
� 38� � 8� ��������	                               Vol.38, No.8

2009�      8�                        RARE METAL MATERIALS AND ENGINEERING           August 2009

�������2008-08-13���	
����2009-05-07

�������	
�����50434030�����973����2007CB613807�

�����������1966������� �!"#$�%&'(�)! !* 710016�+,-029-86231095�E-mail: pmt-skl@c-nin.com

TiC ��������	
�������

���

1,2

����

2

��	


1

���

1

(1. !"#$�%&'(�)! !* 710016)

(2. !.�%/012#345�)! !* 710065)

� ��6 Gleeble-1500 789:;<=>?7@A:;�&'BCDEFG 900~1150 ��HCIJG 0.001~10 s

-1

K TiCLMNOP�QR/0K7CD?GSTUVWHXHCYZ[\B]R�K7CD^_�`aB αbβcdK

�eCDfghG 799 kJ/mol�βcd�eCDfghG 105 kJ/molSiTUjX8klmBnop�[\Bnop

qKrsJtucvwCxyc�z{B|}cdKCD<~S��BCD�K����S����-6EF��G

900~980 ��HCIJ��G 0.001~0.1 s

-1

K�HCIJcd��B���vj�����6EF��G 1000~1100 ��

HCIJ��G 0.1~10 s

-1

KrHCIJcdCD<~����������u�~Kj����S� wCxyc[

¡��6EFG 900~950��HCIJG 0.1~10 s

-1

KcdvEFG 1080~1130 ��HCIJG 0.001~0.01 s

-1

cdS

����TiCLMNOP�QR/0�7CD�nop�CD<~

�������TG146.2

+

3�TG331�TG302        �� !"�A        �#$��1002-185X(2009)08-1338-05

��������	
�����	
���

������������ !�"#$%&'()

*+,*-.$%�/0123456789�:;

<&=>&?@ABC�DEFG2����	
�

*HIJ

[1,2]

�K$LMN+OPQR�ST�1

[3]

�

UVWXYZ

[4]

C0[�\]�^��_`����

�	
�"(a)*+"$%b�c^d�ef��

ghijk�l(amnGop�q�lc^3%r

stuv3YZ+IJ�w��xyz{�|}�w

~G2����	
l(a�����������

����G TiC �MK$����	
��"#l�

�(a������jk�	
���c^����

l(a���op"#(a�c^������l(

a93���q3�����	
�lc^^�� 

q¡�¢�

���� �

���� TiC �MK$����	
1£¤�¥

¦§jk¨©7�ª«q¬®¯°pre-treatment 

melting processing�PTMP±3²���d"�³#$

%+³#´I�1 2µ¶·¸¹º»¼¬½]¾ 25 

kg�¿À��·:ÁÂÃ¿ÀÄ3Å Φ20 mmÆÇ�

È	�ÉÊÃÈ	ËÄÅ Φ13 mm�ÌÈ�ÍÎÏ9

c^Å Φ8 mm×12 mm�Ða�Ñ�� Gleeble-1500

l��9Â��"#�������#%ÒÓ� 900~ 

1150 ��#%RÔ� 50 ��,(ÕÖ� 0.001∼10 s

-1

�

×\(a]� 70%���ØÙ�ÎÏ���ÚÛÊp

ÜÝÞ�Ußà(aÊ�YZ�ÉÊÍá��Î�Ø

ÏÃ�Ñâ©�3²¦S�Ñ��ÍÎÏâã 3 mm

�äå�3²æçºè�Ñ�¦SXé� OLMPUS 

PMGêHëWèÂ���TEMXé� JEM-3010æç

ºèÂ���(a~	
Äì�ëWYZí� 1îï�

�Lð{ñåòó αS+�] βSYÅ�

p 1  CD¢£� TiCLMNOP�QR/0K�¤

¥¦

Fig.1  Microstructure of TiC particle-reinforced Ti matrix

composite before deformation

20 µm
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Fig.2  True stress-true strain curves of TiC particle- reinforced Ti 

matrix composite at different temperatures: (a) 950 � 

and (b) 1100 � 
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Fig.3  Processing map for TiC particle reinforced Ti matrix 

composite at strain of 0.8 
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Fig.4  Microstructures of TiC particle-reinforced Ti matrix composite under different deformation conditions: 

(a) 950�, 0.001 s
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Fig.5  Plot of TiC particle reinforced Ti matriax composite: 

(a) stress vs. strain rate and (b) stress vs. inverse of 

temperature 
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Fig.6  OM Microstructures of TiC particle-reinforced Ti matrix composite under different deformation conditions: 

(a) 1050 �, 10 s
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Fig.7  Microstructures of the TiC particle-reinforced Ti matrix composite under different deformation conditions: 

(a) 900 �, 10 s
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Study on Hot Deformation Behavior of TiC Particle-Reinforced Ti Matrix Composites 
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Abstract: The hot deformation behaviors of TiC particle-reinforced Ti matrix composites were studied at the temperature range of 

900~1150 � and the strain rate range of 0.001~10 s

-1

 on the Gleeble-1500 simulator by the hot compression test. On the basis of the 

obtained stress-strain curves, the hot deformation characteristics of the alloys were analyzed; the average deformation activation energy of 

799 kJ/mol in the (α+β)ÇregionÇand 105 kJ/mol in the β region were calculated using kinetic rate equation, and the processing map for hot 

working was established based on the kinetic model. The high-power dissipation region and flow instability region in the processing map 

were analyzed. The deformation mechanism of different regions in the processing map was determined and the microstructure evolution 

after deformation was observed and studied. The results show that superplastic deformation and dynamic recrystallization was observed at 

900~980  and 0.001� ~0.1 s

-1

; the leading deformation mechanism is dynamic recrystallization which controlled by sub-boundary 

migration and diffusion at 1000~1100 � and 0.1~10 s

-1

; and the two flow instability regions appeared at the temperature range of 

900~950  � and strain rate range of 0.1~10 s

-1

 and the temperature range of 1080~1130  and � strain rate range of 0.001~0.01 s

-1

 according 

to the processing map.   

Key words: TiC particle-reinforced Ti matrix composite; hot deformation; processing map; deformation mechanism 
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