
∗ Correspondingauthor．Ph．D．; Tel．: ＋８６Ｇ２４Ｇ８３６８６８２８．
EＧmailaddress:neu_mpc２３７＠１６３．com (JW．Yu)．
∗∗ Correspondingauthor．Prof．; Tel．: ＋８６Ｇ２４Ｇ８３６８０１６２．
EＧmailaddress:dongdafulong＠mail．neu．edu．cn (YX．Han)．

Received６May２０１６; Receivedinrevisedform６July２０１６; Accepted６July２０１６
Availableonline１５February２０１７
１００６Ｇ７０６X/Copyrightⓒ２０１７, TheeditorialofficeofJournalofIronandSteelResearch,International．PublishedbyElsevierLimited．Allrightsreserved．

RecoveryofboronfromhighＧboronironconcentrateusingreduction
roastingandmagneticseparation

JianＧwenYu∗ ,　YueＧxinHan∗∗ ,　PengGao,　YanＧjunLi
CollegeofResourcesandCivilEngineering, NortheasternUniversity,Shenyang１１０８１９, Liaoning, China

ARTICLEINFO

Keywords:
HighＧboroniron
concentrate
Carbothermicreduction
Magneticseparation
Metalliciron
BoronＧrichnonＧmagnetic
product

ABSTRACT

ThecomprehensiveutilizationofabundanthighＧboronironconcentrateisofparticularsignificancetoChiＧ
na,andthehighＧboronironconcentratehasnotyetbeenutilizedasasourceforboronatanindustrial
scaleduetoitscomplexmineralogyandfinemineraldissemination．Aninnovativemethodwasproposed
forrecoveryofboronandironfromhighＧboronironconcentratebyreductionroastingandmagneticsepaＧ
ration．TheeffectsofreductiontemperatureandroastingtimewereinvestigatedandtheiroptimumcondiＧ
tionsweredetermined．ThemineralogicalchangesduringroastingwerecharacterizedbyXＧraydiffraction
(XRD)andscanningelectronmicroscopy(SEM)．Theresultsshowedthatthepyrrhotite(FeS)contained
inthehighＧboronironconcentrateandthenewＧformedFeSＧFesolidsolutionsoftenedormeltedathigh
temperaturesowingtotheirlowmeltingpoints,andthendecreasedthemetallicironratioandaccelerated
thegrowthofmetallicironparticles．Meanwhile,themagnetiteandszaibelyitewereconvertedintometalＧ
licironandsuanite,respectively．Consequently,boronwasreadilyenrichedintothenonＧmagneticproduct
andthemetallicironwasaggregatedtothemagneticconcentratebymagneticseparation．Boronrecovery
of８８６％ withcorrespondingB２O３contentof１４５％andironrecoveryof９５１％ withanirongradeof
９２７％ wereachievedwhenhighＧboronironconcentratewasreducedat１１２５°Cfor１５０min．Besides,the
boronreactivityoftheboronＧrichnonＧmagneticproductwasupto８０８％．

１Introduction
　Boroniswidelyusedin manyindustries,incluＧ
dingmetallurgical,chemical, medical,andnuclear
industries[１] ．Theszaibelyiteore,asthetraditional
boronresourcein China, is nearits depletion．
Thus, itisincreasinglychallengingto meetthe
growingdemandoftheboronchemicalindustryin
China．Thereisagrowinginterestintheutilizationof
boronＧbearingironore, whichisabundantinLiaoning
province, China, withareserveof２８４３ MtB２O３

(５７％ofthetotalinChina)[２Ｇ４] ．
　Atpresent, boronＧbearingironconcentrateand
boronconcentratecanbeobtainedfromboronＧbearＧ
ingironoreviatheprocessofmagneticＧgravityseparaＧ
tion．Theboronconcentratecontains１２－１６wt％
B２O３, whichcanbeusedasahighＧqualityraw maＧ
terialforboronchemicalindustryafteractivated
roasting,buttheB２O３contentintheironconcentrate
reaches４－６wt％[５,６] ．InordertofurtherseparateboＧ

ronfromboronＧbearingironconcentrate,ablastfurＧ
naceandasolidpreＧreductionfollowedbyelectric
arcfurnacemeltinghavebeenproposed[７Ｇ１１] ．HowＧ
ever,bothofthesetwocurrentroutesfacethesame
crucialproblemthatmoltenboronＧrichslaghastobe
cooledslowlytoobtainthealkaliＧdissolutionactivity
ofboron, whichaffectstheyieldofboronresource．
　ReductionroastingfollowedbymagneticseparaＧ
tionisaneffectivewayforthetreatmentofrefractoＧ
ryironores[１２,１３] ．TheaimofthisworkwastosepaＧ
rateboronandsimultaneouslyrecoverironfrom
highＧboronironconcentratebasedondirectreducＧ
tion roasting followed by magnetic separation
process,andatechnologicalrouteofcombinedmeＧ
tallicreductionroasting, grinding, and magnetic
separationwasproposed．Thekeyattributeofthis
processwasthecontrolofreductionroastingcondiＧ
tions, whichledtotheselectivereductionofmagneＧ
titeintometallicironratherthanboronoxideatlow
reducingtemperatures．AfterreductionroastingpreＧ
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treatment,themetallicironwaseffectivelyaggregaＧ
tedtomagneticconcentrateandtheboronwasenＧ
richedintononＧmagneticproductbymagneticsepaＧ
ration．Thus,theeffectsofreductiontemperature
andtime wereinvestigated．Moreover, the new
methodeliminatedslowcoolingandthereforemight
bepotentiallymoreeconomicalincomparisonwith
theexistingmethods．

２．Experimental

２１．Rawmaterials

　ThehighＧboronironconcentratewith８９２％passing
００７４mmwastakenfromLiaoningprovinceofChiＧ
na,andthechemicalcompositionsofthesample,
determinedbychemicalmethodscombinedwithXＧ
rayfluoroscopy(XRF),arepresentedinTable１．The
highＧboronironconcentratecontained５５５５wt％
Feand４２２wt％B２O３．ThecontentofmaindetriＧ
mentalimpurity S was１４４ wt％, which was
presentintheformofpyrrhotite(FeS)．
　XＧraydiffraction(XRD)results(Fig１)indicated
thatthe boronＧbearingiron concentrateore was
mainlycomposedofmagnetite,szaibelyite,pyrrhoＧ
titeandlizardite．
　ThebituminouscoalobtainedfromJilinCoalMining
Co．,Ltd．,Chinawasusedasreducingagent, which
waspulverizedandscreenedto－２mm．TheproxiＧ
mateanalysisofthebituminouscoalispresentedin
Table２,andthefixedcarbonis６７８３wt％．

Table１
MainchemicalcompositionofboronＧbearingconcentrate
oresample(wt％)

TFe B２O３ SiO２ MgO CaO Al２O３ P S

５５５５ ４２２ ３６０ １０１０ ０１０ ０３３ ０００７ １４４

Fig１．　XRDpatternoftheboronＧbearingironconcentrateore．

Table２
Proximateanalysisofthebituminouscoal
Fixedcarbon/

wt％
Volatilematter/

wt％
Ashcontent/

wt％
Moisture/
wt％

Fuel
ratio

６７８３ １８４５ １２００ １４８ ３６８

２２．Reductionroastingandmagneticseparation

　ThehighＧboronironconcentratewasthoroughly
mixedwith５％ watertopreparenonＧcoalＧburdenedbriＧ
quetteswithdiameterof１５mmandheightof２０mm．
Thebituminouscoal,astheexternalreductant, was
crushedandscreenedtoasizerangeof０－２ mm．
Afterdrying,about４０gdrybriquettesweremixed
withanexcessiveamount(８２g) ofcoaltoensure
thesufficientreducingatmosphere (moleratioof
fixedcarbontototalironis２５)．Themixtureof
briquettesandcoalwasloadedintoacylindrical
heatＧresistantstainlesssteelpot．Then,thepotwas
subjectedtoaboxresistancefurnace (KJ, model
KSLＧ１４００X)androastedforagivenperiodoftime．
Afterroasting,thereducedbriquetteswerecooled
toroomtemperatureinthepotisolatedfromtheatＧ
mosphericoxygen．A１０gsubＧsampleofthecooled,
reducedbriquetteswasgroundtoabout６５％ passing
００７４mminanXMQＧΦ１５０×５０ballmill．TheslurＧ
rywasthenseparatedinanXCGSＧ５０DaviesmagＧ
netictubeusingamagneticfieldintensityof００８T．
Finally, the obtained magneticand nonＧmagnetic
productswere metallicironpowderandboronＧrich
concentrate,respectively．Meanwhile,ironandboＧ
ronrecoverieswereobtainedthroughmassbalance
calculation．Theoverallexperimentalflowsheetis
presentedinFig２．

２３．Measurements

　AfterreductionroastingpreＧtreatment, asubＧ
sample of the cooled, reduced briquettes was
groundtolessthan００７４mmfordeterminationof
metallicironandtotalironcontentbychemicaltiＧ
trationmethod．Thus, themetallicironratiowas
calculatedaccordingtothefollowingequation:
　　　λ＝(W MFe/WTFe)×１００％ (１)
where,λisthemetallicironratioofthereduced
sample;WTFeisthetotalironcontentofthereduced
sample;andW MFeisthemetallicironcontentofthe
reducedsample．
　ToevaluatetheboronreactivityinthenonＧmagＧ
neticproduct,thenormalpressurealkalineleaching
methodwasapplied．TheparticlesizeofthenonＧ
magneticmaterialwas９０％passing００７４mm．The
concentrationofNaOHwas２０％andthevolumeof
lyewas４０mL．Theleachingtimewas４h．TheboＧ
roncontentsofprimarynonＧmagneticmaterialand
filterresiduewereanalyzedbyusingtheinductively
coupledplasmaＧatomicemissionspectrometry(ICPＧ
AES) method．Theboronreactivity, designatedas
η,canbedefinedasfollows:
　　　η＝(β０m０－β１m１)/β０m０×１００％ (２)
where, m０istheamountofprimarynonＧmagnetic
material;β０istheB２O３ contentofprimarynonＧ
magneticmaterial;m１istheamountoffilterresidue;
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