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Abstract : The repassivation characteristics of Fe-Cr steels in deaerated 0.1 M Na,SO, solution have been inves-
tigated with the variation of Cr content, applied potential and CI” concentration. In the absence of chloride ion, abrad-
ing electrode test showed that, slope —n, of log i=k—nlogt, a parameter of repassivation rate, approached to -1,
regardless of Cr content but as Cr content increased, repassivation current density decreases with increasing Cr con-
tent. A.C. Impedance spectroscopy showed that the charge transfer resistance of passive film became higher as Cr
content and applied potential increased. However, in the presence of chloride ion, it was observed that chloride ion
suppressed the passive film formation, whose effect became greater with increasing applied potential.
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Table 1. Chemical compositions (wt%) of Fe-Cr alloy samples

Alloy 13 18 25 30 40
designation  wt%Cr  wt%Cr wt%Cr  wt%Cr  wt%Cr
Cr 13.49 18.62 25.28 31.42 41.36

Fe Bal. Bal. Bal. Bal. Bal.

D.C Motor

Computer

Working
Electrode

Fig. 1. Apparatus for abrading electrode used in the study of
repassivation kinetics of free electrode surface.
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Fig. 2. Potentiodynamic polarization curves for Fe-Cr steels in
deaerated 0.1 M Na,SO, solution with varying Cr content and CI”
concentration; (a) 0.1 M Na,SOy; (b) 0.1 M Na,SO, + 0.1 N NaCl;
(c) 0.1 M Na,SO4 + 0.6 N NaCl.
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Fig. 3. Decay of current density with time during repassivation of
Fe-Cr steels with varying applied potential in deaerated 0.1 M
Na,SO, solution; (a) -0.4 V; (b) 0 V; (¢) 0.5 V (vs SCE).
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Fig. 6. Impedance spectra in bode plot obtained from Fe-Cr steels
with various applied potentials and Cr content in deaerated 0.1 M
Na,SOj solution; (a) -0.4 V; (b) 0.5 V.

A3}7] 913t CPE(constant phase element)gt'®S T2 }EF
e AFst Ao Yehs gabib-gef <3 3 &

Y
Jl

\1/
W
[ wa ]

Fig. 7. Equivalent circuit model for Fe-Cr steels in 0.1 M Na,SO,
solution. Rs: solution resistance, Rct: charge transfer resistance,
Wd: warburg impedance, Rc: capacitance resistance, Tref: con-
stant phase element.

W

Ro{K @ cm?

Capaditance{ pF/ocm?)

o+—r—r———0
0 20 4 s 8 10

Criwt%]
Fig. 8. Changes of Rct and Cox of Fe-Cr steels obtained from the

impedance spectra with varying applied potential and Cr content;
(a) Ret; (b) Cox.




200 J. Korean Electrochem. Soc., Vol. 2, No. 4, 1999

20 40 60 80 100

14~ —o— 0.4V - 14
4 e Q- OV L
124 - 12
104 - 10
-8

-6

L4

Charge Density{mC/cm ]
(o]
Thickness{nm]

3

Criwt%]

Fig. 9. Charge density and oxide film thickness results of Fe-Cr
steels through Faraday's law calculated from abrading electrode
test results with varying applied potential and Cr content in deae-
rated 0.1 M Na,SO, solution.

Warburg impedanceE Wd= WERAITE. o] 73|20 2w
R, Warburg impedance= AEE AZHH C,= WEE A
A"t} olFA 3l AR RG-S Fig. 89l HERHUCE. Fig.
8(a)olA Cr & Wske} rbd el we Rkl ¥sE v
RW Cr gFo] T7HTE Ratel AFHoR Frslae
o A7PAE A A4S, &7 Cr2 A7 #AY
o] 593 RHE EIoU Fe-Criae 7H &2 /b9y
2l 0.5 VollX) A" FEe Tge] 7P} & Raks HER
Atk Fig. 8(byell veld Cr ol o HAeHEe B
Fe-Cr7}S Cr (13, 30, 40 wt% Cryell w2} 70~140 pF/
cm? Alole] Zhe 7HOU £4% Cre 35 pFem’d e 4
Rt

4.1 &

4.1. SSEf mate| EM1 gA0[22 AHE

Fig. 204 ®@ giolo] EAISIA] & 0.1 M Na,SO,
Z=goloA] FHEE] A9 (Eransys 5% Ferl 7H8 & 3
< Yepliglen Cr §%o] %8 Fe-CrddsE Hal ¥e 3
< Yehflo] &8 CrollA 7 22 E5E A9E UER
Ak olE I FAY sEAdN P =TT Fedl
Fe,0; 58 T2o] $48 Cr THd 4% Cr0; 258 3
o] Crof 2 fsiEle A9 ol M= FA=7] wFo|ct.'®
TEFF NNIRS'9} XPS'2E o]843F Aol ofshd 2|17
oA FAHE Ree) vu2 F F07 olFojH glory UFd
E Cr0s8 Cr Ak, 9)&dl= Fe,0:4 Fe0, 12|12 TR
o8 FF9 Fe 4tzluto] FAHO irta BI3E o
Schmuki 59 Z7'9%) M2 Cr §Fo| BSFE vgZo=R
2] Fe Ataluke] Aol ARt Rusigeh mebs 549
B3 AIF A3Fig 2004 & 5 A=) Fe ] BETE
5z A7t Frtehe @4 W] uldEe] PXHEE= Fe
Abglato] Cr Atslute) AREE] d42 JAAZ] Aoz A7
"ot a2y gaol0] A=W Fig. 2(b) £57% Fed] H-5
B oo Yehx] oA 8 89 Yo diolo] F7HE
= Fe-Crte] 335e A7t oA 843t Fgelrg
Fe =88] ARkl 78I o] gaol20] Feo| 5|
et P8 ety IS & F Uk o)HE A AY

AF2RE diol2o] gE wele Fe 4kslgte] Fe-Cride] 3
Ree] uhe-S AR Faolo] Esie Afolle Fe 4t
sheto] Hiol2o ol g4A FALo} Fe ¥l S7HETH
2ol tist AFgAde] asA BE E F Ao o9k 22 A
= A Cr ol TS Eom Eye RS S7HIZIT
£ Hong?e] A9} 2 XSt}

4.2. MESE HE
Fig. 3¢ Cr g8 W3 ue AR5 S48 vasiEd
AAaolLo] P S Fe-Crddt 578 Cr A (e Wit

5 AFEEE Cr 0] S7185E goliX &8 Crol
71 W ARYERS Uit ole Cr &%l 71
g Z2& A7 Yol t% X4 BEH Hgs Tt A
S JeRli® Cr 2] ARFH ko Eoe IS FA
o} AAE= Tuhe AL Cr $Hgl ot @b s
< oujgit}, 8 Yol gaeleo] EAT dole A7k
7} F7FETE Fe-Crdel AF-s8l 4ol v WaiE 7

U (Fig. 5) ©l88 U Fholo] S HH Fe AF
sloto] FAEA ROM(Fig. 2b), (0), A7 715
daol2o] OH9 A FAAAE 0177 wEd* Crol
Adg e Fuke ke AS WEisk] WEel o=
AZ-E}. o)Ejgk ARFEle] st dioleo] JEe D
o osiA B uh vk, wPEASAIE ol YeRbs Al
e AFEze] wlM ARFIYEE A7kl wet HEsie]
HEEE AL the ol A Faraday 2ol tidstd F&
B Hote] FAE AMEHTHFiz 9). P FTte] HEe
Cr05(5.21 glem®)9t Fe,0x(5.27 glem®2] Hagk 524 gleom®
2 38|37 EAFE Cr05(152 g/mol)2t Fe,05(160 g/mol)
B4k 156 g/moly T2]x yhgol gt Aal7kzys 32 o
Jeted iRl F-58 o] FAE ALreInh. Fig. 9904
4 Q%o] Fe-Crdd Cr $Ho] 7kl A7HS7 2
FE o 2o AEEzis Bied &5 Cre A7
=25 E Aol FUFT. Cr gl o2 F-s8 I
ko] $AE AHEY Cr go] F/HEFE F5H ]
A7F FoIRIH 25 wt%Cr oMFe] Fe-CrdolAd= 20~60 A<
e 2oy 13 %wtCrt 18 %wtCrd)l A7) 7A$olle
100 A o9 FAE vehiddth ey 7oA vehd F-
e T FAe AA FEE e ta Aol vE
Y £ ol ool tid Wl AN s AT-FEH et
Uehts At F5E guhe ket 2ole ARt of
Yzt & Fo 2 gajEorP] HEd Aew B 4 AT

o

1o}

M

43. BSNE W HHEY

A.C. impedance spectroscopy -8 &3l Cr & <1
7HAA7}Y F7FETE Rakol F7HeHATHFig. 8(a)). ©1Ed A
= Cr §o] BESE U XUd §58 Iws 4]
7ol A7PA]7E S7HEE Feoll o8 A== F-5H
ute] B8 AR 7] wjZolnt. ole whEHF AWM F
2 Q7AYo veh e Feol AN-FH 543 #A itk
Azbe|oiZItk(Fig. 3). 28yt 78 Cre A7l FAIRlel
P4 YA RAS Holi Ed ol oFe Cr AV
Aol BAIGe] Cr,0, FHlS B 58 ks FAs] o
o2 ALEET Fig. 8(b)ellA Uehd 58 F=e] Jd &
Fekg vlzsh EW Fe-Crdd @aoleel fie 947104 Cr
$HE13, 30, 40 wt% Croll Wl 70~140 pF/em® H%2] 3k
< Yl I3y 53 Cre 35 pFem? ZEe e
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e B2Red, oz AALHe R g9 B
o Jleme® v AHLdgs Yl 53 Cre] F-5H
o] 7P F-2o st AFAFe] Avke AL & F 3
5.4 =

1. 0.1 M Na,SO, FENNe] Fe-Crde] F5d Ik
Fe it} Cr Atelut B oEsi o Fe Atglae i
5 HYE F/AA F5H d9g FFAAEY. 28y 8
Al o] Gio)eo] EA5A =W Fe-Cridd Fe &3l 57t
F4E FAAIT Bolx] EFE dgo] HAHI

2. 0.1 M Na,SO, F&djA Fe-Cr7de] AEFElE Ferth
= Cre] ARFH AF F2 &3P en gaolo] EA)
3l 9 daol0] Fe-Crde] AF-GHE #s8lshs Exe
A7 ZolR4E BS A et

3. g&olo] Qe AS, Cr ¥ WHaly} Fe-Crde] A%
B £xde Hoe 9 74 fgkey Cr #del S71Es

= ARSH 8 vze) RS S,
HAlel 2
o wRe FFAARY 97 EAITAANGANL 97-
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