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ThermalBehaviorandKineticsofRaw/PyrolyticWoodand
CoalBlendsduringCoＧcombustionProcess
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JianYANG,　LuYAO,　FeiMENG
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Abstract:Thethermalpropertiesofraw wood(RW)biomass,correspondingpyrolyticwood(PW)biomass,and
theirblendswithanthracitecoal(AC)wereevaluatedundercombustionconditionswithathermogravimetricanalysis
(TGA)method．TheblendingratiosofthebiomasswithACrangingfrom０to１００mass％ weretakenintoconsiderＧ
ationtoinvestigatethethermalbehaviorandkineticsoftheseblendsduringtheircoＧcombustion．ForblendswithdifＧ
ferentratiosoftheRWtoACand１００％ AC(１００AC),twodistinctmasslosspeaksrelatedtothereleaseorcomＧ
bustionprocessofthevolatilesandthecombustionofthecharwerenoted．TheadditionofahigherratioofRWor
PWintoACcanimprovethecombustionprocessoftheblends．ThethermalbehavioroftheRW/ACorPW/AC
blendscouldnotbecharacterizedbyasimplelinearcorrelationoftheirpurematerialthermalbehavior．Withthe
RW/PWadditionratiosvaryingfrom２５mass％to８０mass％,theapparentactivationenergyoftheblendsgradually
decreasedfrom４８􀆰４６to３４􀆰９３kJ/molandfrom８２􀆰７４to３７􀆰８１kJ/molfortheRW/ACandPW/ACblends,reＧ
spectively,withhighcorrelationcoefficient(R２)valuesrangingfrom０􀆰９９５６to０􀆰９９８４．
Keywords:thermalproperty;thermogravimetricanalysis;rawwoodbiomass;pyrolyticwoodbiomass;apparentacＧ
tivationenergy

　 　 Biomassisincreasingly consideredto bea
promisingfeedstockforrenewableenergybecauseof
thedepletionoffossilfuelsandtheincreasingenviＧ
ronmentalconcerns[１]．BiomasshasawidedistribuＧ
tionandisahighyieldfeedstockthataccountsfor
approximately１４％oftheworldenergysupply,esＧ
peciallyduringtheagriculturalharvestandforest
loggingperiods[２]．Atpresent,coalisatypicalfeedＧ
stockusedforenergyproductionbecauseofitslarge
reservesandhighenergydensity．However,theuse
ofcoalhascausedconcernbecauseoftheemissionof
toxicgasesandthefusedＧashslaggingproblem which
appearsinthebottomofthecombustor[３]．Thus,as
apromisingrenewableenergy,biomasshasattracＧ
tedmoreandmoreattentionofresearchersandenerＧ
gyinstitutions．Unfortunately,theuseofrawbioＧ
massalonewillonlyaddresssomeoftheproblems
becauseithasahighmoisturecontent,isnoteasy

togrind,andhasalowdensityandheatingvalue[４]．
　　ThecoＧcombustionofbiomassandcoalisapromisＧ
ingoptiontosolvetheproblemsmentionedabove．In
recentyears,studieshavebeenreportedonissues
regardingthecoＧutilizationofbiomassandcoal[５Ｇ７]．
However,lessattentionhasbeengiventothecoＧ
combustionbehaviorcomparisonregardingthesame
biomassunderdifferentpretreatingconditions,esＧ
peciallythepyrolysisprocessforthebiomass,which
isnecessarytosignificantlyreducemoisturecontent
andenhanceenergydensityvalue．Therefore,correＧ
spondingpyrolyticbiomassblendswithcoalareused
toexplorethecombustiondifferencesbetweenraw
wood (RW)Ｇcoalandpyrolytic wood (PW)Ｇcoal
blends．
　　Thus,inthisstudy,thecoＧcombustionofChiＧ
neseanthracitecoal,rawwoodbiomass,andcorreＧ
spondingpyrolyticbiomass werecarriedoutina



thermogravimetricanalyzer．Thecarboncontentof
thebiomassislowerthanthatofcoal;however,anＧ
thracitecoalhashighercarboncontentthananyothＧ
ercoalsthatareavailable．Blendingbiomassandcoal
canrelativelyenhancethecarboncontentofthe
blend,whichisclosertothatofbituminousorsubＧ
bituminouscoal．TherehasalreadybeenmuchsysＧ
tematicstudyonthecombustionbehaviordifferＧ
encesbetweenraw/pyrolyticwoodandcoalblends．
Inthisstudy,thecoＧcombustionkineticsofraw/pyＧ
rolyticwoodandcoalblendswereinvestigatedunder
differentblendingratios．

１　Experimental
１􀆰１　Material
　　Anthracitecoal(AC)wasprovidedbyapower
plantlocatedin Chongqing,China,andtheraw
woodbiomassusedwaspinepowder,whichwasdeＧ
rivedfromawoodenfurniturefactoryalsolocatedin
Chongqing,China．Pyrolyticwoodwasobtainedby
thefollowingsteps．Therawpinewoodwascutinto
thedimensionsof１０mm×１０mm×４０mm．Then,
thewoodpieceswerepyrolyzedinaninertenvironＧ
mentwithoutoxygenat４００℃for１h[８]．AndnitroＧ
genwasusedasthecarriergasunderaflowrateof
６０mL/min．Theraw/pyrolyticwoodandcoalsamＧ
plesweregroundandsievedinordertoobtainaparＧ
ticlesizeof１２０to１５０μm．Fivedifferentbiomass
blendingratiosof０,２５,５０,８０,and１００ mass％
wereobtainedforanalysis．

１􀆰２　Methods
　　Inthisstudy,asimultaneousthermogravimetＧ
ricanalyzer(STAＧ４４９F３,NETZSCH,Germany)was
usedtoexaminethecombustioncharacteristicsof
thesamples．Foreachrun,approximately６mgof
sampleandaheatingrateof２０℃/minwereusedto
avoidheattransferlimitationsand minimizethe
masstransfereffects．Afterloadingtheprepared
samplesintoanaluminaoxidecrucible,athermoＧ
couplewasplacedclosetothesampletomonitorthe
temperature．ThesamplewasthenheatedfromamＧ
bienttemperatureto９００ ℃ undertheairflowrate
of６０ mL/mintoensurecompletecontactofthe
sampleandair．ToensuretheaccuracyandreproＧ
ducibilityoftheresults,allexperimentswerecarＧ
riedoutinduplicates,ataminimum,toachievethe
relativeerrorratewithin５􀆰０％．
　　Table１providestheresultsoftheproximateand
ultimateanalysesofcoal,pyrolyticwoodbiomass,
andrawwoodbiomass．ItshowsthatthefixedcarＧ
bonvaluesofthepyrolyticwoodmaterialarehigher
thanthoseoftheraw woodmaterial．Thisimplies
thatthepyrolytictreatmentcansignificantlyinＧ
creasetheintensityvalueofenergydensityunderan
inertenvironment．Forasolidfuel,thecontentsof
nitrogenandsulfurareimportantindexesbecause
theycanbetransformedintotoxicNOx andSOx

duringthecombustionprocess．ThecontentsofniＧ
trogenandsulfurinpyrolyticwoodaremuchlower
thanthoseoftherawwoodmaterial．However,these

　Table１　Proximateandultimateanalysisofanthracitecoalandraw/pyrolyticwoodbiomass　　　mass％

Sample
Proximateanalysis Ultimateanalysis(ad)

Moisture Ash Volatile Fixedcarbon C H O N S

AC ５􀆰７０ １２􀆰３４ １２􀆰８５ ６９􀆰１１ ７８􀆰２０ ４􀆰２７ １５􀆰７６ １􀆰２５ ０􀆰５２
RW ６􀆰２２ ０􀆰４６ ７６􀆰６４ １６􀆰６８ ４９􀆰８５ ６􀆰５４ ４３􀆰３６ ０􀆰０８ ０􀆰１７
PW ２􀆰２５ ０􀆰８１ ３２􀆰４５ ６４􀆰４９ ６５􀆰０４ ５􀆰３１ ２９􀆰５７ ０􀆰０３ ０􀆰０５

　　　　　　Note:admeanstheasdeterminedbasis．

valuesarefarbelowthoseofcoal．Thus,tosomeextent,
thecoＧcombustionofthematerialblendsmayachieve
considerableenvironmentalbenefits．

１􀆰３　Kineticanalysis
　　Inthepresentwork,thekineticallycontrolled
reaction,undertheconditionofalowheatingrate,
andthethermogravimetricanalysis(TGA)dataare
usedtocalculatethekineticparametersusingtheCoatsＧ
Redfernmethod,basedontheArrheniusequation．
Thekineticsofthereactionisgivenasfollows:

　　dX/dt＝Aexp(－Ea/RT)􀅰f(X) (１)
where,

　　X＝
(W０－Wt)
(W０－W ∞ ) (２)

　　f(X)＝(１－X)n (３)
Xistheconversationrateandcanbecalculatedby
Eq􀆰(２)[９Ｇ１３];f(X)representsthehypotheticalmodＧ
elofthereactionmechanism;AisthepreＧexponenＧ
tialorfrequencyfactor;Eaistheapparentactivation
energy,kJ􀅰mol－１;tisthetime,min;RistheuniＧ
versalgasconstant,８􀆰３１４J􀅰mol－１􀅰K－１;Tisthe
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