
b 30 � b 5 i Vol.30 No.5

2010 [ 10 P Journal of Chinese Society for Corrosion and Protection Oct. 2010

s%��E}?��
��#9! AZ91D T7B�q�9Æ'9WZi℄���<I; 1 + 7 1 *8E 1 ,RO 1 P E 1 CMW 1 >1Q 1 G/3 1,2

(1. +r&�BV�0,Æ�DB��B�M��D|>�!) +r& 150001;

2. r$Æ�Mp1�~C p1��D|>$Wvd�!) �# 110016)� � : <S)oByu�o AZ91D �7pl=��BO?O*B�<
Ifz�SEM��8��BO℄$G
>�<PBuz5fB��	g�~S)oBm��BOU�ÆX℄:}�j($K, S)oB AZ91D�7p$G�?+5�&d|9VAITu`G"℄l=��BO�kU�ÆXv{L��2=� : AZ91D �7p EIS S)oB �BO U�Æ$y'L4 : TG174.36 {��kR : A {��4 : 1005–4537�2010�05–0341–06

1 b�?6o5p)qEk��4-Y"w\���X&D\A�pFd�TUl4=�CxsO2-Y���Qm�K�?6oT�\xty&?A��ANF!�"O$A�̂  �℄<"O$A�#F�44N!#FF!^^�jqA��ANF!&?6o#F{=\*�?�xt�HS\�<�t�1>/, �AN\T�W/�X>��;*2[\���uf|Cx�l��N?,�%lC��b/wTx.HF-?�<�\�A�1�sZ��g�A��ANF!�1{UDw��-<�N�-<
- �C<ZN�k<�N4mX�AN^�j�?g/a{=�' [1∼10]�Elsentriecy ^ [11] 4 Mansfeld^ [12] T1Obsl AZ91D ?6or�k<�A��AF!�>�G[*N4��QoT�W�/\k<��AN�>�T1e1Obs ��n�AN\	>)A�5q	>\�AN�HSt_F!�immÆ\�AN�?�/\lE�R(nA�ACÆS2&T1JEgY*�*hb6��f4(	\f!e�1��?W0Æogf|\=�QmR(nAS2/"wa8;��'N,��nANF!q�jnAN:k4T�WuzK��oeh&KK=�{RObs\�-fa : 2009-04-10:C�X : &X�{��Kq�R50601007��}( <A : 0���1979 \��℄�+$����z�`A8q��F~�w�( : ZG, E-mail: zhangtao@hrbeu.edu.cn

1nAN [13∼15]���}m_*,��R(nAS2� �n
AZ91D ?6ok<��AN\	>)A�#;	He�u℄y�SEMÆ�7R(nA;\ AZ91D ?6ok<��AN#F	=�Q)iebOAty4eA�
�f�}R(nAl AZ91D?6o���_\9|�
2 j�%$� /+_�~?6o AZ91D�jA�>�
(mass%Æ_ Al 9.03�Zn 0.73�Mn 0.205�Si 0.0018�Cu

0.0010�Ni 0.0003�Fe 0.0012�Mg _B)�*%CS_ 10 mm×10 mm×10 mm�;C$3aE��3D 1 cm2 \�ÆF�; 2000♯ o{�jTP�w �6ro'K�k<��A)\y&>�_ 0.25 mol/L Na2SnO3·3H2O�0.073 mol/L

CH3COONa·3H2O�0.13 mol/L Na3PO4·12H2O 4
0.05 mol/L NaOH�>Nk_ 60 
�>N�\_
1 h���np_ 0.05 mol/L NaCl+0.01 mol/L NaOH�)���"8 R(\f!e�1\#3V�V 1B#�R(nAB�f!e:_b6 f=10 Hz��f
A=2900 mVx	(�W��_ 1/200�R(nA\k<��AN�AC-CCÆ&dk<��)Y~k 60 
;�� AZ91D ?6o*%m�k<��)q�1;�eONp�2�eO_�2�eOÆ�#; Zah-

ner IM6ex eA��Æq\ PVI M��n>N)A�>N�\_ 1 h�qt_F!\k<��AN�imm-
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Fig.1 Schematic illustration of the AC passivation

(a) locations of the square wave in comparison

with anodic polarization curve, (b) anodic polar-

ization curve in the AC passivation solution

CCÆh&d AZ91D ?6ot_� 60 
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�f�EISÆ�}R(nAl AZ91D ?6o���_\9|�eA�3)_;;\�eOpS��|eO_ Pt eO�2�eO_ Ag/AgCl�eA�3*1; AUTOLAB eA��ÆX�iebOAty&Q�4eb�!"O	H�	H;6_
0.9 mV/s�f1
�3)b6v^_ 105∼10−2 Hz�}i�1_ 5 mV���np_ 0.05 mol/L NaCl

+0.01 mol/L NaOH�
3 �3�tQ
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Fig.2 Surface morphologies of (a) imm-CC and (b) AC-

CC
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Fig.3 Anodic polarization curves of AZ91D alloy, imm-

and AC-CCIeebO��ane1O`�7J/+\T�WO/�0� i'7J�;R(nA�n�AN\>N)A�k<��AN\T�WuzK��
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Fig.4 EIS of AZ91D alloy, imm- and AC-CC after (a,b) 0 h, (c,d) 18 h, (e,f) 40 h, (g,h) 110 h exposure periods�o
�Mfe`*N*�4)f�\7J�� 18 h;�JN4t_F!\6oT�W!9���Y��qR(nA\6o��?9/\T�W��� 40 h�V 4e�4fÆ�JN�t_4R(nA;\6o\
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Fig.5 Equivalent circuit proposed to fit the experimen-

tal EIS data (a) AZ91D alloy (b) imm-CC and

(c) AC-CC
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Fig.6 The |Z|f=0.01Hz of AZ91D alloy, imm- and AC-CC

during the various exposure periods
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Fig.7 The pore resistance Rpore of imm- and AC-CC

during the various exposure periods

P = (
Rp,AZ91D

Rp
) × 10

−|∆Ecorr|
ba (1)jq�P _�q6�Rp,AZ91D 4 Rp �%_ AZ91D?6oJNOAe
4k<��AN\OAe
�∆Ecorr _JNCk<��AN\��eb9f�ba _JN\ Tafel �6�>OAty�V 3Æ`

ba _ 214 mV/dec�|Z|f=0.01Hz s8_ Rp�Ecorr f�# 1 B#�l�q6?�\\!AÆV�V 8Æ��`�R(nA;k<��AN\�q6Ju`�t_F!\��q6e`�7Jp� ���p�	>��\�\O<�/+\T�O/�0�}i'#J�Ct_F!{��R(nAuzK�*k<��ANlE4�q6�QqK
Table 1 Corrosion potential(Ecorr) of AZ91D alloy, imm-

and AV-CC during the exposure period (mV)

time/h AZ91D imm-CC AC-CC

0 -1.462 -1.359 -1.586

1 -1.357 -1.445 -1.557

2 -1.360 -1.495 -1.568

4 -1.440 -1.486 -1.576

6 -1.505 -1.472 -1.588

8 -1.434 -1.490 -1.581

15 -1.481 -1.420 -1.423

24 -1.453 -1.432 -1.539

27 -1.462 -1.438 -1.573

40 -1.395 -1.430 -1.541

45 -1.439 -1.425 -1.500

49 -1.527 -1.431 -1.509

50 -1.526 -1.392 -1.485

60 -1.515 -1.458 -1.543

65 -1.525 -1.430 -1.520

73 -1.535 -1.467 -1.516

85 -1.283 -1.460 -1.523

94 -1.448 -1.457 -1.583

98 -1.700 -1.401 -1.525

110 -1.311 -1.523 -1.494

0 20 40 60 80 100 120
10-1

100

101

102

 

 

po
ro

si
ty

 /%

time /h

 AC-CC
 imm-CC

Fig.8 The porosity of imm- and AC-CC during the var-

ious exposure periods
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Fig.9 Corrosion morphologies of (a) imm-CC and

(b) AC-CC afte 110 h exposure in 0.05 mol/L

NaCl+0.01 mol/L NaOH solution�k<��ANT�W�
3.3 )h�S*%T 0.05 mol/L NaCl+0.01 mol/L NaOH ���)q 110 h ;\��	= (V 9) �w�wt_F!\*% (V 9a) #FDw*�u\UFM���qwR(nA;\*% (V 9b)#Fh?Æ)\���\7JR(nA;6oT�WuzK��\(r*. _*OAty4eA�
�f\i:�
4 �QR(nA;�AZ91D ?6o\#F�>*4�lE\k<��AN��?�a�=JN�R(nA; AZ91D?6ok<��AN\T�WuzK��T���)q 110 h ;�wt_F!\*%#FDw*�u\UFM���qwR(nA;\*%#Fh?Æ)\����J|�
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EFFECT OF ALTERNATING CURRENT MODULATED

PASSIVATION ON THE CORROSION RESISTANCE OF

STANNATE CONVERSION COATING ON AZ91D ALLOY

LIU Xiaolan1, CHEN Jie1, CAO Jingtao1, CUI Zhongyu1, ZHANG Tao1,

SHAO Yawei1, MENG Guozhe1, WANG Fuhui1,2

(1. Corrosion and Protection Laboratory, College of Materials Science and Chemical Engineering, Harbin

Engineering University, Harbin 150001;

2. State Key Laboratory for Corrosion and Protection, Institute of Metal Research, Chinese Academy of

Sciences, Shenyang 110016)

Abstract: By using alternating current (AC) modulated passivation technique, the formation process of

stannate conversion coating could be controlled. The microstructure morphology of the conversion coating was

observed by scanning electron microscopy. Polarization curves and electrochemical impedance spectra (EIS)

were examined to understand the effect of the AC passivation on the corrosion resistance of the conversion

coating. The experimental results revealed that the surface of AZ91D magnesium alloy after the AC passivation

was covered by the hemispherical particles whth larger size than that for traditional immersion conversion

coating (imm-CC). The corrosion resistance of the conversion coating was significantly improved as a result of

the AC passivation.

Key words: magnesium alloy, electrochemical impedance spectroscopy, alternating current mod-

ulated passivation, conversion coating, corrosion resistance
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