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2．Experimentalprocedure   

2．1Materialandcompressiontest   
Purenickelof99．9mass％purltylSuSedfoI■thetest・Cylin－  
dricalspecimenswjthadiameterof8mmandaheightor  
12mm wel・e maChiIled from a rod annealed atlO73K for  

3．6ks，Theavel■agegl－ainsizeaftel■theannealiIlgWaS63umL   
Uniaxia］compI■eSSiontesLswereconductedin vacuumat  
telllpel・atul‾eS Of873K泄d905K and tI’しIe StI■ain－◆壬Ile ol‥  

1■0×10M4s－】and】・0×10－3sul▲ForcompELrison，SOme  

SPeCiIllenSWeredeibrmedalsoiltl‘00mtemPeratしu－e・Speci－  
mcnswel－eheldfor15minatthetestlngtemperatul－eSbefore  
thestal■tOftest．Immediatelyartel’StraiIllngup【oaprede－  
termi11edstrE11n，SPeCimenswelLeblownwithheliumgasfor  
rl■eeZlng［hemicl－OStruCtLll．eillthemidstofdeformation；the  
SPeCimenwascooleddownfl－Om905Kto573Kwithillll  
sec；lndthestaticrecrysta11izationduringcooll11gdowncoしtld  
besしICCeSSfし111ypI■eVe11ted．   

2．2 Structuralobservationandcrystalorientationmea－  
Surement   

Aftel・thetests，PlanesIllid－Planesectionswereobtainedby  
InaChining，fol・themicrostruct川■eObsel’VationsbyoptlCalmi－  
CrOSCOPyandSEM，andcrystalorieIl【ationmeasul■ementSby  
EBSPtechnique．   
LocalcrystalorientatioIISOfverysmallreglOnSWeI■emea－  
SuredbyEBSPtechnique，MeasLll－ementSWeredonea［in－  
【el■Valsofl廿mOr2LLm，andtheminimuml－Otationangle  
betweenIleighboringpolntSWaSCalculated．WhenObetween  
5OaIld120，itwasjudgedthatalowangleboundaryexisLs  
beLweenthetwopo】IltiIltheidenticalcl■yStalgl－aill・When  
Oisabove120，theboundarywEtS definedasahighangle  
Brainboundary．FigしtreSWel■edrEtWnfromtheiIlfollTlation  
OntllepOSitionandshapeOfgl．ainsbothofwhichwerede－  
teI‘minedbytheorientationmezISurement．TheseRguresare  
Ca11ed“grainstruCtLll－eI一一icrographs”inthepresentpapel’・The  

upperlimitofOforlowangleboundaries（12degrees）was  
Chosensincethegrainboundarymicrogl－aphwellcoincides   

1．lntroduction  

Someofmechanicaland sLl■uCturalcharacteris［icsofdy－  
namicrecrysta11ization（hereaftel■abbreviatedasDRX）have  
beenmadecleal・insomemetalsandalloysontllebasisof  
theanalysISOfstl■eSS－Straincul－VeS and micl‾OStruCturalob－  
servation・））Itisconsidel▲edthatDRXproceedsthl・Oughthe  
followingprocesses（l）to（4）：2）（1）newgl・ainformationin  
thevicinityofinitialgrainbound之Il’ies，（2）continuousoccul－L  

renceoffurtllergrainformationinthef一－Ontl－eglOnSOfthe  
Pl■eViouslyrecl－yStallizedareas，（3）totalI’ePlacementofilli－  

tialgrainsbythenewlyformedglてIinsand（4）fuL－【hel■DRXin  
【hefu11yDRXedmatrjces．Howevel‘，［hel－eSti111－emainmally  
indistinctpolntSOnthedet；ljIsofthesepl’OCeSSeS・  
IthasbeenfoundthatthegrainbDundarybecomeswavy  
prIOrtOthenuc）eationofnewgl・ainsinitsvicinlty，3）andthis  
isconsideredtobeimpol’tantfol－tlleLpol－mationofnewgr之Iins  
althoughnospecialattentionhEISbeenseldompaidtothepheq  
nomenol一■Onlyafewworks4，5）havebeendoneinwhichthe  
imporLanceofgrainboundariesistakenintoconsidel一三Ition・   
Thepresen［authol■SeXaminedmicl－OS［ruCtureandtexture  
Lt）1－medduringLl11iaxialcolnpreSSionofpurenickelpolycl’yS－  
talsoverwiderangesoftemperatures（873Kto1573K）and  
strainrates（2．5×10－5s一】tol．0×10‾3sJ］）．6）Atdefol・－  

mationconditionsoflowtemperatureandhigllStrainrate，  
DRXwasconsideredtooccurbythesoLCallednucleationand  
growthmechanismandnewgminsdidnothaveanypI‘e托l’red  
OrjeIltations．Inthepl－eViouswork，however，thereasonwhy  
newgrainsarefol’medinrandomorientfLtionnearthegrain  
boundaryw乙ISnOtmadeclear．Inthepresentwol－k，Changesin  
themicrostructureandcl－yStalol－ientationwiththeprogressof  
DRXwel’eeXaminedforundersLandingthedetailedpl．OCeSSeS  
ofDRXandresultanttextureformation，  

半王ThisPnperwasOriginal］yPublishedjllJ．Japalllnst，MetilZs65（2001）  
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3．ExperimemtalResults   

3．1 StI・eSS－Strainbehavior   

Figure3showstruestress－trueStraincurvesatvarioustem－  
peraturesL Asseeninthefigure，SeVereWOrk－hardeningocN  
cursintheroomtemperaturedeformationatatruestrainrate  
ofl．0×10「3s」．Athightemperatures，Ontheotherhand，  
thecurvesaretheso－Calledwork－SOftenlngtypeinnaturel－e～  
gardlessofthestrainrate；thenowstresstakesamaximum  
ataninitialstageofdeformation，andthendecreaseswiththe  
furtherstrainlng．Thesof［enlnghasbeenfoundtobedueto  
DRX．6）   

3．2 Changeinmicrostructureduringde伽rmation   
PhotomicroglLaPhstakenbeforeandafterthedeformation  
aregiveninFigs．4（a）and（b）－（d），reSPeCtively・Beforedefor－  

mation，microstructureconsistsofequiaxedgrains（average  
size：63Llm）withsmoothboundaries（Fig・4（a））・Annealing  
twinsarealsoseen．Afterroomtemperaturedeformationup  
toatruestrainof－0．94duringwhichnoDRXoccul’red，grain  
boundariesarestillsmooth，thoughthey aregentlybowed  
（Fig．4（b））．Figure4（c）showsmicrostructureatanearlystage  
ofDRXafterdeformationuptoastrainof－0．85at873Kand  
astminrateofl．0×10▼3s十1tisseenthat，duringdefor－  
mation，grainboundariesbecamewavy・Thismaybedueto  
anenergybalancebetweenthegrainboundaryandthesubq  
boundariesthatwerefol－medinthegraininterior・7）Further，1t  
isnoteworthythatverysmallgrainswerenewlyformednear  
gl▲ainboundal・ies・Afterdeformationuptoalargel・Strainof  
止1・7atahighertemperatureof905Kandalowerstrainrate  
ofl．0×10－4s¶L，theinitial，Staticallyrecrystallizedstruc－  
turewasfullyencroachedbytheDRXedstructureconsistlng  
ofsmallergrains（averagesize＝17トLm）withseverelywaved  
grainboundaries（Fig・4（d））■  

withthemicrographobtainedbyOMandSEMatthisvalue  
ofβ．   

Tlbdeterminetheorientationdistributionintheeal－1ystage  
ofDRX，CryStalorientationsweremeasuredbyshiftingthe  
polntOfmeasurementalongandnormaltoinitialgrainbound－  
aries，FurtheIltheorientationwasmeasuredinmanygrains  
ofthefullyDRXedspecilnen，andthedependenceoftexture  
onthegrainsizewasstudiedbydrawlnglnVerSePOle色gure  
foreachof5classesofgrainsize（3－5，5－10，10－20，20－50  
and50－100けm）   

2．3 Degreeorgrainboundarycurvature  
Ithasbeenknown3）that，pr10rtOthestartofDRX，grain  
boundariesbecomewavyduringdeformation・Tbknowtlle  
effectofsuchundulationofgrainboundariesonDRX，the  
orientationdistributionwasexaminedasafunctionofade－  
greeofgrainboundarycurvaturethatwasde丘nedash／w  
wherehandwareaheightandawidthofcurvatureglVenin  
Fig・l，reSPeCtively・Apreliminaryexperimentshowedthat，  
afterdeformationupto－0．85at873Kandatruestrainrate  
ofl．0×10▼3s‾1，aWidthofthecul・Vatul・eWWaSinarange  
Ofl－18卜しmandabout97％ofwwassmallerthanlO匹m・The  
distributionofh／WisgiveninFig・2・Afractionofh／Wtakes  
amaximuminarangebetweenO．2－0・4andamountstoabout  
47％・Inthepresentwork，therefore，theorientationdistri－  
butionneargrainboundal‘ieswasexaminedforeachofthree  
rangesofh／w，thatish／W＜0．2，0・2≦h／W＜0・4and  
O．4≦り肌  

Width，W   

Fig．1DeLinilioI】OFthedegreeofgrainboundarycし1rViltureh／叫halldlL｝   
areheight之1ndwidthofcurvature，reSPeCtivelyL  
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0 0．2 0．4 0．6 0．81．01．21．41．61．8 2．O  

DegreeofGrainBoundaryCurvature．h仙  

Fig・2 Histogri11¶Showlngthedistribu（ionofthedegreeofgr之1i］一bol】ndary   
curvatureaftercoITIPEeSSiontestofpurenickelilt873Kw仙川trueStl・ain   

rateofl・0×10AJ3s－Lup（OatrueStrainofMO・85・About97％ofwwas  
】essthaniOトLm．  

0 0．2 0．4 0．6 0．81．01．21．41．61．8 2．O  

AbsoluteVaEueofTrueStrain，lEI   

Fig・3 TrueStrCSS－trueStraincul・VeSOFpurenickelobtainedbycompres－   
siontes【satvilrioustempcraturesarld11◆ueStrainrates・   
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Fig・4 0pticalmicrographsofpureniclくelbeforecompression（a）andaftercompression（bト（d）．（b）TemperatureT＝293K。true   
S血nrate去＝1・0×10】3s1，ti・ueSぬ1nど＝0．9∠L；（c）ア＝873K，ま＝1．0×10一㍉1，g＝－0．85and（d）ア＝905K，   

主＝i■0×104s】，ざ＝一1．7．  

303 虻訂きrS佳品旦⑬『温e狐色a息且⑬m組鮎『訂⑳⑬m底em厨e『a珪閻『e虚e随『ロ  

m鼠色畳¢m   

Distr油血onofcrysta旦orientationalonggrainboⅥn舶ries  
WaSmeaSⅥredfor23grainboundariesa鮎rthe舶触matiom  

atroomtempera加e叩とOaSはaimof－0。94imwh主cilnOこ重民Ⅹ   

・．      ・  l：．・・：・・ ． ・   ・：  

boほmぬごiesarerathersmoo血asseenin『igs。5（a）and（b）9  

Ⅵ血chareS毘Mmicro宮路pbandgrainstru抽remicrog叩b  
Ofthesamearea，reSpeCtively・Crき7Staloriemtatiomwasmea－  

S㍑redatpo血sト16inFig，5（軋andthemまsorientatiom∂  

and血erotationaxisbetweenneighborimgpoinとS（主nter、′aユ：  

3－5匹m）ares宣10Wmin『igs．5（c）and（朝。Itisseen血aもthe  

血sorienta由0飛∂isabout50atmostandtherotatio‡laXisdis－  

t且rib㍑teSatra‡ユdom。A茸為ctthatt呈1eValueof∂isassmaヱ1as50  

imdica‡esnoformationofmew餅ainsevemimthevicinltき70f  
grainboⅥmぬries。ヱna弧tiom，thecompressionaxisbecame  
approximat軸paraユ1eltotbeorientat主onof（01i）intbecem【  

tralareaoぎa血ostallgrains。   

、－  

む畳⑲弧  

3Q乳且 ⑬訂亙蟹鍋註a置豆⑬m組立s註『畳馳覗息畳⑬弧急患肋e匿a『盈ys社ageの『軸㌔  

泊認m亙虻訂e藍訂yS骨組温風鼠冨鼠色紬調   

CrystalorientatiomⅥ′aSmeaSuredinaspecimende餌med  
t呼tOaSもrainof－0．85aと873Kandastraimraてeofl。0〉く  

10‾3s1inwhichⅢ鼠Ⅹoccurredo叫inthevicinlもyofg陀im  
boumdariesasseeninFig。4（c）。   

SamekindsofexaminationasimFig。51Veremade紬r21   

g血nboumdaries9andthetypヱCalres此isgl≠′emin『ig。6・‡n  

COntraSttOrOOmtemperatUredeねrmatiom9grainbotlndaries  
became wavぅ′血血gぬigh temperatⅥre de氏）rmatiom（Figs。  

的）amd（b））ヶCfyStaloriemtationwasmeasuredatpointsト  
26im『ig．6（b）7andtbemisorientation∂amdtherotationaxis  

betweenmeighboiqingpo血s（intervai：3－5匹iⅥ）areshownin  

『igs■6（C）amd（d），reSpeCtively．Thevaluesof∂aregemerally  

且argertI－amtbosea鮎rroomtemperaturedeねrmation，andits  

maximⅦmaiⅥ0㍑nt§£0250岬ig。6（c））ヮindicati噸theformation  

Ofmewgrainsnear蝕egrainboum血y。Asintbehightem－  
perat㍑redeゐrmatio亘1，howeveで，therotadonaxisdis仁ribもIteSat  

ヱ’an血m岬igD6（d））¢扉Ⅵr血er，ぬecompressionaxiswasaround  

theoriemtationof（0‖）inぬece血alareaofmostgrainsヲaS  

主mroomtemperatⅥ∬edeformaモion。   

Asmentio三1edimthein狂0血ctio宣1，theaも血orsco‡iSidered  

thech8mgeOfgminboⅥndaryshaped血れgdeformatiom；g用in  

bouriぬriesarelVaも′y血ou帥OutD灰j【。Thed互strib血onof  

misoでie離ationβbe抽eenmeigbboring points（interval：3－  

5匹m）alomggraimboun血iesisdepictedinFig。7玩汀dif－  
feren乞柑mgeSOぎぬegrainboundaでyCurVa血eゐ／軋Bothal′－  

erageandmax血㍑m（主ndicatedbyanarrowineacb免gure）  

Valuesof∂were蜘gefforthecaseofla唱erValueofあ／は．8）  
『Ⅶrtherぅthe丘actionoぎ血sorientatioilぎ0ぎ120≦∂increased  

Wit払increasinglyalueofゐ／Ⅷ；3。7乳15．0％amd22。6％知  

ゐ／もU＜OD2，0⇒2≦ゐ／Ⅶ＜0。4andO．4≦み／もU，reSpeCtively。  

TbeseぎactsindicatetiⅦtintheg柑inboun血rycurva血ehas  

a5trOnge晩cもOmthede即eeOftheorientationdistrib損iom  

・・       ・  …・：‥   



M．HasegawaandH．Fukutome  118hh 

√・、  0
 
 
 
 
5
 
 
 
 
0
 
 
 
 
5
 
 
 
 
0
 
 

2
1
1
 
 

屯
で
ど
○
蔓
…
｝
u
心
U
O
S
【
≡
 
 

0
 
 
 
 
5
 
 
 
 
0
 
 
 
 
5
 
 
 
0
 
 

2
1
1
 
 

聖
二
u
O
焉
叫
u
登
O
S
羞
 
 

12 3 4 5 6 7 8 91Dll12131／11516171（Sl⊆）20212223242526  

Position  

12 3 4 5 6 7 8 910111213141516  

Posjtion  ‥・・  

（d）  

010   

Fig・6 The頁guresthataresameasthoseinFigL5，foraspecimendeformed   
athightemperature（T＝873K，去＝l・0×10－3s」，E＝∵0・85）L  

010   

Fig．5 SEMmicrographofagrainboundary（a）arldthesameboundary   
con5truCtedbyEBSP（b）inaspecimendeformedatroomtemperature  
（r＝293K，占＝1．0×10【3s1，g＝－0．94）．Positionsofoi・ientation   
measurementareshownin（b）．Misorientationandrotationaxisbetween   
neighboringpositionsalongtheboundaryaregivenin（c）and（d），reSPeC－   
tlvely．  

甘bknowtheexte王1tOぎgrainboundaryef詣ctontbeorien－  
tationdistrib血on，CryStalorientat主onwasmeasuredbyshi恥  
1ngthepolntOfmeasurement缶事Omtheg柑inboⅥndarytothe  
g柑incenterin20grainsd AnexampleoftheresultsisglVen  
inFig■8for5g撒ins・Themisorientation∂be抽eenneigh－  
boringpoints（inteFVal：3－5匹m）generallさ′takesamaximum  

nearthegralnboundaryanddecreaseswithadistance丘om  
thegrainboundary・AtthisstageofpRX，thee鮎ctofg柑in  
boumdariesonthemisorientationextendsaboも1t15ト1m甜om  
thegrainboⅥndaries。  

、・   ・、・、・．．1・・■・、・‥・，、ミ‥．：・  

・・！・・：．、・‥；．、、；：、‥t∴・・巨！・‥、‥  

ImmediatelyaftertheoccurenceofD鼠Ⅹ，CryStalorientad  
tionofnewly玩）rmedgrainsinthevicinltyOfinitialgrain  
boundarieswasmeasured，anditsdistrib扇iona氏erdeforma－  
tionat873Kand905Kisshownin『igs。9（a）amd（b），reSpeC－  
tively，1na触mofinversepole魚卵re。Themaximumofpole  
density（PMAX）anditsposition（α，β）aregivembeloweach  

負gure。甘hedefinitionofangles，αandβ，isgiveninFig。到C）。   
ThepositionofmaximumpoledensitySeemStObeinthe  
oriemもationoFlO－15degree5aWay蝕〕m（011）to（001）・田ow－  

ever，thevalueofPMAXisonlyl・5－1。8timesofthelevelfor  
thera‡1domorientationdistribution，SOitcanbesaidthatthe  

mewgrainsa陀知medatalmostrandomorientation・  
、   ・＿・－ ‥ ・ － － ：‥ ・    － 、  
－  、‥  ミ・・・ ・、、・・ ：   

Fi即relOisagrainboundary主君icrographa鮎rthedefor－  
mationuptoaiargestrainof－1・7at905監andas狂ainrate  
ofl．0×10－4s－1duringwhichthewboleareaofthespeciコ  
menhasbeenrecrystallizeddynamically・Intbe員gure，thim  
iines andtbickiines陀preSentlow amglegrainboundaries  
（∂＜ほ⊃）andhighanglegrainboundaries（120≦軋陀－  
spectively。Tbesizeoぎdynamicallyrecrystallizedgrainsdis－  
tributesfでOmafew匹mtOmOrethan50甚m□Manyofsmail  
伊ainstendtoexisttogetherinagroupandlargegrains免・e－  
quentlycontainlowangleboundariesintheirinterior・The  
grainsizedwasclassi丘edinto員verangesandeachrange  
is叩reSentedbythesさ7mboisÅ一己；A：3－5けmぅB：5－10トムmラ  

C：10－20トLm，D‥20－50匹mandE‥50一川0世m  

『igurellshowsinversepole免gures玩汀eaChrangeofthe   



MicrostruCtur之1】Studyo［一DynunlicRecrystallizationandTcxLureFormalioninPureNickel  

（
ボ
）
ビ
○
駕
莞
芯
．
巨
S
≦
】
O
U
O
弓
空
」
 
 

3
5
 
罰
 
Ⅶ
瓜
 
罰
 
1
5
 
1
0
 
 

011 001  
PMAX＝1．8at（34，0）  
T＝873K，£＝1．OxlO■3s‾1．Eご0．74  

011  
PMAX＝1．5al（30，0）  
T＝905K，全＝1．OxlO■づs‾1，E＝・0．31  （

ポ
「
U
O
罵
言
心
．
5
S
≦
】
O
U
O
召
讐
山
 
 

5
 
 
0
 
 
5
 
 
0
 
 
5
 
 
【
∪
 
 

（C） 100  

00204060801d’1プ1イ’1ざ1ぎ2d’2プ2イ2ざ2♂3（デ3203イ3ざ∽04げ  

（
邑
■
u
O
選
⊂
．
2
0
盟
≡
ち
U
O
筍
巴
山
 
 

巧
 
∽
 
2
5
 
2
0
 
1
5
 
1
0
 
 

001  011  010   

Fig．9lnversepo】enguresornew針乙1inssho＼Vl】】g【lledis11■iblltio【10rpOle   

derLSi【ieso‖】1eCOmPreSSionplilEle．Theaverageden51tylSuSedasunits，   

NewgrilirlSilreSeEec【edint‡leSPeCilnenSCOmPreSSedat（a）Lempera【ure   

r＝873K，【rueslrai【】ra【e古＝1．0×10一ユsl，lrueslriしing＝一0．74之l】ld  

（b）r＝905K，左＝1■0×川4sl，g＝－0・31▲Thepositionof■naXi】Ⅵul－－   

POledensily（α，β）isgivenbelo、Vtl－engureS，De加itionso＝1】eallg】e5，α   

andβ，are5hownjn（c）．  
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Miso「ienbtion．dβ   

Fig・7 Histogr乙1m Showlng Lhc disLribution ofmisorien【乙1tion between   
neighboring poin【s（inilnin【ervat of3to5ドm）along grain bound－   
aricsin the speCimen deformed之1t high temperaturc（T ＝ 873K，   
£＝．．0×10「3s¶l，E＝一0．85）．＾rrowsshowlhemaximumvalueat   
theconthuousdistribu【ionfromlowmisorienta【ionangles．  

Fol－【heintermediategl■ELinsize，namelytherangeC，itisin  
themiddleoftheabovetwoorientationsonthe（001ト（011）  
line．TsLjie［（lL，9）havealsofoundinanFe－35％Nia11oythat，  
inthedynamicallyrecrystallizedmicrostructul■e，thecrystal  
Orientationiscloserto（011）insmallergrains．Thefactthat  
Smallergrains haveanorientationcloserto（011）indicates  
thatsma11ergrainshavebeensub）eCtedtothelargel－deforma－  
tion．  

4．Discussion   

4．1Nucleationsiteandorientationofnewgl・ainsindy－  
namicrecrystallization   
Formationofnewgrainsintheso－Calledstaticrecrystalr  
lizationisknowntooccurpreferentiallylnareg10nOfinho－  
mogeneousdeformationsuchasashearballd，tranSitionband  
Ortheareaclosetograinboundaries．TwoprerequlSitesare  
generallyconsideredtobenecessaryforthenewgrainfor－  
mation：］0）criticalsizeofrluCleusandcriticalmisoritentaion  
betweennucleusanditssurroundingarea．Asinstaticrecrys－  
ta11ization，thevicinltyOfinitialgrainboundarylSaPreferred  
nucleationsiteofnewgrainsalsoinDRX（SeeFig．4（c）），Sug－  
gestlngthatgrainboundarytakesanimportantroleinDRX．  
However，Onlyafewworkshavebeenreportedthatpayatten－  
tiorltOtheimportanceofgminboundaryfol▲discusslngthe  
fol－mationprocessofnewgrainsduringDRX．   

4．2 Locallatticerotationpriortothefbrmationofncw  
grainsindynamicrecrystalIizatioll  
Inthepresentdeformationconditions，thetextureisnotso  
SharplnCOmParisonwiththel■eSultsiny－TiAl；theva】lleOf  
PMAXwasonlyabout3L6）Incontrasttothedeformation   
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Fig，8 Misorien【uLiorLbetweeElneigllboringpo5itionsasartlnClionofdis－   

tanceLTOmgrainbouEldariestowardttleCenlerofgrainsinlhespecilTteElde一   
触・meda【hightemperalure（r＝873K，全＝1，0×tO【3s‾】，ど＝－0．85）．   

EachsymboIcorrespondstothedifferentgrairLSinwhicllmeaSuremenL  
＼VaSdone．   

grainsize・Here，theaveragepoledensltylSuSedasunits．  

ForsmallgrainsizesoftherangesAandB，themaincom－  

ponerltOfthetextureis（011）thatisthestableorientationfor  

COmPreSSion・ForlargegrainsizessuchasrangesDandE，  

Ontheotherhand，thepositionofmaximumpoledensltylS  

intheorientationof12degreesawayfrom（011）to（001）．  
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：highangleboundary  

60いnl  

Fig・10 Grainstructuremicrograph，COnStruCtedbyEBSP，Ofadynamicallyrecrystallizedareainthespecimendeformedathightem－   
peratul・e（r＝905K，£＝1．0×10－4s】】，g＝－1．7）．  

tinultyOfdeformationareglVenby15，16）  

gま＝ど慧，ど完＝g毘and戒＝戒・  

Intheneighboringpartofthegrainboundary（regionIl），how－  
ever，theboundarydoesnotexistonthexyplane（Fig・12（C））・  

Inthiscase，theconstraintconditionsforpreservlngthecon－  

tinultyOfdeformationinthegrainboundarycannotbede－  
SCribedbytheabovethreeequations・Theundulationofgrain  
boundarymaycomplicateoperativeslipsystemsneargrain  
boundary・Thatis，eVeninanidenticalgraln，thekind，num－  
berandactivltyOfoperativeslipsystemsmaydifferlargely  
丘omplacetoplaceinthevicinltyOfwavygrainboundary・  
Suchalocalchangeintheslipactivltymaygeneratealarge  
differenceinthelocallatticerotation，reSultinglnSmallre－  

glOnSwithvariouscrystalorientationsthatmayactasnuclei  
Ofnewgrains．   
As mentionedin Section3．4．1，the misorientation was  

largerinthevicimtyofgrainboundarythaninthegraincen－  
ter（Fig．8）．Ftlrther，themisorientationmeasuredalonggrain  
boundarywaslargerforwavyboundariesafterhightempera－  
turedeformationthanforsmoothonesafterroomtemperatul‘e  

deformation（compareFig．6withFig・5），andittendedtobe  
largerforapartofgrainboundarywherethedegreeofitscur－  
vatureislarger（Fig．7）．Moreover，theorientationoflattice  
rotationaxiswasdistributedatrandom（Fig．6）．Theseexper－  

imentalfactssupporttheaboveconsiderationforthegenera－  
tionoflocallatticerotationandtheformatior10fnewgrains  
inDRX．  

4．3 Processoftexture駄Irmation   

LutonandSellars17）explainedtheshapeofstress－Strain  
CurVeduringDRXonabasisofboththestrainrequiredfor  
theonsetofDRXE。andthestrain鈷・Omtheonsettotheend  

OfDRX8x；if8cISlargerorsmallerthar18x，thenthestress－  
Straincurvebecomesslngle－peaktypeormulti－Peaktype，re－  
spectively・Intheirexplanation，DRXwasconsideredtooc－  
CurrePeatedlyafterdeformationofeverystrainof8c・Since  
then，ithasbeenprevailingfortheprocessofDRXthatnewly   

COnditionsofhightemperaturesandlow strainrateswhere  
twinnlngOCCurSfrequentlyduringgrainboundarymlgration6）  
andhencenewgrainsareformedwithrandomorientation，］l）  
an・aCtionofthelengthoftwinboundariestothatofgrain  

boundarieswasonlyabout20％atmostinthepresentdefor－  
mationconditions．Thissuggeststhattheformationofweak  
texturecannotbeattributedtotwinnlng．rIbxtureweakening  
Shouldbeunderstoodintermsoftheprocessofnucleationof  
grains・Sincecrystalorientationsofnewgrainsisconsidered  
toexistinthedeformedstate，theabovefactthatthetexture  

isnotsosharpindicatesthat，1atticerotationoccurslocallyln  
variousdirectionsinthevicinltyOfgrainboundariesevenin  
thesamegrain．ThepresentauthorsconsiderthattheundulaM  
tion（tobecomewavy）ofgrainboundaryistheprecondition  
fortheoccurrenceofsevere，locallatticerotation．12）   
Amodelfornewgrainformation，inwhichattentionwas  
paidtotheundulationofgrainboundary，WaSPrOPOSedby  
Miuraetal・4）andBelyakovetal・5）Accordingtothemodel，  
Whenwavygrainboundaryslides，loca11atticerotationoccurs  
inareglOnWheretheboundaryprotrudes，andnewgrainsare  
formedthere．AlthoughgrainboundaryslidinglSeXPeCted  
tooccurmoreeasilyathighertemperaturesandlowerstrain  
rates，theorientationofnewgrainswasnotatrandomatthese  
deformationconditionsiftwinnlngdoesnotoccurasiny－  
TiAl．6，13，14）Therefore，WeWOuldliketoassertthat，Otherthan  
itssliding，theundulationofgrainboundaryltSelfhasanef－  

fectonthegenerationoflarge，locallatticerotationandthe  
resultantfbrmationofnewgrains．   
OpticalmicroscopyandSEMrevealednoevidenceofvoid  
formationingrainboundaries，indicatlngthatthecontinulty  
mustbepreservedingrainboundariesduringdeformation・  

Figure12（a）isaschematicdrawingofwavygrainboundary  

attheinitialstageofDRX．Figures12（b）and（c）areenlarged  

drawingsofregionsIandIIinFig．12（a），reSPeCtively・When  

grainboundaryexistsonthexyplane（regionI，Fig・12（b）），  

theconditionsonthestraincomponentforpreservlngthecon－  
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了11  

A：d＝3－5トtm  
PMAX＝2．3at（45，0）  

B：d＝5〝10トm  
PMAX＝3・Oat（45，0）  

C：d＝10′ゼ0けnl  
PMAX＝3．2at（35，0）  Fig・E2 Wavygrili】1boundal・ya【（hcinitial5tageOfdyrLamicrccrys【a］1iz乙1－  

1ioll（a）．EnlargeddrawirLgSOfregionslandllared10Wnin（b）and（c），   
respeCtively・ThcorientationcharlgeOftllegrainboundarypEanel・eSullsin   
tl－eChこl】－geOf乙IC【iva【eds】ipsyste■mSalong【heboundary・De【aileddescrlp－   

tionisglVenintlle【ext．  

Obtained hitherto are summarizedin the fo‖owlng thl・ee  
POints．  
（1）Newgl■ainsareformedin thevicinityofinitialgrain  
boundariesandtheirorientationsal■eatrandorn（SeCtions  
3．4．1and3．4．2）．  
（2）Thestableorientationforcompressionis（011），6）  
（3）MaincomponentoftextureformedduringDRXisin  
theorientationofaboutlOdegreesawayfrom（011）to   
（001）．6）  

The followlngPrOCeSSfol’DRXand textureformation are  
COnClusivelydeducedfromthesel・eSults．   
Newlyformedgrainsgrowuptoacertainsize，andthen  
new grains with random orientations are formed again in 
thevicinltyOfgrainboundariesofgl‾OWn uPBrains．This  
Pl■OCeSSOCCurSrePeatedlyduringDRX・Thus，Smallgrains  
tendedtoexisttogetherformingagroup（Fig．10）．Suchre－  
glOnS COnSistlngOfsmallgrains areconsidered to be ones  
fhafhavebeensu句ecredroseve】－edeformationandwillbe  
COnSumedbynewgrainsinfurtherDRX，Sincesma11gl■ains  
areintheol■ientationof（011）（Fig．11，AandB）．Moreover，  
randomlyorientednewgrainsreceivecompressivedeforma－  
fionandchangetbeirorient飢iontowardrhe5rableo】・je刀f抽On  
forcompression（011）．However，fLlrthernucleationofnew  
grainsoccursinrarldomorientationbeforetheyreach（011），  
andasaresultgrainswiththeorientationcloseto（011）disap－  
peal‾S・Thisis血erea50nWbyけ妃maincomponentof【exhHe  
formedduringDRXisnotintlleOrientationof（011），butin  
theorientationofabout10degl・eeSaWayfrom（0‖）to（001）．   

D：d＝20－50いnl  
PMAX＝4，Oat（33，0）  

∈：d＝50′」00トIm  

PMAX＝6．3at（33，0）  

001  011  

Fig・‖Inversepole触ul■eSOrdy】l乙11nicヱ11Iyrecrys【a】】ized呂minswi【hdilこ   

ferentgrainsizesAtoEinaLtEILyrecrys【；t］lizedareninthcspecimende・   
ねrmeda【905Kilnd…l血eslrainra【eor】・OxlO－4s1uptoatruestrain   
Ott－1．7．  

formedgrainsdeformarldgl・OWatthesametime，andwhen  
thesegrainsgrowuptoacertainsizenewgrainsareformed  
againinthesegrains，andsoon．Accordingtothisconsid、  

eration，thegrownupgrainsoughttohavetheorientationof  
（011）thatisthestableorientationfo］・COmpreSSion．6）How－  
ever，thisexpeCtationcontradictstheexperimentalresultthat  
thecoarsegrainsformedduringDRXarenotintheorienta－  
tionof（011）butintheorientationof12degreesawayfl▲Om  
（O11）to（001）（Fig．11，DandE），   

Mainexperimentalresultson microstructul・eandtexture  
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5．Conclusions  

M・Hasegawa乙1ndH・Fuk山Ome  

COmPOnentOftextureisintheorientELtionofaboutlOdegrees  
awayfrom（011）to（001）．   

Tb make clear the pl－OCeSS Ofdynamic recrystallization  
（DRX）andresultanttextureformation，POlycrystalinepure  
nickelwasdeformedincompressionattemperatureSOf873  
and905KandtrueStrainratesofl．0×10▼3s▼】andl．0×  

10L4s－】wherenewgrainsareformedthroughtheso－Called  
nucleationandgrowthmechanism．Microstructureateach  
StageOfDRXwasexaminedbyopticalmicroscopyandSEM，  
andcrystalorientationofeachgl’ainwasmeasuredby the  
EBSPtechnique．Mainconclusionsobtainedaresummal－ized  
asfollows．  

（1）7nitialgrainboundariesbecomewavypriortothefor－  
mation ofnew grains．This undulation（to become wavy）  
Ofgrairlboundariesinfluencestheorientationdistributionin  
thevicinltyofgrainboundaries；themisorientationbetween  
neighboringpolntSSeparatedbyanintervalofafewトLmbe－  
COmeSlargerwithanincreaseinthedegreeofgrainboundary  
CurVature．  

（2）NewgrainsarefoITnedinthevicinityofgrainbound－  
al・iesinrandomorientation．Thisindicatesthattheundulation  

Ofgrainboundariescauseslarge，locallatticerotationinvar－  
iousdirectionsintheirvicinlty，reSultingintheformationof  
newgrainswithrandomorientation．  
（3）DRXfromfullyDRXedstructureoccursbythefol－－  
mationofnewgrainswithrandomorientationinthevicin］ty  
Ofgrainboundariesofgrowrlupgrains．Theinteriorofgrown  
up，COarSegrainsissometimesdividedintosmallgrainsby  
SeVeredeformationathightemperatureS．Suchreg10nSCOn－  
SistlngOfsmallgminsarereglOnStObeencroachedbynew  
grainsduringfurtherDRX．  
（4）Tbxturedevelopsthoughitisnotsosharp，Randomly  
Orientednewgrainschangetheirorientationtowardthesta－  
bleorientationforcompression（011）．Iiowever，furthernu－  
Cleationofnewgrainswithrandomorientationoccursbefore  
theyreach（011），andthenumberofgrainswiththeorienta－  
tioncloseto（O11）reduces．Thisisthereasonwhythemain  
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