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Abstract; In order to optimize the preparation process of Ti7Al4Mo alloy bars, the effects of precision forging process
and heat treatment on microstructure, properties and ultrasonic velocity of the bars were comparative studied. The
results show that under the same precision deformation temperature, the ultrasonic velocity of 40 mm bar which has
large deformation is lower than that of $60 mm bar which has small deformation, but the strength is slightly higher.
With the increase of deformation temperature, the volume fraction of o phase decreases gradually, but the ultrasonic
velocity increases gradually, and the strength increases first and then decreases. The ultrasonic velocity of the bar
water-quenched after solution treatment is lower than that of the bar air-cooled after solution treatment, and with the
increase of solution temperature and aging temperature, the ultrasonic velocity increases gradually. With the increase of
solution temperature and decrease of aging temperature, the strength of the bar increases but the plasticity decreases.
When the heat treatment is (940 ~960)°C/1.5 h/WQ + (550 ~ 600)°C/8 h/AC, the strength and plasticity of
Ti7Al4Mo bars match well, and the ultrasonic velocity is higher.
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Table 1  Chemical composition of Ti7Al4Mo alloy billet

Al Mo Fe 0 C N H Ti

6.95 4.10 0.25 0.159 0.010 <0.003 0.006 Bal.
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Table 2 Precision forging schemes of Ti7Al4Mo alloy bar

Finished Deformation Intermediate Temperature Forging

No.

spec/mm pass spec/ mm /C degree/ %
1 $40 Two pass $65 950 78
2 $40 Two pass P65 980 78
3 P40 Two pass $05 1000 78
4 $60 One pass — 980 50
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Table 3  Heat treatment schemes of Ti7Al4Mo alloy bar

No. Heat treatment schemes

HT1 900 C/1.5 h/WQ

HT2 920 C/1.5 h/WQ

HT3 940 °C/1.5 h/WQ

HT4 960 °C/1.5 h/WQ

HT5 940 °C/1.5 h/AC

HT6 960 °C/1.5 h/AC

HT7 900 C/1.5 h/WQ +550 C/8 h/AC
HTS8 920 C/1.5 h/WQ +550 C/8 h/AC
HT9 940 C/1.5 h/WQ +550 C/8 h/AC
HT10 960 °C/1.5 h/WQ +550 C/8 h/AC
HT11 940 °C/1.5 h/AC +550 C/8 h/AC
HT12 960 °C/1.5 h/AC +550 C/8 h/AC
HT13 940 °C/1.5 h/WQ +510 C/8 h/AC
HT14 940 C/1.5 h/WQ +580 C/8 h/AC
HT15 940 °C/1.5 h/WQ + 620 C/8 h/AC
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Fig. 1  Microstructures of different specification Ti7Al4Mo alloy bars
precision forged at 980 °C: (a) $40 mm; (b) $60 mm
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Fig. 2 Microstructures of different specification Ti7Al4Mo alloy

bars precision forged at 980 °C after HT10 process
heat treatment: (a) ¢40 mm; (b) $60 mm
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Table 4 Mechanical properties and ultrasonic velocity of different
specification Ti7Al4Mo alloy bars forged at 980 °C after
HT10 process heat treatment
Specification ¥y Room temperature tensile properties
/mm /mes™"  R./MPa R,,/MPa A/% Z/%
40 6179 1348 1177 10.5 33
$60 6205 1284 1151 12.5 41
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Fig. 3  Microstructures of $40 mm Ti7Al4Mo alloy bars precision forged at different temperatures and after
heat treatment by HT10 process: (a) 950 C; (b) 980 °C; (c¢) 1000 C
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Table 5 Mechanical properties and ultrasonic velocity of $40 mm
Ti7Al4Mo alloy bars precision forged at different tempera-

tures and after heat treatment by HT10 process

Temperature  Vyiirason Room temperature tensile properties

/°C /mes™" R,/MPa  R,,/MPa  A/% 7/%
950 6169 1308 1120 13.5 34
980 6179 1348 1177 10.5 33
1000 6210 1265 1100 150 34
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Fig. 4 Microstructures of $40 mm Ti7Al4Mo alloy bars after
different solution treatments: (a) HT1; (b) HT2;
(c) HT3; (d) HT4; (e) HT5; (f) HT6
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Table 6  Ultrasonic velocity of $40 mm Ti7Al4Mo alloy bars

after different solution treatments

No. D/ M+ S No. Do/ M * S
HTI1 5953 HT4 6048
HT2 5965 HT5 6114
HT3 6010 HT6 6137
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Fig. 5 Microstructures of $40 mm Ti7Al4Mo alloy bars after
different solution and aging treatments: (a) HT7 ;
(b) HT8; (c) HT9; (d) HTI10; (e) HT11; (f) HT12
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Table 7 Mechanical properties and ultrasonic velocity

of $40 mm Ti7Al4Mo alloy bars after different

solution and aging treatments

Room temperature tensile properties

Vyiltrason

N st R MP Ro./MPa  A/%  7/%
HT7 6163 1241 1084 155 39
HTS 6172 1262 101 13.5 37
HT9 6175 1325 1138 125 34
HTIO 6179 1348 177 105 33
HTIT 6185 1143 1024 19.0 43
HTI2 6190 1124 998 20.5 45
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Fig. 6 Microstructures of $40 mm Ti7Al4Mo alloy bars after
different aging treatments; (a) HT13; (b) HT9;
(c) HT14; (d) HTI15

R8 ¢40 mm Ti7TAUMo G EHMERR TZRH I
Ah3R R B 1 F M RE R B S R IR

Table 8 Mechanical properties and ultrasonic velocity of ¢40 mm
Ti7Al4Mo alloy bars after different aging treatments
N, . Room temperature tensile properties
/mes™" R/MPa R, ,/MPa A/% Z/%
HT13 6158 1398 1142 8.5 21
HT9 6175 1325 1138 12.5 34
HT14 6179 1277 1080 12. 8 38
HT15 6183 1200 1004 15.6 44
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