
d 31 � d 2 z Vol.31 No.2

2011 j 4 N Journal of Chinese Society for Corrosion and Protection Apr. 2011

t4�(E�K��
�.P℄7>$" 304 �O(9CB�-X#.2!�WIR6fb_ 
 e a`d

(M�i6U�U� �D(B�L �m 071003)Y U : 5<oiqiP�
�x (DEIS) �(�: 304 ,��R 0.1 mol/L NaCl �0s℄$'�m��~:$'�HzP\℄iP�
�x℄"P�ZI:2w��℄G7\�,�<5sr,��R$'℄G.�t?PzP�t$"3D℄,a�iI$'vzP\e7uS~d7&y�,<[P&o℄\u=Z/sr$'℄G.�t?PzP�t$"3D"P�*1� : ,�� oiqiP�
�x $' zP\\H':, : TG174.36 JL�E< : A JZ�, : 1005–4537�2011�02–0130–05

1 �S	 19 2m��yO��4-��&�YH#v��'��^>��\yO���{r�hO���w� (EIS) 4x-\1v�{Q�?#&7A\yO[tR��r\'�4pX\�Buchler _ [1] ;
EIS \��'�9^`yO[\�Y\�q�Oltra> Keddam[2,3] 4e Mansteld _ [4∼6] '�9�>F\#&7A�'YH9�8\1MY�-�6'��6�Park > Pyum[7] hH#&\�>>�;��AP4hd$U;�{Hu\+`f�#&�&\7A_:�*F-��X/�;>OyO�s��l#&\%n.z��?\#sU#&[Z0�'� [8∼12]�_7u#sU#&\hO�
x�[H9+`\#&Y��Skrakowiak _ [13] '� 304 +��\zC���hHu+��\#&F-�s�yO[\_tY�f}<\�6��JXt[�Darowicki_ [14] hH%� DEIS8*C��Q#&\F-�s>�X�s�ZO%n (activation

control)�.g�?/�
��/\NqfB<\�6���1�Æ�.�X9F [15∼18] >� [19∼23] Q?�&�/��/r\#&'���r_7Ip�58 304 +��a!#&�;>OyO7ArhO���wC��
x�}#& )A? : 2010-10-29/5N= : 5o

! a�	_ (50971059) ��^[04 : \";	b	1962 k�	|;	)1	)���n���)F	LGQ^[ : VG	E-mail: lucifertan@163.com

7AryO[�q\�!�'�9ZO%n~+��#&\b1�
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0.003, Mn 1.70, Si 0.28, P 0.022, Mo 0.319�Fe B8�0;Æ���p'G
\�ÆWO2�j{hS^k 800 =��
>`�I
&Q=�(T�r�zG�mA�T�}r�;�58�/1;> 0.1 mol/L NaCl > 0.15 mol/L

H3BO3 e 0.0375 mol/L Na2B4O7·7H2O nm\VE�/�pH=8.4�58Q#�\�hd\{r
��Æ~K1G\
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*$�{fl 100 kHz k 1.08 Hz�Æn�=\
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Fig.1 Potential dynamic curve for stainless steel 304

electrode in 0.1 mol/L NaCl buffered solution. The

electrode surface area A=0.28×10−2cm2, poten-

tial scan rate 50 mV per 120 s

Fig.2 Indication of DEIS test process

Fig.3 Potential impedance diagram Z′′(f,E)/Z′(f,E) of

304 stainless steel in 0.1 mol/L NaCl buffered solu-

tion. Potential scan rate 50 mV per 120 s, ampli-

tude of elementary sinusoid voltage measurement

signal 5 mV

w>�Le��X#&��G���w>e�{.\�Ol�K�Xh"Y�kOyO�s%���w�Ole��M7Ar�/9R�� [13] X���HZQ#&�X�s�Lq7A7|\}ThC|-9�hO���wbp58\sl���**|-1� 1.08 Hz 4�pK�l58Æn�{�64"4�<\�b 4 $09Qb
/�
�Wr 0.2 V %hO���w\}��b
�W%�+��KA#&gw9�\#sU�s�^^J#&KA��>
i*Q\�s�
iY=�_%\hO���wC���e�QbpsL?f��Q�
�Wr�hO���wC���K�r� [24∼26] .A+��yO[\�+\'�rhH�+��\yO[�?F6�+�
6|-> +Ow�>�d6|->^l+Ow�>�%�_1�+�YH9|v|,\�9?F6�+\h�hE [14,27,28]��**r�YH91!�
\F6�+hE-rqnhphO���w\**C���b 50�RΩ,sol 4�J>�/h��CO 4yO[\d6h��RO 4yO[\d6h��Ri 4yO[\
6h��Q 4yO[\
6:�{ (constant phase-

angle elements CPE, Freq R�{C) Hu�{��l�Z=CPE−1(jω)−Freq�1;9 ZSimpWinTM3.21 uA**�6>hE
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Fig.4 A. Impedance spectrum of passive stainless steel

304 at ESCE=200 mV on forward and reverse scan.

B. part of A.

Fig.5 Electrical equivalent circuit of passive electrode,

RΩ,sol is the resistance of connection and solution.

CO is the capacity of outer sublayer, RO the re-

sistance of outer sublayer, Q is the CPE of inner

sublayer, Ri is the resistance of inner sublayer
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Table 1 Fitting results to the electrical equivalent circuit

Potential RΩ/Ω Co/F Ro/Ω CPE/Ω−1
·cm−2

·s−1 Freq(0<n<1) Ri/Ω χ2

0 V 74.28 2.548×10−6 53.82 6.024×10−6 0.8568 3.143×106 0.000234

Forward scan +0.2 V 74.03 2.162×10−6 49.97 4.282×10−6 0.8709 5.464×105 0.000318

+0.4 V 74.03 1.862×10−6 35.12 5.255×10−6 0.8466 2.704×105 0.003683

+0.6 V 75.8 1.503×10−6 15.45 1.716×10−5 0.7023 1045 0.018800

+0.4 V 78.47 5.978×10−7 10 1.846×10−5 0.7083 718.6 0.002875

Reverse scan +0.2 V 66.74 5.064×10−8 17.1 1.391×10−5 0.7685 1034 0.002307

0 V 85.63 1.376×10−6 141.5 1.044×10−5 0.8022 9.398×105 0.001651b
�h��g�\h�f<A$ 1�1MhE>*l**�6ds\h��Lq>��8 χ2 -C8�$ 1 r1Æ\�{fÆA 0.005�h"��f 0.6 V %�{fR 0.0188�̀ ,\�Q#&\�;�s{f}#&\�F���s>OyO�sT�IA�;�seChC\(nuhO���58\zC�=\9��Q+��#&\b
�Wr�4j\Mr [29,30]�+.� RΩ,sol \!O�6{fQb
�Wr!OBÆ��b 6 S0�>A�/rB�\/�mq�RΩ,sol |-<Fh6 – �/>hdds\�8�)9��RΩ,sol \!OC#&\�X4+`.\�_JX�&�/� (|-4 Cl−) \mq!OCnhp�WrhC\!O+`.�#&$U\Fh6�!+�7A%n\�$[�[31,32] 1M�X#&���%�&#tR9�?$U\~o�O�UT9h�K�Q�#&\�X�#
�>\ Fe3+ �}U|�6#\� X���/r\+��;+�4

�>\ Fe3+�X Fe3+ 8RZdTf�%�$[rhYKCmq\.{�_17AhYK�UTGtÆ�Q�#&
yOU�X�Fe3+ \�>t��+�7AY=�#&G+qa\hd$UUT9 RΩ,sol f�Qb
�Wr�d6h� CO \f�01!VNtÆ\7A�_C Darowicki_ [14] \'�41l\�Q�
�Wr�O 0.3 V Z 0.1 V {f$�1!dÆf 1.0×10−8�iI#	9{h��q�QG{QOyO7ArX�ZF-f\1����_�09 304+��Q9? Cl− \�/r�#&GyO[d6�+![>M}|#�OyO7Av�+yO[\d6h��qX�kI� (b 7)�yO[d6\h�!O�b 8 S0�Qb
�Wk 0.35 V d~�RO f!O+T�Q�h"O 0.35

V Z 0.6 V�#&��>�X�RO fX�~x�Q�
�W7Ar�RO QOyOhp 0.1 V d~�091!�IIq\dÆf�QG{(N\ �kF-fM 2.5 ����yO[d6h�f\!O�_17AJXQ�+��#&\����XkOyO�s�$U![>M�{yO[�+��9%��
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Fig.6 RΩ,sol vs potential of stainless steel 304 electrode

in 0.1 mol/L NaCl buffered solution
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Fig.7 CO vs potential of stainless steel 304 electrode in

0.1 mol/L NaCl buffered solution
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Fig.8 RO vs potential of stainless steel 304 electrode in

0.1 mol/L NaCl buffered solution!O�b 9 0H#&7Ar�
6:�{Hu Q \
CPE > Freq f\!O�)�Freq fO#&�;�s|�-X�~x�k�
�W 0.55 V %RZ�b
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Fig.9 Freq and CPE vs potential of stainless steel 304

electrode in 0.1 mol/L NaCl buffered solution
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Fig.10 Ri vs potential of stainless steel 304 electrode in

0.1 mol/L NaCl buffered solutionf�{GY�Z 0.8056�CF-f 0.8436 LÆ�Qa!58r�Freq fKA 0.55∼0.88 ds�+`A
Warburg ��\ n=0.5�JXuQQb 5 YH\+��$UyO[\F6�+� Ladder Y� [15] &5;�̀ ,\�CPE f\!O�3.Qbrp4JX�{Q#&~G\8fÆA 3.0×10−6�yO[
6h� Ri f!O��}�Q#&\�X7ArÆ3�!C8h\�!��b 10 0�Qb
�Wk 0.45 V GfN~xkBÆf�{G�D_1fk#&\OyO��8�B~{fY�kIf���b 9�10 "
�> Cr +Ow�>\+��
6yO[�Q9?�&�/� (|-4 Cl−) \�/r�#&~GyO[
6P�SZtR�W6 Cr \2C"4`�X�kF-U�
4 3;:N+;nhphO���w�ga℄[9+��yO[#&7Ar[�q\!O�̀ %�YH91!�
\F6[�+hE-rq**℄[\hO���w\C��_1��whO���w�E/jA�8;Z�6+��F6�+yO[\#&7Ar��6$X�9?�&�/� (Cl−) \�/r�#&\����X>OyO~G�yO[
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[1] Büchler M, Schmuki P, Böhni H, et al. Comparison of the

semiconductive properties of sputter-deposited iron oxides

with the passive film on iron [J]. J. Electrochem. Soc,

1998, 145: 378-385

[2] Oltra R, Keddam M. Application of EIS to localized cor-

rosion [J]. Electrochim. Acta, 1990, 35: 1619-1629

[3] Oltra R, Keddam M. Application of impedance technique

to localized corrosion [J]. Corros. Sci., 1988, 28: 1-5; 7-18

[4] Mansfeld F, Lin S, Kim S, et al. Pitting and passivation

of Al alloys and Al-based metal matrix composites [J]. J.

Electrochem. Soc., 1990, 137: 78-82

[5] Mansfeld F, Kendig M W. Evaluation of anodized alu-

minum surfaces with electrochemical impedance spec-

troscopy [J]. J. Electrochem. Soc., 1988, 135: 828-833

[6] Mansfeld F, Shih H. Detection of pitting with electrochem-

ical impedance spectroscopy [J]. J. Electrochem. Soc.,

1988, 135: 1171-1172

[7] Park J J, Pyun S. Pit formation and growth of alloy 600 in

Cl− ion-containing thiosulphate solution at temperatures

298–573 K using fractal geometry [J]. Corros. Sci., 2003,

45: 995-1010

[8] Pistorius P C, Burstein G T
Growth of corrosion pits on

stainless steel in chloride solution containing dilute sul-

phate [J]. Corros. Sci., 1992, 33: 1885-1887

[9] Williams D E, Stewart J, Balkwill P H. The nucleation,

growth and stability of micropits in stainless steel [J]. Cor-

ros. Sci., 1994. 36: l2l3-1235

[10] Pride S T, Scully J R, Hudson J L. Metastable pitting

of aluminum and criteria for the transition to stable pit

growth [J]. J. Electrochem. Soc., 1994, 41: 3028

[11] Laycock N J, Newman R C. Localised dissolution kinetics,

salt films and pitting potentials [J]. Corros. Sci., 1997. 39:

1771-1790

[12] Liu Z J, Cheng X Q, Liu X H, et al. Calculation and anal-

ysis of diffusivity of point defects in passive film formed

on 2205 duplex stainless steel and 316L austenitic stain-

less steel [J]. J. Chin. Soc. Corros. Prot., 2010, 30(4):

273-277

(B�n, C �, B�Wa, 2205 H�-��F 316L 
7℄-��{Q℄ef
�,�|E^kO�y [J]. u5�)F	L �	2010, 30(4): 273-277)

[13] Krakowiak S, Darowicki K, Śepski P. Impedance investi-
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IN-SITU IMPEDANCE INVESTIGATION OF 304 STAINLESS

STEEL BETWEEN PIT GROWTH AND

REPASSIVATION STATE

ZHANG Shenghan, TAN Yu, LIANG Kexin

School of Environmental Science and Engineering, North China Electric Power University, Baoding 071003

Abstract: Pitting corrosion investigations of 304 stainless steel in 0.1 mol/L sodium chloride borate buffer solu-

tion have been investigated by dynamic electrochemical impedance spectroscopy (DEIS). The electric equivalent

circuit of the classic double-layer structure has been proposed to evaluate the changes of EIS data. According to

the fitting results, the outer-layer of passive film of 304 stainless steel is highly destroyed during pitting process

and can not return to the original condition. However, during repassivation process the inner-layer can be

repassivated entirely. An active controlled model of film breakdown was proposed to analysis the film between

the pit initiation and repassivation states.

Key words: stainless steel, DEIS, pitting corrosion, passive films


