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2017 & B & Tk B >0 B B H L 4 1t ¢ R (International Cooperative Group
on Environmentally Assisted Cracking > ICG-EAC)*t 5 * 7 p 3 12 p 3t 3& R*r #7
FEF - RRE TR AR T 1 €35 - R'E 254 ]2 5 (Non-profit
organization » NPO) » = =+ 1978 # » d £ W¥iic § 24 f ¢ (USNRC)2 £ W T
4 3 IR(EPRD L Fagde o 1248 L4 5 ICCGR (International Cooperative
Group on Cyclic Crack Growth Rates) » 1 & 4F 34 L3045k 38 F B @ 2 F4 R
FEEA RABRFIE 20 F- 2R E 1987 £ FRT A ALY 2
%‘« # 7% ICG-IASCC (International Cooperative Group on Irradiation-Assisted Stress
Corrosion Cracking) » 4%+ PFik b £AR2 {584 R+ K & A% BRI
A& - g Rt o FIPON R A S TR R NE T RUR R 2 R
AR IERE T \_}%\7& $251997 & » = € A& #-ICCGR 2 ICG-IASCC £
F e + 5 ICG-EAC (International Cooperative Group on Environmentally
Assisted Cracking) » = % & # By%- 2 L A W%EFH§ - 3% ‘i‘« d & R 2L
B p2- i TR B I H 22 RHeH pootle & 5 B E R BINL M S BN R F W
W2 b g R R AR BFRER RS € 8 £ 12016 & K £ 5 85 B
AP 2 H i3 ICG-EAC 2 58 ¢ A4 w kg 23k 18 B B 7L~ %2 £(2016
#)2 ICG-EAC g &> g Y RABEFE S AR e RN EFEEFd B
Amec Foster Wheeler &2 & fit#74F ~ & (University of Manchester) i 7% ©
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3~ MU EEdR4A g 4 A 3 2 % T Effect of dendrite axes on stress corrosion
cracking of 308L/304L welds in a high-temperature water environment ;> & iZ_jA&
E‘ﬁﬁlgﬁ‘gﬂi&ﬂa’”iﬁ'} A2 AT e TR LEAT ¥
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ICG-EAC 2017 ¢z d"g @& AL iopP ¥~ &5 & 2 # 4 & (School of
Metallurgy and Materials, the University of Birmingham) » %-32* & ¥ 2 B 5 3 % 3
(Fatigue and Fracture Laboratory) » 2§ % % f F * % 4’ ff’rﬁifi&ﬁ FLBR ~ R
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o 7 ixF 3t ¢ (ICG-EAC
2017 Lectures)

> SNIZ g ICG-EAC 2017 & & £ %
« il AR B ) 3k
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Ao Adrfe izt 106 & 5 7 5 puLRF 2340 J FFIRE S L KUy T
(BRST)ALE W » ** 2 WP 57 6 p B 0730 452 © 5 £ 3 #43-(CDG) » o4
W eufeis o Y ERPFERF S5 2 6 p T 1335 i ® W & st (Manchester)

ZH-(MAN) > VR {8 d 832 =453k L & (Transpennine Express)# /L% B«
o7 gt L AR S W A€ iRdp L€ BT~ ii(Carden Park Hotel, Chester B 1)e
AT L B REAR PRI AR S G ORI EAPEIFER S P TR = 09:30
Bl S SuL R s S ) RO AR %‘3'& 2EHFONERLE SR AT - P o
BB A 173009 # 35 FIB ~ EBSD ~ TEM 22 APT %3¢ (7 - p 2 3fe » 4 4
d & W& #cdrdF + & Grace Burke 12 4~ & B 2 /2 * & (University of Oxford)Sergio

Lozano-Perze {2 4 2 & W2 2k ¥ = 7 (Oxford Instruments) John Lindsay ¥ 4
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Bl 1 ~ Carden Park Hotel Bl 2 ~ Bele s A7 HASRAR

EXRWS TP LFIEZLRE D ERAFEZRRIELBANL ERAZERG
Fag g AR AT A g SR A2 gRILTAE DRTRE T
€ RI (R 3) o € 7R L& National Nuclear Laboratory (NNL) UK &5

Andrew H. Sherry 1% L #2485 ¢ * R f§40 7 Bl & W2 o & B 2 (B 4)

@ 4 ~ Andrew H. Sherry # 1

BB R UET R F WAL L > GRT P L 21 L X p
(5/00)% 22 3 4 B4 A B0 2 {55 CES 4 B4 & 2 (IASCC) - % #7148
BRI L RAAPM L DA FONBAEY FIBARIEL o F P ERMT LS
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SRR OFHE RS g2 WA ANFRE T R EHESER(BIS) T
ARSI ERF PR ITHEE S AEIMNEEHEIEAL S
FHHE AR I P P EMARE > REREFoFFapd I o

EHRFT P(S/12) = £33 5 H4F4 o L H B ApR 2 R o 7 F R
FEN25 23R o d A EARERARBASBE G H 2 TN ER
FHorE R4 » ICG-EAC 2 # ¢ F L3+ 2 ¥ =>4~ % 5 China Nuclear Power
Design Company (CNPDC)# Nuclear Power Institute of China (NPIC) © € & %« {5 1
PMBEEAREREE SN A 2 AL N ER oA TS
2018 % 2019 # 2. ICG-EAC § ¥~ B>t £ Wu a2 S8 0 By 4 o
€ AT T E 12:00 A

5712 p 7= 1:0002 ¢ 4 B4 fk4Esd g A %3 Amec Foster Wheeler
DB RrdriE < & o gt 4 Amec Foster Wheeler 2 7 2 % it #1442 4p B A7 7
SAOSPE ST HAFAL UPEPEE kLA gREVERETHALOP F
Fl* 2 p A pEERARR RTAS Y 15p S iap F X F 042 H42 % (School
of Metallurgy and Materials, the University of Birmingham) » 2 & %3+ % 5 27 gL 4|
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Bl 52017 & ICG-EAC ¢ #(=) ¢ #P %
£ (2017)# ICG-EAC ¢ #d 145 =% f 17 BRI G 67 B & f wshenis &

RoLR s s@FEXFER Ly (Prof. TK Yeh)e § 37 57 56 jp = FE4F 4
BF 13 B enEdF R /AR A fon BRAREAG ERE NS T pEIE
PEFRE) FLEME . A RIFMWR ZT > 77 R i LR CHE KR
BN BRI A EF A FIR R BB AR S g0 E AR K
%, %348 4 (Summary presentation)2_ iE 38 o ¥ 4vif € RICARE T P E £ A
SRR SR FTERNPRI N EF 2B AR ER
FEEFEL(RO) X P3RBT FREAF(R 7)) 2 € F v iR i
o f BEEAEDR D G| R T T R XA S

CAAT PR R R A AT

1~ %948 & 4 44 & £ (Austenitic Alloys: Ni-base alloy)
E1B3F Al gRHABR S LA N F AR E £ 600 2 690
FHR 3 NIY/Cr & 4 ~ 2 4e 1 2 ~ B 4o d RV E R A
PWR & CANDU 3 B kBEREB T2 R4 4~ ¥ £ 235 075 H
X 600 2 690 TG gk f AR A P 2 & 2R -

2~ &t & & ¢ 7 44k (Austenitic Alloys: Stainless Steels)
£ 10 K » 2 BIFHHI S AT 4B 5 2 k4o 304 2 3160 P F A FRA G
ERRAPECRIZN 2 A4S 1 2 HR o A3 BRIV ERE T R
BWR/PWR B f RRBERR T 2 5+ FATEME T FHEE N+ &
FEREFH o

3~ 4%3% 1 (Weldments)
E9OR RE PRI RMNE2NEREYA2 B2 K S £ 52M 82~
182 » jx 7w 48 % 48 4% 308L ~ 316L ~ 316LN % 2 fo /R fd 4% 45 % >0 {048

BWR/PWR 3% ;% -k T j 2 A KA B R R
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4~ f5ETRIER A K4 & 4] (Irradiation Assisted Stress Corrosion Cracking)
£9R L RIFHPDA BW L O BRI BRSO  B ]
R R kTR Y L AR E AR

5~ & &4 (Low-Alloy Steels)

£ 1

EEN

PPN F SR R YRR HRPV)Z M E £ 4 (LAS)*T LWR(light
water reactor) % B R FRELTR B T 2 BB T

6 ~ ¥ 7R3k 4L (Special Issue)
LE0h N FHMIA - RIS IRRA A R - IR EAAL BEHME
£ 800 ~ 690 % 4 R 37 o

7~ - 45m~ (General papers)
x5k M F B AP MR T4

8~ HFEFL

£135 0 R GedE THAN ) e 5§ R R

B ERIATEF A - K §RM T 0 F A L3R 5 “Effect of dendrite axes on
stress corrosion cracking of 308L/304L welds in a high-temperature water
environment” » P} A F HE P d AArE 2 BAA VERE P I ZFRAELERFH
ForRdF2 L R AAHOR SIS & 5 304L/308L M 4RF P YR B OKEBRE T &
4 Jg 4 4 %) (Stress Corrosion Cracking, SCC) = & i 5 2. B 582 Bl =0 £ 84 o £
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Fl6- A7 &% £ 845 2§ 47 Bl 7~ S s 4 B 7 F B

(2) %1%
AMEC £ § jic#74% + & (University of Manchester):

5/12 F = ICGEAC ¢ &% & f » T = 1:00 Trfc424. Amec Foster Wheeler 2

3o P e G 160 R 0 B EIAREFF 35000 4 o i w55 B B Feo PRAZIE
Pedl 2 ~HE R WA BB S 23 AAHER S o & EDF, Hitachi-GE,
and Toshiba/Westinghouse % F"% & 2 £ fp & (T37P R K-~ 23 2148 -
BURBGER AR BORRIE ~ 2 p R AR RI e R 0 2t S SRR T
FARBAT L 5 A 0 d IR ERAD E-‘C'E)"ﬁu%ﬁ?ﬁ By F AU ZRETF
5o R R K £ B G RIE S TR 0250 R ¥ RS S T
FRHE Ry @k Pl i BERTET MY RN o3RG T4 B
B (Creep) K & 2 5 & B-KRELS FAXKA R <4 L5 gt
AP FRLIERAFEEHEET LR FALER 2 AR DR
2/ pFIE > w AT - 38 g4+ & (University of Manchester) °

et B - F L ERAE R RS0 %R R FERFE R
Briamy20r B EBRF LT 8 25 ERT¥ 5%
B R A EBRabHer B2 - 0 4pE 1824 E o X B RFIEERY -
REBSI L E A TR E - R A F o g B R EE LG
202015 #Z A QS 2E M A EFR L% 21 Lo d & REE L EHE TR
#: Grace Burke ¥ 7 > S8 ¥ 5 % 247 T F & #c 4% (Transmission Electron

Microscope, TEM) > 4-®] 8 ° 5 7 it B F 4w % l%]j‘;fs”ﬁ Ma B IEH - 3
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BRERGART P S Ao AR BT S BRI RE B R o

& 8 ~ 300 Kev TEM

9ok} FIBR & 7 e TEM R # SLie(F9) 2 I ol 42038 41

B 9 FIB X & Bl 10 ~ B 2 32 5 41

¥ ¢ 3%#75 - 5 Nano SIMS S0L > f247 & 7 i 50 nm > 4] 11 o Cs 3+ /&

REHRSE A2 i+ SERFRRFMFITHRF ZE 7= 600 572
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& 11 ~ Nano SIMS 50L

f\;’lﬂ’i g’r’ﬁaﬁ‘}‘lﬂ:
5% 12 p ICG-EAC2017 ¢ sz B AL A HP F < 8,5 & 2 #4L,% (School
of Metallurgy and Materials, the University of Birmingham) » %% & % 22 gL 2 § 2%

% (Fatigue and Fracture Laboratory) » &2 f % % f § * % #¢” i'%?t:{ffi‘f]‘-“uﬁ FRA ~ R

\

PR Ry VPG AT 2 R RGN IERIEN B TR
Bt PRI RFE SR K2 o kR i

P ELIEE AP RY > FREA LI EY C o AP F A E AN A 5
(Birmingham city) » . # R % = ~ 3 (B 12) =B FY 0+ 0P F % (West
Midlands county) » 4 © %) 120 § - @ £ 7 F b REREX B T g
IAERGERAG L T AEERED ] PEEY s e BRI T
Rens 57 F > g o R trd ~d > PERRERY v 0P F R
EST AR o KR H S 5 R g 2 i < 483 (Buro Hub) © i F 3 5
mEZ B R R B R NG RIE A 2 2EIFRNBRET LR
&2 pFe-Birmingham Royal Ballet) ; 3% % & # 4 Jaguar ~ Land Rover v MG

Rover & = « 2 RT & g o 74 A5 30 o ' F L 4] 230 1824 & (vp F
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#oepESk B E Cadbury Z&2RAFRL B A~ B~ d 42 AF > F L
Cadbury World (Cadbury 37 5.4 3 ki) > i.%fi:%? e X & 2 zhi g0 Bournville
(SellyOak & % #*) » Cadbury 2% % = i @ 4 Sir Dominic Cadbury % op F < &

i & & (Chancellor) °

1900 & f& 2_ P Z + B (The University of Birmingham) i & & & 4 (England)
¢ 3R iap % (Birmingham) » £ 3% & % - #7J& ¥ % 2 (Queen Victoria on 24 March
1900) 4% 35 & (Royal charter) e 7% ~ & (Mason University College) » ¥ 5 = #1/zf8
<~ B ¥ L RmY 2 B2+ & & B(The Russell Group)fl4e= f 2. - » * e
Vi D 1828 Az eniap F 12 g ob il ¥ & Fx(The Birmingham School of
Medicine and Surgery)Z 2 1875 cif# %32 5 f(Mason Science College) o iap F
FREY 100 == 3 )F L5k GGk 44835 (Joseph Chamberlain Memorial
Clock Tower » B 13) > % W8 jtFl2 - Bk A 7 L ap 25 2 4L f 5
2R EF b8 P F A8 2RAARIFTF 28,000 5 2H 3 (24 Lk
EFR®% 4)% 6,000 f—»:?i‘ﬁ%‘iﬁl CHP Eg kp 150 B R 74500 F rREE A -

P E A B BRI A i A B et B REA RS 2 B L5
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(FF R~ 52 48R EEY - FRAF o

(a) (b)

Bl 13 ~ (a) Chancellor's Court, (b) Birmingham University 4232

PP EFAB I BRI EEZTRXE /L R E R F1002017 % 3 ELdEEE
#c 7 (Times Higher Education)® % « £ £ % 130 & > 2% % 19 & ~2016-17 &
QS & B =~ B # % (Quacquarelli Symonds World University Rankings, QS)*® 7] >
Ex 15 L2 /%82 %2016 }_xtf-[&é#sb 4 L EE L ST 90 B RS 4(=
A ;‘i“z%'H%i # RIL1)02015-2016 i@ F +x Bz » £ g 7 ® 4> TIMES 2015
EFH E RS ??ﬁ:ﬂ;‘#& 2¥ s P FE L B 843%:h yu:ft LA >ES 4
BRI EAT R GRAFE R 22 TR F /52014 B REE- F O
‘2 %% Research Assessment Exercise (REF);®fe ¢ » iaf F < B k4 f % 15 &= >
=~ § 283%efl AT kT e P REAE L 1 (4%):53.2% nfl A e R RE R A
A G*) ~FERBELZETRNBERYT 2T - Hi- s ARk EFHAP
P (STEM) > 52014 # & <~ "o x @ F X 5 Bl 231902 £ 5 2013
£ 55 A (Economist) >3k MBA $kAZE (7P P F A R FlaEF % 851 o
2015 & & pPF4R B AT MBA £ L8100 F < 875 2378 & 9100 #7 MBA A%
frtee P A F-E R 0P FFLPAFLEFFF RIME 252 PR Y
FEAE D VipE o et P F A F A FHR 14 P AT e
[ P AR o 22017 & P Z AR - Xl

CHELEEFA eI B RE AR -
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] 14 ~ The Queen Elizabeth Hospital.

mpF A B A e H Y f 35 427 B oA e 327 BAA L3k
Ao BRERAEYR L M e Ry 0 IR T RER P
FEfrIRE Py e KBTI RE T B PP EL %k LFT Ew T
AF P F A FRFE KT AR R RE O AP PEE L
A FEEGG S F - B F R DG OF FAF DT AR e
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2014 Research Assessment Exercise (REF)3® /% ® » iapt F & 85 & 2 434 % &
Wy 5 5%A - B # R & (top quartile) > 86% LT i T RMEAE L & U F R T
@4*) > 3% e FIRERAE E2 0 RT(G*) o0 & 2 5k (School of
Metallurgy and Materials )% £ 3 1882 & £ 2_.5 & % (Metallurgy) » 4 3t 1946 #
W E1 XL 2P 254 5 (Schools of Industrial Metallurgy and Physical
Metallurgy) » 1981 ix 2 4L 2.0 &2 Ml ko i G2 ML A A 54 5 > B &
A i,rr—‘ﬁ (B 15)4r® /) 2 Iz L (Fellow of the Royal Society, FRS) Alan Cottrell =
8-(17/7/1919~15/2/2012)~ 2 I+ Raymond Smallman #$%(4/8/1929~25/2/2015)
3 g 7t John Knott %42 ; # @ Alan Cottrell = & % Raymond Smallman #
#(ap £ )2 John Knott FP (&4 = TEER)ZHE L 4 E 4% John Knott
RS HRTBEFR LG FRE - ARG BN F S £45 0 Alan
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Cottrell = & %2 Raymond Smallman 22 John Knott % ## 2 23884 2. F iT4oT

e Alan Cottrell = & : Theoretical structural metallurgy (1948) ~ Theory of crystal
dislocations (1964) ~ The mechanical properties of matter (1964) ~ An introduction to
metallurgy (1967) ~ Introduction to the Modern Theory of Metals (1988) ~ Chemical
Bonding in Transition Metal Carbides (1995) -~ Concepts in the Electron Theory of
Alloys (1998) » £2 17 #p 2. How safe is nuclear energy (1981) ~ Structural Integrity of
Nuclear Power Plant: Learning from History and Looking to the Future: Proceedings
of the TAGSI/FESI Symposium 2013: Held at TWI, Cambridge, UK (2013)

e Raymond Smallman #t#< : The deformation and defect structure of metals and
materials (1968)

e John Knott #r#: : Fundamentals of Fracture Mechanics (1973) -~ Worked
Examples in Fracture Mechanics (1979) ~ Fracture Mechanics - Worked Examples
(1993)

Alan Cottrell = & z_ crystal dislocations - physical metallurgy * Raymond
Smallman ##22_ defect structure % John Knott #t#%2_ Fracture Mechanics % ¥ i% »
EHERHAEZ SR s KA 2P Alan Cottrell 2 8 2 "Cottrell" (or
carbon) atmosphere ~ Crack-tip opening displacement (CTOD) ~ Dislocation £2
Raymond Smallman #t#:2_ Dislocation loop 323 » { B g L4 8 2 g4 4

B2 2k o
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(a) Sir Alan Cottrell (b) Prof. Raymond Smallman  (c) Prof. John Knott
B 15~ /5 & % #L % 0 332 (a) Sir Alan Cottrell, FRS, (b) Prof. Raymond

Smallman, FRS, and (c) Prof. John Knott, FRS

e & R kA B FT AR & E Structural Materials ~ Functional Materials %
Materials Processing = & = (] 16) :

e Structural Materials : # 7 Polymers/Composite (Mike Jenkins, Stephen
Kukureka, Gerard Fernando) - Ceramics (Jon Binner, Clive Ponton) ~ Advanced steel
(Martin Strangwood, Clair Davis) ~ Non-ferrous (Isaac Chang, Mike Loreto,
Alessandro Mottura, Mark Ward)

e Functional Materials: & 7 Hydrogen storage materials (David Book)~Magnetic
materials (Allan Walton, Rex Harrison) - Piezoelectric materials (Tim Button) ~
Superconducting materials (Adrian Crisan) -~ Biomedical materials (Artemis

Stamboulis) ~ Sports materials (Mike, Martin & Hanshan)
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Major Research Areas

LINEVERSITY ™
BIBMINEIHAM

B 16~ i & 2 HHi 5 4 47 5 A7 88

FHI RS 2 2P B E LR (B 17)

Hydrogen Materials Group
Mgy Liggrmrm: o By
Hiytengan
Gas sepasation mambmnas ; Enmge L e T
i I..':.._l = s
Fydrngan £t i Hmh. | s
ALgRGS Aot
HytrogQon peoossing
Caisyss Ereny Demen
crsed HRFCSUPERGEN (amzam)
PERL fep g Safe g O Mproper Evergy Seimcvwn, 200 2-17 (200317}

EFREL CLAW - mano-PON celayets (2013-16]

BT Mcvw’ Comples Babii lipdrides for E8ceer dad Coompact Siorage af
Apridvileg EABEY b Medrogdy ind SleTrady (S0 TERED {113 L)

B 17~ &t 2 2 B2 2 g

e Materials Processing: # 7 Casting (Bill Griffith)~ Plasma melting (Mark Ward) -
Powder metallurgy (Isaac Chang) -~ Net-shape forming & additive manufacturing

(Moataz Attallah) ~ Surface engineering (Hanshan Dong(& ;% .1') > ] 18)

17



B 18~ A #15k ¢ 4% 1 (¥ )22 Prof. Hanshan Dong (+-) # Dr Xiaoying Li (%)

e &2 R ER

5 9l #2 4+ 4 material-process interaction i& {7 #7 3 - 75 B 1 (F e rkdeT
¢ Additive Manufacture 3D Printing

e Laser Deposition

e Net Shape Powder HIPing

e Friction Welding

¢ % b4t 9 #2(Advanced Materials Processing, B 19(a)) » Melting-Casting

(1@ 19 (b))¥ Materials & Process Modelling (%] 19 (¢)) °

18



Advanced Materials Processing

O The scentific emphasis s on the malernal-process |n'|.-|:1'd|.'hm,!
studied wsng electron mMecrosgopy, Synchrotron X-rays  and
nautron  diffraction, and mlﬂ'ﬂ-mmﬂﬂfiﬂhf. o assess (he
mipact of the advandad PrOCessang lechiniques on  Lhe
micrastructure-praperty dévelopment in advanced materiats,

Lagmr Heat
e [, [ [
{01 Ml A, T AL, e || O Repeer & nahcapog || B Powier pesisg | o Fricse S

I Hgnd wrvprires || bl A e WP LHilng of 1K Fa L Lwar Frictein
2 Frooss modifisg B Pracem madsien u-l_.ru_r\ll.mm

Collaboration with MTC (E15M) B biienia (a)

Melting & Casting

O Inwestment casting shell-rmoulding facilities,
O Real-tima X-ray facilities for mould filling studies.
O Induction skull melter for casting Ti and Tial alloys.

0O Industrial scale Bridgman furnace for single crystal
Hi-base superalloy turbine blades.

PR L Lkt

Collaboration with HTRC (£60M) B BTN ()

|- Casting/solidification {Nils Warmken]
* Melting /welding (Mark Ward}
* Phase/Microstructure {Martin Strangwood)
* Atomic-scale modelling (Alessandro Mottura )
= Metal forming (Jeff Brooks/Hector Basoalta)

An Integrated Computational Materials Engineering (ICME)
approach is adopted for coupling themes, with the following
research focus:
Theme 1 Materials: Probabilistic materials descriptions
Theme 2 Manufacturing: Process apd physics driven madels
Theme 3 Performance: Probabilistic property predictions

E UNIVERSITY™
BERMISGHAM (C)

Rl 19 ~ 7% Blf3 1 7 #vk (a) Advanced Materials Processing, (b) Melting &
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Casting, and (c) Materials & Process Modelling.

;[* 4141 Performance- Degradation » #7 3 AE 3 (7 4 247 3 B Fg)4c™ (B 20) °

Materials Performance & Degradation

= Fatigue and fracture (Paul Bowen, lohn Knott)

» Oxidation (Hugh Evans)

= Corrosion (Alison Davenporl, Brain Connally)

+ Microscopy (lon Jones, Yu-Lung Chao, Mark Lowver)

3 TEMs

4 SEMs

1 Environmental SEM

1 FIB/SEM
LUNIVERSITY™
BIERM | SO H AN

B 20~ #4473 performance & degradation.

™ f§ 4 Fatigue and Fracture 7 3 B fj (% #2? (Dr Hangyue Li)#edt &3
#L):

Prof Paul Bowen (Fellow of the Royal Academy of Engineering, FREng (] 21)
AREZ R F 2R EG > B2 28 B UTRE A RIS 0 #
L & ZF nuclear pressure vessel steels ~ high-strength pipe-line steels -~
carbon-manganese steels ~2.25Cr-1Mo welds > titanium alloys ~ titanium alumide alloys -
nickel-based superalloys -~ fibre—reinforced titanium metal matrix composites > ceramics *
ceramic-matrix-composites ~ alloy 709 (version of 20Cr-25Ni austenitic stainless
steels) ; % E & 1 —196° to 1600°C ; %% © F § /B 5 o A% 2 & ¥e 44 4L (Target
materials) & ¥ &7 Spe M 2 R AP Bt Rl 8 A1 EIRP

FRFAFER B~ R AR F fedng fus > H @ Rolls-Royce 27 5 # k- 8 4
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# A £ 1 & %R o Prof Paul Bowen 4f #2 % % 2 L4 ®I> P % 5 Rolls-Royce
2PNERAE A2 34 EEd (RRHTRO S MEAFF 0 ) § 4 5 4

=X FZx 2 % E' 2 (Dr Hangyue Li) o

Bl 21 ~  Professor Paul Bowen (FREng)

i 3 Microstructure-processing-property = 'ﬁ 7 1 > Fatigue and Fracture group
(4 %] &+ ¥t Fatigue crack growth % Fracture toughness)i& {714 7 # 3 :
¢ Nuclear pressure vessel steels # High-strength pipe-line steels (Exxon)
Py €5 w s 38 & (Ductile-brittle transition temperature, DBTT) % 32 2.
8 &7 M (Low temperature toughness)® %+ 7 5 » 4F W] Z_3f & % (Pre-strain) %
carbon-manganese pressure vessel steels( z * 14 % 4% if ) {5 & %% it (Irradiation
embrittlement)z. §2 3 ; & = =¥ g7 |4 (Charpy impact toughness)/# 4 &7 | (Fracture
toughness) 22 J8 & 2_ B % o F74F = % (¥ * (1) Exxon 11 #1:% * (Down-selection)
# B > (2) Shell ¥ i/ jg 2 fitness-for-purpose safety cases (where use has been
outside the design code guidelines) > % (3) ® W +%i & ¢ H = ONR(Office of
Nuclear Regulation) 2. 2 % (Life extension):& 4% °
e Carbon-manganese % 2.25Cr-1Mo steel (welds)
2T A ORIk 8 2. B 4 (Cleavage fracture) #% +(Micromechanisms) » & =

7 FeplEE R T RN £ W B3R 4 (Critical local tensile fracture stress)£2 BF 4 #L 3k
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Z M2z ke v é 7 43 ¢+ (Inclusion size), #/%(Grain size)z. % >
- HFETEM GHERERER P

e A wide range of titanium alloys, titanium alumide alloys and nickel-based
superalloys (all for Rolls-Royce)

* e W AR iE 2 2 A% & (friction welding){$ > R B B R B B T 4
(Dwell periods of up to 3600 secs)iF i* T 2_Jk % 2 5 % & (Fatigue crack growth)#=
T o % Y5 12 (Creep-brittle) & £ (4 %] 4_ High-strength powder-based nickel
superalloys) £] AT #1 # > & » & ¥ 3 B = Lk 4 & & (Dwell-cycle at test
temperatures of up to 700°C)i% i+ » ¥ it (Oxidation)3y :& 2 ¥ 3 B (Bl 22)2
Ve sz 2 o i B eng] R B Bie(Crack growth techniques) it 53 & & /8iR138 4R
HioES L £(2 mYe 4 > Dwel){ 5 ~ L R> > BTG s

E AR ks LA 2w AR 2k 4 PF P (Thresholds for dwell effects) ©

Tip o coicds

Crack up
X
Uncracked
GB
Schematic variation of
out-of-plane narmal
stress along oxide wedge
-0
(a)
20
18

ﬁ Chromia
I 4| mwmae NO

z :
g F [eseeses base line: no SAGBO
€ 12

(5

o 40}

L

£ 8y

2 sl

<

T

e

Bl 22~ (@ &? T LB AT T HELHEX=0)iF 4 54 DFiRT o n



FEipEaOsxsl) 204 B AR (b) 32 SGBO i & %4 (Sr)

$650°C T F g e 4LenF (dh o A end ¥ 4 chizdf e

¥+ alumide alloys> 7 7 & 8 5 22 = 'PFa'2 gk ¥ 4 % =0 £ P 5 (Fatigue crack
growth thresholds) » /2> AZ P T » | AR T THL B R FT73 § 2%
(Confidence in "no growth" even for small cracks under high stress ranges) °

e Fibre-reinforced titanium metal matrix composites, ceramics and
ceramic-matrix-composites

P < £ " s 1 ¥ (Aerospace) 2 7 4 4 A& ¥ (Power generation
industries) @ |3 iF i (up t0)1500°C in air ~ 1600°C in vacuum

o iTfLHpF7 (joint UK/US programme)

#-wv it % 3 IE creep-brittle alloys #4177 = % &2 jiF > J8 B I creep-ductile
austenitic stainless steels (the development alloy 709, a stronger version of the
20Cr-25Ni austenitic stainless steels used widely within current nuclear generating
plant (in the UK and US) -

TR AR AT C(RY B RIR) BT ALY SR St kA

SEEBRFL(BI2)2EE L IHRFTERTER -
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Bl 23~ Aopskd B L 40 8 2 Bl K h B AR

ER TR

(i) Introduction to IASCC of LWRs Internals (3 ¥ # [] 24 I 26)

§F%ﬁ-‘¢" | SIHEF

1 Introduction to IASCC (Irradiation-assisted SCC)

2 Irradiation Effects on SSC (Stress Corrosion Cracking)
2.1 Effects on stress (S)
2.2 Effects on water chemistry (E)
2.3 Effects on material (M)

3 IASCC Mechanism

4 Rules on SCC Susceptibility (Lab & Plant OPEX)

5  Closing Remarks

24



B 24 ~ 5k ¢ 242 1 % 73F 2 Introduction to IASCC of LWRs Internals

trbetrary Unla

Do e

B 25~#7F L F & £ 3 4v @ 3 40 22 S 8(RIS, loops, hardness) % & B (G Was,

11th Int. Conf. EDM in Nuclear Systems, Aug. 10-14, 2003).

B 26 ~ % 304SS B4 & g% 3| deformation channeling % TASCC i =

(Source: CS Chang, INER-A3180R, May 2016).

(1)Service and laboratory experiences have shown that irradiation
25



enhances stress corrosion cracking for all internals in high temperature water
environment.

(2) The degree of IASCC increases with dose.

(3) Primary effects of radiation

stress = creep/stress relaxation & swelling
Environment = radiolysis
Material
= micro-compositional effects (grain boundary chemistry)
— grain boundary segregation (RIS)
= microstructural changes (defects evolution")
— formation of dislocation loops, voids, precipitates
— deformation behaviour
— hardening

(4)Each of the principal effects of irradiation have been considered as
potential causes of IASCC, but the multivariable nature of the problem
obscures a definitive determination of the mechanism.

(5)IASCC 1is enhanced at a fluence that is dependent on applied
stress/strain, corrosion potential, solution conductivity, crevice geometry, etc.
While the concept of a ‘threshold’ fluence, 5x10*° n/em’ is scientifically
misleading, it is convenient in a practical engineering and nuclear regulatory.

(6) Plasticity localization is a potential mechanism for IASCC.

(ii)Environmental degradation of thermally-aged cast austenitic
stainless steel welds in high temperature water environments (§ & % &
271 29)

iﬁ%fjﬁ" 7|43l
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1 Introduction

1.1 Extensively used in NPP

1.2 Spinodal decomposition

1.3 Overlay on the aged Hot Leg piping
2 Experimental

3 Results and Discussion

4 Conclusions

777

50 pm

Skeletal ferrite
B 27 % &4pt

s Plastic straln mop
s AT e
wnaged - W
Lo
450 C aged - W

B 28~ A4 =% EBSD 4 1 B
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B 29~  %ig %4iT EBSD Bl

(1) Regardless of the specimen condition, the SSRT results in high
temperature water showed that failure mostly took place in the BM instead
of the weld metal and HAZ, which shows that the recovery of d-ferrite in
the HAZ region by welding might decreased its SCC susceptibility

(2) For the CF8A weldment without prior age treatment, crack growth
along slip bands was the precurser of the SCC when tested in 300 C water.
The fracture surface mainly shows TGSCC feature.

(3) In 300°C water condition, SCC along the 7 /¢ boundary or
within ¢ -ferrite was responsible for the elongation loss of the weldment
with prior age treatment. Zig-zag crack path together with large amount of

secondary crack were observed on the fracture surface.

FFBFHRTERFTE (R30 1 33)
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Bl 31~ & %2 #1441 % & # (a) Prof. Hanshan Dong and (b) Prof. Hangyue Li. j%_
= ¥+ :(a) YC Lee (ITRI), CS Chang, Prof. HS Dong, JY Huang, WF Lu ; (b) Dr

Hangyue Li and CS Chang.

(a) (b)
W32 i542 H4L 4 P ~ v £ B 2 P+ (a) JY Huang, YC Lee (ITRI),

Prof. HY Li, Dr XY Li, CS Chang, (b) Y Huang, WF Lu, YC Lee, CS Chang.
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B8] 33 ~Chancellor's Court of the University (4£_= | t- : CS Chang, JY Huang, YC

Lee (ITRI).

= \0\'31’5’
d3 e RFALAHIEERT - 7"3"]}'}17""755 BGAPM 2k o B R
MR EERE T 2 TRREENCET T SR A

X BAEEHPEHN T F=IF A4
e

*E

z

EHEELIP TR RPV 23R  BEEZ 22N 2E o R

A FRAREFF AP S EERER O PR L ARPERT2Z2E >
BAIF 3k RBZATRA/RE TR & 5T X4 FRAXPH&
T 24F3HE g kp ¢ & Institute of Metal Research 7 Jianqiu Wang % £ & A 3¢
# “SCC behavior of 316L/52M dissimilar metal welded joint” » & * 2% i+ 4o ] 34
% Shanghai Electric #& & 316L #* +f #5 iz 52M 4%+ & 74545 1 % T &3 (Compact
Tension » CT)z#fk & W g3 R(FB) ~ B wRBHAZ)F ) » 2264 CT R ¥
AR L AFECBBRKCERET L HERE G 0 B35 SAPM T %X
Re sk sl BR%LEA L Z IR (DE S AT 0 (2 HAZ 4 F &

HHEF AT Q)FB S s HE FadT e
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(a) e (b) SIMw S2Mb
wielded joimi

Sufe—end pipe

Bl 34~ F %% 2

Solution: 1500 ppm O, 2.3 ppm Li
OQ: <10, 100, 500, 2000 ppl

OH: 2800 ppb

T: 240-340°C

K- 75 35 MPa.m

Precrack in air Crack growth in high temperature water Post crack in air
Triangle Trapezoidal
waveform waveform Constant K , Sine waveform
R=0.3-0.7 R=050r0.7 R=02
Sine waveform { ]
R=02 i
= H {
s
e H '
b i i
“” I
e o
T

Bl 35~ F %W HF & 58k
BRI A B 360 316L BB FFH LG REINFHF
(deformation band) » ® *fifcng& 4pit § 5 < L B o 32 F B RIR RAHIT M B
(B 37) > 316L #3773 4 el B &8 * 44 52M A B 4pif > B 43 #4 3.6 mm
HTAEB PR R R RF 2 08 > 95 240 HV - #5 £ fI* EBSD » 4773
MUHTZ T od 38 ¢ T LB ISR AULAB & R P M AT

% (residual strain)» % ¥ g 43 gARH B0 o
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100 g

R EREEE 28 44 8 84 48 A3
Distance from fusion boundary (mm) Distance om fuslon boundanyimm)

Bl 37 ~ 73 PR SUHTA R

F-—
L g
=
(T

r——l-r e L T T T I ] -1.l 1| : as A8
L] L] ﬂilhllﬂl Il““ |I.II|'DH hlllilldlr] ““ﬂ}
il
B s

] 38 ~ 73 fk &L if EBSD

316L HAZ fi4 frts o 208 ok CT & % #4322 (=% 4o 39> B 4+ £

T AFERA A 36omm P o AR FHRBRR DERE o HP %KY it
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% 5 fiche ) 40 > 3TRER - FER T ERBEKIE- x‘t'—‘"’_ﬂ«f | * % F R
TR HKAEI MY R R 3 E Eye(apparent activation energy) 0 35 B i %

= 78.2klJ/mol » i 4s 3% (B B2 ¥ pin (Fde 1 eh 316L 18440 3 - o B IRZ T 1 4

i xe 20%:% Te e 1 enid (W] 41)°316L 64 KA RS pied 05 P ARG
M B F AP ZATE - BEcE (R 42) - HAZ % W G 4ol 43 0 LA 5

Ao RRO v RESAE D B0 BIREI AL £ RO R PRI

18

WA B G (B 44) 0 BT SEM LR & S5 R m A8 0 30a & ALA (]

45) 0 Bts hzi P AR B2 BB M EH R i 8 2 L8 3 HHS e

FE o RFPRFT N R ERT RS TR(E 46)

316L HAZ
I'[ {m) E2Mw . SIMb -\\

S2Mw, Cs2M
ibj

Motch at 3161l HAZ
Parallel to FB, noich tip to FB is aboul 3.6mm, with high

\I::rdms: j

B39 316LHAZ s+ Frabsh B9 5% CT 32 ¥ #1B% i = %
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CGR{pmis)

Water chemistry, loading history of CGR tests

Step No. Temp. DO DH Ko Duration
e ppb ppb MPavm b

CF#1 220 2000 =5 25 275
CF#2 320 2000 <5 25 47.0
CF#3 320 200 <5 25 69.0
SCC#] 320 2000 <5 I3 362.4
SCCs2 320 2004 <5 35 2834
SCC#3 340 20:00 =5 35 2544
SCCH 260 2000 <3 EN 374
SCCHS 280 2000 <5 A5 514.5
SCCHG 300 2000 <5 35 380.7
SCC#ET 240 2000 <5 35 420
SCCHE 260 2000 <3 35 406.6
SCCE9 E 500 <5 35 126.1
SCCEID 320 100 =3 35 2699
SOCEL 320 <1l =5 is 5521.4
SCC#EL2 320 =10 2800 35 749.0

Mote: CF - iriangle waveform, frequency of 0.01Hz, load radio of 0.3, 0.5
and 0.7 for CF#1, CF#2 and CF#3, respectively ; SCC -trapezoidal
waveform, R=0.7, hold time 3 h, unload time = reload time = 500s;

B 40 ~ SCC 7 =% % #

Jan L] -] Fic] 240 "C P
1000 | 1 T I I T | linl:luul_ IR L R T P ey T b LV, (LT
1 . = CwnEoeescoEt b B i R Figes Dl
1 T i P DD S I T, R DA P
- & TR 3 oy i e il
- 1““': & B WL e e G B Wy ]

B A i e e r—

00, . _-

CGR{pmis)
Y i

Tl A B -3 R, . It M
Trapagvscis wavatom, R=g 7, . i
10 StachSon, D0 = Hidpps : 10 o
| 1500 ppm B + 23 pom LL 245-M0°C | - R : ,
00016 00017  0O0E D003 00020 OREE OUNHE. DN, ST eeet
AT(K) 1T(K)

&l 41 ~ Eg.c(apparent activation energy)
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100 ———————

IBL-HAZ, K__ =35 MPavm, |
Trapezoidal waveform, R=0.7 ]
S00s/3h/500s, 320°C,
[ 1500 ppm B + 2.3 ppm Li
p— "u._q_h._.
‘E 100 | .
a g
o
O |
Q .-—
10  po DH .
2000 1000 0 1000 2000 3000
DO&DH (ppb)
B2 A4 £ FE 3533 B2 VR
Pre-crack
in air__,
CF_}
SCC
Post crack § 'I

B 43~ HAZ 1 &% &
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Pre-crack
in air__

B 44~ LA w0 REe SEM 22 EBSD 4 17
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B 45~ 7.2 & SEM 4 47

(a)

500 pm

B 46 ~ AR % SEM ~ 7
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316L/52M 3 e e 4 b B % CT 3 5 9B 2 2 8 4o @] 47> B 2
FEEEFSAAARRL BRI AEARER02mm ik o BFHI TeR
NS HEEHES L TR 48 i RER T AR T EREKE - BHFIR
§ SEM L% 5 i S BLAH 825 AL iR £ (M 49) o 1P E v GE Y A2 Y B

L F  BFRAZIRE T ALY L EFPLF X ARTIRB TR

e
(oY)
AN
S
W
pu

Ba240C TREFATHESEFRVEY BAF S > w4320

A A R0 F 5 (B 50) °

{a) £ hbw A3l

Pra-crack in alr with K_, =15 MPa.m, f=20 Hz, R=0.2

Bl 47 ~ 316L/52M i3 fe i s 4 i abd J1 5 5 CT 3¢ % 4753 2 = B

Water chemistry, lwding lstory of CGR tests of A and B

e T8 i 1T [ oy MPavm Te 1 TN, Ty i AT
CTs) ¥ea 1 J1F I L+ iE et JL] jap= et
LER = 1 s (¥ | Frimjn am i dale gt
i Tl ps i wi i [TT] RELR] | ijg JTTAl
LR Lum 1 MY e TTEAT | ils Wi’
Wil A EL] isia in b i Ben i 18 agn !
T 1= il L} kin VEEX R i Tl
Rimi w 3 ki 1] i ] pagw jad dii [ECLETR
ied L] ] e 1% il L] & 17 Falh
B T i Mg 1] e T i a8 ald iTLE N
woret Irw L i ] 140 0 104 ] BTN
woLes B! ST Lu"e A8 a A= e Sia 1 Eed Rt
L] '] qim LN iL ] FETTS [ 2 UL ERL
WOTHE 43 Zhe kg L} Tid — 3
O Fi E S i% Sad [REST] 1 g | pt
oLy ] shin ] L] b et 3 Tl &
MrE] ] (L] J e B L cid i #x et 1u sxrmart
WAH|E = L] juiE in o prpeged it _
Foore: OF = witgle oaling wovelomi. Segmersy o7 O 0T He awl foad pad of @ 3 05 el 07 S CF¥L CPOL mel O respescrrosdy
Brecquemcy of DS el nsd macdsn of .7 T C]84, 80T - oy lencbing ensad ks ved 007, ook mame o 1, ool
g ek ua b i of S

Bl 48 ~ SCC 4 % S J s £ i %
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B 49 ~ L2 % SEM % 47

10_ ! L L I I L]

CGR,/CGR,
o

O
oo
O

220 240 260 280 300 320 340 360
Temperature (°C)

B SO~z ABERFEP BAYES L@ 5 iR

() Aot R

+ a2+ & Donghai Du £ X % 4 % % “The effect of cold work on the SCC
crack growth rate of 316L in high temperature water” » £ 334 ¥4 1 %+ 7% 4% 4% 316L
EBELCERBETHES KRS HSCOMH L £ F B & BWR & PWR
Prav LAY 4 T4 Gacid 8 SCC M R Rend 7] e L AR5 &
{E-HPFFEFH o FZhFL P @ * L 3l6L B4 v 17 LB A
B S 2% 5 0~10~202 40 %4 4c1 & > H S AW 52 9 7 WBELET|EF
Al B R EIFFERPCNLTE S R D FHF L EFL D
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B4 o 316L £ 4r 13 P RS SEF A e 1 BH S d B e o e Rt B
PRPRETERS) I A F 1 S R REARALTET T - BiTAPE
Sl o L be 1 SR R4 & CT 35 217 SCC #5% »CT 3% 3 SL & TL
G B 28 SL 2o ad H R F 2 0] B 600°C e AT o SCC F Sk 4 Hicke B

545 ;B Sl B A X IMARIFF LTI RS Y FRBE S ATRY

o

SRS E S E 2

(%%

Deformarnion
Reduce of thickness

H=5T7.2mm

‘

B 51 ~316L 52 iF4c1 7 % B

Bl 52~ 4 841 316L 2% &40
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E

A1AL. ity enemhoe i eI Yield strevspth of 2161 at room
benperaire vs hcrohandiness

Wiehd sengtd < GRH - 1068

-

Appliond Sircss (Pa)

7.

Wieled strorygsh { MPa )
g

y

! i E : ’ : 180 o . 1} 240 1] =0 L]
X & i &
Frcerwernn Shom (%0 ]-m-ﬂ-ﬂ-’l]

Bl 53~ 4 iF4c1 316L 3 % R

=

10 specimens were lested i 325"C waler

K { MPavm ) Ceas | ppma )

W Spechoen ITF]  Direction Condithom

:,_
1 1BSLO SL | CW+s00C 2h 74 |6 DL 2 D Residual
L ARLIEY
Tib HSLOT L | Ow4sierC, Ih 275 16 THEL 2 0, ™ chrin
40 HsL02 Bl | Cwes00tC Th 10-275 1.6 DH. 2 DO

Crrienital

=l

]

B 54 ~ £ i¥4r 1 316L SCC ¥ %% 4 #c

A E#FAAz 1.6ppm& 3% 2ppm BRE T &8 K3 B M Bl 4-B) 55

FEL T L R R BB DN LR REIH S RTRF RE DN

4o HA MY K4 B 20%4 A 1 T o JI* 7 R RS K
EFe o B B AR k% F(strain rate) > ¥ RGEARARR H BREF

AEF (R 56) ° THBRF V" REZE L] BB HEF R EF DL R Bm
BEEBF ORI KRBT RIS AR NS R R gt A H
ﬁ-/%i T(Ei;] 57)°"( 40%/—» Fétl ‘:qJ:“1 ﬁlf‘]’;%;% T/;'l"’%‘b}f@“’m);‘dﬁi

SEEFNLFAAEAEY 3B ARERRT TR HEAEFIKE
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i S e e ARG O

HAvhm F o R(BS8) e 5 1 W IRAFTREHA LS £
FA* R ORIA R (R 59)£ Bl 53 2 "% AR R LA AR Tiat o 00 2 R S5 2t R AR

Ei o H @R ot kgt g

S EEEE e E VS F IR PR

1
P

A e TR RIATE D E(E 2) 0 B %ﬂ% THESES KBRS RTRA
E

PERCHEA R R FELR DT R LT L E- HEERATR HHALL R F
g0 P T'F—‘F*f {i&-#H4]* EBSD 247 h %> =L & » % (KAM kernel average

misorientation map)4-f] 60 > d T g3t B T 3518 e KAM B # AT T #ie

TAnE S TR (Bl 6l) R TR iR A R L MM B X AT S R T

A1y lf'ﬁ;’&; B P AT REROR TR EY AL o
IE—iE
F m In2 ppm 5]
- & In ].ﬁppul H:
1E-5 |
- 1E-& ¥
< f  CGR=6.3x10"'oy"*
; E-T n CGR=7.6x10"0y"
]
o L
IF.-RE
IE-9 T DR .
i | i i
i I (] ]
T o, ™ 0% 20% A0%,
] 200 BT i K] ] 1000

Yield strength (MPa)

B 55~ M4 £ VS kiR
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L ¢ T BUTY)

1E-3
E=27.5MPavm 278 MPa (0% )
_ A=0.11 — 580 MPa(20% )
=1 E-4 f=5.08 — 756 MPa (40% )
E E=200{1Pa
= Yield-strength il CGR {omms}
~ 1E-5 278 I.TE-9
fé 580 29 3.1E-7
: T56 4 1.36E-6
E 1E-6
E \\— ~
g
= 1E-7 e e =
£)
&
!
1E-8 o
I E"'EJ ] T ] ¥ 1 T ] ¥ ] T ]
20 4 0 By JENI

Ihstance from the crack tip (pum)

@56 > );'K'J“ i:‘%@%i_ﬁ;,l.%

4 - - i
36 stianbess steel S in Noo-HT | 3161 seinnkiess steel 8-1 in 325°C T
F25°C hugh pumnty water H1 2x| high prmity water HT
1 5] K=27.5MPatim. DH=1.6 ppe | D2 ppm
Z 20
g |
[ 41 ‘E 1% '
£
[ I 1] 1
1354 |
n !
101 e | . ; ! !
Pa [ N AN ¥y 1iFa fu Pa

Bl 57~ #ASLE R G Bl P A K 5
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purity waler , DO=2 ppm, DH=1.8 p

IE
K {MPavm)

U6l stianbeds steel WP 5-1- 3250 hugh

COR reduction Fecior

of i [}
« DH
ik - i
. ® =TX
s
1t LR e - ~3K
ik
e
4 i i i i
L 11 £ 1 o il
K (MPavm)

B 58 ~ 40 %4 1E4r 138 5 Pl Sl Bl 4 £ 3 50k gl

320
A HT
1 & Non-HT
2800 - z l
> A
T 240
2 4 g l
, !l A
4 A Larger hba:nf.lness
200- 4 decrease of high cold
work level
0 0 10 2 30 40
Cold work (%)

B 59 ~ #AIE T (82 H BV R
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2 BlEd RS

PR ESEEREL R

Calculated CGR. g/ CGR gy

Measured CGR,,_ o/ CGR.

cwW
10 1.18 1.4
20 1.38 33
40 1.6 3.0

O

O

Musonentation angle

B 60 ~ & :# % EBSD 2 KAM Bl
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316L-one direction deformated at 140°C
® Non-TT ®

= 8 B IT -
g 0257 |
E ®
.=: [ ]
o 2= o
E 0.178 l
Z e
T
E . :umrl
w14
o

n ] 'I T r | I L ! T I T

=10 i 10 il 3 A0 S0

Cold work level (%)
B 61 ~ % 3 5 #UeJ® % {5 -T 35 Kernel misorientation &

B RS A B2 R FAER SL & TL At £ 5
ZABE dB62Y T UBISLARB Y TLZARE d wa FIchBE7 0de
wm SL W2 R 333 TL 2 M L 5 o ap & chvRIRR T 4 41 20%

dSLE e HEA REF NS TL 2 % 100> £z god S8 Pl % 4p
F(F 63)  BFURLZFERBEZIRBH I b 22 L B2 BEE
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