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Fig.1  XRD patterns obtained by pulsed electrochemical 

deposition in different potentials at the same 

depositing time: (a) constant potential of –2.3 V; 

(b) pulsed potential of –2.3 V, and (c) pulsed  

potential of –3.5 V 
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Fig.2  SEM images and EDS spectral of the composite coatings by the pulsed electrochemical deposition for 3 h: 

(a, c) –2.3 V; (b, d) –3.5 V 

 

,ôÁ®³� �«�ü.µ+��s3?�c´s

ª«µ5�ôÁ`a=¶�·��¸¹	.�º/ª

«^k,ôÁ®³�	â«��7�ôÁ`a3ôÁ

jkÏÐ�Ü�
ì�cl��Ý��ç�ñE�Ý

���Ñtµ»�¼½#���c6�V¾��©ª

­Ì�ÏÐ�¿�D:M�¶���:M�
��=�

��HD�=}��
�8&'(�t�z{�w�

3%Û�:M�¨� 3(3L��c6¨%�Û�c

ë�·��:M·��S©ª­�·�m�st�À

Ý�¾��l�.�st�ÀÝ±²<n(3cë�

äµp&Ú�Á�u�TG§�µp&Ú�Áu:M 

 

 

 

 

 

 

 

 

� 3  PQRSu ¡�¤¥�¦ek} 

Fig.3  Morphologies of pure calcium phosphate with different 

time by pulsed electrochemical deposition: (a) 80 min 

and (b) 180 min 

�·�Â�w�¾��):M�¿�<n2(
��

c6Ã½±+s���
í�c´¿.³+�ôÁ�

.³¶�ôÁ`a3Â��Ä:M^ksÅÆÇde

øR�PÈÂ�:M�ôÁu���ä�+Ô�de


(�¸��c6mC³+(� 2"��¨ EDS=/

�� 2c,2d��÷G§ HA/ZrO

2

�D:MäÏ��

Ca,P,Zr,O 4"ÉÊ( 

�������������
���

3V>�³üä�,�Wt��^kË���Ì

¼Í�7$%�Î�¿�¸Ò~B�
�Ì���Ï

���!!lD-.�:M(S2��ÐÑ�lD-

.�ö��n�V>�¤.�)Ñv�� HA ��¾

��ë(% HA !Ò3 1250~1450 �¤.45qw�

�ë(KL�S2ÓÔ HA ��ë�V>�¤.mÁ

K³ 1200 �(� 4S 1200 �yz{l HA/ZrO

2

�D

:M�^k·��V>���·�¨� 2�(G¸�ø�

3c6–2.3 Vs� 1200 � V>�u(� 4a)�«Ì�

©ª��Ý+��¿.<n���WtøzÕÖz{�

ÖÎ×����wØ�}Ç3c6±µ�–3.5 V s�

1200 �V>�u�4b��:M©ª­Ý+���WtÕ

ÍÙ¿���wØrÚ�:M��¿�²!Y<n( 

{l�u�D:M� XRD�/¨� 5({l��

��
ìS HA,OCP � Zr(OH)

2

(NO

3

)

2

·xH

2

O (� 5 

a 

b 

10 µm 

a b 

10 µm 

0.60    1.80    3.00    4.20 

Energy/keV 

I
n
t
e
n
s
i
t
y
/
a
.
u
.
 

C 

c 

O 

Al 

Si 

P 

Zr 

Au 

Ca 

Ti 

V 

d 

O 

C 

Cu 

Al 

Si 

P 

Zr 

Au 

Ca 

Ti 

0.70     2.10     3.50     4.90 

Energy/keV 



�1074�                                         �v
X+,-./                                            � 38� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  1200 �§¨F�abcdek}© EDS�£ 

Fig.4  Morphologies of composite coatings after heat treatments: (a, c) –2.3 V; (b, d) –3.5 V 
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Fig.5  XRD patterns of composite coatings by pulsed electro- 

chemical deposition in the potential of –3.5 V after heat 

treatment (a) and untreated (b) 
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Fig.6  SEM images of pure HA and HA/ZrO
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 composite coatings 
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Abstract: Dense and uniform HA/ZrO

2

 composite coatings were prepared on biomedical titanium surfaces by Pulsed Electrochemical 

Deposition. The composite coatings were deposited in the form of ions and ZrO

2

 was uniformly dispersed in the composite coatings. The 

pulse potential with –3.5 V was beneficial to ion deposition recrystallization, to composite coating deposition. The compositions, 

structures, morphologies and bioactivity were characterized. The results showed that the coating compositions included hydroxyapatite 

(HA), octacalcium phosphate (OCP) and alkaline zirconium nitrate after electrodeposition and then they transformed into HA/ZrO

2

 

composite coatings after high temperature sintering. Simulated body fluid immersion test proved that the as-prepared composite coatings 

had good bioactivity to induce calcium phosphate under simulated physiological environment. 

Key words: hydroxyapatite; zirconia; composite coating; pulsed electrochemical deposition  
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