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Table 1  Chemical composition of received Ti-55531 

alloy (ω/%) 

Al Mo V Cr Zr Fe Impurity Ti 
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¦ 1  §^ Ti-55531U¨©NO 

Fig.1  SEM (a) and HAADF (b) images of solution-treated Ti-55531 alloy; (c) composition profiles in the rectangular regions in Fig.1b 
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Fig.2  Dilatometric and its derivative curves at 1 K/min during 

continuous heating 

 

Ç£ÍP¾0uY&$uQR�bc��uYJa¼

ÆÇ%&ø¹M��¢£ST¼�?µ�NO&0Æ

ÇaÁ�bc���UV�LM$uJM�%&! 3

1×L�'ü.�WX��Y� 2 1Z�'^ 1 1[

�'�[�'\¨	
��ÆÇ�>$u�sZ�'

\¨	
��~��>$uJ31��uYWX�� 

1) 679~841 K´/22��~��>$u�]J

´/ 746 K® 

2) 841~1010 K´/22��ÆÇ�>$u�]J

´/ 995 K® 

3) 1010~1114 K´/22��~��>$u�]

J´/� 1060 KJ 

5 µm 

[111]β 

α 

a 

2 1/nm 

500 nm 

b 

0.0 0.2 0.4 0.6 0.8 1.0

0

2

4

6

8

10

12

14

  Al   Mo  V  Cr  Zr

 

 

C
o
m
p
o
s
i
t
i
o
n
/
a
t
%

Position/µm

β α

globe

c

200 400 600 800 1000 1200 1400

 dL/L

0

 dL/dT

Temperature/K

d
L
/
L

0

1114 K

1060 K

1010 K

995 K

841 K

746 K

d
L
/
d
T

679 K



¥1222¥                                          ®¯-&'(#)                                           � 49� 

3^¼ÆÇ%&�a>�$u_û�Ó£Í$u

�{V'� 679�746�841�938�1010�1060�1114 

K �;P´/JcË 1 K/min �{µÅ´�¦5;P

´/76���NOZ[lþ 3mJ̀ ´/�Å� 679 

Klþ 3am��úûaNO$blþ 1am�NOc!×

LduJ`´/�Å� 746 Klþ 3bm�jk α
Ãc

��uY������ 20.82%� α

lamellae

T β
�UÐ

©�eÎ*´/Å'� 841 K�α

lamellae

��¶i�_

`��lþ 3cmJ¨×T 679~841 K ´/22��Ó

β→α

lamellae

�$uJ´/fè�Å�Z[WX�gh�

�T α

lamellae

��`´/fè�Å� 938 Klþ 3dm�

α

lamellae

_`ij�kÎlY�`´/�Å� 1010 K

§�α

lamellae

mnop�w§NOUqr α

globe

lþ 3emJ

ssT 841~1010 K´/22��� α

lamellae

→βJ`´

/'@ 1010 K§�α

globe

�û·¸�̀ ´/Å� 1060 K

lþ 3fm�α

globe

_`� 7.46 vol%�.ë��� 1.371 

µm��e`´/Å� 1114 K§�α

globe

ot·¸lþ

3gmJssT 1010~1114 K22��� α

globe

→βJ 

���������	
�� α ���������� 

�¸	
TÅ´r�Uuv�� β→α

lamellae

�

α

lamellae

→β�α

globe

→β �wuJa@jkÐ©$��¶

^·¸ÔdeRx Aaron�jk¸yÕ�

[11]

�z{j

k$|�a��fg�
}��a Whelan

[12]

8�¸y

Õ�ø¹~[�ÈIJÃ¯�
@ Liu

[13]

�:´ÌI

µ�¶Õ�^ Αaron

[14]

�·¸Õ��ÑÒÅ´ÌIµ

nkÐ©$��¶^·¸ÔdeÉ�®�
@ Aaron

[11]

:´ÌIµ�·¸Õ��ÑÒÅ´ÌIµjkÐ©$

��¶^·¸ÔdeÉ�®���¸ Ti-55531 T 1 

K/minÅ´r�U α

globe

^ α

lamellae

�¶i^·¸���

-Ûê�ÈIø¹b�J 

2.2.1  α

lamellae

������ 

��Å´r�U01§2��� α

lamellae

�}��

��/.�ÌIJα

lamellae

��%{|� ρ �¯��z

{ Gibbs-Thomson �>�α

lamellae

�� β 
�U� Al

�>�/X'@.��/�s β �����/�@.

��/Jvw�Ä?z{ Gibbs-Thomson �>�

IvanstovÉ�R�� α

lamellae

�z¶�{� 

( )

( )

c

π exp 1 erf 1 ( )P P P S P

ρ

Ω Ω

ρ

 

= − +

 

 

   l1m 

"U�Ω��`��r�^/

/

0

/ /

x x

x x

β β α

α β β α

−

−

J

0

x

β

��'

β/α

lamellae

�}2H β $������úûNO� β $

��lTi-8.22Al-3.07Mo-5.66V-3.28Cr-0.56Zr�at%m

�����J

/

x

α β

^

/

x

β α

�Y� α

l ame l l ae

����

α

lamellae

^ β �������JGibbs-Thomson �>Ï

α

lamellae

����� α

lamellae

^ β���.���7��

�XÄ?-�!�´/�r Thermo-Calc ���©�

!�´/

m

eff eq

m

2

1

V

T T

H

σ

ρ

 

= −

 

 

�"U T

eq

�.�$u´

/�σ��}K��� 0.2 J/m

2

�H

m

� α

lamellae

�Z�

��V

m

��� Vegard���	
.ë����JP�

a�^�Ú�b 

/ 2P v D

β

ρ=

�"U v� β/α

lamellae

�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  1 K/min��������	
�� Ti-55531������� 

Fig.3  Microstructures of solution-treated Ti-55531 alloy heated to 679 K (a), 746 K (b), 841 K (c), 938 K (d), 1010 K (e), 1060 K (f), 

and 1114 K (g) at 1 K/min and then quenched in water 
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Fig.4  Comparison of calculated radii and measured average radii 

of lamellar α tips at different temperatures 

/¯ 11�`¸�¨× α

lamellae

��¶7�ot«��

Ú6AJ±ÏÄ?a��7¹º��}�Ú�{

[17]

�

��©�¶/b-ÛJi 1 1�`¸Jvw�α

lamellae

���¶>»«��Ú^�}�Ú¼	�BA6AJ

a��Ú¨½ÊU�¾¿KÀ£ 0.84����α

lamellae

��¶%&� S���e�T 746^ 841 K§�.ë

¶/Á	lþ 5aUÂÃ-&mJ$>-�Ä? Al��

Ú��lÄÃÅ&m^ Mo ��Ú��lÆÃ<&m

£Í Αl^ Mo�Ú����·.ëJlÂÃ-&m�

��©��¶�{&þ 6a æç�.ë�¶�{-´/

%&ZÊ� PorterÇàÈ

[18]

�Zk$%J 

2.2.2  α

lamellae

������ 

-Û²³=8É×�α

amellae

$��}�}¡¢�

�¶ÕÊ�rÊWBA

[19]

R-.J��8�ÊWBA

�¶Õ�

[18]

�α

lamellae

��Ë�{��¶�{bJ�Ê

W'/ h^ÊW2Ì b�bJJ 

thicken lengthen

h

v v

b

=

                         l3m 

Êl3mUÊW'/ h¢£��1 Ti�>��� 0.147 

nmJ'�Í{ TEM cË

[20]

�.ÊW2Ì b ÎÏ� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  �������	
��� α

lamellae

���� 

���� 

Fig.5  Comparison of calculated and measured average length (a) 

and width (b) of α

lamellae

 at different temperatures 

400 600 800 1000

938 K

841 K

Temperature/K

746 K

15.0

12.0

9.0

6.0

3.0

0.0

T
i
p

 
R

a
d

i
u

s
/
�

1
0

-
9

 
m

 

600 700 800 900 1000

938 K

841 K

 

 Lengthening

 Dissolution

 Experimental average

746 K

a

400 600 800 1000

841 K

938 K

 

Temperature/K

 Thickening

 Dissolution

 Overall

 Experimental average

746 K

b

4

3

2

1

0

D
i
s
p

l
a
c
e
m

e
n

t
/
�

1
0

-
7

 
m

 

5

4

3

2

1

0

D
i
s
p

l
a
c
e
m

e
n

t
/
�

1
0

-
8

 
m

 



�1224�                                          ���� !�"#                                           $ 49% 

20~50�>�vw

h

b

T 20~502¢5J 

«@ α

lamellae

�}%{|�J�i�Gibbs-Thomson

�>7>Ðz{JÑDÊl3m�� α

lamellae

��Ë�

{³�>²Ä?�û� IvanstovÉ�lÊ 4m�Ùï.

������� Gibbs-Thomson�>��¶�{J 

π exp( )(1 erf )P P P= −Ω

                l4m 

Êl4mU� Ω �

/

0

/ /

x x

x x

β β α

α β β α

−

−

J

/

x

α β

^

/

x

β α

�Y��

��/.�ÌI� α

lamellae

�}�� α

lamellae

^ β���

������r Thermo-Calc ���©JP �¨½Ê

�Êl1m½¾$�J 

þ 6b�
@ AllÄÃÅ&m^ MolÆÃ<&m

��Ú���£Í Al^ Mo��Ú����·.ëJ

lÂÃ-&mæ�©� α

lamellae

�Ë�{J3 Ì%&L

çÒw 90°�ÓÔÕ�Zk��ÖV[18]U�¶�{-

´/%&Zk�¯J«@7×T Gibbs-Thomson�>�

α

lamellae

�Ë�{mn´/b�¶�{mn´/�'J

°�Fè�¼r�U�α

lamellae

�}�ËÌ'��Ë�

/a´/����&þ 5bU� SZÂÃ-&æçJT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  &'()�����	 α

lamellae

*��*+,- 

Fig.6  Calculated lengthening (a) and thickening (b) rates of 
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Thermo-kinetic Modeling for the Growth/Dissolution of α Globes and 

Lamella in Ti-55531 Under Continuous Heating Condition 
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Abstract: The microstructure evolution of Ti-55531 alloy with (β+global α) microstructure composition under heating condition of 1 

K/min was observed by thermal expansion and SEM, and it was found that the microstructure evolution was α lamellae precipitating, 

dissolution and α globes dissolution. The kinetics equations of the growth/dissolution of the lamellar precipitate and spherical precipitate 

were established. The simulation results show that the growth and dissolution of lamellar α

 

is affected by the Gibbs-Thomson effect, which 

reduces the stability of α lamella tips, thus resulting in the dissolution of α lamella tips below the equilibrium temperature. The elongation 

of the α lamella tips follows the kinetics controlled by the mixed mechanism of bulk diffusion and interfacial diffusion, while the lateral 

thickening is controlled by bulk diffusion, and the bulk diffusion controls the dissolution of α lamella. The global α growth at low 

temperature is controlled by the volume diffusion of stable elements with a lower diffusion rate, and the solubility at high temperature is 

controlled by the volume diffusion of Al with a higher diffusion rate. 

Key words: Ti-55531; kinetics of growth/dissolution; Gibbs-Thomson effect; diffusion 
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