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ABSTRACT

Modificationofmetallurgicalcoke,biomasscharandsemiＧcokewascarriedoutusingamicrowavedevice
withpowerof４５０－８５０Wandirradiationtimeof６－１２min．Thedesulfurizationratesofthreecarbon
materialsbeforeandaftermodificationweretested．Theeffectsofmicrowavepowerandirradiationtime
ontheporetextureandsurfacechemicalcharacteristicsofthethreecarbonmaterialswereexaminedby
SEM, BETandFouriertransforminfraredspectroscopy (FTIR)．Theresultsshowedthatthespecific
surfacearea,totalporevolumeandporediameterofbiomasscharandsemiＧcokeafterirradiationdeＧ
creasedslightly．Noteworthily,theporediameterturnedsmallandtheacidicfunctionalgroupsontheir
surfacedecomposed,therebythebasicityofcarbonsurfaceincreasedbymicrowavemodification．TheoptiＧ
malpromotionofdesulfurizationrateofthreecarbonmaterialswassemiＧcokeirradiatedat８５０ Wfor９
minandthesulfurdioxideadsorptionratewasupto４５％．

１􀆰Introduction
　WiththeincreaseofsteelproductionandtheconＧ
sciousnessofenvironmentalprotection, ironand
steelenterprisesareadmiredtopaymoreattention
tothepollutantshandling, especiallyforsintering
fluegasmainlycontainingSO２andNOx

[１Ｇ４] ．TradiＧ
tionalmethodfordesulfurizationoffluegasisthe
reactionofcalcium basedcompound withSO２ to
generategypsum．ThoughthedesulfurizationmethＧ
odissimpleandmature,itsvastdemandofwater,
largesecondarypollutantsandhighdesulfurization
cost makeithardto beanidealdesulfurization
method[５Ｇ７] ．Therefore,inrecentyears,alotofreＧ
searchesforbetterdesulfurization methods have
beencarriedoutandsomeadvancedtechniqueshave
beendeveloped．Amongthem, drydesulfurization
withcarbonmaterialsisagoodmethodduetoits
sustainabilityandenvironmentalprotectioneffect[２,８Ｇ１０] ．
However,thecommoncarbon materials, suchas
metallurgicalcoke, biomasscharandsemiＧcoke,
containlessporestructureandcannot meetthe
needsofdesulfurizationefficiency[１１Ｇ１３] ．Therefore,
improvingtheporestructureofcommoncarbonmaＧ
terialsisneedful．Inrecentdecades, manystudies
havebeendevotedtocarbonmaterialsmodification

forSO２ removalfrom fluegas[８,１４Ｇ１８] ．However,
mostofthestudiesfocusedonactivatedcarbonor
carbonnanotube (CNT) whichwasexpensivefor
desulfurizationoffluegasinthesteelplants．The
cheapcarbonmaterialslikemetallurgicalcoke,bioＧ
masscharorsemiＧcoke,onappropriatemodification
forimprovingthedesulfurizationrate, wouldshow
largeeconomicadvantages．
　Inthiscontribution, metallurgicalcoke,biomass
charandsemiＧcokeweremodifiedbymicrowaveirＧ
radiation and their desulfurization characteristics
wereinvestigated．Besides, desulfurizationdatawere
alsosystematicallyanalyzedanddiscussedinorder
tofindasuitablecarbonmaterialandmodification
methodforsinteringfluegasdesulfurization．

２．Experimental

２􀆰１．Materials

　Inthisexperiment, metallurgicalcokewasobtained
fromXinjiangBayiIron & SteelPlant (Xingjiang,
China)．Biomasscharwasmadefrompeanutshell,
whichwasdriedat１１０°Cfor１０handfollowedby
calcinationinN２at７５０°Cfor１􀆰５h．Then,thebioＧ
masscharwaswashedwithdistilledwaterforremoＧ
vingsurfaceimpuritiesbeforeitwasdriedat１１０°Cfor
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１０h．SemiＧcoke wasfrom Hamiarea (Xinjiang,
China)．Then,thethreerawmaterialswereground
andsievedintogranulesrangingof１􀆰７－４􀆰０mm．
Afterbeingwashedwithdistilledwaterfor５times,
thesecarbonmaterialsweredriedat１１０°CinN２for
５h．Formicrowavemodificationexperiments,the
carbonmaterialswereirradiatedataspecificpower
andacertaintime(showninTable１),respectively．
　Threekeyfactors,thecarbonmaterialtype,the
microwaveirradiation power and theirradiation
time, wereselectedandL９ (３４) orthogonaltable
designwasusedinthisexperimentaccordingtothe
Taguchiexperimentaldesign[１９] ．Eachfactorwasset
tothreelevelsbasedonthepreviousstudies[１７,２０] ．
Detailsofexperimentalconditionsarepresentedin
Table１．

Table１
Orthogonalexperimentaldesignofmicrowaveirradiation
experiments

Sample
No． Material Irradiation

power/W
Irradiation
time/min

MＧ１ Metallurgicalcoke ４５０ ６
MＧ２ Metallurgicalcoke ６５０ ９
MＧ３ Metallurgicalcoke ８５０ １２
MＧ４ Biomasschar ４５０ ９
MＧ５ Biomasschar ６５０ １２
MＧ６ Biomasschar ８５０ ６
MＧ７ SemiＧcoke ４５０ １２
MＧ８ SemiＧcoke ６５０ ６
MＧ９ SemiＧcoke ８５０ ９

２􀆰２．Apparatus

　Thediagram oftheexperimentalapparatusis
showninFig􀆰１．Thisdevicemainlyincludedthegas
meteringand mixingsection, reactorandanalyzer
sections．Thegasmixingsectionconsistedoffour
gascircuits, which were H２O, O２, N２ andSO２．
ThemaximumflowratesofH２O, O２andSO２were
２００mL/min, whilethemaximumflowrateofN２was

Fig􀆰１．　Diagramofdesulfurizationtests．

１０００mL/min．ThehighesttemperatureofthereacＧ
torcouldreachupto８００°C．ThemicrowavegeneraＧ
torusedinthisstudywasNJL２Ｇ２ (NanjingJiequan
MicrowaveDevelopmentCo．, Ltd．, China), andits
workingfrequency and maximum output power
were２􀆰４５GHzand１１００W,respectively．TheconＧ
centrationsofgases(NO, NOxandO２) weremoniＧ
toredbyfluegasanalyzer(MRU, GermanyOPTIＧ
MA７)．

２􀆰３．Experimentalmethod

　Thedesulfurizationexperimentswerecarriedout
inafixedＧbedcontinuousflowquartzreactor(１０mmof
internaldiameter)at１５０°C．Ineachexperiment,２g
samplewasloadedandthereactorwasheatedbya
temperatureＧcontrolledfurnace．ThefeedgasconＧ
tained０􀆰１２６％ SO２,１１％ O２,７􀆰５％ H２OandN２

asbalance．Thetotalgasflowratewas２００mL/min．
TheconcentrationofSO２atthereactoroutletwas
recordedby OPTIMA７．Thehighpuritynitrogen
wasaddedasaprotectgasbeforereachingthetarget
temperature．Thereactiongaseswereinjectedafter
thetemperatureremainedat１５０°Cfor３０min．SO２

conversionwascalculatedasfollows:

　　　DS＝ １－
α
β
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è
ç
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÷ ×１００％ (１)

where, DSisthedesulfurizationrate, ％;αisthe
SO２concentrationatthereactorinlet;andβisthe
SO２concentrationatthereactoroutlet．
　Thestructures, surfacepropertiesandsurface
chemicalcompositionsofcarbon materialsbefore
andaftermodificationwereinvestigatedusingBET
(thesurfacearea,totalporevolumeandaveragepore
sizeweremeasuredbyN２adsorptionat７７Kusing
Micromeritics３HＧ２０００PS１),SEM (FEINova４００)
andFTＧIR (Nicolet,iS５)．

３．ResultsandDiscussion

３􀆰１．BETandSEMresults

　Thesurfacearea,porevolumeandporediameter
ofdifferentsamplesaregiveninTable２．Fromthe
table,thespecificsurfaceareaofmetallurgicalcoke
increasedremarkablybuttherewasnearlynochange

Table２
BETresultsofcarbonmaterialsbeforeandaftermodification

Sample
Specific

surfacearea/
(m２􀅰g－１)

Totalpore
volume/

(cm３􀅰g－１)

Average
poresize/

nm
Metallurgicalcoke ０􀆰６２０５ ０􀆰０００１ １􀆰３００１

MＧ３ １􀆰７２８１ ０􀆰０００１ １􀆰４７４０
Biomasschar ４３４􀆰９４４３ ０􀆰２０８５ ０􀆰６８７８

MＧ６ ２６２􀆰５８９４ ０􀆰１２１５ ０􀆰６５９０
SemiＧcoke ３５􀆰７７９０ ０􀆰０１４１ ０􀆰８１０５

MＧ９ ２５􀆰６３２４ ０􀆰０１０３ ０􀆰７９２３
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