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� 1  => UMAO�vU[\]3bW SEM�� 

Fig.1  SEM images of UMAO and coatings with Chinese herbal extract on pure magnesium: (a) UMAO, (b) UMAO/CS, 

(c) UMAO/CS/CA, and (d) UMAO/CS/IC 

a 

b 

c 

d 



�2268�                                       �}�56���                                              � 48� 

������������������

�� UMAO�ÕNÔ�ó�¸°� XRD¿�¾

¿ 2äÀ�UMAO¸°op· MgO1Mg

2

SiO

4

^B�

·8�B�¸°Á,ÐÑÂ
 10 µmÒÓ)ä\¸°

��� ÐÔ� Mg IÎ4���Õ�UMAO/CS1

UMAO/CS/CAa UMAO/CS/IC¸°ý· Mg1MgO1

Mg

2

SiO

4

a CS^B)�ÖNÔ�ÕG×ØÙÚ ¸°

�oÎ4�¼� 

�� UMAO �ÕNÔ�ó�¸°��Ø��¾

¿ 3äÀ�UMAO�Ø��8N�Ø@Í�ÛP_

400~420 cm

-1

ÜL� º�Õ
����¸°�

Mg-O �ÛÕ�UMAO/CS �Ø��8N 1655 cm

-1

� Ð0� CS�ÝÞß�ÛÕ)� 1599 cm

-1

�à


CS �ÝÞ II �á�âã(�ÛÕ)]¯

UMAO/CS/CAa UMAO/CS/IC8�< äí� CS

�ÛÕ�UMAO/CS/CA�Ø��8N 3398 cm

-1

�

�ÛÕsôâõN O-Hå�æçã()1633 cm

-1

��

ÛÕsôâõNèéêå�æçã(Õ)1522 cm

-1

�


ôâõ C=O å�ëæçã(Õ)1051 cm

-1

��Û

ÕsôâõNìL��ÛÕ��æ)ôâõ�ÕK

UMAO/CS ����UMAO/CS/IC �Ø��8N

3380 cm

-1

��ÛÕ
����]xNíîI�æç

ã()1654 cm

-1

�
����]xN C=C �æçã

(Õ)1260 cm

-1

s����]xN C-O �æçã(

Õ)1072 cm

-1

sèê C-O-Cæçã(��Ö);<�

�BÌ�Õ����� 

�������������

�� UMAO�ÕNÔ�ó�¸°�#��¾¿ 4

äÀ)UMAO¸°�#��àï
 28.49º)� UMAO

¸° Ð¶�»ðx)Æf¸°#��àï!���

�£¤uË¸°���@¨4ñ��UMAO/CS1 

 

 

 

 

 

 

 

 

 

 

 

� 2  => UMAO�vU[\]3bWc XRD�� 

Fig.2  XRD patterns of UMAO and coatings with Chinese 

herbal extract on pure magnesium 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  => UMAO�vU[\]3bW���� 

Fig.3  Infrared spectra of UMAO and coatings with Chinese 

herbal extract on pure magnesium 
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� 4  => UMAO�vU[\]3bW��� 

Fig.4  Contact angles of UMAO and coatings with Chinese herbal extract on pure magnesium: (a) UMAO, (b) UMAO/CS,             

(c) UMAO/CS/CA, and (d) UMAO/CS/IC 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  => UMAO�vU[\]3bW��� ¡¢ 

Fig.5  Average roughness values of UMAO and coatings with 

Chinese herbal extract on pure magnesium 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  =>UMAO�vU[\]3bW£¤¥¦ 

Fig.6  Friction coefficient of UMAO and coatings with Chinese 

herbal extract on pure magnesium 

��"������#�$�

����#¸°!IÎüg����f��±Õ

Õ����)¸°QGç���1��1ÍIÎ��1

��W��)Æf¬����Õ�Q�:�0���

��UMAO�ÕNÔ�ó�¸°�Õ�-¦§�8

¿7a��¬��¿�¿8äÀ)UMAO¸°�l�Õ

�
5.05 N1UMAO/CS1UMAO/CS/CAaUMAO/CS/ 

IC¸°�l�Õ�]t
9.519.85a6.3 N��Ö)«

¬����Ê���ÏÐÑ��ÕNÔ�ó��¸°

ý=�¶¸°!IÎ���ì��]���;C`Ï

ÐÑKS8NõMSYNQ�Bh�x��¶)�p

����Ná����ÏÐÑK� �	�!Q"n

i#()Kni�������Na)ä\���«

¬����¸°!ÏÐÑ����¥s�J��)=

|Bý$�ÏÐÑ¸°)><���ÏÐÑÊc�¸

°��������ÕNÔ�ó�Ê·8ôâõa�

����S�,����CÉ�����²2vNÔ

¸°���ì���)H��ì�ý�8%��

UMAO¸°� 

2.6  ����%&  

��UMAO�ÕNÔ�ó�¸°Tafel8¾¿9)

4]���¾�1äÀ�!�Mg��4¯)UMAO1

UMAO/CS1UMAO/CS/CAaUMAO/CS/IC¸°���

�¬ i

c or r

&'ï)��wxCR-4'ï��Ö)

UMAO1UMAO/CS1UMAO/CS/CAaUMAO/CS/IC

> 4v¸°��ý=�¶IÎ���&)*N

UMAO/CS/CAaUMAO/CS/IC¸°�����&p�

8UMAO1UMAO/CS¸°)!����4¯��wx

äí����*â�sÕÔf;<��K���� 

78.58±1.55§ 

71.45±0.99§  

a 

28.49±0.96§  

101.88±1.46§ 

1

2

3

UMAO/CS/IC

UMAO/CS

UMAO/CS/CA

UMAO

S
u
r
f
a
c
e
 
R

o
u

g
h

n
e
s
s
/
µ

m
 

Samples

0 200 400 600 800

0.0

0.2

0.4

0.6

0.8

UMAO  CS

 UMAO/CS/CA

 UMAO/CS/IC

 

 

F
i
c
t
i
o
n

 
C

o
e
f
f
i
c
i
e
n
t

Time/s

b 

c 

d 



�2270�                                       �}�56���                                              � 48� 

 

 

 

 

 

 

 

 

 

 

� 7  =>UMAO�vU[\]3bWv¨-£¤�©ª 

Fig.7  Frictional force vs normal force curves of UMAO and 

coatings with Chinese herbal extract on pure magnesium 

 

 

 

 

 

 

 

 

 

 

� 8  =>UMAO�vU[\]3bW«¬@®�� 

Fig.8  Acoustic emission spectra of UMAO and coatings with  

Chinese herbal extract on pure magnesium 

 

� 1  �� UMAO �����	
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Table 1  Results of potentiodynamic polarization curves of 

UMAO and coatings with Chinese herbal extract on 

pure magnesium 
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� 9  =>UMAO�vU[\]3bW¯D©ª 

Fig.9  Potentiodynamic polarization curves of UMAO and 

coatings with Chinese herbal extract on pure magnesium 
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�10  =>UMAO�vU[\]3bWNyquist� 

Fig.10  Nyquist plots of UMAO and coatings with Chinese 

herbal extract on pure magnesium 
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Table 2  Fitting results of Nyquist plots of UMAO and coatings 

with Chinese herbal extract on pure magnesium 
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� 11  => UMAO�vU[\]3bW Bode� 

Fig.11  Bode plots of UMAO and coatings with Chinese herbal 

extract on pure magnesium 

 

 

 

 

 

 

 

 

 

 

�12  =>UMAO�vU[\]3bWp°.±²³ 

Fig.12  Equivalent circuit model of UMAO and coatings with 

Chinese herbal extract on pure magnesium: (a) Mg;      

(b) UMAO; (c) UMAO/CS; (d) UMAO/CS/CA and 

UMAO/ CS/IC 
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Fig.13  XRD patterns of UMAO and coatings with Chinese 

herbal extract on pure magnesium immersed in SBF for 

21 d 
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�� � 

Fig.14  Infrared spectra of UMAO and coatings with Chinese 

herbal extract on pure magnesium immersed in SBF for 

21 d 
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 15  �� UMAO���������� SBF��� 21 d� SEM!" 

Fig.15  SEM morphologies of UMAO and coatings with Chinese herbal extract on pure magnesium immersed in SBF for 21 d: 

(a) UMAO, (b) UMAO/CS, (c) UMAO/CS/CA, and (d) UMAO/CS/IC 
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Effect of Chinese Herbal Extract on Properties of Composite Coatings  

on Pure Magnesium 

 

Wang Jingyan, Li Muqin, Zhang Deqiu, Peng Shuhao, Zeng Qun  

 (Key Biomedical Materials Laboratory of Colleges and Universities in Heilongjiang Province,  

Jiamusi University, Jiamusi 154007, China) 

 

Abstract: The chitosan interlayer was formed on ultrasonic micro-arc oxidation (UMAO) coating of pure magnesium by electrophoretic 

deposition technique, on which we employed an immersion method to make coatings carry Chinese herbal extract. Influence of Chinese 

herbal extract on microstructure, tribological properties, corrosion resistance and biological activity of the composite coatings was 

investigated. The results show that UMAO coating is sealed by coatings with Chinese herbal extract. The corrosion resistance of the 

coatings with Chinese herbal extract is improved with appropriate surface condition. The binding force and tribological properties of the 

coating with Chinese herbal extract are improved under chemical binding. The coatings with Chinese herbal extract also show better 

biological activity in vitro. 

Key words: ultrasonic micro-arc oxidation; Chinese herbal extract; corrosion resistance; biological activity 
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