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Effects of heat treatment on phase and
isothermal compression behavior of Ti46A14Nb1Cr0.2B alloy

GUO Xian-feng, KONG Fan-tao, CHEN Yu-yong

(School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Hot workability of TiAl alloys at low temperatures was improved by changing the phase distribution of TiAl
alloys. The alloys were compressed below eutectoid temperature and annealed. The stress and microstructure were
observed by scanning electron microscope. TiAl alloy has different phase distributions after different heat treatments. The
maximum stress of ingot is higher than that of alloy which has been heated with cooling rate of 6 “C/min and treated in
1 340 °C for 15 min and finally cooled in air to RT as well as alloy which has been heated with cooling rate of 12 ‘C/min
and treated in 1 340 ‘C for 15 minutes and cooled to RT during isothermal compression process. The crack is not
observed in these alloys. The deformation microstructure of alloy disappears after annealing near o phase transition
temperature and can be observed after annealing near the recrystallization temperature. The phase distribution affects hot
workability of alloy at low temperatures and the annealing near a phase transition temperature completely eliminates the
deformation microstructure.
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Table 1 Process parameters of heat treatment
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Sample Heating rate/("C-min ") Holding temperature/C Holding time/min Cooling-down method
HT3 6 1 340 15 AC
HT4 6 1 340 15 FC
HT5 6 1370 15 AC
HT6 6 1370 15 FC
HT7 12 1 340 15 AC
HTS8 12 1 340 15 FC
HT9 12 1370 15 AC
HT10 12 1370 15 FC
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Table 2 Process parameters of finish annealing

Sample Heating rate/("C-min ") Holding temperature/C Holding time/min Cooling-down method
FHT3 12 1 400 15 FC
1 340 10
FHT7 12 FC
1 400 5
FHT10 12 950 10 FC
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Fig. 1 Cast structures of Ti46Al4Nb1Cr0.2B alloy: (a)
Microstructure; (b) Microstructure with boride
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Fig. 2 Microstructures after heat treatment: (a) HT3; (b) HT4; (c) HTS; (d) HT6; (e) HT7; (f) HTS; (g) HT9; (h) HT10
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Fig. 3 Isothermal compression stress—strain curve: (a) Fzj, F3, F4, F7; (b) Fzj, F5, F6, F8, F9, F10
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Table 3 Effects of heating rate on maximum stress
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Table S Effects of cooling-down method on maximum stress

Holding . Heating  Maximum Heating Holding Cooling- Maximum
Cooling-down

Sample temperature/ method rate/ stress/ Sample rate/ temperature/ down stress/
C ("C'min") MPa (‘C-min”") C method MPa

F3 1 340 AC 6 246 F3 6 1 340 AC 246
F7 1 340 AC 12 248 F4 6 1 340 FC 254
F4 1 340 FC 6 254 F5 6 1370 AC 267
F8 1 340 FC 12 288 F6 6 1370 FC 269
F5 1370 AC 6 267 F7 12 1 340 AC 248
F9 1370 AC 12 269 F8 12 1 340 FC 288
F6 1370 FC 6 269 F9 12 1370 AC 269
F10 1370 FC 12 316 F10 12 1370 FC 316
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Table 4 Effects of holding temperature on maximum stress

Heating . Holding = Maximum
Cooling-down

Sample rate/ method temperature/  stress/
("C'min") C MPa

F3 6 AC 1 340 246
F5 6 AC 1370 267
F4 6 FC 1 340 254
F6 6 FC 1370 269
F7 12 AC 1 340 248
F9 12 AC 1370 269
F8 12 FC 1 340 288
F10 12 FC 1370 316
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Fig. 4 Microstructure after finish annealing: (a) FHT3; (b)
FHT7; (c) FHT10
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