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Microstructure Evolution of TC4 Titanium Alloy with Different Initial Microstructures
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Abstract: Hot-rolled TC4 titanium alloy plate was subjected to heat treatment with different cooling methods to obtain
various initial microstructures. The hot deformation behavior of TC4 titanium alloy in the two-phase region
(deformation temperature of 700—800 °C, strain rate of 0.5 s™', deformation amount of 20%—80%) was investigated by
Gleeble thermal simulation. The effects of parameters such as deformation temperature and deformation amount on the
hot deformation behavior and microstructure evolution of alloy were analyzed. The results show that, at a constant
strain rate and deformation amount, the peak stress decreases significantly with increasing deformation temperature.
Water-cooled specimen exhibits the highest flow stress and pronounced dynamic softening characteristics, while
furnace-cooled specimen shows the lowest flow stress and tends to exhibit steady-state flow. At a deformation amount
of 40%, recrystallized grains nucleate at the original grain boundaries, presenting a typical “necklace-like” structure,
which indicates the occurrence of discontinuous dynamic recrystallization (DDRX). With increasing deformation, the
volume fraction of dynamically recrystallized grains increases, and the grains become more equiaxed. Under the same
deformation parameters, the water-cooled specimen, which possesses a fine lamellar initial microstructure, achieves the
most significant grain refinement, and a fine equiaxed structure can be obtained at a deformation temperature of 800 °C
and a deformation amount of 80%. This is attributed to the fact that the lamellar o phase maintains a Burgers orientation

relationship with the f matrix, allowing dislocations to easily cross the a/f phase interfaces, thereby promoting the

WA B 2025-08-20 spheroidization and recrystallization of the o phase.
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Table 1 Chemical composition of TC4 titanium alloy plate
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Fig.1 OM (a—c) and SEM (d—f) micrographs of TC4 titanium alloy plate after different cooling methods: (a, d) water-cooled;

(b, e) air-cooled; (c, f) furnace-cooled
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Fig.2 Schematic diagrams of sampling (a) and hot compression

experiment (b) of TC4 titanium alloy plate
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Fig.3 Flow stress-strain curves of TC4 titanium alloy at different deformation temperatures: (a) 700 °C; (b) 750 °C; (c) 800 °C
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IPF maps of TC4 titanium alloy at different deformation temperatures: (a, d, g) 700 °C; (b, e, h) 750 °C; (c, f, i) 800 °C
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Fig.5 Recrystallization maps of TC4 titanium alloy at different deformation temperatures (red represents deformed grains, blue

represents recrystallized grains, and yellow represents recovered grains): (a, d, g) 700 °C; (b, e, h) 750 °C; (c, f, i) 800 °C
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Fig.6 GOS maps of TC4 titanium alloy at different deformation temperatures: (a, d, g) 700 °C; (b, e, h) 750 °C; (c, f, i) 800 °C
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Fig.7 IPF maps of water-cooled TC4 titanium alloy specimens under different deformation amounts: (a) 20%; (b) 40%; (c) 80%
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Fig.8 Grain boundary maps of water-cooled TC4 titanium alloy specimen deformed at 800 °C with 40% deformation
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Fig.9 Pole figures of water-cooled TC4 titanium alloy specimens at different deformation temperatures: (a) 700 °C; (b) 800 °C
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