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|�H�Q�3<*)$%~|�H�b�Li [10]�tw�&ÆK�H��FoH�32q�X-Mm��G$sÆ�g Pt�Au�W �H�tw�Æ�yq<��[w��X�7�oHm�Æ��F��s4��X }�?q�Chang� [11,12] � AlCl3-EMImCl(�� 1- �� -3- *��� ) tw�&�<e$G AZ91D �oHmLqÆ� Al �X�~�℄!lBo�i� Al���w� AlCl3-EMImCltw�& N�Æ�vG$sJ&�{SLq�Bakkar � [13] :-hGpJ�V=��tw�&��u. -9��<e$G�oHmLqÆ� Zn �XwZG2f Al � Mg-Re oHm�~� Zn ��
Mg-AlQoH��oH)-}X+��sX~L�3�XMg-AlQoH�Æ��%��u. -9�tw�&GpJ�VF�QN&�l���&C:-��u. -9�tw�&�<e$AZ91D�oH�<Æ��&5�LqÆ� Zn �X/#$Æ�M℄w�wÆ�y?� Zn ���09xs4�

2 5I��Æ�:-iÆ�&Q�Æ�< 40 mm×70 mm
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156 \9x:/{y 30^156 \9x:/{y 30^156 \9x:/{y 30^k0%�& [14]�_xMY 68 g/L � ZnCl2 )h��u. - 9�tw�&W[ ZnCl2 7[eDs-�Æ�N�R< AZ91D �oH → o) → Z2 → �P → .P → �� → Pf → Æ�f� 3N�U,-Ztw�PÆ� Zn M-a67��dDPJN�bRGpJLq�N�bRg, 1�,#n�� N5�tA#-E'rj$ÆW
(FE-SEM) 4M�Æ�y?�z- PAR2273 Æ�y?�Q.:-iÆ�&Q�Æ�<v+<'Æ�<�lESÆ� (SCE)j$��_< 1 mV/s9xGb< 0.582 mass% � NaCl e��GLq��WZ?�UM!3���G 0.582 mass% NaCl e�P> 30 min-w?��b�Æ?�
3  �M8,
3.1 2�*�*�oHÆ�M℄wN�HuV2s��-M℄w~x:77W�*^Æ��N��AZ91D �oH��:-I��P +HF ��wI��8�LH`�V�;eb&5eQI���oH9x?�h*^��b� [15,16]�&C:- H3PO4+

Na2MoO4·2H2O �P�/K)�.P�ZZ�

P��
3.1.1 Xl Z2�?℄wN����3G.sZ2*3SZZ��,#�2H��,# α[�<\4�'s*)

Mg − 2e → Mg2+ (1)Æ�('s�r	MgO r+< Mg(OH)2}�oH℄7"�V{Y�Z2Nw�oH�9x�Z2x�oH,#�3%V+��
3.1.2 g �P�<�ZZ�oH,#�

MgO l Mg(OH)2 �z_�{(�z7xxÆ�%H��Bo}��Px AZ91D ,#QrkAu3�P�	2 1a�,#�12A�O�17 AZ91D�oH|VmGuÆ?Csp� α [ (Mg) l β[ (Mg17A112)4.< -1.73 V l -1.0 V[5]G�PGb�NU,nNÆ=9xz℄ α [9x?nβ [9x?�%[E℄9x}n�F9x*)�bR<�α [�<\4�'s*)
Mg − 2e → Mg2+ (2)

β [�<\4%�}e�� H+ �rz��Æw
2H+ + 2e → 2H (3)

Table 1 Process and operation condition of electrodeposition on AZ91D

Process Chemical reagent Operation condition

degreasing NaOH 40 g/L 60∼70 �
Na2CO3 20 g/L 8∼10 min

Na3PO4 30 g/L

acid etching H3PO4(85%) 200 mL /L 40∼45 �
Na2MoO4·2H2O 1 g/L 10∼15 s

alkaline etching Na4P2O7 80 g/L 70∼80 �
Na2CO3 20 g/L 8∼10 min

NaNO3 30 g/L

activation room temperature

HF(40%) 375 mL /L

5∼10 min

Zn immersion ZnSO4·7H2O 30 g/L 70∼80 �
Na4P2O7 120 g/L 8∼10 min

NaF 5 g/L

Na2CO3 6 g/L

electrodepositon of Zn Choline chloride:Urea 1:2(mol%) 60∼80 �
60 min

ZnCl2 68 g/L total passed charge � 18 C/cm2
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2H → H2 ↑ (4)

3.1.3 `g K).PZZ�P�-wL�3Z℄�oH,#�MgOlMg(OH)2+b [P2O7]
4−tw��o�-}oH,#� MgO/Mg(OH)2 r�<hes� [Mg(P2O7)]

2−}�gU��oH,##�Ge���5h}oH Al f�Hn 44%� β [G.se�I9x}�oH,#LU

Fig.1 Morphologies of AZ91D after pre-treatment

(a) acid etching, (b) alkaline etching,

(c) activation, (d) Zn immersion

7AP�.Px�oH,#+~W�	2 1b��
3.1.4 _^ HF ���Aw<

Mg2+ + 2F− → MgF2 (5)

MgF2 �2e7�K�GoH,#h3e��`�&GPf��9x���w,v�k`��w,b�sN�8�(2℄!AZ91D �&Gxx�Pf�9x�h~2|℄!�Pf����w,bHJ*^Pf���&{	^�< 5 min <��2 1c <�� 5 minx�oH,#�n�,#AP\4Q
?s	2
1c  A ℄���
?s A ℄�AP℄ B ℄4.Lq
EDS 4M	, 2�hT B ℄m�1 Mg�A1�F ��TNA ℄Z� Mg�Al�F ��5�f3��� O ����h�'W A ℄ Mg/Al b�'%VH7 B ℄1hh4� A ℄�) β [B ℄�)< α[�m�A$h4�9x?n� α [ (B ℄) �Y�?#�gU Mg��w: HF *)ÆLV4~|�8�(�L℄!�%[E℄17�12A HF *)sN�8�(2�n|_E�h4Æ17)}2_Ds:	Eh℄�&%Æ�sNq�� MgOl A12O3�

3.1.5 bh Pf�?℄wN�}h���3�i�Pf�4:�&��xx��f�Bo�iQ4�C��&,#\Y3n7�~w℄��� [17]�Pfw��x,#
?s℄� MgO �TeD/�Y�& Mgi%'s_	*)K� Znf|Znf|�<�siL�3&'l� Zn�K�W[~xN?7[=C�&�Pfx�oH,#n�g2 1d !�Rdf|7[=C�&'Bh1�&�12A�1pxh1P Zn �1#*n?sL|Ng2 1dB2�7[=C�&�P Zn�} AZ91D �oH,#Æ?U7_E/<xx�Æ� Zn %Q�si<�~b��i�Æ� Zn�%Q��[�
3.2 (UK9R�� Zn F$7Pf℄w� AZ91DG��u. - 9�tw�&LqÆ� Zn�~� Zn�n��tA#g2 2!��2 2a <uÆ� Zn ��,#n�Æ!
Table 2 Composition of activation surface of AZ91D

(mass%)

Site O F Mg Al Zn

A 4.08 18.78 72.32 4.82 -

B - 1.67 93.01 5.31 -

Note: element content is so low that beyond

the detection limit of the instrument.
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Fig.2 Morphologies and profiles of cross-section of

the Zn coatings on AZ91D

(a) galvanostatic deposition, (b) profile of

cross-section in Fig.2a, (c) pulsed deposition,

(d) profile of cross-section in Fig.2b

%�WÆ�17K�wnk��nh�R�Q|}��L)℄!�_E [18]�&C�F�:-�WÆ��Bl��b�!:-�Æ0n<��WkD< 3 sMj'< 2/3z+Æ!�< 5 mA/cm2�2 2c <�WÆ� Zn ��,#n��1#*n|Nw,#'WÆ��_E�AP#*nRd_E[~U,BoK!�itA#h�d|��℄!_E:�&Bo�i	2 2d�O�S����i�09xs4�uÆ�l�WÆ� Zn ��N5l2C12 3_<e Zn�
3.3 � Zn �
��DC=F$� Zn��09xs:-Æ�y?��<�'?-w?���& AZ91D�uÆ� Zn��WÆ� Zn�e Zn �Æ�yq<�2 4 KY� AZ91D �&�Æ� Zn �e Zn ��G 0.582 mass% � NaCl e�P> 30 min �b�Æ?WZ2 5 <[)��Æ?��WZ[V�Æ�y<�g, 3�i2 4 h�d|AZ91D �&:e Zn �b�Æ? OCP +�U�[-�Æ?TQ�_xn|F�O�$<�gU�� AZ91D �oH�Ne Zn _7 0.582 mass%� NaCl e�G,#sN�SÆ�L�{(}~Æ?Q�xO�(7[=C�&wÆ?+���n|F�4.< -1491 mV l -1071 mV�%uÆ� Zn �FPhe�wÆ?p3Q�snn|F�wG 1000 s ~5wÆ?b~���%hw� Zn �I|�9xB�UxÆ?'s0�P&Q��U��O�%� Zn �Fb~�9x�J�� - "��*>bR��}x�b�Æ? OCP <
-1428 mV)<��:�&��oÆ?��WÆ�
Zn ��b�Æ?[�?F�P&Q2G��S:U�}xF�G -1072 mV:e Zn �O�h�d|Æ� Zn �}�& AZ91D �b�Æ? OCP 's�Q�%�WÆ� Zn �'WÆ� Zn �F��ia}y�>�9b�Æ? OCP �Q�0q�5�'sÆ=9x�Tb�i2 5 h�d|Z�uÆ� Zn �5!3�����WZ℄3[-�ns%�V�m�*)�hZ7MS*)xÆ?Q79xÆ?xLh�V9xÆ~�Kp xLh"�VÆ!� Icorr F�G,�u�XxÆ?Ib��Xx'sb"�Æ6~�Kp�%uÆ� Zn ��3's"�Lh�VxÆ!� Icorr QtbmuU��i, 3h�d|AZ91D�&9xÆ? Ecorr < -1696 mVÆ!� Icorr< 14.9 µA/cm2�uÆ� Zn �x9xÆ? EcorrQ�[ -1482 mVwÆ!� Icorr ℄%VuH[
21.6 µA/cm2�%�WÆ� Zn �x9xÆ? EcorrQ�[ -1072 mVÆ!� Icorr :< 6.9 µA/cm2
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Fig.3 Composition of Zn coating on AZ91D by elec-

trodeposition
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Fig.4 OPCS of the AZ91D, Zn coatings and pure Zn

in 0.582 mass% NaCl solution for 30 min

Table 3 Electrochemical parameters of AZ91D, Zn coatings and pure Zn in 0.582 mass% NaCl solution

OPC Ecorr Icorr over-passivation potential
Specimens

/mV vs·SCE /mV vs·SCE /µA·cm−2 /mV vs·SCE

AZ91D substrate -1610 -1696 14.9 -1400

Zn coating on AZ91D by

galvanostatic deposition
-1482 -1543 21.6 -

Zn coating on AZ91D by

pulse electrodeposition
-1072 -1349 6.9 -960

pure Zn -1078 -1299 6.6 -970
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Fig.5 Potentiodynamic polarisation curves of the

AZ91D, Zn coatings and pure Zn in 0.582

mass% NaCl solution:e Zn(-1078 mV6.6 µA/cm2) [x�AZ91D �&b"�Æ?< -1400 mV�WÆ� Zn xQ�[
-960 mV:e Zn=970 mV �O�m�4M,%uÆ� Zn ��}9xÆ? Ecorr 's�Q�w℄)���& AZ91D �9xOh4�17uÆ�
Zn �Æ�3ew��P>��w,x's�`0s
x��:�&nN9xÆ=*%)���&�9x�%�WÆ� Zn ��9xq<:e Zn [��%℄!�Bo�i��WÆ� Zn �℄3�i�09xs4h< AZ91D �oH%Qsi�/{�-�

4  ,
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(2) �WÆ� Zn �,#℄!�w�_E�:�&Bo�iÆ�y?�B`,%�WÆ� Zn �9xq<:e Zn [�h< AZ91D �oH�&%Q�i�/{�-��&?A
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ELECTRODEPOSITION OF Zn ON AZ91D IN CHOLINE

CHLORIDE-2UREA IONIC LIQUID

YANG Haiyan1,2, GUO Xingwu1,2, WU Guohua1,2, DING Wenjiang1,2

(1. National Engineering Research Center of Light Alloy Net Forming, Shanghai Jiaotong University,

Shanghai 200240�
2. State Key Laboratory of Metal Matrix Composites, Shanghai Jiaotong University, Shanghai 200240)

Abstract: In aqueous electrolytes, electrodeposition on Mg alloys is still a challenge because Mg has high

chemical reactivity. The process becomes more complicated in aqueous electrolytes owing to the hydrogen

evolution. Ionic liquids as non-aqueous electrolytes in electrodeposition have received much attention from

researchers. In present study, choline chloride-urea ionic liquid, which is sustainable, biodegradable and stable

in air and water, was used as the solvent and the electrodeposition of Zn on AZ91D magnesium alloy was

investigated. The pretreatment mechanism of the AZ91D substrate and the effect of current mode on the Zn

coatings were studied by scanning electron microscope (SEM/EDX). The corrosion resistance of the deposited

Zn coatings were studied by electrochemical testing. The results show, Zn coatings could be electrodeposited

on pretreated AZ91D substrate from choline chloride-urea ionic liquid. Application of pulse deposition was

superior to galvanostatic deposition in producing dense, uniform and cohesive Zn coating. By pulse deposition

Zn coatings, the OCP of AZ91D substrate moves in positive direction from -1610 mV to -1072 mV and the

corrosion current density Icorr decreases from 14.9 µA/cm2 to 6.9 µA/cm2comparable to those of pure Zn

(OCP=-1078 mVIcorr=6.6 µA/cm2).

Key words: AZ91D magnesium alloy, ionic liquid, electrodeposition, corrosion


