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SUMMARY

A detailedevaluationof the benchunitdata onBlackThunderfeedstockswascompleted.

The resultsshowthat ina once-throughoperationusingcounterflowreactortechnology

coal conversionsin excessof 90% couldbe obtained,givingdistillableoil yieldsin the

range 60 - 65 wt% on MAF coal. The remaining non-distillableoil fraCtiOnwhich

represents20 - 25 wt% on MAF coal is a sourceof additionaldistillableoil in further

processing,for example,bottoms recycleoperation. C1 - (33gas yieldswere generally

In the order of 6 - 8 wt%.

In autoclavestudies, Illinois#6 coal was found to be much less reactive than Black

Thunder coal, and did not respondwell to solubilizationwith carbon monoxide/steam.

Processseveritywas, therefore,increasedfor bench unit operationson Illinois#6 coal,

and work has concentratedon the use of hydrogenrather than carbon monoxidefor

solubilization.

Preliminarycokingstudies on the resid from benchunitrunson BlackThundercoal were

also carded out. Distillableliquidyieldsof 55 - 60 wP_ were obtained.

The technicalandeconomicstudyto be carriedoutby KilbornEngineeringCompanyhas

been initiated.
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INTRODUCTION

The status of the projectat the conclusionof the last quartercan be summarizedas
follows:

1. All the feedstocksrequiredforthe executionof the projecthadbeen acquiredand

characterized, with the exception of an Illinois #6 derived oil for bench unit

operation.Asampleof Illinois#6 derivedoilsufficientforautoclavetestshadbeen

receivedand partiallycharacterized.

2. Agglomerationtests on both Black Thunder and Illinois #6 coals had been

completed.

3. Autoclave tests and bench unit operationson Black Thunder coal had been

completed.

Duringthisquarterthe followingmajoractivitieswere pursued:

1. Compilationof the analyticaldata in Runs DOE-BU-014 and DOE-BU-015 was

completed. A detailedassessmentof the data fromthese two runswas carded

out, sincethese runs representour best conditionsfor benchunit operationon

BlackThundercoal.

2. Preliminarycokingtestswere completedonV340 residuefromthe benchunitruns
on BlackThundercoal.

3. Autoclavetests on Illinois#6 coal to define conditionsfor bench unit operations

werecompleted.

4. Initialbenchunittestson illinois#6 coal were performed.

5. The technicaland economicassessmentof the processwas initiated.
1
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EXPERIMENTAL PROGRAM

Task 2 Feedstocks

2.1 Feed Procurement and Characterization
•. •

Coal dedved oils (LO-6282 and LO-6305) were obtainedfrom HRI duringthe quarter.

Bothwere 0-43 recycleoilsproducedfromthe processingof Illinois#6 coal. These oils

were ash free mixturesof atmosphericstillbottomsand RoseSR deasphaltedoil. LO-

6282 (15 litres) was utilized for screeningtests in the autoclave to identifysuitable

processconditionsfor the benchunitoperations. LO-6305 (3 barrels)was used for the

benchunitprogram.

Characterizationof the oils is shown in Table 1. The oils were very similar both

chemicallyandphysically.They were lighterand lessviscousthan the idealliquefaction

solventsfor the CFR system.

o,
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Table 1: Properties of Illinois Solvents

LO-6282 LO-6305
.. •

API gravity," 14.8 =

Viscosity,cST @ 20"C 201 =
@ 40"C 49 =

Carbon' 88.5 88.6
m,, i

Hydrogen1 10.5 10.7

NitrogenI 0.08 0.13

Sulphur1 0.07 0.08

H/C Ratio 1.42 1.45

CCR1 1.9 =

Asphaltenes1 (C5) 2.4 1.4

SimulatedDistillation_

0 - 182"C - "

182 - 343"C 30.0 29.0

343- 525"C 63.7 64.7

525+ 6.3 6.3
, ,i

weight%
=in progress
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Task 3 Experimental Work

3.1 Ash Removal

No activityin thisquarter.

3.2 Autoclave Program

Five testswere completedon Illinois#6 coal with the followingobjectives:

1. Identifyfirststage processconditionsforthe solubilizationof Illinois#6 coal using

CO/steam or hydrogen.

2. Determinethe processibilityof Illinois#6 coal in a simulated2 stage test.
I

Run summariesare given in Table 2, along with a similartest with BlackThundercoal.

The mostobviousconclusionthat can be drawn isthatthe Illi,ois #6 coalis lessreactive

than BlackThundercoal, and itdoes notrespondwellto carbonmonoxide/steam. Atthe

standardautoclaveconditionsfor BlackThundercoal (390"C/600psiCO cold/30 minutes)

coal conversionfor Illinois#6 coal was only 67%, almost 20°/olower than for Black

Thunder. Raisingthe temperatureto 425"C improvedcoal conversionto 81% (DOE-64)

witha CO atmosphere.Thiswasstillbelowthevalueobtainedin hydrogenevenwiththe

low activity iron catalysts (DOE-61 and 62). One simulated 2 stage run was also

performedusinghydrogen(DOE-63). The autoclavewas initiallyset to 425"Cto promote

solubilization,then raised to 440"Cfor the hydrocracldngstep where Fe2Os/DMDSwas

the catalyst system. The gas was hydrogenthroughoutso it was not necessaryto let

down the pressure between stages and to recharge the autoclave. Hydrogen

consumptionduringthis runwas not excessiveas the final pressurewas stillover2000

psi, of whichabout 85% was hydrogen. Process performanceis depictedin Figure 1.

All runswith hydrogengave coal conversionsof closeto or over 90%.
t I
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TABLE2 AUTOCLAVE PROGRAM RESULTS

,,=lll_l_ m_=__== _ _ _ =mR ___

DOE-60 390 600 3_ Na2AIO2 24,3 32.4 9,2 FeSadded
DOE-61 425 100_ 30 _ 8.__...99 30..._.._.8_._832.._.__.66Na2AIO2adde...._d
DOE-62 425 1000 30 Fe203 92 23.6 39.0 24.7.__-----.-- ---"--'- _ _ 2 etae.,q.e___

DOE-63 425 11 O0 30 ...,_._,,__.._,.-- .-.----.---- --.,--------- _
44----"O-'-_ 30 Fe203/DMDS 9._._..33 28.2 15..___..._/936.2

DOE-64 42._._._55 600 3_...__.O0 Na2AIO2 8._._.11 26.6 29._......._.8819,5 Fe203 added

----- _ _ 86 _ 9.3 -5.0 BlackThunder
-,,_=,1 "==-=_ -_lm=_l=aw-m=l=='

410 600 30



Productyielddistributionalso indicatedthe lower reactivityof the Illinois#6 coal. During

the firststagesolubilizatlon,preasphaltenelevelsexceededthatoftheasphaltenes,which

was the reverseof thatobservedwith BlackThunder. Also, inthe two stage test, there

was 16% preasphaltenesunconverted,whileduringsimilarrunswith BlackThunderthe

preasphalteneswere almosteliminated(5% or less). These resultsare shownvisually

in Rgure 2.

We can concludefrom the resultsthat processseveritywillhave to be Increasedin the

benchunitwhenprocessingIllinois#6 coal. Also, it is likelythatthe firststageoperation

willbe moreeffectiveif hydrogenratherthan carbonmonoxideis the reducinggas.

3.2.1 Future Work

No autoclavetests have been performedat this time on Illinois#6 coal and LO-6305

solvent. To permitcorrelationswiththe bench unitthe followingtests are planned:

1. Solventstability

2. 425"C/30 minutes/600psiCO- 1 stage

3. 425"C/30 minutes/1000psiH=- 1 stage

4a. 425"C/30 minutes/1000psiH=/Fecatalyst

b. 440"C/30 minutes/1000psiH=- 2 stage

5. 2 stageas 4, but usingMo catalyst.

Also,to determineifthe productsfromthe counterflowreactorcan be furtherprocessed,

autoclave tests are in progresson the V-340 productsfrom Illinois#6 coal bench unit

runs.

r
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Figure 2 Process performance -- Product yield
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3.3 Bench Unit

3.3.1 Modifications

No major modificationswere madeto the benchunit duringthis quarter. DuringRuns
!

DOE-BU-016 andDOE-BU-017,thedecisionwas madeto by-passthe firststagereactor

anddirectthe feed linefromthe preheaterstraightto the secondreactor. This allowed

forthe operationof the secondstageonly.

3.3.2 Operations

Withthe completionof Runs-BU-014and DOE-BU-15 lastquarter, benchunitoperations

on Black Thunder coal were concluded. The time allocationremainingfor benchunit

operationswas scheduledfor Illinois#6 coal. The start timefor theserunswasdictated

bythe receiptat Devonof Illinois#6 derivedsolventfromHRI. Thissolventwas received

on March17th,andthe firstrunson Illinois#6 coal, DOE-BU-0"I6 and DOE-BU-017were

carded out in the weeks of March21st and March28th, respectively. The planwas to

run two stage operationsbothweeks. DOE-BU-016 was to use CO/steam in the first

stage and hydrogenin the second stage. First stage conditions were fixed at a

temperature of 425°C, pressure 10.34 MPa with WHSV about 1.7 using aluminate

catalyst. These conditionshad beendeterminedas a resultof autoclavetests. For the

second stage, two yield periodswere scheduledwith ironoxide catalystand two yield

pedodswith ammoniummolybdatecatalyst. In each case temperaturesof 430"C and

440"C representedthe differencein the two yieldperiods. For DOE-BU-017, hydrogen

was to be usedinthe firststageinsteadof CO/steam,withall otherconditionsthe same

as DOE-BU-016. Dimethyldisulphidewas added as sulfidingagent throughout.

However, in all attemptsat twostage operation,pluggingoccurredat the checkvalves

of the transferpumpbetween the firstand secondstage reactorsapproximatelyone to

two hoursafter introductionof the coal intothe feed. As a resultthe decisionwas made

¢
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to by-pacsthe first reactorand feed directly to the secondstage reactor. In this case

hydrogenwas usec;for solubilizationand hydrocrackingin a onestage operation. Two

yieldperiodswerecompletedusingironoxideas catalystat secondstage temperatures

of 430"C and 440"C,respectively.Subsequently,two yieldperiodswerecarded outwith

ammoniummolybdateas catalyst at similarconditions. The resultsof theseone stage

operationson Ulinois#6 coal are discussedin the next section.

3.3.3 Results

The benchunittestsonBlar_ThundercoalconcludedwithRunsDOE-BU-014 and DOE-

BU-015. These runsrepresentedthe mostoptimizeddata obtainedon Black Thunder

coal usingthe counterflowreRctortechnology. Muchefforthas, therefore,been ap_ied

thisquarterto analyzingthe resultsfrom -014 and -015 and establishingthe best data

base fromwhichpreliminaryeconomicstudiescouldbe made.

Preliminaryresults from DOE-BU-014 and DOE-BU-015 were presented in the last

quarterlyreport. A revisedset of data on these runsis nowpresentedin the Appendix.

Overallmassbalancesbasedonthe rawdatawerequitegoodrangingfrom96.4 to 103.2

percent. The water balanceswere, however,consistentlyhigh. Errorsassociatedwith

water measurementin the firststage were identifiedas a problem,so the decisionwas

made to force a water balance inthe firststage, but leavingthe oil producedin the first

stageoverheadon an as measuredbasis. This assumptionof water balance in the first

stageis reasonable,sinceautoclaveresultsearliersuggestedoxygen removalfrom coal

appearedessentiallyascarbondioxideduringsolubilizationwithCO/steam. Overallmass

balances were changed only slightlyby these adjustments,ranging now from 95.5 to

102.5%. Water was producedinthe secondstage reactorthroughoxygenremovalfrom

the MAF coal duringhydrocracking.With iron oxidecatalyst the water produced(6-8

wt%) was slightlyhigherthan in the case where molybdatewas catalyst(about5 wt%).

Thesevalues were supportedby elementalbalanceswhichshow good oxygenbalance

andwhichwillbe discussedlater. Anotheradjustmentinthe data was madewhenitwas

11 "



discoveredthat the hydrogenflow meteron the secondstage reactorwas reading3%

high. This gave overall hydrogenconsumptionnow in the range of 6-8% wt, more

consistentwithvalues reportedelsewhere.

The productyields on an MAF coal basisare shownin Figure3. The resultsshowthat

THF extractables((34--. preasphaltenes)yieldsinthe 70 - 80wt% rangewithmolybdenum

catalyst. As expected these were slightlyhigher than with the iron oxide catalyst.

Conversely,the iron oxide catalyst gave slightlyhigher gas and water yields. The

conditionsinthe firststagewere keptconstantfor all these runs,the onlyvariableapart

from catalyst was the temperatureof the second stage reactor. Between430"C and

445"C (determinedearlierto be the optimumrange)temperaturedid notappearto have

a majoreffect, butthe IOM did tend to be lowerat highertemperatures, as would be

expected.

The gas and wateryields are brokendown intowater,carbonoxides and hydrocarbon

gas in Figure4.

Some variabilityin the data is shownhere, but the data suggests:

1. Hydrocarbongas yields increasewith temperaturewith ironoxidecatalyst.

2. Water yieldsare slightlyhigherwith ironoxidecatalyst.

The breakdownof the THF extractableson the basisof solubilityis shownin Figure5.

Thisdataindicatesthat ammoniummolybdatecatalystdoes giveslightlyhigheroil yields

(pentanesoluble),than ironoxide. Oilyieldsalso tendto increasewithtemperaturewhile

asphalteneyields (toluenesoluble)decrease. Preasphalteneyields (THF solublefraction)

are low and faidyconstantat 2-3 wt%.

In general,the distillableoil wouldbe expectedto be most of the pentane solubleoil,

whilemostof the asphaltenefractionandthe preasphaltenefractionwouldbe expected

12 "'
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to be non-distillable.The V1074 solventprovidedfrom Wilsonville,for instance,was

87.9% pentanesolubleoil and 12.1% asphaltene.

Asoccurredintheautoclaveprogrrdm,difficultieswereexperiencedindeterminingreliable

distillableoilvaluesbylaboratorydistillationprocedures.D1160distillationmethodswere

unsatisfactorydue to the fact that a consistentand reliableend pointfor the distillation

could not be achieved. Initiallydistillableoil yields were estimated from simulated

distillationdata (D2887) onthe solvent,V220 andV330 overheadsanda crudesimulated

distillationprocedureon the V340 bottoms. However,it was discoveredthat the V330

overheadscontainedsomeasphaitenesandthereforemighthavenon-distillablematerial

present. The D2887 proceduremightthereforelead to an overstatement of distillable

oil yields. Eventually a procedurebased on crude simulateddistillationdata on the

solventand on compositeproductsamplesof V220, V330, and V340 bottomsblended

inthe correctratioswas established. It is feltthat thisproceduregivesthe mostreliable

results. Rgure6 showsa comparisonof thedistillableoilyieldswiththe pentanesoluble

oil yieldsdeterminedby extraction. The resultsshow that the distillableoil yieldsare

indeedinfairlygoodagreementwiththe pentanesolubleoilyieldsobtainedby extraction.

Distillableoil yieldsof about 55 wt% based on MAF coalwereobtainedusingironoxide

as catalyst,but withmolybdatetheseyieldswere increasedto 60 - 65%. A valueof 62%

was taken for the economicstudy.

It hasto be rememberedthatth,e benchunitwas operatedinthe oncethroughmodewith

norecycleof bottomsmateriai. It isexpected,therefore,thatsignificantlyhigherdistillable

oilyieldswouldbe achievedwith bottoms recycle. If all the pentanesoluble oilfraction

wasconvertedto distillableoil,and 25% of the asphaltenefractionto distillableoil,yields

dose to 70% wt based on MAF coal shouldbe achieved. This would be at least

comparablewith othertechnologiesthat use recycle.

The elementalbalancesfor Runs DOE-BU-014,YP3 and DOE-BU-015, YP5 are shown

in Tables 3 and 4, respectively. The carbon balancesare only slightlyhigh, and as

16 '_
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Table 3

ELEMENTAL BALANCE
RUN No.: DOE-BU-014 M.B.No.: YP.03/C1

COMPONENT Balance in in in in In in in In in in

FEED
Coal 41.81% 75.70% 31.65% 5.60% 2.34% 1.03% 0.43% 0.18% 17.24%
Solvent 58.19% 8.50% 4.95% 0.05% 0.03% 2.80%1
CO 12.45% 42.90% 5.34% 7.11%
Water 8.01% 11.00% 87.20%

2.35% 100.00%

_PRODUCT 72.70% 16A7%
CO2 6.18%
CO 0.48% 57.10%

_ H2S 5.90% 94.10%
i Water 2.79% 11.00% 0.31% 87.20% 2.43%

H_ 0.33% 0.33%

CH4 1.92% 75.00% 1.44% 25.00% 0.48%
C2H6 80.00% 20.00%
C3H8 0.87% 0.71% 18.20%
C4+ 1.45% 83.00% 1.20% 17.00% 0.25%

182 0.25% 2.04%
14.59% 85.20% 12.43% 1.46% O.10% 0.05% 0.01% 4.09% 0.60%

343 - 524 58.47% 88.30% 5.20% 0.05% 0.03% 1.99%
- 524+ 17.73% 15.51% 6.70% 1.19% 1.20% 0.21%



I i i Table 4

ELEMENTAL BALANCE
RUN No.: DOE-BU-015 M.B.NO.: YP-06/C1

COMPONENT Balance In In In In In In in In In in

FEED
Coal 41.88% 75.70% 31.70% 5.8015 2.35% 1.03% 0.43% 0.43% 0.18% 17.24% 7,22%
Solvent 58.12%! 87.80% 51.03% 2.80% 1.63%

"--__CO 11.97% 42.90% 57,10% 6.83%
Water 7.70% 1 87,20% 6,71%

2.68%

P_UCT 72.70%
CO2 22.07% 27.30% 6.02%
CO 1.50% 42.90%
H2S 5.90% 87.20% 1.32%;
Water 1.52%

en 0.33%

CH4 1.13% 75.00% 0.85% 25.00% 0.28%
C2H6 0,92% 80.00% 0.74% 20.00% 0.18%
C3H8 0.93% 81.80% 0.76% 18.20% 0.17% i
C4+ 1.45% 83.00% 17.00% 0.25%
IBP - 182 1.27% 83.90% 1.07% 13.30% 0.23% 0.78% 0.01% 1.79% 0.02%

- 343 9.90% 4.46%
343 - 524 43.84% 9.70%

524+ 18.05% 15.24% 7.30% 1.29%
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mentionedearlier the oxygen balancesare quite good indicatingthe validityof the

proceduresusedto measureshiftreactionandwaterbalance. The sulphurbalancesare

variable in percentageterms, but in actual quantitiesare quite close consideringthe

difficultiesinaccuratelymeasuringall sulphurinsmallpilotplants. The nitrogenbalances

are low in both cases, but acceptable consideringthat we know some ammonium

bicarbonateis formed and depositsin the second stage productgas line and is not

accountedfor. Also, the producedwater was notanalyzed for ammonia or hydrogen

sulphide. One problemarea appearsto be the hydrogenbalanceswhichare lowin both

cases. It is not clear at the momentwhetherthis is due to analyticalor measurement

error,but mightsuggestthat the stated hydrogenconsumptionsare conservativelyhigh.

As mentionedearlier,RunsDOE-BU-016and DOE-BU-017were runwithIllinois#6 coal

using the second stage reactor only duringthe last two weeks of the quarter. The

operatingconditionsandcoal conversionsare showninTable5. Allthe coal conversions

were in the 80 - 90% range with molybdateagain givingslightlyhigher results, it Is

evidentthat a twostage processwillbe requiredto achievethe maximumconversionin

the mid-nineties. It is plannedto use an autoclavesystemfor the first stage and the

counterflowreactoras the secondstage in a run to be carded out in the nextquarter.

All the resultson thisand previousUlinois#6 runs will be processednext quarter.

3.3.4 Conclusions

Runs OOE-BU-014 and DOE-BU-015 representthe best conditionsfoundso far for the

liquefactionof BlackThundercoalusingcounterflowreactortechnology.Basedon a two

stage process,solubtlizationwith CO/steam followedby hydrocra(_ngof the solubilized

coal usingiron oxideor ammoniummolybdateas catalyst in a once throughoperation

The followingresultswere recorded:

1. Overallcoal conversionsin excessof 90% were obtained.

ql
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Table 5

_SUMMARY OF BENCH UNIT TEST RUNS
08-Apr-94

RUN No. ....... ..... I, DOE-BU_)16 ..... 1." _ .... bOE-BU:-017 "
M.B.No.: . !1 YP-011C1 YP-02/C1 i( YP..01/C1 I.....YP-02/C1 I YP-03/ci
Coal .... Illinois#6 1111'inois#6 illinoi_ illinoi_ iilinoi_

wt % maf " 32.56% ...... 32.56% 39,80% 38.15% 39.87%
L

,.,,
.., . . ,,,. , ,

Second Stage:
Feed Rate (kg/ hr) I IWHSV 0.92 0.80 1.06 0.94 0,88

r_ Pressure Mpa ......... 17.24 17.24 17.24 17,24 17.24
_" Temperatu deg C 428 440 428 .... _42 431

Catalyst FeO+DMDS FeO+DMDS .....Moly+DMDS Moly+DMIJS Moly+DMDS
Hydrogen kg/¢g mafcoal 0.69 " 0.79 0.57 0.67 0.69

mole_11009 mafcoal 34.22 ....39.55 28.37 33.30 34.34
Fc__nsumed wt % mafcoal 3.50% 4.55% .... 2.47% 2.46% 1.82%

,,, " '' ' '' '" '' "1

]C0ailConversion (wt% maf coal) /I .. 83.°3%1..... i 84.20%i!. '. i 86,01% .....816.59% 89.14%

INC)TE: Alldata are preliminary ......... . _ -



2. On a MAF coal basis,distillableoil yieldsin the range60 - 65% were achieved.

3. The distillableoii yieldswere comparablewiththe pentanesolubleoil yields

obtainedby extraction.Asphalteneyieldswere inthe rangeof 10 - 15wt% based

on MAF coal and may representsome further distillableoil yield in a recycle

operation.

4. Ci - Csgas yields were generally6 - 8 wt% basedon MAF coal, except higherat

highersecondstage operatingtsmpemtureswith ironoxideas catalyst. Carbon

oxideandwateryieldsfrom coal weresomewhatvariablebut inthe range10 - 14

wt% and 4 - 6 wt%, respectively.

5. Furtheroptimizationof the processfor BlackThundercoal mustincluderecycleof

a bottomsfractionto maximizedistillableoil yield.

3.4 Coklng

3.4.1 Test Procedure

A tubularreactorwas adapted forthe batchcokingtests. The system includednitrogen

up-flowthroughthe feed charge. Off gases and liquidproductswere passedthrougha

condenserand a gas meter. The gases were collected in a gas bag and analyzed by

GC. In a typicaltest approximately100 g of V-340 residuefromthe bench unit was

loadedinto a reactor. Heatingwas initiatedand nitrogenwas introducedat a flow rate

of I litre/minute. The reactorwas raisedeitherdirectlyto 500"C or in 2 stagesto 350"C

and then 500"C. In the latter case it was anticipatedthat lighterboilingcomponents

would have an opportunityto be swept out by the nitrogenflow before the onset of

coking. The temperaturewas held at 500"C for 30 minutesor until ritrogen flow was

blockedby coke.

22



3.4.2 Results

Two samplesof V-340 resid (14-03 and 15-05) were selected fromcoking. Properties

of the feed and resultsof the coldngtrialsare shown in Table 6. Bothfeedstod_ had

potential for the productionof additionalliquidsbased on the compositionaland CCR

analysis.

It appeared that coke formation was promoted by holding the temperature at an

Intermediate level. Coke levels were greater in the Runs (DOE-C-I, DOE-C-4) with a

350"C holdingstep. In these runscoke yieldequalledor exceededthe CCR valuesof

the feed. Raisingthe temperaturedirectlyto 500"C resultedin lowercoke yieldand in

14-03 enhancedliquidproductyield, UsingDOE-C-2 as an examplean additional9,0

g/100g of liquidproductwas formedfromthe V-340 residue. Thisrepresents45% of the

+524 oils(i.e.9.0 out of 20.2g).

3.4.3 Future Work

Runs DOE-C-2 and 3 willbe repeated. Samplesof V-340 materialfrom Illinois#6 coal

will be subjectedto cokingtrials.

4.0 Assessment

.,

4.1 Technical Assessment

For the liquefactionof BlackThunder coal, the technicalassessmentof the bench unit

test runshasalmostbeencompleted(see Sections3.3.3). Fora once-throughoperation,

i.e. withoutrecycleof generatedsolventoil, the bench unitrunshavedemonstratedthat

the counterflowreactorconceptoffersa viablealternativeto otherreactorconcepts. For

subbituminouscoal, the firststage CO/steam to solubilizethe coal to around70 - 80%

is essentialfora successfuloperationof the overallprocess. Whencoalsolubilizationof
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Table 6: Coking Trials

Feedstock Properties (V-340), gll00g

14.03 15.05
. , , , ,, ,,, , , j ± ,,,.., , ., ,, , . , , , ,, ,, L_ i ,,.,,.,, J, , , ,,,i , _ ,.,, ,,.,, ,., _ _ _ ....

-524 liquids 56.4 58.0

+524 residue 43.6 42.0
(includes ash) ....,, ,,, ,, , r , ,,,,, _ ,,, ,,, t i, ,,,,,,, , ,,, , ,,,,, ,,,

asphaltenes 17.0 20.7
.......................... ,. ,,,, ,-, L. ,,r , , , ,., , , I ,., I,,,,,, ,,, ,

ash + IOM 23.4 17.7

CCR 36.7 34.2
I III]: ill, I , Ii : _ ] I _ I _11 I IIll I [!L L III I ii ' I ' 111 11_' r I I ,lri II'l I11 r I _IIT I If I_ Illll,lff I I _J _ i I ' _ II _

Coking Conditions

i 11 ,L i, I I , I ,Hilt 11 I T, II I Ill I rll I lira I t IIIB .Jl' ...... ill i ; I_ _ _7

Run # DOE-C-1 DOE-C-2 DOE-C-3 DOE-C-4
............. t ., ,. ,... .... , .

Temperature, "C 3501500 500 500 3501500
,. , , , i ,,,,, , , , , ,.1... . , • ,,.. , ,. , ,, .,. , ,,,=

Time, minutes 30/30 35 30 20/30
• ,., , , , , ,., ,,. , , ,,

Nitrogen flow, 1 I I I
IJmin.
,, r '',I! , , 1' , ,_7 ,1,1 _ L lit 11 , , , l 111,11 " 1'11'! 11'11 , I,,, , II,

Product Yields, gllOOg

,,,,,, ,,,_, _ ,.,,.,,:..,,., ,, ,:;i, _,=.... , ,, . .............,.......... -._ ..................,- -

Gas 2.0 , no sample 1.2 2.6

Uquids 53.5 65.4 60.4 60.4
, _ ,, ,., , . .. ,., . ,, , , ,,,

Coke 41.5 28.5 29.9 33.9
. _ ' L::: _ ' ,. "

24 "
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around80% is achievedinthe firststage,an overallcoalconversionof around92% (MAF l
coal) and oil yield in excess- of 60% (_F coal) am obtNned.

4.2 Economic Assessment

A first meetingwas held with KilbomInc. (subcontractorfor the economicassessment

study)to definethe scopeof the assessment. The basisforthe study was reviewedand

clarified. A preliminaryblockflowdiagramhas been establishedbasedon the benchunit

runsand the productanalyses. As far as justifiable,an attemptis beingmade to retain

as much of the block flow diagram as possible of the "Improved Baseline Design"

establishedby Bechtelfor DOE. It is anticipatedthat the economicassessmentwillbe

completed by the end of May 1994.

m

r
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FUTURE WORK

In the nextquarter,the followingitemswillbe addressed:

1. All remainingexperimentalwork on the projectwill be completed. This includes

the autoclaveand bench unitprogramon Illinois#6 coal feedstod_, and coldng

testson BlackThunderand Illinois#6 coal resids.

2. A detailed analysis of all the data from the experimental program will be

completed.

3. The technicaland economicassessmentby Kilbornwillbe completed.

4. The final reportand Phase II proposaldocumentswillbe prepared.
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:.--o

Product _ (wt % maf coal_
H20 6.0218 7.8055 5.1518
COx 14.54% 10.19% 16.M18 10.64% 12.(N)_ 11.37% 11.40%
H2S

ii _",-.

ii:---



III I ,

SUMMARY OF BENCH UNIT MASS BALANCES

).:

.-B.No.-.............. tMaterial In: 7280 7160
_1_) Feed Slurry: 6950 7000 6890

') CO-Gas: 2432 2416 2179 2424 _ L
Water: 809 902 551 752 724 _ _ 841

:H_: 1480 1475 _ 1476 1475
Catalyst(assoluUon): 83 84 84 84 81 81 84 83

-°-_.- ._ _ • --: . . . _ - .

' .... ! J
J

Material C R: i5___' 1490 1553 1524
-(7) _Sta_0e Uquid: 1049 i234 522 8i9" 910 1392

_ Gas: 3130 3i66 __ 3072 2773 3093 3060 3061 3063 3074 3___
IL_____(9).__SecondSta__.. 3080 3120 4120 3680 1880 3940 2992 3410 4110 4420

i____,_).- _ StageReactorBottoms: 2530 2600 1940 _ 2420 2100 2170 2280 1750 I-_i /_ _econdStageProductGas: 1640 1690 1717 1618 1736 1639 1701 1597 170941 167234
DissolvedGas: :_ _ _ _::___:__r ==_l[___(j_L 33 4 2 2 27 48 49 45

!l 5VF:RAi.:i BALANCE: -_ 97.5% ......_99.4%_ 99.3% -_=.
!;.........

!IWATERBJ_1A_NCE AL IN " '
........... TOT 1038 1188 816 754 761 1221 1120 _ 1i34 1106i

i[-- ..... T_OO-'T: _ 1346 988 _ _ - _ -- 1244 _

i!-...... .....-
i}NOTE: Alldata are.preliminary_ _

fi

/



I ........ + • -_ .....

IM.!_,: OOE-BtJ.014]I jM.iI.N01:_;P-0ilc1 i 26-Apr.t_4I ....... tJ+I II

t + .....
I!!sTMx:I I +]i 07 _ , Co=l m, I ==.em_

I I I ,F.:+ , _. ,Wt--,--n
II1:_. , Io_:bo U !1 r:,o_l v.i074 I e0:20%

ImO: _ !-- I _ !1D_.07,_'110:00 It IlCm!ystll Amw, m I 2.o0%
I_110N/(hOurs): ! I( i 8.001 I Cmh_ 21FeO_DMDSJ 2._X)%

_liA_O Pa_ae-mRs: ....... - ....MF.ASUReOaASC0MP0S_

-NAMe MW _VoM,e`%
PriXk_ Dm_sd

114_ 0,21 O,s_2.02 97.42 34,81 I
CO2 44.01 13.03 0.08 22.30co 28.0_ 23.61 0.31 6.21
H2S 34.081 ..........

M_hsne 16.04 0._ 0.71 0.56
Emykm 28.0S 0.02 0.4S

30.07 ' 0.17 0.48
TE.20_ Procsm 44.01 0'.iI 1.S3
TE-204_ IJ _ 42.08

LkluklLevel J i-Butane 58.12 , I ....... 0._ r 0.14n,-Bul/me 58.12 0.06 1.25
T.eflipenlture: (C) 471 I-Butane 56.11

I n-Bumrm 56.11 "'
CO.Fetd RIItl: ' UMIN) 4.05 C2_ 56.11 '
Wa_ Feed Rm: (MUMIN) i,l_ _Pmtiane 72.15 "

TmmU_: "' (C) ieo n-f_mtw_e 72.iS " o.oel ' 3.34
,, _ _: ,,, (ML/MIN) . _ ' - '

LkltddProduct0NI-220): ((3) Nitrogen 28.02 -
8tmrtof MassBallnoe TOTN_, 41.6! !_9.O1 '73.1045
Endof Mils Balmlce 1048.5(

Gas Meter Readings DTM-260 DTM_ DTM-350

NMmgenRate: _'_ IN) ' I ' 3.95 Startof M.B. : (L) 3045.0 3262.0 90Ql.O

'SECONI;)8-T_E""Premuml;JiNrmng (_i=a) '] 17.24 EndOfM.B. : (L) 8002.0 20883.0 9128.()
FeedTtflp.:, : _ Total: (L) 4957.0 17621.0 37.©(c) I 138

Rtct°r Temp':--30TIE (C) 'l Temperature: '
, (C) ,22.2 21.6 23.3

11 (B!"rM) I 431 [MeterPressure: (mmH; 699 699
I_'E,-_I 431 )

TE-3031 430 _mlqdardVolume:(L) i 4216 15019 31
---'__-?,_41 4291:, LNitrogentoR-200: (L); 1894( -

TE-305i 428ii LNeIGasOut: (L) . 2322 15019 31
, i TE-,_, 42711 ....

TE-3071 . 4231TIE_I (Top) 419 "' Run Co¢Iditiamz --
•re.,_ (YAP) , 416_

_lewfl (turn) 900 F.... Basis: MAF ' ' First Se_-

8qzlrltor Temperature: (C) 45 _ + , , Stage
_essUre Mpa 10.3 17.2
"remperaturdegC :411 - 430

' Hydro,Den FeedRate: (L/MIN) 34.21 Camly!t ,, Nominate tFeO;.DkiDS
Tempemum: (C) 369

Feed wl '%mill coal 39.80%
LiquidProduct_'VI.330): (G) , WHSV (kg I hr) II, 1.T'/ 1.06'

8tartof MI_ Baltance 1640 CORate kgI kgmarooal 0.96
EndOfMI= B_mce f 4720 moles1100_ nmf coal 3.42 _

t " consumedmolesll00_maf¢oal 1.09

BOllon_,,,I:_:M:II,ICl(WT-340): (G) Water Rate kg i k9 reefcoal 0.96
StartOfMassBaltwt¢e -130 moles1100_ marcoal 5.32
Endof MassBaMance 2400 !Hydr_n k_lI k_mafcoal 0.58

moles/ 100_ marcoal , 29:02
8uW_inilAl_ent (mL/l.IR) ' / 10.40!: consumed wt `%linercoal "1.35%1 5.78%

r. ' i "

l
, , ! ,,

,, :+ ,,, , ..... ,



I RUN No.: Ix)E-BU-01,4 M,B.No.: YP-011'(_'I' k
.......... ] I 1 II I II

, ...,., .....

OVERALL MASS BALANCE

L_: 2432 . IRn;Zstag.Product_,:. ........ _30
..... eoe" S,_,.dSUmLklutd: :oeo:

Hymopm: 1480 SeomdStageRwctot6oUoms: 2S30
Cilia: ,, 8OCo_.,8tl_,, _ Gas: 16_10

i

11461

TOT.__d.lN: I_f Z76 |OVERALL BALANCE: |7.0%

I I I II II II

WATER BALANCE

,, , ,,, ,
|

TOTAl. IN; 10_ _ TOTAL OUT: 1187
"A " " _- : 1" o:--

" r i,i , i

CoM _rtvetldon wt.% mar |I.IPA

..... Ash _ .wt.% 134,.2%
,,i , ,,, | , i

..... ,

PRODUCT YIELDS

" Total Grass Total Net

I_ Isms] wt._ ' (wan.s]I wt_,
mdfwd ! mar coal

mmsumd ,._..,----..,-.--_ , .
•_ 141t,.20 157.06 2.46_'1 ' t57'.06 6.19%

cox 32sz_ _a.73 s._ 342._ lS,5i_
.2s

cl toe_ " 1_.43 181.51 2 lel.s_ 7.1s_
C4 '_ 77.02 .... 8'1.07 1_.7% [ 81.07 3.20%
Oil 4352.22 4561.38 71.86% ; 1207.77 47.60%

1:,68.07 913,77 J 14.33% _ 449.37 17.71% |
It.I_ 79.83 84.03 1.32% 84.03 3.31%!.,

]Tals,l 6228.35 6556.29 102.84% 2718.29 107.'13_

,,, ,, ,

Simulated DlstiNMimt Profile THl=-Extract Crude Sim. DisL Comp. Sample)

er_km F_ _ F_ _
" "rot,dGtozs [ "rouJNet "r_,cross I ToadNet'

. ---..-- notmalteed _ ,. ----- nmmallzed
[deg C] [grams] [grams] [grams] [grams] wt. % [grams] [grams] [gramsi [grams] wt. %

I

322o.o8
857.99 903.16 903.16 35.5@%i; 548.83 1240.63[ 1305.951 757.12 29.84%

i TOTAL, ,. ,3638.00 5581.14t '5875.00: 2036.99 80.28 _.oo Sse_4_ 'r_.ool 2o_._! eo,:m%ll
_3838"00 '4723.1SI 4971.83 1133.83 44.68% _!1133'8344.68%1! 3289.1732. '340,50_ ,5690.4! '1279.1_7_



IL,t,mNo.:t:_4_i M.auao,:YP.oloc'i|
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[RUN No- DOE-SU.O14 M.B.No- YP-011C1 II

- _ -----am - a-_: "

-- + Coal Solvent Feed V-220 I V-340 V-330
I I

- Type BTH rV-1074
Total Feed ) Product _rj0 1049 2530 3080

Total Sam_e [grams] . 54.61 .14.5 50.58 61.93
Water _lg_ 1.8 7.5 3
Oits+Asphaltenes Jg_ 30.16 7.01 40.86 55.28
........... oi_ _l_wm_lm_lc 87.90% 87.mex, s4.sP_" Tt.33_, _% ,

Asphaltene[wt%] 12.10% 12.10% 5A3% 22.67% 13.72%
Pr_altenes [grams] ...... 0.9 0.7
Insolubles [gram] , 22.9 9.11 3.66

iOM [wt%]calc 86.94'_ 33.78% 20.21%
Ash [wt%] 11:99% 65.73% i9.,10%

......... Moisture [wt%] ,. 1.08% " 0.50% 0.39%

.... • •

D_iJJi.TJ-JJ:-Extr;;_+ [wt.%] -- I:)-i160 ...... Simulated_ Cr.S.O.
IBP- 182 'deg_C ....... 1_.88% 3.30% 0.73% 1.10%
182- 343 1.80% 4.00% 37.24% 4.70% 34._:r% 14.90%
343 - 524 83.90% 96.00% 55'.80_1f, ou.o0% 64.50% 53.i(r_

...... 524+ 14.30% 32.00% " ' 30.30%

_leme.nt_al_.Ana/:_..____[wt.%__j- ....
Carbon 87.80%

Hyclr_ogen 8.50%__. "
Nitrogen 0.85%..._.
Sulphur 0.05%

- ...."i _ , O_en(dfff) 2.80%! .....
_J ,,, I

........ ,.,

.,

,,,

.....

.... .......... . , ..

,., ,,,

,._ ,+

i IIIII



iiiii

............ Feed Pmdu=_

v4 o I v4"o! v.uoI

_+A_ 30.16 7.01 39.96 ,4.-m
........ _ 26.51 6.63 30.70 47.('_m

,_ o.go
lan_ogudlWle,J _._ 11.72 3._m

Ig_g4 3.33
..... Ash 2,71 8-39 -

J

 .ei  4.s so.sa.....

.---- inwl%ofmlal de----- =._-=-.= _-........... _ m

w_- _ ......s._ Sl.eS._ " 4._m __ _-_
_ A__-._.__.-,nos 55.22_& 48.35% 79.fJr_r_ 88.14%m

-- (ono:::_,v,0)_. 48.54% ,4S._ 00._ _._%m
- _. (on .._k,__.) 12.10_ 5.,i3% 23.18_ tJ3._m
---_ (_ t__,_t,Q__ 6.68% 2.63% 18.31% 1_-_6

_.____e_ I._ i.i_n ..

lr___-_-_ 41.48% t9.22% -_._m 1-:..L.(:_...__.._) ] _.o2,x, :),4.z;% _-:.:_m
___ loud}, .--'_:sT_.:" S._ 1.21%1 :
Ash (_.on__'_) 11.9¢J% ......... _.73_ 79_ .....)

.-.---- in. _m_t_,_llprodud ------- tav,,*';og"-_.'::::!':-=ls} , inud%___ :
...... i

---" = # Pr_,____,,__ _ 1049 2530 ,_,

;_____-.0 506.9 1_-_,.7 _ :2714.?m :__ t3_ 7_____ _ _ 4!:-__u_ _1_-_ __:__! IL3u_ _ 44_ -___;,--:

---_dS (____:_) 3373.6 4r_.4 1535A: _-_l-4m ______1_ -_-_-_4°& -_--_ _1__ 7._ _-_- 38._.,_,% 71_:'_
" (olt _ 3373.0 4_'_.4 i535._i _.4m 41t._',, 7:_
- _--_._._..) 4e4.4 27.s _,31 _.2, _ 14__

- ._ !_..o_..... ,4s4.4 2_'.s _.:_: _._ e.6"_ o._._ 7.oi,x, s._(,-,_ l_.i:_rv, 7._r o.._,-_ 7._.................... _.oi s4.ei " ' o.eo'_ 0__ 1.2t_..,. d,.74_ b_% t_

IOM ((m _) _=_'_'--_J 166.6 37.4m n ,;_,_ )___
(on t__,_0_, -___:_.4 166.6 37.4 _ ._,.,% :___ n_:_ _,_-_ 38._,;r_ 2-_,,

_- _ (____-_) _;S 3iO.o t_ n --
" (on_ _:s 319.o_44_onl 4_ _ I_ 4_

n,m.

_ -



, ,,,,,, , , ,,,, , ,,,, , , ,,_ _¥- _ :1,,, , ,, , ,,• . ...........

PROCESS YIELD STRUCTURE

RUNNo.:"DOE.BU.014 M.B.No.'. YP- -
,,

PRODUCT
F E E O wt% (cold+llolw_)

wt% (coal+solvent) as is mar
as is maf "

C_ 21.0% 22.9%

C1- CA 0.3% 0.3%
55.1% 60.2% Solvent i ....I

•4.m :_.m c,_l I i'-" i
loo.o_ lOO.o_ l on 7._ o._

E Water 3.5%

11.1% 12.1% CO(shift) .
/

7.1% 7.8% Waters(._d COx
1.7% 1.8%

C1 - C4 3.5% 3.8%

i Oil 41.6% 45.4%

i =-_ Water 2.3% 2.5% 4
[

2..1% 2.3% _l_H_rogen(consumedlY_ [

:i

Coal(mat) 3.1% 3.4%! i
I Ash 5.0%

_ _ ' 120.3% 122.2%
120.3% 122.2%

..

Remarks:

IIIII





_.UN No: OOE-BU_14i'i" " M.liI,No,: YP-O_I
UHlilllr L.I I . • I

OVERALLMAIm BALANOE

04 n... "
II-O¥,M.IN; 11qma] . TOTA • _UT: 111113

,__ -:., ;. : . .-.

_ - • ' iiii ,al

$1muiMedDistiUatlonProfileTHF-Extract CrudeSire.Dist. (Comp.$ample)

_r_ F_ ..............
T_ _ross l To_,..et xo_ G_,' I '"T__-,N_

. _-.---.or'-,,,,,s_.d-.----- !..... ....,.._
ldsllC] 10mms]igmmsl [grams] [Imsmsl _. % [gmmslI [0mmsl ....[lnmsl [gmmsli wt.'X,

ii i iiiiiiii ii iii i ii iiiii

C4 - 182 t 174.01 177.641 177,641 (K61% 116.57' 119.00 119.00_ 4.43%
162- 343 1M]601 i33_,24 1365.12...1_216,53; 45.25% M.87 _ '_.21 i 1_n___.65 '""__33,78134.73%
_- _4 _,331 3Z_;14 _.sel -25064 -9.em% 311-e,e3,347756 _08 4_,2SI 1S.13%

5_44- ., 948.01 _p_8.391 968.39 36'.02%ti "i.23' 1't24.65i 11M.11 016'071 22.95%
II

i ,, ___ : , I

YUlAL ;_714.93l _,1_1 _7,8_' 21 .'.9..1 78,2.2%1! 371-4:9_: _Z__'8.99! 5817.84] 2.'.".1...02.9'i;78.22%iee.s24i:.'14,93! ',4_so.39!......s.4s, 1134..52i42,20%]! 3183:69, 4574.34, .._L__.,73t_-_,M,04i55,28%

r , , i



i
i

flUle+_,._+_;"OOC'-LOU-OI4 M,O,NO,: YP-O_C'I II



r . :--': .............. " ---- _'::" ....................... __X_ _.X£ _._i_C.X_Z_ _ _ .............................

first Gas

Name (norm.)
-- Volume (norm.) Volume :(norm.) Volume

mess. norm. % mess. norm. % mws.% norm.% %

57.44
CO2 31.31
(30 28.01 23.81 57.23 1679.76 53.06 0.37 0.37 70.03 8.21 112.4 0.48 13.47
H2S 34.08

_ 16.04 1.19 20.001 0.63 0.80 5.08 0.52
........... 28.05 "= - 0.03 0.03 5.00 0.30 0.48 0.66 0.03 0.80

Ethane 30.07 1 0.22 0.22 43.72 2.59 0.48 0.66 0.03 0.P%
..... 4,1.01 0.16 Z85 1.53 2.10 0.14 _

-Butane I

n-Butane 58.1 0.07 0.07 27.67 1.64 1.25
i-Butene
n-Butene
C-2:B_-ene 56.11

_P--e-_ane_ 72.15 -- " I " 0.07 0.07 35.68 2.11 3.34 4.57 0.50 14.12
n-Pentane ................ "....

28.02

.............. First Stage Shift Reaction .......... Hydocarbon Gases

I CO + H20 = CO2 + H2 , I First I -_____I_1 To;=;
26.511 26.511 26.511 26.51 C1 toC3 '' [_zms] 20.03 182.62 0.22 202.83

StochiOm.Produced[rno___lR[moles]_ ! I 6.30 ! -15.74 C4 + _lrarns] 72,29 0.67 72.87
'---==='--P_1I-----_511___-----, 26_5t.1" 32.ui] t0.71,,, Total [oh._ll 20.0d 254.021 0.681 27_.70f_ia-

277.441 -31.80 HydrogenIPro_-
_a'_i II 477.701 1444.11 21.75

I___ ' " r 742.521 ' 1 ' First Second
I UpTake

Hv,/,,-_--=."; raramM 31.80 1475.19 1332.87 142.32 174.12



Sanl_le
............. T.ype 8TH V-1074
tS{_-/=¢ed i Product 7006 4234 2600 3420
TotalSample [grams] 51.34 14.7 52.41 61.05
Wa{er Igrams] 2.1 8.5 3.1
Ohs+Asphaltenes [grams] 27.25 6.24 42.57 54._,_
........... Oils [wt%]calc 100.00% 87.90% 87.90% 94.57% 79.00%! 96.40%
..... Asphaltene[wt%] 12.10% 12.10% 5.43% 21.00%1 13.60%1.15; 0.6
pm__sphaltenes [grams] 23.03 10.O2 3.3
Insolubles [grams].___

io_ .... [wt%]calc .................. 8"5.i5% 32.84% 16.37%
' Ash [wt---%] -- 10.35% 65.38%1 83.2-u_

............ Moisture [wt%] 4.50% ' 1.81% 0.43%

._

Distill. TPiF-Extract [wt.%] D-1160 Simulated13is6;la6on Cr.S.D.
IBP- 182 degc 6.88% 2.33% _ 0.57% 0.70% =
182 - 343 1.80% 4.00% 37.24% 4.67%1 37.36% 15.70%
343 - 524 83.90% 96.00% 55.88% bl.42% i 62.07% 55.70%

_3,¥ .... 14.30_)o.... _35-_5_8__%.! ..... 27"g0%
. ..:__. .......

Carbon 87.80%
" Hydrogen 8.50% -

Nitrogen 0.85%
Sulphur 0.05%

--- Oxygen(difl) 2.80%
..

.......

..



Iu No.:OOm.eu.m4 %.iS,No.:_Cl 'bi Illl I I II

.......... i :_-"i ......... __ ....
I I v-22or v.ol v_.o
I , ! , I,,(mTMSIt

....... Intimms_/an=@sisimrnl4 e - -- |
• f I

TotalSample 51.34 +14.70 ' 52.4.'..1 61.05i
Water 2.10 6.46 3.101

54.06
_ls+Asphalte_s 27-25 6.2,4 41.42 46.631........ C_+ls 23.95 5.90 32.46

__pha,er,es! 3.3o o._ e.94 7.431
Pre-Asphaltenes 1.15 0.801
Insnhlbios 21.99 9._1i 3.29|

i ?6tAL 5t.34; 14.71 _2.411 1 _-
" !

+ in _ of Imalysis sample i ......
I r _m_ _ TH__ J_1_11_0

Water 4.09_ 57.57% 6.08%1

_:iOiJs+Asph,Itenes 53.07% 42.435 79.03+&; e6.m_ _r=mmon,_eed mmd,c_ F_ ! m,,i,ci' '
-__,=+.) 07.ram94.s_%,.42% =m.2m+ ,+c v.==o v.,o v.,o i Tot,

:; - " _ontot__al)+.... 46.65% 40.12_, 61.98% 76.38% (BTTMSJ I ... 1 m_m ! ¢oF...._

+'+_spi,o_____fr__a++c!.___+12.101+ s.4_ 2I.r_% 13.761+ ........... -............................... I........
:. (on total) 6.42% 2.30% 17.06% 12.18% lOP - 182 -- - 36.0i 49.2+ 15.92 101.14 43.71) 43.701

+++,+,-___+_=,e,+s_ ' +.1+% o.m%I +m.343 146.60 194.90 96.63 1043.71 1337.24 (MIST 980.21 980.21
+:in_ovuUeT 42.84% " 16.77% S.38mi '343-524 :_1565.33 '292.46 1212.66 1734.02 3239.14 3116.83' 3477.56' 3477+55

++---i_m(o.+ot+n)'+ -.65% _,i.m%16.8o_i s=4+ mo._ 26.2,+me.el =+_+ +mlm 11=4.65
++_. : (on!OTaQ 36.41+ .. 6.50% 0.ml TOTAL ! 3714.93 523.37122e0.= 2621.861" _'e.121,r 371419316243:37!5_,12

Ash (on fraction) 10.35% 65.38% 63.20% I

,iii- (_n total) 4.43% 12.27% 4.46% I
: !. Feed ProdlJ_ (nomelized) F_,ed Produ(_ (flOral ized)

...... ,oo,o+oo., lO+.++ i ,+. i ,+,oi .+oi.-+.. ,=oi
; In grams of feed I product -- In _+1%+I+'= -_ )-_+': ]='=_ ..... --'--|= "........... "I ..... ++'+-:+Tota----IF_ I Product 7000 1234 2600 31206 . i '. ,

_iWater 286.3 710.2 158.4 4.17% 4.1711,! 2.31% 6.48_5 2+53% 2.53'_
" O,s+_Itenes 3714.9 623.4 205,i.9 27G_t+JOi 53.03% _7.63%i 29.94% 40-26%; 77.83_J& _.02_ 6.34% 32._1% ,q14.0_% 05.15_
+., Oils _ 3265.4 495.0 161i.4 2383.01
:i i]----_------ 3265._I 495.0 1611.4 2383.01 46.61% 7.21% 23.46% 34.72% 65.42_. 5i.00% 7.m 25.6_k 37.M 71.'3Z%

A_ 449.6 20.4 443.5 3r_.91
! _ 449.6 29.4 443.5 ;_i+.ga 6..42% 0.41% 6.46% 5.54% 12.41% 7.02% 0.45% -7.b_ 6.0d_ 13.5o%

Pr______cRmltenes " 5711 30.71 " 0.63_ 0.45% 1.20_ 0.§1% 0.49_ 1.,10%
Insokibles 2998._' 488.1 167.91 42.80_ 5.54% 1.76%. 7..30%.

-- tOM_ 2me._i.... 189.0 28.21 ,,.
...... (_ t__ttttttt__ 2688.4 I_9.0 20.21 38.37% _ , 2.46% 0.41% 2.87,_ ,ii.IMi% .... 2.69_ 0_4_, 3.141%

319.11 139.7"1 ......
^sh (on ._CC_:t_n)..+ '310.;i ..... 3i§.i .... i_.71 3.06% 1.35% 4.43%] (_n ioial) +- 3i0.4] ..... ] 4.43%

;' " .......................... I ....................... .....

: f_fA[ _:.I_-_ .... 7080.01---l|_i:__:O i 3_20.01 -I00.00% i 11.iiO_ 36.3_I 44.71_ I_..w'J+
:_o+At<mAgi .: mm-._::: s-:_I--7__.._+:'/...._.___+_++ .......... -+ ,0o._ 6._461_.++++_.S1_--m___._

II I"



PROCESS YIELD STRUCTURE

DOE-BU-014 M.B. No.: YP-O- 1
... :-.: .-=-.-

PROOUCT
F E E D wt% (coal+solvent)

wt% (coal+solvent) as is mar
as is maf "

COx+H2 21.0% 23.0%

53.0% 580% Solvent C1 - C4 0.3% 0.3%

........... I
.......100.0% 100.0% On 7.6% 8.3%

It.
Water 4.2%

10.6% 11.6% CO (shift) J L-.6.8% 7.5% Water (shift COx 1.5% 1.7%

' I CI - C4 3.7% 4.1%
I I

t

u_, Water 2.3% ?_5%
,,:

_I 2.0% 2.2% _ogen (consumed)

' Oil 30.8% 33.7%

!! ! Coal (maf) 2.9% 3.1%_j

ii 119.4% 121.3%
,t 119.4% 121.3%,I

!
'i
i Remarks:

!

ii _ -
!i .................



nUUNo.:_.OU-014/ IM.e.No,:Yp.o_Cl/ _,_.sM
_ I] ....... ,i

.' .m . *U 0-. *-- T ',, "
I i..... ,_ r_.:, .TH , 41.o1%,

ST_r:Is_ : ! ' _:..Sa 21 ' II _,_,.ti v.1074t U.lSmll

(hours): ......_ [ _ 8'93H I _21F_DSt 2._
r, _[ I II



IRUN No.: DOE;I_U.,014 ..... M.B.No.: _ YP-03/C1 t,
I 11 I III IIII

i i;i I

OVERALLMASSBAL,ANOE

11.,6.,,,rl_ iL_ .1,. '

_: j 2= FtrM ---n_2e.- Pm@----_-_n'_--' 3072
i ...A_ _. ' ' ,.,

• ,-m. (_ _ _ '-Jq'.--'_-: 4t20
•,_,,,,_,,. 1475 ' - 10_...... , ....... IF-- _----,-T *

I 8 econd ____._Pm___-,,'An__. 17.'i7
_ iB A__L__'

11"-_ 11i TQT___.IN.; • 37_

TI

WATER BALANCE

!

TOT_ IN: 8t6 , I TOTAL -riT-rr'.

I I I I I I II I

Coal Conversion v4.% mar 112.4%

Ash _ v4.% . 1S1.1_I;
I el I il

ii

PRODUCT YIELDS

TotM Gross ....... Totil Net
D_udmton Imunu] wC% Igmm] wt.%

,, ,,,

COx I 2u0.30 .... 265.64 ' 10.06%
H2S !
cltoca i _e.16 232.84 3.e_l 2_2._4 u2_,
C4 . 89.53 91.37 1.45% _ 91.37 3._%
C_l ; ,_e._m .4561.07 72.24'%_1332.b9 _o.,le%
Asphaltene : 885.66 903.83 14.32.% ! 459.34 i 17.40%
Premp_lt. , 65.78 67.13 1.06%_ 67.13 i 2.54%
!lo_ 165.64 lli._ 3.1s% 1_._I 7.r_,

Total _.gQ, 5497.60 102.92% 2824.13 106.00%

. , j j
li

SJnllublted DiltmltJon _orde THF-Extract
I Crude Sire. Dist. (Comp. Sample)

F--_-_'-:_ " r_._ _'_,,,,_ _ti Feed Pr___,__

_ To;I; Gross ! Totld Net Totld G___s I T_...-_.,_.={
1 -.-- ,o,m.llz_l----- ,o,,,,_,_xi-------

[deg C] [grams] (gnlms] (_rirr,_] lgmms] wt. % [grams] (grams] lgrams] [grimm] I wt.

i mar;_1 ,, 1 I ,,-_;....--%-_
--- _ ),,, i |; I ii i

04 - 182 144.331 147.29 147.29: 5.58% ' 89.53 91.37 91.37j 3:46%
182-343 '14e._4 1,i2s.e2t 1456.13 _311J9 4s.6_%" _.12 i s02167 s21j9 _,_.0_' 32._
343-524 3526.53 3544.241, 3616.95.__, 90.42 3.43%!i 30___2':_t 3616.94..... _1.14 _m___.10..... 23.07%

524+ 588.61 _ uuu.681 600.68 22.75% _, 525.31 1096.85 1119.36 _-'-_'..05 ____.50%

..TO ,L,
, lePo5241 _.47 _17.39! 5______.371_5_._ I 56.67%_i 31,_._6_ ,L__.I_! 47_._ _._ .___,



m._ so.:,,oo_.Im.m,,4 i.m._- Yp.o_c_ I

Fire _ _ _- i_t._+i-i,+i _ I .... _,++,+,-,,i,,-,, _'0-_ llli,,,,,i,-, 1 l_,.,_,+---,+,!.l,.-,+-_, ,

,,o_,_ ,_.i ,,_.,_ ,,_._, _._, ,_._, Av.v_.__ " ,_.'_ .... _._, v_.,_, ,_._ ,_._, ,,_._ Mv._.S_ ,,_.'_ " _.,s _._, _ ,_I._ i_._,_
- -'-12"/5 ' ' 4_ii IlXi.OM . illJ53 .. llttil 9"/.#10 . ll#.lllil glM1 Ill.Ill 3i.,_ 313_1 ....

t$1t tl.l All Al O.l II O.i lii i _i# _ueo
_--"'i_ii! Ira.eii o._i o.3si o.3i'l o..,_ o.I o.ati oaiii ' 1_ .]'. ll._l iil,i

..... , . ,. , ,

o+,_i_ " o.41+ O._i: o.m o.+m oc_ o.lm ,i.oio o_ o.rio o.Ei o,_

oom o.mo o+_i -- _i o.,r,_ o,lili o+Im ll,rm, i.,m....... oral o.mr o..im . o°'._--_--I 'ii.im O,ii+ o.oeo o.lm o+im
" ... .O.1M, 0.1.13 0.20'1 ,0.1111 0.1111 0.i_ O.tllt !.S11 1.1_ l._,_il

..... 0..012 G015 0.011 o.oii I o.le 6ill ll_S o.44.1 o.ti+
• - ..... ....... 0.0_ 0.002; o+oo,i " o.ci5 ieii 0.004 o,_iii i.15i' i.._ b t+Isl

' ' ' I

, , ,, ,, ,,

+................. i ....... i ............. ii..... [ ................. | ................. iiii- Oil ---_t+' _.tt# ---_I --+.ti --- 1i:it titi --+t'_ i._

"il liii ............ i ...... l t I 4t:11t "ti_.ti# tl.oil lol.lll21 ii.747 m._ lo+.tli --iot..lil lllm . lll.ml il.l.____



[RUN No.* OOE-SU-014 M.ILNO.: YP-03/Ci' 'RUN No.: OOE*8_.B.NO.: YP-03/G1

42.08
i-Butane 0.08
n-Butane 58.12 0.08 0.08!

n-Butene 56.11
C2-Butene

72.15 0.25
72.15 0.11 0.11 52.21 3.04 3.34

Mill i



RuN No- DOE-BU-014 JLB.No.: YP-03/C1 II
I I

I °-' 'I Iw v. Ivy.,; , _

.... Type BTH _ vJIo_4
TotalF._. I Product ' 6890 _ " '1940 4120
Total sampie lgran,.4l 53.7i 44.7 5_.15 60.92
Water " Igrams._| ' . 1.8 8.7 ' 0.1 2.S
_S+Aspha_enes Igm_msl 28.64 ' 5.,97 42.9-2 55.09

" Oils [w[%]calc 100.00% 87.90% 87.90_, 94.._r% ii.71% 85.44%
.... /_.r,hal_ne [w[%] 12.10%" " i2.10% 5.43_ _ i4.59%
Pre=_ltenes _lrams._.l "" 1.16 0.38
jn._J_i_l_---- _ [grams] 23.54 i:_ 3.36
.... WOM lwt%]calc $7_ ' 3S._;X, 12_..,0_

Ash' [wt%! .. 11.56% " _,:b_ _m.bu_t
- - Moisture [',M%] 1.1.3% 0#5% 1.00_

, ,,_ .....

Distili.THF-Extrac_ [wt.%] D-1160 " _;_ _-i Cr.S.D. ,
iSP :182 degC .... 6.88,_ 1.38"_ 0._

'J,i2. ,_,3 ....................... . 1.80% 4.05% 37,,24% 6.48% 33.65% 14.40%
-3-43- 5_94 83.90% _.uo_ 55.i_i_ 65.64% BS._,'itJ ,_i.iO'_
.... 524+ 14.30%.__..... , 26.50%! zt.tid%,.

Elemental Anal__'._: [wt.%] " IBP- 182 182- 343 '343- 524 524+
....... Carbon 75.70% 87.80% 84.40% 85.20%!" 68.30% b7.5_'_

Hydrogen S.S0% 8.S0_'- 13_0% 10.00_ 8._: e.i(r_
Nitrogen 1.03% 0.85% 0.25% 0.66_, 0.76_ :: 1.35%

"Sulphur 0.43% 0.05% 0.11% 0.05% 0.65% 1_..
.:: Oxyg.e n (cliff) i7.24% 2.80% 2.04% 4.09% 1.99% 3.25%

,.,,....

,.
.......... .. _ ..

._ , ,

!' ,.

iI ....... , • ,

;i _ ,
!i ...............



liU0/*,____-_4 _ Yp.oafc_k
II I . IIII I IIIII



PROCESS YIELD STRUCTURE

IRUNNo.: DOE-IBU.014 M.D. _ YP-0341C1III III I IIII
.- " ,, . ,, .... , ,.... , ,.,

FEED PRODUCT
wt% (coal+solvent) wt% ((:oalesolve_)

asls maras is maf .....i iii i i

2O.7% 22.6%

53.3% 582% Solvent C1 - C4 0.3% 0.3%

............,I I
467_ 41.8_ co= I_-,,,i

100.0% 100,0% Oil 3.1% 3.4%

Water 3,4%

11.4% 12.5% co(._) ,
7.3% 8.0% Water (shiftJ COx 1.4% 1.5%

C1 - CA 4.4% 4.8%

[ ' i l_j ..

i Oil 55.1% 60.2%..m Water Z5% Z8%

1
2.2% 2.4% Hydrogen(consumed) ]

I Oil 21.9% 24.0%

t coa_(mar) z9% 32_

[
120.9% 122.8% 120.8% 12Z8%

, , , ........ , ,, , ,, , ,,

Remarks: ....

1
, I ii





im_N=:_r.U_i4 ....:__U.I,_,:__Vp_Ci'"

IIII

OVl_ _ _|

" ....... ' =s__t=i _: ,', _ ......... '..........

!_: _ 21_ J iFm _ Pm____,_,
* 'lml .......................

•_: 1_ _
+_: r , __ _ _: I_i
s.Am_ _ __: .... •

_ _u_,_4.1N: !u,,w ,,.,, _u_Aotrri , .i_

__ ,, , ..............................
IIIII I IIlllllU[lIII[IIIII[I II I II I [ l...........J__

WATERllALANCE

.... rlr i i i i ....... I,, I,I L ,l : :_.III
._ TOTAL IN: 754 [ .....TOTAL_: an=

I IIIII I II [I II I' ................... I II I I

...._ __ _%m_ S=._
_,,b_ ..........._.% i,_

ii iii i[i ii ii i I_1 [ I II I I LII

PRODUCT YIII.Dt

n'mffeed mf eml

IH20 184,49 181,35 3_ 181.35 7,80%
_ , 241_ 237'i0 4.26% 237:10 10.19%
IH28 ..................
I_' ' " ' ' '

iC1 to C3 254.72 _371 .......450% 25037 i037%
i'C4'.' 97.75 96.08 1.73%i _:08 42i3%
i_i .... 4106.44 4038.40 72.(S1% !190,72 5i.33%

,_ '728214 71533 i 12.87% 324.14 i3.94%

1_ ""14_.o4'",_.Sl .. 2.=% 14s.sl' _'_L
!_Total .... ' 5621.12_ 572!.90 102'_.88..%;Z485,831"!06,!_,%

i i i ilU i

Simulated Distillation Profile THF.Extract Crude lira, Otst.(Camp, 8ample)

Fi-_-_ Feed ....._i .......................Pmdu_ I Feed.... Produ_

nomtiUze(I

......... -'--" mill"_" ....

i,,, , _ , ,,,, ,,,, ,,

,,, I

C4 - 182 166,24' I_41 .....i63,41 7.03_ 170.94! 1____03 1__A_:03 7:'_
1_-=u_ i_.4s_ .t_._ i_._ 12_._ _.os% sa,2s' _:oi i m3.18 ,_2 _.m%
343-524 '3106.83_ 3157.86 3104.03 ;2.80i-0.'12% 2715.24 ___9__1,58i_11.10 195.86 8:42%

[ 524+ ...... 429.31 422.00 422.90t 18.14% 462.79 107§:17t l n___,78 597.991 25.71%; t ' _ .....
L_JVIAL" '3231_ii_8_ 51_39 ',_2252_76, 1816,481 78,10% 3236._.[ 5140.71_, _.q05-3.08 1816.80! 78'._12%"'
IIBP'5_4 ,:_36,_8 i 4_!_'0_! _ 4630,77 139449: 59,96%!I 2_13,491 4061.54! 3___-___ 1218,81t 52,41%





Product Gas (_D_TM-26___ Second Stage Product Gas DTM-360: o_: __Dissolve_. GIIs DTM-,150 "First s_je
Name Mol.Weighl. _r_Mol _! _--'=---__ .... _,era-_-_Weight: ZS/_g/.mo_-.-I

Volume Weight (norm.) Volume | Weigh (norm.) Volume VV_I;,[ (rM-_.)

meas. % norm. % =.===_ %

=_H_ _O_ _--_ _ - _ 1._ _30 3O.5O_ _.44
coCO2 _--_44"01 _.81 _1"_._13"03 31.31 1264.84 _45"62_ _ O.391. 66.56 _ _ _ _ _

I
i] - 0.63 1.05 1.05 10Z45 6.33 0.56 0.76 0.01 0.52
:Methane 18.04 0.50 1.19 17.53 "- 0.48 0.66 0.01 0.80

28.O5 O.a,%'IEi-I_yl-_ 0.04 0.04 6.14 0.38
i!E_J_an_ ..... _._p 0.33 0.33 59.83 3.70 0.48: 0.66 0.01

44.01 0.26 0.26 56.66 4.24 1.53 2.10 0.071 3.95![Propane
:ijSr_p__y____ 42._
il;.-_L_ne 58.12 0.01 0.01 3.43 0.21 0.14 0.20 0.01 0.49
:in-Butane _ 58.12 0.11 0.11 37.74 2.33 1.25 1.7"---"_ 0.08 4.25
i'_i-Butene 56.11.

':iC2-Butene

'_'i-Pentane 72.15 0.13 0.13 56_'25 3.48 3.34 4.57 0.25 14.

i
!In:_-_ntan-e 72.15Nitrogen . 28.02 . i _ .

....... Flrst Stage Shlft Reaction Hydocarbon Gases

CO + H20 = CO2 + H2 I _nt I S,condi_I Tv_II

; Stochiom. [rno!es]! 25.25i 25.251 25.251 25.25 Cl to C3 [grams] 17.53 237.08 0.11 ___4.72
; Produced [moles]Jl i I 3.491 -15.82 C,,i + . Igrams] 97.41 0.33 97.75

i fo;_i : _[:_Jll---_z_.25l P3._L__....28.?aL --_._§ T,_al grams]l 17.53 334.491 0.441 35:_48

I "; Stochiom. [grams] 707.321 455.O511111.371 51N
Produced [grams]ll I I 153.471 -31.96 Hydrogen

, t_--- ' [gramslll 707.321 455.O5, 1264.841 19.(:__. l First ' Second l Total

' - I UpTake I In I out I uPTakeI UpTake

Hy_'_ rLgrlms] 31.96 1325_-.50 1197.55 127.96 159.92

IIIIIIII



I



, |

IU No+:OOE-SU.m4,, Q.U_: Y_4+C+ k

V-220 V-330

................ -- in rramsof an slysls sam Iple. .

TotalSample 53.71 14.:70 53.85 63.83_
Water 1.80 5.36 3.20
Oils+._phaltenes 28.64 9.34 :39.65 56.60
- " " Oihs 25.17 ' 8.8._i 29.90 4.96

Asphaltene_ 3.46 0.54 9.75 7.65
me-^s_,em,_ I .!'.°+ o.51
Insolubles 23°27 .. 13.11 3.52

iota 20.58 _4.74 0_35
++ Ash - 2.701 .. 8.37 3513

rdt_E t 53.i1 ,,,14.)!' 53.65 ,m.m
in wt%o1anal --

Diltillation Profile THF-Extllct I)-1160

Water 36.49%

..68_ Fractions F, _ ..... Feed t_-C'C'_Samp_]I:_.duct ..87.90% 94.._% 86.49% dellC V-220 V.340 J V.358 Total'48.65% eo.o6% _._% 7e._o_6 __1 ......(ontotaQ
+--Asphalt.(onfract.) 1:2.10% 5.43% 24.60% 13.51%
..... "__ t_ota._...... : 6.45% 3.45% - i8.-'1i% 11.98% IBP- 182 36.001 16.23 18.48 68.49 73.20 73.20!
_r_.._ph-al'i_,ne_-- 2.02_, 0.80% 182- 343 '129.45 19_1.7'9 68.75 1'J2543 1388.98 58.25 929.131 929.01J
Insolubles 43.33% i 24.35% 5-':5"-_ _ 343- 524 3106.83 " _J0.79 717.26 2i49-.81 3157.86 27i524i 2961.58 2961.58 :

' 524+ 407.21 22.'11 429.311 ' ' .462.7'0i 1_.50 1079.11'
3314.kI 5o42.64 _.8joJwi_onfraction) 88.42% 36.17% "--15:_-'%1

H-- (or,totaO , 35.31%, , 8.81% 0.60_i [TOTAL 3236.28 520.38 1.20_'.44. ,_._.38 5042:97
ll--_sh(onf'oti°n) I +'_-58%1 I +3e+_J eg.10_i
it---- tont°tal) I 5.02%1 I 15.54%1 4.91%i

....................., ,+ooo,,,lOO5OO+,lOO+,,oo0 I Iv+'°I'°"n,, v+,+,,,+,v-".o+
I + _ in l ramsof feed lproduc t ., Inwl%.oftotllfeed.(asis)_--, .,., , -- In,wt%oftotllfled(MAF)- •

Total Feed7Product 6070 81§ 1430 I . -
_+i+i ......... 203.4 2-9_._1 .... +.30_ 3.3_ 2.95_ 629% + 3_S'_ 326%
Oih_+Asphaltenes, 32._:3" 520.4 1(,52.9 3263.3i 53.35% 8.43%. 17.06% 52.87% Pe.37_ 58.19% 9.20% 18.61%_ 57._i% 65.49%
- (:_on fraction) 2844.7 492.1 7'93.9 2-_-41

--- + 2044:_ 492.1 793.9 2e22Jl 48.e9, 7.97% 12.86% 45.73% 68.57% 5i.15% 8.70% 14.03% 49.88% 7'2.61%1

I (ontotal)

Asphalt.([onfract.) 391.6 28.3 259.0 440.91
• (ontotal) 391.61 28.3 259.0 440.91 6.45% 0.46% 4.20_ 7.i4% 11.80_ _.04%_ 0._ 4_i 7._-_; 12.87%I
Pre-A_a_er_s 28.§ 29.4 0.47% 0.,i8_ 0.95% ().51% 0.52% 1._3_,
Insolut_,s" 2630.3 ., 348.2  m.8l m.+,m+ 4.81% 2._1% . 7.,42%I" . .

i IOM"(onfraction) 2325.7 125.91 22.11
(ontotal) 2325.7 125.9 22.11 38.34%i , 2.04% 0.36% 2.40% 41.81% 2.23% 0._ 2.62%

Ash _)rl fraction) 304.6 222.2 180.71 .......

__-.::._-_-°n-iot--+_ 304_ 222.2 580._i 5.o2"+ 2.r/_ 2_% 5.02_ , _
I+OTA.[(i_ is) . - Ira70.0 e19.4 1,i_._ 3650.0: * lOO.__n_, 11.73_ _-34%1 _o__ms_ 93:_ok_
_y_I-IU_I_i ..... _562.0 520..4 1207.8 33i4.8| ]. 100.uu_ 9.20% 21.34%- 61.84.% 92._.-.-%,

" IIII III_



II

PROCESS YIELD STRUCTURE

IRUNNo.: DOE-BU-014 M.B. No.: YP-04/1¢1
LII" I

FEED PRODUCT
wt% (coal+solvent) wt%(coal+solvent)
asis mar asis maf

iiiii

COx+H2 21.1% 23.0%

53.3% 58.2% Solvent C1- C4 0.3% 0.3%

46.7o 41.8 co.,
It, _M

Water_ 3.3%

11.7% 12.7% CO (shift)
i

7.5% 8.2% Water (shift] COx 1.4% 1.6%

C1 - C4 5.4% 5.9%

!
!"_ i o, s3.4_ 5e.2_

a.j.. I Water 3.0% 3.3%

2".1% 2.3% Hydrogen(consumed) i

Oil 17.5% 19.1%

Coal(maf) 2.4% 2.6%

I Ash 5.0%
• 121.3% 123.2%

121.3% 123.2%

Remarks:



.o.i __6/ iU._.: ,,,_i_Clk _++,r._

wo,¢r:I i _. ! ,g3o5..oo H
_i I ......... J Dec.14, 93 i13:00 i It _ 1
IXIRATION(hours); I , ! 8.0011 _ 21 Motyt)dme 0.28%

Ohri cS2 n

P]_F,J)TANKW1_110): (G) _E MW _ Vot0me%......
.......sv_._M,meea,m 10_0.00 ...... Prod_ _

EndofUa_eekce ...... 4920_30 Oa_11 Ore21 Oa622
nm (0_HR) e00 _ 2.02 4.28 sS.31 re.e7

(:02 44,01 13.03 0.17 5.84
co z.oi _.01 o.3o 3_07;
H2S 34.00

16.04 , 0.05 0.49 1.44
f:_W,. 2o.o5 o.m ..... o.oS
Et_. 30.07!+ 0.1sl 0._
Propane 44.01 . I .... 0.12! 1.20

__ 42.00u.12 OiOl ..... O.Ol
u.12 ' 0.o6 0.o4

i_ 56.11L
n4sVo,o 56.1i..... .......
C2-BuNne 56.11 '

72.16
_.16 ...... o.m '!.W

"_ 4_.17 _._ es.m
28,02_

,.,

.........Startof M.B. : (L) 9938.0 5380.0 ....7632.0

EndOfTM(_t_: (L) 14852.0 24254.0 7711..0: (L) 4914.0 leSS4.0 79.0

_ __: (c) .... 22.0 22.0 23.0

TE-303, i _1 IStlndardVotume:(L) ' 4153! 15042! 67
TE-3041 ; N_ to R-200: (L) ii .... 1870
TE-3051 I Net GasOut: (L) _._83 15942 i ' 67
•rE-3o6! t 42oi

TE-307, ! ' _I ,,,c.0_,t_n.TE-3OmFop) .......
TE-3091 (VAP) ' 425

84qmretorTemperature: (C) 45 I 3! 17.2..... _re Mpa
i !;_=e_ur _ c _ 411 43o

HydrogenFeedRate: (UM!N)., 34.05 ICat_t I/Uumm_e Mo4ybdate
T_ure: (C) 391 J

.... t Feed wt % real_oal I 38.42%

Lk_ Product0NI-330): ((3) + + WHSV _kgI hr) II I 1,62 0.85
8tart of MassBatlance ! 1270 I_ Rate kgI kgroof_oat i 1.22
Endof Mm Ballance 3150 l! moles11009 realcoal I 4.34

_ consumed mokm/ 100_ marcoat ! 1.38BottomsProduct(WT-34 (G) WaterRate kg/ kgmar_oal i 1.221

8tartof Mau BaMlnce , -320 I moles/ lOOgmafcoal i 6,75
Endof MassBallance i 210( Hyaro_n kgI kgmafcoal 0.74

8uffclin9Agent (mlJHR) "9.0: I! moles/ 100_mafcoal ' 38.88, consumed wt %maf coal i 1.71% 2.61%

ii I' 1



I ....

I RUN No.: DOE-BU.015 i_.lI.No.: YP-011 C1 il
IIII I IIII I I

i i iii ....

OVERALL MASS BALANOE

J_tni i.: _ ........ , Mm_ Out: IGmmms
F_ Stay 552O ]F_ StqeUq._: ; OlO
cO_: 2417 Find 8rage ProductGas: t 3003
W,_ so7 _ swo,Ug_d: i teeo
_: ' ' 'i47_'..... _ _,su_p n.=xeouoms: I 2420

"so°°_e'_P_°_: " I 17"Je

:.... 72 __Om: 27
1_00110 _OUT:, 10000

L '" TOT, mf 126 iovERAL_ _I_A!_E_ ' , It,t1%1

I I III I j I I

WATER BALANCE

, , , .,, , ,

TOTALIN: , 7ot , , I, 'TOT_OUT:, , 00t),,,
W -_TE- BALANCE: 104l._ .

L..... I I ' [

, ,o_,,_ w_._nue i n._

Ash Bakun_ wt.% H.I%, , J .,

PRODUCT YIELDS

.... TmiO_., iiiii I To_N.t
.t.% i 1Ore.,]! *t."X,..... 1O,,u] I

t

H20 48.181 47.68 0.1)2% 47.68 _, 2,40%

Cox sse.e3" '335,43, 6._ 33s.43I' "16.ee_H2S

101toe3 " 141.33! 130.87 2.70% .... i30.87 7.04%!
i_, ; 77.33 7_.sa l_,,x, 7s.s3 3.es%
tc_i I" 3667.19; 302e.31 70.Is% e25.131 41.72_
!_i" 632.28! _.TS 12.11._'I"240.2o_',,i',",'!2.oos

_msphslt. 50.73 50.11 1.14% 50.11 2.97%348.701 3,1.:,.I0 e.s7%...._;L_iSOt17.37%

ITobni 531:_.671 5256.79 101.86, 2073.141. !04.32%

i fall

Simulated Dlsffiiation Profile THF.Extract Crude Sire. Dist. (Comp. $amc4e)

FnK_Lio_n Feed Product .... Feed i Product
Total Gross ....i Total Net Total Gross ; Total Net

[¢1ie9C] (grams] berm_] iorams] 10rams]! _. % Iomms]I lommsl toreros] i0mms] wt.%
' I maf_l.. ,,, m_l

' "' i

......

C4,-,,',_182 127.15 125.83 125.83 6.33% i 141.53 140.07 140.07 7._%
182 -343 ;127.43 1203.13 1190.7:i 1063.28 53.50% i 57.341 693.89 684.66 827.32 41.63%
343 - 524 3058.22 2501.36! 2564.59; -493.63 .24.B4% 2#/2.76 i 2726.12 2(_7,97 25.21 1.27%

_4. 8_,_: 854.6;__ 854.67 4:3.01% 455.55 i 1023.68 10i3,11' 557.56 28.06%

I TOTAL ! 3165,65 _4785.23 "" '_'P.._5.8!_ 78"_';' 3185.65 4785.23 4735.8'1,, 1550.16,, 7B.00%....,,o.,o ,o.0,.,.I



RUNNo.:OOE-mJ-01S _ YP.OIIClI
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RUNNo.: OOE-SU-015 IILIKNo.: YP-011(:;1

I



RUNNo.: DOE-BU-015 M.B.No.: YP-011C1 =-

V-340 V-330 | Comp.
! smmb

...... Type UTH V-1074
T-ot-alFcc-'J_I F_c<luct 5520 910 2420 1_
T0tal Sample [grams] 50.33 14.7 54.33 64A9
Water [grams] 1.4 4.3 0.1 1.5
0ils+Asphaltenes [grams] __-.05 10.38 42.9?: 6i.82

..... Oiis _ calc 100.00% 87.90% 87.90% 96.12% Ii.93% 89.74%
........ A_'+altene _%) .12.10% 12.10% 3._8% 22.07% 10.26%'L21 02.
Pro .A_nhalten,__ [grams]
InsoJubles [gr.an___ 19._-_ 11.35 1.19

..... iO--M lwt%]calc -- ..... 90.6_o 6,5.69_ 43.18%
......... Ash [w_] s_ee./. 33.,+o_ 55.s_-_

........ Mo;sture [wt%] 0.53% 0.81% 1.30%

Distill.THl_Extract _'+_1___%|- D-1 '160- Simulld_ _ Cr.S.D.................................... 4.95% o._#, o.52"_j 1.3o_
i§+5- 182 d_egC
........................................... 1.80% 4.00% ' 54.69% 5.12% 41.81% 18.10%182 - 343 --
3;13:-5_i+ .................... 83._%1 96.00% !- ,t0.36% 67.53% 57.67% 55.20%

_:+,_;....................... -- .....14.30%i ........... 2s.mm ........... zs.,mm,
,..i a_

F_iementar/_naly___: [wt.%]
........... Carbon 87.80%1

+ I-_+_=. 8-S(P]°
Nikogen 0.85%,

- Sulp,_iur 0.05%
........ Oxygen(dill) 2-80_ ......

, .

.... "..__ -+



immao.:ooe:,eu,,ms .....Luqo.: ._Cl k

I I II



1_ Ul

PROCESS YIELD STRUCTURE

RUNNo.:DOEJBU4H5 IL_ No.: _ 1
, ,, ,, , , ,, _ .

PROOUCT
F S E D wt% (ooal+sotvent)

wt% (coal+solvent) as is maf
as is maf i

COx+H2 26.1% 27.8%

C1 - CA 0.0% 0.0%

42.3% _.4% _ _ _1.s% 1z_,iN.0% 1_.0%
Water Z0%

13.9% 14._ co(_) /
89% 9.5% Water(shift} COx Z2% Z4%

C1 - CA 3.g% 4.1%
i ......i

+ I ---' !
................ Oil 32.3% 34.5%

=._ Water 0.8% 0.9%

0,9% 1.0% _Hydrogen(constjrned) i J+_
I

! Oil 34.3% 36.6%

I Coal (mar) 6.:PX, 6.7%i

I Ash 3.5%

123.8% 125.4% 123.7% 125.4% +

i

Remarks:

im



I_,- 1..... i ............._.m.ml=_ _ L_i: _i1 ....=MI

' ' '"'"' ' '""oe_Ze_,_i ...........

ii:: i:J_ di_ '.... ,."..ii'.".,..... 7_.w
.... _ ' (_m ......... _

lmm'_r_: .....
i _ _: . (M_) ......... 10_

I ' 'MTOnw,: (C)
i _ _ Temp,; (C)
I ................ xe.sm= (_) ....._ 4il-
! : Te.2ml- ......... ,,,i2...... Te,,=o= .:'_:



IR_.: _;U1_i5 --i ::_: M,I._.: YP_(::il h"'I_ "............

U]_ II J L I I I I : .............

L_] _ll_i F rr' : I :' ' ' I ''lirl:' _ ' _,_l e ....... _i_l_--_:--

iii]

W_ ........... _ i _ Lq_:, , ........
,

' _: i_ mIg, Pmck_au: t_
..........._ ............... 84 I_GN: 411
_T,_.m; l_Mm : TOTALOUT: I=IU

Cm_ _L _Z. IIOVI,,U_ULL_i: ,7.n.

-- I1 I III 1 II I fTl I IIIII I I I I I I [ II I II III

WATER_l

l

I IZ_ I ! TI II I I 1111111111I II Illlll[ I IIII II I

_ _:_ m_ oo.o%, ,,, m , ,I

.414h_ _ML% 101.1%
I L IIIII I II H, I1' ' ' nH HH: , ,:Hr,, :, I I I I

I I q '

pRoou©t YitLos

............. TIlIt_ ! t_
I_,,,,,! i _._, i I_mll _._,

...... ! ,,If.W I I,,_w

Ills ......

CI _C3 1g7.28 205.99 2.91% 205.99i 7J7%
o4.,. ........ s4.o7 m'.78 i_4%i ....eT.?ei _.03%
o40 so4i.o_ s_._ 74._7_, lS_a._ _._,
ib_l _.38 I_11.78 13.17%1 423:17 14.'7_%
___. .....i,_._ 52._ t..l_ ......._._ 2.o_%

, ' ....28,, , ,,
,,' I

ITotal 700g.47 ......7318,88 103.41% 3115.51 lOe.40_i

L Illl'lIII IIII I I '

IlmldIIMdDistillation Profile l"l_4ixtrlct Sire. DiIL (Camp. _)

F,_ _._ ' ' _ _..d
t_ _ i TotM Net Tolll _ l , Totll Not "

Idogc] lllmms] IOmm_] - i0_] Ilnms] _, % II_msl lorenz! Ill.nil 'l_l _.
..... _ II_ NltO I I I _ _l

i

C4 '182 ' ' 1_",84''' 201.36 201.36 7.01% "178:23 186.09 188,09 B.47%
182 - 343 le8.13 1718.0g 1783.93 1B25.79 56.57_ ' 75,66 1210:_ ...... 1264.52 1188._36 4t .35%

_343- 524 4035.23 3783.57 i 3950.58 -84.65+ -2.95%!! 3526.62 3685.55 3848.24! 321.62 11.1g_i

524. **_,16 i 713.31 713.31 24182%:; ..... 601.0B 1303.301 1360.82 750.74 26.43_n

I 6377.66! t:
TOT#d. I 4L_1_36 : _, _i 665@.18 _4".821 1_.45% *' '4_:t_'36 --.18 24_:82 ",45'11L.IBP-524 4._.:_i ___:___s_._l 1742.501 e0,63%,_ 3602128 5074.36i _211_:)5! IBg6,07 59.01_I



i



I RUN Noo: DOE-BU-015 M.B.No.: YP-02/C1 HI

first St=_.e I_,--_=-uctO__.s(biltl-260) II ,____-_ 8.'---_; ,pF,,,_,,__mtC__t_(bT_..-3,3,_3) !1 u____;.-:-._-;,,_u,iis lul m--'_-'l

N,_me Mol.Weight Avera<jeMol Weight:_. 16.49 [__mole_.) " Ave,-_ Mid W_j,,_;.. 2.56 (_|. A__=;¥h__L 24.45 .(_;,,.-__|_

...... 1...... ....... d /
=::__-==__-- meas."AL___no___._._(G3_! __= _.'_'___1 non.. (G)! . row=_1 .on. _ (G)I

Hd- , f:=_.0"_----_i.__0.27 Ii._ -0.(;9 1(X).3-5 98.i74 12i0.80 77._;2 i5.99! 24.471 0.9_ 2.02_Y(L'-'J_ 1.91 11 _-_', 17.16 14.80 3Q__09
CO2 44.(i] 13.03 31.31 1395.89 45.62 0.11 0.11 31.27 -
C_---_.01 23.8-'--_ 57.23 1623.67._ 53.06 0.43__ 0.43 76.33 4.66. _ 36.91 56.48 31.17 64.70
H2S 34.08

Methane _ _ _ 0.50 1.19-'--__ _ 0.63_ 0.___ 65._ _ _ 0.56"---"--- 0._ _ 0.58
-_ _y___ 28.03! _ - -- "--'-------- _ 0.03 5.01 0.31 0.02 0.02 0.01 0.03- , _ 0.'------__ z----"_ 0.28_ 0.------__ o.s2
Ethane . 30.071

Pr_ 44.01" _ _ -"---"_._ _---'----_._"-----"O_.520"180.18 49.94 3.05 __0--1"_ 0.28 __ 0.24 0.50
Propylene 42.08;
i-Ouian_- _;i_i -- 0.Oi O.(ii i_;S 0.14 0.01 0.0i O.0i 0.02
n-Butane 58.12 ! I I! 0.08 0.08 29.51 1.80 0.07 ! 0.11 0.12 0.26

i-Butene _.11!
n-Butene 58.11

i-Pentane 72.15:
n-Pentane 72.15 0.11 0.11 51.94 3.17 0.11 0.16 0.23 0.49

28.O2
.; :: ..........

First Stage Shift Reaction Hydocarbon Gases

CO + H20 = CO2 + H2 I F_ I-_ IDi--ol,,_T Tot=

28._1 28.561 28.561 28.56 Cl=,C_ [_.=,,s] 19.33 ln.17_ 0.78 197.28
I Stochiom.! ProdLP___ [moles][moles] I I 3.161 -18.15 _C4+ [iwilrnsl 83.701 0.37 94.07

i_ 28.56,.,,.,,_I .....28.56 !: 31_.72_ 10.41.: T_,'_,_ [qmrnslI ' t.9.33! 2t_0.871 1.151 28i .35

i Siochiom. [grams] 799.861 514.58 1256.76 ! 57.68
-= I 139.131 -36._ Hydrogeni Pro._,c.ed . lglrams]

i ioi_i _:_-_--_; _Lq__a_=ms_J_799.861 514.581 1395.6g," .... ' F. ' Second , Total

......................... • - I UpTake. I In Out I UpTake I UpTake_

H_ [grsms] _:36_.66 1476.5g 1271.77 204.82 241.48



LiqUidI Slurry Stream Aiialysis

..... I Coal SolventI Feed V-220 [ V-340 V-,130 Co-i,.,, (BTTMS) kmple
'- Type BTH V-1074
T0tai Feed I Product 7820 1392 2100 39_01
Total Sample [grams] 51.68 i4.7 57.61 63.93
Water ......[ramg_.m_._ 3.1 7.5 2.31

-Oils+Asphaitenes [g.rams]_..__ 27.78 7.24 46.52 58.92
....... Oils _[wW_o----)-_alc 100.00% 87.90% 87.90% 96.12% 78.i3% '86.37%!

Asphaitene[wt%] ..12.10% 12.10% 3.88% :21.87% 13.63%
i .2 0.,57

Pre_F.sphaltenes [grams] 20.91 11.2 2.75
Insolubles [grams]

IOM ....[wt%]calc 90.79% 53.90% 34.15%
..................._h _]-_ -' 8.69% 46.10% 64.50%
........ Moisture......[wt%]............................. 0.52__% L. 1.00% .... _!.__35%. t

'Dis--Uii.THF-Extract ' [wt.%] D-1160 Si,,-iulatedD-_;ialJon Cr.S.D.
iBP: 182 dig C ...................... 4.95% 3.30% 0.52% 1.40%

182-: 343 - -- i.80% _,.00% 54.69% 6.00% 34.19% 18.00%
--343 -524 83.90% 96.00% 40.36% 67,00% 65,29% 54,80%

524+ 14.30% 23,70% 25.80%
.....

JEiementai'Analysis: [wt.%] ....
.............. Carbon .... 87.80% _
.......... _ _ Hy.d.rogen .....8.56%

Nitrogen 0.85%_
....... Sulphur 0.05%
........... Oxygen(difO 2.80%
_

, ,

,,,
-

.



I RUN No.: DOE-BU-015 M.B.No.: YP-02/Ct k

........ I Feed I Products
I I v.22oI v-,_oI v._o
I __1 (STTMS)!

................ :,'_ In grams o|_'n; rlysil sam_ •

Total Sample 51.68 14.70 57.61 63.93
Water 3.10i 7.46 2.30

Oils+Asphaltenes 27.781 7.24 45.32 58.35
Oils 2,1.42 6.86 35.15 50.32

' Asphaltenes 3.36 0.28 10.17 8.03,
Pre-Asphaltenes 1.20 0.57
|nsolubles 20.80 11.09 2.71
..... IOM ' 18.99! 6.09 0.96
....... Ash 1.81 5.00 i .75

fStAE :1 51.68 14.7 57.6il _.g3

in wt% of analysis sample Distillation Profile THF-Extract O-1160

Water 6.00% 50.77% 3.60% j F'_o_

-- Oils (on fraction) 87.90% 96.12% _r'/.55% 86.24% --" ! V-220 V-340 V-330 J Total(ontotsl) 47.25% 47.62_, 61.01% 70.71% (nTTm)
Asphalt. (on fract.) 12.10% 3.88% 22.45% 13.76_

(on.total) 6.50% 1.91% 17.66% 12.56% IBP - 182 33.63 65._ 18.68 i06.77 94.16 94.16
__haltenes 2.08% 0.89% 182 - 343 168.13 '" 374.68 101.75 1241.46! 1718.09 75.66 1210.58 1210.58j
Insolubles 40.25% 19.25% 4.24% 343 - 524 ' 40_5.__3 276.65 1136_20! 231o.72 _-i83.57 3526.62 _5.55 3685.55 -. :

.... t |, • l _ J " -IOM (on fraction)__ 91.31% 54.90% 35.50%1 524+ ___3.801 59.351 663.18 _i.68 t_.17 1303.30
:-:"-,-:-_. _.76%(on total) ..................... 10.57% 1.51% II"OtAL--1---_i._SI----m_-.4el i9t?_| I--3_)0._|1 _93.Soll 42o3.361 _;25.,i(;I e_3.59]

__.Ash (on fraction) 8.69% 45.10% 64.50%
(on total) 3.50% 8.68% 2.74% Feed I>roducts (nomaUzed) Feed Produ,_L_(;-,o,_;.;;_ed)

i"_t_,t:...................... I too.oo_!, ,,(ST'mS) . .(8T'rMS)
" -- in _ rams of feed I product - In wt% of t_-,*_..__ (as is) ------ • -....- In wt% of total fs_l (MAF)

Total Feed I Product 7820 1392 2100 3940
Water 469.1 '" 706.8 141.7 6.25% 6.25% 1.89% 8.13% 2._ 2.Cr3%

....... 4203.4 ..... _.5.5 1652.1 3595.9 --._:6i% §:i_l_, 22.00% 47:_I.9_, - 79.02% 59.39%1 10.11% 24.37% --_:_ ....... 8_'._%Oi_s+Asphaa__e.___._ _ ............ " '
._.o,_fra__._ionp_L_l _qq,i:_ e58.9 1281.2 3m_.o
_ ___ (o_r)total) 3694.8 658.§ 1281.21 3101.b 47.12% 8.77% 17.05% 41.30% 67.13% 5,?..20_i 9._2_ 18.'30_ 45.75% 74.3i%

._Asp,a_.(on_rac_.) 506.6 26.6 _id.9 ,m.s
(on t_*_!) 508.6 26.6 _i0.9 494.9 6.49% 0.__e__% 4.94% 6.59% 11.88% 7.19% 0.3;--% 5.,ff%. 7.30_ 13.!_7%1

F,r_A_pheltenes 43.7 i 35.1 0.58% 0.4/% 1.05% 0265.% 0.52% 1.16%jn._oluble"_---_ 3147:6 _ 167.2 40.i4_, 5.15% 2.09% 7.23%,

.." J01Vi(on fraction;)- 267,4.0 22'1.9 59..,
(on total) 2874.0 221.9 59.4 3i__.68% 2._95% 0.79% 3.i5% 40.61% i I 3.2_% 0.86% 4.15%

Ash (on fraction) 273.5 182.3 107.8
..... (on total) 273.5 t82.3 107.6 3.49% 2.19% t.30% 3.49_

27J:'m _____-% 05.'_% ____ ___._
[TOTAL (--is) _o_.0 t_2.3 2100.0 _--..-_.O __r__.00% l_.__r_ --_- ' 28..-,,---_
IT/_T3[["i[_X[:_ 7077.4 -.o_5.5 1917.7 3_.4 100.uin*i 10.|_% 5(1.54%: 94.94%

IIII



PROCESS YIELD STRUCTURE

IRUN No.: DOE-BU-015 M.B. No.: YP.02_C1

PRODUCT
F E E D wt% (coal+solvent)

wt% (coal+solvent) as is maf
as is maf i||

COx+H2 18,1% 20.1%

53.6% :. 59.4% Solvent C1 - C4 0.3% 0.3%

[ J I

I'1
100.0% 100.0% _ Oil 9.1% 10.1%

n-m
Water 6.2%

10.2% 11.3% CO_(s_h_iff__..)___

6.6% 7.3% Water (shiftJ cox 2.0%
2.3%

c1 - c4 3,5% 3.9%

! , !
Oil 48.4% 53.6%

m.Jm Water 1.9% 2.1%

2.6% 2.9% Hy.d_ro_gen(consumed). . .........
I

Oil 22.6% 25.0%

Coal (mar) 3.7% 4.1%

I Ash 3.5% "

119.4% 121.5% 119.4% 121.5%
° .-.,

.

Remarks:



m=.: Dm +,me u,te...... iF_: i :v,e......iv_%(mnn

|STAre:.. Dec.15,_ O7.--, '_' _! V.1074_ 57._!

MEASUREDGAS _l_m_s '

NAM,E I .W _Vomm,% ......Pmaom m+eoct_ ....
Endof Mms Betimoe Gas11 ,Gin21 , Gin22

mm Hy_ogen! 2.O2 ,I_28 m,.,m 15.w
co2.... i 44.m la.m O.lS 11_
CO + 28.01 23.81 0.44 '36.91

Prm._: lO.34 ms ' 34.08 ......, i

Methmle ; 16.00! 0.50 0.61 0.58
i_ I 28.0S 0.03 0.02
iEth_e i 30.07 o_, 028

TE-2031 ,_ ; 44.01 1 0.18 0.18
TE-2041 _t 42.06 ......

LkluidLevel _ 58.12 ...... 0.01 ..... 0.01_
_Bulane ' 58.12 0.08 0.07
l-Butme I 58.11 ..... .......
n-Bl,me 58..11 .....
C2.Btm.le 58.11

WI_ FeedRate: +i.Pmllanen.Penlane++ 72.15 ,"72.15 0.11 0.11
I

.... N_ i, 28.02
•m'r_ I ,,1.sit im._ m._lm

Smof_ S,_wx:e 15_.+ " '
GI41MinterReadings 'DTM-260 ] DTM-360 DIM-350

i _..: s,.rtofM.:(L) eo43.osmo.o _,m.0

8ECONDSTAGE: ......... Endof M.B. : tL) 10686.0_ 22960.0 7878.0Pmm_,.,: (MPt) 17=4 - Tom: L) 4843.0 1'_,51.o _.©
F_ Xmp.: , (c) i36
ReactorTen___ (C) T_e: (C) 22.2 21.6 23:C

"rE
-3011 (BTTM) 436 iMeterPressure: (mmH 704 704 704TE.3021 436 l

TE-3031 435 1 llSlandardVolume:(L) , 4149 14809 4.
TE-3041 434 N#ro_ento R-200: (L) _ 1878
TE-3051 433 NetGas.Out: (L) i 2271 ' 1_J809 4-.
TE-3061 433
TE-3071 _ 429
TE_Om (Top) 426 RunCondition,
TE-3091 (VAP) ,, 42

Uquldlevet , (,.ram) 9(: Basis: MAF I First Second
! st,_, ,,,,,,, , _,

8epemtorTempq,, ure:, (C) ' i
Pressure Mpa i 10.3 17.2
ITemperatur (legC i 412 435

FeedRate: (L/MIN) 34.00 Catalyst !Alummate Molyt)date
Tem_ure: (C) 394 I ,

Feed wt %rnlf coal I 42.94%

Lk:F_ Product(WI-330): (G) WHSV (kgI hr)I 'i i 1.74 1.00
8rift of Mm Ballance [ 1230 CO Rate kgI kgmarcoal ' 0.92
Endof MassBallance 4222 moles1lOOgrealcoal ' 3.29

(mrmunmd mo_,_,/ 100gmf coal I 1.08
BottomsProduct4_I'-34 (G) + WaterRate kgI kgmafcoal ; 0.92

8tartof MassBatlmlce -830 moles/ 100_1mr..coal _ 5.11
Endof MmmBallance I ......i_' Hyarogen kgI kgmarcoal l 0.56

mo_/lO0_mat_o,, I i 27.m
: 1.37% .6.12_

8ulflding Agent (mL/HR) 10.08 consumed wt% matcoal l .......
I - r I

, , !
, , ,

,, ,jr

I

,,,.,,, ,,,



I,RUNNo.:OOE-SU_tS _Uo: VP_Ci /

i iii i i iiii i ilmlll ii/ ir

OVERALLMASSBALANOE

F__ _ ...... .... _0_,_, . ..... i_ ....
_: 241s ...... F_ .S_*_ am: 30sl

/ W_ ?24 aeooodeuqpUq.ld:,, =m2
_: 147'1..... ..... 8,rod_ _,,_ kin!: 2170
i_; ' 8eixl_ 81lille.'._ Gel: 1_1

I b_ 81 f {_..,_ ,!TO , , 11 , TOTOL.C_T: "f ' '"" _1_lm/_
mf IL....O1rr.l_LBAL,A_F.: 100._

i i i i i i

WATIBR_E

..., ,,,,,, , ,,,,,
B

TOTALS.: _II_ 1 TOT_gI_': ............... _2.' ' WAT-H BALANCE: 1 1

....r"I I I I I _i
I

r.,_cammi_ ,t._ .._f Ii u.s%ii

I
Ash Biim:e wt._, ; 97.4%

i i i Hi t i i i

I I II II II Illlm

PRODUCT YIELDS

To_a.m To_N_
llmmi v_.% Iommq wt.

nil' 1_1 mid oool ,,,
",,o,,m_'.d....

H2o 1_.81 1_1.77 1.w,6 121.77 4.e4%
cox _.oo _o_ s.41% _o._! 12.6o_
H2S 1

i

IC1to C3 193.6g 190.51 3.12% 190.51 7.26%
it4 ; .... 82.99 81.62; 1.34%I 81.62' 3.11%

481e.26 454o.321 74.30%I 1475.08 545.22%
80:3.74 790.51i 12.94% 368.56 14.05%

i_lt. 52.36 51.4g i 0.84% 51.49 1.96%
IIOM 204.27 200.91; 3.29% 200.91 7.66%

iTota' 6413'.22 6307.691 103.22% . 107.49_

i

Simulated DistiliaUonProfileTHF.Extract CrudeSire.Dist.(Comp.Sample)
....

Flactlon Feed Product ,,, Feed! Product

TotlJGross--,,-- _l Total..--.--Net i TotaliGross.._,___"-_" Tot!l Net ,
[de9 C] [grams] {simms] igrams] Igmms] vet. % [grams] j igmms] igmms] [gramsi" wt. %

nuf coal ' nuf coal
I It I I I I 'llll !

!
i

c4 ._52 I le8.72 185.61 le5.61 7.07% 174.27 171.41 17t.41 e.s3%
182- 343 130.49i 170.301 '1"714.61 1575.131 60.03%_ 62.77 1235.42 1215.09 1152.32i 43.92%

343.524 _,47.71 i 310_.81 3058.64 -280.06i -11.02% 2925.75' 31,46.36! 3094.,_ ' 168.83 6.43%_
524+ I 717.80 703.99 705.991 26.91% "'49816"7 1203.56 1183.77 .....685.11i 26.11%

I I I ; ........ I
,,,,i ....



Name 1 0 4
voL% v_.%

CO2
CO
H2S I

i

Metl_ne

Ethane

i.Butane
n.Butane I
i-Butene ! i
n.Butlme "- :
C2.Butem

n-Pentane i
r



[RUNNo.: _-B_mS M.&No_ _,-0_Cl tI Irl IIII

FirstStage ProductGas(D._I-280) _ S,_x_ $=m _.=t _ (_r=_W), I _ _ mi_
Na_ M_.We_h_A_e_M_We_ _S.S3La_no_):_ A__VV=oht Z__) I ....Avmm__ 24.45(0_m_)

me_._lo_r,_,_,_._ w(_) i (norm., mm._l,_n _ w_(,_m.) v,_um, (e) I _, _.._,1 _m. _, w__(,_,m.)lG)lI
Hydogen .... Z02 4.28 I0.27 " 21.03 0.69 97.46!" Se.'10 I_,S4 77.00 IS.lml .... 24.47 'i._ 2.02
C,O2 44.0i 13.03 31.3i "1396.24' 45.62 0.18 0.18 5ZS0 3.09 ' 11.22 11.16 15_8
cd 28.01 23.81 s7.23 le24.07 s3.08 0.44 0.45 ezsl 4.es 38.m ....ss.4e 31.97 64.7o......

H2S 34.08 .................

Mettmr_e 16.04 0.50 i.19 19.33] .. 0.63 0,81 0.62 65.39 3._i 0.58 0.88 0.29 0.58

__ 28.o5 " om o,o3 s.41_ 0.:_ o.o2 0.02 o.m o.m;
Ethane 30.07 '0.25............. 0.25 50.41 2.98 0.3 0.42 o_j 0.52
IPropane ..... ,t4.01 0.18 0.18 52.35! 3.08 0.18 0.281 0.25 0.50
IPmpylene - 42.08! ...........
i-Butane : 58.12 0.01 OLO'I_ ' Z19 0.13 0.01 O.Ot 0.01 0.02
n:But_ne s_.12 " 0.08 O.Oe _.70 .... i.7S 0.O7' 0.11 0.13
i-Butene 56. i I ............. ......
n-Butene 56.11 ...... ......
C2:Butn 56.11 ............_.

|:Pentane 72.15 ,
n-Pen-'-tan--_- 72.15 0.14 0.1i 50.74 2.98 0.11 0.16 0.24 0.49

..... ,

N_ .... _.o2 .... .....
":!OTAE-| ........iL..... _41;611 100,001 30_0._;71 I00.0011 _._ I00.001 i700.7_ 100.0011 '85,351 lOo.od 49.41 100.00

. First Stage Shift Reaction Hydocmtxm Gases

,CO + H20 = CO2 + H2 . " _..... , _t S=x=dI _, _ t_ t

! ==,,/
Sio_. [rnoles| 28.23 28.231 28.23 28.23 C1 _ C3 19.331 !73.56 0.80 193.1__du_ed [moles] , . §-_50_ "!7-_. 04 + ' Im=_ll ID_St'. O.38 S2.m
T6_ lmoles_lJl 28.231 28.231 31.731 10.41 rtolal " ' [ammsll " I_.331 .... 256.17i 1.18 zi's._8
..... , , , . : ...... , , , , .,,, _- . ................ :

Stochiom. [grams] 790.71 508.70 1242.39 _/,02
Produ_' [gr'an_l .... 153,85 -36.00 ...... Hyd_
T6tal _ 790_ : 139624:2'1._

I _, I Sx=d ! To_UpT=_,, _ ..... ! Out ! U_-T_ U_T_

!_.. _1 _._ _.17 1_0.._ _m.63 1_._
,,



RUNNo.: DOE-BU-015 M.B.No- YP-03/C1

Type =' BTH "' V-1074 .... i'TotalFee,_I Product " 6800 i535 2171) ;_._'2
Total Sample [grams] " 53_-_,_ 14.7 53.19 65_5
Water [grams] " 3.1 5.9 2.71 "'
Oils+Asphaltenes [grams] 27.29 8.85 44.3-2 59.761
....... Oils " [wt%]calc i00.00% 87.§0% 87.90% 96.12% ib25% 66.33%
.... ji_sphalk_ne[._4%] 12J0% 12.10% 3.66% 21.75% 13.§7%, " ' 0.8 0.43
- ,, A--'- ---- [grams]Pr_.:.--_..,,,alten_..
_lnsolub"¢= " [grams| _.97 8._r2 2.8

IOM [Wt%j calc _ 89.3,t% 45.14% 2._.96%
Ash " [wt%]--' "'- 10.04%! .... 54_ 69.60%

............. Moisture [wt%] 0.62% ',: (J.58_ 6.44%
.......

,.

Distili. THF-Extract [wL%] D-1160 Sii,_ulated_,'-_-_._-i Cr.S:D'
laP - 182 degC ,1._% 2.50% [ ().54% 1,_:.,%

-i_- _3 1.i30,/, 4.00% s4.69_, e.¢¢_, 41#._-_ 20._
343- 524 83.90% 96.00% 40.36% 83.10% 58.24%1 51.7_r_

....... 524+ ..................................... __'___.I_:30% 28.40% 26._,
, _. _. ,, ,

E!em:entaI_A_n.ah/s_:,:: [wt.%] ,:
Carbon 87.80% .... i
Hydrogen .... 8.50% , !

- _ N",drogen 0.85%
' Sulphur 0.05%
-i..:.... Oxygen(dirt) .., 2.80% I'

.......

i

.......

,. ,, ,,.,,, , ,
___ ,,,:





i ,, , ,, ,,, ,,, ,,,,, , ,,,,, ' ,=,,, ,,, ,, I " , ,,,,,, , ' ,",, ,,, '=, '

PROCESS YIELD STRUCTURE

IRUNNo,:OOE-BU-01S, M,B.No.: YP_
....... , ,, ,

FEE0 PRODUCT

wt% (coal+solvent) wt% 1_1
as _ maf as is .... _II I| II

i |l

51.3% 57.1% Solvent C1 - C4 0.3% 0.3%

!l 1 -! f
100.0% 100.(_ _" Oil 13._ 14.9%

:; t

it

!i 11.6% 12.9% CO (shift)
;_ 7.5% 8.3% Water (shift COx 2.6% 2.9%

ii ,.,. ,.1.
i! Oil 39.7% 44.1%

!i .. w._ 1,, 20, i
:;i 2.4%. 2.6% Hydrogen(consumed) _
ii

i! !
,!

Oil 26.2% 29.1%
ii
,i
:i Coal (mar) 3.0% 3.3%

i_ ,_ 4.3%
:_ 121.5% 123.9% 121.5% 123.9%
_i ..... .... , ..........

Remarks:

l

!i .... , .......... IIII ' It II .... _ III

IIIII I IIIIIII"lip





I II1_111 II1 III III

j_ IT JJ r !1111_11 I1[ I 1111Jll I I I I I I I II

t OVlIRA_ MAim BAI ANOIi......

,__ _ : _.om: i_
I

m _ _ _: 1. _!0:

--: ......... I
T_,l_i_.i.._' .....o1+ ' _o,,: _ '1 ,m- : l+mmu] " __TOT_.OUT: L lmU

-- -- _ mf 1118; IOVERAIJ,BAI.M_E: i N.7%

.. III II __. IIIIII I IIIIII III II II I[11

WA1TIRBN.JU_E

TOTALON: lm4 TgT_.O%q'; 11U
II Ilia II _ Ill I

...... II i lili I I it ili II ' i i iiiiiiil illli

.... Ash._ ...._,_ N_(,
- _J II ++ I n .i n nn HIHn n nn: nHH n

L__ ,, ,,, ,

PROOUOT YIEI.D|

.... ..... T__', , I I T_'_ /. I

.... _ __ -.__lsr_ m,+o z._ 1NJo 5._,

_ ip I i i i iii 111111I

Cl m_ 'n_._ 101.11 ....2.,45_, le1.11 ....5.47%
_'+, _ _ 1,e.es ....1:,,m: 7e.ss; 2.ez%

..... 494s.s74e'0o.ms74,M_.117oe.4Sl_.o7%
_! _,110 ! 014.18 13.1Ml%+ 473.521 16.08%_. m:m re.m, o.ee_ m.57, 1.ram

:m_=g _.41 3.es%il254'411 e._%
To_,J,0 88S,_.01i_._ !0_.31_I 3_S2.1e_llOZ,,0_%

......... , , .......... I i i ilnlllll iiii iiiilU i i

..... •v'o_,a_ I '+'o_,0Not: .... "ro__ 1 "to+,+

....... ......._ __ ..... _.__ ____
IdooC] blmms] Igmm) iorams) [onm_] wl.% iorsms) lommsl _j ....IOn.no] wt.%

h

C4 -182 I - 188.39 188.01 ....188.01 6,3g%_ .....172.57 ....171.31 171.31 5'82%
182- 343 ' 145167- 1_.28 1744.45 1508.78 5431% 65.55 1320.071 13i0.43 1244.87 42.29%

am3._m,; _:i0_ _._ _+e.TS ;re.e40.77%,aoss.4s_s13.mI 3487.85i.....432.40] 14.(19%
524+ t " 768.T'/ 7_"15 ! 7m.'15 ....25.92%11 520.77 125,1.931 1244.77 '7:24.00' 24.5@%

' ........ * ' .....TOTA_._+......... + _.,)7 e2+.i4::m2s'r'++m,7.+mm+_:_m41178+?m.ozl m,.:m ++z:+m eT,+mISP-524, 54§i,',11 5.4d_'.'..)ii 180@.43 6i46%:,+ 3121.(X) _.14 ......4_I_,.59; 1848.59j 62.79%



RUNNo.:' DOE..mJ.015 M.B.No.: YP.O,I/CI•
I II

i i i

' ' GAS ANALYSIS

_-...... I -............... Fm,_.__+___.__o.,, p.=Tm-_j.____ -- ......_ :,,_+,,-,,+_.-.-___.,+_.._o,_+_+,_-___-_ .......... =-_.-..,,i-___it)+tm..++_m ............... .:

0.372 0.__3_1_ 0.398 0.38 0._ 111.552 , 21.028
H2S

MeU_ane 0.495 0.4__m. 0.5___ 0."-_-'-- 0.564 0.__0_ 0JNi0 '1.770 1.__- t.542 t.tlt3
Ethytar, 0028 0.024 0.020 0.02e 0,021 0.082 0."---=_-- 0.067 0.07t
F.thJne 0.212 0.211 '" 0.218 0.210 0.213 1.2"_ 1._x_+ 1.023 .... 1.t000.159 0.156 0.180 0.016 0.t23 1.3_2 1.074 i.005 t.197
__r_r_r_r_r_r_r_r_m___._Phe'

+.ore o,_--:+o,_--:-_-0oo5 o.o.; o,:+:+ o.oo+i-Outlne , '......
__.-___;,-_._.__ ... o.o_ o.oe7 o.f__ o.ou +. o.ou o.e3o ,o.e_ o.e_ ,,. o.._
i.Bu_en+ ' "
n-_B+.,-tm'++
C2.Butene' .... ' ......
_i, ne .... . • • '
;+.i_eni+;,i,............................ iJ'ib+ +- "0.+O+'---:-'_ --_'-J'_ ......... _+_ I.:_,1 1.03S S.0el 1.+S7

, ,,- I'

INitr n ,, . 9g._m__I 100.0/2 I_:.,_01 91.14E;._+_pc,_._.___a+_++ 4_:1,++_-+oo:_lOO.,:+:_lOO.IS5 ......



I RUN No.: OOE-BU-015 M.B.No.: YP-04/C1
III

Second DIssolv_ Gal

Name

...... j q;f, %
me.. _i r,o,-m._ (G)I _ _. _i norm. (G)I __ me=,.%1 norm.% i_"''''1

;I.28' _J0.27 21.04m 0.69 98.5t 98.44 _290.46 80.84 .¢)5.2_" 59.091 3.481" ?.7_

302 44.0i 13.03 31,31 1397.i§' 4._i_ 0.07 0.07 21.33 1.34 11.4:2 lZ21 15.65 34.91

CO 28.01 23.8!. I 57.23 1625.18 53.06,, 0.39 0.38 70.391 4.4i 21.03 9'_48 18.33 40.89
i-12S

Methane 1.19 19.35 0.63 0.56 , 0.56 3.64 1.81 1.800.03 0.03 4.73_ 0.30 0.08 0.06 0.14
0.21 0.21 41.49 2.60 t.10 1.18 1.03 2.30

:thane 30.07 0.12 0.12 2.19 1.63 3.63

-Butane 0.01 0.14 0.00 0.00 0.01
_-Butane 58.12 0.07 0.07 25.72 1.61 0.69 0.74 1.25 2_79

_Butene 56.1
n-Butene 56.11
C2-Butene
i-Pentane 5.79
n-Pentane 72.15 0.10 0.10 47.49 2.97 1.16 1.24 _ 2.60

First Stage Shift Reaction Hydocarbon Gases

CO + H20 = CO2 + H2 ._ | First ! seo=_JIDwo_l Total

tStochiorn. [rnolesjll 28.371 28.371 28.37 i 2B.37 Clto C;3 [.ms] 19.351 139.43 3.52 . 162.30Produced [moles]II 3.381 -17.95 C4 + [grams] 75.38 3.85 79.23

TStal [rnoles]!L 28.371 28.371 " 31.75l 10.42 Total [Ta"_]! 19.351 214.8,11 7.371 241.53 i-- I/

IStochiom. lg=ms]ll 794.6OI 511.2011248.S01 57.30producecl [_,_._]il I 148.691 -36.26 Hydrogen

T_ [gram_s]_ 794.601 511.201 "1397.191 21.04 I I

_-.:.......... --_ ..... First Second Total

Up-Take__ In I Out I Up-Take Up-Take

H_ [grams]! 36.26 14i5.g8 12_3.94 182.04 218.30



i i I _-
ii I ___J

RUN No.: DOE-BU-015 M.B.No- YP-04/C1

__r---_'-amAna ysos

"" I CoaJ Solvent Feed V-220 ] V-340(BTTMS) ! v-330 Salnpl.e_=-'_P"
Type BTH V-1074

TotalFeed I Product 7280 ;1490 _r280 3410 •
TotalSample [grams] 53.37 14.7 52.26 60.72
Water [grams] 2.6 5.1 2.8 _
Oils-_Asphaltenes [gram_ 26.70 9.64 42Z,_, 54.81

Otis [wt%]calc 100.00% 87.§0% 87.§0% 96.12% ir_,ex_ 86.00%
Asphaltene[wt%] - _2.10% 12.10% 3.88% 24,18% 14.00%..... "0.92 0.3

Pre--.Asphaltenes
Insolubles [grams] 24.26 9.47 3.13

-- IOM [wt%]calc 88.88% 48.00% 31.81%
Ash [wt%] 10.35% 51.31% 67.69%
Moisture [wt%] 0:78% 0.69% 0.51%

,,,

Distill. THF-Extract [wt.%] -- ' D-1166............ simulatedDistillalion Cr.S.D.4.95% 0.s5% i.40%
IBP- 182 deg C

....18_): 343 " i.80% 4.00% 54.69% 5.90% 36.1J5% 19.80%
343 - 524 83.90% §6.00% 40.36% =,_,4.29% 63.30% 52.70%

" 524+ 14.30% 27.41% 26.10%_

ElernentalAnalysis: [wt.%]
Carbon 87.80%l ....
Hy.drogen 8.50%

............. o.i35%
Sulphur 0.05%

-- Oxygen(diff) . 2.80%

,,

,,

,,

-_:,:-,



t t t

IRUN--_'--: DOE-BU.015 M.B.No.: YP.04/Ct b

Feed I P_,_ucts
V-220 V-340 V-330

(STTMS)

TotalSample 53.33 14.70 52.261 -60.72
2.6u

Oils+Asphaltenes 26_ 9.64 41.9,1
-'_ Oils 23.47 9.26 31.57 46.83

Asphaltenes 3.23 0.37 10.36 7.6?
pre.,a_altenas 0.92 0.3C
InsolubI_ 24.07 9.4( 3.11

IOM 21.58 4.5_ 1.01

Ash 2.49 4._ 2.!1

t_l. _.37 14.7 52.2tt eo._
---- in wt% of analysis sample DistillationProfile_'HF-F..x;*_,ct 0"1160

Water 4.87% 34.43% 4.61% F_,_ F'_,----+---'_-

Oils(onfraction) 87.90%1 96.12% 75.29% 85.92% degC i V-220 I (B_) I V-330 I Total C_,,-_p.Si_-,f_
asis I con.

(ontotal) 43.97% 63.02% 60.42% 77.13% . • ].Asph=lt.(onfract.) 12.10% 3.88% 24.71% 14.08% " " 93.34
(ontotal) 6.05% 2.54% 19.63% 12.64% IBP - 182 48.36 44.87 18.93 110.18 93.34

,.,__,,,.__.... 1.76% 0.4_% 182- 343 145.67 5_'_..32 110.31! 1112.65 1zo_.28 05.55 1320.07 13_.07
'-" "_" .......... 71_ 19_t'--" ,_,44., _.45 3513.51 3513.51 -
I_nsc-.'=jbies 45.10% 18.(_ 5.13% 343 - 524 _'__--,,,.10 _.,_4.32 1 .77_IOM(onfiaction) 89.66% 48.69% 32.31% 524. " 58.;;: ;-_.T/' _. 1740.09 1_.-93

(ontotaQ 40.44% 8.76% 1._,% T,',T*I I :m4_.7ai ,,,Loot _.,17l 3134. #|80.64| _.,_1 _-_7.00 6_180.84_
_h (onf,_-_) 10.35% 51.31%67._--_

-- (ontotal) 4.67% 9.23% 3.47% ,__..,Feed Products(__1) ,_,__.., F_-_',s (;-,,;,-_-_-;_;_:-G)

.--..--- in ramso1feedI product _ In_-'%of !-_-_--::=_ [asIs) ,, . . In wt%of10_-!_ (MAF)
I

T_a: FeedI Product 7280 1490 2280 341C, @.,__% 2._i_ ' 2:,_1_
• Wat_ 354.7 513.1 157.2. 4.64'_ 4.84% 2.14%

Oils+Asphaltenes 3641.8 @_7.0 1829.6 3061.G_. 50.04% 13.33% 24.96% 41._5% 80.04% 55._, 14.73% 27.58% 46.14% 88.,¢._";
Oil's(onfraction) 3201.1 93_.1 1377.5 2630.1| 20._6% . ._., I

.... 39._.-, 74.56_
3201.1 _3_.1 1377.5 2630.1• 43._,-'--_ 12.81% 18. _7"__ 35.88% 67.48%, 48.81% 14.1

i (ontotal) .-
- Asphalt._.__:___ 440.7 37.9 452.1 430.9, ' ' 6._ 1_.88%
......_o-_tota_ _40--_ 37.9 4._2.1 4_.91 6.c_:; 0.52% 8.17_ _._% 12._% 8._-_ o.._'_ 0.81%
p______'afle-nes-....... 40.1 1_6:8i _ 0._"-- 0.23% 0._o_ 0.61% 0.25% 0.86_

_li_soluble"s-- * 328.3_6 410.3 174.9| 45.12% 5.71% 2°45% 8.16% ..1_.8 _._| 3.01% 0.05% 3.as_
i JC)M_(___ction) 2943.9 44.i0_

" ion total) _ 2943.9 199.8 56.5! 40.4._% 2.73% 0.i/% 3.50%
:t - Ash_onfiaotionl) 339.7 210.5 118.4,-- - a _,_ 2._ 1.66% 4._%
,i 4_ontotal) 339.7 210.5 118.4_

TOTAL(as is) 7280.0 I,i90.1 22_x_.01 3410.0.
t;b-_Xl_-_lAl_ _.7 _i-/.0 _.5: 3134.4,



i i

PROCESS YIELD STRUCTURE

PRODUCT
F E E D wt% (coal+solvent)

wt% (coal+solvent) as is maf
as is maf

m

COx+H2 19.5% 21.5%

50.0% 55.3% Solvent C1 - C4 0.3% 0.3%

50.0% 44.7% Coal / I =,eI100.0% 100.0% Oil 13.3% 14.7%

Water 4.8%

10.9% 12.1% _CO(shift) ___

!I 7.0% 7.8% Water (sh COx 1.7% 1.9%

i C1 - C4 3.0% 3.3%

I i
I Oil 42.0% 46.4%

i,

i r x-m Water 2.1% 2.4%L

i
il 2.5% 2.8% _HY_drogen(consumed) .....

Oil 25.5% 28.2%

Coal (mar) 3.5% 3.9%
] !

Ash 4.7%

120.4% 122.6% 120.4% 122.6%

!

.! Remarks:

.,

ii.... ....



IRUN NO.: DOIE'._BU_)15i _M.B.No.: YP4)8/C1' / 26-Aw-94

l I IlL • i.J.. ' I I I ' ""

mm. '1 ......
I _ _ _"'+ "m r l I"" 16' 93 20:00 1 _ ,Cetalylt 11 Alum,lnllt,e I 2 .IIX_II,.-, , 8.oo., __ 21 .o_ I O._,X,!l

! OtherI CS2 I H

OPERATINGPARAMETERS: .... MEASUREDGAS COMPOSITIONS '

FEEDTANK WI..I_10): '"i ((3)' "' NAME MW _Voitmm%
81arld,,Mm kllm_ +'i3180.00 Product l_oduct ' Dmolved

6020.00 Css 11 Gin21 Gu22
..E_ of Mall Batlmlce(..GII'IR) ' 895 Hydogen 2.02 4.28 96.45 47_3Rate'

CO2 44.01 13.03 0.00 11.53

FIRSTSTAGE_ ' "C,O 28.01 23.81 0.46 26.57
u_: (MF_) lO._ "ks '_.oe

FeedTimp.: , (C) 283

Rictor Temp.: !C)m.," Metmme 10.O4 o.05 0.72 1.261 TE-2Ol0_,,M) 4O9 pmy_. 28.o5 ' 0.04 o.os
.... 1'E-2021 411 Ethane 30.07 0.29 0.82

TE-2031 4il .Propane 44.01 0_.2 O.m
TE-2041 _T_) 389 Propylene 42.08

" L_d Level (ram) 540' l-Bulane 58.12 0.01 0.00' ,.BUt.he 56.12 O.m O_
.SqxlrMorT_: (C) ' 46 _-Butene 56,11 .

n-Butane 56.11

CX:)-Feed Rste: ',' UMIN) ' 4.03 C2..-I_ 56.11 .... ' .
Water FeedRate: CMUMIN) 1.62 l-Pentane 72.15

....C__:._, : .... iC)(MUMIN),, 188 .n-Pemane ,72.15 " 0.13i 1.45,,
UquldProduct(WI-220): (G) lqltrc_en 28_02,

8lint o4MassBallnce TOTAL 41.17 100.49 90.3605
' ' EndO4Mail BaMance , 1553.20 "'
' Gas,Meter,Readings, 1 DTM-260 DTM-3601 DTM-3_

NitrogenRite:' IJMIN) 3.93 Startof M.B. : (L)! 2290.0 7356.0 8038.0
SECONDSTAGE: _ Endof M.B. : (L)I 7132.0 24481.8 "8100.0

Opemtk_ _: ' (MPa) 17.24 Total: (L) 4842.0 17125.8 62.0
FeedTemp.i (C) 137"
RewAorTemp_! (C) + Temperature: (C) .....21.8 21.4 22.8

TE-3011 (BTTM) 440" MeterPressure"(mmH 704 704 70d
' TE-302_ 44o

TE-3031 _ StandardVolume:(L) i 4154 14711 i " 53
TE-3041 439 Nitrogento R-200: (L)! 1884 !

' TE--3051 438 NetC._asOut: (L) , 2269 14711 I 53
..... _-3o61 437

TE..3070 434
, TE-3OSl ('r_) " 431

Lt_ level (ram) 90C Basis:MAF First I Second

8eplNItor Tempem_,re: (C) 4'-_ Stage,, I Sta__
..... Pressure Mpa 10.3

.... IC I 411

I,_lrogen FeedRate: (UMIN) L 34.11 Alunmnatet Molytxlate

Tem_ure: (C) 40: 41.88% !.... Feed wt%maf coal !

L_.ukl Pn:x:lu_(WI-330): (G) WHSV (k_I hr),./I 1.83 ! 1.10
Startof MassBallance 120( Rate k_li k_lrealcoal 0.89 I

" End'ofMassBallance 5311 molesI ;lO0gmafcoal 3.17
" consumed moles11009marcoal 1.021

" BottomsProduct(V_rl'-34(G).... Water Rate kgI k_lrnafcoal 0.891
'"Startof M.r.,,sBallance -881 moles11009met coal 4.93 t

, Endof MassBallance _ 871 mafcoal : 0.54
moles1100_1reefcoal 26.94

SulfklingAgent' (mUHR) i 10.41 consumed wt%marcoal 1.28% 6.39%
, ,.

¢
.,,

,..



I RUN No.: DOE-BU-015 M.B.No.: YP-0_CI '_I
- IIIII III I I 'II I

i i l Ir ,l f i i l I iiii fl i i

I OVERALL MASS BN.ANCE

Matedil in: Gmmms Material Out: L , , 1Gramms-

IFoodS_] 71e0 IFirst_ Lquka: ' le_
_-CO.Gas: I 2420 ' + ' IFtrstSU_ _ Gas: I 3074I Fwm,.: 779 ' Isao=M_ tk_: , 41io
_-x_: 1476 IS,¢o_stageR,,_torSo_,s: I 175o

, _._.mt,,,, 94 IDmxavedGas:, ,, 1 _ 4!_
TOTAL IN: 11948 TOTAl. OUT: ,, I 12238

....C,i,v,t mf .... I_ .... _OVERALCi_U../b_E:.... I02_7_

i I r, , _ 'Pr , IP I_

WATER BALANCE

TOTAL IN: 1134

P.OOUCTYIELDS

Tohll G,ross ..... Total Net i
wt,%,o..cdpe_ [_,.,] .t. _ ior.msl I

msffeed mar coil I

H20 I04.90i 98.641 1.52% 0e.64 3.62%i
COx , 329.56 300.91 4.76% 300.91 11.3"P_,1

H2S .... ! iiC1 to C3 1 206.77 1_.44 2.g_ll, 1_.,_ : 7.13%
iC4 . I 100.46 ' 94:47 1.45% 94,47' 3.47%_

|Oil t 5250.68' 4937.61 75.86% 1612.45 _ 59.15.%
0ksphaltene 871.89i 819.90., .......12.60% 362.18 13.29%
,Plreas_18.It. 61.03 57.39; 0.88% 57.39 2.11%
IIOM 218.65 205.611 3.16% 205.61 1 7.54%

98 tiiTota/ ii " . 103.2.1% 2935.091 107.67%7143.93! 6717 " .. .i

, iiii i ii 1rill

Simulated Distillation Profile THF-Extract Crude Sim. Dist. (Comp. Sample)
,

Friction Feed !, Product Feed i Product
Total Gross i, Total Net Total _ i . T'etaiNet

[dogC] [grams] [grams] tgrams] 1grams] wt. % igrams] I [grams) |grams] iorams] , wt. %
mat coat ; .... mat coat

; t ..... i ........
C4 - 162 ' 188.91 I 177.65 177.65 6.52% ' 188.60 177'35 177.35 6.51%
182-343 151.32! 2138.341 2008.97 , 1857;.65 68.15% 68.09 i 1572.95 "i4791'!7' 11411".08 51.77%

1343.524I 3631.57_353,4.11(,3323.39! -308.18i '11.31% 3173.841 3491.69 ...... 3283.50 10g.65 4.02%
524+ I ' 643.331 604.98 604.981 22.19% 540.951 ' 1249.47 1174.971 ......634.02 23.26%

i TOTAL 3782.89i 6502.70i 6114.98! 2332.10i' 85.55%11 3782_89i '650.2.70i ....6',14:981 2332110 88.55%
Im_-524137_.._915859.37i ....551001i......1_?112i_._%]i" 3241.93!5253:_:_14i_0.-01_;1_i0_....62._



RUN.___o- L'v___-SU.01$ gI.B.N_: YP.OS_C1 |



i

I| i i

as DTM-260 8=,._,,-, 8 • Fi,,,,umt Gas ..... I! L-_--:--:;_ --'_'-F_!rst s_9e___Pr_l.uc_t_=_Ga__s_ __ :260) ..... J].__ ............
Hmne MoI.Weighl--_,ve;'a__ht: - 16._g/mole_ __ ---_,_V_eragp___._..W.e__.t: 2.UO_rnom) Aver_le MolWe_L 17.37 (_'n-,,;_)

Volume " Weight (norm.) Volume Weigl_:(norm.) Volume Weight (norm.)

meas._(_ ___ 21.24 _ _ =_=_ =m=_P =_=_, _==__ _ ==__ ==___o_ _---T_._
CO2 - 44.01 _ _ __ _ _ _ -- 1.51 _ _ - 13.28 32.33
CO -- 28.0---'----1 23.81 - 57.84 1640.73 - _ 0.----'-'----_" 0.46 84.54 4,'''"-_ 28.57" 29.40 19.48 47.41

H2s -____.oB _ __-------- ---------
M,t_ -- _8.04 _ 0.12------£_._-_--'_.------¢_.-- o.T_
t_m_xJ__ 2e.05 " 0.04 0,04 e.el 0.40 o.os o.os 0.04 0.00- 0.29 0.29 56_36_ 3.30 0.___ 0.91 "0._ .1.58
Ethane .....30_.07 ___ 0.98 1,03 2.50

" 44.0i ..... ".... 0.22 0 "_ _ 68 3._'3 0,89

42.08 -------..------ ------" 0._-- 0._ "-"--"_'.'.'.'_1.01" 0.01
-Butane _ ----------- _ 0.01 0.01 2.02 0.12 ____.__.__
_,-eut.ne Se.12__ ---------- O.Oe 0....._..._.__S.._._._....._W_ 0......__.._..__ 0._...__..__Z_
-Butar.,-'---'-_'1- ----------- --'_
n-Butene __ _------------------- --
C2-Butene "__1.11"i . ------------ -------'--'-- -'---"-----

i-Pentane _. 72.15 ............................. 0.1:3 0.12 59.15 3.46 1.45 1.61 2.75 6.68
_-F)entan"e- 72.15 '

--:.........!......_:_ .......:: ---! • I
_ --,___,--: _,-.-,._e__nnnd_ _._! imool; _o._s 10o.oo ,i_.oO! too.oo.

....... Hydo_rbo_G_s_s 1
........... First Stage Shift Reaction

gL___'_. [moles]!! 27.81J 27.811 27.811 27._- (:;i to C3 [grams] 1.95 2_2.57 Z24 206.77

_|1 .27:8_ .F.__._____:__.._:1=0.$2,l 4.241 -I.7.30 C4 + _rmn_] .... 96.87 3.5g 100.48 1 ,:
Produ_ Lrno_s]_ To_ _nn I._! _.44 5._ _"_i I

'.........................II'.... ]
I ....... "' "

i_i;_h_ ..... _] 779.0_] 501.20 i224.07] -_3_ l
p--T_u__- _ams]ll ! 186.491 -34:9q ] Hydrogen
_i- .............|_rams]ll 779.051 501.20l 1410.561 2i.-24] First _ Second To_l

i: -:"- ..... j UpTake Ii In Out Up-Take UpTake

&--;_- _ [granm|! 34.94 _ 14/_.80 1_ .57 174.23 2C_.17



I i I i w_

=

..... ( Coal Solvent Feed I/-220 V-340 I v-33o _;omp., (BTTMS) Sample

........ Typ_e BTH V-I074. I r
7160 i55:3 1750 4110l:ota--/Feed/ Product

Total Sample.... [grams].... 50.3 14.7 5227 62.69
Waie_-- [gi;_] .... -- ............2___ 6.o 1.6
O-Jls_-Asphalterles [grams] 26.58 8.71 ,_3.00 58.33

.......... Oils [Wt%]calc 100.00% 87.90% 87.90% 96.12% 74.80% 8i.62%
......... .AsPhsltene[wt%] 12.10% 12.10% 3.88% 2520% 12.38%

Pre-A.sphaltenes [grams] 1.O2 0.41
lnsolubles Igrams] 21.37_ 9.39 2.76 .

tOM [wt%]calc 89.55% 47.82% 35._,%
..... Ash [wt%] 9.78% " 50.91% 63.40%
..... Moisture [__wP/o]___ .__iii 0.68% 1,27% 0.64%

.......... p. ............
• . .

,,.

Distill.THF-Extract [wt.%] D-1160 " SimulatedCAsG;lat',on Cr.S.D.
IBP- 182 degC 4.95% 1.60%; 0.52% 1.30%

.... 1.80% 4.00% 54.69% 6.40% 40.30% 23.20%182 - 343
= §_- 524 83.90% 96.()0%1 40.36% I 62.50%! 59.18% 51.50%

ii 824+......................... 1,,.3o%..................29.so.........24.oo
iJ .......
i_ElementalAnal_is: .... [wt%] IBP- 182 482 - 343 343- 524 524+
i! Carbon ............ 75.70% 87.80% " 8,31§0_,' 84.80% 86.90% 84.40%

Hydrogen 5.60% 8.50% 13.30% 9.90% 9.70% 7.30%
!I Nitrogen 1.03% 0.85% 0.23% 0.61% 0.76% 1.05%
_;t--- Sulphur 0.43% 0.05% 0.78% 023% 0.11% 0.13%
!i ....

;i Oxygen(diff) 17.24% 2.80% 1.79% 4.46% 2.53% 7.12%
li
i

'i .,

'i ..........

.:_ ,,



I I L , II

ii - _ ---- • srm ofan,,ty=a._ ® -'--|
e

ij _)ils+Aspha#em_s 26.58_ 8.71 41.68 57.921

l_ .... ASF_enes 3.22 " 0.34 10.84 7.22

!i nsotubtes 21.22 9_7 2.761I

_; -- * IOM 19.154 4.55 1.011
!' ....

il - Ash 2.07 .. 4.72 1.751

i'::OrAl: ......... i 50.31 [ 52.27- 62.69
!i ..................... I
ii ----- inwt%of analysissample ------
ii DistlliaUon_ THF-Exbtct I)-1160

•._(_t_) _._] _.m% ._._%_............ 8o.._! .... _1 . ,
A_..__. (onfr'_.) _2._o_i 3.m% _.S_* 12.47_ .......

(_tota_ s.35% _ 2.30% 20.T_%_ 11.52'_, YaP- iS2 4_._4_" _.0_ _e.68, 68.45 68J;i 68._4
I!!______._p__e, _.95% o.55%i 162-_._ ,51._ so_._ sz_4 _s4_.oe=m.34 ea.o_ _z._s ls_z.ss•_sdubles 42.20% , 17.74% _I _,i3-524 _S_I._ _I._0 m_._ii 22n.05 _,._4.d 31n..e4 3457.59_t.ss -.,

ii IOM(onfraction)-- --'_.2:3% 49.(_% 35.60%! 524+ . ,_/7_1 ._68.28 ..643JI3 ..5410.95 t_.|9 1124_.47
- (ontomQ 3_.07% 8.7i% t.emI ITOi"AL ] 3762.8_) 9.19,97 .....l_t.Sel. 3890.2_ll 6402.24ll 3i02.89 _1/_.97| _.241

, ....._h (on_¢Jon) 9.78% 5o.9_% _.,w, I
[[ ....... (ontotaQ ,4.12% 9.03% 2.79%I" '""Feed _ (,mmalized) " Feed Products(nonuC_ed)

= v..oi v,, v,= v=I v=,I I ,.=
--.-.-.- In_ ramsof feed l product -----.- .--...- inwt_of__to_____feed :Isle)----.-- inwlL_oftolMfeed,(MAF)• . _" I . '.... " ]

- . I , , ,,

ial #ee(JI Product 7160 1553 1750 411_! ...........
_ater _.§ - 633.2: 104.91 I 4,_ J 4.69% i.38_ 6.0_1%I 1._,,'_! 1._
i!s+As'i:_Itene_, '" 3782.9 926.0! 14os.5 3_$_._I _s_____9_J412...12% 18,5'1%' 50.02% 80.65% ...58.12% 13.29_ 20.31%" "54.86% 68.46%

Oils(.on.fra¢___n) 3325.2 884.31 1042.7 3323.7Ji ....
- ' (_ontotaO 3325.2 884.3 1042.7 3323-.71 46.58_, 11.65% 13.74% ..43,78% 69.17_ $1._ 12.7b_ 15.06% 48,02% 75._

___sp_n.(onfract.) 4S7.7 35.7 36-2.8 473.q ' _,.24,_1....
(ontotal) 457.7 35.7 362.8 4?3.4| - 6.41% 0.47%i 4.78% 6.24% 11.49qI 7.03_ 0.52_ 6.84_'_ 12.(x_r_

e-Asphaltenes 34.1i 25.91 0.45'X,' 0.3b'X, 0._0% 0/,=;'_ 0.35"_ 0._,_,
solubles 3021.2 310.4; .... 101.!| 42P___% . 4,40_! '2.m% .....7.62% .......
IOM(.onfraction)' 2725.9 152.4 66.31

(_tota_). 2r._._ " 152.__ 68._J '_1S_, 2.m% 0.s7_ 2.68,_ 41.68,_ 2_-_......0_ _.1_
1!4.81 ,,

Ash (onfraction) 295.3 158.0 114"-8] 4.14% 2.40_ . 1.74% '4.14_:-:::(o_t_,,______.____Js.3_ •.... 158.o
ifXl::_ is) ....?_eo.o i55_2 t. 1750.0 4170.01 _ob,oo% 1__.__1,x," ______n_ 54.._ _4.54_1, ' "
,_.__ _,0_._ _,0.0 .:I._,_.0 _,,_.31 ..... too._x,._,_ ....23.._,.''' _,_,_, _.om



• . ,, ,, ,,, , , ",," "• _ T' '

pRocEssVlE,DSTRUCTU.E

_ [RUN NO.:DOE-BU_15 M.B.NO.: YP14)5_pt

FEED PRODUCT
wt% (coal+solvent) wt% (coal+solvent)
as is maf ,as is marI II

i i i i ii

COx_H2 19.9% 21.8%

53.0% 58.1% Solvent (31- C4 0.0% 0,0%

47o 41.9 co., ll,-!
100.0% 100.0% _ Oil 12.1% 13.3%

,_ Water 4.7%
10.9% 12.0% CO(shift)

7.0% 7.7% water (sh COx 1.9% 2.1%

Cl - CA 4.0% 4.4%

l i
i Oil 50.4% 55.2%

i I R..m Water 1.4% 1.5%
iii

i' 2.4% 2.7% Hydrogen(consumed) =

.. I !

t I !
:,! Oil 19.0% 20.0%
! iI

_i J:i (maf), Coal 2.9% 3.2%

Ash 4.1% •
120.4% 122.3% 120.4% 122.3%

',, ,' , T'

Remarks:

t;
.,, .,,



30,_,o4
I

llT_: i ..... I -_- _oi8,i3 _._'00 ' i.-_'i ,,m_, L 41,_I

n_-r,,__: -l: .... . _ u ..... I_ 'OJ_I i _1_ __ I 2,_i1_21 _ I O:tSl
u.....__ 9s2_,,,L,'........,I



_tUNNo.:Oc_U_s _ -_LNo.: YP-0_C_:/,

- ,,,, ,,, , , , , , , , , [ : - • - IIIII :] _ i I i

_';"'"_ ' _ ..... !_"_w4......
_' '" i_ 1 '.'...*..' aa,=ndSum_: 442O

,= ...... . 12150

-- - _ _ m ic_uAu.__: ,__w._

J
_ III I I I II III I IIII I I II I I I I IIII IIIIII II I II III!111111I ] I I I I

WATERIIAI.N_E
i ii ii : i i i i i iiiiiii i llll.lm,|ii

, TOT_ IN: 1106 i TOTAL OUT: 124(I

i

I II II IIIII ] I F ' " "' i_. ' I I J

.............._,,,_ ...._,_ m_%

, A_ _ , _.% rt._
_ i i i ..,,, , , . , ,,, , , i.Hr

.,_m .... I III ] I IIIII I " -

PRODUCT YIEI.D8

.............. T_ _ ..... ..... T_: N,t
.........i_,..] _ % Ignm] wt.,i

mtlltlld .fUllo_

_, "--='_ , -H_o............ 13_ 1=4:lis .,.,. 134:1_ 4;u_
.... _,i5 ....sis.4"/ 4.74% _3i_.47 _.40__

,,, ,, ,,

C1 _C3 .....192.41 186.11 2,80% 186.11 6.72%
C4. 90.301 87.34 1.31% _.34 3.1(1%
_ ........ S_e4._ so_4.s_ 7s.42_i _m2._ s_._l_
i_ ......m'._ _._ _.oe_, _._i _4.4s_
!Premq_. 64.43 62.32 0.e4'%i 62.32 2.25%1
K)M ' '195.65 "'180.24 " 2._ "180.24 6.84%

,,. _ .,; ,,

T_ll ......... 70911,,84 e850_54 !03.16% 2978.04 I07,_

1, , ....... ii i nlll I I I_

Fr,ct_ F..d , P,od_,,, F,.d" - ,', F_ .....
T_i _ ! ToUdN,_ :_,l_ ] ,, Tmlm_ ,,,

IdqC] lomm_] [gmm_] l_,ru_] lgmm_] wt, % [emms| lgmms] Igmn_] harems] wt.
mar coal _mef_I

i iiii i i iii iiiiii

, ..... i , ,, ,, ,,, ,,,

C4 - 182 175.85 170.09 170.09 6.1§% i 198.46 lg1':961 19'1.96 6.94%

182-343 '155.26 I_'187:51 1922.41 1767.15 63.85%: 69.87 1412.83 1368,55 1296-69 46.85%

524. _._8 _7,_ _37.u__e.44%i_ sss.os _40_._ _35e.00 eoo._ 28.e4%
......... __ ....... i ...... i:

TOTAL :I ::388_:49i _,33.761 , 2:_41_.521 :84.60_i_',",',3881.49l 6433,71_I _'.Of 234!:52 ' 84.110%
IBP - 524 ] _ 3881.49 ,v_177,58 1803.561 65.16%!i 3326.44 ! 5031.841 . 4867i0i 1540_S7 55.66%



__ BY I:IPPLIED
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RUN._u__.:DOG,OU_6 M,O,No,: YP,OO_4 I
I



I

I RUN No.: DOE-BU-015 M.ILN_: YP-06/C1 III I

DlssolvldGN

Name .......... _,......... =_---,,---j Weighli(-nonn.)% VoklTri W_;V;,;.(,-M_;L) V_-,-;-,_ -;_----- - ""-

_o2 _ _l_ o_l _,o_-- _--_ 'aN u, -_ ,-m
'_O "- 28.01 23.81 57.23 1__K'__.57 . ().49 0.50 ___1 5.53 . . " 5.96 17.31
-._2s 34.08 ............. - -

' _elhane 16.0'1 0.50 1.19 19.51 : 0.63 0.60 0.62 64.88 3.87 _)O6 1.93 0.79 __30
28.05 0.03 0.03 5 "J_ 0.31 0.12 0.11 0.08 0.24

-thane 30.07 0_J' 0.24 ,__:__11 ?-80 1.70 1.S 1.23 3.5e
44.01 0.18 0.18 51.92 3.11 Z04 1.91 2_t6 6.26

42.08 _L_
,ii..Butane _ 0.00 0.00 _ _ _ _ 0.12 0.34
• ,_-i]utane _ 0.08 0.08 29.30 1.75 1.21 1.13 1.69 4.89
•_-Sutene _ ....
::;_-Butene _ _ .....

,_;2-Butene_ 56.11 ...... [.--..-...-....---- ,j___.

_::-Pentane ?,,')tK
':ii-Pentane 72.15 I 0.11 0.1i 53.59 3.2i. 2.50 2.35 __ 12.60

. FirstStageShiftReaction Hydocarb0nGases

I CO * H20 = CO2 + H2 ..... I Fi_ i'i S,=M I_ Totai

i_tochiom. [_Jll 27-851 27-851 27"85l 27.8,5 Cl toC3 [grams] '19:51 '168.65 4.26 192.41_"ro,'J,___,,'>___[._n_.__l[I .I 4.161 -17.34 CA. L-_,_] 84.16 6.14 90.30
i _i . [.-mo_.--]ll. 27.851 .. 27.85! 37_011 t0.50 T_,J*'__ [muns]! 19.51 zoz.80 10.40 ze_71
i " ' -

_...,-___ [re,mill 163.201 -35.03
i _._tal [gr'arns]lli/9.971 501.781 1406.701 ':21.22

I..tl I,o' u_'r._ i. I o_ l uP-T,k. U,..T,,k.
r.._,,_t, 35.03" 14_s.10'l_,_.m 'r175-28 210.31



i i i

Coal Solvent Feed V-220 V-340 V-330 Comp.

:otal F:_-._I Product 7_,30 1524i 14zu :-._,u
: 54.5= 14.7 49.0"2 63._'_L'_-

TotalSample lgmms] .
Water [grams] 2.00 5.83i 2.00

Oils+Asphaltenes [grams| 29.2,9 8.87 40.41 58.16
Oils [wt%]calc 100.00% 87.90% 87.90'% :_,.12% i 74#.2% _,.16%
AsphaHene[wt%] 12,10% 12.10% 3.88% 25.78% 13.84%1.02 O.5

!_rcF.sphaltenes [gra,,--is]
ins---_l-ubles [grams] 23.4 _.P.,_ 3_r2

! IOM [wt%]calc 89.20%] 46.88% 33.62%
i. ,_=h [wt%] i02.4% 52.22% 65.74%

i_ M.:_;ure [wt%] 0.,_% ! 0.91% 0.64%i:

ii _isffil.THF-Fx;_,ct [wt.%] D-1160 S;,_ulatedD;_;;a_n Cr.S.D.
ii IBP- 182 deg C 4.95% 1_.0% 0.64% 1.60%

182 - 343 1.80% 4.00% 54.69% 5.60% 34.97% 20.90%
_i 343- 524 83.90% _.00% 40.36% 62.40% 64.3_ 50._C,'_
'/: 524+ 14.30% 30.80% 26.90%

ilementaiAlialys;s: [wt.%]J;

;i C.nHy_bgen 8.50%
' Nib-ogen 0.85%
, S,!r__ur 0.05%

Ox-y_jen (cliff) 2.80%
, ,,



IRUNNo.: DOE-BU-015 M.B.No.: YP..0+_I kI

i"! V-320 V-340 V430
(m-ms)

T_-* _ 54.SS 14.70 49.O2 63._m
Wmter 2.05 5.83 2.o(;

-_" • iiiO,s+,A,r,-_..-_ 29.29 8.87 29.39 57.61t
oh _73 e.ss 20.97 46.m
Aspl,-__-.",_m 3.54 0.34 10.42 8.06,,

p_ ;__,mes 1.02 0.50
I.n,+____ 23.27 8.61 3.21),
- K)M 20.eg 4.11 1.1c

Ash 2.38 4.50 2,10

TOTAL 54.56J 14.7: 49.02i 63.36+

.-.-.-- inwt%ofan_ll sample _ OIslUIIllUonPloflleTHF-EJ_m_ D-1160

Wader 3.o7% 39.B5%, 3.1G-% i_,___,,._, F+,+,,: I _r.,,,_
.O_--_ils_./_._,ltenes 53.,% ".35%- 80.35% 91.00_ Fraction, Feed _.a___

Oils(on_+ion) ---87-_ 96.i2_, 73.55% 86.04% dogC _ V,.,,_lO V-330 Totai i. C_T_.S,;,,,,+,_
- (on L_._Q 47.19% 58.01% 59.10% 78.30% _) 83 is I con.
_Asphan.(oner,,_.) _21o_ 3._% _.-_% 13._.

(ontot_ 6.50% 2.34% 21.25% 12.70% IBP- 182" 45.54 14.05 25.97 85.55 108.16 I08.I,_
pr:-..*.:_Itenes 2._-_ 0._ 182- _4-_._ 155.29 -_t--+13 65.55 1418.83 I_187.51 89.87 1412.83, 1412._,,_,_-_ 42_% ,i7.+_%s.o++,. _-524 3_ _1.so +_-421291:,493714_1._.s7 _+,:,.54__'.'_,0_._

_" ton_v_ion) ,7+0+ 47.71_ _._ m4.,,.. -+_-._-._.++.41 41._I 'm.4_ +re.l+ _.05 1m.4_ i+-i.+,+.
_[Ofl tni_jI1_ 38.28% 8._% 1.7_% rTI_ITAL I 919.97 !28_. 4133.75 6343._;_i _1.49 0+':_.971 -_k'_L-3-_-

Ash (one) i0.24% 52._2% 65.74_
(on_to_._.r) 4.37% 9.17% 3.32% Feed Products(nonm_vd) F_-,_ _--_s (r,,_,,Tm+;;_-,_)

TOTAL__. 100.00_, 100.00%!100.00%1 10000_ V-220 iv--I v_- I T_" va_0 I v, I v.330 I Tot.,.. _...++....... _ .. " . " • - (BTTMS) (81"rMS)

In_rams of feed I product in _T..of ;e__-""::_ *.-- hg ..... Inwt'/, of_ feed(u_fl-- i

T+>__--FeeciI Product 7230 1524 1420 4,i-_ 2£;3% 2.03_
W--'-:: 265.0 804.3 139.5 3.,_-,% 3._'___ 1.o1_, 5.,i2%
Oi:s=_.__r,T_.Itones 388t.5 +r2,0.0 1141.0 ,1_22.4 53.,'1,, 1______'%l m_8_JIE r,____8_ 81.48% 55.38% 13.38_ 16._% I 58.51% 88.,_%

Oils (on ._fr___ion) 3411.8 084.3 ' 8,_.2 =-_,_.9 51.31% 50.34% 75.,_.%
(onto_aQ 3411.8 884.3 8,_.2 _,,.;_3.9 47_% 11.84% 11.24% 4B_._ 69.44% 12._-_ 12.21%

469.7 35.7 30i.8 561.5 e.__-'_ 0.4855 4.04M, 7__-_'_'_ 12.04%

Pr=..*_%_,_-,__ ."._ms 29.5 34.9 0:40% 0.4_ 0._+--_ 0.43% 0.51% 0.94_
Ins_,_._,t:'._ 3083.5 249.5 223.2 42.70"_ 3.,_,% 3__3,4% 6.9_%

IOM.(_____ ion) 2767.7 119.2 76.5
(on___.r) 2767.7 119.2 76.5 3833_ 1u0% t.02% 2._'% 41._ i 1.73% 1.11'N,, 2._,'_

Ash {on fraction) 315.7 130.3 146.7
.... _ontorso 315.7 13o.3 146.7 4.3755 2o_n=_ 2._ 4.37% I

ifTOTAL(Is is) _230.0 1524.3 14_,0.0 _.0 _



PROCESS YIELD STRUCTURE

IRUNNo.:DOE.SU-015 M.B.No.: _r'P_

PRODUCT
F E E D wt% (coal+solvent)

wt%(coal+solvent) as is maf
as Is maf

COx+H2 19.7% 21.4%

53.8% 58.4% Solvent C1- CA 0.3% 0.3%

._ ,,_ c., ,! i ! /l-,100.0% 100.0% i I, ,m WaterOil 12.3%3.5%13.4%
10.8% 11.7% CO(shift)

6.9% 7.5% Water (shiftJ cox
1.9% 2.1%

C1- C4 3.5% 3.8%

Oil 54.3% 59.0%

I Water 1.9% 2.0%

2:4% 2.6% Hydrogen(consumed) I

m.m

Oil 15.7% 17.0%

Coal(maq 2.6% 2.8%

I Ash 4.4%

120.2% 121.9% 120.2% 121.9%





I


