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¾ 1  PREPjk TiAl*+W¿n�À©¾ 

Fig.1  SEM image (a) and XRD pattern (b) of TiAl powers by  

PREP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 2  bcdeZ 1100 h�bc­wxyzW¿§ÁÂ�Ã 

W¿ 

Fig.2  SEM image of the microstructures after sintering at   

1100 h (a) and higher magnification of the zone 

delimited in Fig.2a (b) 

 

γ

ss

)�Z×Õ(interdendritic channel, IC)z�a%^`=

γr(equilibrium concentration, γ

eq

)�56�}~R�b

c	d�HXRD��[\6Ô��£¤KP� γr�

�q�� α

2

r= B2 r}k�e\6��ñ����

fgW� α

2

→γ�ar+�6Ô B2r[hzi$l��

©� 2b w PZ1 = PZ2 ø
�PZ1 =ì���#À�

B2rzjkl[l��PZ2z%mn�Ä3![���

PZz�>rW0 (precipitation zone, PZ)H- 1100 $

Ôò�lkðmn![��� B2r�u¶ B2rNØ

oZ×}~�p�qH- BSE 
5ñ PZ W0���

r�W0s�t"Kã W de����56s- PZ

W0r�ï�
���EMPAä PZW0!��[\ γ

eq

W0 W deï��ã γ

ss

W0H� 2b u[\U W d

eï�- DA= IC�pr�ðPH 

2.2  ����� 1200 �

��

����	
��
� 

«)��z 1200 �Ô��«)Ïvwc¿���

¿��z 99.2%�äPxyNØzÚxyNØ+l[

�Ô�Þ�+l[�j1UYZ�©� 3 ø
�i$

ðàNØxy�pihE SEM �{�=©� 3a�&

hE TEM j1�{�=Æ� 3b, 3cÇH-PNØ+l

�p®ï\ ��>rW0=|�>rW0i0ðà 

40    50    60    70    80    90 

2θ/(º) 

8

7

6

5

4

3

2

1

I
n

t
e
n

s
i
t
y

/
�

1
0

3

 
c
p

s
 

a 

a 

b 

b 



Ä2996Ä                                        ÅD
F=>?;@                                             � 48� 

 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 3  bcdeZ 1200 h�bc­W¿§<ÆÇ¬Â�ÃÈÉW¿ 

Fig.3  SEM BSE image (a) and TEM images (b, c) of the microstructure after sintering at 1200 h: (a) containing large particle, (b, c) two 

different kinds of dislocations in large crystal grains 
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¾ 4  bcdeZ 1250 h�bc­ÊË¬Ì�<ÆÇ¬Â�Íc¬§|W�¾ 4aÎÏÐÑÒÐROÓÔÕ°�ÊËyzÖ×Ø γ

¬Â§ β»¼�¬ÂLn�s¨�ÒÐROÓÔÕ° 

Fig.4  TEM bright field images of SPSed TiAl alloy at 1250h: (a) α

2

/γ lamellar and (b) two different kinds of γ grains with deformed and 

recrystallized condition; (c) SAED pattern of α

2

/γ lamellar shown in Fig.4a; (d) γ and β particles along lamellar colony boundaries 

and corresponding SAED pattern of γ phase (e) and β phase (f) 
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¾ 5  bcdeZ 1300 h�bc­W¿�γ¬Â�Ã´¬�W|²³ γ�Ln�s¨�ÙÚÛQ|ÓÔÜ. 

Fig.5  TEM bright field images showing two kinds of B2 precipitate in γ grains presented by arrow A and B, and dislocations (arrow C) 

and PZ zone within another B2 precipitates (a); deformation twins in the γ grains (b); HRTEM image showing two pieces of γ thin 

plates precipitated from the pre-existing α

2 

phase during the end of SPS cycle (c) and the composite diffraction pattern of the DI-γ 

plate and the α

2 

matrix obtained by Fourier transform (d) 
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� 6  SPS ������������� ! �"# 

Fig.6  Typical compression (a) and tensile (b) stress-strain curves 

of the bulk samples produced by SPS at different spark 

temperatures 

 

� 2  ���������� TiAl�������� 

Table 2  Mechanical properties of TiAl-based alloys prepared  

by other powder metallurgy methods

[15]
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Preparation 

Ti-48Al-2Cr-2Nb 2.3 370 488 PA/HIP/HE 

Ti-46.6Al-1.4Mn

-2Mo 

3.1 548 606 BE/HE/HT 

Ti-45Al-1.6Mn 1.7 552 692 BE/HE/HIP 

Ti-46.5Al-4 

(Cr, Nb, Ta, B) 

>1.0 550 620 PA/HR/HT 

PA: prealloyed powder; HT: heat-treatment; HE: hot extrusion; BE: 

blended elemental powder; HR: hot rolling 
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Abstract: Using atomizing spherical Ti47Al2Cr2Nb0.2W prealloyed powder with plasma rotating electrode as starting material, 

TiAl-based alloy was prepared by SPS technology at different sintering temperatures (1100 °C, 1200 °C, 1250 °C, 1300 °C). The 

microstructure evolution of the pre-alloyed powder during densification was systematically studied by XRD, SEM and TEM and the effects 

of different sintering temperatures on mechanical properties were also investigated. The results show that when the sintering temperature 

exceeds 1200 °C, there is a small amount of high temperature residual B2 phase in the microstructure, and the β phase (B2 phase) content 

increases with the increase of sintering temperature. The alloy has the highest compressive fracture strength, tensile fracture strength and 

fracture strain at 1100 °C, which are 2367 MPa, 600 MPa and 2.25%, respectively. The α

2

 phase, β phase and γ phase have the following 

crystallographic relationship: (0001)α

2

� {111}γ� {110}β, 

1120< >

α

2

�

110< >

γ�

111< >

β. Deformation induced α

2

→γ phase 

transformation and deformation twin formation occur in the sample sintered at 1300 °C.  

Key words: intermetallics; titanium aluminides; SPS; microstructure evolution; precipitation 
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