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Development and application of high-strength titanium alloys

WANG Ding-chun

(Baoti Group Co., Ltd., Baoji 721014, China)

Abstract: The history of development and application of high-strength titanium alloys were reviewed with the emphases

on the cases of the United States and Russia. The development trends of these alloys were discussed. And the future

trends in high-strength research were proposed.

Key words: titanium alloys; application; development

Ti-62A TCI18 TC21  BTi-6554

20
50
1
1%
( )
1 100 MPa
1% 41%
[1-3]
1500 MPa 40
1 100 MPa otf 300~400 MPa 1500
p s 3 MPa
F-22 V2500
30%~40% Ti-4Al-3Mo-1V 41% 31%

Ti-62222S  Ti-1023 Ti-15V-3Cr- 3Sn-3A1  B21S
BT14 BT15 BT16 BT22 BT23
BT35 TB2 TB3 TB5 TB6 TBS

0917-3382841 E-mail wangdingchun@baoti.com



20 1

s959

20 80

1 1 Mo
10%~11%

Mo 12%~14%
Mo

1600

1400

12001

a/MPa

1000

800

600 L ! 1
0 5 10 15 20 25

Mo equivalent

1 Mo
Fig.1 Effect of Mo equivalent on strength of titanium alloy
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Fig.2 Mo equivalent of double phase high-strength titanium
alloy
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Fig.3 Mo equivalent of near second stationary and second

stationary high-strength beta titanium alloy
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Table 1 Chemical composition and mechanical properties of high-strength titanium alloy in American and Russian
Mo o/MPa /%
Ti-431 Ti-4Al-3Mo-1V 3.7 + 1350 3-5
BT14 Ti-5A1-3Mo-1V 3.7 + 1275 4-6
. . . 1190 115
Ti-622228 Ti-6Al1-28n-2Zr-2Mo-2Cr-0.25Si 53
+ 1330 7.5
. . 1162 10
Ti-6246 Ti-6Al-2Sn-4Zr-6Mo 6.0
+ 1214 13
. . 1105 12
a+p BT3-1 Ti-6Al-2.5Mo-1.5Cr-0.5Fe-0.3Si 6.0
+ 1270 7-12
. 1150 7
BT23 Ti-5A1-4.5V-2Mo-1Cr-0.6Fe 8.1
+ 1460 =5
. 1007 18.4
SP-700 Ti-4.5A1-3V-2Mo-2Fe 8.1
+ 1377 12
890 =14
BTI16 Ti-3Al-4.5V-5Mo 8.2
+ 1100 14
BT22m Ti-5A1-5Mo-1V-1Cr-1Fe-1.5Sn-2Zr 9.4 1200 =6
PCEZ Ti-5A1-4Mo-2Cr-1.2Fe-2Sn-4Zr 9.7 + 1506 13
. . 1160 10
Ti-17 Ti-5A1-2Sn-4Mo-4Cr-2Zr 10.7
5 1300 13
p Ti-11.5Mo-6Zr-4.5Sn 11.5 1413 7
Ti-1023 Ti-10V-2Fe-3Al 11.1 1275 7.5
) 1175 12
BT22 Ti-5A1-4.75Mo-4.75V-1Cr-1Fe 11.8
+ 1475 8
BT22n Ti-3Al-5V-5Mo-1.2Cr-1.2Fe 13.0 1100 =8
Ti-2041 Ti-4A1-20V-1Sn 14.3 + 1530 6
Ti-15-3 Ti-15V-3A1-3Cr-3Sn 15.7 + 1475 14
£218 Ti-15Mo-3Al1-2.7Nb-0.25Si 15.8 + 1260 4-5
5 Timet LCB Ti-6.8Mo-4.5Fe-1.5Al 15.8 + 1470 5-8
BT35 Ti-15V-3Cr-3Al-3Sn-1Zr-1Mo 16.7 + 1275 =8
Ti-8823 Ti-8Mo-8V-2Fe-3Al 17.7 + 1250 7-8
BT32 Ti-8V-8Mo-1.5Cr-1.5Fe-3Al 19.2 + 1250 =8
pC Ti-8V-6Cr-4Mo-4Zr-3Al 19.7 + 1117 18
Ti-13-11-3 Ti-13V-11Cr-3Al 27.6 + 1 400 68
2 Ti-1023 3 BT22

Table 2 Mechanical properties of Ti-1023 alloy bar treated by Table 3 Mechanical properties of BT22 alloy bar treated by

different heat treatments different heat treatment

et o MPa RuoMPa As% 7% feat Bl Rl oy fadl
treatment (MPa-mm'?) treatment MPa  MPa (J-em™2) (MPa-mm '2)

1232 1180 14 46 66.5 1170 1110 20 56 41 28.7

: 1229 1178 15 47 67.8 : 1180 1040 20 62 36 38.3
1245 1188 10 27 58.9 1170 1120 16 49 36 49.9

! 1252 1193 9 26 57.8 . 1210 1140 12 33 35 51.5
1266 1214 6 15 56.3 1220 1110 5 8 34 62.6

M 1260 1208 6 15 56.5 i 1260 109 7 10 31 68.4
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4 Ti-1023

Fig.4 Microstructure of Ti-1023 alloy bar treated by different heat treatments: (a) Heat treatment I; (b) Heat treatment II; (c) Heat
treatment II1

5 BT22

Fig.5 Microstructure of BT22 alloy bar treated by different heat treatments: (a) Heat treatment I; (b) Heat treatment II; (c) Heat
treatment II1
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Table 4 Mechanical properties of Ti-62222S alloy bar treated
by different heat treatments ar room temperature
Heat Ru/  Rpoo/ axu/ Kic/
Asl/%  ZI% 3.1
treatment MPa MPa (J-em™?) (MPa-mm '?) '
1185 1060 10.0 155 525
I /
1160 1060 11.0 16.5 450
(

1180 1090 9.0 185 513
| 77 ) 7~9
1170 1060 11.0 18.0 48.8

1190 1070 9.0 120 33.8 3.2
1 67

1140 1030 105 17.0 3838 10
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Fig.6  Microstructures of Ti-62222S alloy bar treated by ) 777 Ti-1023

different heat treatments: (a) Heat treatment I; (b) Heat Fig.9 Landing gear from alloy Ti-1023 for B777
treatment II; (c) Heat treatment I1I
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Fig.7 Landing gear beam from alloy BT22 for IL76 airliner
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Fig.10 Muzzle unit from alloy 218 for B777
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Fig.8 Nose landing gear unit for IL76 airliner (mass of 130 kg) )
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Fig.11 Improved solid engine from alloy BT22 4)
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