
� 47� � 9� ��������	                                 Vol.47, No.9

2018�     9�                       RARE METAL MATERIALS AND ENGINEERING                September 2018

�����2017-09-10

���	����	
��
�51271131�����
��������15ZCZDSY00920�����
������ (16JCTPJC51300)


��
��� !"!1991 �#!$%#!��&'(�)*
�+',�-!�� 300384!./0022-60214008!E-mail: 

18722119750@163.com

��������	
 Mg-Zn-Ca ��


�����������

���

1

����

1

�� 	

2

�
��

1

(1. ��&'(�!�� 300384)

(2. ���12#3�45678!�� 300384)

� ��9:;<=>?@ABC(equal-channel-angular-pressed!ECAP) D#3EF Mg-3Zn-0.2CaG
HIJKLM

NOPQRHSTUDVW Mg-3Zn-0.2CaG
XQY 1!2!4?ZH[\BC]^U_F`�IJKLabcXde

fdgc.h�=ijklYBC?ZD1G
IJKLcLmMNOPQRHST!n�opqY ECAP DrsH

tuvwxyHIJKLz]MN{|}~�simulated body fluid!SBF�.h�OPQRHSTU����0ECAP

]^�VW Mg-3Zn-0.2Ca 1G
�����h!]^�1G
���+BCxy���A�H<002>w[\Lm��

�BC?Z��!G
H�P�������U=>?@ABCDG
�P�HST�����c�}���Lm]

hH�G���ECAP]^�G
tuvwxy��tuH�P�! ¡¢BCxyvwH�P�£¢¤ 2¥xyvw

H�P�U

����ECAP�EF Mg-3Zn-0.2CaG
�IJKL�OPQR

�������TG166.4        ������A        �����1002-185X(2018)09-2833-07 

 

��������	
��
��������

��	������������������ �

!"#$%&'(�)*+,-.����/0�1

234�5+6�789:/0�1;<=�>?�@

ABC

[1,2]

DE
�
�F��:���	GHIJ�

KLMNOP�Q�RS�T?�RU�VW$FX

0YZ

[3]

D [\]^_`abc
��defg�

hiBjkl�F[Imnop_`qrstuvw

xyz5R{�wx|�}~�rd�������

������������

[4,5]

D� [\]^_`��


��������>�we��'@A����
�

AZ91� AE21: NaCl����������S

[6-8]

�

~ AE42: NaCl���� AZ31B: SBF�����

�����r#��

[8,9]

D����Mg-Zn-Ca ���

+��/0
��B��@A"#��D}��� 

�^P~¡�Zn ��m¢�£¤��Ca ¥¦c§�

¨©�ª«�5¥¦�Mg-Zn-Ca��� 3¢¥¦¬c

§�­®¯°¥¦��'@A��Fd±²����

�����

[10,11]

D³7�́ h Zn¥¦�µ��
��

��������

[12,13]

DCa¥¦´h¶
����µ

·#defg�¸e����0

[14]

DE
� Ca ´h

¶
����x5Mg

2

Ca¹ Ca

2

Mg

6

Zn

3

 º����

1»e����S
���Q¼��½³�¾|� 0.2%

¿À|ÁÂÃÄÅ� Ca ¥¦:ÆÇÈ�´h¶
�

��DÉ0ÊËÌÍ�BjÎÏÐÑ Mg-3Zn-0.2Ca

���+ ECAP �Ò3�ÓÔ [\]^_`�@A

 [\]^_`Õ��/0 Mg-3Zn-0.2Ca ���Ö

�����×�Ô+�ØÙ���Ú'($ ECAP Õ

ÛÜ�ÝÞß�BC�Ö���àw������á

e�×�Ô+�ØÙD 

��������

 [\]^_`����âãä�ÛÜ�BCå

æçä 1 �â�F��è^ 2Φ + 120º�7éê^ ψ

+ 0ºDëÐÑ Mg-3Zn-0.2Ca 
��ìví+ 15 mm

î15 mmî120 mm�ïB�ÛÜ�ð0ñòóôõö

÷�ø�ùú�+ûüýþ���ÛÜ���ëÛÜ

������� 15 min���ÓÔ ECAP_`D_`

MP+ 300 	�_
GP+ 20 mm/minD��
\n

_`�Ü�Ý�]��éÓ�Nl\n_`� A 



¦2834¦                                        §5
¨)*+',                                             � 47� 

 

 

 

 

 

 

 

 

 

© 1  =>?@ABC{ª�m«¬© 

Fig.1  Schematic illustrations of the ECAP process 
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Fig.2  Optical microstructures of original Mg-3Zn-0.2Ca alloy 
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Fig.3  Optical microstructures of Mg-3Zn-0.2Ca alloy after ECAP for 1 pass (route A): (a) normal section, (b) extrusion section, and 

(c) transverse section 
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Fig.4  Optical microstructures of Mg-3Zn-0.2Ca alloy after ECAP for 2 pass(route A): (a) normal section, (b) extrusion section, and 

(c) transverse section 
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Fig.5  Optical microstructures of Mg-3Zn-0.2Ca alloy after ECAP for 4 pass (route A): (a) normal section, (b) extrusion section, and 

(c) transverse section 
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Fig.6  Pole figures of Mg-3Zn-0.2Ca alloy after ECAP by route A for 4 passes: (a) <002>, (b) <100>, (c) <101>, and (d) <102> 
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Fig.7  Polarization curves of Mg-3Zn-Ca alloys before and after 

ECAP with different passes 
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Fig.8  EISs for ED direction of Mg-3Zn-Ca alloys section before 

and after ECAP with different passes 
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Fig.9  Polarization curves for different directions of Mg-3Zn-0.2Ca 

alloy sections after ECAE for 4 passes in SBF 
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Fig.10  EISs for different directions of Mg-3Zn-0.2Ca alloy 

sections after ECAE for 4 passes in SBF 
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Fig.11  Polarization curves for different directions of Mg-3Zn-0.2Ca alloy sections after ECAP for 4 passes in SBF with different time 
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Fig. 12  EISs for different directions of Mg-3Zn-0.2Ca alloy sections after ECAP for 4 passes in SBF with different time 
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Effects of ECAP on Microstructure and Corrosion Behavior of  

Biomedical Mg-Zn-Ca Alloy 
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Abstract: The paper explored the effects of equal-channel angular pressing (ECAP) process on the microstructure and corrosion behavior 

of biomedical Mg-3Zn-0.2Ca alloy. As-cast Mg-3Zn-0.2Ca alloy was extruded for 1, 2 and 4 passes by ECAP. The influences of ECAP 

process on the microstructure, texture and corrosion behavior of Mg-3Zn-0.2Ca alloy were investigated by optical microstructure 

observation, X-ray reflection and electrochemical methods. Particularly, the effects of ECAP process on the microstructure evolution and 

electrochemical corrosion behavior was investigated in simulated body fluid on the different cross-section of ECAPed alloy. The results 

indicate that with increasing ECAP passes, grain size of Mg-3Zn-0.2Ca alloy are gradually refined, and (0002) basal texture emerges after 

ECAP 4 passes. With increasing ECAP passes, the corrosion resistance of Mg-3Zn-0.2Ca alloy increases firstly and then decreases. The 

influence of ECAP process on corrosion resistance of Mg-3Zn-0.2Ca is a combined action of grain size, crystal defect and texture. The 

corrosion resistance of ED, TD and ND cross-section of ECAPed alloy is different, which of TD section is superior to that of the other two 

directions. 

Key words: ECAP process; Mg-3Zn-0.2Ca alloy; microstructure; corrosion behavior 
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