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ABSTRACT

The results of the two most recent runs completed at Wilsonville
are presented. In Run 260, the effects of thermal/catalytic and
catalytic/thermal staging on solids buildup were studied in the
liquefaction of Black Thunder mine subbituminous coal. Also, some
design changes were made to reduce solids buildup in the interstage
separator and other process lines. Although no solids buildup was
observed in the interstage separator, operational problems due to
inadequate vapor-slurry separation and solids buildup in process
lines resulted in termination of thermal/catalytic operation. An
"all-distillate” product was obtained in catalytic/thermal mode
with a distillate yield of about 60 wt% maf coal. The catalytic
first stage appeared to have mitigated the solids buildup between
the reactors, but some solids were observed in the thermal second
stage. This run indicated the need for pretreatment of low-rank
coals to remove some mineral components that contribute to solids
buildup. Also, the presence of a transition metal catalyst in both
reactors may help reduce the solid deposits, and tests are being
performed in Run 262 using a dispersed molybdenum catalyst.

In Run 261, a Ni-Mo bimodal catalyst (EXP-AO-60, 1/16" cyl.
extrudate) was tested for its activity and physical integrity.
These tests were made in low/high temperature staging (790/810°)
with Illinois #6 coal from Burning Star #2 mine. At a total
catalyst replacement rate (CRR) of 6 lb/ton of cocal an "all-
distillate® product was obtained at a space velocity of 67 1b
coal/hr/tt® cat. Moreover, the resid concentration in process
solvent was only 38 wt% vhich indicated the potential for further
improvements. The significance of higher CRR in improving reactor
efficiency was demonstrated with EXP-AO-60 catalyst. The physical
strength of EXP-AO-60 catalyst appeared to be satisfactory at the
end of this test. In additional tests with Criterion 324 unimodal
catalyst, although reasonable yields were obtained at a space
velocity of 61 lb coal/hr/ft} cat and 6 lb/ton of CRR, the process
performance was nct satisfactory with respect to slurry viscosity
and space velocity at lower CRR. The new resid circulation gsystem
that could reduce the time required to obtain steady-state
operation and possibly reduce resid degradation was brielly tested.




INTRODUCTION

The results of the two most recent runs conducted at Wilsonville
are presented. In Run 260, tests with the Black Thundar mine
subbituminous coal were useful in identifying and interpreting the
operaticnal problems associated with the liguefaction of low-rank
=cals. The near-~term studies with sukbituminous coals would be
nade based on Run 260 with the primary cbjective of improving the
operating efficiency. In Run 261, a new bimodal catalyst,
EXP-AC-60 was tested for its activity and physical strength.
Using Illinois No. € coal, high space vealocity operation was
achieved with resid extinction in this run with the EXP-A0-60
catalyst.

THE WILSONVILLE PROGRAM

The current program at the Advanced Cocal Liquefaction Research and
Development Facility is sponsored by:

U. S. Department of Energy
Electric Power Rescarch Institute
Southern Company Services

Amoco Corporation

This faci'ity is being operated by Southern Clean Puels, a division
of Southern Electric International, Inc. Kerr-McGee Corpecration
and Hydrocarbon Research, Inc. are participating in the progras.
Coal liquefaction has evolved “rom a simple, single-stage process
intc the present, advanced, close-coupled integrated two-stage
liquefaction (CC-ITSL) configuration that is being developed for
producing high-quality liquid fuels. The present configuration
primarily consists of two ebullated bed reactors (designed by
Hydrocarbon Research Inc.) in series followed by Kerr NcGeae's
Residuum 0il Supercritical Extraction - Solids Rejection (ROSE-SR™)
unit. (For a simplified process tflow diagram of catalytic/catalytic
operation, see Figure 1.} A more detailed process description was
reported in the literature (1]. Considerable progress has been
made during the past five years in the development of the CC-ITSL
configuration at Wilsonvillae. In addition to expanding the
database by testing new coals of different ranks and seams with
unimodal and bimodal catalysts, various new concepts and processing
nethods have been sffectively demonstrated.

RUN 260
The major objectives of Run 260 vere:

e to evaluate thermal/catalytic vs. catalytic/thermal

operation with respect to solids buildup in the process
lines;

e to determine the effect of a smaller interstage separator
on solids buildup in the separator; and,

e to determine the distillate product end point with vacuum
flash recycle.



The Black Thunder mine su.oituminous coal from Powder River Basin
was used in Run 260 because it was found to be a good liquetaction
feedstock in Run 258. A typical analysis of this coal is given in
Table 1. The initial tests wvere made with thermal-first stage
('thermal' refers to operation withoutr a supported catalyst) and
Catalytic-sacond stage. Criterion 324, an alumina supportad Ni-Mo
unimodal catalyst, was used in the second stage (300 1lb) at a
replacement rate of 3 lb/ton coal. The catalyst properties are
given in Table 2. In order to maintain a reasonable catalyst
activity, some aged, that is deactivated, catalyst in the reactor
is usually replaced periodically at Wilsonville with fresh,
sulfided catalyst at a specified rate. This operation is referred
tc as catalyst replacement. Iron cxide along with a sulfiding
agent was introduced as a slurry catalyst before the preheater.
Typical cperating conditions used in this run are given in Table 3.

INTERSTAGE SEPARATOR

In Run 258, significant solid deposits wvere observed in the
interstage separator [2]. It vas thought that the lov slurry
velocity in the separator was probably contributing to solids
buildup in the separator. Thus, :in Rur. 260, tests were made in
periods 26CA and 260B wvith a new interstage separator that had a
sualler diameter. Indeed, possibly due to higher slurry velocity,

no significant solid deposits wvere observed in the interstage
separator; hovever, because of reduced slurry residence time in the
separator, adequate vapor-slurry separation coculd not be achieved.
Individual stage yields could not be determined accurately and
interstage separation wvas discontinued after period 260B in this
un. The pressure drop between the reactors started increasing
during this time; later it wvas evident that solids were building up
in the transf - line between the first stage and the interstage
separator.

THERMAL/CATALYTIC

In the material balance period 260C, the coal feed rate wvas 251 1b
mf Coal/hr and the first and second stage temperatures were 825°F
and 790°F, respectively. (Each period represents an average of
daily material balance yields for about five days.) The overall
coal conversion and C + distillate yield were about 94-95 wt% and
54 wtl (maf coal), respectively. A significant amount of excess

resid was produced (7.5 wti, see Table 4). The pressure drop
between the reactors continued to increase more or less throughout
the thermal/catalytic operation. Thus, this operation was
terminated at the end of period 2¢0C.

CATALYTIC/THERMAL

The purpose of this test was to study the benefits of placing a
supported catalyst in the first stage. The presence aof a supported
catalyst would improve the hydrogenation conditicons, and thus could
produce a material that is less prone to regressive reactions and
coking in further stages of liquefaction. The Criterion 324
catalyst was placed in the first stage and the second stage was
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operated thermally starting from period 260D. In this period, the
coal fead rate, slurry composition, and catalyst replacement vere
similar to period 260C. The catalytic first stage temparature vas
790°F and thermz. second stage temperature was 774°F. In period
250D, compared to period 260C:

e distillate vield was significantly higher.
(59.8 wt$ in 260D vs. 54.1 wtd in 260C)

e (,-C, gas yield was significantly lover.
(5.6 wt¥ in 260D vs. 11.2 in 269C)

e TSL coal conversion was lower
(88.5 wt} in 260D vs. 94.2 vt} in 260C)

Although the second stage temparature was lowver than the target of
825°F, good distillate yield wvas ocbtained; ~owever, the coal
conversion vas lower. Thus, the ash-frese solid product was higher
and resid yield was lower. In general, there seems to be a
significant isprovement in perforasance vhen the catalyst wvas
present in the first stage possibly due to the following reasons:

e The hydrogen partial pressures are usually higher in the
first stage than second stage. As the stream flovs
continuously frox one stage to another, there would be
pressure drop, and thus, the second stage pressure would be
less than the first stage. When the catalyst wvas present in
the first stage hydrogenation vould bs more effective
because of higher hydrogen partial pressures.

e The first stage resid concentration would be higher than
that in the second stage. When the catalyst was present in
the first stage, it would izprove resid catalytic conversion
kinetics.

COAL CONVERSION

~he coal conversion in Rin 260 was in the range of 94-95 wt\ maf
ceal in the thermal/catslytic mode and 86-89 wty maf coal in
catalytic/thermal mode. Although the thermal reactor volume wvas
the same in both modes, the operating temparatures werse different
which contributed to differences in coal conversions. It may be
noted that in Run 258, at high spzce velocities, the coal
conversion vas in the range of 88-93 wty. As shown in Figure 2,
over a wide range ot catalytic space velocities, the coal
conversions remained in the same range, i.e., 86-95 wtl despite the
presence of extarnally added iron catalyst. A mathematical
correlation is used at Wilsonville to calculate "thermal reaction
severity®™ which is a function of space vslocity, reactor
remperature, and hydrogen partial pressure. A description of the
thermal reaction severity was reported elsewhere [3]. As shown in
Figure 1, this severity correlated reasonably with coal conversion.
A plot of (residvcoal) conversion is also given as a function of
thermal reaction severity in Figure 4. As shown in this figure,
despite lower thermal severity in the catalytic/thermal mode,
somewhat similar (resid+coal) conversions could be cbserved. Thus,




it appeared that the presence of catalyst in the first stage
significantly improved the (resid+coal) conversion as discussed
Praviously.

RISTILLATION SYSTEM AND PRODUCY QUALITY

A schematic diagram of the distillation scheme uged in Run 260 is
shown in Figure 5. The first-stage products were sert to an
interstage separator to remove hydrogen, 1light ocases and
distillate. This distillate was then separated as V' 63 stream.
The second-stage products were also sent to another high-pressure
separator (to remove light gases and hydrogen) and then to an
atmospheric flash unit (to remove distillate as overhead stream,
V1078). The interstage separator overhead distillats stream and
the atmospheric flash overhead stream, both containing mostly a
distillate that wvas below 850°F, wvera coxbined as fead to T105
atmospheric distillation column. The overhead stream of the T105
column, containing mostly light distillate (bealow S00°F), was one
of the two major liquid product streams. The bottons of T10%5 was
sent to a vacuum distillation coluan.

In runs prior %o 2%9 and in periods 261A and 2618, a aajor portion
of the atmospheric flash bottoms, which usually contained a
considerable amount of distillate that wvas below 650°FY, was
recycled for process solvent make-up. The remaining fraction used
to go to a vacuum flash unit that separated the distillate from the
resid, unconverted coal, and ash. In Run 260, all the atmospheric
flash bottoms was sent to the vacuw flash unit and the vacuum
flash overhead stream (V1072) was sent to che Ti102 vacuum
distillation column. As shown in Figure 5, the T105 bottoms and
V1072 stream vere combined as feed to T102 column. The T102 column
overhead stream was the second major liquid product stream (mostly
below 800°F). The T102 column bottoms constitu‘es the “~evy gas
cil portion of the recycle solvent.

The overall distillate properties are given in Tabla © ‘.- periods
261C and 261D (a representative sample for analyais was Lbtained by
blending T105 and Ti02 distillate products). As shown in this
table, the product qualities with respect to J.esental analysis
lock similar in thermal/catalytic and catalytic/thersal modes. The
carbon and hydrogan contents are high and hetercatom contents wers
lov in these periods. The distillate product end points, as
determined by gas chromatographic simulated distillation, in
periods 260C and 260D were 778 and 723°F, respectively.

SOLIDS BUXLDUPF

To reduce solids buildup, in addition to testing thermal/catalytic
and catalytic/thermal modes of operation, and the nev interstage
separator, some minor modifications were alsc made. For example,
the transfer line length between the first stage outlet and
interstage separator vas reduced and heat losses in this line wvere
ninimized by heat tracing the line. The heat tracing would help

maintain the slurry at higher temperatures, thus praventing solids
deposition. However, during the thermal/catalytic tests, after
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about four weeks of operation, both the pressure drops, i.e.,
between the first stage and the interstage separator and betwaen
the reactors gradually increased to unacceptable levels due to
puildup of sclids in the transfer lina. The pressure drop
increased more rapidly after increasing the first stage temperature
from 825°F to B40°F (see Figure 6). Upon inspection, severe deposit
formation was observed in this transfer line as well as the
transfer line between the interstage separator and the second
stage. As mentioned earlier no deposits were cbsarved :n the
interstage separator. The transfer lines and reactors were also
inspected after complelring the catalytic/thermal tests in this run
(interstage separator was bypassed in these tests). In this mode
of operation, solid deposits were observed between the second stage
and ebullating pump. Moreover the thermal second stage also had a
significant amount of sclids on the walls and at the bottom of the
reactor. Some solid deposits were also observed in the vapor-
slurry scparator after the second stage.

The presence of a supported catalyst in the first stage has to some
extent prevented the formation of deposits befors the second
reactor. However, since there was no catalyst in the second stage,
solids buildup appeared to have shifted to process areas present in
and after the second stage. Thus, it may be speculated that the
presence of a transition metal catalyst in the reactor could
produce materials that are less prone to coking or buildup. It may
e pointed out that although the iron catalyst was present in the
slurry, it was used only to increasa coal conversion and
relatively, transitional metal catalysts have wmuch higher
nydrogenation activity than iron catalysts. Thus, in Run 262, a
dispersed (slurry) molybdenum catalyst is being tested to study its
effect on solids buildup.

In addition, Run 258 results with Black Thunder coal indicated that
solids buildup could be caused by basic compcnents such as calcium
present in coal. For exasple, ash analysis of Black Thunder coal
indicated significant amounts of calcium, which under liquefaction
=onditions could be converted to compounds such as calcium
carbonate which was found in solid deposits. Coal pretreatment
will be explored to remcve thess basic components from low-rank
coals prior to ligquefaction. One such method is coal pretreatment
with aqueous sulfur dioxide. The SO, wouid react to form sulfides
of above components. Some of these are water soluble and can
easily be removed; others may be oxidized to give compounds such as
calcium sulfate that may not contribute to sclids buildup.

Because of the high oxygen content in the feed coal {18-19 wtt mf
coal), the Black Thunder coal produced a significant amount of
water (16-19 wty maf coal). The hydrogen consumption in Run 260
was in the range of 5.5 to 6.5 wt% maf coal. In other words, about
33y of this hydrogen was consumed in water production. Coal
pretreatment methods need to be explored (e.g., hydrothermal

treatment) for low-rank coals to remove/reduca oxygen content prior
to liquefaction.




RUN 261

The main cbjectives of Run 261 weras:

® to tast a new Ni-Mo bimodal catalyst (EXP-AO-60) for its
- catalytic activity and physical strength using Illinois No.
6 coal from Burning Star #2 mine;

® to obtain high space velocity operation with full-volume
reactors; and,

@ to test a unimodal Ni-Mo catalyst (Criterion 324) ar
comparable conditions.

EXP-AD-60 cavALYST

The EXP~AO-60 catalyst was made by AKzZo per Amoco's specifications.
This was a 1/16 inch, Ni-Mo on alumina, cylindrical extrudate
catalyst. The catalyst charge in each reactor was 270 1lb. The
catalyst wvas initially batch deactivated in low/high =mode at
790/810°F starting with fresh, sulfided catalyst to an age
equivalent to 3 lb/ton replacement rate in each stage. Typical
operating conditions in Run 261 are given in Table 6.

In period 261B, reasonably smooth operation was obtained even at
a high ccal feed rate of 548 1lb/hr. The coal conversion and the
distillate yield were 91.7 and 64.4 vt} (maf coal), respectively
(see Table 7).

After period 261B, further catalyst batch deactivation was started.
Then the coal feed rate was reduced to about 423 lb/hr and resid
concentration in prucess solvent was incryased to about 48 wtg.
In addition, vacuum flash recycle was also started after period
261B. In period 261D, the following yields vere obtained compared
to period 261B (wty maf coal):

® higher C,+ distillate
(65.6 wt in 261D vs. 64.4 wtd in 261B)

® lower resid
(3.7 wtd in 261D vs. 4.7 wtt in 261B)

e higher C1,-C, gas make
(€-5 wt¥ 1n 261D vs. S.1 wtt in 261B)

® higher coal conversion
(93.0 wt8 in 261D vs. 91.7 wtt in 261B)

® lover solid product (ash-free)
(15.3 wt8% in 261D vs. 17.9 wtt in 261B;

Although these yields were somewvhat better in period 261D, there
was a significant reduction in space velocity compared to period
261B. Since period 261B was obtained only at a resid concentration
of about 38 wt%, it was estimated that at 50 wt% resid




concentraticn and 3 lb/ton replacement rate (each stage), the
allovable coal feed rate that gives similar yields could be about
650 1b coal/hr (80 1lb/hr/ft’ cat). That is, at similar process
solvent composition, by increasing the total catalyst replacement
rate frca J to 6 lb/ton, it was projected that the coal feed ratae
would be increased by about 50%. It could be more economical to
operate at higher catalyst replacement rates and higher coal feed
rates, thereby utilizing the reactor volume more effectively.

CaiTerion 324

In the following part of Run 261, Criterion 124 catalyst was used
in both reactors. The catalyst charge was about 440 lb per stage.
In period 261E, the coal feed rate, catalyst replacement rate,
first and second stage temperatures were, 494 lb/hr, 3 lb/ton (per
stage), BO9°F and 824°F, respectively. The maf wty yields in
periods 261F may be compared wvith period 261B as given balow,
keeping in mind thaz the resid concentration in process sclvernt vas
higher in period 261E (see Tables 6, 7, and 8):

e C,+ Distillate yield was lover
(60.6 wtl in 261E vs, 64.4 wtd in 261B)

® C,-C, gas make was higher
(7.7 wtd in 261E vs. 5.1 wtd in 261B)

e Coal conversion was higher
(92.7 wtd in 261E ve. 91.7 wtl in 261B)

Although resid concentration wvas higher and coal feed rate was
lower in period 261E, resid conversion to distillate was lower
compared to period 261B, indicating that EXP-AO-60 could be a
better catalyst for resid conversion/hydrogenation. In addition,
higher temperatures with Criterion 324 catalyst were necessary for
operability.

After cospleting period 261E, the catalyst wvas further batch
deactivated to an age equivalent ¢o 2.25 lb/ton replacement rate
(further batch deactivation to an age equivalent to 1.3 lh/ton
replacement rate could not be achieved due to increasing slurry
viscosity) and catalyst replacement vas started. Moreover, coal
feed rate wvas further reduced to about 360 lb/hr and coal
concentration was reduced from 33 to 30 wtd in order to maintain
operability at the lcwer catalyst replacement rate. Under these
conditions, the new resid circulation system was alsc tested. The
new resid circulation system, though found to reduce the resid
inventory in the system thereby reducing the time required for
obtaining steady-state operation, caused some pumping difficulties
probably due to inadequate mixing of coal and heavy gas oil in the
slurry tanks. The means to improve the mixing conditions in the
slurry tank are being addressed. Periods 261G ard 261D may be
compared for assessing the performance of the two catalysts. Both
periods appear to give similar yields; hovever, the coal feed rate
was lower and Criterion 324 catalyst replacement rate was higher in
period 261G compared toc period 261D with the EXP-A0-60 catalyst.
Thus, these results again indicate better resid conversion kinetics



with the bimodal catalyst.

SOLVENT NYDROGENATYION

The process solvent quality was measured as the conversion of the
standard Indiana V coal (wt} maf coal) in the process solvent at
750°F. The reaction was carried out for 30 min. in a 30-ce
microautoclave reactor. The process solvent quality was better in
periods 261A - 261D (82.1:1.9, with EXP-AO-60 catalyst) compared to
periods 261E -261G (76.3*0.5, with Criterion 324 catalyst). As
shown in Figure 7, the wt% hydrogen in process solvent gradually
decreased in this run.

CATALYSY ACTIVITY AND REACTIVATION

The catalyst activity and deactivation can be measured by following
the reaction kinetics. In general, the (resid+coal) conversion to
distillate was found to be approximatel’ Tepresented by first-order
kinetics (4, 5). The rate constant was .alculated according to the
following equation:

k = WHSV {x/(1-x))
where:

WHSV = weight hourly space velocity
{l1b feed/hr/ft® cat),
X = (resid+coal) conversion to distillate

A plet of the first stage catalyst activity is given as a function
of catalyst age for the EXP-AO-60 catalyst in Figure 8. Although
the first stage was at a lover temperature (first stage: 790°F vs.
second stage: B810°F), it seemed to have slightly higher
deactivation rate, probably due to differences in the nature of the
reactor feed. For example, first stage had higher resid
concentration and fresh coal in its feed. However, under steady-
state conditions at similar catalyst ages, both stages seem to have
similar rate constants. The catalytic rate constants for the
Criterion 324 catalyst are plotted in Figure 9. A single line can
be noted for the first stage as it was maintained at 810°F; where
as, two lines can be noted for the second stage, as it wvas operated
initially at 825°7 and then at B00°?’. In the catalyst age region
shown in this figure, the first stage average rate constants seem
to be only slightly lower than the second stage rate constants.
Considering the variability in the experimental data, both stages

seen tO perform similarly and the effects of temperature seem to be
marginal.

In Run 261, in low/high mode of operation (periods 261A - 261E),
the average (resid+cocal) conversions {baged on feed) in the first
and second stages were about 22 and 19 wtk, respectively. Whereas
in the past, in the high/low mode, the first stage conversions were
sopetimes twice that in the second stage. Thus, the low/high mode
seemed to improve the second stage utilization. A plot of hydrogen
consumption in each stage is shown in Figure 10 for different



periods. It was interesting to note that vhenever there was an
increase in the consumption in the first stage there was a
corresponding decrease in the second stage consumption and vice
versa. Thus, it appears that different mechanisas may be taking
place for hydrogen transfer, e.g., from coal ligquids, from hydrogen
gas, etc.; it may be speculated that if one is predominant in one
stage, the other may be predominant in the other.

DISTILLATION SYSTEM AND PRODUCT GUALITY

The distillation scheme used in Run 261 was similar tc that used in
Run 260 (see Figure 5). As mentioned earlisr, all the heavy
products could not be sent to the vacuum flash unit due to some
operational difficulties and part of the atmospheric flash bottoms
was recycled in periods 261A and 261BR to makeup the process
solvent. From period 260C onwards, vacuum flash bottors was
recycled. In general, the distillate product end points were in
the range of 750 to 780°F.

The product quality with EXP-AO-60 and Criterion 324 catalysts are
given in Table 9. As shown in this table, the hydrogen content was
higher in periods 261B and 261D compared to 261EK; the hetercatoms

(nitrogen, sulfur, and oxygen) were lover in periods 261B and 261D
compared to 261E.

ACCOMPLISHMENTS/CONCLUSIONS (1990-91)
RUN 260

e Tested the performance of thermal/catalytic and
catalytic/thermal operating modes with reapect to yields
and solids buildup with Black Thunder subbituminous cocal.

e Severe solids buildup was experienced in the transfer line
between the first stage and the intarstage separator in the
thermal/catalytic operation; however, no solids vere
obsarved in the intarstage separator probably cue to higher
slurry velocities.

e Catalytic/thermal operation seemed to be very effeactive
with low C,~C, gas make and high distillate yield; this
improvesent was partly because of higher hydrogen partial
prassure and resid concentration in the catalytic first
stags.

e Because of catalytic first stage and lowver
reactor/preheater tempsratures, the transfer line after the
second stage did not have significant solids deposition;
however, solids were observed after the thermal second
stage, indicating that high thermal temperatures (either in
the reactor or in the interstage preheater) produced
materials prone to coking/buildup.

e The catalytic/thermal tests seem to indicate that
continuous presence of a transition metal dispersed
catalyst could help reduce solids depositien.

i
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® The EXP-AO-60 bimodal catalyst was found to have good
activity and physical strength in low/high mode tests with
Illinois No. 6 coal from Burning Star #2 mine.

® A distillate yield of about 65 wt} was obtained in period
261B with EXP-AO-60 catalyst at a high space velocity of 67
1b coal/hr/ft? cat with full~volume reactors at only 38 wt}
resid concentration ‘n solvent using low/high temperature
mode (790/810°F).

® Based on the two test periods obtained at a total catalyst
replacement rates of 6 and 3 lb/ton coal, it appeared that
the coal feed rate could be increased by about 50% by
doubling the catalyst replacement rate (EXP-AO-60). This
would significantly improve the econoaics because the above
advantage in coal feed rate vac achieved at constant
reactor volume.

¢ The low/high temperature operation seemed to give somevhat
similar (resid+coal) conversions in each stage indicating
that the second stage utilization improved compared to
previous high/low runs.

® Tests were also made vwith Criterion 324 catalyst and
Illinois No. 6 coal at two catalyst replacement rates.

® The process solvent quality was higher with the EXP-A0-60
catalyst compared to Criterion 324 catalyst.

e The EXP~AO-60 catalyst had satisfactory physical strength
to withstand ebullated bed reactor operation.

® At a total catalyst replacement rate of 6 lb/ton, EXP=A0-60
catalyst could be operated at a higher space velocity
conapared to Criterion 324 catalyst to give similar
distillate yield. _

® The product quality seemed to be better with the EXP-AO-60
catalyst compared to Criterion 324 catalyst under the
conditions tested.

® At lowver replacement rates of Criterion 324 catalyst, coal
feed rates and coal concentration in slurry were roduced
due to an increase in slurry viscosity.

FUTURE PLANS
Run 262 is in progress with Black Thunder subbituaminous
coal. In this run, a dispersed molybdenum catalyst

(Molyvan L) is being tested to study its effects on
solids buildup and process per“crmance. Future runs with
bituminous and subbituminous coals would focus on
improving the space ve. sities and product
Yields/quality.
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TABLE 1

TYPICAL ANALYSES OF BLACK THuwDER AnD ILLINOZS NoO. 6 coaLs

BLACK THUNDER ILLINOIS NO.6

RUN 260 RUN 261
Moisture (wt}) 22.1 4.1
PROXIMATE (mf wt¥)
Ash 6.3 12.1
Volatile Matter 44 .4 50.8
Fixed Carbon 49.3 37.1
ULTIMATE (mf wty)
Ccarbon 69.0 70.3
Hydrogen 5.2 4.9
Nitrogen 1.0 1.4
Sulfur 0.5% 3.7
Ash 6.3 12.1
Oxygen (by diff.) 18.0 7.6
SULFUR FORMS (mf wti)
Pyritic 0.0 1.0
Sulfatic 0.0 0.0
Oorganic 0.4 2.6
MINERAL ANALYSIS OF ASH (wt%)
Silica 35,3 46.9
Ferric Oxide 5.3 19.1
Alumina 16.23 17.7
Titania 1.2 -
Lime 24.0 5.6
Magnesia 4.9 1.1
Potassium Oxide 0.4 0.9
Sodium Oxide 1.2 0.6



TABLE 2

TYPICAL PROPERTIES OF FRESH CRITERION 324 (Runs 260, 26Y)
AND EXP-AQ-60 (Run 261) CATALYSTS

CRITERION J24 EXP-AO-60

Size (in) 1/16 1/16
Shape * Cylindrical Cylindrical

Extrudate Extrudate
Bulk Density (1lb/ft?) 54 13
Por= Volume (cc/g) 0.48 .78
Al.mina Support Unimodal Bimodal
Active Metals (wtl) Ni (2.7) Ni (2.5)

Mo (12.2) Mo (10.7)

TABLE 3

TYPICAL OPERATING CONDITIONS IN Rum 260

Solvent-to-Coal Ratio 2.3

Recycle Solvent (wth):

Resid 40
Solids (CI) 20
Distillate 40
Catalyst Replacerent Rate 3
(1b cat/ton coal)
Catalyst Age 650
(1b coal/lb cat)
Space Velocity 45 (260C) (ther/cat)
{1b coal/nr/ft} cat) 45 (260D); 62 (260E) (cat/ther)
Iron Oxide Addition Rate 2

(wts mf coal)

Typical Reactor Inlet H
Partial Pressures (psiai
First stage 2700
Second stage 2200



TABLE 4

EFFECTS OF OPERATING MODE ON PERFORMANCE IN Run 260

RUN PERIOD «-> 260C 260D L60F
Operating Mode Ther/Cat Cat/Ther Cat/Ther
Coal Feed Rate (lb/hr) 251 253 J48
Av. Temperatures (°F)

1st Stage 825 790 789

2nd Stage 790 774 797
XIELD DATA (wty maf Coal)
Hydrogen Consumption ~6.3 -6.2 -5.6
Water 13.8 18.6 17.2
H,5+C0, +NH, 4.1 3.4 4.3
C,-C; Gas 11.2 5.6 6.2
C,+ Distillate 54.1 59.8 52.2
Resia™ 7.5 0.3 5.6
Solid Product® (ash-free) 10.7 18.5 20.1
Coal Conversion* 94.2 88.5 87.0

* A sample of (liquid+solid) product is distilled in the laboratory
at 600 °F and 0.1 mm Hg (about 1100 °F at 1 atm). The
non-distillable portion contains resid, unconverted coal, and ash.
The resid is soluble and unconverted coal and ash are insoluble in
cresol. Thus, unconverted coal and ash are referred tc as cresol
insolubles (Cl). The ash~free organics (mostly unconverted coal
and resid) are present in the ROSE-SR™ unit solid product.
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TABLE 5

PRODUCT QUALITY OF BLACKX THUNDER COAL

THERMAL/CATALYTIC GCATALYTIC/THERMAL

RUN PERIOCD --> 260C 263D

API Gravity 26.2 22.1

ANALYSIS (wt¥}

Carbon 87.20 87.10

Hydrogen 11.80 11.10

Nitrogen 0.40 0.45

Sulfur 0.04 0.04

Oxygen (diff.) &.50 1.30

froduct End Point (°F) 778 723 (by D1160)
TABLE 6

TYPICAL OPERATING CONDITIONS IN Rum 261

—EXP-A0~-60  (Criterion 324

Perijiod 261B 261D 261E 261G
solvent-to-Coal Ratio 2.3 2.3 2.3 2.0
Recyc'.e Solvent (wtl):

Resid 8 48 49 47

Salids (CI) 12 12 12 12

Distillate 50 40 39 41
Reactor Temp. (°F):

lst stage 750 790 810 810

2nd stage 81G 810 825 800
Catalyst Replacement Rate

(lb cat/ton coal) 3 1.5 3 2.25
Catalyst Age

(1b coal/lb cat) 670 1370 660 880

Space Velocity
(1b coal/hr/ft® cat) 67 52 61 44

Reactor Inlet H, Partial
Pressures (psiag
lst stage 2610 2660 2540 2640
2nd stage 2510 2470 2350 2310



TABLE 7

HicK SPACE VELOCITY OPERATION WITH ExP-A0-80 CATALYST:
EFFECT OF CATALYST REPLACEMENT RATE
(ILLINOIS NO. 6 COAL)

Run Period -> 4618 481D
Coal Feed Rate (lb/hr) 548 423

Catalyst Replacement Rate
(lb/ton) 3 1.5

IIELD DATA (wtl zaf coal)
Hydrogen Consumption -5.7 -6.0
Watar 8.3 9.7
S+C0, +NH, 5.3 5.2
g?«a Gas 5.1 6.5
C,+ Distillate 64.4 65.6
Resid 4.7 3.7
Sclid Product (ash-free) 17.9 15.3
Coal Conversion 91.7 93.0

TABLE 8

OPERATION WITH CRITERIONM 324 CATALYST:
EFFECT OF CATALYST REPLACEMENT RATE
(ILiznozs No. 6 coaL)

Run Period ~> 261E 261G
Coal Feed Rate {lb/hr) 494 157
Catalyst Replacement Rate

{lb/ton) 3 .25
XIELD DATA (wt¥ maf coall
Hydrogen Consumption -5.4 -8.2
Water 9.7 9.0
H,5+C0O, +NH, 5.3 4.6
C,=C; Gas 7.7 7.6
C,+ Distillate 60.6 64.1
Resid 5.4 5.1
Solid Product (ash-free) 16.7 15.6

Coal Conversion 92.7 92.2



TABLE 9

PRODUCT QUALITIES OF ILLINOIS NO. 6 COAL WITH
Exp-a0-60 anp CrrvEmion 324 CATALYSTS

- EXP-AQ~-€60 _ CRITERION 324
RUN PERIOD -~> 261B 261D 261E
RISTILLATE (wti)
IBP-350 °F 21.2 30.0 24.3
3150-450 P 11.9 14.5 15.4
4S0-EP °F 66.83 5.5 60.3
API Gravity 23.3 22.1 23.2
ANALYSIS (wtS%)
Carbon 87.25% 87.49 86.28
Hydrogen 11.42 11.27 10.86
Nitrogen 0.22 0.32 0.43
Sulfur 0.03 0.02 p.0<
Oxygen (diff.) 1.07 0.90 2.3e
Product End Point (°F) 772 780 786

(by D1160)




YSe + [80J POLUSALIOIUN + PISA pejeasicIpiy
N =7'||_ g?ﬂ.‘!«e}_

1

sosef) - -1
ueBouphy —— oBms puoses aphmyed _
s [ ]
4
ueBosply — eBms a1y opAmeo
I I
uopwsedesd Aungs

je0d th...!._:n




ALIJ0T3A 3IVdS JIEAWAYD SO N i id
Y SY 092 ONY 852 SNAY NI NOISUIANGD TVOD WIONOH. - - /8

14 nY/H/ 09 A1

|

‘A'S

09 0G

1

*Z U914

oy

85 N

09T NN

0L

- GL

- 08

- 68

- 06

- G6

00

ALID0TIA 3IVdS "SA NOISHIANOD V0D

%M 4V "ANOD V0D




(092 NNY) NOISYIANDD V0D MO ALINIAIS TWINIHL 40 133243 € JNNSI4

<= ALI¥IAIS NOILIVIN TWWYIHL

(C) uotssaauo) po) 9boyS )s¢
(x) uoisieauo) jpo) abo)S-om|

T_T'Y

ALIY3AIS TYNY3IHL SA NOISYIANOD V0D

JOW ¥ IM ‘UOISIAUDD |DOI



(092 NNY)

NOISHIANGD (TV0J+QIS3W) NO ALI¥IAIS TWWN3IHI 30 133443 "¢ IuMI4

<--- ALIHIA3S NOILIVIY TWHY3IHL

21)40}03 / |oul 13y}

w\\ pwau /3114010d
x

(D) uoisiaAu0) JN+pisdy 300S 15t
(x) uoissaauo) 2bojS-om|

T Tt

ALIY3AIS TVWYIHL SA NOISYIANOD IN+d

JOW & }M “"AUOD DN+PIS3J



NOILVEVAIS LIN00W4 FAVTIILSIO 40 WWWSVIQ JIINGENDS S 3umId

JTOADIY 404

TIO SVD

10Nqodd
JIVTILLISIA

coll

ITAdIN

LINaoydd
dIVTIILSIA
LHOIT

L

NWNTOD '1SId-~1

T13SSTA=A
I. zioiA | IIVTTLISIA
WNNDVA
JIVTIILSIA
[ 8LOIA | HI4IHJISONIV
SOLL 09IA
NOIVUVd3S
ﬂ 1OVISUILNI
VolA WOUud

JLVT11iS1d



BETWEEN REACTORS

(092 NNY) SYOLIVIN 3HL NIIMLID ONV YOLVEVJIS

J9YVLSYILNT ONY HOLDVIM AST IHL N3I3MLIG SHOUC JWNSSIYUd 9 IWNOII
SAVA NOILvH3dO
G/, OL S9 09 G 0S S¥ O¥ SE OF G2 02 SL OO S O
1 | ] 1 [ 1 1 i I T I 1 _. I )
BN
| — i . ']
r:::::— % )
i AT
_1::_: ___1
A.II;_ Ccﬁr
] _:
w:
oo
() p
(1
[
o < * 40v8 4 528
[} .
N ”
| -
IVINHIHL/DILATVIVO DILATVIVD/IVINHIHL

d0OHda 3HNSS3Hd

'd3S FOVLISHIALNI - 3OVLS 1St



001

SISATVIVD #2¢ NOIWILIYD ONV 09-0V-dX3

HLIN 192 NO¥ NI IN3A0S SSIIOU NI %IM NIOOWAAH

SAVd NOILYd3IdO

ot

02

06 08 0. 09 05 Ov
I ! I f _ _
()

____u___}_“}_e___}:__a:_.:%_
__:_.,;
() |begd]
T
_Zi_______
vZe NOINILIAD

}f

J
(IARES RN

| i)
A !

_
g (o,

C9-OV-dX1d

0l

I

'l

LNIATOS SSID0Ud NI NIDOUJAH %IM

"L U914

:

i
*_ N

ol

—Z =0k MWL S

R Moy

D -



(192 NOWY)
39V 40 NOILONNJ V SV ALIAILIY LSAVIVD 09-0V-dX1 9§ 3¥N91d

(00001 /1 X) (103-1yn2/jp0d Jw qj)
oby 1s£jp0)

- -
)
o~
-—

abo)s puz : x abo}s 15| : D

- 0G

(09-0V-dX3) ALIAILOV 1SATVLYO

§6

4/1 Y U] "suod 9pJ



3OV 40 NOLLINN V SY ALIATLIV 1SATYLVD $2€ NOINILIND

(192 NNY)

(00001/1 X) (103-34n2/100d jJu qp)
oby 18410)0)

14 £

L i

"6 JUN9I4

4, 008/0i8

1, ST8/018

abojs puz : x

aboj)s 35, : O

]

(¥Z€ NOIYILIND) ALINILOY ISATVIVD

Gt

0t

Gt

oy

Gr

§6

/1 ‘Y Y| "suod 3)DJ



SO0I¥I4 T9Z NNY NI 39VIS HOV3 NI NOTLJNNSNOD NID0UGAH 'OT 3Ol
192 NNA N1 SGOIY3ad
OIR 4197 419 aqi N ais Vi
YOVIY ON7
FOVIT IBY

1|

v
~i

i
-

TVYQO AV %1M SNCO NIDOUAAH

sy

531




