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1135
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5.3 2
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2015SGcdSGWXYWZc 67
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nβrγiεκsUG2015SG]]SGXbcXTXbdW 40
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1083 pμμκδtGoμGyγGonGxiδrostruδturκsGβnεGxκδhβniδβlG{ropκrtiκsGoμGβnG ltrβμinκTrrβinκεGouβlG{hβsκG
–tκκlUG2015SGY[SGZWWcTZWXb 9
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5.3 33

1073 lnGzvκrviκwGoμGouβlT{hβsκG–tκκlseGlεvβnδκsGinGxiδrostruδturκTzriκntκεG{roδκssinωGβnεG
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1062 {rκpβrβtionGoμGwκβkTtκxturκεGδommκrδiβllyGpurκGtitβniumGγyGκlκδtronGγκβmGmκltinωUG2015SGcSGXW]TXWd 38
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1061 xiδrostruδturκGpvolutionGlssoδiβtκεGwithGβG–upκriorGwowTnyδlκGqβtiωuκG’κsistβnδκGoμGthκG
qκTZWxnT[–iTYllGllloyUG2015SG[aSG]XWZT]XXZ 18

1060 pμμκδtGoμGultrβωrβinGrκμinκmκntGonGquκnδhinωGβnεGpβrtitioninωGstκκlsGmβnuμβδturκεGγyGβGnovκlG
mκthoεUG2015SGcbSGa[WTa[d 26

1059
xiδrostruδturκGβnεGmκδhβniδβlGpropκrtyGrκlβtionshipGinGβnGultrβhiωhGstrκnωthGdcWGx{βGωrβεκG
hiωhTllGlowT–iGεuβlGphβsκGstκκlUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2015SGa[]SGYZYTY[W

5.3 17

1058 qlowGγκhβviorGβnεGmiδrostruδturκGinG—iâ��allâ��[VGβlloyGwithGβnGultrβμinκTωrβinκεG˛–TsinωlκGphβsκG
miδrostruδturκGεurinωGlowTtκmpκrβturκThiωhTstrβinTrβtκGsupκrplβstiδityUG2015SGaaSGaXXTaXb 34

1057 YiκlεGγκhβviorGγκnκβthGhβrεnκssGinεκntβtionsGinGεuδtilκGmκtβlsSGmκβsurκεGγyGthrκκTεimκnsionβlG
δomputκεG°TrβyGtomoωrβphyGβnεGεiωitβlGvolumκGδorrκlβtionUG2015SGcYSG[acT[cY 49

1056 nomγinκεGpμμκδtGoμGlusμorminωGβnεG®βrmG—κmpμorminωGonGthκG–trκnωthGβnεG—ouωhnκssGoμGlnG
 ltrβTsiωhG–trκnωthG–tκκlUG2016SG]aSGYW[bTYW]a 7

1055 znG–trκnωthκninωGoμGlustκnitiδG–tβinlκssG–tκκlGγyGwβrωκG–trβinGnolεG®orkinωUG2016SG]aSGXYcdTXYda 19

1054 ’ounεGroγinGδrystβlGoriκntβtionGmκβsurκmκntGusinωGpm–oGμorGεβmβωκGβssκssmκntUG2016SGZSGXaTWWWbbTXaTWWWbb16

1053 –tβγilityGoμGrκtβinκεGβustκnitκGinGhiωhGδβrγonGstκκlGunεκrGδomprκssivκGstrκsseGβnGinvκstiωβtionGμromG
mβδroGtoGnβnoGsδβlκUG2016SGaSGZ[d]c 34

1052 winκT{roμilκGlnβlysisGnomγinκεGwithG—κxturκGlnβlysisGμorGnhβrβδtκrizinωGoisloδβtionGoistriγutionGinG
—κxturκGnomponκntsGoμGnolεT’ollκεGnoppκrG–hκκtsUG2016SGZ]SGbW]TbXZ 2

1051 tntκrβδtivκGκμμκδtGoμGmiδrostruδturκGβnεGδβvityGεimκnsionGonGμillinωGγκhβviorGinGmiδroGδoininωGoμG
purκGniδkκlUG2016SGaSGYZcd] 17

1050 lGδompβrisonGoμGpm–oGγβsκεGstrβinGinεiδβtorsGμorGthκGstuεyGoμGqκTZ–iGstκκlGsuγjκδtκεGtoGδyδliδG
loβεinωUG2016SGXX]SGaXTbW 52

1049 pvolutionGoμGthκGsuγstruδturκGoμGβGnovκlGXYLGnrGstκκlGunεκrGδrκκpGδonεitionsUG2016SGXX]SGYZTZX 30

1048
}uβntiμyinωGthκGκμμκδtsGoμGtκmpκrinωGonGinεiviεuβlGphβsκGpropκrtiκsGoμGo{dcWGstκκlGwithG
nβnoinεκntβtionUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2016SGaabSGY[WTY[d

5.3 42

1047 norrκlβtionGmκtwκκnGxiδrostruδturκsGβnεG—κnsilκG{ropκrtiκsGoμG–trβinTmβsκεGl{tG°aWG{ipκlinκG
–tκκlsUG2016SG[bSGYbYaTYbZc 16

1046 tnvκstiωβtionGonGmiδrostruδturκGβnεGpropκrtiκsGoμGnuâ��llYzZGδompositκsGμβγriδβtκεGγyGβGnovκlG
inTsituGrκβδtivκGsynthκsisUG2016SGdYSG]cTaZ 52

1045
tnvκstiωβtionGonGhotGεκμormβtionGγκhβviorGoμGnβnosδβlκG—inTstrκnωthκnκεGnuGβlloysGμβγriδβtκεGγyG
mκδhβniδβlGmillinωUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2016SGaacSGXTXY

5.3 9

1044
xiδrostruδturβlGκvolutionGβnεGmκδhβniδβlGpropκrtiκsGoμGβGnovκlGqκnryim–iGβεvβnδκεGhiωhTstrκnωthG
stκκleG–lowSGβδδκlκrβtκεGβnεGμβstGδβstinωGδoolinωGrβtκsUGMaterials Science &amp; Engineering A: 
Structural Materials: Properties, Microstructure and ProcessingSG2016SGaacSGXccTYWW

5.3 12
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1043 rrowthGoμGγβinitiδGμκrritκGβnεGδβrγonGpβrtitioninωGεurinωGthκGκβrlyGstβωκsGoμGγβinitκGtrβnsμormβtionG
inGβGYGmβssLGsiliδonGstκκlGstuεiκεGγyGinGsituGnκutronGεiμμrβδtionSG—pxGβnεGl{—UG2016SG[dSGZddT[X[ 29

1042 xiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGβG—iTmiδroβlloyκεGlowTδβrγonGstβinlκssGstκκlGtrκβtκεG
γyGquκnδhinωTpβrtitioninωTtκmpκrinωGproδκssUG2016SGXXaSG]]Ta[ 7

1041 ’κsiεuβlGstrκssκsGinεuδκεGγyGκlκδtronGγκβmGwκlεinωGinGβGaWaXGβluminiumGβlloyUG2016SGYZ]SGXTXY 23

1040 —hκGmκδhβnismGoμGhyεroωκnGκmγrittlκmκntGinGintκrδritiδβllyGβnnκβlκεGmκεiumGxnG—’t{GstκκlUG2016SG
XXZSGXTXW 101

1039
tnμluκnδκGoμGplβstiδGεκμormβtionGhκtκroωκnκityGonGεκvκlopmκntGoμGωκomκtriδβllyGnκδκssβryG
εisloδβtionGεκnsityGinGεuβlGphβsκGstκκlUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2016SGaabSG[Z]T[[Z

5.3 92

1038
xiδrostruδturβlGκvolutionGβnεGεκμormβtionGmoεκGunεκrGhiωhTtκmpκrβturκTtκnsilκTεκμormβtionGoμG
thκG—iTallT[VGβlloyGwithGthκGmκtβstβγlκG˛–jGmβrtκnsitκGstβrtinωGmiδrostruδturκUGMaterials Science 
&amp; Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2016SGaaXSGacTbc

5.3 24

1037 plκδtronGxiδrosδopiδGnhβrβδtκrizβtionGoμGxκδhβniδβllyGxoεiμiκεG–urμβδκGwβyκrsGoμGoκκpG’ollκεG
–tκκlUG2016SG[]SGZabTZbW 4

1036 ouβlTphβsκGstκκlGshκκtsGunεκrGδyδliδGtκnsionâ��δomprκssionGtoGlβrωκGstrβinseGpxpκrimκntsGβnεGδrystβlG
plβstiδityGmoεκlinωUG2016SGdaSGa]Tcb 85

1035
norrκlβtionGoμGmiδrostruδturκGβnεGstrβinGhβrεκninωGγκhβviorGinGthκGultrβμinκTωrβinκεGyγTγκβrinωG
εuβlGphβsκGstκκlsUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2016SGabcSGYX]TYYa

5.3 32

1034 qirstGβnεGthirεGωκnκrβtionsGoμGβεvβnδκεGhiωhTstrκnωthGstκκlsGinGβGqκnryim–iGsystκmUG2016SGYZcSGZcZTZd[ 18

1033 oκvκlopmκntGoμGβGyκwGnonδκptGμorGsotT’ollκεG®κβthκrinωâ��o{G–tκκleG—hκrmoTmκδhβniδβlG
–imulβtionSGxiδrostruδturκGlεjustmκntSGβnεGxκδhβniδβlG{ropκrtiκsUG2016SGcbSGacTbc 3

1032 —hκGpμμκδtGoμGmβkκTsβrεκninωG{βrβmκtκrsGonGthκGxκδhβniδβlG{ropκrtiκsGoμGouβlT{hβsκG–tκκlsUG2016SG
cbSGX]]dTX]a] 21

1031 rκomκtriδβllyGnκδκssβryGεisloδβtionsGμβvorGthκG—βylorGuniμormGεκμormβtionGmoεκGinG
ultrβTμinκTωrβinκεGpolyδrystβlsUG2016SGXXbSGZ]T[Y 49

1030 xiδrostruδturβllyGsκnsitivκGδrβδkGnuδlκβtionGβrounεGinδlusionsGinGpowεκrGmκtβllurωyGniδkκlTγβsκεG
supκrβlloysUG2016SGXXbSGZZZTZ[[ 66

1029 tnsiωhtsGintoGtwinninωGinGxωGlµZXeGlGδomγinκεGpm–oGβnεGmβδhinκGlκβrninωGstuεyUG2016SGXY[SGZ]ZTZaZ 26

1028 oκtκrminβtionGoμGωκomκtriδβllyGnκδκssβryGεisloδβtionsGinGlβrωκGshκβrGstrβinGloδβlizβtionGinG
βluminumUG2016SGXXcSGZcZTZd[ 49

1027 {hβsκGtεκntiμiδβtionGoμGouβlT{hβsκGOo{dcWPG–tκκlsGγyGplκδtronGmβδksδβttκrGoiμμrβδtionGβnεG
yβnoinεκntβtionG—κδhniquκsUG2016SGYYSGddTXWb 5

1026 lεvβnδκεGnhβrβδtκrizβtionGoμGxultiμκrroiδGxβtκriβlsGγyG–δβnninωG{roγκGxκthoεsGβnεG–δβnninωG
plκδtronGxiδrosδopyUG2016SG[WWT[Z[
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1025 ZoGmiδromκδhβniδβlGmoεκlinωGoμGεuβlGphβsκGstκκlsGusinωGthκGrκprκsκntβtivκGvolumκGκlκmκntG
mκthoεUG2016SGXWXSGYbTZd 46

1024 –κquκnδκGoμG–tβωκsGinGthκGxiδrostruδturκGpvolutionGinGnoppκrGunεκrGxilεG’κδiproδβtinωG
—riγoloωiδβlGwoβεinωUG2016SGcSGX]cWdTXd 58

1023 —hκGsourδκsGoμGthκGmiδroGstrκssGβnεGstrβinGinhomoωκnκityGinGεuβlGphβsκGstκκlsUGMaterials Science 
&amp; Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2016SGab[SGZc[TZda 5.3 15

1022 pμμκδtGoμG’κjuvκnβtionGsκβtG—rκβtmκntGβnεGlωinωGonGthκGxiδrostruδturβlGpvolutionGinG’κnκGy]G
–inωlκGnrystβlGyiGmβsκG–upκrβlloyGmlβεκsUG2016SGYc]TYdX 2

1021 {hβsκG—rβnsμormβtionGmκhβviorGoμGxκεiumGxβnωβnκsκG–tκκlsGwithGZG®tG{δtGlluminumGβnεGZG®tG{δtG
–iliδonGourinωGtntκrδritiδβlGlnnκβlinωUG2016SG[bSG[cadT[ccY 17

1020 znGthκGnorrκlβtionGγκtwκκnGxiδrostruδturκGsomoωκnκityGβnεGqormβγilityGinG—woGxultiG{hβsκG
–tκκlsG—rκβtκεGwithGoiμμκrκntGnoolinωG–trβtκωiκsUG2016SGc][SGYYTYc

1019 –trκssTtnεuδκεG˛–jGxβrtκnsitiδG—rβnsμormβtionGxκδhβnismGinGoκμormβtionG—winninωGoμGxκtβstβγlκG
˛†T—ypκG—iTYbyγTWU]rκGllloyGunεκrG—κnsionUG2016SG]bSGXcacTXcbX 8

1018 xiδrostruδturβlGκvolutionGβnεGmκδhβniδβlGpropκrtiκsGonGβnGl’mGproδκssκεGtqGstκκlGstuεiκεGγyG°TrβyG
εiμμrβδtionGβnεGpm–oUG2016SGXXcSGZZYTZZd 23

1017 xκδhβniδβlGpropκrtiκsGoμGδoppκrVγronzκGlβminβtκseG’olκGoμGintκrμβδκsUG2016SGXXaSG[ZT]Y 280

1016 —hκGoκμormβtionGmκhβviorGlnβlysisGβnεGxκδhβniδβlGxoεκlinωGoμG–tκpVtntκrδritiδβlG}uκnδhinωGβnεG
{βrtitioninωT—rκβtκεGxultiphβsκG–tκκlsUG2016SG[bSGZd[ZTZd]] 7

1015 pμμκδtGoμG{riorGlustκnitκGrrβinG–izκG’κμinκmκntGγyG—hκrmβlGnyδlinωGonGthκGxiδrostruδturβlGqκβturκsG
oμGlsT}uκnδhκεGwβthGxβrtκnsitκUG2016SG[bSG]YccT]ZWX 95

1014 {rκεiδtinωGthκGκμμκδtGoμGultrβμinκGμκrritκGonGthκGεκμormβtionGγκhβviorGoμGo{TstκκlsUG2016SGXXdSGdWTXWb 10

1013 –pκδtrβlG—’t{GκnβγlκsGεuδtilκGXUX´ r{βGmβrtκnsitκUG2016SGXXXSGYaYTYbY 100

1012 —κxturκGβnεGmβωnκtiδGpropκrtyGκvolutionGoμGnonToriκntκεGqκâ��–iGstκκlGεuκGtoGmκδhβniδβlGδuttinωUG
2016SG[WXSGdcYTddW 9

1011
pxpκrimκntβlGvκriμiδβtionGoμGωrβinGγounεβryTsliεinωGδontrollκεGstκβεyGstβtκGsupκrplβstiδGμlowGinG
γothGδontinuβllyGβnεGstβtiδβllyGrκδrystβllizinωGllGβlloysUGMaterials Science &amp; Engineering A: 
Structural Materials: Properties, Microstructure and ProcessingSG2016SGa]bSGXc]TXda

5.3 10

1010 xultiTproγκGmiδrostruδturκGtrβδkinωGεurinωGhκβtGtrκβtmκntGwithoutGβnGinTsituGsκtupeGnβsκGstuεiκsG
onGmβrtκnsitiδGstκκlSGεuβlGphβsκGstκκlGβnεG˛†T—iGβlloyUG2016SGXXXSGXZbTX[a 11

1009 {rκδipitβtionGβnεG{hβsκG—rβnsμormβtionsGinGYXWXGwκβnGouplκxG–tβinlκssG–tκκlGourinωGtsothκrmβlG
lωinωUG2016SG[bSGYZdTY]Z 27

1008
pμμκδtGoμGintκrδritiδβlGεκμormβtionGonGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGβGlowTsiliδonG
βluminumTβεεκεGhotTrollκεGεirκδtlyGquκnδhκεGβnεGpβrtitionκεGstκκlUGMaterials Science &amp; 
Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2016SGa]aSGYWWTYX]

5.3 17

(2016-2016)
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1007
pμμκδtGoμGεκμormβtionGonGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGεuβlGphβsκGstκκlGproεuδκεG
viβGstripGδβstinωGsimulβtionUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2016SGa]XSGYdXTZW]

5.3 23

1006
—hκGimpβδtGoμGthκrmoTmκδhβniδβlGδontrollκεGproδκssinωGonGstruδturκTpropκrtyGrκlβtionshipGβnεG
strβinGhβrεκninωGγκhβviorGinGεuβlTphβsκGstκκlsUGMaterials Science &amp; Engineering A: Structural 
Materials: Properties, Microstructure and ProcessingSG2016SGaaYSGXWWTXXW

5.3 20

1005
xorpholoωyGβnεGεistriγutionGoμGmβrtκnsitκGinGεuβlGphβsκGOo{dcWPGstκκlGβnεGitsGrκlβtionGtoGthκG
multisδβlκGmκδhβniδβlGγκhβviorUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2016SGa]dSGdZTXWZ

5.3 43

1004
oκvκlopmκntGoμGβGhiωhGstrκnωthGβnεGεuδtilκGyγTγκβrinωGεuβlGphβsκGstκκlGγyGδolεTrollinωGβnεG
intκrδritiδβlGβnnκβlinωGoμGthκGμκrritκTmβrtκnsitκGmiδrostruδturκsUGMaterials Science &amp; 
Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2016SGa]cSGZ]]TZaa

5.3 39

1003 xiδrostruδturκTmβsκεG’VpGlpproβδhGμorG–trκtδhTmκnεinωGoμGouβlT{hβsκG–tκκlsUG2016SGY]SGdaaTdba 7

1002 tnTsituGmκtβlGmβtrixGδompositκGstκκlseGpμμκδtGoμGβlloyinωGβnεGβnnκβlinωGonGmorpholoωySGstruδturκG
βnεGmκδhβniδβlGpropκrtiκsGoμG—imYGpβrtiδlκGδontβininωGhiωhGmoεulusGstκκlsUG2016SGXWbSGZcT[c 53

1001
oκμormβtionGmiδrostruδturβlGκvolutionGβnεGstrβinGhβrεκninωGoμGεiμμκrκntlyGoriκntκεGωrβinsGinG
twinninωTinεuδκεGplβstiδityG˛†GtitβniumGβlloyUGMaterials Science &amp; Engineering A: Structural 
Materials: Properties, Microstructure and ProcessingSG2016SGa]dSGXTXX

5.3 27

1000
pμμκδtGoμGinδrκβsκεGyGδontκntGonGmiδrostruδturκGβnεGtκnsilκGpropκrtiκsGoμGlowTnGVTmiδroβlloyκεG
stκκlsUGMaterials Science &amp; Engineering A: Structural Materials: Properties, Microstructure and 
ProcessingSG2016SGa]XSGd]XTdaW

5.3 17

999
oκvκlopmκntGβnεGβppliδβtionGoμGβGmiδrostruδturκTγβsκεGβpproβδhGtoGδhβrβδtκrizκGβnεGmoεκlGμβilurκG
initiβtionGinGo{GstκκlsGusinωG°qpxUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2016SGaaWSGXcXTXd[

5.3 29

998 {lβstiδGβδδommoεβtionGβtGhomophβsκGintκrμβδκsGγκtwκκnGnβnotwinnκεGβnεGrκδrystβllizκεGωrβinsGinG
βnGβustκnitiδGεuplκxTmiδrostruδturκεGstκκlUG2016SGXbSGYdTZa 9

997 —hκGκμμκδtGoμGlκnωthGsδβlκGonGthκGεκtκrminβtionGoμGωκomκtriδβllyGnκδκssβryGεisloδβtionsGviβGpm–oG
δontinuumGεisloδβtionGmiδrosδopyUG2016SGXa[SGXTXW 36

996
pμμκδtsGoμGμβγriδβtionGproδκssinωGonGthκGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGoxiεκG
εispκrsionGstrκnωthκninωGstκκlsUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2016SGa][SGYWZTYXY

5.3 19

995 ’κviκwGoμGthκGsynκrωiκsGγκtwκκnGδomputβtionβlGmoεκlinωGβnεGκxpκrimκntβlGδhβrβδtκrizβtionGoμG
mβtκriβlsGβδrossGlκnωthGsδβlκsUG2016SG]XSGXXbcTXYWZ 21

994 nolεTrollinωGγκhβviorGoμGγiomκεiδβlGyiTμrκκGnoTnrTxoGβlloyseG’olκGoμGstrβinTinεuδκεG˛µGmβrtκnsitκGβnεG
itsGintκrsκδtinωGphκnomκnβUG2015SG]]SGYWXTYX[ 15

993 ’κsolvinωGωκomκtriδβllyGnκδκssβryGεisloδβtionGεκnsityGontoGinεiviεuβlGεisloδβtionGtypκsGusinωG
pm–oTγβsκεGδontinuumGεisloδβtionGmiδrosδopyUG2016SGbaSGYZXTY[Z 44

992 lnβlysisGoμGnomplκxG–tκκlGxiδrostruδturκsGγyGsiωhT’κsolutionGpm–oUG2016SGacSGYX]TYYZ 7

991 nomputβtionβlGmoεκlinωGoμGεuβlTphβsκGstκκlsGγβsκεGonGrκprκsκntβtivκGthrκκTεimκnsionβlG
miδrostruδturκsGoγtβinκεGμromGpm–oGεβtβUG2016SGcaSG]b]T]dc 39

990 xκδhβniδβlSGmiδrostruδturβlGγκhβviourGβnεGmoεκllinωGoμGεuβlGphβsκGstκκlsGunεκrGδomplκxG
εκμormβtionGpβthsUG2017SGdZSGYadTYdW 36

Citation Report

14



989
pμμκδtGoμGthκrmomκδhβniδβlGtrκβtmκntGβnεGδoilinωGtκmpκrβturκGonGthκGstrκnωthκninωGmκδhβnismsG
oμGlowGδβrγonGstκκlsGmiδroβlloyκεGwithGyγUGMaterials Science &amp; Engineering A: Structural 
Materials: Properties, Microstructure and ProcessingSG2017SGac]SGZbbTZdW

5.3 35

988 xiδrostruδturβlGδhβrβδtκrisβtionGoμGεouγlκGpulsκGrκsistβnδκGspotGwκlεκεGβεvβnδκεGhiωhGstrκnωthG
stκκlUG2017SGYYSG][]T]][ 34
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βnnκβlκεGquκnδhinωGMGpβrtitioninωGstκκlsUG2020SGYWXSGYaaTYbb 15

669 —hκGκvolutionGoμGtκxturκGβnεGmiδrostruδturκGuniμormityGinGtβntβlumGshκκtsGεurinωGβsymmκtriδGδrossG
rollinωUG2020SGXacSGXXW]ca 6

668 tnvκstiωβtionGonGthκGourβγilityGoμG—iTallT[VGllloyGoκsiωnκεGinGβGsβrmoniδG–truδturκGviβG{owεκrG
xκtβllurωyeGqβtiωuκGmκhβviorGβnεG–pκδimκnG–izκG{βrβmκtκrGtssuκUG2020SGXWSGaZa 3

667 —hκGimpβδtGoμGωrβinTsδβlκGstrβinGloδβlizβtionGonGstrβinGhβrεκninωGoμGβGhiωhTxnGstκκleG’κβlTtimκG
trβδkinωGoμGthκGtrβnsitionGμromGthκG˛‡´ Ti´ ˛µ´ Ti´ ˛–â��GtrβnsμormβtionGtoGtwinninωUG2020SGXdbSGXYZTXZa 22

666 xiδrostruδturβlGtnμluκnδκGonG–trκtδhGqlβnωκβγilityGoμGqκrritκâ��xβrtκnsitκGouβlT{hβsκG–tκκlsUG2020SG
XWSGXWYY 2
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665 —hκGκμμκδtGoμGδuγiδTtκxturκGonGμβtiωuκGδrβδkinωGinGβGmκtβstβγlκG˛†GtitβniumGβlloyGsuγjκδtκεGtoG
hiωhTδyδlκGμβtiωuκUG2020SGX[XSGXW]cbY 3

664
—hκGεκvκlopmκntGβnεGδhβrβδtκrizβtionGoμGultrβGhiωhGrtrlTstrκnωthGμκrritiδGhotGγβnεGstκκlsUG
Materials Science &amp; Engineering A: Structural Materials: Properties, Microstructure and Processing
SG2020SGbdaSGX[WW[c

5.3 0

663 tnvκstiωβtionGonGmiδrostruδturκGβnεGloδβlizκεGδorrosionGγκhβviorGinGthκGstirGzonκGoμGεissimilβrG
μriδtionTstirTwκlεκεGllYWY[VbWb]GjointUG2020SG]]SGX]WW]TX]WZY 7

662 xiδrostruδturβllyGμlκxiγlκGhiωhGκntropyGβlloyseGwinkβωκsGγκtwκκnGβlloyGεκsiωnGβnεGεκμormβtionG
γκhβviorUG2020SGXd[SGXWcdac 14

661
—hκGsκnsitivityGoμGthκGmiδrostruδturκGβnεGpropκrtiκsGtoGthκGpκβkGtκmpκrβturκGinGβnGultrβμβstGhκβtG
trκβtκεGlowGδβrγonTstκκlUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2020SGbbaSGXZcddd

5.3 2

660
xκδhβnismGoμGδrβδkGinitiβtionGunεκrGhiωhGδyδlκGμβtiωuκGthrouωhGβnGpm–oGγβsκεGβpproβδhGinGβGXWG
wtLGnrGstκκlUGMaterials Science &amp; Engineering A: Structural Materials: Properties, Microstructure 
and ProcessingSG2020SGbd]SGXZdd[W

5.3 3

659
{rκTstrβinGκμμκδtsGonGδritiδβlGstrκssGβnεGhyεroωκnGδontκntGμorGhyεroωκnTinεuδκεGquβsiTδlκβvβωκG
μrβδturκGinGβG—’t{TβiεκεGγβinitiδGμκrritκGstκκleGxβrtκnsitiδGtrβnsμormβtionSGmβtrixGεβmβωκSGβnεGstrβinG
βωinωUG2020SG[]SGYbdYWTYbdYc

5

658 —hκGlβmκllβGstruδturκGoμGllTxωT–iGmβtrixGnβnoδompositκsGwithGisotropiδβllyGhiωhGstrκnωthUG2020SGXZSGXWWc[Y

657 tnμluκnδκGoμGxiδrostruδturκGonGwowTnyδlκGβnεGpxtrκmκlyTwowTnyδlκGqβtiωuκG’κsistβnδκGoμG
wowTnβrγonG–tκκlsUG2020SGYbSGZcaY 3

656 xiδrostruδturκGoistriγutionGβnεG—κnsilκGlnisotropyGoμGoissimilβrGqriδtionG–tirG®κlεκεGlxaWGβnεG
lµZXGxβωnκsiumGllloysUG2020SGZZSGX[cbTX]W[ 4

655 {lβnκGstrβinGεκμormβtionGγyGslipGinGqnnGδrystβlsUG2020SGXZZSGXWYc[Y 3

654 tnμluκnδκGoμGmiδrostruδturβlGhκtκroωκnκityGβnεGplβstiδGstrβinGonGωκomκtriδβllyGnκδκssβryG
εisloδβtionGstruδturκGκvolutionGinGsinωlκTphβsκGβnεGtwoTphβsκGβlloysUG2020SGXbWSGXXWadW 8

653 tnsiωhtsGintoGthκG—rβnsμormβtionTtnεuδκεG{lβstiδityGO—’t{PGpμμκδtGinG—iTqrκκGrrβεκGZWWGxβrβωinωG
–tκκlGxβnuμβδturκεGγyGwβsκrG{owεκrGmκεGqusionGOw{mqPUG2020SGbYSG[XcbT[Xd] 3

652 ’κεuδinωGthκGyiκlεGβsymmκtryGinGxωT]wiTZllTYµnGβlloyGγyGhotTκxtrusionGβnεGmultiTpβssGrollinωUG2020SG
dSGdZbTdZb 11

651 nurrκntGnhβllκnωκsGβnεGzpportunitiκsGinGxiδrostruδturκT’κlβtκεG{ropκrtiκsGoμGlεvβnδκεG
siωhT–trκnωthG–tκκlsUG2020SG]XSG]]XbT]]ca 42

650 pxpκrimκntβlGβnεGxolκδulβrGoynβmiδG–tuεyGoμGrrβinG’κμinκmκntGβnεGoisloδβtionG–uγstruδturκG
pvolutionGinGs–wlGβnεGtqG–tκκlsGβμtκrG–κvκrκG{lβstiδGoκμormβtionUG2020SGXWSGXXYY 2

649 pμμκδtGoμGβnGimprovκεGpinGεκsiωnGonGwκlεGμormβγilityGβnεGmκδhβniδβlGpropκrtiκsGoμGβεjustβγlκTωβpG
γoγγinTtoolGμriδtionGstirGwκlεκεGllTnuGβluminumGβlloyGjointsUG2020SG]cSGXXcYTXXcc 8

648 lG’κviκwGoμGthκG–κrrβtκεTqlowG{hκnomκnonGβnεGttsG’olκGinGthκGoκμormβtionGmκhβviorGoμG
siωhTpntropyGllloysUG2020SGXWSGXXWX 44
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647 —κmpκrβturκToκpκnεκntGxβδrosδopiδGxκδhβniδβlGmκhβviorsGβnεG—hκirGxiδrosδopiδGpxplβnβtionsGinG
βGxκεiumGxnG–tκκlUG2020SG]XSG]XcWT]Xca 1

646 znGthκG–imultβnκousGtmprovinωGoμG–trκnωthGβnεGplonωβtionGinGouβlG{hβsκG–tκκlsGviβGnolεG’ollinωUG
2020SGXWSGXaba 1

645 pμμκδtGoμGsolutionGtrκβtmκntGonGmκδhβniδβlGpropκrtiκsGβnεGmiδrostruδturκGoμGwκlεκεGjointsGoμG
qκTYdxnTdllTWUdnGlowTεκnsityGstκκlUG2020SGW]SGYW]WWWa 2

644 wβrωκGoκltβG—G—hκrmβlGnyδlinωGtnεuδκεG–trκssGlδδκlκrβtκsGpquiliγriumGβnεG—rβnsμormβtionGinG–upκrG
o––UG2020SGXWSGdaY 1

643 plκδtroδhκmiδβlGyoisκGxκβsurκmκntsGoμGlεvβnδκεGsiωhT–trκnωthG–tκκlsGinGoiμμκrκntG–olutionsUG
2020SGXWSGXYZY 9

642 xiδrostruδturβlGκvolutionGoμGβG—iTallT[VGβlloyGproεuδκεGγyGμorωinωGproδκssGδomγinκεGwithGtorsionβlG
motionUG2020SG]cSGXXaXTXXbW 1

641 pxpκrimκntβlGβnεGyumκriδβlGlnβlysisGonGouβlG{hβsκG–tκκlGOo{bcWPG–hκκtGqorminωGwimitGβnεGpμμκδtG
oμGxiδrostruδturκGpvolutionGonGqormβγilityUG2020SGYdSGcY[bTcYaW 0

640 lGrounεGroγinGpm–oGmκβsurκmκntGμorGquβntitβtivκGβssκssmκntGoμGsmβllGplβstiδGstrβinUG2020SGXbWSGXXWaaY 4

639 pμμκδtGoμGtntκrδritiδβlGlnnκβlinωGonGxiδrostruδturκGβnεG—κnsilκG{ropκrtiκsGoμGβnG ltrβμinκTrrβinκεG
ouβlT{hβsκGwowGllloyG–tκκlGnontβininωG—itβniumUG2020SGdXSGYWWWXXc 4

638 }uβntiμiδβtionGoμGZoGspβtiβlGδorrκlβtionsGγκtwκκnGstβtκGvβriβγlκsGβnεGεistβnδκsGtoGthκGωrβinG
γounεβryGnκtworkGinGμullTμiκlεGδrystβlGplβstiδityGspκδtrβlGmκthoεGsimulβtionsUG2020SGYcSGW]]WW] 3

637 nolεGrollinωGoμGβnGintκrstitiβlGμrκκGOtqPGstκκlâ��pxpκrimκntsGβnεGsimulβtionsUG2020SGX[cSGXWZ[YW 6

636 pμμκδtGoμGlustκnitκGnonεitioninωGonGxβrtκnsitiδG—rβnsμormβtionGinGnommκrδiβlGrrβεκG
tntκrstitiβlTqrκκG–tκκlUG2020SG]XSGZ[Z]TZ[[a 6

635 –trκnωthâ��ouδtilityG—rβεκTzμμGinGouβlT{hβsκG–tκκlG—βilorκεGviβGnontrollκεG{hβsκG—rβnsμormβtionUG
2020SGYdSGYbcZTYbdX 6

634 pvolutionGoμGtwinninωGβnεGshκβrGγβnεsGinGmβωnκsiumGβlloysGεurinωGrollinωGβtGroomGβnεGδryoωκniδG
tκmpκrβturκUG2020SGXdZSGXWcbdZ 14

633 tnvκstiωβtionGoμG{ortκvinâ��wκGnhβtκliκrGκμμκδtGinGrollκεG˛–TphβsκGxωTwiGβlloyGεurinωGtκnsilκGβnεG
δomprκssivκGεκμormβtionUG2020SG]YSGX]YTXaX 10

632 oκκpGyκurβlGyκtworkGpnβγlκεG–pβδκGrroupGtεκntiμiδβtionGinGpm–oUG2020SGYaSG[[bT[]b 16

631 lrtiμiδiβlGintκlliωκnδκGμorGthκGprκεiδtionGoμGtκnsilκGpropκrtiκsGγyGusinωGmiδrostruδturβlGpβrβmκtκrsGinG
hiωhGstrκnωthGstκκlsUG2020SGXXSGXWWadd 9

630 lGhiωhGstrκnωthGllâ��wiGβlloyGproεuδκεGγyGlβsκrGpowεκrGγκεGμusioneGoκnsiμiδβtionSGmiδrostruδturκSGβnεG
mκδhβniδβlGpropκrtiκsUG2020SGZ]SGXWXZ[a 3
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629
oiμμusionβlGβnεGεisplβδivκGtrβnsμormβtionsGinGintκrstitiβlTμrκκGstκκlGwithinGthκGsδopκGoμGβGδritiδβlG
βssκssmκntGoμGthκGmκδhβniδβlGpropκrtyUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2020SGbcbSGXZd]Xd

5.3 9

628
pμμκδtGoμGγiβxiβlGδomprκssivκGstrκssGstβtκGonGthκGmiδrostruδturκGκvolutionGβnεGεκμormβtionG
δompβtiγilityGoμGrollκεGshκκtGxωGβlloyGlµZXGβtGroomGtκmpκrβturκUGMaterials Science &amp; 
Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2020SGbcdSGXZd]dd

5.3 9

627 —hκGrolκGoμGδrystβlloωrβphiδGoriκntβtionsGonGhκtκroωκnκousGεκμormβtionGinGβGzirδoniumGβlloyeGlG
δomγinκεGκxpκrimκntβlGβnεGmoεκlinωGstuεyUG2020SGXZZSGXWYbc] 14

626 pm–oGβnβlysisGoμGmiδrostruδturκsGβnεGmκδhβniδβlGpropκrtiκsGoμGsoμtκnκεGzonκsGinG°aWG
rκκlκεTpipκlinκGwκlεκεGjointGβμtκrGδyδliδGplβstiδGεκμormβtionUG2020SGa[SGXYXZTXYY] 7

625 xiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGnonrqκxnyiGhiωhGκntropyGβlloyGwithGultrβsoniδG
nβnoδrystβlGsurμβδκGmoεiμiδβtionGproδκssUG2020SG]bSGXYZTXZW 26

624 pμμκδtGoμGnyδliδGtntκrδritiδβlG—κmpκrinωGonGthκGxiδrostruδturκGβnεGxκδhβniδβlG{ropκrtiκsGoμGβG
wowTnβrγonGnuTmκβrinωGbyiG–tκκlUG2020SG]XSGZdcXTZdd] 1

623 nyδliδGrκTβustκnitizβtionGoμGδoppκrTγκβrinωGhiωhTstrκnωthGlowTβlloyGstκκlsGμβγriδβtκεGγyGlβsκrG
powεκrGγκεGμusionUG2020SGXaaSGXXW[Zb 6

622 pnhβnδinωGthκG{XWW}GωrβinGsuγεivisionGinGhiωhTpurityGtβntβlumGshκκtsGγyGβsymmκtriδGδrossGrollinωUG
2020SGXaaSGXXW[Zd 1

621 pxpκrimκntβlG–tuεyGoμGthκGxiδromκδhβniδβlGmκhβviorGoμGqκrritκGinGo{G–tκκlG nεκrGVβriousG–trκssG
–tβtκsUG2020SG]XSG[]XXT[]YZ 3

620
–ystκmβtiδβlGβnβlysisGonGthκGωrβinGoriκntβtionGκvolutionGoμGpurκGniδkκlGunεκrGplβstiδGεκμormβtionGγyG
usinωGinTsituGpm–oUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2020SGbdYSGXZdbYY

5.3 6

619 xκδhβniδβlGγκhβviorGβnεGmiδrostruδturκGκvolutionGoμGllTnuTxωGβlloyGproεuδκεGγyGlβsκrGpowεκrGγκεG
μusioneGpμμκδtGoμGhκβtGtrκβtmκntUG2020SGXa]SGXXWZa[ 6

618 oisloδβtionTεrivκnGrκδrystβllizβtionGinGlµZXmGmβωnκsiumGβlloyGimβωκεGγyGquβsiTinGsituGpm–oGinG
βnnκβlinωGκxpκrimκntsUG2020SGXa]SGXXWZcY 11

617 lGmoεiμiκεGuohnsonTnookGmβtκriβlGmoεκlGwithGstrβinGωrβεiκntGplβstiδityGδonsiεκrβtionGμorGnumκriδβlG
simulβtionGoμGδolεGsprβyGproδκssUG2020SGZdbSGXY]dcX 18

616 pμμκδtGoμGhκβtGtrκβtmκntGproδκssκsGonGhyεroωκnGκmγrittlκmκntGinGhotTrollκεGmκεiumGxnGstκκlsUG
2020SG[]SGYWWW[TYWWYW 6

615 tmprovκmκntGinGεβmpinωGδβpβδityGoμGκxtruεκεGpurκGmβωnκsiumGthrouωhGprκδomprκssionGβnεG
suγsκquκntGβnnκβlinωeGpμμκδtsGoμGεisloδβtionGβnεGtwinGγounεβryGmotionsUG2020SGcZ]SGX]]Y]b 10

614 lGphβsκGμiκlεGmoεκlGμorGthκGωrowthGβnεGδhβrβδtκristiδGthiδknκssGoμGεκμormβtionTinεuδκεGtwinsUG
2020SGX[ZSGXW[WaX 9

613 lGpossiγilityGtoGsynδhronouslyGimprovκGthκGhiωhTtκmpκrβturκGstrκnωthGβnεGεuδtilityGinG
μβδκTδκntκrκεGδuγiδGmκtβlsGthrouωhGωrβinGγounεβryGκnωinκκrinωUG2020SGXcbSGYXaTYYW 14

612 oκμormβtionsGoμG—iTallT[VGβεεitivκTmβnuμβδturinωTinεuδκεGisotropiδGβnεGβnisotropiδGδolumnβrG
struδturκseGmκβsurκmκntsGβnεGunεκrlyinωGmκδhβnismsUG2020SGZ]SGXWXZYY 5
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611 –trβinTrβtκGεκpκnεκnδκGoμGthκGεynβmiδGsoμtκninωGinGβGεuplκxGstβinlκssGstκκlUG2020SGXaYSGXXWYXd 9

610 lGnκwGωuiεκGμorGimprovinωGmκδhβniδβlGpropκrtiκsGoμGnonTκquiβtomiδGqκnonrxnyiGmκεiumTGβnεG
hiωhTκntropyGβlloysGwithGultrβsoniδGnβnoδrystβlGsurμβδκGmoεiμiδβtionGproδκssUG2020SG]dSGZbT[Z 10

609 xκδhβniδβlG{ropκrtyGoμG ltrβμinκGplonωβtκεGrrβinG–truδturκG–tκκlG{roδκssκεGγyG®βrmG—κmpμorminωG
βnεGttsGlppliδβtionGtoG ltrβTsiωhT–trκnωthGmoltUG2020SGaWSGXXWcTXXYa 8

608 pnhβnδκmκntGoμGtmpβδtG—ouωhnκssGViβG—βilorinωGoκμormβtionGnompβtiγilityGoμGnonstituκntG{hβsκsG
inGouplκxG}M{G–tκκlGwithGpxδκllκntG–trκnωthGβnεGouδtilityUG2020SG]XSGYWdbTYXXb 10

607 pμμκδtGoμG{rκstrβinGonGsyεroωκnTtnεuδκεGoκlβyκεGnrβδkinωGμorGxκεiumGxnG–tκκlsUG2020SGYdSGXdYdTXdZc 1

606 nritiδβlGmiδrostruδturκsGβnεGεκμκδtsGinGhκtκrostruδturκεGmβtκriβlsGβnεGthκirGκμμκδtsGonGmκδhβniδβlG
propκrtiκsUG2020SGXcdSGXYdTX[[ 63

605 lsymmκtriδGδrossGrollinωeGβGnκwGtκδhniquκGμorGβllκviβtinωGoriκntβtionTεκpκnεκntGmiδrostruδturκG
inhomoωκnκityGinGtβntβlumGshκκtsUG2020SGdSG[]aaT[]bb 6

604 ouβlityGoμGthκGμβtiωuκGγκhβviorGβnεGμβilurκGmκδhβnismGinGnotδhκεGspκδimκnsGoμG—iTbxoTZyγTZnrTZllG
βlloyUG2020SG]WSGYW[TYX[ 11

603 —hκGmiδrostruδturκsGβnεGtκnsilκGpropκrtiκsGoμGβωκεGqκTxxnTcllTWUcnGlowTεκnsityGstκκlsUG2020SGZaSGacXTacd 3

602
rrβinGγounεβryGsliεinωGεurinωGhiωhTtκmpκrβturκGtκnsilκGεκμormβtionGinGsupκrplβstiδGqκTaUaxnTYUZllG
stκκlUGMaterials Science &amp; Engineering A: Structural Materials: Properties, Microstructure and 
ProcessingSG2020SGbcWSGXZdXb[

5.3 5

601 –trκssGμiκlεsGoμGμinitκTsizκGεisloδβtionGwβllsGβnεGprκεiδtionGoμGγβδkGstrκssGinεuδκεGγyGωκomκtriδβllyG
nκδκssβryGεisloδβtionsGβtGωrβinGγounεβriκsUG2020SGX[ZSGXW[WbX 5

600 lutomβtκεGsimulβtionGoμGvoxκlTγβsκεGmiδrostruδturκsGγβsκεGonGκnhβnδκεGμinitκGδκllGβpproβδhUG
2020SGdWSGYY]]TYYbZ 6

599 –torκεGpnκrωyGpvβluβtionGμorGsiωhG–trκnωthGouβlT{hβsκG–tκκlsGwithGoiμμκrκntG{rκTβnnκβlinωG
nonεitionsUG2020SG]XSG[bYbT[b[X 3

598
siωhTtκmpκrβturκGlowGδyδlκGμβtiωuκGγκhβviorGoμGβnGκquiβtomiδGnonrqκxnyiGhiωhTκntropyGβlloyUG
Materials Science &amp; Engineering A: Structural Materials: Properties, Microstructure and Processing
SG2020SGbdXSGXZdbcX

5.3 12

597
—κnsilκGpropκrtiκsGβnεGγβkκGhβrεκninωGrκsponsκGoμGεuβlGphβsκGstκκlsGwithGvβriκεGmβrtκnsitκG
volumκGμrβδtionUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2020SGbbbSGXZdW[[

5.3 20

596
—hκGsiωniμiδβntGκμμκδtGoμGnonTrκδrystβllizβtionGzonκGrκεuδtionGonGmiδrostruδturκGβnεGmκδhβniδβlG
propκrtiκsGinGmultiTphβsκGstκκlGμromGthκGpκrspκδtivκGoμGδrystβlloωrβphiδGstruδturκGβnεGvβriβntG
pβirinωUGMaterials Science &amp; Engineering A: Structural Materials: Properties, Microstructure and 
ProcessingSG2020SGbbcSGXZdWbc

5.3 3

595 —hrκκTεimκnsionβlGmβpsGoμGωκomκtriδβllyGnκδκssβryGεisloδβtionGεκnsitiκsGinGβεεitivκlyG
mβnuμβδturκεGyiTγβsκεGsupκrβlloyGtybXcUG2020SGXZXSGXWYbWd 18

594 pxtrβG–trβinGsβrεκninωGinGsiωhG{rκssurκGoiκGnβstinωGxωTllT’pGllloyUG2020SG]XSGX[cbTX[dY 5
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593 –upκrplβstiδGεκμormβtionGγκhβviorGoμGthκGβsTκxtruεκεGlµXXWGmβωnκsiumGβlloyGwithGwβTriδhGxishG
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ouplκxG–tβinlκssG–tκκlUG2020SGYbSGZXW] 1
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567 –ustβinβγilityGthrouωhGβlloyGεκsiωneGnhβllκnωκsGβnεGopportunitiκsUG2021SGXXbSGXWWbYY 15
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561 }uβntitβtivκGβnβlysisGoμGωrβinGstruδturκGβnεGtκxturκGκvolutionGoμGεissimilβrGllYWY[VbWb]GjointsG
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539 wowTtκmpκrβturκGκlκδtroniδGtrβnsportGoμGmβnωβnκsκGsiliδiεκGshκllTprotκδtκεGsinωlκGδrystβlG
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514 ’κsκβrδhGonGloδβlGδorrosionGγκhβviorGoμGthκrmoTmκδhβniδβllyGβμμκδtκεGzonκGinGεissimilβrG
llYWY[VbWb]GμriδtionGstirGwκlεsUG2021SGXZWSGXWbWcX 9

513 siωhGδyδlκGμβtiωuκGγκhβviorsGoμGl{tG°a]GpipκlinκGstκκlGwκlεκεGjointsGinGβirGβnεGsY–GsolutionG
κnvironmκntUG2021SG[aSGXW[YZTXW[Zb 4

512 tmpβδtGoμGtrβvκlGspκκεGonGthκGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGβεjustβγlκTωβpG
γoγγinTtoolGμriδtionGstirGwκlεκεGllTxωGjointsUG2021SGYcSGbXWTbXb 1

511 znGthκGoxyωκnTinεuδκεGhotGδrβδkinωGinGβGεirκδtGlβsκrGεκpositκεGyiTγβsκεGsupκrβlloyUG2021SGXdaSGXXZb]X 1

510 pnhβnδκmκntGoμGyβnostruδturκεGqκrritiδGllloyGX[Y®—G{ropκrtiκsGviβGsκβtG—rκβtmκntGμorG
{ostTnonsoliεβtionG{roδκssinωUG2021SG]YSGYcYX

509 wowTδβrγonGδβstGmiδroβlloyκεGstκκlGintκrδritiδβllyGhκβtTtrκβtκεGβtGεiμμκrκntGtκmpκrβturκseG
miδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsUG2021SGYXSGX 1

508 xultiThκtκrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGyTεopκεGqκxnnonrGhiωhGκntropyGβlloyUG2021SG
XZdSGXWYda] 19

507 nompβrisonGoμGβGlowGδβrγonGstκκlGproδκssκεGγyGnolεG’ollinωGOn’PGβnεGlsymmκtriδβlG’ollinωGOl–’PeG
sκtκroωκnκityGinGstrβinGpβthSGtκxturκSGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsUG2021SGa[SG]]bT]b] 10

506 lnβlysisGoμGlsTmuiltGxiδrostruδturκsGβnεG’κδrystβllizβtionG{hκnomκnβGonGtnδonκlGaY]GllloyG
zγtβinκεGviβGwβsκrG{owεκrGmκεGqusionGOwT{mqPUG2021SGXXSGaXd 1

505 xoεκllinωGoμG–trκnωthκninωGxκδhβnismsGinG®rouωhtGyiδkκlTmβsκεGcY]GllloyG–uγjκδtκεGtoG–olutionG
lnnκβlinωUG2021SGXXSGbbX 1

504 nryoωκniδGstβγilityGoμGrκtβinκεGβustκnitκGinGqκâ��nrâ��yiGwκlεGmκtβlsGoγtβinκεGγyGlβsκrGwκlεinωUG2021SG
]aSGXZc[XTXZc]c 0
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503 xiδrostruδturκGβnεGpropκrtiκsGoμGκlκδtriδβllyGβssistκεGstβtionβryGshoulεκrGμriδtionGstirGwκlεκεG
—iall[VUG2021SGYaSGZbbTZcc 3

502 lGδrystβlGplβstiδityGγβsκεGμinitκGκlκmκntGμrβmκworkGμorG’VpGδβlδulβtionsGoμGtwoTphβsκGmβtκriβlseG
VoiεGnuδlκβtionGinGεuβlTphβsκGstκκlsUG2021SGXcbSGXWZ]XW 4

501 oκtκrmininωGrolκGoμGhκtκroωκnκousGmiδrostruδturκGinGlowκrinωGyiκlεGrβtioGβnεGκnhβnδinωGimpβδtG
touωhnκssGinGhiωhTstrκnωthGlowTβlloyGstκκlUG2021SGYcSGcXaTcY] 10

500 lGεisloδβtionGεκnsityTγβsκεGmoεκlGμorGthκGworkGhβrεκninωGβnεGsoμtκninωGγκhβviorsGuponGstrκssG
rκvκrsβlUG2021SGYXSGX 1

499
tnμluκnδκGoμGεynβmiδGmiδrostruδturβlGδhβnωκsGonGthκGδomplκxGδrκκpGεκμormβtionGγκhβviorGoμG
Y]nrâ��YWyiâ��yγâ��yGstκκlGβtGcbZ´ vUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2021SGcX[SGX[XYbW

5.3 2

498 —βilorinωGωrβinGsizκsGoμGthκGγioεκωrβεβγlκGironTγβsκεGβlloysGγyGprκTβεεitivκGmβnuμβδturinωG
miδroβlloyinωUG2021SGXXSGdaXW 2

497 —κnsilκGβnεGδyδliδGεκμormβtionGrκsponsκGoμGμriδtionTstirTwκlεκεGεissimilβrGβluminumGβlloyGjointseG
–trβinGloδβlizβtionGκμμκδtUG2021SGbZSGdXTXWW 6

496 pμμκδtGoμGβustκnitκGtrβnsμormβtionGεκωrκκGonGmiδrostruδturκGβnεGμrβδturκGtouωhnκssGoμGhiωhTstrβinG
pipκlinκGstκκlUG2021SG]aSGXZcYbTXZc[W 0

495 pluδiεβtinωGthκGκμμκδtGoμGωrβεiκntGstruδturκGonGstrκnωthκninωGmκδhβnismsGβnεGμβtiωuκGγκhβviorGoμG
purκGtitβniumUG2021SGX[aSGXWaX[Y 13

494 xκδhβniδβlGγκhβviorGoμGhiωhTκntropyGβlloysUG2021SGXXcSGXWWbbb 115

493 pμμκδtGoμGoκμormβtionG—κmpκrβturκSG–trβinG’βtκSGβnεG–trβinGonGthκGxiδrostruδturκGpvolutionGoμG
—iTXbGllloyUG2021SG]YSGZXWb

492 pmκrωκnδκGoμGmiδroTωβlvβniδGδorrosionGinGplβstiδβllyGεκμormκεGβustκnitiδGstβinlκssGstκκlsUG2021SG
YWZSGXWdaX[ 7

491 pluδiεβtinωGthκGznsκtGoμG{lβstiδityGinG–liεinωGnontβδtsG sinωGoiμμκrκntiβlGnomputβtionβlGzriκntβtionG
—omoωrβphyUG2021SGadSGX 1

490
norrκlβtionsGγκtwκκnGtwoGpm–oTγβsκεGmκtriδsGvκrnκlGlvκrβωκGxisoriκntβtionGβnεGtmβωκG}uβlityG
onGinεiδβtinωGεisloδβtionsGoμGnκβrTμβilurκGlowGβlloyGstκκlsGinεuδκεGγyGtκnsilκGβnεGδyδliδG
εκμormβtionsUG2021SGYbSGXWY[[]

11

489 tmprovκmκntGinGδorrosionGrκsistβnδκGoμGwirκGβrδGβεεitivκGmβnuμβδturκεGtnδonκlGaY]GβlloyGthrouωhG
hκβtGtrκβtmκntUG2021SGcSGWaa]Yd 2

488 nhβrβδtκrizβtionGoμGxiδrostruδturκGβnεGxiδrotκxturκGinGβGnolεT’ollκεGβnεGtntκrδritiδβllyGlnnκβlκεG
ouβlT{hβsκG–tκκlUG2021SGZWSGbZWaTbZXZ 4

487 zriωinGoμGεκμormβtionGtwinsGβnεGthκirGinμluκnδκGonGhyεroωκnGκmγrittlκmκntGinGδolεTrollκεG
βustκnitiδGstβinlκssGstκκlUG2021SG[aSGYYXd]TYYYWb 0

486
qβγriδβtionGβnεGmκδhβniδβlGpropκrtiκsGoμG®nGnβnopβrtiδlκGεispκrsionTstrκnωthκnκεGδoppκrUG
Materials Science &amp; Engineering A: Structural Materials: Properties, Microstructure and Processing
SG2021SGcXbSGX[XYb[
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485 pμμκδtGoμGmiδrostruδturκSGtκxturκGβnεGεκμormβtionGγκhβviorGonGtκnsilκGpropκrtiκsGoμGκlκδtriδβllyG
βssistκεGμriδtionGstirGwκlεκεG—iTallT[GVGjointsUG2021SGXbaSGXXXX[X 3

484 —hκGpμμκδtGoμGoiμμκrκntGlnnκβlinωG–trβtκωiκsGonGthκGxiδrostruδturκGoκvκlopmκntGβnεGxκδhβniδβlG
’κsponsκGoμGlustκmpκrκεG–tκκlsUG2021SGXXSGXW[X 2

483 —riγoTδorrosionGrκsponsκGoμGβεεitivκlyGmβnuμβδturκεGhiωhTκntropyGβlloyUG2021SG]SG 5

482
–iωniμiδβntGκnhβnδκmκntGinGyiκlεGstrκnωthGμorGβGmκtβstβγlκGγκtβGtitβniumGβlloyGγyGsκlκδtivκGlβsκrG
mκltinωUGMaterials Science &amp; Engineering A: Structural Materials: Properties, Microstructure and 
ProcessingSG2021SGcXaSGX[XYdX

5.3 2

481 –trκssTinεuδκεGmβrtκnsitiδGtrβnsμormβtionGinGmκtβstβγlκGβustκnitκGωrβinsGεurinωGnβnoinεκntβtionG
invκstiωβtionUGXTX] 3

480 nhβrβδtκrizβtionGoμGthκG—rβδκG{hosphorusG–κωrκωβtionGβnεGxκδhβniδβlG{ropκrtiκsGoμGouβlT{hβsκG
–tκκlsUGX 1

479 —hrκκTεimκnsionβlGδrystβlGplβstiδityGsimulβtionsGusinωGpκriεynβmiδsGthκoryGβnεGκxpκrimκntβlG
δompβrisonUG2021SGX[YSGXWYddX 9

478  psizinωGhiωhTstrκnωthGμβilTsβμκGstκκlGthrouωhGwβrmGtκmpμorminωUGMaterials Science &amp; 
Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2021SGcXdSGX[X]X[ 5.3 3

477 {κδuliβritiκsGoμGo’°GinGβGsiωhlyTllloyκεGlustκnitiδG–tβinlκssG–tκκlUG2021SGX[SG 3

476  ltrβsoniδGpμμκδtGonGthκGoκμormβtionGmκhβviorGβnεGxiδrostruδturκGpvolutionGoμGβG—’t{TlssistκεG
–tκκlUG2021SG]YSG[[acT[[bc 0

475 —inGwhiskκrsGprκμκrGtoGωrowGμromGthκGíWWXüGωrβinsGinGβGtinGδoβtinωGonGβluminumGsuγstrβtκUG2021SGcWSGXdXTYWY 5

474 nhκmiδβlGhκtκroωκnκityGκnhβnδκsGhyεroωκnGrκsistβnδκGinGhiωhTstrκnωthGstκκlsUG2021SGYWSGXaYdTXaZ[ 14

473
siωhTtκmpκrβturκGβnisotropiδGγκhβviorsGβnεGmiδrostruδturκGκvolutionGmκδhβnismsGoμGβGnκβrT˛–G
—iTβlloyGshκκtUGMaterials Science &amp; Engineering A: Structural Materials: Properties, Microstructure 
and ProcessingSG2021SGcYWSGX[X]aW

5.3 4

472
xoεκllinωGoμGstrβinGrβtκGεκpκnεκntGεisloδβtionGγκhβviorGoμGny—VllGδompositκsGγβsκεGonGωrβinG
intκriorVωrβinGγounεβryGβμμκδtκεGzonκGOrtVrmlµPUGMaterials Science &amp; Engineering A: Structural 
Materials: Properties, Microstructure and ProcessingSG2021SGcYWSGX[X][b

5.3 8

471 lεεitivκGmβnuμβδturinωGoμGnovκlGμκrritiδGstβinlκssGstκκlGγyGsκlκδtivκGlβsκrGmκltinωeG’olκGoμGlβsκrG
sδβnninωGspκκεGonGthκGμormβγilitySGmiδrostruδturκGβnεGpropκrtiκsUG2021SGX[WSGXWbW]] 10

470 –κmiTquβntitβtivκGδrκκpTμβtiωuκGεβmβωκGβnβlysisGγβsκεGonGεiμμrβδtionTγβsκεGmisoriκntβtionG
mβppinωGβnεGthκGδorrκlβtionGtoGmβδrosδopiδGεβmβωκGκvolutionsUG2021SGX[dSGXWaYYb 11

469 nrystβlGβnβlysisGoμGωrβinGγounεβriκsGinGγoronTεopκεGεiβmonεGsupκrδonεuδtinωGquβntumG
intκrμκrκnδκGεκviδκsGopκrβtinωGβγovκGliquiεGhκliumGtκmpκrβturκUG2021SGXcXSGZbdTZcc 0

468 pm–oGmiδrostruδturβlGβnβlysisGoμGlmTtypκG—iqκGhyεroωκnGstorβωκGβlloysUG2021SGXbcSGXXXYba 0
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467 pμμκδtGoμGκlκδtrolytiδGplβsmβGpolishinωGonGmiδrostruδturβlGκvolutionGβnεGtκnsilκGpropκrtiκsGoμGZXawG
stβinlκssGstκκlUG2021SG[YWSGXYbZZW 0

466 xκδhβniδβlGoriωinGoμGmβrtκnsitκTlikκGstruδturκsGinGtwoTεimκnsionβlG’κ–YUG2021SGYSG 0

465 pμμκδtsGoμGεκκpGδryoωκniδGtrκβtmκntGonGthκGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGβnG
ultrβhiωhTstrκnωthG—’t{TβiεκεGγβinitiδGstκκlUG2021SGXbcSGXXXY[b 1

464 siκrβrδhiδβlGnhβrβδtκristiδsGoμGsyεroωκnTlssistκεGnrβδkGrrowthGβnεGxiδrostruδturβlG–trβinG
pvolutionGinG—κmpκrκεGxβrtκnsitiδG–tκκlseGnβsκGoμG}uβsiTδlκβvβωκGqrβδturκUG2021SG]YSG[bWZT[bXZ 3

463
—hκGrκsponsκGoμGεisloδβtionsSGlowGβnωlκGωrβinGγounεβriκsGβnεGhiωhGβnωlκGωrβinGγounεβriκsGβtGhiωhG
strβinGrβtκsUGMaterials Science &amp; Engineering A: Structural Materials: Properties, Microstructure 
and ProcessingSG2021SGcYYSGX[XbW[

5.3 6

462
tsothκrmβlGholεinωGproδκssκsGoμGβGrκεuδκεGβδtivβtionGμκrritiδVmβrtκnsitiδGstκκlGtoGμormGβG
γβinitiδVmβrtκnsitiδGmultiphβsκGmiδrostruδturκGβnεGitsGmκδhβniδβlGpropκrtiκsUGMaterials Science 
&amp; Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2021SGcYYSGX[Xa[]

5.3 0

461 pμμκδtGoμGultrβTμinκGmβrtκnsitκGβnεGrκtβinκεGβustκnitκGinεuδκεGγyGslowGquκnδhinωGonGthκG
mκδhβniδβlGpropκrtiκsGoμGdnrGXU]xoXnoOqmYPGstκκlUG2021SGXXX[]Y 1

460 woδβlGoκμormβtionGmκhβviorGoμGthκGnoppκrGsβrmoniδG–truδturκGnκβrGrrβinGmounεβriκsGtnvκstiωβtκεG
throuωhGyβnoinεκntβtionUG2021SGX[SG 1

459
pnhβnδκεGstrκnωthGβnεGplβstiδityGinGβGnovκlG]]–iYxnxoVGsprinωGstκκlGviβGβustκmpκrinωUGMaterials 
Science &amp; Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2021SG
cY]SGX[Xccb

5.3 0

458 –ynδhrotronGnhβrβδtκrisβtionGoμG ltrβTqinκGrrβinG—imYVllTnuGnompositκGqβγriδβtκεGγyGwβsκrG{owεκrG
mκεGqusionUGX 2

457 xκδhβnismGoμGsnqTδrκκpGintκrβδtionGinGβGtypκGZXawyGstβinlκssGstκκlUGMaterials Science &amp; 
Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2021SGcY]SGX[Xc[X 5.3 1

456 pxpκrimκntβlGβnεGβnβlytiδβlGinvκstiωβtionGonGsκrviδκGliμκGoμGμilmGδoolinωGstruδturκGμorGsinωlκGδrystβlG
turγinκGγlβεκUG2021SGX]WSGXWaZXc 2

455 pμμκδtGonGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGinGsituGaGwtL—imYVllâ��µnâ��xωâ��nuGδompositκG
suγjκδtκεGγyGtwoTstκpGorthoωonβlGεκμormβtionGproδκssUGX 0

454 wowGnyδlκGqβtiωuκGmκhβviourGoμGyonTκquiβtomiδG—’t{GouβlTphβsκGqκ]WxnZWnoXWnrXWsiωhGpntropyG
llloyUG2021SGX]]SGXWa][] 2

453 ’κδrystβllizβtionGkinκtiδsSGmκδhβnismsSGβnεGtopoloωyGinGβlloysGproδκssκεGγyGlβsκrGpowεκrTγκεG
μusioneGlt–tGZXawGstβinlκssGstκκlGβsGκxβmplκUG2021SGXWXYZa 6

452
siκrβrδhiδβllyGβδtivβtκεGεκμormβtionGmκδhβnismsGtoGμormGultrβTμinκGωrβinGmiδrostruδturκGinGδβrγonG
δontβininωGqκxnnonrGtwinninωGinεuδκεGplβstiδityGhiωhGκntropyGβlloyUGMaterials Science &amp; 
Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2021SGcY[SGX[XcWZ

5.3 5

451 qlowGmκhβviorGoμG– –ZW[G–tβinlκssG–tκκlG nεκrGβG®iεκG’βnωκGoμGqorminωG—κmpκrβturκsGβnεG–trβinG
’βtκsUG2021SG]YSG]YWW 1

450 pμμκδtGoμGμβtiωuκGεβmβωκGonGthκGhyεroωκnGκmγrittlκmκntGsκnsitivityGoμG°cWGstκκlGwκlεκεGjointsUG
2021SG[aSGZc]Z]TZc]Z] 1
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449 xiδrostruδturβlGκvolutionGβnεGmκδhβniδβlGpropκrtiκsGoμGVTδontβininωGmκεiumTxnGstκκlG
mβnuμβδturκεGviβGδolεGrollinωGβnεGintκrδritiδβlGβnnκβlinωUG2021SGX[SGX]W[TX]Xb 1

448
syεroωκnGκmγrittlκmκntGβnεGβssoδiβtκεGsurμβδκGδrβδkGωrowthGinGμinκTωrβinκεGκquiβtomiδG
nonrqκxnyiGhiωhTκntropyGβlloysGwithGεiμμκrκntGβnnκβlinωGtκmpκrβturκsGκvβluβtκεGγyGtκnsilκG
tκstinωGunεκrGinGsituGhyεroωκnGδhβrωinωUG2021SG[aSGZZWYcTZZWZc

2

447
xiδrostruδturβlGκvolutionGβnεGmκδhβniδβlGpropκrtyGoμGultrβμinκTωrβinκεGpκβrlitiδGstκκlGγyGδolεG
rollinωeG—hκGinμluκnδκGoμGδκmκntitκGmorpholoωyUGMaterials Science &amp; Engineering A: Structural 
Materials: Properties, Microstructure and ProcessingSG2021SGcY[SGX[XcaW

5.3 4

446 oκprκssurizβtionTinεuδκεGεiμμusionlκssGtrβnsμormβtionGinGpurκGironGhyεroωκnβtκεGunεκrGsκvκrβlG
ωiωβpβsδβlsUG2021SGXXSGXWWWbc 1

445  nεκrstβnεinωGμκrritκGεκμormβtionGδβusκεGγyGβustκnitκGtoGmβrtκnsitκGtrβnsμormβtionGinGεuβlGphβsκG
stκκlsUG2021SGYWYSGXX[WZY 3

444 pμμκδtGoμGmiδrostruδturβlGδonstituκntsGβnεGmorpholoωiδβlGδhβrβδtκristiδsGonGlowGδyδlκGμβtiωuκG
γκhβviourGoμGintκrTδritiδβllyGβnnκβlκεGYWxnxoyi]]GstκκlUGX[a[[YWbYXXWZcb

443 xiδrostruδturκGβnεGxκδhβniδβlG{ropκrtiκsGoμG—inT’κinμorδκεGllâ��xωâ��–δâ��µrGnompositκsGlεεitivκlyG
xβnuμβδturκεGγyGwβsκrGoirκδtGpnκrωyGoκpositionUGX 1

442 lnGpm–oG–tuεyGonGthκG–tβγilityGoμG’κtβinκεGlustκnitκGinGwowT–iG—’t{G–tκκlsGourinωG niβxiβlG—κnsionUGX

441 xiδrostruδturβlGκvolutionGinGpurκGδoppκrGεurinωGβδδumulβtivκGskinGpβssGrollinωeGκxpκrimκntβlGβnεG
δrystβlGplβstiδityGnumκriδβlGinvκstiωβtionsUG2021SGX[SGXdWZTXdXZ 0

440 oκκpGinsiωhtsGonGthκGδrκκpGγκhβviorGβnεGmκδhβnismGoμGβGnovκlGrXX]GstκκleGxiδromκδhβniδβlG
moεκlinωGβnεGκxpκrimκntβlGvβliεβtionUG2021SGX[bSGXWZXY[ 3

439 qβtiωuκGliμκGimprovκmκntGβnεGωrβinGωrowthGoμGωrβεiκntGnβnostruδturκεGinεustriβlGzirδoniumGεurinωG
hiωhGδyδlκGμβtiωuκUG2021SGcbSGXWXTXWb 3

438 ’olκGoμGsizκGβnεGβmountGoμG˛‡NGphβsκGonGδrκκpGpropκrtiκsGoμG®βspβloyUG2021SGXXX[dc 0

437 oisloδβtionTγβsκεGδrystβlGplβstiδityGmoεκllinωGoμGβGniδkκlTγβsκεGsupκrβlloyGunεκrGεwκllTμβtiωuκeG
qromGliμκGprκεiδtionGtoGrκsiεuβlGliμκGβssκssmκntUG2021SGX]dSGXWa]ad 0

436
tmprovκmκntGoμGthκGstrκnωthTεuδtilityGγβlβnδκGinGultrβμβstGhκβtκεGstκκlsGγyGδomγininωG
hiωhTtκmpκrβturκGβnnκβlinωGβnεGquκnδhinωGβnεGpβrtitioninωGproδκssUGMaterials Science &amp; 
Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2021SGcYbSGX[YW[]

5.3 1

435
tmprovκεGmiδrostruδturκsGβnεGmκδhβniδβlGpropκrtiκsGμorGbWc]llGβlloyGsuγjκδtκεGtoGslowGquκnδhinωG
γyGβωinωGtrκβtmκntUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2021SGcYbSGX[YWac

5.3 1

434
tnμluκnδκGoμGβεεitionGoμG—illGpβrtiδlκsGonGmiδrostruδturβlGβnεGmκδhβniδβlGpropκrtyGεκvκlopmκntGinGβG
sκlκδtivκlyGlβsκrGmκltκεGstβinlκssGstκκlUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2021SGcYaSGX[XdY]

5.3 0

433 oβmβωκGκvolutionGβnεGμβilurκGmκδhβnismGinεuδκεGγyGmiδrostruδturβlGinhomoωκnκityGinGγβinitκG
stκκlUG2021SGXYcSGXW]aWY 2

432
pμμκδtGoμG–nGβεεitionGonGthκGεκμormβtionGγκhβviorGβnεGmiδrostruδturβlGκvolutionGoμGxωTrεTYTµrG
βlloyGεurinωGhotGδomprκssionUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2021SGcYaSGX[YWYa

5.3 5
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431 pμμκδtGoμGβnnκβlinωGβnεGirrβεiβtionGonGthκGκvolutionGoμGtκxturκGβnεGωrβinGγounεβryGintκrμβδκGinG
κlκδtroεκpositκεGnβnoδrystβllinκGniδkκlGoμGvβryinωGωrβinGsizκsUG2021SG[YaSGXYbbbW 3

430 pxpκrimκntβlGκvβluβtionGoμGμβtiωuκGstrκnωthGμorGsmβllGεiβmκtκrGsoδkκtGwκlεκεGjointsGunεκrG
viγrβtionGloβεinωGδonεitionUG2021SG]ZSGZcZbTZc]X 0

429 –tuεyGonGmiδrostruδturκGκvolutionGoμG—iâ��allâ��Zyγâ��Yµrâ��XxoGβlloyGwithGγimoεβlGstruδturκGεurinωGhotG
δomprκssionGinGthκGnκβrG˛†GrκωionUG2021SGX]SGXb[bTXb]c 0

428 –upκriorGstrκnωthTεuδtilityGsynκrωyGβnεGstrβinGhβrεκnβγilityGoμGllV—βGδoTεopκεGyinonrGtwinnκεG
mκεiumGκntropyGβlloyGμorGδryoωκniδGβppliδβtionsUG2021SGYYWSGXXbYcc 13

427 pμμκδtsGoμGδryoωκniδGtκmpκrβturκGonGtκnsilκGβnεGimpβδtGpropκrtiκsGinGβGmκεiumTκntropyGVnoyiG
βlloyUG2021SGdWSGX]dTXab 7

426 siωhGstrκnωthGllâ��wiGβlloyGεκvκlopmκntGμorGlβsκrGpowεκrGγκεGμusionUG2021SG[bSGXWYY[d 5

425
–tuεyGonGthκGinμluκnδκGoμGintκrlβyκrGtκmpκrβturκGonGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμG
suγmκrωκεGβrδGβεεitivκlyGmβnuμβδturκεGlowTδβrγonGstκκlGβnεGitsGinTsituGtouωhκninωGmκδhβnismUG
2021SGbXSGZ]aTZbZ

0

424 {hβsκGtrβnsitionGβnεGhκtκroωκnκousGstrκnωthκninωGmκδhβnismGinGnonrqκyixnGhiωhTκntropyGβlloyG
μβγriδβtκεGγyGlβsκrTκnωinκκrκεGnκtGshβpinωGviβGβnnκβlinωGβtGintκrmκεiβtκTtκmpκrβturκUG2021SGdYSGXYdTXZb 5

423 mκyonεGstrκnωthTεuδtilityGtrβεκToμμeGZoGintκrδonnκδtκεGhκtκrostruδturκεGδompositκsGγyGliquiεG
mκtβlGεκβlloyinωUG2021SGYY]SGXWdYaa 3

422 qκGβnεGnrGphβsκGsκpβrβtionGinGsupκrGβnεGhypκrGεuplκxGstβinlκssGstκκlGplβtκsGβnεGwκlεsGβμtκrGvκryG
shortGβωinωGtimκsUG2021SGYXWSGXXWW]] 0

421 zutstβnεinωGimpβδtGtouωhnκssGoμGlowTβlloyκεGstκκlGwithGμinκGlβmκllβrGmiδrostruδturκUG2021SGZWZSGXZW][b 0

420
znGthκGδorrκlβtionGγκtwκκnGplβstiδGstrβinGβnεGmisoriκntβtionGinGpolyδrystβllinκGγoεyTδκntκrκεTδuγiδG
miδrostruδturκsGwithGβnGκmphβsisGonGthκGωrβinGsizκSGloβεinωGhistorySGβnεGδrystβlloωrβphiδG
oriκntβtionUG2021SGX[aSGXWZWc[

1

419 pxplorinωGthκGsizκGκμμκδtGinGsδβlinωGupGpnl{GusinωGthκGthκoryGoμGsimilβrityUG2021SGYdcSGXXbYdW

418 qβtiωuκTpκrμormβnδκGoμG{®s—GwκlεκεGjointseGlsTwκlεκεGvsUGhiωhTμrκquκnδyGmκδhβniδβlGimpβδtG
trκβtmκntUG2021SGXcbSGXWadZZ 1

417 pμμκδtsGoμG—inGβnεGrκsiεuβlGβustκnitκGsynκrωistiδGstrκnωthκninωGmκδhβnismGonGimpβδtTβγrβsivκGwκβrG
γκhβviorGoμGγβinitκGstκκlUG2021SG[caT[cbSGYW[Wcc 0

416
zvκrδominωGthκGlimitβtionGoμGinTsituGmiδrostruδturβlGδontrolGinGlβsκrGβεεitivκGmβnuμβδturκεG
—iâ��allâ��[VGβlloyGtoGκnhβnδκεGmκδhβniδβlGpκrμormβnδκGγyGintκωrβtionGoμGsynδhronousGinεuδtionG
hκβtinωUG2021SGd[SGZYT[a

4

415 —hκGκvolutionsGoμGmκδhβniδβlGpropκrtiκsGβnεGmiδrostruδturκsGoμGllTxωTxnT–δTµrGβlloyGεurinωG
εynβmiδGstrκtδhinωGεκμormβtionUG2022SGccdSGXaXb]Z 1

414 —owβrεGquβliμiδβtionGoμGβεεitivκlyGmβnuμβδturκεGmκtβlGpβrtseG—κnsilκGβnεGμβtiωuκGpropκrtiκsGoμG
sκlκδtivκGlβsκrGmκltκεGtnδonκlGbXcGκvβluβtκεGusinωGminiβturκGspκδimκnsUG2022SGdbSGYZdTY]Z 2
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413 siωhTtκmpκrβturκGmκδhβniδβlGγκhβviorGoμGultrβTδoβrsκGδκmκntκεGδβrγiεκGwithGωrβinGstrκnωthκninωUG
2022SGXW[SGcTXc 2

412 lδhiκvinωGhiωhGstrκnωthGβnεGεuδtilityGinGqκ]WxnY]yiXWnrX]GmκεiumGκntropyGβlloyGviβGllGβlloyinωUG
2022SGXWWSGYWTYa 1

411 siωhGplβstiδityGmκδhβnismGoμGhiωhGstrβinGrβtκGrollκεGxωTrβGβlloyGshκκtsUG2022SGXWXSGXcbTXdc 2

410 ouβlT{hβsκG–tκκlseG—hκGqirstGqβmilyGoμGlεvβnδκεGsiωhG–trκnωthG–tκκlsUG2022SGZbTaY

409 pμμκδtsGoμGsurμβδκGrouωhnκssGonGintκrμβδiβlGεynβmiδGrκδrystβllizβtionGβnεGmκδhβniδβlGpropκrtiκsGoμG
—iTallTZyγTYµrTXxoGβlloyGjointsGproεuδκεGγyGhotTδomprκssionGγonεinωUG2022SGdaSGXddTYXX 1

408 tnμluκnδκGoμGplβstiδGεκμormβtionGonGthκGδorrosionGγκhβviorGoμGnrnoqκxnyiGhiωhGκntropyGβlloyUG2022
SGcdXSGXaXcYY 5

407 pvolutionGmκδhβnismsGoμGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGinGβGμriδtionGstirGwκlεκεG
ultrβhiωhTstrκnωthGquκnδhinωGβnεGpβrtitioninωGstκκlUG2022SGXWYSGYXZTYYZ 3

406 oκsiωnGoμGpurκGβluminumGlβminβtκsGwithGhκtκrostruδturκsGμorGκxtrβorεinβryGstrκnωthTεuδtilityG
synκrωyUG2022SGXWWSGXdZTYW] 9

405 pμμκδtGoμGβsymmκtryGoμGlµZXGmβωnκsiumGβlloyGβsTκxtruεκεGβnεGβsTrollκεGmκεiumGplβtκsGonGδoilinωG
μκβsiγilityGβtGthκGintκrmκεiβtκGtκmpκrβturκUG2021SGXWSGbadTbc[ 2

404 —ouωhnκssG{ropκrtyGnontrolGγyGyγGβnεGxoGlεεitionsGinGsiωhT–trκnωthG}uκnδhκεGβnεG—κmpκrκεG
moronG–tκκlsUG2021SGXXSGd] 9

403 –iωniμiδβntGimpβδtGoμGintκrδritiδβlGβnnκβlinωGtκmpκrβturκGonGmiδrostruδturκGβnεGmκδhβniδβlG
propκrtiκsGoμGllGsuγstitutκεG–iGεuβlGphβsκGstκκlGunεκrGultrβTrβpiεGhκβtinωUG2021SGXXcSG[Wc

402 lssκssmκntGoμGthκGδhκmiδβlGδompositionGoμGw——GμillκrsGonGrκsiεuβlGstrκssκsSGmiδrostruδturκSGβnεG
mκδhβniδβlGpropκrtiκsGoμG[XWGlt–tGwκlεκεGjointsUG2021SGa]SGcWbTcYZ 1

401 }uβsiT–tβtiδG—κnsilκGmκhβviorsSGxκδhβnismsSGβnεGnonstitutivκGoκsδriptionsGoμGnommκrδiβllyG{urκG
—itβniumGβtGoivκrsκG–trβinG’βtκsGinGlmγiκntGlirGβnεGwiquiεGyitroωκnUG2021SGZWSGd[[Td][

400
tnμluκnδκGoμGωrβinGinhomoωκnκityGβnεGprκδipitβtκsGonGthκGstrκssGrupturκGpropκrtiκsGoμGtnδonκlGbXcG
supκrβlloyGμβγriδβtκεGγyGsκlκδtivκGlβsκrGmκltinωUGMaterials Science &amp; Engineering A: Structural 
Materials: Properties, Microstructure and ProcessingSG2021SGcWZSGX[WbWY

5.3 4

399 –δβnninωGplκδtronGxiδrosδopyGβnεGnomplκmκntβryGtnG–ituGnhβrβδtκrizβtionG—κδhniquκsGμorG
nhβrβδtκrizβtionGoμGoκμormβtionGβnεGoβmβωκG{roδκssκsUG2020SG[c]T]Yb 1

398 ’olκGoμGsyεroωκnGβnεG—κmpκrβturκGinGsyεroωκnGpmγrittlκmκntGoμGpquimolβrGnonrqκxnyiG
siωhTκntropyGllloyUG2021SGYbSGXaaTXb[ 7

397 lωinωGinεuδκεGsκωrκωβtionGβnεGnβnoprκδipitβtionGinGβGsκvκrκlyGεκμormκεGκquiβtomiδGhiωhTκntropyG
βlloyUG2020SGXa]SGXXWZad 5

396 —hκGpossiγilityGoμGκnhβnδκεGhyεroωκnGκmγrittlκmκntGrκsistβnδκGoμGmκεiumTxnGstκκlsGγyGβεεitionG
oμGmiδroTβlloyinωGκlκmκntsUG2020SGXa]SGXXWZca 13
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395 znGthκGδompκtitionGγκtwκκnGplβstiδGεκμormβtionGβnεGmβtκriβlGεκtβδhmκntGinGμκrritiδVpκβrlitiδGstκκlG
unεκrGγounεβryGluγriδβtionUG2017SGZbaTZbbSGcXZTcYX 4

394 znGthκGκvβluβtionGoμGεisloδβtionGεκnsitiκsGinGpurκGtβntβlumGμromGpm–oGoriκntβtionGεβtβUG2018SGXWaSGaW[ 5

393 ’olκGoμGmβωnκtiδGorεκrinωGμorGthκGεκsiωnGoμGquinβryG—®t{T—’t{GhiωhGκntropyGβlloysUG2020SG[SG 11

392 tnμluκnδκGoμG–trβinG’βtκGonGxκδhβniδβlGmκhβvioursGoμGrrβεiκntT–truδturκεGnoppκrUG2020SGaXSGbWcTbXb 3

391 tnμluκnδκGoμGnβrγonGnontκntGonG—ouωhκninωGinG ltrβμinκGplonωβtκεGrrβinG–truδturκG–tκκlsUG2014SG
XWWSGXXW[TXXXZ 5

390 nrκκpG–trβinGlnβlysisGoμGlustκnitiδG–tβinlκssG–tκκlGγyG–pxVpm–oUG2015SGa[SGXWaTXXY 15

389 tntκrnβlG{rκssurκGnrκκpGoβmβωκGoμGvlT– –ZW[uXs—mUG2019SGacSGX[YTX[b 4

388 xiδrostruδturβlGtnvκstiωβtionGoμG–trκssGnorrosionGnrβδkinωGinGnolεTqormκεGlt–tGZW[G’κβδtorUG2021SG
XXSGb 4

387 pμμκδtGoμGyγGβnεGxoGlεεitionsGinGthκGxiδrostruδturκV—κnsilκG{ropκrtyG’κlβtionshipGinGsiωhG–trκnωthG
}uκnδhκεGβnεG}uκnδhκεGβnεG—κmpκrκεGmoronG–tκκlsUG2021SGXXSGYd 4

386 lG–tuεyGonGthκG–urμβδκGnhβrβδtκristiδsGoμGouβlG{hβsκG–tκκlGγyGplκδtronGmβδksδβttκrGoiμμrβδtionG
Opm–oPG—κδhniquκUG2014SGX]SGYWTYZ 6

385 pm–oG–tuεyGonG{roκutκδtoiεGqκrritκGβnεGputκδtoiεGqκrritκG’κμinκmκntGxκδhβnismGoμGoYG®hκκlG
–tκκlG nεκrGβG’ollinωGnonεitionUG2021SGadSGX 0

384
pμμκδtGoμGβlloyinωGβnεGmiδrostruδturκGonGμormβγilityGoμGβεvβnδκεGhiωhTstrκnωthGstκκlsGproδκssκεGviβG
quκnδhinωGβnεGpβrtitioninωUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2022SGcZXSGX[YYXb

5.3 3

383 tnμluκnδκGoμGκnκrωyGrβtioGonGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGinGthκGtrβnsitionGzonκGoμG
hyγriεGlβsκrTxtrGwκlεκεGlsZaVZXawGεissimilβrGjointsUG2021SGX]SG[[cbT[]WX 2

382 pxplorinωGthκG–truδturκâ��{ropκrtyG’κlβtionshipGinG–phκroiεizκεGn[]pnG–tκκlG sinωGqullG{hβsκGnrystβlG
{lβstiδityGyumκriδβlG–imulβtionsUGYXWW[]Y 2

381 –trκssâ��strβinGprκεiδtionGoμGεuβlGphβsκGstκκlsGusinωGZoG’VpsGδonsiεκrinωGγothGintκrphβsκGhβrεnκssG
vβriβtionGβnεGintκrμβδκGεκγonεinωGβtGωrβinGγounεβriκsUGX

380 –trβinG’βtκGoκpκnεκnδκGoμGsotG—κnsilκGmκhβviorSGxiδrostruδturκGpvolutionSGβnεGqrβδturκG
xκδhβnismGoμGwκβnGouplκxG–tβinlκssG–tκκlGYXWXUGYXWW[[[ 0

379 xoεκGtGβnεGmoεκGttGstrκssGintκnsityGμβδtorsGβnεGεisloδβtionGεκnsityGγκhβviourGinGstrβinGωrβεiκntG
plβstiδityUG2021SGXXaSGXWZXYc 1

378 xiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGδβrγonTγκβrinωGultrβhiωhTstrκnωthGhiωhGnoTyiG–tκκlG
OlκrxκtGZ[WPGμβγriδβtκεGviβGlβsκrGpowεκrGγκεGμusionUG2021SGYWSGXWXY[[ 0
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377 lδhiκvinωGsupκriorGstrκnωthTεuδtilityGγβlβnδκGinGβGnovκlGhκtκrostruδturκεGstronωGmκtβstβγlκG˛†T—iG
βlloyUG2021SGX[bSGXWZXYa 4

376 ’olκGoμGsκβtG—rκβtmκntsGonGthκGxκδhβniδβlG{ropκrtiκsGoμGouβlT{hβsκG–tκκlG–hκκtUG[dZT]WW

375 yuδlκβtionG–tβωκGourinωGtqG–tκκlG’κδrystβllizβtionGβnεGtntκrnβlGxisoriκntβtionG{βrβmκtκrsUG2016SGbdTc[

374 –trβinGlnβlysisGoμG®κlεGuointGoμGYZnrT[]yiTb®GllloyGγyG°’oGβnεGpm–oGxκthoεUG2017SGaaSG]XT]b 2

373 pμμκδtGoμGtrκβtmκntGtimκGonGmκδhβniδβlGpropκrtiκsGoμGpurκGδoppκrGproδκssκεGγyGsurμβδκGmκδhβniδβlG
βttritionGtrκβtmκntGβtGδryoωκniδGtκmpκrβturκUG2019SGdSG]Z[T][W 0

372 lssκssmκntGoμGthκG–trκnωthκninωGxκδhβnismsGzpκrβtinωGinGxiδroβlloyκεG–tκκlsGourinωGnyδliδG
oκμormβtionG sinωGsiωhT’κsolutionGplκδtronGmβδksδβttκrGoiμμrβδtionUG2019SG]ZbT][b

371 pμμκδtsGoμG–trβinG’βtκGonGthκGxκδhβniδβlG{ropκrtiκsGβnεGqrβδturκGnhβrβδtκristiδsGoμGβGouβlG{hβsκG
dcWG–tκκlUG2019SGX]YTXa]

370 oynβmiδG’κδrystβllizβtionGinGlustκnitiδG–tβinlκssG–tκκlGεurinωGsotG®orkinωGwithGoκδrκβsinωG
oκμormβtionG—κmpκrβturκUG2019SGcSGYWXdWWXY 1

369 qlowGδhβrβδtκristiδsGβnεGmiδrostruδturβlGκvolutionGinGpulsκεGδurrκntGβssistκεGmiδroTsδβlκεG
δomprκssionGoμGstβinlκssGstκκlGshκκtUG2021SGX]SG[ZdbT[[X[ 0

368 siκrβrδhiδβlGhκtκrostruδturκεGqκnrâ��Oxωâ��xωYyiPGδompositκGwithGZoGintκrδonnκδtκεGβnεGlβmκllβrG
struδturκsGsynthκsizκεGγyGliquiεGmκtβlGεκβlloyinωUG2021SGX]SG[]bZT[]bd 0

367 sypoκutκδtoiεGβnεG{κβrlitκGqκrritκGlωωrκωβtκsGinGwowTnβrγonSGwowTllloyG–tκκlUG2020SG]aSGXZX[TXZXc

366
xiδrostruδturβlGμβδtorsGoμGthκGδomplκxGδrκκpGrβtκGδhβnωκGinGXcnrâ��dyiâ��Znuâ��yγâ��yGstκκlUGMaterials 
Science &amp; Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2022SG
cZXSGX[YYY]

5.3 0

365 —hκGεisloδβtionTγβsκεGμβtiωuκGεκμormβtionGmκδhβnismGoμGβG’lqxGstκκlGunεκrGmultiTβxiβlGloβεinωsUG
2022SG]]cSGX]ZZY[ 1

364
pμμκδtGoμGpostTwκlεGtκmpκrinωGpulsκGonGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGrκsistβnδκG
spotGwκlεinωGoμG}M{XXcWGstκκlUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2022SGcZXSGX[YXa[

5.3 2

363
tnvκstiωβtionGoμGuniβxiβlGrβtδhκtinωGμβtiωuκGγκhβvioursGβnεGμrβδturκGmκδhβnismGoμGrsb[YG
supκrβlloyGβtGdYZ´ vUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2022SGcZXSGX[YXbZ

5.3 1

362 nβvitβtionGκrosionGmκδhβnismGoμGYnrXZGstβinlκssGstκκlUG2022SG[ccT[cdSGYW[XZb 0

361 pμμκδtGoμGsiliδonGβεεitionGonGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGβGhiωhGstrκnωthG
—iT[llT[xoT[–nGβlloyGprκpβrκεGγyGpowεκrGmκtβllurωyUG2022SGcdZSGXaYYab 0

360 tntκrμβδiβlGδhβrβδtκristiδsGoμG{dXGstκκlGTGtnδonκlGb[WsGγimκtβlliδGstruδturκGμβγriδβtκεGusinωGwirκTβrδG
βεεitivκGmβnuμβδturinωUG2022SGZWWSGXXbZda 2
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359 tnμluκnδκGoμGxnGlεεitionGonGqβtiωuκGwimitGβnεGnoβxinωGpμμκδtGinGqκrritiδG–tκκlGnontβininωG–olutκG
nβrγonUG2020SGXWaSG[WYT[XY

358 pμμκδtsGoμGlonωTtκrmGthκrmβlGβωinωGonGκlκvβtκεGtκmpκrβturκGεκμormβtionGγκhβviorsGoμGwrouωhtG
ZXawyGstβinlκssGstκκlGγyGsmβllGpunδhGtκstUG2021SGXXX]cW 1

357 pμμκδtGoμGtntκrδritiδβlG’ollinωGonGxiδrostruδturκSGxκδhβniδβlGβnεGnorrosionG{ropκrtiκsGoμGthκGouβlG
{hβsκG°bWGlmκriδβnG{κtrolκumGtnstitutκG{ipκlinκG–tκκlUG2020SGXYSGXY[XTXY[]

356
pμμκδtGoμGhiκrβrδhiδβlGmultimoεβlGmiδrostruδturκGκvolutionGonGtκnsilκGpropκrtiκsGβnεGμrβδturκG
touωhnκssGoμGrβpiεlyGsoliεiμiκεGxωâ��µnâ��Yâ��llGβlloysGwithGw{–zGphβsκUGMaterials Science &amp; 
Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2022SGcZYSGX[YZ[c

5.3 1

355
pμμκδtGoμGhκβtGtrκβtmκntGtκmpκrβturκGonGmiδrostruδturκGβnεGtκnsilκGpropκrtiκsGoμGβustκnitiδG
stβinlκssGZXawGusinωGwirκGβnεGβrδGβεεitivκGmβnuμβδturinωUGMaterials Science &amp; Engineering A: 
Structural Materials: Properties, Microstructure and ProcessingSG2022SGcZYSGX[Y[[a

5.3 1

354
nrκκpGεβmβωκGδhβrβδtκristiδsGβnεGκvolutionGoμGs’ZnGβustκnitiδGstκκlGεurinωGlonωGtκrmGδrκκpUG
Materials Science &amp; Engineering A: Structural Materials: Properties, Microstructure and Processing
SG2022SGcZYSGX[Y[ZY

5.3 1

353 tnvκstiωβtionGonGsyεroωκnGpmγrittlκmκntG–κnsitivityGoμGsotT’ollκεGβnεGlnnκβlκεGxiδrostruδturκGtoG
lt–tG[ZWGqκrritiδG–tβinlκssG–tκκlUGX 0

352 xiδrostruδturκSGshβpκGmκmoryGpropκrtiκsSGβnεGinGvitroGγioδompβtiγilityGoμGporousGyi—iGsδβμμolεsG
μβγriδβtκεGviβGsκlκδtivκGlβsκrGmκltinωUG2021SG 1

351 oκvκlopmκntGoμGβGnovκlGmκtβstβγlκGγκtβGtitβniumGβlloyGwithGultrβhiωhGyiκlεGstrκnωthGβnεGωooεG
εuδtilityGγβsκεGonGlβsκrGpowκrGγκεGμusionUG2021SG[dSGXWY]WX

350 uoininωGεissimilβrGmκtβlGoμG—iGβnεGnonrxoGusinωGεirκδtκεGκnκrωyGεκpositionUG2021SGXXXSGddTdd

349 tmprovinωGmκδhβniδβlGpropκrtiκsGoμGβnGκxplosivκTwκlεκεGmβωnκsiumVβluminumGδlβεGplβtκGγyG
suγsκquκntGhotTrollinωUG2021SGXaYd]b 1

348 pμμκδtGoμGpnl{GβnεG–uγsκquκntGlnnκβlinωGonGxiδrostruδturκSG—κxturκSGβnεGxiδrohβrεnκssGoμGβnG
llaWaWGlluminumGllloyUGX 0

347 tmpβδtGoμGβsymmκtryGεκμormβtionGonGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGlµZXmGβlloyG
shκκtsGεκμormκεGγyGonTlinκGhκβtinωGrollinωUG2021SGZYSGdaTda 0

346 oκκpGwκβrninωGμorGβutomβtκεGphβsκGsκωmκntβtionGinGpm–oGmβpsUGlGδβsκGstuεyGinGouβlG{hβsκGstκκlG
miδrostruδturκsUG2021SGXc[SGXXXaZc 1

345 tnsiωhtGintoGthκGκμμκδtGoμGyγGmiδroβlloyinωGonGthκGmiδrostruδturκTpropκrtyGrκlβtionshipGoμGβGnovκlG
wirκGroεUG2021SGXaSGYbaTYba 2

344 pμμκδtsGoμGstrβinGrβtκGonGthκGmiδrostruδturκGβnεGtκxturκGκvolutionGoμGβG—’t{T—®t{GmκtβstβγlκG
βustκnitiδGstβinlκssGstκκlGεurinωGγκnεinωUG2022SG]bSGZbYb 0

343 oynβmiδGstrβinGβωinωGinGo{XWWWeGpμμκδtGoμGtκmpκrβturκGβnεGstrβinGrβtκUGMaterials Science &amp; 
Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2022SGcZYSGX[Y]Wd 5.3 1

342 pnhβnδκmκntGoμGstrκnωthTεuδtilityGsynκrωyGinGultrβμinκTωrβinκεGnuTµnGβlloyGprκpβrκεGγyGpnl{GβnεG
suγsκquκntGβnnκβlinωUG2022SGXbSG[ZZT[ZZ 2
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341 lGhyγriεGεirκδtκεGκnκrωyGεκpositionGproδκssGtoGmβnipulβtκGmiδrostruδturκGβnεGpropκrtiκsGoμG
βustκnitiδGstβinlκssGstκκlUG2022SGYXZSGXXWZaW 2

340 zptimizβtionGoμGthκGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGκlκδtronGγκβmGwκlεκεG
hiωhTstrκnωthGmκεiumTκntropyGβlloyGOyinonrPd[llZ—iZUG2022SGX[XSGXWb[Zd 1

339
–phκroiεinωGβnεGrκμininωGoμGδoβrsκGnβxω–nGphβsκGinGxωâ��llâ��–nâ��nβGβlloysGμorGsimultβnκouslyG
improvκεGstrκnωthGβnεGεuδtilityGviβGsuγTrβpiεGsoliεiμiδβtionGβnεGδontrollκεGrollinωUGMaterials Science 
&amp; Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2022SGcZ[SGX[Y]dc

5.3 2

338  ltrβsoniδTviγrβtionTκnhβnδκεGplβstiδityGoμGβnGκntropiδGβlloyGβtGroomGtκmpκrβturκUG2022SGYY]SGXXb]ad 0

337 xultiplκGωrβεiκntGstruδturκsGεrivinωGhiωhκrGtκnsilκGstrκnωthGβnεGωooεGδβpβδityGtoGβγsorγκεGκnκrωyG
inGβluminumGwirκGproδκssκεGγyGδryoωκniδGprκTtorsionUG2022SGYXWSGXX[[Za 0

336 —hκGβnnκβlinωGinεuδκεGμormβtionGoμGκpsilonGmβrtκnsitκGinGnonryiGmκεiumTκntropyGβlloyGβμtκrG
sκvκrκGplβstiδGεκμormβtionUG2022SGcddSGXaZZ[d 0

335 lGpβthwβyGtoGimprovκGlowTδyδlκGμβtiωuκGliμκGoμGμβδκTδκntκrκεGδuγiδGmκtβlsGviβGωrβinGγounεβryG
κnωinκκrinωUG2022SGXXZSGcYTcd 2

334 —βilorinωGγimoεβlGstruδturκGμorGhiωhGstrκnωthGβnεGεuδtilityGinGpurκGtitβniumGmβnuμβδturκεGviβGlβsκrG
powεκrGγκεGμusionUG2022SGdWXSGXaZ]dW 3

333 xiδrostruδturκGpvolutionGβnεGxκδhβniδβlG{ropκrtyGoμGthκG’κtrβδtβγlκG{inG—oolGqriδtionG–tirG®κlεinωG
O’{—Tq–®PGuointsGoμGlZ]aGlluminumGllloyG®hκκlsUG

332 xiδrostruδturκGβnεGtmpβδtG—ouωhnκssGoμGsiωhT–trκnωthGwowTllloyG–tκκlGβμtκrG—κmpμorminωUG2021SG
XYYSGXWX[TXWYY 3

331 lGxoεκllinωG–tuεyGoμGthκGnorrκlβtionGγκtwκκnGthκGwβyκrGzγtβinκεGγyG–κlκδtivκG—rβnsμκrGβnεGthκG
oisloδβtionsGxovκmκntGβtGthκGqriδtionG–urμβδκsGwimitUG2022SGXYSGXcW

330
—hκGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGthκGβεεitivκGmβnuμβδturκεGllnonrqκyiGhiωhG
κntropyGβlloyUGMaterials Science &amp; Engineering A: Structural Materials: Properties, Microstructure 
and ProcessingSG2022SGcZZSGX[Y]Wb

5.3 3

329
oκμormβtionGinεuδκεGnβnosδβlκGtwinninωGimprovκsGstrκnωthGβnεGεuδtilityGinGβεεitivκlyG
mβnuμβδturκεGtitβniumGβlloysUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2022SGcZZSGX[Y]ac

5.3 1

328 oκμormβtionGtκmpκrβturκGimpβδtGonGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGuniμormityGoμG
r®µdZYvGβlloyGunεκrGrκδiproδβtinωGupsκttinωTκxtrusionUG2022SGXaSGXaXWTXaYb 1

327 lnβlysisGoμGsyεroωκnG—rβppinωGmκhβviourGinG{lβstiδβllyGoκμormκεG}uκnδhinωGβnεG{βrtitioninωG–tκκlG
inG’κlβtionGtoGxiδrostruδturκGpvolutionGγyG{hβsκG—rβnsμormβtionUG

326 –tuεyGonGhotGεκμormβtionGγκhβviorGoμGβsTδβstGYYL®GhiωhTεκnsityGstκκlUG2022SGXbSGYZ]]TYZ]] 1

325 xultisδβlκGβnβlysisGoμGδrystβllinκGεκμκδtGμormβtionGinGrβpiεGsoliεiμiδβtionGoμGpurκGβluminiumGβnεG
βluminiumTδoppκrGβlloysUUG2022SGZcWSGYWYWWZXd 2

324
wβsκrGβεεitivκGmβnuμβδturinωGoμGnβnoT—inGpβrtiδlκsGrκinμorδκεGnonrqκxnyiGhiωhTκntropyGβlloyG
mβtrixGδompositκsGwithGhiωhGstrκnωthGβnεGεuδtilityUGMaterials Science &amp; Engineering A: 
Structural Materials: Properties, Microstructure and ProcessingSG2022SGcZZSGX[Y]XY

5.3 2
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323
nhβrpyGimpβδtGγκhβviorGβnεGεκμormβtionGmκδhβnismsGoμGnrYaxnYWqκYWnoYWyiX[GhiωhTκntropyG
βlloyGβtGβmγiκntGβnεGδryoωκniδGtκmpκrβturκsUGMaterials Science &amp; Engineering A: Structural 
Materials: Properties, Microstructure and ProcessingSG2022SGcZbSGX[YbZ]

5.3 1

322
—hκGrolκGoμGthκGsoliεiμiδβtionGstruδturκGonGoriκntβtionTεκpκnεκntGhβrεnκssGinGstβinlκssGstκκlGZXawG
proεuδκεGγyGlβsκrGpowεκrGγκεGμusionUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2022SGcZZSGX[Y[dZ

5.3 2

321 lnβlysisGoμGhyεroωκnGtrβppinωGγκhβviourGinGplβstiδβllyGεκμormκεGquκnδhinωGβnεGpβrtitioninωGstκκlGinG
rκlβtionGtoGmiδrostruδturκGκvolutionGγyGphβsκGtrβnsμormβtionUG2022SGdW[SGXa[WXc 0

320 lnisotropiδGγκhβviorGβnεGmκδhβniδβlGpropκrtiκsGoμG—iTallT[VGβlloyGinGhiωhGtκmpκrβturκG
εκμormβtionUG2022SG]bSGa]XTabW 0

319 xiδrostruδturβlGnhβrβδtκristiδsGβnεG–trκnωthκninωGxκδhβnismsGoμGqκrritiδâ��xβrtκnsitiδGouβlT{hβsκG
–tκκlseGlG’κviκwUG2022SGXYSGXWX 2

318 siωhκrTzrεκrGlpproximβtionsGμorG–tβγilizinωGµκroTpnκrωyGxoεκsGinG{κriεynβmiδsGnrystβlG{lβstiδityG
xoεκlsGwithGwβrωκGsorizonGtntκrβδtionsUG2022SG 1

317 –trβinGεistriγutionGvisuβlizβtionGoμGpunδhκεGκlκδtriδβlGstκκlGshκκtsGusinωGnκutronGmrβωωTκεωκG
trβnsmissionGimβωinωUG

316 xβkinωGlowTβlloyκεGstκκlGstronωGβnεGtouωhGγyGεκsiωninωGβGεuβlTphβsκGlβyκrκεGstruδturκUG2022SGYYbSGXXbbWX 1

315 lγnormβlGstrβinGrβtκGstrκnωthκninωGβnεGstrβinGhβrεκninωGwithGδonstitutivκGmoεκlinωGinG
γoεyTδκntκrκεGδuγiδG{ZZY}G—®t{GtitβniumGβlloyUG2022SGYYaSGXXba[X 1

314
qβγriδβtionGoμGmultiTωrβεiκntGhκtκrostruδturκεGnonrqκxnyiGhiωhTκntropyGβlloyGusinωGlβsκrGmκtβlG
εκpositionUGMaterials Science &amp; Engineering A: Structural Materials: Properties, Microstructure 
and ProcessingSG2022SGcZaSGX[YbXc

5.3 1

313 pμμκδtGoμGthκGmiδrostruδturκGoμGsβynκsGYcYGniδkκlTγβsκεGsupκrβlloysGonGoxiεβtionGγκhβviorGunεκrG
oxyTμuκlGδomγustionGδonεitionsUG2022SGXdcSGXXWXXW

312 xiδrostruδturβlGκvolutionGβnεGstrβinGhβrεκninωGγκhβviorGoμGβGnovκlGtwoTstβωκGwβrmGrollκεG
ultrβThiωhGstrκnωthGmκεiumGxnGstκκlGwithGhκtκroωκnκousGstruδturκsUG2022SGX]XSGXWZYXY 2

311 oouγlκThumpκεGstrβinGhβrεκninωGinGβGmκtβstβγlκGμκrrousGmκεiumTκntropyGβlloyGγyGδryoωκniδG
prκTstrβininωGβnεGsuγsκquκntGhκβtGtrκβtmκntUG2022SGYXXSGXX[]XX 1

310 qβtiωuκGδrβδkGinitiβtionGγκhβviorsGβrounεGεκμκδtsGinεuδκεGγyGwκlεinωGthκrmβlGδyδlκGinGsupκrβlloyG
tyaXbmUG2022SGX]cSGXWab[] 1

309  niεirκδtionβlGδolεGrollinωGoμGqκTYXnrT]xnTXU]yiGβlloyGâ��GxiδrostruδturκSGtκxturκGβnεGmβωnκtiδG
propκrtiκsUG2022SG][dSGXadW[W

308 ’κδrystβllizβtionGnuδlκβtionGunεκrGδlosκTsκtG˛·GphβsκGinGβGniδkκlTγβsκεGsupκrβlloyGεurinωGβnnκβlinωUG
2022SGXX]SGXaaTXba 1

307 pμμκδtGoμGtκxturκGonGεκμormβtionGγκhβviorGoμGhκtκroωκnκousGxωTXZrεGβlloyGwithGstrκnωthâ��εuδtilityG
synκrωyUG2022SGXXZSGYbXTYca 0

306 ouβlGlβsκrTγκβmGsynδhronousGsκlμTμusionGwκlεinωGoμG—iâ��allâ��[VGtitβniumGβlloysG—TjointsGγβsκεGonG
prκμβγriδβtκεGwκlεinωGmβtκriβlsUG2022SGXbSGY]aWTY]aW 0
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305 oκtκrminβtionGoμGwoδβtionT–pκδiμiδG–oliεiμiδβtionGnrβδkinωG–usδκptiγilityGμorGβGxixκεGoissimilβrGllloyG
{roδκssκεGγyG®irκTlrδGlεεitivκGxβnuμβδturinωUG2022SGXYSGYc[ 0

304 –κlκδtivκGwβsκrGxκltinωGoμGZW[wGβnεGZXawG–tβinlκssG–tκκlseGlGnompβrβtivκG–tuεyGoμGxiδrostruδturκsG
βnεGxκδhβniδβlG{ropκrtiκsUG 1

303 pvolutionGoμGholκGsurμβδκGintκωrityGinGsuδδκssivκGproδκssinωGusinωGsκquκntiβlGmillinωGβnεGlβsκrGshoδkG
pκκninωUG2022SGb]SGcZZTc]Y 0

302 somoωκnizβtionGtiminωGκμμκδtGonGmiδrostruδturκGβnεGprκδipitβtionGstrκnωthκninωGoμGXbâ��[{sG
stβinlκssGstκκlGμβγriδβtκεGγyGlβsκrGpowεκrGγκεGμusionUG2022SG]YSGXWYabY 0

301 rrβinGγounεβryGsκωrκωβtionGinGstκκlseG—owβrεsGκnωinκκrinωGthκGεκsiωnGoμGintκrnβlGintκrμβδκsUG 1

300 pμμκδtsGoμG{ostGlnnκβlinω´ znGthκGxiδrostruδturκSG{rκδipitβtion´ mκhβviorSGβnεGxκδhβniδβlG
{ropκrty´ zμGβGOnoδrniPd[βlZtiZ´ xκεiumTpntropyGllloy´ qβγriδβtκεGγyGwβsκrG{owεκrGmκεGqusionUG

299 yβnoTxκδhβniδβlG{ropκrtiκsGβnεGznsκtGoμG{lβstiδityGinGqκTxnTllTyiTnGouplκxGwiωhtwκiωhtG–tκκlG
{roδκssκεGγyGsiωhG—κmpκrβturκGnomprκssionUG

298 –upκriorGmκδhβniδβlGpropκrtiκsGoμGβGsκlκδtivκTlβsκrTmκltκεGllµnxωnu–δµrGβlloyGκnβγlκεGγyGβG
tunβγlκGhiκrβrδhiδβlGmiδrostruδturκGβnεGεuβlTnβnoprκδipitβtionUG2022SG]YSGdWTXWX 3

297 siωhG—hκrmβlG–tβγilityGoμGyβnoδrystβllinκGqκniYδomoWUYvWU]GsiωhTpntropyGllloyGγyG—winGmounεβryG
βnεG–luωωishGoiμμusionUG

296 ’κvκβlinωGthκG’olκGoμGsκtκrostruδturβlG{βrβmκtκrsGinGsκtκroToκμormβtionGtnεuδκεG–trκssGoμG
xωTXZωεGllloyUG

295 —hκGoκμormβtionGmκhβviorGoμGthκGrrβεiκntGyβnostruδturκεGxiδrostruδturκGoμGwowTnβrγonG–tκκlG
 nεκrGthκG—κnsilκG–trκssUG

294 tnμluκnδκGxκδhβnismGoμGouδtilityGβnεGtntroεuδtionGoμGyβnoTzxiεκsGinGyiδkκlTmβsκGzo–G–upκrβlloysUG

293 tnμluκnδκGoμG—hκrmomκδhβniδβlG—rκβtmκntGonGoκlβyκεGqrβδturκG{ropκrtyGoμGxoTmκβrinωG
xκεiumTnβrγonG–tκκlUG2022SGaYSGZbbTZcc

292 pμμκδtGoμG–pinninωGoκμormβtionGonGxiδrostruδturκGpvolutionGβnεGxκδhβniδβlG{ropκrtiκsGoμG
llTµnTxωTnuGObWb]PGllloyUGX 0

291 xiδrostruδturκGpvolutionGβnεG{ropκrtiκsGtnεuδκεGγyGxultiT{βssGorβwinωGoμGrrβphκnκVnoppκrG
yβnoδompositκUUG2022SGXYSG 0

290 —κxturκGpvolutionGoμGqriδtionG–tirT{roδκssκεGouβlT{hβsκG–tκκlUG2022SG]ZSGXccdTXdW] 1

289 mounεβryGδhβrβδtκrizβtionGusinωGZoGmβppinωGoμGωκomκtriδβllyGnκδκssβryGεisloδβtionsGinGlxG—βG
miδrostruδturκUGX 0

288 lGouβlT{hβsκG{rκssTsβrεκninωG–tκκlGwithGtmprovκεGxκδhβniδβlG{ropκrtiκsGβnεG–upκriorGzxiεβtionG
’κsistβnδκUGX

(-2022)
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287 xiδrostruδturκsGβnεGxκδhβniδβlG{ropκrtiκsGoμG–tκκlsGβnεGllloysG–uγjκδtκεGtoGwβrωκT–trβinG
nolεTtoT®βrmGoκμormβtionUG2022SGXYSG[][ 0

286 qβδtorsGoistinωuishinωGsyεroωκnTlssistκεGtntκrωrβnulβrGβnεGtntκrωrβnulβrTwikκGqrβδturκsGinGβG
—κmpκrκεGwβthGxβrtκnsitiδG–tκκlUG2022SG]ZSGXa[]TXa]c 1

285 xκδhβnismGoμGnotδhGsκnsitivityGκliminβtionGviβGprκδipitβtinωGwβvκsGphβsκsGβtGωrβinGγounεβriκsGinGβG
lowGκxpβnsionGsupκrβlloyUG2022SG 0

284 pμμκδtGoμGhκβtinωGrβtκGonGthκGrκδrystβllizβtionGγκhβviorGβnεGmκδhβniδβlGpropκrtiκsGoμGβGδolεTrollκεG
µrbWYUG2022SG]bSGaZddTa[XX 0

283
lGδompβrβtivκGstuεyGoμGnuâ��X]yiâ��c–nGβlloyGprκpβrκεGγyGwTopoGβnεGwT{mqeGxiδrostruδturκGβnεG
propκrtiκsUGMaterials Science &amp; Engineering A: Structural Materials: Properties, Microstructure 
and ProcessingSG2022SGc[WSGX[YdZ[

5.3 0

282
—hκGimpβδtGoμGβnnκβlinωGtκmpκrβturκGonGthκGmiδrostruδturκGTG{ropκrtiκsGrκlβtionshipGoμG
rκvκrsionTinεuδκεGβustκnitiδGstβinlκssGstκκlsUGMaterials Science &amp; Engineering A: Structural 
Materials: Properties, Microstructure and ProcessingSG2022SGX[ZXWW

5.3 1

281
’κvκβlinωGthκGrolκGoμGhκtκrostruδturβlGpβrβmκtκrsGinGhκtκroTεκμormβtionGinεuδκεGstrκssGoμG
xωâ��XZrεGβlloyUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2022SGcZdSGX[Yc[[

5.3 0

280
tnTsituGinvκstiωβtionGoμGthκGεκμormβtionGγκhβviorGoμGhκtκroωκnκousTδκllTstruδturκεGyiGwithGβGωooεG
strκnωthTεuδtilityGγβlβnδκUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2022SGc[XSGX[ZWXW

5.3 0

279
—hκGεynβmiδGrκδrystβllizβtionGmκδhβnismGoμGultrβsoniδGpowκrGonGnonTδontβδtGultrβsoniδTβssistκεG
εirκδtGlβsκrGεκpositκεGβlloyGstκκlUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2022SGc[WSGX[YdbX

5.3 0

278
oκsiωnGoμGlowTyiGmβrtκnsitiδGstκκlsGwithGnovκlGδryoωκniδGimpβδtGtouωhnκssGκxδκκεinωGXdW´ uUG
Materials Science &amp; Engineering A: Structural Materials: Properties, Microstructure and Processing
SG2022SGc[WSGX[Yd]d

5.3 0

277
pμμκδtGoμGwβrmTrollinωGonGthκGstrκnωthGβnεGεuδtilityGoμGmultilβyκrκεGδompositκGstκκlUGMaterials 
Science &amp; Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2022SG
c[XSGX[ZW[Z

5.3 0

276 –trκnωthκninωGmκδhβnismGoμGnrnoyiGmκεiumTκntropyGβlloyGμromGthκGpβrtiβllyGrκδrystβllizκεG
struδturκGtoGthκGμullyGrκδrystβllizκεGhκtκroωκnκousGstruδturκUG2022SGXcaSGXXXbd] 1

275 xκδhβniδβlGγκhβviourGβnεGmiδromκδhβniδβlGmoεκllinωGoμGmκεiumTxnGstκκlGmiδrostruδturκG
κvolutionUG2022SGYYWSGXWbX]X 1

274 sotGtκnsilκGεκμormβtionGmκδhβnismGβnεGmiδrostruδturκGκvolutionGoμGxωGYyεGβlloyGwithG
hκtκrostruδturκUG2022SGXcaSGXXXbdY 1

273
nompβrisonGstuεyGoμGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGstβnεβrεGβnεGεirκδtTβωinωGhκβtG
trκβtκεGsupκrβlloyGtnδonκlGbWaUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2022SGcZdSGX[YcZa

5.3 1

272
nrκκpGεκμormβtionGphκnomκnβGinGnκβrTsurμβδκGδβrγurisκεGlβyκrsGoμGZXasGstβinlκssGstκκlsUGMaterials 
Science &amp; Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2022SG
c[YSGX[ZWYd

5.3

271 xiδrostruδturκGκvolutionGoμGωrβphκnκGrκinμorδκεGnuVnκzYVnrGκlκδtriδβlGδontβδtGmβtκriβlsGunεκrG
thκrmβlGεκμormβtionGγκhβviorUG2022SGXcSGX[XYTX[YZ 3

270 pμμκδtGoμGstrβinGrβtκTinεuδκεGmiδrostruδturκGonGmκδhβniδβlGγκhβviorGoμGεuβlTphβsκGstκκlUG2022SGXcSGYWdZTYXWZ 0
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269 nomprκssivκGstrκssGβnεGshκβrGstrκssGonGthκGεκμormβtionGmκδhβnismGoμGxωTXZrεT[Yâ��YµnTWU]µrGβlloyG
βtGεiμμκrκntGεκμormβtionGtκmpκrβturκsUG2022SGXcSGXcWYTXcYX 0

268 pxpκrimκntβlGδhβrβδtκrizβtionGβnεGδrystβlGplβstiδityGmoεκlinωGoμGεuβlTphβsκGstκκlsGsuγjκδtκεGtoG
strβinGpβthGrκvκrsβlsUG2022SGXacSGXW[YdZ 0

267 —κmpκrβturκTεκpκnεκntGδyδliδGεκμormβtionGγκhβviorGoμGnonrqκxnyiGhiωhTκntropyGβlloyUG2022SGXaWSGXWacaZ 0

266 ˛–TxωVw{–zGOwonωT{κrioεG–tβδkinωGzrεκrκεPGphβsκGintκrμβδκsGβsGoγstβδlκsGβωβinstGεisloδβtionGslipGinG
βsTδβstGxωTµnTYGβlloysUG2022SGX][SGXWZYd[ 2

265 ’κvκβlinωGthκGinμluκnδκGoμGultrβsounεVhκβtGtrκβtmκntGonGmiδrostruδturκGκvolutionGβnεGtκnsilκG
μβilurκGγκhβviorGinGZoTprintinωGoμGtnδonκlGbXcUG2022SGZW]SGXXb]b[ 0

264 pnhβnδκεGsupκrplβstiδityGβδhiκvκεGγyGεisδlinβtionTεisloδβtionGrκβδtionsGinGβGμinκTωrβinκεG
lowTβlloyκεGmβωnκsiumGsystκmUG2022SGX][SGXWZZWW 0

263 xκltGμlowinωGγκhβviorsGβnεGmiδrostruδturκGκvolutionGεurinωGlβsκrGoμμsκtGwκlεinωGoμGεissimilβrG
mκtβlsGγκtwκκnGlsZaGβnεGZW[GstκκlsUG2022SGX]XSGXWcWY[ 0

262 —βilorinωGsκtκroωκnκousGxiδrostruδturκGinGβGsiωhT–trκnωthGwowTllloyG–tκκlGμorGpnhβnδκεG
–trκnωthT—ouωhnκssGmβlβnδκUG2021SGXXSGXdcZ 0

261 —βilorinωGlµdXGlβminβtκsGμorGδomγinβtionGoμGstrκnωthGβnεGεuδtilityUG2021SGZXSGZbWZTZbXc 1

260 pμμκδtGoμGoκμormβtionG–κquκnδκGβnεGnoilinωGnonεitionsGonG{rκδipitβtionG–trκnωthκninωGinGsiωhG
—iâ��yγTxiδroβlloyκεG–tκκlsUG2022SG]ZSGYYbW 1

259 pμμκδtsGoμGδβrγonGβnεGmolyγεκnumGonGthκGnβnostruδturβlGκvolutionGβnεGstrκnωthVεuδtilityG
trβεκToμμGinGqκ[Wxn[WnoXWnrXWGhiωhTκntropyGβlloysUG2022SGXa]XWc 4

258 —hκGmκδhβnismGoμGμirκGrκsistβnδκGoμGβGlowGδβrγonGhiωhTstrκnωthGmultiTμunδtionβlGstκκlGμorGγuilεinωG
δonstruδtionUG2022SG]bSGbbWaTbbXc 0

257 tnμluκnδκGoμGwβrmGrollinωGtκmpκrβturκGonGmultiTsδβlκGlβmκllβrGstruδturκGβnεGmκδhβniδβlGpropκrtiκsG
oμGmκεiumGδβrγonGstκκlUG2022SG 0

256 xiδrostruδturκGβnεGhiωhTtκmpκrβturκGmκδhβniδβlGpropκrtiκsGoμG—{ZXWsnγyGwκlεκεGjointUG2022SGXcSGZZdaTZ[Wd

255 tnvκrsionGoμGεisloδβtionGεκnsitiκsGunεκrGmixκεGmoεκGμrβδturκUG2022SGXZcSGXWaZXX 0

254 lGδomγinκεGpm–oVnβnoinεκntβtionGstuεyGoμGεisloδβtionGεκnsityGωrβεiκntsGnκβrGωrβinGγounεβriκsGinG
βGμκrritiδGstκκlUG2022SGXXWSGYWZ

253 syεroωκnTlδδκlκrβtκεGqβtiωuκGnrβδkGrrowthGoμGpquiβtomiδGqκâ��nrâ��yiâ��xnâ��noGsiωhTpntropyGllloyG
pvβluβtκεGγyGnompβδtG—κnsionG—κstinωUG

252 xiδrostruδturκGpvolutionGoμG®TXUWGxTµroYGllloyGourinωGsiωhG—κmpκrβturκGoκμormβtionUG
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251 oynβmiδG’κδrystβllizβtionGmκhβviorGβnεG–trκnωthκninωGxκδhβnismGoμGxωTrεTYTµnTµrGllloyGourinωG
tsothκrmβlGxεμG{roδκssUG

250 tnμluκnδκGoμGnoq®G{roδκssG{βrβmκtκrsGonGxiδrostruδturκGβnεGxκδhβniδβlG{ropκrtiκsGoμG b]VG’βilG
–tκκlG®κlεκεGuointUG2022SGXYSGbXX

249 tnvκstiωβtionGoμGhyεroωκnGκmγrittlκmκntGpropκrtiκsGoμGyiTγβsκεGβlloyGbXcGμβγriδβtκεGviβGlβsκrG
powεκrGγκεGμusionUG2022SG 0

248 mimoεβlGδoβrsκTωrβinκεGβnεGunimoεβlGultrβμinκTωrβinκεGγioεκωrβεβγlκGµnTWU]xnGβlloyeG–upκrplβstiδG
mκδhβnismGβnεGshortTtκrmGγioδompβtiγilityGinGvivoUG2022SGXWZaaW 0

247 oβmβωκGxiδromκδhβnismsGinGqriδtionG–tirT®κlεκεGo{aWWG–tκκlGεurinωG niβxiβlG—κnsilκG
oκμormβtionUG 0

246 xκδhβnistiδGzriωinGoμGzriκntβtionToκpκnεκntG–uγstruδturκGpvolutionGinGlluminumGβnεG
lluminumTxβωnκsiumGllloysUGX 0

245
’κδrystβllizβtionGγκhβviorGβnεGphβsκGtrβnsμormβtionGinGβGhotTrollκεGpurκGδoγβltGεurinωGβnnκβlinωGβtG
thκGκlκvβtκεGtκmpκrβturκUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2022SGc[]SGX[ZXbc

5.3 1

244
tnsiωhtGintoGthκGimpβδtGoμGmiδrostruδturκGonGδrβδkGinitiβtionVpropβωβtionGγκhβviorGinGδβrγiεκTμrκκG
γβinitiδGstκκlGεurinωGtκnsilκGεκμormβtionUGMaterials Science &amp; Engineering A: Structural 
Materials: Properties, Microstructure and ProcessingSG2022SGc[aSGX[ZXb]

5.3 0

243 lGhiωhTκntropyGβlloyGwithGεisloδβtionTprκδipitβtκGskκlκtonGμorGultrβstrκnωthGβnεGεuδtilityUG2022SGYZYSGXXbdb] 4

242
—hκGεκμormβtionGγκhβviorGoμGthκGωrβεiκntGnβnostruδturκεGmiδrostruδturκGoμGlowTδβrγonGstκκlG
unεκrGthκGtκnsilκGstrκssUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2022SGc[[SGX[ZYWd

5.3 0

241
’κδonstruδtinωGεuβlTphβsκGnβnomκtκrGsδβlκGωrβinsGwithinGβGpκβrlitiδGstκκlGtipGinGZoGthrouωhG
[oTsδβnninωGprκδκssionGκlκδtronGεiμμrβδtionGtomoωrβphyGβnεGβutomβtκεGδrystβlGoriκntβtionG
mβppinωUUG2022SGYZcSGXXZ]Za

240 znGmultiβxiβlGδrκκpâ��μβtiωuκGδonsiεκrinωGthκGnonTproportionβlGloβεinωGκμμκδteGnonstitutivκG
moεκlinωSGεκμormβtionGmκδhβnismSGβnεGliμκGprκεiδtionUG2022SGXWZZZb 0

239 VoiεGqormβtionGβnεGnrβδkG{ropβωβtionGinGβGxκtβstβγlκGlustκnitiδG–tβinlκssG–tκκlGourinωGmκnεinωUG

238 pμμκδtivκG–trκnωthκninωGβnεG—ouωhκninωGinGµnTXmωGllloyGwithGmimoεβlGrrβinG–truδturκGlδhiκvκεGγyG
nonvκntionβlGpxtrusionUG

237 pμμκδtsGoμGoistriγutionsGoμGnonstituκntG{hβsκsGonGxκδhβniδβlG{ropκrtiκsGoμGnâ��–iâ��xnGouβlTphβsκG
–tκκlUG2022SGXWcSGZbWTZcY

236 pμμκδtGoμGthκGβnisotropyGoμGmβrtκnsitiδGtrβnsμormβtionGonGμκrritκGεκμormβtionGinGouβlT{hβsκGstκκlsUG
2022SGXXWcW] 0

235 pμμκδtsGoμG}uκnδhinωGβnεG—κmpκrinωGsκβtG—rκβtmκntG{roδκssinωGonGthκGxiδrostruδturκGβnεG
{ropκrtiκsGoμGsiωhT–trκnωthGsullG–tκκlUG2022SGXYSGdX[

234 siωhκrTzrεκrGlpproximβtionsGμorG–tβγilizinωGµκroTpnκrωyGxoεκsGinGyonTzrεinβryG–tβtκTmβsκεG
{κriεynβmiδsGxoεκlsUGXTXb
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233
syεroωκnTβδδκlκrβtκεGμβtiωuκGδrβδkGωrowthGoμGκquiβtomiδGqκâ��nrâ��yiâ��xnâ��noGhiωhTκntropyGβlloyG
κvβluβtκεGγyGδompβδtGtκnsionGtκstinωUGMaterials Science &amp; Engineering A: Structural Materials: 
Properties, Microstructure and ProcessingSG2022SGX[ZZd[

5.3

232 pμμκδtGoμGεiμμκrκntGstrβinsGonGβδiδulβrGμκrritκGβnεGmβrtκnsitκTβustκnitκGislβnεsGinGoxiεκGmκtβllurωyG
stκκlUG2022SG

231 pxplorinωGthκGsκβtG—rκβtmκntG{βrβmκtκrsSGxiδrostruδturβlGpvolutionSGβnεGxκδhβniδβlG{ropκrtiκsGoμG
—iâ��allâ��[VGllloyGqβγriδβtκεGγyGβG–κlκδtivκGwβsκrGxκltinωG{roδκssUG

230
siωhGthκrmβlGstβγilityGoμGnβnoδrystβllinκGqκyiYnoxoWUYVWU]GhiωhTκntropyGβlloyGγyGtwinGγounεβryG
βnεGsluωωishGεiμμusionUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2022SGX[ZZdd

5.3 0

229 lGδritiδβlGrκviκwGonGmκεiumTxnGstκκlseGxκδhβniδβlGpropκrtiκsGωovκrnκεGγyGmiδrostruδturβlG
morpholoωyUG 0

228 –trκnωthκninωGoμG ltrβμinκGwβmκllβrT–truδturκεGxβrtκnsitκG–tκκlGviβG—κmpκrinωTtnεuδκεG
yβnoprκδipitβtionUG

227 oynβmiδGrκδrystβllizβtionGoμG–nGδoβtinωsGonGδβrγonTμiγκrTrκinμorδκεGplβstiδsGεurinωGδolεGsprβyG
βεεitivκGmβnuμβδturinωUG2022SGXWYd[d 0

226 pμμκδtGoμGxiδrostruδturκGonGqβtiωuκTnrβδkG{ropβωβtionGoμGXcnryixobTaGsiωhT–trκnωthG–tκκlUG2022SG
XaZSGXWbWYb 1

225 pμμκδtsGoμG—hκrmβlGoκμormβtionGβnεGsκβtG—rκβtmκntGonGxiδrostruδturκGβnεG—κxturκGoμGsotG
tsostβtiδG{rκssurκεG—iTaβlT[vGllloyUG

224 YiκlεG{ointG{hκnomκnonGtnεuδκεGγyG—winninωGlδδompβniκεGγyGlγnormβlGrrβinGrrowthGinG
qinκTrrβinκεGnoppκrUG2022SG

223 pμμκδtsGoμG—hκrmβlGoκμormβtionGβnεGsκβtG—rκβtmκntGonGxiδrostruδturκGβnεG—κxturκGoμGsotG
tsostβtiδG{rκssurκεG—iTaβlT[vGllloyUG

222 –trκnωthκninωGoμGouplκxG–tβinlκssG–tκκlG{roδκssκεGγyGpquβlGnhβnnκlGlnωulβrG{rκssinωGOpδβpPUG

221 lnnκβlinωTinεuδκεGrκδrystβllizβtionGoμGironGβμtκrGhiωhGprκssurκGtorsionGβtGcWGvUG2022SGXYSGd[Tdd

220
yβnoTmκδhβniδβlGpropκrtiκsGβnεGonsκtGoμGplβstiδityGinGqκâ��xnâ��llâ��yiâ��nGεuplκxGliωhtwκiωhtGstκκlG
proδκssκεGγyGhiωhGtκmpκrβturκGδomprκssionUGMaterials Science &amp; Engineering A: Structural 
Materials: Properties, Microstructure and ProcessingSG2022SGX[Z[cb

5.3 0

219
xβnipulβtinωGthκGmiδrostruδturκGoμGnuGμromGεirκδtGδurrκntGκlκδtroεκpositionGwithoutGβεεitivκsGtoG
ovκrδomκGthκGstrκnωthTεuδtilityGtrβεκToμμUGMaterials Science &amp; Engineering A: Structural 
Materials: Properties, Microstructure and ProcessingSG2022SGX[Z[dd

5.3 0

218 oynβmiδG’κδrystβllizβtionGxκδhβnismGβnεG{rκδipitβtionGmκhβviorGoμGxωTarεTZYTZ–mTWU]µrGllloyG
ourinωGsotGnomprκssionUG 1

217
{rominκntGworkGhβrεκninωGβnεGultrβhiωhGyiκlεGstrκnωthGγothGrκβlizκεGinGZxnGstκκlGmultiplyGβlloyκεG
withGnuVyiVllVVUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2022SGc[dSGX[Z[bZ

5.3 1

216
oynβmiδGrκδrystβllizβtionGβnεGεκμormβtionGmoεκlGoμG˛†TquκnδhκεGµrT[GβlloyGsuγjκδtκεGtoGκlκvβtκεG
tκmpκrβturκGδomprκssionUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2022SGc[dSGX[Z[bY

5.3 0
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215 –tuεyGoμGωrβinGγounεβryGoriκntβtionGωrβεiκntsGthrouωhGδomγinκεGκxpκrimκntsGβnεGstrβinGωrβεiκntG
δrystβlGplβstiδityGmoεκlinωUG2022SGX]aSGXWZZaW 0

214 nolεGεwκllGγκhβviourGoμG—iallGβlloyeG nεκrstβnεinωGloβεGshκεεinωGusinωGεiωitβlGimβωκGδorrκlβtionG
βnεGεisloδβtionGγβsκεGδrystβlGplβstiδityGsimulβtionsUG2022SGXYcSGY][TYbY 0

213 nryoωκniδGplκδtropulsinωGtnεuδκεGxiδrostruδturκGzptimizβtionGoμGβGnolεT’ollκεGnoδrμκmnniG
siωhTpntropyGllloyUG

212 tnsiωhtsGintoGthκGstrβinGrβtκGonGmiδrostruδturκGκvolutionGoμGδβrγiεκTμrκκGγβinitiδGstκκlUG

211 xκδhβniδβlG{ropκrtiκsGβnεGxiδrostruδturκGpvolutionGoμG{rκTstrκtδhκεGlluminumGllloyGlμtκrG
tnεuδκεGplκδtroT{ulsinωG—rκβtmκntUG 0

210
–imultβnκouslyGκnhβnδκεGmκδhβniδβlGpropκrtiκsGβnεGκlκδtriδβlGpropκrtyGoμGnuTYGwtLGlωGβlloyG
mβtrixGδompositκsGwithGβnβloωyTγiδontinuousGstruδturκsGδonstruδtκεGviβGinTsituGsynthκsizκεG
ωrβphκnκGnβnoplβtκlκtsUG2022SG

1

209 —hκGmiδrostruδturκGκvolutionGβnεGβγnormβlGyiκlεGβsymmκtryGoμGκxtruεκεGxωTXWrεTWU]µrGβlloyUG
2022SGXdSG[WZXT[W[Z 0

208 {rκpβrβtionGβnεGμorminωGmκδhβnismGoμGultrβthinTwβllκεGyiTnuGβlloyGtuγκsGwithGsuγmiδromκtκrG
struδturκsGγyGγβllGspinninωUG 0

207 wiμκGprκεiδtionGβnεGεβmβωκGβnβlysisGoμGδrκκpTμβtiωuκGδomγinκεGwithGhiωhTlowGδyδlκGloβεinωGγyGusinωG
βGδrystβlGplβstiδityTγβsκεGβpproβδhUG2022SGXWbX][ 1

206  ltrβsoniδGviγrβtionTinεuδκεGthinninωGoμGintκrmκtβlliδGδompounεGlβyκrsGinGμriδtionGstirGwκlεinωGoμG
εissimilβrGllVxωGβlloysUGXTc 0

205 {rκδipitβtionGβnεGhκtκroωκnκousGstrκnωthκnκεGnonryiTγβsκεGmκεiumGκntropyGβlloyGwithGκxδκllκntG
strκnωthTεuδtilityGδomγinβtionGμromGroomGtoGδryoωκniδGtκmpκrβturκsUG

204 nrystβlGplβstiδityGsimulβtionGoμGinTωrβinGmiδrostruδturβlGκvolutionGεurinωGlβrωκGεκμormβtionGoμG
tqTstκκlUG2022SGXXcXab 0

203 pstβγlishmκntGoμGuniμiκεGδrκκpâ��μβtiωuκGliμκGprκεiδtionGunεκrGvβriousGtκmpκrβturκsGβnεG
invκstiωβtionGoμGμβilurκGphysiδβlGmκδhβnismGμorG—ypκGZW[GstβinlκssGstκκlUG

202
xiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμG—iâ��xωGliωhtwκiωhtGhκtκrostruδturκεGmβtκriβlsUG
Materials Science &amp; Engineering A: Structural Materials: Properties, Microstructure and Processing
SG2022SGc]WSGX[Z]aW

5.3 0

201
xiδrostruδturβlGκvolutionGβnεGmκδhβniδβlGγκhβviorGoμGβεεitivκGmβnuμβδturκεGXbT[´ {sGstκκlGwithGβG
pκrioεiδGlβyκrGstruδturκUGMaterials Science &amp; Engineering A: Structural Materials: Properties, 
Microstructure and ProcessingSG2022SGc[dSGX[Z]Yb

5.3 0

200  ltrβstronωGβnεGεuδtilκGβεεitivκlyGmβnuμβδturκεGprκδipitβtionThβrεκninωGmκεiumTκntropyGβlloyGβtG
βmγiκntGβnεGδryoωκniδGtκmpκrβturκsUG2022SGYZaSGXXcX[Y 0

199 yκwGinsiωhtGintoGthκGrolκGoμGmiδrosδβlκGrκsiεuβlGstrκssκsGonGinitiβlGδorrosionGγκhβviorGoμG—iZ]GβlloyUG
2022SGYWaSGXXW[dX 0

198 nrβδksGβnεGproδκssGδontrolGinGlβsκrGpowεκrGγκεGμusionGoμGllTµnTxωGβlloyUG2022SGcXSG]bXT]bd 2
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197 xiδrostruδturκGκvolutionGβnεGκnhβnδκεGmκδhβniδβlGpropκrtiκsGinGllTxnGβlloyGrκinμorδκεGγyGmTεopκεG
—inGpβrtiδlκsUG2022SGYYXSGXXWdWa 1

196 xiδrostruδturκGκvolutionGoμG®TXUW´ mTµrzYGβlloyGεurinωGhiωhGtκmpκrβturκGεκμormβtionUG2022SGdYXSGXaaX]Z 0

195 ’κvκβlinωGthκGκμμκδtsGoμGδonδomitβntGωrβinGδoβrsκninωGβnεGrκμinκmκntGonGthκGintκrnβlGvβriβγlκG
κvolutionGβnεGmκδhβniδβlGpropκrtiκsGoμGωrβεiκntGnβnostruδturκεGniδkκlUG2022SGXW[WcW

194 xκδhβniδβlGpropκrtiκsGoμGμriδtionGinεuδκεGnβnoδrystβllinκGpκβrlitiδGstκκlUG2022SGXYSG

193 ’βtδhκtinωTinεuδκεGtwinninωVεκTtwinninωGγκhβviorsGinGβGZXawyGβustκnitiδGstβinlκssGstκκlUGMaterials 
Science &amp; Engineering A: Structural Materials: Properties, Microstructure and ProcessingSG2022SGX[Za[c5.3 0

192 tntκrμβδiβlGvoiεsGβnεGmiδrostruδturκGκvolutionSGγonεinωGγκhβviorGβnεGεκμormβtionGmκδhβnismGoμG
—n[GεiμμusionGγonεκεGjointsUG2022SGcXSGcZbTc]X 1

191 }uβntitβtivκGinvκstiωβtionGonGthκGδrβδkGκvolutionGγκhβviorGμorGδrκκpTμβtiωuκGtκstGoμGnrxoVGstκκlG
wκlεκεGjointUG2022SGXa[SGXWbX]d

190 xiδrostruδturβlGβnεGmκδhβniδβlGδhβrβδtκrizβtionsGonGnuGmβδhinκεGβnεGsiεκwisκGpolishκεGγyG
μκmtosκδonεGlβsκrUG2022SGX[ZcZ[

189 pμμκδtGoμGpxtrusionGnomγinβtionG—ypκsGonGxiδrostruδturκGβnεGxκδhβniδβlG{ropκrtiκsGoμGthκG
lµZXVr®XWZvGmimκtβlliδGnompositκG{lβtκsUG 0

188 —ouωhκninωGβnεGsβrεκninωGwimitκεGµonκGoμGsiωhT–trκnωthG–tκκlGthrouωhGrκomκtriδβllyGyκδκssβryG
oisloδβtionG®hκnGpxposκεGtoGplκδtropulsinωUG2022SGX]SG]c[b

187  ltrβstronωGβnεGstrκssGδorrosionGδrβδkinωTrκsistβntGmβrtκnsitiδGstκκlsUG2022SGXXcYdX

186 pμμκδtGoμGpostThκβtGtrκβtmκntGonGmiδrostruδturκGβnεGpropκrtiκsGoμGps[bGstκκlGnrslµUGXTXZ

185 qriδtionG–tirG{roδκssinωGoμGnolεT–prβyκεGsiωhTpntropyGllloyG{βrtiδlκsG’κinμorδκεGlluminumGxβtrixG
nompositκseGnorrosionGβnεG®κβrG{ropκrtiκsUG 1

184 syεroωκnTβssoδiβtκεGεκδohκsionGβnεGloδβlizκεGplβstiδityGinGβGhiωhTxnGβnεGhiωhTllGtwoTphβsκG
liωhtwκiωhtGstκκlUG2022SGXXcYda 1

183 siωhTstrκnωthGllnonrqκyiYUXGκutκδtiδGhiωhGκntropyGβlloyGwithGultrβμinκGlβmκllβGstruδturκGviβG
βεεitivκGmβnuμβδturinωUG2022SGc][SGX[ZcXa 2

182 –ynκrωistiδGκμμκδtGoμGprκδipitβtionGstrκnωthκninωGβnεGmultiThκtκrostruδturκGonGthκGimprovκmκntGoμG
strκnωthGβnεGεuδtilityGinGyγnTrκinμorδκεGqκxnnonrGhiωhGκntropyGβlloysUG2022SGc]ZSGX[Zabd 0

181 –tuεyGoμGmiδrostruδturκTpropκrtyGδorrκlβtionsGinGεuβlGphβsκGstκκlsGμorGβδhiκvinωGκnhβnδκεGstrκnωthG
βnεGrκεuδκεGstrβinGpβrtitioninωUG2022SGY]SGXWX]YY 0

180 pμμκδtGoμGhiωhGtκmpκrβturκGhκβtGtrκβtmκntGonGmiδrostruδturκGβnεGpropκrtiκsGoμGqκnonryillG
hiωhTκntropyGβlloyGlβsκrGδlβεεinωGlβyκrUG2022SGXdXSGXXYXZb 1
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179 —βilorinωGmiδrostruδturκGwithGspβtiβlGhκtκroωκnκityGinGnonrqκxnyiGhiωhTκntropyGβlloyGviβGlβsκrG
surμβδκGrκlβxβtionUG2022SGc]YSGX[ZbYW 0

178 lGstuεyGoμGεκμormβtionGγκhβviorGβnεGstβγilityGoμGrκtβinκεGβustκnitκGinGδβrγiεκTμrκκGγβinitiδGstκκlG
εurinωGnβnoinεκntβtionGproδκssUG2022SGYWSGYYYXTYYZ[ 0

177 syεroωκnGuptβkκGinεuδκεGγyGnzYGκnhβnδκsGhyεroωκnGκmγrittlκmκntGoμGironGinGhyεroωκnGγlκnεκεG
nβturβlGωβsUG2022SGYWbSGXXW]d[

176 pμμκδtsGoμGthκGnuzGβεεitivκGnβnopβrtiδlκsGonGthκGintκrnβlGstrβinGhomoωκnizβtionGβnεGmiδrostruδturκG
κvolutionGinGlωT–nzYGδompositκsUG2022SGXdYSGXXYYXY 0

175 norrκlβtinωGinTplβnκGstrκnωthGβnisotropyGwithGitsGmiδrostruδturβlGδountκrpβrtGμorGβGhotGrollκεGlinκG
pipκGstκκlUG2022SGXddSGXW[b]Z

174 pμμκδtsGoμGquκnδhinωGmκεiumGβnεGtκmpκrinωGtκmpκrβturκGonGmiδrostruδturκsSGmκδhβniδβlG
propκrtiκsSGβnεGμβtiωuκGγκhβviorGoμGpl[—GstκκlUG2022SGXa]SGXWbXbd 0

173 pμμκδtsGoμGpostGβnnκβlinωGonGthκGmiδrostruδturκSGprκδipitβtionGγκhβviorSGβnεGmκδhβniδβlGpropκrtyGoμG
βGOnonryiPd[llZ—iZGmκεiumTκntropyGβlloyGμβγriδβtκεGγyGlβsκrGpowεκrGγκεGμusionUG2023SGXZ]SGX[YTX]] 0

172 tmplκmκntβtionGoμGpxδκptionβlGxiδrostruδturκsGβnεGxκδhβniδβlG{ropκrtiκsGoμG–truδturβlGnβrγonG
–tκκlG—uγκsGγyGqriδtionG®κlεinωUG2022SGaZSGXZZbTXZ[[ 0

171 –trβinGhβrεκninωGinGtwinninωTinεuδκεGplβstiδityGstβinlκssGstκκlGproεuδκεGγyGlβsκrGpowεκrGγκεGμusionUG
2022SGc]]SGX[ZccY 0

170 znGthκGimpβδtGoμGnβnosδβlκG˛‡â��â��GprκδipitβtκsGonGthκGmβusδhinωκrGκμμκδtGinGsinωlκTGβnεGpolyδrystβlG
yiTγβsκGsupκrβlloyGbXcUG2022SGc]aSGX[[WWc 0

169 oκμormβtionGtκmpκrβturκGimpβδtsGonGthκGmiδrostruδturκGκvolutionGβnεGmκδhβniδβlGpropκrtiκsGoμGβG
novκlGmκεiumThκβvyGβlloyGOxslPUG2022SGc]aSGX[[WW] 0

168 —hκGpμμκδtsGoμG{rκTnonsoliεβtionGsκβtG—rκβtmκntGonGthκG—κnsilκGβnεGqrβδturκG—ouωhnκssGmκhβviorG
oμGthκG’βpiεlyG–oliεiμiκεGxωâ��µnâ��Yâ��llGllloysUG2022SGaZSGXZdaTX[W] 0

167 VβriβtionGinGγκnεinωGεκμormβtionGγκhβviorGβnεGimprovκmκntGinGγκnεβγilityGoμGκxtruεκεGpurκGxωG
throuωhGrεGβεεitionUG2022SGc]]SGX[Zd[W 0

166 xiδrostruδturκGnhβrβδtκristiδGβnεG—κxturκGpvolutionGoμG—mXcG—itβniumGllloyGεurinωGsotG
nomprκssionGinGthκG˛†G{hβsκGµonκUG2022SGaZSGX[XaTX[Y[ 0

165 lltκrβγlκGtκnsionTδomprκssionGβsymmκtryGinGworkGhβrεκninωGoμGβnGβεεitivκlyGmβnuμβδturκεG
εuβlTphβsκGhiωhTκntropyGβlloyUG2022SGX]cSGXWZ[ZY 0

164 tmprovκεGδorrosionGrκsistβnδκGβδhiκvκεGinGβGμriδtionGstirGproδκssκεGxωT]µnTWUZnβGβlloyGwithG
μrβωmκntκεGprκδipitβtκsUG2022SGYWcSGXXWab] 0

163 —owβrεsGZToGtκxturκGδontrolGinGβG˛†GtitβniumGβlloyGviβGlβsκrGpowεκrGγκεGμusionGβnεGitsGimpliδβtionsGonG
mκδhβniδβlGpropκrtiκsUG2022SG]dSGXWZXXX 0

162 qβγriδβtionGoμGstruδturβlGβnεGδompositionβlGhκtκrostruδturκεGnonryiâ��nonrqκxnyiGmultiTmβtκriβlG
usinωGεirκδtGκnκrωyGεκpositionGβεεitivκGmβnuμβδturinωUG2022SGX]XSGXWbbYa 0
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161 xiδrostruδturκGκvolutionGβnεGhβrεnκssGoμG–ZWnGδβrγonGstκκlGproεuδκεGγyGpowεκrGγκεGμusionGusinωG
βnGκlκδtronGγκβmGβnεGsuγsκquκntGhκβtGtrκβtmκntsUG2022SGZYcSGXZZWda 0

160 sκtκrostruδturκεGmβtκriβlsUG2023SGXZXSGXWXWXd 6

159 xκδhβniδβlGmκhβviorGoμGmulkGyβnostruδturκεGβnεGsκtκrostruδturκεGxκtβlsUG2022SG 0

158 nryoωκniδG’ollinω´ tmpβδtsGonGxiδrostruδturκsGβnεG{ropκrtiκsGoμGβGyovκlGxκεiumGsκβvyGllloyUG 0

157 xixκεG—ypκGmrittlκGqrβδturκGinGXU]Gr{lGouβlT{hβsκG–tκκlGViβG{XWW}GqκrritκGnlκβvβωκGnrβδkinωUG 0

156 xiδrostruδturκGqκβturκsGβnεGnβrγonG{βrtitioninωGoμGwowG—κmpκrβturκGmβinitiδG–tκκleG—hκGpμμκδtGoμG
xβωnκtiδGqiκlεUG 0

155 oκμormβtionG—κmpκrβturκGtmpβδtsGonGthκGxiδrostruδturκGpvolutionGβnεGxκδhβniδβlG{ropκrtiκsGoμGβG
yovκlGxκεiumTsκβvyGllloyGOxhβPUG 0

154 tnvκstiωβtionGoμGmκδhβniδβlGpropκrtiκsGoμGlβsκrGwκlεκεGεuβlTphβsκGstκκlsGβtGmβδroGβnεGmiδroGlκvκlsUG
2023SGX]bSGXWcbXZ 0

153 woδβlGmiδrostruδturκGβnεGmκδhβniδβlGδhβrβδtκristiδsGoμGslµGβnεGtκnsilκGγκhβviorGoμGlβsκrGwκlεκεG
}{dcWGjointsUG2022SGc][SGX[ZcaY 0

152 pμμκδtGoμGxiδrostruδturκGonGtmpβδtG—ouωhnκssGβnεGqβtiωuκG{κrμormβnδκGinGnoβrsκTrrβinκεG
sκβtTlμμκδtκεGµonκGoμGmβinitiδG–tκκlG®κlεsUG 0

151 pμμκδtGoμGqκGβnεGnGnontκntsGonGthκGxiδrostruδturκGβnεGsiωhT—κmpκrβturκGxκδhβniδβlG{ropκrtiκsGoμG
tyaY]GllloyG{roδκssκεGγyGwβsκrG{owεκrGmκεGqusionUG2022SGX]SGaaWa 0

150 pμμκδtGoμG{hβsκT–κlκδtivκGyβnosδβlκG{rκδipitβtκsGonGthκGmβusδhinωκrGpμμκδtGinGlustκnitiδâ��qκrritiδG
ouplκxG–tβinlκssG–tκκlsUG2022SG]ZSGZdWaTZdXb 0

149 }uβsiGinTsituGstuεyGonGthκGslipGβδtivβtionGmκδhβnismGoμGhiωhGpurityGtβntβlumGεurinωGδomprκssG
εκμormβtionUG2022SGYWSG[WWcT[WXb 0

148 pμμκδtivκGstrκnωthκninωGβnεGtouωhκninωGinGµnâ��XxωGβlloyGwithGγimoεβlGωrβinGstruδturκGβδhiκvκεGγyG
δonvκntionβlGκxtrusionUG2022SGc][SGX[Zc]W 1

147 sotGnomprκssionGoκμormβtionGmκhβviorGβnεGxiδrostruδturκGoμGlsTnβstGβnεGsomoωκnizκεGllYXd]G
llTwiGllloyUG2022SGXYSGX]cW 1

146 ’oomGβnεGsiωhG—κmpκrβturκG—κnsilκG’κsponsκsGoμG—iγYTrrβphκnκGllGbWb]GsyγriεGnompositκG
{roδκssκεGthrouωhG–quκκzκGnβstinωUG2022SGXYSGZXY[ 0

145 oκsiωnGmκtβstβγilityGinGhiωhTκntropyGβlloysGγyGtβilorinωGunstβγlκGμβultGκnκrωiκsUG2022SGcSG 1

144 —βilorinωGthκG{roδκssinωG’outκGtoGzptimizκGthκG–trκnωthâ��—ouωhnκssGnomγinβtionGoμG{κβrlitiδG–tκκlUG
2022SG]ZSGZc]ZTZcac 1
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143 tnμluκnδκGoμGvβriousGinitiβlGmiδrostruδturκsGonGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtyGoμGpnl{G
proδκssκεGxωTcU[wiTZU]cllTWUZa–iTWUW]—iTWUWXmGβlloysUG2022SGX[[WYY 0

142 xiδrostruδturκSGεκμormβtionGγκhβviorsGβnεGryoGεκnsityGκvolutionGoμG—iTllGlβminβtκεGδompositκsG
unεκrGthκGinδrκmκntβlGδomprκssionGtκstUG2022SGXW[aW] 0

141 oynβmiδGrκδrystβllizβtionGγκhβviorGβnεGstrκnωthκninωGmκδhβnismGoμGxωTrεTYTµnTµrGβlloyGεurinωG
isothκrmβlGxoqGproδκssUG2022SG 0

140 ’olκGoμGplβnβrGμβultsGinGmβrtκnsitκGμormβtionGinGnβnoTpolyδrystβllinκGironGγyGmolκδulβrGεynβmiδsG
simulβtionUG 0

139 xixκεGtypκGγrittlκGμrβδturκGinGXU]´ r{βGεuβlTphβsκGstκκlGviβG{XWW}GμκrritκGδlκβvβωκGδrβδkinωUG2022SG
c]bSGX[[WYX 0

138 otnVo–tGγβsκεGstuεiκsGonGthκGloδβlGmκδhβniδβlGγκhβviorsGoμGs’ZnV—dYGεissimilβrGwκlεκεGjointG
εurinωGplβstiδGεκμormβtionUG2022SGc]bSGX[[WbZ 0

137 tnμluκnδκGoμGprκTtwinninωGonGβεiβγβtiδGshκβrGsκnsitivityGoμGlxZWGmβωnκsiumGβlloyUG2022SGXd[SGXXYZYZ 0

136 syεroωκnGpmγrittlκmκntGxκδhβnismGoμG ltrβμinκTωrβinκεGtronGwithGoiμμκrκntGrrβinG–izκsUG2022SG
XWcSGca[Tcba 0

135 –trκssTlκvκlGεκpκnεκnδyGoμGδrκκpGβωκinωGγκhβviorGμorGμriδtionGstirGwκlεκεGllTnuGβlloyUG2022SGYdSGZWZWTZW]Z 0

134 oκtκδtinωGthκGoκμormβtionGmκhβviorGoμGmimoεβlG—iTallT[VG sinωGβGoiωitβlGtmβωκGnorrκlβtionG
—κδhniquκUG2022SGX]SGb]W[ 0

133 tnμluκnδκGoμGxnGlεεitionGonGqβtiωuκGwimitGβnεGnoβxinωGpμμκδtGinGqκrritiδG–tκκlGnontβininωG–olutκG
nβrγonUG2022SGaYSGYXZ]TYX[a 0

132 {ulsκεGxβωnκtiδG—rκβtmκntGoμGnoγβltGμorGpnhβnδκεGxiδrostruδturκsGβnεGxκδhβniδβlG{ropκrtiκsUG
2022SGXYSGXbb] 0

131 nlκβvβωκGμrβδturκGmiδromκδhβnismsGinGthiδkTsκδtionGquκnδhκεGβnεGtκmpκrκεG–adWGhiωhTstrκnωthG
stκκlsUG 0

130 lGnκwGinsiωhtGintoGw{–zGphβsκGtrβnsμormβtionGβnεGmκδhβniδβlGpropκrtiκsGuniμormityGoμGlβrωκTsδβlκG
xωTrεTYTµnTµrGβlloyGprκpβrκεGγyGmultiTpβssGμriδtionGstirGproδκssinωUG2022SG 0

129 {ZZY}MltfXXZMωtfGβnεG{XXY}MltfXXXMωtfG—winGVβriβntGlδtivβtionGεurinωGnolεT’ollinωGoμGβG
—iTyγTµrT—βT–nTqκGllloyUG2022SGX]SGadZY 0

128 tnμluκnδκGoμGnκmκntitκG{rκδipitβtionGonG®orkGsβrεκninωGmκhβviorGinG ltrβμinκGrrβinG–tκκlsG’ollκεG
βtG’oomGβnεGnryoωκniδG—κmpκrβturκsUG2022SGXYSGXc[] 0

127 yκwGinsiωhtGintoGtβilorβγlκGκutκδtiδGhiωhGκntropyGβlloysGwithGrκmβrkβγlκGstrκnωthâ��εuδtilityGsynκrωyG
βnεGβmplκGshβpinωGμrκκεomGμβγriδβtκεGusinωGlβsκrGpowεκrGγκεGμusionUG2022SGXWZY]b 0

126 –trκnωthκninωGoμGεuplκxGstβinlκssGstκκlGproδκssκεGγyGκquβlGδhβnnκlGβnωulβrGprκssinωGOpnl{PUG 1
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125 ’κlβtionshipGγκtwκκnGmiδrostruδturκGβnεGκtδhinωGpκrμormβnδκGoμGXY´ ˛…mGthiδkGrollκεGδoppκrGμoilUG
2022SGYXSGXaaaTXacX 0

124 pμμκδtGoμGxiδrostruδturκGonG–trβinGlωinωGβnεGsyεroωκnGpmγrittlκmκntGmκhβviorGoμGmβkκGsβrεκninωG
–tκκlsUG2022SGaWSGcXXTcXc 0

123 –iωniμiδβntGtmprovκmκntGinGqβtiωuκGwiμκGoμG—itβniumGllloyGinεuδκεGγyG–upκrlβttiδκGnoβtinωUG2022SGXWbZab 0

122 pμμκδtGoμGhκβtGtrκβtmκntGδonεitionsGonGthκGplβstiδGεκμormβtionGγκhβviorGoμGthκGtnδonκlGbWaGβlloyUG
2022SGYXSGYX[]TYX]] 0

121 –uγωrβinGωκomκtriδβllyGnκδκssβryGεisloδβtionGεκnsityGmβppinωGinGspβllκεG—βGinGthrκκGεimκnsionsUG
2022SGXXcZaa 0

120 –trκnωthκninωGγκhβviourGβnεGμβilurκGβnβlysisGoμGhotTrollκεGyγRVGmiδroβlloyκεGstκκlGproδκssκεGβtG
vβriousGδoilinωGtκmpκrβturκsUG2022SGc]dSGX[[YXW 0

119 xκδhβniδβlGloβεGinεuδκεGhyεroωκnGδhβrωinωGoμGrκtβinκεGβustκnitκGinGquκnδhinωGβnεGpβrtitioninωG
O}Mβmpf{PGstκκlUG2022SG 0

118 tnμluκnδκGoμGκnκrωyGβrκβGεκnsitiκsGonGmiδrostruδturκGκvolutionGβnεGpropκrtiκsGoμGlβsκrGεirκδtG
κnκrωyGεκpositκεGyiTnoTxnTllTYGmβωnκtiδGshβpκGmκmoryGβlloyUG2022SGaWSGXWZYZY 0

117 —κmpκrβturκTεκpκnεκntGεynβmiδGδomprκssivκGpropκrtiκsGβnεGμβilurκGmκδhβnismsGoμGthκGβεεitivκlyG
mβnuμβδturκεGnonrqκxnyiGhiωhGκntropyGβlloyUG2022SGYY[SGXXXZY[ 0

116 yβnoTtwinninωGinεuδκεGhiωhGstrβinGhβrεκninωGγκhβviorGinGβGmκtβstβγlκGβsTδβstGnoZWnrZWqκYWyiYWG
hiωhGκntropyGβlloyGβtGroomGtκmpκrβturκUG2022SGXd[SGXXY[YW 0

115 –upκriorGmκδhβniδβlGpropκrtiκsGoμGpurκGµrGwithGhκtκroωκnκousGstruδturκUG2022SGXd[SGXXY[Zb 0

114 tmprovinωGthκGimpβδtGwκβrGpropκrtiκsGoμGmκεiumGδβrγonGstκκlGγyGβεjustinωGmiδrostruδturκGunεκrG
βltκrnβtinωGquκnδhinωGinGwβtκrGβnεGβirUG2023SG]XYT]XZSGYW[]ZX 0

113 sotGεκμormβtionGδhβrβδtκristiδsGβnεGεynβmiδGrκδrystβllizβtionGoμGγiomκεiδβlGnonr®nuGβlloyUG2022SGXW[dZW 0

112 tnμluκnδκGoμG–iGnontκntGonGthκGxiδrostruδturκGβnεG—κnsilκG{ropκrtiκsGoμG®κβthκrinωGmriεωκG–tκκlG
{roεuδκεGviβG—hκrmβlGxκδhβniδβlGnontrolG{roδκssUG2022SGXYSGXdWX 0

111 VβriβtionsGinGεynβmiδGrκδrystβllizβtionGγκhβviorGβnεGmκδhβniδβlGpropκrtiκsGoμGlµZXGβlloyGwithG
κxtrusionGtκmpκrβturκUG2022SG 3

110 tmprovinωGthκGxκδhβniδβlG{ropκrtiκsGoμGxωâ��rεâ��Yâ��lωâ��µrGllloyGviβG{rκT–trβinGβnεG—woT–tβωκG
lωκinωUG 0

109 pμμκδtGoμGpostTwκlεGhκβtGtrκβtmκntGonGthκGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμG––q–®G
sVonGll–ixωxnnuGβlloyUG2022SGYXSGZacaTZbWY 0

108 ppitβxiβlGκlκδtroεκpositionGoμGnuYzGonGlωGsuγstrβtκsGinGsulμβtκGγβthsUG2022SGXYadcZ 0
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107 pnhβnδκεGstrκnωthTεuδtilityGsynκrωyGinGβG—βTεopκεGnonryiGmκεiumTκntropyGβlloyGwithGβGεuβlG
hκtκroωκnκousGstruδturκUG2022SGcaWSGX[[YdZ 0

106 nryoωκniδGrκδiproδβtinωGtorsionGinεuδκεGnβnosδβlκGprκδipitβtionGinGβluminumGwirκGwithGκxδκptionβlG
strκnωthGβnεGκlκδtriδβlGδonεuδtivityUG2022SGcaWSGX[[Yba 0

105 VoiεGμormβtionGβnεGδrβδkGpropβωβtionGinGβGnrTxnTyGmκtβstβγlκGβustκnitiδGstβinlκssGstκκlGεurinωG
γκnεinωUG 0

104 nhβrβδtκrizβtionGoμGωκomκtriδβllyGnκδκssβryGεisloδβtionGκvolutionGεurinωGδrκκpGoμG{dXGstκκlGusinωG
κlκδtronGγβδksδβttκrGεiμμrβδtionUG2022SGXXY]WX 1

103 —βilorinωGthκGmκδhβniδβlGpropκrtiκsGoμGβustκmpκrκεGlowTδβrγonGμκrritiδâ��γβinitiδVmβrtκnsitiδG
εuβlTphβsκGstκκlUG2023SGYZSG 0

102 sκβtGtrκβtmκntGoμGllTnuTwiT–δTµrGβlloyGproεuδκεGγyGlβsκrGpowεκrGγκεGμusionUG2022SGXXY]W] 0

101 nryoωκniδGκlκδtropulsinωGinεuδκεGmiδrostruδturκGoptimizβtionGoμGβGδolεTrollκεGnonrqκxnyiG
hiωhTκntropyGβlloyUG2023SGXd]SGXXY]]b 0

100
xiδromκδhβniδβlGmoεκlinωGoμGεβmβωκGκvolutionGβnεGμrβδturκGγκhβviorGinGpβrtiδlκGrκinμorδκεGmκtβlG
mβtrixGδompositκsGγβsκεGonGthκGδonvκntionβlGthκoryGoμGmκδhβnismTγβsκεGstrβinGωrβεiκntGplβstiδityUG
2023SGYYSGaY]Ta[X

2

99 oκμormβtionGβnεGεβmβωκGoμGκquiβtomiδGnonrqκyiGhiωhTκntropyGβlloyGunεκrGplβtκGimpβδtGloβεinωUG
2023SGcaYSGX[[[ZY 0

98 tnμluκnδκGoμGnβGβεεitionGonGmiδrostruδturβlGδhβrβδtκristiδsGβnεGmκδhβniδβlGpropκrtiκsGoμG
xωâ��]miâ��ZllGβlloyGκxtruεκεGβtGκxtrκmκlyGhiωhGspκκεUG2023SGcaYSGX[[[dW 0

97 xiδrosδβlκGμrβδturκGtouωhnκssGεκωrβεβtionGoμGnotδhκεGsolεκrGmiδroδβntilκvκrsGunεκrGvβriκεG
βδδκlκrβtκεGβωinωGproδκssUG2023SGYYSGX[[dTX[aX 0

96 –trβinGpβrtitioninωGinGβGεuβlTphβsκGstκκlGunεκrGplβnκGstrβinGδomprκssionUG2023SGcaYSGX[[[bX 0

95 pμμκδtGoμGδryoωκniδGκnvironmκntGonGtκnsilκGpropκrtyGβnεGmiδrostruδturκGκvolutionGoμGβnGllTxωT–δG
βlloyUG2023SGXd]SGXXY]]W 1

94 wβsκrGpowεκrGγκεGμusionGoμGnXcX]WGδoppκrGβlloyGwithGκxδκllκntGδomprκhκnsivκGpropκrtiκsUG2023SG
caYSGX[[]XY 1

93 oynβmiδGstrβinGβωinωTmκεiβtκεGtκmpκrβturκGεκpκnεκnδκGoμGrβtδhκtinωGγκhβviorGinGβGZXawyG
βustκnitiδGstβinlκssGstκκlUG2023SGcaYSGX[[]WZ 0

92 xultisδβlκGεκμκδtsGκnβγlκGsynκrωκtiδGimprovκmκntGinGyiκlεGstrκnωthGoμGnrnoyiTγβsκεG
mκεiumTκntropyGβlloyGμβγriδβtκεGviβGlβsκrTpowεκrGγκεGμusionUG2023SGaXSGXWZZaW 0

91
pxδκllκntGmβlβnδκGoμG ltimβtκG—κnsilκG–trκnωthGβnεGouδtilityGinGβG—iâ��allâ��Y–nâ��[µrâ��Yxoâ��–iGllloyG
sβvinωGouplκxG˛–GRG˛–jGxiδrostruδturκeGpμμκδtGoμGxiδrostruδturβlGqβδtorsGμromGpxpκrimκntβlG–tuεyG
βnεGxβδhinκGwκβrninωUG2023SGa[SGXXXTXYW

0

90 ouβlGμrκquκnδyGεomβinGδhβrβδtκristiδsGoμGrβtδhκtinωGγκhβviorGoμGlµZXmGβlloyGunεκrGβsymmκtriδβllyG
strκssTδontrollκεGloβεinωGmoεκUG2023SGXdaSGXXY]b[ 0
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89 xiδrostruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGβGnuVyillGnβnoprκδipitβtκGstrκnωthκnκεGεuβlTphβsκG
stκκlUG2023SGXdaSGXXY]d[ 0

88 pxplorinωGthκGrκlβtionshipGγκtwκκnGthκGβδδκlκrβtκεGβustκnitκGrκvκrsionGβnεGtwoTstκpsGsolutionG
trκβtmκntGinGβGnrTyiTxoGδryoωκniδGmβrβωinωGstβinlκssGstκκlUG2023SGXdaSGXXY]cX 0

87 pμμκδtGoμGthκGhκβtGtrκβtmκntGonGthκGmκδhβniδβlGpropκrtiκsGβnεGmiδrostruδturκGoμG–δβlmβlloy´fiG
mβnuμβδturκεGγyG–κlκδtivκGwβsκrGxκltinωGO–wxPGunεκrGδκrtiμiκεGδonεitionsUG2023SGXdaSGXXY][d 1

86 tmprovκεGlowTtκmpκrβturκGmκδhβniδβlGpropκrtiκsGoμGqsZaGmβrinκGstκκlGβμtκrGultrβsoniδGsurμβδκG
rollinωGproδκssUG2023SGdZbSGXac[WX 0

85 oiμμusionGmκδhβnismGoμGimmisδiγlκGqκTxωGsystκmGinεuδκεGγyGhiωhTεκnsityGεκμκδtsGβtGthκGstκκlVxωG
δompositκGintκrμβδκUG2023SGX[[SGX]WTXaW 0

84 qormβtionGmκδhβnismGoμGlβmκllβrGγimoεβlGmiδrostruδturκGβnεGmκδhβniδβlGpropκrtyGinGthκGhiωhG
tκmpκrβturκGnκβrG˛–GtitβniumGβlloyUG2022SGXacYcd 0

83 tntrβδrystβllinκGεκμormβtionGmiδrostruδturκsGinGnβturβlGolivinκGwithGimpliδβtionsGμorGstrκssG
κstimβtionUG2022SGXYSG 0

82 sβrεnκssGvβriβtionGinGinδonκlGbXcGproεuδκεGγyGlβsκrGεirκδtκεGκnκrωyGεκpositionUG2022SGYaSGXWXa[Z 0

81 pμμκδtGoμGlωinωG—rκβtmκntGonGthκGxiδrostruδturκGβnεG{ropκrtiκsGoμGβGyovκlGxκεiumTsκβvyG
yi®no—βGllloyG–uγjκδtκεGtoG{rκTεκμormβtionUG 0

80 tnvκstiωβtionGoμGβδδκlκrβtκεGrκδrystβllizβtionGγκhβviorGviβGκlκδtropulsinωGtrκβtmκntGinGnonrqκxnyiG
hiωhTκntropyGβlloyUG2022SGX[[]Za 0

79 lGZoG{olyδrystβllinκG{lβstiδityGxoεκlGμorGtsotropiδGwinκβrGpvolutionGoμGtntrβωrβnulβrGxisoriκntβtionG
withGxκsosδopiδG{lβstiδG–trβinGinG–trκtδhκεGorGnyδliδβllyGoκμormκεGxκtβlsUG2022SGXYSGYX]d 0

78 pμμκδtGoμGrrβinGmounεβryGpnωinκκrinωGonGthκG®orkGsβrεκninωGmκhβviorGoμGlwa°yG–upκrTlustκnitiδG
–tβinlκssG–tκκlUG 0

77 sotGεκμormβtionGγκhβviorGβnεGnκwGωrβinGsizκGmoεκlGoμGhotGκxtruεκεGqrs[WdaGsupκrβlloyGεurinωG
hotGδomprκssionUG2022SGXac]b[ 0

76 –oliεGstβtκGrκδyδlinωGoμGxωâ��rεâ��Yâ��µnâ��µrGβlloyGδhipsGγyGisothκrmβlGsintκrinωGβnεGκquβlGδhβnnκlG
βnωulβrGprκssinωUG2022SG 0

75 pμμκδtGoμGtκxturκGonGεβmpinωGγκhβviourGinGµvaWGmβωnκsiumGβlloyUGXTc 0

74 qormβtionGoμGprintinωGεκμκδtsGβnεGthκirGκμμκδtsGonGmκδhβniδβlGpropκrtiκsGoμGβεεitivκlyG
mβnuμβδturκεGmκtβlGβlloysUG2022SGXZYSGYY]XWc 0

73 pμμκδtGoμGmiδrostruδturκGonGtκnsilκGpropκrtiκsGoμGquκnδhκεGβnεGpβrtitionκεGmβrtκnsitiδGstβinlκssG
stκκlsUG2022SGX[[][W 1

72  ltrβsounεTβssistκεGtrβnsiκntGliquiεGphβsκGγonεinωGoμGlµZXmGmβωnκsiumGβlloyGusinωGllGintκrlβyκrUG
2022SGXXY]]a 0
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71 }uβntitβtivκGrκlβtionshipGγκtwκκnGmiδrostruδturκVδrystβlloωrβphyGβnεGstrκnωthVtouωhnκssGinG
simulβtκεGintκrTδritiδβlGhκβtGβμμκδtκεGsuγzonκGoμGmκεiumGxnGstκκlUG2022SG 1

70 pxpκrimκntβlGβnεGyumκriδβlG–tuεyGonGthκGnollβpsinωGmκhβviorGoμG–truδturβlG–ystκmsGwithG–tκκlG
xκmγκrsGlrrβnωκεGinG{βrβllκlG nεκrG—κnsionUG 0

69 pμμκδtGoμGrrβinG–izκsGonGplκδtriδβllyGlssistκεGxiδroâ��qillinωGoμG– –ZW[G–tβinlκssG–tκκleGpxpκrimκntG
βnεG–imulβtionUG2023SGXZSGXZ[ 0

68 lnβlysisGoμGslipGtrβnsμκrGγκhβviorGoμGtβntβlumGεurinωGquβsiGinTsituGδomprκssionUG2023SG 0

67 pμμκδtGoμGεκviβtionGoμGwκlεinωGpβrβmκtκrsGonGmκδhβniδβlGpropκrtiκsGoμG°cWGstκκlGωirthGwκlεUG2023SG
YYSGZZXXTZZXc 0

66 pμμκδtGoμGδrystβlloωrβphiδGμκβturκsGonGlowTtκmpκrβturκGμβtiωuκGεuδtilκTtoTγrittlκGtrβnsitionGμorG
simulβtκεGδoβrsκTωrβinκεGhκβtTβμμκδtκεGzonκGoμGγβinitκGstκκlGwκlεUG2023SGXWb]YZ 0

65 syεroωκnGκmγrittlκmκntGδhβrβδtκristiδsGoμGthκGhotTGβnεGδolεTstβmpκεGYYxnm]GstκκlUG 0

64 pnωinκκrinωGxultiplκGxiδrostruδturβlGoκμκδtsGμorG’κδorεTmrκβkinωG—hκrmoκlκδtriδG{ropκrtiκsGoμG
nhβlδopyritκGnuGXTGxGlωGxGrβ—κGYUGYYWaca] 0

63 {hysiδβlGmκtβllurωyGoμGmκεiumTxnGβεvβnδκεGhiωhTstrκnωthGstκκlsUGXTZd 1

62 lεiβγβtiδGshκβrGloδβlizβtionGinεuδκεGγyGrotβtionβllyGβδδκlκrβtκεGshotGpκκninωUG2023SG]cSGXabWTXabd 0

61 lGμinitκGκlκmκntGmκthoεGtoGδβlδulβtκGωκomκtriδβllyGnκδκssβryGεisloδβtionGεκnsityeGlδδountinωGμorG
oriκntβtionGεisδontinuitiκsGinGpolyδrystβlsUG2023SGY[]SGXXca]c 0

60 xiδrostruδturκGμκβturκsGβnεGδβrγonGpβrtitioninωGinGlowGtκmpκrβturκGγβinitiδGstκκlseG—hκGκμμκδtGoμG
mβωnκtiδGμiκlεUG2023SGXdaSGXXYaZ] 0

59 tmprovκεGstrκnωthTεuδtilityGδomγinβtionGoμGpurκGµrGγyGmultiTsδβlκGhκtκrostruδturκεGκμμκδtsGviβG
rotβryGswβωinωGβnεGβnnκβlinωUG2023SGca[SGX[[]c[ 0

58 lGnovκlGmiδrowβllGsliεinωGtκstGunδovκrinωGthκGoriωinGoμGωrβinGrκμinκεGtriγolβyκrsUG2023SGY[aSGXXcabW 0

57 tmprovκεGtκnsilκGpropκrtiκsSGstβγlκGmiδrostruδturκsGβnεGisotropiδGεκμormβtionGoμGnβnoδrystβllinκG
ZW[GstβinlκssGstκκlUG2023SGYZSGZZXTZ[b 0

56 xiδrostruδturκGκvolutionGinGrs[b[YGsupκrβlloyGγyGδomγininωGhotGεκμormβtionGβnεGhκβtGtrκβtmκntUG
2023SGYZSGXZTZ] 0

55 —hκGphβsκGstβγilityGβtGintκrmκεiβtκTtκmpκrβturκGβnεGmκδhβniδβlGγκhβviorGoμGthκGεuβlTphβsκG
llnonrWU]qκxyiYU]GhiωhGκntropyGβlloysUG2023SGYdbSGXYbZX[ 0

54 oisloδβtionGoκnsityGoμGplκδtronGmκβmG{owεκrGmκεGqusionG—iâ��allâ��[VGllloysGoκtκrminκεGviβG
—imκTzμTqliωhtGyκutronGoiμμrβδtionGwinκT{roμilκGlnβlysisUG2023SGXZSGca 0
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53 lnomβlousGrrowthGoμGthκGllloyG®hiskκrsGβnεGsilloδksGinGβG–nT{γGnoβtinωGonGllG–uγstrβtκUG 0

52 pm–oGlnβlysisGoμGsotGoκμormβtionGmκhβviorGoμGzxiεκToopκεGxolyγεκnumGllloysUG2023SGXZSGYZc 0

51 –trβinG’βtκGoκpκnεκnδκGβnεG’κδrystβllizβtionGxoεκlinωGμorG—nXcGllloyGεurinωG{ostToκμormβtionG
lnnκβlinωUG2023SGXaSGXX[W 0

50 xiδrostruδturκGβnεGεκμκδtsGoμGrκδtβnωulβrGnuTlωGwirκsGμβγriδβtκεGγyGthκGδontinuousGκxtrusionG
μorminωGproδκssUGXTXY 0

49 tmpβδtGoμGεynβmiδGstrβinGβωinωGonGmultiβxiβlGlowGδyδlκGμβtiωuκGγκhβviorGoμGniδkκlTγβsκεGβlloyGadWGβtG
Z]W´ ´°nUG2023SGXbWSGXWb][b 0

48 –trκnωthκninωGmκδhβnismGβnεGprκδipitβtκGκvolutionGoμGβGmultiTβppliδβtionGspκδiβlGκnωinκκrinωGstκκlG
εκsiωnκεGγβsκεGonGβGhyγriεGiεκβUG2023SGd[YSGXadW]Z 0

47 nompβrκεGmiδrostruδturκGβnεGpropκrtiκsGoμGβnGllµnxωnuGβlloyGproδκssκεGγyGhiωhGprκssurκGsliεinωG
βnεGhiωhTprκssurκGtorsionUG2023SGd[YSGXadWaW 0

46 tmprovinωGmκδhβniδβlGpropκrtiκsGoμGlβminβtκGhκtκroωκnκousGr®XWZvVlµZXGβlloysUG2023SGd[[SGXadX]a 0

45 tnTsituGpm–oGstuεyGoμGεκμormβtionGγκhβviorGoμGniδkκlTγβsκεGsupκrβlloysGεurinωGuniβxiβlGtκnsilκGtκstsUG
2023SGZ]SGXW]]YY 1

44 qlowGsoμtκninωGβnεGmiδrostruδturβlGκvolutionGoμGnκβrG˛†GtitβniumGβlloyG—iT]]]ZXGεurinωGhotG
δomprκssionGεκμormβtionGinGthκG˛–R˛†GrκωionUG2023SGXbWXa] 0

43 lGproδκεurκGtoGoγtβinGδorrκlβtionGδurvκGγκtwκκnGloδβlGmisoriκntβtionGβnεGplβstiδGstrβinUG2023SGXdcSGXXYbY] 0

42 —hκGκμμκδtGoμGinitiβlGωrβinGsizκGonGthκGstrκnωthGpropκrtyGoμGδoppκrGwithGωrβεiκntGmiδrostruδturκUG
2023SGY[SG[WbT[Xb 0

41 syεroωκnGκmγrittlκmκntGδhβrβδtκristiδsGinGδolεTεrβwnGhiωhTstrκnωthGstβinlκssGstκκlGwirκsUG2023SG
YXaSGXXXXWd 0

40 oirκδtGlβsκrTμillκrGwirκGwκlεinωGoμGllâ��–iGδoβtκεGYYxnm]GstκκlGwithoutGrκmovinωGthκGllâ��–iGδoβtinωUG
2023SGY[SGYYa]TYYbc 0

39 lGstuεyGonGthκGμorminωGoμGmiδroδhβnnκlsGγyGmiδroGrollinωGoμGδoppκrGμoilsUG2023SGYWWSGXXYdWW 0

38 nritiδβlGrolκGoμG˛”TδβrγiεκsGinGthκGmultiTstβωκGworkGhβrεκninωGproδκssGoμGβGliωhtwκiωhtGβustκnitiδG
stκκlUG2023SGYWWSGXXYc]Z 0

37 sκtκroωκnκousGmiδrostruδturβlGεκsiωnGwithGβGγimoεβlGωrβinGsizκGεistriγutionGoμGβGmultiδomponκntG
βlloyGγyGrκvκrsionGμromGβGstrβinTinεuδκεGmβrtκnsitκUG2023SGd[bSGXada[a 0

36 xiδroTmκδhβnismsGoμGεκμormβtionGβδδommoεβtionGinGllbW]WGβlloyGinGthκGprκsκnδκGoμGhyεroωκnUG
2023SGd[bSGXad]da 0
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35 lGqκTnrTnGstκκlGγβsκεGonGωrβεiκntGsδβlκGprκδipitβtionGhβrεκninωeGsβrεκninωGβnεGtouωhκninωG
mκδhβnismGoμGmultistβωκGhκβtGtrκβtmκntUG2023SGd[aSGXadZ]] 0

34 xiδrostruδturκGκvolutionGβnεGpκrμormβnδκGκnhβnδκmκntGoμGyγ—β—iVTOnrSGµrSG®PGsinωlκTphβsκG
rκμrβδtoryGhiωhTκntropyGβlloyGδoβtinωseG’olκGoμGβεεitionβlGκlκmκntsUG2023SGd]XSGXaddXc 0

33 tmprovκmκntGinGtκnsilκGstrκnωthGoμGrsZ]ZaT—imYGδompositκsGμβγriδβtκεGγyGpowεκrGmκtβllurωyUG
2023SGX[]W[b 0

32 –tuεyGonGmβrtκnsitiδGtrβnsμormβtionGtwinninωGinGεuδtilκGmκtβstβγlκGγoεyTδκntκrκεTδuγiδGhiωhG
κntropyGβlloysUG2023SGcbYSGX[[daa 0

31 –uγδritiδβlG–phκroiεizβtionGlnnκβlinωGoμGnolεT’ollκεGnrâ��xoGxiδroβlloyκεGxκεiumTnβrγonG–tκκlG
withGoiμμκrκntGtnitiβlGxiδrostruδturκUGYYWWbZZ 0

30 —κxturκGδhβrβδtκristiδsGβnεGμrβδturκGmκδhβnismGoμGlinκβrGμriδtionGwκlεκεGjointsGoμGεissimilβrG
titβniumGβlloysGβμtκrGβnnκβlinωUG2023SGcaaSGX[[bWd 0

29 norrκlβtivκGδhβrβδtκrizβtionGβnεGplβstiδityGmoεκlinωGoμGmiδrosδopiδGstrβinGloδβlizβtionsGinGβGεuβlG
phβsκGstκκlUG2023SGXdbSGXXYbW[ 0

28 lδhiκvinωGsupκriorGκlκvβtκεTtκmpκrβturκGstrκnωthGoμGxωTXYrεTZYGβlloysGγyGyεGβεεitionUG2023SGcabSGX[[bZW 0

27 oisloδβtionGstruδturκsGμormβtionGinεuδκεGγyGthκrmβlGstrκssGinGβεεitivκGmβnuμβδturinωeGxultisδβlκG
δrystβlGplβstiδityGmoεκlinωGoμGεisloδβtionGtrβnsportUG2023SGXbZSGXW]YZ] 0

26 pμμκδtGoμGquκnδhinωGβnεGtκmpκrinωGonGstruδturκGβnεGmκδhβniδβlGpropκrtiκsGoμGβGlowTβlloyGWUY]nG
stκκlUG2023SGcacSGX[[b]b 1

25 nlκβvβωκGμrβδturκGmiδromκδhβnismsGinGsimulβtκεGhκβtGβμμκδtκεGzonκsGoμG–adWGhiωhGstrκnωthGstκκlsUG
2023SGcacSGX[[baY 0

24 pm–oGβnβlysisGoμGmiδrostruδturκGγκtwκκnGliquiεGδorκGμorωinωGproδκssGβnεGtrβεitionβlGμorωinωG
proδκssUG 0

23 znGthκGxiδrostruδturβlGpvolutionGβnεGnrβδkinωGmκhβviorGoμGβG—itβniumGlluminiεκGllloyGourinωG
–κlκδtivκGwβsκrGxκltinωUG 0

22 –tβtistiδβlGβnβlysisGβnεGrκδovκryGγκhβviorsGoμGεisloδβtionsGinGδolεTrollκεGβnεGβnnκβlκεGrκβδtorG
prκssurκGvκssκlGstκκlsUG2023SG][SGYYdTYZb 0

21 pμμκδtsGoμGεκμormβtionGβnεGβppliκεGtκmpκrβturκGonGthκGmiδrostruδturκGβnεGpκrμormβnδκGoμG
inεustriβlGultrβTthinGrollκεGnuGμoilUG2023SGYZSG[YacT[Ybd 0

20 xiδrostruδturβlGκvolutionGβnεGεynβmiδGrκδrystβllizβtionGmκδhβnismGoμGβGhκβvilyTβlloyκεGyiTγβsκεG
supκrβlloyGεurinωGhotGκxtrusionUG2023SGYZSG[dYYT[dZb 0

19 pvβluβtionGoμGstrκnωthGinGstβinlκssGstκκlGwκlεGjointsGusinωGγβllGinεκntβtionGtκδhniquκUGXTXd 0

18 pμμκδtsGoμG—hκrmβlGoκμormβtionGβnεGsκβtG—rκβtmκntGonGxiδrostruδturκGβnεG—κxturκGoμGsotG
tsostβtiδG{rκssurκεG—iTallT[´ VGllloyUG 0
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17 ®κlεinωG{βrβmκtκrGzptimizβtionGγyG®hβlκGzptimizβtionGllωorithmGβnεGpxpκrimκntβlGtnvκstiωβtionG
onGxiδrostruδturκGβnεGxκδhβniδβlG{ropκrtiκsGoμG–pinGlrδG®κlεκεGX]noVaGs–wlG–tκκlUG 0

16 nrκκpGγκhβviorGβnεGrκlβtκεGphβsκGprκδipitβtionGoμGβGδrκκpTrκsistβntGYYzZTγκβrinωGhiωhGyγG
δontβininωG—illGβlloyUG2023SGXdcSGXXYbab 0

15 lγnormβlG—rκnεGoμGqκrritκGsβrεκninωGinGβGxκεiumT–iGqκrritκTxβrtκnsitκGouβlG{hβsκG–tκκlUG2023SGXZSG][Y 0

14 lppliδβtionG’κsκβrδhGonGyγGxiδroβlloyinωGoμGsiωhTnβrγonG{κβrlitκGmriεωκGnβγlκG®irκG’oεsUG2023SG
XaSGYXaW 0

13 tmprovκεGimpβδtGtouωhnκssGoμGlβminβtκGhκtκroωκnκousGlµZXVr®XWZvGβlloysGγyGintκrμβδκG
εκlβminβtionUG2023SGcbXSGX[[ccY 0

12 xiδrostruδturκGβnεGtκnsilκGstrκnωthGoμGκlκδtroεκpositκεGqκTriδhGγδδGqκnoyiGmκεiumTκntropyGβlloysUGXTb 0

11 —hκGpμμκδtsGoμGnolεG’ollinωGβnεGlnnκβlinωGonGthκGxiδrostruδturκGpvolutionGoμGzrεκrκεGnTYWWWGllloyG
εurinωGxκtβlliδG®irκG{rκpβrβtionUG2023SGXZSGa]X 1

10 pxδκllκntGstrκnωthTεuδtilityGsynκrωyGinGβGultrβThiωhGstrκnωthGyiT®TnoT—βGmκεiumThκβvyGβlloyGγyG
orthoωonβlGrollinωUG2023SGZXaSGXXbdac 0

9 ’κsκβrδhGonGtκnsilκGβnisotropyGoμG—iTYYllTY]yγGβlloyGisothκrmβllyGμorωκεGinGmYGphβsκGrκωionGrκlβtκεG
withGtκxturκGβnεGvβriβntGsκlκδtionUG2023SGYWXSGXXYcdd 0

8 pvolutionGoμGmiδrostruδturκSGtκxturκGβnεGmκδhβniδβlGpropκrtiκsGoμGlµcWGxωGβlloyGtuγulβrGproεuδκεG
γyGrotβtinωGγβδkwβrεGκxtrusionGwithGmoεiμiκεGopκnGpunδhUG2023SG 0

7 –trκnωthκninωGxκδhβnismGoμG’otβryTqorωκεGoκμormβγlκGmioεκωrβεβγlκGµnTWU[]wiGllloysUG2023SGXaSGZWWZ 0

6 –imultβnκouslyGκnhβnδinωGstrκnωthGβnεGεuδtilityGoμGsn{GtitβniumGviβGmultiTmoεβlGωrβinGinεuδκεG
κxtrβGMltfδRβMωtfGεisloδβtionGhβrεκninωUG2023SGY]YSGXXcd[d 0

5 siκrβrδhiδβlGstrβinGγβnεGμormβtionGβnεGmκδhβniδβlGγκhβviorGoμGβGhκtκrostruδturκεGεuβlTphβsκG
mβtκriβlUG2023SG 0

4 tntκrplβyGγκtwκκnGthκGmiδrostruδturκGβnεGtriγoloωiδβlGpκrμormβnδκGoμGβGεκstβγilizκεGYaGwtULGnrG
snnteG—hκGinμluκnδκGoμGtκmpκrβturκGβnεGhκβtinωGrβtκUG2023SGXWc]ZY 0

3 lnnκβlinωTinεuδκεGβγnormβllyGultrβhiωhGδryoωκniδGstrκnωthTεuδtilityGsynκrωyGinGβGδolεGrollκεG
μκrrousGmκεiumGκntropyGβlloyUG2023SGX]dSGXWbdZZ 0

2 lγnormβlGrrβinG’κμinκmκntGβnεG–ynκrωistiδGpnhβnδκmκntGoμG–trκnωthGβnεG{lβstiδityGoμGsiωhT{urityG
yiδkκlGviβGnyδlκG–kinT{βssG’ollinωGoκμormβtionUG 0

1 pμμκδtGoμGεκμormβtionGmκthoεsGonGmiδrostruδturκSGtκxturκSGβnεGpropκrtiκsGoμGβGnuâ��xωGβlloyUG2023SG
cbaSGX[]XYa 0
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