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TitaniumAlloyTA２atAmbientandCryogenicTemperatures
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(StateKeyLaboratoryforAdvancedMetalsandMaterials,UniversityofScienceandTechnologyBeijing,
Beijing１０００８３,China)

Abstract:Twinninggreatlyaffectsthemicrostructureandmechanicalperformanceoftitaniumalloys．Thetwinning
behaviorofabasaltexturedcommerciallypuretitaniumTA２platesrolledto４％reductionattheambientandcryoＧ
genictemperatureshasbeeninvestigated．MicrostructuresoftherolledsampleswereinvestigatedbyopticalmicroＧ
scope(OM)andthetwinninganalysiswascarriedoutbasedonorientationdatacollectedbyelectronbackＧscatter
diffraction(EBSD)．{１１２２}contractiontwins,{１１２４}contractiontwinsand{１０１２}extensiontwinshavebeenobＧ
served．Twinningmodeactivityvariedwithrollingtemperature．Twinningisconsideredasthedominantdeformation
mechanismduringrollingatbothtemperaturesforthestraincondition．LargerproportionofgrainsactivatestwinＧ
ningduringcryorolling,andgreaternumberandmorediversetypesoftwinsareobserved;manifestlyrelatedtothe
suppressionofdislocationslipsatthecryogenictemperature．{１１２２}contractiontwinsarethedominatetwintype
withinsamplesrolledatbothtemperatures．Several{１１２４}contractiontwinsareobservedinthecryorolledsample
whilethereareonlyafewinthesamplerolledatroomtemperature．Afewtiny{１０１２}twinshavebeenidentifiedin
bothsamples．{１１２４}contractiontwinsarepreferentiallyactivatedatcryogenicdeformationtemperatureandthe
{１０１２}extensiontwinsmayresultinlocalstrainaccommodation．
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　 　Thewroughttitanium hastheadvantagesof
highstrengthandgoodductilityespeciallyatthelow
temperaturecomparingwiththeotherlightＧweight
HCPstructuralmetalssuchasmagnesium．Asother
metalswithaHCPcrystallinestructure,twinningis
activeinαＧtitanium[１Ｇ４]．Twinscanseparategrains
thusrefinegrains,improvingthemechanicalpropＧ
erties[５]．Theymayalsoberelatedtotheshearbands[６]

contributingtothegrainsubdivisions[７,８]．Andthe
precipitationstrengtheningphaseinsomeTiＧbased
bulkmetallicglasshasalsobeenconsideredastwinＧ
related[９]．TwinningplaysanimportantroleinafＧ
fectingthe microstructure[１０Ｇ１３],texture[１０,１４]and meＧ
chanicalperformance[２,１５Ｇ２０] ofthe material during
plasticdeformation．SixdifferenttypesofdeformaＧ
tiontwinshavebeenreported[１Ｇ４]intheαＧtitaniumat

differentstrainconditions:{１１２２},{１１２４},and{１０１１}
contractiontwinseasytooccurduringcontractionstrain
ofthecＧaxis,and{１０１２},{１１２１},and{１１２３}exＧ
tensiontwinseasytooccurforextensionstrainof
thecＧaxis．{１１２２}contractiontwinand{１０１２}exＧ
tensiontwinarethemostcommontwintypes[１Ｇ３]．
Becauseofthesignificantinfluenceoftwinsonthe
deformedmaterialandthevarioustwintypes,alot
ofstudies[２１Ｇ２５] havebeen doneon discussingthe
twinningbehavioroftitaniumatdifferentstrainconＧ
ditions．However,seldom workshavefocusedon
thetwinningbehaviorforthedeformationatcryoＧ
genictemperatureatarelativelyhighstrainrate
suchascryorolling．ThepresentworkaimstoanaＧ
lyzethetwinningbehaviorofacommerciallypuretiＧ
taniumplateduringcryogenicandroomtemperature



rolling,anddiscusstheeffectofrollingtemperature
onthetwinningbehavior．Therollingreductionwas
chosentobeaslowas４％toavoidtheinteractionof
overＧactivedislocationslipsatahighstrainlevel．

１　Experimental
　　TheinitialmaterialwasacommerciallyprovidＧ
edhotrolledTA２plate．TheinitialsheetswereanＧ
nealedat５００℃for３０mininanairfurnaceandthenair
cooledasahomogenizationtreatment．Beforerolling,
thesheetforcryorollingwasplacedinliquidnitroＧ
genfor３０mininordertoachieveauniformtemperＧ
ature．Thesheetwasthentransferredtorollingmill
androlledimmediatelytoareductionof４％inone
pass,followedbyliquidnitrogencooling．Rolling
conditionswerechosentoensurehomogenousdeＧ
formationwitharollgapratioofl/d≈１ (lisarc
contactlengthanddisaverageplatethicknessbeＧ
foreandafterrolling)．
　　ThesamplesbeingrolledatambientandcryoＧ
genictemperaturesaremarkedasRTandCT,reＧ
spectively．Then,thesampleswerecutfrom the
centeroftherolledsheetformicrostructuralinvestiＧ
gation．Inallcases,thesurfaceusedforinspection
wasthetransversesection(normaltothetransverse
direction)．Microstructuralobservationswerecarried
outusingopticalmicroscope(OM)aswellaselecＧ
tronbackＧscatterdiffraction (EBSD)mappingon
thepolishedsurface．Thesamplesweremechanically
polishedafterstandardmetallographicgrinding,and
thenelectroＧpolishedinasolutionof１０mLperchloＧ
ricacidand１５０mLmethanolat－３０℃usingaDC
(directcurrent)powersupplywiththevoltageof３０V．
ThechemicaletchantusedonthesampleswasasoＧ
lutionof２mL HF,６mL HNO３,and９７mL H２O．
TheEBSDinvestigationswerecarriedoutusingaFEIＧ
fieldＧemissiongunscanningelectronmicroscopeinorder

toachievethespatialresolutionrequiredtoidentify
twinsusingthesoftwarepackageChannel５０９０．

２　ResultsandDiscussion
　　Figs１and２illustratethemicrostructureobＧ
servedbyOMandtextureoftheinitialmaterialcalＧ
culatedfromEBSDdata,respectively．Thematerial
isacompletelyrecrystallizedsheetwithastrongly
basaltexture．Theinitialmaterialistwinsfree．
　 　Fig３illustratesthe microstructuresofthe
rolledsamples．Twinningtakesplaceinthegrainsof
therolledsamplesatbothcryogenicandroomtemＧ

Fig１　Microstructureoftheinitialmaterial

Fig２　{０００１}(a)and{１０１０}(b)polefiguresofthe
initialmaterial(TD＝transversedirection)

Fig３　Microstructureofthesamplesrolledatroomtemperature(a)andcryogenictemperature(b)
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