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Fig.1 L1,-structural AlsLi precipitates in Al-Li alloy in the MPF simulation

211 (a); L1, precipitates obtained in traditional PF model®”

(b); enlarged image of highlighted L1, precipitate in Fig.la (c); high angle annular dark field TEM image of one LI,

precipitate®! (d)
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Table 1 A brief listing of three PF models

Spatial scale

Temporal
Model ¥ evolution
Space span  Atomic or not scale
CPF™ C-H nm~pm N Sec.
MPF! C-H nm Y Sec.
PFC!'Y C-H nm Y 107 Sec.

Note: P-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 LI,+D0y precipitates in Ni-based alloy in the MPF simulation®* (a); D0,, precipitates consisting of oriented variants®”! (b~d); the

coherent strain energy becomes increased from (b) to (d)
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Fig.3 Annihilation behavior of B2-APDB in Fe-45%Al alloy during the aging process: (a) t=1300, (b) # =5300, (c) =10000, (d) =14000,
(e) =18000, and (f) =22900
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Table 2 Application of the MPF for solid-state transformation

in alloys'75'1°9'

Fields Materials & References
Al—Li[ZI], Ni—Al—VBO' 61, 62, 64, 75, 76],
Fe-A1P®, Ni-Fe-A1P% 777
Ni-AL-Ti®, Ni-Al-Mo!"" 7781
Ni-Al%) Ni-Al-Crl8> 8

Site occupation and
antisite

Antiphase domain

Fe-Al™*", Mode alloy®”), Ni-Al-v”!
boundary

Interface and interfacial

migration Ni-Al- V505384 N A1-Mo[®!

Fe-A11%6 65861 pa_Mo!®®)
Model alloym]
Ni-A]_MO[ﬂ, 81, 87] Ni-Cr—Alm’ 88]
Ni-Al-V162 89901 £\jj.A[L6% 90-91]
Ni-Al-Fel*"

Spinodal phase separation

Precipitation from solid
solution

Phase separation under

Ni-Al-VE% %21 Model alloy™?
external pressure ’

Ni-Al-VE* 4267 Nj-A-Ti®

Phase separation Fe-Al®
considering intrinsic Ni-Al-Mol®" 8 %3] Nj-A1P4
stress Ni-Al-Crt"* %], Fe-Mo(®]

Model alloy[6s]
Ni-Al-VDS‘ 89, 96] Ni-Al-Cr[34’ 97, 98]

Coarsening
Grain growth of the
single phase in a
disordered matrix

Ni-Al-Mo!"" 851 Nj-Al-Ti*"
Ni-Al-Cr®, Ni-A1'"

Completing growth of

o eoherent phases Ni-Cr-A]34 88. 101]’ Ni-A]-V/133- 89, 102,103]
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Transient phase

Others
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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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