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Ultrasonic inspection of composition segregation in
small diameters titanium bars
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(Xi’an SMA Materials Co., Ltd., Xi’an 710021, China)

Abstract: To classify the defects of composition segregation in titanium alloy bars with small diameters by ultrasonic
inspection, the defects in TC4 and TC26 titanium alloys were characterized by methods of ultrasonic inspection,
metallographic analysis, SEM and energy spectrum analysis. The results show that pure titanium segregations in TC4
titanium alloys, as indicated by the wandering echo between the primary bottom wave and equilateral triangle wave, are
categorized as penetrating defects. By contrast, the Nb-riched segregations in TC26 titanium alloys belong to reflection
defects that are characteristic of a high-amplitude wave in front of the primary bottom wave. The categorization of the
defects of composition segregation is obtained by the variation of acoustic impedance between the parent material and
segregation areas, where the variation of penetrating defects is similar while that of reflection defect is different
completely. In order to avoid the undetected cases of penetrating defects, it is important to observe the echo waves that
may appear between the primary bottom wave and equilateral triangle wave.
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Fig.1 Echo of defect in titanium bars: (a) TC26; (b) TC4
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Fig.2 Metallographs of defect in TC26 alloy: (a) Low

magnification; (b) High magnification
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Fig.3  Metallographs of defect in TC4 alloy: (a) Low

magnification; (b) High magnification
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Fig.4 SEM image (a) of defect and corresponding element

line scanning curves (b) in TC26 alloy
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Fig.5 BE image of defect showing position for EDS analysis

in TC4 alloy
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Table 1 EDS analysis of defect region shown in Fig.5
JeE 001 XHURE N E/% 002 XIRTTET HU%
Ti 92.71 98.41
Al 7.29 1.59
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Fig.6 Schematic diagram on direction of beam propagation :

defects: (a’) Reflection; (b’) Penetrance
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(a) Reflection; (b) Penetrance and ultrasonic inspection on different
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