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Study on Defects Formation Mechanism of Large Section TC4 Titanium Forging
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Abstract: During ultrasonic testing of a large section TC4 titanium alloy forging, irregular hole and black spots were

found. In order to find the causes of these defects, elemental analysis, microstructure observation, texture testing,

micro area composition analysis, and hardness testing were carried out. The results show that there are regular

fluctuations in Al, V, and Fe elements near the hole defect, which is caused by the residual riser of the ingot. The black

spot area has coarse grains, concentrated internal stress, high dislocation density, and high hardness, which is a

significant metallurgical defect caused by uneven chemical composition in the micro area, resulting in segregation of

rich alpha phase element (Al).
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Table 1 Chemical compositions of TC4 titanium alloy ingot

Ti Al v Fe H 0} N

Bal. 6.15 3.99 0.16  0.0012 0.18  0.0031
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Fig.1 Macro-structure of TC4 titanium alloy defect sample and

sampling positions
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Fig.4 Microstructures of defect sample in different areas: (a) area | ; (b) areall ; (¢) area III
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Table 2 EDS analysis results of defect sample in different areas

Area Ti Al \'% Fe
Black spot 81.60 6.72 4.11 0.50
Base metal 79.64 4.58 7.475 0.58
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Table 3 Vickers hardness of defect sample in different areas

First Second Third Fourth
Area . . . . Average
point point point point
1 2.89 2.93 2.84 2.90 2.89
I 3.55 3.48 3.42 3.47 3.48
1 2.87 2.95 2.93 2.92 2.92
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