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Abstract; Ultra-fine grained Titanium were processed by Combined Refining Process ( Equal channel angular
pressing (ECAP), cold rolling (CR), and rotary swaging (RS)) at room temperature. The effect of annealing
temperature on microstructure and properties of ul-tra-fine grained Titanium ( UFG Ti) were investigated by
Transmission Electron Microscope (TEM), universal testing machine, micro-hardness tester and scanning electron
microscope (SEM). The results show that the grain average size of UFG Ti is about 180 nm, and ultimate tensile
strength of UFG Ti is over 870 MPa. When annealing at low temperature (200~350 °C), the microstructure has
no ob-vious change, the dislocation density decreased and the grain boundary, ultimate tensile strength and
microhardness slightly decreased. The recrystallization temperature ranges from 350 °C to 400 °C. When annealing
temperature was higher than 400 °‘C, grain size of UFG Ti grew significantly, and microhardness decreased
obviously. The fracture surface of UFG Ti shows hybrid tough fracture of dimple. With the increase of annealing

temperature, the size and depth of dimples increase.
Key words: Combined Refining Process (ECAP+ CR+ RS) ; ultra-fine grained titanium (UFG Ti); annealing; mi-
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Tab.1 Chemical composition of the CP Ti (wt%)
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Fig. 1 Optical microstructure of as-received CP Ti
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Fig. 2 TEM images and the corresponding SAED patterns
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Fig. 3 Microstructures of UFG Ti after annealing at

different temperatures
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Fig. 4 Microstructures of UFG Ti after annealing at
different temperatures

2.2.2 1B K XS R RE ) S0
TR 240 ot 2 BK 7 A [+ i R K Y 5T A i
ZmiE 5 Pror . ERETLUE H, Mk aes &
MARTC)S, T OCRE R O, A SRR,
Joit A 5t B2 RN BT SR B S WS B i . R 2 R
BBTRL IR Bk 870 MPa, s fh 2E B FE ) 2.8
B, JE R AR b KL A A B RE R 194 MPa 12 15 5
788 MPa, @ IEELE] 75%.
900
720

540H

Stress/MPa

360

180

0.0 0.1 0.2 0.3 0.4
Strain

B 5 #BY R LSRR EIR IR AR Bt i 2%
Fig. 5 Tensile tests curves of UFG Ti with annealing

at different temperature
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Fig. 6 Microhardness of UFG Ti after annealing at

different temperatures
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Fig. 7 SEM fractograph of tensile specimens of UFG Ti
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