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UniaxialcompressiontestswereconductedonAIL3mass％MgallovandAl－3nlaSS％MgpO・2mass％ScallovundervariousalnOuntSOf  
strainandstrainrateat723K・＝ightemperatureyieldingphenoITlenaWereObservedat723Kandstrainratesranglngfroml・0×104s1to  
5．0×103s－1．Textureexaminationelucidatedthatfibertextures＼VereeOnStruCtedinallthedeformationconditions．Texturemeasurement  
revealedthatthemaincomponentofthefibertexturechangedfrom（011）＋†001）to‡001）withanincreaseinstrainwhentheviscousmotionof  
dislocationisthedominantdeformationmechanisminthebinaryalloy．Textureehangesarealsoseenatstrengthofthe‡001）componentinthe  
binaryallovthatincreasedwithincreaseinstrainratesbetween5・Ox10斗s1and510×10Js1uptoastrainof1・0・Whileintheterna】・y  
a1loy．neithervariationofthepoledensityat（011）nor（001）ininversepole丘gureisobservedinthesamedeformationconditions・Itis  
consideredthatA13ScprecIPltateSCOntributetothesuppressiol－Ofgrainboundarymigration・Thismeansthatthegrainboundarymlgratiol－  
contributetothedevelopmentof（001）Bbertexture．［doi：10．2320／1TlatertranS・L－MRA20078691   
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2．ExperimentalProcedure   

2．1Materialsandeompressiontests   
TheingotofAl－3mass％Mg（hereafterexpressedasAト  

3Mg）alloywaspreparedbymeltingandcastinginair・The  
surfacelayers oftheingots were removedby machining・  
Afterthehomogenization，theingotwas rolledto50％of  
theirorlglnalthicknessatroomtemperature・TheingotofAl－  
3mass％Mg－0．2mass％Sc（hereafterexpressedas Al－3Mg－  
0．2Sc）alloywaskindlyprovidedbyKobeSteel，Ltd・inthe  
form of30％cold rolled plate．After dividinglntO Small  

pleCeS，they were additionally rolledto50％reduction at  
room temperature・In total，about68％reduction oftheir  
orlglnalthicknesswasglVenbycoldrolling・Thechemical  
compositions（in mass％）of these alloys are shownin  
Tablel．   

Cylindricalspecimenswithvarioussizeswerepreparedby  
sparkerosionmachiningforcompressiontests・Aspectratio  
ofspecimenswaskeptatl・5forallsizesofspeCimens・The  
speCimensofAト3Mgalloywereannealedat773Kforl・2h  
beforethetests・ThespecimensofAl－3Mg－0・2Scalloywere  
solutiontreatedat873Kforlhandwerewaterquenched．In  
ordertoprecIPltateA13Sc，thespecimenswereagedat773  
for49handwerequenchedintowaterbeforethetests・   
Compressiontestswereconductedunderconstantcross－  

headspeedconditionsat723Kinair・Finalstrainrateswere  
evaluatedbythecalculationbasedonthecrossheadspeed  
andfinalheightofspecimens・Inthispaper，thefinalstrain  

1．Introd11Ction  

Theuseofaluminumalloysisexpectedtoincreasesince  
the automotivelightenlnglS One Ofthem叫Or Subjects for  
resourcesavlng．However，thepressformabilityofaluminum  
sheetisinsufficientcomparedtothatofmildsteel・Texture  

COntrOlis apromislngmethodtoimprovetheformability・  
Thetexturevariesdependingondeformationmode，defor－  

mationmechanismandheattreatment．Therefore，theundeト  

Standing of theinterrelationship among these factorsis  
importanttodevelopthemethodtocontroltextures・  

In solid solution hardening type Al－Mg alloy，a high  
temperature yielding phenomenonl）is observed at high  
temperaturesandcertainstrainrate・Itisknownthatthehigh  
temperatureyieldinglSattributedtothedislocationmotion  
withtheCottrellatmosphere・2）   

The authors3，4）havebeeninvestlgatedthebehaviors of  
compression deformation and texture formationin an Al－  
3mass％Mg solid solution at high temperatures・Texture  

measurementrevealedthatthemaincomponentofthe丘ber  

texturechangedfrom†011）（compressionplane）toiOll）＋  
（001）and to（001）with anincreasein strain when the  
viscousmotionofdislocationisthedominantmechanismof  

the deわrmation．Itis suggested that the grain boundary  
migrationcontributestotheformationof‡001）fibertexture・  

Inthisstudy，behaviorsoftextureformationinbothsingle  
PhaseAl－3mass％MgandAト3mass％Mg－0・2mass％Scwith  
A13ScprecIPltateSWhicharestableathightemperatureswere  
experimentallylnVeStlgatedat723Kundervariousamounts  
ofstrainandstrainrates，inordertoelucidatetheroleofgrain  
boundarymigrationintheformationof（001）texture・  TablelChemicalcompositionsofthealloys（mass％） 

Allo〉′  Mg  Si  Fe  Zn  Al  

Al－3Mg  3・32  0・06  0・01  bal・  

Al－3Mg－0■2Sc  3・10  0・03   0・04  0・01   bal・   
“GraduateStudent，YokohamaNationalUniversity．Pres巳ntaddress：Hino  

MotorsLtd．，Hjno191－8660．Japan  
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rateisusedtoexpressthedefbrmationcondition・Finalstrain  
rateswereinarangebetweenl・0×10－4sLland5・0×10－3  
s－1・Theinfrared，rayfurnaCeWaSuSedforheatlng・Immer  
diatelyafterthedeformation，thefurnaCeWaSOPenedandthe  
POWer SuPPly was switched offsimultaneously，and then  
SPeCimenswerequenchedintowaterwithinatmost20s，in  
Order to preventthe changein microstructure after high  
temperaturecompressiontest・   

2．2 Mierostructure observation and texture measure－  

ment   

Afterthecompressiontests，themid－Planesectionofthe  
specimens were prepared by mechanical and electrolytic 
POlishing．Microstructures were observed uslng OPtlCal  
microscope（OM）and scanning electron microscope  
（SEM）．Texturemeasurementswereconductedonthemid－  
PlanesectionsbytheSchulzre且ectionmethoduslngnickel  
filteredcopperKαradiation．ThedifhlaCtedX－raylntenSities  
WeremeaSuredonlll，200and220reflectionsand（111），  

†001）and（011）polefigures were construCted・Based on  
these three polefigures，Orientation distributionfunction  
（ODF）was calculated by the Dahms－Bunge method．5）  
Textures were examined on the basis ofpole丘gures and  
inversepole丘gurescalculatedfromODF・   

2．3 Grainstructllremap   
Localcrystalorientationsweremeasuredbytheelectron  

back－SCattereddifh・aCtion（EBSD）technique．Themeasure－  
ments wereperformedevery4pm・Theminimumrotation  
angle 8 between neighboring points of measurement was 
Calculated by the commercialprogram（OIM Analysis  
Version3．08）developed by TexSEM Laboratories，Inc・  
WhenOisbetween50and150，itisdefinedasalowangle  
grainboundary．WhenOislargerthan150，itisdefinedasa  
highanglegrainboundary．Figuresonthepositionandthe  
Shape of grains were drawn based on the orientation  
measurement．Thesefigures are expressed“grain structure  
maps”inthepresentpaper・   

3． Results  

3．1Initialmicrostructures   

Figuresl（a）（b）and（c）showOMandSEMmicrographs  
beforecompression，reSpeCtively．Figurel（a）exhibitsforAl－  
3Mg，Figs．1（b）and（c）forAl－3Mg－0・2Sc・Figurel（C）was  

taken uslng backscattered electron mode．Many A13Sc  
PreCIPltateSSmallerthanlpmareobservedingrains，While  
large particles，PrObably A13Sc，eXist along the grain  
boundaries as white particles．The average grain sizes of  
these Al－3Mg andAl－3Mg－0．2Sc alloys derivedfrom OM  
micrographs uslnglinearintercept method are90甚m and  
99ト1m，reSPeCtively．These two alloys consist ofequlaXed  
grains，andgrainorientationswereconfirmedtoberandom・   

3．2 Stress－Strain Curves   

Figure2showsthetruestress－trueStraincurvesexamined  
at723Kunderstrainratesofl．0×10－4s－1，1．0×10－3s－1  
and5．0×103s＋Figures2（a）and（b）exhibittheresultsof  
Al－3MgandAl－3Mg－0．2Sc，reSPeCtively・Thehightemper－  
atureyieldingphenomenaareobservedinallthecases・Flow   

Fig・10pticalmicrographsandbackscatteredelectronmicrographbefore   

compression．（a）showsthemicrostruCtureOfAl－3Mg・（b）and（c）showthe   
microstruCtureSOfAl－3Mg－0，2Sc・A13Scprecipitatesareshownin（c）as   

Whiteparticles・  

0
 
 

0
 
 

再
d
≡
＼
b
．
S
 S

聖
l
S
む
⊃
」
ト
 
 

10  

0  0．5  1  0．5  1  1．5  
TrueStrain，E  TrueStrain，ど   

Fig・2 True stress－true Straincurves obtainedby compressiontestat   

723K under丘nalstrain rates of5．0×103s11．0×10．3s¶1and  
l．0×104s1．（a）and（b）showtheresultsofAl－3MgandAl－3Mg－0．2Sc，   
respeCtively・  

stresses decrease with decreasein strain rate．Thelevelof  

flowstressofAl－3Mg－0．2ScshowninFig・2（b）islessthan  
halfofthatreportedbyIharaandMiura6）wheretheaglng  
wasconductedat723K（50Klowerthanthepresentcase）for  
lO5s（aboutonehalfofthepresentcase）．Thestress－Strain   
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Fig・3†111‡polefiguresforthespecimensof（a）Al－3Mgand（b）AIN3Mg－0．2Sccompressedat723Kunderafinalstrainrateof  

l・0×10－3s－1uptoastrainof山1・0・ThepoledensltylSpr〔リeCtedontothecompressionplane・TheaveragepoledensltylSuSedasunits・  

5．0×10－4s－1   1．0×10－3s－1   5．0×10－3s－1   
了11  

Al－3Mg   

（a）う11 巴  2 ＼／写  

001 011   001 011  

P（001）＝2．8，P（011）＝3．1  P（001）＝4．6，P（011）＝2．6  P（001）＝5．5，P（011）＝1．4   

Aト3Mg－  

0．2Sc   

（d）了11 1 ー5／ア  （e）了11 q 1・5／′  （f 

001  011  001  011  001  011  

P（001）＝2．1，P（011）＝3．6  P（001）＝1．8，P（011）＝3．6  P（001）＝1．8， P（011）＝4．0   

Fig・4Inversepolefiguresforthespecimenscompressedat723Kuptoatruestrainof1・Ounderafinalstrainrateof5・0×10、4s1  

1・0×10‾3s1and5．0×10p3s1．（a）－（c〕and（d）－（f）showtheresuLtsofAl－3MgandAl－3Mg－0．2Sc．l・eSpeC［ivel）／，Thedistributionsof   

POledensitjesofthecompressionplanearegiven・Theaveragedensityisusedasunits・Thepoledensitiesat（001）and（011）aregiven   
belowthe丘gures．  

CurVeS for Al－3Mg－0・2Sc are similar to that of Al－3Mg  

reportedbytheotherresearchersl，7）asshowninFig・2・This  
indicates that the precipitates are coarse due to long time 
aglngandhencetheireffectonthedislocationmotionisqulte  
limited．  

3．3 Texturebehaviors   

The（111）polefiguresareexaminedafterthedeformation  
at723Kunderastrainrateofl・0×10－3s1uptoatrue  
Strain of Nl．O for Al－3Mg（Fig．3（a））and Al－3Mg－0．2Sc  
（Fig・3（b））・Pole densityispr〔jectedontothe compression  

Plane．TheaveragepoledensltylSuSedasunits．Thepole  
densltyisdistributedonlatitudecircleinbothfigures．This  

meanstheformationoffibertexturesinbothalloys．Inthe  
PreSentStudy，formationoffibertexturewasconfirmedforall  
of the deformation conditlons by the examination on pole 
丘gures・InFig．3（a），the areaofhighpole density appears  
about350and55Cawayfromthecenter．InFig．3（b），thearea  
OfhighpoledensltyaPPearSabout35⊂away免■Omthecenter．  

TheareaofhighpoledensltySPreadstoabout55Cawayfrom  
the center．   

Figure4showstheinversepole丘guresforthespecimen  
deformedat723Kuptoastrainof－1．Ounderstrainrates  
of5．0×104s－1，1．0×103s－1and5．0×103s－1．The  
resultsofAl－3MgandAl－3Mg－0．2ScaregiveninFigs．4（aト  
（C）and（d）－（f），reSpeCtively．Again，theaveragepoledensity   
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111 111  

001  011001  011   
P（001）＝4．8，P（011）＝1，9  P（001）＝7．0，P（011）＝1．6   

Fig．5InversepolefiguresforAl－3Mgcompressedat723K，uPtOatrue   

strain of－l．4underfinalstrain rates of（a）5．0×104s】and（b）  
1．0×10Js－1  

Fig．7 Grainstructuremaps，derivedfromEBSDmeasurement．of（a）Al－   
3Mgand（b）Al－3MgrO・2Sccompressedat723Kunderafinalstrainrateof   

5・0×104sL up to a true strain of－1・0・The arrowsindicate the   
COmpreSSionaxes．  

001  011  
P（001）＝2．1，P（011）＝2．8   

Fig．6InversepolefigureforAlr3ME－0・2Sccompressedat723K，uPtOa   

truestrainof－1．5underafinalstrainrateof5．0×10止4s‾1  

measurements on the specimens deformed at723K are  
Shownin Figs．7and8．High angle grain boundaries are  
drawnbyamisorientationanglegreaterthan15Ouslngblack  
thicklines．Low angle grain boundaries are drawn by a  
misorientation angle between5Cand15C uslng gray thin  
lines．Figures7（a）and（b）correspondtoinversepole丘gures  
ShowninFigs．4（a）and（d），reSPeCtively・Theobservations  
are conducted on the transverse section；the arrowsin the  
figuresindicatethecompressionaxes．Themeangrainaspect  
ratios（verticallength／horizonta11engthofthecrystalgrains）  
evaluated by linear intercept methods from these grain 
StruCturemaPSareaboutO．7andO・3，reSPeCtively・   

Thegrainstructuremapsforcompressionplaneareshown  
OnAl－3Mg（Fig．8（a））andAl－3Mg－0・2Sc（Fig・8（b））com－  

pressedat723Kunderastrainrateof5・0×10－4spluptoa  
Strainofabout－1．5．Therearealotofgrainswithirregular  
Shapein Fig．8（a）．The shape ofthe grains suggests that  
SeVeralsubdividedgrainscombinetoonebiggrainbygrain  
boundarymlgration．Asmallnumberofthelowanglegrain  
boundariesexistinFig．8（a）・Incontrast，alargenumberof  
thelowanglegrainboundaries，andsmallgrainsexistaround  
thebiggrainsinAl－3Mg－0・2ScalloyasshowninFig・8（b）・   

4． Discussion   

4．1Mechanismofhightemperaturedefbrmation  
Insolidsolutionhardeningtypealloys，1tisknownthatthe  

dislocations can move with the Cottrellatmospherein a  
certainrangeofhightemperaturedeformationconditions：1L2）  
SO Called atmosphere dragglng becomes possible・Work  
SOftenlnglSOneOftheindicationsofatmospheredragglng・It   

isusedasunitsfordrawlngthecontourlines．Accumulation  
Ofpoledensityisobservedat（001）and（011）inallofsix  
inverse polefigures，namely（001）＋（011）doublefiber  
textureisconstructedirrespectiveofthekindofalloysand  
deformationconditions．However，differenceintheeffectof  

deformation condition on the texture developmentis ob－  
SerVedbetweenAl－3MgandAl－3Mg－0・2Sc・Comparisonof  
POle densities at（001）and（011）given below thefigures  
SuggeStSthatdevelopmentin（001）componentandweak－  
eningin（011）componentoccurinthecaseofAl－3Mgas  
Shownin Figs．4（a）－（c），While no big changein the pole  

densitiesat（001）nor（011）existsbetweenFigs．4（d）and（f）  

forAト3Mg－0．2Sc．   

Figures5（a）and（b）showtheinversepolefiguresforAl－  
3Mgcompressedat723Kuptotruestrainsof－1．4undera  
finalstrain rate of 5．0×10‾4s‾1andl．0×10r3srl，  
respectively．Withanincreaseinstrainfrom－1．0（Figs・4（a）  
and（b））to－1．4（Figs．5（a）and（b）），the poleintensity  
increasesat（001）anddecreasesat（011）；aSharp自bertexture  

With（001）componentisformedinAl－3Mgalloy．However，  
With anincreasein strain良一Om Nl．0（Fig．4（d））to－1．5  
（Fig．6）for Al－3Mg－0．2Sc alloy，Weakeningin（011）  
COmPOnentandnochangein（001）componentareobserved・   

3．4 Grainstructure afterden）rmation   

A partofthe Grain structure maps derivedfrom EBSD  



2006  K．0」くayaSu，H．TakekoshiandH．Fukutomi  

Fig・8 GrainstruCturemaPS，derivedfromEBSDmeasurement，Of（a）Aト3Mgand（b）Ai－3Mg－0．2Sceompressedat723Kullderas［rain   

rateof5・0×10－4s－1uptoatruestrainofrl・4and－1・5，reSPeCtively・  

Fig・9 GrainstruCturemaP，derivedfromEBSDmeasurementqofAl－3Mg   
COmPreSSedat723Kup亡O atllle S亡rain of－0．1underthe sameinitial   

StrainrateasinFig．4（b）・  

5 10  50 100  

TrueStress，CT／MPa  

isunderstoodthatthedislocationvelocltydecreasesaround  
the yield polnt due to the multiplication of dislocations，  
resultinginthedecreaseintheflowstress・Althoughthereare  

Other possibilities cau51ng WOrk sof［enlng during high  
temperature deformation，SuCh as dynamic recrystallizaE  
tion，8－10）adiabaticdeformationll）etc・，atmOSPheredragglng  

ismostplausibleinthepresentcase．Inordertoexaminethe  
OCCurrenCeOfdynamicrecrystallization，thecompressiontest  
WaSCOnductedat723Kuptoatruestrainof－0．1closetothe  

PeakstrainunderthesameinitialstrainrateasinFig．4（b），  

andmicrostructurewasobserved・Figure9showsthegrain  

StruCture maP afterthe deformation・No new grains are  

Observed・This means that work softenlng Can nOt be  

attributedtodynamicrecrystallization．   
FigurelOisthedoublelogarithmicplotshowlngthetrue  

StreSSVS・trueStrainraterelationshipforthecompressionat  

723K．The true stressis evaluated at atrue Strain of－0．5．  

Thefi1ledcirclesandtheopencirclesshowtheresultsonAl－  
3MgandAl－3Mg－0・2Sc，reSPeCtively．Bothalloysfallonthe  

Same Straightline．Thestressexponentevaluatedfromthe  
Slopeofthelineisabout3．Thiscoincideswiththeresults  
reported bythe other researchers・12・13）Namelyin these  
deformationconditions，1tisconsideredthatthedeformation  
iscontrolledbytheviscousmotionofdislocations．2・12）  

Fig・10 Truestre5SVS．trtleStrainraterelationshipcompressedat723K   

Thefi11edcirclesandopencirclesshowtheresultsofAl－3MgandAl－   

3Mg－0．2Sc・reSpeChvel）′．  

ThegrainaspectratioinFig．7（b）isaboutO3．Theaspect  
ratioforthetruestrainof－1．Oderivedfromthegeometrical  
evaluationundertheconstantvolumeassumptlOnisO．22：this  
SuggeStSthattheA13ScprecIPltateSeffbctivelyreducedthe  
grain boundary mlgration．The stresslevels for Al－3Mg－  
0．2Scarealmostthesamea5thatofAl－3Mg．Thisindicates  
thattheA13ScprecIPltateSPrOducedbylongtimeaglngare  
noteffectiveobstaclesfordislocationmotion．   

4．2 Texturechange   
AsshowninFigs．4（a）and5（a），theformationof†011）  

textureofAl－3Mgalloyprecedesthedevelopmentof‡001）  
texture．The（001）texturedoesnotseemtobeformedby  
COntinuous orientation change from the（011‡texture，  
becausetwoindependentdellSltypeaksareobservedaround  
（001）and（011）ininverse polefigure．Theinverse pole  
負gures of Al－3Mg－0．2Sc（Figs．4（d）－（f））show that the  

development of‡001）texture does not occur because of  
reducing grain boundary mlgration by A13Sc precIPltateS．   
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Thismeansthat†001）componentoftextureinFigs．4（aト（c）  

developsbyconsuming†011‡andothergrains．Inversepole  

丘guresofAl－3Mg－0．2Scwithincreaseinstrainfrom－1．0  
（Fig．4（d））to－1．5（Fig．6）show the weakeningin（011）  
textures・Thissuggeststheoccurrenceofdynamicrecrystal－  

1izationduringhightemperaturedeformation．Figure8（b）is  
alsoanevidencefordynarnicrecrystallizationwherealotof  
Smallgrainsareobservedaroundlargegrains．   

4．3 Developmentmechanismof（001）texture   
OtsukaandHoriuchi14）investlgatedthelatticerotationof  

Al－3mol％Mg slngle crystalswith various orientations by  

tensilecreeptestswheretheviscousmotionofdislocations  
dominates the deformation・The present authors3）also  
investlgatedlatticerotationofAl－3mass％Mgslnglecrystals  

bycompressiontestswheretheviscousmotionofdislocation  
is the dominant deformation mechanism．The amount of  

latticerotationwasqulteSmallwhentheinitialorientations  
arecloseto（001），WhichcoincideswiththeresultbyOtsuka  

andHoriuchi．Thesefindingssuggestthat†001）orientation  

isstablefortheuniaxialdeformation．Weakbutobviouspeak  
inthepoledensityat（001）ofAl－3Mg－0．2Sc appearingin  

Figs・4（d）to（f）suggests that the grains withiOOl）  

Orientationsremainedafterthelargeamountofdeformation  
duetotheirstability・GourdetandMontheillet15）havebeen  
reported stability of（001）orientation as quasi－Stable  

OrientationuslngSlnglecrystalsofAAl199purealuminum．  
They showed that a cubic sample of（001）orientation  

retained high pole denslty，atits orlglnallocation after  
COmPreSSionat380こCtostrainof－1．5understrainrateof  

lO‾2s‾1．Thisisanevidencethat（001）orientationisstable  
fortheuniaxialdeformationathightempel・ature．  

Inthecaseofthesinglecrystalswithinitialorientationsfar  
from（001），theamountoflatticerotationwaslargerthan  
thatfortheorientationscloseto‡001）．Thedirectionofthe  

latticerotationcoincidedwiththeexpectationbasedonthe  
singleslipof‡111）（110〉system．3）   

Developmentof（011）textureisalsofoundonAl－3Mgq  

O2Sc as shownin Figs．4（d）－（f）．Thisindicates that the  

formationof（011）fibertexturecanbeattributedtotheslip  

deformationby（111）（011〉slip．Itisthusconcludedthatthe  

texture changein Al－3Mgfrom（0111＋（001）to‡001）  

texturesis caused by grain boundary mlgration which  
extendsthegrainswithiOOl）orientation．   

5． Conclusions   

Inordertounderstandtheformationrnechanismof（001）   

丘bertextureduringthehightemperatureuniaxialcompres－  
Sion deformation of Al－3mass％Mg solid solution alloy，  
deformationandtexturedevelopmentbehaviorsofAl－3Mg  
and Al－3Mg－0．2Sc alloys wereinvestlgated under various  
temperaturesandstrainratesuptovariousamountsoftrue  
strain．Ithasbeenfoundthat丘bertextureisconstructedinall  

thedeformationconditions．Increasein strainratesresultsin  

thechangeinthemaincomponentofthefibertextureforAl－  
3Mg，While no obvious changein the main componentis  
ObservedinthecaseofAl－3Mg－0．2Sc．Thatis，thetransition  
丘om‡001‡＋（0111fiber texture to‡001）fiber textureis  

StrOngly suppressed by A13Sc precIPltateS．Itis thus con－  
Cludedthatdevelopmentofthe（001）textureisattributable  
to the growth of（001†oriented grains by grain boundary  
mlgration．   
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