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Fig.1  Diffusion in system containing a grain boundary 

 

�(�C -A©	H��D

V 

* D

GB

56
IA©7

Vc°ß±VW	¬­Íg� 

bøQÍ)¬­GÓÈÎÏ�9ý	JK��

k�ÑÒVWB�� δ�Vcde� d�)¬­G J

2
I�. 

GB V

GB V

d

( ) /( )

d

D D d C

J J J d d

d x

δ

δ δ

δ

+

 

= + = −

 

+

 

�

  (6) 

{C¬­Íg D

eff

. 

GB V GB

eff V

V

�δ δ

δ δ δ

 

 

= = +

 

 

+ + +

 

 

D D d D d

D D

d D d d

      

(7) 

ÑÒ

δ>>d

�¸{C¬­Íg2`L-�. 

GB

eff V

V

1

D

D D

D d

δ

 

= +

 

 

                    (8) 

79õ(±VW	¬­Íg�. 

2 2

GBPF V

(1 )

q

i j

i j

D D a η η

≠

= +

∑

                  (9) 

�(�Mg aß D

GB

/D

V

	��{Ì���N���(

	VWB�ÔO- 1 nm��9õ(	W�B�È��

¨	VWB�Ô�234k5ö÷ÙP�ñ/( a��

M9õö÷ßN���(	VW�Q�	�k9�Ù

P�

[38]

�a ïð2`-�. 

( )

9

G B

V

2

2

eq eq

1 10

1 d

�

�

�

�

λ

η η

× ×

∫

λ

D

D

a

x

                  (10)

 

�(�η

eq

-W�D89RSB%�Ð	TUVW�2

� Allen-Cahn ö|

[39]

ïðGè. 

eq

1 2

[1-sin( )]

2

ω

η = x

k

*

2 π

2

k

λ

ω

=

� 

λ�XøW�	B�� 

��µ¶	¬­Ígßµ¶678YZ
+Â-

[�+\ö|

[40]

�VW¬­]^�	�
�Íg

`

ki

M

 

2`-�. 

` 2 2

(1 )

q

ki ki i j

i j

M M a η η

≠

= +

∑

                (11) 

_`Ý4Þ2`a-�. 

x 

J

V 

J

GB 

δ 

d 



�2866�                                         �������	
                                            � 48� 

1

`

2

1

1

( ( , , ) )

n

k

k i i

i

m i

X G

M T X

V t X

η

−

=

∂ ∂

= ∇ ⋅ ∇

∂ ∂

∑

   (12) 

�?ý�VW¬­	�Ð9õñ/�bÎVW¬

­ßQ¬­	¬­Íg���� 2000

[41]

���VW¬

­f α9A���	ÉÊ� 

���������

���������	 α 
��
���

���VW¬­f Ti-6Al-4V �� α 9A�	É

Ê�bÎ 462×400	c½QÍ�ÖJK��dr	û

ø α956�� 3eVWX.(1) βVc°fÝàVWÞg

(2) βVWXg(3) βVWSTUX�ÃhQÍ� 1210 K

	RSi,�α 9	Qk5g� 6.49%gAl 7 α * β

9(	/05g56- 0.121* 0.101�V7 α* β9

(/05g56- 0.0126* 0.0376�á=ÖQÍj�

k 1213 Kl��α9A�Ö[Ä� 

F 2�VWgÐfdr α9&'rm§�	ÉÊ�

HF(2n��3eVW�	 α9rmop^Y�Ú α

9��Vc°BÝF 2aÞ�QÍq{ α/βVW���A

©7 α/β VW	¬­�Q¬­¿�A©¿À¬­�b

øVW��=�79A�4|(�Q¬­ÅÆÓÈ¾

���VW¬­¾�^Ô�Ú α9�� β/βVWXÝF

2eÞ�A©��7 α/βVWX¬­��YBr± β/βV

W¬­���W�s
	¾��Ãhdr α 9tu§

q�vdr α 9�Y?@[42]%w�	yÒ1x�Ú

9��VWSTUB�dr	 α 9�y§q�zSî

r	 α9ÝF 2lÞ���W�s
{Å9	riaq��

Li �

[7]

7f Ti-8V-1.5Mo-2Fe-3Al ����@A;D

EB[\�áÆ@ABK	|ü�ÃÄ α 9�Ãh	

}i~q�]�i�{Å α 9rmq�	µ�-qr

Û�
��qr�Û
f Ti-6Al-4V ��9q	ÉÊ

Ö�?���  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 2  ���
������ α�������� 

Fig.2  Effect of the number of grain boundaries on microstructural evolution of α phase in the process of solution treatment: (a~d) interior, 

(e~h) on the grain boundary, (i~l) at the triple junction; (a, e, i) 1000 s, (b, f, j) 40 000 s, (c, g, k) 80 000 s, and (d, h, l) 150 000 s 
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Fig.3  Temporal evolution of α phase volume fraction with 

different number of grain boundaries 
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Fig.5  Temporal evolution of composition of Al at the point p at  

different number of grain boundaries 
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Fig.6  Evolution microstructure of multi α phase in the process of dissolution: (a~c) at the triple junction, (d~f) on the grain boundary, 

(g~i) uniform distribution; (a, d, g) 0 s, (b, e, h) 3000 s, and (c, f, i) 5000 s 
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Fig.7  Temporal evolution of α phase volume fraction for the 

different spatial distributions 
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Fig.8  Microstructure evolution under uniform PSD condition:  

(a, b) interior, (c, d) on the grain boundary, (e, f) at the 

triple junction; (a, c, e) 10 s and (b, d, f) 50 s 
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Fig.9  Temporal evolution of α phase volume fraction: (a) uniform PSD, (b) normal PSD, (c) log-normal PSD, (d) bimodel PSD,      

(e) interior, and (f) at the triple junction 
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Fig.10  Microstructure evolution and solute profile in the dissolution process of α phase at 1223 K: (a~c) the microstructure, the red 

grains represent α phase, and others represent β grains with different orientations, (d~f) Al, (g~i) V; (a, d, g) 10 s, (b, e, h) 200 s, 

and (c, f, i) 600 s 
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Fig.11  Temporal evolution of α phase volume fraction 
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Abstract: In order to study the phase transformations in consideration of the grain boundary diffusion, the diffusion along grain boundary 

was incorporated in the quantitative phase field model coupled with the Kim-Kim-Suzuki (KKS). The effect of the number of grain 

boundaries, the spatial distribution and size distribution (PSD) of α phase on the α phase dissolution was researched. The results show that 

grain boundaries are a faster element diffusive path. The larger the number of grain boundaries is, the faster the kinetics of α phase 

dissolution is. Namely, the kinetics of α phase dissolution is fastest when the phase is located at triple junctions. However, the dissolution 

kinetics is of little difference when α phase is on the grain boundary and distributed uniformly in the matrix. Compared to the phase 

dissolution rate in two-dimensional condition, the effect of the grain boundary diffusion on dissolution kinetics is more obvious in 

three-dimensional condition. When phase transformation is dominated by bulk diffusion of solute, the spatial distribution of α phase is a 

main factor affecting the α phase dissolution. But when phase transformation is dominated by grain boundary diffusion of solute, the 

effects of other size distributions on the dissolution of α phase are not obvious except for uniform PSD. 

Key words: grain boundary diffusion; phase field model; dissolution; the spatial distribution of phase; phase size distribution 
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