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Effect of W Substitution for Mo on Stress Corrosion Cracking Behavior of
25Cr-7Ni Duplex Stainless Steel

Tae Hong Ha and Kyoo Young Kim

Center for Advanced Aerospace Materials Pohang University of Science and Technology, Pohang 790-784

The effect of W substitution for Mo in duplex stainless steel (DSS) was investi-
gated with respect to microstructure and stress corrosion cracking behavior. Ho-
mogenizing treatment was performed at 1100C for 10 minutes, while aging treat-
ment was performed at 900°C with different holding times. In homogenized condi-
tion, regardless of W substitution, all the specimens had the nearly equal volume-
ratio of ferrite and austenite, and had no secondary phase precipitation. On aging,
the W modification on supression of secondary phase precipitation was very effec-
tive. Total amount of secondary phase precipitates was greatly reduced in the W-
modified DSS in the early stage of the ageing treatment comparing to the commer-
cial grade DSS without W modification. However, this effect was reduced rapidly
as the aging time increased. Stress corrosion cracking(SCC) was examined in boil-
ing 42% MgCl; solution by slow strain rate test(SSRT) and constant load test
(CLT). Under the homogenized condition, the beneficial effect of W was clearly
observed at the low applied stress levels where the electrochemical action plays a
dominant role. In the commercial grade DSS without W modification, the crack
propagated in a trans-phase mode, whereas in the W-modified DSS, the crack
propagated in a mixed mode of trans-phase and inter-phase due to barrier effect
of austenite phase against crack growth. Under the aged condition, the significant
improvement in SCC resistance of the aged DSS specimens with W modification
resulted from increase in toughness due to a relatively small amount of the brittle
secondary phase precipitates. However, the cracks propagated in a trans-phase
mode in the DSS specimens regardless of W modification.

Keywords : duplex stainless steel, stress corrosion, w substitution, Aging effect, crack be-
havior.
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Table 1. Chemical Composition of Specimens

Element C Si Mn P

Cr Ni Mo w Cu N

Alloy A 0.021 0.49 0.68  0.003
Alloy B 0.025 0.51 0.78  0.002

25.6 6.08 3.62 - 0.19 0.28
24.8 6.38 1.56 4.35 0.19 0.29
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(a)
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Fig. 1. Microstructures of homogenized speci-
mens. (a) Alloy A, (b) Alloy B.
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Table 2. Volume fraction of ferrite for each
specimen after heat treatment

. Aged .
Specimen 135 min_ 30 min Homogenized
Alloy A 13% 9% 43%
Alloy B 24% 12% 42%
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Fig. 2. Back scattered images of aged specimens. (a) Alloy A(13.5min}, (b) Alloy B(13.5min), (c) Alloy A

(30min), (d) Alloy B(30min).
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Fig. 3. Results of tensile test for homogenized

and aged specimens.

Table 3. Results of CLT in boiling 42% MgCl,
with load level of 67% of vield stress

Time to Aged Homogenized
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Alloy A 0.5 0.44 13.4
Alloy B 11.04 1.92 18.9
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Fig. 4. CLT result for homogenized specimens in
boiling MgCl, at various load levels.
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Fig. 5. Fracture surface after tensile test. (a) Homogenized Alloy A, {b) Homogenized Alloy B, (c) Aged
Alloy A(13.5min), (d) Aged Alloy A(30min), (e) Aged Alloy B(13.5min), (f) Aged Alloy B{30min).
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Fig. 6. Fracture surface after CLT in boiling 42% MgCl, with 67% of by (a) Homogenized Alloy A (b) Ho-
mogenized Alloy B (c) Aged Alloy A (13.5 min.) (d) Aged Alloy A {30 min.) (e) Aged Alloy B (13.5 min.)
(f) Aged Alloy B (30 min.).
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Fig. 7. Optical micrographs showing cracking path after CLT. (a) Homogenized Alloy A, {b) Homogenized
Alloy B, (c) Aged Alloy A(13.5min), (d) Aged Alloy B(13.5min}).
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Table 4. Hardness of each phase for homoge-
nized specimen(Micro-Vikers Test)

Phase a r
3.6Mo 251 285
4.4W 265 280
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crack
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e |
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20 | ;,
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071 ; 1‘0
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Fig. 8. Results of CLT for homogenized specimens

in boiling MgCl, with 67% Y.S.
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Fig. 9. Results of SSRT in boiling 42% MgCl, with
strain rate of 2.5x10°%/sec. (a) Homogenized
DSS, (b) Aged DSS({13.5min).
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Table 5. Decrease in maximum load of aged DSS
in SSRT

Max. Max. Max, loadin solnuon/
Load(kg) lc'adin air loadm solution Max. loadin ar
Alloy A 1950 990 0.51
Alloy B 1780 1080 0.61
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Fig. 10. Macrographs after SSRT in boiling 42%
MgCl, with strain rate of 2.5x107%/sec. {a) Ho-
mogenized Alloy A, (b) Homogenized Alloy B, (c)
Aged Alloy A(13.5min}, (d) Aged Alloy B(13.
5min).
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Fig. 11. Fracture surface after SSRT in boiling 42% MgCl, with strain rate of 2.5 X 10 %/sec. (a) Homoge-
nized Alioy A, {b) Homogenized Alloy B, (c) Aged Alloy A(13.5min), (d) Aged Alioy B(13.5min).
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Fig. 12. Fracture surface of homogenized Alloy B
in boiling 42% MgCl, after SSRT. {a) Homoge-
nized Alloy B, (b) Higher magnification of (a).
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