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Table 1 Chemical composition of samples (w/%)

Material C Mn Si Ni Cr Co Al Mo Ti Cu Nb Fe
718 <0.04 <03 <0.2 50~55 17~21 <0.1 0.35~0.8 2.8~3.3 0.7~1.2 <0.15 4.7-55 Bal.
825 <0.05 <075 <05 38~46 19.5~235 — <0.02 25~35 0.6~1.2 15-3 — Bal.
800H 006 <075 <05 30~35 19~23 — 0.15~0.6 — 0.2~0.6 — — Bal.
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Fig.1 Microstructure of samples: (a) 718, (b) 825, and (c) 800H
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Table 2 Testing results of low cycle fatigue
Material Leso Lyt Leso/Lit  Egso/Ert Reso/Ret
718 2228 7197 0.31 0.83 0.87
825 1334 5835 0.23 0.78 0.67
800H 989 4255 0.23 0.78 0.72

SR AT BRI A 13%, LA E R A5 i LE 5 i IR 5
FELCRCOEAR GG R o XN, a4 F N s
[ N e NG R = e D
I PR AR B K W R R, AR LU,
— AR AR E R, TS =
WAAE FARLL, JLHE 55 A N RREER .

FE AR B % 57 W o A b, APRHRII A R A
ARG ASE R o WEGUR B, BT i 45 8 B e A
(I 2025 0.015 s, %A BLE ML mL N 10° s
W, TR 5T IR i RS i G 28 A T A N
RE, QMY RN, FHUEEEER
TIEs G, AR ARG PR ) 3K, KR AT R
T A P TR0 R A 5 AR P R A o ) i LR
TR, ml By EOm R, A EE R T
il B SR AR AL, (RIS AL 2 A B A 2 R
AR E, SERMALREKK, EANIER TR
PERCE ML Rk, SEB AL, mE T
BE A 0 57 VE e 2% W2 PR A .

2.2 RiGEIZER

718. 825 Al 800H 7 650 °C ‘s ik 57 i 4 1 At
AN BT ] 2 18 AR (A) FH B AR TR 8 (E) 8136 3 o AT LA
B U R AR AR AR i [ 2 1 AR R g AR TR R LR T
R AL, 718 (ARSI I £ AU AR T 825 A1
800H, iy #i 1 AL &t JL-F- 1k 31 825 F1 800H ¥ 2 fif,
TX 55 LA v ) R S R R AR BR A G . AR B
LB, TR AR T iy LR D, R[] 2 T A
BN, AR — AN R YR RE, AR TR
BRI 55 A5 4 o
2.3 BENNEBRIERBKLRE

Kl 2 s T 718, 825 1 800H ML 71U AE it A J& 95 55
TG (1) VB Y. ) AR IR G &R . BT N, 718
7t 650 “CHI= il 1) 5 LG PR AL IR A, 825 AT 800H
By 2RISR IR AL, R ANE IR AR, HAE 650 C
(R Ak P2 B 8 KT = o A5 A R IE SR (B Y. ) 266 5 {1
e, R 55 K56 N B AR B E

UEE AL IS g LA AR ] 2R 1) 28 A B e T A AR £ ) 4R
AFIAM NN AR o it 3 L AR, TR 57 G
H AR SR R FE R 5, PEU R IGAE . gE 45 IR

3 RirEZEAMEETEE
Table 3 Area of hysteresis (A) and elastic deformation (E)

. A/N mm™? E/%
Material
650 C RT 650 C RT
718 0.5~1.5 0.5~1 0.25 0.25
825 2.5~3.5 3~4 0.13 0.13
800H 3~3.5 3~3.5 0.12 0.12
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Fig.2 Peak/valley stress vs. cycle number for three samples:
(a) 718, (b) 825, and (c) 800H
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Fig.3 Fracture morphology of fatigue samples: (a) quasi cleavage
morphology of 718 (RT), (b) fatigue striation of 718 (650
‘C), (c) crack source of 825 (RT), (d) fatigue striation of
825 (650 °C), (e) fatigue striation of 800H (RT), and
(f) fatigue striation of 800H (650 C)
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Low-Cycle Fatigue Property of Candidate High Temperature Alloys
for Supercritical Water Cooled Reactors

Chen Le, Tang Rui, Liang Bo, Zhang Qiang, Liu Hong
(Science and Technology on Reactor Fuel and Materials Laboratory, Nuclear Power Institute of China, Chengdu 610041, China)

Abstract: Low cyclic fatigue (LCF) properties of three kinds of high temperature alloys (Inconel-718, Incoloy-825 and Incoloy-800H) as
candidate materials for supercritical water cooled reactor (SCWR) were investigated at 650 <€ and room temperature (RT) under a strain
amplitude of #0.5%, and fracture morphology of all the samples was observed by scanning electron microscope (SEM). The results show
that the fatigue property of 718 is the best at both temperatures. The temperature has few effects on the area of hysteresis and elastic
deformation for each alloy. The area of hysteresis for 718 is much lower than that of 825 and 800H, while the elastic deformation of 718 is
as twice as that of other alloys, which is beneficial for improving the fatigue life. The 718 alloy shows a cyclic softening behavior in the
testing; however, 825 and 800H coincide with the hardening-saturation mode; in addition, their cyclic hardening behavior is more obvious
at 650 €. SEM observation finds that the fatigue striation width after LCF testing at 650 <€ is no more than 1 pm for 718, but up to 2.28
pm and 2~20 um for 825 and 800H, respectively, which further demonstrates that 718 has the best fatigue property at 650 °C.

Key words: supercritical water cooled reactor; low-cycle fatigue; high temperature alloy

Corresponding author: Tang Rui, Ph. D., Associate Professor, Science and Technology on Reactor Fuel and Materials Laboratory, Nuclear
Power Institute of China, Chengdu 610041, P. R. China, Tel: 0086-28-85906007, E-mail: xajttr@163.com



