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ABSTRACT

This report summaries the work in the third quarter of the
optimizationof reactorconfigurationindirect coal liquefaction.

The microautoclave screening test program to determine the
ultimate conversion of Black Thunder Mine coal has been initiated.
Fabrication and assembly of the small scale fixed bed unit are
underway and scheduled to complete by the end of July.



SUMMARY

During the third quarter of the program, experimental work had
commencedonmicroautoclaveevaluationof partiallyconvertedcoalslurry
obtainedfrom PDU Run260-03. Additionalconversionof coalinthe non-
catalyticand catalytictestswas observed. However,the increase in coal
conversionwas lower than previoustests on the HRI-5887 shipmentof
Black Thunder Mine coal prepared by Empire Coke Company.
Microautoclavetests on coal used as feed in the PDU Run 260-03 are
being evalua:ed under the CTSL program.

Retrofittingof a small continuousflow unit for fixed bed processingof
partiallyconvertedcoal slurryhad commencedin June and expectedto
completedby the end of July.The fixed bed test programis scheduled
to start in mid-August.

A batch of presulfided Shell S-317 1/20" trilobe catalyst had been
obtainedfrom Wilsonvilleand was characterizedduringthis period. The
Mo/Ni ratioof the presulfidedtrilobecatalystwasverysimilarto thatof the
fresh Shell S-317 1/32" extrudates. As a result of the presulfidng
procedure,part of theporestructure(24%) wasblockedby carbonaceous
deposits. However, the pore size distributionof the trilobe catalyst
remainedabout the same as the fresh 1132"extrudates.

A paperon reactorconfigurationin coalliquefactionwas presentedat the
206th ACS NationalMeetingheld in San Francisco,Californiaon April7.



PROGRESS REPORT

Task 2 - Laboratory Support

A trilobecatalysthas been selectedas the firstcatalystto be evaluated
in the fixed bed mode. The trilobe catalyst is known to give lower
pressuredrop than catalystof othershapes,eg. extrudatesand beads.
A batchof Shell S-317 1/20" presulfidedtrilobecatalyst(HRI-6030) was
obtainedfrom Wilsonvillefor this purpose.

Selected chemical and physical properties of the Shell 1/20" trilobe
catalyst are compared with that of fresh Shell 1/32" (HRI-5394) and
Criterion1/16" (HRI-5903)extrudates in Table 1.

The presulfidedtriBobecatalystwasstoredin oilduringshipmentand was
washedwit toluenetoan "oil-free"statepriorto beingcharacterized.The
oil-free sample contained7.35 W% of sulfur. The Mo/Ni ratio of the
trilobecatalyst(5.1) wassimilarto the Shell 1/32"extrudatecatalyst(5.2)
and were both higherthan that of the Criterioncatalyst(4.2).

The presulfidedtrilobecatalysthad a higherbulkand particledensities,
butlowerporevolumeand surfaceareathantheothertwocatalysts.The
pore volumeof the trilobecatalystwas 24.8% lessthanthat of the Shell
1/32"extrudate,whilethe differencein surfacearea was only 19%. The
pore size distributionof these catalystsare presentedin Figures I and 2.
Althoughsimilaranalysesona freshtrilobesamplewere notavailablefor
directcomparison,it isvery likelythat the freshtrilobecatalystmay have
similarpropertiesas the Shell S-317 extrudate. The observeddifference
in physical propertiesbetween the two Shell catalystswas a result of
carbondepositionfromthe presulfidingprocedure.

Althoughthe two extrudatecatalysts(HRI-5903 and 5394) had similar
chemicaland physicalproperties,there were considerabledifferencesin
its pore size distribution.

The 1/16" Criterioncatalyst(5903) containedmore mesoand macropores
in the range of 200-10,000 angstroms. However,the model micropore
diameterwas only46 angstromsinthe Criterioncatalystwhilethat of the
1/32" Shell catalyst(5934) was higher(slightlyabove 100 angstroms).

The 1/16" Criterioncatalystwillbe evaluatedinthe secondfixedbedtest.
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• TABLE 1

CATALYST PROPERTIES - Presulfided Shell S-317 1/20" Trilobe
Comparison with Catalysts Used in the CTSL Program

Shell
Trllobe Shell Criterion

Persulfided Extrudat Extrudate
e

HRI NUMBER 6030 5394 5903

NominalDiameter,inches 1/20 1/32 1/16

CHEMICAL ANALYSIS (W% mf)

Molybdenum 7.91 11.4 10.11
Nickel 1.55 2.2 2.38
Mo/Ni Ratio, w/w 5.1 5.2 4.2

Carbon 3.03
Hydrogen 0.85
Nitrogen 0.07
Sulfur 7.35

PHYSICAL PROPERTIES

Bulk Density,lh/ft3 43.8 36.7 38.1
Particle Density,g/ce 1.090 0.966 0.938
Pore Volume,cc/g 0.490 0.652 0.645
SurfaceArea, M2/g

Hg Porosimetry 160 197 283
BET Method 166 N/A 314

PORE SIZE DISTRIBUTION, cc/g

> 30 A 0.490 0.65 0.64
> 100 A 0.276 0.39 0.30
> 250 A 0.140 0.19 0.27
> 500 A 0.122 0.16 0.24
> 1500 A 0.084 0.11 0.18
> 4000 A 0.018 0.02 0.08

Modal Diameter,MesoporesA 90 95 46
Modal Diameter,Macropores,A 3300 2800 4200



ii

FIGURE 1

• CATALYSTPORESIZEDISTRIBUTION
Criterion (HRI 5903) And Shell S-317 (HRI 5394, 6-30) Catalyst
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FIGURE 2

Shell S-317 1/20" Trilobe Catalyst
dV/diogR vs Pore Diameter
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Task 3 - Laboratory Scale Operations-Reactor Confiquration

A_.=. Microautoclave Screeninq Test

The partiallyconvertedcoal slurry(L-772) retainedfrom the November,
1991 operationsusingBlackThunderMine coalin PDU Run260-03, and
whichis to be usedinsmallscale fixed bedtests, has beentested ina 20
cc Microautoclavecomparingthe performancein tests with and without
catalyst.

The tests used the L-772 slurry directly in the testswhich was for'30 and
60 minutes, at 800" F, and 2,000 psig hydrogen pressure. Where catalyst
was used, it was HRI 5359P2, Shell S-317 catalyst that had been
prcsulfided in a fixed bed using TNPS as the sulfiding agent. The catalyst
quantity was 2 grams, with an L-772 charge of 10 grams. The L-772
contained about 17.1 W% solids, which consisted of mineral matter and
unconverted coal corresponding to a conversion of 75.7 W% of the coal
fed to the PDU operation.

Table 2 summaries the results of the tests on slurry L-772.

The catalytic tests had higher coal conversions and lower residual oil
yields than were obtained in the non-catalytic tests. The apparent coal
conversion rate in the catalytic tests was higher by a factor of about 1.75
than in the non-catalytic tests. However, conversion levels were
considerably lower than had been obtained in similar tests with bench unit
product solids. The analyses of liquid products indicated that there was
about 2/3 as much net residual oil formation in the catalytic tests.
However, the hydrogen contents of the product liquids indicated no
specific advantage for the catalytic tests.

Coal Conversion

The additional conversions in the catalytic tests were higher than in the
corresponding non-catalytic test, although the difference was narrower for
the longer tests. The non-catalytic tests increased the conversion level
from 75.7 W% to 88.9 and 90.8 W% for the 30 and 60 minute tests,
respectively, while the corresponding conversion levels for the catalytic
tests were 1.7 and 0.4 W% higher, at 90.6 and 91.2 W%. Assuming first
order kinetics, the change in conversion with time for both types of tests
indicate a limiting conversion level of about 91.2 W% (ostensibly the rest
of the coal is inert), with the specific rate for the catalytic tests about 1.75
times that for the non-catalytic tests.
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• The relativelylow conversionlevels obtainedin the these tests and the
apparently high proportionof inert coal is surprising. The HRI 5887
shipmentof BlackThunderMinecoalpreparedby EmpireCokeCompany
gave 91.4 and 94.4 W% conversionin 30 and 60 minutemicroautoclave
tests, respectively,also at 800" F and 2000 psig usinga gas oil solvent
in approximatelythe same oil/solidratiothat obtainedin tests usingthe
L-772 slurry (refer to Figure 3). Previous microautoclavetests with
partially converted Black Thunder Mine bench unit product solids
increasedthe conversionlevel of a firststage productfrom 65.4 to 93.5
W% (the test was at 825" F, butotherwisesimilar). Conversionlevelsof
over 95 W% were obtained in similartests with the bench unit second
stage productsolids.

Product Liquid Analyses

The hydrogencontentof the oil was loweredby 0.6 to 1.0 W%, whichis
more or less in line with the relatively low hydrogen content of the
additionalmaterialdissolved. The hydrogencontentscorrelatewith the
materialhavinga hydro_i_-,ncontentof2.1 W%. The essentialconclusion
is that the catalyst di_,_not have any specific impact upon hydrogen
content.

Residualoilcontents(bythermogravimetricanalysis)intheliquidproducts
were ali higher than the residual oil content of liquid in the feed.
However,theses contentswere lowerin the catalyticproductthan inthe
thermal product. Forthethermalteststhe increasein residualoilcontent
was 0.56-0.60 times as great as the amountof coal dissolved,whilefor
the catalyticteststhis ratiowas 0.34-0.38. This ratioin the thermaltests
is very closeto that indicatedin correlationof microautoclaveand bench
unit yields as the proportion of residual oil formed in the primary
liquefactionof the coal,so that these thermai resultsindicatevirtuallyno
secondary reactionof the residualoil.

Microautoclavetestsusinghexahydropyreneas a solventhavealso been
completed. Analysesare beingcarded out and will be reported in the
nextquarterlyreport.
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TABLE 2
i

Advanced Coal Liquefaction Concepts Program
Reactor Configuration

MicroautoclaveTestsUsingL-772ParitallyConvertedSlurryfrom PDURun 260-03

BlackThunder L-772 CMl 15 CMl 17 CMl 16 CMl 18
Coal SlurryFeed

Temperature,F 800 800 800 800
Pressure(hot),psig 2(XX) 2000 2000 2000
Time, min 30 60 30 60
Catalyst,g/§ Slurry 0 0 0.2 0.2

CoalConversion,W% 75.7 88.9 90.8 90.6 91.2

Analysisof LiquidProduct,W%
Carbon 68.65 88.65 87.89 87.94 68.33 87.21
Hydrogen 4.56 11.14 10.55 10.39 10.32 10.19
Nitrogen 0.87 0.05 0.46 0.07 0.07 0.06
Sulfur 0.5 0.019 0.028 0.053 0.08 0.07
H/C 0.80 1.51 1.44 1.42 1.40 1.40
Residuum(TGA),W% 5.14 10.26 10.67 8.8 8.65

IncrementalResiduum

g/g coaldissolved 0.6 0.56 0.38 0.34



' FIGURE 3 -

' Microautoclave Test Results (800 F, 2000 psig)
Black Thunder Coal

Raw Coal vs Partially Converted Coal Slurry (L-772)
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, B...=. Fixed Bed Reactor Configuration

A small continuousflow unit is being retrofittedfor fixedbed processing
of partiallyconvertedcoal slurryor CTSL 2nd stage feed. A schematic
diagramof the 3/8" diameter fixedbed is given in Figure 4.

The fixed bed unit (Unit 254) consistsof two 3/8" diameter tubular
reactors connected in series. Pressure drop across each reactor is
monitoredby a DP cell for detectionof possiblesolid build up in the
catalystbed.

Two 2-day testsweredesignedtoevaluatethesolidhandlingabilityofthe
fixedbed packedwiththe Shell S-317 1/20 trilobecatalyst(Run 254-01)
and the Shell S-317 1/16" extrudatecatalyst(Run 254-02) in an upflow
mode.

For each test the following process co_ditions will be evaluated:

Condition 1 2

Period 1-2 3-4

Feed Slurry PDU 260-03 0-47 Slurry
(L-772)

Catalyst Shell S-317
1/20" trilobe in Run 254-01
1/16" extrudate in Run 254-02

Pressure, psig 2500 ' 2500

Temperature," F 800 800

Space Velocity
Ib/h/ft3 155 78

Note: Duration of each period is 12 hours.

lt is anticipated the equipment retrofittingand commissioning of the unit
will be completed by the end of July. The test program is scheduled to
commence in mid-August.
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Task 4- Technical Assessment

No activitywas undertakenduringthis reportingperiod.

Task 5- Project Management

Approvalhad been grantedon the EnvironmentalAssessment.

Atechnicalpaperwas presentedatthe 206thACS National Meetingheld
in San Franciscoon April7.

An updatedworkplan is attached, Figure 5.
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