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A Study on the Effects of Alloying Elements(Cr, Mo, W, Ni) on the
Repassivation Rate and Stress Corrosion Cracking of Stainless Steels

E. A. Cho and H. S. Kwon
Dep. of Mat. Sci. and Eng., KAIST, 373-1 Kusung-dong Yusung-gu Taejon 305-701

Effects of alloying elements(Cr, Mo, W, and Ni) on the repassivation kinetics of
Fe-Cr stainless steels in deaerated MgCl; solution at SO'C were examined using the
rapid scratching electrode technique under a potentiostatic condition. The
repassivation kinetics of the alloys was analyzed in terms of the current density
flowing from the scratch, i(?), as a function of the charge density that has flowed
from the scratch, g(¢). Repassivation on the scratched surface of the alloys oc-
curred in two kinetically different processes ; passive film initially grew according
to the place exchange model in which 7(#) is linearly proportional to ¢(¢), and
then according to the high field ion conduction model in which i(f) is linearly
proportional to the 1/¢(f) with the slope of ¢BV, where c is a constant for the
alloy, B is a constant related with the activation energy barrier for ion movement
and V is the potential difference across the passive film. The value of ¢BV for an
alloy was to be found to be a parameter representing the repassivation rate and the
protectiveness of the passive film. The influences of alloying elements(Cr, Mo, W,
and Ni) on the repassivation kinetics of Fe-Cr stainless steels were quantitatively
evaluated by examining the effects of these elements on the ¢BV, and discussed
the protectiveness of passive film and the stress corrosion susceptibility of alloys
in terms of the value of c¢BV.

Keywords © ferritic stainless steel, repassivation kinetics, scratching electrode technique,
alloying element.

1. 4 = FEANA FTHEH BS(FA)E PAAE B

stes Fgwo,
2R age $48 WAL B e AHE 2SN 2l ae) 25E 1)
e YFs AU REH de Yy gol F¥Hoz HYHW A (pitting)ol 1} $

g Fo|ch. REH Hue gfFEo] Cr MH3EE, ¥ 3 A 7 9 (stress corrosion cracking, SCC) 3}



B8 ¥4(Cr, Mo, W, Ni}7} _’:Eﬂ‘?lalfz.%gl AEFH 45 2 SR 7Gel A= S B I 145

22 ZrBHol dousd od IHolu
SCCe WA« R= wmute] ZRH sojel ol
B34 AYPHes FHEHA &, 28 HY A
A kg, E AR g AdEY &2
o8 ALY H2 A8 AFAEN I A
Bxg A% (kinetics)o] W ¥Fo =¥ o

£2 24 APHE FHHE F4F ARYol
Bl

HAHAM A REY AFol #I 7Y F
]

ZFEHI Ut

ko
oX
o

=

ARFeH AFe FEd oL 47 olge
Ao gt SatoVe REH Huo] ielen
5927 A2 AdutEE EA JFdds
‘ztel vpE 29 (place exchange model)’ & A<t
sttt 9@ Cabrerast Mott” s w2 f

e & A7 Fd o8 o] oFHLT
W Hete] AARceE MG ol2AZER
(high field ion conduction model)’& A3t
th o] R wa2W HRFH AFLE, ()
o) hFglog i())H AFLAEE Al s
HES AsIYE, gHY I A HAH
#AE WHh oldf log i(¢) vs. 1/4(¢#) plot
9] 71&71% cBV (c= AFoli Be ol&9
olEd "ad BAHE duAd BHEH ol
Ve IJg gazte 1393z gdH4, o
o] RE&FE AYFH =7 mEL FFH I
uto] HFAo] $45w SCC APAe] FA=
= Aoz gAAGY

JREH ASE& 737 A on F
A" e Red Hohg adop gt o
g 98 HW¥AIY, in-situ FHYY vlmAP
H,D ZAAEE,O Fol AHEHT ATk Yeom

Ve FNAEYezr ARFH AFE A

4

i

A7le ez g8t a2y o)E dase
z47% 39 AEFH ASE dElE BV
o] AFHA BAA dE A7 AAHez=
o] Foj A A ket

2 dFdAes dgd 249 HeoE 2H
Aejx7e daf Z7IAEHeR BV #& F
Aol FEH A= WA SEREH AP
Ae BN fa%a 48 A e Cr, Mo,
W 59 #3947 AFFH AT oA 9
g FgHoz EH3lx, o FFULTL ¥
glolE 2Hea7de] SCC Ao oA=
BEL dFstax Ak =Y AFTH HYrH
oAz HEtelE AHJuaZe] SCC AEgEE
A3 gojmeles FFE2AW Nio] A ¥ 5
Az vlAE S 2Atste] BV SCC R
Aol #AE #FAA

2. Y ESH o|E

BEe) wug ¥4 e 2Hdal 27
A 2zadXEg ¥, 4Rl Aa F
Zgautgo] doju} Fig. 1o A} o] 43FA
F7r 333 F/hstdvrt mwtel A A A HA
wal AAE At REd oo o9
o]3 & W= H3Tolmg, FoiA Ivpd
At HFLUE (N7 FL€FS gue B
FAo] itk ety UdARE Ao HIA
& ztE dure] HAHAX Hele A, &
AFYE o =277 dee Aol &#
£4E ARFH £=27 B2t g F# Yo
a8eg Fig. 144 &8 By &3 ART A
BEH £x7 alzdh

F4 BHol £ =2HYE ARFH B
g ool F&88 gl FA douAT,
Aol et o] ol HELE A Y3A
FEgd wgd o AFes AL & AL
Aze) He goletn Rugdch® 2Edg I
o] HAHE w N7 wE HF "o ¥



146 B354 88 =

A27A M2E2 1998. 4

th> 15
o <Ig
( r : repassivation rate)

Current

Film Breakdown ta ta Time

Fig. 1. A schematic of current-time transient be-

fore and after film breakdown.
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Table 2. Time to failure of U-bend specimens in
boiling(140°C ) MgCl, solution

Chemical composition Time to failure(hr)

18Cr-2Mo-0.6Ni No failure
18Cr-2Mo-1Ni1 6~22
18Cr-2Mo-2Ni 4~20
25Cr-3.5Mo No failure
25Cr-3.5Mo-1Ni 22
25Cr-3.5Mo-2.5Ni 5.5
om L] T L T T T
0.004 b j
5
Qo
3
0.002 - * Fe-Cralioys '1
o Fe-25Cr-Mo alloys
= Fe-28Cr-W alloys
8 o Fe-25Cr-2Mo-2Ni
0,000 R N . A —

1 2 3 4 s 6 7
Thickness (nm)

Fig. 9. Dependence of ¢BV on steady-state film

thickness{tss) estimated from the charge con-

sumed after scrathing the specimen assuming
100% current efficiency.
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