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Table I Chemical compositions, ASTM grain sizes and heat treatments of Inconel 617 and Hastelloy XR tested.

Chemical composition (wt %) ASTM
Alloy Form Grain size
c Si | Mn S p Cr Co | Mo | W Fe B Al | oTio| N
A | 0.08l0.13]0.08]0.005| - |21.56|12.20]9.96| - | 1.46]| - |1.01]0.55]gar.|Hot rolled ] 3.0
Inconel 617
Hot rolled
B 0.09 0.14 0.02}0.002| - [21.90|12.37|8.96| - 0.44| - [1.28]0.47 | Bal.| g2 070"y 3.5
Hastelloy XR 0.07 | 0.25{0.99]| 0.006 | 0.003 | 21.45|0.012 [ 8.96 | 0.47 [ 18.36 { 0.001 | 0.01 | 0.02 | Bal. ggf, E“z}fd 3.0
[ Solution heat treatment ] Inconel 617 ----- 1177°C / 1 h, A.C. Hastelloy XR ----- 1190°C / 1 h, W.Q.

—125—




'85— A 294
BESE~MERCHEB I TCRBREEELCECEH L\ A
BEMTHLICITRLTD bo

IY) —F A HEBOCETA A EERBRI 2 CHOT
HEFTHT N, DRALXBA TERO T2 E X b LA >~
2HENLCHMO T2 CHEL THB L 2o
AHOTHBEHMEFig. 1CRITHHR=AR, HEERE >
LUARET, ZBOVFRAHEER ¢ = 0.1% sec Tdbo
AHECET HHEWBELENIEN,, TEET bo

m. ERERFSIUEER
3.1 2Y)—THREPIVUBREYI 2V EHRE

CRETFEROEE

Fig. 2 K&E¥ 1 2 v EFRRCAVWAZO LA —HOERE
FHAPCO7 ) 7B BEL R To 1251617 T
£ 99.99% ~ ) vV AR TOHFRVEFG TCRIKEEZEZHRRE
BELZERAWNn, TON) Vv 2R TOREETRBRRIC X
prraBsanTtns'Y A x7m 4 XRTEEHMA
OFBMCAFTHAOEBLRR D LN T, REMMA TB A ~
Vv o TOFGRLPLPENV, ChERROEE LR DA
50

Fig. 3KABEEOREFTHIPT TCORREY 1 72 v EH

BME*TRTo SBFHAKRFPTCTOFGRILULTOIEKET T 50
41 vaxr617

b R

=

E72 > 99.99%He ~ 1000ppmCH, &

~ x5 a4 XR
H7Z2 > 99.99%He =~ B filHe ~ K %
4 >a3%2617T0 — ALt - BT AKEFTOE
BRAAE BT HPMMEAIP COFGEARL 50 TOR
HELT, EBRRELAICHEERE, BEBFEROBEW
BELZOR B, BENES30ELE3TRAREZFGER
BTk 2o Dl RO T LA L B
AR TH—RCABEEABRIVESSGT, EChEay
LHEBCERRIREET IBACETEIDENBKT 5 H
MAED LI b,
FBEEEIVLEERGTTORERRBE EER4ELA (FH)
RRAENDREIENTDH Y, FRPC-—HBEIRAINNL K E
BLITWLIATHIAKIZEZIRD bR %W,
MESTORBEYAI ZVEFNRSGREREITEHISORR
BFLIE—TEne RENZEABIFLCOWTEFAR
BRICHEEOAFHEYUEBR R LIV ETE B O EPMA 4 #7
T, 2RREERAFPIVEREBLEERBIKOWT

7RINHe>B &l He =K

—126—

P Lo

60
50 Inconel 617 at 1000°C
a0l
.l O
S \\\\\\
5 - \o\\ Ca
g‘ 20+ N ° \
i ~< SO
& - O Air S~ o ~
&1 Vacuum(z=10-2Pa) ~o
10 ©: 4-nine Helium S~
8 1 IllllLll 1 Lll]llll 1 N ]
105 106 107 108
Time to rupture, ty(s)
60
50 - Hastelloy XR at 950°C
401780
;_«E OA\
s 30} Od\\co
s I AN
s 204 L9
a NS
e O\O\
& Fo: Air h
A Vacuum(z10-2P3)
10 ©: B type Helium
poaa gl Los gl I EEY]
105 106 107 10¢#
Time to rupture, ty(s)
Fig.2 Creep rupture strengthes of Inconel 617 and

Total strain range, & El(%) Total strain range, & 5[(%]

Total strain range, & E{%)

Hastelloy XR at HTGR temperatures in various

environments.
10
£
r fnconel 617 at 1000° C
L & :Vacuum( =2 107'Pa)
. Q@ : 4-nine Helium
» 9 ¥ Helium - 1000ppm CHe
\ * Air
A
e \ 3
F OZ‘ A
C \ INTS
Hourglass specimen » 7L~
Nl
{ Fast-Fast type waveform J ~ \\&
0l Ll il b aeend .
10 10 1 10 jlog
Number of cycles to failure,Ny
10¢
E Inconel 617 at 1000° C
r A Vacuum({=2x 107?Pa)
~ @ :4-nine Helium
AN
\g{\, A O :B type Helium
RN * :Ar
~. s
1= oe e A
£ T S
£ e AL
el
r \cr\\ ~A
I’ Fast-Fast type waveform _J
o1l sl o ! NS B S I
“10 10 10 10t 10
Number of cycles to failure,N¢
10p
; Hastelloy XR at 950° C
I A :Vacuum(= 2 X 10-2Pa)
H ~ @ :4-nine Helium
\S\A O 8 type Helium
\\ * @ Air
~
1= LJe RN
E ~_
E L
L A~
- \
Fast-Fast type waveform J
L
0.1 ol Lol Lol
10 10 10 10 10

Number of cycles to failure, N

Fig.3 Llow-cycle fatigue lives of Inconel 617 and

Hastelloy XR at HTGR temperatures in various

environments.



85— A 295

Q@1 y2x1r617TF% 0 Inconel 617 at 1000° C 1% Hastelloy XR at 950" C
150+ 170}
EBRERTCORBREERACEROBBRLBEE 3 Monotonic onotonic
2) .| /” /fz/ﬂ//?f//f | ) / I
AhA2Y K&, BE~NVY A TOERREERE o 4 ,///M_
,—'A_‘ ./_/ -
IO TALE NV, 99.99%~Y v 4, 1000ppmCH, i 12or h,ﬂ—'—" 150} -‘/'%Cz_’_/—;f;
Py " e — - — O ,9_// -
BM~) 9 ab LORRBCORMEBRERE 5 mf goo——o—| w &5 0
= £
ki & b < = » e ; lor SEVacyum(gZX 10-?Pa) 1308 A :Vacpum(:_leo"l’a)
EPMA A& REEBEO SEMBE#RRL T L0 5 | gﬁmm o Suweram
: Air @ Air
HBEUTO@MALBON Ak HAEEL 99.99% ~)) . A
0 0‘2 0.‘4 O‘.G 018 110 12 0 0{2 014 66 018 1..0 12

vAaBRBBOOLN, CH, GZimic L Y BRITE
Ik T&EAhko HZE, 99999~ Y v & ¥ L UFCH, &

Strain amplitude, + & E4{%)

Fig.4 Monotonic and cyclic stress-strain relations of
Inconel 617 and Hastelloy XR at HTGR temperatures

MY v 2 TRERENR CACORTRILNBEEI in various environments.

nao, 2FHALISBREEBICRCrErBERT - 7 R

hoo REER (ECrmityw) okr® axa S TSR g nE(-05%

THENLEABRCEBLEAA AR sEE O I 5

L, ~)9a, REOBRCEBRE®, 2Kz § °T kN

REBET- WAL BT AMM BB REER £ T 7]

RAEEERALORNBRL EBEEL TW 5B, § omr 8f§ﬁﬁ " b

@ x7u1XR&SE s o [
fvaar el REDABERCORRRE & Ty

f les, N
BEG 2, BERZED 2o HE L 99.99% _ _ Number of cycles, N , _
Fig.5 Changes in stress amplitude with increasing strain

~NY v ACHREBHABREINS, HCrBAEFE cycling for Hastelloy XR at 950°C in varfous
SICBEIN, RAXBEOEK ST Cr, MRt T N ¢ -4
bhHo EEOMBEBEA a2 21617 LAKTD B0
3.2 UDFArBELICHEIIEHELMCEES
THIOESE

Fig. 4 KmAE€D 1314 271rB&EL22NtAETO
BELIEN-UOFTHERERT BESLIBREL
KILEHTrRL, KRk L LBFHI coktto g ‘
BEMRKEWN, Fig. 50~ X784 XROBEFTHZ Photo.1 TEM's of Hastelloy XR specimens fatigued for

100 cycles under 4£.=1% in a)air, and b)vacuum

KA THBRELECHELDNEAAD —HlERTo (~2x10"%Pa) at 950°C.
IEAERBRX 1Y 4 27 BOILCHERBTERTILLTS 50 5r Inconel 617 at 1000°C in 4-nine Helium
KEFTRHUETRLA LR X VEEXETHEAABD O g | oo 0

0T, AHRBRERT TEM LARBRA AL, BE 5 | oa o

BT (¥ 1m) O TEMBE %1 >%o Photo. 1 ICRF L gug N \\K\
SICKR L REDTORMBEEICERBD b bo § [ [3[180shouin temion N
ofaﬁﬁum#52%%%%&mﬁﬁzmmmﬁg.é - [S17805s ot ensor
BCENBEORLCKET L %L bL, REM o (81180 holdin bothsides
CEBCI sEEoREEED R I ARHERAE O T S S U
PRI —EHEEL2 LN S, £2FRBEICOWTH M ZH Number of cycles to failure, Ng

BHILX SR TALENRD B, Fig.6 Effect of waveform on LCF lives of Inconel 617

at 1000°C in 99.99% helium.

—127—



85— A 296

3.3 7)) -7  BHEBCRITFTOFIBHE i Hastalloy XR at 950'C in B type Helium
EEAOLE ot o
Fig. 6 L Fig. TKBAS CHRERB S LU ARBRER - 1o s eoedna
WhZY =7« EHRBRERO —H % 5o g0 ° °>mN\
MAGLbUOTRBRHEEH I ARBORAREBHES ; - Wave form 2P 0557 s:;d
CORERMEEESL T oL, EMORS>BAR 5 [ OEwm T [0 (5o n wmr—
BOFIRARKFOBCET T 20 REBMEEC 2 5 T 3“§%$$$%m8@ # [600s hold in both sides
YABEZRGETRABD 5 % o 0.05 el
Fig. 8@ ~27 a4 XRIKDOWT, Fig. LLFRL A& Humber of cycles to ailure. Ny
OCFAPBEACHT IR BEHALROT — 2% EB L AJLDT ° Hastelloy XR at 950°C in vacuum{z2x 10-2Pa)
Dho BMERMEANK TERFES 26, AREE & I o
SFFH>FSH>SSH>SFHORKHBETAR S | . wo\.eo
BoN Do IRMIC, ) ~TRBERTBRETORD 5, | o e el
ETHELC, ANOBAREET 5EMHDH 2D E e i
FEABDRAGHER TS L FE, SSHICHECHE | | [Smmm b0 el e
L. M HETH2FS, SFATENS Ay # o1 [fteton o1 T 0001 [$]50s okt b s |
3.4 HTGRZ ) —7 - FHBBTCOR BB amm ool il 0
FHAHRARTORMEMOBHBICELRE L, & Number of cycles to faure, Ny

h N S £ Fig.7 Effect of f LCF 14 f Hastelloy XR
BRI L LEET ORNATXDOTRTHY % TR, '9 at Sgo"g i:a;et;;rg cfzg’lium a;;e\sla(c)uum?s oy
BROENICLDERREEORENE £ &

Rbo =%, )P AORBERERMB | ! e
CLrALORBEI, BESCRALT,  f \ﬁb}\ 3 T
ARREBEEOMMICHES 0 F 2 hog Seee b o

iE 14 [ i 3 g i
SO s N Je e
UEOEBRBERICES CHBE LT, o §s_ ~ g%@wmﬁ 3 et e
BETHEBRER G & LT 5RTHe § o R DA O
ARFTNVOERATER (HHERR § Of BN - RS
) ORBOBRWEECREI N 50 ICH i
L, #4BBECRAEEIORBLGES S  OF LSUre(og )] - [ SF type( = =y )]
REEES, RRORUMEICREF 5R 0
ROFBOERBLEHACHCEET 27 fumber of eycies to failre, N
WEBbNbo Fig. 9 CHAE % R4, O Cirain hatd and Sawteech wavetores OF HasteTloy IR under

HTGREER TO 7YV -7 « BHOEGIMMIC

5 . _ FF, SStype SF type FS type

Y T RN T Ty =T 7
. = o G.B

v # T () 8 %
B35 LB 1) Mo HESAR 15 BREME ~RI9A 197 p103 | 3 .
2) BRIPS 5% 18[E(1980) p-83  3) ARERS @ FigS 20 @ (1982) p. 108
4) R : FE 21 E1983)p. 77 5) FRESS : IS 22[E(1984) p. 117 Small Large. Void Hydrostatic
6) FRED S | AAEAE 32 HIAMNS (1983) p.323 Effect of oxidation stress
7) RERS 1 g LR, 68 (1982)p. 121 8) AHEES © #4EY, 32 (1983) p.667
9) FREL I HREMT  10) #RS  24R123%, 16 (1975) p.311 Fig.9 Schematic for the effects of environment and waveform
11) P.Shahinian: Trans. ASM, 45 (1957) p. 862 on LCF crack intiation at HTGR temperatures.

—128—



