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Prediction of the Stress Corrosion Cracking Susceptibility of Type 304
Stainless Steel in Terms of Repassivation Kinetics
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Department of Mat. Sci. and Eng., KAIST, 373-1 Kusung-dong Yusung-gu Taejon 305-701
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The repassivation kinetics of rapidly scratched scars on surfaces of 304 austenit-
ic stainless steel in chloride environments was examined using an ampero-chrono-
metric method, and their relationship to stress corrosion cracking(SCC)
susceptibility measured by slow strain rate tests(SSRT) was explored.
Repassivation kinetics were analyzed in terms of the current density flowing from
the scratch, i(7), as a function of the charge density that has flowed from the
scratch, ¢(#). The slope determined from the log 7(#) vs. 1/¢(#) plots was found to
be very effective as a measure of repassivation kinetics. The lower the slope, the
more stable is the passive film formed during repassivation. With an increase in
applied potential, the slope increased gradually and reached asymptotically a limit-
ing value beyond which an inflection point appeared in the log i(#) vs. 1/q(?)
plots. The change in the slope with applied potential was correlated with the SCC
susceptibility. Based on this correlation, a new method is proposed for the predic-
tion of SCC susceptibility in terms of repassivation kinetics.
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Fig. 1. A schematic plot of current-time curve be-
fore and after scratching.
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Table 1. Chemical composition{(wt% ) of type 304
stainless steel used in this study

Cr Ni C Fe
19.6 8.3 0.06 bal.
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Fig. 2. Experimental system with a corrosion cell
modified for the scratching electrode technique.
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Fig. 3. Cyclic polarization curve of 304 stainless
steel, showing the pitting potential (FE:) and
repassivation potential (E;) in deaerated 4 M

NaCl solution at 50°C. The applied scan rate was
0.5mV/s.
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Fig. 4. Effects of applied potential on the current
transient on the scratched surface of 304 austen-
itic stainless steel in deaerated 4 M NaCl at 50
(a), log i(t) vs. log t plots (b), and log i(t) vs. 1/
q(t) plots (c).
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Fig. 5. The degree of instability {cBV) of newly
growing film on the scratched surface of 304
stainless steel under the applied potentials in
passive region in deaerated 4 M NaCl solution at
50C.
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Fig. 6. Effects of applied potential on the charge
flowed during repassivation with time {(a) and
on the film growth with time(b) on scrathed
surface of 304 stainless steel in deaerated 4 M
NaCl at 50C.
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Fig. 7. SEM micrographs of the scratched surface
of 304 stainless steel at applied potentials of
-210mV (a), -110mV (b}, and -10mV (c} in
deaerated 4 M NaCl at 50C.
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Fig. 9. Effects of applied potentials on the stress-
strain curve of 304 stainless steel in deaerated 4
M NaCl at 50C ; tested at the strain rate of 2,21
x10°5/s.
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Fig. 10. Scanning electron micrographs on the
fractured surface of 304 stainless steel under
condition of deforming at the strain rate of 2.21
x10°%/s in 50°C 4 M NaCl solution showing (a)
ductile dimple fracture at the applied potential
of -270mV, (b) quasi-cleavage brittle fracture at
-230mV and -210mV and {(c) severe metal disso-
lution at -110mV.
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Fig. 11. Effects of solution temperature on the
stress-strain curve of 304 stainless steels under
condition of deforming at the strain rate of 2.21 X
10°%/s in deaerated 50°C 4 M NaCl solution ; test-
ed at applied potential of -200mV.

2Eote ARVAZLH AREH AFE 2
4, cBVEE wagozs 2Hdexie
SCC MEEE d2¥ & Uk

257t SCC RzAxd vAls 4%E 45T -
Atk cBV7b #A & YEldE 50CHA SCC
7} dolgd Ao g o EHu, ojkt =2 cBY
e = 20CAdME SCCr dolua] ¢,
log 7 vs. 1/g(2) plotel A W33l Yeld 80
cAXAE FHe8 wgol dold Aoz AF
"ok A& Aayg dx 20, 50CHAM 4z o
A o7 (ductile  dimple  fracture), FA =3
(quasi-cleavage fracture)”} ¥ojuyt 50T A7t
SCCol & #AA=HAEE ¢ + Ack(Fig. 11).
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Zgswrgo] dojyged, ole AFFH HH
Hoh o7 e HHd A SCCrh wAFtE
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4. 4 2

1. 349 438 E971d4 2zl Ad o
] gdd =29 304 AH g A7 ERA
o AT Ee AE digs 433
(linear logarithmic growth law)& st}

2. A7t &Y E YHIHMNARE log ¢
(#) vs. log ¢ plot®] 7]&7}(decay gradient, 2)
=AY 438 B2 o o2 304 2H<
2l 279 SCC UAEE o F3t7] gt

3. A71d 9 SHL2E7 ol wal log
iW(t) vs. 1/q(t) plote] 71&7), cBVe A=zt
Zbstctzl @AIgel +Estn 1 o ¥y ¥
Ho] vyt ol AZtdAY SHL2xt =
ol Fol uwiet moto] EtAMN AL oln it

4. SCCe ARFH AR =3 &L I
dA dojgrt, ARFH AHEG L& HAH
Ne A498r7t ol Ry A4 e
A e A Aol dojytrh

5. 304 2 xFe] AFFH AT A7t
Aol gMewe Z77t BV gtel wWild 1
e G me A dAZ Jroldth A,
cBV7} A Frtsle @A 2 SCCrE LA &t A
2ttt A, cBV7E dAg S Uehie dAR
SCC7} dojwkh. A, ¢BV Z7F glo] log ¢
(1) vs. 1/g(t) plotal Al @FHe] vetvhe &
Az 358880 3] dojyrt
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