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A Study on Alloy Design of Duplex Stainless Steel.;
Consideration on the Difference of Corrosion Resistance
between Ferrite and Austenite

Hee Sang Park and Yong Soo Park

Department of Metallurgical Engineering, Yonsei University

A method for predicting corrosion resistance of duplex stainless steels is de-
scribed. The difference of corrosion resistance between the ferritic and the austen-
itic phase was most critical in determining the overall corrosion resistance of du-
plex stainless steels. Calculation method for predicting chemical composition of
the two phases was presented in this study. The distribution of alloying element
between austenite and ferrite was measured by WDS analysis and predicted by cal-
culation. The chemical composition of two phases obtained in the WDS was com-
pared with that obtained by calculation method presented in this study. Based on
measured and calculated chemical composition of the two phases, pitting resistance
equivalent(PREW) values were estimated. These steels showed the maximum cor-
rosion resistance when two phases had equal PREW values. PREW values of aus-
tenite and ferrite predicted by this calculation can provide the first useful approx-
imation in assessing corrosion resistance of duplex stainless steels. This calculation
method can reduce the number of laboratory melts when developing new duplex
stainless steels.

Keywords © duplex stainless steel, alloy design, pitting resistance equivalent, critical pii-
ting temperature.
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Table 1. Chemical compositions(wt% ) of the ex-
perimental alloys

C Si Mn Cr Mo Ni N W Fe a%° PREW’
S1 004 08 0.1 23.2 5.7 82033 - bal 33 519
§2 0.03 0.6 0.1 257 43 4.9 036 - bal 59 507
S$3 0.03 0.6 0.1 263 5.0 4.6 043 - bal 52 557
S4 0.04 0.1 05 231 5.7 11.00.33 - bal 24 517
S5 0.04 02 05 21.3 5.4 144028 - bal 1.5 475
S6 0.03 0.2 05 22.8 5.6 88 037 - bal 27 524
S7 003 0.2 0.6 215 54 7.0 027 1.7 bal 44 501
S8 003 0.1 0.6 204 54 57 0.22 2.8 bal 69 49.8
S9 0.04 0.2 0.6 243 52 83 032 - bal 50 511
510 0.04 0.2 0.6 19.4 57 106022 - bal 16 4438
¢ Sample annealed at the optimum solution treat-
ment temperature.
b According to PREW=Cr+3.3x(Mo+0.5 W)+
30 N.

&7 998l SEM/WDS (wavelength dispersive
X-ray spectroscope)Z EA 3l EAd A}
£¥Y SEM& Akashi Beam Technologye}
model D130So] WDS+ microspec® model
WDX 3PCE o] £3%ih

22Hueo|EAT HolEde] Ai U9
EHAEE golry) 98 SAES (scanning
auger electron spectroscopy)®4& ¥3&dd.
£4 AEd& SiC dnlx] ¥ diamond pasteZ
detsig o o 94XE #etsly] AN AR
¥ Murakamigd oz gAY F nA AEJ=2
o 3o AXNE IR I gL A
EH dYEE AANY A FA Adn
T F ad yde A4 BFE ENIYG. £
Ao Alg®  AH|=  Perkin-Elmer Physical
Electronics2] PHI-SAM 610 systemo]%lth.
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of ol&] dolrgtEdl ol ASTM G48-924) 2]
Aste] 6wt% FeCl, &8 (FeCly;-6H,0 100g+3
$4:900ml), 10wt% FeCl; & (FeCly-6H,0
180g+ 2 H4900mL), green death$ %4 (7.0vol%
H,80,+3.0vol% HCl+1.0wt% FeCl;+1.0wt%
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Fig. 1. Ferrite content plotted as a function of
Creq/Nig for the experimental alloys.
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Table 2. Partition coefficient a/y between ferrite
and austenite phases for several elements in the
experimental alloys

partition coefficient

alloys M M N W & Ma
S1 1.05 1.44 065 - - 116 -
S2 1.01 1.53 0.76 - - 127 -
S3 1.02 1.64 0.71 - - 132 -
S4 1.12 151 0.65 - - 1.16 091
S5 1.13 1.56 0.79 - - 111 0.96
S6 1.08 143 0.69 - - 1.18 0.94
S7 1.06 156 0.66 - 1.71 1.14 0.88
S8 1.05 1.67 0.66 - 1.63 1.30 0.88
S9 1.10 1.63 0.66 - - 114 0.89
S10 112 151 0.68 - - 118 0.88
average 1.07 155 0.69 - 1.67 1.19 0.90
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Creq=Cr+2.0Si+1.5Mo+0.75W + 15V +5.5Al
+1.75Nb+1.5Ti

Nig=Ni+0.5Mn+30C+25N +0.3Cu+Co
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Table 3. Nitrogen content in austenite and ferrite
phase for the experimental alloys by SAES
(scanning auger electron spectroscopy) analysis
and by nitrogen analysis of bulk

N content b tent itroge
alloys phase ontent by N content by nitrogen

SAES analysis analysis of bulk*

S 4 o 005
L o 0os
s 1w
“ L o 005

. 0.
® 5 om 005
S 4 o 005
® 4 om 005

*Nitrogen in ferrite is taken as a saturation value
#:0.05%, the rest partitions to the austenite. : ni-
trogen in austenite= (nitrogen in bulk—0.05 X fer-
rite fraction)/(1 —ferrite fraction).
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Table 4. Comparison between nitrogen content in
austenite phase by SAES(scanning auger electron
spectroscopy) analysis and by nitrogen analysis of
bulk

. nitrogen analysis
SAES analysis € y

of bulk

S1,/S1,* 1 1

S2,/s1, 1.72 1.88
S3,/S1, 1.81 1.90
$4,/S1, 0.89 0.77
$6,/51, 1.04 1.15
s7,/51, 0.98 1.12
88,/S1, 1.61 1.49

*S1y : Nitrogen content in austenite phase for S1
alloys.

1

0.9 Ferrite contant>50%

£ : cofrosion resistance is bad
é 08 u
2 !
E 0.7
e 06} ]
s n
£ oS} i =
o Ferrite content=50% 2 n ]
8 L]
€ 04 |
8

03
§‘ n
e 02}
Z Ferrite content <50%

01+ : corrosion resistanc is good

0
] 0.1 0.2 0.3 04 0.5

Nitrogen content in bulk (wt%)
Fig. 2. Comparison between nitrogen content in
bulk and nitrogen content in austenite phase.
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Fig. 3. Effect of N content in austenite phase on
the critical pitting temperature for the experimen-
tal alloys.
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Fig. 5. Relation between deflection coefficient of
Cr, Mo and Ni and ferrite content. (a) Cr: parti-
tion coefficient of Cr=1.07, (b} Mo : partition co-
efficient of Mo=1.55, (c) Ni: partition coefficient
of Ni=0.69.
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Table 5. Chemical composition in austenite and ferrite phase for the experimental alloys

analysis value

Calculation value

alloys austenite phase ferrite phase austenite phase ferrite phase

Cr Mo W Ni N Cr Mo W Ni N C Mo W Ni N Cr Mo W Ni N
S1  23.7 45 — 10.30.47 250 65 — 6.7 0.05228 49 — 9.2 047 239 74 - 6.1 0.05
S2 263 3.0 — 6.430.81 267 46 — 4.8 0.05244 33 — 5.6 081 26.6 50 ~— 3.6 0.05
S3 273 33 — 6.0 085278 54 — 43 0.05251 40 — 55 0.85274 6.0 — 3.7 0.05
S4 230 47 — 125042258 7.1 — 8.2 0.0522.6 51 — 124042 247 76 - 8.2 0.05
S5 21.7 4.8 — 16.20.28 245 75 — 1290.0521.3 54 — 16.2 0.28 23.2 81 - 10.7 0.05
S6 230 46 — 10.1049249 66 — 7.0 0.05223 49 — 99 049243 74 — 65 0.05
S7 216 41 1.4 9.1 0.46 23.1 6.4 2.3 6.0 0.0520.7 44 1.3 7.9 046 225 6.6 2.0 5.2 0.05
S8 20.1 36 2.8 7.8 0.6221.1 6.0 4.2 5.2 0.0519.1 3.9 2.2 6.4 0.62 20.8 59 3.1 4.2 0.05
S9 238 40 — 107058262 65 — 7.1 0.0523.3 41 - 93 058254 6.2 — 6.2 0.05
§10 19.7 51 - 12.10.2522.1 77 — 83 0.0519.1 53 — 11.9 0.2520.8 80 — 7.9 0.05

Table 6. PREW value of austenite and ferrite phase by WDS analysis and caculation

analysis value

calculation value

alloys PREW of PREW of PREW of austenite- PREW of PREW of PREW of austenite-
austenite ferrite PREW of ferrite austenite ferrite PREW of ferrite
S1 52.7 48.1 4.6 52.9 49.7 3.2
S2 60.4 43.3 17.1 59.5 44.6 14.9
S3 63.5 47.1 16.4 63.4 48.6 14.8
S4 51.2 50.7 0.5 52.0 51.3 0.7
S5 45.9 50.8 -4.9 474 514 -4.0
S6 53.0 48.2 4.8 53.3 50.3 3.0
S7 51.2 49,5 1.7 50.8 49.2 1.6
58 55.2 494 5.8 54.2 47.1 7.1
S9 54.5 49.2 5.3 54.3 47.3 7.0
S10 44.3 49.0 -4.7 44.0 47.9 -3.9
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Fig. 7. Variation of critical pitting temperature
with the difference of PREW between austenite
and ferrite phase for the experimental alloys.
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Fig. 8. Variation of critical pitting temperature
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ite phase is equal to that of the ferrite for the ex-
perimental alloys.
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with the coefficient of N in PREW when PREW of
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phase for S1, S4 and S€ alloys.
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Fig. 12. Microstructure of experimental alloys
showing the preferential attack after immersion
test in boling 10% FeCl; solution for 24hr.
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