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Effect of Cr and N on the Stress Corrosion Cracking Behavior of Fe-18Mn Steel
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Abstract: High-Mn steels developed for offshore industries require good resistance to stress corrosion
cracking (SCC) in seawater. Elements like Cr and N are often added to improve the resistance to SCC. In
this study, the SCC behavior of Fe18Mn3Cr0.1N and Fe19Mn19Cr0.6N steels in artificial seawater was
examined. Slow strain rate tests were conducted at a nominal strain rate of 10%sec in air and artificial
seawater under anodic and cathodic applied potentials. The tensile ductility drop in artificial seawater was
compared to air and evaluated as the resistance to SCC. It was found that both specimens showed
intergranular cracking in artificial seawater under both anodic and cathodic applied potentials. The
intergranular SCC was more severe under anodic applied potential than cathodic applied potential. However
the sensitivity to SCC in artificial seawater was substantially reduced in Fe19Mn19Cr0.6N specimen with
higher Cr and N content, as compared to the Fe18Mn3Cr0.1N specimen under both applied potentials.
Potentiodynamic tests in artificial seawater showed an increase in pitting corrosion potential, rather than
corrosion potential, with increasing Cr and N content in high-Mn steel. The SCC behavior of high-Mn steels
with different Cr and N contents was discussed based on micrographic and fractographic observations.
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Table 1. The chemical composition of Fe-Mn steels used in this study.
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Alloy C Mn Si Cr N Mo Ni Fe
Fe18Mn3Cr0.1N 1.0 18 0.1 3 0.1 0.0 0.0 Bal.
Fel9Mn19Cr0.6N 0.3 19 0.1 19 0.6 1.0 0.3 Bal.
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Fig. 1. The schematic illustration of in-situ slow strain rate testing
system in aqueous environment.
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Fig. 2. The optical and SEM micrographs of (a) Fe18Mn3Cr0.1N
and (b) Fe19Mn19Cr0.6N specimens.
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Fig. 3. The SEM micrographs and EDS analysis of (a) Fe18Mn3Cr0.1N and (b) Fe19Mn19Cr0.6N specimens.
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Fig. 4. The x-ray diffraction patterns and equilibrium phase diagrams calculated for (a) Fel8Mn3Cr0.IN and (b) Fel9Mn19Cr0.6N
specimens.

04 04}
Fe18Mn3Cr0.1N Fe19Mn19Cr0.6N

ool Artificial seawater 0ol Artificial seawater
3 W Eionve. T T
S7 <% 0af Epi: -0.17 Ve
® s
S - S 08 o mewm® .
c c
3 2 Ecorr: -0.82 VSCE
o O 12}
o o

-1.6 | . .

T 10° 10° 10* 10° 10

10" 10° 10° 10’

10
Current density (A.cm?) Current density (A.cm?)
(a) (b)

Fig. 5. The representative cyclic polarization curves of (a) Fe18Mn3Cr0.IN and (b) Fe19Mn19Cr0.6N specimens measured in artificial
seawater at a potential scan rate of 1 mVs.
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Fig. 6. The SEM micrographs of (a) Fel8Mn3Cr0.IN and (b)
Fe1l9Mn19Cr0.6N specimens, potentiodynamic tested in artificial
seawater at a potential scan rate of 1 mVs.
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Fig. 7. The representative stress-strain curves of (a) Fe18Mn3Cr0.IN and (b) Fe19Mn19Cr0.6N specimens, tested at a strain rate of 1x10%™" in
air and artificial seawater under anodic and cathodic potentials.

Table 2. The slow strain rate test results of Fe18Mn3Cr0.1N and Fe19Mn19Cr0.6N specimens which were stressed at a strain rate of 1210
%! in air and artificial seawater under cathodic and anodic applied potentials.

Applied Yield . . "
0 nvironment otential stren .
Alloy Ecor Envi P il oth Tensile strength Tensile . R"lo"E
(Vscr) (Vscr) (MPa) (MPa) elongation (%) (%)
Fel8Mn Air - 565 1,325 34.7 -
3&0 IN -0.92  Er—0.17V/ ASW** -1.10 576 920 10.5 69.7
' Eeor +0.10 V/ ASW -0.82 564 1,036 16.2 53.3
Air - 560 1,045 46.1 -
Fel9Mn 0.82 Eor —0.28 V/ ASW -1.10 601 1,026 29.5 36.0
19Cr0.6N ' Eor—0.10 V/ ASW -0.90 545 1,007 30.9 329
Eeor T 0.10 V/ ASW -0.69 549 1,049 332 28.0
TE .- TE
+ RTE (reduction in tensile elongation) = _L}E_ﬂ" >100 (%)

air

« ASW: artificial seawater
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Fig. 8. The SEM surface morphologies of (a) Fe18Mn3Cr0.1N and
(b) Fe19Mn19Cr0.6N specimens, SSRTed at a strain rate of 1310’
!in artificial seawater under anodic and cathodic potentials.

71+¢] WstE gelsr] ASHH A R e M
A ALAIAN Y F 9PHS SEMS o] &3le] AEsIsth
9= (a) Fe18Mn3Cro.1N7JP+ (b) Fel9Mn19Cr0.6N
7] W7 oA AENGAIFE T ss AFS A}
< HAFA QU 718739 Z3gole Al WFelA

Fdoe] AAEE AFHA AGTT AFS HolBZ
o A A FYFIA T ] FellA
= 7 AR BE A FejQl 9E3 A8 gAle SR
She ghelEe] Jol| o3t QJAIvide] E3kE S Hol
AL 3iek ol2fgh YAt FdS MyCe B3lEo] EAske
Fel9Mn19Cr0.6N7°] FelSMn3Cr0.IN7ol| H]8) Tha 2
AL & = Ik 2™ 103 118 (a) Fel8Mn3Cr0.IN7=2
(b) FelOMn19Cr0.6N7¢] S1gall 5917104 S=gal (=
g 10) B S84 @ 1) 200 ASIGAEE &
o] 9HE SEME o&ato] AEgH ARIS BT QU
AFs T IoM e Bl S FAHdo] A=A
o] Al YR XeEoj7ks e vERdel wet
OhH AES SN2l Az F-9IQ AJHe] FHY

o
-

1::0]

oA ol Folftt. AFTE7 M= F Al
79 270 FaEA FAs

b QA pgel B

(b)

Fig. 10. The SEM fractographs of (a) Fe18Mn3Cr0.1N and (b) Fe19Mn19Cr0.6N specimens, SSRTed at a strain rate of 1x10s™" in artificial

seawater under an anodic potential.



Fig. 11. The SEM fractographs of (a) Fel8Mn3Cr0.1N and (b)
Fel9Mn19Cr0.6N specimens, SSRTed at a strain rate of 1x10%™" in
artificial seawater under a cathodic potential.
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Fig. 12. The optical micrographs of (a) Fel8Mn3Cr0.IN and (b) Fe19Mn19Cr0.6N specimens, SSRTed at a strain rate of 1x10%™ in
artificial seawater under a anodic applied potential of Ecorr + 0.1 Vgcg. The specimens were cut perpendicular to the loading direction,

polished and etched for micrographic observation.
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