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Influence of Hydrogen on Stress Corrosion Behavior of Austenitic Stainless Steel
Ryohei TANAKA, Kyupa NAGASAKI and Tinkwei Hsu
Synopsis:

In order to investigate the behaviors of hydrogen embrittlement and stress corrosion cracking in au-
stenitic stainless steel, the change in ductility of 18Cr-8Ni steel under various envnronments ‘was studied

chiefly by means of 180° repetition bending test.
The main results obtained are as follows:

(1) The hydrogen embrittlement in austenitic stainless steel was determined sensitively by the bending

test after pickling and electrolysis.

(2) It was found that the steel also embrittled during stress corrosion test in hoxlmg 42 percent
magnesium chloride solution and took a process analogous to that of hydrogen embrittlement by pick-

ling and electrolysis.

(3) The hydrogen occlusion owing to various environments occured only near the surface layer, and
the recovery of ductility was limited at the initiation period of the embrittlement and the longer exposure

time made the more embrittlement.

(4) It was concluded that the hydrogen embrittlement plays an important role in the formatlon
of the susceptible paths for the stress corrosion cracking of austenitic stainless steel. -
(Received Dec. 19, 1968)
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Table 1. Chemical composition of steels used.
Chemical compositon
Steel Thickness :
C Si Mn P S Ni Cr N
1'0mm 007 0-74 1-65 0-036 0-010 8-93 18-49 0-027
Type 304
2'0mm 0-08 0-81 1-63 0-035 0-010 9-15 18-39 —
Type 310 1-:0mm 0-137 0-68 1-72 0-030 0-006 21-12 24-71 —
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Fig. 1. Apparatus for 180° repetition bending
test.
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Photo. 2. Outside view of the stress corrosion specimens.
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Fig. 2. Effect of pickling in 4 percent sulfuric acid
or aging at 200°C after pickling on ductility
of 18-8 stainless steel. '
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Fig. 3. Effect of exposuring in boiling 42 percent
magnesium chloride solution or aging at
200°C after exposuring on ductility for

unstressed specimens of 18-8 stainless steel.
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Fig. 4. Effect of pickling in HF 15cc+HNO3250cc or
aging at 200°C after pickling on ductility of
18-8 stainless steel.
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Fig. 5. Effect of cathodic charging or aging at 200

°C after charging on ductility for unstressed

specimens of 18-8 stainless steel.
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Fig. 6. Effect of stress corrosion in boiling 42 percent
magnesium chloride solution after pickling or
abrading on ductility of 18-8 stainless steel.
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Fig. 15. Influence of various load on microvickers
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L7z. 30min AR ZAKPIKIR O L T4hr HiR
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THEPEIPTOVTEBAELLE LW, itk X
W10 minfEPE L 72 D DRFERDO B s A OR U4
HTToBEM R T2 —HKLTVWS.

Table 2 OERTMIERA 2 HE T2 2215 X 51T,
WMBERL D b b 23 D AR X B E{LoES (Fig.
34, 5, 7, 8 B LEFRCIVHISETRL, BILHE
LWEA IR EBAEOZBLBRE V. 72 & 2 TE#R A 30
min T —4mV QLU BRELVAR, KEF v — o
A —150mV $Z{b+ 5. AU X5IC4hr FEKE
#% MgCl, BBRHDICHEREL-BOBEEEMLRboZ
LW EEDOHFTHD, BRMLEEHMELZE S
ORF OERNE —330mV TH 525, FEHW (NaHAsO,
50 g/l) FRIND 4 % FEEIEW A CKEF + — O %>
725Dk —300mV L XD EDOFEHTLTVE. F74&
bHARE X DKERARDE VD OF ERKRIICE
RABREBZEBALHTHS.

3:-2-5 IKFERLLIENEBESNOEEYE

Table 2 & DI DD, RU X5 METAEZHEL 72
AR OBMBOT(LE, ThENORRI S jE L3
DihE 5 42%MgCl, kT ORI F & D2 % Fig.
IBICR L. F-BA0k MBI X 53 DLe/KER
% Fig. 19 7R L7z, Fig. I8RTAIRIC X 58 ikt X
KGN REINVERZM:, Fig. 190kFEE, % L TTable
2 OFRBAVE, KEMRICOBS»LEETS LT L
REMERL TS EBRDLNS. T2 OfR%
HehiC2kERE, M B d 5 Vi3S IS A
FHEEOTHEE TS, Fig. 005+ X 5 0KkEE

Table 2. Corrosion potential of unstressed specimens of 18-8 stainless steel in boiling 42
percent magnesium chloride solution with various pretreatments.

Exposure time |y oh in Mgl 30min in MgCly | 4hr aged at R.T. after
Pretreatment mvV mV 30min in MgCl, mV
Normal treatment* —330 —316 —330
Above+143°C 4hr, WQ —315 —280 —310
10 min pickled (HF + HNOj) —360 —300 —310
0'1% HCI added to MgCl, —310 ; —300 —300
Hydrogen charged (*+As) - 500 —350 —300

* Annealing+ Electropolishing
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Fig. 18. Change in ductility and fracture time in
stress corrosion test of 18-8 stainless steel
with various pretreatments.
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Fig. 19. Total hydrogen contents in specimens of
18-8 stainless steel with various pretreat-
ments.
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Fig. 20. Correspondence between log total hydrogen
contents and ductility or fracture time in
stress corrosion test of 18-8 stainless steel
with various pretreatments.
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