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Stress Corrosion Cracking of SUS316L. Stainless Steel in the Chloride
Solution Containing Thiosulfate Ion by the Slow Strain Rate Technique

Toshio SHIBATA, Takumi HARUNA, Shinji FUJIMOTO and Shinsuke NAKANE

Synopsis :

Stress corrosion cracking (SCC) behavior of SUS316L stainless steel in the chloride solution containing
thiosulfate has been investigated by using a slow strain rate technique (SSRT). The susceptibility of
SCC was found to depend on the strain rate, the concentration of thiosulfate and chloride, and pH. The
highest susceptibility was obtained at the condition of 20 mass % NaCl containing 10”2 kmol-m™* Na;S,0; at
pH 5.3 and 2.2 X 107 7s™'. Observations of fractured specimens showed that cracks perpendicular to
the tensile axis generated at the pits. The initial fracture mode of the crack was intergranular,
followed by transgranular and dimple with propagation of the crack. Intergranular fracture initiated
from intergranular corrosion on the bottom of the pit, in which pH decreased less than 2. Immediately
after immersion, pits generated easily because the dissolved oxygen with thiosulfate rapidly raise free
corrosion potential upto pitting potential in cooperation with the action of thiosulfate to lower the pitting
potential. Decrease in pH caused lowering of pitting potential and increase of the number of cracks, while
the highest SCC susceptibility was obtained at pH 5.3. At conditions showing the high SCC susceptibility,
corrosion potential was always in the range between —400 and —370mV (Ag/AgCl) . Therefore,
the SCC behavior in this system is strongly controlled by the electrochemical factors.

Key words : stress corrosion cracking (SCC) ; sour environment ; thiosulfate; chloride solution; SUS316L

stainless steel ; slow strain rate technique (SSRT).
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Table 1. Chemical composition of SUS316L
stainless steel (mass%).
C Si Mn P S Ni Cr Mo Fe

0.029 0.70 1.37 0.032 0.001 12.09

16.87 2.06  Bal.
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Fig. 1. Shape and size of the specimen {mm).
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Fig. 2. Changes in stress and corrosion potential
(Ecoy,.) during SSRT at 8.6 X 10 ~7s ! in the
standard solution ; 20 mass%NaCl+ 102 kmol-m 3
Na,S,03, pH 4, 353 K.
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Fig. 3. Dependence of egcc in the standard solu-
tion and ep;; on the strain rate.
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Photographs of the specimens fractured
in the standard solution.
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(a) Intergranular mode found near the side surface

(b) Transgranular mode found near the crack front
(c) Dimples in front of the crack tip

Photo. 2. Photographs of the fracture surface in
the standard solution at 8.6 X107 771,
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Fig. 4. Dependence of egcc and Egce on the
concentration of thiosulfate.
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Photo. 3. Photograph of the specimen fractured in
the standard solution of pH 1.

pH 2 DLFICHE 2 N2 EW A € SSRT B %179
L, OREAT10% AT E NS F TICRBRE AR I RS
R ARG & 7z, BRITi%, ﬁﬂ@@%ﬁﬁf%a
Photo. 3 IC/R T X ) WE B/ L R8Py — VA&
%uﬁib,tﬁbﬁﬁﬁﬁ#mbgnt.gwt&
Fig. 6 T &I I2 esee D K& RfEERL.
—%, pH3 Ll ETix, B aficBagBErEksh
BT it ofons, ERNTICEEICROOEREN
WATEAE LT/ pH % 3 55 5.3 CHmE 5 &,
XRBIWA L, $77, esce A L SCC IESMEH

HA L7, pH5.3 LLETid, pH oBEINIc & b v 2%
BB AT 5955, egoc 1IN L SCC Bz

—135—



1516 o

877 4F (1991) % 9 B

72, Esce @ pH &M E, S,0.%27 i#
FEAKAE O 354 & [alAR1S, SCC IR MA X v B v pH
ZBWTEDEWENE/RLE. Lo L, NERTHH
U7 pH B (pH 1~9) T i3, E@ccci-—400-—390
mV &, S,0,° BIEKGEHOBEICHTHRVW#HIET
=L 7.

AL

4. % =

4-1 FLEBEHI & SCC B2 L DOREAFRICONVT
Lif R T D SCC HEZ BT, oYM
TRILEDIAETH Y, JLEERLICT R IR
”#Lﬁ?%ﬁﬂ%kofwé ¥ 7, JLEto—fix
SSRT iABEEAT I BiICHE L 2. T X )i,
SCC # M+ 5701212, ZOWHLAHKETHLILA%E
BT HLEN DL, FIT, BRBRICBVLT
Sp05° 7 D L <id pH 28 {bx w70k 30, fiEE
FEMIREE OB OILEEN, (Ep) Z#~7. JLIATENIC
WD S,05° MIEMKAEE Fig. 7(a) IZ/RL. 0

K&, 10" ?kmol'm ™3 @ S,0,2” BETILEEN D
-50 - — -
| @ o g}
-10023\\8 ° / 1
3 O
% 3
<<
£ -150 ° :
=~ 8
Q Q
w2001 .
O
-250 ‘ — -
0 107 1072 10" 10°
Concentration of $,0& / kmolm?
—50 T T T T T T
(b)
% 400l
3 100
£ e}
= 150 ° 8
8 g o °
200 t / o
(o]
[o]
o]
_250 L A 1 1 1 1 1

pH

Fig. 7. Dependence of pitting potential (Ep) on
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unloaded specimens.
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Photo. 4. Photograph of the specimen surface im-
mersed in the standard solution of pH 1 for 300s.
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R L CERIBAEGERL, TofmEER, &%
OAERIZE b v, KREN, RANEA, 74 7K
B E A b L 72, Sk % SCCHRIERAKELY Tidnk
INCEG LIz, S05° 2 & LW F T SSRT Kk
BV TEA L LRERIC IR, Baolad i i
fEL7:. =7, XARBHED pH 2 2P TIXEA 385 L
KB REERICBEOBERES AR TS 06, JLAR
OPpHB2UTIKEITHRTLTWAEEESNS., 22
T, ILENOELEEME #2012, JLANEZ
Bt U 7z pH 1 LA, /N7 £ Ol L 22508
AT EMATINIREET 300 s BE L 72, C DB Z OB
#Mfi% Photo. 4 IR L7, CoOEY, REIELL
THELTWSL I EWbH,s, Ld-T, pH Ofw
JLEKR RN A Es#ITL TR AR ELD, Zh
WEHIRIG M B L 2L ) ERSHER LTV LD
E-bND. S DAEART B ERADT D RA
WHN % B 72O R EIN D SR S HECERL,
EEMET LTI S S AT E, Elhtsifo L
TORWERGA R » 7 28I L, R CTHEMERM 40
5.

LALads, BOEEEEYEAL TCOLILELS
VT RELERPERT L EERST, Egec 25 — 400
~—=370mV DA O %ERT & &iCid SCC ik
Tl L72d-T, £%D SCC i, T 4bbE
SALFMR AR LTV A Z LWL M TH 5.

5 # E

BT AL BREE T, FAERMRA 4 280

ALY KA 2B 17 5 SUS3I6L $o> SCC #8h % 3
N, RIORTARER RS,

(1) DRTH SCCEZMIZ, 0T AEE, S,0527 i
FE, CI7 iREE, pHICIEBICKE (IKEL, METL -8
BT ix 10 2kmol*m 3 Na,S,05, 20 mass%NaCl, pH
5.3, 2.2X1077s ' » & XIZHKRAD SCC BZM %R
L7,

(2)SCC i3, fLE*EE L LAZEDERIZLSL D
DTHY, FOWEFEEL, RWAEN - RINE XFE
nA~EZEEL ., o shEROMPARKICI, MRS
EFESLTWEHNDEEbN .

(3)S,0;2" BIABMTEKT 24, AHEMEL
S,0527 EAHAE L 3GE I DA, HREMICE TEH
WEREEDL, O LIZk LT, BRIEVHICILESR
EL, COILAREIRRO SCCICEE LB THEL
TWn5b,

(4)pH DA E bz, JLABMIMETL, %
BimL ., LA LzdS, SCCEZMid pH5.3
TRKE L 7.

(5 )HERBEA —400~— 370 mV OFHFHICH 5 & X
I2 SCC IESZMA RV & v ) HEWR, ARTOD SCC #*
BERALFHNF IR EEE T TVWH I L ERLTW
%.

ARFFE CH WS BRREA * TRt 2w, R
GBI (KRR R B AR S MBI se T Tk
K, %5 FICAMEICE LTI @m 7275w 72 B ARSESR
WRFFEARENESR N TIEB T EEFMSR0R
BRI CBEEB L L.
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