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dimssydzd S sdz + dzgj cedd MmMzkydls or MtsC st dzgj
ftesyJ MM fwsosHdlsMw o o0CEkEZd] . {t OB syC
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tcOL ftesydejj 6 tojfmikztcmMikz d dzO 30 % HJh ]
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[10, 11, 14].

4 BH j oy Oded Is 2 ¢ tklf z® o Isded B Iz §iz§ GZ3jnilstets@ ts
dqLBrIstsC 9o jHYIs ¢ Wottdddtetseo Odzd ® Is s 5 dzts
(s IWoL)a, g, LaWtelstster, tjL St Mmdady O Is
Msfteslsdodzj dedjy sz Eyjmlsd [ 10, 11] . {
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BsdesC tod MiIs Odzdzd yj ME d = zsf Olsts € ) d ®BtKO
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sBtcOBSIsC j HOo dzj dzd § d3 CsL WWdydd dzls d fi)
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CodzMmistezC s tste S di jo j Oad dstsy @isfls o dalz Is te j dedzd J
17



fnozts ) dzts 2 GJtd3d sted d, mefptcista|@4s his ' U dehPdgts| -
s d3j dzC dzOlsztclz L Oeslstsase. [ OMMmtsats] o dzj
SHdOCts, MHjtydoe OjlsmMw EteOded yj dedets?2 dats «
BJLHJWiSCIkdtsets Mddzlsi L O.

1.3 codzjdedj §tsdzL zyjMmlsd o X Otetstf totsy dz

] stzny j Mist 8 dzgOL r 9 O Is f dzOMilsdyd MS &z HJ
ot oty &BJdd Ftod ¢§oMmistsw ddsd dO{f 05 yhrdzd
(Tydlsj B j cOkte® § &zOo dzj dzdv) . uwdf§ dydzOw ¢
M O © (tedmkdzsS 1. 1) oC dzt y@jjlplshkted MRS
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JHddzsets o tcOy jdedw [ 15]:

19



GHJ
0 -Ctsdzils Odzls ©, B JJEPFO B@, s

[ fdzd ftocjHY Bdztsy d Is* Yls ts EmlsOdztso d ¢
ftosf steyd sdzOdz' d&z0 MOBSH)JW W Bsd dztc® § 'tz 24
By dets L O dMOI! o Efteshy dadets? Wistedzy [ 15

GHJ
0 d 0- CtdemlsOdalsT , L Oo dMmwh dsjj tc sizO fr
BdCtesmMistezC sktedzr » R~ OOSCISjtedMisdSs, 1SOC A
OCst WWdydjdes ndWWkLedd,
OisHbkzd BkEfttkzetsmilsd.
[ BtsSBMY dzdzOW Wisted3O0 kztcOoledag @afdz] dAff -dzL Mz ]
[ ¢ ] toH dstedzO T MuBherjedDorn, BMD) - L Of dMmr 9 O] Isf
BJLWGOL &) tedz" -0 § J toj d3j dzdz" n
L 0@, «
0 =—, ~
QYO
_T’QUY ) i}
p— 0 =
OwO O

Ol €1 5] g

LteOo dzj dzd J BMD B! jHddsW jls o dzdw dzd |
MstckCsktcdzr =  OtcOdBJ steso  ( St WWJydd dzls
L jtdzO, oJjCIlstste 18 tcejtemM®O) o | HiE[EIZsHgE By d
Sfdmodzdy Yoo jHjddw &OLjtedOdss ftod
Zfmdzse d 2 .

20



0.3 T | T

Strain, %
Strain —»

0.1

600° C

| ]

100 200 300 400 Time,h —
Time, h
Q (B)

tdMzdzE¢ 0) . 2 dzdw ded j Isj B j ©Olktr d
(B) Jddqwddj dOftwyjddw dzO f 5¢

1.3.2 vdfdquyde" J d&Bj-OdedL d3¥ § sdzL zyg Mls

rdvWste@Ooydsayisdd Misd o d3d sOdzdzd yd M g

Ho O ¢ dzO M-Mm®J Madgst @dgdf sdizsia | (Ho dY

Yd ted L
d HdWWEkLdd

CtedMmlsOdzdzd yj MS 82 twjhvyIsCd)

9 OC Odzid2) .
SO0 &ijROddL Bse HjWstedkOydd (tdmkec

Hisd3d dzd tcts 9 O dzd W teOL dzd ydzr n BBy -~ Odzd L Bts o
ZOf tew 3 @ § s dzse d yj MS OWWYle j dftf PHciB s iz Iz @&
MHe d¥ G, i3 j tOlsktcO ff dzOo dzj dzd v ) .

21



100
Theoretical strength
10-2}— Dislocation glide
Dislocation
104 }— creep
o/ G
Coble creep
1076 p—
Nabarro-Herring
creep
10-¢ | | [ [
0 0.2 0.4 0.6 0.8 1.0

Homologous temperature T/ T,

{ dfbkdte cf kI 6 COwls' 5j 2O0dedL Bso H j ¥ sted

rdizsC OydsdzdzOY §sdeL Eyj Mls! wsebkhdss.
HdMdsS Oyd?2 o StdmsOdeduyjmMSis2 ©jhyiss,
iz d s d3j R Odeddind® A[lOdES.0 | dstsH j dzd ) dtels o
OCls § &ZOflsdujMS B2 HjWstedOydd- M jodd
HdMdsS Oydd 6 §dsmSsmisd MSod 3 j ddw
fshdjHksh jes it sd Odedw Wi L {
OClkdodtetso Odzdz' &5 MY EMS Odedj 8 ddzd ¢ ¢ dzts
flsOHdj2 WodvwjlMmv §jtojftsd Oddi. [fMdss d
HiWsthkoydd odsfdls MCsd ¥ jddj, ISBEHO
fesyj MMO o yjdsd 10 twdhbkdsj 1.4 ME
HdMdzsSC Oydd, L Otetsy HOs N EANYH QO {fdjfipdsjtsoglidadC
f dzsMCshisd MOtd yjddw Hi ftjfwisfiss dw,
qzd ©BRGSH fjfwishisodw, foseBYHOY 2
HgMdsS Ooydd [15].

22



l
31
><J_ 1
FR— L ——m _
barrier

tdmMkezdE @ - BSOSy M5 dLBBBLOYjddj Hody ]
MEtd YJdedV d fitejtejL Odedw [ 1

rdv ydmisr & &j lsOdedzses d MY &zOo 59 € dzOn
CzOfmMm 11) EmsOdtsadoh Owmw fsdL yj fls:
fsCOL O] dzjd Misjddjszd 495 (@OHfErdggse 1. 5
Odzt B dzgdw [19]). [ ddzed BOdz dzOv S Stetshls!
daizd dIs odH:

50, ®

ltod dz2Oftewy jdzdwvnin o' hj dzj Cslstesets ff
LOCtsdz dzOtclzh @ jalssw b r(epaockwdeorw n ) oz0O uf dsd2@)jL IO Is
1 C MY sdzj dzyd Odz' dats fm ZOf tew 3 j dzd § 3. ] Ote
ortcOy jdzdj, tsrnoOlsr 90 h jj B BEZOMIS:

00 OEIBE
I Mf &O0s OF Cd&OMMO A (C&OMMm | & zjt
¢ HdMmMzsCOoOydwd ftod f§sorh jed ElsIsd B ptcQ
stslslstc] dzdzO e ssdsLY MCsd 3] ddj. 5

f5C 0L Gls j 3L

23



107 ot

10.20 U I
107 10° 10* 10"
0./G

tdmMzdz8 ¢ e d3h 6 EZMIsOdzso doh jesmw § 58 j HJ dzd
Odz¢ dzgdded™w [ 19]

[dWWEL dsdedzOv sz Eyj Mis! toj OdzdL 2] Is
0 OCOdzMd2 G tH Hj2Miso ot jfLs das s i dzCH o ji i d
1 OB OGmigtetcd dzc O) ddzd 9o H B B Y LY toj dadz" A
vjtstedw B Y di3des?2 HIWW EZL d sdzdats?2 st v dzL104j8
[ 22] d CtdzdyjMmlse jdzdzs tcOLOdIsO mJ teted
HgW WL dsdedzOY szl Eyj fls! ©BfdmOdd st d
COdd Yy’ LYtejd tOmMMdOltedo O kW €O dH,
O fdzslkdsfls! tjhy IsEdadsO s eEO0GED @&
tcOMmMlswedoOsh jj dzOftewy jdedd ftsorhoOjls tO:
O CcwOdkdyon, fjtef jdzn S by oder & - wAD]
f OteOdzdzj dz' dz'r 7, ybts MBLHOY IS CcteOHd] dals
HAW W kL dsdeds” 2 f sls@sl. (wymizedsls: 1HdW % kL d
f ey sty d SI@Q dz'Ode@ng tddte d dzg J (dsdifs dzX2; ) tesjHHjdzd 2
COL Bj 6 L j tcdzO.

24



(0)
{ M dz8 € stz @ yjMmls! L O My’ l &OMMsY j ] desc

mjteteddzc® (O)

1 J todzts G tc Odzed ydzts §

9 H tsdz

......

o
(8)

G te ©dzd y

& sd 4 ded d

ftotsmGC Odz' L™ 9 Oded W fMtsmj H dad A
Mefteseo sy HOj MY dL d3j daj dzd § o3

B OdedL 5 HEB]d t6lz2iB,
fesyf steyd SIGO ERHED L i3 t6

¢ ts dzls to ts dzHedl WstA v j 2

BdL JY ko] dzduj ded™

25

L 4 tcdz0O.
o H s dz
fdztsisdtsmisd § si@gthiad ~d [ L Blcdz
ftoswodzwe h d2mw o Cwbkzf datsL § tedzd Misy 60O lsfudsq A
dzdL € dn O tew y J ded W = :
Ctedlsdyj MEtsets koo dagw

W HicO
[ 26]

fjtejtf sdzL Odzd j
fted fwOotisduimsd
o 6J 3 dzj d3
L dzOyd dzdw + dzj tecdd OfdsdpOYGIOIs jfds's Ofn®ls 5
HdzZw CO)YHBGEB d3j mn Odzd L 3O

LY t6d ¢

tj OddL k
LY tog dz

W 1St d3”
f®d MCstshls!
1 dL Esisj d3f
HdfMdzsC (



v OB dzd yOi wdlo. =2+ dzOW ddeW stcdzOydw ts tcOL
fsdzt yd Mlsd d rOLOSCISjtedzr = L dzOyJ dedw s 1
fs dzOftewyjdds d §fsCO0L0Oljdv Msdy jda d
[15].

[ jROded L o3 0 * & 0
l jtojfsdzL Odzedj CtOj o 0 5 0
IwiLCts] MCtsdz 3 j dad § 0 3 0
1 Jtedzsc e Odzd ydetsy ME tsdz 0 2 2
1dLCIs] B j cOlztedzsj | 0 7 0
l sdzL Zyj Mis4 se@@f j tcO 0 1 0
l sdzL 2y j flsm j e ®e @dc ©ts 0 1 2
l sdzL Eyj Mis: s tsB dzO 0 1 3
*0 T 1djteedy OCIdoOydd bdivdde)tdefdvicj®FBEafOYyd(
tOflso stey dzdz" RO  Oils ts g a6 d W OSIkdeo Oydd L jtodzsa te
O T4 dejteedw OCIsdeoOydd HdWWkrdd 5 WHiLONR HJMds

133 [ftjHjdzjdd] §O0LOdkjlstess §tdL zyj
©OL telh j dzd g

RHjdsdW¥WdSeOydwy Hj2Msoaksh jets d3j - Odzad I
GO jtedOdj bkjekjlk Mijttdd dhir lsOded?
@O teWy jddWa M §omdijHisNdd sftejH]d]jdd.
Msjfjdd s dOftewy jdeds, ontBHWHh A o kteC

[ iBHJSO GitjHjdjddY §0L0okjkttss ft
Zzdlstsets Mf zOo O 1l NTL3t8o S[EA8 , BOBY e OdzO  H «
ks OsS cOLtlskzteddedzr & EMsOdzse € .

Cdzj e dWw OV BYH G dzv j shf  dsls g ddy
dmyr sOded?2 ftod §oMmistw ddesds dzOf tew ¥ j dzd ¢
) sistetsj dzd j LG d NEETNIHdOY 5 f oW Bzs
Cot WWdyduiEse@mMizdtsS 1.7 HdW ddlstseéts | N7

26



0 € IN738 400 MPa
& IN738 300 MPa
€ IN738 200 MPa

-QJ/R =62,100

In MCR

-QR = 63,600
-Q/R = 59,600
-10

T o (S S
0.00084 0.00088 0.00092 0.00096 0.00100
11T (1/K)
{ Mk dz§ Ob dhd BBsMls: dzOls k2 teOinds @t es sdtsjc 200Me'
fsdl EyjMmisd ls B @y detsXzvis jdaftlsjste@sls by rdz

1 8COLOLjd n SfwjHjdYjkhmy dL Mmjted
COL dzd Yydz' 7 dzOftewy jdzdwa. g dzv Sttt lsdas
ftod ©OLdr 7 Isj &y jweOlkteOrn, d&qdd BOd dzOw
CL WWdydjdzs tejhy lstsQdas®r Wi didisicr i

~

0
0 0.Q60 A%,

GHJ

(@] :JUtGJHigfr]UISdZJdZUCf@dZJ dzO w C sdzfls Odzls O
(l]’teq’dec{Lpe&Jls;j)dzl%dz[GO],

L -1 dgj e dw OCIdeOydd §dzL Zygj Misd,

Y-bdzdo j 6MOdz dzO" cOL 5o O% { s5flstsw dzdzOw

Y-OB s dzé IsdzOW Isj &5 j 6O kicO.

[ dzw dzd k8@ &8 1 dzj e dw OCIkde Oydd 1]
0 590Cr1 3/ ddsdzz [ 28] . 10 twdmkdeSj 1.8 Hted
M tstetsMmisd szt Zyg Misd ks dzOf tew y j dad W . ]

27



200f 1 O) f SSEOLDIsY dsslse jlsMiso zjls H ddgfs S A
Hd Mt jicineddsy dzy dzdz' = MdMBY&BOF ) Ofmd tcjL C 5 ¢
~10, 1, ybt tslsea jyojls tBdOfMisd dzOtkzh j dad W

€4 IN738 NIMS

10 100 1000
Stress (MPa)

fls: EkMlsOdsadoh j2 MY MCEtts
sk HdW Wkl dd, sl dofewy jd

tdmkzdzs§ Ob d&d B3
Ct WY dydj
I sd3dd3s S ddzilsdS&d HIWBStdZ3OYydd, Hdzw d
HOdzdz" | & toj Miztemj dOIsj tcdOdzO. R Mis tsHOLS "
HiS f tsdzdetséts twOL tlkzh jdzdw BKOL YO ftod s
tdLlzdz IsOlIsT dmyfr lsOdzd 2 ftcj HMIsOo dzw &
LOadMmMd 3EMREzPR tcw 3 j dedw tsls otej d3dj dzd H B t6OL
ftocsosHWIS tOMuyyls dz20 HBf EMEGOP@ELs dzaape s
1% HJWBStedzOYydd, d&zdets s Ctedlsjtds tcOL
1 S z2OlsOydd .
rdzv tetBh jddw EOMMde O HOdMzdzr = ofts
sd @3 § wOlskzte d dzOftwyjdad?2 (toddj dvelsmw
1 O0dBtsdzr hjJ tc OMY tctsmisad@xizd] dzdf jtc © Sols d Y Ja
f Otc Od3j Is tei | [d CadAy @O NlilleraParanweter, LMP) [31]:

28



000 Y 1TéC 6

GHJ

"¥Isj B j cOEZtcO®, s,

0O-9tcj B HEts tWOLtkzh jddw, vy,

0-C sdzMls Odzls ©, L Oadmwh OW sls dBBOIsj ted O dzC
Hdzw dgd € j dzj o ' nfnth d@asty de.ts y dz' -

10 twdfmMizdzSj 1.9 HtjHMIsOs dzj dzr H O dzdz
tcOL toclzh jdzadWw HdzvW M dZzOo O I N738 d Mmtslse j
| Otefijfs de@rdzj tc O.

IN738 750°C 4 [IN738 NIMS
IN738 800°C 103 -

IN738 850°C 1
IN738 900°C

2
1
se0e

Stress (MPa)
Stress (MPa)

4

-
o
¥
1
—_
o
&)
1

10' 102 10° 104 10° 108 22 23 24 25 26 27 28
Time (hours) LMP = (273 + T, °C) x (20 + log(tg, hours)) / 1000

Q (B)
t dfzdzE§ j1 e SO dL Bjtejded™ Hadlsj d dets?2
oted d&3j dzd HB tOLtlzh jddw ftod ©WOL dzdydz" = Isjd
s § OOdj Sigd ZrPEBsEO) HEY dkstds

[ ddzd &30 dz' dzO W MC stetsMmls fsdzL zyg Misd
Hj dtdzmistcd telz® Is oLOddBsMe W L4 | off jtcoar |
[ sdeS gP@wOdzsO [ 32] :

29



GHJ

-d3d dzed B3O dz? 2O MC stetsMmis: f tsdzL zyj Misd
0O -otcj 3" HtS tOL k" jddWw,
6-1 B Jted yj M OV CtsdzmlsOdzs @, L Oo dmwh Ow

1 0 todmbkzdzC | 1.10 4§t HMmlsOo tjtad@izls OO oH
My zOea © | N7 38 .j didlgts wiptsyilgids v o j M! &3O {f tsdz
ftescdzsL Jieseo OdedW™w otej dzj dzd HB twWOL telzh j dac
dzdL € dn zOf oWy J dzd W n d Isj B j cOIskztcOR
CtcOIsC 59 toj d3j dzdz' n dmtr IsOdzd 2 ftcd B tsdzj
Isj B j 6OkzteOn. o3 dZOMisasty Wiy + Bf dtedyd
mMsmMissdls o Istsds, Yyt otcj B HEs tOL tlzh j
ftcj HMEC OL Ols dfmatsHW dL dL o j Misdzts 2 a3
ClsstcOW |, 9 MmMotss syjtej H! , RBsYJIs BT s
fesdzt ydmedPettgdr Isj B j cOskztcOr  d&zOY tow

10° 3w ¢ IN738 NIMS

-
o
-9

passal P
€,

Time (hours)
<%

-
o
3N ]
saasul METEEETIT
*

101 I I I I I
107 10° 10° 10 107 107
MCR (1/hr)

{  Mkdzsi) Qo dLipd dsts fls | § GHEE RO dAOSS OL ™ o O8 h OW
HES tOLtlkzh jddw d osdded 30dz! dets? ME stesmlis:

30



1.4 [ jrOdddL d3f EkEftetsydsj dedw o dzd € j dzj o

Il MslaRs o j dz Y Otesf etsydetsmisd Mo o d3d
sBdMYfJudoOjlsm¥w MtsetsClzfd &3 HI2Mlsodjd3
Ot OMmis O h d d3 9 C dzZOH 53 Ctslstste’ R st to
HdgMdzsC Oydsdedes iz Ho dy d dzede d ftsdzL Eyd Misd

U9 JtoH stc Qi SatftddslamdzP zf g yro tj OdzdL 2 smw
L dzj Bj dzestse L OB M jdedw (Co, Cr, Mo, W,
dms Oy J dzd 2 CtedMmls Odzdzd yj MS 2 tcjhyIls¢d
HdMdzsC Oyd?2. 10detdz "d2 oS dzOH o Y Ot t
o et j emMdsdedets] EZf tesydzj dedj WA j toj dzls

SOC fECOLOWUBL O bftstewNHPR] &2 Bls BT &
Nis( Al , Ti ) . ] 5 dzdzOW  Gied i @06 SL @] g0 Isotsof{ W 'O ff
fjtojtoj L-OUzH g dzjodslff v MtsL HOY Is Odzls dVWiphadelz &
boundary) ) Ff stew HisY dedzts 20N D gls b N viflast
tej OdzdL zjIsmw bid ¢ts § OteORB Mo jtor H J Mdzts
(9 j H sBOW)AIEH 101} jVv EMmlsteOdzw jIs [ 11] .

MOtcOCIsjte oL OddtsHj2Misedw  fr)oNy®dnisdf fiydz
SftjHjd¥]jlshMv ©OLdjtesd of Hjdjddv,
APB d ttjOddLEzjkmMv 5 tSHdskz L He k- d

- MdzOB 15§ Mt tew y J dzd J (weak pair cCo
9" Hj d&zjUzd20 (dzd)  Ote® Mo jten H dfndztsS O YN[ 2
yomisdyy Y4 dzd € a3, o JHEZMNOW d ojHBBOW
Yyombsdyon,

-mMddz? desy Msfwewyjddd (strong pair ¢
9 J HERBOW HJdMdsS appdts Jaykts Hdsls 99 " BSNjO L
HdMdzsC Oydd fjtejtejL OBF Yyomsdylz Mo d3j Ml

1 OodMmd BsMmis! dzOf oW x j dzgfg ™ Is § agj ded P b5 2"
Bl rnOdedL BZ3se ftcj HMIsOodzj 20O dz2O tdmizdeC i 1
74tk ejoNpRigyis'dy Mo jterHdMdzst Oydw iid, d3fsdats

31



LOL &) O UOhMdy o B OIS d diHHos ks doiy
hdd dscs fsf oWy j ddw .

[ OS] Bz d3 Ef ctsydzj dzd W HsMisde OJ Ismw 8
Msftewy jddy € MmMdda dskkz, htstlse j Ilsudshldd |
fsHlso joyny dz L S jtoddy dzs O cgts 0z 6% W H i
COBBMBY & BO2 80O f MsOsls. [36] Il ¥

L Oodhddshs! CkdlsdujmSscs ¢ OMOl & d
£OQ:, Bl MEjHdcs | Co dd O sk ¢ BN H i &
fedojHj k0 O tdhbdSj 1. 12.t0. stedHip
HisT s d ¢ ORI MY 0 q todds.

L O B

o) @)

Yield Stress

— Strong-Pair Coupling

| Weak-Pair Coupling
O l 50
Precipitate Size (nm)
(B)
t MEzdsB( al). lllstekzS skte® HdMESSOYyd2 d o' Hj &

MstecCIsztc® HdMAEZESOYd?2 d orHjdzijdd?2 ftd MM
ftosydesmils: HdzvW COYHBGEB B BOdzdg) O o' H P

32



500 r

400 |

/ MPa

300

172
A%

Aty , /T

200 |

100 L
0 200 400 600 800 1000 1200

dq/ nm
t d bk detsiCu olj. dkPy j dzd§ Stedlsdyuj MSsets S OMOIs | dz

sBi ¥V d3dets?2 HN§Qd), o QLO 9 dold d3tsisd ls Mtcj Hdzj Gt
Y O fn©d [G6].

1.5 1tsdzzyg ded j dzd S j dijfodzChe 15190 tattsjtf Isettsny@ins c

RMrBBHAd d@3 BOLjtedOdzsds Hdzv s & fMdzzy O
f stetsh € d, f sz yoOj &3 J 6 OIGaEssAmmMizalvis, VB4-L Oy
Vacuum Induction Gas o tMtdpta® z d tzd 0 m)S,H S
ObtsdadL Oydjg?2. [ jbOL dOkGdsmoOoyded ndmyfJ s
YJHECtSE BIlOZzZO foltsCtsdt cOLO ddzd xd
LOIse jtcH joOdzdjdg COff 4 dz . 4 d3" dzO d 8 ts dz,
GOL s 52, o SH daif 2izn S ya BUAddsEdz=0 s dsd 1 @ daf d
tcdmMkzdz¢j 1. 13.

Liquid metal i Liquid metal

e L/

oil jets

(0) (8B) (o
tdmMzdes®@)l . OBsf@BdL Oydw Mmlstckzw &3d o ts
( 0)0¢ k wdlztso OV OlstsdizdL Oydw [ 10

33



bz sjtedzOlsdody j RBjlsBHT  f tsdzlzyj deg v
B~ Odzed yd MSE 54 dzjedteseo Odzedd, ~dBdud MEsJ
“Hd&" OHHdldody & Isjodtsdsecd? ftoddj dagv s
dzj cdetso Odedy MBrteOdzw jIs L dzOyJ dedd 4 flagfy d «
HdMY jtefder 7 Eftsydwshds YOL o fsksdC e
Yyofmilsdesmisd, fted §wodkzyjddd &ibsHsd 0,
BjOkesBOkicdydsy & CtdfsLdlstss  dzO shdass
lrl158ftetsydy dedesc s dzOdes YO d y@dgq  teOfg izt
COMtejHj dzj degd™¥ bkftsydwshj2 WOL' tBjf
BinOddyjMStsets djcdetseo Odzd™w [ 38] . udidy
Hdzv wf a4 dedSCjdzjorn YOttt totsyds B 3Mmtdskdy tso
Sl u dmMitcd Liwyidr js thdbL I gU#H5[ 39

Cdzgg jdzd M) MsOoel. [42] §8COLOd], vyl
ClOdz dzsd3d stedud MEsd3 MsMisOe § d ~dBJUJT
odzdw s s dz0 ™S dzsdedetsfls! M z0o ® | N738LC
dMidj Hso®dy § Otsling?2 § sStesh Cse | N738LC, f
COLBots?2 OlstsdidL Oy dQ 2o, s HEESRO ([ tifsdsmhdss Cds ¢
Ctodlsjtedjd COYjfMksoO® (iech SO Oolstst’
(lsdatsh j dzdj zOM" § dets? f deslsdesflsd € bkistow i
d odeizlstej dzdzj § Istejdzdy BINHE YOmMsqdyodd I

#C[dL5BOY J dad W yomisdy o tsf! &3q dfm
ftstslse jIsmisez& M dj fsfjted yds J md wd daed v
ftejHimlsOo dzj dz¥ 2O tdmbkdsSj 1.14. 1 0dd
Sl WWduydj dels mOEMmdzjdcOY Of st O @ifpd d3tiffifidc'Is d
Istej hddz BBIs MtsH jtey Odedw Ctoj dddedw o ff tstetsh
I lssEts 1 dzj oBj dels©® 2O Istej h ddesilss2§ sfls! fc

34



E e e |

t d Mk dztsiCe O oldd] dzefiid CSW SIssctcOW d2 f Stetsh !
Moslso fbMfEolpddzlsi L Jieso Odzdzr = tSBOL ytse (o d
st "ddz d ftstedMmlssimis: HdAzv Mf zOse C

] mMdztso dzr d3d Isj mdztsdztse d W dzd OHHdIsd 9o dzts ¢
¥ Otetsf esydyr 7 M ZzOostse wWodwe sfw fyj dzj Slsd
fj dzj CIsdo dztsthdzedet qlgj K tisjte MY dzOo dzj dzd j (&
MddzlsjLdtckzj BSse s RBOIsjtedOdzO tsfftcjHj dzw jIsHr
f OOB} Bz &Zsdj sted yj MSdd MemlsOo sd §
L dzjteedd, MCtstesmis: s MCOddtess Odzdw, h Oc:
MskicOlj cdj2 MSOddttss OddY. (O 3j M
COoyjMmsots fojtenidtsmlsdsets Mmosw d HE
Mddals j Lk j & & HjlOdj2. 10 ftddjt]
dzd € j dzj 9 G 5 M dzOe O 1648 s Odztso dzj o
h gsntso Oktsisd fsWdd® Ra d Rz dzj i3
MCOdzdtctso OdegdWw Ctsdzlskztc® fy or Oy j dadze” d3  of3
slsdetsmdlsj dz dets § O W stedsr  sflstesj ded™ 1 t
fpdzy inlsoedj, HBMisdYdB 2 Co Odzd lijsle 5§ & fzbzig

35



LOHOY IS bkjndsdsecduyjMSdj ctOddy’ tojyd
dZzOL dzOyd dzedw [ 46] .

) deslsdztsls! fMddelsjL dictso Odzdzs e 5 OIS j 6 d C
fsHBBK] §OOdR]lstess ftosyj MMNO Hihsdd dlz
dzd € j dzj o7 7  #WH0kOo tpodzs [U4j D" s ddzlsj gt Odz' dzr d
5B VY B3dzOW  f dzts ISQizts fids@ i fy Wizl ke cad@fji 5O f 5 W sts

GHJ

0-Bsh dzsfls! dzOL jteO, I,

L-MEBeMIs! MEOddetse Oded v, d3d3/ f,

Qh 0 By HE Itej COB/ ddzlsj o Odz MG Odzd te
OClssdzh d dz0 Mmdztsvw , d33.

[dzv fMf kG ® I N718 B' &0 HtMksdc dkzlsO
Ldzgjtecdd dzOL J 6O o M dz@yq dpts €3eB| d L dgjedtj czds't
dzOB dz¥ H O dzts fry ! HOYJ ftod Ekejdzduyjdedd ¢ dzsls
l jejotsh dCtsoa O [ 49] Hdzv I N738LC fted
MCOdzdteso Odedw 1084 &3/ i  Oh O&9 | prodgds
i sdzlz yd dzO f dzslsdz'B2] L 3@ IsfjH tef PigDscR fsted Mis s
BISCtosMistczCIskzter HzW t0OLd = Mty lsOdzd 2
cdfzdSj 1.15 [47, 49, 50]. 1Iwerh jdzd}
Ptioctso dzv f dzslsdzesimisd + dzj sedd IbtiBbkjls ftst
ZzOL j toPdedj Isds dBysteW sdztsec ¥ LY toj da: f ted dzd L
diCtedo dzv dede’ | € tsdztsdzyOls' j- fLovieRlzg, dfodds O
L Y toc dzO [ 51] . 4G [ ¢ ftocso sSH dIsfmw ftod )
(Hts A4PO ybt Mdedy Ojl Isj & jteOskztedzd) a1t
9 9 Odzdzj tcOMmMf z0o © d HtdessHdls € W stedio
MtckzClskzter Yt MteOodej ded® M wf d.

36



4C[-RBOjtedOdr nOLOSIjtedLEzsIsmMw Ctlzyc
o' lswdzzls™ &3 oHBdz dZOfteOo dzj dzdv ff sMistets,
LY toj dzdets? MistolzC stptstis® O deda| jjd5 uipoBdbls]j 4 8 Stet5 ]
fsHsBtcOdzdz" | f OtcOd3j Iste” Htosyj MMO HddzW SE
f dzslsdz” 2 RBOjtedOdz BjL odHqi3' m Istejh ddz [

(61)

(62)

- e

&
5 ry e . 3 - -
o® 63 - S %! t' - > i At
0 e A vl oy R g ry
- X s P ) '

PR A - e o SN k<, oo
Bl 4 The- WYY e ‘ L R B A L

e : - -
' =
wsw

{ dMkdst( al). 18 C esfstekS skzer MfdzOo O | N718
fC OdedOatisf ¥ ZOL j 6O d 4 deslsdesfisd  dzj ecdd [ 4
fted 270 Ik, 1084 &/ d hoOecj 0,09 &Hk,
850 &3/ d hoej 0,11 &k, (o) GBELOLjY |1
hOe,] 6, L4291, (o1) GBLOL O ITNFLA BB MBSt
I N625, f ts5fls® sqhdeds'/ X8 td

Laser Scan Speed (mm/s)

1.6 [dto ts2 sfrls o sB dzOfMisd dBZOIsj t
Isj SEhdr ftotsBdzj d3 OHHdIsdo dzetse s fftetsdL o tSH fi

[ B dOmsswh jets ot Bifdd i3 defsdizq § dzjOimda
sjQdsdscd? 9 oLl sMistesj dzadd G
i Stedlsdudyr 8 HjlsOd &3, t©OBkOY h ddd
RfMMdzj Hs0 Ols j dz? MS d2 ddalsjtejm ¢ tsmdzj H ded 7
ROG Y j dadzr 7 - Uz@f BQdzzts OB Yd R dkzsf O S,
Of f Ow®EEY kOl j &' & ftod Isj & j cOskicO!
BazdL SCdn § ftejHjdr dgb6i Hdzw RO jted OdzO [ E

bHHlsdodyr | kjodsdzsecdd foLotsdvs s (o]
Of f OOl OF o dzklstej dzdzdj ¢ O®OkG | BHBEOBEH J &

37



ydmdzy m ¢4t dgddedzg’ 3 Mj uddedd o3, §Jlsdzjoar
stsydesdy dzdls' j d dBBJ ~n Odzd yd MG 52 BBOBSISE
[ O jtctcOBSO O [ 54] ftoj Hdzsy d dzO € tsdzfmls
Ho zrfMlsj desyde 5 tsn dzOY H j dgd § o: o dzlz Is to j dzdaW
sSBZOYHOs hdr CO0dzOdzts o, YyJjtejL SCltster j ydt
sls dzOtelzy dzs?2 Misj dzf d . RLGESIstso dzj dzd | Is ©
dzd Is! w fteOCIsdyd M¢ d dzj © SL d3ts ) dzts, tc |
ftotsd dzdzt Mistedtetseo OdZO dzO wdmMizdeCjy 1. 16.

(r)

tdmizdzsC@)l . & § dffdgtsigOlfiis dzy H dzw d e BH dets2 €
(B)d BB J eOlkztedetsy §tsdzy HdzW dzsf OSCd M Mmd
(eisj o] sdzd ss66OW dyJd MCA)Y tagssthjj telg' y diztsjf Ofp<
dLGeBIstse dzj dzdzts? i3 ssHtsd3 v f & dL § sterB4Y O

stsdi3f Odzdw Power Systems Manufacturi
fts wOLWGOBISSC] OHHdIbdodzs dL G tslstse dzj dzdz'
szteBddz fy bkMmtse jteh j dzmiseo so Odzdzr disd MmdMmisj d3
GOL slskzteB d dzgdzs?2 bEMlsOdeso €] 7 FA.

Mmslsw o sRldjisce' OdzsRdz f esydesmisd E Md dzls |
¢ OL Odzd iy fteddsd edets dzO 35% dzdy J , Ud
L dzOyJ dzd v o3 o toj d3j dzd H S tcOL tclzh j dzd W ,
SndzOY Hj dedW tsBJ MY juddzO fMmdedy Jddd Is§ di3f § t
Zyomsg®®o dz®s h j 2 dzsfOlsCd 5 MteOo dzj dzd ®

stcOHdydtsdadzr d@3 dzdIs' vy &3 [ 57, 58] .
38



RLCGBIstse dzj dzdz" | B ssHESR duv dzsf OlS d
ftotsd3” N dzj dedelz® skt ddzz 7FA, GHj ki jhdz
ftodL dzOS s i3d S tetsmis tc z ¢ dgjzRe@ztzdh Y Jd iy S5 zj g W2 ts

[ jsHOdBd MjdjSlsdodzsets dzOL j odetse s iyt
L dzj C lstdtzdzgete sG55 ff dz@o dzj dzdw (& C [ u) Y .
dzed C jdzjor R Ot tosyds 7 Mf zOs 5o . t Jhos
f OtcOdi3j stetso ftosyj MHO:! §fstc dzj 6 tzff dzd L B j

sz dzj j oMjcet Mt MY zOo O L ' ¢ B &
slsdasfwls ¢ -Se@Odzof Qj dgdzts. | MsCtsj MsH toy
M desdzdz” &8 & cEttewyj Bz tOMmistej MSdo Oded®
flsOtej dzd W, Ctslststef tgd otists ifatf S P Gte tryydpts 2 s j to
62] . 1 te dSufddgCz tc j dzy d W Ho lzn ftosyj Mmse
2O tew 3 j dedW fded ) O¥ Isfpw, des tsH datso toj d3j dzdats
9 N;j.

10 fOCIkdsj MoOttde O Bsfisy tsdzitz 5O d
fsH jtey Oded® Ti d Al , ®&OMMH. % (tedmkzdzse
Btsdz ' j] Hdozdlsj dz dzOv ftetsydetsfls: fted 871
5B Y RBdzts 2% Austdzd( Nz detsS 1. 17 B) .

4 Low y' volume fraction (~<25%)
¢ High y' volume fraction (~>25%)

¢ Low vy volume fraction (~<25%)
4 High y' volume fraction (~>25%)
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sls MEzBzBOtcdzse 5 MisH j toy Oded 65 Al + Ti
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g4 dzOo T MMdzd § ©gf GydzdPj s A NjN7 18, Hayne
Mt j hdets MmddzlsjLdelze Ismw Bj ssHisSdZ o ¢
f OcOd3j steOr ftesyyj MO. [ Mot detf L MY (zO d &
IN738LC, MARM247) IstejBlkjls &OftOs dzj dzdztsc s
MC stets Pl tcfig® Odzgdv, h OO hlstedrtsoCd d Wt
fted tflsddddL Oydd +1Isdr fOttOdjlsteso B L
Hsfisdcdldls [ 66

dlstczClIskztcO® fYtsMmdzy wfu dai Ysrntsy O ded d
fsdzeW OBtcdC Ols. 1 OdzdzO O BFL@DL-Bf3lE" & O
Wy j dHnjlsdeH tod Is dzOW Mk MistciZ sBe@ ) w®wUY 2 O]
Isji CMiskte®O: LY tcdz® bW dgklsmwy osHBd 5] ff dzssl
Isd § d ydzts, Hdzw waC [ e ortcOyJjdes MdzOB § | [
B ssHisd; OB ®ozdf sQlsts 9 | N738LC §sfmdzj d
<001> - Isj SMiskztc® 9o H tsdz smMd (oMt dadv,
sjtcl3ssBtcOBSIsCE (tedmMkzdse 1. 18). tiydd
v, Blyde 1120 Aw, 2 vy, MmlsOtej daQjls z85 0 wu.
o Cdzt yojlsmw tcj CtedmMlsOdzazdlL Oydw, L jtedets toC

[ j MigJ f MmMsOals. [ 78] Efmls Odzso d dzd ,
Mddzelsj L dqietseo Odzdese s | N738LC fqdsj P OjIs Isj d3t
Miststcsdzlz B 5dzj § ddL € dn L dzOyJ dzd 2 : i tod

o StedMmMlsOdzdzdL Oydw dzOyd dzOj Ismw  fted 117
ftoj Ho OQted s | dz' datslstisdz! IfldsOtefftdaffw 1230 Aw. A
LWWiClo Mo w L OdzO fn Cddzj s ¢ 52 C Oto
dzdL S slsj B j tcOs Ztcdats d3 MisOtcj dzd d &z Is O
stcOdzemW sEfigy oot C OMe JHEG dzdM3C d o tsB tc Ols dz
1 dzj SlstetsdzOR f sHIse j toH d dzd : 9 ©BtcOB Bls Odad:
dzOB dzt H OdzOM! B t5dz 26 o T fifigEO Q Wdz dESER z@HdHIA | H2tS o V
oMy d3 dMmmdzj Hiseo Odzdztsds H Ol AL3Wdzj A 1l j A3 1) @&H

icslse jlsMiselzjIls Bhdd3 ftoj HMIsOo dzj dzgdWw oz s
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HodyEkhj2 MmMddzy WOLBe" R ftojotOh jdzed?2 o
MstczS sztcOR .

Light microscopy

Section perpendicular

g SRVERC i;‘ )

! sample 10 LIRS

Section parallel

q’_fr]ldelS'IS‘.J flisflgd MEdd dBwBJSCtesW sstseteOWdd | N7 3

{
(Mmdzj 9 O) , d dzo j tcmdz' EiB SOs dee dinydz' fijls tiiCeldddagr o M
yJdzlstej) d ddzo jtefpde § 5zt Mder § Wdekter EBS

HOdzdz" 05 t6OB IS [ 76]

J Mddelsj L dtctso Odedets 3 | N718 toj CtodMmls
sj B j eOEtOR orf h | Isj¥dofl j ROHIILBC0  Ads)dz o iz dy
fsdzs Mder § Wdceckter EBSD d ¢ Otlsr dzts € O dz
tcOL dzd ydzr = tojyddiise tslsydc O SMA) § off fiedfjoHj sjhd:
tedmMkzdzC j 1.19 [79]. vejdzdyjdedj Isj ostf jtcC
toj Cted MisOdzdzd L Oy de[sHHQ dzfiyy Is O Oy dedzts?2 1 ¢
Odzgdzd c d dzv yd¥ HIMdzsC Oyd?2, yYybt MsLHOY IS E
1 OB d&z¢¥ HOj BZOW LOodMmd cssMmis sSlstcOY O Is s
dzj tOo dztso j dzr n MstckzC Iskzte mMddzls j L dJtetse Od
sjtedsdyj MSC €3 . sBECOB IS
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{ d Mk dzsif Ble Qg dg* Mdz' j Wdcekwer (oo jtak)
COL sted j dzls Oy STAQ 8 Ozd ASTN1 0 ¢ D) SBA-L 0(605) Aw
( SYA-1120A4, STAH)L 80 Aw [ 79]

R t©OL d3j to, ¢ OMcBtefdg@G o M® Mddzlsj L Jqdzfse O
so¢dj, ¢0¢ o ddbktsd [ 65, 72, 79, 81,
ddz or tcOMmilsd HIWW kL ddadzts: Yyomisdyr MC
o jdzdyddzO L Osdmdls Bls &BjIssHO d tjy d o
Cted Mmls Odzdzd 50 st W dz@- §40IsFlzdBQitcB JH' HBteOMIsC
100 d&SBd§][.83F Ofmyy s s zO2dz® Hdzw | N738
~1330 Ad4,tcdO ~4N4j75 Ay [67]. [l Isets d
Y Otetsftesydzr » M &zOese MistetsdIlsmw SHJddzOC |
11501200 Awi sSHdME HoboMmlskzy j dyOlsj fjlsOts
1000 Auw. [lsydce tOmlsesstew jls -@RQ ikts d ugdsz Hsc t
fsyeslz Hdzv HAMEQEMNdaE) BNJ W tedfpisaddzjSlds g
olststed ydzr j| £00EgB fHTtcBMtctso Odzed ¢ @ figtfdidsjHHOjdzz jd
yofmlsdy oNj [ 10, 11]. 10 tdmkzdz¢y 1. 20
zO2dz¢ d w©WOodeso jMmde § HBdzd WOL HAZV | N
fesLotsdzve s Yy dHQELds fydsdsls ja Njtctfo Qzdzts 3 3
0dzOdzts 6 d ydz'  dzdlsr o3, 3 dizd o eddgy dzslg’ f fipr
S OtB dHT MC, SHdZOC 5, -8B @dzAsdwd - d3 jlsogSdsfi
tcOMmMlse st jsdgd IsHdzes dL EkfMmlss2yder 7 lsdzd yd?2

Mddzs j L Jtetso Odzdzts ¢ 5 3 Otetsf tesYydetsé s MY dzOo O
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1050

t OMmYf sdztsy j ded COteB daCs 90, IsALOC d B3V AsE
mMih j Mise j dedets o dzd W Is ! ZzO i -~ Odzed yd MSE d 4
gkh jmMsolzjls IsycoO Ltoj dedv, Yylsts C OteB dH!
HodyJdd® HIMAzZsCOYd?2 d Isjd3 MOB &3 fsor
fsdzL zyj Misd [ 83, j8 &]s.C OL Owislz ¢ t33s stc @ Hotislyy dz
LOadMmdls Is ttOLdBjttO® d Wistds' COteBdHTSHO
srdzOYHjded] ftocdotsHddzts ¢ Wtcdidtotseo Odzd
COttBdHBY, sBtOLEENR cLgFE L BOS OB tc @3sdeW
HOo OdzO o B Hdz§ Jz v fesydstsmlis . f d Hdz] dzdzts §

f zOMmilsd dzyOIsr | ( &zOd3j dzdzw tedz" § ) COteBdHT
~nOtcOCIsjtedMmMlsdSd §tsdzt yg Misd. [ dzv  fmd dals §
sMtsB j dedzts 9 Oy dz" Btsdzj j cdzzetsCts] ff tsdzd
LY tog3tey J Is § sd3sy! fsor Mdls! dn 9 ¢ dzOH

tcjyddise jyolsd d bkjtoedistsBtcOBBISCd ff tsL o
Isd { , d BsteW sdztse 68 O ¢ P OE deisted®d  dzOf oW Biz
B rOdzdud MSdd MmMots2Mmilse O. 10 tdmizdeS4d 1.
oCdzs yjdzedvw) o ddlstsdz BOLjtedOdzfj d o - Mdoc
COteBdHT sC OL Odzd ! Bisdz] J
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2550 ©OL Stkfdjj, ujdB o Mo dOFE daf ta Ea
Hj BsdhlsteOydY ©OL dduyd?2 o SddajlsdSj CtdH

t Mk dsiC( Q). 2s10ke g IssMOMRAMR7 , (B) COtBdH MC
MAR-M247 [71]

1 Of o dzj dzdzOw CtedMmlsOdkzdzdL Oydw ( DS)

( SX) ) IStcOH d yd sdzdztsdz dzd Is* j sBj MY jud
Hdzd s j dz dats 2 ftesydesmisd dz20 fSteWHEBSE g rh
OdzO0O dzts G ts 9 LO fMyyls dMm¢ dzs yj dedw tstfdefo dsta
Ctsdzyj dzlstcOlststets o ZzOf tew ¥ J dzd 2 ftcd f dzL kz
zsf Olsts¢ tMhmdese Odets dz2O MY e Odz! desds L § todz
Isj mndesdztse d d slsCter 9 O Is Odz' ¥ jsticdHd ldcdse d2rc
BsdtsC tod Mis Odzdzd yj ME 2 MlstckzCIskzter dz § tsfte
IsOC¢ % J tc] Bsdzls MzzphHBlsE " i d8 dzO e dzj dzq
O tcOQo dzj dzdd dMrBH B2 SCttdmsOdzdzseteOW d y
[89, 0] tetsH | s dzMistcdtetso Odzd o L @By desMls: s
CMSX4 d3j stsHtsd3 ©C [ ¢ dZzO EMmlsOdztso YJsj o&'r dzrac
fsHSCtejotsds fosHdzsySd I N718 Hts ~1000 A
f sdzlz Y4 dzdzts G s BOIs j tocd ©OdzO fn COtcls O3]

BsdsCted s Odzdzd ydesfls: , fdojHjdr dz20
BjlssHO seBjMfjyudeoOjlsmw o fcSus2l 1sQj kY 4
4Cfu), MmMismseflsoksh j2 twshlsk Cwkfdr o

fsHtsGtejo] foHEEYSd HEBS 200 Au kOS2
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{ dMkdst) 4 2@j ydesj ( mdzj 8 ©) d §tetH
B dsS od MisOddd yj MS s GOEEEGO & dGHMS K  dj

md B3d ud Mcd2 MsMisPotc sl gumpod MY dzOo 5o
or MC 82 IbydtsMmlils! 8. MsHjtey Odedj My e’ ,
mMiztc! d3r d oadMmMizzlsO HOY] d2O© Bktesodzgj ppm
7. v j mdzasdzse Y GGOLBOB2 ObtsdddL Oydd ¢ M
Mo@®dzO M Yo’ h jdede" d3 ted MEtsd3 dzOmMr " j dad W
Yybsts MmMlsOoadls otfftesm  odzdwdedd +{Isdna |
Mddzlsj L dqieso Odzdzese 5 B3O j ted OdzO. 1  f tsfdzj H «
s fijtcjtcOBtlsC] d f§solsttdtsdz d MniaSddzs
syjdeClz "sddiiduyj MEtsets MsMmis ©o-BDO0 ] i3 m E&¥zd it
| N718 641-4VIi ftsCOL OO bkMmists?2 ydoe sfmls! Mo
tej ydqS dzdtetseo Odzad © . ltedd3d dzd Isj dz' dzts € 3 Ot
odzdwdzgdy Yo' hjdzdzse s MisH jOGY dEzd % O € @ szt
HdzdIsj dzt dets? ftetsydetsmisd d §tsdzr Eyd Misd tsmle

[ dzw i tod d3j dzj dzd v Mddzls j L Jtetse Odzdz" R
CodemlstczC ydosdedzer = yjdzwas dmr d&j - Oded yj m¢< «
mMtsf sMmisOo d d3r l ~ROtOCIsjtcdMmisd S Od3th dzdhy fagi{O
Isj » dzesdztse v d&3q , o s silsH jf dg'j dgrsdg n tstH E[As@
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[ftejHjdvshddid weodweIlsipw S OtOCIjtedmisd¢C
ftesydetsmis d, f sdzL zyj Misd, BOdzsyd S dzts 9 5
Wstedzd telz j Isfmyw or Oy § dzdzOW fMistsdzB yOls OW
D tcOodzjdzd jds <001> oHBd tMd (st
Codemls OdAlsj "pyAssC d  stesy HOjIs tstedj dalsOyd s
Uz ©O. 188 HOdzdz" d@3 slkdzyy [ 76, 77], H dzw
Sz © 9 &Of 0o dzj dzd (, fJtelf jJ dzH  § & dzWotc dzts d3
Uy B3 o  OtcOdzdzj dz' dats o3, Oded L slstetsf v s dfMm
fts tJ2Mk d At2cllkz. 1 0ftcOodzj dedetsy Lzt toC
ftesyd MmO d wixddr Ijed3duyimis? tBtOB
dLetslssodzj dgdW HjlsOdzj JjB Myt )lsd. OdzF(f
pC dzOH o Efttyds dzdj odesfdls ) &zSCt5j L j
CtedMlsOdzdzd L Oydd o 9 Odzdzj tc O M §ldzCle WO [f Is
zdsd dz' h § dzd § ttOL dzj O L J t6dzO ftsor hOjls
Isd ud ded ¥ .

[ Omfmd e 1 Sy J od Bolzdegs Odz! flzs = H dzd Is j dz' dzt
Mddzlsj L dqetso Odzdzr = dzgd S jdzj or » M zOo B8O 5G|
tjLbd sOIST 5 | N6P2L5,IN738019F 1 5] N1 8 NP B 9 (
[ dzw Mddzlsj L Jictso Odzdzts G 5 | N6 25 Hdzd Is j dz' «
Msf sMmis Ow JWOtcdff tctso Odzdz" A3 OIS to d O dzts A3, 0]
lted ud dzOd3d fded 3 g ded W § czOMmMlsduydzsmisd ¢ O
oCdzd yj ey MLy twjdd | MictjcOydd mjt
Mddzlsj L dJieso Odzdzse s | N718 ftetslsdotstej ydor
~nOtcOCIsjtcdMmMisd¢ BGlsdesmMdlsj dz des Hj W stcdzd tets
Hiczedisyf sfls o d d3" 2 Ptotso j dz [ 110] d dzd
fsCOLOLjdvd [112]. skt f MsOeslk. [11
tcOL tolzh j daf{ N7 B ufnp orf W Odzj dachj dgsj 3irH J iz dz@ fig ls
o fmdzj HMMIse d j dzdSoOydd Nb d f ftserh jdz
MezBLY toj dgdg’ 7 COddyoOn. Jtsefmbsd [112].
sjteddd yj MS O BtcOB ¥ OO M)t toiPnlid) BIPE fdadyjj i3t
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MisOty dzd J 5 EMddzd e OHls §&'L 8 jsdzy detb] § wljod 53

Zdlsts?2 d HjWsttdkdtetss Odzdz" 2 | N718. | dzv
oMjoL T (I N738, IN939) HdAdlsjd dOow {tf
fMzh j Mise j dedzts  dad ¥ 4 , Yyjd kE ddlsran 0dOd

Mddzlsj L Jteso Qldgdy' '-n dBfffSCdzO o 59 sftcj HJ dzw j IS
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sjted3d yj ME 2 ®BtOBBISSd d btejBlzjls Mmdmlsj
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dzOGctclzy j dedz" §| o H t5dz ZOf cOo dzj dedw  sMistets
otej BBY HEts wWOLWkh jddw, yYid® dOctky j dzds |
sBjdr Bted]jdsOyd?2 bkmskzf Otls Ektotse dzt¢ dzd s
mMded y § BPIOCIsj ted MiIsd & n d3d dzG tsL J tedzd Mls 155
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ltedHyJmM d MmMsOels. [ 58] fsCOL Odzd , Yls t
LY toj dadzts? MstckCIskztc] , HsMisd ¢ dzzIs 52 tc j
sSBtcOBBISC 52, Hdzd Isj dzt dzOwv f( tetsydesfyls! mddz
% dzd N Jd Piecsodzw dzdlkssets d3OIsj ted O dzO. [ 51
slsdzduydy ¢OtBdHEEE OfcBgiRd Mis ] dg'd . dzlsNMIC Jtets o
iz fstwHCO 3 dz' uJl 00y diflsy rpozoffdee(tsds of @BE @3, 1
mMddzlsj L Jtetseo Odedz" =) , yksts smdzOsBdwv jls B Ots
Mdzed Y O Is Msf tetslsdo dzj dedJ L § tedztsG to Odzd y dzts A3k

1.7 [bjuyiffojdedzr 2 'l tOLOBBISJ
N zOo 50 Hd&W MjdjSlkdo dese s &OL j odesc s

t OBtslsT 5 OHOflOYdd d MtsLHOdzd® y Ote
OHHJIsd o dz" A Isj m dzsdzts e d 2 ) t siimd2 MS s
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sdMmisj BOIsdL Oydw dzOC Y dzj degdetsets Blsj yj Mlso j
f smdzj Hise Ols j dz' dzg' ~ zOff ttOo dzj ded W : OHOf IsC
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Mots2MmMlsea © M dzbetse 1 r 159 d C1648, fnd dzls
&ZzOL j tedzts G s M dzOo dzj dzd W , d fs¢COL Odzd,

BJLHJWjCIlsdzks flstckzClsktek o B MY jude O
EYHO HJIlsOdzj 2 ¢ stoW ydpdElssj dzilsdet® § IsSO. iy i deQ):
Mddzlsj L dqieso Odzedzs s dL fstesh €O slsj yd Mise
Gjyddz (o2 dsets MddsjL 00 B jMfjudd
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LdzOyj dzd2 Hdzw ddltsets BOjtedOkzO, O s |
fsmdzi fMdfdsiia®NrsHWh ddB J6t, fteduyy &3 H
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vl ZOP1 B9 dz 9T Hjdzjdz COS dOdBtSdZy §J fJ tof
JLetslsso dzj dzgd™” of MBS slsj &BY j toyOBdz'tedld TN iij Iste
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Fecipstallzed Fraction

Ni-superalloy [100%]

—

Recrystalized
Recrystallized: 3.65%

Substructured
Substructured: 40.8%

Recystalized Fraction

Deformed
Deformed. 59.3%

Nisupsralioy [100%]

—

Recrystalized
Rectystailized: 4.66%

Substructured
Substructured. 486%

Fecipstallzed Fraction

Deformed
Deformed: 49.3%

Ni-superalloy [100%]

I

Recrystalized
Rectystailized: 51.4%

Substructured
Substructured: 48.8%

Recystalized Fraction

Deformed
Deformed. 1.77%

Nisupstalioy [100%]

I

Recrystalized
Recysialized 51.7%

Substructured
Substructured: 47.5%

Fecipstallzed Fraction

Deformed
Deformed: 0.785%

Ni-superalloy [100%]

Recrystalized
Recrystallized 63%

Substructured
Substructired: 36.6%

Deformed
Deformed. 0.383%
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f sty HOJjIs Az stz lgdzts H | W Stcdzd oz j dzts s
fsdzL Eyjmisd fteswedw jlsimfv ¢0O¢ tOL ddydj
dzO0f tcOQo dzj dzad W K- + X ¥ j Wls, X 1+ ¢ mif j ted d3j dzls Odz' 0o
t dCjdBOR jtotsds Hdzw I N738LC [115].

1 sfdzj toj CtedmlsOdzdzd L Owy)d d Is J( Mnfipldnists® dzdmy
Mz yO2 dzets 2 d OdzdL Blstesf dw W OCIsstc® 2z di3d |
n Osls d ydzts 2 stedj dzsOydJ 2 LY 6@ dz Mmiktsj dgdide f
Isj 2 dzstetsd MC B8d3D 6 -t€ jj"Aysls € O, Rdztsy J Mis o j dzdzts
o Misy M ddds d ,ftejpH ]tz ljsOHasp disdyy L
(t -CtedlsdujmMStsj COMOIsjde dzgsj dzOf tew 3 j o
fjtejotsH ¢ gtfhlsesfdd d tBi Widaw jls,
stedj dzsOydd XzZ ftetsydstsmls: HJj te) d IORPY0  tohtue
(eOLHjd&z 3. 4,i3.tcIz,deC ® 3. 28tcd j EOOQJ dJA u
f zOflsd ydesfmils! Iehj-0iQts % OcdkEozsEsBdiB0 ) &
2Otk jdzdj HjtejMjCOjl tjltedmsOddadL 5o O
Msef OHOs M j &3 M B oM dB3q Bd M Mdzts 2 dz" B
Hisf scdzdzd Is j dz' dz' j B Ote! jtor Hdhv § &zOMmisd yj M

Cotsdzt yd€ OtdlsPF (ted Mlzdzs¢ 3. 15) WS md
MistezC lskzteds 24 teiff j et F B d Mls Odzdzd L Oy B B tizezts dis |
Odzd L slstetstf dzts?2 fistsdze YOEBER?2 L By Oz B  dzO
Cted MlsOdkzzdL Oyd j2 Hted wfa, ¢ fdizyo2W0ds?
sdzO HOYIE dLGlts]ds Fftezeds d § &zOfml
fjtelfjdHdSteidets2d smistetsj dad W . vtsdzS O] Is
toj CtodmMls Odzdzd L Oy s dzdz’ 2 slsyde oCkzfj fn
HiWtstedk3Oydd, dzOC s dzj dzdets?2 2@ flsOH W R
fMstekzSsktek dO MsOHdWE (i V) d (v)
Ctsejtoj dalsdzr dsd oeNj. H j dzj ded W d&3(
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(H) (d)
t dMkz dztsiCs B ld’'5 tsBOIsdzr » f sdzé Mdzr = Wde bkt (
lrel 20 MsOHdWh § tdds?2 -8) ki ihgdz S dists it
(ii-o) ftsmdzy tj s teodlsOdfize) O dMndifpsielys] dzds 3-fif s ¢
fsfmdzj ftkdsets ydsdzdo MmisoOtwjddv, (
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