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Effect of Alloying elements (Ni, W, Si, Ti, Al, Ca) on Corrosion Resistance of
Super-ferritic Stainless Steels in Chloride Solutions

Heesan Kim, Duyoul Choi
Stainless Sieel Research Group POSCO Technical Research Laboratories
Pohang P.O. Box 36 Kyungbuk, Korea 790-785

The effect of alloy elements(Ni, W, Si, Ti Al ,Ca) on corrosion resistance of high chromium
containing ferritic steels was evaluated by electrochemical tests(anodic polarization and
electrochemical noise(EN)), ferric chloride test and simulated dissimilar material crevice(DMC)
corrosion test. In addition, SEM and XPS were employed to examine the secondary phases
where pitting corrosion occurred and to analyze passive film, respectively.

The corrosion resistance increased with the chemical stability of an inclusion in a descending
order as follows: SiO2 > TiO: > AlOs > CaO. The substitution of tungsten improved the
stability of passive film in a passive zone but, in an active zone, did not decrease corrosion rate
effectively, In the meanwhile, the addition of nickel had the opposite trends against tungsten.
The beneficial effects of Ni in an active zone was explained with the formation of Ni(OH):
acting as a barrier. The DMC corrosion resistance of super-ferritic stainless steels depended on
the counter materials as well as the alloy elements(Ni, W). Nickel provided the higher corrosion
resistance for the super-ferritic stainless steels in contact with the low alloyed stainless
steel(UNS 31600). However, tungsten provided the higher corrosion resistance for the
super-ferritic stainless steels in contact with the high alloyed stainless steel(UNS 31254). It was
explained with the dependency of an open-circuit potential on electrically coupled counter
materials.

key words : silicon, titanium, aluminum, calcium, dissimilar material crevice(DMC) corrosion,
electrochemical noise, pitting corrosion, super-austenitic stainless steels
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Table 1 Chemical compositions of experimental alloys (weight percent)

No | C | Mo C N Nb | Ti Al Ni W | Ca S Others
1 302 | 41 | 001 [ 001 | 036 | NA [ NA | NA | NA | NA | 05

2 30.1 41 001 [ 0016 | 027 | 005 | NA | NA | NA | NA 05 P:003
3 302 | 41 |o0008 | 001 | 028 [ 005 [ 005 | NA [ NA | NA | 037 | Mn:03
4 | 301 | 40 | 0008 | 001 | 026 | 005 | 00s | NA | NA |00 | o3 | 570002
5 | 298 | 35 | ool | o011 | 031 | 0os | 005 | Na | 10 |ooo | o3 | OO0
6 | 209 | 32 |o01t | 001 | 026 | 005 | 005 | NA | 22 | 0001 | 03

7 | 298 | 32 [ 0013 | o011 | 026 [ 005 | 005 | 11 | 21 | 0001 | 03

8 | 207 | 32 |o00ms5 | 001 | 026 | 005 | 005 | 22 | 22 | 0001 | 03

NA?®* indicating No Addition
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Table 2 Chemical compositions of commercial alloys (weight percent)

Alloy Cr Mo Ni C N Ti Nb Cu Mn P S Si
UNS S31254 20 6.1 179 | 012 | 020 - - 068 | 049 | 002 | 001 | 035
UNS S$31803 220 3.0 5.80 0.02 0.19 - - - 1.52 0.02 .001 0.40
UNS S31600 16.4 20 10.4 0.05 035 0.03 .004 - 105 | 0.023 | .002 0.62
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Fig. 1 SEM micrographs showing localized attack around
inclusion in Al added alloy(Alloy No. 3)
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Fig. 2 Apparatus of simulated dissimilar material crevice
corrosion test(l : UNS N10276 bolt, nut & washer,
2 :crevice washer, 3 : counter malerials{UNS S31600,
UNS S31803, or UNS S31254), 4 : test coupon)
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Fig. 3 Open circuit potential versus time in various
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Table 3 XPS analysis of W-4f and Ni-2p at various
take-off angle after holding at 420 mVSCE in
0.8M HCI + 3.2M LiCl for 2 hrs.

Atomic concentrations(%)

Alloy No. 6 Alloy No. 8

Take off

o 90 60 30 90 | 60 | 30
angle(® )

W-4f w 36 { 28 {13 (00|00 |00
WO; [ 175|154 149 | 148|152 | 147

Fig. 4 Effects of W and Ni on pitting comosion resis-
tance of stainless steels in 6% FeCi3 solution at
various temperatures

Ni-2p | Ni-metal | - - - 0000100
Ni(OH)z| - - - 00100 |00
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M uae AERA 9%e BY ok ua A7t
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Fig. 5 Effects of W and Ni on the anodic polarization
behaviors of stainless steels in C.8M HCi+3.2M
LiCl solution at room temperature : (a) super stain-
less steels, (b) counter materials(UNS S31600,
UNS $31803, or UNS $31254)
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Fig. 6 Effects of W and Ni on the change of current
density of feritic stainless steels in 0.8M HClI+
3.2M LiCl: (@) at 420mVsec(passive zone), (b) at
~287TmVseclactive zone)

UE A7beId £ ¥5U ARE ¥4 99
A4 $EH 990z AN WP we Y
o $4402 gHgel $3u B 4L
A7) AR Aoz Mz ol g AU
UNS S30400 ZejQlei2zgold 89 R 258 o
9 E4E FAA 2o FAP st QAT B o}
U olE AMIE UdSl A7t SR MY
% 498 2 A%

33 $A8 FelolM UAINo| DiRlE Ul, g

Blo| I8t

w95 AN WAYE ZAR) skl 3
Y $E @45 AR 2 W9 wYH I
ARERA AFAE WA ANyol mE WF



AoE fAdMN w9 Aol 223 WA vAE FE 2N W, Si, T, Al Ca)9 9% 281

2 £5& 238 yade Asts gy
FE nAMsA 277 we Yde] drh:s @
F8 WAL BY ol @A 99
A= o)A HFig. 5 & Fig. 6). 53]
do] 18% ¥#Y #M Lrde|ER S
g3t AR 2 R 5 AR AN 949
o]$¢ F Ba 33 Utk 1EZ 2EHIU2ol
43t 499 2970 ZAY A Mo AH U
2A H2"e] A7k WAA ol EfHoln B
2 Ude Arke WANE $NY Roz Az}
Hoh AMFo s As)RlEAze] @A B4
Aol AMEEA AT Boluh FE Ro) o3 I
¥Ao] BAHE A AL BAr6Me) Yaue
FE A MR £ool AHY Bdo] Yok F &
Bl Aol 8 2o RAsled WYY & U:
A(ApH, Z[C), ALONol 23R A 2H|
QA FRHoZ FAS Ao A "ok
ol YA Hzpgel wis Yol mAstY 2wl
27e] BA W4 AL o A 4R £x:
Eohe 97 F3% 9 @YX Atk

olg ARE My st BAS AR H
el Aol 2087 AA F BEAL XPSE B4
& A3 g2 Ar1gel EHAME W-oxidest ©
26 oAbl BaE ARG AL g Mo
-oxide7t BAFUTE WA Aol AztE oA
Ni(OH)z0l #BHUTH Table 4). 98] ARz 2
A3 Aol FAHE W-oxide Mo-oxideAd
o YA PHATIAE RE e, YA
A gAGME Edo| Ni(OH)2& BAAIAN B
43 ARE A2 A Rog AzEn

Table 4 XPS analysis of W-4f and Ni-2p at various take
-off angle after holding at — 287 mVsce in 0.8M
HCI +3.2M LiCI for 20 min.

Atomic concentrations(%)
Alloy No. 6 Alloy No. 8
Take off angle(® )| 90 60 90 60
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Fig. 7 DMC comosion resistance of super stainless steels
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