
� 49�    � 10�                                  ��������	                                Vol.49, No.10 

2020�      10�                      RARE METAL MATERIALS AND ENGINEERING                      October 2020 

 

�����2020-03-15 

�������	
�����SY2016008� 

	
����  ����1972�����������������
� �!�"��� #$ 121001�%&�0416-4199650�E-mail: 

liutongzi@sina.com 

 

Al-Cu-Mg-Ag�� Ω/Mg-Ag/α������	
� 

 

�  ��������	�
�� 

(��������� #$ 121001) 

 

  ��'( EET)*�+,- Al-Cu-Mg-Ag./Ω0 '1 α234567%89:��;-α<Mg-Ag=>?<Ω

0@37%89:AΩ/Mg-Ag/α45<Ω/α4567%89:�BC-Ω/Mg-Ag/α457%89: 45DE6FGH

+,IJ�Ω/Mg-Ag/α 45KL Mg-Ag/α 5%8MNOP 16.54%�QLΩ/Mg-Ag 5%8MNOP 50.73%�KL6R

SDT(QLUMg-Ag LVΩ0 '1 α 3645%8MNOWX 1.13%�V(111)

α

5Y6Z[\7]].^_�

14.52%<(111)

α

56\7%8MN_� 146.87%<(001)

Ω

5Z[\7]].^_� 45.85%<(001)

Ω

56\7%8MN_

�- 45.30%HMg-Ag L_�-Ω0`abcd6e^�WX45fg0h56%8MNO�_i-45RSD�WX

-45j^�_�-459.^�_�-45klD�mn-./6[oDH 

����Al-Cu-Mg-Ag./UΩ0U45U7%89:U45DE 

�������TG111.1        ������A        �����1002-185X(2020)10-3419-06 

 

���� Ag ��� Al-Cu-Mg �	
�{111}�

���
���������������� !

"#�$�Ω%

[1]

&'({111}) Al-Cu-Mg-Ag�	*

#+,-./0�1234�56�Ω�789:-

.305;<=>?@�	��A#�

[2]

&ReichB

[3]

CDEFGHIJK3DAPLMNOΩ���5PQR

8ST Mg-Ag UV�{111}

α

�WX5YZ Cu GH

[ Mg-Ag GH\]^_`a,bΩ%&Auld

[4]

?�Ω

�bc� Al

2

Cu %d&Murayama B

[5]

D 3DAP MN

Al-Cu-Mg-Ag �	��%R5PQ Mg � Ag GHe

W�Ω/α f�&Hono B

[6]

DGHIJghHi�j

KAPFIMLMN Al-Cu-Mg-Ag �	��%RkPQΩ

�bc� Al

2

Culm5Ag� MgGH� α/Ωf�nX&

Hutchinson B

[7]

o�5Ω�
� α �-[��p

(111)

α

//(001)

Ω

�[010]

Ω

//[101]

α

5Ag � Mg GH� α/Ω

f�qreW&s	tB

[8]

CDuvwjKTEMLM

NO Agx Al-Cu-Mg�	Ω��yp�z{5k|}

OΩ�
� α-AlY~���-[��&KangB

[9]

MN

O Al-Cu-Mg-Ag�	]Ω�
� αY~�f�GH�

�5PQ�Ω/αf�m�
� α��)' AgGH�b

�����GH�5MgGH�� AgGH�����

]^-�&������MN5KangB

[10]

o�5Cu�

Al GH��R8ST�
�],b� Mg-Ag eWG

H�qr_`�� Mg-Ag �GH�,bΩ%���Ω

%�;5Mg-Ag �GH�ch5�Ω%�
� α Y~

,bΩ/Mg-Ag/αf�& 

f�wH����Y%���GH�wH�B�

�x�	�A#�7��;�z{&��[11] �O�

	%f��¡wH¢=ρ�f�wH¢=£∆ρ�¤¥

�¦5a§¨Oρ�∆ρ�f�#����5©ª�	«

¬#��MN�®�	%f��¡wH���¯&

Sun B

[12]


(¢=°±²³MNO Al-Cu-Mg-Ag �	

Ω/αf��GH��5PQf�� Mg-Ag �A´?

$Of��!"#&µ¶·B

[13]

¤¥O$ Cu/Mg ¸

Al-Cu-Mg-Ag�	(001)

Ω 

//(111)

α

�¡wH��5¹pΩ

 

/αf�!"#º5x
��º�8»¼i&
( EET

Kempirical electron theory of solids and moleculesL

[11,14]

²³5½�¤¥O Al-Cu-Mg-Ag�	Ω/Mg-Ag/αf�

�¡wH��5c�Of�¡wH���f�#��

��& 

���������	
���

�����Ω�����	
 

Ω%¾���¿À 15�^ÁÂ��5Ã~Ä

Fmmm5ÅÆ�� a=0.4960 nm5b=0.8590 nm5c=0.8480 

nm

[15,16]

&Al GHÇÃ~B8-�ÈdÉcp Al

1

� 



p3420p                                           qr/s�� �!                                          � 49� 

 

 

 

 

 

 

 

 

 

t 1  Ω0u19:vw 

Fig.1  Crystal structure model of Ω phase 
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Table 1  Valence electron structure of Ω phase 

Bond I
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 D
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 ∆D

α
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D
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1

Cu-Al
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2

Cu-Al

3
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64 0.257 85 0.257 86 0.396 09 

2 2

Al -Al

4

D

 

16 0.285 45 0.285 46 0.161 83 

1 1

Al -Al
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16 0.286 36 0.286 37 0.156 27 

2 1

Al -Al
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D

 

32 0.319 31 0.319 32 0.044 13 

2 1

Al -Al

7

D

 

64 0.319 34 0.319 35 0.044 08 

Cu-Cu
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D

 

16 0.429 50 0.429 51 0.000 46 

1

Cu-Al

9

D

 

64 0.434 08 0.434 09 0.000 46 

1

Cu-Al
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D

 

32 0.434 11 0.434 12 0.000 46 

6.87×10
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Fig.2  Crystal structure model of Mg-Ag segregation zone 
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Table 2  Valence electron structure of Mg-Ag segregation zone 

Bond I
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Fig.3  Crystal structure model of α-Al 
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Table 3  Valence electron structure of α-Al 
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Fig.4  Atom structural model of Ω/Mg-Ag/α interface 
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Fig.5  Atomic configuration of α-Al (111) crystal plane 
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Fig.6  Atomic configuration of Mg-Ag segregation zone 
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Fig.7  Atomic configuration of (001) crystal plane of Al and Cu 

in Ω phase 
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Table 4  Interface valence electron structure of Ω/Mg-Ag/α 

Phase Bond I
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 D
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1 1

Al -Al

5

D

 

8 0.286 36 0.281 43 0.188 90 

Ω 
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Table 5  Interface valence electron structure of Ω/α 

Phase Bond I
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Analysis of Valence Electron Structure of the Interface 

Between Ω/Mg-Ag/α in Al-Cu-Mg-Ag Alloy 

 

Qu Hua, Qi Jianxue, Liu Weidong, Xu Qiaozhi 

(Liaoning University of Technology, Jinzhou 121001, China) 

 

Abstract: Based on the empirical electron theory of solids and molecules, the valence electron structures of the matrix α, Mg-Ag 

segregation area, Ω phase and the interfaces of Ω/Mg-Ag/α, Ω

 

/α were calculated after studying the interface valence electron structure 

between the matrix α and Ω phase. Then the relationship between the interface valence electron structures of Ω/Mg-Ag/α and the interface 

properties in Al-Cu-Mg-Ag alloy was analyzed. The results show that the continuity of the outer of Ω/Mg-Ag/α is better than that of the 

inner because the electron density difference of Mg-Ag/α is 16.54% and that of Ω/Mg-Ag is 50.73%. The Mg-Ag layer makes the interface 

electron density difference of Ω

 

/α decrease by 1.13%, while it makes the strongest covalence bond force and the covalence electron 

density in (111)

α

 increase by 14.52% and 146.87%, respectively. It also makes the strongest covalence bond force and the covalence 

electron density in (111)

Ω

 increase by 45.85% and 45.30%, respectively. The existence of Mg-Ag layer enhances the alloy strength and 

toughness because it increases the obstruction of Ω phase to the dislocation, the interface continuity, the interface bonding force and 

stability while it decreases the interface electron density differences and the interface stress. 

Key words: Al-Cu-Mg-Ag alloy; Ω phase; interface; valence electron structure; interface properties 
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