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Hydrogen Damage of Nickel-Base Heat Resistant Alloys

Masayoshi HASEGAWA, Motoaki OSAWA, and Atsushi NATORI

Synopsis:

The damage of nickel-base heat resistant alloys exposed to hydrogen at higher temperature and pres-
sure was investigated. Tested materials were mainly Inconel 600, Hastelloy X and nickel. Main results

obtained are as follows:

1) Inconel 600 solution treated exhibited embrittlement due to the occluded hydrogen.

2) Hastelloy X solution treated did not exhibit embrittlement.

3) Nickel exhibited the irreversible damage although it was completedly dehydrogenated.

4) Stress concentration enlarged the susceptibility to embrittlement. Hastelloy X which did not
show embrittlement in a smooth type specimen was also embrittled when stress was concentrated.

5) Embrittlement depended on Ni content and materials with higher Ni content exhibited the irrever-

sible damage.

6) The susceptibility to hydrogen embrittlement of Inconel 600 and Hastelloy X increased when they
were aged and carbides were precipitated on grain boundaries. This effect could be explained by hydrogen

trapping.
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Table 1. Chemical composition of tested specimens (wt%;).

Material C Si Mn l P

S L Ni \ Cr [ Mo W Fe Co

Hastelloy X| 0.073 0.29

0.54 { 0.009 | 0.004

46.88 | 21.66 8.83 0.64 | 19.51 1.36

Inconel 600 0.020 0.35

0.50 i 0.004 i 0.002

76.33 | 15.44 0.00 — 6.96 6.09
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Fig. 1 Geometry of tensile specimens.

g0%#m4%%2lmﬁ%mmmhfﬁé_k%,%
KE DB BT DB L 200~450°C THZEHHL
KEME R G L. §IEREE 200CRRHFT7 mA -
~y B+ AE=F 0.5mm/min DOEEE TIT27 KR
SHHL Ar HAF ¢ V¥ — - FAIRTE ST TIREL
p 700°C CHyH LER Uiz, 7, SIRARE OBEC
ST EEBBEEZEY, FTHRIHORE 2V TR
BRI XGEF 2ok, ks, FIRARC ST 5K
%7u~ﬁm¢N1mimﬁ%ﬁkﬁuﬁ§,ﬁ@@m
°Cx20h) DOMEAIT O,

3. BREIUVEER

3.1 KERN U= v FLERBEEOKRERE

¥ FERBRCSME Lot va xv 600, ~=5 mAX
%5 L Ol = o 7 A DERSEKZAIE X B M0 LU0
AR X OZMERIRE Lic. Fig. 210X ORERER LI
2, HlgotnEH b ks SUS 304 ORFR bR
LCh . KE7 YV —HOBEEKELR L A—RE, &
RS (450°C % 20 h) OINEA T, BT DR E L Ll
%@T%%.vfﬂQ%EKOVT%m%Kiéﬁmm
BB LD bhissote. Fig 2 X hBIBA7e X

] Hydrogen free , heated at 450°C for 20h

&; Hydrogen treated , 450°Cx300atmx20h |
Ego L
=) EL T.S.
- - 1.S.
£1 5 W7 a ]
560“‘ _T.S._ - 5"El. N, .
B i VIS
o 4 n [/
] i1z % [
ﬂc) 40_ / - é —_— ;_ / —_— —_— — - p—
= 111 5
2 1 | U
T 717 /
S 20— At UL - =1 —1 U P
g - 4
=
S V1 1| V] %
i 0 ]

Inconel 600 Hastelloy X  Nickel SUS 304

Y

Fig. 2. Change of tensile properties of Ni-alloys,
nickel and SUS 304 steel with hydroge-
nation.
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Fig. 3. Temperature dependence of diffusion coef-
ficience of hydrogen in Inconel 600.
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Fig. 4. Relation between tensile properties of
Inconel 600 and hydrogen content.
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Fig. 6. Recovery of elongation of hydrogenated
Inconel 600 with dehydrogenation.
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Photo. 1. Microstructures of Inconel 600 (a) as solution treated, (b) aged at 600°C for 24 h,
(c) aged at 700°C for 24 h, (d) aged at 800°C for 24 h, (c) aged at 900°C for 24h.
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Photo. 2. Tensile fracture surfaces of Inconel 600 solution treated and aged at 700°C for 24h,
(a) solution treated and hydrogen free, (b) solution treated and hydrogenated,
(c) aged and hydrogen free, (d) aged and hydrogenated.
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Photo. 3. Cracks observed in hydrogenated nickel
under stress free (not etched).
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