
� 47� � 5� ��������	                           Vol.47, No.5

2018�      5�                        RARE METAL MATERIALS AND ENGINEERING               May  2018

�����2017-05-10

���	����	
��
 (51401058)����
����
�� (�
� LH�[2015]7655�)��������
��� !"#

��$201315%����&'(�$�
�&'(��[2014]6013%


��
�)*+,-,1982�.,/0,��'�1234
�5,�� �6 550025,7890851-83627683,E-mail: mpwan@gzu.edu.cn

Ti-1300 ������ ω ��	


���

1,3

����

2

�� �

1,3

�	 


1,3

 

(1. ��'�,�� �6 550025)

(2. :;<=
>?@5,A: :B 710016)

(3. ���12CD3EF&GHIJ,�� �6 550025)

� ��KLMNO?@P Ti-1300 �
QRSTULVW ω XYZC[\*9Ti-1300 �
QRSTULVW]^_

`a.P β

M

→ω+βXY,b^_`a.P β

M

→α+βXY,cdTUefg',β

M

→ω+βXY^Fhijkb^_`�

ω XlmnoYpq3^Frstuvwxyzl‘S’z�{|^ ω XYl}~�cdoYmnpqg'�gT,XY

��g',��XY}~�� 55 kJ/molZ

����Ti-1300�
�{|^�ωXY�}~�

��	
���TG113.12 
�����A 
����1002-185X(2018)05-1466-05

� β �������	
��
�������

��������	�
������ !"!#$

%
&'()*+

[1-5]

,� β���
-.�/01�

23456789
:;�<=
>�?@<A�B

CDE�FG
HI

[6]

,ω 9� α 9J�� β ���

1�23456
K&'789�LMNO��KP


-.�/,QRSTU� β ���1�234�V

W β9UXY1�156
 ω9ZJ� α9

[[

\�]^ ω/β9_`aZbJ� α9

[cd�e

α 9fghi><=�jk�lmno��
-.�

/

[7-11]

,FuruharapQR Ti-15-3��q&1��r

se��U 523 K1�56 ω9�tuU 573 K1�

ZbvwxykzE
 α9

[12]

,{|p} Ti1023��

~�q&1������q&1���u
����

4
 α 9��zE�<=xy

[13,14]

,���'vwx

yzE
 α9�� ����U1�23
 β→α9�

^����1�234 β→ω 9�����,���

b������QR���Q�
��� β ���

Ti-1300���}��QR�U ¡¢�234£pY

ω9��b¤��¥��
���$¦n§�¨©ª,

1 � �

��*+�������QR�n§
L«�

12 mm��¬*�­w��
 T

β

�(830±5) �,j¬

*®¯°���±² Φ4 mm×10 mm³´�Uµ¶·

¸
¹º9�» Bähr DIL-805A/D¼�Y½¾�±0.1 �¿

®}±²~�ÀÁ�1�����?$¦�ÂÃÄÅ

±²U 850 �ÀÁ�� 10 min�tub�ÆºÇ� 50

/s� ¼99.999%
 Ar ÈÉ¿�ÆÊËYbvwVW β

9��,tu<Ìb¢�ºÇ� 0.05�0.1�0.15�0.2

� 0.25 /s� ~�¢�Ê 700 ��Í2�ÎÏÐÑ3Ò

Ó²ÔÕ¾��,� ~Ö×QR Ti-1300 ��U 

¡¢�1�234
��Ø�ÙÚ�Û° 4Å Ti-1300

��²Ô�b¢�ºÇ� 0.05 /s� <Ì¢�Ü 300�

400�475� 600 ��tuÝb�ÆºÇ� 80 /s� ~

�¹º�Æ�bÞß}�Y¾à
�����áuÍ

2�âãä��å}��~�æç�<5,�âãå

±²�è3éêà�sÍ2ë¯ì
íî¯ì 0.3 mm


ïð�tuU�9ñò®óÊô¾� 50õ80 µm


ïð�ö÷ Gantan691 øäùï»~�ùï�Kul

÷ Tecnai G2 F20 ú�â�âãä��å~����

��Ûûãäüâ<5, 

2  ����� 

2.1  ������� 

ý 1� Ti-1300��þ 850 �ÞY 10 minÀÁ�

�u�<Ìb¢�ºÇ 0.05�0.1�0.15�0.2� 0.25 /s�


º¾¢�Ü 700 �
���ë,ý 2 � Ti-1300 �

�b¢�ºÇ 0.05 /s� ¢�1
���ë,�ý 14

Zb�6��t¢�ºÇ���	±²
�í�
�



� 5�                                   )*+|9Ti-1300�
l{|^ ωXY?@                               �1467� 

��á
Y¾
�¢f9�ÙÚ
��,­±
��

���ë®�� 2Å��û�(ý 24
 A� Bû�),

�±²¢�Ü 2 Å��û�}�
Y¾��1�±²

U
�í�®�6� ��
��,á
¢�ºÇ


�D���û��}�
Y¾���oYû���,

���±²���ë
���Û�¢�ºÇ� 0.05 

/s� 
���ë�  (ý 2)�� Ti-1300��jËYÜ

269 �!"1�²Ô

����0Y¾!"#�Þ

$ë��I,Y¾%2 269 �u����ë®7 1&

6�T�
'(�jý 2 4���}Y¾
)A�ë

®S�w�T��*1+T±²
��Ç,-à.,

�Y¾¢�Ü 433~473 �����0Y¾!"
�I

/01�ë��I,	�¢�Y¾%2 473 �u�±

²
��Ç/ÝÖ&à.,U 594 �1.ÜKX2�

tuá
Y¾
3¡®4�±²

����0Y¾

!"ÝÖ&Þ$ë��I,5ª*+
����Z6�

��U¢���Æ234��7��°8m9í`


�:

[15]

,Öí`�*+
������;]Öí`�

��U¢�7�Æ234�<9�k=>?@
�

�,	Ö?@+�*+�����
���A�B�


,5ªVW β ��U1�2349�CD�ZbE

×F�ý 24
 A� Bû�}����ë����¢

�234�< β

M

→ω+β� β

M

→α+β9�k=>
, 

2.2  �	
� 

� ~Ö×<5�QR Ti-1300 ��U ¡¢�

1�234���áY¾��
ÙÚ�Û° 4 Å

Ti-1300 ��²Ô�b¢�ºÇ� 0.05 /s� <Ì¢�

Ü 300�400�475� 600 ��tuÝb�ÆºÇ� 80 

�/s~�¹º�ÆÊËY�bÞß}�Y¾à
���

áuÍ2�âãä��å}��~�æç<5,ý 3

� Ti-1300�� ¡<Ì¢�Ü 300�400�475� 600 � 

 

 

 

 

 

 

 

 

 

 

 

� 1  ��TUefTU��� Ti-1300�
lMNvw 

Fig.1  Dilatometric curves of the solution treated Ti-1300 alloy 

measured at different heating rates 
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Fig.2  Dilatometric curves of the solution treated Ti-1300 alloy 

heated at a rate of 0.05 /s�  
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Fig.3  TEM images and selected area electron diffraction patterns of the alloys after rapid cooling from different temperatures: (a) 300 

�, (b) 400 �, (c) 475 �, and (d) 600 � 

 

k���ë
7 2 &��
Y¾��M���4

6� α9�+T��U ¡¢�234 β97 ω9

j�� α9�XaZb+T*1��
��0 α9P

<�LM
�I,�t�r

[17]

QR��s�j β→α

j�1�)Y
?@A�¢�	KD�A%2 0.17%,

k��U56 α9
234�tß
 β94
 βWk

u:
e��¢�á
 V�Cr�Mo p��u:e�


�¢k β 9
L\[AKvùE

[18]

, ���4 β

Wku:=>
?@��Dm β→α j�1�)Y


?@��1���
w?A�<��,�b���U

 ¡¢�234�< β→α9�7 ω→α9�1�?@

6� ��,á
¢�ºÇ
�¢�9x9�û"


Y¾yz�oY��, 

2.3  β

M

→ω+β ����� 

QRST{L?U ¡¢�234������

��|���


[19]

��b5ªý 2
���ë<5�

��4 β

M

→ω+β UÖkY¾à9�
3¾÷j�?

@<A@S��Í2}~kÚ�� Ti-1300 ��±²



����ë

[20]

�ZbvwU ¡¢�234 ω9


j�?@<A0¢�Y¾�I(ý 4),jý4Zb�

6�ÀÁ>
 Ti-1300 ��U ¡¢�234 ω 9


?@j�<A0Y¾!"�I�ëfT�
‘S’��0

Hui prQR(l#�ÖY

[21]

,��tU ¡¢�2

34¢�ºÇ} ω9�-.��D
NO,á
¢�

ºÇ
�D�‘S’��ëAyz��ÜoYû����

-.�ë��,X��
¢�ºÇ�D�Ti-1300��

4 ω9�
j�ºÇ�D, 

Ö?k����*+4À>9�
P<��UÖ

k
9���/0!}�

[22]

,9���/�e�Öm

9
L?_äø,��cd��Ü]ÖÅ�
��7

£��cd��'
/�,�t��9���/�D� 

 

 

 

 

 

 

 

 

 

 

� 4  ωXloYmnpq3^Frsltu 

Fig.4  Transformed volume fraction (f

ω

) of ω phase as a function 

of temperature at different heating rates  
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Fig.6  Local activation energy as a function of the transformed 

volume fraction of ω phase 
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Abstract: The ω phase transformation of Ti-1300 alloy during continuous heating was investigated using a dilatometric method. 

Results show that the β

M

→ω+β phase transformation happens in low temperature zone, but the β

M

→α+β phase transformation happens 

in high temperature zone during the continuous heating process. The temperature region of the β

M

→ω +β phase transformation of the 

Ti-1300 alloy moves to high temperature area with the heating rate increasing. The curves of ω phase transformed volume fraction and 

temperature at different heating rates exhibit a typical ‘S’ pattern. The activation energy of non-isothermal ω phase transformation 

increases with increasing of ω phase transformed volume fraction, which causes larger precipitate resistance of ω phase. The average 

activation energy of the non-isothermal ω phase transformation of the alloy is 55 kJ/mol.  

Key words: Ti-1300 alloy; non-thermal; ω phase transformation; activation energy 
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