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Microstructure of linear friction welded joints of
hydrogenated TC4 titanium alloy
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Abstract: The linear friction welding of hydrogenated TC4 titanium alloy was carried out, and the microstructures in
different zones of joints were investigated by optical microscopy (OM), scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). The micro mechanism of improving high temperature plasticity of titanium
alloy induced by hydrogen was also analyzed. The results show that the weld width of hydrogenated specimen decreases
evidently compared with that of the non-hydrogenated one. The S phase fraction of the base metal and
thermomechanically affected zone (TMAZ) increases with the increase of hydrogen content. The dislocation density near
the weld bead of the joint is decreased by hydrogen, which shows that the dislocation motion is promoted by hydrogen.
The amounts of faults and twins increase significantly in the joint of hydrogenated alloy. There are ¢ titanium hydride
(FCC structure) plates precipitated in the joints containing hydrogen 0.4% and 0.6% (mass fraction). The high
temperature plasticity of titanium alloy is enhanced by hydrogen mainly through mechanisms as: changing phase
proportion of a and 5, promoting dislocation movement and dynamic recrystallization, inducing twin in alloy. As a result,
the linear friction welding performance is improved by hydrogenation.
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Table 1 Chemical composition of TC4 titanium alloy (mass
fraction, %)

Al A% Fe Si C (0] H Ti

586 390 021 0.15 0.09 0.18 0.0073 Bal
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Table 2 Linear friction welding (LFW) parameters used in
this study
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Fig. 1 Morphologies of weld bead of TC4 LFW joints with
different hydrogen contents: (a) Non-hydrogenated; (b)
Hydrogen content of 0.4%
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Table 3 Effect of hydrogen content on weld width of TC4
LFW joints

w(H)/% 0 02 04 06 08

Weld width/mm 2 1.7 1.1 1.6 -
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Fig. 2 Microstructures of base metal zone of TC4 LFW joints with different hydrogen contents: (a) Non-hydrogenated; (b) 0.2%H,;

(¢) 0.4%H; (d) 0.6%H
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Fig. 3 Microstructures of TMAZ of TC4 LFW joints with
different hydrogen contents: (a) Non-hydrogenated; (b) 0.4%H
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Fig. 4 SEM images of weld bead of TC4 LFW joints with
different hydrogen contents: (a) Non-hydrogenated; (b) 0.4%H
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Fig. 5 Dislocation structures of TC4 LFW joints with
different hydrogen contents: (a) Non-hydrogenated; (b) 0.4%H
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Fig. 6 Microstructures of TC4 LFW joints containing 0.4%
hydrogen: (a) Faults; (b) Twins
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Fig. 7 Microstructures and corresponding SAED patterns of &
hydride formed in TC4 alloy containing 0.6% hydrogen: (a)
Bright field image; (b) Dark field image; (c) SAED pattern of
hydride
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