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Abstract: The hot deformation behavior and microstructure evolution of a Til50 near-« titanium alloy were investigated at
deformation temperatures ranging from 970~1 040 °C, strain rates ranging from 10°~1 s', and a deformation amount of
60%. The influences of the true strain, deformation temperature, and strain rate on the flow stress were analysed. On the
basis of the stress-strain curve data, an Arrhenius constitutive equation considering strain compensation was established, and
a hot working map based on the Prasad criterion and criterion was constructed. The results show that the response of the
flow stress to the strain rate of the Til50 alloy varies significantly across different temperature ranges. The higher the
deformation temperature is, the more sensitive the peak stress drop is to the deformation rate at higher strains.
Discontinuous yielding is observed at high strain rates. The calculated activation energy for deformation is 919 kJ -mol™.
The prediction error of the established Arrhenius constitutive model considering strain compensation is AARE=6.53%, and
the correlation coefficient R is 0.985 6, indicating high prediction accuracy. The hot working map indicates that the optimal
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process parameter range is a temperature range of 970 to 1 010 C and a strain rate of 102 to 1 s'. The microstructure

characteristics of the samples were analysed via optical microscopy (OM) and electron backscatter diffraction (EBSD). The

results show that the strain rate plays a decisive role in the microstructure evolution path. At high strain rates, intense

plastic deformation leads to rapid dislocation proliferation, and deformation energy storage becomes the core factor driving

phase transformation. However, owing to insufficient thermal activation time, microstructure reconstruction is limited. At

low strain rates, sufficient thermal activation conditions promote the diffusion mechanism to dominate the phase

transformation process, and dislocations gradually release distortion energy through dynamic recovery/recrystallization,

ultimately achieving microstructure stabilization.
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Tab.1 Chemical composition of Til50 alloy
(mass fraction/%)
Element Al Sn Zr Mo Nb Si (6] C Fe N H Ti
Content 5.62 3.9 33 0.51 0.70 0.32 0.09 0.05 0.01 0.01 0.000 6 Bal.
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5 Til50 - .(2) 970 °C; (b) 1 000 °C; (c) 1 020 °C; (d) 1 040 'C
Fig.5 Stress-strain curves of the Til50 titanium alloy before and after friction correction: (a) 970 ‘C; (b) 1 000 C; (c) 1 020 C;
(d) 1040 C
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Fig.7 Linear fitting results for the Ti150 titanium alloy: (a) o-Ing; (b) Ino-Iné; (c) In[sinh(ao)]-1 000/T; (d) In[sinh(ao)]-Ine;
(e) InZ-In[sinh(ao)]
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Fig.8 Polynomial fitting of material constants of Til50 titanium alloy under different strains: (a) n; (b) a; (c) InA; (d) Q
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Tab.3 Material constants of polynomial fitting under different strains
Constant P By B, B, Bs B, Bs By
n 24793 3.8058 -29.3398 87.2556 -135.070 4 108.318 5 -35.2239
e 0.027 48 0.005 7 -0.1347 0.8593 -1.8977 1.8233 -0.652 3
InA 101.261 3 -7.838 1 -847.879 3 4519.1819 -9561.689 0 90573215 -3200.1339
Q 1124.5799 -56.4311 -9369.065 3 49 572.084 8 -104 617.167 0 98 975.223 8 -34964.229 4
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Fig.10 Hot processing maps under different strains: (a) =0.2; (b) £=0.4; (c) £=0.6; (d) £&=0.8
bl~b4 , (970~1 000 C), , o a o,
, o 12¢1 , GROD
, , , 12¢2 o
, 107 s,
; 11cl~c4, d1~d4 , ,
(1020~1040 C),« , o , 12c3
o B, B KAM GND , o
o 0 0
1000 C Ti150 10°%s?, 12d1~d3 , B
12 , 12al, o . )
bl,cl,dl (inverse pole figure, IPF),  12a2, , ,
b2,c2,d2 (grain reference orienta- , 12d1 o 12d2
tion deviation, GROD),  12a3,b3,c3,d3 d3 GROD . KAM GND
(kernel average misorientation, KAM), 12al~a3 , o
, I , a 13
, 12al ; o , Is' 13a , 0
GROD 32°, ,
, 12a2 ; , ; 10" s",
, , 13b ,Q ,
KAM 1.01°,GND 12a3 o 47.6%,
10"st 12b1~b3 , ) ;
1s! o 1 10" s 1021, 13¢ ,
, , a ,
, o o ; 10° st 13d
o 107", 12c1~c3 , 83.2%, o
hEIM  https://www.cnki.net



<850

FOUNDRY TECHNOLOGY

Vol.46 No.09
Sep. 2025

11 Til50
(d1~d4) 1 040 'C

.(al~a4) 970 °C; (b1~b4) 1 000 ‘C; (cl~c4) 1 020 °C;
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Fig.12 Microstructure characterization results of Til50 titanium alloy at different strain rates at 1 000 ‘C: (al~a3) IPF, GROD and
KAM maps at strain rates of 1 s™; (b1~b3) IPF, GROD and KAM maps at strain rates of 10" s; (c1~c3) IPF, GROD and KAM maps at
strain rates of 102 s; (d1~d3) IPF, GROD and KAM maps at strain rates of 10~ s™ (IPF//Z)
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13 1000 C :(a) 1 s7; (b) 107 s (¢) 102 s (d) 107 s
Fig.13 Grain boundary distribution maps at a deformation temperature of 1 000 C under different strain rates: (a) 1 s; (b) 10" s,
(c) 10787 (d) 103 s
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Fig.14 Microstructure characterization results for o grains at a deformation temperature of 1 000 ‘C and a strain rate of 1 s (a) IPF
map; (b) point-to-point misorientation within grains; (c) KAM map within grains
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