOTAL 153.26

Carbon

Hydrogen

Nitrogen

Sulfur
Oxygen (by dlff)

Ash

TOTAL
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Run No: L-2B

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 3/3/78

Date: 8/31/77
Time: 0200-1400 WEIGHT PERCENT
t'-i I LL(J heed S-8 b-oSAMPLE DESCRIPTION Lignite "T=T-----------Btms Lilli!Btms * eea Solvent S-8Oil b>-8Water

SAMPLE POINT Sx-1 *Sx-2 Sx-12 Sx-14 Sx-16 Sx-16
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane -CH4

Ethane-Cz He

Propone-C-sH*

Butane-C4H10

Nitrogen-N2

Ammonia-NHj (PPM)
Light Oil.-(°-|0T0;rf@ 39.05 10.70 67.60

13.90 58.98 87.08 32.40
Heavy Oil-^O^C 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^ 76.49
Melting Point °F 318
Specific Gravity 60/60 0.997 1.040
Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL

Number of Sample Avg< 2 2 2 2 2 2

*Distillable oil calculated by following equation:
Wt % Distillabe Oil = -0.1273 (F-l Btms Melting Point) + 54.38. See graph.
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 3/3/78
Run No: L-2B
Date: 8/31/77
Time-: 0200-1400 WEIGHT PERCENT

SAMPLE DESCRIPTION ~S=8----------Total Mgkfup ProductGas KecycieGas EeedGas Sii"
SAMPLE POINT Sx-16 Sx-18 Sx-19 Sx-20 Sx-21 *Sx-23
Hydrogen -H2 8.70 3.77 7.77 8.28
Carbon Monoxide-CO 90.13 20.21 41.03 67.89
Carbon Dioxide—C02 47.81 7.83 3.54
Hydrogen Sulfide-H2S 0.79
Methane -CH4 19.54 27.96 12.68
Ethone-CzHe 4.89 8.93 4.05
Propane-C3He 2.51 5.61 2.53
Butane-C4H10

Nltrogen-N2 1.17 0.44 0.87 1.03
Ammonlo-NHj (PPM) 0.04

56.19 58.93
26.93 40.60

~ t230-255°CHeavy Oil-(j, 6 Torr)

SRL

Cool (MAF)

Aeh

Water 16.88 0.47
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Soluble*^ j

Melting Point °F

Specific Gravity 60/60 0.956
Viscoiity, cp

Carbon .

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Aeh

TOTAL

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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Run No: L-2B

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 3/3/78

Date: 8/31/77
Time: 0200-1400_______________ WEIGHT PERCENT

SAMPLE DESCRIPTION Mer OvhciA Discnarge s&s o?i4A
SAMPLE POINT Sx-23 Sx-23 Sx-30 Sx-32 Sx-33 Sx-37
Hydrogen -H2 1.11 0.75
Carbon Monoxide-CO 6.94 4.31
Carbon Dioxide-C02 64.56 66.70
Hydrogen Sulfide-H2S 0.82
Methane -CH4 11.16 9.52
Ethane-CzHe 7.59 8.93
Propane-C? He 7.05 9.79
Butane-C4H10

Nitrogen-Nz

Ammonia —NH9 (PPM) 0.18 0.14 0.39
1 Inht OileJOHOO" C @ Light Oile- , 6 Torr) ^ 13.28 0.38 69.24 58.93

9.15 6.30 40.60
nii-^30-255<,cHeavy Oil-(gj, 6 Torr)

SRL

Coal (MAP)

Aeh

Water 99.82 77.43 24.46 0.47
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^

Melting Point °F

Specific Gravity 60/60 0.956
Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg. 2 2 2 1 2

-286-



El
em

en
ta

l--
---

;--
---

---
---

---
-\ 

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
--

Q
uo

nt
ito

tiv
#

PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: Zl'S/lQ
Run No: L-2B
Date: 8/31/77
Time: 0200-1400 WEIGHT PERCENT

SAMPLE DESCRIPTION $at!er Total
" """"S-7-------

Btms
AbsorbedGas

SAMPLE POINT Sx-37 Sx-37 Sx-39 Calc.
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide-C02 98.67
Hydrogen Sulfide-HjS 1.30
Methane -CH4

Ethane-CzHe

Propane-CsHa

Butane-C4Hio

Nitrogen-N2

Ammonia-NH, (PPM) 0.18 0.01 0.03

55.07 9.65
Solvent-^'^-^C® 37.94 86.10

♦ 3.20
SRL

Coal (MAF)

Ash

Water 99.82 6.98 1.05
Phenol

TOTAL 100 100 100 100

Pyridine Solubles^’

Melting Point °F

Specitlc 6ravity' 60/60 1.056
Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

total

Number of Sample Avg. 2 2 2 -
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PROJECT LIGNITE 
SAMPLE ANALYSIS

Updated: 3/3/78

L-2B
8/31/77

r

Run No: 
Date: 
Time:

SAMPLE DESCRIPTION Mgggup rroauct
Gas

Kecycie
Gas

Keed
Gas Ovhd

-
Discharee

SAMPLE POINT Sx-18 Sx-19 Sx-20 Sx-21 Sx-30 Sx-32
Hydrogtn -H2 57.15 36.43 50.25 53.99 16.20 11.91
Carbon Monoxlda-CO 42.30 13.94 18.95 31.63 7.20 4.87
Carbon Dloxldo-COz 20.99 2.30 1.05 42.60 47.95
Hydrogen Sulfidt-HzS 0.45 0.70
Methane-CH4 23.59 22.60 10.34 20.25 18.81
Ethone-CzH* 3.15 3.85 1.76 7.35 9.42
Propane-C3H* 1.10 1.65 0.75 4.65 7.04
Butane-C4H10

Nitrogen-Nz 0.55 0.30 0.40 0.48

Od

Ammonia-NHj (PPM) 0.05 0.65
Light Oil.-{0-|0T0;rf@

SRL

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 ,

Specific Gravity 60/60

Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL

Number of Sample Avgi 2 2 2 2________ -2______ 2
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Run No: L-2B

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 3/3/78

Date: 8/31/77
Time: 0200-1400__________________ MOLE PERCENT

SAMPLE DESCRIPTION AbsorbedRas
SAMPLE POINT Calc.

Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide-C02 98.25

Hydrogen Sulfide-^S 1.67
Methane-CH4

Ethane-CxHs

Propane-CTH b

Butane - C4HI0

Nitrogen-N2

Ammonia-NHj (PPM) 0.08 •

Light Oil.-(f-'00;rf@

»-»■ ■i-SS-SK'

SRL

Coal (MAP)

Aeh

Water

Phenol

TOTAL 100
Calc. Mole Wt ... 43.81
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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PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO:L-2B 
DATE: 8/31/77 
TIME: 0200-1400

SAMPLE DESCRIPTION LEG Btms Feed Solv. S-8 Oil Cold Trap S-4A Oil
SAMPLE POINT Sx-12 Sx-14 Sx-16 Sx-33 Sx-37

ASTM D-1160 DISTILLATION DATA

PRESSURE, TORR 5 5
IBP 

p 5%
10%

72.8 65.8
80.4 101

85.0 118.6
20% 

z 30%
UJ UJ
g 40% |
£ 50% >5

60% cc
UJ UJ
5 70% Q;
3 80% £

94.2 153.2
106.6 172
122.8 181.3

140 187
158.4 191.6
175.2 198.4
186.5 207.2

> 90%
^-*■95 %

DRY PT.

198.2 227.5
212.4 255.4

215 259
ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 739 742 741
IBP 

p 5%
10%

r------* 67 84 112

144 99 158 .
157 100 173

£ 20% o
UJ ^0%,o /o UJ
cc 4 0% or
UJ
cl 50% if
uj 60% 2

| 70% £

^ 80% w

170 101 200

T80 114 2T2-
196 127 234
219 127 248
255 132 294
301 137 328

137 338
> 90%
^-*95%

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
210° F

MISCELLANEOUS
KF HzO WT%{Ra* 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

ASPHALTENES- BENZENE SOLUBLE, N-PENTANE IN SO LUB L E M AT ERIA L
MALTENES-N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES 
DISTILLABLE OIL - RE COVER ABLE BY DISTILLATION.
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PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO: L-2B 
DATE: 8/31/77
TIME: 0200-1400

SAMPLE DESCRIPTION S-7 Btms

SAMPLE POINT Sx-39
ASTM D-1160 DISTILLATION DATA

PRESSURE, TORR 5
IBP 

p 5%
10%

21.4
101.3
119.6

20% 
z 30%
UJ UJ
% 40% “
£ 50% 5
u, 60% £
S 70% |
3 80% UJ

156.8
173.2
180.6
185.6
190.8
199
209. 3

> 90 %
^95%

DRY PT. »

234.8
260

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR

IBP
/—*• 5%

10%

------ *

t 20% o

3 30%
o: 4 0 % cr
a 50% g
uj 60% 2

| 70% a

ti 80% S
> 90%
^95%

DRY PT. l------y

ASPHALTENE TEST
WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES S DIST. OIL

TOTAL

SAYBOLT VISCOSITY, SSU
100° F
210° F

MISCELLANEOUS
KF HzO WT%(Raw Sx) 1.05
INFRARED RATIO
SP. GRAV. 60/60 F 1.056

PREASPHALTENES - PYRIDINE SOLUBLE, BENZENE INSOLUBLE MATERIAL 
ASPHALTENES- BENZENE SOLUBLE, N-PENTANE IN SOLUB L E M AT ER IA L
MALTENES- N-PENTANE SOLUBLE MATERIAL NOT RECOVERABLE BY STANDARD DISTILLATION PROCEDURES 
DISTILLABLE OIL - RECOVERABLE BY DISTILLATION.
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Run No: L-2B 
Date: 8/31/77

MATERIAL OUT

PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised:
Temperature: 746°F 
Pressure: 2460 psig 
LHSV: 1.38

STREAM DESCRIPTION

SAMPLE POINT

4________pr( S-4A 
as Ovhd

S-4B
Btms

S-8
OvhdVent Gasj 

Sx-20

ecycle Gas_ 

Sx-20

Absorbed t
Calc Sx-30 Sx-23 Sx-44

Hydrogen - H2 0.26 0.56 0.06

Carbon Monoxide-CO 1.36 2.93 0.36

Carbon Dioxide-COz 0.26 0.56 8.88 3.36

Hydrogen Sulfide-HZS 0.12 0.04

Methane- CH4 0.93 2.00 0.58

Ethane- C2He 0.30 0.64 0.39

Propane- CjHg 0.18 0.40 0.37

Butane - C4H10

Nitrogen-Nj 0.03 0.06 0.02
Ammonla-NH, 0.02 0.03
Light Oll-^g16^®

2.40

1.65
~ {230-255°fiHeavy Oll-^

SRL

Cool (MAF)

Aeh

Water 14.00
Phenol

TOTAL 3.32 7.15 9.00 5.20 18.08 Negl.

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ath

TOTAL
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Run No: L-2B 
Date: Z/3im 
Time: 0200-1400

MATERIAL OUT

PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 3/3/78

ibs/hr.

Temperature:746°F 
Pressure: 2460 psig 
LHSV: 1.38 
GHSV:321

STREAM DESCRIPTION

SAMPLE POINT

------- EFa------
Btms

Sx-16

J-T
Exhaust

Sx-32

Cold
Trap

—F=T----------
Btms

Recycle 
S-7 Btms

Solvent—> 
LEC Btms

Sx-33 Sx-1 Sx-39 Sx-12

Hydrogen - H2

Carbon Monoxide-CO

Carbon Dioxlde-COz

Hydrogen Sulfide-H2S

Methane- CH4

Ethane - C2H#

Propane- CsHj

Butane - C4H|0

Nitrogen-Nj

Ammonio-NHj

3.50 0.26 6.69 3.83
Solvent-(j060-230)oC@

■ 1.67 0.02 3.12 59.67 5.79
Heavv oil-(230-255^Heavy Oil @|i6 Torr) 2.22 0.19

SRL 11.69
Coal (MAF) 4.55
Ash 3.07
Water 1.05 0.09 0.73
Phenol

TOTAL 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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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 3/3/78

f

Run No: l-2B
MATERIAL OUT Temperature: 746°F 

Pressure: 2460 psig
Date: 8/31/77 LHSV: 1.38
Time: 0200-1400 Ibs/hr. GHSV:321

STREAM DESCRIPTION

SAMPLE POINT
■ ......... ........ - --------------

Total--------
Out.

Hydrogen - H2 0.88
Carbon Monoxide-CO 4.65
Carbon Dioxide-C02 13.06
Hydrogen Sulfide-H2S 0.16
Methane - CH4 3.51
Ethane-CaH* 1.33
Propane- C5 H# 0.95
Butane - C4H10

Nitrogen-N2 0.11
Ammonia-NHj 0.05
Light oii-{°-,oTo;rc® 16.68

71.92
Heavy oil-(230"^5^Heavy Oil @|>6 Torr) . 2.41
SRL 11.69
Cool (MAF) 4.55
Ash 3.07
Water 15.87
Phenol

TOTAL 150.89

Carbon

Hydrogen

Nitrogen

Sul fur

Oxygen (by dlff)

Ash

TOTAL
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RUN CONDITIONS
RUN NO. L-2C 
DATE MADE SHm

TEMPERATURE °F PRESSURE, psig
PREHEATER E-l

SAND RATH 770
PREHEATER E-13

DOWTHFRM 398
SEPARATORS S-l and S-2 

2460
IN! FT 292 INI FT 78 SEPARATOR S-3

250OUTI FT 751 OUTI FT 221

DISSOLVERS
R-IA (1). 776

LIGHT ENDS COLUMN, F-2
RFROII FR 354

SEPARATORS S-4A and S-4B 
61

VACUUM FLASH, F-l
14 Torr(2) I.OWFR SECTION 372

(3) H? FFFO SFCTION . 315 LIGHT ENDS COLUMN, F-2
Atm(4) 822 OVFRHFAO !92

R-IR m NIU S-R 71 SOLVENT COLUMN, F-3
NIU(2) S-R

(3)
(4) SOLVENT COLUMN, F-3

REBOILER NHJ
LOWER SFCTION

HEAVY ENDS COLUMN, F-4
NIU

REACTOR PRODUCT SEPARATORS
S-l 596

VACUUM FLASH, F-0
NIU

FFFO SFCTION SETTLING TOWER,' V-8
NIUF-? 77 OVERHEAD

S-3 508
S-4A 78 HEAVY ENDS COLUMN, F-4

RFROII FR NIU

RECOVERY TOWER, V-?
NIU

S-4R 72

PREHEATER E-ll
OOWTHFRM 677

I.OWFR SFCTION
FEED SECTION.
OVFRHFAO

INI FT '
OUTI FT 639

VACUUM FLASH F-l
OVERHEAD VAPOR 505
UPPFR WAI1 597
LOWER WAI. 1 ._ 570

VACUUM FLASH,F-0
OVERHEAD NIU
BOTTOMS

PRECIPITATION TOWER, V-8

7 ON F (1) NIU
DOWNOOMFR.. 541 l?)

CONDENSATE
ACCUMULATOR^-? 83

(3)

RECOVERY TOWER V-9
RFROILFR NIU
OVERHEAD
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Uadtc. o-p Run
D'f R-Urt

Leno+h of Run

S t«.r+■ t nj P?un K/o; L-2C
8/31/77 sum Un.’+a: lbs/hr,°F,Psig

1400 0200 Prep. By* BCL & GGB
12 hrs. Updcdrd: 3/2/78

Hou<3 on CoN 0.1-£oJ of y. P. j 92.3

MASS RATES AKJ.D RUKIpROOUCTaAS-po THERMAJL 
CONJD T OMS io^idi^e.r£j ^dPRODUCT GAS r° RE-g-VCLE.

4.74
7.23

812
7.23 RECYCLE GAS 
7.93 MAKEUP GA5" 

46.34 LIGNITE V 
(tsx-l

SYNGAS K&Sx-zi

• Vk-^1 knockout pot btms

SCRUDCEX ARSORQE.D OASES ’ 0 1A
T:
P:

. . MAKEUP
C' • 04; solvent

152. 94 To~rA.i_

4.32

(X OP EU M CLOSED
Numbers in parentheses are not included in the totals.

TOTA l_. 152.94
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product Gas,

Run No: L-2C
Date: 8/31-9/1/77
Time: 1400-0200

Recycle Gas and F-l Bottoms Rates Adjusted 
Revised: 3/2/78

SUMMARY

Ibs/hr.

Temperature: 751°F
Pressure:2460 psig
LHSV: 1.37 
GHSV: 320

stream description

SAMPLE POINT

Total
In____

Total
Out

Net
Yield

Wt % MAF 
Coal

Hydrogen - H2 1.03 1.15 0.12
Carbon Monoxide-CO 10.57 5.44 -5.13

Carbon Dioxide-C02 12.03 12.03

Hydrogen Sulfide-H2S 0.16 0.16
Methane - CH4 2.35 4.43 2.08 k 10.79 38.29

Ethane - CzH# 0.71 1.56 0.85
Propane-CsHj 0.35 1.01 0.66
Butane- C4H|0

Nitrogen-N2 0.15 0.14 -0.01
Ammonia- NHS 0.03 0.03
tight oii-(°-,oTo;rc@

9.26 18.99 9.73

78.18 73.07 -5.11 • 13.97 49.57

«•«» 3.11 2.34 -0.77

SRL 10.12 10.12
Cool (MAF) 28.18 3.96 -24.22 -85.95

Ash 2.57 2.57 -0- -0-
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
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product Gas,

Run No: L-2C 
Date: 8/31-9/1/77
Time: 1400-0200

Recycle Gas and F-l Btms 
Revised: 3/2/78

MATERIAL IN 

Ibs/hr.

Rates Adjusted

Temperature:751°F 
Pressure: 2460 psig 
LHSV: 1.37 
GHSV:320

STREAM DESCRIPTION

SAMPLE POINT

<------- ^Feed 1
ecycle Gas

Sx-20

Jas------------ >
Makeup Gas Lignite

Feed
Solvent

Total
In

Sx-18 Sx-1 Sx-14

Hydrogen - H2 0.65 0.38 1.03

Carbon Monoxide-CO 3.09 7.48 10.57
Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane - CH4 2.35 2.35
Ethane - C2Hs 0.71 0.71
Propane - CjHa 0.35 0.35
Butane - C4H10

Nitrogen-N2 0.08 0.07 0.15
Ammonia- NH8

Light Oll-^g'OO;^®
9.26 9.26

78.18 78.18

3.11 3.11
SRL

Coal (MAP) 28.18 28.18
Ash 2.57 2.57
Water > £ . O'

15.59 0.89 16.48
Phenol

TOTAL 7.23 7.93 46.34 91.44 152.94

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Run No
Date:
Time:

Product Gas, Recycle Gas and F-l Btms Rates Adjusted
Revised: 3/2/78

Temperature:751°F
L—2C MATERIAL OUT Pressure: 2460 psig
8/31-9/1/77 LHSV: 1.37
1400-0200 lbs/hr. GHSV: 320

STREAM DESCRIPTION
it--------—Pr —5=M-------

s Ovhd
----- 5=51------

Btms
—5=5------ ---

OvhdVent Gas iecy cle Gas

Sx-20

Absorbed Ga
SAMPLE POINT Sx-20 Calc. Sx-30 Sx-23 Sx-44

Hydrogen - H2 0.43 0.65 0.06
Carbon Monoxide-CO 2.03 3.09 0.29
Carbon Dioxide-C02 9.08 2.64
Hydrogen Sulfide-H2S 0.06 0.09
Methane - CH4 1.54 2.35 0.48
Ethane - CjH* 0.46 0.71 0.35
Propone- CjH* 0.23 0.35 0.39
Butane - C4H10

Nitrogen-N2 0.05 0.08 0.01
Ammonla-NHj 0.01 0.02
Light OII-(0-,0t°^<3>

3.17
S.w„1-(|O0-«<5"c@

1.76
~ ftlt (2iO-255uCHeavy OII-^f<6T^ 0.24
SRL

Coal (MAP)

Ash

Water 15.61
Phenol

TOTAL 4.74 7.23 9.14 4.32 20.80 Negl.

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL

’ i
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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

Product Gas, Recycle Gas and F-l Btms Rates Adjusted 
Revised: 3/2/78

Run No: l-2C
Date: 8/31-9/1/77
Time: 1400-0200

MATERIAL OUT 

lbs/hr.

Temperature: 751 F 
Pressure: 2460 psig 
LHSV: 1.37 
GHSV: 320

STREAM DESCRIPTION Btms

Sx-16

3=T
Exhaust

*Sx-32

Cola------
Trap

------ Y=j--------
Btms

4—kecyc±( 
S-7 Btms

solvent—? 
F-2 Btms

SAMPLE POINT Sx-33 Sx-2 Sx-34 Sx-12

Hydrogen - 0.01
Corbon Monoxide-CO 0.03
Carbon Dioxide-COg 0.31
Hydrogen Sulfide-HjS 0.01
Methane-CH4 0.06
Ethane - CaH^ 0.04
Propane- CsHa 0.04
Butane - C4H10

Nitrogen-Ng

Ammonia-NHs

Light Oll-1^10^®
1.99 0.07 9.26 4.50

0.03 0.01 2.94 62.58 5.75
«-!SS1g8*

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

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL

meter was operating properly.
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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

Product Gas, Recycle Gas and F-l Btms Rates Adjusted 
Revised: 3/2/78

Temperature:7518F
MATERIAL OUT Pressure: 2460 psig

LHSV: 1.37
iWhr. GHSV: 320

Run No: L-2C
Date: 8/31-9/1/77
Time: 1400-0200

STREAM DESCRIPTION

SAMPLE POINT
• ------- --------

Total
Out.

Hydrogen - H2 1.15
Carbon Monoxide-CO 5.44

Carbon Dioxide-COz 12.03

Hydrogen Sulfide-H^S 0.16

Methane - CH4 4.43

Ethane- C2He 1.56
Propane- C8H, 1.01
Butane- C4H10

Nitrogen-Nj 0.14
Ammonia-NH5 0.03
Light OII-(°-|0t°^<9>

18.99 .

73.07
H7avv oil-5230-255^Heavy Oil @|i6 Torr) 2.34

SRL 10.12
Coal (MAF) 3.96
Ash 2.57 
Water 15.94
Phenol

TOTAL 152.94

Carbon

Hydrogan

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL
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Run No: L-2C

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 3/2/78

Date: 8/31-9/1/77
Time: lAnn-n?nn _ WEIGHT PERCENT

SAMPLE DESCRIPTION Lignite
------ F=I-------

Btms
LEG

Btms
Feed

Solvent & S-8
Water

SAMPLE POINT Sx-1 Sx-2 Sx-12 Sx-14 Sx-16 Sx-16
Hydrogan -H2

Carbon Monoxide-CO

Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane -CH4

Ethane-CzHe

Propane-C^He

Butane -C4HI0

Nitrogen-N2

Ammonia-NH3 (PPM)

43.20 10.13 98.70

15.00 55.10 85.50 1.30

«— 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^ f°£ 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 Sample Avg. 2 2 2 2 2 2
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Run No: L-2C

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 3/2/78

Date: 8/31-9/1/77
Time: 1400-0200_________________________ WEIGHT PERCENT

SAMPLE DESCRIPTION ——
Total

Makeup
Gas

Product
Gas

Recycle
Gas

reed
Gas

S-AB
Oil

SAMPLE POINT Sx-16 Sx-18 Sx-19 Sx-20 Sx-21 Sx-23

Hydrogen -H2 4.77 4.39 9.05 8.79

Carbon Monoxide-CO 94.29 21.18 42.77 65.89
Carbon Dioxide-COj 45.73

Hydrogen Sulflde-^S 0.28
Methane-CH4 18.12 32.45 14.53

Ethane-CxHe 5.88 9.76 4.42

Propone-C^Hs 3.00 4.89 5.26
Butane-C4H10

Nitrogen-N2 0.94 1.37 1.08 1.11
Ammonlo-NH, (PPM) 0.05
Light Oils-(0-|00;rf@

98.70 61.05

1.30 33.90

h-v ei-BHSjr8 4.60

SRL

Coal (MAF)

Ash

Water 0.45
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^

Melting Point °F

Specific Gravity 6O/6O 0.966

Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg. 2 2 2 2 2 2

<4.
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PROJECT LIGNITE 
SAMPLE ANALYSIS

Updated: 3/2/18

Run No: L-2C
Date: 8/31-9/1/77
Time: 1400-0200 WEIGHT PERCENT

SAMPLE DESCRIPTION s-4b
Water

S-4B
Total

------ JTT-------
Discharge

-----C5TH------
Trap lif—

SAMPLE POINT Sx-23 Sx-23 Sx-30 Sx-32 Sx-33 Sx-37
Hydrogen -H2 1.48 0.80
Carbon Monoxide-CO 6.74 3.20
Carbon Dioxide —C02 61.12 67.83
Hydrogen Sulfide-HzS 2.09
Methane -CH4 11.21 9.13
Ethane-CzHe 7.99 8.99
Propane-C^H# 8.93 10.05
Butane-C4H10

Nitrogen-Nz 0.25
Ammonlo-NH, (PPM) 0.11 0.08 0.19
Light Oil.-(°-'°T°;rf@

15.26 36.01 58.23

8.48 6.10 41.30
ei-SSSTSK8 1.15

SRL

Coal (MAF)

Ash

Water 99.89 75.03 57.89 0.47
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles W*f%:

Melting Point °F ,
Specific Gravity 60/60 0.956
Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg, 2 2 2 2 1 2
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PROJECT LIGNITE 
SAMPLE /JIALYSIS

Updated: 3/2/78

Run No: 
Date:

L-2C
8/31-9/1/77

SAMPLE DESCRIPTION -------—
Water

—5=3X—
Total

S-7
Btms

Absorbed
Gas

SAMPLE POINT Sx-37 Sx-37 Sx-39 Calc.

Hydrogen -Hz

Carbon Monoxide-CO

Carbon Dioxide —C02 99.29

Hydrogen Sulfide-H2S 0.61

Methane-CH4

Ethane-Cz He

Propane-C3He

Butane-C4Hio

Nitrogen-N2

Ammonlo-NH] (PPM) 0.11 0.01 0.10
Light Oil.-{°-|0°;rf@

54.45 12.51

38.62 84.60
H"* o.-sras'

2.60
SRL

Coal (MAF)

Aeh

Water 99.89 6.92 0.29
Phenol

TOTAL 100 100 100 100
Pyridine Soluble*

Melting Point °F

Specific Gravity 60/60

Viscosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg. 2 -
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PROJECT LIGNITE 
SAMPLE ANALYSIS

Updated: 3/2/78

Run No: 
Date:

L-2C
8/31-9/1/77

r SAMPLE DESCRIPTION MakeupGas ^ Product
Gas

RecycleGas FeedGas
!PSa
Ovhd

J-l
Discharee

SAMPLE POINT Sx-18 Sx-19 Sx-20 Sx-21 Sx-30 Sx-32

Hydrogen -H2 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 —C02 19.07 38.35 48.87
Hydrogen Sulfide-H2S 0.15 1.70
Methane -CH4 20.78 23.70 11.40 19.35 18 .10
Ethane-CzHs 3.60 3.80 1.85 7.35 9.50
Propane-C^He 1.25 1.30 1.50 5.60 7.24
Butane-C4H10

Nitrogen-N2 0.58 0.90 0.45 0.50 0.25
Ammonia —NH3 (PPM) 0.05 0.30

mi (230-255°CHeavy Oil-(3, 6 Torr)

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

Specific 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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Run No: L-2C

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 3/2/78

Date: 8/31-9/1/77
Time: 1400-0200 MOLE PERCENT

SAMPLE DESCRIPTION Absorbed
Gas

SAMPLE POINT Calc.

Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide-C02 98.96

Hydrogen Sulfide-^S 0.78

Methane-CH«

Ethane-CzHe

Propane-C3 He

Butane-C4Hio

Nitrogen-N2

Ammonla-NHj (PPM) 0.26

h— ■-«srsr!
SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL 100

Gnlr. Mole Wt. 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
SAMPLE ANALYSES
RUN NO: L-2C
DATE: 8/31-9/1/77
TIME: 1400-0200

SAMPLE DESCRIPTION LEG Btms Feed Solv. S-8 Oil S-4B Oil Cold Trap
SAMPLE POINT Sx-12 1 Sx-14 Sx-16 Sx-23 Sx-3 3

ASTM D-H60 DISTILLATION DATA
PRESSURE, TORR 5 5

IBP 
r-* 5%

10%

72.4 36.4
82.6 102
85.6 117.2

i_ 20%
z 30%UJ UJ
o 40% 9-
S 50% ^
Ui 60% S
S 70% |
3 80% w

93.2 153.2
103.6 173.4

116 181
130 186.3

151.6 191.8
169.4 199
179.8 209.6

> 90%
^95%

DRY PT. k____

190.6 23176
204.8 260
214.8

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 732 741 742

IBP
t—* 5%10%

----- ) 57 76 79
65 115 82
69 162 87

£ 20% °
B 30%
CC 4 0 % CC
a 50% 3
u 6 0 % 2
i 70% £

80% £■

78 194 94
88 ZUB 99
07 102

107 246 110
117 270 111
126 297 114
140 334 117

> 90%
^95%

DRY PT. ^ —■ >■

161 349

169 350 117
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 H20 WT%(Raw Sx) 0.97 0.45 57.89
INFRARED RATIO
SP, GRAV. 60/60 F 1.006 1.062 0.966

PREftSPHALTENES - 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 
SAMiLE ANALYSES 
RUN NO; L-2C 
DATE: 8/31-9/1/77 
TIME: 1400-0200

SAMPLE DESCRIPTION S-AA Oil S-7 Btms
SAMPLE POINT Sx-37 'Sx-39

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5

IBP 
r-» 5%

10%

64.6
91

110.6
20%

z 30% , -LU llJ
g 40% “
g 50% ^

60% “■LU LU
S 70% |
3 80% w

144.5
166
176.3
181
185
192
202

> 90 %
^-*■95 %

DRY PT. - »

223
256
256

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 736

IBP 
(-* 5%

10%

---- * 77
97

158
£ 20% 0
uj TLno/u '° UJ
CC 40% K
S 50% ^
uj 60% a
| 70% |
=* 80% ui-

197
213
232
?5A
276
314
340

> 90%
U.95%

DRY PT. l---- >

363

368
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 HjfO WT % (Raw Sx) 0.47 0.29
INFRARED RATIO
SP. GRAV. 60/60 F 0.961

PREASPHALTENES - PYR ID I NE 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:

Run No: l-2C 
Date: 8/31-9/1/77
Time: 1400-0200

MATERIAL IN

Ibs/hr.

Temperature: 751°F 
Pressure. 2460 psig 
LHSV: 1.37 
GHSV: 320

STREAM DESCRIPTION
Feed 

Recycle Gas
Gas----- —>
,Makeup Ga 
* Sx-18 '

s Lignite
Feed

Solvent
xotai

In
SAMPLE POINT Sx-20 Sx-1 Sx-14

Hydrogen - H2 0.57 0.43 1.00
Carbon Monoxide-CO 2.68 8.37 11.05
Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane- CH4 2.04 2.04
Ethane-C2 He 0.61 0.61
Propane- C8He 0.31 0.31
Butane - C4HI0

Nitrogen-N2 0.07 0.08 0.15
Ammonia-NHS '

Light Oil-'O-'OO"*;®
9.26 9.26

Solv.nt-(;060-2300C@
78.18 78.18

“ "(230-255P6Heavy Oll-^ Torr)
3.11 3.11

SRL

Coal (MAF) 28.18 28.18
Ash 2.57 2.57
Water

15.59 0.89 16.48
Phenol

TOTAL 6.28 8.88 46.34 91.44 152.94

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL
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PROJECT LIGNITE 
MEASURED MATERIAL BALANCE

Revised: 3/2/78

MATERIAL OUT
Run No: l-2C
Date: 8/31-9/1/77
Time: 1400-0200 Ibs/hr.

Temperature: 751°F 
Pressure: 2460 psig 
LHSV: 1.37 
GHSV: 320

STREAM DESCRIPTION
■€- . '■'Fir
Vent Gas 1

jduct Gas
lecycle Gas Absorbed (2a

S-4A •
8 Ovhd

s-4b

Btms
S-8

Ovhd
SAMPLE POINT Sx-20 Sx-20 Calc Sx-30 Sx-23 Sx-44

Hydrogen-H2 0.31 0.57 0.06

Carbon Monoxide-CO 1.48 2.68 0.29

Carbon Dioxide-COz 9.15 2.64
Hydrogen Sulfide-H2S 0.06 0.09
Methane - CH4 1.13 2.04 0.48
Ethan# * 0% Hq 0.34 0.61 0.35
Propane- CsHa 0.17 0.31 0.39
Butane- C4H10

Nifrogen-N2 0.04 0.07 0.01
Ammonia-NHj 0.01 0.01 0.02
Light Oll-1™;^®

3.17

1.76
t:,'" V'o';r,(23o-255P£Heavy 0ll-@| 6 Tofr) 0.24

SRL

Cool (MAF)

Ash

Water 15.61
Phenol

TOTAL 3.47 6.28 9.22 4.32 20.80 Negl.

Corbon

Hydrogen

Nltrogtn

Sulfur

Oxygen (by dlff)

Ash

TOTAL
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 3/2/78

Run No: L-2C 
Date: 8/31-9/1/77
Time: 1400-0200

MATERIAL OUT

Ibs/hr.

Temperature: 751°F
Pressure^50 psig
LHSV: 1-37 
GHSV: 320

STREAM DESCRIPTION

SAMPLE POINT

S-8
Btms_____

Sx-16

------ 3=1
Exhaust___

Sx-32

Coia—
Trap

F=I
Btms

—— Recyclt
S-7 Btms

Solvent—
F-2 Btms

Sx-33 Sx-2 Sx-34 Sx-12

Hydrogen - H2

Corbon Monoxide-CO

Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane - CH4

Ethane - CjHg

Propane- CjH8

Butane - C4H10

Nitrogen-N2

Ammonia- NH8

Light OII-(0-|0T0^<3>
1.99 0.07 9.26 4.50

S.NMt-(i00-2S(j-c® 0.03 0.01 3.04 62.58 5.75
Heavy 0||J230-255%Heavy Oil ^ g Torrj 1.92 0.18
SRL 10.49
Cool (MAE) 4.10
Ash 2.66
Water 0.12 0.21
Phenol

TOTAL 2.02 NA 0.20 20.29 73.97 10.43

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL

NA - Not Available
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 3/2/78

Run No: l-2C 
Date: 8/31-9/1/77
Time: 1400-0200

MATERIAL OUT

Ibs/hour

Temperature: 751°F 
Pressure: 2460 psig 
LHSV: 1.37 
GHSV: 320

STREAM DESCRIPTION

SAMPLE POINT
• .........—■-

Total
Out

Hydrogen - H2 0.94
Carbon Monoxide-CO -4.45

Carbon Dioxide-C02 11.79
Hydrogen Sulfide-H2S 0.15
Methane - CH4 3.65

Ethane - CjH# 1.30
Propane- Cs H# 0.87

Butane - C4H10

Nitrogen-N2 0.12

Ammonia-NH5 0.04

18.99

73.17

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 dlff)

Ash

TOTAL
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RUN CONDITIONS
RUN NO. L-2D_____
DATE MADE 913/11

TEMPERATURE °F PRESSURE, psig

PREHEATER E-l
SAND RATH 770

PREHEATER E-13
DOWTHFRM 398

SEPARATORS S-I and S-2 
2450

INI FT 295 INI FT 11 SEPARATOR S-3
250OUTI FT 747 OUTI FT 160

DISSOLVERS
R-1A (I) ■ 752

LIGHT ENDS COLUMN, F-2
RFROII FR 323

SEPARATORS S-4A and S-4B 
60

VACUUM FLASH, F-l15 Torr(?) 809 1 OWFR SFOTION 214
(3)_. 798 FFFD SFOTION . LIGHT ENDS COLUMN, F-2

Atm(4) 808 OVERHEAD 3.79
R-IB (I) NIU S-R 75 SOLVENT COLUMN, F-3

NIU(2) S - 9
(3)
f4) SOLVENT COLUMN, F-3

REBOILER NIU
LOWER SECTION

HEAVY ENDS COLUMN , F-4
NIU

REACTOR PRODUCT'SEPARATORS 
s-i 615

VACUUM FLASH, F-0
NIU

FFFD SFOTION SETTLING TOWER, V-8
NIU79 OVERHEAD

S-3 5.01
S- 4 A 80 HEAVY ENDS COLUMN, F-4

RFROII FR NIU

RECOVERY TOWER, V-7
NIU

S-4R 7^

PREHEATER E-ll
DOWTHFRM 682

LOWER SECTION
FEED SECTION
OVERHEAD

INLET 418
OUTLET 644

VACUUM FLASH F-l
OVERHEAD VAPOR 503
UPPER WAI L 607
LOWER WAI 1 571

VACUUM FLASH,F-0
OVERHEAD NIU
ROTTOMS

PRECIPITATION TOWER, V-8
7 ON E M) NIU

DOWNCOMFR.. 569 (?)
CONDENSATE
ACCUMULATOR,S-7 80

(3)

RECOVERY TOWER V-9
REBOILER NIU
OVERHEAD
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Dtxfre o-f Ron
of R-Un

LcnoVh of Ron

S to-r 1- £nj Ron Kfo*- L— 2D
9/3/77 9/3/77 Li ai +js I 1 'h.ci /hr j °F j pen g

1000 2200 Prep. By: BCL & GGB
12 hrs. Upd^icd: 2/28/78

Hours on C00J olT CnJ of Y- P. 1 156.0

MASS RATES AMD RUM
CONDITIONS

s*-2Q:

813
6.91 Recycle 
7.95 makeupg/3~V^~

47.26 LIGNITE ft
s«-»VSx-

YWGA5Sx-21

29^S747

770

M IXER.

644 418
l^J

T 808 T-

R-IA R-ie>

T- 793 T

P: 2450 1 r P:

T 809 T:

^ 752 T:

PRODUCT GAS TO THERMAL
OXIDI7Z.&R
PRODUCT GA.S TO RECYCLE

2| KNOCKOUT POT BTMS
AP-SORBEn g.6.<;es

WASTE GAS

2.24
6.91

8.36

3.62
1/

Sx-3o

Sx-37
S-MA. BOTTOMS
s-qe> bottoms 14.96

TOLUEME ACCUMULATOR NIU
TD.c. OMq, Negl.

TS7f s-q
T:

0 P;

2
F-2 F-5

T: 182 T.
-DO
1

R 0 
212

P-.

214

i
light oils. -7.21

17.76 Ibs/hr.^
v-q bottoms

J-l EXHAUST. 0.50
Cold
trap

G ASE^S ^C.OWO TRAP 0.20
^ liquids*-

v-es ’feoTTOMS NIU, , MAKEUP
(6.34) soLvem

152.. 82 TOTA.I_

I Sy-2

t>0 OPEM M CLOSED

Numbers in parentlieses are not included in the totals.

VACUUM BOTTOMS 

A - 5 A OV E R FLOW
24.46

TOTAL. 152.82



PROJEC! LIGNITE
ADJUSTED MATERIAL BALANCE

roduct Gas, Recycle Gas and F-l Btms Rate Adjusted followed by a Forced Carbon Balance
Revised: 2/28/78

Run No:l-2D 
Date: 9/3/77 
Time: 1000-2200

SUMMARY

Temperature:747°F 
Pressure: 2450 psig 
LHSV: 1.38 
GHSV: 320

(

0)>
*-o
c
o3O

v
r

o
c4)
E
a
UJ

STREAM DESCRIPTION

SAMPLE POINT

Total
In.... ........

Total
Out_____

Net
Yield

Wt % MAF
Coal

Hydrogen - H2 1.62 1.08 -0.54
Carbon Monoxide-CO 11.00 5.77 -5.23
Carbon Dioxide - C02 10.91 10.91
Hydrogen Sulfide-H2S 0.21 0.21
Methane - CH4 1.35 2.10 0.75 ’ 6.79 23.60
Ethane- CjHg 0.52 0.95 0.43
Propane- CSH# 0.14 0.43 0.29
Butane-C4H|0

Nitrogen-N2 0.23 0.17 -0.06
Ammonia- NHj 0.03 0.03
Light OI!-^,0£r<j<3>

23.51 28.90 5.39
s»l«",-l|060Ti?rTC®

64.49 59.72 -4.77 > 16.87 58.64
Heauv qm-t^O-aSS1^Heavy Oil @1,6 Torr) 2.45 1.81 -0.64
SRL 16.89 16.89

' *

Coal (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

TOTAL 152.82 152.82 -0-

Carbon 106.56 106.56 -0-
Hydrogen 12.03 11.98 -0.05....
Nitrogen 0.73 0.70 -0.03
Sulfur 1.26 1.41 0.15
Oxygen (by dlff) 29.55 29.52 -0.03
Ash 2.69 2.65 -0.04

TOTAL 152.82 152.82 -0-
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PROJEC! LIGNITE 
ADJUSTED MATERIAL BALANCE

Product Gas, Recycle Gas and F-l Btms Rate Adjusted followed by a Forced Carbon Balance
Revised: 2/28/78

Run No: l-2D 
Date: 9/3/77

MATERIAL IN

Temperature: 747°F 
Pressure: 2450 psig 
LHSV: 1.38

STREAM DESCRIPTION <-------Feed '
Recycle.G.a£

Sx-20

Jas----------- ►
. Makeup.Ga 

Sx-18
1 Lignite

Feed
Solvent

Total
In...

SAMPLE POINT Sx-1 Sx-14

Hydrogen-H2 0.76 0.86 1.62

Carbon Monoxide-CO 4.02 6.98 11.00
Carbon Diaxlda-C02

Hydrogen Sulfide-H2S

Methane- CH4 1.35 1.35

Ethane - CjH# 0.52 0.52

Propane- C8H2 0.14 0.14

Butane - C4H10

Nitrogen-N2 0.12 0.11 0.23
Ammonla-NHs

Light Oll-^i'O^C®
23.51 23.51

64.49 64.49
Heauv 0|.J^30-255^Heovy Oil @|l6Torr) 2.45 2.45

SRL

Cool (MAF) 28.77 28.77

Ash 2.69 2.69
Water 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 dlff) 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

-318-



El
em
en
ta
l-
--
--
--
--

r\
 c
--
--
--
--
--
--
--
--
--
--
--
-
Qu
an
ti
ta
ti
ve

PROJEC LIGNITE 
ADJUSTED MATERIAL BALANCE

duct Gas, Recycle Gas and F-l

Run No: L-2D 
Date: 9/3/77
Time: 1000-2200

Btms Rate Adjusted followed 
Revised: 2/28/78

MATERIAL OUT 

Ibs/hr.

by a Forced Carbon Balance

Temperature: 747°F 
Pressure: 2450 psig 
LHSV: 1.38 
GHSV: 320

STREAM DESCRIPTION

SAMPLE POINT

<----------------
Vent Gas__I

Sx-20

_ Product C 
ecycle Gas

Sx-20

as________^
Absorbed &

... S-4A---------
s Ovhd

5=35
Btms

—5=8---------
Ovhd

Calc. Sx-30 Calc. Sx-44

Hydrogen - H2 0.25 0.76 0.07

Carbon Monoxide-CO 1.30 4.02 0.40

Carbon Dioxide-C02 8.24 2.30

Hydrogen Sulfide-H2S 0.12 0.09
Methane- CH4 0.44 1.35 0.28

Ethane - CzH* 0.17 0.52 0.24

Propane- CSH# 0.04 0.14 0.22
Butane - CeHgo

Nitrogen-N2 0.04 0.12 0.01
Ammonia-NHS 0.01 0.02
Light OII-<°-,0T0;r(j@

0.44
s°'""'-(!06°t£7c® 0.21
^'“oii J230-255PCHeovy Oil @|i6Torr) 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
Sulfur 0.11 0.08
Oxygen (by dlff) 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

Temperature: 747°F
Run No: l-2D MATERIAL OUT Pressure: 2450 psig
Date: 9/3/77 LHSV: 1.38
Time: 1000-2200 Ibs/hr. GHSV: 320

Product Gas, Recycle Gas and F-l Btms Rates Adjusted followed by a Forced Carbon Balance
Revised: 2/28/77

co3O

STREAM DESCRIPTION S-8
Btms

J-l
_ Exhaust...

*Sx-32

csra—
Trap Btms

<------Recyc!
S-7 Btms

.e Solvent-* 
LEC Btms

SAMPLE POINT Sx-16 Sx-33 Sx-2 Sx-39 Sx-12

Hydrogen - H*

Carbon Monoxide-CO 0.05
Carbon Dioxide-COt 0.37
Hydrogen Sulfide-HZS

Methane- CH4 0.03
Ethane - CjHe 0.02
Propone-CjHg 0.03
Butane - C4H10

Nitrogen-Nz

Ammonia-NHj

Light OII-(°-,0T0;rC®
4.78 0.07 12.83 10.78

•—-'ispier*
0.81 0.03 52.01 6.66
0.20 1.27 0.32

SRL 16.89
Cool (MAF) 4.92
Ash 2.65
Water 1.42 0.10 0.49
Phenol

TOTAL 7.21 0.50 0.20 24.46 66.60 17.76

c4)
E
£
uj

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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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

Temperature: 747°f
Run No: l_2d MATERIAL OUT Pressure: 2450 psig
Date: 9/3/77 LHSV: 1.38
Time: 1000-2200 Ibs/hr. GHSV: 320

Product Gas, Recycle Gas and F-l Btms Rate Adjusted followed By a Forced Carbon Balance
Revised: 2/28/77

STREAM DESCRIPTION
—

Total
Out

SAMPLE POINT

Hydrogen - 1.08
Carbon Monoxide-CO 5.77
Carbon Dioxide-C02 10.91
Hydrogen Sulfide-H2S 0.21

Methane- CH4 2.10

Ethane - C2 He 0.95
Propane- CsHe 0.43

Butane - C4H10

Nitrogen-N2 0.17
Ammonia- NHS 0.03
Light 0^™™*

28.90

59.72
“ (230-255oCHeavy Oll-^

1.81
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 dlff) 29.52
Ash 2.65

TOTAL 152.82
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PROJECT LIGNITE 
SAMPLE ANALYSIS

Updated: 2/28/78

Run No: L-2D
Date: 9/3/77
Time: 1000-2200_________________________ WEIGHT PERCENT

SAMPLE DESCRIPTION Lignite
F-l
Btms

“TEC--
Btms

Feed
Solvent

Jj-8
Oil

--5=3----------
Water

SAMPLE POINT Sx-1 Sx-2 Sx-12 Sx-14 Sx-16 Sx-16

Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide-C02

Hydrogen Sulfide-^S

Methane -CH*

Ethone-CzHs

Propane-C3Hg

Butane-C4H,0

Nitrogen-Nz

Ammonia —NHS (PPM)

60.70 25.92 82.50

37.50 71.10 14.00

1.80 2.70 3.50
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^’ f% 77.45
Melting Point °F 440
Specific Gravity 60/60 1.010 1.054
Viscosity, cp

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

Sulfur 0.52 0.86 0.70 1.11 0.40
Oxygen (by diff) 42.83 3.90 5.50 3.33 6.36 88.89

Ash 5.70 10.83

TOTAL 100 100 100 100 100 100

Number of Sample Avg. 2 4 2 2 2 -
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Run No: L-2D

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 2/28/1%

Date: 9/3/77
Time: 1000-2200 WEIGHT PERCENT

SAMPLE DESCRIPTION —3=S--------
Total

Makeup
Gas

product
Gas

Recycle
Gas

Feed
Gas

£-46
Oil

SAMPLE POINT Sx-16 Sx-18 Sx-19 Sx-20 Sx-21 *Sx-23

Hydrogen -Hj, 10.80 6.08 11.01 9.31

Carbon Monoxide-CO 87.76 34.53 58.24 75.94

Carbon Dioxide-C02 42.52

Hydrogen Sulfide-HjS 0.62

Methane -CH4 10.02 19.50 8.95

Ethane-CaHs 3.92 7.56 3.53

Propane-C^He 1.61 2.02 1.25

Butane -C4H10

Nitrogen-N2 1.44 0.68 1.67 1.02
Ammonla-NHj (PPM) 0.02
Light Oile-1®"1®?"^ ® 66.21 64.64

11.24 31.20
«•- «.issrsr« 2.81 3.10

SRL

Coal (MAF)

Ash

Water 19.74 1.06
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^

Molting Point °F

Specific Gravity 60/60 0.988

Viscosity, cp

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 diff) 22.66 50.15 50.65 33.28 43.39 8.10
Ash

TOTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 2 2
^Insufficient oil sample-distillation data assumed to be the same as the 

S-4A Oil.
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Updated:I/IS/TS

PROJECT LIGNITE
SAMPLE ANALYSIS

Run No: 
Date:

L-2D
9/3/77

SAMPLE DESCRIPTION S-4B
Water

S-4B
Total

s-4a
Ovhd

------ -------------
Discharee

—CoT3—
Trap

S-1/............
Btms

SAMPLE POINT Sx-23 Sx-23 Sx-30 Sx-32 Sx-33 Sx-34/39

Hydrogen -H2 2.07 0.81

Carbon MonoxIde-CO 11.14 10.07

Carbon Dioxide-C02 63.64 74.13

Hydrogen Sulfide-H2S 2.46
Methane-CH« 7.64 5.01

Ethane-CjHe 6.74 4.71

Propane-CsHe 5.94 5.27
Butane-C4H10

Nitrogen-N2 0.21
Ammonia —NHj (PPM) 0.13 0.12 0.16
Light Oil.-(°-|0T°;j@ 6.20 34.03 19.26

3.00 16.40 78.10 ,■i-ssr®?'1
0.30 1.90

SRL

Coal (MAP)

Ash

Water
99.87 90.38 49.57 0.74

Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^*

Melting Point °F

Specific Gravity 60/60 1.059
Viscosity, cp

r

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 diff) 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 4v.
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Updated: 2/28/78
Run No: L-2D

PROJECT LIGNITE
SAMPLE ANALYSIS

Date: 9/3/77
Time: 1000-2200 WEIGHT PERCENT

SAMPLE DESCRIPTION S-4AWater Total
--------

Btms AbsorbedGas -PE-----------Btms
SAMPLE POINT sx-37 Sx-37 Sx-37 Sx-34/39 Calc Calc.
Hydrogen - Hj,

Carbon MonoxIde-CO

Carbon Dioxide-C02 98.52
Hydrogen S>ilflde-HzS 1.44
Methane -CH*

Ethone-CzHe

Propane-C?He

Butane-C4H10

Nitrogen-N2

Ammonlo-NHs (PPM) 0.08 0.02 0.04 0.12
Light Oil.-(°-|0T0;rf@ 64.64 49.42 19.26 2.94

31.20 23.86 78.10 1.42
“ ... (230-255°CHeavy Oil-g), 6 Torr) 3.10 2.37 1.90 0.14
SRL

Coal (MAP)

Ash

Water 1.06 99.92 24.33 0.74 95.38
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^ f%]

Melting Point °F

Specific Gravity 60/60 0.984 1.059
Viscoeity, cp

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
Sulfur 0.55 0.42 1.30 1.36 0.03
Oxygen (by diff) 8.38 88.82 27.32 2.86 71.65 85.10
Aeh

TOTAL 100 100 100 100 100 100
Number of Sample Avg^ 2 2 2 4 - -
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 2/28/78
Run No: L-2D
Date: 9/3/77
Time: 1000-2200_____________ MOLE PERCENT

SAMPLE DESCRIPTION M§a|UP Pr8asCt Rgcgcie Sir* Ovh^A Exhaust
SAMPLE POINT Sx-18 Sx-19 Sx-20 Sx-21 Sx-30 Sx-32
Hydrogen -H2 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 —C02 15.90 38.00 55.45
Hydrogen Sulfide-H2S 0.30 1.90
Methane-CH4 10.30 13.30 6.90 12.55 10.31
Ethane-CzHe 2.15 2.75 1.45 5.90 5.17
Propone-C^He 0.60 0.50 0.35 3.55 3.94
Butane-C4H10

Nitrogen-N2 0.60 0.40 0.65 0.45 0.20
Ammonia-NHj (PPM) 0.02 0.25
Light Oil.-(0-,0T°;rf@

Heavy 0^°^°

SRL

Coal (MAP)

Ash

Water

Phenol

TOTAL 100 100 100 100 100 100
Calc Mole Wt 11.65 16.45 10.91 12.33 26.27 32.91
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 2
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Updated: 2/28/78
Run No: L-2D
Date: 9/3/77

PROJECT LIGNITE
SAMPLE ANALYSIS

Time: 1000-2200 MOLE PERCENT
SAMPLE DESCRIPTION Abegrbed
SAMPLE POINT Calc
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide-C02 98.03
Hydrogen Sulfide-H2S 1.85
Methane -CH4

Ethane-CeHs

Propane-CjHe

Butane-C4H10

Nitrogen-N2

Ammonla-NHj (PPM) 0.12

nil (230-255°CHeavy Oil-®,^ Torr)

SRL

Coal (MAP)

Ash

Water

Phenol

TOTAL 100
Calc. Mole Wt.. 43.78
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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PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO: L-2D 
DATE: 9/3/77 
TIME: 1000-2200

SAMPLE DESCRIPTION F-l Btms LEG Btms Feed Solv. S-8 Oil S-7 Btms
SAMPLE POINT Sx-2 Sx-12 Sx-14 Sx-16 Sx-34/39

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5 5

IBP 
r-r 5%

10%

28.6 54.4 sir’s
67.2 79 83
72.3 87.8 92.6

l 20% «
g 30%
g 40% *
g 50% >5
u, S
S 70% £
3 80% S

79.3 106.5 118.1
85.8 131 147.2
93.8 157 166.2
104 170.5 174.6

118.4 177.3 180.4
143.2 184.2 185.5
165.8 193.2 192.6

> 90%
^95'%

DRY PT.

180.2 211.8 212
192.2 237.5 248.4
197.2. 245.7 255.4

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 752

IBP 
t—*■ 5%

10%
r—* 62

68
85

D
LU

M
E PE

R
C

EN
T-

CD
 

Ol
o o

 o 
o o

 o 
o

EM
PE

R
A

TU
R

E 
, °C 112

140
,171
191
210
235
266

=r 90%
'-*95 %

DRY PT, ■—p

344
347

ASPHALTENE TEST
WT % ASH 10.83
WT % UNCONVERTED COAL 20.11
WT % PRE-ASPHALTENES 37.25
WT % ASPHALTENES 15.05
WT % MALTENES S DIST. OIL 16.76

TOTAL 100.00
SAYB0LT VISCOSITY. SSU

100° F 9.7 11.7 12.8
210° F 8j 2 8x5 8.5

MISCELLANEOUS
KF HjO WT%(Row Sx) 0.28 0.74
INFRARED RATIO 0.32 0.38 0.37
SP, GRAV. 60/60 F ___ Ll.Q5.1- 1.059

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_2d 
DATE: 9/3/77 
TIME: 1000-2200

sample description S-AA Oi'l...
SAMPLE POINT Sx-37

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR

IBP 
p 5%

10%
i_ 20%
z 30%UJ UJ
o 40% “
£ 50% h
u, 60% £
S 70% |
3 80% £

> 90%
^*■95%

DRY PT.
ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 7^R '
IBP 

p 5%
10%

-----* «Q
161
188

£ 20% 0
$ 30%
ce 40% cc
a 50% g

uj 60% a
| 70% i %
£ 80% 5

201
209
221
238
261
295
336

> 90%
9 5 %
DRY PT. y—>

355

357
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 HgO WT%(Row Sx) 1.06
INFRARED RATIO
SP. GRAV. 60/60 F 0.984

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: lllZHZ

Run Na: L-2D 
Date: 9/3/77

MATERIAL OUT Temperature: 747°F 
Pressure: 2450 psig 
LHSV: 1.38

Time: 1000-2200 _____________lbs/hr.______________________GHSV: 320
STREAM DESCRIPTION

SAMPLE POINT

■6---Feed <
RecycleJiaf

Sx-20

3as----------v
r,Makeup_Ga

Sx-18

Lignite
Feed
Solvent TotalIn

Sx-1 Sx-14
Hydrogen - Hj 0.65 0.97 1.62
Carbon Monoxide-CO 3.44 7.86 11.30
Carbon Dioxide-C02

Hydrogen Sulfide-H^S

Methane - CH4 1.15 1.15
Ethane - CzHg 0.44 0.44.
Propane- CgH, 0.12 0.12
Butane- CgHio

Nitrogen-Nj 0.10 0.13 0.23
Ammonia-NHj

y,h, 23.51 23.51
64.49 64.49

Heavy 0|| J230-255°CHeavy 011 ^,,6 Torr) 2.45 2.45
SRL

Coal (MAP) 28.77 28.77
Ash 2.69 2.69
Water 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
Sulfur 0.25 1.01 1.26
Oxygen (by diff) 1.96 4.49 20.24 3.02 29.71
Ash 2.69 2.69

TOTAL 5.90 8.96 47.26 90.70 152.82
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Run No: L-2D 
Date: 9/3/77
Time: 1000-2200

MATERIAL OUT

lbs./hr

PROJECi LIGNITE
MEASURED MATERIAL BALANCE

Revised: 2/28/78
Temperature:747 °F 
Pressure: 2450 psig 
LHSV '• 1-38 
GHSV: 320

stream description
---- Prod

Vent. Gas _ 
Sx-20

jict Gas---
Iecy.cle.G_ae

Sx-20

-------------------9-
y3S.orJ?ed„Gf

Calc

S-4A
s Ovhd Btms Ovhd

SAMPLE POINT Sx-30 Sx-23 Sx-44
Hydrogen - 0.40 0.65 0.07
Carbon Monoxide-CO 2.14 3.44 0.40
Carbon Dioxide-CO,, 7.54 2.30
Hydrogen Sulfide-H2S 0.11 0.09
Methane - CH4 0.72 1.15 0.28
Ethane - C2 H# 0.28 0.44 0.24
Propane- CSH, .. 0.07 0.12 0.22
Butane - C4H10

Nitrogen-Nz 0.06 0.10 0.01
Ammonia- NHS 0.01 0.02
Li,h, 0.93
s'>l**”'-l!060^rTC® 0.45

OI,J|f.6"To5r^ 0.04
SRL

Coal (MAP)

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
Oxygen (by diff) 1.22 1.96 5.48 1.91 12.12
Ash

TOTAL 3.67 5.90 7.65 3.62 14.96 Negl.
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PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 2/28/1%

Run No: L-2D MATERIAL OUT
Date: 9/3/77
Time: 1000-2200 Ibs/hr.

Tempera ture:747°F 
Pressure:2450 psig 
LHSV: 1.38 
GHSV: 320

STREAM DESCRIPTION

SAMPLE POINT

S-8Btms___
Sx-16

J-lExhaust
Sx-32

ColdTrap F-lBtms <— Recycl S-7 Btms ; Solvent—* LEG Btms
Sx-33 Sx-2 Sx-39 Sx-12

Hydrogen - H2

Carbon Monoxide-CO

Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane - CH4

Ethane- C*H#

Propane- Cj^

Butane - C^Hiq

Nitrogen-N2

Ammonia- NH8

U-' Oll-'fiX'® 4.78 0.07 12.83 10.78
=»'«•»'-Te°^TC® 0.81 0.03 52.01 6.66

n, (230-255PCHeavy OII-@| 6 Torf) 0.20 1.27 0.32
SRL 17.31
Coal (MAE) 5.04
Ash 2.72
Water 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
Sulfur 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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MATERIAL OUT Temperature: 747°F
Run No: l-2D Pressure: 2450 psig
Date: 9/3/77 LHSV: 1.38
Time: 1000-2200___________LBS/HR._______________________ GHSV: 32Q_______

PROJEC 1 LIGNITE
MEASURED MATERIAL BALANCE

Revised: 2/28/78

STREAM DESCRIPTION

SAMPLE POINT
■ •- ...........

Total
Out

Hydrogen - H2 1.12

Carbon Monoxide-CO 5.98
Carbon Dioxide - C02 9.84
Hydrogen Sulfide-HjS 0.20

Methane - CH4 2.15
Ethane- CjH* 0.96
Propane- C#Hl 0.41
Butane - C4H10

Nitrogen-N2 0.17
Ammonia-NH8 0.03
Light Oll-^-10^®

29.39
Solvent 59.96

1.83
SRL 17.31
Coal (MAP) 5.04
Ash 2.72.
Water 15.53
Phenol

TOTAL 152.64

Carbon 107.50
Hydrogen 12.04
Nitrogen 0.70
Sulfur 1.41
Oxygen (by diff) 28.27
Ash 2.72

TOTAL 152.64
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RUN CONDITIONS
RUN NO. —kill_____
DATE MADE ...9/3-4/77

TEMPERATURE °F PRESSURE, psig
PREHEATER E-l

SAND BATH. 760
PREHEATER E-13

DOWTHFRM 397
SEPARATORS S-l and S-2 

2450
INI FT 291 INI FT 79 SEPARATOR S-3

250OUTLET 741 OUTI FT 170

DISSOLVERS
R -1A (1) 739

LIGHT ENDS COLUMN, F-2
RFBOII FR 321

SEPARATORS S-4A and S-4B 
62

VACUUM FLASH, F-l
15 Torr(?) 808 LOWFR SECTION .212

(?,) 780 FFFD SECTION . 213 LIGHT ENDS COLUMN, F-2
AtmMl 798 OVERHEAD 180

r-ib m niu S-R 74 SOLVENT COLUMN, F-3
NIU(2) S-9

(3)
(4) SOLVENT COLUMN, F-3

REBOII.FR NIU
LOWER SECTION

HEAVY ENDS COLUMN, F-4
NIU

REACTOR PRODUCT SEPARATORS
S-l 589

VACUUM FLASH, F-0
NIU

FFFD SECTION SETTLING TOWER, V-8
NIUS-2 78 OVERHEAD

s-3 493
S- <4 A 78 HEAVY ENDS COLUMN, F-4

RFBOII FR NIU

RECOVERY TOWER, V-7
NIU

S-4B 73

PREHEATER E-ll
DOWTHFRM 680

LOWER SECTION
FFFD SECTION
OVFRHFAD

INI FT 432
OUTI FT 641

VACUUM FLASH F-l
OVERHEAD VAPOR 496
UPPER WAI L. 602
LOWER WAI L 570

VACUUM FLASH,F-0
OVERHEAD NIU
BOTTOMS

PRECIPITATION TOWER, V-8
7ONF Ml NIU

DOWNCOMER.. 562 r?i
CONDENSATE

ACCUMUI ATOR.S-7 79
(3)

RECOVERY TOWER V-9
RFBOII FR NIU
OVERHEAD
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Docte. o-F Run 
T»'v»e pF ft^un 
U«rto-fK of Run

S t*ok.r +- €nj Mo'- L-2E
9/3/77 9IM71 Un,Ibs/hr.0F,Dsi2

2200 1000 Prep. By.* BCL St GGB
12 hrs. Updated: 2/27/78

Hours on C°«J <».+• £r,J of Y- P- | 168.0

MASS RATES ANJP RUM
CONDITIONS

PRODUCT GAS TO THERMAL
■OyiDlXE'R-----------------------------------PRODUCT GA.S TO REC.YCLE-

3.28

JL
8.53

803
8.53 Recycle gas 
8-15 makeup ga3~1^

48.44 LIGNITE TF
S^-B

YUGASSx-21

M IXER.

^798 T.
R-IA R-ie.

T-780 T

p= 245C r
i

P:

T: 808 
■n 739

T:

r.

sV Vk—3 KNOCKOUT POT BTMS^ -

u—rvi-M—to scRuefct^ ABSORBED GASES ^ 7.01
T
P-.

3.84

ICO
COU1I

MAKEUP
(7.63) solvent 
--------^

.■155- 92-roT-Asl_- 1X3 op EM M closed

Numbers in parentheses are not included in the totals.

TOTAL 155 ■ 92
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product Gas, Recycle Gas and F-l Btms Rates Adjusted followed by a Forced Carbon Balance
Revised: 2/27/78

Run No:
Date:
Time:

L-2E
9/3-4/77
2200-1000

SUMMARY
Ibs/hr

Temperature: 741°F 
Pressure: 2450 psig 
LHSV: 1.48 
GHSV:309

STREAM DESCRIPTION

SAMPLE POINT

Total
In___

Total
Out

Net
Yield Wt % MAF Coal

Hydrogen - H2 1.10 1.05 -0.05
N

Carbon Monoxide-CO 13.65 8.87 -4.78
Carbon Dioxide-COz 9.88 9.88
Hydrogen Sulfide-H2S 0.09 0.09
Methane - CH4 1.21 1.93 0.72
Ethane- Cj H# 0.39 0.77 0.38 ‘ 6.49 21.85
Propane- CsHa 0.13 0.40 0.27
Butane- C4HI0

Nitrogen-N2 0.20 0.17 -0.03
Ammonia-NHs 0.01 0.01

22.04 30.34 8.30
*

Solvent-^0j230oC@ 66.01 58.56 -7.45 ■ 18.41 61.99
0llJ|l,6'To5rr)C 2.36 2.61 0.25

SRL 17.31 17.31
Coal (MAP) 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
Sulfur 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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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

ct Gas, Recycle Gas and F-l

Run No: l-2E 
Date: 9/3_4/77
Time: 2200-1000

Btms Rates Adjusted followed 
Revised: 2/27/78

MATERIAL IN 
Ibs/hr.

by a Forced Carbon Balance
Temperature: 741°F 
Pressure: 2450 psig 
LHSV: 1.48 
GHSV: 309

STREAM DESCRIPTION

SAMPLE POINT

<=.---Feed (
Recycle.Gas

Sx-20

rclS " 1 ■ >
.Makeup Gas

Sx-18
: Lignite

Sx-1

Feed
Solvent

Total
In

Sx-14
Hydrogen - H2 0.71 0.39 1.10
Carbon Monoxide-CO 5.98 7.67 13.65
Carbon Dioxide-C02

Hydrogen Sulfide-HZS

Methane - CH4 1.21 1.21
Ethane- CZH# 0.39 0.39
Propane- CSH# 0.13 0.13
Butane - C^Hiq

Nifrogen-N2 0.11 0.09 0.20
Ammonia-NHj

ught oii-to-'o;;^® 22.04 22.04
66.01 66.01

H.nvv nil (2'30-2'55'tHeavy Oll-^g Torr) 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 8.53 8.15 48.44 90.80 155.92
Carbon 3.89 3.29 21.56 79.64 108.38
Hydrogen 1.11 0.39 3.11 6.70 11.31
Nitrogen 0.11 0.09 0.28 0.26 0.74
Sulfur j 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-l Btms Rates Adjusted followed by a Forced Carbon Balance
Revised: 2/27/78

Run No: L-2E 
Date: 9/3-4/77
Time: 2200-1000

MATERIAL OUT
Temperature: 7410F 
Pressure: 2450 psig 
LHSV: 1.48 
GHSV: 309

co3o

ct>E4)
UJ

STREAM DESCRIPTION
<---Produi
Vent Gas__

Sx-20

:t Gas--- 9Recycle Ga:
Sx-20

Absorbed
Gas

~?-4A----
Ovhd

S=?B
Btms

“5=8------
Ovhd

SAMPLE POINT Calc. Sx-30 Calc. Sx-44
Hydrogen - Hz 0.27 0.71 0.07
Corbon Monoxide-CO 2.30 5.98 0.52
Corbon Dioxide-C02 6.98 2.57
Hydrogen Sulfide-H2S 0.03 0.06
Methane - CH4 0.47 1.21 0.22
Ethane - C* H# 0.15 0.39 0.20
Propane- Cs H8 0.05 0.13 0.18
Butane— C4H10

Nitrogen-N2 0.04 0.11 0.02
Ammonia-NHS 0.01
ught oii-(°-,ot;;c@ 3.22

1.58
HAnuv ft,, J230-255^Heavy Oil @|,6 Xorr) 0.22
SRL

Cool (MAF)

Ash

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

Sulfur 0.03 0.06 0.03
Oxygen (by diff) 1.31 3.42 5.08 2.17 13.90
Ash

TOTAL 3.28 8.53 7.01 3.84 20.33 Negl.
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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

oduct Gas, Recycle Gas and F-l Btms Rate Adjusted followed by a Forced Carbon Balance
Revised: 2/27/78

Run No: L-2E 
Date: 9/3-4/77 
Time: 2200-1000

MATERIAL OUT 
Ibs/hr

Temperature: 741 F 
Pressure: 2450 psig 
LHSV: 1.48 
GHSV: 3Q9

STREAM DESCRIPTION

SAMPLE POINT

S-8
Btms___
Sx-16

J-l__ Exhaust.
*Sx-32

csra—
Trap

--- F=I---
Btms

<-Recycle !
S-7 Btms

>oivent-- >
F-2 Btms

Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H2

Carbon Monoxide-CO 0.07
Carbon Dioxide - C02 0.33
Hydrogen Sulfide-H2S

Methane - CH4 0.03
Ethane- Cj H# 0.03
Propane- Cs H# 0.04
Butane - C4H10

Nitrogen-Nj

Ammonia-NHs

3.31 0.17 14.96 8.68
0.25 51.12 5.61

H nn (230-255%Heavy OH -@,,6 Torr) 0.10 2.02 0.27
SRL 17.31
Cool (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

co
O

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
Sulfur 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

TOTAL 3.66 0.50 0.53 25.07 68.61 14.56

<DE0)
UJ

*Rate assumed similar to those of the other L-2 yield periods where the orifice 
meter was operating properly.

-339-



PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product Gas, Recycle Gas and F-l Btms Rate Adjusted followed by a Forced Carbon Balance
Revised: 2/27/78

Run No: L-2E 
Date: 9/3-4/77
Time; 2200-1000

MATERIAL OUT
Ibs/hr.

Temperature:741 F 
Pressure:2450 psig 
LHSV: 1.48 
GHSV:309

STREAM DESCRIPTION ...-..... ----------
TotalOut

SAMPLE POINT

Hydrogen - H2 1.05
Carbon Monoxide-CO 8.87
Carbon Dioxide-CO( 9.88
Hydrogen Sulfide-H2S 0.09
Methane- CH4 1.93
Ethane - CjHj 0.77
Propane- CsHa 0.40
Butane - C4H10

Nitrogen-N2 0.17
Ammoma-NH8 0.01
Light OII-<°-|0T0;rC® 30.34Solvent-(j060-2300C@

58.56
~ (230-255°CHeavy 011-^ 2.61
SRL 17.31
Cool (MAF) 5.04
Ash 2.72
Water 16.17
Phenol

TOTAL 155.92
Carbon 108.38
Hydrogen

11 . QA
Nitrogen 0.69 ...
Sulfur 1.34
Oxygen (by diff) 30. PS
Ash 2.72

TOTAL 155.92
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated:
Run No: L-2E 
Date: 9/3-^m
Time: 2200-1000 WEIGHT PERCENT

SAMPLE DESCRIPTION Lignite "T^I-----Btms MakeupSolvent "TECBtms £eedSolvent
3-8

Oil
SAMPLE POINT Sx-1 Sx-2 Sx-8 Sx-12 Sx-14 Sx-16
Hydrogen -Hz

Carbon Monox Ida-CO

Carbon DloxIdt-COj

Hydrogen Sulfide-H2S

Methane-CH*

Ethone-CxHa

Propone-C3He

Butane-C4H10

Nitrogen-Nt

Ammonla-NHj (PPM)
Light Olle-^-'O^f®

1.79 59.60 24.27 90.40
94.00 38.50 72.70 6.80

H.«y 4.00 1.90 2.60 2.80
SRL 69.06
Coal (MAF) 61.32 20.11
Aeh 5.61 10.83
Water 33.07 0.21 0.43
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles ^ ^ 77.45
Melting Point °F 488
Specific Orovlty 60/60 1.043 1.005 1.053
Viscosity, cp

Carbon 44.51 78.69 88.84 81.92 87.71 86.87
Hydrogen 6.42 4.72 8.52 8.23 7.38 11-16
Nitrogen 0.58 1.00 0.13 0.30 0.98 0-18
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 Sample Avg. 2 4 1 2 2 2
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Run No: L-2E

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: HIT HZ

Date: ^IZ-klll
Time: 2200-1000_______________WEIGHT PERCENT

SAMPLE DESCRIPTION —FS—Water -------Total MgR|up productGas -Keg|cTe- teeaGas
SAMPLE POINT Sx-16 Sx-16 Sx-18 Sx-19 Sx-20 Sx-21
Hydrogan -H2 4.79 4.95 8.30 7.00
Carbon MonoxIda-CO 94.15 41.00 70.11 81.28
Carbon Dloxldo —C02 40.42
Hydrogan Sulfida-H2S 0.28
Mathano -CH« 9.09 14.19 6.82
Ethona-CzHs 2.34 4.55 2.79
Propana-C^He 1.22 1.54 1.29
Butana-C4H|o

Nitrogan-N2 1.06 0.70 1.31 0.82
Ammonia —NHS (PPM)

90.40
6.80

h.«« nil (230-255°C Haavy Oil (a,.6 Torr) 2.80
SRL

Coal (MAF)

Ash

Watar 100
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles

Malting Point °F

Specific Gravity 60/60

Viscosity, cp

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 diff) 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
Updated: 2/27/78
Run No: L-2E
Date: 9/3-Mn
Time: 2200-1000 WEIGHT PERCENT

SAMPLE DESCRIPTION

S<r*H
ITo “T-4BWater -----Total S-4AOvha Disch. (?oTc!Trap

SAMPLE POINT Sx-23 Sx-23 Sx-23 Sx-30 Sx-32 Sx-33
Hydrogen -H2 1.78 0.74
Carbon Monoxide-CO 13.45 13.60
Carbon Dioxide —C02 67.07 65.69
Hydrogen Sulfide-H2S 1.65
Methane -CH4 5.76 4.97
Ethane— CzH# 5.13 6.38
Propane-C^He 4.59 8.62
Butane-C4H10

Nitrogen-N2 0.45
Ammonia-NHj (PPM) 0.09 0.09 0.12
Light Oils-^-'O^® 62.18 32.28

30.50
~ (230-255°CHeavy O.I-^6^”^ 4.20
SRL

Coal (MAE)

A*h

Water 3.12 99.91 99.91 67.72
Phenol

TOTAL 100 100 100 100 - 100 100
Pyridine Solubles^* f%,

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 2 1
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 2/27/78
Run No: l-2E 
Date:9/3-4/77

SAMPLE DESCRIPTION Itms ------ ------------Oil S-UWater 3-4ATotal —3=7--------Btms Absorbed 1 Gas
SAMPLE POINT Sx-34/39 Sx-37 Sx-37 Sx-37 Sx-34/39 Calc.
HydroQtn - Hj

Carbon Monoxld*-CO

Carbon 0loxid*-CO2 99.56
Hydrogen Sulfide-H2S 0.44
Methane -CH4

Ethone-CzHe

Propane-CrHe

Butane-C4H10

Nitrogen-Nj

Ammonlo-NHs (PPM) 0.08 0.03
Light Oil»-(J-,0T°;rf @ 21.81 . To71.28 47.70 21.81

74.50 23.00 15.39 74.50
^ oii-lteSrdSS0 2.95 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^* °£,

Melting Point °F

Specific Gravity 60/60 1.056 0.974 1.056
Viscosity, cp

r

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
Sulfur 1.31 0.47 0.32 1.31 0.41
Oxygen (by diff) 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: 2121/1%
Run No: L-2E
Date: S/Z-bPl
Time: 2200-1000 WEIGHT PERCENT

SAMPLE DESCRIPTION —lj_4HBtms
SAMPLE POINT Calc
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane -CH4

Ethane —CgHs

Propane-C^He

Butane -C4Hi0

Nitrogen-N2

Ammonia-NHj (PPM) 0.07
15.8A
7.77H~v, 0..-SSTjK?«l
1.07

SRL

Coal (MAF)

Ash

Water 75.25
Phenol

TOTAL 100
Pyridine Soluble*^ ^

Melting Point °F

Specific Gravity 60/60

Viscosity, cp

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 Mgk|up ProductGas RecycleGas FeedGas ""5-4 AOvhd T=I----------Disch
SAMPLE POINT Sx-18 Sx-19 Sx-20 Sx-21 Sx-30 Sx-32

Hydrogen -H2 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-C02 16.50 42.35 48.67

Hydrogen Sulfide-H2S 0.15 1.35

Methane -CH4 10.20 11.40 6.11 10.00 10.13

Ethane-CzHe 1.40 1.95 1.33 4.75 6.93

Propane-C^He 0.50 0.45 0.42 2.90 6.39

Butane -C4H10

Nitrogen-N2 0.65 0.45 0.60 0.42 0.45
Ammonia —NHS (PPM) 0.20
Light Oils-l°-|0°;rJ@

S<»v.n1-‘!rT^TC®*— •-Sars!fe
SRL

Cool (MAF)

Ash

Water

Phenol

TOTAL 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 diff)

Ash

TOTAL

Number of Sample Avg. 2 2 2 2 2 2
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PROJECI LIGNITE 
SAMPLE ANALYSIS
Updated: 2/27/78
Run No: L-2E
Date: 9l3-blll
Time: 2200-1000 MOLE PERCENT

SAMPLE DESCRIPTION AbsorbedGas
SAMPLE POINT Calc.
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide —C02 99.43
Hydrogen Sulfide-HzS 0.57
Methane -CH*

Ethane-CaHe

Propane-C^H#

Butane-C*H|0

Nitrogen-Nj

Ammonia-NH, (PPM)
Light Oils-^10^®

Solvent

ftil (230-255°CHeavy OH-®^ 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 diff)

Ash

TOTAL

Number of Sample Avg. 2
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PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO: L-2E 
DATE: 9/3-4/77
TIME: 2200-1000

SAMPLE DESCRIPTION F-l Btms LEG Btms Feed Solv. S-8 Oil S-4B Oil
SAMPLE POINT Sx-2 Sx-12 Sx-14 Sx-16 Sx-23

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5

IBP 
p 5%

10%

58 61.6
70 81.0
74 90.2

_ 20%
z 30% , 'U1 LU
g 40% “
£ 50% 5

60% “■UJ UJ
S 70% |
3 80% UJ

80 108.5
86 135.0
94 157.8

105 169.2
120 174.8
145 182.3
165.5 190.2

> 90%
'--95%

DRY PT. l---*

181 207.2
195.5 248.2
198.5 248.2

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 740 739

IBP 
f—v 5%

10%

-- * 57 90
66 147
78 - 190

£ 20% °
g 30% J
a 40% aa! 50% ^

uj 60% ce
| 70% ' a
d 80% ui

106 207
123 215
145 226
154 2 4Q
167 261
182 291
203 338

=? 90%^-95%
DRY PT. '-----*

243 351
316
318 m

ASPHALTENE TEST
WT % ASH 10.83
WT % UNCONVERTED COAL 20.11
WT % PRE-ASPHALTENES 37.25
WT % ASPHALTENES 15.05
WT % MALTENES S DIST. OIL 16.76

TOTAL 100.00
SAYBOLT VISCOSITY, SSU

100° F 9.9 11.5
210° F 8.1 8.5

MISCELLANEOUS
KF HzO 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 1 ’old Trap S-7 Btms S-4A Oil
SAMPLE POINT Sx-33 Sx-34/39 Sx-37

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5

IBP 
p 5%

10%

32.7
81.5
92.4

H 20%
2 30% , -111 UJ
o 40% 5

£ 50% £
60% 2W UJ

S 70% |
3 80% lu

115.2
143.8
163
171.8
177.5
182
189.9

> 90%
'-<■95%

DRY PT.

211.6
252.9

ASTM D-66 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 739 739

IBP 
p» 5%

10%

r—* 86 83
95 159

102 179
£ 20% o
S 3°%
£ 40% «
o. 50% h
uj 60% 2
i 70% |
ei 80% S

103 189
103 197
104 206
104 212
105 241
106 269
113 318

> 90%
L*95%

DRY PT. i—>,

350

113 353
ASPHALTENE TEST

WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES 8 DIST. OIL

TOTAL
SAYBOLT VISCOSITY, SSU

100° F 11.9
210° F 8^5

MISCELLANEOUS
KF H20 WT%(Row Sx) 67.72 0.74 1.02
INFRARED RATIO 0.43
SP. GRAV. 60/60 F ____JL.Q5$. 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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Run Nos L-2E 
Date: Stt-Un

MATERIAL IN

PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 2I21I1&
Temperature: 741°F 
Pressure: 2450 psig 
LHSV: 1.48

STREAM DESCRIPTION

SAMPLE POINT

<---Feed 1ecycleGas
Sx-20

Jas------>Makeup Gas
Sx-18

Lignite FeedSolvent TotalIn
Sx-1 Sx-14

Hydrogen - Hj, 0.59 0.46 1.05
Carbon Monoxide-CO 4.97 9.03 14.00
Carbon Dioxide-COt

Hydrogen Sulfide-H2S

Methane - CH4 1.01 1.01
Ethane -C2 H( 0.32 0.32
Propane- CsHa 0.11 0.11
Butane - C4H10

Nitrogen-Nj 0.09 0.10 0.19
Ammonia-NHs

Light Oil-'O-'O^® 22.04 22.04
66.01 : 66.01
2.36 2.36

SRL

Coal (MAP) 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
Sulfur 0.27 1.25 1.52
Oxygen (by dlff) 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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PROJEC' LIGNITE

MEASURED MATERIAL BALANCE
Revised: 2/27/IS

Run No: l,_2E 
Date: 9/3-4/77
Time: 2200-1000

MATERIAL OUT 

Ibs/hr.

Temperature: 741°F 
Pressure: 2450 psig 
LHSV: 1.48 
GHSV: 309

STREAM DESCRIPTION

SAMPLE POINT

«--------frod:
Vent GasJ

Sx-20

ict Gas -----
Recycle Gas

Sx-20

-------- >
Absorbed G;

S-4A 
is Ovhd

“ S-4B
Btms

S-d
Ovhd

Calc Sx-30 Sx-23 Sx-44

Hydrogen-H2 0.34 0.59 0.07

Carbon Monoxide-CO 2.84 4.97 0.52
Carbon Dioxide-COz 7.49 2.57
Hydrogen Sulfide-H2S 0.03 0.06
Methane- CH4 0.58 1.01 0.22
Ethane- CiH® 0.18 0.32 0.20
Propane- C8H2 0.06 0.11 0.18
Butane — C4H|0

Nitrogen-Nj 0.05 0.09 0.02
Ammonia-NHg 0.02
Light OII-^-'OO;^

HZvv'oil--^50-255^Heavy Oil Torr)

SRL

Coal (MAP)

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 dlff) 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
Pressure: 2450 psig
LHSV! 1.48
CHSV:309

STREAM DESCRIPTION S-8
.Btms...... ..

Sx-16

J-l
.Exhaust...

Sx-32

Cold
J.rap

—scr-
Btms

«— Recycli 
S-7 Btms

Solvent-^ 
F-2 Btms

SAMPLE POINT Sx-33 Sx-2 Sx-39 Sx-12

Hydrogen-Hj,

Carbon MonoxIde-CO

Carbon Dioxide -C02

Hydrogen Sulfide-H2S

Methane - CH4

Ethane- C2He

Propane- CsHj

Butane - C4H10

Nitrogen-Nj

Ammonla-NH8

Light on.^oo:c®
3.31 0.17 14.96 8.68
0.25 51.12 5.61

~ '',;('2J<T-2550CHeavy 011-^“=^ 0.10 2.02 0.27
SRL 16.89
Coal (MAP) 4.92
Ash 2.65
Water 0.36 0.51
Phenol

TOTAL 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

Sulfur 0.02 0.21 0.90 0.09
Oxygen (by dlff) 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

Run No: L-2E MATERIAL OUT
Date: 9/3-4/77
Time: 2200-1000 Ibs/hr.
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Ryn No: l-2E 
Date: 9/3-4/77

MATERIAL OUT

PROJECI LIGNITE
MEASURED MATERIAL BALANCE

Revised: lIllllZ
Temperature: 741°F 
Pressure;2450 psig 
LHSV: l-^8

STREAM DESCRIPTION
Total
Out

SAMPLE POINT

Hydrogen - H2 1.00
Carbon Monoxide-CO 8.33
Carbon Dioxide-COz 10.06
Hydrogen Sulfide-H2S 0.09
Methane - CH4 1.81
Ethane - CeH# 0.70
Propone- C8H, 0.35
Butane - C4H10

Nitrogen-^ 0.16
Ammonio-NHs 0.02
Light Oll-'O-'OO^®

27.12

56.98
~ . (230-255%Heavy OII-l@^ Torr)

2.39
SRL 16.89
Cool (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 dlff} 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-l
SAND BATH 743

PREHEATER E-13
DOWTHFRM 408

SEPARATORS S-l and S-2 2460
INI FT 309 INI FT 87 SEPARATOR
OUTLET________ Z2£_________ OUTLET 185

DISSOLVERS
R-IA m NIU

LIGHT ENDS COLUMN, F-2
RFROII FR 275

SEPARATORS S-4A and S-4B 60
VACUUM FLASH, F-l

14 Torr(2) LOWER SECTION 215
(3) FFFD SECTION . 214 LIGHT ENDS COLUMN, F-2Atm(4) OVERHEAD 171

r-ir m 747 s-R 73 SOLVENT COLUMN, F-3
NIU12). 791 S-9

(3) 818
(a) 832 SOLVENT COLUMN, F-3

REBOILER NIU
LOWER SECTION

HEAVY ENDS COLUMN, F-4NIU

REACTOR PRODUCT SEPARATORS
S-l 345 .

VACUUM FLASH, F-0NfU
FFFD SFOTION SETTLING TOWER, V-8NIUs-? 84 OVERHEAD

c-3 479
S-4A . 90 HEAVY ENDS COLUMN, F-4

RFROII FR NIU

RECOVERY TOWER, V-7NIU
S-4R 77

PREHEATER E-ll
DOWTHFRM 686

LOWER SECTION
FEED SECTION
OVERHEAD

INI FT 446
OUTLET 643

VACUUM FLASH F-l
OVERHEAD VAPOR
UPPER WAI1 618
LOWER WAI 1 581

VACUUM FLASH,F-0
OVERHEAD NIU
BOTTOMS

PRECIPITATION TOWER, V-8
7 ON F m NIU

DOWNCOMER_______ 52JL (?)
CONDENSATE
ACCUMULATOR,S-7 91

(3)

RECOVERY TOWER V-9
REBOILER NIU
OVERHEAD
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o*f Run 
T»*v»« of R-^n
L</%o4-K crF Run

StoLr-t £ nj Ron Wo: L-2F
9/11/77 9/12/77 Uo.-+3: Ibs/hr, °F. psig

1900 0700 Pr*p. By: BCL & GGB12 hrs UpdoTeJ: 2/2b/18hkx,rs onCo«J a.r £nj of y. P. 306.1

MASS RAfTES AMP ^^^productgas tx> thermal.
[OXlDl'iRR-------- ------------------------

S 20 PRODUCT GAS TO RECYCLE.
COK1DITIOMS 4.46

10.23

I52ifl5 -tota.l 00 opem 04 closed

Numbers In parentheses are not Included in the totals.

TOTA.I_

liLill

159.05
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product

Run No: l-2F 
Date: 9/11- 12/77
Time: 1900-0700

& Recycle Gas Rates Adjusted 
Revised: 2/24/78

SUMMARY
Ibs/hr.

Temperature:726°F
Pressure:2460 psig
LHSV t 1.41
GHSV: 354

STREAM DESCRIPTION Total
In

Total 
_ Out.___

Net
Yield

~wtwt
Coal

SAMPLE POINT

Hydrogen - H2 1.38 1.09 -0.29
Carbon Monoxide-CO 13.61 7.62 -5.99
Carbon Dioxide - C02 13.20 13.20
Hydrogen Sulfide-H2S 0.32 0.32
Methane - CH4 3.05 4.99 1.94 ■ 10.76 38.26
Ethane- C2H# • 0.98 1.90 0.92
Propone- CsHa 0.43 1.06 0.63
Butane- C4H10

Nitrogen-Nz 0.27 0.25 -0.02
Ammonia-NHB 0.05 0.05

19.78 27.93 8.15
70.46 67.39 -3.07 • 16.53 58.78

Heavy oil-l230“255^Heavy Oil @|,6 Torr) 2.14 2.02 -0.12
SRL 11.57 11.57
Cool (MAF) 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
Sulfur 1.51 1.60 0.09
Oxygen (by dlff) 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

r

V.

Product &

Run No:l-2F
Date: 9/11-12/77
Time: 1900-0700

Recycle Gas Rates Adjusted 
Revised: 2/24/78

MATERIAL IN 
Ibs/hr.

Temperature:726°F
Pressure:2460 psig
LHSV; 1.41
GHSV: 354

STREAM DESCRIPTION 4--- FeedRecycle Gas
3as----- >
_Makeup..Ga

Sx-18
3 Lignite FeedSolvent

Total
In

SAMPLE POINT Sx-20 Sx-1 Sx-14
Hydrogen - H2 0.71 0.67 1.38
Carbon Monoxide-CO 4.90 8.71 13.61
Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane- CH4 3.05 3.05
Ethane- C2H# 0.98 4 0.98
Propane- C8H8 0.43 0.43
Butane- C4H10

Nitrogen-Nj 0.16 0.11 0.27
Ammonia-NHj

19.78 19.78
Solv.nt-(j060*2300C@ 70.46 70.46
h^w'oii J230-255^
Heavy 011 @,,6 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

TOTAL 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
Sulfur 0.29 1.22 1.51
Oxygen (by dlff) 2.80 4.98 19.88 2.53 30.19
Ash 2.89 2.89

TOTAL
—.. 9.49 46.50 92.83 159.05
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PROJECI LIGNITE
ADJUSTED MATERIAL BALANCE

f

Product &

Run No: L-2F
Date: 9/11-12/77
Time: 1900-0700

Recycle Gas Rates Adjusted 
Revised: 2/24/78

MATERIAL OUT
Ibs/hr.

Temperature:726°F
Pressure: 2460 psig
LHSV: 1.41
GHSV:354

STREAM DESCRIPTION
<-—■ ’ ' 1 Pi 
Vent Gas_J

oduct Gas - 
Recycle.. Gas 

Sx-20

-------- >
Absorbed Gj

S-4A 
s Ovbd

S-4B
Bi-ms

S-8
Dvbd

SAMPLE POINT Sx-20 Calc. Sx-30 Sx-23 Sx-44

Hydrogen - H2 0.31 0.71 0.07
Carbon Monoxide-CO 2.14 4.90 0.51
Carbon Dioxide-C02 10.16 2.77
Hydrogen Sulfide-H2S 0.23 0.09
Methane - CH4 1.33 3.05 0.57
Ethane - C2H# 0.43 0.98 0.41
Propane- CsHa 0.18 0.43 0.34
Butane - C4H|0

Nitrogen-N2 0.07 0.16 0.02
Ammonia-NHs 0.02 0.01 0.02
Light 0ll-«O-,oTO;rC® 0.26

0.08nl (230-255uCHeavy OII-@| 6 Torr)

SRL

Cool (MAF)

Ash

Water 13.81
Phenol

TOTAL 4.46 10.23 10.41 4.79 14.17 Neel.
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 dlff) 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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PROJECI LIGNITE
ADJUSTED MATERIAL BALANCE

Run No: L-2F 
Date: 9111-12111
Time: 1900-0700

Product & Recycle Gas Rates Adjusted 
Revised: 2/24/78
MATERIAL OUT 
Ibs/hr.

Temperature:726°F
Pressure:2460 psig
LHSV: 1.41
GHSV: 354

STREAM DESCRIPTION

SAMPLE POINT

S-8
Btms__
Sx-16

J-lExhaust
Sx-32

Cold
Trap

--
Btms

«—-Recycl 
S-7 Btms

e Solvent-* 
LEG Btms

sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H2

Carbon Monoxide-CO 0.07
Carbon Dioxide-C02 0.27
Hydrogen Sulfide-H2S

Methane - CH4 0.04
Ethane- CjH# 0.08
Propane- C jH, 0.11

Butane - C4H10

Nitrogen-Nj

Ammonia-NH3

Light Oll-WS/i® 1,21 0.13 13.18 13.15
0.02 2.38 58.41 6.50

«<»» 1.92 0.10

SRL 11.57
Coal (MAE) 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 dlff) 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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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product & Recycle Gas Rates Adjusted 
Revlsedt 2/24/78

Run No: l-2F MATERIAL OUT
Date: 9/11-12/77
Time: 1900-0700 Ibs/hr.

Temperature: 726°F
Pressure:2460 psig
LHSV: 1.41
GHSV: 354

STREAM DESCRIPTION
• .............. ——

Totil
Out

SAMPLE POINT

Hydrogen-Hj 1.09
Carbon Monoxide-CO 7.62

Carbon Dioxide-COj 13.20
Hydrogen Sulfide* HjS 0.32
Methane-CH4 4.99
Ethane-CjHj 1.90
Propane-CjHj 1.06
Butane-C4H10

Nitrogen-Nj •
0.25

Ammonla-NH8 0.05
Light OllJS'^O '

27.93
Solvent-(j060-2r3(]0C@

67.39
~ (230-255^CHeavy 011-^6 Torr) 2.02

SRL 11.57
Cool (MAF) 2.47
Ash 2.49
Water 14.70
Phenol

.
TOTAL 159.05

Carbon 110.42
Hydrogen 13.33
Nitrogen 0.72

Sulfur 1.60
Oxygen (by dlff) 30.49
Ash 2.49

TOTAL 159.05
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Run No : L- 2F

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 2/24/78

Date: 9/11-12/77
Time: 1900-0700 WEIGHT PERCENT

SAMPLE DESCRIPTION T.i gnt t-p Itins LEGBtms FeedSolvent water "li?—
SAMPLE POINT Sx-1 *Sx-2 Sx-12 Sx-14 Sx-16 Sx-16
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide —C02

Hydrogen Sulfide-^S

Methane -CH4

Ethane —CsHe

Propdne-C^He

Butane-C4H10

Nitrogen-N2

Ammonia-NHs (PPM)
Light Oil.-{°-,0°;rC@ 66. 60 21.31 98.40

12.57 32.90 75.90 1.60
nil (230-255°CHeavy O.l-gj, 6 Torf) 0.50 2.30

SRL 61.19
Coal (MAF) 60.47 13.08
Ath 6.22 13.16
Water 33.31 0.49 100
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Soluble* 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
Oxygen (by diff) 42.75 3.02 5.93 2.73 88.89 4.70
Ash 6.22 13.16

TOTAL 100 100 100 100 100 100
Number of Sample Avg. 2 4 2 2 2 2
^Distillable oil calculated by following equation: Wt % Distillable oil ■ -0.1273 
(F-l Btms melting point) + 54.38. See attached graph.
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Run No: L-2F

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated:2/24/78

Date: 9111-12/11
Time: 1900-0700 WEIGHT PERCENT

SAMPLE DESCRIPTION Total MakeupGas ProductGas RecycleGas FeedGas S-4BWater
SAMPLE POINT Sx-16 Sx-18 Sx-19 Sx-20 Sx-21 Sx-23
Hydrogen -H2 7.10 4.10 6.95 6.11
Carbon Monoxide-CO 91.74 27.25 47.93 69.54
Carbon Dioxide-C02 41.18
Hydrogen Sulfide-H2S 0.91
Methane -CH4 17.28 29.75 15.27
Ethane-CzHs 5.62 9.61 4.77
Propane-C3He 2.82 4.14 2.98
Butane-C4Hio

Nitrogen-N2 1.16 0.75 1.58 1.33
Ammonia-NH, (PPM) 0.09 0.13
Light Oil.-(0-,0T0"rf@ 80.69

1.31 •
~ ... (230-255°CHeavy 0.1

SRL

Coal (MAF)

Ath

Water 18.00 99.87
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^ f%

Melting Point °F

Specific Gravity 60/60

Viscoeity, cp

Carbon 67.93 39.32 42.68 53.96 47.51
Hydrogen 11.99 7.10 10.12.. 17.07 11.42
Nitrogen 0.08 1.16 0.82 1.58 1.33 0.11
Sulfur 0.15 0.86
Oxygen (by diff) 19.85 52.42 45.52 27.39 39.74 88.77
Ath

•
TOTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 2 2
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Run No: L-2F

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated:2/24/78

Date: 9/11-12/77
Time: 1900-0700_______________ WEIGHT PERCENT

SAMPLE DESCRIPTION BiiB S-4B , Total SOv£d Disc^aree ColdTran
SAMPLE POINT *Sx-23 Sx-23 Sx-30 Sx-32 Sx-33 Sx-34/39
Hydrogen -H2 1.53 0.44
Carbon Monoxide-CO 10.55 12.22
Carbon Dioxide —C02 57.79 48.03
Hydrogen Solfide-H2S 1.90
Methane -CH4 11.97 6.99
Ethane-CzHe 8.51 13.10
Propane-C3 H# 7.14 19.22
Butane-C4Hio

Nitrogen-N2 0.42
Ammonia-NH, (PPM) 0.13 0.19
Light Oil.-^-10^® 76.12 1.83 47.66 17.81

23.00 0.55 78.95
H-. ox-ifisrsf0 2.60
SRL

Coal (MAF)

Ath

Water 0.88 97.49 52.34 0.64
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^

Melting Point °F

Specific Gravity 60/60 0.935 1.036 .
Viecosity, cp

Carbon 81.65 1.96 41.91 49.79 28.11 87.70
Hydrogen 9.42 11.08 7.66 8.30 10.09 7.94
Nitrogen 0.20 0.11 0.58 0.05 0.26
Sulfur 0.40 0.01 1.79 0.45 1.36
Oxygen (by diff) 8.33 86.84 48.06 41.91 61.30 2.74
Ath

TOTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 1 4

*Insufficient oil sample. Analysis assumed to be the same as the S-4A oil

-363-



el
em

en
ta

l--
---

---
---

---
---

--
v ^-

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

Q
uo

nt
ito

tiw
*

Run No: L-2F

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 2/24/78

Date: 9/11-12/77
Time: 1900-0700________________ WEIGHT PERCENT

SAMPLE DESCRIPTION ——Water S-4AOil Total ------ 5=7-------Btms AbsorbedGas
SAMPLE POINT Sx-37 Sx-37 Sx-37 Sx-34/39 Calc.
Hydrogan -H2

Carbon Monoxlda-CO

Carbon Oloxida —C02 97.63
Hydrogan Sulflda-H2S 2.15
Mcthona -CH4

Ethona-CzHe

Propona-C^Hs

Butona—C4Hio

Nitrogan-N2

Ammonia-NHj (PPM) 0.10 0.22
Light 76.12 75.83 17.81

23.00 22.91 78.95
»•««» ««-*S-S5c 2.60
SRL

Cool (MAF)

Ash

Watar 99.90 0.88 1.26 0.64
Phenol

TOTAL 100 100 100 100 100
Pyridina Solubles^’ f%,

Melting Point °F *

Spaciflc Gravity 60/60 0.935 1.036
Viscosity, cp

Carbon 81.65 81.34 87.70 26.63
Hydrogan JJL.12 9.42 9142 7.94 - 0.17
Nitrogan COoo 0.20 0.20 • 0.26 0.18
Sulfur 0.40 0.40 1.36 2.02
Oxygan (by diff) 88.80 8.33 8.64 2.74 71.00
Ash

TOTAL 100 100 100 100 100
Number of Somple Avg. 2 2 2 2 -

364-



el
em

en
ta

l--
---

---
---

---
---

---
-\ /

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

-Q
ua

nt
ita

tiv
e

PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 2/24/78
Run No: L-2F
Date: 9/11-12/77
Time: 1900-0700_____________ MOLE PERCENT

sample description MakeupGas ProductGas Regycle FeedGas Disc^iaree
SAMPLE POINT Sx-18 Sx-19 Sx-20 Sx-21 Sx-30 Sx-32
Hydrogen -Hj 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 Dioxide-CO2 17.50 35.20 35.71
Hydrogen Sulfide-HZS 0.50 1.50
Methane -CH4 20.20 24.76 14.10 20.05 14.29
Ethone-CzHe 3.50 4.26 2.35 7.60 14.29
Propone-C3He 1.20 1.25 1.00 4.35 14.29
Butone-C4Hio

Nitrogen-N2 0.60 0.50 0.75 0.70 0.40
Ammonia-NHj (PPM) 0.10 0.30
Light Oils-^'OO^®

«i-asrs!rc
SRL

Coal (MAP)

Ath

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

Viecosity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ath

TOTAL

Number of Sample Avg, 2 2 2 2 2 2
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: IflbllB,

Run No: L-2F 
Date: 9/11-12/77
Tlme:____1900-0700 MOLE PERCENT

SAMPLE DESCRIPTION AbsorbedCl a g
SAMPLE POINT Calc
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide-C02 96.69
Hydrogen Sulfide-H2S 2.76
Methane -CH4

Ethane-CzHe

Propane-C^Hs

Butane-C4H10

Nitrogen-N2

Ammonia-NH, (PPM) 0.55
Light Oil.-^,00;rf@

—asrsf'1

SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL 100
^alc Mole Wt 43.58
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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PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO: L-2F 
DATE: 9/11-12/77 
TIME: 1900-0700

SAMPLE DESCRIPTION F-l Btms LEG Btms Feed Sol' t S-8 Oil S-7 Btms
SAMPLE POINT Sx-2 Sx-12 Sx-14 Sx-16 Sx-34/39

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5 5

IBP 
p 5%
10%

24.2 41.5 54
51.6 76.5 85.6
62.0 90.0 98.2

20% «
2 30%
UJ UJ
« 40% *

£ 50% ^
60% cc

UJ UJs 70% |
3 80% UJ

71.5 116. 139.2
78.8 146.3 159.4
88.8 166 173.6
98.2 176 181.6

112.0 183 187.8
128.8 189 191.2
157.8 197 202.4

> 90 %
^ 95%
DRY PT. k*

180.6 217 226.2
194.6 249 260
195.3 254 260

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 741

IBP
/—*• 5%

10%.

r------- ^ 45
52
57

^ 20% o
S 30% UJ"
£E 40% CC
a 50% j3

uj 60% 2

§ 70% a

80% u

64
11
80
88
97

107
121

> 90%
L*95%
DRY PT. ^------ JN

129

132
ASPHALTENE TEST

WT % 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 8.9 11.8 11.8
210° F 8.2 8.5 00

MISCELLANEOUS
KF HzO 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

PREASPMALTENES - PYR10 I NE SOLUBLE , 8ENZENE 1NSOLUBLE 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-2F 
DATE: 9/11-12/77
TIME: 1900-0700

SAMPLE DESCRIPTION S-4A Oi:
SAMPLE POINT Sx-37

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR

IBP 
r-» 5%

10%
20% o

z 30% , -
UJ UJ
« 40% “
a 50% »5

60% K
lAl ^5 70% |
3 80% S'
> 90%''-*95%

DRY PT.
ASTM D-66 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 741
IBP
5%
10%

---- * 80
89

149
£ 20% o
S 30%
£ 40% «
a 50% £
lj 60% 2
i 70% |
^ 80% w

179
192
206
219
239
261
302

> 90%L*95%
DRY PT. ^--■> 320

ASPHALTENE TEST
WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES S DIST. OIL

TOTAL
SAYBOLT VISCOSITY, SSU

100° F
210° F

MISCELLANEOUS
KF HzO WT%(Row Sx) 0.88
INFRARED RATIO
SP. GRAV. 60/60 F ___0,925___

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.

-368-



DISTILLABLE OIL CONTENT OF F-l BOTTOMS 
VERSUS

F-l BOTTOMS MELTING POINT

180 i
200 220 —J--------- 1 I l I;I l

230 240 250 260 270 280 290

F-l BOTTOMS MELTING POINT, °F

I 1
300 310

J l
320 330

i l L
340 350190 210 360

J
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Temperature: 726°F 
Pressure: 2460 psig 
LHSV’ 1.41 
GHSV:354

PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: l/lbllB

STREAM DESCRIPTION <--- Feed
Recycle Ga;

Sx-20

Gas------yMakeup.Gas
Sx-18

Lignite
-- Feed
Solvent

Total
In

sample: point Sx-1 Sx-14
Hydrogan - H2 0.59 0.79 1.38
Carbon Monoxide-CO 4.09 10.27 14.36
Carbon Dioxldo-C02

Hydrogen Sulfide-H2S

Methane - CH4 2.54 2.54
Ethane-CZH» 0.82 0.82
Propane-CjH2 0.36 0.36
Butane- C4H10

Nitrogen-N2 0.13 0.13 0.26
Ammonia-NH8

Light OllJOg10^® 19.78 19.78
s»'«",'-iI06°^,Tc®I 70.46 70.46
H«ovy Oll-^--- 2.14 2.14
SRL

Cool (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

Sulfur 0.29 1.22 1.51

Oxygen (by dlff) 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

Run No: L-2F 
Date: 9/11-12/77
Time: 1900-0700

MATERIAL IN

Ibs/hr.
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PROJECT LIGNITE

MEASURED MATERIAL BALANCE
Revised: 2/24/78

Run No: l_2f MATERIAL OUT
Date: 9/11-12/77
Time: 1900-0700 Ibs/hr.

Temperature: 726°F 
Pressure: 2460 psig 
LHSV; i.4i 
GHSV: 354

STREAM DESCRIPTION

SAMPLE POINT
Vent Gas_1

Sx-20

Product Gas 
Recycle ..Gas

Sx-20

-------- *
Absorbed (

S-4A
ras Ovhd

S-4B
Btms

S-8
Ovhd

Calc Sx-30 Sx-23 Sx-44
Hydrogen - Hz 0.21 0.59 0.07
Carbon Monoxide-CO 1.44 4.09 0.51
Carbon Dioxide-COz 8.08 2.77
Hydrogen Sulfide-HZS 0.18 0.09
Methane - CH4 0.90 2.54 0.57
Ethane-C* H# 0.29 0.82 0.41
Propane-CjHa 0.12 0.36 0.34
Butane- C4H10

Nitrogen-Nz 0.05 0.13 0.02
Ammonia-NH8 0.02 0.01 0.02
Light Oil-'O-10^® 0.26
Solvent-(j060-230oC@ 0.08
Heavy oil-(230"2S60(iHeavy Oll-^ g Torr)

SRL

Cool (MAP)

Ash

Water 13.81
Phenol

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

Sulfur 0.17 0.08
Oxygen (by dlff) 0.83 2.34 5.88 2.30 12.30
Ash

TOTAL 3.01 8.53 8.28 4.79 14.17 Negl.
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Run No: L-2F 
Date: 9/11-12/77

MATERIAL OUT

PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 2/2^/1%
Temperature: 726°F 
Pressure: 2460 psig 
LHSV• 1-41

STREAM DESCRIPTION

SAMPLE POINT

---3^8---
Btms___
Sx-16

-J=l
Exhaust

—Coia---
Trap

—y=t~—
Btms

t-Recycle S 
S-7 Btms

Divent-------
LEC Btms

Sx-32 Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H2

Carbon Monoxide-CO 0.07
Carbon Dioxide - C02 0.27
Hydrogen Sulfide-H2S

Methane - CH4 ■ 0.04
Ethane - CjHe 0.08
Propane- CsHa 0.11
Butane - C4H10

Nitrogen-N2

Ammonia-NH9 ■
Light Oll-^-'O^/j® 1.21 0.13 13.18 13.15

0.02 2.38 58.41 ' 6.50
H«n«v 0|,(230-255^Heavy Oil Torr) 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 dlff) 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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PROJEC LIGNITE
MEASURED MATERIAL BALANCE

Revised: HUH*

Run No: L-2F 
Date: 9/11-12/77
Time: 1900-0700

MATERIAL-OUT

Ibs/hr.

Temperature:726°F 
Pressure:2460 psig 
LHSV : 1.41 
GHSV: 354

STREAM DESCRIPTION

SAMPLE POINT
• .......... ........ —....... ............

Total
Out

Hydrogen - H2 0.87
Carbon Monoxide-CO 6.11
Carbon Dioxide-C02 11.12
Hydrogen Sulfide-HjS 0.27
Methane - CH« ino

Ethane- C2H8 1 . AO. .
Propone- CsHe 0.9T
Butane- C4H|0

Nitrogen-Nj • 0.20
Ammonia-NH8 0.05
Light OII-^-.OO;^

27.93
Solvent-({060-230OC@

67.39
H.ovv 0|. jS^-2S5ttHeavy Oil @|i6 Torr) 2.02
SRL , 11.57
Cool (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 dlff) 28.13
Ash 2.49

TOTAL 153.77
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RUN CONDITIONS
RUN NO. L~2G DATE MAOF VlllFn

TEMPERATURE °F PRESSURE, psig
PREHEATER E-l

SAND BATH 740
PREHEATER E-13

DOWTHERM
SEPARATORS S-l and S-2 2460

INI FT 305 INI FT 91 SEPARATOR S-3
240. OUTI.FT. 721 OUTI FT 178

DISSOLVERS
R-IA m niu

LIGHT ENDS COLUMN, F-2
RFROII FR 282

SEPARATORS S-4A and S-4B 60
VACUUM. FLASH, F-l

14 Torr(2) 1 OWFR SECTION 215
(?,) FEED SECTION. 216 LIGHT ENDS COLUMN, F-2

Atm(4) OVERHEAD 176
RrIB (n 745 s-.fl 77 SOLVENT COLUMN, F-3

NIU(?) 788 S-9
m 824
f4) 829 SOLVENT COLUMN, F-3

REBOILER NIU

LOWER SECTION

HEAVY ENDS COLUMN, F-4
NIU

REACTOR PRODUCT SEPARATORS
S-. 548

VACUUM FLASH, F-0
NIU

FEED SECTION SETTLING TOWER, V-8
NIUs-? 88 OVERHEAD

S-3 507
S-4A._ 94 HEAVY ENDS COLUMN, F-4

RFROII FR NIU

RECOVERY TOWER, V-7
NIU

S-4R 81

PREHEATER EMI
DOWTHERM 685

LOWER SECTION

FEED SECTION
OVERHEAD

INI FT 446:
OUTLET 646 .

VACUUM FLASH FM
OVERHEAD VAPOR 505
UPPER WALL 620

LOWER WAI 1 584

VACUUM FLASH,F-0
OVERHEAD NIU

BOTTOMS

PRECIPITATION TOWER, V-8

7 ON F m Niu
DOWNCOMER . 528 (?)

CONDENSATE
ACCUMULATOR,S-7 97

(3)

RECOVERY TOWER V-9
REBOILER NIU

OVERHEAD
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QaUtc o-f Run
R-Urv

LcnatK Ruo

S tour t e.r>J Rue Wo-- L-2G
9/12/77 9/12/77 Uo.>a: Ibs/hr, °F, psig

0700 1900 pr«#. &v* BCL & GGB
12 hrs. Updoi.ied:2/24/78

Hours onCa-JoTdnJ of y. P. | 318.1

MASS RATES AMP RUM COM D IT IO MS PRODUCT GAS TO THERMAL

9.79 RECYCLE GAS 
l°-35 makeup
47-l7 LIGKIITE f

u1 pC
CO CO<1
CJI rH

* O'.
00

co>

, „ MAKEUP(2.10)3OLVEKr
®5x-e

158.20 T-OTAl_ CR] OP EH CLO SE D TOTA.I—

5.36
9.79

.-Ib
10.01

4.99

14.21
NIU
Neel.

1.52

NIU
0.54
0.47
NIU

18.32

158.20
Numbers in parentheses are not inrluded in the totals.
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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE 

Product & Recycle Gas Rates Adjusted 
Revised: 2/24/78

Run No: l-2G
Date: 9/12/77
Time: 0700-1900

SUMMARY 
Ibs/hr.

Temperature:721°F
Pressure:2460 psig
LHSV : 1-40
GHSV: 358

STREAM DESCRIPTION
SAMPLE POINT

TotalIn____ TotalOut NetYield W % MAE Coal

Hydrogen - Hj 1.50 1.01 -0.49
Carbon Monoxide-CO 14.40 8.78 -5.62
Carbon Dioxide-C02 12.83 12.83
Hydrogen Sulfide-HZS 0.37 0.37
Methane - CH4 2.66 4.66 2.00
Ethane - C2He 0.86 1.76 0.90 ■ 10.57 36.74
Propane- CSH8 0.40 0.93 0.53
Butane- C^o
Nitrogen-Nj 0.32 0.31 -0.01
Ammonia-NHj 0.06 0.06 J
Light oii-^-,0To;rC<3> 24.. 14 34.14 10.00

64.54 60.85 -3.69 . 17.72 61.59
1.79 1.99 0.20

SRL 11.21 11.21 4

Coal (MAP) 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 dlff) 31.37 31.70 0.33
Ash 2.85 2.41 -0.44

TOTAL 158.20 158.20 -0-
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product &

Run No: L-2G
Date: 9/12/77
Time: 0700-1900

Recycle Gas Rates Adjusted 
Revised: 2/24/78
MATERIAL IN 
Ibs/hr.

Temperature: 721°F
Pressure: 2460 psig
LHSV! 1-40
GHSV: 358

STREAM DESCRIPTION
^need
ecycle Gas

Sx-20

uas >
Makeup Gas

Sx-18
Lignite

Feed
Solvent

Total-----
In.

SAMPLE POINT Sx-1 Sx-14
Hydrogen - H2 0.60 0.90 1.50
Carbon MonoxIde-CO 5.09 9.31 * 14.40
Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane - CH4 2.66 2.66
Ethane- C2H# 0.86 0.86
Propane- C5 H# 0.40 0.40 •
Butane - C4H|0

Nitrogen-Nj 0.18 0.14 0.32
Ammonio-NH8

Light OII-(0-|0T0;rC@ 24.14 24.14
Solvent-(|00'230Oc@solvent , 6 Torr) vsr 64.54 64.54
~ (230-255XHeavy Oll-^"^ 1.79 1.79
SRL

Coal (MAE) 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 dlff) 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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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product

Run No: L-2G
Date: 9/12/11
Time: 0700-1900

& Recycle Gas Rates Adjusted 
Revised: 2/24/78
MATERIAL OUT 
Ibs/hr.

Temperature:721°F
Pressure:2460 psig
LHSV: 1.40
GHSV: 358

Prnfhirl" fifli —5r4A---- girzns—
STREAM DESCRIPTION Vent Gas F ecycle Gas Absorbed Gi is Ovhd Btms Ovhd
SAMPLE POINT Sx-20 ■ Sx-20 Calc Sx-30 Sx-23 Sx-44
Hydrogen - H2 0.33 0.60 0.08
Carbon Monoxide-CO 2.79 5.09 0.77
Carbon Dioxide-COz 9.72 2.82
Hydrogen Sulfide-H2S 0.25 0.12
Methane - CH4 1.45 , 2.66 0.52
Ethane - C* H# 0.47 0.86 0.37
Propone- CSH, 0.22 0.40 0.28
Butane - C4H10

Nitrogen-N2 0.10 0.18 0.03
Ammonia-NHj 0.04 0.02
Light

Solvent
ni| (230-255°CHeavy Oll-^, 6 Torf)

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 dlff) 1.59 2.91 7.07 2.49 12.61
Ash

t

TOTAL 5.36 9.79 10.01 4.99 14.21 Neel.
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PROJECi LIGNITE 
ADJUSTED MATERIAL BALANCE

r

Product

Run No: l-2G
Date: ^lYlIll
Time: 0700-1900

& Recycle Gas Rates Adjusted 
Revised: 2/24/78
MATERIAL OUT
Ibs/hr.

Temperature:721°F 
Pressure:2460 psig 
LHSV : 1.40 
GHSV: 358

STREAM DESCRIPTION

SAMPLE POINT

S-8
Btms___
Sx-16

J-l
__ Exhaust

Sx-32
Trap

—T=l-----
Btms

<—Recycle 
S-7 Btms

Solvent—> 
F-2 Btms

Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H2

Carbon MonoxIde-CO 0.13
Carbon Dioxide-C02 0.29
Hydrogen Sulfide-H2S

Methane - CH4 0.03
Ethane- C*H# 0.06
Propane- CsHa 0.03
Butone-C4H|o
Nitrogen-N2

Ammonia-NHS

Light OII-<0-|0T0;rC@ 1,50 0.44 16.15 16.05
Solvent-(jOgO-^C® 0.02 2.30 51.32 7.21
Heovv oi|JZ30-255«CHeavy OII-@|i6 Torr) 1.99
SRL 11.21
Coal (MAF) 2.40
Asli 2.41
Water 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
Sul fur 0.20 0.86 0.09
Oxygen (by dlff) 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 

Revised: 2/24/78
Run No: L-2G 
Date; 9/12/77 
Time: 0700-1900

MATERIAL OUT 
Ibs/hr.

Temperature: 721°F 
Pressure: 2460 psig 
LHSV: 1.40 
GHSV: 358

STREAM DESCRIPTION
- --------------

Total
Out

SAMPLE POINT

Hydrogen - Hj 1.Q3
Carbon MonoxIde-CO R.7R
Carbon Dioxide-COz 12.83
Hydrogen Sulfide* HZS 0.37
Methane- CH4 4.66
Ethane - CzHe 1 .76
Propane- C3Hj 0.93 
Butane - C4HI0

Nitrogen-Nj 0.31
Ammonia-NHS 0.06
Light OII-^-'O^C®

34.14

60.85
Heovv on JZSO-ZSS'ICHeavy Oil @|i6 Torr) 1.99
SRL 11.21
Coal (MAF) 2.40
Ash 2.41 
Water 14.49
Phenol

TOTAL 158.20

Carbon 108.55
Hydrogen 13.23

Nitrogen 0.82

Sulfur 1.49
Oxygen (by dlff) 31.70
Ash 2.41

TOTAL 158.20
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Updated: l/lh/lZ

PROJECT LIGNITE
SAMPLE ANALYSIS

Run No: 
Date:

L-2G
9112177

SAMPLE DESCRIPTION Lignite —n:—Btms
-TK------------
Btms FeedSolvent

"iT5 "r r
Water Oil

SAMPLE POINT Sx-1 Sx-2 Sx-12 Sx-14 Sx-16 Sx-16
Hydrogan -Hz

Carbon Monox Ido-CO

Carbon Dloxldo —C02

Hydrogon Sulfldo-H2S

Mothano -CH4

Ethano —CxHs

Propant-C?Ha

Butono —C4H10

Nltrogon-N2

Ammonio-NHj (PPM)
Light Oil.>-'0T0;ff@

69.00 26.56 98.40
12.57 31.00 71.01 1.60=ro;3|g-|5c

1.97
SRL 61.19
Cool (MAF) 60.99 13.08
A»h 6.05 13.16
Wotor 32.96 0.46 100
Phono!

TOTAL 100 100 100 100 100 100
Pyridino Solublos^ ^ 84.94
Melting Point °F 330 0

Spoeifle Gravity 60/60 0.960 1.027
Viocoilty, cp

Corbon 42.93 77.00 84.60 86.96 79..
Hydrogon 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
Oxygon (by dlff) 43.30 3.02 5.36 2.98 88.89 7.40
Aah 6.05 13.16

1

TOTAL 100 100 100 100 100 100
Numbtr of Sample Avg. 2 4 2 2 2 ____ 2________
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Updated: HlkllZ

PROJECT LIGNITE
SAMPLE ANALYSIS

Run No: 
Date:

L-2G
slum

SAMPLE DESCRIPTION Mgkfup ProductGas Recycle FeedGas S-4BWater
SAMPLE POINT Sx-16 Sx-18 Sx-19 Sx-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
Carbon Dioxide-C02 42.39
Hydrogen Sulfide-HZS 1.08
Methane -CH4 16.31 ' 27.13 13.08
Ethone-CzHe 5.34 8.80 4.34
Propane-C^He 2.45 4.08 2.18
Butane-C4Hio

Nitrogen-Nz 1.38 1.11 1.80 1.84
Ammonia —NHS (PPM) 0.18 0.15
Light Oil.-1®-'0®^® 98.40
..... 1.60
u-ntfw ni|_(230-255uC Heavy Oil-6 Torrl

SRL

Coal (MAF)

Ash

Water 99.85
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^ ^

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
Sulfur 0.20 1.17
Oxygen (by dlff) 7.40 51.41 46.29 29.73 41.43 93, .Ji
Ash

TOTAL 100 100 100 100 100 100
Number of Sample Avg. 2 2 2 2 2 2
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PROJECI LIGNITE 
SAMPLE ANALYSIS

Updated: 212^/1%

Run No: 
Date:

L-2G
9/12/77

SAMPLE DESCRIPTION 5-416-------
Oil

----- 5^------
Total

—S-4A
Ovhd

-----n---------
Discharge

—zm—
Trao

—3^7---------
Btms

SAMPLE POINT *Sx-23 Sx-23 Sx-30 Sx-32 Sx-33 Sx-34/39

Hydrogen -H2 1.52 0.90
Carbon MonoxIde-CO 15.37 23.92
Carbon Dioxide —C02 56.50 53.51
Hydrogen Sulfide-H2S 2.41
Methane -CH4 10.48 5.10
Ethane-CeHe 7.48 10.20
Propane-C^He 5.57 6.37
Butane-C4H10

Nitrogen-N2 0.57
Ammonia-NHj (PPM) 0.15 0.10

77.93 93.98 23.16

21.30 73.60
Heavy Oil-^30“255°CHeavy OH (g)|i6 Torr) 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^

Melting Point °F

Specific 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

Sulfur 0.42 2.27 0.18 1.24
Oxygen (by diff) 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 ____ 2________

^Insufficient sample available. Assumed to be the same as the S-4A oil.
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Updated: 2/24/78

PROJECT LIGNITE
SAMPLE ANALYSIS

Run No: L-2G 
Date: 9/12111
Time: 0700-1900_______________ WEIGHT PERCENT

SAMPLE DESCRIPTION 5-"a-------
Water

s-4A
Oil

U-4A
Total

3-7
Btms

Absorbed
Gas

SAMPLE POINT Sx-37 Sx-37 Sx-37 Sx-34/39 Calc.

Hydrogen -H2

Carbon MonoxIde-CO

Carbon Dioxide-CO2 97.11

Hydrogen Sulfide-HzS 2.48
Methane -CH4

Ethane-CxH«

Propane-CsHe

Butane-C4H,0

Nitrogen-Nj

Ammonla-NH, (PPM) 0.14 0.01 0.41
Light Oile-^^OO^®

77.93 73.29 23.16

21.30 20.03 73.60
Heavy Oil-^0^0

2.85
SRL

Coal (MAP)

Aeh

Water 99.86 0.77 6.67 0.39
Phenol

TOTAL 100 100 100 100 100
Pyridine Soluble*^

Melting Point °F

Specific Gravity 60/60 0.938 1.039
Viscosity, cp

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 diff) 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 -

-384-



El
em

en
ta

l--
---

---
---

---
---

--
s ✓--

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

Q
ua

nt
ita

tiv
e

PROJECT LIGNITE 
SAMPLE ANALYSIS

Updated:2/24/78

Run No: L-2G
Date: 9/12/77
Time: 0700-1900 MOLE PERCENT

SAMPLE DESCRIPTION Mgkeup Product
Gas

Recycle
Gas

Feed
Gas

-fig— -----T=T---------
Discnarge

SAMPLE POINT Sx-18 Sx-19 Sx-20 Sx-21 Sx-30 Sx-32

Hydrogan -Hz 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-C02 18.15 34.50 36.56

Hydrogen Sulfide-^S 0.60 1.90

Methane -CH4 19.20 23.94 12.21 17.60 9.58

Ethane — CzHe 3.35 4.14 2.16 6.70 10.22
Propane-C3 He 1.05 1.31 0.74 3.40 4.35

Butane-CeHio

Nttrogen-N2 0.65 0.75 0.91 0.98 0.55
Ammonia-NHj (PPM) 0.20 0.15

"“w 0.,.®-^

SRL

Coal (MAF)

Ash

Water

Phenol,

TOTAL 100 100 100 100 100 100
Calc. Mole Wt.^ 13.18 18.84 14.12 14.94 26.87 30.06

Melting Point °F

Specific Gravity 6O/6O

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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Updated: 2/21*11%
Run No: L-2G 
Date:

PROJECT LIGNITE
SAMPLE ANALYSIS

Time: 0700-1900 MOLE PERCENT
SAMPLE DESCRIPTION Absorbed

Gas
SAMPLE POINT Calc.
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide —C02 95.78

Hydrogen Sulfide-H2S 3.17
Methane-CH«

Ethane-CzHs

Propane-C3H #

Butane-C4Hio

Nitrogen-N2

Ammonia —NHj (PPM) 1.05
Light Oil.-(f-|0°;rf ®

h— «"-ssrsr!

SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL 100
Calr. Mole Wt. 43.40
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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PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO: L-2G 
DATE: 9/12/77
TIME: 0700-1900

SAMPLE DESCRIPTION F-l Btms LEG Btms Feed Solv. S-8 Btms S-7 Btms
SAMPLE POINT Sx-2 Sx-12 Sx-14 Sx-16 Sx-34/39-

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5 5

IBP 
p 5%

10%

32.4 40.8 52.5
47.2 75.4 67.3
59.4 85.8 89.6

H 20% S’
z 30%
u UJ
g 40% §
s 50% ^

60% a.
UJ UJ
5 70% |
3 80% UJ

71.3 105.4 114.2
78.8 129.2 140
86.2 155.2 166.6
95.4 172.2 174.4

107.8 179.5 181.8
125.5 187.8 189.9
152.8 198.2 200.6

> 90%
^->•95 %

DRY PT.

l80.4 224 226.3
199.2 259.6 260
199.2 260

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 732

IBP 
(-* 5%

10%

---- > 48
58
63

z 20% o
uj ^o°A
(J ou '° Ul
a 40% a
U ZD
a. 50% k

u 60% a
i 70% %

ri 80% S

71
81
91
QR

108
116
128

> 90%
^95%

DRY PT. l---- >

138

147
ASPHALTENE TEST

WT % 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 HgO 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, 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-2G 
DATE: 9/12/77
TIME: 0700-1900

SAMPLE DESCRIPTION S-4A Oil
SAMPLE POINT Sx-37

ASTM D-II60 DISTILLATION DATA

PRESSURE, TORR

IBP
r-*5%

10%

20% o
S 30%
UJ Id
£ 40% 9;

£ 50% £

60% p:
UJ Id
S 70% |

3 80% UJ

> 90%
^-*95 %

DRV PT. ^-

ASTM D-86 DISTILLATION DATA

BAROMETRIC PRESSURE, TORR 741

IBP 

(-+ 5%

10%

-------* 81

87

152

£ 20% o

S 30%

a: 4 0 % oc
UJ “5a 50% 3

u 60% o'
| 70% a

^ 80% w

179

193

204 .
216

232

253

295
^ 90%
U95 °/0

DRY PT. V------ >

323

324

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 HjO WT % (Row 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,

-388-



DISTILLABLE OIL CONTENT OF F-l BOTTOMS 
VERSUS

F-l BOTTOMS MELTING POINT

O1----- •—
ISO 190

—l---------- 1------------- 1--------------1---------- 1-----------1 I-----------1 l I l i l l i i
210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360

F-l BOTTOMS MELTING POINT, °F
'V

200 370
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Run No: l-2G 
Date: 9/12/77
Time: 0700-1900

MATERIAL IN 

Ibs/hr

PROJECI LIGNITE
MEASURED MATERIAL BALANCE

Revised: 2/24/78
Temperature: 721°F 
Pressure: 2460 psig 
LHSV: 1.40 
GHSV: 358

STREAM DESCRIPTION A----Feed
Recycle Ga: 3as------ V; Makeup Gat Lignite

Feed
Solvent

Total
In

SAMPLE POINT Sx-20 Sx-18 Sx-1 Sx-14
Hydrogen -H, 0.54 0.98 1.52
Carbon Monoxide-CO 4.56 10.24 14.80
Carbon Dioxide-C0t
Hydrogen Sulfide-H2S
Methane-CH4 2.37 2.37
Ethon#* CjHj 0.77 0.77
Propane-CjH, 0.36 0.36
Butane - C4H10

Nitrogen-N2 0.16 0.16 0.32
Ammonia-NHj
Light OII-^-'O^® 24.14 24.14
»*• 64.54 64.54
Hfiavv nil —Heavy Oil @,i6Torr) 1.79 1.79
SRL
Coal (MAP) 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
Carbon 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 dlff) 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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PROJECI- LIGNITE

MEASURED MATERIAL BALANCE
Revised: 2/24/78

Run No: L-2G 
Date: 9112/11
Time: 0700-1900

MATERIAL OUT

Ibs/hr.

Temperature:721°F 
Pressure:2460 psig 
LHSV : 1.40 
GHSV: 358

STREAM DESCRIPTION
---------- "J5-4A----

s Ovhd
------5r7fB

Btms
—grg

OvhdVent Gas_ J
Sx-20

leGycleGas
Sx-20

Absorbed G;
SAMPLE POINT Calc Sx-30 Sx-23 Sx-44
Hydrogen - H2 0.21 0.54 0.08
Carbon Monoxide-CO 1.75 4.56 0.77
Corbon Dioxide-COz 7.60 2.82
Hydrogen Sulfide-H2S 0.20 0.12
Methane - CH4 0.91 2.37 0.52
Ethane - CjH* 0.30 0.77 0.37
Propane-CjH, 0.14 0.36 0.28
Butane - C4H10

Nitrogen-Nj 0.06 0.16 0.03
Ammonia-NHs 0.03 0.02
u.h. on-'fe'offi®

Heavy Oll-g^W^

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 dlff) 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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Run No: l_2G 
Date:
Time: 0700-1900

MATERIAL OUT 

ibs/hr.

PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 2/24/78
Temperature:721#F 
Pressure: 2460 psig 
LHSV: 1.40 
GHSV: 358

STREAM DESCRIPTION s-8
Btms____

Sx-16

J-l
Exhaust___

Sx-32

Cold
Tran

----- F=T-----
Btms

*—Recycl 
S-7 Btms

s Solvent-* 
F-2 Btms

SAMPLE POINT Sx-33 Sx-2 SXr-39 Sx-12

Hydrogen - Hj

Carbon Monoxide-CO 0.13
Carbon Dioxide-COt 0.29
Hydrogen Sulfide-H2S

Methane- CH4 0.03
Ethane - C2H« 0.06
Propane- CsHa 0.03
Butane - C4H10

Nitrogen-Nz

Ammonia-NHg
Light Oll-^'^/j©

1.50 0.44 16.15 16.05

0.02 2.30 51.32 7.21
H.nuv OiiJ230'-255PCHeavy Oil @|i6 Torr) 1.99
SRL 11.21
Cool (MAP) 2.40
Ash 2.41
Water 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 n.?n n.m n.04 0.87 5.63 2.18
Nitrogen 0.18 0.21 0.06
Sul fur 0.20 0.86 0.09
Oxygen (by dlff) n.n n.?8 O.Ofi 0.55 2.78 1.25
Ash 2.41

TOTAL 1.52 0.54 0.47 18.32 69.75 23.26
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PROJECi LIGNITE
MEASURED MATERIAL BALANCE

Revised: 2/24/78

f

Run No: MATERIAL OUT Temperature: 721°F
L-2G Pressure: 2460 psigDate: 9112/11 LHSV: 1.40

Time: 0700-1900 Ibs/hr. GHSV: 358
STREAM DESCRIPTION

SAMPLE POINT
■ ............... - -............. .

Total
Out

Hydrogen - H2 0.83

Carbon Monoxide-CO 7.21

Carbon Dioxide-C02 10.71
Hydrogen Sulfide-H2S 0.32
Methane - CH4 3.83
Ethane - CjH# 1.50
Propane- CS H, 0.81
Butane - C4H10

Nitrogen-N2 0.25
Ammonia-NHS 0.05

34.14
s°'-'-(!0(?£>,7c®

60.85
nil (23?5::25506Heavy Oilg Torf) 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 dlff) 29.26
Ash 2.41

TOTAL 153.00
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RUN CONDITIONS
RUN NO. L-2H 
DATE MADE 9/19/77

TEMPERATURE °F PRESSURE, psig

PREHEATER E-l
SAND BATH 748

PREHEATER E-13
DOWTHERM 408

SEPARATORS S-l and S-2 
2450

INI FT. . 212 INI FT 75 SEPARATOR S-3
240OUTLET______________ 123.______ OUTLET___________ 152__________

DISSOLVERS
R-IA (1) 777

LIGHT ENDS COLUMN, F-2
RFROII FR 298

SEPARATORS S-4A and S-4B 
60

VACUUM FLASH. F-l
14 Torr(?) 786 LOWER SECTION 207

f 31 786 FFFD SECTION . 210 LIGHT ENDS gOLUMN, F-2
(41 785 OVFRHFAD 183

R-IR (11 S-fi 72 SOLVENT COLUMN, F-3
NIU(2) S-9

(3)
(4) SOLVENT COLUMN, F-3

RFROII FR NIU
LOWER SECTION

HEAVY ENDS COLUMN, F-4
NIU

REACTOR PRODUCT SEPARATORS
S-l 578

VACUUM FLASH, F-0
NIU

FFFD SECTION SETTLING TOWER, V-8
NIUS-2 76 OVFRHFAD

s-3 488
S-4A 78 HEAVY ENDS COLUMN, F-4

RFROII FR NIU

RECOVERY TOWER, V-7
NIU

S-4B............ 76

PREHEATER E-ll
DOWTHERM 684

LOWER SECTION
FEED SECTION
OVFRHFAD

INLET 426
OUTI FT 656

VACUUM FLASH F-l
OVFRHFAD VAPOR 496
UPPER WAI t. 604
1 OWFR WAI 1 591

VACUUM FLASH,F-0
OVFRHFAD NIU
BOTTOMS

PRECIPITATION TOWER, V-8
7 ONF (1) NIU

DOWNOOMFR. 559 (21

CONDENSATE
ACCUMULATOR,S-7 78

(3)

RECOVERY TOWER V-9
REBOILER NIU
OVERHEAD
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OajJ-e o-^ Run
Run

L«i%oVh of Run

S tour t £nj Run kfo’- L-2H"57W77 9/19/77 Un.'+s: Ibs/hr, °F, psig
0200 1400 Pr«p- 3y.* BCL & GGB

12 hrs. UpdoL.-t««l: 2/23/78
Hours on C«J M-dnj of Y. P. | 429.6

MASS RATES AMP RLJMpRODUCTaA3 thepmajl.
IOXIDI-2.EW ~S,- 20 PKOPUC-T GAg TO RECYCLE.COMPITIOMS

792
5.46 RECYCLE GAS
13-05 makeupgas|—
"•i9 ^ST,flT(*729

mixer.

TT785 T*.
R-IA R-IB

T-786 T:

p- 2450 i
i

rk
P:

T 786 T:
■n 777 T

* Vk-^ KNOCKOUT POT BTMSt
SCRU8e» ABSORBED OASES ^
T: 96
P; 100

3.56
Ji-JiL

11.32

Negl.

makeup30LVEKT

l-36 • P5 T"0~TA1_ [X! OP EM x CLOSED
Numbers In vi.rrentheses sre not included

TOTA.l_
^ (a.22.) 
156.05

tb« totals.
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PROJECI LIGNITE
ADJUSTED MATERIAL BALANCE

Product Gas Rate Adjusted Followed by a Forced Carbon Balance
Revised: 2/23/78 Temperature:729 F

Run No: L-2H SUMMARY Pressure:2450 psig
Date: 9/19/77 LHSV: 1.40
Time: 0200-1400 Ibs/hr. CHSV: 332

STREAM DESCRIPTION

SAMPLE POINT

TotalIn____ Total __ Out___ NetYield Wt % MAF 
Lignite

Hydrogen - H2 1.24 0.86 -0.38
Carbon Monoxide-CO 15.23 5.60 -9.63
Carbon Dioxide-C0e 15.77 15.77
Hydrogen Sulfide-HZS 0.28 0.28
Methane-CH4 1.20 2.25 1.05 • 8.27 28.36
Ethane - CgH# 0.42 1.04 -0.62
Propone- C5He 0.19 0.69 0.50
Butane - C4H10

Nitrogen-N2 0.23 0.23 -0-
Ammonia-NHs 0.06 0.06
Light OII-^-'O-O^® 35,40 43.96 8.56
S"'""'-I!060t£7C® 51.50 49.26 -2.24 ’ 20.54 70.44
H.nwu nnJ230-255^Heavy Oil-@| 6 Torf) 2.71 2.62 -0.09
SRL 14.31 14.31
Cool (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
Nitrogen 0.82 0.89 0.07
Sul fur 0.89 1.02 0.13
Oxygen (by dlff) 33.89 33.73 -0.16
Ash 2.94 2.82 -0.12

TOTAL 156.05 156.05 -0-
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Run No:L-2H 
Date: 9/19/77
Time: 0200-1400

MATERIAL IN

Ibs/hr.

PROJECT LIGNITE
MEASURED & ADJUSTED MATERIAL BALANCE

Revised: 2/23/78
Temperature:729°F 
Pressure: 2450 psig 
LHSV : 1.40 
GHSV: 332

STREAM DESCRIPTION! <t-----Feed
lecvcle Gas

Gas---- y
Hakeup .Gas.

Sx-18
Lignite
Sx-1

Feed
Solvent

Total
In

SAMPLE POINT Sx-20 Sx-14
Hydrogen - H2 0.47 0.77 1.24
Carbon Monoxide-CO 3.05 12.18 15.23
Carbon Dioxide - C02

Hydrogen Sulfide-HZS

Methane - CH4 1.20 1.20

Ethane- C* H# 0.42 0.42
Propane- CSH# 0.19 0.19
Butane - C4H10

Nitrogen-Nj 0.13 0.10 0.23
Ammonio-NH5

U.I.. 35.40 35.40
51.50 51.50

H.nvv 01,-(2^-255^Heavy Oll-^ g Torr) 2.71 2.71
SRL
Cool (MAF) 29.16 29.16
Ash 2.94 0.74 2.94
Water 15.09 15.83
Phenol

TOTAL 5.46 13.05 47.19 90.35 156.05

Carbon 2.7n 5. 27 21.43 76.04 105.39 .
Hydrogen

0 RQ n 77 3.09 7.44 12.12

Nitrogen 0.13 0.10 0.27 0.32 0.82
Sulfur 0.32 0.57 0.89
Oxygen (by dlff) 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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Product Gas Rate Adjusted followed by Forced Carbon Balance
Revised: 2/23/78 Temperature:729°F

PROJECI LIGNITE
ADJUSTED MATERIAL BALANCE

Run No: l-2H MATERIAL OUT Pressure: 2450 psig
Date: 9/19/77 LHSV; 1.40
Time: 0200-1400 __________ibs/hr.________________________CHSV: 332_________

STREAM DESCRIPTION <--------
Vent Gas 5

-Product Gi 
ecycle Gas. 

Sx-20
is------- >
Absorbed Gi

S-4A
is Ovhd

S-4B
Btms

S-8
Ovhd

SAMPLE POINT Sx-20 Calc Sx-30 Calc Sx-44
Hydrogen - H2 0.31 0.47 0.08
Carbon Monoxide-CO 1.99 3.05 0.53
Carbon Dioxide-C02 11.08 4.35
Hydrogen Sulfide-H2S 0.20 0.08
Methane- CH4 0.78 1.20 0.25
Ethane - CiH* 0.28 0.42 0.32
Propane- CjH8 0.12 0.19 0.35
Butane - C4H10

Nitrogen-Nj 0.08 0.13 0.02
Ammonia-NHs 0.04 0.01 0.01

2.02

0.56ni ^30-255PCHeavy Oil-^j g Torf)

SRL
Coal (MAF)

Ash
Water 11.17
Phenol

TOTAL 3.56 5.46 11.32 5.99 13.76 Negl.
Carbon 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 dlff) 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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PROJEC! LIGNITE
ADJUSTED MATERIAL BALANCE

r

V.

Product Gas Rate Adjusted followed by Forced Carbon Balance
Revised: UlZllS Temperature:7290F

Run No:l-2H Pressure: 2450 psig
Date: 9/19177 MATERIAL OUT LHSV: 1.40
Time: 0200-1400 Ihs/hr. CHSV:332

STREAM DESCRIPTION """S-8----Btms
Sx-16

3=1----
Sxhaust

Sx-32

Cold----
Trap

—F=I-----Btms
<—Recycle 
S-7 Btms

Solvent—) LEG Btms
SAMPLE POINT Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - H2

Carbon Monoxide-CO 0.03
Carbon Dioxide-C02 0.34
Hydrogen Sulfide-H2S

Methane - CH4 0,02
Ethane - CaH# 0.02
Propane- C3H# 0.03
Butane- C4HI0

Nitrogen-Nj

Ammonia- NHS

2.65 0.02 21.38 17.89
0.06 0.02 0.74 40.72 7.16

nll J230-2S5°CHeavy Oil-gj, 6 Torr) 2.62
SRL 14.31
Coal (MAF) 2.70
Ash 2.82
Water 1.55 0.08 0.80
Phenol

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 0.23 0.27 0.10
Sulfur 0.01 0.21 0.46 0.06
Oxygen (by dlff) 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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PROJECT LIGNITE 

ADJUSTED MATERIAL BALANCE
Product Gas Rate Adjusted followed by a Forced Carbon Balance

Revised: 2/23/78 , ' „Temperature: 729 F
MATERIAL OUT Pressure: 2450 psig

LHSV: 1.40
Run No: l-2H 
Date: 9/19/77

STREAM DESCRIPTION . —-----
Total
On*-

SAMPLE POINT

Hydrogen - H2 0.86
Carbon Monoxide-CO 5.60
Carbon Dioxide-COt 15.77
Hydrogen SulflderH^S 0.28
Methane - CH4 2.25
Ethane - C2 H( 1.04
Propane- CsHa 0.69
Butane-C4H10

Nitrogen-N2 0.23
Ammonia-NHS 0.06
Light 0ll-<0-,00;rC® 43.96

49.26
Heavy on J230-255^Heavy Oil g)|i6 Torf) 2.62
SRL 14.31
Coal (MAP) 2.70
Ash 2.82
Water 13.60
Phenol

TOTAL 156.05

Carbon 105.39
Hydrogen 12.20

Nitrogen 0.89
Sul fur 1.02

Oxygen (by dlff) 33.73
Ash 2.82

TOTAL ...me. os—
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Run No: L-2H

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: Ij27,11%

Date: 9119/11
Time: 0200-1400 WEIGHT PERCENT

sample description Lignite —V-T--------Btms —TEC---------Btms „ teedSolvent O^ Water
SAMPLE POINT Sx-1 *Sx-2 Sx-12 Sx-14 Sx-16 Sx-16
Hydrogan -H2

Carbon Monoxlda-CO

Carbon Dloxido-C02

Hydrogan Sulflda-H2S

Mathana -CH«

Ethana —CzHe

Propana-C3H8

Butona—C4HI0

Nltrogan-N2

Ammonio —NH3 (PPM)

Light Oil.-^-10®^® 71.40 39.18 97.73
3.59 28.60 57.00 2.20

»-»"-BS-SK* 3.00
SRL 69.56
Cool (MAF) 61.79 13.12
Aah 6.24 13.73
Wotar 31.97 0.82 0.07 100
Phanol

TOTAL 100 100 100 100 100 100
Pyridina Solubles^ ^ 84.79
Malting Point °F 399
Spaciflc Grovity 60/60 0.989 1.026
Viscosity, cp

Corbon 45.40 74.86 81.30 84.16 79.57
Hydrogan 6.39 4.76 8.57 8.24 12.14 11.11
Nitrogan 0.58 1.11 0.39 0.35 0.11
Sulfur 0.68 1.04 0.24 0.63 0.11
Oxygan (by diff) 40.71 4.50 9.50 6.62 8.07 88.89
Ash 6.24 13.73

TOTAL 100 100 100 100 100 100
Numbar of Sompla Avg. 2 2 2 2 2 2

*Dlstillable oil content calculated by following equation: Wt % Distillable oil = 
-0.1273 (F-l Btms melting point) + 54.38. See attached graph.
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Run No: L-2H 
Date: 9/19/77

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: 2/23/78

Time: 0200-1400______ . WEIGHT PERCENT
SAMPLE DESCRIPTION S-8,Total MakeupGas ProductGas RecycleGas feedGas ' '5=55---Oil
SAMPLE POINT Sx-16 Sx-18 Sx-19 Sx-20 Sx-21 *Sx-23
Hydrogen -H2 5.87 4.30 8.64 6.52
Carbon Monoxide-CO 93.34 27.64 55.87 82.88
Carbon Dioxide —C02 51.96
Hydrogen Sulflde-H2S 0.35
Methane -CH4 9.45 21.94 6.28
Ethane— CzH* 3.76 7.78 2.17
Propane-C3 He 1.80 3.39 1.07
Butane-C4H10

Nitrogen-N2 0.79 0.72 2.38 1.08
Ammonio-NHs (PPM) 0.02
Light Oil»-(0-,0°"f@ 62.30 77.14

1.40 21.50
Heavy Oil-^'^C

SRL

Coal (MAF)

Ash

Water 36.30 1.36
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solublesf%

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
Sulfur 0.07 0.33 0.30
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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PROJECI LIGNITE 
SAMPLE ANALYSIS
Updated: 2/23/78
Run No: L-2H
Date: 9/19/77
Time: 0200-1400___________________ WEIGHT PERCENT

SAMPLE DESCRIPTION —5=33--- -Water S-4BTotal Ovhd
—jn—
Discharge ~~Coia—Trap 5T5EOil

SAMPLE POINT Sx-2 3 Sx-23 Sx-30 Sx-32 Sx-33 Sx-37
Hydrogen -Hz 1.28 0.56
Carbon Monoxide-CO 8.87 6.22
Carbon Dioxide —C02 72.63 76.87
Hydrogen Sulfide-H2S 1.32
Methane -CH4 4.13 3.56
Ethane-CzHe 5.27 5.00
Propane-C^H* 5.93 7.79
Butane-C4H10

Nitrogen-Nj 0.32
Ammonia-NHj (PPM) 0.12 0.12 0.25
Light Oile-^-'OO^® 20.01 77.14

15.80 21.50

SRL

Coal (MAP)

Ash

Water 99.88 99.88 64.19 1.36
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solublesj

Melting Point °F

Specific 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 diff) 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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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 2/21/7%
Run No: L-2H
Date: 9/19/77
Time: 0200-1400 WEIGHT PERCENT

SAMPLE DESCRIPTION
—------- -------

Water 5-4 ATotal -------Btms AbsorbedGas s-4bBtms
SAMPLE POINT Sx-37 Sx-37 Sx-34/39 Calc Calc
Hydrogen -H2

Corbon Monoxide-CO

Carbon Dioxide —C02 97.88
Hydrogen Sulfide-H2S 1.78
Methane-CH*

Ethane-CzHe

Propane-C7He

Butane-C4H10

Nitrogen-N2

Ammonia-NH3 (PPM) 0.17 0.34 0.10
Light Olta-W-IOO-C®

74.66 32.63 14.63

20.81 62.15 4.08
o-aB-SK®

4.00
SRL

Coal (MAP)

Ash

Water 99.83 4.53 1.22 81.19
Phenol

TOTAL 100 100 100 100 100

Pyridine Solubles^* f%,

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 Ifl.RI
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 6.04 71.19 73.64
Ash

TOTAL 100 100 100 100 100

Number of Sample Avg. 2 2 2 - -
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mm* utmtnSAMPLE ANALYSIS 
Updated: i/23/18 

Run No; L-2H
Date: 9119/11
Time: 0200-1400 MOLE PERCENT

SAMPLE DESCRIPTION Mg£|up Rgc^de FeedGas Discharge
SAMPLE POINT Sx-18 Sx-19 Sx-20 Sx-21 Sx-30 Sx-32
Hydrogen -H2 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
Carbon Dioxide-C02 23.09 50.94 62.10
Hydrogen Sulfide-H2S 0.20 1.20
Methane -CH« 11.55 16.91 5.82 7.96 7.91
Ethane-CgHs 2.45 3.20 1.07 5.42 5.93
Propane-C3He 0.80 0.95 0.36 4.16 6.29
Butane-C4H10

Nitrogen-N2 0.45 0.50 1.05 0.57 0.35
Ammonia-NHj (PPM) 0.02 0.45
Light 0il8-(0"l0T°“rf ®

nn (230-255°CHeavy 0.1-<3,6 Torr)

SRL

Coal (MAF)

Ath

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

Specific 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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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated: 2/23/78
Run No: 
Date:

L-2H
9/19/77

r
sample description AbsorbedGas.
SAMPLE POINT Calc.
Hydrogen -H2

Carbon Monoxide-CO

Carbon Dioxide —C02 96.86
Hydrogen Sulfide-H2S 2.28
Methane -CH4

Ethane-CzHe

Propone-C^He

Butane-C4Hio

Nitrogen-N2

Ammonia—NHS (PPM) 0.86
Light

—SBrSK'

SRL

Coal (MAF)

Ash

Water

Phenol

TOTAL 100
Calc Mole Wt. 43.54
Mejting Point °F

Specific Gravity 60/60

Viscosity, cp

Corbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

Number of Sample Avg. -
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PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO; L-2H 
DATE: v/l^ni
TIME: 0200-1400

SAMPLE DESCRIPTION F-l Btms I-EC Btms Feed Solv. S-8 Oil Cold Trap
SAMPLE POINT Sx-2 Sx-12 Sx-14 Sx-16 Sx-33

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5

IBP 
p 5%

10%

49.6 54.4
64.8 73.0
69.2 80.0

20%
2 30%
Ul ID
g 40% |
£ 50% >5

60% CC
ID ID
5 70% |
3 80% 15

76.9 94.2
82.2 103.8
88.4 121.0
95.8 145.4

104.5 166.6
119.0 179.0
142.8 191.3

> 90%
^-*•95 %

DRV PT. k__ _

173.2 226.2
194.0 260
199.8

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 740 736

IBP 
(—* 5%

10%

52 93
58 97
67 99

£ 20% °
O '3U UJ
tr 40% cc
IDQ. 50% ii

u 60% k
| 70% %
ci 80% is

78 101
90 207

103 228
114 242
130 300
143 321
158 324

3- 90%
^-95%

DRY PT. l---- »

175
178
178 332

ASPHALTENE TEST
WT % 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

MISCELLANEOUS
KF HzO WT%(Row Sx) 0.82 0.07 21.57
INFRARED RATIO 0.33
SP, GRAV. 60/60 F 0.989 1.026

PREASPHALTENES - PYRID I NE 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-2H 
DATE: 9119111
TIME: 0200-1400

sample description S-7 Btms S-4A Oil
SAMPLE POINT fix-U/39 Sx-37

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5

IBP 
|—* 5%

10%

57.6
73.6
81. 7

20% o
2 30%
UJ UJ
g 40% §
£ 50% £

60% tc
w UJS 70% u
3 80% uj

98.3
116.9
139.2
159
173.2
182.6
197.9

> 90%
'-*•95 %

DRV PT. * — t-

239
260

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 739

IBP 
f—* 5%

10%

f----- * 91
91

182
£ 20% o.
B 30%
a: 40% a
S 50% f:
uj 60% 2
i 70% a
^ 80% S

197
204
214
223
238
258
289

^ 90%*^95%
DRY PT. -----^

336

341
ASPHALTENE TEST

WT % ASH
WT % UNCONVERTED COAL
WT % PRE-ASPHALTENES
WT % ASPHALTENES
WT % MALTENES S DIST. OIL

TOTAL
SAYBOLT VISCOSITY, SSU

100° F 12.1
210° F 8,6

MISCELLANEOUS
KF H20 WT%(Rq'n Sx) 1.22 1.36
INFRARED RATIO 0.32
SP. GRAV. 60/60 F 1.039 0.971

preasphaltenes - pyridine soludle, 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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DISTILLABLE OIL CONTENT OF F-l BOTTOMS 
VERSUS

F-l BOTTOMS MELTING POINT

50

i-p»0 vo1

orCCoI-
10 40
@
1-
2
o
Q_

UJbC
O 30

aCD

o 20
UJ
m<t
_j

CO
5 10

5

© L-IJ

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

O L- 1C
^ L-2CO L-IE

© L-26

©L-3F

Ol----- 1—180 190
J l200 210 —1--------- 1--------- 1--------- 1--------- 1 1 1 »

220 230 240 250 260 270 280 290
F-l BOTTOMS MELTING POINT, °F

1 I
300 310 —J----- 1----- 1----- 1_____ l_
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l

370



E
le

m
en

ta
l--

---
---

---
---

---
-\ r

---
--

---
---

---
---

---
---

---
---

---
---

---
-—

Q
ua

nt
ita

tiv
e

PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 2/23/78

Run No: L-2H MATERIAL OUT Temperature:7290F 
Pressure:2450 psig

Dace: 9/19/77 LHSV: 1.40
Time: 0200-1400 Ibs/hr. GHSV:332

STREAM DESCRIPTION <------ —
Vent .Gaa._:

Sx-20

Product Gas 
l.ecycle_G_as

Sx-20

!-------->
Absorbed Gj

S-4A
is Ovhd Btms Ovhd

SAMPLE POINT Calc Sx-30 Sx-23 Sx-44
Hydrogen - Hj 0.24 0.47 0.08
Carbon Monoxide-CO 1.56 3.05 0.53
Carbon Dioxide-C02 8.61 4.35
Hydrogen Sulfide-H2S 0.16 0.08
Methane-CH4 0.61 1.20 0.25
Ethane-CaHe 0.22 0.42 0.32
Propane-CSHS 0.10 0.19 0.35
Butane- C4H|0

Nitrogen-Nj 0.07 0.13 0.02
Ammonia-NHS 0.03 0.01 0.02

J?6 tK®
Solvent-(j060-2300C@

~ (230-255°CHeavy 011-^

SRL

Coal (MAE)

Ash

Water 13.74
Phenol

TOTAL 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 dlff) 0.89 1.74 6.27 3.47 12.22
Ash

TOTAL 2.80 2.70 8.80 5.99 13.76 Negl.
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PROJECT LIGNITE

MEASURED MATERIAL BALANCE
Revised: 2/23I1&

/

MATERIAL OUT Temperature:729°F
Run No: l_2H Pressure:2450 psig
Date: 9/19/77 LHSV: 1.40
Time: 0200-1400 lbs/hr. GHSV: 332

STREAM DESCRIPTION
S-8
Btms

J-l
Exhaust__

Sx-32

Cold
Trap

F=I
Btms

<-- Recycl
S-7 Btms

e Solvents 
LEG Btms

SAMPLE POINT Sx-16 Sx-33 Sx-2 Sx-39 sx-12
Hydrogen - H2

Carbon Monoxide-CO 0.03
Carbon Dioxide-C02 0.34
Hydrogen Sulfide-HjS

Methane- CH4 0.02
Ethane - C2 H# 0.02
Propane- CjH8 0.03
Butane - C4H10

Nitrogen-N2

Ammonia-NH8

u*. oil-1?;'®®
2,65 0.02 21.38 17.89

s^-tiop^c® 0.06 0.02 0.74 40.72 7.16
~ „11(230-255UC
Heavy Ol -@1,5 Torr) 2.62
SRL 14.31
Coal (MAF) 2.70
Ash 2.82
Water 1.55 0.08 0.80
Phenol

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 0.23 0.27 0.10
Sulfur 0.01 0.21 0.46 0.06
Oxygen (by dlff) 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

-411-



E
le

m
en

to
l--

---
---

---
---

---
-r

---
---

---
---

---
---

---
---

---
---

---
--

---
---

--
—

Q
ua

nt
ita

tiv
e

PROJECT LIGNITE
MEASURED MATERIAL BALANCE

Revised: 2/23/78

Run No: l_2h 
Date: 9/19/77
Time: 0200-1400

MATERIAL OUT 

Ibs/hr.

Temperature:729°F 
Pressure:2450 psig 
LHSV t 1-40 
GHSV:332

STREAM DESCRIPTION
-------------- —-

—rcrai—
Out

SAMPLE POINT

Hydrogen - H2 0.79
Carbon Monoxide-CO 5.17
Corbon Dioxide-COz 13.30
Hydrogen Sulfide-H2S 0.24
Methane- CH« 2.08
Ethane - C2H* 0.98
Propane- C8H0 0.67
Butane - C4H10

Nitrogen-N2 0.22

Ammonia-NH8
0.06

Light Oii-^-'OO^®
41.94

48.70
Heavv oil-(Z30 255MCHeavy Oil @,i6 Torr) 2.62
SRL 14.31
Coal (MAF) 2.70
Ash 2.82
Water 16.17
Phenol

TOTAL 152.77

Carbon 102.23
Hydrogen 12.11

Nitrogen 0.86

Sulfur 0.97
Oxygen (by dlff) 33.78
Ash 2.82

—

TOTAL 152.77
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RUN CONDITIONS
RUN NO. L-2I 
DATE MADF 9/19-20/77

TEMPERATURE °F PRESSURE, psig

PREHEATER £-1
SAND RATH 758

PREHEATER E-13
DOWTHFRM 406

SEPARATORS S-l ond S-2 
2450

INI FT 206 INI FT 71 SEPARATOR S-3
240outi ft 738 OUTI FT 149

DISSOLVERS
R-IA (1) 699

LIGHT ENDS COLUMN, F-2 
rfroii.fr 302

SEPARATORS S-4A and S-4B 
62

VACUUM FLASH, F-l
14 TorrfP) 765 1 OWFR SPOTION 208

ftt- 777 FFFD SFOTION . 209 LIGHT ENDS COLUMN, F-2
AtmMl. 757 OVFRHFAD 182

R-IR (1) NIU s-r 68 SOLVENT COLUMN, F-3
NIU(2) S-ft

(3)
(4) . SOLVENT COLUMN, F-3

RFROILFR NIU
1 OWFR SFOTION

HEAVY ENDS COLUMN, F-4
NIU

REACTOR PRODUCT SEPARATORS 
■S-l 578

VACUUM FLASH, F-0
TJTTT

FFFD SFOTION SETTLING TOWER, V-8
NIUs-p 76 OVFRHFAD

s-s 485
S-4A 76 HEAVY ENDS COLUMN, F-4

RFROII FR NIU

RECOVERY TOWER, V-7
NIU

S-4R 69

PREHEATER E-ll
DOWTHFRM 683

LOWER SECTION
FEED SECTION
OVFRHFAD

INLET 406
OUTLET 654

VACUUM FLASH F-l
OVERHEAD VAPOR 492
UPPFR WAI l 607
LOWFft WAI 1 590

VACUUM FLASH,F-0
OVFRHFAD NIU_______________
BOTTOMS

PRECIPITATION TOWER, V-8
7 ONF m NIU

DOWNOOMFR.. 574 (2)
CONDENSATE

ACCUMULATOR,S-7 7^
(3)__________________________

RECOVERY TOWER V-9
RFROII FR NIU______________
OVERHEAD
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DaJtft o<£ Run
T»m« or Run
Lcna+k of Run

Sto.i"b t rt J f^un Wo- L-2I
1119/77 9/20/77 Urt.’+s: Ibs/hr, °F, psig

1400 0145 Pr.». Bw- BCL & GGB
11-3/4 hrs. UpdcxjieJ: 3/6/78

Ho^3 on C~J at- CkJ of Y. P. | 441.4

MASS RATES AKIP Rt-JKIpRODUCTaAS-fro i-HERMAl_
COK1DITIONS roxibiits— ---------------V.WIVJLX, , ^ zo PRODUCT QA-S to recycle

781.
6. 84RECYCUE GAS

10 • ^MAKEUP G^-lgg^S 
5Q,Q6!-1GHITE 2o6X’

MIXER

t

"T1787
R-IA

T- 777

T.
r-ie>

T S-l

p 2450 k
P

t578
fx2450

T 765 T:

^ 699 T

{ ~ 'y'K-xi KNOCKOUT POT 8TMSb
r — SCRU0&EI ARSORQED ga«;e«; 'm1 T:

Pi
WA.STE. CiAS

2.93

-6.84.

.q.ia

4.92

MAKEUPq.39»o^eKr
*s«-e

159.04 'TOTAL- [X3 OP EM M CLOSED
Numbers in r)nr<»nvb"sr.<; nre "ni- •(nr 1 .ri -in t-br rmri.

TOTAl— 159.04
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PROJECT LIGNITE 
ADJUSTED MATERIAL BALANCE

Product Gas, Recycle Gas and F-l Btms Rates Adjusted
Revised: 3/6/78

Run No:L-2I 
Date: 9/19-20/77 
Time: 1400-0145

SUMMARY
Temperature:7 38°F 
Pressure: 2450 psig 
LHSV: 1*42 
GHSV: 340-

STREAM DESCRIPTION
Total
In...

Total 
Out___

Net
Yield

WTfT"MAF
Coal

SAMPLE POINT

Hydrogen - H2 1.37 1.05 -0.32
Carbon Monoxide-CO 14.39 7.11 -7.28
Carbon Dioxide-C02 12.84 12.84
Hydrogen Sulfide-H2S 0.24 0.24
Methane - CH4 1.05 1.73 0.68 ■ 6.85 22.33
Ethane - C* H# 0.27 0.60 0.33
Propane- C5Ha 0.18 0.48 0.30
Butane — C4HI0

Nitrogen-N2 0.22 0.24 0.02
Ammonia- NH3 0.04 0.04
Light Oll-^"10^®

34.60 40.82 6.22
.... -Mr'® 52.70 50.78 -1.92 ' 23.22 75.68

OI|-®K6To5rr)1C 3.39 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
Water 17.16 15.28 -1.88 -6.13
Phenol

TOTAL 159.04 159.04 -0-
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL
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PROJECT LIGNITE
ADJUSTED MATERIAL BALANCE

Product Gas, Recycle Gas and F-l Btms Rates Adjusted
Revised: 3/6/78

Run No:L-2I 
Date: 9/19-20/77 MATERIAL IN

Temperature: 738°F 
Pressure:2450 psig 
LHSV' 1.42

STREAM DESCRIPTION

SAMPLE POINT

^ FcsoH liac ^
Lignite

Feed
Solvent

Total
Inecycle Gas^ 

Sx-20*
Makeup Gas 

Sx-18 Sx-1 Sx-14
Hydrogen - H2 0.67 0.70 1.37
Carbon Monoxide-CO 4.51 9.88 14.39
Carbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane - CH4 1.05 1.05
Ethane- C*H# 0.27 0.27
Propone- C8He 0.18 0.18
Butane-C4H10

Nitrogen-N2 0.16 0.06 0.22
Ammonia-NHj

Light Oll-^e*0^©
34.60 34.60
52.70 52.70~ I,, (230-255°CHeavy Oll-Jg" 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 dlff)

Ash

TOTAL
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PROJEC J' LIGNITE 
ADJUSTED MATERIAL BALANCE

(

V.

Product Gas, Recycle Gas

Run No:L-2I 
Date: 9/19-20/77 
Time: 1400-0145

and F-l Btms Rates Adjusted 
Revised: 3/6/78

MATERIAL OUT
Ibs/hr.

Temperature:738°F
Pressure: 2450 psig 
LHSV s 1-42 
GHSV:340

STREAM DESCRIPTION
Product Gas icycle Gas

Sx-20

-- 5=7S---s Ovhd 5=51Btms S-8OvhdVent Gas R
Sx-20

Absorbed Gi
CalcSAMPLE POINT Sx-30 Sx-23 Sx-44

Hydrogen-H2 0.29 0.67 0.08
Carbon Monoxide-CO 1.93 4.51 0.61
Carbon Dioxide - C02 9.00 3.51
Hydrogen Sulfide-H2S 0.17 0.07
Methane - CH4 0.45 1.05 0.22
Ethane - C2H# 0.11 0.27 0.21
Propane- C5Ha 0.08 0.18 0.20
Butane- C4H|0

Nitrogen-N2 0.07 0.16 0.01
Ammonia-NH3 0.01 0.01 0.02

Oil-1?;1

(230-255PC
Heovy OII-@|i6 Torr)

SRL

Coal (MAF)

Ash

Water 15.03
Phenol

TOTAL 2.93 6.84 9.18 4.92 15.05 Negl.
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL
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PROJECT’ LIGNITE
ADJUSTED MATERIAL BALANCE

Product Gas, Recycle Gas and F-l Btms Rates Adjusted
Revised: 3/6/78

Run No: l-2I 
Date: 9/19-20/77 MATERIAL OUT

Temperature: 738°F 
Pressure: 2450 psig 
LHSV: 1.42

STREAM DESCRIPTION

SAMPLE POINT

---SP8----
Btms__
Sx-16

Exhaust__
Sx-32

Coin
Trap

--- F=I---
Btms

«——Recycl 
S-7 Btms j Solvent-^ F-2 Btms

Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen - 0.01
Carbon Monoxide-CO 0.06
Carbon Dioxide-C0Z 0.33
Hydrogen Sulfide-HZS

Methane - CH4 0.01
Ethane- C2H* 0.01
Propone- CSH8 0.02
Butane - C4H|0

Nitrogen-Nj

Ammonia-NHj

Light oii-^-'oo;^®
4.54 19.65 16.63

,apissrc«
0.19 0.01 0.22 43.90 6.46

3.07 0.40
SRL 18.84
Coal (MAF) 2.61
Ash 2.91
Water 0.25
Phenol

TOTAL 4.73 0.44 0.26 24.58 66.62 23.49
Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by dlff)

Ash

TOTAL
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PROJEC LIGNITE
APJUSTED MATERIAL BALANCE

Product Gas, Recycle Gas, and F-l Btms Rates Adjusted
Revised: 3/6/78

Run No: L-2I 
Date: 9/19-20/77
Time: 1400-0145

MATERIAL OUT 
Ibs/hr.

Temperature: 738°F 
Pressure: 2450 psig 
LHSV: 1.42 
GHSV:340

STREAM DESCRIPTION

SAMPLE POINT
■ —-...... ............ ---------- --------------

Total
Out

Hydrogen - H2 1.05

Carbon Monoxide-CO 7.11

Carbon Dioxide-C02 12.84

Hydrogen Sulfide-H2S 0.24

Methane- CH4 1.73

Ethans “ C2 0.60

Propane- CjH, 0.48

Butane- C4H10

Nitrogen-N2 0.24

Ammonia-NHg 0.04
Light Oll-^-10^®

40.82

50.78

Heovy Oil @|,6Torr) 3.47

SRL 18.84

Coal (MAF)
2.61

Ash 2.91

Water 15.28

Phenol

TOTAL 159.04

Carbon

Hydrogen

Nitrogen

Sul fur

Oxygen (by dlff)

Ash

TOTAL 1
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Run No: L-2I

PROJECT LIGNITE
SAMPLE ANALYSIS
Updated: Zlft/lb

Date: 9/19-20/77
Time: 1400-0145__________________ WEIGHT PERCENT

SAMPLE DESCRIPTION Lignite FBks Ms Sofvent oil8 r-S-B
Water

SAMPLE POINT Sx-1 *Sx-2 Sx-12 Sx-14 Sx-16 Sx-16

Hydrogen -H,

Carbon Monoxide-CO

Corbon Dioxide-C02

Hydrogen Sulfide-H2S

Methane-CH*

Ethane-CxHc

Propone-C5 He

Butane-C4Hio

Nitrogen-Nz

Ammonia-NHj (PPM)

ughtoii.-(°-|0°"f@ 70.80 37.81 96.00

0.90 27.50 57.60 4.00

«.»r 1.70 3.70
SRL 76.66
Coal (MAF) 61.28 10.60
Aeh 6.06 11.84
Water 32.66 0.89 100
Phenol

TOTAL 100 100 100 100 100 100
Pyridine Solubles^

87.98
Melting Point °F 420
Specific Gravity 60/60 0.991
Viecoeity, cp

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Aeh

TOTAL

Number of Sample Avg. 2 2 2 2 2 -

^Distillable oil calculated using the following equation:
Wt % distillable oil ■ -0.1273 (F-l Btms melting point)+ 54.38. See graph
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated:3/6/78
Run No: l-2I 
Date: 9/19-20/77
Time: 1400-0145 WEIGHT PERCENT

SAMPLE DESCRIPTION y-yTotal MakeupGas ProductGas KecycieGas reedGas Oil
SAMPLE POINT Sx-16 Sx-18 Sx-19 Sx-20 Sx-21 *Sx-23
Hydrogan -H2 6.61 5.27 9.83 7.83
Carbon Monoxlda-CO 92.83 37.16 65.84 82.22
Carbon Oloxlda-COz 44.44
Hydrogan Sulfida-H2S 0.86
Mathana -CH« 7.34 15.38 5.39
Ethona-CzHe 3.47 3.95 2.77
Propana-C?Hs 0.87 2.62 0.97
Butona-C4H10

Nitrogan-Nz 0.56 0.55 2.38 0.82
Aiwnonio-NHj (PPM) 0.04
Light Oila-^-'O^f® 96.00 80.01

4.00 18.50
Haovy Oi.-^O-^C

SRL

Cool (MAF)

Aah

Wotar 1.49
Phanol

TOTAL 100 100 100 100 100 100
Pyridina Solublaa^ ^

Malting Point °F

Spaciflc Srovity 60/60

Viscoaity, cp

Corbon

Hydrogen

Nitrogan

Sulfur

Oxygan (by diff)

Aah

TOTAL

Numbar of Sample Avg. 2 2 2 2 2 2

*Insufficient sample for distillation. Assumed to be the same as the S-4A oil.
-421-
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PROJECT LIGNITE 
SAMPLE ANALYSIS

Updated: 3/6/78

Run No: L-2I 
Date: 9/19-20/77

SAMPLE DESCRIPTION ftatler ■" 'S-4B'— Total Dlsc^aree ColdTran sir
SAMPLE POINT Sx-23 Sx-23 Sx-30 Sx-32 Sx-33 Sx-37

Hydrogan -H2 1.60 0.69

Carbon MonoxIdo-CO 12.41 13.23
Carbon Dloxldt-C02 71.30 73.99

Hydrogan Sutfida-H2S 1.36
Mathana -CH4 4.54 2.91

Ethona-CzHs 4.31 4.41

Propana-C3He 4.03 4.77

Butona-C4Hio

Nitrogan-N2 0.19
Ammonia-NH3 (PPM) 0.12 0.12 0.26
Light Oil.-(f-,0T°r°rf@

80.01

4.90 18.50
nil (236-255°CHaovy Oil-<£, 6 Torr>

SRL

Coal (MAF)

Ath

Watar 99.88 99.88 95.10 1.49
Phanol

TOTAL 100 100 100 100 100 100
Pyridina Soloblas^* f%,

Melting Point °F

Spaciflc Gravity 60/60

Viscosity, cp

r

Carbon

Hydrogan

Nitrogan

Sultur

Oxygan (by diff)

Ath

total

Number of Somple Avg. 2 2 2 2 1 2
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PROJECT LIGNITE 
SAMPLE ANALYSIS
Updated:
Run No: Lt2I
Date: 9/19-20/77
Time: 1400-0145 ____________ WEIGHT PERCENT

SAMPLE DESCRIPTION S-4AWater 5otal Itms AbsorbedGas
SAMPLE POINT Sx-37 Sx-37 Sx-39 Calc.
Hydrogen -Hz

Carbon Monoxide-CO

Carbon Dioxide —C02 98.02
Hydrogen Sulfide-H2S 1.89
Methane -CH4

Ethane-CzHe

Propane-C^H#

Butane-C4H10
Nitrogen-N2

Ammonia-NH3 (PPM) 0.14 0.01 0.09
u,».on.-<o-'0T0;rf® 75.92 29.50

17.56 65.90
«•-» on-BS-S!^ 4.60
SRL

Coal (MAE)

Ash

Water 99.86 6.51
Phenol

TOTAL 100 100 100
Pyridine Solubles^

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 -

-423-



El
em

en
ta

l--
---

---
---

---
---

---
-\ /

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

-Q
uo

nf
ito

liv
*

PROJECT LIGNITE 
SAMPLE ANALYSIS

Updated: 3/6/78

Run No: L-2I
Date: 9/19-20/77
Time: 1400-0145 ' MOLB

SAMPLE DESCRIPTION MakeupGas ^ Product
Gas

Recycle
Gas

#eed
Gas

S-4i
Ovhd ntsrliargs

SAMPLE POINT Sx-18 Sx-19 Sx-20 Sx-21 Sx-30 Sx-32
Hydrogen -H2 49.78 46.95 57.80 53.41 23.22 . 11.81
Carbon Monoxld*-CO 49.92 23.64 27.65 40.04 12.86 16.08
Carbon Dloxido-COj 17.99 47.04 57.23
Hydrogen Sulflde-H2S 0.45 1.16
Methane -CH4 8.17 11.30 4.59 8.24 6.19
Ethane-CzH# 2.06 1.55 1.26 4.17 5.00
Propane-C-sHe 0.35 0.70 0.30 2.66 3.69
Butane-C4H|0
Nitrogen-Nz 0.30 0.35 1.00 0.40 0.20
Ammonlo-NH3 (PPM) 0.04 0.45
Light OlhJO-'^f®

^«-»Sr«rc

SRL

Coal (MAP)

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 diff)

Ash

TOTAL

Number of Sample Avg. 2 2 2 2 2 ____ 2________
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Updated:3/6/78
Run No: L-2I

PROJEC'i LIGNITE
SAMPLE ANALYSIS

Date: 9/19-20/77
Time: 1400-0145____________________ MOLE PERCENT

SAMPLE DESCRIPTION AbsorbedGas
SAMPLE POINT Calc
Hydrogen -H2

Carbon MonoxIde-CO

Carbon Dioxide-COz 97.35
Hydrogen Sulfide-H2S 2.43
Methane -CH*

Ethone-CeHs

Propone-C^He

Butane-C4H10
Nitrogen-N2

Ammonia-NHj (PPM) n.??
Light Oil.-^10^®

SRL

Cool (MAF)

Aih

Water

Phenol

TOTAL 100

Calc. Mole Wt. 43.70
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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PROJECT LIGNITE 
SAMPLE ANALYSES 
RUN NO: L-2I 
DATE: 9/19-20/77 
TIME: 1400-0145

SAMPLE DESCRIPTION LEG Btms Feed Solv. S-8 Oil S-4A Oil S-7 Btms
SAMPLE POINT Sx-12 Sx-14 Sx-16 Sx-37 Sx-39

ASTM D-II60 DISTILLATION DATA
PRESSURE, TORR 5 5 5

IBP 
r~* 5%

10%

25 26.6 22
68.6 77 81.8
71.3 83 89.8

20% 
z 30%UJ UJ
£ 40% “
£ 50% 5
w 60% £
2 70% |
3 80% W

77.6 93.8 104.5
.82.8 • 106.3 123.0

87.8 125.4 144.8
95.6 150.3 165.0

105.4 169.8 177.2
119.6 182 187.4
142.6 195.2 202.2

> 90%
^-95 %

DRY PT. --»
172.5 234.5 238.8
188.5 260
199.6 238.8

ASTM D-86 DISTILLATION DATA
BAROMETRIC PRESSURE, TORR 740 739

IBP 
t—*■ 5%10%

---- ) 53 92
58 129
67 187

5 20% °
8 30% u
a 40% oc
a 50% 3
uj 60% a
§ 70% %
£ 80% u

89 197
104 204
123 214

- 141 996

160 237
175 257
196 274

^ 90%
L*95%

DRY PT. l---->

236 334

96ft 328
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 HgO 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.

-426-
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DISTILLABLE OIL CONTENT OF F-l BOTTOMS
VERSUS

F-l BOTTOMS MELTING POINT
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0 30
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PROJECT LIGNITE
MEASURED MATTRIAL BALANCE

Revised*. 3/6/78

Run No: L-2I 
Date: 9/19-20/77 
Time: 1400-0145

MATERIAL IN

Ibs/hr.

Temperature:738°F 
Pressure: 2450 psig 
LHSV: 1.42 
GHSV: 340

STREAM DESCRIPTION

SAMPLE POINT

«---------Feed
Recyc.le.G4!

Sx-20

Gas--------- >
MaKewP-Ga!

Sx-18

....Lignite_
Feed

Solvent
Total

In

Sx-1 Sx-14

Hydrogen - H2 0.68 0.70 1.38

Carbon Monoxlde-CO 4.57 9.78 14.35
Carbon Dioxide-COf

Hydrogen Sulfide* HZS

Methane-CH4 1.07 1.07

Ethane- CzH* 0.27 0.27

Propone-CjH* 0.18 0.18

Butane - C«H|0

Nitrogen-N2 0.17 0.06 0.23

Ammonlo-NH9
Light OII-<f-,0o;rC®

34.60 34.60
S»l».»'-1!06°^rTC®

52.70 52.70
Heovv ni|-(2A0-Z55^CHeavy 011 @,,6 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 6.94 10.54 50.06 91.50 159.04

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

-428-
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PROJECT LIGNITE

MEASURED MATERIAL BALANCE
Revised: ZlfillS

Run No: L-2I 
Date: 9/19-20/77 
Time: 1400-0145

MATERIAL OUT

Ibs/hr.

Temperature:738°F 
Pressure: 2450 psig 
LHSV: 1.42 
GHSV: 340

STREAM DESCRIPTION

SAMPLE POINT

C P roduct Gas 
scycle Gas.

Sx-20

S-4A 
s Ovhd

S-4B
Btms

S-8
Ovhd\^ent Gas R Absorbed Gi

Sx-20 Calc Sx-30 Sx-23 Sx-44

Hydrogen-H2 0.28 0.68 0.08
Carbon Monoxide-CO 1.84 4.57 0.61
Carbon Dioxide-C02 8.18 3.51
Hydrogen Sulfide-H2S 0.16 0.07
Methane- CH4 0.43 1.07 0.22
Ethane - CjHj 0.11 0.27 0.21
Propone- C8He 0.07 0.18 0.20
Butane- C4H10

Nitrogen-N2 0.07 0.17 0.01
Ammonia-NHj 0.01 0.01 0.02

SRL

Cool (MAF)

Ash

Water 15.03
Phenol

TOTAL 2.80 6.94 8.35 4.92 15.05 Negl.

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff)

Ash

TOTAL

-429-
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PROJECi LIGNITE

MEASURED MATERIAL BALANCE
Revised:

(

Run No: L-2I MATERIAL OUT Temperature:7 380F
Pressure:2450 psig

Date:9/19-20/77 LHSV’- l-*2
Time: 1400-0145 Ibs/hr. GHSV:340

STREAM DESCRIPTION

SAMPLE POINT

S-8Btms____
Sx-16

J-lExhaust
Sx-32

ColdTrap
F-lBtms «— Recycle S-7 Btms

Solvent—? 
F-2 Btms

Sx-33 Sx-2 Sx-39 Sx-12
Hydrogen' - Hj 0.01
Carbon Monoxlde-CO 0.06
Carbon Dioxide-C02 0.33
Hydrogen Sulfide-H2S

Methane- CH4 0.01
Ethane- C2Hq 0.01
Propane- CSH$ 0.02
Butane - C4HI0

Nitrogen-N2

Ammonia-NHj

Light oii-(°-,oTo;rc@ 4.54 19.65 16.63
0.19 0.01 0.17 43.90 6.46

Heovv 0|, J230-255^Heavy Oil @|l6 Torr) 3.07 0.40
SRL 14.63
Coal (MAF) 2.02
Ash 2.26
Water 0.25
Phenol

TOTAL 4.73 0.44 0.26 19.08 66.62 23.49

Carbon

Hydrogen

Nitrogen

Sulfur

Oxygen (by diff) 

Ash

TOTAL
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PROJEC! LIGNITE
MEASURED MATERIAL BALANCE

Revised: ZlbllK

f

v_

Run No: L-2IDate: 9119-20111 MATERIAL OUT
Time: 1400-0145 Ibs/hr.

Temperature:738°F 
Pressure: 2450 psig 
LHSV• i-42 
GHSV: 340

STREAM DESCRIPTION
TotalOut

SAMPLE POINT

Hydrogen - H2 1.05
Carbon Monoxlde-CO 7.08
Carbon Dioxide - C02 12.02
Hydrogen Sulfide-HjS 0.23
Methane - CH4 1.73
Ethane - Cz H# 0.60
Propane- Cs H8 0.47
Butane - C4H|0

Nitrogen-Nj 0.25
Ammonia-NH5 0.04-
Light Oll-^-10^® 40.82
•*—,is,sfre« 50.73

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- 420 470
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