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Creep Rupture Strength of Several Nickel-Base Superalloys
in Impure Helium

Rikizo WATANABE and Yoshitaka CHIBA

Synopsis:

In order to estimate long-term creep rupture strengths of pre-selected alloys for intermediate heat-
exchangers of a very high temperature gas cooled reactor, a creep rupture test in impure helium has
been conducted with respect to three newly developed nickel-base alloys and Inconel 617 and the
result have been discussed in comparison with those in air.

Solid solution strengthened 169 Cr-209% W-302,Co-Ni alloy and 239Cr-189,W-Ni alloy indicate
almost the same short-term creep rupture strength in helium as that in air. Long-term creep rupture
strengths of these alloys in helium, however, seem to be higher than those in air because crack growth
is caused only by mechanical stress in helium, while it is accelerated by oxidation following nitriding
in air.

Inconel 617 indicates significantly lower creep rupture strength in helium than that in air. One of
the causes is the difference of crack growth mechanism, but a more significant cause should be made
clear.

Precipitation -hardened 18%Cr-4%Mo-6%W-10%Co-2%A1-2.5%Ti-Ni alloy gives a slightly lower
short-term creep rupture strength in helium than that in air, but the long-term creep rupture strength

in helium seems to be higher than that in air.
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Table 1. Chemical compositions (%) and grain-sizes of samples.

; N i . } i ; ) e 4 |Grain size
Alloy | € Si ' Mn | Ni | Co ' Cr | Mo Lw AL LT B ze ey
SSS410 0.031 0.04 | 0.01 ' Bal. | 31.00@16.175 — 12018 — loes — ;0.07oﬂ 1.5
A |0.038 Tr. 0.0l Bal. | —  21.77 — |17.99 — lo0.34 —_ 0.048] 1.0
SSS113M | ; .
B [0.0850.04 | Tr. Bal | — |22.64 — |17.69 — |0.47 — |0.032 15
Inconel 617 | 0.080 0.16 | 0.05 | Bal. | 12.20, 20.51/8.70 | — | 0.65 | 0.58 0.0035] 0.012 1.0
R 4286 0.046 0.06 | Tr. | Bal. | 10.65 18.89) 3.98 | 5.80 | 2.13 | 2.41 0.0036 0.0543 1.0
Table 2. Helium compositions (ppm).
Symbol CHd, Hz COZ CO . Oz N2 Hgo He
A 5.0~6.4 17~22 1.6~2.1 9~ 12 <1 <5 <2 Bal.
B 4.0~7.0 | 170~230 | 1.5~2.5 80~120 <1 <5 <3 | Bal
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Fig. 1. Result of creep rupture test at 1000°C,
showing little difference between creep
rupture strength in air and that in helium
with respect to SSS410 and SSS113M and
signifcant difference with respect to In-
conel 617.
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Fig. 2. Relation between creep rupture life and
elongation or reduction of area at 1000
°C, showing that there is little difference
between either elongation or reduction of
area in helium and that in air except for
SSS5410.
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Fig. 3. Comparison of creep curves of SSS410
in air and those in helium, showing little
difference between them except for ter-
tiary creep.
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Fig. 4. Comparison of creep curve of SSSI113M-A
in air and that in helium, showing little
difference between them except for tertiary

creep.
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Fig. 5. Comparison of creep curves of Inconel 617
in air and those in helium, showing signi-
ficant difference between them.
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Fig. 6. Comparison of creep curves of R4285 in
helium-A and those in helium-B, show-
ing little difference between them except
for tertiary creep.
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Fig. 7. Average crack depth of creep-ruptured test
pieces as a function of creep rupture life,
showing that cracks are deeper in air than
in helium with respect to SSS410, SSS113M
and R4286 but the reverse is valid as for
Inconel 617.
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Photo. 1. Crack of SSS410 test piece ruptﬁred in
air at 1680 hours, showing a lot ot
nitrides around crack. (x100)

(x6/7)

Photo. 2. Expanded photographs of A and B parts in Photo. 1, showing partial intergranular
oxidation following nitriding (A) and complete intergranular oxidation (B). (x500)
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Photo. 3. SEM photograph of nitrided part of SSS
113 M-A test piece ruptured in air at
930 hours. Large blocky gray phases are
chromium-tungsten nitrides, white phases
are tungsten solid solutions, black phases
around white phases are chromium nit-
rides and small black particles in the
large blocky gray phases or in matrix are
titanium nitrides. (% 2000)
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Photo. 4. SEM photographsJof cracks of SSS410 (A, x2000) and SSS113 M-A (B, x 1 000)
test pieces ruptured in helium-B at 690 and 770 hours respectively. There are M C
carbides along grain boundary in SSS410, and both of white tungsten solid solutions

and gray M,;Cs carbides in SSS113M.
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Photo. 5. Cracks of Inconel 617 test piece ruptured

in air at 1830 hours, showing also strin-
ger-like titanium nitrides at the front of
cracks. (x100)
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Photo. 7. Cracks of R4286 test piece
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Photo. 6. SEM photograph of crack of Inconel 617
test piece ruptured in helium-B at 720
hours, showing also alumina around crack.
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s ruptured in air at 840 hours (A, x800) and in helium-B

at 240 hours (B, X200), showing nitriding around crack in air and gamma prime

denuded zone at the surface in helium.
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