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Table 1 Different rolling process schemes

State Rolling state Strain rate/s™
] Original forging state -
A Room temperature unidirectional rolling 51.34
B Cryogenic unidirectional rolling 51.34
C Room temperature unidirectional rolling 184.84
D Room temperature cross rolling 184.84
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Fig.1 EBSD data of original forged sample: (a) orientation imaging diagram and (b) orientation difference distribution diagram



- 208 - GE A e

52 %

B2 ANFELH L2 T IRALZE 80%0K) 4l 8 1 il 4 2 AL

Fig.2 Microstructure evolution of pure tin deformed to 80% under different rolling processes: (a) ordinary room temperature rolling,

(b) cryogenic unidirectional rolling, (c) high speed unidirectional rolling, and (d) cross rolling
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Fig.3 Microstructure evolution of pure tin during high-speed unidirectional rolling: (a) deformation 50%, (b) deformation 70%, and

(c) deformation 80%
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Fig.4  Distribution of orientation difference under different

deformation in high speed unidirectional rolling of pure tin
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Fig.5 Ture stress-true strain curves of pure tin under different states: (a) RD direction and (b) TD direction (State O: original forging;

State A: room temperature rolling; State B: cryogenic rolling; State C: high speed rolling; State D: high speed cross rolling)
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Table 2 Mechanical properties of pure tin in different states

State O A B C D

o o/MPa 798 6.61 6.28 10.93 11.48
RD direction
on/MPa 1476 16.49 17.85 23.91 27.47

o/MPa 7.98 10.21 12.16 14.39 14.14
TD direction
on/MPa 1476 18.72 23.71 30.35 26.99
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Table 3 SF value of slip system under different deformation of pure tin under high-speed unidirectional rolling process

Slip system Deformation 50% Deformation 70% Deformation 80%
SFp SFrp SFrp SFrp SFp SFrp
(110)[001] 0.336 0.314 0.309 0.330 0.218 0.334
(010)[100] 0.100 0.301 0.225 0.236 0.209 0.282
(101) [101] 0.404 0.336 0.376 0.396 0.374 0.363
(010)[101] 0.344 0.410 0.378 0.391 0.317 0.393
(121)[101] 0.411 0.421 0.390 0.431 0.382 0.419
(211 1117] 0.406 0.406 0.433 0.415 0.384 0.422
(011)[100] 0.243 0.413 0.349 0.344 0.341 0.345
(110) [111] 0.333 0.370 0.350 0.370 0.335 0.391
(111)[110] 0.216 0.307 0.283 0.358 0.312 0.333
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Fig.6 High speed unidirectional rolling of pure tin with 50% deformation: (a) EBSD diagram of partial twins selected in the sample; (b) KAM

enlarged view of white line area in EBSD; (c) boundary structure map; (d) {111} pole figure; (e) angular distribution of orientation

difference along the white arrow in Fig.6a
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Fig.7 High speed unidirectional rolling of pure tin with 80% deformation: (a) boundary structure map; (b) orientation image map;
(c) {111} pole figure
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Fig.8 IPF maps of texture evolution of pure tin during high-speed unidirectional rolling: (al) deformation 50%, (b1) deformation 70%,

and (c1) deformation 80%; orientation distribution corresponding to Fig.8al (a2), Fig.8b1l (b2), and Fig.8c1 (c2)
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Fig.9 Cryogenic unidirectional rolling of pure tin with 65% deformation: (a) boundary structure map; (b) orientation image map;
(c) {111} pole figure
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Effects of Different Rolling Processes on Microstructure and Properties of Pure Tin

Cheng Sang', Zhang Yonggan®, Wang Bingshu®, Deng Liping?, Zhou Baoxue®, Li Qiang®
(1. College of Materials Science and Engineering, Fuzhou University, Fuzhou 350108, China)
(2. College of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract: In this work, the evolution of microstructure and mechanical properties and the grain refinement law of polycrystalline pure tin
(99.99%) under different rolling processes were studied, which was expected to lay a theoretical foundation for adjusting and optimizing
the strengthening and toughening properties of pure tin. The results show that different rolling processes have obvious effects on the
microstructure and properties of pure tin. The process of twin excitation and twin induced recrystallization in the deformation process are
realized by regulating the factors of temperature, speed and path in the rolling process, in which the rolling speed is the most important
factor. The grain refinement mechanism of rolling process is as follows: 60<100> deformation twins are induced at the initial stage of
deformation, and the twins gradually evolve into recrystallized banded structure and divide and refine grains in the subsequent
deformation process. Recrystallized grains and twins usually randomize the texture and therefore weaken the concentrated texture
produced by the original coarse grain. Rolling deformation can significantly increase the strength of pure tin. The yield strength and
tensile strength in TD direction are significantly higher than that in RD direction under unidirectional rolling.

Key words: rolling; pure tin; twinning; grain refinement; anisotropy
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