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The Role of Simulated HTGR Helium on the Low Cycle Fatigue
Behavior of Ni-Cr-W Alloys

Kazuo FURUYA, Kouichi SATO, Toshio KAINUMA and Heitarou YOSHIDA

Synopsis :

Low cycle fatigue behavior of two Ni~Cr-W alloys (Ni-15Cr-25W (KSN) and Ni-23Cr-18W (113MA))
was investigated at 1 273 K in the simulated High Temperature Gas-cooled Reactor (HTGR) helium,
He-2. Both alloys showed little cyclic hardening in fatigue tests and failed in a completely intergranular
manner. Although the fatigue life (N/) of 113MA was a little longer than that of KSN, observed inter-
granular fractures indicated that the fatigue properties of both alloys were severely influenced by impurities
in He-2.

As well as in He-2, fatigue tests of KSN and 113MA were carried out in pure He, air and vacuum. The
results clearly showed that, regardless of the concentration of reactive gases, both alloys failed intergranularly
with short Ny s in gaseous environments, as compared with the transgranular fracture with long Ny in vacuum.
A minor effect of impurity contents was shown as an increase in Ny with substituting the environment from
air then He-2 to pure He. It is considered from these behaviors that the fatigue fractures were affected by

residual oxygen gas in the environments penetrating into specimens along the grain boundaries.
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Table 1. Chemical compositions of alloys (wt25).

Alloy C Cr w Zr Ti Al Nb Ni
113MA 0,056 23.53 17.656 0.031 0.510 — —  Bal
KSN 0.027 14.85 23.61 0.050 0.360 0.130 0.300 Bal
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Fig. 1.
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Profile of low cycle fatigue specimen
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Table 2. Chemical compositions of HTGR helium
gas and pure helium gas (ppm by volume).

H,0 H. CH, CcO CO, N; O,
He-2 3+1 300+10 4+1 100x10 1+1 <1 ND
PURE He ND ND ND ND ND <1 ND

ND: Not detected by gas chromatography.
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Fig. 3. Changes in stress range (4o) of KSN
and 113MA with increasing strain cycles (N)
at 1273K in He-2,
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a) 113MA and b) KSN,

Photo. 1.
waves at 1273 K in He-2.

Fracture surfaces after fatigue tests at Je;==0.01 with triangular

Table 4. Low cycle fatigue data for KSN and 113MA at the total strain range
(der) of 0.01 at 1273 K in various environments.
Plastic Elastic Stress Number of cycles Total
Alloy Environ- strain strain range time for
ment range range do Lest ¥
dep (%) de (%)  (MN/m?) Ne* N Ny YA t(h)
113MA He-2 0. 84 0.16 293 223 230 324 393 5.18
He-2 0. 80 0,17 296 254 248 358 405 5,25
VACUUM 0. 82 0,17 284 1550 1050 11 550 16 400 94,11
AIR 0. 82 0.18 293 210 183 230 230 4,28
PURE He 0. 83 0.16 270 463 443 715 980 8.44
KSN He-2 0. 85 0.16 350 129 138 193 263 4, 46
He-2 0.80 0.20 333 156 156 230 301 4,67
VACUUM 0.79 0. 20 320 2150 1 850 7150 12 500 72,47
AIR 0. 82 0. 16 334 93 98 140 185 4.03
PURE He 0. 82 0.17 320 214 200 341 500 5.78

* No and Ny were defined as the cycles when the peak tensile stress was reduced to 0.9 and 0.5 of the steady state values, respectively.
** N. was the cycles when the slope of elastic portion in tensile side of stress-strain hysteresis loop was reduced to 0.9 of the steady

state value.

*** N, and t were total cycles and time of test. t contained the time for heat-up prior to test.
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Fig. 6. Changes in stress range (4g) of KSN
and 113MA with increasing strain cycles (N)
at 1273K in various environments.
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Photo. 2. Fractographical results for KSN and 113MA after fatigue tests at de, =0.01
with triangular waves at 1 273K in various environments.
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Photo. 3. Microstructures on the cross sections
of 113MA and KSN after fatigue tests at 1 273
K in vacuum.
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Fig. 7. Characteristic X-ray intensity profiles of
Ni, Cr, Ti and W on the cross section of 113MA
after fatigue test at 1 273K in vacuum of 1x10-6
Pa.
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