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Â 1  TC4 A�=>?.<�ÃÄÂ  

Fig.1  Schematic diagram of the accumulative rolling bonding 

for TC4 alloy
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Â 2  TC4 A�INOPSTUV  

Fig.2  Processing window of TC4 alloy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Â 3  Å�OP¤Æ� TC4A�IÇkl-kOmn 

Fig.3  True stress-true strain curves of TC4 alloy under different temperatures and strain rates: (a) 500 ~, (b) 600 ~, (c) 700 ~, and 

(d) 800 ~ 
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Fig.4  Macroscopic defects of ARB processed TC4 alloy: (a) debond of the bonding interface, (b) incomplete bonding interface, 

(c) surface oxidation, and (d) non-uniform deformation 
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Table 1  Effect of temperature and rolling speed on the interface bonding for TC4 alloy during ARB process 

Rolling temperature/(  

Rolling speed/m·s

-1

 

500 600 700 800 900 

0.5 Splitting good good good good 

1 Splitting Splitting good good good 
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 5  TC4 ����)*+,-./0��12�,3  

Fig.5  Evolution of bonding interfaces with rolling temperature and number of layers for the ARB processed TC4 alloy: (a) T=600 

( , L=2 layers; (b) T=650 ( , L=2 layers; (c) T=700 ( , L=2 layers; (d) T=720( , L=8 layers; (e) T=720 ( , L=16 layers; 

(f) microstructure for T=720 ( , L=8 layers 
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 6  TC4������4512�$%63 

Fig.6  Microstructure evolution of the ARB processed TC4 alloy with different layer number: (a) 2 layers, (b) 8 layers, (c) 12  

layers, and (d) 16 layers 
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Table 2  Evolution of the deformation and microstructure characteristics for TC4 alloy during ARB process 

Parameter 2 layers 4 layers 8 layers 12 layers 16 layers 

Total reduction/% 

50 75 87.5 91.77 93.75 

Ribbon/strip spacing/nm ̶  543 356 293 245 

a 

b 

5 µm 

c 

d 

2 µm 

300 nm500 nm
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 7  TC4 7����8�945:;<./=�)*63  

Fig.7  Evolution of bonding interface at different heat-treatment temperatures (60 min) for TC4 alloy: (a) T=450 ( , 

(b) T=500 ( , (c) T=600 ( , and (d) T=650 (>
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Fig.8  Microstructure evolution of ARB processed TC4 alloy during heat treatment at different temperatures: (a) T=450 ( ,    

(b) T=500 ( , (c) T=550 ( , (d) T=600 ( , (e) T=650 ( , and (f) T=700 (  
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Ultra-Fine Grains Processing for TC4 Alloy by Accumulative Roll-Bonding 

 

Wang Dian, Li Zhongyang, Peng Wuxian, Chen Yihui, Liu Guohuai, Wang Zhaodong 

(State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang 110819, China)  

 

Abstract: The ultra-fine grain structure of TC4 alloy was fabricated by accumulative rolling bonding process, during which the hot 

deformation process and the ARB processing window were studied, and the effect of the ARB parameters and the heat treatment process 

on the interface bonding and the microstructure was investigated. The results indicate that the stress-strain curve exhibits dynamic 

recovery characteristics, and the high temperature (≥700 °C) and low strain rate (≤0.1 s

-1

) can promote grain refinement and improve 

sheet quality. Finally, the excellent interface bonding and sheet quality can be obtained at a temperature of 720 °C and a low rolling rate 

(≤0.5 m/s) after the anti-oxidation treatment of the contact interface. The deformation during the ARB process is composed of the 

cooperation deformation of α/β grains and the shear deformation, and the elongated band structure and the shear bands are observed in 

the ARB processed TC4 alloy. The band structure spacing decreases gradually with the increase of the ARB layers, and the band spacing 

of 245 nm can be obtained through the 16 layers ARB process. With increasing heating temperature during the heat treatment, the solute 

diffusion and recrystallization process can promote the interfacial bonding and make it ultimately consistent with the matrix structure. 

Finally the ultra-fine grain size of the 16 layers ARB processed TC4 alloy is 300~600 nm at 700 °C /60 min. 
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