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Repassivation Characteristics of Fe-Cr Steels in 0.1N H2S04 + NaCl Solutions

Dong Ho Ham and Jae Bong Lee

School of Metallurgical and Materials Engineering, Kookmin University, Seoul 136-702, Korea

The repassivation characteristics of Fe-Cr steels in deaerated 0.1N H,SO, solution
have been investigated with the variation of Cr content, applied potential and Cl1~
concentration. Cr plays a major role in passive film formation of Fe-Cr steels while
Fe has the minor effect on that. Abrading electrode test results show that as Cr
content increases, repassivation current density is decreased, slope —n of log i=k—
n log t, a parameter of repassivation rate becomes lower and finally approaching
that of pure Cr steel. The repassivation curves of Fe-Cr steels become similar in
shape as applied potentials increase. On the other hand, Cl~ ions in the solution
seem to suppress the formation of passive film. A.C. Impedance Spectroscopy results
show that the polarization resistance of oxide film becomes higher and the capaci-
tance of oxide film becomes comparable to that of pure Cr in the case of the 0.1N
H,S0, without C1™ solution, as Cr content and applied potentials increase.

Keywords : repassivation, abrading electrode test, a.c. impedance spectroscopy, polarization

resistance.
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Fe Bal. Bal. Bal. Bal. Bal.
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Fig. 1. Potentiodynamic polarization curves for Fe-Cr steels in deaerated 0.1N H,50, solution with vary-
ing Cr content and CI~ concentration; (a) 0.1N H,SO, ; (b) 0.1N H,SO, + 0.01N NaCl ; (c) 0.1N H,SO,

+ 0.1N NaCl ; (d) 0.1N H,SO, + 0.6N NaCl.
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Fig. 5. Decay of current density with time during repassivation of pure Cr with varying applied potential
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Fig. 6. Impedance spectra in bode plot obtained from Fe-Cr steels at various applied potentials and Cr
content in deaerated 0.1N H,SO, solution ; (a) -0.25V ; (b) 0.3V ; (c) 0.6V (vs SCE).

& FeCrad$8 «4% Cro] Holt W& ca 587 =299 £0502 F40) gd5ol
pacitancegk o2 4 @39t} (Fig. 8(b)). ARAEs FHEEHA Ha Al Aol wet
YA 25d vte] YHHUA ARUYES B4

4.1 # s "ok dwdez ARFHs ARHRA A

239 AFUEe WAL i=AU"Y HFSE @
29 ARUE i AREY £E8 YEE 72

Hedl Ot gPe 252 VIAH B2 3 71 (-m)& §EdaY FAEF T 27 ©
BH FH o o] AAH & HH 2 & @& vehhA "t Fig 19 25544

41 XE-SEi ASoll o|x|= Crgate I8
z



0.IN HSO, + NaCl £8 )N Fe-Crte] A %5e) &4 317

AY
]l
Tref

-

L I Wd l

Re : Capacitance resistance

Rs : Solution resistance

Rp : Polarization resistance Tref : Constance phase

Wd : Warburg impedance element

Fig. 7. Equivalent circuit model for simulation of
Fe-Cr steels in 0.1M Na,SO, solution.

A BEo] A<l 0.IN H,SO, F8&99 A Fe-Cr
73o] Holz RFH 449 Cro o8 F= 34
o2 AEFY 9A Cro] 38 9L & Ro
2 A€ Fig 39 AR5 249 228 vy
Cr@so] £& Fe-Cr3YdsE AR5 A{HUE
)7 #A Yen 7187 (—n)ge Zastz 9
o Cr #ego] F7¥FE ARFTHI oS 2y
AP &8 ¢ & vk AC. Impedance &
2, 13ERNM 48 25 AggsE
¥ F2AZAH (Rp)& Jeido (Fig. 8(a)).
o]z Ho} Fe-Criel ARFHE Cr ol
EE2TE M2 P45, 2 gEdE g2

AP e zZte Agg 4geva &+ o

%
42 XE-ZE AHSol o|xle Hool2m ATH
e gy

Mo M ot

4 £

Cr #de] 43 9o £d9 Gaol =9
A7/HYE Fe-Cr7e] ALZe] AEL HAAG:
F8% 84 F9] dluolth Fig 4(a)= @40l
°l 00IN %€ 01N HSO0, #&44 ALF
B Al Re g Fig 39 giolgo] U= A2
gl & AFYUEE Uehides 53 18wtk
olste] MaAFANNe ARFHI MEA Fe
£ B olg gL A Y e Frole
o] Feol &3& ZXAA HhFH o2 Fe gafol

exio® T T T T v T T T T T axio’
510" 1 5x10°
e a
s 410" e - 410
. 8o .
o a10° E
& 2004 ; 4 200°
1x10° _',3" —o-o03v| o x0°
3 0--03v
o] o_ﬁ u/ A 08V 1o
x10° T “x10°
0 20 0 0 0 100
Cr W%}
(a)
0 2 40 60 80 100
300 T T T T T 300

Fig. 8. The change of Rp and Cox of Fe-Cr steels
obtained from the impedance stectra with vary-
ing applied potential and Cr content ; (a) Rp ;
(b) Cox.

e AABFAN ARFY 2700 0B U Fe
o g g ARFEL AASE Rew AW
% itk ARFH 27), Fe alo] ola] AHED
oAf 4Hoz Crel #3Fol FAVs Rz Cr
wstgto] gyolw FHAW AFUES 7ar)
Yehbll o} ol ¥ Cr 48 g4o gt @
WE AFYEe] Pazt veue Roz ARy

& ok



318 d= R4 A28

A4z 1999. 8

AR 45 ARFH ARIEE FM
A3 AZEZAAA Jetgd OHA Agel vE
uAl gol Fe-Crdge] A58 ASE FASH
e E9E 7tALY (Fig 4(c)). & A7HdH
£ Fe &3d &t & F58HE& F& AomE @
2 HYE AEAE dEY Feo] & F7HA
A e A7 Yol F5EH Craol ®olA Al
Hoh® ety @ AstEYdA YeElgd AR
SHl 2719 194 Fe £87+9L ANAA7L &
ol & FolxA Hol AAFAY MYA AF
& oA Het ol @ olfE & AMHAE
A& E Fe-Cr7d 389 Cr @3] & A W
o w&5o Fe-CrdE9 AFFe AFol Hal
dx e FLE AL Rez HF4dh

=% Creo AFFd A% vl A7tdH
9} a0l FHE Fe-CriolA ot il Feol
Wi a2zt glerg 4% Cr abslet Ao qt
#Hogin @ 4+ ok Fig. 5¢] 2RXE BRY, &
$% Cr& g0l EASA &de 2% A7Hd
Aol Aol FUE AFFH JFHE Hojut &
A Yol Faoleo]l FrstA HA AFFHt &
BAEA e I A=RE A7ASLNG FU4E
FE & AAY gty daele] e B
B Hutd el a3 g Lol 5T FAAHA
FABAE 1A ARPAHL AFA &2 a7
A7 Z7gtel wal gaolee EF=V UF
ANs2 YRS Waste dirolled ad
A A7t A7 A-) e Frtstdvy ¥
%E}‘U)

5.8 £

1. 0.IN H, S0, &4 Fe-Cr7o] Uehl=
B34 BEgawe F2 Cr Astdd o8 4
v Fe 4zlghe] & FAE + U

2. Fe-Cr7te} A7 Fef 483 A.C. Impedance
Z3A9 Cr ko] F/4185S AF5H Ao
WA&T ol HAAGHo] g #4E Crof
el AESH A4 Az

3. 4% Cre gaclec) gl A% AbAs

o #Aglel 2UH AFEFH ASE Holvh &9
el gaocleo] =73t =HA AREFH F o
FolA ¢od 1 aFE ANAYT FAERS
& A vesh

% 7

o] &2 d=HsAGEe 97 FHAT A (%
W& 97-0300-1001-3)9] ATl ojdte] =4
HAen old A=Yt

References

1. T. R. Beck, Corrosion, 30, 408 (1974).

2. J. C. Scully, Corros. Sci., 15, 207 (1975).

. S. Ahila, B. Reynders and H. J. Grabke, Corros. Sci.,

38, 1991 (1996).

. M. Barbosa, Corrosion, 44, 149 (1988).

. T. R. Beck, J. Electrochem. Soc., 129, 2500 (1982).

M. Barbosa, Corrosion, 40, 309 (1987).

T. R. Beck, Electrochim. Acta, 18, 807 (1973).

D. Boomer, R. Hermann and A. Turnbull, Corros.

Sci., 29, 1087 (1989).

9. N. Sato and M. Cohen, J. Electrochem. Soc., 111, 512
(1964).

10. M. Stern, J. Electrochem. Soc., 106, 376 (1959).

11. G. T. Burstein and A. J. Davenport, J. Electrochem.
Soc., 136, 936 (1989).

12. G. T. Burstein and R. K. Misra, Electrochim. Acta, 28,
825 (1983).

13. R. C. Newman, Corros. Sci., 25, 331 (1985).

14. P. I. Marshall and G. T. Burstern, Corros. Sci., 23,
1219 (1983).

15. G. T. Burstein and D. H. Davies, Corros. Sci., 20,
1143 (1980).

16. G. M. Bulman and A. C. C. Tseung, Corros. Sci., 12,
415 (1972).

17. J. D. Kim and S. I. Pyun, Corros. Sci., 38, 1093
(1996).

18. Su-Il Pyun and Moon-Hee Hong, Electrochim.Acta,
37, 2437 (1992).

19. A. Atrens, B. Baroux and M. Mantel, J. Electrochem.

w

® N o oo



0.1IN H, SO, + NaCl &9 A Fe-Crzte] A58 54 319

Soc., 144, 3697 (1997).

20. Z. Szklarska-Smialowska and W. Kozlowski, J.
Electrochem. Soc., 131, 234 (1984).

21. J. W. Schultze, M. M. Lohrengel and D. Ross,
Electrochim. Acta, 28, 973 (1993).

22. M. Drogowska, H. Menard, A. Lasia and L.
Brossard, J. Appl., Electrochem., 26, 1169 (1996).

23. D. Kaushik, M. N. Alias and R. Brown, Corrosion, 47,
859 (1991)

24. Hiroyuki ogawa, Hiroyasu omata, Isao itoh and
Hideya okada, Corrosion, 34, 52 (1978).

25. Z. Szklarska-Smialowska, “Pitting Corrosion of Met.-
als”, p. 399, NACE, US.A. (1986).



