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ABSTRACT

. This report summarizes the progress.of the "Exploratory Research on -
Solvent Refined Coal.Liquefaction" project by The Pittsburg & Midway -
- Coal Mining Co.'s Merriam Laboratory during 1980. Six coals and a coal
.. blend, representing the -Interior, Rocky Mountain, Eastern and Northern.
- Great Plains Provinces, were processed in the SRC I and SRC II modes to
study the relationship between coal properties and liquefaction be-
havior. Disposable catalysts and specific compounds were added to-
Loveridge, Kaiparowits and Blacksvilie No. 2 coals during SRC II mode
liquefaction. Kentucky 9/14, Indiana V and Loveridge coals were pro-
cessed at short residence times (4-9 minutes) in the SRC I mode to-
évaluate the effects of.temperature, pressure, residence time and dis-
posable catalyst addition. Finally, coal from the Powhatan No. 1 Mine
.was evaluated as a feedstock for major coal liquefaction facilities.



I. SUMMARY

The activities of the Merriam Laboratory during 1980 were in four major
areas:

1. Study of the relationship between coal.properties and lique-
faction behavior.

2. Addition of catalytic materials including both dfsposabie
catalysts and higher priced specific compounds.

3. Investfgation of short residence time coal ]iquefabtion.

4. Evaluation of coals as potential feedstocks for major lique-
faction facilities. '

A.  Coal Properties and Liquefaction Behavior

‘Six coals were selected for this study:

Company and Mine | State ' Seain
Amax
Belle Ayr _ WY Smith-Roland
Mono Power ‘ | |
(Kaiparowits Plateau) uT . Red
Energy Fuels "
Energy Mine No. 1 co Wadge
Amax .
Ayrshire ' IN Indiana VI
Consol : Ohio No. 8
Georgetown No. 24 : OH - (Pittsburgh)
Consol ,
Ireland ' Wy : Pittsburgh

as well as a blend of Ireland and Blacksville No. 2 coals. The
Ireland Mine coal was processed after blcnding to ash levels of 10,
12, 14 and 16 wt %. The results with the first three coals were
given in the first quarter 1980 report* and with the remainder in
the second quarter 1980 report**,

Processing of the three western coals, Belle Ayr, Kaiparowits and
Wadge seam, all of which are low in iron (0.2-0.4 wt %, dry coal
- basis), does not appear to be feasible at normal conditions without

* "Exploratory Research on Solvent Refined Coal Liquefaction," Techni-
cal Progress Report for the Period Janhuary 1, 1980 through March 31,
1980; FE/14800-17.

** “"Exploratory Research on Solvent Refined Coal Liquefaction," Techni-
‘cal. Progress Report for the Period April 1, 1980 through June 30,
1980; FE/14800-21. '




added catalyst. For all of the coals, total oil or SRC + IOM
yields could be correlated with the composition of the coal and
iron level in the feed slurry. The reactivity generally increased -
as the organic oxygen and sulfur content of the coal increased.
Yields also improved as the iron concentration in the feed slurry
increased.

B. Addition of Catalytic Materials

Work in this area was divided into study of disposable catalysts
(iron compounds) and use of specific additives (molybdenum and
promoted molybdenum-alumina catalysts).

1. Disposable Catalyst Studies

Three series of runs were made during the year investigating
the use of disposable catalysts (other than in the study of
coal properties discussed above). In the first study, de-
tailed in the second quarter 1980 report, coal from the Love-
ridge Mine was processed at 455°C, 1800 psig and 1.0 hour
residence time to compare the catalytic activity of pyrite
(FeSp) with ferric oxide (Fey03).

Total o0il yield with pyrite was about 3% higher than with
ferric oxide which was, in turn, about 1% higher than for a
control run without additive. There were correspondingly
lower SRC and IOM yields. Yields and hydrogen consumptions
were essentially the same for runs catalyzed with pyrite or an
equal iron blend of FeS, and Fey03.

The hydrogen level .in the heavy distillate was a Tittle higher
with pyrite and the FeS,/Fep03 blend than with Fep03 alone
(7.6-7.7% vs 7.4%), altﬁough sulfur and nitrogen levels were
similar for all three runs.

In a second study, described in the. third quarter 1980 re-
port*, Loveridge Mine coal was processed at 450°C, 2250 psig
and 1.0 hour residence time in the SRC II mode. Yields and
hydrogen consumptions were essentially the same for runs with
added pyrite (FeSp) or ferric oxide (Fep03). The yields
obtained with Loveridge coal dnd 5 wt % added pyrite were
similar to those obtained with the other Pittsburgh seam coals
(Georgetown and an Ireland/Blacksville blend) studied under
‘these conditions without added catalyst.

Wheén Loveridge coal was processed in the SRC I mode at 450°C,
1900 psig and 26 minutes residence time, there was a signifi-
cant increase in total oil yield (3.7% based on MF coal) with
a corresponding decrease in SRC yield when pyrite was added to
the feed slurry. There was a smaller effect with a FeSy/
Fe»03 combination and Tittle or no effect when ferric oxide
alone was added. *

* "Exploratory Research on Solvent Refined Coal Liquefaction," Technical
Progress Report for the Period July 1, 1980 through September 30, 1980;
February 1981, FE/14800-25.



'Specific Additives Studies

Two series of runs weré made with molybdenum based catalysts.
In the first study, discussed in the third quarter 1980
report*, two runs were conducted in the SRC II mode at 450°C,

2250 psig and 1.0 hour residence time with Loveridge coal

containing 0.7 and 0.4 wt % molybdenum by aqueous impregna-
tion.

Slightly higher o0il yields and slightly lower hydrocarbon gas,
SRC and IOM yields were obtained with 0.7 wt % molybdenum than
with 5 wt % added pyrite or 3.3 wt % added ferric oxide. The
lot of pyrite used in this comparison appears to be relatively
low in activity, however, compared to some other pyrite
samples. Higher oil yields and lower SRC and IOM yields were
achieved with 0.7 wt % molybdenum on“coal than with 0.4 wt %,
although the differences were slight. The sulfur levels in
the heavy distillate and distillation residue from the Mo
catalyzed runs were much lower than in the runs catalyzed by
iron compounds. Other analyses were roughly the same for the
two catalyst types.

In work reported this quarter, two runs were conducted at
450°C, 2250 psig and 1 hour residence time with Loveridge coal
to 1nvest1gate the addition of molybdenum-alumina catalyts.
Addition of 0.34 wt % Mo dispersed on alumina and promoted by
nickel to Loveridge coal gave a 3.6 wt % higher oil yield and
a 3.7 wt % Tower SRC yield than the same amount of molybdenum
added by aqueous impregnation of the coal. Molybdenum-alumina
catalysts promoted by either nickel or cobalt gave essentially
the same results and the yields generally improved as the
molybdenum level was increased from 0.04 to 0.34 wt %, based
on coal. The product sulfur and nitrogen levels were, in

~general, reduced significantly by the molybdenum-alumina

catalysts which were originally developed as HDS (hydrodesul-
furization) catalysts.

~ Short Residence Time Coal Liquefaction

Twenty short residence time SRC I runs were conducted with Kentucky
9/14 and Indiana V coals to extend earlier short residence time
studies to higher pressures. Nominal temperatures of 460 to 487°C,
pressures of 2000 to 3000 psig and residence times of 4 Lo 9 minutes
were investigated. In addition, two runs were made with Loveridge
coal for a pre11m1nary investigation of disposable catalyst addi-
tion in the short residence time mode. Results are reported this

. quarter.

The unit was operated without difficulty during all of the runs,
filterable products were obtained and no coke build-up in the

* "Exploratory‘Research on Solvent Refined Coal Liquefaction," Technical

Progress Report for the Period July 1, 1980 through September 30, 1980;

February 1981, FE/14800-25.



preheater or dissolver was observed. Excess recycle solvent was
generally obtained at 480°C, 3000 psig and 6 to 8 minutes residence
t1me.

A total of 16 experiments_with Indiana V coal were conducted during
this study, including a 23 plus midpoint factorial to evaluate the
effects of temperature, pressure and residence time. .Increasing
temperature in the range of 460 to 480°C generally increased hydro-
carbon gas and total oil yields while SRC yield was decreased.
Increasing pressure in the range of 2000 to 3000 psig increased
recycle solvent and total oil product1on as well as hydrogen con-
sumption. The effect of residence time 'in the range of 4 to 8
minutes was confounded by the small dissolver cross-section and
high gas flow rates. It appears that the actual slurry residence
-time was somewhat below the nominal value due to "bridging" of the
gas phase in the dissolver. 0il yields would probably be larger
and SRC and IOM yields smaller if a larger diameter dissolver were
used. Increasing nominal residence time resulted in increased
hydrocarbon gas yield and hydrogen consumption and decreased 0il
and IOM yields.

At 480°C, 3000 psig and 8 minutes residence time, yields were
generally improved by solvent recycle while residence time in the
preheater between 5 and 8 minutes had little effect.

The run conditions had little effect on recycle solvent analyses,

. but the sulfur level in the SRC was reduced significantly by :
increasing dissolver temperature and/or residence time. The sulfur
level in the SRC was below 0.9 wt % for all runs.

At 460°C, 2000 psig and 9 minutes residence time with Loveridge
coal, a small improvement in yields was brought about by pyrite
addition. Yields without .added pyrite were similar to results with
Indiana V coal, except for a somewhat higher yield of non-volatile
products, SRC and IOM, with the Loveridge coal.

Evaluation of Coal Feedstocks

One run was conducted in the SRC Ii mode to evaluate Powhatan No. 1
. coal as a feedstock for major liquefaction facilities. These re-
sults are also reported this quarter.

At 457°C, 1800 psig and 1.0 hour residence time in the SRC II mode,
Powhatan No. 1 coal yielded 14.3 wt % hydrocarbon gas (based on MF
coal), 41.4 wt % total oil, 24.8 wt % SRC and 5.7 wt % IOM.

Hydrogen consumption was 4.4 wt %. These results were very similar
to thosec obtained earlier with Powhatan No. 5 coal. Ammonium
chloride deposits formed in the product separation system dur1ng
this run and a rupture disc failed. due to corros10n.



IT. INTRODUCTION

A. Reports of Previous Work

Previous work at this laboratory has been described in interim,
final, monthly, quarterly and annual reports to the Office of Coal
Research, -the Energy Research and Development Administration, and
the Department of Energy. A summary of these documents appears in
the second quarter 1979 report* along with a description of the
current. contract objectives and a history of the Merriam Laboratory
in solvent refining of coal.

B. Currently Reported Work

During the fourth quarte? of 1980, activities at the Merriam Labora-
tory were in three main areas: short residence time studies,
addition of catalytic materials and evaluation of coal feedstocks.

1.‘ Shart Residence Timé Studies

Four preliminary runs with Kentucky 9/14 coal and 16 runs with
Indiana V coal were cunducted with the primary objective of
extending earlier short residence studies to higher pressures.
The effects of temperature, pressure and dissolver residence
time were investigated in a 23 plus midpoint factorial. The
results of solvent recycle and varying preheater residence
time were also explored. Coal from the Loveridge Mine was
processed with and without added pyrite for a preliminary
investigation of disposable catalysts in the short residence
time SRC I mode.

2. Addition of Catalytic Materials

Five runs were conducted in the SRC II mode to complete a
Sstudy on reaction paths and catalysts. One run was conducted
- with coal from the Kaiparowits Plateau in Utah and two runs

- with Pittsburgh seam coal from the Blacksville No. 2 Mine to
compare the response of different types of coal to disposable
catalyst (pyrite) addition. Discussion of those runs will be
deferred until a later report. Two runs were also made with
Pittsburgh seam coal from the lLoveridge Mine to evaluate
addition of molybdenum-alumina hydrodesulfurization catalysts
(NiMo and CoMo on alumina) in the SRC II process.

3. Evaluation of Coal Feedstocks

Coal from the Powhatan No. 1 Mine was processed in the SRC II

mode at 457°C, 1800 psig and 1.0 hour residence time to evalu-
ate it as a potential feedstock for major liquefaction facil-

ities. '

* "Exploratory Research on Solvent Refined Coal Liquefaction," Technical
Progress Report for the Period April 1, 1979 through June 30, 1979;
July 1980, FE/14800-10.



III. SHORT RESIDENCE TIME COAL LIQUEFACTION

A. Experimental

1. Run Conditions

The run conditions for all 22 short residence time runs
reported this quarter are summarized in Table I.

a. Kentucky 9/14 Coal Runs (DOE 381-384)

A preliminary series of four runs was conducted with
Kentucky 9/14 coal to determine if the ranges of vari-
ables proposed for the Indiana V coal factorial were
appropriate. Of particular interest was the temperature
that would give the maximum oil yields at 3000 psig and
8 minutes residence time. The Indiana V coal was in
short supply and the Kentucky 9/14 coal was expected to
give similar results.

Operability was checked at the most and least severe
conditions contemplated for the factorial in runs DOE 381
and 383, respectively. The tendency to coke was tested
by running at the highest temperature, lowest pressure \
and longest residence time anticipated, in run DOE 382.

When the total oil yield and recycle solvent yield (in
preliminary calculations) in run DOE 381 at 487°C were
found to be below that in earlier work at 475°C and 2000
psig, a nominal temperature of 475°C was investigated in
run DOE 384. Since the oil yield was higher at 475°C
than at 487°C, it was assumed the optimum temperature was
between these two values. The factorial with Indiana
coal was therefore set up with temperatures of 460°C and
480°C instead of 463°C and 487°C, as originally planned.

b. Indiana V Coal Runs (DOE 385-400)
(i) Factorial (Runs DOE 385-392)

These runs constitute a 23 factorial in temperature,
pressure and residence time:

Factors Levels
- +
A. Temperature, °C 460 480
B. Pressure, psig 2000 3000
C. Residence Time, min. 4 8

The runs were made in a random sequence by use of a
random number table. All runs had the same feed
slurry formulation (30% coal, 70% recycle solvent)
and the solvent was used single pass. The hydrogen



feed rate was 2 wt %, based on slurry, for all runs.
- Each experiment was run until approximately 15 pro-
ducts were collected (~169 reactor volumes).

(i1) ~ Midrange Runs (DOE 393, 394, 395 and 399)

The conditions for these runs were based on the.23
factorial above. Run DOE 393 was conducted at the
midrange temperature, 470°C, at 3000 psig and 8
minutes residence time. Run DOE 394 was conducted
at the midrange pressure, 2500 psig, at 480°C and 8
minutes residence time. Run DOE 395 was conducted
at the midrange residence time, 6 minutes, at 480°C
and 3000 psig. Finally, run ‘DOE 399 was conducted
at the midpoint, 470°C, 2500 psig and 6 minutes
residence time.

(iii) Solvent Recycle (Run DOE 396)

Run DOE 396 was made with solvent recycle at 480°C,
3000 psig and 8 minutes residence time, whereas al]
the other runs in this series (DOF 385-400) were
made with single pass solvent.

(iv) Replicate Runs (DOE 397 and 398)

Run DOE 397 was a repeat of run DOE 389 at the least
severe conditions in the factorial and run DOE 398
was a repeat of run DOE 386 at the most severe
conditions.

(v) Reduced Preheater Residence Time (Run DOE 400)

Run DOE 400 was made at the same .conditions as runs
5 386 and 398 excepg the prcheater volume was 156
instead of 210 cm”. The purpose of this experi-
ment was to determine 1f the residence tiiie in the
preheater (with a constant outlet temperature)
affected the results.

Loveridge Coal Runs (DOE 407 and 408)

Both runs were made at a set of cond1t1ons used in the
factorial study with Indiana V coal:. 460°C (flat. pro-
file), 2000 psig and 8 minutes nominal residence time
with 30 wt % Loveridge codl in the slurry and 2 wt %
hydrogcn based on slurry. The lower tempcrature and
pressure from the factorial were selected to maximize any
effect of the catalyst.

Run DOE 407 was made with 5 wt % FeS, (as "Pyrite III")
added to the coal and run DOE 408 was conducted without
additive.



2. Dissolvers

Runs DOE 381-400 were conduéted with a 9/16" ID dissolver and
“runs DOE 407 and 408 with an 11/16" ID dissolver. In both
cases, a 1/4" thermowe]] was located in the center of the

dissolver,

3. Coals ‘
a. Kentucky 9/14 (Runs DOE 381-384)

ST e e

S

S

. ‘ The coal used in the preliminary exper1ments was from The
X Pittsburg & Midway Coal ‘Mining Co.'s Colonial Mine in
o . Hopkins County. This lot, LS8652 received from Harmar-
: ville, is similar to lot 7 from the Fort Lewis Pilot -
Plant used in earlier work. The moisture, ash, iron and
sulfur analyses are shown in Table I1I-b.

o g . N
E. Rl " "A‘f:::;';év R T
AN : O

b. Indiana V (Runs DOE 385-400) .

The Indiana V coal was from the 01d .Ben Coal Company's
01d Ben No. 1 Mine in Gibson County, sample 39393 from
the Wilsonville Pilot Plant. The Commercial Testing and
Engineering Co.'s analyses are shown in Table III-a.

c. Loveridge (Runs DOE 407 and 408) ‘

The coal used in runs DOE 407 and 408 was from the Consol
Loveridge Mine in West Virginia (Pittsburgh seam). Com-
mercial Test1ng and Eng1neer1ng Company analyses appear
in Table III-a.

.}f‘flg

- 4, Solvent

The recycle solvent used single pass in runs DOE 381-395 and
397-400 was from a 5-drum shipment from the Fort Lewis Pilot
Plant. The material, as received, contained 8.20% SRC, 0.31%
I0M and 0.50% ash and was therefore subjected to a standard
-laboratory vacuum distillation with an endpoint of 270°C at

2 mm Hg. Analyses of the five drums after distillation, shown
in Table IV, indicated that no further blending was necessary.
In run DOE 396, the solvent was recycled. In runs DOE 407 and
408, solvent rec1a1med from the series above, used once single

pass, was employed.

A
b

L
R C T TN

5. Additive

The pyrite used in run DOE 407 ("Pyrite III") was obtained
from the coal cleaning operation of the U. S. Steel Robena
Mine, Green County, Pennsylvania. It was finely ground by the
Jet Pulver1zer Company, Palmyra, New Jersey. Analysis of the
material, as shown in Table V, indicates 83 wt % purity as
FeSp. A particle size distribution (Coulter Counter method)



was shown in the second quarter 1980 report*. The average
particle size by “Fishgr Subsieve Sizer" is 0.95 uym and the
surface area is 2.61 m-/g. :

€. Operation

The unit was operated with little difficulty duriag these
runs, filterable products were obtained and there was no
appreciable buildup of coke in the dissolver or preheater.
Temperature ccntrol was more difficult than usual in the
preheater and bcttom zone of the dissolver, due to the high
slurry flow rates necessary to achieve the short residence
times. The bottom zone of the dissolver ran cooler taan
cdesired, so th2 resulting average temperatures were usually
csomewhat lower than the nominal value for the run.

B. Results
' The yi=2lds and recycle solvent and SRC analyses for all runs re-
ported this quarter-are shown in Table II. The unfiltered coal

solution viscosity data are shown in Table VI and the sclubilities
of the SRC products in hexane and toluene are lis*ed in Table VIII.

1. Yields and Hydrogzn Consumptions
a. Preliminary runs with Kentucky 9/14 coal (DOE 381-384)

Increasing the pressure from 2000 to 3000 psig at 487°C
and 8 minutes residence time had little effect on yields
(run DOE 361 vs DOE 382), although the comparison is
based on a limited amount of data. The effect of pres-
sure was studied mor2 thoroughly with ‘Indiana ¥ coal, as
discussed below.

A slight improvement in recycle solvent yield (2.6% loss

V; . vs 6.7% loss) was breought about by decreasing the temp-
erature from 487°C tc 475°C at 3000 psig and 8 minutes
rasidence time although there was little effect on total
oil yield.

b, 23 Factorié] in Temperature, Pressure and
Residence Tine, Indiana .V Coal

The effects of all three variables (results of the 23
factorial) are summarized in Table X.

Increasing temperature from 460 to 480°C (variable A)
increased hycrocarbon gas yield an average of 2.2 wt %
(based on MF ccal), total oil yield by 1.3 wt % znd
hydrogen consurption by 0.4 wt %. SRC yield was de-
creased by 3.2 wt %. There were also small decreases in

* "Exploratory Reésearch on Solvent Refined Coal Liquefaction,"'fechniéa]

Progress Report for the Period April 1, 1980 through June 30, 1980;
FE/14800-21.
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recycle solvent and IOM yields although the differences
were close to or within experimental error.

Increasing pressure from 2000 to 3000 psig (variable B)
increased recycle solvent yield an average of 6.7 wt %,
total o1l yield by 4.3 wt % and hydrogen consumption by
0.6 wt %. There were small decreases in. hydrocarbon gas,
SRC and IOM yields.

Increasing residence time from 4 to 8 minutes (variable
C) apparently increased hydrocarbon gas yield and hydro-
gen consumption while oil and IOM yields were decreased.
The effect of residence time is confounded, however, by

- the small dissolver diameter* and high gas flow rates
used during this series of runs.. The gas bubbles may
have bridged the space between the thermowell and the
wall of the reactor, creating a piston effect (slug
flow). The true liquid residence time is therefore not
known, but is 1ikely to be less than the nominal value.
This effect appears to be more pronounced for the nominal

4 minute residence time runs (see bs]ow). The total
factorial is broken down into two 2¢ factorials in
temperature and pressure in the next section because of
the scatter in the data at 4 minutes residence time.

There was little 2 factor interaction between temperature
and pressure (AB) in their effect on yields. There was
also little 2 factor interaction between temperature and
residence time (AC) except for the effect on total oil
yield. The pressure/residence time interaction (BC) re-

“'sulted in a generally larger pressure effect at longer
residence times and vice versa. There was little 3
factor interaction between temperature, pressure and
residence time (ABC) in their effect on yields.

c. 22 Factorials in Temperature and Pressure, Indiana V Coal
(i) Eight Minute Residence Time Runs

The effects of temperature and pressure at 8 minutes
residence time are summarized in Table XI and illus-
trated in Figure 1. The beneficial effects of
increasing the temperature and pressure are more
evident than in the 2° factorial. There were
~average increases in total oil yields of 3.4 and 5.8
wt % and corresponding decreases in SRC yields of
4.2 and 4.0 wt % with increases in temperature or
pressure, respectively. The two factor interaction
resulted in less change in. total oil, SRC and IOM
yields with increased temperature at the higher
pressure, and vice versa.

* The dissolver had an ID of 9/16" and a 1/4" thermowell.
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(ii)  Four Minute Residence Time Runs

‘The effects of temperature and pressure at 4 minutes
residence time are summarized in Table XII and
illustrated in Figure 2. The results are rot as
straight forward as with the 8 minute residence time
runs, possibly due to reactor hydradynamics, as
menticned above. Increasing temparature (variable
A) increaséd hydrocarbon gas yield and hydrogen
consumption while recycle solvent and SRC yields
were decreased. Increasing pressure (variable B),
on the other hand, decreased hydrocarbon gas and IOM
yields while recycle solvent, total oil and SRC
‘yields and hydrogen consumption were increased. The
two factor interaction was rather large, and for all
yields except SRC, the effect of pressure was
greater at the higher temperature and the effect of
temperature was greater at the low=r pressure.

Intermediate Values of the Variables, Indiana V Coal

The yields at 8 minutes residence time and either 2500
psig and 480°C (Run DOE 394), or 470°C and 3000 psig (Run
DOE 393), are also shown in Figure 1.

The results (except for IOM yield) at 2500 psig and 480°C
are better than would be expected, based on results at
2000 and 3000 psig and 480°C. The reason for the ap-
parent optimum at 2500 psig is not known, but the results
are within normal experimental error of those from the
rurs at 480°C, 3000 psig and 8 minutes residence time.

The results at 470°C and 3000 psig are nearly identical
to those at 480°C and 3000 psig.

The yields (except for recycle solvent and hydrocarbon
gas) and hydrcgen consumption at 6 minutes residence
time, 480°C and 3000 psig (run DOE 395) were nearly
identical to the average results at 8 minutes, 480°C and
3000 psig:

13.3-13.7 wt % total o0il, 62.4 wt % SKC, 4.6-4.8
wt % IOM and 2.5-2.6 wt % hydrogen cansumption

Hydrocarbon gas production increased from 2.5 to 3.5 to
5.1 wt % as residence time was increased from 4 to 6 to 8
minutes, however, and there was a shift to Tighter oil
production (naphtha and wash solvent) from recycle sol-
vent as residence time was increased from 6 to 8 minutes
at 4€0°C and 3000 psiq.

The results of the midpoint run (DOE 399) at 470°C, 2500
psig and 6 minutes residence time were as expected, with
vields (except for recycle solvent) and hydrogen consump-
tion at about the middle of the ranges observed for the
runs ‘*r. the factorial.

12



Solvent Recycle, Indiana V Coal

The yields and hydrogen consumption for the run with
recycled solvent (DOE 396) are compared to the average of
the two runs at the same conditions w1thout solvent

recycle:
o Average of
Conditions* DOE 386 and 398 DOE 396
Solvent Single Pass Recycled
" Yields, wt % MF Coal
l 5.1 4
Récycle Solvent (loss) (1.3) 0.7
Total 0i1 13.3 15.7
SRC 62.4 59.9
10M: 4.8 4.7
Hydrogen Consumption, )
wt ¥ MF Coal ‘ 2.5 : 2.7

* All at 480°C, 3000 psig and 8 minutes residencz time

The recycle solvent yield was higher by 2.0 wt %, the
total oil yield higher by 2.4 wt % and the SRC yield
lower by 2.5 wt % when the solvent was recycled. There
was a positive balance on recycle solvent when it was
recycled, even with the apparent]y poor dissolver hydro-
dynamics.

Replicate Runs, Indiana V Coal

The two sets of replicate experiments are compared below:

DOE DOE DOE  DOE
Conditions 389 397 386 398

Temperature, °C
Pressure, psig
Residence Time, min,

- 460 —>=
-— 2000 —
-« f——

-—- 480 ——™
~=— 3000
-~ g

~relatively good, except for recycle solvent yield, con-

" Yields, wt % MF Coa)

Cy-Cq 1.4 1.3 5.5 4.7
Recycle Solvent

(1oss) (5.5) 12.6) (2.1) (0.4)
Total 011 10.6 11.8 13.2 13.4
SRC 66.6 55.8 63.1 61.7
IOM 6.2 5.9 1.7 4.9

Hydrogen Consumption,

wt % MF Coal 1.0 1.1 2.9 2.1

The agreement between results for the replicate runs was

sidering the high flow rates, small diameter dissolver
and short duration of the runs. The average of the
differences was 0.5 wt % for hydrocarbon gas, 2.3 wt %
for recycle solvent, 0.7 wt % for total oil, 1.1 wt % for
SRC, 0.3 wt % for IOM and 0.5 wt % for hvdrogen con-
'sumpt1on.
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g. Preheater Residerce Time, Indiana V Coal

The yields and hydrogen corsumptions with two different
size preheaters are compared below:

Average 00E
Conditions* DOE_386/398 400
Preheater Nominzl
Rasidence Time, min. 8.3 5.3
Yields, wt & MF Coal
C1-6 5.1 4.7
Recycle Solvent (1.3) 4,0
Total 91 13.3 14.9
SRC 62.4 61.5
10M 4.8 4,7

dero%an Consumption,

wt % MF Coa 2.5 1.9

* A1l &t 480°C, 3000 psig and 8 min. dissolver residence
time.

The differeaces are close to or within experimental
error, except for the higher recycle salvent yield with
the smaller preheater. - The recycle solvent yield with
the smaller preheater was the largest obtained in all 16
current short residence time runs with Indiana V coal.

h. Catalyst Adcition with Loveridge Coal
(Runs DOE %C7 and 428)

The yields and hydrogen consumptions for the lLcveridge
coal runs with and without py~ite addition and an earlier
run with Indiana V coal at the same concditions are com-
pared below:

DOE DOE DOE
- 392 407 408
Condit ons*
Coal Indiana V  «Loveridge—e=
Pyrite Addition level,
wt ¥ HMF coal -- 5.1 .-
Yields, wt & MF coal
C1-C4_ 2.8 . 2.9 2.9
Recycie Solvent (loss) (9.7) (3.8) (8.2)
Total 011 4.1 7.2 4.3
SRC 7.2 72.7 74.5
I0M 5.1 7.9 8.0
Hydrogen Censumption
wt ¥ M~ coal 1.8 1.6 Y

* Al at 460°C, 2000 psig, 8-9 minutes residence time,
30% coal in the slurry, 2% H2 on slurry.
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(i) Effect of Added Pyrite

There: was a small improvement in yields brought
about by pyrite addition. Recycle solvent loss was
decreased by 4.4 wt %, from 8.2 to 3.8 wt % (based
on MF coal), total oil yield was increased by 2.9 wt
%, from 4.3 to 7.2 wt %, and SRC yiald was decreased
by 1.8 wt %, from 74.5 to 72.7 wt %. Hydrocarbon
gas and IOM yields and hydrogen consumption were
essentially unchanged.

(ii) Comparison to Indiana V Coal*

The Loveridge coal without added pyrite (run DOE
408) and the Indiana V coal (run DOE 392) produced
essentially the same hydrocarbon gas, recycle sol-
vent and total oil yields and about the same hydro-
gen consumption under these conditions. The yield
of non-volatile products, SRC and IOM, was higher
with the Loveridge coal. The yields with Indiara V
coal might have been better if rur DOE 392 had been
made with an 11/16" ID dissolver (as run DOE 408
was) instead of a '9/16" dissolver. This is due to
the possibility of bridging by the gas phase as
discussed above.

2. Product Quality

~a. Preliminary Runs with Kentucky 9/14 Coal
(DOE 381-384)

Due to the Timited number of samples and scatter in the
data, no significant variation in the hydrogen analyses**
for either recycle solvent or SRC are evident for the
Kentucky 9/14 coal runs. The sulfur levels were all
about the same except for run DOE 383 at the least severe
conditions (463°C, 2000 psig and 4 minutes residence
time), where the sulfur level was significantly higher in
both the recycle solvent and SRC (0.52 vs 0.45-0.46% and
1.29 vs 0.86-0.88%, respectively). The SRC product from
this run also had a significantly higher fusion point
(181°C vs 105-132°C). '

The solubilities of the SRC products from ail four runs
were about the same in hexane (18.5-25.4%). The solubil-
ities in toluene were also about the same except for a
low value for the SRC product from run DOE 381 (43.8% vs
64-73%). The reason for this low solubility is not
known. '

* The yields are compared on an MF basis since ash varied only from
9.1% with Indiana V to 7.7% with Loveridge coal.

** The scatter in the hydrogen analyses was due to a faulty absorption
reagent in the carbon train apparatus.
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Effect of Temperatire, Pressure and
Residence Time, Indiana V Coal

The run conditions had little effect og recycle solvent
analyses. In runs DOE 385-392, (the 2° factorial) re-
cycle solvent hydrogen varied only from 7.58 to 7.86 wt %,
sulfur from 0.40 to 0.46 wt % and nitrogan from C.77 to
0.82 wt %.

There was considerably more variation in SRC analyses, as
shown by the results of the 23 factorial in Table X. Al-
though the nitrogen level was essentialiy the same in all
SRC products (2.03-2.21 wt %), hydrogen level in the SRC
was reduced an average of 0.20% and sulfur level was
reduced 0.13% by "increasing the temperature from 460 to
480°C. . Increasing the pressure from 20C0 to 3000 psig
had lltt]e effect on SRC analyses. Increasing nominal
residence time from 4 to 8 minutes had little effect on
hydrogen level, but decreased sulfur level an average of
0.17 wt %, decreased fusion point by 23°C and increased
the solubility in hexane by 7.5 wt %.

There was little two factor interaction between tempera-
ture and prassure (AB) except for the effect on SRC
hydrogen level. Hydrogen level was reduced much more by
increasing the temperature at the lower pressure than at
the higher pressure. - The temperature/residence time (AC)
interaction resulted in a- larger temperature effect at
the longer residence time. The interaction between
temperature and resicence time (BC) had essentially no
effect on the SRC analyses.

The three factor interaction between temperature pres-
sure and residence time (ABC) led to a relatively large
effect on fusion point which probab]y indicates some
inconsistencies in the data.

The so]ub111ty in toluene followed the same trends &s
that in hexane, although the relative changes weré
smaller. The so]ub111ty in toluene ranged from 60 to 72
wt % for this series cf runs with an average of 67 wt %
or 33% preaspha]tenes (toluene insoluble).

‘Effect of Solvent Recycle, Indiana V Coal

The recycle solvent and SRC analyses for the solvent
recycle run (DOE 396) and average analyses for the repli-
cate runs at the same conditions with single pass so]vent
(DOE 386 and 398) are compared below:
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Average

Conditions* DOE_386/398 DO: 396
Solvent Single- Pass Recycled

Recy¢le Solvent

% H . 7.57 7.68

F 0.38 - 0.36

2N 0.80 0.83
SRC 4

% H , 5.59 5.66

%S - 0,54 .0.47

%N 2.19 2.19

Fusion Point, °C 155 . 169

Solubility in .

" Hexane, wt % 18.3 -13.1

* A1l at 480°C, 3000 psig and 8 minutes residence time

The hydrogen levels in the recycle solvent and SRC were
slightly higher in the solvent recycle run.than in the
single pass solvent exper1ments although the differences

- were close to experimental error. The hydrogen level in

the equilibrated recycle solvent from the solvent recycle
run was essentially the same as in the solvent from the
Fort Lewis Pilot Plant used in startup.

The difference in other ana]yses are close to or w1thnn
experimental error.

Replicate Runs, Indiana 'V Coal

The product anaiyses_from the two sets of replicate runs
are compared below:

DOE " DOE J0E DOE

Conditions 389 397 386 398
Temperature, °C -— 460> -— 480 —
Pressure, psig - 2000 —— «— 3000 —=
Residence Time,

min. 4 8

Recycle Solvent Analyses

£ H 7.83 7.48 7.66 7.48
%S 0.45 0.42 0.41 0.35
2N 0.78 0.79 0.82 0.78
SRC_Analyses

% H 5.75 5.66 5.62 5.56
%S 0.84 0.68 0.53 0.54
%N 2,03 2.07 2.2 2.16
Fusion Point, °C 170 220 165 144
Hexane Solubility,

wt % 13.6 3.9 16.1 20.4
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The recycle solven: analyses were in gcod agreement
except for hydrogen level. There was scatter in the
.hydrogen analyses vor these runs which cou]d account for
the discrepancy. ,

The SRC analyses were also generally in jood agreement
except for fusion point, hexane solubility and sulfur
_+level in the DOE 389/397 set. The SRC product from run

DOE 397 appears to be .unusual in many respects with the
~highest fusion point and one of the lowest solubilities
in hexane {(and toluene) of all SRC products from this
. series of experiments.

’

e, _Pféheater ResidenéeuTime, Indiana V Coal

The differences in recycle solvent and SRC analyses be-
*tween run DOE 400 (156 cm3 pgeheater ) and the average for
~runs DOE 386 and 39& (240 cm® preheater) at the same
conditions are close to or within experimental error.

f. Catalyst Addition with Loveridge Coal
(Runs DOE 407 and 403)

The product analyses for runs DOE 407 and 408 with Love-

ridge coal and run DOE 392 with Indiana V coal are com-
.. pared below:

DOE 392 DOE 407  DOE 408

Conditions*
Coal Indiana V -=—Loveridge—=
Pyrite Addition Lewvel, -
wt % MF Coal | - 5.1 -

Recycle Solvent Analysis

% H ’ 7.78 7.56 7.66
%S 0.40 0.43 0.43
%N 0.80 0.93 0.79

SRC Analyses

% H 5.96 5.69 5.75
S . 0.70 1.1% 1.24
2N 2.12 1.87 1.82
Fusion Point, °C 167 132 1N
Solubility, wt % in
hexane 12.5 16.7 13.8
toluene 68.6 74.7 72.6

* A1l at 460°C, 2000 psig, 8-9 minutes residence time,
30% coal in the slurry, 2% Hy on slurry.

(i) Effect of Added Pvrite

The recycle solvent and SRC elemental analyses were
essentially the seme for the Loveridge runs with and
without adced pyrite (DOE 407 and 408, respectively)
except for recycle solvent nitrogen. This dif-
ference is based on a single analysis for each
product and could be an analytical error. The
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_fusion point was slightly lower and the solubilities
slightly higher for the SRC from the catalyzed run
:(DOE 407) although the differences are close to
experimental error.

(ii) Comparison to Indiana V Coal

The recycle solvent analyses were essentially the
same for Loveridge and Indiana coals (runs DOE 408
and 392, respectively). The SRC from Loveridge coal
was higher in sulfur (1.24 vs 0.70 wt %) and lower
in nitrogen (1.82 vs 2.12 wt %) and hydrogen (5.75
vs 5.96 wt %) than that from Indiana coal. The dif-
ference in product sulfurs may be due to the lower
organic sulfur in the Indiana feed coal (1.3 vs 1.8
wt %). The fusion point.was a little higher (167 vs
141°C) for the SRC from the Indiana coal although
the solubilities were a little lower. The dif-
ferences are again close to experimental error.

3. Viscosity Measurements

a.

Preliminary Runs with Kentucky 9/14 Coal
(DOE 381-384)

The unf11tered coal solution (UFCS) viscosities- for the
four Kentucky 9/14 coal runs are compared in Figure 3.

The UFCS viscosities were all about the same except for
that from run DOE 383 at the least severe conditions
(463°C, 2000 psig and 4 minutes residence time), which
was significantly higher. This is in conjunction with
the higher sulfur level and fusion point for the SRC pro-
duct from this run.

Effect of Temperature, Pressure and
Residence Time, Indiana V Coal

The results of the 23 factorial are summarized in Table X.
Increasing the temperature from 460 to 480°C, the pressure
from 2000 to 3000 psig and the residence time from 4 to 8
minutes decreased the UFCS viscosity by an average of

4.1, 10.5 and 15.7 cP, respectively.

The temperature/pressure (AB) and temperature/residence
time (AC) interactions had a significant effect because
of the unusual result for the DOE 392/387 comparison
(changé in temperature at 2000 psig and 8 minutes resi-
dence time). The viscosity increased with temperature
for this comparison whereas it decreased for the other
three. temperature change comparisons. . The three factor,
temperature/pressure/residence time, interaction also was
significant in the effect of the variable conditions on
viscosity. This was also probably due to the unusual
response to temperature in the DOE 392/387 comparison.
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The effects cf temperature and pressurz at 4 and 8 min-
utes residence timz are shown graph1ca]1y in F1gures 4
and 5, respectively.

Effect of Solvent Recycle, Indiana V Coel

There was essentiaily no difference in UFCS viscosity
- between the solvent recycle run (DOE 3%6) and runs
" DOE 386 and 398 at the same cond1t1ons w1thou: sclvent
recycle, as shown in Figure 6.

. Replicate Runs, indiana V Coal

The UFCS viscosities for the replicate experirents (runs
- DOE 386/398 and 3897397} were close together for each
set. The results for the first set are &lso skown in

_ Figure 6.

. Preheater Residence'Time, Indiana V Coal

The residence time in the preheater (5 or 8 minutes) did
not have a significant effect on UFCS viscosity (compare
runs DOE 4C0 at 5 minutes preheater residence time and
“+either run DCE 386 or 398 at 8 minutes p*eheat=r resi-

' dence time in Figure 6).

‘Catalyst Addition wizh Loveridge Coal
(Runs DOE 407 and 408)

- The unfiltered coal solution (UFCS) viscosities for runs
"DOE 407 and 408 are compared in Figure 7.

The UFCS viscosities in runs DOE 407 and 428, with and
without added pyrite, respectively, were essentially the
same. The UFCS viscosity for the Indiana V run was about
50% higher than that for the Loveridge run without added
pyrite. The levels o~ solids (4.9-6.3 wt %) and SRC
(22.1-25.1 wt %) were about the same in the UFCS from

" these two runs, so the SRC apparently had a lower molecu-
lar weight with the Lcveridge coal.



IV. ADDITION OF CATALYTIC MATERIALS

A. ‘Experiméntal

1.

Run Conditions

A11 of the runs in this series (DOE 404R-405R) were conducted
at the standard SRC II conditions established during our
recent study on the relationship between coal properties and
liquefaction behavior:

Average Dissolver Temperature: 450°C. (flat profile)
Pressure: 2250 psig
_ Residence Time , _ 1.0 haur
Coal Concentration in Sturry B 30 wt %
" Hydrogen Feed Rate: . 4 wt % based on slurry

Run DOE 404R was made with Loveridge coal and'N1Mo on alumina
catalyst added at a rate of 1.0, 0.5 and 0.7 wt %, based on
slurry (0.34, 0.17 and 0.04 wt % Mo based on coa]) in parts A,

. B and C of the experiment, respectively.

Run DOE 405R was made with Loveridge coal and CoMo on alumina
catalyst added at a rate of 0.5 and 0.1 wt %, _based on.slurry
(0.18 and 0.04 wt % Mo based on coal) in parts A and B of the
experiment, respectively.

Coal

The .coal used in runs DOE 404R and 405R was from the Loveridge
Mine in West Virginia (Pittsburgh seam). C€ommercial Testing
and Engineéring Company analyses appear in Table III-a.

Coas.

"Additives

NiMo on Alumina

The catalyst used in run DOE 404R was supplied by the
American Cyanamid Company and is designated HDS-1443. It
was supplied as nominal 1/32" cylindrical extrudates and
was ground by hand to pass 150 mesh before use. Measure-
ments conducted before and after grinding show no s1gn1f1-
cant change in surface area. The catalyst, which is of
the NiMo type, was developed for expanded bed, heavy oil
hydroprocessing. Analyses of the material are shown in
Table V. -

CoMo on Alumina
This cata]yst, used in run DOE 405R, was also supplied by
Cyanamid and designated HDS-1442. 1t was supplied as

nominal 1/16" cylindrical extrudates and was ground by
hand to pass 150 mesh before use, aiso without loss of
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B.

1.

surface area. This CoMo type catalyst was developed for
the H-cca”™ process. " Analyses are shown in Table V.

0perabi1ity

Deposition of ammonium chloride in the product separation
system apparently occurred throughout these runs and caused
the shutdown of run DOE 404RC. This is the first time that
ammonium chloride deposition has been observed with Loveridge
coal at the Merriam Laboratory. Ammonium chloride formation
in the current runs may be due to the increased product deni-
trogenation brought about by the molybdenum-alumina catalysts
and resulting higher concentration of ammonia in the product
streams, partfcularly in runs DOE 404RA and 404RB.

Operability was noticeably worse in runs DOZ 404RC and 405RB
where only 0.1 wt % catalyst, based on slurry, was used than
in runs DOE 404RA, 404RB and 405RA where 0.5 or 1.0 wt %
catalyst was employed

E]ementa] Balancas

The elemental balances for runs DOE 404R through 405RB are
shown in Tables XIII through XVII. These studies were carried
out to elucidate the nature of the products and verify overall
material balances. The yields in Tables XIII through XVII
vary somewhat frcm those found elsewhere in the report because
they were based cn preliminary calculations. The results are
summarized below:

DOE . DOE - 'DOE DOE DOE

‘Out/In 401RA - 404RB 404RC 405RA 405RB

Carbon  1.00 1.0 0.99 0.99 1.00
Nitrogen  1.03 1.04 1.06 1.05 1.04
. Sulfur. .79 0.97 1.01 0.95 0.93

Thé balances for carbon were excellent. The low values ob-
tained for sulfur in some cases may be due to loss of dis-
solved HpS.

‘Unfiltered Coal Solution Distillations

The pressure dur-ng vacuum distillation of unfiltered coal
solution generally increased near the endpoint (270°C) when
added catalysts were employed. This was most pronounced for
runs DOE 404RA ard 404RB and indicates that thz added catalyst
contributed to decomposition during distillation.

Results

Yie]ds and Hydrogan Consumptions

The yields and hydrogen consumptions for these runs are shown
in Tab]e I1.
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The results of processing Loveridge coal in the SRC II mode
with various types of added catalysts are shown below:

DOE DOE ] DOE DOE DOE ‘DOE DOE
371R*** |378R*]*404RA | 404RB | 404FC || 405RA | 405RB
Conditions* ' I
Additive Fesy Mo |=——T1 NiMo ———= [lw— CoMO—
: . on Alumina on Alumina
Addition Level, ]
wt % MF Coal** 4,92 0.36] 0.34| 0.17| 0.%4| 0.18| 0.04
Yields, wt % MF Coal :
C1-C 13.4 12.4 | 12.3 {11.5 |12.0 ||11.7 | 1.5
Total 01l 39.5 40.6 | 44.2 ; 42.7 |39.3 |1 43.9 |37.6
SRC 31.7 31,8 | 28.1 }29.0 |32.5 ||28.2 |35.4
10M : 5.5 5.0 5.1 5.4 5.2 5.2 4.8
Hydrogen Consumption,
wt % MF Coal 4.7 4.9 5.3 5.0 4.8 5.4 5.4

* A11 at 450°C, 2250 psig and 1.0 heur residence time with 30% Loveridge
coal in the slurry.

** As pure feSy or Mo.

*** From “"Exploratory Research on Solvent Refined Coal Liquefaction," Tech-
nical Progress Report for the Period July 1,.1980 through September 30,
1980; February 1981, FE/14800-25.

The rolybdenum catalyst dispersed on alumina and promoted by
Ni (run DOE 404RA) gave a 3.6 wt % higher 0il yield and 2.7 wt
% lower SRC yield than the same amount of molybdenum added by
aqueous impregnation of the coal (run DOE 378R). IOM yields
and hydrogen consumptions were about the seme. As noted in a
previous reportt, the run catalyzed with 0.36 wt % molybdenum
based on coal (DOE 378R) in general produced slightly beiter
yields than the run with 4.9 wt % added pyrite (DOE 371R),
although the differences were close to experimental error.

At an addition level of 0.17-0.18 wt % Mo, based on coal, the
molybdenum-alumina catalyst promoted by cobalt (run DOE 405RA)
gave slightly better yields than molybdenum-alumina promoted
by nickel (DOE 404RB), although at the 0.04 wt % addition
level the opposite was generally true. In both comparisons,
the results are within experimental error, so it is concluded
-that there is not .a significant difference between the NiMo
and CoMo catalysts at these conditions.

The yields generally improved as the level of molybdenum-
alumina catalyst was increased. In run DOE 404R, the oil
yield increased in direct proportion to the added catalyst
level, although the SRC yield was essentially the same at the
two highest additive levels.

2. Product Quality

The naphtha (<193°C), middle distillate (193-288°C), heavy
distillatett (>288°C) and distillation residue®t analyses

t “Exploratory Research on Solvent Refined Coal Liquefaction," Technical Progress Report
for the Period July 1, 1980 through September 30, 1980; February 1981, FE/14800-25.

++ The endpoint for the distillation is 270°C at 2 mm Hg which results in a final atmospheric
boiling point (by simulated distillation) of about 270°C (878°F).
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far runs DOE 404R-405R are shown in Table II. This represents
a new analysis scheme at Merriam for SRC II runs since pre-
viously only the heavy distillates and distillation residues
were submitted routinely for elemental analysist, The solu-
bilities of the distillation residues in hexane,; toluene and
pyricine are skown in Table IX and the unfiltared coal solu-
tion and feed slurry viscosities are listed in Tabies VI and
VI, respectively. '

The analyses of heavy distillates and distillation residues
from the SRC II processing of Loveridge coal with various
types of added catalysts are shown below:

ooe, J, ooe, I poe | oo | oo | ooe | ooE

13711R*)'378R* )| 404RA 404RB| 404RC| 405RA 405RB

*

Conditions* |
Additive ) FeS, |l Mo m—— NiMo 4—— | o= COMo —=
on aluming c¢n alumina
Addition Leyel, ; ]
wt % MF Coal»+ 4 4.92 1 0,36 | 0.34{ 0,17; 0.04 =G.18‘ 0.04

Heavy Oistillate Aralyses

%S 0.41 || 0.22 0.001 0.07 0.‘13 J.13( 0.25
N 1.16 || 1.22 0.97] 1.03| 71.08) 1,091 1.20

distillation Residu2 Ana’yses

%3 4.64 | 2,19 1 1.8 1.87| 1.69) 2.14{ 2.01
%N 1.38 ) 1.42 || 1.16] 1.26] 1.42| i.28| 1.47
Fusion Point °C 132 104 13 97 106 m 108
Solubility Ratio ) '
Hexane/Pyridine 0.55 || 0.54 0.5 0.51( .49} C.57| 0.49
Toluene/Pyridine 0.93 || 0.95 0.92; 0.94] 0.93] €.94| 0.9

* ANl at 450°C, 2250 psig and 1.0 hour residence time with 30% Loveridge coal
in the slurry and 4 w: ¥ hydrogen, based on slurry.

** As pure FeSy or Mo,

*=* From the "Explorztory Research on Solvent Refined Coal Licuefactior.;' Techni-
cel Progress Repcrt far the Feriod July 1, 1980 through September 30, 1980;
February 1981, FE/148G0-25, '

The unfiltered coal solution viscosities for these r.ms are
compared in Figure 8 and the feed slurry viscgsities in
Figure 10. . -

Tne hezvy distilTate from the run with the molybdenun-alumina
catalyst (DOE 404RA) had significantly lower sulfur ¢<0.005
versys 0.2-0.4 wt %) and nitrogen (0.97 vs 1.15-1.22 wt %)
levels than the runs catalyzed with the same amount of molyb-
denum by aqueous impregnation (DOE 378R) or by pyrite (DOE
371R). These are the lowest heavy distillate™ sulfur and
nitrogen levels ever achieved at Merriam with a Pittsburgh
seam coal. '

t Analyses of these four products for selected runs appears in the third
quarter 1980 report. In addition, proportional blends of products from
Belle Ayr, Kaiparowits, Wadge seam and Ayrshire coals were distilled
Into ten fractions and aralyzed, as reported in the first and second
quarter 1380 rzports. - - '

t+ For heavy distillate with an initial boiling point of 288°C.
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There was also less nitrogen in the distillation residue (1.16
vs 1.38-1.42 wt %) with the molybdenum-alumina catalyst and
less sulfur; 1.9 wt % in run DOE 404RA versus 2.2 wt % in DOE
378R and 4.5 wt % in run DOE -371R. - (The value is higher in
the Tatter run due to the added pyrite.) The fusion points
and relative solubilities of the:distillation residues were
‘nearly the same with all three catalysts, indicating that the
average molecular weight and funct1ona11ty of the residues
were not widely different. .

The UFCS viscosities for runs catalyzed with 9.34-0.36 wt %
molybdenum (based on coal) by aqueous impregnation (DOE 378R)
or as molybdenum-alumina (DOE 404RA) were not significantly
different. The UFCS from the-run.catalyzed by 4.9 wt % pyrite
(DOE 371R) had a viscosity about-half that of UFCS from the Mo
catalyzed runs. The reason for this is not ‘known. Due to
differences in formulation, the feed slurry viscosity was
highest with the molybdenum-alumina catalyst (DOE 404RA) and
Towest with pyrite (DOE 371R), with the Mo by aqueous imprag-
nation in between.

The heavy distillates and distillation residues from the run
catalyzed by NiMo on alumina (DOE 404R) appeared to be of
slightly higher quality (lower S-and-N) than those from the
run catalyzed by CoMo on alumina '(DOE 405R) at the same addi-
tion levels, although the differences were close to experi-
mental error. The fusion points and relative solubilities
were all essent1a1]y the same.

The mo]ybdenum-a]umina catalysts promoted by nickel or cobalt
gave essentially the same UFCS viscosities (Figure 8) at an
‘addition level of 0.17 wt % Mo, based on ccal. There was an
unusually high viscosity with the cobalt promoted catalyst at
the 0.04 wt % addition level (DOE 405RB) for an unknown rea-
son. The feed slurry viscosities (Figure 10) were lower for
the nickel promoted catalyst than for the cobalt promoted
catalyst at the same addition levels (DOE 404RB vs 405RA and
DOE 404RC vs 405RB)

The heavy distillate sulfur and nitrogen levels increased as
the level of added molybdenum~alumina catalyst decreased. The
nitrogen level in the .distillation residue also increased with
decreased catalysis although the sulfur level decreased. This
decrease in sulfur may be due to a combination of the variable
MoS2 level in the residue and the conceéentrating effect in the
residue because of higher conversion with increased catalysis.
The catalyst level had little effect -on fUS1on points and
re]at1ve solubilities. ,

The catalyst level had no apparent effect on UFCS viscosity in
run DOE 404R with the NiMo on alumina. With the CoMo on
alumina catalyst there was an order of magnitude increase in
UFCS viscosity at the 0.04% Mo on coal add1t1on 1eve1 compared
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A. Experimentél

to the 0.18% addition -evel. The viscosity at the lcwer
addition level (DOE 40%5RB) appears to be out of line, however.
The feed slurry viscosities do not appear to correlate with
catalyst level. They, in fact, decreased as catalyst level
was decreased 2ven though operability generally .got worse.

V. EVALUATION OF COAL FEEDSTOCKS

1.

Run Conditions
The run conditions for this experiment are snown in Table I.

Run DOE 406R was conductad at 457°C average dissolver tempera-
ture .(nominal 450°C inlet and 460°C outlet), 1800 psig and 1.0
hour residence time with 30 wt % Powhatan No. 1 coal in the
slurry and 4 wt % hydrogen, based on slurry. The target
levels for total solids and middle distillate in the feed
slurry were 45 and 6 to 10 wt %, respectively.

During part A of the experiment, the temperature was 59°C in
the slurry mix pot and 66°C in the slurry feed pot. In part B
of the run, the mix pot temperature was increased to 67°C and
the feed pot temperature to 97°C to determine the effect of
these temperatures on loss of volatile materials from the feed
slurry.

Coal

The coal used in run DOE 406R was from the North American Coal
Company's Powhatan No. 1 Mine in QOhio (Pittsburgh seam). The
elemental analyses are shown in Table III-a, the petrographic

"analysis in Table III-c and the float and sink analysis in

Table III-d.
Operatian

About sevén days after beginning the run, plugging was ob-
served around the intermediate temperature, high pressure
{ITHP) separator. A plug at the bottom of the separator
prevented most of th2 liquid phase from being fec to the
distillation column. A restriction in the overkead 1ine from
the separator caused a pressure differential between the
dissolver and gas Tetdown valve which fluctuated between 20
and 130 psi. MWater was injected into the line between the
high temperature, high pressure (HTHP) separator and ITHP
separator for 37 minutes (59 grams fed) shortly after switch-

ing to part B of the run. The pressure differential dis-

appeared about 15 minutes aftér water injection wss begun and
normal amounts of product came off the d1st1]1at1on column
saon thereafter.
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The run ended when the rupture disc on the transfer line
between the dissolver and the HTHP separator burst. This disc
was -sent to GR&DC, Harmarville, where it was found that the
failure apparently occurred due to corrosion. A copy of their
report is included as Appendix B.

A deposit was found in the vapor line from thé ITHP separator
after the run which was confirmed to be ammonium chloride.

4. Material Balances

‘a. Ash Balance ’

There was no apparent effect on ash ba]ance brought about
" by raising the feed tank temperature firom 66 to 97°C

(experimental ash output of 102.1 vs 102.8% of theoreti-
cal*). The ash balances were sat1sfactory for both parts
of the run.

b. Elemental Balance

The elemental balance for run DOE 406RB 1s shown in
Tab]e XVIII and summarized below:

QUT/IN
Carbon 1.01
Nitrogen 0.95

Sulfur 0.93
" There was the usual excellent balance on carbon and
~“apparent loss of d1sso]ved HpS and NH3 from the oil
- products.
B. Results

The yields and product analyses for all runs'repofted this ‘month
are shown in Table II. The solubilities of the distillation resi-
due in hexane, toluene and pyridine are: shown in Table IX.
1. Y1e1ds and Hydrogen Consumptions

The SRC Il yield structures for Powhatan No. 1 and Powhatan
No 5 coals are compared below:

* It is possible that a small increase in volatile loss occurred, but
any difference was obscured by other errors 1n the ash balance.
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DOE 276RY DOE 406RB

Conditions*
Coal , Powhatan Pewhatan
’ No. § S No. 1.
Yields, wt ¥ MF Coal
€y-C 18.2 14,3
Total 011 39.9 - 41,4
SRC 26.0 24.8
IOM 4,6 5.7
Ash .5 a.2
Hydrogen Consumgtion,
* wt & MF Coal” 5.1 4.4

* Both at 457°C average dissolver temperature (450- 451°C
inlet, 4£3-460°C outlet), 1800 psig, 1.0 hour residence
time, 30 wt % coal and 42.1-46.5 wt % solids in the

's]urry, 4% kydrogen or slurry.

Par* B of -run DOE 406R is used in the comparisah_bétause
operation was more.stable than in part A.

The total oil yield was slightly higher with Powhatari No. 1
coal and SRC yield slightly lower. The Powhatan No. 5 coal
"had a slightly lower IOM yield and a slightly :arger hydrogen
consumption, however. A1l these differences are close to or
within experimenta] error. Hydrocarbon gas yield was essen-

tially the same in both runs.

2. Product Quality

The procuct analyses fbr Powhatan No. 1 and Powhatan Mo. 5
~coals are compared below:Tt

DOE 276R . DOE 406RB

Conditions*

Coal Powhatan : Powhatan

No. & No. 1 .

hqux,Distil1abe Analyses

% H. 7.28, 7.68

s 0.40 . 0.50

N 1.25 “1.16

C:stiilation Residue Analyses

% H 3.72 3.69
%S 2,93 3.83
2N 1.30 AT 1.35
Fusion Point, °C 21 - 102
* Bozh at 457°C average dissolver temperature. (450-451°C o ié

‘niet, 458-460°C outlet), 1200 psig, 1.0 hour residence
time, 30 wt % coal and 42.1-46.5 wt % solids in the
<1urry, 4% hydrogen on slurry.

+ From the "Explorztory Resezrch on Solvent Refined Coal Licuefaction"
Technical Progress Report for the Period January 1, 1978 througn
December 31, 1978; FE/496-170.

++ Distillation residue solubility data are not avaiEable'for run DOE 276R.
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The hydrogen level was higher in the heavy distillate from the
Powhatan No. 1 coal, although it was about the same in both
distillation residues. The sulfur level was higher in both
products from run DOE 406RB, possibly due to the higher total
sulfur-1ével in the Powhatan No. 1 feed coal (4.7 vs 3.5 wt 92)*
The nitrogen levels were about the same in both products from
both coals, but the residue fusion point was a 1ittle lower
with Powhatan No. 1.

3. Viscosity Measurements

The unfi]teréd coal solution (UFCS) and feed slurry viscosities
for run DOE 406R are listed in Tables VI and VII, respectively.

The UFCS viscosity from run DOE 406R is compared to that from
an earlier runft with Powhatan No. 5 coal in Figure 9. The
UFCS viscosities were fairly close together for runs DOE 344RD
and 406RA with similar feed pot ‘temperatures. The viscosity
was about twice as high for run DOE 406RB with a feed pot

. temperature of 97°C, however. The reason fcr this large
difference is not known. The UFCS from run DOE 406RB had only
slightly higher levels of solids (25.4 vs 24.0 wt %) and SRC
(42.2 vs 40.9 wt %) than run DOE 406RA.

The feed slurry viscosities for these runs are compared in
Figure 11. The feed slurry viscosity from run DOE 406RA was
about 50% higher than that from run DOE 344RD due to dif-
ferences in slurry formulation (including 3.5 wt % higher
solids, 2.4 wt % higher SRC). The viscosity was much higher
in part B.of run DOE 406R, with a feed pot temperature of
97°C, than in part A. This may be due to the more viscous
UFCS used in the formulation or an acceleration in the in-
crease in viscosity that normally occurs when feed slurry
resides in the feed pot, due to the elevated temperature.

VI. SIMULATED DISTILLATION ANALYSIS OF FEED SLURRIES

A. Introduction

Information can be obtained on feed slurries if the soluble portion
is analyzed by simulated distillation gas chromatography. Carbon
disulfide is a useful solvent because it gives minimal response in
the flame ionization detector.

The resulting solutions contain distillate oils plus soluble
materials which boil above the normal range recovered in vacuum
distillation (endpoint of 270°C at 2 mm Hg). Thus, when they are
analyzed by simulated distillation, the spectrum has a tail which
does not return to the baseline by the normal cut off of 45C to
470°C. See, for example, a spectrum of the feed slurry from run
DOE 405RA, shown in Figure 12.

+ An analysis of sulfur forms is not available for the Powhatan No. 5 coal.

++ Viscosities were not measured at the time run DOE 276R, discussed earlier,
was made. Run DOE 344RD was made at the same conditions as DJE 406R, but
only one half dissolver was used.
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Comparison of Feed Slurry and Product

When the simulated distillation of the feed slurry sample is com-
pared to that of tfe proportional blend of product oils in Figure
12, the reduction in average molecular weight during liquefaction
can be clearly seen. The proportional blend of oils ir this case
represents about 41 wt % of the feed coal. Hydrocarbon gases (11.5
wt % of the feed coal) are aiso produced which are not represented
in the proportional blend. If an area corresponding to this yield
is sketched on the proportional blend spectrum at the lacation that
would be occupied by Cy-C4 hydrocarbons, a visual impression of the
product is presented which can be compared to that of the feed
slurry.

Tie lines have also been drawn on the percent off versus tempera-
ture table to compare the volatile material in the feed to that in
the products. This is done ty locating similar temperatures in
both. This is another way to indicate the substantial shift in
boiling range between input and output. streams.

The comparatively large yield of methane through butane becomes an
important consideration in discussing the chemical reactions that
take place during coal liquefaction. One of the frequent reactions
will be removal of small fragments from larger molecules which are
quenched to form Cy to C4 hydrocarbons. Moreover, the molar
oroportion of methane is large compared to ethane which is, in
turn, large compared to propane. N-butane is about three times as
abundant as i-butane. This would suggest that these fragments are
produced by opening of aromatic rings and heteroatom removal re-
actions which also open rings.

Effect of Catalysis

Figure 13 shows similar results for run DOE 405RB which was made at
the same conditions as 405RA except for 0.1 wt % adced CoMo cata-
lyst in the feed slurry instead of 0.5 wt %. Using less catalyst

resulted in an increase in the average molecular weight of the feed

slurry. The proportional blend of products for this run is also
skown in Figure 13 with the relative amount of Cy to Cs gasses
(11.5 wt % of the feec coal) sketched in. The o1l yield for this
run was slightly less tkan in the run shown in Figure 12, but a
direct comparison between runs is difficult because different
signal attenuations were used during the simulated distillation.
Ihe qualitative comparison betwzen product and feed is the same,
owever,

Conparison to Powhatan No. 1 Product

The procedure was repeated during run DOE 406RB with the results
shewn in Figure 14, The proportional blends of product frem runs
DOE 405R and 406R seem tc be composed of the same compounds (or
groups of compounds with essentially the same boiling point), in
slightly different proportions, even though the runs were made with
different coals, catalysts and conditions.
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VII. CONCENTRATION OF IRON COMPOUNDS IN .
- UNFILTERED COAL SOLUTION BY GRAVITY SETTLING

A preliminary experiment was conducted ‘to determine if -the iron com-
pounds in unfiltered coal solution (UFCS) could be concentrated by
gravity settling. The iron compounds apparently settled less than other
- solids in the UFCS so that their concentration in the ash was increased
in the overiiow Stream from the settler. The details of the study are
given in Appendix B. a : S

A. Maintenance

1.

VII. MAINTENANCE'AND MODIFICATIONS C

Production. Curtailment

Time Period - On Stream Factor, %
Jan-June 1980 . 86.3
July-Dec 1980* 80.5 -
Jan-Dec 1980* ) 83.4

*Excludes scheduled Chfistmas shutdown;;

The maximum on-stream factor is about 88% csince ‘the unit is
shut down voluntarily about twice a month. :

. Dissolver Aif Furnace 0verhau1’

The maintenance required to keep the dissolver air furnace

operating has increased in recent months. This maintenance

involves primarily the fan bearings and motors, although
wiring was replaced on several occasions. The furnace fans
were designed to pull a slip stream of cool air through the
hollow fan shafts to keep the fan bearings from overheating.
This was not possible because the exit flues on the furnace
had been blocked either at the time of manufacture or when the
furnace was received. An even more serious problem was the

‘fact that the electrical wiring wes not designed to withstand

the temperature in the wireways. In addition, several of the
heating elements had deteriorated to the point of becoming a

shock and spark hazard. The air furnace was therefore over-

hauled between runs DOE 397 and 398.

The heating elements for zones 3, 4 and 5 were replaced along
with the insulation in the dissolver area. The wiring and
plug-in sockets were replaced with components resistant to
high temperature and the inside surface of the furnace was
coated with a thin layer of fire clay to protect the insula-
tion from abrasion. '
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Presstre Products Industries (PPI) Hydrogen Compressor

This equipment continued giving problems during the reporting
period, requiring overhaul during or after runs DOE 387, 390,
393, 397 and 402. The '0" rings and diaphragms were generally
replaced as part of this maintenance. During the last over-
haul, it was found that the "0" ring on the oil side of the
diaphragm had unraveled into sheets resembling pieces of black
Teflon tape which had plugged up the check valves in the
hydraulic oil Tines. ' .

Temperature Controllers

The number of .relay failures in the Love temperature control-
lers have been dramatically reduced. This is due, in part, to
an inspection program that was instituted tc replace defective
relays before they could malfunction. In addition, silicon
controtled rectifier (SCR) controllers and a controller with

a resistance capacitance (RC) circuit (to cut down on the in-
ductive load) were tested in areas which have had high failure
rates. The improvement in service brought about by these
changes will be monitored over the next few months.

Christmas Shutdown (12-23-80 to 1-5-81)

The unit was given a thorough overhaul during this shutdown.
This included inspection of the condensors on the distillation
column and ITHP separator and the ITHP separator itself for
evidence of corrosion. Only a minor amount of corrosion was

found in the separator and none in the condensors.

Modification

A new analytical laboratory has been outfitted and is now in
service. This larger, multipurpose facility will allow for more
efficient laboratory operations.
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TABLE T

- Conditions Summary

DOE DOE DOE DOE DOE DOE DOE DOE DOE DOE DOE DOE
38 382 383 | 384 385 386 387 388 389 390 39 392

Coal «— - Kentucky 9/142 - -—— - - Indiana Vb - Bt
Operating Mode - Short Residence Time, SRC I (Singlg Pass .Solvent) :
Dissolver- ' "Short Residence Time" . —
Slurry Formulation© - :
% Coal 30 —
% Recycle solventd -— - 70 —
Slurry Feed Rate - : : -
g/hr 2047 2037 4140 | 2034 3996 1977 1979 4022 4130 4042 2035 2025
]b/hr‘/ft3 ’ 545 542 1101 | 541 1063° 526 - 526 | 1070 1099 1075 541 539
Dissolver Nominal Slurry
Residence Time, min;€ 7.9 8.0 3.9 8.0 4.1 8.2 | 8.2 4.0 3.9 4.0 8.0 8.0
Preheater ‘Nominal "SlurFy
Residence Time, min. 8.1 8.1 4.0 8.1 4.1 8.4 8.4 4.1 4.0 4.1 8.1 8.2
Loal Feed Rate® :
9/hr 606 604 1226 603 177 582 583 1184 1216 1190 599 596
lb/hr/ft3 161 161 326 160 313 155 155 315 323 7 159 159
Hydrogen Feed Rate9 . )
Mole/hr 20.2 20.3 40.5 20.2 40.5 20.2 20.3 40.5 40.5 40.5 20.2 |. 20.3
Wt 2 _based on slurry 1,97, 1.99 1.96 1.99 2.03 2.04 2.05 2.01 1.96 2.00 1.99 2.00
. MSCFP/ton of coal 25.3 25.5 25.0. 25.4 26.1 26.3 26.4 25.9 25.2 | " 25.8 25.6 | 25.8
Reactor Pressure, psig 3000 2000 2000 3000 2000 3000 2000 3000 2000 3000 3000 | 2000
"Nominal Dissolver Temperature, °C 487 487 463 475 .|j 480 480 480 460- | . 460 480 460 460
Average Dissolver Temperature, °C 483 483 460 472 474 477 476 456 | 457 472 458 458
BDissolver Temperature, °C
‘Zone 6 (top) 487%) 487+) 46421 47521 479+ 4802 | 480%) 4601 4601 48021 | 459*] 46020
5 v . 4871 | 4871 | 463%1 475%1 480+ 480+0 | 4791 46121 4600 | 480¢1 | 46021 46021
4 487:1 | 486+1 ) 4641 | 4751 || 4801 | 480*) | .479%2 | 4600 | 460*0 | 4801 | 4601 | 460%0
3 487+ 486+2 | 46421 47523 4812] 4801 479+2 | 4601 4611 | 48022 | 4611 | 46021
2 487+1. 1 485+2 1 463t | 475%1 || 476%1 | 480*2 | 479+3 | 4600 | 461%1 | 4733 | 4601 | 459%1
1 (bottom) . 4652 | 46634 | 44421 | 4591 || 449+1 | 463:3 | 462+¢3 | 437+1 | 4401 | 4401 | 4492 | 449
Preheater Temperature, °C’ ‘ N ]
Top 400£1 | 4002 | 406t1 | 399+3 || 3961 .| 395£3 | 399:3 | 4011 | 3963. | 3915 | 40123 | 39743
Middle 407+1 | 40543 | 38523 | 397126 || 38322 | 400t) | 4001 | 382+) | 382¢5 | 379*2 | 398*2 | 397*)

Bottom. © 36B+4 | 36425 333:3 | 35345.| 34643 | 384+4 | 3B6:4 | 338+1 | 338+5 | 33645 | 371s2 | 3702}

a) P&M Colonial Mine, lot LS 8652, from Harmarville, see Table IlIb for analyses. b) Old Ben.Mine No, 1, sample 39393, see Table Illa-
for analyses. ¢) Dry coal basis. d) Lot 1927 recycle solvent ;rom Fort Lewis, redistilled to remove SRC, see _Table IV for analyses;
used ‘single pass. 3) Volume of dissolver = 235.cm3 (0.00828 ft3). f) Volume of preheater 240 cm3 (Q,00846 ft3). g) Hydrogen feed
rates do not include that added as DP cel)l-purge. h) One thousand cubic feet at one atmosphere and 60°F. i) Average and standard
deviation, :



TABLE I (Continued)

DOE DOE DOE | DOE } DOE DOE’ OCE DOE
393 394 395 | 39 397 398 369 400
Conditions " ‘ ' | |
Coal o : . Indiana V@
Operating Moze . Short Residence Time SRI 1-
Solvent .Source T «——5Kingle Pass-—— Recycled = Single Pass —————
Dissolver . “Short Residence Tim2" : e
Slurry Formuletion, wt %b . a
Coal - 30 - -
Recycle Soltvent O — 70 —
rry feed Fate .
S]:/hi N 2007 2033 2628 2006 404 2052~ 2716 2044
1b/hr/ft3c 534 s41 - 699 534 1075 . © 546 ° 723 544
1 Norinal Slurry Residence - N .
Dl?i:ete;1n?T ur y 8.1 . 8.0 6.2 8.1 4.0 7.9 - €.0 7.9
19 Residence .
Pr$?ggte;’ﬂ?rlna ® urry £.3 8.1 6.3 8.3 4.1 a:r 6.1 5.3
b . ' ', .
Co;}hieed Rate ' 590 . 597 772 589 1187 603 798 . 600
1b/hr/ft3 o 187 159 205 157 316 60+ 212 . 160
Hydrogen Feed Rate® o . . e
Mole/hr 20,2 20.3 27.0 20.2 40.5 20,4 - 27.0 20.4
Wt 1 based on slurry 2.00 2.00 2.05 2.01] . 2.00 2.00 2.00 2.00
MsCFf/ton 3f coal . 25,9  25.8 26.5 26.0 | 25.9 25.6 25.6 25.8
Reactar Pressure, psig - - 3000 2500 3000 3000 | 2000 3000 2500 3000
Nominal Dissolver Temperature, °C 470 480 . 480 480 460 480 470 480
°F 8:8 . 896 896 896 860 896 878 896
Average Dissolver Temperature, °C 4€6 476 476 476 458 476 465 476
Temperature Profi]e,,°69 o o
Zone 6 (zop) 47Cx]1  480:1  480:z1 | 480:0 | 450:]  480:1  469:1  4701)
: 47C1) 480+1 48011 480+0 4600 480"<)  470hi1  480%1
4 46¢S11 4800 48011 48010 46021 48041 47041 48112
3 46S+1 4801 48041 48010 46021 48241 4711) 481+2
2 46C+7 ° 480:) 480+3 480+0 46023 4791 46841 478+1
1 (bottom) 447+1 457=1 45643 45741 4462 45524 . 45022 454342
Preheater Temoerature, °C9 : :
Top . : 39714 39721 399+1 399+ 399+1 - 30323 3961 40125
Middle 40112 40141 - 392#1 40111 385+2 39811 39211 39324

Bottom ) 3741 37111 35622 37023 34515 37142 36841 3493

a) 01d_Ben Mine No._1, sample 39333, see Table Illa for analyses 8) Dry coal basis. ¢) Volume of d\ssolver =
235 cm3 (0.00828 ft3) d) Volume of preheater = 156 cm3 (.00553 ft3) for run DOE 4CO and 24C cm3 (0.00846 £t3 )
for all other runs. e) Hydrogen feed rates dc not include that added as DP cell purge. f) Gre thousand cubic
feet at one atmosphere and 60°F, g) Averag2 and standard deviation. h) Skin temperature.
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TABLE I (Continued)

0OE DOE DOE DOE |- DOE
_404RA | 404RB | 404RC | 40S5RA | 405RB
. Coal - . ~———F——— Loveridge? -
Operating Mode : - —SRC Il ———=
Dissolver : ~——+ 00E 3 >~ DOE 1—>
Slurry Formulat1on wt % b . - - i
Coal 30.0 30.0 30.0 30.0 30.0
Recycled Coal Solution (UFCS) 65.0 | 65.5 |65.9 } 65.5 | 65.9
Recycled Solvent 4.0 4.0 - { 4.0 4.0 4.0
Additive ) 1.0 0.5 0.1 0.5 0.1
Slurry Composition, wt g b .
Coal 30.0 30.0 30.0 30.0 30.0
Middle Distillate . . :
(193-288°C, 380- 550°F) 6.2 6.3 6.2 6.3 5.3
Heavy Dlstlllate
(>288°C, '550°F) 19.4 20.1 20.0 19.5 17.6
SRC 27.8 28.6 [31.1 28.7 34.5
Ash (firom UFCS) 10.5 9.1 7.6 9.7 7.8
10M {from UFCS) 5.1 5.4 5.0 5.3 4.7
Additive : .- 1,0 0.5 0.1 0.5 0.1
Total Solids: 46.6 45.0 42.7 45.5 42.5
Slurry Feed Rate
g/hr 1181 1196 1195 1145 1139
]b/hr/ft3 c 69.2 70.1 70.1 69.0 68.6
Dissolver Nominal Slurry Resi- .
dence time, hrC 1.04 1.02 1.02 1.08 1.04
Preheater(NomIna] 31urry Resi- . ’ |
dence Time, min. T 18.1 17.9 17.9 18.7 18.8
Coal Feed Rate b : )
g/hr S : 352 -358 357 342 3
]b/hr/ft3 c , i 20.6 21.0 20.9 20.6 | 20.5
Hydrogen Feed Rate .
Moles/hr , 24.6 24.6 24.6 23.8 23.8.
Wt 2 based on.slurry - . . 4.17 | 4.1 4,72 4.16 4.18
Mscfe/ton of coa] . 53.0 LSZ.] 52.2 52.7 52.9
Additive . ~——+ NiMo ———= ||~=— CoMo ——
on Alumina on Alumina
Addition Rate, ; .
wt % based on coalP . , . .
as received material - 3.33 | 1.65 0.34 1.€7 0.33
as pure FeSz or Mo . R 0.344( 0.170 { 0.035| 0.179; 0.035
Reactor Pressure, psig - +2250
Dissolver Temperature, °C
Average —~=———— 1 450 =
Dissolver Zone f ) Co o
6 (top) . . 4512 | 45141 45121 [ 451=0 | 451:0
5 . 45041 | 449:1 |449+) || 45021 | 45021
4 45121, | 450:0 [450+1 | 450=0 | 450:0
3 45041 | 450+1 [450:0 || 45021 | 450:]
2 450+1 | 45041 4501 || 45121 | 45121
) (bottom) 45022 |449:2 44822 | 448:)1 | 4481
Preheater Temperature, °C f .
Top 3972 | 39821 [397+1 || 395£2 | 395:%)
Middle 404+2 1405£1 40421 || 40322 | 40321
Bottom 379212 | 38310 [377+7 || 358+9 | 356213

Dry coal basis.
Reactor_volume = 1035 em3 (.03655 ft3) for run DOE 4058 and. 1064 §m
(.03757 ft3) for run DOE 404R assumed slurry density =
d) Preheater volume = 310, cm3,
One thousand cubic feet at 60°F and 1 atmosphere.
Average and standard deviation,

i Pittsburgh seam coal from the Loveridge Mine, see Table ITla for znalyses.
b
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TABLE I (Continued)

DOE . .-DOE | Dot
‘ ) 406RB 407 . 408
Coal Powhatan No, 18je——0 Loveridgeb-—-—
Operatir.g Mode SRC 11 __Short Residence
Time SRC I
Dissolver , DOE 3 - SRTC
Slurry Formulatior, wt %d o .
Coal . 30.0 30.0 30.0
Recycled Solvent 5.0 "68.2 70.0
Unfiltered Coal .Solution (UFCS) 65.0 -— --
Pyrite ’ ‘ o ~- . 1.8 S e
Slurry Blend Compasifion, wt %d - : -
Coel .

30.0
Micdle Distillate 4.6
Heavy Distillate 21.5
SRC o 27.4
Ast. (from UFCS 10.2
108 (from UFCS 6.3
Total Solids 46.5
Slurry Feed Rate.

g/hr . 1195 . - 1672 . 1655

bshr/et3 € . 70.1 496 49
Dissalver Nominal Slurry Residence Timze, ‘ i

hr. _{min.) 1,02 (8.7) (8.8}

Preheater Nom13a1 Slurry Residence TimaT, min. 17.9 9.9 10.0
Coal Feed Rate® - . : -

9/hr ' ~ 357 500 494

1b/hr/ft3 20,9 148 147
Hydregen Feed Rate3

Moles/hr ) 24.5 17.4 17.4

Wt % based on slurry . 4,10 . 2.08 2.10

MSCFh/zon of coal . 52.0 26.3 26.7
Pyrite Addition Rate, wt % based on coald .

as received material -- 6.17 -

_ as pure feSp . -~ 5.12 -

Reactor Pressure, psig . 1800 2000 © 2000

Dissciver Temperature, °C ‘ '

Average 457 ~ 460 460
Zone?l . j
6 (tcp) R 45822 - -
S . A ~ « as‘ri] -
4 : CE 4600 -~
3 : . 4571 46021
2 . : : 4542) 46121
‘ 1 (bottom) " 45112 459:3
- Preheater Temperature, °C':. ;

’ Top o ' 3641 4001 ¢ 4023
Middle SR B 3981 40611 404+
Battom ) o 36416 361111 37749

a) Pittsburgh seam coal from the Powhatan Ko. 1 Mine, see Table Illa, ¢, d for analyses, .. .

b) Pittsburgh seam coal from the Loveridge Mine, see Table 1Illa for analyses. ST

¢} A tubular reéactor with an11/16" 1D, 37" long and a 1/4" thermowell.

d) Dry coal basis., R -

e) Basad en regctor volume = 1064 cm* (0.03757. ft=) for run DOE 406R and 210 cm?

(0.00742 ft°) for runs DOE 407 anc¢ 488. Assumed slurrg density = 1.15 omfcm3.

f) Preneater voiume = 312 ¢cm3 for run DOE 406R and 240 cm3 for runs DOE 407 and 408.

g) Hycrogen feed rates do not include that added as DP cell purge.

h) One thousand standard cubic feet at cne atmosphere and 60°F,

1) Average and stancard deviation. :

J) Dissolver occupied only zones 1-3 in runs DOE 407 and 408.
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TABLE II

Results Summary

. DOE DOE DOE DOE DOE DOE DOE DOE DOE DOE DOE DOE
: 381 382 383 384 385 386 387 388 389 390 N 392
Yields, wt % based on MF coal? . " i
H,0 6.2 6.4 4.9 6.1 6.9 |- 4.6 ’6.6 5.0 5.2 140 6.4 6.8
cb 0.3 0.3 0.1 0.2 0.2 - 0.4 0.2 0.2 0.3 | 03 0.3
[o4] 1.3 1.4 1.0 1.0° 1.3 1.2 1.1 0.6 0.7 0.8 0.9 1.0
H § 1.2 1.4 1.1 1.3 1.1 1.0 1.0 0.8 1.0 1.0 1.} 1.3
NH3 0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1
,c1 2.9 3.1 0.7 2.0 1.2 2.6 2.5 0.5 0.6 1.2 1.2 1.2
Gy 2.2 2.4 0.6 1.5 1.0 1(6 1.6 0.4 0.4 0.7 0.7 0.8
<c3 1.6 1.7 0.4 1.1 0.7 | 1.0 0.2 0.2 0.4 0.5 0.5
Cq 1.1 1.1 0.3 0.8 0.4 0.2 0.5 0.1 0.2 0.2 0.3 0.3
Tota] C]-C4 7.8 8.3 2.1 5.4 3.3 5.5 5.6 1.2 1.4 2.5 -2.7 2.8
C5 (gas) ' 0.6 0.4 0.3 0.8 0.3 2.2 1.7 1.0 1.1 1.0 0.9 0.9
Naphtha, =193°C 6.3 6.6 . 2.0 3.9 2.7 3.6 6.3 1.6 2.0 2.8 2.) 2.5
Wash Solvent, 193-249°C 12.4 14.3 1na 10.0 13.6 9.5 13.0 11.4 13.0 12.0 10.1 10.4
Recycle Solvent, >249°C (loss).(6.7) (8.4) | (16.5) (2.6) (9.2) (2.1) | (002.7) (3.0) (5.5) (3.0) (2.4) (9.7)
Total 0i1, Cg- Recyc]e Solvent N
{(loss) 12.6 12.9 (3.1) 12 7.4 13.2 8.3 11.0 10.6 12.8 10.7 4.1
SRC - 59,0 57.8 68.6 62.0 65.2 63.1 65.9 68.6 66.6 65.7 66.1 7.2
Insoluble Organic Matter. 5.4 5.3 17.0 5.3 6.6 4.7 4.4 5.5 6.2 5.5 4.9 5.1
Ash 9.1 8.5 9.4 9.3 9.3 9.4 8.8 8.7 9.0 9.1 9.1 -9,
Tota) 103.1 102.5 101.2 102.8 101.4 102.9 102.3 101.7 101.0 101.9 102.3 101 .8
H, Consumed (Gas Balance) 30 2.5 1.2 2.8 1.4 2.9 2.3 1.7 1.0 1.9 2.3 1.8
Recycle Solvent Analyses
ZC ' 88.42 88.78 88.73 88.91 88.52 88.48 88.58 88.44 88.83 88.84 88.48 88.36
%H 7.44 7.56 7.58 7.90 7.58 7.66 7.66 7.8) 7.83 7.55 7.86 7.78
%S ’ -0.45 0.46 0.52 0.46 0.46 0.4 0.40 0.45 0.45 0.43 0.40 0.40
%N : : 0.84 0.85 0.81 0.82 0.80 . 0.82 0.81 0.79 0.78 . 0.81 0.77 0.80
% 0 (by difference) : 2.85. 2.35 2.36 1.91 .2.64 . 2.63 . 2.55 .. 2.5 2.1 2.37 2.48 2.66
Specific Gravity 1.0553 1.0552 1.0562 1. 0477 1 0540 1..0551 1.0507 ] .1.0539 1. 0546 1.0531. 1.0464 1.0526
- SRC Analyses ) .
2 C 86.88 87.29 85.28 | 86.26 86.06 86.14" 86.92 ‘84.5]) 84.88 85.62 | 85.40 85.63
T H : ' 5.65 5.44 5.78 5.76 5.58 5.62 5.44 5.70 5.75 5.68 5.72 . 5.96
s : 0.86 . 0.86 1.29 0.88 0.74 0.93° 0.56 -0.84 0.84 0.72 0.68 0.70
g N 2.15 2.19 2.00 2.13 2.12 2.21 2.17 2.05 2.03 213 2.14 2.12
1 0 (by difference) 4.34 .99 5.44 4.60 5.33 5.20 4.74 6.36 6.14 5,52 5.75 5.03
% Ash 0.12 3. 0.20 0.37 0.17 0.30 - 0,17 0.54 0.36 0.33 0.3 0.56
Fusion Point, °C _ 105 120 181 132 197 165 147 196 170 18 173 167

‘a) Based on-distillation of filtrate,



Yields, w: % based on NF Coald

Hp0
cb

€0z
H2S
hH3

Togal Cy-Cy

Cs5+ (gas)
Naphtha, «193°C (380°F)

Wash Sa:vent, 193-249°C (380-480°F)
Recycle Solvent, >249°C (480°F) (Loss)

Total 0i%, Cg-Recycle Solvent

SRC

Insoluble Crganic Matter
Ash
Total

Hydrogen Consumed (Gas Balance)

Recycle Solvent Analyses

{by difference)
cific Gravity -

©
(1]

(o] W 3R 2R DR 2R
o=Zwnx

by difference)

[T -2
- in
o T~

n Foint, °C

a) Based on distillation of filtrate.

TABLE II (Continued)

. DOE

DOE DOE DOE cot DOE DOE DOE
393 394 395 396 397 398 399 400
6.7 6.8 6.7 6.2 4.7 5.4 5. 4.3
0.3 0.4 0.4 0.4 0.2 0.4 0.3 0.4
1.0 1.0 0.9 1. 0.8 1.1 1.0 1.1
1.1 1.2 1.2 1.0 1.0 0.9 0.9 0.9
0.2 0.1 0.2 0.2 0.2 0.2 0. 0.1
1.5 2.1 1.6 1.9 0.6 2.2 1.3 2.2
0.9 1.3 1.0 1.2 D.4 1.4 0.8 1.4
0.5 0.8 0.6 0.7 D.2 0.8 0.4 0.8
0.3 0.3 0.3 0.3 D.1 0.3 0.2 0.3
3.2 4.5 3.5 4.1 1.3 4.7 2.7 4.7
1.8 1.4 1.3 1.6 1.2 1.2 1.2 1.5
30 3.5 3.0 4.7 2.4 5.1 2.4 3.1
8.7 10.5 7.7 8.7 12.8 8.5 6.4 6.3
{0.8) (0.7) 1.7 0.7 (2.6) [D.4) {0.5) 4.0
12.8 14.7 13.7 15.7 1.8 13.4 9.5 14.9
62.6 60.0 62.4 59.9 63.8  ©8d.7 67.6 61.5
4.9 4.6 4.6 4.7 5.9 3.9 5.0 4.7
9.5 9.1 9.0 9.4 3.4 3.4 9.3 9.3
102.3 102.4 102.6 102.7 1011 102.1 101.5 101.9
2.3 2.4 2.6 2.7 i 2. 1.5 1.9
88.50 B8.39 88.4C 88.33 83.66 - 83.40 88.46 88.45
7.65 7.52 7.58 7.68 7.48 7.48 7.62 7.94
0.44 0.37 0.39 0.36 0.42 3.35 0.38 0.35
0.80 0.78 0.79 0.83 0.79 J.78 0.79 0.80
2.61 . 2.34 2,84 2.80 2,65 2,99 2.75 . 2.46
1.0497 1.0466 1.0477] 1.0560| 1.0554 1.0487 11,0463 1.0478
86.17 86.35 85.40 86.18 84.68 85.33 85.63 86.72
5.70 5.70 5.78 5.66 5.66 3.56 5.77 5.64
0.58 0.38 0.57 0.47 0.68 J.54 0.62 . 0.49
2,14 2.15 2.13 2.19 2.07 2.16 2. 2.17
5.18 4.98 5.69 5.30 6.52 5.09 5.70 4.78
0.23 0.34 0.43 0.20 0.39 0.32 0.17 0.20
190 178 174 169 220 154 162

38

144



TABLE II (Continued)

DOE DOE DOE DOE DOE
404RA | 404R8 | 404RC | 405RA | 405RB

Yields, wt ¥ based on MF Coal

. H,0 5.2 5.5 5.0 5.4 5.3
o CB' 0.3 |+ 0.4 0.4 0.3 0.4
' : co, - - 0.6 0.6 0.8 0.5 0.7
H g 1.5 1.6 1.5- 1.7 1.5
NA3 : 0.8 0.7 0.5 0.6 0.5
\ R
G 4.9 4.7 5.0 4,7 4.9
C2 3.0 2.8 | 2.9 2.8 2.8
C3 2.7 2.5 2.6 2.5 2.4
Ca 1.7 1.5 1.5 1.7 1.4 .
Total Cy-C4 12.3 1n.s 12.0 n.7 n.5
Cos (gas) 2.3 2.6 2.0 2.6 1.0
Naphtha, «193°C (380°F) 11.8 10.8 8.7 10.3 8.6
Middle Distillate, 193-288°C 15.2 15.1 15.8 16.6 { 15.1
(380-550°F)
Heavy Distillate, >288°C 14.9 14.2 12.8 14.4 | -12.9
(550°F) !
Total 0i1 (Cs-Heavy Distillate) 48,2 | 42,7 | 39.3 || 43.9 | 37.6
SRC 28.1 29.0 32.5 28.2 35.4
Insoluble Organic Matter 5.1 5.4 5.2 5.2 4.8
Ash’ . 7.4 7.7 7.6 8.0 7.7
Total L 105.5 | 105.1 |[104.8 [105.5 | 105.4
My Consumed (Gas Balance) 5.3 | s.0| 4.8 | 5.4 5.4
Additive Conversion Byproducts 0.2 0.1 0.0 0.y | 0.0 ..
- Naphtha Analyses 3
o 86.36 | 86.25| 86.13 | 86.47 | 86.23
% H 13.13 ] 13.20| 13.30 4 12.90| 12.93
$S 0.02 0.05 0.06 0.05 0.10
N ‘ 0.19 0.17 0.17 0.19 0.21
% 0 (by difference). . 0.30| o0.33| 0.3{ 0.39| 0.53
Middle Distillate Analyses?d

86.52 | 86.30| 85.72 || 86.45| 85.85

9.78 | 9.70| 9.38 | 9.64| 9.45

o.00% 0.001 o.o®| o0.00F 0.05

0.96| 1.01| 1.00| 1.06| 1.02

(by difference} 2.74| 2.98| 3.89| 2.85| 3.63

2R PR DR DR DR
o=2wnx o

Heavy Distillate Analyses? )
31 C : © 89.82 | 89.84 | 89.24 | 89.78| 89.41

1 H 7.93 | 8.02| -8.28f 8.18} 8.14
1S 0.00t] o0.07| 0.13| 0.13] 0.25
g N 0.97 | 1.03| 1.08| 1.09] 1.20
%0

{by difference) 1.28 1.04 1.27 0.82 1.00

Distillation Residue Analyses@
%C 67.27 | 69.59 | 72.42 || 69.90| 72.80

% H 419 4,20 4.46 | 4.7 4.43
%S 1.88| 1.871 1.69] 2.4 2.0
%N 1.6 | 1.26 | 1.42 | 1.287 1.47
¢ Ash 25.78 | 23.30 | 19.37 | 22.39| 19.21
Fusion Point, °C 113 97 106 m 108

a; Based on only one analysis per sample.
b) The detection limit of the sulfur analysis is about 0.005%.




TABLE II (Continued)

DOE 406RB  DOE 407, - COE 408

Y{elds, Wt ¥ based on MF Coal?

Hol 4.4 2.7 2,2
CS 0.4 0.2 0.1
0.7 0.7 0.7
§b 3.1 1.8 0.9
Nﬁ 0.4 0,) 0.1
Q 6.1 1.4 1.4
e 3.5 0.7 0.7
Gy 3.0 0.5 0.5
Ca 1.7 0.3 0.3
Total C]-C4 14.3 2.9 2.9
C5+ (gas) 2.9 0.7 0.9
Naphtha, <193°C. (38C°F: 11.0 3.4 30
Middle Distillate, 193-288°C {38C 550°F c 15.2 " 6.9 8.5
Heavy Distillate, >288°C (550F)9 (loss 12.3 (3.8) (8.2)
Total 011 (C5 Heavy ListillateC) 41.4 7.2 4.3
SRC - 24.8 72.7 74.5
Insoluble Organic Matter 5.7 7.9 8.0
Ash 9,2 7.5 747
Total 104.4 103.7 101.4
Hydrogen Consumed (5as Bzlance) 4.4 1.6 1.4
Pyrite Conversion Byproducts -- 2.1 -
Kaphtha Analysis
%C 86.19
. %R 12.75
3 0.23
-&n - 0.28
% 0 (by difference) 0.55
Middle Distillate Ana]y:is ) '
icC : 85.49
% H 9.02
$S ' : 0.13
N 1.03
% ¢ (by difference) 4.33
keavy Distillate Analysisd .
£ C 89.07 88.46 38.72
% K 7.68 7.56 7.66
%< 0.50 0.43 0.43
N ' 1.16 0.93 " 0.79
% C (by difference) 1.59 - 2,62 2.40 ‘
Dstillation Residue Analysis® . |
%C 67.73 86.25 86.50 : §
% H: 3.69 5.69 5.75 w5
2SS 3.83 1.15 1.24
EN. 1.35 1.87 1.82
% Ach 23.67 . 0.65 0.37
% a (by difference) ' - 4,39 4.32
Fusion Point, °C 102 132 . 141

Based on distillatfon of filtrate for runs DOE 407 and 408.
Includes H3S derivec from added pyrite.

Wash Solvent, 153-249°C (3B80-480°F) for ruas DOE 407 and 408.
Racycle Solvent, >249°C (480°F) for runs DIE 407 and 408, -
SRC for runs DOE 407 and 408,

oanoo
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TABLE III

Ana]yses of Feed Coals

a. [Elemental Analyses®

Coal ldentification

Company 01d Ben Consol - North American
Mine 01d Ben No. 1} Loveridge Powhatan No..1
Seam Indfana V __Pitesburgh P1ttsburgh
Proximate Analysis : . ‘
€ Ash 8.70 7.44 9.08
% Volatfle 38.26 39.13 4.97
% Fixed Carbon 53.04. 53.43 - 48.95
100.00 100.00 . 100.G0
X Moisture 4,51 0.92 3.85
Heating Value, Btu/1b 12,18 13,958 . 13,444
Sulfur Forms :
% Pyrite 1.03 0.90 2.38
% Sulfate 0.46 0.00 0.10
% Organic 1.33 1.80 2.36
% Total 7.82 7.70 T.8q
Free Swelling Index 1 8 6
Ultimate Analyses, Wt % .
Carbon 71.63 77.25 73.07
Hydrogen 4.7 5.34 - 4.95
Nitrogen 1.47 1.13- 1.30
Chlorine ‘ 0.03 0.10° 0.30
Sulfur 2.82 2.70 . 9.08
Ash ( ) 8.70 g 4 4.84
Oxygen (difference 70.58 ' 6.66
‘ ‘ 100.] Too‘od T00.00
Mineral Analysis of Ash, o
Wt %, ignited basis .
Silica, Si0p 44,35 2.7 34,07
Alumina, Al203 21.09 21.98° 19.54
Titania, Ti02 1.07 1.10 0.74
Ferric Oxide, Fez03 24,68 17.67 39.63
Lime, Cal 2.39 5.70 1.55
Magnesia Mg0 0.90 1.25 0.53
Potassium Oxide, K20 2,30 1.19 1.05
Sodium Oxide, Na,0 0.22 1.12 0.36
Sulfur Trioxide, SO 1.90 6.17 2.13
Phos. Pentoxide, P 8 0.34 0.7 0.20
Strontium Peroxide, grOz - -- 0.3
Barium Oxide, Bal -- -- 0.02
Manganese 0x1de. Mno - -- 0.05
Undeterminéd 0.60- 0.94 --
- 700. 00 T00.00
% Iron in coal 1.50 0.92° 2.52
Fusfon Temperature of Ash, °F
{Reducing)
Initia] Defonnat1on - 2080 2150
Softening (H=W)b - 2190 2220
Softening (H=1/2W) -- 2220 2300
Fluid -- 2430 2400
% Equilibrium Moisture -- == 2.01

a) All analyses performed by Commercia) Testing & Eng)neering Comgany.

except moisture are on a dry basis.

b) H = cone height; W = cone width,

M

¢

All analyses .



TABLE III (Continued)

b. Kentucky 9/14 Elemental Analyses?®

Moisture Wt %
ASTM D-3173 (oven drying) 3.18
ASﬁM D-95 (toluene distillation) 4.08

Ash | | 9.09
Iron in ash : : 17.58

Iron in coal . i , 1.60

Sulfur : . ; ' 3.28

'S

a) Analyses by Merriem Laboratory, dry basis (D-95) except for
moisture.
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TABLE III (Continued)

c. Powhatan Ho. 1 Coal'Petroqraphic“AnalySisa

MACERAL .ANALYSIS
(VOLUME PERCENT)
(MINERAL-MATTER CONTAINING BAS1S)

MACERAL MACERAL GROUP

VITRINITE 73.2 VITRINITE 74. 2

PSEUDOVITRINITE 1.0 '

EXINITE 3.7 EXINITE 2.2
(LIPTINITE) :

RESINITE 0.5

SEMI-FUSINITEs 5.7

SEMI-MACRINITE® 0.3

FUSINITE a6 INERTINITE  15.3

MACRINITE 0.2

MICRINITE as

MINERAL MATTER## 6.3 & 3

TOTAL 100% 100%

TOTAL REACTIVES~ 80. 4
TOTAL INERTS- 19. &6

¢CEEEEEEtEEEE

# CONSIDERED 1/3 REACTIVE, 2/3 INERT FOR PURPOSES OF
COKE STABILITY PREDICTIONS. ’ .

## CALCULATED FROM 9.08 X DRYASH, 4. 84 X DRY SULFUR

REFLECTANCE ANALY

Mean-Maximum Vitrinite Ro- 0.69
Distribution of Vitrinite Reflectance Readings:
XRo

9. 55 0.60 0.65 0.70 .75 0.80

ll;Jn‘JlJll|1|.l1||1||1|11114_1_J
X TXXXXX XX XXX XX XX XX
: XXXXXXXXXXXXX X : V-Type Tate for Vitrinites (=120%)
XXXXXX XXXXXX - -6 -
X XXXXXKXXXKX s \-'—,-i— Y7 ¥
X XXXXXXXXX 1.0 51.5 47.5
X XX XX X XX )
XX XX XX
XX xx X
XXX X
Nunber XXk X
£
Counts XX V-Type Tasle for Vitrinites (» 4-2%)
(Total= X (Adjusted to = Maceral ¥ of Reactive ¥itrinites)
101) X -V-5 V-6 V-7 .. V-- . -
X S = T T
X 0.8 38.2 35.2
X

a) Analysis performed by Commercial Testing and Engineering Company.
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TABLE III (Continued)

d. Powhatan No.-1 Coal Float & Sink.Anq]ysisa '

i

. f

,o. PR I [ B

FLOAT & SINK ANALYSIS

2

. 3 . [ [ 7 8 9 10 n
. : ] CUM. RECOVERY " CuM. REJECT
SPECIFIC GRAVITY - DRY BASIS" (FIOAT) (SINK)
8ink Float % wt. % Ash - % Sul. % we. X Ash - TSl % wt. % Ash™ % Sul.
14 Mesh x 0 = 1008 of Sample
1.30 23.6  3.40 3'2.80 23:6 . 3.40 '2.80 100.0 9.15 ‘4.83-
1.30 1.40° 53.4 - 6.43 3.54 " 77.0  4.46 3.3 76.4 - 10.92 5.46
. 1l.40 . 1l.60 17.3 14.89. 6.74 - 94.3 7.22 3.94 23.0 21.35 4,81 -
1.60 1.90. ..3.2 . 29.98 ..12.82 97.5 7,97 . 4.23 5.7 40.97 19,53
1.90 - 2.5 55.03° 28.1:.1 100.0 A9.15 4.83 2.5 55.03 28.11
FLOAT & SINK ANALYSIS '
1 e 3 <+ ] 13 ? [ ] . 10 n 12 3 14 I} A\ 7
o “DRY pasis CUMULATIVE RECOVERY (FLOAT) CUMULATIVE REIECT [3IN) '
SPECIIC GRAVITY % SULFUR % sutsux % SuuuR
Sink Float % W Total Pyritie Sulf. Org. % W Total Pyritic Sulf. D!u, % W . Votal * Pyritle . Sulf. Ory.
14 Mesh x 0 = 100% of Sample
3 1.30 23.6 2.80° 0.26 0.02 2.52 23.6 2.80 0.26 °0.02 2.52 ©100.0 . - 4.83 2.32 0.06 2.45°
1.30 1.40 $3.4 - "3.54 -0.92 0.05 2.57 77.0 -3.31 0.72 0:..04 2.55 . 76..4 - 5.46 2.95 0.07 2.43-
1.40. 1.60 17.3 6.74 4.44 0.09 2.21 - -94.3 3.94 1.40 0.05 2.49 23.0 9.91 7.67- 0.13 2,711
1.60 1.90 3.2 12.82 10.75 0716 1.91. 97.5 4,23 1.71 0.05 2.47 5.7 19.53 17.48 0.25 ~-1.80 .
1.90 2.5 28.11 26.10 0.36 1.65 100:0 4.83 2.32 0.06 2.45 -2.5 28.11 26.10 0.36 1.65 ..

a) Analysis performed by Commerical Testing and Engineering Company.



TABLE IV

Process Solvent Analyses*

..Runs DOE 381-395 and 397-400

a. Elemental Analyses

Specific

* Lot 1927 from Ft. Lewis.

100.00

a5

©100.00

100.00

) - Basic- Total
Drum No. % C % H % S % N % N ¥ 0 Gravity
1927-1 88.58 - 7.42 0.38 0.50 0.80 - 2.82 1.0476
1927-2 88.58 7.85 0.40 -0.52 0.78 °  2.39 1.0466
1927-3 88.60 - 7.79 0.41 .0.53 0.79- 2.41 1.0484
1927-4 88.75  7.56 0.41 0.51 0.79 2.49 1.0471
1927-5 88.70 7.86 0.43 0.53 .0.79°  2.22 1.0472
Average 88.64 7.70 0.41 0.52 0.79 2.46 1.0474
Std. Dev. *0.08 +0.20 0.02 +0.01 +0.01 . +0.22 +0.0007
b. Simulated Distillation (by Gas -Chromatography)
Drum Drum - Drum Drum Drum
1927-1 1927-2 1927-3 1927-4 1927-5
Fraction Boiling . -
Below, % Temp °C Temp. °C - Temp °C Temp °C Temp °C
IBP . 81.57 104.7 97.52 104.5 89.78
5 231.0 231.0 231.0 - 230.6 231.0
10 238.9 238.9 239.0 238.8 238.9
15 254.3 254.3 254.3 . 253.9 254.3
20 262.9 262.9 263.0 262.6 262.9
25 271.5 271.5 271.6 271.3 271.5
30 279.2 279.2 279.3 279.2 276.3
35 286.8 286.8 286.8 286.7 286.8
40 294.3 294.3 294.4 294.2 294.3
45 301.9 301.3 309.8 309.3 301.9
50 310.2 310.2 310.2 310.1 310.2
55 318.2 318.2 318.3 318.0 318.2
60 318.5 318.5 318.5 318.5 318.5
65 326.5 326.4 334.0 333.5 334.0
70 334.4 334.4 342.0 341.6 342.0
75 349.9 349.9 350.0 349.8 350.0
80 357.7 357.7 357.7 357.6 357.7
85 365.5 365.5 372.8 372.4 372.8
90 380.9 380.8 330.9 387.8 388.2
95 404.6 404.4 404.6 404.6 404.6
FBP 461.4 461.0 461.2 460.8 461.2
0i1, IBP-193°C 3.86 3.65 3.72 3.66 3.79
0i1, 193-249°C 9.42 9.63 9.55 9.72 9.49
0il, >249°C 86.72 86.72 86.73 86.62 86.72
Total 100.00 100.00



TABLE V
Additives Analysis

NiMo o CoMo

_ on alumina on alumina
o : Robena (HDS ) <HDS )
Composition, wt %2 " Pyrite III 1442 1343/
Fe -~ = 33.8 " - --
S : 41.4 -- --
C‘ . 5.4 —-—— N -
H L ' 0.40 -- --
CoQ - . ' -- 3.0 -
NiG ; _— - 3.8
MoCs : -- 16.1 15.5
Nazsl. _ - © 0.0 0.02
sog - 0.3 0.6
Moisturel 0.22 -- -
Ash® o 65.8 94.0 94.0
Mole Ratio S/Fe ' 1.86 - -
Purity, as FeSg a3 . - --
Physical Prope}tiesd
Average Particle Size, um Through 150 mesh
by Fisher Subsieve Sizer 0.95 :
by Coulter Zaunter 3.5
Surface Area, mé/g . 2.61€ 287f 312f

a) Dry basis. -b) As volatiles at ~10°C under He atmosphere. c) Wet
basis.. d) As fed. e) Nizrogen adsorption B.E.T. measurement by Sandia
Laboratorieg. 'f) B.E.T. measurencnt by Coors Spectro-Chemical Laboratory.
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TABLE VI

Unfiltered Coal So']ution'Viscositiesa
Runs DOE 381-408

Run No, Temperature  Shear l‘late Viscosity Run No.  Temperature Srear lllate Viscosity
DOE ° sec™! . cP DOE ° sec” cP
.. 210 39.64. . 10.7 210 15.86 44.5
T ao - 179.28 9.95 : 210 39.64 40.5
38 730 39.64 - 8.30 “ 210 79.28. 37.8
P18 - ..230 : 79.28 ° 7.70 - 387, LT 230 15.86 . - f 32.0 -
) [ -39.64" 5.0 P14 230 39.64 28.7
270 79.28 4,95 230 . 79.28 26.3
210 15,86 17.0 270 39.64 16.1
210 39.64 13.2 . 270 79.28 14.2
382 210 79.28 12.2 210 7.93 63.5
P16 230 39.64 9.80 210 15.86 54.0
230 79.28 9.10 210 39.64 §9.9
270 39.64 6.60 210 79.28 47.4
270 79.28 5.70 388 730 7.93 43.0"
210 7.93 48.5 P15 230 15.86 37.0
210 15.86 44.8 230 39.64 33.6 °
210 39.64 40.7 230 79.28 31.8"
: 210 79.28 37.4 — 770 15.86 21.5
383 : 230 15.86 32.5 270 39.64 18.1 °.
P14 . 230 39.64 29.4 270 - 79.28 16.2
' 230 79.28 26.7 2710 7.93 91.0
Z70 15.86 19.5 210 15.86 . 80.5
270 39.64 16.4 210 39.64 72.8 ¢
270 79.28 14.6 210 79.28 63.8
210 15.86 4.2 230 7.93 55.0
210 39.64 11.8 389 230 15.86 _48.5
. 210 79.28 11.1 P15 230 39.64. 44,3
384 730 39.64 9,30 230 79.28" -. 1 37.6 -
P.14 230 79.28 8.45 270 T15.86 23.8
270 39.64 6.20 270 39.64 19.8
270 79.28 5.45 270 79.28 *. 17.6-
210 7.93 54.5 210 7.93 472.0
210 15.86 47.8 210 . 15.86 . 34.0
210 . 39.64 44,6 210 39.64 © 29,7
210 79.28 39.8 219. 79.28 - 27.6
385 230 7.93 36.0 390 230 15.86. 28.2
P15 230 15.86 33.2 P15 230 39.64 21.9
230 39.64 30.9 230 . 79.28 20.2
230 79.28 - 27.8 —77) 15.86_ 6.
270 15.86 - 19.0 270 39.64 13.4
270 39.64 16.1 270 79,28 11.4
270 79.28 14.6 210 15.86 21.0
210 39,64 2.1 ) 210 39.64 " 18.8
210 79,28 11.6 39 210 79.28 17.5
386 - 230 : 39.64 9.70 P15 230 39.64 133
LPAs - 230 79.28 8.60 T 230 79,28 12.4
270 39,64 6.40 7270 39,64 §.00
270 79.28 5.60 270 79,28 7.38
210 15.86 25.7
210 39.64 22.9
392 210 79.28 21.6
P15 730 19.64 16.4
230 79.28 15.2
270 39,64 9.20
270 . 79.28 8.45
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TASLE VI (Continued)

Run Mo. Temperadture Shear Rate  Viscosity Run No. Temperature Snhear Rate  Viscosity
DOE °F sec” cP ' pos °F sec” cP ”
— = €
210 39.6 14.9 2]0 0'3&6 1.78x'|03
210 0.793 1.20x10
210 79.3 14.3
_ . . 210 1.9 868
393 230 39.6 i0.6 ‘
: 210 3.96 672 R
P15 230 79.3 :0.2 <}
230 0.396 = 1.57x10
: 270 39.6 6.70 230 ) 0.793 945
270 . 79.3 6.15 . *a
- . 404RA 230 1-.98 584
210 39.6 i1.3
P 58 230 3.956 44]
210 79.3 11.0 230 7,93 349
394 230 39.6 8.40 .
270 0.793 810
P14 230 79.3 8.15 .
270 1.98 414
270 39,6 5.10
. 270 3.96 275
270 79.3 .4.85
270 . 7.93 186
210 39.6 13.8 . 5
. 270 15.9 142 u
210. 79.3 13.1 - = 3
- 210 0.395 1.12x10
395 230 39.6 9.50
210 0.793 860
P15 230 79.3. 9.%5 ,
210 . 1.98 644
270 39.6 6.20 -
210 3.96 546
270 79.3 5.75.
: 210 7.93 479
210 39.6 12.4- 330 0793 143
210 79.3 12.1 :
. - 404RB 230 1.98 420
396 230 35.6 9.40 -
P 100 230 3.9 342
p 47 , 230 .79.3 9.15 b
230 7.93 292
270 39,6 6.10 570 Y53 370
270 . 79.3 5,65 ‘az
T : * 270 3.9 187
210 15.9 1.0 270 7.93 148
210 39.6 65.5 270 15.9 120
210 79.3 59.4 270 39.6 93.0
230 7.93 48.0
397 230 15.9 43.0
P15 230 39.6 37.5
230 79.3 33.4
270 15.9 22.0
270 39.6 18.1
270 79.3 16.4
210 39.6 2.5
210 79.3 11.9
398 230 39.6 9.50
P2 230 79.3 8.85 _
270 39,6 6.00
270 79.3 5.60°
210 15.9 20.2
210 39.6 17.7
210 79.3 17.0
399 230 39.6 12.8
P2 230 79.3 12.0
270 39.6 7.75
270 79.3 7.10
210 15.9 14,0
210 39.6 12.5
210 79.3 11.9
400 230 39.6 9.20
P2 230 79.3 8.90
270 39.6 6.10
270 79.3 5.63
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TABLE VI (Continued)

Run No.  Temperature Shear_§ate Viscosity Run No.. Temperature Shear.Rate- Viscosity

DOE SF - sec; P DOE _°F ___sec-! ck
: 210 - 0.793 1.10x103 210 0.793 790
210 1.98 - 882 210 1.98 628
210 3.9 774 . 210 3.96 573
730 0.793 710 ° . T30 —Y.98 382
230 : 1.98 558 406RA 230 3.9 - 333
404RC 230 3.96 - 438 P9 230 7.93 292
P 143 o230 . 7.93 - 371 _ 270 T1.98 264
770 T.98 280 270 3.96 - 201
270 . 3.9 207 270 7.93 162
270 7.93 167 270 15.9 127
270 15.9 . 136 X 270 39.6 99,8
210 T 0.793 960 - 210 . 0.396 2.725x103
210 1.98 744 210 0.793 2.00x10
210 3,96 634 . 210 1.98 1.75x10°
, 730 —0.793 690 230 0,396 “T.38x103
405RA 230 1.98 494 . 230 0.793 1.14x103
P 90 230 , 3.9 401 230 1198 888
: 230 7.93 333 . 230 3.96 772
270 .98 786 406R8B ~270 0.793 660
270 3.9 214 PR - 270 1.98 416
270 7.93 162 . 270 3.96 322
270 15.9 130 . , 270 .7.93 272
270 0.3%% 6.07x10% 270 15.9 234
210 0.793 5,46x104 310 . 1.98 292
230 0.396 3.57x10% 310 3.96 201
230 0.793 2.85x10% A 310 7.93 156
405R8 230 1,98 2.33x104. 310 15.9 124
P 144 ~270 T 0,396 2.01xT0%- - 30 39,6 95,5
270 . 0,793 . 1.45x10% S P A
210 1.98 9.90x103 e e 8.8
P P . . o
270 7.93 6.07x103 T £
— 0% 407 230 39.6 1T.4
- R P14 230 79.3 1.0
270 39.6° 7.40
270 79.3 6.70
—210" 5.9 18.2
: 210 39.6 16.8
408 210 - 79.3 16.1
P14 230 39.6 12.3
v 230 79.3 1.7
270 39.6 7.4
270 79.3 7.1

a) Brookfield Model LV Viscometer
Spindle No. 18 .
‘Procedure: 45 min, initial warmup and
equilibration;
20-30 minute equilibration
after temperature change;
10 minute equilibration
.after shear rate change.
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Feed Slurry Viscosities?
Runs DOE 404R-406R

TABLE VII

Run No. Temperature  Shear ?ate Visiosity Run No. . Temderature Shear Rate Viscosity
DOE °F sec” 10% cP DOE °F sec” 10s cP
210 0.083 T1.20 Z10 0.083 1003
210 0.166 7.31. 210 0.166 5.46
404RA 230 0.083 9,52 230 0.083 7.83
P 58 230 0.166 6.52 405RA 230 0.166 4,58
270 0.083 - 11.0 P 97 230 0.415 2.80
270 0.166 6.89 270 0,083 9.60
210 0.083 4.96 270 - 0.166 5.58
210 .0.166 ' 2.83 270. . 0.415 2.92
210 0.415 1.53 210 0.083 7.26
210 0.830 1.01 : 210 0.166 5.76
210 1.66 0.738 405RB 230 0.083 8.23
230 0083 494 P 144 230 0.166°.  5.57
404RB 230 0.166 2.47 270 0.083  70.4
P 101 230 0.415 1.47 270 0.166  :.S.77
230 0.830 1.09 210 0.083 - 45.7
270 0.766 7.30 210 0.166 ., 27.1
270 0.415 1.41 210 .. 0.415 16.0
270 0.830 ©  0.848 . 210 0.830 1.2
270 1.66 0.561 230 0.083 - 38.5
—2710 0,083 317 230 0.166 24.7
210 0.166 2.45 - 40€RA 230 0.415 13.3. «
210 0.415 1.81 P o4 230 0.830 8.83
210 0.830 1.49 230 1.66 5.70..
230 0.083 3.65 - 270 0.C83 . 49.3 .
404RC 230 0.166 2.29 270+ 0.166 " .32.4
P 143 230 0.415 1.47 270 0.415 -+ 16.1°
230 0.830 0. 986 270 0.830 9.56
270 0.083 3.22 270 .66 6,02
270 0.166 2.26 - 210 . 0.083 ,61.4
270 0.415 1.4 210 0.166 = 41.4
270 0.830 1.04 210 0.415 26.9
230 0.0£3 66.9
230 0.166 40.5
406RB 230 0.415 23.2
P 131 270 7 0.0E3 82.9
270 0.166 42
270° 0.415 21.6
270 - 0.630 14.9
310 0.063 124 -
71.4

a) Brooxfield Model LV viscometer:
Spindle 28

Procadure:

equilibration;

45 mirutes initial warmup and

22-30 minuvte equiliSration after

12 mirute equilibraticn after

temgerature chang2;

shear réte change.
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Ls

Liguefaction
Conditions
Coal .
Temperature, °C

Pressure, psig
Residence Time, min.

Solubility of the SRC

Wt % in
Hexane

Toluene

Average Solubility

-Hexane
Toluene

DOE

1 P19

DOE
382

P 14

Kentucky

483
2000
8

_ TABLE VIII

~ solvent Extraction of SRC Product
Runs DOE 381-384, Kentucky 9/14 Coal;
DOE 385-400,. Indiana V Coal; DOE 407 & 408, Loveridge Coal

DOE
383
P15

9/14

DOE DOE -| DOE DOE | DOE BOE
384 . ‘386 387 387 388 388
P14 P15t P12| P15| P12 | P15
Indiana V
472 477 | =— 476—=> | =— 456—==
3000 3000 - 2000— | =—3000—=
18.0 6.0 3.8] 15.0] 12.2| 21.9 3.7 1.7
19.0 6.8 3.3 17.2} 12.1} 23.2 3.6 2.4 -
75.1 || 66.6| 61.5| 71.0| 66.2-] 72.4 | 62.5 | 60.0
70.1 65.3} 60.1 72.3 | 67.7.] 71.4|°61.7 56.0 .
“18.5 16.1 17.4 2.9
72.6 n.7 -69.5 60.1

DOE | DOE DOE DOE DOE

389 390 390 39 392
PIS| P10 PIS | P15] P15
457 | ==— 472—=| 458 458
2000 | =—3000—| 3000 | 2000

4| = 4— 8

13.6 6.0 8.0 112,27 11.4
13.5| - 6.4 8.4 1 13.1 | 13.6
67.0 | 68.4| 64.0 [ 72.1 | 68.2
66.9 | 69.1| 65.5 | 69.7 | 68.9
13.6 7.2, 12.7 | 12.5
66.8- -70.9 | -68.6



[A*]

Liquefaction Conditions -

Coal .
Temperature, °C:
Pressure, psig
Dissolver Residence Time, min,
" Preheater Residence Time, min.
Solvent Source -
FeS, Addition Rate, wt X MF coal

Solubil ity uf Lhe SRC, wi % in

Hexane

Toluene

Average Sulubilily

Hexane
Toluene

TABLE VIII (Continued)

RIS Cop

DoE |'DOE | DoE | Do

DOE .00E | DOE | .DOE DOE , -:DOE.
343 394 395 396 397 398" " 399 1 .'400° 407 408
P4 P14 P15 P 47 P15 P2 P12 | "P12] P8/12/13 P8/195/
' L 13/14
Indiana V= - <—:Loveridge —==
470 480 480 480 : 460 480 ~470 480 460 -
3000 2500 3000 3000 "} 2000 3000 | 2500 |~ 3000 2000 -
0 0 6 o | 4 0t 6 8 9
8 8 6 8 4 8 6 $ 10
-— Single Pass—= [[Recycled - <—— Single Pass - ] -
- - - - - - - - 5. -
16.7 17.5 10.8 12.4 3.6 | 19.8 12.9 16.7 16.5 13.2
-- 18.4 12.9 13.7 4.1 21.0 13.8 17.4 16.8 14.4
73.9 63.4 62.7 69.3 57.2 67.1 68.0 61.8 74.8 72.4
72.4 65.8 64.8 n.y 56.3 65.6 66.6 65.6 74.5 72.8
16.7 18.0 11.9 13.1 3.9 ] 20.4 13.4 16.8 16.7 13.8
73.2 64.6 63.8 70.2 56.8 66.4 74.7 .72.6
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TABLE IX

Solvent Extraction of Distillation Residues
Runs DOE 404R-406R

Liquefaétion Conditions*

Coal -
" Additive
Addition Rate,
wt % based on -
slurry

Solubility of the Dis-
tillation Residue,

oWt 3 in L
-+ - Hexane

’ Tgerne

Pyridine

" - -Ratio of Average-Solu-

bilities

Hexane/Pyridine:
Toluene/Pyridine

00E 00E DOE DOE DOE 00E
404RA | 404RB | 404RC | 405RA | 40SRB | "406RB
Pag/ | P86/ | P132/137) P 8Os | P 135/ | P 117123/
_52/58 | 967101 | 143/146] 85797 | 1417144 1317133
— 1 — R - :
- Loveridge Powhatan
. No. 1

- NiMo = CoMo —*

. on alumina :on.alumina -~
1.0 0.5 [ 01, Jos5 |03, -
32,7 | 32.7 | 35.000 Jagisr | 35.5 21.0¢

30.3 | 32.8 | 33.2 - [37.4 . |33.4 2119 -
'57.3 | 60.6 {65.1 . [62.4 « l6a.0 I s3)
571 60.8 “¢| 65.4  [62:5° |64.1 83.2°
62.1 64.5 .| 70.0° . [66.2 : |71 61.5.
61.9 | 64.6 [69.8 |66.1 " |69.6 ©61.5
0.508 | 0.507°| 0.488 | 0:573:| 0:488° | “0.350
0.923,| 0.940 | 0.934 | 0,943 :| 0908 0.865

* For all: 450°C, 2250 psig, 1.0 hour residence time.
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Results of 23 Factorial
. (Runs. DOE 385-392) -

fonstant Conditions

TABLE X

Variable Conditions

* Viscosity measured at 230°F and a shear rate of 39.6 sec-l.

Lovel
- +

30% Indiana V Coal A. Temperature °C 460 480

2% Hydrogen on slurry B. Pressure, psig. 2000 3000

Single Pass Solvent C. Residence Time, min. 4 8

Run No. Yates A B ¢ Yields, wt % MF Cual : SR yFcs
- DOE- Order- lemperature Pressure Residence Recycle Total Ha ~ Fusion So‘lubihty in || Viscosity*
Time C;-C4 Solvent 031  SRC  IOM i Consumed || ¥ H %S - Point, °C Hexane, wt % __cP
389 (1) - - - 1.4 -5.5 10.6 66.6 6.2 1.0 5.75 0.84 170 13.6 44.3
385 a + L - 3.3 ~9.2 7.4 65.2 6.6 1.4 5.58 0.74 197 5.0 30.9
388 h - + - 1.2 -3.0 11.0 68.6 5.5 1.7 |f'5.720 0.84 196 2.9 33.6
390 ab + + - 2.5 -3.0 12.8 88.7 5.5 1.9 5.68 0n.72 181 1.2 21.9
392 c - - + 2.8 -9.7 4.1 7.2 5. 1.8 5.96 0.70 167 12.5 16.4
387" Toac . + - + 5.6 -12.7 8.3 65.9 4.4 2.3 5.44 0.56 147 17.4 28.7
391 be - + + 2.7 2.4 10.7  66.1 4.9 2.3 5.72 0.68 173 12.7 . 13.3
386 abc + + + 5.5 2.1 13.2  63.) 4.7 2.9 5.62 0.53 165 16.1 9.7
Main Effects
A 2.2 -1.6 1.3 -3.2 -0 0.4 -0.20 -0.13. -4 1.0 -4.1
B -0.3 6.7 3.3 -1.4 -0.4 0.6 0.00- -0.02 9 -2.4 -10.5
c 2.1 -1.6 -1.4 0.1 -1.2 0.8 0.01 -Q.U =23 7.5 -15.7
Two Factor Interactions
AB -0.2 1.8 0.8 0.2 0.0 0.0 .0.14 -0.01 -8 2.9 -3.6
AC 0.6 0.3 2.0 -I.U-U.3 0.1 f{-0.11 <0.02  -10 3.2 8.5
-BC 0.2 2.3 1.4 -2.6 0.5 0.0 -0.03 -0.01 4 1.9 -0.6
Three: Fagtyr Iuteraction .

ABC . 0,2 -0 -1.7 1.0 0.2 0.1 0.07 0.00 14 3.6 -4.4



§S

Constant Conditions

TABLE XI

- 'Results of 22 ‘Factorial
(Runs DOE 386, 387, 391 and 392)

Variable Conditions

Level
- +
30% Indiana V- Coal
2% Hydrogen on Slurry A. Temperature, °C 460 480
Single Pass Solvent B. Pressure, psig : 2000 3000
8 minutes Residence Time : )
Run No. Yates A B Lo : %S
DOE- Order Temper-  Pres- ' Recycle Total _ ~ H in
: ature sure C1-C4 Solvent 0il SRC oM Consumed SRC
392 (1) - - 2.8 -9.7 4.1 71.2 5.1 . 1.8 0.70
387 a + -7 56 <1270 8.3 .- 65:9 4.4 . t2:3... . 0.56
391 b - + 2.7 2.4 10.7 6.1 4.9 2.3 0.68
386 ab + + 5.5 ?42.1m~ 13.2  63.1 4.7 2.9 0.53
Main Effects
A 2.8 -1.4 3.4 -4,2 -0.5 0.6 -0.15
B -0.1..: ..-9.0: 5.8 -4.0 0.1 0.6 -0.03

Two Factpr;lnteraction

AB

0o 1.7 . -0.9 1.2 0.3 0.1 -0.01
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TABLE XII

“Results of 22 Factorial
(Runs DOE 385, 388, 389 and 390)

Constant Conditions Variable Conditions
4 . Level
30% Indiana V Coal : _ ' = 4
2% Hydrogen on Slurry . A. Temperature o 460 180
. Single Pass Solvent - . B. Pressure, psig - 2000 3000
4 Minutes Residence Time , ‘
Run No. Yates A B : : o . S o %S
DOE- . Order Temper-  Pres- ' Recycle Total : ’ Ho in
. : ature sure C1-Cq _ Solvent 0il. -~ SRC ... IOM . - Consumed. SRC
389 vy - - RN -5.5 Tu.6-  66.6 6.2 1.0 084
385 a - + - : 3.3 -9.2 7.4 65.2 . 6.6 1.4 0.74
388 b - + 1.2 -3.0 11.0  68.6 5.5 1.7 0.84.
390 . ab % 2.5 -3.0 12.8  65.7 5.5 1.9 0.72
Main Effects .
A 1.6 ~1.9 -0.7 -2.2 0.2 0.3 -0.11
B -0.5 4.4 2.9 1.3 . -0.9 0.6 -0.01

. Two Factor Interaction

- AB -0.3 1.9 2.5 -0.8 -0.2. -0.1 -0.01
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TABLE XIII

DOE 404RA - Elemental Ba]fance S,fudy

on feed slurry

Loveridge Coal with 1% NiMo céta]yst

\ % % H 4 % 0 o o ) )
SUBSTANCE Y;a.n c _H N s '] o c H | .N S 0
Methane  L.76 | 7L.86 | 25.13 ' 3.56 | 1.20
Ethane 2.92 | 79.89 | 20.11 " 2:33 ] 0.59 .
Propane 2,65 | 81,71 | 18,29 | 2.17 | 0.L8
Butanes 1.5 | 82,62 | 17.34 1.25°] 0.26 | .,
Water 5,51 11.19 | 88.81 0.62 L.89
0, 0.38 | 27.29 7271 | 0.0 | 0.28
© . 0,25 | L2.89 st| om| . 0.14
Ammonia 0,76 17,75 | 82.26 | 013 | 0.63
H,S 1.32 5.91 9k.09 0.08 | |12
Naphtha  11.83 | 86.36 | 13.13 | 0.19 [ 0.02 | 0.20 | 10,22 | 1,55 | 0.022 | C,002 | 0.035
Middle 19,43 | 86.52 9.78 | 0.96 | 0.002 | 2.73 | 16.81 | 1.900 | 0.188 | ~--un C.530
Distillate . _ ’
Heavy .20 | 88,50 | 7.55 | 0.97 | 0.002 | 2,98 | 12.57 | 1.07 | 0.137 | ----- o.L23
Distillate - 1 . - - ’
Rusidue 40,58 | 67.27 | L4.19 | .16 | 1.88 ? 27.30 [ 1.70 | o.L7a | 0.763 | ?
Ash'25,88% : : ' : ;
10TALS ‘ 76,60 9.8 | 1.5 | 2.00 | 6.3
Input with 100 grams of coal 77.78 | 5.28 | 1.k | 2.72 | s.;
Calc:’ dry basis (for 1.78% water &
8 | - —— .
7.55% ash as réceived) CT&E analysis — oc &o* ¢ 59 Ll® 2?55" .

ASH OUTPUT 10,50 gn
Cat, ASH.  2.96 gn

Ash net 7.54 “gn

Hydrogen Reacted from  L.30
Elemental balance ~

Hydrogen Reacted from 5,184

Gas balance’

# P &M Analytical Result-

57
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TABLE XIV

Elemental Balance Study

58

_ ‘Loveridge Coal with 0.5% NiMo catalyst on feed slurry
supstance  ymewo | %2 [ ¢ 3 L ¢ ¢ ¢ | ¢ |0
' c H | W s 0 c - H N s -] o
Methane $.06 | 7L.86 | 25.13 3.79 | 1.27
Ethana 3.03 | 79.89 | 20.11 2.42 | 0.6 ! .
Propmne 2,70 | 8L.71 | 16,7 2.21 | 0.L9
Butares 1.53 | 82,62 17,54 1.93 | o.koO
Water 5.09 11.19 ] 88,81 0.57 )
o, D.51 | 27.29 72.71 | 0.1k 0.37
0. 0.37 | La.89 | 57.11 | 0.16 0.21
Aamonia 0,72 17.75 | 82,26 0.13 0,50
HpS 1.82 5.91 | 94,09 0.11 1.7
Na;;ht;ha‘ 11.11 | 86,25 | 13.20 | 6.27 | 0.05 | 0.33 | 9.58 | 1.47 | 0.3 | 0.006°| 0.037
Middle © 319,77 | 85,30 ] %.70 | :.00 | 0.011 2.98 | 17,06 } 1.92 | 0,192 | 0.002:| 0,589
Distillate ‘ S A
Heavy =~ 13.49 | 83.80 7.60 | 1.03 0.065 | 1.30 | 12.11: 1.05 | 0.135 | 0.009 | 0.175
" Distillate . -
Residue’ L0.22 | €9.59 | L.20 [ 1.26 | 1.87 1.95 | 27.99 | 1.6 | 0.506 | 0.752.] 0.76L
. (Ash. 22.81% . T ' ?
IvCL, CAT.)
"TOTALS 77,39 | 9.7: [ T1.45 | 2,48 | 6,69
Input with 100 grams of coal 77,18 | 5,28 | 14| 2.72 | s5.68
Calec, from CT & E analysis
PaM Analytical Results 76.52 5.20 L4 2,55 &%
ASH OUTPUT 9,17 gnm Hydrogen reacted by elemental
Cat, Ash _1.L% Om . balance L.L3%
Met Ask 7.68 gnm Eydrogen reacted by gas balance 5.50 °
Coal Ash 7,63 gm
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Eadie ol SR d

TABLE XV.

Elemental Balance Study

Loveridge Coal with 0.1% NiMo Catalyst on Feed Slurry

59

s | % [ % | % % % 0 ¢ o '|e G
SUBSTANCE : c H N s T o i~ H N- s 0
Methane  L.91 | 74.86 | 25,13 3.6 | 1.23 [ '
Ethane 2.87 | 79.89 | 20.11 2,29 | 0,58 | o
Propane 2,53 | 81,7 | 18.29 2,07 | 0.4
Butanes  1.L6 | 82,62 | 17.3L L2 | 0.23 .
o, 0.60 | 27,29 72,71 | 0.16 0.k
€0 0.1 | y2,89 st | 0.18 10.23
~ Amonia 0.6k | 17.75 | 82.26 o1 | 0,53
ByS 1.9 5.91 | 9k.09 _ om | |18 |
Naphtha 7.61 | 86,57 | 13.56 | 0.17 | 0.06 ? 6,59 | 1,03 | -0,0129| 0,005 | -=--
n,u[;:;ne1 . ,t16-oo 85,16 | -9.47 | .1.01 | 0,002 | bL.3u | 13,63 1.52| 0,162 | 0.0003] .0.69k
st ate
. Heavy 16.85 | 89,2 | 8,28 | 1.08° 0.13 1.27 | 15.0b | 2.Lo | 0.182 | 0.022 | o0.21k
 Distillate - : . .
Residus 12,63 | 72,42} L.A6 | 1.Lk2 | 1.69 2 30,87 | 1.90| 0,605 | 0,720 | - ?
(ash 19,08% ‘ .
Incl. Cat.) : w
T0TALS 75,72 | 9,12 | 149 | 2.58 | 5.68
. Inx.mt_ with 10_6 gramsof coal- 77.78 S.28 | 1.14 ’.Z."l2 5.31
Calc. from CT & E analysis - -
. .P&M Amalysis ° 76.52  5.20 1,la 2,55
. Ash Output 8,13 gm . .8
Cat, Jsh- 0,31 gn Hydrogen reactedbz a:i:mental 3.63%
Net ash 7.82 Om Hydrogen reacted by gas L.62%
Coal #sh  7.86 Gm balance



'I'._o'\{erque Coal with CoMo Catalyst at 0.5% on Feed Slurry |

. TABLE XVI

DOE 495FA Elemental Balance Study

Hydrogen reacted by gas balance data

« -

60

- ANCE:  YIELD|™ % % $ % 4 ] 3 ] ] ]
suas'mcg vENl ¢ H N s | o c q N s o
Methane  L.6L | 7486 28.13° 37 |17

Eshane - 2.82 | 79.89] 20.11 ‘1 2,25 | 0.5

propane ' 2,45 | 681.71] 18.29- 2.00 | 04§

Butanes * 1,53 | .82,62| 17,3k 1.26 | 0.27

Vater . 4,63 - 11.19 88.81 0.52 L1
®, - 0.8 | 27.29 72,710 | 0.4 © 0.7
c0 0.1 | L2.89] 57.11 | 0.13 ) 0.18
mwronia © 0.70 17.75 | 82,26 - 0.12 | 0.58

458 e | 5.91 91,09 0.09 1.15.

. Naphtha . 10.31 | 86.46| 13.31 | 0,19 [. 0,05 | ... | 8917 | 1.37 | 0,020 | 0.005 | .....
Mddle . 26,70 | 86.L5| 9.6k | 1.06 | 0.002 | o |2k | 2.60 | 0,178 | 0.0003| 0,475
Distillate. - . . . ' A ,
Heavy 1L.56 89,78| 8.18 | 1.09 | 0.251 | 0.82 (13,07 | 1.19 | 0.158 | 0.036 | 0,119

+ Distillate " : - N - ' -

Besidue 13,11 69.90] k1Y | 1.28 | 2.1k ? 30,13, | 1.80 | 0.551 } 0.922

{ash 21,6l - o ; 2l Il B alds

incl, cat. res.)

20TALS 75.61 | 9.6 | 1.187 | 2.0 | 6,25

Input wit;x 100 gréms of cc;al 77.78 | 5.28 11 | 2,73

C e e T a8 calz. from CT & E analysis g
Ash output 9.32 Input on basis of P&M analysis™ 76,52 5.20 1,1 2.55
Cat. Ash 1,56 : ! ' o .
Net ash  7.76 Hydrogen reacted by elemental balance 3,388 - . -
ASHPED  7.77 k.50
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TABLE XVII

" Elemental Balance Study

Lovemdge Coal w1th CoMo Cata]yst at’ 0 1% on Feed Slurry .

%

SUBSTANCE  YIELD % 3 % % 0 1 o ¢ [ e
_ - C R N s o) ¢ | w SN s ‘| o
Kethano hoao 1h086 25.13 , 3.59 1.21 f o o
Ethane 2.79 | 79.89. | 20.11. ’ T2.23 | oiss |
Propane 2.39 | 81.71 | 18.29 1.5 | o.lh
Butanes 1.k2 | 82,62 | 17.3k 117 | 0025 | F
Water 5,08 1119 88.81 | - 0.571 | L5
o, . 0.6h | 27.29 7220 | oar| - .7
0 . 0,36 | k2,89 |- s7.11 |- 0.15° 2
imonia = 0.6 17.75 | 82.26 o1 ‘| -0.50 .
S 1.61 5.91 | 9L.09 _ 0,0 | 1.5
Naphtha = 0.7l | 86,23 | 12.93 | 0,21 | 0.10" | 0;53" 19.26 | 1.39 " | “0.023 | 0:011| ,057
Middl 22. 5 . 360 | 1970 | 27 | b.23n | 0.0
Bistinate 22:9° | 85:85 | 8.5 1 1,02 0.0 018 3:6L7| 1970 | 227" | 0.2 | 0,011 | 0,835
Keavy 10,61 | 89,k | 8.1k | 1,20 | 0.25% | 1,00 ] '9.49 | 0.86 | 0,127 | 0.027-| 0,106
- Distillate . e L B VA BV
Residue 40,07 | 72.80 | L.L3 | 1.47 2,008 7 |29.27 | 1,78 § 0.589 |- 0.803
(ash 19,208 - . N
Incl, Cat.) .
TOTALS 76,88 | 9.k | 1,473 | 2.3
Input with 100 grams of ‘coal by | 77.78 | 5.28 vl | 2.72
CT & E analysis : - T
Ash output 7.70  Input with 100 grams of coal by 76,52 S.20 1.l T2,55
Catalyst ashO, 31 P & M analysis o -
Net 7039 v -
) Hydrogen reacted by elemental balance L,16%
Coal Ash  7.39% : ‘
Hydrogen reacted by gas consumption data 5.11%

61
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TABLE XVIII

JOE 406RB - "Ellemental Balance Study

Powhatan No. 1 Mine Coal

In distillation residue 9.39
By coal analysis. .

Difference

Ash unbalance is

9.08

on CT & E analysis

Arerage ash fed this
rm was 9,20 and error was thea 0,19

0431
. 3.u%

Hydrogen reacted by

elenental balance method L,L2%

Hydrogen reacted by gas

*  balance method

62

L. Lo%

; - s % % % 1 ) d 0 0 °.
SUBSTANCE . TIELD 2| & Nl s o | ¢ H N s 0
Methana 6,06 | 7L.86| 25.13 bosh | 1.52
Ethane 347 |79.89 | 201 2,717 | 0.70
Propane  3.05 |.81.71| 18,29 2.19 | 0.56
Butanes  1.70° |-'82.62 | 17,34 ‘1.0 | 0,30
Vater L.L6 11.19 88.81 0.50 3,96
o, . 068 | 212 1271 0.19 0.L9
o "ol | h2.89 57.11| 0.18 0.23
tmonia 00U 17.75 | €2.25 0.08 | 0,36
B8 3.06 5,91 94,09 0,18 2,88
Maphtha 13.87 | 86,19 | 12,757 0.28 | 0.23 | 0.55 |11.95 | 1.77 | c.039 | 0.032 | 0.076
Mddle 15,20 | 85.49 | 9.02| 2.03| 0.3 .33 |12.99 | 1.37 | ¢.156 | 0.020 | 0.658
Distiflate :

Heavy 12,31 | 89.07| 7.67| 2.16| o.50 | 2.60 |10.70 | 0.92 | ©.139 | 0.060 | 0,192
Distillate ' -
Residue  39.68 67.73 | 3.69%F 1.35| 3.83| 1?2 26,87 | 1.,u6 | 0,536 | 1.520 ?
Ash 2367 :

o7 7h.09 | 9.37 | 1.23 | L.SL | S5.606

N Input with 100 grams of coal by |73.07 | 4.95 | .30 | L.BL | 6.66
Ash Balance ‘CT & E analysis
PE&M Analysis 1.26




«Figure 1

Effect of Pressure and Temperature on Y1e1ds and Desu]fur1zat1on at
8 Minutes Residence Time : :
Runs DOE 385-400, Indiana V Coal
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Figure 2

Effec “of Pressure and Temperature on Yields and Desquur17ct1on at
4 Minutes Ra2sidence Time
"Runs DCE 385-40C:, Indiana V Coal
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Viscosity, cP

Figure 3 o :t::",t"v'j - .;%
Unfiltered Coal Solution Viscosities &;
Runs DOE 381-384, Kentucky 9/14 Coal dozaizsssans ik
ﬁ s
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Figure 4

gs Unfiltered Loal Solucivi .SCCoTLie

Runs DOE 385, 388, 389, 390

Indiana V Coal
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Figure .5 FEFEIT
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Figure 6

Viscosity, cP

1 Unfiltered Coal Solution Viscosities i
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Figure 8
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Viscosity, cP

HHH Figure 9
Unfiltered Coal Solution Viscosities
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Figure 10
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T Figure 11 H

Feed Slurry Viscosities o
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Figure 12
Simulatad Distillation of Feed Slurry and Product, Rur DDE 405RA
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: Figure :13
Sinulated Distillation of Feed Slurry and Produc, Run DOE 405RB
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Figure .14
Simulated Distillation of Feed Slurry and Product, Run JOE 406RB
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APPENDIX A

SETTLING EXPERIMENT
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Introduction -

Gravity settling can be used to separate a mixture of particles that
have different densities or diameters. This experiment was undertaken
to see what, if any, separaticn could be effected between the iron
compounds ancd the rest of the ash material in unfiltered coal solation
(UFCS) from the SRC process. If iron compounds in the UFCS could be
concentrated, the level of catalytically active materials in the feed
slurry could be increased while maintaining total solids at a constant
level. -Calculations using Stokes Law indicate that for i micron sized
particles there will be no significant settling. Howeveyr, since this
equation does not take into account the effects of flocculation, par-
ticle size distribution, particle concentration or non-Newtonian lig-
uids, it was felt that it would still be worthwhile to try an experiment
using a gravity settler.

Theory (Stokes Law)

Hhen a part1c1e falls through a fluid, a drag force is generated.
This force is given by

Fg = CAppu?
29c
C drag coefficient

Ap = projected area of part1c1e in direction of motion (L )
p. = density of fluid (mass/L3)
»u = relative velocity (L/sec)
g. = dimensional constant related.to mass-L
local gravitational acceleration force.sec<

The drag force will increase as the particle accelerates until the drag
force 2lus the bouyant force equal the local gravitationel force. At
this point the velocity can be calculated as

u = 29 my (py-p) 1/2
ppp Ap C
g = Tlocal gravitational constant
m, = mass of particle
pB = density of particle

Stokes Lew is formulated by making certain assumptions aktout the drag
coefficient. Because all of the assumptions in the law are not ful-
filled by the unfiltered coal solution (UFCS), experimerts need to be
made to cetermine the applicability of gravity settling for concentrat-
ing the iron content of the UFCS.

Experimer:tal

The experimental apparatus is shown in Figure A-1. It consists of a
feed pot, mixer, two pumps, settling vessel, and siphon break. The feed
pot and mixer were used to ensure that the unfiltered coal solution
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(UFCS) was uniformly mixed. Pump A pumped UFCS into the settling vessel
while pump B removed it at a lower rate. A siphon break was included in
line B to prevent the siphoning of UFCS out of the settling vessel.

Experimental Procedure

UFCS from a standard SRC II run with Kentucky 9/14 coal was added to the
feed pot and kept at a temperature of approximately 115°C. Once the
settler was full, pumps A and B were calibrated to flowrates of 1043
g/hr and 761 g/hr, respectively, so that the percentage of the UFCS
product normally recycled in the SRC II process was pumped out the
bottom. To start the experiment, samples of UFCS were taken from the
feed pot and line B. Additional samples were taken at various times so
that ash and iron concentrations could be determined (refer to Table A-
1). The temperatures of all the lines and the settling vessel were kept
at 125°C to enhance settling.

During the startup, line B, between pump B and the feed pot, plugged and
the experiment was shut down. The plug was believed to be caused by a
hot spot from the heat tracing. Line B was changed from 1/4" SS tubing
to 3/8" and the heat tracing on all the Tines was changed to avoid
further hot spots. The decrease in ash content in the- feed pot indi-
cates that there was deposition of ash material in the settling vessel
and feed lines.

After the experiment was completed, the unit was drained of UFCS and
flush o0il added. The flush oil was circulated until the next day. The
feed pot was then taken out of the system and drained. Upon inspection
of the feed pot 1line, it was noted that the line was abcut half filled
with residue that had settled out of the UFCS.

During the run, the flowrate through line B changed from 761 g/hr to 286
g/hr (see Table A-2) because the pump stroke length was not locked into

place. This shift in the flowrates seemed to help the ash settling but

will make quantitative interpretation of the results impossible.

Conclusions

The decrease in the bottoms flowrate during the run confounds interpre-
tation of the data. However, settling of ash material c¢id occur in this
experiment. There is about a 3 percent difference between the ash
content of the overhead and the bottoms streams and a similar difference
in the iron content of the ash (Table A-1). However, the surprising
result is that the percentage of iron compounds in the ash is greater in.
the overhead stream than in the bottoms stream. This result, if veri-
fied by further work, could mean a reduction of the amount of inert
materials that need to be handled to obtain a given concentration of °
iron. -

From the absolute Tevels of iron in the bottoms (3.98%) and overhead
(3.81%) streams, it is apparent that very little settling of the iron
compounds takes place, whereas the other compounds had a significant
amount of settling. The iron compounds have densities significantly
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higher than the clays which indicates that the particle size distri-

* bution must be different for these materials. One possible explanation
is that as the pyrites go through the reactcr the particle size is
broken down to such a degree that thermal and convective agization keep
the iron compounds in suspension in the settler.
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Table A-1

Ash and Iron Analyses of Gravity Settler Streams

Date and Time Stream
of Sample Bottoms Overhead Feed Pot*
‘ % Ash | % Fe in Ash ||% Ash { % Fe in Ash % Ash} % Fe in Ash
11/10/80 2130 20.5 21.1
: 19.5 20.7
2300 20.4 19.7 19.9 20.5
11/11/80 0400 20.3 19.6 15.6 20.9
_ 20.2 | 19.5 15.6 20.9
1000 20.7 18.9 17.0 23.1
20.7 18.7 16.9 22.7
1600 20.5 19.5 17.4 22.7
20.3 19.2 17.4 22.2 >
2400 20.3 19.4 17.5 22.3
20.4 19.4 17.6 22.3
11/12/80 0600 20.0 19.6 17.8 22.0
. 20.0 19.7 117.2 22.3
1000 18.3 21.9
18.9 20.9
Average 20.4 19.5 17.3 22.0 -- -
Absolute Std. Dev. 0.23 0.53 1.13 0.80 -- --
* fverage for 2 or 3 determinations.
Table A-2
Residence Time in the Settlert
Stream Start Finish
Overhead 11.4 4.3
Bottoms 1.3 3.4

* In hours.
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APPENDIX B

REPORT ONiRUPTURE DISC FAILURE -

Run JOE 406R
Powhatan No. 1 Coal
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Summar

The rupture disc failed due to corrosion and pitting resulting in re-
duced-wall thickness which lowered the pressure rating. This is a
common problem with rupture discs which have been in service for ex-
tended periods of time.

Discussion

A rupture disc (Figure B-1) was submitted for failure analysis. The
disc failed at normal operating conditions. The line was carrying
dissolver effluent at 735°F and 1800 psig. The disc was located in a
dead leg of the transfer line between the dissolver and the high temp-
erature, high pressure separator. The dead leg temperature was esti-
mated to be 300°F. The rupture disc had been in service for three
months, with an average of two shutdowns per month. The disc was
identified as Inconel 600 and had a pressure rating of 5,910 psi at
72°F.

The disc failad¢ by rupturing (Figure B-2) which is characteristic of
over-pressuring. Examination of the topography of the surface (Fig-
ure B-3) revealed pitting and metal loss.

No metallurgicel abnormalities were observed in the structure of the
disc material.

Conclusion

‘Corrosion and pitting caused the failure by reducing the wall thickness
which lTowered the pressurz ratinj. Pitting was the major cause of the
failure with general corrosion a -minor factor. Sulfidation corrosion
occurs in alloys which coatain a high amount of nickel and are present
in sulfur conzaining atmospheres around 350°F. The sulfur can be pres-
ent as HpS, organic sulfur compounds and free sulfur. Pitting is mainly
caused by the tuildup of chlorides on the metal surface. Premature
failure is a common problem with rupture discs due to their thinned
condition and susceptibility to corrosion in this environment.
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Figure B-1

Rupture disc assembly. The failed Disc is
shown by the arrow.

Figure B-2

Closeup of failed rupture disc.
Appearance is characteristic of
over-pressuring.

85

6X



LIX

Figure B-3

Topography of the rupture disc surface.
The topography shows pitting and metal
loss. Note the disc blowout downward
in the picture.
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