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Embrittlement of 304 Stainless Steel in Hydrogen under
High-temperature and Pressure Environment

Synopsis:

Masayoshi HASEGAWA and Shigeo NOMURA

The change of mechanical properties of 304 stainless steel exposed to hydrogen at high temperature
and high pressure was examined with reference to the change of the morphology and distribution of

M,,Cs carbide in the steel.

Hydrogenated 304 stainless steel was very brittle when M,;,Cs carbides precipitated continuously at
grain boundary in the form of developed dendritic particles. The fracture mode of hydrogenated 304
steel aged at 650°G for 70hr changed from a ductile to an intergranular type depending on the carbide

morphology and its distribution.

treatment in vacuum. Hydrogen was observed to evolve at
Therefore it is suggested that hydrogen is trapped at the

A ductile fracture mode, however, reappeared with dehydrogen

the grain or twin boundary of 304 steel.
interfaces of the grain or twin boundary

carbides, and the nucleation and propagation of hydrogen embrittlement cracking may be caused by

hydrogen trapped there.
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Table 1. Chemical composition of stainless steel, wt9s.
Steel f C | Si Mn P ) Ni Cr Cu
304 006 | 0-61 1-56 0-036 % 0-024 8-55 18-23 j 0-07
304 L 0-019 0-70 1-39 0-025 | 0-009 N 10-50 18-26 E —
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Fig. 1. Change of mechanical properties of 304

steel (thickness : 0°25 mm)aged at 650°C
for several times and then exposed to
400°C, 270~-300atm hydrogen for 170~
200hr.
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a) As solution treated, b) Aged at 650°C for 1hr, ¢) Aged at 650°C for 10hr, d) Aged at
650°C for 30hr, €) Aged at 650°C for 115hr, f) Aged at 550°C for 30hr, g) Aged at 750°C
for 30hr, h) Aged at 850°C for 30hr.

Photo. 1. Microstructures of 304 stainless steel after solution treatment and aging at’

550°~850°C.
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Fig. 2. Schematic diagram showing relationship
between precipitation of M,;Cs carbide
and hydrogen embrittlement in 30% stain-
less steel.
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Fig. 3. Change of mechanical properties of 30%
steel (thickness : 0°25 mm) aged at several
temperatures for 30hr and then exposed
to hydrogen.
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Fig. 4. Change of Charpy V-notch energy of 304
stainless steel aged at 630°C for several
times and then exposed to hydrogen.
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a) No hydrogen treatment, b), d) Hydrogen treatment, c) Dehydrogen treatment

Photo. 2. Fractographs of 304 stainless steel after solution treatment (d) and aging

at 650°C for 70hr (a), (b),

WEbREFT~DIREL. EEOLEBL VSR, &
THEEHRTLAREMREB|EEZTZTIOLEbNRS

3-1-3 JE/kEREC X 5 [EHERR

EIREEKEMIR L7 304 25 L Ao B BER AT
195°C, 70hr DRIKFEMEEZTTRV, EERRZ &
L7z. Fig. IR LAX 91, BIEMEE/KELIEFD
{HECEERELTWS. &9 LAFENT SE&EK
Fiz X B 304 HD SR K AEBE TR T, FHT
HBZEETRLTND.

TESESHI DKFEN e X BRECIERE, 1) KEME
(Hydrogen embrittlement) &, 2) 7kFE{F & (Hydrogen
attack) O 2 i AR INT &7z BEVIIRK & R
R REINL R, 07D HEESE L ET T
LARABEBETHD. ZoREGINhET, BEGEEKE
D & THMRITEBA, TR L7KED, RERERILE &
RIGLT* %> (CHY) %EHKL, DA X 2GR
R, ®2VENEMEDCERISN, TOREICX2T
FATHRBBCIHLEEZLNTVWE® . LarL,

tensile specimen).
( o

334 27 L AMRD MG BIRILMAIEHICEKET
HY, TORILMEKEORIGCE T HFEHRT RV
XD EEREIOHEEINL IO, * ¥ o RIGEE
FIEHNCIEE 2 s ). x5z T1L C. Mopos 52
i, MpCe REILMOERET/RKFEICL SR, EE
6)0°C, EHBO0TTICEVTHEEINRLWERE L
TWwb. 25L& bbBEREEKRCIS 304
F oL RAOELE, Whe SKERELEFTLLNDS.

oou L —E IR 400°C, 1 hr ok EMER LT
Lot FORRE Fig. 44 Lk 9T, B
CRHER T LE —LFERETS. L L 650°C K
MTIE, ZOREORKELETEEST, TORIE
s, KELEAOMBE EAEELCEZRLTY
%. NeEwsan 530 237 - 5 4 MATHE LTWDED5,
F—25F 54 MATEWTY, RILWOSA LB
ST trap FHE, TicbhbITHR LT X HKEDIRRY
EEOERTOEANRLO>TL B EAHAlENS. &
7-F — ZFF A4 METIE ArcHarov 5 OFERICL R

-
—
—

~
.g—
i}

— 89 —



1966 g &

# 59 £ (1973) ml4=

a) No hydrogen treatment
b), ¢) Hydrogen treatment.

. Fractographs of stainless steel (impact
specimen).
(a), (b) : 304 steel aged at 650°C for
[00hr, (c) : 304L steel aged at 650°C
for 15hr. ’
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LRERICR R OBREN 255D, BEKOEER 2D
XELEMARDHEEBbND D, WEOMANMRMEIT T

low energy tear fracture
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a) Hydrogen charged cathodically (0°1A/cm?2 X 24hr),
and aged at 20°C for 1 month.
b) Exposed to 400°C, 290 atm hydrogen for 200hr.

Fig. 5. X-ray diffraction pattern.of hydrogenated
304 stainless steel.
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Photo. 4. Hydrogen evolution of 304L stainless
steel covered with silicon oil and hea-
ted at 150°C.
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a), b), d) Solution treatment, e) Aged at 650°C for 0'5hr, ¢) Diffraction pattern of (b)

Photo. 5. Clustering of tangled dislocations in hydrogen treated thin film of 304 stainless steel,
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a) No hydrogen treatment, b) Hydrogen treatment

Fig. 6. Stress-strain curves of 304 stainless steel
(thickness : 1'5mm) aged at 650°C for
100hr.
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