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� 1  ,-./7 AZ31()�Zg SEM�}0 EDSOP 

Fig.1  SEM micrograph (a) and EDS spectrum (b) of the 

AZ31 alloy treated by pre-Ca process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  AZ31)�12347Zg SEM�}0 EDSOP 

Fig.2  SEM micrograph (a) and EDS spectrum (b) of the AZ31 

sample treated by anodized oxidation process 
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Fig.3  Macrograph of the AZ31 sample treated by pre-Ca process 

after immersion in Hank's solution for 48 h 

 

 

 

 

 

 

 

 

 

� 4  AZ31)�123478 Hank's9:?ef 48 h 

G���}0 SEM�} 

Fig.4  Macrograph (a) and SEM micrograph (b) of AZ31 with 

anodized oxidation after immersion in Hank's solution 

for 48 h 
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Table 3  Chemical composition of Spectrum 1 and 2 marked 

in Fig.4b (at%) 

Spectrums O Mg Al Mn 

Spectrum 1 39.9 29.05 13.9 17.15 

Spectrum 2 48.3 37.49 14.21 — 
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Fig.5  SEM micrograph of the AZ31 sample with pre-Ca process 

after immersion in Ca-P solution for 48 h (a), and the  

magnification of Fig.5a (b) 
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Table 4  Chemical composition of the points and areas 

marked in Fig.5 and Fig.7 (at%) 

Spectrum O P Ca Mg Al Mn 

1 (for area) 70.23 7.26 6.02 11.98 3.70 0.80 

2 (for point) 77.40 12.45 10.15 - - - 

3 (for area) 77.28 10.36 10.87 1.49 - - 

4 (for point) 76.72 11.56 11.72 - - - 

 

 

 

 

 

 

 

 

 

 

 

� 6  8 Ca-P9:?`a 48 h7EFG XRD�N 

Fig.6  XRD patterns of the AZ31 alloy immersed in Ca-P 

solutions for 48 h 
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Fig.7  SEM micrograph of the AZ31 sample with anodized 

oxidation after immersion in Ca-P solution for 48 h 

(a) and the magnification of Fig.7a (b) 

������
�

Q��/01«f_UO²³�ÅY�-�|�

� Hank'sá�×R 45 48 h>�ÈÉ/01«`û

��ÑUXY�OI�\ô«���§Y´µ�4�

�gËÌ-���¢
�-.>�¶·Q��ÈÉ§

g��
-.÷�ú� Hank'sá�×R Q¤=��

�ÛXY�ÈÉíW	�gËÌ-�|�Q��4�

¡¢á�×Râã�Úà�ÁËÌ-�³Q���Å

XY��aÄ��¸¹Q����XYº»�~QÈ

É� Mg(OH)

2

�dm��¼45ST� pH Aº»½

Á 10.5Oñ

[14]

-jklá�×R� pHA�3 Hank's

×R�¾M<==R� pH AOµ�]×R i	G

Q���	�XY��¿��

[13]

�9OQ��¤=�

á�×R ?aÀÁXY�\à�gËÌ- 

.��*+
f_>�Q��� Ca-P×R 45

48 h>�¶·×R pHA[³ 5.5�ú#�|×R �

���âã©�aÀ�ÈÉ?�g Ca-P�ÂÌ��|

Q��ÈÉ4[W	ÁXY{��>d�âã¢¬ 

Ca-P� FíÍj-�� Ca/PP� XRD�@�¤+

¨©îÃ�î F=V�# DCPD�¢º TCP-^i

Ca

2+

� PO

4

3-

�¢2�×R @BÄÅ F�Æ°�

�\°�*ÚÉÇd-Æ°�ÚÉ�ÈÉ#Ê×RM

@B��O½Á��¶��O�Hg�×R ��Ë

�OHg�g�ô�ã(A

p

)M×�ã(K

sp

)NPÇd-

Ca-PËÌ�âã¢¬P
ïð�§�Ì�Á�Í«�

{+Dâp{+� F¢¬9�jI3(

[15]

, 

H

2

PO

4

 

-

 + OH

 -

→HPO

4

 

2 -

+ H

2

O 

H

2

PO

4

 - 

+2OH

 - 

→PO

4

3 -

+2H

2

O 

Ca

2+

+HPO

4

2 -

+2H

2

O→CaHPO

4

·2H

2

O  (DCPD) 

3Ca

2+ 

+2PO

4

3 -

+nH

2

O→Ca

3 

(PO

4 

)

2

·nH

2

O  (TCP) 

8Ca+4PO

4

3-

+2HPO

4

2-

+5H

2

 

→Ca

8

H

2

(PO

4

)

6

·5H

2

O  (OCP) 

10Ca

2+

+6PO

4

3-

+2OH

 -

→Ca

10 

(PO

4 

)

6 

(OH)

2

  (HA) 

ë§�9,��-�×R pH A³ 5.5�×R �

H

2

PO

4

-

�ù��a��Î×R m�
k� HPO

4

2–

�

H

2 

PO

4

-

�� PO

4

3–

� OH

-

�Ï�0��ÎG��g

CaHPO

4

·2H

2

O#	¦���4¦��g��Ð��!

"#£¤�¥¦-¤Më§�� �#OÑ��- 

������
�

1) �¢
�-.�/01«f_>� AZ31Q�

�� Hank'sá�×R «�âã 48 h>��XY�4

��ÁËÌ- 

2) *+
f_>�Q��� Ca-P×R 45 48

Spectrum 1 

100 µm 

a 

Spectrum2 

50 µm 

b 

10   20   30   40   50   60   70   80 

2θ/(°) 

b 

CaHPO

4

·2H

2

O 

Ca

3

(PO

4

)

2

·H

2

O 

Mg 

MgAl 

Al

12

Mg

17

 

MgAl

2

O

4

 

Al

2

O

3

 

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

a 

a Anodized oxidation 

b Pre-Ca process 



� 8�                          ����$()� AZ31Zg:V`a Ca-P�BCDEFG%&                      �1367� 

 

Ò>�Q��ÈÉW	ÁXY�ÈÉØ�gÇ Ca-P

ËÌ-���J� XRD �@U� FV�³ DCPD

�¢º TCP- 

3) /01«f_>�� Ca-P ×R 45âã�

ËÌ4I±��Í² 100 µm��² 10~20 µm�¨©

îF=Hg�
�-.f_>��Q��ÈÉ§g�

�§Y÷�� Ca-P ×R 45âã9�ËÌØÙI

±��ÍD�² 20~50 µm���³�����î F

=Hg� F=O����I�Í- 

 

67��    References 

[1] Upadhyay D, Panchal M A, Dubey R S et al. Mater Sci & Eng 

A[J], 2006, 432(9): 1 

[2] Dearnley P A. Surf & Coatings Technol[J], 2005, 198(8): 483 

[3] Saris N L, Mervaala E, Karppanen H et al. Clinica Chim Acta 

[J], 2000, 294: 1 

[4] Rude R K, Wei L Y. Calcified Tissue International[J], 2003, 

72(1): 32 

[5] Williams D. Med Device Technol[J], 2006, 17: 9 

[6] Li L C, Gao J C, Wang Y. Surf Coating Technol[J], 2004, 

185(7): 92 

[7] Zeng R C, Dietzel W, Witte F et al. Adv Eng Mater[J], 2008, 

10: 5 

[8] Witte F, Feyerabend F, Maier P et al. Biomaterials[J], 2007, 

28(5): 2163 

[9] Zhang Chunyan(���), Gao Jiacheng(���), Li Long- 

chuan(���) et al. The Chinese J Nonferrous Met(?���

��
�)[J], 2002, 12(S2): 117 

[10] Gao J C, Wang Y, Zhang C Y. J Functional Mater[J], 2002, 

33(4): 456 

[11] Song Y W, Shan D Y, Han E H. Mater Lett[J], 2008, (2): 48 

[12] Yen S K, Lin C M. Mater Chem Phy[J], 2002, 77: 70 

[13] Hing K A, Best S M, Tanner K E et al. Mater Sci: Mater Med 

[J], 1999, 34(10): 663 

[14] Zeng R C, Chen J, Ke W et al. Trans Nonferrous Met Soc 

China[J], 2007, 17(S): 194 

[15] Wang Yong(�  ), Gao Jiacheng(���), Zhang Yaping(�

¡¢) et al. Rare Met Mater Eng(������ �!)[J], 

2004, 33(4): 397 

 

 

 

Study on Chemical Deposition of Calcium Phosphate Bioceramic Coating 

on AZ31 Magnesium Alloy Surface 

 

Zhang Chunyan, Zeng Rongchang, Chen Jun, Yang Hui, Tian Zhongqing 

(Chongqing Institute of Technology, Chongqing 400050, China) 

 

Abstract: The preparation possibility of the calcium phosphate (Ca-P) bioceramic coating on AZ31 magnesium alloy treated by 

pre-calcification (pre-Ca) and the anodized oxidation process in Hank’s solutions and a mixed solution of Ca(NO

3

)

2

 and NH

4

H

2

PO

4

 (Ca-P 

solution) was investigated. The chemical composition and phase composition of the coating were analyzed by EDS and XRD. Results 

indicate that any coating on the AZ31 alloy treated by the above two pre-treatments could not be obtained in Hank’s solutions, whereas 

Ca-P coatings on the same substrates were acquired after the alloys were immersed in Ca-P solutions for 48 h. It was confirmed that this 

coating consisted of Brushite (CaHPO

4

·2H

2

O) and minor Ca(H

2

PO

4

)

2

. Ca nucleation site appeared on the surface of AZ31 alloy after 

pre-Ca treatment, and the deposited coatings in Ca-P solutions were uniform and compact. They were composed of flake-like crystals with 

20~50 µm length and width, which interlaced each other. On the contrary, the coatings on the alloy treated by anodized oxidation in Ca-P 

solutions were leaf-like and not compact. 

Key words: magnesium alloys; anodized oxidation; chemical deposition; Ca-P coatings; biomaterials 
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