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Relation between Fracture Mode and Carbide of Hastelloy XR
Creep-tested in Helium M,;Cs/MC Environment

Yutaka Ocawa, Yuji Kurata, Yoshio Moxma, Hiroshi Yosnizu, Tomio Suvzuki and Tafsuo Konbo

Synopsis : Fracture modes and carbides of Hastelloy XR (a modified version of conventional Hastelloy X) have been examined
metallographically. Creep tests were carried out at 800, 900 and 1000°C in a simulated environment of high-temperature
helium-cooled reactor (HTGR). At 800 and 900°C, wedge-type cracks were observed when specimens were tested
under higher stresses, while cavity-type cracks were formed under lower stresses. At 1000°C, localized recrystallization
was observed in fractured zone. Stress exponent for rupture life was 5.7 at 800°C and 3.4 at 1000°C, while the value
changed from 5.9 to 3.3 in those with longer rupture life at 900°C. Nucleation and growth of crack were strongly
associated with grain boundary carbides under tensile stress. Carbides were classified into two types at 900 and 1000°C ;
Cr-rich M,;Cs and Mo-rich M,C, respectively. At 800°C, another type of carbide was found also. The two types of
carbide had no different effect on nucleation and growth of crack. Comparison of the results in helium environment
with that in air indicated that cracks and carbides were similar to each other except for the regions fractured under
heavily oxidized condition. M,;C, was stable up to 1050°C and co-existed with MsC. In conventional Hastelloy X,
precipitate of MsC predominated over M;;Cs at 900°C.

Key words : Hastelloy XR ; fracture modes ; carbide ; creep ; metallography ; helium-cooled reactor environment.

1. FUSHIC 2. ER5E
EEL, SHESAPEDANY VLFHACI TR T
oA XRIZIET 32 B2 ) —REPERL, 2 ) —7%
Mo THCHmEP LI, ZOWECHFCT, RETHRAEL
122739 7 3RBORAME TRERBL TV LRV LD,

FH A7 e A XRUEUFXRERLT) T, 2R THRD
MNAT A XNV U LGHIE TP CBER SR LICS
DTHhs, 1zl 2724 XN EUTFXOGLERT) #
D fFEH LI2DT, ZiLb M % Table 1 (278

7Y — 7 ks (KB T 2 0TIk v LR L 72,
L LR Z 5 v 7 3T (Bl — Fizo v TOMEH
VT L+ TRE»- T, &R 2 ) —7diciikib

T XRi, #Mn, {RAITH Y, CoZERALL T2 RT
BN R T v A XOBBRIMERRT H 5, XOGLI, 7> A
74 XOBEHTECoD b DTH %,

L e RAL B3 2 4B T % 4T - 70 9°, IR D B
e BT 23R TR K L Tk o iz, 22T, Table 1. Chemical composition of minor elements
AT, 2 ) — 7S OB T — F % Bl A L in Hastelloy X. (mass?%)
IO T — N L RLR R O BGENE 2 T, E B ¢ Si Co Mn Al

N N - 2 = A2 S| () Fl L s 7y ELY Hastelloy X * 10.05-0.15 max.1.00 0.5-2.5 max.1.0 -
¥ X R BT T RBREHEA, *ﬁ*+@f&i¥ﬁ}7%®$/?§ Hastellgzr R | o007 o 27 0 04 098 0.03
PFRBI12H, A7 u A XROKAT B 3 L CHIKD 0.07

Hastelloy XOGL 0.24 0.62  0.58 0.21
MNAF A4 X2 TRBROME 21T - 12, * ; ASTM B435

SR 84E11H 8 H2f+ PR 943 H 7 A28 (Received on Nov. 8, 1996 ; Accepted on Mar. 7, 1997)
% FAEAESBEMEFTISHF (Institute for Materials Research, Tohoku University, Narita-cho Oarai-machi Higashi Ibaraki-gun Ibaraki-ken 311-13)
* 2 HARJETF I EFZEATMEIZEE (Department of Materials Science and Engineering, Japan Atomic Energy Research Institute)
* 3 RIEHE TSRS 78 (Failure Physics Division, National Research Institute for Metals)
* 4 MALKH T (Faculity of Engineering, Tohoku University)
t XRiE, BAREF AP R RRTO TEIR THRRIT ) ORISR HREC S Y 2 ERERMETH 5. XOGLIX, RO R e -
FZEISNTCIRA 2% v« H 22— TOGL-1) OFNIIERMETH - 12,

43



B 330 £k $WVol. 83(1997)No.5

7 V) — 7 FBRISEE L, 800, 9003 & UF1000°C, HF& O ek
REIX900°C D48, 588h, REDFEH A, H,, H,O, CO,
CO,, CHZEDWME MM ¥ &6 T 5 Wik, ERILE 7

> v DEIRAT ZFEM AN Y 7 4 (Type-B helium) TdH
o NY U LAHDFRE BT 220 KA DOHKER LT
2o SNOGHREMIDWT, REERMD 2 Y — B % £
b L, N & R E FREAMSE P H e Tl
BE L, EPMAC & A 21T - 12,

3. REEREER

3:1 ~NUDLREBRMOBEE—F

Fig. 1 i, BEWTIE 2> & %9 2 mmPL EEER 7 BT 1) 2
W2 5 v 2 DSEMBISERTH 5. (a) D2 7 v 213, ik
DG, RR TR0 L 9k 3 EAICRAE L 2 WedgeR!
(LIFWEL EEET)Th 5,

bYD2 7 v 2k, EMOEMTIIWE L ALY 55, 45

=

F8pm S163

23kY XSae

A EFIITI 2 DRERIZSE L T T, KRS & B
DRMZRELIF YT 1 Ok L AKX 2 CavityH
(UTCHRLET)TH 2, (0)id(a) LRIB-WED 25 v 2
Ths, Eﬁ%@@knuzwr 77y 2 BERELIRER
rcin-> T3, 21220%8(E, FIRMILL Tk
o,%@@@#&:ﬁﬁﬁ%@@ﬂ@&f*%m(af
&, 272 v 7 OAMTHEHHHHES iR LT3, 2
7y Z 3 OREHHEHCIB-o THERLILEBELNS, ()
TR OM ALY BEETH 5, ZONMIE2 S v 2
DB D 5 CRHI 27 T v 7 EBOEEYDORE % Blo L
LDEMEINS, 75 v 2 OREIIMN MDA { TF
WRTDH 5, RARNCERT 2 FHFOHEPE Lo 12
MRELEbLNE, ThiE, 725 v 27OMBIC L TS
Y IEBEOHFLEPRKRECWED(A), () LIZBRLAETH
%,

INGDZ Ty 27IiD0T, HRMEEOWNIKGEE L 2
7y 7RO NERD 2 CEELYINL B,

< Stress -
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Fig. 1. Crack morphology of creep-ruptured Hastelloy XR in Type-B helium.
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Fig. 2. Stress exponent (m) for rupture life of Has-
telloy XR creep-tested in Type-B helium.
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SEI ; secondary electron image, BEI ; back scattered electron image
1000°C, ¢=6.9MPa, Tr=13,014h, Hastelloy XR, Type-B helium
Fig. 4. SEM micrographs of two types of carbides related to the crack tip.

800°C, 6=36.3MPa, Tr=233,521h, Hastelloy XR, Type-B helium
Fig. 5. Characteristic X-ray images of three types of carbides.

Table 2. EPMA quantitative analysis of carbides Table 3. EPMA analysis of carbides and matrix in
and matrix in creep-ruptured Hastelloy creep-ruptured Hastelloy XR. (mass%)
XR. (mass%) 800°C, 0=36.3MPa, Tr=33,521h, Type-B
1000°C, 0=6.9MPa, Tr=13,014h, Type-B helium ~
helium
C B A Mat.
Ni Cr Fe Mo Mn W Si Cr S W M M
Atomic No. 28 24 26 42 25 74 14 Mo M S M M
Dark Precipitate 4.6 72.6 3.4 18.1 0.29 1.0 0.01 Si w S M w
Bright Precipitate 19.7 16.4 6.3 52.3 0.17 3.2 1.9 Ni w w M S
Matrix 48.9 23.4 18.4 7.7 0.94 0.39 0.30 S st M- i W- K
As Sol.Treated * | 50.1 21.9 18.2 9.1 0.88 0.47 0.27 » strong, M ; medium W ; wea

* Before the creep test.

: ZENiL Y 3ECEFRSOITEDERL T3, —4,
Fig. 4 i2,1000°CD 27 V) — 7HEWi b 23513 B 2 5 » 2 St BHOX2 L0, Nik Y bEFESOFHCILREDORH LR
HMTONUWERT. (@) 1X 2 RETHRTH 525, Frldni S
2T 6B, 2HHDIAKEEE, (b) DKETE TF1E Table 2 %, D 2 MHOHTH =BT 2EPMAD#ERTH
BFOT—BHIRCL 2, (b)T, B b b LMY %, 138191, 900°CT3110hD 27 V — 7 HEREATH 1A T

46



ANY T LAFT 2 Y —PREBREAT 5 IR T v 4 XROBERTE — F L My,Co/ MCRALOZE 333 TR

2 4 XRIZD T, EPMA, X#REIHT 3 & 8 FREITT 247
W, BT FEE L 12, 2 OSSR D 6 Table 2 1k 2 D R
A RT L O LIS h s, BEWHIE, CreEfdE L1
M,sCo B! D BRAL (73Cr-18Mo, UL TFM.,:Cs LB T)TH 5,
Mot WHiB#E L Twv 5 5%, Ni, Fe¥x X USHIZRZL TW 5%,
—F, A OE{AAEPIE, Mo® £iar £ LICMCERIDRAL
¥ (52Mo-20Ni-16Cr, LITMC i 7) T, Mo, Wk & U
SiDEFHERIIEFIIE Ve 2 2 TMuCo £ MClt, KETEF
DI L 2B L XA 2 bvDCrt Mo(S)) D —2
DEIDLEALT, MEOHKIXZ DL IR 5P,
WONES RPRIET A L, 21232015 Lotz RsEED
fHIX150+ 5 ThH - 12, B EEDSEMEBE ¥ 17 - 1227, 1
HEMTERRIED oL h - 72, FHR U AN SR
bIRT P, Mok & UWIIHT I iR L, BT Y A
P O AL T 3,
900°CD 2 Y —FBEWiA4TIX, 1000°C & [EAIZM,3Co £ MC
PHFEL T w72, 800°CTHE, 2D 24D MIC 3 AHILFEDE
WHERD 6 NIZDTRIIIRT,

Fig. 5 12800°C, BEiZ V) —" TR E L 22 Ib - B+
ZEPMAESHTO#ERERT, A EERD 2 KETFHRLET
BORSTETEY» 6, HTHIZA, B¥x & FCOD 340
Lild, CroX#fit, CHTHb5&(, BT~ FY v 2
Z(M) &9 550, MoDXHIZBHIZI » TRIET, A,
CHi, =P Y v 7 2DJEFE k5 T 5, SIOXHRIZBA

THELH, CHTHEIFL RT3, 2OEREP I LY
T Table 3 1278 $ . CAHHICr-rich ¢ M,;Ce, BFIZMo, Si-
rich®M,C, AR X TE D B DMK 2 3 5 KA & fllr
ans,

3:3 WS IURIEMICRIZTERTESOEE

I THEE— N3 X MBS 31 2 K & L1k
MERSTSLOT, RUMEOBENEYE 2 5, 2 12186
NIHERD, ~N) VA FHREXREFA L b O EL» 2K
HTARENDHE, 22T, XROKATRBRERL Y ¥
MP LR L, R TXOGLII DTy RET2ME 23, &

BORDNRERM T, BALOREYE L CHBBTELEE T,
«v UV atht DEBY ARG 2BAVH DT, 2D
& 5 e REBULEY TRETT 5,

Fig. 6 I&, XR¥ & O'XOGL - BT 5 K& BENIH O Ak
Thbs, (AT, BIRSIELRTCRDZ I v 2 RELT
WAEY, INRIWHOEALIZRL S,

Fig.1 (a), ()R LIC L S CESHRTIE, BR T~
LI OWRIRIERY 2T v 2DBEIL B, —H,
RT &S REIBEOEEHEITIE, BRRIIEKS { TR
RT3z -, ZEILOWBMBES LOTHRI®E
BUICHD 2 5y 70T I N B BV M,Co  AV-MCD
TRERBI N5 b, Mo, Cold TR TH 5 DIz LT, MC
DHEBEMLERZL T2 RATIREBROLD L H 3,
(D ZH) . (b)TIX, MyCs t MCOXFREZRT, A

Nl

18rm 968834

=

e

< Stress =

(2)1000°C, 0=6.9MPa, Tr=10,921h, XR (b)1050°C, 0 =6.9MPa, Tr=8,608h, XR
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Fig. 6. SEM micrographs of cracks and carbides in Hastelloy XR and Hastelloy XOGL after creep-test in air.
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