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Influence of Metallurgical Factors on Hydrogen Damage of Austenitic

Stainless Steels

Synopsis:

Shigeo NOMURA and Masayoshi HASEGAWA

The damage of austenitic stainless steels heated at high temperature and high pressures of hydrogen was

investigated with reference to the metallurgical factors.

Main results obtained are as follows:

1) The solubility of hydrogen (wtppm) in 304 steel hydrogenated at 7:473—723 (K) under P:10—
300 (atm) is given by the following Sieverts’ equation, : '
[H]=9.26y/p exp(—1470/RT)

where, R is the gas constant (cal/mol).

2) 'The embrittlement of 304 steel increased rapidly with increasing hydrogen content until about 30
wtppm above which the influence of hydrogen content weakens.

3) The sensitivity to hydrogen embrittlement (HE) of austenitic stainless steels increased largely with
decreasing Ni equivalent less than about 25% and the better correlation between the sensitivity to HE and
the volume of stress-induced martensite produced under tensile testing can be obtained.

4) The sensitivity to HE of austenitic stainless steels increased remarkably with increasing the grain
size and the volume of carbide precipitated at grain boundary or ferrite phases precipitated in austenitic

matrix.
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The existence of notch in the tensile specimen can also increase it.
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Table 1. Chemical composition and Ni equivalent of specimens (wt%).

SUS C Si Mn P S Ni Cr Cu Mo Others Ni¥,.
304L | 0.019] 0.70 | 1.30 | 0.025| 0.000| 10.50 | 18.26| — | — — 24.3
304 | 0.06 | 0.6l | 1.56 | 0.036 | 0.02¢| 8.55| 18.23| 0.07 | — — 23.0
304M | 0.071| 0.79 | 1.36 | 0.030 | 0.006| 8.91| 18.13| 0.06 | 0.08 — 93.4
304H | 0.118 | 0.80 | 1.55 | 0.003 | 0.010 | 8.83 | 18.44 | 0.004 | 0.0l _ 922.7
321 0.036| 0.66 | 1.41 | 0.027 | 0.004 | 9.88( 17.47 | 0.03 | 0.06 | Ti0.54 | 23.4
347 | 0.06 | 0.60 | 1.55 | 0.032| 0.006 | 12.2 | 18.5 — | 27 |Ta+Nbo0.65 2.8
316 | 0.07 | 0.73 | 1.64 | 0.020| 0.01 | 11.84 | 17.04| — | 2.24 — 28.0
310S | 0.068 | 0.77 | 1.64 | 0.025| 0.006 | 20.00| 25.6 | 0.02 | 0.0 | Co0.3¢ | 39.5
631 0.078 | 0.3%4 | 0.67 | 0.027 | 0.004| 7.28| 16.43 | 0.08 | 0.10 | Al 1.355 | 19.9
* Nieq.(%):Ni+0.65Cr+0.98M0+1.05Mn+0.35$i+12.60
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Fig. 1. Solubility of hydrogen in 304 steel hydro—
genated at 200~450°C and 10~300 atm
pressure.

strength (kg/mm?)

02%.Proof stress, Tensile strength & Notch tensile
Displacement x10 (mm/30mm), Uniform elongation (*/s)

0 20 40 60
Hydrogen content (wtppm)

Fig. 2. Effect of hydrogen content on embrittle-
ment of smooth and notched 304 steels
hydrogenated at 200~450°C and 10~300
atm pressure (Grain size~120 um).
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Grain size; a) 213 um, b) 4 um
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Photo. 1. Tensile fracture surfaces of solution-treated 304 steel containing~52 wtppm hydrogen.
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Fig. 3 Effect of grain size on hydrogen content

and embrittlement of 304 steel hydrogenat—
ed at 400 °C and 280 atm pfessure.
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Fig. 4. Effect of Ni equivalent on hydrogen
embrittlement of austenitic stainless steels
hydrogenated at 400°C and 290 atm
pressure.
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Fig. 5. Effect of hydrogen content on embrittle-
ment of 304 steel sensitized at 650°C for
100 h hydrogenated at 200~450 °C and
10~300 atm pressure.
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Fig. 6. Relation between hydrogen embrittle~
ment and carbon content of 304 steels
sensitized at 650°C up to 100 h hydroge—
nated at 400 °C and 270 atom?pressure.
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Fig. 7. Effect of sensitizing time at 650°C on
hydrogen embrittlement of austenitic stain—
less steels hydrogenated at 400°C and
280 atm pressure.

Photo. 2. Microstructure of extraction replica and
tensile fracture surface of 3847 steel
sensitized at 650°C for 100 h contain—
ing 51 wtppm hydrogen.
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Fig. 8. Effect of sensitizing temperature for 30
h on hydrogen embrittlement of austenitic
stainless steels hydrogenated at 400°C
and 280 atm pressure.
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Fig. 9. Effect of volume fraction of ferrite
on embrittlement of duplex treated
304L steel with and without hy-
drogenation at 400°C and 290 atm
pressure.
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Photo. 3. Tensile fracture surface and its EPMA line

analyses of duplex—treated (« :60%) 304L steel
containing 29 wtppm hydrogen.

Fig. 4 12 7R L72/K BHEFIE OB — O DBtk Z KR
et TERbL, chi Ni gLt ey bL&
o7 Fig. 10 Th B*. Z 2 TH 5 X 5 CFBMOKER
{bix Ni Y& 25% %8 LTRE L B OLBEE R
L, ZhBi ko Ni ¥8T13eL b2 RIRvoisk
L, 25% DU T A boRZEmEE L Tw 5.
pEoT Ni W& 25% 13, F—2F57F4 MIBEETS
KERILOFER Ni Y8243 2 LB TE, fkEM
F—2FF4 MRBREOED 1l DOBFR LR LEREKE
LRbh5.

MO T L L ERTE — AT F 4 MHBPRRERHKT
13, WML LD VT Y4 MR IhE. £ T
T&@E Ni YEozthicx L, SHEE LS gid

* ZORic KU Ni %48 19.9% o SUS631 #ix FTHBE{LEI TS
y, OF—2FF4 b AT AAERBEREEBRE L EL
3. TbbkET V- (1100°C Bk THIERS 110kg/
mm?2, {fHIF 35% D § O, KFEUEITCE H, ZhEh 45 kg/mm2,
8% KT LIz,

— 109 —



294 &% & W

64 4 (1978) H 2=

9n 35338 g
100 24— 4y {
- | asSIfsmooth | 60
s %) Speci ~
2 80 |\ \asstiacned | J50
é \%{ specimen) g
g, \\ [} A\ ’ 40 "5
= B \a —
E 60 \B,\ 650Cxi00nvsensitized|
& 1 \ (smooth) —30 5
g s | A | 5
' martensite | 9
5 0% rolied |20 E
o 20 £
- r 0 3
-]

Ni equivalent (%)

Fig. 10. Relation between ratio of hydrogen
embrittlement and volume of &’ marten—
site cold rolled at 40% of austenitic
stainless steels.
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Fig. 11. Effect of area fraction of carbide at grain
boundary on hydrogen embrittlement of

304 steel.
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Photo. 4. Initial cracking produced with hydrogen at interfaces between ferrite and austenite
phases in tensile specimens of duplex—treated 304L steels. Volume fraction of ferrite;
a) 20% b) 60%.
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FTHEEEERISHTTORI I v I 5 v ZOFFETFA bR
FNPBIE LD LEXSD.

BLEo X 5 o E, —RICEBREORE
Lt ERTE, RERECKIZKEO NS v 7
SR, 3rurTy s ORAERCEELIIETD

DL R XNAW. LIz by TEN KR
X, RERTORBKEEORERRENPDLLEDZDHT L
BT ERPOIZDT, %< Edfppm DNTHD, 4
HROKEEPDPWTEHE, ShOTHEELLRSS. L
S UFOREE, PV Fo A CH) AL 7S
— NI UX YT T 4 EDOTHD BT NWHIIB,

O LIKED IS vy PTHREIHBE LA —AT T
4 b 2T VRO BEIRBEKEIC X HIEEORERY
HeREVT, D TR B kit Lz,

5. 1§ B

F—2FF4 b 2T LAMOEEEEKRCX S
BERGDSH, T hbBEKCERL, &
B & OBIfRE BT IRET LR R, RO 2 EAAL
iAol Rl

1) 304 Sz 1 BKEES P (atm), IENRE T
(K) LAKERINE [H] (wtppm) OBFRIE, WEATH
zbhb.

[H]1=9.261P exp(—1470/RT)

7272 L RIZSHARER (cal/mol) TH 5.

2) 304 5L, JEE 200~450°C, EJj 10~300 atm
OEREEAEERATARELZTIRT % 2 &ic X DAL
T 5.

3) 304 SHOKEME BT FERAE R L, I
i s UL LR MEA AT, oSBT X
STHHT BRBRLHOEEBREL Ko % 6, &
BVIEELED 6-7 = 54 MEREFETIHE TRV T
%, RELORKZMITHERT .

4) A —2FF4 b AF v VAREROKEMILE
WL, *—2TF4 POREEELRDT Ni ¥R X
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296 % L MW % 64 4 (1978) B2 =

DTEASN, Ni ME 25~40% OHFATIHIFEA L
BEERS 8D s v ok L, 20~25% <ix Ni %&
HMRE LR R ERIC AT 5. © 5 Liek
Kb Ni MEEREME, SEEERERTRAET 50
TFBRT VT 4 bOd R ER L —33 5.

5) YIR iz X % RIS BRI 35X 2 KRR
s 7 =74 MEAOTFER, WD RS MR A
SELHRF LB, ZhOOELERBIIA —257F
A MEHEO KEMLEZ M K& < LEixh T Bbh
5.
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