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¤ 1  TA15K E¥VW1¦ 

Fig.1  Microstructure of TA15 sheet 

 

 

 

 

 

 

 

 

 

 

¤ 2  1025 §y¨©�ª«¬­I® TA15K RSVW¯° 

Fig.2  Initial microstructures of TA15 sheet with different cooling rates after 1025 § heating: (a) air cooling, (b) oil cooling, 

and (c) water cooling 
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¤ 3  4YZ ARB01©VW1¦ 

Fig.3  Microstructures of TA15 sheet after four pass ARB forming: (a) coarse lamella, (b) thin lamella, and (c) acicular lamella 
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¤ 4  �ªTUcB©4 SEM³T 

Fig.4  SEM microstructures of different lamellae after spheroidization: (a) coarse lamella, (b) thin lamella, and (c) acicular lamella 
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¤ 5  �ªTUcB©4 TEM³T 

Fig.5  TEM microstructures of different lamellae after spheroidi- 

zation: (a) acicular lamella and (b) coarse lamella 
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¤ 6  � 2YZ01©´¯VW TA15K 4E¥VW1¦ 

Fig.6  Microstructures of acicular lamella TA15 sheet after 50% (a) 

and 90% (b) deformation degree of the second pass 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¤ 7  � 3YZ01©´¯VW TA15K 4E¥VW1¦ 

Fig.7  Microstructures of acicular lamella TA15 sheet after 90% (a) 

and 50% (b) deformation degree of the third pass 
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¤ 8  ARB01©�ªYZ\]4 SEM³T 

Fig.8  SEM microstructures of TA15 sheet after deformation 

distribution in different passes: (a) 75%+50%+90%+75% 

and (b) 75%+90%+50%+75% 
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Table 1  Reversing rolling process 

Process 1

st

 pass 2

nd

 pass 3

rd

 pass 4

th

 pass 

A Unidirection Unidirection Unidirection Unidirection 

B Unidirection 

Change 

direction 

Unidirection 

Change 

direction 

C Unidirection Unidirection Unidirection 

Change 

direction 

a 

b 
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¤ 9  �ª_`:aVM©´¯VW TA15K 4VW1¦ 

Fig.9  Microstructures of acicular lamella TA15 sheet after different commutation rolling combinations: (a) process A along T direction, 

(b) process A along L direction, (c) process B along T direction, (d) process B along L direction, (e) process C along T direction, 

and (f) process C along L direction 
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Table 2  Spheroidization degree and grain size after reversing 

rolling process 

Along T direction  Along L direction 

Process 

Spheroidization 

degree/% 

Grain 

size/µm 

 

Spheroidization 

degree/% 

Grain 

size/µm 

A 92 3.8  85 4.4 

B 95 2.7  94 2.9 

C 93 3.2  88 4.1 
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¤ 10  �ª_`:a©´¯VW TA15K 4 SEM³T 

Fig.10  SEM microstructures of acicular lamella TA15 sheet after reversing rolling process A (a), B (b) and C (c) 
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Table 3  Mechanical properties of sheet at room temperature after different reversing rolling processes 

Sampling position σ

b

/MPa σ

0.2

/MPa δ/% 

Process A along T direction 1102 1092 13.7 

Process A along L direction 1082 1067 12.6 

Process B along T direction 1130 1117 18.9 

Process B along L direction 1123 1112 16.2 

Process C along T direction 1112 1102 14.5 

Process C along L direction 1098 1087 13.6 

 

 

 

 

 

 

 

 

 

 

 

¤ 11  �ª_`:a©´¯VW TA15K µ¶4 SEM1¦ 

Fig.11  SEM fracture morphologies for acicular lamella TA15 sheet after different reversing rolling processes: (a) process A along T 

direction, (b) process B along T direction, and (c) process C along T direction 
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Influence of ARB Process on the Lamellar Spheroidization of TA15 Sheet 
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Abstract: As one of the methods of severe plastic deformation, accumulative roll bonding (ARB) can refine the grains to sub-micron level. 

It is also the only method that can greatly improve the comprehensive performance of TA15 sheet while ensuring cost. By studying the 

influence of the initial TA15 sheet structure, ARB rolling trajectory and rolling reversion on the spheroidization degree of the lamellar 

structure, the effect of ARB process on the spheroidization of TA15 sheet can be obtained. The results show that when the initial lamella 

thickness is small and the difference of thickness between grain boundary and intragranular lamellae is small, the lamellar spheroidization 

is thorough. If the pass deformation of ARB process is too large, the temperature of the TA15 sheet will rise significantly, leading to the 

uneven spheroidization of the grain boundary and the matrix of TA15. If the pass deformation is too small, it will lead to the incomplete 

spheroidization of the sheet, and affect the equiaxization effect of the matrix of TA15. With the increase of reversing passes in ARB 

forming process, uniformity of the sheet increases, the grain size and range of the sheet are further reduced, and the room temperature 

tensile properties are significantly improved. 
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