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Stress Corrosion Cracking Behavior of Austenitic Stainless

Steels in MgCl, Solutions

Masamichi KOwWAKA and Takeo KupO

Synopsis:
Stress corrosion cracking behavior of SUS 304 and SUS 316 stainless steels was investigated in terms
of concentration and temperature of MgCl, solutions with or without dissolved oxygen. The potential-

MgCl, concentration relation between SCC and pitting corrosion was also studied by constant potential

method under the applied stress of 25 kg/mm?2.

As dissolved oxygen becomes necessary to cause SCC with decreasing the concentration or the tem-
perature of MgCl, solutions, SUS 316 becomes much more resistant to SCC than SUS 304. The crack is
often observed originating at the bottom of a pit.

The lower limit of MgCl, concentration above which cracks develop at 80°C is about 209, for SUS 304
and about 259, for SUS 316, while the critical SCC potential of SUS 316 is about 50 mV more noble than
that of SUS 304. Above the lower limit of MgCl, concentration, the corrosion mode shifts from SCC to
pitting corrosion as the applied potential is raised and the SCC potential range widens with increasing

MgCl, concentration. Below that, only pitting corrosion occurs.
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Table 1. Chemical compositions of materials used (wt9).

Steels C Si Mn ' P 3 Cu Ni | Cr ' Mo ‘ N
SUS 304 0.053| 0.52 | 1.60 | 0.023] 0.005] 0.03 | 9.39| 19.13| 0.05 | 0.03
SUS 316 0.052| 033 | 1.65 | 0.020| 0.005| 0.22 | 13.49| 16.46| 2.11 | 0022
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Fig. 1. Effect of concentration, temperature and
dissolvd oxygen on stress corrosion crack-
ing of SUS 304 stainless steel in MgCl,
solutions (U-bend).
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Fig. 2. Effect of concentration, temperature and
dissolved oxygen on stress corrosion crack-
ing of SUS 316 stainless steel in MgCl,
solutions (U-bend))
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Fig. 3. Stress corrosion cracking of SUS 304 and
SUS 316 stainless steels in 459 MgCl,
solution at 120°C.
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Fig. 4. Stress corrosion cracking of SUS 304 and
SUS 316 stainless steels in 259 MgCl,
solution at 80°C.
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Fig. 5. Effect of applied potential on time to fail-
ure of SUS 304 stainless steel in aerated
259, MgCl, solution at 80°C (25 kg/ mm?).
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(a) 45% MgCl,, 120°C  (b) 25% MgCl,, 80°C

Photo. 1. Stress corrosion cracking of SUS 304 stainless steel in aerated
MgCl, solutions (25 kg/ mm?).
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(a) 35% MgCl;, —330 mV (b) 35%7 MgCl;, —370 mV (c) 259% MgCly, —350 mV

(d) 259% MgCly, —380 mV (e) 15% MgCl,, —280 mV (f) 159 MgCl,, —300 mV

Photo. 2. Effect of applied potential on corrosion mode of SUS 304 stainless
steel in aerated solutions at 80°C (25 kg/ mm?).
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Fig. 6. Time variation of anodic current of SUS
304 stainless steel at constant potential in
aerated 259% MgCl, solution at 80°C (25

kg/ mm?).
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Fig. 7. Effect of applied potential on time to fail-
ure of SUS 304 stainless steel in deaerated
259, MgCl, solution at 80°C (25 kg/ min?).
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Fig. 8. Effect of applied potential on time to
failure of SUS 304 stainless steel in aer—
ated 359 MgCl, solution at 80°C (25

kg/ mm?),
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Fig. 9. Effect of applied potential on time to failure
of SUS 304 stainless steel in aerated 30%
MgCl, solution at 80°C (25 kg/ mm?).
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Fig. 10, Effect of applied potential on time to
failure of SUS 304 stainless steel in
aerated 209, MgCl, solution at 80°C
(25 kg/mm?).
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Fig. 13. Effect of applied potential on time to fail-
ure of SUS 316 stainless steel in aerated
35% MgCl, solution at 80°C (25kg/mm?2).

-280 A
-300 Al A
a A o—
A -320 o
¢ o>
E -340
2 -360}
[=d
g A---Pitting
g? -380} ©---No Localized Corrosion {
>
Ecorr.
-400+—+ !
1
10° 10’ 10°
Time to Failure (min,)
Fig. 11. Effect of applied potential on time to fail-
ure of SUS 304 stainless steel in aerated
15% MgCl, solution at 80°C(25 kg/mm?2).
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Fig. 12. Relation between SCC and pitting corro-
sion of SUS 304 stainless steel in aerated
MgCl, solutions at 80°C (25 kg/ mm?).
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Fig. 14, Effect of applied potential on time to
g PP P

failure of SUS 316 stainless steel in aer—
ated 30% MgCl, solution at 80°C (25
kg/ min?).
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Fig. 15. Effect of applied potential on time to
failure of SUS 316 stainless steel in aer-
ated 259% MgCl, solution at 80°C (25

kg / mm?).
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Fig. 16. Effect of applied potential on time to
failure of SUS 316 stainless steel in aer-
ated 209% MgCl, solution at 80°C (25
kg/ mm?).
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Fig. 17. Relation between SCC and pitting cor-
rosion of SUS 316 stainless steel in aer-
ated MgCl, solutions at 80°C (25 kg/
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Photo. 3. Effect of applied potential on corrosion mode of SUS 316 stainless
steel in aerated MgCl, solutions at 80°C (25 kg/ mm?).
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ENAZIBIC R L CIFEEE L . EiRE MgClL 1§l O
pH EHRED /NS W T EBENBRENEEREED T
WHr—HEELLNS. T/, Fig. 12 H5 i3 Fig. 17
B WT MgCl, BDIRESEE S >hvTEhi 4t
C 5 5ERMEHMBIAEL 72501 MgCly IREXEL< K5
wwohT pHEEESET L, ThZ 3 AWERREIC
b OTEHERANOEZEELGELHR L D L
zbh. i, MgClL, REXET 5> h IR
DOHBFLETH003, RFERIREENEUTH, Lo
BRI OBEAICNEREE O EFEEFEZER LT
HELLTHELTWLS = Lr#ELLNS.

5. & B8

SUS 304 35X ¢f SUS 316 25> LARFHICOWT,
JSHBEERNIC R XI1ET MeCL, BIRORE, RERX
CARTFBREORE LY, 20~45% Ot MgCly ifHE X
8 25~459 MgCl,, 80~120°C O THET L7z
FRtic, SHEESNR LILEOBEKRK DWW, 15~35%
MgCl,, 80°C DFh TEBMABIC X W T ZInA
oo TDHER, ROBEHEBPEL LD

1) MgCQl, HBEDORER LT BESETT 2ik>h
‘T, SUS 316 o5 BEEIN wabT % ki SUS
304 iTHARTELLKRELES.

2) SUS 304 iy 100°C LI Fo» MeCl, iEmHP Tl
ENBA TR L CERESEENLETHD. BHFEFEEE
REMEZFNBECHEREN L VEDLEMIEHS. %
7o, BESITEBERET T TilEREas L
TcENBELHEINS.

3) 80°C o MgCl, F#rhchx SUS 304 oFIh L

O TFIRIBEEY 20% THHDx LT, SUS31613Hy
25% L5, Eio, HInBLEOBRRERT SUS 316 »8
SUS 304 i T4 50 mV /TH 5.

4) RAEREMUETIEMEZRCTHONTGHE
BEN»SILEABTL, T BHIBRENREZ4ELS
LEMBRIZIRESE L BT ONTIAL 5B, —F,
RFIRELLT CRILEOZHBRET 5.
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