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Tensile Properties of Hastelloy X and Incoloy 800 Exposed to
Air and Helium at High Temperature

Junzo FujiokA and Hirokazu MURASE

Synopsis:

The effect of corroded surface layer on the tensile properties at room and high temperatures was studied
for Hastelloy X and Incoloy 800 by comparing the properties of corroded specimens with those of aged
specimens. Corroded specimens were those subjected to 3 000-h and 50 000-h exposures at 1 000°C to
air and VHTR helium. A small effect of exposure was observed both to helium and air in the case of Hastel-
loy X. In the case of Incoloy 800, however, exposure to air was found to reduce tensile properties markedly
whereas exposure to helium scarcely reduced. Metallographic observation indicated that reduction of
tensile properties was caused by intergranular oxidation. The ratio of the tensile strength (corroded speci-
men/aged specimen) being plotted against the amount of intergranular oxidation, data of the two alloys
were superimposed on the same curve. Ductility minimum point observed on the solution treated materials
at intermedate temperature was not detected on the aged and the corroded Hastelloy X, but was detected

on the aged and the corroded Incoloy 800.
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Table 1. Chemical composition and heat treatment of hastelloy X and Incoloy 800.

(wt %)

C |Si|[Mn| P S Cr

Co [Mo| W | Fe | Ni |Cu| AL ] Ti B

Hastelloy X 10.070.32/0.60/0.01110,005 | 21,66

0.68]9.09]0.5317.73| Bal.| — 10.08<0.02/0.001

Incoloy 800 [0.02]0.411.09] — ]0.005|20.95

— | — | — |Bal. |3222|0.22{0.40| 0.40| —

Heat Treatment
Hastelloy X : 1160°C*30min,, WQ

Table 2. Gas composition of simulated HTR
helium used for exposure environment
of tensile specimens.

(ppm)

Hz |H0| CO [COz {CHs | Oz | N2

Inlet 218119 | 113 [196 |61 {0.7 | 21

260 |60 |688 00 [o0 |12
Outlet | o7l g0ln32] — |~ 04|~ o05{~20
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Fig. 1. Effect of test temperature on 0.29, proof
stress and tensile strength of Hastelloy X.
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Fig. 3. Effect of test temperature on 0.29% proof
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Photo. 2. Microstructure of lbngitudmal sections in tensile specimens on Incoloy 800.
(A) Solution treated, (B) Exposed to He for 3000h, (C) Exposed to He
for 5000b, (D) Exposed to Air for 3 000h. Exposure temperature is 1 000°C,
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TEAEMOEER SRS L0 ) DETOME[N R D,
o, REFTOETFIARE. DX EaRMDT]
Ko b EEY RETHERTFLE LU, (1)2HAE
B, (2)RREL, (3)KREMECOLROMNE, (4)
BREBHEZ EMEORIEE X BB OEE, Is&
z2bhb.

SAEBERIC VT, Fig. 13 @R LA LS5, ~Y
v arth, KEHOWTHEBWTh, HESOBARIC
BN LD, BAEMDOFIEEEOB I FEEY K
FETHTF LR bW EEZ BRD. ¥, HEEROK
Bz ouCit, Fig. 14 @R{LizX 5k, 4 v=2r 800
D~Y 7 AFEAEMT 350 KE LTSRS L, K

KFRAEM TR L D b 450y F T Lo
LTH B, 100p OREIDOMHEENAZHEEM OME
EEHTELVE T2 70T 3FEZH# . Licaio
T, FRBROTE DGR O 5 3R OB Lic K E Te i
B RIT T EZ DRI RAB b oW T,
Fig. 13 R L7X 51, f varA 800 Ok e
MBI R AL DORKEZINKREL, 2D EAKE
FREAMOFIEBRIB IO ) DR TG L TR D,
BEMOG | REEEOE(MCEEYRITTHRTF L LTAE
WeEZbhB.

D ERN- X 5, WA X 55RO E RIF
TRTFOPRT, RBEFOERBELBERLE (1)~(3)

— 105 —



1596 % = W

s 64 4 (1978) 15102

OFT, AN RLRERRTEZEL OIS, L L
T, Fig. 13 (¢) wwin LI RMAL IR O 5D 2 TR D
AT 5 1 (S/S0) &, Bt ORI IcH 4 % 38
Bt (6/0age) & DBAFR%E Fig. 15 winlic. TD X5
TeBEEA T 5 & RE MR OB IC X B EN L,
¥R L 650°C, ¥ L% 800°C k 1000°C o 2->DH
BhcEos. JBEOFBRSECRETEEL, Ba
FHS, BH, JIEERBEE R S X YT 50T,
FIRRBRA R ARG BT 5 7o i 7 — 2 & 3
HECTEETZLERH LD, 0K RN X 5RE
L1l oofErELbRS. T, BRBETOSRES
= 2 bRET T — 2 R EET BB, RBUTROLR
PE QBB B S, FOX 5B, RO X5k
R OT R Lo TEE L, BE0RMs —x &3
LT bb—JklEL bR,

HT- 0D (4) w20 Tk, 1 varg 800 Ok
g A OEIER X0 650°C CHEE RISk o A
DA DF 4 T ADFER DR, & ORI IREC
BEL RIF LT\ 5 EEXDBRS. T O FTHSIL,
EPMA 1=k b Ti (C, N) &#2% bh, Caaku9sd U-
700 £4DOKEFD 7 ) —FRENTEELCHS LS
2, fEERRICI O CTEREV IR LRI S hicd
DEELZ RS, ¥, CoownTiL, ZOMEORM

1.0

Curve of
\
\:\/geometrical

\ relation

Incoloy 800

o
©

i~| Hastelloy X

N
Y
S: Intergranular oxidation area
So: Cross sectional area
of tensile \specimens
Y
0.7 ] ] i

0 01 0.2 03 04
S/ Se

nx R oee®eo0
I}
=3
=1
o
,

Ratio of Tensile Strength (G/Gage)
o
o

Fig. 15. Effect of intergranular oxidation on
strength ratio.

ERMETCOEMMA LRIz LX), T L
HLTWA EELZBRDHD, CoinoBRKEI 2Vt
B 52T,

4-2 RE CONABIOSIREMHCRITHE

Fig. 7 30 Fig. 8 o kL Lok, fvardg
800 DEFAIM & KK F B EM CIRERZEE) H 5\ LD
ZEE RIS,

AR TR, BRI E e X s
TN L, BRIGHTEBLD Ex % v 27 ERARE
WaiRa s LicA 1 FORA L BRREELS A L
AWMIEINET LT ES &2 bh5. —7,
KGR AR T, ARG E oMb X 30
OWEINL, BESE X b X, F e, BAEMERASN
NEBL CIEIVEBC KT LIBDL0TREN HE
V. ZORGHERMOFIOBWW OFIR L LTk, R
REALOBE, IO Ti (C, N) OAROBENE L
bhb. Photo.3 R LA X 5ic, FEOMILININ
RO EHOBESHBNABEORKES LD T
CRWIETTHD & XY, RMABLOBEN T T
BulisntEzbhb. BHEHOBEER CIBEEMD
FRahbr b BN 5 4 v 7 AR BT 5 R IR EE T H DT,
DX SRR TDORA Nk, RAWSchHLBEIh
TR R TO X LER DX Wicde, NARBILOT
Wi~ DEEN DN EE L DRD. WHOME EDOT 4
VIR IET S L, BEMTIRT 4 v ORI
MEo 4L, ko Ti (G, N) 2MELDF 4+ v
PR bz & X h#E 2T, Ti (G, N) OERNE
Wt S RN TO AR A FOERERESE, ThBERR
BEM ORI oW oL HEA L e oicéFEx bhvs.

1000°C Tk, Bgitfnis + v 7 vk B3 5 R gk
TH B0t L TRKFREMIBABEch oI, |
TE I, OFLED 209 B2 5B nb, Fy
F VI ERL VORER L AFEHWERE OB X 0IG
DMET LTl e E s L& 2 bhb. —F, K&h
BEM T, OFHRED 35% TOREN DI IIEREL)
MoK 75% Thb, ZIUTELEOWERLL 65% [ (1
— 8/8) X 100] ©IBIFHE L\ E0 D, OFRENY

3% COBAIGIN D 35% FHEF TOIEIIHE iR
DR INTRRACOERDOREC LD LD EEL bR
L. OFTHREDN 35% Frarzi#lz Th Bk, Photo. 3
TRETEEMIERE DIECEARLEH B LRD & &
X b, KETOBEIRIRRD NGRS L 22T,
B R In o CERBR A IR 5 AN AW B HE LM B
b EEZBNS.

PUboX s, K&EHEEME, 1000°C TixFEm©

— 106 —




s

BRPB I~V T ARTHBRBESELA~ARTFrA X2 A v aug 800 D3|EMH 1597

DR INIRRTRE Ule TR RO & & /e
DTHEWH D B0, Z hoF R Tk 238
INEL, BLANANEHH L Ti (G, N) ToHRS ¥
DREDHEIRENEE L BRD. Lo, EH
VL DR THREER & SR CR %52, Fig.6 iRl
LS TR RTHBAC I VIETT%. Ll
ALFIRE X, ERETOMTHEARER L » Lk
DT, Fig. 5 H 5\, Fig. 15 @R Lt s, (KR
POF VBB DIETHAE W EEL BRD.

¥7z, Fig. 15 X v, 800°C, 1000°C T, S/S, A1
0.3 L ¥ CIHBARCIZHEERTFIADLATHLA
LTI T3, 5 5190 Inconel 617 44
D 1000°C ©wkit% 7y — 7RSSR, EGEHD
2004 (8/8,=0.13) D ZXZUNFE Ui k& D b Dil,
EHUDTED LT EZERD S Okt L CEE K T
D B0l E LT 5. ZOFER AR DR
Lo, RABELAD O E LTS, FomBEHINE
WL, BERSTAEERE bR D EE L
B EMDTES.

5. & Bl

Fe #4541 varg 800 L Ni &4 25 r1 X
L&, VHTR i~V a5 2R L OkGhie s
T, 1000°C © 5000h ¥ CEA IR, =ZE»5 1000
°C FCosRABRE T ok, Mk, B UCEETH
Ul X 70 b D O 5 [BRFBR A 1T 702 TR & I8
B OR[REELILE L, SIRERCRIETERDFE
R L. Bohiimt L Timd.

(1) ~AFe1XTE, ~VvahEAMSART
BEM S, B b CGREK T /s o,

(2) A vawmAg800Tix, ~V v AFEAMITEL
M R THREE T4 bhieh 27y, KEHEah
REERTARE L, Fie, ZEiR, 650°C KR Alc#&
Losoie.

(3) BMEMOBERTCMETTHERT & LR
LR ECEFZ 2 D, BRI 5 R R E
EDBFRERIRT D &, WEeLd, KEMESEAD
200 ko,

(4) ~AT7 e XOIEM, B2, BAME LK
EATOETAELL, BHREAEM s b 5T D
sMEEZ A THREREIFEE L. —F, £ varg
800 DEFZIM, BWEMIITXCORE R D IEMIMVE
TL, EEORNMEY RTHERENFETS.

Ko, KEETIRSChic v EiEE AL WS %
L7, RECRZFLHMEEE—HE, B LOUHRED
B L, FEEARCHEH LT

X &

1) Jhi B, Rk, BB, Bk
FAPIG, 79 (1975), p. 32

2) AARZMEEE, $122-123 Z8 &AM EE F A
FREMEMASHEREE CE24£), B 49
3 A

3) R. HupprLe: OECD High Temperature Reactor
Project(Dragon), Paper 17, (1971), July

4) R, BREZ, ES E, HAKE: B
BT h%¥4E, 18 (1976), p. 641

5) AW iE, BB O, ERES: 2RI EES
e, 17 (1976), p. 307

6) Y.Hosor and S. ABe: Met. Trans., 6A (1975),
p. 117

7) N. E. BAkerR and J. W. WunperLICH: “Expo-
sure of HTGR Candidate Core Plate and The-
rmal Insulation Metals to Impure Helium at
1650°F to 1850°F for 3000 Hours”, Informal
AEC Research and Development, Dec. 29, 1966

8) FrmEMESL, HR:EH: £k LM, 62 (1976), p.1540

9) P. N. Cuaku and C. J. McManHoN, Jr.: Met.
Trans., 5 (1974), p. 441

10) seBFFOEH, Kk B, HEBER: F 14 BERE
Ey v XYy anikilg, BARME Y4, (1976. 7),
W, p. 68

— 107 —



