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Potential Dependence of Stress Corrosion Cracking Mode of
18Cr-10Ni Stainless Steel in MgCl, Solution

Masamichi KowakA and Tekeo Kupo

Synopsis:

The effect of the MgCl, concentration—potential relationship on the transgranular stress corrosion cracking
(TGSCC) and intergranular stress corrosion cracking (IGSCC) of solution treated and sensitized 18Cr—10Ni-
0.15C stainless steel was investigated in 15 to 35%, MgCl, solutions at 80 °C under the stress of 25 kg/mm?,
The effect of applied stress on SCC mode of sensitized 18Cr—10Ni-0.15C stainless steel was also studied.

Only the TGSCC occurred in the solution treated 18Cr-10Ni—0.15C stainless steel when the concentration
of MgCl, was above 30%, and the potential range of SCC was widened with an increase of MgCl,
concentration. The MgCl, concentration-potential range for TGSCC or mixed types of SCC of sensitized
18Cr-10Ni-0.15C stainless steel was almost the same with that for TGSCC of the solution treated one. The
potential range in which only the IGSCC occurred was just below that of TGSCC in the case of sensitized
18Cr-10 Ni-0.15C stainless steel, and this potential range became wider with a decrease of MgCl,
concentration.

It was found that the fracture shifted from TGSCC to IGSCC with an increase of applied stress in the same
environmental condition.

The anodic polarization curves of 6 to 18Cr—10Ni and 18Cr—10Ni-0.15Cssteels were measured. The mecha-
nisms of TGSCC and IGSCC were also discussed.
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Table 1. Chemical compositions of materials used (wt%).

Steel C Si Mn P S Cu Ni Cr Mo N
18Cr-10Ni-0. 15C 0.15 0.50 1.33 0.014 | 0.010 | <0.01 10.35 | 18.00 | <0.01 | 0.018
18Cr-10Ni 0.007 | 0.51 1.49 0.011 { 0.008 | <0.01 10.19 | 17.65 | <0.01 | 0.057
15Cr-10Ni 0.005 | 0.49 1.56 0.012{ 0.008 | <0.01 | 10.13 | 14.78 | <0.01 | 0.060
12Cr-10Ni 0.009 | 0.50 1.57 0.012 | 0.008 | <0.01 | 10.35| 11.94 | <0.01 | 0.040
9Cr-10Ni 0.005 | 0.47 1.59 0.008 | 0.008 [ <0.21 10.37 9.00 | <0.01 | 0.035
6Cr-10Ni 0.006 | 0.46 1.60 0.009 | 0.008 | <0.2! 10.22 6.44 | <0.01 | 0.031
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Fig. 1. Effect of applied potential on time to fail-
ure of solution treated 18Cr-10Ni-0.15C
stainless steel in MgCl, solutions at 80°C

(25 kg/ mm?).
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Photo. 1. Corrosion mode of solution treated 18Cr-10Ni-0.15C stainless steel in MgCl,

solutions at 80°C (25 kg/ mm?2).

(a) 35%MgCl,, —360mV, (b) 30%MgCl,, —360mV, (c) 25%MgCl;, —370mV,
(d) 209%MgCl,, —370mV, (e) 159MgCl,, —370mV
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B5Eb, —390mV D EOEMMTITEMIFICA DD
NCHBEERIIEN LD, Thé &b RLTmEEME
fbiET. —%, —390mV ITOESTIIEIEHE
T 553, 7000~10000 min OREAERIANTIIIZLAY
DS Lich D7z 35% MgCl, iFi Tl —430mV
LT, 309% MgCl, i#HCli—450mV LI FOER T
HNDFEAEFERD Shinhof. RBBOEHEHED
ER7, WTFhoBmesnwTd, BRSBTS IToh,
THREIND SRRENIZET LTy L ERMBED S5h
—400mV pITFTOEM TR TELLF RN TH Ok L

— 132 —



5

h.

18Cr-10Ni 27 v v A D MgCl, i Ic s 3B NEBREENTREO BREES 331

|
-300 Uneven general
corrosion
’u\i Pitting | .
& o 8,
¢ =350 A—A—D—B— &
- A A D B/ X
€ A é A ’ X sce
et A A X X
g o g o o o
§ —400 0—0-0—0—0
5 | °© o o
No localized corrosion
10 20 30 40
MgCl, concentration{wt)
[ Uneven general corrosion
AT Pitting
X ------5CC
Q-~----No localized corrosion

Fig. 2. Relation between SCC and pitting corro-
sion of solution treated 18Cr-10Ni-0.15C
stainless steel in MgCl, solutions at 80°C
(25 kg/ mm?2),
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Fig. 3. Effect of applied potential on time to fail-
ure of sensitized 18Cr-10Ni-0.15C stain-
less steel in 359, MgCl, solution at 80°C
(25 kg/ mm?2).
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Fig. 4. Effect of applied potential on time to fail-
ure of sensitized 18Cr-10Ni-0.15C stainless
steel in 309,MgCl, solution at 80°C (25

kg/ mm?2).
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Fig. 5. Effect of applied potential on time to fail-
ure of sensitized 18Cr-10Ni-0.15C stainless
steel in 259,MgCl, solution at 80°C (25

kg/ mm?2).
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Fig. 6. Effect of applied potential on time to fail-
ure of sensitized 18Cr-10Ni-0.15C stainless
steel in 209,MgCl, solution at 80°C(25 kg/

mm2).
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Photo. 2. Effect of applied potential on SCC mode of sensitized 18Cr-10Ni-0.15C stainless
steel in MgCl, solutions at 80°C (25 kg/ mm?).
(a) 359MgCl,, —390mV, (b) 359,MgCl,, —420mV, (c) 259%MgCl,, —390mV,
(d) 259%MgCl,, —430mV, (e) 159,MgCl,, —390mV, (f) 152,MgCl,, —470mV
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Fig. 7. Effect of applied potential on time to fail-
ure of sensitized 18Cr-10Ni-0. 15C stainless
steel in 1595MgCl, solution at 80°C (25
kg/ mm?).
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Fig. 810R¢. FWRNEND 5 WIHEAEIN 24T 5ER
fEME 259% MgCl, LLEDIRETHEL, %/, TO
FEAIMEEE MgCl, REXE LB 2hTIRL 5.
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Photo. 3. Effect of applied stress on' SCC mode of sensitized 18Cr-10Ni-0.15C stainless

steel in MgCl, solutions at 80°C.

(a) 259MgCl,, —390mV, 35 kg/mm?, (b) 259,MgCl,, —390mV, 25 kg/ mm?
(c) 359MgCl,, —370mV, 40 kg/ mm?, (d) 359,MgCl,, —370mV, 25 kg/ mm?
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XI ---- Intergranutar SCC
XT]---- Mixed SCC
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Fig. 8. Relation between transgranular SCC and
intergranular SCC of sensitized 18Cr-10
Ni-0.15C stainless steel in MgCl, solu-
tions at 80°C (25 kg/ mm?).

40
25% MgCly
-3%0mv
—~ 30
t 25% MgCl, \
E ~440mY o “ge
g
X2 —
v
T 8
» 10 [ .3
0
10! 10° 10t

Time to failure ( min)

Fig. 9. Effect of applied stress on time to failure
of sensitized 18Cr-10Ni-0. 15C stainless steel
in 259,MgCl, solution at 80°C.

wEy Fig. 9 IR d. —440mV {3 25 kg/ mm? OfFf
G H THRAENREREE SR KROER, F/o, —390mV
RIREAENSETLBEMTHSD. —440mV TORRFE
fil 10000 min {2 3 HIRAEHEIT 15~20 kg/ mm?
ThHd. FhEmEITcBfRe <, FXTRAHNRT
Hotz. —FH, —390mV CTOREERL 25 kg/ mm,
{hEZ2EE —440mV O & KEG V. RFAGHER
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Fig. 10. Effect of applied stress on time to failure
of sensitized 18Cr-10Ni-0.15C stainless
steel in MgCl, solutions at 80°C.
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15 kg/ mm? TH5. #Hhiz+ciRahchol.
—7%, 35% MgCl,, —370mV CIIEREHEE 15~
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RENEZES K KOBLEIRBFET D LLn 5.
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Fig. 11. Anodic polarization curves of 6~18Cr-10
Ni steels and 18Cr-10Ni-0.15C stainless
steel in deaerated 35%MgCl, solution at

80°C.
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Fig. 12. Anodic polarization curves of 6~18Cr-10
Ni-0.15C stainless steel in deaerated 259,
MgCl, solution at 80°C.
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Fig. 13. Anodic polarization curves of 6~18Cr-10
Ni steels and 18Cr-10Ni-0.15C stainless
steel in deaerated 159,MgCl; solution at
80°C.
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