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(HA+β-TCP)/Mg-3Zn ��=>�²»×æãç

âè¶Ä HA+β-TCP�²»� Mg-3%Zn©é�×ê�

Î`ës Mg-3Znª��ì¶Ä�íS�ÝÞ?©1ªî

tïðñòós3�ô²»	¼Ó¯�¶Ä

HA+β-TCP?ØÏ� 363 K �õö÷øSù 50 g �

HA+β-TCPúû� 10 güýà12.5 gÃõþ�� 200 

mL ���õ��²» HA+β-TCP �>�HA+β-TCP

úûS HA/β-TCP��°×�3 10/90�20/80�30/70�

40/60� 50/50©×�ë3 10HA+β-TCP�20HA+β-TCP�
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�ïðñòó��	 HA+β-TCP�>?ïðñòó�

Ú
6� HA+β-TCP �>��	�ß�
��[11]?

�	_�>�ïðñòó� 333 K����S�� 24 

h�|Î� 0.6 K/min�V�����´ 873 K��� 5 

K/min�V�� 873 K��´ 1373 K�\� 1373 K�

�� 4 hÎ� 5 K/min�V�������²»�¶Ä

HA+β-TCP?©2ªËt!²�ÛÜÝÞ�

[11]

ù Mg-3Zn

��RÝÞ´¶Ä HA+β-TCP S�²»	¼½¾�

(HA+β-TCP)/Mg-3Zn��=>?²»_<S�ØÏù

[��[��� ÷ø!S"g²» Mg-3Zn ���

�t RJ-29"#�$�� 963~983 K���%t?|

Îù¶Ä=>&'´ÛÜÝÞ� �Ú(ÛÜ´

0.08~0.07 MPa?�ù¶Ä=>^m´ Mg-3Zn��R

S�D)ÛÜG*���R�ÛÜ�st��+,ç

¶Ä=>Ú²�S��� 2 minÎ�¡-ÛÜG*�

.�/Ê�01(HA+β-TCP)/Mg-3Zn��=>? 

:;23��4©EDSª×5� Quanta 20096

7�8©SEMª�çâ?ît X’Pert PRO9 X9:

;9©XRDª�çâ�	×5�/i<=� Cu >�

67?@ 20°~100°�V� 0.02°/s?� Instron-3365 9

A�=>/i��çâBC
�D/�/ÊEF3 3 

mm×3 mm×6 mm�yGVW3 6×10

-4

 s

-1

?ît SI1287

�gá�sH� 310.5±0.5 K��Q�R©SBFªSç

â�gáD/?�°�I3J�KL�I�MN�I

3O�I��s�I3/Ê�67V�3 1 mV/s?SBF

PR�2×�Q��[12]?ùEF3 5 mm×5 mm×8 

mm �/Ê^R� 310.5±0.5 K� SBFPRSçâ^

Rhi?^R�ÖÌÍÎ�.�/Ê�×5�	:2?

tS¥TUN`TUV�Î×5N`dW?�^R_

<St pH ÀD/ SBF PR� pH X?Y:hi. 3

Z[â/Ê? 
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\ 13²»�HAÙ��Ö�¶ÄHA+β-TCP�í

�dW?®�]��¶Ä HA+β-TCP¬0^_Ó¯�¯

Ä¹Ô�[`Äab3 500 µm�cQ��[11]�D/�

ßD1ÄdWb3 90%?�¶Ä=>N`¹e
f�4

gÄh�É�~Zi¹_<SïðñòójEk2�?

Ul�m�\n0�fo2pq2Äf�?rsK�:

;�<=>�tu�v¶Ä=>�Äa3 100~600 µm

Ì0ËZ�:;��m
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� 1 FG HADEHIJ HA+β-TCPklHq� 

Fig.1  SEM images of porous 10HA+β-TCP (a), 20HA+β-TCP (b), 30HA+β-TCP (c), 40HA+β-TCP (d), and 50HA+β-TCP (e) 
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� 2  IJ HA+β-TCPH XRD�  

Fig.2  XRD patterns of the porous HA+β-TCP 
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� 3  (50HA+β-TCP)/Mg-3ZnS@� ¡¢/^£¢/H 

W¤q� 

Fig.3  Microstructures of cross section (a) and vertical section (b) 

of the (50HA+β-TCP)/Mg-3Zn composite 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  (HA+β-TCP)/Mg-3ZnS@� Hu/q� 

Fig.4  Interface microstructures of (HA+β-TCP)/Mg-3Zn composites: (a) (10HA+β-TCP)/Mg-3Zn, (b) (20HA+β-TCP)/Mg-3Zn, 

(c) (30HA+β-TCP)/Mg-3Zn, (d) (40HA+β-TCP)/Mg-3Zn, and (e) (50HA+β-TCP)/Mg-3Zn 
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K(10HA+β-TCP)/Mg-3Zn ��=>S��-§¨

�`çâ EDS®¤`67��¹{J\ 5�¯?®�

]��Ca � P ®¤~f�Z§¨�í �Mg-3Zn �

�°�
Ég®¤Ù�IY?kO�ÝÞ_<S�§

¨�í�§¨q±n0��²R³´}çm��S�

Mg®¤� Zn®¤����§¨�í }0×µ?É

NOÝÞ_<S"¶� Mg-3Zn ���«½m´¶Ä

HA+β-TCP �í�Äd·�j½m´¸·�d2F�

����=>? 

\ 6 3 Mg-3Zn���|(HA+β-TCP)/Mg-3Zn�

�=>� XRD×5¹{?� Mg-3Zn¹���	°�
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��=>�¾BCÈ�
Z 115 ~196 MPa�Í�XX
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� 5  10HA+β-TCPkl! Mg-3Zn@
¥¦Hu/q�^ EDS/§¨de 

Fig.5  Interface image (a) and EDS maps of Ca (b), O (c), P (d), Mg (e), and Zn (f) between HA+β-TCP scaffold and Mg-3Zn alloy  

 

 

 

 

 

 

 

 

 

 

 

 

� 6  Mg-3Zn@
^S@� H XRD©ªde 

Fig.6  XRD patterns of Mg-3Zn alloy and composites 

>�¾BCÈ��� HA Ù���¶}°¸��Ï�

Îº�Ãº��`�Ä|� 2~180 MPa�¾BÈ�	
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� 7  Mg-3Zn@
^(40HA+β-TCP)/Mg-3Zn S@� H 
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Fig.7  Compressive stress-strain curves of the Mg-3Zn alloy and 

the (40HA+β-TCP)/Mg-3Zn composites  

 

� ���Mg-3Zn ���(HA+β-TCP)/Mg-3Zn ���	
 

��
� 

Table 1  Compressive strength of the Mg-3Zn alloy and 

the (HA+β-TCP)/Mg-3Zn composites 

Material Compressive strength/MPa 

Mg-3Zn 260 

(10HA+β-TCP)/Mg-3Zn 115 

(20HA+β-TCP)/Mg-3Zn 165 

(30HA+β-TCP)/Mg-3Zn 196 

(40HA+β-TCP)/Mg-3Zn 186 

(50HA+β-TCP)/Mg-3Zn 184 

 

 

 

 

 

 

 

 

 

 

 

� 8  Mg-3Zn@
^S@� H®¯°"¬­ 

Fig.8  Potentiodynamic polarization curves of Mg-3Zn alloy and 

composites (a: (10HA+β-TCP)/Mg-3Zn, b: (20HA+β-TCP)/ 

Mg-3Zn, c: (30HA+β-TCP)/Mg-3Zn, d: (40HA+β-TCP)/ 

Mg-3Zn, and e: (50HA+β-TCP)/Mg-3Zn) 

 

�ÊwN 2?®�]��	KZ Mg-3Zn¹�����

�=>�TU�Ê`0�ËT�}TU�É��UF

(20HA+β-TCP)/Mg-3Zn��m��f�`YZMg-3Zn 

� ����� 8 ������
����� 

Table 2  Electrochemical parameters obtained from 

potentiodynamic polarization curves in Fig.8 

Material I

corr

/µA·cm

-2

 E

corr

/V vs. SCE 

Mg-3Zn 208.32 –1.79 

(10HA+β-TCP)/Mg-3Zn 202.61 –1.70 

(20HA+β-TCP)/Mg-3Zn 209.61 –1.69 

(30HA+β-TCP)/Mg-3Zn 172.52 –1.65 

(40HA+β-TCP)/Mg-3Zn 107.16 –1.67 

(50HA+β-TCP)/Mg-3Zn 200.74 –1.69 

 

���NO��=>�TUÌìº»?lm�u®�

]����=>�TU�É���� HA Ù���¶

}°¸��Ï#YÎ���Ãº� (40HA+β-TCP)/ 

Mg-3Zn ÁY3 107 µA/cm

2

�x��=>�TUVW

� HA Ù���ÏbcGÐ� HA/TCP �°3 40/60

ÌÅ´ÁY��ÎÍTU�Î? 

\ 93^R Mg-3Zn������=>� SBFP

R��ÖÌÍ� pH XGg½:?�\S®�]��

^R Mg-3Zn ������=>� SBF PR� pH X

�ÌÍGgÃº°¸4���ÁÂ�^RÌÍ·��

�ÌÍ����pHXÏV���24 hÎ���VWÐ

Ð0�ºÐ�120 hÎ pHXGgÑ"ÅÒ�\bcÃ

ZÆÇX 9.8ÓÔ? 

\ 10 3 Mg-3Zn ���|��=>� SBF PR

S^R�ÖÌÍÎ�N`dW?�\S®�]��

Mg-3Zn��^R 1 dÎ���4gÕ�TUÖ���

N`��[��^R 7 d Î�TUÖOq�×?­5

(HA+β-TCP)/Mg-3Zn��=>^R 1 dÎ�HA+β-TCP

��ØÙ�� Mg-3Zn ����`¹�j�IÃ+�

� Mg-3Zn �� �E�F�Ö<��ÚÍTU�N

O Mg-3Zn���TUV�ÛZ HA+β-TCP?^R 7 d 

 

 

 

 

 

 

 

 

 

 

 

� 9  ±² Mg-3Zn@
³´S@� H SBFµ¶H pH· 

¸¹¦«"¬­ 

Fig.9  pH values of the SBF solution immersing Mg-3Zn alloy 

and its composites at different time 
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� 10  Mg-3Zn@
^ºS@� » SBFµ¶K±² 1^ 7 d¼Hq� 

Fig.10  Morphologies of Mg-3Zn alloy and its composites after 1 and 7 d of immersion in SBF solution 

 

Î�(10HA+β-TCP)/Mg-3Znà(20HA+β-TCP)/Mg-3Zn

�(30HA+β-TCP)/Mg-3Zn ��=>S HA+ β-TCP �

×ÜÝÞß�� Mg-3Znª«�`
E�F�dTU?

}(40HA+β-TCP)/Mg-3Zn �(50HA+β-TCP)/Mg-3Zn �

�=>S HA+β-TCPà ����×æ	�ª�`


E�F�dTU�Mg-3Zn���×~Z³´`ÇTU

a b 

c 

a

1 

b

1

 

c

1

 

d 

e 

f 

d

1

 

e

1

 

f

1

 

Mg-3Zn alloy (10HA-β-TCP)Mg-3Zn 

(20HA-β-TCP)Mg-3Zn 

(30HA-β-TCP)Mg-3Zn 

(40HA-β-TCP)Mg-3Zn 

(50HA-β-TCP)Mg-3Zn 

1
 
d
 

7
 
d
 

1
 
d
 

7
 
d
 



�3086�                                          ��
�� !��                                           � 47� 

��dTU�áÖst}TUâ�? 

�ÅãÑ�vfäåZ SBFPRSÌ�aE�#

$�����P��¼yæJ�è 

Mg

(s)

→Mg

2+

(aq)

 + 2e

-

                      ©1ª 

2H

2

O

(l)

+2e→H

2(g)

+2OH

- 

(aq)         

          ©2ª 

Mg

2+

(aq)

+2OH

-

(aq)

→Mg(OH)

2(s)

              ©3ª 

�������ç#$�SBF PRSV�Û��

OH

-

����}�^RÂèPR� pHXéV��©w

\ 9ª�Û� OH

-

���f�ÍêçFTUV�

Mg(OH)

2

��2?	ëZ��N`� Mg(OH)

2

�´�

$
ìí�st� î����ç4ãTU��PR

S� Cl

-

��a�Mg(OH)

2 

¼yd2®P
�MgCl

2

�

���$
ìí�ïð��1ñ×e*� Mg-3Zn °

���äå�PRS�ÉÊ¼y(1)~(3)ò�çâ�ó

´����ôõö3÷?v¼y_<S SBFPR��

�ø�Å´[ùÌ�pH XúÅ´	KÆÇ�õ[?

��=>� Mg-3Zn ¹����ÍÁÛ�Ü�û�

HA+β-TCP�f���\ 10®�]��^R 7 dÎ�

Mg-3Zn ��� HA+β-TCP �Í��`�E�F�d

TU?ü��`����daê�É5TU¼yý�

×mçâ���$é½¾ñ×�ó´�Z��Þß?

��#$V�ÐÑ� HA+β-TCP�í�Ò�p�	¼

Ó¯¶Ä¹Ô�®�Õ���m����:;�bc

×m�HA+β-TCP �íj�bc#$�ó�ÁÎ��

ôþ? 

� Mg-3Zn ���¶Ä HA+β-TCP 	°�

(HA+β-TCP)/Mg-3Zn ��=>�{á
��TUâ

3��xylm=>��t?ÖÌ�Mg-3Zn ���

HA+β-TCP 0�Ö�#$VW�ÉÊ¯_��

HA/β-TCP �°±®��²(HA+β-TCP)/Mg-3Zn ��

=>�{á
��TUâ3���²»���=>�

Å0�1��:;��=>? 

��������

1) Ë t Û Ü Ý Þ ß ® � ² » (HA+β-TCP)/ 

Mg-3Zn 	¼½¾��=>?ÝÞ_<S"¶�

Mg-3Zn ���«®�½m´¶Ä HA+β-TCP �í�
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Microstructure and Properties of Interpenetrating (HA+β-TCP)/Mg-3Zn 

Composites Fabricated by Suction Casting 
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Abstract: The interpenetrating (HA+β-TCP)/Mg-3Zn composites were fabricated by infiltrating Mg-3Zn alloy into porous HA+β-TCP 

with different HA contents using suction casting technique, and the microstructure, mechanical properties and corrosion behavior of the 

composites were evaluated. Results show that the molten Mg-3Zn alloy not only infiltrates into the pores but also infiltrates into the struts 

of the porous HA+β-TCP scaffold to form a compact composite. The Mg-3Zn alloy is in close contact with the HA+β-TCP scaffold, and no 

reaction layer can be found. The compressive strength of the (HA+β-TCP)/Mg-3Zn composites with different HA content is 115~196 MPa, 

which is about 350-fold higher than that of the original porous HA+β-TCP scaffold and accounts for 44%~75% of the strength of the 

Mg-3Zn bulk alloy. The corrosion resistance of the composites is better than that of the Mg-3Zn bulk alloy, and the mechanical properties 

and corrosion behavior of the composites can be controlled by the HA/β-TCP ratio. 

Key words: (HA+β-TCP)/Mg-3Zn composites; suction casting; microstructure; corrosion behavior 
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