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Effect of Thermal Treatment on Caustic Stress Corrosion Cracking an
Chloride SCC of Super Austenitic Stainless Steel - S32050
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Abstract

This paper focused on the caustic SCC and chloride SCC of super austenitic stainless stee
S32050. Thermal treatment(550°C 15hrs) and high temperature mill annealing(HTMA, 1250°C
5min.) did enhance the SCC resistance than mill annealed specimen. It is considered that
dislocation array is the most important factor on SCC resistance among some variables such as
repassivation rate, residual stress, grain size, yield strength etc. Substituted Mn didn't affec
the anodic polarization behavior of Mn-modified S32050, but cold working to the alloys

reduced the SCC resistance because of the embrittlement by cold working.
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T able 1. Chemical composition of the experimental alloys

Alloys| SRN1 | SRN2 | SRN3 MN1 MN2 MN3
C 0027 | 0026 | 0.027 0.040 0.056 0.038
Mn 0.87 084 0.82 148 347 541
Si 050 044 049 052 051 051
Fe bal. bal. bal. bal. bal. bal.
P 0.030 | 0031 | 0.028 0.006 0.007 0.009
S 0.002 | 0.002 | 0.002 0.013 0.004 0.004
Cr 2067 | 20.78 | 2142 20.98 23.07 2289
Mo | 6.09 6.14 6.03 6.10 6.11 6.02
N 0.00 0.18 0.35 0.30 040 048
Ni 2329 | 2277 | 2301 18.81 18.55 18.21
1,250 2 soaking
, 1180 -30min.
HF:HNO:sH:0 (1:3:5) 30

, 25mm
TT(550°C 15 hrs)
TEM),

30K g

4mm

(1,150°C 5 min.)

(OM, SEM



3.1 SRN1, 2, 3
1 40% NaOH (CERT)
-900mV (SCE) 1.06 x 10"/ sec
SRN2 , 1,150°C 5
(MA) 550°C 15 TT TT), 1250°C 5
(HTMA) . [10, 11],

, TT
TT

, TT

SRN2-TT (550°C, 15hrs) |Caustic SCC vs Thermal History

Fig. 1. Caustic stress corrosion cracking and dislocation array by thermal history
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Fig. 2. SCC resistance of experimental alloys by
annealing and thermal treatment in boiling 45%
MgCl.(strain rate 1.06x 10 °/ sec)
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Fig. 4. Effect of strain rate on SCC resistance of
annealed alloys in boiling 45% MgCl.

1.06x 10" % sec
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Fig. 3. SCC resistance of experimental alloys by
annealing and thermal treatment in boiling 45%
MgCl.(strain rate 1.06x 10 °/ sec)
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Fig. 5. Effect of strain rate on SCC resistance of
thermally treated alloys in boiling 45% MgCl.

1.06x 10°% sec SRN1-MA



SRN2-MA & TT, SRN3-MA ( 3). 4
5 )
, TT
6 1.06x10° sec
SRN1-MA, SRN2-MA & TT, SRN3-MA
, TT

SRN3-MA in chloride SCC SRN3-TT in chloride SCC

Fig. 6. SEM fractography for SRN1,2,3 after chloride SCC test



SRN1-MA in chloride SCC SRN3-MA in chloride SCC

SRN2-MA in chloride SCC SRN2-TT in chloride SCC

Fig. 7. Crack morphology of SRN1,23 after chloride SCC test
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3.2 Mn
Ni Mn
Schaeffler
Klueh [11], Mn
Ni [Niew = Ni + 30C + 25N + 0.5Mn] Mn  Ni

05 . Mn , Ni
Mn . Miyahara [12],
Fe-12%Cr-Mn 5-30%Mn

Janik - Czachor ~ Fe- 18Cr-5Ni-Mn-0.35N , Mn

[13], Lunarska  Fe-18Cr-5Ni
5.7-15%Mn [14].



[15, 16], ,
[17, 18]. Fourie Fe-17%Cr- 15%Mn
0.01 - 0.38%N
[19],
0.01 - 0.12% ,

SRN3-MA in chloride SCC SRN3-TT in chloride SCC

Fig. 8. Dislocation array after chloride SCC test with thermal history



Mn

Ni Mo
[20, 21]. S32050
Ni Mn MN1,23
9 MN 50°C 05N HCI + IN NacCl ImV/ sec
, Mn

Fig. 9. Anodic polarization behavior of MN alloys
in deaerated 05N HCl + IN NaCl at 50

Fig. 10. Anodic polarization behavior of MN alloys
in 40% NaOH at boiling point

tts

Fig. 11. SCC resistance of cold worked MN alloys
in 45% boiling MgClz(strain rate 1.06x 10 %/ sec)

Fig. 12. Hardness of MN alloys with material processing
and cold working
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