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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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The information and data contained in this report
are the result of an economic evaluation and a
preliminary design effort and because of the
nature of this work no guarantees or warranties
of performance, workmanship, or otherwise are
made, either expressed or by implication.
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REPORT ‘X1
VOLUMES 4 AND 5

INTRODUCT.ION

Report XI, Technical Audit, is a compendium of research material used

during the Initial Effort in making engineering comparisons and decisions.

Volumes 4 and 5 of Report XI present those studies which provide a
Critical Review of the Design Basis. The Critical Review Report, pre-
pared by Intercontinental Econergy Associates, Inc., summarizes findings

from an extensive review of the data base for the H-Coal process design.

Volume 4 presents this review and assessment, and includes supporting
material; specifica]ly, Design Data Tabulation (Appendix A), Process

Flow Sheets (Appendix B), and References (Appendix C).
Volume 5 is a continuation of the references of Appendix C.

Studies of a proprietary nature are noted and referenced, but are
not included in these volumes. They are included in the Limited
Access. versions of these reports and may be reviewed by properly .

cleared personnel in the offices of Ashland Synthetic Fuels; Inc.
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(1) ABSTRACT

Estimates for product yields and catalyst stability for hydrotreating
and Platforming H-coal derived naphtha had been made earlier based on a
1-gallon sample provided by Ashland. This report covers the pilot plant
work that was carried out to confirm these estimates.

Analyses revealed significant differences between the properties of
the original sample and those of a sample drawn from the 1iquid made
available for the pilot- plant work. ..These feedstock differences made.a
higher severity hydrotreating necessary than that expected based on the
original sample. The catalysts used for both hydrotreating and Platform-.
ing demonstrated good stability at the processing conditions selected.

Revised prdduct yield estimates, utility requirements and capital cost
estimates were made to incorporate the pilot plant data made available.
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(2) DESCRIPTION OF PROCESSING SEQUENCE

This section provides a brief.overview of the processing sequence
used. Each step is dealt with in greater detail in the subsequent
sections.

The as-received coal-1iquid sample had an end-point of around 576°F
and was therefore fractionated to obtain a naphtha cut. The overhead
product collected from the fractionator had an end-point of around 380°F.
This material (which was to be hydrotreated), was observed to have a
distinct black bottom phase that contained some solid matter. The black
phase was removed by several decantations. The solid particlies were-
removed by filtration.. - - o

The hydrotreating of the decanted and filtered material was done in
two stages: the first was corlucted at conditions to saturate the dienes -
(potential gum-formers at the operating conditions of the second stage)
and the second at conditions to desulfurize and denitrify the naphtha to
meet Platformer feedstock specifications,

The hydrotreating step revealed that a higher severity level was
needed to meet the product specifications than envisioned. The analytical
results received up to this point indicated significant differences in the
properties of the naphtha as compared to those expected based on the '
1-gallon sample. After a reassessment of the properties of the hydro-
treated naphtha as a potential Platformer feedstock, it was felt that the
high end-point of +380°F might lead to poor Platformer catalyst stability
“and might create difficulties in comparing the earlier estimates of pro-
duct yields. The hydrotreated naphtha was therefore rerun with the inten-
tion of collecting a ~355°F end-point overhead material.

The Platforming work conducted on this rerun naphtha included a yield
octane study to confirm yields at 103 and 105 octane and an accelerated
catalyst stability test to confirm predicted catalyst life and regenera-
tion requirements. '

A schematic overview of the confirmatory pilot plant work undertaken
is shown in Figure 1.
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(3) FRACTIONATION OF AS-RECEIVED SAMPLE

Ten drums of coal liquid were obtained from Ashland in drums marked
"Ashland Coal and 0il Mixture Plant, South Point, Ohio". The total amount
of coal 1liquid contained in them was approximately 443 gallons.

On checking with Ashland, it was determined that the coal liquid had
been stored for a "long" time in the drums without an inert gas blanket.
The liquid appeared to be black in color and opaque. No suspended solids
were readily visible. The 1iquid had an extremely strong, phenolic odor
that made it difficult to handle without the use of gas-masks.

Prior to fractionation, the as-received material was analyzed to
characterize it. The resufts of the analyses are shown in Column 1 of
Table 1. Of interest are the high values for thg oxygen content (1.57
wt-%), nitrogen content (5000 ppm) and the diene, value (8.43).

During the fractionation, a heavy dark phase separated out in the
overhead product receiver and in the overhead product samples that were
drawn. An S.0.P. was implemented to drain the undesirable lower phase
from the product receiver, while a series of two fulflo filters were
installed on the product to remove particulates. The malodorous nature of
the Tiquid was a serious problem and fans had to be installed to permit
sampling of 1iquid streams. Frequent samples were taken to monitor the
fractionation. There was excessive foaming during the distillation of the
last 20% liquid during the ASTM distillation of one of the samples. There
was evidence of cracking at 379°F in a similar distillation of another
sample. While these observations are not conclusive, they indicate the
need for further investigations to determine and resolve potential pro-
blems during fractionation.

During subsequent inspection of the overhead "clear" product col-
lected, a black phase was noticed at the bottom of the storage tank. It
was removed by decantation but with time a fresh layer seemed to form.
Since the black phase contained suspended solids, the overhead product was
filtered. At the present time, the source and/or the cause of the black
phase formation is not clear. The H-coal liquid had been exposed to air
dur-ing storage even before it was sent to UOP.ind gum formation as a
result of oxidation of phenols and other gum-precursors is a distinct
possibility. It is possible that some heavy products may have been formed
due to thermal reactions during fractionation. Although reasonable care
was taken in handling, it is also possible that the coal liquid may have
picked up contamination from the equipment and piping it was in contact
with as a result of its superior solvent properties.

The results of analyses conducted on the overhead product from the
fractionator are summarized in Column 2 of Table 1. For the sake of
comparison, this table also shows in Column 3 the results of similar
analyses conducted on a naphtha sample sent earlier by Ashland, that was
supposed to be representative. . These earlier results had formed the basis
for the initial product yield estimates and cost predictions. A compari-
son between Columns 2 and 3 of Table 1 shows that the naphtha cut_from the
10-drum shipment had a slightly higher boiling range as compared to the
earlier "representative® sample. However, it had a significantly
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higher (almost double) nitrogen and phenolic content than the earlier
representative sample. Moreover, it contained a lower percentage of
aromatics (15.8 vol-% by M.S. as against 22.1% in the earlier sample) but
a significantly higher percentage of di-, bi- and tri cyclo paraffins
(12.44 vol-% as against 0.61 vol-% in the earlier sample). The naphtha in
uestion also contained significantly higher levels of metals notably Fe
?24 ppm versus 0.34 ppm) and Pb (13 ppm versus <0.05 ppm) than the "repre-
sentative"” sample. The large difference in the metal concentrations
raises the possibility of contamination from the storage containers.



(4) HYDROTREATING OF NAPHTHA CUT

As mentioned before, the hydrotreating was done in two stages. The
objective of the first stage was to hydrogenate polymer and gum-forming
diolefins present. The objective of the second stage was to reduce sulfur
and nitrogen contents below 1 ppm. No-unexpected operational problems
were encountered during the hydrotreating work. Analyses of the hydro-
treating feedstock (the decanted, filtered naphtha) and product are shown
in Columns 4 and 5 of Table 1, respectively. The appreciable differences
between the properties of the naphtha used for the pilot plant work and
. that sent earlier as a "representative" sample were probably responsible
“for the higher severity level that was found to be necessary.’ '

; Operation of the hydrotreating plant for over a month at operating

conditions necessary for meeting product sulfur and nitrogen specifica-. -
tions showed no abnormal catalyst deactivation. O;Trating conditions and
product properties such as Bromine Index and sulfur and nitrogen concentra-
tions were monitored regularly over the 35-diy operating period.

A composite analysis of the hydrotreater product showed approximately
0.8 ppm sulfur, 0.22 ppm nitrogen and 32.1 ppm oxygen - significant reduc-
tions from the ‘levels in the feed. . The oxygen level, however, is relativ-
ely high compared to values expected for petroleum derived feedstocks.
The higher sulfur level in the product than the nitrogen level is an
indicator of complex sulfur bearing compounds which defy desulfurization
at the process conditions deployed. A comparison of the M.S. analyses
results for the naphtha before and after hydrotreating shows that the
hydrotreating converted all of the tricyclo-paraffins into lighter compon-
ents. Some of the aromatics were saturated too. :

Based on the new information generated, the product yield estimates
made earlier were revised and are shown in Table 2. The change in the
severity level -naturally implies a change in the utility and curved cap-
jtal cost estimates. Revised values for these estimates are shown in
Table 3(A) and 3(B). The essential features of the revisions include an
increase in the estimated capital cost from $16 million (4th quarter 1980)
to $19.5 million (April 1981 dollars) and an increase in the catalyst
irtentory from $1,451,000 (4th quarter 1980) to $2,472,0C0 (April, 1981
do1lars) reflecting the higher processing severity requiied. The catalyst
inventory estimate includes a recent increase in the unit cost of the
catalyst to be employed in the proposed unit.



(5) PLATFORMING OF NAPHTHA

Platformer Feed: Upon reflecting on the analytical results obtained
for the second stage hydrotreated product, it was felt that the appre-
ciable levels of sulfur and oxygen still present (0.8 and over 30 ppm
respectively) and the higher than targeted distillation end-point together
could pose problems. The product yield estimates (and capital cost and
utility estimates) made earlier were based on a 355°F end-point naphtha.
It was suspected that a disproportionately high fraction of the sulfur and
oxygen contaminating species might be concentrated in the 355-380°F boil-
ing range. The detrimental effect of these species on process performance
and catalyst stability could conceivably make a confirmation of the yield
estimates difficult if. a 380°F end point naphtha was used. It was there-
fore decided to rerun the hydrotreated naphtha to ~355°F ‘end-point.” The
overhead product collected was analyzed and the results are shown in
Column 6 of Table 1.

This overhead product was used as the feedtsock for the Platforming .
work. In some respects, its properties were significantly different from
those expected based on analytical results of the earlier 1-gallon sample.
In particular, the aromatics content was only two-thirds that in the
earlier sample, while the naphthene content was significantly higher (see
Columns 2 and 3 of Table 1 for a comparison). - This helps to explain the - .
higher hydrogen yield observed as compared to the earlier estimate. The
higher naphthene content of the feedstock and the endothermic nature of
the naphthene-to-aromatics reaction also made it necessary to specify a
four-reactor system rather than a three-reactor system to efficiently
provide the necessary heat of reaction. The revised estimated product
yields and properties are, however, not significantly different from those
specified earlier. Estimated product properties are shown in Table 4
while revised product yields are shown in Table 5A and 5B,

The catalyst in the Platformer section showed relatively good stabil-
ity in processing the coal-liquid.. In fact, the deactivation (primarily
due to coke laydown on the catalyst) was lower than that anticipated based
on the earlier analyses. This implies that a smaller sized regenerator
would suffice for the Platformer in question.

The effect of thege factors dy the capital cost for the. proposed Plat-
former is not expected to be sizeable. The fourth reactor Would add to
the cost while the smaller regenerator size would help mitigate this
increase. At this stage, the cummulative effect of these is not expected
to change the curved-cost estimates supplied earlier. The estimated
catalyst inventory investment is the same as that indicated earlier.

The Platformer utility requirements are slightly different from those
anticipated earlier due to the changes in the number of reactors and the
size of the regenerators. The revised utility estimates are shown in
Tables 6A and 68B.



(6) SUMMARY AND CONCLUSIONS

The H-coal naphtha used in the pilot plant hydrotreating and Platform-
ing operations for this project had appreciably different properties from
that used for making initial product yield estimates. There was some
diffPculty in fractionating the as-received liquid to obtain the desired
end-point. A heavy black phase repeatedly appeared in the overhead pro-
duct and had to be separated.

The catalysts employed for the hydrotreatlng and Platforming showed
no signs of abnormally high deactivation. The Platforming cata]yst in
fact, showed an even better stability than expected

A hidgher severity level was required for the hydrotreat1ng than
anticipated mainly because of the feedstock property differences. Revised
curve-cost estimates for the commercial hydrotreater unit indicate a total
cost of x$19 5 million (April 1981 dollars) as against §16 million (4th
quarter j7#< dollars) originally anticipated. The utility requirements
for the hydrotreater are also higher and the earlier estimates were
revised accordingly.

The pilot Platforming work indicated a need for a fourth reactor to
handle the higher naphthene content. Catalyst stability was demonstrated
to be better than anticipated at the set of processing conditions used.
No net change in the curve cost estimate for the Platforming section is
projected. Revised utility estimates were, however, made to incorporate
the data generated from the pilot plant work.
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TABLE 1

ANALYSES OF H-COAL LIQUID FOR THE BRECKINRIDGE PROJECT

Column Number B 2 3

xS 5 6
Liquid _ = Naphtha Cut : .
: Description Naphtha Cut of After Decantation
Analysis H-Coal Liquid and Filtering - Rerun
As-Received Current "Earlier" (Hydrotreater- Hydrotreater Hydrotreater
H-Coal Liquid Sample Sample Feed) Product Product
UOP Number 70-2623 70-2623A 50-2019 70-2623 © 3794-61 70-2623D
API Gravity at 60°F T32.6 47.9 44,1 48.3 - 50.3 51.2
Specific Gravity at 60°F 0.8623 0.7886 0.8058 0.7870 f 0.7783 0.7742
ASTM D-86 Distillation
18P, °F 135 108 174 126 . 165 . 162
5% —— 182 168 198 - 170 - 186 188
10% ’ 216 188 210 1) 195 . 198
302 289 - 20 234 218 o 216
50% . 349 243 264 240 ' 240 234
0% 394 274 300 216 210 260
90% : . 472" 323 327 329 314 301
95% 544 356 336 - 345 318
EP, °F 576 372 352 : 382 376 361
% Recovered 98.5 97.2 99.0 - 98.0 . 99.0
% Bottoms 1.5 2.8 1.0 2.0 1.0
Carbon, wt-% | | 85.4  .85.23 85,12 ' 84,75

Hydrogen, wt=% ‘ | 13.7 12.59 12.90 : 13.53



TABLE 1 Cont.)
ANALYSES OF H-COAL_&IQUID FOR THE BRECKINRIDGE PROJEC™ .

Column Number 1 2 3 4 5 6
Liquid e Naphtha Cut
Description Naphtha Cut of After Da2cantation
Analysis H-Coal Liquid and Filtering , Rerun
As-Recelved Current "Earlier” (Hydrotreater .  Hydrotreater Hydrotreater
H-Coal Liquid Sample Sample -_Feed) Product Product
UOP_Number 70-2623 70-2623A 50-2019 70-2523 . 3794-61 70-2623D
Sulfur, ppm 3,120 2,510 2,260 2,510 0.8 0.4
+ ¥itrogen, ppm 5,000 3,500 1,600 2,600 0.22 0.2
Oxygen, ppm 15,700 ° 6,500 10,400 7,243 -1 32.1
Chlorides, ppm 3 145 '
Phenols, wt-% 3.13 4.68 2.8
Thiophenols, ppm 225 410 1,900 . 0.32
Metals by Emission, ppm
Fe 24,0 0.34
M 0.03 0.04
v 0.02 0.04
Pb 13.0 <0.05 -
_ Cu ' 0.03 0.07 '
Na 0.11  <0.05 . ST
Mo €0.03 '
Bromine Number 15.9 21.3 : 21.4
Diene Value 4.3 . 3,18
Fia Test, LVX ) : :
* Saturates 75.6° 67.7 A 85.5
Olefins 5.7 7.5
Aromatics 4.1 187 - 14.5
. 4.6 6.1

Oxygenates



Column Number

TABLEL ( Cont.

G

ANALYSES OF H-COAL LTQUID FOR TH BRECKINRIDGE PROJECT

1 2 3 4 5
Liquid Naphtha Cut
Description Naphtha Cut of After Decantation
Analysis H-Coal L1qu1d and Filtering Rerun
As-Received Current '"Earlier" (Hydrotredter Hydrotreater Hydrotreater
' H-Coal Liquid Sample Sample - __Feed) Product Product
U0P Number 70-2623 70-2623A 50-2019 70-2623 3794-61 70-2623D
Octane Number
Motor 64,4 - 65.8
Research " 68.4 65.1
PONA Analysis
Paraffins, vol=% 18 19.4
Naphthenes, vol-% 67 . 66
Aromatics, vol=% 15 14.6
Nitrogen Jet Gum 12.7 '
M.S. Analysis
(For Details, See Appendix A) ,
Paraffins 20,06 16.61 20.75 21.45
Naphthenes 64.13 45,35 64.73 63.95 .
Monocycloparaffins 51,69 44,74 57.57 58,15
Bi, Dicycloparaffins 8.57 0.61 7,16 5.80
Tricycloparaffins 3.87 0.00 0.00 ~ 0.00
Aromatics 15.81 22.07 14.52 14.6
- Olefins : 15.97



TABLE 2

Revised Hydrotreating Product Yield and Property Estimate

Basis: Rerun Cg - 355°F H-Coal Naphtha

Charge

Raw 0il
Hydrogen (Chemical)

Products
HaS
Ho0
NH3

Product Properties
API

P, wt-%

N, wt-%

A, wt-%

Distillation, (D-86), °F

18P
50%
EP
Sulfur, wt-ppm
Total Nitrogen, wt-ppm

100.00
0.97

0.28
0.90
0.40
0.04
0.14
0.25
1.50
3.50
93.96

19.9

61
19

110
240
355
0.5
1.0

(SCFB)
Vol-% BPSD Sp. Gr.

100.00 20,000 0.7874

- (500)
0.39 - 0.51
2.04 0.58
3.94 0.70
94.85 0.78



Breckfnridge H-Coal Project - Naphtha Hydrotreater

TABLE 3(A)

Estimated Investment Requirements

Basis: April, 1981 .
U.S. Gulf Coast Erection to UOP Standards and Specifications

Exclusive of Offsites
Catalyst Inventory Allowance Reflect Current Price FOB
Point of Manufacture

Estimated Erected Cost ' ‘ _ -._ us$

Material and Labor 15,100,000

BDesign Engineering and Contractor o
Expenses 4,400,000

Total Estimated Erected Cost 19,500,000

Catalyst Inventory Allowance 2,472,000




TABL.E (B)

g USo
o Process Division ESTIMATED NORMAL UTILITY REQUIREMENTS
LOAD r.A;EC. . STEAM EGUIP, —— P FUEL
BHP | POWER THOUSANO POUNDS PER HOUR ouJTY COOL. WATER
i worm. | kw |89 | —n| —» | N R LN
. < ATsr | v | oF BFW | CONO. | LOSS | BTU/ | G | GPM | BTU/
POMPDS 370} 703 R _
_RECCLE GAS COWPR, 2424|189 T ) _
AR -COOLING 260| 2\3 ey
WATER COOLING . { 2-41]| 30 [160
STEAM_ N EATING =S Wyl oSt
E\RED WEATING )
WATER. _\NTECTION -3-3| 8- 5D
TOTALS 2807 |-\4-5 ASST| R-% \6o [53-3
- e e e |- e - e c—

NOTES: GAS TO FUEL AND FUEL FIRED BASED ON -NET HEATING VALUES.

ANNUALIZED AVG LOAD OF

% OF DESIGN LOAD ASSUMED FOR AIR COOLING.

DESIGN AIR TEMP, OF

*F ASSUMED.
L]
:&2& F.
*

AIR-WATER-COOLING BREAK TEMP, =
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FTRTNUN

133HS

40
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UHIMGYN RV AWy 0
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A8

-




TABLE 4

H-Coal Platforming - Product Properties

Research Octane (clear) _103 _lg§_
Height % Recovery 100.1 99,8
Product Yields o -

'Hp, SCFB 1,845 | 1,973
Cy, wt-% 0.34 . 0.43
2 ‘ 0.63 ‘ - 0.87
C3 o - 0.85 1.32
Cq 0.96 1.2
Cg+, LV-% . 81 84.7

AL . 37.9 - 36.3
D-86 Distillation
18P - 136 130
50% . 246 246
EP 374 ' 414

Aromatics, wt-%-

Benzene : » 14;8
Toluene : 25.4
Xylene | | - 25.0
Agt : ) 19.1
Total 84.3

NOTE: See Table 1, Column 6 for Platformer feedstock propertiés°



Estimated Platforming Yields and Product Properties

TABLE 5A -

Basis:

Continuous Platforming Unit, 103 RON

Charge
Hydrotreated Rerun H-C
Naphtha

Products

Total

Product Properties

API
RVP
RON-0
MON-0
ASTM D-86 Distillation
IBP, °F
10%
30 %
. 50%
70%
90%
EP, °F

Vol-%

oal

100.00 100.00

0.62
0.66
1.52
T 1.42
84.02

88.25

== 00000 W
‘e » [ ]

NN SO WD

ANAWOUNANOODMN

.
+n
—

[
[en]iVe)
[T
[e=]
[=]

Debut.
Bottoms
37.9
3.13
103.0
91.0

142
182
210
238
270
311
404

(SCFD)
BPSD

20,000

(1797)



TABLE 5B

Estimated Platforming Yields and Product Properties

Basis: Continuous Platforming Ynit, 105 RON

: (SCFD)
Wt-% Vol-% BPSD
Charge
Hydrotreated Rerun H-Coal . :
Naphtha 100.00 100.00 20,000
Products
Ha 3.72 (1899)
Cy 0.42
C2 0.95
C3 1.30
1-Cy 0.71 0.98
n-C4 0.79 1.05
i-Cs 1.75 2.17
n-Csg 1.40 1.72
Cet 88.96 86.71
Total 100.00 86.62
Product Properties
AP1 34.9
RVP 3.48
RON-0 : . 105.0
MON-0 92.6
ASTM D-86 Distillation
IBP, °F 1.39
10%. 180
30 ' 210
50% 239
70% 270
90% 311

EP, °F 406



g \Wee)
o Process division ESTIMATED NORMAL UTILITY REQUIREMENTS
LOAD ELEC. STEAM EQUIP, —— P
BHP | POWER THOUSAND POUNDS PER HOUR outy | cooL.water | FUEL
ITEM -
60, (150, ] S04 108 . 108
NORM, Kw m’F E'F ﬁ.; BFW COND. LOSS B:;\ﬁ ) Rl:E GPM B"l": I
PUMPS Q57| A5 L ] i
RECYCLE GAS Comp [Na |\6SY [
Booster GAS CoMP (33952648 .
WATER  ¢ooLING 37| 20 | A%
OTHER CooLING Conpensers 16 | 66 $2:%
FIRED HEATERS o\ L 8 e ] -9C-0] +0-] |12:4 [B\-4 Ay
RE G ENERMNTOR 125 : -0\ 35
ToTAL L =6 ot | ac0]vod [y %53 | 30y
NOTES: |GA$ TO FUEL AND FUEL FIRED BASED ON NET HEATING VALUES. ' | DESIGN AIR TEMP, OF_BEL'F ASSUMED,
- ANNUALIZED AVG LOAD OF % OF DESIGN LOAD ASSUMED FOR AIR COOLING. AIR-WATER COOLING BREAK TEMP, = M'F
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TABLF 6(D)

\0S5 RON  CASE

ALIDVAVD

pl’OCGSS Division ‘ESTIMATED NORMAL UTILITY REQUIREMENTS
LOAD ELEC. | STEAM EQuir, —— FUEL
BHP POWER THOUSAND POUNDS PER HOUR DuUTY COOL. WATER
Em No 00, .‘.'?:.Q S0, L ¢ 1o
RAM, || KW E F: &t’? WF BFW COND. | LOSS S:gl AISE GPM BL:I
PO M PS AWCAEST] R -
1 _RECYCLE GAS COMP, (3155 %'l J —_
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TOTAL W2 [T-E -0 | - Pl ro-l| g 973 [326

NOTES: GAS TO FUEL AND FUEL FIRED BASED ON NET HEATING VALUES.
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APPENDIX A

DETAILS OF GLC AND M.S. ANALYSES



Naphtha Cut of "Raw" H-Coal Liquid

Carbon Number Distribution by M.S., Vol-%

Carbon ‘Monocyc10 ' Aromatics
Number Paraffins Paraffins J=6 J=8 J=12
6 5.24 . 14.00
7 5.40 16.07 4.81
8- 4.34 11.83 6.77- 0.19-
9 2.78 7.59 2.38 0.06
10 2.29 1.94 0.33 0.29
11 0.01 0.26 0.71 0.26 0.01
12 '
13
Total 20.06 51.69 15.00 0.80 0.01
Cyclopentanes 15.68
Cyclohexanes 36.01
Total Monocycloparaffins 51.69
Bi, Dicycloparaffins | 8.57.
Tricycloparaffins 3.87

Total Naphthenes 64.13



Total P+N

Benzene

~ Toluene
Cg Arom.

Cqo+ Arom.

Total Arom.

0.14
0.39
1.56
0.81
o 055
0.0

0.08
2035
4.57
4.32
2.26
1.37
0.57

1.16
3.24

:9.84

18.27
14.76
12.58
4.11
0.97

83.9 .

1.1
4.6
6.2
3.7

16.1

Hydrotreated Naphtha

{Second Stage Product)

MS Analysis, LV-%

Paraffins

Naphthenes
Monocycloparaffins

Bi, Dicycloparaffins

Tricycloparaffins

Aromatics
Alkylbenzenes
Indans, Tetralins
Naphthalenes

20.75

64.73
57 .57
7.16
0.00

14.62
13.85
0.67

0.00

Carbon Number Distribution, LV-%

C.N. Par. MCP J=6 J=8 J-12
6 5.3 16.50 1.61
7 6.42 16.36 5.05
8 5.16 13.78 5.24 0.01
9 3.75 8.88 1.50 0.18
10 0.08 2.04 0.36 0.32 0.0
11 0.0 0.01 0.06 0.14 0.0
12 0.0 0.0 0.02 0.02 0.0
13 0.0 0.0 0.01 0.0 0.0
Total 20.75 87.57 13.85 © 0.67 0.0
Cyclopentanes 18.79
Cyclohexanes 38.78



Rerun Hydrotreated H-Ceal Naphtha

Carbon Number Distribution by M.S., Vol-%

Carbon Monocyclo
Number Paraffins Paraffins
6 - 4.2 15.80
7 5.94 16.93
8 4.63 ' 14.14
9 4.31 9.11
10 2.37 2.17

11

12

13 . -
Total 21.45 ‘ 58.15
Cyclopentanes
Cyclohexanes

Total Monocycloparaffins

Bi, Dicycloparaffins
“Tricycloparaffins
Total Naphthenes

Aromatics

1.10
7.15
3.50
0.82
1.61
0.01

14.19

19.06
39.09
58.15

J=8

0.21
0.16
0.03

0.40

0.0,
0.0.
0.01:



Process pivision
20 UOP Plaza—Ailgonquin & Mt. Prospect Roads - Des Plaines, lllinois 60016
felephone 312+391-2000 - Telex 25-3285 - TWX 910-233-3501%

April 30, 1981

DISTRIBUTION

ASFI & BECKTEL
SECHIEL ONLY

Mr. J. R. Bruner

Project Manager

Bechtel Petroleum, Inc. CONTRACT CORRESP.
P. 0. Box 2166 i - GINT CORRESP,
Houston, Texas® 77001-2166 : . ' CONF, NOIES

PROJ. SCHEDULE

PROJ. PROG. REPORIS

Job 14222 - Bretkinridge Project - BAIIC DATA

Deliverabies Under Subagreencnt Between | X L"<M7' WQ‘:‘,' L3
Bechtel and UOP . Ex 10,2

Dear Jack:

This letter serves to correct inadvertent errors/omissions in the
report on the pilot plant work done by UOP dated 23rd April, 1981.

1. Page 7, 3rd paragraph, 3rd to last 1ine. Should read "4th
quarter 1980 dollars® ‘instead of 4th quarter 1981 dollars®.

2. Table 6(A) Load Electric Power
BHP KW
Booster Gas Compressor 3395 2648
3. Table 6(B) .
Booster Gas Compressor 3654 2850

Should you have any questions, please do not hesitate to let me know.

Sincerely,

ﬁva@ \'quﬂ\w

Avinash Manudhane
Project Coordinator

RECEIYED
pam MAY 4 ]98'
3, R, BRLRIER

uod Inc.
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20 UOP Plaza—Algonquin & Mt. Prozpect Roads - Des Plaines, llinois 60016
Telephone 312-391-2000 - Telex 25-3285 - Tw/X 910-233-3501

Mr. J. R. Bruner
Project Manager
Bechtel "Petroleum, Inc.
P. 0. Box 2166

Houston, Texas 77001-2166

Subject:

Dear Mr. Bruner,

April 23, 1981 DISTRIBUTION

| ASFI & BECHTEL

Y | MECHTEL ONLY

CONIRACT CORRESP.

| GINYL CORRESD.

| CONE. eOTES

PRO), ECHEDULE

PROJ. FROG. REPORTS

}_RASIC_CATA

Job 14222 - Breckinridge Project j_&_ﬁ LkKM wéa«) we.ec
Deliverables Under Subagreement Between &) ( 0, 3~

Bechtel and UOP

Enclosed please find two copies of a report on pilot plant work car-
ried out by UOP under the above subagreement. -The work included:

(i) Fractionation of the -as- recelved coal- liquid to generate a

naphtha cut

(i) Hydrotreating of the naphtha

(iii) Catalytic reforming (P]atforming) of the naphtha

The objectives of the pilot plant work were to confirm predicted

product yields and catalyst stability that had earlier been used to esti-
mate capital cost-.and utility requirements.

The report enclosed: (a) describes the processing sequence utilized,
(b) provides analytical results characterizing the main product from each
processing step, (c) coqrents on the siggificance of the pilot plant
result. and (d) summarlg.s revised prodg,t yield estimates and cost
figures.

With this report, the submission of deliverables under the subagree-
ment 1§ completed. Should you have any quest10ns, please do not hesitate
to call me.

Sincerely

k\ W \&‘-Xi\ \‘%:.'\-vs\u t‘-&\,&
Avinash Manudhane ‘
Project Coordinator

pam
Attachments

ng Inc.



PROPERTIES OF MATERIAL
TO BE TESTED BY U. 0. P.

MOORE (APC) TO KREUDING (UOP)
5/23/80

REF. 46



ot — COP(C_S :rb(r 3;
Ashland WHB 0%, - ol o
|~

Ashland Petraleum Company

OIVISION OF ASHLAND OIL, INC.

P, O. BOX 391 » ASHLAND, KENTUCKY 41101 » (606) 739-4166

RESEARCH AND DEVELOPMENT DEPARTMENT

May 23, 1980

Mr. Arthur P. Kreuding

UOP Process.Division

20 UQP Plaza

Des Plaines, Illinois 60016

Dear Art:

In accordance with our meeting of April 17, 1980, and
subsequent telephone conversations, we have completed screening
of drum materials selected .for your use under Phase Zero of
the Breckinridge Project. Attached are the measured properties
of twelve drums of material produced from Kentucky #1l1 coal via
the H-Coal process in the syncrude mode by Hydrocarbon Research,
Incorporated, at their Trenton, NJ facility, during run number
130-89. These drums were selected from material produced.after
at least 20 days of operation. -

Also appended, as Table I1I, are properties for nominal
IBP-355°F (ASTM) naphthas produced by laboratory batch fraction-
ation of samples from three of these drums. These properties
are, in my judgement, both reasonably consistent between samples
and within the range of expected results. Further, these data
are'remarkably similar to our data base for Illinois #6 coal
products. ' ‘

Based on these results, I have concluded that the drums
selected are appropriate for your use, and that the naphtha
to be processed will be an adequate representation of both
Kentucky #11 and Illinois #6 coal products. We are prepared
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e
o

WA
Mr. Arthur P. Kreuding
Page Two

May 23, 1980

SY [{..ZTIC oL,

to ship ten of these drums for your use; please notify me when
shipment is desired. We will retain two of the selected drums
at this location as spare material.

Please do not hesitate to contact me if I may be of
further assistance, or if additional information is required,

[

Howard F. Moore

Yours,

HFM:1f

cc: $H, N, Hicks -4

. Hobbs
Hettinger, Jr.
Hoertz
Chapman

Lyons

. Fabry-«-

bece:

mEopozm
> xcyz



SAMPLE
NUMBER
9-HC-129
9-HC-70
9-HC-91
9-HC-19
9-HC-26

9-HC-132

9-HC-133
9-HC-161
9-HC-134
9-HC-74
9-HC-131
9-HC-75

API1

TABLE 1

PROPERTIES OF SELECTED DRUMS

GRAVITY,
OAPI

- 31.
31.

- 36.
- 35.

31.
30.
31.
31.

31.
34,
36.
34,

N N 00 O O N & o0 n n v Wuvn

BS&W,

VOLZ -

None
None
None
None
None
None

None

Trace

None
None
ane

None

TOTAL
NITROGEN

WT%

.65
.67
.67
.67
.65
.64
.68
.49
.45
.56
.53
.56

O O O © 0O O O O O O O o

TOTAL
PHENOLS,
WT%

(0]
0

.84
.17
.37
.68
.70
.31
.24
A
.80
.50

W U L PNy NN Y N o



TABLE II1

. 1BP-355°F (ASTM) Naphtha Properties

SOURCE DRUM NO.
Yield, WIZ
OAPI

FIA: Saturates
Olefins
Aromatics

Totél Phenols, WI%

Total Nitrogen, WT%

Total Sulfur, WT%

ASTM D-86 Distillation, Vol%
IBP

5
10
30
50
70
90
95
EP

9-HC-129  9-HC-133
46.7 51.4
43.7 43.1
70.7 71.1
6.7 6.0
22.6 22.9
6.9 8.3
0.29 0.25
0.27 0.33
142 152
182 - 180
190 192
232 230
256 260
300 300
342 334
354 346
366 360

9-HC-75

58.1
45.
73,
5.
23.

LY LI VS BV I S « )

152
186
194
220
252
284
320
336
350



H-Coal® Pilot Plant




TOPICAL REPORT T-8
COAL RUN NO. 6 WITH ILLINOIS COAL
IN SYNCRUDE MODE

ASFI
MAY 20, 1981

REF. 47



The memoranda and reports in
Reference 47 are included only
in the limited access version
hecanse they contain prop: lelary

" information.



SUPPORTING DATA FROM PDU RUN #5
AND OTHER PDU RUNS

HRI
JUNE 1981

REF. 48



The memoranda and reports in
Reference 48 are included only
in the limired access version
because they contain proprietary

information.
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DESIGN DATA FUR PLANT 4
PRIMARY SEPARATION DECANTERS

HICKS TO DISTRIBUTION
(ASFI)
5/15/81

REF. 34



The memoranda and reports in
Reference 34 are included only
in the limited access version
because they contain proprietary

information.



INTEGRATED PILOT PLANT
PHASE I - FINAL REPORT
BY: HRI
NOVEMBER 1977

REF. 39



REPORT PREPARED FOR
HRI ENGINEERING DIVISION

H-COAL™ PROCESS DEVELOPMENT UNIT OPERATIONS USING
ILLINOIS AND KENTUCKY COALS WITH ASSOCIATED STUDIES
OF SOLIDS SEPARATION TECHNIQUES AND THE HYDROCLONE SYSTEM

INCLUDING PILOT PLANT HYDROCLONE OPERATION

REPORT NO. 62-213-1
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H-COAL™ PROGRAM NOTES

In 1961, a group of HRI scientists wondered what would happen
if they used powdered coal and oil as feed in a hydrogenation
reactor instead of conventional petroleum feedstock. This
research curiosity, which started with a truckload of coal
pulverized by a sledgehammer, has become a technological grant
in the synthetic fuels industry. HRI's H-Coal™ Process is
being used in a coal liquefaction Pilot Plant in Catlettsburg,
Kentucky. More than 1,500 barrels a day of clean liquid -pro-
" duct can emerge ready for upgrading to gasoline and other fuels
in conventional refineries. The success of this venture
assumes critical importance in view of the energy crunch facing
the United States.

A1l of the experimental work to bring H-Coal to commercial
reality has been performed at the HRI R & D Center in Lawrence
Township, New Jersey.  In the last-eighteen years, a full range
of coals has been evaluated in experimental equipment with
capacities from a few pounds to tons of coal per day.
Specialized hardware has been designed and tested, and much of
it has been scaled up for use in the Pilot Plant and,
ultimately, in commercial H-Coal facilities.

The versatility of H-Coal is indicated by the following list of
tested coals: '

1 I1linois No. 6

2. Kentucky

3. Wyodak Subbituminous

4. Black Mesa

5. Kaiparowits

6. Pittsburgh Seam

7. Utah D

8. Colorado

9. North Dakota Lignite

10. Texas Lignite

11. Big Horn

12. Australian (Gelliondale) Brown Coal
13. German Lignite-Type

14. United Kingdom Bituminous

15. High-Ash, Southern Hemisphere Coal



The ebullated bed reactor is an inherent component of several
HRI processes including, of course, the H-Coal Process. The
ebullated bed reactor system was patented by HRI in 1961. Feed
and hydrogen are in intimate contact with catalyst particles
kept in a state of constant, random motion. The catalyst bed
expands but -stays within the confines of the reactor. The
expanded bed allows particulates such as ash and unreacted coal
to pass freely through the reactor and avoids plugging problems
associated with more conventional reactor designs. One of its
most interesting features is that the catalyst can be added and
withdrawn continuously, avoiding expensive down time to replace
spent catalyst.

Ebullating-bed bench units have been used for much of the
H-Coal experimentation. These units, having diameters of 1/2
to 1 inch, are used to evaluate new coals, new catalysts and to
define the chemistry of the process. ‘

The Process Development Unit, which has been used for H-Coal
testing since 1966, has been enlarged and modified almost con-
tinuously to parallel the growth of the H-Coal project. The
PDU reactor has a diameter of 8-1/2 inches and permits eva-
luation of the mechanical operability of the reactor and asso-
ciated components.

As mentioned, equipment is designed, constructed and operated
to meet particular demands of the experimental program. One
example is a cold flow model of the Pilot Plant reactor. HRI
built and operated this system to confirm the fnternal design
of the pilot plant reactor. The model is full scale: twenty-
four feet high with a five-foot diameter.

HRI has made economic studies correlative to the experimental
studies almost since the inception of the program. These stu-
dies include economic comparisons between eastern and western
U.S. coals, the impact of low pressure operation in the fuel
0il mode, and maximum boiler fuel and distillate production.

Several bench-scale runs were chosen as the design basis for
Pilot Plant operations. Three of the four base cases used
I1linois No. 6 bituminous coal at low, intermediate and high
space velocities and the fourth case used Wyodak subbituminous
coal. The final design for the Pilot Plant is based on PDU Run
5 which replicated anticipated operations.



H-COAL BACKGROUND

H-Coal was invented by HRI in 1963 and development has been
continuous since that time. Dynalectron Corporation encouraged
this development with financial support totalling several
millions of doilars. In 1965, advancement of the process was
stimulated by a multi-million dollar contract from the Office
of Coal Research (now DOE). Since then, in addition to DOE
funding, the .program has been funded by various industrial
parti¢ipants, inciuding many leading oil companies and eoal
producers in the United States. 1In 1974 DOE and an industrial
consortium committed themselves to the design, construction and
operation of the 600 ton/day H-Coal Pilot Plant at
Catlettsburg, Kentucky. This plant, which is now in operation,
is an important step toward large-scale operations.

The H-Coal Process converts coal to 1liquid and gaseous
products. The process is unique because it utilizes HRI's
patented ebullated-bed reactor. Intimate contact between
catalyst particles, hydrogen and the slurry-coal feed are
achieved by this reactor to permit superior reaction conditions
and process control. Because this process utilizes relatively
low reactor pressure (2000-3000 psig) its investment and
operating costs are minimized. .

THE H-COAL DEVELOPMENT PROGRAM

The purpose of the recent H-Coal Development Program has been’
" the demonstration- of the H-Coal Process in the H-Coal Pilot
Plant. In Phase 1 of this program, HRI confirmed key design
features and completed the detailed engineering design of the
Pilot Plant. The Pilot Plant was constructed during Phase II
of this program. Concurrent with the construction, the HRI
laboratory support program also provided additional confir-
mation of plant design as well as development of the technical
management plan. The objective of the current Phase III
Program is a two-year demonstration of the H-Coal Process on a
Pilot-Plant scale. This demonstration utilizes the operating
configurations designed into the plant, which encompass
syncrude and boiler-fuel mode operations using three different
coals. A laboratory program is being performed in conjunction
with the Pilot Plant to support this Phase III objective.-



ADVANTAGES OF THE H-COAL PROCESS . °

The H-Coal Process offers many advantages over other coal
liquefaction technologies. High yields of low-sulfur
distillate liquids have been produced from a wide variety of
bituminous and subbituminous coals and lignites. Typically,
2.8 to 3.5 barrels of C3/975°F 1iquids are produced per ton of
dry coal feed to liquefaction. The presence of the catalyst in
the H-Coal 1liquefaction reactor significantly improves the
conversion of heavy coal liquids to distillate products. The
H-Coal reactor combines coal liquefaction, solvent
hydrogenation and product upgrading, thus reducing the number
of processing steps compared to other coal liquefaction
technologies. This simplified flow scheme reduces -plant costs,
increases process efficiency and improves plant service
factors.

The key to the advantages of the H-Coal Process is the H-Coal
reactor. The ebullated-bed reactor allows intimate contact
between catalyst particles, hydrogen and the coal-o0il slurry,
achieving essentially isothermal reactor conditions, with low
and constant reactor pressure differential. The ebullated bed
reactor system has over 28-unit years of commercial operation
in HRI's H-0i1 petroleum-residuum, hydroconversion process.
Other major advantages of the H-Coal reactor are:

e High liquid yields and qualities are achieved in the
presence of a synthetic catalyst and are not dependent
on the catalytic effect of coal ash.

e On-stream catalyst replacement controls deactivation,
provides constant product quality, allows the possibi-
1ity of on-stream catalyst regeneration, and provides
for high-unit service factors.

e Operating conditions can be varied to meet flexible
product slate requirements.

e Direct catalytic hydrogenation of coal offers ﬁhe po-~
tential for use of different and improved catalysts in
the future as product requirements change.

¢ The ebullated bed assures good temperature control
throughout the reactor, using the energy of the reaction
to heat the feed slurry to reaction temperatures.



INTRODUCTION

From a reading of the program notes, one can see that H-Coal
development has been intense, that commercial feasibiity is

stablished, and that commercial H-Coal plants can become a
reality within this decade.

The development path followed for commercialization of H-Coal
is similar to that used by HRI for scale-up of the commercial
H-0i1™ residuum and heavy crude hydroconversion process. The
H-0i1 reactor system was successfully scaled-up from the bench,
through the PDU, followed by a large pilot plant demonstration
unit and finally to a commercial scale plant. The reactor
diameters are shown below.

H-0i1 ° H-Coal
- Reactor Diameter Reactor Diameter
Bench Unit . 3/4" 3/4"
Development Unit- 8-2/1"" - 6 & 8-1/2"
Pilot Plant 4'6" 5
Commercial Plant 13' - 10-13"

The H-Coal commercialization steps follow the same reactor
scale-up criteria. The five-foot-diameter H-Coal reactor is
currently in use at Catlettsburg, while commercial-scale reac-
tors are being designed as part of the Breckinridge H-Coal
commercial plant project. An H-Coal commercial piant would
have several reactors in parallel, depending on the economy of
scale desired by the operator and the availability of capital.
In terms of the individual reactor train, the commercial-scale
reactor would have about ten times the throughput as the
Catlettsburg Pilot Plant with a diameter scale-up of two to
three times.

The focus of this report is a discussion of H-Coal technology

development in the HRI Process Development Unit. The
discussion is limited to those operations which used either
IN1linois or Kentucky bituminous coals. For information

purposes, we have appended a list of all signi¥icant PDU coal
operations since 1966, which includes all of the coal types
processed in the system.



The report centers on several subjects:

e Part ‘1 includes a mechanical description of the Process
Development Unit with a process flow scheme. The PDU
operations on I1linois and Kentucky coals are also included.
Each run is described briefly, and the description is
followed by the coal analysis, where available, and
comprehensive tabulations of operating conditions and
product yields. Pilot Plant data for the recent 45-day run
are also included in this section.

¢ Part 2 is a discussion of HRI's program to develop an effi-
cient solids separation technique.

¢ Part 3 focuses on HRI's development of a.hydroc1one system.
A discussion of hydroclone operation in the Pilot Plant is
also included.



PROCESS DEVELOPMENT UNIT

OPERATIONS 1966 THROUGH 1981
| AND

PILOT PLANT PERFORMANCE DATA



PROCESS DEVELOPMENT UNIT

The H-Coal Process Development Unit uses the ebullated bed
reactor system to convert coal to liquid fuels at pressures up
to 3000 psig and temperatures to 865°F. Feed capacity is 3.5
tons per day.

Coal-0il1 slurry feed and make-up plus recycle hydrogen are fed
at high pressures through preheaters then introduced to the
ebullated bed reactor. Ebullation is maintained by internal
recirculation of the reactor liquid. Ebullation of.- the
reaction mass permits temperature control within a narrow range
by removing exothermic heat as sensible heat to the coal-slurry
feed stream. Unconverted coal and ash are removed with the
liquid-gaseous reactor products while the 1larger, heavier
catalyst pellets remain in suspension at a Tevel established by
density difference and internal flow rates. At constant gas
velocity, density and feed rate, catalyst bed expansion is
maintained by varying the speed of the ebullating recycle pump
and control valve setting. The catalyst bed level is monitored
by a gamma ray indicator. Spent catalyst is withdrawn and
fresh catalyst added to the reactor at regular intervals dur1ng
operations in order to maintain catalyst age.

The coal-derived, liquid-gas-solid reactor effluent 1s removed
overhead from the reactor. The gas, liquid and solid products

are separated in another vessel. The reactor products are let

down 1in pressure in a two-stage operation and cooled. The
solids-free condensate is sent to atmospheric pressure
fractionation. The non-condensible gaseous products are

separated with the hydrogen-rich stream used for recycle. The
remaining gaseous products are flared. The solids-containing
1iquid product is -passed through a hydroclone separation system
and the resulting hydroclone overflow stream, with a lower
solids content, is recycled. The hydroclone underflow stream,
which has a higher solids content, is used as vacuum column
feed.



COAL HANDLING SYSTEM

Coal is received 1in rajlroad cars, drums or shipping
containers, generally as lumps which are 1-1/2" or smaller.

The coal is tranferred through belt conveyors to a crusher and
reduced to less than 1/2 inch at a rate of 5000 pounds per
hour. The crushed coal is then sent, if necessary, to a dryer
in order to reduce the surface moisture. A bucket elevator
sends the c¢oal to one of the Lhree GO0-ton-capacity storage
hoppers. The coal is gravity fed from a storage hopper to a
hammer mill which produces approximately 1300 pounds per hour
of 95% -60 mesh coal powder. The powdered coal is kept in a
3000-pound storage -hopper located above the rotary tray dryer.
The powdered coal is fed from the storage hopper through a star
feeder into the dryer. T

In the dryer, the coal falls to the top tray of the eighteen
tray unit. After one rotation the coal is wiped off to fall to
the next tray. The dryer unit normally operates with a
residence time of thirty-five minutes, a 95% nitrogen
atmosphere and a temperature of 210-220°F. These conditions
reduce the moisture content from 10% to 2% at a rate of 500
pounds of coal per hour. After its last pass in the dryer, the
hot, dry coal falls into a cooler, which is a water-cooled
s¢crew conveyor. Under a nitrogen atmosphere, the dry, room-
temperature coal is sent through a shaker screen to the
10,000-pound storage tank via two screw conveyors and a bucket
elevator. The coal powder is transferred upon demand from this
storage tank to the feed metering hopper located above the
slurry mix tank. The next exhibit is a configuration of the
coal handling system.
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FEED SLURRY PREPARATION

.Pulverized coal is fed continuously from a weigh tank into the
slurry mixing tank using a screw feeder. The coal is mixed
with clean oil and hydroclone overflow using a mixer and
recircuiating pumps. These recirculating pumps are also used -
to maintain positive, high-velocity suction to the high
pressure feed pumps. The clean 0il is fed by penumatic pump to
the slurry tank from the clean o0il tank at a controlied
volumetri¢ rate. Inventory in the slurry mix tank is held
constant by controlling the clean 0il, hydroclone overflow and
coal rates, and adjusting the high pressure feed pumps.

PREHEATERS

The coal-o0il slurry is taken from the high pressure feed pumps
and mixed with preheated, compressed make-up hydrogen.
(Compression performed by either one or both of the fresh
hydrogen compressors.) The slurry-hydrogen mixture is then
sent to the fresh feed heater which is a dual, natural gas/fuel
oil fired helical coil heater with semi-automatic combustion
controls and automatic safequards. From the fresh feed heater
the slurry-hydrogen mixture is fed into the reactor through a
side flange located below the bottom head. Scrubbed recycle
gas is compressed by either the primary recycle gas compressor
or the secondary recycle gas compressor. The recycle gas is
then sent to the recycle gas heater which is the same kind of
heater as the one used for fresh feed. From here the recycle
gas is fed into the reactor through a side flange located below
the bottom head and below the fresh feed inlet flange. The
outlet temperatures of both heaters are manually controlled at
the main panelboard. The recycie gas heater outlet temperature
is controlled above reaction temperature and the fresh feed
heater outlet temperature is controlled below the reaction
temperature. These control points are used to help balance the
hydrogenation exotherm,

11



REACTOR SECTION

The reactor is a pressure vessel with an internal diameter of
about 8.5 inches. The vessel is 22 feet long from flange face
to flange face.

CATALYST ADDITION AND" WITHDRAWAL SYSTEMS

The reactor is equipped for catalyst addition and withdrawal.
Catalyst is maintained in the reactor at constant activity by
regular withdrawal of a portion of the catalyst and replacement
by an equal amount of fresh catalyst.

The catalyst addition and withdrawal system has a number of
special features. The balanced pressure design permits
operation with almost no pressure drop across the block valves.
This design evolved primarily to. minimize valve wear; however,
it also minimizes catalyst attrition during addition and
withdrawal.

The system design which allows the catalyst to settle out
through the withdrawal tube under almost no pressure drop
requires that the time needed to withdraw a designated amount
of catalyst be determined by trial and error. The reactor
hydrodynamics, however, are such that the fine-quantity

relationship cannot be exact. The procedure for catalyst
addition is:

1. Withdrawn material is drained of o0il and wéighed.

2. An estimate is made of the spent catalyst in the withdrawn
materfal and that amount of fresh catalyst is added to the
reactor.

3. Catalyst content in the withdrawn material is determined
analytically and a molybdenum balance -is made. The actual
amount of catalyst to be added is calculated.

4. Any discrepancy between the estimated amount of catalyst
that was added to the reactor in Step 2 and the actual
amount of catalyst to be added from Step 3 is accounted for
in subsequent additions.

12



TWO-STAGE LETDOWN

Reactor effluent leaves the reactor through a dip tube and
travels to the high pressure vapor-liquid separator. The level
in the high pressure vapor-liquid separator may be sensed by
two - independent systems. The primary system utilizes a
differential pressure sensor. (Both the high and low pressure
legs are purged with recycle gas.) The secondary level sensing
system uses a nuclear level indicator. Both systems may be
used for level control.

The liquid stream from the high pressure vapor-liquid separator
‘exits the bottom .of the separator and passes through a one-half
inch schedule 160 pipe to the first stage pressure letdown
statian. Here the liquid stream is lelL down from reactor
pressure to approximately 1200 psi. The action of the first
stage pressure Jletdown valves 1is controlled by the high
pressure vapor-liquid separator level sensing system. The
first stage letdown valves are angle body control valves with
tungsten carbide trim. The mixed stream after the first stage
pressure letdown enters ‘the first  stage pressure letdown
vessel. Here the stream is separated into a liquid stream and
a vapor stream. The vapor stream is let down in pressure from
1200 psi to about 50 psi. The internal pressure of the first
stage pressure letdown vessel serves as the control setpoint
for the vapor stream pressure letdown. The reduced pressure
vapor stream is sent to the atmospheric flash vessel. The
liquid stream. from the first stage pressure letdown vessel is
sent to the second stage pressure letdown station. Here the
liquid stream is let down in pressure from 1200 psi to about 50
psi. The 1liquid level of the first stage pressure letdown
vessel serves as the control setpoint for the second stage
pressure letdown valves. The mixed stream from the second
stage letdown is sent to the atmopsheric flash vessel.

The liquid and vapor streams from the first and second stage
pressure letdown stations are combined and then separated into

a vapor stream and a liquid stream in the atmospheric flash
vessel.

The internal recycle oil flow is used to expand and control the
ebullation of the catalyst bed within the reactor. The recycle
0il flow is maintained by recycle pump. Recycle o0il flow is
controlled manually by adjusting the pump motor speed and the
recycle 0il control valve setting.

13



The catalyst bed is monitored by a gamma ray density system
which has a gamma ray source, detector/transmitter and an
amplifier/indicator. The source and detector/transmitter are
mounted on a reactor traverse system. The traverse position
along the length of the reaction is manually controlled at the
main panel board. Both the position of the traverse and the
density reading at that level are recorded. Suction for the:
recycle pump .is taken through an internal recycle cup located
above the expanded catalyst bed. The internal recycle .0oil flow
is measured by a flow meter. The density of the recycle oil is
monitored by a gamma ray nuclear density system with an output
indicator. Tocated on the main panel board. Both recycle oil
flow.and recycle pump differential pressure are recorded on the
main panel board. Flushing o0il is pumped into the motor end of

the recycle pump in order to keep the rotor bearing areas free.
of solids. . Purge oil 1is also used to flush the recycle oil
fiow meter differential pressure taps.

Reaction temperatures are monitored by a ten-point internal
thermocouple assembly terminating at critical distances along
the reactor length.. The reactor skin is wound with resistance
wire heaters and then insulated to minimize heat loss. Heater

controls are 'located .opposite the main pane1 board in the
control room. -

LOW=-PRESSURE VAPOR-LIOUID PRODUCT HANDLING

The vapor stream from the atmospheric flash vessel is cooled
and partially condensed by a water cooler. This mixed stream
is sent to the flashed liquid overhead product drum. The vapor
stream from the flashed liquid overhead product drum is metered
by the reactor liquid flash gas meter and sent to the flare.
The liquid stream from the flashed liquid overhead product drum
is pumped to the bottoms heater. The flow is metered. Flow is
controlled by the flashed liquid overhead product drum liquid
level control system. From the bottoms heater the liquid flows
to the atmospheric still.

The liquid stream from the atmospheric flash vessel is sent to
the hydrocione section where the material is pumped through the
hydroclone preheater and sent to the hydroclone. Here the
liquid stream is split ‘into a relatively low ash hydroclone

14



overflow stream and a relatively high ash hydroclone underflow
stream. The overflow stream is sent to the hydroclione overflow
surge drum. From the drum the relatively low ash liquid is
metered and recycled to the slurry mix tank. Level in the
hydroclone overflow surge drum is maintained by liquid level
control. The hydroclone underflow stream is sent to the
hydroclone underfiow surge drum and then to the vacuum still.

The 1liquid 'stream from the vacuum distillation tower is
cullected in drums and sent to storage. The vapor stream from
the vacuum distillation tower is sent to the vacuum still
condenser. The new liquid stream is sent to the vacuum still
overhead ' receiver. This liquid stream is then pumped and
metered to the ciean oil tank. The vapor stream from the high
pressure vapor-liquid separator exits at the top of the
separator. Water is injected to prevent the formation of
ammonium salts when the vapor stream cools. The vapor stream
then passes into an extended-surface, hairpin heat exchanger
which acts as a partial condenser. The mixed stream then
enters the reactor overhead separator. :

The vapor stream from the reactor overhead separator passes to
the scrubber where it is scrubbed by a countercurrent No. 2
fuel oil1 stream. The scrubbed vapor stream is sent to the
scrubber overhead knockout drum and then to the recycle gas .
compressor. The 0il stream from the scrubber is sent to the
scrubber oil flash drum. Any vapors that flash are metered by
. the scrubber flash gas meter. The liquid from the scrubber oil
flash drum is recycled to the scrubber.

The liquid stream from the reactor overhead separator is sent
to an extended-surface, hairpin heat exchanger for steam
heating. The mixed stream exiting the heat exchanger then
passes to the water separator.

The vapor stream from the water separator is sent to the
product oil flash drum. The 1liquid stream from the water
separator is sent to the atmospheric still preheaters and then
to the atmospheric still where the distillate products are
" split into overhead and bottoms products. The bottoms product
is cooled and pumped to the atmospheric bottoms storage drum.
From storage, the atmospheric still bottoms are pumped and
metered to the clean oil tank as recycle oil. Any atmospheric
still bottoms in excess of recycle requirements are drummed and
sent to field storage.

15



The overhead product from the atmospheric still is cooled and
sent to the naphtha stabilizing column. The liquid stream
(stabilized naphtha) is weighed and pumped to storage. The
vapor stream is sent to the product oil flash drum.

In the product o0il flash drum the entering streams separate
into a vapor stream, an aqueous stream and a hydrocarbon
stream. The vapor products are metered and sent to the flare.
The aqueous phase is sent to the water holding drum. The
material is weighed and then pumped to the sour water tank.
The hydrocarbon stream is sent to the atmospheric still
overhead holding drum, weighed and then pumped to storage.

16
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PROJECT H-COAL - 1966/1967

The PDU operated on coal for the first time in 1966 under the
sponsorship of the Office "of Coal Research, Contract No.
14-01-001-477. The operations, five in all, were very suc-
cessful providing solutions to mechanical problems which ine-
vitably arise in new operating techniques, and in providing
insight into the nature of coal liquefaction technology. The
PDU program also enabled HRI to gain valuable scale-up
experience, moving successfully from 25 1bs/day bench-scale
units to the 3.5 tons/day Process Development Unit.

A1l the PDU operations wused I11inois No. 6 coal and
5/64"-diameter cobalt molybdate catalyst. The data reported
here are for Run 130-57, the final and most significant opera-
tion of the program. Operating results are given, as well as a
summary of the principal operating and yield factors. A
comparison is also provided of the normalized results with
those of bench-scale operations with the River King Mine coal,
both with filtered heavy slurry oil recycle and distillate
slurry 0il recycle. '

The operation consisted of injecting dried I11inois No. 6 coal
with recycled coal-derived distilled slurry o0il and hydrogen
into an ebullating catalyst bed at 2700 psig and 800-850°F.
The gross H-Coal products were distilled continuously by
atmospheric and vacuum distillation into net products and
recycled slurry streams. Analyses of the feed coal are given.
Cobalt molybdate hydrodesulfurization catalyst was used in
these H-Coal operations.

The principal run objective was to demonstrate sustained H-Coal
operation with satisfactory control of catalyst bed expansion,
combined with proper operation of the distillation equipment to
obtain enough recycled oil for feed coal slurry without
requiring any extraneous oil to maintain the slurry oil-
inventory. This objective was achieved. Make-up 01l was added
only during startup procedures. No additional makeup 0il was
required until 166 hours of the run, and again at 272 hours of

the run. Operation was then sustained on coal feed without oil
additions until 348 hours.

18



61

% Holsture

Proximate, Dry Basls
% Ash
% Volatlle Hatter
% Flxed Carbon

Ultimate, Dry Basis
Carbon
Hydrogen
Nltrogen
Sulfur
Ash
Oxygen (By Difference)

Slze Analysis
dn 30 Mesh
30/100 HMesh
100/200 Hesh
200/325 Hesh
325/Pan

Sulfur Forms, Dry
Pyritic
Sulfate
Organlc

Hineral Analysls
510
aab,

fczO]

Cal

503

K20

HgO0

110,

Ns320

P205

Undetermined

COAL ANALY

SES

RIVER KING 1!, JLLINOIS NO. 6 COAL

FdR PROCESS DEVELOPHENT UNIT H-COAL OPERATI:INS

_ Through_295 Hours
Ground, Driled

As Recelved

7.2

10.70

54.49
18.20

3.47
2,51
.76
.07
.95
34
.12
-39

QOO0 O = —
.

1.6)

1.61
38.66

100.00

70.46

0.00
S.Th
16..09
20,80
57.34

5.19
1,42
3.55
1.6t

LIl
100.00

0.00
-1.96
10.00
17.06
70.98

After 295 Hours

Ground, Dried

As ﬁeCelved

7.20

11.82
37.84

100.00

169,40
4,10
1,38
3.6)

11,82
_9.6]
100.00

3.89

11.86
37.49

50.65
100.00

70.35
L,29
1.27
3.88

11.86

100.00
0.00
9.05

16.1)
19.02

100.00



M=COAL PROCESS OEVELOPMENT UNIT QPERATING RESULTS

RIVER . KINKG MINE

1LLINOIS NO. 6 COAL

e e ————————

COBALT MOLYBOATE CATALYST - G/6L'* DIAMETER EXTRUDATES

Mours of Qoeration

8eginning/End §=17
tiuwu AQgé, . ’ -

Lbs Coal/Lb Catalyse =16
Reactor Pressure, psig 2700 '
_Reactor Temoerature, °F 809
Ory Coal Rate

Lhs/Nour - . : 1o

Lbs/Mour/Ft3 Reactor 16.0
Feed Coal - .

Aorsture W % . 5.6

Ash, ¥ % (Dry Basis) . 1.2

Mydrogen Rescted, WX of Dry Cosl

Gross Product Properties
. Atmospheric Still Qver=-
head, V % at LOD°F 59
Sluery 0il (Recycled),

vV % at 650°F 76 .

Vacyum Sottoms Slurry,
Ash, v % 17.2
Coke=Ashefres, W % 10.9
Residuum Qil, §75°F, W
Distillate (975°F=), W
18P, °F

P

Gross Product Withdrawals, .

v X of Ory Cosl

C1-C3 Gases
‘€02 and CO

Cu=Cs Gases

Collected 4LOO°F EP Naontha 27.6
LQO°F+ Distillates . (66 6)
Residuum Qil (975°F+) ")
Unreacted Coal (Ash=Fres) 6.3
Ash 10.9
Water (Net Chemical

Appearance) Inc ludes Nuy 6.7
H2S Forced Sulfur Balance .

Normalized Resulits
Coal Conversion, % M.A.F, Coal
(Solids by Asn 3alanca) 92.4
. Net G * Liquid. Production
V % of Dry-Coal
3arrels/Ton Ory Coal
Barreis/Ton K.A.F. Coal

17-
9

the
32,

2700
g2k

29~
N

32
5t
2700
829

193

28.0

5.9
1.4

bi-
53

Sle
2700
829
202
29.3
5.7
12.1

5.0

93.0 -

67.3
“n
L2

20

$3=-
65

72-

92

2700
829

199
28.9

—~ N
WO WWMRWOwWwOo-
.

.

65-
n

92-
13

2700
82$

e .
-F WNCOCOOFF

(

—~

26,6
ks.s;

.
(-]

D [V V]
.
w0~

92.2

83-
[l

129+
a3

2700

a5

145
2.0

- oo
© 4 s 0

[

-_n
.

E
..

— WMmIos O NEFEN
——

VN -]
.

92.5

68.6"

101-
13,
13-
165

1700
824

24
3t.0

- 19.8

(s a)
(“2-8

6.9
11,2

N~

9.9’

87.4

113«
12§
165+
181

2700
819

163 . .

23.5

. 89
2.5

5.0 -

2.4

91.7

125« o
137
181+
262

2700
82

0L
29.6

~ .
(=N Qo
N e e
o

AFA
o~ VI UV O 0w

Y~
o

89.0
87.1



Hours of Operation
8eginning/End

Catalyst Age,
Lbs Coal/Lb Catalyst

Reactor Pressure, psiq
Resctor Temperature, °F

Ory Coal Rate .
LbsMour -
Lbs/Mour/Ft3 Reactor

Feed Coal
Moisture, W %
Asn, W % (ury Basii)

Hydrogen Rescted, W % of Ory Coal

Gross Product Properties

Atmaspheric Still Overe
head, V % at 4OO°F

Slurry Qil (Recycled),
vV % st 650°F

Vacuum Bottoms Slurry,
Ash, W %
Coke, Ash=Fres, W %
Residuum 0il, 975°F, W %
Oistillate(375°F-), v %
188, °F

Gross Produgt Withdrawsls,
¥ % of Dry Cosl
Cy=Cy Gases
Caz and CO
Cu=Cg Gases
Collected LQQ°F EP Naphtha
4LOO*F+ Distillate ’
Residuum 0i1 (975°F+)
Unreacted Coal (AsheFree)
Ash
water (Net Chemical
Appsarance) Includes NM3
N9S, Forced Sulfur Balance

Normalized Results
Coal Conversion % M.A.F. Coail
(Solids by Ash Balance)
Met CL+ Liquid Production
¥ % of Dry Coal
3arrels/Ton Ory Coal
Barreis/Ton R,5.F, Coal

137-
b9

202~
218

2700
817

126
18.3

12,

w
w
.

U W= — FNVN

87.7

. 58.8

149~
161

216~
220

2700
808

68
9.9

6.3
11.2

(continued)

161«
185

220~
252

2700
816

81

21.6
19.2

t 2.7

36.5
- 8l0

.
— N NN DD

-— e o N —
NWO NONKOwOO
:

h
~~

88.3
59.2

3.65

419

188-
212

252-
286

2700
816

163
23.6

—~e~
L]
.

om £ mmowm

e~y
.

89.2

62.0

21

B
NF WO N WUV ®

3

omO~
.

B

.
[LNRV- RV 3 - ol )

- ANV
.

N O
i
w0~

87.2

60.1
3.67
4,16

236~
8

328~
jug

2700
82s

197
28.6

83

18.0

18.0
26.0
38.0

550

—— - A N
oofrNOMOW
H

N
)
D -

86.9

66.7
4.23
4.69

o
ODOoOWwW—\wW§ F oo

W3-
260

349~
170

2700
823

195
28.3

.

——— N
.

~ N EN— O o
.
o F WMi—uO SO o

N w
.

86.1

58.7
3.59
4.09

—~
&

260-
70

370~

isn -

2700
826

210
30.5

N® ~N N NNOoOW

h e 6 4 e s s s

NW VM- v N EW
——

86,1
63.0

270~
283

390~
8

2700
7%0

57
8.3

cecon
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23.0
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s
~
H .
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84,4
59.3

295~
307

L20-
319

7700
823

224
32.5

76
8s
214
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o
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Hours of Gperaticn
Beginning/End

Catalyst Age,
Lbs Cosl/Lb Cataiyst

Reactor Prassure, psig
Raactor Temperature, °F

0ry Coa! Rate
Lbs/Hour
Lbs/Mr/Fe3 Resctor

Feed Coal
Moisture, W %
Ash, W % (Dry Basis)

Hydrogen Rascted, W % of Ory Coal

Gross Product Properties
. Atmospheric Still Overe
hesd, V % at LOO°F
Slurry 0il (Recycied),
V' % at 650°F
Vacuum Bottams Slurry,
Ash, ¥ %. ..
Coke, AsheFres, ¥ %
.Residuuym 0il, 975°F+, W %
Distillate, 975°F=, W %
8P, °F ’

Gross Product Withdrawais,
W % of Dry Coa!
C1=C3j Gases
. €02 and CO
Cu-Cy Gases
Coliected LOA°F EP Naphtha
LOO*F+ Distillate
Residuum 0i1 (975°F+)
Unreacted Coal (Ash-Free)
Ash
Vater (Net Chemical
Apoearance} Includaes N
| HeS, Forced Sulfur salanZa
Normaiized Resuits
Coal Conversion % M,A.F. Coal
(Soiids by Ash Balancs)
Net Cl Liquid Production
¥ % of Ory .Coal
. Barrels/Ton Ory Coal
Barreis/Ton M A.F. Coal

307~
3.

436~

2700

328

218-
30.5

78
86

23.5
22,1
3.5
2.9

670

—_——— N
~ o N FCRNON
HEIRERE I

Won wwMviww S FO

87.6

61.6
3.70
4.22

3.
368~

488~
520

2700
830

212
30.8

~N
.
~N -

&
(=)

68

2.2
0.8
31.9
23.0

—— -
-— A AD e O D
.

ND
.

60.5
3.67
L.15

~ o FWD = OO

(continued)

368-

379-

520~
523

2700
7

37

22

379-
9

523~
554

2700
88
192

27.9

3191~
403

§54-
558

2700

783

S

43
ui1s

558~
572

27600
jou

13
19.0

5
12.1

u15-
w27

572-
594

2700
830

206

29.9

5 R
-~

19.6
0

2.9
3.9

88.6

2.4 -
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86.0
60.8

-
469

625-

6L2

2700
806

86.2

ub9~
73

62~
5u8

2700
834

151
22.1



OPERATING RESULTS - PROCESS DEVELOPMENT UNIT
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12

PROCESS DEVELOPMENT UNIT 130 NORMALIZED PRODUCT DISTRIBUTION

RIVER KING MINE, ILLINOIS NO,6 COAL - COMPARISON WITH BENCH-SCALE RESULTS

. _ - Bench-Scale Units  Conceptual
Run : Process Development Unlt i7/- - Des lgn¥*
. _ . ' - (Separate
Hours on Stream - 41-27 . 212-2)0 307-348 L5 -4hs 789-861 121-18) Report)
Catalyst Age, Lbs C>al/ib Catalyst 50-133-  286-390.  436-520 572-625  1800-1935 147-259 0-2000
Ccal Feed, Lbs/Hour/Ft3 28.7 28.5 30.6  29.5 31.2 3.1 28.0
Reactor Temperature, °F 828 824 829 - 830 853 842 850
c,-c, Gases 7.5 6.3. 8.3 8.8 10.5 7.8 9.0
C,-400°F 24,9 23,2 22,3 22.8 8.8 13.5 16.4
400-650°F Mid-Distillate ~ 4.8 9.7 N ( ) 1,7 15.7 243
650-975°F Heavy Distillate 4.8 14,2 1.7 )3h.5( 6.5 7.0 1.2
-975°F+ Residuum 01 ) 13.0 5.2 15.6 ( ) 19.9 19.l 10.9
Unreacted Coal (M.A.F.) 5.8 1.6 10.6 12.8 . 1h.h 9.5
Ash 10.9 b 1.7 12.4 : 1.2 1.7 boolL6
H20/NH3/ €0 10.2 10.0 9.8 10,0 10.0 1.7 10.2
H2S . 3.1 2.8 2.8 2.8 2,2 2.8 - 2.2
Total (1004Hy Reacted) - _ 105.0 1ok . b 104,2 104, © 1047 104.0 105.3
Cy+ Liquids, Net Production 4
W % of Dry Coal : 67.5 62.3 61.0 57.3 59.9 55.6 62.8
Barrels/Ton Dry Coal . 419, 3.83 3.69 (3.50) 3.61 3.23 .3.80 .
4.33 k.18 (4.00) 4.08 3.68 - 4.30

Barrels/Ton M ,A.F, Coal : ~ 4,70

-

“Conceptual Design ylelds based on bench-scale Run J2- -168 and using flltered recycle slurry oll. Runs 177-12 and
177-17 used distillate recycle slurry oll,



RV, U

JOINT PARTICIPATION PROGRAM
(19/73-19/74)

‘During this interim, in which H-Coal development was sponsored

by an--industrial-.consortium, HRI cnompleted three successful POU

operations using I1linis No. 6 coal. The operating results of
the three runs are given here.
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RUN 130-60, ILLINOIS-NO. 6 COAL

This run was conducted to form a more comprehensive basis for
comparison between bench-scale and PDU operations on coal. The
run lasted for 318 hours and provided more complete data vis-a-
vis temperature/conversion relationships than any of the
earlier PDU H-Coal studies. A coal analysis and operating
results are included here. ST :

26



COAL. ANALYS IS

Run Number : ' . 130-60 130-60

Coal Source ; : > . River King River King

Hours of Run . 100-160 160-280

Grind Description E penn=Rillton/HR
HR1 Number ' : 3k29 | " 3429

Moisture, W % s 3.97

Proximate Analysis, Dry Basis

Ash, W % 12.86 13.41
" Volatile Matter, W % 39.51 38.82
Fixed Carton, W % . L7.63 47.77

Ultimate Analysis, Dry Basis

L3rDeR, W % ) 69.20 . 68.88
Hydrogen, W % - 4.95 L.90
Nitrogen, W %. . - 0.95 1.02
Sulfur, W % . 3.67 L.0o6
Ash, W % 12.86 13.41
Oxygen (Difference), W % - 8.33 7.73
Sereen Size (U.S.5.), W % - ' ’ )
+50 : 5.47 - 3.52
50/70 : 6.98 5.23
70/100 . : 9.70 8.0!
100/140 . . 12.29 . 12.60
160/200 14.52 13.96
200/325 , 26.19 28.05
325/Pan 24L.86 28.63
Btu : 12,424
Minera) Analysis, W %
Phosphorous Pentoxide, P04 : 0.24
" Silica, $i0; : 47.38
Ferric Oxide, Fe203 " 19,62
Alumina, Ala03 : . 17.60
Titanja, Ti0g . 0.85

Lime, Ca0 - 6.80
-Magnesia, Mg0 1.08
Sulfur Trioxide, 503 . 3.91
Potassium Oxide, K20 : to7k
Sodium Oxide, Naz0 ' 0.43
Undetermined a.35

Pyritic Sulfur, W % : . 1.62
Sul fate Sulfur, W % 0.05
2

Organic Sulfur, W % .27
Sulfur in Ash, W % “1.00 1.12
Coal Feed Schedule  Run Hours
130-59 0-35
130-60 , . / 0-7
- : ©7-82
: 82-91
91-347
130-62 0-169
. 169-252
252-262
262-276
s 276-286
286299

27 ‘ 299-301



oo page | of &
- RUN 130-80 - H=-COAL OPERATIONS ON TLLINOIS NO.6 COAL

Catalyst - 110 Pounds HOS=2A, . 1/16' Excrudaces (MR1 No.3397A, 33988, 3u19)

Resctor Liquid Phase Depth ~ 19 Feet (7.5 cupic feet)
Period ] is 28 28 3 4 S 64 . 68 H 8
Hours of Run - Beginning . [N 18 15 4o &4 88 2 136 136 160
- End 16 28 - Lo [ a8 112 - 126 136 160 184
Cacaiyst Ags, Lbs Coal/Lb Catalyst oL L.
' - Baginning ‘ § . % &2 51 96 (13} 195 123 L8 198
- B - S ha §1 . 8k 1h3 195 222 268 298 W

Coal Feed Rate, Lbs Ory Coal/ . . '

Mr/Ft3 Reactor Liquid Phase 20.4 20.0 2'0.9 26.6 8.0 30.5 31.8 36.7 29.3 9.5

Feed Cosl ' : )

"HMR1 Number 3386 3629 3429 3629 IS 3629 L29 3629 3629 3629
noisture, W % 4.03 3.99 Lol2 3.86 3.68 boib Lok Lol b, 20 1.95
Ash, % (Ory Basis) 12,46 (2.4 12.39 12,05 Mi.s6  )2.b9 12,62 12,62 12.29 1302

. @ R
Recycie Flows, Lbs/Lb Coal ’
Atmospheric Still Bottoms 2.70 .7 2.19 - 2.28 -2.17 1.92 1.78 1.83 1.89 1.92
Vacuum Still Qvernhesd 0.16 0.30 0.1§ 0.20 Q.14 0.18 0.186 a.19 0.20 Q.18
Hydrocione Overflow : 0 -] 0 0 e - ] 0 0 Q 0
Tocal . 2.8 3.03 2.3 .8 2.3 2.10 1.94 2.02 2.09 .10

Temperatures, 'F s X
Coal Prenester Qutiet . 638 650 (13 658 - 850 639 - 647 481 667 859
Reactor Liquid Phase Average 820 - 808 814 817 821 822 826 821 833 837
Vacuum Flash Zone S 1 467 Lok L78 Ly L9 Lg8 502 S04 L7

Pressure in Vacuun Flash, Torr 13 6 18 e 20 19 18 17 16

mssulm, psig ’ :

Unit Back Pressure : 2900 2890 = 2900 2900 2900 2900 2900 2900 2900 2900
Hydrogen hake=-Up : L2948 2955 2945 2940 2945 2950 2950 2950 2950 2950

Hydrogen Partial Pressure : '

(Reactor Outlet) 1885 2160 1830 1675 1690 1685 1700 1580 1510
Recycle Gas, MSCF/Ton Coal L2.0 L7.b 40.8 319.6 35.0 30.3 29.0 30.4 8.4 7.4
Vent Gas, MSCF/Ton Coal - 3.80 Lot 2.50 2.76 1.90 2.10 2.09 2.26 2.31 2.30
Mydrogen Purity of .

Recycie Gas + Vent Gas, % 83.4 93.3 87.9 86.7 86.7 84.9 96.2 84.5 80.7
. Vapor Phase Hydrogen, .
MSCF/Ton Cos! (Reactor Qutlet) ] bl t 37.8 33.0 ) 29.0 26.9 28.6 31.3 6.7
nake=Up Hydrogen ’
+ Recycle Mydrogen ) :
MSCF/Ton Coal 7.5 65.6 59.7 54.8 u8.5 us5.8 68.3 u6.6 .9
V % of Make-Up + Recycle Gas 93. 96.0 92.6 92.2 92.3 91.3 92.0 9i.4 8.
Partial Pressure of Wydrogen, S

psig 2690 2785 2685 2675 2675 2850 2670 2650 2595
Hydrogen Cansumption . '

(Metered Gas Rates, Analysis) - .

MSCF/Ton Ory Coal 22.2 20.6 20.7 18.6 18.2 19.0 19.56 19.8
W % of Ory Coal : 5.8 5.4 5.4 L.9 u.8 5.0 5.2 5.2
0i] Additions
nake=-Up_Anthracene 0il
Lbs/Lb Dry Coal 0 0.23 0 Q [+] 0 0 q [+] 0
Lbs/Hr/Ft) Resctor Q L7 ] ] _ Q [+] 0 0 Q Q
Flush 0il, Lbs/tbd Ory Coal .08 L0198 .07 012 .ant

.009 .009. .009 .009 - .ol0
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RUN 130-60 - K-COAL OPERATIONS ON ILLINOIS NO.6 COAL Page 2 of :

Catalyst - 110 Pounds HDS-2A, 1/16" Extrudates (HR1 No.3397A, 33988, 3u419)
. Reactor Liquid Phase Depth - 19 Feet (7.5:Ft2)

Period 9A 98 10A 108 1 12 13A 138 144 148 15A 158

Hours of Run - Beginning 184 196 208 220 232 256 280 “292 304 316 328 360
« End : 196 208 220 232 256 280 232 304 316 328 340 347

Catalyst Age, Lbs Coal/Lb Catalyst R .
+ Reginning 348 173 309“ Lo2 L29 L78 526 547 573 600 622 649
- End 373 394 2 b9 L78 526 547 573 60U LYY BuY LT

Coal Feed Rate, Lbs Dry Coal/

Hr/Ft3 Resctor Liquid Phase 29.0 24.6 9.7 3.4 3.7 28.0 25.4 30.7 31.8 25.4 3.7 32.6
. Feed (osl : N
HRI Number 429 - caee
Moisture, W % - 3.65 3.83 3.ho L.32 Lh.22 L4.22 ) L.o6 3.87 L1
Ash, % (Dry Basis) 13.07 13.08 13.26 13.21 12.37 13.14 12.71 13.22 13.10
Recycle Flows, Lbs/Lb Coal N .
Atmospheric Still Bottoms 2.03 1.99 5.57 1.65 1.8 2.13 2.5 2.13 2.20 1.9l .13 2.00
Vacuum Still Qverhead Q.15 0.22 0.60 Q.20 0.1t 0.10 0.05 0.07 0.05 0.40 0.11 0.0¢&
Hydroclone Overflow ] 0 0 0 0 0 e] o] 0 0 0.05 0.20
Total 2.18  2.21 6,17 1.8 1.96 2.23 2.59 2,20 2.25 2.31 2.29 2.3%
Tamperatures, "F . . .
Coal Preheater Outlet 662 674 634 622 678 683 709 700 695 646 636 66k
Reactor Liquid Phsse Average 8k  81bL . 798 806 833 838 837 837 838 830 832 83t
vacuum Flash Zone 508 50! 435 469 478 509 ° 468 s17 ué66 503 522 522
Pressure in Vacuum Flash, Torr A 10 10 [+] 12 12 14 13 [E S % 12 El
Pressure, psig R . .
Unit Back Pressure 2900 2900 2895 2900 2900 2900 2900 2900 2900 2900 2895 29GC
Hydrogen Make=up 2950 2950 2930 2940 2950 2950 2950 2945 29SO 2940 2960  295:
Hydrogen Partial Pressure
(Reactor OQutlet) 1840 thlg 1455 1§75 1450 1315 1520 1600
Recycle Gas, MSCF/Ton Coal 27.1 36.8 103.0 21.6 24,7 27.4 32.1 26.9 23.2 28.1 25.4 23.3%
Vent Gas, MSCF/Ton Coal 1.96 3.66 8.50 2.4 2.18 2,47 2.63 1.89 .2.02 2.33 1.82 1.52
Hydrogen Purity of Recycle Ga.s .
+ Vent Gas, % 90.2 77.3 80.8 84.2 79.6 76.7 82.0 Bu.L
Vapor Phase Hydrogen, . . -
MSCF/Ton Coal (Reactor Qutlet) 37.4 . 21.5 2.1 3.0 23.8 20. 4 25.8 23.4
mké-Up Hydrogen + Recycle Hydrogen .
MSCF/Ton Coal . . o $9.0 Lo.0o 5.9 52.9 bh.2 39.2 S0.0 46.5
V % of Make-Up + Recycle Gas 4.2 87.7 89.7 91.3 89.c 87.9 90.8 92.2
Partial Pressure of Hydrogen, psig 2730 2545 2600 2650 2580 255 2635 2675
Hydrogen Consumption
(Metered Gas Rates, Analysis)
HSCF/Ton Dry Coal " 20.0 17.6 19.8 21.9 19.6 18.2 21.5 20.7
W % of Ory Coal 5.3 L.7 5.2 5.8 5.2 4.8 5.5
0!l Additions
Make-Up Anthracene 0il
Lbs/Lb Dry Coal 9 1] 2.35 0 -0 0. 04 g (o} 0 0.82 0.45
Lbs/Hr/Ft3 Reactor 0 o 22.8 1] 0 1ohe [¢} 0 0 20.7 I&.2
Flush 0il, Lbs/Lb Ory Coal L0100 - .00, 029 . 009 . 008 .Q10 .0 .009 .009 U .Q08 [l

*Slurry Qil from Pericd 108



AUN 13060 - OPERATING RESULTS ) * page J of 8

ariod 18 A 28 3 [ S 6A 68 7 8"

Collectad Product Quantities,
W % 0ry Coai
Atmospheric Still Overhsad 22.
Atmospheric $till Bottoms (1) -0
Vacuum 5till Qverhead [+]
Vacuum Still Bottoms - 83,
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_ Input Quantities, W % Ory Coal A
Ory Coai 100.
Moisture in Feed Coal ) 3
0i) Additions (Make-Up) [¢]
Hydrogen Resctad .
(Gas Analysis, Flow) 5.8 5.5 S.4
1.7
1.8

£

v
—0m Ow i
o~

Flush Qi) 1.9 1.9
Total Used for Normal ization 1
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Normsi ized Net Product
Distridution, W % Ory Coal (3} .
€0, €02 . a.
€13 Hydrocarbons in Gases 6
~Cg. Mydrocarbons in Gases: - : : ' 4
'18P=l00°F Naphtha 13
4LO0«650°F Distiilates 9
6
0
H
I

.
.
.

~n
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o
o
Nuo~
COEECNNT WM ESN

GS?w-\.o
O F~~a\n

650-975°F Distil lates . (

978°F+ Residual 0il (36.
Benzene~Soluble : {
Benzene-~insoluble

uUnrescted AsheFres Coal

Ash |

H90 (Net) 1]

NM3 (Forced Nitrogen) . (o

M95 (Forced Sulfur) } 2

Tocal (100 ¢+ Hydrogen Reacted) 105
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Normal ized Net CL+.
Liquid Recovery
W % of Ory Cosl
Benzene-Soiutia :
8eanzene=insoiuble . A 0.2
Barreis per Ton of Ory Coai - 3.88
Barrels per Ton M.A.F. Coal . : W3}
sarrels Cy to 975°F~- Distillate
per Ton M.A.F, Coal 3.79

o
-
~

Fw o
o s =D

o wna- *

£~

* @enzens-scluble 0il in vacuum still bottoms + §50°F+ in atmospheric still bottoms plus vacuum still overhead

(1) Negative quantities of atmospheric still overhead © vacuum overhead are decreases of inventory of slurry
oil holding tank 4

(2) 1ncludes dissolved NH3 + H2S

(3) ASTM distillation cut poincs
»
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RUN 130-60 - OPERATING RESULTS page b4 of

Pericd 9A 98 10A 108 [N 12 13A 138 1 bA 148 15A 158

Collected Product Quantities, N
¥ % Ory Coal -£9.9% -10.1%
Atmospheric Still Qverhead 25 69.5 29.6
Atmospheric Still Bottoms (!) 2 211.0  -3.3
vacuum Still Overhead (1 0. 22.8 0.0
S
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vacuum Still Bottoms b 78.4 70.8
H20 Product (2) 1 23.9

€i-C3

CL-C7

H2S in Gases
€02 and CO
Total
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Input Quantities, W % Dry Coal
Dry Coal 100
Moisture in Feed Coal 3
01l Additions
Hydrogen Reacted

(Bas Auslyses, Flow) 5.3

Flush 0il 1.0 1.1 2.9 Q0.9
Total Used for Normal ization . 110.2
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MNormaiized Net Product
Oiscribution, W % Ory Coal (3)
€a, Coz
Cy~C3 Hydrocarbons in Gases
Cu~Cg Hydrocarbons in Gases
18P=LO0°F Naphtha
LO0-650°F Distillates (Net)
650-97S°F Distillates (Net)
975°F+ Residual 0il
Benzene~Soluble
Benzene-insoluble
Unreacted Ash-Free Coal
. Ash
Ha0Q (Net)
NH3 For¢ed Nitrogen
H2S Forced Sulfur
Total (100 + Hydrogen Reacted)

v h
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(1.5)% ¢
(2.8) (3.5)% (3.1
105.2 R 105.7 10§.5
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Normal ized Net L+
Liquid Recovery
W % of Dry Coal
Benzene-Soluble . S6.
8enzene-insoluble S 2
Barrels per Ton of Ory Coal : . 3.
Barreis per Ton M.A.F. Coal L.
Barreis €4 to 975°F« Distillate
per Ton M.A.F. Coal 3.53

* Atmospheric overhead from Period 98 added to atmospheric still

—

(

) Negative quantities of atmospheric overhead and vacuum overhead are decreases of inventory of sturry oil holding zant
(2)  Includes dissolved NH3 + HaS

(3} ASTM distillation cut points

(4} Allows for complete desulfurization of make-up oil and 757 denitrogenation
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Pariod :

Atmospheric Still Overhead
Gravity, “APy
18P, °F
Ep, °F
v % @ Loo°F
18P=400"F Gravity. “API
. &OO°F<tP Gravity, “AP|
- Cardbon, ¥V %
Hydrogen, V %
Nitrogen, ¥V %
Sulfur, Vv %
Pherols,
'V % Toeal
¥ % 18P=k0°F

Atmospheric Still Boteams
Gravity, *ApPy
s, °F
Er, °F
v %@ 4o'F
v %@ 650°F
18P=650°F Gravity, *AP|
650°F+ Gravity, ‘AP|
Carbon, ¥V %
Wydrogen, ¥ %
Nitrogen, ¥V %
‘Sulfur, W %

Vacuum 5til] Overtmad
Gravity, *Apt
18P, °F
EP, °F .
V%@ 650°F
18P=650°F Gravity, APt
650°F~ Gravity, “AP{
Cardon, WV %
tydragen, v g
Nitrogen, ¥ %
Sulfur, Vv %

Watar Product
Nitrogen, V %
Sulfur, v %

18P=b00°F
400* Famip

2. &2

ra
w &

'ul g"

CwE
w0

RUN 130-60 - ANALYSES

A a8 - 3
40.8 38.7 38.9
17 170
532 546
] 70
8.3, 45,7
5.5 8.7
7.8 15.8 18.3
30 400
0 -]
89 89
18.0 20.8
L.§ 5.3°
12.3 [ 12,k
470 uacer
73 82
1.7 15.9
3.9 7.1

19.4
g0

2.2 .

5.6

o Period 5 Atmosoheric Overhead Fractions

Carbon
86.83
88.23

Mydrogen Nitrogen
13.26 .07
11.30 Q77

Oistillations - A}l ASTH D-86, except bracketad valuas, ASTM 0«!160 (modi..ad)
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19.2
386

2.1
5.0

Sul fur
Q.82
Q.02

68

Li.o

5.0

38.2
188
582

u3ls
26.!

¢ &5

oo
. o
o~

Page 5 of 3

37.2

N

<g.02

1.7
26

20.7
2.8
88.35
10,45
0.19
<0.02



RUN 130-60 - ANALYSES Page & of 8
Period 9A 98 10A 108 Al 12 13a 138 [C S T 154 158
Atmospheric $till Overhead ’
Gravity, °API| 38.3  33.7 3t.3  31.3 3.8 3.6 35.8 36.5 38.6 32.4 3u.2 3.8
18P, °F , : 128 : 18 150 108 100 AT} 173
iR, °F 558, 608 560 566 G4 554 594
v % @ boo°F 55 50 6k 61 ’ 6 . 58 58
18P=400°F Gravity, AP} 41.3 Ll.1 W1.8  L2.5 2.3 39.5  L2.9
LOOF-EP Gravity, °AP! ' 2.5 W.2  23.9 240 23.8 23,1 22.8
Carbon, W % 87.76
Hydrogen, W % - 12.08
Nitrogen, W % . o0.t1
Sul fur, W % <0.02
- Phenols B :
¢ % Total 2.0
v % 18P=400°F 2.0,
Atmospheric Still Bottoms . . :
Gravity, "API 17.4  16.8 16.8 13.6 15.3 16.4 17.5 18.0 18.3 13.5 12.1 1.8
18P, °F . Y/ ] . k2o g6 418 Lib LLo 380 :
EP, °F .. " . (8u8) -
vV % @ 400°F 0 0 o 0 0 0
vV % @ 650°F 82 84 88 86 86 8L 85
18P=650°F Gravity, “AP| 18.9 ‘16.8  17.8 18.6 20.8 16.8 15.0
650°F+ Gravity, “AP| . . b9 . 1.5 . . 1.3 2.8 0.1  =l.2
Carbon, W % 88.16
Hydrogen, W % . 10.20
Nitrogen, W % : 0.17
Sulfur, W % . - <0.02

Vacuum Still Overhead

Gravity, ‘APt 1.8 1.6 11.7 5.7 8.6 10.3 11.6 12.2 12.7 10.0 3.9 2.3
18P, °F . 480 472 506 (L11) 454 RYNTA Lol
Ep, °F (850)
vV %@ 650°F 65 58 60 (76.1) 76 n 50
1BP=-650°F Gravity, ‘AP1 1.6 9.4 11.9° 13.5 15.4 . k.8 8.5
650°F+ Gravity, °AP| 5.7 e.5 4.1 4.3 4.2 -0.7
Carbon, W % : 89.ui
Mydrogen, W % . 9,42

_Nitrogen, W % 0.26
Sulfur, W % . R <0.02

vater Product
Nitrogen, ¥ % - 3.587
Sulfur, W % 2.99

Distillations - All ASTM 0-86 - except bracketed values from ASTHM 0=1160 (Modified)
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RUN 13060 - ANALYSES (CONTINUED) Page 7 of 8

Period 18 A 29 3 b H 6A 6 7

8
vacuus Stil] Boctoms .
v % of Flows from Vacuum Still 5§5.2 5h.b6 5.1 - §8.6 §5.9 'Y $0.7
SenzemeeSoiuble, V¥ % 62.61 68.78 . 6h.63 63.08 62.05 58.60 58.5k 56.88
Senzene-insoiudle, ¥V % 12.%  14.96 10,29  1e.01 14,06 16,06 15.L9  15.0%
Ash, V% 25.05 16.26 25.08 22.91 .9 15.36 23.87 28.07
. Unrescted Coal, ¥ % (Sstimated) 166 12,05 1263 14.69  12.62 1.}
Senzene-insoluble. Residuwm, S
¥ % (Estimsted) Q.17 1.96 a.bi 1.38 .82 1.69
Carvon, V % . 87.71 63.06
nydrogen, V% $.39 5.0t
Nitrogen, ¥ % : 0.62 Q.64
Sulfur, ¥ % 1.73 1.l
oxygen, W % (8y Differsnca) Q. 6l 0.78
Sulfur in Ash, V% . ) .- . .67
Pyridine=Solubie, ¥ % 65.28 73.90 66.80 67.20 67.22 6.8 63.6) 62,62 - -
Pyridine=insoiubia, . - . . )
¥ % (Organic) 9.77 9.89 8.42 10.61 9.89 11,21 18.03 9.50
Senzene—-Soiuble 011, “APY .
18P, °F ’ : 635 . 3 H
IBP«650F, cc/100 Grams . 1.0 3.1
650-975°F, ¢c/100 Grams 3%.0 6.9
975°F+, ¥ % 39.0 s, §
18P=975°F, AP} 1.7 ol.b
Carton, v % : . 89.73 $0.29
Hydrogen, W L . o . . 8.7 . 8.13
Nitrogen, W % . : . 0.39 - . 0.38
Swifur, W <0.02 «~0.02.
Filter Caks
W % of Feed to Vdcuum Still - . . .
Senzene=Soluble, ¥ % 51.07  38.56  Ll.k3  Wb.BL L7.93  L2.96 38.66
Benzene=insoiuble, ¥ % 16,7 18.06 20.56 20.11 19.0 19,26 18,3
Ash, ¥ % . 32.19  43.bo  38.01  35.05 32.67 37.82 w302
Benzene=insoiubis Residuun, v % «0.0% 0.57 a.13 0.48 Q.7 0.9
Unrescted Cosi, V % (Estimated) 18.11 19.99 19.98 18.92 18.53 17.0
Pyridine=Solubie, V % §3.11  WL1.26 48. 50. ik 53.39 50.79 &3.00
Pyridineeinsoluble, ’
v %X (organic) . . ) 1,07 1,97 e, Ble 1?7 13.66 3.9 1h, 36
sdifur, v % . . 5.00
. Filter Liquid
From Feed to Vecuum Still b
Gravity, ‘APt 6.0 6.2 6.2 bbb b.b L7 6.0
isp, °F b37 L20 L36 L30 CT ks 438 . WS
10P=450°F, Vv % . : §3.5 63.0 56.0 k2.0 k3.0 530 §7.0
650-97S°F, v % 3.0 -25.0 33.0 Lb.O. 35.0 .0 32.0
9TS°Fs, W % 13.1 16.0 16.0 . 18.8 2.2 17.8 15.$
‘975°F+ Analyses .
Carvon, W% *  88.96 8s.17
Hydrogen, W % 6.99 6.17
Hitrogen, v % 1.18 1.32
Suifur, ¥ % Q. ki 0.21 0.37 Q.49 Q.b? 0.29 Q.48
Ash, v % ’ 0.08 ’ 0.00
Bsnzene-insoiudbie, ¥ % 7-33 t0.82
L d



RUN 130-60 - ANALYSES (CONTINUED) : ) : Page 8 of 8

Period . 9A 98 10A 108 1 iz 13A 138 1ha 148 15A 158
vacuum Still Bottoms .
W % of Flows from Vaguum Still 50.4 50.0 k1.0 56.0 S4.0 us.s 58.7 58.0 70.7 u8.9 " 60.5 67.2
Benzene~Soiubie, W % 57.93 60.20 55.8) 51.91 . 58.52 58.05 §3.15
Aenzene-insolubie. W % 19.83 .18.82 16.47 16.3S i7.10 19.46 2u4.L8
Ash, W % 22.24% .98 17.32 3.7k £, 38 11.h9 22,61
Unrescted Coal, W % (Estimated) 16.75 10.09 10.16 11.59 10.81 LRI
Benzene-insolublie Residuum,
W % (Estimated) 3.08 8.75 6.31 L.76 6.29 8.3
Carbon, W % . 60.84 -
Hydrogen, W % c 4.57
Nitrogen, W % 0.7
Sulfur, W % . . 2.85
Oxygen, W % (By Difference) «0.71
Pyridine=Soluble, W % 68.64 70.87 62.64 58.14 66.64 68.78 68.58
. Pyridine=inseluble, ' :
W % (Organic) 8.91 8.32 9.82 10.81 9.06 T OB.7G BLok
Benzene=Soluble 0il ’
18P, °F . 625
I1BP-650"F, ¢c/100 Grams 1.8
650975°F, cc/100 Grams 47.0
97S°F+, W % ) u5.5
1BP=975°F, “AP! ) : -3.1
Carbon, W % 99. 34
Mydrogen, W % 7.94
Mitrogen, W % . ’ : : 0.6k
Sulfur, W % . . <0.02
Filter Cake
¥ % of Feed to Vacuum Still . : : . )
Benzene=Soluble, W % . k2.79 37.88 35.Lk 38.17 ) Ll1:75 3614
Benzene-insoluble, W % . 25.06 22.33 18.52 17.56 19.135 22.36
Ash, W % . 32.18 39.79 L6.04 LL.27 38.90 ’ Li1.50
Benzene-insoluble Residuum, W % 0.85 .17 377 1.39 2.11 1.81
Unrescted Cosl, W % (Estimated) 2L.2) 19.16 16.75 16.17 17.24 20.55
pyridine-Soluble, W % 50.67 45.20 36.07 39.53 45,38 42.27
Pyridine=insolublie, .
¥ % (0rganic) 15. 14 15.89 15.91 15.08 16,33 15.86

Filter Liquid
From Feed to Vacuum Still

Gravity, *AP1 3.0 -3.9 2.5 50 5.9 -2.7
18P, °F Lhs L52 Lo ks 432 uss
18P=650°F, v % 4g9.90 50.0 52.0 60.0 60.0 u8.0
650-975°F, v % 36.0 35.0 29.0 29.0 2.0 3.0
975°F+, ¥ % 20.5 22,1 22.7 15.3 17.5 6.4
975°F+ Analyses :

Carbon, W % 89.51

Hydrogen, W % . 6.16

Nitrogen, W % 1.22

Sulfur, W % 0.57

Ash, W % 0.03

Benzene-insoluble, W % . 14.83
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RUN 130-62 - ILLINOIS NO. 6 COAL

This run was also a part of the comparison study mentioned
above. It provided . additional data relating to the
temperature-sensitivity of conversion and desulfurization in
H-Coal operations. " The run also demonstrated the better pro-
duct distribution attainable by using a residuum-containing
stream (hydroclone overhead) as a part of the feed coal slurry

0il. -~ The coal analysis and operation results are included
here.
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Run Number

Coal Source
Hours of Run
Grind Description
HR 1 Number

Moisture, W %

Proximate Analysis, Dry Basis
Ash, W %

" Volatile Matter, W %
Fixed Carbon, W %

Ultimate Analysis, Dry Basis
Carbun, W %
Hydrogen, W %
Nitrogen, W %
Sulfur, W %
Ash, W %
Oxygen (Difference), W %

¢

Screen Size (U.5.5.), W %
+50
50/70
©70/100
100/140
140/200
200/325
325/Pan

Btu

Mineral Analysis, W % .
Phosphorous Pentoxide, P20g
Silica, Si02
Ferric Oxide, Fez03
Alumina, Al203 -

- Titania, Ti03
Lime, Ca0
nagnesia, Mgl
Sulfur Trioxide, 503
Potassium Oxide, K20
Sodium Oxide, Na20
Undetermined -

Pyritic Sul fur,
- Sul fate Sulfur,
organic Sulfur,

[ 4R < o
EAR AR

Sulfur in Ash, W %

Coal Feed Schedule

“Abnut 75% Mnnterev (nal

COAL ANALYSIS

130-62 130-62
River King
River King & Monterey
§-133 169-301
3429 3429/3395%
3.85 .43
12.30 10.79
40.90 L1.32
L4L6.80 47.89
69.13 69.24
8.17 5:15
1.12 1.12
.92 L.19
lg.BO» 10.79
8.36 9.51
R 3.02
zZ.79 5.42
6.73 10.39
11.158 15.08
12.97 14,49
26.87 22.89
38.05 28.26
1.63 1.23
0.05 0.20
2.12 2.80
1.42 1.17
Source HR| No.
Monterey 3386
Monterey 3386
River King 3k29
Monterey ;:;;
River King
River King 3k29
- Monterey 3395
River King 3429
Monterey 3395
River King 3429
Monterey 3395
River King - 3u29

37



-

*erilod

tours of Run - Beginning
. - &nd
;atalyst Age, Lbs Coal/Lb Catalyst
- Beqinning
- End
‘0a) Feed Rate, Lbs Dry Coal/Hour/
Ftd Reactor Llquid Phase '

‘eed Coal
BRI Number
Hoisture, W %
Ash, % (Dry Basis)
.ecycte Flows, Lbs/Lb Coal
Awmospheric Stikl Bottoms
Vacuum Sti)l Overhead
Wydroclone Overflow
Total

.
. emperature, F

Coal Preheater Qutiet
Reactior Liquid Phase Average
Vacuum Flash Zone
Pressure in Vacuum Flash, Torr
liydroc lone ¢
‘ressure, psig
Unit Back Pressure
tiydrogen hake -Up
Wydrogen Partial Pressure
{Reactor Qutletr)
tlecycle Gas, HSCF/Ton Coal
lent Gas, HSCF/Ton Coal
lydrogen Purity of Recycle Gas
+ Vent, %
lapor Phase Hydrogen,
HSCF/Tun Coal (Reactor Dutlet)
1ake-Up llydrogen + Recycle Hydrogen
HSCF/Ton Coal
V % of Make-Up + Recycle Gas
Hydrogen Partia)l Pressure, psig
ilydrogen Consumption
(Hetered Gas Rates, Analyses)
HSCF/Ton Dry Coal
WX Ory Coal
0il Additions
Hake-Up Anthracene Qil,
Lbs/Lb Dry Coal
Lbs/ie/ft? Reactor
Flush 0il, Lbs/Lb Dry Coal

.009

RUN 130-62 - H-COAL OPERATIONS ON ILLINOIS NO.6 COAL (HRI 3394 AN® 3429)
Catalyst - 100 pounds HDS-2A, 1/16' Extrudates (HRY 3397A, 3397D and J419)

2 3A e LA 48 5 6A 68 ? 8
13 37 49 61 n 8s 109 121 33 157
37 49 56 n 85 109 (X1} (B} ] 157° 181
28 82 108 12 138 16y s o 236 318
82 108 124 138 163 25 240 266 ne 368
3.5 3.0 30.8 16.6 29.2 30.5 29.) 29.9 30.1 28.9
----------------------------------------------------------------------- 3395
4.01 3.93 3.5 4. 02 4.2) 4,26 5.26  6.06
12.79 1.86 12.09  12.40 1).16 12.66 11.82 9.77
i.86 .95 2.12 2.61 2.0k 2,16, 2.30 2.54 2.4) 2.3
0.0 0.09 0.08 0.01 .00k .00} 0.09 0.08 o0.08 .002
0.8 0.18 0.12 o.n 0.25 0.37 0.4) 0.02 0.1l 0.37
N1 2.12 2.35 3.39 2.29 2.5) 2.80 2,64 2.59 2.4
609 65k 665 647 684 681 689 692 +8s 690
823 828 83t 805 830 832 829 830 829 829
509 499 502 - 512 L1} 498 450 48 W24
10 13 13 - 10 13 14 13 13 15
445 48 459 403 458 460 - 221 492
2900 2900 29C0 2900 2900 2900' 2900 2900 2300 2900
2940 2935 2915 2920 2925 2930 2935 1935 2330 2930
1745 1655 1775 1635 1510 1590 . 1475 1625
27.2 3.3 30.0 50.2 30.8 26.0 26.1 26.0 25.2 26.0
2.28 2.31 1.37 3.72. 2.02 1.58 1.95 .99 1.80 2.12
87.1 88.9 86.9 86.9 8s5.5 8s5.0 [ N 88.)
26.2 ' 30.3 29.2 24.6 24.7 2.8 3.8 25.7
48.9 59.3 48.3 451 u9.3 47.0 ("] 49.)
9.3 94.5 92.) 9.0 92.7 92.) €1.) 94.2
2748 2775 2700 2725 2720 2710 . 2685 2760
20.% 27.4 16.8 18.6 22.1 19.5 19.1 20.9
5.4 1.2 U 4.9 5.9 S.2 5.1 5.5
.080 0 [1} .90h 0 0 0 0 0 0
2.5 0 [ 15.0 0 [} 0 0 0 0
.10 .009 .009 .016 .003 .010 .009 .009 009 .02

479

2900
2935

1555
25.6
2.20
86.0
.6
47.2

92.9
2725

4,88

© 2900

2930
1555
25.3
2.2
85.1
4.t
46.2

92.5
2740

VY GO
om

.009

-009

127 128

253 265

265 m

s21 545

54S 569

28.9 27.6

3)95/3429

4. 46 5.85

12.40  10.00

2.62  2.69

.004 .00k

0.38 0.48

3.00 3.18

724 122

835 838

390 386

6 12

525 si0

2900 2900

2950 2940

1620

5.4 26.4
2.59 2.07 -

90.0

26.5

49.2

95.0

2795

20.6

5.5

0 .i5)

0 4.2

.010 .0l0

page | of §

43.7
9t.3
2635

MWD
-~

.009



RUN 130-62 - QPERATING RESULTS Page 2 of §

-0 oM D W N

Period 18 2 A }1-N LA L1] 5 6a 68 7 8 9 10 h 128 128 1
cotlected Product Quantities
W % Ory Coal o .
Ataospheric Still Overhead 36.4  28.5 2.9 1) 43.9 8.7 2.8 2.2 20.8 8.9 2.6 22.2 26.5 24.) 2.9 31.8  21.8
Atmospheric Still Bottoms (V) 9.5 - l.} -5 9.7  39.1 -lo.2 s.3 -3.) -2.8 4.9, -0.b t.3 -0:7 -2.0 -18.2 1).8 0.2
Vacuum Stil) overhead (1) -0.7 0.1 [} 0.} o.f 0 1.3 1.2 ~}.0 0.§ - 0.2 0.3 0.2 0.1 0.3 0.}
0-6 Dralnings - - - 0.9 - 1.3 - -1 0.5 «0.2 .8 1.8 -2.9 -0.6 - -0.1 -
0-13 Orainings 0.4 N - - - 0.) 0.1.. 0.4 0.} 2.0 0.1 0.2 0.2 0.2 0.} 0.) 0.2
Mydvoclone Qverhead ~h.2 -0.2 -0.6 0.7 $1.6 -3 a.8 -0.6 - 0.2 -0.) 0.2 -0.} -0.) -2.6 2.1 0
Hydroclone Bottoms - - - - - - - o.1(b) - - 0.4 - -* 0.1 0.1 0.} a.l
o {(2) 10.6 12.8  2).9 1.8 3.8 10.6 13.0 19.3 N9 5.4 154 460 143 198 167 kb b
-ty ' 5.7 4.9 5.3 5.9 6.0 6.5 6.8 7.} 21 7.2 73 8.4 8.6
-0 3.5 2.7 3.7 3.2 L.y 3.4 3.9 3.7 - LS 3.7 )6 4.6 4.6
ys 1.7 1.2 1.0 2.2 2.2 1.8 .5 1.4 2.8 2.6 2.2 2.0 2.0
€0 and CO 0.2 0.3 0.2 0.4 0.6 0.6 0.8 0.5 0.9 0.9 0.9 1.2 1.1
Total 1of.0  g4.2 78.9 9.6  99.6 1007 102.6 96.7 109.7 100.3 10B.§ 129.8  100.4
toput Quantities, W % Dry Coal
Dry, Coal §00.0 —ac-meicmcemcceametaciamacctacaceseesccsemmceeeemessesmsemesmesmsecesmcecvecmcsseane T et LT LR P PSP R T R T
Hoisture in Feed Coal 4.2 4.2 "W 3.8 3.9 3.7 4.2 by L.b 5.5 6.5 6.6 6.1 5.7 4.7 6.2 5.6
0il Additions - ° 8.0 (] 0 90.4 0 0 0 0 0 0 0 (] [ 0 151 0
Mydrogen Reacted (Gas Analyses,Flow) S.4 1.2 L. 4.9 5.9 5.2 5.1 5.5 5.) 5.0 4.7 5.5 (AR
Flush @il 0.9 1.0 6.9 0.9 1.6 0.9 .).0 0.9 0.9 0.9 1.2 1.1 0.9 0.9 1.0 1.0 0.9
Total ysed for Hormal{zation 118.6 112.2 109.0  110.1  ¥HL.2 110.5 NS 113.2 130 2.0 1.3 127.8 116
Normal Hel Product Dlslrlbullonu) -
¥ % of Dry Coal .
€0, €0, 0.2 0.4 0.5 0.9 0.6 0.9 1.0 0.9 1.2 1.2
: €j-C3 Mydrocarbons in Gases 6.6 6.8 7.0 7.4 8.1 7.3 8.0 7.5 8.3 9.4
Cyy-C¢ Hydrocarbons in Gases N | h.3 3.2 4.2 L2 4.6 4.0 3.7 b5 5.0
18p-100°F Haphtha 19.5 16.2, 1s.5 155 203 8.8 18.6 5.4 0.4 6.9
h00-650°F Distillates 8.2 16.0 -1.0 i3.5 5.1 6.7 1§ 7.6 15,3 7.9
650-9)5°F Distillates . T 1 16.5 1 16.6 4 + 14.6
975°F+ Residual 01 . 32.2 8.0 Lu.8 36.1 33.8 29.4 24.8
BenZene-Soluble . [ ¢ $ 13.0 N $ 12.% i ' B
Benzene-jnsoluble (Non-Filterable) 0.7 2.7 2.2 0.9 6.8 2.2 3.} L. 1.8 L.
Unreacted Coal 6.5 L.8 6.8 6.0 6.1 6.8 7.2 5.9 6.
Ash 13.6 12.0 3.9 13.2 6.0 3.5 HL6 B2.4 10.5 2.
120 (Met) 9.6 9.2 2.2 9.9 10.5 9.6 7.2 12.7 6.9 9
tiny (Forced Hitrogen) . (1.0) (0.9) {(0.9) 0.9} (0.7) (0.6) 0.57 {0.6) (6.7) 0.6
;8 {Forced Sulfur) 3.2) 0.1 3.4 3.1 3.1 .1} 3. {3.1) {3.2) 3.
05.4 104.9 105.2  105.1 105.5 105.3 105.0 10L.7 105.5  105.

Total (100 + lydrogen Reacted) [

1) Neyative quantities of atmospheric still overhead and vacuum overhead + hydroclone overhead are decreases of lnventory of sburry holding tank
2) includes dissolved HHy ¢ WS
1) ASIH distidlation cut polnts '

") 0-5 sample



RUN 130-62 - ANALYSES Page ) of §

Period 18 2 3A 38 LA Lg 5 6a 68 7 8 .9 10 1 124 128 13

Atmospheric Still Overhead
Gravity, ‘AP .5 4.6 35.3 35.8 29.8 3133 36.6 38.0 38.1 39.5 4o.2 41} 37.6 37.4 37.9 37.0 38.9
18P, °F . 146 154 174 132 108 120 150 120 18 (113 164 168 162
EP, °F . 624 588 580 578 568 S 562 536 528 570 582 566 526
vV % @ 400°F 37 62 63 . 54 67 72 75 80 "9 70 65 66 1)
18P-400°F Gravity, °AP) 41.3 L34 43.8 43.9 Lt Ly} 4h.2 43.7 43 s 42.5 43.6 431 4.3
LOO°F-€P Gravity, C‘API 17.2 12.0 284 - 22.9 24,1 24,1 27.4 25.7 259 26.1 26.4 26.3 26.5
Carbon, W % : B86.58 . 85.79 87.11
Hydrogen, W % . 12.67 12.30 12.33
Nitrogen, W % 0.1) 0.05 - 0.0
sulfur, W % 0.02 0.02 0.02
Phenols, V % Total . ’ 2.0 3.0 : 3.0

v % 18P-4OO°F 2.0 2.0 2.0

Aunospheric Still Bottoms :

© Gravity, °AP| 0.4 14.0 16.6 1.3 13§ 15.8 17.8 18.6 19.6 20.7 20.2 ° 20.2 20.4 20.) 20.6 19.2  19.8
18P, °F L6 4l - 406 438 386 390 360 370 350 386 368 380 - 370
EP, °F ) (850) (820) (850)
v % @ LOO°F - - - ’ - ] 2 7 6 7 ] 5 3 K3
v % & 650°F 81 85 88 87 85 87 89 87 39 90 89 86 87
1BP-650°F Gravity, °APY 12.8 17.7 13.0 . 17.7 21.2 22.6 23.3 22,6 23.6 22.3 23.1 2.4, 23.)
650°F+-Gravity, AP} - 9.7 4.9 3.7 3.2 5.1 4.5 2.5 3.8 3.3 3.9 : 1.8
Carton, W % 88.4) 88.3 89.64
Hydrogen, W % . - 10. 74 10.27 10.85
Nitrogen, W % 0.24 ] 0.17 0.02
Sulfur, W % . ' 0.02 0.02 0.02

Vacuum Still Qverhead ’
Gravity, AP ) 5.3 7.6 ‘9.9 1.3 ) 4.2 15.2 16.8 163 15.8 15.9 19.9 18.4 16.9
18P, °F X ) 476 52 . 490 : 400 . h20/(337) 430 370/(338) 426 386 420/(308)
£p, °F ) (ns) (725) (765)
v %@ 650°F : . 57 Sh 68 79 8s 84 80 8o 83 87 88
18P-650°F Gravity, °AP| 8.5 1.4 )3.8 17.0 17.5 18.2 19.7 18.1 18.1 20.8 17.8
650°F+ Gravity, °AP) 2.1 4.2 6.0 2.4 5.7 5.9 7.0 2.9 .6
Carbon, W % : : : 89.39 88.92 88.08
Hydrogen, W % 10.40 10. 14 10.04
Hitrogen, W % 0.2 0.22 0.6}
sulfur, W % 0.02 0.02 0.02

Water . .
Gravity, °“API . ’ . 6.9 7.1 7.2
Nitrogen, W % “ . 3.69 : 3.35 3. 41
Sullur, W% 2.58 3.05 2.72

istillations - All ASTH D-B6 except bracketed values from ASTH D-1160 (Modified) . -

Feean dictidlation of fiVetared fand ta vacium <till



RUN 130-62 - ANALYSES (CONYINUED) ’ Page & of §

Period . . T 2 3A 38 LT 11} 5 6A 68 7 8 9 10 1] 12A 128 3

Vacuum stitl Bottoms *
W % of Flows [rom Vacuun Stidl . 661 62.9 58.0 57.8 70.4 9. 6 75.1 79.6 73.4 66.7 §5.2 60.8 60.9 - 62.8 641 60.9  60.4
Benzene-Soluble, W % 65.35 64.34 58.70 65.57 58.05 67.13 61.42 69.07 6).62 60.49 55.78° 60.79 54.82
Benzene-Insoluble, W % .55 12.40 13.88 “40.82 16.00 12.9) i3.34 -12.5) 15.2) 18.54  21.40 18.84 20.8%
Ash, W % . 20.10 23.26 27.82 22.601  25.9% 19.94 25.24 18.k0 21.15 20.97 22.82 20.37 4.3
Unreacted Coal, W % (Estimated) _}I).'o9 .24 10.43 10.28 S 9.7% .64 1m.n 12.4? 1).29 11.39 12.75
Benzene- insoluble Residuum, W % ) 0 :

(Estimgted) 1.06 1.16 1.39 5.72 : 3.18 1.70 4. 06 6.1 8.1 7.45 8.10
Carbon, W % . . 65.42 68.60 67:97 -
tiydrogen, W % ' . 5.48 i 5.50 5.26
Hitrogen, W % . 0.58 1.4 1.06
Sulfur, W % ).94 2.28 i 2.49
Sulfur in Ash, W % . . - 1.81 1.55
Oxyyen, W % (By Difference) : 1.34 ) [ 1) . -0.8)
Pyridine-Soluble, W % " 69.86 67.24 62.30 68.08 63.08 72.15  65.74  75.286 2140 71.48  68.97 69.43  6L.58
Pyridine-insoluble, W % 9.98 10.62 10.29 9.18 10.2) 8.34 9.03 6.48 7.07 8.15. 9.27 10.02 10.89
Benzene-Soluble Ol .

18P, °F ’ 580 569 . 625

18P-650°F, cc/100 Grams 9.2 o ! 1.8

650-975°F, cc/100 Grams 4s.2 48 ’ 46.2

915°F+, W % 4o. 38.2 4.0

Filter Cake . .
W % of Feed to Vacuum Still 3.7 9.7 38.6 .7 n.a 4.1 36.9 3.2 3.3 38.5 3.2 36.6
Benzene-Sobuble, W % 43.78  39.44 : 43.53 38.19 18.17 138.07 38.65 40.09 36.27 36.6)  )h.96
Benzene-tnsoluble, W % 22.82  19.98 18.12 20.19 21.04  19.85 22.0) 23.52 25.08 .36 23.91
Ash, W Y% 33.40 4o.58 . 38.30 4j.62 ho.79 h2.42 39.32  36.39 18.65 39.00 411}
Benzene-Insoluble Reslduum, W % 0.40 0.37 0.51 N 1.10 0.4) 1.26 - 1.98 2.57 2.54 2.36
Unreacted Coal, W % (Estimated) 22,42 19.6) 17.66 16.48 19.94  19.42 . 20.77 2b.5b 22.51 21.82  21.55
Pyridine-Soluble, W % L.l 4K 52 Lr.40 4. 2) 4).86 u6.66 42.39 49.16 46. 7 L3201 42.26
Pyridine-Insoluble, W % (Organic) 1.0 1611 ih.b0  16.58 17.15  13.9} 19.36  13.9%  15.4}) 17.2%  16.89

Filter Liquid X

From Feed to Vacuuwn Still
Gravity, *AP| -0.6 2.6 ’ 3.7 -6.1 -8.0 -1 2.8 ’ 3.1 -0.1 -1.0 -0.5 -1.6
18P, °F . 4y0 Lsh L35 465 458. LS 443 430 438 L)2 425
18P-650°F, V % L6 52 49 3] 3. 47 Y] 9] L6 Ly LY
650-975°F, v % 3h 37 36 4 4t j0 29 1} 25 26 2h
975 Fe, W % .10 17.5 19.1 37.6 : 33.2 27.5 28. ) 32.10 5.5 . 29.6 35.8
Carbon, W % 88.25 88.65 89. 15
liydragen, W % : 8.85 . 8.4k 8.3}
Sulfur, W % 0.02 . 0.30 8 0.13

: 0.27 . 0.79 0.67

Nitroyen, W %



Period ' 18 H

0-13 Bottons (Charge to Hydroclone)

Ash, W % 9.18  H).55%
Hydroclone Overhead

Ash, W % 7.10 8.63x
Hydroclone Bottoms
Ash, W% 12.35 1k 4B
Atmospheric Still Overhead
18P-h00°F
Carbon
Hydrogen
Sulfur
Nitrogen
400°F+
Carbon
Hydrogen
Sul fur
Nitrogen

Awmospheric Stil} Bottoms
18P-650°F
Gravity,
Carbon
llydrogen
Sul fur
Hitrogen
650°F +
Gravity,
Carbon
Hydrogen
Sutfur
Nitrogen

*API

“API

Filtered Liquidi=

18P-650°F  (650-975°F)
Gravity, °AP(
Carbon
Hydroyen
Sulfur
Nitrogen

975°F +
Gravity,
Carbon
Mydrogen
Sulfur
Nitrogen

“APL

0.30

Vacuum Bottoms Benzenc-Extracted 011
18P-975°F
Gravity,
Carbon
Hydrogen
Sulfur
Hitrogen

“apP|

Ty

12.13

8.98

16.96

RUN 130-62 - ANALYSES (CONT{nUED)
38 - kA ha 5 6A 68
10.95 10.52  16.47 21.62 22.24 -
7.2 6.31 M1.28  19.47 20.42 -
16.05 12.35

20.62  24.12  24.00 -

0.92

6522 5oCR

—ond,

16.02

.10

i3.05

.10
.0l
.02
03

66
17
02
10

23.2
88.02
n.30

0.02

0.16

3.2
.10
9.19
D.02
D.59

44.9
89.03
B.70
0.02
D.62

W ON W
Lt R V-RV- R

vowh

WO~
VRO oo

11.40%

8.15%

15.65

2.4o

8.21

3.99

10
11.56
7.86

13.33

85.25
12.52

88.09
11.32
0.02

22.3
88.80
11.09

0.02

[}

3.3
89.25
9.8
0.02
0.4

.t
87.25
8.26
0.02
0.59

-7.6
84.5
6.32
).02
1.61

5.4
88.3
10.77

0.02
0.17

Page § of §

t 12A
Wh.lox 12.27
10.40% 8.57

16.25% 14,10

0.88

128

11.60

8.00

15.80

13
12.81%
9.25%

5.38%

87.16
12..87

88.18
11.59

23.)
68.63
10.91 -

0[02

1.5
89.54
8.95
0.02

th.6
90.21
8.13
0.1
0.61

-9.2
87.47
6.32
0.79
1.70

-0.2
89.76
8.29
0.30
0.68
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RUN 130-63 - ILLINOIS NO. 6 COAL

This 385-hour run was completed in the Process Development Un1t
during the second quarter of 1973.

In Run 130-63, better control of the expansion of the catalyst
bed in the reactor was attained by using a larger-diameter
catalyst, 1/8" diameter, ih place of the 1/16" diameter cata-
lyst used in the earlier PDU runs. A coal analysis and the
vperrating results are included here. :

43



RUN 130-63 FEED COAL ANALYSIS

Coal Source

310-386 Hours ’ HR{ No.3493

44

Monterey Coal Company

Hours of Run ' 123-137 286-310

Grind Description : Penn Rillton

HR| Number 3395 3386/3493

Moisture, W % 6.46 h,75

"  Proximate Analysis, Dry Basis

Ash, W % 10.82 9.63
Volatile Matter, W % Lo.92 L2.23
Fixed Carbon, W % L8.26 L8.14

Ultimate -Analysis, Dry Basis
Carbon, W % 70.18 69.92
Hydrogen, W % 5.06 5.57
Nitrogen, W % . 2 1.27 1.18
Sulfur, W % 3.97 L.56
Ash, W % o : B 10.82 9.63
Oxygen (Difference), W % 8.70 g.14

Screen Size (U.S.S5.), W% '
+50 3.38 0.84
50/70. - - L,93 0.87
“70/100 7.85 3.20
100/140 11.97 26.23
140/200 13.65 20. 47
200/325 27.23 9.52
325/Pan 31.05 . 38.87

Sulfur in Ash, W % 0.96 1.39

Coal Feed Schedule

- 0-27 Hours HR! No.3429 (River King Mine Coal)

20-173 Hours 32,700 Pounds HRI 3395, 1500 Pounds HRI 3493

173-<214 Hours HR1 No.3493

214<310 Hours 12,900 Pounds HR!| 3386, 10,700 Pounds HRI 3493



RUN 130-63 - M-CDAL OPERATIONS ON ILLINO!S NO.6 COAL (WRI 3386, 3393, 3395)

CATALYST - AMERICAN CYANAMID MDS~2, 1/8'" EXTRUDATES = 110 POUNDS (HRI 3473)

Period

Hours of Run - Beginning
- End

Catalyst Age, Lbs Coal/Lb Catalyst
- Beginning
- End ..

Coal Feed Rate, Lbs Dry Coal/Hour/
Ft3 Reactnr Liauid Phase

Feed Coal - W % Moisture
- % Ash (Dry Basis)

Recycie Flows, Lbs/Lb Coal

Atmospheric Still Bottoms
vacuum Still Qverhead
Hydrocione Overflow

Total

Temperatures, °F
Coal Preneater Qutlet
Reactor Liquid Phase @Average )
vacuum Flash Zone
Pressure in Vacuum Flash, Torr
Hydroclone

Pressure, psig
Unit Back Pressure
Hydrogen Make=Up
Hydrogen Partial Pressure
(Reactor Qutlet)

Recycle Gas, MSCF/Ton Coal

vent Gas, MSCF/Ton Coal

Hydrogen Purity of Recyclie Gas
+ Vent, %

vapor Phase Hydrogen,
MSCF/Ton Coal (Reactor Outlet)

Make-Up Hyorogen + Recycle’ Hydrogen

MSCF/Ton Coal
vV % of Make=-Up + Recycie Gas
Hydrogen Partial Pressure, psig

Hydrogen Consumption

(Metered Gas Rates, Analyses)
MSCF/Ton Ory Cosl
W % Ory Coal

. 0il Adaitions
Make=Up Anthracene oM,
Los/L5 Dry Cosl
Lbs/Hr/Ft2 Resctor
Flush 0il, Lbs/Lb Ory Coal

REACTOR LIQUID PHASE DEPTH - 19 FEET

A 8 A b1} A 30 GA 60 7 a Re
3 5 27 39 51 75 Bf 99 (R 123 147 159
15 27 39 51 75 87 99 it 123 147 159 171
[ 28 S3 79 104 156 180 206 230 255 308 329
28 53 79 104 154 180 206 230 255 308 329 351
25.2  29.4 27.4 28.7 28.4 29.9 29.5 27.2 29.3 29.9 25.3 4.9
8.56 4.52 10.77 8.44 7,30 5.52 5.79 8.10 5.05 6.57 5.03
12,18 12.84 11.49 10.58 9.79 10.07° 9.54 10.37 9.36 10.47 9.49
9
1.85  1.67 2.12 1.98 1.99 1.96 2.04 2.03 2.27 2,10 2,11 .48
0.11 0.17 0.20 0.13 0.10 0.07 0.27 0,08 0.0 0.004 0.23 0.005
0 0.10 0.09 0.001 0.4 0.21 0.20 0.32 0.37 0.35 .0.51 .51
1.96 1. 2,41 2,12 2,23 2,24 2,31 2,43 2.65 2.46  2.85  2.99
608 616 645 658 635 661 671 651 662 691 696 704
816 823 823 82§ 825 827 830 830 831 835 828 818
496 495 487 473 L4 503 03 | 503 503 512 465 483
18 13 4 18 10 20 15 18 17 17 17. 13
- 36k W74 WSO 500 502 430 472 472 (V3] L62 - ukg
2900
2930 3005 2970 2935 2955 3030 2930 2940 2945 2955 2950  29M5
1520 1480 1605 1580 1535 1680
22.7 231 2.1 .3 22.5 285
.19 2.3 2.86 4.31 3.29 4.59
84.0  86. 8.4 8.9  85.0 82.7
2.y 2.3 23.7 5.1 22.9 28.3
41,5 W6.b L6 b S1.k ub.9 54.0
91.9 93.5 93.4 93.3 93.3 9t.6
2695 276 2735 74 2755 2700
19.  23.0 21.8 24,9 23.2 23.1
5.2 6.1 S. 6.6 6.2 6.2
\
NN 0o .186 038. .16} o .038 .388 0 0. .816 0
0.3 0 5.1 1.1 4.6 0 1.1 10.6 0 0 15.6 0
.015  .013 .0l4 ,009 .009 .00 .008 .010 .009 .008 .0l0 .00
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RUN 130-63 - OPERATING RESULTS

Period 2A 28 JA 38 L3 SA 58 6a 68 7 8a 88

Collected Product Quantities,
W % pory Coal

Atmospheric Still Overhead "3 351

(2) Includes dissolved NHy + H$

(3) ASTM distillation cut points uniess indicated by an asterisk

46

6.3 33.5 26.7 29.1 - 30.8 28.4 36.3 30.9 23.8 38.7 30.6
Atmospheric Still Bottoms . 2.8 -23.1 27.4 -ik.9 13.1 9.5 3.2 22.8 -1 5.2 13.4 220.6
vacuum Still Overhead(!} 0.1 2.1 2.9 -0.8 0.9 -~0.1 0.6 [ 0.3 0.6 1.8 0.5
Vacuum Still Sottoms . 85.8 65.3 69.5 61.1 6u.b  50.3. S1.b 58.8 55,7 Sk.6 A2 N §L.B
HzO‘- 15,8 20.5 18.% 1b.b hL.3 19.4 15.3 22.3 16.7 16.2 4.5 234
C1-C3 S.3 b7 Lol 7.3 7.7 T 10.2
Cu-€y . .. 2.9 2.5 2.5 L.l L2 5.7
LTH . . . 2.0 1.8 1.7 2.6 2.8 3.7
€03 and CO | - 0.7 6.5 0.5 0.7 0.8 0.9
‘Total o : 99.4 k1.3 108.0 117.2 105.5 105.2
1nout Quantities, W % Ory Coal -
Ory Coal ’ . 100.0- 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0_ 100.0 100.0 100.0
Moisture in Feed Coal 9.4 L,7 12.0 9.2 7.9 5.8 6.1 8.8 5.3 7.1 5.3 5.3
0il Additions Ly 0o 18.6 3.8 16.3 0 3.8 38.8 0 0 61.6 0
Hy Reacted (Gas Analyses, Fiow) . 5.2 6.1 5.8 6.6 6.2 6.2
Flush 0il : 1.§ 1.3 1.4 0.9 0.9 0.9 0.8 .0 a.% 0.8 1. 0.8
Total Used for Nermal ization . . T 9.1 131.2 116.5 112.8 iy 112.5
Normal ized Net Product
Diszridution(3), W % Ory Coal
o, €0y 8.8 0.5 0.5 0.7 0.9% 0.9
C1-C3 HWydrocaroons in Gases 6.3 4.3 4.7 7.0 8.4 10.6
Cy~-Cg Hydrocarbons in Gases 3.5 2.3 .7 3.9 L.6 5.9
18P=L00°F Naphtha 19.5 4.7 20.2 7.9 17.9 18.9
LOO-650°F Distillates ‘ \ H S.u t
650-975°F Distillates ' ‘ ]
975°F+ Residual 0il 43.0  53.9 L2.9 L4, 6 23.9
8enzene-Soiubie I ! . [ 16. 4 1
Benzene=insoluble 2.2 0.5 2.8 5.0 6.3 8.4
Unreacted Coal 6.7 6.1 8.6 S.b 7.8 6.3
Ash 10.2 6.5 L lo.k 8.7 it.o 9.4
Ho0 (Net) ) 9.5 13.7 9.k 0.0 3.5 18.2
NHy (Forced Nitrogen 0.29
"22 (Forced Sulfur) - (3.5) (3.5) (3.5) (3.5) 2.8 (3.5)
Total (100 + Ky Reacted) ,105.2 106.1 105.8 106.6 106.2 106.2
(1) Negative quantities of atmospheric still overhead and vacuum overhead are decreases of inventory of slurry holding tank



Period

Atmospheric Still Qverhead
Gravity, “AP|
18P, °F
£p, °F
vV %@ LOO°F
Gravity, "AP| - 18P=LOO0°F
- LOO°F-EP
Carbon, W %
Hydrogen, W %
Hlivivyen, W %
Sulfur, W %
Phenols, Vv % Tetal
v % 18P-L00°F

Atmospheric Still Bottoms .
Gravity, "APY )
18P, °F
EP, °F
v % @ 400°F
v % 3e50°F
Gravity, °AP! - 18P-650°F

« 650°F+
Carbon, W
Hydrogen,
Nitrogen,
Sulfur, W

32 L «£ a®
T e

vacuum Stitl QOverhead
Gravity, *API
18P, °F
gEp, ‘'F
V%@ 650°
Gravity, ®APt - IBP<650°F

650°F+

Carbon, W %
HMydrogen, W %
Nitrogen, W %
Sulfur, W %"

water
Gravity, "AP!
Nitrpgen, W %
Sulfur, W %
Carbon, W %

Vacuum Still Bottoms
W % of Flows from Vacuum Still
8enzene-Soluble, W %
Benzéne=insoluble, W %
Ash, W %
Unreacted Coal, W % (Estimated)
8enzene-jinsoluble Residuum, W % (Est)
Carbon, W %
Hydrogen, W %
Nitrogen, W %
Sulfur, W %
Oxygen, W % (By Difference)
Pyridine-Soluble, W %
Pyridine-insolubie, W % (Organic)
Benzene-Soluble Qil, AP
18P, °F
18P~-650"F, cc/100 grams
650-975°F, cc/100 grams
§75°F+, W %

Filter Cake
W % of Feed to Vacuum Still
Benzene~-Soluble, W %
Benzene-Insoluble, W %
Ash, W %
3enzene-insoluble Residuum, W 3%
Unreacted Coal, W % (Estimated)
Pyridine-Soluble, W %
Pyridine-Imsoiuble, W %

RUN 130-63 - ANALYSES

29.3  27.5
148
585

43k
20.7

7.7 1.2

9.1 10.1

306 °

65.9 52.7
- 6473
15.28

19.99

72.34
7.4

3a 38

3.7 37.3

Si.

47

162
570

4s.8
2.

17.2
" 350

) §2.2
73.88
12,12
ih.00
9.12

3.00

79.02

7.09

32.8
37.19

1 25.19
37.62
0.67
24.52
4l 81
18. 11

36.7
152
576

u3.4
23.4

55.8
77.96
11.09
10.95
10.2!

0.88

42.3
47.01
25.70
27.29

0.26
25. Lis
56.55
13.70

SA 58

36.1 36.1

18.6 19.2

12.1 12.7 -

470

77
15.8
5.7

1.1 S1.6
60.35
20.68
18.97
15.58

5.10

71.72.

10.03

32.0

1. LS
24.75

6A

52.8

68

3.9
160
580

63

L3.1

23.7

4.9
398

0.7

&
L

oW
oo~

57.1
6h. 4!
15.31
16.28
10.03

9.28

76.23
7.88

37.4
168
568

42.8
25.2
87.07
13.03
0.08
<0.02
2.5
1.5

18.0
376

(765)
2

Yy
20.7

88.71
10.51

0.17
<0.02

4.6
318
(760)
87
17.6

88.25
10.13
0.20
<0.02

8.0
3.17
2.24
2.10

36.7

17.2

39.3

88

33.5

162
658

Li.2
2.7

17. 4

10.6

300

76

13.6

1.4

L2.7
57.6k
25.85
16.51

H.
14,

2.

05
80

89

10.07

24.0

3.
33.
26.

Lt

57
53
L6

-89
0.

55



RUN 130-63 - ANALYSES (CONTINUED)

Period 2A 28 3a 38 4 SA 58 6A &8 7 8a 88
Filter Liquid from Feed to Vacuum Still
Gravity, °API : -0.6 5.0 : 1.5 -6.8 -1.3 0.4
18P, °F L72 453 Lh2 450 432 by
18P=650°F, v % . uls 26 ug 4o 50 sl
650-975°F, vV % 31 . 40 33 31 26 29
975°F+, W % . 30.6 411 6.4 36.6 30.0 26.L
Carbon, W % . 88.31
Hydrogen, W % . ) 8.61
Nitrogen, W % . : 0.66
Sulfur, W % . 0.4%
975°F+ Liquid .
Carbon, W % 83.90
Myerogen, W % - . . 6.12
- Sulfur, W % . . 0.79 1.20 1.18 1.38 1.18 1.08
Nitrogen, W % . 1.72 :
Ash, W % . ' : . 0.16 !
genzene~-|nsoluble, W % - : ’ 27.18
0-13 Bottoms (Charge to Hydrocione) : . i . .
ash, W % . -10.29 . -13.587 9.96 12.96 8.71 11.20 10.63 5.85
Nydroclone Overhead (Recycled) ’
Ash, ¥ % 5. 49 T 10.52 6.75 10.03 5.63 7.45 6.08 &.76
Hydroclone Bottoms S
Ash, W % 9.58 13.12 10.26 11.94 10,42 12.40 9.62 6.9
Atmospheric. Still Overhead '
18P=QO°F ) . .
Carbon, W % 85.26
Mydrogen, W % 12.18
sulfur, W % - e <0.02
Nitrogen, W % . . . . o ' 0.06
LOO°F+ ’ ) :
Carbon, W % . . . 88.13
Hydrogen, W % - C : 11,20
sulfur, W % ' : ’ . <0.02
Nitrogen, W % 0.1
Atmospheric Still Bottoms
18P=-650°F
Carbon, W % : 87.99
Hydrogen, W % 1,12
Sul fur, W % <0.02
Nitrogen, W % : ) ’ o.11
650°F«
Carbon, W % _ 88. 31
Hydrogen, W % o 8.88
sulfur, W % . ’ <0.02
NitFogen, W % .. i 0.40 -
Filtered Liquid
18P=650°F . .
Gravity, °APi 8 13.9
Carton, W % 88.79
Hydrpgen, W % . 10.2%
Sulfur, W % . : . . <0.02
Nitrogen, W % . 0.14
650-975°F . . ’
Gravity, °AP1 0.3
Carbon, W % ) - 87.n
Hydrogen, W % . : - 8.05
Sulfur, W % . : 0.10
Nitrogen, ‘W % ’ 0.66
Vacuum Bottoms, Benzenme-Solubdble
0il, 18P-975°F .
Gravity, °API ’ 2.0
Carbon, W % : 88.49
hydrogen, % 8.135
Sulfur, ¥ % 0.83
Nitrogen, W % : . 0.6!



PHASE I - DOE/PARTICIPANTS PROGRAM

3

This program was conducted to confirm the Pilot Plant design
basis using the three-ton-per-day POU. The reactor gives flow
patterns which more closely approximate the Pilot Plant than
the bench unit, and the recycle streams can be continuously
produced. Because the boiler fuel mode of operation had never
been demonstrated on the PDU scale, this was the primary
objective and required extensive unit modifications. Also, the
continuous -use of. hydroclones to produce a residuum-containing
recycle had not been demonstrated, so this also was an
important objective. Prior work had indicated that residuum
recycle aided conversion and this was included in the Pilot
Plant design. Other run conditions were chosen to approach, as
closely as possible, the Pilot Plant design.

DEMONSTRATION RUNS ' -

Following extensive modifications and improvements to the PDU
system, HRI conducted shakedown operations to demonstrate both
the fuel 0il mode and syncrude mode of operation. Both runs
reported here used Illinois No. 6 coal and cobalt molybdate
catalst. Run 130-65 operated in the fuel o0il mode to produce
low=-sul fur fuel o0il1 product, and Run 130-69 operated in the
syncrude mode to demonstrate operation over a- range of space
velocities.

49



ANALYSES OF BURNING STAR MINE ILLINOIS NO. 6 COAL

USED IN RUN 130-65

Dried For
As Received Unit 130
HR| Number 3663 3663
Moisture, W % . §.22. 1.0-3.3
Proximate Ory Basis o ' :
Ash, W% : : 11.77 U 11.45
Volatile Matter, W % 37.63 = 37.76
Fixed Carbon, W % 50.60 .- 50.79
Ultimate Analysis, Dry Basis :
Carbon ‘ - 70.81 71.861
Hydrogen - 5.22 b
Nitrogen : ' 1.19 . 1.42
Sul fur : , 3.54 3.34
Ash : o 1'1.77 11.45
Oxygen (Difference) - , _7.47 7.47 -
‘ : : . 100.00 - 100.00
Btu (Dry Basis) 12,522
Sulfur Types ,
Pyritic Sulfur 1.87 _ 1.96
Sulfate Sulfur 0.13 0.07
Organic Sulfur 1.52 1.14
Total Sulfur 3.52. . 3.17
Mineral Analysis
W % lgnited Bases E
Phosphorous Pentoxide, P30g 0.09
Silica 5702 47.94
Ferric Oxide’ Fe203 18.50
Alumina ALy03. 19.83
Titania Ti0g. 0.91
“Lime , Cal 5.10
Magnesia Mg0 1.02
Sulfur Trioxide 503 3.02
‘Potassium Oxide K20 2.14
Sodium Oxide Naf0 0.53
Undetermined ' 0.92
’ - . 100.00

50
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AUN 1)0-65 H-COAL OPERATIONS ON BUANING STAR MINE ILLINOIS NO.6 -0AL (M) NO.}66)) Page | of.)

Cotalyst - Arerlcan Cysnamid HDS-ILU2A 1/16* Extrudates, MR Ho.3556, S S Pounds (Calclinec Weight)
Reactor Liquid Phase Depth 19 Feet, Volume ).7 Cublc Feet

Period ' - SA S8 6A (1] . /) 1] 9 10 A
Time - Beginning :
Oste t7AR) ULy . /18 /18 119 ' v /n 1/1) /16
Time 1300 1L00 0700 1900 0)00 - 1900 0700 © 0700 0300
€nd - : . = '
Date . /4] 2/18 /18 19 /19 o 3/12 /1) | 1714 /14
Time . 1900 0200 1900 0)o0 600 ° 0}00 0700 0)00 1500
Catalyst Age, Lbs Cosd/Ld Catalyste : <
Beginning ) 19 68 [} 17 ] 176 - 258 © )9 Lob
£nd - 9 68 120 n 120 3 258 129 Lot 430
Coal Feed Rate, Lbs Cosl/Me/Ft) 4.2 $9.0 0.4 68.4 48.6 g 18.4 43.) LE.0 4).0
Feed Coal . :
Molsture, ¥V X t.09 . ‘3‘ 2.50 2.8 3.7) 2.67
Ash, X (Ory Basis) 11.6) 11.6) c ).29 1.9 11.28 10.82
. o v 3 .
Recycle Flows, Lbs/Lb Cosl : ) 2 . ‘
Atmospheric St} Bottoms 1.1) 2,00 T 184 1.9) v ).02 3.30 3.0 1.98
- Vacuum $tIH) Qverhesd .636 180 . .08 .107 L1852 § an N2 ) . 000 .000
Temperatures, °F ° :
Coal Prehester Qutlet 111 1) 696 700 706 S e 699 697 700
Reactor Liquid Phase ‘Average . 8ol 8.0 (3} 834 812 5 830 813 835 813
Yacuum Flash lone 499 $)4 518 591 589 ' $9) 602 610 61)
Pressure in Vacuum Flash, Yore n Nn .90 'E 99 81 L1} 8h
’ .
ressure, Puig - ,
Unit Back Pressure ) 2690 1700 1700 © 200 ’ 2695 2 1]0a 2700 3700 1700
Hydrogen Hake-up 2700 b 3111 1150 1150 . 2150 'é 2700 . 1710 120 )00
Recycle Cas, MSLF/Fon Coal 19.4 21.) 2).1 21.6 ' : 15.¢C 16.) 19.9 19.)
Vert Gas, HSCF/Jon Coal ) 2.8 1] 1.2 1.} 1.6 2 2.¢ .4 1.5 1.7
Mydrogen Purity of Recycle and Vent 87.12 90.8 89.) H 92.1 9.0 91.
Vapor Phase Hydrogen, NSCF/Ton Coal . ) 4
Reactor Qutlet . 21.9 1).0 L 20.) 2.5
Hake-Up Hydrogen ¢+ Recycle Hydrogen, °
nSCF/Ton Coal 4.0 42.) 8.7 “3 3.8 37.) 42.6
V % of nake-Up ¢ Recycle Geos L. 1 95.2 94. 6 95.8 96.) 95.6
pPartial Pressure of Hydrogen, pal ' ~155) 158§ 156 2 2578 2644 612
. A
Hydrogen (onsumption (Metered Gas Astes, 5
Analyses)
nSCF/Ton Ory Coal ' .1 3.4 E 12.1 15.2
v Y ol Ory Cosl . 5.6 3.6 ) 1.2 L
) o
0i) Additions S
Hakc-Up Hydrogenated Anthracene 01) S
tbs/Lb o'l Coal : .10) e .10)
Lbs/He/F : 12.) M 4.9
Flush Qil, Lbs/Lb Coal .02 .01} .04 012 ..01) £ .02 .0l .o .0I§

t0ry coal and calcined cotalyst welghts

e
/1%
1500

/1%
1100

430
Ls0

L9.s

.02

I
8)s
610

96

s
2)00

n.6
1.1

.01}
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OPERAT ING RESULTS page 2 of 3

Period 5A S8 6A 68 7A 88 9 10 A
Collected Product Quantities, W % Coal
Atmospheric Still Qverhead 1i2.7 1.9 34.0 15.3 4.8 5.0 20.5 19.9 24.5 |
Atmospheric Still Bottoms _86.9 $7 ) 22.2 2.5 39.0 ;'“ 0 -4.0 2.1 -6.0 -
Vacuum Still Overhead: : : 2.0 ) 0.3 0.3 0.4
Vacuum Still Bottoms 70.3 36.6 60.1 49. 4 45..1 78.7 71.6 6.9 68.) 6
Water=: (with NH3,H2S Dissolved) 46.5 -0.8 3.4 1.7 12.2 il.9 14.3 15.0 6.9
C)-C3 Hydrocarbons L.6 5.2 L.9 4.2 5.7 (5-7)
Cy,-Cg Hydrocarbons 5.8 3.1 6.9 7.0 8.6 (8.6)
H2S (Gas Analyses) 2.2 2:1 2.3 2.1 2.4 (2.4)
€07 and €O 0.6 0.6 0.6 0.6 0.5  (0.5)
Total , 88.0 89.9 96.3 116.6 121.4  (111.1)
Input Flows, W % Coal } :
Dry Coal 98.9 98.3 97.5 97.2 97.3 97.13
0il Additions ‘ 1.3 1.2 2.2. 1.9 il 1.6
Moisture in Feed Coal 1.1 1.7 2.5 2.8 2.7 2.7
Hydrogen Reacted : 5.6 3.6 3.2 . A(b.1)
Total (used for Normalization Basis) - 106.9 104.8 105. | 116.5 105.7
Normalized Net Product Distributioni: ,
W% Ory Coal
€07 0.5
C)-C3 Hydrocarbons in Gases 5.6
C4-C6 Hydrocarbons in Gases . 8.5
18P-L00°F Naphtha : . 11.9
400-650°F Distillates ' ' -2
650-975°F Distillates , - 12. ) ommmn
975°F+ Residual 0il - Benzene-Soluble 22.1
Benzene-insoluble ' 8.5
Unreacted Coal (Non-Filterable) ' ) 13.2
Ash , 10.6
Water (with NHj, some H3S) : 10.0
H2S 2.3
Total (100 + Hp Reacted) - ; 1oh.1

Negative quantities of A.S.B. and VSOH indicate decrease In inventory of slurry oil
Collected quantities less H20 additions to reactor outlet cooler
: ASTM cut points no adjustment to TOP temperature

- Net LOO°F- atmospheric still products less oil additions

“iDistillate In vacuum bottoms product

ONww O W \O
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Period

Atmospheric Still Qverhead
Gravity, ‘AP
18P, °F
Ep, °F
vV %@ LooF
Sulfur, W % (40O°F+ Fraction)

Atmospheric Still Bottoms
Gravity, ‘API
18P, °F
€p, °F
vV %®@uLOo°F
V4@ 650°F
Residue ® End Point
Ash, W%
Sulfur, W %

Vacuum Still Qverhead
Gravity, *API
18p, °F
€P, °F (Atmospheric Distillation)
V%@ 650°F
Sulfur, W %

Vacuum Still Bottoms

W % Benzene-Soluble

W % Benzene-insoluble

W % Ash

W 4 Unreacted Coal, Estimated

W % 8enzene-insoluble Residuum
(Estimated)

W% Distillate Qi

W % Residual Qil

W% Sulfur in Sample

W % Sulfur in Distillate @il

W% Sulfur in Residual Qil

W % Sulfur in Tocal Qil
(Calculated)

Filter Cake
W % of Feed to Filter
W % Benzene-Soluble
W % Benzene-)nsoluble
W % Ash
W % Benzene-|nsoluble
(Residuum (Estimated)
W % Unrcacted Coal {(Estimated)

6A

22.9
212
6o8

1

0.4

16.11

ANALYSES

68 1A 88

29.5 3J.o  )5.5

182 185 216

556 sk 570

55 67 62

0.04 0.0%

1.0 -2.9/-4.5 9.7

41 422

875 650

65 84
20.5
3.2

0.02

8.2 5.0

0.06 0.05

68.17 60.67 61.72

16.73 22.32 23.24

15.10

17.01 15. 04
13.85

8.47

21.2

L9.2 :
1.90 1.81
0.18

0.81

0.62

27.0%
38.29
28.81
32.90

1.02
26.19

0.0k

55.3:

29.06

15.61

1.91

0.04

12.9
35
745

85

5.3
505
650
L6
0.07

51.55
32.53
15.92
19.79

12. 724
18.3
46.0
1.95
0.2)
1.19

0.91

4.3
L3. 04
33.18
23.78

3.62
29.56

Page ) of }

1IA

2.5
218
528

0.05

13.3

41§
135

0.06

5.6
498
650

0.05

16.72

9. 6

55.5
28.70
15.75.

33.0
197
515

70

5.3

46. 70
37.60
15.64



ANALYSES OF COAL FEED TO RUN 130-69

Burning Star Mine, ITlinois No. 6 Coal

Hours of Run
MR Number
Moisture, W %
As<feceived
As Fed to Unit

Proximate Analysis, W % Dry Basis
Volatile Matter :
Fixed Carbon
Ash

Ultimate Analysis, W.% Ory Basis
Carbon .
Hydrogen
Nitrogen
© Sulfur
Ash
Oxygen (Difference)

lron, W %
Sulfide Sulfur Equivalent to lron
Screen Size (U.S.S.)
+50
50/70
70/100
100/140
140/200
200/325
325/Pan -
Sulifur Forms, W % Ory Coal
Pyritie
Sulfate
Mineral Analysis of Ignited Sample
Phosphorus Pentoxide
Silica :
Ferric Oxide
Alumina
Titania
Lime
Magnesia
Sulfur Trioxide
Potassium Oxide
Sodium Oxide
Undetermined

Heating Value, 8tu (DOry Basis)

Hardgrove Grindability I|ndex

0-162 162-450 U4L50-786 786-814 As Received
3663 3663 3689  3663/3689 3689
9.22 10.76 10.76
2.29 2.48 2.1 2.29

38.68 38.01 37.72

50.15 51.09 50,62

10,90 11 6A

100,00 100.00 100.00

69.66 70.32 69.68 70,19 69.15
L. .86 5.10 5.18 L. 87 5.12
1.28 1.20 1.26 1.34 1.30
3.52 3.42 3.59. 3.57 T 3.46
11,17 1,14 10.90 10.87 11.66
g.581 8.82 9.39 9.19 9,31

100.00 100.00 °100.00 100.00 100.00
1.43 1.28 1.53

Sl 1.47 1.75
3.69 31.67 . .34 .
S.L2 L.66 7.42°

10.62. 8.55 11.85
12.97 13.59 13.54
12.97 15.53 12.19

22.67 24,67 22.48

31.66 29,33 27.!8
1.65 1,71
0.18 0.16
0.09 0.05

L7.94 L8.88
18.50 17.91
19.83 19.13
0.91 0.9
5,10 5.73
1.02 0.90
3.02 3.22
2,14 1.76
0.53 0.53

_0.92 _0.96
100.00 100.00"
12,522 12,446 12,46

52

54
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RUN l')o-b9 - H-COAL OPERATIONS ON- BURNING STAR MINE, $LLINOIS NO.6& COAL (WR1 MO.366))

Catolyst - Amerlcan Cyananid HDS-ILL2A, 1/16* Extrudates, HAL No.)$5B, L6.) Pounds (Ory)

Period

Hours of Run - Beglnning
£nd

Catalyst Age, Lbs Cosl/td Catalyst - Beglnning
’ End
Cos! fFeced Rate,
Lbs Dry Coal/ir/ft) Reactor Liquid -Phase

Feed (oal
Moisture, W %
Ash, X (Ory Basis)
Recycle Flows, Lbs/Ld Cosl
Atmospheric Stil) Bottoms
Vacuum $til1 Qverhead
Total .

Yemperaiures, °F
Coal Prehester Qutlet
Reactor Liquid Phasc Average
vacuum Flash lone
Pressure In Vacuum Flash, Torre
[
Pressure, p3ig
Unit Back Pressure
Hydrogen Make-Up X
Hydrogen Partial pPressure (Reactor Outlet)

Recyche Gas, NSCF/Ton Cosl
Vent Gas, MSCF/Ton Cosl .
Hydrogen Purity of Recycle 4 Vent Gas, X

Total Mydrogen, HSCF/VTon Cosl (Reactor Outlet)
Make-Up Hydrogen ¢ Recycle Hydrogen

nsCF/ton Coal

V X of nake-Up ¢ Recycle Gas

Partial Pressure of nydrogen, paig

Hydrogen Consumption
nsCf/lo DOry Coal
W % Ory Cosl

01l Additions
tHabke-Up 0il, Lbs/Lb Dry Cos)
Lbs/Hr/FL) Reactor
Vacvun Overhead Blend
fFlush 0il, Lbs/Lb DPry Coal
Venturi 0il, Lbs/Lb Ory Coal

6
18

1)
38

25.6

2.67
1.6

n
0.59
3.36

690
81
550

48

2700
1185

(- -

0.019

Reactor Liquid Phase Depth, 190 ~ Volume 3.7 Ft)

2 3 Y s 6
18 L2 66 90 1"y
42 66 90 "y 18
)8 90 (LT3 101 259
90 é 200 259 mn
7.0 8.6 S T T % | 30.2
l.“’. "~ .84 1.2 1.06
1.1 .35 10.912 11.50 1.1
1.8) 2.8 2.5 1.80 1.51
0.4%0 0.48 0.5% 0.6) 0.6§
.1 2.91 2.70 1.4 1.46
630 690 680 680 (3
818 818 818 818 818
575 568 589 $85 582
13 28 1.2 " "
2700 . 2680 1710 160 1635
s 255 2790 130 15
183§ 1945 2005 1895 1815
29.1 7.9 28.1 15.) .5
3.6 3.9 4.7 3.2 3.2
9b. 4 94.§ 9.4 9k. 3 90.5
18.7 3.1 3.9 . 3.5
55.) 2.4 §3).9 8.7 46.4
9.1 9.4 9).1 92.1 95.1
0 1615 )10 2650 258
1.0 15.6 16.) 1.8 15.2
4.5 4.2 4.3 3.9 4.0
0 [ 0 0 0
0’ [} 0 0 0
0.0120 0.019 0.019 0.04) 0.0}
0.00)

1)8
162

3
126

')0.1

8a
162

36
18$

Reactor Liquid Letdown Valves

Off Conditions Due to Replacement of

180
186

)85
397

5.0

2.36
.28

2.36

12)
sn
(1Y)

1700
1790

0.022
0.04S

186
210

)9
Lso

26.6
.19
11.20
Ln
3.26
705
819

59)
12.)

2695
2265
2008

j0.8

94. 6
' 19.8

56.5
97.2
1685

&=~
O -

o6

0.0n
0.020

Page | of §

110
F3 1)

Lso
508

.65
11.26

~»o -
- AR N
-y &

684
819

595
18.6

1680
1750
1995

28.2

3.9
9).2
36.)

51.4
96.4
2650

(- -

0.01)

31
158

508
564

29.0

1.8)
.09

1.60
0.61
.1

686
81)
S94
19.7

2680
)50
1340

8.2

L.y
91.}
3.0

53.0
96.1
26L0

.-

0.148
(¥ 1]

0.018
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AUN 1)0-69 - QPERAVING RESULTS

Period ] 3 3 [ 5 [
Collected Product Quantlsles, W % Dry Cosl
Atmospheric $Stid) Overhesd 15.9 29.6 33.2 4.0 2).8 8.2
Atmospheric Stitl Bolloﬂu_“) -2.) -9.) -3.6 2.0 2.2 i.§
Vacuun SEIID Overhesall) -0.1 -0.) -0.1 5.3 i.s A
Vacuum Still Bottoms . . n.0 65.5 58.9 56.0 $2.4 '58.1
n0l2) ‘ 12.0 12.9 9.7 9.7 1.0 9.1
€y . L.0 L.2 3.8 4.) L.}
-4 4.3 3.6 5.0 3.3 3.0
Hys . 1.9 1.6 1.7 1.8 2.1
€07 and CO 0.5 0.b 0.2 0.2 0.6
Total 109.5 102.9 i0).8 105.) 108.0
Input Quantities, W X Dry Cosl
Ory Coal 100.0 eccccecvccntmanrccnnrcccioconncsncnctcncrraceccacone D R L et T L PP E L P
Hoisture In Feed Coasl 2.8 2.4 1.8 " 1.9 1.3 2.4 .
0il Additions : 0 [] 0 0 0 0
Hydrogea Aeacted (Hydrogen Orifice,

Cas Analyses, Flow) ’ | L. h.2 ) 3.9 4.0
Flush @il 1.9 2.0 8.9 1.9 8.7 i.?
Venturl 01} (Vecuun Qgverhead Blend) 4.8 0.7

Total Used for Normalization Basls 109.6 107.9 .108.1 106.8 i07.8

Normal Ket Product Distribution(3)

W X of Ory Coal

" o, (0, 0 0.5 0.4 0.2 0.) 0.8
Cy-Cy Hydrocarbons in Gasese L.0 4.2 4.0 L4 &3
€, -Cg Hydrocarbons in Gases 4.7 3.6 5.3 2.4 3.0
18P-L00"F naphihe 20.1 12.9 13.9 15.2 16.8
L00-650°F Distillates 1).2
650-975°F Distiliates ,.!', 12.6 0.2 18. 6.2
975°Fe Residual 0il- Benzene-Soludble 1 .24 22.)= 22.0% 22.)
Benzene-Insoluble - 3. 2.8 .3 [N 2.6
Unconverted Coal 13.9 12.6 12.1 12.0 ‘1.9
Ash 12.14 1.4 10.6 12.0 15.8
H20 (net) R 7.9%% 8.24n 9.9%# 6.2
NHy (Forced Nitrogen) i wh ok wh 0.2
H2$ (Forced Suifur) §.9¢w 1.6xa 1.8an 1.8%¢ 3.4
10%.2 10L.3 10}.9 104.0 103.8

Total (100 + Hydrogen Reoacted) 104.§

{1) Negative quantitics of atmospheric stll) overhead are decreascs of laventories of slurry ol) holding tank

{1) includes dissolved NHy + H$
(3) ASTH Distillation cut polats

= Basts distillates in Period 6 benzenc-soluble ol! in vacuun bottoms product

75 Water product contains some NH3, H2$

25.8
-1.6
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LS

Perlod T
Atmospheric $til) Overhead
Cravity, “AP| 8.2
iap, °F 182
e, °F ’ L
vV % @ L00°F -1
Cravity, “AP) - 18P-L0O°F
LOO"F ¢
. Carbon, W X

Hydrogen, W X
Nitrogen, W X
Phenols, VX - Total

18P-400°F
Atmospheric Still Pottoms
Gravity, AP} 15.2
18P, °F . L1s
e, °F 688
vV X®650°F 9)
Gravity, "API - (BP-b50°F
650°F ¢
Carbon, W X
Hydrogen, W %
Nitrogen, W X
Sulfur, W X 0.0)
Vacuum Still Overhead .
Cravity, ‘APy 9.5
ep, °F 482
v Y 2 650°F J 15
Gravity, “API - |BP-650°F
650°F+
Carbon, W %
Hydrogen, W X P
Nitrogen, W X .
Sulfur, W X 0.0}
Water :
Carbon. W %
Nitro. n, ¥ %
Sulfur, W 2
Vacuum Still Bottoms
VY of Flows from Vacuum St 55.4
Benzene-Saluble, W X 64.28
Benzene-4i oluble, W % 19.8§
Ash, W % . 16.17
Unreacted Coal, W X (Estimatad) 16.2)
Scnzenc-insoluble Reslduum, W X (Estimeted) 3.2
Carbon, W X

Hydrogen, W X

Nitrogen, W %

Sulfur, W %, ).68

O«ygen, W X (By Diffcrence)

Pyridinc-Soluble, W X

Pyridine-insaluble, W X (Organic)

THf -Solu e, W %

THf - insosuble, W %X

Benzenc-Soluble 0il - 18P, °F
18P-650°F, ¥ %
650-975°F, W X
975°Fe, W X

W
14
520

70

16.5
615

95 .

9.4
sts
58

0.02

0.9
56.57
.81
18.62
20.06

L5

]

AUN 1)0-69 - ARALYSES

3n.s 1) .o 3.0
$)) 510 510 ol s21
56 58 6s 61 $3

16. 4 17.0 1.4 1.4 17.2
(1% Los 462
685 . 696 69} 70} 120

9k 9) 93 92 9

0.02 © 0.0} 0.0} 0.02 0.

()]
9.5 9.) 9.4 10.2 10.2
519 515 52 530 St

52 (A s is [

0.05 0.02 0.06 0.0) 0.¢)

[{W ] 49. 4 41.5 L6.§ Lb. 0
sb.4) §1.84 50.04 50.95 50. %0
26.18 28.18 29. 34 28.56 3.6
19.35 19.98 20.62 20.49 18.49
21.38 20.76 10.45 23.99 2).68
4. 80 7.42 8.69 L.57 9.13

2.06 2.07 2.18 2.18 2.1§

132.) e
168 186 - 191 168 168

1.
190
5)5

69

1.4
L1
N

93

0.0l

99.8
81.9)
10.86

1Bl

1.65

3.2

0.88

3).6
17
£33 ]

4]

18.1
L68
695

92

10.4

535
50

0.06

50.6
45.4)
3).44
11.09
.89

[ 11

Page J of §

n.s
189
525

5)

17.6
LY
705 .
92

10.5
si8
50

0.0%

49.8
50.00
Jo.30
19.69
17.98°
12.32

.2
115
5)0

56

6.8

10}
94

0.04

8.5
49.22
n.n
19.01
19.9¢
11.86
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Period

Filter Coke
VW X of Feed to Vacuun SEil0
Benzene-Soludlie, W X
Benzene-insoluble, W X
Ash, v 2
berzcne-insolubie Aesiduum, W X
Unreacted-Coal, ¥ X (Estimaced)
THF -Soluble, W % :
THF-1nsoluble, W'Y {Orgonic)
Carbon, W % :
Hydrogen, W X
Sulfur, W X

0-1) Bottoms (Feed o Vacuum StidD)
Ash, v X

Internal Recycle Slurry
Ash, v X !

, Atmospheric Stil) Overhesd
L00°F ¢
Sulfur, W X

Vacuum Botloms Benzenc-Extrocted 0l
18P-9)5°F
Cravity, °Apt
Carbon, W X
Hydrogen, W %
50'”0', v
Hitrogen, W X

IHF-Entracted Filter Cake
Ash, W X
Carbon, V X
Hydrogea, ¥V X
Sulfur. W X
Hitroy n, W X

* Fillered one part vacuum overhesd and two parts 0-1) bottoms (fced tp vacuum stitl}

0.0}

AUH £30-69 - ANALYSES FCONT INUED)

.8
LYY
29.1)

281k

0.98
28.35

0.0%

5.6)

0.05

[}

%3. 34
30.5%
26.30
.50
39.08

10.64

0.0§

»
5).96
.24
20.80

§.59

.32.85

12.40

. 0.0)

)3.0
50.49
15.01
1).90

1.6y
23.94
60.36
1.3
66.4¢

5.60
.3.80

1wy

§5.54

0.05

-8.2

88.69% .

0.08
0.66

$6.))
.07
1.95
b.63
0.67

8.3
s1.38
26.88
TN

843
2548

10.76

6.09

0.0}

8s 9

4.5
52.9)
5.0

24.99
1.0)

33.0)

0.04 0.04

Page 4 of §

4.9
40.32
3).42
16.26

.82
)0.99

19.33

6.614

0.06

3.6
36.24
32.00
30.26

2.99

. 13.01

10.9)

6.9

Q.OI
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Period

pistidllation of Filtrete from Filtrstien Operstien
Vacuum Distillatlon
Finasl Vapor Venparstiure, °F
Pressure, Torr
Resldue
v % of Filtrate
v % of Vicuum Pottoms Slurry

Analysis
GCravity, APt
Carbon, V¥ X

Hydrogen, W X
Nitrogen, W X
Sulfur, ¥ X
Ash, v X

Satch Distillation of Vacuum Sottams $lurry Produce
Vacuus Oistillation
Final vapor Temperature, °F
Pressure, Torr )
Dist: late, W X of Vacuum Pottoms Slurry

Analysis
Gravity, *Ap)
Carbon, W %

Hydrogen, W X
Nitrogr-, W X
Sulfur, ¥ X

Caluulated Composition of Solids-Frae 011
in Vacuun dottoms Slurry Product
Constitution, W X .
patch Scill Otstiltote from Shurry Product
Batch Stil) Residue from Filtrate
Corposition, W X (Calculated)
Carbon
Hydrogen
Nitroge
Sulfur
Ash

Calculated Composition of 400°F+ Liquid Product
Constitution, W X
Atmospherlc S1H1) Overhead LOO°Fe

Atnospheric 8ottoms Plus Vacuum Overhead Less Nahe-Up

Vacuum Stil) Bottoms Sotids-Free 0I)
Composition
Sultfur, v %

RUN 1)0-63 - CHARACTERIZATION OF SOLIDS-FAEE OIL PRODUCTS

] ) & 1 [
599 567 $u9 568 $19
0.6 1.4 3.0 1.2 1.0

2.8 6.5 9.0 .7 0.1
24.) 1.4 0.9 3.9 . 6.4
' -3.0

8).13

6.5%

1.18

0.62 0.78 a.7t 0.8) 0.80
0.02 0.32 0.1 0.0} 0.0l
$i (Y} .S0h U9 (1.1}
1.0 L2 2.4 %1 6.4
3 10.8 %2 10.§ 5.7
4 3.7 3.5 1.2 3.)
90.30

8.46

v 0.50

0.08 T (0.12) . 0.9 0.1 0.08
$6.2 28.§ 5.5 .2 18.7
4.8 ) 11 S [ | 5.8 62.2
88.19

6.09

1.04

0.0 0.59 0.57 0.6) 0.6?
0.0l 0.2) 0.09 0.0§ 0.00
.9 .2 3.3 |s.l 5.5
-30.4 -12.8 3.6 k. 2.0
105.6 8.3 7.2 75.8 2.8
Y 0.5§ 0.54

0.37 0.5) 0.

2.2
-8.§
a1.3

0.54

8aA

569
0.4

6.2

0.94

-
- G
- &

A
-~

0.1)

4.2
59.8

10.9
16.8
61.)

0.49

Psge S of §

s

2.6
n.a

8.3
-9.0
80.

0.6}

n
599
0.8

8.9

32.6
-6
9.9

0.8



09

AUN 1)0-69 - H-COAL OPERATIONS ON BURNING STAR HINE,

ILLINOIS HO.6 COAL (PERIOD 12-19, HRY NO.)66F - PEAI00 20-2), HRY NO. 16B3)

Catalyst - American Cysnamid HDS-IUL2A,

fPeriod

Mours of ARun - Beginning
End

Catalyst Age, Lbs Coald/Lb Catalyst - Beginning
€nd
Cosl Feed Rate,
Lbs Ory Cosl/Hr/Fid Reactor Liquid Phase

Feed Coal
Hoist re, W X
Ash, , {Dry Basis)

Recycle Flows, Lbs/Lb Coal
Atmospheric Stil} Sotioms
Vacuun St Overhead
Totel

Temperatures, °F
Coal pPreheater Outlieg
Reactor Liquld Phase Average
Vacuum Flash lone
Pressure In Vacyum Flash, !or[

Pressurs, pslg
Unlt Back Pressure
Hydrogen Nake-Up
Hydrog' . Partisl Pressure (Reactor Outlet)

Recycle Gas, MSCF/Ton Coal
Vent Gas, WSCF/Ton Coal
Hydrogen Purity of Recycle ¢ Veot Gos, X
Total Hydrogen, MSCF/Ton Cos) {Meactor Qutlet}
Make-Up Hydrogen ¢ Recycle Hydrogen
h4(F/Ton Cosl
Vv % of nake-Up ¢ Recycle Gas
Partial Pressure of Hydrogen, pilg

Hydrogen Consumption - MSCF/Ton Dry Coal
¥ X Dry Coal

01} Additions
Make-Up 018, Lbs/Lb Dry Coal
Lbs/He/Fe? Reactor
Flush Qil, Lbs/Lb Dry Coal

258
282

564
610

28.9

.27
0.9

-~ O am
o8 O8N
A D

698
627
$9b
.9

2690
2180
1920

28.%

91.)
36.6
Sl:ﬂ
96.1
2655

15.9

&.?

0.0193

02
}0é

620
(3]

.0

104

1.62
1.26

895
814
19
1.4

615
2265
1505

28.5

92.8
6.7

50.6
95.9
2650

£
byl
T Syt

0.019

Acactor Liquld Phasse Depth,

2700
2185
180§

2.6

3.6
9.2
35.2

9.8
95.3
2655

ih.9
4.0

0. 164

L.86

0.018

1716 Extrudates,

190 - volume 3.7 Fed

Isk

© 318

19)
ast

Jo.2

1.89

10.61

1.50
.0}

69)

éco
12.8

1700
)85
1875

28.%

92.1°

6.0

53.%
95.9
2670

5.8
b.2

0.047

Lo2
426

91}
966

)?.6

1.4

.29

708

3695
2768
1368
8.1

93.8

3.3

5.3
96.1

26)s

14}
3.8

a.otk

HRY Ko.3556, 46.7 Pounds (Ory)

1700
110
192§

26.5

1)

)6.2

50.0
97.4
2690

(L]
3.8

a.00k

1700
1180
1955

2).6

95-0
39.0

50.)
97.4
2708

13.6
2.7

W
498

(113}
1261

4.8

b.64

10.61

~ O a
- -\
D W

1S
88
1]
1.8

2695
1)é0
1500

2.4

.4
93.9
.4

L)%
9).0
26)5

10.1
3.2

0.0))

.26

Page ) of §

L98
512

¥
1338

48.6

10.62

L X-X
- o
- &

N9y

6120
1.5

2700
1710
1890

10.5

2.4
95.9
2929

LY

9).2

2648

1.9
1.8

0.076

3.69

3]

s
56

1335
(L3 H]

Y

.9
1.n
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Period

Collected Product Quantities, W X Dry Cosl
‘Atmospheric $till Qverhead
Atmospheric $til) Botiom (!
Vacuum $t40) Overhead
Vacr » Still Bottoms
0-§ _iquid
n0l)
€)-Cy
€,-Cg
le
€03 and "9

Total

Input Quantities, W X Dry Cosl
Dry Cosl
hoistuge ln Fecd Cosl
0il Additlon
Hydrogen Reacted (Cas Anslyses, Flow)
Flush ol
Tote) Used for Normslization

Normal N . Product Distribution())
WV % of Dry Cosl
o, €03
€y-Cy Hydrocarbons In Geses
€y-C4 Hydrocarbons In Gases
189-LCO*F Hapithe
L00-650°F Distillates
650-975°F Distiltates
975°F+ Residual 0I) - Benzens-Soludle
Sensene-jnsoluble
Unconverted Cosl
Ash
K30 (Net)
wHy (Forced Witrogen)
H2$ (Forced Sullfur)
Total {100 ¢ Hydrogen Reected)

-
. . ~
W =0 o e Lo £ w mw\D

O W ©

--
we- F
B> w rrrw

~
-
*

- - -
O s
- -

-

o

& -
n
L4

RUN $)0-69 - OPERATING AESULTS

(3} "
10.9 .y’
-).2 1.
-0.4 3.8
51.7 52.2
.2 10.4

5.9 .0
4.0 6.1
1.} 1.}
0.4 0.§
108.6 126.2
1.1 1.

0 6.4

4.9 Lo
1.9 1.8
100.2 126,46
0.3 0.5
5.) 6.9
4.3 6.0
16.0 16.8
5.5 3.9
22.1 2.4
5.t 8.)
2.8 9.)
1.6 ".s
9.0%e 8.0

_h £
1.8 1. )ae

to4. } 1ok.0

-~ - -

3

L)
OO Ve & VMW O

o & weow

\; &0~

2.
ok
H

- W, ~
& - - On
DRI -

[

-0 Mg o=
R
EVORNWOR WvOowmD

-~
SwesrSleoo

-
OODFHON:DOM-“

.E."P.‘"

- W

...................................................

-
Sreo
- G e\

-
[

~
L]
- he :Oﬂwﬂu -

o=
3

P
H

Page 2 0l §

18 19 10 n 1n
20.8 1.} 2.6 19.9 10.0
-0:4 6.9 <).9 -1.6 [ ]
0.2 0.5 0.1 0.2 0.)
6).2 61.2 61.2 6&.: 70.2
: 1.
8.) 10.6 to.\ 8. 9.0
5.6 5.3 L6 4.0 $.4
3.2 3.8 .8 1.8 2.4
19 1.0 .3 2.0 1.1
0.6 0.) 0.1 0.4 0.)
10).9 108.) 100.2 104.6 113.0 |
1.6 1.) 2.6 .7 1.9
0 0 (] 3.) 7.6
3.8 3.8 3.0 3.2 3.2
1.4 1.4 i3 [N ] [N}
102.6 102.% 10).0 109.2 (13N ] [}
0.6 0.) 0.) 0.3 0.)
5.8 5.4 5.0 6.2 5.8
3.8 1.8 1.9 l.t .8
15.2 15.4 16.9 1. .9
"n.e 1.2 9.4 1n.) 3.5
2).8 . 1).5e 2%, 20 15.5a0e
10.3 3.2 9.4 .9 1.4 (
1.4 0.2 b8, 10.? )
1.0 TH] 1.3 .o "¢ |
[ 3% ] 8.518 8.lan 1.5%8 ).0e
h e -k b [ ]
1.0 ).9» ). Jen 1.1%e 2.100
10).8 10).8 103.) 102.) 103.2 !

(1) Hegatlve quantities of stmaspheric still) overhead and vacuunm stlll overlicad are decresses of Inventory of slurey holding tank

(1) Includes dissolved KHy ¢ H$
(1) ASTH Oistiliatlon cut polnts

>3 Dasls Perilod 26

4 Basis Period 16 vacuum bottoms distililate content

Y Wator product contalns some NH), HS
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-l o e ®w O
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Period

Atrospheric Stii) Overhead
Gravit , "Arp
e, °r
e, "
v X®Lo'F
Cravity, "AP) - J8p-LOO°F
400°F-€. 0.
Carbon, W ¥
Hydrogen, . %
Hitrogen, W X/Sulfur, W X
Phenols , v X - Yotal
)P-400°F
Atmospheric $eid) Bottoms
Gravity, “Apl
op, °F
e, °F
VY@ 650°F
Carbon, ¥V X
Hydrogen (W X
Nitrogen, W X N
Sulfur, v X
Vacuum Still Overhead
Gravity, "AP§
1ep, °F
ee, °F
vV X@650°F
Carben, W X
Hydroaen, W % o
N.trogen, W %
Sulfur, v &
Mater
Cardon, W X
Nitrogen, V X
Sullur, W X.
Vacoun Still dottoms
W X of Flows from Vacuum $ti)
Benzenc-Soluble, ¥ %
Benzene-Insoluble, ¥ X
Ash, v X
Unreacted Coal, ¥ % (Estimated)
Benzenc-insoluble Residuum, W % {Estimated)
Larbon, W X . !
Hydrogen, W X
Nitrogen, W X
Sutfur, W %
Osygen, W X (0y Oiffercnce)
Pyridine-Soluble, W X
Pyridine-insoludble, W X (Inorgenic)
Inf -Sotuble, W %
THf-tnsoluble, W X
Benzenc-Soluble 010 - (B8P, °F
650-9)5°F, W X
9)5°Fe, W %

1

3.9
182
sL§

60

16.8
4sy
ne

92

9.4
523

46

w.y
42.78 ¢

3.
20.80
.45

9-9

1.)0

1}

3.7
i8S
[{Y]

58

6.8

0.02
9.6

0.0

.4
48.92
30.78
20.)2
21.83

8.9}

AUN 1)0-69 - ANALYSES

"

3).)
184
sks

st

16.8

9.2

4.0
48. )1
31,33
20.36
16.51

k.82

LH

33.%
168
£3 0]
62

160
416
202

%0

0.0}

‘2.9
532
L8

0.06

46.%
50.21
29.09
20.70
15.6)
13.46

16

36.4
168
sto

40.)
2.}
8.
11.98

.i2/0.09 .

5.0
1.0

8.0
Le8
126

88.32
10.29

0.0}

7.9

- (48

(955
(19)
90.07
9.30
0.25
0.1t

3.02

.18

47.9
§1.0b
18.)s
20.28
16.99
10.26
69.48

2.1)
§.8$
68.92
10.97
65.68
1).68 -

275
0.4
18.6

L))

%.0
“1j0
186
n

16.8

0.9!
6.9

2.26

35.)
16$
w9

”.

¢.0)
5.6

66.6
46.60
35.00
18.39
§9.0p
15.64

3.0
166
489

70

16.8
e

130
8s

o.0)

.0
136

L

0.17

68.9
&4, 36
32.56

. 1B.aé

06,39
2).3$

.2
160
$08

5

16.4

0.02
4.2

2.8
8680
36.49
§8.49
22.3)
th. 08

28

3.0
1%
568

(1]

0.03
2.7

0.2%

16.4
46.00
32.51
16.49
15.26
22.2§

2.)8

Page ) ol §

32 2)
3.5 35.0
170 164
sk $té
é8 6
5.2 15.8
Y13
8
0.0} 0.0)
i.0 1.0
sLo B
(1
]
0.2) 0.27
38.8 83.6
45.90 49.36
38.5) 36.0)
16.36 16. 20
S 135.60

26. 81 20.4)
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Perlod 12 13

Filter Coke
V X of Feed to Vacuum St 29.8 3.
Benzene-Soluble, W X 32.67 5.6
8cnzenc-Insobuble, W % nn 33.66
Ah, W % . 29.02 Jo.60
8cnzenc-insoluble Resliduum, W X 1.91 .18
Unreacted Coal, W { (Estimated) : 0. ko 356

Pyridine-Soluble, WV X
Pyridineg-Insoludble, Vv X
THF-Solv" Ye, W X

tHf -inso.ubla, W X
Carbon, W §

Hydroaen, WV X

Nitrogen, W X

Solfur, W X

0-13 dotions (Feed to Vacuum $1Hl1)
. Ash, W % 9.6) 9.75

$Slucry Bining Tank
Ash, v X~ ) ALY .8

Intcrnal Recyche Slurry
Ah, W X 6.42 1.07

Almaspheric $tll) Overhead
L00°F¢ - Sulfur, W X 0.06 0.06
Vacuum Bottoms Benzene-Entracted O)
16P-975°F
Gravity, "API
Carbon, W X
Hydrogen, W X
Sulfur, WV X
Nitrogen, W X

THF-Entracted Fllter Cake

Ash, v X
Sulfur, W X

® Filtered two parts 0-13 bottoms and one part vecuum overhesd

AUN 130-69 - ANALYSES (CONTINHUED)

(L}

6.6
w.n
2.3
23.50

n
w61

9.60

6.84

0.09

L}

29.4
10.86
32.55
36.59

2.88
19.67

10.08

3.54

0.07

(11

3.0
31.18
11.07
1.2

18.51
L6.62
18.3)
L2.18

- 14.00

L8.569
3.56
0.62
j.20

11.02

9.05

0.09

-5.4
83.3§
2.56
0.2}
0.0

12

18.8
3.0}
32.26
36.2)

1.30
30.46

10.4§

95.01

o.to

5.9

18.68°

32.99
»n.y

Y
.53

".n
[
7.8)

0.09

L]
3%.28
Lo.96
.26

(M}
39.8)

13.38

8.99

31.30
)9
n.un
L 2)
30.12

13.58

).6)

0.06

40.69
.2
15.09

L.0§
30.%)

3.40

0.0%

Page b of §

2.90

1.9

0.0%

2)

19.64
)s.0¢
15.)5

$.36
19.465

13.0)

3.27
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AUN 130-69 - CHARACTERIZATION OF SOLIDS-FREE 010 PRODUCYS Page § of §

\

Period . 1" 1 i T} 13 1 8 T) 10 n 2 3}
Distiliation of Filtrate from Flitratlon Operstion
Vacuum Disgilbotion L
F: ol Vapor Vempesature, °F . 608 $30 56% 539 580 580 580 581 EYL] 557 $78 $19
P 2ssure, Yarr 0.6 .0 1.4 1.8 2.2 2.0 1.2 1.8 5.2 8.3 1.6 ).2
Residve - W 7, of Filtrate 25.5 26.8 2}.) .4 3.8 0.1 4.) 32.7 0.6 1.8 36.) 0.9
¥ % of Vacuum Bottoms §lurey 40.0 38.9 Lo 4.7 Ly.2 3.8 19 $8.8 4.8 2).2 4.7 55.7
Anaslysis Carbon, W X . ’ 87.85
Hydrogen, W X 8.6}
Nitrogen, W % [ }3 . .
Sulfur, W % : 1.00 2.9) 0.94 0.86 0.94 0.95  4.00 1.06 0.98 1.2 1.18 6.28
Ash, w X 1.0¢ 0.20 0.07 - 0.0 0.95 0.96 0.0) 0.485 0.1§ 0.79 0.08 6.)8
Batch Distillstion
of Vecuum Bottoms $lwry Product
Vacugn Distilistion .
final Vopor Temperature, °F 560 (37 50§ L) (3] $i2 520 460 498 Lss 48) (Y]]
Pressure, Yorr 2.0 2.4 3.0 1.4 9 1.2 5.0 4.} j.c 1.0 3.4 8.6
pistidlate, ¥ 4 of Vacuum Bottons Shurry 0.0 b7 5.0 5.2 5.2 6.8 5.2 6.9 é.0 é.% 9.0 3.8
Anplysts Gravity, °APi i.$ 0.8 -1.9 L4 -9.) -1.2 -1.0 -2.0 -).2 -1.? -4.2 4.0
: Carbon, W X . . X 88.02
Hydrogen, ¥ % 8.46
Mitrogen, U X 0.59 .
Sulfur, W X 0.)9 ¢.19 0.39 0.3 0.3 0.2) 0.25 0.42 0.9 0.28 0.56 0.56
Catculoted Composition of Solids-Free OI y
in Yacuum dotioms Slurry Product |
Constitution, W X
Botch $tild Discitiate from Slurry Product 10.0 10.9 3.9 2.8 9.9 1§.2 12.6 i0.§ 1n.s 18.3 5.6 5.9
Batch Stil) Acsidue from Fllsrate 80.0 89.2 86.8 97.% 90. ¢ 84.8 82.% 89.5 08.s 81.) 84.4 9b. ¢
Corposition, WX (Catculated) .
Cardon . 87.87
Hydrogen R 6.85
Nitrogen . .22 . .
Sulfur 0.88 0.8 . 0.86 0.8 ' o0.88 0.85 0.91 0.9% 0.9) 1.04 1.0} t.21
Ash : . 0.81 0.08 0.06 - 0.05 0.05 0.81 0.03 0.58 0.1} 0.6% 0.0} on
Calculated Composition of 4O0O°Fe Liquid Product ’
Constitution, W % : .
Atrospheric 58110 Overhead, 400°F¢ 28.4 19.7 5.2 1).6 19.7- 16.0 1.9 15.0 4.7 12.0 1"n.e 9.4
Atrospherlc Botions Plus Vacuum Overhesd
Less hake-Up -8.4 -2.5 -16.2 ~10.8 1.9 - 0.2 -3.0 0.2 -3.6 A -6. -9.2
Vacuum §till Bottoms Sollds-Free 01l 80.0 7.8 8i.§ 82.4 78.4 py.o 88.s 84.8 93.9 90.0 9.3 99.8

Conposition, ¥ X X . .
sulfur 0.3 0.68 0.7} 0.68 oan 0.74 .83 0.85 0.86 §.00 1.02 i.24
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AuN 5!9-627- H-COAL CPERAY IONS ON BURNING STAR MINE llL‘Noll N0. 6 coar (1} Mo )689)

. Catalyst - American Cysmamid HDS-MLUZA,

Period

Hours of Run - Deginning
€nd

Catalyst Age, Lbs Cosl/Lh Catatyst ~ Beglaning
{nd

Cosl Feed Rate,
Lbs - Dry Coal/ursra) lcatlor Liquid phase

feed (ool
Moisture, Vv X
Ash, X (Ory Besls)

Recycle Flows, Lhs/td Cosl
Atnospheric SuIl) Dottoms
Vacuun §2H11 Overhead
Total

Temperatures, °F
Ccal Prehester Qutlet
Resctor Liquid Phase Average
vacuun Flash lone
Presture In Vacuum Flash, Torr
.
Pressure, y3ig
unit Back Pressure
Hydrooen Make-Up
Hydrogen Partial Pressyre (Resctor Qutlet)

Recycle Cas, HSCF/Ton Coal
Vent Cas, nSCF/Ton Coal
Hydrogen Purity of Recycle ¢ vent Cos, X
Totel Hydrogen, nSCF/Ton Cosl {Resctor Qutlet)
nake-Up Hydrogen ¢ Recycle Hydrogen
nsCf/%on Coat
V % of nelc-up ¢ Recycle Gos
Partisl Pressure of Mydrogen, pslg

Hydrogen Consumption - MSCF/Ton Ory Coal
V% Dry Coal

0il Additions
Hate-Up Oil, Lbs/LL Dry Cosl
. Lbs/He/Fe3 Reactor
Vacuum Overhead Blend
Flush Qil, Lbs/Lb Ory Coal
Venturi 0il, Lbs/Lb Ory Coal

“Mydsogenasted anthracens oll

n

[
5j0

142
1524

4.4

1.1
1.0l

~ O~
-0
[N L]

0.152
n

1716 Entrudates, HR1 Mo.3$56, 46.] pounds (Ory)

Reactor LIquid Phase Depth,

0.018
0.84

26

$9%
(11 ]

1614
)09

49.0

18

$).2

n

618
(1]

1709
1808

49.5.

e

"n.

1700
1775

1298

19.8

- 93.)
Jo.2

&1.0
96.9
2630
.o
1.9
0.0LS
2.28

0.0i10

190 - Volune 3.7 Fid

642
€68

1808
190)

50.4

1.20
10.98

-0 e
£ -
- D

0.0LSes

.15
0.010

3

666
690

1903
2013

56.8

.n
10.52

~O -
- -0
LN - 1

0.302

1.1

0.009

171
(1%}
st2
3.

1700
ms
1720

6.1
1.6

9.0
15.)

35.5
2690
10.4
2.8
0.12)
7.28
0.009

»n

ne
ns

1128
128§

64.8

1J00
160
15.6

9}. 8
2.0

Sb.9
s
$.2
1.4
0.050
1.

0.008
0.0609

0.084
5.4

0.008
0.002

0.07)
5.08

0.008
0.006

Poge ) of §

1.0)
1.0}

0.100
1.00

0.008
0.012

IN/3SA

198
L1}

1509
208§

n.;

45
s
$1)

28

2695

~
-
-~
w

~AD & a4 -
S8 Se=-s
C &£ Ve

"~
ow

6. 56

0.00)
0.0}
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RUN 1)0-69 - OPERATING AESULTS ) Page 2 of §

3k8/35A
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-
-
o
-
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-
F

perlod a4

Collected Product Quantitles, V X Ory Coal

’ Atrospheric Seibdl Ovarhesd

Awrospheric $tid3 Bottoms{t)

Vacuum S1110 Overheadl

Vacuun $Lill Botioms

0-9 tiquid

n,o‘“q

(|-(9

Co-Cg

P23

€0; and €O :
Total [} ]

-

-

) -

-

-
—
Pr?#
-

-
SosF
v O e

cocoo

DOV
O O i o
© wm L~
® =

O o= g

VB -
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O £
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-
-
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~
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-~
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-
-~
-
-
-
~

Input Quantitles, ¥ X Dry Coal

Ory Cood 100.
Noidture in Feed Coal - 2,
0i) Addition 15.
Hydrogen Rescted (Gos Anabyses, Flow 3.
Flush 0ib . .
Venturi 018 (Vacuum Overheod Blend) . ,

Totasd Used for Normslizatlon Baslis 12).9 107.9 105.8 ia.

-

. . :

-0 0w
-

[
® O wedow
. bl

-0
- o am o
-0 o -
-
- e
® OOV
- £~ o
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O = O
[ X N-N 27N ]
O o

"6y

Normal NHet Product oh(rlbullon")
V 7% of Ory Cos!
" to, 0y .
Cy-Cy Hyd:-ocarbons in Gases
4y, -C Nxdlozuhonl in Gases
18P-LIC F Naphtha
L09-550°F Discitiotes
£50-915°F Distiilates
915°F+ Residual Oil - Benzene-Soluble
8enzena-insoludle
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o e

Unconverted Coal

Ash

H20 - (Nes)

HHy (Forced Nitrogen) .

n,! (forced Julfur) ).
Total (100 ¢ Hydrogen Reacted) 10).
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(1) Negative quantitics of atmospheric stidl overhead and ‘vacuum still overhead ere decresses of inventory of slurry holding cank
{2) iIncludes dissolved NH3 ¢ H2S

(3) ASTH Distillation cut points

=7 gasis Period Y

2" Water product containg “"’" NHY, H38

* Basis Period 26 vacuum bottoms distillates



L9

feriod

Atmospheric Stil) Overhead
Gravity, *API

e, °f

, "

v % @ L00°F

Cravity, “AP) - 18P-L00°F
L00°F-£.p.

Cardon, V X

Hydrogen, W X
Nitrogen, W X/Sulfur, v X
Phenols, v X Totsl .
v % 100-L00°F
Atrospheric Still Bottoms
Gravity, “APY
ep, °f
e,
v Y 5 650°F
Cravity, “APL - 16P-850°F -
650°F+
Catbon, ¥ X
Hydrogen, W X
Nitrogen, W X
Sulfer, w 1
Vacuun $till Qverhead
Br.v@!y, ‘ap

e, °F

e, *

v X 650°F

Gravity, °APL - 18P-650°F
650°F¢

Cardon, W %

Hydrocen, V¥ 4

Mitrogen, W %

Sulfur, W X

Vater

Cardon, W X

Hitrogen, W X

Sulfur, ¥ X

NVazuun $LEIY Botioms

W/ of Flows from Vacuum $tI0)

Bentene-Soluble, W X

Penzene-insoluble, W X

Ash, v %

Unreacted Coal, W % (Estimated)

Bcnsenc-insoluble Residuum, W X (Estimated)

Cacbon, W X ’

Hydrogen, ¥ %

Nitrojza, W %

Sultur, W 9 .

Oaygen, W X (By Oifference)

Iuf-Soluble, W %

THF - I1nsoluble, W X {Organic

Bentene-Soluble Qi) -~ 18P, ' F
18P-6%0°F, W X
650-975°F, v %
9)5°Fe, WX

1

5.}
17
498

J0

[ W)

901
8. 44
)5.04
16.52
1).70
1.3

2.19

LH

36.4
170
430

18

16.1

0.08
2.6

0.3

8.9
L9.32
.24
16.39
13.46
20.)8

2.28

AUN 130-69 - ANALYSES

2.
86.9)
1.1

0.0670. 00

3.5
).0

16.46

(32))

{15%)
8s -

89.120
10.18
0.7
0.1

(%)

398) -

{950)

3]

36.5
188
506

76

5.9

0.09
.5

0.2§

8s.0
4.30
36. 54
16.16
1).48
13.06

. n

28

5.8

159
497
8o

15.4

84.0
4.7
35.23
15.98
12.45
22.84

29

0.1
153
618
s

10.%

13.9
§5.02
28.95
16.03
17.56
11,39

L3 LY

30

.8
166
566

[1]

0.9

(48

(882
(o

91.§
54.87

IRy

13.66
10.09
.38

.04

n

1.)
160
t3 1]

[1}

0.26

93.9
§).48
30.68
14,84
18,44
20.24

”

.6
1é
516

1]

0.2)

9.0
$0.02
Yo $$
14.6)
1686
19.69

.0
150
1314

n

97.6
$2.02
3.3
13.n
12.60
21.60

1.09

Page J of §
LIRS Y7531
32.8 n
(L2 (1%
L86 © &80
76 15
6.9
0.4
86.42
14.)6
0.42/0.48
12.§ 12.4
(3)$)
{180)
aé
3.9
1.5
89.)
3.5)
0.26 .
0.14 - Q.18
L.9 .9
3
0.24
1.0}
0.78
99.2 100.0
52.46 . 5216
W. Lo .0
$3.464 13,04
16. 04
18.34
PAR Y P}
5.6) 5.6)
1.52 1.52
2.0% 1.09
585
).0
n.2
65.8
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Period

Filter Coke
v X of Feed 2o Vacuun Stil)
tenzens-Soluble, W X
8enzeng-insoluble, W X
Ash, ¥ %
Bentene-insoluble Rgslduum, W )
Unreacted Cosl, W % (Estimated)
THF-Soluble, W X
THF -1nsoluble, W % (Organic)
Sulfur, ¥ &

0-1) Bottoms (Feed 10 vacuun $tilD)
Ash, w )

Sturry Mining Tank
Mty g

tnternal Recycle Slusry
Ash, v X

Atmospheric $tit) Overhead
10P-400°F
sulfur, ¥ %
Nitrogen, W X
L02°Fe
Sulfur, V X
Nitrogen, ¥ %

Vacuum Qverhead
18P-650°F
Gravity, “APg
Sulfur, W X
650°F o
Craviay, “APt
Sulfur, W %

Vacuum Bottoms Bensane-Extracted Q1P
18P-975°F
Cravity, °APJ
Sulfur, ¥ X
fHitrogen, V¥ X
975 Fe
Sulfur, W %X

THF -Eatracted Filter Coake
Ash, v X

1 B }

45.5)
30.49
13.98

L

15.)0

.46 18.0)

3.0h .1

7.80

0.0t 0.03

® Silicsed one part 0-1) bottoms and one pari vacuum overhead

#: filtered one part vacuum bottoms and one part vacuum overhead

AUN 130-69 - ANALYSES (CONTINUID)

3

55.18
n.n

3.80
17.52

“1b.58
3.
1%.02

j.2

.02
.08

[— -]

5.5

'9.09

0.7
0.}

-1.2
0.26
.77

.25

55.53

y

34.06
0.9
34.99
3.80
2}: 18

1678

9.98

0.84

28

31§
yo.to
I IY H
4.61
26.49

29

8.1
3).43
18.4)

.46

. 29.96

9.8
29.06
3).20
37

6.)9

26.81

b1}

30.70
n.22
37.58

3.9
2].26

0n.n

3.68

7.16

32

o
19.26
32.8)
17.98

3.60
29.23

LN}

).60 )

1.9

28.99
3.
.62

.60
n.nmn

TN Y

3.8

8.75

Page & of §

3%

.97
5.0
.5
(] ]

3.6

Wy

7.4

0.0%

348/35A

3.
19.
)
3s.

8

58

-96

LT I

L}

.89

.18

.15

.08
.20
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Peciod

Blstillstion of Filirste from Filaration Operstion
Vacuus Distillation
Finsl vapor Temperature, “F
Pscisure, Vors
Aesidue
W %ol Filtrate
W ¥ of Vacuum Bottoms Slurey
Anslysis .
Sulfur, W Y
MNitrogen, W X
Ash, W %

satch Dilllllnwn of Vacuum Botioms Sluuy Product
Vocuwa Distillstion
Finsl vapor Teapersture, °F
Pressure, Yorr
Distillate, Vv X of Vacuum Bottonms $Sturry
Analygis
Gravity, *AP)
Nitrogen, W X
Sulfur, W X

Colculated Composition of Solids-Free O}
In vecuun Gottoas Slurry Product
Constitution, W %
Satch SHII Oistitlate from Slwry Product
Sateh $tid) Residus feon Filtrate
Conposition, ¥ X (Calculated)
Nitrogen
Sullor
Ash

Colcultated Composition of 400°Fe Liquld Product
Constitution, ¥ X
Atrospheric $¢I1 Overhead &00°F+
Atmospheric Bottoms Plus Vacuum Overhead
Less Habe-Up
Vacuun Still) Doctoms Solids-Frea 01
Composition, W X
sSulfur, W X

& 18P-9)3°F from distiltation of benzenc-soluble oll

= pape  brohe

AUN 1)0-69 - CHARACTERIZATION OF SOLEDS-FAEE OJL PAODUCTS

W

-
~

L4
£
-0 & -

3.2

-1.8
lo?.‘

L4}

182
1.4
37
-0.5

-15.9
108.0

%

to.0
-1.3

o.n
0.2

1.7
-6.9

9.1

116

1)

4j0

1.8
Incomplets

©0.98
1.35

. hsé
3.0
12

b8

0.9

18

569

2.8 )

3.6
$9.8

.73 -

2.4

L6o

4.5

29

5)8
(N ]

.o

-14.8
100.8

[P}

1)

12.6

-25.7
1"

3

526
.8

3.3
$7.0

.33
0.66

10.4

=0).0
808.)

L

522
3.0

.5
59.8

.32
0.8

-
- W
® ww

0.62

7.1

-13.%
106.§

t.30

Page S of §

(91
0

).8

-12.0
109.2

.9

0.4

509
" )

5.3
0.66

).2

-20.7
14§

We/)5A



POU RUN 1 - ILLINOIS NO. 6 COAL - FUEL OIL MODE

The objective of this run was to demonstrate sustained fuel oil
mode operation with residuum recycie from the hydroclone.

The unit fed coal continuously for a period of 534 hours to a
catalyst age of 3060 1bs coal/lb catalyst. The hydroclone
system was in operation from the start of the fourth day until
shutdown. Hydroclone overfiow recycle was initiated at about
0.9 1b/1b coal and held at that level for about 300 hours. It
was brought up to about 1.2 1bs/1b for the last 200 hours. The
400°F* fuel oil product had a sulfur level of about 0.6 W % at
the start of the run and this slowly increased to 1.0 W % as
the catalyst deactivated. The target value of 0.7 W % was
achieved at a catalyst age of about 1000 1bs coal/1b catalyst.
Conversion held at the 091-92% 1level throughout. Total --
400°F* fuel oil yield was relatively constant at about 55 W %

of dry coal.

70



RUN-130-7) H-COAL OPERATIONS ON BURNING STAR MINE 1LLINOIS NO.6 COAL (MRI 3224/3750)

Page | of 12
CATALYST: AMERICAN CYAHARID MHOS-IUK2A, 1716 EXTRUDES (HRI No,3556), 4S.1 POUKDS DRY
REACTOR LIQUID PIASE DEPTH -~ 19 FEET - VOLUKE - 3.7 Fl,
Perlod [} 24 28 ) LA [T'] R 1 6 7 .8 9 10
Hours of Run - Beglnning 0 6 18 30 sh 66 78 102 126 150 174 198
- End 6 18 30 sh 66 ’ 78 102 n2é 150 174 198 22}
Catadyst Age, Ib Ory Coal/Ib Catalyst - :
Beglnnlng 0 L] 102 167 300 352 h?2 948 619 813 952 1090
End ] 102 167 300 157 L2 S48 €19 8 - 952 1090 1216
Dry Coal Feed Rate, lbs/ur/fl’ :
Reactor Llquld Phase hy.2 59.2 T 64,0 66.0 69.4 68.7 69.0 6€ .4 68.) 70.7 . 69.9 7.4
Ibs/ir/Ftd Settled Catalyst 138,27 166.6 178.8 1841 19).6 190.7 192.5 18¢.3 1906 192.3 195.0 199.2
fFced Coal
¥V X Holsture 3.2 4. 48 2.24 2.57 2.55 3.26 3.95 3.26 3.50 2,56
L Ash (Ory Basls) 10.90 1.4 10.32 11.82 1.57 11,65 1.sh 154 1.2 10,82
Recycle Flows, Ibs/ib Sollds .
Atmospheric Stll) Botioms 149 1,48 1.98 1.94 1.93 1.82 1.35 ' 33 (Y] (N} 1.n 1.07
Vacuum Stilt Overhicad 0.3} 0.20 0.20 0.17 0.13 0.06 0.0} 0.0\ 0,02 0.06 0.01 .0
laven.sry Change 0 -0.12 0 -0.01 0.0} 0.06 0.04 0.02 0 0.0} Q.02 -0.02
Hydroclone Overflow (01Y) 0 0 0 0 0 0.45 0.27 0.8) 0.86 0.80 0.82 0.87
Total 1,82 .80 2,18 2.09 2.0} 2,27 2.09 2.1} 1.99 1.97 1.93 1.96
Tanperatures, °F
Coal Prehcater Cutlel 666 664 691 697 J02 107 105 j0) J00 701 705 706
Reactor Liquld Phase Average 197 825 8hé 849 850 849 85t 348 849 849 849 848
Vacuwn Flash Zone Lss 569 554 sty 537 525 606 593 604 607 588 597
Pressure In Vac, Flash, TYorr 18.2 16,9 16,3 16.2. 16,2 25 12 12.3 11.6 10.6 10.0 10.0
MHydroclone -- -- -- -- : -- 450 456 u67 500 510 533 53)
Pressure, psiyg .
Unlt Back Pressure 2700 © 2700 2680 2700 2700 2700 2700 zj00 2700 2695 2695 2700
Hydrogyen Hake-Up ’ 2735 2138 2740 2750 2750 2750 2795 2800 2800 2800 2795 2800
iydrogen Partlal Pressure {Reacior Oulle() 1505 1670 148 1428 80 1560 1506  1LBoO 1440
Recycle Gas, HSCF/Ton Dry Coal 13.6 11.5 9.9, 9.4 9.5 8.6 8.8 9.0 9.2 8.7 8.5
Vent Gas, nS(l/lo. ODry Coal 1.55 - 1.56 . 1.65 1.4 .49 2.08 1.75 1.65 ]1.86 ). 42
WaPurlty of Recycle Gas & Vent, % 94,5 93.0 91.8 92.8 92.2 92.2 ci.b 91,8 90,0 91.8 91.0
Total iy, 1SCF/Ton Dry Coal (Reactor Outlet) 19.2 17.1 15.2 15.4 15.8 15.3 15.8 15.8 154 16.2 15.3
Hake-Up Myt Recycle iy .
HSCF/Ton Ory Coal 3.5 304 28.8 7.9 29.0 283 H R 2.4 27.) 27.% 26 .4
V 1 of Hake-Up 8 Recycle Gas 97.7 91.5 97.3 97.6 97.5 97.7 7.4 97.4 96,7 97.4 97.2
fartlal Pressure, pslg 260 2670 2675 2685 2680 . 27130 1728 2728 2705 2720 2720
II) lonswlptlon
HSCF/Ton Dry Coal 12.} 1h.3 13.4 2.5 13.2 13.0 12,6 11.6 1.7 10.9 1.1
W L Dey Coal 3.3 1.8 3.5 33 3.5 3.5 1.4 3.0 3.0 2.9 j.o
011 Additlons
¢ Hake-up OI}, Ibs/Ib Dgy coal 0 0 1] 0. 0 . 0 0 )] 0 0 0 1]
Ib/He/FL? Reactor 0 0 0 1] .0 0 0 0 0 0 0 0

flush 011, 1bs/Ib/ Bry coal . s 0,005 0,004 0,00} 0,00} 0,00} 0,00k 0.00) 0,00} 0.00} 0,00} 0.00) 0.00}



KUN 1)0-23 = OPERATING RESULES Payr 1 oot A2

Pertod : i A 28 } hA LT} 5 6 7 8 9 10
Collecied Product Quanttiles, W L Dry foal
Atmospheric Sthl) Ovaerhead 0 6.8 1).8 15.1 1}.7 13.9 12.8 18,1 12.9 16.8 1.8 th. 8
Awospherlc Stild llull( wil 1) 0.9 -10.4% 0.7 -0.9 }.0 6.7 17.) 3.4 15.5 V.9 .S 1.}
Vacuum S1I1Y Oveahead n 0 -1.2 0.§ 0.2 0.% 0.5 0.4 3.0 0.4 0.5 0.§ 0.4
Ve nuan SCEHED Dot toms 84k 72.% 67.8 67.0 61.h 62.) 5.9 $9.9 57.1 65.9 60.9 60.8
u.,u(? -1.) 5.7 10} 1.6 1.3 8.3 1. 1.0 9.2 0.6 10.8 1.9
-4 1.3 W) 4.3 h.0 h.y N9 5.0 5.2 5.5 4.y 4“8
G- 2.6 h.0 3.5 3.0 h.0 1.9 5.0 h.o L . 1.5
", . L 1.5 1.h 1.y 1.9 .6 1.6 1.9 1.9 1.6 1.6
L0y and €O 0.4 0.5 0.8 0.6 0.7 a.6 0.9 0.8 0.9 0.9 0.2
lolal 81.1 R 10}.0 C105.0 10).0 106.5 107.9 107.6 108.) 10,1 105.8
loput Quantitles, W L Dy Coal
iy Laal ’ 1000 100,00 1000 100.0 100.0 100.0 juo.0 160.0 100.0 100.0 100.0 100.0
Holstwre Ia Feed Coat 31 U} 1.5 2.) 2.6 2.2 2.6 3.4 UM} 1.9 . 3.6 2.6
Hake up 011 Addbtions 0 0 [1] [}] 0 1] (1 0 0 V] 0 [+]
Fhlusdhe O8I 0.s 0.4 0.3 0.3} 0,] 0.4 0.} 0.3 0.} 0.} 0.} 0.)
HReacted (“2 Gas Analysts Flow) )] 3.8 3.5 13 }.5 3.5 3.b 3.0 3.1 1.9 }.0
Total Used far Normalizat lon .4 10}.6 106.1 106 .2 106 .6 106 .4 102.1 107.5 t02.3 - 106.8 105.9
Coal Converston (I S bicatlon) 90 .6 490.9 89.0 91.% 9.0 91.) 89.6 90.9 90.6
Nocmablzed Net Product lllslc'lbullun“)
WAL by Coal
Lo, 0.5 0.8 0.6 6.7 064 0.9 0.7 0.9 ' 0,83 0.8
C)-Cy Hydracarbons In Gases , .5 W4 4.0 L.0 [ 13 4.9 5.1 5.5 4.60 4.7
( -C“ Hydrocarbons Ia Gases '] 3.6 }.0 L 2.89 5.0 3.8 4.0 4,24 4.3
1e-hoo®s naphinhea 10,5 12,1 i 1.6 12.12 13.9 10.2 2.7 10 .48 1.0
Lou-650%F BIsibitates hoh 2.} 5.5 9.0 13.98 8.6 13.7 5.6 12,02 11.9
650-975%F Blstilvies C . - ~ R 9,29 5 9.30 .
915%1 v Westdual JiF ' h. 4 35.8 1612 ly 3079 3o nh 1076
henzene Soluble ' 4 N \l : 22.29 ¥ $ & 23.49 4
Benzene nsoluble 8.6 10.8 10.8 1.4 7.16 9.9 10.0 13.3 10,31 I1.9
Uncimwver ted Conl N 9.6 9.6 2 8.17 8.1 7.9 8.6 1.4h¢ 1.5
Ash 12.4 2.1 12,9 1.2 1.3 12,0, 12,0 12,6 1106 12.2,
0 (Nct) nas 1,2 8.8" 6.0" 7.9 7.5" 1.3 6.6 6.26 8.8"
iy (Forced Nltrogen) O L - 0.64 s s I 0.66 v
s (orced Sulfur) | 1.6" 1.5 1.5" 19" 2.32 1.6 1.9 19" 2.40 1.6”
Al (MO0 eac ted) 103.6 103.3 10).2 10}.) 103,25%%  10).) 103.0 10).2 10).50" " 10).0
(1) Hegadlve Quantltles of Atmospheric St Overhead and Vacian Overhead o Water Product Cantalns Nlll, nzs
arce Decreases of tuventory of Slurey 011 Holding Tank, - .
' i jlydrogen Consumptlion by Coal Feed and Praduct llydrogen Analyses
(2) tncludes Bl salved \II]LII;S \

(3) ASIH DiIstllbatton Cut Polats



ferlod

Atmospheric Still Overhead

Gravity, “API
e, °F
P, °f
' YT
Gravity, 18P-400°F *API
40O F-EF, *API
Carbon, W 1.
Hydrogen, W X
Nltroyea, W X
Sulfur, ¥ %
Phienols, V 7, Total
vV % 18P-L00°F

Atmospheric Sti1) Bottoms

Gravity, AP

e, °F

eP, °f

VL@ hao°F

vV Y @ 650°¢

Gravity, 1BP-650°F, "API
650°F4, *AP)

Cacbon, W 'L

Hydrogea, W %

Nltrogen, W %

Sulfur, W 1

Vacuum StIM1 Overhicad

Gravity, *APY

1ap, °¢

[}

V %@ 650°F

Cravity, 1BP-650 °F, *API
650°F+, "API

Carbon, W L

Hydrogen, W %

Hitrogen, W %X

Sulfur, W %

Mater

Nitrogen, W %
Sultur, ¥ *
Carbon, W %
Phenols, W %

i 3.5 ¥ % Resldue

e 1.5 W X Resldue

2.7
t20

€00}
5.7
Lgo

L]

«<0.,0})

2A 2B

- 38,1
152
s4o

16

15.2 15.2
: Los
115

90

0,0}

6.3 S.0
515

LTS

«C.0) «0.,0)

39.4
158
ska

80

16.2
196
120

o
S0

<0.0}

6.5
L68

56

«0,03

La ha

bt LY
155
h92
82

16.6 16.€
39¢€
ne
<
8e

.05

6.9 10.2

hi.
‘1o
516

3é.2
)
3]

14.7
w2

<0.0)

7.5
Log

52

n.oé

39.6
151
505

81

1.7
196

<
76

<0,03
6.5
Ll
113

20,0}

19.1
162
508

8

<0.0)

7.0

L8

0.12

17.1
119
s27

7

LT 3

23.9

87.37
12,38

0.06

0.16
5.0
Lo

12.8
Lo6
925

. 16
16.1

88.80
9.59
0.3
0.0!

6.)
L7
Lo
134
-0.8
88.30
8.65

0.57
0.15

2.1)9
2.1}
1.22

Page } of 12

18.3
164
520

17

12.)
- hao

70

<0 0)

6.4

L

986u.
Ll



AUN 130-7) - AHALYSES ~ Page b of 82

Parlod ' 2A 20 3 LY LY} 5 6 7. 8 - 9 10

Vacuum StiN) Bims, 4
M % of Flows from Vacuus St} ) 60,2 st.0 Ly s 51.0 52.3 51.6 53.0 52.) 54,3 53.6 55.8
8enzenc - Sofubie, W X . 5613 52,48 ’ 52,44 51.46 48.89 4).01 4).03 50.22 46.54
Benzene-insoluble, W % 24,04 29.8% 30,14 27,86 30.65 3.0 3).57 29,95 33.34
Ash, W % 17.83 1.6 13.42 20,68 20,46 21.25 19.40 19.1) 20,12
Unreacted Coal, % (Est.) 141.67 14,06 18.69 14,86 18,36 ) 10.89 13.2) 12.56 13.n
Benzene-insoluble Resldues, ¥ %, (€s¢.} 12.3? 15.29 : it.4s t1.00 19,29 20.81 20,34 17.39 19.61
Carbon, W % . : 68.49 69.58
ydrogen, ¥ % , . LY L, 98
Hitrogen, W X ) 1.2) 1.0
Sulfur, ¥ % 8.23 2.00 2.08 2.06 . 2,36 2.0} 2.41 2.2} . .21 2.10 2,06 2.0k

" Oxygen, W X (By Olfference) T 2.67 3.28
ASTH Ash, W X 8.95 15,25 17.89 17.20/ 18.00 17.6) 20,68/ 19.75%/ 8.3/ 20,72/ 19.94/ 18.09/
12.52 21,85 20,59 20.81 19.81 18,96 i9.01
Coke/Ash Ratlo (THF Extraction by Fileration) 0.684 0.692 0,885 0,658 0,661 0.639 0.686 0.682 0.74$
Pyridine-Soluble, W % 71.49 : 68:36
Pyridine-Insoluble, W % {0rqanic) 9.4 : 1.6
Ash afier Pyridine extracilon 12.17 20.0)
Benzene Soluble 00Y, 18P °F 155 755
18P-975°F, W % ’ 21.2 20.9
915°Fe, W % ' 78.8 78,1 .

Fllter Cake . (10A)
ML of Feed to Vacuum Stitl © 8 ’ ) 26.8
Benzene-Soluble, W % 41,98 40,45 W 4| L3.37 35.70. n. 31.89 30.26 30.06
Benzene-Insolubie, W % 25.01 29.49 22.19 3.00 28.26 27.1} 26.29 30.92 ) 29,86
Ash, W I ' 33.01 . 10.06 28,40 25.63 35.46 .56 . Li.82 38.32 40.08
Benzene-Insoluble Resldue, W X 3.ko 3.9, .59 3.50 .28 b 4,06 .19 ).82
Unreacted Coal, W % (Est.) 2.6 25.8) . 22,60 27.50 25,48 .52 21.4) 6.1 26.04
Carbon, M % ’ . (28, )™ . (31, 49)=a
liydrogen, W % (1.41) {1.70)
Nitrogen, M % A : . (0.77) (0.39)
Sulfur, ¥ % _ C : 3.16(5.09) : 3.60 (5.31)
THF - Soluble, ¥ % ' 39.82 34,28

Insoluble, ¥ % (0) ' 25.00
Ash, W % . : 4o.712
0-13 Botioms ’
Ash, v % 8.n 9.48

Sturry Hixlag Vank N B )

Ash, w % 3.76 3.80 »n b %0 5.95 2.68 6.3) 5.8) 5.82 5.93

Internal Recycle 01V (Flashed)

Ash, W % S 1 7.8% 8.07 8.313 ~  E.56 9.16 8.54 8.12 7.9

filtered a Blend of One Parg Vacuum Overhead and One Part Vacuum Bottoms

Analysis of Sollds after Tif Extraction



Perlod

liydroclone Feed
Ash, W %
Ash, V4 Calculoted ¢
Ash, ¥ X Calculated ==
Hydroclone Overflow
Ash, W %
Hydroclone Underflow
Ash, ¥ %
Atawspheric Stit) Overhead
18#-400°F -
Sulfur, w o
Nltrogen, W %
400 Fo
Cardon, u %
Wydrogen, W %
Sulfug w %
Mitrogen K w %
Atmospheric Stil| Bottoms
18P-650°F, Gravity, *AP)
Sullur  w Y
650°F+, Gravity, ® API
Sulfur vy
Vacuum StIEV Overhead
18P-650, Gravity, AP
Sulfur , w
650°F-EP, ‘Gravl y, AP
Sulfur, y
Vacuun St111 Botlons
18P-975°F, Gravity, °AP}
Catbon, W %
NHydrogen, W X
Hltrogen, W %
Sulfur, ¥ 1 ]
975°F+ Restduan 0417
Carbon, W
itydiogen, W %
Mltrogen, W ¥
Sulfur, W %
Ash, W X

Calculated from overflow and underflow analyses flows

1A

RUN 130-7) - ANALYSES

28 3 L7 L]

' . 9.47
9.59
8.4s
6.75

10.90

0.08 0.02 0.02

] Calculated from overflow and vacuum st gottoms analyses flows

ik Reslduwn 0)) from flltrate obtalned from vacuum stifl feed

9.9):

9.16
9.26

7.46
10,26

0.09
0.04

88,66
1.1

0.19

17.6
<.0)

0.15

1h.8
0.10
-0.6
0.2

-1.9
89.10
7.15
)
0.30

86.32
5.62
1.6}
1.02
0.34

10,6}
9.08
a.n
A,54

11.38

0.06

9.82
9.28
8.8
6.50

12,01

<0,03

10.85
8.72
8.84

6.16

10,78

<0.0}

9.10
8.80
8.55
6.48

10.92

87.98

- 0.58

86,21
5.50
1.4y
1.00
0.67

Page § of 12
0

" 8.6)
8.59
8.50
6.0

10,53

0.02



9L

Perbod

Bistitbation of Flltrate
from Flltration Operation
Vacuun Distillatlon
Pressure, Torr
Flnal Vapor Temp,, °F
Aesldue, ¥ X OF Flitrate
Resldue Analysls, W %
Denzene-Soluble
Benzene-insoluble, Organlc
Sulfur
Ash
18P-975°F
975°F+
Batch Oistlitation of Vacuum Bottoms
Slurry Product
Vacuun Distiliation
Flnal Vapor Yemp., °F
Pressure, Torr,
Distillate, W %, Vacuum Bottoms Slurry
Analysis, Gravity, *APY
Sulfur, M %
Calculated Composlilon of Sollds-Free 011
Ia Vacuum Bottoms slurry Product '
Constitutlon, W %
Batch Scll) Olstidlate From
Slurry Product
Datch SuLl)] Resldue From
Flltrate
Composition, W % {Cal.)
Carbon
tiydrogyen
Nltrogen
Sulfur
Ash
Calculated Composltlon of 400°F¢ Llquid
Product
Consliutlon, W %
Atmospheric Stldl Overhead LOO°F¢
Atmospheric Stl) Bottoms
Vacuun Stil) Overhead:
Vacuun Stit) Bottoms, Sollds~Free OI)
Composltlan, W %
Carbon
tydrogen
Nl trogen
Sul fur
Ash

3

T MDD OW
- - O\ ON

186P-95°F From Distitlation of Benzene Soluble OB

Wi 925°F Reslduun

AUN 8)0-73 - CHARACTERIZATION OF SOLIDS-FREE OIL PRODUCTS

2A 28

489
0.4

-1.8
-0.09

28.9
A

b

3

i.8
kg9
22.7

60.26
39.52
0.9}
0.22

6.7
-1.9
-0.0
95.6

0.68
- 0,18

LA

L4

O WVW
P
- 6D W

2.0
522
3.3

63.84
35.86
i.02
0.30

520
2.2
1.9

. -0.3

0.15

18.6
8.4

0.24

-—
O O w W
O v WV

0.70 -

0.19

»s:

1.8
520

58.53
TR
0.92

|6.9ﬂ

R

86.78

-5.88
1.54
0.90
0.28

2
6

VIOW W
\D\D O~ O°

8).43
2.3}
143
0.60
0.18

2.0
521
38.0

60.06
39.59

0.91
0.35

Gross Coblected Yield Less Flush O} Hake Up
waotx Olselilation of Flltrate From Filtration ag 200 Nours {Poriod 10A)

92,0

oo
8&

~ O I~
~ N D

0.78

Page 6 of 12

0.0

1.6
68.4
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AUN 130-7) - H-COAL OPERATIONS OM BURNING STAR MINE ILLINOKS NO 6 COAL (Pd 31-1S HRY 372173750, Pd 16 NRY 372h)

Perlod

Hours of Run - Beglinnlng
End

Catalyst Age, Ib Ory Coal/lb Catalyst
Beglaning
fnd

Ory Coal Feed Rate, Wos/ir/Fi)
Reactor Liquid Phase
Lbs. . /lr/Fr?  Sevtled Catalyst

feed Coal
W X Holsture
L Ash (Vry Basls)

Recycle Flows, 1bs/lb Sollds
Awmospheric Stl., -Bottoms
Vacuum St Overhead
taventory Change
liydroclone Overflow (0O11)

Total

Tanperatures, °F
Coal Preheater Outlet
Reactor Liquld Phase Avg.
Vacuum Flash 2one
Pressure la Vacuwo Flash, Torr,
lydroclone

Pressure, psly
Unte ‘Cack Pressure
llydroyen Hoke-Up
Mydrogen Partiat Pressure (Reactor Outlet)

Recycle Gas, HSCF/Ton Ory Cosl

Vent Gas, HSCF/Tun Dry Coal

My Purliy of Recycle Gas € Veat, ¥

lotal ty, NSCF/Tan Dry Coal (Reactor Qutiet)

Hahe-Up Hy ¢ Recycle Hy
HSCF/Ton Ory Coal
V X Hake-Up € Recycle Gas
Partial Pressure of uz. pslg

t Consumption
NSCF/lon Dry €oal
W A Dry Coal

DI) Additlons
Hake-Up - O, 1bs/Ib Dry Coal

1b/Me . /Ftd Reactor
flush OI1, tbs/ib Dry Coal

B

CATALYST:

1)
247

1236
1375

. 70.6
191.0

3.58
10,24

1.02
0.02
-0.0)
0.85
V.92

703
8u8
592
9.6
53)

2605
2800
1525

8.6
1.66
89.9
16,3

26.6
96.9
2710

0.}
2.8

0

0
0.00)

ARERICAN CYANARID NDS-1442A, 1716 EXTRUDES {NA Ho.3SS56), 4S.1 POUNDS (DAY

REACTOR LIQUID PIASE DEPTH - 19 FEET - VOLUME - ). (28

t1Y)
n

1375
1514

72.6
202.6

. 2.6]
10.58

1.09
0.08
0.02
0.81

1.96

J06
8h9
607
9.8
sS4y

2680
2800
1520
9.}
.60
9.4
16.$

26.7
97.1
" 2)20

10.2
2.7

0
0
0.00)

3}

m
295

1504
1652

.10.0
195.3

2,76
10.83

.08
0.0l
0.0)
0.8)
1.9

706
8h8
619
© 9.6
51s

2700
2815
1605
9.)
[ 1Y
91 .4
18.2

7.2
97.1
2715

9.0
2.4

0
0
0.00}

L}

295
39

1652
1790

10.)
196.1

.n

1094

1.04
1]
-0.04
0.84
1.9

109
aue
609
‘9.4
shi
2700
2800
1650
9.}
1.46
91.1
18.1

7.0
97.0
s
8.9
2.4

0
0
0.00)

15

319
pL) ]

1790
1934
1.9
203.4

3.25
10.8Y

6

34
167

1934
2078

13.1
20}.9

2.5)
1,26

0.89
o.1
-0.01)
0.68
1.89
[ ]
110
Bu9
618
9.8
549

2660
2800
1580

9.5
1.54
90.7
7.1

25.7
96.)
270

"7

167
19

2078
2245

69.6
196.2

2.32
1.y

0.94
0.24

[
0.88
2.06

M
8u9
607
9.0
550

2660
2760
1530
0.0
1.79
89.9

2.5
26.9_

96.4
2660

9.
1,

S
S
0
]
]

0.00

9N
LTH

124}
2356

.9
200.6

3.25
11.06

0.92
0.10
0.0}
0.94
1.95

AL
848
618

9.0 -

53S

2660
27hs
150Q

9.5
1.30
90.0
16.4

5.4
96.4
2645

9.0
2.4

0
0.00)

9

Lis
439

1356
2500

1.9
203.4

2.24
(1 L]

0.9\
0.0

0.90
1.80

20

439
463

2500
2640

n..
199.2

2.66
(1% L1

0.85
0.10
-0.04
1.00
1.99

7
8ug
616
9.5
524

2630
2735
1560

9.8
1.65
89.9
1.2

26.4
96.4
2635

9.2
2.4

0.00)

463
467

2640,

2273

704
196.4

) ]
1.0}

0.81
0.4
-0.0}
t.12
2.10

125
849
619
16.0
11

2620
1720
1560
10.)
1.70
90.2
18.3

2.5
96.5
2625

[ RY-]

o0 wnw

0.00

Page ] of 12

22 .

487
L

19
2920

.4
199.2

2.04
n.a

0.79
0.12
-0.0)
1.00
1.95

728
849
615
, 103
(31
2620
745
1620
10.8
1.6h
91.5
18.1

2.}

2628

~ D
&S0

0.00}

st
535

1920
J06)

.9
199.2

2,98
1.1

.7
0.2)
0.02
1.0}
1.9

n)
8i9
61}

537
2600
2690
1550
10.t
1.50

91.)
1.8

26.8
96.8

* 2605

~ 0
&S0

0.00)



rlod 1} 12 [}] L} 15 119 (2] 13 19 20 2%
Jlected Product Quantlitles ’
L Dry Coal ,
Atmospheric St 0vevhea? 15.10 16.8 §5.2 13.9 0,2 84,2 6.4 3.3 15.6 19.4 1.2
Atwospheric Stdl) Bollnnn 1) 5.4 3.7 9.4 4.3 3.2 4.5 0.7 5.0 2.4 -3.5 -2.5
Vacuum Stihl Overheadll) ok 0.6 -2.9 i.5 2.8 0.4 0.6 0.% 0.5 1.6 2.3
Vacuwn Stit] Bottoms 64 4 63.8 1.4 64,4 66.6 6h.6 68.3 63,1 65.1 65.5 1.5
10 (2) 9.9 0.8 9.9 10.9° 10,2 8.9 10.2 10.5 8.5 10,0 10.0
)-¢y 5.1 4.9 5.5 5.0 Ly 4.7 5.2 L9 4.8 by 4.4
€,-C 4.8 1.7 3.3 1.7 3.8 2.8 2.9 4.7 Loy 4.3 2.5
(719 ?n Gases 1.7 1.7 1.7 i.$ (LI 1.} i) 1.6 1) t.5 1.5
€0, ¢ €O 0.9 0.8 0.9 0.8 0.9 0.7 0.6 . t.a 1.0 t.0 0.9
Tota) 107.7 1061 1ok, ) 105.0 107.8 102.6 106.2 106.0 10).3 1065 105.8
put Quantitles, W % Bry Co2l :
Dry Coal 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 100.0 100.0
Holsture In Feed Coal 3.7 2.8 2.8 ).2 3.4 2.6 2.4 3.3 2.) 1.7 i.5
Hoke-Up 001 Additlons 0 0 0 0 0 0 1] ‘0 0 0 0
Flush 010 ¢ 0.} 0.} 0.} 0.} 0.} 0.3 0.} 0.3 0.} 0.} 0.}
Ny Reacted (N Gas Analysls ’
Flow) 2.8 2.} 2.4 2.4 2.) 2.) 2.5 2.4 1.5 1.4 2.5
Total Used for Normallzation 106.8 105.8 105.5 105.9 106.0 ' 105.2 105.2 106.0 105.1 105.4 1043 .
wal Converslon (by WIF Fldgragion) 90.2 90,1 90.2 90,7 89.) 89.0 89.5 89.9 89.5 89.6 88.1
mallzed Net Product Dlisirlbution, 3)
1t L 0vy Coal
€0,c0, 0.9 0.8 0.9 0.8 0.9 0.67 0.6 V.0 11 1.0 0.9
€y-Cy Nydiocarbons In Gases 5.0 L.9 5.6 5.t L6 4.8 5.8 4.9 L8 4.7 L)
Ch-(f ltydrocarbons In Gases 4.8 3.2 2.9 2.7 1.2 2.91 j.o 4.2 4.2 4.3 3.4
10P-500°F Naphiha 10.8 11.6 10,7 10,2 10.2 11,42 12.4 9.9 12.) 9.4 9.8
L00-650"F Dlstiilates 8.5 7.0 9.5 7.2 7.0 . 1.2 'R .6 5.5 8.5 3.0
650-975°F Distitlates 4 t L] 'y [ 1.68 ¢ + [ ¢ T
975°FeRes Idual 011 30.8 32, h 9.1 12,3 13.6 35.2 2.5 1.3 8.2 12.8
Benzene Soluble ¥ J ¥ ¥ ¥ 22,75 ¢ ¥ '4 ¥
Benzene Insoluble 5.2 15.6 15.7 .6 5.0 i7.96 “13.) 13.4 "Wy 8.4 16.4
Unconverled Coal - 7.6 7.5 7.5 8.5 7.9 7.46 7.8 7.9 7.2 7.3 9.6
Ash 1.4 H.b 1.5 1.8 . b 00,50 1.7, 5.9, 1.8 1.5, 12,7,
0,0 (Net) 6.0¢ 8.1” 2.2 7.8% 6.77 6,09 1.0° .27 6.7" 73" 8.0"
NR, (forced Hltrayen) a v x, % % (0,46) i = & & %,
u,! (Forced Sulfur) v 1.7" .7 1.5% (N (2.01) .3 )5 1.3 8.5 .5
Tota) (10040 Reacted) 102.7  102.} 102.4 102.5 102.5  103.16™" 102.5 102.5 102.7 t02.3 102.5

AU 130-7) -~ OPERATING RESULES .
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22 2)
LW 3.9
-2.2 Lo
4.8 0.9
66.7 68.1
8.8 8.6
h.s L8

}.5 4.9
1.6 1.7
.0 1.0
103 .4 102.9
100.0 100.0
2.1 3.4

0 0
0.) 0.}
2.4 2.4

104;8 105.8
8.3 87.3
1,0 0.95
5.6 4.7
3.6 3.91
10,2 6.39
5.1 .66
.67

32 4

¥ 2464
18.) 6.1
7.8 8.54
1., 19.6)
6.9 5.18

# (0.49)
).6" (1.95)
102.5 102.82"

()

(2

(3)

Hegatlive Quantlitics of Atmospherlc Stll) Overhead and Vacuum Overhead % Waser Product Contalns iy, Hps ’

are decreascs of Inveniory of Slurry 010 tlobding Tank

“%* Hydrogen Lonsumption by Coal Feed Product Hydrogen Analyses

Includes Dissolved Hily & "25

ASTH Oistliiation®Cut Polnts



Perlod

Atmospheric St Gverhead
Gravity, *APt

P, °F

P,
v X &400°F
v L@ K50°F
Ceavity, 1BP-LOO°F *AP)
Loo*F-€p, *API
Carbon, W X
Hydrogen, ¥ %
Nitrogen, W 2
Suffur, W I
Phenols, ¥ % Total
v X 18P-400°F
Mmospheric Syiil Bottoms
Gravity, *API
1ep, °f
P, °F
VL@ LootF
VYL@ 650°F
. Gravity, 18P-650°F, °AP)
650°F+,*API

-

Carbon, W 1
Hiydrogen, W %
Nltrogen, ¥ X
Sulfur, W 1
Vacuun StIIl Overhead
Gravity, APt
1ep, °f
P, °F
vV 7w 650°F .
Cravlty, 18P-650°F *API
650°F+ “APY
Carbon, W %
Bydrogen, M %
Nltrogen, W %
Sulfur, W
Water
Nlwrogen, W %
Sulfur, W %
Carbon, W %
Phenots, W %

v 2,0W % AResldue

i teaklng valve by pa.icd atmaspheric stil) feed to atmaspheric
12,) WL yleld of 28,5 “Al) product, 7.0 W X of 32.6° product

37.8
(L1

515
»

12.6
L1}

0.06

6.6
436

L

3.
1ho

538
L]

12.2
420

n

0.09
6.7
Lah

L]

0,15

- )5.5

1hé
6))
n

12.1
Lio

62

4.0
4,8

»

AUN 1)0-73 - ANALYSES
1w [} 16

3.0 ~ )8.8 37.5
140 146 130
556 512 508

15 15 8

1.y 12,5 12.1
418 we ' w2

n 15 76
88,84

9.67

0,06 0.08 0.14

2.8 4.4 5.0
Lol 438 Loy

27 42

stit) overhecad accumulator

1}

3.2
14)
S3k

78

12.0
L20

0.15

5.7
L28

5)

0.6

37.8

534
76

0.0}

3.8
L3 1)

4o

0.25

9

36.4
(LY:]
518

19

"n.2
4ob

76

0.09
L3

45k

4

10

)2,
198/
150

L6/64
85796

Hn.7
420

4.0
438

43

20.5/%% 3.}
6

m
630
n

12.3
422

76

e.1

1.5
177}

59
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15.2
140

586
n

12,0
402

9

6.0
46
b9

0.28

3]

3.6
1)o

I
69
.2
1
87.61
11.99
0.12
0.24
6.5
5.0

H.s
(952)

15
1w

82:75
9.09
0.30
[ I ]

6.3
Loy
(1010)

3.2
-0.8 .
87.54
8.50
0.51
a.3s

}.4o
1.25
1.19
0.65
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Perlod 1] 12 1) I [} 16 [ ) i8 19 20 1] 2 13
Vacuwn S8300 Boltoms
WL of Flows from Yacuwa StId0 55.8 52.5 57.0 58.0 54,4 52.0 CLYL T U] 54.0 50.5 52.0 $0.14 L7.8
Benzene - Soluble, W % . 45.97 49 .05 Lh o) 46.29 4).65 4h 20 5t.58 48.5¢ 48.96 43,84 45.29 45.02 4.19
benzene - Insoluble, W % 36.04 3).0) 37.28 35.57 35.02 38.42 3t1.18 33.02 3.3 38.65 36.46 38.49 36.55
Ash, W % 17.93 17.92 te.n 18. 14 17.1 17.18 17.24 18.57 17.73 12.51 12.75 16.49 12.26
Unreacted Coal, W X {Est.} 12.0)  °hb.78 12,00 13.1) 11.96 1).20 11,54 2,24 10.84 10,16 13.44 .48 12.67
Benzene-Insoluble Residues, W X {€58.) .00 21,25 25.28 22.44 2).06 2).14 19.64 20.28 2.4 2).49 2).02 27.04 23.68
Carbon, W X ) . 70.87 21.5)
Hydraogen, W % . 4.62 4N
Mitrogen, W 1 - 1.30 ) 1,26
Sulfur, W % 2.24 .15 2.4 2.1) 2.40 2.38 2,42 2.50 2.36 2.44 2.4 2,49 2.4
Ouygen, W 2 (0y DIfference) 3.48
ASTH Ash, W %, ] 18.537 18,00/ 18,20/ 12,047 1.1/ 18.13/ 12.32/ 17.36/ 12,21/ 17,28/ 17.82/ 17.42/ 16,8y
17.90 17.66 18.87 1.0 17.09 12.57 1.4 17.53 12.3% 17.32 17.20 17.48 16.62
Coke/Ash Ratlo (THF Extractlon by . '
filltration) Q.62 0,78) 0.175? 0.754 0.8 0.856 0.797 0.79% 0.826 0.8} 0,854 D.985 0,996
Pyridine-Soluble, W % . n.n . .22
Pyrldine-Insoluble, W % (Organic) 9.91) 9. 14
Ash, ¥ ¥ ) ' 12.38 . 16.64
\ Benzenc Soluble OFF, (8P °F 785 . 755
16P-975°F, u X . ' 22.2 . 20.9
975°Fe, W X : 7.8 . ) 79.4
Fllter Cake i
W L of Feed to Vacuum Still 25.4 24,8 07 23.8 2}.4 4.5 2.1 23.9 2.4 .2 19.7 122.5 19.9
Benzene-Soluble, W X - 28.53  3i.s4 30.25 26,44 12.n 29.)8 30.36 26.48 20.07 26,24 1n.22 24 65 28.72
Bentenc-fnsotuble, WV % 31.9) Yo.0) 31,16 1.0 30.86 3.8 30.3)9 31.08 30.24 3i.87 35.6) 33.65 n.n
Ash, W 1 39.54 18.4) 38,59 39.82 36.4) 39.4h 39.55 Ly, e 4).69 Le.89 LT 81,70 38.57
Benzene-insoluble, Resddue, W %A 5.49 4.83 6. 4o h.9n 5. 5.59 3.62 3.6 . 4,78 5.17 3N 4.6) 4.19
Unreacted Coal, M % (Est.) 26 4l 25.20 24,76 208.8) 25.42 25.59 26 .4y 2).39 25.46 26.70 31.92 29,02 28.32
Carbon, W % ] : . ' (30.9t)
HWydiogen, W % s : : (1.52)
Nitrogen, W 1 i o (0.]9)
Sulfur, W 1, &.00(s.80) "™ . 4,09 (5.74)"
WMF - Soluble, W X - 17.99 : ’ 35.3%
Insolubte, ¥ L (o) ) 24 Ly 24,47
Ash, W % 38.4h0 - Lo.10
Sturry Hixlag Tank . ’
Ash, W L 5.98 5.4) 6.09 5.65 5.60 . 5.56 5.08 s. 5.9} 5.808 5.38 sy 5.24
Internal Recycle 018 (Flashed)
Ash, W 2L ’ . 8.29 7.8% 8.1l 7.684

Filtration at 297 Hours ( Period MhaA)

2 Analysis of Solids after TNF Extractian.



Perlod

Nydroclone Feed
Ash, W X
Ash, ¥ L {Calculated)?
Ash, W 1 (Calculated)™™
Hydroclone Overflow
Ash, W X
" Mydrocione Underflow
Ash, W X
Awnospherlc Stil) Overhead
18P-h00°F
Sulfur v x
Hitrogen, W %
LOO F e
Caston, v 1
liydeogen, W X
5u”ur. w %
Nlitsogen, v X!
Atmospheric St Bottoms
$BP-6S0°F, Gravity, AP
Sulfur, W X
650%F¢  Gravity, *API

Su (LWl
Vacuwm Sllfl Overhesd
16P-650°F, Gravlty, AP
sollur, v 2 |
6507 Fs, Gravity, “APY
Sulfur, w1
Vacuum S1lll Bolloms
18P-9)5°F
Gravity, *AP)
Carbon, W %
Hydiogen, W %
Nitrogen, W %
Sulfur, W % s
975°f+ Reslduun 0117
Caibon, W %
tydiogen, W %
Hitrogen, W 2L
Sulfur, W %
Ash, v %

Calculated from Overflow and Bottoms analysls, (lows,

wi  Calculated fiom Overflow and Vacuum Stil) Bottoms analysls, flows.

8.46
8.0
8.3s
6.0

¢0.0)

1.9}
.
7.68
5.62

9.5}

«0.0)Y

© 8.90

0.4y
-8.76

6.9
10.77

%3 Keslduue 00V from flitrate obtalned from Vacuum StLIl) feed,

AUN 130-7) - AHALYSES

"

8.62
8.53
8.41

6.60

10,38

010

5

8.58
8.12
7.82
6.02

9.92

0.10

16

8.10
8.00
1.7h

5.98
9.02

0.
0.12

0.3}

-9.2
87.45
6.92
1.0)
0.75

85.95
5.36
Ln
1.09
0.5)

7.46
6.96
6.6)
L.65

8.6)

0.16

7.86
8.10
7.43
5.26

9.0

8.20
8.06
7.80
6.22

9.8)

20

1.98
.64
7.36
5.f2

9.48

2

1.6
7.08
6.97
b.95

9.2)

0.17
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22
1.44
?.06
§£.8)
4.9A

9.05

13

6.02
6.6)
6.16

4.5)
8.50

0.19
0.08

81.42

10.29
0.19
0.1}

(TR

0.14
.6
0.36
1.2
0.20
-0.8
0.46

-10.1
86.27
6.08)
[IR])
0.96

8).6)
5.04
R
.0
0.3



v

Period

Distidtation of Flbtrate
‘om Flitratlon Operation
Vacuuns Distitlation
flnal Vapor Tenp., °F
Pressure, Jorr  °
Resldue, W X of Filtrate
Analysts of Resldue, W X
Benzene - Soluble
Benzene - Insoluble Organic
Sulfur
Ash
18P-9)5°F
915°F _
tch Disttllation of Vacuum Bottoms
Slurry Product
Vacuum Distillatlan
-Flnal Vajiogr Tenp. °F
v Pressuie, Torr
~Dlsultlate, W X, Vacuum Boltoms Slusry
Analysls, Gravity, °API
Sulfur
licutated Composlition of Sollds-
ee OI1 In Vacuum Buitons Slurry
oduct
Constttutbon, W %
Batch Stiti istlitate from Slurry
Product
Batch Stilt Restdue from Flltrate
Conposition, W % (Cal.)
Carbon
Hydrogen
Nltrogen
sulfur
Ash
. Composlilon of 400°F¢ Liquid
oduct
Constltutlon, W %X
Aunospherlc Stild Overhead W00°F
Atmospheric Still Bottons
Vacuun Still Overhead ™™
Vacuun Scll) Botloms Sollds-
free 011
ComposItlon y g
Carbon
Hydrogen
Nlirogen
Sullur
Ash

- awyn
.
[ X1

59.91
19.72
.00
0.3

AUN 1)0-73 - CHARACTERIZATION OF SOLIDS-FREE Q1L PRODUCTS

12

550
hl:h

64.12
35.86

1.05
0.02

18P-9)5°F from Distidlatlon of Dentenc Soluble OF)

12 9/5%i1 heslduu,

n

L] s
555

1.6

L4 4

.2

g3l

1.03

0.39

480 470
2.4 2.8
1. 6.1
-7.8 -8.8
0.57 0.50
10,6 8.6
89.4 91.b
0.99

0.36

6.9 6.9
8.0 5.0
2.6 5.t
82.) 82.9
h,ah

0.30
L

T3 7 T3 Y 20
558 552 519 $30 30
i.e 0.8 1.h W 5.6
43,1 18.5 46.1 42.) 45y
57,34 59.19 57.85 59,67 60.18
LYRY] 39.96 41,33 39.85 39.59
).00 1.08 106 1.00 0.97
0.24 0.25 0.0 0.48 0.2)
6.2
9.8
U2 %3] 589 508 511
2.3 2.0 V 1.2 1.2
? 6.8 5.5 6.) 4.5
-8.1 -6.7 -9.2 -8.0 -9.)
0.64 0.60 0.65 0.60 0.83
w
13.8 9.% 1.9 8.8 6.1
862" 90.5 92.) 9.2 9.7
86.16
5.58
).62
i.0k 1.03 §.0} 0.97 0.95
0.4l 0.23 0,76 0.4h 0.27
6.3 6.8 6.2 6.6 18,8
8.8 0.3 9.6 L4 -5.3
0.2 0.4 0.6 0.9 2.0
(T ] 9.5 43.¢ 88.9 85.2
85.5¢€
6.29
1.42
0.90 0.96 0.8? 0.87 0.85
6.17 0.2) 0.6} 0.9 0.9

Gross collected yield less €lush ol ) makeup

Fa XY

Pl
e—mr

S - L
~wd DV - W OAD
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)

87.44
5.29
1.18
1.9;
0.26

...,~
=

(=X XXV R~1
PPy
MWD DV .
N e ww A WA



PRELIMINARY OPERATIONS - iLLINOIS NO. 6 COAL - FUEL OIL MODE

Immediately prior to PDU 2 (130-77) a 20-day run was conducted -
which demonstrated stable operation at the highest gas veloci-
ties used to that time. Velocities of 0.11 fps were maintained
through much of the run. After initiating residuum recycle via
the hydroclone and fine tuning the controllers..on the internal
recycle pump and recycle gas compressor, a velocity of 0.13 fps
was achieved. The experience gained in this run led to the
decision to reposition the net product take-off and to the
selection of conditions for Run 130-77, the successful PDU 2.

The run provided useful data at 1ntermed1ate operating
conditions. ‘ : '

The experience o6f Run 130-76 led to the higher gas rate, h1gher
coal rate, higher reactor temperature and the increased- -
proportion of hydroclone overhead in the recycle stream which
also contributed to the success of Coal feed inspections were
the same as that for the coal used in PDU Run 2.

83
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AuK 130-76 - H=-COAL OPERATIONS ON BURNING STAR MINE ILLINOIS NO.6 CoAL (HRI 3767)

Catalyst = Amtrican Cyanamid HOS-1442A, 1/16" Extrudaces (HR1 3556), 45.2 Pounds Ory

Resctor Liquid Phase Deoth - 19 Fest, Volume 3.7 Fe3

-

Period 1A 18 1Y b1 ] 3a ug SA 1] [ 7 aa s
Oare (End of ﬁlriaﬂ). 1978 ' 10 U P74 0] 242 }IIZ F7AL T VAT T VA% BN VA & B 74 3 b4 4] u22
nours of fun - Seginniag 3 1S 7. 39 s 60 69 81 93 108 11z 126
) €nd 15 27 19 51 60 69 8 93 100 N2 1w 136
Cacalyse Age, Lbs Ory Coai/tb Catalyst ' i
8eginning 10 69 127 188 2150 296 336 398 361 SO0  §52- il
End 6 127 188 250 296 336 398 4&d 395  s52 el 672
Cosl Feed Rate, Lbs Ory Cosl/Nour/ N .
Fe3 Reaczor Liquid Phese 60.2 9.5 61.2 &3.% 63.3 49,8 . 63.1 .63.9 0.7 55.9 60.83 62.0
Feed Coal
¥ 3 Maisture- 6.15 2.50 1.9§ 2.20 0.68 2.62 2.28 1.5 2.03
% Ash (Ory Sasis) 11.80 11.07 15.33 11.06 11.06 11.49 4677 11.86 11.30
Recycle Flows, Lbs/Ld Ory Cosl - . : . :
Atmosphoric Seill Boctoms : .25 3.62 3.38  3.20 3.26 1.7 .2.67 2.69 2.84 2.23 3.41  3.68
Vacuum Still Qverhead © o 0.6) 0.bb 0.4k 0.48 0.47 0.83 0.319 0.5 0.38 0.54 0.32 0.29
Inventory Change Q.08 0.09 0.02 0.08 0.0 0.32 0.03 0.09 -0.07 0.07 0.02 0.0!
Hydroclone Overflow - - - - - - - - - - - -
Tocal ? 2.88  3.83 3.86 3.66 3.78 2.33 3.09 3.07 3.29 .77 3.771 &0
Temperatures, OF . ’
Cosl Prenescer Ouclet 726 37 19 738 735 706 707 700 bal} 706 707 9
fesctar Liquid Phase, Average 218 a2 822 824 822 a2 825 24 820 820 823 a2t
Separator, Average 799 800 aob 803 80s 783 800 8co 786 736 778 786
Vacuum Flash Zone $3 546 545 551 553 w72 546 546 555 516 s4a 526
Pressure in Vacuum Flash, Tore 23 15.6. 15.3 14,5 4.5 18,4 18,7y 18,6 12,7 136 12.9 1.4
Hydrociona - - - - - -

Pregsure, psiq

Unit Sack Pressure 2500
Hydrogen Hake=Up 2500 < 2488 2500 2560
Hydragen Partial Pressure c .

(Reactor Outlet) - 1560
Recycle Gas, MSCF/Torn Ory Coel 16,9 .21.9 29.6 LS| 6.7 27.7 8.2 15.8 16.0 15.5
Vent Gas, MSCF/Tan Ory Coai 2.4 2.0 t.9 2.0 2.2 1.7 1.8 1.8 1.7 1.8
Mydrogen Purity of Recycie Gas * Vene, 93.3 92.3 92.0 9.3 38.8 90.7 90.6 90.3 90.I (92.0)
Total Mydrogen, MSCF/Taa Ory Coal :

(Reactor Quciet) 9.9  25.1 3ty 32.8 22,8 29.3 29.9 8.9 189 19.9
MakesUo + Recycle Mydragen . ’ .
RSCF/Tan Qry Coai 31.8 36.9  43.4%  46.3 36.2 40.5 4.2 Jo.9 28.1 30.5
V % of Kake-Up + Recycle Cas 97.0  99.6 9%.9 94.5 93,7 94,9 96.0 95.3 9b.7 96.1
Hydrogen Parcial Pressure, psig W25 2390 2370 236 2340 2350 2345 2380 2345 2400
Hydrogan Consumption
#SCF/Yon Ory Coal 11.9 M.y n.7 13.5 1.3 1.2 1.3 12.0 9.2 18.6
¥ 2 0ry Coal 3.2 3.2 3. 3.8 3.2 3.0 3.0 3.2 .4 2.8
0il Additions
Nake=Up Qil, tbs/Lb Or\s Coal 0.060 0.06) 0.059 0.053 0.°S6 0.067 0.060 0.058 Q 0.071 0.060 0.055
Lbs/Me/Fe 3.6 3.8 3.6 3.7 3.6 3.3 3.8 3.7 Q 3.8 3.7 3.6
Flush 2il, Lbs/Lb Ory Coal - 0.003 0.0064 0.00) 0.00) 0.60) 0.00¢ 0.003 0.003 Q.Q03 0.40% Q.003 0.003

* Total to reactar, includes makecup il
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Period ra 13 A 23 Ja 48 SA $8 6A 8 3a R
QPERATING RESULTS

Collected Product Quantities
4 © Ory Coal

Atmnsoneric Scill Qverread 1.5 12.7 1.2 13.7 16.3 6.3 3.6 12.3 1.8 7.6 12.0 9.7
Atmosgheric Scill aetioqu“) 3.0 9. .8 7. 1.2 s LS 3.0 -80 6.3 2.3 1.9
Vacuur Still Ovarnead! 11 1.6 0.5 1.5 .4 110 0.7 1.6 -0.6 1.8 0.5 0.5
Yaguum Still 3octoms 69.+ 7.5 72.8 7%.8 72.% 70.§ 72.9 7.9 33.8 63.4 76.9 63.6
na0f2) a1 13 7.4 8.1 7.9 4.8 11,9 9.5 6.6 .4 10.9 7.6
C-C3 2.7 2.6 2.0 2.1 1.9 2.1 2.0 1.9 1.9 2.3
Cu-Cg 1.9 .5 1.9 1.7 2.3 2.1 1.6 1.8 1.7 3.4
HS t 2.5 1.2 r.Q 0.9 Q.7 1.0 Q.9 0.3 0.8 1.6
£Ay ann N 3. 1.4 q.4 Q9.4 Q.3 Q.3 3.1 Q.3 Q.3 Q9.6
Tota! 118,y 183 1.y 1gill Hiss $0.1 110,68 100.4 93.2 97
input Quantities, ¥ < Ory Coal
Ory Coal . 100.0 ceces
moiscure in feed Coal 6.6 2.5 1.2 2.3 9.7 2.7 2.3 2.3 2.3 1.6 2.1 2.1
Make-Up Qil Additions 6.0 5.3 5.3 5.3 5.6 6.7 6.0 5.3 0 6.7 6.0 8.5
Flush Qit 9.3 3.% 33 0.3 3.} 0.4 G.3 3.3 9.3 0.4 0.3 Q0.3
Hvdrogen eacted 3.2 3.2 3.1 3.6 3.2 3.0 3.0 - 3.2 2.6 2.8
Tatal Used for Marmalization Pi3.% 1HLLe THILE 113.2 1133 106, ThHILG 105.3 1t 10.7
No/maii2ea Rae rroguct Ulstribucion
¥ ¢ ey Coal R
co, cc; T, 3.39 J.23 92 0.40
C1-C3 : .22 183 1.36 2.28
Cy=Cg v 1.33 272 1.62 1.00
18P=4000F Naohtna 3. 3.2 “.38 3.7¢ 3.62
400-6500F Discillace a - P -
350-3759F Distillace 1.2 15.25 b 12.97 12.73
3759F+ Residual Gil - Benzene-Soludlie 29,16 29 3 6.3 33.67 37.92
denzene - %on-Filterabia 10.55 11.19 5.682 9.3 4.92
unconvertea Coal . 12.73 12.97 9.49 13.30 14,39
Ash i3.33 11.35 3.58 11.6% 11,52
H9Q (Nat) a o .
_,,32 (Farced Nitragen) 3.z $.32 1.60 7.%5 3.67
M35 (Forced Sulfuyr) 2.2¢ .39 2.52 1.35 1.9%
Total (100, » Mydrogen Reacted) . i3 16 123.11 123.09 102, 44 102,42
ANALYSES '
Atmospneric $till Querheas :
Graviey. 9apt 36.7 36.5 35.7 35.0 33.3 36.5 37.3 37.7 319.3 37.4
18, OF 1= 125 148 122 126 160 160 162
P, OF . iel 532 333 512 532 529 528 530
v T L00°F 3 29 3% i ) 76 78 ad
Atmospheric Still Joctoms
Gravity, 9491 6.9 15.3 14,3 16.3 15.2  16.9 1§.% 137 5.4 6.9 16.6 16.5
189, 9F 333 IEN 232 365 375 360 “ 390
EP, 9F To. rARS b 995 e 430 692 722
¥ i 1 LOOOF . : 1 § 3 3 2
v & 650°F N 3¢ a7 9y . 31 38 35 30
Sulfur, W 2 £3.23 €3.33 «2.2) <21.93 <9.23 ~C.9) «0.03 <0.03
Vacuurr Scill Overnead
Gravity, %ap) 3.3 5.2 5.7 5.2 7.6 5.2 1.3 3.9 7.7 5.6 5.2
1ap, oF HE w3 510 530 502 €06
v % 1 8509 37 49 B) 37 53 19
Sulfur, W .33 3.3} J.0% <.35 0.03 g.04
=12 Liquid, Gravity, APt 16.3 TN 15,7 5.6 16.3 15.7
0-5 Liquid, Gravicy, A1 7.8 13.5 18.3 13,3 16.9 14,7 17.% 17.9 17.9 19.1 13.9 18.6
Vacuum Scitl Bottoms
4 3 of Flows from Vacuum Scill 5.3 1.2 31.1 3%.2  33.3  s58.1 ug. 1 57.9  s4.9
Jenzene-Soluble, W % +3.52 53.%7 56.36 50.23
denzene~insaluble, W = 35.53 3c.7 28.38 35.5%
ASh, W i..38 i5.76 1%.2 14,28
Jdnreactad Coal, 4 3 (Esci=acea) LN 13.23 t7.32 18.%
3enzene~insoluble Residuun, W & (Esti-azec) i3.31 '2.77 11.06 i7 3
Sulfur, & % 1.39 27 2.16 1.1 2.1 2.19 2.186 2.24 2.21
ASTM 2sn, W ’ 15,23 15.43 16.3) 16,31 !5.6% 1§.31 15.0% §5.56 lu.89
(1) Negacive Quantities of itrosoneric Still 2.er~eac and Vacuur Jver-ead desresent Cacrease in 1aventory of Sturry Qi Orym

(2) 1ncludes Qissolvea Wy anz H3§

* " Trace of Uyter in Samole
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Period

ANALYSES (CONTINUED)

Filter Cake
¥ ¢ of Feed to Vacuum S5till
fenzene=Soluble, ¥ 2
Senzane-insoluble, ¥V %
Ash, ¥
Senzanc-insoluble Residyum, ¥ ¢
Unrescted Cost, ¥ 3 (Estimated)

Ash, W §
G-13 Aartoms
Slurry Mixing Tank
internal Recycle 0il (Flashed)

Aemospheric 5till Overhead
bQOOF> < Sulfur, ¥ 3

CHARACTERI ZATION OF éOLIDS°‘REE
01L_PRODUCTS

Oistillation of Filtrate

from Filtration Operation

- Vacuum Distillacion
Final Vapor Temperacure, ©F
Pressure, Torr
Residue, W % of Filtrate
Benzene=insoluble, W
Sulfur, ¥ 3
Ash, ¥ §

Satch Distillation of
Vacuum Bottoms Slurry Product
Vacuum Gistillation
final Vapor Temperature, OF
Prassure, Torr
Oiscillace, ¥ 3 Vacuum Bottoms Slurry
Gravity, OAPt
Sulfur, ¥ ¢

Caleculates Composition of Solids-Fres 0il
in Vacuum Bottoms Slurry Product
Constitution, W
Baech Still Distillate
from Slurry Product
Bacch Still Residue fros Filtrate
Composition, ¥ £ (Caleulated)
Sulfur, W 3
Ash, ¥ %

Calculaced Composition
of LOO9Fe Liquid Product
Constitution, ¥ 3
Atmospheric Still Overhead.
Atmospheric Stil! Sottoms
Vacuum Stitl Overhead=>
Vacuum Still Boctoms 0il
Composition
Sulfur, W'Y
Ash, ¥ 3

4009F+

® Less Make=Up 0il

24.07
37.86
37.17

449
1.86

14.0

0.01,

30.9
38.54
34.95
26.5)

3.93

. 31.02

2.19

0.03

S4§
1.0
33.0
3z.1
.12
0.07

489
2.5
1.6
-1.2
0.65

5.77

86

28

31.1
37.45
35.88
26.67

4.58
330

2.22

550
0.8

}2:0.

30.1)
1.14
0.22

485
.9
n.a
-1.6
0.21

@8 -
~~ =D O

[-N-1
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3A 48

26.3
36.26
34.59
31.15

1.32
13.27

551
0.4
25.5
27.4%0

0.0%

6.88

58 6A b ]
26.4 28.9
16.49 19.37
45,22 45.33
38.29 35.29
1.48 1.22
§3.76 B0
9.22 9.60
2.62 1.72
6.93

0.03 - 0.08 0.07
544 523
1.7 1.1
35.8 35.6
37.7 37.96
1.14 1.08
q.IJ 0.06
376 458
S.4 8.0
3.8 1.9
1.9 -0.8
0.19 0.22
11.9 14,6
88.1° 8S.4
03 0.95
.02 0.05
6.0 3.9
4.6 12.3
-1.9 -8.2
87.3 92.0
0.90 0.88
Q.10 0.04

28.5

37.16
24.94

L.88
32.28

0.0

537
2.2

30.56
1.26
0.06

488 -

10.1
-1.§
0.3
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RUN 130-76 - W=COAL OPERATIONS ON BURNING STAR MINE I1LLINOIS NO.5 COAL {HRI 3767)

Catalyst - Amgrican Cyanamid HOS=1442A, 1/16" Extrudates (MRI 3556), 45.2 Pounds Ory

Reactor Liquid Phase Oepth = 19 Feet, Volume 3.7 Fel

1S

134
208

310
1023

1.86

10.97

.92
0.43
~0.04

3.45

723
82¢
777
547
15.2

2480

Period 9a 98 0
Oate (End of Periad), 1976 W UW w
Hours of Run - Beginning 136 148 160
End 148 160 184
Cacalyst Age, Lds Ory Coal/tb Cacalyse
Beginning 672 732 791
End 732 el 910
Coal Feed Rate, Lbs Ory Coal/Hour/
Fed Reactor Liquid Phase 61.1 60.1 60.7
Feed Coal
¥ 2 Moisture 1.83 1.82
2 Ash (Ory Basis) .39 11.37
Recycie Flows, Lbs/Ld Ory Coal
Aemospheric Stil! Bottoms 3.3 3,16 (3,13
vacuum Still Qverhead . Q.36 0.52 0.58
Inventory Change Q.11 0 .0
Mydroclone Overflow - - -
Tocal® 3.7 3.7 3
Temperacures, 9F
Coal Preheater Qutlet 720 723 728
Reactor Liquid Phase, Average 24 824 824
Separator, Average 790 768 778
Vacuum Flash Zonae 576 ST S7%
Pressure in Vacuun Flash, Torr 1.2 1.4 13.6
Hydrocione - - -
Prassurae, psig
Unit Back Pressure 2500 cevvmceusccocsaccces
Mydrogen Make=Up . 1500 2500 251%
Hydrogen Partial Praessure
(Reactor Outlac) 1800
Recycle Gas. nSCF/Ton Ory Coal 32.9 40.7
Vent Gas, nSCF/Ton Ory Coal 2.3 2.0
Hydrogen Purity of Recycle + Vent Gas, 3 . 92.0 91.5
Tocal Hydregen, MSCF/Ton Ory Coal
(Reactor Outlet) ) : 36.0  41.3
Make=Up + Recycle Hydragen
nSCF/Ton Ory Coal 45.8 s52.6
V § of Make-Up + Recycle Gas 94.6 93.8
Hydragen Partial Pressurse, psig 2365 2360

Hydrogen Cansumption
MSCF/Tan Ory Coal 3.8 11.3
% 3 Ory Coal 2.6

il Additions

Make-Up 0il, Lbs/lb Ory Coal 0.059 9.0%59% Q
Lbs/Mr/Fel 3.6 3.5 0
Flush 0il, Lbs/Ld Ory Coal 0.c03 0.003 0.00&4

* Tatal to reactor, includes make=up Qil

0.060
3.5
0.00

87

124 128 134 138 14 15 16 17
/25 2726 2726 /27 w28 w2 3N 3/2
208 218 219 231 263 87 291 315
218 219 F3 1] 243 267 291 315 339
1023 1059 1075 1135 1197 1319 64l 1862
1059 1075 1135 1197 1319 ekl 1562 1687
6.7 50.0 6.2 62.4 62.1 62.1 6.7 63.2
1.69 1.28 1.57 1.6§ 1.96 1.79 1.73
11,21 11.27 10.80 171.06 11.55 (11,76 11.49
2.89 .61 2.55 3.184 2.8 2.96 299 2.80
0.29 0 0.45 0.37 0.43 0.3% 0.29 0.42
-0.09 -0.45 q -g0.01- 6 -0.01 -0.02 -0.02
3.33 213 3.05  3.56 3.28 3.29 3.30 3.26
724 ne T4 728 729 726 710 725
826  8cu 823 823 824 824 826 824
792 762 790 795 778 m 776- 117
532 J16 1 55§ 557 548 558 560 S37
13.§  12.6 15.0 146 11.6 11.0 1i.1  11.1
2490 2500

2650 2500 2505 2525 2505 2510 2500 2500
19.0 29.8 34.5 33.7 31.0 29.2
2.1 2.1 2.6 3.2 )3 2.9
3.3 90.4 88.9 89.2 90.1 88.5
19.2  30.3 36.5 3.1 32.%  30.0
30.1  40.9 Le.4 43.2 410 38,4
93.4  93.5 92.1 92.2 93.0 92.0
2360 2360 2305 2315 2325 2300
10.9 10.0 9.9 9.1 8.7 8.4

2.9 2.7 2.8 7.4 2.3 2.2
0.058 0.073 0.046 e ] 9 0 0.022
3.6 3.7 2.3 ] ] 0 0 b
0.003 0.004 0.003 0.003 0.C°4 0.003 0.003 0.003



Périod
QPERATING RESULTS

Collected Product Quantitles,

¥ % Ory Coal
Atmospharic Scill cvcrh-a?
Atmosgheric Stilt Sottoms(l)
Vocuum Still Overhead(l)
VacYum Still Bottams
20 2)

Cy=Cy

Cu=Cs

HeS

€0y and co
Total

Inpuc Quancities, ¥ $ Ory Coal
ory Coai
Moisture in Feed Coal
Make~Up Qi Additions
Flush o1
HydPdgen Reccied
Total Used for normalization

Normalized Net Product Olscributlon,
W 3 0ry Cosl :
o, €0y
Cy~C3 Mydrocarbons in Gases
C4-Cq Hydrocarbons in Gases
18P=4J0OF Naphtha
400-6500F Oisctlillates
650-9759F Oiscillates
9759F« Residual 01 - Benzene=Soluble
. Senzene-insoluble
Unreacted Coal
Ash
HaG (Net)
NN (Forced Nitrogen)
H75 (Farced Suifur)
Total (100 + Nydrogen Reacted)

ANALYSES

Atmospheric Still Overhead
Gravity, QAP
18P, 9F
EP, OF
v t 2 Logoer
Gravity, 9aP1, 13P-4000F
LOQ9F-£P
Carbon, ¥ %
Hydrogen, ¥ %
Nitrogen, ¥ 2
Sulfur, W §
Phenols, Vv % Tocal

Atmosoheric Still Gottoms
Gravity, 9aAP!
18P, OF
EP, OF
v % 3 LOOOF
v 2 8 6509F
Gravity, 9aP1, [BP=ASOOF

6509F+

Cardon, W

Hydrogen,

Nitrogen,

Sulfur, W

” ¥

H
]
)
3

Vacuum Still Overhead

: Gravity, 9apt
18P, OF "
Ep, 9F
Vv 2 3 6509F
Carson, W 2
Hydrogen, W 2
Nitrogen, W 2
Sulfur, ¥V 2

Page 2 Of 4

%A 98 10 11 128 128 134 138 14 15 16 17
" *

13.2 10.2 14,3 1.8 14,0 6.4 7.5 12.6 147 145 15.4 15.0
3.9 0.3 0.5 =3.3 -7.9 -k3.2 0.! 0 6 -0.4 -1.6 -ti.0
1.2 0.l 0.3 -0.2 1.8 6 0.9 0.3 0.2 0.2 0.4 0.1

72.0 77.5 71.6 82.4 65.4 118.9 79.1 77.3 73.6 75.2 76.2 71.6
3.1 18.1 7.3 9.1 7.7 t.h 5.8 1.2 7.7 9.4 8.8 8.5

3.0 2.7 3.1 2.1 2.2 2.4 2.6, 2.4 2.6

2.4 1.7 1.8 1.8 1.6 1.3 1.2 1.3 1.
1.5 1.0 0.9 1.3 1.0 1.0 1.0 1.0 1.0
0.6 0.5 0.5 0.4 0.5 0. 0.4 0.4 0.5
13.7  99.9 109.1 99.0 106.7 101.4 103.9 104.3 105.4

160.0

1.9 1.9 1.8 1.9 1.7 1.7 1.3 1.6 1.7 2.0 1.9 1.8
5.9 5.9 0 6.0 5.8 7.3 4.8 6 0 Q 0o 2.2
0.1 n.3 n.b4 0.4 9.) 0.4 9.9 d.3 0.4 0.3 8.3 4.3
2.6 3.0 2.8 2.9 27 2.6 W 2.3 2.2
110.7 105.2 111.1 109.1 104.6 104.7 104.7 104.5 106.5
0.5% 0.55 0.48 0.48 0.49 0.39 0.4k Q.46
2.7 .79 3.13 2.19 2.5  2.43  2.39° 2.56
2.22 1.77 1.75 1.5 1.3 1.22 1.27 1.20
$.96 9.8 93.97 .14 8,98 8.63 8.98 3.4

3.84 ;g’; 7.14 3.75 11.93 13.30 12.49 9.2
28,38 27.43 28.50 77.96 32.23 30.81. 27.63 13.96
14,79 16.38 17.83 15.28 13.09 14.59 12.21 12.26
11.86 11,67 12.35 14.33 12.00 9.97 16,08 3.7
10.40 11,51 12.26 VLS 10,87 1078 10,81 15.49
s 3 1 9.49 - 6.1 7.4k 6.93 6.88
.11 2.08 1.97 1.99 2.03 2.07 2.07 2.06
102.55 102.76 102.71 102.65 102.62 102.39 102.29 102.22

37.0  1S.1 35.3  3S.4 35.9  31.6  35.9 sl 33.6 335 32.0  32.7
158 150 148 144 142 138 1% 154 138 136 132 140
534 524 S1s 523 S50 52§ 522 504 500 S13 520 528

5 66 68 68 68 s7 70 67 - 62 62 81 59
37.5
11.5
86.5
12.40
0.13
6.22
4.1
16.5 15.9 16.1 16.4 16,4 143 1S.5 15.8 15.4 5.6 1§5.6 15.5
398 (321) 393 406 432 382 pL] Jub 386 4i0
720 (755) 709 706 700 716 704 708
? (3 2 b ' ' |
92 (30) 94 91 92 9t 90 89 36 a8
16.8
5.9
39. 34
10.19
0.17
¢0.03 ~-6.03 v0.01 v0.01 -0.03% €0.03 <0.03 0.02 <0.03 0.02
4.6 S.0 5.7 6.5 7.0 4.3 4.3 5.6 493 5.5 5.8
ué (ba7) 486 508 510 52 520 622 524
(870)
33 (48) 45 53 40 18 36 36 47
. 89.84
3.98
0.34
0.10 0.03 0.06 0.12 0.09 0.1t 0.12 0.09 0.1l

(1) vegative Quantities of Atmospneric Seill Overnead and Vacuum Overhead Represent Jecrease in Inventary of Slurry 0il Orum

(2) includes Oissolved ¥M) ana N2$

Disciliacion - All ASTM o 86 Except dracketed Values by ASTN O 1160
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Period 9A 98 [} n 12A 128 13A 138 1o 15 1 17

ANALYSES (CONTINUED)

vater
Nitrogen ) 2.38
Sulfur, ¥ 2.32 .

Carbon, W 3 ’ 1.13

0-12 Liquid :

Gravity, APt 15.4 15.1 16.0 | 16.3 14.8 15.6 - - 14,6 14.7 14,5
Hy0, ¥ 3 0.0 .

0-5 Liauid 5
Gravity, 9API 18.5  17.8 17,0 17.5 17.8 1§.1  16.7 17.0 16,7 16.7° 16.9 .16.6
Ash, ¥ } 0.0003 0.0007 0.00!3 0.00}1 0.0002 0.0005 0.0014 0.0002 0.00!1 0.0040
M0, ¥V 3 2.52

Vacuum Scill Soctoms . .

W 3 of Flows from Vacuum Stil! 62.7 59.5 55.1 62.6 53.0 100.0 S4.4 52.4 4B.8 52,0 54.3 S0.2
Benzena-Soiubie, ¥V 3 : T 47.68 "49.59 49.02 : 46.41 50.91 Si.81 47.07 .51.64
Benzene=insolubie, ¥ 3 37.63 34.96 36.25 . 38.59 33.32 32.7% 37.35 33.52
Ash, W 3 14.69 15,45 14.73 15.00 15.77 IS.65A 15.58 14.84
Unreacted Coal, ¥ 3 (Estimaced) . 16.75 15.66 14.84 . 18.68 15.94 13.29 2t.08 17.39
Benzene=insoluble Resliduwm, W 3 (Est.) 20.88 19.30 20.41 19.91 17.38 19.45 16.27 16.13
Carbon, W 3 . 71.50 .
Hydrogen, W % 5. 10
Nitrogen, W 0.98
Sulfur, W 3 . 2.28 2.26 2.17 2.06 2.03 2.20 2.22 2.22 2.19 2.21 2.17
ASTH Ash, ¥ 15.82 15.75 15.51  14.97 14,50 15.25 14.93 15.21 15.84 15.71 15.38
Benzene~Solubie Gil, 18P, OF 738 ‘
738-9750F, W % : 25.8
3759F+, W 3 : . 74.2

Filter Cake
% 3 of Feed to Vacuum Still 33.3  32.0 35.3 5.6 27.6 28.8 33.8 25.0
8enzene-Soluble, ¥V 3 40.04 36.74 28.83 29.23 J4.49 24.37 26.98 40.19
8enzene-insolublie, ¥ 35.33 34.53 18.16 : 41,64 34.95 36.61 43.42 34.1S
Ash, ¥ 3 24,63 28.73 33.21 . - 29.13 30.56 19.02 29.60 25.46
Senzene-insoluble Residuum, v 3 (Est.) 7.26 5,41 A1 5.36  4.06 3.47 3.36 u.32
Unreacted Coal, W § (Est.) 28.09 29.12 33.45 36.28 30.89 33.i4 40.06 29.8)

Ash Content, W 3

0-13 Sottoms 9.18 9.01 8.87 7.49 8.73 8.76 8.37 71.02
Slurry sixing Tank 3.15  3.29 2.07  2.75  3.47  3.50 2.63
7.69 9.70 9.49/ 8.57/ 9.28/ 7.8V

Internat Recycle 0il (Flashed) 7.84 8.75
. 7.9% 9.79 8.83 8.19

Atmospheric Still Overhead - LOOOFe

Sulfur, W 2 0.03 0.02 0.07 0.05 0.02 0.03 0.0t .0.03 0.03 0.02 0.05 0.6}
Vacuum Still Bottoms
18P=97S9F Gravity,. ®API -5.5
Sulfur, ¥ 3 0.35
3759« Sulfur, W % 1.20

89



Page 4 Of 4

Period : 98 10 1" 12a 120 134 138 14 11 13 17

CHMARACTER|I ZATION OF SOLIDS-FREE G1L PRODUCTS

pistillacion of Filtrate from
Fitzracion Operation
Vacuue Distillation

o~

Final Vapof femperature, °F 530 §4) $32 . 534 527 515 s42 N
Pressure, Torr R 1.8 0.3 0.8 0.8 6.4 0.0 1.5 0.4
Residua. ¥ % of Filtrate 41.3  40.9  40.1 37.6 38.9 38.0 36.2 29.9
Senzene=insoluble, ¥V % 36.69 37.12 40.90 40.58 34.37 36.50 42.04 31.33
Carbon, ¥ 3 B 86.95
Mydrogen, ¥ 3 5.88
Nitrogen, W ¢ 1.38 . _
Sulfur, ¥ % 1.2) 1.20 1.17 1.32 1.25 1.26 1.26 © 1,34
Ash, ¥ % 0.18 0.28 0.2%4 0.37 0.2¢ 0.20 0.12 0.20
18P=9759F, W 9.8
9759F+, ¥ % 90.2
Bateh Oistillation of
Vacuum Bottoms Slurry Product
Vacuum Oistillation :
Final Vapor Temperature, OF 470 390 486 482 .89 465 (13 Lb
Pressure, Torr . 5.0 15.0 1.2 ) 1.4 1.5 1.2 2.2 7.
Distillpee, ¥ 3 of Vacuws Bottoms .

Slurry 5.8 4.8 15.2 . 10.2 9.7 1.0 1.8 10.3
Gravity, 9AP| . b -0.1 4.5 -8.6 k.5 -3.2 -2.3 a.t
Carton, W 3 . 88.78 .

Mydrogen, Y % . 3.10

Nitrogen, W $ 0.62 .

Sulfur, W 3 : 0.36 0.27 0.36 0.43 0.42 0.3t 0.36 0.30
Calculated Composition of Solids-Free 0il
in Vacuum Bottoms Slurry Product
Constitution, ¥ % ..

Batech Seill Discillate .

from Slurry Product 1.2 8.7 26.9 16.0 4.4 17.4 21.) 18.8

8atch Still Residue from Filtrate - 83.8 91.3 73.1 as.0 85.6 82.6 78.9 81.2
Composition, ¥ X (Calculated)
Sulfur, ¥ 8 . 1.n .12 0.95 .18 1.13 .11 1.0 1.1h
Ash 0.16 0.26 0.18 0.31¢ 0.21 .a9 .1
Cailculsted Composition of
LOO9F+ Liquid
Constitution, WV §
Atmospheric Still Overhead , LOQOF+ 6.5 8.9 9.4 8.3 10.6 9.9 12,2 11.3
Atmospheric Still 8ottems 0.7 0.8 -6.6 -0.2 -0.2 -0.8 ~-3.6 -1.7
Vacuum Still Overhead : -0.5 =-0.1 =-I12.§ -6,2 -0.2 -0.2 0.0 -4 4
Vacuum 5tili Bottoms 93.4 90.2 109.7 96.1 83.8 91.1 91.5 94.3
Composition, Calculated
Sulfur, ¥ 3§ 1.04 1.06 1.09 114 1.04 1.0} 1.00 1.18
Ash . 0.1 0.23 0.20 19 1S 0.07 Q.15

¢ Thermocouple Broke



RUN 130-76 = M=COAL OPERATIONS OM BURNING STAR MINE ILLINOIS NO.6 COAL (MRI 3767)

Cataiyst - Amarican Cyanamid HOS=-1442A, 1/16" Extrudates (MR1 3556), 45.2 Pounds Ory

Reactor Liquid Phase Depth - 19 Feet, Volume 3.7 Ftl

Period
Date (End of Period), 1976)

Hours of Run - Baeginning
End

Cacalyst Age, Lbs Ory Coal/Lb Catalyst
Beginning
End

Coal Feed Rate. Lbs Ory Coal/Hour/
Ft3 Resctor Liquid Phase

Fee& Coal
¥ 2 Moisture
2 Ash (Dry Basis)

Recycie Flows, Lbs/Lb Ory Coal
Atmosoheric Still 8octoms
Vacuum 5till Overheaa
inventory Change
Hydroclone Gverflow

Total *

Temperatures, OF
Coal Preheater Outlec .
Reactor Liguid Phase. Average
Separator, Average
Vacuum Flash Zone
Pressure in Vacuum Flash, Torr
Hydroc!one

Pressure, psig
Unit Back Pressure
Hydrogen Make-Up
Hydrogen Partial Pressure (Reactor Outlet)

Recycle Gas, MSCF/Ton Ory Coal

Vent Gas, MSCF/Ton Ory Coal

Hydrogen Purity of Recycle ¢ Vent Gas, %

Total Hydrogen, MSCF/Ton Ory Coai
(Reactor Qutlec)

Make=Up ¢ Recycle Hydrogen
MSCF/Ton Ory Coal
V 3 of Hake-Up + Recycle Gas
HWydrogen Partisl Pressure, psig

Hydrogen Consumption
MSCF/Ton Ory Coal
¥ % Ory Coal

0i! Additions
Make=Up Qil, Lbs/Ld Ory Coal
Lbs/Hr/Fel
Flush 0il, Lbs/Lb Ory Coal

= Total to reactor, includes make-up oil

33

339
bH

1687
1812

1.72
11.43

2.54

0.60°

0.02
3.16

723
824
77
537

L]

2500
2500

~
oD -

~

w o
O WwNW

38.1
92.7
L2318

~~
-0

0.044
2.8
0.003
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194 198 20 214 218 22 23 26A
373 3/6 3/5 3/5 3/6 377 7 3/7
351 363 175 399 an 423 b7 an
363 378 399 18] 423 by N u7s
1812 1873 1935 2058 2119 . 2181 2306 2430
1873 1935 2058 2119 - 2181 2306 2430 2451

62.8 62.9 62.5 62.3 62.5 63.9 62.8 63.9
1.62  1.82  1.65 1,61 1.4§
11.45 11,83 11.38 11.36 11,14
2,64  2.61 2.50 2.17 1.34% .40 1,32 1.27
0.53 0.61 0.69 0.66 0.58 0.51 0.56 0.73
-0.03 -0.04 0.02 -0.04 0.06 0 0 0.02
0 0 0 0 i.14 1,23 1.45 1.10
3.26 3.3 3.34%  2.99 3.06 3.14  3.33 3.08
723 729 722 723 M1 'T6 M1 neé
824 826 825 Bas 825 825 825 825
772 176 M6 172 779 119 776 774
527 522 519 549 521 541 535 533
18.4 18.4 18.3 18.9 175 16.9 16.9 17.1
- - - - s00  SI18  Si 504
2540 2535 2555 2560
1817 1825
31.5 38.3 0.1 41.9 38.0 38.0 38.6
3.1 2.5 2.5 4.5 6.2 6.0 6.9
90.2 89.1 89.4 89.8 89.3 89.7 88.5
32.7 378 39.5 42.8 40.5 40.7 1.5
4.0 46.0 48.1 S0.6 47.9 48.0 48.3
93.0 91.7 91.9 92.2 92.2 92.4 9.6
2325 2290 2295 230§ 2340 2340 2340
8.3 8.2 86 7.8 7.4 7.3 6.8
2.2 2.2 2.3 2. 2.0 2.0 1.8

0.036 0.054 0.172 0.118 0.036 0 0 0
2.2 3.4 108 7.3 2.2 0 0 0

0.003 0.003 0.003 0.003 0.003 0.00) 0.90) 0.003
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Period 18 198 198 20 2tA 218 22 23 24A

QPERATING RESULTS
Collected Praduct Quantities, W $ Ory Coal

Atmospheric Still Ovcrhaa? 4.9 15.3- 8.4 18.8 17.1 18.7  14.8 1686 17.2
Atmosoheric Still 8ottoms N 1.8 -1.8 =2.5 2.1 -2.4 4.9 0.6 0.8 1.6
Vacuwn Still Overhead(1) 0.9 -0.2 -0.2 0.8 -0.6 .h 0.6 0.6 0.9
Vacuum $gill Bottoms 87.6 82.9 80.3 85.3 79.4 72.3 69.0 72.8  85.7
H20(2) 7.8 7.4 16,6 12,4 8.8 8.5 8.5 8.6 9.1
Cy=C3 2.3 2.4 .3 2.3 2.3 3.0 3.0 3.6
Cu=C4 1. 1.2 0.9 1.1 1.1 1.3 1.2 [ )
LT 1.0 0.9 Q.9 1.1 1.1 1.5 1.6 1.8
€02 and CO Q9.5 0.4 0.4 0.4 0.5 0.6 0.6 Q.7
Total 108.9 108.5 106.9 124.3 107.3 113.2 99.9 104.9.
lnput Quancicles, ¥ % Ory Coal
aory Coal ) 100.0
Moisture in Feed Coal 1.8 1.6 1.6 1.6 1.7 1.7 1.7 1.5 1.5
- Make=Up 011 Additions [ 3.6 5.4 17.2 11.8 3.6 [+] 0 Q
Flush 011 9.3 Q9.3 0.3 0.3 a.3 0.3 0.3 0.3 0.3
Hydrogen Reacted . 2.1 2.2 2.2 2.3 2.1 2.0 2.0 1.8
Toca! Used for Nermaliragine 108:6 107.7 109.8 121.4 115.9 1487.6 - 103.9 103.6
Norma! i zed Net Product Oiscribucion
W % Ory Coal
€0, €02 0.43 Q.44  0.36 0.5 0.57 0.67
Ci=C3 Hydrocarbons in Gases 2.14 .34 2,29 .79 3.10 370
Cy~Cg Hydrocarbons in Cases 1.08 .91 1.04 1.19 1.26  1.%7
laP-fooﬂf Naphtha 7.40 L.57 7.35 7.26 7.79 8.43
400-6509F Distillaces 7.83 . 7.18
§50-9750F Disciliaces ‘ 15.43 7.0 421 19.69 16.82 g
9759F+ Residual Qil - Banzene-Soluble 31.56 29.32 26.99 26,52 24.77 26.84
Benzene=insoluble 3.33 13.96 11.04 P41 15.63 10.02
Unrsacted Coal 15.40 15.31 16.00 9.82 i0.71 13.61
Ash 11.88 12,36 1131 11,45 11,93 11.51
Hy0 (Net) . 9.92 6.58
NAg (Farced Nitrogen) 5.65 14.99 570 §.35 7.1% 559
HoS (Forced Sulfur) 2.14 .06 2.1 -2.27 .23 2.24
Tocal (100 + Hydrogen Reacted) . 102.05 ) 102,15 102.75¢ - 101.97 101.94% 102,50
ANALYSES
Atmasgheric Seill Overhead
Gravity, 9aPt 3.9 Jz.2 31.3 26.7 25.6 25.8 28.0 29.3 29.7
189, OF : R 140 136 140 143 154 139 134 138
EP, OF 520 530 542 s77 562 549 530 520
1 % 8 Logor 55 59 56 43 43 53 60 &b
Gravity, OAP1, 18P~4000OF 356.9 35.2
4Q00F-EP . - 19.3 20.6
Carbon, W 3 36. 71 - 85.05
Hydrogen, W 3 11.29 10.87
Nitrogen, W Y 0.18 0.25
Suifur, W 3 0.12 2.2!
Phanois, V % 100
Atmospheric Still Bottoms -
Gravity, 9aP{ .6 13.7  1a.1 10,8 9.5 9.3 10.2 11.3 1.4
18P, 9F 406 360 (379) T 432 (351)  44s
EP, OF 700  (76%) (755)
v % 2 LOooF } (1) ()
v 3 @ 65000 9N Nn (89) 84 34 (87) 81
Gravity, OAPY, 18P-6500F 10.5 12.8
6509F a.5 5.2
Cardon, ¥ ¢ 89.9 88.77
Hydrogen, W $ 8.99 9.45
Nitrogen, ¥ 3 . 0.23 0.23
Sulfur, ¥ 3 0.02 0.0t 0.02 0.06 0.03 0.09 0.06
Vacuum Still Overhead .
Gravity, %ap1 5.8 4.8 6.1 3.7 - 3.4 5.6 6.3 1.7 8.9
18P, OF 528 528  (448) h3 L8s  (399) 482
. EP, OF (765) (840) -
v T 8 6500F s2 56 (s8) 66 60 (70) 85
Gravity, 9aP1, 18P-§50°F . 5.0 . 10.7
§500Fc ' -0.8 3.
Carbon, V¥ X 90.97 89.48
Mydrogen, W 7.98 . 9.20
Nicragen, ¥ 3 9.30 0.22 -
Sulfur, v 3 0.12 0.09 0.1 0.02  0.06 0.0 0.0S

* Mydrogen Consumption from Feed Praduct Anaiyses

(1) Negative Quantities of Atmospheric Still Overhead and Vacuum Overhead Represents Oecrease in inventory of Slurry QF1
(2) 1ncludes Oissalved uM3 and WS orum

Ofscillacion - Al) ASTM 0 86 Except 8racketed Vaiues b8y ASTM 0 1160
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Period 18 198 198 20 214 28 22 23 A
Water
Nitrogen, ¥ % 2.99 3.33
Sulfur, W 3 1.24 2.59
Carbon, ¥ 2% 1.76 )]
Phenols, g/l . 7.9
- | iquid B
¢ Gf,:::;" APt 1h.s 13.8 9.3 10.7 11.9
vater, W 2 0.86 1.4
0-5 Liquid .
Gravity, APt 15.7 is.o 14.8 1.9 . 10.5 11.6 12.2 12.9
Ash, Y % . 0.0008 0.0023 6.0013 0.0010 0.0017 0.0008 0.0027 0.0027 0.0344
Water, W 2 .1
Vacuum Still BSoctoms
W 3 of Flows from Vacuum Still 4§.5 8.3 k5.7 45.0 63.6 43.6 LL.B bbk.§S 38.1
Senzens-Soluble, ¥ % 50.04 50.89 53.77 49.02 b6.34 48.84/
51.37
fsnzene-insoiuble, ¥ 3 . 34.78 34.07 32.63 34.48 36.93 4L0.S54/
- . 32.70
Ash, W § . 15.18 15.06 13.60 16.50 16.73 16.62/
. . 15.93
Unreacted Coal, W X {Estimaced) - 20.10 17.95 19.22 14.58 15.01 18.83
Genzene=-insoluble Residuum, W 3 (Estimated) 14.68 16.12 13.62 18.90 21.92 13.87
Cardon, ¥ 3 73.76 71.80
Mydrogen, W % 5.21 $.00°
Nitrogen, W % 1.36 : 1.38
Sulfur, W 2 2.17 2.13 2.09 2.1 2.07  2.14 2.13 2.09 2.06
ASTHM Ash, W § 16,22 14.2Y 15.0% 14.07 14.49 16.95 16.86 16.58
Benzene~Solubie 0il, I8P, OF 535 . . 704
1BP-6500F, W ¢ 3.32
650-975°F, ¥ % 16.68 33.1
9759F+, W 3 60.00 66.9
Filter Cake
W 3 of Feed to Vacuum Scill . - 28.7 32.8  22.6 28.42 9.5 22.2
8enzene=Soluble, W 29.52 33.64  24.45 33.38 45.71 34.74
8enzene-insoluble, ¥ . 41.25 37.56 45.02 32.80 28.79 16.62
Ash, W ¢ 29.23 28.80 30.53 33.82 25.50 28.6k
Benzene=insoluble Residuum, W ¢ (Estimated) 2.55 . 3.20 1.86 3.57  S5.91  2.76
Unreacted Coal, W $ (Estimated) 38.70 34.36 43.16 . 29.23 22.88 15.01
Ash, W %
0-13 Bottoms 7.48 7.315  6.42 9.29
Slurry Mixing Tank 3.05 3.4 3.45  L.10 5.60/ 5.81
6.39
Internal Recycie 0il (Flashed) 7.81 8.24 8.56 7.972/ 6.9% 9.47 9.03/7 10.35/
y 7.67 9.74 8.96

Hydroclone Foed:
Ash, W 3 8.1 9.7% .13
Ash, W Jow ’ 7.60 9.77 7.0
Ash, W Jexe : 7.27 7.5 71.02

Hydroclone Overflow '

Ash, ¥ 3 7.10 7.55% 6.62 .
Hydrocione Underfiow
Ash, W ¢ . 7.96 11.53 7.40
Atmospheric Still Overhead .
LQO%F+ Sulfur, W 3 . Q.01 0.02 G.03 0.02 0.05 0.1 0.07 0.10
Vacuum Still Sottoms
18P~97S0F
Gravity, 9ap! 7.1
Cardon, W 3 . 38.48
Hydrogen, W % 7.43
. Sulfur, ¥ 3 0.37 . 0.38
Nitrogen, W 3 0.83
9750F
Cardon, ¥ 3 85.63
nydrogen, V % 5.78
Nitrogen, W $ n
Sulfyr, W % 1.1§
SAsh, W % 0.30
¢ 0-1) 3octoms .-

** Calculated from Qverflow and Bottoms Analyses., Flows

%2 Calcylated from Overflow and Vacuum Still Soctoms Analyzing Flows
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Perlod . 18
CHARACTERIZATION OF S0L10S-FREE OIL PRODBUCTS

Distiliation of Filtrate from Filtration Operation
Vacuum Distillation .

Final Vapor Temperature, OF 538
Pressure, Torr 1.0
Residus, W 3 of Filtrate B 29.0
Benzene-insoluble, ¥ BT Y
Carton, ¥ 3

Nydrogaen, ¥ 3

Nitrogen, ¥ 2

Sulfur,'W 3 V.37
Ash, ¥ 3 0.50
18P=9759F , W %

9759F+ , ¥ ¢

Batch Distillation of Vacuum Bottoms
Slurry Product

Vacuum Distillacion . -
Final Vspor Tempersture, 9F Ll
‘Pressure, Torr i
Distillacg, ¥ T Vacuum 8Bottoms Slurry 9
Gravity, OAPt ’ -6.
Carbon, ¥ 3
Hydrogen, ¥ %

Hitrogen, ¥ 3
Sulfur, W 2 . 0.30

Calcuiated Compasition of Solids~Free Gil
in Vacuus Sottoms Slurry Product

Constictution, W 3

Bacch Still Distillace from §Slyrry Product 17.6

82cch Scill Residue from Filtrate 82.4
Composition, W t (Calculated)

Suifur, ¥ ¢ . 1.18

Ash, 4 2% o. 4l

Calculated Composition of 4009F+ Liquid

Conatitution, W 3 - :
Atmospheric Still Overhead , WOOF+ 1

2.0

Atmospgheric Still Bottoms . 2.9

Vacuum, Stiil Overhead 0.8

Vacuum Still Bottoms, Solids-Free 0i) 84.2
Compogition

Sulfur, ¥ 1.03

Asn, ¥ 3 a.33

2 Paper Leshed Ouring Filtration

94

198

538
1.3
27.7
38,00

e.35

20

0.3

Page 4 Of 4

218

519
0.2
42.1
81,77

15. 55w

&0 - &
S~

o -
MO =
—_ N

(0.86)

23

555
2.4
27.3
6b.68
85.08
5.98
1.57
1.15
0.30

9s.1



PDU RUN 2 - ILLINOIS NO. 6 COAL - FUEL OIL MODE

Although the fuel oil mode had been demonstrated in terms of
coal feed space velocity, hydrogen partial pressure and hydro-
gen ration, Pilot Plant gas velocities were not simultaneously
attained due to the lower L/D of the POU reactor. As previous
work had shown that linear gas velocity was an important factor
in cntrainment and ebullating flow control, as well as a
potential factor in catalyst attrition and carryover, this run
was designed to demonstrate the fuel o0i1 mode at the Pilot
Plant design gas velocity.

The tar'gef. was a-seven-day operation at a gas velocity in the
0.17 to 0.18 fps range to prove operability and to determine if
catalyst loss through attrition and/or carryover occurred under

these conditions. The run lasted for 272 hours (1509 1lbs

coal/1b catalyst) with the last seven days achieving the
‘targeted gas velocity with stable ebullating flow. The coal
feed rate was 78 1bs/hr/ft3 of reactor and reactor slurry com-
position was close to that achieved during PDU Run 1. Coal
conversion was about 91% throughout with the 400°F* fuel oil
yield holding at about 54%.

The coal feed for this run was that used in all previous PDU
runs in this program, Burning Star Mine, I11inois No. 6 coal.
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ANALYS!S OF BURNING STAR MINE, ILLINOIS NO.6 COAL

USED IN RUN 130-77

) As
Hours of Run ' Received 0-272
HR! Number 3751 3751/3767
Moisture, W % 12.21 2.13
Proximate, Dry Basis, W %
Ash . ) 9.87 . 11.09
Volatile Matter 34.68 ko.30
Fixed CArbon 55.L5 L8.61
Ultimate Analysis, Dry Basis, W % : A
Carbon . 71.59 ' 68.88
Hydrogen 4.5 4.54
Nitrogen : 1.24 1.06
Sul fur ‘ 3.47 . 3.53
Ash : 9.87 ' 11.09
Chlorine . 0.08 ‘ 0.03
Oxygen (Difference) 9.29 10.87
Btu (Dry Basis), Gross , . , 12,529
Sulfur Types
Pyritic : : 1.56 - 1.38
Sulfate . 0.11 . 0.01
Organic : 1.80 1.95
Total 3.47 3.34
Mineral Analysis, W % lIgnited Basis
Phosphorous Pentoxide, P20g 0.07
Silica $i03 47.60
ferric Oxide Fe203 o 19.09
Alumina Alp03 20.62
Titania Ti0y 0.82
Lime €a0 5.80
Magnesia Mg0 0.95
Sul fur Trioxide S0+ 2.74
Potassium Oxide Kzg 1.77
Sodium Oxide ~Najp0 0.48
Undetermined . 0.06
Alkali, W % of Dry Coal 0.18
lron, W % of Dry Coal .44
Screen Size {U.5.S.)
+50 3.20
50/70 ' L.71
707100 - B 8.35
100/140 ' 11.57
1407200 : 10.79
200/325 22.32
325/Pan 39.06
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Page V of 6
AW 1J0-77 - H-COAL OPERATIONS ON BURNING STAR WINE iLLINOIS NO. 6 COAL (HRE 37$)/3767)

Catalyst - American Cyanamld HOS-1A82A, 1/06" Excrudates (HRD 3558), 50.% Pounds Ory
Reactor Liquid Phase Depth - 19 Feet, Volume ).7 ft,

Perlod 1A 1] m 2 I 1] (7} (1} 5A 58 3 18 9 10 1
Date {End of Period), 1976 3/28 329 3/29  3/30 - 3/30 /I WA &0 W) MR M) MA WS WNE M) MBS W8
Hours of Run - Beglnning 0 12 2 36 1] [1] n 84 96 108 120 144 168 192 216 280 26M

€nd [H 1] 16 8 60 n 84 96 108 120 [LL] 168 192 216 0 264 t¥7]

Catalyst Age, Lbs Ory Coal/
Lb Catatyst - Beglaning ] 46 102 162 233 3 390 (1}] 518 586 654 788 923 1058 1191 1330 466

£nd 46 102 162 (31} b13] 330 Al 518 586 654 788 923 1058 1191 1330 1h66 1509

Coal Feed Rate, Lbs Ory Coal/ .
Hour/ FtJ Reactor Liquid Phase s1.7 6hS 67.2 810 91.) 869 62.0 1.8 1.5 17.6 6.0 6.6 6.3 75.0 9.0 J1.0 Jh0O

Feed Coal
W} Moisture 2.62 .12 0.9 .62 L4717 166 VLS4 205 1.6 2.05 1.3 L9y 2.3
3 Ash (Dry Basis) H.66 10,22 1006 10.99 10,00 101.2) M) 1.8 10.02 10.7% 10.7h 10.85 10.23 10.99
Recycle Flows, Lbs/Lb Solids .
Atmospheric Still Bottoms 142 2,38 2.82 2.4) 1.3 0.9% 1.66° .52 1.59 1.64 1.8 1.5 .81 1.92 1.6 1.57 .08
Vacuum Still Overhead 0.65 0,51 0.)5 0.28 0.2) o0.00 0.15 o0.26 0.26 0.27 0.6 o0.12 0.4} 0.05 0.22 0.09 ]
From Inventory +0.30 +0.0) +0.02 +0.0) -0.05 +0.06 -0.2k -0.11 -0.04 -0.04 -0.05 -0.02 -0.05 -0.08 -0.07 0.0} -0.02
Hydroclone Overfiow (011) 0 [} 0 0 0.49 0.95 .04 .00 1.01 1.0l 0.92 0.94¢ 0.97 o0.80 o0.88 1.02 V.00
Total ¢ 2.59 .02 3.28 2.40 2.26 2.59 3.2 2.65 2.B2 2.88 2.8 2.8) 2.9% 2.8 2.60 2.65 2.9
Temperatures, o .
Coal Preheater Outlet 618 673 69% 107 104 675 67) 696 10 130 132 16 M) T44 15% 151 154
Reactor Liquid Phase, Average 809 843 848 847 848 [-LY] 84y 848 848 847 84y 848 687 848 8A8 - BAB 846
Separator, Average m 116 161 m 180 187 264 159 176 m 179 m 789 791 179 188 788
Vacuum Flash lone L62 492 510 519 51 398 se2 540 563 566 565 564 556 552 517 sn 548
Pressure In Vacuum Flash, Torr 10.2 9.3  9.). 9.6 0.1 1] 106 38 15 3] 23 171.§ 48 35 8 b H 5
Hydroclone - - - - - m s2 520 516 512 510 - - - - - 520
Pressure, osig
Unit Ba . Pressure 2500 2500 2500 2508 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500
Hydrogen Make-Up 2530 2530 2535 2540 2530 2550 2560 2555 2530 2550 2565 2590 2595 2590 2585 2600 2605
Hydrogen Partlal Pressure . 1317 1562 150 168y - 1782 1805 1766 1850 1808 1830 18k0
{Reactor Outlet) :
Recycle Gas, HSCF/Ton Ory Coal 12.6 1.6 12.) 19.5 19.6 17.6 249 248 30.) 37.0 37.7 36.8 4A0.& 39.5 39.1 393.8 40.8
Vent Cas, MSCF/Ton Dry Coal 2.2 t.8 1.8 2.4 1.6 1.2 - 2.4 3.8 &N S5 6.6 6.0 58 6.1 6.3 6.9 6.6
Hydrogen Purlity of Recycle 90.8 90.7 86.6 89.5 85.6 840 B87.0 87.7 8).2 68. 89.7 88.8 90.6 89.8 91.4 9).2
Gas ¢ Vent, § . .
Total Hydrogen, HSCF/Ton Dry Coal 6.4 . 048 15.2 20,8 19.9 17.6 26.3 26.9 30.7 39.4 406 39.8 43.7 432 3.7 648 (45.3)
{Reactor Outlet) . .
Hake-Up ¢ Recycle Hydrogen .
MSCE/Ton Ory Coal 35.0  29.7 3.h 35.2 3.5 327 k6.1 A2.7 45.8 539 55.6 SN\ S7.3 S6.h $6.2 S7.h (59.3)
V % of Hake-Up ¢ Recycle Gas 96.8 96.5 94.9 945 92.0 92.) 93.6 93.3 90.0 92.6 93.5 92.9 93.8 934 9.4 k.2

Wydrogen Partial Pressure, pslg 2450 20k0 2405 2400 2325 2345 2395 2385 22)5 2360 2395 2405 2435  2bI5 2440 2450
Hydrogen Consumption

HSLF/Ton Ory Coal 18.6 15.0 16.) 134 12.6  15.0  19.8  15.2 5.1 &S 139 0h3 136 832 2.5 12
W 3 Dry Coal . 5.0 (] A3 3.6 3.4 Lo 5.3 A2 [N} 3.9 3.7 3.8 3.6 3.5 3.3 3.4
0i) Additions
Make-Up 0il, Lbs/Lb Ory Coal 0.207 0©0.105 0.09%4 0 0.02% 0.680 0.538 0 ] 0 -a [] 0 0 0 0 0
lbs/ur/f(‘ .10.7 6.8 6. 0 2.2 S9.1 6.0 0 0 [} ] 0 0 0 0 0 0
Flush 0il, Lbs/Lb Ory Coal 0.004 ©0.00) 0.00) 0.002 0.002 ©0.00) 0.003 0.003 0.003 0.002 0.003 0.003 0.003 0.003 0.00) 0.002 0.00)

*inchude Hake-Up O
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RUN 130-77 - OPERATING RESULTS

Period T " M 3 N N YRR T T 1) 6 7 ¢ 9 10 "

Collected Product Quantities
¥ 3 Ory Coa}

Atmospheric Sti1) Overhead 0.2° 1.0 213 16.8 1A.0 6.5 25.0 19.3 6.3 06.5 5.9 17.8 20.7 21.0 20.2 20.%
Atmospheric St110 Bogtoms (i) 21,0 -8 -1.B  -0.5 by 5.5 23.9 01.% 3.7 4.9 9.} k8 -s.a 3.0 6.0 1.9
Vacuum Sti)t Overhead (1) -9.5 -0.¢ o 0.l 0.8 0 2.) 2.2 0.9 [N] 0.9 0.2 a 0.2 -0.§ 0.5
Vacuym Stil!) Bottoms 105.6 6.5 68.7 65.9 5.5 125.0 98.6 60.0 59.1 59.9 59.3 59.5 65.6 68.4 0.0 65.2
h,0 2) 2.8 183 7.9 13.0 126 2. 7.4 90 9.0 0.0 9.3 9.3 88 89 9.3 89
-, 2.9 38 &) 3.8 3.6 A8 52 A9 S5 SA& 52 SA& 5.0 S& 53 S
G 3.0 2.5 M2 22 2] 2.2 29 2.8 36 3y 3y 3 6 2.9 Yo 2.9
H$ 1.8 1.3 v9 2 LS ) s 2. 1.6 2.0 2.1 1.8 2.2 2.2 22
c&z and o, oh 0.3 05 o4 05 05 03 0.5 06 0.6 0.2 0.2 o5 08 08 0.8
Total . 86.3 110.1 108.1 02.8 96.0 161.4 167.8. 11).3 100.9 103.). 105.8 102.9 100.2 106.& 104.0 110.2
toput Quantities, W § Dry Coal
Dry Coal 100.0 100.0 100.0 100.0 (00.0 100.0 100.0 100.0_ 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Molsture In Feed Coal .7 1) a2 1.0 1) s ha .7 L6 1.6 2.0 1.7 24 2.A 2.0 2
Make Up 0J) Additlons 20.) 10.§ 9.4 0 2.6 68.0 53.§ 0 [} [ 0 0 0 0 [ ]
Flush 011 : oo 0.3 0.3 0.2 02 0.3 0.3 0.3 0.3 0.2 03 0.3 03 0.3 0.3 0.2
Hydrogen Reacted 5.0 &0 43 3.6 34 A0 53 &2 SO 3.9 3.2 3B 3éE 1S XY AN
Total Uscd for Hormalization 12B.8 117.5 115.2 tok.8 107.7 173.4@ 160.3 ¢06.2 105.9 105.7 106.1 105.8 106.0 106.2 105.6 105.9
Coal Conversion 89.9 91.4 . 92,4 91.8 91.8 91.8 91.3 90.8 90.6 91.2 9I.)
Normalized Net Product Disiribution ) '
¥ % Dry Coal
co, co, 0.3 0.41 0.49 0.60 0.67 o0.72 0.61 0.78 0.76 0.8
¢ .02 " 3.2 .65 5.3 5.30 S5.57 5.37 S.4 5.32 5.28
€t 2.68 2.2 2.34 3.19 339 319 2.72 285 3.1 2.81
:ar-:oo:r waghtha 7] 12.01) 9.50 19,06 11.70 14.26 14.21 82.82 .73 Il.kz
00-650°F .istillates . .72 1.2
650&9750‘ Gistitlates 9.05 16.13 ) 28.28 20.83 g4y 16.33 Hh.95 14,22 15.96 9.2
975 Fo  Residual 0il
Benzene Soluble .17 ©3.50 21.28 22.02 22.97 23.38 25.80 26.99 26.80 21.52
Benzene Insoluble (IR ] 9.5) 9.54 10.27 t0.8% 10.69 10.00 B0.54 12.88 12.85
Unconverted Coal 11.80 9.99 . J.20 7.8t 7.25 B.31 8.96 8.59 8.92 6.4
Ash 13.29 11.29 11:10 1045 03,08 00.34 11.99 BL.84 b0.11 10,28
Hy0 (hex) 14.68 12.28 6.84° g.s6 S5 @ 709 6m 79 ¥
HH3 (Forced Nitrogen) ) : 0.20 0.4
Hy$ (Forced Sulfur) 243, a2 2.41 2.35 2.80 26 222 2.30 2.3 2.2)
Total (100 ¢ Hydrogen Reacted) 103.9% 103.9) 104,13 103.80 103.41 103.81 i03.50 103.46 10)3.28 103.27

(1) Hegative Quantities of Atmospheric Still Overhead and Vacuum Overhead Represent Loss In Inventory of Feed Coal Slurey 01 Tank

(2) Includes Dissolved unl and H,$

~ 4 e
D= =0
=0 Ow

[-] ~ O
- Owd
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Perlod

-Atmospheric Stil) Overhead
Cravigy, Oar1
tep, °F
P, %
vt g4o0%
Graviuy, ®ari
10pP-400°F
400%F-€P
Carbon, W 3}
Hydrogen, W §
Nltiogen, W §
Sulfur, W §
Phenols, ¥V 3 Total
v t 18P-400°F

Atmospheric $Still Bottoms
Gravigy, aPI
iBP, °F
EP, OF

. v 3 eLoo®F
v § p650°F
Gravity, GAPI

18P 4650°F

6500F ¢
Carbon, ¥ ¢
Hydrogen, W §
Nitrogen, W §°
Sulfur, W §

Vacuum St111 Overhead
Gravity, ©API
18P, °F
e, °F
v 1 g650°
CGravity, API

18P~ 6500F

650°F ¢
Carbon, W §
Hydrogen, W §
MWitrogen, W §
Sulfur, v

Water
Nitrogen, W §
Sulfur, W 3
Carbon, W 3

0-12 Liquid
Gravity, %apy

0-5 Liquid
Gravity, °API
Ash, W 3

Distidlations - AlL ASTH DB6 Excepr Bracketed Values from ASTH O 1160

3.9
164

576
68

1.8 12.6
350
2
<2

<0.03
IR
496

49

<0.0}

12.3

1.6 16.4

28 H
35.0  36.0
[L1] 176
542 520
68 73
12.0 12.2
156

131}

<?

87

0.0}

2.) 1.5
sio

38

<0.03

§3).0

15.8  15.6

AUN §30-77 - ANALYSES®

JA

3.7
150
518

68

1.8

2.5

15.3

38

2.2
130
520

58

0.09

5.5

13.5

W e

28.7 28.9
120
sko

55

5.1 6.6
394

. al

n

<0.0)

0.07

7.3

9.9 10

58

33.6

8.4

1.5

H]
34.3
134
€9

184

<!
9

-~

8.0

12.)

L3 7
5.0 3.2
LY} 124
) 505
n 8o
40.4
20.5
(199
n.w
0.18
0.0q
6.0
5.0
100 10.5
(3:&) 398
1]
£2 N |
(10} 76
12.5
1.3
88.91
9.0
0.30
0.02 <0.03
2.7 33
(332) 436
2
st) 53
.0
-5
90.02
8.28
048
0.10 0.09
3.19
2:60
1.55
£.9 9.0
1.9 13.4

.
126
H 1
(1

1.3
330

<!
78

10.}

1.9

2.5
12
505

[

12.0
Aoo

15.4

2.9
138
522

60

<0.03
8.6
032
68

0.07

3.3

147

33.0
136
536

60

33.6
0.7
85.63
"n.n
0.16
0.05
6.0

13.4

($31))
795
(83)

4.8
5.9
87.92
9.66
0.24
0.06

8.6
(361)
884

(65)
n.
3.
5
-9
)
|

- N-N- 1"
VIV =

2.2
1.54
1.67

12.5

15.0

124

1.2
136
(1]

62

13.3

19

15.4

0.000) 0.0002 0.0001 0.0003 0.0004 0.0009 0.0003 0.000) 0.0003 0.0409 0.0016 0.0012 0.0032 0.0013 0.0030 0.0028
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Perlod 1A

Vecuum Still Bottoms ’
W % of Flows from Vacuum Still 5.8
Benzene--Soluble, ¥V §
Benzene-~insoluble, W §
Ash, ¥ §
Unreacted Coal, W § (Estimated)
Benzene~Insoluble Resliduum

¥ 8 (Estimated)

Carbon, W 8
Hydrogen, W §
Nitrogen, W §

Sylfur, W § 1.58
Oxygen, ¥ 3 (By Difference)
ASTH Ash, ¥ § 12.64

Coke/Ash Ratlo (DMF Extraction)
Volatlle Matter, ¥ § (0-3175)
Benzene Soluble 011, IBP OF

510-6509F , W 3§

650-975°F , W §

975%F+ , W8

Fllter Coke
W § of Feed to Vacuum Stil)
Benzene-Soluble, W §
Benzene-Insoluble, W §
Ash, W §
Benzene-iInsoluble Resfduum, ¥ §
| Unreacted Coal, W 3 (Estimated)
Carbon, W §
Hydrogen, ¥ 8
Nitrogen, ¥ §
Sulfur, ¥ 8

0-13 Bottoms
Ash, W %

Slurry Mixing Tank
Ash, ¥ §

Internal Recycle 0i! (Flashed)
Ash, W § :

47.6
51.89
48.11
16.31
10.82
20.98

16.56
0.700

21.6
33.84
29.03
37.13

8,39
24.64

A

17.42

RUN 130-7] = ANALYSES (CONTINVED)

20 3A

55.2  51.4
5h.46
29.03
16.51
14.73
14,30

16.69 16.66.

0.693

24,6
34.87
32.82
32.31

3.98
28.84

3.69

7.76

38

92.3

"

15.5

2.6
19.38

4

53.0
53.H
28.19
18.70
12,12
16.07

19.56
0.573

25.1
31.89
28.97
39.14

3.60
25.37

7.12

SA

2,09
18.9%

8 .

51.1
51.4
29.73
18.79
12.87
16.86

2.4

19.05
0.642

26.0
30.37
30.38
39.25

3.50
26.88

8.68

6.80

56.2  50.3
50.97 . 50.67
30.48 31.00
18.55 18.33

‘12,22 1.2
18.26 10.26

71.43
h.52
1.4
2.1 2.0

18.77 18.54%

0.660 0©.636

37.36 19.06
758

24,1

75.9

3.3 B84
31.00 30.73
30.07 31.99
30.93 37.28
A4 AW
25.65 27.5
§8.29

A.04

0.79

3.54

5.25 A.09
8.02 7.6

61.6
55.01
27.55
17.44

53.56

17.4%

2.08

18.21
0.690
43.98

.90

8.24

66.6
53.26
29.8)
16.93
12.72
17.09

1.00

17.3%
0.708
40.77

bLIY]
30.57
32.71
36.72
5.12
27.59

5.19

8.30

Page 4 Of 6

5.7

58,19

‘3130

(L]
12.81
16:49

1.93

15.73

0.711
(LN ]

23,1
25.07
37.06
2.8

"6,
33.43

wLn

8.13

63.8
48.19
33.88
17.93

20.43

6.62

9.29

% Flitratlon of Perlod |1 Hydroclone Overfiow Sample, Regular Filtratlon of Hydroclone Bottoms appaorently falied (18.9 % Ash In 975°Fo Recovered)

124

70.8
49,70
33.3)
16.97

17.29
0.752

22.1#
37.61
36,23
28.16
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Perlod 1A

Hydraclone Feed
Ash, W %
Ash, ¥ %#
Ash, ¥ Jas

Hydroclone Overflow
Ash, ¥ §

Hydroclone, Underflow
Ash, W

Atmospherlc Still) Overhead
18P - 400°F
Sulfur, W §
Hitrogen, W §
400°F ¢ .
Sulfur, Vv §
Hitrogen, W 3
‘

Alm!phtf&: Stit) Bottoms
18P-650°F, Gravity, %P1
Sulfur, W }
. Mitrogen, W §
650%F+, Gravity, ®API
Sulfur, W §
Nitrogen, W §

Vacuum Scii) Overheag
18P-650, Gravity, AP
Sutfur, w §
. Nitrogen, ¥ §
650°F+, Gravity, OAPI
Sulfur, ¥ §
Nitrogen, W §

Vacuum Sti1l Bottoms, 18P-975°F , ®aPi
Carbon, W § -
Hyd gen, W
Sulfur, W §
Nltrogen, W ¢

_RUN 130-77 - AHALYSES {CONTIHUED)

1} 2A 20 3A 38 LY L] SA

9.4 0.4) 6.3% 7.23 .00
6.9 .22 1.30
9.16° 2.8 .10
7.9%  3.85 372 A.s6  L.60
1.64 7.286 9.87 . 9.98 10.10
0.02 0.03 0.0} 0.0} 0.02 0.03

¢ (Caluclated from Overflow & Underflow analysis, flows

4 £ '‘culated from Overflow ¢ Vacuum Bottoms analyses, flows

=R

~ O
D -

[N}

0.4

0.0}

1.65
7.20

5.0

0.04

10.78

0.1

0.05

4.8
0.0}

5.9
0.1

na
.03
3.3
0.22
-6.8
90.12

0.25
0.93
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Perlod

Distillation of Filtrare
fFrom flitration Operation

Vacuum Distlllatlon o
Final Vapor Temperaguse, F
Pressure, Torr
Residuum, W 8 of Filerate

Analysls

volatile Matter (D-3125)
Carbon, ¥ §

Hydrogen

Nltrogen

Sulfur

Batch Disctlilation of Vacuum Bottoms
Slurry Product
Vacuun Distlllaclon °
Final Vapor Temperature, F
Pressure, Yorr
DistiVlate, W 8 of Vasuum Botioms Slurry
Analysis, Gravity, "API
i 18P, OF
sovet, °F
P, OF
Resldue, W 3§
: Sulfur, W §
Calculated Composition of Solids-Free Oi}
In Vacuum Bottoms Slurry Product

Constituilon, W 3

8atch Stll) Distillate From

Sturry Product

Batch Still Reslduun From Flitrate
Composition, W § {Calculated)

Carbon, ¥ §

Hy: agen, W §

Nltrogen, W §

Sulfur, ¥ §

Ash, W 3

Catculated Composition of 400°F¢ Liquid
Constitution, W 8
Atmospheric St1l1) Ovarhead, 400°F¢
Atmosphesic Still Botioms
Vacuum Sthll Overhead
Vacuum Still Bottoms, Sollds-Free 014

Composition
Carbon, W 3
Hydrogen, ¥ §
Nitrogen, W 8
Sulfur, ¥ %
Ash, ¥ §

AuN 130-7) CHARACTERIZATION OF SOLIOS-FAEE OIL PRODUCYS

0.4

1.1

0.65
a.00

8.6

-4.5
-23.1
113.0

0.77
0.00

o Analyses of 9759F+; 9750F¢ had 39.58.volatllc matier

aa pis *{laglon of Flltrata from Flltrotlon of Hydroclone Overhead

0.20

0.7
0.19

4B

0.23

-~

.

Sowd

®wun o

58 6

1.7
10.2
-6.0

622

855

975

0.31

[L]
8s5.)

88.32
1.54

0.72
0.30

X N
~ -

& -On D
- 0w s

-~ -
D ow o

88.34

.22
0.5%
0.22

0.27

'l -
© o+
- D W

530
1.0

~ o~
- -

T 0.3

o

0.94
0.27

(31
2.0

-~ N ey
- - R-]

0.2

0.32

512
&):an

0.98



POU RUN 3 - ILLINOIS NO. 6 COAL - FUEL OIL MODE

POU 3 (Run 130-78) was undertaken to demonstrate the fuel oil
mode of operation at the remaining Pilot Plant design
conditions: coal space velocity, hydrogen to coal ratio and
recycle slurry oil composition. Compared to the previous fuel
0i1 mode demonstration run, POU 1, this represented a 50%
increase in the amount of excess hydrogen, a 10% decrease in
total slurry oil, a 50% increasé 1n the slurry oil residuum
concentration and a 12% increase in reactor volume space velo-
city, which was compensated for by an equivalent increase in
. catalyst loading.

The run lasted for 12 days to a catalxst age of 1500 1bs
coal/1b catalyst with an average 400°F™ fuel o0il yield of

51 W% of dry coal. The fuel oil was about 36% distiilate and - -

had a sulfur content of 0.6 W % at 1500 1bs/1b catalyst life
and 0.5 W % at 1000. This sulfur level was lower than had been
predicted. Coal conversion ranged from 93% of m.a.f. coal at
the start of the run to 91% near the end of the run. The spent
catalyst flowed freely from the reactor and contained 5 5W %
carbon (oil-free) and slightly over 4% metals.'

The production of 400°F-material, which had been expected to
decrease from that of POU 1 because of the reduced con-
centration of 400-975°F material in the recycle, actually
increased, possibly because of incresed hydrogen partial
pressure and slightly increased reactor temperature.
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ANALYSES OF BURNING STAR MINE ILLINOIS .NO.6 COAL

USED IN PDU RUN 3

\J

As- B

Hours of Run_ Received 0=-274

HRI Number 3790 3790

Moisture, W % . 12.39 - 2.25

Proximate, Ory Basis, W %

Ash ~ ' " 10.61 ' 10.88
Volatile Matter L2.05 b1.79
Fixed Carbon L7.34 47.33

Ultimate Analysis, Dry Basis, W & ‘ :

. Carbon T 70.83 " 69.52
Hydrogen L.67 k.71
Nitrogen : 1.38 - 1,25
Sulfur 3.28 : 3.34
Chiorine - 0.02
Ash . 10.62 : 10.88
Oxygen (Difference) 9.19 . 10.28

Btu (Dry Basis) ' 12,724 12,695

~ Sulfur Types A
Pyritic ' - 1.20 . 1.65
Sulfate ’ 0.00 0.00
Organic . 2.08 ’ 1.69
Total 3.28 3.34

Mineral Analysis, W % lgnited Basis .

Phosphorous Pentoxide, P30g . 0.07 0.08
Silica 5705 50. 35 © 148.26
Ferric Oxide - Fez03 16.60 18.33
Alumina A1203 20.66 - 19.70
Titania Ti0, 0.30 Co- 0.90
Lime _ Cao L.90 5.70
Magnesia Mg0 0.90 0.86
Sulfur Trioxide S0 2.61 . 2.61
Potassium Oxide ~K23 2.09 - 2.02
Sodium Oxide Naj0 0.68 0.68
Undetermined 0.86

lron, W % of Dry Coal 1.48

Screen Size (U.S.S.)
+50 : 3.48
50/70 L.64
70/100 7.78
100/140 : 10.77
140/200 ~ 10.74
200/325 - - 27.39

325/Pan 35.20
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AUR 130-78 - H-COAL OPERATIONS ON BURNING STAR MINE, JLLINOIS NO.6 COAL (HRL 1190}

Calalyst = Amerlcan Cyanamld HOS-IAL2A, 1716 Extrudates (HRY 3556), 50.6 Pounds Ory
. Reactor Liquld Phase Depth - 19 Feet, Voluae 3.7 Fid

Perlod : ) 1A
Date (End of Period), 1926 4728
Hours of Run - Beginning 4
End 16
Catadyst Age, Lbs Ory Coal/Lb Catalyst
feglaning "
€nd 58
Coal Fecd Rate, Lbs Ory Coal/Hour/Fi)
Reactor Liquld Phase . 52.9
feed Coal
Holsgure, W § 2.26
Ash (Dry Basis), W 3 .4
Recycle Flows, Lbs/Lb Sollds
Atmospheric Suil) Bottoms 1.45
Vacuum Sti}l Overhead 0.61
From Inventarwv . -0.0§
Hyd-uclone Overtloae(Uil) 8
Total 2.38
Temperatures, OF
Coal Preheater Outlet s11
Reactor Liquld Phase, Average 812
Separator m
Vacuun Flash lone - 465
Pressure In Vacuum Flash, Torr 13.6
Hydraclone
Pressure, psig
Unit Back Pressure 2700
Hydrogen Make-Up 2690
Hydrogen Partial Pressure .
(Reactor Outlet) 1890
Recycle Gas, HSCF/Ton Dry Coal 16.4
Vent Gas, MSCF/Ton Dry Coal 4.7
Hydrogen Purliy of Recycle Gas
¢+ Vent, 3 93.8
Total Hydrogen, HSCF/Von Dry Coal
{Reactor Outlet) 2.2
Hake-Up Mydrogen ¢ Recycle Hydrogen
HSCF/Ton Ory Coal hi.2
V % of Make-uUp + Recycle Gas 92.7
Hydrogen Pastial Pressure, psig 262
Hydrogen Consumption
nSCF/Yon Dry Coal 18.0
¥ L Ory Coal 58
Qi) Additions
Hake-Up OV, Lbs/LD Dr! Coal 0.360
Lbs/ic/fs 19.0

Flush 0il, Lbs/Lb Dry Coal 0.00}

)

28

2690
2690

1560
10.7

5.2
91.6
V8.1
33.4

97.4
2620

0.00)}

3
4/18

52
7

254
38y

.04
10.56

1.00
0.19
-0.12
0.85

1.9}

662
8u8
761
569
18.0
STk

2680
2690

1680

4
4729

16
100

S
4730

100
124

52
111

76.4

2.26
10.72

0.52
0.08
-0.0)
.03

1.66
656
84y
750
564
604

2635

21745

1701

S/ .

124
148

646
780

6.6

2.5)
10.65

0.57
0.0
v0.04

1.02
.

662
84
151
563
13.3
590
2625
2710

§740

572

148
1

‘760
914

16.)

2.68
10.41

0.56
0.05
0.03
1.0}
© 716

680
8y
8
565
12.6
566
2610
0

1670

$/3

1
196

Si4
1e51

7.9

.n
1049

0.58
0.0)

0
1.00

1.6}

651
Y]
]
558
12,0
636

2630
85

1750 -

2}.9
6.1

86.1
27.5
42.5

92.8
2610

S/&

196
220

1054
Hat

1.1

2.64
.33

a.54
0.1}
+0.010
).03

193]

668
018
749
560
1.8
62)

2640
2350

1760
2).4

6.7
87.0
21.9
4.6

93.2
2560

Page V of 6

5/5

220
244

" |

1330

n
5/6

244
268

1330
1468

5/6

268
4

1468
1502

2600
2715

1750

B D e Lk T S e Y L b R L L R

...............................................................................................

T )
/26 (123}
28 40
1] 52
ne 186
186 54
77.4 76.9
2.06
10.49
.50 138
0.32  0.39
-0.05 -0.08
0.58 c¢.n
.36 2.37
661 N
846 847
75) 765
11} 548
in.g 28
52 531
2710 2680
2220 2680
1660
13.9 239
4.4 [N
9.4 90.3
22.%
344 42.6
96.6 9.9
630 2540
15.3
5.1
0.003 0.002

¢.00)
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Page 2 Of 6

RUN 130-78 - OPERATING RESULTS

Pecic 1A 18 7 8 3 4 5 é i 8 9 10 " 124
Collecred Producs Quaniiltles,
Mt Dt Coal :
Atmospheric Sti6) Overhead 19.8 18.9 14.8 19.1 18.5 16.0 16.0 15.4 15.4 17.0 16.8 12.0 6.3 16.8
Awmospheric Stllh Botgoms (M) 3.8 1.4 k.2 7.0 Wk 120 5.8 10.5 1.6 10.5 6.9 4.1 2.8 1.9
Vacuum Stitl Overheadll) 1.7 0.7 0.9 2.4 2.4 0.6 0.8 0.1 0.1 0.4 0.} 2.2 5.1 2.0
vacuum Still Botioms 90.2 65.2 55.6 58.9 50.4 54.6 52.4 58.4 54.% 54.3 59.6 58.3. 57.8 56.9
nzo(Z) 5.8 10.0 9.1 16.0 1. 9.7 9.9 9.6 10. & 9.6 9.9 9.8 10.6 9.0
€)-C3 5.7 1.9 6.2 6.9 6.7 7.7 1.3 8.5 1.9 7.6 7.3 7.0 1.4
Cy-Cp 2.0 2.4 1.4 3.0 2.7 2.5 2.9 2.8 3.6 2.8 3.3 3.6 3.9
H2$ 2.1 L] 1.4 2.0 2.0 2.) 2.1 2.3 2.3 2.4 2.3 2.4 1.5
€0 and (0; 0.4 0.5 0.4 0.6 0.7 0.8 0.9 1.0 1.1 0.9 b.b [} 1.2
Totat 131.6 108.4 1i3. 0 109. 4 105.1 103.3 107.2 106.7 106.7 107.2 105.4 106.6 109.6
fnput Quantities, W 3 Dry Coal .
Dry Coal ‘ . T R T L e T e e R R e
Holsture ln Feed Coal 2.3 2.8 2.} 2.1 2.2 2.3 2.3 2.6 2.8 2.8 2.2 2.4 1.7 1.7
Hake-Up 011 Additions 36.0 0 0 0
Flush 0il 0.3 4.3 0.3 0.2 0.3 . 0.3 0.3 0.3 0.3 0.} 0.2 0.} 0.2 0.3
Mydrogen Reacted : L8 k.l L.y 4.0 4.0 4.0 3.9 3.9 4.0 3.7 3.6 3.6 3.6
Total used for Normalization 163.4 107.2 106.4 106.5 106.6 106.6 106.8 107.0 107.% 106.6 106.3 105.5 105.6
Coal Conversion, W }§ 92.3 91.8 92.5 91.4 90.2 96.2 89.9 89.5 88.6 87.4 87.5 87.8
Normalized Net Product Distribution,
¥ 3 Dry Coal )
co, €0, ) 0.43 0.33 0.6 0.20 0.80 0.9y 1.06 .06 0.93 .07 1.07 1.07
€)-C3 Hydrocarbons In Gases 7.28 5.1 6.87 . 6.78 7.62 7.22 8.48 7.86 7.56 2.41 7.8 7.18
C4-Cg Hydrocarbons in Gases 2.36 130 3.0 T 2.72 2.6 2,90 2.86 3.62 - 2.82 3.27 3.63 3.2
18P-4000F Naphtha 9.6k 13.66  1h.62  12.92 13.09 13.40 12.72 25.00  13.95 13.97 Il.ge 12.23
400-6500F Distillates 15.69 : 10.12 9.
650-9750F Oiscifiates ,23.50 2084 77 22,88 25.30  19.5k 2019 gigy  16.64 1500 pic 18.3
9759F ¢+ Residual 0il
Benzene-Soluble 25.50 22.00 17.65 20.2) 18.29 18.19  20.37 17.39 23.08 22.30 18.40 21.92
Benzene-lnsoluble 7.0¢ 6.3 9.11 10.08 9.48 14.90 10.41 k.00 9.70 10.95 1b.38 0D.28
Unconverted Coal .12 8.0l 5.57 6.33 5.93 6.23 6.16 6.03 B.08 .25 A.46  7.39
Ash (e 18.25 10.55  10.55 11.38 10.86 v1.22 10.39 I:.)z 11,20 11,18 15.00 10.49
H20 (Net 7.69 .2 ‘ .03
W8y (Forced Wicrogen) o 696 V2.8 og Tk 260 684 .70 gty 207 153 g3 1.0
Mzg (Forced Sulfur) ©2.4) 2.58 2.62 2.46 2.58 2.5} 2.56 2.55 2.48 2.52 2.5) 2.38
Total (100 + Hydrogen Reacied) 104.0) 104.03 104.33 103.93 -104.03 103.88 103.88 103.96 103.63 103.56 103.64 103.57
(1) MNegative quantities of atmospheric stil) overhead and vacuum overhead (2) tacludes dissolved HHy + H,$

are decreases of Inventory of slurry oil holding tank



LUl

Period

Armospheric Stil) Overhead
Gravivy, ©AP{

18P, ©OF

€p, of

vV 3 @ «00°F

Gravity, ©OAPI - |BP-4DDOF
4oooF-€P

Carbon, W 3

Hydrogen, W §
Nitrogen, W §
Sulfur, W 8
Phenols, Vv 3 Toral
v t 1BP-400°F

Atmospheric Stlll Bottoms

Gravity, OAPI

18P, OF

EP, OF

v t @ 400°F

v 3 @ 650°F

Gravity, OAPI ~ 18P-6500F
650°F-EP

Carbon, W §

Hydrogen, W }

Hitrogen, W §

Sulfur, W §

Vacuum Stit) Overhead
Gravity, ©API

18P, OF

EP, OF

vV i@ 6500

Gravity, CAPI - 18P-6500F
. 6500F+

Carbon, W §

Hydrogen, W %
Nltrogen, W %
Sulfur, W 3

_ Vater

Nitrogen, W 3
Sulfur, W
Carbon, W §

0-12 Liquid - Gravity, ©API
0-5 tiquid

Gravity, ©AP)
Ash, W §

3.3
148
590

55

29.3

10.2 12.1
386

0.0l

3.4 2.6
526

LLJS

€<0.03

1.3

13.2 14.8
0.0019

13.3

6.0

15.4

0.0003 0.0003 0.0005

AUN 130-78 - ANALYSES

28 3 4

38.4 37.9 38.0
136 120 120
ssh sko 512

18 8o 82

42.3

0.1
87.78
12.34
0.18
0.6

1.5

2.0

1.4 13.0 11.9
WL o(353) 396
(790)

T2 (3) |
87 (8s) 8)
1.3

2.0
88.45
9.44
0.46
<0.0}

<0.03 <0.0)

7.0 6.4 6.6
440 (3} 428 .
(290)

L (60) 50
12.5
0.9

89.3)
8.88
0.54

<0.0)

<0.0) 0.06

3.4
3.66
1.19

.9 123 1.5

15.4 15.0 14.3

Distillatlons - ALl ASTM D-86 Except Bracketed Values From ASTH D-1160 ModIfled

0.0009 0.0004

s 6
3.3 1.8
122 126
Ko 486
84 8
10.9 1.1
M. 420
80 76
- 0.0} «<0.0}
5.6 5.4
428 &0
52 57
0.06 0.05
0.3 1.0
13.6  13.6

37 4
12
1313

B2

0.6

L4

T4

0.02

3
L}
48

0 o8

12.2

13.2

35.5
430
488

40.7
20.1
82.3
12.08
0.15

0.12

6.5

10.1
(372)
(810)

(5]
12.9
-0.9-

86.90
6.81
0.4
0.08

4.8
(345)
(910}

(43)
1.2
-1.4

87.65
8.19
0.64
0.07

3.2%
.19
.40

9.4

35.4
130
498

8s

lo.]l

T
"

0.02

4.6

52

0.03

n.r

12.9

436

36.1
134
497

84

10.)
452

T4

0.02
5.1
36

59

349
137
502

n
36.4
18.8

87.86
12.0)
0.28
0.13

1.5

10.4
(392)
(800}

(79)
3.3

88.01
9.17
0.57

<0.0)

5.0
(390)
{905}

(64)
10.5
-0.7

88.6
8.58
0.67
0.09

- b
L et —d
O~ o

1"n.4

13.7

0.0002 0.0302 0.0008 0.0003 0.0006 0.0009

12A

35.5
(11}
508

8o

10.9

5.6

13.0
0.000}
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RUN 130-78 - ANALYSES (CONTINUED)

[
Perlod 1A 1] A as 3 L} 5 [ 7 8 9
Vacuum Still Bottoms
W 3 of Flows from Vacuum illll 55.10 4).8 47.6 45.9 50.4 $3.2 5).8 58.$ 60.9 $2.2 58.3
Benzene-Soluble, W § 60.29 . §4.3) 4B.S)  A9.56 49.82 43.9% 50.66 3.5  50.)S
Benzene-insoluble, W § 22.1% 26.29 29.95 29.78 29.4) 36.60 30.33 .82 30.2)
Ash, ¥ § 17.56 19.34  21.54 20.66 20.25 19.48 19.0) 19.23  19.04
Unreacted Coat, W ¥ (Estimated) 11.20 14,68 11.30 V.49 18.32 10.79 1128 1108 1373
Benzene-Insoluble Reslduum, ¥ §

(Estimated) 10.95 11.60 18.6) 18.29 18.11 25.82 19.05 . 28.74 16.48
Carbon, ¥ 8 66.77 76.8)
Hydrogen, W § s 60 §.55
N..rogen, W § 1.19 1.36

Sulfur, ¥ §
ASTn Ash, W §

Coke/Ash Ratlo 0.589 0.637 0.620 0.658 0.728 0.735 0.848 0.B5) 0.8)5
Benzene-Soluble 01, IBP of .
16P-6500F, W § 660 510
650-9759F, W X 25.7 . 25.8
9)50Fe, W § ILYS ] ) n.2
Flbter Cake
¥ 3 of Feed to Vacuum St 21.7 21.8 28.2 26.1 27.1 27.0 26.9 .6 26.14
Benzene-Soludble, W § 32.35 32.91  28.09 1).66 23.49 2&.8) 26.97 24.79 238.01§
Benzene-lnsoluble, W § 27.58 30.21 27.15  29.32 29.27 32.48 30.03 .00 3.0
Ash, ¥ § 40. 14 ©36.80 4476 N7.02  47.2%  A3.AY 43.00 &A1) 4415
Benzene-insoluble Residuum, ¥ § £.90 2.2) 3:58 3.7 3.5} §.0% h.52 617 2.86
Unreacted Coal, ¥ % {Estimated) 25.61 27.98  23.57 26.%5 25.76 25.90 25.50 24.83 31.8%
Carbon, ¥ § 49.8) - 52.40
Hydrogen, M § 3.44 . 3.8)
Nlirogen, W § 0.68 0.88
Sulfur, ¥ § 3.€6 n
0-1) Bottoms - Ash, ¥ % 8.85
Slurry Hixing Tank - Ash, W 3.45 3.93  5.79  6.53 7.46 6.38 6.30 6.6%  6.70
Internal Recycle Ol) (Flashed) - Ash, W § 8.29 - 9.68 9.99 10.89 9.5% 9.59 9.66 9.89

Hydroclone Feed
Ash, W §
Ash, @ 32
Ash, W 32

Hydroclone Overfdlow
Gravity, 9AP)
ASTA Dlstillation (vacwum) -

v 3 @ 650°F

v 3 @ 9750F

W 3 9759F° (0id ¢ Sollds)
Ash, ¥ 2

o Calculated from overflow and

as Calculated from overflow and

§.58 .96 1.92 2.01 2.10 2.0 1.09 1.9 2.02 &.10 2.0}
13.80 17.86 12.98 19.70 20.55 20.98 21.77 20.28 21.25 20.30 19.4%

7.69 8.8% 6.9 9.19 10.90 9.38 9.30  8.45
A2 B8.96 9.3 9.8 8.0

-10.5 -12.0 -12.2 1N, -16.5 -|E.h
18P ,9F ) 409 of 3682 39 399 [}
10, Vv X . 1113 534 516 553 §56 563
30 650 2] 690 n A | 703
50 B26 920 863 924 9l 880

30 205 28 23 i? 26

63 55 60 sh 53.5 58
Wb 52.) 4B8.5  53.3 Sk A9.6
432 5.4) §.25 6.97 6.80. 7.08 7.0 5.62

underflow analyses, flows

vacuum sti00 bottoms analyses, flows

10

5.2
88.8)
32.60
18.99
12.31

20.29

1.9%
19.67
0.977

27.0
26,21
32.24
43.55

4.02
28.22

693

09.4
5.72

54.9
86.36
.47
9.7
1. 2%

19.72
10.35
[ 1
1.58
1.98
19.36
0.994

760
69 2

28,7
20.00
36.53
3.4

33.44
52.56
3.70
0.8t
3.49

12A

5.6
48.99
2.6}
18,34
12.92

19.75

1.97
19.07
0.964

26.8
28.82
31.96
39.22

7. 6!
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Periud

Hydroclone Uncerflow - Ash, W 3

Atmospheric Siill Overhead

18P-400°F
Carbon, W }
Mydrogen, W §
Sulbfur, W 3
Nitrogen, W 3

4LO0OF +
Carbon, W §
Hydrogen, W %
Sulfur, W 3
Hitrogen, W §

Atmosy .erlc Stl)) Bottoms

18P -650°F
Gravity, OAP)
Carbon, W §
Hydrogen, W §
Sulfur, W 2
Nitrogen, W §

6500F «
Gravity, VAPI
Carbon, W
Hydrogen,
Sulfur, W
Nitrogen,

R

k3
3

[ SN 4

Vacuum Still Overhead

18P -650°F
Gravity, OAP)
Carbon, W ¥
Hydrogen, W %
Sulfur, W %
Nitrogen, W ¢

6500F ¢
Gravity, OAPI
Carbon, W §
Hydrogen, W 1
Sulfur, W 3
Nitrogen, W §

Vacuum Still Bovtoms

18P-9750F
Gravity, OAPI
Carbon, W T
Hydrogen, W §
Sulfur, W 3
Nitrogen, W 3

0.0}

RUN 130-78 - ANALYSES. (CONTINUED)

2
6.96

0.0}

12.00

-8.3
89.15
6.79
0.12
0.92

4
.7

5
14.2%

0.03

[
13.1

7
14.7¢

8
15.95

87.93
12.58
0.09
o.n

88.16
10.48
0.04%
0.4

12.9
80.65
9.54
0.0}
0.58

-0.9
88.75

0.08
0.78

n.2
89.38
9.47
0.0)
0.48

-4
91.64
7.93
0.4
0.82

-17.6
89.23
6.72
0.2)
1.02

9
12.78

J3.02

10

12.7%

0.06

"

11.78

0.05

124

1h.02

-12.1
88.72
6.50
0.35
116
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AU 130-78 ~ CHARACYEAITAYION OF SOL1DS-FAEE OIL PRODUCTS .

Feriod 18 28 3 L} 5 6 ? 8 9 10

Distibilaslon af Filtrate
from Fllitration Operation
Vacuum Distibiation

Fina) Vapor Femperature, OF 560 555 563 550 560 540 518 556 533 549
Pressure, Torr b2 0.8 0.9 0.8 0.8 0.9 0.9 1.0 0.9 3.6
Resldue, W 3 of Flltrate 9.1 25.1 319.3 6.1 4.0 L1 9.7 48.1 ».! 42.8
Analysis
Benzenc-insoluble 42.18 22.35 33.82 31.54 37.0) 36.52 38.0) 33.95 A2. 1y 39.42
OMF-Insoluble 4.67 12.5)
Carbon, W 33 . 87.89 87.80
Hydrogen, W 38 5.61 5.2)
Hitrogen, W 3 b.56 1.60
Sulfur, W § 0.80 0.26 0.68 0.63 0.66 0.69 (1] 0.62 0.68 0.
Ash, M } 0.18 0.42 0.50 0.4 0.45 0.07 0.38 0.24 0.51 0.35
18P-9759F, v 3 3.2 3.8
9759Fs, V 3 96.8 96.2
Batch Disslitation .
of Vacuum Bottoms Shurry Pronucl
Yacuum Distillatlon
Final Vapor Teaperature, OF 498 478 502 A68 48§ 450 W94 408 A50 495
Pressure, Torr 1.3 1.2 1.5 1.0 1.§ [ 1.0 (] 3.6 0.4
Distidlate, W § of Vacuum .
Bottoms Slurry 18.7 12.2 ¥2.8 10.9 13.0 10.4 104 n.2 9.5 8.5
Ana®vsis . ’
G avity, OAP) -4.2 (] -5.6 -4.7 -8.4 -8.0 -8.4 ~7.4 -8.6 -2.3
Sulfur, W 3 . 0.20 0.16 a.19 0.19 0.25 0.26 0.28 0.2) 0.28 0.30

Calculated Composition of Solids-Ffree
0il in vacuum Boctoms Slurry Product
Constisusion, N §
Batch Suil) Disvitlate :
from Slurry Products 26.2 18.5 1.1 16.1 19.8 [}
Batch Stil) Residue from Filtrate - 73.8 8.5 8o.9 83.9 . 80.9 8s.
Conposition, ¥ 3 (Calculated) R

1k.9 16.% 16.2 16.3 12.4
} 836 838  85.7  81.6

Carbon, ¥ 3§ 83.12 88.12 ' 88.04 a8

Hydrogen, W 3 $.8) 5.51

Nitragen, ¥ 3 1Y . 1.50

Sulfur, W § 0.64 0.6} 0.59 0.60 0.58. 0.62 0.64 0.55 0.62 0.65
Ash, W § 0.13 0.3} 0.41 0.39 0.36 0.06 0.32 0.20 0.48 0.30

Calculated Conpasition
of L00%F¢ Liquid Product
Constitution, W §

Ataospheric Stil) Overhcad , 1400°F" 16.0 8.8 7.6 6.1 5.2 3.6 6.t 4.5 5.6 6.5
Atmospheric Stild Botroms 2.0 14.0 26.) 23.1 26.5 20.2 21.0 20.8 “14.3 1.5
Het Vacuum Sti1) Overhead:” 0.5 3.9 3.8 0.5 V.2 -0.) -0.} 0.1 -0.0 4.0
Vacuum Stil} Bottoms Salids Free Qi) 8.5 73.2 62.5 0.3 62.0 76.5 .} Bs.5 80.) 82.0
Compos ition (Calculated)
Carbon, W 3 88.25 : - . ’ 88.1)
Hydrogen, W 3 .28 . §.56
Nitrogen, W 3 . 1.05 ’ i 3 |
Sulfur, %3 0.53 0.48 0.38 0.45 0.40 0.49 0.43 . Q.43 0.50 0.55
Ash, W 3 ’ 0.0} 0.23 0.26 0.27 0.24 0.04 0.2} a.18 0.38 0.24

Analysis of 9259 ¢ fesidue 46 Yacuum StI10 Ovarhead Less Make-Up and Flush 04

Page 6 Of 6
" 12
521 506
0.4 0.30
40.7 38.8
48.15
14.30
87.68 88.8)
sk 5.5k
1.55 1.98
o.Nn 0.78
0.40
3.3
6.2 100
493
2.8
8.6
-1.8
0.23

[d
OO v D -

e B VY AD ..
W ooy o= (- % -]

© O

-~

86.00
6.4)
1.23
0.57
0.27

—
-~ -
o0
-— -

0.72

o - - On
o i 0

~



POU RUN 4 - ILLINOIS NO. 6 COAL - SYNCRUDE MODE

POU Run 4 (Run 130-79) .was undertaken to simulate Pilot Plant
syncrude mode aperation on I1linois No. 6 coal with maximum
possible residuum recycle. The run matched the design coal
rate per unit reactor volume, excess hydrogen flow and hydrogen
partial pressure.

Coal was fed for a.total ouf 603 huurs with shutdewn occurring
at a catalyst age of 1464 1bs coal/1b catalyst. Total
distillate yield was about 52% at a catalyst age of 300-500
1bs/1b (the Pilot Plant design yield), gradually falling off to
about 46% at 1000 1bs/1b and yielding about 43% at 1500 1bs/1b
was approached.

111



ANALYS!S OF ILLINOIS NO.6 BURNING STAR MINE COAL USED IN RUN 130-79

HR! Number
Hours of Run
Moisture, W %

Proximate, Ory Basus, "I 4
Ash
Volatile Mztter
Fixed Carbon

Ultimate, Dry Basis, W ;
Carbon
Hydrogen
Ni trogen
Sul fur
Ash
Chlorine .
Oxygen (Difference)

Btu (Dry Basis), Gross -

Sul fur Forms, W % (Dry) .
Pyritic
Sulfate .
Organic
Total

Mineral, W.% Ignited Basi
Phosphorous Pentoxlde,
Silica
Ferric Oxide
Alumina -

Titaria

Lime

Macnesia

Sulfur Trioxide
Potassium Oxide
Sodium Oxide
Undetermined

Screen Size (U.S.S.)

+50

50/70

70/100

100/140

140/200

1200/325

325/Pan

S:

z°5'

2°3
T|6 3

CaO2

HgO

.Ka

NaZO

3790

As-Received

12

10.

L2

70.
.67
- 38
3.
10.

L
1

0

-39

61

.05
L7.

34

83

30
62

.03
9.

17

"12724

w — O —

20

- 112

oOoOoOMNNO FO

.20
.00
.89
.09

.07
50.
16.
.66
.90
.90
.90
N
.09
.68
.24

35
60

w— O -

_.._"r
COoO—~FOMNONWNO

3790
0-403

10.73
36.06
53.21

69.20
L.63
1.23
3.53

10.73
0.03

10.65

12621

.48
.03

.36

.38
.29
.85
77
.45
.75
.60
77
.72
.60

5.55
5.35
9.79
13.66
13.73
22.40
29.51

.85

.02

3790
L03-603

10.86

68.65
4.56
1.20
3.37

10.86

11.40

1.56
0.01
1.77
3.34

3.69
3.98
7.17
12.20
14.69
18.94

39.33
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AUM §30-79 - H-COAL OPERATIONS ON BURNING STAR MINE ILLINOIS HO. 6 COAL {HRI 3790}

Catalyst - Amerlcan Cyanamid HDS-1442A, 1/716% Extrudates (HRI 35
Reactor Liquid Phase Depth - 19 Feet, Volume 3.7 F

Perlod 1A
Date (End of Perlod), 1976 5731
Hours of Run-Beglaning 0
End 12
Catalyst Age, Lb Dry Coal/ib Latalyst
Beglnning ]
End 26
Coal Fecd Rate, Lbs Dry Coal/Hour/
Ftd Reactor Liquid Phase 28.6
Feed Coal
W 3 Molsture
Y Ash (Dry Basls)
Recycle Flows, Lbs/Lb Solids
Atmospheric S¢il) Bottoms. 1.63
Vacuum Stil} Overhead 0.95
From laventory 0.89
Hydraclone Overflow {0§1) 0
Total 3.59
Temperature, %
Coal Preheates Outiet 640
Reactor Liquld Phase, Average 816
Separator, Average 692
Vacuum Flash Zone 460
Pressure in Vacuum Flash, Torr 10.7
Hydraclone --
Pressure, psig
Unit Back Pressure 2710
Hydrogen Hake-Up 2)00
Hydrogen Partial Pressure
(Reactor Outler)
Recycle Gas, MSCF/Ton Dry Coal 26.3
Vent Gas, HSCF/Yon Dry Coal 6.7
Hydrogen Purity of Recycle GastVent, 3 94.0
Total Hydrogen, HSCF/Ton Dry Coal
{Reactor Outlet) 35.0
Hake-Up Hydrogen ¢ Recycle Hydrogen
HSCF/T~n Dry Coal 62.3
V t o) Make-Up + Recycle Gas 9.5
Hydrogen Partlal Pressure, psig 2630
Hydrogen Consumption (Gas Flows,Analyses)
HSCF/Tc  Dr Coal 22.3
¥ % Dry Coal 7.3
0i) Addltions
Hake-Up Oil, Lbs/Lb Dry Coal 0.)19
Lb/Hr/FLd 3.4
Flush Gil, Ltbs/Lb Ory Coal 0.007

18
6/1

12
24

26
1]

2
6/2

24
L1]

1]
109.

30.2

.24

10.54

3
6/2

48
55

109
125

30.5,

1.38

0.26°
" 0.0}

.17

(13]
848
729
527
9.1

2740,

27150

(-3 )

LT
6/5

55
67

125
150

0
0
0.007

48
6/6

67
19

150
m

29.8

59.9
95.2
2520

0
[
0.007

5
6/1
19
103

177
232

30.7

2.08
1.1

0.28
1.28
(-0.05)
0.96
2.44

701
849
N2

, 49.2 Pounds Dry
t

s£1.

[y ?
6/8 6/9
104 127
120 154
232 290
298 $1Y)

*32.9 N4
1.82 .29
1.4 10.91
0.5? 0.66
0.50 0.09
{-0.03) (-0.01)
1.1 1.38
2.10 2.02

683 (11
843 849
738 726
535 52)
55 38
[{1) St
2700 2700
2650 2650
nn 1850
30.5 32.2
6.2 7.3
88.3 89.6
4.3 37.3
56.9 $9.9
9.k 9.2
2500 2510
2.6 22.6
6.0 6.0
0 0

0 0
0.006 0.007

é
6/10

151
175

37
4oo

1.89
10.61

0.48
0.0}
0.10
1.38
.99

648

0.007

9
6/11

175
199

400
459

.10
10.97

0.54

0

(-0.05)
V.27
1.26

635
848
M2
527
9.4
58

2755
2740

1860

29.6
7.8
87.

35.2

51.2
941
2575

[V
[ 1]

0.006
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Perioa
OPERATING RESULTS

Collected Product Quantities
W 2 Dry Coal ¢
Atmospheric Selid Overhead
Atmospheric Stil) Bottoms {I)
Vocuum Stili Overhead(l)
Vacuum Stidl Bottoms
0 (2)
C|-(3
C,‘-C6
7%
ng and CO
Total .
Input yuantities, W 3 Ory Coal
Ory Coal
tolsture in Feed Coal
Hake-Up 011 Additlons
Flush 0il
Hydrogen Reacted {Gas Flows)
Total Used for Normalization
Coal Cunversion, ¥ 8 of A.A.F. coal

Normalized Net Product Distrlibution
W 3 Dry Coal -
o, Co
t.-(l &ydrocathons in Gases
C“-Ce Hydrocarbons In Gases
18P-8000F Maphtha
L00-6509F Bistillaces
 650-975°F Distillates
975°F¢ Recsidual Oil
Benzene Soluble
8cnzenc lnsoluble
Unconverted Coal
Ash
Nzo (Net)
NHy (Forced Nitrogen)
nzg {Forced Sujfur)
Votal (100+Hy Reacted)

ANALYSES

Atmospheric Stilé Overhead
Gravity, 9AP|
18P/ 109F
30/50
70/90
(214
v 3 @ 4oooF
Carbon, W %
Hydro .n, ¥ 3
Nigs  ven, ¥ 3}
Sulfur, W 8
Phenols, V 3 Yogel
v 3 1BP-400°%F

Negative Quantities of Atmospheric Stl)i Overhead & Wacuum Overhead Are Decreases of laventory Slurry 040 Hoiding Vank.

(1)
{2) include Dissolved Nn' € HyS
*  Hy Consumption Calcula

A 18
2.0 (TN
{-55.7) {-5.7
{-32.1) {-3.2
119.4 6.3
-3.2 32.4
5.0 3.2
4.} 6.0
0.8 1.3
0.3 0.5
0.3 121.2
100.0 100.0 -
2.5 2.5
1.9 0
0.7 0.6
7.3 6.6
122.4 109.7
94.6
33.8
1487218
3027372
bi2/454
518
64

-

CD o & -
o Ly e

S e e
~N VS~

-
»

~ S
COOONE O =0
CEOr®® Wwrow

-

0.46
8.93
6.38

5.3

{

‘lﬂ.lh

14,28
1.53
4.8

10.96

2Il.ll

2.68
106.67

36.8
1337209
221734
3907436

401
76

{3} ASTH Olseldlatich Cut Polnes

ted Using Feed, Product Analyses

1267194
244/300
3567420

P O™
O v
~i O O\ AD O
— -
P
- N
- —

D
C OO0 = s tw&ODw

O=lfrwODOO LFWwONWDVY S ww

&
-2 -X-1
e

B -

0.56
9.61
5.81
28.25

-1.35

24.43
&.00
6.40

13.39

12.32

2.51
. 106.48

-36.6
150/216
2807354
398/442
480 502

40.5 36.0

8s o n

~

-

-
o

WO WO e DWW e
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Perlod A
ANALYSES{continued)

Atmospheric Stil) Bottoms .
Gravity, ©API 12.0
18P, OF
10/30
50/70
90/F8P
vV 1@ hoo%F
v 3 @ 6500F
Residue, W 3
Carbon, W §

Hydrogen, W 3§
Nitrogen, W 3
Sulfur, W 8

Vacuum Stil) Overhead
Gravity, OAPI 5.5
18P/10
30/50
10/90
(2:14
v 1 & 65000
Resldue, W
Carbon, W ¥
Hydrogen, W %
Nltrogen, W 3
Sulfur, W §

Water
Ammonia, W 3
Sulfur, W %
Carbon, W 3

0-12 Liquid, Gravity, °API

0-5 tiquid, Gravity, %API 13.8
Ash, W 3 0.0012

Vacuum Still Bottoms
Wt of Flows from Vacuum Still 41.6
Benzene-Soluble, W §
Benzene-iInsoluble, W Y
Ash, W §
Unreac’-d Coal, ¥ § (Estimated)
Benzenc-Insoluble Residuum, W §(Estimated)
Carbon, W §

Hydrogen

Nitrogen, W

Sulfur, W 3 1.49
ASTH Ash, W } ’ 16.84

Discitlation - Al ASTH D-86 - Except Bracketed Values From ASTH D-1160 (Hodlfled)

12.0
§;2
510/532
556/588
658/712

ac

-0.0)

8.4
454/490

5487586

634/
15

2¢.)

15.5
0.0005

20.)
57.12
16.19
26.69
12.50

3.69

-~
-——

12.6
k6o
488/518
550/594
686/>260

s

0.0}

7.8
430/494
540/586
650/

10

0.03

23

15.4
0.000%

23.6
48.80
15.05
26.15

.77
25.79

16.0
0.0003

/

56.40
18.36
25.24

2.18
25,14

1Y)

n.?

3.4

13.5
0.0007

25.1

1.79
19.06

L1]

1.6

A30°

463/492
528/568
64o/720

93

~0.03

6.6
4387506
560/510

67

0.0)

22.6

13.9
0.0018

244
55.94
19.26
24.80
11.85

7.4

1).2

sy’

4567484
5167556
666/72)

0.0}

9.9
LYLYLY]
520/562
(117

0.0}

23.6

13.9
0.001k

16.9
§71.17
17.66
25.17
13.04

§.52

12.6
A26
4547486
520/564

87

~0.0}

10.7
422/468
508/548
606/

0.0}

24.3

6.9
0.0024

21.9
50.14
19.96
28.90
12.16

1.80

12.4

(190)
(481/513)
{546/600)
{700/820)

'
{80)
2.}

89.48
9.4
0.31

-0.03

9.2
(383/474)
{524/587)
(652/175)

(900)
(66)
2.4

89.50

8.92

0.3)

~0.03

5.18
.71
1.20

24,7

15.4
0.0048

32.2
45.63
19.71
34.66
13.48

6.2)
67.19

374

0.76

2.68
31.30

1.5
436
468/502
536/590

:0.0)

7.2
435/49%
s48/608

62

-0.03

21.8

145.4
0.0027

43.6
44,66
21.26
34.08
1.97

9.29

2.7%
32.85

11.6
463
490/516
5527606

8o

0.0}

6.0
450/496
1317

60

<0.0)

20.8

4.2
0.001)

47.9
48.36
2.0
30.5)
.20

9.91

2.69
30.89
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Perlod 1A
ANALYSES fcontlnued)

Vacuum Sti1D Bottoms (conilnued)
Coke/Ash Ratlo
(OMF Extractlion by fll(rillon)
Benzene Soluble 01
18P,
18P-975°%, W §
975%Fs, W 3

Fldter Cake
¥ % of Feed to Vacuum Stild
Benzene-Soluble, W 3
Benzene-tnsofuble, W 3§
Ash, W 3
8enzene-insoluble Resbduum, W 3
Unreacted Coal, W § (Estimated)
Carbon, ¥ 3
Hydrogen, W 3§
Kitrogen, W 3
Sulfur, W 3§

0-1) Bottoms
Ash,'w 3

Sturry Minlng Vank
Ash, W §

Internal Recycle DIb (Fiashed)
Ash, W }

Hydroclone Feed
Ash, ¥ §
Ash, M 3»
Ash, W 34s

Hydroclone Overfiow
Gravle , ©API

ASTH Disclllation

8¢, %
10
3o
50
70
90

¥ 8 @ 6509F/v & @ 975°F
W 8 9759+ (includes Solids)
Ash, ¥ 3

Hydroclone Underflow
Ash, W §

0.465

040
35.23
20.B5

43.92

0.29
20.56

4.09

a Calculated from Overflow and Undesrflow Analyses, flows

as Calculated from Overflow and Vacuum Botgoms Analyses, flows

ade 955%F end polnt
nana g65°r end point

0.436

0.477

kA

48

0.474

20.%
36.081
20.54
42.25

0.75
20.19

0.847

9.7

37.60
20.6)
40.79

Zl 10

1.3

348
46t
5910
569
627
869

73793008
LRI

1.23
5.66

0.448

2.9
A5.29
16.82
37.89

0.88
15.94

.8

NN
470
527
593
135

65/89
6.3
9.58

8.33

0.452

695
7.8

33.2
33.52
19.22
8).26

0.84
18.38
45.34

.9

0.42

n

L]
§97
563
649
810

52/82
25.0
2.93

£5.50

8 9
0.872  0.48%
30.8 3.1
3.2 30.76
18.60  19.78
a7.13  bB.46
2.08 2.00
6.56  17.18
6.73 7.61
o W
6.29 7.3
6.42 7.29
6.21 7.18
-7.2 -1.0 7
420 w3
W97 516
593 626
72 70
860
wnr’ 55/7n $
n. 0** g
.73 s 9:
15.66  1h.27



L

Period

Atmospheric Overhead

18P-400°F Gravity, QAPI
Carbon, W §
Hydrogen, W §
Sulfur, W %
Nitrogen, W §

LO0OF+ Gravity, 9API
Sulfur, W 1

Atmospheric Still Bottoms
18P-6500F Gravity, OAP|
6S0°F Gravity, ©API

Vacuum Still Overhead
18P-6500F Gravity, CAPI
6509F+ Gravity, CAPI

Vacuum Still Bottoms
18P-975%F Gravity, CAPI
Carbon, W 3
Hydrogen, W ¢
Sulfur, W &
Hitrogen, W §
5759 0il Gravity, ©API
Carbon, W §
Hydrogen, W §
Sulfur, W §
Nitrogen, W §

CHARACTERIZATION OF SOLIDS-FREE OIL PRODUCTS

Distillation of Filtrate
from Filiratio Operation
Vacuum Oistiilation
Fina) Vapor Temperature, o
Pressure, Torr
Residue, W & of Filtrate

Sulfur, W §
Ash, ¥ §
Benzene Insoluble, W §

Batch Distillation of
Vacuum Bottoms Slurry Product
Vacuum Distillation

final Vapor Temperature, ©F
Pressure, Torr
Distillate, W 3 Vacuum Bottoms Slurry
Gravity, ©API
Sulbfur

.0.03

2.2
21.8
-0.2
0.03

<0.03

A

“

<0.03

'0.03

<0.03}

384

6.4
-4.0
<0.03

<0.03

39.2
88.59
1n.72
<0.0)
0.094
21.1
<0.03

-
~
- £

O
-

-6.7
90.56
71.12
0.12
0.62

89.36
5.56
0.26
1.42

582
19.8

0.34
0.18
27.06

525
by

1.7
-6.4
<0.03

<0.03

<0.03

517
1.3
26.

0.42
1.25
26.14

PO wAn
w WO oW

A
o
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Perlod

CHARACYEREZATION OF SOLIDS-FREE
O1L PRODUCTS {continued)

Calculated Composition of Solids-Free 01}
In Vacuum Bottoms Slurry Product
Constituglon, W §
Batch Still Dischllate
from Slurry Product
Batch Still Resldue from Flltrate
Compositlon, W ¢ (Calculated)
Carbon, W }
Hydrogen, ¥ §
Nltrogen, ¥ §
Sulfur, W §
Ash, ¥ §

Calculated Composition of
L00%F ¢+ Liquid Product
Constitution, W §
Atmospherlc Still Overhead, 4OOOF+
Atmospheric Still Bottoms
Vacuum Seil) Overhead
Vacuum Scill Bottoms Sollds Free Ol
Composltion, W §
Su’ ur, W §
Ash, W

~
- \D

OF o= O
D == -0

0.18

0.36
D52

O -
AV R VINW O

~N

It~ -
N ViwNO

© 0o

14.9
85.2

89.70

6.52
1.19
0.29
0.15

19.3
34.2
-3.0
49.s

0.16
0.07
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AUH 130-79 - H-CO/ZL OPERATIONS ON BURMING STAR MINE (LLINOIS NO. 6 COAL (HRI 3790)

Catalyst - American Cyanamid HDS-1442A, 1/16" Extrudates (HRI 1556), 49.2 Pounds Dry

Reactor Liquld Phase Depth - 19 Feet, Vclume 3.0 5(3

Perilod 10
Date (End of Perlod), 1976 6/12
Hours of Run - Beglnning 199
End 22}
Catalyst Age, Lb Dry Coal/Lb Catalyst
Beginning 459
End 518
Coal Feed Rate, Lbs Dry Coal/Hour/
Ft3 Reactor tiquid Phase 32.7
feed Coal
W% Jisture 2.09
% Asn (DOry Basis) 10. 45
Recycle Flows, Lbs/Lb Solids
Atmospheric Still Bottoms 0.43
Vacuum Still Overhead 0
From laventory 1.25
Hydroclone Overflow (0il) 0.0l
Total 1.69
Temperature, °F
Coal Preheater Outlet 638
Reactor Liquid Phase, Average 848
Separator, Average : 740
Vacuum Flash 2one 527
Pressure, Vacuum Flash, Torr 9.3
Hydroclone 615
Pressure, psig
Unit Back Pressure 2680
Hydrogen Hake-Up 2690
Hydrogen Partial Pressure (Reactor Outlet) 1850
Recycle Gas, MSCF/Ton Ory Coal Jo.2
Vent Gas, HSCF/Ton Ory Coal 7.6
Hydrogen Purity of Recycle Gas + Vent, 3 88.2
Total Hydrogen, HSCF/Ton Ory Coal
(Reactor Outlet) 35.7
Hake-Up Hydrogen + Recycle Hydrogen
MSCF/Ton Dry Coal 51.3
V % of Hake-Up + Recycle Gas 941
Hydrogen Partial Pressure, psig 2536

. L]
6/13

223
247

518
518

13.2

.1.82
11.03

0.37

1.09
0.09
1.55

647
849
132

622

56.3
S4. |
2515

12
6/14

247
271

578
638

330

1,64
11.20

0.38
0.04
1.24
(-0.01)
1.65

642
848
37
539

631
2675

2660
1830

30.2
88.6
3€.2
56.9
4.3
2505

13
6/15

271
295

638
698

315.7

1.30
10.63

0.40
0.06
1.16
0.04
1.66

651
848
132
537
9.7
602

2630
2610
1720

.29.0
1:3
88.1

34.6

55.0
9%4.2
2455

L}
3/16

295
39

698
159

33.5

1.52
10.78

0.4
0.05
1.19
(-0.02)
1.63

657
848
734
541
9.6
578

2605
2620
1765

28.9
88.8
35.0

55.3
94.5
2475

15
6/17

39
343

159
820

137

.68
11.02

0.46
0.07
[ 3

0
1.68

660
848
1LY
551
9.7
606

2590
2600
1815

28.3
6.3
89.5

'35.3
55.9

94.9
2465

6/18

343
367

820
880

2.4
11.04

0.52

0.02

1.4
(-0.04)

1.64

391

17
6/19
367

880
940

2.36

10.64

0.24

1.145
0.27
1.66

659
847
671
550

615

2530
2585
1835

24.2
7.4
91.6

58.8
96.6
2435

Page ) of 6

»n

18A
6/13

391
bo3

940
970

0.29
0.4
1.0§
0.3)
1.81

680
848
670
541
9.9
618

2605
2605
1855

23.4
91.8
36.7

56.8
96.7
2520
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Perlod
O. ERATING RESULTS

Hydrogen Consumptlion (Gas Flows, Anlyser)

HSCF/Yon Dry Coal
W 3§ Ory Coal

0l Additlions
Hake-Up 04!, Lbs/Lb Dsy Coal
: Lb/Hr/Fe

Flush 011, Lbs/Lb Dry Coal

Collected Product Quantities
¥ 3 Ory Coal
t mospheric Stil} Overhead
r.emospheric Sgild Bottoms{l)
Vacuum Stit) Overhead (1)
Vacuum Stl§l Bottoms

CO; and €O
Tocgal

tnput Quantities, ¥ 3 Dry Coal
Dry Coal
Holsture in Feed Coal
Hake-Up Qi) Additions
- Flush 01}
" Hydrogen Reacted (Gas Flows)
Total Used for Normallzation
Coal Conversion, W 2 of H.A.F, coal

Normalized Net Product Oisgribution(})

co, co,
€y-C3 Hydrocarbons in Gases
€,-C¢ Hydrocarbons in Gases
1BP-400°F Naphtha
400-650°F Disthllates
650-975°F Olstltiates
975%F ¢ Residual 0}

Benzene Soluble

Benzene tnsoluble
Unconverted Coal
Ash
u 0 (Net)

(Forced Nltrogen)

H 4 (Forced Sulfur)

Yotal {100 ¢ Hydrogen Reacted)

(1) Megative Quantislies of Atmospheric Sti1) Overhead and Vacuum Overhead are Decreases of anen(ory of Slurry 0l1 Holding Tank

(2) Inciudes Dissoived HHj and H,$
(3) ASTH Distiblation Cut Points
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Perlod

ANALYSES

A(mospherICOStlll Overhead
Gravity, "API

18P/10 OF
3o/50
70/90

FopP

v 3 400°F
Carbun, W §

Hydrogen, W
Hitrogen, W §
Sulfur, W §
Phenols, V § Tatal
vV 3 18P-4LOOCF

Atmospheric Still Botgoms
Gravity, OAPI
18P ©F
10/30
s0/70
30/F 8P
vV § P 4OOCF
v & @ 6509F
Carbon, W §
Hydrogen, W §
Hitrogen, W §
Sulfur, W 3

Vacuum Still Overhead
Gravity, %apy
18P/10
30/50
70/90
FBpP
v § & 650°F
Carbon, W §
Hydrogen, W 3
Nitrogen, M §
Sulfur, W §

Water
Amwonia, W §
Sulfur, W §
Carbon, W §

0-12 Liquid, Gravity, ©API
LA
0-5 Liquid, Gravity, ®API

Ash, W §
H0, W 3

35.1
152/208
275/340
342

472
19

1.3
LYL)
508/535
573/630

76

0.0}

5.7
500/552
600

46

-0.03

18.5

14.6
0.0009

Distillations - All ASTH 0-86 - Except Bracketed Values

36.6
120/196
260/326
366/390

460
8s

10.9
486
508/540
582/624

76

0.03

5.4
465/506
565/628

57

0.0}

15.0
0.0008

36.3
124/206
272/336
380/426

472
80
8¢.23
11.97
0.18
0.1
5.5
5.2

1.4
(393)
(490/525)
{556/616)
(717/805)
{78}
86.35
9.3
0.2}
0.03

6.0
(415/512)
(510/640)
(715/795)
(900)
(52)
89.27
8.59
0.50
0.03

5.34
2.90
1.43

19.5
0.5

14.2
©0.0018
10.6

13

35.7
130/208
276/338
376/418

L4
83

11.0
L60
486/512
550/604

8o

0.03

5.8
L6L/510
564/622

59

0.0}

13.7

0.000°

From ASTH D-1160 (Modified)

35.6
136/200
270/332
378/420

472
82

H.2
Lsh
4747510
5487604

8o

0.0}

6.0
466/516
566/628

58

0.0}

13.0
0.0009

ns

3.0
-130/208
270/1330
374/k18
L66

82

1.5
1y
474710

_ 5ho/agk

8o

-0 03

@1
462/512
582704k

52

13.8
0.0004

36.4
130/210
270/326
370/424

460
83

.4
4sh
480/512
5467600

83

0.03

4.9
462/528
5827644

48

13.2
0.0028

37.5
129/209
2867338
381/439

479
8k
87.39
12.42

0.18

0.14
7.1
6.5

1.8
(383)
(4B4/524)
(567/627)
(715/715)
(75)
88.47
9.46
0.54
-0.03

5.0
(424/519)
(601/705)
{748/808)

(310)

(45)

89.21
8.63
0.58
0.04

4.55
3.02
1.58

15.9
0.82

i3.3
0.0036
9.7

18A

35.9
130/208
2747334
3747416

466
84

12.2
456
LB4/ss12
550/604

79

<0.03

Y
6.6

4527490
5n

k9

0.04

13.9
0.0019

-
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Perfod
ANALYSES CONTVINUED

Vacuum Stil) Botioms

W& [ Flows From Vacuum Scil)
Benzene-Soluble, W §
Benzene-insoluble, W §
Ash, W §
Unreacted Coal, ¥ % (Estimeted)
Benzene-Insoluble Aesidurm, W § (Estimated)
Carbon, W § .
Hydrogen, W 3
Nltrogen, W §
Sulfur, W &
AST* Ash, W 3
Cok. /Ash Ratlo

(DMF Extraction by Flltratlon)
Benzene Soluble 01U

18P, ©F

18P-975%F, W §

975%F¢, W 3

Filter Cake
W R of Feed to Vacuum Still
Benzene-Soluble, W §
Benzenc-lnsoluble, W 3
Ash, W §
Benzene-Insaluble Residuum, W &
Unreacted Coal, W § (Estimeted)
Carbon, W §
Hydrogen, W §
Nitrogen, W §
Sulfur, W 3

Slurry Rixlng Tank
Ash, W §

Internal Recycle Di) (Flashed)
Ash, W §

Hydroclone Feed
Ash, W 3}
Ash, W § @
Ash, W § #4a

Hydruclone Overflow
Gravity, ®AP}
ASTH Distillation

1ep, of
10
3o
50

v 3 6500F/V § £975°F
W 3 9259 ¢ (iIncluding Soltids)
Ash, W §

51.3
49.05
19.60
31.35

9.53
10.07

2,62
30.25

0.477

34.6
29.28
18.06
52.66

2.06
17.28

-12.2

417
527
633
m

/N
38.4
£.2)

50.8
49.08

23.16-

27.76
8.86
14.30

2
n

a.

2

52

16.

36.5/1

.58
.18

507

8.5 .
28.
19.

09
51
.40
.78
00

2

97

.28
-n
.56

9.8

400
516
623
768

0.5

38.4
7.102

4 Calculated from Overflow and Underflow Analysls, flows

#ss8 Calculated from Overflow and Vacuum Bottoms Analysls, flows

12

55.4
15.63
21.82
28.55
12.37
9.45
63.20
i.08
0.96
2.55
29, bk

.57

595
25.8
.2

32.9
30.50
22.59
46.91

16.1
4118

2.99
0.61

i 51
1.79

12.05

CD %t i
© ==
TRV

-13.4

bis
516
630
745

. 34768

4.7
6.5

13 )

5h.3
49.35
2335
27.3¢
11.49
11.86

2.40
28.20

0.528

28.6
271.99
23.13

48.88

- 2.5%
20.32

7.86

14.26

- ]
© ~i WD
N D o

-10.7

420
516
631
185
34769

39.7
6.55

LD Analyils of Period 17 Fltter Cake with oil removed by dimethy) formamid.

L}

52.9
46.96
24.60
20.44
15.20

9.40

2.45

28.33
0.545

38.0
20.99
28.48
50.53

1.48
20.58

-13.2

4
516
674
740

27/68.5

434
6.19

1+

55.1

49.05
24.30
26.65
13.1)
1n.1

2.35
26.40

© 0.549

29.3
20.21
2].52
52.27

1.76
2}7.00

7.94
$2.50

.98
8.49
8.04

-83.2

418

539
684
815

29/66
42,7
&.n

16

57.4
48.26
23.56
28.18
11.88
11.68

2.33
27.23

0.506

3.9
20.62
24.96
s4.42

2.03
25.76

13.09

8.73
8.80
8.77

-16.4

423
541
722
826

24.5/64
4.7
7.65

7

58.4
47.65
2b.18
28.17
15.13

9.05
63.09

Ly

0.96

2.50
26.34

0.528

705
26.4
1.6

28.4
26.84
26.90
46.26

2.06
24.84
50.10

3.49

0.67

3.85

SN

Ws
556
702
820

26/66

4s.9
8.n

18A

53.8
55.04
22.32

22.64

2.20
23.00

0.587

an

63.01

24.03
1.30
g.72

5.99 .

5.81
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ANALYSES (continued)

Hydroclone Underflow
Ash, W 8

Atmospherlc Overhead
18P-400°F Gravity, °aPi
Carbon, W §
Hydrogen, W 3
Subfur, ¥ §
Nitrogen, W §

400°F+ Gravity, °API
Sulfur, v 3

A(mospher$c Stidl Bortoms
18P-650 F, Gravity, OAPI
6500F+ Gravity, APl

Vacuum Stilt Overhead
18P-6509F Gravity, CAPI
6" "OF+ Gravity, OAPI

Vacuum Still Bottoms

18P-9759F Gravlty, CAPI
Carbon, W 3§
Hydrogen, W 3
Sulfur, W §
Nitrogen, W 3

975%F+ 011 Gravity, CAPI
Carbon, W §
Hydragen, W 3
Sulfur, W &
Nitrogen, W 3

CHARACTERIZATION OF SOLIDS-FREE OLL PRODUCTS

Distillation of Filtrate
from Filtratlon Operation
Vacuum Distillation

Final Vapor Temperature, °

Pressure, Torr

Resldue, W § of Flltrate

Sulfur, W § -
Ash, W §
Benzene-Insoluble, W %

Batch Distillation of

Vacuum Bottoms Slurry Product

Vacuum Discliitation

Final vapor Distillation, OF

Pressure, lorr

Distitlate, W § Vacuum Bottoms Slurry

Gravity, °API
Sulfur, W §

14,89

0.0}

3.8
12.2
-6.1)

0.0}

17.16

0.0}

549
3.0
n.7
-6.6
0.0}

15.12

. 39.6
87.59
12.72
-0.03)
0.13

21.2
0.0}
4.3
2.0
12.5
0.1

6.7

89.7
6.80
0.15
0.80

538
0.6
35.5

0.34
0.06
2.0

19.83

\

16.25

5

14.80

$0.03

3.7
1.4
-6.8
0.1}

16

15.80

<0.03

1Y)

89.723

0.16
.04

88.11
5.40
0.56
1.55

18A

13.55
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CHARACTERIZATION OF SOLIDS- fl(i QIL PAOOUCTS

{contTaued)

Calguliated Composlition of Solids-Free O4)
In Vacuum Bottoms. Shurry Producc
Constltution, W §
Batch Sllll Disclliate
from Slurry Product
Batch Stlll Resldue from illlralc
Composition, W § (Calculated)
Sulfur, W 3
Ash, W §
Calculated Compostion of 400°F¢
Liquid Product
Constitution, ¥ §
Atmospherlc Seill Overhead, 400°F+
Atmospheric Stil) Bottoms
& cuum Stl)) Overhead
Vacuum Stil! Botioms Sollds-Free 041
Composition, W %
Sulfur, ¥ 3§
Ash, W §

e

[N -] w ~ -
L) £ o~ P
© - o e e
~d W O~ D On

DN -
- WD
~ WD e WD WD

[-X -1

[}

[ X
an oo

[-X -
. .
Py
Lol -]

o o am
o0 Lm
w o DWW o

L)

v o o
T~

LH

16

v -

Vb D D
PRI
(SR VIV

o0

11}

25.6
784

0.4
0.16

o ~

-V v D

IR
oo L OND o

[N -]



621

AUN 1)0-79 - H-C0AL OPERATIONS ON BURMING STAR MINE HLLINOIS MO. 6 COAL (HAL 3790}
Catalyst - Amcrican Cyanamid HDS-1LK2A, 1/16" Extrudates {HRI 3556), 49.2 Pounds Dry
Reactor Liquld Phase Ocpth - )9 Feet, Volume 3.7 fl)

Period 136 20A 208 2) 22 23 24 25 26 2]

Date (End of Period) 1976 6/23 6/2) 6724 6/25 6/26 6/27 6/28 6/29 6/30 "7\
Hours of Run-Beginning 403 4 423, 435 459 483 507 531 555 519
€nd by 423 435 4sg 483 " 507 531 555 519 603
Catalyst Age, Lb Dry Coal/Lb Catalyst )
Beginning 970 989 1019 1048 1107 1164 1224 1281 1339 1402
End 989 1019 1048 - 1107 L6k 1224 1281 1339 1402 1464
Coal Feed Rate, Lbs Ory Coal/Hour/ .
Fi3 Reactor tiquid Phase 3.7 13.1 31.8 3.7 3.2 33.1 3.4 32.3 34.8 3.5
feed Coal :
W % Moisture 2.49 1.90 2.10 2.01 2.34 . 2.09 T 0.91 0.63 1.28
4 Ash (Dry Basis) 10.86 11.53 10.92 11.26 10.73 10.76 10.68 10.45 10.52
Recycle Flows, Lbs/Lb Solids
Atmospheric Still Bottoms 0.62 0.5k 0.46 0.47 0.42 0.43 0.60 0.62 0.54 0.32
Vacuum Still Overhead 0.32 0.50 0.09 0.1 0.4 0.16 0.13 0.10 0.08 0.02
From Inventory 0.52 (-0.19) (-0.03) 0.03 0.0) 0.08 0.02 (-0.04) (-0.01) 0.27
Hydroclone Overflow (0il) 0 V.04 1.27 1.10 1.27 1.16 V.17 1.23 1.2 1.1
Total . 1.46 1.89 1.719 1.82 1.86 1.83 1.92 1.91 .73 1.74
Temperature, OF . : .
Coal Preheater {Outlet) 651 632 638 654 670 675 682 684 675 697
Reactor Liquid Phase, Average 81 840 849 B4? 848 ‘848 847 845 848 849
Scparator, Average 681 216 712 715 ns 721 732 73 736 730
Vacuum Flash lone 487 529 550 546 559 548 556 587 551 525
Pressure in Vacuum fFlash, Torr 11.¢€ 9.9 9.8 9.7 9.8 9.9 10.4 10.2 10.5 0.3
Hydror'one 55 577 589 578 60 616 614 620 619
Pressure, psig . i .
Unit Back Pressure 2700 2700 2700 . 2700 2700 2700 2650 2655 2700 2700
Hydrogen Hake-Up 2680 2700 2710 2710 2710 2690 2640 2655 2700 2740
Hydrogen Partial Pressure (Reactor Outlet) . 1700 1825 1830 1795 1735 1825 1910 1890
Recycle Gas, NSCF/Yon Ory Coal . 27.1 30. 4 9.8 29.9 271.9 30.3 36.8 281 22.3
Vent Gas, MSCF/Ton Ory Coal 4.8 7.6 1.7 7.9 1.5 6.8 4.9 10.8 14,2
Hydrogen Purity of Recycle Gas + Vent, 4 85.3 87.7 88.6 87. 8s. 85.9 87.0 90.1 89.5
Total Hydrogen, HSCF/Ton Ory Coal
{Reactor Outlet) 28.8 35.4 35.3 35.2 32.6 4.0 38.7 37.6 34.5
Hake-Up Hydrogen + Recycle Hydrogen '
HSCF/Ton Dry Coal 50.3 - 57.3 56.2 5€.2 52.7 54.3 57.3 57.6 55.6
V & of Make-Up + Recycle Gas 92.7 93.9 94.3 93.6 93.0 92.7 92.3 95. 4 96.0
Hydrogen Partial Pressure, psig 2500 2545 2555 2535 2500 2445 2450 2575 263
Hydrogen Consumption (Gas Flows, Analyses) '
HSCF/Ton Dry Coal 21.4 21.9 20.8 21.0 20.2 20.2 18.6 20.0 21.0
W 1 Dry Coal 5.7 5.8 5.5 5.6 5.4 5.4 4.9 5.3 5.6
0il Additions
nake-Up Oil, Lbs/Lb Drx Coal 0 0 0 0 0 [} 0 0 ] 0
Lbs/Hr/Ft 0 0 0 0 1] 0 0 0 0 0

Flush 0il, Lbs/Lb Dry Coal 0.0C6 0.006 0.006 0.006 0.007 0.006 0.007 0.007 0.006 0.006
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Period 198 20A 208 0 22 2y 24 25 26 27
OPERATING RESULTS
Collected Product Quantities

W 3 Dry Coal '
Aimospheric Stidl Overhead 5.6 19.9 22.) 26.0 27.8 29.08 29.4 24.9 26.0 26.3
Atmospherlc Still Bottams (1) (-33.4) 19.2 15.5 6.9 18,2 2.2 (-1.4) ' 10.8 -18.5
Vacuum Stidl Overhead (1) 5.3 10.7 5.6 (-1.4) 2.9 (-1.5) 0.4 1.7 1.1 -2.)
Vacuum Still Bottoms 82.1 50.2 3.9 §6.7 39.5 .0 49.5 44.8 42.2 12.4
Hydroclone Underflow ¢ Samples ' 53.6
H,0 (2) 4.8 8.4 12,7 10.7 8.3 8.4 10.4 9.4 9.0 9.2
C|-c, 8.4 10.0 9.6 1.0 10.5 10.0 9.3 9.4 9.1
Cy-Cg 4.6 4.5 4.9 5.0 4.3 4.3 3.8 3.6 3.8
HyS 2.2 2.2 2.4 2.4 2.2 2.2 1.9 2.0 1.9
€0, and CO 0.6 0.6 0.8 0.7 0.8 0.8 0.6 0.7 0.8

Total §24.2 103.3 106.6 108.8 100,72 105.6 100.6 104.9 98.8

laput Quantitles, W % Dry Coal R
Dry Coal 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Molsture in Feed Coal 2.8 h.9 2.0 2.2 2.0 2.3 2.3 0.9 0.6 b.3
Hake-Up 0li Additlons [ 0 0 . ) [] 0 0 ] 0 0 0
Flush Ol 0.6 0.6 0.6 0.6 0.7 0.6 0.7 Q.7 0.6 0.6
Hydrogen Reacted (Gas Flows) 5.7 5.8 5.8 5.6 5.4 S.4 4.9 5.3 5.6
Total Used for Normallzation 108.2 108.4 108.3 308.) 108.3 108.2 106.5 106.5 107.5
tdal Conversion, W § of H.A.F. coal 94.8 9.7 95.5 94.8 93.5 93.2 94.8 94.8

Normallzed Net Product Distribution

¥ 3% Ory Coal
o, Co; ’ * * 0.62 0.75 0.68 0.80 0.78 0.62 0.78 0.}
Cy-C3 Hydrocarbons In Gases . . 10. 48 .1 10.96 1145 10.05 9.68 9.55 9.8
Cyy-C Mzdrocarbons In Gases 4,62 4.93 5.01 4.70 4.3 4.00 3.64 4.0
18P-400°F Naphtha 18.59 19.27 18.02 20.94 18.91 19.04 19.71 20.)
’!00'6500’- Distitlates { . 14.68
650-975°F Distillates : ‘27.59 13.70 27.43 15.29 20,04 18.32 9.43 19.b
975°F+ Reslidual 0d)

:nzene-Sobuble 9.96 15.42 15.10 16.79 13.91 16.08 15.12 23.6
denzene-insoluble 5.18 8.16 5.20 7.82 71.97 6.05 6.07 ’
Unconverted Coal §.25 4,98 .77 5.24 6.107. 7.108 4.67 5.6
Ash ( ) 10.22 11.53 10.72 2.2 11.38 12.50 10.37 1.9

H90 (net . ) o .93

MR (Forced Nitrogen) . :II.ZI 8.6) 6.20 6.77. 8.33 9.12 z‘go 8.5

nzz (Forced Sulfur) : 2.5) 2.3 2.45 2.29 2.3} 2.3 2.45 2.4
Total (100+H; Reacted) ‘ 105.78 105.45 105. 54 105.30 105. 34 104.86 105.10*  105.50

ANALYSES
Atmospheric Still Overhead
Gravity, ©AP) ’ . 3133 34.3 35.2 32.8 32.8 32.5 3.9 32.5 33.3 33.3
18P/10 ©F 136/220 1387200 1367214 100/224 130/216 1587220 1287218 132/214 130/224
jo/50 . 292/350 266/328  290/348  290/350  300/356  306/362 2947350  294/348  298/)54
70/90 382/434 376/420 390/446 4067460 . 4207450 4087480 3947442 3887434  39L/LL6

fop 44 h7e 506 506 510 500 502 498 500
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ANALYSES (cont)nued)

Atmospheric Sti)) Overhead {(continued)

v s e 4ooF
Carbon, W §
Hydrogen, W §
Nltrogen, ¥ §
Sulbfur, W 3
Phenols, Vv § Tota)
Vv 1 18P-400°F

Atmospheric Still Bottoms
Gravity, CAPI
8P OF
10/)0
50/70
90/F 8P
v 3 2 Lo0°F
vV 3 @ 6500F
Carbon, W §
Hydrocarbon, W §
Nitrogen, W §
Sulfur, W %

Vacuum St} Overhead

Gravity, %API
18P/ 10

30/50

70790

Fap .
vV T 2 6509
Carbon, ¥ §
Hydrogen, W §
Nitrogen, ¥
Sulfur, W ¢

Water

Ammonia, W §
Sulfur, W §
Carbon, W §

0-12 Liquid Gravity, %API

0-5 Liquid Gravity, °API
Ash, W 3

Vacuum Still Bottoms

W % of Flows from Vacuum Still
Benzene-Soluble, W §
Benzene-Inscluble, W §

Ash, W §

Unreacted Coal, W T (Estimated)

Distillations - All ASTM D-86 - Except

198

8

12.3
360
LILVALY

4767526

634
6
9t

0.02

4.7
4227490
Sko/584
628

17

13.2

8.5
0.0010

51.5
60.88
26.47
i2.45

20A

6.3

0.7

8.7
0.0023

38.6

208

1.7

L1
4747502
5547604

0.0}

2.7
442/506
560/616

64

0.0}

18.2

9.9
0.0020

4.8
42.69
21.8)
30.50
12.08

5

8.3
4so
474/510
5487600

82

'0.03

3.8
458/498
558/614

64

0.02

1.4

10.7
0.0016

43.0
4.4
21.97
24,61
10.56

Bracketed Values From ASTH D-1160 (Modified)

12

67

9.6
hy2
S10/547
583/637

76

0.09

4.7
4767525
5857635

54

0.10

18.3

12.5
0.0005

50.8
40.62
72.49
16.89

9.45

1)

70

9.6
4as
518/550

582/636

76

0.0?

5.4 .

496/540
590/650

50

17.5
12.3

0.0010

52.3
48.52
26.60
24.88
10.67

1)

66

9.8
L1Y))
5157555
585/635

15

0.1c

5.7
505/548
598/658

59

0.1)

16.9

§2.0
0.003

56 .4
57. 8%
29.29
23.57
12.38

7%

9.6
468
4947526
5647620

12

0.15

5.8
480/520
570/628

60

o.n

16.9

1.3
0.0082

55.9
46.49
21.45
26.06
1. 82

16

76
88.17
11.84

0.21
0.18
10.5

1.5

10.0
(391)
{501/529)
(570/618)
(730/840)
(76)
89.07
9.11
0.45
0.14

6.3

A427/522)

(583/642)
(699/788)
(905)
(53)
89.53
8.47
0.49
0.12

4.67
.13
2,01

16.0

V2.2
0.0065

57.6
41,13
24.86
24,0}
10.81

1]

1

10.6
466
486/514
550/596

83

0.08.

5.6

15.7

- 13.0
0.0067

49.09
28.29
22.6

10.05
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ANALYSES {continued)

Vacuum Stli} Bottoms {continued)
Benzene-Insoluble Residuum, ¥ 3 (Escimated)
Carbon, W ¢
Hydrogen, W.%

Nitrogen, W §
Sulfur, W }
ASTH Ash, W 3
Coke/Ash Ratlo
{DMF Extraceion by Filtration)
Benzene Soluble 011}
1er, °F
18P-9759F, W ¢
975%¢, W 3

Filter Cake
W % of Feed go Vacuim St
Benzene-Solubie, ¥ §
Benzene-Insoluble, W §
Ash, W §
Benzene-Insoluble Residuum, W ¥
Unreacted Coal, W § (Estimated)
Carbon, W §
Hydrogen, W §
Hitrogenh, W 3§
Sulfur, W §

Slurry Mixing Tank
Ash, W §

Internal Recycle 0il (Flashed)
Ash, v }

Hydroclone Feed
Ash, W § .
Ash, W ¢ »
Ash, W § a

Hydroclone 3vcr6low
Gravity, API

ASTH Distillation

18P

10

30

50

70

VLe 6S00F/V 3 @ 975°%F A
W g 975 F¢ (Includes Solids)
Ash, W 3

Hydroc lone Under flow
Ash, W §

2 Calculated from Overflow and Underflow Analyse., flows

0.79
12.86

0.556

3.87

30A

2.1
25.39

¢+ Calculated from Overflow and Vacuum Bottoms Analyses, flows

200 20
.73 7.4
2.68 2.38
30.9% 25. 7%

0.459 0.537
26.0 .0

24.80 20,11
22.9% 25.62
52.2% 54,27
2.26 2.3%

20.69 - 23.28
7.52 6.81

19.90

7.8) . 6.87

6.93 6.55

6.21 6.45

-9.4 -9.6

Lo2 408

516 516

614 621

122 755

L0/73 37.5/70.5
.5 3.0
L.8? 4.90

18.64 13.10

13.0%

2.45
21.70

" 0.5

30.0
25.35
23,40

53.54 .

2.29
18.82

-10.5

418

516

621

750

975
371.5/70
18.5
5.45

14,57

15.93

2.32
25.76

0.600

25.3

26.20

24.32
49.48

3.08
29.21

L2t
516
623
763

36.5/71

36.8
S.0h

g

3

16.51

2.18
23.76

0.690

28.8
12.05
30.95
56.00

1.59
30.36

-10.7

432
539
640
718

30/768.5

39.3
5.34

14,65

L}

12.62

2.22
2b.12

0.644

2.8
26. 14
2310
50.75

2.1
27.93

10.72

7.29
7.06
6.89

-80.3

425
539
633
1%

33.5/68

39.9
5.48

14.50

16,08
66.59
L.25
t.20
-2.22
24,45

0.604

680
31.5
€8.5

3.5
25.69
25.09
49.22

2.93
22.16
43.79

2.8}

0.58

3.82

7.45

10.17

)t Sl i
(V-3
@ O

-13.8

432
539

633

m
34.0/68.5

4s.3
6.19

14.5)

1))

18.24

.n
22.95

0.645-

33.6
6.1
26.00
hr.27

4.99
21.01

11.68

8.5}
8.82

-1b.2

432
534
. 6u8
83$

30.5/61

47.5
7.1}

t7.70
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Period
ANALYSES (contlnued)

Atnospherlc Overhead

18P-400OF Gravity, “API
Carbon, W §
Hydrogen, W §
Sulfur, W 3
Nitrogen, W §

L00%F+ Gravity, ©API
Sulfur, W §

Atnospheric Still Bottoms
18P-650%F Gravity, OAPI
6500F+ Gravity, CAPI

Vacuum Still Overhead °
18P-650°F Gravity, °API
650°F+  Gravity, %API

Vacuum Sllll Bottoms °
18P-925°F Gravity, APl
Carbon, W §
Hydrogen, W §
Sulfur, W
Hitrogen, ¥ 1
975%F+ 0l Gravity, °API
" Carbon, W §
Hydrogen, W ¢
i Sulfur, W §
Nitrogen, W §

CHARACTERIZATION OF SOLIDS-FREE

OIL PRODUCTS

Distillation of Filtrate
from Filtration Operation
Vacuum Distillation
Final Vapor Temperature, ¢
Pressure, Torr
Residue, W ¥ of Filtrate

Suifur, W 3

Ash, W 7

Benzene Insoluble, W §
18P-9759F

975°F+

Batch Distitlation of
Vacuum Bottoms Slurry Product
Vacuum Distillation
Final Vapor Temperature, ¢
Pressure, Torr

Distillate,W § Vacuum Bottoms Slurry

Gravity, %aP)
Sulfur, W §

0.0}

520
2.4
28.4
-8.3
0.24

20A

0.0}

0.0}

Sk
3.5
4.

0.42
0.1k
31.06

S0t
10.6
-6.8
0.32

17

342
37.9
019

6. 04
2217

23

0.08

548
0.2
36.7

0.46
0.15
27.84

490
4.0
10.4
-6.7
0.27

1

0.1}

-~ £ £
o e e
LSOO

0.3

33

553

0.9

0.68
2.52
31.29

T D - B
[SYRL 2P N - TV

o
~

16

17

0.0}

510
Ll.0



PHASE II - DOE/PARTICIPANTS PROGRAM

The overall objective of the Phase II program was to achieve
maximum assurance of successful operations in the H-Coal Pilot
Plant. The specific objectives were:

10

Modify the POU to simulate as closely as possible the Pilot
Plant and to increase the reliability and productivity of’
POU operation.

Duplicate on the PDU, as closely as possible, the operating
conditions for the H-Coal Pilot Plant as stated in the:
Technical Management Plan. ' '

Develop Pilot Plant emergency operating procedures by
exploring potential failure modes and responses on the PODU.

Provide training for Pilot Plant operating personnel.

Identify . improved high density and high activity catalysts
for use in the H-Coal Pilot Plant.

Confirm the design of the reactor ebullating cup for the
H-Coal Pilot Plant.

Conduct certain process engineering studies leading to

optimization of the H-Coal Process and improvement of the
design data base. .
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PDU RUN 5 - ILLINOIS NO. 6 COAL - SYNCRUDE MODE

Run 5 was undertaken to simulate as closely as possible
syncrude. mode operations in the H-Coal Pilot Plant when using
I1linois No. 6 coal with continuous catalyst addition and
withdrawal. The process conditions were the same as those
specified for the Pilot Plant for this type of operation. In
every significant respect this PDU run met each of the targeted
specifications.

The run lasted for thirty days. Operation was smooth, and
there were no significant operating problems even though this
was the first demonstration of the catalyst addition-withdrawal
system in an actual POU operation. The principal achievements
of POU Run 5 were:

e catalyst replacement at a rate of one pound per ton of coal
without interruption in operations of the POU

e thirty days of sustained operation with excellent stability

o successful demonstration of the operating parameters for
Pilot Plant syncrude operation with Illinois Mo. 6 coal

e data for comparisdn with previous projections of steady
~state yields based on runs without catalyst addition

° data on the viscosity of fresh vacuum still bottoms

One of the most significant achievements of POU Run 5 was a
demonstration of the catalyst addition-withdrawal system which
was designed and built by HRI and installed -as an integral
component of the Process Development Unit. Its use in PDU Run
5 provided operating experience applicable to a similar system
in the 600 T/D H-Coal Pilot Plant under construction at
Catlettsburg, Kentucky. The distillate yields of this opera-
tion with catalyst addition and withdrawal reached catalyst
steady state in ten days and essentially confirmed predictions
based on previous runs in which the deactivation of a single
batch of catalyst was monitored.
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DATA CORRELATION -

ILLINOIS COAL - SYNCRUDE MODE

PDU Correlation POU Observed

"~ 'Bench. Unit Without ' " With
Design Basis Catalyst Addition Catalyst Agdition
€y-Cy, W3 8.3 9.8 T
cu%hoo°?, W g 17.4 25.7 18.7
400-975°F, W T 349 | 25,9 29.1
975%F+, W % 14.9 | s o 19.7
Unreacted, W % 3.9 5.4 5.3

Differences in source of Illinois coal, catalyst and operating conditions
may prevent exact comparison
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ANALYSIS OF ILLINOIS NO. 6 BURNING STAR, MINE #2 COAL -
FOR POU RUN 5 (RUN 130-82)

HR1 No. 3918 3944 3918 3806 3944
Feed to Period , As Received 1-9  10-17  18-30
Hours on Run - 0-212 212~ Loy~

Lok 716

Molscure, W 2

Proximate, Ory Basis, W 3

Ash 11.13 11.75 10.38  10.48 10.61
Volatile Matter 36.01 35.56  38.27  38.86 37.90
Fixed Carbon 52.86  52.69  50.35  50.66  51.49

Ultimate, Ory Basis, W 2 ]
c;T:o: v . 70.83 71.52 69.48 69.66  70.88
Hydrogen ‘ ‘ 5.04 5.05 5.01 5.10 4.91
Nitrogen 1.45 1.36 1.29 1.22 1.47
Sulfur (LECO) 4.06 3.52 3.55 3.60 3.47
Ash 11.13 11.75 10.88  10.48 10.61
Chlorine - 0.07 0.10 0.06 0.06 0.07
Oxygen (0ifference) : 7.42 6.70 9.73 9.88 8.57

Sulfur in Ash, W % ' - - 1.57 1.70 .11

Sulfur (Eschka), W 3 - - 3.47 3.56 3.47

Suifur Forms, Ory Basis, W 3
Pyritic - - 1.16 1.18 1.29
Sulfate - 0.19 0.16 0.07

12,428 12,557 12,620

Heating Value, Btu/Lb -

Sieve Analysis, Screen Size (U.S.S.)

+50 - - 7.70 9.38 2.59
50/70 - - . 7.07 8.18 2.75

70/100 - - 9.95  11.43 5.82

100/140 - - 11.56  12.41 8.68

140/ 200 - - 10.98  10.91 10.31

200/325 - - 19.50  18.84  23.42
-325 - -

) 33.29 -+ 28.8S 46.43
Mineral Analysis, W % ignited

c. s . - - . 47.8
C o ompowm o
Alumina, A1203 - - - 0.77  0.77  0.85
itania, Ti072 . . .
Ferric Oxide, Fe203 - - 22.25 ]2-33 ‘;-gé
Lime, Ca0 - - .50 . .
Magnesia, MgO - - 0.30 0.86 0.90
Potassium Oxide, Kq0 - - 1.67 0.45 1.81
Sodium Oxide, Naj0 - 0.19 4,25 0.h8
Sulfur Trioxide, 503 - 3.19 4,26 3.66
Phos. Pcnt..PzOs - R 0.02 0.03 0.01
Undeternmined - - 1.35 9.87 1.21
Total 100.00 100.00 100.00
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POU RUN S (130-82) - M-COAL OPERATIONS ON BURNING STAR MINE, ILLINOIS NO. 6 COAL (HRI 3918)

CATALYST = AMERICAM CYANARID HDS-14bL2A, 1/16" EXTRUDATES (MRI 3830) 96.7 LOS DRY INITIAL CHARGE

REACTOR L1QUID PMASE DEPTH 19 FEEY, VOLUME 7.49 FT3

Period
tate, End of Period (1977)

Hours of Run ~ Beginning
End

Catalyst Inventory, 8eginning, Lbs.
Catalyst Added
Catalyse ¥ithdrawn

Catalyst Age (€nd), Lbs Ory Coni/Lb Catalyst

Average?
original Chargece

Catalyse Added, Cumulative, Lbs/Ton Ory Cosl

Coal Fewd (0ry), Lbs/Nr/Ft3 Rgoezor Voluns

Moisture, ¥ 3
Ash, ¥ (Dry Basis)

Recycle Flows, Lbs/Lb Solids
Atmospharic Scill Bottoms
Vacuur Still Cvernead
Inventory Change
Mydrocione Overflow (011)
Make=-Up 0§1

.Tota!

Temperatures, °F
Coal Preheater Outlet
Rgoctor Liquid Phase - Average
Rax i mmm
Separator
Hydrocicne
vacuun Seill Flash Zone

Pressure in Vacuum Flash, Torr

Pressure, psig
Unit 8zck Pressure
Hydrogen Roka-Up
Hydrogen Partlal Pressure
(Ruactor Outlet)

Recycle Gas. MSCF/Ton Ory Coal
Vent Sas, MSCF/Ton Ory Coal
Mydrogen Purity of Recycle Gas
& Vent, 3
Total Hydrogen, MSCF/Ton Ory Coal
{Reactor Outlet)

Make=Up Hydrogen + Recycle Hydrogen
uSCF/Ton Ory Coal
¥ 2 of Make=Up ¢ Recycle Gas
Hydrogen Partial Praessure, psig

Hydrogen Consumptionaew
MSCF/Ton Ory Coal
¥ 3 Ory Coal

0ll Additions

Make=Up 0il = Lbs/Lb Ory Coal

. Lbs/Hr/Fed Reactor
Flush 011, Lbs/Ld Ory Coal

9/4
o

89
96.7

0.00
0.00

14
14
0.00

21.2

1.183
0.022
0.461
1.089
0.000
1.833

620
8i1
816
749
460
428

BN

2700
2740

72.2

87.2

0.0
0.0

9/5

96.7
0.00
0.00

38
0.00

26.0
L.60
10. 3%

1.287
0,054
6.108
0.954
0.000
2.18%

723
9
846
787

488
L31

8.2

2700
272§

30.1

a.0
0.0
0.0039

*+ Age of porticn of original catalyst remaining In bed

2

9/5

21
13

96.0
0.00
0.70

&6
66
0.00

29.5

1.171
0.084
0.032
0.973
0.000
2.197

722
848
856
798
sot
487

6.8
2700
2750
1380

34.6
2.56

n.a
27.3
49.8

83.4
2300

22.0
5.84

oo
.
[-X -

e*e Orifice for fresh hydrogen, mecer for product gases with analyslis
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28
9/6

33
ks

96.0
Q.00

0.00

95
35
0.00

3.7
3.39
10.86

0.907
0.147
-0.053
0.968
0.002
2.056

716
8sa
8s8
801
510
sio

3.3
2700
2750
1550

37.0
2.07

77.3

3.k

53.0
86.3
2380

c.0
0.0
0.0030

Avarage age weighed by proportions of catalyst of vi ‘ous ages In bed

/7

bs
69

101.8
5.20
0.00

149
154
0.77
13.2

10.83

0.77%

0.178

-0.075
0.926

0.000
1.953

710

2700
1750

1525

33.0
2.43

75-9
27.9

be,

2380

o000

0.0

5
9/8

59
93

101.6
3.3
3.49

202
213
0.87

33.0
3.99
10.49

0.769
0.181
0.052
1.062
0.000
1.940

706
849
8s8
797
549
549

2.8
2700
2750
1610

TR
3.12
78.4

° 30.8
s2.0

87.3
20

9/9

3
1z

100.6
1.5}
5.66

253
272
1.02

33.%
3.50
1.1z

0.720
0.1
0.007
0.956
0.000
1.862

m
8ua
857

555
555

2.7
2700
2760
1670

35.6
3.51

7.4
32.1
52.9

87.8
2440

20.8
5.52

NOoOOo

)
9/10

17
161

100.5
b.17
h24

300
330
1.09

32.5
3.b5
11.09

0.560
0. 107
0.015
0.990
0.000
1.762

2700
2800

1650

37.4
3.83

80.5
36.2
52.6

a7.8
2470

7
M

181
165

100.0
6.04
4.25

340
389
1.24

32.6
2.44
10.81

0.658
0.120
-0.017
0.986
0.000
1.782

723
849
857
795
554
535

2.3
2700
2815
1710

38.2
4.19

80.0
35.2
55.7

87.9
2490

20.5
S. bk

8
2

165
189

100.0
0.00
Q.00

398
W7

1.08 -

32.3
2.70
11.03

9.589
0.139
-0.050
1.011
0.000
1.789

738
849
856

551
538

.4
2700
735
1660

38.3
2.98

78.0
33.1
52.4

86.2
2620



POY RUN S (130-82) - OPERATING RESULTS

(1) Negative quantities of atmospheric still overhead and vacyum overhead are decreases of inventory

slurry oil holding tank
(2) Includes dissolved NH3 and HgS

(3) ASTM distillation cut points

(4) Period 4 based on vacuum distillation of toluene soluble oil in vacuum boctoms.

amount of distillace chrained (average of Periods 4,

Qther periods based
on batch distillation assay of vacuum bottoms, estimacing 187 -9759°F in vacuum bottoms as 1.24 times
15, 23, and 29 assays).

(£) Hydrogen consumption by coal feed and product hydrogen analyses, ammonia formation by nitrogen

balance.

(6) Based on filtration of croduct slurry fed to vacuum still, unless otherwise srtated.

(7) Orifice for fresh hydrogen, meter for product gases with analysis.
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Periocd 1A X ] 2A 28 3 ] 5 [ 7
Collected Product Quantities,
W % of Ory Coal
Atmospheric Stil! Ovcrhea? 1.92 18.36 26.28 31.54 32.54 32.10 33.24 32.04 32.88 35.5
Atioapheris Seill Sestomell) §7.45 12.71 15.87 10,50 4,88 5.10 4.86 .47 2.74% 2.0
Vacuum Still Overhead(l) 1.711  0.92 0.7% -0.34 <1.10 1.53 0.56 0.63 0.12 <-3.5
Vacyum Still Botctoms 8.47 30.90 30.82 33.93 37.96 37.54 40.19 36.90 39.90 L1.3
Hy0(2 19.06 8.93 13.37 13.30 12.78 12.91 11.58 13.38 12.8% 12.7
Ci-3 3.29 6.43 .23 8.55 8.30 8.53 8.68 9.32 10.19 9.2
Cy-C¢ 2.96 4.80 3.16  3.61 4,26 3.78 3.70 3.73 3.63 3.5
NZS in GCases 1.56 1.14 0.97 0.97 0.97 1.33 1.34 1.51 1.00 i.1
€0 & CO o.11 Q.13 0.18 0.23 0.28 0.42 Q.36 0.4 0.37 0.3
Total 71.87 84.32 97.60 102.30 100.57 103.24 104,51 104.38 103.67 105.4
Input Quantities, W % of Ory Coal .
Ory Coal 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.
Moisture in Feed Coal 4.82 (4.16) 3.51 2.80 3.70 3.63 3.57 .50 2.7
Make-Up O0il Additions 0.00 0.00 0.00 0.00 g.00 0.00 0.00 0.00 0.00 q.0
Flush Qil 0.51 0.39 0.30 0.30 0.30 a.30 0.30 0.32 0.31 0.3
HWydrogen Reacred(7) 5.86 S.72 5.80 5.61 5.52 4.8% s5.48 5.0
Total Used for Normalization ) IOO 3o 109.45 108.90 (5) 109.45 36.4% 96.
Coal Conversion, W % of H.A.F. Coail8) 96.0 9.5  94.7 95.2 94.6 9.4  96.
Normalized Net Product Dls:ribuzion(3)
W T of Ory Coal
co, €0y 0.24 0.30 0.4k4 0.37 0.41 0.38 0.3
C|-C3 Hydrocarbons in Gases 9.06 8.90 8.96 9.04 9.66 10.55 9.4
C4~C¢ Hydrocarbons in Gases 3.82  4.57 3.95 3.35 3.87 3.76 3.8
IB?-200°F Naphcha 21,74 19,11 17.41 17.21 16.85 16.24 15.8
40Q=6609F Oistillates 20.76 )
650-975°F Distillattz 27.38 26.43 7.69 28.61 27.5? 23.67 28.7
9759F+ Residual 0i14Y)
Toluene Soluble 13.16 13.43 14.25 15.91 13.86 16.67 15.9
Toluene Insaluble 1,23 7 2.72  4.75  3.25 b4.s2  6.14 6.3
Unconverted Coal 5.0 5.19 3.97 5.00 4.24 3.49 3.5
Ash 11.24 12.16 10.87 11.8% 11.48 11.73 12.0
nzo (Net) 8.45
(Foreed Nicrogen) 10.16 10.48 ("3 8.06 9.87 10.38 9.8
3 (Forced Sul fur) 2.65 2.52 2.49(5)2.38 2.49 2.39 2.9
Total (100 + Hydrogen Reacted) 105.72 105.80 10S.04 105.52 104.84 105.44 105.1



Period .

Atmogpherie Still Qverhgad -

Cravity, °API
gV

414

v ¢ @ Locor
Carpon, ¥ §
Hydrogen, ¥ 3
Hitrogen, ¥ $
Sulfur, ¥V &
Pagrols. ¥ 3

Atrospheric Still Soctoms
Gravity, OAPY
189, °F
1oV s
30
so
70
90
FBP
v 2 2 LoeeF
v % 9 6509F
Carbon, ¥ %
Hydrogen, ¥ 3
Nitrogen, ¥ 3 .

. Sulfur, ¥ 2

Vacuwa $till Overhecad
Gravisy. OApL
189, °F

tovse

30

50

70

90
FBP
v T 2 6509F
Carbon, ¥ 3
nydrogen, ¥ 2
Nitrogen, V¥ 3
Sulfur, ¥ 2

Vater
Nitrogen, ¥ ¢
Sulfur, ¥ 2
Carbon, ¥ 3

0-5 Liquid
Gravity, OAPY
Ash, ¥ 2
Vacuws Distillatlon

18P, °F

vy

30

S0

70

30

Fap
v 2 2 40Q°fF
vV 39 650°F
fesidue, ¥ 3

0-12 Liquid
Gravicty, 9APt
Vacuum Oistillacion

18P, OF

oV s ¢

30

50

70

g0

(144

a 100°F

2 650°F

Res idue

£ <<
9 er

POY Run S (130-82) - AnALYSES

16.2

16.5
0.0006

63.7
146
207
261
280
336
431
532

- 8k

16.4
418
469
520

616

9.6
Si0
565
618

48

0.055

42.1 36.8 36
148 206 1.8
210 265 228
254 296 Joé
296 355 376
348 10 b3S
hk9 476 490
545 sia 554

8 68 58
8
1

15,5 13.9 125

S blg b6S

W86 506

535 sse

575 $95

625 650

0 ] 0

o .7 7

9.2 8.3 6.8

b2 486

535 5us

530 605

0 s

<0.03 <g8.03

16.5 16.2 16,7

0.0013 0.002% 0.0020 O.

19.8  18.%

Dlstillacions < ALL ASTH 0-G6 exceot bracketed values from ASTH 0-1160 (modifled)
: 136

32.9
126
228
303
380
b50
525
570

55

8.10

1.76

0.17

e.0?
S

1.2
(403)
(&91)
(550)
(585)
(637)
(715)
(383)

0

/73
89.99
9.41
0.37
<0.03

S.7

(L24)
(525)
(595)
(6567)
(723)
(825)
(914)
(&N
90.78

8.68

0.42
<0.03

646

2.93
2.38

13.2

32.0
146
232
316
395
LS55
525
530

53

10.5
bS8

4.6
492
s70
640

34

<0.03

12.9

0.7
152
224

320,

392
460
550

Sh

3.8
520
582

9

<0.03

12.7

30.3
162
222
11
398
460
534
587

51

2.6
5315
535

25

0.09

12.3
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29.%
134
229
326
41§
875

594
LY

2.9

1.5

0024 0.0306 0.0008 0.0012 0.0Q06

(331)
(bss)
(515)
(s71)
(634)
(760)
(855)
(6.5)
{ 7%)
(2.5)

17.6

(296)
{420)
(491)
(£30)
(576)
(665)
(730)
(6.5)
{ 89)
(1.0)

16.7

.8

13.5



Period

Vacuum Still Bottoms
V 2 of Flows from Vacuwm Still

Yoluene Soluble,

vs3:

Toluene Insoludbie, ¥ 3

Ash, ¥V 3

Unreacted Coal, ¥ 3 (Estimaced)
Toluene Insoluble Resld, V 3 (Estimated)

Carbon, V¥ 2
HWydrogen, ¥ 3
Nitrogen, W 3
Sulfur, Vv 3
*ASTH Ash, ¥ 3
Lore/Ash Reilu,

OMF Eatraction by Filtration
ORf Solublg, W' S

Toluene-Extracted 011

18P, °F

POU RUNS S {133-82) - ANALYSES (CONTINUED)

50.88
16.85
32.27
11.09

5.76

.19 .n

32.12

0.469
52.85

Oiscillate to 9759F, v 3 -

Flltar Cake

¥ 2 of Feed to Vacuum Scil!

Toluene=Soluble, ¥ 2
Tolusne=-insoluble, ¥

Ash, V 2

Tolvene-insoluble Residues, W 3
Unreacted Coal, ¥ 3 (Estimated)

Carbon, W 2
Mydrogen, W 2
Sulfur, W 3§
Nitrogen, ¥ 2

Catailyst Withdrawsis

Vithdrawals, 0il Laden Pounds

oll, v

rolybdenum {0i1=Free), ¥ 3 .
Estimaced Catalyst Content, Lbs.*

Hydrocione Feed
Ash, ¥ 2

Mydcoclione Overfiow

Cravity, ©Art

Distillation (D-1160)

18P, ©F
vy
30
S0
70

1
vye
v 3e 9rseF
¥29

Ash, W 3

759F+ (includes Solids)

Hydroclone Underflow

Ash, ¥ 3

Atmospheric Overhead

18P=-400°F
Gravity, 9APt
Sulfur, VW 3
Nitrogen, V 2
Phenois, V 2
Loo9Fe
Gravity, QAPt
Sulfur, ¥ 3
Nitrogen, ¥ %
Atrospheric Still
18P=65G9F
Gravity, 2api
Sulfur, ¥V ¢
Mitrogen, V 3
Phenois, Vv 3
6500F«
Gravity, ©api
Sulfur, v %
Nitrogen, W 2

Boctoms

Yacuum Still Overhead

18P-46500F
Gravity, ©aAp1
Sulfur, ¥
Nitroyen, W 3

46.2
33.59
18.32
48.09

1.08
16.52

1.33
41.46
8.09
0.70

17.03 . 14.86
-8.3

429

553

626
mn

3.1

21.97

“Sasis, 9.00% Molyhdcnum In Fresh Catalyse
137

28

5.3
51.37
17.47
31.16
14.05

3.42

2.85
31.29

0.462
54.89

37.8
32,33
21.55
46.12

0.76
20.79

15.81

b24
539
635
756

39.4
7.2

19.34

50.6
51.25
19.43
29.32
12.7%

6.69

2.86

.29.87

0.463
§9.12

28.2
32.47
21.47
46.06

1.46
20.0!

14,11

-8.7

(1)
556

778

975
38.3
6.6

20.09

6.52

20.29

14,6
<0.03
0.21
2.$

2.6
0.0k
0.51

12.1
<0,03
0.26

© s

51.5
$2.50
9.0
27.79
11.95

7.76

3.04
28.28

0.497
58.12

12.1
33.66
21.99
45.1%

1.78
19.4)

10.75

29.56°

6.73
5.66

13.66

-12.3

A73
587
m
797

975
21.5
65.5
&b.3

6.76 -

19.97

6

55.2
46.77
22.89
J0. 34
(11.09)
(11.80)

3.06
29.39

0.480
54.54

14.2

8.563
31.80
6.49
b.24

18.19

~14.8

&51
615
720
873

975
17

s8.5
50.2
8.22

18.78

“page 4 of §

7 8
$5.6 S54.8
48.65 47.63
23.31 23.44
28.08 28.93
8.45 8.3l
14.86 15.13
3.06 2.89
28.52 28.48
0.518 0.503
57.01 S6.64
12.4° 130
26.42 31.62
19.38 18.11
§4.20 50.27
- 3.06 3.58
16.32 14.53
12.57
27.56
6. 44
4.25
16.67 15.99
-13.4 -13.8
568 © 485
618 61k
733 19
876 868
975 975
15.5 16
60.5 59.5
47.5 49.2
8.1 7.88
17.35 16.60



POU RUN § (130-82) - anaLYSIS (CONTINUED)

Period

Vacuum Still Ovarhead
650°F<
Gravigy, OAP?
Sulfur, ¥ 3
Nitrogen, ¥ 3

Vacuum Still Socttoms
Toluene-Extracted 011, 18P-375°F
Gravity, °aPt
Cardbon, V 3
Hydrogen, ¥ ¢
Sulfur, ¥ $
Hitrogen, ¥

CHARACTERIZATION OF SOLIDS-FREE 01L PRODUCT

Bacch Disgiltation of Filtrace from
Filtracion of Vacuum Still Feed
Fina! Vapor Temporature. °F
‘Pressure, Tarr,
Residue, ¥ S of Filtrace
Anslysis of Residue
Sulfur, ¥ 3
18P, °F
Distillate to 975°F, Vv %
Ansiysis of 9759«
ASTR Ash, ¥V 3
Cardon, ¥ 3
Hydrogen, V 3
Sulfur, ¥ 2
Nitrogen. ¥ 2t
Toluene=Extraction of Residue
insolubles (Excapt Ash), ¥ 3
Ash, ¥ ¢
OMF Extraction of Residus
Insolubles (Except Ash), ¥ 2
Ash, ¥ 2

Bateh Oiscillation
of Vacuus Bottoms Slurry Product
Final Vapor Temperature, 9F
Pruassure, Torr
Distillate, ¥ % of Vacum Bottomg Slurrv
Vacuum Oistillace
Gravicy, °API

tap, °F
ove

3

50

70

906

[4.14

v 3@ 650°F
v 3 @ 975°F
Residua, V 3
Suifur, ¥ 2

Calculated Compesition of Sollda~Free 011
in Vacuum Bottoms Slurry Product
Conseitution, ¥ 2%
Satch Still Distillate from Slurry Product
Bagch Still Residue from Filtrace
Composition, V 3 (Caleulated)
Carton, ¥
HMydrogen,
Mltrogen,
Sulfur, ¥
Ash, ¥ $

b
2

or & K 20

Calculated Comoesunon of 4GOOF+ Liquid Product

Constitution, ¥ $

Atmospheric Still Overhead, LQOOF ©

Atmospheric Still 3octoms

Vacuum Still Overnead

Yacuus Still Sottoms, Sollds<Free 0i)
Composition, ¥ 3

Carvon, ¥ ¢

Hydrogen, ¥ 3

Nitrogen, ¥ ¢

Sul fur

Ash, ¥ 2

i8

hoo
La. 9
6.18

9.26
0.38

460
1.5
20.5

=0.1-

138

28

560
0.8
23.5

0.28

20.93

0.25

°

0.6

0.03
0.57

=5.6
90.03
7.01
6.03
.0-62

365 569
9 0.7
1.2 29.3

8.52 0.5}
0.8

1.48
88.59
5.65
0.60
1.33

16.93 26.33 -

2.45  1.61

‘8.21
2.10

535 551
1.0 3.0
1,3 12.8

-5.8 4.0
637
763
842
886
333

975
0.6

17.1
e.11

5.1 79.9

£ =
W o s
— -~y On O
w oo &
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POY RUN S (130-82) - W-COAL OFERATIONS OH BURNING STAR MINE. ILLINOIS NO. 6 COAL

(HR1 3918

3944 - PERIOD 17 AMD THERCAFTER)

CATALYST = AMERICAN CYANAMID HDS-1LL2A, 1/16' EXTRUDATES (HRI'JSJO) 96.7 LBS DRY IMITIAL CHARGE

REACTOR LIQUID PHASE DEPTH 19 FLET. VOLUME 7.49 FT3

Perliod
pate, End of Period (1977)

Hours of Run - Beginning
Cid

Catalyst Inventory, Beginning, Lbs.

Catalyst Added

Catalyst Withdrawn

Catalyst Age (End), Lbs Ory Coal/Lb Catalyst
Average® ’
Original Charge®?

Catalyst Added, Cumulative, Lbs/Ton Ory .Coal

toal Feed (Dry). Lbs/Mr/Fed Reactor Volume
Moisture, W 2
Ash, 3 (Dry Basis)

Recycle Flows, Lbs/Lb Solids
Atmospheric Still Bottoms
Vacuum Still Overhead
Inventory Change
Hydroclone Overflow (0il)
Make=Up 0il

Total

Temperature, °F
Coal Preheater Outlet
Reactor Liquid Phase - Average
Max imumn
Separator
Hydroclone
Vacuum Still Flash Zone

Pressure In Vacuum Flash, Torr

Pressure, psig
Unit Back Pressure’
Hydrogen Make-Up
Hydrogen Partial Pressure
(Reactor Outlet)

Recycle Gas, MSCF/Ton Ory Coal
Vent Gas, MSCF/Ton Dry Coal
Hydrogen Purity of Recycle Gas
& Vent, 2
Total Hydrogen, MSCF/Yon Ory Coal
(Reactor Outlet)

Make-Up Hydrogen + Recycle Hydrogen
MSCF/Ton Dry Coal
V 2 of Make-Up & Recyclie Gas
Hydrogen Partial Pressure, psig

Hydrogen Consumptionaae
MSCF/Ton Dry Coal
¥ 3 Ory Coal

Qi1 Additions
Make-Up 0il - Lbs/Lb Drz Coal
Lbs/Hr/Fe? Reactor
Flush 011, Lbs/Lb Ory Coal

e

Averdge ane weighed by proportions of catalyst of various ages in

9 10 n 12
9/13  9/14  9/15  9/16
189 213 237 261
313 137 7h1 7R5
99.8 99.8 99.6 99.3
411 o0.00 3.98 3.87
4,35 0.00 4.20 4.18
&40 499 539 sT?
506 565 625 . 684
1,11 1.00 1.03 1.05
32.8  32.5 33.3 32.8
2.51 2.92 2.50 2.58
11.12 10.17 10.62 10.19 10.59
0.603 0.627 0.581 0.607 0
0.112 0.125 0.09) 0.074 O
0.026 0.017 0.034 0.028 0
0.975 0.947 0.924 0.996 |
0.000 0.000 0.000 0.000 @
1.693. 1.682 1.582 1.650 !
730 734 el 732
851 851 851 850
859 858 859 3538
794 793 792 789
Ska 554 558 553
541 537 533 535
2.3 2.2 2.2 2.2
2710 2700 2700 2700
2795 2800 2820 2810
1540 1580 1510 1630
36.4  37.3 3.7 35.1
2.60  3.24 3.17 3.35
2.7 k.9 7.7 77.6
29.5 31.6 28.% 30.9
48.7 50.9 47.4  S0.0
83.0 84.5 82.8 86.4
2330 2380 2350 2440
19.2 19.3  19.0 19.!
5.09 S5.12 5.03 5.07
0.0 0.0 0.0 6.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0031 0.003) 0.003! 0.0031 O.
bed

Age of portion of original catalyst remaining in bed

e*¢ Orifice for fresh hydrogen, meter for product gascs with analysis
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13
9/17

285
108

93.1
an

&£.27

613
74k
1.08

32.9
3.19

.621
-00S
o
.021
.000
.628

725
851,
860
790
553
535

2.3
2700
2840
1450

35.3
2.82

69.8
27.7
47.8

81.8
2330

20.1
5.33
0.0
0.0
0.0
032

o]

14
9/18

309
m

100.6
1.45
0.00

662
802
1.04

32.5
2.9
10.69

0.611
0.008
-0.022
1.010
0.000
1.651

728
850
8s9

545
534

2710
2850

1580

36.1
3.39

12.7
29.4
49.7

83.6
2400

15
9/19

333
157

100.0
3.98
4.53

694
860
1.06

2.4
3.23
10.17

0.607
0.000
0.003
1.031
0.000
1.635

728
852
861
792
554
537

2.2
2700
2850
1480

36.2

3.60
70.7
29.1
49.5

82.3
2360

16
9/20

357
38

99.7
3.68
3.96
723
915
1.08

J0.5

4.9 -

10.47

0.836
0.009
-0.030
0.975
1.849
1.850

753
849
8sy
793
$60
533

2.2
2700
2820
1650

40.5
3.80

77.5
35.6

17
9/21

381
L

99.2
3.87
a.n

755
976
1.09

32.0
2.6
10.28

0.720
0.028
0.031
0.947
1.664
1.665

748
852
860
792
567
534
2.2
2700
2830
1680

36.7
3.94

79.0
34.3

53.0

3
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2700
2840

1680

39.5
421

79.6
36.2°

sh.2
87.0
2480

18.0
4.76

0.0
0.0
0.0
0.0033
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POU RUN S (130-82) - OPERATING RCSULTS

Periad 9 16 1 12 13 LY 15 16 17 18

Collected Product Quantities R

¥ 2 Ory Cosl . .
Atmospheric Still Overhead 27.97  "27.31 26.59% 25.36 2L.15 25.04 26.67 27.08 28.34 28.22
Atmospheric Still Bottoms (1) 6.93 6.3 7.87 7.30 9.8 9.8: 12.57 3.07 3.79 5.9k
Vacuum Still Overhead (1) 0.88 o0.71 o0.9% 0.76 0.02 0.52 -2.51 3.60 0.56 0.4
Vacuum Stiil Bottoms (2) 40.66 15.33 42.05 L6.38 42.72 L3.11 61,28 4b.36 42.61 43,11
nzo 12.80 12.26 12.04 12.54 12,62 12.23 12.08 12.41 12,11 13.07
C,’-C; . 10.38 11.25 11.09 11.06 10.91 11,43 11,77 11,717 11,60 11.89
Cy-C : 3.87 L35 417 3.78 LS4 5,19 5.33 4.27 4.2 5.3
HaS: ?n Gases 1.25 1.67 1.72 1.3 1.69 1.86 . 1.8 1.89 1.84 2.07
€02 & CO . 0.5 0.49 0.51 0.bb o.61 0.69 0.68 0.43 0.47 0.76

Totat 104.69 109.68 106.98 108.9% 107.1& 109.91 107.65 108.82 105.53 110.86

input Quau:izlés. vV X of Ory Coal

ory Coal *100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Hoistura in Feed Coal . 2.57 3.01 2.56 2.65 3.30 3.00 3.36 4,37 2.8 4.4
Make-up 011 Additions

Flush Gil n 0.31 0.31 0.31 0.31 0.32 0.32 0.33 0.3b 0.32 0.33
Hydrogen Reacted 5.09 5.12 5.03 5.07 5.33 5.38 S.%0 5.4 L.95 4.76
Total Used for Normalization \ ) 107.97 108.44 107.90 108.03 108.95 108.70 {5) 110.15 107.35 109.49

Coal Conversion, ¥ % of N.A.F. Co» 93.9 6.k  95.5 95.0 94.9 95.6 95.2 95.0 95.% 94.5

Normalized Net Product Distribuiion (3)
¥ 2 of Ory Coal

€0, €02 0.42 0.48 0.5 0.43 0.62 0.68 0.68 0.4 0.48 0.75
€1-C3 Hydrocarbons in Gases . 10,59 11.07 1.13 10.87 11.05 11,27 11.80 11.86 11.85 11.75
Cy=C6 Hydrocarbons in Gases: 3.95 4.28 4.19 3.72  L.60 §.12 S.34 4,32 4,30 5.28
18P=400°F Naphtha 13.63 14,12 14,03 14,40 13.60 13.23 $9.11 16,97 15.81 14,66
L00-6500F Distillates . 18.21
650-975°F Distillatey 2686 203 25.16 23.46 20.85 2576 'yTco W48 2272 2h.25
9759F+ Residual 0i1 (%)
Toluene Soluble 15.77 16,62 17.23 17.92 18.57 19.28 15.92 17.71 15.83 17.13
Toluene i1nsoluble 3.49 9.37 6.67 6.73 L.b3  4.87 4,38 5.20 6.10 4.56
Unconverted Coal 5.86 3.58 4o 4.78  4.85  3.97 4.67 4.77 4.9 5.00
Ash ’ 11.65% 11.95 10.32 10.99 11.1k 10.50 11,01 11,61 11,18 10.91
Hq0 7.66
NM2 (Forced Nitrogen) 10.14 8.72 9.20 9.36 9.13 8.73 0.76 7.8% 9.36 8.17
sz (Forced Sulfur) . . 2.7% 2.48 2.97 2.4 2,46 2.48 2.7 2.28 2.33  2.30
Toral (100 + Hydrogen Reacted) 105.09 105.12 105.02 1G5.07 105.30 105.38 104.83 105.49 104.9% 104.76

(1) MNegative quantities of atmozpheric still overhcad and vacuum overhead are decreases of inventory of slurey oil
" holding tank o

(2) Includes dissolved NH3 and Hy$

(3 ASTM distillation cut point

(4) Perlod 15 based on vacuum distitlation of toluene soluble oil in vacuum bottoms. Other periods based on batch
distillation assay of vacuum bottoms, estimating IBP=-3759F in vacuum bottoms as 1.24 times amount of distillate
obtained (Average of Periods 4, 15, 23 ¢ 28 Assays)

(5) Hydrogen consumption by coal feed and product hydrogen analyses. Ammonia formation by nitrogen balance

{6) Based on filtration of praduct slurry fed to vacuum still, unless otherwise noted

-

(7) Orifice for fresh hydrogen, meter for product gases with analysis
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Period

®

Atmospheric Stil) Qverhead
Gravity, ©APl
189, °F
vy
30
50
70
30
fap
v $ @ 40ooF
Carbon, W 3
HWydrogen, W 3
Nitrogen, W 3
Sulfur, W 2
Phenols, V 3

Atmospheric Still 8ottoms
Gravity, ©API
18P, °F
ovs
30
50
70
90
FBP
v 2 @ 4ao°F
vV 3 @ 6500F
Carbon, W 3
Hydrogen, W 3
Nicrogen, W 2
Suilfur, W 2

Vacuum Still Overhead
Gravity, 9AP1
_1ep, 9F
1oV
30
S0
- 70
90
414
v % @ 650°F
Cardon, ¥ 2
Mydrogen, W %
Nitrogen, W 2
Sulfur, W 3

Vater
Nigrogen, W 3 -
Sulfur, W 3
Carbon, W %
0-5 Liquid
Gravity, O9AP1
Ash, W 3
Vacuum Oistillation
18P, °F

v $ 3 65GOF
Residue, W

0-12 Liquid
Crevity, 9APY
Vacuum distillation

18P, °F

ovsg

30

50

70

90

FBP
v 3§ Loo°F
vV 3 2 650°F
Residue, ¥V $

PON RUN § (130-32) - ANALYSES

30.8
134
226
35
388
463
547
591

52

8.7
462
520
578
624

62

1.8
520
595

25

0.0)

10.9

10

311
145
226
310
187
lug
522
556

56

8.8
436
517
575
621

60

1.4
$60
600

22

0.047

11.0

Jo.7
1
220
310
382
4s0
518
582

56

8:1
st
506
567
621

62

1.0
476
600

26

0.1

1t.0

12

32.0
136
224
294
367
432
510
578

61

8.3
46

S10
568
614

62

1.3
k36

586 °

26

0.10t

10.6

13

31.9
140
226
300
376
432
512
562

59

8.%
bib
Sob
560
§i0

65

1.3
510
590

26

0.096

1.8

4

32.5
150
234
310
380
440
518
550

57

8.9

440

L6
554
600

1.0
518
586

0.072

10.8

15

3.8
142
230
308
380
431
501
555
60
88.26
11.49
0.35
0.23
12.0

8.9
(389)
(188)

10.3

n.0006 0.0017 0.0007 0.0014 0.0005 0.0009 0.0009

Disciilations = All ASTM 0-86 ecxcene bracketed values frem ASTH 0-1160 {modified)
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16

31.2
146
243
ns
380
434
$00
575

58

8.7
ula
Lak
555
600

68

1.4
o
575

29

na
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17

30.8
133
22}
306
379
437
500
565

58

9.1
Lsh
503

616

65

1.3
515
5721

29

0.116

1.2

18

30.5
136
21§
308
383
LT1Y
506
567

56

8.7
b9
513
567
812

66

1.2
510
579
650

30

0.089

10.8

0.0019 0.0016 0.0082



page 4 of §

pOU RUN S (130-82) - ANALYSES (CONTINUED)

Perlod . 9 10 it 12 19 14 18 16 17 18.
Vacuum Stil) Bottoms
¥ 3 of Flows from Vacuum Still 567 8.5 58.9 S6.7 S$7.3 57.2 s8.3 S§5.6 56.8 57.9
Toluene Soluble, ¥ 3 . uB.5k 46,00 49.61 50.94% S2.6) 53.79 S51.77 S2.81 49.17 52.16
Toluene Insoluble, ¥ 3 22.53 29.03 25.32 25.20 23.45 20.80 21.88 22.81 2b4.bL7 28.4b
Ash, Y 2 28,93 24.97 25.07 23.36 25.94 25.41 26.35 24.88 26.26 25.40
Unrascted Coal, W % {Estimaced) 146,12 8,03 9.51 10.46 11.2v  9.35 11.28 10.63 11.45 11.7S
Toluene-insoluble Resid, ¥ ¥ (Estimated) 8.41 21.00° 15.81 14,76 10.24 11,45 10,60 11.58 1k.02 10.69
Carbon, ¥V % 66.02
Hydrogen, W § - . &.06
Nitrogen, ¥ % . 1.1
Sulfur, W 3 3.04 2.73 3.02 2,48 2,55 2.40 2,50 2.3+ 2.23 2.27
ASTH Ash, VW % ’ 28.07 26.80 24.45 24.06 25.74 24.69 26.61 25.86 25.68 25.60
Coke/Ash Ratio, . .
DNF Extraction by Filtration 0.529 0.633 0.671 0.677 0.613 0.813 0.602 0.571 0.586 0.528
OMF Soluble, W 3 56.50 6§9.26 SB.4h 61,11 SB8,94 §9.02 S58.65 60.44 58.04 59.07
Toluene-Extracted Qil
18P, °F 7.45
blstlllate to 975°F, W & 2.35
Fiiter Cake
VY % of Fesd to Vacuum Still 3741 9.8 3.4t 29.0 L0o.8 32.8 4.7 26.9 12.3 33.0
Toluene=Soluble, ¥ ¢ - 31.62 26.49 24.35 23.57 34.34 27.68 28.43 27.45 29.35 29.12
‘Toluene~insoludle, ¥V ¢ 25.30 21.87 23.0b6 24.07 21.7% 21.26 23.16 23.39 22.46 12k.12
Ash, ¥ § 48.20 §5.27 52,01 47.36 43,92 S51.06 4B.41 49.16 LB.19 46.76
Yoluene=Insoluble Residues, W 2 1.78 &1 3.30 3. 2.77 2.96 2.4 2.40 3.28 2.k9
Unreacted Cosi, ¥ % (Estimated) 23.53 17.76 19.74 20.76 18.97 18.80 120.71 20.99 19.18 21.63
Catalyst ‘Withdravals
Vithdrawals, Oil-Laden Pounds 8.5 8.31 8.50 8.50 8.25 7.56 8.06
0il, ¥ 3 . 27.43 26.51 28,49 26,42 24.65 26.52 25.07
¥olybdenum (Qil Free), ¥ ¢ 6.34 6.19 6.19 6,18 6.56 6.25 6.57
Estimate Cataiyst Content, Lbs.? 4.35 k.20 418 4.27 h.53 3.96 &4
Hydroclone feed
Ash, ¥ 2 . 15.5b 19.26 16.64 10.11 14,50 14.99 11.06 10.03 9.73 10.62
Hydroclone Overflow . '
Gravity, ©AP! -=16.8  «16.7 -18.0 -15.3 -16.0 15.8 -16.b -13,9 -15.2 -16.%
pistillation ’ M
18P, °F : 472 457 468 468 48k 476 473 495 480 479
wovse 618 619 612 600 623 613 609 607 610 612
30 727 742 737 PAL I L} ] bell 748 680 nse 728
50 902 889 908 8s8 912 876 900 215 883 8ss
70
EP o 975 975 975 975 975 975 975 975 975 . 975
vee 650 F 16 17 15 19 15 17 15 19 17 18
vye 925 F ’ 58 58 56 60 57.5 605 57.5 62 59  60.5
¥ 3 975 Fe (lncludas Solids) : 51.0 50.6 S53.0 4B8.0 S51.0 49.0 S0.4 U6.9 49.8 u9.2
Ash, ¥ & . 8.44 8.18 8.7 7.78 7.80 7.60 8.0k 6.60 - 7.88 y.9%
Hydroclone Underf\o-
Ash, ¥ 2 17.38 172.24 16.69 14,34k 15.73 15.60 17.28 13.98 15.62 15.47
Atmospheric Overhead
18P-400°F L
Gravity, °apt ! 41.2
Sulfur, ¥ ¢ : .11
Nitrogen, W 3 . 0.16
Phenols, v ¢ 5.5
400°F+
Gravity, °ap1 . 18.8
Sulfur, W % 0.20
Nitrogen, W 3§ 0.55
Atmospheric Still Bottoms
18P-650°F
Gravity, OaAP| ° 12.%
Sulfur, ¥ ¢ : 0.03
Nitrogen, W 2
Phenols, v 3
6500F+
Gravity, %apy 2.3
Suifur, ¥ % 0.04
Nitrogen, ¥ 3
Vacuum St11) Qverhead
18P-6500F . )
Gravity, ®api - . 8.5
Sulfur, W S 0.03

Nicrogen, ¥ %

Basis, 9.00% Molybdenum in Fresh Catalyse
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POU RUN 5 (130~82) - ANALYSES (CONTINUED)

Perlod 9
Vacuum Stlll Overhead
650°F«
Gravicy, %api
Sulfur, Vv 3
Nitrogen, W 2

Vacuus Still Bottoms
Toluene-Extracted 011, 18P-9759F
Gravity, %aPi
Carbon, W 2
Hydregen, W %

Sulfur, v 2 : .

Nitrogen, ¥ 3

CHARACTERI2ATION OF SOLIDS<FREE O1L PRODUCT

Batch Distiilation of Filtrate tram
Filtration of Vacuum Still Feed

Final Vapor Temperature, °F 4
Pressure, Torr 2.2
Residue, W $ of Filtrate 48.9
Analysls ot Redidiié
Sulfur, W 2 0.48
18P, °f

Distillate to 9759F, W 3
Analysis of 975 F«

ASTM Ash, W 2

Cardon, W ¢

Hydrogen, ¥ 3§

Sulfyur, ¥ 2

Nitrogen, W 2
Toluene-€xtraction of Resldue

Insolublas (Excepe Ash), ¥ 2
Ash, Vv 3 9.96
Batch Distillacion
of Vacuum Bottoms Slurry Product
final Vapor Temperature, °F 385
Pressure, Torr 1.9

Distillate, ¥ % of Vacuum Bottoms Slurry 19.1
- Vaguum Distillate

Gravity, OAP\ ~h.7
18P, °f
vz
30
50
70
90
[3:1:4 .
¥V 2 @ 650°F
v 3 9 975°F
Residue, ¥V 3
Sulfur, ¥ 3

Calculaced Composition of Solids<Free 011

In Vacuum Bottoms Slurry Product

Constitution, W 3

8atch Stil) Distillate from Slurry Produst  15.9

8atch Still Residue from Filtrate ' 84.1
Composition, ¥ ¥ (Calculated)

Carbon, ¥ %

Hydrogen, W 2

Nitrogen, ¥ 2

Sulfur, ¥ 3

Ash, W 2

Calculated Compasition of 400°F+ Liquid Praoduct
Constitucion, W §

Atmospheric Still Overhead, 4L0OOF+ 3.4
Atmospheric $till 2octoms ' 15.3
Vacuum Still Overhead 1.3
Vacuum Still Bottoms, Sollds-Free 0il 52.0

Composition, ¥ 3
Carbon, W 3
Mydrogen, W ¢
Nitrogen, W %

Sulfure, W 3. 0.29
Ash, ¥ 2 0.42

29.27

10

14.1
85.9

-~

OO N
O 0 D

143

1

(VXV}

0.50
0.47

w =N
O = OMVN
O = D

0.35
0.27

30.19

1.76

s12
9.3
-2.3

14.2

13

555
1.4
41.s
0.55

28.88
0.95

515
48.8

050

4.0t
9.72

515
A
-4.7

-7.9
90.24
6.48
0.63
1.03

sas
46.7

0.48
930
5.0

89.38
5.17
0.39
1.6

28.68
6.72
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$70 556 569
2.8 0.8 1.0
48.9 50.2 40.6
1.06 ~ 2,17 0.56
32.20 31.00 35.01
7.30 23.87 0.8%
351 517 490
2.0 2.6 3.0
10.1  10.1 9.5
b6 6.3 6.5
15.9  16.1  15.2
84,1  83.9 84.8
0.48

o.Nn

26.3  29.5 28.8
6.6 8.7 2.8
7.0 0.6 9.3
60.2 61.3 58.1
0.3$

0.4



POU RUN S {130-82) - H-COAL OPERATIQNS ON BURNING STAR MINE, ILLINOIS NO. 6 COAL (MR1 3944)

CATALYST - AMERICAN CYANAKID HOS-1442A,

page 1 of §

1/16' EXTRUDATES (MRY 3830) 96.7 LBS ORY INITIAL CHARGE

REACTOR L1QUID PHASE OEPYH 19 FEET, VOLUNME 7..49 73

Period
Date, End of Perlod (1977)

Hours of Run - Beginning
End

Catalyst Inventory, Beginning, Lbs.
Catalyst Added
Catalyst Withdrawn
Catalyst Age (End), Lbs Dry Coal/Lb Cacalyst
Averago*
Original Charges? .
Catalyst Added, Cumulative, Lbs/Ton Ory Coal

Coal Feed (Dry).iLbs/Hr/Ft3 Reactar Volume
Holsgure, ¥ §
Ash, % (Dry Basis)

Reeycle Flows, Lbs/Lb Solids
Atmospharic Still Bottoms
Vacuum Still Overhead
Inventofy Change
Mydroclone Overflow (0il}
Kske=Up Oil

Total

Temperatures. °F

Coal Preheater Outlet

Resctor Liquid Phase = Average
. Naxioumn

Separator

Hydroclone

Vacuus Stil) Flash Zone
Pressyre In Vacuum Flash, Torr
Pressure, psig

bait Back Prassure

Hydrogen Make-Up

Kydrogen Partial Pressure

(Reactor Qutlet)

Recycle Gas, MSCF/Ton Qry Coasl
Vent Gas, MSCF/Ton Ory Cosl
Hydrogen Purity of Recycle Gas
& Vent, 2
Yotzl Hydrogen, MSCF/Ton Ory Coal
(Reactor Qutlet)

Kake-Up Mydrogen ¢ Recycle Hydrogen
MSCF/Ton Ory Coal
v 3 of Make-Up & Recycle Gas
Hydrogen Partial Pressure, psig

Hydrogen Consumptionses
RSCF/Ton Ory Coal
¥ 3 Ory Coal

011 Additions
Rake=iUp Oil - Lbs/Lb Dry Coal
Lbs/Hr/FtJ Reactor
Flush 0i}, Lbs/td Dry Coal

19
9/23

429
453

98.8
3.57
3.92

837
1088
1.05

30.58
2.26
10.73

0.611
0.002
-0.020
1.058
0.000
1.691

51
851
859
787
578
538

2700
2815
1570

18.6
3

74.5
32.4
st.0

83.8
2370

18.6
4.9k

0.00
0.00

0.0033 0.0034 0.0033 0.0032 0.0032 0.0032 0.0032 O.

20 -

9/26

453
ur

98.8
4.09
4.09

857

1143
1.07

30.17
3.99
10.92

0.645
0.00k
0.026
1.072
0.000
1.695

763
851
860
789
-578
542

2700
2810
1650

38.8
5.94

76.9
35.6
55.3

86.0
2430

19.7
5.23

0.00
0.00

2
9/25

4“7
sot

98.9
3.75
3.67

881
1200
1.08

3i.28
2.30
10.79

0.571
0.000
-0.008
1.028
0.000
1.006

736
8s0
859
787
579
542

2700
2890
1730

4o.5
6.11

73.0
38.2
58.1

87.2
2530

20.0
5.29

0.00
0.00

*sc Orifice for fresh hydrogen, meter for product gases with analysis
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2
9/26
501

525

98.9
0.00
0.00

938
1257
1.03

31.54
3.1
10.82

0.574
0.000
-0.03?
0.988
0.000
1.598

761
850
859
786
580
538

2700
2900
1830

L6
7.80

82.8
42.5
62.0

89.7
2610

S.17

0.00
0.00

Average age weighied by proportions of catalyst of various ages i(a bed
#* Age of portion of original caralyst remdining im bed

23
9/27

525
549

99.6
4.53
3.85

253
1315
1.06

32.03
3.81
10.85

0.550
0.000
=0.0b2
0.997
0.000
1.588

739

851

860
789
- 582
537

2700
2890
1820

37.8
7.28

82.5
8.7
58.7

87.9
2620

20.4
S.bl

0.00
0.00

2%
9/28

549
.573

103.0
3.38
0.00

978
1370
1.06

31.79
5.20
10.85

0.510
0.000
=0.098
1.038
0.000
1.646

739
851
861
788
580
536

2700
2900
1830

38.0
7.66

84.2
40.1
60.2

90.%
2650

20.1
5.33

0.00
0.00

25
9/29

573
597

101.9
3.38
b.b3

1861
1626
1.07

31.66
3.63
10.81

0.528
0.002
-0.039
1.060
0.000
1.628

748
8so
859
786
580
537

2700
2910
1890

38,1
8.12

8.6
40.7
60.1

1.0
2660

19.8
5.15

0.00
0.00

26 27
3/30 101
597 621
621 6k5
101.6 101.3
1.88- 3.92
0.00 k.22
1618 1052
1480 1534
1.08 1.09
30.33 30.35
3.26 L.2)
10.69 10.68
0.685 0.527
0.005 0.000
0.06k 0.009
1.092 .12}
6.000 0.000
1.718 1.639
756 754
850 851
858 861
784 792
580 583
538 535
2700 2665
2885 2890
1950 1840
40.4 0.6
7.93 7.1
86.8 84,3
43.6 41,7
61.5 61.9
92.0 90.6
2670 2630
17.9  20.1
4.75 5.3%
0.00 0.00
0.00 0.00
0034 0.0R34



POU RUN 5 (130-82) - OPERATING RESULTS page 2 of §

Period 19 20 21 22 23 24 25 26 27.

Collected Product Quantities
W % of Ory Coal

Atmospheric Still Overhead : 28.28 28,67 28.84  33.32 35.77 41.48 . 37.48 31.65 38.70
Atmospheric Still Bott?mg 5.27 7‘53 8.16 2.83 -0.u1 -5.60 -~4.3 2.39  1.53
Vacuum Still Overhead 0.72 0.06 -0.51 1.2} 0.27 0.19 0.74 1.39 =-1.77
Vacuum Scill Bottoms 42.16 QZ 02 40.76 42,74 42.03 43.29 43.94 44.37 40.40
H2o (2) 12.26 12,69 11,22 12.15 10.90 12,07 10.88 10.70 10.87
C|-C3 13.49 13.02 13.26 12.19 11.90 12.27 12.21 11.29 11.52
Cy-C L.74 L. 3.98 3.89 3.83 4,47 3.58 3.85 4.16
H2S in Gases: 1.93 1.83 1.79 1.89 1.84 1.94 1.95 2.01 1.85
C02 &£ CO 0.50 0.49 0.49 0.57 0.72 0.63 0.55 0.56 0.43

Total ‘ 109.35 110.60 107.91 110.79 106.85 106.27 107.02 108.20 107.69

Input Quantities, W % of Dry Coal X : .
Dry Coal 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Moisture in Feed Coal 2.3 4,16 2.35 3.21% 3.96 §.49 3.77 3.35 h.4o
Make-up 0i!l Additions 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Flush 0il . 7 0.33 0.34 0.33 0.32 0.32 0.32 0.32 0.34 0.34
Hydrogen heacted ( 4.9% 5.23  5.29 5.17 S.41  5.33  S5.18%  4.75 5.34
Total Used for Mormalization 107.58 109.73 107.97 108.70 (S) 11114 109.24 109.44 110.08
Coal Conversion, W % of M.A.F. Coal(6) 94.9  95.2 95.3 9.6 946  95.0  95.1  395.0 95.0

Narmalized Net Product Distribution(l)

W % of Dry Coal .
co, Co2 0.49 0.48 0.49 0.56 0.73 0.63 0.56 0.56 0.43
C1-C3 Hydrocarbons in Gases 13.22 12.86 13.20 11.91 12.04 12,28 312,43 11.29 11.65
Cy-Cg Hydrocarbons in Gases : 4.6b 3.96 3.96 3.80 3.92 .47 3.65 3.8 4.1
18P-L00OF Naphtha 14,22 14,25 14,16 14,43 IS.:O 14.76 13.93 13.40 15.42
400-650°F Distillaces - : : 20.83
650-9759F Distillateih 24.81 25.67 26.]2 26.87 4.67 27.30  25.92 26.50 28.18
975%F+ Residual 0i1 (¥

Toluene Soluble . 15.07 15.69 15.07 16..60 16.45 15.52 17.32 19.14 17.16
Toluene Insoluble ] 4.78 5.82 5.00 3.61 4.2% L.67 5.10 . 4.60 " 2.09
Unconverted Coal 4.7 4.53 4. 40 5.04 €.33 4.85- 4.76 4.9 4.78
Ash ( ) 10.99 11.31 11.25 11.39 11.65 12.01 11.91 11.30 11.76
Hy0 (Net 6.10 ’
N§3 (Forced Nitrogen) 9.36 8.02 8.m 8.33 102 6.25 6.99 7.03 7.28
H2S (Forced Sulfur) . 2.65 2.64 2.63 2.62 2.56 2.60 2.57 2.59 2.62
Total (100 + Hydrogen Reacted) - 104,94 105.23 105.29 105.16 105.00 105.33 105.14 104.74 105.58

(1) Negative quantities of atmospheric still overhead and vacuum overhead are decreases. of inventory of slurry
oil holding tank

(2) Includes dissolved NH3 and H3S

(3) ASTM distillation cut points

(4) Period 23 based on vacuum distillation of toluene soluble oll in vacuum bottoms
(5) Hydrogen consumption by coal feed and product hydrogen analyses

(6) Based on filtration of product slurry fed to vacuum still, unless otherwise noted

(7) orifice for fresh hydrogen, meter for product gases with analysis
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POU auM § (130-82) - ANALYSES

Periad- . . 19 20 3] 22 23 b 25 26 7

Atmosoheric Still Querhead

Gravity, OAPI 30.1 30.1 2.97 2.82 2.67 2.50 2.49 .72 2.60
18p, °F .- 136 138 128 158 143 1 180 136 152
1ove 215 228 219 235 23 233 W2 221 244
10 08 322 s 369 349 362 365 335 354
50 385 392 396 408 419 445 440 415 430
70 442 450 445 u62 476 508 510 484 496
30 s12 532 522 538 546 581 592 568 11: 1
F8p 575 570 584 630 642 683 685 660 668
v 3 @ 400%F 55 5b 53 b8 46 39 4o k6 3
Carbon, ¥'§ | 88.93
Hydrogen, W 3 10.96
Nitrogen, ¥ 3 0.30
Sulfur, W $ 0.10
Phenols, Vv 9.5
Atmospheric Still Sottoms
Gravigy, ©AP) 8.3 8.1 8.0 7.2 7.6 6.1 6.2 7.6 70
18P, °F LhR Lg3 h63 486 (33%) 484 LYL 455 Y1
1vs St2 506 522 ' 52§ (4d7) 550 538 si$ 22
30 565 S58 574 575 (567) 600 600 575 580
50 608 608 618 620 (607) 642 11} 625 628
70 (652)
90 . L (qusy
Fap . (874)
v % 2 400°F (0.5)
vV 3 @ 6509F [1] 66 63 62 67 1] sS4 6b 59
Carbon, ¥ % 90.9% .
Hydrogen, ¥ 3 8.56
Nitrogen, W 3 0.09
Sulfur, ¥ 2 0.04
Vacuum Still Overhead- .
Gravity, %API 0.8 0.9 0.8 0.9 0.8 0.4 0.2 6.6 -4.2
18P, OF 496 478 510 (Lb48) 538 525
1oV g 575 585 589 (582). 608 613
30 : (650) '
50 (700)
70 (768)
90 (850)
314 (945)
v % @ 650°F 28 26 23 26 (30) 23 20 19 17
Carbon, W % 90.65
Hydrogen, V¥ % 7.62
Nitrogan, ¥ ¢ 0.79
Sulfur, W 3 .17 0.124  0.09% 0.09% 0.072 0.116 0.093 0.092 0.09
Jater B
Nitrogen, ¥ 3 b.ob
Sulfur, W & 2.63
Carbon, ¥ 3 3.7%
0-5 Liquid
Gravity, %AP1 10.4 10.3 9.7 9.7 - 9.9 10.0 16.0 10.7 10.3
Ash, ¥ 2 0.0006 0.002% 0.0010 0.0007 0.0030 0.0009 0.001% 0.0006 0.0024
Vacuum Discillation . .
18P, °F
10V %
30
S0
70
20
Fap
v 3 @ Lo°F
v % 8 6509
Residue, W %
0-12 Liquid
Gravity, AP 12.8 13.3 12.0 13.0 11.6 1. 1n.7 12,1 11,8
Vacuun Discillaclon
18P, 9F
0V
j0
S0
70
30
FaP
v 3 2 400%F
v 32 6350%F

Residue, W ¥

Jistillation - All ASTM 0-86 except bracketed values from ASTH D-1160 (modifled)
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Perlod

Vacuus Still Sottoms
¥ 2 of Flows from Vacuum Stil1
Taluene Soluble, ¥ %
Yoluene Insoluble, VW
Ash, ¥ %
Unreacted Cosl, ¥ ¢ [(Estimated)

Toluene~insoluble Resid, W 2 (Estimated)

Carpon, V ¢
Hydrogen, ¥ %
Nitrogen, WV 3
Sulfur, ¥ ¢
ASTM Ash, V 2
Coke/Ash Ratio,

DNF Extraction by Filetration
e Soluple, ¥ Y
Toluene-Extracted Of1

18P, °

Distillate to 975°F, W 2

Fllter Cake
V 3 of Feed to Vacuum Still
Taluene-Soluble, ¥
Toluene-insoluble, ¥ 3
Ash, ¥ 3
Toluene~insoluble Residues, W ¥
Unreacted Coal, W 3 (Estimated)
Carbon, W 3
Hydrogen, V 3
Sulfur, ¥ 3
Ritrogen, ¥ &

Catalyst Withdrawsls
Vithdrawsls, O013-Laden Pounds
oll, W2
Molybdenun (011-Free),. VX
fstimated Catalyst Content, Lbs.*

Hydroclong Feed
Ash, V¥ &

Hydroclone Overflow
Gravity, 9AP)
Distiliacion (D~1160)

isp,
t1ovVsye
30
S0
7
v 2 e 6500F
VIRIISF
W 3 975°F+ (Includes Solids)
Ash, W 3 .

Hydroclone Underflow
Ath, V %

Atmospoheric Overhead
18P=-400°F
Gravity, OAP{
Sulfur, Vv 3
Nitrogen, V 3
Phenols, ¥V 3
L00%F+
Gravity, %api
Sulfur, V %
Nitrogen, W 3

Atmospheric Still Bottoms
18P-650°F
Gravity, OAPS
Sulfur, v
Nitrogen, W 3
Phenols, V R
650°F«
Gravity, ©api
Sulfur, ¥ 3
Nitrogen, V §

Vacuum $t11) Overhead
18P-650°F
Gravity, SAP
Sulfur, ¥V
Nitrogen, ¥ 3

P0U RUN S (130-82) - ANALYSES {CONTINUED)

19 20 n 22
$8.0 58.1 59.0 58.8
$0.37  A7.4h  4B.96 S52.19
22.95 24,93 23.16 20.7
26.68  27.63 27.88 27.10
11,39 10.91  10.85 12.07
1.5 k02 12,31 8.6k
.28 2.1 2.37  2.33
26.59  27.26  27.7%  17.28
0.638  0.593 0.547  0.567
87.38 56.07 56.89 86.92
35.3 35.8 36.7 15.1
20.95  30.13  28.77 32.07
22.93 2231 22.11  22.%0
47.12  A7.56 A49.12  U5.43
2.82 353 2.9  2.27
20.11 18.78  19.12 20.23
7.38  8.50  7.69
25.51 25.2  25.90
6.02 5.79 s5.80
3.2 ko3 3.67
.08 LA 12,12 14,27
-16.4 16,0 -17.1  -17.1
485 A3 485 480
605 602 610 610
172 726 730 T4
890 s02 888 88
1”7 17 16 16
L] L] 13} %0.5
$0.0  49.k  $0.2  50.2
8.0 8.17 8.82 8.79
15.58  16.29 17.33 - 12.37

¢ Basis, 9.002 molybdenum in Fresh Catalyst
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-17.2

495
621
ny
S04

15
50.5
$0.0

8.51.

17.98

4.9
0.03
0.15

5.5

17.2
0.09
0.42

8.9
0.0

r{l

60.4
50.67
21.97
27.36
1.19
10.78

2.29
27.72

0,536
57.79

32.8
30.06
22.28
A7.66

.79
19.49

11.57

=17.7
A8
613
732
900
th

48.6
8.73

17.58

25

59.5
51.66
22.0b
26.30
10.66
11.%0

2.28
26.61

a.570
58.86

32.9
29.48
22.32
48.23

19.52

9.00
27.12
6.08
h.03

11.36

-16.1

498
633

902
12

50.6
8.53

16.63

page 4 of 5

26

s8.0
S4.45
0.7
24.82
10.35
10.38

2.26
25.48

0.5%k
6!?56

. 33.5

29.48
22.46
48.06

2.m
20.05

7.81
26.20
6.3
s.07

10.80

A8s
633
774
876

13

58
49.0
8.20

15.97

8.13
27.07
6.40
h22
11.08

-14.0

624
753
384
14,8

49.4
9.18

22.06



POU RUN 5 (130-82) =~ ANALYSES (CONTINUED)

Perlod . 19
650°F+
Gravity, %ap1
Sulfur, ¥ 3

Nitrogen, ¥ %

Vacuum Still Bottoms
Toluene-Extracted 011,
Gravity, ©API
Carbon, W %
Hydrogen, ¥ 2
Sulfur, W §
Nitrogen, ¥ 2

18P~975°F

CHARACTERIZATION OF SOL10S FREE OIL PRODUCT

Batch Distiliacion of Filtrate from
Filtration of Vacuum Still Feed
Final Vapor Temperature, OF
Pressure, Torr
Resldue, ¥ 3 of Filtrate
-Analysis of Residue
Sulfur, ¥ ¢
18P, OF
Distillate to 975°F, ¥ ¢
Analyses of 9759F+
ASTH Ash, W 2%
tarbon, ¥ 2
Mydrogen, ¥ 2
Sulfur, ¥V 3
Nitrogen, W %
Toluenc-Extraction of Residue
Insolubles (Except Ash), ¥ 3
_Ash, ¥ %

562
62,5
0.57

Batch Distillation
of Vacuum Bottoms Slurfy Product
Final vacor Temperacurs. °F
Pressure, Torr .
Distillate, ¥ % of Vacuum Bottoms Slurry
Vacuum Distillace
Gravity, °aPi|
18P, °F
ioeve

Fap
v 3 e 6508
v 3 @ 975°F
Residue, ¥ 3
Suilfur, W 2

Calculated Composition of Solids~Free 011
in Vacuum Bottoms Slurry Product
Constitution, ¥ 3
Batch Stil) Distillate from Slurry Product
Bateh Still Residue from Filtrate 81.8
Composition, ¥ % (Calculated).
Carbon, W %
Hydrogen, W 2
Nitrogen, W $
Sulfur, W %
Ash, ¥ 2

Calculated Composition of LOOOF+ Liquid Product

Constitution, ¥ 3
Atmospheric Still Overhcad, 400°F+ 30
Atmospheric Still Bottoms 1"
Vacuum Still Overhecad 0.
Vacuum Still Bottoms, Solids-Free 0i1 s7.

Composition, ¥ 2
Cardon, ¥ 3
Hydrogen, ¥ 2

‘trogen, W 3

Sulfur, v 2
Ash, ¥ 3

20

570
18.0

0.43

0.23
0.25
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21

575 .

18.9

0.47

22

533

7

50.8

27.06
21.97

-5.0

~
(YRR N )
oo COW W

S0
2.

3
7

9.9

-8.3
89.53
6.66

1.1k

57
6.6
£2.0

0.43
8.85
13.1

.21
89.34
5.28
0.36
1.67

23.45
6.97

. -

54q

- 3.0

9.9

-4.5
650
755
815
865
o10
960
975

94
5.8
0.13

16.4

5.54
1.57
0.16
0.81

7.46
1.06
0.23
0.45

2%

580
6.0
51.9

0.b1

22.06
0.67

515
1.7

-8.7

'page 5 of §

25 26 27
566" sé2  S73
1.8 0.4 1.0

44,4 &0.0 41.0
0.k6 0.56 0.4
28.43  31.30 25.86
0.27 1.45 1.22
51S  s20
1.0 2.4
8.6 10.0

-10.2 -6.6
16.2 136 16.8
83.8  96.6 83.2
0.39 J38 0.35
0.23 1.26 1.02
50.1 36.4 0.0
-9.1 4.8 3.3
0.9 2.1 =bL.5
s8.1 $6.8 51.2
0.25 0.2 0.20
0.13 o.n 0.52



POU RUN S 7130-82) ~ H-COAL OPERATIONS ON BUPNING STAR MINE,

ILLINOIS NO. 6 COAL (MRI 3944)

CATALYST - AMERICAN CYANAMID HOS-1442A,

1716' EXTRUDATES (HRI 3830) 96.7 LBS DAY INITIAL CHARGE

page 1 of §

REACTOR LIQUID PHASE DEPTH 19 FEET, VOLUME 7.49 3

Period
Date, End of Period {1977)

Hours of Run - Beginning
End

Catalyst lﬂvenlbry. 8eginning, Lbs.
Catalysc Added
Catalyst Withdrawn

Catalyst Age (End), Lbs Dry Coal/Lb Catalyst

Averages
Original Charge®*

Catalyst-Added, Cumuiative, Lbs/Ton Dry Coal

Coal Feed (Ory), Lbs/Mr/Ft3 Reactor Volume

Moisture, W 2
ash. % (Dry Basis}

Recycle Flows, Lbs/Lb Solids
Atmospheric Still Bottoms
Vacuum Stil} Overhead
Inventory Change
Hydroclone Overflow (0i1)
Make-Uo 0i)

Total

Temperagures, op
Coal Preneater Outlet
Reactor Liquid Phase - Average
Haximum
‘Separator
Hydroc tone
Vacuum Still Flash Zone

Pressure in Vacuum Flash, Torr

Pressure, psig
Unit Back Pressure
Hydrogen Make-Up
Hydrogen Partial Pressure
(Reactor Oytlet)

Recycle Gas, MSCF/Ton Ory Coal
Vent Gas, MSCF/Ton Dry Coal
Hydrogen Purity of Recycle Gas
¢ Vent, %
Tota! Hydrogen, MSCF/Ton Ory Coal
{Reactor Outlet)

Make-Up Hydrogen + Recycle Hydrogen
MSCF/Ton Dry Coal
V § of Make-Up ¢ Recycle Gas
Hydrogen Partial Pressure, psig

Hydrogen Consumptionwee
MSCF/Ton Dry Coal
¥ 2 Ory Coal

011 Additions
Make=Up 0it - Lbs/Lb Ory Coal
Lbs/Hr/Ft? Reactor
Flush Ol1, Lbs/tb Dry Coal

28 29
10/2 1073
645 669
669 693
101.3 100.8
0.00 3.75
0.00 4.26
1086 1102
1589 1645
1.05  1.06
30.53 31.46
5.88  3.04
11.00 10,85
0.552  0.552
0.000 4.000
~0.019 -0.005
1.087 1.0ui1
0.000 0.000
1.658 1.598
742 741
851 851
860 851
801 801
583 . 582
535 539
2.1 2.0
2700 2700
2930 2950
1930 1920
40.9  39.9
8.06 7.85
86.4  85.7
Wa.1 b2k
64,0 62.0
92.0 91.6
2710 2720
19.9  19.6
5.27 5.19
0.000 0.000

0.000

S.
0.0033 0.0033 0.0034 0.0044 0.0062 0.0192

Average age welghed by proportions of catalyst of various ages in bed

** Age of portion of original catalyst remaining in bed

*** Orifice for fresh hydrogen, ~cter for product gases with analysis
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0.000

1074

693
ny

100. 4
4.0%
L

m3
1700
1.07

30.88
5.14
19.42

0.616
0.000
0.022
0.988
0.000
1.581

781
851
860
799

582
547
2.2
2700
2970
1890

4.1
7.38

8s.1
41.9
62.6

9.3
2720

20.7
5.43

0.000
0.000

A 32A
10/4  10/5
n? 729
729 W)
100.4  100.4
1136 1149
1720 1736
23.52 16.46
4.63 5.78
10.55 10.67
0.805 0.870
0.000 0.479
0.383 -0.073
1.169 1.653
0.578 0.061
2,163 3.136
753 786
820 800
826 802
776 133
575 552
499 186
2.1 2.
2700 2700
2855 2750
51.0 62.0
6.32  4.24
89.6 89.9
53.5  62.3
711 80.3
93.1  92.8
2670 2570
17.6  18.0
4.67 4.77
0.641 0.087

15.08 1.1}

33A
10/5

74
753

100.4

1154
174

5.57
4.2
10.41

1.670
1.848
-0.618
5.048
0.857 "
10.041.-

796
754
692
s21
W73
2.0

2700
2750

18.2
23.5

97.5
208
26§

98.2
2720

7.3
9.9

0.958
34
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POU RUN § (130-82) - OPERATING RCSULTS

Period ) 28 29 30 31A 318 324

Collected Product Quantitles
¥ ¢ of Dry Coal

Atmospheric Still 0varhen?|) 19.63 35.98 29.58 23.84 29.86 41.80
Atmospheric Sl BO!E??‘ I.B; 0.69 8.41 03,92 8,32 30.25
Vacuum Still Overhcad 0.1 1.03 -1.35 . 20.75 1.60 33.64
V‘CY!T Still Bottoms 42.66 40.45 b1.46 52.0b 76.06 163.15
H20 . ) 11.19 10. 40 10.89 11.09 1,03 15.57
€=y 10.89 10,44 10.88 8.08 7.45 4,69
€4=Cs k.07 4.0 3.7 2.69 2.29 1.73
Hy$ in Gases 2.02 1.89 . 2.33 1.72 437
€02 &-¢0 0.52 0.52 0.k6 0.43 0.27 0.76

Toeal 100.9) 109.48 (05,81  185.1) 125.96 163.98

input Quantities, ¥ 2 of Ory Coel

Dry Coal . 100.00 106.00 100.00 100.00 100.00 100.00
Moisture in Feed Coal 6.25 3.14 5.42 4.8 6.13 4.62
Make-up 0il Additions 0.00 0.00 0.00 64.09 67.60 95.84
Flush 011 (8) 0.35 0.33 0.34 0. b4 0.62 1.9
Hydrogen Reacted 5.27 5.19 $.49 L.87 4,77 9.9
Total Used for Normalization &) 111.8¢ 108.66 111,25 174.05 179.12 216.90
toal Conversion, W 2 of M.A.F. Coal'® 95.0 94.6 94.2 92.1(7  “g1.7(0) " ge.8(N
3)

Normalized Net Product Distribution
¥ % of Cry Coal

co, €0, i 0.53 . 0.53 . o0..8
C1-C3 Mydrocarbons in Gases 11.16 10.63 11.39
Ca-Ci Hydrocarbons in Gases L.17 .12 3.88
18P-4009F Naphtha . 15.56 15,21 13.08
400-6500F Distltlates ) 22.26
650-9759F Distillates 8.95 g 10.37
9759Fs Residual 0ill4)
Toluene Soluble 16.57 15.60 16.22 2.7
Toluens Insoluble .36 3.0 3.s8 28.88 g.uz 3855
Unconverted Coal 4.63 5.78 6.09 7.08 7.42 11.81
Ash 11.83 11.51 12.09 10.55 10.67 10,81
H20 (Net) 6.65
NH3 (Forced Nitrogen) . .97 1.08 5.74
HaS (Forced Sulfur) 2.54 2.64 ©2.56
Total (100 + Hydrogen Reacted) 105.27 104.85(5) 105. 49

(1) MNegative quantities of atmospheric still overhead and vacuum overhead are decresses of inventory of slurry
oil holding tank o

(2) Includes dissolved liMy and HaS

(3) ASTM Oistillation Cut Points

{4) Using vacuum still bottoms batch distillate results below approximate cut point 925°F
(5) Hydrogen consumption by coal feed and product hydrogen anaiyses

(6) Based on filtration of product slurry fed to vacuum still, unless otherwise staced

(7) Based on dimethylformamid extraction of vacuum bottoms product. Normalized vacuum battoms flow from ash
balance

(8) orifice for fresh hydrogen, meter for product gases with analysis
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pPOY RUN S (130-82) - ANALYSES

Perlod ’ 28 29 30 31A 531} 32A

Atmospheric Still Overhead

Distillations - All ASTM 0-86 cxcept bracketed values from ASTM D-1160 (inod!ficd)

151

Gravity, OAPI 26.8 25.7 27.7 31.6 28.3 26.8
180, OF 149 138 137 136 132 142 .
ve 261 224 225 214 230 242
30 356 346 327 304 342 352
50 433 429 409 376 ug 422
70 49s 490 475 438 ubk 470
90 535 S7h 562 538 534 540
FBP ' 659 648 637 600 586 586
v 3 8 4ocoF 42 43 46 59 46 4s
Carbon, W 2 88.84
Mydrogen, W 3 10.97
Nitrogen, ¥ 3 0.43
Sulfur, W 3 0.08
Phenals, ¥V % 9.5
Atmospheric Still Bottoms
Gravity, 9API 6.9 7.7 7.6 7.8 9.3 11.6
18P, OF 474 (421) 506 46
1vs 534 (s07) 564 524
30 588 (576) 620 s70
50 636 (618) 610
70 (e87) 650
90 (796)
Fap (891)
v $ @ Log°F
vV 3 @ 6509F 57 (65) 64 70
Carbon, W 2 88.43
Mydrogen, W 2 B.62
Nitrogen, W 2 0.58
Sulfur, W & 0.0$
Vacuum Still Overhead -0.3
Gravity, 9AP1 0.3 0.2 1.7 2.7 4.4
18P, °F 53§ L9 :
10V2 616 596
30 (s70)
50 (714}
70 (766) .
90 (846)
FBp (950)
vV 2 @ 650°F 17 (25)
Carbon, ¥ % 91.11
Hydrogen, W 3 7.62
Nitrogen, W 3 . 0.66
Sulfur, W 2 0.07 0.1 0.07 0.94
Vater -
Nitrogen, W 3 3.50
Sulfur, W 3 2.03
Carbon, W 2 1.90
0-5 Lliquid -
Gravity, °API 8.7 3.5 12.7 13.6
Ash, W % 0.0022 0.0020 0.0015
Vacuwum gis:illatlon
I8P, °F (352)
10Vve (418)
30 (530)
S0 (590)
70 (648)
90 (749)
FBP (863)
v 3 @ LooF (6)
v 3 9 6509F ()
Residue, W 3 2.2
0-12 Liquid
Gravity, 9API 11.6 1.8 11.9 13.4
Vacuum Distillation
18P, °F (299)
1wvse (4s56)
30 (527)
50 (574)
70 (617)
90 (676)
313 o T (755)
v 2 8 Loo°F (4)
vV 2 & §509F (82)
Residuc, W % 1.5
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POU RUN 5§ (130-82) - ANALYSES (CONMTINUED)

Perlod 28 29 30 Nna 318 ° - 324
Vacuum Stil1 Bottoms
¥ 2 of Flows from Vacuum Still £9.0 60.2 60.1 .
Toluene Soluble, W 2 53.45 51.85 49.89 59.18
Toluene Insoluble, ¥ % 20.56 21.05 22,27 24,39
Ash, W % 25.99 27.10 27.84 16.43
Unreacted Coal, ¥ 3 (Estimated) 10.58 12.13 14.03
Toluene Insoluble Resid, W 3 (Estimated) 9.98 8.92 8.2
Carbon, ¥ % §9.18
Hydrogen, W % 4.08
Nitrogen, W 3 0.99
Sulfur, W 3 2.32 2.35 2.03 2.0t 1.78
ASTM Ash, W 2 27.06 27.94 27.86 18.57 16.60 11.36
Coke/Ash Ratio, :
DMF Extraction by Filtration 0.496 0.530 0.523 0.67 0.695 1.134
OMF Soluble, W 3 . 61.07 58.53 §7.37 69.77 72.0%1 77.4
Toluene-Extracted 0il
1BP, °F . 75
Distillate to 975°F, W 3 24,0

Filrer Cake
¥ 3 of Feed to Vacuum Still
Yoluene-Soluble, ¥ 2

Toluene-insolubie, ¥V 2 . 22.58 22.17 26,23
Ash, ¥ 2 49.98 43.79 43.54 69.4b
Toluene=insoluble Residues, ¥ 2 2.23 2.57 2.28
Unreacted Coal, W. 3 (Estimaced) £ 20.35 19.60 21.95 .
Carbon, ¥ 3 49,49 i 27.9
Hydrogen, W % 3.15 1.16
Sulfur, ¥ 3 - 3.60 5. ké
Nitrogen, ¥ 3 0.79 0.37
Catalyst Withdrawals
Withdrawals, 0il-Laden Pounds 0.00 7.69 8.4b
oll, w32 22.2% 25.37
Molybdenum (Oil-Free), W 3 6. 41 6.35
Estimated Catalyst Content, Lbs* - : T 4L bb
Hydroclone Feed :
Ash, ¥ 2 . 11.10 11.19 11.59 7.24 5.09 2.C0
Hydroclone Overflow . - :
Gravity, %aAP1 -17.2 «17.3 -17.8 : -5.2
Distitlation (D-1160) :
- 18p, °F 488 498 492 503
10Vve 633 633 658 616
30 765 T 749 778 693
50 : 915 932 937 757
70 940
£p . ..
vV % @ 650°F 12 13 . 9.5 10.5
v % @ 975°F 58 56 5k 71.5
¥ 3 975°F+ (Includes Solids) 50.8 52.8 §5.0 33.0
Ash, ¥ 2 9.20 9.50 10.18 5.25 3.25 0.96
Hydroclone Underflow .
Ash, W 3 : 17.45 23.07 22.38 18,22 15.83 7.48
Atmospheric Overhead .
18P=-400°F
Gravity, PAPI 40.9
Sulfur, W 0.08
Nitrogen, W 2 0.12
Phenols, V ¢ 7.00
4009F+
Gravity, %api . ) 16.4
Sulfur, W 2 0.03
Nitrogen, W 2 0.55
Atmospheric Still Bottoms
18P-650°F
Gravity, CAP! 1.2
Sulfur, W § 0.03
Nitrogen, ¥ 3 . 0.42
Phenols, V 2 ’
650°F+
Gravity, CAPt 2.8
Sulfur, W 3 . 0.05
Nitrogen, W % - . 0.79
Vacuum Still Overhead
1BP=650°F
. Gravity, °API 7.5
Sulfur, ¥ 3 ’ 0.0
Nitrogen, W 3 0.57

* Basis, 9.002 HMolybdenum in Fresh Catalyst
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POU RUN 5 (130-82) - ANALYSES (CONTINUED)

Period
Vacuum Still Overhead
650°F+
Gravity, AP
Sulfur, W
Nitrogen, W 3

Vacuum Stil1l Bottoms
Toluenc-Extracted 011, 1BP-9759F
Gravity, °ari
Carbon, W 3
Hydrogen, W %
Sulfur, W 2
Nitrogen, W 3

CHARACTER!ZATION OF SOLiDS-FREE OIL PRODUCT

Bageh Disgillation of Filgrate from
Filtration of Vacuun Still Feed
Final Vapor Temperature, °f
Pressure, Torr
Residue, W 3 of Filtrate
Analysls of Residue
Sulfur, W 2
18P, °F
Distilate to 975°F, W %
Analysis of 9759F+
ASTH Ash, ¥ 3
Carbon, W 3
Hydrogen, W 2
Sulfur, W ¢
Nitrogen, W 3
Toluene-Extraction of Residue
Insolubles (Except Ash), W %
Ash, W 2
OMF Extraction of Residue
insolubles (Except Ash), W 3
Ash, W 3

Batch Distillation
of Vacuum 8ottoms Slurry Product
Final Vapor Temperature, F
Pressure, Torr :
Distitlate, W 3 of Vacuum Bottoms Slurry
Vacuum Discillate
Gravity, °api

18P, °F

0 ve

30

50

70

30

£8P

v 3 @ 650°F
vV 3 @ 975°F
Residue, W %
Sulfur, W 3

Calculated Composition of Solids-Free 0il
in Vacuum Bottoms Slurry Product
Constitution, W 3

Batch Stil) Distillate from Slurry Product

Batch Still Residue from Filtrate
Composition, W 2 (Calculated)

Carbon, W

Hydrogen, W 2

Nitrogen, W %

Sulfur, W 3

Ash, W 3

Calculated Composition of 400°F+ Liguid Product

Constitution, W 3
Atmospheric Still Overhcad, 400°F*:
Atmospheric Still Bottoms '
Vacuum Still Gverhead
Vacuum Still Bottons, Solids-Free 0il
Composition, W 3
Carbon, W
Hydrogen,
Nitrogen,
Sulfur, W
Ash, U 2

b3
3

L0d L I #0

‘ Laboratory Assay to 975°F end point, Residue Percentage based on Vacuum Bottoms Slurry Quanity
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28

1.35

28,45
12.83

516
3.4
1.7

5.02
-3.8
-1.0
54.6

W

29

2.8
0.05
0.79

6.7
90.2
6.9%
0.05
0.87

2.8
48.3

0.42
950
6.7

0.61
89.77
5.59
0.37
1.88

24.15
0.25

- 8.58

0.41

b0
2.0
10.0

-4.9
657
720
755
811
866
927

97
5.4
0.10

=
- - 0N
PR

0
- N e OO .
-~ N CoWVwVno

QO -~

30

522

$6.8.

1.75

30.77
17.00

1A

514"
0.20
19.9

754
874

19
80.1

page 5 of §

31 32A
514* 538*
0.28 0.80
20.3 33.8
743 67
850 764
957
19.5 30
79.7 66.2



POU RUN 7 - ILLINOIS COAL - FUEL OIL MODE -

POU Run 7 was designed to create emergency situations under
controlled conditions and develop the proper responses to re-
establish operations with a minimum of disruption. In
addition, the study served to train operating personnel to
handle emergencies in the H-Coal Pilot Plant and to start up
the new equiment which had been installed since the last PDU
operations.

The run also generated process optimization data for operatlons
in the fuel oil mode using I[11inois No. 6 coa1.
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. COAL FEED ANALYSIS

HRI No. . 3944 3944
Feed to Period . _ As-Received 1-10
Hours of Run 0-240
Moisture, W % : 4.81
Proximate Analysis, Dry Basis, W %
Ash 11.75 10.96
Volatile Matter v 35.56
Fixed Carbon ' 52.69
Ultimate Analysis, Ory Basis, W % -
Carbon 71.52 71.00
Hydrogen (organic) 5.05 4,63 .
Nitrogen . , 1.36 1.28
Sulfur (LECO) ' C3.52 3.68
Ash , . _ 11.75 10.96
Chlorine - : 0.10 -
Oxygen (Difference) 6.70 8.44
Screen Size (U.S.S.), W %
+ 50 8.27
50/70 . 7.32
~70/100 9.64
100/140 ’ 11.12
140/200 . , 11.18
200/325 T - 19,99
325/Pan 32.48
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POU RN 7

H~COAL® OPCRATIONS ON QURMING STAR MINE ILLINOIS »Q. 6 COAL (W1 3%34)

CATALYST - M=COAL STANDARD, 1/16° EXTRUDATES (MR1 MO. 3B830) SB.72 LB. ORY INITIAL

REACTOR L1QUID PMASE OEPTM 20.8 FT, voL. 4.17 £13

Period 1A
Date ot End of Pertod (1978) 999
Hr3. of Run - Begirniag 0
- End 12
Catalyst lnvent., Begtaning, LbS %0.72
Catalyst Aaced, LDs. 0.00
Catatyst vitnar. (n: below), LDS. 0.00

Catalyst Age (Enc)ibs.Ory Coal/

Ld. Catalyst Average® 4
Lbs.0ry Coal/ld.Catalyst Original
Cherge™ L
Catalyst Agd. Cumyiative,
Lbs/Ton Coal Fed 0.00
Cosl Feed(DrylLos/nr/FtiReac. ,¥ol. 8.6
¢ 3 morsture -
3 Ash (Ory Basis) -
Recycle Flows, Lbs/Lb Sohas
Atmospneric Still Sottoms 0.985
Yacuum 5t111 Overnesd 0.000
1nventory Change -0.232
Wydios law Ovedflom (O41) 0:30)
Nake=up Oil 0.000
Total (011) 1.731
Temperatures, °F N
Coal Prepester (Outlet) 160
Reactor Liguid Phase, Average 189
L3 198
Separater, (Ov'Ra) (Cutiet) 703
nyarocione Overfiow -
Yacuum St1l1 Flasn lone 35%
Pressure 18 Voc.Flasn, Torr 329
Pressure, 0319
. Untt Back Pressure 2800
Hyarogen Hehesup (Inlet) 800

Nydrogen Pertsil P. (Resctor Outlet) -
Recycle Gas, MSCF/Ton Dry Coal(inlet) 28.92
Yent Gaz, RSCF/Tan Jry Cosl $.6
Ny Puruy of Recycle Gasdvent I(Vent) -
Total ¥y ,ASCF/Ton Ory Cosl

(Reector Qutiet) -
Rakgwyp HyeRecycle Wy

MSCF/Ton 3ry Coel (Inlet) .

¥ 3 of Make-up & Recycle Gas -

Partisl Pressure of "2,p81g(Inlet) -
42 Comsumption (Orifice for Fresn

W2 Metee for ProductsdAnalysis)

NSCF /Ton Ory Cosl -
¥ 3 of Ory Coal -
011 Agditions
Rake-up 011 LDs/LD Dr! 0.0000
L8S/ur/Ft nn:ur 0.00
Flush Ott, Lbs/Lb Dry Coel 0.0038
Collected Product Quent. Wl Ory Coal
Atmpﬁw'c $TilL Demeoa ek
ie Still m a.12
Vacuum 5t11) Overness(l) 0.00
5t41) Bottoms: 7.8
n;ﬁ” =il
=<3 -
Ca -
HaS 1R Gases .
€0, 8 CO -
Total -
Ingut ouanuun ¥ 3 Ory Coal
Ves s m.°
nolum 1n Feed Coal - 4.18
Rate=sp 01) Aggitions Q.00
Flusn 011

0.38
uz au:ue(uzonﬂu Gas Ansl.Flow) -

tul Cmnﬂteﬂ ¥ 3 of maa.f. Co l(” 90.&!
Aoraalized Net Prod.Distridution
¥ 3 Ofy Caal
co,
C1~C3 nydrocartons in Geses
Cq Mydrocaroons in Gases
18P-100°F napatns )
400-650°F Distillates
03U=975°F Orstillates
97S°F° Residual 011
Toluene Solubie
Teleme lnsulwie
Unconverted Cool
Aln

e
i “375:5 s
Teul (100 ¢ n 2cected)

18
9/10

28

0.00
46.0
4.01
10.74

1.3%2
0.632
-0.240

owaee
7
) -] 3 “ “ 5
910 91l 912 912 I3 9Ne
I 3% @ n 8 %
6 @ n 8 9% 120
0.72 0.7 %.72 0.7 %0.72 0.72
0.00 0.06 0.00 0.00 0.00 2.65
0.00 0.00 000 Q.00 0.00 3.58
146 29 M0 awe 82 05
145 209 M0 &10 82 [+4]
0.00 0.00 0.00 0.00 0.00 0.17
§3.2  63.9 .5 0.9 72,4 5.0
.20 - 3.82 -7 382 1.5
10.93 - 10,38 - 1.8 1.9
1.269 1.118 0.521 1.088 1.020 0.953
0.154 0,146 ©Q.091 0.158 0.]27 0.126
0.129 -0.161 -0.081 0.127 0.038 0.062
0:008 0.371 O.788 012y V.38 U923
0.000 0,000 0.013 0.120 0.000 0.000-
2,102 1.996  1.893  1.969 1.971 1.940
748 737 128 ™m ber) 753
a29 a3 932 83§ 838 880
a39 ae 7 483 e84 854
759 185 65 m 69 761
- - - . - 524
“r 08 199 46 529 540
s1 n 2.2 12 132 12
2800 2785 2758 2788 2765 210
2790 2900 2825 2620 2850 2640
2105 2199 2582 209t 1953 1M
12.94  26.66 21.88 20.4]1 20.22 19.58
w0t 2. $.29 .47 9.37  6.39
e8.¢ 9.2 85.5 869 31.3 &l
1.9 2.8 25.8 28.3 6.8 23.8
. 2.0 4.8 9.0 8.1 3.5
93.4 946 92.8 93.6 937 96
2619 2661 2638 2653 2684 2670
°
1458 13.21  15.00  14.72 1330 12.95
L3987 L% 1.9 L% 3.8 ).
0.0000 0.0000 0.0150 0.1339 0.0000 0.0000
0.00 0.00 .00 9.4 0,00 _0.00
0.0039 0.0029 0.002B 0.0026 0.0025 0.0031
.79 38,33 0.6208)38.02 22.79 26.9
12.78 -15.11 <8.09 12.68 4.22 6.3
21.69 12.89 -0.68 2.00 0.70 1.82
88,84 81.89  70.7%  s9.8%  83.29 53.01
0.9 -i.10  9.54(%)0.7¢ 403 0.9
2,22 3.01 487 452 4.8 4.8
.63 L4 423 LA L9 A
0.5 1.38 1.82 1.18 1.18 1.2%
0.21  0.36 0.46 0.33 0.48 0.5
126.99 96.08 113.26 119.69 94.77 97.11
YL rr N0 10.8 0 100.0  100.0
3.30 - 3.65 - 3.97 3.8
0.00 0.00 0.15 13.39 0.00 0.00
0.9 0.29 0.28 0.26 0.25 Q.31
3.87 350 3% 3% 1.5
107.56 - 108,06 - 107.75 107.42
90.5 90.79 93.88 92.19 90.83 92.65
0.43
4.50
4.00
10.8 .
13.81
17,81
18.36
.1
$.49
10.84
4.AR
0.61
2.70
103.79

°Averoge sge, -nw.sc 0y proportion of vaPigus a9es 1A beG.
“°Age of poriton of orignal catalyst remeiniag In bed.

(1) Regative Quantities of ASOM & Yac OR'g
arc aecreeses of inventory of Slurvy 011

{3) AST® Distillatton Cut Petnts

@

Malding Tame

Water sepsration for Atmosoheric Still

Overness ineffective. Actusl gross
Quentity 13 included 1n Atmospheric
Overhesd quantity, eiceot Serrods 3
Nuaders on thts line represent wesh
1n)ected 1nt0 vapor line dounsiresm

(4) 8ased on actusl sepsration of weter

water fros Atmosaneric Still Overnesd
st oreduct arums.

ang 88

water (S) Based on filtration of procuct slurey

of resctor. fed 30 vacuus still.
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0.15
7.6

0.118

2038
25.17
4.84
86.5
28.4
4.7

92.1
2551

12.26
3.2%
0.0000
0.00
0.002%

3.2%
93.21

43.43
6.6%
88.9

7.2



POU RUN 7 - ANALYSIS

Pertod 1A - 18
Atmospheric St111 Overhead
Gravity, °AP!
18P, °F

8.2
176
200
30 22

FBP
¥ 3 8 400°F
v § @ 650°F
Carbon, W 2
Hydroqen, ¥ 2
Nitrogen, W 2
Sulfur, W 2 (HsS free)
Atmospheric Still Bottoms
Gravity, ®APl
18P, °F
ovs

¥y 3 8 400°F

vV 3 @ 650°F

Carbon, W %

Hydrogen, W I

Nitragen, W %

Sulfur, ¥ 3

Yacuum Still Overhead
Gravity, °AP!
18P, °F . - .-

Nitrogen, W 2
. Sylfur, W 2
0-5 Liquid .

Gravity, °AP1 - -
0-12 Liquid

Gravity, °AP! - ‘-
Catalyst Withdrawals

Withdrawals, Qil-laden Pounds

0il, W3

Molyddenun (oil-free), W < .

Estimate Catalyst Content, Lbs®
Hydrocione Feed .

Ash, W 3 : -
Hydroclone Overflow

Gravity, °AP!

Yac Qistiliation

18P, °F

§.97
-3.9

n
514
30 4 615
50 753
975
38.5
69.5
35.17
4.92

v 18 9I5°F

¥ 3 975°F* (incl. solids)

Ash, ¥ 3 -
Hydrocione Underflow

Ash, ¥ ¢ - 8.41

16.9

5.42

18.0
15.2

10.87
-13.1

402
513

25.4
187
266
374
422
463

635
40.5

85.38
Q0.71.
0.84
0.04

12.5
(351)
455}

(534)
(590)
(694)
(ann)

11.24

687,

890

975

28.5

59

49.37
7.26

12.43

8.34
14.58

28.4.

249
342

435

487
$65

7.1

16.4

Oistillations - A1l ASTM 0-86 Except Bracketed Values from ASTM D-1160 (Modified)

*8asis 9.57 % Molybdenum in Fresh Catalyst
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0.11
16.7
12.8

30.8
12
249
315

424
476
$65

s7

13.1
410
475
516
556
608

81

462
517
592
633

46

0.10
17.3
13.0
6.81
31.94
1.40
3.59
9.00
-10.8
460
$77
n3
975
2
59.5
46.76
$.66

12.11

30.2
158
240

376
420

562
63

6.0

15.1

5.85

28.4
148
248
334
436

$64

0.15
13.1

9.01
-11.1
S0t
597
154

975
19

48.77
5.60

14.73



POU RUN 7 AMALYSIS

CHARACTER1ZATION OF SOL10S-FREE OIL PRODUCT

Pertod A 18 A 8 3 K 38 5 6A &8
Batch Dist'n of Filtrate from )
t1l¢ration of Vacuum 3t1 eed
Final Vapor lemperature, °F §70 548 568 S51 s70
Pressure, Tor 1.0 2.6 1.6 1.8 1.2
Residue, W 1 of Filtrate 38.56 61.0 2.4 S3.16 86.0
Vaeuum Bottom O0f1
wlfur, ) Q.70 2,28 0.68 2.26 1.12
Toluene Extraction .
Insotudbles, ¥ 3 - 30.22 36.60 . 44.74 43.64 44,93
Ash, W T 0.58 18,75 0.15 19.65 S.47
Batch 0ist’n of Vacuum Bottoms .
SIu:Ez Product i .
nal Vapor |émperature, °F W ay 4/u 440
Pressure, Torr 1.5 1.7 . 1.6 2.0
Residue, ¥ % of Vac Btms. Slurry 64.99 §7.95 a7.92 92.0

Vacuum Ofstfllate
ravity, 4.9 3.5 3.4

Vacyum Stfll Bottoms

° ows from Vacuum Still 100 46.52 S2.74 K.7? 82.09 69.35- 61.86 47.68 62.62 60.79
Toluere Soluble, W 2 81.06 68.83 . - 80.52 60.52 - . 46.69 47.53 ° 47,31
Toluene Insoludble, W 3 11.08 18.78 « 23.45 23.30 - 30,13 k.11 - 32.92
Ash, ¥ 3 7.88 12.41 - 16.38 16.18 - 20.18 20.36 - 19.77
Unreacted Coal, W 3 (Est.) §8.19 9.59 11.96 9.20 14,13  11.28 9.88
Toluene [nsoluble Resid, W% (Est.) 4.97 9.17 11.49 15.10 16.00 20.84 23.04
Carbon, W % 74.84
Hydrogen, ¥ 3 S.70
Nitrogen, ¥ 3 . . . l.11
Sulfur, W % . . 1.72.

ASTX Ash, W % 8.12 12.47 17.66 15.98 16,53 20.43 20.08 19.93 18.55 19.92
Coke/Ash Ratio (OMF Extraction ’
by Filtration) - 0.6440 - 0.5788 0.5573 - 0.5652 0.6136 - 0.5885
OMF Soludle, W 3 79.68 74.36 75.58 69.08 67.34 63.58
Filter Cake : . :
j of Feed to Vacuum Still : - - e 25.95 8.72 - 26.48 15.14 - 28.07
Toluene Extraction of Cake
Saluble, W 3 28.00 .72 23.02  19.20 27.04
{nsoluble, ¥ % : 32.10 26.94 374 .30 27.92
Ash, ¥ % 39.90 41.74 43.24  49.50 . 45,08
[asoluble Residues, ¥ 2 (Est.) 2.2% $.88 3.30 3.0 $5.58
Unreacted Coal, W % (Est.) 29.85 20.70 30.44 28.00 <2.34
Mater °

nia, W % 3.63
Sulfur, W 2 ) .77 s
Carbon, W % . 1.51

ANALYSIS OF PROOUCT FRACTIONS

Atmospheric Qverhead
—'Tg'p'.zﬁu'}'

Gravity, °AP! 3.58

400°F%
Travity, *AP] 17.5

Atmospheric Still Bottoms
~550°F
Gravity, °APl 1.7

§50°F2
Gravity, °APl 2.7

Yacuum St111 Overhead .
TEP-430°F .
Gravity, °AP! 13.6

650°F2
Uravity, °APt 1.1
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"y nm
N=COAL® OPERATIONS OR MASING STAR RINE [LLINDIS 0. § COML (MRi-T944)
CATALTST - N=COAL STAZDARD, 1/16° EITRLDATES (MR] 0. 3£30) S0.72 UB. CRY INITIAL OWRSE

LIQULD Py PTM 20.8 FT. voL. 4.17 FT.D
Perics n n 8 - " -  J 108 1= 11a
Date ot End of Pericd (1978) ”s me ne mn? mr ms ms mse ”e
Hours of Run ~ beginning 164 1% 1 10 1R X 16 o8 b ]
- End 1% 168 L 1” k- e a8 % 48
Catalyst Inveniory, Beginning Lbs. 40,78 49.78 40.78 4060 49.6B  49.00 49.08 49.08 49.08
Catalyst Added, Lbs . e 0.0 .28 .00 0.0 0.0 0.0 0.0 0.0
Catalyst vum- (Est. Balew), LDS [N ] [N -] .15 .| 0.60 e.00 .00 c.m 0.®
Catalyst Age (End), Lds, Wy InelAb.
Catalyst Average® o " "2 1014 1006 1164 1264 1326 1481
Catalyst Ortginel Charge™ a1 s 1011 1084 1188 1234 121 1395 1481
Catslyst Adg. .Cumslative, Lbs/Tom Cosl Fed 0.12 0.11 .18 0.18 Q17 0.18 0.18 C.14 0.14
Cosl Feed (Dry) Los/mrsFtd Qeec., Yol. A NS BRI RI W2 N4 B2 WS N
¥ 3 Motsture - 1.39 . 1.7 - L1 - .9 -
%A s T15s) - 1.9 - . - 10.97 - 11.08 -
Recycle Flams, LDs/LD Solias
avmmsprer e 3L il buiicomsc 0.984 N AWS Q0.7 O.MM Q. 8. 4 8:7‘8 On 769
Tacum StiNN w 0.119 Q.12 G.233 G.1e8 0.l148 Q.1 L 111 1 4.104
1nventory Chan %I AT LT Q.3° <2249 0.08)  0.012 0.004 0.014
Nydroc long vaﬂu {My) .94 0.518 0.802 ‘0.9 0.135 0.81) Q.a42 O.811 O.801
Takemup 011 o000 4000 O.000 OG.000 OG0 Q.00 O0.00 0,000 0.000
Toted (011) 1.538 1.958 2.127 1.893 2.G26 1.778 1.725 1.5 l.640
YTesperatures, °F
Caal Prunseter (Dadlet) m m o) ™ ” ™ m m nl
Resctor Ligwsid Mass, ldsrr e w ul £ Y M2 Lo} "4 00 0 =
Rasimem 849 s ne | - od e 254 e d 2 s
Separstor, (Ov'hd) (Dutlet) m ns 76 s m ms sl 768 ns
Myarocione Overfiae 50 41 41 Es 516 S41 34 41 542
Yocuus 3t111 Flash lome s78 Ex 1) 542 540 29 A4 2 47 1
Prassiire 14 VaL.7 143N, love i e 114 L} 177 -] [ -] & . §l
Pressure, D3y -
ot Veri Yeao. .-, b T ™ ™ ™ baa ] no o0 ans
Hydrogen Make=y; (lnlnt, s a5 =0 810 =20 2808 815 2500 =95
Nydrogem Partial P. (Resctor Ovtlet) b4(+4 209 093 208 240 ma? 2186 2054 014
Recycle Gas, WSCF/Ton Ovy Coal M. WIS 2.2 .8 7.8 2.5% 19.98 19.70 .0
Yent Gos, MSCF/Ton Ory Caal 1.20 S.1% h 3} .37 .1 [ ) 464 4.74 5.9

"y Comsumotion (:Mﬂ.o 147 Fravs ' Wier
for 3e3a4cli 5 3gais)

ﬂr:/‘rn ey a0l .73 11,26 15,99 11,25 11.69  10.2¢  10.47 10.47 939
1 Ory Coal 110 2.9 4.2¢ .M M8 272 2% 2.8 2.8
on mmm .
Rane=yp 011 LBSAD Cost - 0.0000 0.0000 '0.0000 0.0000 0.0000 0.0000 C.C000 0.0000 0.0000
Las/Me/Fed Reactor .00 0.00 0.00 0.00 0.00 0.00 0@ 0. 0.0
Flush 011, Lbs/td Ory Cosi 0.002¢ 0.0026 0.002% 0.0027 0.0026 0.002¢ G.002¢ 0.002¢ 0.0G24
Collectad Prosuct Quent., VS Ory Casl .
Atawsoneric suno-m..z e n.” N 2020 2N B0 2.3 Du
ric Still LI 707 1.6, 837 <16l 46 4. L1 079 1.8
Yacmm $t111 Overnesd .10 045  G.13 0.2 5.3 1.08 063 0.0 0.4
Yoy SE111 Sottoms B2 6.0 WS .21, 6.6 .15 6.5 Q.4 0.8
068 Q.70 0.65 1.0 N A 20 0.6
C1=<3 L2 S L8 673 S 610 1Sl S.2 0.%
[ 64 L0 4S8 5.5 46k $.16 187 4% L2
N2S {n Gases 1.5 1.06 .80 .34 1.M 2.2  2.06 2.05 1.4
cagucn 0.4 0.5 0.40 0.6 0.5 0.5 0.61 0.6 0.40
Total 7.3 .07 10.4 106.71 B.0 R4 10.50 M4 .10
Inmat Quentities, ¥ 3 Ory Coal
Ory Cosl . 100.0 108.0 100.0 100.C 108.0 100.0 100.0 108.0 100.0
neisture 1n Food Coal - 1.41 - 1.9 - 2.16 - o.a7 -
Ratowud O1F Asditioms .00 G600 000 O3 8.0 OG.00 Q.00 0.0 0.0
Flusa 011 8.2 0.2 029 0.27 8.26 0.2¢ 0.2¢ 024 0.2¢
¥y Reacted(M0r1fice Gas Anel. Flow) 110 2.9 424 2.9 310 .72 .78 T8 .0
Totai . 108,66 . 106.64 - 108.12 - 1m.89 -
Cosl Conversion ¥ S of ma.f. uﬂ(s) B 7Y w6 N NS NS N 0.1
l-;-nmm»u.:mrmu g P
ry Coa
Y0 0.8
cl-cmﬁnnunu: in Gases s .8
‘b Mydrecareens in Geset [V N X1
*F Ragnthe 0.6 1.2
A0D-4SD°F Distillates &N .12
§50-975°7 Distillates .37 am
978°7° Restdua) 011
Tolwene Soludle 17.82  16.49
Telvene Insoludle 16.45 15.78
Unconverted Zosl 8.9 .3
Asn 11.87  12.36
% (nwe) P80 - 51.%
Forcna mitrogm) (1% 1 ¥ w?
Wyl (Forcas seitur) . .4 .
Tetal (1w » vy anecten) lus.e) 1wl

hver spn, wmightad by mim af uﬂu agas 1 bwd.
*“h\ge :rnniu af Irtgtre] Lak:iignd ceseiatag 11 S

[4§] b.n!w Quartittes of ASOM § Vec OR‘¢
e dECTersa

3) ASTM Dtweitiat
dl-—undnm(ﬂl ( o Cat Potuta

lhlﬂ-. Tam
(2) mter saporstion fer Atmmspherie $Ti1Y (] u «tus ey
Overtged ‘1reffective. Actuel ot water @ -l-"::m“‘%
18y 18 1aciuied 1% Atamspherie STT1 F“‘l .

.-:::I 'whnan!-l-
Rhamgrs on s lins represent wsh wter llnd-f'lllr'lndm
fjectad tets veper lien ¢oww ‘= of rescter. i fad t» wmcmes ..ill. s
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Period

Atmospheric Still Overhead
Gravity, *AP1 )
18P, °F

FBP

v g @ 400°F

v % @ 650°F
Carbon, ¥ 2
Hydrogen, ¥ 2
Nitrogen, W 3
Sulfur, ¥ 3

Atﬁospneric St111 Bottoms
Gravity, °API
18P, °F :

FBP

Y 3 @ 400°F

Y 1 @ 650°F
Carton, ¥ 3
Hydrogen, ¥ 2
NitPogen, 4 3
Sulfur, ¥ 2

Yacuum S¢il1 Overhead
Gravity, °AP!
18P, °F

10vy

Hydrogen, ¥ 3
Nitrogen, ¥ T
Sulfur, ¥ 3

0-5 Liquid

. Gravity, °API

0-12 Liquid
Gravity, °AP{

Catalyst Withdrawsls
Mithdrawals, Qil-laden Pounds
01, v g
Molybdenum (oil-free), W 3
Estimate Catalyst Content, Lbs*

Hydroclone Feed
Ash, ¥ 3

Hydroclone Qverflon
Gravisg, *AP{ Distillatton

P,
10Vs%
30
50
(2:14
v $ 8 650°F
Y § 8 975°%F
¥ 2 975°F* (incl. solids)
Ash, ¥ §

RUN 130 - 86 ANALYSIS

A T

6.0 6.2

0.12
13.2 14.0
12.5

160

6.1 6.2

14.3 14.5

$.01
28.61
6.20
2.38

30.4
155
242

- 321

432
489
565

59

6.4

14.2.

12.9

1.30
26.97

5.88 .

0.60

$.47

30.4
158
282

432
489
$65

s9

Q.14
14.5

12.9°

013.8
436
$70

873
975
24

49.92
$.92

6.2

13.4

108

0.16
14.8
12.7

1A

30.6
227

375
427

491 -
565

©0.17

14.8




Hydrocione Underflow
Ash, W I
Yacyum Still Bottoms
W 1 of Flows from Vacuum Still
‘Toluene Soludle, W 2
Toluene Insoluble, W 3
Ash W £
Unreacted Coal,
CaPBOA, W 3
Hydrogen, ¥ %
Nitrogen, W 3
Sulfur, W %
ASTM Ash, W 3
Coke/Ash Ratio (DMF Extraction by
Filtration L
OMF Solubdble, W 2
Filter Cake
¥ 3 of Feed to Yacuum Sti{l1}
Yuluene Caliaction of Cake
Soluble, W 2
Insoluble, W %
Ash, W g
Insoluble Residues, W =
Unreacted Coal, LW = (€st.)

W 3 (Est.)

Water
Ammonia, ¥ I
Sulfur, ¥ 2
Carbon, W 2
Atmospheric Qverhead
1BP°-400°F Gravity, °AP!
Atmospheric Still Bottoms
{BP-650°F Gravity, °APl
650°F* Gravity, °AP{

8atch Dist'n of Filtrate from
Filtration of Vacuum Still Feed
Final Yapor Temperature, °F
. Pressure, Torr
Residue, W I of Filtrate
Yacuum Bottom 011
Sulfur, W 3
Toluene Extraction
insolubles, W I
Ash, ¥ T
8atch Dist'n of Vacuum Bottoms
Slurry Product
Final Yapor Temperature, °F
Pressure, Torr
Residue, W 3 Vac. 8tms. Slurry
Vacuum Oistillate
Gravity, °*AP{

POU RUN 7 - ANALYSIS (CONTINUED)

- 1657 - -
59.44  61.25 66.19 59.95
45.61 4,15
36.68 37.68
17.711 18,17
26.14 25.79
70,94
.73
1.52
2.21
18,35 18.20 19.87
0.6486 - 0.7669
70.11 65.05
14.23 29.42
26.36 26.13
30.91 32.89
Q.7 40.98
6.36 6.07
24.54 26.82
.24
2.54

1.81
37.3

.4
1.7
570 570
2.0 2.3
45.31 38.85
0.96 1.04
42.61 39.55
1.0 1.81
489 480
1.5 1.2
%.00 1.9
2.5 3.1

161

59.44

18.39

26.46

24.86-

33.77
41.37

$.73
28.04

S70
2.0
46.42

0.82
56.00
0.50

491
0.5
91.13

61.02
43.22
38.70
18.08
26.05

17.81

0.7268
69.35

n.72
29.90
33.35
36.75

7.26
26.09

S51
2.0
44.62
1.07
45.71
4.22
481

88.78

17.11  17.47

- 0.7002
70.23

28.85
30.26
30.79
38.95

10.64
20.15

535
49.75
0.84
.82
0.16

489
1.2
87.9

~4.0

63.78 -

41.30
41.38
16.82
32.46

2.06
17.20

0.5980
71.44



POU RUN 8 - ILLINOIS COAL - DUAL MODE OPERATION

POU 8 successfully operated in two modes with no interruption
during transition. The first phase of the run operated in a
fuel oil mode to produce hydroclone underflow. Forty drums of
this material were manufactured for further tests designed to
establish the most favorable Pilot Plant operating conditions
for the solvent precipitation system.

In the second phase of the run, during operations in an inter-

mediate mode, a new solvent prec1p1tat1on system was placed on-
line in the PDU and operated satisfactorily with 0.01% ash in
the overflow product.

The reactor and separator were free of deposits when they were

inspected following the run, thus verifying that the PDU design "

can handle solids without any buildup in the system.

The achievements of this run were:

¢ Operation of the PDU first in a fuel oil mode and then

gradually changing over to an intermediate mode was
accompl ished. ‘

e Forty drums o? hydroc]one'underf1ow were produced for
further testing by Lummus.

e The solvent precipitation system achieved a 0.01 ash in

the overflow product showing the feasibility of the
operation.

¢ Catalyst replacement was maintained for the duration of
the run.
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ANALYSIS OF ILLINOIS NO. 6 BURNING STAR MINE COAL

FOR_PDU RUN 8 (RUN 130-88)

HRI No.
Feed to Periqd
Hours on Stream

Moisture, W %

Proximate, Dry Basis, W %

Ash
Vaolatile Matter
Fixed Carbon

Ultimate, Dry Basis, W %

Carbon

Hydrogen

Nitrogen

Sulfur (LECO)

Ash

Oxygen (Difference)

Sulfur in Ash, W %
Heating Value, Btu/Lb

Sieve Analysis, Screen Size

| gU.S.i.é

50/70
70/100
100/140
140/200
100/325
=325

163

4004
1-6
0-107
3.36

11.16

37.57
51.27

68.27
4.39
1.14
3.41

11.16

11.63

3.07

11921

2.12
2.69
5.30
8.38
9.20
22.07
50.23

4004
7-15
107-290
4.96

11.30
37.40
51.30

' 68.66
4.53

1.19

3.50
11.30

10.82

3.60

11896

5.52
6.59
9.29
9.69
11.83
17.67
39.41

4004 /4062
-16+23
290-462
2.76

11.41
37.54
51.05

68.37
4.31
1.42
3.41

11.41

11.08

3.54

12157

9.42
9.12
11.71
11.39
8.75
18.57
31.04
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DATE OF FINAL REFORTY 11712779
PAGE 1 OF 2

UNIT 130 — H-COAL OPERATIONS ON ILLINOIS 8 6 (HRI 4004)

CATALYST» AMERICAN CYANAMID HDS-1442R, 1/16° EXTRUDATES ¢RI 3830)
REACTOR VOLIRE: 4.47 CUBIC FEET '

RUN MAMBER 130- 68

PERIOD 40 © 48 5A &8 8 A ? A
DATE (END OF PERIOD), 1979 7 5 28 72/ 6 e 7 2718
HOURS OF RUN - BEGINNING 52.00 64.00 76.00 88.00 100.00 107.00
END 64.00 76.00 8B8.00 100.00 107.00 117.00
CATALYST INVENTORY, END, LBS £0.45 '60.45 ©60.20 60.20 6£0.09 60.09
CATALYST ADDED, LBS . 4.38 - ©0.00 4.88 0.00 a.12 0.00
CATLYST WITHDRALN, LBS X - 4.72 ©.00 4.689 0.00 a.a2 2.00
CATALYST AGE (END), LB DRY CORLLD ) :
AVERAGE (BASIS) 323.4 399.4 432.9 6H14.0 636.1 686.6
ORIGIMAL CHARGE ¢BASIS) 364.0 - 440.0 6517.3 693.4 638.8 £89.0
CATALYST ADDED, CLFLELATIVEXX
LBS/TON DRY COAL .80 .78 96 .B4 .91 .88
CATALYST WITHDRALIALS
UITHDRAWAL., OIL LADEN, LBS 9.40 €.00 9.82 ©.00 4.865 0.00
OlL, U 28.74 6.0 272.287 90.006 26.87 0.00
MOLYDEMLEY (OIL FREE), U % X 7.04 .02 6.72 9.00 6.65 0.99
- COAL. FEED (DRY)

LBS/HR/CU FT REACTOR VOLLRE : ?6.08 76.63 ?7?2.24 7?6.35 772.45 ,60.65
MOISTURE W % (COAL. SAMPLE) 3.72 3.94 3.93 3.92 3.92 4.3
ASH, W% (DRY COAL) . 0.00 10.17 16.62 10.99 0.00 8.00

RECYCLE FLOWS, LBSA B SOLIDS . .
ATMOSPHERIC STILL BOTTOMS .61 .49 .42 .52 .61 42
VACLL STILL. OVERHEAD .38 .38 .35 .32 .40 Q.00
INVENTORY CHANGE -.04 -.0?7 -.08 ~.00 -.0?7 .01
HYDROCLONE OVERFLOW (OIL) ‘ .96 .91 .90 i1.01 .80 .83
HAKE-UP OIL 0.00 8.00 9.00 .00 0.00 0.0
TOTAL : 1.89 £.82 1.76 1.84 1.89 $.24
TEFPERATURE, °F )
COAL.. PREHEATER OUTLET 73?2, 7. 240, 747, 681. . 799,

REACTOR L.1QUID PHASE, AVG. . 845, 848. 84S. 84S. 765. 793.

max. . 861 . 863, 860. 858. ?75. 798.

SEPARATOR-2" ( @ 12° SKIN) - 830, 839. 829.. 828, 783. 759.

HYDROCLONE OVERFLOW &6ie. B12. 613, 458. 474. 194.

VACUL -STILL FLASH ZONE &as. s23. §30. 5a9. 519. 457.
PRESSURE ; :

UNIT BACK PRESSURE, PSIG e662. 264S. 26318 . 2617, £594. 2614,
HYDROGEN PMAKE-UP, PSIG 279e. 2795. 8781, 2717. a7es. avas.
HYDROGEN PARTIAL PRESSURE, PSIQ .

(REACTOR OUTLET - SEPARATOR) 1789. g7’a. 1755, 1843. 1844. 1958,

VACLLM FLASH, TORR 4. 4. 3. 3. 3. - 0.
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DATE OF FINAL REPORT: 111279

_ PAGE 2 OF 7
PERIOD : 4A 4B S A §B 6 A 7R
RECYCLE GAS, MSCF/TON DRY COAL. 21.45 e2.61 22.30 21.90 21.70 24.14
VENT GAS, MSCF/TON DRY COAL 431 4.20 4.37 . 4.48 4.96 3.60
HYDROGEN PURITY
OF RECYCLE GAS AND VENT, X 89.22 87.57 85.97 91.68 90.00 81.90
TOTAL H2, MSCF/TON DRY COAL ,
(RERCTOR OUTLET) 24.94 25.52 24.94 26.48 26.27 25.@7
HYDROGEN, MAKE-P + RECYCLE
MSCF/TON DRY COAL : 36.77 37.20 36.58 37.53 36.68 32.07
PARTIAL PRESSURE, PSIG(INLET) - 2639, o612, 2578, 260S. 2568. 24e8.
HYDROGEN CONSUMPTION (1) '
MSCF-/TON DRY COAL 11.83 11.68 11.64 11.08 10.41 6.80
U % DRY COAL 3.14 3.106 3.9 2.93 2.76 1.80
OIL ADDITIONS :
MAKE-UP OJIL., LBS/1B DRY COAL 0.00 0.00 0.00 0.00 0.00 0.00
LBS/HR/CU FT REACTOR 0.00 Q.90 9.00 9.00 90.00 0.00
FLUSH OIL,LBS/LB DRY COAL .e02 .003 .003 .003 .002 .003

COLLECTED PRODUCT QUANTITY, W % DRY COAL

ATMOSPHERIC STILL OVERHEAD 16.68 &27.32 21.74 @21.05 18.18 6.74
ATMOSPHERIC STILL BOTTOMS (2) 4.01 5.43 .07 3.2?7 -3.06 13.27
VACUUM STILL OVERHEAD (2) -1.19 -2.72 -3.65 19 -3.4?7 0.00
VACUUM STILL. BOTTOMS 61.12 60.13 62.02 64.92 65.68 74.62
HYDROCLONE UNDERFLOUW 0.00 0.00 0.00 . 0.00 0.00 0.00
H20 ‘9.62 ?.70 9.687 12.88 9.84 -.a?
Ci-C3 0.00 6.31° 0.00 4.91 0.00 0.00
C4-C?’ 0.00 2.96 0.00 a.61 0.00 0.00
H2S IN GASES 0.00 2.16 0.00 a.0? 0.00 0.00
coz2 & CO . 0.00 .79 0.02 .73 0.20 2.00
INPUT QUANTITIES, W % DRY COAL
DRY COAL 100.00 100.00 100.00 100.00 100.00 100.00
MOISTURE IN FEED COAL 3.86 4.10 4.09 4.08 4.08 4.29
MAKE-UP OIL ADDITIONS 0.00 0.00 .90 9.00 0.00 0.00
FLUSH OIL .24 -2 .27 .26 .24 .30
HYDROGEN REACTED (1) . 3.14 3.10 3.09 .93 a.76 1.80
TOTAL 107.24 107.47 107.45 107.27 107.08 106.39
COAL. CONVERSION, W X M.A.F. COAL
TOLUENE CONVERSION (3) 0.00 94.31 9.00 91.97 0.00 0.00
DMF CONVERSION (4) 0.00 92.35 .09 9i.62 0.00 0.00

(1) BASED ON ORIFICE FLOUS FOR HYDROGEN, METERED FLOWS FOR OTHER GASES AND ANALYSES.
(2) NEGATIVE VALUES INDICATE DECREASES IN INVENTORY OF SLURRY OIL HOLDING TANK.

(3) BASED ON FILTRATION OF PROUCT SLURRY FED TO VACUUM STILL.

(4) BASED ON EXTRACTION OF VACULWM BOTTOMS PRODUCT.
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. DATE OF FINAL REPORT: 13-12/79
PAGE 3 OF ?

PERIOD . 464 48 6 A 6B 6 A 7 A

mmw.lﬁs NET PRODUCT DISTRIBUTIONKAS

%

u €0, co2 0.00 .82 .78 . 78 0.02 0.00
£1-C3 HVDROCARBONS IN GASES .00 £.499 ©&.03 ©5.03 0.08 0.00
C4-C? HYDROCARBONS IN GASES .00 304 2.67 2.67 ©0.00 0.0
1BP-400 °F .NAPHTHA 0.00 13.25 11.44 11.44 0.60 .00
400-650 °F DISTILLATES 0.00 10.9?7 10.47 10.47 .08 ©0.00
€50-975 °F DISTILLATES 0.00 i0.25 06.19 9.19 0.0 0.0
975 °fF+ RESIDUAL. OIL .

TOLLENE SOLUBLE 0.00 23.85 27.40 27.40 ©0.00 0.00
TOLUENE INSOLUBLE 9.00 $1.02 8.62 B8.82 . 0.08 0.00
UNCONVERTED COAL 0.00 6.20 ?7.60 7?61 ©0.00 0.00
ASH 0.00 32.49 11.741 11,71 0.00 .00
H20 (MET) .00  4.29 6.4?7 6.47 ©0.00 0.00
NH3 (FORCED NITROGEN) 0.00 .26 .24 .24 ° 0.00 0.00
HaS (FORCED SUFUR) 0.00 2.02 1.9?7 1.9?7 0.0 0.00
TOTAL (100 + HYDROGEN REACTED} 0.00 103.97 . 103.78 103 78 0.6 0.00

FILTERED LIQUIDXX
GRAVITY, °API .0 -8.0 0.0 -9.3 0.0 0.0
IBP, °F (ASTM D-1160 MODIFIED) o. 645. 0. 559, °. 9.
10 V % @.  686. 0. 622, o. 0.
30V % 0.  749. 0. 762. e. 0.
60V % o. 8S3. 0. 853, o. 0.
720 V % o. . 0. o. 0. 0.
90 V % Q. 0. 8. e. o. 0.
FBP . . 975. 0. 975. Q. .
V% @ 400 °F .00 ©0.00 ©0.00  0.00 ©.00 ©.00
V%8650 °F - ©9.00 4.99 @0.006 7.60 ©0.00 0.00
V % AT 976 °F 0.00 60.00 ©0.00 62.00 0.0 ©.00
SUFIR, U % 0.00 .29 0.00 .4 .60 0.00
U % 975 °F+ 0.00 "43.11. ©0.60 43.18 0.90 ©.00
U % SULFUR IN 975 °F+ 0.00 .68  0.00 .79 0.08 0.00.
U % NITROGEN IN 975 °F+ 0.60 2.00 0.00 ©0.00 0.00 0.00

¥ ASTH DISTILLATION CUT POINT

Xx FOR PERIODS 14 TO 22 FILTRATION CF HYDROCLONE LINDERFLOU WAS CARRIED OQUT LXITH THE
ADDITION OF ATHOSPHERIC STILL BOTTOMS FROM RUN 130-82-16R AS PUSHER (TWO LEIGHTS OF
HYDROCLONE UNDERFLOW PER ONE LEIGHT OF ATHOSPHERIC STILL BOTTOMS). DISTILLATION DATA
ARE FOR DILUTED SOLIDS-FREE LIGUID. GRAVITY, SULFUR, AND 976 F+ DATA ARE FOR
UNDILUTED SOLIDS-FREE LIGUID OF HYDROCLONE UNDERFLOW.

¢ PERIODS 3AB,11B,178,AND 19B ARE WORKUP PERIODS AND HAVE NORIMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCULATION
OF NORMALIZED YIELD DISTRIBUTION OF OTHER FERIODS, INTERPOLATED EIMNTH. AND DISTILLATION
VALUES FROM UWORKUP PERIODS LERE USED.

8 IDENTICAL VALLES FOR A AND B PERIODS INDICATE THAT THE DATA

LERE ACTUALLY FOR THE COMBINED AR/B PERIOD,
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p 4

PERIOD

GRAVITY, °*API

IBP, °F (ASTM D-86)
10V

30V %

EO V %

70 V %

90 V %

FBP

V%@ 400 °F.

V % @ 650 °F
CARBON, U X
HYDROGEN, W %
NITROGEN, U %
SUWLFUR (H2S FREE),

1BP-400 °F
GRAVITY, °*API
SULFUR (HRS FREE),

400 °F+
GRAVITY, °*API
SULFUR (H2S FREE),

GRAVITY, °*API
IBP, °F (ASTM D-86)
10V %

30V %

50 V %

70V %

9 V %

FBP

V % @ 400 °F
V % @ 650 °F
CARBON, U %
HYDROGEN, U %
NITRGGEN, U %
SULFUR, U %

IBP-650 °F
GRAVITY, °*API

650 °F+
GRAVITY, °*API

ATMOSPHERIC STILL. OVERHEADX

ux

ux

‘WX

ATHMOSPHERIC STILL BOTTOMS

DATE OF FINAL REPORT!

PAGE 4 OF 7
4a 4B
33.7 9.7
130.  126.
206. . 210.
28a. ~ 310.
344. 382,
396.  420.
454.  476.
606. 620,

72.00 61.00-.

100.00 100.00
0.00  ©0.00
0.00 = ©0.00
0.00 ©0.02
0.00 0.00
39.3 37.0
0.00 .00
19.8 19.3
0.00  0.00
10.2  10.5

e.  460.
0. - 494.
0. 626,
e. 660.

0. 604,
0. Q.
0. 0.
0.00 0.00
0.00 83.00
0.00 ©.00
0.00 0.00
0.60 0.00
0.00 .02
0.0 0.0
0.0 0.0

IDENTICAL VALLES FOR A AND B PERIODS INDICATE THAT THE DATA
UERE ACTUALLY FOR THE COMBINED A/B PERIOD.

. B8R

£8.9
134.
220.

396.
136,
500,

£5.00
100.00
0.00
0.00
0.09
0.00

10.2

sos00e
OO0
8388889 ses

0.0

0.0

i1/12779

& B

28.9
134.
220.
328.
396.
436.
£00.
634,
£5.00
100.00
0.00
0.00
0.00
0.00

6 A

- 29.8
144.
234.
330.
388.

. 608.
646.
66.00
100.00
0.00
0.00
©0.00
0.00

10.4
475.
606.
634.
§72.
608.
690.
760.
0.00
85.00
0.00
0.00
0.00
0.00

0.0

0.0

?A

28.0
Lsa.
: BSB_.

388.
428.
486.
542.
65.00
103.00
2.00
9.00
9.00
9.00

- 00
SO0 ® .
SS8388°eeeLeSy,

©00060

15
&

®
&
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CLEAN OIL TANK
GRAVITY, °API

SLURRY MIXING TANK
VISCOSITY, CP @ 150 F ¥

VACLLM STILL OVERHEAD
GRAVITY, °APIX

IBP, °F (ASTHM D-1160 MODIFIED)

ote vy
VV %
50 V %
720V %
90 V %
FBP
V%@ 400 °F
V % @ 650 °F
CARBON, U %
HYDROGEN, U %
NITROGEN. U %
SULFUR, U %
IBP-650 °F
GRAVITY, °API
650 °F+

GRAVITY, °API

SLURRY HF\S. NON-NEWTONIAN PROPERTIES.

DATE OF FINAL REPORT

PAGE S OF 7
4R 4B
0.00 ©.00
0.00 ©0.00
.00 0.00

0.0 8.0
0.0 284.0
4.5 4.3
0. Q.
0. o.
Q. 0.
Q. o.
0. Q.
0. Q.
0. 0.
0.00  0.00
0.00  0.00
0.00 ' 0.00
0.00 0.00
0.00 .00
0.00 .04 .
0.0 0.0
0.0 0.0

& AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 6-100 RPM. THE

5 A

o6
888

o [
o (-

W
©

OOOOOOS-

©55506
OO
06‘0088

©
&

®
®

i1/12779

5B

?.8

B

W
~

o .OO0669
> =000 :
o> 663388999998

®
®

6 A

oo
888

9.0

59 R

.

sooels
888888

®
®

®
Y

? A

sose0S
888888

8.0
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SALLAISUED NYINULINAIN-HUN S92 Aidil IS

3HL "UR! 001-9 UV SITBA ALISOOSIA A BIAN00H 40 3DUNIAY X

PERIOD

VACLARY STILL. BOTTONS
U % OF VACULIM STILL FEED
TOLLENE SOLURLE, U %

NON-ASH TOLUENE INSOLURLE, W %

ASH, U %

UNREARCTED COAL, U % (EST.)
TOLUENE INSOL
CARBON, U X%
HYDROGEN, U %
NITROGEN, U %
SULFUR, U %
ASTM ASH, U X
COKEZASH RATIO (DiF EXTR.)
DIF~-SOLUBLE, W %
VISCOSITY, CP @ 5§00 °F X
VACULM DISTILLATION

I1BP, °F (ASTM D-1160 MODIFIED)

DISTILLATE TO 976 F, U %

I1BP-975 °F
GRAVITY, °RPI

HYDROCL.ONE OVERF1.OU
GRAVITY, °API

IBP, °F (ASTM D-1160 MODIFIED)

10 vV i

30V %

6O V %

70V %

END POINT

V % @650 °F

VvV % @ END POINT

ASH, U %

RESIDUE AND SOLIDS, W %

HYDROCLONE UNDERFLOW, ASH, W %
HYDROCLONE FEED, ASH U X

FILTER CAKE

W % OF FEED TO FILTER

TOLUENE EXTRACTION OF CAKE
SOLLBLE, U %
NON-ASH INSOLUBLE, U %
ASH, U %
INSOLUBLE RESID., U X
UNREACTED COAL., W ¥ (EST.)

DI'F - EXTRACTED CAKE
ASH (OIL FREE), W %

0 - 6 LIQUID
GRAVITY, °API

0 - 12 LIQUID
GRAVITY, °API

. RESID. W % (EST.

)

DATE OF FINAL. REPOIKKT
PAGE 6 OF ?

4A

o
[]

o O oO00050600066¢
o 8° 888885888888k

[
®-
- @

® & 66666

G © ooo5s o Soo¢
~ & 88888 8 8§ & B38s8geses

¢
®

4B

60.65
52.62
2?7.4?

19.91

10.01
-1?7.46
9.60
0.00
0.00
2.19
19.64
68

67.71
600.0

0.0

-13.0

481.
685

7a?.
884.

975.00
22.80
66.30
48.28
11.54

10.53

26.69
30.18
26.34
43.48

4.49
21.85

£9.68
13.6

14.9

8 F

9900099_@0-@009
o
[~

® & ooo06
o
[~

©o505 ©
88888 8

11712779

68

64.45
66.73

18.01
11.74
13.686

0.00

0.00
2.19
£0.74
.68
68.95
€80.0

6 A

.00

e -

- - - -
® 888888888

® & 65556
[
[~

®
Q

.00
.00

6666 ©

.00

0.00

12.0

0.0

-
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® . )
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©
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g 85888 8
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11.3
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PAGE 2?7 OF 7
PERIOD 4A 4B S A € B 6 R
BATCH DISTILLATON OF VACLARY
BOTTOMS SLARRY PRODUCT
VACLAK? DISTILLATION
FINAL VAPOR TEMP. °F 0.00 390.0¢ 9.00 485.90 9.00
PRESSURE, TORR 0.00 3.00 9.02 2.60 9.90
DISTILLATE, L % OF VACIAM
BOTTOMS SLURRY .0.02 10.38% 0.6 12.8?7 9.920
SULFLR, W % 0.00 .16 9.00 .22 0.00
CALCULATED COMPOSITION OF SOLIDS-FREE OIL
IN VACUUM BOTTOMS SLURRY PRODUCT, U %
BATCH STILL DISTILLATE FROM -
{ SLURRY PRODUCTS 9.00 15.97 0.60 17.79 .00
‘BATCH STILL RESID., FROM FILTRATE ©.00 84.03 0.00 82.21 .00
CALCULATED COMPOSITION, W %
SULFUR, W % 0.02 .37 0.00 .45 .
CALCULATED COMPOSITION OF X
400 °F+ LIQUID PRODUCT, U %
ATMOSPHERIC STILL. OVERHEAD 0.00 42.40 2.00 34.80 9.90
ATMOSPHERIC STILL. BOTTOMS 0.00 . 19.50 .00 10.60 8.90
NET VACLUM STILL OVERHEAD .00 -9.82 9.00 .60 .90
VACUUM STILL BOTTOMS, .
SOLIDS FREE OIL IBP-975 °F 0.00 3.60 9.0 5.40 8.00 -
975 ‘F+ 0.00 44.30. .00 48.50 .90
CALCUI_ATED COMPOSITION, U %
SUWLFUR, W % 0.00 .40 0.0 .46 9.90
SULFUR (ACTUAL), W % . 0.00 0.90 9.0 2.00 0.90
VISCOSITY (ACTUAL),SSU @ 250 °F 0.00 0.00 0.00 0.00 2.0

DATE OF FINAL REPORT!

11782779

X THIS COMPOSITION IS BASED ON THE MATERIAL BALANCE FOR THE PERIOD AND AN ASSLAED
RATIO OF 1.6 PARTS OIL PER PART SOLID IN VACUALM BOTTOMS, WITH THE OIL

7?60

Q?P o0 6806
OO® ©
oee Og 888

CONSISTING OF 4 PARTS RESID AND 1 PART DISTILLATE. SWLFUR CONTENT IN 400 °F+ FRACTION
OF ATMOSPHERIC STILL BOTTOMS IS ASSUMED TO BE 9.16 WX FOR CASES LMHERE SULFUR ANALYSIS

IS NOT AVAILABLE.
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SUMTMARY OF NORMAL.IZED YIELDS

L

RUN NUMBER 130-88
COAL ILLINOIS 36 (HRI 4004). :
CATALYST * AMERICAN CYANAMID HDS 1442A, 1/16° EXTRUDATES (HRI 3830)

PERIOD . : 4A 4B SA SB 6 A 7A

OPERATING CONDITIONS
HOURS OF RUN - BEGINMING . 52.00 64.00 76.00  B88.00 100.00 107.00
" END

. 64.00 76.00 £88.00 100.00 107.00 117.00
CATALYST AGE (END AVERAGE), LB DRY COAL1B 323.4 399.4 437?.9 6514.0 S536.1 S86.6
CATALYST ADDED, CUMULATIVE

LBS/TON DRY COAL .90 7S .96 .84 .91 .85
COAL. FEED (DRY), LB/HR/CU.FT. REACTOR VOLIME ?76.88 76.63 ?7?2.24 .76.35 7?77.45 60.55
AVERAGE REACTOR TEMPERATURE, °F 84S. 846. 845. 845. 765. 793.
UNIT BACKPRESSURE (UNIT BP), PSIG - - ee6ea. 264S8. 2631. 2617?. 8594, 2614,
H2 PARTIAL PRESSURE, PSIG 1789. 17722, 176S. 1843. 1844. 1958,
OIL/SOLID RATIO (SLURRY TANK), LB1.B SOLIDS 1.89 1.82 1.75 1.84 1.89 1.24
H2 INLET RATE, MSCF/TON DRY COAL 36.7? 3?.20 36.68 37.83 36.68 32.07
RECYCLE GAS, MSCF/TON DRY COAL ' 21.45 @&2.61 22.30 21.99 21.70 24.14

YIELDS, WT% OF DRY COfL .
Cco,coz 8.00 .82 © .75 .76 0.00 0©0.00
C1-C3 HYDROCARBONS IN GASES 0.00 6.49 6.03 6.03 ©.00 | 0.00
C4-C? HYDROCARBONS IN GASES 9.0 3.04 6? a.6? 0.00 0.00
IBP-400 °F NAPHTHA 0.60 13.25 11.44 11.44 0.00 0.00
400-650 °F DISTILLATES "0.03 © 10.97 10.47 10.4? 0.00 0.00
650-975 °F DISTILLATES .00 10.8s 9.19 9.19 0.00 0.00
975 °F+ RESIDUAL OIL : ’
TOLUENE SOLUBLE 0.60 23.86 27.40 @a7.40 0.00 ©0.00
TOLUENE INSOLUBLE . 0.63 ft.02 8.82 8.82 0.00 0.00
UNCONVERTED COAL 0.00 6.21 ?2.61 ?7.61 0.00 0.00
ASH 0.00 12.49 11.71 11.74 0.00 0.00
H20 (NET) 0.00 4.29 6.47 6.47 0.00 0.00
NH3 (FORCED NITROGEN) 0.00 .26 .24 .24 0.00 0.00
H2S (FORCED SULFUR) 0.00 a.oa 1.9? 1.9?2 0.00 0.00
TOTAL 0.00 103.97 103.78 103.78 0.00 0.00
CHEMICAL HYDROGEN CONSLEPTION
MSCF/TON DRY COAL 0.09 9.00 ©0.00 0.00 0.00 0.00
COMPOSITION OF 400 °F+ FUEL OIL, WT@KX .
ATMOSPHERIC STILL. OVERHEAD .00 42.40 0.00 34.90 0.00 0.00
ATMOSPHERIC STILL BOTTOMS 0.00 19.50 9.00 10.60 0.00 9.00
NET VACULIM STILL OVERHEAD 0.00 -9.80 0.00 .60 0.00 0.00
VACULM STILL BOTTOMS,
_ SOLID FREE OIL! IBP-975 °F - ° 0.00 3.60 0.00 5.40 0.00 0.00
. 978 °F+ . 0.0 44.30 0.00 48.59 0.00 0.00
SULFUR, WT% 9.00 0.00 0.00 0.00 0.00 0.00
VISCOSITY, SSU @ 250 °F 0.00 0.00 0.00 0.029 .00 0.00
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iNlT 130 - H-COAL. OPERATIONS ON IAINOIS & & (HRI 4064)

DATE OF FINAL REPORT!
PAGE 1 OF 7

CATALYST: AMERICAH CYANAMID HDS-1442A, 31/16° EXTRUDATES (HRI 3830)

REACTOR VOLL¥IE: 4.47 CUBIC FEET
RUN NUMBER 3132~ 88
PERIOD

DATE (END OF PERIOD), 1979
HOURS OF RUN -~ BEGINNING
_END

CATALYST INVENTORY, END, LBS
CATALYST ADDED, LBS
CATLYST UWITHDRALN, LBS X

CATALYST AGE (END), LB DRY COALB

AVERAGE (BASIS)

ORIGINAL. CHARGE (BASIS)
CATALYST ADDED, CLMLATIVEXE

LBS/TON DRY COAL

CATALYST UITHDRALALS
"UITHDRAUAL, OIL LADEN, LBS
oIL, U %

MOLYDENLM (OIL FREE), WX X'

COAL. FEED (DRY)

LBS/HR-CU FT REACTOR VOLLFE

MOJSTURE U % (COAL SAMPLE)
 ASH, L (DRY COAL)

RECYCLE FLOUS, LBS/LB SOLIDS
ATHMOSPHERIC STILL BOTTOMS
VACUUM STILL. OVERHEAD
INVENTORY CHANGE
HYDROCLONE OVERFLOW (OIL).
MAKE-UP OIL

TOTAL

TEMPERATURE, °F
COAL. PREHEATER OUTLET
REACTOR LIQUID PHASE, ::XXG

SEPARATOR-2° ( @ 12* SKIN)
HYDROCLONE OVERFLOU
VACUUM STILL FLASH ZONE

PRESSURE
UNIT BACK PRESSURE, PSIG
HYDROGEN MAKE-UP, PSIG .

HYDROGEN PARTIAL. PRESSURE, PSIG
SEPARATOR)

(REACTOR OUTLET -~
VACULRT FLASH, TORR

?8

787,
846.
856.
fal.

491, °

607.

£604.

a76a. .

1719.
3.

8A

713
129.00
141.00

" 81.01
€.9?
€.05

629.8
832.0

1.03
13.62

£5.10
6.4?

79.24
4.13
&.00

495,

2650.
esia.
1683,

a.

8B
?/14
141.00
153.00
51.01
"0.00
.00

714.1
811.9

.94

519.
£s18.
2743,

1651,
3.

11712779

8 A

2715
163.00
163.00

§1.09
6.16
.08

698.6
972.6

-
-
[

oBs
o b
QU":

-

o3

coc660
OO0
SS8888 8xd

10 A 1e B
72715 27 ?
163.09, 166.00 -
166.00 178.00
51.09 &1.09
9.00 0.00
0.00 0.00
7068.7 7687.5
980.7 1041.6
1.09 1.02
0.00 0.00
0.00 0.00
0.00° 0.00
33.40 62.09
4.60' :4.60
0.00 10.75
9.00 10.00
0.00 0.00
9.00 0.00
9.00 0.00
0.00 0.00
0.00 2.00
795, 795.
?286. 8as.
790. 833.
763. ?97.
488. 487.
468 . 498.
2700. P60
a775. 270s
e214. 2099.

0. 3.
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DATE OF FINAL REPORT: 11/12/79
PRGE 2 OF 7?7

PERIOD ?B 8 A 88 9A 10A 10B
RECYCLE GAS, MSCF/TON DRY COAL 23.26 22.01 21.64 @23.20 50.99 2£8.51
VENT GAS, MSCF/TON DRY COAL 5.0 3.62 3.60 .2.95 6.42 A4.05

" HYDROGEN PLRITY : -

OF RECYCLE GAS AND VENT, % 81.91 88.87 B4.66 B87.40 94.10 94.09
TOTAL H2, MSCF-TON DRY COAL
(REACTOR OUTLET) : 25.68 25.00 22.98 26.35 61.33 35.66
HYDROGEN, MAKE-UP + RECYCLE _
MSCF/TON DRY COAL 372.15 36.23 35.46 38.47 76.62 46.65
PARTIAL PRESSURE, PSIG(INLET) 2485. @26339. &se2. 2579, 2684. 2625.
HYDROGEN CONSUMPTION (1)
MSCF-TON DRY COAL 11.47 11.22 12.48 12.12 15.29 10.99
W % DRY COAL : - 3.4 2.98 3.31 3.e22 4.06 2.9
OIL ADDITIONS , : - . ~
MAKE-UP OIL, LBS/LB DRY COAL 000 ©.00 0.00  0.00 ©0.00 0.00:
LBS/HR/CU FT REACTOR 2.00 0.00 ©0.00 ©0.00 ©.00 .0.00
FLUSH OIL,LBS/LB DRY COAL .003 .002 .002 .003 .006 .003
COLLECTED PRODUCT GUANTITY, W % DRY COAL
ATMOSPHERIC STILL OVERHEAD 26.27 13.98 19.15 &27.64 17.68 &5.11
ATHOSPHERIC STILL BOTTOMS (2) -8.53 10.28 3.20 -7.01 24.62 -14.01
VACUUM STILL OVERHEAD (2) -2.38  3.19 95 -2.23 1§5.43 -6.42
VACUUM STILL BOTTOMS 72.61 B2.44 60.70 67.26 ©.00 B84.35
HYDROCLONE UNDERFLOU 0.00 ©0.00 000 0.00 0.00 ©0.00
H20 2.62 14.601 ?2.39 6.62 3.60 1.65
C1-C3 465 ©0.60 4.65 ©.00 0.00 0.00
C4-C? ~ 1.04 ©0.00 1.04 ©0.00 ©0.00 ©0.00
H2S IN GASES 1.33 © 0.00 1.33 0.00 0.00 0.00
cO2 & CO .89 ©.00 .89 ©0.00 ©0.00 0.00
INPUT QUANTITIES, L % DRY COAL :
DRY COAL 100.00 100.00 100.00 100.00 120.00 100.00
MOISTURE IN FEED COAL 4.29  4.31 4.32  4.32  4.82  4.82
MAKE-UP OIL ADDITIONS .00 ©0.00 ©.60 ©0.00 0.0 0.00
FLUSH OIL .26 .24 .24 .26 .64 .30
HYDROGEN REACTED (1) 3.4 298 3.31 3.ea 4.6 2.92
TOTAL 107.59 107.53 107.8?7 107.80 129.52 108.04
COAL CONVERSION, W % M.A.F. COAL :
TOLUENE CONVERSION (3) 92.78 ©.00 92.34 ©0.00 - 0.00 92.41
DMF CONVERSION (4) 91.22 ©.00 91.57 0.8 0.00 92.14

(1) BASED ON ORIFICE FLOUS FOR HYDROGEN, METERED FLOWS FOR OTHER GASES AND ANALYSES.
(2) NEGATIVE VALUES INDICATE DECREASES IN INVENTORY OF SLURRY OIL HOLDING TRN(

(3) BASED ON FILTRATION OF PROUCT SLLRRY FED TO VACUUM STILL.

(4) BASED ON EXTRACTION OF VACUUM BOTTOMS PRODUCT.
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DATE OF FINAL REPORT: 11/42/79
PAGE 3 0F 7

PERIOD 7?8 8A 8B 9A 10a 188
NORMALIZED NET PRODUCT DISTRIBUTIONKIS
W % OF DRY COAL
co, coz .60 ©0.00 ©.98 ©.00 ©.00 9.90
C1-C3 HYDROCARBONS IN GASES 0.00 0.00 0.0 0.20 0.00 0.00
C4-C? HYDROCARBONS IN GASES 0.60 0.00 0.00 ©6.20 0.00 ©.00
1BP-400 °F NAPHTHA 0.00 0.00 0.2 0.20 0.00 ©.00
400-650 °F DISTILLATES 0.00 ©0.00 0.6 6.20 0.00 0.00
€50-975 °F DISTILLATES .00 0.00 ©0.00 ©0.20 0.00 0.00
975 *F+ RESIDUAL OIL
TOLUENE SOLUBLE 0.0 ©0.08 0.00 0.0 0.00 ©.00
TOLUENE INSOLLIBLE 0.00 0.00 ©0.06 - 0.06 ©0.00 0.00
UNCONVERTED COAL .00 ©0.00 ©0.00 ©6.60 0.00 0.00
ASH .00 0.00 0.006 0.00 ©0.00 0.00
H2O (NET) .60 ©0.00 0.60 003 ©.00 6.00
NH3 (FORCED NITROGEN) 0.00 ©0.00 0.00 ©.60 ©0.00 ©.00
H2S (FORCED SULFUR) 0.00 0.92 ©0.60 ©.00 .0.00 .00
TOTAL (160 +. HYDROGEN REACTED) .00 ©.08 ©0.00 ©0.60 ©.00 ©0.00
FILTERED LIQUID¥X
GRAVITY, *APT . -11.? 0.0 -12.8 0.0 0.0 -11.9
IBP, °F (ASTH D-1160 MODIFIED) 674. e.  657. é. e.  666.
10 V % . 679. e.  699. e. °. &2
3BV % 793. o.  795. e. e. 735,
50 V % 975 e.  975. a. 0. 905,
V% o o. 0. a. o. o.
90 V % Q. °. 0. a. 0. 0.
FBP 97s. 8. 975, a. e. 975,
V% @ 400 °F 0.00 ° 0.00 0.60 0.0 @080 0.00
V % @ 650 °F 6.00 0.00 6.0 0.09 .00 12.00
V % AT 975 °F £0.60 0.00 £0.00 ©.03 ©.00 65.00
SULFUR, U % 32 0.00 .55 ©0.03 ©.00 .56
W% 975 F+ 83 77 0.0 313 0.09 0.0 48.29
U % SULFUR IN 975 °F+ 0.0 79 0.09  0.00 .98
U % NITROGEN IN 976 °F+ 000 .06 o048 008 6es o 00

X AST DISTILLATION CUT POINT

*x FOR PERIODS 14 TO 22 FILTRATION OF HYDROCLONE LNDERFLOL UAS CARRIED OUT UITH THE
ADDITION OF ATMOSPHERIC STILL BOTTOMS FROM RUN 138-82-16A AS PUSHER (TWO WEIGHTS OF
HYDROCLONE LNDERFLOW FER ONE LEIGHT OF ATMOSPHERIC STILL BOTTOMS). DISTILLATION DATA
ARE FOR DILUTED SOLIDS-FREE LIGUID. GRAVITY, SLLFUR, AND 975 °F+ DATA ARE FOR
UNDILUTED SOLIDS-FREE LIGUID OF HYDROCLONE UNDERFLOU.

# PERIODS 3AB,11B,17B,AND 19B ARE WORKUP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCLAATION
OF NORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION
VALLES FROM WORKUP PERIODS LERE USED.

# IDENTICAL VALUES FOR A AND B PERIODS INDICATE THAT THE DATA

WERE ACTUALLY FOR THE COMBINED A-B PERIOD,
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PERIOD 7?8 8 A 8B 9A 10 A 1ie b
ATMOSPHERIC STILL. OVERHEADX i
GRAVITY, °*API c8.0 1.2 1.2 28.7 0.0 £6.0
1BP, *F (ASTH D-86) 152. 132. 132. 160. Q. 142.
10 VW % esa. cos. eo8. a24. Q. 248.
30V % 334. e88. 268. 326. 0. 340.
60 V % 386. 352, 353. 382. o. 392.
70V % 428. = 400. 400. 4124. Q. 426,
g0 vV % 486. 466. 466. 496. 0. 466.
FBP . . 642, 803, 604 . 858, Q. €13.
V % @ 400 °F 6£5.00 70.00 70.00 §9.00 0.0¢ §4.00
V % 8 650 °F 100.00 100.00 100.00 100.00 0.00 10¢.00
CARBON, U % 2.00 0.00 0.02 0.00 0.08 €.00
HYDROGEN, U % 0.00 0 20 o.00 0.00 0.00 €.00
NITROGEN, U % 2.00 9.060 0.00 0.00 0.00 €.00
SULFUR (H2S FREE), U % 0.00 2.03 0.00 '2.00 0.00 .00
1BP-400 °F
GRAVITY, °*API 37.4 36.7 36.7 36.8 0.0 as.2
SHLFUR (H2S FREE), U % 0.00 0.00 9.00 9.00 9.00 ©.00
400 °F+ :
GRAVITY, °*API 172.9 18.3 18.3 19.3 0.0 16.9
SULFUR (H2S FREE), U X 20.00 '9.00 0.00 9.60 0.00 0.00
ATMOSPHERIC STILL BOTTOMS

CRAVITY, °*API 9.4 10.1 10.1 10.1 8.9 8.9
IBP, °*F (ASTM D-86) 438. . 0, 4309. 0. Q. 390.
10V % 468. 9. 476. 0. 0. 464.
30 V % 500. 0. 612 0. 0. 498.
60 V % 834. Q. gse 0. 0. £30.
70V % S83. 0. £00. 9. 0. 870.
90 V % 696. 0. 720, 0. 9. 644.
FBP 218, 0. 769. 9. -0, 210.
V% 8 400 °F 0.00 0.00 0.00 9.00 0.00 9.00
V % @650 °F 86.00 0.00 83.00 0.00 2.00 9..00
CARBON, W % 0.00 9.00 8.00 0.00 0.00 9.00
HYDKOGEN, U X% - 0.00 0.00 0.060 0.020 0.00 9.00
NITROGEN, U % 0.00 0.00. .00 0.00 0.00 8.00
SULFUR, U .10 0.00 .08 0.00 0.00 .06
IBP-650 °F
GRAVITY, °*API . 2.0 0.0 0.0 0.0 0.0 0.0
650 °F+ )
GRAVITY, °API 0.0 0. 0 . e.0 0.0 0.0 0.0

¥ IDENTICAL VALUES FOR A AND B PERIODS INDICATE THAT. THE Dﬂ‘l’ﬂ
LERE ACTUALLY FOR THE COMBINED A/B PERIOD.
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PERIOD

LARTER
CARBON, U X
AMHONIA, W %
SULFUR, W %

CLEAN OIL TANK
GRAVITY, °API

SLURRY MIXING TANK
VISCOSITY, CP @ 160 °F X

VACLLIM STILL. OVERHEAD

GRAVITY, °API
IBP, °F (ASTM D-1160 MODIFIED)
iovx

) 30V K

L 50 V %
70V %
90 V %
FBpP
Vi@ 400 °F
V % @ 650 °F
CARBON, U %
HYDROGEN, U %
NITROGEN, W %
SUALFUR, W %

IBP-650 °F
GRAVITY, °API

65e °F+
GRAVITY, °*API

SLURRY HAS NOM-NEWTONIAN PROPERTIES.

DATE OF FINAL REPORT) $1,12/79
PAGE 5 OF 7

7B . 84 88 9 A

.00 ©0.00 ©.08 ©.00
.00 0.60 0.00 0.00
e 9.00 ©.00 0.00
7.6 0.0 8.4 0.0
325.0 0.0 1660.0 0.0
3.4 2.7 2.8 0.0
. . o, 0. 9,
o. °. 6. o.
°. 0. °. o.
o. 0. 0. o,
°. °. o. 0.
o °. o. o.
o. o. °. °.
.00 ©.00 ©0.00 ©.00
0.00 ©.00 0.0 ©.00
.00 0.00 0.00 ©.00
.00 ©0.00 0.00 0.08
0.00 0.00 000 0.08
16 0.00 6 0.00
0.0 0.0 0.0 e.¢
0.0 2.0 8.0 0.0

¥ AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 5-100 RPM. THE
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PERIOD 7B 8A 8B 9A 10 A 10 B
VACULM STILL BOTTOMS .
W.% OF VACLARY STILL. FEED 73.64 68.99 75.05 73.84 0.00 69.00
TOLUENE SOLUBLE, W X% $7.91 9.20 50.68 ©.00 0.00 S?2.76
NON-ASH TOLUENE INSOLUBLE, W X 25.60 0.00 29.27 0.00 0.00 26.34
ASH, U % 6.49 .00 2o.0s 8.00 0.0 15.
UNREACTED COALL, U % (EST.) 9.59 ©.00 1i2.21 .00 9.0 10.062
TOLUENE INSOL. RESID. W X (EST.) 16.01 0.00 17.06 0.00 . .00 16.32
.CARBON, W % 0.00 0.00 0.00 0.00 0.00 0.00
HYDROGEN, W % 0.0 0.00 0.20 .00 2.00 e.00
NITROGEN, W % 2.00 0.00 0.00 0.00 . 0.00 2.00
SULFUR, W % 2.19 0.00 2.32 0.00 ©.00 2.33
ASTM ASH, W % 16.67 .00 20.26 9.00 0.00 16.41
COKE-/ASH RATIO (DMF EXTR.) 71 0.00 .67 0.00 0.00 .65
DMF-SOLUBLE, W % .o ?1.55 0.00 66.70 0.00 0.00 73.72
VISCOSITY, CP @ 600 1 X PRR.O Q. 1460.0 °© 0.0 0.0 946.0
VACUUM DISTILLATION
IBP, °F (ASTM D-1160 MODIFIED) 9. Q. Q. Q. o 0.
DISTILLATE TO 875 *F, W % _ 0.00 ©.00 0.20 9.00 0.00 0.02
1BP-975 °F : :
GRAVITY, °API 0.0 9.9 0.0 0.0 0.9 9.9
HYDROCLONE OVERFLOUW
GRAVITY, °“RPI ~16.9 a.a -20.6 -17.? 0.0 -14.2
IBP, °F (ASTM D-1160 MODIFIED) 472. 0. 469. -0. 0. 4Y¥ca.
16 v % S69. Q. 607. 0. 9. S80.
30 V % ' ?10. 0. 794. 0. Q. 680.
g0 V % : 0. 0. Q. 0. Q. 86S.
70V % Q. Q. Q. o. Q. 0.
END POINT , 975.00 0.00 975.00 0.00 0.00 975.00
V % 8 650 °F 22.00 0.%0 15.00 0.09 3.00 24.00
V % @ END POINT 51.€0 .00 45.75 0.00 0.¢0 59.60
ASH, W % : : ’ ?2.83 - 0.00 10.37 0.00 0.00 6.94
RESIDUE AND SOLIDS, W % §5.16. ©@.e0 62.41 0.02 0.00 50.56
HYDROCLONE UNDERFLOW, ASH, W X 12.9 0.00 13.89 0.00 0.00 8.19
v .
HYDROCLONE FEED, ASH W % 11.05 0.00 13.30 - 0.00 0.00 8.47
FILTER CAKE
W % OF FEED TO FILTER 29.00 .00 33.20 9.00 6.00 @27.81
TOLUENE EXTRACTION OF CAKE
SOLUBLE, W % 24.73 0.00 24.01 0.00 0.00 31.82
NON-ASH INSOLUBLE, W % 30.3S 0.00 31.79 0.020 0.00 &29.486
ASH, W % 44.92 0.00 44.20 0.00 0.00 38.72
INSOLUBLE RESID., W % 4.23 .00 4.88 .00 0.00 §.06
UNREACTED COAL, W % (EST.) 26.12 0.00 @26.91 0.00 0.00 24.40
DMF - EXTRACTED CAKE
ASH (OIL FREE), W % 58.59 0.00 59.88 9.00 ©.00 60.50
0 - S LIQUID
GRAVITY, °API 11.7 11.3 11.5 11.5 11.6 11.6
0 - 12 LIQUID
GRAVITY, °API 0.0 12.3 0.0 0.9 0.0 10.8

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 6-100 RPM. THE
SLURRY HAS NON-NEWTONIAN PROPERTIES.

177
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PERIOD 78 8A 88 9A 10 A 10 b

BATCH DISTILLATON OF VACUARM
BOTTOMS SLLRRY PRODUCT
VACULM DISTILLATION

FINAL VAPOR TEMP. °F 470.00 .00 448.00 9.00 . 9.00 415.90
PRESSURE, TORR 2.60 0.00 2.08 .20 + ©.00 2.
DISTILLATE, W % OF VACLLM
BOTTOMS SLURRY 5.66 0.00 9.58 ©.00 9.0 9.14
SULFUR, W % .30 0.0 .89 .00 0.00 .39
CALCULATED COMPOSITION OF SOLIDS-FREE OIL
IN VACULIM BOTTONS SLURRY PRODUCT, U %
BATCH STILL DISTILLATE FROM- o ’
SLURPRY PRODUCTS - 2.99 . ©0.00 14.32 9.00 9.00 12.40
BATCH STILL. RESID. FROM FILTRATE 92.09 .0.22 85.68 9.00 9.00 87.60
CALCULATED COMPOSITION, UW %
SUWFUR, W % o .85 - @.90 .73 0.00 9.00 .9
4
CALCULATED COMPOSITION OF - X
. 402 °*F+ LIQUID PRODUCT, W %
ATMOSPHERIC STILL OVERHEAD 9.00 0.00 30.35 9.90 .00 0.00
ATMOSPHERIC STILL BOTTOMS Q.00 0.00 15.68 0.00 8.00 0.00
NET VACUUM STILL OVERHEAD .00 Q.00 3.34 0.00 .00 ©.00
VACULIM STILL BOTTOMS, .
SOLIDS FREE OIL» IDBP-975 °F 0.00 9.00 0.00 9.00 0.00 0.00
] 975 F+ 0.20. 0.00 EO.74 .90 @.00 .00
CALCULATED COMPOSITION, W X .
SULFUR, W % Q.00 8.00 .46 9.00 .00 .00
SULFUR (ACTUAL), U X% . 0.00 0.090 0.09 9.60 ©.20 90.008
VISCOSITY (ACTUAL),SSU @ 850 °F ©.00 0.00 0.00 .60 ©.00 09.00

X THIS COMPOSITION IS BASED ON THE MATERIAL BALANCE FOR THE PERIOD AND AN ASSLPED
RATIOC OF 1.5 PARTS OIL PER PART SOLID IN VACULM BOTTOMS, WITH THE OIL :
CONSISTING OF 4 PARTS RESID AND § PART DISTILLATE. SULFUR CONTENT IN 400 °F+ FRACTION
OF ATHOSPHERIC STILL. BOTTOMS IS ASSUMED TO BE 0.15 WX FOR CASES WHERE SULFUR ANALYSIS

IS NOT AVAILABLE.
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SUMMARY OF NORMALIZED YIELDS

RUN NMBER 130-88
COAL. ILLINOIS 86 (HRI 4004)
CAT.YST AMERICAN CYANAMID HDS 1442A, 116" EXTRUDATES (HRI 3830)
+ERIOD 28 8 A 88 9A 10 A 10 B
OPERATING CONDITIONS .
HOURS OF RUN - BEGINNING . 117.00 129.00 141.00 153.00 163.00 166.00
END 129.00 141.00 153.00 163.00 166.00 178.00

CATALYST AGE (END AVERAGE), LB PRY COALAB 658.7 639.2  714.1 698.5 786.7 767.5
CATALYST ADDED, CLMULATIVE

LBS/TON DRY COAL . 1.03 .94 1.10 1.09 1.02
COAL. FEED (DRY), LB/HR/CU.FT. REACTOR VOLIME 72.14 75.24 76.40 73.49 33.40 62.09
AVERAGE REACTOR TEMPERATURE, °F 846. 850. 849. 847. 786. 825,
UNIT BACKPRESSURE (UNIT BP), PSIG 2604. 2650 . 2518, a2592. 2700, 2600,
H2 PARTIAL PRESSURE, PSIG 1219, 1683, 1661, 1661. a214. 2099.
OIL-SOLID RATIO (SLURRY TANK), LBAB SOLIDS 1.72 1.59 1.64 0.09 0.00  0.00
He INLET RATE, PMSCF/TON DRY COAL 32.15§ 36.23 35.46 3B.4? 76.62 46.55
RECYCLE GAS, MSCF/TON DRY COAL . 23.26 &22.e1 21.64 23.20 650.99 28.51

YIELDS, WT% OF DRY COAL
co,coa 9.63 0.00 0.80 0.00 0.0 0.00
. C1-C3 HYDROCARBONS IN GASES 0.00 9.00 0.00 0.00 0.00 0.00
€C4-C? HYDROCARBONS IN GASES 0.09 9.20 0.00 0.00 0.00! 0.0
IBP-400 °F NAPHTHA 0.00 9.00 0.0 0.00 0.00 0.00
400-6506 °F DISTILLATES 0.20 0.00 0.00 0.00 0.0 0.00
650-975 °F DISTILLATES 9.00 9.00 0.20 0.00 0.00 0.00
975 °F+ RESIDUAL OIL
TOLUENE SOLUBLE 0.00 Q.00 0.00 0.00 0.00 0.00
TOLUENE INSOLUBLE 0.00 0.00 0.0 0.00 0.00 0.00
UNCONVERTED COAL 0.00 0.00 0.00 0.00 0.00 0.00
ASH 0.00 0.00 0.00 0.00 0.00 9.00
H20 (NET) 0.0 0.00 0.00 0.00 0.00 0.00
NH3 (FCRCED NITROGEN) 0.00 3.00 0.00 0.00 0.00 0.00
H2S (FORCED SULFUR) 0.9 0.00 0.90 .00 0.09 0.00
TOTAL 0.0 8.00 0.0 0.00 0.00 0.00
CHEMICAL. HYDROGEN CONSLEPTION
MSCF/TON DRY COAL 0.00 9.00 0.00 ©.00 0.00 0.00
COMPOSITION OF 400 °F+ FUEL OIL, WTKKX
ATMOSPHERIC STILL OVERHEAD 0.00 2.00 30.36 0.20 0.00 0.00
ATMOSPHERIC STILL BOTTOMS 0.00 0.00 15.56 0.0 0.00 0.00
NET VACUUM STILL OVERHEAD 0.00 0.00 3.34 0.00 0.00 Q.00
VACUUM STILL. BOTTOMS, )
SOLID FREE OIL: IBP-975 °F - 0.00 0.00 0.00 0.00 0.00 .00
975 °F+ 0.00 0.00 50.74 0.00 0.00 0.00
SULFUR, WT% : 0.00 0.00 0.00 0.00 0.00 0.00
VISCOSITY, SSU @ 250 °F 0.00 0.20 0.00 0.00 0.00 .00
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CATALYST1 AMERICAN CYANAMID HDS-1442A, 1/16° EXTRUDATES (HRI 3830)

REACTOR VOLIME: 4.17 CUBIC FEET
RUN NMIMBER 3130- &8

PERIOD 11A 118 12A 2B 13 A 13 B
DATE (END OF PERIOD), 1979 2746 4?7 2?7?48 /18 /19
HOURS OF RUN - BEGIMNING 178.00 193.20 202.00 214.080 226.00 238.00
END 190.00 202.20 214.00 226.00 238.00 250.00
CATALYST INVENTORY, END, LBS 6§1.2?7 61.27 63.59 63.59 44.37 44.37
CATALYST ADDED, LBS 3.9 9.0 2.32 0.00 0.0 0.00
CATLYST WITHDRALIN, LBS X 3.01 .28 ©.00 0.0 9.22 0.00
CATALYST -AGE (END}, LB DRY COANLANB .
AVERAGE (BASIS) 791.8 867.6 901.6 973.3 €052.0 1140.8
ORIGINAL CHARGE (BASIS) 1112.3 1193.0 1267.3 1339.1 1417.8 1606.6
CATALYST ADDED, CLMUATIVERX
LBS/TON DRY COAL 1.0? 1.00 1.01 .95 .90 .85
CATALLYST UWITHDRALIALS
UITHDRALAL, OIL LADEN, LBS 6.6?7 ©0.00 ©0.00 .00 19.85  0.00
OIL, U % 30.17 - 0.60 .0.00 ©0.00 22.85 0.00
MOLYDENUM (OIL FREE), W % X 6.43 0.00, ©.00 .20 '6.17 ©0.00
COAl. FEED (DRY) )
LBS/HR-CU FT REACTOR VOLLFE 76.88 772.81 76.7? 76.85 7?772.5? 78.75
MOISTURE W % {(COAL SAMPLE) 464 4.48 4.33 4.8 6.24 6.30
ASH, W (DRY COAL) ‘ 0.00 10.87 ©.60 11.29 ©.00 11.40
RECYCLE FLOUS, £BS1.8 SOLIDS
ATNOSPHERIC STILL BOTTOMS .62 .62 .56 .53 .58 .56
VACULK STILL. OVERHEAD .38 .33 .29 .23 .9 .12
INVENTORY CHANGE 0? -.65 ~.04 .84 -.09 .08
HYDROCLONE OVERFLOW (OIL) .78 - €8 .76 .?? .79 .79
MAKE-UP OIL .00 ©.60 ©.00 ©.00 ©0.00 0.00
TOTAL .69 .77 1.66 8.48 i.65 1.66
TEMPERATURE, °F
COAL PREMEATER OUTLET 803, 788, 7283. 773. 772. 784
REACTOR LIGQUID PHASE, AVG. 846. 84S, 849. .849. 848. 847
MAX. ‘846 857, 857. 858, 857. 8ss
SEPARATOR-2® ( @ 12* SKINM) 818. 829. 829. 816. 816. 810
HYDROCLOME OVERFLOW 503. 506, 509. 504. 508, £04.
VACULM STILL FLASH 20NE . 607. 614. &41. §33. 625. g2a.
PRESSURE B
UNIT BACK PRESSLRE, PSIG 2604. @2584. 2683. 2628. 2623. 2622.
HYDROGEN MAKE-UP, PSIG 2736. @a727. @e825. 2831, @833, 28e?.
HYDROGEN PARYIAL PRESSLRE, PSIG ,
(REACTOR OUTLET - SEPARATOR) 1858. 1744. 1895, 16506. 16862, 1666.
i. 3. 2. 20. 80. 79.

VACUUIY FLASH, TORR
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PERIOD: 11 A 11 B 12 A 12 B 13 A 13 B
RECYCLE GRS, MSCF/TON DRY COAL ] 19.68 20.90 21.26 20.95 21.70 @22.31
VENT GAS, MSCF/TON DRY COAL 3.06 3.89 4.44 .02 4.8?7 4.72
HYDROGEN PURITY .
OF RECYCLE GAS AND VENT, % - 92.94 88.06 89.64 81.23 80.68 '80.70
TOTAL H2, MSCF/TON DRY COAL
(REACTOR OUTLET) 25.42 @24.16 25.61 21.9? 22.e3 22.71
HYDROGEN, MAKE-UP + RECYCLE .
MSCF/TON DRY COAL ' 34.90 35.60 36.8?7 33.59° 33.85 34.04
PARTIAL PRESSURE, PSIG(INLET) 2646. as62. 2680. 2547, 2525, 2505,
HYDROGEN CONSUMPTION -(1) :
MSCF-TON DRY COAL 9.48- 11.44 11.26 t1.682 13.82 11.33
W % DRY COAL. - 2.2 - 3.4 2.99 3.08 3.44 3.0t

OIL ADDITIONS

! MAKE-P OIL, LBS-1B DRY COAL 0.00 0.09 0.00 0.09 0.00 0.00
LBS/HR/CU FT REACTOR 0.00 0.00 6.00 .00 - 0.0 ©.00
FLUSH OIL,LBS/LB DRY COAL .02 .ea2 .ooa .o02 .02 .002

COLLECTED PRODUCT QUANTITY, W % DRY COAL . ‘
84 14.89 16.94°- 17.92 14.72 16.83

ATMOSPHERIC STILL OVERHEAD 13.

ATMOSPHERIC STILL BOTTOMS (2) 5.34 ?.8?7 -.95 3.41 -8.86 -?7.89
VACULM STILL. OVERHEAD (2) 3.1 -=2.13 -1.3? 1.6 -1.19 -1.48
VACUUM STILL BOTTOMS 68.27 66.84 63.65 60.?4 76.60 77.18
HYDROCLOME UNDERFILOW 0.00 0.0 0.0 .00 0.00 0.00
Ha20 ?.722 9.43 9.66° 11.04 10.14 10.99
C1-C3 4.16 .28 4.79 §.99. 6.81 9.00
C4-C? a.a9 2.34 a.40 2.56 2.91 - 0.00
H2S IN GASES ’ a2.16 2.24 a.14. 2.32 a2.60 0.00
co2 & CO ' .89 .84 .83 .91 1.04 0.00

INPUT QUANTITIES, W X DRY COAL . .

DRY COAL 100.200 100.00 100.00 100.00 1060.00 100.00
MOISTURE IN FEED COAL 4.76 4.69 4.53 4.36 §.63 6.728
HAKE-UP OIL ADDITIONS 0.00 0.00 9.0 0.00 0.00 0.00
FLUSH OIL .24 . .85 .24 .24 24 .23
HYDROGEN REACTED (1) 2.62 3.04 2.99 3.08 3.14 3.01
TOTAL 107.52 107.98 107.76 107.68 108.91 109.95

COAL. CONVERSION, U % M.A.F. COAL
TOLUENE CONVERSION (3)
DMF CONVERSION (4)

92.89 ©0.00 92.81 ©0.00 92.24
.00 B89.72 ©0.00 88.89 0.00 89.37

oo
3

(1) BASED ON ORIFICE FLOWS FOR HYDROGEN, METERED FLOWS FOR OTHER GASES AND ANALYSES.
(2) NEGATIVE VALUES INDICATE DECREASES IN INVENTORY OF SLURRY OIL HOLDING TAMNK.

(3) BASED ON FILTRATION OF PROUCT SLURRY FED TO VACULM STILL..

(4) BASED ON EXTRACTION OF VACUUM BOTTOMS PRODUCT.
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PERIOD 1A 1B $12A 12B 13K
HORVALIZED DET PRODLCT DISTRIBUTIONK LS
U % OF DRY COAL
€0, Co2 0.00 .84 ©0.00 0.00 .34
€1-C3 HYDROCARBONS IN GASES 0.00 6.37 0.60 ©.00 ?7.11
C4-C? HYDROCARBONS IN GASES 0.0 2.4 .00 0.0 3.0
1BP-406 F NAPHTHA 0.00 .85 0.00 0.0 10.33
400-650 °F DISTILLATES 0.00 10.2¢ 0.60 0.00 ~-i.64
€50-975 °F DISTILLATES 0.00 ?2.21 0.0 0.0 17.07
975 *F+ RESIDUAL OIL
TOLUENE SOLUBLE 0.00 . 0.00 0.00 29.91
TOLLENE INSOLLUBLE 0.00 15.21 ©.00 0.00 ' 10.50
UNCONVERTED COAL 0.00 ?2.31 ©0.60 0.00 ?.50
ASH 0.00 13.65 ©0.00 ©.00 12.€2
H20 (NET) 0.00 - 4.35 0.0 0.00  4.44
NH3 (FORCED NITROGEN) 0.00 .21 0.00 0.0 .10
H2S (FORCED SULFUR) 6.00 1.89 0.0 0.0 1.7?
‘ TOTAL (100 + HYDROGEN REACTED) .0 103.16 ©0.00 ©0.00 102.95
FILTERED LIQUIDKE
GRAVITY, *API 0.0 -11.? 0.0 -13.4 0.0
IBP, *F (ASTH D-1160 MODIFIED) °.  &2o. o.  658. °.
10V % 0. . 619, e. 707. 0.
3BV % e. 718. . 821. °.
£ V % 0.  905. o. o. o.
70 V % e. °. Q. e. °. -
90 V % e. . o.. o. o. o.
FBP 9. 975, e. 975, o.
V%@ 400 °F 0.00 .0.00 . .00 0.00 0.00
V %8 650 °F 0.00 15.00 ©0.00 5.0 0.0
V % AT 975 °F 0.00 E5.00 0.00 45. oo 0.00
SUAR, U X 0.00 . .60 0.00 ~ 9.00
u % 975 °F+ 0.00 45.74 ©.00 69. %o  0.00
U % SULAR IN 975 F+ 0.00 1.03 0.00 .83  0.00
U % NITROGEN IN 876 F+ 0.00 1.65 0.0 ©.00 ©.00

¥ ASTM DISTILLATION CUT POINT

XX FOR PERIODS 14 TO 22 FILTRATION OF HYDROCLONE UNDERFLOU WAS CARRIED CUT WITH THE
ADDITION OF ATHMOSPHERIC STILL. BOTTOMS FROM RUN 130-82-16A AS PUSHER (TWO LEIGHTS OF
HYDROCLONE UNDERFLOW PER ONE LEIGHT OF ATMOSPHERIC STILL BOTTOMS). DISTILLATION DAT&
ARE FOR DILUTED SOLIDS-FREE LIQUID. GRAVITY, SILFIR, N‘ID 975 ‘F+ DATA ARE FOR
UNDILUTED SOLIDS-FREE LIGUID OF HYDROCLONE UNDERFLOLU

| PERIODS 3AB,11B,17B,AND 19B ARE WORKUP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCILATION

128

-13.6

798,

68.50

OF NORMALIZED YIELD DISTRIBUTION OF OTHER FERIODS, INTERPOLATED ELEFMENTAL AND DISTILLATION

VALLIES FROM WORKUP PERIODS LERE USED.

8 IDENTICAL VALLES FOR A AND B PERIODS INDICME THAT THE MTR

WERE ACTUALLY FOR THE CGIBINED A/B PERIOD
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DATE OF FINAL REPORT: 11/12/79

PAGE 4 OF 7?7
PERIOD 11 A 11 B 12 A 28 13 A 138
ATMOSPHERIC STILL. OVERFEARDX <
GRAVITY, °‘API .1 31.6 3a.a &8.2 ° 30.1 30.1
IBP, °F (ASTM D-86) 140. 140. 138. 144. 144. 144.
10 V % ' £220. a20. a1a. a10. a128. a1a.
JoVH e88. a88. 286. die. 304. 304.
SOV % 348. 348. 350. J?4. 366. 366.
7V % 412. 412. 398, 40, 412, 412,
g0 V % 480. 480. 462, 498. 482. 482,
FBP 656. 656. 614, g82. 6548, 548.
V % @ 400 °F ’ 68.00 68.00 71.00 62.00 ' 66.00 66.00
V% @650 °F 100.00 100.00 100.00 100.00 . 100.00 100.00
CARBON, W % 0.00 85.70 0.00 Q.00 0.00 0.00
HYDROGEN, W % 0.00 - 1t1.42 0.00 ¢.00 0.00 0.00
NITROGEN, U % 0.00 - .28 0.00 ¢.00 9.00 0.00
SULFUR (H2S FREE), U X 0.00 .29 0.00 €.00 0.00 0.00
| IBP-400 °fF :
GRAVITY, °API 39.4 39:.8 37.9 7.1 36.8 36.8
SULFUR (H2S FREE), U X 2.00 24 0.09 ¢.00 2.006 0.00
400 °F+ .
GRAVITY, °API 17.2 18.2 18.4 i8.0 18.0 18.0
SULFUR (HES FREE), U % 0.00 .32 9.00 ©.00 .20 0.09
ATMOSPHERIC STILL. BOTTOMS . )

GRAVITY, °*API 10.0 9.8 9.8 9.2 9.5 10.2
IBP, °F (ASTM D-86) , 0. 409. 0. <54, 0. 446.
10 V % 0. 469. 0. <88. 0. 4180,
30V % ' 6. = 509. 0. ° E24. 0. 614.
60 V % Q. 652. Q. sea. Q. 648,
720 V % ] 600. 0. 610. 0. 694.
90 V % 0. 693. 0. 0. Q. 0.
FBP ' . 0. 870, 0. 0. Q. 0.
V%@ 400 °F 0.00 0.00 0.00 ©0.00 0.00 - 0,00
V% @ 650 °F 0.00 83.00 0.00 81.00 0.00 84.00
CARBON, W % 0.00 83.41 0.00 6.00 0.00 0.00
HYDROGEN, U % 0.00 8.74 0.00 .0.00 0.00 0.00
NITROGEN, U X 0.00 .55 0.00 ‘@.00 ' 0.00 2.00
SULFUR, U % 0.00 .10 0.00 - .14 0.00 .1?
IBP-650 °F
GRAVITY, °APIL 0.0 11.3 0.0 0.0 9.0 0.0
650 °F+ .
GRAVITY, °API 0.0 a3 0.0 0.0 0.0 0.9

¥ IDENTICAL VALLES FOR A AND B PERIODS INDICATE THAT THE DATA
LERE ACTUALLY FOR THE COMBINED A/B PERIOD.
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CLEAN OIL TANK
GRAVITY, °API

SLURRY HIXING TANK
VISCOSITY, CP @ 150 °F X

VACULM STILL OVERHEAD
- GRAVITY, °*API1

IBP, °F (ASTM D-116@ MODIFIED)

10V %

30V ¥

60 V %

20V %

90 V X

FBP

V%8 400 °F

V % 8 650 °F

CARBON, W %

HYDROGEN, U %

NITROGEN, U %

SULFUR, W %

IBP-650 °F
GRAVITY, °*API

650 °F+
GRAVITY, °*API

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 5-100 RPM.

SLURRY HAS NOMN-NEWTONIAN PROPERTIES.

DATE OF FINAL REPORT

PAGE B OF 7
11 A i1 B
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PARGE 6 OF 7
PERICD 11 A 11 B 12 A i2 B 13 A .13 B

vACUUt STILL BOTTOMS

W % OF VACUUM STILL FEED 63.16 64.26 64.73 69.41 86.97 83.86
TOLUENE SOLUBLE, U % .60 48.40 .00 45.32 .00 61.9?
NON-ASH TOLLENE  INSOLUBLE, U % 0.00 33.14 e.ee 372.53 0.00 22.43
ASH, W % 0 18.486 0.0 17.1S .00 15.60
UNREACTED COAL, W X (EST.) 0.0 10.76 ©.00 9.69 0.00 9.41
TOLUENE INSOL. RESID. W % (EST.) .00 22.38 0.00 27.84 0.00 13.02
CARBON, U % .00 70.00 2.00 0.00 2.00 0.00
HYDROGEN, W % . 4.5? 0.00 0.00 2.00 0.00
NITROGEN, W % 0.00 1.65 2.00 2.00 2.00 a.00
BULFUR, I % 0.00 a2.e2 0.00 2.15 0.00 2.04
ASTM ASH, W % 0.00 17.92 Q.00 17, 46 2.00 15.81
COKE/ASH RATIO (DMF EXTR.) 0.00 .84 0.00 0.00 .83
DMF-SOLUBLE, U % .08 67.14 0.00 67. 59 0.00 ?71.51
VISCOSITY, CP @ S0 °F X 0.0 3430.0 0.0 680.0 0.0 120.0
VACUUM DISTILLATION
IBP, °F (ASTM D-1160 MODIFIED) Q. 751, " Q, 0. ° .
DISTILLATE TO 975 *F, W % 0.00 9.30 ©.00 0.00 0.00 0.00
IBP-975 °F
GRAVITY, °API 2.0 -8.8 0.0 e.0 0.0 Q.0
HYDROCLONE OVERFLOU . -
GRAVITY, °API 0.0 -16.5 0.0 -19.5 0.0 -19.3
IBP, °F (ASTM D-116@ MODIFIED) . 451. Q. . 472. o 450.
10 V % 0 5724. 0. 581 . 0. 565.
30V % . ?23. Q. 771, e. ?58.
50 V % . 0. Q. 0. e. .
70V % 0. 0. . Q. ) .
END POINT 9.00 975.00 0.00 975.00 .00 975.00
V % @ 650 °F 0.00 21.00 0.00 20.00 .00 21.00
V % @ END POINT .00 49.75 .00 49.25 .00 48.75
ASH, W % 2.00 6.49 2.00 8.23 .00 . 9.02
RESIDUE AND SOLIDS, W % 0.00 54.5? 0.00 S8.25 0.00 60.07
HYDROCLONE UNDERFLOW, ASH, W % .00 10.93 .00 13.63 .00 13.93
HYDROCLONE FEED, ASH W % 0.00 9.74 0.0 11.58 .00 11.59
FILTER CAKE
W % OF FEED TO FILTER .00 25.82 2.60 29.0S 8.00 30.70
TOLUENE EXTRACTION OF CAKE
~ SOLUBLE, U % 0.60 28.19 .00 21.35 0.00 27.84
NON-ASH INSOLUBLE, U % 2.00 30.28. ©.60 32.65 .00 29.93
ASH, U % .00 41.53 0.00 46.00 .00 42.23
INSOLUBLE RESID., U % 2.00 6.086 2.00 6.65 0.00 4.46
UNREACTED COAL, W % (EST.) 0.0 24.22 .00 26.00 .00 25.4?7
DMF — EXTRACTED CAKE -
ASH (OIL FREE), W % .00 S4.26 0.00 52.02 .00 54.76
0 - S LIQUID :
GRAVITY, °API 11.7 11.8 12.0 11.9 11.7? 11.5
0 - 12 LIQUID )
GRAVITY, °API 0.0 12.0 0.0 12.s 0.0 10.9

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 5-100 RPM. THE
SLURRY HAS NON-MNEWTONIAN PROPERTIES.

185
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‘DATE OF FINAL REPORT'. 33./12/79
PAGE 7 OF 7

PERIOD 11 A it .32a i2B. 13 A i3 B

BATCH DISTILLATON OF VACLARY
BOTTOMS SLURRY PRODUCT
VACULIY DISTILLATION

FINAL VAPOR TEMP. °F .00 445.00 0.00 475.00 0.00 475.00
PRESSURE, TORR 9.0 2.00 9.00 2.00 0.00 2.900
DISTILLATE, W % OF VAC.AM C
BOTTOMS SLURRY 0.0 8.66 0.6 23.32 0.06 20.34
SULFUR, U % 0.00 .42 0.00 30 ©.00 .39
CALCULATED COMPOSITION OF SOLIDS-FREE OIL
IN VACULM BOTTOMS SLLIRRY PRODUCT, U %
BATCH STILL DISTILLATE FROM _
SLLRRY PRODUCTS 00 12.75 0.00 =4.50 2.00 28.44
BATCH STILL RESID. FROM FILTRATE .00 87.85 0.00 £5.50 0.0 71.88
CALCULATED COMPOSITION, U %
SULFUR, W % 9 .95 .00 .65 0.00 .76
CALCULATED COMPOSITION OF X
420 °F+ LIQUID PRODUCT, W %
ATMOSPHERIC STILL. OVERHEAD 0.00 20.00 .00 :.02 2.00 32.77
ATMOSPHERIC STILL BOTTOMS 9.00 @26.10 8.90 14.16 90.00 -~41.3%
NET VACUWUM STILL OVERHEAD 8.0 -5.7? 6.00 B.87 0.08 -?7.77
VACWM STILL BOTTOMS, : -~
SOLIDS FREE OIL: IBF975 °F 0.9d 9.00 9.00  34.37 ©.00 47.59
975 °F+ 0.0 59.67 ©.00 13.58 .00 €8.72
CAL.CLLATED COMPOSITION, U % ‘
CSUWFUR, W % , 0.00 .68 0.00 .33 2.00 .80
SULFUR (ACTUAL), W X 0.00 .63 9.00 9.00 0.00 9.00
VISCOSITY (ACTUAL),SSU @ 250 °F ©.00 0.00 0.00 8.9 0.00 0.00

% THIS COMPOSITION IS BASED ON THE MATERIA. BALANCE FOR THE PERIOD AND AN ASSLMED:
RATIOC OF 1.5 PARTS OIL PER PART SOLID IN VACUM BOTTOMS, WITH THE OIL
CONSISTING OF 4 PARTS RESID AND 1 PART DISTILLATE. SULFUR CONTENT IN 400 “F+ FRACTION
OF ATMOSPHERIC STILL. BOTTOMS IS ASSLMED TO BE 0.15 WX FOR CBSES WHERE SUWLFUR ANALYSIS

IS NOT AVAILABLE.
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SUIMTIARY OF NORMALIZED YIELDS

RUN NUBER 130-88
COAL. ILLINOIS 36 (HRI 4004)
CATALYST AMERICAN CYANAMID HDS 1442AR, 1716" EXTRUDATES (HRI 3830)
PERIOD 11 A i1 B i2 A e p 13 A 13 B
OPERATING CONDITIONS :
HOURS OF RUN — BEGINNING 178.06 1S0.00 202.00 214.00 206.00 238.00
END 190.00 202.00 214.00 226.00 238.00 250.00

CATALYST AGE (END AVERAGE), LB DRY COAL1B 791.9 867.6 901.8 973.3 1052.0 1140.8
CATALYST ADDED, CUMULATIVE

LBS/TON DRY COAL. 1.0? 1 00 1.01 .95 .99 .85
COAL. FEED (DRY), LB/HR/CU.FT. REACTOR VOLIFE 76.88 77 61 ?6.6? 76.85 772.57? 78.75
AVERAGE REACTOR TEMPERATURE, °F 840. 849. 849. 849. 848. 847.
UNIT BACKPRESSURE (UNIT BP), PSIG 2604. 2584. 2683. a6ez28. 2623. 26e2.
H2 PARTIAL PRESSURE, PSIG . 1858. 17244, 189S. 1650. i662. 1566.
OIL-/SOLID RATIO (SLURRY TANK), LBAB SOLIDS 1.69 1.77 1.66 1.48 1.65 1.66
H2 INLET RATE, MSCF-/TON DRY COAL 34.96 35.60 36.87 33.89 33.86 34.04
RECYCLE GAS, MSCF-TON DRY COAL 19.58 20.99 2i.26 20.85. 21.70 22.31

YIELDS, WT% OF DRY COAL ’ .
co,co2 0.2 -84 0.00 0.00 .34 .34
C1-C3 HYDROCARRBONS IN GASES 0.60 6.3? 9.00 .00 ?2.11 7.11
C4-C? HYDROCARBONS IN GASES 0.00 a.40 0.00 0.00 302 3.02
1BP-400 °F NAPHTHA 0.00 8.95 0.00 .00 10.32 10.32
400-650 °F DISTILLATES 0.00 10.24 0.900 0.00 -1.64 -1.64
650-975 °F DISTILLATES 0.02 z.a1 0.0 0.00 17.0? 17.0?7
975 °F+ RESIDUAL OIL L
TOLUENE SCLUBLE 0.00 25.63 0.00 0.00 2£9.91 29.91
. TOLUENE INSOLUBLE 0.00 15.24 0.00 0.00 10.50 10.50
UNCONVERTED COAL 0.00 7.3 0.00 0.00 ?2.60 ?2.50
ASH 0.0 12.8S5 0.0 0.00 12.82 12.62
H20 (NET) 0.00 4.35 0.0 0.00 4.44 4.44
NH3 (FORCED NITROGEN) 0.00 .21 0.00 0.00 .10 .10
H2S (FORCED SULFUR) 0.02 1.89 0.00 .00 1.7?2 1.?7?
TOTAL 0.0 103.16 0.00 ©0.00 102.96 102.96
CHEMICAL. HYDROGEN CONSUMPTION
MSCF-TON DRY COAL 0.60 11.90 0.00 0.00 0.00 0.00
COMPOSITION OF 400 °F+ FUEL OIL, WTXXX
ATHMOSPHERIC STILL OVERHEAD 0.00 26.00 0.00 31i.02 0.00 32.77
ATMOSFHERIC STILL BOTTOMS .00 26.10 0.0 14.16 0.60 -41.31
NET VACUUM STILL OVERHEAD 0.0 -5.77 0.00 6.87 0.00 -?7.77
VACUUM STILL BOTTOMS,
SOLID FREE OIL+ IBP-975 °F 0.00 G.00 0.00 34.37 .00 47.59
' 975 °F+ 9.0 £9.67 0.0 13.68 0.00 68.72
SULFUR, UTx : 0.00 .63 0.00 0.00 0.00 0.00
VISCOSITY, SSU @ 250 °F 0.0 9.00 6.00 0.00 0.00 ©.00
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LNIT 130 - H-COALL OPERATIONS ON ILLINOIS 8 6 (HRI 4004)
1716* EXTRUDATES (HRI 3830)

CATALYST AMERICAN CYANAMID HDS-1442A,
REACTOR VOLWIME: 4.17 CUBIC FEET
RUH NUMBER 130- 88

PERIOD

DATE (END OF PERIOD), 1979
HOURS OF RuN - gEgIMING
N

CATALYST INVENTORY, END, LBS
CATALYST ADLED, LBS
CATLYST UITHDRALN, LBS X
CATALYST AGE (END), LB DRY CORL1.B
AVERAGE (BASIS)
ORIGINAL CHARGE (BASIS)
CATALYST ADDED, CLFMULATIVEXX
LBS/TON DRY COAL

CATALYST WITHDRAUALS
UITHDRALAL., OIL LADEN, LBS
Oll., W x%

MOLYDENNT (OIL FREE), W % X

COAL. FEED (DRVY)
LBS/HR-CU FT REACTOR VOLLEE
MOISTURE W % (COAL. SAMPLE)
ASH, W% (DRY COAL)

RECYCLE FLOWS, LBS-LB SOLIDS -
ATMOSPHERIC STILL BOTTOMS
VACUUM STELL. OVERHEAD
INVENTORY CHAMNGE
HYDROCLONE OVERFLOW (OIL) .
MAKE-UP OIL

TOTAL

TEMPERATURE, °F
COAL PREVEATER OUTLET
REACTOR LIQUID PHASE, AVG.
MAX

SEPARATOR-2° ( @ 12° SKIND
HYDROCLONE OVERFLOL
VACULM STILL FLASH ZONE

PRESSURE
UNIT BACK PRESSURE, PSIG
HYDROGEN MAKE-UP, PSIG
HYDROGEN PARTIAL. PRESSURE, PSIG
(REACTOR OUTLET - SEPARATOR)
VACULE FLASH, TORR

144

2719
£50.00
262.00

44.37?
0.00
0.00

ol

end ol
0% 348

se8.
&a1.

2659.
2813,

1638.
69.

14 8

7720
263.00
274.00

44.37
0.60
.¢d

1313.1
1673.9

2

o66
g88

76.84 -

4.91
© 18.09

.09
.03

.20
1.37

4.
849.
869.
gos.
goa.
526.

e618.
2819.

367,
47.

14 AB
7/20
250.00
274.00

44.37

11712779

15 A
 7/20
274.00
286.00
'64.60

16.23

.00

1127.0
1761.1

.98

588
£560.
a7238,

1661 .
42.

18 8

2720
£286.00
£90.00

£4.60
0.00
0.60

1147.3
1721.4

.97

o6
©
[~

66.59
11.09

1.81

67.
8.
775,
743.
§0S.
524.

£665.
2790,

1765,
4?.

16 A

2721
290.00
294.00

64.31
4.40
4.69

1065.9
1784.8

1.06

809,
?23.
?75.
74a.
4?5.
498.

£2650.
a8716.

1933.
4.
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DATE OF FINAL REPORT: 13/12/79

PAGE 2 OF 7?7
PERIOD 14 A 14 B 14AaB 1S5 A iS B 16 A
RECYCLE GAS, MSCF-TON DRY COAL 23.31 21.16 22.24 27.45 @27.98 40.20
VENT GAS, MSCF/TON DRY COAL 4.85 4.92 4.89 6.7? 4.78 . 8.35
HYDROGEN PURITY
OF RECYCLE GAS AND VENT, % 83.30 81.71 82.51 80.23 ' 88.47 - 88.90
TOTAL H2, MSCF/TON DRY COAL . <
(REACTOR OUTLET) 24.67 22.37 23.47 @28.04 31.66 46.8?7
HYDROGEN, MAKE—UP + RECYCLE b
MSCF/TON DRY COAL 36.54 34.13 35.33 41.65 44.10 &7.32
PARTIAL PRESSURE, PSIGCINLET) 2555, 2545, 2550, 2435, 2613, 2533,
HYDROGEN CONSUMPTION (1) -
MSCF/TON DRY COAL 11.98 11.76 11.87 13.50 13.04 10.45
W % DRY COAL . 3.18 3.12 3.1s -3.58 3.46 2.7?
OIL ADDITIONS
MAKE-UP OIL, LBS-LB DRY COAL 11 .00 .05 .13 .00 0.00
LBS/HR-CU FT REACTOR 8.33- 0.00 4.1? 8.63 .00 0.00
FLUSH OIL,LBSAB DRY COAL .e02 oa2 .002 .003 .0d3 .006
COLLECTED PRODUCT QUANTITY, W % DRY COAL . .
i ATHMOSPHERIC STILL OVERHEAD 158.7? 16.66 15.91 21.e8 56.87 27.96
; ATHOSPHERIC STILL BOTTOMS (2) a.68 3.28 2.98 -6.42 -5.49 42.21
VACUUM STILL OVERHEAD (2) .72 .68 .70 -.94 -1.25 30,35
VACUUM STILL BOTTOMS 73.92 63.62 68.47 82.42 9?7.72 76.76
HYDROCLONE LINDERFLOLU 0.00. 0.00 @.00 .00 0.00 0.00
H20 10.35 11.64 10.99 .8.98 1@.16 16.90
c1-c3 6.27 6.93 6.62 8.75 6.02 .00
c4-C? 3.14 3.09 3.12 3.33 3.09 0.00
H2S IN GASES a8.88 2.18 2.68 2.83 2.69 0.00
co2 & CO 1.11 ~ 1.13 1.12 1.43 .76 0.00
INPUT QUANTITIES, W % DRY com.
DRY COAL 100.00 100.00 100.00 - 102.00 100.00 100.00
MOISTURE IN FEED COAL 6.86 5.16 5.51 5.16 6.16 2.35
MAKE-UP OIL ADDITIONS 10.9?7 .00 5.49 13.22 - - 0.00 0.00
FLUSH OIL N7 .24 .24 .29 .e8 .66
HYDROGEN REACTED (1) 3.18 3.12 3.18 3.68 3.46 2.77
TOTAL 120.25 108.52 114.10 122.285 108.90 105.68

COAL CONVERSION, W % M.A.F. COAL
TOLUENE CONVERSION (3)
DI CONVERSION (4)

.00 93.09 93.07 . 0,00 0.
.00 89.77 89.77 -0.00 99.62

Y
ee
S

(1) BASED ON ORIFICE FLOWS FOR HYDROGEN, VETERED FLOWS FOR OTHER GASES AND ANALYSES.
(8) NEGATIVE VALUES INDICATE DECREASES IN INVENTORY OF SLURRY OIL HOLDING TANK.

(3) BASED ON FILTRATION OF PROUCT SLURRY FED TO VACUUM STILL.

(4) BASED ON EXTRACTION OF VACULNM BOTTOMS PRODUCT.



€ 833333 33333388 2s5555558833888
@ 009096 SOSOISES - - )
@ 833333 333388388 "255555553333883
"] 090099 9099 SSIS 088998
e o
@ « 833888 83833883 94cessss9833338
T @ 999598 99999 00008
a
B lllllll
: T 23208 MATIRANT  oogdyesgiR8aRRR
m v ~griguy gucdu 1m. - 8RR aeng s =
G~ @ 93208 M038385  Iuggyes838aRRs
W@ A ﬁéawsm amsws 1% 456?? SQWM m -
- -
57 Gen=MO PGt © . - . . . ..
5 < 232308 WIRAGST  Jesdesss83883388
mm T ~8M9uY YUGH 3m L L o
.
W -
2 an g. &
E 43 £ %
+
a zz mw - m 2 s
> - ey
226EEad3d ERE T Sz
mm [31] Q ., m_J  d . b=
S2Rgge TU S RmE * Z
m 2 nasa cad 2%hH L
mc.mm¢f¢mmmm B8 3°¢ ggaé
ax I~ + N m o~ [+
REESLSRNI5Y Hold Jrvueexx ISgwdE
IM.MM%%%ETTW%OBSN mwmvvvvvwzx% s
9 nwccx469 2224 mmlmmm%%Fvvu 333
 ed
g = e

¥ ASTM DISTILLATION CUT POINT

X% FOR PERIODS 14 TO 22 FILTRATION OF HYDROCLONE UNDERFLOW WAS CARRIED OUT WITH THE
ADDITION OF ATMOSPHERIC STILL BOTTOMS FROM RUN 130-82-16A AS PUSHER (TJO WEIGHTS OF
HYDROCLONE UNDERFLOW PER ONE LEIGHT OF ATMOSPHERIC STILL BOTTOMS) . DISTILLATION DATA
ARE FOR DILUTED SOLIDS-FREE LIQUID. GRAVITY, SULFUR, AND 979 °F+ DATA ARE FOR
UNDILUTED SOLIDS-FREE LIQUID OF HYDROCLONE UNDERFLOW. .

t PERIODS 3AB,11B,17B,AND i9B ARE WORKUP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCULATION
OF NORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION
VALLIES FROM WORKUP PERIODS WERE USED.

$ IDENTICAL VALLES FOR A AND B PERIODS INDICATE THAT THE DATA
WERE ACTUALLY FOR THE COMBINED A-B PERIOD.

190
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DATE OF FINAL REPORT' 11/12/79

PAGE 4 OF 7?7
PERIOD 14 A 149 B - 14AB 1S5 A 16,8 16 A
ATMOSPHERIC STILL OVERHEADX ’

GRAVITY, °*API . e9.? 29.?7 e9.? 29.a2 e9.e 5.1
IBP, °F (ASTM D-86) 149, 140. 140. 154. 154. 138.
10 V % 214, a14. 214. a32. 232. 280,
30V 4% 310. 310. 310, 3a2a. 32a. 376.
60 V % 370. 370. - 370. 376. 376. 420.
720V % 410. 410. 410. 418. 418. - 45a.
9 V % 466. 466. 466. - 468, 468. 492.
FBP 620. 620, 629, 620. 620. 640.
V % @ 489 °F 65.00 65.00 65.00 62.00 62.00 40.00
V % @ 650 °F T 100.00 100.00 100.00 100.00 100.00 100.00
CARBON, W % 83.43 83.43 83.43 0.00 0.00 9.00
HYDROGEN, U % 11.12 ~ 11.12  11.12 0.00 0.00 0.00
NITROGEN, U % .28 . .28 .28 9.00 2.0 0.60

. SULFUR (H2S FREE), U X a7 2?7 .30 9.00 9.00 9.80
IBP-400 °F .

L GRAVITY, °API 0.0 36.4 36.4 36.14 36.1 34.9
SULFUR (H2S FREE), U % .26 .26 .26 0.00 0.00 9.90
400 °F+ .

GRAVITY, °*API 0.0 18.8 18.8 18.9 18.9 19.0
3?7 .3? .32 .20 .20 0.20

SULFUR (H2S FREE), U X .

'ATMOSPHERIC STILL BO'I'I‘(X’B

GRAVITY, °*AP1 10.1 10.9 10.9 11.3 12.6 13.0
IBP, °F (ASTHM D-86) o 0. 444. 433. - Q. 480, 2.
10 V % Q. 482. 469. 0. 604. d.
30V % 0. 616. 6510. 0. 624. D.
50 V % e. 646. 643. 0. 646. B.
70V % 0. ' §90. 586. 0. 678. D.
90 V % 0. Q. 704, 0. 674. o.
FBP 0. 0. 905, 0. ?30. 0.
V % @ 400 °F 0.00 0.00 0.00 0.60 0.00 9.20
V % @ 650 °F 0.00 85.00 87.00 0.00 88.00 0.00
CARBON, U % 0.00 100.00 87.03 0.00 2.00 .02
HYDROGEN, W % 0.00 0.00 9.07? 0.00 0.00 0.900
NITROGEN, U % 0.00 0.00 .47 0.00 9.00 0.00
SUFUR, W % 0.00 .14 .19 0.09 .04 0.00
1BP-650 °F

GRAVITY, °API 12.7 12.? 12.7 0.0 0.0 €.0
650 °F+ ’ )

GRAVITY, °API . 1.7 1.7 a.ea 0.0 2.0 ¢.0

X IDENTICAL VALLES FOR A AND B PERIODS INDICATE THAT THE DATA
WERE ACTUALLY FOR THE COMBINED A/B PERIOD.
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PERIOD
UATER
CARBON, U %
AMMONIR, U %
SUFIR, U %
CLEAN OIL TANK
GRAVITY, °*API

SLURRY MIXING TANK
VISCOSITY, CP @ 150 °F X

VACUUM STILL OVERHEAD
GRAVITY, °API
IBP, °F (ASTM D-116@ MODIFIED)

I1BP-656 °F
GRAVITY, °APIL

650 °F+
CRAVITY, °API

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT
SLURRY HAS NON-NEWTONIAN PROPERTIES.

DATE OF FINAL REPORT: 1171279

PARGE & OF 7
14 A 14 8B 14 AB
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n
a

¢.0 t0.6 10.6

2.0 2.0 0.0
9.8 9.1 9.5
413. 0. 413.
484, Q. 480.
&3a. 0. 63a.
569. 0. 569.
610, 0. 610.
680, 0. 689.
750. 0. 750.
0.02 ©.00 0.00
87.02 @.26° 87.00
85.91 0.00 - 86.91
8.75 ° 0.00 8.75
.56 .00 .56
.18 .18 .18

1.6 ' 10.6 10.6
a.9 29 - 2.9
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DATE OF F LML KEFORT 117127709
PAGE 6 OF 7

PERIOD 14 A 14 B 14 ABD 16 A 1S B

vaCuuM STILL. BOTTOMS

U % OF VACULM STILL FEED 83.63 84.03 83 84.09 ° 84.15
TOLUENE SOLUBLE, W % 0.08 £5.35 S5, 0.00 .00
NON-ASH TOLLUENE INSOLUBLE, W % 0.80 27.45 27.45 ©.00 0.00
ASH. W % 0.0 17.20 17.20 0.0 ©0.00
UNREACTED COAL, W % (EST.) 0.00 9.53 9.56 0.0 0.00
TOLUENE INSOL. RESID. W X (EST.) 0.00 17.92 89 ~0.00 ©.00
CARBON, U % ?71.04 71.04 71.04 0.00 0.00
HYDROGEN, U % 4.66 4.66 4.66 0.0  0.00
NITROGEN, U X. 1.3t 1.3t 1,31 ' 0,00 0.00
SULFUR, U % 2.1?2 2.17 2.18 .60 2.12
ASTM ASH, U X 2.00 18,01 18.01 ©0.60 18.01
COKE/ASH RATIO (DIF EXTR.) 0.00 .82 .82 0.00 .75
DNF-SOLUBLE, U % 0.00 6€8.44 68.44 0.00 69.00
VISCOSITY, CP @ 500 F X °.0 0.0 2.0 .0 0.0
VACLUM DISTILLATION
IBP, °F (ASTM D-1160 MODIFIED) 623. 623 6e3. o. o.
DISTILLATE TO 978 °F, U X 23.60 23.60 22.60 0.0 0.00
18P-975 °F
GRAVITY, °*API ~4.3  -4.3 .-4.3 e.0 0.0
HYDROCLONE OVERFLOU
GRAVITY, °API -17.7 -22.2 -22.2 e.0 -9.9
IBP, °F'(ASTM D-1160 HODIFIED) @.  453.  453. @.  470.
10 V % 8. s72. s7a. @.  €40.
30 V% e. 813.  813. °. 612.
Se V % 0. o. 0. @.  761.
70 V % . e. _o. °. o. Q.
END POINT 0.00 975.00 975.00 0.00 975.00
V% @650 °F .00 '19.00 19.60 0.00° 39.00-
V % @ END POINT 0.00 42.00 42.00 ©.00 66.02
ASH, U % 0.08 11.49 11.49 0.¢@ 5.e3
RESIDUE AND SOLIDS, W % 0.00 . 65.86 - 65.66 ©0.00 43.10
HYDROCLONE UNDERFLOW, ASH, W % ©.09° 15.78 15.78 ©0.00  4.SS
HYDROCLONE FEED, ASH W % .00 13.72 13.72 0.6 0.00
FILTER CAKE
W % OF FEED TO FILTER 0.00 28.93 28.93 ©.00 0.00
TOLUENE EXTRACTION OF CAKE
SOLLIBLE, U % 0.00 24.09 24.09 ©0.00  0.00
NON-ASH” INSOLUBLE, W % 0.00 30.80.. 30.80 ©.00 0.00
ASH, U % 0.00 45.11 45.11 ©.00  ©.00
INSOLUBLE RESID., U % 0.08 5.81 25.07 0.00 0.00
UNREACTED-COAL, U X (EST.) .00 24.99 65.73 ©0.e0 0.0
DIF — EXTRACTED CAKE
0.00 54.94 54.94 0.60 0.00

ASH .(OIL FREE), U %
0 - S LIQUID

GRAVITY, °“API 122.0 12.6 12.3 12.3 12.9
0 - 12 LIQUID .
GRAVITY, °API 2.0 12.9 9.4 0.0 9.9

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 5-100 RPM. THE
SLURRY HAS MON-TEWTONIAN PROPERTIES.
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SUMTMARY OF NORMALIZED YIELDS

RN AAEIBER 130-88
COoAL. ILLINOIS 36 (HRI 4004) .
CATALYST AMERICAN CYANAMID HDS 1442A, 1-716° EXVRUDATES (HRI 3830) :
PERIOD 14 A 14 8 14 AB 16 A 16 B 16 A
OPERATING CONDITIONS .
HOURS OF RUN - BEGINNING £50.00 262.00 .250.00 274.00 286.00 2£90.00
END 262.00 274.86 274.00 286.00 296.00 294.00

CATALYST AGE (END AVERAGE), LB DRY COALNB 1226.4 1313.1 1313.1 11282.0 1147.3 1065.9
CATALYST ADDED, CUMULATIVE '

L.BS/TON DRY COAL .81 .78 .79 .98 .97 1.06
COAL FEED (DRY), LB/HR/CU.FT. REACTOR VOLARE 75.94 76.B4 76.39 65.31 66.69 41.4?
AVERAGE REACTOR TEMPERATURE, °*F - 849. 843. 849. 848. 772, 7723.
UNIT BACKPRESSURE (UNIT EP), PSIG 2659. 2613. 2638. 2560. 2665 . 2650.
H2 PARTIAL PRESSURE, PSIG . 1638. 1672, 1605, 1661. 176S. 1933.

OIL/SOLID RATIO (SLURRY TANK), LBAB SOLIDS 1.65 1.37 1.46 1.92 1.81 2.60
84 34.13 35.33 41.658 44.i0 §£72.32

H2 INET RATE, MSCF/TON DRY COAL 36.
RECYCLE GAS, MSCF/TON DRY COAL 23.31 21.16 22.2849 27.45 27.98 40.20
YIELDS, WT% OF DRY COAL ’

€o,co2 T 1.15 1.t 1.18 .00 0.00 0.00
C1-C3 HYDROCARBONS IN GASES 6.81 6.81 6.81 0.00 0.00 0.00
C4-C? HYDROCARBONS IN GASES : 3.19 - 3.19 3.19 0.00 0.00 0.00
1BP-408 °F NAPHTHA 10.21 10.21 18.21 .00 .00 0.00
400-650 °F DISTILLATES 6.83 6.63 6.63 .00 0.00 .00
650-975 °F DISTILLATES i i6.28 16.28 i15.&88 0.00 0.00 9.00
975 °F+ RESIDUAL. OIL - . ,

TOLUENE SOLUBLE 82.35 22.28 &2.35 0.00 0.00 9.00

TOLUENE INSOLUBLE 12.89 18.89 12.89 0.00 0.900 0.00
LNCONVERTED COAL 6.73 6.73 6.723 0.00 0.00 0.00
ASH ’ ’ ‘ 12.14 12.114 12.11 9.20 9.00 0.00
H20 (NET) ’ 5.88 65.28 §.28 0.00 0.00 0.00
NH3 (FORCED NITROGEN) .21 a1 .ar 2.00 0.00 0.00
H2S (FORCED SULFUR} 1.8?7 1.82 1.8?7 0.92 0.00 0.00
TOTAL ' ) 103.31 103.3 103.31 0.00 0.00 .00
CHEMICAL HYDROGEN CONSLFPTION

MSCF-/TON DRY COAL 9.00 0.02 12.46 0.00 ~0.00 0.00

COMPOSITION OF 400 °F+ FUEL OIL, LTxXX - .

ATMOSPHERIC STILL. OVERHEAD 18.20 18.29 18.29 Q.00 0.00 0.00
ATMOSPHERIC STILL BOTTOMS : 0.00 0.06 12.00 0.00 0.00 0.00
NET VACULM STILL OVERHEAD 0.09 0.00 9.00 0.09 0.00 0.00
VACUUM STILL BOTTOMS,

SOLID FREE OIL: 1IBP-975 °F £84.95 24.95 &24.95 0.00 0.00 0.00

975 *F+ 44.85 44.85 44.85 0.00 .00 0.00

SULFUR, WTx% : .64 .64 .64 .00 0.00 2.00
VISCOSITY, SSU @ 250 °F ’ 350.00 350.6G 350.00 0.00 0.20 9.00



DATE OF FINAL. REPORT:
PAGE 1 OF 7?7

11712779

UNIT 130 — H-COAL OPERATIONS ON ILLINOCIS 8 6 (HRI 4004) -
CATALYST AMERICAN CYANAMID HDS-1442A, 116" EXTRUDATES (HRI 3830)
REACTOR VOLUME:' 4.17 CUBIC FEET

RUN MUMBER 130- 88 _
PERIOD 16 B © 17 A 17 B 18 A 18 B 19 A

G661

. .61 dOIHBd 40 ONINNID3E 3L LY Od3Z OL L3S Sum WLOL IALLY HIH1D
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DATE (END OF PERIOD), 1979 3! Y] 72723 7723 7724 7724
HOURS OF RUN — BEGINNING 294.00 306.00 318.00 330.00 342.00 354.00
END 306.00 318.00 330.00 342.00 354.00 366.00
CATALYST INVENTORY, END, LBS 64.31 64,06 ©54.06 64.86 54.86 54.73
CATALYST ADLED, LBS . 0.20 a.98 9.00 4.21 0.00 3.06
CATLYST WITHDRALIN, LBS X e.ee 3.a3 0.00 3.41 0.00 3.20
CATALYST AGE (END), LB DRY COALB
AVERAGE (BASIS) 1124.1 1121.0 1181.6 1150.0 1201.1 1173.7
ORIGINAL CHARGE (BASIS) 1843.0 1923.2 1963.8 2026.7 2077.8 2119.4
CATALYST ADDED, CUMULATIVEXX
LBS/TON DRY COAL 1.03 1.05 1.02 1.07 1.04 a2.76
CATALYST WITHDRALAWLS
WITHDRAWAL., OIL LADEN, LBS 0.00 6.42 0.00 6.89 0.00 6.59
OIL, W% 0.00 25.84, 0.00 23.38 0.00 : 23.05
MOLYDENUM (OIL. FREE), U % X 0.00 6.74 9.09 6.43 0.020 6.27
COAL. FEED (DRY)

LBS/HR/CU FT REACTOR VOLLIE 63.11 64.84 65.81 66.22 65.98 ., 44.428
MOISTURE W % (COAL SAMPLE) a.a? a.16 a.05 a.o2 2.00 a2.1?
ASH, W% (DRY COAL) t1.40 0.60 11,00 0.00 11.20 0.00

RECYCLE FLOWS, LBS/LB SOLIDS - :
ATMOSPHERIC STILL BOTTOMS .68 .64 .55 .50 .47 .41
VACULM STILL OVERHEAD .19 .05 .19 1? .28 .44
INVENTORY CHANGE .09 -.0?7 .00 -.0? -.04 .05
HYDROCLONE OVERFLOW (OIL) .86 .8Bo .99 9 972 . 1.08
MAKE-UP OIL. 0.60 - .00 .01 .00 .04 .02
TOTAL 1.65 1.63 1.64 1.64 1.79 1.89
TEMPERATURE, °F
COAL. PREFREATER OUTLET 804. 785, 803. 791, 797. 801,
REACTOR LIQUID PHASE, AVG. 839. 848, 847. 849. 841. 825,
MAX. 84S. 856. - 853. 855. 84S. 830.
SEPARATOR-2* ( @ 12° SKIN) 811. 810. 823. 80S. 801. 791.
HYDROCLOMNE OVERFLOW 480. 489, 479. 473. 4721 . 469.
VACUUM STILL FLASH ZONE 610. Si8. 506. 510. Gea. $09,
PRESSURE
UNIT BACK PRESSURE, PSIG 2648, 2600, 2631 . e61?. 8635, a612a.
HYDROGEN MAKE-UP, PSIG 2761. 27237. 2738. 2748, 274S. 2713,
HYDROGEN PARTIAL PRESSURE, PSIG
(REACTOR OUTLET - SEPARATOR) i8e8. 1530, 1789. 1739. 1926. 1986.
VACLUUM FLASH, TORR 36. 40. a8. 40. 9. a.



961

PERIOD .

RECYCLE GAS, MSCF/TON DRY COAL
VENT GAS, MSCF/TON DRY COAL
HYDROGEN PURITY
OF RECYCLE GAS AND VENT, %
TOTAL H2, MSCF/TON DRY COAL
(REACTOR OUTLET)

HYDROGEN, MAKE-UP + RECYCLE
MSCF/TON DRY COAL
PARTIAL FRESSURE, PSIG(INLET)
HYDROGEN CONSWMPTION (1)
MSCF/TON DRY COAL
W % DRY COAL.

OIL ADDITIONS
MAKE—UP OIL, LBS/LB DRY COAL
LBS/HR/CU FT REACTOR
‘ FLUSH OIL,LBSA.B DRY COAL

COLLECTED PRODUCT QUANTITY, W % DRY COAL
ATMOSPHERIC STILL OVERHEAD
ATHMOSPHERIC STILL. BOTTOMS (2)
VACUUM STILL OVERHEAD (&)
VACULM STILL BOTTOMS
HYDROCLONE UNDERFLOU
H20
C1-C3
C4-C?

HRS 1IN GASES
co2 & CO

INPUT QUANTITIES, W % DRY COAL
DRY COAL
MOISTURE IN FEED COAL
MAKE-UP OIL. ADDITIONS
FLUSH OIL
HYDROGEN REACTED (1)

TOTAL

COAL CONVERSIOH, U x MAF. COAL
TOLUENE CONVERSION (3)
DMF CONVERSION (4)

DATE OF FINAL REPORT: $1,/312/79
PAGE 2 OF 7

16 B iz a 17B 18A
26.63 25.16 &3.e2 @24.78
4.0? 3.62 4.38 = §.80
89.25 84.91 B89.63 B85.S5
29.78 26.69 27.09 27.30
40.76 38.768 38.12 39.65
2585. 25e6. &2589. 2533,
10.99 $2.66 11.03 12.25
2.92 3.3 2.93 3.85
.00 0.00 ©.00 100
0.00 2.00 0.00 .14
.03 .03 .003 .003
18.17 20.24 =20.64 _17.01
8.20 -2.69 . .S4 " -5.64
2.42  -.53 .29 -1.66
67.30 63.78 7?.12 44.4?
9.00 0.00 ©.00 e.00
9.51 9.44 8.70 9.13
5.51 6.63 §.30 6.30
2.21 3.6 2.70 2.65
2.28 3.35 2.49 2.7
.64 .91 .70 .88
100.00 '102.0Q 100.08 100,00
2.32 2.2t 2.09 2.¢6
2.00 ©.00 0.00 .21
.3t .30 .33 .89
a2.92 3.35 2.92 3.85
105.65 105.87 105.32 105.81
94.03 0.00 105.32 0.00
90.13 .00 90,18 2.00

188

31.36
?.0t

a8.ct
35.81

q?.72

e56a.

i1.92
3.16

.04

2.36

.005

16.92
-2.32
-1.36
68.84
0.00
6.48
6.28
2.75
a.563
.86

100.00
e.04
4.1

.46
3.16
109.87

80.00
89.47

(1) BASED ON ORIFICE FLOWS FOR WDﬁO(EN, METERED FLOUS FOR OTHER GASES AND ANALYSES.

(2) NEGATIVE VALUES INDICATE DECRERSES I INVENTORY OF SLURRY OXL HOLDING TANK,

(3) BASED ON FILTRATION OF PROUCT SLLRRY FED TO VACUUM STILL..
(4) BASED ON EXTRACTION OF VACULM BOTTOMS PRODUCT.

19 A

36.63
9.00

89.30
43.28

66.37
2550.

13.09
3.4?

.02
.88
.00S

18.82
3.32
3.94

73.8?7
0.0
?.6?7
6.34
a.6?7
2.29

.70

100.00
e.e2
1.98

.48
3.47
108.186
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DATE OF FINAL REPORT: 11/18/79

PARGE 3 OF ?
PERIOD 16 B 17 A 1?7 B 18 A 18 B 19 A
NORMAL IZED NET PRODUCT DISTRIBUTIONXKI$
W % OF DRY COAL
co, coz 0.00 0.0 .63 0.00 0.00 0.00
C1-C3 HYDROCARBONS IN GASES 0.00 0.00 4.77 0.00 0.00 0 .00
C4-C? HYDROCARBONS IN GASES 0.00 0.00 .43 0.00 0.00 0.0
1BP-400 °‘F NAPHTHA 0.00 0.00 9.93 0.00 0.00 0.00
400-650 °F DISTILLATES 0.00 0.20 10.86 0.00 2.00 0.00
© 650-975 °F DISTILLATES 0.00 0.00 15.31 0.00 0.00 0.00
975 °*F+ RESIDUAL OIL :
TOLUENE SOLUBLE .00 0.00 21.68 0.00 0.80 0.90
TOLUENE INSOLUBLE 0.00 0.00 12.43 0.09 0.00 0.00
UNCONVERTED COAL 0.0 0.09 6.78 0.00 0.00 0.00
ASH 0.00 0.00 10.71 0.02 9.00 0.00
H20 (NET) 0.00 0.00 §.23 0.00 0.00 0.00
" NH3 (FORCED NITROGEN) - 0.00 0.00 .59 0.00 0.00 9 eo
i H2S (FORCED SUWLFUR) . 0.00 0.03 a.22 0.02 0.00 9 00
TOTAL (102 + HYDROGEN REACTED) 0.00 0.03 103.58 0.002 0.00 0 02
FILTERED LIQUIDXX
GRAVITY, °*API ’ -11.9 0.0 -12.3 0.0 -7.0 0.0
IBP, °*F (ASTM D—-116@ MODIFIED) 646. Q. 667. 0. 444. 0.
10 V x 637, 0. 610. 0. S42. ‘9.
30V % 699 0. 677?. 0. 696. Q.
60 V % °8s 0. ?270. Q. 767, 0.
20V % ] Q. 963, e. 859. 0.
9 V % 0. 0. Q. Q. 0. 0.
FBP g975. 0. 975s. Q. 975. Q.
V % @ 400 °F 0.00 0.00 0.00 9.00 0.00 0.00
V % @650 °F 14.00 0.00 22.00 0.00 43.00 0.00
V % AT 975 °F 70.00 0.00 71.00 0.60 80.00 0.00
SULFUR, W % .60 0.00 .48 0.60 - .56 @.00
W% 9725 °F+ . 6S.10 0.00 63.00 .0.60 45.00 .00
W % SUFUR IN 975 °F+ .75 0.00 .78 0.00 .83 9.00
W % NITROGEN IN 976 °F+ 9.0 0.00 1.98 0.92 0.00 @.00

X ASTM DISTILLATION CUT POINT

XX FOR PERIODS 14 TO 22 FILTRATION OF HYDROCLONE UNDERFLOU WAS CARRIED OUT UWITH THE
ADDITION OF ATHMOSPHERIC STILL BOTTOMS FROM RUN 130-82-16A AS PUSHER (TWO WEIGHTS OF
HYDROCLONE UNDERFLOW PER ONE WEIGHT OF ATMOSPHERIC STILL BOTTOMS). DISTILLATION DATA
ARE FOR DILUTED SOLIDS-FREE LIQUID. GRAVITY, SULFUR, AND 975 °‘F+ DATA ARE FOR
UNDILUTED SOLIDS-FREE LIQUID OF HYDROCLONE UNDERFLOW.

i PERIODS 3AB,11B,178,AND 198 ARE WORKUP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCULATION
OF NORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION
VALUES FROM WORKUP PERIODS LERE USED.

8 IDENTICAL VALUES FOR A AND B PERIODS INDICATE THAT THE DATA
VRS ACTin |2 FOR CTHIF COMNTMFD AR PERTOD .,
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X

PERIOD
ATMOSPHERIC STILL OVERHEADX

GRAVITY, °API
IBP, °F (ASTM D-86)
10 V %
30V %
50 V %
720V %
90 V %
FBP
V%@ 400 °F
V % @ 650 °F
CARBON, L} %
HYDROGEN, U %
NITROGEN, U %
SULFLR (H2S FREE), U %
IBP-400 °F 4
GRAVITY, °*API
SULFUR (M2S FREE), U X
400 °F+

. GRAVITY, °API
SUWLFUR (HES FREE), U %

ATMOSPHERIC STILL BOTTOMS

GRAVITY, °ARI
IBP, °F (ASTM D-86)
10 V %

30V %

60 V %

70V %

90 V %

FBP

V % 8 4900 °F
vV % 8 650 °F
CARBON, W-%

HYDROGEN, W %
NITROGEN, U %
SULFUR, U %

IBP-650 °F
GRAVITY, °API

650 °F+

GRAVITY, °*APIX

DATE OF FINAL REPORT)

PARGE 4 OF 7

i6 B i7 A 17 B
eS.4 29.1 e9.1
138. 150. 15¢.
280. 230. 230.
378. 326. 326.
420. 339. 380.
453. 430. 430.
492. 486. 486.
6540, 534. 634.
40.0¢ 656.00 66.00
100.200 100.06 100.00
0.00 0.00 86.114
0.0 0.90 11.19
0.00 © 0.00 .30
Q.00 "0.00 ~ .23
34.9 0.0 35.6
0.2 0.20 .00
19.0 - 0.0 19.4
0.00 9.00 .00
12.5 11.2 12.4
462, 0. 476.
498. 0. 502,
526. 0. &28.
654. 0. 654.
s92. 0. 683.
698, Q. 720.
218. 0. ge2.
0.00 9.00 Q.00
84.00 .60 §7.00
0.00- 0.00 8S02.11
0.00 0.00 9.58
©.00 9.00 .48
.02 0.00 .09
2.0 0.9 13.7
‘0.9 0.0 4.8

IDENTICAL VALLES FOR A AND B PERIODS INDICATE 'l}h‘l‘ THE DATA

LWERE ACTUALLY FOR THE COMBINED A/B PERIOD,

18712779

18 A

e8.7
148.
234.
33a.
380.
430.
482.
636.
65.00
100.00 °
‘0.00

S
oo
42}

OO
2388888 ee

£OO066

e
®

9
&

18 B

25.8
i68.
asa,
366.
-4e2,
-434.
484.
540.
49.00
100,00
0.00
0.00
0.00
0.00

33.0
0.2

2.9

19 A

24.4
164.
334.
384.
4i2.
444.
494.
650,
40.00
100.00

9.00

0.00
0.00

31.4

20.0
.14

[
g
o

$8888gsoseses

o So9908
®

®
®
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DATE OF FIMNAL REPORT: 11/12/79

PARGE § OF 7?7
PERIOD i6 B 17 A 17 B 18 A 18 B 19 A
LUATER
CARBON, W % .00 &. 0.00 0.00
AMMONIA, W * Q.00 0.02 3.40 .00 0.00 0.00
SULFUR, W % Q.00 o. 9.00 0.00
CLEAN OIL TANK .
GRAVITY, °API ) 11.8 0.9 11.9 2.0 10.5 0.0
SLURRY MIXING TANK : .
VISCOSITY, CP @ 150 °*fF X 0.9, Q.3 3470.0 0.0 435.0 0.0
VACUUM STILL. OVERHEAD
GRAVITY, °API ' 2.3 8.3 9.8 9.9 ?.7 8.5
IBP, °F (ASTM D-1160 MODIFIED) 0. . o. 442. Q. 0. 0.
10 V % 0. Q. §06. 0. 0. 0.
30V % Q. Q. 641. 9. Q. Q.
S0V % 0. Q. 673. Q. 0. 0.
70V % 9. Q. 612. Q. 0. 0.
9o V % 0. 9. 700, Q. Q. Q.
FBP 0. 0. 780. 0. 0. 0.
V % 8 400 °F 90.00 0.062 0.00 Q.00 0.00 0.00
V % @ 650 °fF 9.00 0.2 84.00 a.00 9.00 9.00
CARBON, W % 9.00 0.02 89.97 Q.00 0.00 90.00
HYDROGEN, U % 0.00 - 0.03 9.09 a.00 90.00 0.00
NITROGEN, U % 0.00 0.0 .47 a.09 9.00 .00
SULFUR, W % .03 90.02 .09 Q.00 .18 0.00
I1BP-650 °F
GRAVITY, °API 0.0 0.9 11.1 0.0 0.0 0.0
650 °F+ . '
GRAVITY, °API 0.0 0.9 5.1 0.0 0.0 2.0

¥ AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 6-100 RPM. THE
SLURRY HAS NON-NELTONIAN PROPERTIES.



PAGE 6 UF ¢
16 B 17 R i7B - 18R 18 B 19 A

PERIOD
VACULM STILL BOTTOMS
W % OF VACUUM STILL FEED 24.90 - 98.96 78.05 69.78 68.32 S8.34
TOLUEMNE SOLUBLE, W % s2.27 0.00 S6.86 2,00 s3.21 Q.00
NON-ASH TOLUEMNE INSOLUBLE, W % 33.86 0.8 27.70 .08 @29.46 0.00
ASH, W % 16.87 .00 15.44 0.006 17.33 .20
UNREACTED COAL., W X (EST.) ?2.83 0.20 g.78 90.¢0 13.74 0.00
TOLUENE INSOL. RESID. W % (EST.) 23.03 .06 -1?7.92 2.00 15.72 9.00
CARBON, W % 0.00 0.00 ?74.44 %.00 0.00 ¢.00
HYDROGEN, W % 9.00 0.00 s.22 9.00 .00 0.09
NITROGEN, U % 0.00 0.00 1.26 2.09 2.0 9.00
SILFUR, U % 1.98 9.00 1.85 2.00 1.95 0.00
ASTM ASH. W % 17.30 n.00 1595 0.06 18.23 ¢.20
COKE-/ASH RATIO (D'¥ EXTR.) .7? 6.00 .79 9.00 . 6.00
DMF-SOLUBLE, W % 71.S2 9.00 72.18 0.09 67.56 0.00
VISCOSITY, CP 4 500 °F X ’ 9.9 9.9 163.0 2.0 8.0 9.0
VACLAM DISTILLATION
IBP, °*F (ASTM D-1160 MODIFIED) Q. 9. 62S. 0. (] 9.
DISTILLATE TO 975 °F, WU % 8.0 0.00 25.086 ° 0.00 2.00 8.00
- IBP-G75 °F ) . -
GRAVITY, °API1 9.0 2.0 -1.9 9.0 0.0 3.0
HYDROCL.ONE OVERFLOUW :
GRAVITY, °API -14.0 2.0 -14.9 0.0 -i2.3 Q.0
IBP, *f (ASTM D-1160 MODIFIED) 497. Q. <487. Q. 494 . Q.
io v % s77. Q. 564. Q. SS7. .
30 vV % 673 Q. a77?. Q. 64a2. Q.
5O V % 914 0. 938, Q. 831. Q.
7V % (%] Q. Q. 3. Q. Q.
END POINT 975.00 0.00 975.00 0.00 975.00 9.00
% @ 650 °F 26.00 9.00 27.90 0.20 31.50 0.0
V % @ END POINT 56.00 Q.20 B4.9Q Q.00 £9.90 2 .Q2
ASH, W % 6.98 9.0 ?2.1? 9.00 6.50 0.00
RESIDUE AND SOLIDS, W % . 62.18 Q.00 84.72 9.00 49.49 9.00
HYDROCLONE UNDERFLOUW, ASH, W X% 12.93 Q.00 12.38 90.90 15.36 9,09
HYDROCLONE FEED, ASH W % 11.44 9.00 10.60 9.00 10.69 9.00
FILTER CAKE
W % OF FEED TO FILTER 28.15 0.09 29.64 9.00 25.78 9.0
TOLUENE EXTRACTION OF CARKE .
SOLUBLE, U % 28.60 .00+ 33.90 2.00 40.90 2.0
NON-ASH INSOLUBLE, W % 27.88 9.00 30.01 0.00 29.74 Q.00
ASH, W % 43.82 0.00 36.09 9.00 29.36 2.00
INSOLUBLE RESID., W % ?2.68 -9.00 ?.18 9.00 6.45 9.00
UNREACTED COAL., W % (EST.) 20.20 0.0¢6 22.86 0.0 B3.289 9.00
DI'F - EXTRACTED CARKE
ASH (OIL FREE), U % £6.60 0.00 55.73 .00 S4.50 0.09
0 - S LIQUID
GRAVITY, °API 13.2 12.5 13.2 13.7 13.8 14.3
0 - 12 LIQUID .
GRAVITY, °API 16.3 ©.0 15.7 0.9 18.S 2.9

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 5-100 RPM. THE
SLURRY HAS NON-MEWTONIAN PROPERTIES.

200
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x THIS COMPOSITION IS BASED ON THE MATERIAL BALANCE FOR THE PERIOD AND AN ASSWMED

PERIOD

BATCH DISTILLATON OF VACULEY
BOTTOMS SLURRY PRODUCT
VACULM DISTILLATION
FINAL VAPOR TEMP. °F
PRESSURE, TORR
DISTILLATE, W % OF VACLAR1
BOTTOMS SLURRY
SULFUR, W %

CALCULATED COMPOSITION OF SOLIDS-FREE
IN VAaCUUM BOTTOMS SLURRY PRODUCT, U %
BATCH STILL DISTILLATE FROM
SLURRY PRODUCTS
BATCH STILL. RESID. FROM FILTRATE
CALCULATED COMPOSITION, U %
SULFUR, W % .

CALCULATED COMPOSITION OF X

400 °‘F+ LIQUID PRODUCT, W %
ATMOSPHERIC STILL OVERHEAD
ATMOSPHERIC STILL BOTTOMS
NET VAcUUM STILL OVERHEAD
VACUUM STILL BOTTOMS,

SOLIDS FREE OIL:+ IBP-975 °F
975 °F+

" CALCULATED COMPOSITION, U %

SULFUR, U %
SULFUR (ACTUAL)
VISCOSITY mcruéu_) ssu Q@ 250 °F

DATE OF FINAL REPORT:

PAGE 7 OF 7
16 17 A
465.00  0.00
2. .00
34.37 ©.00
20 ©0.00
oIL

48.06 0.00
£1.94 0.00
49 0.0
26.80 ° 0.00
20.00 0.00
6.89 ©.00
42.43  0.00
488 0.00
13 @.00
.00 0.00
0.00 - 0.00

1?7 B

21.30
1.99
9.00

38.30
38.50

.46
.39
220.00

11712779

18

® © e &6

Oce 660 666

RATIO OF 1.S PARTS OIL PER PART SOLID IN VACULM BOTTOMS, WITH THE OIL

CONSISTING OF 4 PARTS RESID AND 1 PART DISTILLATE. SULFUR CONTENT IN 400 °F+ FRACTION
OF ATMOSPHERIC STILL. BOTTOMS IS- ASSU‘ﬁD TO BE 0.15 W% FOR CASES WHERE SULFUR ANALYSIS

1

NOT AVAILABLE.

A

.00
.00

.00
.00

.@0
.00

.Q0

.00
.00
.00

.00
.00

.00
.00
.00

18

490.
3.

.39
.38

ia.
87.

36.
-16.
-6.

.20

66

30.

.44

0.
0.00

20
o

42
58

89
8o
20

@0

19

QA

R0 a8

eOe 00 OH

A

.00

.00
.00

.00
.00

.00
.00
.00

.00
.00

.00
.00
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SUMMARY OF NORMALIZED YIELDS

RUN NLWMBER 130-88
COAL. ILLINOIS 86 (HRI 4004)
CATALYST AMERICAN CYANAMID HDS 1442, 1/16° EXTRUDATES (HRI 3830)
PERIOD 168 17A . 1?RA 18A 188 19 A
OPERATING CONDITIONS , :
HOURS OF RUN — BEGINNING £294.00 306.00 318.00 330.00 342.60 354.00
END 306.00 318.00 330.00 342.06 354.00 366.00
CATALYST AGE (END AVERAGED, LB DRY COAL1LB  1324.1 1121.0 1181.6 1150.6 j201.1 1173.7
CATALYST ADDED, CUMAATIVEL
LBS-TON DRY COAL 1.03 1.05 1.2 1.2 1.4 2.76
COAL FEED (DRY), LB/HR/CU.FT. REACTOR VOLLFE 63.11 64.84 65.561 66.22 65.98 44.42
AVERAGE REACTOR TEMPERATURE, °F 839. . .848. 847. 849. 841. 825.
UNIT BACKPRESSURE (LNIT BP), PSIG 2648. 2608, @2631. @261?. 2635. &61a.
H2 PARTIAL PRESSURE, PSIG 18e8. 1630. 1789. 1739. 1926. 1986.

OIL/SOLID RATIO (SLURRY TANK), LBAB SOLIDS 1.65 1.63 1.64 i.64 1.79 1.89

H2 INLET RATE, MSCF/TON DRY COAL 40.76 38.75 38.i8 39.55 47.72 66.37
RECYCLE GAS, MSCF/TON DRY COAL 26.63 @25.16 23.e2 24.78 31.36 36.63
YIELDS, WTx OF DRY COAL
Co,co2 2.02 0.00 .63 0.20 0.00 0.00
© €1-C3 HYDROCARBONS IN GASES 9.00 .00 4.7? ©.20 .00 , 6.00
C4-C7 HYDROCARBONS IN GASES 0.00 0.00 2.43 90.00 0.00 0.00
IBP-400 °F NAPHTHA 2.92 9.00 9.93 0.2 0.00 9.00
400-650 °F DISTILLATES ©.00 0.00 10.88 0.00 0.00 0.00
6€50-975 °F DISTILLATES 2.29 0.06 i5.31 0.00 0.20 0.20
975 °F+ RESIDUAL OIL - v
TOLUENE SOLUBLE 8.00 0.0 21.68 0.00 0.00 0.00
TOLUENE INSOLUBLE . 0.2 8.00 12.43 0.00 0.00 .00
UNCONVERTEDR COAL 0.0 0.00 6.78 0.00 0.00 0.00
ASH 0.90 0.00 10.71 0.00 0.00 .00
H20 (NET) i 2.0 9.00 6.83 9.90 0.00 0.90
MH3 (FORCED NITROGEN) 0.0 . 0.00 .89 0.00 9.00 0.00
H2S (FORCED SLLFUR) 9.00 0.02 a.ea 0.00 .90 0.00
TOTAL 2.00. 0.086 103.56 0.00 0.00 0.00
CHEMICAL HYDROGEN CONSLEPTION .
#ISCF/TON DRY COAL 0.00 9.00 13.42 0.00 9.00 Q.00
COMPOSITION OF 400 °F+ FUEL OIL, UTxXX
ATMOSPHERIC STILL. OVERHEAD £6.80 0.00 21.30 9.0 36.80 0.00
ATMOSPHERIC STILL BOTTOMS 20.00 0.0 1.90 0.00 -16.80 0.00
NET VACULM STILL OVERHEARD 5.89 0.00 0.00 0.0 -6.20 9.00
VACLALEY STILL BOTTOMS, '
SOLID FREE OIL: IBP-976 °F - 42.43 0.0 38.30 0.00 B6.29 .00
9758 °F+. 4.88 €.06 38.50 0.00 30.00 0.00
SULFUR, UT% 8.00 0.0 .39 .00 .00 0.00
viscosity, ssu @ 250 °F 2.0d 6.06 220.920 0.00 0.00 0.00
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REACTOR VOLWME: 4.17 CUBIC FEET
RUN NUMBER 130- 88
PERIOD

DATE (END OF PERIOD), 1979

HOURS OF RUN — BEGINNING
END

CATALYST INVENTORY, END, LBS
CATALYST ADDED, LBS
CATLYST WITHDRALN, LBS X .
CATALYST AGE (END), LB DRY COAL1B
AVERAGE (BASIS)
ORIGINAL CHARGE (BASIS)
CATALYST ADDED, CUMULATIVEXX
LBS-TON DRY COAL

CATALYST WITHDRAUALS
UITHDRALAL, OIL LADEN, LBS
oIL, U % .
MOLYDENUM (OIL FREE), W % %

COAL. FEED (DRY)
LBS/HR/CU FT REACTOR VOLLME
MOISTURE W % (COAL SAMPLE)
ASH, W% (DRY COAL)

- RECYCLE FLOUS, LBS-L.B SOLIDS -

ATMOSPHERIC STILL BOTTOMS
VACULM STILL OVERHEAD
INVENTORY CHANGE
HYDROCL.ONE OVERFLOW (OIL)
MAKE-UP OIL

TOTAL

TEMPERATURE, °F
COAL PREHEATER OUTLET
REACTOR LIQUID PHASE, AVG.
MAX

SEPARATOR-2° ( @ 18° SKIN)
HYDROCLONE OVERFLOU
VACUUM STILL FLASH ZONE

PRESSURE
UNIT BARCK PRESSURE, PSIG
HYDROGEN MAKE-UP, PSIG
HYDROGEN PARTIAL PRESSURE, PSIG
(REACTOR OUTLET - SEPARATOR)
VACULM FLASH, TORR

DATE OF FIMAL KLFGKRT

PAGE

1 0F 7?7

UNIT 130 - H-COAL. OPERATIONS ON ILLINCIS & & (HRI 4004)
CATALYST+ AMERICAN CYANAMID HDS-1442R,

1716 EXTRUDATES (HRI 38306)

19 B
7785

366.00
378.00

ar7za.

1855.
. 3.

20 A

7725
378.00
390.00

48.89
0.00
S.84

1270.9
2216.6

.83

10.86

799.

8672.
810,
469.
637.

a642.
az42.

1779.
a.

20 B

?/26
390.00
402.00

48.89
©.00
0.00

1320.2
2265.9

.63
0.00

.00
0.00

[

48.18
10.8?

.31
-.01
1.06

1.70

796.
848.
85S.
789.
468.
631,

2620,
2735.

1856.
3.

11712779

20 AB
?/26
378.00
402.00
48.89
0.00
6.84

1320.2
2265.9

.63

10.86
23.284

49.25
10.87

21 A
7726
402.00
414.00
83.21
6.34
?.13

1096.2
a314.8

13.72
6.63

49.32 -

1.84
0.00

.34
- .30
~.04

794,
8438.
855.
gog’
473.
823,

2628,
a2763.

17ea.
3.

21 B
2727
414.00
426.00
s3.21
.00

1141.2
2359.6

2607.
a732,

1938.
4.
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DATE OF FINAL REPORT 11/12/79

PAGE 2 OF ? ‘
PERIOD 19 B g2e A 20 B 20 AD 21 A 21 B
RECYCLE GAS, MSCF-TON DRY COAL. 30.74 32.89 34.668 33.47 34.03 34.68
VENT GAS, MSCF/TON DRY COAL. : 6.68 b5.3?7 6.7? 6.67 6.0 7.22
HYDROGEN PURITY :
OF RECYCLE GAS AND VENT, % 90.287 88.46 868.36 88.35 84.66 91.73
TOTAL H2, MSCF/TON DRY COAL <
(REACTOR OUTLET) 34.94 35.82 37.94 36.88 35.73 40.80
HYDROGEN, MAKE-UP + RECYCLE
MSCF/TON DRY COAL 47.59 49.74 G51.65 50.69 50.84 64.87
PARTIAL PRESSURE, PSIG(INLET) : 2622. 2560. o553, - 2557. 2516, 2610.
HYDROGEN CONSUMPTION (1) !
MSCF/TON DRY COAL 12.68 13.92 13.7¢ 13.8f 15.11 14.07
U % DRY COAL 3.36 3.69 . 3.64 3.672 4.0 3.74
OJL. ADDITIONS .
MAKE-UR OIL, LBS1.B DRY COAL .01 .02 .02 .02 .01 .07
LBS/HR/CU FT REACTOR .72 .90 .s8 .94 .68 3.43
! FLUSH OIL,LBSAB DRY COAL .003 .004 .004 .04 .04 .005
COLLECTED PRODUCT QUANTITY, L % DRY COAL
ATMOSPHERIC STILL OVERHEAD 19.8S a82.2? 32.79 29.93 21.08 14,97
ATMOSPHERIC STILL. BOTTOMS (2) ?.68?2 . .66 -.25 21 42 6.90
VACULM STILL OVERHEAD (2) 5.12 .93 -.3? .28 1.98 6.64
VACUUM STILL BOTTOMS 65.68 62.82 64.66 63.74 62.27 6?.11
HYDROCLONE UNDERFLOU 9.00 Q.00 .00 0.00 0.0 0.00
H20 9.38 ' 14.82 8.23 118.02 9.25 8.85
c1-¢3 65.68 6.5 6.6?7 6.61 . ?.96 6.89
C4-C? .40 3.64 3.44 3.54 3.7 3.35
Has IN GASES 294 2.94 @2.868 2.99 290 2.66
co2 & CO ) .76 .78 .81 .80 .94 .48
IN?UT QUANTITIES, U % DRY COAL . .
DRY COAL 100.00 100.00 100.00 100.00 100.06 100.00
MOISTURE IN FEED COAL . 2.4 2.16 2.02 2.8 1.87 1.74
MAKE-UP OIL ADDITIONS : 1.3? 1.729 2.03 1.91 1.47 ?.17?
FLUSH OIL . .34 .37 .41 .39 .39 .48
HYDROGEN REACTED (1) 3.36 3.69 3.64 3.67 4,01 3.74
TOTAL 107.48 107.92 108.06 1908.01 107.44 113.13
COALL. CONVERSION, W % M.A.F. COAL
TOLUENE CONVERSION (3) 91.91 0.00 94.63 94.63 0.0 93.01
.00 89.48 89.48 ©.080 91.02

DMF CONVERSION (4} . 89.87

(1) BASED ON ORIFICE FLCWS FOR HYDROGEN, METERED FLOWS FOR OTHER GASES AND ANALYSES,
(2) NEGATIVE VALUES INDICATE DECREASES IN INVENTORY OF SUURRY OIL HOLDING TANK.

(3} BASED ON FILTRATION OF PROUCT SLURRY FED TO VACUUM STILL.

(4) BASED ON EXTRACTION OF VACULIM BOTTOMS PRODUCT.
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DATE OF FINAL REPORT: 11,1279 .
PAGE 3 OF 7

PERIOD 19 B 20 A 20 B 20 AB 21 A a B

- NORMALIZED NET PRODUCT DISTRIBUTIONKIS

W % OF DRY CO

co, co2 .75 .83 .83 .82 . .73 .73
C1-C3 HYDROCARBONS IN GASES 6.65 6.76 6.76 6.74 7.12 2.1
C4-C? HYDROCARBONS IN GASES 3.0? 3.69 3.69 3.68 3.62 J.62
1BP-409 °‘F NAPHTHA ?7.34 12.95 12.95 12.93 ?2.32 ?.32
400-650 °F DISTILLATES 20.31 16.99 16.99 16.82 13.85 12.8S
650-975 °F DISTILLATES 8.29 3.86 3.86 3:99 ?.43 ?.43
9?75 °‘F+ RESIDUAL OIL

TOLUENE SOLUBLE 16.86 21.83 21.83 21.68 @g22.99 &2.93.

TOLUENE INSOLUBLE : 15.29 11.17 11,17 11.14. 11.61 11.61
UNCONVERTED COAL 6.68 4.85 4.85 4.84 6.84 6.84
ASH 10.48 11.02 11.02 10.99 12.46 312.46
H20 (NET) 6.84. 7.43 ?.43 ?.6S ?.01 ?.01
NH3 (FORCED NITROGEN) .53 . .68 .58 .59 .63 .63
H2S (FORCED SWLFUR) 2.3a 2.39 a.39 a.39 2.28 a.28

TOTAL (100 + HYDROGEM REAC‘I'ED) 103.84 to4.23 104.23 104.27 103.84 103.84

FILTERED LIQUIDXX

GRAVITY, °‘API -9.3° 0.0 -9.4 -9.4 0.0 -6.4
IBP, °*F (ASTM D-1160 MODIFIED) 481. 0. 454. 454. Q. 430.
10 V % 651. 0. 643. 643. 9. 638.
30 V% . 613. - 0. 615. 615. 0. 610.
50 V % : 7261 . 0. ?40. 740. 0. 713,
70 V % 920. - 9. 910. 910. 0. 811
90 V % Q. Q. 0. 9. Q.
FBP 975. 0. 97s. 978. 0. 975.
V% @ 400 °F 0.00 0.00 0.00 0.00 0.00 0.00
V % @650 °F . 33.00 0,00 40.50 40.50 0.60 41.00
V % AT 975 °F 75.00 0.09 76.00 76.00 .00 80.00
SULFUR, U X .55 0.00 .51 .51 0.00 .48
W% 975 °F+ . 49.86 © ©0.00 48.70 48.70 0.00 39.14
U % SLULFUR IN 975 °F+ ’ .73 0.00 .70 .70 0.00 .68
U % NITROGEN IN 975 °F+ ) 1.95 0.00 1.98 '@.09 0.00 ©.00

X ASTM DISTILLATION CUT POINT

*¥ FOR PERIODS 14 TO 22 FILTRATION OF HVDROCLOMNE UNDERFLOW UWAS CARRIED OUT WITH THE
ADDITION OF ATMOSPHERIC STILL. BOTTOMS FROM RUN 130-82-16A AS PUSHER (TWO WEIGHTS OF
HYDROCLONE UNDERFLOU PER ONE LEIGHT OF ATHOSPHERIC STILL BOTTOMS). DISTILLATION DATA
ARE FOR DILUTED SOLIDS-FREE LIQUID. GRAVITY, SULFUR, AND 975 °F+ DATA ARE FOR
UNDILUTED SOLIDS-FREE LIGUID OF HYDROCLONE LINDERFLOU.

! PERIODS 3AB,118B,178,AND 198 ARE WORKUP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCULATION
OF NORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION
VALUES FROM WORKUP PERIODS LERE USED.

$ IDENTICAL VALUES FOR A AND B PERIODS INDICATE Tl’h'l' THE DﬁTﬂ
WERE ACTUALLY FOR THE COMBINED A-/B PERIOD.
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806A - ROD 20 AP 'ana 81 n-

PERIOD 19'3
ATMOSPHERIC STILL. OVERHEADY , :
GRAVITY, °API 23.9 24.4 e8.1 6.8 27.1 25.6
- IBP, °F ¢(ASTM D-86) 164. 166, 146. 166. 160, 164,
10V % 334. 328, 238. eBt. 244. 270,
3BV , 384. 385. 334. 360. 358. 366.
50 V % - 41a. 4186, 408. 411, 418. 422.
70V % : 444. 454, 4786, 46S. 478. 476.
90 V % . 494. s24, 659, 637, 660. e8a.
FBP 650, 604. 638. 621. 634. " 660.
V% @ 400 °F 40.00 39.00 47.00 43.00 44 03 41.00
Vi@ ESo F 160.00 103.00 160.08 100.00 100.68 857.00
CARBON, U % 86.06 ' .00 86.66 B8B6.66 86.88 B6.88
HYDROGEN, U % 10.76 0.60 11.07 11.07 106.98 10.98
NITROGEN, U % .3? .02 .38 .38 .87 -4
. SLAFUR (HRS FREE), W % .28 0.00 . .26 .26 .aa .22
IBP-400 °F )
CRAVITY, °API 3.6 32.6 39.2 35.6 38.3 36.3
SULFUR (H2S FREE), U % 25 .00 a4 .24 .00 .00
408 F+ .
© GRAVITY, °*API 20.8 19.9 i8.0 19.0 8.0 18.4
SLLFUR (H2S FREE), W % ea .43 .44 .83 .46 .4
ATMOSPHERIC STILL BOTTOMS _
CRAVITY, °API - 12.6 18.? 10.9 16.9 10.9 i2.3
IBP, °F (ASTH D-B6) 454. 0, 44a. 442. 407. 407.
10 V 5% 601 . e. g08. Go8. 489, 489.
VK 540, 8. 653, £53. 638, 538,
60 V % 676, . €96. £95. 676. &76.
78 ¥ % 627. o, 645, 645. 627. 627.
g8 V % . 7814, 8. . 774. 7?4, 766, 766,
FBP 893, | 0. o28. 928, 890, 890,
V% @ 400 °F 4 .20 .00 0.00 .00 .00 ©.80
V% @656 °F . 77.00 .00 71.00 ?71.08 ?77.00 ?7.00
CARBON, U % 89.13 .06 88.92 68.92 89.48 §89.48
HYDROGEN, 0 % 9.37 .00 9.21 9.2 9.48 9.48
NITROGEN, U % .64 . @.02 .67 .67 .66 .68
SULFUR, W X .07 .09 44 .44 .13 13
IBP-650 °F . ’ .
‘GRAVITY, °*API ‘ 14.2 0.0 13.8 $3.6 14.0 14.0
650 °F+
GRAVITY, °API 6.4 0.0 4.? 4.7 1.8 1.9

% IDENTICAL VALLES FOR A AND B PERIODS INDICATE THAT THE DATA
LERE ACTUALLY FOR THE COMBINED A-B FPERIOD.
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, ' PRGE 5 OF 7
PERIOD , 19 B 20 A 2o B 20AD 21 A 21 B
WATER , . .
CARBON, U % 1.83 0.00 1.95 1.95 1.93 i.93
AMMONIA, U % 3.4? 0.00 2.61 2.61 3.60 3.60
SULFUR, W % 2.84 2.00 1.61 1.61 1.63
CLEAN OIL TANK .
GRAVITY, °API : 10.4 0.0 8.4 8.4 . 0.0 8.2
SLURRY MIXING TANK ‘ ‘
VISCOSITY, CP @ 15@ °F X 309.06 . 0.0 2.9 0.0 0.0 0.0
VACUUM STILL OVERHEAD -
GRAVITY, °*API ?.3 0.0 17.3 6.0 6.3 6.7
. IBP, °F (ASTM D-1160 MODIFIED) 450, . 450. 450, 446. 446.
10V % 631. o.. 837. s. 631. 531.
30V % &678. 0. 600. 600. 590. 590.
S0V % 628 0. 706. 706. 650.  3550.
70V % 740. o. 768. 768. ?7?. 772.
90 V % 803. . 865. 86S. 849. 849.
FBP 9G9. 0. -1000. 1000. 1030. 1230.
V% @ 400 °F 0.00 0.20 0.00 0.00 0.00 2.00
V % @ 650 °F . §7.00 0.00 48.00 48.00 62.00 62.00
CARBON, U % 89.09 ' ©0.00 89.37 89.37 89.7 83.67
HYDROGEN, U % © o 8.71 .00 8.60 8.60 8.70 8.70
MITROGEN, U % - : .65 0.02 .62 .62 .73 .73
SULFUR, L % . 15 0.00 1?2 .16 14 .14
1BP-650 °F o
GRAVITY, °API 11.?7 0.9 11.1 11.1 10.9 10.9
650 °F+ s , '
GRAVITY, °API 3.4 .0 2.0 4.7 -1.9 -1.9

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 5-100 RPM. THE
SLLRRY HAS NON-NEWTONIAN PROPERTIES.
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PERIOD 19 B 20 A 20 B 20 AR 21 R ei B
VACULRM STILL BOTTOMS
W % OF VACUM STILL FEED 62.05 SB.14 S9.30 59.30 61.47? S6.82
TOLUENE SOLUBLE, W % 41.33 0.00 50.71 S50.71 29.00 49,721
NON-ASH TOLUENE INSOLUBRLE, U X 39.70 0.00 29.20 29.20 0.00 30.00
ASH, W % 18.9? 3.00 20.09 20.09 .00 g26.29
UNREACTED COAL, W % (EST.) 12.09 0.00 8.84 8.84 8.2 i1.00
TOLUENE INSOL. RESID. W X% (EST.) az.6l 6.00 20.36 206.36 9.00 19.00
CARBON, W % ' 70.85 0.00 ?70.42 ?70.42 72.28 72.c8
HYDROGEN, W % - 4.61 0.00 4.49 4.49 4.63 4.63
NITROGEN, W % 1.52 0.09 1.€0 i.66 1.34 1.34
SULFUR, WU % 2.03 0.00 1.99 1.99 1.98 i.98
ASTM ASH, W %X 19.63 0.00 20.80 20.80 0.00 20.53
COKE/ASH RATIO (DIF EXTR.) .82 0.00 .86 .86 2.00 .70
DMF-SOLUBLE, U % 6S.16 0.00 62.50 62.50 0.00 6S.83
VISCOSITY, CP @ S0 °F X 2.0 6.0 6.9 9.0 0.0 .0
VACUUM DISTILLATION -
IBP, *F (ASTM D—-1160 MODIFIED) 7238. o 714. 714. 723, 7?23
DISTILLATE TO 975 °F, W % 9.10 9.086 16.70 1i.i0 12.45 12.45
IBP-975 °F '
GRAVITY, °API 6.6 9.9 -3.7 =3,? -8.4 -8.4
HYDROCLONE OVERFLOW :
GRAVITY, “APl ~13.7 0.0 -14.9 -14.9 0.0 -t2.8
IBP, °F (ASTM D—-1160 MODIFIED 469, a. 462. 462. Q. 464.
10V % . 559, Q. §74. 574. Q. §7a.
30 V % 664. a. 6S0. 6S0. Q. 702.
S V % ) 821, 0. 878. 878. Q. 85S.
79V % . : Q. . 0. - Q. 9. Q. 9.
END POINT 975.00 9.00 975.08 975.00 0.00 975.00
V % @ 650 °F £8.00 0.00 24.00 24.00 0.00 24.08
V % @ END POINT : £8.20 0.00 672.75 §?72.7§ 0.00 61.00
ASH, W % . ’ 6.56 0.00 7.08 ?7.06 0.00 . 6.19
RESIDUE AND SOLIDS, W % 50.50 0.00 S51.30 S1.30 0.00 46.77
HYDROCLONE UNDERFLOW, ASH, U % i2.7? 3.00 14.05 14.9058 | 9.9 11.7?
HYDROCLOMNE FEED, ASH U % 11.58 ©.00 11.54 11.54 .00 11.4S
FILTER CAKE
W % OF FEED TO FILTER 30.11 .00 32.66 32.66 2.00 2s.82
TOLUENE EXTRACTION OF CAKE )
SOLUBLE, W % 23.66 9.00 23.70 23.70 0.00 26.8S
NON-ASH INSOLUBLE, W X% 33.61 ©.020- 26.74 &86.74 0.00 28.35
ASH, W % 42.73 0.0 S2.82 6&2.82 0.00 44.80
INSOLUBLE RESID., W % 6.3? 0.0% 3.49 3.49 0.00 4.86
UNREARCTED COAL., W % (EST.) 27.24 9.69 @23.285 &23.85 0.00 24.29
DMF - EXTRACTED CAKE
ASH (OIL FREE), W % $4.88 .00 S3.68 S3.68 0.00 58.94
0 - 5 LIQUID )
. GRAVITY, °*API 13.9 13.6 13.2 13.4 14.3 14.3
0 - 12 LIQUID
GRAVITY, °APIL . : i17.2 6.6 6.0 17.3 0.9 17.6

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 6-100 RPM. THE
SLURRY HAS MON-MEWTONIAN PROPERTIES.

208
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PERIOD ' 19B =20A @208 20AB 21 A 218

BATCH DISTILLATON OF VACLAN
BOTTOMS SLURRY PRODUCT

VACULM DISTILLATION :
420.00

FINAL VAPOR TEMP. °F 475.00 ©.00 465.00 465.00. ©.00
PRESSURE, TORR . 3.00 ©.00 3.00 3.00 0.00 3.0
DISTILLATE, U % OF VACLLH
. BOTTOMS SLURRY 9.35 0.0 760 7.60 000 6.08
SUFUR, U % .38 ©.00 .34 .34  0.00 .34
CALCULATED COMPOSITION OF SOLIDS-FREE OIL
IN VACLLM BOTTOMS SLLRRY PRODUCT, U %
‘ BATCH STILL DISTILLATE FROM : :
SLURRY PRODUCTS 14.35 0.00 12.16 12.16 0.00 ?.72
BATCH STILL RESID. FROM FILTRATE 85.65 ©.00 87.84 B87.84 ©.00 92.28
CALCULATED COMPOSITION, U % ‘
SULFUR, U % .68  ©.00 .66 €66  ©0.00
CALCULATED COMPOSITION OF ¥
400 °F+ LIQUID PRODUCT, U % )
ATHOSPHERIC STILL OVERHEAD 25.40 ©0.00 62.00 62.00 0.00 31.60
ATHOSPHERIC STILL BOTTOMNS 22.18 ©.00 ©8.00 0.00 0.00 20.40
NET VACULIM STILL OVERHEAD 1500 ©0.00 0.00 0.00 0.00 9.09
VACULM STILL BOTTOMS,
SOLIDS FREE OIL+ IBP-975 °F 4492 @00 1.60 1.60 0.00 ©0.00
975 °F+ 33.00 0.0 46.40 46.46 0.00 39.10
CALCULATED COMPOSITION, W % : '
SULFUR, U % .33 0.00 .40 .40 0.00 .33
SULFUR (ACTUAL), U X% 0.00 ©0.60 ©0.00 - .36 40.00 .40
VISCOSITY (ACTUAL),SSU @ 250 F 2500.X ©.60 ©0.60 ©.00 180.00 180.00

X THIS COMPOSITION IS BASED ON THE MATERIAL BALANCE FOR THE PERICD AND AN ASSUMED
RATIO OF 1.5 PARTS OIL PER PART SOLID IN VACLAM BOTTOMS, WITH THE OIL .
CONSISTING OF 4 PARTS RESID AND 1 PART DISTILLATE. SULFUR CONTENT IN 400 °F+ FRACTION
OF %MOSPNZEIC STILL BOTTOMS IS ASSUMED TO BE 0.15 W% FOR CASES WHERE SUALFUR ANALYSIS
IS NOT AVAILABL
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SUHIARY OF NORIMALIZED YIELDS

R, MIBER 130-88
COAL _ ILLINOIS $6 (HRI 4004)
CATALYST AMERICAN CYANAMID HDS 1442A, 1/16° EXTRUDATES (HRI 3830) -
PERIOD 1I9B- 20A 208 @20AB 21 A 218
OPERATING CONDITIONS
HOLRS OF RUN - BEGINNING 366.00 378.00 390.00 3I78.00 402.00 414.00
END 378.00 390.00 402.00 402.00 414.00 426.00
CATALYST AGE (END AVERAGE), LB DRY COALAB  1221.8 1279.9 1320.2 1320.2 1096.2 1141.2
CATALYST ADDED, CUMLLATIVEX , o
LBS/TON DRY COAL .. 1.88 .83 .63 .63 2.37 1.98
COAL FEED (DRY), LB/HR/CU.FT. REACTOR VOLLRE 62.40 60.32 48.18 49.285 49.32 47.80
AVERAGE REACTCOR TEMPERATURE, °F 848. 851, B848. 850. B48.  B46.
UNIT BACKPRESSURE (LNIT BP), PSIG 2650. 2642. 2620. 2631, R628. 2607.
H2 PARTIAL PRESSLRE, PSIG 1856. 4?79. 1856. 1818. 1722. 1938,
OTL/SOLID RATIO (SLURRY TANK), LBAB SOLIDS 1.69 .76 1.70 4.72 1.98  1.85
H2 INLET RATE, MSCF/TON DRY COAL. 47.69 49.74 61.65 60.69 60.84 64.8?
RECYCLE GAS, MSCF/TON DRY COAL . 30.74 32.89 34.06 33.47 34.09 34.68
YIELDS, WT% OF DRY COAL
.83 .82 .73 .73

ce,coz2

C1-C3 HYDROCARBONS IN GASES

C4-C? HYDROCARBONS IN GASES

IBP-400 °F NAPHTHA

400-659 °F DISTILLATES

650-975 °F DISTILLATES

975 °F+ RESIDUAL OIL
TOLUENE SOLUBLE
TOLUENE INSOLUBLE

UNCONVERTED COAL

Rl
B

6.76 6.76 6.74 ?2.18 ?.12

.0? 369 3.69 3.68 3.62 ¢+ 3.68
4 12.95 12.93 2.32 ?.32
.31 16.99 16.99 i168.92 13.86 13.85
29 3.86 3.86 3.99 43 1 ?2.43

?
85 21.83 21.83 @£1.68-. 82.93 &£2.93
.23 14.17 11.47 14,14 11.61 i1.61
4.85 4.84 6.84 'a6.84

8‘_\!@0’!
w
-
[ -3
Y
[<a]
0n

o fub
DS0hs ©
o
o
aby
- o}
[4]

ASH 16.48 11.62 11.02 10.99 i12.46 12.46
H20 (NET) 24 ?.43 ?.43 ?.65 7.01 7.04
NH3 (FORCED NITROGEN) o .63 .58 .58 .59 .63 .63
H2S (FORCED SULFUR) 2.38 2.39 2.39 e.39 &.88 2.e8
TOTAL ‘. 163.84 304.23 104.23 104.27 103.84 103.84
CHEMICAL. HYDROGEN CONSLEFPTION ' '
MSCF”TON DRY COAL : - 14.48 ©.00 0.60 16.10 0.00 9.00
COMPOSITION OF 400 °F+ FLEL OIL, WTHKXX '
ATMOSPHERIC STILL. OVERHEAD £5.40 9.00 62.00 62.00 .00 31.6@
ATMOSPHERIC STILL BOTTOMS 22.18 6.0 0.00 0.00 0.00 £0.40
NET VACLWM STILL OVERHEAD 15.00 @.00 6.00 .20 0.00 9.00
VACULIM STILL. BOTTOMS, : .
SOLLID FREE OIL» IBRP-978 °F 4.42 .00 1.60 1.60 ©.00 0.00
975 f¢ 33.00 0.20 46.48 46.40 ©.00 39.10
SLLFUR, WT% : 9.8 0.00 .00 .36 40.00 .40
VISCOSITY, SSU @ 250 °F £509.% 0.00 .00 0.00 180.00 180.900
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UNIT 130 — H-COAL OPERATIONS O ILLINGIS & 6 (HRI 4004)
1716% EXTRUDATES (HRI 383¢)

CATALYST - AMERICAN CYANAMID HDS-1442A,
REACTOR VOLUE' 4.17 CUBIC FEET
RUN NMUPIBER 130- 88
PERIQOD
DATE (END OF PERIOD), 1979
HOURS OF RtN — BEGINNING
END

CATALYST INVENTORY, END, LBS
CATALYST ADDED, LBS
CATLYST WITHDRAWN, LBS X
CATALYST AGE (END), LB DRY COAL1B
AVERAGE (BASIS)
ORIGINAL CHARGE (BASIS)
CATALYST ADDED, CUMULATIVEXX
LBS-TON DRY COAL

CATALYST WITHDRALIALS
WUITHDRALAL., OIL LADEN, LBS
OIL, WU %

MOLYDENLI (OIL FREE), W % X

COAL. FEED (DRY)
LBS/HR-CU FT REACTOR vOLLME
MOISTURE W #% (COAL SAMPLE)
ASH, W% (DRY COAL)

RECYCLE FLOWS, LBS-/LB SOLIDS
ATMOSPHERIC STILL BOTTOMS
VACULRM STILL OVERHEAD

- INVENTORY CHANGE
HYDROCLONE OVERFLOW (OIL)
MAKE-UP OIL

TOTAL

TEMPERATURE, °F
COAL. PREHEATER OUTLET :
REACTOR LIQUID PHASE, AVG.
HAX

SEPARATOR-2* ( @ 12* SKIN)
HYDROCLONE OVERFLOW
VACUUM STILL FLASH ZONE

PRESSURE
UNIT BACK PRESSURE, PSIG
HYDROGEN MAKE-UP, PSIG :
HYDROGEN PARTIAL PRESSURE, PSIG
(REACTOR OUTLET - SEPARATOR)
VACUUM FLASH, TORR

21 AB

72?7
402.00
426.00

63.26
6.34
?2.13

1141.2
2359.5

2.1?7

13.72
21.98
6.63

48.656
1.78
11.42

.37
<)
N
“1.16
.04
1.8B8

797,
847.
854.
811.
421,
s32.

£2617.
2747,

1830.
3.

a2 A
72787
426.00
438.00

62.99
3.21
3.43

1116.6
2404.3

a.09

781,
847,
856.
801.
4?0,
5i1a.

e618.
a761.

1895,
a78.

c2 B
7788
4:8.00
40.00

£2.99
0.00
0.020

1163.0
a<61.7

1.82
2.00

.00
0.00

60.18

a.72
11.20

.46
0.00
.10
1.¢0
.23
1.60

782.
848.
BSR.
786.
467.
519.

£637.
arze.

1912.
5.

11/12/79

23 A
2728
450.00
462.00

s2.99
9.00
Q.e0

1210.1
2498 .8

1.61

2.00
23.51
0.00

49.88
2.722
8.00

.51
0.00
-.01
1.05

.24
1.82

7?2,
848.
857.
798.
466.
520.

a6e9.
2763.

1770. .
99,

cee OOQ
o6
e

oo
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PAGE B OF
PERIOD 21 AR 22 A 2B 23 A
RECYCLE GAS, MSCF/TON DRY COAL. . 34.39 35.91 34.37 33.19 9.00 0.90
VENT GAS, MSCF/TON DRY COAL 6.64 7.00 6.91 6.23 0.00 0.00
HYDROGEN PURITY »
OF RECYCLE GAS AND VENT, % 88.12 89.34 90.2? 87.85 . 0.00 0.00
TOTAL H2, MSCF/TON DRY COAL
(REACTOR OUTLET) 38.27  40.15 39.63 35.900 0.00 .00
HYDROGEN, MAKE-LP + RECYCQLE
MSCF/TON DRY COAL 62.86 65.63 63.62 651.63 '9.00 0.00
PARTIAL PRESSURE, PSIG(INLET) : 2663, 2597. @2623. 2588, . .
HYDROGEN CONSUMPTION {4) ‘ . ‘
MSCF/TON DRY COAL 14.69 15.49 14.69 16.63 - 0.00 0.00
U % DRV COAL 3.87 4.1 3.82 4.18 ©.00 .00
OIL ADDITIONS
HMAKE-UP OIL., LBSAB DRY COAL .04 .68 .27 .28 ° 0.00 .00
i LB5/HR/CU FT REACTOR 2.00- 27.31 13,55 14.09 2.00 @.00
FLUSH OIL,LBS/LB DRY COAL .004 .004 .004 .004 ©0.020 0.000
COLLECTED PRODUCT QUANTITY, W X DRY COAL
_ ATMNOSPHERIC STILL. OVERHEAD 18.02. 30.65 &7.64 27.63 .00 0.00
ATHOSPHERIC STILL BOTTOMS (2) 3.16 18.11 11.99 -.08 ©.00 0.00
VACULM STILL. OVERHEAD (8) 3.73 0.02 .00 2.00 .00 .00
VACULEY STILL BOTTOMS 59.69 0.00 0.00 0.00 0.00 .00
HYDROCLONE UNDERFLOU 0.00 A 94.93 7?73.16 82.24 0.00 0.00
H20 9.05 ?.8? 8.76, _18.67 .00 0.00
c1-C3 6.92 6.25 6.66 6.92° ©.00 0.00
c4-C? 3.63. 3.e2 3.33 3.7? 0.08 0.00
H2S IN GASES a.78 2.81 2.8? 3.08 8.00 . 0.00
co2 & CO T8 .74 .75 .92 9.90 2.00
INPUT QUANTITIES, W % DRY COAL’ :
DRY COAL . 100.00 100.00 100.00 100.00 102.00 100.00
MOISTURE IN FEED COAL 1.81 2.67 g2.80 2.80 0.00 8.00
MAKE-LP OIL. ADDITIONS 4.7 BE?7.95 @27.60 g£8.85 @.00 2.00
FLUSH OIL .44 .46 - .3? .36 2.0 9.00
HYDROGEN REACTED (1) 3.8? 4.31 3.87 4.16 2.00 6.00
TOTAL 110.25 165.03 134.04 135.66 .00 0.00
COAL. CONVERSION, W % M.A.F. COAL ‘
TOLUENE CONVERSION (3) 92.93 ° 0.60 -92.35 0.00 9.00 0.0e
91.02 0.00 91.05 - 0.00 0.00 0.00

DMF CONVERSION (4)

(1) BASED ON ORIFICE FLOUS FOR HYDROGEN, METERED FLOUS FOR OTHER GASES AND ANALYSES.
(2) NEGATIVE VALLES INDICATE DECREASES IN INVENTORY OF SLLRRY OJL HOLDING TANK.

(3) BASED ON FILTRATION OF PROUCT SLURRY FED Ta VACULM STILL. :

(4) BASED ON EXTRACTION OF VACULKM BOTTOMS PRODUCT. :
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DATE OF FINAL REPORT: 11/12779
PAGE 3 OF 7?7

PERIOD 21 AB 22 A e2 B 23 A

NORMALIZED NET PRODUCT DISTRIBUTIONX} S
W % OF DRY COAL

Co, co2 .73 0.00 0.00 0.00 0.00 0.00
€1-C3 HYDROCARBONS IN GASES 7.12 0.00 0.00 0.00 0.00 0.00
C4-C? HYDROCARBONS IN GASES 3.62 0.00 0.00 0.20 0.00 0.00
IBP-400 °F NAPHTHA ?2.32 .00 0.00 0.00 0.00 0.00
.400-650 °F DISTILLATES 13.85 9.00 0.00 0.00 0.00 0.00
650-975 °F DISTILLATES ?.43 0.00 9.00 0.00 2.00 0.2
975 *F+ RESIDUAL OIL
TOLUENE SOLUBLE e2.93 0.00 0.00 0.00 . 0.00 0.00
TOLUENE INSOLUBLE 11.64 0.00 0.00 0.00 .00 0.00
UNCONVERTED COAL 6.84 .00 0.00 0.00 0.00 0.00
ASH 12.46 0.00 0.00 0.00 0.09 0.00
H20 (NET) ?.01 0.00 .00 0.00° 0.00 0.00
NH3 (FORCED NITROGEN) .63 0.00 0.00 0.00 0.00 0.0
H2S (FORCED SULFUR) 2.28 0.00 0.00 0.00 0.00 0.00
" TOTAL (100 + HYDROGEN REACTED) 103.84 ©.00 0.0 0.09 0.00 0.00
FILTERED LIQUIDXX
GRAVITY, °API -6.4 0.0 -12.7 0.0 0.0 2.0
IBP, °F (ASTM D-1160 MODIFIED) 439. 0. 481. 0. 0. 0.
i0Vx 638. o 649. 0. Q. 0.
30V % 610. o 629. Q. Q. 0.
60 V % 213, o 760. 0. 9. 0.
720 V % B811. o 939. Q. Q. 0.
90 V % 0. o 0. 0. Q. 0.
FBP 975.° ] 975. 0. 0. 0.
V % @ 400 °F 0.00 0.00 0.00 0.00 0.00 0.00
V % @ 650 °F ' 41.00 0.0 33.00 . 0.¢0 0.00 0.02
V % AT 975 °F 80.060 0.66 ?73.00 . 0.00 0.00 0.00
SULFUR, W % .48 © 0.00 .40 0.00 0.00 0.00
U % 975 °F+ 39.14 0.00 S2.85 0.00 0.00 0.00
U % SUFUR IN 975 °F+ .68 0.00 .59 0.00 0.00 0.00
U % NITROGEN IN 975 °F+ 1.94 . 0.0 0.00 0.00 0.00 0.00

¥ ASTH DISTILLATION CUT POINT

¥ FOR PERIODS 14 TO 22 FILTRATION OF HYDROCLONE UNDERFLOW WAS CARRIED OUT WITH THE
ADDITION OF ATHMOSPHERIC STILL. BOTTOMS FROM RUN 130-82-16A AS PUSHER (TWO LEIGHTS OF
HYDROCLONE UNDERFLOW PER ONE LEIGHT OF ATMOSPHERIC STILL BOTTOMS). DISTILLATION DATA
ARE FOR DILUTED SOLIDS-FREE LIQUID. GRAVITY, SLAFUR, AND 975 *F+ DATA ARE FOR ‘
UNDILUTED SOLIDS-FREE LIQUID OF HYDROCLONE UNDERFLOW. '

I PERIODS 3AB,11B,17B,AND 198 ARE WORKUP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCULATION
OF NORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION
VALUES FROM WORKUP PERIODS WERE USED.

8 DENTICAL VALUES FOR A AND B PERIODS INDICATE THAT THE DATA
: JERE ACTUALLY FOR THE COMBINED A/B PERIOD. ‘

. ot . v A



P12

X

PERIOD

ATHMOSPHERIC STILA. OVERMEADXK
GRAVITY, °API
IBP, °F (ASTHM D-86)
e v %
30V %
50 V ¥
70 V %
9 vV K
Fep
V% @ 400 °F
V% 8 eSe °F
CARBON, 8 %
HYDROGEN, W % o

NITROGEN, U %
SULFUR (H2S FREE), U %

IBP-40@ °F
GRAVITY, °API
SULFUR (H2S FREE), U %

409 °F+
VITY, *API ,
SULFLR (H2S FREE), U %

ATHOSPHERIC STILL BOTTOMS

GRAVITY, °APY
18P, °F (ASTH D-88)

BV %
EOV %

20V %

90V %

FBP |

V % '8 400 °F
V % 8 650 °F
CARBON, U %
HYDROGEN, U %
NITROGEN, i %
SULFLR, U %
IBP-650 °F
GRAVITY, °API
650 °F+
GRAVITY, °API

DATE OF FINAL REPORT!
PAGE 4 OF 7

281AB 22 A g2 s

25.8 8?.0 e7.0
157, 170, 170.
257, as6. 256.
359. 332. 332.

420. 394. 394.
477, 454. 454.
671. 662. 662,

647, 628. ,628,

98.50 162.00 100.00
g86.08 0.00 0.90
{0.98 0.00 0.00
.a2? .00 0.00
.22 ©.00 0.00

372.3 36.2 36.2
0.00 .20 0.00

i8.2 16.6 16.6

4. .13 .13
11.6 9.6 9.3
407. 0. 450.
489. 8. 478.
638. " Q. 612.
&576. ‘e, 659,
637. 0. €02.
764, Q. Q.
890. e 9.
.00 ©.00- 0.00

7?.00 6.00 81.00
89.48 6.00 .00
. 9.48 .00 0.00
.66 @.00 .00
13 .d.00 .18

]
&
®
®
®
®
®

1.9 B.2 0.0

+DENTICAL VALLES FOR A AND B PERIODS INDICATE THAT THE DATA
WERE ACTUALLY FOR THE COMBINED A/B PERIOD.
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DATE OF FINAL REPORT' 11.-12/79

PAGE & OF 7
PERIOD 21AB 22A =228 &Z3A
UVATER . . _
CARBON, U X 1.9 ©0.00 ©2.00 ©0.00 ©0.00 ©0.00
AMONTA, U % 3.60 ©0.00  0.00 ©0.00 ©0.00 0.00
SULFUR, U % : 1.6 ©0.00 ©0.00 ©0.00 ©0.00 . 0.00
CLEAN OIL TANK .
GRAVITY, °*API , 8.a 0.0 2.6 0.0 0.0 2.0
SLURRY MIXING TANK '
VISCOSITY, CP @ 150 *F X 0.0 °.0 0.0 0.0 6.0 0.0
VACULIM STILL OVERHEAD : .
GRAVITY, °*API 0.0 5.9 - 6.4 @29.2 0.0 0.0
IBP, °F (ASTM D-1160 MODIFIED) 446. 0. . 0. Q. 9.
10 V % A 531. 0. o. 0. o. 0.
PV K 590, o. 0. 0. . 0.
50 V % 650. 0. 0. e.  o. 0.
720V % 770. 0. 0. 0. . 0.
. 90 V % 849. 0. 0. o. 0. 0.
FBP - . 1e30. °.- 0. 0. 0. 0.
V % @ 400 °F 0.00 ©0.00 ©0.00 ©0.60 ©0.00 0.00
V % @650 °F 50.00 ©.00 0.00 ©.00 ©0.00 0.00
CARBON, U % 89.97 ©0.00 ©0.00 ©0.00 ©0.00 0.00
HYDROGEN, U % , . 9.09° ©0.00 ©0.00 ©0.00 ©0.00 0.00
NITROGEN, U % 4?7 ©.00 ©0.00 ©.00 ©0.00 0.00
SULFUR, U % 14  ©0.00 .19 06 ©0.00 . 0.00
IBP-650 °F ‘ ' : i
GRAVITY, °*API : 10.9 0.0 ©.0 0.0 0.0 0.0
650 °F+ :
GRAVITY, °API -1.9 0.0 0.0 0.0 0.0 0.0

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT §-100 RPM. THE
SLURRY HAS NON-NEWTONIAN PROPERTIES.



PERIOD

VﬁCUUH STILL BOTTOMS
W % OF VACUUM STILL FEED
TOLLEI*E SOLUBLE, W X%
NON-ASH TOLLENE INSOLUBLE, W %
ASH, W %
UNREACTED COAL, W % (EST.)
TOLUENE INSOL. RESID. W % (EST.)
CARBON, U %
HYDROGCEN, W %
NITROGEN, U %
S%%f ASH Y
ASTH ASH,
COKE/ASH RATIO (DIF EXTR.)
DMF-SOLUBLE, U %
VISCOSITY, CP @ 500 °F X
VACLLIM DISTILLATION
IBP, °*F (ASTM D-1160 MODIFIED)
DISTILLATE TO 975 °F, U %

IBP-975 °F
CRAVITY, *API

HYDROCLONE OVERFLOW
GRAVITY, °*AP1
1BP, °F (ASTM D-1160 MODIFIED)
10V %
38 Vv %
SO VvV %
79V X%
END POINT
V % @ 650 °F
V % @ END POINT
ASH, W %
RESIDUE AND SOLIDS, W %

HYDROCLONE UNDERFLOW, ASH, U %
HYDROCLONE FEED, ASH W X

FILTER CAKE

W % OF FEED TO FILTER

TOLUENE EXTRACTION OF CAKE
SOLUBLE, U %
NON-ASH INSOLUBLE, W %
ASH, W %
INSOLUBLE RESID., W %
UNREACTED COAL.,, W % (EST.)

DI'F — EXTRACTED CAKE
ASH (OIL FREE), W %

0 - 5§ LIQUID
GRAVITY, °API

0 - 12 LIQUID
GRAVITY, °API

DATE-OF FINAL KEFOKT:
PAGE 6 OF 7
21AB 22A @228
58.53 50.79 57.54
49.71 .00 S5.02
30.00 0.0 23.89
20.29 ©0.08 21.09
11.13 ©0.00 12.79
18.87 0.00 -11.10
72.28 Q.00 .00
4.63 0.20 0.0
1.34 ©0.00° .00
1.96 ©0.00 2.09
20.53 0.00 21. ?8
.70 ©.00
65.83 ©.00 63 81
2.0 0.0
723. Q. 0.
12.00 ©.00 0.00°
-8.4 0.0 0.9
-12.8 0.6 -14.9
464. Q. 454.
s72. . s53.
702, . 666.
8S5. 0. 856.
. Q. - 0.
g75.00 ©0.00 975.00
24.00 ©0.00 27.90
61.00 ©.00 59.40
6.19 ©.00 ?.20
46.77 ©@.08 48.9S
11,77 0.00 13.76
11.45 ©0.00 10.38
.66 ©.00 27.79
26.85 0.00 25.92
28.35 ©0.00 29.36
44.80 .00 44.72
3.7?7 ©8.00 a.23
24.58 ©.00 27.13
S8.94 ©.00 S8.50
14.3 2.2 11.8
5.6 0.0 15.0

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 5-100 RPM. THE

SLURRY HAS NON-NEWTONIAN PROPERTIES.
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" DATE OF FINAL REPORT:

PAGE 7 OF 7
PERIOD 2lAB 22 A &2 B 23 A
BATCH DISTILLATON OF VACLARM
BOTTOMS SLURRY PRODUCT
VACULM DISTILLATION :
FINAL VAPOR TEMP. °F 420.00 0.00 430.00 0.00 0.00
PRESSURE, TORR 3. 0.00 a.60 0.00 0.00
DISTILLATE, U % OF VACULM )
BOTTOMS SL.IRRY 5.08 0.00 6.44 9.00 0.00
SUWLFUR, W % .34 0.00 .29 2.00 0.00
CALCLLATED COMPOSITION OF SOLIDS-FREE OIL
IN VACULM BOTTOMNS SLURRY PRODUCT, U %
BATCH STILL DISTILLATE FROM .
SLURRY PRODUCTS 18.23 0.00 10.09 0.00 Q.
§ BATCH STILL. RESID. FROM FILTRATE 81.77 .00 £9.91 0.2 Q.
CALCLLATED COMPOSITION, U %
SULFUR, U % .62 0.00 .66 0.00
CAt. CLLATED COMPOSITION OF x
400 °*F+ LIQUID PRODUCT, W % )
ATMOSPHERIC STILL. OVERHEAD 39.50 0.2 0.00 0.00 0.00
ATHOSPHERIC STILL. BOTTOMS 11.30 0.00 0.9 0.00 0.00
NET VACUUM STILL OVERHEAD 6.60 0.00 0.0 0.00 ©.00
VACUUM STILL BOTTOMS,
SOLIDS FREE OIL+ IBP-975 °F 9.00 0.00 0.6 - 0.00 0.00
975 *F+ 42.60 0.00 e.00 0.e0 0.00
CALCULATED COMPOSITION, W % :
SULFUR, W % .36 0.00 0.00 0.00 0.00
SULFUR (ACTUAL) .40 - 0.00 0.09 0.00 0.00
VISCOSITY (RCTUAL) SSU 4 250 f 180.00 0.00 0.00 0.00 0.00

11742779

X THIS COMPOSITION IS BASED ON THE MATERIAL BALANCE FOR THE PERIOD AND AN ASSWMED
RATIO OF 1.6 PRRTS OIL PER PART SOLID IN VvACUUM BOTTOMS, WITH THE OIL

> oo
g 88

oo o6

o595 o5 500

S8 88 888

S8

88

CONSISTING OF 4 PARTS RESID AND 1 PART DISTILLATE. SULFUR CONTENT IN 400 °F+ FRACTION
(I)F ?‘ngwSCHEE;gLETIU. BOTTOMS IS ASSLMED TO BE 0.15 WX FOR CASES WHERE SULFUR ANALYSIS
S AVA o
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SITMARY OF NORMALIZED YIELDS

RN NLMBER 132-88
COAL. IALINCIS 86 (HRI 4004) '
CATALYST AMERICAN CYANAMID HDS 314428, 1716° EXTRUDATES (HRI 3830)
PERIOD 21 A8 22 A 22 8 23 A
O ERATING CONDITIONS
HOURS OF RUN — BEGINNING 402.00 426.00 438.00 450.00
END 426.00 438.00 450.00 462.00

CATALYST AGE (END AVERAGE), LB DRY CORL1DB 1141.2 1116.6 1163.0 1210.%

CATALYST ADDED, CUMULATIVEX
LBS/TON DRY COAL ’ g.12 .2.09 1.82 1.61
COAL. FEED (DRY), LB/HR/CU.FT. REACTOR VOLLME 48.66 47.13 60.18 49.86

-AVERAGE REACTOR TEMPERATURE, °F 847, 847. 848. 848.

UNIT BACKPRESSURE (LNIT BP), PSIG 2617. 2618, 2637, @2629.
H2 PARTIAL PRESSURE, PSIG 1830. 189S. 1912. 1770.
OIL/SOLID RATIO (SLURRY TAMK), LB/1LB SOLIDS 1.88 1.98 1.60 1.82

H2 INLET RATE, MSCF/TON DRY COAL s2.86 55.63 653.682 651.63

RECYCLE GRS, MSCF/TON BRY COAL 34.39 35.91 34.37 33.19
YIELDS, WT% OF DRY COAL . ’ '

co,coz2 : .73 0.60 0.00 0.00
C1-C3 HYDROCARBONS IN GASES ?2.12 0.00 - 0.00 0.00
€4-C? HYDROCARBONS IN GASES 3.62 0.00 0.00 0.00
IBP~400 °F NAPHTHA . ?.32 0.00 0.00 0.00
400-650 °F DISTILLATES C 12.85 0.00 0.00 0.00
650-975 °F DISTILLATES . . ?2.43 9.00 0.00 .00
975 °F+ RESIDUAL O]JL . )

TOLLENE SOLUBLE £a.93 0.00 0.00 0.0

TOLUENE INSOLUBLE ’ 11.51 0.00 .00 9.00
UNCONVERTED COAL o 8.34 0.00 .00 0.00
ASH ’ 18.46 0.02 0.00 0.00
H20 (NET) . ?.91 0.00 0.00 .9.00
NH3 (FORCED NITROGEN) : : " .83 .0.00 0.00 0.00
H2S (FORCED SULFUR) a.e3 0.00 0.00 0.00
TOTAL 103.84 0.00 0.00 ©.00
CHEMICAL HYDROGEN CONSLFPTION .

MSCF-TON DRY COAL 14.45 0.80 0.00 9.00

COMPOSITION OF 400 °F+ FUEL OIL, Wk ' .

ATMOSPHERIC STILL OVERHEAD 39.50 0.02 0.02 ©.00
ATMOSPHERIC STILL. BOTTOMS 117,32 0.00 6.0 .00
NET VACUUM STILL. OVERHEAD 6.60 0.00 0.00 9.00
VACULM STILL, BOTTOMS, '

SOLID FREE OIL: IBP-975 °F 9.60 0.00 0.09 9.00

975 °F+ ' 42.€0 0.00 .00 2.00

SULFUR, WTx% . ' .40 9.00 06.00 0.00
VISCOSITY, SSU @ 250 °F 180.¢90 9.00 0.00 9.00
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DATE OF FINAL. REPORT' 11-/12/79

PAGE 1 OF

LT 130 — H-COAL OPERATIONS ON ILLINGIS & 6 HRI 4004)
1/16" EXTRUDATES (HRI 3830)

CATALYSTs AMERICAN CYANAMID HDS-1442A,

RE"ZTOR VOLLRE 4.17 CUBIC FEET
Rt NUMBER 130~ 88 i
PERIOD ]
DATE (END OF PERIOD), 1979

7

HOURS OF RUN - BEGINNING
. END

CATALYST INVENTORY, END, LBS
CATALYST ADDED, LBS
CATLYST WITHDRAWN, LBS X )
CATALYST AGE (END), LB DRY COALEB
AVERAGE (BASIS)
ORIGINAL CHARGE (BASIS)
CATALYST ADDED, CUMMULATIVEXX
LBS/TON DRY COAL

CATALYST WITHDRAUALS
WITHDRAWAL., OIL LADEN, LBS
OIL, W x .
MOLYDEMNUM (OIL FREE), W % ¥

COAL FEED (DRY)
LBS/HR/CU FT REACTOR VOLLIE
MOISTURE W % (COAL SAMPLE)
ASH, L (DRY COAL)

RECYCLE FLOWS, LBS-1.B SOLIDS
ATMOSPHERIC STILL. BOTTOMS
VACUUM STILL OVERHEAD
INVENTORY CHANGE
HYDROCLONE OVERFL.OW (OIL)
MAKE-UP OIL. -

TOTAL

TEMPERATURE, °F
COAL PREHEATER OUTLET
REACTOR LIQUID PHASE, AVG.
’ MAX

SEPARATOR-2* ( @ 12* SKIN)
HYDROCLONE OVERFLOW .
VACULIM STILL FLASH ZONE

PRESSURE
UNIT BACK PRESSURE, PSIG
HYDROGEN MAKE-UP, PSIG .
HYDROGEN PARTIAL PRESSURE, PSIG
(REACTOR OUTLET — SEPARATOR)
VACUUM FLASH, TORR

3 AR 11 3 20 AP
?7 4 717 7?7286 e’ o
28.00 190.920 378.00 0.00
62.00 202.90 402.00 0.00
50.81 81.287 48.89 0.00
3.94 0.90 0.00 0.00
4.28 2.00 S.84 .00
274.2 867.6 1320.2 0.0
288.4 1193.0 2265.9 0.0
.54 1.00 .63 9.00
8.53 0.0 10.86 0.20
31.21 9.00 23.24 0.00
?.86 0.00 6.97 0.00
74.69 77.51 49.825 9.00
3.60 4.48 2.02 0.00
10.84 '10.87 10.87 9.00
.76 .52 .34 2.00
.35 .33 .31 9.00
.05 -.65 -.01 ©.00
.86 .E8 1.04 0.00
9.00 9.0 .02 0.09
1.92 .77 1.72 . 0.00
?734. 78t . 798. 0.
846. 84S, 850, 0.
860. 857. 856. Q.
829. 82as. 800. Q.
499, BCE. 468. Q.
621, £14. 634. Q.
2688. £584. 2631, Q.
2818, 2727, 28738. 0.
1750, 1744. 1818. g.

4. a. e.
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PERIOD
RECYCLE GAS, MSCF/TON DRY COAL
VENT CAS, MSCF/TON DRY COAL.
HYDROGEN PURITY
OF RECYCLE GAS AND VENT, X
TOTAL H2, MSCF/TON DRY COAL
(REACTOR OUTLET)

HYDROGEN, MAKE-UP + RECYCLE
MSCF/TON DRY COAL
PARTIAL PRESSURE, PSIG( INLET)
HYDROGEN CONSUMPTION (1)
MSCF-TON DRY COAL
W % DRY COAL.

OIL. ADDITIONS
MAKE-UP OIL, LBES1B DRY COAL
! LBS/HR/CUS £T REACTOR
FLUSH OIL,LBS/1.B DRY COAL

- COLLECTED PRODUCT GQUANTITY, W X DRY COAL

ATHOSPHERIC STILL. OVERHEAD
ATHOSPHERIC STILL BOTTOMS (2)
VACUUM STILL. OVERHEAD (2)
VACULM STILL BOTTOMS
HYDROCLONE UNDERFLOU
H20
C1-C3
C4-C?
H2S IN GASES
co2 & COo

INPUT QUANTITIES, U % DRY COAL °*
DRY COAL
HOISTURE IN FEED COAL
MAKE-UP OIL ADDITIONS
FLUSH OIL
HYDROGEN REACTED (1)
TOTAL

COAL. CONVERSION, U % M.A.F. COAL
TOLUENE CONVERSION (3)
DiHF CONVERSION (4) .-

(1) BASED ON ORIFICE FLOWS FOR HYDROGEN, METERED
(2) NEGATIVE VALLES INDICATE DECREASES IN INVENTORY OF SLURRY OIL HOLDING TANK,
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12.26

£99
$s3

Bmad
-
-

-
Ju o8  noSeBmal
ER%;’% SESA38oBRS

LY
&

[l g 2]
-
.\);-s
0~

/89.72

FINAL REPORT
OF 7

118 20A8
20.90 33.47
3.89 6.07
g8.e6 88.35
24.16 36.88
35.60 50.69
2552, 2557,
11.44 13.81
3.04 3.67
0.00 .02
2.00 .94
. 002 .004
. 14.89 29.03
?2.2? .21
-a.13 .28
66.84 - 63.74
9.60 0.00
9.43 10.03
6.28 6.61
2.34 3.4
2.24 2.9
.84 .80
100.00 . 100.00
4.69 2.06
0.92 1.91
.25 .39
3,04 23.67
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92.89 94.63
89.48
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y ' DATE OF FINAL. REPORTY 11/12/79
PAGE 3 OF 7

PERIOD 3AB 11 B 20AB

NORMALIZED NET PRODUCT DISTRIBUTIONE}$
U % OF DRY COAL

Co, Co2 .79 .84 .82 9.00 0.00 0.0
C1-C3 HYDROCARBONS IN GASES 6.66 65.3? 6.74 0.00 0.00 .0.00
C4-C? HvDROCARBONS IN GASES a.9a a.40 3.68 0.00 0.0 0.00
IBP-400 °F NAPHTHA 13.69 9.95 12.93 0.00 0.00 0.00
400-650 °F DISTILLATES 11.68 10.24 16.92 0.20 0.00 0.00
650-975 °F DISTILLATES 10.08 ?.21 3.99 0.00 0.00 0.00
975 *F+ RESIDUAL OIL )
TOLLENE SOLUBLE 23.98 @&5.63 21.68 9.00 0.00 0.00
TOLUENE INSOLUBLE g8.09 i15.21 11.14 0.00 0.00 0.00
UNCONVERTED COAL 6.58 ?2.31 4.84 0.00 0.00 0.00
ASH o 11.67 - 12.66 10.99 9.00 0.00 0.00
H20 (NET) .96 4.38 ?.65 0.00 0.09 9.00
- NH3 (FORCED NITROGEN) .89 .21 .59 0.00 0.00 0.00
H2S (FORCED SLAFUR) 28.03 1.89 2.39 0.00 0.00 0.00
! TOTAL (100 + HYDROGEN REACTED) 104.21 103.16 104.2?7 0.00 0.00 0.00
FILTERED LIQUIDXX
GRAVITY, ‘API -8.5 -11.? -9.4 0.0 0.9 0.0
IBP, °F (ASTM D-1160 MODIFIED) 618. . 620. 454. 0. 0. 0.
10V % 642. 619. 643. 0. 0. 0.
30V % 7223. 218. 61S. Q. 0. 0.
S0 V % 860. 805, 740. 0. 0. 0.
70 V % Q. - 0. 910. 0. 0. 0.
90 V % 0. - 0, Q. Q. Q. 0.
FBP 975. 975, 975. 0. 0. 0.
V % @ 400 °F ' 0.00 0.00 0.00 0.0 0.00 0.00
V % @ 650 °F . 12,00 15.00 40.50 = 0.00 0.00 0.00
V % AT 975 °F €0.00 66.00 76.00 9.00 0.00 0.00
SWFUR, W % .a? .60 .51 0.00 0.90 0.00
W % 975 °F+ 43.65 46.749 48.70 0.00 0.00 0.00
U % SUFUR IN 975 F+ : .89 1.03 .70 0.00 0.00 0.00
W 3% NITROGEN IN 976 °F+ 1.86 1.65 ©.00 0.09 0.00 0.00

X ASTH DISTILLATION CUT POINT

Xk FOR PERIODS 14 TO 22 FILTRATION OF HYDROCLONE ULNDERFLOU WAS CARRIED OUT WITH THE
ADDITION OF ATMOSPHERIC STILL BOTTOMS FROM RUN 130-B2-16A AS PUSHER (TWO WEIGHTS OF
HYDROCLONE UNDERFLOL PER ONE WEIGHT OF ATMOSPHERIC STILL BOTTOMS). DISTILLATION DATA
ARE FOR DILUTED SOLIDS—REE LIQUID. GRAVITY, SULFUR, AND 975 °*F+ DATA ARE FOR
LNDILUTED SOLIDS-FREE LIQUID OF HYDROCLONE UNDERFLOU. o

t PERIODS 3AB,11B,17B,AND 198 ARE WORKUP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCILATION
OF NORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION

VALUES FROM WORKUP PERIODS LERE USED.

$ IDENTICAL VALLES FOR A AND B PERIODS INDICATE THAT THE DATA
WERE ACTUALLY FOR THE COMBINED A/B PERIOD. .
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PERIOD
ATHMOSPAHERIC STILL. OVERHEAD¥

GRAVITY, °API

1BP, °F (ASTHM D-88)
idvVx

30V X

650 V %

0V %

90 V ¥

FapP

V% @ 400 °F

V % 8 650 °F
CARBON, W %
HYDROGEN, U %
NITROGEN, U %
SUFUR (H2S FREE), U X

1BP-400 °F
GRAYITY, °API
SUWLFUR (H3S FREE), W X

400 P+
GRAVITY, °API
SULFUR (H2S FREE), U X

ATMOSPHERIC STILL, BOTTOMS

CRAVITY, °API
IBP, °F (ASTM D-86)
ie v %

BV %

EO V %

20V %

90 V %

FBP

V%@ 400 °F

V % @ 650 °F
CARBON, U %
HYDROGEN, 1} %
NITROGEN, L8 %
SUFUR, U %

IBP-650 °F
GRAVITY, °API

650 °F+
GRAVITY, °*API

DATE OF FINAL REPORT:

PAGE 4 0F 7
3AB 11 8
3.6 31.6
139. i4e.
214. 220,
264d. 288,
asa. 348.
404. 4112.
448. 489.
621 . 656.

69.00 68.00

100.00 103.00

87.66 85.70 .
11.23 . 11.42
.24 .8
.13 .29
38.8 39.8
.09 24
19.4 18.8

11.1
401,
454,
- 499,
64i.
687.
680.
8se.
0.00
87.00
89.86
9.19
.49
<.03

11.a2

1.6

9.8
409.
469.
£09.
652,
600.
693.
870.

0.00
83.00
88.41
8.74
.65

.10

11.3

2.3

IDENTICAL VALLES FOR A AND B PERIODS INDICATE THAT T}E DATA
LERE ACTUALLY FOR THE COMBINED AR PERIOD.

11/18/79

20 AB -

e6.a
166.
e81.
360,
411,
46S.
§37.
621 .
43.00
103.00
B86.66
11.0?
38

.26

35.6
.24

19.0

10.9
443.
s08.
£S83.
895.
64S.
?74.
9:28.
0.00
?1.00
88.92
9.21
8?7
.14

13.6

4.7
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PERIOD

UATER
CARBOM, U %
AMMONTA, W X%
SULFUR, U %

CLEAN OIL TANK
GRAVITY, °*APl

SLURRY MIXING TANK
VISCOSITY, CP @ 158 fF X

VACULM STILL OVERHEAD
GRAVITY, °*API .
IBP, °F (ASTM D-1160 MODIFIED)
10 vV %
\ V%
EO V %
0V %
90 V %
FBP
V% @ 400 °F
V % @ 650 °F
CARBON, U %
HYDROGEN, U %
NITROGEN, W) %
SULFLR, U %

IBP-650 °F
GRAVITY, °API

650 °F+
GRAVITY, °*API

SLURRY HAS NON-NEWTONIAN PROPERTIES.

DATE OF FINAL REPORT!

PAGE 6 OF 7
3AB 11 B
.07 1.75
4.45 2.99
3.02 2.19
9.0 2.5
0.0 316.0
4.2 3.8
468.  436.
s12. 519,
E85. 688,
643. 649,
705.  737.
ga4.  790.
915.  932.
0.00 © ©.00
64.00 61.00
89.65 89.07
8.25 7.96
.93 21
.97 1?
8.7 8.4
T .6

% AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 6-100 RPM. THE

£0 AB

8.4
0.0

6.0
450.

600.
7086,
768.
f65.
1000.
¢.00
48.00
89.3?
8.60
.62

.16 |

11.1

4.?
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PERIOD

VACUNM STILL BOTTOMS
W % OF VACUM STILL FEED
TOLLENE SOLLBLE, U %

NON-ASH TOLUENE INSOLUBRLE, W %
ASH, W %

UNREACTED COAL, W % (EST.)
TOLUENE INSOL.. RESID. W % (EST.)
CARBON, U %

HYDROGEN, U %

NITROGEN, U %

SULFUR, U % -

ASTM NEH, W %

COKE/ASH RATIO (DiF EXTR.)
DMF-SOLUBLE, U % =
VISCOSITY, CP @ 500 °F X
VACULIM DISTILLATION

IBP, °F (ASTM D-1160 MODIFIED)
DISTILLATE TO 975 °F, U %

IBP-975 °F
GRAVITY, °API

HYDROCLONE OVERFLOUW
GRAVITY, °*APIL
IBP, °*F (ASTM D—1160 MODIFIED)

ASH, W %
RESIDUE AND SOLIDS, W %

HYDROCLONE UNDERFLOW, ASH, W %
HYDROCLONE FEED, ASH W X .

FILTER CAKE

W % OF FEED TO FILTER

TOLUENE EXTRACTION OF CAKE
SOLUBLE, W %
NON-ASH INSOLUBLE, W %
ASH, W %
INSOLUBLE RESID., U %
UNRERCTED COAL., W X (EST.)

DrF -~ EXTRACTED CAKE
ASH (OIL FREE), U %

0 - S LIGUID
GRAVITY, °*API

0 - 12 LIQuID
GRAVITY, ‘APl

DATE OF FINAL REFORT
PAGE 6 OF 7?7

3 AB

13.8

14.4

11 8

64.26
48.40
33.14
18.46
10.76
e2.38
70.00

es.sa

28.19 .

30.28
41.53

6.06
24.22

54.26
i1.8

i2.o

X AVERAGE .OF BROOKFIELD VISCOSITY VALLES AT S—-100 RPM. THE

SLURRY HAS NON-NEWTONIAN PROPERTIES.

224

20 AB

-14.9
674,
690.
878.

975.00

57.75
51.30
14.05

11.54

26.74
s2.82
53.68

i3.4

12.3

11712779
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DATE OF FINAL REPORT: 11.12.79

PAGE 7 OF ?
PERICD . 3AB 118 29 AD
L]
BATCH DISTILLATON OF VACOLARM
BOTTOMS SLURRY PRODUCT
VACUM DISTILLATION
FINAL VAPOR TEMP. °F 485.00 445.060 465.00 Q.60 0.00
PRESSURE, TORR 3.00 2.00 3.2 ] 0.00
DISTILLATE, W % OF vACLAR
BOTTOMS SLLRRY 11.3? 8.56 ?.60 a.eo 0.00
SULFUR, W % : .18 .42 .34 Q.00 0.00

CALCULATED COMPOSITION OF SOLIDS-FREE OIL
IN VACULIM BOTTOMS SLURRY PRODUCT, W %
BATCH STILL DISTILLATE FROM

SLURRY PRODUCTS 20.89 12.75 t2.16 Q.00 0.00

BATCH STILL. RESID. FROM FILTRATE 79.11 87.88 87.84 Q.00 0.00

«  CALCULATED COMPOSITION, W %

SULFUR, U % .32 .95 .66 Q.00 2.09
CALCULATED COMPOSITION OF X '
400 °F+ LIQUID PRODUCT, W % :

ATMOSPHERIC STILL OVERIEAD 24.80 ' £0.60 652.00 N 9.00

ATMOSPHERIC STILL. BOTTOMS 17.1@¢ 26.10 9.00 0.00 0.00

NET VACUUM STILL OVERHEAD 8.90 .-5.7? 0.00 0.00 0.00

VACUM STILL. BOTTOMS, )

SOLIDS FREE OIL:s IBP-975 °F i1.10 0.00 1.60 0.00 0.00
975 °F+ 38.11 £9.67? 46.40 .00 0.00
CALCULATED COMPOSITION, W % .

SUWFUR, U % .30 .68 .40 0.00 Q.00

SULFUR (ACTUAL), W % 0.00 .63 .36 0.00 0.00

VISCOSITY (ACTUAL),SSU & 250 -°F 0.00 - 0.00 9.6 0.00 0.00

¥ THIS COMPOSITION IS BASED ON THE MATERIAL. BALANCE FOR THE PERIOD AND AN ASSLMED
RATIO OF 1.5 PARTS OIL PER PART SOLID IN VACULIM. BOTTOMS, WITH THE OIL
CONSISTING OF 4 PARTS RESID AND § PART DISTILLATE. SULFUR CONTENT IN 400 °F+ FRACTION
£ ATMOSPHERIC STILL BOTTOMS IS ASSUMED TO BE 0.15 W% FOR CASES LHERE SULFUR ANALYSIS

IS NOT AVAILABLE. :

o5 o6

o6
8 88

®
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SUIARY OF HORIMALIZED vitLbo

VISCOSITY, SSU @ 250 °F

RUN NLFBER 130-88 .
COAL. ILLINOIS 36 (HRI 4004)
CATALYST AMERICAN CYANAMID HDS 1442A, 1-16° EXTRUDATES (MRI 3830)
PERTOD .3AB 31 B 20 AB
OPERATING CONDITIONS
HOURS OF RUN - BEGINMING 28.00 190.00 378.00
END 62.00 202.00 402.00
CATALYST AGE (END ‘AVERAGE), LB DRY COALAEB 274.2 867.6 1320.2
CATALYST ADDED, CUMULATIVES
LBS/TON DRY COAL : .54 1.00 .63
COAL FEED (DRY), LB/HR/CU.FT. REACTOR VOLLME 74.69 77.61 49.25
AVERAGE REACTOR TEMPERATURE, °F 846. 849.  8s0.
UNIT BACKPRESSLRE (LNIT BP). PSIG 2688. 2584. @631.
H2 PARTIAL. PRESSURE, PSIG 1750. 1?744. 1B18.
OIL-SOLID RATIO (SLURRY TANK), LBALB SOLIDS 1.92 1.72 3.72
H2 INLET RATE, MSCF/TON DRY COAL 36.56 35.60 50.69
RECYCLE GAS, MSCF-TON DRY COAL 21.60 22.90 33.47
YIELDS, WT% OF DRY COAL
cb,co2 .79 .8 .82
€1-C3 HYDROCARBONS IN GASES 656 5.37 6.74
C4-C? HYDROCARBONS IN GASES 2.92 2.40 3.88
IBP-400 °F NAPHTHA 13.69 9.95 12.93
400-550 °F DISTILLATES 11.68 10.24 16.92
650-975 °F DISTILLATES 10.08 ?7.21  3.99
976 °F+ RESIDUAL OIL
TOLLENE SOLUBLE 23.98 25.63 @21.68
TOLUENE INSOLUBLE 8.09 15.21 14.14
UNCONVERTED COAL 6.68 ?2.31  4.84
ASH 11.6? 12.65 10.99
H20 (NET) §.95 4.35 7?.65
NH3 (FORCED NITROGEN} .29 .21 .59
H3S (FORCED SULFUR 2.3 1.89 2.39
TOTAL ' 104.21 103.16. 104.2?
CHEMICAL HYDROGEN CONSLIPTION '
MSCF/TON DRY COAL 15.85 11.98 16.10
COMPOSITION OF 400 °F+ FUEL OIL, LT¥%KE ,
ATMOSPHERIC STILL. OVERHEAD 24.80 £20.00 52.00.
ATMOSPHERIC STILL BOTTOMS 17.10 25.16 ©.00
NET VACUUM STILL OVERHEAD 8.92 -5.72 .00
VACULM STILL BOTTOMS,
SOLID FREE OIL: IBP-975 °F 11.16 ©.00 1.60
, 975 F+ 38.11 §9.6? 46.40
SULFLR, WT% 0.00 .63 .36
0.00 ©.00 ©.00



POU RUN 9 - KENTUCKY COAL - SYNCRUDE MODE

POU 9 was the smoothest, most successful run achieved to this
time in the H-Coal 1laboratory support program. Originally
scheduled for fifteen days, the run was extended for an addi-
tional fifteen days at the request of the Commonwealth of
Kentucky. The run extension provided data at near equilibrium
conditions to form the basis for a commercial design using
Kentuecky coal.

The run satisfactorily proved that Kentucky coal can be used in
the Pilot Plant without any modifications to the plant design
and only minor adjustments in operating conditions. Operations
with on-line catalyst addition and withdrawal were
trouble-free, and the entire system was clear of any deposits .
at the conclusion of the run.

Several improvements had been made to the system before the
start of this run, and mechanical performance was markedly more
efficient. _

A catalyst tracer study was conducted in cooperation with
Sandia Laboratories. The experiment was designed to study
catalyst mixing and deactivation in the ebullated bed. It
showed that approximately six days are required for catalyst to
become mixed but that the results after that closely
approximate a well-mixed reactor.

Further experiments were completed at high pressure drop in the
two-stage letdown system modeled after the Pilot Plant design.
This showed no evidence of solids carried over in the vapor
stream which provides additional confidence in the pilot p1ant
design.

Overall, this showed that Kentucky No. 11 is similar to
I11inois No. 6. A compar1son of product yields from _operations
using these two coals is given below. Coal conversion was
slightly higher with Kentucky c¢oal. The yield of distillate
liquid was approximately 8% lower and the yield of gas was 30% -
Tower with Kentucky coal while the consumption of hydrogen was
reduced by 15% relative to I11inois No. 6. The Kentucky coal

appears to be particularly suitable for producing lower cost,
heavier fuel 0ils by the H-Coal Process.

227



COMPARISON OF RESULTS - PDU RUNS 9 AND 5

Run | PDU S | PDU_5

periods of Run | . 21-25  27-29 a2 7130
Hydrogen Partial'?ressuré,Apsig , 1760 1770 -1820 1890
Residual 0i1 Concentration, Recycled 25.6 '27.6 | 25.1 26.4

Yields, W % of M,A.F. Coal -

C4-400°F . 19.1  17.5 20.9 2.1

400-650°F ‘ 19.7 20.4 26.7 - 25.6
650-975°F 9.4  11.2 5.3 7.4
C4-975°F . ' : 48.2 49.1 50.9 54,1
Residual 0il ‘ 31.7 29.6  23.4  22.3
C1-C3 Gases 10.3  10.9 14.0 12.7

Coal Conversion, W % M.A.F. Coal 96.1 96.4 94.g 94.7

Hydrogen Consumption, W % Dry Coal 4.41 -  4.39 5.18 5.31

228



ANALYSIS OF KENTUCKY NO. 11 COAL

FOR POU RUN 9

{Run 130-89)

HRI No.

Feed to Period
Hours on Stream
Moisture, W %

Proximate, Ory
Basis, W %

Ash
Yolatile Matter
Fixed Carbon

Ultimate, Ory
Basis, W %

Carbon

Hydrogen

Nitrogen

Sulfur (LECOQ)

Ash ’

Chlorine

Oxygen (Difference)

Sulfur in Ash, W %

Sulfur Forms, Dry
Basis, W %

Pyritic

Sulfate

Organic (Difference)
Total (Eschka)

Heating Yalue, B8tu/lb

4091 4100 4101 4091
As-received 1-6

0-143

6.00 5.76 6.47  2.15
8.23 7.42 7.88 8.88
39.10 37.05 39.33 37.86
52.67 55.53 52.79 53.26
74.48  75.75 74.62 73.22
5.07 5.09 5.10 .16
1.44  1.49 1.45  1.35
3.74  3.70 3.95 3.8l
8.23 7.42 7.88 ° 8.88
0.08

7.00 6.55 7.05 7.50
0.79

1.62

0.06

1.711

3.39

12,899

229

4092
7-14
143-335
2.44

8.42
39.08
52.50

70.48
4.91
1.42
3.62
8.42
0.07

11.08

0.97

4092
15-22
335-527
2.28

7.39
41.40
51.21

.05
.96
.27
.74
.39
.08
.52

WONWrF &W

.39
.09
.02
.50

W N O

13,051

4100
22-28
527-671
2.20

. .7.04
41.15
51.83

73.63
5.19
1.22
3.84
7.04
0.0%
8.98

0.86

1.41
0.04
2.04
3.49

13,218

4101
29-30
671-713
3.18

8.81
39.22
51.97

..71.35
4.89
1.35
3.61
9.44
0.09
9.27

1.30

1.04
0.30
1.78
3.12

12,412



HR1 No. 4091

feed to Period

Sieve Analysis, Screen
Size (U.S.S.)

+50
50/70
70/100
100/140 -~
140/200
200/325
<325 .

Mineral Analysis, W &
1gnited

Silica, SiGz

Alumina, Aly03
Titania, TiOp

Ferric Oxide, Fe03
Lime, Ca0

Magnesia, MgO
Potassium Oxide, K30
Sodium Oxide, NaQ
Sulfur Trioxide, So3
Phos. Pent. Pa0s
Strontium Oxide, SrQ
Barium Oxide, Bal
Manganese Oxide, Mn304
Undetermined (Difference)

Silica Value
T2S0 Poises, °F

Base/Acid

4100

As-received

4101

230

4091

1.01
1.19
2.63
5.10
6.84
22.27
60.97

43.75
20.79
0.90
25.48
2.72
“1.04
2.25
0.46
1.62
0.26
0.00
0.01
0.04
0.68

$9.94
2320
0.49

4092
7-14

.27
2.48
4.22
6.79
8.73
23.03
52.48

41.63
21.38
0.92
26.27
2.65
0.92
2.27
0.44
1.79
0.28
0.00
0.00
0.04
1.41

58.25
2300
0.51

© 4092
15-22

n0.78

1.20

2.76°

5.52
8.28
23.66
57.81

41.58
20.21
0.96
27.62
2.92
0.90
2.20
0.50
1.86
0.24
0.00
0.00
0.00
0.94

56.94

2280

0.54

4100
22-38

2.69
2.53
4.56
6.86
8.42
22.32

52.63 ..

41.50
20.45

" 0.98

28.04
2.59
0.85
2.22
0.60
1.30
0.21
0.00
0.01
0.05
1.20

56.86
2280
0.55

4101
29-30

2.28
3.16
4.85
7.42
8.52
22.47
51.31

52.57
17.15
0.82

21.25 -

7.24
1.04
1.77
0.53
5.99
0.12
0.00
0.02
0.10
1.40

59.04
2290
0.53
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RUN NUMBER 130-89
COAL : KENTUCKY NO. 11 (HRI 4091,4092,4100, AND 4101)
CATALYST AMERICAN CYANAMID HDS 1442R, 1/16" EXTRUDATES (HRI 3830)
PERIOD 6 AB i2 AB I8 AB
OPERATING CONDITIONS
HOURS OF RUN - BEGINNING 119.00 2G3.00 497.00
: END i43.00 287.00 431.00
CARTALYST AGE (EMND AVERAGE), LB DRY COAL-/LB 282.0 S548.6 .769.8
CATALYST ADDED, CUMULATIVE
LBS/TON DRY COAL 1.29 1.10 1.05
COAL. FEED (DRY), LB/HR/CU.FT. REACTOR VOLLME 31.84 32.18 31.32
AVERAGE REACTOR TEMPERATURE, °F 848. 850. 851.
UNIT BACK PRESSURE (UNIT BP), PSIG 27083, 2696. 2684.
H2 PARTIAL. PRESSURE, PSIG i 17as. 1862. L1751,
OIL/SOLID RATIO (SLURRY TANK), LB-LB SOLIDS 1.70 1.24 1.67
H2 INLET RATE, MSCF/TON DRY COAL §7.92 6&5.22 S55.00
RECYCLE GAS, MSCF-TON DRY COAL . 32.70 35.40 37.00
YIELDS, W % OF DRY COAL
C€0,co2 : . .67 .55 .62
C1-C3 HYDROCARBONS IN GASES i0.22 -8.22 8.67
24~-C? HYDROCARBONS IN GASES 4.05 2.61 2.67
I1BP-400 °F NAPHTHA 14.4? 15.28 i6.02
409-650 °F DISTILLATES 21.85 &21.13 19.83
650-975 °F DISTILLATES ' 7.86 8.67 9.11
975 °F+ RESIDUAL OIL '
TOLUENE. SOLUBLE 15.39 19.10 18.18
TCLUENE INSOLUBLE : S5.11 5.74 8.83
UNCONVERTED COAL -3.90 3.94 3.65
ASH 10.04 8.49 8.14
H20 (MET) : 8.27 ?2.36 5.52
NH{3 (FORCED NITROGEN) .83 .88 .55
H2S (FORCED SULFUR) 2.79 a.62 2.64
TOTAL 104.84 104.58 1984.43
CHEMICAL HYDROGEN CONSUMPTION .
MSCF-TON DRY COAL 18.23 17.26 i6.68
COMPLSITION OF 409 °F+ FUEL OIL, W %
ATMOSFHERIC STILL OVERHEAD 23.44 21.16 18.41
ATHOSPHERIC STILL BOTTGHMS 23.74 24.48 21.87
NET VACUUM STILL OVERHERD 0.02 2.986 4.24
VACUUM STILL BOTTOMS,
SOLID FREE OIL S C 62.82 651.40 55.48

SUMMARY OF NORMALIZED YIELDS

SULFUR, W %

23 AB

527.00
§51.00
90G.0

1.07
3t1.51
849.
2681 .
1782,
1.724
54.28
37.41

21.66
8
3
?.45
)
e

104.30
16.21
16.24
21.50

1.38

60.88

28 AB

647.00
671 .00
999.7

1.12
31.88

850.
a27e1.
1765.

65.31
36.82

8.3
25.31.
10.17

56.13
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DATE OF FINAL REPORT:
PAGE 1 OF 7

012180

WHIT 130 -~ H-COAL OPERATIONS ON KENTUCKY NO. 13 COAL (HRI 4091, 4092 4100, AND 4101%)

CATALYST AMHERICAN CYRNAMID HDS-1442R,
REACTOR YOLWNME:s 7.49 CUBIC FEET
RUN MUMEER 130- B89
PERIOD
DATE (END OF PERIOD), 1979
HOURS OF RUN - EﬁgIMIm_

CATALYST INVENTORY, END, LBS
CATALYST ADDED, LBS
CATLYST WITHDRALN, LBS ¥
CATALYST AGE (END), LB DRY COALANB
AVERAGE (BASIS)
ORIGINAL CHARGE (BASIS)
CATALYST ADDED, CLEWLATIVE
LES/TON DRY COAL

CATALYST WITHDRALWALS
WITHDRAWAL., OIL LADEN, LBS
OIL, U %

FHOLYDENUM (OIL FREE), W % X

COAL. FEED (DRY)
LBS/HR/CU FT REACTOR VOLLNME
MOISTURE W % (COAL SAMPLE)
ASH, W¢ (DRY COAL)

RECYCLE FLOUS, LBS/.B SOLIDS
ATMOSPHERIC STILL EOTTOMS
VACULM STILL OVERHEAD
INVENTORY CHANGE
HYDROCLONE OVERFLOW (OTL)
MAKE-UP OIL

TOTAL.

TEMPERATURE, °F
COAL. PREMEATER OUTLET
REACTOR LIQUID PHASE, AVG.
MAX.
SEPARATOR- 8" { @ 12° SKIN)
HYDROCIL.ONE OVERFLOUW-
VACUUIM STILL FLASH ZOHE

PRESSURE
UNIT BACK PRESSURE, P3IG
HYDROGEN MAKE-UP, PSIG
HYDROGEN PARTIAL PRESSLRE, - PSIG
(REﬂCTOR OUTLET - SEPHRATOR)
~CULIY FLASH, TORR

£716° EXTRUDATES (HRI 3830)

103 LBS. DRY INITIAL CHARGE

6AB 12AB 1BAB 23 AD 28 AP
9/ 7 913 919 9724 929
119.00 263.00 4@7.00 527,00 647.00
143.00 287.00 431.00 551.00 671.00

102.40 303.47 1e6.6

1 108.93 110.50

?.15 3.87 4.5  2.10 3.92
6.16 3.43 3.48 1.98 3.14

282,86 648.6 769.8 906.6 999.7

315.3 6&53.2 974.
1.20 1.10 1.0

89
.22

1 12368.1 1493.3
S i.0? 1.18

4.22 7.6

10.90 ? ?.3?
30.39 32.86 26.85 24.49 034.42
? ? 6.6

6.40 6.53

31.51 31.88 "

3i1.84 32.18 31.32
i.69 .44 1.64 1.71 1.57
9.42 8.28 8.65 6.88 7.4e

.24 .29 .39 .26 .33 !
.23 .25 .22 .a7 2.
-.01 ‘-.02 .08 -.12 -.02
i.e22 $.39 1.41 1.28 1.19
0.0 9.00 .20 9.00 9.00
1.7 1.74 .87 1.74 1.66
708, 219, 743 . 6. 773,
848. 850, © 851. 849. 850,
853, 854. £54. 854. 856.
804. 80s. 783. 767. ?70.
g02. s02. 500, 496, 489,
831, 543, 541. 543. 544.

a703. 2698 . e684.
2882, 2901. 2888,

17285. i86a. 1761
4. - a.

2.

26814 . 2701 .
£2933. 2939.

. 1787, 176S.
5. 1.
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DATE OF FINAL REPORT: ©1/21/80
PAGE 2 OF 7

PERIOD 6 AB 12 AB 1B AB 23 nB 28 AB

RECYCLE GAS, MSCF/TON DRY COAL 37.70 36.40 37.00 37.41 36.82
VENT GAS, MSCF-TON DRY COAL 594 6.09 5.33 '6.53 6.73
HYDROGEN PLRITY
OF RECYCLE GAS AND VENT, % 84.65 85.05 83.11 84.01 83.30
TOTAL H2, MSCF/TON DRY CO
(REACTOR OUTLET) : 38.89 38.57 32.95 38.64 38.00
HYDROGEN, MAKE-UP + RECYCLE g
MSCF~TON DRY COAL . 5?.92 S6.22 55.00 54.28 55.31
PARTIAL PRESSURE, PSIG(INLET) 2635. 2659. 2607. 2655. 2558.
HYDROGEN CONSUMPTION (1) .
MSCF-TON DRY COAL 19.e3 17.66 1?.05 16.64 17.30
W % DRY COAL : 5.5 4.69 1.53  4.15 4.59
CHEMICAL HYDROGEN CONSUMPTION :
INSCF/TON DRY COAL 18.23 17.26 16.68 16.21 15.79
OIL ADDITIONS :
MAKE-UP OIL, LBS/LB DRY COAL 0.00 ©.00 ©.00 ©0.00 0.0
LBS/HR/CU FT REACTOR 2.60 ©.00 ©6.00 ©.00 ©0.00
FLUSH OIL,LBS/LB DRY COAL . .003 .023 003 .093 .003
COLLECTED PRODUCT QUANTITY, W % DRY COAL
. ATMOSPHERIC STILL OVERHEAD 26.98 25.16 27.89 23.26 15.74
ATMOSPHERIC STILL BOTTOMS (2) 10.43 12.91 12.738 11.50 12.9?
VACUUM STILL OVERHEAD (2) .07 1.8 2.48 .72 §.20
VACUUM STILL BOTTOMS 37.30 40.22 46.78 45.85 42.80
H20 . 10.52 9.5? B8.54 8.23 11.02
C1-C3 : 9.7% 8.05 9.25 9.16 9.54
C4-C? ~ 3.89 2.2 2.8 2.65 3.e3
H2S IN GASES : 3.80 2.69 3.08 3.15 3.24
co2 & CO .65 .54 .66 .68 .85
INPUT QUANTITIES, U % DRY COAL ‘ .
DRY COAL _ 100.02 100.00 10G.0G0 1@0.00 100.00
MOISTURE IN FEED COAL 1.72 1.46 1.67 1.74 1.60
MAKE-UP OIL ADDITIONS 0.00 ©0.06 €.60 ©0.00 ©0.00
FLUSH OIL .33 .3t 34 .33 .32
HYDROGEN REACTED (1) 5.05  4.69 4.53 4.15 4.59
TOTAL 107.10 106.46 10.51 195.22 105.51
COAL CONVERSION, W % M.A.F. COAL
TOLUENE CONVERSION (3) 95.96 95.81 95.75 96.55 96.47
DHF CONVERSION (4) : 95.69 94.992 93.32 94.45 94.74

(1) BASED ON ORIFICE FLOWS FOR HYDROGEN, METERED FLOUS FOR OTHER GASES AND ANALYSES.
(2) NEGATIVE VALUES INDICATE DECREASES IN INVENTORY OF SLURRY OIL AOLDING TANK.

(3) BASED ON FILTRATION OF PROUCT SLURRY FED TO VACULM STILL.

(4) BASED ON EXTRACTION OF VACUUM BOTTOMS PRODUCT.
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DATE OF FINAL REPORT: 01/21/80
PAGE 3 OF 7?7

PERIOD 6 AB i2 AB 18 AB 23 AB 28 AB

NORIMALIZED NET PRODUCT DISTRIBUTIONKSS ' .
U % OF DRY COAL

co, coa .62 .55 .62 .69 .89
€1-C3 HYDROCARBONS IN GASES 10.22 8.22 - 8.6? 9.81 9.80
C4-C? HYDROCARBONS IN GASES 406 2.61 - 2.62 2.6?2 3.16
1BP-400 °F NAPHTHA 14.47 16.28 16.02 14.68 11.89
400-650 °F DISTILLATES 21.85 21.13 19.83 172.2? 16.10
650-975 °F DISTILLATES 7.86 8.62 9.11 8.67 10.88
975 °F+ RESIDUAL OIL :

TOLUENE SOLUBLE 16.36  19.10 18.18- 21.66 20.14

TOLUENE INSOLUBLE 5.1 6.24 8.8 8.74 ?7.45
UNCONVERTED COAL 3.99 3.94 3.65 3.42 3.64
ASH 10.04 B8.49 8.14 ?2.45 8.27
H20 (NET) 8.2?2 ?7.36 6.2 6.95 8.82
NH3 (FORCED NITROGEN) .89 .88 .65 .43 .46
H2S (FORCED SLLFUR) 2.79 2.62 2.64 =2.82 2.70

TOTAL. (1@0 + HYDROGEN REACTED) . 104.84 104.58 104.43 104.30 104.19

FILTERED LIQUID¥¥

GRAVITY, °API . -4.8 -9.4 -?2.8 -2.2 -3.6
IBP, °F (ASTM D-116@ MODIFIED) © 498,  543. S@4. - 640.  436.
10V % sa8. 640. S83. €e8.  &25.
30 V % 220, ?45. 718,  746.  61S.
50 V % . g00. 860, 833. 873,  700.
70V % 953. 898.
9V % : . : _ ,
FBP g975. 975, 975. 975, 975,
V% @409 °f - 0.00 ©.006 0.00 0.60 0.00
V% @650 °F 25.00 11.00 23.60 16.00 38.00
V % AT 975 °F 71.00 64.00 66.00 61.00 76.00
SULFUR, W % 12 .21 .31 .38 .48
U % 975 Ft 31.69 36.85 37.34 40.25 44.90
U % SULFUR IN 975 °F+ , .46 .54 .62 .72 .62
u NITROGEN IN 975 °F+ . 1.47  1.82 1.59 1.76 1.79

% OXYGEN IN 975 °fF+ 2.68 e.78 3.05 3.23 2.98

¥ ASTM DISTILLATION 'CUT POINT

¥Xx FOR PERIODS 27 TO 29 FILTRATION OF HYDROCLONE LINDERFLOW (HUF) LAS CARRIED OUT WITH THE
ADDITION OF ATMOSPHERIC STILL. BOTYOMS ¢(ASB) FROM THE SAME PERIOD AS PUSHER (TWO UEIGHTS OF
HUF PER WEIGHT OF ASB)Y. GRAVITY AND DISTILLATION DATA ARE FOR DILUTED SOLIDS-FREE LIGUID.
SULFUR AND 975 °F+ DATA ARE FOR UNDILUTED SOLIDS-FREE LIQUID OF HLF.

8 PERIODS 6AB, 12AR, 18AB,23AB, AND 28AB ARE WIORKLIP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCLLATION
OF MNORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION

VALUES FROM WORKUP PERIODS LERE USED.

& FOR PERIODS OTHER THAN THE WORKUP PERIODS, NORMALIZED YIELDS FOR THE COMBINED
A“B PERIOD ARE PRESENTED IN B PERIOD.
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DATE OF FINAL REPORT: @1/21/80

PAGE 4 OF 7
PERIOD 6AB 12AB 18AB 23 RAB 28 AB
ATMOSPHERIC STILL OVERHEADX
GRAVITY, °API 32.8 33.2 32.9 31.9 36.3
IBP, °F (ASTM D-86) 144. 148. 141, 144. 136.
10 V % 239. 231, ear. £00. 2114.
30 V % 3172. 310. 307, 304, a270.
50 V % 390. 374, 363. 368. az2a.
70V % 436. 417, 419, 414. 373.
90 V % so2. 480. 46S. 46S. 475.
FBP 594. 6§36. 541. 565. 592,
V% @& 400 °F : 54.00 69.00 64.90 65.00 75.00
V % @ 650 °F 100.00 100.00 100.90 100.00 100.00
CARBON, W % 85.35 84.05 85.60 87.33 B856.92
HYDROGEN, U % 11.64 11.76 11.5? 12.06 12.25
NITROGEN, UW- % .1 .36 .33 .42 .28
SUWFUR (H2S FREE), U X <.03 .12 .18 1?2 .16
I1BP-40d °F
GRAVITY, °API 40.8 40.5 39 S 38.2 42.1
SULFUR (H2S FREE), W % : <.03 .13 .07 .20 .13
400 °F+ ' 4
GRAVITY, °API 22.8 22.0 21 6 c2o.1 20.3
SULFUR (H2S FREE), W % <.03 .03 .08 .11 A1
ATMOSPHERIC STILL BOTTOMS :
GRAVITY, °API . 10.4 10.3 10.1 9.4 10.9
IBP, °F (HSTN D-86) 470. 467. 459. 469. 388.
10 V % . s21. sa1. so8. S11. 452,
30V % §51. 650. 651.. 547. 510,
50 V ¥ 600. 600" S84. 593. 566.
70V % 647. 649. 633. 646. 629.
99 V % 241, 750. 724, ?70. 2.
. FBP ) : 845, 842. 289. 890. 910.

V % @ 400 °F . 0.00 0.00 0.60 0.00 2.00
V % @650 °F 71.90 71.00 76.63 72.99 75.00
CARBON, W % 88.73 83.51 88.74 83.71 88.16
HYDROGEN, W % 9.a7 8.99 g.c2 8.84 9.21
NITROGEN, U % .83 4?7 <8 .69 .71
SULFUR, W % .03 <.03 LG4 A1 .08
1BP-650 °F
GRAVITY, °API 13.9 13.4 13.5 12.6 14.4
650 °F+ : '
GRAVITY, °API . 3.6 1.8 3.1 2.3 1.8

¥ IDENTICAL VALUES FOR A AND B PERIODS INDICATE THAT THE DATA
LERE ACTUALLY FOR THE COMBINED A/B PERIOD.
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DATE OF FINHI'.?. REPORT: 01/21/80

PAGE 5 OF
PERIOD 6A0 12AB 1BAB 23 AB 28 AB
LATER ‘
CARBON, U % 2.02 3.08 2.22 2.0 1.99
AMMONIA, W % _ 5§03 6.52 5.8 4.78 4.22
SULFLR. U % 3.62 23.22 3.74 1.94 2.88
CLEAN OIL TANK .
CRAVITY, °API 8.0 6.4 8.3 5.1 8.4
SLURRY MIXING TANK ' !
VISCOSITY, CP @ 150 °F ¥ 1040.0 1535.0 2430.0 5830.0 5730.0
VACULIM STILL OVERHEAD _ '
GRAVITY, °API 4.6 2.8 4.1 2.5 2.8
IBP, °F (ASTM D-1160 MODIFIED) 451, 467. 432. 457, YN
10 V % . §49. S87. S37. &53.,  s21.
33V % G26. 631. ©606. 635. 618,
ge V % 7205. 705. 6E€0. 750.  671.
72V % 765.  755.  730.  794.  752.
g0V % 87?. 865. B835. B8S9.  B860.
FBP : 975. 940. 920. 992. 1010.
V % @ 400 °F : 0.00 ©0.00 0.00 ©0.90° ©.00
% @ 650 °F 37.00 38.00 47.00 36.00 39.00
_ CARBON, U % 88.51 89.26 89.21 .89.33 88,33
HYDROGEN, U % 8.3 8.22 £.08 - 8.13 B8.08
NITROGEN. U % .68 .75 .69 .75 .96
SULFUR, U % <.e3 .05 11 3? 13
IBP-650 °F
GRAVITY, °APX : 12.3  11.0  10.6 7.9  11.9
656 °Ft '
GRAVITY, °API .3 -8 -1.2 -.9 -.1

X AVERAGE OF BROOKFIELD VISCOSITY VALUES AT 5-100 RPM. THE
SLURRY HAS NON-NEWTONIAN PROPERTIES.
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PERIOD . 6AB 12AB 1BAB 23 AB 28 AB
VACULIM STILL. BOTTOMS
W % OF VACUUM STILL FEED 46.99 47.69 63.21 49.93 64.8S
TOLUENE SOLUBLE, W % 51.19 65.83 52.86 57.60 54.66
NON-ASH TOLUENE INSOLUBLE, W% 23.10 23.583 28.54 26.33 25.24
ASH, W % . 25.74 29.64 18.60 16.07 20.10
WNREACTED COAL., W % (EST.) 13.10 9.68 8.3S ?.49 8.88
TOLUENE INSOL. RESID, W % (EST,) 10.00 13.95 20.19 18.84 16.36
CARBON, U % 64.30 68.03 71.54 73.32 70.80
HYDROGEN, W % 4.32 4.3 4.58 4.78 4.48
NITROGEN, U % i.21 1.28° 1.51 1.47 1.48
SULFUR, W % 3.10 2.73 e.75 2.44 2.86
ASTM ASH, U % 26.85 21.55 18.57 17.08 20.22
COKE/~SH RATIO (DMF EXTR.) .41 .5? .71 .75 .66
DMF-SOLUBLE, W % 62.60 67.37 69.31 ?71.47 67.04
VISCOSITY, CP @ S80 °F X 710.0 480.0 450.0 690.0 500.0
VAaculrt DISTILLATION R
IBP, °F (ASTM D-1160 MODIFIED) 890. S03. g881. = 872. 9e8.
DISTILLATE TO 975 °F, W % 11.40 8.10 10.50 8.50 8.GO
IBP-975 °F :
GRAVITY, °*API -6.5 -9.6 -9.8 -10.2
HYDROCLONE OVERFLOW
GRAVITY, °ARI . -11.6. -11.2 -12.0 -12.5 -14.7
IBP, °F (ASTM D—1160 MODIFIED) 480. 488. 468. 494, 436.
10 V % 579. 586. §21. S98. s82.
39 V 4% 677. 790. 698. 708. ?1S.
50 V % 780. 818. 820. 840. 825.
POV % . Co
END POINT 975.00 975.00 975.00 875.00 975.00
V % 8 650 °F 24.00 20.00 '24.50 19.00 18.€0
V.% @ END POINT 71.50 66.00 65.50 63.00 61.00
ASH, W ¢ 6.32 5.64 5.21 4.90 6.56
RESIDUE ‘AND SOLIDS, W % 37.29 41.58 42.02 43.94 46.43
HYDROCLOME UNDERFLOW, ASH, W % 12.53 10.82 13.06 11.95 11.65
HYDROCLOHME FEED, ASH W % 10.16 9.71 9.s1 6.77 7.86
FILTER CAKE .
W % OF FEED TO FILTER 24.75 24.53 21.54 20.00 21.45
TOLUENE EXTRACTION OF CAKE
SOLUBLE, W % 3i.80 36.85 27.40 30.03 29.64
NON-ASH INSOLUBLE, W % 20.8?7 e2. 158 a25.41 24.70 c24.02
CASH, W % ) 47.33 40.99 47.19 45.27 46.34 -
INSOLUBLE RESID., W % 2.46 3.12 4.23 3.59 . 3.54
UNREACTED COAL, U % (EST.) 18.41 19.63 21.18 21.71 20.48

0 - 5 LIQUID
GRAVITY, °API 14.9 13.3 13.5 13.0 13.5

0 - 12 LIQUID
GRPAVITY, °API 19.4 18.2 17.5 16.4 15.9

X AVERAGE OF BROOKFIELD VISCOSITY VALUES AT $-100 RPM. THE
SLURRY HAS NON-MEWTONIAN PROPERTIES.

237
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PERIOD

BATCH DISTILLATON OF VACULEM
BOTTOMS SLURRY PRODUCT
VACUUM DISTILLATION
FINAL VAPOR TEMP. °F
PRESSURE, TORR
DISTILLATE, W % OF VACUUM
BOTTOMS SLURRY
SULFUR, U %

CALCULATED COMPOSITION OF SOLIDS-FREE OIL
IN VACULIM BOTTOMS SLURRY PRODUCT, U %
BATCH STILL DISTILLATE FROM
SLURRY PRODUCTS
BATCH STILL RESID. FROM FILTRATE
CALCULATED COMPOSITION, W %
SWFUR, U %

CALCULATED COMPOSITION OF
. 4006 °F+ LIQUID PRODUCT, U %
ATIOSPHERIC STILL OVERHEAD
ATMOSPHERIC STILL. BOTTOMS
MNET VACUUIM STILL OVERHEAD
VACULM STILL BOTTOMS,
SOLIDS FREE OIL

CALCULATED COMPOSITION, U
SULFUR, W % ,
SULFUR (ACTUAL), W %

DATE OF FINAL REPORT
PARGE 7 OF 7

6AB 12 AB
£20.00 £08.00
.35 .25
12.00 9.40
.06 .18
19.17 13.95
80.83 £G.0S5
.36 .49
23.44 21.16
23.74 24.48
2.00 2.96
52.82 51.490
.20 27

18 AD

§03.00
.21

11.30
.26

16.30
83.70

.56

18,41
21.8?
4.24

65.48

oi/21/80

23

501

10

is.
84.

.67

16.
.50
.38
60.

44

ai

Ab

.00
.20

.90
.36

25
75

24

83

28 AB

8.3
5.3
10.17

$6.13
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DATE OF FINAL REPORT: 01-21/80
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UNIT 130 - H-COAL OPERATIONS ON KENTUCKY NO. 11 COAL (HRI 4091,4092,4100, AND 4101)
CATALYSTs AMERICAN CYAMAMID HDS-1442R, 1/16°* EXTRUDATES (HRI 3330), 103 LBS. DRY INITIAL cARGE

REACTOR VOLUME: ?7.49 CUBIC FEET

RUN MUMBER 136~ 89 :
FERIOD 1A 1B 2A 2B A 3B
DATE (END OF PERIOD), 1979 94 9/a 9/2 e,/3 9,3 94

HOURS OF RUN - BEGINNING 0.00 11.00 23.06 35.00 47.00 59.00
END 11.60 23.60 35.00 47.00 S9.00 71.02
CATALNYIT INVENTORY, END, LBS 102.938 108.98 102.76 1082.76 108.47 102.47?
CATALYST ADDED, LBS 0.00 ©0.00 2.86 ©.00 23.09 0.00
CATLYST WITHDRAUN, LBS X ° 2.00 ©.00 3.7 6.00 3.37 0.00
AT, AC‘(E ‘5“22' LB DRY COAL1B . 17.8 1.1 62.4 90.9 115.0 142.9
/| aE = . . . . . .
e, BRAR2 masI 1.8 11 &7 822 1is% 1358
CATALYST ADDED, CLMULATIVE
LBS-TON DRY COAL . 2.00 0.00 .87 .60 .97 .79
CATALYST WITHDRAUALS
WITHDRAUAL., OIL LADEN, LBS 0.00 ©0.08 65.95 ©0.00 6.48 ©.00
OIL, U % . 32.78 30.60
MOLYDENUM (OIL FREE), W % % 7.88 ?2.71
COAL FEED (DRY) :

LLBS/HR-CU FT REACTOR VOLLNE 22.20 26.74 £8.30 32.88 30.92 31.78
MOISTURE W % (COAL SAMPLE) 1.6 1.286 1.10 .96 1.20 1.45
ASH, L% (DRY COAL) 8.3 8.95 : 8.65

RECYCLE FLOUS, LBS/LB SOLIDS :
ATHNOSPHERIEC STILL BOTTOMS 1.27 .80 .24 .61 .68 .62
VACUUM STILL OVERHEAD .00 .06 .25 .25 .21 .26
INVENTORY CHANGE 11 -.32 .08 14 15 .09
HYDROCLONE OVERFLOW (OIL) 1.61 1.16 1.19 L.04 1.22 1.14
MAKE-UP OIL 002 ©0.00 ©0.00 0.00 0.0 0.00
TOTAL 27?7 =234 a2 :.79 1.86 1.84
TEMPERATURE, °F _
COAL. PREHEATER OUTLET 687, ?214. 729, 6886 . €93, e92.
REACTOR LIQUID PHASE, AVG. 804.  B37. 849, §51. 849, 849,
MAX . go8.,  B41. 853, 855, 853, 853,
SCEPARATOR-2% ( @ 12" SKIN) 761 . 798 . 7R, 8AS . 801 . 806,
HYDROCL.ONE OVERFLOW 478. *494. 492, 6509, 639, 638.
VACUUM STILL FLASH ZONE 406. 406.  S24. s18.  Sa27. 532.
PRESSURE
UuMIT BACK PRESSURE, PSIQ 2790, 270a8. 270, £8700. 27202, 8701.
HYDROGEN MAKE-UP, FSIG 2754. @2750. 2763, 2840, 2819. 2827.
HYDROGEN PARTIAL PRESSURE, PSIG A
(REACTOR OUTLET ~ SEPARATOR) 20863. 1690. 1683, 1484, 1671, 1661 .
VACULI1 FLASH, TORR ~ 187. 14. 22, S. 3. 4.

¥10.30 W% HMOLYBDENUM IN FRESH CATALYST.
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- DATE OF FINAL REPORT: ©1/21/80
PRGE 2 OF 7

PERIOD . 1A iB 2A 28 ) ) ;]
RECYCLE GAS, MSCF/TON DRY COAL 50.38 41.23 42.40 38.35 39.72 38.95
VENT GAS, MSCF/TON DRY COAL 4.4906 43?7 5.7 369 4.77 4.1i8
HYDROGEN PURITY ,
OF RECYCLE GAS AND VENT, % 91.82 87.32 -85.19 81.90 81.81 82.34
TOTAL H2, MSCF/TON DRY COAL
(REACTOR OUTLET) 65.66 +42.32 42.26 36.04 37.84 37.24
HYDROGEN, MAKE-UP + RECYCLE , : '
MSCFTON DRY COAL 78.42 . 62.60 64.21 56.01 67.88 66.83
PARTIAL PRESSURE, PSIGCINLET) . 2630. 2552, @2530. '2540. &519. 2535.
HYDROGEN CONSLIMPTION (1) ‘
MSCFTON DRY COAL 2,76 20.28 21.95 19.97 20,04 19.69
U % DRY COAL : 6,04 6.38 6.83 6530 632 5.0
CHEMICAL HYDROGEN CONSLMPTION
NSCF-TON DRY COAL ~ 21.35 18.80
OIL ADDITIONS
MAKE-UP OIL, LBS/LB DRY COAL ‘ .06 0.00 0.0 0.0 ©0.00 0.00
LBS/HR/CU FT REACTOR .00 ©0.00 ©0.03 0.0 0.00 .00
FLUSH OIL,LBS/LB DRY COAL .005 024  .024 .003 - .003 .023 -
COLLECTED PRODUCT QUANTITY, Lb % DRV COAL
ATHISPHERIC STILL. OVERHEAD .07 49.10 48.32 B4.95 28.00 23.08
ATMOSPHERIC STILL BOTTONS (2) . 12.19 -31.96 .5.82 128.01 12.57 13.51
VACULIM STILL OVERHEAD (2) 0.00 -2.48 2.1? 5.24 4.93  4.75
VACUUM STILL BOTTOMNS 38.63 64.52 26.56 £8.95 31.89 35.71
H20 : -1.24 12.64 6.19 B.95 8.74 11.72
c1-C3 6.72 8.6? 11.06 9.57 9.99 9.98
C4-C? . 3.97 . 4.6  4.91 4.40  4.15  4.01
H25 IN GASES 3.62 3.7 4.94 4.48 3.37 3.50
CO2 & CO .62 .57 .64 .63 .60 .55
INPUT QUANTITIES, U % DRY COAL - O
DRY COAL 100.00 100.00 £00.00 106.¢0 100.00 100.00
MOISTURE IN FEED COAL A 1.28 1.28  i.11 97  i.21 1.47
MAKE-UP OIL ADDITIONS 0.00 ©0.00 ©.00 @.00 ©0.00 .00
FLUSH OIL : .45 .38 .39 .32 .33 .32
HYDROGEN REACTED (1) 6.04 ©6.33 .83 6.30 6.32 6.20
TOTAL 107.78 107.04 107.33 106.59 106:86 106.99
COAL CONVERSION, W % M.A.F. COAL :
TOLUENE CONVERSION (3) "~ 95.83 95.78 95.87
DMF CONVERSION (4) 95.88 95.73 95.90

(1) BASED CN ORIFICE FLOWS FOR HYDROGEN, FMETERED FLOUS FOR OTHER GASES AND ANALYSES.
(2) NEGATIVE VALUES INDICATE DECREASES N INVENTORY OF SLURRY OIL HOLDING TAMK.

(3) BASED OM FILTRATION OF PROUCT SLURRY FED TO VACUUM STILA.. ’
(4) BASED ON EXTRACTION OF VACULEM BOTTOMS PRODUCT.
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DATE OF FINAL REPORT' ©1/21-/80
PARGE 3 OF 7

PERIOD 1A 1B 2A asn "3 A 38
NORMALIZED NET PRODUCT DISTRIBUTIONKIS
U % OF DRY COAL :
co, co2 .67 .59
C1-C3 HYDROCARBONS IN GASES ' 10.82 10.34
C4-C? 1IvDROCARBONS IN GASES 4.70 4.15
IBP-403 °F NAPHTHA - 20.39 15.48
400-650 °F DISTILLATES , 86.27 - : ea.18
650-975 *F DISTILLATES . 2.63 . 10.35
975 °F+ RESIDUAL OIL .
“TOLUENE SOLUBLE . 12.95 13.66
TOLUENE INSOLUBLE .6? 3.¢62
UNCOIVERTED COAL 3.85 4.18
ASH | 8.98 9.45
H20 (NET) , _ 5.62 8.05
NH3 (FORCED NITROGEN) .98 - .91
H2S (FORCED SULFUR) 3.00 2.94
TOTAL (100 + HYDROGEN REACTED) 105.67 104.99
FILTERED LIQUID ) : :
GRAVITY, °API 2.7 -2.5 -2 8
IBP, °‘F (ASTH D-1189 FODIFIED) ’ 453, 462. 467,
10 V % - 818, . 547. - £53.
30 V % £90. 643. 6S6.
g V % 724, 856 . ?76.
7?9V % : - 93A
90 V % :
fFBP . 975. ' . 975. . 975
V % @100 °F , 0.00 0.00 .90
v % @ 659 °F 44.00 31 .00 £8.20
V % AT 975 °F . . 66.00 62.00 ?4.929
SLFUR, U % .07 .0? .29
U % 975 F+ 36.05 £0.68 29.54
U % SUFUR IN 975 °F+ .e2 23 ) .52

W % NITROGEN IN 975 °F+
W % OXVGEN IN 975 °F+

ASTHM DISTILLATION CUT POINT

PERIODS éRB, 12AB, 18AR, 2338, AND 2BAR ARE UORKLP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALVSES. FOR CALCULATION
OF MORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION

VALUES FROM WORKUP PERIODS WERE USED. -
FOR PERIODS OTHER THAN THE WORKLP PERIODS, NORMALIZED YIELDS FOR THE COMBINED

A-B PERIOD ARE PRESENTED IN B PERIOD.
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X

PERIOD

ATMOSPHERIC STILL OVERHERDX

GRAVITY, °API
18P, °F (ASTM D-B6)

TR

V%@ 400 °F
V% @ 859 °F
CARBON, W %
nYDROGEN, U x
ITROGEN, W %
SULFUR (HES FREE), W %

DATE OF FINAL. REPORT!
PAGE 4 OF 7
1 A 1B e Rn

48.2 30.8 30.5

150. 174. :84.
iB8s. £59 . £54.
192. 331. 34S.
2909, 384. 398,
21 4. 423, 430.
a70. 468. . 470.
43?7. £?8. ©54,

97.00 60.00 §1.00
100.02 102.00 109 00

1BP-400 °F
GRAVITY, °API 38.1 39.7
SIRFUR (H2S FREE), W M <.Q3 <.03
4030 °F+
GRAVITY, °API 0.9 £21.9
SULFUR (H2S FREE), W %
ATMOSPHERIC STILL BOTTOMS : o
GRAVITY, °API i2.5 12.4 2.5
IBP, °F (ASTM D-86) ’ 462.
10 V % 492.
30 V % . 8158,
gV % 845.
70V % 583.
9 Vv % .
FBP . 650.
V % @ 400 °F 9.00
vV % @ 650 *F 85.00
CARBON, W % .
HYDROGEN, W %
NITROGEN, W
<.03

IBP-659 °F
GRAVITY, °API

650 °F+
GRAVITY, °API

IDENTICAL VALLES FOR A AND B PERIODS INDICATE THAT THE DATR

WERE ACTUALLY FOR THE COMBINED A/B PERIOD,

01/21/80

28

2.4
186.
248.
316.

421,
480.
686,
62.00
-100.00

39.3

21.58

12.3
176.
508.
532.
&§64.
612.

650,
0.00
80.00

33.4
174,
a4a.
316.
37s.
420.
484,
679,
62.00
100.02

.03

12.4

33.4
124.
a4a.
316.

420.
484.
579,
62.00
1002.00

.03

12.4

469.
494.
§35.
§70.
621.

€650.

0.00
76.00

.03
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PERIOD

UATER
CARBON, W %
AMIONTA, U %
SULFUR, W %

CLEFN OIL TANK
GRAVITY, °API

SLURRY MIXING TANK
VISCOSITY, CP @ 156 °F X

VACULI4 STILL OVERHEAD
© GRAVITY, °API

1BP, °F (ASTM D-1160 MODIFIED)
10 V %
30V
5o v
70 Vv
90 V
FBpP
Vi @ 400 °F
vV % @ 650 °F
CARBON, W %
H'YDROGEN, W %
NITROGEN, U %
SULFUR, W %

1BP-650 °F
GRAVITY, . °API

-

650 °F+
GRAVITY, °API

DATE OF FINAL REPORT: ©1.21/80

PAGE 5 OF 7
1A 1B 2R esn 3A 3D
12.7 10.8 10.6
a2s.0 . 190.0 210.0
2.6 9.3 8.4 2.8 6.6 6.2
o
<.ag . i <.03 <.03

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT S-100 RPM. THE

SLURRY HAS NON-NEWTONIAN FROPERTIES.



DATE OF FINAL REPORT: 01-21-80
‘6

PAGE OF 7?7
PERIOD 1A iB 2R 2B 3R 3B
VACUUM STILL BOTTOMS ‘
W % OF VACUUM STILL FEED 100.00 88.40 47,11 s0.21 50.21 44.09
TOLUENE SOLUBLE, W 5?7.8? £3.83 51.73
NON-ASH TOLUENE INSOLUBLE, W % 14.50 15.57 20.7?
ASH, W % 27.63 30.90 27.50
UNREACTED COAL, W % (EST.) 12.72 13.28 11.99
TOLUENE INSOL. RESID. W % (EST.) i.78 2.32 8.78
CARBON, W % .
HYDROCEN, U % B
NITROGEN, W %
SULFUR, W % : 2.73 . 3.34 3.00
ASTIM ASH, U % 28.06 ' 31.43 28.01
COKE/ASH RATIO (DMF EXTR.) .45 .43 .43
DMF-SOLUBLE, W % £9.56 55.68 €a.37
VISCOSITY, CP @ S60 °F X i10.0 1065.0 495.¢
VACUUM DISTILLATION
IBP, °F (ASTM D-1160 MODIFIED) ’
DISTILLARTE TO 975 °F, U %
IBP-975 °F
GRAVITY, °API
HYDROCLONE OVERFLOU ' .
CRAVITY, °API1 -1£.? -8.7 -7.86
IBP, °F (ASTM D-1160 MODIFIED) 424. 448. 468 .
10 V ¢ . s08. 540, £34.
30 V % S67. 649. 646.
S0V % 633. . 762. 764 .
70V : . . 778. . Q. 953,
END POINT . 975.00 975.00 975.00
% @ 650 °F S3.00 33.50 ) 31.50
V % @ END POINT 83.00 71.50 - 72.50
ASH, W % 4.51 7.62 5.84
RESIDUE AND SOLIDS, W % 23.85 . 36.96 34.46
HYDROCLONE UNDERFLOW, ASH, W % ©14.77 1§.73 12.23
HYDROCLLONE FEED, ASH W % 11.83 16.00 8.60
FILTER CAKE
W % OF FEED TO FILTER 36.02 30.41 - 34.88
TOLUENE EXTRACTION OF CAKE
SOLUBLE, W % 30.6S 33.83 36.47
NON-ASH INSQLUBLE, W % -22.39 L 20.22 20.54
ASH, W % : 46.96 45.95 42.99
INSOLUBLE RESID., W.% » , 7 .81 1.78
UMRERCTED COAL., W % (EST.) ei.e2 19.71 18.75
0 - § LIQUID
GRAVITY, *API - 14.1 16.6 . 16.6 i5.7 16.5 16.0
0 - 12 LIQUID
GRAVITY, °*APIl 21.9 © 20.6 20.8

[y

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 5-100 RPM, THE
SLURRY HAS NON-NEWTONIAN PROPERTIES.

244
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PERIOD

BATCH DISTILLATON OF VACULEM
BOTTOMS SLURRY PRODUCT
VACULM DISTILLATION
FINAL VAFOR TEMP. °F
PRESSURE, TORR .
DISTILLATE, U % OF VACULM
BOTTOMS SLURRY -
SULFUR, W %

CALCULATED .COMPOSITION OF SOLIDS-FREE OIL
IH VACULK BOTTOMS SLURRY PRODUCT, U %

BATCH STILL DISTILLATE FROM

SLURRY PRODUCTS

BATCH STILL RESID. FROM FILTRATE
CALCULATED COMPOSITION, Lt %

SULFUR, U %

CALCULATED COMHPOSITION OF

400 °F+ LIQUID PRODUCT, W %
ATHOSPHERIC STILL. OVERHEAD
ATINOSPHERIC STILL BOTTOMS
HET VACUUM STILL OVERHEAD
VaCuul STILL BOTTONS,

SOLIDS FREE OIL

CALCULLATED COMPOSITION, W %
SULFUR, W %
SULFUR (ACTUAL), W %

’

DATE OF FINAL. REPORT: 01-21/00
PRGE 7 OF 7?7

1A L B 2R asn A
385.00 479.00
1.20 1.60
20.23 3.58
€.03
6.43
93.87
.20

3aa

£01 .00
2.06

6.79
<.03

11.11
88.90

.<6
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DATE OF FINAL REPORT: 01-21/80
PAGE 1 OF 7

UNIT 130 - H-COAL OPERATIONS ON KENTUCKY NO.- 11 COAL (HRI 4091,4092,4100, AND 4103)
CATALYST! AMNERICAN CYAMNAMID HDS-1442A, 1-16° EXTRUDATES (HRI 3830), 103 LBS. DRY INITIAL CHARGE

REACTOR VOLWKE+ 7.49 CUBIC FEET

RUH MNIBER 132~ 89
FERIOD 4A 48 S A sB 6 A 6B
DATE (END OF PERIOD), 1979 94 .96 95 96 9weE 97

HOURS OF RUN - BEGINNING 71.00 83.00 95.00 107.00 119.00 131.00
END 83.00 95.00 107.00 119.00 131.00 143.00
CATALYST INVENTORY, END, LBS 102.61 102.61 100.37 100.3? 102.36 102.36
CATALYST ADDED, LBS 326 ©0.00 2.86 ©.00 7.15 0.00
CATLYST WITHDRALN, LBS X 3.22 0.0 5,00 ©0.00 5.16 0.00
CATALYST AGE (END), LB DRV COAL/LB
AVERAGE (BASIS) 165.6 193.3 215.7 243.6 @&254.1 282.0
.ORIGINAL CHARGE (BASIS) 175.2 202.9 231.1 259.0 282.4 315.3
CATALYST ADDED, CUMULATIVE .
LBS/TON DRY COAL : 1.03 .89 1.2 .91 1.31 1.20
CATALYST WITHDRAUALS
WITHDRAWAL, OIL LADEN, LBS 6.82 ©.00 9.84 ©0.00 10.90 ©.00
OIL, U % 29.63 28.16 30.39
MOLYDENUM (OIL FREE), W % X : 6.91 7.28 7.01
COAL. FEED (DRY) : A
LBS/HR/CU FT REACTOR VOLLRE ' 31.40 31.62 31.66 31.13 31.91 31.77
MOISTURE U % (COAL SAMNPLE) . .99 .52 1.4 1.78 1.72  1.66
ASH, L% (DRY COAL) 9.33 8.81 9.42
RECVCLE FLOUS, LBS/LB SOLIDS
ATMOSPHERIC STILL. BOTTOMS .28 .23 .81 .30 .87 Bl
VACULIM STILL OVERHEAD _ .85 .22 .20 .29 .23 .23
INVENTORY CHANGE -.03 ~.05 -.0f .04  -.03 .01
HYDROCLONE OVERFLOW (OIL) 1.3 1.22 1.8 1.285 1.20 .24
MAKE-UP OIL .00 ©.00 ©.03 ©0.06 0.00 ©0.00
TOTAL 1.66 1.72 1.60 1.69 1.74 1.66
TEMPERATURE , °F ,
COAL PREHEATER OUTLET 692, 677. 712. 698. 700, 716.
REACTOR LIQUID PHASE, AVG. . 851. 850. 850. 849. 849. 847. .
8ss. 855.  8S54. 8E4. 853. 853.
SEPARATOR-2* ( @ 12° sum 807. 807. 806. 803. 805. goz2.
HYDRACLONE OVERFLOU ‘ 535. §33. 501 . 501. soz2. 501 .
VACULM STILL FLASH ZONE 537, 523, 532. 531. 532, 529,
PRESSURE
UNIT BACK PRESSURE, PSIG 2702.. 2700, 2700. - 8]700. 2704. 2703.
HYDROGEN MAKE-UP, PSIG 2809.. 2B858. 2854. 2896, 2902, 2863.
HVYDROGEN PARTIAL FRESSURE, PSIG .
(REACTOR OUTLET - SEPARATOR) 1601, 1636, 1631. 1852. 1777. 1672.
VACULIY FLASH, TORR 4. 3. 3. 4. 9. 4.

*10..30 U MOLYBDENUM IN FRESH CATALYST.



A2/

DATE OF FINAL REPORT: 01..21/80
PARGE & OF 7?7

PERIOD 4A 4B SA SB 6 A 6 B
RECYCLE GAS, MSCF-TON DRY COAL. 38.21 39.04 38.20 41.39 38.35 37.06
VENT GAS, PSCF/TON DRY COAL 3.96 5.4  5.38 6.70 5.60 6.29
HYDROGEN PURITY . :

OF RECYCLE GAS AND VENT, % 80.61 82.80 84.67 36.44 87.57 81.73
TOTAL H2, MSCF-TON DRY COAL ’
(REACTOR OUTLET) 35.86 38.70 38.97 43.49 40.44 37.33
HYDROGEN, MAKE-UP + RECYCLE
MSCF-TON DRY COAL. 66.9?7 68.35 68.37?7 B2.79 5£9.37 66.47
PARTIAL. PRESSURE, PSIG(INLET) : 2494. a576. 2G16. 2672, 2700. 2570,
HYDROGEN CONSUMPTION (1) '
FSCF-TON DRY COAL 20.11 19.64 19.40 19.30 18.93 19.13
W % DRY COAL 5.34 §5.21 5.15 S5.12 5.03 5.08
CHEMICAL HYDROGEN CONSUMPTION
MSCF-TON DRY COAL - 20.04 19.34
OIL ADDITIONS .
© MAKE-UP OIL, LBS/LLB DRY COAL 0.00 0.00 0.00 0.00 0.00 0.00
LBS/HR-/CU FT REACTOR : 0.00 0.00 0.00 0.00 0.00 0.00
FLUSH OIL,LBS/L.LB DRY COAL .003 .003 .003 .003 .003 .003
COLLECTED PRODUCT QUANTITY, W % DRY COAL
ATMOSPHERIC STILL OVERHEAD az2.85 32.42 31.31 29.76 25.47 28.49
ATMOSPHERIC STILL BOTTOMS (2) 15.93 15.43 12.85 14.53 7.80 13.06
VACUUM STILL OVERHEAD (2) -1.46 -2.39 -.04 a2 -1.24 1.38
VACUUM STILL BOTTOMS . 34.23 31.94 34.81 328.63 39.080 35.60
H20 .. 8.7 6.02 ?.01 .2.28 10.16 10.99
C1-C3 10.68 10.82 11.22 8.74 8.77 10.76
C4-C? : .08 4.37 6.00 3.36 3.82 3.96
H2S IN GASES 3.490 - 3.50 4.23 3.13 3.64 3.9?7
COo2 & CO .83 ' .65 .72 .60 .63 .67
INPUT QUANTITIES, W % DRY COAL
DRY COAL 100.00 10G.00 100.00 900.90 100.00 100.00
PMOISTURE IN FEED COAL. 1.00 .52 1.16 1.81 1.76 1.69
MAKE-UP OIL ADDITIONS 0.00 6.00 0.00 0.00 0.00 0.00
FLUSH OIL i .33 .32 .32 .33 .32 .33
HYDROGEN REACTED (1) §.34 5.21 §.15 6.12 5.03 5.08
TOTAL 106.67 106.05 106.63 107.26 107.10 107.10
COAL. CONVERSION, W % M.A.F. COAL :
TOLUENE CONVERSION (3) ) S5.34 95.84 95.96
DHF CONVERSION (4) 94.95 95.38 95.69

<
v

(1) BASED ON ORIFICE FLOWS FOR HYDROGEN, METERED FLOUS FOR OTHER GASES AND ANALYSES.

(2) NEGATIVE VALUES INDICATE DECREASES IN INVENTORY OF SLURRY OIL HOLDING TANK.

(3) BASED ON FILTRATION OF PROUCT SLURRY FED TO VACUUM STILL.

(4) BASED ON EXTRACTION OF VACUUM BOTTOMS PRODUCT. ¢
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DATE OF FINAL REPORT: 01/21/80

PARGE 3 OF ?
PERIOD 4 A 48 SA 58 6 A 6B
NORIMALIZED NET PRODUCT DISTRIBUTIONX!%
U % OF DRY COAL
co, €02 .72 .70
C1-C3 HYDROCARBOMHS IN GASES ' ) 11.07 10.33
C4-C7 HYDROCARBONS IN GASES 4.87 . 4.43
I1BP-409 °F NAPHTHA 18.13 16.80
400-650 °F DISTILLATES 23.614 24.48 -
650-975 °F DISTILLATES ?.19 - 9,19
975 °F+ RESIDUAL OIL
TOLUENE SOLUBLE ) i4.€2 14.08
TOLUENE INSOLUBLE 1.83 3.14
UNCONVERTED COAL . 4.24 3.95
ASH- 9.3?7 9.16
H20 (NET) £.83 6.34
M3 (FORCED NITROGEN) .93 .92
H2S (FORCED SULFUR) 2.83 2.886
TOTAL (100 + HYDROGEN RERCTED) 105.32 105.14
FILTERED LIQUID
GRAVITY, °API . -2.7 -3.7 -4.8
I8P, °F, (ASTHM D-1160 MIODIFIED) . 468. 487?. 492,
10 V % 867. £85. . &88.
3BV % 7185, 7e8. ?20.
g0 V 3 800. 848. 800,
0V % 963, 917. 963.
° g0V % )
FBP 975, 975, 975,
V £ @ 400 °F Q.00 2.00 0.00
vV % 8 659 °F ’ .87.00 24.00 25.00
V % AT 975 °F ' ?22.00 - ?71.00 ?1.00
SULFUR, W % d2 ) A .42
W% 975 °F+ 30.48 32.07 31.69
W % SULFUR 'IN 975 °F+ . .44 .46 .46
U % NITROGEN IN 975 °‘F+
b % OXYGEN IN 975 °F+

X ASTHM DISTILLATION CUT POINT

§ PERIODS 6AB, 12AB, 1BAB, 23AB, AND 28AR ARE LIORKUP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCULATION
OF NORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION

VALUES FROM UORKLP PERIODS WERE USED.

- 8 FOR PERIODS OTHER THAN THE WORKUP PERIODS, NORMALIZED YIELDS FOR THE COMBINED
A’B PERIOD ARE PRESENTED IN-B PERIOD.
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DATE OF FINAL REPORT: @1/21-/80
PAGE 4.0F 7?7

FPERIOD 1A 4B SA §B  6A -6 B
ATMOSPHERIC STILL OVERHEADX : .
GRAVITY, °*API 33.6 31.9 ' 30.8 32.3 3.5 32.4
1BP, °F (ASTM D-86) 184. 176. =~ 155, 162.
10 V ¥ 233, 247, 242, | 237.
3BV % 301. 322, 32a2. 313.
50 V % 360. 38S. 388. 3sa.
79V % 414, 430. 442. 427.
90 V % 476. 498. sea. 484.
. FBP . 614. 600, 615, 692,
V % @ 400 °F 66.00 §72.00 G55.00 68.00
V % @ 650 °F 1€0.00 100.69 100.00 100.00
CARBON, U % ’
HYDROGEN, U % ’
NITROGEN, U %
SULFUR (H2S FREE), W %
1BP-409 °F
GRAVITY, °API1 . 40.0 40.7 39.3 40.4
SULFUR (H2S5 FREE), W %
400 °F+
GRAVITY, °API al.e c1.8 el.a 20.9
SULFUR (H2S FREE), W % . .03 <.03 <.03 .03
ATMOSPHERIC STILL BOTTOMS ' )
' GRAVITY, °AP L i1.8 10.8 10.6 ° 10.6 10.6 10.2
IBP, *F (ASTHM D-86) 475. 497. 608,
10 V % 503, 8as. | 538.
30 V- : . 564. 656. §73.
SO V % 5838. S9s5. 612.
720 vV % 638. . - )
90 V % :
FBP 650. 650. 650.
. 5 @ 400 °F 0.00 g .90 9.00
Vi 8 650 °F 73.00 €9.00 70.00
-CARBON, W %
HYDROGEN, U %
NITROGEN, U % : .
SULFUR, W % - <.03 <.e3 <.03

1BP-650 °F
GRAVITY, °API

" 650 °F+
GRAVITY, °API

¥ IDENTICAL VALUES FOR A AND B PERIODS INDICATE THAT THE DATA
WERE ACTUALLY FOR THE COMBINED A/B PERIOD.



052

PERIOD

UATER
CARBON, W %
AMMONIA, W %
SULFUR, W %

CLEAN OIL TANK
. GRAVITY, °“API

SLURRY MIXING TANK
VISCOSITY, CP @ 160 °F X

VACUUM STILL OVERHEAD

GRAVITY, °API

IBP, °F (ASTM D-1160 MODIFIED)
io v
33 V
o Vv
70V
a0 Vv
FBP
V % @ 400 °F
V % @ 658 °F
CARBON, W %
HYDROGEN, U %
NITROGEN, U %
SULFUR, U %

IBP-650 °F
GRAVITY, °API

NN R

650 °F+
GRAVITY, °API

DATE OF FINAL REPORT: ©i/21/80
PAGE 5 OF 7

44 48 S A 5B 6A 6B
9.4 8.9 8.0
355.0 1240.0 1110.0 970.0
6.0 S.1 4.5 4.9 4.8 4.7
<.03 . <.e3 <.03

¥ AVERAGE OF BROCKFIELD VISCOSITY VALUES AT 5-100 RPM. THE

SLURRY HAS NON-NEWTONIAN PROPERTIES.



DATE OF FINAL REPORT: 01-21/80
PRGE &6 OF 7

FERIOD 4A ° 4B S A S B 6 A 6B
VACULIM STILL BOTTOMS .
W % OF VACUUM STILL FEED 43.89 43.83 47.21 46.03 48.10 45.88
TOLUENE SOLUBLE, U % 54.73 s2.83 S1.19
NON-ASH TOLUENE INSOLUBLE, U % 17.90 20.58 23.10
ASH, U % ) 22.3? 26.59 - 25.71
UNREACTED COAL, W % (EST.) 12.39 11.46 10.00
TOLUENE INSOL. RESID. W % (EST.) 5.51 9.12 13.10
CARBOM, W % : 64.30
HYDROGEN, U % 4.32
NITROGEN, W % 1.21
SULFUR, W % . 3.32 3.22 3.10
ASTM ASH, W % 27.75 2?2.35 26.55
COKE/ASH -RATIO (DMF EXTR.) .49 : .48 .41
DIMF-SOLUBLE, U % 60.29 60.29 62.60
VISCOSITY, CP @ 500 °F % 5§40.0 - 825.0 710.0
VACUUM DISTILLATION
IBP, *F (ASTM D-116@ MODIFIED)
DISTILLATE TO 975 °F, W %
IBP-975 °F
GRAVITY, °API
HYDROCLONE OVERFLOU
GRAVITY, °API . -8.9 ~10.6 -11.6
IBP, °F (ASTM D~1160 MODIFIED) , 466. 482. . 480.
10 V % : '560. 579. 579.
30 V % 660. 683. . e7?.
SOV % 780. ?97. 780.
20V % 958, ,
END POINT 975.00 975.00 975.00
% @ 650 °F . 27.50 23.50 24.00
% @ END POINT 7.50 63.50 ?1.50
ASH, W % 6.15 6.7 0.00
RESIDUE AND SOLIDS, W % 36.01 38.70 37.29
HYDROCLOME UMNDERFLOW, ASH, W % 12.74 13.05 12.53
HYDROCLOHE FEED, ASH W % 9.11 11.03 10.16
FILTER CAKE o
W % OF FEED TO FILTER 24.13 27.82 24.75
TOLUENE EXTRACTION OF CAKE '
SOLUBLE, W % 29.71 30.33 31.80
MON-ASH INSOLUBLE, W % 22.51 22.12 20.87
ASH, W % 47.78 87.s5 47.33
INSOLUBLE RESID., U % .89 1.63 2.46
UNREACTED COAL., W % (EST.) , 21.62 20.49 18.41
0 - 5 LIQUID z ,
GRAVITY, °API 15.2 15.2 14.7 1S.1 14.5  15.3
0 - 12 LIQUID
GRAVITY, °API : . 20.0 20.0 19.4

X AVERAGE OF BROOKFIELD VISCOSITY VALUES AT S~100 RPM. THE
SLURRY HAS MOM-MEWTONIAN PROPERTIES.

251



AT/

PERIOD

=

BATCH DISTILLATON OF VACULM
BOTTOMS SLURRY PRODUCT
VACULM DISTILLATION
FINAL VAPOR TEMP. °F
PRESSURE, TORR
DISTILLATE, W % OF VACULL
BOTTOMS SLURRY
SLALFUR, W %

CALCULATED COMPOSITION OF SOLIDS-FREE
IN VACUUM BOTTOMNS SLURRY PRODUCT, U X
BATCH STILL DISTILLATE FROM
- SLURRY PRODUCTS
BATCH STILL RESID. FROM FILTRATE
CALCULATED COMPOSITION, U %
" GULFUR, W % _

CALCULATED . COIMPOSITION OF

400 °F+ LIQUID PRODUCT, W %
ATHOSPHERIC STILL. OVERHEAD
ATHOSPIHERIC STILL. BOTTOMS
NET VYACUUIM STILL OVERHEAD
VACUUM STILL BOTTONMS,

SOLIDS FREE OIL

CALCULATED COMPOSITION, 4 %
SULFUR, W %
SULFUR (ACTUAL), U 3

(1) 9

DATE OF FINAL REPORT:
PAGE 7 OF ?

4 A

48

435.00
1.60

4.85
<.03

8.21

©91.79

.41

S A

01/21/80

&80

450.00
1.60

3.15
<.03

6.22
94.78

.44

479.00
2.00

5.61
.06
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DATE OF FINAL REPORT: 01,/21/80
PAGE 1 OF 7

UNIT 130 - H-COAL OPERATIONS ON KENTUCKY NO. 11 COAL (HRI 4091,409%,4100, AND 4101)
CATLYST+ AMERICAN CYANAMID HDS-1442A, 1-16° EXTRUDATES (HRI 3830), 103 L.BS. DRY INITIAL CHARGE

REACTOR VOLWE: 7.49 CUBIC FEET
R+ NUMBER 130- 89

PERIOD : 6 AB ?A 7B 8 A 8B 9A
D..TE (END OF PERIOD), 1979 9 7 Qs 7 9, 8 9/ 8 9/ 9 9/ 9
HOURS OF RUN - BEGINNING 119.00 143.00 155.00 167.00 179.00 191.00
END 143.0¢ 155.00 167.00 179.00 191.00 <c03.00
CATALYST INVENTORY, END, LBS 102.4¢ 102.68 102.53 102.58 102.58 103.01
CATALYST ADDED, LBS ’ ?2.15 4.722 0 00 0.0 0.00 2.04
CATLYST WITHDRALUN, LBS X . 5.16 4.50 0.09. 0.00 0.00 1.61
CATALYST AGE (END), LB DRY COAL/LB -
AVERAGE (BASIS) 282.0 297.2 325.2 353.1 381.1 402.6
ORIGINAL CHARGE (BASIS) 315.3 344.1 372.1 400.0 428.0 457.3
CATALYST ADDED, CUMULATIVE : ,
LBS/TON DRY COAL 1.20 1.36 1.6 1.17 1.10 1.11
CATALYST WITHDRAWALS
WITHDRAWAL, CIL LADEN, LBS ' 10.90 9.990 " 0.00 0.00 0.00 4.02
OIL, W % 30.39 34.78 40.65
MOLYDENUM (OIL FREE), U X X 7.01 ?7.18 . 6.96
COAL FEED (DRY) :

LBS/HR-CU FT REACTOR VOLUME - 31.84 32.66 31.92 31.86 31.98 33.51
MOISTURE W4 % (COAL SAMPLE) 1.69 1.59 1.53 1.40 1.2?7 1.438
ASH, W% (DRY COAL) . 9.42 9.31 8.87

RECYCLE FLOWS, LBS/LB SOLIDS
ATMOSPHERIC STILL BOTTOMS 24 .29 .25 .36 .26 .27
VACUUM  STILL OVERHEAD . .23 .23 .26 .12 .23 .23

INVENTORY CHANGE .01 o2 Q.00 .02 .03 -.09

HYDROCLOMNE OVERFLOW (OIL) 1.e2 . 1.1? 1.19 1.1?7 1.1? 1.11
MHAKE-UP OIL 0.02 0.00 a.00 0.00 0.99 2.00
TOTAL 1.70 1.672  1.72 1.67 1.63 1.62
TEMPERATURE, °F
COAL PREHEATER OUTLET 708. 709, 713. 710, 717, ?1?7.
REACTCR LIQUID PHASE, AVG. 848. 849. E47. 849. 847, 851.
rMAaX. 863. gsa. £s2. 852. 851 . 853.
SEPARATOR-2" (- @ 12* SKIN) ' 804. 804. £02. 804. 803. 806.
HYDROCILLONE OVERFLOL) soa, 503, £03. 503. 5eo1. 505.
VAcuUr STILL FLASH ZOPE 531, 631. £41. q470. 542, 546.
PRESSURE
UNIT BACK PRESSURE, PSIG : 2703, 2700. 2710. 2707. 2684, 2703,
HYDROGEN MAKE-UP, PSIG 2882, 2887, 2896. 2904. 2880, 2905,
HYDROGEN PARTIAL PRESSURE, PSIG
(REACTOR OUTLET -~ SEPARATOR) 1725, 1749. 1877. 1933. 1888, 1846.

VACUU FLASH, TORR 4. 4. 4. 51. - 8. 4.



AT

' ERIOD

RECYCLE GAS, MSCF-TON DRY COAL
VENT GAS, MSCF/TON DRY COAL
HYDROGEN PURITY
OF RECYCLE GAS AND VENT, %
TOTAL H2, MSCF-TON DRY COAL
(REACTOR OUTLET)

HYDROGEN, MAKE-UP + RECYCLE
HSCF/TON DRY COAL
PARTIAL PRESSURE, PSIG(INLET)
HYDROGEN CONSUMPTION (1)
MSCF/TON DRY COAL
U % DRY COAL
CHEMICAL HYDROGEN CONSUMPTION
MSCF-TON DRY COAL

OIL ADDITIONS
IMAKE-UP OIL, LBS/LB DRY COAL
LBS/HIR/CU FT REACTOR
FLUSH OIL,LBS/L.B DRY COAL

COLLECTED PRODUCT QUANTITY, U % DRY COAL
ATHMOSPHERIC STILL OVERHEAD
ATHOSPHERIC STILL BOTTOHS (8)
VACULIH STILL OVERHEAD (2)
VACUUIH STILL. BOTTOMS
H20
c1-Cc3
C4-C?

H2S IN GASES
co2 & €O

INPUT QUANTITIES, U % DRY COAL .
DRY COAL
MOISTURE IN FEED COAL
MAKE-UP OIL ADDITIONS
FLUSH OIL
HYDROGEN REACTED (1)

TOTAL

COAL. CONVERSION, W % M.A.F. COAL
TOLUENE CONVERSION (3)
DI'F CONVERSIOH (4)

DATE OF FINAL. REPORT:
PAGE 2 OF 7?7

6 AP 7 A 7?8

372.70 35.42 36.66
5.94 5.73 6.90

84.65 81.33 85.12
38.89 35.36 39.17
§7.92 64.46 §7.78
2635. 25838 . 2660.

19.03 19.160 18.61
§.05° §5.07 4.94

18.23 17.95

0.00 0.02 0.00
0.09 0.0d 0.00

.e03  .ed03  .e03
£26.98 26.47 16.97
10.43 11.17 12.85

.07  1.64 .56
37.30 36.60 38.5?
10.5? §.47 12.15

9.76 8.88 8.59

3.89 3.4 3.08

3.80 .57 2.3

.65 .78 .62
100.00 100.03 100.00
1.72  1.62  1.5S

© 9.00 ©0.00 0.00
.33 .25 .33
5.05 5.07  4.94
107.10 105.95 106.82
95.96 95.68
95.69 95.10

01/21/80

8 A

36.46
6.79

£6.69
39.54

€8.17
2694.

18.62
4.94

0.00
0.09
.003

28.74
1.63
-.61

46.50
6.34
7.79
a.914
2.59

.57

100.00
1.42
0.20

.28
4.94
106.62

88

36.96
7.04

85.06
39.34

*6§7.13

£640.

1?2.79
4.72

16.81

9.00
0.00
.23

26.16
14.29
2.10
33.09
10.7¢2
?.71
a.85

.6GO

100.00
1.89
0.00

.31
4.72
105.32

95.74
95.40

¢1) BASED ON ORIFICE FLOUS FOR HYDROGEN, METERED FLOWS FOR OTHER GASES AND ANALYSES.

(2) NEGATIVE VALUES INDICATE DECREASES IN INVENTORY OF SLURRY OIL HOLDING TANK.

(3) BASED ON FILTRATION OF PROUCT SLURRY FED TO VACUUM STILL.
(4) BASED ON EXTRACTION OF VACUUM BOTTOMS PRODUCT.

9A

34.33
6.01

83.44
35.56

53.50
€639.

17.95
4.76

0.00
. 0.00
.003

25.05
12.41

.40
32.74
.12
.35
.39
.43
.72

100.00
1.50
2.00

.27
4.76
106.53

oo



G5¢

DATE OF FINAL REPORT: 01/21/80
PRGE 3 OF 7

PERIOD ' 6AB 7 A 7B 8 A 88 9 A

NORMALIZED NET PRODUCT DISTRIBUTIGNX{S
W % OF DRY COAL

co, coa2 .67 .78 .61
C1-C3 HYDROCARBONS IN GASES 10.22 9.68 8.16
C4-C? HYDROCARBONS IN GASES : 4.06 3.76 . 2.89
IBP-400 °F NAPHTHA 14.47 13.79 16.35
400-650 °F DISTILLATES 21.a85 19.85 18.94
650-975 °F DISTILLATES ?.86 9.70 ?7.51
975 °F+ RESIDUAL OIL .

TOLUENE SOLUBLE 15.3¢ 17.24 18.67

TOLUENE INSOLUBLE ' S.11 4.65 ' 4.82
WICONVERTED COAL. 3.8 4.46 $.03
ASH 10.04 10.35 11.50
H20 (NET) 8.27 : 7.22 6.78
NH3 (FORCED NITROGEN) . .89 .93 . .8?
H2S (FORCED SULFUR) a.729 a.358 2.32

TOTAL (100 + HYDROGEN REARCTED) 104.84 104.76 104.46

FILTERED LIQUID

GRAVITY, °API -4.8 -5.6
IBP, °F (ASTM D-1160 MODIFIED) 492. 491,
10 V % " G88. 68S.
30V % 720, 711, }
50 V % 8020. 8SS.
70 V % 953.
90 V % , ’
FBP ' 976. ’ : - 975,
V % @ 400 °F 0.00 ‘ 0.00
V % @ 650 °F 25.00 256.00
V % AT 975 °F ?71.09 ’ 68.29
SULFUR, W % ’ .12 ’ .13
W% 975 °F+ 31.69 . 34 70
W % SULFUR IN 975 °F+ .46 . .46
W % NITROGEN IN 975 °F+ 1.4?7
W % ONXYGEN IN 975 °F+ . a.68

ASTM DISTILLATION CUT POINT

PERIODS 6AB, 12AB, 18AB,23AB, AND 28ADB ARE LIORKUP PERIODS AND HAVE INORMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCULATION
OF NORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION

VALUES FROIM WORKUP PERIODS WERE USED.

FOR PERIODS OTHER THAN THE UORKLP PERIODS, NORMALIZED YIELDS FOF THE COMBINED
A~B PERIOD ARE PRESENTED IN B PERIOD.



99¢

DATE OF FINAL REPORT:' 01-/21/80

PAGE 4 OF ?
PERIOD 6AB 7R 78 8A .88 9 A
ATMOSPIERIC STILL OVERHEADX .

GRAVITY, °API 2.5 32.6. 9326 33.6 33.6 33.5

IBP, °F (ASTM D-B86) _ 144.  136. 136. 153. 153.  ‘140.

16 V % 239. 224. 224. @5. @e5.  237.

30V % 317. 308. 308. 316. 316.  314.

€0 V % 3ge.  324.  324. 34, 3?4, 3I76.

70V % 436. 25. 426. 421.  421. 420,

90 V % : €02,  488.  489.  483.  483.  487.

FBP : £94. 668. 656d. 551. 65i.  646.

V % @ 400 °F ©4.006 60.00 £0.00 £9.00 £9.00 £9.00
. V% @650 F : 100.06 102.00 160.00 100.00 100.00 100.00

CARBON, U % 85.35 ' :

HYDROGEN, U % 11.64

NITROGEN, U % .31

SUFUR (H2S FREE), U % <.03

1BP-400 °F -

GRAVITY, °API . 0.8  41.1  41.1  41.4 41,4 41.8

SULFUR (H2S FREE), W % <.93

400 °F+ A

GRAVITY, °API . 22.8 @225 @e2.5 229 229 ea2.?

SULFUR (H2S FREE), W % . <.e3 - .03 .03 .03 .03 .03

'ATMOSPHER IC STILL BOTTOMS

GRAVITY, °API 10.4 11.0 10.4 10.8 11.6 1o0.2

IBP, °F (ASTH D-86) 470, 500. 476.
10 V % Set. 635, 518.
30V % e51. 568. 554.
80V % 600. £600. 592, '
70V % 647, €50. 644.
93 V i ] : 741,

FBp : 845, 650. 650.
Vi @ 400 °F .0.00 .00 0.00
V % @ 650 °F L 71.90 70.03 ?2.00
CARBON, U % : 88.73

HYDROGEN, U % 9.a?

NITROGEN, U % .63 :
SWFUR, W % <.03 <.03 <.03
1BP-650 °F

GRAVITY, °*API 13.9

650 F+ :

GRAVITY, °API 3.6

X IDENTICAL VALUES FOR A AND B PERIODS INDICATE THAT TE DATA
UWERE ACTUALLY FOR THE COMBINED A-B PERIOD.
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PERYIOD

WATER

CARBON, W %

AIONIA,

W

SILFUR, W %

CLEAM OTL. TANK

GRAVITY,

SLURRY HIXING TANK
VISCOSITY, CP @ 160 °F X

VACLLET STILL OVERHEAD
GRAVITY,

e, °f
10 V %
30 Vv
SOV %
YCIRAR R
9 Vv %
FbP

o

*APT

*APY

Vi@ 109 °F
% @ 659 ‘F

CARHON, U
HYDROGEN,
NITROGEN,
SULFUR, W

IHP-659

GRAVITY,

650 °F+

GRAVITY,

SN
XX

°F
*APT

°API

(ASTM D-1160 MODIFIED)

DATE OF FINAL REFORT

PARGE & OF 7?7
6 AB ? A

8.0
1040.0

4.6 4.9
451.
§49.
626.
705.
?7a8s.
827.
0.00

37.00
88.61
8.36

<.03
12.3

A

¥ AVERAGE OF DIROOKFIEL.D VISCOSITY VALLES AT 5-100 RPM. THE
SLURRY HAS NON-MEWTONIAN PROPERTIES.

78

7.6

650.0

4.5

o1-/21/80

8 A

88

2.1
1075.0

3.6

.03

9A

3.4



DATE OF FINAL REPORT:
PARGE 6 OF 7

PERIOD ) 6 AB
VACUUIY STILL. BOTTOMS
U % OF VACUUM STILL FEED 46.99
TOLUENE SOLUBLE, W % S1.19
NON—ASH TOLUENE INSOLUBLE ux 23.10
ASH, W % 25.71
UNREACTED COAL.,- W % (EST.) 13.10
TOLUENE INSOL. RESID W % (EST.) 10.00
CARBON, W % 64.30
HYDROGEN, U % : 4.32
NITROGEN, W % 1.2
SULFUR, W % 3.10
ASTM ASH, U % 26.55
COKE/ASH RATIO (DHF EXTR.) : 41
DMF-SOLUBLE, W % . 62.60
VISCOSITY, (o) 500 °F x ?710.0
VACUUM DISTILLATION
IBP, °F (ASTM D—-1160 MODIFIED) © 890.
DISTILLARTE TO 975 *F, W % 11.40
IBP-97S °F :
GRAVITY, °API -6.5
HYDROCLONE OVERFL.OW )
GRAVITY, °API ‘ -11.6
IBP, °F (ASTM D-1160 MODIFIED) 480.
10 v % 879.
30V % 67?7
g0 V % 780
70V
END POINT : 975.00
Vi @ 850 °F . 24.00
V % @ END POINT ) 71.50
ASH, W % 6.32
RESIDUE AND SOLIDS, W % 37.29
HYDROCLONE UNDERFLOW, ASH, W % 12.53
HYDROCLOME FEED, ASH W % 10.18
FILTER CAKE .
% OF FEED TO FILTER 24.75
TOLUENE EXTRACTION OF CAKE .
SOLUBLE, U % 31.86
NON-ASH INSOLUBLE, W % 20.8?7
ASH, W % 47.33
INSOLUBLE RESID., U % 2.46
UNREARCTED COAL, W % (EST.) 18.41
0 - 5 LIQID
GRAVITY, °API 14.9
0 - 12 LIQUID
GRAVITY, °APIl 19.4

7 A 7

46.98 46.

-16.5
493.
695,
‘680.
?298.

97s.
€8.
38.
12.
11.

24

31.

22.
46.
a.

20.

00

i8
is
6?
04
i1

14.5 1S.1

18.4

X AVERAGE OF BROOKFIELD VISCOSITY VALUES AT 5-100 RPM. THE

SLURRY HAS MON-MELTONIAN PROPERTIES.

258

21/21/80

8 A

?20.30

.85

14.8

8B

47.44
52.35
21.98
2s.6?
11.23
10.75

-11.6
488.
684,
682.
818.

975.00

23.50

65.50

41.99

i2.48

i1.20

es5.25
238.85
22.98
48.17

2i.08

i15.6

19.5°

9 A

44.58

13.8
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DATE OF FINAL REFORT: 01/21/80
PAGE 7?2 OF 7

PERIOD 6 AB 7 A 7?8 1A . 88 9A

DATCH DISTILLATON OF VACLAM
BOTTOMS SI.URRY PRODUCT
VACULET DISTILLATION

FINAL. VAPOR TEMP. °F 520.00 470.00 400.00
PRESSURE, TORR -.35 i.29 2.00
DISTILLATE, W % OF VACLLNY 4.47 2.30
BOTTOMS SLURRY 12.00 * .
SULFUR, U 3 .06 .04
CALCULATED COMPOSITION OF SOLIDS-FREE OIL
IN VACUUF BOTTOMS SLURRY PRODUCT, W %
BATCH STILL DISTILLATE FROM .
SILURRY PRODUCTS 19.17 - ?.8?7
BATCH STILL RESID. FROM FILTRATE 80.83 ’ 92.73
CALCULLATED COMPOSITION, W %
SULFUR, U .36 .43

CAL.CLA.ATED COrPOSITION OF

400 °F+ LIQUID PRODUCT, W %
ATHOSPHERIC STILL. OVERIHEAD 23.44
ATHOSPHERIC STILL BOTTOMS 23.74
MET vAaclurt STILL OVERKHEAD
VACULEY STILL. BOTTOMS,

SOLIDS FREE OIL ' sa.82
CALCLLATED COMPOSITION, W 5
SULFUR, U % .20

SULFUR (ACTUAL), W &
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DATE OF FINAL REPORT: 01-21/80
PAGE 8 OF 7

WIT 136 - H-COAL OPERATIONS ON KENTUCKY NO. 11 COAL (HRI 40G1,4092,4100, AND 4101)
CATALYST AFERICAH CYAHARIID HDS-1442A, 1716° EXTRUDATES (HRI 3330), 103 LHS. DRY INITIAL CHARGE

REACTOR YOLLEWE s 7.49 CUBIC FEET

RUH MBIGER 130- €9 , _
PERIOD . 9B 1A 1B 1A 1B 12A
DATE (END OF PERIOD), 1979 9/16 9710 9/11 911 912 912

HOURS OF RUN - BEGINNING 203.00 215.00 227.00 239.00 251.20 263.00

END 215.00 227.60 239.00 251.00 263.20 275.00
CATALYST INVENTORY, END, LBS 103.01 103.41 103.41 103.34 103.34 103.47
CATALYST ADDED, LBS .00 3.61 0.8a 3.55 . 0.98  3.62

CATLYST UITHDRAWN, LBS ¥ 0.00 3.21 0.02 .62 0.90 3.43
CATALYST AGE (END), LB DRY COALAB

AVERAGE (BASIS) . 430.6 444.0 471.8 482.6 610.6 620.4

"ORIGINAL CHARGE (BASIS) 485.2 S14.1 641.9 569.3 8&97.2 625.0

CATALYST ADDED, CLrKNATIVE '
LBS/TON DRY COAL 1.0S 1.13 1.07 1.14 1.08 1.18
CATALYST UITHDRAUALS "
UITHDRAWAL., OIL LADEN, LBS 9.0 7.42 0.00 ?.45 0.00 ?.89
OoIL, U % . ' az.92 £9.2a 32.86
FIOLYDENUM (OIL FREE), W % ¥ : 6.18 ?7.0?7 ?.22
COAl. FEED (DRY) : . .

LBSAHR/CU FT REACTOR VOLLEE 31.98 33.12 31.97 31.40 32.12 31.88
PIOISTURE W % (COAL SAMPLE) 1.69 1.95 a.e89 2.00 1.E9 1.89
ASH, W (DRY COAL) 8.88 f.60 8.€3

RECYCLE FLOWS, LBS/LB SOL1IDS -

. ATIDSPHERIC STILL. BOTTOMS .2t .23 .20 N ) Y - 4 +31
VACULIY STILL. OVERHEAD 24 .28 .a3 .26 S .o6
INVENTORY CHANGE .01 -.02 -.03 .0S -.a1 .05
HYDROCLONE OVERFLOW (OIL.) 1.19 1.13 1.29 1.21 1.18B 1.81
FARE-UP OIL 0.6d 0.00 0.0 6.02 0.8 6.00

TOTAL 1.64 1.65 1.66 1.72 1.7 1.722
TEMPERATURE, °F . ’ :
. COAL PREHEATER OUTLET 218, 723, 720. 7a3. =, ?219.
REACTOR LIQUID PHASE, AVG.. 850. 847, S0, 849. 849. 849.
PAX.. 853. 851 . 8sa. . 8SS. 85s., 8S3.
SEPARATOR-2* ( @ 12" SKIN) g03. . £03. 895, g808. 80S. 80S.
HYDROCLONE OVERFLOU 01 . &0t 604 . soz2. §60. so2.
VACULIY STILL FLASH ZONE 597. 641, 645, 64t. ‘544. 543.
PRESSURE ’
UNIT BACK PRESSURE, PSIG 2700, 2?63, a°73S. 2683. 2695. 2698.
HYDROGEN MAKE-UP, PSIG 2907, 2916, 2924, £884. a888. 2905.
HYDROGEN PARTIAL PRESSURE, PSIG . )
(REACTOR OUTLET - SEPARATOR) 19346. 1951. 1905. 1818. 1787. 1831.
VACULM FLASH, TORR 4. a. 3. - N 3. i.

*10.30 W MOLYBDENUM IN FRESH CATALYST.
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PERIOD -

RECYCLE GAS, MSCF/TON DRY COAL.
VENT GAS, MSCF/TOM DRY COAL.
HYLDROGEN PURITY
OF RECYCLE GAS AND VENT, %
TOTAL 112, HSCF/TON DRY COAL
(REACTOR OUTLET)

HYDROGEN, MAKE-UP + RECYCLE
FHSCF/TON DRY COAL.
PARTIAL. PRESSURE, PSIG(INET)
HYDROGEN CONSLEPTION (1)
FISCF7/TON DRY COAL
L 3 DRY COAL
CHEMICAL HYDROGEN CONSLEPTION
FISCF/TON DRY COAL

Oll. ADDITIONS
HARE-UP ONL., LBS- LB DRY COAL
LBS/HIR/CU FT REACTOR
FLUSH OIL,LDS/LB DRY COAL

COLLECTED PRODUCT QUANTITY, W % DRY COAL.

ATHOSPHERIC STILL OVERHEAD
ATHOSPHERIC STILL BOTTOMS (2)
VACULE STILL OVERHEAD (2)
VACULK STILL BOTTOMS
H2O
C1-C3
C4-C?
H25 IN GASES
co2 & CO

INPUT QUANTITIES, W 3 DRY COAL
DRy COAL.
FOISTURE IN FEED COAL
HAKE-UP OIL. ADDITIONS
FLUSH OIL.
HYDROGEN REACTED (1)
TOTAL

COAl. CONVERSION, U % M.A.F. COAL
TOLUENE CONVERSION (3)
DHF CONVERSION (4)

DATE OF FINAL REFPORT!

PAGE 2 OF 7
98 10 A
37.48 36.87
?.28 6.45
85.64 86.23
40.38 39.29
68.43 §£7.37
2675. 2592.
18.05 i18.08
4.79 4.80

17.83
0.00 0.00
0.00 0.00
.03 .003
24.64 22.67
14.12 12.54
1.05 -1.3c
38.68 33.6S
9.01 11.41
?.02 ?.4?
2.35 2.65
2.34 a.82
.61 .63
100.00 120.00
1.72 1.99
2.00 0.00
.34 .31
4.79 4.80
106.85 107.10

96.18

85.16

10 B

37.28
6.72

84.38
38.88
£7.39
es68.

18.62
4.92

17.24
0.09

9.0
.093

23.99
19.15

-1.46 .
3v.86 -

.94

.49
.50
.e2

100.00
a.a5
0.0

.34
4.92
107 .51

JePROEN )<

956.18
95.32

.86

01/21/80

11 A

38.90
6.21

83.93
46.18
66.48
2619,

18.30
4.86

11 B

36.34
6.23

83.80

372.82

| 65.47

e6a24.

17.69
4.67

“17.6a2

.09

.34
.67
106.94

95.70
95.16

(1) DASED ON ORIFICE FLOLS FOR HYDROGEN, FETERED FLOWS .FOR OTHER GASES AND ANALYSES.

(2) MEGATIVE VALUES INDICATE DECREASES IN INVENTORY OF SLURRY OIL HOLDING TANK.

(3) BASED OH FILTRATION OF PROUCT SLURRY FED TO VACULK STILL.
(4) BASED ON EXTRACTION OF VACULKI BOTTOMNS PRODUCT.

12A

36.95
6.06

85.02
'39.01
66.98
2661 .

17.98
4.77

0.00
0.00
.004

26.83
13.29

3.14
40.29:

8.89 .

8.62
a.80
3.01

.85

100.00
1.62

. 0.00
.36
4.72?
106.75
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DATE OF FINAL REPORT: 91/21/80
PAGE 3 OF 7

PERIOD 98 10 A 10 B it A i1 B ieA

NORMAL IZED NET PRODUCT DISTRIBUTIONXG &
W % OF DRY COAL.

Co, co2 .23 .70 .66
Ci-C3 HYDROCARBONS IN GASES 8.49 8.26 9.19
C4-C? HYDROCARBONMS IN GASES . g.62 2.?74 3.26
1BP-400 °F NAPHTHA 15.41 15.21 18.66
400-650 °F DISTILLATES 22.49 20.42 19.586
650-975 °F DISTILLATES 8.90 9.21 16.07
975 °F+ RESIDUAL. OIL
TOLUENE SOLUBLE 15.1?7 13.50 18.98
TOLUENE INSOLUBLE 6.59 9.66 §.18
UNCONVERTED COAL. 3.79 3.95 4.18
ASH 9.67 9.74 9.12
H20 (NET) 7.4 ?.79 6.65
NH3 (FORCED NITROGEN) .92 .9t .86
H2S (FORCED SULFUR) 2.583 2.47 2.54
TOTAL (100 + HYDROGEN REACTED) 104.73 104.68 ’ : 104.68
FILTERED LIQUID .
GRAVITY, °API -8.3
IBP, °F (ASTM D-1160 PIODIFIED) 529,
10 vV % 626,
30V % ?46.
SOV % 850,
70 V i )
98 V %
FBP ' 975,
Y % @ 400 °F 8.00
V % @ 650 °F ) £26.00
vV % AT 975 °F 64.00
SULFUR, W % : . .23
% 975 °F+ . ' 37.42
SULFUR IN 975 °F+ . : .69

NITROGEN IN 975 °F+
OXYGEN IN 975 °‘F+

ggcee
XX

¥ 3STHM DISTILLATION CUT POINT

§ PERIODS 6AH, 12AB, 1BAB,23AB, AND 28AB ARE LORKLIP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCULATION
OF NORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION

VALUES FROIM WORKUP PERIODS WERE USED.

8§ FOR PERIODS OTHER THAN THE WORKLUP PERIODS, NORMALIZED YIELDS FOR THE COMBINED
A7B PERIOD ARE PRESENTED IN B PERIOD.



FERIOD

[0
[&V)

¥ JDENTICAL VALLES FOR A AND B PERIODS INDICATE THAT THE DATA
LUERE ACTUALLY FOR THE COMBINED A“B PERIOD.

ATHOSPHERIC STILL OVERIEADX

GRAVITY, °*API

IBP, °F (ASTHM D-86)

10 V %

30 v %

g0 V %

7 V%

90 V %

FBpP

V% 8 400 °F
V % @ 650 °F
CARHON, U %
HYDROGEN, W %
NHITROGEN, U 3

SULFUR (H2S FREE), W %

10P-400 °F
GRAVITY, °API

SULFUR (H2S FREE), W X%

400 °F+
GRAVITY, °API

SLLFUR (M2S FREE), U %

ATHOSPHERIC STILL. BOTTOMS

GRAVITY, °API

18P, °F (AST D-86)

10 V %

30 VvV %

S0 VvV %

70 V%

90 VvV %

FBpP

V % @ 400 °F
vV % @ 650 °F
CARHON, W %
HYDROGEN, W %
MHITROGEN, W %
CILFUR, W %

1BP-650 °F
GRAVITY, °API

650 °F+
GRAVITY, °API

DATE OF FINAL REPORT:

PAGE 4 OF 7?7
98 10 A

33.6 34.0

140. 148,
232, a37?.
314. 314,
376. 389.
420. 415.
482. 4721.
546 532

£3.00 63.00
100 22  120.00

41.8 41.1
ea.? 23.4
23 . .e3

soa.
632.
664.
605.
649.

650.

0.00
71.00

.03

10.3 10.4

jo B

34.0
148.
232,
314.
369.
415.
471.
§32.
63.00
1060.00

41.1

23.4
.03

10.7?7
500.
628.
£66.

606.

650.
0.00
65.00

<.03

o1/21780

i1i A

za.9
147.
£34.

I7?2.
421.
472?.
531,
€6Q.00
100.00

42.0

21.8
.e3

12.0

11 B

.9
147,
234,

372.
121,
177,
8§31,
60.00
100.00

10.0

21.8
.03

9.8
614.
638.
§79.
6013.

650.
0.060 -
67.00

12A

33.7

0.00

" 10.0
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DATE OF FINAL REPORT!:
PAGE S5 OF 7?7

PERIOD 9B 16 A 10 8

LATER
CARBON, W %
AMONIA, W %
SUWFUR, U %

CLEAN OIL TANK
GRAVITY, °API 6.9 6.9

SLURRY MIXING TANK X
VISCOSITY, CP @ 160 °F ¥ 1309.0 £010.0

VAaCuUM STILL OVERHEnD
GRAVITY, °API 3.6 3.6 3.7
IDP, °F (ASTM D-1160 MODIFIED) '

10 v
30 v
50 v
70 v
o v
FBpP
V % @ 400 °F

V % 8 650 °F

CARBON, W %

HYDROGEN, U %

NITROGEN, U % .

SULFUR, U % .03 .07

xuxxx

THP-650 °F
GRAVITY, °API

650 °F+
GRAVITY, °API

¥ AVERAGE OF BROOKFIELD VISCOSITY VPLLES AT 5-100 RPM. THE
SLURRY HAS NON NEUTONIRN PROPERTIES.

e1/21/80

i1 A i1 B
" 6.8

1790.06

29 2.8
.11

2.8



DATE Of FINAL REPORT: 01/81/30
PAGE 6 OF 7

98B 10 A 10 B 11 A 11 B 12 A

PERIOD
.
VACUUM STILL BOTTOMS
W % OF VACUUM STILL FEED 47.23 46.56 4?7 .24 43.09 47.15 4?7.47
TOLUENE SOLUBLE, U % 49.16 43.41 55.34
NON-ASH TOLUENME INSOLUBLE, W % c6.32 32.99 22.59
ASH, W % 24.582 23.60 22.07
UNREACTED COAL, W % (EST.) 9.61 9.58 10.04
TOLUENE INSOL. RESID. W % (EST.) 16.71 23.41 12.55
CARBON, W % )
HYDROGEN, W %
MITROGEN, LI % :
SULFUR, W % 3.08 J.vy c.87 .
ASTM ASH, W % 26.01 24.38 22.a87
COKE/RSH RATIO (DrF EXTR.) .S0 .50 .51
DMF-SOLUBLE, W % 63.09 64.83 £66.76
VISCOSITY.,, CP @ S09 °F X% 726.0 695.0 760.0
VVACUUM DISTILLATIONM
IBP, °F (ASTM D—-1160 MODIFIED)
DISTILLATE TO 975 °F, W %
IBP-975 °F
GRAVITY, °API
HYDROCLONE OVERFLOUW
GRAVITY, °AFI -10.6 R -11.0 -11.4
IBP, °F (ASTM D-1160 MODIFIED) 48S. S00. 478.
10V % §84. 580. 580,
30 V % ) . 69S. 678. 694.
S0 V % ) . 796. ’ 79S. 808 .
V% : .
END POINT 975.00 : 975.00 975.00
V % 38 650 °F e2.50 21.09 21.00
V % @ END POINT 65.50 67.09 67.00
ASH, W % ' 6.25 6.44 s.79
RESIDUE AND SOLIDS, W % . 39.98 39.8S 40.37
HYDROCLONE UNDERFLOW, ASH, W % 14.17 13.60 12.43
HYDROCLOME FEED, ASH W % o 11.64 12.02 ‘ 11.01
FILTER CAKE
W % OF FEED TO FILTER 25.70 24.60 . 24.38
TOLUENE EXTRACTION OF CAKE X )
SOLUBLE, W % 31.36 28.43 32.7?7
NON-ASH INSOLUBLE, W % 21.67 23.71 22.71
ASH, W % 46.97 4?7 .86 44 .52
INSOLUBLE RESID., W % . 3.26 4.29 2.46
UMREACTED COAL, W % (EST.) 18.41 19.42 20.25
0 - S LIQUID ’
GRAVITY, °API 15.'8 14.8 16.3 12.5 13.4 12.9
0 - 12 LIQUID .
GRAVITY, °API 18.7 19.?7 18.2

X AVERAGE OF BROOKFIELD VISCOSITY VALUES AT S-100 RPM. THE
SLURRY HAS NON-NEWTONIAN PROPERTIES.

265
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PERIOD

BATCH DISTILLATON OF VACULI
BOTTOMS SLURRY PRODUCT
VACUL DISTILLATION
FINAL VAPOR TENP. °F
PRESSURE, TORR :
DISTILLATE, W % OF VACULE
. BOTTOMS SLURRY
SILFUR, W %

CALCULATED COMPOSITION OF SOLIDS-FREE
IN VACUUIM BOTTOMS SLLRRY PRODUCT, U %
BATCH STILL DISTILLATE FROM
SILURRY PRODUCTS
BATCH STILL RESID. FROM FILTRATE
CALCLL.ATED COMPOSITION, U %
SWFUR, W %

CALCULATED COMPOSITION OF

400 °F+ LIQUID PRODUCT, W %
ATHOSPHERIC STILL OVERHEAD
ATHOSPHERIC STILL BOTTOMS
NET VACUUIN STILL OVERHEAD
VACULI STILL BOTTORS,

SOLIDS FREE OIL

CALCULATED COMPOSITION, W %
SULFUR, W %
SULFUR (ACTUAL), W %

DATE OF FINAL REPORT:
PAGE 7 OF 7?7

9B

482.00
1.60

4.60
.13

OoIL

2.29
92.71

10 A

160 B

485.00
i.60

4.19
.12

6.46
93.54

21/21/780

i1 A

480.00
.40

6.30
- .10

g8.18
91.82

.E6

12 A
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DATE OF FiNAL REPORT: ©1-/21/80°
PARGE 1 OF ?

UHIT 130 — H-COAL OPERATIONS ON KENTUCKY NO. 11 COAL (HRI 4291,4092,4100, AND 4101)
CATALYST+ AMERICAN CYAMAIMID HDS-1442A, 1/16" EXTRUDATES HRI 3830), 103 LBS. DRY INITIAL CHARGE

REACTOR VOLUME:s 7.49 CUBIC FEET

RUN NWBER 132- 89
PERIOD 128 . 12AB 13A 13D 14A 148
DATE (END OF PERIOD), 1979 913 9713 9713 9714 9/14 _ 9/15

HOURS OF RUN - BEGINNING : 275.08 263.00 287.00 299.00 311.00 323.00
END 287.00 287.092 299.00 311.00 323.00 335.00

CATALYST INVENTORY, END, LBS 103.47 163.47 104.27 104.27 105.16 10S.16
CATALYST ADDED, LBS : .00 3.57 3.82 0.00 4.11  0.00
CATLYST WITHDRAUN, LBS X .00 3.43 3.62 .00 3.22 0.00
CATALYST AGE (END), LB DRY COAL-LB

AVERAGE (BASIS) 548.6 6548.6 6555.4 682.9 585.6 612.5

ORIGINAL CHARGE (BASIS) 653.2 653.2 680.4 7072.9 ?733.3 7G0.?
CATALYST ADDED, CUMULATIVE -

LBS/TON DRY COAL 1.106  1.10  1.16 1.12  1.19  1.14

- CATALYST WITHDRALALS ‘

WITHDRAUAL, OIL LADEN, LBS : 0.8 7.29 ?7.36 0.0 ?7.41 0 9

OIL, W % 32.86 .35.43 32.48

MOLYDENUM (OIL FREE), U % ¥ ?7.22  6.55 6.63

COAL. FEED (DRY)

LBS/HR-CU FT REACTOR VOLUME 32.47 Z2.18 31.46 3I1.95 30.01 31.s3 '
MOISTURE W % (COAL SAMPLE) 1.29 1.44; 1.35 1.40 1.21 1.02
ASH, WH (DRY COAL) 8.238 8.28 8.01 G.84

RECYCLE FLOWS, LBS/LB SOLIDS .
ATMOSPHERIC STILL BOTTOMS 27 .29 <31 .29 41 .30
VACUUM STILL OVERHEAD .25 .25 .23 .25 .43 .28
INVENTORY CHANGE ~.01 " -.02 -.01 .02 -.04 .03
HYDROCLONE OVERFLOW (OIL) 1.18 1.19 1.19 1.14 1.185 1.86
MAKE-UP OIL 0.00 B.02 0.92 0.00 0.00 0.00

TOTAL 1.2 1.2 1.74 1.66 .2.ea 1.81

TEMPERATURE, °F
COAL PREHEATER OUTLET 719. 719, 216, 218. 7a3. 730,
REACTOR LIQUID PHASE, AVG. 850. BSO. 847. 850. 849. 848.

- MaX. 854. . BS4. 853. 853. 851. 850.
SEPARATOR-2* ('@ 12" SKIN) ’ 805. . BOS. 80S. 805, 806. 804.
HYDROCLONE OVERFLOU- 592, 502. 603. = 5a3. 491. 496.
VACUUM STILL FLASH ZONE 544. 343. 635. 6536. 537. 539.

PRESSURE ) N
UNIT BACK PRESSURE, PSIG . 2695. 2596. 688, 26918, 2694. 2709.
HYDROGEN MAKE-UP, PSIG 2898, 2301. 2907, 2905, 2899, a921,
HYDROGEN PARTIAL PRESSURE, PSIG -

(REACTOR OUTLET - SEPARATOR). 1893, 1362. 1874. 1770. 1783, 1818,

VACULI' FLASH, TORR 3. a. 3. 4. 3. 4.
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DATE OF FINAL REPORT: 01/21/80
) ' PAGE 2 OF ' ?

i2h i2 Al 12 A 13 8 14 A 14 B

PERIOD
RECYCLE GAS, MSCF/TON DRY COAL 35.85 36.40 37.74 36.65 39.91 372.72
VENT GAS, MSCF/TON DRY COAL 6.1 6.09 584 569 65.90 6.43
}HYDROGEN PLRITY
OF RECYCLE GAS AND VENT, % 85.07 £85.05 B84.99 -83.67 83.26 84.50
TOTAL H2, MSCF/TON DRY COAL ,
(REACTOR OUTLET) 38.13 33.57 39.24 37.92 41.27 40.04
HYDROGEN, MAKE-UP + RECYCLE
HSCFTON DRY COAL 55.46 66.228 672.99 65.60 60.51 67.38
PARTIAL PRESSURE, PSIGC(INLET) 2656. 2659, 2661 . 2633. | 2624. 2664.
HYDROGEN CONSLEFPTION (1)
FSCF/TON DRY COAL 12.39 17.66 18.70 17.08 19.34 17.34
W % DRY COAL 4.60 4.69 4.95 4.3 5.13 - 4.60
CHEMICAL HYDROGEN CONSUMPTION
FSCF/TON DRY COAL 17.26 17.24 17.55
OIL ADDITIONS .
MAKE-UP OIL, LBS/LLB DRY COAL 0.00 0.00 0.00 9.00 0.90 0.00
LBS/HR/CU FT REACTOR 0.00 0.0 0.00 ©.00 ©.90 0.00
FLUSH OIL,LBSAB DRY COAL 032 .23 .23 .23 .083 .03
COLLECTED PRODUCT QUANTITY, L'% DRY COAL .
ATMOSPHERIC STILL. OVERHEAD 25.6?7 26.10 27.70 26.50 27.71 e5.589
ATHOSPHERIC STILL BOTTOMS (2) ' 12.62 12.91 12.48 14.82 4.66 13.48
VACULIY STILL OVERHEAD (2) .01  1.58 .05 1.76 -1.60 .39
VACUL STILL BOTTOMS 40.18S 40.22 406.839 41.43 48.10 40.36
H20 : 10.26 9.5? 10.63 10.05 11.3? 8.95
C1-C3 ?2.48 8.5 ?2.20 8.725 9.49 B8.74
C4-C? 2.33 2.7 235 2.9? 3.24 3.60
H2S IN, GASES 2.3 269 2.52 3.09 3.49 3.63
€02 & CO .53 .64 .52 .59 .65 .62
INPUT QUANTITIES, U % DRY COAL
DRY COAL. : 103.00 100.00 100.00 100.00 100.00 100.00
HOISTURE IN FEED COAL 1.31  1.46 1.3? 1.42 i1.28 1.03
MAKE-UP OIL ADDITIONS .00 0.63 ©0.00 ©0.00 0.0 0.0
FLUSH OIL .85 .3 .29 = .85 .85
HYDROGEN REACTED (1) 4.60 4.69 4.98 4.63 8.13 4.69
TOTAL - 103.16 105.46 105.60 106.20 103.60 105.83
COAL. CONVERSION, W s M.A.F. COAL . :
TOLLUENE CONVERSION (3) 95.81 95,81 96.55 96.60
DIF CONVERSION (4) 894.96 94.90 94.82 95.68

(1) BASED ON ORIFICE FLOUS FOR HYDROGEN, METERED FLOUS FOR OTHER GASES AND ANALYSES.
(2) NEGATIVE VALUES INDICATE DECREASES IN INVENTORY OF SLURRY OYL HOLDING TANK.

(3) BASED ON FILTRATION OF PROUCT SILURRY FED TO VACUUM STILL..

(4) BASED ON EXTRACTION OF VACUAN1 BOTTOMS PRODUCT.
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DATE OF FINAL REPORT: 01/21/80
PAGE 3 OF 7

© PERIOD ' 128  12A8 13A 13B 14A 148

HORIFALLTZED HET PRODUCT DISTRIBUTIONKIS

U % OF DRY COAL

CcO, coza .59 .64
C1-C3 HYDROCARBONS It4 GASES 8.2 ?.95 9.11
C4-C? IIvDROCARBOHS IN GASES 2.61 a.66 - 3.40
1B0P-400 °F HMNAPHTHA 15.238 16.66 16.04
400-650 °F DISTHALATES 21.13 c20.81 - 12.91
650-97S °F DISTILLATES 8.67 8.64 - ?7.56
975 °*fF+ RESIDUAL OIL .

TOLUEHE SOLUBLE 19.10 16.66 18.46

TOL.LEME TNSOLUBLE §.74 10.14 8.38
UNCOMNVERTED COAL 3.94 3.22 4.05
ASH 8.49 8.14 8.74
H20 (NET) ?.38 ?.65 g8.02:
M3 (FORCED NITROGEN) .88 .88 .80
H2S (FORCED SULFLR) 2.63 2.62 2.6?7

TOTAL. (109 + HYDROGEN REACTED) 104.58 104.59 104.66

FILTERED LIQUID

GRAVITY, °API -9.1 -9.1 -8.4 ~7.4
IBP, °F (ASTM D-1160 FIODIFIED) 543. 843. Si4. g816.
18 V 3 640. 649, 629. §95.
30 v % ?45. ?245. 724. ?242.
S v % 860. B830. g4e. 800.
8V % .
90 VvV % . .
FBpP 975. 975. 975, 975.
V% @ 400 °F 0.00 0.00 2.00 0.00
V% @ €SO °F 11.00 11.00 .14.00 21.00
V% AT 975 °F 64.00 64.90 63.00 69.00
SULFUR, W % .21 .21 .36 .23
W% 975 °F+ 36.8S 36 8s 37.48 34.65
W % SLLFUR IN 975 °F+ .54 .54 .63 .67
W % NITROGEN IM 975 °F+ 1.8?7 1.87
U % OXYGEN IN 975 °F+ 2.78 2.78

ASTH DISTILLATION CUT POINT

.68

PERIODS 6AD, 12AD, 18AN, 23AR, AND 28AB ARE WORKLIP PERIODS AND HAVE NORMALYZED YIELDS
DASED ON COMPLETE ELEMENTAL AND DISTYLLATION ANALYSES. FOR CALCLLATION
OF HORFMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPG.&'IED ELEMENTAL AND DISTILLATION

VALUES FROIM WORKUP PERIODS WERE USED.

FOR PERIODS OTHER THAN THE LIORKUP PERIODS, NORMALIZED YIELDS FOR TIE COMBINED
A7B PERIOD ARE PRESENTED IN B PERIOD.
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DATE OF FINAL. REFORT) ©1-21/80
PRGE 4 OF 7

-1@8 A8 13 A 13D 14 A 14 B

PERIOD 12 8

ATIMOSPHERIC STILL. OVERHEADX
GRAVITY, °*API 2.8 33.2 33.1 33.1 32.3 2.3
IBR, °F (ASTHM D- 86) 148. 140. 140. 134. 134.
10V x a231. 223. 223, cea. eaa.
30V % 310. Jea. 302. 300. 300.
50 V % 374. 368. 368. 376. 376.
70V 4 417, 42¢. 429. 124. 424.
90 V % 4893. 474a. 478. 482. 482,
FBP 638. 56S. 865. 638. 838.
V % @ 400 °F : 60.00 61.00 61.00 §£3.00 §9.00
V % @ 650 °F 100.00 100.00 100.900 - §109.00 100.00
CARBON, W % 84.05° : '
HYDROGEN, U % 11.76
NITROGEN, U % .36
SUWFUR (H2S FREE), W % d2
IBP-400 °F
GRAVITY, °APRI 40.5 41.4 4.4 39.8 39.8
SULFIIR (H2S FREE), W % .13
400 °F+
GRAVITY, °API 2.0 a1.0 21.0 21.9 21.9
SUWFUR (H2S FREE), W % .03 .09 .05 05 .05

ATMOSPHERIC STILL BOTTOMS :
GRAVITY, °API 10.6 10.3 i0.¢ 16.28 10.3 10.2
I1BP, °F (ASTM D-86) 510. 467. 498, - 564.
10 vV 4% 540. 521 . 626, . 832.
30V % §70. 650. 8e7. 666
56V % 610. 6092, 6500. : 6502
79V % 6419.
a3 VvV % 750.
FBpP £50. 842. 650. 650.
V%@ 400 °F 0.00 0.00 0.00 . 9.90
V % @693 °F 69.02 71.00 69.09 69.00
CARBON, W % 83.51
HYDROGEN, U % 8.99
NITROGEN, U % - .4?
SULFUR, W % €.03 <.a3 .04 . <93
IBP-650 °F
GRAVITY, °ARPI 13.4
650 °F+
GRAVITY, °API 1.8

¥ IDENTICAL VALUES FOR A AND B PERIODS INDICHTE THAT 'ﬂ’E DATA
UERE ACTUALLY FOR THE COMBINED A/B PERIOD.
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DATE OF FINAL REPORT: ©1/21/80
PAGE S OF 7 - .

1e p 12A8 13 A i3B-. 3149”R . 148

PERRTOD

UATER

CAROON, W % 3.08

AMONIA, W % - 5.87

SULFUR, W 3 : 3.22
CLEAM OIL TAMNK .

GRAVITY, °API 6.4 6.4 6.3 6.6
SLUPRY MIXING TANK

VISCOSITY, CP G 150 °F x 1835.0 1535.0 2200.0 960,00
VACULIM STILL OVERHEAD .

GRAVITY, °API : a2.? 2.8 2.6 2.8 1.3 3.8

IBP, °F (ASTM D-1160 FMODIFIED) 467.

10 v ¢ . 857.

30 V 3 : 631.

50 V % ?05.

7?29V % 755.

90 V % : 84S,

FopP 949.

Vi @ 400 °F . : .00

VvV % @ 650 °F . 33.00

CARDON, U % ' 89.26

JIYDROGEN, W % 8.22 .

NITROGEN, U % .75

SULFUR, W % » 09 .08 .10 .12

1BP-6GSO °F

GRAVITY, °*ARI 11.0

650 °F+ .

GRAVITY, °API -.8

¥ AVERAGE OF NROOKFIELD VISCOSITY VALLES AT S-100 RPM. THE
SLURRY HAS HON-NEWTONIAN PROPERTIES . .



DATE OF FIMAL REPORT: 01-/21-80
PAGE 6 OF 7?7

PERIOD o 12 B i22AB 13 R 13 B
VACULM STILL BOTTOMS
W % OF VACUUM STILL. FEED 47.91 47.69 19.24 48.0S
TOLUENE SOLUBLE, U % 55.83 55.83 4?.57
wN-ASH TOLLENE INSOLUBLE, U % 23.83 23.83 32.59
ASH, W % 20.64 20.64 i9.84
UNREACTED COAL, U % (EST.) 9.58 8.88 . 7.86
TOLUENE INSOL. RESID. W % (EST.) 13.95 13.SS 24.73
CARBON, U % 68.03 .
HYDROGEN, W % 4.35
NITROGEN, W % . i.2s8
SULFUR, W % 2.91 2.73 , 2.73
ASTM ASH, W % 21.85 21.55 ‘ 20.73
COKE/ASH RATIO (DrF EXTR.) 5?7 .5? .60
DMF-SOLUBLE, U % ) 6?2.37 6?2.3? 67.81
VISCOSITY, CP @ S00 °F X 480.9 480.0 636.9 .
VACUUr DISTILLATION
IBP, °F (ASTM D-1160 MODIFIED) 903.
DISTILLATE TO 975 °F, W % ' 8.10
1BP-975 °F |
GRAVITY, °API -9.6
HYDROCL.ONE OVERFLOU
GRAVITY, °APIL -11.2 -11.2 -11.4
IBP, °F (ASTM D-1160 MODIFIED) 488. 483. 479.
to V % 586. 586. S88.
30V % 700, | 700, 704.
S0 V % 818. 813. ’ go8.
79V % L. .
END POINT $75.00 975.00¢ 975.00
% @ 650 °F 20.00 20.00 21.00
% @ END POINT €66.00 66.¢9 65.60
ASH, W % 5.49 S.64 6.22
RESIDUE AND SOLIDS, W % 41.58 41.S8 : 41.09
HYDROCLONE UNDERFLOW, ASH, W % 10.95 10.82 14,03
HYDROCLONE FEED, ASH W % 19.638 9.71 10,10
FILTER CAKE .
W % OF FEED TO FILTER 24.83 24.53 24.80
TOLUENE EXTRACTION OF CAKE ’ .
SOLUBLE, W % 36.86- 36.88 37.32
NON-ASH IN:OLUBLE u 8 e2.15 e2.15 a22.03
ASH, W % 40.89  49.99 49.65
INSOLUBLE RESID., W % 3.12 3.12 S.93
UNREACTED COAL, W % (EST.) 19.03 19.03 16.10
0 - 5 LIQUID
GRAVITY, °API 13.8 13.3 i2.a 16.9
0 - 12 LIQUID
GRAVITY, °API ig.2 18.2 17.8

¥ A IRAGE OF BROOKFIELD VISCOSITY VALUES AT S-100 RPM. THE
SLURRY HAS MON-NEWTONIAN PROPERTIES. .

272

14 A 14

43.01 45.

€8.

40

460.9

-106.4
483.
S88.
683.
808,

975
63

o]
.S0
.00
.98
39.

10,
.86

9
19
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FERIOD

BATCH DISTILLATON OF VACULEY
BOTTONS SLURRY PRODUCT
VACLARY DISTILLATION
FINAL YAPOR TEMP. °F
PRESSURE, TORR
DISTILLATE, W % OF VACLLN
BOTTOMS SLURRY
SULFUR, W %

CAL.LCLLATED COMPOSITION OF SOLIDS-FREE OIL
IN VACUUM BOTTOMS SLURRY PRODUCT, U %

DATCH STILL DISTILLATE FROM

_ SLURRY PROPUCTS

DATCH STIL_ RESID. FROM FILTRATE
CALCUL.ATED COMPOSITION, U

SULFUR, L 3%

CALLCULATED COrMPOSITION OF

400 °F+ L.IQUID PRODLCT, W %
ATHOSPHERIC STILL. OVERHEAD
ATHOSPLERIC STILL BOTTOMS
NET VACULW STILL OVERHEAD
VACULEY STILL. BOTTONMS,

SOL.IDS FREE ON. .

CALCULATED COHPOSITION u:
SULFUR, W %
SULFUR (ACTUAL) , W %

DATE OF FINAL REPORT:
PAGE ? OF 7

128

12

435.00 &o8

3.00

8.23
.16

13.
. 86

at.
24.
.96

61

AD

.00
.25

9.
.16

40

as

.05
.49

16
43

.49
.a?

13 A

o01/21-/80

138

4168.00
1.20 -

8.94
.13

13.18
86.82

.66

34 A

14 8

463.00
1.60

§.12
.13

?2.49

- g5.21

.63
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DATE OF FINAL REPORT: 01/81/80
PAGE 1 OF 7 . '

WHIT 130 - H-COAL OPERATIONS OM KENTUCKY NO. 31 COAL (HRI 4991,4092,4100, AND 4101)
CATFLYST! AMERTCAN CYAMAMID HDS-1442A, 1-16° EXTRUDATES (HRI 3330), 103 LBS. DRY INITIAL CHARGE

REACTOR VOLUIE: 7.49 CUBIC FEET

RUIM M MDER 130- B89 .
FERIOD 15 A 158 16 A 16 B 17 A 17 8
DATE (END OF PERIOD), 1979 9/16 916 9746 917 9/17 918

HOURS OF RUY - BEGINNING 335.22 347.60 1359.00 371.00 383.00 2395.99
END 347.00 359.02 371.00 383.00 395.00 407.00

CATALYST INVENTORY, ‘END, LBS 105.16 105.16 105.60 105.60 105.60 105.60
CATALYST ADDED, LBS 2.00 ©.00 3.74 ©0.00 0.00 0.00
CATLYST WITHDRALN, LBS ¥ .00 92.60 3.32 0.00 0.00 0.00
CATALYST AGE (END), LB DRY COALAB -

AVERAGE (DASIS). 633.9 655.6 589.1 695.6 722.7 ?749.0

ORIGINAL. CHARGE (BASIS) ?87.1 813.8 341.2 867,6 894.8 921.1
CATALYST ADDED, CLWLATIVE

LBS/TON DRY COAL 1.10 1.0? 1.12 1.08 .05 1.02
CATALYST WITHDRAUALS :

WITHDRALAL, OIL LADEN, LBS 0.0 ©0.60 766 ©.60 ©0.00 0.00

OIL, U ' 31.10

PMOLYDEMUM (OIL FREE), U % X 6.53
COAL FEED (DRY) -

LBS/HR/CU FT REACTOR VOLLME 30.86 31.23 32.05 31.7 31.92 30.87
PIOISTURE U % (COAL SAMPLE) 1.08 .18 1.35. 1.56 1.47 1.39
ASH, LB (DRY COAL) ?.28 ?.34 .63

RECYCLE FLOWS, LBSAB SOLIDS :
ATPIOSPHERIC STILL BOTTOMS .27 .18 .43 .48 - .47 .49
VACULM STILL OVERHEAD .26 .28 .05 .26 .31 .25
INVENTORY CHAMGE .01 -.05 -.17 ~.01 .07 .0
HYDROCLONE OVERFLOW (OIL) 1.24 1.20 1.19 1.18 1.13 1.2
MAKE-UP OIL , .00 ©.00 0.062 ©0.00 0.0 .00

TOTAL. . 1.77 1.721 1.93 © 1.93 7.83 1.87.

TEMPERATURE, °F
COAL. PREHEATER OUTLET 722. 728. 730. ?40. 736. 742,
REACTOR LIQUID PHASE, AVG. 851. 847. 848. 849. 850. 851.

MAX. 853. 849. 852. 852, 855, 855.
SEPARATOR-2* ( @ 12* SKIN) 805. ?99. 803, 804. 806. 806G,

HYDROCLONE OVERFLOL 496. 492, 495.  495. 499, 498.
.VACULI STILL FLASH ZONE 538. 544. 578, 839. 538. 541.

PRESSURE
UNIT BACK PRESSURE, PSIG 2700. 2678. 2702, 2700. 2688, 2692.

HYDROGEN MAKE-LP, PSIG 2948. 2926. 2909. 2863. 2830. 2855.
HYDROGEN PARTIAL PRESSURE, PSIG :

(REACTOR OUTLET - SEPARATOR) 1767, 17?76. 1791. 1?73. i804. 1829,

VACULIT FLASH, TORR 4. 4. 3. . 3. 3. 3.



s/le

PERIOD

RECYCLE GAS, NSCF/TOM DRY COAL
VENT GAS, MSCF/TON DRY COAL
JHYDROGEN PURITY
OF RECYCLE GAS AND VENT, %
TOTAL H2, HSCF/TON DRY COAL
(REACTOR OUTLET)

“HYDROGEN, MAKE-UP + RECYCLE
+ISCF #TON DRY COAL
PARTIAL PRESSURE, PSIG(INLET)
HYDROGEN CONSUMPTION (1)
HSCF/TON DRY COAL
W 35 DRY COAL
CHEMICAL HYDROGEN CONSLMPTION
FMSCF/TON DRY COAL

OIL. ADDITIONS
MARKE-UP OIL., LBS/LB DRY COAL
LBS/HR/CU FT REACTOR
FLUSY OIL,LB5/LB DRY COAL

COLLECTED PRODUCT QUANTITY, U % DRY COAL

ATHOSPHERIC STILL. OVERHEAD
. ATHOSPHERIC STILL BOTTOMS (2)

VACULM STILL OVERHEAD (2)
VACUUIM STILL BOTTOMNS
H20
C1-C3
C4-C?
H2S IN GASES
Co2 & CO

INPUT QUANTITIES, W % DRY COAL
DRY COAL.
FHOISTURE TN FEED COAL
HAKE-UP OIL ADDITIONS
FLUSH OIL
HYDROGEN REACTED (1)
ToTAL

COAL. CONVERSION, U % M.A.F. COAL
TOLUENE CONVERSION (3)
Drif CONVERSION (4)

DATE OF FIMNAL REPORT:
PAGE 2 OF 7

15 A

37.62
6.01

83.54

38.81

56.93
2672.

18.12
4.81

26.16

38.03
10.34
9.22
a.8?7
3.1a2

.56

100.00
1.09
0.00

.e4
4.81
166.14

15

32.
S.

- B4,
38.

65.

&8
94

16
8o

19

2654.

16.
4.

17.

0.
0.

39
35

87

@0

00 -

. 002

6.
11.
-a.
42.

?.

100.
1.
0.

.20

21

4‘
105

95

94
30
76
S0

a7 .

00
16
o3

.68
95.

9

16 A

36.92
5.49

84.79
38.55
55.68
2656.

17.13
4.58

4.
106.16

01-21-80

16 B

38.59
6.01

83.49
40.30

§7.43
2599,

172.13
4.55

0.00
0.0
.003

28.55
.02
.36
.32
.54
.35
.95
.23
.67

100.60
1.58
0.00

.26
4.55
105.39

Whoox

96.0¢3
94.87

17 A

36.49
. 6.69

84.67
38. 48

€5.74
2631.

1?2.26
4.58

105.33

(1) BASED ON ORIFICE FLOUS FOR HYDROGEN, METERED FLOUWS FOR OTHER GASES AND ANALYSES,

(2) NEGATIVE VALUES INDICATE DECREASES IN INVENTORY OF SLURRY OIL HOLDING TANK.

(3) BASED ON FILTRATION OF PROLICT SLURRY FED TO VACULM STILL.
(4) BASED ON EXTRACTION OF VACLAN1 BOTTOMS PRODUCT.

-
(]
[

R B. e~

~J
[~<]

17 B

38.24
6.31

B4.23
40.28

57.41
2697,

17.43
4.55

1S.99

0.00
0.00
.003

.30

.20
.60
.78
.92
.71
.86
.68

.00
.41

.31
.55
.a?

-
mmmmawm&

.82
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DATE OF FINAL REPORT: 01,2180
PAGE 3 OF 7 R

FERIOD 1SA 1SB  16A 168D 17A 17D

MORMALEZED NET PRODUCT DISTRIBUTIONY¥IS :
W % OF DRY COAL 7 0

co, co2
C1-C3 HYDROCARBONS IN GASES 4 9.65 - . 9.64
C4-C? HYDROCARBONS IN GASES 2.9? 2.99
IBP~403 °F NAPHTHA , 16.28 13.22
400-650 °F DISTILLATES . 19.92 - 18.62
650-975 °F DISTILLATES . 7.3 8.46
975 °F+ RESIDUAL OIL ‘
TOLUENE SOLUBLE 20.32 17.92
TOLUENE INSOLUBLE 6.18 13.08
UNCONVERTED COAL ' 4.29 4.33
ASH ?.7? _ 8.54
H20 (NET) ?.02 6.81
MH3 (FORCED NITROGEN) &8s .49
H2S (FORCED SULFLR) a2.82 .64
TOTAL (103 + HYDROGEN REACTED) 104.74 104.85
FILTERED LIQUID .. '
GRAVITY, °API ; -6.4 -6.2 -?.5
IBP, °F (ASTM D-1160 MODIFIED) 516. 518. S19.
10 V % 602. 595. 591,
30V % ?63. ?48. 761.
50 Vs 837, 793. 830.
72V % . :
90 V %
FBP 975, 97s. 975.
V% @ 400 °F 0.00 0.00 2.00
V% @ 850 °F 19.00 24.00 22.00
V % AT 975 °F 60 00 69.02 67.¢0
SULFUR, W % .a? .23 , a7
U % 975 °F+ 3? 40 - 35.34 36.55
% SULFUR IN 975 °F+ .71 .79 . 1)

u
W % NITROGEN IN 975 °F+
W % OXYGEN IN 975 °F+

ASTHM DISTILLATION CUT POINT

"ERIODS 6AB, 12AB, 18AB, 23AB, AND 28AR ARE LIORKUP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCULATION
OF NORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION

VALLES FROM WORKUP PERIODS WERE USED.

FOR PERIODS OTHER THAN THE WORKUP PERIODS, NORMALIZED YIELDS FOR THE CO(‘IBINED
A-B PERIOD ARE PRESENTED IN B PERIOD.



LL2

X

PERIOD

GRAVITY, °API

1IBP, °F (ASTM D-86)

10 V
30 v
50 V
70 V
90 V
FBP

V% @ 400 °F
V % @650 °F
CARBON, U %

HYDROGEN, U %
NITROGEN. U %

NN X NN

SULFUR (H2S FREE),

IBP-420 °F
GRAVITY, °API

SULFUR (H2S FREE),

400 °F+
GRAVITY, °API

SULFUR (H2S FREE),

GRAVITY, °API

IBP, °F (ASTM D-86)

1o v %
32 Vv
50 V
70 V
90 Vv
FBP
V % @ 400 °F
V % @ 650 °F
CARBON, U %
HYDROGEN, U %
NITROGEN, U %
SULFUR, U %

¢t N

T se
PO

IBP-650 - °F
GRAVITY, °API

650 °F+
GRAVITY, °API

ATHOSPHERIC STILL OVERHEADX

W x

W x

u %

ATMOSPHERIC STILL. BOTTOMS

[TaN

DATE OF FINAL REPORT:
PAGE 4 OF 7

1S A

32.7
140.
eea.
300.
3a2.
420.
476.
538,
62.00
100.00

4.3

21.3
.04

10.0

15 B

3.7

140. -

ae2.
309.
362.
420,

. 476.

§38.
62.60

100.00

40.3

21.3
.04

9.8
500.
528.
562.
600.
644.

' 650.

0.00
72.00

<.03

IDENTICAL VALUES FOR A AND B PERIODS INDICATE THAT THE DATA
WERE ACTUALLY FOR THE COMBINED A/B PERIOD.

16 A

32.9
142.
a2,
300,
367.
423.
475.
554.
63.00
100.00

39.6

21.0
.03

9.7

01/21/80

16 B

32.9
142.
eeat.
300.
367.
423.
475.
£64.
63.00
100.00

39.6

21.0
.03

10.5
507,
S32.
561.
600.
650.

bhu.

0.00
70.00

.04

17 A

32.2a
138.
ea3.
305,
376.
427,
480.
S41.
60.00
100.00

39.6
.13

a1.2
.06

10.0

17 B

2.2
138.
223.
306.
376.
427,
480.
541.
60.00
100.00

39.6
.13

a21.2
.06

10.1
495.
631.
56S.
694.
650.

650.

0.00
?74.00

.06
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PATE OF FIMNAL KREFPOIRT

PRGE 5 OF 7

PERIOD 15 A 15 B

WATER
CARBON, U %
AMMONIA, W %
SULFUR, W %

CLEAN OIL. TANK '
GRAVITY, °API 6.3

SLURRY MIXING TANK
VISCOSITY, CP @ 150 °F X

VACUUM STILL OVERHEAD

4390.@¢ 1825.0

GRAVITY, °API ' , 2.9 2.8
IBP, °F (ASTM D-1160 MODIFIED)

10 V %

30V %

€O V %

70V %

90 V %

FBP

V% @ 400 °F

V % @ 650 °F

CARBON, U %

HYDROGEN, U %

NITROGEN, W'%

SULFUR, U % 4 14

1BP-650 °F
GRAVITY, °“API

650 °F+
GRAVITY, °“API ,

% AVERAGE OF BROOKFIELD VISCOSITY VALLES AT §-100 RPM. THE

SLURRY HAS NON-NEWTONIAN. PROPERTIES.

16 A

2.9

0l1-c1/450

16 B

8.6

425.0

4.?

.07

17 A

17 B

7.8

950.0

.09



DATE OF FINAL REPORT: 01.21/80

PARGE 6 OF 7

FERIOD 15 A

VACUUM STILL. BOTTOMS
’ W % OF VACUW1 STILL FEED 45.29
TOLUENE SOLUBLE, W %
NON-ASH TOLUENE INSOLUBLE, W %
ASH, W %
UNREACTED COAL., W % (EST.)
TOLUENE INSOL. RESID. W % (EST.)
CARBON, W %
HYDROGEN, U %
NITROGEN, W %
SULFUR, W %
ASTM ASH, W %
COKEZASH RATIO (DMF EXTR.)
. DMF-SOLUBLE, W %
VISCOSITY, CP @ S00 °F X
VACUUM DISTILLATION
IBP, °F (ASTM D-1160 MODIFIED)
DISTILLATE TO 975 °F, W %

IBP-975 °F
GRAVITY, °API

HYDROCLONE OVERFL.OW
GRAVITY, °API :
IBP, °F (ASTM D-1160 MODIFIED)

END POINT
% @ 650 °F
% @ END POINT
ASH, W %
RESIDUE AND SOLIDS, UW %

HYDROCLONE UNDERFLOW, ASH, W %
HYDROCLONE FEED, ASH W *

FILTER CAKE

W % OF FEED TO FILTER

TOLUENE EXTRACTION OF CAKE
SOLUBLE, W %
NON-ASH INSOLUBLE, W %
ASH, U %
INSOLUBLE RESID., W %
UNREACTED COAL., W % (EST.)

0 - 5 LIQUID
GRAVITY, °API ' 13.1

0 - 12 LIQUID
GRAVITY, °API

X AVERAGE OF BROOKFIELD VISCOSITY VALUES AT S-100_ RPM.

SLURRY HAS NON-NEWTONIAN PROPERTIES.

279

1S B

47.34
68.88
e2.59
18.583
10.23
12.36

2.49
19.26

?1.05
472.0

-11.0
474.
68S.

- 7&5.
821.

975.00
21.50
€65.50

6.59
41.85
9.41

9.07

19.46
27.92
26.95
45.13

2.03
e4.92

12.8
17.2

THE

16 A

78.79

12.6

16 B

61.97
§7.89
25.69

16.72

8.3?7
17.32

2.35
17.48

72.51
270.0

-10.1
491,
580.
681.
806.

975.00
23.e0
67.00

4.29
40.11

8.84
8.39

18.93

28.81
25.97
45.22

3.33
22.64

12.5

18.0

17 A 17 B

46.74 50.
sS.

21
83

26.72

1?.
8.
17.

2.

45
84
88

70

17.66
.63

1.

20

359.0

.20.

es.

e6.

4S.
3.
aa.

74

54
a1 -
a5
29
92

13.4 13.4

18.0
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PERIOD

BATCH DISTILLATON OF VACIAM
BOTTOMS SLURRY PRODUCT
VACULLM DISTILLATION
FINAL VAPOR TEMP. °F
PRESSURE, TORR
DISTILLATE, W % OF VACULM
BOTTOMS SLURRY
SUWLFUR, W 3

CALCLLATED COMPOSITION OF SOLIDS-FREE
IN vacuuld BOTTOMS SLURRY PRODUCT, U %
BATCH STILL DISTILLATE FROM
SLURRY PRODUCTS
BATCH STILL RESID. FROM FILTRATE
CALCULATED COMPOSITION, U 3§
SUWLFUR, W X :

CALCULLATED COMPOSITION OF

400 °F+ LIQUID PRODUCT, W %
ATIHOSPHERIC STILL OVERHEAD
ATIHOSPHERIC STILL BOTTOMS
NET VACUUM STILL. OVERHEAD
VACUUM STILL BOTTOMS,

SOLIDS FREE OIL .

CALCULATED COMPOSITION, U %
SULFUR, W %
SULFUR (ACTUAL), W %

DATE OF FINAL REPORT:

PAGE 7 OF ?
1S A 15 8
437.00

.20
OIL

16 A

o1-21-80

16 B

488.00
1.20

12.42
.24

16.51
83.49

17 A

i7 8

488.00
i.20

?.6?
.a8

10.77?
89.23

.75
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DATE OF FINAL REPORT:

PAGE

1 0 7?7

01/21/80

UNIT 130 - H-COAL OPERATIONS ON KENTUCKY NO. 11 COAL. (HRI 4091,4092, 4100, AND 4101)

CATALYST+ AMERICAN CYANAMID HDS-1442A, 1-/16° EXTRUDATES (HRI 3830), 103 LBS. DRY INITIAL CHARGE

REACTOR VOLWRE! 7.49 CUBIC FEET
RUN NUMBER 130- 89
PERIOD

DATE (END OF PERIOD), 1979
HOURS OF RUN — BEGINNING

END

CATALYST INVENTORY, END, LBS
CATALYST ADDED, LBS .
CATLYST WITHDRAWN, LBS ¥

CATALYST AGE (END), LB DRY COAL-LB

AVERAGE (BASIS)

ORIGINAL CHARGE (BASIS)
CATALYST ADDED, CUMULATIVE

LBS/TON DRY COAL

CATALYST WITHDRAWALS
WITHDRAWAL, OIL LADEN, LBS
OIL, W X%

MOLYDEMUM (OIL FREE), W %-X

COAL FEED (DRY)
LBS/HR/CU FT REACTOR VOLIRIE
FIOISTURE W % (COAL SAMPLE)
ASH, L% (DRY COAL)

RECYCLE FLOUWS, LBS/LB SOLIDS
ATMOSPHERIC STILL BOTTOMS
VACUUPM STILL OVERHEAD
INVENTORY CHANGE
HYDROCLONE -OVERFLOW (OIL)
MARE-UP OIL

TOTAL

TEMPERATURE, °F
COAL PREHEATER OUTLET
REACTOR LIQUID PHASE, ﬂxg.

SEPARATOR-2* ( @ 12° SKIN)
HYDROCLOMNE OVERFLOW
VACUUIN STILL FLASH ZONE

PRESSURE
UNIT BACK PRESSURE, PSIG
HYDROGEN PIRKE-UP, PSIG

HYDROGEN PARTIAL PRESSURE, PSIG
(REACTOR OUTLET - SEPARATOR)

VACUUIM FLASH, TORR

¥10.30 W% MOLYBDENUM IN FRESH CATALYST.

18 A

918
407.00
419.00

106.61
4.50
3.48

243.4
942.7

1.08

?.3?
26.55
6.63

540.

2682,
28389.

1763,
a.

18 B
919 -
419.00
431.00
106.61
0.00
0.00

769.8
974.1

1.05
Q.00
31.29

1.72
8.65

741.

‘542,

2686.
e897?,

1739.
a.

18 AB

9719
40?7.00
431.00

106.61
4.50
3.48

769.8
974.1

1.05

?.37
26.55
6.63

31.32
1.64
8.65

.39
22
.05
1.14
9.00
©1.67

741.
851.
‘854.
783.
500.
S41.

2684.
&888.

1751.
a.

19 A

9719
431.00
443.00

107.69
4.66
3.58

762.8
1000.9

1.11

7.3?
23.89
6.5?7

31.89
1.63

.31
.23
.01
1.18
9.00
1.2

739.
849.
£8ss.
7ea.
492,
533.

2688,
29190,

1747.
a.

19 B

920
443.00
455.00

107.69
©0.00
9.00

788.7
1026.8

1.08

0.00

31.00
1.35
?.76

.29
24
-.02
1.e8
0.00
1.84

758.
849.
8s5s.
778.
499.
S44.

2680,
232,

1814.
e.

29 A

920
455.00

467.00

108.03
a2.22
1.89

798.5
1053.2

1.09

4.37
29.45
6.30

31.57
i.65

.26
.23
.00
1.26
0.00
1.75

740,
851.
857.
77a.
485,
543.

2695,

29se.

1780.
a.

t



e8¢

DATE OF FINAL REFORT: 01-/21/80
PAGE &2 OF 7

18 A 188- 18AB 19 A 19 8 a0 A

PERIOD
"RECYCLE GAS, MSCF-TON DRY COAL 37.08 36.93 37.00 36.89 39.£9 37.3%
VENT GAS, MSCF/TON DRY COAL 6.38 6.27 6.33 6.08 6.60 6.24
HYDROGEN PURITY
OF RECYCLE GAS AMD VENT, % 83.47 82.74 83.11 82.70 84.92 82.65
TOTAL H2, MSCF/TON DRY COAL .
(REACTOR OUTLET) 38.48 37.41 32.95 37.10 40.96 37.44
HYDROGEN, MAKE-UP + RECYCLE .
MECF-/TON DRY COAL £5.70 64.30 £5.00 £3.89 £7.36 £4.39
PARTIAL PRESSURE, PSIGCINLET) 2608. 2606. 2607. 2615. 2642, 2649.
HYDROGEN CONSWFIPTION (1) ’ : ]
MSCF/TON DRY COAL i7.22 16.89 172.05 1G.79 16.41 16.95
W % DRY COAL. 4.587 4.48 4.53 4.46 4.36 4.50
CHEMICAL HYDROGEN CONSLIIPTION
FISCF/TON DRY COAL - 16.68 17.46
OIL ADDITIONS . :
MAKE-UP OIL, LBS/LB DRY COAL 0.00 0.02 0.00 9.00 0.00 0.00
LBS/HR/CU FT REACTOR 90.02 0.90 ©.99 9.00 0.90 0.00
FLUSH OIL,LBS/LB [RY COAL .004 .033 .003 .003 .003 .003
COLLECTED PRODUCT QUANTITY, U % DRY COAL
’ ATMOSPHERIC STILL OVERHEAD 28.82 £6.95 27.89 21.4¢ £6.19 24.9?7
ATMOSPHERIC STILL. BOTTOMS (2) 10.26 15.5¢4 12.78 i2.38 13.32 11.45
VACULM STILL OVERHEAD (2) . 4.18 .81 2.48 2.83 -.52 .49
VACULEI STILL BOTTQHS . 43.86 49.7% 46.78 37.03 43.52 41.72
H20 9.18 7.91 8.54 7.11 11.17 6.78
C1-C3 8.99 9.53 9.26 8.94 8.86 8.95
c4-C? 2.7a 2.94 2.85 2.83 a.e2 2.68
H2S IN GRSES 3.04 3.18 3.08 3.39 2.9? 2.9
co2 & CO .70 .63 .66 .64 .83 .8
INPUT QUANTITIES, W % DRY COAL .
DRY COAL. . 100.00 190.00 §00.00 100.00 300.02 100.00
PMOISTURE IN FEED COAL ) 1.8 - 1.78 1.67 1.85 1.37 i.68
MAKE-UP OIL ADDITIONS 0.02 9.00 6.00 0.00 6.00 9.00
FLUSH OIL , ' .38 3 .34 .33 .29 .31
HYDROGEN REACTED (1) 4.67 4.48 4.83 4.46 4.36 4.80
TOTAL 106.53 103.54 105.51 106.34 106.02 105.49
COAL. CONVERSION, W % M.A.F. COAL '
TOLUENE CONVERSION (3) 95.75 95.75 95.92
DriF CONVERSION (4) ’ 93.32 93.32 94.89

(1) BASED ON ORIFICE FLOUS FOR HYDROGEN, FMETERED FLOUS FOR OTHER GASES AND ANALYSES.
(2) NEGATIVE VALUES INDICATE DECREASES IN INVENTORY OF SLURRY OIL HOLDING TAMK.

(3) BASED ON FILTRATION OF PROUCT SLURRY FED TO vACUUM STILL..

(4} BASED ON EXTRACTION OF VACULM BOTTOMS PRODUCT.
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DATE OF FINAL REPORT!I ©1-/21-/80
PAGE 3 OF ?

f "RIOD . 18 A 18 B 18 A3 19 A 19 B 20 A

NORIMALIZED NET PRODUCT DISTRIBUTIONXIS
U % OF DRY COAL

co, co2 62 .62
C1-C3 HYDROCARBONS IN GASES 8.67 9.34
C4-C? HYDROCAREONS IN GASES ] a.6? 2.8?
I1BP-400 °F NAPHTHA 16.02 16.33
400-65¢Q °F DISTILLATES 19.83 18.55
650-975 °F DISTILLATES ' 9.11 9.03
975 °F+ RESIDUAL OIL

TOLUENE SOLUBLE 18.18 15.75

TOLUENE INSOLUBLE 8.83 9.11
UNCONVERTED COAL 3.65 4.11
ASH . 8.14 8.48
H20 (NET) . R : §.62 ?7.16
NH3 (FORCED NITROGEN) .65 .58
H2S (FORCED SULFUR) : 2.64 2.70

TOTAL (100 + HYDROGEN RERCTED)' 104.43 104.83

FILTERED LIQUID

GRAVITY, °API -?2.5 -?2.5 -8.5
IBP, °F (ASTM D-1160 MODIFIED) §04. S04. 523. ’ }
10 V % 588. 688. 611.
30 V % 718, 718 . 710
€0V 4% 833. 833 go2
70V % :
9V 5 :
FBP ' . 975. 975. 97s.
V % @ 400 °F . . 0.00 0.00 0.00
V % @ 650 °F 23.60 23.00 19.00
V % AT 975 °F 66.00 66.00 68.00
SULFUR, W % )| 31 .42
W% 975 °F+ 37.34 37.3¢ 36.70
W% SWFUR IN 975 °F+ .62 .62 .63
W % NITROGEN IN 975 °F+ : 1.59 1.69 0.00
W % OXVGEN IN 975 °F+ 3.05 3.05 . 0.00

ASTM DISTILLATION CUT POINT

PERIODS 6AB, 12AB, 18AB, 23AB, AND 28AB ARE WORKUP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COPMPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCULATION
OF MNORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION

VALUES FROM WORKUP PERIODS WERE USED.

FOR PERIOLS OTHER THAN THE UORi\UP PERIODS, NORMALIZED YIELDS FOR THE COMBINED
A B PERIOD ARE PRESENTED IN B PERIOD.
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DATE OF FINAI. REPORT. O[/21/80
PAGE 4 OF 7?7

18 A 18 b 18AB 19 A 19 B 20 A

IDENTICAL VALLES FOR A AND B PERIODS INDICATE THAT THE DATA
WERE ACTUARLLY FOR THE COMBINED A/B PERIOD.

FERIOD
ATMOSPHERIC STILL. OVERHEADX
CRAVITY, °API . 33.0 32.8 2.9 33.3 33.3 332.9
18P, ‘F (ASTM D-86) 141. 135. 135. 140.
10V % ea?v. 216, 215, a2228.
30V % 3a7. 2986. a96. 302.
50 V % 368. 360. 360. 368.
70V % 410. 407. 407. 414.
90 V % 46s. 45S. 45S. 465.
Fep 841, 535. §35. 666.
V % @ 480 °F 64.00 68.00 6£8.00 65.00
vV % @ 650 °F . 190.00 100.00 102 A0 1020.00
CARLON, W % 85.60 ,
HYDROGEN, W % 11.57
NITROGEN, U % ' .33
SULFUR (H2S FREE), W % .18
I1BP-400 °F
GRAVITY, °API ) 39.8 39.1 39.14 3g.8
SULFUR (H2S FREE), W % .07 .14 14 .13
408 °F+
GRAVITY, °API . 21.6 20.9 29.9. £0.6
SULFUR (H2S FREE), U X% , .08 .07 .07 .10
ATHOSPHERIC STILL. BOTTOMS

GRAVITY, °AP1 . 10.4 10.4 18.1 16.2 10.1 9.7
IBP, °F (ASTH D-886) 485, 459, 497, ’
10 V % 621, s08. 62s.
3V % 652, £51. 556.
60 V % 6485, 584. £93.
70V % 639. 633. 644.
90 V % 0. a4,
FBP 650. 289, 650.
V % @ 400 °F T 0.00 .00 0.00

% @ 650 °F 72.090 75.00 72.09
CARBON, U % 83.74 .00
HYDROGEN, W % 3.02 9.09
NITROGEN, t % .48 .00
SULFUR, W % .08 .04 .03
IBP-650 °F
GRAVITY, °API 13.8 0.9
650 °F+ )
GRAVITY, °API 3.1 0.0
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FERIOD

WATER
CARBON, W %
AMMONIA, W %
SULFUR; W %

CLEAN OIL TANK
GRAVITY, °API

SLURRY MIXING TANK -
VISCOSITY, CP @ 150 °F X

VACUUM STILL OVERHEAD
GRAVITY, °APIL
IBP, °F (ASTM D-1160 MODIFIED)
10V %
30 V %
50 Vv
70 V.
9 vV
FBP
V% @ 400 °F
vV % 8@ 650 °F
CARBON, U %
HYDROGEN, W %
NITROGEN, W %
SULFUR, W %

IBP-650 °F
GRAVITY, °API

N XN

650 °F+
GRAVITY, °API

4.5

DATE OF FINAL REPORT!
PARGE S OF . 7

18 A.

18 B 18 AB

8.3 8.3
2430.0 2430.0

3.8 4.1
432.

537.

696,

669.

730.

835.

920,

0.0

4?.09
89.21

8.08

.69

.19 .11

10.6

-1.2

¥ AVERAGE OF BROOKFIELD VISCOSITY VALUES AT S5-100 RPMN. THE

SLURRY HAS NON-NEUTONIAN PROPERTIES.

01/21/80

1€ A 19 B 20 A

7.6
1919.0 2630.0 43c£0.0

3.5 3.6 3.7

.08



DATE OF FINAL REPORT: ©1/21/80
PAGE 6 OF 7

18 R 18 B 1BAB 19 A 19 B 29 R

PERIOD
VACULM STILL BOTTOMS :

U % OF VACUK STILL FEED S0.24 S6.18 63.21 46.61 S0.09 S0.12
TOLUENE SOLUBLE, W % , s2.86 62.86 48.60 ‘
NON-ASH TOLUENE INSOLUBLE, W % 28.54 2B.S4 31.31
ASH, W % . 18.60 18.60 20.09
UNREACTED COAL, W % (EST.) : 8.35 8.35 9.73
TOLUENE INSOL. RESID. W % (EST.) 20.19 20.19 - 21.58
OARBON. U % ?1.54
HYDROGEN, U % 4.50
NITROGEN, U % 1.51 ,
SULFUR, W % e 2.76 a2.75 2.76
ASTM ASH, U % 18.57 18.87 £6.55
COKE/ASH RATIO (DMF EXTR.) .71 .?1 .61
DIFF-SOI_UBLE, W % 69.31 69.3 67.49
VISCOSITY, CP @ 500 °F X 450.8 459. o §95.0
VACUUM DISTILLATION ) .
IBP, °F (ASTM D-1160 MODIFIED) - 881,
DISTILLATE TO 975 °F, W % 10.52
IBP-975 °F

GRAVITY, ‘APl
HYDROCLONE OVERFLOU

GRAVITY, °APIX ) -12.0 -18.0 -11.8
IBP, °F (ASTM D—1160 NODIFIED) - 4638. 468. 464.
10 V % §21. S?1. s76.
3oV % i 698. 6938. 692.
50 V % 829. 820. 817,
720 V % . 0.
END POINT . 975.00 975.00 975.00
V % @ 650 °F 24.56 24.50 23.59
%@ END POINT .65.50 65.50 64.50
ASH, W % 6.26 - §.21 §.85
RESIDUE AMD SOLIDS, W % . 42.02 42.02 42.3?7
HYDROCLONE UNDERFLOW, ASH, W % 13.66 13.06 10.56
HYDROCLONE FEED, ASH W % ) 9.51 9.61.-. 9.15
FILTER CAKE .
% OF FEED TO FILTER 21.54. 21.54 e2.02
TOLUENE EXTRACTION OF CAKE
SOLUBLE, W % a7.40 2?7.40 27.83
NON-ASH INSOLUBLE, W % 25.41., &5.41 e6.28
ASH, W % 47.19 47.19 45.89
INSOLUBLE RESID., W % 4.23 4.23 4.95
UNRERCTED COAL, W % (EST.) 21.18 21.18 22.23

O - S LIQUID
GRAVITY, °API 13.6 13.4 13.5 12.s - i2.9 13.0

0 - 12 LIQUID
GRAVITY, °API 1?2.8 i7.5 1?2.?

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 5-100 RFM. THE
St JRRY HAS MON-MHEWTONIAN PROPERTIES.

286
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PERIOD

BATCH DISTILLATON OF VACULM
BOTTOMS SLURRY PRODUCT
VACULI1 DISTILLATION '
FINAL VAPOR TEMP. °F
PRESSURE, TORR
DISTILLATE, W % OF VACULNM
BOTTOMS SLURRY
SULFUR, W %

CALCULATED COMPOSITION OF SOLIDS-FREE OIL
IN VACUUM BOTTOMS SLURRY PRODUCT, W %

BATCH STILL DISTILLATE FROM

SLURRY PRODUCTS

BATCH STILL RESID. FROM FILTRATE
CALCULATED COMPOSITION, W %

SULFUR, W %

CALCULATED COMPOSITION OF

400 °F+ LIQUID PRODUCT, W %
ATMOSPHERIC STILL. OVERHEAD
ATMOSPHERIC STILL BOTTONS
NET VACUUM STILL OVERHEAD
VACUUN STILL BOTTOMS,

SOLIPS FREE OIL

CALCULATED COMPOSITION, W %
SULFUR, U %
SULFUR (ACTUAL), W %

DATE OF FINAL REPORT!

PRGE 72 OF 7?7
1B A ig p i8

397.00 503.
2t

1.20
.26

16.

83.

18.

el

4
85,

AB

00

.30

39
70

.66

41

24

43

.34

01/21/80

19 A

19 b

383.00
1.20

12.15
.33

7.54
92.46

.61

20 A
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DATE OF FINAL REPORT: 031-/2)1-/80
PAGE 1 OF 7

UNIT 130 - H-COAL. OPERATIONS OM KENTUCKY NO. 11 COAL (HRI 4091,4092,4100, AND 4101)
CATALYST1 AMERICAN CYANAMID HDS-1442A, 1/16' EXTRUDATES (HRI 3830) 103 LBS. DRY INITIAL CHARGE

REACTOR VOLUIEW 7.49 CUBIC FEET

RUH NUHDER 136~ 89 = _
PERIOD : 208 21A 21B 28A 228 23A
DATE (END OF PERIOD), 1979 : 921 921 922 922 923 923

HOURS OF RUN - BEGINNING 467.00 479.00 491.00 S03.60 S515.00 S527.00
END 479.00 491.03 S03.00 515.00 S527.00 539.00

CATALYST INVENTORY, END, LBS 108.03 108.35 108.35 108.81 108.81 108.93
CATALYST ADDED, LBS _ 0.006 3.72 0.0 3.71 0.0 2.10
CATLYST WITHDRALIN, LBS ¥ 0.00 3.45 0.00° 3.25 ©.00 1.98
CATALYST AGE (END), LB DRY COAL/LB .

AVERAGE (BASIS) 824.3 821.7 B842.9 845.0 870.9 880.6

ORIGIMAL CHARGE (BASIS) 1079.0 1105.8 1131.?7 1158.1 1184.0 1210.7
CATALYST ADDEDR, CUULATIVE

LBS/TON DRY COAL 1.2 1.11  1.08 1.12 1.09 1.10
CATALYST WITHDRALALS

UITHDRAWAL, OIL LADEN, LBS 0.00 7.46 ©.00 ?7.49 ©0.00 4.22

oIL, U % 28.01 272.156 24.49

MOLYDEMU (OIL FREE), U % X% 6.62 6.13 6.40
COAL FEED (DRY)

LBS/HR/CU FT REACTOR VOLLYE 31.04 31.77 31.67 31.81 31.35 32.25
MOISTURE U % (COAL SAMPLE) - 1.95 1.88 1.64 . .82 1.46  1.61
ASH, % (DRY COAL) ?.93 : ?.69 7.43

RECYCLE FLOWS, LBS/LB SOLIDS
ATMOSPHERIC STILL BOTTOMS .33 .35 .21 .25 .28 .22
VACULIM STILL OVERHEAD .27 .28 .26 .25 .29 .26
INVENTORY CHANGE -.e2 .05 -.03 01 -1 -.01
HYDROCLONE OVERFLOW (OIL) .24 1.2 1.21 1.2t §.22  1.18
MAKE-UP OIL 6.00 ©0.00 ©0.63 ©0.00 ©0.00 0.0
 TOTAL 1.86 ~1.77 1.72 1.69 1.79  1.64
TEMPERATURE, °F
COAL PREHEATER OUTLET 742, 747, 738, 745, 749,  742.
REACTOR LIGUID PHASE, AVG. g48. 851. 850. 849.  852.  849.
MAX, 853. 855. BSS. B854,  854.  854.
SEPARATOR-2' ( @ 12* SKIN) 769. ?72. 789. 769. 763.  766.
HYDROCLONE OVERFLOU 489.  496.  491.  495. - 498. 493,
VACUUM STILL FLASH ZONE §35. 643. 643. 649, 545, 544,
PRESSURE . :
LNIT BACK PRESSLRE, PSIG 2696. ©2686. @2700. 2678, 2680, 2682.

HYDROGEN FIAKE-UP, PSIG £917. &2377. &£950. @2921. B£90d. E940.

HYDROGEN PARTIAL FRESSURE, PSIG
(REACTOR OUTLET - SEPARATOR) 1884. 4784, 1703. 1702. 1751. 1748,

VACUUI FLLASH, TORR
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PERIOD

RECYCLE GAS, MSCF/TON DRY COAL
VENT GAS, MSCF/TON DRY COAL
HYDROGEN PURITY
OF RECVCLE GAS AND VENT, %
TOTAL H2, MSCF/TON DRY COAL
(REACTOR OUTLET)

HYDROGEN, FMAKE-UP + RECYCLE
HSCF/TON DRY COAL
PARTIAL PRESSURE, PSIG(INLET)

1#YDROGEN COHSUMPTION (1)
HSCF/TON DRY COAL
U % DRY COAL

CHEMICAL MYDROGEN CONSLEPTION -
FISCF/TON DRY COAL

OIL ADDITIONS
MAKE-UP OIL, LBS/LB DRY COAL
LBS/HR/CU FT REACTOR
FLUSH OIL,LBS/LB DRY COAL
COLLECTED PRODUCT QUANTITY, W % DRY COAL
ATHOSPHERIC STILL OVERHEAD
ATHOSPHERIC STILL BOTTOMNS (2)
VACULIM STILL OVERMHEAD (2)
VACU STILL BOTTOMS
H20
C1-C3
C4-C?
H2S IN GASES
co2 & CO

INPUT QUANTITIES, W % DRY COAL
DRY COAL

MOISTURE IN FEED COAL
MHAKE-UP OIL ADDITIONS
FLUSH OIL

FHIYDROGEI REACTED (1)
TOTAL

COAL. CONVERSION, W % M.A.F. COAL
TOLUEHE CONVERSION (3)
DMF CONVERSION (4)

DATE OF FINAL REPORT
PRGE &2 OF 7

co B a1 A 21 8
38.03 36.34 35.71
6.78 6.12 G.16
86.47 83.39 80.96
40.87? 37.07 35.51
66.63 63.24 51.61
£687?. 2597, 2629,
16.05 16.17 16.10
4.26 - 4.29 4.a7?
16.62 17.41
0.00 0.00 0.00
0.00 0.00 0.00
.03 .003 .003
a4.01 25.3?2 a3.16
8.20 11.09 14.64
-.20 3.60 -1.45
6§0.05 42.10 42.95
fo.21 .  ?2.72 8.43
?2.93 8.50 9.64
a.64 a.61 3.12
3.0? 2.9? 3.39
.65 .62 73
100.00 100.00 100.00
1.899. 1.83 1.8?
0.09 0.00 0.00
.33 )| .32

4.26 4.29 4.2?7

106.68 103.43 105.25
96.10 95.99
94.38 , 94.53

o1-/21/80

ee A

36.72
6.15

g8a2.o02
36.83
£3.11
2611.

16.28
4.32

.00
0.00
.003

25.73
12.63

42.35

. WwoxN
-
-

100.00

196. 18

e2 B

37.26
6.41

83.89
38.30

64.07
2819,

16.76
4.19

16.89

0.00
0.00
.003

22.91
11.62

.42
.49

.33
.04
.41
A

100.00
1.42
0.00

) |
4.19
105.92

>
wwooon

96.28
94.20

(1) BASED O ORIFICE FLOWS FOR HYDROGEN, METERED FLOWS FOR OTHER GASES AND ANALYSES.
(2) NEGATIVE VALUES INDICATE DECREASES iN INVENTORY OF SLURRY OIL HOLDING Tﬂl‘l(
(3 BASED ON FILTRATION OF PROUCT SLURRY FED TO VACUUM STILL.

(4) BASED ON EXTRACTION OF VACUUM BOTTOMS PRODUCT. .

23 A

36.12
.6.c6

83.29
36.98
62.43
£a59.

16.47
4.14
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DATE OF FINAL REPORT: 01,2180
PAGE 3 OF 7

PERIOD 2B 2A 28 aaa a3 alA

MNORIMALIZED NET PRODUCT DISTRIBUTIONKIS

U % OF DRY COAL .
co, €o2 .65 .70 .72
C1-C3 HYDROCARBONS IN GASES 8.76 9.28 9.71
C4-C? HYDROCARBONS IN GASES a2.76 . 2.95 3.1
IBP-400 °F NAPHTHA 15.82 15.63 14.28
400-650 °F DISTILLATES 17.00 19.4? 19.46
650-975 °F DISTILLATES ?.82 8.72? g8.40
975 °F+ RESIDUAL OIL :

TOLUENE SOLUBLE 22.86 19.88 18.34
TOLUENE INSOLUBLE ?.41 8.01 , 9.38
UNCONVERTED COAL 3.73 - 3.56 3.43
ASH 8.24 ?2.39 ?.40
H20 (NET) 6.16 .80 6.38
HH3 (FORCED NITROGEN) .50 .54 . .45
‘H2S (FORCED SWLFUR) 2.63 2.78 2.91
TOTAL (102 + HYDROGEN RERCTED) 104.39 104.62 104.48

FILTERED LIQUID
GRAVITY, °API -8.6 -6.1 -9.4
IBP, °F (ASTHM D-1160 MODIFIED) S38. 623. s39.
10V % 6148. 610. 63l.
3V % 709. 750. ) 749,
50 VvV % 833. 8S1. 859,
79V % )

90 ¥ .
FBP 975. 97s. e 975.
%5 @ 400 °F 9.00 0.00 0.90
V % @ 650 °F 18.00 18.09 1S.90
V 3 AT 975 °F - 63.00 64.00 63.90
SULFUR ux% . .34 .41 1
% 975 "F+ 41.04 37.59 40.98
u % SULFUR IN 975 °F+ it vy .71
W % NITROGEN IN 975 °F+ -
W % OXYGEN IN 975 °F+

ASTI DISTILLATION CUT POINT

PERIODS GAB, 12AB, 18AB, 23AB, AND 28AB ARE LIGRKUP PERIODS AND HAVE NORMALIZED YIELDS
SASED ON COMPLETE ELEPIENTAL AND DISTILLATION ANALYSES. FOR CALCLULATION
- OF NORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPG.ATED ELEMENTAL. AND DISTILLATION

VALUES FROM WORKUP PERIODS WERE USED.

FOR PERIODS OTHER THAN THE UORKUP PERIODS, NORMALIZED YIELDS FOR THE COMBINED
A/B PERIOD ARE PRESENTED IN B PERIOD.
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X

PERIOD

ATMOSPI ERIC STILL OVERHEADX

GRAVITY, °*API
IBP, °F (ASTM D-86)
16 V %

30V %

6O V %

70V %

93 V %

FEP

V % @ 400 °F
V % @ 650 °F
CARDON, U %

HYDROGEN, U %
NITROGEN, W %
SULFUR (H2S FREE), U X%
1BP-400 °F
GRAVITY, °API
SULFUR (H2S FREE), U %
400 °F+

GRAVITY, °API

SULFUR (H2S FREE), U %

ATMHOSFHERIC STILL BOTTOMS

CRAVITY, °‘API

IBP, °F (ASTM D-66)

10V %

36V %

S0V %

70 V%

9o Vv %

ForP

V % @ 400 °F
% @ 6SO °F

CARDON, W %

HYDROGEN, U %

NITROGEN, U %

SULFUR, W %

18P-650 °F

GRAVITY, °API

650 °F+

GRAVITY, °API

DATE OF FINAL REPORT' ©1-21.80
PAGE 4 OF 7
e @2aA 218 =22¢ 228
2.6 31.9 31.9 31.9 31.9
143. 130. 140. 140. 140.
221. eea. ee22. =218, 218,
305. 302. 308. 306,  306.
-368. - 368. 368, 372, 372,
412, 414. 414. 116, 116.
465, 465. 465.  482. 4B2.
556. S66. 663. 560. 560,
65.00 65.00 65.00 61.03 61.00
100.02 100.00 100.00 122.07 103.00
8.8 38.4 381 39.9  39.9
13 .14 .14 4G 16
20.56 19.6 19.6 20.6 20.5
.10 .08 .08 .09 .09
10.1 9.8 10.2 9.€ 9.5
500, 485. 484.
s22. 518, 529.
654. 546. ssa.
591 . 685. 530,
638. 640. 642.
975, 650 650.
0.00 0.00 0.00
74.00 74.00 74.00
.04 - CLu4 .06

JDENTICAL. VALUES FOR A AND B PERIODS INDICATE THAT THE DATA

LERE ACTUALLY FOR THE COMBINED A-/B PERIOD.

23 A

J1.8
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PERIOD

UWATER
CARDON, W %
AMONTIAR, W %
SULFUR, W %

CLEAN OIL TANK
GRAVITY, °API

SLURRY MIXING TANK
VISCOSITY, CP @ 150 °F %

VACLLI STILL. OVERHEAD
CRAVITY, °APT
IBP, °F (ASTM D-116@ MODIFIED)
16 v
30 v
50 V
70 V
90 v
FBP
V% @ 400 °F
V % @ 650 °F
CARBON, U %
HYDROGEN, U %
NITROGEN, U %
SULFUR, U %

IBP-650 °F
GRAVITY, °API

SN2 e

650 °F+
GRAVITY, °API

DATE OF FINAL REPORT)
PAGE & OF 7

e B 2l A a1 B

6.9 6.5
2025.0 ' 3880.0
3.4 3.6 3.4
.10 - Y-

X AVERAGE OF BROOKFIELD VISCOSITY VALUES AT S5-100 RPM. THE

SLURRY HAS NON-NEWTONIAN PROPERTIES.

o1-/21/80

224

22

6.0

3920.0

2.6

.16

23 A



PERIOD

VACUUM STILL BOTTOMS
W % OF VACLUM STILL FEED
TOLUENE SOLUBLE, W %
MOM-ASH TOLUEME INSOLUBLE, W %
ASH, U %
UNREACTED COAL., W % (EST.)
TOLUENE INSOL. RESID. W % (EST )
UHRBUN, W 3
HVDROGEN WU %
NITROGEN, WU %
SULFUR, U %
ASTM ASH W /
COKE/ASH RATIO (DMF EXTR.)
DrHF-SOLUBLE, W %
VISCOSITY, CP @ S00 °F X
YACULM DISTILLATION
IBP, °F (ASTM D-1160 MODIFIED)
DISTIL&ATE TO 975 °F, U %

1BP-975 °F
GRAVITY, °API

HYDROCLONE OVERFLOW
GRAVITY, °API
16P, °r'(nb1ﬂ D-1160 NOD!PIED)
10 V %
30 V %
S0 Vv
70V %
END POINT
VvV % @ 850 °F
V % @ END POINT
ASH, W %
RESIDUE AND SOLIDS, W %

HYDROCL.ONE LINDERFLOU, ASH, W %

N

HYDROCLONE FEED, ASH W %

FILTER CAKE

W % OF FEED TO FILTER

TOLUENE EXTRACTION OF CRKE
SOLUBLE, W %
NON-ASH IN:OLUBLE u %
ASH, W %
INSOLUBLE RESID., W %
UMREACTED COAL., W % (EST.)

0 - 5 LIQUID
GRAVITY, °“APIL

0 - 12 LIQUID
GRAYITY, °API

AYERAGE OF BROOKFIELD VISCOSITY VALUES AT S-100 RPM.

SLURRY HAS NON-NEWTONIAN PROPERTIES.

293

DATE OF FINAL REPORT!
PARGE 6 OF 7?7

co

68.

B

.46

.44
.34

.59

.49
.19

96

440.0

-11.4
489.
88S.
704,

g7s.

&5,
.19
.94
13
.09

41

10.

0.

34

00

%)

50

.05
.93
43.
.46
- 19.

o2
4?

12.8

17.0

2L A 21 B

46.60 48.60
56.58
26.50
16.92

18.35

17.68

71.85
440.0

-11.5
4385.

29.29
28.66
25.38
45.96

22.14

13.4 13.2

17.2

01/21/80

ce A ca

49.26 48.
83.

29.
.68

ea.

1?7
71

B

37
33
99

a6

.40
.23
.72
.25

450.0

-11.8
493,
58S.
700.
822.

975.
a22.
N

64

12.
.92
.83

14

20.
9.
5.

45,

a2o.

20’

29

37

13.2 13.6

17.0

23 A

49.85
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PERIOD

BATCH DISTILLATON OF VACULENM
BOTTOMS SLURRY PRODUCT
VACLiM DISTILLATION
FINAL VAPOR TEMP. °F
PRESSURE, TORR
DISTILLATE, W % OF VACLARY
BOTTOMS SLURRY
SULFUR, W %

CALCULATED COMPOSITION OF SOLIDS-FREE OIL
IN VACUUMN BOTTOMS SLURRY PRODUCT, U %

BATCH STILL DISTILLATE FROM

SLURRY PRODUCTS

BATCH STILL RESID. FROM FILTRATE
CALCULATED COMPOSITION, U %

SULFUR, W %

CALCULATED COMPOSITION OF

400 °F+ LIQUID PRODUCT, U % -
ATMOSFHERIC STILL OVERHEAD
ATPIOSPHERIC STILL BOTTOMS
MET VACUUM STILL OVERHEAD
VACUU STILL BOTTOMNS,

SOLIDS FREE OIL

CALCLLATED COMPOSITION, W %
SULFUR, W %
SULFUR (ACTUAL), W %

DATE OF FINAL REPORT!

PAGE 7 OF 7
20B 21Aa 218
428.00 347.00
1.20 1.66
6.10 ?.92
24 33
8.85 11.02
91.15 88.98
.67 .68

o1/21/80

g2 A

e B

429.00
1.20

5.94
.33

H.34
91.66

68

23 A
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"LSATMLIYO HS3¥4 NI WN3QHATON %M OE oTX

' DATE OF FINAL REPORT' ©1-21/80
: PRGE . OF 7

UNIT 130 - H-COAL OPERATIONS ON KENTUCKY NO. 11 COAL 1HRI 4091,4092, 4100, AND 4101)
CATALYST+ AMERICAN CYAMAMID HDS-1442A, 1-16° EXTRUDATES (HRI 3830), 103 LBS. DRY INITIAL CHARGE

REACTOR VOLWIEs 7.49 CUBIC FEET

4 NUMDER 130- 89
R ER 10D 23B 23AB 24A @24B 25A &58
DATE (END OF PERIOD), 1979 924 9/24 924 9/85 925  9/26
" HOURS OF RUN - BEGINNING 639.00 5327.00 551.80 563.00 575.00 587.00
END §51.00 651.00 563.60 575.00 S87.00 S599.00
CATALYST INVENTORY, END, LBS 108.93 108.93 109.11 109.11 109.63 109.63
CATALYST ADDED, 'LBS 0.0 2.18 3.74 ©0.00 3.87 ©0.00
CATLYST WITHDRAUN, LBS * 0.00 1.98 3.6 ©0.00 3.35 ©.00
CATALYST AGE (END), LB DRY COALB
AVERAGE (BASIS) 906.0 906.0 900.5 926.0 918.3 944.0
ORIGINAL CHARGE (BASIS) 1236.1, 1236.1 1262.1 1287.6 1313.0 1338.7
CATALYST ADDED, CUMULATIVE
LB3/TOH DRY COAL 1.7 1.07  1.11 1.9 1.18 1.10
CATALYST WITHDRAUALS ,
WITHDRALIAL, OIL LADEN, LBS 0.00 4.22 ?7.49 0.3 7.61° 0.00
OIL, W % 24.49 27.13 28.49
MOLYDENUM (OIL FREE), W % ¥ 6.40  6.71. 6.34
COAL FEED (DRY)

LBS/HR/CU FT REACTOR VOLLKE 30.78 31.S1 31.37 30.93 30.80 31.35
MOISTURE W % (COAL SAMPLE) 1.81 1.71 1.95 2.8 2.8 2.e3
ASH, W% (DRY COAL) 6.88 6.88 : 7.20 ?.63

RECYCLE FLOWS, LBS/LB SOLIDS : .
ATMOSPHERIC STILL BOTTOMS .30 .26 .28 27 .25 .30
VACUUM STILL OVERHEAD .27 .27 .28 2?7 .23 .28
INVENTORY CHANGE -.01  -.12 .03 -.00 -.03 ©.00
HYDROCLONE OVERFLOW (OIL) 1.24 t1.21 1.8 t1.24 1.28 1.24
MAKE-UP OIL 0.00 ©0.00 ©0.00 ©0.00 0.00 0.0
TOTAL : 1.83  1.74 1.78 1.79 -1.83 1.83
TEMPERATURE, °F o
COAL PREHEATER OUTLET 789, 751, 768.  783.  779.  781.
REACTOR LIQUID PHASE, AVG. 849. 849, 849, 850. 850. -8S0.
- MAX, 853, 854, 853. B8S3.  855.  853.
SEPARATOR-2* ( @ 12* SKIN) ?6?.  ?67. 768.  766.  766.  769.
HYDROCLONE OVERFLOU 498.  496.  497.  493.  492.  Se.
. VACUUM STILL FLASH ZONE S42. 543, 545, 544,  S546. 543,
PRESSURE

UNIT BACK PRESSURE, PSIG : 2681, 2681, @2575. @2665. 2667. 2685,
HYDROCEN MAKE-UP, PSIG 2927, 2933. 2904. 2900. @2946. 2950.
HYDROGEN PARTIAL PRESSURE, PSIG -

" (REACTOR OUTLET - SEPARATOR) 1825. 1787, 1785. 1798, 1795. 1717.

VACUUM FLASH, TORR 1. 1. t. 1. 1. 1.
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ERIOD

RECYCLE GAS, PISCF/TON DRY COAL
VENT GAS, MSCF/TON DRY COAL
1YDROGEN PURITY
OF RECYCLE GAS AND VENT, %
TOTAL 112, MSCF/TON DRY COAL
(REACTOR OUNLET)

HYDROGEN, IMAKE-UP + RECYCLE
HSCF/TON DRY COAL.
PARTIAL PRESSURE, PSIG(IMNLET)
HYDROGEN CONSILEIPTION (1)
FISCF/TON DRY COAL
U % DRY COAL.
CHEMICALL HYDROCGEN CONSUMPTION
FISCF/TON DRY COAL

OIL ADDITIONS

FAKE-UP OTL, L_BS/ LB DRY COAL .

LBS/1IR/CU FT REACTOR
FLUSH OIL,LBS/LB DRY COAL

COLLECTED PRODUCT QUANTITY, W % DRY COAL

ATHOSPHERIC STILL OVERKEAD
ATHOSPHERIC STILL BOTTOMS (2)
VACUW STHLL. OVERHEAD (2)
VACUUY STILL BOTTOMS
H20
C1-C3
C4-C?
H25 IN GASES
co2 & €O .

INPUT QUANTITIES, W % DRY COAL
DRRY COAL.
FIOISTURE IN FEED COAL.
MHAKE-LP OIL ADDITIONS
FLUSH OYL.
HYDROGEN REACTED (1)
TOTAL

COAL. COMVERSION, U % B.A.F. COAL
TOLUENE CONVERSION (3)
DIF CONVERSION (4)

DATE OF FINAL REPORT:

PRGE 2 OF 7
23 B 23 AB
38.70 37.41

6.81 6.53
84.72 84.01
40.32 38.64
66.12 854.28
2646t . 2a55.
15.80 15.64

4.20 4.18

16.21
.00 ©.00

9.00 0.00

003 003
24.65 23.26

8.94- 11.50

.08 .72
47. 44 45.88

6.91 8.23

9.10 - 9.10

2.63 2.65

3.07 3.15

.65 .68

102.00 103.00

1.84 1.74
2.00 0.09

.34 .33

4.20 4.186

106.38 106.22
96.55 95.65
94.45 94.45

249 A

38.08
6.48

.83.06
38.70
64.64
eait.

15.94
4.23

o1-/21-80

24 8

37.64
6.93

83.06
38.65

54.86
2609,

15.61
4.14

16.0S

0.00
.00
.003

e2.64
13.48

.63
43.96
.43
.99
.62
.12
.62

100.00
a.1a
9.8

.34
4.44
106.85

wWhhoo

96.09
93.82

£5 A

.79
6.55

84.16
39.09

£§6.61

2673.

16.62
4.39

0.00
0.00
.03

4.723

.18
.98
.76
.85
.39
.72

1¢6.00

o
wWhoinw

9.00
.34
4.39
166.85

(1) BASED ON ORIFICE FLOWS FOR HYDROGEN, METERED FLOUS FOR OTHER GASES AND ANALYSES.

(2) NEGATIVE VALUES IMDICATE DECREASES IN INVENTORY OF SILURRY OIL HOLDING TANK.

(3) BASED ON FILTRATION OF PROUCT SILURRY FED TO VACULIM STILL..
(4) BASED ON EXTRACTION OF VACULEY BOTTOMS PRODUCT.

e5-8

38.11
6.92

82.00
38.60

64.87
283s.

16.27
4.32

16.57

0.0
.003

a2.75
11.8?

48.83
9.63
10.38
3.08
3.64
.81

100.00
.12
0.9

.33
4.32
106.77
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DATE OF FINAL REPORT: 01/21/80
PAGE 3 OF ?

FPERIOD ) 23 8 23 Al 24 A 24 B 25 A 25 B

HORMALIZED MET PRODUCT DISTRIBUTIONXIS
U % OF DRY COAL

co, coa .69 .68 .79
C1-C3 HYDROCARDONS IN GASES 9.81 9.13 9.81
C4-C? HYDROCARBONS IN GASES - " 2.67 2.65 2.90
IBP-400 °*F NAPHTHA 14.68 14.66 16.16
400-650 °F DISTILLATES . . 1?2.27 18.30 16.91
650-975 °F DISTILLATES 8.67 9.85 8.1?
975 °F+ RESIDUAL OIL

TOLUENE SOLUBLE 21.66 20.14 22.29

TOLUEME INSOLUBLE 8.74 9.04 8.12
UNCONVERFED COAL 3.4? 3.92 4.16
ASIH ?2.45 ?2.76 ?.63
120 (NET) : 6.95 5.46 6.22
N3 (FORCED NITROGEN) .43 .43 .44
H2S (FORCED SULFUR) a.82 2.85 2.83
© TOTAL. (100 + HVDROGEN REACTED) 104.30 104.26 104.40

FILTERED LIQUID -

GRAVITY, °API . -7.2 -?.2 -6.9 -9.3
IBP, °F (ASTM D-1160 PODIFIED) 540, 540. §43. 625,
10V % ' 623. 628. 624, 634.
30V % ?46. ?46. 745. '763.
SOV % f73. 873. . 854. ger.
7V X
go VvV % - .
FBEP 975, 975. 975. 975.
V % @ 400 °F . 0.00 0.00 0.00 0.00
V % @ 650 °F 16.90 16.00 14.00 13.09
V % AT 975 °F _ 61.90 61.00 . 61.00 €3.00
SULFUR, U % .38 .38 .33 .38
W% 975 °F+ 40.25 40.25 39.84 40.93
U % SULFUR IN 975 °F+ .72 .72 .65 .67
U % NITROGEN IN 976 *F+ 1.76 1.76 '
W % OXYGEMN IN 975 *F+ 3.23 3.23 '

ASTH DISTILLATION CUT POINT

PERIODS 6AB, 12AD, 18AB, 23R8, AND 28AB ARE WORKUP PERIODS AND HAVE NORMALIZED YIELDS
DASED ON COMPLETE ELEFENTAL AND DISTILLATION ANALYSES. FOR CALCLLATION
OF HORMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEFENTAL AND DISTILLATION

VALUES FROM UORKUP PERIODS LERE USED.

FOR PERIODS OTHER THAN THE WORKUP PERIODS, NORMALIZED YIELDS FOi'?‘ THE COMBINED
A/B PERIOD ARE PRESENTED IN B PERIOD.
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X

PERIOD

ATFIOSPIERIC STILL. OVERIEADX
GRAVITY, °API
I0P, *F (ASTH D-86)
10 V % :
30V i
50 V
20 v
9 V %
FoP
V% @ 400 °F
V % @ 650 F
CARBON, U %
HYDROGEN, W %
NITROGEN, W %
SILFUR (H2S FREE), W X

X

10P-400 °F
GRAVITY, °API
SWFUR (H2S FREE), W %

400 °F+
GRAVITY, °API
SILFUR (H2S FREE), W %

ATHOSPHERIC STILL. BOTTOMS
GRAVITY, °API
IR, °F (ASTrH D-86)
16 v %
30 Vv
50 v
70 V
90 v
FBp
V% @ 400 °F

% 8 650 °F

CARBON, U =% .
HYDROGEN, U x
NITROGEN, U %
SULFUR, W %

O %8 %o ae
N M

10P-650 °F
GRAVITY, °AP]

650 °F+
GRAVITY, °API

DATE OF FINAL REPORTY
PAGE 4 OF ?

238 23AB 24A

332.0 31.9 a.a .

144. 140.
290. a15.
304. 30S.
3a8. 3G7.
484. 413.
465. 462,
665. 568,
65.00 £5.00
100.00 100.00
872.33
12.06
.42
17?

38.2 39.3
.20 .13

29.1 19.4

9.8 9.4 9.8
494. 469,
625. 611.
£56. §47.
§90. 693,
648, 846.

) 270,
650. 850.
0.00 0.00

72.03 72.00
88.71

8.84

.69

.08 218

12.6

2.3

IDENTICAL. VALUES FOR A AND B PERIODS INDICATE THAT THE DATA

LERE ACTUALLY FOR THE COMBIMED A-B PERIOD.

01/21-80

24 8

32.a
140.
N
308,
36?.
413.
462.
668.
65.00
100.00

39.3
13

19.4
.13

9.6
494.
28,
656 .
§94.
648.

650.

0.00
72.008

.09

25 A

ANn.?
141,
220,
30S.

414,
464.
570,
65.00
100.02

38.6
.12

19,7
.09

a8

31.?
144,
220,
30S.
368.
414.
464.
£§70.
65.00
100.00

38.6
18

19.7
.09

9.3
496.

655,
695.
648,
650.

72.00

.04
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DATE OF FINAL REPORT: ©1-/21/80
PAGE 5 OF 7 .

a3 p 83 A8 21 A e4 B cs A as B

PERIOD

UATER

CARBON, U % 2.00 2.00

ATIONIA, U % 4.78 4.78

SULFLR, U % _ 1.94 1.94
CLEAN OIL TANK

GRAVITY, °API 6.1 5.1 5.6 5.4
SLURRY MIXING TANK - : .

VISCOSITY, CP & 150 °F % £831.0 6830.0 6509.0 5910, 0
VACUUM STILL OVERHEAD

GRAVITY, °API a.s 2.5 2.3 2.6 a.a2 2.3

IBP, °F (ASTM D-1160 MODIFIED) 457.

10V % 553,

30V % 635.

89 V % 750.

70V % 794.

90 V % 859.

FoP 99a.

Vi@ 400 °F 0.09

V % @ 650 °F 36.20

CARDON, U % £9.33 ,

MYDROGEN, U % : 8.13 .

NITROGEN, U % _ .75

SULFUR, W 3% .14 17 .17 .18

1BP-650 °F :

CRAVITY, °API ' . ?.9

650 °F+

GRAVITY, °‘API , : -.9

¥ AVERAGE OF BROOKFIELD VISCOSITY VAILLES AT 5-100 RPM. THE
SLURRY HAS NON-NEWTONIAN PROPERTIES. ‘



PERIOD

veCUUM STILL BOTTOMS
W % OF VACLUM STILL FEED
TOLUENE SOLUBLE, W %
NON-ASH TOLUENE INSOLUBLE, W %
ASH, W % .
UNREACTED COAL., W % (EST.)

TOLUENE INSOL. RESID. W % (EST.)

CARBON, W %

HYDROGEN, W %

NITROGEN, U %

SULFUR, W %

ASTH ASH, W N

COKE-/ASH RATIO (DMF EXTR.)
DMF-SOLUBLE, U %

VISCOSITY, CP @ 500 F X
VACULUM DISTILLATION

IBP, °F (ASTM D-1160 MODIFIED)
DISTILLATE TO 975 °F, W %

1BP-975 °F
GRAVITY, °API

HYDROCLONE OVERFLOW
GRAVITY, . °API
IBP, °F (ASTH D-1160 MODIFIED)

10 V %

30 Vv

go VvV %

V%

END POINT

V % 3 659 °F

\ % @ END POINT
ASH, W %

RESIDUE AND SOLIDS, W %
HYDROCLOME UNDERFLOW, ASH, W %
HYDROCLONE FEED, ASH W %

FILTER CAKE

W % OF FEED TO FILTER

TOLUENE EXTRACTION OF CAKE
SOLUBLE, W %
NON-ASH INSOLUBLE, W %
ASH, W %
INSOLUBLE RESID., W %
UNREARCTED COAL., W % (EST.)

0 - 5 -LIGUID
GRAVITY, °API

0 - 12 LIQUID
GRAVITY, °API

PRoE B U

a3

50.
Y S
6.
16.
2.
18.

1?7,
1.

B

o1
60
33
0?7
49
84

a.4?7
AR

4?

650.0

-12.5
494.

7e8.
840.

975,
.02
63.
.90
43.

.95
.

11

00
00
94

16.4

a3

49.
S7.
6.
16.

?.
18.
73.
.78

4
i.

2.
1?2,

71.

.

AB

93
69
33
o7
49
84
32

4?
44
AR

47

690.0
g7a.

.50

-12.8
494.
593.
708.

‘849.

97S.
19.
.09
.99
43.

.95

63

11

Q0.
30.

24,

45.¢

o

al.

Vo
@d

94

.77

13.0

16.4

. X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT §-100 RPM. THE

SLURRY HAS NON-NEWTONIAN PROPERTIES.

300

. 24A 248

49.60 48.29
S4.82
ag.as
16.93

8.54
19.71

2.43
17.42

70.05
$20.9

-11.8
478.
§87.
820.

g75.@0

63.50

42.98

18.40.

24.62
48.11

3.00
84 a7

12.7 12.7

i6.6

a5 A

49.48

13.0

aS B

50.56
§?2.77
26.05
16.18

8.83
1?7.22

a.49
16.49
70. 8?
§50.0

-13.1
473.
§93.
?i1.
830.

975.00
i9.0¢0
'63.50
4.71
44.19
9.29

6.1?7

20.22
29.86
43,24
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PERIOD

BATCH DISTILLATON OF VACLAR
BOTTOMS SLURRY PRODUCT
VACULM DISTILLATION
FINAL VAPOR TEMP. °F
PRESSURE, TORR
DISTILLATE, W % OF VACLAKY
BOTTOMS SLURRY
SULFUR, W %

CALCULATED COMPOSITION OF SOLIDS-FREE OIL
IN VACUUM BOTTOMS SLURRY PRODUCT, U %

BATCH STILL DISTILLATE FROM

SLURRY PRODUCTS

BATCH STILL RESID. FROM FILTRATE
CALCLLATED COMPOSITION, U %

SULFUR, W %

CALCULATED COMPOSITION OF

460 °F+ LIQUID PRODUCT, U %
ATHOSPHERIC STILL OVERHEAD
ATHOSFHERIC STILL BOTTONHS
NE'T VACULI STILL OVERHEAD
VACULE| STILL BOTTOMS,

SOLIDS FREE OIL

CALCULATED COMPOSITION, U %
SULFUR, U %
SULFUR' (ACTUAL), U %

DATE OF FINAL REPORT:
PAGE 7 OF 7

238 23R8 244

441.00 601.00
1.40 .20

6.96 10.90
.36 .36

15.285
84.75

N Y4

16.24
21.60
€9.88

.44
0.00

01/21/80

24 B

452.00
1.20

6.61,
.28

9.29
ga.721

62

a5 A

@ B

9.88
.12

.63
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DATE OF FINAL REPORT 01-/21-/80
PRGE 1 OF 7

UNIT 130 —~ H-COAL OPERATIONS ON KENTUCKY NO. 11 COAL (HRI 40@31,4092, 4100, AND 4101)
CATALYST' AMERICAN CYANAIMID HDS-1442A, 1716* EXTRUDATES (HRI 3830), 103 LBS. DRY INITIAL CHARGE

REACTOR VOLWE: 7.49 CUBIC FEET

RUN MAMBER 130- 89 ,
PERIOD 86A 2B 2?A =2?B @28A 288
DATE (END OF PERIOD), 1979 - 926 922 927 928 928 929

HOURS OF RUN - BEGINNING 599.60 611.00 623.80 635.00 647.00 659.00
END 611.00 623.00 635.08 64?2.00 659.00 671.00
CATALYST INVENTORY, END, LBS 109.62 109.62 109.74 109.74 116.60 110.50
CATALYST ADDED, LBS : 3.61 ©0.60 3.63 ©.60 3.90 0.00
CATLYST WITHDRAUN, LBS ¥ 3.65 ©0.60 3.51 ©.60 ° 3.14 - 0.00
CATALYST AGE (END), LB DRY COALLB
AVERAGE (BASIS) 937.6 963.3 957.1 982.7 973.7 999.7
ORIGINAL CHARGE (BASIS) 1363.9 1389.7 1415.7 1441.3 1467.3 1493.3
CATALYST ADDED, CUMULATIVE . .
LBS/TON LRY’ COAL 1.13 1.1 1.3 111 ¢ 1.14 1.2
CATALYST WITHDRAUALS
UITHDRAAL, OIL LADEN, LBS ~ ?.61 ©.08 7.47 0@.ea 7.5 0.00
oI, W% 24.13 26.12 34.40
MOLYDENUM (OIL FREE), W % ¥ 6.52 6.56 6.53
CORL FEED (DRY)

LES/HR-CU FT REACTOR VOLLWIE . 32.64 31.51 31.78 31.27 31.85 31.92
MOISTURE U % (COAL SAMPLE) 211 2.13 1.89 1.42 1.54 1.60
ASH, L (DRY COAL) ?.12 | ?.51 ?.40

RECYCLE FLOWS, LBS/LB SOLIDS

ATMOSPHERIC STILL BOTTOMS .09 .48 .38 .28 .35 .30
VACUUM STILL GVERHEAD .26 .25 .1? 17 .07 17?7
INVENTORY CHANGE -.36 .22 .14 .02 -.03 -.02
HYDROCLONE OVERFLOW (OIL) 1.4 1.47 1.2 1.23 1.18 1.20
MAKE-UP OIL 0.00 . 0.00 ©0.60 0.80 ©0.00 0.00
TOTAL : 1.9 1.68 1.61 1.61 1.63 1.69

TEMPERATURE, °F , :
COAL. PREHEATER OUTLET 789. 783. 784. 778. ?72. ?2?24.
REACTOR LIQUID PHASE, AVG. 850. 850. 850. 850.  850.  849.
MAX. . B85S, -B854. 858. B54.  855.  B8S6.
SEPARATOR-2* ( @ 12* SKIN) ?2723.  76?. 766.  768. 769. 771,

HDROCLONE OVERFLOU 498.  481. 43t 483. 488. 498,
VACU STILL FLASH ZOKE 548. 546.  SS1 547.  S45.  SA41.

PRESSLRE

UNIT BACK PRESSURE, PSIG 2672. 2675. 2679  2698. 2700. 2702.
HYDROGEN MAKE-UP, PSIG . 2909. 2900. 2929 @2933. 2933. 2945.
HYDROGEN PARTIAL PRESSURE, PSIG -

(REACTOR OUTLET - SEPARATOR) 1765, 1746. 1685  1754. 1747,  1783.

VACUUIM FLASH, TORR 1. 1. e a. a. 1,
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DATE OF + Lipd. REPORT:  ©1,21/80
?

y PAGE 2 OF
PERIOD 26A 2B 2?A 27B @28A 288
RECYCLE GAS, MSCF/TON DRY COAL 40.60 37.30 36.56 37.49 36.74 36.90
VENT GAS, MSCF/TON DRY COAL 6.9 6.71 6.42 6.92 6.64 6.81
HYDROGEN PURITY
OF RECYCLE GAS AND VENT, % 84.38 83.76 82.70 84.13 B82.84 83.75
TOTAL H2, MSCF/TON DRY COAL -
(REACTOR GUTLET) 41.90 38.61 37.19 39.29 37.61 38.40
HYDROGEN, MAKE-UP + RECYCLE '
MSCF/TON DRY COAL 68.40 54.82 6§3.92 65.94 64.75 56.87
PARTIAL PRESSURE, PSIG(INLET) 2638. 2625. @2635. @2664. 2643. 2673.
HYDROGEN CONSUMPTION (1) A
MSCF/TON DRY COAL 16.60 16.21 16.73 16.65 17.14 17.47
W % DRY COAL 4.38 4.30  4.49 4.492 4.55 4.64
CHEMICAL HYDROGGEN CONSLMPTION ,
MSCF/TON DRY COAL 15.41 16.63

OIL ADDITIONS

MAKE-UP OIL., LBS/LLB DRY COAL 0.00 0.00 0.00 0.00 0.00 0.00
LBS/HR/CU FT REARCTOR ¢.00 0.0d 0.00 9.090 0.092 0.00
FLUSH OIL ,LBS/LB DRY COAL .003 .003 .003 .003 .003 .003

COLLECTED PRODUCT QUANTITY, W % DRY COAL

ATMOSPHERIC STILL OVERHEAD 20.57 14.85 {6.20 18.1?7 14.92 16.65
ATMOSPHERIC STILL BOTTOMS (2) 1i2.672 172.11 11.61 @20.67 7.52 18.3?
VACUUM STILL OVERHEAD (2) 1.78 8.90 5.43 1.66 190.58 -.18
VACUUM STILL BOTTOMS 46.68 44.82 39.41 41.93 42.1?7 43.44
H20 | 9.29 6.85 9.60 72.16 10.33 11.70
C1-C3 ' 9.74 9.62 10.13 10.06 9.69 9.40
C4-C? 3.31 3.22 3.64 3.39 3.05 3.09.
H2S IN GASES 3.95 3.83 3.49 3.84 3.35 3.14
co2 & CO .82 .73 .87 .84 .84 .87
INPUT QUANTITIES, W % DRY COAL
DRY COAL 120.00 1090.00 100.00 100.00 100.00 100.00
MOISTURE IN FEED COAL e.16 a.18 1.83 1.49 1.56 1.63
MAKE-UP OIL. ADDITIONS 0.00 0.0 0.02 0.00 0.00 0.0
FLUSH OIL .35 .33 .32 .33 .32 32
HYDROGEN FEACTED (1) 4.38 4.30 4.44 4.42 4.85 4.64
TOTAL 106 89 126.81 106.59 106.24 106.43 106.59
COAL. CONVERSION, W % M.A.F. COAL .
TOLUENE CONVERSION (3) 25.78 96. 44 ’ 96.47
DIHF CONVERSION (4) 33.94 94.35 94.74

(1) BASED ON ORIFICE FLOWS FOR HYDROGEN, METERED FLOWUS FOR OTHER GASES AND ANALYSES.
(2) NEGATIVE VALUES INDICATE DECREASES IN INVENTORY OF SLURRY OIL HOLDING TANK.

(3) BASED ON FILTRATION OF PROUCT SLURRY FED TO VACULM STILL.

(4) BASED OM EXTRACTION OF VACUUM BOTTOMS PRODUCT.
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PATE OF FINAL KLPUKRTY  vls2l/6v
PAGE 3 OF 7

VERIOD 26A 26D 2?A @2?B @28A @288

NORMALIZED NET PRODUCT DISTRIBUTION¥IS

U % OF DRY COAL

co, co2 : .76 .88.
C1-C3 HVDROCARBONS IN GASES: 9.55 10.46
C4-C? HYDROCARBONS IN GASES . 3.2t 3.85
IBP-4023 °F NAPHTHA . 12.82 12.67
400-650 °F DISTILLATES 17.76 19.01
650-975 °F DISTILLATES . i1.16 - 10.36
975 °F+ RESIDUAL OIL .

TOLLENE SOLUBLE . 13.64 17.69

TOLUENE INSOLUBLE - 16.32 8.70
UNCONVERTED COAL. o .4.04 3.49
ASH ‘ ?.34 ?.9?
H20 (NET) ] 5.17. 6.30
NH3 (FORCED NITROGEN) .42 .48
H2S (FORCED SULLFUR) 2.91 2.86

TOTAL (160 + HVDROGEN REACTED) 104.09 . 104.42

FILTERED LIQUID¥X

GRAVITY, °API’ -10.7 1.7 -3.6
IBP, °F (ASTM D-1160@ MODIFIED) : 519. 420. 436.
10V % ‘ 645. 493, S25.
30 V 5% 743, 670. 615.
50 V % , 837. 648. 700.
70 V % 760. 898.
90 V %
FBP 975, ‘ 975, 975,
V % @ 400 °F 0.00 0.00 0.00
V% @650 °F 11.00 51.00 38.00
V % AT 975 °F : 62.00 . 87.00 76.00
SULFUR, U % .39 .33 .48
U % 975 F+ 43.64 24.86 44.92
W % SULFUR IN 975 F+ .64 -4 .62
W % NITROGEN IN 975 °F+ 1.79
W % OXYGEN IN 975 °F+ : 2.98

X ASTM DISTILLATION CUT POINT

¥% FOR PERIODS 27 TO 29 FILTRATION OF HYDROCLONE UNDERFLOU (HF) WAS CARRIED OUT UWITH THE
ADDITION OF ATHOSPHERIC STILL BOTTOMS (ASB) FROM THE SAME PERIOD AS PUSHER (TWO WEIGHTS OF
HUF PER WEIGHT OF ASB). GRAVITY AND DISTILLATION DATA ARE FOR DILUTED SOLIDS-FREE LIQUID.
SULFUR AND 975 °F+ DATA ARE FOR UNDILUTED SOLIDS-FREE LIGUID OF HUF.

} PERIODS 6AB, 12AR, 18AB,23AB, AND 28AB ARE WORKUP PERIODS AND HAVE NORMALIZED YIELDS
BASED ON COMPLETE ELEPENTAL AND DISTILLATION ANALYSES. FOR CALCULATION
OF NCRMALIZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEPENTAL AND DISTILLRTION

VALUES FROM WORKUP PERIODS LERE USED.

8 FOR FERIODS OTHER THAN THE WORKUP PERIODS, NORMALIZED YIELDS FOR THE COMBINED
AsB FERIOD ARE PRESENTED IN B PERIOD.
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X

PERIOD

ATMOSPHERIC STILL OVERMHEADX
GRAVITY, °API:
IBP, °F (ASTM D-86)
i0+v
30 Vv
S v
70V
90 Vv
FBP
V % @ 400 °F
V % @ 650 °F
CARBON, W %
HYDROGEN, U %
NITROGEN, W %
SULFUR (H2S FREE), W X%

NN e

IBP-400 °F
GRAVITY, °API. :
SWFUR (H2S FREE), U %

400 °F+
GRAVITY, °API
SULFUR (H2S FREE), U %

ATMOSPHERIC STILL BOTTOMS

: GRAVITY, °APT
IBP, °F (ASTM D-86)
16 V %
30V %
56 V %
720 V %
93 V
FBP
V % 3 400 °F
V % @ 650 °F
CARBON, U %
HYDROGEN, U %
NITROGEN, U %
SULFUR, U %

IBP-650 °F
GRAVITY, °API

650 °F+
GRAVITY, °API

IDENTICAL VALUES FOR A AND B PERIODS INDICATE THAT THE DATA

"LERE ACTUALLY FOR THE COMBINED A/B PERIOD.

DATE OF FINAL REPORT!

PAGE 4 OF 7
26 A 26 B

33.6 36.5

150. 141.
e18. 206,
296. 265.
352, 330.
406. 383.
46S. 452.
57a. §67.

67.00 76.00
100.02 100.00

40.1 42.1
1? 14
20.2 20.1
.13 .08
9.3 10.7
’ 418.
468.

621.

SG8.

626.

650.

0.00

/78.00

.06

27 A

36.3
138.
210,
269,
330.
385.
4721.
§92.
74.00
100.00

42.3
.18

2e.0
12

21/21/80

e’ B

36.3
138,
210,
269,
330.
38S.
471.
592,
74.00
100.00

42.3
.18

20.0
12

11.3
412.
458.
508,
564.
631.

650.
0.00
27.00

e8 A

36.5

11.0

28 B

36.2

10.8
405,
458.
508,
667.
&eas.

650.

0.00
74.00

.07
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PERIOD
UATER
CARBON, U ¥
AMMONER, U %
SULFUR, U %
CLEAN OIL TANK -
GRAVITY, °API

SLURRY MIXING TANK
VISCOSITY, CP @ 150 °F ¥

VACULM STILL OVERHEAD
GRAVITY, °API
IBP, °F (ASTM D-1160 MODIFIED)
10 v :
30 v
50 V
70 V
90 V
FEP-
V%@ 400 °F
V % @ 650 °F.
CARBON, & %
HYDROGEN, U %
NITROZEN, U %

- SLLFUR, W %

IBP-650 °F
GRAVITY, °API

650 °F+
GRAVITY, *API

XN XXX

DATE OF FINAL REPORT' 01,/21/80
PARGE & OF - ?7

a6 R a6 B a? A a? B 28 A a8 B

2.3 7.8 8.4
6450.0 19100.0 8820.0 4125.0 7250.0

2.3 2.3 2.9 2.8 2.9 e.?

.13 .12 .13

X AVERAGE OF BROOKFIELD VISCOSITY VALLES AT 5-160 RPM. THE

SLURRY HAS MON-NEWTONIAN PROPERTIES.



DATE OF FINAL REPORT!' 01/21/80
PAGE & OF 7

c6 B a? A 27 B 28 A e8 B

PERIOD 26 A
VACUM STILL BOTTOMS

U % OF VACUUM STILL FEED £0.07 50.72 S2.56 53.77 G54.85 54.86
TOLUENE SOLUBLE, U % . 49.721 s2.11 54.66
NON-ASH TOLUENE INSOLUELE, U % 34.00 28.95 2s5.24
ASH, U % 16.23 18.94 20.10
UNREACTED COAL, U % (EST.) 8.97 8.29 8.88
TOLUCHC IMCOL. REEID, U % (R&T.) AR AR Pa AR 1€.36
CARBON, U % : -
HYDROGEN, W %
NITROGEN, W %
SULFUR, W % ' 2.3? 2.61 2.90
ASTM ASH, W % . 16.36 19.34 20.27
COKE-ASH RATIO (DMF EXTR.) .79 .70 .66
DMF-SOLUBLE, U % 70.99 68.02 67.04
VISCOSITY, CP @ 500 °F ¥ 640.0 620.0 500.90

VACUUM DISTILLATION
IBP, °F (ASTM D-1160 MODIFIED)
DISTILLATE TO 975 °F, W %

IBP-975 °F
GRAVITY, °API
HYDROCLONE OVERFLOW )
GRAVITY, “API -13.6 -13.9 ~14.7
IBP, °F (ASTM D-116@ MODIFIED) 460 . ' 433. 436.
10 V % S88. 584. 637,
33 V % 720. ‘ 726. - 715,
50 V % 834. 855. 825.
70V %
END POINT 975.00 975.00 975.00
V % @ 650 °F 22.09 - 20.00 18.50
V % @ END POINT 63.50 61.00 61.00
ASH, W % 5.24 6.16 65.56
RESIDUE AND SOLIDS, W % 0.0 46.49 46.43
HYDROCLOME UNDERFLOW, ASH, W % 13.69 13.18 11.65
HYDROCLONE FEED, ASH U % 6.71 7.53 ?7.86
FILTER CAKE :
W % OF FEED TO FILTER e9.12 20.1a 21.45
TOLUENE EXTRACTION OF CAKE .
SOLUBLE, W % 28.62 25.50 a23.64
NON-ASH INSOLUBLE, W % 28.50 a5.34 a24.02
ASH, W % 48.88 49.16 46.34
INSOLUBLE RESID., W % 4.88 3.81 3.54
UNREACTED COAL., W % (EST.) a23.62 21.53 20.48
0 - S LIQUID
GRAVITY, °API 13.9 13.8 13.1 12.4 1.1 13.5
0 - 12 LIQUID
GRAVITY, °API 15.8 16.6 15.9

¥ AVERAGE OF BROOKFIELD VISCOSITY VALUES AT 5-100 RPM THE
S! URRY HAS NON-NEWTONIAN PROPERTIES.

307
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rF=RIOD

BATCH DISTILLATON OF VACULNM
BOTTOMS SLURRY PRODUCT
VACULK DISTILLATION
FINAL VAPOR TEMP. °“F
PRESSURE, TORR
DISTILLATE, W % OF VACLLRY
BOTTOMS SLURRY
SWLFUR, U %

CALCULATED COMPOSITION OF SOLIDS-FREE OIL
IN VACUUM BOTTOMS SLURRY PRODUCT, W %

BATCH STILL DISTILLATE FROM

SLURRY PRODUCTS

BATCH STILL RESID. FROM FILTRATE
CALCULATED COMPOSITION, W %

SULFUR, W %

CALCULATED COMNPOSITION OF

400 °F+ LIQUID PRODUCT, U %
ATMOSPHERIC STILL OVERHEAD
ATMOSPHERIC STILL BOTTONS
NET VACULM STILL OVERHEAD
VACUUIM STILL BOTTOMS,

SOLIDS FREE OIL

CALCULATED COMPOSITION, W %
SULFUR, W %
SULFUR (ACTUAL) U %

DATE OF FINAL REPORT!
PAGE 7 OF 7?7

26 A

26 B

492.00
1.20

.§:60
.26

2.76
92.25

.61

a7 A

01/21/80

g’ B

489.00
1.20

6.9?
.23

.e8 A

ea B

480,00
1.80

11.12
26
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DATE OF FIMAL REPORT: .01-/21-/80
PAGE 1 OF 7?7

UNIT 136 - H-COAL OPERATIONS ON KENTUCKY NO. 11 COAL (HRI 4091,4092,4100, AND 4101)
CATALYST+ AMERICAN CYAMAMID HDS-1442A, 1-16° EXTRUDATES. (HRI 3330), 163 LLBS. DRY INITIAL CHARGE

REACTOR VOLUIE: 7.49 CUBIC FEET

RUM NUMBER 130- 89 _
'PERIOD : 28AB 289A 29B 30A 308
~ATE (END OF PERIOD), 1979 929 929 936 9-36 930

HOURS OF RUN - BEGINNING 647.00 671.00 683.00 695.00 707.00
END 671.00 633.00 695.00 707.00 713.00
CATALYST INVENTORY, END, LBS 110.50 110.50 110.50 107.20 107.20
CATALYST ADDED, LBS 3.90 ©0.00 0.00 0.0 0.00
CATLYST WITHDRAUN, LBS X 3.14 0.0 0.00 3.30 0.00
CATALYST AGE (END), LB DRY COAL-/LB
AVERAGE (BASIS) 999.7 1035.5 1051.1 1076.5 1088.8
GRIGIMAL CHARGE (BASIS) 1493.3 1519.1 1544.?, 1570.1 1S82.4
CATALYST ADDED, CUMULATIVE :
LBS/TON DRY COAL 1.12 1.10 1.08 1.06 1.06
CATALYST WITHDRAUALS
WITHDRAWAL, OIL LADEN, LBS 7.65 ©6.04 ©0.00 7.5  0.00
OIL, U % 34.40 35.81
MOLYDEMUM (OIL FREE), U % ¥ 6.53 6.66
COAL. FEED (DRY)
LBS-HR{CU FT REACTOR VOLLRIE 31.88 31.73 31.45 30.78 29.23
MOISTURE U % (COAL SAMPLE) 1.5? 1.66 . 1.71
A5H, W% (DRY COAL) 7.40 7.68
RECYCLE FLOWS, LBS/LB SOLIDS
ATMOSPHERIC STILL BOTTOMS .33 0.00 24 16 .02
VACULUM STILL OVERHEAD 12 0 .3 .13 .19 .22
INVENTORY CHANGE -.02 .03 -.02  -.11 -.39
HYDROCLONE OVERFLOW (OIL) 1.19 1.19 1.21 1.24 1.26
MAKE-UP OIL .00 ©0.00 ©.00 ©0.00 0.00
TOTAL 1.66 1.6? 1.85 1.7 1.89
TEMPERATURE, °F 4
COAL. PREHEARTER QUTLET ??73: ?83. ?278. ?280. ?87.
REACTOR LIGUID PHASE, AVG. 850. 848. 848. 849. 849.
MAX. 856. 854. 854. 854. 854.
SEPARATOR-2* ( @ 12* SKIN) 770. 7G6. ?66. ?65. 769.
HYDROCLONE OVERFLOW 489. - 489. 489. 489. 486.
VACULM STILL FLASH ZONE 544. 54S. 544. 547. 543,
PRESSURE
UNIT BACK PRESSLURE, PSIG , 2701. 2706, 2692, 2698. 2560,
HYDROGEN MAKE-UP, PSIG 2939. 2910. 2926. =2921. &87e.
HYDROGEN PARTIAL PRESSURE, PSIG
(REACTOR OUTLET - SEPARATOR) 1765. 1860. 17456. 1799, 1772.

VACULIT FLASH, TORR 1. 1. 1. 1. 1.
¥10.30 W MOLYBDENUM IN FRESH CATALYST. -
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DATE OF FINAL REPORT: 01-/21/80

PAGE 2 OF ?

PERIOD 28AB 29A 29B 30A 308
RECYCLE GAS, MSCF/TON DRY COAL 36.82 38.e2 37.09 38.86 39.52
VENT GAS, MSCF/TON DRY COAL 6.73 7.3? 6.80 ?.38 6.72
HYDROGEN PLIRITY

OF RECYCLE GAS AND VENT, % 83.30 84.83 82.23 82.69 82.37
TOTAL H2, MSCF/TON DRY COAL
(REACTOR OUTLET) 38.60 40.21 372.71 39.90 39.84
HYDROGEN, MAKE-UP + RECYOLE : -
MSCF-TON DRY COAL §5.31 66.33 64.58 S6.42 57.62
PARTIAL PRESSURE, PSIGC(INLET) 2658. 2553. @2624. 2623, 2574.
HYDROGEN CONSUMPTION (1) L
MSCF-TON DRY COAL 17.30  16.12 16.8? 16.51 1?.7?
U % DRY COAL 4.89 4.28, 4.48 4.38 4.72
CHEMICAL. HYDROGEN CONSUHPTION .
MSCF-TON DRY COAL 15.79 . 17.22 17.59
OIL ADDITIONS :
MAKE-UP OIL, LBS/LB DRY COAL 0.60 ©.00. 0.00. 0.00 ©0.00
LBS/HR/CU FT REACTOR 0.60 ©0.00 ©0.00 ©.00 0.0
FLUSH OIL,LBS/LB DRY COAL .023 .023 .023 .03 .024
COLLECTED PRODUCT GUANTITY, U % DRY COAL
ATMOSPHERIC STILL OVERHEAD _ 15.74 29.62 15.95 16.61 18.57
ATMOSPHERIC STILL BOTTOMNS (2) 12.9?7 19.48 20.43 24.99 38.47
VACULM STILL OVERHEAD (2) 520 1.90 -.6? -6.93 -40.75
VACULM STILL BOTTOMNS ' 42.80 43.66 41.50 42.58 55.05
.H20 : 11.02 4.72 8.49 9.02 10.54
c1-C3 9.564 9.2 9.61 966 9.53
c4-C? 3.e8 2.92 3.0?2 2.82 2.87
25 IN GASES 3.24 328 3.5 3.22 3.24
€02 & CO .85 .29 .79 .23 .24
INPUT QUANTITIES, W % DRY COAL
DRY COAL 100.00 100.00 100.03 103.00 100,00
MOISTURE IN FEED COAL 1.60 1.69 1.74 1.74 1.74
MAKE-UP OIL ADDITIONS 2.00 0.00 ©06.09 0.0 0.03
FLUSH OIL. : a2 .32 .33 .35 .37
HYDROGEN REACTED (1) 4.89 4.28 4.48 4.38 4.72
© TOTAL 195.51 106 29 103.55 105.47 105.83
COAL CONVERSION, W % M.A.F. COAL
TOLUEME CONVERSION (3) 96.47 95.22 96.34
DIF CONVERSION (4) » 94.74 94.42 94.85

(1) BASED ON ORIFICE FLOUS FOR HYDROGEN, METERED FLOWS FOR OTHER GASES AND ANALVSES,
(2) NEGATIVE VALUES INDICATE DECREASES Ih INVENTORY OF SLURRY OIL HOLDING TANK.

(3) BASED ON FILTRATION OF PROUCT SLURRY FED TO VACLANM STILL..

(4) BASED ON EXTRACTION OF VACLLM BOTTOMNS PRODUCT.



T1¢g

DATE OF FINAL REPORT: ©1/21/80

PARGE 3 OF 7
PERIOD . 28.AB 29 A 29 B 30 A 30 B
HORIMALIZED NET PRODUCT DISTRIBUTIONXI$
U % OF DRY COAL _
co, co2 .88 .81 .79
C1-C3 HYDROCARBONS IN GASES - . 9.80 9.59 10.21
C4-C? HYDROCARBONS IN GASES 3.16 3.09 3.08
IBP-463 °*F NAPHTHA 11.89 13.66 . 12.78
400-650 °F DISTILLATES - 316.10 21.04 . 22.es
653-975 °‘F DISTILLATES - 10.88 9.37 .48
975 *F+ RESIDUAL OIL .
TOLUENE SOLUBLE 20.14 19.86 1?.08
TOLUENE INSOLUBLE ?.45 ?.8? 13.74
UNCONVERTED COAL 3.64 3.72 4.26
ASH 8.27 8.19 9.67
H20 (NET) : 8.82 4.61 7.62
HHI (FORCED NITROGEN) 16 ) .61 .64
H2S (FORCED SWLFUR) 2.70 -~ 2.66 2.29
TOTAL (100 + HYDROGEN REACTED) 104.19 104.5? - 104.67
FILTERED LIQUIDXX
CRAVITY, °API . -3.6 -2.8
IBP, °F (ASTM D-1160 MODIFIED) 4356, 442,
10V % 635. £03.
0V % 616. 614. '
g0V % 700, . ' 707.
70V % < g9s8. 8772.
9 V %
FBP 97s. 975,
V 3% @ 400 °F 0.00 0.00
V% @650 °F 38.02 40.00
V % AT 975 °F 76.00 " ?78.00
SULFUR, U % .48 .40
W % 975 °F+ 44.90 L 44.19
W % SUFUR IN 975 °F+ .62 . - .73
U % NITROCEN IN 975 °F+ " 1.79
W % OXVGEN IN 975 °*F+ . 2.98

¥ ASTM DISTILLATION CUT POINT

*x FOR PERIODS 27 TO 29 FILTRATION OF HYDROCILONE UNDERFLOW (HUF) LAS CARRIED OUT WITH THE
ADDITION OF ATHMOSPHERIC STILL BOTTOMS (ASB) FROM THE SAMNE PERIOD AS PUSHER (TWO WEIGHTS OF
HUF PER WEIGHT OF ASB). GRAVITY AND DISTILLATION DATA ARE FOR DILUTED SOLIDS-FREE LIQUID.

SUWLFUR AND 975 °*F+ DATA ARE FOR UNDILUTED SOLIDS-FREE LIGUID OF HUF.

I PERIODS 6RD, 12AB, 18AB, 23AB, AND 2BAB ARE LIORKUP PERIODS AND HAVE MNORMALIZED YIELDS

BASED ON COFPLETE ELEMENTAL AND DISTILLATION ANALYSES. FOR CALCULATION
OF MORMAILTZED YIELD DISTRIBUTION OF OTHER PERIODS, INTERPOLATED ELEMENTAL AND DISTILLATION

VALUES FROM WORKUP PERIODS WERE USED. '

$ FOR FERIODS OTHER THAN THE WORKUP PERIODS, NORMALIZED YIELDS FOR THE COMBINED
A/ PERIOD ARE PRESENTED IN B PERIOD, '
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PERIOD
ATMOSPHERIC STILL OVERHEADX

GRAVITY, °*API
I1BP, °F (ASTM D-86)
16V %
30V %
50 V % .
20V %
g0 VvV %
FBP
V % @ 400 °F
V % 8 650 °F
CARBON, U %

HYDROGEN, U %
NITROGEN, U % '
SLLFUR (HaS FREE), U %

I1EP-408 °F
GRAVITY, °API
SUWLFUR (H2aS FREE), U %

400 °F+

.GRAVITY, °API
SULFUR (H2S FREE), W %

ATMOSPHERIC STILL. BOTTOMS

GRAVITY, °API
IBP, °F (ASTM D-86)
10V %

30 V %

80V %

V%

90 V %

FBP

V % @ 400 °F
V3 38659 °F
CARBON, U %
HYDROGEN, U %
NITROGEN, W %
SULFUR, U %
IBP-650 °F
GRAVITY, °API
650 °F+
GRHVITY *APT

DATE OF FINAL REPORT:

PAGE 4 OF 7
288AB 29A 298
36.3 35.9 35.9
135. 133, 133,
214. 216.  216.

a70. 2723. 273,
32a. 327. 3:27.
378. 389. 389.
475. 460. 460.
£92. §7a. §72.

76.00 75.00 75.00
100.02 100.00 100.22
85.92
12.25
.28
.18
2.1 41.9  41.9
.13 A4 14
20.3 20.6 20.0
A1 .10 .10
16.9  11.3- 10.9
338, 403.
452, 452.
510, 503.
666. 5SS.
_629. 617.
772.
910, 650.
2.00 0.00
75.00 78.00
88.16 0.00
9.21 0.0
.21 0.00
.08 14
14.4
i.8

IDENTICAL. VALUES FOR A AND B PERIODS IND[C&TE THAT THE DﬁTﬂ

WERE ACTUALLY FOR THE COMBINED A-B PERIOD.

01-21/80

30 A 308
35.6 35.6
1386. © 136,
215, 21s.
275. a7s.
330. 330.
392. - 393.
478. 478.
586. 686,

72.00° 72.00

100.00 100.00
4.1 42.1

.12 .12
20.0 20.0
.18 .15
10.6 10.7
4108,
468,
503,
86S.
634.
650,
0.¢0
76.90
0.00
Q.00
0.0
A1
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PERIOD

UATER
CARBON, W %
AMIONTA, W %
SULFUR, W %

CLEAN OIL TANK
GRAVITY, °API

SLURRY MIXING TANK
VISCOSITY, CP @ 150 °F X

VAacur STILL OVERHEAD
GRAVITY, ‘APl

‘ IBP, °F (ASTM D-1160 MODIFIED)

10 V %
30 V %
'S0 V %
2V 5
Q9 V %
FBP

V % @ 400 °F
VvV % @ 650 °F
CARBON, W %
HVDROGEN, U %
NITROGEN, U %
SULFUR, U %

IBP-650 °F
GRAVITY, °API

6590 °F+
GRAVITY, °*API

X AVERAGE Of BROOKFIELD VISCOSITY VFLLES AT 5-100 RPM.

SLURRY HAS NON-NEWUTONIAN PROPERTIES.

DATE OF FINAL REPORT!  ©1-/21/80

PAGE & OF ?

28 AR

1.99
4.22
2.88

11.0

-.1

.......

a9 A

29 B

8.0

10190.0

30 A

2.9

308

3.0



DATE OF FINAL REPORT: 01-/21/80
PARGE 6 OF 7

PERIOD 28AB 29A 29B 30A 308
VACULIM STILL BOTTOMS . '
W % OF VACUUM STILL FEED 54.85 63.72. 53.24 62.33 56.08
TOLUENE SOLUBLE, W % S4.66 55.48 - 53,03
NOMN-ASH TOLUENE INSOLUBLE, U % as.24 25.80 - 27.59
ASH, U % 20.10 18.72 19.38
UNPEACTED COAL, W % (EST.) 8.88 8.50 . 8.53
TOLLENE INSOL. RESID. W % (EST.) 16.36 17.30 19.06
CARBON, U % 70.80
HYDROGEN, W % : 4.48 :
NITROGEN, W % 1.48
SULFUR, W % 2.85 2.41 2.88
ASTM ASH, U % 20.27 19.16 19.57
COKE/ASH RATIO (DiF EXTR.) .66 .62 .66
DMF-SOLUBLE, W % 67.04 68.45 67.98
VISCOSIT?, CP @ S0@ °F % 500.0 490.0 650.0
vACUUM DISTILLATION :
IBP, °F (ASTM D-116@ MODIFIED) ges.
DISTILLATE TO 975 °F, U % 8.60
IBP-975 °F
GRAVITY, °API -10.2
" HYDROCLONE OVERFLOUW : 4 ,
GRAVITY, °*API . -14.7 -14.1 -12.8
IBP, °F (ASTM D-1160 MODIFIED) - 435. 438, - 447,
10 V % s82. s84. S85.
30V % 715. 732, 705.
50 V % 82s. 862. 85S.
70 V % '
END POINT 975. 00 975.00 975.00
V%@ 650 °F 18.50 19.50 20.00
V % @& END POINT 61.00 61.00 62.00
ASH, W % 6.56 6.45 &.02
RESIDUE AND SOLIDS, W % 46.43 46.S8 45.39
HYDROCLOME UNDERFLOW, ASH, W % 11.65 10.58 '
HDROCLONE FEED, ASH W % : ?2.86 - ?.71
FILTER CAKE
W % OF FEED TO FILTER 21.4S 22.es
TOLUENE EXTRACTION OF CAKE ~
SOLUBLE, W % 29.64 27.37
NON-ASH INSOLUBLE, U % 24.02 24.95
ASH, W % 46.34 47.68
INSOLUBLE RESID., U % 3.54 3.30
UNRERCTED COAL, W % (EST.) 20.48 21.65
0 - 5 LIQUID 4 ,
GRAVITY, °API 13.5 15.4 158 15.8 8.4
0 - 12 LIQUID
GRAVITY, °API _ 15.9 16.8

X AVERAGE OF BROOKFIELD VISCOSITY VALUES AT 5-100 RPM. THE

SLURRY HAS NON-NEWTONIAN PROPERTIES.

314
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DATE OF FINAL REPORT+ ©1/21/89

PARGE 7 OF 7
PERIOD 28AB 29A 29B 30A 308
BATCH DISTILLATON OF VACLANY .
BOTTOMS SLLRRY PRODUCT
VACULNM DISTILLATION :
FINAL VAPOR TEMP. °F 508.00 474.00
PRESSURE, TORR .85 1.20
DISTILLATE, W % OF VACUUM
BOTTOMS SLURRY 10.10 . 6.57
SLLFUR, W % .26 - .24
CALCULATED COMPOSITION OF SOLIDS-FREE OIL
IN VACUUIM BOTTOMS SLURRY PRODUCT, U %
BATCH STILL DISTILLATE FROM . :
SLURRY PRODUCTS 15.0? 9.60
BATCH STILL RESID. FROM FILTRATE 84.93 90.-10
CALCLLATED COMPOSITION, U %
SWLFUR, W % 5? : .58
CALCULATED COMPOSITION OF
493 °F+ LIQUID PRODUCT, W 3
ATHOSPHERIC STILL OVERHEAD 8.31
: ATHOSPHERIC STILL BOTTONHS 25.31
NET VACULIM STILL OVERHEAD 10.17
VACULIY STILL EOTTONS,
SOLIDS FREE OIL : 56.13
CALCULATED COMPOSITION, U %
SWFUR, U % .36

SULFUR (ACTUAL) U %



PILOT PLANT OPERATING PERFORMANCE

The objective of Rdn 6 was to demonstrate a long, sustained
operation with I11inois No. 6 coal in the Syncrude Mode and to
obtain performance data. Coal was fed to the reactor system

continuously for 45.5 days. The target conditions were as
fallows:

Reactor Temperature 850°F
Reactor Pressure 3000 PSIG
Coal Space Velocity 31.2 Lbs/Hr/Ft3
Catalyst Replacement Rate 1 Lb/Ton Coal Fed.
0i1 to Solids Feed Ratio 1.75 Lbs/Lb
% of Slurry 0i1 as Hydroclone

Overflow 67%

The reactor operated up to a-temperature .of 845°F and at 3000
psig. The average coal space velocity was 26.2; the maximum
coal space velocity was 31.6. Catalyst replacement rate was
1.1 Ibs/ton. 0i1 to solids feed ratios as Jow as 1.6 were
demonstrated. The maximum percentage achieved of slurry 0il as
hydroclone overfiow was 50 percent. The following exhibit is a
schematic flowsheet of Section 200.

The run was started with dilute solution of feed coal (3.96
pounds oil per pound solids). The solids concentration was
then increased to correspond to 1.75 pounds oil per pound of
solids and maintained at 1.6 to 1.8 pounds of-0il per pound of
solids throughout most of the remainder of the run.

Hydroclone recycle to Q-236 was maintained throughout the run.
The run was started with approximately 20 percent of the oil
used to slurry the coal as hydroclone overflow recycle. As the
run progressed, the percent of slurrying oil as hydroclone
overflow recycle was increased to approximatley 50 percent.
(Note: Approximately 25 1bs/hr of the hydroclone overflow rate
shown in Exhibit H-10 was seal oil injected into the hydroclone
overfiow stream upstream of Q-236 from pumps J-213, J-218,
J-222, J-223, and J-233.) ) '

Overall run product yields are presented in the second exhibit.

316
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Period:
Date: S
Hours of Run - Beginning

End

Catalyst fnventory, lbs

Catalyst added, lbs

Catalyst withdrawn, lbs

Catalyst age (end), lbs dry coal/lb

Catalyst added (cummulative), 1b/ton dry coal

Coa)l feed (-2% W20), b/hr
Space velocity, \b/nr/ft3

Slurry feed to reactor, lb/hr
Fractionator bottoms
Hydraclone averflow
Seal ofl (J-201)

011/solids feed ratio, Ib/lb

feed gas to reactor
MSCFH
1 H2
M2 inlet partial pressure, psia

Reactor temerature, OF
22* 2
ll 4"
Avg.
Reactor pressure, psig

M2 heater outlet tenperature, OF
Slurry heater outlet tenperature, OF

Exotherm, OF*

Sunmary of Dperating Data

Run No. 6

1 2 3 4
2717 218 219 2/20
0800 0 0 0
2400 2400 2400 2400
7.965 7,965 8,469 8,469
0 0 504 0
0 0 0 0
17.64  58.48 69.01 124.87
8,783 13,555 12,020 12,662
15.04  23.21 20.58 21.68
43,63% 50,119 50,417 51,195
24,165 29.324 25.971 25.535
10,295 6.833 12,046 12,585
194 407 300 an
1.96 2.69 2.46 2.34
§27.0  584.8 520.7 498.6
84.4  go.8 77.3  18.0
2,532 2,428 2,320 2,34)
806 g27 826 821
763 g19 814 811
785 823 820 816
2,985 2,990 2,986 2,987
183 ) 745 744
715 681 660 659
93 44 166 162

5
2/21
0
2400

8,469
0

0
164.58

14,017
24.0

51,765
21,151
16,168

429

2.05

498.7
76.3
2,292

6823
809
813

2,988

750
651

173

6
2/22
0
2400

8,469
0

0
204.71

14,168
24.26

51,607
23,319
13,715

405

2.09

511.1
79.6
2,391

827
813
820

2,988

751
644

84

*  Tenperature at 22° 2" reactor level - temperature of feed gas plus feed slurry to reactor.

7
2/23
0
2400

8,469
0

0
244.38

14,006
23.99

50,769
26,247
10,092

424

2.18

497.3
79.9
2,395

824
811
817

2,903

762
632

192

]
2/24
0
2400

8,469
0
0
285.1

14,370
24.61

51,566
23,411
11,256

468

2.10

513.1
8£.9
2,51

£24
£1l
£17

2,985

761
€33

191

9

2/25
0
2400

8,469
0

0
325.17

14,153
24.24

51,475
24,155
12,717

450

2.13

830
818
824

2,988

762
637

193

10
2/26
0
2400

8,469
0

0
367.69

15,015
25.72

51,473
23,294
12,681

483

2.04

552.8
78.3
2,349

832
817
825

2,985

760
625

207

1
2/27
0
2400

8,469
0

0
412.82

15,930
27.28

50,977
19,092
15,477

418

1.7

524.9
82.4
2,472

834
820
827

2,986

760
625

209

12
2/28
0
2400

8,469
0

0
458.18

16,015
27.43

51,323
22,475
12,429

405

1.91

435.3
80.7
2,421

¥
832
820
826
2,986

763
633

200
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Perfod:
Date: 2
Hours of Run - Beginning

End

Catalyst inventory, lbs

Catalyst added, lbs

Catalyst withdrawn, lbs

Catalyst age (end), 1bs dry coal/lb

Catalyst added (cummulative), 1b/ton dry coal

Coal feed (~2% H20), 1b/hr
Space velocity, 1b/hr/ft

Slurry feed to reactor, lb/hr
Fractionator bottoms
Hydroclone overflow
Seal ofl (J-201)

[

011/solids feed ratio, 1b/1b

Feed gas te reactor
MSCFH
X H2
H2 inlet partial pressure, psia

Reactor temperature, OF
22‘ 2Il
ll 4“
Avg.
Reactor pressure, psig

I heater outlet temperature, OF
Slurry heater outlet tenperature, OF

Exotherm,OF#*

Sunmary of Operating Data

Run No. 6

13 | LI 15 16

3/1 3/2 3/3 3/4
0 0 0 0
2400 2400 2400 2400
8,469 8,469 8,469 8,469
0 0 0 0
0 0 0 0
503.5 551.47 601.89 650.22
16,015 16,924 17,798 17,065
27.43 28.98 30.48 29.23
51,934 51,822 53,078 52,221
22,061 20,299 20,911 19,917
13,393 14,132 13,834 14,704
466 467 534 534
1.92 1.71 1.59 1.84
466.7 466.3 463.7 445.6
79.8 82.5 82.1 81.9
2,393 2,472 2,461 2,455
839 837 842 843
825 824 8217 830
832 831 835 837
2,984 2,983 2,983 2,983
760 760 759 759
621 626 625 627
218 212 218 217

17

3/5
0
2400

8,469
0
0
707.4

20,197
34.59

55,560
16,803
18,061

499

1.50

423.8
78.6
2,219

845
831
838
2,883

759
621

224

18

3/6
0
2400

8,469
0
0
757.6

17,508
29.98

57,378
16,978
22,365

527

1.80

467
81.5
2,442

B46
831
819
2,983

759
626

221

* Temperature at 22' 2" reactor level - temperature of feed gas plus feed slurry to reactor.

19

n
0
2400

8,469
0
0
806 .4

17,267
29.57

53,209
15,738
19,620

504

1.69

488.2
82.%
2,475

849
633
841
2,983

157
633

216

20

3/8
0
2400

8,469
0
0
853.2

16,540
26.33

51,158
18,292
15,735

590

1.72

465.8
81.5
2.443

849
833
841
2,982

763
626

224

21

3/9
0
2400

8,719
250

0

866 .4

13,664
23.4

44,313
10,841
19,229

579

1.74

481.6
86.4
2,593

849
834
842
2,986

764
633

217

22
3/10
0
2400

8,206
0

513
907.4

14,013
24.03

44,018
10,763
18,692

531

1.71

484.1
84.9
2,547

843
826
835
2,987

767
648

195

23
m
0
2400

8,495
289

0
916.1
0.86

14,265
24.43

44,671
9,067
20,764
575

1.67

448.6
81.8
2,454

845
829
837
2,986

765
635

210

24
3/
0
2400

8,101
260
654
933

1.05

15,642
26.79

47 ,854
11,541
20,137

534

1.50 .

442
81.1
2,433

844
829
837
2,983

767
635

209
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Perfod:
Date: '
Hours of Run - Beginning

End

Catalyst fnventory, lbs®

Catalyst added, lbs

Catalyst withdrawn, 1bs

Catalyst age (end), 1bs dry coal/lb

Catalyst added (cummulative), 1b/ton dry coal

Coal feed (~2% H20), 1b/hr
Space velocity, b/hr/ft3

Slurry feed to reactor, Ib/hr
Fractionator bottoms
Hydroclone overflow
Seal o’ (J-201)
011/s011ds feed ratio, Ib/lb
Feed gas to reactor
MSCFH
X H2
H2 inlet partial pressure, psia

Reactor temperature, OF
2

Reactor pressure, psig

H2 heater outlet tenperature, OF
Slurry heater outlet temperature, OF

Exotherm, OF*

* Temperature at 22' 2" reactor level - temperature of feed gas

Sunmary of Operating Data

25
3/13

0
2400

8,350
249

0
948.7
1.13

15,116
25.89

47,604
10,433
21,564

492

1.70

454
84.9
2,547

846
832
839
2,984

177
624

222

Run No. 6
26 27 28
3/14 3/15 3/16
0 0 0

2400 2400 2400
8,089 8,330 8,330

345 241 0
606 0 0

954.3 971.5 1,016
1.28 1.28

15,758 16,039 15,437
26.99  27.47 26.44

47,839 49,887 46,051
11,590 9,154 12,407
19,635 23,949 15,746

857 744 2,461

1.63 1.52 1.54

485.6 463.6 478.7
86.6 85.2 83.9
2,596 2,555. 2,513

844 848 847
828 832 832
836 840 840
2,932 2,983 2,980

763 167 763
646 639 627

198 210 220

29
yn

0
2400

8,040
336
626

1,017

1.19

15,464
26.48

50,563
12,972
21,244

884

1.68

455.8
82.8
2,480

843
828
836

2,982

764
639

205

30
3/18

0
2400

8,291
251

0
1,032
1.20

15,911
27.25

53,455
12,202
24,363

979

1.73

497.7
85.6
2,566

838
819
829

2,983

761
644

194

plus feed slurry to reactor.

k)|
3/19

2400

8,469
178

1,059
1.16

17,083
29.26

56 ,006
17,096
20,971

856

1.78

512.3
87.3
2,613

847
827
837

2,980

763
644

204

32
3/20
0
2400

8,296
249
422

1,079

1.16

17,960
.19

52,279
19.805
12,763

1,731

1.62

512.0
34.4
2,526

850
828
839

2,977

786
658

194

KK]
3/21
0
2400

7,976
147
467

1,109

1.13

16,413
28.11

46,192
15,022
14,210

546

1.50

501.8
87.1
2,609

855
835
845

2,979

782
628

228

7}
/22

2400

8,227
251

1,120
1.14

15,474
26.5

50,007
14,052
19,889

592

1.76

452
81.8
2,449

857
840
849

2,979

780~
604

254

35
3/23
0
2400

8,407
180

0
1,140
1.13

15,392
26.36

45,042
14,773
14,359

518

1.60

475.9
84.0
2,518

854
834
844

2,982

781
645

235

36
3/24
0
2400

8,407
0
0

16,699
28.6

50,609
12,984
20,405

521

1.62

441.7
86.1
2,580

850
831
841

2,982

780
639

211



-12€

Period:
Date: -
Hours of Run - Beglnning

End

Catalyst inventory, lbs

Catalyst added, lbs

catalyst withdrawn, lbs

Catalyst age (end), lbs dry coal/lb

Catalyst added (cummulative), 1b/ton dry coal

Coal feed (-2% H20), 1b/hr
Space veloc’‘y, b/hr/ftd

Slurry feed to reactor, lb/hr
Fractionator bottoms
Hydroclone overflow
Seal ofl (J-201)

011/solids feed ratio, 1b/1b

Feed gas to reactor
MSCFH
X W2
H, {inlet partial pressure, psia

Reactor temperature, OF
2; L} 2“
1' 4"
Avg.
Reactor pressure, psig

H2 heater outlet temperature, ©F
Slurry heater outlet tenperature, OF

Exotherm, Of#

Sunmary of Operating Data

37
3/25
0
2400

7,870
251
788

1,203

1.07

15,940
21.3

51,148
13,425
21,294

489

.77

471.9
18.7
2,358

855
835
845
2,980

182
637

218

Run No. 6

ki) 39
/26 3/21
0 0
2400 2400
8,130 8,417
260 287
0 0
1,213 1,223
1.08 1.1
16,408 17,904
28.1 30.66
54,076 55,188
14,871 15,793
22,296 20,983
501 508
1.85  1.69
471.2  435.4
79.6 79.8
2,382 2,390
853 855
832 835
843 . 845
2,978 2,900
782 7182
640 613
213 222

40
3/28
0
2400

8,417
0
0
1,275

18,353
31.43

55,614
15,040
21,692

529 |

»

1.60

473.1
78.1
2,338

856
833
845
2,979

182
627

229

41
3/29
0
2400

8,417

0
; 0
1,321

18,211
31.19

54,770
14,890
21,230

439

1.57

515.7
84.1
2,516

854
832
843
2,979

182
636

219

42
3/30
0
2400

8,303
250
364

1,336

0.99

16,990
29.1

53,048
14,882
20,730

446

1.69

501
83.3
2,495

853
830
842
2,980

783
639

215

* Temperature at 22' 2" reactor level - temperature of feed gas plus feed slurry to reactor.

43
3/31
0
2400

8,408
105

0
1,368
0.97

16,879
28.91

54,714
*3,550
23,780

505

1.73

455.4
82.6
2,475

854

831
843

2,981

782
638

217

44
4/1
0

2400

8,221
250
437

1,372

0.98

15,640
26.78

53,656
13,675
23,771

570

1.80

457.0
82.6
2,414

852
828
840
2,981

182
647

205

45

4/2
0
2400

8,484
263

0
1,370
1.00

14,180
24.28

49,246
¥5,316
19,111

639

1.77

471.8
85.6
2,564

850
828
839
2,981

182
665

185

46

4/3
0
2400

8,484
0
0
1,401

0.97 .

11,223
19.22

46,430
29,924
4,816
467

2.81

336.1
82.0
2,456

849
830
839
2,980

782
656

193

Final

8,448



PRQCESS DEVELOPMENT UNIT

SOLIDS SEPARATION SYSTEM
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BACKGRQOUND

WHY SOLIDS SEPARATION IS NECESSARY

The H-Coal PDU can be operated in either the syncrude or the
fuel-0il mode. In the syncrude mode, the vacuum bottoms product
is utilized in the production of hydrogen. In the fuel-0il mode.
it is desirable to recover a fraction of the residual oil in

the vacuum bottoms product, (that not needed for hydrogen
production), in order to increase the 0il yield from the process.

Any liquid fuel must meet certain specifications to be usable.
Maximum ash concentrations of 0.4% for boiler fuels and 0.1%
for turbine fuels may be considered as workable approximate
specifications. In addition, there are certain sulfur and
viscosity specifications.

The ash specification cannot be achieved using the same

methods for both operating modes: In the syncrude mode the
vacuum distillation column can be used effectively to separate
the ash and unconverted coal from the liquid product. However

in the fuel-0il mode, vacuum distillation is not effective,

and HRI undertook an extensive study to determine the best

method for removing solids from the liquid product when operating
in the fuel 0il mode.

INITIAL INVESTIGATION OF SOLIDS SEPARATION TECHNIQUES

Because of the problems associated with 1iquid-solids separation
methods such as magnetic separation, filtration and centrifugation,
HRI also investigated solvent precipitation as a separate method.
Initial settling data on coal 1iquids were obtained using batch
autoclaves. We then developed a system for continuously handling
30 pounds/hour slurry liquid feed, and several preliminary separation
runs were made. Using the latest solvent precipitation equip-

ment for handling hydroclone underflow liquid feed containing

about 18% ash (27% solids), overflow liquid product was obtained
containing down to about 0.1% ash. Based on the success of

these runs, plans were made to construct a 300 pound/hour

continuous solvent precipitation settler unit to operate on

stream with the process Development Unit.

323



As mentioned, four general methods of liquid-solids separation
were investigated:

a. Solvent Precipitation
b. Filtration

c. Centrifugation

d. Magnetic Separation

Solvent precipitation, centrifugation and filtration all produced
a liquid product containing less than 0.1 weight percent ash.

Though a two-stage centrifugation system was effective in meeting
the product ash specification, the flow capacity was very low.

Therefore, centrifugation method was not recommended for the Pilot
Plant.

Filtration was also effective in meeting the product ash speci-
fication. However, it had a number of drawbacks including low
filtration rate. In addition, a large number of filters would be
required to filter the solid-containing liquid stream. Because of

its high cost and complexity, filtration was not recommended for
the Pilot Plant.

The magnetic separator was effective in producing a product of re-
duced sulfur content by removing substantially all the iron sulfide;
however, the non-magnetic ash was not removed. Therefore, the pro-
duct liquid from magnetic separation was not considered acceptable.

The solvent precipitation method used solvent fractions distilled
from the product spectrum of the H-Coal Process. It was the most
promising of the methods tested and appeared to be the most

economic. Therefore, HRI recommended that

1. A solvent precipitation process be included in the Pilot Plant.
2, A Targer-scale unit be incorporated in the PDU.

3. The planned Pilot Plant solvents be tested in the PDU.

THE CONCEPT OF SOLVENT PRECIPITATION

In solvent precipitation (also referred to as antisolvent
precipitation) an ash-rich ligquid stream is t: "ated with a
lower boiling liquid which is termed the solvent. The solvent
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should adhere to certain specifications as to boiling range,
Watson K factor, Kauri-Butanol value, etc. Certain solvents
that have either met the specifications or have been found to
be effective are H-Coal naphtha, normal Decane and Soltrol 130.

The mechanism by which the solvent "deashes" the slurry is not
completely understood. What is known, however, is that the
heavy constituents of the product (asphaltenes and pre-
asphaltenes) precipitate out of solution.. This precipitated
material agglomerates about the ash and unconverted coal
particles, dragging them down.
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SOLVENT PRECIPITATION SYSTEM QPERATION

An important objective of POU 8 was the investigation of on-

Tine deashing in the H-Coal Process. The solvent precipitation
system operated 31 hours before voluntary shutdown. A low ash
overflow, .01 W %, was attained with the conditions of .68 solvent
to slurry ratio and 49.26 W % overflow.

The solvent precipitation subsystem can operate in any one of
‘three separate modes.

Mode 1 - Process Derived Solvent Mode

Mode II - External Solvent with Hydroclone
Underflow Stripper

Mode III - External Solvent with Hydroclone
Underflow Stripper Bypass

MODE I - bROCESS DERIVED SOLVENT MODE

The process derived solvent mode is the basic mode of operation,
the other modes are derivatives. The process operates as follows:

Hydroclone underflow is sent by pressure difference from the
hydroclone underflow receiver, 0-22, to the hydroclone underflow
stripper bottoms pump, J-39. (The hydroclone underflow stripper
0-24 is bypassed). The hydroclone underflow is pumped to the
suction of the slurry charge pump, J-29, the excess material
returns to 0-22 from J-29. The hydroclone underflow is pumped
by J-29 to the inlet of the first stage mixer.

The process derived solvent is produced in the solvent production
column, N-5. The N-5 bottoms product is sent to the solvent
drum, P-5. From P-5, the solvent is pumped by J-30 up to unit
pressure and is sent through the solvent heater, M-23. From

M-23 the solvent is injected into the hydroclone underflow

stream at a point just upstream of the first stage mixer.

The combined solvent/hydroclone underflow stream passes through
the first stage and second stage mixers then enters the settler,
0-25. In the settler, the feed stream splits into an ash-rich
underflow stream and clean overflow stream.
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The underflow stream exits the settler from the bottom. It is
picked up by the suction of the settler underflow circulation
pump, J-41. The underflow circulation loop precludes the
underflow from setting up.in the 1line. A slip stream from the
discharge of J-41 is sent to the underflow letdown valve CV-20.
The settler underflow is let down in pressure and is sent to
the vacuum still, N=3.

The overflow stream exits the settler from the top, passes to -
the overflow receiver, 0-26, is let down in pressure by LCV-21,
and is sent to the solvent recovery column, N-4.

The feed to N-4 is comprised of settler overflow and vacuum
still overhead product. The solvent is recovered as the over-
head product of N-4 and is sent to the solvent drum, P-5. The
bottoms product of the solvent recovery column is the fuel-o0il
product. The fuel-0il product is then sent either to the
slurry mix tank for recycle or to storage.

MODE Il - EXTERNAL SOLVENT WITH HYODROCLONE UNDERFLOW STRIPPER

This mode of operation is quite similar to Mode I. The primary
differences are:

A. Hydroclone underflow from 0-22 is stripped by steam
in 0-24 to remove any material in the boiling range
of the external solvent. The stripped underflow is
pumped by J-39 to the settler change pump and excess
underflow is returned to the plenum chamber in the
bottom of 0-24. The overhead stream from 0-24 passes
to a partial condenser, M-20, where hydrocarbon
vapors are condensed. The oil from 0-27 is taken
to 0-12. Uncondensed vapors are taken to the 0-14
coolers.

B. The solvent is non-process-derived, therefore, the
solvent production column is not placed in service
and solvent make is from drummed solvent. The
remainder of the process description is similar to
Mode I.
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MODE IIT - EXTERNAL SOLVENT WITH HYDROCLONE UNDERFLOW
STRIPPER BYPASS

This mode of operation is also quite similar to Mode I. The
primary difference is that the solvent is non-process derived.
Therefore, the solvent production column is not placed in service
and solvent make is from drummed solvent. The remainder of the
process description is similar to Mode I. '
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PDU_SOLVENT PRECIPITATION UNIT PROCESS DESCRIPTION

SYSTEM QVERVIEW

The solvent precipitation system is fully integrated with the
PDU. Hydroclone underflow from 0-22 will be sent by pressure
difference to 0-24. The level in 0-22 is controlled by LCV-27.
Hydroclone underflow from 0-24 is pumped by J-39 to the

suction of the slurry charge pump, J-29. The balance of the
hydroclone underflow not charged to the settler is returned to
0-24 through a loop. J-29 pumps the hydroclone underflow to the
inline static mixer. J-30 pumps the solvent from the solvent
drum, P-5, through a preheater, M-23, to a point just upstream
of the inline static mixer. The inline static mixer combines
the solvent and hydroclone underflow streams. The mixed stream
then passes to the upflow agitated autoclave. The autoclave
allows for particle agglomeration and growth. The mixed stream
then flows to the settler, 0-25. The settler is operated at
approximately 200 psig and 550°F. Sufficient residence time is
provided for the settling of agglomerated solids and overflow
of a clarified 0il stream. The settler underflow exits the
settler from the bottom. It is sent to the suction of the
settler underflow circulation pump, J-42. A slipstream from
the discharge of J-42 is sent to the settler control values,
CV-20A, B and C. The settler underflow is let down in pressure.
It is sent to the vacuum still, N-3, for recovery of solvent and
distillate oils. The settler overflow is metered by FIRC-21 and
a nuclear density gauge while flowing to the overflow receiver,
0-26. Settler pressure is maintained by a nitrogen cap in the
overflow receiver. At the overflow receiver, the settler over-
flow is let down in pressure by LCV-21 and flows to the solvent
recovery column, N-4. Vacuum overhead from N-3 is also fed to
N-4. The bottoms of this column is the low-solids fuel oil
product. The condensed overhead from N-4 is the recovered
solvent and is pumped to the solvent drum, P-5.

SAMPLING AND ANALYSES

Sampling and analyses of the solids separation unit streams
were performed for online process control purposes and for
subsequent workup and process evaluation. Samples and analyses

are shown in Exhibit S-2. These were in addition to the other PDU
sampling and analytical requirements.
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Ash (Total 11)

Hydroclone Underflow
Settler Overflow
Settler Underflow
Fuel-=011

Vacuum Bottoms
Settler Profile (6)

Vacuum Distillations (Total 4)

Fuel-011

Hydroclone Underflow
Settler Overflow
Settler Underflow

Atmospheric Distillations
(Total 1)

Solvent

°API (Total 4)

Fuel-0i1

Solvent

Settler Overflow
Hydroclone Underflow

Sulfur (Total 2)

Fuel=-0i1
ASB .

Heating Value (Total 12)

EXHIBIT 5-2

Fuel-0i1
ASB

SUS (Total 2)

Fuel-0il
ASB

Extractions, OMF and Toluene (Total 8)

Hydroclone Underflow (975°F+)
Fuel-0i1 (975°F+)

Settler Overflow (975°F+)
Settler Underflow (975°F+)
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PROCESS CONTROL

Analyses were routinely performed to ensure specification process
performance and to indicate any necessary process changes. The
type and frequency of sampling and analyses were determined by
the needs of the operation.

The ash in the settler overflow and the API gravity of the N-4
column overhead production were determined every shift. The
level of ash in the overflow indicates if changes in the solvent,
to slurry ratio, overflow rate, or settler temperature need to
be made. The API gravity of the N-4 column overhead indicates
if the N-4 column is operating satisfactory.
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EQUIPMENT AND TEST METHODS USED IN SOLIDS SEPARATION EXPERIMENTS

BATCH AUTOCLAVE SEPARATION

Two batch autoclaves were used to obtain settling data prior to
using the continuous solvent precipitation separator. The auto-
claves had capacities of one-liter and one-gallon, respectively,
and were equipped with magnetically-operated stirrers. Both were
suitable for operations to 3000 psig and 850°F (or 5000 psig at
650°F).

Operation of both autoclaves consisted of charging a quantity of
slurry and anti-solvent, then heating and agitating the mixture
until the desired temperature was obtained. The agitation was
then stopped and liquid samples withdrawn through an internal
tube set at a fixed elevation in the autoclave.

Data from a series of samples were used to calculate the settlin g
rate of the solids, and from that data the maximum upflow velocity
was calculated that would provide a solids-free overflow. This

is the usual procedure for settler or thickener design.

Additional information obtained for thickener design was the
compacting time of the solids since most thickener equipment is
designed for operation with aqueous liquids. For material of
this nature, it is customary to obtain data on compaction rate

by observing the lowering of the solids level in a column of
slurry. Data of this kind are difficult to obtain from the auto-
clave with coal-derived heavy oils.

The slurry used was hydroclone underflow from PDU operations -

either syncrude mode or fuel o0il mode. Antisolvent material in
all cases was 350-500°F H-Coal naphtha.

CONTINUOUS 30-POUNDS-PER HOUR SEPARATOR

The continuous 30-pound-per-hour separator was the basis for most
of the solids separation work in Phase I. The continuous 30-
pounds-per-hour solvent precipitator was operated with feed
directly from the POU to simulate the Pilot Plant as closely as
possible. With hydroclone underflow containing about 18 W % of
ash (27 W % solids) as feed, the separator produced an overflow
product containing less than 0.1 W % ash and an underflow material
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containing‘as much as 30 W % ash (45 W % solids) on a continuous
basis. The longest run was 42 hours, and was terminated only
because of a lack of feed material.

Run 15 used hydroclone underflow and achieved ash contents

from 0.006 W % to 0.093 W %. The anti-solvent was a naphtha
produced from the process. The rate of use was approximately
ten times the production, based on throughput of the entire
hydroclone underflow stream. Therefore, redistillation of the
clean product and overflow product would be necessary to recover
the solvent.

Run 16 also used hydroclone underflow and naphtha produced by
the H-Coal Process. The objective of this run was to start
with a solvent ratio lower than needed to achieve the desired
ash specification, observe the results and then increase the
ratio to see if the product specification could be met. As
shown in Table 65 the ash in the clean product was about 6-7

W % with the Tow ratio and a return to specification level
required more than ten hours even with a high ratio. The off-
specification results were replicated.

The benzene-insoluble material was preferentially rejected to
the underflow. In periods of low ash in the overflow product,
more than 80% of the benzene-insoluble material appeared in

the bottoms product. Because of the 975°F+ benzene-insoluble
material had a sulfur content of 0.97 W % versus a sulfur con-
tent of 0.57 W % for the benzene-insoluble material, this pre-
ferential rejection of sulfur was important to the sulfur
specification of the final product.

The continuous anti-solvent solids separation unit was also
operated to produce fuel o0il from reconstituted vacuum bottoms
and vacuum overhead materials. Prior to the successful oper-
ation n POU hydroclone underflow feed material, runs were made

with H-Coal vacuum bottoms diluted with an aromatic plasticizer
0il.

Basically, the settler is a 56-inch vertical length of 8" Schedule
40 pipe. During the program a number of modifications were

made to the settler vessel, but no changes were made after
Run 14.

Slurry entered the settler through a 1/2-inch pipe that extended
30 inches below the top of the settler. Clear liquid overflow
was taken through a 1/2-inch pipe nipple six inches below the
top of the settler. The concentrated underflow was withdrawn
through a 3/4-inch nipple in the center of the bottom flange.
For the last three configurations, an internal rake, turning
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at about one revolution per minute, was used to keep the lower
few inches of the settler contents in constant motion.

Two slurry feed tanks were mounted on platform dial scales and
the feed rate was continuously monitored. A third slurry tank
was available for interconnection to either of the other two
tanks. Hydroclone bottoms were piped directly from the PDU
system to any one of the three slurry feed tanks.

Each of the slurry feed tanks had a circulating system and an
internal stirrer. Two parallel slurry pumping systems and two
locations for anti-solvent liquid injection were provided.
Usually solids settling occurred 1in the lines upstream of

the settler when anti-solvent was added upstream of the unit.
In most runs the anti-solvent was injected into the slurry just
ahead aof the settler.

At the start of the program, a mixing vessel was used after the
anti-solvent was added to the slurry and before the mixture
entered the settler. Earlier work by Consolidation Coal Company
indicated that it was essential to the slurry and anti-solvent
material. In the HRI experiments, it was observed that solids
started settling as soon as the anti-solvent liquid was added

to the slurry. When the mixing vessel was employed, some settling
occurred in that vessel and in the lines between that vessel and
the settler. After Run 15 the mixer vessel was removed from the
system.

The procedure for solids separation using solvent precipitation is
given below.

1. Slurry was prepared in the slurry tanks (or feed was
obtained from the hydrogen underflow from PDU operations)
and brought to settler operating temperature.

25 The settler was filled with atmospheric still bottoms
or vacuum still overhead material and brought to
operating temperature and pressure.

2 Slurry feed to the settler was started at a pre-
determined flow rate: 15 to 30 pounds per hour.

4. When the slurry feed rate to the settler was established,
anti-solvent liquid addition was started and the rate
adjusted to a predetermined amount: a ratio of 0.3 to
1.0% based on slurry.

P Liquid overflow form the settler flowed into a product

receiver equipped with a 1igquid level control. The
product receiver was maintained about 50°F lower
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temperature than the settler. Liquid product dis-
charged into an atmospheric pressure vessel and anti-
solvent portion was flashed. No effort was made to
recover the anti-solvent.

6. Pressure was maintained with a cylinder nitrogen bleed
rate of about 5-20 SCFH into the overflow product
receiver and a back pressure control valve. The
nitrogen was vented through a displacement gas meter.

7 4 Settler underflow was discharged manually on a 15-minute
cycle through a 3/4-inch gate valve. The underflow
material was discharged into an atmospheric pressure
receiver and any anti-solvent in the underfiow was
allowed to flash.'

8. Overflow and underflow products were collected on an
hourly basis for analytical inspections.

Slurry composition was made of vacuum and atmospheric still

bottoms blended in the slurry feed drums. The total mount of
atmospheric still bottoms was added to the slurry drum and brought
to about 350°F to 400°F. The vacuum still bottoms, previously
ground to -1/8", was added at a rate of about two pounds every

five minutes. The slurry was stirred and circulated both while

the vacuum still bottoms were being added and for the entire
duration of the run. If circulation were to be interrupted, the
slurry would settle in the feed drums and, depending on the duration
of the interruption, would be difficult to impossible to recover.

The anti-solvent material was an H-Coal fraction in the 300 to
500°F boiling range.

During the runs overflow and underflow were collected hourly. A1l
periods were analyzed for ash and some periods were analyzed for
benzene and pyridine insolubles.

At the completion of a run, the settler was flushed with
atmospheric still bottoms and cooled to ambient temperature.

The total materials shown in the table for slurry, anti-solvent,
overflow and underflow do not include the initial start-up oil

or the final wash material, so overall material balances are not
available.

300 POUNDS/HOUR SOLVENT PRECIPITATION SEPARATOR

A continuous anti-solvent solids separation systen to accept the
entire hydroclone underflow stream from the PDOU was then designed.
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The solvent precipitation system (see Exhibits) was operated during
POU Run 8 of the Phase II H-Coal program. The solvent selected
was Soltrol 130, a commercial product manufactured by Philips
Petroleum Company. Hydroclone underflow did not have to be
stripped since the boiling ranges of Soltrol 130 and the
hydroclone underflow do not overlap.

When construction of the system was started, HRI decided to
provide the capability of using an H-Coal process-derived
sulvent and an external solvent. To use an H-Coal process-
derived solvent, a solvent production column was needed on the
POU to fractionate the atmospheric still overheads to product
a 300-500°F solvent for the system.

The HRI Process Engineering group designed the solvent pro-
duction column, and specifications were sent to vendurs for
price quotations. The column was fabricated by Distillation
Engineering Company who also provided the instrumentation and
pumps. HRI's Maintenance Staff erected the column and installed
the piping and instrumentation. .

The column (see Exhibits) is 4-inch schedule 10 with 14 feet of
5/8" ball ring packing capable of 500°F operation from full
vacuum to 150 psig. The reboiler is heated with plant Dowtherm
G and the reboiler temperature is controlled by the
differential pressure across the column. The reflux ratio is
automatically controlled by the overhead vapor temperature.

Ouring PDU 8, the solvent production column operation achieved
a 300°F cut point on the overhead product.

The IBP-300°F product from the solvent production column must
be treated to produce a stable product free of dissolved gases,
including hydrogen sulfide and C1-C4 hydrocarbons.

A naphtha stabilizer was designed b y the HRI Process
Engineering group and fabricated in the HRI maintenance shop.
The column consisted of a 20-inch by 10-foot stripping section
packed with high efficiency protruded packing. Since the heat
duty for the column was only 2500 Btu/hr, electrical tracing
on the column was used instead of a reboiler. The naphtha
stabilizer operated satisfactorily during PDU 8.
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SOLVENT PRODUCTION COLUMN
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SOLVENT PRECIPITATION EQUIPMENT LIST

A compilation of equipment in the solvent precipitation system
is given below.

D - Storage drum

l

D-5 - Solvent recovery column bottoms product drum
.Description: 55 gallun'clused tup drum

D-6 - Excess solvent product drum
Description: 55 gallon closed top drum

D-7 - Fuel 0il receiver for slurry mix tank
Description: 55 gallon closed top drum

DIR - Density Indicator Recorder

DIR-2 - Settler overflow density indicator recorder
Description: Moore Products Company Model 360A2
Electronic Strip Chart Recorder on a Texas Nuclear
Density Gauge 0-40 MA output; W. H. Gregory

DPT - Differential Pressure Transmitter

DPT-11 - Hydroclone underflow stripper differential pressure
transmitter (calibrated - 25")

DPT-13 - Hydroclone underflow receiver differential pressure
transmitter (calibrated - )

DPT-20 - Settler overflow receiver differential pressure
transmitter (calibrated - 40")

DPT-21 - Solvent recovery column differential pressure
transmitter (calibrated - 54")

OPT-24 - Solvent recovery column overheads receiver differen-

tial pressure transmitter (calibrated - 30")
Description: Above DPT's are Foxboro Pneumatic
Differential Pressure Cell Transmitter Model 13A1-MK2,

0-100 mm Hg; The Foxboro Company
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DPT-23

DPT-25 -

OPT-26

OPT-22

Solvent recovery column bottoms receiver differential
pressure transmitter (calibrated - 25")

Solvent - drum differential pressure transmitter
(calibrated - 50")

Preheat/wash 0il drum differential pressure
transmitter (calibrated - 50")
Description: Above DPT's are Foxboro Pneumatic

Differential Pressure Cell Transmitter Model 13FAl-MK-

31A-5; Flange mounted; 0-100 mm Hg; The Foxboro
Company

Solvent recovery column reboiler differential pressure
transmitter .
Description: Moore Products Company Model 25C415
Liquid Level Controller - Float type; Pneumatic

DPRC - Differential Pressure Recorder Controller

DPRC-21 - Solvent reccvery column differential pressure

recorder controller

CV - Control Valve

cv-21 -

CV-20A

Cv-208 -

Cv-26

Solvent recovery column Dowtherm removal control valve
Description: Research control valve, 1/2" threaded
connections; J.R. Simpson & Company, C,=3

Settler underflow control valve

Settler underflow alternate control valve

Description: Hammel Dahl, 1" Angle body, 1ID
#VBL1FHC3ELA9, 300 #RF, C,-0.40; Hammel Dahl

J=42 circulation control valve

Description:  Paul Valve, 1/2" size, 1/4" trim, Drwg,
D3315, S/N 3807; Flomega Div. of P.J. Hydraulics
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FI - Flow Indicator

FI1-24

FI1-25

F1-26A

FI-26B

Settler overflow receiver vent gas flow indicator
Description: Existing gas meter

Settler overflow receiver nitrogen flow indicator
Description: Wallace and Tier on Rotameter 32-D046-
5144; Arobone and Cline

Settler overflow receiver differential pressure
transmitter low pressure leg nitrogen purge flow
indicator

Description: Wallace and Tiernan Rotameter 32-D046-
5144; Arnhane and (Cline

Settler overflow receiver differential pressure
transmitter high pressure leg nitrogen purge flow
indicator

Description: Wallace and Tiernan Rotameter 32-D046-
5144; Arobone and Cline

FIR - Flow Indicator Recorder

FIR-20 -

FIRC-21-

Hydroclone underflow stripper steam flow indicator
recorder

Description: Wallace and Tiernan Metal Tube V Area
Meter, 80 1bs/hr steam at 350°F and 15 psig, 1/2 to 40
MA output, Arobone and Cline; Moore Model 77-16
Current to Pneumatic Transducer, Input: 4 to 20 MA;
Qutput: 3-15 psig; Moore Products Co.; Moore Products
Model 5321SM Two Pen Syncro Recording Control Station
with Model 561 Controller, Moore Products Company

Settler overflow flow indicator recorder controller

Description: Wallace and Tiernan Straight Thru Metal
Tube V area meter for Coal Derived 0ils, 3-15 psig
output, .6 and .1 SGU input; Arobone and Cline. Moore
Products Model -5321SM Two Pen Syncro Recording Control

Station with Model 561M controller; Moore Products .
Company
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FIR-22 - Vacuum still overhead to solvent recovery column flow

FIR-23 -

FIR-27 -

J = Pump

J=29A
J-298
J=30

J=31

indicator recorder

Description: Bearingless Flow Meter Model E-25, out-
put 1in cps; Bearingless Flow Meter Co. Dynalco Model"
SS3000 Signal Converter, 4-20 MA output, cps input;
Cemtech Control Inc. Moore Products Model .360A2,
Electronic Strip Chart Recorder; Moore Products
Company

0-27 bottoms to 0-12 flow indicator recorder
Description: Bearingless Flow Meter Model E25, output
in cps; Bearingless Flow Meter Co. Dynalco Model
$S3000 Signal Converter, 4-20 MA DC output; 8.33 =1/3
cps input; Cemtech Control Inc. Moore Products Model
360A2 Electronic Strip Chart Recorder; Moore Products
Company

Solvent recovery column bottoms to fuel oil receiver
flow 1indicator recorder

Description: Electronic Inline Turbine Meter, 4-20 MA
output; Valcon Sales. Moore Products Model 360A2
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