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ABSTRACT 

This report presents the results of seven SRC-I l runs on Process 
Development Unit P99 feeding Pittsburgh Sean coal.· Four of these runs 

(Runs 41-44) were made feeding· coal from the Rob.insoti Run Mine .and three 
(Runs 45-47) were made feeding a second shipment of coal frOm the Powhatan 
No. 5 Mine. This work showed that both these coals .are satisfactpry feed­
stocks for the SRC-II process. Increasing dissolver outlet hydrogen partial 
pressure from approximately 1300 to aboui.1400 psia did not have a significant 
effect on yields from Robinson Run coal, but simultaneously increas.ing coal 
concentration in the feed slurry from 25% to 30 wt% and decreasing the percent 
recycle solids from 21% to 17%· lowered distillate yields. With the Powhatan 
coal, a modest increas~ in th·e boiling temperature (approximately 35°F at the 
10% point) of the process solvent had essentially no effect on product yields, 
while lowering the average dissolver temperature from 851 oF to 842°F reduced 
g·as yield. 
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I. SUMMARY 

This report covers work on··the SRC-11 processing in Process Develop­

ment Unit P99 of two samples of Pittsburgh Seam coal, one fr.om the Robinson 

Run Mine and the other from the Powhatan .No. 5 Mine. This work has shown that 

satisfactory distillate yields can be produced from Pittsburgh· Seam coal from 

the Robinson Run 'Mine under typical SRC-II conditions (851°F, 2000 psig, 

1 hour slurry residence time~ and 30 wt% coal in the feed slurry). Yields· are 

comparable to those obtained from Kentucky coal and Pittsburgh Seam coals from 

the Ireland, Powhatan, and Valley Camp Mines and are better than thosP. 

obtained from Blacksville Mine coal. 

Product yields from the Robinson Run coal were essentially 

unaffected by increasing dissolver outlet hydrogen partial pressure from 

1300 psia to 1400 psia. The yields of distillate and c1-c4 gases were 

significantly reduced and the yield of 900°F+ pyridine solubles was increased 

by increasing the feed slurry coal concentration from 25% to 30% while 

decreasing the percent recycle sol ids from 21% to '17%. Specifically, the 

Cs-900°F distillate yiP.ln W.;l'; reduced by 3%~ the yi.eld of cr-c4 yases was 

reduced by 1%, and the 900aF+ pyridine solubles yield was increased by 3% on a 

moisture-free coal basis. 

The second shipment of Powhatan coal proved to be less reactive than 

the first shipment. There were several·'differences between the two shipments, 

but the reason for the 1 ower reactivity of the second shipment cannot be 

definitely determined. Work with this shipment of Powhatan coal indicated 

that a small increase in the boiling range of the solvent in the feed to the 

preheater did not have a significant effect on yields, hut lowering the 

·average dissolver temperature from 85l°F to 842°F reduced the gas yield. 

2 



II. INTRODUCTION 

This is • the fourth in a series of reports( 2-4) on the SRC-II 

processing of Pittsburgh Seam coals in Process Development Unit P99. This 

. , report· covers work on Robinson Run coal and a second shipment of Powhatan 

·.coal.. The primary objectives of this work were to assess. the suitability of 

the Robinson Run (Pittsburgh Seam) coal as a feed for the SRC-II process and 

to· learn more about the effects of process conditions .on product yields from 

P-owhatan coal . · · 

III. EXPERIMENTAL 

This section describes the coals used and the operating conditions 

for the runs discussed in this report. 

A. Coals ·· ... r 

The two coals used in this work are of high volatile bituminous (A} 

__ rank from the Pittsburgh Seam. The ~obinson Run coal (LR.:.25447} was an 

unwashed coal from Conso 1 idation co·al Company's Robinson _Run Mine near 

Shinston, West Virginia. It was obtained from the Harrison Power Plant at 
. . ' 

Heywood, West Virginia, in July, 1978, and was dried and ground to 200 mesh by 

Empire Coke Company in Alabama. The Powhatan coal (LR-257_34) was a washed 

coal from .North American Coal Company's Powhatan No. 5 Mine at Powhatan Point, 

Oh·io~ It ·was obtained in October, 1978. and shipped to the Conoco Coal 

.Research Laboratory at Library, Pennsylvania, where it was dried and ground to 

approximately 80 mesh. The purchase order for this coal. specified that it 

should contain approximately 12% ash. 

It was necessary to use Conoco to grind the Powhatan coal because of 

a strike at Empire Coke. The grinding and drying procedures used by Empire 

Coke and Conoco were somewhat different. Conoco used a higher temperature 

(210°F) than Empire (115°F} ·at the outlet of the dryer but a lower oxygen 

concentration {3% vs 15%) and a short residence time (approximately 30 sec). 
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This same equipment and procedure were used by Conoco for drying subbituminous 

coals for their 1 iquefact ion studies, and they observed no adverse effect on . . 
liquefaction yields. 

Three analyses w~re obtained: on each coal: two by the Analytical 

Technology Department of Gulf Science and Technology Company and one by 

Commercial Testing and Eng.iheers Company. The results are generally· in good 

agreement. Table I gives the analyses for the Robinson Run coal, and Table II 

gives the results for the Powhatan coal. These ~able·~ also give the values 

used in the data work-up. In general, the values. used in the data work-up 

were close to the average values. However, slight adjustments were made to 

obtain better overall elemental balances. 

In Tables I I I and IV, these two coals are compared with ear.h ot.her 

and with Kentucky and other Pittsburgh Seam coals run in P99. Table II I gives 

the elemental and proximate analyses, and Table IV· gives maceral compo,sitions. 

Since maceral analyses were not obtained on the actual batches of Kentucky and 

Ireland coals run in P99, the maceral composition of the Kentucky coal run at 

Ft. Lewis, Washington, and that of a sample of Ireland coal directly from the 

111i11e are g1ven 1n rable IV. Comparisons of the coals are discussed in the 

following sections. 

1. Comparison of the First an'd Second Shipments of Powhatan Coal 

Compared to the first shipment of Powhatan coal (LR-24924) which was 

ground and dried by Empire Coke, the second ·shipment (LR-25734) contained 

slightly more oxygen (12.97 vs, 11.62% nn r1 moisture-free ba5is) and iron 

(1.89 vs. 1.76%). This can be attributed to the second shipment's higher ash 

content {12.2 vs. 9.5%). The oxyqen contents on r1 moisture-mineral-free husis 

are the same for both shipments (see Table III). Therefore, there is no 

evidence that the coal prepared by Conoco is any more oxidized than that 

prepared by Empire Coke. However, since very small amounts of surface 

oxidation may affect reactivity, it is difficult to draw definite conclusions 

from bulk oxygen analyses. 



TABLE I 

ANALYSIS OF PITTSBURGH SEAM COAL FROM THE ROBINSON RUN MINE 

Bin 25 
Coal Sample 8-9-78 
Basis As Rec'd 
Elemental Analysis, wt% 

Carbon 
Hydrogen 
Nitroge·n 
Sulfur 
Oxygen 
Chlorine 
Metals 

Ash, wt% 
Sulfur, wt% of Ash 
Oxygen, wt% of Ash 

Moisture, wt% 

Spectral Ash Analysis 
Metals, Wt% of Ash 

Al 
Ba 
B 
Ca 
Cr 
Cu 
Fe 
Mg 
Mn 
K 
Si 
Na 
Sr 
Ti 
v 

68.72 
4.89 
1.29 
3.42 

13.3 
0.05 

16.0 
2.38 

48.2 
0.88 

15 
Trace 

0.1 
3 

0.03 
0.006 
10 
2 

0.2 
1.3 
20 
0.4 
0.2 
1 

Bin 5 
8-9-78 

As Rec •a 
68.00 
4.77 
1.28 
3.68 

13.3 
0.05 

16.8 
2.36 

47.3 
1.01 

15 
Trace 

0.09 
3 

0.02 
0.008 
10 
2 

0.1 
.1.3 
20 
0.4 
0.2 
1 

Proximate Analysis, wt% of As Rec'd Coal 

Commercial 
Testing 

10-12-78 
Dry 

69.14 
4.70 
1.35 
3.56 

0.02 

15.78 . 

( 1. 35) 

10.8 
0.1 

3.7 

12.9 
0.9 

2.0 
20.6 
0.5 

0.5 

Moisture 0.9 1.0 1.4 
Ash 16.0 19.8, 15.6 
Volatile 34.4 34.4. 36.1 

Sulfur Jypes. wt% 
Pyritic Sulfur 
Sulfate Sulfur 
. Inorganic Sulfur 
Organic Sulfur 

Total Sulfur 

2.06 
0.09 
2.75 
0.67 
3~42 

Particle Size Distribution, wt% 

~.Jl 
0.10 
2.41 
1.27 
3.68 

on 80 mesh 0 0 
thru 80 on 200 4.4 3.4 
thru 200 on 325 21.4 19.9 
thru 325 on 625 35.0 36.4 
thru 625 mesh 39.2 40.3 

Iron, wt% 1.91 

SCT:als,6/26/79,251-8370 
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2.17 
0.07 
2.24 
1.32 
3.56 

Dry, 

(LR-2544?1 

Used in 
Data Work-u[:! 
Normalized to 100% 

68.30 
4.94 
1.28 
3.18 

13.69 

8.61 
. 16.46 

2.25 
45.4 
0.95 



TABLE II 
ANALYSIS OF ~ITTSBURGH SEAM COAL FROM THE POWHATAN MINE (SECOND. SHIPMENT) 

(LR-25734) 
·. 

Coal Sample 10-20-78 11-4-78 Commercial Used in Data 
Bin 1 Testing Work-u~ 

Basu ASJ<e'C'" d As Rec' a Dry Dry, Norma i ?:ed 
to lOOt 

Elemental Analysis, Wt'.t 
Carbon 71.64 70.38 70.82 70.96 
Hydrogen 5.08 4.93 4.93 4.92 
Nitrogen 1.29 1.28 1.52 1.29 

.Sulfur 3.22 3.17 3.98 3.20 
Oxygen 15.8 15.9 12.97 
Chlorine 0.03 
Metals 6.67 

Ash, Wt'.t 10.9 11.4 12.43 r 12.19< 
Sulfur, Wtt of Ash 0.9 0.7 0.8 
Oxygen, Wtt of Ash 52.1 50.7 44.5 

Moisture, Wt% 0.83 n.7R ( 1.1) 0.81 
Spectral Ash Analysis 

Metals, Wt% of Ash 
Al 15 ''10 12~0 
Ba 
B 0.09 
Ca 0.9 0.7 2.0 
Cr 0.03 0.02 
Cu . 0.004 0.005 
Fe 15 10 7~6 

. Mg 0.8 0.6 0.5 
Mn 0.1 0.007 0.04 
Ni 0.1 0.01 
p 0.7 0.1 
K . 1.2 1.1 1.61 
Sf '25 20 'i.U.I 
Na 0.3 0.1 0.4 
Sr 0.09 0.05 
Ti 0.7 0.55 
v 0.06 
Zn 0.2 

Proximate Analysis, Wt% of As Rec'd Coal 
· Moisture 0.6 1.3 1.1 

Ash 10.8 12.1 12.3 
Vol atfle 38.7 37.1 39.1 

Sulfur Types, Wt% 
Pyritic Sulfur 1.42 1.60 2.14 
Sulfate Sulfur 0.02· 0.08 0.01 

Inorganic Sulfur 1.44. 1.68 2.15 
Organic Sulfur 1.78. 1.49 1.83 

Total Sulfur 3.22 3~17 3.98 
Particle Size Distribution, W~ 

on 80 Mesh 0.7 0.4 
thru 80 on 200 32.9 35.5 
thru 200 on 325 24.9 18.6 
thru 325 on 625 22.1 21.1 
thru 625 mesh 19.4 24.4 

I ron, Wt'.t t.89 

SCT:~ls,6/26/79,251-8370 
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TABLE III 
PROPERTIES OF COALS ·RUN IN P99 

First . Second 
KY #9 & #14 Blacksville· Ireland·. Powhatan · Valley came Robinson Run Powhatan 

Coal 22366 24001 22991 24924 24925 25447 25734 
Sample No •• LR-

Elemental Analyses, WU of Moisture-Free Coal 
Carbon· 71.16 72.50 67.55 . 73.41 74.03 68.30" . 70.96 
Hydrogen 5.ll 4.63 4.60 5.10· "5.19 4.94 4.92 
Pyritic Sulfur 1.21 1.48 2.29 1.73 1.54 ·2.49 1.51 
Organic Sulfur 2.03 1.10· . 2.09 1.64 1.34 0.69 1.69 

Total Sulfur 3.24 2.58 4.38 3.37 . 2.88 3.18 3.20• 
Nitrogen . 1.53 1.46 . 1.20 . 1.29 1.43 1.28 1.29. 
Oxygen 13.80 12.05 .. -14.07 ll.62 11.19 . 13.69 12.97 
Metals 5.16 6.77 8.20 5.21 5.28 8.61 6~67 
Iron 1.0 0.82 2.14 1.76 1.58 1.91 1.89 

H/C Atomic Ratio 0.86 0.77 0.82 0.83 0.84 0.87 0.83 

Moisture Content, Wt~ of 
As-Recehled Coal 2.0 0.7 0.5 0.8 0.7 1.0 0.8 

........ 

Volatile, Wt~ of As-Received Coal 37.0 34.0 34.9 38.1 37.8 34.4 38.7 

Ash, Wt~ .of Moisture-Free Coal 9.1 13.1 15.6 9.5 8.9 16.5 12.2 

Analyses of ·coal Substance, Wt~ Moisture Mineral-Free Coal* 
Volatile· 41.3 40.0 42.3 42.9 4~.2 42.6 45.0 
Carbon 79.5 85.2 82.5 82.7 82.7 84.5 82·.5 

· Hydrogen 5 .• 7 5~4 5.6 5. 7. 5.8 6.0 5.7 
Nitrogen 1.7 1.7 1.5 1.5 1.6 1.6 1.5 
Oxygen** 10.8 6.3 7.9 8.3 8.4 7.0 8.3 
Sulfur 2.3 1.4 2.5 1.8 1.5 0.9 2.0 

*Mineral Matter= 1.08 x ash ·content+ 0.55 x pyritic sulfur content. 
**By di fferrence · · · . · · · 

SCT:al s ,6/26/79,-251-8370 



TABLE IV 
COAL MACERAL AND REFLECTANCE ANALYSES 

First Second 
* Ireland** Coal Blacksville 1t2 Powhatan 'Ialley Camp Robinson Run ;,owhatan Kentucky 

LR- 24001 24924 24925 25447 25734 LS-8629-A LS-8628 

Vitrinite 
Type 5 

u 6 19.3 26.9 5.8 29.6 . 26.8 44.2 
u 7 l7. 7 52.3 43.5 45.2 48.2 51.9 34.8 
u 8 59.3 8.9 8.7 20.4 
II 9 

7TJJ lRr.5" 79:tf 72:J" '77:8" TF::T 79:tf 

Exinite 
Exinite 6.1 5.2 6.0 6.9 3.8 7.6 5.3 
Resin.ite 0.5 0.9 0.6 1.7 . 1.0 0.9 1.2 

""0:0 IT n lr.O 4.lr lr3 n .. CXI 

Inertinite 
Semf-Fusinite 3.2 3.2 3.0 5.5 . ·4.1 s·.o 5.6' 
Semi-Macrinite 0.6 0 •. 6 ·o.5 0.8 0.6 0.2 0.5 
Fusfn1te 4.9 3.0 4.3 2.4 2.7 .. 3.5. 4.1 
Macrfnite 1.9· 1.9 1.1 1.8 1.7 0.3 0.9 
Micrinite 5.8 4.7 5.2 8.0 8.3 3.8 3.4 

lE:'f fiT liT llr.S" 1~ l'Df 11'3 

Mean Max Reflectance 0.82 . 0.73 0.73 0.77 0.70 0.71 0.71 
of Vitrinite 

* ** Sample from Fort Lewis 
S~mple from ll'line 

SCT:als,6/26/79,251~370 
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Comparison of the maceral compositions for these two shipments shows 

that the second shipment contains less~ vitr.inite (77 • .8 vs. 80.5") and less . . . 
exinite (4.8 vs. 6.a) but more inertinite (17 .4 vs. 13.4"). However, the 
vitrinite of the second shipment is of lower rank as indicated by its lower 
mean maximum reflectance ( 0. 70 vs. 0. 73) and higher percentage of type 6 

vitrinite. One of these factors (higher .inertinite content) -would indicate 
lower reactivity for the second shipment; whereas, the other factor (vitrinite 
being of 1 ower rank) waul d indicate increased reactivity. 
maceral effects on SRC-II yields is not precise enough 
estimating which of these effects predominates. 

Our knowledge of 
at this time for 

Another difference between the two shipments is the :particle size 
distribution. The second shipment contains about 35" of particles larger than 
200 mesh (75 microns), while the· first shipment contains only 4" larger than 
200 mesh (see Table V). 

2. Comparison of Robinson Run and Powhatan Coals 

Table III sho-ws that the Robinson Run_ coal contains considerably 
more ash (16.5 vs 9.5 and 12.2") but only slightly more iron (1.91 vs. 
1.76 and 1.89") than the two shipments of Powhatan coal. Although_ the 
hydrogen-to-carbon ratio is slightly higher ·(0.87 vs. 0.83) for the Rob_inson 
Run coal than for the Powhatan coal, the Robinson Run coal contains more 
carbon (84.5 vs 82.5%), less oxygen (7.0 vs 8.3"), and less sulfur (0.9 vs 
2.0%) than the Powhatan coal on_ a moistu~e-mineral-free basis. Therefore, the 
Robinson Run coal appears to be of higher rank than the Powhatan coal. Based 

on the above analyses, Robinson Run coal would be expected to be somewhat less 
reacj:ive in SRC-II processing. This conclusion is also substantiated by the 

c~mparison of ·the maceral compositions of the two coals. The Robinson Run 
coal contains considerably less vitrinite, types 6 and 7 in particular, 
slightly more exinite, and significantly more inertinite than the Powhatan 
coal. (see Table IV). 

9· 



TABLE V 

PARTICLE SIZE DISTRIBUTION OF POWHATAN COAL SHIPMENTS 

First Shipment Second Shipment. 
Size Distribution, Wt% (LR-24924) (LR-25734) 

On 60 mesh 0 0.1 

Thru 60 on 80 mesh 0 0.3 

Thru 80·on 200 mesh 3.9 35.5 

Thru 200 on 325 mesh 20.6 18.6 

Thru 325 on 625 mesh 35.7 21.1 

Thru 625 mesh 39.8 24.4 

SCT:als,6/26/79,251-8370 
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3. Comparison to Kentucky Coal 

Both the Robinson Run coal a.nd the second shipment of Powhatan coal 

contain more ash and iron than the Kentucky coal. On a moisture-mineral-free 

basis, . tliei r carbon contents are higher, and their oxygen contents are 1 ower 

than· those of the Kentucky coal (see Table III). 

Table IV indicates that the Powhatan coal contains about as much 

vitrinite as the Kentucky coal. It contains less exinite but more inertinite. 

The mean maximum reflectances for the two coals are about the same. The 

Robinson Run coal contains substantially less vitrinite and more inertinite 

than the Kentucky coal; in addition, the vi tri ni te is of higher rank as 

indicated by the higher mean maximum reflectance. Based on the above con­

siderations,' it is ·estimated that the Powhatan coal should have a· reactivity 

similar to that of the Kentucky coal, while the Robinson Run coal should be 

less reactive. 

4. Comparison to Other Pittsburgh Seam Coals 

Compared to Pittsburgh Seam coals from other mines, the second 

shipment of Powhatan coal is similar to the Ireland and Valley Camp coals in 

elemental analyses on a moisture-mineral-free basis, while its ash and iron 

contents lie between those of the Ireland and Valley Camp coals. The second 

shipment of Powhatan coal contains significantly less vitrinite and more 

inertinite than the Ireland and Valley Camp coals; however, the vitrinite is 

of slightly lower rank. The secon~ shipment of Powhatan coal is of lower rank 

than the Blacksville coal; its carbon content is lower and its hydrogen-to­

carbon ratio is higher. In addition, the vitrinite is mainly of types 6 and 

7, while that of the Blacksville coal is mainly of type 8. 

The Robinson Run coal is similar to the Blacksville coal in elemen­

tal analyses based on moisture-mineral-free coal except for slightly higher 

hydrogen and 1 ower oxygen. Accardi ngly, the hydrogen-to-carbon ratio is 

higher for the Robinson Run coal (0.87) than for the Blacksville coal (0.77). 
The Robinson Run coal also contains more ash (16.7% vs. 13.1%) and iron (1.91% 

11 



vs. 0.82%) than the Blacksville coal. In addition, the majority of the 
vitrinite in the Robinson Run coal is of types 6 and 7 rather than types 7 and 
8 as in the Blacksville coal. Therefore, the Robinson Run coal, in spite of a 
slightly higher inertinite content, should be more reactive than the Blacks­
ville coal in SRC-II processing. 

Both elemental and maceral analyses show that the Robinson Run coal 
is of higher rank than the Ireland and Valley Camp coals. It contains con-. 
siderably less vitrinite, types 6 and 7 in particular, and more inertinite. 
Therefore, the Robinson Run coal should be less reactive than the Ireland and 
Valley Camp coals, in spite of its higher exinite, ash, and iron contents. 

B. · Process Flow. 

Process flow was unchanged fr-om that described in detail in 
Reference 4. 

C. Data Work-up 

As with process flow, the method of data w.ork-up was discus~P.d in 

detail 1n Reference 4. At each run condition, several material balance 
periods were obtained. and the yiPlds for each period were calculated. Run 
average yi e 1 ds were ca 1 cul a ted for each run condition by adding together a 11 
the hours from all the acceptable periods for that run, as if it were one long 
period, and using average values of the analytical data from the individual 

periods for that run. 

D. Description of Runs 

Four runs were made on the Robinson Run coal (Runs 41, 42, 43 and 
44) and three runs on the second shipment of Powhatan coal (Runs 45, 46 and 
47). The operating conditions for these runs are summarized in Table VI. 

12 
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TABLE VI 

SUMMARY OF OPERATING CONDITIONS 

. ( 

Run No. P99- · 41 

Temperature, oF . 
Oissolver '' 851 
Preheater Outlet 730 

Pressure, ps ig 2000 

WHSV, lb/hr/ft3 
Slu~ry 75.6 
As-Received Coal 22.5 

Nominal Slurry Residenc~ 
time; hr 'l.o· 

Slurry Composition, Wt% 
Coal (rna i sture-free) 29.4 
Distillate 35.8 
900°F+ Pyridine Solubles 18.8 
Pyridine Insolubles 16.0 

Di ssoj ver Gas 
14.8 10 SCF/Ton Slurry 

103 SCF/Ton Feed Coal 50.3 
Hydrogen Content, Vol% 94.1 

H2 Partial Pressure at 
Dissolver Outlet, psia(5)1428 

SCT: al s 
6/26/79 
251-8370 

42 43 44 

851 851 851 
734 738 730 

2000 2000 2000 

7.5.6 76.2 75.6 
18.7 18.7 22.5 

1.0 1.0 1.0 

24.5 24.4 29.5 
32.5 32.7 32.8 
22.1 21.8 20.4 
20.9 21.1 17.3 

12.5 11.8 13.5 
50.8 48.1 45.8 
94.2 90.1 90.1 

1401 1296 ·1298 
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45 46 47 

851 851 842 
745 732 730 

2000 2000. 2000 

76.1' 75.5 75.5 
22.5 22.5 22.5 

1.0 1.0 1.0 

29.4 29.7 29.5 
32.4 33.3 33.5 
23.8 23.7 23.9 
14.4 13.3 13.1 

14.8 14.8 14.8 
50.5 50.1 50~2 
90.2 90.1 89.8 

1310 1316 1342 



. ·. 

1. Robinson Run Coal 

The four runs on the Robinson Run coal constitute a 22 factorial 

experiment {see Table VII), varying slurry feed coal concentration {25 and 30% 

by wt) and dissolver outlet hydrogen partia~ pressure {approximately 1300 and 

1400 psia). Since the total solids.level i~·-the. feed slurry was kept approxi­

mately constant, the percentage of recycle. sol ids in the feed slurry varied 

concurrently with coal concentration; thus, these two factors are confounded~ 

The other ope·rating conditions were: 

Temperature: 

Di sso 1 ver Pres~ur€' ~ 

Nominal Slurry Residence Time: 

851°F 

2000.· vs1g 
·, 

1 hour 

2. Second Shipment of Powhatan Coal 

Operating conditions for Runs 45 and 46 on the second shipment of 

Powhatan coal differed only in the boiling range· of the recycled process 

sol vent. For Run 45 the 10% boiling point of the recycled sol vent was about 

35°F higher than for Run 46 {see Figure 1) The higher boi,; ng temperature of 

the recycled process solvent in Run 45 was accomplished by raising the atmos­

pheric flash tower temperature·· by 49°F and the fra~ti onator reflux control 

temperature by 13°F. Because this was the first attempt to alter the boiling 

range of the recycle solvent,' there was no previous experience to guide 

operations, and the increase in boiling· range was. not as high as desired. 

However, the distillation columns operated qui ~e sathfactori1y at· the higher 

cut points. Run 47 was made at the same conditions as Run 46, except Lhat 
' . 

dissolver temperature was lo~o_1ered to 842°F fr.om 851°F. ,The other conditions 

for the Powhatan runs were 30% coal 'in the feed sll!rry, one hour nominal 

slurry residence time, and 2000 psig pressure. 

14 ·. 



TABLE VII 

DESIGN FOR 22 FACTORIAL EXPERIMENTa 

Factors· 
. ' 

Feed Slurry Coal. Concent~ati onb,: c.t by. wt 
~issolver Outlet _H2 Partial Pre~su~~. ?sia 

Run No. P99- 41 "42 
'!' -.-. ,.·- . .,. .. 

Coal Concentration + 

H2 Partial Pressure + + 

~ • ' . t" 

- indicates lower value of level 

.. , 

43 

Levels 

30 and 25 
1300 to 1400 

44 

+ 

+ indicates higher value of level . . 
a ·Tempera·ture of· 851 °F,' nominal sl'l)rry residence time of 1 hr. 
b Pyridine insolubles (recyc-le solids) in feed slurry approximately 17% for 

_30% coal concentra_ti on and 21% for 2~% coa.l concentration • 

. , 

SCT: al s ,.6/26/79,251-8370 
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Figure 1 

CUSHMAN DISTILLATION OF PROCESS SOLVENT 
FROM. P99 FOR RUNS 45 & 46 
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IV. DISCUSSION 

The average yields for Runs 41 to 47 are summarhed in Tables VIII 
(RoM nson Run) and IX (Powhatan). Average· data for these runs are ghen in 

Appendix A, and the detailed results for the individual periods are given in 

Appendix B for the Robinson Run coal and in Appendix C for the second shipment 

of Powhatan coal. 

Section II I .c. 
The average data were calculated as described in 

Before discussing the experimental results, some comments on the 
reliability of the data are given below. 

A. Reliability of Data 

Several operating problems were encountered while running the 
Robinson Run coal (See Appendix D). In particular, considerable difficulties 

were ex·perienced with operation of the fractionation system. During Run 41, 

cut points were not at desired levels. Part way into the on-stream period, it 
was found that the primary condenser on the vacuum column was partially 
plugged and not functioning properly. (This was discovered when condensate 
began appearing in the trap downstream of the secondary condenser. The 

material from this trap was taken into account when calculating solvent 
yields.) Later, the condenser plugged completely and had to be replaced. 

Shortly thereafter, the demister pad in the vacuum column plugged, forcing 

replacement of the column. Flash column level control was upset on several 

occasions. Also, there were problems with the debutanizer off gas meter 
during Run 41, wh1ch prevented obtaining accurate rates for this stream. 
Therefore, debutani zer gas rates for Run 41 were estimated based on values 

obtained for Runs 42 to·44. 

For the reasons mentioned above, the data from the Robinson Run runs 

may be less reliable than that from most of the other runs on Pittsburgh Seam 

coal. This is borne out by the error mean squares based on yield differences 

among periods for the same run, which are considerably greater for the 
Robinson Run coal than for runs on Kentucky(ll, Blacksville( 2l, Ireland(3), 

Powhatan and Valley Camp(4) coals (see Table X). 
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TABLE VIII 
SUMMARY OF SRC-II YIELDS WHEN FEEDING PITTSBURGH SEAM·COAL 

FROM THE ROBINSON RUN MINE (LR-25447) 

Run No. P99- 41 42 43 

Nominal Operating Conditions 
Dissolver Temperature, •F · 851 851 851 
Pressure, psig 2 000 2 000 2 000 
Residence Time, hr 1.0 . 1.0 1.0 
Coal in Feed Slurry, wt% 30 25 25 
Pyridine Insolubles in 

Feed S 1 urr y, wt% 16 21 21 
H2 Partial Pressure at 

Dissolver OuLlet, ps1a 1 430 1 400 1 300 

Yield, Wt% Moisture Free Coal 
Hydrogen -3.7 -4.0 -4.0 

Methane 5.1 5.3 5.3 
Ethane 3.7 3.8 3.8 
Propane 3.7 3.9 3.9 
Isobutane 0.2 0.2 0.2 
N-Butane 2.0 2.1 2.1 

Total C1 to c4 14.7 15.3 15.3 

Ammonia 0.5 0.5 0.5 
Hydrogen Sulfide 1.7 1.9 1.9 
Carbon Dioxide 0.7 0.6 0.8 
Carbon Monoxide 0.2 0.2 0.2 

Total Other Gases 3T 3:2 3.4 

Water 4.8 5.3 . 5.4 . 

C - 380°F 8.7 9.5 8.7 
3~0 - 55o·F 11.8 15.7 14.3 
550 - 9oo·F 12.7 11.1 13.9 

Total c5+ Distillate jJ.2 36.3 30:9 

900.F+ Pyridine Solubles 23.9 ?.1.3 20.6 
Insoluble Organic Matter 7.5 6.1 5.9 
Ash 16.5 16.5 16.5 

Total 900.F+ Product 47.9 43.9 43.0 

380-900•F 24.5 26.8 28.2 

SCT:als,6/26/79,251-8370 
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44 

851 
2 000 

1.0 
30 

17 

1 300 

-3.5 

4.8 
3.5 
3.5 
0.2 
1.8 

13.8 

0.4 
1.8 
0.8 
0.2 
3.2 

4.3 

7.6 
14.3 
12 .o 
.33.9 

24.9 
6.9 

16.5 
48.3 

26.3 



. TABLE IX 

SUMMARY OF SRC-II YIELDS WHEN FEEDING PITTSBURGH SEAM COAL 
FROM THE POWHATAN MINE (SECOND SHIPMENT) (LR-25734) 

Run No. P99-

· Nominal O~erating Conditions 
Dissolver Tempe~ature, °F. 
Pressure, psig 
Residence Time, hr 
Coal in Feed Slurry, wt% 
Pyridine Insolubles in 

Feed ·slurry, wt% 
H2 Partial Pressure at 

Dissolver Outlet, psia 

Yield, Wt% Moisture Free Coal 
Hydrogen 

Methane 
Ethane 
Propane 
Isobutane 
N-Butane 

Total C1 to C4 . 

Ammonia 
Hydrogen Su 1 fide . · 
Carbon Dioxide. 
Carbon Monoxide 

Total Other Gases 

Water 

. C - 380°F 
3~0 - 550°F 
550 - 900°F 

Total c5+ Distillate 

900 o F+ P yr ; d i ne So 1 ub 1 es 
Insoluble Organic Matter 
Ash · 

Total 900°F+ Product 

SCT:als~6/26/7q,251-8370 
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45 

851 
2000 
1.0 

30 

14 

1310 

-3.8 

5.3 
3.7 
3.4 
0.2 
1.6 

1"4.2' 

0.4 
2.0 
1.2 
0.2 
3.8 

6.2 

10.0 
12.0 
11.0 
33.0 

28.0 
6.4 

12.2 
46.6 

23.0 

46 

851 
2000 
LO 

30 

13 

1316 

-3.8 

5.3 
3.8 
3.5 
0.2 
1.7 

1lf3" 

0.4 
2.0 
1.0 
0.2 
3.6 

5.8 

8.0 
13.9 
11.6 
33.5 

28.7 
. 5.5 
12.2 
46.4 

25.5 

47 

842 
2000 
1.0 

30 

13 

1342 

-3.5 

4.8 
3.4 
3.0 
0.2 
1.5 

f2.9 

0.4 
1.9 
1.0 
0.2 
3.5 

6.0 

7 .s· 
13.5 
11.8 
32.8 

31.1 
5.0 

12.2 
48.3 ' 

25.3 



TABLE X 

ERROR MEAN SQUARES BASED ON YIELD 
DIFFERENCES AMONG PERIODS WITHIN THE SAME RUN 

·Runs Covered, P99- 41-44 15-39 45-47 

Degrees of Freedom .17 59 10 

H2 Consumption 0.02 0.01 0.01 

C1-C4 0.08 0.33 0.06 
.. 

CO, C02, H2S, NH3 0.02 0.01 0.01 

Water 0.21. 0.05 0.06 

c5-380°F 1.59 0.35 0.92 

380-550°F 3.30 0.66 1.33 

550-900oF 6.87 1.03 1.29 

900°F+ Pyridine Solubles 2.49 1.45 2.23 

10M 1.35 0.45 0.67 

c5-9ooor ~.26 1.65 2.33 

380-900oF 4~69 1.79 1.95 

Total 900°F+ Product 4.33 1.55 2.45 

SCT:als,6/26/79,25l-8370 
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15-47 

86 

0.01 

0.25 

0.01 

0.08 

0.66 

1.26 

2.22 

1.74 

0.65. 

2.05 

2.38 

2.20 

' .. 
' 
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The runs feeding the second shipment of Powhatan coal were rela­
tively trouble-free until a leak in a high pressure line caused a premature 
termination of Run 47. No problems were encountered that could be attributed 
to operating with the larger coal particle size. 

The chronology of operations and the problems which occurred during 
Runs 41 to 47 are detailed in Appendix D • 

. B. An.alysis of Robinson Run Coal Runs 

The process variables examined in the 22 factorial experiment on the 
Robinson Run coal were coal concentration in the feed slurry and hydrogen 
partial pressure. The two levels of coal concentration in the feed slurry 
were 25 and 30 wt %, and the two levels of hydrogen partial pressure were ap­
proximately 1300 psia and 1400 psia at the dissolver outlet. Since the total 
solids level in the feed slurry was kept fairly constant, the recycled solids 
(pyridine insolubles in the slurry recycle stream) were reduced from about 21% 
to about 17«.t.as the coal concentration was increased from 25% to 30%. There­
fore, the effect of coal concentration is confounded with the effect of 
recycle solids level. 

The effects of coal concentration and hydrogen partial pressure on 
yields were· analyzed by the Yates technique. In order to estimate whether 
these effects were significant, it was necessary to have estimates of the 
error mean squares. These were calculated from within the run sums of squares 
divided by the appropriate degrees of freedom. The error mean squares for the 
four runs on Robinson Run coal were considerably greater than those for 
previous runs on P99 {see Table X). The pooled error mean squares for all 
runs made on P99 (last column of Table X) are believed to be the best esti­
mates of the experimental error and were, therefore, used in the F -tests of 
the Yates analysis to determine the significancP. of the effects. 
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1. Effect of Coal/Recycle Solids Concentration in the Feed Slurry 

As shown by Table XI, the confounded effect of coal and recycle 
solids concen.trations _in the feed slur.ry had a significant effect on yields. 
In g·eneral, increasing the coal concentration from 2.5% to 30% while simultan-

. •. . . 
eously decreasing the recycle solids from 21% to 17% resulted in reduced con-
version. Hydrogen consumption was reduc_ed about o'.4%, c1-c4 gases yield was 
reduced about 1%, and c5-900°F distillate yield was decreased ·about 3%_. The 
total 900°F+ product was increased ·almost 5%, as a result -of a· 3.5%. increase 
in 900°F+ pyridine solubles and a 1.2% increase in IOM (pyridine insoluble 
organic matter.) 

2. Effect of Hydrogen Partial Pressure 

Increasing hydrogen partial pressur-e frurn 1300 to 1400 psia· had 
essentially no effect on yields. This result is somewhat surprising, s1nce in 
most previous work, increasing the partial pressure of hydrogen had a 

beneficial effect on yields. As mentioned above, some operating problems were 
encountered, particularly with the higher partial pressure runs.- ·but the 
material balancing procedures used should have compensated for these problems, 
and they should not have had a significant effect on yields; A possible 
explanation for these results is that the partial pressure effect m~y·not be 

linear or it may be coal dependent; so~e:~oals may respond better to increases 
in hydrogen partial pressure than other coals. 

The coal· concentration-hydrogen partial pressure interaction was 
found to be insignificant and is, ~herefore, omitted from Table XI. 

C. Analysis of Powhatan Coal Runs 

The two process variables investigated in the work reported here on 
the second shipment of Powhatan co a 1 are the bo·il i ng range of the process 
solvent and the average dissolver temperature. 
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TABLE XI 

YATES ANALYSIS OF 22 FACTORIAL EXPERIMENT 
(RUNS:41, 42, 43 AND 44) 

' J 

Change in Yield, Wt% Moisture Free Coal 

. Co a 1 and Recyc 1 e 
Solidsa Concentration 

· ·· H2 Consumpt ionc 
C -C . cb, ~02 , H2S, NH3 
Wetter . 
C -380°F 
3So-550°F 
550-900°F 
900°F+ Pyridine Solubles 
IOM 
C -900°F 
3So-9oo°F 
Total 900°F+ Product 

0.4*** 
-1.1** ) . 
-0.2 
-0.8*** 
-1.0 
-2.0* 
-0.2 
3.5** •. 
1.2 

-3.1** 
-2.1*** 

***-4.7 

* Significant at 90% confidence level . 
** Significant at 95% confidence level 

*** Significant at 99% confidence level 

~ Partial Pressureb 

-0.1 
0.5 

-0.2 
0.2 

. 1.0 
-0.6 
-1.1 
-0.2 
0.4 

. -0.7 
-1.6 
0.3 

a Increasing feed- slurry coal concentration from 25% to 30% and 
simultaneously decreasing recycle solids.concentrations from 21% to 17%. 

b 

c 

Increasing dissolver outlet hydrogen partial pressure from 1300 to 1400 
psi a. 

Because·H2 consumption is shown as a negative number, a negative 
difference in the Yates analysis indicates an increase in consumption. 

SCT:als,6/26/79,251-8370 
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1. Effect of Recycle Solvent Boiling Range 

As explained in Section III.D.2, the lOS boiling point of the 
recycle process solvent for Run 45 was about 35°F higher than that for Run 46. 
This di.fference in boiling range appears to have had little effect on yields • 

. A comparison of Runs 45 and 46 indicates that slightly more naphtha and less 
middle distillate were produced when using the higher boiling recycle solvent. 
The IOM yield might also be slightly higher for Run 45; however, these .. 
differences are almost within normal analytical error and may not be real 
effects, 

2. Effect of Average Dissolver Temperature 

The main difference in operating conditions between Runs 46 and 47 
was the 9°F 1 ower average dissolver temperature (842 vs. 851 °F) for Run 47; 
however, the dissolver outlet hydrogen partial pressure was also .slightly 
higher for Run 47 (1342.vs. 1316 psia). Slightly less hydrogen was consumed 
(3.5 vs. 3.8%) in Run 47. The gas yield for Run 47 also appears to be lower, 
but the 900°F+ pyridine solubles yield· appears to be higher (see Table IX). 
These results indicate that more hydrogen was consumed at the 'higher 
temperature and that it was used predominantly in ·the conversion of 900°F+ 
pyridine solubles·to gas. 

D. Comparison of SRC-II Yields from Various Coals 

This section compares the SRC-II yields from the Robinson Run coal 
and the second shipment of Powhatan coal with those from other coals run in 
P99. It should be kept in mind that discussions of the effect of c:nal 
properties on yields are speculative, since our understanding of coal lique­
faction chemistry is not sufficiently precise to be certain of these effects. 

1. The Second Shipment vs. the First Shipment of Powhatan Coal 

Run 46 on the second shipment of Powhatan coal and Run 36 on the 
first shipment are compared in Table XII. These two runs were made at the 
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TABLE XII 
COMPARISON OF SRC-11 YIELDS FROH VARIOUS COALS RUNS IN P99 

;' 

"" Ia. • 1'9'). 15 uti 31 3J 36 36 ll 
·First First 

rAsl Kal~ l<entid\y Ireland Blacksvflle I'INiatan l'ooJlatan Vall~ Carp 

lbllnal ~ratf 11J Con:lf tfons 
Dlssoher T8Jll!rab.re, "F 860 860 860 851 851 851 851 
Pressn, ps lg 2[XXI 2[XXI 2[XXI • 2[XXI 2[XXI 2[XXI 2ilXl 
llesldera Tlrre, 1r 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Coal In Feed Sl.ny, wtS JJ lJ lJ lJ lJ ll lJ 
llecyl;le Solids, ~ of SlUI"''Y 7 12 12 13' 13 13 13 
Dlssoher Gas, 1 V/T 

feel CXJal n 00 n 70· 70 49 50 
~~,V0ll 85 85 85 '85 85 94 94 

Partial Pressare, psla 1236 1lXl 1323 121l8 1325 1334 1378 
Feed CXJal, ~ ttnllll!sh size jDJ jDJ 200 200 200 200 200 

Yields, Wt:l of ltllsllre-free Coal 
Hz Consurptlon -4.9 -4.6 -4.2 -3.5 -4.3 -4.3 -4.2 

~ 17.9 17.6 16.6 14.6 16.7 16.5 16.7 
Gases 4.0 4.5 4.6 3.0 4.0 4.0 3.5 

Wolter 7.9 8.2 4.9 4.8 5.9 5.9 5.3 

~ 5.7 6.3 9.3 9,5 8.9 9.4· 8.0 
16.2 15.4 15.0 1o.9 13.6 13.9 16.6 

m.!Dl"F 13.0 11.1 10.1 9.6 15.0 13.8 12.8 

~ 3U mr :R:f Elf '373 :rr.r ~ 

~f P)Ttdlne Sollbles 24.2 l!l.l 2l!.l itl.7 25.3 26.0 24.9 
6.8 9.0 6.0 9.8 5.4 5.3 7.5 

Ash 9.2 9.2 15.6 13.6 9.5 9.5 8.9 
Total !m"F+ PrcW:t m ~ u:r n:r m 4lf3f 4t:J 

JD..!Dl"F 29.2 26.5 25.1 31.5 28.6 27.7 29.4 

Yields, Wt:1 of lblstln-Mineral.free toalld) 
Hz Conlurpt ton -6.5 -6.2 -6.2 -4.2 -4.8 -4.9 -4.7 

·~Gases 20.0 19.7 20.3 17.3 18.8 18.6 18.7 
4.5 5.0 5.6 3.5 4.5 4.5 3.9 

littler 8.8 9.2 6.0 5.7 6.6 6.6 5.9 

~ 6.4 7.0 11.3 10.0 10.0 10.6 9.0 
18.1 17.2 18.3 12.8 15.3 15.7 18.5 

SliO-!XXl"F 14.5 12.4 12.3 11.6 17.0 15.6 14.3 
Total Cs-!m"F "3m '3&:5' u:9' JU ~ u:9' lr.1f 

~f P)'rfdlne So!lbles 27.0 26.0 27.0 33.9 28.4 29.2 27.8 
6.9 9.4 5.6 10.2 5.2 5.0 7.5 

Total !XXl"F + ji"')Ut m 'l5:l n «:! m 'JU l!i.l 
·' 

JD..UI"F 32.6 29.6 30;6 24.4 . 32.3 31.3 32.8 

lalEstfmted frail tte z2 factorial experlsrent (see llefereru 1). 
lbl\lel,yfelds are expressed on a. mineral natter basis, liM Is ~fined as vaaam a~lum bottans pyridine lnsollbles 

llfrus llllneral natter; 1111en yfeids are expressed on an ash basts, liM Is ~fined as YclCIAII1 colum bottans wrtdtne 
lnsohbles llfrus ash. . 

lcJMineral K!tter • Coal Mineral Kltter- 0.5 x Coal Pyritic ~lftr. 
(dlycel<b ~ ICI ~ 111)1'1! than um bec&Jse tte p)"ftfes In tte CXJal mineral mtter are corr.oerted tD sulfides dlrlng 

processiiiJ and tte re111ltant KzS awears In the prodcts. 
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41 44 45 46 
Pcblnson ROOtnson Second Secood 

lUI lUI PoW!atan PoWJatan 

851 851 851 851 
2[XXI 2[XXI 2ilXl zan 
1.0 1.0 1.0 1.0 
lJ lJ lJ ll 
16 17 14 ll 

50 46 50 50 
94 00 !ll !ll 

14ll 1Dl 1310 1316 
200 200 00 00 

-3.7 ~3.5 -3.8 -3.8 

14.7 13.9 14.2 14.5 
3.1 3.2 3.8 3.6 
4.8 4.3 6.2 5.8 

8.7 7.6 10.0 8.0 
11.8 14.3 12.0 13.9 
12.7 12.0 11.0 11.6 
'JT.2" Jm mr "Jn" 

23.9 24.9 28.0 28.7 
7.5 6.9 6.4 5.5 

16.5 16.5 12.2 12.2 
u;g w.J ~ ~ 

24.5 26.3 23.0 25.5 

.. u: -4.3 -4.4 -4.4 

18.1 17.0 16.& 16.9 
3.8 '4,0 4.4. 4.2 
5.9 5.3 7.2 6.7 

10.8 9.4 11.6 9.3 
14.6 17.7 14.0 16.1 
15.7 14.8 12.8 13.5 
u:r u:9' J!f.l E9' 

29.5 ]}.8 32.6 3J.4 
7.6 6.8 6.2 5.2 

3r.T 37:0 :n:u n 
30.3 32.5 26.8 29.6 



same operating conditions except that the hydrogen partial pressure at the 

dissolver outlet was slightly lower for Run 46 (1316 psia) than for Run 36 

(1334 psi a). The yield data show that the second shipment of Powhatan coal 

was less reactive than the first. ~bout 2% les~ c1-c4 gases, 3% less 

distillate, and 4% more 900°F+ product on a moisture-mineral-free basis were 

produced in Run 46. The yields of water and other gases, co2 and CO in 

particular, are very similar for Runs 46 and 36. This is additional indica­

tion that the second shipment of Powhatan coal which was ground and dried by 

Conoco was no more oxidized than the first shipment which was prepared by 

Empi r·e Coke, bUt again it might not be possible to dete~t small, but 

significant, amounts of surface oxidation by differences in yields of 

oxygenated products. 

As mentioned previously, there are three major differences between 

the two shipments: (1) although they are from the same mine, they were 

obtai ned at different times; · ( 2) they were dried and ground by different 

contractors; and (3) they were ground to different particle sizes. As 

discussed in Section III.A.l, there is little in the maceral or elemental 

ana lyses that would suggest 1 ower · reactivity for the second shipment of 

Powhatan coal. There is also 1 i ttl e .in the elemental analyses and yields of 

water, co2 and CO that would suggest more oxidation for the second shipment of 

Powhatan coal. 

Thus, the lower distillate yield in Run 46 is puzzling and appears 

to be contrary to the mechanism of coal 1 i quefacti on proposed by Neavel ( 6). 

His work showed that when coal particles were subjected to liquefaction 

conditions, they rapidly (within 5 min) disintegrated in the solvent to form 

pyridine soluble products. This rapid physical disintegration was then 

followed by slow reactions converting the pyridine soluble products ·into oils 

and gases. Hydrogen-donor and nondonor solvents were found ·to be equally 

effective in achieving physical dispersion of coal particles in the solvent. 

Therefore, no effect of particle size (up to 20 mesh) on conversion to oils 

and gases was observed, at least for low-ranking coals, such as sub-bituminous 

and high volatile bituminous C and B. Other reported work(7) also confirms 
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that particle size· (at lea·st in the range of interest in this work) has 

es~entially no effe~t o~ reactivi~j. 

Either surface oxidation occurred which is not detectable within the 
accuracy Of coal elemental analyses or the particle size effect is more 

complex than previous experience· would indicate ·Or there is some other effect 

which cannot be determined without further experimental work. 

2. Robinson Run Coal vs. Powhatan Coal · 

A comparison of Runs 44 and· 35 indicates that the Robinson Run coal 
is a slightly less desirable feed to the SRC-II process than the first ship­

ment of Powhatan co~.l (see Table XII).; About 4% less c5-900°F distillate, 3% 
less c1-c4 gases and. 1.5% less water on a moisture-free-coal basis were 
produced from the Robinson Run· coal than from the Powhatan coal. Since the 

Robinson Run coal conta~ned ino~e total'oxygen (see Table III), the lower water 
yield indicates lower oxygen removal (33% vs. 52%) from the Robinson Run coal 

' \. . ~ . . . 
(see Table XIII). Accordingly, the vacuun bottoms from the Robinson Run coal 
contained more oxygen (15% vs. 9%} than that obtained from the Powhatan coal 

(see Table XIII). This may be attributed to the higher mineral oxygen content 
of the Robinson Run coal. However, the possibility that the organic oxygen in 

the Robinson Run coal is more difficult to remove cannot be ruled out. 

Since the Robinson Run .coal had a: ·higher ash content than the first 
batch of Powhatan coal (16.5% vs. 9.5%), a comparison of coal reactivity is 
better reflected by moisture-mineral':"free yields~ Based on these yields, 

about 2% less C1-C4, 1% less. water, and 4% more 900°F+ product were produced 

from Robinson Run coal than from Powhatan coal. The total distillate yields 
were approximately the s arne except that more m i dd 1 e dis t i 11 ate was pro'd uced 
from the Robinson Run coal and more heavy distill ate from the Powhatan coal. 

Thus, a satisfactory distillate yield was produced from the Robinson Run coal 

in spite of its vitrinite being of higher rank than that of the Powhatan coal. 
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TABLE XIII 
COMPARISON OF CONVERSIONS AND PRODUCT QUALITY IN 

SRC-II PROCESSING OF VARIOUS COALS . 

Run No. P99- 35 36 31 33 41 44 15 45 46 

Nominal Operating Conditions First First Robinson Robinson Second Second 
Coal Powhatan Powbatan Ireland 81 acksvill e Run Run Kentucky Powhatan Powhatan 
Dissolver Temperature, "F 850 851 860 851 851 851 860 851 851 
Pressure, psig 2000 2000 2000 2000 2000 2000 2000 2000 2000 
Residence Time, hr 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Recycle Solids, ~~ Df Slurry 13 13 12 13 16 17 7 14 13 
Dissolver Gas, 10 s:F/T Coal 70 49 71 70 50 46 77 50 
H2 Partial Pressure, psfa 1330 1334 1320 1290 1430 1300 1240 1310 1316 

.... 

Conversions, wU MF Coal 
Hydrocracking 67.5 68.5 69.4 56.7 61.3 59.6 69.6 63.5 61.2 
Desulfurization 63.4 63.4 63.6 51.7 50.9 53.4 64.0 58.4 58.9 
Denitrogenati on 25.9 27.3 31.0 22.9 28.2 26.0 31.2 24.7 25.1 
Oxygen Removal 52.4 53.9 37.4 39.6 35.8 33.1 . 62.8 50.0 46.2. 

Product 'Quality, wt~ 
Q!O!butanizer Bottoms 

Nitrogen 0.75 0.75 0.75 0.77 0.58 0.77 0.85 0.65 0.67 
"'\) Su1 fur 0.19 0.22 0.24 0.28 0.19 0.20 0.15 0.24 0.31 
"X) Oxygen 4.23 3.97 3.85 3.59 3.05 3.23 3.49 4.07 4.10 

Process Solvent 
Nitrogen 1.02 1.03 1.00 1.02 1.01 1.05 1.00 1.03 0.99 
Sulfur 0.25 0.28 0.37 0.27 0.16 0.31 0.28 0.26 0.41 
Oxygen 2.41 2.21 2.38 2.02 2.71 2.00 2.61 2.13 2.47 

Vacuum Tower Bottoms 
Nitrogen 1.44 1.43 1.18 1:46 1.26 1.27 1.77 1.42 1.43 
Sulfur 2.49 2.49 3.11 2.18 2.79 2.61 2.53 2.44 2.37 
Oxygen 9.44 9.31 15.91 11.84 14.62 15.34 9.60 10.50 11.53 

SCT:als,6/26/79,251-8370 



3. Robinson Run Coal vs. Valley Camp Coal 

Generally speaking, the Robinson Run coal is less reactive than the 
Valley Camp coal. Comparing Runs 41 and 38 (see Table XII) shows that more 

900°F+ total product, more naphtha and less fuel oil were produced from 

Robinson Run coal in spite of a slightly higher hydrogen partial pressure. 

The total distillate yields on a moisture-mineral-free basis for the two coals 

are about the same. 

4. Robinson Run Coal vs. Ireland Coal 

In spite of a small difference in average dissolver temperature (851 

vs. 86_Q°F) Run 44 on Robinson Run coal and Run 31 on Ireland coal should 
provide a reasonably valid basis of comparison for these two coals. The 

yields based on moisture-free coal for the two runs show that about 3% 1 ess 

c1-c4 gases, 1% less other gases, 3% more 900°F+ pyridine soluble product and 
l'.t more pyridine insoluble organic matter were produced in Run 44 than in 
Run 31. The total distillate yield was less than 1% lower, but the fuel oil 

yield was about 1% higher for Run 44~ ·The lower gas yield could be a result 

of a 1 ower temperature in Run 44. The yields of water and other gases are 

lower for Run 44 on the Robinson Run coal indicating lower percent desulfuri­
zation, denitrogenation and oxygen removal (see Table XIII). 

s... Robinso.n Run Coal vs •. Blacksville Coal 

Comparing the yields from Run 44 on Robinson Run coal and Run 33 on 

Blacksville coal (see Table XII), one sees that Robinson Run coal is more 
reactive and, therefore, constitutes a more desirable feed for· the SRC-ll 

process than Blacksville coal. Based on moisture-free coal, S'.t more distfl­
late, 4% less 900°F+ pyridine solubles and 3% less 10M were· produced from· 

Robinson Run coal than from Blacksville coal. The increased distillate was 

mainly in the fuel oil range. 
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6. Robinson Run Coal vs. Kentucky Coal 

No runs at identical conditions were made for the Kentucky and 
Robinson Run coals. However Run 15 differs only in being at a slightly higher 
dissolver temperature (860 vs. 851°F) and a slightly higher coal concentration 
in the feed slurry (33% ·vs. 30%). Therefore, data from Run 15 are presented 
in Table XII for comparison. In addition, yields for the Kentucky coal were 
estimated by interpolating the data from Runs 20, 21, 22, and 23 using the 
effects calculated from the Yates analysis of the 22 factorial experiment run 
on this coal.(l) These estimated yields are also given in Table XII. From 

' this table, it can be seen that the yields on a moisture-free basis from the 
Robinson Run coal are similar to those from the Kentucky coal except for lower . 
hydrogen consumption and lower gas and water yields. The lower water yield 
from the Robinson Run coal is a result of its lower organic oxygen content 
(see Table III), but oxygen removal was also lower (see Table XIII). On the 
other hand, the moisture-mineral-free yields indicate that about 3% less total 
900°F+ product and about 3% more naphtha were produced from the Robinson Run 
coal. 

E. Product Quality 

Generally speaking, the distillates obtained from Robinson Run and 
the second shipment of Powhatan coal appear to be of similar quality to those 
from other coals run in P99. As shown in Table XIII, the debutanizer bottoms 
contain 0.2 to 0.3% sulfur, 0.6 to 0.8% nitrogen, and 3.1 to 4.1% oxygen. The 
process solvents contain 0.2 to 0.4% sulfur, 1.0 to 1.1% nitrogen, and 2.0 to 
2.7% oxygen. The sulfur and nitrogen contents of the vacuum tower bottoms are 
also about the same (2.4 to 2.8% sulfur and 1.3 to 1.8% nitrogen). The oxygen 
content of the vacuum tower bottoms from Robinson Run coal is similar to that 
from Ireland coal but significantly higher than those of other coals. This is 
most likely due to its higher ash content, but a contributing factor could be 
that the Robinson Run coal contains more heterocyclic oxygen. which is more 
difficult to remove. The latter explanation is consistent with the fact that 
Robinson Run coal is of higher rank than other coals (except Blacksville coal) 
run in P99. 
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V. CONCLUSIONS 

f • ' j 

· This work· has shown that· satisfactory distillate yields can be 
·produced from Pittsburgh Seam coal from the· Robinson Run Mine. Yields are 
·'comparable. to those obtained from Kentucky coal and Pittsburgh Seam coals from 
the Ireland, Powhatan, and· Valley Camp Mines and are better than those 
obtai.ned fro.m Pittsburgh Seam coal from the Blacksville Mine. 

Product yields from Robinson Run coal appear to be little, if at 
•. all, affected by increasing hydrogen partial pressure from 1300 psi a to 
1400 psia·. The yie'lds of distillate, 900°F+ pyridine solubles, and c1-c4 gases 
are· significantly reduced by increasing the coal concentration from 25% to 
30% (or.decreasing the percent recycle solids from 21% to 17%). 

Considerably lower distillate and gas yields were produced from the 
sec on~. shipment of Powhatan. coal than from the first shipment. . There is no 
obvio:us. explanation for. this, but it may be due to some subtle effect of 
particle size, coal preparation conditions, maceral composition, or operating 
conditions. With the second shipment of Powhatan coal, a modest increase in 
th.e boiling temperature .(approximately 35°F in the 10% point) of the process 
solvent had essentially no effect on product. yields, while lowering the 
average dissolver temperature from 851 °F to 842°F si-gnificantly reduced gas 
·yield • 

. -
'. 

. ;. 

'. 
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APPENDIX A 

COMPUTER PRINTOUT OF RUN. AVERAGE YIELDS FOR 

ROBINSON RUN COAL AND THE SECOND SHIPMENT OF POWHATAN.COAL 
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PA~c 2 

T~~-FULLOWING WEIGHT BALANCE ANU HYDROGEN CONSUMPTION UATA WERE CALCULATED FROM MEASURtD UNIT DATA 

RUN NUMt:IER P~Y-41AV~ P99-42AVG P99-43AVG P~9-44AVG P~9-45AVG P99-4~AVG P99-47AV~ 

~ATER IN THE FE~O COAL ASSU~ED 

LOST FRO~ FEED TANKo X 
WEIGHT BALANCEo b/lo WtX 

100o0 
96o6 

100o0 
'i,lt).6 

100.0 
97.7 

100o0 
97-.7 

1 oo. 0 
99oti 

100o0 
100.2 

THE FOI,-LO_IIIING DATA THROUGH ANO INCLUDING ELEMENTAL UALANCES HAVE tlEEN CORRECTED ·TO A 100" WT BALANCE 

YI~LUSo WT% FiEU COAL 

HV'DROGEIN 

METHANE. 
f=.THANE 
PROPANE 
1-EIUTANE 
N-BUTANE 

TUTAL C1 TO C4 

AMMONIA 
HYOROGEN SLILF IDE 
CARBON D I O>.IUE 
CARI:iON MONOXIDE 

TOTAL OTHER GASLS 

WATER 

DEBUTANIZER LIOUIO 
f-'ROCESS SULVENT 

TOTAL CS• UISTILLATE 

VACUUK TOW~R BOTTOMS 

-:s. 60 

s.os 
3.66 
3.65 
0.25 
2o00 

14.60 

Oo46 
1o 78 
o·. 1o 
Oo22 

3.1·6 

4od7 

10.62 
lf.o73 

27.35 

5.Jo61 

CHEMICAL H2 CONSUMPTION BY UNIT GAS dALANCE. 
OM3/KG FEED COAL 422 

CONVERSIONS. WT% FEED CUAL 
HVDROCRACKING 
DESULFURilATION 
Oi::.NI TROGENAT ION 
OXYGEM REr•OVAL 

0 loS 
51o1 
2Ho5 
36.5 

-3.89 

5.2o 
3o87 
3o91 
0.25 
2o10 

15.39 

Oo49 
lo 75 
Oo59 
Oo24 

3o0 7' 

5.1~ 

2lo51 
llo54 

33.06 

4 7ol9 

451) 

o5o6 
54o5 
3loi:S 
38o!l 

5o34 
3.86 
3.89 
0.22 
2.0 7. 

15.39 

0.4 8 
1. 71 
Oo81 
o.~o 

3.26 

19.45 
13.49 

32.94 

47.25 

448 

66.6 
55o2 
30.7 
39o9 

4od1 
3.47 
3.42 
Oo19 
1.s·o 

13.69 

0.41 
"'1o 87 
Ood2 
Oo21 

3o31 

4.8~ 

ltlo45 
10o1d 

28.63 

53.04 

41:J 

59o'il 
53.7. 
26.6 
33o8 

-3.ati 

5.36 
3.72 
3o4..J 
Ool 7 
lo64 

14.32 

Oo3d 
1o99 
lo25 
Oo20 

3o81 

5o40 

18~ 96· 
'i.lod2 

28. "16 

5lo37 

432 

63.2 
58o1 
24o2 
50.2 

5o33 
3.74 
3.51 
0.22 
lo70 

14.50 

Oo4l 
2.04 
OooJd 
Oo22 

3.66 

6.01 

18.24 
10.56 

28.80 

50.99 

465 

6lo2 
56.8 
25ol 
4£>.5 

-3"o49 

4.83 
3.37 
3.05 
0.20 
1o49 

l2o94 

o.Jo 
lo 90 
•• 01 
0.18 

J • ti.l 

6o01 

18o35 
~.OY 

27 o44 

53.60 

410 

57ol 
57.6 
22.6 
47o6 
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RUN NUMUER P99-41AVG P99-42AVG P99-4lAv.; PS..Y-44i\VG P99-45AVG PY9-46AVG P99.,.4 7AVG 

GAS RAT:s, DM:S/KG FEED. COAL 

DISSOLVER INLET GAS 1068.d 9a5.9 936.3 92o.9 1 055.4 1160.2 a24iled 
TOTAL OIJENCH GAS 556.3 623.0 6•)3. d 53o.7 525.0 424.2 314.7 

TOTAL DISSOLVER GAS 1u2s.1 a6oa.s 154•J.a 1463 .. 7 15130.4 1584.4 1 563.5 

MAKEUP :iA S TO DISSOLVER 553.3 !)o7.4 353.9 3613. 1 4aa.4 439.6 362.5 
MAKEUP •:iAS TO SEP. SPARGE 111. J 114.0 76.2 64.7 78.2 YO.O 84.6 
MAKEUP GAS TO INSTRUMENT TAPS 2.67 •. 5 3a3.3 316.0 263.2 .257. 3 260.4 .i:!5o.2 

TOTAL MAKEUP GAS 932.1 934.7 746.2 696.0 746 .... 790.\) 703.3 

DISSOLVER OUTLET GAS 1354.6 -1310.6 1 251 • .3 1195.4 1305.5 1274.8 1295.7 
GAS LEAVING SCRUI::U3ERS 1d02.3 HUY.3 17.Jl.3 1573.4 1717.3 1715.1 1774.4 
SEPARATUR SPARGE GAS 3-'!o.o 36a.5 331.5 25.-. 3 300.3 32.4.4 364.8 

PRODUCT GASES 
tJLEED OFF GAS 507.0 462.4 283.7 27S .5 3aa.s :327.7 283.2 
DEaUH.N I ZER GAS 53.5 60.1 62.2 52.4 513.'} 58.2 55.0 

w AMINE REACT lVATOI~ GAS 12.0 1a.6 1 1. a 12.5 a3.5 aJ.o 1 ,j •. a ::71 
NAPTH.t. REACT I VA TOR GAS d l .2 94.5 93.5 71.1 73.5 7.;j • .J 74.0 
CHR UMJ! T OGRA.PH ULEED GAS 7.9 7.9 6.1 s.s 7.7 s.a 10.0 

ELL:MC:NT AL BALANCES 

WATER IN THE FEED COAL AS~UNED 
LOST FR.QM FEt:D TANK, " 10o.o 1oo.o a 0·0. 0 1oo.o 100.0 1oo.o 1 oo. 0 

CARBON, 0/l leOO a.oo 1 .o 1 o.;9 ·a.01 1.oo a.oo 
HYDROGEN, 0/1 1.01 1. 0 a 1 .• 02 1.00 a.oa 0.98 a. oo 
Nl TROGEN, 0/1 1.01 a.oo 1 .oo 1.:>o a.uo a.o1 a. oo 
SULFUR, !l/1 a.o2 0.97 0.97 1.)2 a.oo 1.01 a.oo 
OXYGEN, ::l/1 1.00 0.99 o. 'i.l'll 1.)3 0.95 a.oa 1.oo 
METALS, :J/1 a.o1 0.99 o.c;;a 1 • )0 l .o 1 0.98 0.95 
ASH, 0/1 a.oa 0.<;19 . o.y~· 1. ")0 a. 0 1 0.96 0.95 
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THE. FOLLOWING DATA WERE BALANCED FOR CAih:lONo HYDHOGENo SULFUR, IH TROGENo OXYGENo AND METALS 

RUN' NUMtlEK PYY-41AVG P~9-42AVG P9SI-43AV.:i P9!.~-44AVG P99-45AVG P99-46AV.:i P':I9-47AVG 

YIELDS, wT% MGISTURE FREE Cli.lAL 

HYDROGEN ' f:l'f H BALANCE) -3.69 -4.02 -3.96 -3.4B -3.80 -3.80 -3.51 

METHANE 5.07 5.25 5.31 4oli4 5.32 5.32 4oli2 
ETHANt:: .lo68 3.t36 3oB4 3.49 .3.69 .3.74 3.36 
PROPANE:: ..ioob 3.91 3. 0 7 3.45 3.41 .3.51 3.04 
I-BUTANE 0.25 0.25 Oo22 Oo1 ~ 0.17 0.22 0.20 
N-BUTANE 2.01 2.0':1 2.06 locH 1.63 lo70 1o48 

TOT~L C1 TO C4 14obb 15.35 15.30 13.79 14.22 14.4~ 12.90 

AMMONIA ( OY N BALANCe. 0.44 o.so 0.48 0.41 o.J9 0.39 Oo3b 
HYOROGE~ SULFIDE (BY s OAL) 1.72 1.85 1.8 7 1.80 1.9~ 2.00 1o 'iJ6 
CARBON DIOXIDE 0.71 0.59 o.ao Oo83 '· 24 o.9d 1.00 
CARBON MONO:< IL.I£ 0.22 Oo24 0.20 Oo22 0.20 0.22 0.18 

TOTAL OTH,:::R GASES .J.09 3. 1'7 3e3b 3o25 3od1 .3.60 3.50 

w WATER (OY O.D(YGEN BALANCE) 4o79 
-...J 

5.34 5o 3d 4o29' 6.16 !:lodv 6.02 

DE8UTANIZER LIQUID 10.66 21 .46 19.34 1B.58 18.83 18. 2.3 1 C:l. 28 
PROCESS SOLVENT lbo80 11.52 13.41 10.25 9.75 to.so ~.06 

TOTAL C5i- DISTILLATE tt.7.46 32.98 32.75 2d.83 28.5(:1 2CI.79 27.34 

VTtl PYRIDINE SOLUAt3LES 2.9. 6 7 24.59 24.77 2':1.93 32.47 .JJ .41 36.50 
INSOLUABLE ORuANIC MAJTEf:: 7.56 6 o14 5.95 6.94 bo37 5.51 ·5. 0~ 
ASH 16.46 16.46 16.46 16.46 12.19 ·~·'"' 1 2· 19 

\IACUU1~ TOWER BOTTOMS 53.68 47o1B 4 7. 18 53.32 51.02 51. 12 5.J.75 

CHEMICAL H2 CONSUMPTION, uM:J/KG MOISTURE FREE COAL 
tiY HY D!<OGEI'> 1:3ALANCI::. 4:.32 471 465 40d 44b 445 4 1 1 

CONVERSIONS, WT% MF COAL 
HYOHOCRACKING ol.3 65.7 66.8 59.6 63.5 

b '· 2 57.2 
DESULFUR I ZAT ION 50.9 ·'b4.6 55.5 53.4 .:)tJ. 4 5u.9 57.7 
L>ENITROGENATION 2~.2 31.9 31. 1 26.0 24.7 25.1 22.9 
OXYGEN t<EMOIIAL 35.8 J8.7 40.0 33.1 50.0 46.2 47.6 
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RUN NUMHER PY<J-UAVG P99-42AVG P99-43AVG P99-44AVG P99-45AVG P~9-46AVG P99-47AV~ 

:OAS COMPOSlTIUNSo VUL~ 

REACTOH INLET GAS 
HYDROGEN 94.06 94.25 90.13 90.07 510.17 90 el3 dSie79 
METHANE 5.16 5.12 1;:1.79 ~.66 be60 8.57 d.98 
ETHANE o.75 0.61 0.98 1.12 1 e16 1.20 1. 14 
PROPANE o.oo o.oo o.oo ·0.01 o.oo o.o1 o.oo 
I-BUTANE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
N-BUTANE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
PENTANES o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
HYDROGEN SULFIDE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
CARoON 140NOX1Dt o.o3 o.o1 o.1 o 0.15 o.o7 0.09 o.oe 
CAROON OIOX IDE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 

REACTOR OUTLET GAS (BUTANES AND Ll<iHTEH C»olL y J 
HYDROGt:N 77.63 76.51 70.96 7le4d 71.80 70.71 72.1.10 
METHANE 11. 14 11.59 1e)e23 15.66 15.59 15.7d 15.36 
ETHANE 2.91 2.94 3.41:S 3e4<J 3.47 3.59 3.24 

w PROPANE 1e40 1.55 1.62 1.49 1 • .J 7 1. 41 1· 21 (X) 

I-BUTANE o.1o 0.11 0.12 0 ·11 o.o9 0.09 o.oa 
N-BUTANE o.su Oe62 0.64 0.59 Oe49 0.52 0.44 
HYORO\iEN SULFIDE: Oed7 o.ad 0.93 1e03 t.oo 1e04 0.99 
CAF<BON MONOXIDE Oe16 0.16 0.24 Oe31 0.20 0.24 0.21 
CARBON DIOXIDE ().27 0.23 0.33 0.35 o •. 49 0.39 0.3~ 

AMMONIA 0.45 Oe4SI o.st Oe45 Oe3d 0.42 0.36 
WATER 4o4'll 4.92 4e'J5 5.04 5.13 s.ao 5.72 

BLEED OFF GAS 
HYDRO <lEN dd.J~ ddo25 a:J.o1 8.3.46 d2.65 dJ.05 84.15 
METHANE 9.68 10. 01 13.<:.16 13.99 14.67 14.17 13.49 
ETHANE 1e4b 1 .25 ~.59 1ed5 2e01 2.00 1.75 
PROPANE 0.10 o.os o.os o.os 0.14 0.20 0.07 
I-BUTANE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
N-BUTANE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
PENTANES o.oo o.oo o.oo O.OO· o.oo. o.oo o.oo 
HYDROGEN SULFIDE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
CARBON MUNUXlDE 0.37 0.44 0.60 Oeb4 Oe52 o.stt o.s.J 
CARBON DIOXIDE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
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RUN NUMBER P':llJ-4lAVG PY<;I-4lAVG P99-43AVG P99-44AVG P99-45AVG PlJ'.I-46AVG P9<J-4 7AVG 

uAS C.OMPOSlTIONSo VOLX 

AMINE REACTIVATUR GAS 
HYDROGEN 17.97 . 15.5ti 12.4 7 10.4.3 Bo90 10.41 9.39 
METHANE 0.63 lod4 2o52 2ol0 lod9 1.76 1od7 
ETHANE o.o 7 Oo37 0.4 .j OoJ6 0.38 0.37 0.32 
PROPANE o.oo OoOl o.oo o.oo o.oo o.oo o.oo 
1-l:llJTANE o.oo o.oo o.oo 0 .oo o.oo o.oo o.oo 
N-BUTANE o.oo o.oo o.oo o.oo o.oo o.oo o.oo, 
PEI'tTANES o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
HYOROGt.N SULFlOE 60.17 5do26 57.91 60.58 51. <J3 5!:1.28 59.16 
CARBON MONOXIDE 0. 1 l o.os 0.04 0.03 o.o.J o.ot 0.02 
CARt:JON DIOXIDE 21.05 23.90 26.63 2bo49 30od7. 29 old 29.24 

NAPHTHA REACTIVATOR GAS 
HYDHOGtN 27.12 2do43 22.36 22.07 21.02 22.1d 23.35 
MeTHANE 22.1:11 24.44 29.59 27·od7 29.42. 2o.d9 :J0.14 
ETHANE 21.80 21.74 22.46" .22.53 23.85 23.50 22.46 

w PROPANE 1Uo56 17.0b 17.15 1d.20 l7od5 l '.6~ 16.27 1.0 
I-BUTANE 1o20 1o0b loOd 1ol9 lo09 1.03 0.99 
N-BUTANE 6.44 5obb 5o70 6o23 5.22 5.25. 4o90 
PENTANES , .• 71 lo39 1.47 1o67 lo40 1o2CI 1o.27 
HYDROGCN SULFlOE Oo"lb o.oo o.oo o.os o.oo o .• oo o.oo 
CMHWN MCJNOXIDt:. o.oo o.o1 o.o1 o.oo o.oo 0 o·O 1 o.qo 
CARBON Dl OX IDE 0.20 Oo22 Ool9 0. 1':1· 0.15 0.16 0 .• 60 

DEBUTANilER GAS 
HVOROGE.N 57.13 57.25 ~2.01 4c;,.35 .. &.2.;,i 47 .2d' 50.67 
METHANE:: 12.92 13.61 l do4 0 19.37 17o80 18.04 16.30 
ETHANE 7o55 7.51 8.57 9o5~ 9o7b to.os· 9o23 
PROPANE o.o7 8o37 8.35 do62 9o01 9o.39 7.93 
I-BUTANE Ood7 Ood4 Ood.J Ood3 Ood5 o.aa Oo74 
N-8UTANE 5o60 5o43 5ol7 4.93 4o':l8 5.38 4o5l 
PENTANES 2.63 2o31 2o23 2o05 2o2d 2o29 2.07 
HYDROGEN SULFIDE 5.19 ·4.59 4.~7 s.o·7 6 oJ..S· 6.13 boOS 
CA~BON MONOXIDE o.llo o.oo o.oo o.oo o.oo o.oo o.oo 
CARBON DIOXIDE 0.04 OoO':I OoOd 0.20 0.69 0.58 Oo49 
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COAL lNSPECTIUNS 

WUN NUMOEH P~.,-41AVG P'i.iCJ-42AVG P.,9-4.JAVG P9<;1-44JIVG P~!i-45AVG P99-4oAVG P9C:,-47AVG 

FEED COAL 
ELEMENTAL ANALYSIS (MOISTURE FR~Eo NOR114AL1ZED TO I OO~J 

CARUONo SEMI-1141 CROo WT~ 6·H.30 68.30 68 • .30 a~ • ..so 70.CJb 70o9b 70.90 
tfYDROGENo SEMI-NlCROo lilT X 4o94 ···94 4.94 4 •. '94 4.!.12 4o9Z 4 •. ~2 
NITROGENo Gd11o liT X 1eld 1e2U 1.zu 1.28 1o29 1o29 1.29 
SULFURo TOTALo CiRM1159o WTX 3ol8 3o1H 3.1~ .3 • .18 3o2U .3.20 3.20 

·SULFURo ORGANICo lilT~ Uob2 · Oo6<! 0.62 Oob2 1o65 lo65 lo65 
SULFURo P\'Rl fiCo WTX 2.4., 2.49 2.49 2o49 1o51 1o51 1o51 
SULt=URo SULFA TEo «TX 0~07 o.o7 o.o7 o .• o7 0.04 0.04 Oo04 

OXY;iENo GRII41117o lilT~ 1 .. S.b9 13.6!.1 13.69 13 .• 59 12.~/ 12.97 12.91 
OXYG~No ORGANICo lilT" s. 72 5.72 5.72 5.12 7.20 7.20 7.20 
UXYGENo INOF<~ANICo lilT" 7.97 7.97 7.1:11 'l' .·~7 5o7d Sold 5o7d 

MET ALSo BY SPEC ASHo WTX do6l dobl do61 :~.ot 6.67 6.67 6.67 

MINERAL MATTERo WT.l* 19.14 19.14 19.14 1 ~.!4 14.00 14.00 14.00 

MOlSTUREo 0271o WTX 0.95 Oo!.IS 0.95 0.95 Oodl Ood1 Ood1 
-'=' VOLATILE I\4ATTt;Ho WTX 34.40 34.40 ~4.40 34.40 .J8.00· 38.00 ..ldoOO 0 

ASHo 02 71 • lilT X lbe4b ·au. 46· 16.46 1et.~6 12.19 12.1'>1 12.a~ 

SULFURo WTX UF ASH 2.25 2o25 2.25 . 2.25 Oo7d Oo7d o.1a 
OXYGENe WTX OF ASH 45.40 45.40 45.40 45...40 44.~0 44.50 44.50 
ALUM I NUMo WTX OF ASH 15.0 as.o 15.0 15.0 15.0 15.0 ~~.o 

CALCIUMo WTX OF ASH 3.3 3.3 3.3 3.3 .9 .9 .9 
IRONo WTX OF ASH 10.0 10.0 a o. 0 J o.o 15.0 a5.o 15.0 
MA:.iNESIUMo WTX OF ASH 2.0 2.0 2.0 2.0 .a .d .a 
POTASSIUM, liT" OF ASH 1 • .3 1o3 a • ,j 1 .. .3 a.2 1.2 1.2 
SILlCON. WT%.QF ASH· 20.0 20.0 20.0 :o:o .. o 20.0 20.0 zo.o 
SliOIUMo WTX OF ASH .4 .4 •• ..4 .3 .3 .3 
TlTANIUMo WT" OF ASH a.o 1.0 1.0 1.0 .7 .7 .7 
TRACE MET ALSo WT~ OF ASH • a • a • 1 • 1 .4 .4 .4 

PARTICLE SIZE Ol~TRISUTJONo WTX 
ON 80 MESH .3 .3 .3 
THRU 80 ON 200 MESH 3.9 .:s.~ 3.9 3.51 35.6 .35.6 35.6 
THRU 200 ON 325 ~E;SH .20.6 20.6 20.6 ~0 .. :) a8o6 18.6 18o6 
TH~U 325 ON 625 ·lo!tSH 35.7 .35.7 :35.7" .:ss.·1 21.a 21.1 21.1 
THRU 625 MESH 39.6 .J~.~ .39. d. 39 .. .3 24.4 24.4 24.4 

• UY PARR•S EQUATION! MINERAL MATTER = a. oe X ASH ... o.ss X PYRITJC SULFUR 
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P~OOUCT INSPEtTJONS 

HUN NUMBeR. P99~41AVG P"..9-42AVG P':I9-43AV\.i P':il':ii-44AVG P99-45AVG P99-4oAV~ P~9-47AVG 

Of.BUTANIZER BGTTOMS 
GRAVITY, 0267o API 37,0 
ELEMENTAL ANALYSIS (NORMALilEU TO 100~) 

CA~tlUNo SEMI-MICRO, WT% 
HVDROGENo SEMl-MICRUo WT% 
NlTROGENo Gdllo WT% 
SULFUR, GRM115o, WT% 
OXYGENe GRM1117o WT~ 

VISCOSITYo KINo 0445, CS 
-35C 

oc 
IIIATERo G525, PPM 
HEAT OF COM~., 0240, OTU/L~ 
POU~ POINTo D97o C 
DISTILLATIONo 0d6o' C 

INITi'AL. BOlL.ING. POINT 

5 VOL " 
10 VOL X 
30 VOL % 
50 VOL X 
70 VOL X 
90 VOL ~ 

95 VOL ll: 
END POINT 

~ATER (INCLUDES FLU~H w~fER) 
TOTAL C~R~ONe PPM 

ORGANIC CARBON; PPM 
NITROGEN, ~811o ·wT~ 

SULFU~o GHN1156o WT% 

d4o27 
l1o91 
o.sd 
1).19 
.J.05 

2obl 
67o'3 

17877' 
-5.3 

59 
72 
91 

125 
148 
lo6· 
1139 
2·05 
231· 

22764 
19356· 

2.·.·3 7 

1.91 

84.70 
10.78 

Oo7d 
0 o14 
.J.bO 

10o3'.il 
2.92 
58~0 

17CJ99 
-53 

61 
75 

104 
to1 
1d7 

•20.6 
227 
243 
259 

<..i200 
·8821 
2.18 
1o93 

28.8 

84.54 
10.7~ 

Oo76 
o.3a 
3.53 

lo90 
6001 

17608 
-53 

b1 
71 

104 
1!)7 
ld~ 

207 
230 
243 
259 

132·30 
10575 

2o15 
2.00* 

27.8 

84.96 
10.84 

Oo77 
o.2o• 
3o2.J 

10.42 
3.24 
5622 

17144 
-53 

57 
13 

103 
159 
192 
215 
242 
257-
269 

13•800 
10833 

2o31 
2~53 

t34o30 
10.75 

Oo65 
0.24· 
4o07 

9.66 
3o06 
11so 

17846 
-53 

60. 
76 

91 
145 
.ldO 
2Q1 
223 
234 
260 

20.00IU 
14580 

1oo0 
1_.60$ 

* FOLLOWING AN tNTRY INDICATES THAT IT IS AN ESTIMATED VALUE 

2bo7 

~4 • .Jti 
10.57 

Oo.67-
0o3l 
4 ~ 10 

11o16 
3.35 
7860 

17761 
-53 

oo 
74 

- 9-1: 
16 i 
192 
211 
23ti 
25.ol. 
264. 

1.3440, 
10'J20 

1 .o3. 
1.97. 

26.0 

S4.oO 
10.54 

Oob7 
0.26 
3o92 

3.57 
8~o1 

17776 
,....:.)3 

6.1 
78 

10.1 
162· 

.1 <;1.4 
215 
2.3.6 
254 
.276 

l24o7 
10400 

1o 38 
lob 1 
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PRODUCT INSPECTIONS 

f<uN NUMBI:OR P9'J-41 AVG P99-42AVG P9S.-4.3.1\VG P'J9-44AVG P9'ioi-45AVG P'J'.:I-46AVG P9Si-4 7AVG 

PROCESS SOLVENT 
GRAVITY. i)2ts7o API 11o5 do.J do6 9.0 7od 7. 7 a.3 
ELeMENTAL ANALYSIS ( ~ORI-tAL lLED TIJ 1011:0 

CARt:JONo SEMI-MICROo oiiiT" 87.09 86.22 u6o10 87.79 88.07 d7o67 87.64 
HYDROGENo SEMI-MI C•=<U o lilT" 9.02 Oo69 do71 dod6 a.5o do46 8oo0 
NITROGEN • G811o wT~ 1.01 1 .o·7 1 o06 1.05 1o03 Oo99 0.97 
SULFURo I.Ji-{M1156o iH:4 0.16 0.22 Oo33 o • .Jo• Oe26 Oo41 o.J.;; 
OXYGENo GRMl 11 7 o IHX 2.71 lodl 1 .t:so 2.00 2.13 2o4 7 2.39 

V 1 SCOS ITY o Kl N. 0445,. cs 
25 c 11.03 l<Jo4d 19.63 17.87 1 ~.82 15.96 17.46 
50 c 4.54 6od0 6otl5 6.42 6_.a..J 5.ao 6o2.J 

100 c 1.62 2o09 2.12 2.02 2o09 1o90 lo96 
WATER o Ci525o PPM 759 479 570 623 1078 560 3dd 
HEAT OF CUMI:3o • 0240. BTU/LC. 17503 1 7460 17557 17502 17425 17385 
POUR POINTe 097. c -37 -17 -15 -15 -15 -2..J -15 
DISTILLATILNo CUSHMA;" • c 

CORHECTEO TO 760 MM liG USING KlO FACTOR 
..j:::. INITIAL jjQILING POINT 199 231 226 196 229 164 200 
N 

VOL ~26 255 2!)4 246 259 241 246 10 X 
20 ·VOL X 235 270 277 260 270 2!;,9 262 
30 VOL X 244 282 290 275 2d2 274 27d 
40 VOL X 255 296 303 292 ~94 290 290 
50 VOL X 269 .312 . .H5 .310 30d 307 303 
60 VOL ~ 295 331 329 323 .327 321 3ld 

70 VOL X 317 351 350 344 344 .J.J'J 3.38 

80 VOL ~ 343 375 37.3 369 .371 :;63 362 
90 VOL ~ 379 411 ~u 400 40..j 404 410 
ENO POINT '473 470 468 47d 457 447 437 

* FOLLOiV lNG AN :EI'ITRY INOICo\TES THAT 1T IS AN EST! t-IATED VALUE 
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PRODUCT INSPECTIONS 

RUN NUMBER P~9-41AVG P99-42AVG P~9-43AVG P,9-44AVG P99-45AVG P99-46AVG P99-47AVG 

VACUUM TOWER ~UTTOMS 
SPECIFIC ~RA~ITYo 070, G/CC lo45 
ELEMENTAL ANALYSIS (NO~MALIZED TO lOOX) 

CAR~CNo SEMI-MICRO, WT4 
HYORO~ENo SEMI-MICRO, ~T% 

NITROGEN, GHllo wT~ 

SULFUR, TOTALo D1552o WT~ 
SULFUR. SULFIDE, WT% 
SULFUR, PYRITIC, WT% 

OXY~ENt GRM1117o WTX 
METALSt wT% 

ASHt GS99t WT~ 

SULFURo WTX OF A~H 

OXYGENt WTX OF ASH 
METALS~ WTX OF ASH (~Y OJFF) 

PYHIDI~E lNSOLUA~LESo ~TX 

MELTIN~ POINTt G89do C 
HEAT u= COMdoo 0240, UTU/LB 
CONCARdON RSDo ~1d9, wT% 
DISTILLATIONo CUSHMANo C 

61.~8 

3od9 
lo26 
2o79 
2o60 

14o62 
1bol6 

30.87 
2·.25* 

45.40* 
52.35 

44.5 
109 

11174 
74.7 

CONVERTED TO 760 MM H~ USIN~ KlO FACTOR 
INITIAL ~OILING POINT 363 
INTtRME~lATE ~OILING POINT 
END !POINT 
OVER AT INTERMED OPt ~TX 

RESIDUE. WTX 

46d 

90.4 

lo56 

5do'J5 
3o5H 
lo20 
2o91 

Oo44 
1!:>.46 
17.90 

34o19 
2o25$ 

45.40* 
52.35 

47o3 
1 ..i2 

10690 
7o.7 

397 

462 

94.5 

1.51 

59.56 
JobS 
lo22 
2. 72 
2o25 
Oo61 

15oltJ 
1 7 ob tJ 

33.77 
2.25* 

45.40* 
52.35 

46.7 
1.31 

10707 
77.1 

406 

474 

92.1 

1o4d 

60.86 
3.76 
lo27 
2o61 

Oo45 
15.34* 
lbo15 

30.85 
2o25* 

45.40* 
52.35 

. 43.5 
127 

11172 
73.4 

397 

456 

1o45 

68.6\11 
4o03 
1.;42 
2o44 
Oo54 
0.16 

1 o.50* 
12.92 

2.Job0 
0.70* 

44.50* 
54.72 

36.0 
140 

11857 
73 •. , 

3<;12 
461 
516 
5.6 

d5~li 

* FOLLOWING AN ENTRY IN~ICAT~S THAT lT IS AN ESTIMATED VALUE 

1o4fi 

67.90 
3.98 
1. 4 3 
2.37 
1o74 
Oo17 

11.5.3 
12.72 

2~.24 

0. 7d* 
44.50* 
54.72 

34.2 
143 

1234d 
7~.2 

393 
451 
4':110 
s.a 

89.6 

lo43 

69o55 
4o04 
1. 45 
2o36 
1o 21 
0 .• 40 

10odl 
11.79 

21.55 
o.7o* 

44.50* 
54.72 

31o5 
136 

12o67 
69.9 

396 

467 

91.5 
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IN THE F OLL U 1111 NG DATA, DISTILLATE Ylt::LDS HAVE til:: tON ADJUSTED TO THE BOILING RANGES INOICATE::> 

RUN NUMdER P·:.J9-4lAVG P99-42AVG P99-43AVG P'i/9-44AVG P9!11-45AVG P99-4bAVu P':.I'J-4 7AVG 

Ylf.LDSt wT~ MOISTURE IF REt COAL 

HYDROGEN (BY H 6ALANCC: J -3.69 -4.02 -::S.9b -.J .• 48 -3.80 -J.dO -3.51 

METHANE 5.07 Oo25 s.:n 4.84 5.32 5o32 4.82 
ETHANE 3o6d 3.~6 3od4 3.49 3.69 3.74 3.36 
PROPANE .lo66 3o91 3.87 .3.45 3o41 3.51 3.04 
1-BuTANE 0.25 Oo25 0.22 0.19 0.17 0.2.2 0.20 
N-BUTANE 2. 0 1 2.09 2.06 loBI 1.63 lo70 •• 48 

TOTAL Cl TO C4 14.66 15.35 15.30 13.79 .14. 22 14o49 12.91) 

AMMONIA (13Y N UALAN:E:J Oo44 o.so :lo48 0. 41 0.39 OoJ!>I Oo36 
HYDROGEN SULFIO:::: ' i:lll' s BAL) 1o72 .lo85 1 od7 &.ao lo99 2.00 •• 9b 
CARBON DIUX I DiE o. /1 0.59 :>.eo o.aJ 1.24 o •. 9d loOO 
CARBON MONOXIDE Oo22 Oo24 J.20 0.22 0.20 Oo22 o.'1a 

TOTAL OTHER GASES 3.0<; 3.17 3.36 3.25 J.I:H ·3.60 .:s.50 

.J::a lliATt:R (BY UXYGEN I:JALANC:: J 4.79 5o34 5o 3d 4 .• 29 6o16 5o dO 6.02 

.J::a 

C5 - 193 c (C5 - 38ol F) tlo73 9.44 8.72 7 .. 62 10.00 7.99 7. 48 
19J - 2Ud c ( JSO - 550 ·=, 1 1 • 64 15.70 14.26 14.29 12.00 13.86 13.48 
286 - 462 c (550 - ... oo .=, 12ob9 11.13 13.91 11.99 11.02 llo6S 11.81 

TOTAL C5+ OISTILLA.TL* 33.26 36.28 36.90 33o<j0 33.02 33.49 .:S2o7l 

482 c-• (900 FH PYR~DJNI.O SOLo ~3.67 21.28 20,62 24.86 28.03 28.71 31.07 
lNSOLUAtiLE OR,:>AN I C 1':1ATTE~ 7.56 b. 14 5oY5 6 •. 94 6.37 5.51 5.05 
ASH 16.46 16.46 to,4b 16.46 12.19 12.1~ 12.19 

TOTAL 402 C+ (900 F+) PI~OD 47ob8 43.88 43 •. 03 48.26 46.58 4bo42 4do:J2 

* THE OUANTITY UF DISTILLATE SHOWN ~AY NOT BE ~ECOVERABLE COMMERCIALLY, IF THE TOTAL 
4H2 C+ (~OC F+• PRODUCT 15 NDT FLUID ENOUGH TO ~E EASILY ~EMOIIED FROM THE VACUUM COLUMN 
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lN HIE FOLLUWlNG DATAo PlSTILLATt;; YIELOS HAVE B~EN AD.JUSTEU TO HiE BOlLIN(; RANGES INOICATEQ 

RUN NUMI:IER p~g-41A~G P~9-42AV~ P99-43AVG P~Y-4~AVG P99-45AVG P~9-46AVG pgg-47AV~ 

YIELDS. IVT~ MOISTURE ANI.) ASH FREE COAL 

HYURCGEN (BY H BALANCE) -4.41 -4.131 -4.74 -4. 16 -4.33 -4.33 -.3.'il9 

METHANE 6.06 6.28 6.35 s.so 6.06 6.06 5o49 
ETHANE 4o40 4.62 4 .• 59 4. 11:1 4o20 4o26 3.82 
PkOPANE 4.31:1 4.67 4.63 4.12 3od~ 3.99 3.46 
I-13UTANE Oo2Y <>.30 0.26 0.23 0.20 Oe25 0.23 
N-t3UT ANE 2o41 2.::>0 2.4 7 2 ••. , 1. 05 1e94 1.69 

TOTAL Cl TO C4 17.55 11!o3d 1d.3l 16.50 16.20 16.51 14.69 

AMMONIA r(8Y N BALANCE) 0.53 0 •. 60 o.sa 0.49 0.44 0.45 0.41 
HYDI'!OGEN SULFIDE (BY s BAL) 2.06 2.21 2.24 2o1b 2a26 2.2ti 2o23 
CARBON DlUXIi.>E o.ss o. 70 o.s.6 0.99 1.42 lol2 1o 14 
CAR BUN MUNOXlDt::: 0.27 0.29 0.24 0.26 0.22 0.26 0.20 

TOTAL -OTHER GASt:S .3. 70 3 •. 80 4.03 3.89 4o34 4.10 3.99 

~ WATER (BY uXYGEN 13ALANCC:) 5.73 6.39 6.43 5.f3 7._02 6·.60 6.1:15 
U1 

cs - 193 c ( cs - :wo F) 10.45 11.30 10.44 9.12 11 • .39 9·.09 8.52 
1<:i3 - 2tid c (3tl0 - 550 F) 14o17 1d.d0 17 .• 07 17.10 13.67 15.78 15o.J5 
2tlti - 4 tl2 c (550 - 900 F) 15.18 13.33 16.65 14.36 12.55 13.27 13.45 

TOTAL C5-t lHSTILLATE::* .J9.ti1 43.42 44.17 40o5d 37. b1 38.14 37.32 

4 tl2 C-t (900 F-t) PYRiulNE SOL. 2tlo57 25.4d 24o6d 29.76 31.92 32.10 35.39 
INSULUAI:ILE uRGANIC MATTER 9.04 7.35 7.13 8 • .30 7.25 Oo2d 5.76 

TOTAL 402 C+ OR;.;ANIC. PROD 37.62 32otl2 J&.oo 3d.06 39.17 31:1.98 41 .14 

• THE QUANTITY OF DISTILLATE SHOWN MAY NOT BE RECOVERAuLE COMMEf.IClALLYo IF THE TOTAL 
48::! C+ (900 f+) PRODUCT IS NOT FLUID ENOUGH TO OE t::ASILY Rf:.MUVt:U FROM THE VACUUM COLUMN 

') 
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10-25-79 PAGE 1 

SRC-11 RUN DATA, MATERIAL BALANCES, AND PRODUCT P~UPERTIES 

RUN NUMBER P99-41-3 P99_;.41-4 P99-41-5 P99-41-6 PY'>I-41-7 P9':1-41-d P99-41-9 

DATE (SliART OF PERIDOt 9-3-78 !:1-4-78 9-5-78 9-6-78 9-7-78 9-8-78 9-9-76 
TIME & DATE CODE (START & .0815 2468 0815 2478 0815 2488 0815 2496 0815 2508 0815 2518 0815 2528 

END OF PE.RIOOt llU5 2478 0415 248d 0415 2498 0415 2508 0415 2518 0415 2528 0415 ~538 
RUN HOURS INCLUDED IN PERlOO 158-1'77 182-201 206-225 2J0-249 254-273 278-297 302-321 

COAL CHARGE ROB RUN ROB RUN ROB RUN ROD RUN ROB RUN ROB RUN ROtJ RUN 
LR-25447 LR-2544 7 LR-25447 LR-25447 LR-25447 LR-2544 7 LR-2544 7 

OPERAT I r~G CONDITIONS 

RECYCLE SLURRY/MF COAL RATIO 2o43 2o37 2.37 2.41 2.41 2.40 2.41 
OIL TO SOLIDS RATIO 1.27 1.19 1.22 1. 24 l.ta 1. 1 7 1. 14 
SLURRY COMPOSITION, WTX 

COAL U10 IS i'UR E FREE ) 29.2 29.7 29.7 29.4 29.4 29.4 29.3 
~ DISTILLATE .J6.5 34.7 36.8 40.4 34.9 33.9 32.6 "'-1 

482 C+ ( 900 F+) PYRIDINE SOL. 19.4 19 • .5 1ti.1 14.9 19.2 20.0 20.7 
PYRIDINE II-4SOLUABLES 14o'il 16.1 15.4 15.3 16.5 16.7 17.5 

TOTAL Rl( PRESSURE, MPA 13.80 13.80 13.7!:1 13.79 13.77 1~.81 1:s.ao 
PRESS II( XH2 IN INLET GAS·o MPA 13.00 13.01 12.94 12.93 12.9ti 12.96 13.00 
OUTLET H2 PARTIAL PRESS, MPA 9.85 9o85 9o85 9.85 9o85 9.85 9.85 

DISSOLVER TEMPERATURES o c 
ZONE 4 t To,=» t 458 458 457 457 457 457 457 
LONE 3 456 456 456 456 456 456 456 
ZONE 2 455 455 455 455 455 454 455 
ZONE 1 ( BTM t 453 453 452 452 452 452 452 

AVERAGE 456 455 455 455 455 455 '455 
PREHEATER OUTLET 3d7 389 391 3d9 387 387 3138 

NOMINAL SLU~RY RESo TIMEo HR 1.00 1.oo 1.00 0.99 0.99 0,99 o. 99. 
WHSVo KG/HR/OM3 

SLURRY 1o20 1.20 1. 1 !:1 1 • 21 1.21 1.21 1.22 
COAL (MOISTURE FREEt 0.35 o.J6 o.J5 0.36 o.J6 Oo36 0.36 

OISSOL\IER GAS 
OM3/KG. SLURRY 455 459 467 467 468 456 . 461 
01<43/KG MF FEED. COAL 1560 1547 157.J 1591 1593 1552 1572· 
HYUROGEN CONTENT, VOL% 94.2 94.3 93.9 93.8 94.2 93.9 94.2 

FLUSH H20o % OF PRODUCT H20 306.0 269.2 153 •. , 146.6 167.4 205.9 180.7 



PA~E 2 

THE FOL.l.OWI NG WEIGHT BALANCE AND HYiJROGEN CONSUMPTION OAT A lliERE CALCULATEO FROt4 MEASURED UN!T DATA 

RUN NUMBEF< P99-41-3 P99-4l-4 P9<J-41-5 P99-4l-6 P9i#-4l-7 P99-41-8 P99-4l-9 

WATER IN THE !=EED COAL ASSUMED 
LOST FROM FtED TANS:., " lOOoO 1 oo·. o 100.0 llOOoO 100.0 lOOoO I 00 ,O 

WEIGHT BALANCEo 0.11. WT% 94o 1 94o4 j 9·7, 3 YBol 96o5 97.a 98o0 

THE FOLILOWING DATA THROUGH AND INCLUDIN\i ELEMENTAL BALM; CES HAVE BEEN CORRECTED TO A 100% iiiiT BALANCE 

YlELDSo WT" FEED COAL 

HYORUGt:N -3.12 -3.59 ·-.3.57 -.3.58 -3.62 -.3.58 -3.53 

METHAHE 4o94 4o83 Sell 5 ol 7 5 ol 7 5.12 4o98 
ETHANE 3o52 .Jo50 3.74 3o76 3o74 3o73 3o64 
PROPANE 3.55 .:3o53 3o6d 3o67 3o69 3o78 3o62 
I -"'UT J!oNE Oo23 Oo25 o.z 7 ilo27 Oo25 Oo24 0.21 

~ N-I::IUTANE lo99 2o02 2.01 lo 95 2.01 2o04 lo94 00 
TOTAL Cl TO C4 14.23 14 ol3 14o81 lihi:H 14.92 14.90 14o.J9 

AMMUN[A 0.49 Oo47 Oo41 Jo46 Oo45 Oo44 0.43 
HYDROGEN SULFIDE. 2o10 2ol1 lo75 lo61 1.67 lo68 1o63 
CARBON DIOXIDE 0.73 o. 71 Oo65 ;J o69 Oo70 0.70 Oo70 
CARBOJIO MONOXIDE 0.25 Oo26 0.17 o). 21 Oo21 Oo20 0.25 

TOTAL OTHER GASES 3o58 3o56 2.97 2.~7 3o03 3o02 3oUO 

WATER 5o14 5o01 5o22 4o53 4o!H .4.80 4o65 

DEBUTANIZER LIQUID 8.72 9.57 9.08 ~.35 Bo02 12o12 l 7ol8 
PROCESS SOLVENT l!»od8 15o43 17.66 l9ol8 22.03 l5o06 1 o. 92 

TOTA._ C5+ DISTILLATE 25ob0 25o00 26.75 28.53 30.05 27.18 2Bo0'J 

VACUUM TOWER DOT TOMS 55.17 55.89 53.82 52.74 50.71 53.68 53o40 

CHEMICAL· H2 CUNSUMPT10N BY UNIT GAS l:JALANCE 
DM3/KG FEED COAL 436 421 419 420 425 420 414 

CONVERSIONS. WT" FEED COAL 
HYDROCRACKING 59o6 sa.5 60.2 63.4 65.4 62.4 61.9 
DESULFURIZATION 46o4 48.2 5lol 4-•6. 2 sa.~ 52o8 53otJ 
i>ENITRDGENATION 28od 25od 29•1 28.0 29.7 29o9 28o3 
OXYGEN REMOVAL 37o9 40o9 34.6 36.7 37.3 32o1 35.9 
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f<UN NUMOER P<:JY-41-3 PY9-41-4 P99-4l-5 P9Y-41-6 P'.N-•H-7 PY'>l-41-U P'I<J-41-9 

:>AS RATES, DM3/KG FEED COAL 

DISSOLVER lNLET GAS 1133. u 1094.6 1059.5 1040.0 1064.1 1044.9 1049.0 
TOTAL QUENCH . GAS 523.1 545.3 557.9 582.0 5d6.7 542ed 554.6 

TOTAL DISSOLVER GAS 1656.9 1639.9 1617.4 1622.0 1o~o.u 15d7.7 1603.6 

MAKEUP GAS TO DISSOLVE.R 591>·6 587.7 560.4 53u.u !;)3'1.4 509.b 55~.3 

MAKEUP GAS TO SEPe SPARGE 90.3 d4.0 'iJ1.2 117.4 130.5 144.3 107.5 
MAKEUP GAS TO INSTRUMENT TAPS 278.7 272.2 266.1 262.9 267.2 26.J.4 <!63.0 

TOTAL MA!<.EUP GAS .;159.6 94.3.9 Y23e7 91'ile1 '>137.1 917.3 925.'1 

Dl SSOLVER OUTLET ;;AS 1370·6 13b7e3 1350 • ., 1354.8 1360.0 1321.4 1.3.3ts.6 
GAS LEAVING SCRUBBERS 1753.7 1723.6 1749.J 1826.9 1U'I8e2 l8\ol0.2 176'lle6 
SEPAP.ATOR SPARGE GAS 25.3.5. 234.4 280e6 353.4 3'#9.!;:; 449.5 310.6 

~ 
1.0 

PRODUCT GASES 
BLEED OFF GAS 51Ye3 516.4 499.5 498.5 508.7 496.0 509.7 
DtOUTANLZER GAS .55.7 54.4 53.2 52.6 53.4 tii!..7 52.6 
AMINE REACTIVATUR GAS 14·2 13.9 l1e'l 10.7 11.2 11. I 11e1 
NAPTHA HEACTI VATUR GAS '19.2 U2.0 63.2 d0.9 63eY 60.4 78.9 
CHROMATO.:iRAPH ULEEO ~AS o.o 4.6 9.5 '..1.2 9.1 ded de6 

tLEMENT ~L 11ALANCt:S 

WATER IN THE FEED COAL 1\SSUMEO 
LOST FROM FEED TANKe :l 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C.ARBONo 0/1 0.99 0.99 Oe9<J 1e00 1.01 Oe'IY 1.00 
HYDROGEN, U/1 Oe97 0.99 1e0l 1e02 le03 1e0l 1.03 
NITROGEN, 0/1 •• 03 1.05 0.97 le01 0.99 o.<Jd o.<J9 
SULFUR, 01' l lel6 1. 14 I. 00 1.1)1 OeY1 Oe<J7 Oe\14 
OXY'GENo 0.1'1 leOl 0.97 1e04 Oe9U leOO 1.04 o.Y9 
METALS, 0"1 •• 07 1.01 1.01 Oe9d 0.95 o.Y\1 1.02 
ASH, 0/1 le07 1.07 le 0 I OeYU. o.Ys o.yy •• 02 
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THE FOLLOWING DAr A w::~E BALANCED FJR CARBON:, HYDROGEN, SULFUR, NITROGENe OXYGEN, AND METALS 

RUN NU .. IBER P99-U-3 P99-41-4 P99-41-S P!I<J-41-6 P~CJ-41-7 P99-41-d P99-41-9 

Y IELDSt WT" MOISTURE FREE COAL 

HYDRUGC:'N (BY H BAL~NCEJ -3.46 -Jo56 -3.66 -3.72 -3.al -3.67 -3.85 

METHANE 5o01 4od7 5o16 5.1~ 5o12 5ol6 4o99 
ETHANE 3.57 3o53 3o76 3.7~ 3o71 3.75 3o65 
PROPANE 3o61 3o56 3o71 3o65 3.66 3o80 3o63 
I-BUTANE Oo23 Oo25 Oo27 Oo27 0.25 Oo24 Oo21 
N-BUTANE 2o02 2o04 2o03 •• ~4 2o05 2.0.6 1· 95 

TOTAL C1 TeO C4 14.44 14.25 l4o96 14.74 l4od0 15o01 14o42 

AMMONIA (ttY I~ SALAroiCE) Oo43 Oo39 Oo44 Oo44 Oo47 Uo46 Uo44 
HYDROGEN SULFI~E ( HY s BAL) lo54 1o61 lo71 lo57 2.00 lo11 1od2 
CARBON OIUXIDE Oo74 Oo72 Oo66 Oo68 Oo69 Oo70 Oo10 

<..n CARBON MONOXIDE Oo25 Ool1 Oo17 Oo21 0.21 o.zo Oo25 0 
TOTAL OTHER GASES 2o97 2o99 2o98 2o90 3.31 3o14 3o20 

WATER (OY OXYGEN BALANCE) 4o85 5o38 4o51 4o94 5o04 4o08 4o '71 

DE BUT ANI ZER LIV.UID a. as 9o66 9.17 .... 31 7.96 12o21 1 7. 22 
PROCESS SDLVENl' 17o12 15o57 170.83 l9ol0 21o85 15.17 10.94 

TOTAL CS+ DI5TILLATE 25o97 25o22 21.00 28.41 29o81 27.38 28ol6 

VTB PYRIDINE SOLUABLES 31o81 31.62 26o40 ·26.68 2 7.9'7 2<Jo20 30.45 
lNSOLUABLE ORG~NIC MAT7"ER 6.95 7o63 9o34 7o60 6o38 8o41 6o44 
ASH 16o46 16o46 16.46 16.46' 16.46 16.46 16o46 

VACUUM TOWlER BOTTOMS 55o22 55.71 54.20 52.73 5o.ao 54.06 53o35 

CHEMICAL H2 COI'ISUMPTJONt OM31'KG MLJJSTUHE FREE COAL 
BY HYDROGEN BALANCE 405 418 430 437 447 430 451 

CONVERSIONS, WT~ ·MF COAL 
HYDROCRACKING 59o0 58o2 59.8 63.5 6So7 62ol 6lo8 
DESULFURIZATION 45o7 47o7 ·so. 1 46o4 59.2 52o5 53.7 
OENI TROGENAT I ON 27o8 25o2 28o4 28o.l 30o2 29.4 .2Bo2 
OXYGEN REMOVAL 36.5 .:s9.a 33o5 36.6 37.2 3lo I 35.3 
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P~9-4-l-4 PSI':.I-41-5 P9'i/-41-i 
,_ 

r-UN NUMBt.R P'>IY-41-::J P~':.l-41-6 fl99-41-d P9Y-41-9 

GAS COMPOSITIUNSo VOLX .. 

REACTOR INLET GAS 
HYDROGEN 94.22 94.2~ 93 •. 66 93.79 94.20 93.91 94.1b 
METHANE 5o02 -4.95 5 .• 33_ 5.41 5.07 5.26 s· •. o6 
ETHANE 0.73 0.72 o.7o Oold 0.72 o.uo Oo76 
PROPANE .o.oo o.o1 o.oo o.oo o.oo 0 .o 1· o.oo 
l-BUTANE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
N-I:JUTANE o.oo o.oo o.oo o.oo u • ..>o o.oo o.oo 
PEN.TANES o.oo o.oo ·o.oo o.oo _o.oo o.oo o.oo 
HYDROGEN SULFIDE o_.oo o.oo o.oo o.oo o.oo o.oo o.oo 
CARBON MONOXIDE 0.()4 o.o7 o.oo 0.02 o.uo 0. 0 \) o.ot ' CARBON DIOXIDE o.oo o.oo o.oo o.oo u.oo o.ou o.oo 

<.T.I· REACTOR OUTLET GAS (BUT 1\NES AND L l _,HTER ONLY) .-....... HYDROGEN 77.77 7d.07 77o1.J 77.52 71o'l2 77.02 7'7.92 
·METHANE to. d2 10.61 11.37 11.57 11.07 1 1 -.51 lloO!:J 

ETHANE 2o7d 2.76 2.96 2.9Y 2.'s~ 3.06 2~94 
·PROPANE 1.34 1.34 1.40 1.41 1. 39 lo49 lo42 

[-BUTANE 0. 10 o.to o.to 0. I 0 0.10 0.11 o·. 1 o 
N-BUTANE. 0 ··57 0.57 o.sa .0 .56 0.59 u .6i) (.).57 
HYDROGEN SULFIDE .1. 01 1.02 o.es .0~79 o.ao 0~84 o.eo 
CARUON MUNOXIL>E 0 ol9 0.24 o.ts o.ts 0.12 o·.l ~ o.t6 
CAR !:JON DIOXIDE 0.27 0.27 0.25 0.26 o.~u o .2·1 0.21 
AMMONIA 0.48 Oo46 0.40 .0.45 0.43 0.44 Oo42 
WATER 4 .b., 4o57 4o8l 4ol'l 4.44 4o'54 4o35 

tiLE ED OFF GAS 
HYDROGEN UI:Jo6~ ddoY7 08.44 d7.91:J d8.3 7 87.95 ddo36 
METHANE 9.40 9.15 9.71:3 HJ.Od 9. '7d 9.96 9o60 
ETHANE 1.44 1 • .36 1.44 lo51 1.43 1.:::»6 1. 51 
PROPANE 0.12 0.09 0.06 o.od 0.01 0.1 ~ Oo12 
I-BUTANE o.oo o.oo o.oo o.oll o.oo o.oo o.oo 
N..;.BUTANE o.oo o.oo o.oo o.oo o.~>o o.oo \loOO 
PEN'r ANES o.oo o.oo o.oo o.oo o.oo o.oo o.uo 
HYDROGEN SULFIDE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
CARBON MONOXIDE 0.40 Oo43 o. 2d 0.35 Oo34 0 • .34 Oe4l 
CARBUN DIOXIDE o.oo o.oo o.oo o.oo 0.\lO o.oo o.-oo 



PAuE 6 

RUN NUMOER P~':I-41-J P'>IY-41-4 P9':1-41- 5 P9<;1-41-6 P99-41-7 PYY-41-tt P9·i-41-Y 

GAS COMPOSITIONS, VOL" 

AM I NE REACT.lVATOR GAS 
HYORUGCON 15.19 15.24 !6.59 lld.39 20.25 I Sle33 20.79 
METHANE Oe 4Y 0.48 0.61 0.79 Oe7l 0.84 o.51 
ETHANE o.oo o.o6 o.ud o. 05 o.os Oe06 Oe10 
PROPANE o.oo o.oo o.oo 0 .oo. o.oo o.oo o.oo 
I-BUTANE o.oo o.oo o.oo o. o o· o.oo o.oo o.oo 
N-BUTANE o.ao o.oo o.oo o.oo o.oo o.oo o.oo 
PENTANES o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
HYDROGEN SULFIDE 66.58 66.59 61.26 57.65 ~6.54 ~6.95 55.63 
CARBON MONOXIDE 0.09 Oell o.o 7 ·0. 16 Oe1l 0.17 0.07 
CAJ.WON DIOXIDE 17.60 17.52 21.J9 Z2e96 22.34 22.66 22.8Y 

U1 NAPHTHA REACTIVATOJ.; GAS N 
HYDROGEN 27.36 27.40 26.56 26.72 27.2Y 26.76 27.71 
METHANE 21.77 21.76 .23. 31 2.J .42 23.45 23.27 22.66 
ETHANE 21.29 21.42 22. 1 .7 22.25 2leYO 21 e7d 21.7d 
PROPANC Hled3 11:1 •. 76 &8.4'} 18.42 18.21 11:1.62 18.51:1 
I-BUTANE 1.23 le23 1 .1 7 1. 11:1 1 • I 7 1.22 a. 19 
N-t:iU·TANE 6.':14 6.92 6e25 &.13 6.12 6.43 6.29 
PENTANES 1. 92 le96 1.65 lebO 1.60 ·1e6Y 1.56 
HYDROGEN SULF ll>E Oe43 Lle34 Oe1d o.oo OeU4 o.o2 o. 0 l 
CAROUN MUNOX IDE 0. 0 l o.oa o.o1 J .oo· o.oo o.oo o.oo 
CARBON DIOXIDE 0.21 0.21 0.21 :>.21 0.21 0.19 0.18 

DEElUTANIZER GAS 
HYDROGEN 61.1:10 64.18 56.54 5·~ .61 54.93 52.69 55.19 
METHANE 12.6 3 11.70 :13.24 1.3. 18 12.80 13.81:1 1 3. 0 I 
ETHANE 6.75 6e00 7.67 .:J.20 7.74 de4 7 t'leOI 
PROPANE 7.01 6e23 0.12 .:J.d7 a.5o 9.01 8.73 
.I-BUTANE 0.74 0.73 Oe86 0.91 o.9o 0.95 0.91 
N-BUTANE 4e0l 4.7~ 5e68 5.76 6.2d 6el3 5.71:1 
PENTANES 2.36 2e37 2.69 2..10 2ed5 2e81 2.60 
HYDROGEN SULFIDE 3ed9 4.00 5. 18 s. fb 5edY be92 5.71 
CAR~ON MONOXIUE o.oo o.-oo o.oo o.oo o.oo o.oo o.oo 
CARBON DIOXIDE o.oo o.oo 0.02 0.04 o.os 0.15 o.o6 
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COAL INSPECTIONS 

~UN NUMBER P9':1-41-3 P99-41-4 P9'>1-41-5 P9~-41-6 P9'>i-41-7 f"9·J-41-d P~\1-41-9 

FEEO COAL 
ELEMENTAL ANALYSIS (MOISTURE FR~E t NORMALIZED TO 100%) 

CARtlON, SEMI-M 1 CllO, · Wll X 6do30 6do30 68.30 6do30 68o.JO 6do30 68.30 
HYDROGEN, SEMI-MICRO, WT:II: 4o94 4o94 4o94 4o94 4.94 4oY4 4.94 
NITROGEN, G81lo WT% 1.·28 1o28 lo28 lo28 lo28 lo2d lo 28 
SULFUR, TOTAL, GRM115':1t WT" 3 old :Jol8 3.18 3old 3o18 3.18 3o1d 

SULFUR, ORGAN I Co WT~ 0.62 Oo6·2 Oob2 Oo62 Oo62 Oob2 Oot>2 
SULFUR, PYRITICt WT;t; 2o49 2o4'!J 2o49 2.49 2o49 2.49 2o49 
SULFURo SULFATE, WT~ Oo07 0.07 Oo07 o.o7 o.o1 o.o7 o.o7 

OXYGEN, GHM1'117o WT" l3o69 13o6Y 13obY 13.69 13.69 13.69 1.3.69 
OXYGE"• ORGANIC, wn: 5.72 5. 72 5.72 5o 12 s. '12 5o72 So12 
OXV'GEJ'\Io INORGANIC, IHX 7 o97 7.97 1o91 1o':J1 7.97 1.91 7. 91 

METALS, BY SPEC ASH, WT% Uo61 6ob1 Uo61 6.61 u.61 Uo61 a.u1 
U1 
w 

MINERAL MATTERo WT%* 19.14 1':1.14 19.14 19ol4 19.14 1Y.14 19.14 

MOISTURE, 027lo W T% Oo95 Oo95 Oo95 Oo95 0.95 0.95 Oo95 
VOLATILE NATTER, WT" 34.40 34o40 34.40 34o40 34.40 34.40 34.40 
ASH, 0271. WT" 16.46 16.46 16.46 16.46 16.46 16.46 l6o46 

SULFUR, WTX OF ASH 2.25 2o25 2o25 2.25 2o25 2o25 2o25 
OXY~ENo WTX OF ASH 45.40 45o40 45o40 45.40 45o40 45.40 45.40 
ALUMINUNo WT" OF ASH 15.0 l5o0 15.0 15.0 15.0 15.0 15.0 
CALCIUM, WTX OF ASH 3o3 3.3 3.3 3o3 3.3 3 • .3 3.3 
IRONo 'tJTX OF ASH 10.0 10.0 .10.0 10.0 10o0 10.0 10.0 
MAGNESIUM, WTX OF ASH z.o 2o0 2.0 2.0 2.0 2.0 2.0 
POTASSIUM, WTX OF ASH 1. 3 1o3 l. 3 1.3 1. 3 •• 3 lo3 
SILICON, WT" OF ASH 20.0 20.0 20.0 20.0 20.0 20.0 20o0 
SODIUM, WTX OF ASH .4 e4 .4 o4 .4 .4 .4 
TITANIUM, WTX OF ASH 1.0 1.0 l. 0 loO 1. 0 1. 0 1.0 
TRACE METALS, WTX OF 1\SH • 1 • 1 • 1 • 1 • 1 • 1 • 1 

PARTICLE SIZE OISTRIBUTilON, WT" 
ON 80 MESH 
THRU 80 ON 200 MESH 3.9 3.9 .Jo9 .J.9 :Jo':l 3.9 .Jo9 
THRU 200 ON 325 ME!:iH 20ob 20.6 20.6 20.6 20.6 20o6 20.6 
THRU 325 ON 625 ME.SH 35.7 35.7 35.7 35.7 35.1 35o7 35.7 
THRU 625 MESH 39o8 3Yo8 39. d 39otJ 3'Jolj 3Yotl 3\Jo8 

* BY PARR'S EOUA T ION: MINERAL MATTER = lo Od X ASH + Ooti!.> X PYRITIC SULFUR 
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PRODUCT INSPECTIONS 

RUN NUMBER P~9-41-3 P.,9-4t-4 Pt;/9-41-5 P99- ~ 1-6 P'J<J-41- ·r P'.ll~-41-ti P<J<J-41-9 

UEBUTANlZER BOTTUMS 
G~AVITYo 02d7o APJ 3do4 3do5 J<Jod 37.6 31>.7 
ELEMENTAL ANALYSIS (NORMALIZED TO 100") 

CARBON, St:Ml-MlC~O. wTX 64o42* 84.42* El4o 30 d!i.4::i 84o4d 84. 14* d4o 03 
HYORO::O~No SEMI-M.ICRO, WTJI: 11.73* 11. 73* 1.1 .96 1lo77 12 .• 0 1 11 .69* 11.68* 
NITROGEN, G611o WT~ Oo54* 0.54* 0.54 ::lo54 Oo4':1 o.5a 0.74 
SULFUR, G~M115bo WTX Oo20* Oo20* 0.27 Ool3 Oold Oo19* 0.16 
OXYGEN, GRM111 7, WT~ 3oll* 3o11* 2.93 3.11 2o79 3o40 .3o.J9* 

VISCOSITY, KINo 0445, c.s 
-35C 

oc · 2o 61 
WATE~. G5.25, PPM 5406* ·5970* 5406 5970 63<,11 '6354 '.116~5 

HEAT OF CUMBo, 0240. BTU/LH '11d77 
·JI POUR POINT, 097, c. ·-53 
-11::> 

OlSTlLLATIONo 06_6. c 
INITIAL HOILJN.:i POINT 60 61 54 !3d 61 

5 VOL " 71 71 73 72. 73 
.10 VOL " 69 90 dd 93 'i/3 
30 V!)L " lld 120 116 123 .145 
50 VOL " 140 142 l:Jd 14d 1 71 
70 VOL -" 154 164 15d 166 ld4 
90 VOL " 1d7 190 1d2 1 do 199 
95 VOL " 205 202 201 204 210 
ENO POINT 221 217 244. 231 232 

WATE:.R ( l NCLUOES FLUSH '~A TER) 
TOTAL CARBON, PPM 19000 19200 23400 24 750 2'701)0 25&00 20200 

OP.:OANIC CARBON, PPM 16000 16200 20340 20700 23400 22300 16550 
NlTROGENo GtH 1o wr~ lo90 lo66 2o53 z.aa 2o4d 2.47 2.44 
SULFUR, GRt.l1156, WT" lo69 1o91 2o00* 2.oo• lo':I.J 2o10 2o00* 

*' F OLLUW I NG AN EN THY lNOICATtS THAT 1T IS AN ESTl MATEO VALUE 
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PRODUCT INSPECTIONS 

RUN NUMBEH. P~~-41-3 P99-41-4 P~~-41-5 P99-41-6 P99-41-7 P99-41-8 P9'.J-4l-9 

PROCESS SOLVENT 
G"AVITYo 1)287o API 11o4 llo5 lloti llo.j 
ELEMENTAL ANALYSIS (NORMALIZED TO 100~) 

CAR BONo SEMI-MICROo WT~ 87.31* 87.31* tt7oOIJ* 87oll* 67.01 dbo9'l* d7o2.7* 
HYOROGENo SEMI-MICROo WT~ 9o00* 9o00* 8o9.5 Ho96 9o12 YoO'.J 9o00 
NITROGEN. GUllo WT~ 1.oo• loOO* loOO lo02 1 • \) 1 1 0 0 \) lo 04 
SULFURo GRM1156o WT}I; Ool9* Ool9* Oo17 Ool2 Ool7 Oo14 Ool9 
OXYGENe GRMI117o WT% 2o50* 2o50* 2o79 2o79 2o69 2o79 2o50 

VISCOSITYo KINo 0445o cs 
25 c l.loO:J 
50 c 4oa4 

tOO c lo 62 
WATERo G525o PPM 7~0· 750* 1106 6'51 76d 651 621 

U'l HEAT OF COMBoo 0240o · BTU/LB I 7503 U'l 
POUR POINTo 097. c -37 
OISTILLATIONo CUSHMANo c 
CO~RECTEO TO 760 MM H\0 \JS lNG KlO FACTOR 

INITIAL BOILING POINT 193 196 19!>1 19.J 214 
10 VOL ~ 221 224 221 224 .241 
20 VOL " 231 231 232 232 249 
30 VOL ~ 2.)-J 236 241 242 25~ 

40 VOL :¥ 250 252 251 253 267 
50 VOL ~ 251J 259 2H5 2b 1 2dl 
60 VOL " 26H 2H5 .JO 7 293 .301 
70 VOL " 308 307 ~U3 .JI6 .JZI 
80 VOL ~ 332 332 36.S .J3d 34CJ 
90 VOL ~ 37d 37d 3d7 367 303 
EN!> POINT 456 467 477 465 500 

• FOLLOIIIIING AN ENTRY INDICATE$ THAT IT IS AN E$TIMATt::O IIALUE 
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PRODUCT INSPECTIONS 

RUN NUMBER ~99-41-3 P99-41-4 P99-4l-5 P99-4l-6 P99-4l-7 P99-4l-d P99-4l-9 

VACUUM TOWER BOTTOMS 
SPECIFIC ~RAVITYe 070, G/CC le46 
ELEMENTAL ANALYSIS (NORM4LIZED TO 100~) 

CARBONo SEMI-MICRO, ~T~ 

HYDRO~ENt SENI-MLCRUo WTX 
NITROGEN, G6llt -T~ 

SULFUR, TOTALt Dl552t WT~ 
SULFUR, SULFIDE, WTX 
SULFUW, PYRITIC, WTX 

OXYbENt GRM1ll7e WT% 
:.tETALSt WTX 

ASHo G599o WTX 
SULFURo WTX OF ASH 
OXYGENe WTX OF ASH 
METALSt WTX OF ASH (DY DIFF) 

PYRIDINE INSOLUABLESt WT¥ 
MELTING POINTe G898o C 
HEAT OF CDMBeo 024~, DTU/LB 
CONCARBON RSO, Dl89o WTX 
DlSTILLATIONo CUSHMANe C 

61.3() 
3ed0 
•• 24 
2.~7 

14.01 
16.61 

31.73 
2e25* 

45.40* 
52.~5 

42.8 
125 

CONVERTED TO 760 NM HG USING KlO FACTOR 
INITIAL BDIL.ING POINT 372 
.INTE~MEDIATE SOILING POiNT 
END POINT 
UVEW AT INTERMEO BP, WTX 
RESIDUE, WT~ 92.4 

1.46 

62.34 
4e0l 
le32 
2e84 

.31. 23 
2e25* 

45.40* 
52.35 

43.6 
125 

·378 

92.8 

1.48 

60.93 
3.90 
1.26 
2.77 

15.14 
1·6.00 

30.57 
2.25* 

45.40* 
52.35 

47.4 
110 

360 

450 

'92.0 

1.43 

61.01* 
3e94* 
1.27 
3elb 

30.31$ 
2.25* 

45.40:1< 
52:..35 

4Sel 
82 

473 

61.22 
3e94 
le24 
2.46 

15.16 
15.98 

30.52 
2e25* 

45.40* 
52.35 

364 

483 

86.9 

* FOLLOWING AN ENTRY iNDICATES THAT IT IS AN ESTIMATED VALUE 

le44 

6o.a7 
3.83 
1.23 
2o69 

15.58 
15.80 

30.18 
2.25* 

45.40* 
52.35 

45.6 
106 

339 

471 

88o2 

1o46 

61.30* 
3.95. 
1.24 
2.6J 
2.uo 

14.63 
16.25 

31.04 
2.25* 

45.40* 
52.35 

42.7 
108 

11174 
74.7 

366 

461 

90.1 
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IN THE FOLLOWING i>ATAe DISTILLATE YIELDS HAVE BEEN ADJUSTED TO THE BOILING RANGES INDICATED 

RUN NJMBER P99-41-3 P99-41-4 P99-41-5 P99-41-6 PCJ9-41-7 P\19-41-6 P99-41-9 

YIELDS. WT" 'MOISTURE FREE COAL 

HYDROGEN (BY H BALANCL) -3.46 -3.56 -3.66 -3.72 -3.d1 -3.67 -3.65 

METHANE 5.o1 4.87 5.16 5.14 5.12 5.16 4e99 
ETHANE 3.57 3.53 3.713 3.74 3.71 3.75 3.65 
PROP All&£ 3.61 3.56 3.71 3.65 3.66 3.80 3o6J 
I-BUTANE 0.23 0.25 0.27 0.27 0.25 0.24 0.21 

.N-BUTANE 2.02 2.04 2.03 1.94 2.05 2.0b 1.95 
TOTAL C1 TO C4 14.44 14.25 14.CJ6 14.74 14.80 15.01 14.42 

AMMONIA (EH N BALANCE) 0.43 0.39 0.44 0.44 0.47 0.46 0.44 
HYDROGEN SULFIDE (BY s BALl 1e54 1o6l 1.71 1.57 2.00 1.77 1. 82 
CARBON' D 1 o:< I DE 0.74 0.72 0.66 0.66 0.69 0.70 0.70 

(.J"1 
CARBON MONOXIDE Oo25 0.27 0.17 . 0.21 0.21 o•2o 0.25 -......! 

TOTA!... OTHER GASES 2.97 2o99 z • .,f:S 2.vo 3.37 3.14 3.20· 

WATER (BY OXYGEN BALANCE) 4.65 5.36 4o51 4.94 5.04 4.0d 4o71 

C5 - 193 c ( C5 - 3d() FJ 7.25 7.92 7.&1 7.63 6.5d 10.02 12at1'7 
19.3 - 288 c (380 - 550 FD 1l.d7 11.08 12.61 13.90 12.94 11.44 11.30 
288 - ~82 c (550 - 900 Fi 13.48 12.91 12.43 13.62 16.7~ 12.73 llo09 

TOTAL cs• DISTILLATE* 32.60 31.91 32.66 .35.15 36.31 34.19 34.45 

482 .C+ (900 F+) PYRIDINE SOL. 25.19 24e94' 22.55 21.93 21e46 22.38 24.16 
INSOLUABLE ORG'ANI C MATTER 6e95 7.63 9.34 7o60 6o3f:S 8o41 6.44 
ASH 16o46 16.46 16.46 16.46 16.46 16.46 16.46 

TOTAL 482 C+ (900 F+) PROD 48.60 49.03 48.35 45.98 44.30 47.25 47.05 

* THE QUANTITY OF DISTILLATE SHOWN MAY NOT BE RECOVERABLE COMMERCIALLY• IF THE TOTAL 
4t12 C+ (900 F+) PRO)UCT IS NOT FLUID ENOUGH TO BE EASlL\" REMOVED FRONt THE VACUUM COLUMN 
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IN THE FOLLOWING DATA, DISTILLATE YIELDS HAVE BEEN ADJUSTED TO THE BOILING RAN\iES INDICATED 

R~ NUMBER P99-41-3 P99-41-4 P99-41-5 P99-41-6 P99-41-1 P"'9-41-8 P99-41-9 

YIELDS, WT% MOISTURE ANI> ASH FREE COAL 

HYDROGEN (BY H BAL"NCE) -4.14 -4.27 -4.39 -4.46 -4.57 -4.39 -4.60 

M!='THANE 6.00 5.83 6.18 6.16 6.13 6.17 5.98 
ETHANE 4.28 4 • .23 4.53 4.48 4.44 4.49 4.36 
PROPANE 4.32 4.27 4e44 4.37 4.39 4.5!:) 4o:J4 
I-BUTANE o.2a o.;:,o 0.33 o.3z o.3o 0.28 0.25 
N-BUTI\NE 2.42 2.44 2.42 2.32 2;.45 2.46 2o33 · 

TOTAL C1 TO [;4 17.29 17.06 17.90 1'7eb5 I 7. 71 17.96 17.27 

AMMONIA (BY N BALANC=:) 0.52 0.47 0.53· 0.53 0.56 0.55 0.53 
HYDROGEN SULFIDE (BY ~ BALI 1.a5 1eCJ3 2.05 1.a8 2.39 2.12. 2.17 
CARBON DIOXJDE 0.89 0.86 0.79 o.az 0.83 Oe84 0.84 

U1 CARBON MONO)IIDE o • .Jo 0.32 o.zo 0.25 Oe25 0.25 0 .• 30 
(X) TOTAL OTHER ·GASt::S 3.5b 3.58 3.57 3.48 4. 03 3.76 3oU3 

WATER C BY OXYGEN EALAtiCE) 5.81 6.44 5.40 5e91 6.03 4.89 5.64 

cs - 193 c (C5 - 380 IF) 8e6B 9e48 9.35 9e14 7.88 12.00 14.45 
193 - 288 c (.~80 - 558 F) 14.20 13.26 15.09 16.64 15.48 13.69 t'.J.S2 
288 - 482 c (!:50 - 908 FJ 16.13 15.46 14.88 16.31 20.10 15.23 13.27 

TOTAL C5f- DISTILLATE* 39.02 38.19 :J9.3.3 42.08 43.46 40.<,12 41.24 

482 Cf- (~00 F+l pwRlDJNE SOLe 30.15 29.85 26~SI9 26.25 25.69 26.79 2doY2 
INSOLUABLE ORGANIC: MATTER. 8e:J2 9.14 11.18. 9.09 7.64 10.06 7.71 

TOTAL 482 c+ OR~ANIC PROD 38.4 7 38.99 38.18 35.34 .J3.33 36.86 .J6.63 

* THE QUANTITY OF DISTILLATE SHOWN MAY NOT BE RECOVERABLE COMMERCIALLY, IF THE TOTAL 
46:! C+ ,.,00 r+) PRUOUCT IS NOT FLUID ENOUGH 'TO.BE EASILY REMOVED FROM THE VACUUM COLUMN 

_,. 
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SRC-11 RUN DATA. MATERIAL BALANCES• AND PRODUCT PROPERTIES 

RUN NUMBER P9'>1-42-2 P99-42-3 P99-42-4 P99-4-2-5 P99-42-6 P99-42-7 P99-42-8 

UATE (START •JF PERIOO) 9-21-78 9-22-78 9-23-76 9-24-78 9-25-78 9-26-78 9-27-78 
TIME & DATE CODe (START & 0815 2648 0815 2658 0815 2668 0815 2678 0815 2688 06l!i 2696 0615 2708 

lEND DF PERIODt 0415 2658 0415 2668 0415 267d 0415 2686 04i5 2698 0415 2708 0415 2718 
RUN HOURS INCLUDED IN PER[OD 52-71 76-95 l00-119 124-143 148-167 172-191 196-215 

COAL CHARGE ROB RUN ROB RUN ROB RUN ROB RUN ROB RUN ROO RUN ROB RUN 
LR-25447 LR-25447 LR-2544 7 LR-25447 LR-25447 LR-2544 7 LR-2544 7 

OPERATING CONDITIONS 

RECYCLE SLURRY/MF COAL RATJO 3o09 3o09 3o05 3.09 3o07 Jell 3.05 
OIL TO SOLIDS RATIO 1o26 lo22 1.20 1 .20 1o15 1.18 lo20 
SLURRY COMPOSlTIONo WT" 

COAL ( ~;OISTVRE FREE) 24.4 24.4 24.7 24.5 24.6 24.3 24.7 
t.n DISTILLATE 32.5 31.9 31o9 33.0 32.5 33.2 J2o0 .,o..o 

482 C+ (900 F+) PYRIDINE SOLo 23.3 23.0 22.7 21.4 21.0 21o0 22.6 
PY~I:>INE lNSOLUAtJLES 19.8 20.7 20.7 21.1 21.9 21.5 20.8 

TOTAL RX PRESSURE. MPA 13.79 t.J.78 13.79 13.79 13.77 13.78 13.79 
PRESS )l 'H2 IN INLET GASt MPA 13.01 13.01 13.02 13.00 12.95 12.98 12.'>18 
OUTLE.T H2 PARTIAL PRESS. MPA 9.66 9o66 9.66 'Jo66 9o66 9o66 9o66 

01 SSOLVER TEMPERATURES. c 
LONE 4 (TOP) 457 457 457 457 457 457 457 
ZONE 3 456 456 456 456 456 456 456 
ZONE 2 455 455 455 455 455 455 455 
ZONE 1 CBTf') 452 453 453 453 453 452 452 

AVERAGE 455 455 455 455 455 455 455 
PREHEATER CUTLET 393 391 389 390 389 389 386 

NOMINAL SLUIORY RES• TIMt:e HR Oe99 .0.99 loOO Oo99 0.99 0.98 1. 00 
IIIHSVo KG/HR/DM3 

SLURRY 1.22 1o22 le20 1. 21 lo21 1o22 lo 20 
CUAL CNOJSliURE FREEt 1).30 Oo30 o.3o 0.30 Oo3U o.3o 0.·30 

lllSSOLVER GAS 
DM.J/K;i SLUJ:;:RY 390 3135 390 37<:J 405 386 3H8 
DM3/I<G MF FEI::D COAL 1596 1577 1581 1549 1649 1584 1572 
HYDROGEN CONTENTo VOLX 94.4 94.4 94.4 94~3 94.0 94.2 94 ol 

FLUSH HZOo " OF PRODUCT H20 190o6 204od 253oJ 282.8 255.9 198.7 220.3 
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THE FOLLOWING WEIGHT 3ALANCE AND HYUROGEN CUNSU~PTION DATA WERE CALCULATED FROM MEASURED UNIT DATA 

!WN NUMBER 

WATER IN THE FEt:.D CUA- AS~UMEU 

LOST FROM FEED TANK, % 
~EIGHT UALANCE, O,I, ~T% 

100,0 100.0 1)0,0 10},0 100.0 lOOoO 100o0 
99o4 9do5 ~7o6 97o. ~do2 ~Yo7 ~~.9 

THE FULLOW1NG OAT~ TH~OUGit ANO lNCLUDIN~ ELEMENTAL UALANC~S HAVE ~t:.E~ CORR~CTEU TO A 100~ WT ~ALANCE 

YIELOSo WT% FEED COAL 

HYDROGEN 

METHANE 
ETHANE 
PROPANE 
I-BUTANE 
N-OUTANE 

TLlTAL Cl TO C~ 

A.I4.MON I A 
HYDROGEN SULF ID :::· 
CARBON DIOXIDE 
CARBON tolONO X IDE 

TOTAL OTHER G~SES 

WATER 

DEOUTANIZER LIOJID 
ro 

PROCESS SOLVENT .. 
TOTAL C5+ DI ST ILL.A TC 

VACUUM TOWER ~OfTuM5 

-3.73 

5o26 
3o87 
3od9 
Oo24 
2oll 

15o:S7 

Oo41J 
lo79 
o.~9 

Oo2:S 
.J.o.,. 

17o40 
20.65 

..ltloiJ5 

41 od9 

CHEMICAL H2 CUNSU~PTION OY UNIT GAS BALANCE 
DM3/KG FEED COA_ 

CONVERSIONS, WT% FEEl> COAL 
HYDRO CRACK lNG 
DESULFURIZATION 
DEN1TROGENAT1UN 
OXYGEN REMOVAL 

437 

66.3 
57.4 
.33.2 
43.9 

-3.90 

~.38 

:J. 91 
Jo!.r3 
Oo26 
2o0d 

15.56 

Oo48 
1. 76 
Oo60 
Oo24 

JoOd 

~.53 

24.97 
Yo67 

34.64 

45.09 

457· 

66,6 
52.6 
34.5 
41.0 

-4a0d 

5o17 
3. 7 3 
.Jo77 
Oo22 
2o00 

14·o YO 

Oo50 
! o/3 
o.-59 
Oo2.l 

3o06 

5o27 

2.6o9 3 
'So 42 

32.35 

4do5l 

47~ 

ob3o1 
'50o4 

. 32.0 
37.2 

-3.<:15 

5o23 
3oi13 
Joil-3 
Oo22 
2.1117 

l5oiii..J 

Oo5) 
lo :"" 
o.ttl 
o • .z.~ 

3oU9 

24· .,. 
4:.s~ 

29.29 

o3.~ 

5·1.,. 
:.JO,J 
34.:. 

-3.94 

5oJO 
JoYO 
3o<,i4 
Oo23 
2ol0 

l5o48 

Oe:il 
1.72 
Oo57 
Oo27 

3o07 

4.B4 

20o35 
llo26 

31 obl 

4de94 

462 

64od 
54o2 
2Yo5 
.Suo4 

-J.~O 

~.2.J 

Jo~2 

J.~cl 

Oo2d 
2 0 l(i 

15o57 

0.44 
1 .72 
Oo57 
Oo27 

3o00 

5.22 

16.22 
l5o82 

.J2o04 

4do0d 

45d 

&boO 

~5.s 

30o7 
.ldod 

-3. 73 

5o23 
3o95 
4o01 
0.20 
2ol5 

15.63 

Oo4B 
lo74 
0.60 
Oe21 

3o04 

~.25 

20o22 
13.09 

33o31 

4oo50 

43d 

6uo 7 
5CJ.5 
30:!o0 
..l9ed 
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RUN NUMU~R P<J9-42-2 P99-42-3 PY9-4.:!-4 P•.N-42..;.5 P9Y-4Z-6 PSI~-42-7 P':.l9-42-8 

~AS RATES, D"\3/KG FEED CUPOL 

DISSOLVER INLEl GAS 1v25.o Y77o2 1047.3 1040.5 976. :i 8~5.2 942.5 
TOTAL ,UUENC:H GAS 5d0.4 624o4 5'72.2 ~54 .1 '702.7 693.9 631o1 

TUTAL DISSOLVER GAS 1605.4 1601.6 16l9otl 1594ob 1679.1 1sa9.o 1573.6 

MAKEUF GAS TO DISSOLVER 5ltio5 519.3 51Uo8 477.6 52':.1.5 510.0 4 7~.4 
MAKEUP GA!:i TO SEP. SPARGE 121. 1 122.4 133. 6· 141 .b I:He4 \H • 4 1 Ou. 2 
MAKEUP GAS To INSTRUMENT TAPS 310.!:1 313.!:1 316.7 31t3.2 .J14.7 310.0 .30.,.4 

TOT •L M~.KEUP GAS Y50o3 95~.5 <:;69.0 937.5 925.t:i 911.4 lj'J5.o 

DISSOLVER OUTLET ;;As 132tio1 1304.0 12<,i4.d 121HJ.6 t.J75.9 12~0.2 12<:.14. 7 
GAS LEAVII'fG SCRUODERS 1849 •. , 18.31.5 1863eY 1911.6 1780 •. , 1716.6 1 7 84. 1 
SEPARATOR S=»A~~E uAS .374. 9 317 .• 5 417.0 412.9 25d.1 2d4e7 34d.~ 

en 
1-' 

PRODUCT GASE:S 
BLEED OFF GAS 504.1:1 4dSio0 469.5 453.3 445.1 4'35. 7 4 .J\i. 3 
DEBJTANIZER GAS 5Y • 2 60.0 5Yob 59 .• 1 t.O,y GO.~ 61,0 
AMINE REACTlVATOR GAS 11.9 1 1. 7 1 1. 7 1loY 11.!j 1 1. 4 11.3 
NAPTHA REACTI VA TOR GAS 91o1 92.0 <J.J. 3 <J7.1 Y~.6 Yo.o Y6o2 
OtROMAT UGRAPH BLEED GAS 4.1 15. 1 10.2 10.0 'ilo2 de6 do2 

ELEMENTAL BALANCES 

\riA TEFI IN THE FE' ED COAL ASSUMED 
LOS1 FRCM FEED JANKo " 100.0 100.0 100.0 100.0 100.0 too.o 100.0 

CAR BONo 0/( lo02 1e00 Oo99 OoY9 1.oo 1oOtJ 1. 00 
HYDRCJGENo 0/ I 1. 0 5 1.03 Oe9d 1),"-jy 1.oo 1 .oo 1.o~ 

Nl TROGENo 0/1 0.96 OoY6 1.oo 1.02 1. 03 o.9a o.yy 
SULFURo 0/ I 0.95 Oo99 1. 0 1 1o00 0.97 v.~~ 0.92 
O_XYGENo 0/1 o.~s 0.99 1. 0 1 le02. tJo9Y Uo<,/9 o.~':l 

METALS o 0/1 o.yo Oo97 1o 0 4 1. 04 1. 00 leOU Oe'>ll:l 
ASHo 0/1 o.~o o.Y7 1 .o 4 1. 04 leOO 1.00 OeYtl 



PAGE. 4 

THE FOL.LOW I NG DATA WERE I:JALANCED FOR CARDONe HYDROGEN, SULFUR, tHTRO>iENt OXYGENe AND METALS 

RUN NUMtJER P99-42-2 P99-42-.J P9'.11-42-4 P9!1-42-5 P!l9-4~-6 P99-42-7 P99-42-8 

YIELDS. WTX MOISTURE FREE COAL 

HYDROGEN (BY H BA-ANCE) -4.l5 -4.16 -.3.92 -3.d() -3.Sit; -:s.aa -4.19 

METHANE 5.16 5 • .J6 5.20 5.27 5e29 5e21 5e2l 
ETHANE 3.80 3.90 3.75 .3.d6 3ed9 3.91 3.94 
PROPANE 3edi1 .Je92 3./9 3.92 ·3. ':i.J .J.Cito 4.ou 
I-BUTANE o.z4 Oe26 Oe2.J 0.22 0.23 Oe26 o.za 
N-UUTANE 2.07 2.07 2.02 2.09 2.10 2.15 2e14 

TOTAL C1 TO C4 15e0d 15.!:>1 l4-e99 15 • .J5 15.45 15.51 15.58 

AMMONIA (BY N BALANCE) o.5~ Oe54 Oe49 0.46 0.46 Oe46 Oe50 
HYDRO·GEN SULF(DE (t:JY s UAL) 1 .• 97 1. 1t:J 1.70 1 ·7.2 1ed3 letJ8 2.02 

0'1 CARBON DIOXIDE 0 .s !j 0.60 Oe59 Oe6l o.s7 0.57 0.60 
N 

CARBON MONOXIDE o.2J . o. 24 Oe24 0.24 0.27 0.26 Oe21 
TUTAL OTHER GASE.S 3 • .31 3.16 .3 • U1 ~.03 3. 1.J 3.20 3.33 

WATER CBY OXYGEN E.ALANCEt 6e2l' 5e67 5.00 4.55 4e95 5 • .34 5.50 

DEBUTANIZER LIQUID· 17.0!5 24.90 27.09. 24.90 20.31 16 ·1 6 20.16 
PROCESS SOLVENT 20.26 ~.64 5.45 4.62 11.24 15.76 1.J.05 

TOTAL C5+ D 1ST.IL1LATE 3"7. 35 .34.54 32.54 29.52 31. b4 31eY2 .33.21 

VTB PYRIDINE S.OLUABLES 2led6 23.03 .25.47 2.7.17 25.92 24.1:14 23.96 
INSOLUABLE ORGANIC MATTER 3.83 5.79 6.45 7.77 6.50 6.6.2 6.15 
ASH 16.46 16.46 16.46 lbe4b 16.46 16.4b 16.46 

VACUUM TOIIIE.R I:JUTTUMS 42.15 45.26 46.37 5l • .JY 46ed7 4 7e Y1 4b.57 

CHEMICAL H2 CONSUMPTJONt OM.3/K.:O MOISTURE FREE COAL 
BY HYi>ROGEN t:JALANCE 4tH 487 4()0 453 463 455 4'>11 

CONVERSIONS, WT" MF COAL 
HYDROCRACKINCi 6de9 66.7 ~3.!:j a:.z • ., 64.9 6t>el 66eo 
OESULFURIZATJON 58.2. 52.6 ao.t S1ell 54.J 5~.7 ~9.7 

DENITROGENATION .J4. 4- 34.7 31.6 Z9e4 2<.:J.7 .JO.Y 32.2 
OXYGEN REMOVAL 44.7 40.9 36.6 .J3e'>l 3().3 3d.tt .J9. 6. 
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RUN NUI'4B,ER P'J<J-42-2 P-.19-42-3 PIJ9-42-4 P99-42-5 P<J\il-42-6 P99-42-7 P9'il-4,2-d 

GI\S C.01'4POSITIUNSo VOL" 

REI\CTOR INLEl GAS 
HYDRUGCN '>14.37 94.37 94.43 94.31 94o01 94ol '>I 94o\J6 
METHANE 4o9S SoOl 4o9S SolO So35 Solo 5o.31 
ETHANE o.6 7. 0 .• 62 Oo!:>d o.sc,;, Oob2 OoS9 Ooo2 
PROPANE o.oo o.oo o.oo o.oo OolH o.oo OoOl 
I-BUTANE o.oo .0. 00 o.oo o.uu o.ou o.oo o.oo 
N-BUTANE o.oo o.oo o.oo o.oo o.uo o.uo u.oo 
PENTANES o.oo .0. 00. o.oo o.oo o.oo o.ou o.uo 
HYDROGEN SULF 1'0E o.oo . o• oo o.ou o.oo o.oo o.oo "· 0_0 
CARBON MONOXIDE o.o1 o.oo o.os o.oo o.oo Oo04 o.oo 
CARBON DIOXJDE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 

m REACTOR OUTLET GAS w (BUTANES AND L 1 GHTER ONLY) 
HYDROGEN Tbol32 76.:1 d 76oo2. 76oS2 77o1S 76o16 76.013 
METHANE 11. 2.J lloS7 l1o45 llo71 11ot>6 11.72 1 •• 17 
ETHANE 2oo.J7 2.o97 2otl6 2o9S 2odd 2o98 3o01 
P.RUPANE loSl loSS loSO lo57 •• ~1 loS9 1. 61 
I-BUTANE 0. l l 0 oll OolO Ooll Oo11 0 ·12 o. l l 
N-BUTANE Oo62 Oo62 Oo60 Oo6.J Oot>O Oob5 Oo64 
HYDROGEN SULFIDE Oo69 Oo6d Ooo8 Oo8'J o.a3 o.6a Ood8 
CARBON MONOXIDE Oo1S OolS Oo20 Ool5 Oolt> Oo2l Oo1J 
CARBON OICXIDE Oo22 Oo.23 0.2.J 0.24 Oo21 Oo23 u .• 24 
AMMONIA Oo46 Oo48 o. S_1 0.52 Oo49 Oo45 0.4~ 

WATER 4o\ol9 :..26 So OS 4o 73 4o40 s.o.j s. 04. 

BLEED OFF GAS 
HYDROGEN 66.53 ua.ta 86.71 66o38 67.60 68o01 ddo13 
METHANE 9o65 10 .os 9o64 9.93 10.39 10 o2S 10.17 
ETHANE 1.35 1o29 l o1 1 l. 20 1o2.7 lo22 1o 25 
PROPANE o.or Oo07 o.or Oo04 Oo04 Oo02. 0.04 
I-BUTANE o.oo o.oo o.oo u.oo o.oo o.oo o.oo 
N-BUTANE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
PENTANES o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
HYDROGEN SULFIDE o.oo o •. oo o.oo o.oo o.oo o.oo o.oo 
CARBON MONOXIDE Oo39 Oo4l 0.42 Oo44 Oo5l Oo51 1).40 
CARBON DIOXIDE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
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RUN NUMt:JER P9~-42-2 P!l!l-42-3 P9~-42-4 P99-~2-5 P<:i~-4.2..:6 P99-42-7 P9'i1-42-6 

GAS COMPOSITIONSe VOLll: 

AMINE REACT I VA TOR GAS 
HYOROGEN 16~ 57 15o98 16otid 1SoY9 l6o4d l4o7'il l2o39 
METHANE 1o68 1o64 1o75 lo67 1o tiS 1o96 lo 95 
ETHANE Oo36 Oo3d Oo35 :lo33 Oo39 Oo40 o.;s7 
PROPANE Oo04 OoOl o.oo ·) .oo o.oo o.oo Oo01 
I-BUTANE o.oo o.oo o.oo loOO 0~00 o.oo o.oo 
N-BUTANE Oo01 o.oo o.oo loOO o.oo o.oo o.oo 
PENTANES o.oo o.oo o.oo loOO o.oo o.oo o.oo 
HYDROGEN SULF.lDE sa. 15 57. 'ill S.7o34 53o"30 57o30 5&.61 60ol8 
CAIHlUN MUNO!IC IDE Oo02 Oo03 o.o& o.os Oo04 Oo02 Oo09 
CARBON DIOXIDE 23ol6 2.Jo86 2.lo6.J 23.46 2.3o9J 24.22 25~02 

0'1 NAPHTHA REACT I VA TOR ;;As . ..::. 
HYDROGEN 29.37 28 • .37 .30o33 29.49 26.10 lt!1o32 26.04 
METHANE 23.06 23o9d 24o47 24.77 24ou.3· .25.0.2 25.12 
ETHANE ~1.32 2.1o9d 21o14 Z l o25 .21oVO 22.22 22o.S7 
PROPANE 17.52 17o.J5 16.25 16.42 l 7.07 17.15 17.65 
I-BUTANE lo 10 lo06 Oo99 lo02 lo05 lo07 lo 12 
N-t:JUTANE 5o93 5o68 5o32 5o48 SobS 5o60 5o96 
PENTAN.ES 1o4 7 ·-~7 lo27 1.35 1o39 l~.JS 1o a2 
HYDROGEN SULFIDE o.oo o.oo o.oo •JoOO o.oo o.oo l>oOO 
CARBON NUNUXIOE o.oo o.oo o.o1 •loOO o.oo Oo02 OoOl 
CARBON DIOXIDE OoZ2 Oo21 Oo22 •)o22 Oo21 Oo22 Oo2l ' 

DEBUTANIZER GAS 
HYDROGEN 56.52 56.78 '56o95 5, .12 57o64 5&.5'9 59ol2 
METHANE 13.58 13.56 13.59 1.3.62 l.3o61 13.65 13.4.2 
ETHANE 7.75 7.57 1 .t.o '1.63 7o45 7o4l 7ol'il 
PROPANE th29 8o52 8o63 3o74 6o39 6o40 7o6u 
I-BUTANE o. 8.3 o.es 0.64 l)ob4 Oo84 Oo91 Oo'T'il 
N-BUTANE 5o 54 5o 51 5o46 5o41 5o34 5o70 5o06 
PENTANES 2o53 2o34 2olt!9 2o24 2.o1J 2o3!>1 2o24 
HYDROGEN SULFIDE 4o92 4o79 4o54 ~.2d 4o.33 4otH 4o46 
CARBON MONOXID~ o.oo o.oo o.oo 1).00 o.oo o.oo o.oo 
CARBON DIOXIDE Oo04 o.oe Oo10 Ool3 Oo06 0 ol 3 o.o7 



PAGE 7 

COAL INSPECTIONS 

RUN NUMBER PIJ<J-42-2 PY9-42-3 P9Y-42-4 P\1<..1-42-5 P<..l~-42-6 P-it<..l-42- 7 PY~-42-d 

FEED COAL 
ELEMENTAL ANALYSIS (MOISrURE FRt:E, NOI~ MAL 1 ZED TU 100lU 

CARBON, SEMI-MICROo lilT l 6~.30 6d.30 6th30 6t:t.30 6d.30 6s • .J\> 6d.30 
HYDROGEN, SEMI-MICRO, IHll: 4.94 4.<..14 4.!14 4.~4 4.~4 4.94 4.94 
Nl TROGEN, G811o 'WTX 1.21:1 l. 21:1 1.2a 1.2a l. <!ti l.2d l. 2d 
SULFUR, TOTAL, GRMI159o WTX 3.11:1 3.18 3.16 3.1t:t 3.1t:t :J.ld .J.ld 

SULFURo ORGANIC, WTX- Oe62 0.62 0.62 0.62 0.62 0.62 Ue62 
SULFURo PYRITIC, lilT X 2.49 2e49 2.49 2.4<..1 2e49 2.4~ 2.49 
SULFUR, SULFATE., WTX o.o1 0.07 iJ .o 1 o.o7 o.ur o.o 7 o.or 

OXYGENe GRM1117o lilT X ·1.).69 13.69 13.6'.il 13.69 13.69 13.6>1 13.o9 
OXYGENo ORGAN I Co IIIIT" 5.72 ::;.72 5.72 5.72 5.12 5.72 5.72 
OXYGENe INORGANI Co IMTll: 7.97 7.97 7.91 7.97 7.97 7.97 1. \.11 

MET ALSo lJY SPEC ASH, WTX 8e61 Ue61 t:leb1 6.61 tt-61 ~.61 Ue61 
0"1 
(11 

MINERAL MATTERo WT"* 19.14 19.14 19.14 19.14 19.14 19.14 19.14 

MOISTURE, D271o WTll: 0.95 Oe95 0.95 Oe95 0.95 o.9~ 0.95 
VOLATILE MATTEHo WTX 34.40 34.40 34.40 34.40 34.40 34.40 34.40 
ASHe D271o WT" 16.46 16. 4'6 16.46 16.4o 16.46 16.46 16.46 

SULFUR, WT" OF ASH 2.25 2.25 2.25 2.25 2.25 2.25 2.25 
OXY :OENo WTX ·OF ASH 45.40 45.40 45.40 45.40 45.40 45.40 45.40 
ALUMINUM, WTX OF ASH 15.0 15.0 15.0 15.0 15.0 15.0 15.0 
CALCIUM, WT:II: OF ASH 3.3 3.3 3.3 3.3 .J.3 3 • .J .J.3 
JRONo liT X OF ASH 1o.o 10.0 10.0 ao.o ao.o 10.0 to.c 
MAGNESIUM, liT" UF ASH 2.0 2.0 z.o z.o z.o z.o z .• o 
POTA!:iSIUNo WTX OF 'ASH t • .J .•• 3 1. 3 1.3 1·3 •• 3 1.3 
SILICONe WTX OF ASH 20.0 20.0 20.0 20.0 20.0 20.0 zo.o 
SOD IUMo WTX OF ASH •• .4 .4 .4 oi4 .4 .4 
TJ TA"'IUMo WTX OF ASH leO 1.0 1. 0 a.o 1.u leU 1.0 
TRACE METALSo WTX OF ASH • 1 .1 • 1 .a •• • 1 • 1 

PARTICLE SIZE DlSTRIBUTlONo WTX 
ON t:tO MESH 
THRU uo ON 200 MESH 3.9 3.9 3.9 3.9 3.9 3.9 .J.9 
THRU 200 ON 325 MESH 20.6 20.o 20.6 20.6 20.6 20.6 zo.o 
TH~U 325 ON 625 MCSH 35.7 35.7 35.7 35.7 35.7 35.7 .35. 7 
THRU 6Z5 MESH 39.8 .J9e8 39.d 39.8 39.6 39.8 39.tt 

• BY P~RR 1 S EOUA T ION: MINERAL NATTER = leOd X ASti + 0.55 X PYRITIC SULFUH 



PAGC: U 

PRODUCT lNSPECTIUNS 

RUN •NIJMBER P~9-42-2 P99-~2-3 P~9-42-4 P9~-·~-5 PWY-42-6 PYY-42-7 PY9-42-6 

DEOUTAN1ZER BOTTOMS 
GRAVITY, 02~7. API 30o3 
CLEMENTAL ANALYSIS (NORMALIZED T3 IOO~t 

CAR~ONo SEMI-MICROo WT% 
HYDROGENo SEMI-MICRO. WTX 
NITROGENo G011o ft'T% 
SULFUR, GHM115bo WTX 
OXYGENe GRM1117o WT% 

VISCOSITY, KINo 04.5o CS 
.-35C 

oc 
WATERo G525o PPM 
HEAT OF COMBot D24Qo UTU/LB 
POUR POINTe D97o C 
DISTILLATION, 086, C 

INITIAL BUILJNG POINT 
5 VOL " 

10 VOL " 
30 VOL % 

50 VOL " 
70 VOL % 
90 VOL " 
95 VOL " 
END POINT 

WATER (INCLUDES FLUSH WATER) 
TOTAL CA~BON, 1-'PM 

ORGANIC CAR~ONt PPM 
NITROGEN, G811o WTX 
SULFUR, GRM1156o WTX 

64.~2 

l0od9 
Oo75 
0 o15 
3o69 

659b 

61 
71 
93 

145 
1 15 
189 
206 
220 
243 

10500 
10000 
2o13 
lo90* 

27.5 

84.80 
10.71 

Oo79 
0. 12 
..io59 

5893 

61 
80 

10..3 
166 
191 
204 
220 
230 
252 

!3900 
d400 
2ol7 
1o90* 

25.7 

~4.92* 

ilO .61 
Oo82 
Oo16 
3oSO 

5364 

57 
~71 

·111 
176 
189 
219 
244 
258 
271 

8600 
d200 
2.16* 
1 o'>IO* 

85oll9* 
1•)o1J* 

•) .83 
)o1b 
.3.20 

~401 

60 
76 

110 
1n 
201 
221 
247 
262 
274 

1700 
1200 
C:o21 
loYO* 

2 7.6 

~4.69 

10o65 
0.7~ 

o.zo• 
3.67 

62 
76 

107 
162 
1YO 
210 
23o 
252 
204 

8850 
d650 
2.26 
1.91 

* FOLLO~ING AN ENTRY 1NDICATES THAT 1T IS AN ESTIMAT~O VALUE 

30.2 

~4ob0 

10o94 
Oo7.J 
0 o13 
.3.60 

6336 

57 
73 
96 

14 7 
177 
193 
214 
230 
251 

10.300 
10200 

2 o16* 
1o<JO* 

84o30 
10.84 

o. 7o 
o. 20• 
,.,.89 

1 o. 39 
2o92 
613d 

1 79'J~ 
-S.J 

63 
11 

102 
1S7 
185 
2.JO 
219 
243 
252 

~550 

<,1100 
2.1~ 

lo d'l 
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.. .. PRODUCT INSPE.CTIONS 

RUN NUMBER P9<J-~2-2 PY9-4Z-3 P'>I'J-~2-4 P'>l9-4-2-!i PY<J-42-6 P ... Y-42-7 PYY-42-0 
... 

PROCESS SOLVENT 
GRAVITY, 0287. API Yo7 <J.O I:J.J .7. 7 7 ·? a. 1 0.2 
ELEMENTAL ANALYSIS (NORNALlZED TO 100~) 

CARBON, .. SEMI-MICROo IHX 87oti2 tld.25 88o4·1 tldo23 ddo2.':1 ddo34 tl8o21 
HYOROGENo SEMl-MICRUo WTX Ho\JJ 0.72 8o57 Oo71 8ou2 tlo64 ~:~·.t.2 

Nl TROGENo GI:U 1o wn: 1o05 1.07 1.06 loOd 1 • O•J 1.0.7 1. us 
SU ... FUR, GRr.\1156, WTX 0.21 0.11:1 o.1a o .1u iJ.30 o.15 Oo.J.J 
OXYGEN o GRM 111.7, WT X 1.~9 1.78 1.79 1.tso le7U 1.uu a. ou 

vtscosnY. KINo 0445o cs 
25 c 19.48 
50 c 6ed0 

100 c 2.oOY 
WATERt G525t .,PM 453 461) 710 512 304 .J7Y 455 

0'1 HEAT OF COMB. t· D240o BT\J/LB .l 741.>0 ....... 
POUR !POINTe D97o c -11 
0 I S T U .. LA Tl ON t CUSHMANo c 

CORRECTED TO 760 MM H\i· USING K.lO FACTO~ 
INITIAL BOILING POINT 221 227 236 2.J1 2<!7 237 2.37 
10 VOL " 242 260 .260 2.51 2~J 259 2o1 
20 VOL X 2.<+9 266 267 274 2.83 2.7d 2 74 
30 VOL " 251:1 267 .281 28b 2Y9 29J 2.93 
40 VOL " 271 2tso 295 301 313 .304 302 
so VOL " 2d9 301 314 319 324 31d .J17 
60 VOL " 316 323 32.9 .l38 J40 3.Jtl .l.JJ 
70 VOL. X 335 352 351 3!.»2 Joo 361 349 
80 VOL " 360 373 377 382 376 3d4 ~76 

90 VOL " 398 406 413 40~ 421 429 403 
END POINT 4ul 500 48.:.1 ~5~ 4o7 467 454 
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PRO)UCT INSPECTIONS 

RUN NUMBER, P~~-42-2 P9~-42-3 P~~-42-4 P99-42-5 P99-42-6 P9Y-42-7 P99-42-tl 

VACUUM TOWER BOTTOMS 
SPECIFIC GRAVITY, 070, ~/CC 1o57 
ELEMENTAL ANALYSIS (NURMALllED TO 100%) 

CAR80No SEML-MICRO, WT~ 

HYDRO~ENo SEMl-NlCROo WT% 
NITROGEN, G~11o WTX 
SULFUR, TOTALo D1552o WTX 

SULFUR, SULFIOEo WTX 
SULFUR, PYRlTmC, WTX 

OXYGEN, GRM1117. WT~ 

METALS, wl% 

ASH, G599o !loT% 
SULFURo WTX OF ASH 
OXYGEN, WTX OF ASH 
METALSo WTX OF ASH (BY DIFF} 

PYRIDINE lNSOLUABLESo WTX 
MELTING POINT. Gti96o C 
HEAT OF CUM~., D240o BTU/LB 
CONCARBON RSO, Dl89o WT% 
DISTILLATION, CUSHNANo C 

s~.:Jo• 

3o40 
1oll:i 
3o03 

·~-58 
ltlo24 

34.84 
2o25* 

45.40* 
52.35 

46.3 
147 

CONVERTED TO 760 ~M HG USING KlO FACTOR 
INITIAL BOlLING POINT 394 
INTERMEDIATE BOlLING POINT 
END POINT 
OVER AT INTERMEO BPo WTX 
RESIDUE, wrx 

453 

97.3 

58.54* 
.3.42. 
1.17 
3.20 

34.93 
2.25* 

45.40* 
52.35 

4~.3 

142 

400 

467 

•• 51 

58.54* 
3.45 
1. 1 9 
3o11 

15 • .Jti* 
lo.J.J 

35.02 
2.25* 

45.40* 
52.35 

4 7.3 
13 7 

400 

454 

1. 5o 

59.4., 
3.65 
1.21 
2od7 

33.04 
2o2S* 

45.40* 
52.35 

4 .,. l 

1 ~0 

390 

92.2 

5Yo20 
J.i7 
1.~2 

2.7-J 

15.64 
17oJU 

.33.19 
2.2~* 

45.40* 
52.35 

4u.4 
132 

3dd 

456 

* FOLLOWING AN ENTRY lNUlCATtS THAT IT IS AN ESTIMATEU VALUE 

1.54 

59.14 
3.53 
1o22 
2od2 

34.04 
2.25* 

45.40* 
52.35 

47od 
125 

417 

474 

lo5b 

5<,1.06 
3od2 
1. 23 
2.56 

0.44 
1 ~ .• 3b' 
1 7. Y8 

34.J4 
2.25* 

45.40* 
54:!.3::) 

47.~ 

125 
1 Oo90 

76.7 

3/:H 

4od 

93.6 
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IN THE FOLLOWING DATAt DISTILLATE YIELDS HAVE BEEN ADJUSTED TO THE BOILING RANGES INDICATED 

I~UN N'-IMBER P99-42-2 P99-42-3 P9~-42-4 P99-42-5 P99-42-6 P99-42-7 P9Y-42-0 

YIELDSo WTX MOISTURE FREE COAL 

HYDRUGEN (BY H BALANCE) 

METHANE 
ETHANE 
PROPANE 
I-BUTANE 
N-BUTANE 

TOTAL C1 TO C4 

AMMONIA (UY N BALANCE) 
HYDRuGEN SULFIDE (~Y S BALl 
CARBON DIOXIDE 
CMH:JON MONOXIDE 

TOTAL OTHER GASES 

WATER (BY OXYGEN BALANCE) 

C5 - 193 C (C5 - 360 Fl 
193- 28d C (360- 550 Fl 
266 - 482 C (550 - 900 Fl 

TOTAL C5+ DISTILLATE* 

482 C+ (900 F+l PYRlDI~E SOLo 
JN5DLUABLE ORGANIC MATTER 
ASH 

TOTAL 482 C+ .(900 F+) PROD 

-4o15 

s. 16 
3od0 
3.81 
Oo24 
2o07 

15.06 

0.54 
1o97 
o.58 
Oo23 

3.31 

6.27 

10.78 
16.05 
12.20 

39.03 

20 ·1 7 
3o03 

16o46 
40.46 

-4.16 

5.36 
3.90 
3.92 
0.26 
2.07 

15.51 

0.54 
1.78 
0.60 
0.24 

3 o16 

5.67 

10.46 
16.18 

7.67 
36.31 

21.26 
5.'79 

16.46 
43.51 

-3.92 

5.20 
3.75 
3.79 
0.23 
2o02 

14,99 

0.49 
1· "70 
o .• s9 
0.24 

3.01 

s.oo 

10.02 
18o2 7• 
6o43 

34.72 

23.29 
6.45 

16.46 
4 6. 20 

-3.86 

5.27 
.l. 66' 
3o92 
0.22 
2.09 

15.35 

0.46 
1.72 
0.61 
0.24 

3.03 

4.56 

8.72 
16.78 
8.96 

34.46 

22.24 
7.77 

16.46 
46.46 

-3.95 

5.29 
3o69 
3.93 
0.23 
2.10 

15.45 

0.46 
1. 63 
0.57 
0.27 

3.13 

4.95 

ti.55 
14.38 
13.65 

36.5d 

20.89 
6.50 

16.46 
43.64 

-3.68 

5.21 
3o91 
3.96 
0.28 
2 ol5 

15.51 

0.48 
1o88 
Oo57 
0.26 

3.20 

5.34 

9.36 
u.ot 
15.53 

35.90 

20.86 
6o62 

16.46 
43.94 

• THE QUANTITY OF DISTILLATE SHOWN MAY NOT BE R~COVERABLE COMMERCIALLY, IF THE TOTAL 

-4.19 

5.21 
3.94 
4.00 
0.28 
2. 14 

15.58 

o.so 
2.02 
o.c.o 
0.21 

3o.l3 

5.50· 

9.66 
1.3. 80 
12.95 

36.61 

20.56 
6.15 

16.46 
43.17 

462 C+ (900 F+l PRODUCT IS NOT FLUID ENOUGH TO BE EASILY REMOVED FRUM THE VACUUM COLUMN 
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IN THE FULLO~ING DATAo DISTILLATE YIELDS HAVE BEEN ADJUSTED TO THE BOILING RANGES INDICATED 

RUN NUMBER P99-42-2 P99-42-3 ~99-42-4 P99-42-5. P99-42-6 P99-42-7 P99-42-6 

YIELOSe WT¥ MOISlURE AND ASH FREE COAL 

HYDROGEN CHY H BALANCE) 

METHANE 
ETHANE 
PROPANE 
1-RUTANE 
N-ESUTANE 

TOTAL Cl TO C4 

AMMONIA (BY N B'LANCEt 
HYDROGEN SULFIO:: (BV S BAL) 
CARBON DIOXIDE 

·cARBON MONOXIDE. 
TOTAL OTHER GASES 

WATER (BY OXYGEW BALANCE) 

C5 - 193 C (CS - 380 F) 
193 - 266 C (360 - 550 FJ 
288 - 482 C (550 - 900 FJ 

TOTAL C5+ DISTILL4TE* 

482 C+ (900 F~) PYRJ.DINE SOLo 
INSOLUAULE ORGAhiC NATTER 

TOTAL 482 C+ CRGAHlC PROD 

-4.97 

6ol8 
4o54 
4o56 
Oo29 
2.46 

16.05 

Oob4 
2.36 
Oe69 
0.27 

3o96 

7e50 

12.90 
19.21 
14.61 

~6.72 

.24. 15 
4o59 

28.74 

6.41 
4.66 
4e69 
0.31 
2o48 

18.56 

0.65 
2.14 
o. 71 
0.29 

3.76 

6.79 

12.52 
21.76 
9.18 

43.46 

25.45 
6.94 

32.39 

6.22 
4.49 
4.54 
0.27 
.2.41 

17.94 

0.59 
2.03 
0.71 
Oo2d 

3o61 

:5.99 

12.00 
2ilo86 

7.69 
41.56 

27.86 
7.72 

35.60 

6o 31 
4.62 
4o69 
0.26 
2:o50 

18.37 

Do 55 
2·06 
0.73 
Oo29 

3.6.3 

5 .• 46 

10~43 

20 .. 09 
10.72 

41.25 

26.62 
9o30 

35.51 

-4.72 

6.33 
4.66 
4. 71 
Oo28 
2.51 

18.49 

Oe55 
2.20 
0.68 
0.32 

3. 75 

5.93 

10.23·. 
I 7 • 21 
16.34 

43.78 

2.5• 00 
7.76 

32.78 

-4.65 

6o23 
4.68 
4.74 
Oo34 
2o57 

lth56 

o.58 
2.25 
0.68 
0.32 

3.83 

6.39 

lle20 
13.• I B 
18.59 

42.97 

24.97 
. 7.93 .. , 

32.d9 

* HIE OUANTiliY OF DISTILLATE SHOwN MAY NOT BE RECOVERABLE CCMMERCIALLYo IF THE TOTAL 

-5.01 

.6.24 
4e72 
4. 79 
0.33 
2.57 

18.64 

0.60 
2e41 
Oo72 
Oo25 

3.98 

6e59 

11.80 
16.52 
15e50 

43 .• 82. 

24.61 
7.36 

31 .97 

482 C+ (900 F+) PRODUCT IS NOT FLUID. ENOUGH TO BE EASILY ~MOVED FROM THE VACUUM COLUMN 
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SRC-11 RUN DATAo MATERIAL BALANCESo AND PRODUCT PROPERTIES 

RUN NUMBER P99-43-1 P99-43-2 P99-43-.l P99-43-4 P99-44-1 P99-44-2 P99-44-3 

DATE I START 'OF PERIOD) 10-3~78 10-4-76 10-5-7d 10-6-78 10-19-78 10-20-78 10-21-76 
TIME & DATE CODE I START & 0815 2768 OtHS 4!.778 OtH5 276d 0815 2798 1215 292tJ 0615 2938 OtH5 2948 

END OF PERIOD) 0415 2776 0415 2766 0415 2796 0415 2606 0415 2938 0415 2948 0415 .2956 
RUN HOURS INCLUDED IN PERIOD 124-143 148-167 172-191 196-215 133-148 157-176 1d1-200 

COAL CHARGE WUIJ WUN ROB RUN ROB RUN WOB RUN ROB RUN ROB RUN ROB RUN 
LR-25447 LR-25447 LR-2544 7 LR-25447 LR-2544 l LR-25447 LR-2544 7 

OPERATING CONDITIONS 

RECYCLE SLURRY/MF COAL RATIO 3.06 3.10 3e10 3e09 2.39 2.37 2.40 
OIL TO SOLlilS -RATIO •• 20 I. 20 1.18 1e19 lel2 1.12 1. 16 
SLURRY COMPOSITIONo WT" 

COAL IMOISiURE FREE) 24.5 24.4 24.4 24.5 29.5 29.7 29.4 
......... DISTILLATE 32.5 32.7 32.3 32.8 3.1.4 32.4 34.4 ....... 

482. C+ ( 900 F+) PYRIDINE SOL. 22.1 2.1. 7 21.9 . 21e6 21.3 20.5 19.4 
PYRIDINE INSULUABLES 20.9 21e2 21.4 21.1 17.8 1 7. 5 16.6 

TOTAL RX PRcSSURt:::o MPA 13.80 13.79 13et:IO 13.76 13.79 13.78 13.76 
PRESS X XH2 IN INLET GASo MPA 12.40 12.42 12.43 12.46 12.41 12.44 12.40 
OUTLET H2 PARTIAL PRESS. MPA 8.~4 8e94 8.94 6.94 6 .• 95 8.!15 8.~s 

DISSOLVER TIEMPERATURESo c 
ZONE 4 (TOP) 457 457 457 457 457 457 457 
ZONE 3 45b 456 456 456 ,456 456 456 
ZONE 2 455 455 455 455 455 455 455 
ZONE 1' I BTM) 452 453 452 453 452 452 452 

AVERAGE 455 455 455 455 455 455 455 
PREHEATER OUTLET 395 392 392 390 388 -386 389 

NOMINAL SLURRY RES. TIME, HR 0.99 Oe9tl o.Sie Oe9Y ·Oe99 1.00 0.99 
WHSV o KG/HR/DM3 

SLURRY •• 21 1e22 le22 1.22 1e21 1.20 1.21 
COAL (MOISTURE FREE) 0.30 o.3o Oe30 0.30 0.36 0.36 0·36 

DISSOLVER GAS 
DM3/KG SLURRY 369 366 371 363 426 422 420 
D~3/KG MF FEED COAL 1504 1507 1522 14~5 1445 1422 1426 
HYUROGEN CONTENTo VOL" t19e9 90.0 90.0 90.5 90o0 90.2 90.0 

FLUSH H20o X OF PROUUCT H20 226.6 237.1 225.5 2J t.e 188.5 ltjti.B 235.2 
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THE FOLLOWING WEJGHr BALANCE ANU HYOROuE~ CONSUMPTION DATA •ERE CALCULATED FROM MEASUREO UNIT DATA 

RUN NUI•IOER 

WATER IN THE FEED COAL ASSUMED 
LOST FROM FEED TANKe X 

WEIGHT ~ALANCEo 0/1. WT~ 

P9~-43-l P99-43-2 PV9-43-3 P~9-43-4 P99-44-1 P99-44-2 P99-44-3 

100.0 100e0 100.0 LOOeO 100.0 100.0 100.0 
9b.9 9de2 ~9.5 ~~.2 9be3 ~deO 9de7 

THE FOLLOWING DATA lHROUGH ANO INCLUOING ~LEMENTAL UALANCES HAVE BEEN CORRECTED TO A 100~ WT BALANCE 

YIELDS. WTX FEED COAL 

HYDROGEN 

METHAI'lE 
ETHANE 
PROPANE 
I-BUTANE 
N-BUTANE 

TOTAL C1 TU C4 

AMMONIA 
HYORO."iEN SULFii)E 
CARBON DIOXIDE 
CARBON MUNOXIOO:: 

TOTAL OTHER ~ASES 

WATER 

DEBUTANIZER LIQUID­
PROCESS SOLVEN-

TOTAL C5+ DISTILLATE 

VACUUM TUWER BOTTOMS-

-3.33 

5.30 
3o7tS 
.le7/:J 
o.2e: 
2.07 

15.1.4 

0.4 .. 
1edG 
o.ac 
o.1a 

3.27 

5.0! 

19.:.;0 
13.54 

33.04 

47.37 

CHEMICAL H2 CONSUMPTiON OY UNIT GAS ~ALAN:E 
OMJ/KG FEED COAL 

CONVERSIONS• WT% FEtD COAL 
HYDROCRACKING 
OESULFURIZATIOI'-! 
DENITROGENATI ON. 
OXYGEN REMOVAL 

449 

67.1 
5~.9 

.J 1 • 1 
40.4 

5.39 
3e90 
3.96 
0.22 
2e0d 

15.56 

0.48 
I ."77 
o.85 
0.21 

3. 31 

•• 79 

19.54 
12.97 

32.!;0 

47.73 

457 

66.3 
55.0 
29.1 
38.3 

-3.71 

5.21 
3.80 
3ed6 
Oe21 
2.0 7 

15.15 

0.48 
1.iu 
0.73 
Oe2l 

3e1d 

4.71 

1 de9d 
t4.oo 

33.66 

4 7 .oo 

43!j 

b7.4 
!;9.2 
30.5 
39.4 

-3./:JS 

5.46 
Je!.ICJ 
3 • .,8 
Je24 
2e0d 

15.71 

•).49 
a. 74 
•J.I:J4 
1).22 

3 .• 29 

~.44 

19od1 
a.z·. 73 

32.!;:;4 

46edd, 

65.4 
54eCJ 
J2.0 
Jl:il.b 

-3.59 

4edb 
3.46 
3:36 
0.15 
I .-7'1 

13.62 

Oe40 
1.91 
o.ao 
0.22 

3e.J4 

5.14 

1 'l· 1 ' 
10.92 

30.0.J 

51.46 

421 

61.2 
53·.1 
2-7.4 
35.4 

-3.5.J 

4.7~ 

3.51 
3.49 
0.19 
1.80 

13· 79 

Oe41 
le86 
o.a4 
0.21 

3.-32 

4e49 

1ti.32 
12.25 

.JOe 57 

51.36 

414 

~0.9 

55.5 
26.6 
3~.2 

-3.46 

4. 79 
3.43 
3e40 
0.22 
1ed0 

13.64 

Oe42 
le84 
0.82 
o.za 

3.29 

4.99 

ld.07 
7.54 

25eb1 

5!).94 

406 

su.o 
s~.d 

25.7 
31.1 
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RUN NUMOEI-: P~Y-43-1 f->'ioY-4.J-2 PYY-43-3 j.)':jl~-43-4 PY'io-44-1 i->99-44-2 P'J'J-44-3 

GAS RATES,. DM3/K i:i fEED CUAL 

DISSOLVER INLt:T GAS 9"13.4 Yi:!/.6 91.3.2 Y.J 1 • 8 Y52o1 ':106.7 Y27 .4· 
TOTAL QueNCH GAS 57!i.Y u07.2 t.>16.o b12o1 54 d. 3 544.9 51Yo7 

TOTAL UISSOLVLR GAS 1~52.4 I 534 • d 1~29.>1 1543.9 l50Cio4 145lob 1447o1 

MAKEUP GAS TO DISSULVt::R 32Yo6 3b3ob 341io9 375od 375.4 :i74.1 35bo8 
MAKEUP .iA 5 TO SEPo SPAR~E dd.Y tiOoO 70.5 6<!od c.>o.o 60.6 12.2 
MAKEUP ::iAS TO INSTRUMt.NT TAPS 31do8 314.5 309.9 321.2 267.3 262.5 260.6 

TOTAL lotAKEUP GAS 131.3 758o7 729.4:! 75'.ioU 70,2. 0 6~7 o2 689ob 

DISSOLVER OIJTLET :iAS 1260.7 12Jdoli 12!j1.d 1254.0 1225.7 1182.!:1 11 d4. 7 
C. AS LEAVING SCRUBU£~S 1d21io7 172.do5 1 70 7. 1 1660oY 15.;;o.e 1536.9 159(>.1 
St:PARATUH Si'>ARGE GAS 418.U 340.1 309o0 258o0 239.6 235.3 2':io2o9 

PROUUCT GASES 
BLEED OfF GAS 26Yo5 2'H .6 2.82.0 29lo5 2o0o0 278.9 2 79.7 

........ DCAUTANIZt:R GAS t>Oo7 L1o5 61o7 65.1 50od 5.3.3 52.7 
w AMl NE Rt.ACT 1 VA TOR GAS 12.1 11. 7 11 .. 6 11o8 12od 12.·3 1.:!.o4 

NAPTt-A RE.ACTJVATOR uAS Y6 .• <;. 'J1o7 Y0o2 9oo4 78 • .J 77.d 77.'0 
CHR Ot-1A T UGRAPU tiLE EO GAS 6.5 6.2 Sol 6.1 6~ i s.a 5.4 

ELEMENTAL BALANCES, 

WATER I.N THE.FEED .COAL ASSUMED 
LOST FROM FEED TANK, ~ 11lO.O 100.0 100o0 100.0 100.0 100.0 . 100 .o 

CARBON. 0/[ 1. 0 1 .1 • 0_1 1. 01 1.00 u.YY 1.00 o. 9d' 
HYOROGENo (J/J 1. 0 1 1.00 1o02 1.03 1·.oo "1 .oo 0.99 
NlTkOGENo 0/1 1.00 1 .o 2 1.00 0.99 Oo9d 1o00 1o01 
SULFUR, 0/1 0.91 Oo97 0.9~ 0eY7 lo03 o.<J~ lo 02 

UXYGENo 0/ I Oo'j7 Oo91i Oo96 1.01 1o03. 0~99 1. 0"7 
METALS. 0/1 OeSIY Oo'J8 0.97 Oo97 0.99 Oo9'1 1o 04 
ASH, 0-'l Oo9\l 0.9d 0.97 Oo"l1 . 0. \~9 '0 .97. lo 04 
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fHE FOLLOWING DATA 1!1£~£ LlALANCED FO~ CAa8UN, HYDROGEN, SULFUR, NITROGEN• OXYGEN, AND METALS 

I<UN NUM8EI~ P9~-4.:i-1 P;IY-43-2 P9~-43-3 PY'J-4:1-4 p.;,CJ-44-1 P9\l-44-2 P9':11-44-3 

YIELDS, lriTX MOISTURE FREt. COAL 

t-IYU~OGEN (BY H t:iALAt~CE) -.J.<J4 -3.d"J -3.92 -4. Oo -3.5d -3.ti4 -~.33 

METHANE 5.2.1 s.3o 5.15 5.4 7 4.90 4o7f 4odi:l 
ETHANE J. 75 3.ou 3.76 3.96 3o4H 3.4 ... 3.50 
PROPANE 3. 75 Jo94 .3oi:J2 .3 .... 9 3o.:id 3o4d 3o46 
1-t:iUTANE 0.21 0.22 C.2l 0.24 0.15 0.19 0.22 
N-BUTANE 2.05 2.07 2.05 2.()d lod1 1oi:JO 1. d4 

TOTAL C1 TO C4 15.04 15.46 14 .... '..1 15.1'3 13.72 1..iof3 13od., 

Al.IMUNIA C 13Y N t:iALANC£) 0.49 0.46 Oo4Y o.so 0.42 Oo42 Oo..itl 
HYDRO;;EN SULFIDE (t:iV s l:iALI 1oYO 1oi:J7 2o02 1 o·d4 .lo 71:J 1odd 1. 76 
CARBON OIOXILIE O.i:IO o.a5 0.72 o • .a4 o.tu 0. I';;J Ood.J 
CAf.IEJON MONOXIDE 0.10 o.zt Oo21 0.:22 1.).22 0.21 Oo22 

TUTAL UTHER GASt::S 3.37 3.39 3.43 3.~ 3o2J 3 • .J5 3 o1 d 
--..J 
~ 

WATER (1:3Y OXYGEN uALMICEJ Oo 4 1 5.09 5.39 5.21 4,54 4.62 .J.74 

DEt:iUTANIZER LLOlJID l<J.38 1':Jo42 18.77 l'Joo4 1'Jo2ti 1o.24 1do40 
PkllCESS SOLVENT l..h4o l2od9 14 .• 52 12.75 lt.oo 12.19 lobU 

TOTAL C5+ DLSTILLATE .:J2.d.J 32 •. H 33.~ ... 32.5:il 30.25 30.43 26.0-ii 

VTB PYRIDINE S<JLUAtJLES 24.60 24o55 24 .• 2'>1 25 •. ~7 2o.41:J 2S.o2d .J1od1 
INSULUABLE ORGANIC MATTER bold 6o64 6.06 5,)3 6.91 5.6d Ho 1 ·r 
ASH 16.40 16o4b 16.46 16 •• 6 10 .4.6 16.46 16.46 

VACIJUI~ TOWER BUT TOMS 47.23 47.64 46.::U 47.1:5 51 • ti4 :j 1 • 4<:! 56.44 

CHEMICAL tl2 CONSUMPTION, Do\13/KG MOISTURE FREE COAL 
BY HYORUGEN BA_ANCE 462 457 -59 4~b 419 415 JYl 

CONVERSIONS, WT"' MF COAL 
HVDROCRACKINCi b'7 .3 66oti bled 65.4 60.':il 61. 1 !:>7.2 
ui:::SULfUI<IZATlON !>6.2 ~5.3 5~.7 ~4.5 52.d 55.7 5~.o 

UENITkOGENATIGN 31.6 29.6 3Lo3 31.9 26.9 26.9 24.3 
OXV;iEN RE..,uVAL 40.5 3de4 39.7 ;,; .... 2 .J4.C:. 3::i.J 2<,1.6 
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RUN NUr.IBER PY-J--.·3-1 ~':19-4::1-2 P99-43-.J PY9-4.J-4 P'.il~-44-1 PY.,-44-~ po,~.;,-44-3 

GAS COMPOSlTIONSo VOL% 

RtAC.TOR INLET (;AS 
HYDROGEN d<,lod'J o;,o.o4 <,10.05 90.53 d':lo99 90.21 8~o'J':.i 

METHANE 9o07 u.o4 a.u6 8.41 do73 do49 do7U 
.ETHANE OoS/5 lo 02 1o 02 0.'..12 1ol4 1.09 1. 13 
PROPANE o.oo o.ot o.oo o.oo o.ot o.oo o.o1 
1-IJUTANE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
N-IJUTANE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
PENTANES o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
HYUROGEN SULFIDE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
CARtiON i'tONOXll>E 0.09 o.oor,; 0.07 0.14 0.13 0.21 0.11 
CARBON DIOX.lDt:. o.oo o.oo o.oo o.oo o.oo o.oo o.oo 

REACTOR UUJLET GAS ( UUT A.\lt:.S ANI) L 1 ~HTEH ONLYJ 
HYL>ROGEN 70.92 70.62 71.3., 70.91 71.50 71.68 71.26 
METHANE lu. 4.7 16.50 16.14 15.83 1 5o66 1o.sa 15.75 

-...,J ETHANE 3o.:Sd 3o5<,i .Jo49 3.45 3.46 .io52 3o4\.l 01 
PROPANE 1.55 1.67 lobi leb4 ~.44 1.54 lo4Y 
1-BUTANE o. 1 1 0. a2 o .a 1· 0.12 0.10 0. 11 o. 11 
N-l:lUTANE Oo64 Oo65 0.65 0.64 0.57 o.oo . 0.59 
HYDROGEN SULFIDE 0.94 Oo94 0.93 0.91 a. 02 a.03 a. 02 
CA~f:WN MONOXIDE 0.22 0.24 Oo21 Oo30 0.<!9 Oo3d o. 2 7. 
CARBON DIUXIDI:o o.J2 0.35 o. 30 o.J4 0.33 0.36 o.Js 
AMMONIA o.sa Oo5l o.5a Oe!:il 0.43 o.4u 0.47 
WATER 4o94 4otH 4o69 5.36 5.20 4. 7".J ~.22 

BLEED OFF GAS 
HYDROGEN d.J.9t:J I:I.Jo55 tU.80 &3.91 dJo22 1:13.67 d3.45 
METHANE a3.95 a4.10 1 J.d 7 l.Jo90 14o1a 13.i:H) 14.03 
ETHANE 1.50 1.67 lo62 1. !.15 1.90 1.82 1. d5 
PROPANE 0.02 o.oa o.oo 0.02 0.06 o.o-, 0.02 
I-6vTANE o.oo o.oo o.oo o.oo o.uo o.oo u.oo 
N-BUTANE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
PENTANES o.uu o.oo o.oo o.oo o.oo o.oiJ o.oo 
HYIJRuGE:N SULFIDE o.oo o.uo o.oo o.oo o.oo o.oo o.oo 
CAROON MON.JXIDE o.so 0.60 o.o2 0.62 0.65 0.64 o.o4 
CARtluN DIOXIDE o.uo o.oo o.oo o.oo o.ou 0 .oo O.QO 
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RUN NUMi:lER P~,J-43-1 P'.:iY-43-2 P9':#-43-.J 1-'~-.;,-.e.J-4 P<;;'>l-44-1 Pi~Y-44-2 P99-44-3 

C>AS COMPOSITIONSo VOL:( 

AMINE Rt:ACTIVATO~ GJIS 
HYDROGEN 11.':18 11.33 1.1.65 14.91 J0.9d 10.32 1 0. 1 1 
METHANE 2.4 7 2.55 2.. 4 7 2'.58 2.06 2.09 2.15 
ETHANE 0.41 0.44 0.43 () .• 4!;; 0.34 0.37 0.37 
PRU?ANE o.oo o.o1 ,o. 00 o .• oo o.o1 o.oo o.oo 
I-BUTANE o.oo o.oo o.oo o.oo o.oo ll.oo o.oo 
N-BUTANE o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
PENTANES o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
IH'O~OGEN SULFIDE 5d.72 so. 74 5:i.t.1 55.5S ti0.~1 60.11 60.!8 
CARBON MONOXIut: o.o3 o.o7 :>.04 o.o2 o.ot o.o:J o.o4 
CARBON DIOXIDE 26.39 2.6.86 26.61 26 .• 46 25.6'J 26.41 27.16 

NAPHTHA REACTIIIATUR •:iAS 
HYURGGEN 22.d0 21.2d 21.93 23a45 22.64 22.02 21.66 
METHANE 30.37 2'9.38 29.33 29.27 2 7e6d 21.92 27.96 

"' f. THANE 22.05 22.d2 22.57 22.3'll 22o2d 22.64 22.63 :::n 
PROPANE 16.53 17.77 17.48 16.82 18.03 18.22 18.33 
l-8UTANE •• 04 1.12 J • 1 1 1.04 1o17 1 .19 1. 20 
N-BUTANE 5.5'1 5eYO 5.d5 5.4b 6.20 bolo 6.31 
1-'ENTANES 1.43 1.52 ~.53 1.39 1.6"7 1e64 le70 
itYO~OGEN SULFIDE u.uo o.oo o.oo o.oo 0.14 o.ot o.o3 
CARt3llN MONOXIDE 0.01 o.o1 o.o2 o.oo o.oo o.ot o.oo 
CARBON DIOXIDE 0.20 0.19 0.19 0. 18 0.18 0.20 0.19 

DEuUTANilEH GAS 
HYOKOGE:~~ 5:.!.10 51.41 51.51 o1.43 47.dd 413.37 ~ 1.so 
METHAN~ lo. 19 tu.60 18 .. 34 1a.~s 20.4 7 l'J.49 1ti.J8 
ETHANE 7.o~ cio79 d.d~ ct.7a 9~d1 c;,.~\il '.:11.00 
P~OPANE 7.69 de41:1 8.46 8.16 d • .l7 9.04 o.40 
1-0UTANE o.ao 0.84 0.1:14 o.a5 O.d2 o.a4 0.82 
N-iJUTANE 5.13 ~ .14 Se21 5. 12 5.04 4e95 4ed4 
PENTANf.S 2.21 2.21 2.29 2. 19 2.01 2.14 1. '}9 
HYD.~ OGEN SULt' WE 4 • .34 4.45 4.41 4.2.7 5.33 5.00 ... 93 
CA~UON MUNOXlOC o.oo o.oo o .• oo OeiJO o.oo 0.1)0 o.oo 
CARBON DIOXIDE o.o4 0.07 o.o6 0.1.4 0.213 o.1a 0.15 
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COAL INSi-'ECTIONS 

RUN NUMOER P~Y~43~1 PY9-43-2 P9\.l-43-3 PY~-43-4 P':ll'i.l-44-1 P\.IY-44-2 P9'i.I-44-J 
' 

Ft::EU COAL 
t:UC:MENTAL ANALYSI~ (MOlSTUHE FREE, NORMAL lLED TO lOOX) 

CA~tlONo SEMI-MICRO, IAIT% 6o.30 6do30 6do30 bdo30 6a.;;o 6Cio30 ·6do30 
HYL>ROGENo SEMl-MI CRU • lilT :X 4.94 4.94 4.94 4o'il4 4.':i4 4.94 4oSI4 
NITROGENo .:>d 11. WTX 1o 26 1o2tl lo2tl lo26 lo2o lo2d 1o 2d 
SULFUR, TOrALo .:;RP-~1159. wT~ Jold 3olo .3 o1 d Jold 3 old .3olli 3old 

:iULFUF<o i.lkGANIC, wTX 0.62 0.62 0.62 Oo62 0.62 0.62 0.62 
~ULFURo ;>YRITICo iii'T ~ 2.49 2.4'>1 2o49 2o4Y 2o4Y 2o4'J 2.49 
SULFuR, SULFAT(:, wTX 0.07 o.o7 Oo07 o.o7 0.07 u.o7 0.07 

UX Y GE.N • GRM1117o lilT X 13.69 ·~-69 13.6-,1 13.69 13.69 l.J.69 1.3.o9 
UXYGENo OR::iANICo wT% Oo72 5. 72 5.72 5. 72 5o72 5.72 5o72 
OXYGENo INORGANIC, wn:. 7.97 7.97 7.97 7o<J7 7.97 7.97 7.97 

METALS, OY SPEC A Sti, WT% do61 do61 tiob1 dobl a.61 tl •. b1 8o6l 

Ml Nt::RAL MATTER, !NT X* 1 ~. 14 1~o14 19.14 19.14 }';~; 14 19.14 l!Oio14 

"""-~ MOISTUREo 0271. Ill T% OoY5 0.95 0.9~ Oo95 0,95 0.95 0.95 
"""-~ 

VOLATILE ~lA l TER, wr" 34.40 34.40 34.40 34.40 34.40 34.40 34.40 
ASHo U271, 1\T~ 16.46 16.46 to.4ti 1bo40 16.46 1bo46 16.46 

SULfUR, WTX OF ASH 2.25 2.25 2.25 2.2~ 2.2:) 2o25 2o25 
OXYG.EN, lliT% OF ASH 4!:>.40 45.40 45.40 45.40 45.40 45.40 -.5.40 
ALUMINuM, WT~ OF ASH ~~.o 15.0 15.0 15.0 15.0 15.0 15.0 
CALCIUM, lilT" OF ASH 3.3 3,3 3.3 3.3 3.3 3.3 3.3 
IRON, lilT% OF ASt-t 10.0 10.0 10.0 10~0 10.0 10.0 1v.v 
MAGNESIUM. ·.vT" OF ASt1 2.0 2.0 2.0 2.0 2o0 2o0 2.0 
POTASSIU~I. 'liT~ OF A5H 1. 3 l. 3 1 • .3 J • .l •• 3 1· 3 '1. 3 
SILICON, liT X oi= ASH 20 .o 20.0 20.0 20.0 20.0 20.0 20.0 
SODIUM, wr% OF ASH .4 .4 .4 .4 o4 .4 .4 
T lT ANIUMo WT" Of ASH 1. 0 1 • 0 1o 0 1. 0 1o0 1.o 1. 0 
TRACE MET~LS, WT" OF ASH • 1 • l • 1 • 1 • 1 • 1 • 1 

PAtHICL~ SIZE DISTRIOUT10No wT" 
ON dO MESH 
THRU 80 ON 200 MESH 3.9 3.9 3.9 .l.~ 3.9 3.9 3.9 
lHRU 200 ,ON 325 Mt:SH 20.6 20ob 20.6 20.6 20.6 20.u 20.6 
THRU 325 ON o25 MESH 35.7 .3~.7 35. 7 35.7 35.7 35.7 35.7 
THRU 625 ME~H 3"Joti 39otl 3~.8 39.d J'>l.d 3Y.ti 39.8 

* BY PAP.R•S EOUATiuN: MINERAL I"ATT£k = loOd X ASH + 0.55 X PYRITIC SULFuR 
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PRODUCT 1 NSPECT lUNS 

RUN NUMBER PJ~':II-43-1 P'J~-43-2 PYS.-43-3 P5.oSI-43-4 P-:i._,-~4-1 · P99-44-2 p~~-44-3 

OEBUTAN 1 ZER BOTTOMS 
GRAV 1 TV • D2d7, API 21:ie5 2d.9 2ti.a 29.0 27eb 27.8 .2ts. 2 
ELEMENTAL ANALYSIS tNORI'tALlZED TO 100~) 

CA~BONo StMl-MICRUo wr~ &4.<j2 64.59 64.55 84.!;)6 ti4ed0. 64.93 dSe14 
HVDRG:iENo SEMJ-MIC.ROo wT:.: 10ed5 10. /6 10.72 IO.dli 10.93 10.79 1o.ao 
NJTROGENo Gti1lo WT~ 0.76 0.77 a.1a 0.75 Oe77 0.77 o.11 
SULFU~o GRMI156o wr" 0.20* o.2o• 0.3d o.2o• Oe20* o.zo• o.zo• 
OXVGENo GRM111 7o -T% 3.27 3.6<..1 3.5~ 3.,61 3.3~ 3e30 Je09 

v 1 seas 1 rv. KINo 0445. cs 
-:sse 10.42 

oc 2.96 3.24 
IIIATE~o G525o PPM 530<..1 6189 6087 64'.1 7 5730 5V50 5187 
HEAT OF COMBee 0240~ tf.Tl.ii'LB 17b0d 17144 
PUUH POINTo 0~7, c -s.J -~.J 

DISTILLATION, D86o c 
INITIAL BOILING POINT !)d 59 62 -:01 55 58 ~7 

......... 5 VOL " 75 77 74 7<..1 71 70 76 
()) 

10 VOL % 102 100 J06 I J6 Yd 103 1 06 
30 VOL " 157 154 l5Y 1~d l5d l5d 15<,; 
50 VOL " 1d8 186 188 108 191 191 19.2 
70 VOL :.: 210 205 20C. 2.)5 213 214 215 
CJO VCJL " 2J~ 22d 22d .229 241 242 242 
95 VOL X 248 ·240 2 .. 1 242 255 256 2~8 

ENi) POl NT 2t>4 25d zos 2!>d 270 267 268 

'.VAT£:.1<1 (I NCLUOES. FLUSH WATER) 
TOTAL CAR BONo PPM 12500 1 J7SO 13300 13400 13600 13d00 1 4000 

OR.:iANlC CARtiONo PP11 10000 10300 11600 11l4~·0 11000 1.0300 1121)0 
NlTkOGENo G811, lilT" 2.14 2.16 2o1u 2.14 2o24 2.35 2o3S 
SULFUR, GRM1156o lilT" 2.oo• z.oo• 2.oo• 2.co• 2o4b 2eol z. so• 

* FOLLOWING AN ENTRY INOICAT~S THAT 1 T IS AN ESTlMATEi.> VALUE 
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PRODUCT INSPECTIONS 

RUN NUMBER f->'>1':1-43-"1 P~9-43-2 P99-43-3 P9Y-43-4 P~'l-44-1 lo'<;i'il-44-2 P99-44-3 

PROCESS SULVENT 
GRA\IITYt 02C.7o API He3 de5 8.d Ho6 'ilel 9.0 'ioeO 
ELEMENTAL ANALYSIS (NORMALIZED TO 100,) 

CARBOI1. SEMI-MICRO, lilT% l:il:SeOO 8d.19 8tS.07 Bdeli:S o7.71 67.6d &7.93 
HYDROGEN, SEMI-M I CIW • Wi;¥ 8.76 8.58 8.76 a.7& Boi:SIJ u.aa 8.82 
NJ TROGEN. .:id 1 1 • WT" 1e04 1e0d 1o07 1o06 1.04 1.05 1. 05 
SULFUR, GRM115b, WT% o.:u 0.36 0.30* 0.30* o.3u• o • .Jo• 0.30* 
OXYGEr.,, GRM l 1 l7o WT% led9 1.80 1e79 1e71 2.00 2.10 1. 90 

VISCOSITVo KINo D445. cs 
25 c 1<ile63 17.87 
50 c f>eb5 6.42 

100 c 2.12 2.02 
'WATEI<o :;525. PPM 3d6 792 625 477 645 b22 603 

Ht:AT OF_.....-CUMI:l., 0240. uTU/Ltl 17~57 17502 
POUR POINT, 097, c ·-15 -15 
DISTILLATIU'II, CUSHMAN, c 

-...J CORRECTED TO 760 MM H::i USIN.:O 1<10 FACTOR 
10 

INITIAL UUILING POINT 224 224 230 224 1 ~.3 192 204 
10 VOL X 254 25b 251:S 248 246 242 24'>1 
20 VCL " 2d0 2d1 27u .lll 2~d 2:)d 263 
JO VCL " 29u 2..,1 288 285 26d 279 27'iJ 
40 VCL % .305 304 302 21J9 284 2.97 296 
50 ~OL % 31d 31'7 314 312 304 312 .313 
60 VOL " 33& 331 324 324 319 325 325 
70 VOL " 353 352 347 347 341 348 344 
dO VOL " 3b9 37'1 369 375 3o3 3b4 3tSO 
<,10 VOL X 417 407 397 421 401 392 406 
E.ND POINT 4b1 4tH 467 461 493 47d 464 

• FOLLOWING AN ENTRV INDICATES THAT IT IS AN ESTIMATED 1/ALU~ 
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PROOUCT lNSPECTluNS 

RUN NUMDEI-1 ~99-43-1 P99-43-2 P99-4~-3 P99-43-4 P~Y-44-1 P99-44-2 P~Y-44-3 

VACUUM TO~ER BOTTOMS 
SPECIFIC ~RAVITYo D70o G/CC 1.48 
ELEM~NTAL ANALY~IS CNORMALIZED TO 1004) 

CARHONt SEMl-MICRC, ~TS 

HYDROG~No SEMI-MICRO, WT~ 

NITROGEN, G~llo WlX 
SULFUR, TOTAL, 01552o ~T~ 

SULFUR, SULFIDE. WT% 
SULFUR, PYRITIC~ WT~ 

OXYGENo GRM1117o ~T% 

METALSo WT" 

ASHo G5ijy, WT~ 

SULFUR. WTX OF ASH 
OXYG~N. WTX OF ASH 
METALS, WTX UF ASH (8Y DIFF) 

PYRIDINE INSDLUA8LESo •TX 
MELTING PUINT, Gd~8o C 
HEAT OF COM~., 0240o OTU/L~ 

CONCARBDN RSOo 01~9, WT~ 

DISTILLATION, CUSH~ANo C 

59.60 
.:1.62 
1o21 
~.75 

15.09 
11.13 

33.dd 
2.<::5* 

45.40* 
52.35 

47.2 
135 

CONVERTEU TO 760 M~ HG USING KlO FACTOR 
INITIAL BOlLING POINT 
INTERMEDIATE BOlLING POINT 
EN~ Pi.liNT 
OVER AT INTERMED BP, WT% 
RtSIDUE, WT~ 

392 

4 79 

1.55 

59.43 
.io6l 
1o25 
<!_,77 

15.42 
17.52 

3.3.47 
2.25* 

45.40* 
52 • .i5 

47ob 
135 

40b 

486 

91.7 

lo4o 

S'iio67 

3.65 
lo20 
2:.4 7 

33.65 
2.25* 

45.40* 
52-o.iS 

47.1 
130 

~00 

lo55 

5\0oll 
;;,o68 

1.21 
~.1)7 

2.25 
0.61 

15.42* 
17.71 

33.!::12 
2.25* 

45.~0· 

52.35 

44.8 
1.~5 

107·)7 
77 ol 

425 

454 

94 .• 7 

lo50 

oO.o4 
3 • . ,, 

1.25 
2.72 

31.28 
2.25* 

45.40* 
52.35 

44.5 
127 

404 

464 

* FOLLUNING AN ENTHY IN~l~ATtS THAT IT IS AN ESTI~•TEU YALUE 

1o48 

60.<..15 
.3.74 
1.21 
2.57 

Oo45 
15 • .:15* 
1u o12 

30.7~ 

2.25* 
45.40• 
~2.35 

42.3 
126 

11172 
73.4 

394 

447 

93.7 

&. 47 

b 1. 00 
3.77 
lo2o 
2.55 

30.48 
2.25* 

45.40* 
52.35 

4.Jo8 
127 

392 

457 

92.6 
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·IN THE F OLLUtil NG DATAo DISTILLATE VlELDS HAVE BEEN ADJUSTED TO THE SOILING ~ANGES INDICATED 

RUN NU)4BER P9'l-~3-1 P99-~3-2 PYY-~3-3 P99-~3-4 P99-44-1 P9<J-44-2 P99-44-3 

YlELOSo wrx MOISTURE Ff.tt:E COAL 

HYDROGEN ( t:iY H BALANCE) -3.94 -3.8~ -3.92 -4.0~ -3.5~ -3.54 -3.33 

METHANE 5.27 5.36 5o15 5.47 4.90 4.77 4o88 
ETHANE .J.75 3.~8 3.76 3.96 3o4d 3·49 3.;5o 
PROPANE. 3o75 3o94 3o82 3o99 3o38 3o48 3.46 
I-BUTANE 0.21 0.22 Oo21 0.24 0.15 Dol9 0.22 
N-DUTANE 2.05 2.07 z.os 2o0ts lo8l lo80 lod4 

TOTAL Cl TO C4 15o04 15.46 14.99 15o73 13.72 13o73 13.89 

AMMONIA (BY N BALANCE) Oo~9 Oo46 Oo49 0.50 Oo42 Oo42 Oo38 
HYDROGEN SULFIDE (BV s UAL) lo90 1oti7 2o02 1.84 lo7ti lo88 1e76 
CARBON DIOXIDE ooao o.e5 0.72 Oo84 o.a1 Oo83 0.83 
CAROON MONOXIDE Oo18 Oo21 Oo21 Oo22 0.22 Oo2l Oo22 

TOTAL OTHER GASES 3o37 3o39 3o43 3.39 3.23 3o35 3old 

(X) ..._. WATER cov OXYGEN 8ALANCE~ !:Jo4 7 5.09 5ol9 5. 21 4o54 4o62 3o74 

C5 - 19:} c. (C!:) - 3d0 F) 8o55 9o15 6o24 8.91 SolO 7o68 7o56 
193 - 28d c '380 - 550 Fl 14o22 13.55 14o42 l4o97 15.06 14.20 13o 14 
2eo - 4ol c (550 - 'JOO Fl 14o32 13o38 15o06 13o56 l1o.l<J 13o94 10o91 

TOT.AL C5+ DISTILLATE* :J7o0d 36.08 37.74 37o44 34.55 35od3 31.62 

4d2 C+ ('.iiOO F+) PYtHDINE SOLo 20o35 20.76 19o65 20.61 24.18 2~.68 26o28 
INSOLUAi:iLE OHGANIC MATTER 6o16 6o64 6o06 5.o3 6.91 5.66 6o1 1 
ASH 16.46 16o46 16o46 16o46 16.46 16o46 16.46 

TOTAL 4d2 C+ (900 F+) ;>ROD 42o98 43.88 42o36 42.29 47.!:)~ 46.02 50.90 

• THE QUANTI TV OF DISTILLATE SHOWN MAY NOT BE RECOVERABLE COMMERCIALLYo IF THE TOTAL 
~82 C+ '90 I) F+) PIWDUCT IS NOT FLUID ENOUGH TO BE EASILY REMOVED FROM THE VACUUM COLUMN 
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IN THE FOLLOWING UATAo DISTILLATE YIELDS HAVE EI~EN AD.JUSTEO TO THE BOILING RANGES INDICATED 

I< UN NUMBER P99-43-l P99-43-2 P99-43-3 P99-43-4 P99-44-l P99-44-2 P99-44-3 

.YlELDSo wn: MOISTURE AND ASH FREE COAL 

HYDROGEN (BY H BAL.~NCE) -4.72 -4.66 -4.69 -4.88 -4.2ti -4.24 -3.99 

METHANE 6.30 6.42 6.17 6.54 5.a6 5.71 5.ts4 
ETHANE 4.49 4e64 4e51l 4.74 4.17 4.18 4.18 
PROPANE 4e49 4. 71 4.57 4.77 4.05 4.16 ·4.15 
I-BUTANE 0.26 0.26 o.zs o.za 0.18 o.zJ 0.26 
N-BUTANE 2.46 2.48 2e45 2.49 2.16 2.15 2.20 

TOTAL Cl TO C4 18.00 18.51 l7.CJ4 18.63 16.42 16.43 16.63 

AMMONIA (BY N BALArtCE) 0.59 0.55 o.!:>a 0.60 o.oo 0.50 0.45 
HYDROGEN SULFIDE (OY s BAL) 2.~ 1 2.24 2.41 2.21 2.1J 2.26 2.10 
CARBON OIOXIDE Oe96 1.02 Oed6 1.oo 0.9·/ 1.oo a.oo 
CARBON MONOXIDE 0.21 0.25 0.25 0.26 0.26 0.26 0.26 

TOTAL OTHER GASES 4.03 4.05 4.11 4. 06 3.87 4.01 .3 .61 

:::0 WATER ( ilY OXY.iEN B~.LANCE) Oe54 be09 be45 be24 5.~3 5.53 4.47 N 

cs - 1.93 c (CS - .360 F) 10.23 10.95 9.66 10.66 9.70 9.19 9.05 
193 - 286 ·c 1380 - 550 F) 17.02 16.22 17.26 17.92 18.03 17.00 15.72 
2dd - 4dZ c (550 - 900 F) 17.14 16.02 18.05 16.23 13.63 16.69 13.06 

TOTAL C5+ DISTILLATE* 44.39 43.18 45.17 44.82 41 .36 42.88 37.84 

4o2 C+ 1900 F +) PYRIDINE SOL. 24.35 24ed8 2:3.75 24.91 26.94 28.58 31.45 
INSOLUABLE ORGANIC t4A TTER 7.40 7.95 7.25 6.02 Be27 6.80 9.78 

TOTAL 462 C+ ORGANIC PROD 31 ~ 75 32."62 31 .. 01 30.93 37.21 35.39 41.23 

.. THE UUANTITY OF DISTiLLATE SHOWN NAY NOT BE RECOVERABLE CUMMEHCIALLYo IF THE TOTAL 
4ti2 C+ (900 F+) PRODUCT IS NOT FLUID ENOUGH TO BE EASILY REMOVED FROM THE VACUUM COLUMN 



:."APPEND.IX .. C .. 

COMPUTER PRINTOUTS OF INDIVIDUAL 

PERIODS FOR THE SECOND SHIPMENT OF POWHATAN COAL 

83 



10-30-79 PAGt 1 

SRC- I I RUN DATAo MATERIAL BALANCES. AND Pf'ODUCT PUOPERT IES 

RUN NUMBER P99-45-.~ P'.t9-45-3 P9'i'-45-4 PY9-45-o PYY-45-b 

DATE (START GF PERIOIJ) 11-9-7d 11-10-78 11-11-7CI 11-1.~-7ts 11-13-7d 
TIME & DATE CO DC: ( SlAIH f, 815 3131:1 815 3148 815 315tl 815 .J168 815 3178 

END OF PERIOD) 415 Jl4S 415 3158 415 316d 415 ..J17d 415 31tld 
RUN HOURS INCLUL}Eu liN Pt::F.:IOD I tH-2UIO 21>5-224 22:9-24d 253-272 277-2~6 

COAL CHARGE PUWHATAt~ POWHATAN PUiii.HATAN POWHATAN POwHATAN 
LR-25734 LH-25734 LR-2!)734 Ll':-27534 LR-257.34 

OPERATING CONDITIONS 

RECYCLE SLURRY/MF COAL RATIO 2. 40. 2.43 2.37 2.43 ~ .• 38 
OIL TU SOLIDS RATIO 1e2o 1.27 1.27 I .31 1.29 
SLURRY CO,>tPOS 1 T l ON, rwrx 

COAL (MOISTUf~E FREE.) 29.4 29.1 29. 1 -~9 .1 2'>1.6 
DISTILLATE :J2.E .H .7 32.1 .32.8 33.0 
482 C+ '900 Ft-) PYIUDINE SOL. 23. 1' 24.3 23.9 24.0 2.3.2 

co PYR.lD 1 NE 1NSOLUAtlLES 14.1,1 14e8 14.3 14.1 14.2 
~ 

TOTAL RJC PRESSURE, M=>A 13.d0 1:3.79 13.82 1.3.1:i0 1.3.79 
PReSS X XH2 IN INLEr GAS, MPA 12.4 7 12.43 12.52 1.!.42 12.36 
OUTLET H2 PAIHIAL P.~Ess. MPA 9.03 ~.OJ Y,OJ 9.03 9.03 

DISSOLVER TEMPERATURES, c 
ZONE 4 (TOP) 457 457 456 457 457 
ZONE 3 45b 456 45b 45b 456 
ZONE 2 455 455 455 455 4~5 

ZONE (fHM) 451 451 451 452 452 
AVERAGE 455 455 455 455 455 

PRE HEATER OUTLET 394 396 398 396 3~6 

NOMINAL 5LURRY RES. TIME. HR o.~~ 0,9d 1. 0 0 ''· 9d 0.99 
•HSV • KG/HR/OMJ 

SLURRY 1.22 1.23 1.21 lle23 1.21 
COAL (MOISTURE FREEl Oe3C:. o,Ju 0.36 (,36 O.Jb 

DISSOLVE~-! GAS 
OM3/KG SLURRY 460 450 484 458 46o 
DMJ/KG MF FEED COAL 1562 1'543 1630 1573 1577 
HYDROGEN CONTENT, VC.L% 90.4 90.1 90.6 ~o.o 89.8 

FLUSH H20o % UF PROOLCT H20 ldbe6 192.7 215· a 2ocs. 7 19tie0 



00 
U"1 

. 
THE FOLLO~ING WEIGHT BALANCE AND HYORUGEN CONSUMPTION DATA ~ERE CALCULATED FROM MEASURED UNlT DATA 

RUN NUMBER 

WATER IN THE FEED COAL ASSUMED 
LOST FROM FEED TANKo % 

WEIGHT BALANCE, 0/lo WT~ 

P~~-45-2 P99-45-3 P9~-45-4 P~9-45~5 P99-45-6 

100.0 100.0 100.0 100.0 100.0 
101o2 102o1 97o9 9do5 99o1 
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THE FO.LLOWING DATA THROUGH AND INCLUDING ELEMENTAL BALANCES HAV~ BEEN CURRE.CTED TO A 1GOX WT BALANCE 

YIELDSo ~T¥ FEED COAL 

HYDROGEN -3.54 -.3.33 -3.75 -3.d7 -3.92 

METHANE 5.05 5.24 5.54 5.53 5.43 
ETHANE 3o58 3.71 3.77 3. 76 3o7d 
PROPANE 3.40 3o49 3o30 3.38 3.52 
I-6UTANE 0.15 Oo17 0.17 0.16 0.22 
N-BUTANE 1.69 1o64 1.58 1o65 1.64 

TOTAL Cl ·ro C4 13.87 14.24 14.45 14.47 14.59 

AMMONIA O.J5 0.37 0.37 0.39 llo40 
HYDROGEN SULFIDE 1.oa 1.90 2.05 2.05 2o06 
CAf(BON DIOXIDE 1.02 1. 05 1.19 1.10 1o14 
CARBON oi40NOXIDE 'o .11 0.21 Oo1d 0.22 Oo21 

TOTAL OTHER GASES 3.41 3.5.J 3.79 3.76 3od2 

WATER 4.()3 5.~3 5.85 5. 79 bo02 

DEI::IUTAI'..IZER LIOUIO 19.20 16.40 1i:I.SO 19.12 19.27 
PROCESS SOLVENT 11.17 l<i .55 10.31 8.29 /j. 12 

TOTAL C5~ DISTILLATE 30.37 2d.94 2'>1.11 27.41 2d.UO 

VACUUM TO IllER OOTTUMS 51.26 51o08 50.56 52.4:J 51.50 

CHEMICAL H~ CONSUMPTION BY UNIT GAS BALANCE 
DM3/Ko.i FEED COAL 415 391 440 454 460 

CONVERSIGNSo WT" FEED COAL 
HYOROCRACKING 63.3 63oti 63.5 63.2 63.2 
DESULFURIZATION 50.5 61ol 59.5 56otS 56.3 
OENITHOGENATION 23.7 24.4 24.4 z:.;.o 24.7 
OXYGEN REMOVAL 49.8 50.3 4o.6 4~ • .3 51.7 
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RUN NUMBER P9<.t-45-2 P'i9-45-~ PC:i9-45-4 P'..l~-45-5 P99-45-6 

GAS RATES, 01•43/KG FEJED COAL 

DISSOLVER INLET GAS l073.0 1055.8 1093.4 l 045.4 1009.2 
fOTAL QUENCH <iAS 4b9.8 455.2 571elll 5.:50. d 581.2 

TOTAL DIS!iOLVER GAS 1542.'..1 1511.0 1665.3 1596.3 1590.4 

MAKEUP ·GAS TO DISSOLVER 383.1 . .311.5 435.5 4f30e D 439.4 
MAKEUP GAS TO SEP. SPAR :IE 74.9 74.1 78.4 .81.4 82.0 
MAKEUP GAS TO INSTRUMENT TAPS 253.5 251.5 262.2 260.6 "259.0 

TOTAL MAKEUP GAS 711.5 697.1 ""176.1 771-..9 780-..4 

Ol SSOLIIER OUTLET GAS 1278.0 1275.0 l~d5.l 1~03.3 128de8 
GAS LE'AV lNG SCRU6BERS 1685.8 1681.5 r·ao·1.2 11"20.4 1700.5 
SEPARATOR SPARGE :;As 301.8 JO 1.3 299.6 ::o2.1 296.9 

·PRODUCT GA:SES 
BLEED OFF GAS 291.9 307.2 342.2 .:·25.5 3"26. 9 
DEBUTAN1ZER GAS J. 60.4 ~d.'>l 5ded sa.a 57.5 

(X) AMINE REACTlVATOR GAS 13.2 13.1 13.6 13.6 1"3.9 0'1 
NAPTHA REACTIVATOR GAS 73.9 74.3 73.3 73.0 72.7 
CHROMATOGRAPH BLEED GAS 7.3 "7.6 a.o 8.o 7.8 

ELEMENTAL BALANCES 

WATER IN THE FEt.D COAL ASSUMED 
LOST FROM FEED TANKo X 100.0 1•00 .o 100.0 .-oo.o ~- 1 oo.o 

CARBON, 0/l 1.02 t.oo 1e00 leOO t.oo · 
HVORO~ENo 0/1 leO I 1.05 1e0l 0.99 1e00 
NlTRO<>ENo 0/1 o.s.a 0.99. 0';.99 1.02 •.• 01 
SULFUR, U/1 0.97 o.<J5 leO 1 1e04 le04 

·OXYGEN, 0/I ,. o.;:;c; o.<Js 0.99 '0.98 ·o.97 
METAL So 0/1 1.06 1.05 o.C:J9 0.99 Oe\:19 
ASH, 0/l 1. 06 1.05 0.99 0.99 0.99 



THE FOLLO.l"NG DATA WERE BALANCED FUR CA~BUNo HY~ROGENo SULFUR, NITROG~No OXYGEN, AND METALS 

RUN llliJNI:iER P99-45-2 P99-45-3 P9~-45-4 P9~-45-5 P99-45-6 

YIELDSo WT~ MOISTURE FRlE COAL 

HYDROGEN CBY H bALANCLf 

METHANE 
ETHANE. 
P~OPANE 

I-BUTANE 
N-BUTANE 

TOTAL C1 TO C4. 

AMMONIA (BY N BALANCE) 
HYORuGtN SULFIDE (BY S BAL) 
CARBON OIOX DE 
CARSON MONOXlDE 

TOTAL OThER ~ASES 

WATER (BY UXtGEN BALANCE) 

Df.BUTANIZER LIQUID 
PROCESS SOLVENT 

TOTAL C5~ DISTILLATE 

VTB PYRIDIIIIE SQLUABLt5 
INSCILUABLE ORGANlC MATTER 
ASH 

VACUUM TO~ER BOTTOMS 

_.3e75 

4e98 
3e53 
.Je35 
Oet5 
&.67 

13.66 

0.39 
. 2.01 

1eOO 
0,17 

3e57 

6,38 

1d.~l 

11 .o 1 
•29.92 

31.34 
6.69 

12e19 
50e22 

-3e82 

5.24 
3e70 
..3e48 
Oe17 
1.63 

14.22 

Oe3o 
2.oa 
1.os 
o.z1 

3.72 

bt29 

1de37 
10e53 

28.90 

:.S2eo7 
5.62 

12e1SI 
50.6H 

CHEMICAL H2 CONSUMPTIONo OMJ~K~ MOISTURE FREE COAL 
OY HYuRO~EN BALANCE 

CONVERSIONS, WT~ ~F COAL 
HYDROCRACKING 
DESULFURILATiON 
Dt.:NITROGENAT :oN 
OXYGEN REMOVAL 

440 

63ed 
59e2 
24e9 
50 eO 

448 

63eH 
61.1 
24.5 
4Ye8 

-3.84 

5e54 
3.77 
3e.J8 
Oet 1 
leSS 

14.44 

u.Ja 
2e02 
1e1d 
o.1a 

3e78 

5eY5 

1 a. 79 
10.30 

2~e09 

3Ue74 
7.66 

12e19 
50e59 

451 

63e5 
59e6 
24e5 
4tse2 

-3.d2 

5.51 
3.74 
3e37 
Oe1b 
1e65 

14e43 

Oe37 
1.94 
•• 09 
Oe22 

3.61 

bell 

is.eoo 
tte26 

2.7.32 

.33 e 75 
6e40 

12el9 
52.34 

. 448 

63e3 
56e9 
23e3 
4de9 

-3ed8 

5.40 
3.76 
3.50 
0.22 
1eoJ 

l4e52 

0.39 
le!il~ 

. 1e 1. 4 
o.~1 

3.66 

6.4o 

19e1d 
d.68 

2 7ed7 

33.~7 

5.21 
12.1\i 

51.37 

455 

63.4 
56.6 
25.0 
sa.s 

PAGE 4 
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RUN NUMBER P'i19-4~-2 P99-45-3 P99-45-4 P9<,;-45-5 PCii!:l-45-b 

GAS COMPOSITIONSo VOL~ 

REACTOR INLET GAS 
HYDROGCN ~0.37 Y0e12 c;.0.62 89.96 t~9.7<J 

METHANE fs.41 de6b 8.27 c:. 77 de90 
ETHANE 1.09 le14 a.oc..; 11.20 1.21 
PROPANE o.oo o.oo o.oo ,,.oo o.o1 
l-tlUTANE o.oo o.oo o.oo c.oo o.oo 
N-OUTANE o.oo llellO o.oo c-.oo o.oo 
PENTANt:S o.oo o.oo o.oo o.oo o.oo 
HYDRO\iEN SULFIDE o.oo o.oo o.oo o.oo o.oo 
CARBON MONOXIDE 0.13· o.o7 o.oz o.o7 o.u4 
CAHBON DIOXIDE o.oo lleOO o.oo OellO lleOO 

.REACTOR OUTLET GAS [BUTANES ANU LIGHTER QN_Y) 
HYO~OCicN 72.8.). 71.71 72.79 70.91 70.3'J 
METHANE 15.26o 15.44 l4.<J9 1t..u5 16.15 
ETHAN~ ·3e3~ 3.47 3e.JO :a.so 3.65 

co PRiJPANE· 1.39 1. 42 1e27 le34 1.40 co 
I-BUTANE 0.10 0.10 o.o., Oe1U o.o<J 
N-UUTANE 0.52 o.so Oe44 Oo49 Oo49 
HYDROGEN SULFIDE o.~7 Oo9tl o.c.~1 1.03 1e04 
CARBON MONOXIDE 0.4!6 a._21 0.12 •).21 Ool7 
CARBON DIOXIDE 0.41 0.42 0.4.J •l.43 Oe45 
AMMONIA 0.3~ o.3s 0.35 3.39 0.41 
WATER 4.5, 5.37 5.24 5.451 5e76 

BLEED OFF GAS 
HYDROGeN 83.13 82.64 82.93 di!el3 d2e4S 
METHANE 14.42 14.62 14.55 15.14 14.64 
ETHANE 1. !i9" le9d a. 9c> 2eO'il 2el2 
PROPANE o.o7 o.a9 o.aa OeOb o.za 
I-BUTANE o.oo o.oo o.oo o.oo o.oo 
N-BUTANE o.oo o.oo o.oo o.oo o.oo 
PENTANES o.oo o.oo o.uo o.oo o.oo 
HYL>ROGt:::N SULFIDE o.oo o.oo o.oo OeOO o.uo 
CARBON- MONOXIDE 0.48 o._57 0.45 •0.57 Oe54 
CARdON DI'OXIOt: o.oo o.oo o.oo- o.oo o.Do 



PA.:Ot:: b 

RUN NUMBER P\.19-45-2 P9SI-4~-3 pc;~-45-4 P'.ii<..i-45-5 P-19-45-C. 

GAS COMPOSITIOI"'ISt VOL% 

AMINE. RtACT l VAT Or~ GA:i 
HYDROGEN 10.76 ~.55 7.70 7.12 9.38 
METHANE ~.09 le95 1.8.2 1ol56 1.73 
ETHANE 0.42 0.37 o.3o 0.37 Oe35 
Pf.COPANE: o.oo o.oo o.oo 0.01 o.oo 
1-BUTAr-.E o.oo o.oo o.oo o.oo o.oo 
N-BUTAt-E o.oo o.oo o.oo o.oo 0.01) 
PENTANES o.oo o.oo o.oo o.oo o.oo 
HYuROGI:.N SULfiDE 56.9ti 56.28 58.56 59.14 sa. 73 
CARBON MONOXIDE 0.04 o.o2 0.02 0.03 o.oz 
CAR a ON 0 IO.lC ll>C: 29.13 31.62 31.54 31.46 29.80 

NAPHTHA REACTIVATOR GAS 
HYDROGEN 21.~6 21.23 20.6b 19.80 21.58 
METHANE <!9.31 2!.1.55 29.41 29.a3 29.00 
ETHANE 23.45 23.94 24.29 24.13 23.44 

ex:> PROPANE 17.60 l7o64 1 7.91 l&e13 l7o'i15 1.0 
I-BUTANE 1o 0 7 1.01 1.09 1ol2 1.09 
N-BUTANE a .. ~3 5.07 5.07 5.33 5o37 
PENT AN:::::> 1. 30 1o34 1o4l 1e49 l.4:l 
HYOROG:::N SULFIDE o.ao o.oo o.oo o.oo o.oo 
CARBON I<IUNUXIDE o.oo o.oo o.o1 o.oo o.oo 
CARBON DIOXIUE o.aa OelS o.1s 0 e15 0.14 

DEBUTANI.ZER ;;As 
HVDROGEN 48.9~ 4tio25 49.05 48.43 46.77 
METHANE 17.72 17.54 17.46 17o73 18o53 
ETHANE 9.64 9.79 Yo49 9.57 10e31 
PROPANE 9.14 Yo33 tio68 bo74 9o18 
1-BUT.GNE 0 .. 87 0.90 o .• s3 Oo8b o.s1 
N-t3UTANE 5.17 5.06 4.7o 4o99 4o90 
Pt:NTANES 2o27 2.29 2.26 2.36 2.20 
HYDROGEN SULFIDE 5.66 6.13 Uo66 6.57 6 .. 6.] 
CARtiOH MONOXIOE o.oo o .. oo OoOO o .. oo o.oo 
CARBON O!CXIOE o.s7 Oo70 0.76 Oe76 Oo67 
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COAL INSPECTIONS 

RUN NUMBER P99-45- ~ P99-45-3 P99-45-4 P99-45-5 P99-45-6 

Ft::Eu COAL 
ELEMENTAL A'IALYSIS (MUISTURE FI-<EEo NORMALIZED TO lOOX) 

CARBON, SiMI-MICROo WTX 70.;16 70.~6 70.96 10.'>16 70.~t) 

HYOROG£No SEMI-tolCROo II T X 4o9Z 4o92 4.92 4o92 4.92 
NITROGEN. G811 • WTX 1. 29 •• 29 1 .2 ... 1.29 1.29 
SULFUR, TJTALo GRM11~9, WTX 3.20 3.20 3.20 .3 • 2CI 3.20 

SULFUR, ORGAN[Co lilT" lou5 1.65 1o65 lobS le65 
SULFUR, PYRIT[Co WT" 1. 51 1. 51 1.51 lo51 1o51 
SULFUR, SULFATE, lliTX Oo04 o.o4 0.04 I() .04 0.04 

OXYGENo GIOM1117o WT.l:: 12.97 12.97 12.97 1.<::.97 12.9"7 
OXY<.>EN. ORGAN1.C • lilT~ 7o20 7.20 7.20 "1o.20 7.20 
OXYGEN, I NO~ GANl C, lilT X s •. ,tj 5.78 5.78 5. 7d 5o7ti 

METALS, 1:3"1' SPEC ASHo lilT% bo61 6.67 6.67 6.67 6.67 

M INt::RAL MATTER. wrx• 14.00 14.00 !4.00 14.00 14oQO 

MOISTURt:::o ()271. WTX Oodl o.at Oo61 o.a1 Oodl 
\;0 

VOLATILE MA-TI:.f.ol, lifT:¥ 38.00 .lti.OO .Ja.oo .36.00 38.00 0 
ASH, 0271. lilT:¥ 12.19 12. 19 12.1\.i 12. 1 '>I 12.19 

SULFURo w-x OF ASH 0.78 o.7d 0.78 0.78 0.78 
OXYGEN, 111r% UF ASH 44.50 44.50 44.50 4~.50 44.50 
ALUM I NUMo lilT X Of ASH 15.0 15.0 15.0 ilS.O 15 •. 0 
CALCIUM, W'T" OF ASH .9 .9 .9 .9 .9 
IRON, WT" OF AS HI 15.0 15.0 15.0 115.0 15.0 
NAGNESIUM, WT~ o= ASH .a .a .a .o .o 
POTASSIUM, lilT" OF ASH 1.2 lo2 1. 2 1.2 lo 2 
SILICON, WTX OF II,SH 20.0 20.0 -20.0 20.0 20.0 
SODIUM, ltH:X OF ASH .3 .3 .3 .3 .3 
TITANIUM, lilT X Of' ASH • 7 .7 • 1 .7 • 7 
TRACE MET ALSo lilT I:;; OF ASH .4 o4 .4 .4 .4 

PARTICLE SILE DIST~IBUTION. wn: 
ON eo ME Siii .3 .3 .3 .3 .3 
THRU 80 ON 200 MeSH 35.6 .35.6 35.6 35.6 .35.6 
THRU 200 (I 'I 325 o4ESH 1&.6 18.6 18.6 ld.b 1do6 
THRU .:i2~ ON 625 o4ESrl 21 • L 21.1 21.1 .ilo1 21.1 
THRU b~5 t-JC:SH 24o4 24.4 24.4 24.4 24.4 

* BY PA~R'S EUUATJON: MINERAL MATTER = loOtJ X ASH • 0.55 X PYHITIL SULFUR 



PRODUCT INSPECTIONS 

RUN NUMBER P~9-45-2 PY9-45-J P~~-45-4 P9Y-45-5 P99-45-6 

DE~UTANIZER BOTTOMS 
GRAVITY, 02U7o API 28o5 
~LEMENTAL ANALYSIS (NuRMALlZEO TO 100~) 

CAR80No SEMI-MICROo WTX 
HYDROGENo SEMI-MICROo •T~ 

NITkOGENo Gdllo WT~ 

SULFUR, GRMll56o WT% 
OXYGEN. GRM1117o wT¥ 

VISCOSlTYo KINo D445o CS 
-;jSC 

oc 
IIIATcRo G525o PPM 
HEAT OF COM~ •• 0240o ET~/LB 

POUR POINTe 097o C 
DISTILLATION, 086o C 

INITIAL BOiLING POINT 
5 VOL " 

10 VOL % 

30 VOL % 
50 VOL " 
70 VOL % 
90 VOL % 

95 VOL " 
£Nl> POINT 

~ATER (INCLUDES FLU~H WATER) 
TOTAL CARBONe PPM 

ORGANIC CAR~UNo PPM 
NITRQGENo G8llo WT~ 

SULFURo GRM1156o WT~ 

84.34 
10.77 
0.69 
o.2o• 
4oOO• 

7436 

70 
d9 
98 
lll 
161 
193 
221 
~39 

2()3 

200004< 
16950 

1o59 
lo60• 

28o6 

84 • .31 
10. 77 
0.66 
Ool8 
4o0d 

7623 

513 
76 
66 

146 
ltH 
203 
224 
239 
265 

10000* 
15450 

lo62 
lo60ll< 

28.4 

84.41 
1 0.6~ 

·o.t:.4 
0 o18 
4o0d 

7751 

56 
71 
o7 

157 
1ti7 
20.3 
226 
234 
258 

17000* 
13100 

1o52 
lobO$ 

28.7 

84.05 
l0od2 
Oo65 
0.39 
4.09 

7bl2 

ss 
74 
92 

154 
1o4 
201. 
221 
229 
259 

18000* 
15300 

1o60 
lo 60* 

28o1 

134.46 
10.69 
0.63 
Oo20 
4o02 

9o66 
Jo06 
8360 

17846 
-5.3 

57 
' 71 
94 

15'1 
1dd 
203 
221 
2.SO 
257 

16000* 
12100 

lobS 
lo60$ 

" FOLLOWING AN ENT~Y INDICATES THAT IT IS AN ESTIMATED VALUE 

PAGE 8 
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PROUuCr INSPECTIONS 

RUN NtJMBEf.i 

PROCESS SOLVENT 
GRAIIITYo D2ii7o API ~.a 7.& 7.7 7.6 7.5 
ELEMENTAL ANALYSDS ( HUHM"'L I ZED TU 100':1:) 

CARtiONo SEMl-MICROo WT~ aa.25 88.14 87. 87* a:s;.C·6 aa.oa 
HYDRO.:OENo SEMI-MICRUo wr" doJ9 do5\il 8.56 3o51 8e49 
NITROGENo G8lle lilT X lo05 lo03 1. 0 l leC4 1.05 
SUi..FURo GRMl L !Jf o WTX Oo22 Oo24 0 .. 21 0.31 Oe26 
OXYGENe GR M 1L l J" o wn: 2.09 2.00 2 •. 29 ~ •. cs 2oli.l 

vI seas nv. KINo C·445 • cs 
25 c 1~olJ2 

50 c 6.d3 
100 c 2.09 

ltiATERo .:0~25. PPM 1648 9~0 943 lllf (> 454 
HEAT UF COMtJoo D.C:40 .• bTU .. LB 17425 
POU~ POlNTo D97o c -15 
DISTILLATION, CUSHMAHo c 

CORRECTED TO 76C MM HG USING KlO FACTOR 
1.0 INITIAL BOIL iN(. POI.NT 216 "237 .226 2~2 2J4 N 

10 VUL X 2b 1 262 259 2~-4 259 
20 VOL " 273 271 ~71 ~fts 266 
30 VOL :( 266 285 282 zc:o 2.79 
40 VOL ~ 2ii9 294 .29J 2<i 1 2~4 

50 VOL "' 314 30ts 30 2. 3C8 308 
60 VOL ~ 326 331 :122 3.2d 326 
70 VOL " 34 7 344 :142 342 .345 
tJO VOL " Jo6 37{J .366 3c2 3oO 
90 VOL ~ 402 402 419 3<:-3 399 
END POINT 480 450 447 4~rj 450 

* FOLdlOI lNG AN ENTRY J NOI CIHES lHAT IT IS AN ESTIM.#!TED VALUE 
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PRODUCT INSPECT IONS 

RUN NUMBER P\19-4~-2 P99-45-3 P9Y-45-4 P9'J-45-5 p~~-45-6 

VACUUM TO illER BOTTOMS 
SPECIFIC GRAVITY, U70, · G/C:: 1o 48 1o44 1. 44 1o43 1o45 
E.LEME:.NTAL ANALYSIS (NURMALIZEI) TO 100%) 

CARBON., SC:MI-MlCRUo WTX 6ti.07* 68.20* 61:1.21 69.10 69.03 
HYDROGEN, SEMl-MICf.cOo WT% 3o99 Jo-:18¥' 4o00 4oOS 4o02 
NITROGEN, G611, lliTX 1o38 1o41 1 o44 1o44 1. 4!>* 
SULFUR 0 TOTALo Dl55t!o WT" 2o42 2o29 2o40$ C!o41* 2.57 

SULFUR o SULFIDE, wT" Oo61 Oo51 Oo51 Oo54 
SULFUR, P'I'RITlCo 'NT¥ 0 016 

OXYGENe GRM1117o WT% 10o5J$ 10oS5$ 1lo011Q< 10o52* 10o2l* 
MET ALSo WT~ l.Jo59 13.56 12.93 14:.o45 12o7l 

ASH, .:.s.;.9, wo: 24oo4* 24.79 23o63 22.75 23.22 
SULFUR, wTX OF ASH 0.78* Oo7U* Oo78* 0.78* Oo7d* 
OXY.:iENo ltH" UF ASH 44.50* 44o50* 44o50* 44.50* 44.50* 
MET ALSo WTX OF A~H c av l)lFF) 54o72 54.72 54.72 54.72 54.72 

P'l'fll i:>l NE INSOLUAoLESo IHI4: 37,!:) 35.1 Jo.7 35o0 33.5 
MELTING PulNTo Gts<;.d, c 130 137 145 145 145 
hEAT (Jf COMBo o 0240. UTU/LB 11857 
CONCAROUN RSDt D1ts9o lilT" 73.7 
OISTILLATJONo CUSHMAN, c 

CONVtRTED TO 760 MM HG USIN..:O K10 FACTOR 
IN IT l."L EiOILIN.:O POlNf JCJts 392 3~4 3d6 391 
1NTER"4E01ATE 801LJNu POINT 460 466 46ti 462 451 
END POINT 515 517 511 526 511 
OV~R AT INTt::RMED BP, WT¥ 5.6 5.1 7.1 5.6 4o8 
RESIDUE, wTX 1:16.9 86o3 86.3 83.7 B5o6 

* FOLLOIIIING AN ENTft'l' JND ICAH::S TtiAT 1 T IS AN EST I MATEO VALUE 



IN THE FOLLOI¥11'.-:i DATA •. Dl51iiLLATE YIELDS HAVE BEEN ADJUSTED TO THE t301LING RANGES INDICATED 

F<vN Nl.IM[:)c.R 

YIELDSo ~T~ MOISTURE FHEE COAL 

HYDROGEN (~Y H UALA~E) 

METHANE 
ETHANE 
PROP'ANE 
1-BlJT ANE 
N-OU'T ANE 

TOTAL C1 TO C4 

AMMONIA (~Y N BALANCE) 
HYDR~~EN SULFIDE (dY S HALl 
CARB•JN DIOXIDE 
CARBON t .. ONOX IDE 

TOTAL OTHER GASLS 

WATER (BY OXYGEN BALANCE} 

C5 - 193 C (C5 - 380 FJ 
193- 2aa c l3dO - 5=o Ft 
288 - 452 C (550 - 900 Fl 

TOTAL C5+ DISTILLATE* 

4d2 C+ (~00 F+J PYRIDINE SOLo 

INSOLUABL~ ORGANIC MATTER 
ASH 

TOTAL 482 C+ (900 F+) PROD 

-3.75 

•• ..,,:i 

3.53 
3o35 
o •. 2 5 
I. ool 

13 .. bii. 

0.39 
c: .o I 
lo C•l• 
C.l'l 

3.51 

bo36 

12.091 
9o79 

12. 3·.2: 
34.1.9 

27.07 
6.69 

12ol;l 
45.~5 

-3.82 

5.24 
3o70 
3o4d 
0.17 
1o63 

14.22 

0.36 
2o0d 
1o 05 
0.21 

3.72 

9o55 
12.20 
11.00 

32.76 

29.02 
5.62 

12.19 
·i6.83 

5.54 
3.77 
3o3d 
0.17 
1.58 

14.44 

0· • .38 
2.02 
1.18 
0.18 

3. 78 

a.aJ 
13.4!::> 
11 .. 41 

JJob~ 

26.14 
7.66 

12.19 
45."-9 

-3.82 

5.·51 
3o-74 
3.37 
0 o16 
1.65 

l4o43 

o.J7 
1 • .-4 
1. )9 
0.22 

3.6.1 

9o!'Dl 
12 • .33 

9e"io 
31. 6<:: 

2<,.46 
bo40 

12.19 
48.05 

-Jodd 

5.40 
3.76 
3.50 
Oo22 
1o63 

14.52 

0.39 
1o92 
1.14 
0.21 

3.66 

6o46 

8otH 
13.30 
10.u9 

32od0 

29.04 
5.21 

12.19 
~6.44 

* THE QUANTITY OF DI::>T ILLATE SHOWN M.'W NOT bl::: RECOVERA3LE CIJt44ERCI.\LLYo IF THE TOTAL 
482 Ct ( SIOO =+) i'>'lOOUCT IS rWT FLUID t::NOUGH TO BE EASILY REMOVED FROM Hit: VACUUM COLIJMN 

PAGE ll 



IN THE FOLLOwiNG DATA, DISTILLATE YIELDS HAVE BEEN ADJUSTED TO THE ~OILINu RANGES INDICATED 

· RUN NUMBER PY9-45-2 P'il9-45-3 P99-45-4 P9CJ-45-5 P99-45-6 

YIELDS, wTX MOISTURE ANO ASH FRE~ COAL 

HYDROGEN lOY H BALANC~) 

ME:. THANE 
ETHANE 
Pf.IOI-'ANE 
I-BUTANE 
N-BUTANE 

TOTAL C1 TO C4 

AMMONIA (~Y N BALANCE) 
HYDROGEN SULFIDE (BY S BAL) 
CARBON OIOXIDE 
CARBON MONOXIDE 

TOTAL OTHER GASES 

WATE~ (BY OXY~EN BALANCE) 

C5 - 193 C IC5- 380 F) 
1~3 - 28~ C (380 - 550 F) 
2ti8- 4d2 C (5~0 - 900 F) 

TOTAL C5+ DISTILLATE* 

482 C+ C900 F+) PYHIOlNE SOLo 
iNSuLUAOLE ORGANIC MATTER 

TOTAL 482 C+ ORGANIC PROD 

-4.27 

5,67 
4.02 
.lod1 
0,17 
1.90 

15.56 

Oo44 
2.29 
1 .14 
0,19 

4o06 

7.27 

13.76 
11.15 
14.02 

.38.94 

30,1:13 
7.62 

313.4 4 

5.96 
4.22 
3,97 
0 o19 
1oSb 

16.20 

0,44 
2.37 
1o19 
0.24 

4.23 

7.16 

10o8B 
13.89 
12.53 

37.30 

33.05 
6,40 

39.45 

-4.38 

6 •. :u 
4.29 
3,85 
Oo1Y 
1.80 

16.44 

0.44 
2 • .31 
1.35 
0.21 

4.30 

6,77 

10.06 
15.32 
13.00 

38.37 

29.77 
ti.72 

3tio4CJ 

-4.35 

6.2d 
4.26 
3.8::J 
o. 1d 
lo88 

16.43 

0.42 
2.20 
lo24 
0.25 

4o11 

o.96 

10.83 
14.04 
11 .14 

36.01 

::U,54 
7.29 

40.~:J4 

-4.42 

6o15 
4o28 
3.99 
0.25 
1o86 

16.5.3 

Oo45 
2.19 
lo30 
Oo24 

4o17 

10.03 
15o15 
12.17 

37.35 

33.07 
5.93 

3'11oU1 

*THE OUANTITY OF DISTILLATE SHOwN MAY NOT BE Rt:.COV~RAULE COMM~RCIALLY, IF THE TOTAL 
482 C+ (~00 F+) PRODUCT IS NOT FLUID ENOUGH TO 6E EASILY REMOVED FROM THE VACUUM COLUMN 

PAGE 12 
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5RC.-l I f.tUN OATAo MATERIAL l:iALANCESo AND PRODUCT ·PROPEkT lES 

RUN NUMiJt:R P<.I'J-46-2 PS/9-46-3 P99-46-4 P'>l~-46-5 P'>i':.l-46-b 

DATE (START OF PE.f<lOD~ 11-~7-7d ~ 1-18-78 J1-19-7d 11-:20-78 .:;.1-21-78 
r li~E & OAT: CODE ( STA.H f; iUS J218 o15 3228 b15 3238 tll5 3248 815 3258 

E.ND OF Pt:RIO<>I 415 322d 415 ..1238 415 3248 415 3258 415 3266 
RUN t-«JURS INCLi.JDED IN PER l•J&J bC:.-d5 90-109 114-133 138-157 162-181 

COAL CHAR ::IE POWHATAN POwHATAN POwHATAN PCiiHATAN PU111HATAN 
LR-25734 II..R-25734 LR-2:5734 L"-25734 LR-25734 

OPERATING CONDITIONS 

REC'I'<l..E SLURI<'I'I'MF CQA,_ Rol.TIIO 2.31 2.37 .2.37 2.36 2e3d 
U(L TO SOLIDS liATIO le28 1.32 Je.J1 1.35 '· 3., 
SLURRY CuMPO!.li10No wr" 

COAL ( MU 1 S TUR::: F.Kct. t 2!.1.7 29.7 29.7 29.& 29.6 
DISTILLATE 32.1 3J.o 32.9 :S4.0 34.0 
482 <:+ (900 F+) PYRL>IN~ SOL. 24.1 23.4 2.J.d 23.6 23ed 
PYiHul Nt: lNSOLUAtiLES 14. 1 13.3 13.6 12.7 1:2.6 

1.::> 
0"\ 

TOTAL ~X P~ESS•JREo MP~ 13ed0 lJeBO 1.1.79 13.79 lle/8 
PRESS X "H2 11'1 INLET GASo I!IPA l2e4cl 12.44 12.41 12.42 12.40 
OUTLET H2 PAk 11 IlL Prt::ss, ... PA 9.07 9.07 9.01 9.07 ~.07 

01 SSC•LVER TEMPC:.RATUf.lE.So c 
LONE 4 (TOP) 45"T 45d 458 4~7' 457 
ZONE 3 456 457 4~7 4S6 4~6 

luNE 2 455 456 456 45!> 455 
ZONE ( BTM) 451 451 451 452. 452 

A \o'eR AGE 455 455 455 '455· 45~ 

PRE HEATER OUTLEli 309 Jd9 3o'ii Jd9o 390 

NOMINAL SLURkY RES. TIME., HR 1.00 1.00 leO 0 leOOo o.<J9 
WrlSVo KG/HFUOM.J 

SLURRY 1e21 1 .21 le~l 1.20 1.21 
CuAL (MOISTUHE FREE) 0.;)6 o.3o 0.36 o.J6 o.3u 

DISSOLVER GAS 
DMJiK::i SLUhRY 462 459 463 466 467 
DMJ/K~ MF FEEO COAL 1557 1548 1562 156b l57d 
H'I'D~OGEN CONTENTo VGL:.: 90.5 90.2 90.Il 90.1 YO.O 

FLUSH H20. " ()i= PROOlU: T H20 233.1 236.7 21.2.5 231. <: 245.9 
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TH~ FOLLOWING WEIGHT BALANCE ANU HYDROGeN CONSUMPTION OATA We~£ CALCULATEU FROM MEASU~EO UNIT UATA 

~UN NUMBEk P9~-46-2 P99-46-3 P99-46-4 P99-46-~ P99-46-6 

WIATER IN THE FEED CUAL ASSUMED 
LOST FROM Ft.c.) TANKo X 100.0 100.0 100.0 100.0 100.0 

WEIGHT BAL.ANCEo 0/lo WTX 9b.3 Y9ol 99o8 Y8o2 97.5 

THE FOLLO~ING DATA THROUGH AND 1NCLU01N~ ELCMENTAL BALANCES HAVE BEEN CORRECTED TO A 100~ ~T BALANCE 

YIELDS, wlX FEED COAL 

HYDROGEN -3.99 -4.02 -3.94 -3.94 -3.94 

METHANE 5.42 5o2.:S 5.27 5o2ti 3.41 
ETHANE 3. 72 :Jo72 J. 7 7 3o72 .J.77 
PROPANE 3.44 3.50 3.57 3.~. 3.53 
1-di.JTANt: 0.22 0.20 0.2.J. Oo24 0.24 
N-ilUTANE •• C.4 1o69 1.72 lo 73 1,72 

TOTAL Cl TO C4 14.44 14.34 14.55 14.4d 14.67 

1.0 AMMONIA 0.40 0.43 0.42 0.42 0.40 
"'-J 

HY OROGEN su .... F 1.oc 2.o07 2o02 2.08 1 .99 2.01 
CAROON l>l OX l DE 1. 0 1 loOl 0,97 OoY6 0.95 
CA~BON MUNO.XIDE 0.21 0.22 0,23 0.23 0.24 

TOTAL OTHER GASC:S 3otid J.6d 3.69 3.60 3oo1 

WATER 6 .I 0 5.99 5o'i16 5.84 6.19 

DEBUTArHZER LIQUID 19.48 liJ. 07 18.21 lS.Ob 17,38 
P~OC:ESS SOLVENT do5ti deti7 lJotid 11.59 9.d6 

TOTAl.. C:5ir DISTILLATE:. 21:io05 26oY4 .:S2.0'il 2'>1.64 27.24 

VACUUM TOWeR BOTTOMS 51.71 53.07 4 fe64 50.37 52.23 

CHEMICAL H2 CONSUMPTION BY· UNIT GAS BALANCE 
OMJ/KG FEi::D COAL 468 472 462 462 462 

CONVERSIONS, WTX FEED COAL 
HYDICOCRACKING 57.1 60.9 66.2 u4.0 57.6 
DESULFURILATIUN 58.3 56.5 62.1 58,9 57.6 
DEN I TRO:.iENAT ION 24.6 25.0 2c..o 24.!.1 24.4 
OXYGEN REMOVAL 4o.o 44.9 49.0 4 7 •• 46.3 
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RUN NUMdER P~9-46-2 P':l'ii-46-J p~~-t+C.-4 P9.,-46-5 P""Y-46-6 

GAS RATES, OM'.J/K G Ft:EoO CLA,_ 

D [ SSOLVER INLET GA.S 1130.3 1145.6 1154.1 1176.t:S 1194.5 
TUTAL QUENCH GAS 4:3J. (I 415.6 411.0 4-17.1 4 .!4. 2 

TOTAL DIS:.OLVER ::iAS 1!>d3o':l 1561 • 1 1565.7 1593.9 1618.6 

MAKEUP GAS TO IJI.:iS:JLVER 427.0 4.3do1 434.7 4~d.4 44'Jod 
MAKE.UP C.AS TO SlPo !:iP.qR .. :::;E dJoC: <j2.5 <;12.0 ;, 1 • 3 91.2 
MAKEUP UAS TO INSTRUMENT TAPS 2b1ol 259.0 257.3 2·:, 1o3 263.3 

TOT ..\L MAKEUP GAS 711 • .] 7d9.6 7S4.0 80 I .o d\14.3 

Dl:SSOLVER OUTLI!::.T G"S 12i'J.a 124J.6 1.256.3 12.65.8 131:So8 
uAS LEAVING SCRU80ERS 16':iYoo 1t:.CI5 o 1 1t.99ob 170l9oc. 17t.3.0 
SEPARATOR 51-' .~RGE Gt.S 308.5 329.6 331.2 324of 328.3 

PROUUCT GASES 
BLEED OFF GAS J051.2 31 '. 1 321.4 342.5 .34do9 
DEOUTANIZ!::R GAS 5!>.6 5tio6 59.6 ::.t:..4 ~9.2 

1.0 AMINE REACTIVATUR GAS 1.:3.5 13.2 12.d l2odo 12.9 
CXl 

l'oAP THA f~EACTIVATOR GAS 73 o4 'f5ol 74 ob 73.2 70.4 
CHROMATOGRl.PH BLEED GAS do3 7.9 e. o .u.o 6.2 

ELEMENTAL BALArKES 

WATER IN THE FEEO COAL ASSUMED 
LOST Ff.IOM FEED TAN~~, :; 1.00.0 100.0 1iJOoO 100.0 100.0 

CARBON, 0/1 1. 00 1.00 l .o 1 1.00 1o00 
HYDROGEN, 0/{ ·0 .·9ti Oo96 t. 00 1. 00 0.99 
NITROGEN. 0/1 I .o 1 1.02 I o 01 1. 02 1. u 1 
SULFUR. 0/l lo02 1.03 0.':.19 1.00 1o 0~ 
OXY<.>EN • 0/1 loO.J 1.03 Oo99 1.oo 1o03 
MtTALSo fJ/I :>.;,y loOJ C•o94 o.~6 o.~a 

ASHo 0/l. .).~9 1.03 0.94 0 •. "){) Oo96 



THE FOLLOwiNG DATA WERE 5ALANCED FOR CARBONe HYORO~EN, SULFUR, NITROGEN, OXYGENe ANO METALS 

RUN NU~BER P99-46-2 ~99-46-3 pgg-46-4 P9~-46-5 P99-46-6 

YI~LDSo wT~ MOISTURE FREE CUAL 

HYDkUGEN (BY H BALANCE) 

METrlANE 
ET HAI'-IE 
P~OPANE 

I-BUTANE. 
N-BUTANE. 

TOTAL C1 TO C4 

AMMONIA (BY N BALANCE) 
HYO~OGEN SULFIOE (BY 5 BAL) 
CARbON DIOXIDE 
CARBON MONOXIDE 

TOTAL OTH~R GASES 

wATER (OY OXYGEN BALANCe) 

DE~UTANIZER LIQUID 
PROCESS !:>ULVENT 

TOTAL CS• DISTILLATe 

VTB PYRIDINE SULUABLES 
INSULUA~LE URGANIC MATTER 
ASH 

VACUUM TOwER BOTTOMS 

-;;.75 

5.44 
3. 13 
3.45 
0.22 
1.65 

.14 .4d 

o • .Jd 
1. 9~ 
1. 01 
0.21 

3.5d 

5.68 

19.52 
de60 

2d.12 

3::S.5.4 
6.17 

12. l"'J 
51.89 

-3.60 

5.26 
3.74 
J.51 
0.20 
le70 

14.41 

o.Js. 
1. 91 
1.02 
0.22 

3.54 

5e.4'iol 

18.15 
oe'J1 

27.06 

34.9.3 
5.99 

12.19 
53.10 

CHEMICAL H2 CONSUMPTION, OM3/KG MOISTURE FREE COAL 
·BY HYDROGEN BALANCE 440 422 

CONVERSIONS, WT~ MF COAL 
HYDROCR.ACKING 
DES:.JLFUHlLATlON 
DE NIT ROGENAT I GN 
OXYGEN kEMOVAL. 

57.0 
·5d.2 
24.4 
45.5 

60.7 
5b • .J 
24.7 
44.3 

-3.94 

5.22 
3.74 
.3.54 
0.22 
1. 71 

14.44 

0.42 
2.12 
0.<;6 
0.22 

3.73 

6.22 

18.06 
13.77 

31.84 

30.60 
4.92 

12.19 
47.71· 

4o2 

66.5 
62.4 
26.6 
49.0 

-3.8d 

5.26 
3.70 
3.50 
Oe24 
1.73 

14.42 

0.40 
2.01 
0.96 
0.2.3 

3. 59· 

5e91 

17.98 
11.~4 

29.52 

33 • .31 
4.94 

12el'il 
50.44 

455 

b4.2 
5'i1.1 
25.2 
46.9 

-3.83 

5.43 
3.78 
3.;;;4 
0.24 
1.72 

14. 11 

0.38 
le95 
0.95 
0.24 

3.52 

17.44 
<J.SSI 

27~33 

34.79 
5.54 

I 2 • 19 
52.52 

449 

57.5 
57.5 
24.2 
4!:>ed 
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RUN NUMI3ER P99-4c·-2 P-:19-46-3 P9Y-46-4 P9·9-46-5 P9Y-46-o 

GAS CW4PUSI T lONSo VOL~ 

REACTOR INLET GAS 
HYDROGEN 9() •. 46 90 olo 89.95 90.05 '.10.02 
ME7HANE a.4l 8.56 8.70 8.55 8e6.J 
tTHANt: 1 .• 1 0 1o 1 7 1;. 2.l 1.25 1.26 
PROPANE o.oo o.o1 o.,oo o.o3 o.o1 
1-IJuTANE o.oo o.oo o.oo o.oo o.oo 
N-SUT ANE 0·.00 o.oo o.oo o.oo o.o1 
PENTANES o.oo o.oo o.oo o.oo o.oo 
HYDROGEN SULFIDE o .. oo o.oo o.oo o.oo o.oo 
CARll ON MONOXIDE o.:>J 0. 11 Oo12 Oel1 0.07 
CAf;:BON ulOXIOE .J.JO o.oo 0 .o I) OeOl o.oo 

REACJOR OUTLET GAS (BUTANES ANO Ll£iHf:::R OHL'f) 
HYDROGEN 70.~5 70.34 70.33 71.00 70.~6 

METHANE 15.70 15.8<,1 15.94 15.66 15.68 
ETHANE. 3.46 3.6) .J;o66 3.61 3.59 

'"'"' PROPANE 1. 3b lo44 '1 .44 1 ·-42 1.38 ·a· 
0 1-d.JTANE o.o9 0.10 o.oc;, o.oy 0.09 

N-OOT ANE o.so 0.52 0.52 0.52 o.s1 
tiYOOOGEN SULFIDE:: 1.06 1e06 1.07 1 .o 1 1.00 
CARE:! ON MUNOXTOE 0.16 0.26 0 • .2B 0.28 0.22 
CARBON DluXIDt. 0.40 Oo4l o.J~ O.:i8 O,J/ 
AMM::;NJA 0 .. 40 0.45 0.44 0.~2 0.40 
WAT=:k 5o90 5.92 5.83 5.:>1 s.a1 

',. 

8L£ED OFF GAS 
HYUROGEN a.:·.c2 83.21 83o20 B.J • ·52 B3o3l 
METHANE 15.<:2 14.11 14.04 LJ,u2 I.J.do 
t:TH.\NE 2 .. 02 loS/5 1oY9 2.uo 2eU.J 
PROPANE 0.1.6 0.14 Oo19 0.29 0.23 
I-BUTANE o .. oo o.oo o.oo o.ou o.uo 
N-6i;JTANE o,.o I o.oo o.oo 0.110 o.oo 
PENTANES 0•, 00 o,oo o • .>o o.oo o·.oo 
HYDROGEN SULFIDE 0 •. oo o.oo o.oo O,QO o.oo 
CAJ<BGN MIJNLIXIOE. 0 .'57 o.5a 0.59 0.57 0,!.1'7 
CAROON DIOXIDE o.oo o.oo o.oo o.oo o.oo 
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HUN NUMBER i'>'J'J-46- 2 P'JOI-46-3 p 'J'J-46-4 P99-46-5 PY·:il-46-o 

GAS COMPOSlTlON:io VllL% 

AMINE REACTIVATOk GAS 
HYDROGEN 8.75 11o 22 11od6 1 o. 76 9.45 
METHANE 1o92 1o65 1o59 1. 71 1o'J4 
ETHANE Oo38 Oo36 Oo::S4 o.:J7 Oo3tS 
PROPANE o.oo o.oo o.oo o.oo o.oo 
I-BUTANE o.oo o.oo o.oo o.oo o.oo 
N-IJUTANE o.oo o.oo o.oo o.oo o.oo 
PENTANES o.oo o.oo o.oo o.oo o.oo 
HYDROGeN ~ULFlDE 51:So45 5i:lo34 57.65 sa.oo 5do93 
CARBON MONOXIDE Oo02 o.o1 o.oo o.oo Oo01 
CARUON DIOXIDE ::SOo47 2tio42 28.55 2'..1olb 29o2~ 

NAPHTHA REACTIVATOf~ GAS 
HYDRO(OEN 20.27 22.91 23.20 22.75 21.77 
METHANE ::S0o03 2Uo72 28.4() 2do40 2dod2 
ETHANE 24o 12 23.36 23.22 23.31 23.51 

....... PRjPANE. 1'1. 81 17.54 17.57 17.68 17.86 
0 

I-BUTANE lo Ou 1.00 OoSi9 1o04 1o 07 ....... 
N-IJUTANE 5o15 5 o1 0 Soli:J 5o31:J 5.4:1 
PENTANES 1o 39 1o20 1o1-;l 1 .. 28 lo3b 
HYDROGEN SuLFIDE OooJO o.oo o.oo o.oo o.oo 
CARBON MONOXIDE Oo02 o.o1 Oo02 o.oo Oo01 
CARBO"' D lOX IDE 0 o16 0 o16 0.16 0.15 Oo18 

OE8UTAN1ZL::R GAS 
HYDROGEN 46.79 47.51 46.92 48.45 46.70 
METHANE 1do41 17.97 1do23 17.61 17.96 
ETHANE 9.77 9o97 10o.J4 9o72 l0o4S 
PROPANE 9o14 Yo38 9.~5 9ol1 '.ilo79 
1-l::iUTANE o.a1 Ood7 Ootid Ooi:Sd o.a7 
N-l:WTANE 5o2J 5o29 5o33 5o 59 5.45 
PENTANES 2 •. .J4 2o21 2o1d 2o38 2.32 
HYOI<OGEN SULFIDE 6.5() 6.1 7 6 o1 0 5.76 Uo04 
CARBON MONOXIDE o.oo o.oo o.oo o.oo o.oo 
CARBON l> 1 ux lOt Oodd Oou2 0.46 Oo49 Oo42 
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COAL IN!»PECTIONS 

RUN NUMBt::R p.;,<,;-46-2 P'..l9-46-.l P99-4b-4 P'#>~-46-5 P9'J-4b-6 

t=EED COAL 
£L£1'o4ENTAL ANALYSIS (MOISTuRE FREEt NORMALIZED TO 100") 

CAREiONo SEMI-MlCfW~ liT% 70.<':16 70.96 70.96 70.96 70.96 
HYDROGEN. SEMI-MICROe WT~ 4.92 4.92 4.92 4.92 4e92 
NITROGENe Gd 11e liT~ 1.29 1.29 1.2.9 le2.9 1.2.!1 
SULFURe TOTAL, GRMI159e WTX J.20 .J.2o J.~o :3.20 3.20 

SOLFURe ORGANIC, '•liT" 1.65 1.65 1.65 1.65 1.65 
SULFuR, PYRITICo lilT~ 1.51 1.51 le51 le51 1.51 
SULFUR, SULFA TEe WT~ 0.04 Oe04 0.04 o.o4 0 .. 04 

OXYGENe GRM1117 o lilT~ 12 • .;17 12.97 :12.97 1.2. 97 12.97 
OXYGENo ORGANICe WT% 7.20 7.2.0 7.20 ii"e20 7.20 
OXYGENo INORGANIC• WT" 5.78 5.76 5.76 5.78 5e7d 

MET ALSo liY SPEC ASHe lilT X beb1 6.67 6.67 &.67 6.67 

MINERAL: MATTERt WT!U 14.00 14.00 l4e00 1-l.OO 14.00 

MOISTURE, D271t wn: Oeul o.a1 0.81 o.oJ o.c:u ..... VOLATILE MATTERe IH~ JdeOO 36.00 38.0() Jd.OO 3de00 0 
N ASHe 0271. wn:: 12.19 12.19 l2e19 1Zel9 12.19 

SULFURo WT~ UF A:.H o.1;s o. 78 o.7d Oe78 Oe7d 
OXYGENe WTX OF ASH 44.50 44.50 44.50 44.50 44.50 
ALUM(NUMo iiiT~ OF ASH 15.0 15.0 15.0 :5.0 15.0 
CALCIUMo WT" OF ASH .9 .9 .• 9 .9 .9 
IRONo WT~ OF ASH 15.0 15.0 15.0 i5e0 15.0 
MAGNESlUMo W·T" llF ASH .a .a .a .d .a 
POTASSIUMo WT" OF ASH 1.2. 1e2 1.2 1.2 1.2 
SILICONe WT" OF ASh 20.0 20.0 20.0 c:o.o 20.0 
SUDIUMo wn: OF ASH .J .J .3 .3 .3 
TlTANIUMe liT X OF ASh .7 .7 .7 .7 .7 
TRACE METALSe lifT X OF ASH .·4 .• 4 .4 .4 .4 

PARTICLE SIZE OIST~ItiUTIONe lriT" 
ON I'JO MESH .3 .J .3 .3 • .1 
THRU 80 ON 200 MESH 35.6 35.6 35.6 35.6 35e6 
THRU 200 ON J2.5 NESU 18.t. 1Ue6 18.6 18.6 1a.6 
THRU 325 ON 625 MESH 21.1 21.1 21. 1 21.1 21.1 
THRU 625 r4ESH 24.4 24.4 24.4 24.4 24e4 

• SY PA~R'S ~QUATION: NINERAL MATTER = leOd X ASH + Oe55 X PYRITIC SULFUR 
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PRODUCT INSPECTIONS 

RUN NUMBER P<.i9-4b-2 P~9-46-3 P9~-46-4 P99-46-5 P99-46-6 

DEBUTANIZER BOTTOMS 
GRAV I TV o D2cHo API 26.6 26.8 26.9 ~6.9 26.3 
ELEMENTAL "'NALYS IS (NORMAL I .lEI) TO 100.10 

CARBDNo SEMl-.MlCROo wr" d4.57 84.34 84.29 d4.35 84.22· 
HYDROGENo SE M 1.:;1141 CRO o WTX 10.40 10.60 10.60 10.65 10.58 
Nl TRUGl:N. but llo· WT-' Oo68 o.sa Oo71 Oo71 Oo70$ 
SULFURo ·::ORMi 1~6, lilT% 0.2~ 0.31 Oo32 Oo31 0.31 
OXYGEN, ~RM 11·1 7, WT~ 4o06 4 o18 4o08 . .J.98 4o20 

v 1 seas 1 TY. KtNo D445o cs 
·-3SC 11 o16 

oc -3.35 
WATERo G525o P.PM 7664 7559 7856 8184 d039 
HEAT OF C0.'4B • o D240o I:ITU/LB 17761 
POUR PO 1 NT-o · 097 o c .-53 
DISTILLATliJNo D06, c 

INI T 1 AL BOILING POINT 56 56 64 64 62 
5 VOL " 73 72 77 75 73 ,..... 

10 VOL " 94 90 100 <:Ja 103 0 
w 30 VOL " 162 157 161 159 168 

50 VOL "' 193 191 1 Sol 191 195 
70 VOL " 212 209 21 1 . 211 213 
90 VOL " ~38 234 236 236 .2.J7 
95 VOL " 254 247 248 250 253 
END !POINT .267 264 2b1 266 ~67 

WATER (INCLUDES FLUSH WATER) 
TOTAL CAR BONo PPM 13200 13200 1.3800 LiciOO 13200 

ORGANIC CARBONo PPM 11500 10100 10S.OO 11200 10900 
NlTROGENo ·G811o WT% lo 58 1o 73 1o67 1o63 h54 
SULFURo GRM1156o lilT% 1.ao• 1.83 2.23 2.05 lo7'>l 

*FOLLOwiNG AN ENTRY INUlCAT~S THAT lT IS AN ESTIMATED VALUE 
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PRODUCT INSPECTIONS 

RUN NUMBER P99-46-2 P.,.9-46-3 P99-4f>-4 P99-46-~ P99-46-6 

PROCESS SOLVENT 
GRAVlTYo 0287. API 7.3 7.7 7.9 8 '• ., 7.8 
eLEMENTAL ANALYSIS (:-!OR MAL I ZEU TO 100~) 

CARUONo SEM l-M lCf<U, IWT% tJ7~79 67.73 d7.60 d7 ,:5'- I'H.;4d* 
HYDROGEN. SEMI-M!C'<Oo lilT" 6.30 8e41 8.42 8.56 6.62 
NlTROGENt G611t wn; le02 o • .,.'+ 0.95 le:l.J leOl 
SULFURo GRMll56o liT" 0.40* 0.42* 0.42 o. 39 Oe4l 
OXYGEN, GKI\41117 e WT-' 2.49 2.50 2.40 2.4;~ 2.49 

VI SCOSI TYo KINo D4'+5o cs 
25 c 1"5.96 
50 c s.oo 

100 c 1e90 
WATER t G525o PPM 614 657 366 452 713 
HeAT OF COMI:ie • 0240. OTU/LB 
POUR POINTe 097. c -23 
DlSTILLATIONo CUSHMAN, c 

CORRECTED TO 760 Mf-4, HG USINli KlO FACTOR 
...... INI Tl AL BOlL Ir-K> POINT 215 143 146 157 157 
0 

"""' 
10 VOL " 246 243 237 23CI 240 
20 VOL " 265 256 254 251) 259 
30 VOL " 276 275 273 271. 277 
40 VOL " 293 291 267 2ota 291 
50 VOL " 311 308 :J03 30~ 30d 
60 VOL " 

324 .. 328 317 .J.a .. 322 
70 VOL " 344 346 :J.:l8 32:! 345 
80 VOL " 354 374 .361 364 361 
90 VOL " 405 408 389 408 411 
ENU POiNT 454 450 447 4·34 448 

• FOLLOIIlN:i AN ENTRY INDICAH::S THAT IT IS AN ·EsT I M:A .,....:::D VALUE 
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PRUUUCT INSPECTIONS 

RUN NUMBER P~~-46-2 P99-46-3 P9~-46-4 P~9-46-5 P9~-46-u 

VACUUM TU~ER ~OTTOMS 

SPECIFIC .:ORAIIITYe U70e G/C·C 1.42 
ELEMENTAL ANALYSIS (NORMALIZED TO 100%) 

CAR~ONe SEMI-MICRO. WT~ 
HYDROGENo SCMJ-MICRO. ~TX 

NITROGENo Go11e WTX 
SULFUR, TUTALo D1552o WTX 

SULFURo SULFJUEe WTX 
SULFUHe PYRITICo WT~ 

OXYGE~. GRN1117o ~TX 

METALS.o WT" 

ASHe \i5<,t~• lloT;'41 
SULFURo wTX OF ASH 
OXYGENe ~TX OF ASH 
METALSo WT~ OF ASH (HY DJFF) 

PYRIDINE INSOLUABLESo WT" 
M~LTING POINTe G698o C 
HEAT OF COM~ •• D240o BTU/LB 
CONCARBON RSDo D18~. lloT~ 

Ol5TILLATIONo CUSHMAN, C 

6a.o:s• 
4.oo• 
1. 43 
2e3d 

11.51 
12.65 

23.11 
0.78* 

44.50* 
54.72 

35.0 
145 

CONVeRTED TO 7o0 MM H~ USING K10 FACTOR 
INITIAL BUILING POINT 393 
lNTER~EDlATE BOlLING POlNT 
END POINT 447 
OVER AT INTERNED BPo WT~ 

RESIDUEe WTX ~5~~ 

1.44 

67.96 
3et16 
1. 44 
2.42 

11.50* 
12.80 

23.40 
0.76* 

44.50* 
54.72 

34.2 
148 

397 
439 
514 
5.0 

o7.5 

67.73 
3.c:;5 
1.43 
2.28 

11.54* 
13.06 

23.dd 
o.7d* 

44.50* 
~4.72 

396 
460 
519 
7. 5 

d5.7 

1.39 

b7.<,~0 

4.03 
le42 
2.•o• 

11.58 
12.67 

23.16 
o.7d* 

44.50• 
54.72 

33.4 
140 

394 
454 
515 
5.0 

as.5 

1.so 

b8.27 
4.07 
le43 
2.40 
1. 74 
o.11 

11.41* 
12.43 

22.71 
o.1a• 

44.50 .. 
54.72 

33.4"* 
140 

1234d 
72.2 

411 

~57 

93.6 

* FOLLOWING AN ENTRY INDICATES THAT IT IS AN ESTIMAT~D VALUE 
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IN THE FOLLUwiNG DAT~. DCSTILLATE YiELDS HAVE B~EN AOJU~TED TO THE EOlLING RANGES INDICATED 

IWN NUMBER 

YIELDSo ~T~ MOISTURE"FREC COAL 

HYDROGEN (BY H BALANCE) 

METHANE 
E.THANC 
... ROPANE 
I-BUTANE 
N-BUTANE 

TOTAL C1 JO C4 

AMMONIA (BY N BALANC~J 
HYDROGEN SULFIDE (dY S SAL) 
CA~BON DIOXIDE 
CARBON MONOXI.JE 

TOTAL OTHER GASeS 

wATER (BY OXYGEN OALANCE) 

CS - 193 C (CS - 3~U FJ 
193 - 2aa c l~ao - soo FJ 
2~d - 4d2 C (550 - ~00 FJ 

TOTAL CS• DISTILLAT~• 

4o2 C+ (900 F•J PYRIDINE 50Le 
lNSULUABLL ORGANl~ MATTER 
ASH 

TOTAL 4d2 C+ (900 =•> PROD 

~'il~-46-2 P99-46-3 P9<J-46-It P99-lf..6-5 P99-46-6 

-3.75 

5.44 
:3.73 
.J.45 
0.22 
le65 

llte48 

Oe3d 
a.'ioa 
leOI 
0.21 

3.Sd 

u.oo 
l4.l5 
10.75 

JJ.40 

2~.55 

6ol7 
12.19 

4<ie!oll 

-~.60 

5.26 
.3.74 
.Je51 
0.20 
1e70 

14.41 

Oe39 
le9l 
le02 
0.22 

3.54 

5o49 

8.44 
12.58 
10.34 

31.36 

30.62 
5.99 

12. 19 
48.~0 

-.3.94 

5.22 
3.74 

_:).54 
.).2;2 
lo71 

.14 .• 44 

0.42 
<aol2 
Oo96 
0.22 

.3,'7.3 

. 6o22 

E:!e44 
1 ~.28 
1.3.46 

36.18 

26.26 
4.~2 

12.19 
43.37 

-J;.aa 

5.26 
.J.70 
3.50 
Oo24 
1.1.3 

14o42 

0.40 
2 •. 0 1 
0.96 
0.23 

3.!::·9 

8.09 
J 3e-'96 
12 .. ao 

34.16 

2~.67 

4.~4 

12.19' 
.4a.aJ 

-3.d3 

5e4.J 
3e7d 
3.54 
0~24 
le72 

14.71 

o.Ji:J 
1.95 
0.95 
1).24 

3.!i2 

5.75 

7ell 
13.34 
12.02 

32.47 

2!:1e64 
5.54 

12.19 
47.37 

• THE QUANTITY OF DISTILLAT~ SHOWN NAY NOT BE RECOVERAULE CDMMERC!ALLYe IF THE TOTAL 
482 C+ (900 F•J PRODUCT IS NOT r~VlO £NOUGH TU BE EASILY REMOVED FRuM THE VACUUM COLUMN 
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IN THE FOLLOWING DATAo OISTI-LATE Y1~LDS HAVE BEEN ADJUSTED TO THE dOlLlN~ HAN~ES IND1CAT~D 

RUN NW4BER P~9-46-2 P99-46-3 P~9-46-4 P~9-46-5 . P~~-46-6 

YIELuSo WT% MOISTURE ANO ASH FR~E CUAL 

HYOROGEN (BY tl BALANCE) 

METHANE 
ETHANE 
PROPANE 
1-i:IUTANE 
N-OUTANE 

TOTAL Cl TO C4 

AMMONIA (BY N BALANCE) 
HYDRO~EN SULFIDE (BY S tiAL) 
CARBON OIOXID~ 
CARBoJN MLJNOXID£; 

TUTAL OTHER GASES 

WATER (BY OXYGEN OALANCE) 

~5 - 193 C (C5 - ~80 F) 
19~- 2d6 C (J80 - 550 F) 
288 - 462 C (550 - 900 FJ 

TOTAL C5~ DISTILLATE* 

482 C+ (900 F+) PYRIDINE SOL. 
lNSOLUABLE ORGANIC MATTCR 

TOTAL 4d2 C+ OR~ANIC PROD 

be19 
4.24 
3.~3 

0.25 
1.aa 

16.49 

0.44 
2.25 
1.15 
0.24 

4.oa 

b.47 

9.11 
16.J4 
12.24 

37.70 

32.52 
7.02 

~':i.54 

-4.10 

5.99 
4.26 
4.00 
0.23 
1e93 

16.41 

0.44 
2.18 
1.16 
0.25 

4.03 

be25 

!.1.61 
14.33 
11.78 

35.72 

34.88 
t..G2 

41eo~ 

-4.4d 

5.<.;.5 
4.26 
4.03 
0.25 
1.94 

16.44 

0.4 7 
2.42 
1.10 
0.25 

4e24 

9.61 
16.2 7 
15.33 

41.20 

29.91 
5.60 

J5.51 

-4.4:l 

5.99 
4.22 
3.98 
0.27 
1.97 

1b .42 

0.45 
2.29 
1.0'if 
o.2b 

4.09 

b.73 

9.21 
15.~0 

13.79 
3&.c;,o 

32.65 
5.u3 

Jd.2d 

-4.3~ 

6.18 
4.~H 

4eO:J 
0.27 
a. ~c. 

16.75 

0.43 
2.23 
a.o., 
0.27 

4.01 

6.55 

8.10 
15.1'J 
13.o!.l 

36.96 

33.76 
6.JO 

40.06 

* THE QUANTITY OF ~ISTILLATE SHOWN MAY NOT BE ~ECOVERA~Lt CO~MERCIALLYo IF ~HE TOTAL 
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482 C+ (~00 F+) PROUUCT 15 NOT FLUID ENOUGtl TO B~ EASILY REMOVED FROM THE VACUUM COLUMN 
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SRC-1~ RUN DATA~ MATERIAL ~ALAN~ESo AND PRQDUCT PROPERTIES 

RUN NUMBeR p;;,~-47-1 P99-4 7-2 PS/9-4 7-3 

DATE (START OF P.;::R I LJO) 11-~5-7!: 11-26-78 11-27-76 
TIME & DATE CODE (STMH .,., 

dl~ J29c ~15 :JJOo cH5 JJld 
END OF P::RIGI.lJ 415 330E 415 ..1318 415 332d 

RUN HOURS INCLUi):::D IN PEJHOD 58-711 83-101 105-125 

COAL CHARGE POWHATAN POWHATAN POWHATAN 
LR-2573fll LR-25734 LR-2:5734 

OPERATING CONI> IT IONS 

~ECYCLE SLURRY/M.= COAL RATIO 2o3t: 2o.J9 2o40 
OIL TO SOLIDS RAUO 1 • .J 1 1o34 1.34 
SLURRY COMPOS IT I·JN o iiiT X 

COAL (MOISTURE i·'REE J 29of:. 29.5 29.5 
DISTILLATE 36oC .32.7 31. a 
4d2 C• ( 900 F•J PYRIOII'£ SOL. 21ob 24.6 25.4 
PYRIDINE INSOLUABLt::S 12oE-. 13.2 13.3 

........ 
0 
CX> TOTAL RX PRESSUREo MPA 1~.ac 1.3. "79 l"J. 79 

PRESS )( l:H2 IN INLET GAo~. MPA 12.37 12.34 12.44 
OUTLt;;T H2 PARTIAL PRES So MPA 9.2!::· 9o25 9.25 

DISSOLVER TEMPERATURESo ·C 
ZONf: 4 (TOP J 453 453 452 
ZONE 3 452 452 451 
ZONE 2 450 450 450 
ZONE (dTM) 446 446 446 

AVERAGE 45(. 450 450 
PREHEATER OUTLET 387 387. 3d9 

NOMINAL SLUR I<\' RES. TlMEo HR Oo\il9 0.99 O.'.ii9 
WHSV o K_.I'HR/DMJ 

SLURRY 1. 21 1 .21 lo21 
COAL (MOISTUhE F.REE J o.36 o •. J6 0.36 

0 I SSOLVER GAS 
DM3/KG SLURRlf 460 464 463 
OM3/KG MF FEED COAL 1557 1570 .1573 
HYuROGEN CONTENTo II OL" 89o6 89.5 90.2 

FLUSH H20 o ¥ CF PRODUCT H20 237.5 24do9 233.0 



~ 
0 
1.0 

THE FOLLOW1NG WEIGHT ~ALANC~ AND HY~ROGEN CONSUMPTION UATA w~RE CALCULATED FROM MEASURED UNIT OATA 

tlUN NUMOER 

wATER IN THE FEED COAL ASSUMED 
LOST FRUM FE~D TANK, % 

WEIGHT BALANCE, 0/lo WTX 

P9Y-47-1 PYY-47-2 P~~-47-J 

100.0 
100.6 

100o0 
100.6 

100.0 
99.5 

PA~E 2 

THE FOLLO~ING ,QATA THRUU~H AND INCLUDING EL~MENTAL 6ALANC£S HAVE BEEN CURHECTEO TU A 100~ WT BALANC~ 

YIELDS, ·WT% FEED COAL 

HYUROGEN -3.48 -.J.4ti -.J.51 

METHANE 4oi'Sl 4o8B 4oB1 
ETHANE 3.40 .J.4~ 3o30 
PRUPANE 3.09 3.03 3.03 
1-i:iUTANE 0.21 Oo20 o.~o 

N-BUTANE 1o50 1.48 lo49 
TOTAL Cl TO C4 13.00 lJoOO 12.82 

AMMONIA o • .J5 0.38 0.34 
HYDROGt:N SULFIDE 1. YO 1o93 1. 98 
CAR90N :OIOXIDE Oo95 0.92 1. 15 
CARSON MONOXIDE Ool8 0.18 Ool7 

TOTAL OTHER GASES 3.46 3.42 3o64 · 

\\ATER 5o95 5.91 6 ol 7 

OEtiUT·AN I ZER LIQUID 18o84 18.26 17 o93 
PROCESS SOLVENT 10.46 tlod3 7 o95 

TOTAL C5f OISTILLATi:. ~9.30 ~7.09 25otlb 

'VACUUM TOWER BOTTOMS 51.77 54.05 55. 0 () 

·CHE•I41CAL H2 CONSUMPTION oY UNH _.A::; BALANCE 
DM3/KG FEEO COAL 409 408 412 

CONVERSIONS, wT% FeED CUAL 
HYDROCRACKlNG 57.tl 56.7 56.7 
DESULFURll~TlON 56.3 58.0 5d.7 
DE Nl TIW::iE NAT I ON 24.2 22 .• 4 21.2 
UXYGEN REMOVAL 46.5 45.5 49.3 



PA\it 3 

RUN NUMt:JE~ P\il\il-47-1 P~9-47-2 P91l-'t 7-3 

GAS RATESt OM3/KG FIEED COAL 

DISSOLVER INLET GAS 1252.7 1254.5 12391.5 
TUTAL QUeNCH GAS Z95.d 306oti 341.5 

TOTAL DISSOLVER GAS l!l48.4 1561 .3 1581.·0 

MAKEUP GAS TO OIS:iOLVER .JS8 • 0 360.7 368.'>' 
MAKEUP GAS TO SEPo SPo\RGE 63.9 85.6 att.2 
MAKE.UP GAS TO INSTRUMeNT TAPS 255.2 2!i5o2 258.0 

TUTAL N.~KEUP GAS b97.1 701.5 711.2 

DISSOLVER OUTLET GAS 1281.3 12515.5 1310.4 
.OAS LEAVlr.IG SCRU1:3BER!i .1 757.0 17d0o4 1786.3 
SEPARATUR SPARGE GAS 362.8 370.7 361.0 

PRODUCT GASES 
BLEED OFF GAS 277.9 2o4.d 287.1 
OEI:JUTANliZER GAS 55.4 54.0 55.6 ...... AMINE REACT IVAT()f( GAS 13. 1 13.1 13.2· ....... 

0 NAPTHA RIEACT 1 VA TUR GAS 73 .a 73.9 74."3 
CHROMATOGRAPH BLEED GAS 9.1 10.0 10 • .3 

ELEMENTAL BA-ANCES 

wATER IN T!"1E f'EED CUAL ASSUMED 
LOST FROM F£E::O T Ar~K t .. , 100.0 100.0 100.1) .. 

CA"RBONo 0/ ~ 1.oo 1o00 1o0il 
HVORO~ENo 0/l 1. 02 1.oo Oo99 
NITRO;;ENe 0/1 o'.'>ld 1o02 1o01 
SULFURe 0/1 1.02 0.99 0.99 
OXYGENe 0/1 1. eft 1.01 loOt ,, ,. 

~ ' •.. ! 

ME TALSt 0/1 0.93 0.91 Oo95 
ASHo 0/1 0.93 0.9"7 Oo95 



...... ...... ...... 

THE FOLLO~~NG DATA WERE BALANCED FO~ CARBONe HYOROGENo SULFURo NITROGENo OXYGENe ANU METALS 

RUN NUMBER 

YIELOSo WT~ MOISTURE FREE COAL 

HYOR.OGEN (BY H ·BALANCE) 

ME. THANE 
ETHANE 
PROPANE 
1-dUTANE 
N-BUTANE 

TOTAL Cl TO C4 

AMMONIA (BY N BALANCE) 
HY OROGEN SUI:..F JOE ( t:JY S t:JM..) 
CARBUN·DlOXIDE 
CARBON MONOXIDE 

TOTAL OTH=R GASES 

WATER (dY OXYGEN BALANCE~ 

DEBUTANilER LIQUIU 
PROCESS SO.LYENT 

TOTAL C5• DISTILLATE 

VTB PYRIDINE SOLUABLES 
INSOLUABLE ORGANIC MATTE~ 
ASH 

VACUUM TOWER BOTTOMS 

CHEMICAL HZ CDNSUMPT I ON • DM3/KG 
BY HYDROGEN BALANCE 

CO.NVERSIUNSo WT" MF COAL 
HYllROCRACI<.ING 
DESULFURIZATlON 
DENJTROGENAT 1 ON 
OXYGEN REMOVAL 

-3.61 

4.dO 
3o39 
3. 08 
Oo2l 
·1.50 

12.97 

Oo3d 
lo92 
0.95 

· Oo18 
3.43 

5.tH 

ljjo79 
10.44 

29.23 

.]5.50 
4.42 

12.19 
·sz. ·11 

MGJSTURE 
423 

57.!.1 
56.4 
24.4 
46.3 

-3.45 -3.4() 

4.81j 4o79 
3o41 3.2d 
3.03 3.01 
Oo20 0.·20 
1o47 lo4H 

12".99 12.76 

0.35 0.34 
1o97 . 2.00 
0.92 lo14 
o .u~ Oo17 

3.43 3.65 

5.72 6o13 

1th25 17.85 
8.82 7.91 

27.07 25.-76 

36.1;11 37.31 
5.24 5o 59 

-,2 .19 12.19 
54.-24 55.09 

FRl.E COAL 
405 399 

56.7 56.9 
ss.o sa.~ 

22.5 21.5 
45.4! 49.1 

PAGE 4 
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RUN NUM8ER. PY9-47-1 P99-47-2 P9~-47-J 

GAS COMPOSlTIONSo oiOL,.; 

REACTOR INLEJ ~AS 
HYDROGEI)t ~9.65 81.1.53 90 ol8 
METHANE 9.06 9.22 a.t.d 
ETHANE 1. 16 le1U 1o09 
PROPANE o.oo o.oo o.oo 
1-l:iUTANE o.oo o.oo o.oo 
N-SUTANE o.oo o.oo o.oo 
PENTANES o.oo o.oo o .. oo 
HYDROuEN SULFIDE o.oo o.oo o.oo 
CARBON MONOXJDE 0.13 o.o1 o.o5 
CARthlN DIOXIDE o.oo o.oo o.oo 

kEACTOR OUTLET GA:i (BJTANES AND L I GtiTER O .... LYt 
HYDROGEN 71.72 71.75 72.52 
METHANE 1b.49 15.68 14.93 
ETHANE 3.30 3.30 3oll 

...... PROPANE 1.23 1.20 1 .. 18 ...... 
N 1-BUTAN:;: o.oe o.oe o.oa 

N-BUTAN.:'. 0.45 0.44 Oo44 
HVOROGE'II SULFIDE leOl 0.97 o .• 98 
CARBON ... ONOX I DE o.Zb 0.19 0.1 7 
CAR80N )JOXILIE Oe37 0.36 0.44 
AMMONIA o.J6 0.39 o .• 34 
WATER 5.72 5.63 5.6o 

t3LEEU OFF GAS 
HYDROGEl"' d3.9b 83.97 64.53 
METHANE 13.59 13.65 13.24 
ETHANE 1.17 1.76 1.70 
PROPANE o.1J o.oo 0.03 
I-BUTANE o.oo o.oo o.oo 
N-8UTAN.::. o.oo o.oo o.oo 
PENTANE:> o.oo o.oo o.oo 
HYDROGEc"' SULFIDE o.oo o.oo o.oo 
CARBON ..tUNOXJOE 0.56 0.54 o .. ~o 
CARBON OIOXIOE o.oo o.oo o.oo 



~AGE 6 

RUN NUMBER P99-4 7-1 P~9-47-2 P9':J-4 7-:J 

::iAS C.OMPUSITJONSo VOLX 

AMINE REAC. Tlll A TOR GAS 
H'W'DRUGEN 9o60 9.57 9.00 
METHANE 1od4 1od!i.l lets9 
ETHANE 0.27 o.3J 0.35 
PROPANE o.oo o.oo o.oo 
1'-BUTANE OoOO o.oo o.oo 
N-OUTANE o.oo o.oo o.oo 
PENTANI:::.S o.oo o.oo o.oo 
HYDROGEN SULFIDE 59.74 56.73 SCI.~~ 

CAR13UN MONOXIDE o.ot o.o2 o.o2 
CARBON DIUXIDE 28.55 29.45 29.74 

NAPHTHA REACT I VA TOR GAS 
HYDROGEN 23.55 23.35 23.14 
MI:::.THANE J0.15 30.22. 30.07 
ETHANE 22 •. 74 22.67 21.84 

...... PROPANE 16.26 u~.2s 16.28 ...... 
w I-BUTANE o.~a 0 .·9tl 1 .o 1 

N-BUTANE 4.90 4.89 4.90 
PENTANI:::.S 1. 4:!4 1.26 1e32 
HYDRUGt:N SULFIDE o.oo o.oo o.oo 
CARBON MONOXIDE o.oo o.oo o.ot 
CAR BUN DIOXIDE Oo17 0.17 1e44 

DEOUTANIZt::R GAS 
HYDROGEN 50.24 50.13 51.61 

·METHANE 1d.42 ld.62 17.d7 
t. THANE .. 9.31 ~.34 'IeOS 
PROPANE 7.97 a.o3 7.80 
l-i3Ur'ANE o.75 0.74 Oe74 
N-BUTANE 4e58 4.52 4.44 
PENTANE.S 2e06 2.07 2.07 
HYDROGEN SULFIDE 6.17- beOl 5.'>17 
CAio!BON MONOXIDE o.oo o.oo o.oo 
CARBON DIOXIDE o.so o.s3 Oe44 



COAL INSPECTIONS 

RUN NUMBER P99-47-2 P99-47-3 

FEED COAL 
ELEMENTAL ANALYSI~ (MOISTURE FREEo NO~MALIZED TO 100¥i. 

CARBuNo S~Ml-Mlt~~. WT% 
HYDROG~No SEMl-MICROo WT~ 

NITRO~~No ~811o wTX 
SULFUR, TOTALo GRN1159o WT% 

SULFUR, ORGAN1Co WT% 
SULFUR, PYRITIC, WT% 
SULFUR, SULFATE, ~TX 

OXYGEN, GNM1117t WT~ 

OXY~ENt ORGANIC, ~TX 

OXYGEN, INORG~NICo WT~ 

METALS, B~ SPEC ASHo ~T~ 

MlN~RAL MATTER, wfX• 

MOISTUREo•D27lt ·WTX • 
VOLATILE MAT"TERo lilT-' 
ASHt 0271t lliTX 

SULFU~, WT~ 0~ ASH 
OXY~EN, WTX OF ASH 
ALUMINUM, WT% OF ASH 
CALCIUM, WTX OF ASH 
lfWNt WT% OF AS; 
MAGNESIUM, 'oliT% ,jF ASH· 
POTASSJU~, WTX ~F ASH 
SILICON, WTX OF ASH 
SODIUM, WTX OF ~SH 

TlTANIUMo WTX UF ASH 
TkACE MeTALSo Wl% OF ASH 

PARTICLe SILc DlSTRIBUTIONt WT~ 
ON ~0 MESH 
TH~U dO 0111 200 "'ESH 
THRU 200 ON 325 MESH 
THRU 325 ON 625 MCSH 
THRU 625 MESH 

70.96 
4ol.l2 
., .29 
3o20 
·1.65 
1.51 
0.04 

12.97 
7o20 
5.78 
6,67 

14.00 

o.a1 
3d.OO 
12. 19 
0.76 

44.50 
15,0 

.9 
15.0 

, , • a 
1a2 

20.0 
.3 
.7 
.4 

·.3 
35.6 
18.6 
21 • 1 
24.4 

70.96 
4.92 
.1.2~ 

3.20 
1a65 
1o51 
0.04 

12. 9.7 
7.20 
5,78 
6,67 

14.00 

o.a1 
3o,OO 
12.19 
0.7~ 

44.50 
15.0 

.9 
15.0 

oti 
1 .z 

20.0 
.3 
.1 
.4 

.·3 
35.6 
18.6 
21.1 
24.4 

. 70.96 
4o92 
1.29 
3.20 
1. ()5 
lo5i 
Oo04 

12.97 
7.20 
5.78 
6o67 

14.00 

o.a1 
36.00 
12 • .19 

Oo7U 
44~50 

15.0 
.9 

15.0 
oti 

1. 2 
20.0 

.3 

.7 

.4 

.3 
35.6 
18.6 
21.1 
24.4 

* 8Y PARR'S EoQUATION: NJNERAL MATTER = t.Od X A.:iH + Oo55 X PYRITIC SULFUR 

PAGE 7 
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PRODUCT INSPECTIONS 

RUN NUM8ER P9~-47-1 P~9-47-2 P99-47-3 

DEBUTANIZER BOTTOMS 
-=>RAVlTYo 0207. API 26.2 2o.o 26.0 
ELeMENTAL ANALYSIS ( NUkMAL 1 LEO TO 100:U 

CAR BUNt SEM 1-MICHOo WTX. 84.36 84.713 84.65 
HYDRO.:OEN 0 SEMl-MlCHOo 111T X to.o6 10.53 10.44 
NlTROiiENo G811o WT" 0.66 0.68 o.7o• 
SULFUR, ·GRM1156 0 WT" 0.35 0.22 0.22 
OXYGEN, GRM1117 • WT~ 3.~8 3.79 4.00 

v 1 seas ITY. KINo 0445. cs 
-35C 

oc 3.57 
WATERo G52S·, PPM 8353 8653 8378 
HEAT OF COMBe • 0240. OTUI'LB 17776 
POUR PO INTo 097, c -53 
0 I'ST lLLAT IONo 086. c 

INITIAL BulL lNG POINT 57 64 63 
5 VOL % 7d 75 81 - 10 VOL ~ 98 102 104 -(J'1 30 VOL " 158 163 165 

50 VOL " 190 197 196 
70 VOL " 210 216 216 
90 VOL " 237 240 231 
95 VOL :( 2~1 264 247 
END POINT 266 286 277 

iiiATER t I NCLUDt:S FLUSH wATER) 
TOTAL CARIJONo PPM 13000 12200 12200 

ORGANIC CARBON • 1-'~M 10700 10500 10000 
Nl TRO;>ENo Gd ll • lliTX le36 1.48 1e30 
SULFUR, GRM1156o WT~ lebl 1 .sa le64 

* FOLLOWING AN ENTRY INDICATES THAT IT IS AN ESTIMATED VALUE 
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PROUuCT INSPECTIGNS 

RuN NUMBER P99-4 7-l. P99-4 7-2 P<;i9-4 ·1-3 

PROCESS SOLVENT 
GRAVITY, D237o API tlo 4 do4 8.2 
ELEMeNTAL ANALYSIS. (NORMAL 1 ZED TO 100:11:1 

CARBUNo ScMI-MJCilOo WT:lC a7.ot: 87.59 67.69 
HYDROGEN, SEMI-MJCROo WT:lC d.60 do63 ~.5tt 

NITROGEN, GtU 1o NT" 0.96 Oo98 OoY6 
SULFUR, GRMll5oo WT-' 0.36 0.41 o.Ja• 
OXYGEN, GR M 111 7 o lilT X 2.40 2o39 2o3Y 

VISCOSITY, KINo 0445, cs 
25 c 17.46 
50 c 6.23 

100 c lo96 
iiA TER o G525o PPM 337 385 442 
HEAT at= COMI:lo o 0240, tHU/LB 17385 
POU~ POINTe 0\17, c -15 
DISTILLATION, C.USHNANo c 

CORRECTEU TO 760 1\o!M HG USING l<.l 0 FACTOR 
...... ...... I Nl T I AL BOILING FOINT 20Y 196 196 
0'1 10 VOL " 246 246 246 

20 VOL " 261 265 261 
30 VOL ~ 274 279 21:10 
40 VOL " '2d4 296 291 
50 VOL % 2c..i6 30b ·3oa 
60 VOL " 315 319 321 
70 VOL " 333 343 339 
80 VOL " 349 365 373 
90 VOL " 391 417 421 
f:.Nl) PUINT 44J 434 434 

• FOLLOwiNG AN ENTRY lNDI:AT~S THAT IT IS AN ESTI~ATED VALUE 



PAGE 10 

PRODUCT INSPECTIONS 

RUN NUMt:IE~ P~Y-47-1 P99-47-2 P~Y-47-3 

VACUUM TOWER BOTTOMS 
SPECIFIC GRAVITYo D70o G.'CC 1. 45 1.44' 1o42 
E.LEMENTAL ANALYSIS (NORM ~L I L.E.D TU 100%) 

CAR80No SEMI-MlCHOo WT" 6t:l. 70 69.07 70.47' 
HYD~OGEN. StMI-MICROo ,1/T :1;; •• ·oo• 3.97 4o10 
NITI<O.:iENo Gd 11 • lilT% lo44 lo44 lo46 
SULF 1JR o TOTALo 01552. ifiT:C. 2.48 2.33 2o26 

SUL.FUR,. SULFIDE, WT-' lo21 
S..JLFUR. PYf<ITICo WTX 0.40 

OXYG€No GRM1117o wT" 11o40* 11.33 10.24 
MET ALSo WT" 11o98 11.85 11.4d 

ASHo G5'J!Io WT% 21od9 21.66' 20.98 
SULFUR, WT~ OF ASH o.78* Oo7i:U• o. 78* 
OXY:>ENo lilT X OF ASH 44.50* 44.50* 44.50* 
METAL So WT% OF ASH (l;l'l' DIFF) 54.12 54.72 54.72 

...... PYRID[NE JNSOLUABLt::.!io lilT% 31. 1 31.7 31.6 ...... ....... MELTING PUINTo Gd':ld o ·C 135 135 140 
HEAT OF C lJMij o o 0240. BHJ/LU 12667 
CONCARBON RSDo 0189, WT" 6'J.9 
DlSTILLATlONo CUSHMANo ·: 

CONVEHTED TO 760 MM HG USING K10 FACTOR 
INITIAL I:WI L I N:i POINT 401 394 394 
INTE"MEO I ATE BOILING ~OINT 
ENl> POINT 4!>6 467 477 
OVER AT INTERMED BPo 'oiiT% 
RESIL>UE. WT% 93.0 9lo6 89.8 

* FOLLOW[NG AN ~NTRY INDICATES THAT IT IS AN E~TIMATED VALUE 



...... ...... 
(X) 

IN THE FOLLOWIN~ DATAo DI~fJLLATE YIELUS ~AVE B~EN ADJUSTED ro fHE bOILING RANG~S INDICA~EO 

RUN NUMUER 

YIELDSo WT~ MOJSTUHE FREE COAL 

HYDROGEN (BY H H~LANCE) 

METHANE 
ETHANE 
PROPANE 
I-OUTANE 
N-BUTANC: 

TOTAL Cl TO C4 

AMMONIA (~Y N DAL~NCEJ 
HYDROGEN SULFIDE (BY S DAL) 
CARUON O'IOXIDE 
CARBON MONOXIDE 

TOTAL OTHER GASES 

wATER (~Y OXYGEN aALANC~) 

C5- 193 C !C5- 380 F) 
1~3- 2dd C (~80- ~50 F) 
288 - 4d2 C (550 - ~00 F) 

TOTAL CS+ ~ISTILLATE* 

4d2 C+ (900 F+) P~RIOINE S~L. 
INSOLVABLE ORGANIC MATTER 
ASH 

TOTAL 4~2 C+ (~00 F+) PROD 

-3.61 

4ed0 
3.39 
3.oa 
0 ... 21 
1o 50 

12.97 

o • .Ja 
1o\il4! 
0.95 
o.aa 

3.43 

5od7 

a.o~ 

14od.3 
11.5!> 

34.50 

30.~3 

4.42 
12o19 

46.d5 

-.3.4!) -3.40 

4o88 4.79 
.3o41 3o28 
3.03 3o01 
0.20 Oo20 a.,.,., 1 o48 

12.99 12.76 

0.35 0.34 
1o97 2.00 
Oo92 1o14 
o.aa o.1 1 

3o43 J.ot> 

5.72 6 .1.3 

To30. (Jo98 
12.95 13.12 
12.24 11.62 

32.49 3.1. 71 

31o39 31.36 
5.24 5o 59 

12o19 12o19 
48o62 49.14 

* THE QUANTITY OF DISTILLATE SHO~~ MAY NOT BE RECOVERA~LE CO~M~RCIALLYo IF THE TUTAL 
462 C+ C::iloOO F+) PRODUCT IS NOT FLUID ENOUGH TO Be EASILY R::~~tOVEO FRON THE VACUUM COLUMN 
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IN THE FOLLOWIN~.DATAo uiSTlLLATE YIELDS HA~E BEEN ADJUSTED. TO THE BOlLING RAN~ES lNOlCAT~U 

!-(UN NUMtiER · P99-47-(. P99-47-2 P99-47-3 

YIELDSo WT~ ~OISTUHE ANO ASH FREE CUAL 

HYDROGEH ( E:l~ H bALANCEt -4. 11' -3.~3 -3·~iH 

METHANE 5.47 s.55 5o45 
ETHANE .3.a6 3od9 3o74 
PHOPANE 3o51 J.45 3.43 
I-BUTANE 0•24 Oo22 0.22 
N-tiUTAN~ lo"/0 1o6d lo69 

TOTAL Cl TO C4 14.77 14.79 14.53 

AMMONIA (BY N BALANCt:j Oo43 Oo40 Oo38 
HYDROGE•N SULFIDE (BY s tiALt 2o1d 2.25 2o2d 
CARBON OIUX.IDE 1o08 1.0~ 1o.:3o· 
CARBON MONOXIDE 0.21 0.21 0.20 

TOTAL OTHER GASES 3.91 3.9·1 4 ol6 

~ WATER lOY OXYGEN BALANCE I 6.68 6.52 6e'iio8 
~ 
1.0 

C5 - l<Ool c lC!:> - 3d0 FJ 9o1 d do31 7.95 
19.] - 2d6 c ( 380 - 55" Ft 16.94 14.75 14.94 
2o& - ~82 c (550 - 900 F) 13.16 13.94 13.23 

TOTAL cs ... 01 STILLATE*. 39.29 37.01 36.12 

482 C+ (90) F+t ·PYRIDINE SOLo 34.4.] 3!').74 35.72 
INSOLU\ABLE ORGANIC MATTER 5.0.) 5.9"1 6.37 

TOTAL 4d2 C+ ORGANIC PROU .j9.47 41.71 42.08 

*THE QUANTITY uf DISTILLATE SHO~N MAY NOT B~ RECOVERABLE COMMERCIALLY. IF THE TIDTAL 
482 C+ (~00 F+l ~RODUCT IS NOT FLUID ENOUGH TO OE EASILY ~EMOVEO FROM THE ~ACUUM COLUMN 
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APPENDIX D 

Chronicle of Operations 

for Runs P99-41 Through P99-47 

INTRODUCTION 

This ·appendix presents a brief chronicle of operations for Runs 

P99-41 through P99-47. It is divided into two parts... The first section 

discusses the chronology of operations, giving an indication of the problems 

.encountered with each run. The second section discusses the sol ids removed 

from parts of the unit following some of the operating periods. 

Run P99-41 - August 29 to September 11, 1978 

Run 41 was not as smooth as previous runs made with Pittsburgh Seam 

coal. Startup was delayed for two days because of problems with the flash 

tower level control and plugs in the lines to Tanks 6, 7, 8, and 9. During 

the first two days on coal, temperature control in the dissolver was erratic. 

This was found to be due to a faulty thennocoupl e. During most of this run 

the fractionation system was upset. This was due to a number of factors: (1) 

difficulty controlling the temperature in the hot and inte.nnediate separators 

(they operated at a lower temperature than desired); (2) difficulty control­

ling the cut point in the fractionator (it ran lower than desired); and (3) 

poor operation of the vacuum column. Weight balance for the total run period 

averaged about 96. 5<t. The first high pressure sample from the bottom of the 

dissolver was taken at the end of this run. 

Run P99-42 - September 12 to September 28, 1978 

While the operating variables were being changed to Run 42 condi­

ti ons, the primary condenser on the vacuum column plugged and had to be 

removed, cleaned, and reinstalled. The·vacuum colummn plugged shortly after 

this and was replaced by a spare column which was on hand. On opening the 
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plugged column, it was found that the demister pad was completely filled with 
·solids and sludge, but the rest of the column was relatively clean. 

The unit was operated in an idle mode whi 1 e the vacuum column was 
being replaced. The plugged demister pad is believed to have been the result 
of accidentally flooding the column during shutdown at the end of Run 39. 
Coal feed was restarted on September 17, and the run was completed on 
September 28. No water was injected after the hot separator during this 
run. The main operating problem during this run was in obtaining the proper 
distillation separation in the debutanizer and fractionator columns. The 
Freon compressor was found to be defective and was replaced. A dissolver 
sample was taken at the end of this run. 

Run P99-43 - September 29 to October 6, 1978 

After changing conditions, a number of minor upsets occurred due to 
checking coal rate measurements and· changing a part on the dissolver feed 
pump. The unit ran well until conditions were changed on October 7. 

Run P99-44 - October 7 to October 23, 1978 

While chang1ng conditions, the flash tower level control valve 
malfunctioned. While the valve was being replaced, the vacuum tower preheater 
plugged. The 11 Cornucopia11 style preheater was replaced with a hair-pin style 
preheater which was on hand. The run was restarted on October 12, but a 
number of plugs in the flash tower bottoms level control system upset 
operations for about a week. Three good run periods were completed by 
October 22, when the No. 2 let-down valves failed and could not be isolated 
for replacement due to a leaking block v~lve. At this time, it was decided to 
shutdown the unit to replace valves and check lines. 
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Turn around. - · October 24 ·to October. 31, 1978 . 

The emergency shutoff valve at the bottom outlet of the hot separa­

tor· was found to be badly worn and was replaced. Several, valves in the let­
down system were also replaced. After changing to Powhatan coal, the run was ... ' 
started, but the two·.~bottom temperatures in. the dissolver were too: low. The , 
run~ was. terminated and· the. dissolver was removed. When. the di ssovl er was , 
opened, .it was found;;to CQ.ntain about 15 i.nches of sol ids in t,he bottom. 

Run P99-45 ·.,.. November .1 to November 14, 1978. .· 
Run 45 was· restarted on November 1. The first two days of. operation 

were plagued with plugging in the Tank 1 coal chute and feed- pump check 
valves. Also, large coke particles were found in the bottom of the flash 

column, where they upset level c~n~~~l.. These problems -are normally 
experienced during startup, but it was at first thought that the 1 arger 
80 mesh size coal ground by· Conoco could have been aggravating these 
problems. However, later smooth operation showed tHat the 80 mesh coal was no 
more di ffi cult to proc~ss· than the 200 mesh coal •. 

On November 6, the atmospheric flash .and fractipnator overhead. . . 

temperatures were increased to decrease the amount of middle distillate in the 
feed slurry. Column conditions were adjuste~ twice in order to achieye smooth 
operation. A. feed tank composition similar to that run at Fort Lewis was 
obtained for most of-the run. An attempt wa·s ·made to take a· dissolver sample,·· 
but a plugged line prevented this·: · ' ::.· '· 

Run P99-4'6 · - November 15 to November 22, 1978 
< • , •• - £ . 

-_ .. · Run 46 was started on November 15 and completed on November 22 •. The 
I 

unit ran quite smoothly for most. of this run. ·The flash tower bottoms plugged 
at the end of this run, and coal feed was stopped for several hours. Since 
the unit was upset, it was decided to change to Run 47 conditions. Two small 
cracks in the 30 ton coal feed hopper were noticed at this time. Since 

neither crack was extensive, it was decided to continue operation and to 
repair the cracks during the next extended shutdown. 
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Run P99-47 - November 23 to November 28, 1978 · 

The first two days of this run were spent unplugging the flash 

column level control system and repairing the slurry charge pump. Run 47 was 

started on November 25, but had to be terminated prematurely on November 28 

due to severe leakage at the emergency manual shutoff valve between the hot 

high pressure separator and the pressure let-down valves. The dissolver was 

cooled, and the contents were drained through the emergency dump valve. 

Several valves were replaced and the unit was prepared for restart without 

removing the dissolver. It was also decided to change coals ~t this time to a 

new batch of Powhatan coal which had been obtained from Fort Lewis and dried 

and ground by Empire Coke. 
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Run P99-41 

Analyses of Solids Removed From Various Locations 
While Running with Robinson Run Coal 

Solids found in the vacuum tower primary overhead condenser follow­

ing Run 41 had a composition similar to vacuum tower bottoms (see Table D-I). 

The vacuum column had o~erflowed during the ·emergency shutdown of Run 39 .. 'the 

secondary condenser had been replaced, but the primary condenser had only been 

flushed with hot solvenL The demister screen was plugged with solids (see 

Table D-1), and these solids were primarily pyridine insolubles and ash. The 
l 

screen had apparently filled with solids when the vacuum column overflowed. 

Run P99-43 

Some grease-like, off-white solids were found in the kerosene 

scrubber McAfee gauge after Run 43. X-ray analysis indicated that the solids 

were non-crystalline and contained a considerable amount of sulfur and zinc 

(see Table D-II). The infrared spectrum suggested this to be an organo-zinc­

dithiophosphate type material. A possible source of zinc is the lubricants 

used for the compressors and pumps, some of which contain zinc compounds. 

Solids removed from the plugged vacuum tower preheater were found to be mostly 

coke and ash (see TableD-III). 

Run P99-44 

_. Run 44 had to be terminated when the let-down valve system failed. 

Oil flow was stopped and the pressure was lowered in order to replace the 

valves. During startup of Run 45, the bottom temperature in the dissolver 

was observed to be too 1 ow, and it was cone 1 uded that so 1 ids had deposited in 

the bottom of the dissolver during the shutdown. The dissolver was removed, 

and approximately 15 inches of solids were found in the bottom. Analysis 

showed these solids to be mostly' pyridine insolubles (see Table D-IV) which 

had settled to the bottom of the dissolver when oil circulation was stopped. 
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TABLE q-I 

Analyses of Solids Found ·in the· Vacuum Tower· Foil owing Run P99-41 

· Preheater outlet 
Primary 

Location Condenser Demister Screen 
· Ancilyses 

Pyridine Insolubles, Wt't ' 86.'83- 38.37 91.57 
Carbon, Wt't 71.92 - 77.21 
Hydrogen, Wt% 5.13 7.16 
Ash; Wt% of P. I. 52.5 46.4 39.9 
Spec. Ash, Wt% of Ash 

Al 10 
Ba trace 
B 0.1 
Ca 2 
Cr 0.05 
Cu 0.006 
Fe 10 
Mg 1 
Mn 1 
K 0.2 
Si 25 
Ag 0.3 
Na 0.3·· .. 
Sr 0.1 . - . -

~ 

T1 . 0!9 

SCT:als,6/26/79,251-8370 
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X-Ray 

Infrared 

TABLE D-11 

Analyses of Solids Found in the Kerosene Scrubber 
Off-Gas McAfee Gauge After Run P99-43 

The sample is.an off-white solvent-wet solid. The sample contains 
ammonia or amine, elemental sulfur and sulfide sulfur. An. x-ray 
diffraction scan indicates the sample is non-crystalline. .The 

. following e.lements were identified: · 

Major 

Intermediate 

Minor 

Trace 

Elemental analysis: 

Carbon, Wt% 

Hydrogen~ · Wt% 

Nitrogen, Wt% 

Sulfur, Wt% 

S,Zn 

Ca 

p 

Ti ,Fe . · 

38.07 

7.15 

1.42 

14 .. 13 

The infrared spectrum shows the presence of hydroxyls, some acid, 
phosphorus-oxygen bonds, phosphorus-sulfur bonds, and hydro­
carbons. The spectrum is very suggestive of an organa iin·c 
dithiophosphate-type material. 

SCT:als,G/26/79,251-8370 
' 
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TABLE 0-I II 

Analyses of Solids Found in Vacuum Tower Preheater 
After Run P99-43 

Pyridine Insolubles, Wt% 95.91 

Carbon, Wt% 51.54 
Hydrogen. W~ 1.63 
Ash, Wt% 31.3 
Ash, Wt% of P.I. 29.9 
Spec. Ash, Wt% of Ash 

Al 10 
Ba trace 
B 0.1 
Cr 0.06 
Cu 0.003 
Fe 15 
Mg 1 
Mn 0.2 
Ni 0.02 
K 1 
Si 25 
Na 0.3 
Ti 1 
Zn 0.3 

SCT:als,6/26/79,251-8370 
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TABLE 0-IV 

Analyses of ~olids Found in Dissolver After Run P99-44 

Pyridine Insolubles, Wt% 
Carbon, Wt~ 
Hydrogen, Wt% 
Ash, Wt% 

Spec. Ash, Wt% of Ash 
Al. 
Ba 
B 
Ca 
Cr 
Cu 
Fe 
Mg 
Mn 
Ni 
K 
Si 
Na 
Si 
Ti 
v 

SCT:als,6/26/79,251-8370 

----·----- . 
\etU.S.GOVERNMENTPRINTINGOmCE: 1980-640- 25~ 342 
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91.27 

17.65 
7.11 

9.60 

10 
trace 
0.2 
3 
0.05 
0.007 
9 
1 
0.4 
0.08 
1.2 
20 
0.3 
0.2 
0.8 

. 0.1 




