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V01．15№．4Utilizationoftinandzinc-bearingironconcentrate·903·centratebelongstomagnetitetype[9|．Thecon—tentsoftinandzincare0．39％and0．28％respec-tively．eachofwhichexceedsthe1imitationofiron-makingEl0|．AndthecontentsofSi02andA1203are3．35％and0．70％respectively．Moreover，thereis0．40％ofarsenicinthesample，whichneedstoberemovedorrecovered．Opticalmicroscope(OM)andscanningelec—tronicmicroscope(SEM)observations(Fig．1)showthattinintheconcentratemostlyoccursasSnO，infineintergrowthorinclusionanda1ittleinmonomer，andpartialSn02isadherenttomagne—titeorencapsulatedbysilicateandfluorite．AndarsenicintheconcentratealmostoccursasFeAsS2，andcloselyadherestomagnetite．Theprimaryexistencemineralsofzincaresphaleriteandcalamine(includingalittleofzincoxide)，partofwhichareembeddedintheganguealoneandmetasomaticlyintergrowwithmagnetiteandgangue．Theothermetallicmineralshardlycontainzinc．Fig．1Existenceformsoftin，arsenicandzincinconcentrates(a)一1一Sn02，2一Fe304，3一CaF2；(b)一1一AsFes2，2一Fe304，3一ZnSInthisinvestigationcokebreezeisusedasin—ternalreductants．Themasspercentofcokeparti—clesbelow0．15mmand0．075mmis100％andabout80％respectively，andtheindustrialanaly—sesofcokebreezeare1istedinTable2．Table2Industrialanalysisofcokebreeze(massfraction，％)FixedcarbonPercentvolatilePercentash84．551．4713．98Fuelratio(theratiooffixedcarbontopercentvolatile)isanimportantcriterionofeoalcombusti-bility．whichiscloselycorrelatedtothecoalreac-tivity[11|．Thegreaterthefuelratiois，theworsethecombustibilityandreactivityare，andthemoreobviousthelingeringcombustionis．FromTable2，itcanbecalculatedthattheruelratioofcokebreezeis57．52，whichindicatesthatthecombusti-bilityandreactivityofcokebreezeareinferior，soitcanofferdurativecombustionandfeeblereduc-tionatmosphere．2．2ResearchmethodsTheexperimentalprocessincludesmixing，balling，drying，preheating，roastingandsoon．Thegreenballispreparedinthediscpelletizerof1mindiameter．Thebench-scaleexperimentsofpreheatingandroastingarecarriedoutinaverticalelectricallyheatedtubefurnacewithaninternalandexternaldiameterof80mmand100mmre—spectively．ThemixtureofN2andC02，withara—tioof2：1，andtheflow—rateof10L／minand5L／minrespectively。is1edintofromthebottomofthefurnace．TheexperimentalflowsheetisshowninFig．2．3CHLoRINATIoNTHERMODYNAMICSoFIRoN，TIN，ARSENICANDZINCThermodynamicanalysisindicatesthatthestandardformationfreeenthalpyofFeOandSn02isapproachable，andthereductionbalancecurvesofSn02(s)andSnO(g)arealsoproximate0120．Therefore．itisdifficulttorealizetheeffectivevol—atilizationoftinintheformofSnO(g)byselectivereductionundertheconditionoftheonlyexistenceofcarbon．ButeffectiveseparationofSnfromFebecomeseasyinthecoexistenceofcarbonandchlo-rides．Ononehand，carboniseasilycompatiblewith02，sothepartialpressureproducedbychlo—rinationreactionsisdecreased；andontheotherhand，Sn02iseasilyinvertedintoSnO(g)andSn(1)inthepresenceofcarbon[8|．Therefore，therewillbethefollowingchlorinationreactions：Sn02(s)+2C12+2C=SnCl4(g)+2C0(1)△伊／J一一160900—232．06TSnO(g)+C12一SnCl2(g)+1／20z(2)△伊／J一38284—75．88TSn(1)+C12一SnCl2(g)(3)
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．904．Trans．NonferrousMet．Soc．ChinaAug．2005Fig．2Experimentalflowsheet△伊／J一一251458+30．21T△Gefortheabovethreereactionsisbelowze—rowhenthetemperatureisbetween800℃and1200℃．ItisobviousthatSn02(s)，SnO(g)andSn(1)willeasilyformSnCl4(g)orSnCl2(g)andcanbevolatilizedfromtheores．Forarsenic，thefollowingreactionwilltakeplaceatfirstduringchlorinationroasting：4FeAsS2+1402—2Fe203+As406+8S02(4)As406existssteadilybetween25℃and900℃。andwillbedecomposedifthetemperatureishigherE8]：As406—2As203(5)As203canbechlorinatedintoAsCl3，butAs203hasahighersteampressurebecauseofalowboilingpoint(about460℃)atthechlorinationroastingtemperature．Therefore，onceAs203isformed．itwillbevolatilizedintogaseousphaseinwhichalittleofitmaybechlorinatedintoAsCl3．So。arsenicismostlyvolatilizedintheformofAs203．AsfarasZnOandFeOareconcerned，therewillbethefollowingreactionsinthepresenceofchlorides：ZnO(1)+Ch—ZnCl2(g)+t／z02(6)△∥／J=一800—72．8TFeO(1)+C12=FeCl2(g)+1／202(7)△G9／J一一41800+20．0TButseenfromthe△G目一TchloridecurvesofMeC卜C12[1Z-14]，inthethreecurvesofFe口C12，ZnO-C12andSnO-C12，thecurveofFe口C12liesintheupperside，ZnO-C12inthemiddle，andthecurveofSnO-C12inthe10werside．ItshowsFeO(1)ismostdifficulttobechlorinatedamongthethreeoxides，andSnO(g)iseasytobetrans—ferredintoSnCl2．Therefore，ifonlytheproperchloridecontentandgivenvolatileconditionsarecontrolled，tin，arsenicandzinccanbechlorinatedandvolatilizedstepbystep。andironwillnotbechlorinatedandremainintheroastedpellets．Practicalchlorinationagentiscalciumchlo-ride，andthroughtheactivationofgangues，suchofN2andC02asSi02andA1203，CaCl2reactswith02andH20toformC12orHClinthefollowingchlorinationre—actions：CaCl2+Si02+1／202=CaO·Si02+C12(8)△伊／J一65960—34．89TCaCl2+A1203+1／202=CaO·A1203+C12(9)△伊／J一140400—56．23TCaCl2+Si02+H20—CaO·Si02+2HCl(10)△伊／J一175200—103．55TCaCl2+A1203+H20—Ca0·A1203+2HCl(11)△Ge／J=199700—124．89TComparedwithnoexistenceofSi02andA1203gangues，thetrendofoxidationandhydrolyzationofCaCl2isapparentlyincreasedandthereactione-quilibriumconstantmultiples104intheexistenceofthetwogangues[15，16|．Furthermore，themelt-ingpointofCaCl2isonly772℃，andCaOgenera—tedintheoxidationandhydrolyzationreactionsofCaCl2iseasytodissolveinthemeltingCaCl2，sotheactivityofCa0isreduced．Thus，CaCl2actual—lyactsanacceleratorofSi02orCaO·A1203andtionscanproceed．theformationofCa0·thechloridevolatilereac一4EXPERIMENTALRESUL7ISANDDISCUSSIONInbatch—scaleexperiments，themixtureofN2andC02is1edintotheroastingfurnaceduringwholeroastinginorderthattheinternalreductantsinthep斟let争姆actwithC02athightemperatureandare／gasifi甜intoCOtomaintainfeeblereduc—tionatmospherefortheroastingprocedure．Inthistest．cokebreezeisusedasaninternalreductiona-gent．4．1EffectofreduetantdosageThetestconditionsarefixedasfollows：theroastingtemperature1050℃，time60min，andCaCl2dosage4％．Theeffectofinternalcokebreezedosageontheroastingresultsisstudiedand
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V01．15№．4Utilizationoftinandzinc-bearingironconcentrate·905·illustratedinFig．3．95摹90．§85时墨80兽7570、2300鲁堂2200鲁o2100．1叁2000基。1900g1800U1700：2／—一：。／／／菇l-————～-N‘＼。＼。＼45678910Dosageofcokebreeze／％Fig．3EffectofcokedosageonroastingresultsItcanbeseenfromFig．3thatthecompressionstrengthofpelletspresentsadownwardtrend，butallofthemareabove2100N／Vwiththeincreaseofcokebreezedosagefrom4％to8％．Whenthedosageisincreasedto10％，thecompressionde—creasesobviously。Thepossiblereasonisthattherewillbemoreporesformedinsidethepelletsafterroastingwithincreasingdosageofinternalcokebreeze，whichresultsinalooserstructure．Fig．3alsoSHOWSthattinvolatilization，whichremainsabove90％，isnearlyunchangedandtheremainsoftinarebelow0．06％whenthedosageofcokebreezevariesfrom4％to10％．Itcanbecon—eludedthatcompoundsoftincanbeeasilychlori—natedandvolatilizedeffectivelyinthecoexistenceofcokebreezeandCaCl，．Arsenicvolatilizationisincreasedcontinuouslywiththeincreaseofcokedosage．Thevolatilizationofarsenicis90．03％andtheremainingarsenicisbelow0．08％whenthecokedosageis8％．Furthermore，zincvolatiliza—tionisalsoenhancedwiththeincreaseofcokebreezedosage．Volatilizationofzincisalsoin—creasedwiththeincreaseofcokebreezedosage．Whenthecokebreezedosageisinexcessof8％，zincvolatilizationisabove82％，andtheremainsofzincisbelow0．06％．4．2EffectofCaCl2dosageThetestconditionsareasfollows：roastingat1050℃for60min，and8％internalcokebreezedosage．EffectsofthedosageofCaCl2areshowninFig．4．ItisillustratedinFig．4thatthecompressionstrengthofroastedpelletsisreducedgraduallywiththeincreaseofCaCl，．Thepossiblereasonisthatsomelow-melting—pointcompounds(suchas90807060、2850lb0a尝。2550⋯∥一=‘／一1∥一’。厂一／1——Sn。／2——As／3．-——Zn．3／。～234DosageofCaClJ％Fig．4EffectofdosageofCaCl2onroastingresultsCaO·Si02)areformed．ItalsocanbeseenthatthevolatilizationsoftinandzincareenhancedwiththeincreaseofCaCl2dosage．WhenthedosageofCaCl2isbelow2％，thevolatilizationsoftinandzincincreasemarkedlywiththedosage．Andwhenthedosageexceeds2％，thevolatilizationoftinkeepsalmostunchangedandremainsabove90％．Asfarasarsenicisconcerned，thechangeofCaCl2dosagehardlyhaseffectonarsenicvolatilization，whichisbetween89．4％and90．4％whenthedos—ageofCaCl2isfrom1％to4％．However，thevol—atilizationofzincstillkeepsincreasing．4．3EffectofroastingtemperatureThetestconditionsare：theroastingtimeof40rain，cokebreezedosageof8％，andCaCl2dos—ageof2％．EffectsofroastingtemperatureontheroastingresultsareshowninFig．5．FromFig．5，itcanbeconcludedthatroastingtemperaturehasgreateffectontheresults．Withtherisingofroastingtemperature，thecompressivestrengthkeepsincreasing．Butthecompressionstrengthexceeds2000N／Ponlywhenthetemper—aturegetsto1100℃．Whenthetemperaturerea—ches750℃，tinhasbeenvolatilizednotably．Whenthetemperatureexceeds850℃，over80％tinhasbeenvolatilized，andtheremainsoftininthepelletsarebelow0．08％．Whenthetempera—turegetsto950℃，thevolatilizationincreasesslowly．Volatilizationofarseniciskeptabove85．83％andchangesalittlewiththetemperaturewhenitsurpasses850℃．ThevolatilizationofzinciScontinuouslyincreasedwiththerisingoftemper—ature(750—1100℃)．Whenthepelletsareroastedat1100℃，zincvolatilizationis82．55％withthe摹／【Io召爵詈苗一oA00562921．山．苔goI∞∞aJogoU
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·906·Trans．NonferrousMet．Soc．ChinaAug．2005302400吾№a喜，1600量每器Z莹。800舅oU，；一。3厂一菇：一8009001000Roastingtemperature／"CFig．5Effectofroastingtemperatureonroastingresultsremainsof0．058％zincinthefinishedpellets．Therefore，thesuitableroastingtemperatureshouldbebetween1050℃and1100℃．4．4EffectofroastingtimeEffectofroastingtimeolltheroastedresultsisshowninFig．6．ExperimentaIconditionsarekeptat8％cokebreeze，2％CaCl2and1100℃roastmgtemperature．ItcanbeseenfromFig．6，thecompressionoftheroastedpelletsandthevolatilizationoftinandzincarecontinuouslyincreasedwiththeincreaseofroastingtime．Whentimeisover30min，thecom—pressionstrengthisgreaterthan2100N／P．Whenroastingtimeincreasesfrom10minto20min，thevolatilizationsoftin。arsenicandzincincreasequicklyandabout90％oftin，85％ofarsenicand80％ofzincarevolatilizedintogaseousphasein20min．Withthefurtherincreaseofroastingtime，thevolatilizationisincreasedslowly．Whenthetimeisabove40min，remainingcontentsoftin，arsenicandzincareallunder0．08％．毫a尝。量每§邑萝U55240021001500l◆i—O20406080Roastingtime／rainFig．6EffectofroastingtimeonroastingresultsSeenfromtheresultsanddiscussion，thesuit—ableroastingtimeisbetween30and40min．4．5DynamicroastingexperimentPrevioustestsareconductedinastaticfur—nace．Thedynamicexperimentisperformedinanintermittentrotarykilnwithadiameteroflm．Theexperimentalconditionsarethatthepelletswithcokebreeze(8％)andCaCl2(0．5％and2％)areroastedfor40minandthetemperatureiscon—trolledbetween1060℃and1080℃．Theper—formancesoftheproductpelletsarepresentedinTable3．TheresultsinTable3indicatethatthecorn—pressionstrengthoftheproductpelletsisgreaterthan2500N／P，thetumbleindexishigherthan97％，andthecontentsoftin，arsenicandzincinthepelletsarea11lessthan0．06％．A11theindexesofthepelletsmeettherequirementofironmakinginblastfurnaces．ItisfoundthatthedosageofCaCl2canbegreatlyreducedto0．5％from2％，whichmaybeduetotheimproveddynamiccondi—tionsfortin。arsenicandzincvolatilizationintherotarykiln．Table3PerformancesofproductpelletsbyroastinginrotarykilnCaCl2dosage／％PelletstrengthP。im8ry。hemical。。mp孥‘i。n8。‘v。1atilizati。n／％productpellets／％⋯⋯⋯““CompressionTumbleAbrasionstrength／index／index／SnAsZnTFeSnAsZn(N／P)(+6．3mm，％)(--0．5mm，％)0．5262597．571．240．0450．0560．06067．9691．0290．4681．452．0257397．261．350．0430．0500．05867．5391．4990．5382．22眄豁西：2琴／lIo一蔷z!一召皇口≯如加∞摹／lIo口罱II召量oA
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