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Stress Corrosion Cracking of Austenitic Stainless Steels under

Potentiostatic Polarization
. .N
Tatsuji SHIMIZU and Shuhei OsAK1

Abstract

Stress corrosion test under potentiostatic polarization was conducted for the types SUS27 and
SUS33 austenitic stainless steels in the Japanese Industrial Standard in 35% MgCle aqueous
solution at 100°C. The relationship on the fixed potential between time to failure and applied
tensile stress is investigated and obtained results are as follows.

1. Stress corrosion cracking is closely related to the general electro-chemical corrosion property
and namely occurs only in the narrcw potential range where incomplete passivation can exist.

It was found that the potential range for stress corrosion cracking of SUS27 and SUS33 to occur
was respectively E= —0.35~—0.41V (3.3N KCI calomel electrode) and E=—0.30~—0.36V in
the case of constant applied stress, ¢=25kg/mm? and in the range of more base potential than
that, corresponding to passive domain, time to failure increased remarkably.

2. According to the significant decrease of anode current density with time and the behaivior
of continuous elongation, it may be considered that crack propagates by anodic dissolution at
localized active sites.

3. Concerning initiation of cracks, surface of the specimen applied higher stress is corroded
widely along slip steps. On the other hand pitting corrosion is often observed under lower stress
and the induction pericd is associated with the time required for effective pit to grow.

Therefore, existance of a critical point on stress vs time to failure curves is owing to the

difference of mechanisms to initiate origins of cracking.
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Table 1 Results of tensile test of SUS 27
and SUS 33 in various environments

SuUS 27 SUS 33
tensile |percent |tensile percent
Stress elongation|stress elongation
\kgemm~2 % kgemm~2 %

in air
(25°C) 66.2 80.4 56.8 68.5
boiling | 49 3 | g4.0 9.5 | 56.4
water ’ ' : :
35% R
MgCl2 50.1 62.6 48.7 54.3
100°C
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P: potentiostat

D:dial gauge
H:heater
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Fig. 2 Schematic diagram of experimental

apparatus
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Fig. 1 Size of specimen
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Fig. 3 Anodic polarization curves in 35%
MgCla solution at 100°C
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Fig. 4 Variation of time to failure with
potential (35% MgClz, 100°C)
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Fig. 5 Current density vs. time curves
(35% MgClz, 100°C)
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Fig. 6 Elongation vs. time curves
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Fig. 7 Elongation rate vs time curves

(35%MgCl2, 100°C)
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Fig 8.

() E=-0.20V

(a) E=—0.35V (b) E=—0.29V

Fractured specimens of SUS 33 stressed at
¢ =25kg « mm~2 under varicusly fixed potentials
(3.3N . Calomel electrcde) in 35% MgCle,

100°C sclution
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Fig. 9 Tearing off of surface film at advancing
edge of a crack
(SUS 33, 6=20kg» mm~2, E=—0.34V)
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Fig. 10 Stress vs. time to failure curves
(35%MgCl2, 100°C)
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Fig. 11 Stress vs. time to failure curves
(35% MgClg, 100°C)
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Fig. 12 Current density vs. time curves
(35% MgClg, 100°C)
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Fig. 14 . Examples of cracks of tensile specimen
(SUS 33, E=-0.34V, 35% MgCls, 100°C)

h, Hit= 7 ke v AEROEAMORIIPPELSE

MEFLIRIN B T & hsbd 5, BEEIT L 380
a{bEERE & LU T Rostoker 58 [3MRREIC & A 3EH = %
N — DR 2 F L KAk & BB OB 23D
3~ Stroh-Petch OIER% BI5L THEM 172 BB DR
BEME 2Bl T 308, CHIZRFLSERh OkEHY &
UTEE S ER 2 ST VSO 2HET 5 &0 )
FBLZ AT DT, FEERBIC L 3EISHOERI
Lo TRIFEN RO ON T &2 T DELDZYYME:
RETBEEDETLD. ULIthio TR
T HERRNT 2B O 50 d 5 X 51T Bbh
%,

— BRI DEE (6=20kg/mm?2 LIF) (ZEah
LHEMDIET L5, REBAERRIESBELRZEL
LRICHEREALL T 3 A2 Uk %2
boley M WEEINIEEZEEAERIIE Y PO
[EETDAMEEEEL 5N 5, Fig 1SIT&SHiICEiT 3
PR R OB %R T hS, A 6=17kg/mm2 LI
275 % EMURICEIN DOBEELD s h, Yo b R2ES
EUTHREL 12BN FICE BT 2 & dsbd
3. CODXS LHEEOMHRUEE—SEE LS 5 B



EREASE R DA —~ 279 4 FRAF v L 2O HRAEN (107 107

0=33kg.mm~2 a=207 =177 =157

Fig. 15 Fractured specimens of SUS 33 under the given Potential of E=—().34V
(35% MaClz, 100°C)

EBISTENTE S, Fig.l6izy » MROEH DF)
29, Fig 7Dk s z2MEY y r QERRAE LN
NS EIN 2R TS, RN IS S OB IS DX
T2RRT 5 3 5 WHENSSEPROY » + H5RD
b, HhZTDES ey FRENELTRET 2
5B bh 3, Ok SHOENESITIEEN
OFEE, RECBURFSHNZBAERABEE L TEHE
T5EEZON5. ISTI~HHEHFGHIC T 254
BSOMERIRCESE T 2 &£ Shh 3059, EhEok
BB OEMCGERL THLNL23DTHS 5.

X1600

X 2400

Fig. 16 Pit-type crackings of SUS 33
(6=17kg » mm~2, E=—0.34V, Fig. 17 Micro cracks at the basal part of the pit
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