
� 38� � 11� ��������	                            Vol.38, No.11

2009�     11�  RARE METAL MATERIALS AND ENGINEERING        November 2009

�����2008-10-11

���	����	
�� (50671084�50875217); �����
��(2007040218); ����	
��


���� ����1982������������ !�"��� �# 710072�$%�029-88474095, E-mail: xucong55555. 

student@sina.com

��������� Ni

75

Al

x

V

25-x

�	
��

��������

� ��� ������	
��������

(��������� �# 710072)

� ���&'()*+,�-.�/0123)45678 Ni

75

Al

x

V

25-x

9:;�<=>?@A Khachaturyan BC

<DEFGHIJKLMNOPQRST<UVHI?WXYZ�[\])^ DO

22

_�Ni-Al`ab123567 V

Ni-Al

c��L1

2

)<:;�de�DO

22

)<:;�fghZijNi-V`ab123567 V

Ni-V

c��L1

2

)k DO

22

)<:

;�lde?[\])^ L1

2

)_�V

Ni-Al

c��L1

2

)k DO

22

):;�ldejV

Ni-V

c��L1

2

):;�fghZi�

DO

22

)<:;�de?

����:;�j123)4567j'()*jNi

75

Al

x

V

25-x

9

�������TG 146.1

+

5        ������A �����1002-185X(2009)11-1935-05

��������	
����������

�������������� 	!"#�$%�

����&'�()*+,-�./0(12345

�6�7��89:;<=>?@Chen

[1]

A�BCD

EFG�(microscopic master equation)HIJKLM

N&'�OPQ�RSTUVWXYZ[\(&]^

_`�H�ab3cd�e�abfg�h�ijk

(l����R&'mnol�3���(incubation 

time)@Fumihiro Wakai A

[2]

�Cpqrds� tu

6v�wxy
z�N6{�|S(}&]���

�@~���

[3]

A�CDE��s[\�� Ni-Al-V

������@

�� ������h��H�������

.���$�)���C�H����@��BC�

P��7��DE��STU[Q�� $�)��

�C�H Ni

75

Al

x

V

25-x

��N DO

22

�� L1

2

����

���@

�������

�C�P��7��DE��STUG���

Cahn-Hilliard OPG��DE�P��7���

Khachaturyan(1968)��

[4,5]

@wJ��DE��ST

UG�� L. Q. ChenA�&��;@C P

A

(r, t) P

B

(r, t) 

P

C

(r, t)f¡p¢ A B £ C $�� t (¤ ¥¦��

§¨

r

�©ª��� P

A

(r, t)+P

B

(r, t)+P

C

(r, t)=1�«�

¬® 2 ¯G�°±²³´µz�@¶�²³7�A

·:¸z���G�¹º»¼½¯¾Z:¸¿�À#

wJMÁDE LangevinG�

[6]

^

A

AA

B A

AB

B

d ( , ) 1

[ ( )

d ( , )

                  + ( ) ] ( , )

( , )

r

P r t F

L r r

t k T P r t

F

L r r r t

P r t

ξ

′

∂

′

= −

′

∂

∂

′ ′

− +

′

∂

∑

B

BA

B A

BB

B

d ( , ) 1

[ ( )

d ( , )

                  + ( ) ] ( , )

( , )

r

P r t F

L r r

t k T P r t

F

L r r r t

P r t

ξ

′

∂

′

= −

′

∂

∂

′ ′

− +

′

∂

∑

�N�L(r�r′)¶�Â§()���� rÃÄÅ r′ �©

ª3��+Æ�T¶���k

B

¶ÇÈÉÊ+Æ�ξ(r, t)

¶ËÌ¶Í�ÎÏfÐ��() Ñ)_��ÒÓÔ

Õ-ÖP�t�F¶Á×ØÙ����6�Ú¥©ª�

ÛÆ@

G���� Fourier Ñ)VWÜg��Ügz�

N�Ý½Þß�R9�$�)���C�@��w

JMÁN�� 3 à$��ÃÄ�á±��âÐ��C

ãäå$�)���Cäæ�±ç¶èéê²³Ù�

�@V

1

αβ

�V

2

αβ

�V

3

αβ

�V

4

αβ

f¡�ë 1 2 3 4äå

$�)���C���pìíî^ 

V

αβ

(k)=4V

1

αβ

(cosπh·cosπk+cosπh·cosπl+  

 

(1) 



�1936�                                          �������	
                                           � 38 � 

 

cosπk·cosπl)+2V

2

αβ

(cos2πh+cos2πk+cos2πl)+ 

8V

3

αβ

(cos2πh·cosπk·cosπl+cosπh·cos2πk·cosπl+ 

cosπh·cosπk·cos2πl)+4V

4

αβ

(cos2πh·cos2πk+ 

cos2πh·cos2πl+cos2πk·cos2πl)             (2)                    

ï¦�ð[7]�Ni-Al-V��� 1046.5 Kî�äå

$�)���C�(meV/atom)f¡¶^V

Ni-Al

=122.30ñ

V

Ni-V

 =107.2ñV

Al-V

=40.0@�[\��òÌóR�ôõ

î�f¡Hö 3��äå$�)���C�÷¼(ø!) 

3%ùÌñ� Ni

75

Al

x

V

25-x

��N�ú Al$���û�

0.055 (�ü���¶ DO

22

��ú Al $���
�

0.055(�ü���¶ L1

2

�

[7]

�%0ýù Ni

75

Al

3.5

V

21.5

��£ Ni

75

Al

10

V

15

��VW� @ 

MÁþ���¶_cz�£ fcc KLM�[\�

��Á×¼½��¾Z·TU:¸��b�6�7

���	
·:¸¿�Á×ÙSý�rd�@[\

��XY 200 000��()�y¶�t=0.0001@ 

���������

L.D.Landau���·TU��ER9N¼ßc�

9C�²³�R�c�9�²�Á×��3cd���

p��Rz�����9@��Ë�äæî�±�y

�3c��pì$�7�����z�@H� L1

2

�

N� Al$��Khachaturyan

[8]

�¥§©ª P

Al

(r)ÛÆ  ̂

i2π i2π i 2 π

A l A l A l

( ) (1 (e e e ))

x y z

P r C η= + + +

    (3) 

�N�C

Al

¶ Al �$����η

Al

� Al $��y�c

�Æ@�0±����Al $�� L1

2

�N�¥3ª±

��] C

Al

(1+3η

Al

)£ C

Al

(1 η

Al

) 2 ¯Ì�C

Al

(1+3η

Al

)

H! L1

2

�N α��§�C

Al

(1 η

Al

)H! β��§@�

0�±�À�y�c�ÆG�íî^ 

H� α��§�

Al Al Al

(1 3 )P C

α

η= +

          (4) 

H� β��§,  

A l A l A l

( ) (1 )P r C

β

η= −

       (5) 

ï¦ Khachaturyan«���(4)£�(5)�"	 C

Al

�

±�À� 

Al A l

A l

A l A l

( ) ( )

( ) 3 ( )

P r P r

P r P r

α β

α β

η

−

=

+ ⋅

                  (6) 

kt�H� DO

22

�N� V$��Khachaturyan

[8]

��¥§©ª P

V

(r)ÛÆíî^ 

[ ]

[ ]

V V V V1

V2

( ) {2 cos π (2 )

  cos 2π (2 )

P r C C x z

x z

η

η

= + ⋅ ⋅ + +

⋅ +

    (7) 

�N�C

V

¶ V�$����η

V

� V$��y�c�Æ@

±����V $�� DO

22

�N�¥3ª±��]

C

V

+C

V

(2·η

V1

+η

V2

)�C

V

+C

V

(–2·η

V1

+η

V2

)£ C

V

 C

V

·η

V2 

3

¯Ì�C

V

+C

V

(2·η

V1

+η

V2

)H! DO

22

�N α ��§�

C

V

+C

V

(–2·η

V1

+η

V2

)H! β��§, C

V

 C

V

·η

V2

H! γ�

�§@ö#H Khachaturyan �$�VWäæ%t�ý

ù η

V1

=η

V2

=η

V

��0�±�À�y�c�ÆG�íî  ̂

H� α��§,    

V V V

(1 3 )P C

α

η= +

       (8) 

H� β(γ)��§,  

( )

V V V

( ) (1 )P r C

β γ

η= −

   (9) 

k&±�À� 

( )

V V

V

( )

V V

( ) ( )

( ) 3 ( )

P r P r

P r P r

α β γ

α β γ

η

−

=

+ ⋅

              (10) 

���

����

���������	

���������	
�� Ni

75

Al

3.5

V

21.5

������

���

' 1 ¶ók�äå$�)���C��Cî

Ni

75

Al

3.5

V

21.5

����Ëy�c�Æ()@1a£ 1bf

¡¶ókNi-Al�äå$�)���C� V

Ni-Al

�Cî

L1

2

�£ DO

22

���Ëy�c�Æ()�1c £ 1d f

¡¶ók Ni-V �äå$�)���C� V

Ni-V

�Cî

L1

2

�£ DO

22

���Ëy�c�Æ()@' 1 N�þ

�*+�,¯��îc�Æ�ÌË¶Í�-.Á×0

(%�4/_c���0*+�¶���@�' 1 ±

1�L1

2

�����< DO

22

��y�-. DO

22

�ü

� L1

2

���@¾�����3cd��23÷
#

�
Ì@�' 1a £ 1b 1�V

Ni-Al

÷
�L1

2

����

�4,,-. V

Ni-Al

H L1

2

����:5V�CñV

Ni-Al

÷
, DO

22

�����Rdó
�-. V

Ni-Al

H DO

22

������ó
@�' 1c£ 1d1�V

Ni-V

÷
�DO

22

����4,�-. V

Ni-V

H DO

22

����635V

�C�L1

2

��ôõ� DO

22

�7æ�����}4,�

-. V

Ni-V

H L1

2

���}:5V�C@ 

���������	
�� Ni

75

Al

10

V

15

������

���

' 2 ¶ók�äå$�)���C��Cî

Ni

75

Al

10

V

15

����Ëy�c�Æ()@2a £ 2b f

¡¶ókNi-Al�äå$�)���C� V

Ni-Al

�Cî 

L1

2

£ DO

22

���Ëy�c�Æ()�2c £ 2d f¡

¶ókNi-V�äå$�)���C� V

Ni-V

�Cî L1

2

£ DO

22

���Ëy�c�Æ()@�' 2 1�L1

2

�

£ DO

22

��7�}l������3c�89:Î.

ì#�
Ì@L1

2

�����< DO

22

�����,�

-. L1

2

�ü� DO

22

���@�' 2a£ 2b1�V

Ni-Al

÷
�L1

2

����4,�-. V

Ni-Al

H L1

2

����

635V�C�DO

22

��ôõ� L1

2

�7æ����

�}4,�-. V

Ni-Al

H DO

22

���}:5V�C@

�' 2c£ 2d1�V

Ni-V

÷
�L1

2

����Rdó
, -

. V

Ni-V

H L1

2

������ó.;ñV

Ni-V

÷
�DO

22

�����4,�-. V

Ni-V

H DO

22

����:5V

�C@ 



� 11�                     �  �����	
���� Ni

75

Al

x

V

25-x

����������
���                �1937� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  Ni

75

Al

3.5

V

21.5

��� V

Ni-Al

� V

Ni-V

�� � Ll

2


� DO

22


!"#$%&'�()*+ ,- 

Fig.1  Long order parameter curves influenced by V

Ni-Al

 and V

Ni-V

 in Ni

75

Al

3.5

V

21.5

 alloy: (a) Ll

2

 phase by V

Ni-Al

, (b) DO

22

 phase by V

Ni-Al

, (c)  

Ll

2

 phase by V

Ni-V

, and (d) DO

22

 phase by V

Ni-V 

(V11 is original value of V

Ni-Al

, V21 is original value of V

Ni-V

) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  Ni

75

Al

10

V

15

��� V

Ni-Al

� V

Ni-V

�� � Ll

2


� DO

22


!"#$%&'�()*+ 

Fig.2  Long order parameter curves influenced by V

Ni-Al

 and V

Ni-V

 in Ni

75

Al

10

V

15

 alloy: (a) Ll

2

 phase by V

Ni-Al

, (b) DO

22

 phase by V

Ni-Al

, (c) Ll

2

  

phase by V

Ni-V

, and (d) DO

22

 phase by V

Ni-V

 (V11 is original value of V

Ni-Al

, V21 is original value of V

Ni-V

) 

0       1       2       3      4 

 

1

0.8

0.6

0.4

0.2

0

A
v

e
r
a
g

e
 
L

o
n

g
 
O

r
d

e
r
 
P

a
r
a
m

e
t
e
r
 

V11�3% 

V11+3% 

V11 

a 

0       1       2       3      4 

Time Step/.10

4

 

1

0.8

0.6

0.4

0.2

0

A
v

e
r
a
g

e
 
L

o
n

g
 
O

r
d

e
r
 
P

a
r
a
m

e
t
e
r
 

c 

V21�3% 

V21+3% 

V21 

0       1       2       3       4 

Time Step/.10

4

 

 

1

0.8

0.6

0.4

0.2

0

V21+3% 

V21 

V21�3% 

d 

0       1       2       3       4 

 

0.8

0.6

0.4

0.2

0

V11+3% 

V11�3% 

V11 

b 

0       1       2       3      4 

 

1

0.8

0.6

0.4

0.2

0

A
v

e
r
a
g

e
 
L

o
n

g
 
O

r
d

e
r
 
P

a
r
a
m

e
t
e
r
 

V11 

V11+3% 

V11�3% 

 

a 

1

0.8

0.6

0.4

0.2

0

A
v

e
r
a
g

e
 
L

o
n

g
 
O

r
d

e
r
 
P

a
r
a
m

e
t
e
r
 

0       1       2       3       4 

Time Step/.10

4

 

c 

V21 

V21+3% 

V21�3% 

 

0.6

0.4

0.2

0

 

0       1       2       3      4 

 

b 

V11�3% 

V11 

V11+3% 

0       1       2       3       4 

Time Step/.10

4

 

0.6

0.4

0.2

0

 

d 

V21 

V21�3% 

V21+3% 

 



�1938�                                          /0�12345$                                           � 386 

 

��������

L.Q. Chen

[7]

<¶����ëI�����F®%

=�>��y�3c?SRd�@ST�δη(r)¶Aß

�ë 2¯Ù���9����!�y�3c�Æ3�  ̂

( ) ( ) ( )

2

2 2

3 3

2

0

δ d _ δ d

f

f r C T T r

η

η η

η

=

 

∂

∆ → → −

 

∂

 

∫ ∫

    (11) 

�N�C�+Æ�T_�3cdab)����

2

2

0

f

η

η

=

 

∂

 

∂

 

 

�B��¶£3cd�����>�y�3c?S�

@ST@G�(11)p¢>�y�3c?S�@ST�

zC�(T T_)�D<@T�T_(�T ÌEû��H3

cdab�� T_�zC�E
�3cd�@STE


@H�A�f�´µz���3cdab)�FG

H�E
�MÁ3cd�@STE
@ 

Khachaturyan

[8]

�� 

AB 0

B

( )

_ ( )

c

T V k

k

ϕ

= ⋅

                    (12) 

�N� )(cϕ �£$��� c 3��ÛÆ�V

AB

(k

0

)�$

�)���C��L1

2

�� V

Ni-Al

�DO

22

�� V

Ni-V

@ 

H� Ni

75

Al

3.5

V

21.5

���0( C

Al

=0.035, ��¶

1046.5 K���%� L1

2

£ DO

22

�ab)�î@ú¬

3 V

Ni-Al

Rd(���(12) ±1�V

Ni-Al

�IR¬A&

L1

2

�ab)�� T_IR�.	JK&]�V

Ni-Al

÷
�

L1

2

��zC�(T T_)÷
�L1

2

��@ST÷
@ 

' 3¶ Ni

75

Al

x

V

25-x

���$�rd'L@�' 3a

N±�MN����
9 L1

2

�O� DO

22

�6{%7

��ö�%¶ DO

22

�ü� L1

2

����ü��� DO

22

����H���� L1

2

��7�3	
����P

Q
9 L1

2

�O� DO

22

�6{%7��RS L1

2

��

7�TT���U L1

2

�:n������4,@�

�iGq�$%±1 V

Ni-Al

H L1

2

����:5V�

C@V

Ni-Al

�Rd.23IR DO

22

��ab)�� T_�

}V23IR DO

22

��@ST�%0 V

Ni-Al

H DO

22

�������ó
@kt�ú¬3 V

Ni-V

Rd(�V

Ni-V

�÷
�IR� DO

22

��ab)�� T_�UÀ DO

22

��zC�(T T_)÷
�DO

22

��@ST÷
�«�

DO

22

�����4,�:n��ñWX V

Ni-V

�IR

23IR L1

2

��ab)�� T_�}V23IR L1

2

��@ST���ü��� DO

22

�H���� L1

2

�

�7�3	
����
9 L1

2

�O� DO

22

�6{%

7��

RS L1

2

��7�TT���U L1

2

�}

:n������4,�%0 V

Ni-V

H L1

2

����}

:5V�C@ 

H� Ni

75

Al

10

V

15

���0( C

Al

=0.1, ��¶

1046.5 K���%� L1

2

�ab)�î�DO

22

�ab

)�@ú¬3 V

Ni-Al

Rd(�k&��(12)±1��

���%� L1

2

�ab)�î�V

Ni-Al

�÷
UÀ L1

2

��zC�(T T_)÷
�L1

2

����@ST}V÷


�UÀ L1

2

�����4,�:n��ñV

Ni-Al

�R

dH DO

22

��@ST.23�����' 3b ±1�

ü��� L1

2

�H����DO

22

��7�3	
��

��
9 DO

22

�O� L1

2

�6{%7��

RS

DO

22

��7�TT���U DO

22

�}:n����

��4,@ú¬3 V

Ni-V

Rd(�k&��(12)±1�

V

Ni-V

H L1

2

������ó
ñ0(��%� DO

22

�ab��)��V

Ni-V

�÷
IR� DO

22

��a

b)�� T_�UÀ DO

22

����YÌ(T T_)øû(�

�0(��%� DO

22

�ab��)��(T T_)ó

�Z[¶zC�)�DO

22

��@STøû�����

L1

2

��:n����' 3b±M\�#
9 DO

22

��

L1

2

�6{%7��

RS� DO

22

��7�TT�

%0�]^ DO

22

��@STøû���øû�TT_

_
�ø!�@ST�`^±�U DO

22

�:n���

���4,�%0 V

Ni-V

H DO

22

����:5V�C@ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  Ni

75

Al

x

V

25-x

��������	 

Fig.3  The atomic evolution pictures for Ni

75

Al

x

V

25-x

 alloys : 

(a) Ni

75

Al

3.5

V

21.5

 and (b) Ni

75

Al

10

V

15

 alloys 

4  �  � 

1) ï¦ Khachaturyan «��¥§©ª$�V½

�À#y�c�Æ�ÜÌ$�^ 

Ll

2

 

DO

22

 

20

40

60

80

100

120

20

40

60

80

100

120

20   40   60   70   80   100   120 

a 

b 




 11�                     �  ����������� Ni

75

Al

x

V

25-x

��������������                 1939  

 

a) H�L1

2

�N�Al$�^

Al Al

Al

Al Al

( ) ( )

( ) 3 ( )

P r P r

P r P r

α β

α β

η

−

=

+ ⋅

 

b) H�DO

22

�N�V$�^

( )

V V

V

( )

V V

( ) ( )

( ) 3 ( )

P r P r

P r P r

α β γ

α β γ

η

−

=

+ ⋅

 

2) ü���¶ DO

22

�(�Ni-Al�äå$�)�

C� V

Ni-Al

÷
�L1

2

�����4,�� DO

22

��

���Rdó.;ñNi-V �äå$�)�C� V

Ni-V

÷
�L1

2

�£ DO

22

�����Ë4,@ 

3) ü���¶ L1

2

�(�Ni-Al �äå$�)�

C� V

Ni-Al

÷
�L1

2

�£ DO

22

����Ë4,ñNi-V

�äå$�)�C� V

Ni-V

÷
�L1

2

����Rdó


�� DO

22

�����4,@ 

 

����    References  

[1] Chen L Q, Simmons J A. Acta Metal Mater[J], 1994, 42

(9): 2943  

[2] Fumihiro Wakai, Naoya Enomoto, Hiroshi Ogawa. Acta 

Materialia[J], 2000, 48: 1297 

[3] Li Xiaoling, Chen Zheng, Wang Yongxin et al. Transactions

of Materials and Heat Treatment[J], 2004(5): 720 

[4] Thornton K, Norio Akaiwa, Voorhees P W. Acta Materials

[J], 2004, 52: 1353 

[5] Norio Akaiwa, Voorhees P W. Materials Science and Eng

ineering[J], 2000, 285: 8 

[6] Chen L Q. Acta Mater[J], 1994, 42(10): 3503 

[7] Poduri R, Chen L Q. Acta Mater[J], 1998, 46: 1719 

[8] Khachaturyan A G. Theory of Structural Transformations 

in Solids[M]. New York: Wiley, 1983 

 

Phase-Field Simulation for the Effect of Atomic Interchange Energy on  

the Incubation Time of Ni

75

Al

x

V

25-x

 Alloy 

 

Xu Cong, Chen Zheng, Wang Yongxin, Zhong Hanwen, Sun Liyan, Miao Haichuan 

(Northwestern Polytechnical University, Xi’an 710072, China) 

 

Abstract:  Based on the microscopic phase-field model, the effects of atomic interchange energy on the incubation time for Ni

75

Al

x

V

25-x

 

alloy have been researched, and the long range parameter's evaluation formula has obtained according to the formula for occupation 

probability by Khachaturyan. The experiment result shows that when the DO

22

 phase is deposited firstly, the first-nearest atomic 

interchange energy between Ni-Al (namely V

Ni-Al

) increases, the incubation time of L1

2

 phase is shortened, but the incubation time of DO

22

 

phase has no obvious change; and the first-nearest atomic interchange energy between Ni-V (namely V

Ni-V

) increases, the incubation time 

of L1

2

 phase and DO

22

 phase is shortened. When the L1

2

 phase is deposited firstly, the V

Ni-Al

 increases, both the incubation time of L1

2

 

phase and DO

22

 phase are shortened, and the V

Ni-V

 increases, the incubation time of L1

2

 phase has no obvious change, and the incubation 

time of DO

22

 phase is shortened. 
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