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QMN\~ 40 mm×30 mm×3 mmÆ� SiC2�^n� 1500♯ Z��QM+e$l!smZ<���`:���QM�G^n → /rQk → �� →CrO3 ^� →HF j`26�~��26�!^��Æ�/426��Jg�85V�QM�1���̀:� Ni-P�R:G~: P^}�NiSO4·6H2O�
15 g/L∼20 g/LÆX?L^q�Na2H2PO2·H2O�18

g/L∼22 g/LÆ �a^q �C6H5Na3O7·2H2O� 12

g/L∼15 g/LÆ�`�B�NH4HF2�20 g/L∼30 g/LÆ	{{75��R pH 5.5∼6.5Æ�� 80 ���W�R$o�T{Gm�^q�Na2WO4·2H2O��1B�Æx-lj Ni-W-P �?��?W�'2!� 15

µm =m��?m�S92\��`:� Ni-P t Ni-W-PQM�x�:�(�#$� 250� ±2��� 50 minX/7�`:� Ni-P t Ni-W-P �?m+e/ZqGblx����EDS�m SSX-50 -.gx5�{��SEM��1=A��?m!:GJg Pro MPD XF9W�XRD��1+��Jg 401MVDTM �{f�|>Q�?f��gx`:�A ℄Q��?m!E1~Æ:g,xrm�Æ�$ .xr~ 213 -2xrÆ;)xr~ 232 -�N)6xr (SCE)�!E�#~g�85V�!m 3.5%NaCl $R�2>xrQO 1 cm×1 cm 2>eqÆ�q�vgdKT�d��Tafel r`��>Qm<tx�<~ -1.2 V =mÆ<+x��~ 0.4 VÆ.g℄S~ 5 mV/s�
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3.1 Ni-P _ Ni-W-P LV�pv�_�P

Ni-Pt Ni-W-P?+e/Z
��u 1�I�ÆD�B.3_Æ�?'~�2:�Æ��_)	~'�Æ���Q�dÆ\li�m��N1��dX�m:�!�	'��D�? EDX G���+iÆNi-P?H P G~ 13.7 mass%ÆS+L�?Æ
�( WXÆNi-W-P �?$H W G~ 2.3 mass%Æ
H P G�~ 8.0 mass%ÆS$L�?��?!:Gm XRD Eo�u 2��OÆ℄Q�om$�~ α-Mg N Mg17Al12 D!�̀ :��?$O�mT+T{)m�Æ�Ojo�?W�l�
(∼15 µm)ÆJ℄Q�omm���O6��Qom(��XlOÆ�� 44.8◦ SO� Ni m��eX-

Fig.1 SEM observation of the surface morphologies

of the coatings (a) Ni-P coating, (b) Ni-W-P

coating
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Fig.2 XRD patterns of Ni-P and Ni-W-P coatings

9�Ær�� [10] lV Ni-P ?~w-m��7!�Q��( WX�?m:�7�?i�*`Æ-Z�Rl)OÆ!�o Ni-P?ÆNi-W-P�?li�m Ni�111��N	{*m Ni�200��Ni�220��ÆXi�?I�e7�Q EDX EÆv>jo Wm�(Jl P mHG�tÆ0<)i �?��`m�~A�tÆZ Ni-W-P �?+�~�e7�sDÆP-Z)O,S Ni�	4ÆXi���)Æ0# Scherrer 5K9_lO���N\|~ 7 nmÆ;& Ni-W-P �?~rb�7�jr`���u 3��ÆNi-W-P ?rVtm Ni-P ?mtE2!Z�`l���k [8]Æa3 W m�(gj+ Ni-P ?mtE2�d�(IH$Æjo!lm Ni-W-P 7~rb�7Æ
+ P HGm Ni-P ?O��e7�T�
DÆsG�m��7mtE2Nio�eÆ0#(IHmEÆ-Z!~rb� Ni-W-P�?1� d�G�'�Æ<)i D*�?mtE2x!f�℄om�Ni-P t Ni-W-P ?mf��>GE+iÆ℄ommf��TtÆ�l 87 VHNÆNi-P ?Jl�f�__j+Æf��|~ 500 VHNÆj+H� 6 $��( W x\XÆf��+℄j 570 VHNÆ	 Ni-P ?nlj+�f�mj+Æ-Z1Lu�[℄omÆ��jo�?p,b
�Gom!Em�?�
3.2 \�tJkQ Ni-P _ Ni-W-P HV_pv�L���)X7�S9�X�?m:�/Z�u 1�u
4�-�Æjo�S9>gÆNi-P ?m�2:�N\�-�_Æ
 Ni-W-P �?$�2:�N\�\l=Aji��_�� Ni-W-P �?$P-=AjÆ���2:��4lN\~rbym�O��Balarajup [12] YlO Ni-W-P?$WZiQK`e[��#Wv>�(IH$Æ��S9Xg-xl1	m WZK`�/e[�Æ+�~_G�O�O��u 4��
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Fig.3 Polarization curves of Ni-P and Ni-W-P coat-

ings.
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Fig.4 SEM observations of the surface morphologies

of the coatings after annealing (250�, 50 min)

(a) Ni-P coating, (b) Ni-W-P coating.�O�mO�P9�H�2:���S9GJ$mC_��S9Xm Ni-W-P �?!�o Ni-P ?:�1��)N d��S9Xm Ni-P t Ni-W-P �? XRD >QE�u 5��LÆ�?$"l Mg ommF9�O�Æ��r�S9�m XRD >QE�u 2��)��ÆNi-W-P �?��S9XÆF9��o(\l*`ÆXi��m7o(\l*`�
 Ni-P?m XRD F9��*`	_Æ�S9X3�O�H Ni �200�r Ni�220��ÆfO�H Ni3P !m��Balaraju p [12] � Ni-11.3 mass%P ��e�?� 355 �Z�mA�GJ$\l�� Ni3P !m�OÆ
�(A $Æ250 �mp�S9O�H Ni3P!� �ybÆ-xr(A $!%m Ni-P ��?
P HG+�∼13.7 mass%�ÆNi3P !�O$l1+m�A:/M�~Al<�P-ZYH P G	tm
Ni-W-P �?�sMmp���u 2�\lO� Ni3P!ljH��P-ZXi Ni-W-P �?	 Ni-P ?$l1Lm�	{2xÆ��`m���}	 Ni-P?1�4� [13]��)�S9��u 3�NX�u 6�mr`��-Z)OÆNi-P ?��S9Xx�U{%VÆtE2xl���Ob~�?�` Æ��mO�Jl��Nom��/G{xMÆ�℄H�?m!E�
���?\l^7G3℄!Eqkm��lO�d7��Æb
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Fig.5 XRD patterns of the Ni-P and Ni-W-P coat-

ings after annealing at 250 � for 50 min
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Fig.6 Polarization curves of the Ni-P and Ni-W-P

coatings after annealing at 250 � for 50 minS9XÆjo Ni-P?x�U{%VÆ
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4 el
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 Ni-P ?~��e7ÆD*�?� 3.5%NaCl V$R$mtE2!f�
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STRUCTURE AND CORROSION RESISTANCE OF

ELECTROLESS PLATING Ni-P AND Ni-W-P

COATINGS ON AZ91D MAGNESIUM ALLOY

LI Duanyang1, SHEN Bo1, REN Yuping1, PEI Wenli1, YANG Zhongdong1, WANG Jijie2, QIN Gaowu1

(1. College of Materials and Metallurgy, Northeastern UniversityÆShenyang 110819�2. School of Materials

Science and Engineering, Shenyang University of Aeronauitical and Astronautics, Shenyang 110136)

Abstract: Ni-P and Ni-W-P coatings were prepared on AZ91D magnesium alloy by a direct electroless plating

processing. The microstructure, phases and corrosion resistance of the prepared and post-annealed coatings were

studied by using scanning electron microscopy, X-ray diffraction technique and electrochemical test. The results

show that the Ni-P coating is of amorphous structure while the Ni-W-P coating is of nanocrystalline structure

with a grain size of about 7 nm, and they have similar corrosion resistance against 3.5%NaCl aqueous solution.

The corrosion potential of the Ni-W-P coating after annealing at 250 � for 50 min positively shifts by 150 mV

as compared to that of as-prepared Ni-W-P or Ni-P coating, implying the corrosion resistance of the annealed

Ni-W-P coatings has been much improved.

Key words: AZ91D magnesium alloy, Ni-P coating, Ni-W-P coating, corrosion resistance


