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Abstract: Focusing on typical metallurgical defects occurring during the production of titanium alloy bars and wires, this

paper systematically analyzed the formation mechanisms and microscopic characteristics of segregation and inclusions as

well as their effects on mechanical properties. The results show that common metallurgical defects in titanium alloys are

mainly classified into five categories: o segregation, f segregation, Ti-rich segregation, high-density inclusions, and

low-density inclusions. Segregation is caused by uneven composition distribution, while inclusions are primarily

introduced by impurities in sponge titanium and debris generated during electrode welding. These defects can markedly

reduce the strength, plasticity, and fatigue life of the material, seriously impairing the service safety of components.

Finally, preventive measures regarding sponge titanium screening, ingot smelting process optimization, and whole-

process quality control are proposed to provide a reference for improving the quality of titanium alloy bars and wires.
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Fig.1 Macrostructure of defects in TC4 titanium alloy wires
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Fig.2  Microstructures of TC4 titanium alloy wire in different

zones: (a) bright zone; (b) normal zone
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Table 1 EDS analysis results of different zones of TC4 titanium

alloy wire
Zone Al Ti \'% Total
Bright zone 7.50 89.01 3.49 100.00
Normal zone 5.54 90.57 3.89 100.00
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Fig.3 Macrostructure of defects in TC6 titanium alloy bar
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Fig.4  Microstructures of TC6 titanium alloy bar in different

zones: (a) white spot zone; (b) normal zone
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Table 2 EDS analysis results of different zones of TC6 titanium

alloy bar
Zone Al Si Ti Cr Fe Mo  Total
White 518 0.60 86.57 242 0.87 4.36 100.00
spot zone
Normal zone 5.47 0.61 88.56 2.13 0.79 2.44 100.00
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Fig.5 Macrostructure of defects in Gr.5 titanium alloy wires
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Fig.6 Microstructures of Gr.5 titanium alloy wire in different

zones: (a) bright zone; (b) normal zone
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Table 3 EDS analysis results of different zones of Gr.5 titanium

alloy wire
Zone Al Ti A Total
Bright zone 4.73 92.96 2.31 100.00
Normal zone 6.40 89.29 431 100.00
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Fig.7 Macrostructure of defect in Gr.5 titanium alloy bar
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Fig.8 Microstructures of Gr.5 titanium alloy bar in different

zones: (a) defect zone; (b) normal zone
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Table 4 EDS analysis results of Gr.5 titanium alloy bar in

different zones

Zone Al Ti A\ w Total
Abnormal particle — 1.83 — 98.17 100.00
Transition zone 5.78 84.46 3.76 6.00 100.00
Normal zone 6.25 90.02 3.73 — 100.00
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Fig.9 Morphology of abnormal particles in Gr.5 titanium alloy

bar and EDS analysis results
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Fig.10 Macrostructure of defect in TC4 titanium alloy bar
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Fig.11 Microstructures of TC4 titanium alloy bar in different

zones: (a) cracked zone; (b) normal zone
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Table 5 EDS analysis results of TC4 titanium alloy bar in

different zones

Zone Al Ti \% (6] Total
Inner wall of crack zone 4.36 74.30 2.74 18.60 100.00
Near crack zone 5.67 90.15 4.18 — 100.00
Normal zone 5.59 90.20 4.20 — 100.00
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