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CombustionPropertyandKineticModelingofPulverizedCoal
BasedonNonＧisothermalThermogravimetricAnalysis

JiuＧgangSHAO,　JianＧliangZHANG,　GuangＧweiWANG,　ZheWANG,　HongＧweiGUO
(SchoolofMetallurgicalandEcologicalEngineering,UniversityofScienceandTechnologyBeijing,Beijing１０００８３,China)

Abstract:NonＧisothermalcombustionkineticsoftwokindsoflowvolatilepulverizedcoals(HLcoalandRUcoal)
wereinvestigatedbythermogravimetricanalysis．TheresultsshowthatthecombustibilityofHLcoalwasbetterthan
thatofRUcoal,andwithincreasingheatingrate,ignitionandburnoutcharacteristicsofpulverizedcoalwereimＧ
proved．Thevolumemodel(VM),therandomporemodel(RPM),andthenew model(NEWM)inwhichthe
wholecombustionprocessisconsideredtobetheoverlappingprocessofvolatilecombustionandcoalcharcombusＧ
tion,wereusedtofitwiththeexperimentaldata．ThecomparisonofthesethreefittedresultsindicatedthatthecomＧ
bustionprocessofcoalcouldbesimulatedbytheNEWMwithhighestprecision．WhencalculatedbytheNEWM,the
activationenergiesofvolatilecombustionandcoalcharcombustionare１３０􀆰５and９５􀆰７kJ􀅰mol－１forHLcoal,reＧ
spectively,whiletheyare１１４􀆰５and１４７􀆰６kJ􀅰mol－１forRUcoal,respectively．
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　　DuetothecomplexityofcompositionandstrucＧ
ture,thepulverizedcoalcombustionisacomplicated
physicalandchemicalprocess．Generallyspeaking,the
combustionprocessofpulverizedcoalcanbedivided
intotwomainparts:pyrolysisandcombustionofreＧ
mainingcoalchar[１,２]．Themechanismandkinetics
ofcoalpyrolysisandcoalcharcombustionhavebeen
studiedbymanyinvestigatorsandanumberofexＧ
cellentpapershave been published onthissubＧ
ject[３－１０]．Griffinetal􀆰[８,９]proposedamathematical
modeldescribingthepyrolysisofbituminouscoal
withdifferentheatingrates(１０－２００００K/s),parＧ
ticlesizes,pressuresandtemperatures．Zhanget
al􀆰[１０]studiedtheeffectsofparticlesizeandheating
rateonthepyrolysischaracteristicsand kinetics
throughthermogravimetric(TG)analysisandoptiＧ
mizationtoolboxofMATLAB．However,mostof
researcheswerededicatedtoindividualprocessesof
pyrolysisorcoalcharcombustion,andfewresearＧ
chesweredoneonthewholecombustionprocess,
especiallyforkineticanalysis．
　　Inthisstudy,thecombustionprocessofpulＧ

verizedcoalwasinvestigatedbyTG method,andthe
combustioncharacteristicsofdifferentcoalswerecomＧ
pared．AccordingtopracticalcombustionprocessofpulＧ
verizedcoal,anewkineticmodelofpulverizedcoalcomＧ
bustionwasestablished,andthenew model(NEWM)
wasvalidatedbyfittingwithexperimentaldata．

１　ModelDescription
　　Inthisstudy,itwasassumedthatpulverizedcoal
combustioninvolvedtwokindsofreactionsandtwo
reactionsoccurredsimultaneously．TheoverallreacＧ
tionandtwoindividualparallelreactionsareexpressed
byEqs􀆰(１)to(３)．InEq􀆰(２),volatilecombuststo
producegaseousproductsandash,whichcanbedeＧ
scribedbythevolumemodel(VM)[１１,１２]．InEq􀆰(３),
coalcharcombineswithoxygentoproducecarbon
dioxideandash,andinthisprocess,therandom
poremodel(RPM)[１３,１４]isused．Inaddition,itis
furtherassumedthattwocompetingreactionsare
bothunderthechemicalreactioncontrol．
　　Coal＋O２→H２O＋CO２＋Ash (１)
　　Volatile＋O２→H２O＋CO２＋Ash (２)



　　Coalchar＋O２→CO２＋Ash (３)
　　Theresidualmassfractionofsampleisdefined
asfollows:

　　α＝
M－mt

M－m∞
,α１＝

M′－mt′
M－m∞

,α３＝
M″－mt″
M－m∞

(４)

where,α,α１andα２areconversionrateofcoal,volＧ
atileandcoalchar,respectively;M,M′andM″are
theinitialmassofpulverizedcoalsample,volatile
andcoalchar,respectively;mt,mt′andmt″arethe
massofpulverizedcoalsample,volatileandcoal
charatreactiontimet,respectively;andm∞isfinal
yieldofsample,whichisobtainedfromthefinal
constantmassofTGcurve．Therelationshipamong
M,M′,M″,mt,mt′andmt″isasfollows:
　　M＝M′＋M″ (５)
　　mt＝mt′＋mt″ (６)
　　IntheVM model[１１,１２],itisassumedthatahomoＧ
geneousreactionthroughouttheparticleoccursand
thereisalinearrelationbetweenreactionsurfaceand
conversionrate．Intheregimeofchemicalkinetic
controlandassuminggrainswithsphericalshape,
theoverallreactionrateisexpressedasfollows:
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where,A１isthepreＧexponentialfactorforvolatile
reaction;E１isapparentactivationenergyforvolaＧ
tilereaction,kJ􀅰mol－１;RistheuniversalgasconＧ
stant,８􀆰３１４J/(mol􀅰K);andTisthetemperaＧ
ture,K．
　　RPMdevelopedbyBhatiaandPerlmutter[１３,１４]

takesintoaccounttheporestructureanditsevoluＧ
tioninthecourseofreaction．Thismodelisableto
predictamaximumvalueofreactionratewithreacＧ
tionproceedingbecausetheporegrowthduringiniＧ
tialstageofcombustionanddestructionofthepores
duetocoalescenceofneighboringporesareboth
considered．Whenchemicalreactionisthecontrol
step,combustionratecanbewrittenas:
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where,

　　ψ＝
４πL０(１－ε０)

S２
０

(９)

A２isthepreＧexponentialfactorforcoalcharreacＧ
tion;Eisapparentactivationenergyforcoalchar
reaction,kJ􀅰mol－１;ψistheparameterofparticle
structure;S０istheporesurfacearea;L０isthepore
length;andε０istheparticleporosity．
　 　NonＧisothermalthermogravimetric methodor

temperatureＧprogrammed reaction technique inＧ
volvesheatingthesampleswithconstantrateβ．The
temperatureTisrelatedtotimetby
　　T＝T０＋βt (１０)
whereT０istheinitialtemperature．
　　ReplacingtinEqs􀆰(７)and(８)byEq􀆰(１０),
therateofcombustionreactioncanbeexpressedasa
functionoftemperatureasfollows:
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　　AfterrearrangingEqs􀆰(１１)and (１２)andinＧ
tegratingthem,followingequationscanbeobtained
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　　Theoverallreactionextentcanbeexpressedas
alinearadditionfunctionofα１andα２

　　α＝ε１α１＋ε２α２ (１５)
where,

　　ε１＝
wV

wV＋wFC
,ε２＝

wFC

wV＋wFC
(１６)

ε１andε２arecoefficientsdependingonthecontentof
volatileandfixedcarboninthecoalsample;andwFC

andwVarefixedcarbonandvolatilecontentsincoal
sample,respectively．
　　CombiningEqs􀆰(１３),(１４)and(１５),following
equationcanbeobtained
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　　Eq􀆰(１７)wasusedtodeterminethefivekinetic
parameters(A１,A２,E１,E２andψ)byemploying
nonlinearleastＧsquaresfittingmethods,whichminiＧ
mizestheobjectivefunction(OF):
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where,αexp,jistheexperimentaldatacorresponding
totemperatureTj;αmodel,jisthevaluecalculatedat
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