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powders after milling for different time: (a) 10 h, (b) 35 h, and (c) 100 h 
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Fig.4  TEM images of Ti
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Fig.5  Dark-field TEM images of Ti
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 powders after milling for different time: (a) 35 h, (b) 60 h, and (c) 100 h 
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Fig.6  TEM images of Al
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Cu compounds: (a, c) high-resolution TEM images, (b) reconstructed TEM image from the inverse fast Fourier 

transform (IFFT) using the reflections indicated by white circles in the inset revealing dislocation in the Al
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Cu compound 
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Zhang Guanqun, Wang Zhi, Hu Yuan, Zhang Weiwen, Li Yuanyuan  

(South China University of Technology, Guangzhou 510641, China) 

 

Abstract: Ti

55.5

Cu

18.5

Ni

17.5

Al

8.5

 amorphous powders were prepared by a mechanical alloying process. The microstructure, amorphization 

behavior and hardness of the powders were studied by X-ray diffraction, differential scanning calorimetry, scanning electronic microscopy, 

transmission electron microscopy, etc. The results show that the microstructure changes obviously with the milling time increasing. Firstly 

the grain size decreases and nanometric intermetallic appears. Secondly long range disordered structures appear inside the nanometric 

intermetallics with further grinding. Finally the intermetallics are separated into many smaller parts by the disordered structure and then 

amorphized. The mechanism of amorphization was studied from the atomic scale. The result indicates that the main reason of 

amorphization is that the severe plastic deformation occurs during high energy ball milling, which results in high density dislocations and 

large lattice distortions, and eventually leads to the long range disordered structure and amorphous structure. Owing to work hardening and 

amorphization during ball milling, the hardness of alloy increases significantly with grinding. 

Key words: high energy ball milling; Ti-based amorphous alloy; nanocrystalline; amorphization; hardness 
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