[ 5] gharAlEs o]
Korean Joural of Materials Research
Vol. 16, No. 5 (2008)

Hastelloy X4 2293 m&
2o - 4] -

A% -

= =
A2U4=5H

P EER

T4 AT

Rkt Al Al st

5l ote] whelglat 4

‘:'] /(]-1.11]] r"

[Ed g

Microstructural Analysis and High Temperature Compression
Behavior of High Temperature Degradation on Hastelloy X

(1l-5u Kim, Tae Sun Jo, Young Ik Seo, Woo-Seog Ryu® and Young Do Kim'

Division of Materials Science and Engineering, Hanyang University, Seoul 133-791, Korea
*Division of Nuclear Materials Technology and Development, Korea Atomic Energy Research Institute

(20065 3% 1090 8001, 200641 4% 2890 454

Aol g-o
_Oll_\‘._ lEI:'U)

Abstract  Short-term high temperature degradation test was conducted on Hastelloy X, a candidate tube
material for high temperature gas-cooled reactors (HTGR), to evaluate the variation of microstructure and
mechanical property in air at 1050°C during 2000 h. The dominant oxide layer was Cr-oxide and a very shallow
Cr-depleted region was observed below the oxide layer. At the beginning of degradation, the island shape M,C
precipitate (M=Mo-rich, Fe, Ni, Cr) was observed in matrix region. After 2000 h degradation, precipitate shape
was changed to the chain shape and increased amount of precipitate. These results influenced mechanical
property of the specimen which exposed in high termperature. Yield strength was decreased from 115 MPa to
89 MPa after 24 h and 2000 h exposure, respectively.
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Table 1. Chemical composition of Hastelloy X.

Element Ni Cr Fe Mo Co Si Mn W C
wt.% Bal. 22 18.5 9.0 1.5 1.0 1.0 0.6 0.1

Fig. 1. Cross section views of specimen exposed during (a) 24 h, (b) 120 h, (¢) 480 h and (d) 2000 h in air.
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Fig. 2. Cross section view of specimen exposed after 24 h in air and its EDS results; (A) oxide layer (B) Cr-depleted region (C)

matrix region.

Fig. 3. Cross section views of specimen matrix region exposed after (a) 24 h, (b) 120 h, (¢) 480 h and (d) 2000 h in air.
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Fig. 4. Changes of the grain size and hardness with exposure
time.
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Fig. 5. Stress-strain curves at 1050°C in air.

Ade g 2t 77 vis- Bt Ees AR
st A el Sk, 45 2 A1del s MeCe]
I Eeo] SR A € 5 vk ole e #
& MCE°] 450] ojFolAle AAelM M= 3l

o]Fol7l A¥eta ddkdnt 2y AFHHS] MC &
E A 45 Aol vls) Adge] BobAlal o RgE o
FEE A o e, olHE AdE PR R AL
A5l A EA A A M CE
&G o8l N2 FAAY FAAL 9 =
ol dojt Axz A} olHg e BE A
oA vEhd, E3piie] SUHEE AR S5 H 0
© Mol 2717 A1 E B9l & o Sk wEbA,
ATE ol dspol wE AR Mz Wsle} A)

[e3

rktt?ﬁrﬁigrlo

Fo] A }019] FAAAE AT T AUAATH
4. 8 B
B A= Hastelloy Xe| Z2dslo] u}& v|M
zo 71A1A §AF] FEAAE st e
2 Ade o 2k
1. Hastelloy X¢] & 2}8}#H2 Cr-oxide ©]™ =L o]¢]

o A#e] Ni#} Fe, Mn 283 Si-oxide7} 2= th.
F 2kslut ofgfloll A Cr A Yo] B1Hith EEhA
Zho] F7Fgel uwle} Atsldke] FAE SUFELH, 120
17k o] <P ek shslet 93 A skt Agdg o]
A S =N

2. MC A&7 gdstzr] g7let ol ohds =2
719} B g NEFQrh. dsiare] Frtglel uet A
ZE £g0] SUslIden, A& FErt sEHes
oA de FuldA AE5HA AEFHE wskEe]
ERd ) ol 7IAIA 54A ] A8 aQle®
ezi=

3. 25 A 2447 3zl Al

>.,

.
otk

o
3



322 A - - AR - 59 - A

Fig. 6. Cross section views of 70% deformed specimen matrix region exposed after exposure during (a) 24 h, (b) 120 h, (¢) 480 h

and (d) 2000 h in air.
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