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Development of A New Test Method for Chloride Stress
Corrosion Cracking of Stainless Steels and Its Application
to That of Type 316 in Dilute NaCl Solutions

Shigeo TSUTIKAWA, Katsuomi TAMAKI, and Yoskikiro HISAMATSU

Synopsis:

Tapered Double Cantilever Beam specimen with artificial crevice has been designed to clarify SCC
behaviors of Type 316 stainless steel in dilute NaCl solutions. This specimen has two dimensional
characteristics, which mean that both mechanical and chemical parameters are independent of the
specimen thickness. The former is stress intensity, K; and the latter is repassivation potential of cre-
vice, Eg. SCC tests have been conducted potentiostatically in 3, 0.3, and 0.032;, NaCl solutions at
80°C under K; constant condition.

Cracking occurs at the crevice bottom only when the bottom surface is dissolving at potentials more
noble than Ey and Kj is over Kygce, 13~14 kgf/mms3/2. Bulk NaCl concentration has no significant

influence on Kigcc and lyp, crack growth rate in the region II where [ is independent of K;. Cra-
cking occurs at potentials between —0.23 and —0.18 V(SCE) in 39 NaCl, and between —0.11 and
+0.10 V in 0.03% NaCl solution. The lower limit of the potential range for cracking is the poten-
tial just more noble than Ey in each solution and the upper corresponds to the potential where the

dissolution rate at the crevice bottom is equal to [y
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Table 1. Chemical composition and mechanical
properties.

Chemical composition (wt%)
C Si  Mn P S Ni Cr Mo
0.08 0.34 1.89 0.017 0.017 12.2 17.8 2.28

Mechanical properties

0.29; proof stress Tensile strength  Elongation
Mpa (kgf/mm?) %
256 (26.1) 506 (51.6) 73.1
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Fig. 1. (a) Specimen used for determination of
the relation between crevice geometry
and potentiostatically determined repassi-
vation potential. (b) SCC test specimen,
Tapered DCB specimen with two-dimen-

sional crevice.
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Apparatus for SCC test; Loading fixtu-
res (a) with belleville washer-type springs,
Clip gage (b) to detect crack initiation,
and tapered DCB specimen (c).

Artificial crevice and ¢ 11 mm through
hole are clearly seen, which are dipped
in the solution during SCC test.

Photo. 1.
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Fig. 2. Load-deflection characteristic of belleville
spring. 20 sheets of spring are setted in
face to face each other.
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Fig. 3. Repassivation potential, Eg, for crevice spec-
imens shown in Fig. 1 (a) as a function
of nominal crevice width, a', in 39, NaCl
solution at 25°C.

Fig. 4. Dependence of repassivation potential, Eg,
on crevice depth, A.
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Fig. 5. Dependence of repassivation potential, Eg,
on plate thickness, B. When B is suffi-
ciently larger than Ak, crevice depth, Eg
becomes independent of thickness.
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Table 2. Reported values of Ey for various crevices.
No. Material Crevice Environment ER(V, SCE) Ref.
Cylindrical hole o ;
1 316 (14 % 10 mm) 39, NaCl, 25°C ~0.18 (18)
2 316 Metal/metal 39, NaCl, 22°C —0.19 (19)
3 316 Nut/PTFE 39% NaCl, 25°C —0.18 (20)
4 316 Metal/metal 39 NaCl, 25°C —0.24 Present
5 316 } (a'=0.2, h=4 mm) 3% NaCl, 80°C —-0.24 work
5 316 Nut/nut 394, NaCl, 25°C —0.30 (16)
7 316 L Metal/asbestos 0.5N NaCl, 70°C —0.36% (21)
* The Potential inside the crevice
x10°®
X - 0.03%NaCl 80°C
100 -
108 b ; (;'3 _ o : specimen A
E Z 80} o specimen B °
- O/ /x/ E
L / x < 60+ s
[ ] )‘(/ o
i & 40 o
10 E b E g 0
- / o? i Lé’ 20 - 049402’»9.’:"
E X /o % i S 2o et I L !
~ B 0o | i 0 0.2 0.4 06 08
g ' E H Uw
3 2 o i . .
S ! = i E ! Fig. 7. Determined compliance, 1, with normalized
[ P i crack length, /W, for tapered DCB speci-
- - ; men (A, @) and modified one (B, O)
i poo ! with the through hole of 11 mm in dia-
oua % s _ﬁ;uAJ} meter located at I/W=0.25.
15 gt L L
—o.ng_—.(>.20 -0.15 o0 -0.08 Table 3. Results of compliance calibration.
External potential (V.SCE)
. di/dl
Fig. 6. Variation of anodic current with external Specimen* yw (10,3/7N—1) KiB2W/p?
potential for the crevice of the size of a’
=0.2, k=4 and B=18 in mm in solutions A 0.20~.0.40 5.38 124
containing 3, 0.3, and 0.039; NaCl at 80°C. 0.30~0.40 5.28 122
The Eg for the crevice is —0.24, —0.21,
and —0.12V (SCE), respectively. B 0.30~0.40 5.28 122

32 AV IS4 7Y RAE

tapered DCB i OBRITECEN & 5 wlhs
Bk LCHERNE T K B —TBILFEos ENTED
HEDD., LI OCALTE 3 oCEAINSE
BN ZORMEEZ RN E S BB LS. ¢ 11
mm OE@ELY [/W=0.25 OBt &Da v
T4 T vARERERY Fig. 7 wRd. EBEcizgEh
B ERFEWCERLE L. YW TE L. B/0H
FyETRDI dA/dl DfEE Zh% (2) KA LT
LB ERIC 5 2 — 2 KiB*W/P? nffis Table 3
E EDTRT. BKIG 375 2 — Z2OHEITVThol
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* Tapered DCB specimen without 11¢ through hole (A) and that
with 11¢ through hole of which center is located at I/W=0.25
(B).
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CEhEzbhd o Ealbhotk.
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wEA LT SCC REpwfit L.
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EVRRREE - AR Ky OBIRE 0 C T

BT 5 Ki=28 kgf/mms’2 (ko Fig. 13) %

AL, 80°C o 3.0, 0.3 FK0* 0.03%NaCl ¥

(3)



2072 gk & i

% 66 4 (1980) 4=

(K1=28kgf/mm>2, 80°C)

E(vsce)| ~03 -02 -01 0 +0.1 +0.2
P RTINS S Y U U AU SN SN S ST S R Y DTSN AU S
3%
Nacl T oeoRx x x --\g\ °
S crevice corrosion
0} >~
0.3% sCcC S~
“ - \\
NaCl crevice corrosion Sso
no localized S~
0.03% corrosion S~
Nact T 00 0N X X “wo

Fig. 8. Localized corrosion morphology against ex-
ternal potential in 3, 0.3 and 0.03% NaCl
solutions at 80°C. SCC occurred only in
the range between lines @ and @ in the
figure. The full line @ means repassiva-
tion potential, Eg, in each solution and the
broken line (@ means the potential where
crack growth rate is equal to dissolution rate
at the crevice bottom which is determined
by means of nut/nut-crevice.
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Fig. 9. Effect of external potential in the vicinity
of Eg on induction time (a) and crack
growth rate (b) in 39 NaCl under a
stress intensity of 28 kgf/ mm3/2,
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Fig. 10. Crack growth behavior at potentials of

ERx+0.C1V in 3 and 0.039;, NaCl solu-

tions.
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Fig. 11. Effect of Cl- concentration in bulk solu-
tion on induction time for crack initiation
(a) and crack growth rate (b) at poten-
tials of Eg+0.01V,
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Fig. 12. Crack growth behavior under Kj-constant
condition in 39, NaCl solution at 80°C
Electrode potential is kept at-0.23V (SCE).
Cracks do not initiate at all at Ki-levels
of 10 and 12 kgf/ mm3/2,
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Fig. 13. Crack growth rate as a function of stress
intensity. Kigcc values are ~13 and ~14
kgf/mm?, respectively in 3 and 0.032;,
NaCl solutions at 80°C.
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Photo. 2. Scanning electron micrograph of a pit at
the crevice bottom observed in the spec-
imen tested at the potential of —0.23V
for 50 h under K;=12 kgf/ mms3/2.
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Fig. 14. Arrhenius plot for crack growth rate I,
of Type 316 steel in 39, NaCl solution.
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INBEBAL W EHRAL DR O (LT BEE S e X &
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13, BFLEBRREE ShRERE 2L b B

Photo. 3. Fractographs of the specimen which was tested at the potential of —0.23V for
75h under K;=15kgf/ mm?32 A leading edge of the crack is shown by the

arrow in Photo. 3 (a) and enlarged in Photo. 3 (b).
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Photo. 4. Cross section of Photo. 3 (a).
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DCB A5 LIt AT T & 2wkl 5{ET, Photo.
2 Dy FMEX 70 pm HREEFER] 50h TR LT k®
o), BT bhb.
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BHOME LR Lie, BT REERREEEE L
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T 2% Fig. 8 KA LTHAL S DNREEOTH
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| nut/nut -crevice, 3°%NaCt, 80°C (Eg=-0.25V.SCE)
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Variation of penetration depth with time
for nut/nut-crevice at potentials more no-
ble than Eg in 39, NaCl solution at 80°C,
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Fig. 16.

Dissolution rate of nut/nut-crevice as a
function of external potential in 3 and
0.032;, NaCl solutions at 80°C. The bro-
ken line in the figure means crack growth

rate in the regionI[, /11, at 80°C determin-
ed by means of tapered DCB specimen.
The data indicated by a closed circle(@)
is the dissolution rate calculated on the pit
(Photo. 2) of 70 pm in depth observed af-
ter a test duration of 50h at the bottom
of artificial crevice in tapered DCB spec-
imen.
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