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WFIEE R OB R (J€30) : Creep-fatigue properties and microstructure of nickel based alloy
617 (53Ni-22Cr-12Co-9Mo) were investigated in consideration of the usage environment for
the advanced ultra super critical (A-USC) power plant (main steam-temperature 700 C
class). The influence of grain size on creep fatigue lives was hardly actualized. Moreover,
the ductility exhaustion method was suitable better than time fraction rule for the analysis
of the creep fatigue life.

SEATIRTERA
(BHHHAL - 1)
[ERESE GiEEREEY & @t
2008 £ 900, 000 2170, 000 1,170, 000
2009 £ 800, 000 240, 000 1, 040, 000
2010 B 700, 000 210, 000 910, 000
2011 FEHE 700, 000 210, 000 910, 000
2012 B 300, 000 90, 000 390, 000
i &t 3, 400, 000 1,020, 000 4,420, 000

BF9E5y8F - T
BHIFR 53 RE - IR« A - BeRERTR}
XU N =y S ARe, BIREY. (K91 2 VY. SRk

1. WHFERR Y I DT & (TR OB ELZETTND, Zo=—X

2007 F-(+1) H A 213, =1L F—%
DR W EEERT A DICLE
MBI F S OR — R~y T EERLT
W5, I TR (k) BET T M
RO ERKIES /IBIEDOBFELEENREN
TV, 5 - Hif=—XxX& LT, 2000 4
Dt T3 @i s e e A EEMA I v, RIS
2010 4ELL#E TIXEAKIEE 700CH (B 5 W

(XK LT, MBSO R8BI, MG
KO F S D FF AV ISR LT, FEER DR
EERRT L0 OE - E - /57 - A
R DR 2T A TH D &
LTW5b, KAFEETT > b TIHERE L
BAR DB AR EEL T L o THEE A I
BUSIRBOT AN REAE L, TOMYIKLIZ
Lo TEYRHEE (7 U —7 L OEENE



H) 22022 RMEER->TRBY, BUK
5 & TR A MHERTEL ORISR IC k- T, £
SIBEOBEEANRK LN TE T, TDODRE
WM7e o VU —7 R RHE (BIRIRFR, TEME IR EE,
Sl - FEMEERER) 2NEUE S v, e 0% T
B ER O CEBOBRFHIXM I TE T,
. FARAKIEE 630CETOAHICED F
TILEREAM B2 _X— R & Lo 7 v A
B OPREIC XL > TEB/ENER ST
T2 LAXLZRANS | T00°C D SRR EE Tl
m7a LTI U —TRE DR T
RN ERAERZ NS, = IV EAES
e X — R & U TS EA RO B S BEIZ b
S>TUW5,

W BRI IR A S CGEEREN) 1
2006 K ) BAGREx AR 2 B E AR A& & 1T
V. ER - BIESRE TSRS 2EM R B
BT D EWN - FEAMCBE T 2 HE WS %
fToTWn5 D, FAEREE VKD &, BIN
a7 FTIE, BRIy IV EESE
FHMATAEEE LTHAR, @mmED s Y
—THREEFETHT R A 61THDHVNET v A
617 & X— R L LIZB B 7 1A 617 MEHM
LENTWA,

INETTuA 6171, SRV AFEED
ENBIR e =7 & (1970-80 4F{X) 125
W TR OEfiks & L CTHLY B 54,
900-1000°C C I =% 55 R 12 LT
ORI DR ENTH 5N TV D, 1000°C
TIIFERRIREDN K E WL, @RS A1 7 9%
FFFITEL 720 . BIRRRF O 7 U — TS
W T THEMNEL 2D ERHREIN
TWb, ZOXHITEIEY AFOMHEREEIC
BUIFDT v A 617 O EENE 55 FrtE I e )3
AZFARB TV D,

LLRNG, T00CHRKIIEET T B
Rtg L LTRREREFICBIT 57 a4 617
DR FFRFEICE L CiE, R O EBHF OH
BREEICRRASNLTWHEY, 7 U —7
R 2 E & RERICENT — 2 087
N2 DTS O TR A 23 L 2 72 o T
D05, T00CEMKIIFETZ 2 N ORI
nYxZ hTIEAET—ZNELBEREINT
W2 RIT, R SCERIC BV T B IR SRR
FAE TR T O Bk O BN +571C
B SN ESNTWRNI R bho T,

D (MR ERMEEITRAE RS [ 18 4K
KITPAER AR DD SR A BT AL 5 ) TRk 19
F3H

2. Mo HB

ARIFFETIE, EARKILE 700CHEET 7
v MNESROBE R SEHICBWT, =y
WEEET v A 617D 700°CICBIT DA D
W (BIoREREE, TEMEPREE, B0 « JERMELR )
BT 57V — 7RI RIE TR

kDB ZR~T-, SFMEMROREL L TiX
R DEMTIN A, ETHEWTICES E T
DRLFAT H W & RN D 3 AT N T v A
ZRH L, & EMERIA T &E SRR b A
=X LDOBREELE LT,

3. #rFED L

= IVEEET a1 617 D 700°CIZEBIT
B0 ) — TP KT e R AR o B
BT 57201, (1) IR FINELE
WX o TR DREMPIEICIHE L T 1A
617 Z ¥ L7, (2) miksliEsER, (3) 27V
— T RErEER, (1) = AR A 7 g SRR
B, (5) BIBRONT AR B TIAR Y A 27 9%
SRR & e U7, (6) I mkim A Bles L,
R A 1 = X N EREtd 5 & 4o, () B
FRR A B U, Ak - MERREIZRI X, R
W REA PR (FE-SEM) & JR1-fi 7
PEMEE (AFM) 72 5 ONZ B E - BE%EE (TEM)
W, BR, R BB 2O R
MriziEE L7z,

4. WFFERER

(1) 9% 7 3R AT D 42 JE8 AR

ZANAM (As—received) DHMEEE % X
1(a) IZ7Rd, {RBRIM CHAES MIZIn > T, A
B &R E 23 SMEMNIC S D, A eehLE T
3.0(70%) & 5.0(30%) T D, @RI A TR
ROk 2 R 5 7212, 1220°C T 1 IR
¥ (Solution—treated) L72 % OB EE %
B 1) 12T, FfehifElL 1.5 Th D,

(a)

JEAE T 16)
+—>
(b)fs

JEAE 7 1)
«—

1 7TuaA 617 O ANS (As—received)
& HINEWE (Solution—treated) DMFEEE,

(2) s | IRFEE

0. 2%Ifit /7 & BI5RIREE 21X 2 (a) 12, TN & L
D% ) IZENEIRT, KHPITIESCEE S
RLTWD 29 As-received & Solution-
treated DOBIRIME L, T T 25C T
790MPa & 747MPa C.400°C T 665MPa & 593MPa.
600°C T 627MPa & 565MPa, 700°C T 608MPa &



539MPa. 800°C T 404MPa & 409MPa & 72~ T
W5, 700°C TiL T0MPa DZENRH 5,

As—received & Solution— treated @ 0.2%
it /71% 25°C Tl 340MPa & 306MPa To|sEIRE
WZHART, BOLUTTHB, FEh 400C
-800°C TlX 250MPa & 200MPa F2ETH 5,

As received & Solution— treated @D 700°C

Té@016%k5m1 0L 46% L
4%&&@ D@ﬁ#@@i@%méw
%%Mﬁ@ﬁﬁﬁ%ﬁ S5 &, hIRUC

ﬂ#%wéM6 LD, E@@ﬁék
F%%é LTWa EEbhs,

F7-. ()i :i As—received DI —OT
AR (2 ARFBR) 2R LTV D, EiIRTIREA
ERhvlL—varyrERTLENHASL
(Solution—treated ?BIEH%)O

(a) 1000 ‘
fgz b
& © ShmTu/ngd "hss
e 800@ R Ikt
s
=3
g ° ©
2 600 ®
2 Q
e 1S
5}
g 4002
= a
] A AA
= A A A
£ 200, iy A
<\4
=)
853
0U 200 400 600 800 1000
(b) Test temperature (C)
100, T T T T T T
n
r - Re ion of area -
sofgonresed
g g ngatio U
&
s 0 i
2 [
<
5 o —
S A
= L 4
g A
&
= 4 A
2
s L 4
2
5
w20
RS
g Retaaion of area
. . .
% 200 400 600 800 1000
(C) Test temperature (°C)
500
As received
Temperature : 700°C
£ 400 f
S
© 300 T i
jd
5
< 200 + ¥ 1
=
5
Z 100 {

0
00 02 04 06 08 10 12 14 16 18 20
Nominal strain, £ (%)

Xl 2 As-received & Solution—treated ®
(a) SIBETREE & 0. 2%t /1. (b)) HONERLD | (¢)

700°CIZH 1T DI J1— O A i,
2)T. Satoh, et.al., JSPS Report of the
123rd Committee on Heat—Resisting

Materials and Alloys, Vol. 44, 2003, 225
3)Y. Noguchi, et. al., Pro. 8th Int. Conf.
on Creep and Fatigue at Elevated
Temperature, CREEP2007-26471, 2007

(3) 7 U — ki

As—received & Solution—treated @ 700°C
IR BH 7V — W (a) & EMEE (b)
X 3 IR T, &5 F TIOhiffE (NCFSOOH
L SUS304) DFERLRLTWS, TuA 617
DTV —THEWIS I DEESL > Tz &
B, —J5. 7V —THEWEEMEE (0 5
25D 13 SUS304 =2 NCF80OH X W /h&< . Ik

PEDIRNZ L%, mmﬁﬁ&ﬁif@&
U — 7k W IX As-received &
Solution—treated O)F’ﬁ TEITENEE XD,
(a) 600 TR I B R IR (T[S IR NS
500
e e
300 ‘\5\
g
2 200
=}
2 ©
8
= ©
188: Tested at 700C \A\ 2
801 @ :As-received NW6617 =
704 ]s\llrt nm‘l ated NW6617
60— sgs§04 \A\
50 ol L L L
1 10 10 10° 10*
(b) Creep rupture time, t/h
— 5 T T T 11117 T T T TITiT T T T TTTIIT T \\HHL
Zz_: [ A
g It e
“g' OF: \% B
2 | ]
=
2 o1 .0 .
§ 0.05[ Tested at 700C .
© [ %Asrece ved NW6617 ]
& Solution-treated NW6617
o L NCFS00H q
o SUS304
0.01! ol TR L L
1 10 10 10° 10

Creep rupture time, t/h

3  As-received & Solution—treated @
(@) J1E 7 U —7REWr R, (b) i e &
RERE] D B4R,

(4) =APARY A 7 VI 5 FEE
As—received & Solution-treated ¢ 700°C
2RI DR = APART A T VI ST F A D
Hr#g A X 4 |Z7R 77, Solution—treated (2R L
TIE, OFA3EE 1X107%/s & 5X107%/s TIT
STWD, MMOEIINEL, OFTHEERK

FFHES/ NS W &5, Teds, WikF & IR
FIR L L ZRE 2R LTV D,
1072 ——rrreme e e e —
NW6617 nickel alloy plate |3
£ 7%10° & e R
g o103
S 5X10
£ 7S
c £
i 4e0 ]
7] ]
5 2x10° Ae—Or ]
= @ : As-received(strain rate:5x10 35 ) ;
O : Solution-treated(strain rate:5x10 s )
A : Solution-treated(strain rate:1x10 %)
103l R

0 1 100 100 100 10° 10
Number of cycles to failure, Ny

X 4 As received & Solution—treated ®
T00°CIZIIT 2 =AY A 7 VI F7ReE,



(5) 7 U — I bk
As—received L Solution—treated ¢ 700°C
B D= A%, 58O A& EE (0. 1h
1'7%#?) JERE O R EFETEHE (0. 1h £REF) 12
X B FEmbtig A 5(a) & (b) i
Solution-treated (2B L T, Bl B %
FFRFIZY 1h & 518k « [EMET O A REFOR
BRbiT-o TN D, Wikt & HICHH =A%, 1+
HEOT B REE, BIBROT ARFFONEIZ Fm
Lo TWD, Fo, MRFIFSIEOT &
PRFE & [FIFEEE T, SIIRONT R Fr TIIRFFI
MOEWEREHEMTHD, ()X DL
BTHDH, FIIEOT HREE, JEMEOT A 0rEF
HICHM R OFMEIT NS N E 35,

(a)
10 T T E
NW6617 nickel alloy plate |
As-received g
8 ——© Strain rate:5x10 s E
w Temperature:700°C
@
E oo
=
E
© Y © °
£ e
<
£ ® 0 o
2 [e]
= O
=
s}
[ Q: %/mmetncallrlangﬂar
@ : Tension hold (0.1h)
: Compression hold (0.1h)
10° \ \

10* 10> 10° 10  10° 108 107
(b) Number of cycles to failure, Nos
10° ‘ : T ;
| NW6617 nickel alloy plate |7
Sol d ]
7x10%— & &>00 e PR
Temperature:700°C

5x10°%—=2—»

Total strain amplitude, ¢ ¢,
:“ S
®
[}

2x10° *—o© 15
© : Symmetrical triangular
@ : Tension hold (0.1
/\ : Tension hold (1.0h;
© : Compression hold (0.
<& Tenslon oompresslon hold (0 1h)
103 ==

ot 102 103 104 10° 108 107

1
( ) Number of cycles to failure, N5
C
10?2 matm———a————
NWG6617 nickel 1]10y plate |
3 Strain rate:5x10 ]
8 7TX10°——@O+—4&8—— Temperature: 700C =
€ 5x10° ok
= 1
£
c e o0& 3
s o A A E
” 4
T 2X 10-3 | As-received; o A—
° @ : Tension hold (0.1h) E
[ A : Compression hold (0.1h) 3
Solution- treated;
O : Tension hold (0.1h)
A : Compression hold (0.1h)
103 I
10* 102 10° 10*
Number of cycles to failure, Ny
X 5 (a)As-received & (b)Solution-

treated @ 700°CIZRIT AP =AW, BI5E
OTHRFE, RO T AR ERIRICL 55
mikEs, (o) Mkt o Lhig,

(6) fif i

Solutlon treated @ 700°CIZEIT 5
=AW, BIEOT ALREE, MO AR
TR K DA 2 X 6 \2Rd, ikt e

LENFEINRT,

WXFFR A TR, BRI R E N TR 2T
RNZEEL TS, — . JEfROT 5

Tl O L A ii‘%@ BB Y | R T
175 ITRLA N = A BN D08, EUTRIN %
LTS, £z, '3[%%0?77‘1'%??T%ﬁ)§2
BRI RE D D, ATk

%Z}Oﬂfz‘o‘ D, SHOBHFELRATHT,
(a) XIFF = F4 3%
O il 0.5%

Nos=1.25X103

As—received b [Alff,

(b)}fﬁ"fﬁ’fﬁfﬁ%ﬁ
O A1 0.5%
Nos=4.73 X102

As—received & [AIER,

(c) BlIRONY A4
OT B 0.5%
Nos= 1.66X 102

As—received & [AIER,

A224( 3. 4mm 15. 0KV x10(

¥ 6 Solution—treated DY J7 Y EIARFH,



(7) Pl Rk 22

Solution—treated (Zxf L C. MEATH 700°C
T 264h (11day) fREF L7224 TEM (2 X
2R A X T 1R, ORI ORI
A1 F AU, AL A Y v T )
FRTHD, QAY v TR R (TDH)
DRI 22, @K 12l 0.05~2um
FREE DRI BCIR DT H (M,,C =0 MgC) (M: Mo,
Cr, Co, Ni) MEHEHMIZFED KO L T

W5, ORI OERAL | (EALIET D 23 EAK) |

K EIZ1E 10~100nm F2EE ORI, BCR OHT
m%(m&)%& LTV 5

8 IZ Solution—treated ® 25 C BiIF5
KPR =AW A 7 VP ETAS (O A
0. 4%, Ny=1.20X10°) OFHIFERZ =T,
OMRRITER Lt —FrRn A Y v 7
N REFRLTWDRERRLE 2T » 7N
v RN LTk & TR STV D
— HREROFESERLTIX, AU v TN KN
DENBENEW—T, AU v 7 RO
NP7 Ip o TG, Fo, ZEL TV
HEESRICTIZAR Y » TNy R 72 < | AL
B WFERRRLN S o T2, @QRINIZEB W T
%ﬂﬁfﬁﬁﬂj% wu&)%ﬂiﬁﬁ)oto @*ﬁﬁil
L7 4V AROFT Y (M,,Co) 32 < 5B
5 R EIITRD i),
(a)

7 Solution—treated MEEAM 700°C T
264h (11day) PREF L 7o REEhAFT OB T\
(a) BRI A & (b) B,

9(Z Solution—treated ® 700°CIZEIT 5
SR =AY A 2 VTR (O 28
0. 4%, Ny5=2. 28 X 10°) @?%ﬁffﬂflﬁ’*ﬂ%a%ﬂ?‘?‘o
O—FH DT =Y 23 ELH THANL T FE D3 &
VW QR EITRDIR, BOR DK & 72 My,Co 342

HZE S KO L Tnb, @kifito—
E51Z 0. 2~0.5um D ML (M:Mo, Cr, Co, Ni)
DHFH LTS, 72, MEHME L TH 2~5
um O MC DD HILD, QRINDIBNAL EIC

1% 10~ 100nm ORI 72 M,,Co 2SR ITHTH L
TWb,

10 {Z Solution—treated ® T00°CIZEIF
D IEREO T AR FF B TR AR Y A 27 V95 597
Wikd (OSN3 A#PH 0. 4%, N,.=6. 54X 10%) D%
A T e N I A 2 AP s eI A N N I GN T \VA
DEBMNBON D, BITHETW AR,
RN IX D 2 & 5 Th 5D, ki A& 2
INZEE O X O IHTHII N FAE L TV D

11 1Z Solution—treated ® T00°CIZEIF
5 EBEOT B FF B TR AR Y A 27 V9 57
Wikt (O3 A& 0. 4%, Ny=1. 82X 10%) Dk
AR 2, T MR B IR DO ERE A B
S, MO D I IpoTND, D LE
L LTS, RLRZREAIZE D K 5T
HPFEL T D

1212 As— recelved D 700°CIZHIT D %R
=APARY A 7 VR MR (O3 A B
0. 4%, N,=2.28X10°) OfHIHGEZ =9, O
%ﬁbt%ﬁﬁ—ﬁﬁ(—%ﬁ#)wz)/
TR REERK L TWAESNLLRBD 5
N5, QKINOEEN EIZiE 10~100nm F2£5 D
Kok, SR M,,Co) ML T
W5, @KIAIZIE 0.05~0.3 um FEEDHH
% (M23C6 “?D MGC) 71))‘§ mu&) %ﬂé (ﬁﬁﬁﬁ“
EZIE D720, OIRIERIIT, 0.5~1 um FEEE
DORLRIEY) (MyyCo 2 MGC) NRO BN D
bbb,

(a)

Zum
8 Solution—treated ® 25°CIZE T %%t

FR= A WARA A 27 VP55 @mﬁ(vﬁéﬁ@
0. 4%, Nys=1. 20 X 10°) KL FUT 5 O B HIFE A,



Zum
91Z Solution—treated ® 700 CIZIIT A%

FR= A WAR A A 7 VIR (O b
0. 4%, Ny:=2. 28X 10°) ORI

10 IZ Solution—treated ¢ 7001 C_ BIT5
JEAEONT AR FF B T RAR Y A 7 V9 55 i T
B (O3 24 0. 4%, N,=6. 54X 10%) O
ik

¥ 11 Solution—treated ® 700°CiT Té’?l
EOT AREFE IR Y A 7 VIR WA
(O &P 0. 4%, Ny=1. 82X 10°) DOFGHIHL
ko TR Wy

X 12  As—received ® 700°CIZHIT A=
AR A 7 VIR T (O3 2415 0. 4%.
N,;=2. 28 X 10°) R LT 15 D Hckike k.

5. ERFEERLHE

[ﬁEuILuHHjC] (§+4{¢)
DOKazuo KOBAYASHI, Masao HAYAKAWA,
Megumi_ KIMURA, Creep-fatigue interaction
properties of nickel-based superalloy 617, ACTA
METALLURGICA SINICA, #:%H Y, Vol. 24,
2011, 125-131
(@Kazuo Kobayashi, Masao Hayakawa, Megumi
Kimura, Koji Yamaguchi, Characterization of
fatigue property for 316FR at elevated
temperatures, strength, Fracture and
Complexity, &#eH Y, Vol. 6, 2010, 129-139
@FJIER, AHE, K. 7V =TIk
PN D 7 = T A b RMHEGH(12Ce-2W) D+ 7
T A AR, TR, EREA Y . 4T B
2009, 154-160
@FRJIEFR, AME, =K, 7 V=77 L
727 =74 FRIMESHA2C-2WIOH 7 7 LA
MREARNT, RN, &REA D . 47 &, 2009,
107-114

(FERE) G331
OFRJEFR, AFE, siHEFG R, Ak —F
= v 7 & & K NW6617(Ni-22Cr-
12Co-9Mo) O F i Ei AR Y1 7 V9% 77 etk
HAEkEM 2, 20124 3 H 28 H ., #ikii
(@Masao Hayakawa, Kazuo Kobayashi, Megumi
Kimura, Yoshio Maeda, Creep—fatigue
interaction of  Alloy617 (Ni-22Cr-
12Co-9Mo) EPRI Creep—Fatigue Experts
Workshop 6, 2011 4F 10 A 18 H, ¥ | i
ES|

@FJIIEER, /Mh—FK, ANE, =y VEEA
&7 1A 617 ORISR A 7 VP 55 RetE O fif
W1, BAMEREEN 48 EIRBE S VR T T A
2010 412 A 8 H. @

6. MFFERHRR

(D) wFgefiaERE

B 1EFR (HAYAKAWA MASAO)
MSIATEE NWE - BEEMFTEHERS - BPRHE
FEMEMi =y b« TNV—T ) — & —
W55« 50354254

) oo

/K —3K (KOBAYASHI KAZUO)
MSIATEAE NWE. - MEHIFSTRERE - MEHE
FEVERFl =~ b - EERAFIEE
W&+ 00354259

() Wi

A*¥F H (KIMURA MEGUMI)
MSATBUE NWE - MM TErAE - AEHE
FEVERHl =~ b - EAEAFIEE

WIEEF S 20354251



