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Table 1  Chemical composition of TA19 alloy (ω/%) 

Al Sn Zr Mo W Si Ti 

6.61 1.75 4.12 1.91 0.32 0.10 Balance 

 

 

 

 

 

 

 

£ 1  ��¤¥¦§£ 

Fig.1  Schematic of tensile sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

£ 2  1015 �KF=¨©ª TA19 7
R
?MN 

Fig.2  Microstructures of TA19 titanium alloy after isothermal treatment at 1015 � for different time: 

(a) 25 s, (b) 35 s, (c) 45 s, (d) 60 s, and (e) 90 s 
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£ 3  1015 �KF=¨©ª TA19 7
R SEM¬O 

Fig.3  SEM images of TA19 titanium alloy after isothermal treatment at 1015 � for different time: (a) 25 s, (b) 35 s, (c) 45 s, (d) 60 s, and (e) 90 s 
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£ 4  KLMN�UVWX@MNAe­®tu¯°@`£ 

Fig.4  Equiaxed structure (a), semi-equiaxed structure (b), and the change of Mo & Al elemental content (c) 

 

 

 

 

 

 

 

 

 

 

£ 5  α?{1120}�±£� β?R{111}�±£ 

Fig.5  Pole figures of {1120} for α phase (a) and {111} for β phase (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

£ 6  ��KL α?±£�OP α?�1015 �/35 s�±£ 

Fig.6  Pole figures of primary equiaxed α phase (a) and lamellar α phase holding at 1015 � for 35 s (b) 

10 µm 

C 

D 

E 

a 

A 

B 

b 

A B C D E

0

1

2

3

4

5

6

7

8

9

 

E
l
e
m
e
n
t
a
l
 
C
o
n
t
e
n
t
,
 
ω
/
%

Located Zone

 Change of Al element content

 Change of Mo element content

c

{111} 

a 

{1120} 

b 

{0001} {1120} 

{1010} 

{1120} 

{0001} 

{1010} 

a 

b 



¢3772¢                                           «�
/���89                                          � 47� 

� 7 � TA19 ��� TEM ��� 7a � β ��I

Jr��P��P α LBn� β Lrstu#� 7b

�üýþ��IJr��P α L���r :7Ïü

ýþ��IJr� βno�P5�Þ�É αLrz¨�

 ¡ST�¬�ÔÕ���PO� 7ar�n� βL'

¬��P��O β ��IJr�P��Ð#UV β L

��W�r�N:�É α LL���PIJ��;Þ

�É αLÂz¨��¢�ÉIJ����P αL� 

aÞÂz¨h�L�YMG�ý���PIJ���

7c�� 1	
�il�Ke�YM��P�½E�L

��a a��YMG����P��~�É α L�

� 7c�� 2��� 3	
# 

� 8�üýþ��IJ�êzW�
��#� 8a

��z�É α LB�P β ��IJ#=Æ¹��- β

���:��-Æ¹W�r β ��IJ��M β L�

il�z�É αLóST�;ôzL��Rl�Q>�

?�@AhBC�β LN�É α LÍÑ�5� Mo ?

�Meq������:�É α L�ÍÑ��e�O

YM β��IJ�]Uµ�z�É αN β��IJ 

�YMåæ�ÍÑ��� 8b	
#|}��l��®

¨�i�Fë��W��³´�9��³µ β Lr

Mo?�STÞ�z�É αr@A�-��W�r�β

L����P� β ��IJ�K¢:�É αLIJ	

-�O Mo ?�v^�ÈÆ�ã�P β ��IJ9�

Þ�É α Lrz¨���K¢ Mo ?�v^QT��

βnoL�PQ����z¨³b  Mo�b¡¢(�

8c)#|}- β L��:���l��³GJ®¨�

Mo?�£�-�É αIJ	-�OSTÈÆ�βno

LK����c:�É α L�eä+¿&��� 8d

	
#��:�z�É αLýþè�P β��IJ	

s¤��� 8e	
# 

îÛÜ-cüýþ��IJ�v^³´õ*l�

K¢üýþ��IJr�É α LIJ�Ô¥A��µ

tH β ��IJ�v^�Úkhi����1üýþ

��IJ�v^�n��-ÒÓIJ�Ó�r�β �

�IJ��P¼ëas78�B�iIJ³´�e�

b$¦	0§��iIJ*�no��z�É α LN

üýþ����P α L� ¡üýþ��IJ�YM

N�z α L�v^L��UV-³´üýþ��IJ

v^N��l��k^õ*r� :�WtHÒÓI

Jr β ��IJ�v^�n��Úkhi��l�1

üýþ��IJ�v^#õ*	+üýþ��IJ�

v^�@���� 9	
�L��:��� 25 sl�

42.5%�|}��l��®¨�̈ �ÉIJ©ev^¿

&�T�=��l�� 90s l�Vlüýþ��IJ

�v^��� 30.5%#�µþÑµªüýþ��IJ

c9�NSA�«²�îÛÜ�G�ÃH�� 300 s

��cO�=��l�!� 300 s l����	�I

JB����P� β��IJ# 

����������

���r�É α La­¬Q8�SA�Ya_�

b�P α L§­ª®¯�@°�UV5�±8�5®

²A#UV-lL���IJr���³��É α L

v^�­&§´�OQ8�SA�bÇ¯X�§Ïq

�T#b=�É α Lv^�T��P� β ��IJv

^�ÈÆ��Ç¯9�§ÈÆ�RSAX�a&µ�

T

[13,14]

#L��ÛÜ¾¿

[15,16]

���9�HµN�É

αL�v^��I��N β¶xÎÏ�yz αL���

b�P α L���B¨�Oc����9�ó�t

u�=�P α L�¨�OÈÆl����9��5® 

 

 

 

 

 

 

 

 

 

 

 

 

£ 7  OPMN�1015 �EF 35 sªUVWX@MN�U?²ROPMNR TEM¬O 

Fig.7  TEM images of lamellar structure (a), and microstructures subjected to a treatment at 1015 � for 35 s (b, c): (b) lamellar structure 

growing into primary α phase and (c) unconnected lamellar structure 
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£ 8  KLMN>OPMNRX@[9¦§£ 

Fig.8  Schematic of transformation process from equiaxed α 

phase into lamellar α phase 

 

 

 

 

 

 

 

 

 

 

£ 9  1015 �EFz³DQ´UVWX@MN¯°@`µ¶ 

Fig.9  Volume fraction of semi-equiaxed α phase holding at 1015 

� for different time 
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Fig.10  Stress-strain curves (a) and mechanical properties (b) of 

semi-equiaxed α phase holding for different time 

 

�c½�����!� 960 �/2 hjk; 590 �/ 

8 hlm���>Ç9� !� 1210 MPa�5Ñº»

°� 30%�¯¨°� 8%�$NîpÄr���l�

45 s�üýþ��IJÃH�Ç¯AaOQGU(9

� 1219 MPa�5Ñº»° 29%�¯¨° 14%)#bB

¾¿ TA19 ��-jklm���Ç¯AaàáO  

Q

[9]

�üýþ��IJ¾qÏOQÀF�9SAAa#

UV�-üýþ��IJr���z�É α �Ô�Á

ÂµQ8�SAAa�b�W¹º»�-�É α Lr

yz�P αL]^�ÈÆ��³µ�9�X��ÈÆ# 

� 11�:�ÉIJÇ¯56dÓ���5Ñº»

SAÔÕOQ¿&(5Ñº»°� 40%)#� 11bN�

11ce���� 35B 60 s��Ç¯56dÓ�� ¿

&Ó��56SA)�����T�-$Å�|��

l��®¨�9�ÈÆ�5Ñº»°� 31.9%�T�

26.32%# 

� 12a�12b�12ce��:��;�� 35N 60 s

Ç¯ÃHÃÄ�ÒÓ56YZ��56cO�r Ó

���|��l��®¨�²Å[\�Æ� ¡ª»

Ñ©eOÈÆ#� 12d ��� 300 s 	+�þv¤I

JÃH56�ãÃH¶î�ÇA5®��56ÃÄ� 

20 30 40 50 60 70 80 90 100

30

32

34

36

38

40

42

44

 

 

V
o
l
u
m
e
 
F
r
a
c
t
i
o
n
 
o
f

S
e
m
i
-
e
q
u
a
i
x
e
d
 
α
 
P
h
a
s
e
/
%

Holding Time/s

0.00 0.05 0.10 0.15 0.20 0.25 0.30

0

200

400

600

800

1000

1200

1400

 

E
n
g
i
n
e
e
r
i
n
g
 
S
t
r
e
s
s
/
M
P
a

Engineering Strain

 25 s

 35 s

 45 s

 60 s

 90 s

 300 s

 Untreated

a

0 50 100

1000

1200

 

 Tensile strength

 Elongation

 Reduction of area

Holding Time/s

T
e
n
s
i
l
e
 
S
t
r
e
n
g
t
h
/
M
P
a

b

10

15

20

25

30

35

40

E
l
o
n
g
a
t
i
o
n
 
&
 
R
e
d
u
c
t
i
o
n
 
o
f
 
A
r
e
a
/
%

a 

b 

c 

d 

e 



¢3774¢                                           «�
/���89                                          � 47� 

 

 

 

 

 

 

 

 

 

£ 11  1015 �KF=¨©ª��¸¹�º£ 

Fig.11  Fractured surfaces at low magnification of samples after isothermal treatment at 1015 � for 0 s (a), 35 s (b), and 60 s (c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

£ 12  1015 �KF=¨©ª��­¹�º£ 

Fig.12  Fractured surfaces at high magnification of samples after isothermal treatment at 1015 � for 0 s (a), 35 s (b), 60 s (c), and 300 s (d) 
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Abstract: By heating up the T

β

 temperature and then holding 25~90 s, the semi-equiaxed structure, which is a transition structure between the 

equiaxed structure and the lamellar structure, was shaped. The influence of the change of heat holding time on the semi-equiaxed structure 

evolution law and mechanical properties was studied. Experimental results indicate that the formation of the semi-equiaxed structure is mainly 

because the element Mo in the β matrix diffuses inhomogeneously into primary equiaxed α phase when the specimens are kept above the T

β

 

temperature for a short time, and in the cooling process, the β transformed structure grows through the primary equiaxed α phase. With the 

prolongation of holding time, the semi-equiaxed structure are gradually replaced by lamellar structure. When heated to 1015 °C and hold for 

45 s, the alloy has a better strength and plasticity of tensile strength 1219 MPa, reduction of area 29%, and elongation 14%. 

Key words: semi-equiaxed structure; element diffusion; mechanical property; orientation relationship 
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