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Abstract:DirectreductionofhighＧphosphorusoolitichematiteorebasedonbiomasspyrolysisgases(CO,H２,and
CH４),tar,andcharwasconductedtoinvestigatetheeffectsofreductiontemperature,ironoreＧbiomassmassratio,
andreductiontimeonthemetallizationrate．Inaddition,theeffectofparticlesizeonthedephosphorizationandiron
recoveryratewasstudiedbymagneticseparation．Itwasdeterminedthatthemetallizationrateofthehematiteore
couldreach９９３５％atironoreＧbiomassmassratioof１∶０６,reductiontemperatureof１１００℃,andreductiontime
of５５min．Themetallizationrateandtheaggregationdegreeofironparticlesincreasewiththeincreaseofreduction
temperature．Theparticlesizeofdirectreducediron(DRI)hasagreatinfluenceonthequalityoftheironconcentrate
duringmagneticseparation．Theseparationdegreeofslagandironwasimprovedbytheadditionof１５mass％sodiＧ
umcarbonate．DRIwithirongradeof８９１１％,ironrecoveryrateof８３４７％,andphosphoruscontentof０２８％can
beobtainedwhenorefineswithparticlesizeof－１０μmaccountfor７８１５％．
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　　Theoolitichematiteoreiswidelydistributedin
China,especiallytheXuanlongＧtypeironoreinthe
northandtheNingxiangＧtypeironoreinthesouth．
Itisrecognizedasoneofthemostdifficultironoreto
usebecauseofitsuniqueooliticstructure,fineiron
particlesize,andhighphosphoruscontent[１]．HighＧ
phosphorusoolitichematiteorehasbeeninvestigaＧ
tedbymanyresearchersduetothedevelopmentof
directreductionprocessinrecentyears．Sunetal[２Ｇ７]

investigatedtheinfluenceofreductantspecies,parＧ
ticlesizeofore,anddephosphorizationagenton
coalＧbaseddirectreduction,aswellasthemechaＧ
nism of dephosphorization of highＧphosphorus
oolitichematiteore．Theirresultsshowedthata
highlyvolatilereductantwasadvantageoustodeＧ
phosphorizationandironreduction．Thedeveloped
NCP/NCS dephosphorization agents could react
withquartzandphosphaterockinironoretodeＧ

stroytheooliticstructureandachieveseparationbeＧ
tweenironandslag．Zhou[８]hypothesizedthatthe
nucleationofmetallicironparticlesandgrowthof
thecrystalnucleuscausedthedestructionofthe
ooliticstructureintheoolitichematiteoreduringdiＧ
rectreduction．Increasingreductiontemperatureand
extendingthereductiontimewasbeneficialforthe
growthof metalliciron particles．Sunetal[９Ｇ１１]

foundthathematitewithaparticlesizeof０－２０μm
wasembedded withgangueintheooid．Besides,
theyfocusedontheruleofphosphorustransferring
associated with reduction temperature,reduction
time,distributioncoefficientofcarbon,and CaO
contentincoalＧbaseddirectreduction．WhenthereＧ
ductiontemperaturewasmorethan１２００℃,partof
thephosphoritewasreducedtophosphorusduring
directreduction ofiron,andtherest weredisＧ
chargedwiththetailing．



　　Asmentionedabove,coalismainlyusedasthe
reductantinthedirectreductionprocess,resulting
inseveralproblemscausedbythehighcontentof
sulfurandashinthecoal．TheexcessivesulfurconＧ
tentinthedirectreducediron (DRI)reducesits
qualityandincreasesthecostofdesulfurization．A
portionofthesulfurisoxidizedtosulfurdioxide
(SO２),causingatmosphericpollution．Theironloss
isincreasedbecausetheashincoalreactswiththe
ironoxidetocreatefayaliteandhercynite．Alkali
compoundssuchasCaO,CaCO３,andNa２CO３are
addedintotheironoretoreducefayaliteandherＧ
cynite．Alargeamountofslaggeneratedduringthe
reduction process will hinder the diffusion and
growthoftheirongrain．Therefore,biomasswas
usedasthereductanttoreplacecoalinthiswork．
Biomassisthemostwidespreadmaterialonearth,
includingallanimals,plants,microorganismsand
organicsubstancesgeneratedfrom derivation,exＧ
cretion,andmetabolismoftheselivingthings[１２,１３]．
Besides,biomassisclean,renewableandcarbonneuＧ
tral[１４],andhasbeenrecognizedascleanenergy[１５]．
Through thermalchemistry conversion technoloＧ
gy[１６,１７]likepyrolysis,biomasscanproducealarge
numberofreducinggas,tar,andcharthatcanbe
usedasreductants．Accordingtopreviousstudieson
biomassreduction[１８Ｇ２２],manganeseorecanbereＧ
ducedtoMnOuponheatingat４００℃for１２５min．

HematitecanbereducedtoFe３O４ whilecalciningat
６５０℃for３０min,andtoFeat１０００℃after６０min．
Inthisstudy,pinesawdustwasusedasthereducＧ
tantforthe directreduction ofhighＧphosphorus
oolitichematiteoretoinvestigatetheinfluencesof
reductiontemperature,massratiooftheironoreＧbiＧ
omass,andreductiontimeonthemetallizationrate．

１　Experimental
１１　Materials
　　ThehighＧphosphorusoolitichematiteorewas
obtainedfromwestHubeiprovinceinChina,witha
blocksizeof２－８cm．Itwaspulverizedto００７４mm
usingaND８Ｇ４Lplanetaryballmill,andthendried
at１０５℃inaDHGＧ９１４０Aelectricovenfor２４hto
removemoisture．Chemicalanalysisofhematitesamples
wasconductedusingaShimadzu XRFＧ１８００specＧ
trometer,andthelossofignition(LOI)at１０００℃
wasmeasuredbymasslossofadriedsample(１０５℃)
usingaLECOTGA６０１．TheTFe(totalFe),FeO,
andPcontents,showninTable１,wereexamined
bythechemicalmethod．Thecrystallinephaseswere
investigatedby powder XＧray diffraction (XRD)
technique,usingalaboratory Rigaku TTRIIIdifＧ
fractometerwithagraphitecrystalmonochromator
tofiltertheCuKαradiation,operatingat４０kVand
２００mA,andatarateof１０ (°)/min．Themineral
compositionisshowninFig１．

　　　　　Table１　Chemicalcompositionofoolitichematiteore　　　　　　　mass％

TFe FeO P S MnO SiO２ Al２O３ CaO K２O MgO LOI

４７８７ １７１ ０９９ ００２ ０１ ６４３ ６３２ ３６８ ０３５ ０５０ ３１２

Fig１　Mineralcompositionofoolitichematiteore

　　Thebiomassselectedforthisexperimentwas
pinesawdustsuppliedfromalocaltimbershopin
ChangpingDistrict,Beijing,China．Itwasdriedat
８０℃for２４hinanelectricovenandcrushedtosizes

of－０１５mm．Table２showsthepropertiesofthe
sawdust．TheultimateanalysiswascarriedoutacＧ
cordingtotheChinesenationalstandardsGB/T２１２Ｇ
２００１andGB/T２１４Ｇ２００１,andtheproximateanalysis
wascarriedoutaccordingtotheASTM E１７５５Ｇ９５．
HighＧpuritynitrogenwithapurityof９９９９９％ was
usedinthisanalysis．

Table２　Propertiesofsawdust(drybase)　　mass％

Ultimateanalysis Proximateanalysis

Cad Had Oad Nad Sad Water VM FC Ash

４３０８ ６４１ ３２２４ ０３２ ０１０ １３９２ ６２９５１９２０ ３９３

　 　Note:ad—Airdriedbasis;VM—Volatilematter;
FC—Fixedcarbon．

１２　Methods
　　Thedirectreductionexperimentwasconducted
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