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Li precipitates in Al-Li alloy in the MPF simulation
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� 1  �� PF �����	 

Table 1  A brief listing of three PF models 

Spatial scale 

Model Ψ evolution 

Space span Atomic or not 

Temporal 

scale 

CPF

[3]

 C-H nm~µm N Sec. 

MPF

[6]

 C-H nm Y Sec. 

PFC

[11]

 C-H nm Y 10

-6

 Sec. 

Note: Ψ-free energy of system; space span-magnitude of size for 

modeled materials; N-No; Y-Yes; Sec.-second (1/60 of a minute)  
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Fig.2  L1
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+D0

22

 precipitates in Ni-based alloy in the MPF simulation

[34]

 (a); D0

22 

precipitates consisting of oriented variants

[35] 

(b~d); the 

coherent strain energy becomes increased from (b) to (d) 

L1

2

 

D0

22

 

c 

d 

D0

22

-3 

D0

22

-1 

D0

22

-2 

b 

a 



�3774�                                       "#�$%&'()                                              � 48* 

Wang

[39]

��s MPF Ì'�`K�noeXaâ

(anti-phase domain boundary, APDB)�#$)����

Wang %ÒÎ� �F�:F�' APDB ¥Äã��

&'(R)�_�]��)��ð(z{��K�F�:

F/ APDBã��R �ë��$+\ì)�´µ��

�?Ù� APDB & R A�cÏ3 R=0 +\)���

}~ APDB��N>��*+��ªf',%�q�

APDB �­Clm-?�©Ú.�1>�XHIÆ

@O&f'+��Æ@×X©�:F¯§�{�h�

:F-1>�XpV�KE<�/µ&'�v
��

0���Ê�%�¾'´ MPF Ðñ�Chen

[40]

��ó

&ô>ÈK*(��âã:Fàá�{�0º?Ù�

N�89)��©��âã�:F1¯�':F2F

Ü�w0ëA4ÜpV34ô#� 

2018á�Wang

[41]

fîðÌMPFÐñ��ó Fe-Al


�&fTY�`\)�� APDB��T)��w�

APDB ��Tµ& 2 �Î O�×ã�'�c,´e

Xa(antiphase domain, APD) &«E)���K�5

6(7Ë21gêz£Z�4�8� APD pV�T

APDB�h� APDB ST�W�Î�q9��ÅÆ�

»Eg�� APD &«E)��v0©�»´)`L


���>«ëA4ËÌ�)`L
É��`\r�

T APDB�h�ÅÆ»Ò:.�&ß 2 �Î�/�T

� APDB �'��;< APDB �¥=��»´�

APDB�ß 1 ��TÎ�/�APD �¬\�­4[>

' LSW IJ¬\�ß 2 �Î�/~´ APDB ���

_�]��»¼��%öµ&� V��_s��)

�� APDB��Ú�"@Òf'+,%�h���?

-�3� APDBlz�|�\�
Dr(.F 3d~3f))�

q�vG�APDB �c��Ò�ì­�|(.F 3a)�

i.��cÑÔ��\ôÃõ APDB�×XG,%�

F 3 �Nó MPF ÐÑ���;< APDB �yN#$

)��i.& APDBlz(F 3e)�\)���MPF�

$� VÐñ�
Dr� 

&Kâã��×ã�@AB

[42, 43]

x�ðÌ MPF

Ðñ��ó Ni ¾
���KK�`aâã�ÈKâ

ã��©KKaâã�ÈKâã&ST��\)��

?�©×X<Æ@ôz{�l�ÉÊK¶©)��&

´¾�G�Ò��ÊÙ�K+)��âã�\�CÙ

Ð

[44,45]

«¬��ó
�TY�Î� �F�×<�+

4f|}�K+)��âã[ñ�âãCD�z{�

 V0º?Ù�L1

2

-L1

2

aâ

[46, 47]

�D0

22

-D0

22

aâ 

[48]

� 

L1

2

-D0

22

Kâ

[49, 50]

pVµ&Ù��âã[ñ�H�C

DÆ<�hiâã¤ºYÒiCDâã��iCDâ

ã�CÙÐfî%Ò?@âãCDÂâã�lmàá�

®¯� ü�?@<|}Òa(K)âã�lm��0

1�´µ�÷ø[51, 52]�'âã�L}®¯�­Cà

á���0º� MCØ#Í0º;O�#

[53]

�hi�

�?Ù MPFÐñ��i���´gF�{�r�i�

klmgF��4R�´KE���âãªÒ� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  Fe-45%Al��� B2�+, APDB-./)� MPF�� 

Fig.3  Annihilation behavior of B2-APDB in Fe-45%Al alloy during the aging process: (a) t=1300, (b) t =5300, (c) t=10000, (d) t=14000, 

(e) t=18000, and (f) t=22900 

a b c 

d 

e f 
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Table 2  Application of the MPF for solid-state transformation 

in alloys

[75-109]

 

Fields Materials & References 

Site occupation and 

antisite 

Al-Li

[21]

, Ni-Al-V

[30, 61, 62, 64, 75, 76]

, 

Fe-Al

[56]

, Ni-Fe-Al

[58, 77-79]

 

Ni-Al-Ti

[80]

, Ni-Al-Mo

[71, 77, 81]

 

Ni-Al

[63]

, Ni-Al-Cr

[82, 83]

 

Antiphase domain 

boundary 

Fe-Al

[41]

, Mode alloy

[39]

, Ni-Al-V

[47]

 

Interface and interfacial 

migration 

Ni-Al-V

[44, 50-53, 84]

, Ni-Al-Mo

[85]

 

Spinodal phase separation 

Fe-Al

[56, 65, 86]

, Fe-Mo

[66]

 

Model alloy

[32]

 

Precipitation from solid 

solution 

Ni-Al-Mo

[71, 81, 87]

, Ni-Cr-Al

[34, 88]

 

Ni-Al-V

[62, 89, 90]

, Ni-Al

[69, 90, 91]

 

Ni-Al-Fe

[58]

 

Phase separation under 

external pressure 

Ni-Al-V

[36, 92]

, Model alloy

[32]

 

Phase separation 

considering intrinsic 

stress 

Ni-Al-V

[33, 42, 67]

, Ni-Al-Ti

[80]

 

Fe-Al

[86]

 

Ni-Al-Mo

[81, 85, 93]

, Ni-Al

[94]

 

Ni-Al-Cr

[74, 95]

, Fe-Mo

[66]

 

Model alloy

[68]

 

Coarsening Ni-Al-V

[35, 89, 96]

, Ni-Al-Cr

[34, 97, 98]

 

Grain growth of the 

single phase in a 

disordered matrix 

Ni-Al-Mo

[71, 85, 99]

, Ni-Al-Ti

[80]

 

Ni-Al-Cr

[94]

, Ni-Al

[100]

 

Completing growth of 

two coherent phases 

Ni-Cr-Al

[34, 88, 101]

, Ni-Al-V

[33, 89, 102, 103]

 

Transient phase 

Ni-Cr-Al

[88, 90]

, Ni-Al-V

[62, 90, 104, 105]

, 

Ni-Al-Mo

[71, 77, 81, 93, 106]

, Ni-Al

[90]

, 

Ni-Al-Fe

[107]

 

Others 

Ni-Fe-Al

[67, 108]

, Ni-Al-V

[109]

, 

Ni-Al-Mo

[71, 77]
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Microscopic Phase-field Model and Its Application for Solid-state Phase 

Transformation of Alloys 

 

Wang Kun, Wang Yongxin, Wei Pu, Lu Yanli, Zhang Jing, Chen Zheng  

(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China) 

 

Abstract: In the field of materials science and engineering, the phase-field method is an indispensable component of computational materials 

science. The phase-field method has incomparable advantages in simulating and predicting the microstructural and morphological evolutions in 

materials. The microstructure determines the service performances of materials. In fact, the manipulation of various properties of the solid 

materials principally depends on the anticipative material microstructures generated through the subtle control on phase transition process. In 

general, the experimental analysis of the solid-state phase transformation of alloy materials prevailingly focuses on the observation and discussion 

of the results, but less concerns on the kinetics of phase transitions. The phase-field method based on microscopic diffusion theory is capable of 

exploring the phase transformation process at the atomic scale, for which other phase-field models are powerless to achieve. This paper 

systematically reviewed the research ideas and results about the application of microscopic phase-field model in solid-state phase transformations. 

On this basis, the difficulties of current research were expounded, and the development prospect of microscopic phase-field in the field of 

solid-state phase transition was prospected. Finally, we forecasted the possible developments of microscopic phase-field in the foreseeable future. 

Key words: phase-field; solid-state phase transformation; computational simulation; alloys 
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