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Fig.1  Ti-Al binary phase diagram with marked composition 

of interest 
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Fig.2  Binary Ti-Al phase diagram around the γ-TiAl composition, 

showing different solidification behavior of hypo- 

peritectic (C

A

) and hyperperitectic (C
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Table 1  Growth rates and composition of successfully 

α-seeded binary TiAl alloys (“yes” means 

successfully seeded) 

Al content/at% 

Growth 

rate/mm·h

-1

 

45 46 47 48 49 50 

Ref. 

5 Yes  Yes  Yes  [20] 

10 No Yes Yes Yes No No [20] 

20   Yes    [11,25] 

36   Yes    [23,24] 

40   Yes    [11,25] 

54   Yes    [23,24] 

90   Partly*    [23,24] 

* The orientation of TiAl/Ti

3

Al lamellar could not maintain parallel 

to the growth direction after the solidification distance of 4 mm 

� ����������� Al�� 

[14,20]

 

Table 2  Values of Al-equivalent for various alloying elements 

α-Stabilizer β-Stabilizer 

 

C Si 

 

Cr V Nb Ta Mo Re W 

Al-equivalent –4.2 –2.8  +0.1 +0.3 +0.3 +0.3 +0.6 +0.8 +1.0 
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Lamellar Orientation Control in γ-TiAl Alloys by Directional Solidification 

 

Luo Wenzhong, Shen Jun, Min Zhixian, Fu Hengzhi 

(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China) 

 

Abstract: Gamma titanium aluminide (γ-TiAl) alloys are candidate materials for lightweight high-temperature structural applications and 

the mechanical properties of the alloys with fully lamellar microstructure are extremely anisotropic. In the seed method of directional 

solidification, the seed crystal materials with special lamellar orientation are applied, the high-temperature α phases are controlled to grow 

along <112 0> direction, and finally the fully lamellar microstructures parallel to the growth direction are obtained. Another approach of 

controlling the orientation of lamellar microstructure is to change the solidification pathway so that the alloys solidify completely with β 

phases, and the obtained lamellar microstructure is aligned at 0° and 45° angles to the grow direction. This paper summarized the 

mechanism and recent research progress of the lamellar orientation control by the two methods in TiAl alloys, and systemically studied the 

effects of the alloy composition and processing parameters on the lamellar orientation control process. Finally the problems of aligned 

lamellar microstructure preparation in TiAl alloys at home and abroad that needed to be further investigated were presented. 

Key words: gamma titanium aluminide; directional solidification; lamellar microstructure; crystal orientation 
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