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Processing technology of fine and ultrafine grained titanium alloy

GUO Hong-zhen, ZHAO Yan, ZHAO Zhang-long, YAO Ze-kun, SHI Zhi-feng, PENG Xiao-na

(School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The fine or ultrafine grained near « titanium alloy TA15 was prepared through large deformation isothermal
forging, low temperature multi-directional forging, equal channel angular pressing (ECAP), thermomechanical treatment
and the ways above combined. The results indicate that high and low temperature thermomechanical treatment is an
effective way to refine the microstructure of TA15 alloy. Fine acicular martensite a’ phase and metastable f phase are
obtained after high-temperature thermomechanical treatment above f transus, and the needle a and f phases decomposed
from martensite o' and metastable S-phase are significantly refined after thermomechanical treatment at lower
temperature in two-phase region. Though the grain size of TA15 alloy can be refined to 2—-3 um under the intense pure
shear deformation effect of ECAP process, the microstructures with sub-micron grains of 0.2—0.6 pm and some
nano-sized grains of 20—50 nm are obtained under the functions of dislocation walls and twins intersection through
multiple processing of ECAP and thermomechanical treatment.
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Fig. 1 Microstructure of as-received material
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Fig. 2 Schematic assembly diagram of self-made ECAP dies
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Fig. 3 Microstructure of TA15 alloy sample processed with

isothermal forging and annealing
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Fig. 4 Microstructures of TA15 alloy sample processed with

low temperature multi-directional forging (a) and annealing (b)
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Fig. 5 Microstructures of annealed TA15 alloy sample processed using Bc route for various passes: (a) 1; (b) 2; (¢) 4; (d) 16

Fig. 6 Microstructure of TA1S5 alloy sample processed with
high and low temperature composite thermomechanical

treatment
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Fig. 7 Microstructure of TA15 alloy pressed at 1 000 ‘C
(single phase) and rapidly quenched after ECAP
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Fig. 8 SEM image of acicular martensite o’ phase within

coarse f grain of TALS alloy pressed at 1 000 C (single f
phase) and rapidly quenched after ECAP
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Fig. 9 TEM images of ultrafine grains (a) and nano grains (b)

in TA1S5 alloy sample processed by ECAP based thermo-

mechanical treatment
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