
� 48�    � 3�                               ��������	                                Vol.48,   No.3 

2019�      3�                      RARE METAL MATERIALS AND ENGINEERING                    March   2019 

 

�����2018-03-08 

���	����	
��
 (50971043�51171046); ����	
��
 (2014J01176) 


��
� ������1988���������������������
� !"��� �# 350007��$%0591-83043073�

E-mail: zhouzeyou@126.com 

 

Al

3

(Sc

0.75

M

0.25

)(M=Ti, Y, Zr, Hf)��������

�	
��
���������� 

 

���

1

��  �

2

���	

3

�
��

2

�
��

1

�
��

1

�
  �

1

����

1 

 

(1. ���������������
� !"��� �# 350007) 

(2. �#&���� �# 350108) 

(3. ��'(�"��� �# 350108) 

 

�  �%)*+,-./�012�3456789:� !; L1

2

/ Al

3

Sc�
<=>?@ABCDEF�G>HI

J��48KLMNO%Al

3

Sc?
PQRS�G>�TAAlEU 3c+,-FV�ScEU 1a+,-FVWL1

2

-Al

3

(Sc

0.75

M

0.25

)


<=>?@XM=Y, Ti, Zr, HfYZPQRS�G>��[\B M]^EU 1a+,-FV�_`BCDEFHI]a

bcdDefKL1

2

-Al

3

(Sc

0.75

M

0.25

)
<=>?@]gh��ij4klKm MI Yn�L1

2

-Al

3

(Sc

0.75

M

0.25

)
<=>?

@Dop.qrst.qJuv.qJwdxyWm MI TirZrz Hfn�{|5}~��&�op.qrst.qr

uv.qJwd��y��TA TiD���� L1

2

-Al

3

(Sc

0.75

M

0.25

)
<=>?@D�4J�4����K  

����Al

3

(Sc

0.75

M

0.25

)
<=>?@WEF�G>HIW+,-./W��48W�34569: 

�������TG146.21        ������A        �����1002-185X(2019)03-0879-06 

 

Al

3

Sc��������	
��
������

������������� !"� #$%&

[1, 2]

'

( Al-Sc)��&*+

�� L1

2

-Al

3

Sc�����

��,-./����0�1234�5
�678

Al-Sc)������9�
:;<=>?@&��A

B���CD

[3-5]

'EFGH�Al

3

ScIJ������

K�LM��N���O:P�QR�Al

3

Sc�N�S

TL{001}UHVWXUYZ

[6]

�78[Q\��]^'

_`a 3ba 4cJde����fgChij��k

fg[O:l��
:Q\��

[2, 5, 7]

'Wangm

[2]

7�

aF�nopqrst L1

2

-Al

3

(Sc

1-x

Zr

x

)(x=0.25, 0.5, 

0.75)�u��#v;<';wxy�zL Zr{|�}

`�C

11

� C

44

~	����|����|~	���

�u��|�}3�l�}`'Tianm

[4]

7�aF�n

opqrst L1

2

<�� Al

3

X� X

3

Al(X������

J�)�.�������u���';wxy�l�

��3b��������;�h�G����'

Haradam

[7]

rst Al

3

Sc��.� Al

3

(Sc

0.74

X

0.26

)�[&

X ������J� Ti�Y�Zr b Hf��
:�]�

�';wxy�Zr� Hf12~	 1��|���]�

��Ti � Y 12~	 2 ��|���]��'Harada

m

[3]

��XRD�EDSrstAl

3

Sc�Al

3

(Sc

1−y

X

y

) (X=Y, 

Ti, Zr, Hf, V, Nb, Ta, 0 y 0.75)�¡¢;<';wx

y�( X=Y, Ti, Zr, Hf, y 0.25/£ L1

2

<�; y¤0.25

/£ L1

2

� D0

22

(Ti)�D0

19

(Y)b D0

23

(Zr�Hf)<�¥K¦

( X=V, Nb, Ta/�£ L1

2

� D0

22

<�¥K�� D0

22

�

D0

19

� D0

23

<�K�LM��N�¦���§¡¨�

zLa 3cJ{|�}`�©�}3�V�Nb� Ta�

ª�«§¡¨��¬­� Ti�Zr� Hf0®' 

¯ ° ± ² ³ \ ´ � o µ p q � ¶ · ¸ «

L1

2

-Al

3

Sc �¹º[»��J��������de

t¼½GH�rs�¾�¿£À��&�FÁ,-0

�.�L1

2

-Al

3

(Sc

0.75

M

0.25

)(M=Y, Ti, Zr, Hf)�����

��ÂÃ�Ä�e£�Q\��rsÅÆÇÈÉÊ

Ë'���ÌÍ�Ä�ÎÏ���&nv�1!��

}`���u��|�Ð]�Q�~	����]�

�

[8]

'ÑÒ

[9]

«ÓÔ£ Ti-27Al-(18Õ25)Nb � O .�

rs;wxy�zL���Ä��5
�O .���

¨��0��u���Ö.�5
'×Ø�Ùrs5

*tFÁrs������&��J��ÚUÛ¸�

ÂÃ�Ä�e£�ÜÝ�GÞ

[10-15]

�ßà��J��

Al

3

Sc&�ÂÃe£�)áâÂÃ�ãä;�aF�n



�880�                                          ��
<�����                                            � 48� 

opqt Al

3

Sc� L1

2

-Al

3

(Sc

0.75

M

0.25

) (M=Y, Ti, Zr, Hf)

�Q\��' 

�����������	�

����������

L1

2

;<� Al

3

Sc�[Uå;<æç 1 èé���

nv�ÚUÛ¸�Ãêë�Çx 1'[��ì£

m3Pm

���ìÄí£#221�Al Âã Wyckoff Ãê

&� 1aÚUÛÃê�� ScÂã WyckoffÃê& 3cÃ

ê�[& 1� 3xéîA×v' 

ïð�.çpq&�����ñQ\ÚUÛ��

(Sublattice Model)�òó����|��(Compound 

Energy Formalism)�12ôõßà������&�

�J��ö�ÚUÛ&�ÂÃÔ��d�rs[�Ä

�e£

[16, 17]

'«á Al

3

Sc��������[ÚUÛ

�����÷ø£ù 

( ) ( )

1a 1a 1a 3c 3c 3c

1 2 1 2

1 2 1 2

1 3

, , , , , ,

E E E E E E

i i

i i

y y y y y y

E E E E E E� �

 (1) 

ø&�

i

i

W

E

y xé��J� E

i

�ÚUÛ W

i 

(ú 1a � 3c)

¸ÂÃÔ�' 

ûüýþ���J�÷Ó���Í�ñQ\���

[WÓ Gibbs�ý�£ù 

G H T S∆ = ∆ − ∆

                         (2) 

ø&�∆H £WÓ��∆S £÷Ó��T £:�'�� 

 

 

 

 

 

 

 

 

� 1  ����� Al

3

Sc ��	
�� 

Fig.1  Crystal structure of completely ordered Al

3

Sc 

intermetallics 

 

� 1  Al

3

Sc ���������	
��
��� 

Table 1  Sublattice of completely ordered Al

3

Sc intermetallics 

Atomic coordinates 

Atoms 

Wyckoff 

site 

Site 

symmetry 

x/a y/b z/c 

Sc 1a m-3m 0 0 0 

Al 3c 4/mm. m 0 0.5 0.5 

ôõpq ∆G ��	
���¾�ãñQ\
���

������������
����i�'×Ø�

Ø�1Îý��J�WÓ Al

3

Sc ��������ñ

Q\����£ý��J�WÓ��)����ñQ

\����`¸ý�)���c�WÓ������

�ñQ\��6�F��������8�pq��

æç 2 èé'[&�GÍ(2)& ∆H 1ýGÍ(3)�(4)

pq8�¦ 

1a 3c

( : )

Al, Sc, Al, Sc, 

i j

E

E E i j

i M j M

H y y H H

= =

∆ = ∆ + ∆

∑ ∑

 ( 3 ) 

ø(3)&�M £_`����J� Y�Ti�Zr � Hf 4

ÁJ��∆

E

H£ýO:þ�;<���J�WÓ Al

3

Sc

������ ��Ùrs!"¼p'3î��)�

��£#$����[WÓ�12��pq%�^8

��úù 

( : ) tot ( : ) tot ( ) tot ( )

1 3

4 4

k l k l k l

H E E E∆ = − −

       (4) 

ø&�E

tot(k:l)

�E

tot(k)

� E

tot(l)

Ô&£�)����'J

��%��12��)á
���oµ�aF�no

GÞpq�8�pqÉ(Î� 1.2�()*' 

∆S 12+,x-£GÍ(5)�[.��/0�Í

�Ùrs�cð12¿&

[10]

detÈÉ)*' 

mix

1a 1a 3c 3c

Al, Sc, Al, Sc, 

1 3

ln ln

4 4

k k l l

k l

E E E E

E M E M

S S

R

y y y y

= =

∆ =

 

 

   

=− +

 

   

   

 

 

∑ ∑

(5) 

ø&�R£Ò3456��R=8.6194×10

-5 

eV/(atom·K)'

ÎGÍ(3)�GÍ(5)78GÍ(2)&�128�ù 

1a 3c

( : )

Al,  Sc, Al,  Sc,  

1a 1a 3c 3c

Al, Sc, Al, Sc,  

1 3

ln ln

4 4

i j

k k l l

k l

E E i j

i M j M

E E E E

E M E M

G y y H

RT

y y y y

= =

= =

∆ = ∆

 

 

   

+ +

 

   

   

 

 

∑ ∑

∑ ∑

 ( 6 ) 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  �������	
��� (1)=(2)+(3) 

Fig.2  Alternative computation path of the thermodynamic  

function denoting (1)=(2)+(3) 
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Fig.3  Site occupancy fractions of elements in intermetallics 

Al

3

Sc with temperature variation 

 

� 2  ����� Al

3

Sc ���	
�������
�� 

�� 

Table 2  Site occupancy fraction of alloying atoms in sublattices 
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Table 3  Calculated and experimental lattice constant a in 
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Table 4  Obtained elastic constants, bulk modulus, shear modulus, Young’s modulus, Cauchy pressure, Poisson’s ratios and elastic  
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Abstract: The ordering behavior and the mechanical properties of the doped L1

2

 type Al

3

Sc-based intermetallics were studied by 

sublattice model supported by first-principles calculations. The results show that the intermetallics Al

3

Sc is a fully ordered intermetallics, 

where Al atoms always occupy the 3c sublattice and Sc atoms always occupy the 1a sublattice. L1

2

-Al

3

(Sc

0.75

M

0.25

) intermetallics (where 

M=Y, Ti, Zr and Hf) is a fully ordered intermetallics, where M always occupies the 1a sublattice. The site preference of these alloying 

elements is independent of the heat treatment temperature. L1

2

-Al

3

(Sc

0.75

M

0.25

) intermetallics satisfy the mechanical stability conditions. 

The shear modulus, elastic modulus, Young’s modulus and the hardness of L1

2

-Al

3

(Sc

0.75

Y

0.25

) intermetallics are smaller than those of 

L1

2

-Al

3

Sc. While the shear modulus, elastic modulus, Young’s modulus and the hardness of L1

2

-Al

3

(Sc

0.75

M

0.25

) intermetallics, where 

M=Ti, Zr or Hf, decrease with increasing the atomic radius. L1

2

-Al

3

(Sc

0.75

Ti

0.25

) has the best plasticity and toughness compared with other 

L1

2

-Al

3

(Sc

0.75

M

0.25

). 

Key words: Al

3

(Sc

0.75

M

0.25

) intermetallics; ordering behavior; sublattice model; mechanical properties; first-principles calculations 
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