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Study on Effect of Cryogenic Treatment on Microstructure of Titanium Alloy

LIU Dong WANG Xin
(College of Mechanical and Material Engineering, North China University of Technology, Beijing 100144)

Abstract In order to explore the effect of cryogenic treatment on the microstructure of different titanium alloys ,
three titanium alloys, TA7, TA6 and TC4, were immersed in liquid nitrogen tank (-=196°C) for cryogenic treatment
(DCT). Electron microscopy (SEM) and X-ray diffractometry (XRD) were used to analyze the microstructure
changes of titanium alloys before and after cryogenic treatment. XRD analysis results show that the intensity of the
diffraction peak lines of TA7 and TC4 is significantly increased after cryogenic treatment, while the intensity of the
diffraction peak lines of TB6 before and after the experiment is different, indicating that obvious lattice distortion
occurs in the samples of TA7 and TC4. The lattice spacing of the three materials changes after the experiment,
indicating a change in grain size. The SEM analysis results show that the cryogenic treatment can refine the
microstructure of all three materials and enhance their density. Additionally, the number of precipitates in the TA7

and TC4 titanium alloys increases. Therefore, cryogenic treatment can effectively optimize the microstructure of

titanium alloy.
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Fig. 1 Comparison of XRD patterns of TA7 titanium alloy

before and after the experiment
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Tab.1 XRD data of TA7 titanium alloy before and after

the experiment

UDCT/ DCT/  UDCT/  DCT/
) ) A A

1 (100), 3478 35.08 2.57 2.55 76.00  86.00

P AhE UDCT DCT

2 (101), 3733 3771 2.40 2.38 78.00 124.00

3 (002), 39.60 39.91 2.27 225  232.00 324.00
4 (102), 52.09 5240 1.75 1.74 44.00  58.00
5 (110), 6235 62.81 1.48 1.47 48.00 52.00
6 (103), 69.40 69.58 1.35 1.34 33.00 44.00
7 (112), 7628 7691 1.24 1.23 37.00 46.00
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Fig.2  Comparison of XRD patterns of TB6 titanium
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Fig. 3 Comparison of XRD patterns of TC4 titanium alloy before

and after the experiment alloy before and after the experiment
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Tab.2 XRD data of TB6 titanium alloy before and after
the experiment

UDCT/ DCT/ UDCT/ DCT/
T i T ) ) i i UDCT DCT

1 (100), 3521 35.08 254 255 5200 61.00
2 (002),, 37.98 37.71 236 238 102.00 95.00
3 (101) /(1 10)B 40.18 3991 224 225 350.00 334.00
4 (102),, 52.74 5240 173 1.74 49.00 47.00
5 (110), 63.16 62.81 147 147 37.00 41.00
6 (103)‘1/(211)[5 69.89 69.58 134 1.34 34.00 30.00
7 (112), 76.08 75.71 124 125 23.00 29.00

8 (201),, 7753 7758 123 122 25.00 26.00
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Tab.3 XRD data of TC4 titanium alloy before and after
the experiment
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1 (100), 3539 3531 253 253 51.00 78.00
2 (002), 38.14 38.04 235 236 84.00 112.00
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4 (102), 52.87 5283 1.73 1.73 42.00 66.00
5 (110), 63.39 6336 146 146 36.00 54.00
6 (211)B 70.16 70.26 134 138 35.00 50.00
7 (112), 7226 7622 124 124 30.00 34.00
8 (201), 7787 77.62 122 122 32.00 34.00
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Fig. 4 SEM images of TA7 titanium alloy before and after the experiment
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Fig. 5 SEM images of TB6 titanium alloy before and after the experiment
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Fig. 6 SEM images of TC4 titanium alloy before and after the experiment
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