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Abstract: In response to the critical demand for heat-resistant titanium alloy sheets in hot-end components of advanced
aerospace vehicles, the effects of the annealing temperature and cooling rate on the microstructure evolution and
room-temperature tensile properties of cold-rolled Ti65 alloy sheets were systematically investigated. Additionally, the
microdeformation mechanisms were elucidated via SEM and EBSD techniques. The results indicate that increasing the
annealing temperature from 900 ‘C to 1 000 ‘C induces a microstructural transformation from an equiaxed morphology to a
lamellar morphology. Consequently, samples annealed at 900 ‘C exhibit excellent synergy in terms of strength and ductility,
whereas the lamellar microstructure formed at 1 000 ‘C is characterized by high strength but significantly reduced ductility.
After annealing at 900 ‘C for 30 min, an increase in the cooling rate significantly enhances the work-hardening capacity of
the alloy. Notably, the ultimate tensile strength (1 142 MPa) and elongation (12.3%) of the water-cooled (WC) samples are
simultaneously optimized. For the alloy treated via the optimized process (900 ‘C/30 min/WC), the tensile deformation
behavior is dominated primarily by prismatic <a> slip, whereas pyramidal <> slip acts as a cooperative mechanism during
the work-hardening stage.
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Tab.1 Chemical composition of the experimental Ti65 alloy
(mass fraction/%)

Element Ti Al Sn Zr Mo Si Nb Ta \% C
Content Bal. 5.48 4.10 3.50 0.45 0.43 0.30 1.04 1.11 0.12
REHF  https://www.cnki.net
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Tab.2 Heat treatment process for the Ti65 alloy thin plates

Number Heat treatment process
Al 900 ‘C/30 min/FC
A2 900 ‘C/30 min/AC
A3 900 ‘C/30 min/WC

B 950 ‘C/30 min/AC
C 1000 ‘C/30 min/AC
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Unit: mm
B 1 Ti6s £ 4 % i L fif il A
Fig.1 Room-temperature tensile specimen dimensions for the
Ti65 alloy
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Tab.3 Variation in the grain size and volume fraction of
the equiaxed o, phase of Ti65 alloy thin plates with
annealing temperature

Annealing Grain size of Volume fraction of
temperature/ ‘C o phase/pm equiaxed o phase/%
900 9.27+0.54 85.3+3.7
950 9.45+0.86 75.9+4.3
1 000 15.91+1.95 15.1+4.2
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Fig.2 Microstructure of Ti65 alloy plates air-cooled after annealing at different temperatures for 30 min: (a, b) 900 C; (c, d) 950 C;
(e, ) 1000 C
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Fig.3 Pole figure of Ti65 alloy plates air-cooled after annealing at different temperatures for 30 min: (a) 900 C; (b) 950 C;
(c) 1000 C
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Fig.4 GND density distributions of the Ti65 alloy plates after annealing at different temperatures: (a) 900 ‘C; (b) 950 C; (c) 1 000 C;
(d) GND density statistical histogram
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Fig.5 Microstructures of the Ti65 alloy samples subjected to different cooling methods at 900 “C for 30 min: (a, b) FC; (c, d) AC;
(e, ) WC
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Tab.4 Variation in the grain size and volume fraction of
the equiaxed o, phase of Ti65 alloy thin plates with cooling

rate
Cooling Grain size of Volume fraction of
method o phase/pm equiaxed o phase/%
FC 9.58+0.88 84.3+4.1
AC 9.27+0.54 85.3+3.7
wC 10.08+0.94 85.7+2.5
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Fig.6 Pole figure of Ti65 alloy sheets treated with different cooling methods after holding at 900 C for 30 min: (a) FC; (b) AC; (¢) WC
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Fig.7 GND density distributions of the Ti65 alloy plates after annealing at different cooling rates: (a) FC; (b) AC; (¢c) WC; (d) GND
density statistical histogram
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Fig.8 Room-temperature tensile properties of Ti65 alloy samples produced at different annealing temperatures: (a) engineering
stress-strain curves; (b) tensile property histogram
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Fig.9 Room-temperature tensile properties of the Ti65 alloy samples produced at different cooling rates: (a) engineering stress-strain
curves; (b) tensile property histogram
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Fig.10 Work hardening rate curves of the Ti65 alloy samples
produced at different cooling rates
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Fig.11 Slip traces of Ti65 alloy sheets under different tensile strains: (a, b) 2.5%; (c, d) 8%
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Tab. 5 Slip systems activated in the equiaxed o, phase at 2.5% tensile strain and their corresponding Schmid factors

Grain  Slip plane and direction ~ Actived system  Schmid factor Grain Slip plane and direction ~ Actived system  Schmid factor
1 (1101)[1120] Pyram slip <a> 0.329 14 (1010)[1210] Prism <a> 0.497
2 (1010)[1210] Prism <a> 0.468 15 (1010)[1210] Prism <a> 0.476
3 (1010)[1210] Prism <a> 0.452 16 (1010)[1210] Prism <a> 0.466
4 (1010)[1210] Prism <a> 0.487 17 (1101)[1120] Pyram slip <a> 0.427
5 (1100)[1120] Prism <a> 0.344 18 (0110)[2110] Prism <a> 0.464
6 (1100)[1120] Prism <a> 0.478 19 (1101)[1120] Prism <a> 0.497
7 (1100)[1120] Prism <a> 0.494 20 (1010)[1210] Pyram slip <a> 0.434
8 (1010)[1210] Prism <a> 0.494 21 (1100)[1120] Prism <a> 0.445
9 (1100)[1120] Prism <a> 0.488 22 (1010)[1210] Prism <a> 0.478
10 (0111)[2110] Pyram slip <a> 0.474 23 (1100)[1120] Prism <a> 0.490
11 (1100)[1120] Prism <a> 0.474 24 (1010)[1210] Prism <a> 0.491
12 (1100)[1120] Prism <a> 0.448 25 (1010)[1210] Prism <a> 0.498
13 (1100)[1120] Pyram slip <a> 0.483
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Tab. 6 Newly activated slip systems and their corresponding Schmid factors in the equiaxed o, phase at 8% tensile strain

Grain  Slip plane and direction ~ Actived system  Schmid Factor Grain  Slip plane and direction ~ Actived system  Schmid factor
5 (0111)[2110] Pyram slip <a> 0.459 32 (1101)[1120] Prism <a> 0.457
17 (0111)[2110] Pyram slip <a> 0.473 33 (1010)[1210] Prism <a> 0.476
26 (1011)[1210] Pyram slip <a> 0.457 34 (0111)[2110] Pyram slip <a> 0.363
27 (1101)[1120] Pyram slip <a> 0.486 35 (1010)[1210] Prism <a> 0.479
28 (0110)[2110] Prism <a> 0.453 36 (1010)[1210] Pyram slip <a> 0.477
29 (1100)[1120] Prism <a> 0.489 37 (1010)[1210] Prism <a> 0.401
30 (1010)[1210] Prism <a> 0.485 38 (1101)[1120] Prism <a> 0.492
31 (1011)[1210] Pyram slip <a> 0.412 39 (1101)[1120]
https://www.cnki.net
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