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The Effect of W Addition and Aging Treatment on the
Corrosion Resistance of Duplex Stainless Steels

Hee Sang Park and Yong Soo Park

Department of Metallurgical Engineering, Yonsei University

Duplex stainless steels have been used in many applications for more than ten
years, because of their high corrosion resistance and strength. But in the heating
temperature range of 700~950°C, those steels are susceptible to precipitation of in-
termetallic phases which lead to the reduction in the corrosion resistance. The pur-
pose of this study is to develop a new W-containing duplex stainless steel with an
excellent corrosion resistance and to study the effect of matrix composition on pre-
cipitation of intermetallic phases and the resulting corrosion properties. we evaluat-
ed the effect of W on the corrosion resistance and investigated with respect to loca-
lized corrosion as a function of aging treatment at 850C. A microstructural investi-
gation was performed by optical and transmission electron microscope observation.
It was found that there was a close relationship between localized corrosion and the
formation of intermetallic phases. In the temperature of 850C, where intermetallic
phases form, the corrosion resistance was reduced due to the formation of secondary
austenite. The adverse effect of secondary austenite was explained by the observed
depletion in Cr and Mo, which lead to a local reduction in the corrosion resistance.

Kevwords . duplex stainless steel, W addition, aging treatment, secondary ausitenite, corro-
sion resistance.
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Table 1. Chemical composition(wt%) of the ex-

perimental alloys

C S Mn Cr Mo Ni N W Cu Fe

S1 004 08 01 23257 82 033 - - bal
S7 003 02 06 215 54 7.0 027 1.7 - bal
S8 0.03 0.1 06 204 54 57 022 28 - bal
W1 003 05 05 227 47 7.2 0.31 1.6 - bal
W2 002 05 05 228 3.7 6.2 034 3.5 - bal
W3 0.05 1.3 1.2 252 44 6.4 033 1.3 1.7 bal
W4 003 1.0 1.8 21.0 6.8 5.2 0.26 2.5 - bal
W5 0.03 0.8 0.8 20.1 43 6.7 0.31 4.8 1.2 bal
W6 0.03 08 0.8 226 34 7.0 0.34 5.0 1.2 bal

1) According to PREW=Cr+3.3x(Mo+0.5W)+
30N.

2) Sample annealed at the optimum solution treat-
ment temperature.
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Table 2. Optimum annealing temperature, Cr.,/

Ni.,, Ferrite content, PREW, CPT for the experi-
mental alloys

Annealing Ferrite

temperature Cre/Nig" content PREW? ?Zf

(C) (%)

S1 1125 1.88 33 51.9 100
S7 1125 2.09 44 50.1 925%2.5
S8 1075 2.50 69 498 825%25
W1 1125 1.98 36 50.2 90
w2 1100 1.96 42 51.0 85+5
w3 1100 2.05 43 51.8 905
W4 1075 2.60 76 55.3 70£5
W5 1150 1.97 38 51.5 95+5
W6 1100 1.93 36 524 825+25

¢ Creq=Cr+2.0 Si+1.5 M0O+0.75W+15V+55 Al+
1.75 Nb+1.5 Ti, Ni,,=Ni+0.5 Mn+30 C+25 M+0.3
Cu+Co.

*PREW=wt% Cr+3.3(wt% Mo+0.5wt% W)+
30wt% N.
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Fig. 1. Comparison between CPT’s of the experi-
mental alloys as determined by 6 %FeCl; test and
PREW of bulk composition.
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Table 3. Average composition(wt% )} of austenite and ferrite phases of the experimental alloys

Phase % Cr Mo Ni Ne W PREW?®
s1 austenite 67 237103 45%0.2 10.3+0.5 0.47 - 52.7
ferrite 33 25.0%0.3 6.51+0.5 6.7%0.5 0.05 - 48.1
57 austenite 56 21.6%0.3 41%05 9.1+0.3 0.46 1.4+0.4 51.2
ferrite 4 23.01+04 6.4+0.6 6.0+0.2 0.05 2.3%+0.3 49.5
8 austenite 31 20.1%0.1 3.6+0.7 7.810.1 0.62 2.8%05 55.2
ferrite 69 21.1+0.2 6.0£0.7 5.2%0.2 0.05 42104 49.4
Wi austenite 64 22.9+0.3 34105 851+0.4 0.48 1.9+0.4 51.6
ferrite 36 24.2+0.2 5.6+0.6 5.7%0.3 0.05 3.0£05 49.2
W2 austenite 58 23.6+0.2 29105 7.81+0.2 0.56 3.6%0.3 55.9
ferrite 42 23.7+0.2 41%0.3 53105 0.05 6.2%0.3 48.9
W3 austenite 57 24.3+0.3 3.6X05 7.710.3 0.54 0.9+0.4 53.9
ferrite 43 26,5104 5.3%0.6 5.3+0.4 0.05 1.8+0.4 48.5
W4 austenite 24 20.2%0.2 5.1%0.6 78105 0.93 1.7+0.6 67.6
ferrite 76 21.8+0.3 7.0+04 54104 0.05 2.7%0.3 50.9
W5 austenite 62 19.4+0.3 35205 7.9+0.3 0.48 3.81+04 51.1
ferrite 38 21.51+0.2 5.6+0.6 5.9+0.3 0.05 6.4+0.2 52.0
W6 austenite 64 22.11+0.4 3.2+0.7 7.3%x0.2 0.50 3.9%05 54.2
ferrite 36 23.4%0.2 42+05 5.1%0.5 0.05 6.210.5 49.0
¢ Nitrogen in ferrite is taken as a saturation value=0.05%, the rest partition to the Austenite.
b According to PREW =Cr+3.3 x (Mo+0.5W) +30N.
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Fig. 2. Comparison between CPT’'s of the experi-
mental alloys as determined by 6%FeCl; test and
PREW of the inferior phase.
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Fig. 3. Change in critical pitting temperature
with the difference of PREW between austenite
and ferrite phases of the experimental alloys.
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Fig. 4. Change in corrosion rate in boiling 10%

FeCl; solution with the difference of PREW be-

tween austenite and ferrite phases of the experi-

mental alloys.
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alloys.
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Table 4. Effect of W addition on the corrosion
resistance of the experimental alloys

PREW of
Alloys PREW onR ::u: PREW of austenite- CPT
y U ferrte  PREWof ()
enite .
ferrite

S7 501 512 495 1.7 92.5

Waddition W1 50.2 516 492 2.4 90

alloys W3 51.8 539 485 5.4 90

W5 515 511 52.0 -0.9 95

W non- S1  51.9 527 481 4.6 100

addition S4¢ 50.1.7 51.2 50.7 0.5 100

alloys S6¢ 524 53.0 48.2 4.8 100

2G4 : 23.1 Cr+5.7 Mo+11.0 Ni+0.33 N+0.1 Si+0.5
MH.M)

656 : 22.8 Cr+5.6 Mo+8.8 Ni+0.37 N+0.2 Si+0.5
MD.H)
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Fig. 8. Change in intermetallic phase volume frac-
tion with aging treatment time for S7 and S8
alloys heat treated at 850C.
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Fig. 7. Optical microstructures with different aging treatment time for S7 and S8 alloys heat-treated at
8507C.
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Fig. 8. Change in CPT in 6% FeCl, solution with
aging treatment time for S7 and S8 alloys heat-
treated at 850°C.
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Fig. 9. Change in corrosion rate in 6% FeCl; solu-
tion at 60°C with aging treatment time-related
samples of S7 and S8 alloys.
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Fig. 10. Transmission electron microscopy analy-
sis of S7 alloy aged for 5 minutes at 850C, (a)
TEM micrographs, (b} ¢ phase diffraction pat-
tern, (c) x phase diffraction pattern.

U 242 % Im A= 2712 A4A 2= 944
Fol 2 E¥dn dR-E guld=E A3
toode xR Y E R AAYE o F
2 A FH9 2E3HS (b9} (o) 4D o
2 xde 84 sjdo|t}. Fig. 11& 850CoA 58
Z AEAMEE S8¥Fd U TEM 24 duz
(a)oii e AAA FHNA slelolegol Bals
of N&4dn A2exdHUolEAe] AAHULE
BolF3n 93 (b)E A2t el E4e [001]
zone axiso] ¥ 3A H&o|g,

o]2]§ MZAbe] ts] TEM-EDS= ZAMH A2
2] A& Table 59 el At} 850CAH A Al

(a)

1190] reldem T,

0
FCCl001]

(b)
Fig. 11. Transmission electron microscopy analysis of
S8 alloy aged for 5 minutes at 850°C (a) TEM micro-
graphs, (b) secondary austenite phase diffraction pat-
tern.

Table 5. Chemical composition of intermetallic
phase heat-treated at 850°C by TEM-EDX

Heat

Alloys Phase Cr Mo Ni W Si Mn Fe
treatment

850, c 281127 28 2.3 0.3 0.8 bal

7 S5min x 212251 3.0 58 0.4 0.7 bal

850, o 297119 30 1.9 0.2 0.7 bal

30min x 219240 24 43 0.4 0.6 bal

S8 850, 6 255117 3.7 6.3 0.2 0.8 bal

5min x 181263 21146 0.3 0.4 bal
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Table 6. Chemical composition of ferrite and sec-
ondary austenite phase heat-treated of 850°C by
TEM-EDX

t
Aloys  Fea Phase Cr Mo Ni W Si Mn Fe
treatmeni
] ferrite 226 66 62 12 04 09 bal
BT
Smin MY 48137 84 10 03 08 bal
¥ austenite
ferrite 222 6.4 68 1.6 05 0.9 bal
850°C ]
0min Y 177 34 78 14 03 09 bal
ausienite
. ferr;te 207 55 54 24 03 08 bal
Smin e 154 97 59 20 02 08 bal

austenite
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