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ABSTRACT

AluminumkilledlowＧcarbonsteelsheetswerecoldrolledatdifferentreductionratiosand
annealedusingdifferenttemperaturesandholdingtime．TheVickershardnesswasexamＧ
ined．Theresultsshowthatwhencoldrollingreductionratiosincreasefrom４０％to８１％,
recrystallizationtemperaturesdecreasefrom６０２°Cto５７２°Cduring４hisochronalanneaＧ
ling,aswellrecrystallizationholdingtimedecreasesfrom１１７minto５minduringisotherＧ
malannealingat６１０°C．AllrecrystallizationtemperaturesandholdingtimecanbecalculatＧ
edusingtheannealingexperimentresults．Microstructurewasexaminedthroughelectron
backscattereddiffraction(EBSD)．Theresultsshowthatasrollingdirectionpreferentially
grows,equiaxedgrainsgrowintocakeＧtypeduringrecrystallization．CakeＧtypegrainsare
morebeneficialtoobtainingideal＜１１１＞//ND (normaldirecrtion) orientationtexture．
{１１１}orientationgrainsnucleateandgrowuppreferentially．Deformationgrainsof{１１１}＜１１０＞
orientationsgrowintonewrecrystallizationgrainsof{１１１}＜１２３＞and{１１１}＜１１２＞duringreＧ
crystallization．Textureformationcanbeexplainedbydirectionalnucleation．

１．Introduction
　AluminumkilledlowＧcarbonsteelsheetsaredeＧ
oxidizedbyaddingaluminum, whichproduceshigh
qualitystructuralcarbon steelsheets．They are
widelyusedintheautomotive, buildingandpackaＧ
gingindustriesbecauseoftheirgoodformabilityand
lowstrength[１Ｇ３] ．Aplasticstrainratio(r),astrain
hardeningexponent(n) andatotalelongation (e)
arepredominantlyindexesofdeepdrawability．High
r,nandevaluesrepresentgooddeepdrawability,
andthesteelsheetsareeasily manufacturedinto
complicatedparts．However,rvalueisdetermined
bygrainorientation (textures)andisthemostimＧ
portantparametertodeepdrawability．Traditional
production process generallyincludes continuous
casting,hotrolling,acidpickling,coldrollingand
annealing．Texturesareformedincoldrollingand
annealingand haveanimportanteffecton deep
drawability．Thus, studiesonevolutionofmicroＧ
structureandtextureincoldrollingandannealing
haveimportant directivesignificancetoimprove

deepdrawabilityofthesteelsheets[４Ｇ９] ．
　However, mostscholarshavepaidtheirattenＧ
tionstorecrystallizationbehaviorofcontinuously
coldrolledsteelsheetsandtheirannealingprocessＧ
ingparameters,butfewconcernwithinfluencesof
coldrollingreductionratiosontherecrystallization
behaviorofreverselycoldrolledsteelsheetsand
theirannealingprocessingparameters．WiththedeＧ
velopmentofmodernindustry, demandsforsteel
sheetswithdifferentthicknessesbecomeincreasingＧ
lypronounced．Optimizingproductionparameters
fordifferentthicknesssteelsheetscanreduceenerＧ
gyＧconsumptionandcosts．Hence,itisaninterestＧ
ingsubjectincurrentresearchfield．ThedeformaＧ
tionenergyincreaseswithincreasingcoldrollingreＧ
ductionratios,andisthemainenergytorecrystalliＧ
zation．Thus,evolutionsofmicrostructureandtexＧ
turesvarywithdifferentreductionratiosduringreＧ
crystallization[１０,１１] ．Tostudytheeffectsofcold
rollingreductionratioson microstructureandtexＧ
turesofsteelsheetsisanurgentneed[１２,１３] ．Inthis
article,recrystallizationandtextureevolutionwerereＧ
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searchedfordifferentcoldrollingreductionratiosof
thesteelsheetsduringannealingrecrystallization．

２．ExperimentalProcedure
　Thecompositionofaluminum killedlowＧcarbon
steelsheetsisshowninTable１．Thesteelsheets
wereindustriallyproducedandcoldrolledtosixdifＧ
ferentfinalthicknesses (ie, １８１, １４３, １２２,
１０７,０８４and０５６mm) withreductionratiosof
４０％, ５２％, ５９％, ６４％, ７２％ and８１％, respecＧ
tively．Thesteelsheetswerecutintodimensionsof
４０mm×５０mmandthenannealed．Duringannealing,
thesampleswereheatedfrom４００°Cto７６０°Cata
rateof３０°C/sandthenheldfrom１０sto４h．Finally,
thesampleswereaircooledtoroomtemperature．

Table１
Chemicalcompositionofexperimentalsteelsheets(mass％)

C Si Mn P S Als Fe

００２ ００２ ０１８ ００１１ ０００４ ００４８ Balance

　Vickershardnesstestswerecarriedoutonthevertical
sectionofsamplesusingaDHVＧ１０００microhardness
tester．withtestloadof０９８Nandholdingtimeof
１０s,andeachvaluewastheaverageoffivetestpoints．
Recrystallizationtexturesin midＧthicknessregions
ofsamplesweremeasuredusingascanningelectron
microscope (SEM, HitachiSＧ４８００), coupledwith
anelectronbackscattereddiffractometer(EBSD,faＧ
cility manufactured by OXFORD Corporationin
EnglandalongwithChannel５HKLsoftware)．The
valueofworkingvoltagewas２０kV, workingdisＧ
tancewas１５mm,stepsizewas０３３－１００μmand
thesmallestscanningrangeis２４２μm×１８１μm．

３．ResultofRecrystallizationBehavior

３１．EvolutionofVickershardnessduringisochronal
annealing

　Vickershardnessvaluesofcoldrolledsamplesare
１９１,２１６,２２３,２２５,２２６and２４２HV withreduction
ratiosof４０％,５２％,５９％,６４％,７２％and８１％,reＧ
spectively．Fig１showsvaluesofVickershardness
withdifferentcoldrollingreductionratiosafterdifＧ
ferentisochronalannealingfor４h．Whenannealing
temperaturesareequaltoorlowerthan５５０°C,
hardnessvaluesareinsensitivetothetemperatures．
Afterisochronalannealingat５５０°C, hardnessvalＧ
ueschangeto１８９,２００,２０３,２０９,２１１and２１９HV
withaboveＧmentionedreductionratios,respectively．
Hardnessvaluesofsampleswith７２％and８１％reＧ
ductionratiosexperienceadistinctdropafterisochＧ
ronalannealingat５８０°C．However, hardnessvalＧ
uesofsampleswith４０％,５２％,５９％and６４％reＧ
ductionratiosdonotdecreasebyanoticeableperＧ

centageuntilisochronalannealingat６１０°C．When
annealingtemperaturesare higherthan ６１０°C,
hardnessvaluesareinsensitivetocoldrollingreducＧ
tionratiosanddecreaseslightlywithincreasinganＧ
nealingtemperatures．

Fig１．　Changesinhardnessofsampleswithdifferentreduction
ratiosafterisochronalannealingattemperaturesof４００－
７５０°C．

　Previousresearchesshowedthatrecrystallization
temperaturescorrespondtohalvingworkhardening
effects[１４,１５] ．Consistentwiththat, recrystallization
temperaturesare６０２,６００,５９６,５９０,５７６and５７２°C,
respectively, withreductionratiosof４０％, ５２％,
５９％,６４％,７２％and８１％bycalculatingaccording
toFig１．ItshowsthatrecrystallizationtemperaＧ
turesobviouslydecreasewithincreasingreduction
ratios, whichindicatesthatcoldrollingreduction
ratioshaveremarkableeffectsonrecrystallization．
８０％－９０％ ofenergystoredindeformationgrains
informofdislocationsisthemaindrivingforcefor
recrystallization[１６,１７] ．Thedislocationdensityincreases
ascoldrollingreductionratiosincrease．Hence,samＧ
plesundergonelargerdeformationshavemorestored
energy,andthenrecrystallizationoccurspreferenＧ
tiallyforthemtooffsetworkＧhardeningcausedby
colddeformation．

３２．EvolutionofVickershardnessduringisotherＧ
malannealing

　Fig２(a)showstherelationshipbetweenVickers
hardnessandholdingtimeforsampleswithdifferＧ
entcoldrollingreductionratiosduringisothermal
annealingat６１０°C．Itshowsthatthetrendsofthese
curvesvarywithreductionratios．Afterannealing
for１０ min, hardnessvaluesofsampleswith８１％
and７２％ reduction ratios havesignificantly deＧ
creasedto１５０and１５９ HV, respectively, andit
showsthatrecrystallizationhasoccurredduringthe
annealing．Afterannealingfor３０min,recrystallizaＧ
tionoccurredinthesampleswith６４％reductionraＧ
tios．However,recrystallizationofsampleswith４０％

５８　　　DD．Zhuangetal．/JournalofIronandSteelResearch,International２４ (２０１７)８４－９０



Download English Version:

https://daneshyari.com/en/article/8004376

Download Persian Version:

https://daneshyari.com/article/8004376

Daneshyari.com

https://daneshyari.com/en/article/8004376
https://daneshyari.com/article/8004376
https://daneshyari.com

