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Effect of Rolling and Heat Treatment Processes on Ultrasonic
Velocity of TC4 Titanium Alloy Bar
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Western Superconducting Technologies Co., Ltd., Xi’an 710018, China)
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Abstract: To achieve ultrasonic velocity control of TC4 titanium alloy bars, the effects of rolling and heat treatment

(including solution heat treatment, solution aging heat treatment and triple heat treatment) on the ultrasonic velocity of

TC4 titanium alloy bars were studied. The results show that rolling temperature and deformation degree have a

significant impact on the ultrasonic velocity of TC4 titanium alloy bars. With the decrease of rolling temperature and

the increase of rolling degree, the ultrasonic velocity decreases gradually. The heat treatment temperature and cooling

method also have a certain impact on the ultrasonic velocity of the bars. With the increase of solution temperature and

the decrease of aging temperature, the ultrasonic velocity increases gradually. Compared with solution and aging heat

treatment, the ultrasonic velocity after triple heat treatment is higher, and the final ultrasonic velocity of the bars

cooled by water quenching after the first heat treatment is higher than that of the bars cooled by air.
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Table 1 Chemical composition of @45 mm TC4 titanium alloy billet

Al v Fe 0} C N H Ti

6.4 4.2 022 017 0.008 0.005 0.001 Bal
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Fig.1 Microstructure of TC4 titanium alloy billet
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Table 2 Rolling schemes of TC4 titanium alloy bar

No. Finished spec/mm  Rolling temperature/°C  Rolling degree/%

1 ¢12 940 92.89
2 ¢16 940 87.36
3 @25 940 69.14
4 @25 900 69.14
5 @25 980 69.14
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Table 3 Heat treatment schemes of TC4 titanium alloy bar

No. Heat treatment schemes

HTI 940 °C/1 WAC

HT2 970 °C/1 WAC

HT3 1000 °C/1 WAC

HT4 970 °C/1 YWQ

HTS 970 °C/1 /AC+500 °C/3 h/AC

HT6 970 °C/1 /AC+600 °C/3 h/AC

HT7 970 °C/1 /AC+650 °C/3 h/AC

HT8 970 °C/1 WQ+500 °C/3 h/AC

HT9 970 °C/1 WAC+930 °C/1 h/AC+500 °C/3 W/AC

HT10 970 °C/1 WQ+930 °C/1 /AC+500 °C/3 h/AC
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Fig.2 Microstructures of different specification TC4 titanium alloy bars rolled at 940 °C: (a) ¢12 mm, transverse; (b) @16 mm, transverse;

(c) #25 mm, transverse; (d) @12 mm, longitudinal; (¢) ¢ 16 mm, longitudinal; (f) ¢25 mm, longitudinal
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Table 4 Ultrasonic velocity of different specification TC4 titanium

alloy bars rolled at 940 °C

Finished spec/mm  Rolling degree/% Ultrasonic velocity/mm-s™

@12 92.89 6093
@16 87.36 6126
@25 69.14 6136
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Fig.3 Microstructures of @25 mm TC4 titanium alloy bars under

different rolling temperatures: (a) 900 °C, transverse;
(b) 900 °C, longitudinal; (c) 940 °C, transverse; (d) 940 °C,
longitudinal; (e) 980 °C, transverse; (f) 980 °C, longitudinal
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Table 5 Ultrasonic velocity of ¢25 mm TC4 titanium alloy bars

under different rolling temperatures

Finished spec/mm Rolling temperature/°C Ultrasonic velocity/m-s™”

@25 900 6110
@25 940 6136
¢25 980 6162
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Fig.4 Microstructures of #25 mm TC4 titanium alloy bars after different solution treatments: (a) HTI, transverse; (b) HT1, longitudinal;

(c) HT2, transverse; (d) HT2, longitudinal; (e) HT3, transverse; (f) HT3, longitudinal; (g) HT4, transverse; (h) HT4, longitudinal



BTk it R
20 Titanium Industry Progress 40 &

BHL, HZ 970 CREEAIEYIES H o HE =R
A, WA a HE RN, HS5EHESHLAMH AR o M
(RSP B SR v o 22 B IR B 4 84 =1 21 1000 °CHRY
TC4 k& &M AL XA LA R B kL4 g
MBLIRAHZ, BT MBS EN, BIAA AR, T
gt o AHBT AR S SHEW BN P E . B 4e. 4d. 4g.
4h 4352 28 970 °CIEE J5 75 ¥4 FK YA IR ] 5 2 ) 2 4k
HH, AUEBARBEAD TN TFTHLARSERE
Ko FEESAIEHBNSHL, FEHEKAERIHLNZ
/DB R SE AR 155 il o A3 VA T IR - R R B AT
HE . ISR 6 ITUUEH, TERNATSA KM T, B
IR R T, PR 7S PR R L, 940 °ClEA
IH 6131 m/s $EEGE] 970 °CHF ) 6140 m/s; 4 [E VAR E
L T = 2] 1000 °CH, B A EIE EF] 6170 my/s, X
55 b S R R v I R P R A R A — B

R6  #25 mm TC4 SRAEBRMAERRIEIFAIEFHEBAEER
Table 6 Ultrasonic velocity of ¢25 mm TC4 titanium alloy bars

after different solution treatments
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Fig.5 Microstructures of ¢25 mm TC4 titanium alloy bars after
different aging treatments: (a) HTS; (b) HT6; (c) HT7; (d) HT8
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Table 7 Ultrasonic velocity of ¢25 mm TC4 titanium alloy bars

No. Ultrasonic velocity/m-s™ after different aging treatments
HT1 6131 No. Ultrasonic velocity/m-s™
HT2 6140 HT5 6170
HT3 6170 HT6 6160
HT4 6105 HT7 6145
HT8 6168
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Fig.6 Microstructures of ¢25 mm TC4 titanium alloy bars after
triple heat treatments: (a, b) HT9; (c, d) HT10
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Table 8 Ultrasonic velocity of ¢25 mm TC4 titanium alloy bars

after triple heat treatments

No. Ultrasonic velocity/m-s™
HT9 6180
HT10 6190
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