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ABSTRACT

ThevanadiumＧtitaniummagnetiteconcentratefromPanxiregionofChinawaspretreatedbyhigh
pressurerollergrinding(HPRG)andthenusedinpelletization．Sizedistributionchangeofthe
vanadiumＧtitanium magnetiteconcentrateafterHPRGandtheimprovementofitsgreenpellet
strengthwereinvestigated．Theresultsindicatedthat,besidestheincreaseoffineparticles,the
vanadiumＧtitanium magnetiteconcentrateafterHPRGhadasmallersizeratiooffineparticleto
coarseparticleof０􀆰１２６, meaningalowerporosity,comparedwiththesizeratioofrawmaterial
of０􀆰１５７．Theconcentrateparticlesweremorecloselypackedwhentherewasasmallersizeratio
offineparticletocoarseparticle．Theparticlepackinginthegreenpelletswascloserafter
HPRG, whichstrengthenedthegreenpelletswithanaveragedropnumberof５􀆰１(dropheight
of０􀆰５m)andaveragecompressivestrengthof１３􀆰１Nperpelletof１１mmindiameter．

１．Introduction
　Pelletizationisoneoftheagglomerationmethods
widelyusedtoutilizeironoreconcentrate, andit
playsanincreasinglyimportantroleintheironand
steelindustry．GreenpelletswithahighdropnumＧ
berandhighcompressivestrength,arerequiredin
pelletproductiontomeettherequirementsofpellet
transportonrubberconveyorbeltsandcharginginＧ
tograteＧkiln．Thus,theproductionofhighＧquality
greenpelletswithhighstrengthsisofgreatsignifiＧ
cancetothesmoothrunningandefficientproduction
ofthegrateＧkiln．
　Apreviousresearch[１] ontheproductionofgreen
pelletsand experiencein industrial pelletization
showedthatthepelletizingpropertiesofironore
concentratesweregoodwhen６０％ oftheconcenＧ
trateparticles weresmallerthan４５μm or９０％
weresmallerthan７５μmorthespecificsurfacearea
oftheconcentratewasabove１５００cm２/g．AnemＧ
piricalconclusionwasobtainedthatthestrengthof
greenpelletswasimprovedbyincreasingtheamount
offineparticlesintheraw concentrate．Thus, a
numberofpretreatmentsofironoreconcentrateare

appliedin pelletizationto utilizetheconcentrate
withlargeparticlesizes．Thereare mainlythree
methodscurrentlyused:ballmilling,dampmilling
andhighpressurerollergrinding(HPRG);theyare
adoptedtocrushlargeparticlesandincreasethe
specificsurfaceareaofconcentratewiththeaimto
improvethepelletizingproperties．
　HPRGusedinpelletproductionisattractinginＧ
creasingattentionintheironandsteelindustry,beＧ
causeitnotonlyisenergyＧefficientandofgreatcaＧ
pacitybutalsocanefficientlyimprovethestrength
ofpelletsanddecreasethebentonitedosage．The
groundparticlesin HPRGcanbedirectlyusedas
therawmaterialsinpelletizingwithoutdryingprocess
intheballmilling,thusgreatlydecreasingenergy
consumption．Besides, HPRGhasalargerprocessＧ
ingcapacitytodealwiththeironconcentratecomＧ
paredwiththedampmilling．Furthermore,thegrindＧ
ingmechanismofHPRGiswholelayergrinding,so
thatconcentrateparticlesarecrushedwiththeinterＧ
actionsofadjacentparticlesinthewholelayerbeＧ
tweentworollersunderhighpressure, in which
particleswithmorecracksandcrushesareobtained．
Whereas,individualparticlesaremilledamongsteel
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ballsbothinballmillinganddampmilling,andeven
particlesareobtainedwithlessanglesandcracks．
SelectivecrushingoccursinHPRGasthosecracks
andcrushesgenerallyformandgrowintheinterＧ
facesofcrystalfacesintheparticles．Thus,itissigＧ
nificanttoresearchtheeffectofHPRG onpellet
productiontoimprovepelletspropertiesand deＧ
creaseenergyconsumptioninpelletsindustry．
　Therearemanyrelevantstudies[１Ｇ１２] ontheeffect
of HPRG on pellet production．SomeresearchＧ
ers[２Ｇ４,６Ｇ９] pointedoutthatlatticeimperfectionofiron
oreconcentratewasdevelopedbyHPRGwheniron
oreconcentratewascrushedtofineparticleswithan
increasingpartofthemechanicalenergybeingconＧ
vertedtosurfaceactivationenergy, whichiscalled
mechanicalactivation．Themechanicalactivationof
HPRGhasbeenfoundtobebeneficialtoimprove
thepelletizingandroastingpropertiesofironore
concentrates,anditisproventhatironoreconcenＧ
trateparticlesbecomefinerandmanyfreshsurfaces
areexposedby HPRG．However, therearefew
studiesemphasizingtheentireparticlesizedistribuＧ
tionchangeofironoreconcentrateafterHPRGand
itseffectonthepelletsproperties．Itisreported[１,１３]

thatparticlesizedistributionofironoreconcentrate
isoneofthekeyfactorstoinfluencethepellets
properties, especiallyforthegreenpelletsasthe
particlessizedistributionaffectsthecohesiveforces
betweenparticlesinthegreenpellets．Thus, the

improvementofgreenpelletsstrengthafterHPRG
pretreatmentwasresearchedinthisworkfromthe
perspectiveofparticlesizedistributionchangeby
HPRG．
　VanadiumＧtitanium magnetiteconcentratefrom
thePanxiregionofChinaisrefractoryandhardto
bepelletized, whichalwaysneedstobepretreated
beforepelletization．ThisvanadiumＧtitaniummagneＧ
titeconcentratewaspretreatedbyHPRGtocrush
thelargeparticles,andtheeffectofHPRGonthe
sizedistributionchangeofvanadiumＧtitanium magＧ
netiteconcentrateandtheimprovementofgreen
pelletstrength wassystematicallyinvestigatedin
thiswork．

２．MaterialsandMethods

２􀆰１．Propertiesofrawmaterials

　ThevanadiumＧtitanium magnetiteconcentrateused
wasfromPanxiregion, Sichuan, China．ThechemiＧ
calcompositionofthisvanadiumＧtitaniummagnetite
concentrateispresentedinTable１．ItsspecificsurＧ
faceareawas９４０cm２/g．Itscumulativevalueofsize
smallerthan７５μmaccountedfor６０􀆰４wt􀆰％andthat
ofsizesmallerthan４５μmaccountedfor４２􀆰９wt􀆰％,
whichdidnotmeetthesizerequirementsforpelletiＧ
zation．
　Bentoniteusedinthepelletizationinthiswork
wasfrom WeiyuanSteelCo．, Ltd．, China．

Table１
ChemicalcompositionofvanadiumＧtitanium magnetiteconcentrate(wt．％)

TFe FeO SiO２ Al２O３ CaO MgO K２O Na２O MnO S P V２O５ TiO２

５４􀆰７０ ２６􀆰５８ ４􀆰０９ ４􀆰１６ ０􀆰３７ ２􀆰５３ ０􀆰０３ ０􀆰０７ ０􀆰２５ ０􀆰１２ ０􀆰０３ ０􀆰６２ １１􀆰７５

２􀆰２．Experimentalprocedure

　SamplesofasＧreceivedvanadiumＧtitanium magneＧ
titeconcentrateandafterpretreatmentswereanaＧ
lyzedbyalaserparticlesizeanalyzertoobtaintheir
sizedistribution．Meanwhile, theconcentratewith
andwithoutpretreatmentswerepelletizedinadisc
pelletizerwithadiameterof１０００mm,aheightof
２５０mmandarotationspeedrangeof０－４０r/min．
A５kgbatchoftheconcentratewasmixedwithbenＧ
toniteatasuitableratioandpelletizedwiththerotaＧ
tionspeedof２２r/min．Greenpelletswithdiameters
from１０to１２mm werechosenasthegreenpellets
afterpelletizationfor１２ min, andusedfordrop
numberandcompressivestrengthanalyses．

２􀆰３．Pretreatmentsviahighpressurerollergrinding

　Themachineforhighpressurerollergrindingwas
ahighＧpressuregrindingrollermillwiththerollers
of２５０mmindiameterand１２０mminlength,and

thepressurerangeof０－５０kN．Thepressurewas
fixedat３１􀆰４kNtomaketheintensityofpressureon
thecrosssectionoftherollerbeing１MPa．Thishigh
pressurewasusedtopretreattheconcentratewitha
watercontentof６􀆰５wt􀆰％．Ittakesseveraltimes
fortheconcentratepassingthroughtherollermillto
reachthetargetspecificsurface．Fig􀆰１showsthe
schematicdiagramofhighpressurerollergrinding．

Fig􀆰１．　Schematicofhighpressurerollergrinding．
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