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Abstract
_ I lbl

Thisreportdocumentsworkcompletedbythe coalsaredesatbed.Thetestresultsshowedthe
AlbertaResearchCouncilfortheARC/EPRIConsor- beneficiatedcoalto haveheatingvalueof 13,000
tium,undertheprogramentitled"CoalProcessing BTU/Iborbetter,ashcontentoflessthan10percent
DevelopmentProgram:Developmentof CleanCoal andpyriticsulphurremovalof upto90 percent.The
andCleanSoi!TechnologiesUsingAdvanced completedtechno-economi¢feasibilitystudy04the
AgglomerationTechniques'.Thereportisdivided Aglofloatprocesssuggeststhatbeneficlatedcoal
intothreevolumes: couldbeproducedat$U.S.52.85pershortton,at

ROMcoalpricesofSU.S.27/t.Forcoalwashplant
wastes,theproductpricewouldbe SU.S,25.26per

Volume1. Upgradingof LowRankCoals:The ton.
AgflothermProcess

Testdata,procedures,equipment,etc.,are Volume3. SoilClun.up andHydrocarbonWastedescribedforco-upgradingof subbituminouscoals
andheavyoil.Thetestresultsshowedupgraded TreMmerltProcess
coalsto haveheatingvalueabove11,000BTU/Ib, Batchandpilotplanttestsaredescribedforsoilcorv
andsyncrude(upgradedheavyoil)tohave21# API taminatedbytarrefusefrommanufacturedgasplant
gravityorbetter.Thecoalproductswereacceptable sites.Thetestresultsshowthetreatedsoiltobe
forcombJstionandhadhandlingpropertiessuperior suitablefordisposalinlandfillsandtheby-product
tothoseof subbituminouscoals.Thesyncrudewas agglomeratescontainingtarandhydrocafooncon-
suitableforplpeliningandrefining.Thetechno- taminantsto besuitableforcombustioninindustrial
economicfeasibilitystudyoftheAgflothermprocess boilers.Thetechno-economi¢feasibilitystudyofa
suggeststhatupgradedcoalcouldbe producedat mobileplantfortheCleanSoilprocessshowsthe
$Cdn37.90permetrictonneat 15percentDCF costofcleaningto rangefrom$Cdn31.39to$Cdn
ROR(fobplant,aftertax). 46.97pertonneofoilywastes,andtobeabout

$Cdn45 pertonneoftarrefusecontaminatedsoil.

Volume2. Upgradingof BituminousCoals:The
AglofloatProcess

Experimentalproceduresanddata,benchand pilot
scaleequipments,etc.,forbeneficiatingbituminous
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ExecutiveSummary

I, Introduction bitumen to synthetic crudeoil.Specificprocessre-
In 1987, the AlbertaResearchCounciland EPRI searchachievementsrelatedto theAgflotherm
forn_ a research consortiumto developnew clean processare sunvnarizedbelow.
coaland clean soiltechnologiesbasedon ARC's ad-
vanced sphericalagglomerationresearch. The Con-
sortiuminckJded19 companies,government Batch Test Studies
agenciesandnon-profitresearchorganizations(see Batchtestprocedureswere developedforcharac-
Appendix1). The Consortiumidentifiedthree tech- terizatlonof variouscoalandoil feedstockcoml_na-
nologydevelopcrtentareas as beingof immediatein- tionsfor treatment in the Agflothermprocess.The
terest to itsmembers: tests definedagglomerationand de-oiling
1. Co-upgradingof low-rankcoals andheavyoils. parametersimportantin processoptimizationand
2. Baneficiationof highsulphurbitu_s coals, operation.Selectedresultsandproductsobtainedin
3. Cleaning of tar refuse andhydrocarbon the processare showninTableI. The productag-

contaminated soils, glomeratesfromsubbitu_s coals hadproperties
The ConsortiumauthorizedARC to undertakere- similarto thoseof westernCanadian bituminous

search and developmentprogramsaddressingtech- coals, andproductupgradedoilswere similarto syn-
nologyneedsin eachof the identifiedareas. The theticcrudes_ frombitumenin otherheavy
programswere to includelaboratoryresearch and oi thermal upgradingprocesses.
testing, fundamentalengineeringstudies,develop-
ment and operationof integratedagglomerationpilot TableL UpgradingoflowrankcoaJinAgfiothermixoceu:
plant facilities,andconceptualdesignande¢orK)mic HeatburgCoal,BatchTests.

studiesfor the processesdeveloped. The following Volatile Fixed Iteatlng
isa summaryof the projectsundertakenandwork Molsture, Ash, matter, carbon, value
completedto December 1989. lt shouldbe eta- % % % % Btu/lh
phasizedthat since December,1989, major FeedCoal 16.3 24.6 3o.3 28.8 7,84o
progrc_s has been made in further developmentof Green
thethree technologiesand particularlyincon- Agglome,ates 8.2 9.7 46.0 36.1 11,370

De.oilad__glomerat_
taminatedsoilclean-__p. (de-oilingtemperature)

350"C 4.1 10.8 35.8 49.3 11,580
390"C 3.5 12.5 31.5 52.5 11,530
420"C 3.5 13.9 24.6 58.0 11,320

II.Co-UpgradingofLowRankcoalsand
Heavyoils
Theobjectiveoftheprojectwastoapp_advanced 011RecoveryStudies
agglomerationtechno_gy foroo-upgredingof low-
rankcoals andheavy oil,namely: Thebenchscaletestsshowedthai it.,istechnically
• to increase the heatingvalue of low-rankcoals feasibleto recoverupgradedoilfromcoalag-

glomerates,andthai oilyield and I:XOpartiesare ai-
above25.5 GJ/t (/r't,O00._) bydewateringand tractiveenoughto considerpotential
deashing(upgrading)low-rankcoals to capacity commercializationof the process.The upgradedoilmoistureand ashcontent of less than 10 percent
each; and hadAPI gravityabove21, and signlicanlly reduced

• to upgrade heavy c!l and/or I=_,tumenused in sulphurandnitrogencontent.Differentcutsfromthe
agglomerationof coal to syntheticcrudewhich upgradedoilblendswerefound to have acceptable
wouldbe suitablefor I:)ipeliningandacceptableto propertiesfor refining,namely:
refir_ries. • NapIlthaout(Cs/175"C)was richin aromaticsand

hada higheroctane numberthan petroleum-
The outcomeof the studywas the developmentof derivednaphthaouts.ltwouldhaveto be

the Agflothermprocess(agglomeration,floatation
hydrotreatedbeforereforming(likeali naphtha

and thermaltreatment)which upgradeslow-rank cutsfromheavyoilsyncnxles) and aftertreatment
coal to highheating value solidfuel and heavyoilor
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the blendcould be usedas a reformerfeedstock 124.2/tsyncrude),the economicanalysesof the
forgasolineproduction, plantshowedDCF ROR after tax equal to 11.1 per-

, Jet fuelcut (145/260"C) hada lowsmokepoint cent.
andwouldalsorequiresome hydrotreatment. The keycost factorsinthe Agflothermwerethe

• Dieselfuelblend(177/343"C)wouldrequire costof heavyoilandcoal, the yieldand priceof co-
hydrotreatmentto reducethe contentsof productoil, andthepriceof de-oiledagglomerates.
aromatics,sulphurand nitrogen. The projectedDCF ROR of 11.1 percentwascontin-

• Vacuumgasoilcut (+343"C) had lowcontentof Ni genton the technicalfeasibilityof a novelde.oiling
and V, but highsulphurand nitrogen, processbased on hightemperatureextrusionof

coal-oilpaste(describedin Volume1).

IntegratedAgglomeratlonTestFaclllty(IATF)
Engineering and operationaldata wereobtainedfor
the Agflothermprocessusingthe IATFspecially III.Beneficiationof HighSulphur
reconfigured for the process (flowsheet#ARC09). BituminousCoals
The plant producedwell-fomled,largeag- The objectiveof thebituminouscoal projectwas the
glornerates;however, inprocessingsome feeds,dif- developmentof technologywhichwould:
ficuitieswere experiencedwithobtainingsatisfactory • Remove pyriticsulphurfromhighsulphur
performanceof the pilotplant. Thesediff_jlties bituminouscoals.
were primarilydue to insufficientexperie_ce and • Reducemineralmattercontent inbituminous
processinformationin areassuchas: coalsto 10 percentor less.
• Kineticsof agglomerationforcoalscharacterized • Increaseheatingvalueo! the processedcoals

by long inversiontimes, above13,000 Btu/lb.
• Optimizationof the floatationconditionsfor The resultofthe processresearchwas the

microaggiomeratesobtainedfrom low-rankcoals developmentof a process,the Aglofloatprocess(ag-
whichcontained a highday concentration, glomerationand floatation), capableof meetingali

• Measurementof slurryflow,slurrysolid of theabovelistedprojectobjectives.Specific
concentration,density,etc. processissuesrelatedto the performanceand

• Processcontrolsystem, economicsof the Aglofloatarediscussedbelow.
The pilotplant prodUctSwere de-oiledand sentfor

laboratorycombustiontests.The productswere
found to havegood handling,storageandcombus- BatchTestStudies
tion characteristicsincludingless susceptibilityto Laboratorytestswerecarriedout to evaluate keyfac-
spontaneouscombustionthan the "parent"coals, tom influe,"cingthe Aglofloatprocessperformance.

Ninecoals (ROM and coal preparationby-products)

Feasibilityof theAgflothermProcess from the eastern U.S. andwesternCanada were
studied.TypicalresultsobtainedwithU.S. coalsare

A conceptualdesignfor theAgflothermprocesswas shownin Figure I. The resultswere obtainedusing
developedto upgrade_.8 mi_on metrictonnesof single-stageand two-stage(with regrindingand
ROM subbituminouscoal and448 thousandtonnes reprocessingof the product)batchprocessing.The
of heavyoil in Alberta,Canada. The plant Ixoductlon tests show good combustiblesrecoveryand pyrite
was estimatedat 2.06 milliontonnesper year of de- rejectiona; bddgingoilconcentrationsas lowas 0.5
oiledagglomerateswith a heatingvalueof 26.7 _ percent.Forwestern Canadiancoals,however,the
(11,300 Btu/b) and 370 thousandtonnesof Aglofloatprocedureshadto be modifiedand the
syncrudewithAPI gravityof 21. The plantcostwas amountof bridgingoilhadto be increasedto 3 per-
estimatedat $Cdn 113.6 million,operatingcost at cent or more.
$Cdn 91 millionperyear and workingcapitalat
$Cdn 17.2 million.Based on 1989 feedstockand
productprices($Cdn 12/t of coal, $CdncJ3.4/t
bitumen,$Cdn 33/t productagglomeratesand $Cdn

vii



,.o

VIII



>-
13:: ARC05UJ

> ,2o 'I0 97.4 96.1 ' tr" 2.3:3_7 '

....""+'_ ........ ,!.65

_;_-:. =,.+,.,....

o , ,2,::.._l lJ__Fo_¢o¢1 _r_a-mag, _ 0 F**d_ _r_wmaao _m-maao

0

tO .. ----.n----. ._ l 13_ ['_

,,,[.......12.3 ............................... I g I 91.2

_ '_:_!iI _"="I l_!+_l+lrl+!
:: _:-" :i, : :

o ,.-- ____ -- ,,r__ -I ____ ' ,.. ---- 't._

F + :---[--,,,.3.,,3-_ -"-' "-'-' 14 02 14.5 0
o i,.+ _/ •

r,_ _ +_.... . . .,,......... :++_... r,..+,i.;+_+:.+.l

+,++++++++:L'++'''+++++ +"_" ,of_i!i_::,`,,:+:.+.,;:_"_Z_;'.! _N_":;;::+ _ _+--._+_+_'1_:::::'"+;',,,,!iii!:

i , ,+:+_,v++

m m+"+++: +'++'--+ "++'+++:+:+++I "m'' : I

:i:i:: _jf'j .+,,_ ........ :
_",,+".+,,,,• . _ ' _ : ......+:

+.., .,, . +,+ - ++.,.,++
0 I:le:l COli Srtoll-Btaol two-OtaOl _ 0 Feed COli Slrsglo-@taOl TwO-_IJOI

,9,-

FigureI. CleaningofupperFreeportCoalbyAglofL)atprocess,

Continuous PyriteRemovalUnit(CPRU) the CPRU with U.S. coals indicatedthat at the best
The feasibilityof usinghydraulicar_ flume conditionstested,the totalsulphurreductionranged
separatorsfor removalof pyritefrombituminous from50 to 55 percent,andthe pyriticsulphurreduc-
coalsagglomerateswas evaluatedusing a 5 kg/h tion rangedfrom72 to 77 percent,whilethe ash
benchscale CPRU. Bothunitsshowedreductionof reductionrangedfrom82 to 86 percent.The informa-
pyrite in coal product;however,becauseof better tion obtainedin the CPRU was successfullyused in
operability,a systemwitha hydraulicseparatoronly the scale-upel the hydraulicpyriteseparatorinthe
waschosen forthe Aglolloatprocess.Testsusing pilotplant (IATF).





LargePilotPlantTests(lA'rF) IV.Cleaningof Tarrefuseand
The hydraulic pyrite separator developed was in(or- HydrocarbonContaminatedSoils
porate_ intothe IntegratedAgglomerationTest The objectiveof the Clean Soilstudywas to develop
Facilitypilotplantin the ,_jlofloat process(onfigura- technologywhichwould:
tion (flowsheet#ARC55). The IATF results(on- • Cleanup contaminatedsoilsat manufacturedgas
firmedthatwell-formedagglomeratesreducedin plantsites,cokingplantsites,benzolplantsites,
sulphurand mineralmattercan beobtainedin the etc.
process.Large,0,8 to 3.0 mmagglomeratescould • Clean up contaminatedsoilsfrom oi!spills,oily
be obtainedat bridgingoilconcentrationsas lowas wastes pits,andotherhydrocarboncontaminated
i2 percent(d.a.f. feed coal).The agglomerateshad spills.
a heatingvalueabove 13,000 Btu/Ib,ash contentof • Treat heavyoilwastes andemulsionsfromheavy
lessthan10 percentand pyriticsulphurcontent oil recoveryandup,;rc;Jingplants.
reducedup to 90 I:_.,"cent. The projectled to thede_'elopmentof theClean

Considerableeffortwent intoimprovingthe Soil processwhichcleanscontaminatedsoilsto a
process.Equipmentefficiencyandperformancewas levelof 1000 ppm (0.1 percent)or :ess,andyields
evaluatedfor unitoperationssuchas floatationof by-productagglomerateswhichcontainthe
coalflocs,hydraulicpyriteseparationandsize enlar- hydrocarboncontaminantsandare suitablefor (om-
gementof microagglomerates.One of thekey is- bustionin industrialboilers.Specificachievements
suesstudiedwas the effectof processoperating relatedto the processperformanceandevaluation
parameterson processstabilityar_ p_.,,lormar_.x_, are summarizedbelow.
The keyAglofloat processparameterswt:reiden-
tiffed;however,moreexperimentationwillbe neces-
saryto understandthe processandto furtherreduce Batch Test Studies
the amountof bridgingoil required. A rapidlaboratoryscreeningmethodfor charac-

terizationof variouscontaminatedsoilsfortreatment
inthe Clean Soilprocesswas developed.The tests

Feasibilityof theAglofloatProcess performedsuggestthata wide rangeof contaminant
The pilotplantworkforthe Aglofloatprocesswas typesandconcentrationsinthe soilcan betreated
used as a basisforthe conceptualdesignof an bythe process.The concentrationof residualcon-
aglofloatplantcapable of processing2.8 million taminantsintheclean soilwas reducedto 0.1 per-
shorttonsof eastern U.S. bituminouscoalto 2.74 cent or less(Table II)oThe keypropertiesof the
milliontonsof agglomerates.The economicanalysis contaminatedsoilinfluencingthe processperfor-
of the processestimatedtheplantcapitalcost at mancewere identifiedas:
$U.S. 61.5 million,operatingcost at $U.S. 121.0 mil- • The amountandcompositionof the hydrocarbon
lionper year andworkingcapitalat$U.S. 22.2 mil- contaminants.
lion.The productcostwascalculatedat SU.S. 52.85 • The particlesize andparticlesize distributionof
per ton at DCF ROR equal 15 percent(aftertax)and the soil.
coalpriceof SU.S. 27/t_'obI:dant.The keycostele- • The presenceof othermaterialsinthe
mentsdeterminingthe productpricewerethe coal contaminatedsoilcapableof adsorbingthe
price,the amountand priceof oil,andto a lesserex- contaminants,e.g., _ke.
tent theoperatingandcapitalcosts. Dependingonthe _._ilcharacteristics,theClean

Varianceanalysisperformedon the coalpricesug- Soilprocessprocedurescan be readilymodifiedto
gestedthatusingthe Aglofloatto processcoal achievethe bestprocessperformance.
refuse(coalprice= $U.S. 0/t) couldproducea clean
coalproductat $U.S. 25.26 per ton.Sucha product
wouldbecompetitivewiththe currentcostof low-
and medium-sulphurcoals inthe easternU.So
(pricedat $U.S. 20 to $U.S. 28 perton).



TableILClean-upofcontaminatedsoilusingCleanSoil lions,respectively.The costof cleaningoilywasteprocess:OverallMaterialBalanceforSite#1-1,Batch
Tests. was estimatedat $Cdn 31.39/I, fora case where the

market foragglomeratesexistsnearthe plant,and
Contaminant at $Cdn 46.97/1fora casewhereagglomeratesconcentration,%

Typeof contaminant Feed Proces_KI wouldhaveto be shippedfor sale. The costsindi-
_w__ll" cated are withinthe rangeof currentcosts of waste

Tar#1(1) 8.6 0.07 disposal($Cdn 25 to $Cdn35 per ton, for hauling
Tar#1(2) 1.2 0.00 andspreading).However,sincespreadingis likely to
Tar#2(2) 66.9 0.10 beunacceptableas a disposalmethodinthe future,
Tar#2(8) 0.7 0.10 the Clean Soil processoffersa viablenew technol-
Tar#1-1 5.6 0.07 ogyforoilywastedisposal.Tar#2-2 10.6 0.17
HaavyOil 8.7 0.04
Oil(light)Spills 2.0 0.17

GasolineSpills 3.1 0.06 V.ConclusionsOil (heavy)SpillsI 43.0 0.08

Oil(heavy)SpillsII 0.2 0.00 Three new processesweredevelopedinthe first
• Guidelinesa=:eptedbymanyregulatoryagenciesinNorlh two and one-halfyears ofthe ConsortiumCoal
AmericarequireIhattherosiduaicormentrat_onofpetroleum ProcessingDevelopmentProgrambasedon ARC'sderivedoonlaminantsdoesnotexceedI000ppm(0.I percent)
in_edean soil. advanced_si_ericalagglomerationresearch.The

preliminalyevaluationof theseprocessessuggest

LargePilotPlant(IATF) that the most promisingoppodunitiesand theircorv
straintsfor furtherdevelopment,are:

The IntegratedAgglomerationTest Facilitywas • co-upgradingof lowrankcoal and heavyoil;
reconfiguredfor the Clean Soilprocessoperation • beneficiationof bituminouscoal refuseand ROM
(flowsheet#ARC20). The pilotplantrunsprovidedin- coal;and
formationon processcontrolandperformanceof • clean-upof contaminatedsoil.
eachunitoperationat steady-stateconditions.For The majortechnicalandeconomicconstraints
somefeeds, however,lessthandesiredperfor, whichmustbe solvedfor eachprocessare:
manceof the IATFwas obtainedbecause limited • thetechnicalfeasibilityofcoal-oilpasteextrusion
processinformationwas availableon thekineticsof in co-upgradingof coal andheavyoil;
agglomerationandthe separationof contaminants • the reductionof the amountof bridgingoil required
fromthe cleanedsoil. for productionof largesize agglomeratesin

A largesampleofproductagglomeratesproduced benefictationof bituminouscoals;and
inthe IATFwas testedfor itshandling,grindingand • the optimizationofthe reprocessingsteps in
combustioncharacteristicsby CombustionEngineer. cleaningof some contaminatedsoils.
ing, Inc. Thetestsshowedthat combustionperfor- The resultsdescribedinVolumesI, II, and III of
manceandemissionsfor agglomeratesfromtar this reportsummarizedachievementscompleted
refusewere similarto combustionperformanceof priorto December31, 1989. Since that time, how-
HVB coal used inag_llomeration, ever,furtherimprovementsin processperformance

were attainedand presentedto theConsortium
members.These resultswillbe descrbed indetailin

Feasibilityof theCleanSoilProcess the updated reportsfor eachprocess.
The commercialfeasibilityof using the Clean Soil Eachof thesetechnologyopportunitieshas ad-
processfortreatmentof oilywaste frombitumen vanced inthisyear (1990) of the consortiumpro-
upgradingwas evaluated.The plantwasassumed gram,to a stagewhere itcanbe pursuedby smaller
to be a mobileplantlocatedin Albertaandcapable R&D consortiacomprisedof memberswithan inter-
of processing30,500 tonnesof oilywastesper year. est inone ortwo of the technologyareas only.ltis
Dependingonwhetherpulverizedcoalwas tour- recommendedthat futureworkinthisprogrambe
chasedor preparedat theplantsite,theplant capital pursuedbysuchconsortiaaddressingeachtechnol-
cost was estimatedat $Cdn i.8 and$Cdn 2.06 rail- ogy area separately.
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1. introduction
I III I ii

1.1.TheAglofloatProcess by flotation and then agglomerated in lowshear
The Aglofloatprocessis an advancedsphericalag- mixerfor sizeenlargement.
glomerationprocesscapableof beneficiatinghigh The Aglofloatprocessoffersseveraladvantages
ash andsulphur,bituminouscoalsto clean fuelwith forthe processingof bituminouscoals,namely:
a heatingvalueabove 13,000 Btu/Ib,ash contentof 1. lt removesmineralmatterand pyrite,and
lessthan 10 percent,and significantlyreduced(up thereforeincreasesROM coalqualityand heating
to 95 percent)pyriticsulphurcontent, value. Some mediumsulphurcoalscan be

The processand productstreamsare illustratedin broughtintoSO=emissioncompliance.
Figure 1.1. First,run-of-minecoal iscrushed,pul- 2. The processcan be usedto recovercombustible
verizedto -0.6 mm (-28 mesh) andslurriedwith matterfromcoalpreparationplantrejects.When
recyclewater.At thesame time,crudeoil is mixed used inthisway, itproducesa saleableproduct
withdiesel fuel to forma bridgingoil.The coalslurry and reducesthe coalpreparationplant'swaste
and bridgingoilarecombinedina highshearmixer disposalcosts.
wherecoaland niiform microagglomeratesabout The Aglofloatprocesshas severaladvantages
0.2 mm insi:,e.The microagglomeratesare over othercoalcleaningand upgradingtech-
separatedfromcoalmineral matterandrefusein a nologies.Becauseit is basedon differencesbe-

floatationcell, and""ashedand separatedfrom tweenthe surfacepropertiesof coal andmineral /_ ,0r-o_'_(_
pyriteparticlesina =,jdroseparator.Thenmicroag- matter,it isyen/efficient forcleaningfinecoals.

/

glornerates are transferred to a low shear mixer Another advantage of the process is its potential to -"J-e'_"
where morebridgingoil is addedand macroag- achievehighpyriteremoval,at highcombustible
glomeratesare enlargedto 0.8 mmto 3.0 mm in recoveries,withoutthe needfor expensivesolvents
size.The coal refuseinthe floatationand andsolventrecoveryequipment.Also,when com-
hydroseparatorunderflowisremovedanddisposed paredto multistagefloatation,the Aglofloatprocess
of. offersmuchhighercombustiblerecoveries(Table

Forcoalswhichare difficultto clean,the microag- 1.1). The Aglofloatis lessexpensiveandgenerates
glomerationprocessis run intwostages. Fir._l more environmentallyacceptablerefusethanchemi-
stage,asdescdbedabove, isfollowedOywetgrind- cal cleaningprocesses.
ingof microagglomeratesto reducethetop particle The maindisadvantageof _heprocessis thelarge
sizefrom-0.6mm (-28 mesh)to -0.15 mm(-100 amountof oilwhichmustbeused in thesize enlarge-
mesh).The groundcoalis resuspendedinwater meritstep.Workwillcontinueto findways to reduce
andmicroagglomeratedwithan additionalamountof the oil requiredinthe sizeenlargementstep.
bridgingoil. The microagglomeratesare separated Processapplicationsthat do not requireenlarge-

mentstepswillalsobesought.

Table1.1.ComparisonofAglofloattoothercoaldesulphurizationprocess.
Feed Product

Pyritic Combustibles
Coal Ash Total Ash Total sulphur recovery

"- .,. sulphur sulphur removal
% % % % % %

IllinoisNo.6 39.5 4.19 6.8 3.70 77 89
Aglofloat UpperFreeport 12.3 2.33 6.2 1.10 93 96

Pittsburgh 17.7 4.98 5.5 3.24 85 95

MullJstagePrinceMine 13.2 3.70 5.0 8.2 72
Floatation

Reverse Pittsburgh 30.6 1.72 8.7 1.17 76 92
LowerFreeport 31.4 2.65 6.8 0.92 92 89

Otsica UpperFreeport 17.7 2.66 5.0 1.02 80 79
PittsburghNo.8 30.2 4.51 6.4 3.41 57 94
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Rgure1.1.TheAglofloatprocess.

1.2.ObjectivesandScopeof theProgram • deashing of bituminous coalsto ash contentof
The overallobjectiveof the CoalDevelopmentpro- lessthan 10 percent;and
gram was to solve coal utilizationproblemscaused • increasingthe calorificvalueof bituminouscoals
by poorqualitycoals,whichtypicallyhavehigh mois- to above 13,000 Btu/lb.
ture,ash and sulphurcontent,throughthedevelop- Researchduringthe projectfocusedon estab-
mentof clean coal technologiesusingcoal-oil iishingthe technicaland commercialviabilityof the
agglomeration.The generalobjectiveswithrespect Aglolloatprocess.There was a needlo solveen-
to high-sulphurbituminouscoalswere the develop- gineeringproblemsand improveth_ economicsof
mentof technologieswhichwould: theprocess.Asweil, therewas a needto
• Remove ashand pyritefromhigh-sulphurand demonstratethat theclean coalproductissuitable

-mineralmatterbituminouscoal, thusmaking for use inutilityindustry.
these coalsmore marketableand more Testingthe commercialpotentialof the Aglofloat
acceptablewhen burned.Theirgreater processtooktwo and a halfyears.Key technical
acceptabilityresultsfromthe fact thatthey and processeconomicissuesaddressedduring this
produce a lowerlevelof sulphurdioxideemissions, time included:

• Recovercoalfromfinesgeneratedincoal • Process Research Studies: todeterminethe
preparationplants,thus improvingutilizationof expectedprocessperformanceinbatch
ROM coals. -- .... characterizationmethodsfor selectedfeeds, and

• Improveboileroperationandefficiencyby to obtainprocessinformationusefulforthe design
supplyinga coal productof more uniformquality, and operationof the IntegratedAgglomeration
and improvethe operationof coal handlingand TestFacility(IATF)and PyriteRemoval Unitat
pulverizationequipmentby supplyinga fuel that is ARC.
lowerin ashand pyrite. • Engineering Studies: to determinethekey
The specificobjectivesof the bituminouscoal pro- designconcernsforthe pilotplantandcommercial

gram were to exploreand evaluatethe applicationof plants,to developprocesscontrolstrategy,to
adva_,__ agglomerationtechnologyfor: obtainengineeringandoperatingdata requiredfor
• Desulphudzationof bituminouscoalsto sulphur processevaluation,and to developdesigncriteria

contentacceptablewithinthe current EPASO2 forconceptualdesign and cost analysisof the
emissionguidelines; Aglofloatprocess.



• Economic Studies: to determinethe economic 2. A TechnicalCommitteewithoverallresponsibility
feasibilityof theprocessincludingvariance for theoperationandconductofthe program.
analysiswith respectto keyeconomicand The specificresponsibilitiesof the Management
processassumptions. Committeewere:to approvethe annualbudgets
Examplesof activitiesundertakenduringthe and any changesin the scopeof the program;to ap-

bituminouscoal project include:batchandcon- provethe TechnicalCommittee'sreports;to estalP
tinuousscale agglomerationand separationtests, lishmilestones,schedules,etc.; to approvemajor
constructionandoperationof a 6 tonnesper day expendituresnot includedinthe AnnualBudget.
pilotplant,and techno-economicassessmentof the The specificresponsibilitiesof the TechnicalCom-
feasibilityof the process.The resultsof these mitteewere:to overseeprogramdevelopmentand
processdevelopmentactivitesare discussedin Sec- achievementoi milestones;to approveand evaluate
lions2 through7. manualspreparedby the engineeringstaff;to over-

see_evelopmentof designsand specifications;to
preparetheAnnualBudgetand periodicreportsfor

1.3.ProjectOrganization submission to the Management Committee.

The projectorganizationchart is presentedin Figure
1.2.

Twocommitteesprovideddirectionforthe project. 1.4.ReportOrganization
These committeeswere: The resultsof theARC/EPRI Coal Processing
1. A ManagementCommitteewithoverall DevelopmentProgramare presentedinthree

responsibilityforprogrammanagement,funding volumes,each addressingspecificapplicationsot
and implementationof the CoalDevelopment advanced agglomerationtechnology:
program.

MANAGEMENT COMMITTEE

COAL PROCESSING
DEVELOPMENT PROGRAM

1
TECHNICAL COMMITTEE

COAL PROCESSING

DEVELOPMENT PROGRAM

MANAGER _- ARC MANAGEMENT

L. Ignosiok

1,
¢J.JkAdlm4..i_["V/KUAnON _ INll[(_.tI1ED AC_L_[RArlON AOQ,_M&_ .
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mO,ECTM_ACli_ PRO=ECTM_AGBE _OJ[Ct' uJ_glJt RIO,ECt MA_,OI:. PMO,KCTU_,*_

Palm K. Sz_ J' _ _. Sz,_mQ L. Ignc_B

Figure1.2.ProjectOrganizationChart.
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Volume 1. Upgradingof LowRank Coals:the Chapter4 includesa descriptionof the desigrtand
AgfiothermProcess operationof the PyriteRemovalUnit. ltdetailsmajor
Volume 2. Removal of Ash andPyriticSulphurfrom equipmentincludedinthe unit,the commissioningof
BituminousCoals:the AglofloatProcess the unitand resultsobtaineddudngoperationof the
Volume 3. SoilClean-upand HydrocarbonWaste unit.
TreatmentProcess:the Clean Soil Process Chapter5 describesthe experimentalresultsfrom

Eachvolumeof the reportissupplementedbyan the IntegratedAgglomerationTest Facilities.The
Appendixcontainingrelevantbackgrounddata and chapterstartswitha reviewof majorequipmentand
additionalinformationand descriptionsof process instrumentation.This isfollowedby a descriptionof
designs, plantcommissioning,detailsof the operatingex-

Thisvolumeof the reportpresentsthe resultsof perienceand unitimprovements.
ARC's laboratoryandpilot plantworkonthe Chapter6 bdeflyreviewsthe majoremissionsand
developmentof improvedagglomerationtechnology waste streamsforthe Aglofloatprocessand lhe en-
for upgradingof bituminouscoals. Chapter2 begins vironmentalcontroltechnologyrequiredto operate
witha descriptionof thecoals andoils selected for the processwithinthe EPAemissionsguidelines.
testingwith the Agiofloatprocess.The chapterin- The conceptualdesignand cost analysisof an
cludesdescriptionsof the bench experimentalproce- Aglofioatplantare presented inChapter 7. The chap-
duresused andthe resultsof processresearchand ter includesprocessand economicdata and as-
optimizationwork. surnptions,processarea cost estimates,and

InChapter3, Volume2, designstudiescompleted financialanalysisof theplant.
onthe agglomeration mechanismare reviewed. Chapter8 presentsthe majorconclusionsand
These studiesfocusonfundamentalsof the recommendationsrelatingto the Aglofloatprocess.
Aglofloatprocess,applicationof agglomeration The key issuesaddressedare furtherimprovements
models inprocessdesign, and evaluationof critical of the processeconomicsand efficiency,and reduc-
designissues.The chapter alsodiscussesbatch tion of oiluse for agglomeratessize enlargement.
andcontinuousoperationsand studiesof ag- The referencesquotedin Volume 1 oi the reportare
glomerationkinetics, presentedin Chapter9.



2.BenchScaleCharacterizationof
CoalsandOilsfortheAgiofloatProcess

2.1.ExperimentalProcedures 2.1.2.Equipment

Equipment used during batch tests includedan ag-
2.1.1.Approach glomeration tank, a laboratoryfloatationmachine,
The batchtestswhichwere performedforthe anda sieve.Additionalequipmentandinstrumenta-
Aglofloatprocesshadthree majorprocessresearch tionwas used forsampleanalyses,product
anddevelopmentobjectives: analyses,producthandling,etc.A detaileddescdp-
1. Todetermineprocessperformanceof the tionof the batchagglomerationequipmentis

Aglofloatprocessfor tre._,mentof the selected providedinSection2.1 Volume1 of thisreport.
coal/oilfeedstockcombinations.

2. To obtainprocessresearchinform3tionusefulto Table2.1.Aglofloatprocess:Testconditions.

the designandoperationof the Integrated Sizeofcoal Drygrinding: topsize60Own,
AgglomerationTestFacilities(IATF). panicles dso--200wn

3. Toconductinvestigationsin supportof the Wetgrinding: topsize150tun,

Aglofloatprocessincludingresearchintothe Solids dso--251.un
agglomerationand separationmechanismsfor concentration Agglomeration: 10%- 25%
processingbituminouscoals. (inslum/) Frothfloatation: 5%- 12.5%

A standardfloatationmachineequippedwitha 2 Bridgingi<luids Blendsofbitumenand/orheavyoils
literfloatationcellwas useddudngthe tests,ltwas withdieseloilorkerosene
feltthat experimentsof thissizewouldbe adequate Bridging
for ali necessaryanalysesof agglomeratesandoils. liquidconc. From0.5%to 1.0%
The testsand equipmentselectedwere also Impellerspeed Agglomeration: 2,100rpm

Frothfloatation: 1,100rpm
capableof providingprocessresearchtype informa. Temperature Ambient
tioninsupportof the designand operationof the In- pHofslum/ Natural
tegratedAgglomerationTestFacilities.

Figure2.1 illustratestheexperimentalprocedures

used inbatch-scalecharacterizationof coalsand 2.1.3.SamplePreparation
oils. The experiments were performed in several
steps. In a typical single-stageAglofloatprocess,a A varietyof coalandoilsamplecombinationswere
knownamountof coalwas mixedwithwaterto testedto determinetheirperformanceinthe
make upthe requiredsolidsconcentration.The Aglofloatprocess.Eachof thesesampleswas sub-
resultingsuspensionwas agitatedforone minuteto jectedtothe followingpreparationprocedures:
ensurecompletewettingandthen a specified 1. Thecoal sampleswereair dried,crashedand
amountof bridgingliquid(usually0.5 percentto 5 groundto -600 pm top coalparticlesize (-0.6 mm
percenton drycoal)was added.The slurrywas or-28 mesh) andto a weightaveragemass
agitatedup to the momentwhen phase separation median,particlediameter,d=, about200 pm.
occurred.Thirtyto 60 secondsof agitationwere 2. The oilsampleswere mixed,dividedinto
usuallyrequired.The volumeof slum/was thenad- representativesubsamples,and usedas crude
justedby addingwaterto achieve10 percentsolids sampleswithoutanyemulsficationor dispersion
concentrationand coalflocswere separatedby inwater.
simplefloatation.Thecollectedcoalwas
resuspendedinfreshwater,mixedfor oneminuteto 2.1.4.TestMethodsandProcedures
release the entrapped mineral matter (write) par. Table2.2 liststhe testmethodsandprocedures
ticles,andseparatedagain.The microagglomerates usedto characterizethefeedstocksandag-
weredried,weighedand analyzedfor moisture,ash, glornerateproducts.Inadditionto the testsinthis
sulphurandcalorificvalue.The two-stageAglofloat table,otherspecializedtests suchas gel permeation
experimentswere a combinationof two single-stage chromatographyforoilcharacterization,or surface
processeswithinterstagewetgrinding.Table2.1. area measurementfor coal,wereused when neces-
depictstypicaltestconditionsfor theAglofloatbatch sar/. These testsare describedand discussedinthe
experiments, followingsections.



Tablo 2.2. Testmethods andprocedures.

crueteL o,CsEL vA,co_. Sample Test method Procedure/standard

_ ........ _ Coat/ Proximate FisherCoalAnalyzer
_1.o_o c_,,0_ agglomerate ASTM draflstage

Ultimate LecoCHN-600
i TotalSulphur Leco SC-32

w,_R _ 1 ASTM D 4239-85HeatingValue ASTM D 2015
SI.URRYP_EP/UtAtlON 1 Particle Size Granulometer 723

,.oo =no..oJ Laser LightDiffraction
I Capacity Moisture ASTM D 1412-85

1 Oils Density PAAR DensityMeter
,dtCRO,CCt0-Cn,,O,r,L_S (API gravity) Model DMA 55

(.,= s_._) _- Viscosity BrcoldieldDigital

Viscometer
_,,rcM Simulated ASTM D2887

Distillation
Molecular VaporPressure

n.o.A.o. TA,L_S_ Weight OsmometryCorona
Wescan Molecular

WeightApparatus

oR_= Table 2.3. "Participating"coals:The Aglofloatprocess.

Organization Sample name and description

U.S. Dept. Upper Freeport- bituminouscoalof Energy IllinoisNo. 6 - bituminouscoal
-,.,c,,o.c=o.c.._s PittsburghSeam - bituminouscoal
_,cr roll ,_,.L,s,s) Ohio Ontario

Clean Fuels Ohio Sample - bituminouscoal

IllinoisState
Geological IllinoisNo. 6 - bituminouscoal (ROM)

Figure 2.1. Schematicrepresentationof Aglofloatbatch Survey IndianaV - bituminouscoal (washed)procedures.

Obed Mountain Obed - bituminouscoal (precipitatordust)
Coal Company Obed. bituminouscoal(washed)

2.2.ProcessResearchandOptimization Ontario Byron Creek- bituminouscoal"
Hydro (fines- filtercake)

2.2.1.CoalSamplesDataBase Byron Creek- bituminouscoalreject

Ten bituminous coal sarnp'les, six high sulphur

bituminous coals from the U.S. and four coal The range of properties for the samples submitted
preparation products from Alberta, were submitted was as follows:

for testing under this program. Participating organiza- Moisture, % as received 8.5 - 24.5
tions and their selected coals are listed in Table 2.3. Ash, % 9.2 - 34.8
The sample size varied from 5 kilograms to 20 ton- Sulphur, % total 0.30 - 4.98
nes, with the large samples being designated for the Sulphur, % pyritic <1.3 - 3.4
pilot plant tests. The samples were run-of-mine or Heating Value, GJ/t 19.4 - 31.5
washed grab samples including fines and Heating Value, Btu/lh 8,350 - 13,560
precipitator dust from coal preparation plants. A detailed analysis of the samples submitted is

given in Appendix 2.
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The followingsectionsdescribeexamplesof the AC,On.OAT
effectsof differentprocessvariablesandfeed
propertieson cleaningof the "participating"coals. ] /
These examplesare illustrativeonly andare not in- t
tendedto provideproofforthe trendsdiscussed. T,_,_,cs2 _E,, co,L
Such proofand more detailedsupportforthecon-

clusionsdrawnwere reportedpreviouslyinARC's Figure2.3.Two-stageAglofloatprocesswithinterstage
technicalpapersdocumentingseveralyearsof re- wetgrinding.
searchbyARC on agglomerationof bituminousand
subbituminouscoals. The resultsof testswhichcomparedsingle-and

two-stageprocessesforthe selectedU.S. coals are

2.2.2.Single-andTwo-StageProcessing depicted in Figures2.4 to 2.7. Thekey conclusions
which maybedrawnfromthesetests are:

Twoprocedureswere followedduringcharac-
• Ashreductionincreasedby 2 to 4 percent(coal

terizationof thecoal samp4esin.theAglofloat basis)bygoingfromsingle-to two-stageprocess:
processing.

1. A single-stageprocesswheregrindingcoalto top • Totalsulphurreductionincreasedby0.5 to 1size of -600 IJ.mwas sufficientfor liberationof
pyriteand mineralmatterfrom thecoal organic percent(coal basis)when usingthe two-stage

processinsteadof the single-stageprocess.
material(Figure2.2). • The removalof inorganicsulphurincreasedfrom

2. A two-stageprocesswitha regrindingofthe 50-55 percentto 60-80 percent by usingthe
productcoal fromthe single-stageto top coal size two-stage process.
of 150 I_mandd_o--25 pm and reagglomeration • The recoveryof combustiblesdecreasedfrom
of the coal inorder to achieve highpyriteand 93-98 percentto 89-96 percenl throughthe useofmineralmatterliberationinthe process(Figure
2.3). the two-stageprocess.



Figure2.4.CleaningofPittsburghseamcoalbyAglofloalprocess.

The choiceof a single-or two-stageprocessfor mineralmatterparticlesor lowash andpyritecon-
processingof a selectedcoal samplewould,there- tentcould be cleanedin a single-stageprocess.
fore,depend on the levelof ash and pyriteinthe

sampleandthe cleaningleveldesired.High ash, 2.2.3.Effectof SamplePreparationonAshand
high pyrite samplescontainingparticlesof inorganic PyriteRejection
materialswitha wide sizedistributionwould require
a two-stageprocess,whereascoalswith large size A seriesof testswasperformedto furtherevaluate

the single-and two-stageprocesses.Specilically,
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Figure2.5.Cleaningof Illinoisno.6 coalbyAglofloatprocess.

teststo assessthe effectsof differentdegreesand Comparisonof single-stagewetgrindingto two-
typesof grinding,to comparesingle-stagewetgrind- stageprocessingusingthe same amountof bridging
ing to thetwo-stageAglofloatprocess,and tocom- oil (1 percent)is depictedinTable2.4. lt is shown,
pare single-and two-stage processingto washability again, that a secondagglomerationandgrinding
testswere performed.Thewashabilitytest iscom- step reducedtheash contentinthe productandin-
monlyconsidereda measureof the ease withwhich creasedthe removalof inorganicsulphur.
mineralmatter can be separatedfromcoal.



Rgure2.6.CleaningofIndianaV coalbyAglofioatprocess.

A comparisonof single-stageagglomerationto the as an indicatorof the ease withwhichmineralmatter
float and sinktest is presentedinTable2.5. The can beseparated froma sampleof coal, Float-sink
washabilitytestswere performedusinga modifi_ at a densityof 1.6 g/cm3 seems to yieldcoal
float-sinkproceduredescribedby Franzidisand Plar- recoveryandash contentsimilarto thesingle-stage
ris(1986). The resultssuggestthatbothfloat-sink Aglofioattests.
tests andsingle-stageagglomerationcan be used

10
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Figure 2.7.Cleaningof UpperFreeportcoalbyAglofloatprocess.

2.2.4.EffectofCoaland011Concentration with a slightincrease in ash content observed for

Tables 2.6 to 2.8 depictthe effectof coal andoilcon- highsolidloadingdue to an entrapmentof mineral
matterinagglomerates(Table2.6).

centrationon the ash and sulphurcontent of theag- • Aconsistentlow ash andsulphurcontent intheglomerateproductsand on combustiblesrecovery.
The keyeffectspresentedare: productwas obtainedovera range of bridgingoil
• An easy,goodseparationwas obtainedfor a wide addition(0.6 to 12percent)withslightlyhigher

rangeof coalconcentrations- 10 to 25 percent- pyriteand ashcontentobservedat highoil

11



Table 2.4. Effectofgrindingon Agiofloatprocess Table 2.7. Effectof bridgingliquidadditiononAglofloat
performance, processa performance.

Experl- Bridging Inorganic Bridging Total
mental liquid Combust. Total sulphur liquidb Combustibles Total sulphur
proce- addition" recovery Ash sulphur removal addition recovery Ash sulphur removal
dure (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
ParentCoalb - - 14.3 4.27 - ParentCoal= - 14.3 4.27 -

0.6 98.9 8.7 3.04 33.2
Wet grinding 4.0 99.4 8.7 3.04 33.2
followedby 1.0 99.8 7.7 3.04 70.7 6.0 99.6 8.7 3.05 32.5
single-stage 8.5 99.9 8.7 3.11 30.6

Two-Stage 0.5+0.5 98.5 6.4 2.84 76.3 12.0 99.9 8.9 3.20 28.3
a: Mixtureof _ oilanddieseloilinralio2:3. Note:Alivaluesondrybasis.
b:IllinoisNo.6;Formsofsulphur.1,98%pyritic,0.15%sultatic a:Single-stageprocess;b:Bitumen+dieselinratio2:3;c: Illinois
and2.13%organic. No.6,.Formsofsulphur:1.98%pyritic,0.15%sulfa_and2.13%

organic.

Table 2.5. Comparisonof float-sinkandAglofloattests=.
Yield Ash Table 2.8. Effectof bridgingliquidadditionon Agiofloat

Float-Sink processaperformance.
1.4 g/cre3 38.6% - 6.7% Bridging Inorganic
1.6 g/cm3 58.8% -- 12.5% liquid Combustibles Total sulphur

Single-StageAgiofloat 63.0% 10-11% additionb recovery Ash sulphur removal
a: PerformedwithIllinoisNo.6,39.5%ash. (%) (%) (%) (%) (%)

Topsize600I_m,dSO-240 pm. Parent Coal= - 14.3 4,27 -
1.0 98.5 6.4 2.84 76.3

(o.5+o.5)d
0.6 98.1 6.6 2.91 73.3

Table 2.6. Effectof solidsconcentrationonAglofloat (0.5+0.1p
process=performance. 0.3 97.5 6.7 2.86 75.6
Solids Concentrstlon (0.2+0.1)d

(%) Total a: Two-stage;b: Ivtxtureof heavyoilanddieseloilinra0on2:3;
MIcro- Combuet. Total sulphur c: IllinoisNo.6;formsofsulphur.1.98%pyritic,0.15sulfa_ and
agglom- recovery Ash lulphur removal 2.13%organic;d:Oiladditionineachstage
erstion Separation (%) (%) (%) (%)

Parent Coaib - 14.3 4.27 -
10 5.0 98.4 9.1 3.03 33.5 lt should be noted, that the minimum oil addition
15 7.5 99.4 9.4 3.07 32.1 required varied depending on coal properties. For ex-
20 10.0 99.7 9.7 3.14 30.1 ample, with Byron Creek lines, the Aglofloat process
25 12.5 99.3 9.7 3.14 30.3 required 5 percent of bridging oil for a 95 percent

Note:Alivaluesondrybasis, combustibles recovery; for high sulphur U.S. coals,
a: Single-_.rage_l_=(m=;0.6%bridgingliquidaddition. 1 percent of bridging oil was sufficient to achieveb: IllinoisNo.5, Formsofsulphur.1.98%pyritic,0.15%=ulfalic
and2.13%organic, high recovery. Typically, combustibles recovery of

about 95 percent was achieved with 0.5 percent of
bridging oil.

addition, again because of entrapment of the ash

in agglomerates (Table 2.7). 2.2.5.Effectof 011PropertiesandAdditives
• Consistent, high combustibles recovery was Table 2.9 depicts results of single- and two-stage

obtained at a bridging oil concentration above 0.5 processing for different bridging oil compositions
percent. However, for concentrations less than 0.5
percent, the percentage of combustibles (heavy oil or bitumen/diesel 1:1 to 2:3). The results

suggest that good combustibles recovery and sag-
recovered decreased slightly while the content of nificant reduction of ash and sulphur can be ob-
ash and sulphur in the pm(tjct remained the tained with a wide range of bridging oil properties.
same, within the analytical error (Table 2.8). However, as the content of the light oil in the brick:j-

12



Table 2.9. Effectof bridgingliquidcompositiononAglofloat Table 2.11.Effectof bridgingliquidcompositionon
processperformance. Aglofloatprocessperformancea.

Experimental Bridging Combustible= Total Cleaned Coal
Procedure liquid" recovery Ash sulphur Bridging Combustlblee Total

(%) (%) (%) liquid= Surfactant recovery Ash sulphur
ParentCoaP - 10.6 4.72 composition (%) (%) (%)

ParentCoaP - 9,2 4.72
Heavy Oil + Diesel 93.1 6.4 4.08 50%-50% - 94.5 7.2 4.52

(2:3) 70%-30% - 33.8 4.5 3.39
Single- Bitumen+ Diesel 94.2 6.8 4,22 50%-50% + 91,3 5.7 3.85
Stage (2.3) 70%-30% + 90.1 5.4 3.88

cold Lake + Diesel 95.0 6,9 4.24
(1:1) a:S_gle-stage;0.6%ofbridgingliquidaddition;b: MixtureofColdLakebottomanddieseloil;c:Ohioooal.

Heavy Oil+ Diesel 90.4 5.1 3.56
(2.3)

Two-Stage Bitumen+ Diesel 90.7 5.0 3.16
(2:3) Table 2.12. Beneficiationof ByronCreekfinesby Agiofioat

Cold Lake + Diesel 89.2 5.8 3.68 process.
(1:1) Pro=..condJt ,

a:Oiladdilion:0.6%single-stageand1.1%two-stage. Solids OII Combuetlblu
b:OhiocoaJ;Formsofsulphur:2.92%pyritic,0.26%=ulfa_and concen- addltlonJAddltlves Yleld Recovery Ash
1.51%organic, tratlon (%) (%) (%) (%) (%)

InitialFeed - - 21.9

Table 2.10. Effectof bridgingliquidcompositionon 10 0.6 - 77.0 86.2 12.5
Aglofloatprocessperformance=. 10 0.6 + 84.8 94.0 13.4

Cleaned coal 25 0.6 + 85.4 93.9 14.0
Bridging Combustibles Total Tailings 25 5.0 + 90.0 95.8 15.8
liquidb recovery Ash lulphm ash Note:AlivaJuesondrybasis.
composition (%) (%) (%) (%) a: Brooksoil.
ParentCoaF 9.2 4.72 -
50%-50% 94.5 7.2 4.52 53.1
55°/°-45% 95.7 7.0 4.56 so.6 2.2.6.TreatmentofWestemCanadianCoals
60=/°-40'/° 77.2 5.8 3.83 20.0 A series of separate tests were condoled for65%-35% 53.7 5.4 3.72 16.0
70%-30% 33.8 4.5 3.39 11.7 beneficiation of western Canadian coals, including

coal fines reject and precipitator dust from coala:S_ngk_-sta_e:0.6%ofbridgingliquidaddition.
b:Mi_Jreof ColdLakebottomanddml4doil. preparation plants, In general, use of the Agiofloat
c:Ohioco=. procedures and bridging oil formulation developed

for the U.S. coals gave poor combustibles recovery
and ash reduction (Tables 2.12 and 2.13). Only atter

in0 oil was decreased, the pedo_ of the
the fo_ulation of special bridging oils and the addi-

Aglofloat also decreased (Table 2.9 to 2.11). tion of surfactants, were the results with western
The poor Aglofloat pedom_, rice, at low diesel oil Canadian coals comparable to those with U.S. coals.

concentrations in bridging oil, was significantly im-

proved by the addition of selected sudactants (i.e., ByronCreekRnes andReject
polydimethyl siloxan) suggesting that poor coal Tables 2.12 and 2.13 show that for coal concentra-

recovery at diesel concentrations of 50 percent or tion of 25 percent, high performance of the
less is clue to the bridging oil's lesser affinity to coal. Agflotherm process (combustibles recovery >90 per-The role of the surfactants would be, therefore, to
change the charges on the coal surface or to im- cent, etc.) can be obtained only with high bridging oilconcentrations and the addition of surfactants.
prove emulsification of the bridging oil by changing Both Brooks oil and Cold Lake bitumen gave high
charges on oil droplets. Both hypothesis are corr_stibles recovery and large ash reduction for a
plausible and should be further studied.

bridging oil concentration oi 5 percent, dry coal basis.
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Table 2.13. Beneficiationof ByronCreekfinesby Aglofloat Table 2.15. Beneficiationof ByronCreekfinesby Aglofloat
process, process.

Process Conditions Bridging Sollds Combustlblee
Solids O11 Combustibles O11" concentratlon Recovery Ash
Concen- addltlon'Addltlves Yield Recovery Ash (%) (%) (%) (%)
tratlon (%) (%) (%) (%) (%) InitialFeed - - 21.9
InitialFeed - - 21.9

ColdLake 10 92.5 13.1
10 0.6 - 71.2 79.5 12.7 bitumen blend
10 0.6 + 83.1 92.5 13.1
25 0.6 + 80.4 89.5 13.0 25 89.5 13.0
25 2.0 + 84.4 93.0 13.5 Brooksoil 10 94.0 13.4
25 5.0 + 86.7 94.2 14.1 25 93.9 14.0

Note:Alivaluesondrybasis. Note:Adlvaluesoncityba_.
a: ColdLakebitur__ I:dend. a:Oiladdition0.6%ondw leed.

Table 2.14. '_,ecoveryof combustiblematerialfromByron Table 2.16. Beneficiationof ByronCreek fines- effectof
Creekfinesby Aglofloatprocess==, additionalgrindingondeashing.

011 Combustibles Experimental 011 Combustibles
eddltioflb Yield Recovery Ash Procedure Addition= Yield Recovery Ash
(%) (%) (%) (%) (%) (%) (%) (%)
InitialFeed - - 21.9 InitialFeed - 21.9

0.25 62.6 70.3 12.3 Two-Stage
0.30 72.7 80.6 13.3 Aglofloat 2 + 2b 86.4 94.7 13.5
0.60 80.4 89.5 13.0
2.00 84.4 93.0 13.5 Wet grinding
5.00 86.7 94.2 14.1 followed 2 87.6 94.6 13.6

by Aglofloat
Note:Allvaluesondrybasis.
a: Single-stagewithsurfactantaddilJon; Wet grinding
b:ColdLakebitumenblend. followedby 2 + 20b 82.7 91.0 10.1

Aglofloatand
Agglomeration

basis.
Table 2.14 depicts the effect of the addition of Note:Alivaluu onacd_itJonin stage.bridging oil on recovery of corr_stible materials a: Brooks_,i,;b:Oi, each

using the single-stage Agiofloat process with surfac-
tent addition. As the bridging oil concentration ao- Table 2.17 depicts the effect ot the typeand
preached 2 percent or more, high con'_stibles amount of bridging oil, with and without additives, on
recoveries were observed. However, the final the recovery and ash content of combustible
product also had increased mineral matter content, materials from Byron Reject, using the single-stage
As shown in Table 2.15, the type of bridging oil did Aglofloat process. Observations were similar to
not make a significam difference to the process per- those for Byron fines (Table 2.14); as the bridgingoil
formance or product yield, concentration increased, combustibles recovery and

Table 2.16 compares the results of the two-stage product ash increased. The type of oil seemed to
Aglofloat process to procec_res which use a com- have some effect on both product yield and combus-
bination of wet grinding, Agiofloat and agglomeration tibles recovery, as Brooks oil resulted in higher
with high oil concentration (20 percent). The latter recoveries than did Esso Oil-bitumen blend.
procedures were intended to test whether further Table 2.18 shows the effect of product yield and
grinding of fines would improve the ash rejection, combustibles recovery on product ash content. As
The results show that no significant improvement expected, higher product yield resulted in higher
was obtained. The lower results for the Aglofloat combustibles recovery and somewhat higher ash
plus agglomeration process configuration were content of agglomerates.
primarily due to the dilution effect of oil.
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Table2,17.Beneficiationof ByronCreekrejectby Table2.18.Effectofprocessperformanceonproduct
single-stageAglofloatprocess, quality.
BridgingLiquid Combustibles Experimental Combustibles
Type AdditionAdditives Yield Recovery Ash procedure Yleld Recovery Ash

(%) (%) (%) (%) (%) (%) (%)
InitialSample - - 47.1 ByronCreekReject - - 47.1

0.6 - 45.2 62.8 26.9 Single-stage 57.5 82.6 28.6
0.6 + 55.5 76.3 27.8

Brooks 1.0 + 57.5 82.6 28.6 Wetgrinding
5.0 + 74.3 96.7 34.5 followedby 64.5 86.3 30.3

by single-stage
0.6 - 17.0 25.7 20.5

Esso 0.6 + 41.4 59.0 25.0 Two-stage 49.4 73.3 22.6
Bitumen 1.0 + 51.8 71.2 28.0 Note:AlivaJueson dry basis.
Blend 5.0 + 65.1 87.7 32.2

Note:AlivaJuesondrybasis.

Tsble2.19.Recoveryofcombustiblematerialfromprecipitatordust.
ProcessConditions

Experimental OII Modifiers Combustible
procedure addition Surfect Depress. Yield Recovery Ash

(%) (%) (%) (%)

InitialSample ..... 27.5

3.75 - - 69.4 85.1 10.2
Aglofloat 3.00 + - 65.3 82.1 9.6

3.00 - + 68.3 86.2 9.3

Agglomeration 16.75 - - 70.0 84.2 7.9

ObedPrecipitatorDust The resultssuggest(Table2.21) that ash in the coal
A sampleof precipitatordustfroma coalwashing is uniformlyandfinelydistributedand thatfurtherpul-
plantwas testedfor beneficiationusingthe Agiofloat verizationwouldprovidelittleimprovementinash
processprocedures.The resultsof severalbench removal.
testsusing a combinationof bridgingoilatdifferent A summaryof thetest resultswithObed
concentrationsplussudace modifiersare shownin precipitatordust,using differentadditivesis depicted
Table2.19. The results showconsistently lowyields inTable2.22. lt is shownthat byusing a combina-
and combustiblesrecovery(80 to 90 percent) as tion of additivesandbridgingoilconcentrations,
comparedto theAglofloatresultsfor U.S. coals(in good ash reductionand reasonablecombustibles
the high90's). What is interesting,isthatwiththe recoverycan beobtained.The procedurescall for
Aglofloatprocessthe re_overyof @bedwashedcoal high oilconcentration(3 percent)as comparedto
was muchbetterthanthe recoveryof Obed the bridgingoilconcentrationfor U.S. bituminous
precipitatordust (Table 2.20). Highyieldand high coals(0.5 percent).
combustiblesrecovery(95 percent)were achieved
for aliruns with Obedwashedcoal includingthose 2.2.7.GreenAgglomeratesHandling
with oil concentrationsof I percent and those in A two-stepprocedurewas tested for dryingof green
whichsurfactantswereused. Thissuggeststhatspe- agglomerates:1) pressurefiltrationof theag-
ciallysuitedsurfactantsmightimprove recovery of giomerates;and2) subsequentlowtemperature
Obed precipitatordust. drying of pelletsmade frompressurefiltercake (Fig-

Inan attemptto obtainbetterash reductionin ure 2.8, Table 2.23). The resultssuggestedthatdry,
Obedwashedcoal, twocoal samplesof different solidagglomeratescan be obtainedbypelletizing
sizeswereprocessedusing the Aglofloatprocedure, the clean coalfiltercake.
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Table 2.20. Beneficiationof Obed washedcoalby Table 2.22. Beneficiationof Obedprecipitatordust,

Aglofloatprocess=. Experl- Oil Combustibles
Ash (%) mental addition Additives Yield Recovery Ash

Combustibles procedure (%) (%) (%) (%)
Additives Yield Recovery Actual Rejection InitialFeed - 27.7

(%) (%)
Initialfeed 14.2 - Single- 3.0 Surfactant 65.3 82.1 9.6

Stage 3.0 Depressant 68.3 86.2 9.3
+ 95.8 99.2 11.0 -26 Aglofloat 3.0 Surf.+Depr. 67.8 85.5 9.4
+ 92.2 96.1 10.5 -31 3.75 Surfactant 69.4 85.1 10.2
- 93.3 97.3 10.6 -30

Aglofloat 16.75 Surfactant 70.0 84.2 7.9
NoW:Alivaluesond_ basis, followed (3.75+
a:Conditions:Solidsooncen_3n - 20%on drybasis;Brklging
liquid- bilumen& diesel(2:3);Oiladdil_on- I% ondryso&:b, by Ag- 13.4)a

glomeration

• a:Oiladditionineachstep

Table 2.21. Beneficiationof Obedwashed coal by Table 2.23. Dewateringof Aglofloatproductsby pressureAglofbatprocess.. filtrationt).

Particle Combustibles Ash (%) Cake-forming Drying Cake
Size Yield Recovery Actual Rejection Product time(s) time(s) moisture
(mm) (%) (%) (%)
Initialfeed 14.2 -

Single-Stage 8 - 28.4
100% minus300 92.2 96.1 10.5 -31 8 120 17.6

100% minus150 94.9 98.1 10.9 -25 Two-Stage 12 - 59.3
Note:Alivaluesondrybasis. 12 120 31.4
.a.:C.ondilhms:SolidsconcenlxalJon- 20%on drybasis.B_:Iging
_iqul_._.tO- mixtureofbitumenanddiesel;OiladditJ0n- 1%ondry a:UpperFreeportcoal;Bitumenanddiesel(2:3)- bridging" liquid:Oiladdil_n- 0.6%forsingle-stageprooedure;1.0%for

two-stageprocedure.
b:Conci_ns:Pressure- 40psi;CakeThk:kne_- 16mm.

2.3.Conclusions
Cleaning of bituminous coal was demonstrated Tests comparing the performance of single- and
using the Aglofloat process in the batch laboratory two-stage Agiofloat with the U.S. coals showed that
experiments. Addition of a combination of bridging although the two-stage process resulted in the
oil and sudactant, in single- and two-stage Agiofloat removal of more ash and inorganic sulphur, it also
procedures tests, resulted in product agglomerates resulted in a higher loss of combustible materials.
with a heating value of 13,000 Btu/Ib or less,ash The choice of single- or two-stage process would
content of 10 percent or more, and reduced total sul- therefore depend on the level of cleaning anclcoal
phur content of 30 percent or better. Total pyritic sul- recovery required for each specific coal.
phur in coal was reduced up to 95 percent. Comparison of the single-stage process to the

Two types of tests were used in the laboratory ex- float and sink test suggested that both can be used
periments: single-stage and two-stage tests. The as a measure of the ease with which mineral matter
two-stage Aglofloat procedure was a combination of can be separated. The washability curves were
two single-stage tests with inter-stage grinding, similar for both methods.

Six high sulphur bituminous coals from the U.S. Good separation of mineral matter and write was
and four coal products and W-products from obtained for a wide range of coal and oil concentra-
preparation plants in Alberta were evaluated. In tions. However, with oil concentrations less than 0.5
general, the Aglofloat procedures and bridging oil for- percent, combustibles recovery decreased rapidly.
mulation developed for U.S. coal did not perform The minimum oil concentration required depended
well with the Alberta coals, and special bridging oil on the coal properties, e.g., Byron Creek fines re-
formulations which included the addition of surfac- quired 5 percent of oil for a 95 percent combustibles
tants were required for the Alberta coals, recovery while Illinois No. 6 required only 1 percent.
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Bridgingoil propertiesdid notsignificantlyaffect
theAglofloatperformance,providedthat thecontent =,C_0A_.0=E,A_S
of diesel inthe bridgingoilwas kept above40 per- _
cent.At lowerdieseloilconcentrations,withCold
Lakebottom,the Aglofloatperformance I

deteriorated.The performancecould,however,be T,,_E_,uL_o,-I A_.O,,ERA_O,restoredwiththe additionof surfactants,suggesting
thatpoorcoal recoverymighthave been due to a |

lesseraffinityof the majorbridgingoilcomponent 1=AC_O*CCL0_O_*rES(Cold Lakebottom)for coal.
A seriesof separatetestswereconductedwith

westernCanadiancoalsto modifythe Aglofloatpro- scF,_,,_ ,,NoPE! I ETIZA'nON

cedures for thesecoals. Withthesecoals the
Aglofioatperformancewas moreaffectedbythe
bridgingoilconcentrationandproperties,by the sur- _,_cTs
factantsadded, andby thecoal propertiesthan was
thecase with U.S. coals. As a result,a specialbridg-
ingoilfom'lulationwas developed forwestern o_,cMICROWAVe/THERMAL

Canadian coals. The Aglofloatprocedureas
modifiedforuse with westernCanadiancoalsalso I
requiredthe additionof 3 percent of oilversus0.5 Ipercent for the U.S. bituminouscoals.

MICROWAVlr RESULTS THERMAL RESULTS
| ruth. -12.4g molllturg
2 mb_. -6.7_ moklturll 2 mb't. - < 1.0_ m4MiIture
._ mh -l.'rJI; mO_tW'l

Figure 2.8.Greenagglomeratesdryingtests.
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3.DesignStudiesofAgglomerationMechanisms
I I I I I II II I

3.1 Fundamentalsofthe
• formation of pellets from finely pulverized co_Ipar-

AglofloatProcess tides suspendedinwater.Agglomerationresults
In Volume1, "Upgradingof LowRank Coals:the frominter-particlecollisionsand adhesionof par-
AgflothermProcess",a modelof sphericalag- ticlesina highshearagitationvessel Inthe
glomerationfor predictionof the growthpatternof presenceof bridgingliquid.The integrityof theag-
the agglomerateswas presented.However,this glomeratedependsverymuchon thecapillaryfor-
descriptionwas limitedto agglomerationconditions (:escausedbythe presenceof brk_ing ollbetween
characterizedbyover-criticalbridgingoilconcentra- the particles.The strengthofthe capillar/forces,
tion.This section,describesthe model'sprinciples whichdeterminesthe tensilestrengthof the ag-
and applicationin conditionscharacterizedby under- glomerate,dependson the amountof bridgingoil in
criticalbridgingoilconcentration,conditionswhich the porestructureof the agglomerate.
are more relevantwhen explainingagglomeration The statesof liquidsaturationhavebeen identified
mechanismsinthe Aglofloatprocess, as pendular,funicularandcaptlla_/(Figure3.1). In

Uke agglomerationinthe Agflothermprocess,ag- the pendularstale, a smal quantityoi oil resultsin
glomerationinthe Aglofloatprocessbeginswiththe formationoi liquidbridgesbetween individualpar-

i ,i

_:NOS OU( TO NEGAIIM[ CJdqU.AIIY PR(SSUII( ANQ SURFACE'ItNSIGN

Chonge o( the oaturatkm
etote oe 4 reeuit oi':

of bonclinQliquid

Pkq11cuEs SUSI_NOI_)
PENOULAR FUNICIX.AR CAPILLARY IN OCNOINGUQUIO
l -- iii iiii i i i i • iii

_Region of IJCmUcRy,

if .
| l , I .... i

0.25 0.50 0.75 1.0 1,25

$AIl._AnON

Figure3.1.Schematicrepresentationofagglomeratesformation.
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ticles. Inthe funicularstate,oilbridgescoexistalong
withsome poreswhichare filledtotallywithbridging o)_,_,,,,°,_,om,,o,.,0,.,o,,_
oil, whileinthe capillarystatethe pore spacebe.
tween particlesiscompletelyfilledwithoil. P,._.,_, ,_.,,_,_ c°o,,,,,

Figure3.1 depictsthe relationshipbetweenthe ,,o,,,_o, ,.,.. ,,.,. ,,°,, ,,o,.

strengthof the agglomeratesand bridgingoilsatura. _ _ _ _tion.The agglomerates'strengthapproachesitsmax- __-- -- --
imumwhen saturationexceeds 0.8, i.e., at its S=,,dJ'@--

INVlERgON COHSOtJOArlON
capillary state.

GrowthPatternforUnder.CrlUcal011AddlUon _)s.=,.., .,,_..°,. ,._°,,°.

Szymocha et al. (1989) have recentlypresenteda r_,_,, ,,,,, c®,,,,,,,°,,

modei of a sphericalagglomerationprocessbased "_)__)--"_ "-- _

on the ARC and Universityof Albertaworkoncoal r3_
agglomerationinpipelineloopsand stirredvessels
and on publishedmodelsof agglomeration.The _ %.-,.,
modelpresentsa numberof technicalimplications co_sc,._z co_,c,,o,
forthe Aglofloatprocess,as wellas conceptualiza-
tionsof the process.Some of the keyfeaturesof the ,) ,,,,,,, ,,,..,,°,., ,.,,,,°,,,
mechanismof thismodelare presented below.

The modelpostulatesthatthe growthof ag- Q _

glomeratesproceeds ina step-wisemannerwith ---.
three growthsteps distinguished,i.e.,primary, --
secondaryand tertiaryagglomeratesformation /'_ ......
steps(Figure3.2). Each growthstep is charac-
terized bya differentgrowthrate,growthfactorand co,,z_=,c= co,,,c,o,,
duration.Dependingonthe complexityoi the system

and the agglomerationconditionwe can seea suc- Figure3.2.Agglomerateformationstages.
cessionof the agglomeratessaturationstates(pen-
dular,funicularandcapillary)for eachgrowthperiod

(Figure3.3). A descriptionof each growthperiod tionand redispersionof the aggregateactingas size
presentedinFigure 3.3 is givenbelow, averagingfactors.

Wetting Ferlod: No growthof agglomeratesisob- ConsolldaUon Period: The agglomeratesare fur-
served inthisperiod.The intensivemixingof the therdensified(compacted)duringtheconsolidation
coal-waterand bridgingoil slurryresultsindisper- periodandporosityoi the agglomeratesis gradually
sion of the bridgingoil into finedropletswhichare ab- reducedwithavailablebridgingoil fillingup the pore
sorbedintothecoal particles.The wettingperiod space. The resultis a shiftof agglomeratesfroma
ends withphaseinversion,i.e., the slurrysuspen- funicularto a capillarystate anda further increaseof
sionchangescolor andsmallf.lgcsmade of coal and agglomerates'strength.Inthisstate,referredto as
bridgingoilare formed.The inversionis considered thedry surfacestate,the amountof bridgingoilat
completewhen the slurrystartsto show separation theagglomerate surface(outside)is notsufficientt_
betweencoal and mineralmatter, coalescethe impactingagglomerates.However,as

Growth Period: Thisperiodstartswiththe thick- agglomerationproceeds,furtherdensificationoi the
eningof the flocsand theircoalescence, and with agglomeratesresultsinthe "squeezingout"of the
formationof primaryagglomerates.The stateof the bridgingoil, and formationof a wetsurfacestate
primary agglomerateschangesfrompendularto whichis reflected in lowerstrengthand increased
funicularwhich resultsin an increasein thestrength plasticityof the agglomerates.The increasedplas-
of the agglomerates.The numberoi particlesper ag- ticityof theagglomeratessetsa favorablecondition
gregate may rangefromtwo to five,dependingon fordeformationandcoalescenceof thesurfacewet
the bridgingoilconcentrations,withthe agglomera-

19



, I I:' ' ° '
I I ,- __" "-"I I I I I, ,,_ /

I]1 _ __I .,.,_ / ¢opillary stole• _ l_ ._

o_!1_i_. _g i 'ig __.. _. _ ,

i i Ii ,
i I I/_ ,_®..o,,.,ot.

/,,'-i-'---'--_ ---'_ _-Iruniculor state

i _ • _---CaDllory state

j/r-i..._ Inverlicn

TlM(

Figure 3.3. Relationship between growth factor, growth periods and oil saturation states.

agglomerates, andfor initiationof the secondgrowth compaction)untila finalory surfacestateis
period, achieved.Thefinal sizeof the agglomeratesis,

Second Growth Period: Inthe secondstageof therefore,a f_nctionof the amountof bridgingoil.
agglomerate growth, primaryagglomeratesag- Equilibrium Period: Afterreachingthe finaldry
gregate intolargersecondaryagglomerateswhich state,the agglomeratesare very strongand rigid.
havea "raspberry"type structure,and, initially,are in They do notpossessssufficientplasticityto deform
a funicularstate (Figure3.2b). Tho growth rateis andform bondson collision.The "equilibrium"state
determinedbythe fusionof theprimaryag- agglomeratescan keep a constraintsizefora
glomerates,which dependson the plasticityof the prolongedtime. In oneexperimentreported,ittook
aggregate, over300 hoursof hydrotransportationbeforeany

Compaction Period: The assemblagescreated breakageoccurred (Pawlaket al., 1985).
during the second agglomerategrowthperiodare in
the funicularstate. Subjectto compaction,the secon- EffectofBridging0!I AddltlarlonRnalAgglomerateSize
dary agglomeratesund_rgoI_asticdeformationand Fourdifferentgrowth patternscanbe distinguished
porosityreductionand graduallyacquirea spherical dependinguponthe amountoi bonding liquid-
shape and a smoothsurface.They can be in a dry regionsA, B, C, and D in Figure3.4. Eachregionis
o,_wet surfacestatedependingonthe bridgingoil characterizedby a differentnumberofgrowth
concentration.Ifthey are in a wet surfacestate,the periodsanddifferentgrowthfactors.Forexample, in
agglomerateswillundergoa thirdgrowthperiod, regionA, for relativeoilconcentrationbelow0.42,

Third Growth Period: Typicallyat thisstage,the only onegrowthperiodis observed.The primaryag-
assemblagesare alreadylargeandfurthergrowth in- glomeratesachievea finalsizewhichdoes notun-
volvescollisionof these assemblages,usuallyin dergoany furtherchanges underprolonged
pairs,to create biggerones.Attercompaction, newly agitation.Growthfactord" forregion Avariesfrom 1
created assemblagescan participateonce more in (at C',0.04) to 1.6 (at C'=0.42). Where
the growthprocess(collision,bonding,deformation,
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and

CO= oilconcentration,% d.a.f,basis , , , ,, ,, ,,
Cocr = criticaloilconcentration,%d.a.f,basis , ,,, ,, , , ,, ,, ,,

OI. CCNC_NAIt_ C"

In region B (i.e., relative oil concentrations C" in Figure 3.5. Relationshipbetween growthfactor andoil
the range from 0.42 to 0.60), growth lakes piace in concentration.
twosteps,inthefirststep,thegrowthfactorin-
creasesfrom1.6(atC° ,, 0.42) to1.9 (atC"--0.60),
andforthesecondstep,fromI to 1.4.Asa resultof ofagglomeratesdiminishes.InregionE (seeFigure
thistwo-stepgrowth,theparticlesizeincreasesfrom 3.4),becauseof a significantexcessofoil,ag-
1.6(atC"= 0.42)to2.6 (atC"= 0.60).InregionB, glornerationdoesnotproceedandtheproductis
ascomparedwithregionA, a longeragglomeration recoveredintheformofa paste.
timeisneededtocompletethegrowthof ag- Experimentalresultsfora rangeofoH-coalcon-
giomerates, centrationsarepresentedinFigure3.5. These

InregionC, threegrowthstepsaredistinguished, resultssupporttheSherringtonmodel(Sherrington,
Inthefirststep,thesizeof agglomeratesincreases 1968)andconfirmthatthemediandiameterofthe
from1.9 (atC"= 0.60)to2.60 (atC"= 1.0).inthe agglomeratesincreasesexponentiallywiththe
secondstep,thesizeincreases,by a factorof 1.4. amountof bridgingliquid.
Figure3.4 showstheincreaseinsizeduringthe Therelationshipbetweenthegrowthfactord"and
thirdgrowthstep.InregionC, the timerequiredto theoilconcentrationCocanbeobtainedfromthefol-
reachthefinalsizeissignificantlylongerthanfor lowingequation:
regionB. t

Ifoil concentrationexceedsthecriticalvalue(C" d"=

1),growthaccelerates;growthperiodsstartoverlap- [ 1 -¢ qs Co q Ir_
pingand eventuallybecomeindistinguishable.In 1"L T J
regionD,the agglomeratesgrowveryquickly,but
theirgrowthratevariesremarkablyandfinallythe Where:
systementersthesizeinstabilityregion.Astherela- d"= growthfactor(dA/d)
riveoilconcentrationincreases,themaximumsize t = withdrawalfactor
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coal. • Co=14%;• Co=18%;" Co.22%;• CO=26%.
Flgure3.6.Kineticsd Agglomerationprocessoi Illinois#6
coal. • d50=225I.tm.1800rpm;• d50,,40wn. 1800
rpm; ,_d50=40Iu'n,1_00q_'n. (up to 40 minutes).When the agglomerationtime

was extended( 40 rain), the differenceingrowth
factorsfor theparticlesize studiedappearedto be

,, porosityof agglomerate(dimensionless) negligible.
qs = solidOensity(kg/m3) • Higherbridgingoilconcentrationleadsto larger
qL= liquidc;ensity(kg/m3) growthfactorsat ali agglomerationtimes(Figure
Co= oilconcentration,% d.a.f, basis 3.7). The effectoi bridgingoilconcentration

appears to b¢ muchstrongerthanthe effect of
factors suchas intensityo! mixing.

3.2.BatchTestsandResults • The growthfactorcan sometimesvary quite
significantlywithonlya small differencein bridging
oilconcentration,providedthat sufficient

3.2.1.Kineticsof BituminousCoalAgglomeration agglomerationtimesare allowed(Figure3.8).
Szymocha,et al. (1989) report that severalfactorsin-
fluencethe kineticsof coal agglomerationand the III

size of coal-ol aggio_es. A listof these factors
appearsinSection3.2.1., Volume1 of thisreport.
The selectedkeyfactors studiedinthe agglomera- "
tionof bituminouscoalswere: ;
• coal particlesize " .-- _ ,,
• intensityof mixing
• oilconcentration

]¢ --|

• coal desliming
• designof the mixer. •

The resultsof the completedtestsare depictedin o ; .;, ._ , ;. ;= _, .; .; ,_ ;, ,_ ;, ,_ _.
Figures3.6 to 3.10. The key conclusionswhichcan ,=,c.,,,,,,,,,=
be drawnfromthesetests are:

• The mean coal particlesize,dso,hadan effecton Figure3.8. Influenceofoiladditionon growth ag-
thegrowthfactorat the beginningof theprocess glomeratesfromIllinoiscoal(MixerM-260). _JCo=11%;

eCo=12.5%.
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Figure3.9.BatchtestsonkineticsoftheagglomerationprocessforOhiocoal.

• Designof the mixer can havea strongeffecton oi the agglomeratesdependson the amounto!
the rate of growthandon thesize ol the product bridgingoil. The model alsopostulatedthatthe
(Figure3.9). Presenceof bafflesinthe mixeroften growthof agqlomeratesproceedsina step-wise
improvesthe agglomerationkineticsandproduct mannerwiththreegrowthsteps,eachcharacterized
size. bya differentgrowthrate,growthfactorandduration.

• Deslimingof coalscontaininga highpercentageof The effectof bridgingoiladditionon finalag-
mineralmatterwas foundto havea significant glomeratesizewas describedby an empiricalequa-
effecton the aggiomeralion.kineticsand the size tioncorrelatingthe growthfactord"and the oil
of the agglomerates.Reductionof mineralmatter concentrationinthe agglomerates.The experimen-
contentincreasedthe agglomeratesize bya tal resultsshowedgood correlationbetweenthe
factorof 2 (Figure3.10). predictedand actualagglomeratesgrowth,at dif-

ferentoilconcentrations.The strengthoithe ag-
glomeratesdependson the amountof oil,
compactionandporestructureoi agglomerates

3.3.Conclusions (Schubert, 1977, Tanaka et al, 1985).
A model describingthegrowthpatternof ag- The batchkinetictestsshowedthatthe keyfac-
glomeratesduring applicationoi the Aglofloat torsinfluencingthe agglomerationof bitumencoals
processwas developed.The modelsuggestedthat were:
for under-criticalbridging oil concentrationsthe size • coal particlesize,
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Figure3.10. InfluenceofmixingrateanddeslimingonkineticsofagglomerationforHighvalecoal. • M-260,
d50=260lUn; • M-2,1800rpm; • M-2,1800q)mdesl.;• M-2,1300rpm,desl.; _' M-2,1300rpmdesl.nobaffles•

• intensityof mixing, bench-scalecontinuouspyriteremovalunit(CPRU)
• oilconcentration, .and pilotplantfacilities(IATF)forthe Aglofloat
• coal desliming,and process.Detailsof thedesignsand experimental
• designof the mixer, resultsobtainedinthe CPRU and IATFare

presentedin Chapter4 and 5 of thisreport.
The fulleffectof thesefactorson the agglomerate

k=neticswas consideredinthe developmentof the
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4.Continuous5 kg/hrPyriteRemovalUnit(CPRU)
I

4.1.CPRUDesignfor the
Space: 10 square meters,witha floortrack

AglofloatProcess drainage system.
The overallobjectivesof the ContinuousPyrite
RemovalUnit(CPRU) was to studythe removalof The followingsectionsdescribethe equipment
smallpyritepaniclesfromthe fioatationfiocs(see used,theworkperformedandthe designmethods
Appendix3) andto investigatethe processperfor- developedinthe CPRU.
mance fordifferentequipmentconfigurations,par-
ticuladythe flume(stationarybed) separator.A 4.1.2.CPRUProcessRowsheet

graphic representation of the flume separator al:)- Figures4.1 and4.2 presenttwo CPRU processcon-
pears inAppendix3. The specificobjectiveswereto
evaluatethe technicalfeasibilityof usingthe flume figurations.The unitincludesthe followingmajor
and hydraulicseparatorsforpyriteremoval,to equipment.

• slurryconditioningtank
developdesigncriteriafor scale-upof the hydraulic • highshearagglomerationtank
separator,andto assessthe separatorperformance • floatationcell(or flumepyriteseparator)
intermsof combustiblesrecoveryandsulphurreduc-
tion. • hydraulicclassifier

4.1.1.CPRUDesignSpecifications 4.1.3.MajorEquipmentandInstrumentation
The bench.scale,continuousunit includedequip- SlurryConcl_onlngTank

mentforconditioningof coal-waterslum/,forag- The coal slum/conditioningtank is made of acn/lic
glomerationof the slum/,forfloatationof the pipe with a conicallyshapedbottomand has a
microagglomerates,andforpyriteseparationfrom capacityof 1.49 litersat 1200 rpm. lt has a 139mm
the coal fiocs (rnicroagglomerates). internaldiameterandis 210 mm high.The tank is

]he nominaldesignspecificationsforthe CPRU equippedwitha mixerset. The mixerset hasa 1/8
were: hp motorand one mixingir_oeller.
Solid Throughput: 2.5 to 7.5 kg/hrof coal (as
received). HighShearAgglomera_onTank

The highshear tank has a capacityof 1.43 litersat
Equipment Configuration: a slurryconditioning 1750 rpm,an insidediameterof 126 mm, an inside
tank followedbya highshearmixer,floatationcell depthof 206 mm, and a centedinedepthof 230 mm.
and pyriteseparator(hydraulicorflumeseparator), lt is equippedwitha 1/8 hp mixer witha turbineim-

peller.
Hydraulic Classifier: a 4.75 litervesselconsisting
of floatation,washingand settlingzones.A DEN- Floatal_ Cell
VER D12 floatationmachineis used inthe floatation. The floatationcellhas a workingvolumeofabout

2.75 litersat 100 rpm.The cell is equippedwith a
Flume Pyrite Separator: a 110 mmwide and700 overflowweirdevicewhichcontrolsthe pulplevel
mmlongvesselwith spiralfe.esJer(transfer)for the andextendedfrothretrievalpaddles.
frother,and totalholdingcapacityof 1.8 liters.

Mydrtk:
Slurry Tank: 1.5 liter capacity, acrylic tank, with 1/8 The hydraulicseparatorhas a workingvolumeoi
hp agitator. 4.75 litersat 1100 rpm(F'cjure4.3). The separatoris

cylindricalinshapeand hasthree zones:
Agglomeration Tank: 1.4 liter capacity,acrylictank, • Washing zone: Thewashing zoneis rectangular
with1/8 hp agitator,andturbineimpeller, in shapewith a lengthof 104 mm, a widthof 85

mm, and a depthof 103 mm. Thedimensional
Utilities: water, 2 litersper minute;electricity,50 volumeof the washzoneis about1.1 liters,
amp 110V. however,thezone is equippedwith high

penetrationwaterwashnozzlesand theworking
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Figure 4.1.Continuouspyriteremovalbenchunit Figure4.2.Continuouspyriteremovalunit(system2).(system1).

volumeis expectedto be lower.The waterwash

nozzlescan operatein the 6 to 30 kg/h rangeand =,,,,
they penetratethe frothabout50 mm. ,=0,,.=, / _

"='\ !
• Floatatlon zone: The fioatationzone is 140 mm _ _"',, hl

in diameter,has a 149 mmdepth and isequipped 1 """

with longstationarybafflesto dampen theaxial __"L_ _i,',_ ¢'_"

motionof thefloatationimpellerwithinthesettling
zone. The bafflesare 89 mmlongand 12 mm c_='-"_,,,=
wide. A DENVER FloatationMachine,Model D12,
isused inthe hydrau_ separatorand was

equippedwitha variablespeedcontrol,a rpm I :.: t i\_,_ j

tachometer,and a selfaerationimpellersystem.
The approximateairinputto the lloatationcell is

1.4 liters/minuteat 100 rpm. ,,,,., =,,,,,w,,,__ ""=

• Settling zone: The settlingzone is 131 mm in
depth.The flowstabilizeriscylindricalinshape

witha diameterof 60 mm, and an overallheightof _%_V
88 mm. The bottomof the settlingzone isconical

in shapeat an angleof 30 degrees. Figure4.3.Hydraulicseparator.

Detailsof the hydraulicseparatorare givenin Fig-
ure 4.3.
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Figure4.4.Flumeseparator.

FlumePydteSeparator correlatedwiththewashabilitycurvewhichsuggests
The separatoractsas a replacementforthe floata- that:
tioncell (Figure4.2). The separatoris 110mm wide • The primarymechanism(selection)inoperationis
and 700 mm long. lt has a totalhomingcapacityof thatof separationof pyritefromcoalmaterialdue
1.8 liters.The separatorisequippedwith a spiral to thegravitydifferencebetweenthese materials.
feeder (transporter)poweredbya 1/8 hp motor-gear • The effectivenessof the separationfor both
assembly(Figure4.4). systems,approachedthe separationlimitfor the

The equipmentoperatesbymeans of waterflow UpperFreeport coal as defined bythe washability
whichcarriesthewashed microagglorneratesto the test.
bendsieve. Pyriteparticlesare collectedin foursta- • Forthe conditionsstudied,System 1 yielded
tionarybedconesfromwherethey are removedwith highercoalrecoveryandhighersulphurcontentin
the tailings, the productthan System2; however,operationsat

lowercoal recoverywouldreducethe coal
recoveryand sulphurlevel in the cleancoal

4.2.CPRUOperatingExperienceand productto levelsshown for System2.

Optimization The commissioningof the unit wasconducted
over a periodof severalmonths.The majorequip

4.2.1.UnitCommissioningandResults ment modificationsimplementedwere:
• A secondhighshear mixerwas installedinseries

The pyriteremovalfromcoal microagglomeratesor to enhancetheoil the combustiblesolidscontact,
floatationflocswas investigatedintwo processcon- to reduce the oildosagerequirement,and to
figurations,namely: improve the overallcombustiblesrecoveries.
1. System 1 consistingoi a'lloatalion cellfollowed • A secondfloatati0ncellwasdesigned,fabricated

by a hydraulicclassifier(Figure4.1). andinstalledinserieswith the lloatationtailingsto
2. System 2 includinga flumepyriteseparator and a improvecombustiblesrecoveries.

hydraulicclassifier(Figure4.2). • Accumulationvesselswere installedon both the
lloatationcells and the benchscalehydraulic

In the initialtests,bothsystemewere evaluated separatorto enhancethe removalof sulphurand
fortheirperformance,then the resultsof these tests ash richparticles andto improvethe repeatability
were compared to standardwashabilitytestsper- of experimentation
formedby DOE and ARC usingUpperFreeport • Atemperaturecontrolledfeed watersourcewas
bituminouscoalwith pyritecontentof 2.17 percent, installedto maintainhighersystemtemperature,
The resultsof the evaluationtestsare presented in
Figure4.5. Perlorrnanceof bothsystemsis closely
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to improveoildispersionandcoat/oilwettingwithin
the high shear mixer. '_

Followingthe commissioning,the unitoperated at ,o
itsnominalcapacityof 5 kg/hrof feed coal. Typical ,o ,

resultsfor System 1 for Upper FreeportandOhio II

coalsare presentedinTable4.1. ,oz,o [i4.2.2.ParametricStudiesforSystems1and2 i ,o
Figures 4.1 and 4.2 present the twoalternatepyrite =
removalprocessconfigurationsstudied(Systems 1 i ,o
and 2). The majorfactorswhichvaried inthese
studieswere the coal feed rate andthe bridgingoil ,o
concentration.A summaryof the completedtest ,o
resultsfollows.

I it I0 |0!2 Ol, O!, Oi . 112 1., ,!, Ill 20 =Z

System1 _,.,,,_ ,,.,_._,o,,

Table4.2 and Figure4.6 depictthe performanceof Figure4.5.CleaningofUpperFreeportcoalbyAglofloat
System 1 for Upper Freeportbituminouscoal using processincontinuouspyriteseparationunit(5 kg/hr).

o syst2, pyriticS; <>syst1,pyriticS; • syst1,totalS;
bitumenand dieseloilat a 2 to 3 weightratioas msyst2, totalS;" batchtest(singlestage)-- DOE
bddgingoil. The key conclusionsandtrends wash.curves(d50...114p.m);--ARC Wash.curves
presentedin Table4.2 are: (d50-220p.m).
• Highcombustiblerecoverieswere obtainedforthe

conditionsstudied,i.e., coal feed 2.16 to 5.14
kg/hr andoilconcentration2.4 to 6.2 percent. Table4.1.PyriteremovalinCPRU(System1)a.

• Over the range of coal feed ratesand oil Feed Product Sulphur
Ash Total Ash Total removal,%

concentrationsabove, thetotal sulphurremoval Coal sulphur sulphurTotal Pyr. Inor.rangedfrom 28 to 36 percent,pyritesulphur
removalranged from46 to 59 percentand Upper

Freeport 12.2 2.3 8.4 1.6 36 51 54
inorganicsulphurremoval (pyrite+ sulphites,etc.)
rangedfrom 50 to 62 percent. Ohio 9.7 4.6 5.5 3.5 27 36 43

• The majorityof the pyritewas removed inthe a:Feedrate-- 5 kg/hr,oiladdition -- 2%.
floatation and separationsteps(Figure4.6).

System2 usingthe single-stageAglofloatprocedureina batch

PerformanceofSystem 2 withthe Upper Freeport mode.This comparisonsuggeststhatthe deashing
coal is summarizedinTable¢2 andFigure 4.7. The and desulphurizationperformanceof Systems1 and
majorconclusionsfrom thedata presentedare: 2 is equalorbetter thanthat whichcould be ex-
• The percentageof slj.Iphurreductionfor Upper pectedfromthe single-stageAglofloatprocess.

Freeport coal rangedfrorrt"39to 49 percentfor Table4.2 alsocompares theperformanceof the
totalsulphur,50 to 72 percent for pyriticsulphur CPRU to single-and two-stagebatchprocesses.As
and 64 to 70 percentfor totalinorganicsulphur, indicatedbytheproductproperties,CPRU perfor-

• The largerpercentageof sulphurremoval in mancefallsbetweenthe single-and two-stage
System 2 as contrastedwith System 1 may be processes.
due to highersulphurcontentsinthe coal feed Table4.3 presentsadditionalAglofloatdatafor an
samples.This cOnjectureis supportedbythe fact equipmentconfigurationwhichbypassesthefloata-
thatthe sulphurcontent is higher(totaland pyritic) tionstep and, therefore,indirectlyindicatesthe ira-
inthe productof System 2, than inthe productof portanceand impactof thefloatationstepon the
System 1. overallcircuitperformance in System 1. Comparison

Table4.2 alsopresents,for comparison,deashing of the resultsin Table4.3 for testsC-6 andC-7 with
and desulphurizationdata for UpperFreeportcoal the resultsof the referencetestC-5, suggeststhat
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Figure4.6.Overallmaterialbalanceforpyriteremovalforsystem1 (RunsC-3andO-5).

removalof 1/2 to 1/3 of the pyriticsulphuris possible recovery andthe amount of bridgingoil required
dudng floatation and that this step isan important could be improved by further refinement of the
unit operation in the overall system (System 1). CPRU.
Bypassing the floatation cell not only decreases the Figures 4.9 to 4.11 show the effect of variation in
overall pyrite removal but also reduces the perfor- bridging oil addition in the range of 2.0 to 3.0 percent
mance of the hydraulic separator (Figure4.8). (dry coal basis)on combustible recovery,and total

sulphurand pyrite sulphur in the products collected
4.2.3.Steady.StateStudieswithIllinois#6Coal from the hydraulic separator.The key conclusions

from these experimentswere:
A seriesof tests was performed, using Illinois #6

• For the oil concentration range studied, oil
coal, to establish the repeatability of the CPRU concentration did not intluence the amount of

•results and to evaluate steady-state operation of
combustibles recovered (Figure 4.9).System 1. lt was also felt that the combustibles

Table4.2.CleaningofUpperFreeportcoalincontinuouswrite separationunit.

InitialCoal Product Sulphurreduction
Coal OII Recov.

Test cap, add. Ash TotalS Ash TotalS Pyr. Total Pyr. Inorg.
(kg/hr) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

System1
C-2 3,8 2.2 13.0 2.17 8.2 1.57 0.67 32 52 56
C-3 4.6 1.9 13.0 2.17 8.5 1.54 0.61 33 59 62
C-4 2.16 6.2 12.2 2.30 9.5 1.70 0.72 28 46 50 94
C-5 5.14 2.4 12.2 2.30 8.4 1.55 0.67 36 51 54 95
System2
C-21 5,37 2.20 16.5 2.27 9.6 1.36 0.47 44 62 64 92
C-22 5.85 2.38 16.'; 2.27 9.5 "I.26 0.39 49 69 70 92
BatchSystem
Aglofioat - 2.0 12.3 2.33 8.4 1.49 - 40.9 60 64 94
Single-Stage - 0.6 12.3 2.33 9.2 1.65 - 34 - 52 97.4
Note:Alivaluesondrybasis.Bitumenanddieseloilin2:3ratio.Feedpa_clesizethesameforbatchandcontinuoustests(d_
approx.2201.u_).
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Figure4.7.Overallmaterialbalanceforpyriteremovalsystemwithflumeseparator.

• Totalsulphurin agglomeratesalsowas not • CPRU was capableoi recoveringover75 percent
influencedby an increasein bridgingoil of combustibleswithsulphurreductiono! about
concentration(Figure4.10). 35% (Figure4.12).

• The pyriticsulphurcontentinagglomerateswas • CPRU producthada reducedpyriticsulphur
inlluencedmore by a non-controlledoperating content(-- 1.3 percent,w/w d_/basis) at
parameterthan by the changeinoilconcentration, combustiblesrecoveryof over 75 _,ercent(Figure
as indicatedbythe wide scatterot thedata. 4.13).
A secondseriesof testswas carriedout on Sys- • CPRU ashwashabilitycurve (Figure4.14)

tem 1 withIllinoisNo. 6 ROM coal to studythe effect showedsomewhatlowercombustiblesrecovery
oi hydroseparatoroperatingparameterson ag- thanfor standardwashabilitycurves,withthe
glomerateproductproperties.Detaileddata for same ashcontent inthe product.
these testsare presented inAppendix2, TablesA2.1
to A2.5. These data are summarizedinFigures4.12
to ,4.14,Thekey conclusionsdepicted are:

Table4,3.CleaningofUpperFreeportcoalincontinuouspyriteseparationunit.

Initialcoal Product Sulphurroductlon
Coal Oil

Te_st cap. ad_. .Ash TotalS Ash TotalS Pyr. Total Pyr. Inorg. Recovery
(kg/hr) (%) (%) (%) (%) (%) (%) (%) (%) (oy,) (oy,)

C-5 (Ref) 5.14 2.4 12.2 2.30 8.4 1.55 0.67 36 51 54 95

C-_6 5.34 2.28 12.3 2.06 9.0 1.58 0.77 26 37 43 Floatation
stepbypassed

C-7 5.34 2.28 12.3 2.06 9.6 1.75 0.91 18 26 33 Floatation
stepbypassed
& sprinkling
discontinued.

Nc)te:Ali values on dry basis. Bitumenand diesel oilin 2:3 ratio. Feed particlesize thesame for batch andcontinuoustests(dso
approx. 220 wn).
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Figure 4.8.Overallmaterialbalanceforpyriteremovalinsystemswithbypassedfloatationstep(RunsC-6andC-7).

The testscompletedprovideda basisfor scale-up washingzone (Figure4.15). The proceduresused in
of the hydraulicseparatorfor the largepilotplants the designof each zone aredescribedbelow:
(IATF).

FloataUonZone

4.2.4.Scale-upoftheHydraulicSeparator The scale-up procedureforthe designof the fioata-

The designused forthe scale-upof the hydraulic tionzone usedkinetictestdata forfloatationof
separatorsubdividedthe separatorvessel intothree microagglomeratesandempiricalcorrelations
zones:the floatationzone, the settlingzone andthe derivedfrommanufacturers'designsforfloatation
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Figure 4.9. Effect of oil concentration on combustible mat- Figure 4.10. Effect of oil concentration on total sulphur
ter recovery. • Runs 6, 7, and 8; • Runs 3 and 4. content. • Runs 6, 7, and 8; • Runs 3 and 4.
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Figure 4.11.Effectoi oilconcentrationonsulphurcon- Figure4.12.Totalsulphurwashabilitycuwefor Illinois6
tent. • Runs6, 7, and8; • Runs3 and4. coal. O Runs6, 7, and8; O Runs3 and4.

cellgeometryandImpellerdimensions.Specific • Geometric cell configuration: calculatedfroman
designparametersused were: empiricalrelationshipbetweencellvolume and
• Floatatlon time required: derivedfromthe celldepth basedon manufacturers'data (Figure

floatationkineticstestsdata for Illinois#6 coal A3.2 inAppendix3).
(FigureA3.1 inAppendix3).

• Floatatlon zone volume requirement: calculated Basedon the designcalculations,the floatation
fromslurryfeed rate, solidloadinganddensity, zonefor the IATF hydraulicseparator iscylindricalin

• Volumetric safety factor: estimatedat 25 percent shapewitha depth of 432 mm anda diameterof
of thefloatationvolume. 508 mm. The dischargepaddleassemblyhas a

steep angleof 60 degreesto allowunobstructed

I /OoJ- 1_• • •
.. .oo o

•. •

2O

_ " ' 21o ' ° '
• 3. 0.0 I0.0 20 0

¢ONlI[NT .t)erunl TOTAL AS_t C01411[Nlr d)Ircenl

J

Figure4.13.PyritewashabilitycurvetorIllinois6 coal. Figure4.14.AshwashabilitycurveforIllinois6 coal.
O Runs6, 7,and8; _)Runs3 arid4; c]washpyrite ORuns6, 7, and8; ORuns3 and4; 13washpyrite

d23-150p.m. d23.1SOpm.
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drainageof water and sulphur/ashrichparticles. WashingZone

The widthof the dischargetroughis 356 mm. The The designof the washingzonewas basedon the
impelleris254 mm indiameterand can be posi- followingconstraints:
tionedover a range of depths. • Maximum zone depth: definedbythefloatation

zonedepth andlocationof the communication
SeWingZone region betweenthe three zones.
The settlingzonewas definedby three regions:the • Incline oi the washing zone: a 39 degree angle
spiralsettlingregion, the bedwashingregion,and to the horizontalwas selected.
thevortex region(Figure4.15). The critical • Surface area ratio: betweenthe floatationand
parametersdefined inthe designwere: thewashingz(:ne, basedon the CPRU.
• Geometric constraints: zone diameter,depth • Froth communication ratio: the CPRU froth

and angleof the conicalshapedbottom, communicationratiobetweenthe floatatlonand
• Velocity assumptions: criticalvelocitiesforeach washingzonewas maintained.

regionplusvelocityatthe interfaceof the settling
and floatationzone.

• Flow baffles: designedto achievethe required
velocitieswithineach region. , 4.3.Conclusions

_ Studiesof coalcleaningperformedwithSystems 1
Based onthe designcalculations,the settling and 2 indicatedpromisingresultsforbothsystems.

zonefor the IATF is508 mm indiameterand 432 Bothunitprocessesshowed reductionof pyritein
mm indepth, lt is equippedwitha conical shaped the agglomerates;however,the flumeseparatorwas
bottomwitha 30 degree angleto allowcontinuous foundto be moreoperationallycomplexthan the
removalof solidsand to stabilizea semi-stationary floatationcelt.As a result,System 1, includingthe
solidsbed. The flowstabilizeris 321 mmin floatationceil and hydraulicseparatorwas selected
diameter,271 mm inheightand is positioned120 forthe Aglofloatprocessconfiguration.
mm fromthe bottomofthe floatationzone. Thebal- The experimentsconductedwithhighsulphurII-
fles are 100 mm inwidth,tapered atthe center of linoisNo. 6 coal indicatedthat at bestconditionsob-
the settlingzone, and cut shortof the flowstabilizer tained, the corn_stibles recoveryrangedfrom75 to
soas notto protrudeintothe vortexregion. 80 percent,the totalsulphurreductionrangedfrom

50 to 55 percent, thepyriticsulphurreduction
ranged from72 to 77 percent,andthe ash reduction
ranged from82 to 86 percent.

The operatingparametersidentifiedas important
foroptimizationofthe processwere:

I_ =c=o,,,,,_o,,,,mrr --_ " oilconcentration.

,,,,, _ ,,,, • frotherconcen'.ration.

I _'---'_'- "-'_" "_ // ' _- ". highshearmixing time.highshearmixing speed.
. size of the coal.

,,,.=,N • solidloadinginfloatationcell.

The floatationcell removedabout 65% of pyritic
sulphurwhilethe hydraulicseparatorwas respon-\ ti fpc---p-r-,,.=, ,,,,_,,,, sib_efor removing the remaining35% of pyriticsul-

•,o "" Specificoperationalissuesfoundwiththe CPRU

were:
• Sufficientwashwater volumeand froth

penetrationwiththewash zoneoi the hydraulic
separatorwere requiredfor theseparatorto

Figure4.15.Settlingzonevelocityconfiguration, functionproperly.
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• Testsconductedindicatethaiapproximately15 extended.Hence,it isrecommendedthatunits
percentand8 percentofthetotalcon/)ust_e constructedinthefutureincludesomemeansof
matterislostinthefloatationcellandhydraulic removingtheaccumulatedsolids.
separator,respectively.

• AlthoughtheCPRUdemonstratedgood TheCPRUwassuccessfullyusedforthescale-up
repeatabilityoftheproductquality,accumulation of thehydraulicseparatorforthelargepilotplant
withinthesystemappearedtoIrlluencethe (IATF).l:)eslgnpn:)ce(:_resdevelopedwillbefurther
productqualityasthetimeofthemnwas usedtoimprovethehydroseparatorintheIATF.
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5. IntegratedAgglomerationTestFacilities(IATF)
i ii I I ii I II I II II | I I II I I

5.1.IATFDesignfor the Aglofloat Process
UtllNlel: water, 2.5 tonnes per hour electricity,120

The overallobjectiveof the IATFwas to conduct amp, 575 V.
processresearch& engineeringstudieson:

• beneficiationof lowrankcoalbydeashingand Plant Operation: 8 to 10 hourtest periodsextended
moisturereduction(the Agflothermprocess); upto 72 hours.

• desulphurizationof bituminouscoal throughpyrite

removal(the Aglofloatprocess);and Equipment: waterp.-oof,electricalenclosuresmeet-
. the cleaningof hydrocarbonsfromcontaminated ing NEMA 12 standardor equivalent.

soils(the HC Clean Soilprocess).

The followingsectionsdescribethe equipment
Foreachof these processes,the IATFwas used used, theworkperformedandthe designmethods

to: developedin the IATF.
• verifythe developedagglomerationprocessesin

the smallestpossiblecontinuousunit; 5.1.2.IATFFlowsheet
• identifythe factorswhichwouldbe used in

scaling-upthe processforcommercialization; Referenceflowsheet#ARC55 presentsthe IATF
• obtainengineeringand operationdata requiredfor configurationfortheAglofloatprocess.Thefacilities

processevaluationand largeplantdevelopment; make possiblethe followingunitoperations:
and • coalgrindingandslum/preparation,

• developprocesscontrolphilosophy. • oilpreparation,
• mk:roaggk: nemion,

5.1.1.IATFDesignSpecifications • floatation,
• pyrite removal,

The IATFincludedali majorequipmentinflowsheet • macroagglomeration,
configurationsstudiedinthe Aglofloatprocess.The • separation,
exceptionswere equipmentneededfor theprimary , wastetreatment, and
andsecondarycrushingof coal. • processcontrol.

The nominalIATFdesignspecificationswore as

follows: 5.1.3.MajorEquipmentandInstnjmenlon
Maximum Plant Capacity: 250 kg/h of coaltreated. A detaileddescriptionof the remainingequipmentof

' the IATF is includedin Section4, VolumeI ol this

Process Configuration: variousflowsheetcon- report.The followingsummarizesonlythe key equip
figura-tionsas requiredin processoptimizationre- ment used in differentIATFsections.
search.

Coal Orlncllngand Slurry Prepsratlon: This sec-

Coal Gdndlng System: 250 kg/h;feed coaltop size tioncontains a coal hopperandfeeder system,a
- 10 mm;pulverizedsizevariable. _ a vbrating Demckcoal screen,a coal slum/

- .. preparatk_ntank,a drum tipper,a sump pump and

Agglomeration Section. highshearmixer,58 liters twowater storagetanks.
capacity,with4 minutesmean residencetime;low
shearmixer,500 literscapacity,with26 minutes OII PmparllUon: The system includesan electd-
mean residencetime;totalslurryflow- 750 to 950 cally heated andagitatedoil-mixingvessel,a hoist

andcranefor receiptof heavyoilandsolventdrums,kg/h.
and anoilpump.

Floatatlon Cells: 410 kg/h of froth.
Mleroagglomemtlon: Equipment;n the microag-

Hydroseparator: 400 kg/h o!froth, glomeratlonsectionconsistsof two58 liter,4 minute
residencetime highshearmixers,and a sumppump.

Floor Space: three levels,63 squaremeterseach.
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Floatatlon: A DENVER Sub-Afloatationcell is ogy of the agglomerateslurryin the mixersis quite
usedinthe floatationsection, differentfromthe rheologyof coal-waterslurries.At

highersolidsconcentration,the agglomerateslurries
Pyrite Separation: Pyriteseparationequipment are non-Newtonian,andit wasdifficultto ensurethe

developedbyARC, withsumppump. targetsolidconcentrationin ine mixersjustby adjust-
mentof the coal slurryinput.For a more accurate

Macroagglomeratlon: This sectionhastwo low measurementandadjustmentof the solidscon-
shearmixerswith 25 to 50 minutesresidencetime. centrationratio inthe highand low shearvessels,

nucleardensitymeterswere installedon the feed
Separation: Adouble-deckerdrain and rinse lines;however,in-situmeasurementof the solids

screen,a tailingstank and a microagglomerates concentrationinthe vesselswouldstillbe desirable.
receivingdrum, are used in the separationsection.

ProcessControl

Waste Treatment Section: Equipmentinthe The IATF'sprocesscontroland data acquisition
wastetreatment sectionconsistsof a settlingtank,a hardwareincludes:
skimmerfor removalof solids,and a bag filterinthe 1. SAFE 8000 PC 8253 ProcessControlComputer.
recyclewater line. 2. TwoIBM PS/2 Computers.

3. VAX 6800 fordata basemanagementand
Instrumentation reporting.
The IATF has the followinginstrumentationand sam-
plingpoints insupportof theAglofloatprocess The IATF'sprocesscontrolhardwareis runbya
studies: distributedcontrolsystemDMACS (Distributed
• twelve slurrywatersamplingpoints,as indicated Manufacturingand AutomaticControlSoftware)

on referenceflowsheet#ARC55. using an IBM ETHERNET network.The architecture
• temperaturemeasurementsensors:two of thecontrolsystemprovidesforali the :..quired

K-thermocouplesper each mixer,one data acquisitionandprocesscontrolincluding
thermocoupleintheoil tank. facilitiestor buildinginteractiveprocessschematics.

• flow measurementsensors,to monitorthe flowof Othersyc_,emfunctionsandcapabilitiesinclude:
rod-millwater to monitorslurryflow. • Visualindicationof equipmentstatus,process
Descriptionsof the samplingpoints,theirloca- ope.,'atingparameters,etc.,using the process

tions,the sizes of the samplestaken and the types clrawfacilityin DMACS.
of analysesperformedare giveninTable5.1. The ra- • PIDcontrolblocks and on-lineprocess
tionalefor andobjectivesof thesamplingand meas- calculationsusingPID calculationblocks.
urement instrumentationare discussedindetailin • Data analysisprogramincludinganalysisof
Volume1, Section4 of thisreport, trends,statisticalanalysisof collecteddata,

The key stepsto processcontrolandoptimization flaggingof the alarms,etc.
of the Aglofloatprocesswere:
• measurementand controlof the feed rate and size 5.1.4.PlantSafetyandEnvironmentalIssues

distributioninthe slurbfpreparationtank; A riskassessmentwas conductedfor the IATFto
• flow rate measurementof tl'tebridgingoilfeed to identifypotentialsafetyhazardsinthe plant. In

the highandlowshearmixers; general,the plantoperationwasclassedas relative-
, measurementand controlof the bridgingoil to ly low risksinceit involveslowtemperaturesand

coal ratioand measurementof the solid pressuresandhydrocartx>nswithlowvolatility.Ex-
concentrationinthe highshearmixer; captionsto thisgeneralclassificationwere:

• measurementand controlof the slurryflowrate; • th_ generationof coaldustinthe coalgrindingand
• measurementof slurrysolidconcentrationandthe area, and

• potentialequipmenthazards suchas sparking in
bridgingoil in the lowshearmixer, the Ian handlingdust, high noiselevels,staffbeing
The processcontrol requirementsdescribed caught indrivesor burntby hot equipment, etc.

abovewere difficultto implementbecausethe rheol-
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Table 5.1. Samplingand analyses.

Samplings
Piace and amount Analysis to be done

Sample of sampling
S-140 InitialFeed Drums Proximate(ash & moisture)

Coal (Sample A) TotalSulphur
Formsof Sulphur
CalorificValue

$171 Rod MillDischarge Milloutletbeforeoversize PSD (wet)
screen1 Ix 2 hrs

$200 Coal-Water Slurry Slurrytankfeed 1 Ix 1/2 hr PSD (wet)
(discharge) Slurrytank recycle11x 1/2 hr SolidsConcentration

$221 Ficatation Feed Afterhighshearmixer Proximate
(Sample B) Beforefloat=ion TotalSulphur

1 I x 1/2 hr Formsof Sulphur

$501 Floatation Inletto pyrite separator Proximate
Product/Pyrite 1 I x 1/2 hr TotalSulphur
SeparatorFeed 1 I x 1[2 hr Formsof Sulphur
(SampleC)

$502 Floatation Floatationcell discharge Mass Rate
Tailings Solids Concentration

Proximate(Ash)

$503-1 FioatationBottoms Bottomof floatatloncells#1 & #3 Proximate(Ash)
$503-3 1!x 1/2 hr(each cell) TotalSulphur

$401 PyriteSeparator Inletto lowshear mixer SolidsConcentration
Product (V-260) 11x 1/2 hr Proximate(Ash)
(Sample D) TotalSulphur

Formsof Sulphur

$402 PyriteSeparator Dischargeof separator Mass Rate
Tailings tailingsline SolidsConcentration

11x 1/2 hr Proximate(Ash)
TotalSulphur

$403 PyriteSeparator Bottomof write separator Proximate(Ash)
Bottoms TotalSulphur

Forms of Sulphur

$261 Low ShearProduct Dischargeof firstlow PSD (wet)
(Sample E) shear mixer2Ix 1[2 hr Proximate(ash)

TotalSulphur
Formsof Sulphur

$281 Low Shear No. 2 Dischargeof SecondLow PSD (wet)
Product shearmixer(V280)

1Ix 1/2br

"Samlales=_enoveryhour= steady-s_Lgeconcli_ns
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Table5.2.CleaningofIllinoiscoalinIATFunit(systemwithoutpyriteseparator).
Sulphur Product Sulphur

InitialCoal Froth Roduction (Agglom.) Reduction
Coal OII Total Total Total

Test through. Add. Ash =ulph. Ash sulph. Total Inorg. Ash =ulph. Total Inorg.
(kg/h) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Run1 258 2.3+ 11.0 25 2.8 11.6 1.97 34 46 7.8 2.15 40 59
11.8 2.32 8.0 1.98

35.4 4.34 16.3 4.61
Run2 228 2.5+ 14.5 33.6 4.59 14.3 4.24 20 37 9.3 4.62 22 49

32.5 4.70 18.4 4.63

Run5 270 3.2+7.15 30.8 5.10 17.5 4.50 26 33 10.6 4.51 31 48

C-16 1.83 3 34.8 4.82 .... 8.8 3.9 42 71
Sys.1

1 Stage
Batch - 0.6 34.8 4.82 11.7 4.29 .... 39 52

"Alivaluesoiashand=ulfuroncb/basis.

Thesepotentialhazardswere reducedby installa- cessfullyconductedfor96 hoursproducing54
tionof a non-sparkingfan for handlingdust, installa- drums of lowash ( 6 percent)agglomerates.The
tionof guardsfor alirotatingequipment, and tests alsopermittedidentificationand correctionof
insulationof hot pipesand equipment.Special operatingproblem,sin areasof coalfeed, product
enclosureswere installedaroundrod-millsto reduce screen performance,waste treatment,etc.
noise. Theprotectivemeasures taken,the equip
ment installedandtheenvironmentalreviewcon- 5.2.2. EquipmentStudiesandModification
ducted are described in detailinSection4 of Volume

Sections4.2.2. inVolume1 and Volume3 discuss
1. equipmentmodificationsmadeto the IATFinthe

course of the program.Equipmentmodificationscon-
ductedspecificallyforthe Aglofloatprocess(the

5,2.PlantOperatingExperienceand designof the hydraulicseparator)was describedin

Optimization sect_n 4 of thisreport.

5.2.1. Plant Commissioning and Results 5.2.3. Pilot Plant Tests

Commissioningof the IATFfor theAglofioatProcess Followingthe incorporationof the hydraulic
started on May 9, 1989, withthe processingof II- separatorintothe IntegratedAgglomerationTest
linolsNo. 6 coal. Thecommissioningtestsincluded Facilities(ProcessFlowsheet#ARC55), a seriesof
three runs (#1 2 and5).-rhese runs are depictedin continuousruns was performedwith IllinoisNo. 6' ROM coal.The objectiveof theserunswas to op-
Table5.2 togetherwith the resultsfromthe bench- timizethe highshearstep operationwith respectto
scalepyriteremovalunit andbatch-testsforcom-
padson.The variations in keyprocessparameters bridgingoilconcentrationandthe relativeperfor-
forthese tests are presentedin FiguresA4.1 and manceof the fioatationcelland hydroseparator.
A4.2 inAppendix4. Ingeneral, the totalandthe inor- Figures5.1 to 5.6 depict theeffectof bridgingoilcon-
ganic sulphurremovedin the IATFcomparedwell centrationon the pyriticsulphurand ash contentsin
withsingle-stagebatchtests butwas belowthe the fioatationand hydrocarbonclassifierproductfor
resultsobtainedinthe CPRU (Table5.2). runs #18, 19 and 20. A summaryof the optimization

Followingthe test runs #1,2, and5, commission- runs is presentedinFigures5.7 and 5.9. More
ing testswereconductedto obtain6 to 7 tonnesof detailedprocessdata foreach run are presentedin
agglomeratesusingOhio coal.The testswere suc-
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Figure 5.1. Pyriticsulphurremovalin IATF Run 18. feed; product; floatalionfeed;" floatalionproduct;
X hydroseparalionproduct.

Appendix4. The keyprocessdesignanddevelop- 5.3.Conclusions
mentconclusionswere:
• Pyriticsulphurcontentafterfloatationrangedfrom The IntegratedAgglomerationTestFacilitieswere

2.5to 3.0percentforoilconcentration1.0to 3.0 modifiedbyincorporatinga hydraulicclassifierin
percent.Al0.5 percentofbridgingoil ordertoobtainprocessandengineeringinformation
concentration,theproductspyritecontentwas ontheAglofloatprocess.Specifically,theplantwas
lessthan1.5percel_t.Thiswasbecauseof poor toprovideinforrnationonscale-upoftheAglofloat
coalrecove.._,. '-- - .... - _ process,ontechnicalfeasibilityof theAglofloat

• /:'orthesameoiladditionof 1.0to3.0 percent,the processandontheprocesscontrolrequired.The
coalrecoveryafterpyriteseparationwasabout90 plantincludedaliAglofloatunitoperationsexceptfor
percent.At loweroilconcentration,coalrecovery equipmentrequiredforprimarycrushingof ROM
rangedfrom60 to86 percent, coal.

• Theplotsof coalrecoveryversuspyritecontentin Themajorprocessareasandunitoperationofthe
thecleancoalproductsgeneratedcurvessimilar pilotplar_includedcoalgrindingandslurryprepara-
towashabilitycurves.Theresultssuggestthai lion,oilpreparation,microagglomeration,floatation,
product with about 2 percent of pyrite may be pyrite separation, macroagglomeration,
obtained for coal recovery of 90 percent in the macroaggiomerates' separation, and waste treat-
IATF. ment. The IATF instrumentation included wocess

control and data acquisition hardware and software.
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Figure5.2.Ashremovalin IATFRun18. a feed; • product;0 floatationfeed;" floatationproduct;
X hydroseparationproduct.

The IATFtest runsconfirmedthatwell-formedag- • residence time: 4 rain. highshear mixer(HSM).
glomerateswith reducedsulphurandash can be ob- 25 rain. lowshearmixer(LSM).
tainedfrom bituminouscoals. The agglomerate • slurry concentration: 30 percent inHSM. 18
productpropertieswere similarto thoseobtainedin percentinfloatationcells and hydraulicseparator.
thebatch and continuousbench-scaleexperiments, 30 percentinLSM.
with agglomeratesheatingvalue above 13,000 • product agglomerate size: 0.8 to 3.0 mm.
Btu/Ib,ash lessthan 10 percent,and sulphursig- • moisture in agglomerate: 40 percentin froth.20
nificantlyreduced below thatoi-raw coal. percent in agglomerate product.

Design specifications selected for the conceptual • combustibles recovery: 95 percent, WANcoal
Aglofloat process, based on IATFtools performed Btu basis.
with IllinoisNo. 6 ROM coal are as follows: • ash rejection: 69 percent, wANcoal ash basis.
• oil addition - high shear: 0.8 percent, d.b. feed • pyritic sulphur rejection: 59 percent, wANcoal

coal. sulphur basis.
• oil addition: 12 percent, d.a.f, coal feed basis.
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TIME
Figure 5.3. Pyritic sulphur removal in IATF Run 19. I:2feed; • product; Ofloatation feed; "floatation product;
X hydroseparation product.
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Figure 5.7. IATF Runs: Effect of oil concentration on pyritic sulphur removal. 0, • Run 17; O, ® Run 18;
0, • Run 19; open symbols, product 8fter hydraulic separation, solid symbols, product alter floatalion cells.
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6.EnvironmentalAnalysis
I I II

The designassumptionsforthe Agiofloatprocessin designcallsforcollectionof runoffwaterand use of
Section7 requirethatthe plantmeets EPA 1989 thiswater as a makeupwater.
standardsfor air,water and refusedischargefrom The recyclewaterstreamsare clarifiedintwo
the plant.The keycontrolrequirementswithrespect staticthickenersinthe Agglomerationand Fioatation
to plantemissionsare: Area
• air contaminantssuchas coal and mineralmatter

dust,hydrocarbonvapors,etc.; RefuseDisposal
• watercontaminantsincludingrunoffwaterfrom lt is expectedthat the refusewillbedisposedof

coalstockpiles,recyclewater ponds,etc.; and eitherinthe minedpits (incase of the strip mines)or
• refusecontaminantsinthe refusecoal. at a disposalsite nearthecoalupgradingplant.The

constructionand operationofthe disposalsitewill
The followingsectionbrieflydescribesthe design be governed bytheMine SafetyandHealth Ad-

approachproposedfor the majoreffluentstreams, ministration(MSHA) regulations.Keyconsiderations
inselection,preparationand maintenanceof a

AirEmlmionl refusesite are:
The majorsourcesof airemissionsare the coaland 1. Base (foundation)at the site shouldbe stableand
oilhandlingareas. Potentialdustand hydrocarbon havelowpermeability.
emissionsin thoseareaswere eliminatedbythe in- 2. Erosiondue to surfacewaterdrainageshouldbe
corporationof dustand hydrocarboncollectionsys- prevented.
tems inthe plant design.The performancerequired 3. Refuseshouldbeweatheredbeforeit isplaced in
fordust and hydrocarboncollectionsystemswillbe the refusesite.
determinedbythe NationalAmbientQualityStand- 4. Refuseshouldbe spreadinlayers and
ards. compacted.Freshandolderrefuseshouldnotbe

mixed.

WaterContaminants 5. Regular inspectionand maintenance shouldbe
The Aglofloatplant requiresa net makeupof conductedat the site.
processwaterfromwellsor sudacewater sources.
The majorityof plantwatercontaminantswillcome A disposalcost of $ 7/tonof coalrefuseis as-
fromrunoffwatersfrom coaland agglomerates signedto the plantoperatingcost.
storage andemergencyrefusestockpiles.The plant
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7.ConceptualDesignandCostAnalysisofanIntegrated
CommercialPlantforthe AglofloatProcess

|11 _ I

7.1.ProcessandEconomicData Rmna=
Alisitefinancialanalyseswereperformedincon-

7.1.1.DesignBasisandAssumptions start 1989U.S.dellam.

RantSize 7.1.2.Sourcu andMethodsof ProcessCost
Aconceptualplantsizeof 2.8 milliontonsnominal

capacityof inputROMcoalwasused.Thissizeof TablesA5.1toA5.3,Appendix5 depictthecostfac-
plantpermitsrelativeeconomiesofscaleinmining, tomusedforestimatingcapitalandalmualoperating
intransportationandintheoperationoftheplantit- costsforthecormeptualplant.TableA4.4listsprices
self.Asweil,it issuitablefortheinitialtargetmarkets, andratesforchemicals,fuels,utilities,etc.usedin
PlantLoadFactor theAglofloatcostestimates.Themajorsourcesof

coatestimateswere:
lt isassumedthattheAglofloatplantwillbeoperat- • vendors'estimatasforequipment,and
ingabout7000 hoursperannum,lt isrecognized • in-housedataforequipmentandsupportareas.thatthisloadfactorwilldeterminethedegreeof

redundancyofI_antequipment,andwillinfluence Aliequipmentcostswer__,_latedto 1989dollars
otherdesigncomponentssuch_ thestorageof usingtheChemicalPlantCostIndexcr theM&Sixoducts,etc. Equnm
PlantLoclUon

Theconceptualdesignwasnotintendedfora
specificplantsite.lt isassumedthattheplantwillbe 7.2.ProcessDescripUon
a mine-mouthplantlocatedintheAppalachiaregion
ofthe U.S.andthatitwillnothaveanyunusual RBtI
topographicalproblems. Thebenefldatlonfacilitywillupgrade2.8 millionton-

mmof ROM(x)alperyearbasedon7000hoursper
PlantEquipment year.The_n ofsaleableproductsonanan-
Theplantequipmentselectediscommerciallyavail- nualbasisfromthefacilitywigbe2.74 milliontonnes
al:de.Also,wherepossible,supportareassuchas ofagglomerateswitha heatingvalueof 13,300
watertreatmenthavebeencostedasturn-key,pack- Btu/lb.
ageplants. Thep_ntfacZ_ hassixoperatingareasasout.

PlantBoundary linedbelow.ThebasicplantconceptisshowninFig-ure7.1.Amoredetaileddescriptionanda flowshe_
Thepla_ boundary,for costingpurposes,inckJdse foreachareacanbefoundinA_ 5 ofthis
alifacilitiesrequiredtooperatetheplant,tounload study.
fuel,to loadtheupgradedproductsandtotreat

wastestreams. 7,2,1.MlJor_ Areas
Envlromlm - ceJa wy, swzwate
Alipl_,.'-_processunitsarec]esi_edto meet1989 Coalisdeliveredto theplantIntmd_ ownedbythe
emissionstandardsin theU.S. coalcompanyona 12rVdayx 5 days'weekbasis.

FeedstockandProductVarlablllty TheROMcoal isfed froma dumphol_erviaanapronfeederto a coalbreakerwhereltis reducedto
Agcalculationsof materialandheatbalancesand -150mmx0. BellconveyorstransferthecnJshed
sizingof equipmentwereperformedusingtheROM coaleitherfon_wdtotheAglofk)atp¢antforupgra:k
coalinTableA5.9inAppendix5.TableA5.9also ingortotheoutsidestorageareawhere3-daylive
depictspropertiesoftherefusecoal. storageand10-daycompactedstoragepilesarelo-

cated.Rocksareremovedfromthecoalbreaker
a_ stoclq:aedat therateof10Iph.Beltscaleshave
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AgglomerationandFloataUon

c.us.,,,c..o _ _'" _!.cru_zL.o.oou,.,=o.,,._, The Agglomeration and Floatationarea processes
STO,,CC 1600 pulverizedcoal slurry at the rateof 1300 tph. The1oo

| .=,=,,..,,, slurry is mixed with2.0 tph bridging oil in eighthighl r shear mixers operating in parallel. The coal iswettedby oil and forms microagglomerates --0.2 mm in

_co,, ,,oo,. I .c=o,,,..,,o. I size, while coal mineral matter is deslimed inwater.f,,u,....o. ] .,,osu,...no.I The output of high shear vesselsis mixedwith 823

,oo[ [ F.i,oo. tph recycle water to a slurry,dry coalconcentration

,_,,, _ j,o,,==,,,,, ,,=,.=, of 18 percent,and transferredto fourfloatationcells

_" "" to separate coal frommineral matter.Eachcell

I.c=o,,,..,,o. I I w.,E. }__ processesabout150 tph oi clean coal froth.The
,,.orto.,.,,o. ' I TREA|MF.N'r microagglomeratesare transferred to four ,
500 -,,* _ hydroseparatorswhere they are dilutedwith 1291.7

I tph recycle water, washed, separated frompyrite par-..,...,,,, ticles and transferredto a sufnp, The clean coal froth
(533.2 tph) is then again diluted with recycle water

Figure7.1.TheAglofloatProcess. and pumped to the AgglomerationandSeparation
Area.

The floatationcellunderflowis transferredto a
been includedto monitorthe quantityof the coal staticclarifierwhere refusecoal and mineralmatter
deliveries, are separatedfromthe recyclewater, filteredina

The -150mm x 0 matedal thatis directedto the vacuumfilter,and afterbeingcombinedwithhydro-
plant is screenedandcrushedat therate of 390 tph separatorrefuse,transferredtothe reluse loading
to -50mm x 0 on a 24 h/dayx 7 days/weekbasis, binin theProductLoadoutArea. The hydroseparator

underflowisdischargedintothe secondstaticthick-
CoalandHeavy011Preparation enerwhere refuse pyrite andcoal are removedand
Sized -50mm x 0mm coal istransferredbybeltcon- filteredandwater is recycledtothe hydroseparator.
veyorto fourpdmary grindcircuitmillsoperatingin Approximately70.5 tph of relusecoalwill be
parallel.The millspulverizethe coalto 45 percent removedfrom theundedlowcircuitsof the floatation
minus 100 meshat the rate of 390 tph. The pul- and hydroseparationunits.
verizedcoal is slurriedwith910 tph of water,and
pumpedto the AgglomerationandFloatationArea. AgglomerationandSeparation
The concentrationoi thecoal slurriedis about29.4 TheAgglomerationandSeparationArea processes
percentdry coal,w/w basis. 1062 tphof microagglomeratesslurry.The microag-

Crudeoiland dieselaredeliveredto the prepara- glomeratesslurryis mixedwith 38 tphof crudeoil in
tionarea bya pipeline.The heavy oil is storedin a eightlowshearmixersoperatinginparallel.The
50,000 bblcrudeoil tank, ensuringa 5-day supply, microagglomeratesare enlargedto 0.8 mmto 3.0
The tank is insulatedand] steam systemisused to mm macroagglomerates.The greenmacroag-
preheatthe oil inwater beforeit is pumpedto the glomeratesare discharged on fourdrainand rinse
bridgingoil tank. vibratingscreenswhere they are dewateredto 25

Dieselis storedina 300 ton capacitytank. 0.4 tph percentmoisture.The agglomeratesarethen trans-
of diesel is mixed ina bridgingoil tankwithpre- ferredto eightcentrifugalextractorsoperatedin
heated crudeoilat the ratiooi I to 4 (w/w).The pur- parallel,where they are furtherdewatered to 10 per-
pose oi thebridgingoil tank isto preparean oilmix cent moisture.The finaldry agglomerateproductis
withoptimalphysicalandchemicalpropertiesfor ag- transferredto the ProductLoadoutArea at therate
glomerationof coal. of 392 tph.

Aliprocesswater fromthe D&R screensand the
centrifugalextractoris recycledto the Coaland Oil
PreparationArea.
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WaWTreatment Cost.TotalPlant Costconsistsof the TotalDirect

Most of the processwaterfromtheplant is recycled CoSt, EPCM, andcontingencyfor each plantarea.
back to the processareas. Eachprocessarea main- The EPCM costswere estimatedat 20 percento4
rainsitswater chemistryby reusingthe same water the totaldirectcost for each plantarea. Thiscost
in each majorprocessstep. The processmake-up coversthe cost of process and projectengineering,
water iswell or surfacewaterwhich istreatedand designdrafting,engineering procurementandcon-
stored inthe water pond along withthe treated structlonmanagement.
recyclewater. The ContingencyCost estimateswere basedon

the directcost and the uncertaintyassociatedwith
ProductLoadoul eachplantarea. Forexample,the contingencyis 35
The agglomeratesare transferredfrom the Ag- percentforthe AgglomerationandSeparationArea,
glomeratlonand SeparationArea atthe rate of 392 20 percentfor WaterTreatment, and 10 percentfor
tph intoa 10,000 tonne livecapacitystockpile.The the Coal Delivery,Storage and CrushingArea.This
agglomeratesare withdrawnfromthe pilewithvibrat- cost coverspossibleadditionalcosts thatwould
ing feedersand transferredto a loadoutbinfor load- resultfroma moredetailed designof the plantat an
ing into conveyorsvia shuttleconveyor.The cars are actualsite.A descriptionof the contingencyfactors
weighed and the surfaceof the productis sprayed is giveninTableA5.5, Appendix5.
with a latexsolutionpriorto shipment. A sunwBWof workingcapitalis providedinTable

Thecoal refuseis loadedat therate of 70.5 tph 7.2. The costdata and assumptionsusedforcalcula-
froma 500 t capacityrefusebin.The refuseis tlon o4theworkingcapitalcost elementsare
loadedon trucksand hauledto the refusedisposal presented inAppendix4. A summaryO4theannual
area. An allowance is made for anemergency10- operatingcostsis presentedinTable7.3. The direct
day refusestoragepile at the plantsite. operatingcostswere e_imated as follows:

• ROM coalwas assumed at$27/t (f.o.b.plant),
OffsituandBuildings • fuelcost (naturalgas) at $2.90/MMBtu,

The costs of olfsitesand buildingsin thisstudyhave • rawwatercost at $0.60/1000 gallons,
beenfactored fromthe total directcostsfor each • electricityat $0.0.65/kWh,
plant area.

Table7.1.Totalcapitalcost:Aglofloat.
Total

7.3.CostEstimatesandRnancialAnalysis d_r_ EPCM Contln-
Area De_,rlption cost, @20%, gency Total

7.3.1.CapitalandOperatingCostEstlmates ooo'= ooo'= ooo'= ooo'=
The evaluation04the directplantcost for the lOO Coaldelivery,storageand 5,267 1,053 527 6,847
Aglofloat processwas based on individualcostingof crushing
the six majorprocessareas, usingoneO4the follow- 200 Coalandoil
ing methods: preparation 12,742 2,548 1,274 16,565

300 Agglomeration• Factoredcost estirl]_tebased on vendoror
andfloatalion 9,018 1,804 3,156 13,978

in-housedata for major I_Tecesof equipment. 400 Agglomeration
• Factoredcost estimatesbasedon equipment andseparation 5,392 1,078 1,887 8,358

capacityand publishedcost estimates forthe 500 Water
processarea. treatment 1,150 230 230 1,610

6O0 Product
loadout 7,810 1,562 781 10,153

The accuracyof the individualprocessarea cost 70o Offsitas 3,724 745 - 4,469
estimatesis expectedto be %30 percent......

Asummary of TotalCapital Costfor the TotalPlantCoeta $ 61,9711
Agflothermprocessis presentedinTable7.1. The WorkingCapital 22,155
table alsodepicts WorkingCapital andTotalPlant

TotalCapitalCost $ 84,134
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Table7.2.Workingcapitalsummary:Aglofloat. Table7.3.Operati_ costsummary:Aglofloat.
Description O00'S DlreotCost O00'S

OneMonthofOperatingCost 10,088 ROMCoal 75,600
OneMonthofAccountsReceivable 12,067 CrudeOilandDiesel 28,441

Diesel 500
TotalWorkingCapital 22,155 Fuel 131

Elect_y 6,132
Chemicals 765
OperatingLabour 1,578

• chemicals and operating labour as summarized in MaintenanceLabour 720
Table A,5.7,Appendix5; and MaintenanceMateriaLs 1,081

• ,,naintenancelabourand materialsas summarized RefuseDisposal 3,455

inTable A5.8, Appendix5. TotalDkootCo=t 118,402

"Theindirectoperatingcostswere estimatedas fol- IndirectCo_
lows: AdministrativeandSupportLabour 345
• the administrativeand supportlabourat 15% of GeneralandAdministrativeExpense 1,379

directoperatingandmaintenancelabour, PropertyTaxesandInsurance 930

• the generaladministrativeexpenseat 6(P/=of Totalk_lklct Com 2,654
directoperatingandmaintenancelabour,and -.----.--

• propertytaxes andinsuranceat 1.5% per year of TotalOperatingCoat 121,056
TotalPlant Cost.

7,3,2.FinancialAnalysis Table7.4,Summaryofplantrevenueandcostsover the
plantlife:Agloflo_.

The criteriaforthe financialanalysisof the TotalCashFlow
Agflothermprocessandcosting o! the product(f.o.b.
plant) included: + Revenue 3,620,000,000-TotalOperatingCost 3,027,500,000
• equityfinancing: 100 percent . WorkingCapital 22,155,000
• taxablerate: 38% annually - IncomeTax 202,000,000
• constructionallocation: over 3 years - EquityCapitalCost 61,979,000

• plant life: 25 years - NetCashFlow 306,366,000
• depreciation: straightlineover 10 yrs DCFRateofReturn,% 15
• plant load: 80%

lt is assumed thatthe plant willbe infullproduc- • Crude Oil Price: $102.60/t
tion in thefourthyear alterthe startoi construction. • Diesel Price: $178.40/t
lt is aLsoassumedthat an inventoryconsistingof

• DCF ROR (aftertaxes):15%
RC)Mcoalstockpileof 100,000 tons,10,000 tonsof

agglomeratesand10,000 tonsof crudeoil inventon/' VarianceAnMysll
is establishedin thefirst,year:"rheseinventorycosts The impact of major economic and processassump-
are includedinthe firstyear's operatingcostbutnot tionswas studiedbyperformingsensitivityanalyses
inthe revenuecalculation, withrespectto thoseassumptions.Ali vadance
BaseCase cases are presentedinrelationto the Base Case

A summary ofthe BaseCase financialanalysisis analysis(Figures7.2 to 7.5).

presentedinTable7.4. The analysisisbasedonthe Nnou_to_011forAgglomeration
followingfinancialassumptions: The agglomeratepriceswerebasedon the addition
• TotalPlant Production:2.74 x 106t/y agglomerates of 12 percent ofoil (coalbasis)for size enlargement
• TotalPlantCost: $ 61,979,000 of the agglomerates.ARC's processdevelopment
• TotalOperatingCost: $121,100,000
• Coal Price: $27/t work is currentlydirectedtowardsreductiono! the
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Figure 7.2. The effectofoil concentrationonproductprice Figure 7.3. The effectofcapitalandoperatingcost on
(Aglofloat). productprice (Aglolloat).

amount of oil, and, hence, reductionof agglomerate
price.Two more caseswere, therefore,evaluatedin
the variance analysis.These caseswere a 3 percent 6o --. _ _ _ ,I I

oil addition for agglomerates sizeenlargement , ,I I

I !

based on the anticipatedprocessimprovementsand I .,_
a 0.5 percentoiladditior,inagglomerationbasedon so - - -,- - - .1- - - ,.- - - ,-- ;i-,...... . - - -
eliminationof the size enlargementstep. <. , , , ,/ , , ,

BaseCase: 12 percent(dry,ash coal _ , , , f , , ,I I I _1 I I I

• I I I / I I I I

feed basis)• LU , , 2,. : :(..) i
Decrease I: 3 percent (dry, ash coal _ 4o - - _,_,/"_J____ ___L ....... ___ _, ....

feed basis), o. :_l-.-
Decrease Ii: 0.5 percent(dry, ash coal o /

feed basis) lesscapitaland Q , iO 3O

O&M for Area 400. o: _ "" " - -" ",- - - _-" -'- -" '" - - • "" -rt I 0
I I

I ITotalRantCost o ,
I I

The plant Total CapitalCost is basedon the ex- 20 , , , ,
pected cost,estimatiflgaoeuracyof %,30percent, o 5 lO 15 20 25 30 35 4.0
The performedvarianceanalysisincluded: COAL PRICE,$/t

Base Case: $ 61,979,000. Figure 7.4. The effectof coal priceonproductprice
Decrease: $ 43,385,000 (Agtofloat).

(Base Case - 30 percent).
Increase: $ 80,573,000

(Base Case + 30 percent). BaseCase: $121,100,000.
Decrease: $102,935,000

OperatingCost (Base Case - 15 percent).
Allowancesfor the variancein TotalOperatingCost Increase: $139,265,000
includedthe followingfactors: (Base case + 15 percent).
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.=.,, Table7.S.Breakdownofthe estimatedcostfor
1 ; I I i I i agglomerates1.I I I I I I I

, i , i , , , ProductCost1I I I I II I

, , , , , , , CostFactors $/t $/MMBtu %
57 -- -f- - - "J- - - _'- --t- _ _ _,_ _ _ j__ _ • __

I I I I

' _ ' ,j.e ROMCoal 27.59 1.04 52.2

_. ' ' ' / BitumenandLightOil 10.56 0.40 20.0t I / I

, / , ! OperatingCost 6.03 0.23 11.4
/ ' ' ' CapitalCharge 8.67 0.33 16.4

C_ 53 -c_ '_:- J--- J----t----'---_---j'--

r_ 52.85 1.g9 100.0o..
_- 1:DCFRORequals15percent,13,300Btu/Ibproduct.

49 ___m___.J___.L___t._-.t__-.J_--- J....

$10.56 per ton of agglomerates, or 52.2 and 20.0
percent of the product price.

The charge is $8.67 per ton or 16.4 percent oi the
45 , , , , _ J , • productprice.The operatingcomponentof the

oo _o5 1_o _15 _2o _25 13o 1:_5 4o productpriceis $6.03 per ton or11.4 percent.
OIL PRICE, $/t

Figure7.5.Theeffectofoilpdceonproductprice

(Aglolloat). 7.5.Conclusions
Aconceptual design and a costanalysiswere

CoalCost developedforthe Aglofloatprocess.Theprocess
The price of $27/t was recommendedfor 2 to 3 rail- description,processdata anddesignwerebasedon
liontonnesof ROM coal. The sensitivityanalysisin- testsperformedinbatch laboratoryexperiments,the
cludedthe followingROM coalprices: CPRU and the IATF.The plantwas to upgrade2.8

BaseCase: $27/t. millionshorttonsoi ROM coalper yearto 2.74 rail-
Decrease: $0/t (coal refusefroma coal liontonsof agglomerateswith 13,300 Btu/Ibheating

preparationplant), value,6.2 percent of ash, and2.5 percentof total
sulphur.The plant was assumed to be a mine-mouth

OilCost plant locatedinthe Appalachiaregionof the U.S.
The Mexican Maya crude(22# API) was pricedout The majorityol the plant areas andequipment
of U.S. GulfCoast less theWTI/Maya crudedifferen- selectedwerecommerciallyprovenand available,
tialof - $4.00/bbl, plusa transportationtariffoi the exceptionwasthe Agglomerationand Floatation
$1.00/bbl to NorthernAppalachia. Areawherea new designwas proposedfor the

Base Case: $102.60/ton. hydraulicseparator.Becauseof the similarityof the
Increase: $133.40/ton hydraulicseparatorto the lloatationcell, the costoi

(BaseCase + 30 percent), thehydroseparatorwas factoredfromthe!loatation
cells'costestimates.

The financialand varianceanalysesperformedin-
dicatedthe Base Case productcost, at 15 percent

7.4.ProcessandMarketEconomic DCF ROR, equaled $52.85/t. The BaseCase Total

Implications PlantCost was $61,979,000, OperationCostwas
$121,056,000 andWorkingCapitalwas

7.4.1.Breakdownof ProductCost $22,155,000. The costsofcoal andbridgingoilwere
the largestcostfactorsinvolved(52.2 and20.0 per-

Table7.5 presentsa breakdownof the pricesof ag- cent, respectively)whilethe capitalchargesand
glomeratesaccordingto variousprocesscost!ac- operatingcostcombinedcontributedthe remaining
tors.The keycostfactorsare discussedbelow. 20 percent.

The cost of coal and oilare the largestcost tac.
torsinvolved.They are, respectively,$27.59 and
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8.SummaryandRecommendations
|11 I IIII I I I II III II II II I

The study's objective was to apply advanced ag- the coal product;however,a systemincludinga
glomerationtechnologyfor upgradingof highsul- floatationcelland hydraulicseparatorwas chosen
phurbituminouscoals. The resultsachieved over a moreoperationallycomplexsystemwhichin-
includeddevelopmentof the Aglofloatprocessfor cludeda flume separator.
upgradingof bituminouscoals to a solidfuelwitha The experimentsconductedwithhighsulphurII-
heatingvalue of above 13,000 Btu/Ib,ash content linoisNo. 6 coal indicatedthat at best conditions,the
lessthan 10 percent,and reducedpyriticsulphur combustiblesrecoveryrangedfrom75 to 80 per-
cor,tent(up to 95 percent).The workcompletedalso cent, thetotalsulphurreductionranged from50 to
suggestedfurtherprocessresearchand develop- 55 percent,the pyriticsulphurreductionrangedfrom
ment needswhichare summarizedbelow. 72 to 77 percent,andthe ash reductionrangedfrom

82 to 86 percent.The importantoperation
Batch-TestStudies parametersidentifiedwere oil, frotherandcoal con-
Twotypesof laboratorytests were developedfor centration,size ofcoal, highshear mixeroperating
characterizationof bituminouscoalclean-upinthe condition(speedand residencetime).
Aglofloat:single-stageand two-stagetests.The The CPRU was successfullyused forthe scale-up
tests indicatedthat two-stage processingwith inter- of the hydraulicseparatorforthe largepilotplant
stage regdndingresulted inmore ash andsulphur (IATF).The designproceduresdevelopedwere also
removalbutalso higher lossof combustible helpfulforfurtheroptimizationof the hydraulic
materials.The choiceof the Aglofloatprocedure separatorinthe IATF.
woulddepend, therefore,on the amountof sulphur Ingeneral,the CPRU requiredmore bridgingoil
removalandcoal recoveryrequiredfor eachspecific thanthe IATFor batchtests.Further recommended
coal. studiesand equipmentmodificationforthe CPRU in-

The processvariablesstudied(bridgingoilcon- cluded:
centrationandpreparation,coal concentration,addi- • Installationof a secondhighshearmixerto
tlonof surfactants,etc.) providedinformationon the increaseHSM meanresidencetime forslurries
keyfactorsinfluencingthe Aglofloatperformance requiringhigherinversiontimes.
with bituminouscoals,ltwas found, for example, • Installationof a secondfloatatloncellin serieswith
that for western Canadianbituminouscoals,the the floatatbn tailingsto recovercoalfromthe
Agloofloatprocedurehadto be modifiedinorderto tailings.
achievehighcombustiblesrecovery(90 percentor • Installationof accumulationvesselsforthe
higher).The modifiedprocedurescalled for addition floatationcellandhydraulicseparatorto facilitate
of surfactantsand bridgingoilat 3 percentcon- periodicremovalof theaccumulatedsolids.
centration(w/wdry coal basis)versus0.5 percent • Furtherstudiesof the mainfactorsand interaction
forthe U.S. bituminouscoals, it is recommended, effectsin agglomerationof differentbituminous
therefore,that furtherdetailedbatchtestsbe con- coals.
ductedto studyprocessissuessuchas: • Furtherdevelopmentofcorrelatio;Iand scale-up
• The effectof coalpropertiesand preparationon equationsforthe CPRU and IATF.

agglomerationkinetics,and the requiredbridging
oiladdition. -. Integrated/t_glomeratlortTestFacilities

• The use of surfactantsa_l otherpretreatment A hydraulicseparatorwas incorporatedinthe IATF
methodsfor agglomerationof "difficult"coals, to operatethe pilotplantinthe Aglofloatprocesscon-

, Developmentof predictivemethodsfor figuration.The IATFrunsconfirmedthatwell-formed,
characterizationof the Agiofloatperformancewith reducedin sulphurandash agglomeratescan beob-
differentbituminouscoals, rainedinthe Aglofloatprocess.The agglomerates

hada heatingvalueabove 13,000 Btu/Ib,ash con-
CowdrtuousPyriteRemovalUnit tent of less 10 percentand pyriticsulphurremovalof
The completedtests providedinformationonthe upto 95 percent.
feasibilityof usinghydraulicand flume separatorsfor Based on the testsperformed,de.signspecifica-
the removalofpyritefrombituminouscoalflocs, tionswere definedfor theconceptualdesignof a 2.8
Bothunit processesshowed reductionof pyritein milliontonAglofloatplant.The specificationsin-

56



cludeda relativelyhighamountof bridgingoil (12 OperatingCost at $121,056,000 andWorkingCapi-
percentd.a.f, feed coal basis)inorder toobtain0.8 tal at$22,155,000. The ProductCostwas estimated
to 3.0 mm agglomerates.More researchon the IATF at $52.85 per ton at DCF ROR equalto 15 percent
is,therefore,recommendedinorder to reducethe (aftertax).
amountof oilusedinthe process.Recommendedre- The ProductCostwas sensitivetothe cost of
searchincludes: coal,to the cost andquantityof bridgingoil, andto a
• Investigationofthe relationshipbetweenfeed size, lesserextent,to Capitaland OperatingCost (exclud-

feed properties,andproductquality,at differentoil ingcoal).
additions. Forvadancecase, whereAglofloatis appliedto

• Improvementof floatatlonand pyriteseparation cleaningcoal refuse,the ProductCostwas es-
efficiency,at highsolidslum/loading, timatedat $25.26/t. This cost iscompetitivewiththe

• Developmentof bettercontrolstrategiesfor averagecost for low and mediumsulphurcoal inthe
differentfeeds, easternU.S. of $20 to $28 per ton.

• Evaluationof the Agiofloatprocessconfigurations Recommendedfutureworkontheconceptual
where size enlargementby agglomerationis designofthe Aglofloatprocessincludes:
eliminatedand otheroptionsto size enlargement • Updatingof the designand costingof the process
are considered, areas based on additionalexperimentalwork

performedat theIntegratedAgglomerationTest
FusibilityoftheA411ofloatPmcen Facility.
A conceptualdesignforthe Aglofioatplantwas • Evaluationof the processdesign andarea costing
developedfor beneficiating2.8 milliontonsof ROM for alternativesizeenlargementprocessoptionsin
bituminouscoal per year to 2.74 milliontonsof ag- the Aglofloatprocess.
glomerateswith a heatingvalueof 13,300 Btu/lh, • Reviewof the economicfeasibilityand market
ash content of 6.2 percentandsulphurcontentof potentialofthe Aglofioatprocessforthe updated
2.5 percent. The economicanalysesof the plant processdesigns.
cost estimatedthe CapitalCost at $61,978,000,
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Table A2.1. Propertiesof b_tuminouscoalstested.

DOE
Supplies Obed

IlL III. Indiana Upper Byron Obed Precip.
No. 6 No. 6 Ohio Pltts. V Freeport Creek Washed Dust

ktt:_ure 24.5 8.5 10.5
Ash 14.3 34.8 9.2 17.7 9.7 12.3 21.9 14.2 27.7
Vo_ile Mator - 28.e .... 22.1 36.2 32.6
F'medCad:on - 36.4 .... 56.1 49.5 39.7
TotalSulphur 4.27 4.19 4.72 4.98 3.77 2.33 0.30 0.51 -
Py_ic Sulphur 1.98 2.33 2.94 2.70 1.83 1.37 - - -

HeatingValue 11,980 8,350 12,390 11,960 13,270 13,560 11,530 10,510 8,140
• onme_l_m.
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Table A3.1. Pyriteremovalprocessperformance- TestData, Run No. D3.

Sample A (S-140) Sample B (S-201) Sample C (S-S01)
Run/ OII (S-221) Sulphur Coal
Per. cone. Parent coal (db) Coal slurry Product C RemoVal Flecov

db A TS PS SS A TS PS $8 A TS PS SS ATS APS
% % % % % % % % % % % % % % % %

A 3.0 34.1 4.65 2.53 0.37 30.5 4.37 1.70 0.09 11.8 4.25 1.70 0.0g 2g.0 82,9 87.6
B 2.9 34.5 4.84 2.53 0.37 30.9 4.33 1.75 0.21 14.1 4.33 1.75 0.21 23.2 61.4 88.5
C 2.8 33.8 5.24 2.53 0.37 30.9 4.50 2.17 02.2 14.7 4.50 2.17 0.22 20.6 58.6 69.0
D 2.3 33.3 4.95 2.53 0.37 31.8 5.02 2.33 0.12 14.8 5.02 2.33 0.12 21.7 78.2 87.0

Table A3.1. Pyrite removalprocessperformance- Test Data, Run No. D3 (cost'd).

Rim/ OII Sample D ($401) Ash & Sulphur Coal
Per. cone. Product D Removal Recovery

db A TS PS SS _ ATS APS ASS
% % % % % % % % % %

A 3.0 9.47 4.04 1.48 0.04 82.3 44.3 66.3 69.8 75.3
B 2.9 10.72 5.53 1.83 0.07 84.1 45.0 61.0 65.2 75.8
C 2.8 10.95 4.51 1.85 0.04 83.4 49.7 59.4 63.3 76.4
D 2.3 10.41 4.60 1.88 0.04 65.6 51.2 62.1 65.2 72.4

Table A3.2. Pyrite removalprocessperformance- Test Data, Run No. I)4.

Sample A (S-140) Sample B ($.201) Sample C (S-S01)
Run/ OII (S-221) Sulphur Coal
Per. cone. Parent Coal (db) Coal Slurry Product C removal recov

db A TS PS SS A TS PS SS A TS PS SS _TS APS
% % % % % % % % % % % % % % % %iii

A 2.4 34.3 4.88 2.89 0.20 32.3 16.6 2.55 0.15 16.6 4.97 2.81 0.06 - - -
B 2.7 34.0 5.14 2.89 0.20 32.8 13.4 2.60 0.13 13.4 4.46 2.38 0.06 - - -
C 2.6 33.8 5,o9 2.89 o.20 32.8 14.3 2.71 0.13 14.3 4.55 2.01 0.06 - - -

Table A3.2. Pyrite removalprocesspedommn_ - TestData, Run No. D4 (com'd).

Run/ CHI Sample D (Sl01) Aab and sulphur Coal
Per. cone. Product D removal recovery

db A TS PS _ _ ATS APS
% % % % % % % % % %

A 2.4 9.30 3.65 1.33 0.05 69.7 70.0 82.5 81.9 52.5
B 2.7 10.20 4.25 1.66 0.05 85,5 60.1 72.3 72.4 65.6
C 2.6 9.60 3.90 1.61 0.05 85.3 60.6 71.3 71.5 70.5

Table A3.3. Pyrite rem_al processpan'ommr,_ - Test Data, Run No. 06.
i

Sample A (S.140) Sample a (s.201) Sample c (s-s01)
Run/ OII (S-221) Sulphur Coal
Per. cone. Parent Coal (db) Coal Slurry Product C Removal Recov

di) A TS PS GS A TS PS _ A TS PS SS ATS
% % % % % % % % % % % % % % % %

A - 32.7 51.8 2.72 0.35 ........ 51.1 - 82.4
B - 32.7 51.8 2.72 0.35 34.6 4.47 2.19 0.45 15.2 4.93 1.93 0.17 34.2 51.8 85.9
C - 32.7 51.8 2.72 0.35 35.6 4.65 2.40 0.46 15.4 4.81 2.03 0.16 34.5 51.6 84.0
D - 32.7 51.8 2.72 0.35 34.9 4.53 2.36 0.40 15.6 4.84 2.57 0.16 32.9 37.4 85.1
E - 32.7 51.8 2.72 0.35 35.8 4.82 2.39 0.44 15.4 4.27 1.75 0.15 33.4 52.4 85.0
F - 32.7 51.8 2.72 0.35 ........ 39.8 - 82.9
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lM)le A3,3. Pyriteremovj Woe:ees_ - TestOta. Run No, Oe (oonrd).

Run/ Oil Sample O (5401) Aah and sulphur Coal
Per. oona, Procl_ O removal recovery

% % % % % % % % % %
A - 9.30 3.91 1.10 0.12 84_'3 60.0 77.7 78.1 74.4
B - 9.90 3.94 1.12 0.17 82.5 46.5 75.9 73,4 78.9
C - 9.95 4.11 1.34 0.15 85.0 48.3 73,7 74.1 74.5
0 - 9.80 4.10 1.19 0.18 83.4 48.2 75.0 74.4 78.1
E - 10.07 4.21 1.29 0.15 83.8 49.0 21.6 73.6 77.5
F - 10.59 4.12 1.45 0.09 82.6 61.6 77.0 782 73.0
n i i mn u i ,n ,

Table A3.4. Pydtoremval pmc:ess_ - TestDm. Run No. 07,
-- ii illinl i

Slmtple A (8-1410) Sample B i8-2011 8staple C IS.S01)
Run/ Oi (S.221) Sulphur Coal
Per. _ Parent Coal (rib) Coal 84urry Produot C Rornovol _v

% % % % % % % % % % % % % % % %
i ,,mm , , n, m, H

A - 32.7 5.18 2.72 0.36 ......... 45.1 - 81.0
B - 32.7 5.18 2.72 0.35 322 4.78 2.54 035 15.6 4.79 2.24 0.14 32.2 46.7 83.9
C - 32,7 6.18 2.72 0.35 31.8 4.70 2.65 0.32 14.3 4.60 2.04 0.17 33.1 51.8 83.8
D - 32.7 5.18 2.72 0.35 32.6 4.74 2.62 0.35 15.0 4.77 2.31 0.17 32.7 45.8 84.1
E - 32.7 5.18 2.72 0.35 31.6 4.81 2.48 0.38 18.1 4.73 2.48 0.18 32.7 40.6 84.6
F - 32.7 5.18 2.72 0.35 ........ 32.8 - 84.8
G - 32.7 5.18 2.72 0.35 ........ 34.5 - 83.5
H - 32.7 5.18 2.72 0.35 ........ 28.6 - 87.5
| t li , i

•rllbl A=L4.Pyl#e _'p_ _- TestOiL Run No. 07 ((_ont'd).

s,.qmo154o11 A,h,.d co,i
Per. _ Pmdu_ O remmmi re.very ._

% % % % % % % % % %
A - 8,34 3.77 1.16 0.09 84.8 50.1 79.4 _102 ...... 72.4 .....
B - 8.91 3.91 1.27 0.11 83.6 51.9 76.7 77.4 75.5
C - 9.08 4.(D 1.33 0.11 83.7 50.7 74.8 75.7 74.9
O - 9.39 4.08 1.30 0.13 83.6 51.3 73.8 74.4 75.5
E - 9.54 4.07 1.40 0.13 82.8 53.2 76.2 76.6 76.3
F - 9.54 4.09 1.43 0.13 83.0 54.5 74.6 732 76.1
G - 9.54 4.08 1.51 0.12 83.4 54.4 74.5 73.3 74.9
H - 10,07 4.25 - 0.14 81.8 50.5 70.8 71.5 80.5

--, i li | , i
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Table A3.5. Pyriteremovalprocessperformance-Test Data, Run No. D9.

Sample A(S-140) Sample B (S-201) Sample C (S-S01)
Run/ Oil (S-221) Sulphur Coal
Per. conc. Parent Coal (db) Coal Slurry Product C Removal Recov

db A TS PS SS A TS PS SS A TS PS SS ATS APS
% % % % % % % % % % % % % % % %

A 2.2 32.3 5.18 2.72 0.35 30.3 4.98 2.27 - 14.3 4.54 1.79 0.08 38.6 46.9 76
B 2.2 32.3 5.18 2.72 0.35 31.4 5.06 2.57 - 13.0 4.47 1.61 0.07 37.7 55.7 82
C 2.2 32.3 5.18 2.72 0.35 31.5 4.88 2.55 - 14.7 4.92 1.85 0.08 26.5 47.1 82
D 2.2 32.3 5.18 2.72 0.35 30.4 4.80 2.58 - 13.9 4.61 2.16 0.08 25.2 34.13 86

Table A_,.5.Pyriteremoval processperformance- TestData, Run No. 09 (cont'd).

Run/ OII Sample D ($401) Ash and sulphur Coal
Per. conc. Product D removal recovery

db A TS PS SS &A ATS APS ASS
% % % % % % % % % %

A 2.2 9.4 3.95 1.11 0.06 84.7 52.9 78.6 80.0 67.2
B 2.2 9.4 3.94 1.09 0.05 83.9 53.9 77.8 79.5 67.8
C 2.2 10.6 4.10 1.36 0.06 81.3 48.6 71.5 73.6 74.5
D 2.2 10.2 4.20 1.29 0.06 81.4 48.8 72.0 74.1 74.2
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Figure A3.1. Floatazionkinetictestresults- Influenceo( floata_iontimeon recovery. Comb.;+ Ash; Sulphur.
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Appendix4.
I i

IATF Datafor Runs17to 20

Samplepointdesignation:
A - S-140(feedcoal)
B= S-221(HSMoutput)
C - S-501(floatationcellfroth)
D- S-401(pyriteseparator)
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Figure A4.1. Variation of the main process parametem during Run 1.
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ASH REDUCTION, RUN 18
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TOTAL SULFUR REDUCT|ON RUH 20
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Appendix5.

Organizationof Appendix5:Volume2 T,b_, A5.2. FactorsusedforestimatingcapP,al costofdifferentareas.

Section Cost Element Factors5.1. EconomicData and Factors
5.2. Plant Areas Major Equipment Vendors'quotesorpreviousstudy.Cost

Description
Flowsheets Installation04 Varied(10to 45 percent04marx
Process Equipment Equipment equipmentcost).

Total Process Equipment
5.3. Design Basis Installed Cost (PBC)

5.3.1. Summary of Process Electrical plus:
Requirements Piping Varied(7 to 60 percent ,ofPEIC).

Instrumentation Varied (2to 15 percentof PEIC).
5.3.2. Operating Cost Estimates EIK_ricel Varied (4to 30 percentof PEIC).

Plant Operation Buildingsand
OperatingSupplies Structures Varied(10 to 65 percentof PEIC).

Total Olroct Cost (1'0C)
5.4. DesignData plus:

Enginesring,Procurement,
Construction
Management
(EPCM) 20 percent04TDC.

5.1.EconomicDataandFactors
Conti_ Var_d(5to8opercentofTDC).

Table A5.1. Annual operating cost factors. Total Plant Cost
Cost Element Factors plus:

PrepaidRoyalties As required.
ChemicaJs, Quantitiesfromdesign,unitixices
Fuel. Water from TableAt. poweruse assumed WorkingCapital one monthof operatingcost and

at a rateequaJto connected one monthof suppliesat nominal
horsepower, capacity.

Operating Supfllkw Total Capital Cost(TCC)

SalariesandWages From manpowerestimates.
PayrollBurden •25 percentof salariesand wages.

Plant OpeevtJnglabour Table AS.3. Rnanc_ factors.

Maintenancs 40 percentof 1to 6 percentper Cost Indlcel and Cost Data: 1989 U.S. Dollars
Labour year of TotalDimcl Cost.

FinancialCriteria - 100 percentequitytorROR
Maintenance 60 percentof 1 to 6 percentper calculation
Materials year 04Total DirectCost. - pricesf.o.b,plant sita

- taxation
Plain MalntenmrmeCost - fullcapacityand operationin
Plant Op4_tlng Direct Cost Year 1

- depreciationrtraightlineover
Administrationand 15 percent04directplantoperating I0 years
SLC:portLabour and maintenancelabour. - plant life25 years
• TotalPlantCost

GeneralAdminis- 60 percent04directplantoperating AIk)catk)n Year 1- 20 percent
trationExpenses and maintenancelabour. Year 2 -50 percent

Year3 - 30 percent
P,operty,Taxes 1.5 percentperyear of TotalPlant
and Insurance Cost.

Pkmt Operating Indireot Colt
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TableA5.4.Pricesandratesforchemicals,fuels,utilities, provisionwas madefor spareor duplicateequip
etc. mannfor back-upincase of equipmentfailures.
FeedCoal $ 27.00/ ton The selectionandsizingof equipmentforthe area
FeedOil(Maya) $102.60 / ton was based on the followingdesignconsiderations:
FeedDiesel $178.40 / ton • Truckswilldelivercoal to the planton a 12 h/dayxElectricity $ 0.O65/ kwh
Fuel $ 2.90/ 10eBtucoal 5 days/weekbasis.
Water $ 0.60/ 1000U.S.gallons • The crushingcircuitisto provide390 tphof
Chemical -50mm x 0 raw coalforthe Coal and Oil

Floculants $ 1.60/ Ib PreparationAreaon a 24 h/dayx 7 days/week
RefuseDisposal $ 7.00/ ton basis.

• The productionof finesthroughthecrushing

TableAS_. Contingencyfactors, circuitisto be minimized.

Newconceptswithlimiteddata 80% Proceu Description:

Conceptwithbench-scaledataavallad,e 60% ROM Coal isdumpedby trucksthrougha grizzly
Smallpilot-plantdata 35% intoa 400 t capacitydump hopper.An apronfeederFull-sizedemonstrationplant 20%
Commercialprocess 10% is thenusedto deliverthe coal fromthe dump hop-

perto thecoal breakerat a rateof 1500 tph. The
coal breakerreducesthe coal to 150 mmx 0 and
the coal is thentaken bybelt conveyorto a trar=_fer

Aroa Ducrlptlon FactorUsed house.Beltscales havebeen includedto monitor
100 CoalDelivery,Stor=agoandCrushing 10 the quantityof the coal deliveries.Rocksare
200 CoalandOilPreparation 10
300 AgglomerationandFloatation 35 removedfromthebreaker and stockpiledat th6 rate
400 AgglomerationandSeparation 35 of 10 tph. From thetransferhousethe coalcan be
500 WaterTreatment 20 directedeither to the outsidestoragearea or to the
600 ProductLoadout 10 500 tonnesraw coal storage bininthe plantcnJsh-
700 Olfsites - ingarea. The conveyorsystemwhichgoesfromthe

dumppitarea to the transferhouseandto the plant
crushingarea wigbe enclosedin insulatedand
heatedgalleries.

5.2,PlantAreas coal that istransferredto the outsidestorage area
becomespartof a 3-day live storagepilecr 10-day

Area No. Area Designation compacted storage pile. Reclamationfromthe piles
100 Coal Delivery,Storageand Crushing isdonewitha front-endloaderandthe coal is intro-
200 coal and Oil Preparation ducedback intothe systemthroughthe 400 t dump
300 Agglomerationand Floatation hopper.
400 Agglomerationand Separation Insidethe crushingplant,coal willbe fed from the
500 WaterTreatment 500 t rawcoal bin via a vibratingfeeder at a rateof
600 ProductLoadout 390 tphto the secondarycrushercircuit.The
700 Offsites 150mmx 0 materialwillbe screenedat -50rnm,the

oversizecrushedina double rollcrusherto -50mm,
5.2.1.CoalDelivery,StorageandCrushing: and the productaddedback to the scrsenunderflow.
Area100- ReferenceFlowsheet# ARC47 The -50mm productwillthenbe transferredvia belt

conveyorto the Coal andOil PreparationArea. AI-
DesignConsldemtlo_ Iowancehas been made fordustcollectionat
ROM coalwouldbedeliveredfromthe mineto the variouspointsinthe system.
plant intrucksownedbythecoal company.No
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ESTIMATE SUMMARY

CLIENTs ARC/EPRI CONSORTIUM TYPE OF ESTIMATEs ±30%

PROJECT NO.s RP2655-12 DATE OF ISSUEa

AREA DESIGNATIONz Coal Delivery, Storage and Crushing: Area 100

INSTALLED COST

$

TOTAL PROCESS EQUIPMENT
INSTALLED COST (PEIC) $ 3,628,000

ALLOWANCE FORs

Piping $

Instrumentation

Electrical

Bldg./Structura i

1,640,000

_oT_,.Dx,_EcTcoa,- -- -----==-S===5_26_°°°
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EOUIPMENT LIST

CLIENTz ARC/EPRI CONSORTIUM SHEET NO.s 1 OF 2

PROJECT NO.I RP2655-12 ISSUE DATES

AREA DESIGNATIONS Coal Delivery, Storage and Crushing: Area 100

ITEM NO. _ DESCRIPTION PRICZ

1 1 400 t Capacity Dump Hopper c/w $ 773,000
grizzly

2 1 Apron Feeder, 1500 tph capacity, 83,000
20 hp motor, dribble chute

3 1 Rotary Breaker , 1500 tph capacity, 196,000

+4" rued, 3'e x 0 product, 100 hp,
100 hp motor, discharge chute

4 1 Belt Scales 41,000

5 1 Magnet (cost included in #4) ---

6 1 Flop-Gate and Discharge Chutes 76,000

7 1 500 t Capacity Surge Bin 69,000

8 1 Vibrating Feeder, 450 tph, 25 hp 43,000
motor, discharge chute

9 1 Front End Loader 534,000

10 1 Vibrating Screen, 450 tph, 50 mm 29,000
aperture, 6' x 16', single deck,

10 hp motor, discharge chute

11 1 Raw Coal Roll Crusher, 450 tph 155,000
capacity, double roll 34" x 36",
2 x 75 hp motors, discharge chute

12 1 Flop-Gate and Discharge Chutes ---
(cost included in #15)
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EOUZPHENT LZ8T

CLIBNTI ARC/EPRI CONSORTIUM 8HBRT NOoI 2 OF 2
euratom

PROJECT NOo: RP2655-12 ISSUE DATE:

AREA DESIGNATION! Coal Dellvery,,Storage and Crushing: Area 100

_ DESCnZ_ZON

13 - Dust Collectlon System, total motor $ 88,000
hp - 140

14 - Dump Pit Sump Pump and Storage Area 193,000
Sump Pump, total motor hp - 10

15 - Belt Conveyors: Allowance Eor 700 ft 603,000
of 60" belts, 300 ft of 36" belts,
total motor hp - 350

iii

TOTAL EQUIPMENT COST $ 2,883,000

INSTALLA'T:ON AT 26% OF EOUIPMEHT

COST $ 745,000,,

TOTAL INSTALLED EQUIPMENT COST
FOR AREA $ 3,628,000
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5.2.2. Coal and 011Preparation:
Area 200 - Reference Rowsheet # ARCA8 veyorto four ballmills,operatingin parallel,whereit

is pulverizedto -0.6mm x 0. The coal isthen dis-
DesignConsiderations chargedto two slurrymixingtankswhere 910 tph

The purposeof the Coaland Oil PreparationArea is recyclewateris addedto preparea 29.4 percent
to prepare andcondition coalwater slurryincluding coal slum/,dryw/w basis. The coalslum/is condi-
additionof additives,andto receiveandmixbridging tionedinthe mixingtanksby addingapprol_ate ad-
oilcomponents (crudeoil anddiesel)to beused in ditlves and mixingfor 5 minutes(mean residence
the AgglomerationandFloatationArea. time). Eachtank isequippedwithan agitatorand a

The followingdesignguidelineswere developed: slum/pump to movethe slum/to the Agglomeration
• The area isto rxocess300 _ of -50mm x 0 raw andFloatationArea.

coalon a 24 Wdayx 7 days/weekbasis. The Coaland Oil PreparationArea alsosewes to
• Raw -50mm x 0 coal is to be puNerizedto 50 receivecrudeoiland diesel, andto blend the oilintu

percentminus 100 maskor dso.150 Mm. bridgingoil fomvJlation.The crudeoil isdeliveredto
• A residencetime of 5 minutes isto be allowedfor a 50,000 bbl,5-day storagetank. The tank is steam

coalconditioning(wetting)inthe slurrymixing heatedand mixedusing a recirculationloopon the
tanks, crudeoilpump. Thediesel is deliveredto a 300 ton,

• The crudeoiland dieseldelivery tanksare to 30-day storage tank fromwhere it is pun3)edtothe
providefive and thirtydaysdeliverystorage, bridgingoiltank.
respectively. 1.6 tphof crudeoiland 0.4 tphof lightoilare

• The crudeoil tank is to be insulatedand equipped mixed inthe bridgingoil tank by recirculationof the
with steam heatingcoils to keeptheoil blendedoil.The bridgingoiltank, like thecrudeoil
temperature(viscosity)at above20"C (14.5"API). tank, is insulatedandsteam heatedto keepthe oil

• Alipiping for crudeoiland bridgingoil isto be viscosity"API 15. The crudeandbridgingoil pipes
insulatedand steam heated sothatii is possibleto are steamtraced to keep the oilpurnpableincold
pump the oil incold weather, weather.

• Oiltanks are locatedin a bermed area to contain The blendedbridgingoil istransferredto theAg-
glomerationandFloatationArea viathe B.O. pumpany spills.
at the rateof 2.0 tph.

ProcessDescrlplk3n

390 _ of -50mm x 0 coalfrom the CoalDelivery,
Storageand CrushingArea is transfen'edbycon-
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process SOVZp_ZNT

ESTXM_TIt 81_fM_RY

CLIENTS ARC/EPRI CONSORTIUM TYPR OF BSTZMATBS _30%

PROJBCT NO. s RP2G55-12 DATR OF I880Bs
i, t l ,i , , i ii ,

AREA DBSIGNATIONs Coal and Oil Preparation: Area 200

INBT_LLBD COST

$

TOTXL PltOCnS8 nQOZI_)fEW_

/HST]LLL|D COOT ()|lO) $ 8,527 :000

ALLOWANQ| FORs

Piping $

Instrumentation

Electrical

Bldg./Structural m el ii

4,215,000

• OTXL nZBSCT COST $__!_Z_2_
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_QUIPM_N'I' LIST

CLIENT| ARC/EPRI CONSORTIUM SHEET NO.z __i OF __1

PROJECT NO.s RP2655-12 ISSUE DATEz ....

AREA DESIGNATIONs Coal and Oil Preparation: Area 200

QUI_NTITY DESCRIPTION _RICE

1 4 Wet Ball Mills, I00 tph capacity 5,457,000
each, 4 x 2500 hp

2 2 Slurry Mix Tanks, 15'_ x i0' SS 58,000

3 2 Agitators, 2 x I00 hp motor 230,000

4 4 Slurry Pumps, 2500 USGPM, 61,000
2 x 50 hp, one spare

5 1 Crude Oil Tank, 50,000 bbl, 573,000
insulated, with steam heating
coils

6 2 Crude Oil Pump, 1 & 2, 400 12,000
USGPM, 20 hp

7 1 Diesel Tank, 3,000 bbl 45,000

8 1 Diesel Pump, 20 USGPM, 2,000
5 hp

9 1 Bridging Oil Tank, 10,000 US _ 16,000
gallons, insulated

10 1 Bridging Oil Pump, 20 USGPM, 4,000
5 hp

11 - Oil Sampling System and Allowance 48,000
for steam tracing of crude oil
and bridging oil pipes

TOTAL EQUIPMENT COST $ 6,516,000

INSTALLATION AT 31% OF EQUIPMENT
COST $ 2,011,000

TOTAL INSTALLED EQUIPMENT COST
FOR AREA $ 8,527,000

--m_m_mmem1_
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5.2.3.AgglomeratlonandFloatation:
Area300- ReferenceFlowsheet#ARC72 microagglomerates0.2mminsize.Theproductof

the high shear mixing is diluted with 823 tph recycle
L_mlgnConalderstlons water to 18 percentsolids,(dryw/w slurrybasis)and
The purposeof the Agglomerationand Floatatlon isfed intofourfloatationcells,operating inparallel,
Area is to removemineralmatterand write, and ag- each 150tphcapacity,wet frothbasis.The clean
glomerate the -0.6mm x 0 raw coalinto~0.2mm (40 coal floatedfromthe circuitwillbe a,opmximately
percent moisture)microagglomeratesthai can be fur- 556.3 _ and 40 percentmoisture.
therenlargedinthe Agglomerationand Separation The frothis transferredto four hydroseparators
Area. operatingin parallelwhere it is again _ilutedwith

Selectionandsizingof the equipmentforthisarea recyclewater to 18 percent solids,w/w slurrybasis.
has been doneusing the followingdesignconsidera- Thefrothis washed, separatedfromthe pyritepar-
tions" tides andthen _i_ clean frothis transferredto a
• Mean ms_iencetime requiredfor growthof 0.2 sumpwhere it is mix,3(:lwith recyclewater beforeit is

mmto 0.5 mmflocsin highshearvesselsis 4 pumpedto theAgglomerationandSeparation,Area.
minutes. The floatatlonunderflow,containingabout3.2 per-

. Optimalsolid slurryconcentrationis 30 percent in cent solidsisdischargedinto a staticthickener.A
high-_ear mixers,18 percent infloatationcelland large-volume,conventionalsettling tankdesignwas
hydroseparator, selectedforthethickenerto accornrnod_epro,Jese

• Totalash rejectedis 69 percentof RC_,,Icoalfeed upsetsmorneas_. The concentratedcoal refusei8
ash with48 percent rejectedinthe f_atation cell removedin the vacuumdiscfilter.Thecoal refuse
underflow and 15 percent rejectedin the fromthe floatatloncellscircuitwillbe approximately
hydroseparatorunderflow. 55.1 Iph, 10 percent moisture.

• Moisturecontentinfloatatlonfrothis estimatedat The hydroseparatorunderflowwithabout 1.1per-
40 percent, cent of solidsisdischarged intothe secondstatic

• Totalpyriticsulphurrejectedis 59 percentof RC)bl thickener.The refusepyriteand coal am removedin
coalfeed pyritic :ulphurwith 41 percent rejected thevacuumfilterand transferredtogetherwiththe
inthe floatatloncell undedlowand18 percent floatatlonunderflowrefuseto the refusebin.The
rejectedin the hydmseparatorundefflow, totalrefusewillbe approximately70.5 tph and will

be truckedaway bycoal haulingtrucks.
Processl)qcrlpll_ A significantamountof processwater,823 Iph, is
1300 tphof 29.4 percent coal slurryis receivedfrom requiredtodilutetheproductof the highshear
the Coal andOil PreparationArea and mixedwith mixers.Allthe requiredwater is recoveredfromthe
thebridgingoHin eightparallel highshear mixers, floatatloncircuitandis recycledbackafter removal
The coal is wettedby bridgingoil andformedimo of the suspendedsolids.

9O
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PROCESS EOUZPMENT

ESTIMATE SU_M_Ry

CLIENTz ARC/EPRI CONSORTIUM TYPE OF ESTIMATE_ ± 30%

PROJECT NO._ RP2655-12 OATE OF ISSUE_

AREA DESIGNATIONz Agglomeration and Floatatlon: Area 300

ZNSTALL_D c0ST

$

TOTAL PROCESS EQUIPMENT

INSTALLED COST (PEIC} $ 4,099,000

ALLOWANCm FORz

Piping $

Instrumentation

Electrical

Bldg./Structural

4,913,000

TOTAL DIRSCTCOST $---_!_222
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E0OlPM__

CLIENTt ARC/EPRI CONSORTIUM SHEET NO.t 1 OF 2

PROJECT NOoZ RP2655-12 ISSUI D_TE_

AREA DESIGNATIONz Agglomeration and Separation: ....Area 300

_ pESCRXPTZOM PRICE

1 10 High Shear Mixers, 2 spare, $ 2,121,000
5.5'_ x 15', including agitators,
8 x 360 hp @ 1,600 rpm

2 10 o11 Metering Pumps, 2 spare, 20,000
2 USGPM, 8 x 1 hp

3 4 Flotation Cells, 150 tph froth 197,000
each, 4 x 150 hp each

4 4 Hydroseparators, 150 tph froth 244,000
each, 4 x 180 hp each

5 1 Static Thlckner, 6900 USGPM, 3% 132,000
solids loading, 73' dla., 10' deep
20 hp motor

6 1 Vacuum Disc Filter, 730 USGPM, 25% 48,000
solids loading, incl vacuum pump,
total motor hp - 80

7 2 Cleanup Sump and Pump, 5 hp motor 11,000

8 1 Refuse Coal Belt Conveyers, 32" 48,000
wide, 50' long, total motor hp - 75

9 1 Static Thickener, 5800 USGPM, 1% 121,000
solids loading, 67' dia. 10' deep,
10 hp motor

10 1 Vacuum Disc Filter, 220 USGPM, 25% 13,000
solids loadlng, incl vacuum pump,
total motor hp n 25
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EOUIPMENT LIST

CLIENTz ARC/EPRI CONSORTIUM SHEET NO.| 2 OF 2
..mmm

PROJECT NO._ RP2655-12 ISSUE DATEz

AREA DESIGNATIONz Agglomecatlon and Separation: Area 300

_ D,_SCRZ_OH

11 5 Froth_Sump Pumps, 1300 USGPM, $ 60,000
one spare, 4 x 30 hp

TOTAL EQUIPMENT COST $ 3,015,000

INSTALLATION AT 36% OF EQUIPMENT
COST $ 1,084,000

TOTAL INSTALLED EQUIPMENT COST
FOR AREA $ 4,099,000

mm_mm_memt_
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5.2.4. Agglomeration and Separation:
ArN 400 - Reference Flowsheet AtARC73 Proceu Dmc_llon

The hydroseparatorproduct(froth)dilutedto 30 per-
OulgnConlddmllonl cent nVcroagglorneratesslum/is pumpedfromthe
The purposeof the AgglomerationandSeparation AgglomerationandFloatationAreaintothe low
Area isto enlargethe rnicroagglorneralesfrom shearmixers.38 tph of bridgingoil is alsoadded in
--0.2mmto 0.Smmto 3.0mmin size,andto dewater the lowshearmixersto promotegrowthof the floc
the macroag_rates to 10 percentmoisture,w/w particlesirto green agglornerates0.8 to 3.0mm in
basis, size.The IXOdUdslum/of macroagglorneratesisdis-

The lollowlngdesignassumptionswere made in chargedon fourdrain andrinse,doubledeck vibrat-
seleclionand sizingot the equipment: ingscreens,where ii isdrained,rinsedand
• Toachievea narrowerresidencetime clistdloution dewalered. The green agglomeratesfromthe D&R

inthe lowshearmixers,anda moreuniform screenswillbe alXxoximately463 tph and 25 per-
_, two mixingvessels,in series,with a cent moisture.

residencetime of 26 minutesare used. The wet agglomeratesare transferredto eight
The secondvessel alsoservesas a surge centrifugalextractorsoperatedinparallelwhere the
capacitytank beforegreen agglomeralesare productis furtherdewateredto 10 percenlmoisture.
dewatered. The extractorsareoscillating,conical-screentype

• Thegrowthprocessforthe agglomeratesrequire andoperatedal lowrpm.
additionof lightcrudeogto a levelof 12 percent .NI I:mCesswaterfromthe D&Rscreens'under-
(dayw/w coalbasis), flowandthe centrifugesis recycledtothe Coal and

• Lowq)m cenldlugalextractorsare to beused for Oil PreparationArea.
dqttnggreen macroagglomerates.
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PR0c_ss _oux_MINT

ESTIMATE SUMMARY

CLIENT_ ARC/EPRI CONSORTIUM TYPE OF ESTIMATEs ± 30%

PROJECT NOo| RP2655-12 DATE OF ISSUE:

AREA DESIGNATIONz Agglomeration and Separation: Area 400

EOUIPMENT INST_LLED COST

$

TOTAL PROCESS EQUIPMENT
INSTALLED COST (PEIC) $ 2,765,000

ALLOWANCE FOR:

Piping $

Instrumentation

Electrical

Bldg./Structural

2,627,000

TOTAL DIRECT COST $___5_92_O0_

97



EOUIPMENT LI_T

CLIENT: ARC/EPRI CONSORTIUM SHEET NO.: 1 OF 2

PROJECT NO.: RP2655-12 IBBU3 DATE:

AREA DESIGNATION: Agglomeratlon and Separation: Area 400

_ DESCRIPTIgN

1 8 LOW Shear Mixers, 12' X 22', $ 743,000
Incl. agitators, 8 x 120 hp @
600 rpm

2 4 Bridging Oil Metering Pumps $ 29,000

3 4 Drain and Rinse Screens, $ 257,000
12' x 17', 150 :ph each, 0.8mm
apertures double deck, discharge
chutes

4 I0 Centrifugal Extractors, 60 :ph $ 975,000
solids each, two spare, 80 hp
each

5 2 Recycle Water Pumps, 1800 USGPM $ 31,000
each, 2 x 40 hp

TOTAL EQUIPMENT COST $ 2,035,000

INSTALLATION AT 36% OF EQUIPMENT

COST $ 730,000

TOTAL INSTALLED EQUIPMENT COST

FOR AREA $ 2,765,000
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$.2.S.WaterTrealxnent:Area500
- ReferenceFlowsheet#ARC71

De_nCemddmgonz

The basic designand costinformationfor treating
the make-upwaterforthe .a_jlofioatprocesswas
based on watertreatmentpackageplants.

_tlen
Forthe plantwater needs,wellor surfacewater will
be treatedand storedin the recyclewater pond.
The well orsurfacewater willbe treatedto process
water qualitystandards.Inaddition,a small amount
of water willbe treated for ddnkingwater and for
sanitarypurposes.
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PROCE88 BQUZPME_

ESTIMATE BO_RY

CLIENTs ARC/EPRI CONSORTIUM TYPE OF W8TIMATIes _ 30%
_

PRqJJmCT NO.s RP2655-12 DATI 01p ZBBITRt

AREA DESIGNATIONs Water Treatment: Area 500
i

TL_ ZN_TALLBD CO8_

$
iii

,,,
__

i

,i

TOTAL PROCE28 EQUIPMENT

INBTALLED CO8T (PwIC) $ ._.
H rail

ALLOWANCR 70Rs

Piping $

Instrumentation

Electrical

Bldg./Structural
i

TOTALDZRSCTCOST $__!_Is_22
.mmemememZ__
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EOUIPMENT LIST

CLIENT; ARC/EPRI CONSORTIUM SHEET NO. s 1 OF 1

PROJECT NOo| RP2655-12 I88UR DATEs
i li,t

AREA DESIGNATIONs Water Treatment - Area 500

XTEM NO. 0UANTZTY pESqRIPTION

Total Direct Cost from data for

packaged plants, water quantity
and quality:

Make-up Water Requirements 32.5 tph
Energy Requirements: i00 hp

TOTAL DIRECT COST FOR AREA 500 $ 1,150,000
_mo_m_mmmm
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5.2.8.ProductLoadout:Area600
- ReferenceFlowsheet# ARC70 Theweighing system is a sirr_ledesignusingthe

tare weightof the railcarandtrackscales.A track
I)eslgnConlidmllonl mobilewillbeusedto movethe cars dudngloading.

The designof the ProductLoadoutArea for ag- Priorto shipping,the surfaceof the Wo(t_ willbe
glomeratesandcoal refuseprovidestwo days sprayedwitha latexsolutionto preventdustlosses
productionstoragefor agglomeratesandthree days enmute andto conformto environmentalindustry
productionstoragefor coalrefuse.The Ioadout standards.
facilityfor railcars has been includedinthe design. The coalrefuseis transferredfrom the Agglomera-

tionand FloatationArea at the rate of 70.5 tph to
Pfocen INecflptlon 500 toncapacityrefuseIoadoutbin.The refusewill
The dry agglomeratesproductwillbe transferred be loadedoncoal deliverytrucksand hauledbackto
fromthe AOglomeratlonand SeparationArea viabelt a displayarea. In case of emergency,coal refuse
conveyors.A single 10,000-tonlivecapacityground can be directedto an outside,3-day emmgency
stockpilewill be maintained.The productwillbe refusestorage pile.The refusewillbe witlxIrawn
withdrawnfrom the stockpilebyvibratingfeeders from the pilewith a front-endloaderandconveyor
and transferredto a 500-ton Ioadoutbinfor loading system. The refusepilearea willbe constructed
into raiicarsvia a shuttleconveyor, using a properground liningand drainagetrenches

for run-offwaters.
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_STIMATE SUMM_R¥

CLIENTz ARC/EPRI CONSORTIUM TYPE OF ESTIMATEz ±30%

PROJECT NO. Z RP2655-12 DATE OF ISSUEz

AREA DESIGNATION| Product Loadout: Area 600
,

_OUIPMENT ZNSTALL_D COST

$

TOTAL PROCESS EQUIPMENT

INSTALLED COST (PEIC) $ 6,971,000

ALLOWANCE FORZ

Piping $

Instrumentation

Electrical

Bldg./Structural

839,000
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EOUIPMENT LIST

CLIENTZ ARC/EPRI CONSORTIUM SHEET NO.| OF

PROJECT NOot RP2655-12 ISSUE DATEz

•REA DESIGN&TIONz Product Loadout: Area 600

_ DESCRIPTXON PRICE

1 1 Product Stockpile Storage Area, $ 3,507,000
Live Capacity 10,000 t, includes site
preparation, reclaim tunnel and dust
collection system.

2 6 Reclaim Vibrating Feeders, 150 tph 90,000
capacity each, total motor hp - 60,
discharge chutes

3 2 500 t Capacity Agglomerates Loadout 204,000
Bins

4 - Allowance for Rall Car Loadout System 188,000

5 - Belt Conveyors: Allowance for 750 172,000
ft of 30" belts, total hp - 200

6 - Latex or Calcium Hydroxide Spray 29,000
System

7 1 Coa_ Refuse Bin, 500 t capacity 102,000

8 1 Coal Refuse/Storage Area, Live 2,314,000
Caracity, 5000 t, includes site
preparation, reclaim hopper and
conveyor belts, total motor hp=80

9 1 Front End Loader 267,000

TOTAL EQUIPMENT COST $ 6,873,000

INSTALLATION KT 1% OF EQUIPMENT
COST $ 98,000

TOTAl, INSTALLED EQUIPMENT COST
FOR AREA $ 6,971,000

mmm_mi_m_
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5.3.DesignBasis 5.3.2.DesignBasis:OperatingCostEstimates

5.3.1.Design_ssis:SummaryofProcess Ta,)_,_.7.Agk_k_Procm:PlantOperations.
ElectricalRequirements Salaries and Wages Salary/

Day Shift Numbers wages Total
TableA5.6. Summaryof processelactricaJrequirements. Plant Superintendent 1 $ 50,000 $ 50,000-

General PlantForeman 1 45,000 45,000
Area I)ee=rlptlon Connected Operating ProcessEngineer 1 45,000 45,000

H.p. Kw ProcessTechnidan/AnaJyst 2 37,000 74,000
100 Coal Delivery,Storage 905 681 TechnicalClelk 1 25,000 25,000

andCrushing ShippingForeman 1 42,000 42,000
LoadingCrew 4 25,000 100,000

200 Coal andOil Preparation 10,330 7,768 17 $ 381,000
PayrollBurden@ 35% $133,000

300 Agglomerationand 4,548 3,420 Subtotal $ 514,000FbaUUJon
Shift Workers

400 Agglomerationand 1,700 1,278 Coal Deliveryand Reclaim 4 $ 31,0005 124,000
Separalion Agendant

Coal andOil Preparation 4 31,000 124,000
500 Water Treatment 100 75 4QglomomtionandFloatatJon 4 31,000 124,000

AgglomerationandSeparation 4 31,000 124,000
600 ProductLoadout 340 256 CentralControlOperator 4 31,000 124,000

. ------- ShiftForeman 4 42,000$.._Total 17,923 13,478 2"_
PayrollBurden@ 35% $ 276,000
Subtotal $1,064,000

Total: Plant Operating'Labour $1,S'/8,000

Chemk:akb

Water Treatment 20,000
FlocuLw_SO_ ofrnahy_ _ SSO,O00

x 7,000 hn_x $1.6GI_
LatexSWay 185,000
Fuel

4.5 x 10_MMBt_y naturalgas x $ 2.90A_Btu 131,000
E_=k:.y
94.5 x I0" kWh x $ 0.065_Wh 6,132,000
Water

6O2.x I0' gal x $0.6/1000 gal 36,0O0
ROM Coal

400 lph x 7000 hmx $ 27.004 75,600,000
Crude 011

39.6 Iph x 7,000 hrsx $102.64 28,441,000
Dlaeal

0.4 lph x 7,000 bnl x $178.44 500,000
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5.4.DesignData

Table A5.9. Analysis of design ROM coal, coal refuseand
Table A5.8. Maintenancecostestimate:Aglofloat. drieddean coalproduct.

Total area Cost, Feed Refuse Clean
Area Delcrlption cost, Annual Annual 000's Coal Coal Product

000's % labour Materials Proxlmat=, percent
100 Coal Delivery, Moisture 2.0 10.3 2.2

Storageand 5,267 3 63 95 Ash 17.0 66.9 6.2
Crushing Volatile 36.5 10.1 40.4

Rxed Carbon 44.5 12.7 50.6
200 Coal and Oil

Preparation 12,742 4 204 306 UltlmaW
Moisture 2.0 10.3 2.2

300 Agglomeration Ash 17.0 66.9 6.2
and FloaIation 9,018 6 216 325 Carbon 66.4 19.3 76.9

Hydrogen 4.3 1.2 4.9
400 Agglomeration Nitrogen 1.1 0.3 1.3

and Separation 5,392 6 129 194 Sulphur,organic 1.2 0.6 1.3
Sulphur,write 2.4 8.0 1.2

500 Water Treatment 1,150 3 14 21 Oxygen(ditf) 5.6 6.0

600 ProductLoadout 7,810 3 94 141 HeatingValue,Btu/Ib 11,900 3,350 13,300
---- _ 27.4 7.7 30.7

Total Maintenance Cost 720 1,081
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