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InfluenceofMechanicalActivationonAcidLeaching
DephosphorizationofHighＧphosphorusIronOreConcentrates
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Abstract:Highpressurerollgrinding(HPRG)andballmillingwerecomparedtoinvestigatetheinfluenceofmeＧ
chanicalactivationontheacidleachingdephosphorizationofahighＧphosphorusironoreconcentrate,whichwasmanＧ
ufacturedthroughmagnetizingroastingＧmagneticseparationofhighＧphosphorusooliticironores．TheresultsindicaＧ
tedthatwhenhighＧphosphorusironoreconcentratescontaining５４９２ mass％ironand０７６ mass％ phosphorus
weredirectlyprocessedthroughacidleaching,ironoreconcentratescontaining５５７４mass％ironand０３３mass％
phosphoruswithanironrecoveryof８４６４％anddephosphorizationof６３７９％ wereobtained．WhenhighＧphosphorＧ
usironoreconcentratesactivatedbyballmillingwereprocessedbyacidleaching,ironoreconcentratescontaining
５６０３mass％ironand０２１mass％phosphoruswithanironrecoveryof８５６５％anddephosphorizationof７７４９％
wereobtained．Meanwhile,whenhighＧphosphorusironoreconcentratesactivatedbyHPRGwereprocessedbyacid
leaching,ironoreconcentratescontaining５８０２mass％ironand０１０mass％ phosphoruswereobtained,withthe
ironrecoveryreaching８８４２％andthedephosphorizationratereaching８８９９％．Mechanisticstudiesdemonstrated
thatballmillingcanreducetheparticlesize,demonstratingaprominentreunionphenomenon．Incontrast,HPRG
pretreatmentcontributestotheformationofmorecrackswithintheparticlesandselectivedissociationofironandP
bearingminerals,whichcanprovidethefavorablekineticconditionstoacceleratethesolidＧliquidreactionrate．As
such,thecrystalstructureisdestroyedandthesurfaceenergyofmineralparticlesisstrengthenedbymechanicalacＧ
tivation,furtherstrengtheningthedephosphorization．
Keywords:highＧphosphorusironoreconcentrate;highpressurerollgrinding;ballmilling;selectivedissociation;
sulfuricacidleaching;dephosphorization;ironrecovery

　　HighＧphosphorusooliticironorereservesareabunＧ
dantinChina,accountingfor１４８６％ (nearly８bilＧ
liontons)ofthecountry′stotalironorereserves．
TheaverageirongradeofthesereservesisapproxiＧ
mately４５％,whichismuchhigherthantheaverage
ironoregradeof３２６％inChina[１]．However,highＧ
phosphorusooliticironoresinChinahavenotbeen
widelyusedeffectively．Oneofthemajorreasonsis
thatthegranularityofhematiteinhighＧphosphorus
ooliticironoresisextremelyfineanditsembedded
relationshipwithganguemineralssuchasapatiteis
complex．Hence,itisverydifficulttoachieveeffecＧ
tivedephosphorizationviaphysicalorchemicalbeneＧ
ficiationprocesses[２,３]．Withtherapidgrowthofthe
ironandsteelindustriesinChina,suppliesofhighＧ
qualityironoresarebecomingexceedinglylimited．

Therefore,dephosphorization of highＧphosphorus
ooliticironoresisbecominganimportantbutchalＧ
lengingissue．
　　Atpresent,dephosphorizationisrealizedmainＧ
lybybeneficiationmethod[４],chemicalmethod[５,６],
microbialmethod[７]andpyrometallurgicalmethod[８Ｇ１１],
etc．Theconventionalbeneficiationmethodisusually
featuredbylowdephosphorizationrate,greatlossof
ironresourcesinresiduesandhighproductioncost．
Inaddition,thebiologicalleaching methodisnow
facingwithseriousproblemssuchaslowproductivity,
aswellasdifficultiesindevelopmentofmicrobial
culturesandindustrializedproduction．ThepyrometＧ
allurgicalmethod,namelytheremovalofphosphorＧ
usfromhotmetal,usuallyleadstolowdephosphoＧ
rizationrate,pooroperatingenvironmentandalot



ofheatloss．Incontrast,theacidleachingmethod
showsagreatpotentialasitisapplicableto more
raw materials,and has higherdephosphorization
rateandironrecoveryrate．Nevertheless,itscurrent
developmentisrestrictedbysomeproblemssuchas
highacidconsumption,environmentalpollutionand
largeproductioninvestment．
　　Currently,mechanicalactivationmethodsbased
onhighpressurerollgrinding(HPRG)orballmillＧ
ingpretreatmentsattractsignificantattention,facilＧ
itatingtheirsuccessfulapplicationinthemetallurＧ
gy[１２,１３],materials[１４],andchemical[１５]industries．
Therefore,these methodscanbeusedasalternaＧ
tivestoimprovethechemicalactivityofhighＧphosＧ
phorusironoreconcentratesandstrengthendephosＧ
phorization,owingtoreducedacidconsumptionand
environmentalpollutionduringacidleaching．HereＧ
in,HPRGandballmillingwereusedtoseparately

pretreathighＧphosphorusironoreconcentratestoinＧ
vestigatetheinfluencesofdifferentmechanicalactiＧ
vationmethodsonacidleachingdephosphorization．
Furthermore,thestrengtheningmechanismofmeＧ
chanicalactivationwasdetermined．

１　RawMaterialsandExperimentalMethod
１１　Rawmaterials
　 　 ThehighＧphosphorusoolitichematitecomes
fromtheExiregioninChina．Itsinitialirongradeis
４１５０％anditsphosphoruscontentis１２４mass％．AfＧ
terbeneficiationbythe magnetizingroastingＧmagＧ
neticseparationprocess,highＧphosphorusironore
concentratesweremanufactured．ChemicalcomposiＧ
tionandparticlesizedistributionofthehighＧphosＧ
phorusironoreconcentratesarelistedinTables１
and２,respectively．
　　AsshowninTable１,theirongradeandphosＧ

　 　　　　Table１　ChemicalcompositionofhighＧphosphorusironoreconcentrates　　　 　mass％

TFe Fe２O３ FeO Al２O３ SiO２ P S CaO MgO LOI

５４９２ ４３２２ ３１７６ ６２０ １１４０ ０７６ ００４８ ２３２ ０９７ －２２２

　 　　　　　　Note:LOI—Lossonignition．

Table２　SizedistributionofhighＧphosphorus
ironoreconcentrates

Particlesize/mm ＋０１５０
００７６－
０１５０

００３８－
００７６

－００３８

Content/mass％ ３１５０ ３５０５ ２０７０ １２７５

phoruscontentofthehighＧphosphorusironoreconＧ
centratesare５４９２mass％and０７６mass％,respecＧ
tively．MineralogicalstudiesshowthatthemainminＧ
eralcompositionsaremagnetite,quartz,fayaliteand
apatite．Nearly９４７６％ ofphosphorusinthehighＧ
phosphorusironoreconcentratesexistsintheform
ofapatite(Fig１),whichgenerallyhasacloseembＧ

Fig１　XＧraydiffractionpatternofhighＧphosphorus
ironoreconcentrate

eddedrelationshipwithironoxidemineralsandthe
structureofpisoliticlayeredooids(Fig２)．Typically,
thethicknessoftheapatitelayeris１－１０μm．AnＧ
otherform ofphosphorusisfoundintheironore
mineralbyphysicalorchemicalabsorption,orcrysＧ
tallinesubstitution[１６],anditscontentreachesnearly
３３１％totalphosphoruscontent．Consequently,the
majorityofphosphoruscannotberemovedviaphysiＧ
calseparationmethods．

Fig２　MicrostructureofhighＧphosphorus
ironoreconcentrates

１２　Experimentalmethod
　　TheexperimentalflowchartisshowninFig３．HighＧ
phosphorusironoreconcentrateswereobtainedbythe
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