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Abstract ; Titanium alloy can be used as a structural material for liquid hydrogen storage and transportation, deep submer-
gence and other low-temperature tooling under cryogenic conditions due to their excellent high specific strength, corrosion re-
sistance , non-magnetism and good low-temperature plasticity. This paper systematically reviews the research progress of low-
temperature mechanical properties of titanium alloys. The low-temperature tensile test shows that the tensile strength of TA7,
CT20, TC4 ELI and other alloys increases significantly with the decrease of test temperature, and the plasticity does not
change significantly. The increase of critical shear stress at low temperature makes dislocation slip more difficult to start,
thereby resulting in a significant enhancement of the alloy’s strength. The good plasticity at low temperature is attributed to
the coupling effect of deformation twinning and multi-system slip. The low-temperature impact test shows that the impact
toughness of pure titanium at low temperature is almost unchanged, and the high density twin is the fundamental reason why
the impact toughness of pure titanium at low temperature can still maintain the same as that at room temperature. The impact
toughness of Ti80, CT20 and TC4 alloys decreases with the decrease of temperature. The weakening of plastic deformation
ability and the relatively flat crack propagation path make the impact toughness decrease significantly at low temperature. Fi-
nally, the research direction of low-temperature mechanical properties of titanium alloys is prospected, which is necessary to
study the low-temperature mechanical properties of high-
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Fig. 1  The strength and plasticity properties of titanium alloys at room

temperature and low temperature[ﬁ' 9-20]
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Table 1 Tensile properties of titanium alloys at room temperature and low temperature
Titanium alloy Microstructure Temperature/°C o,/MPa 0.,/ MPa 6,/ %
20 847.93 761.2 21.8
TC4le! Equiaxed structure
-196 1318.7 1120. 1 24.9
20 792 — 12
TA7-D!* Equiaxed structure
-196 1313 — 15
20 950 — 15
TA7" Equiaxed structure
-196 1240 — 4
) 20 454 356 50
Pure titanium''"’ Equiaxed structure
-196 899 681 65
20 958 906 16
TA7M Equiaxed structure
-196 1331 1266 13.8
20 665 595 16.75
Equiaxed structure
=253 1320 1130 14.1
cT20M
20 638.33 559.17 18.08
Lamellar structure
-253 1250 1005 18
20 656.7 530 30.7
Equiaxed structure
=253 — 1286. 1 12.7
CT20M
20 610 495 29.3
Lamellar structure
-253 — 1305. 1 16.7
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Titanium alloy Microstructure Temperature/ “C o,/MPa 0.,/ MPa 0,/ %
20 652. 12 571.79 15.2
cT200 Equiaxed structure
-196 1102.51 1052. 67 21.1
20 945 895 18.2
TC4M —
-40 1030 988.5 17.91
20 1027 950 4.26
TC4!! —
-60 1131 1092 2.3
TC4! 10! Equiaxed structure -253 — 1500 18
25 830.6 784.8 13.2
T4l Lamellar structure -196 1353.5 1237 2.9
=253 1544.5 1386 5.85
24 835 760 15
TA7L8 Equiaxed structure
-196 1260 1100 15
. 20 777.93 — 21.5
TA7-DH?! Equiaxed structure
-196 1189.953 — 12.3
20 620 550 24
Equiaxed structure
-253 — 1310 8
€120
20 650 530 18
Lamellar structure
-253 — 1280 14

Notes: 0}, represents tensile strength, o , represents yield strength, &, represents elongation
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Fig. 2 Grain boundary and KAM images of CT20 alloy after tensile at differ-
ent temperatures (all derived from EBSD data) (3], (a, b) 20 C,
(e, d) =196 C
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Fig. 3  Microstructure of the titanium alloy before deformation and after deformation at =253 “C; (a) SEM images of the initial microstructure

of TC4 alloy, (b, ¢) TEM images of TC4 alloy after low temperature tensile!?”! ; (d) SEM image of the initial microstructure of
TC4 ELI alloy, (e) TEM image of TC4 ELI alloy after low temperature tensilel ')
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Fig. 5 The trend of impact energy of titanium alloys with the change of
experimental temperature [46-49]
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Table 2 Impact properties of titanium alloys at room temperature

and low temperature

Titanium alloy Microstructure Temp‘jé‘“““"” P::f;y‘j]
20 23.81

0 23.57

Pure titanium %' Equiaxed structure =50 23.87
-100 25.23

-196 24.1

20 35.8

0 31.4

cT20047] Lamellar structure -50 32
-100 24.5

-196 11.5

20 52

0 50

) -20 48

Tigo #! Duplex structure

-40 45

-60 42

-196 18

20 23.86

TC4L®) Duplex structure -50 19.43
-196 9.01
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