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Abstract: Twinning behavior in tensile deformation of commercial pure titanium as well as its grain size dependence
were investigated. The microstructure after deformation was observed by use of optical microscope and transmission
electron microscope, and the twin fraction was obtained as well. The results show that twins appear mainly at the
stage of strain hardening and twin fraction increases with increase of the plastic deformation. The size of twins at
early stage of plastic deformation is larger than that at latter stage, however, larger twins will break under large de-
formation, which forms some zones with high density of twins together with small twins. The microstructures also
show that twinning cooperates with slip in the deformation of titanium at cryogenic temperature. Commercial pure
titanium with grain size of 18 Pm and 55 Hm were obtained after annealed at 650 C and 800 C, respectively. The
tensile properties show that ductility of titanium increases with increase of grain size from 18 Hm to 55 Hm at room
temperature and — 196 'C, and twinning seems to become more common in coarsening grains. All the results imply
that higher ductility in coarsening grain is related to the mechanisms of twinning induced plasticity.
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Fig. 1 Samples for tensile testing( mm)
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Fig.2 Morphologies of twins under different plastic deformations

(twin or twin areas as arrow pointing)
(a) —8= 5.8%; (b) —&= 14.6%; (¢) —&= 32.5%; (d) —&= 45.2%
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Fig. 3 Variation of fraction of twins generated in pure titanium

at different tensile plastic strains

(a) —Twin fraction vs plastic strain curve;

(b) —Increasing velocity of twins(df/d § vs plastic strain curve
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Fig.4 TEM images of alloy after different plastic deformation

(a) —8= 5.8%, parallel twins; (b) —&= 32.5%, twins with different orientation;

(¢) —&= 32.5%, dislocation configurations; (d) —&= 45.2%, group of twins
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Table 1 Tensile properties of titanium
with different grain sizes at RT and — 196 C

Grain size/ Test Elongation/  Reduction @/
Bm temperature/ C % of area/ %  MPa
18 20 38 37 494
55 20 44 59 473
18 - 196 42 57 937
55 - 196 52 53 933

5 gifk&ad 650 CHI 800 Cild Kk 15 21y 4 fi KL ATHH it o (1) 2 24
Fig. 5 Microstructures of pure titanium after annealed at 650 C(a) and 800 ‘C(b)

(a) —Average grain size of 18 Hm; (b) —Average grain size of 55 HPm
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Fig. 6 Microstructures of titanium with different grain sizes after fracture

at RT and - 196 C (twin or twin areas as arrow pointing)
(a) —RT, 18 Bm; (b) —RT, 55 Hm; (¢) — 196 C, 18 Bm; (d) —196 C, 55 Hm
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