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Effect of the Cyclic Hydrogen Charging and Discharging on the Mechanical Properties of SUS304 Steel

Junichiro MORISAWA, Norikatsu YOKOTA, Kivotonmo NAKATA and Koji FUKUYA

Synopsis : Hydrogen effect on the mechanical properties in austenitic stainless steels has been studying'™, using the hydrogen charging method with
high temperature and high pressurized hydrogen atmosphere or electrochemical cathodic charging. In these methods, the mechanical testing
must be done as soon as possible after charging or the test pieces must be kept soon in the box with dry ice or liquid nitrogen after the hydro-
gen charging until mechanical testing. So these methods are difficult to apply to the case which the mechanical testing can not be done soon
after the hydrogen charging i.e. the case of handling the irradiated materials in the hot cell by the manipulator. Accordingly the repeating
method of hydrogen charging and discharging was proposed. Namely soon after the hydrogen charging by electrochemical cathodic charging,
the hydrogen discharging by heating is conducted and this process is repeated. After this method conducted, the mechanical properties and
the susceptibility of the intergranular cracking was investigated.

The sensitized austenitic stainless steel showed the lower elongation and more average depth of intergranular cracking by the repeat of hy-
drogen charging and discharging than by the hydrogen charging only. Furthermore the mechanism of the intergranular cracking was investi-
gated with measuring the hydrogen concentration and the martensite phase value in the test pieces. This mechanism seemed to be occurred
by the hydrogen induced martensite phase made on the grain boundary with this repeating method of hydrogen charging and discharging.

Key words: austenitic stainless steel; hydrogen diffusion; phase transformation: martensite phase; ductility; mechanical testing; intergranular cracking; re-
peat of hydrogen charging and discharging.
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Table 1. Chemical composition and mechanical properties.

Mechanical
Chemical composition (mass%) p:(;p:r:lt?:s
Material l
| Tensile Elon-
C Si |Mn P S | Cr | Ni | strength gation
‘ (MPa) )]
Sus 0.06 | 0.49 | 1.74|0.034/0.013{18.50| 9. 35 596 63. 4
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Fig. 1. Specimen dimensions for tensile test.

Table 2. Conditions of hydrogen charging and discharging.

(a)Conditions

Charging condition Discharging condition

1M H SO
Solution +0. ;_53'“ NaAsO Atmosphere vacuum
Temperature 323K Temperater 373K
Current 2 . Electric
density 42A/m Equipment furnace
(b)Hours and times
Tharging 24h, 48h, 96h, 192h

Charging and| (1) (24h charging+24h discharging) X 2times

discharging

hours and
times

(2) (48h ” +48h ” ) X2 o

(2 (24h  #  +24n " ) x4 n
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Fig. 2. Magnetic hysteresis loop of SUS304 at room tem-
perature.
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Table 3. Tensile test results after the hydrogen charging and the repeat of hydrogen charging and discharging.

Hydrogen charging Repeat of hydrogen charging and discharging
48h(24h X 96h (48h X 96h (24h X
¥
harging hours Oh 48h 96h 192h 2 times) 2 times) 4 times)
Discharging 48h (24h X 96h (48h X 96h(24h X

\ hours b Oh Oh Oh 2 times) 2 times) 4 times)

\ Item| Y.$ 1.8 E.L Y. § 1.8 E.L Y.$ 1.8 E.L Y.§ 1.8 EL Y.$ 1.8 E.L Y.§ 1.8 E.L Y.$ 1.8 E.L
Condition (MPa) | (MPa) (%) (MPa) | (MPa) (%) (MPa) | (NPa) ¢} (NPa) | (MPa) (%) (WPa) | (NPa) %) (MPa) | (MPa) (%) (MPa) | (MPa) (%)
of heat
treatment

As received 214 643 66.7 243 573 56.7 - - - - - - 245 649 65.8 251 646 68.3 221 610 66.3
Sensitization

2640 641 | 719 233 | 555 | 59.8 [242 574 |59.3 215 | 535 | 52.5 | 239 |620 |54.1 256 | 603 | 40.4 |254 | 577 |36.2
(923K X 3h )

(Note) Y.S:0.2%Yield strength, T.S:Tensile strength, E.L:Elongation
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Fig. 3. Effect of hydrogen charging and repeat of hydrogen charging and discharging on tensile test results.
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Fig. 4. Effect of hydrogen charging and repeat of h

Note D: Dimple, I: Intergranular crack
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ydrogen charging and discharging on fracture mode.

Table 4. Average depth of intergranular cracking after ten-

sile test.
Average depth of intergranuiar cracking(u m)
(Area ratio of intergranular fracture (%))
Hydrogen charging Hydrogen charging and discharging
96h
Charging hours| Oh | 48h | 96h | 192h (24:8;:]2) (48h x 2) <z4§§<h4)
Discharging
hours — — ' — _ 24h x 2 ’ 48h x 2 24hx 4
As received 0 0 — — — 0 ——
c 923K 0
K] x0.th - - - - - -
K]
N 923K 0 57.4 176.9 | 96.2 78.2 121 150
_3' x3h | | (20) | (25) | (30) (26) (35) 43)
c
A 923K 90.4
X 10h - - - - @7 - -

57.4pm CRIRBEHEE20%) L HRANAED W2, &
SIZAKRIRMEE AL < 25 2120V PR RENE X 125
T DM BEI,ED 5 R B,
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Table 5. Content of martensite phase in SUS304 steels.

~—_
T Hydrogen charging Hydrogen charging and
T discharging
48 h 96 h
Hydrogen charging 0h (24hX2 times) (24hX4 times)
hours
Hydrogen discharging 0Oh 24hX2 times 24hX4 times
hours
As received 1.5X107° wt% 3.6X107 wt% -
Sensitization 4.7X107° wt% 1.5X107 wtk 2.2X1072 wt%
(923K X 3h)

Table 6. Effect of hydrogen charging and repeat of charging and

cracking.
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Fig. 5. X ray diffraction result. (Sensitization: 923K X3 h)
(1) No hydrogen charging. (2) (Hydrogen charging
24 h+hydrogen discharging 24h)x2 times. (3)
(Hydrogen charging 24h-+hydrogen discharging
24 h) X4 times.

discharging on elongation and average depth of intergranular

. N 48h 96h
Conditions for . Charging Oh 96h (24hX2 times) | (24hX4 times)
hydrogen charging 28h 96h
and discharging Discharging on oh (24nX2 times) | (24hX4 times)

Hydragen concentration
Materials (ppm) 0.5 98 12 19
Martensite phase content
Sensi - (Wt %) P 4.7X107? - 1.5X10% 2.2X102
tization Elongation
(923kx3h) (%) 71.8 58.3 54.1 36.2
Average depth of
int;argra)nular cracking [} -77 78 150
xm
Hydragen concentration _
(ppm) 3 11 -
Martensite phase content 3 3
As-received (Wt %) 1.5X10 - 3.6X10 —
Elongation
o 66.7 - 64.5 -
Average depth of
intergranular cracking 0 —_ o _
{pm)
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(1) Micro structure (2) Analysis result

Fig. 6. Micro structure and Cr analysis result at grain
boundary of sensitized materials. (Sensitization:
923K X3 h)
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Fig. 7. Observation of hydrogen induced martensite phase
by using the magnetic fluid with Laser microscope.
{Sensitization: 923K X3 h, (hydrogen charging 48 h
+hydrogen discharging 48 h) X2 times}

U TRRBM, BREMOTH L, KERM, B
REEHZNEE L B >TWB, ThiE, AZHEM, B
RIZE T, KRITER XN B3 KEHFL~ILT V4 M
WA, ThbbYLT V%4 MLV EREIZE
WRIRDATEL , MBONEBOR R E CEREN-Z &
NFEHEKTHA S,

ZOKRREM, BREOHOBELIZLS, KRIZBIF 3K
RFLVILT VYA P HOER S KOO A =X 4 |
TEDLLRRMEND A K = X 212D TLIFD X 5 12 #ew
L7,

Y, RUNKREM FEEEMEIZLZH8M) +5&
KED S CIREZED b RRIZF > TREHIPRAEBA
HHUCE S TADBL, 20— Te,BEIZL Y e,58T
B, KT, KFEHEBRE NBU-k3Kk%E) $3& . FH
CRIFUZZ o TREDSIBUC L > TRIBE B, Z o8
SOITg,NTEDLIIIMEN-L B, DIELEEZ R
%,

ZTUT, KEHRMIFIZIE, MR- CE@m» S H 5
RETETTIZg B TETHD, g, DIEERRIT A — 2
TTAMADZNE D EKREVAEDY, KREVERLE < .
ARRAMEFEAFC TS, FEHBTRE I EES




TAENEM LS, e,h TEZHAE S5ICHB S,
KOTAEBEREETD &, 1HEOKERER L HE,
FUL— b &KESEERBENGL, E6ilg, M A
5,

DL ICAKERM, BREOEDELIZED g2 M
L. AEBADEVIZE b TRERMOADIMEHZ
ARt LT o280 Bbh b,

Fig. 3(c) /R L 72 2 & < ANMIIKFRM, FREELT
5 LM MOAEE L TWB A, ZHIRO KD ISHEE &
N3, $TbhbbIARMIIA— 254 MEE—T, K5
BB CIRIBEE N, A — 2 F F A4 P HIZIEERE
PN E 2D AR EDO RN OILEPERE 2R <, 2Ok
W Cr/RSBAENY, A — X7 F A PEOREEK
Tz, X5 AKZFIARER TR HEARINEBAL
BLTWB b NDEEbND, Lid > TKRFMEE, BRE
BEZ d , REHSFORIAE BT 5 Pl < KFRIZE
CL—b2B2LENELT, ¢, BRE/RIDEES, K
FhEATHLEMSEIE L 2D EHEI NS,

ZORID, KBTS RASINEZEAFNDS FikE
LT, KERMOADFEL D, KFRRM, BETSTE
NEZHAE LD ERMICIETE S Z 8572, Tz,
KERMOADFHETIE, FIEDREEET D T TISAKRY
M&éh&w;ﬁt,F?4742&ET*%%EE?5
DERH B, TR LT, KREM, BREETIKRE
3K TR & 570, KERM, BEK, 515K0
HERE CREBTHELTE, ZORMIZEELRITSIL
Rk, Ok, BEMOMITKERMKRE S ISEERA
Hisk 2o D | RFIZ X B RREI N AR T 57
HEELTHELTWAI Edbrol,

5. #EE&

*—2FF 4 P RAT VL AE (SUS3048) DK RE
NIRRT KEONELE, BREEMEKICZK M, MEC
kB LS 2B T u £ A DR S kA O TRET L
7.

43

SUS304 D EEM AT 2 BRI 3 RZRM - REDEDE LR

HEEHIZLITO®BD TH 5,

(1) BEALHEZ ARPHZ AN TRRIZLOHBIEL R
F< . POKERMOAK LD AKRERM, BRELLTHAK
FEEEMDEVIE b L TEEETARE S, Y
FRENES CUIRABEE) 2 KE.

(2) SEALEER 28 U St pt <ok IEm, B
KAEWEE, L7 V34 MERSS L, EHETAKX
X< EYRNREAES CUIKRRIERE) tRE0,

(3) FEUAZRM, BRERKTIE, SBdirmsk
WEE , PHRRBRIES CUIRRBmEE) RE0,

(4) BiEALHM2OKRRM, BRECLDHARINZESD
FHHIE, BROCr/REZBAKFEOIIC & D KK
2T VA PEREARIL, AT YA MELTSZ
EHAFEREEAOND,

Kk, MREEECIXZ AT VYA FEROEEIE
2, TDK (#) OoWEMHKOmHEEIT-72. 22
ZHBAEET S,

X 73

1) S.Nomura and M.Hasegawa: Tetsu-to-Hagané, 64 (1978), 288.

2) M.Kuribayashi and H.Okabayashi: J. Jpn. Inst. Met., 46 (1982), 877.

3) M.Hasegawa, M.Oosawa and A Natori: Tetsu-to-Hagané, 65 (1979),

1213.

J.Morisawa, M.Kodama, S.Nishimura, K.Asano,

S.Shima: J. Nucl. Mater., 212-215 (1994), 1396.

5) Y.Sakamoto and H.Katayama: J. Jpn. Inst. Met., 46 (1982), 805.

6) IRETRLSUBHT - MAYAT & BRI T LB IBHERR, BéE
i v 2 —, WA, (1986), 171

7) M.Touge, T.Miki, M.Ikegaya and K.Kamachi: J. Jpn. Inst. Met., 46
(1982), 341.

8 ) K.Kamachi, M.Touge and T.Nakanori: J Soc. Mater. Sci. Jpn., 26
(1976), 322.

9) S.M.Bruemmer, L.A.Charlot and B.W.Arey: Corrosion, 44 (1988),

328.

W.Beck, J.O’M.Bockeris, J.McBreen and L.Nanis: Proc. R. Soc.

(London) A, 290A (1966), 220.

C.L.Briant: Proc.of 3rd Int. Conf. on Effect of Hydrogen on Behavior

of Materials, ed. by [.M.Bernstein et al., AIME, New York, (1980),

5217.

4) K.Nakata and

10)

1)

331




