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Microstructure and properties of Ti-Cr alloys used for dentistry
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Abstract: Ti-Cr alloys were fabricated by using tungsten electrode melting and centrifugal casting. Microstructure and
mechanical properties of Ti-Cr alloys were investigated. The dry wear resistance of Ti-Cr alloys against Grl5 ball was
investigated on CJS111A ball-disk wear instrument. The influence of alloy element Cr on alloys wear resistance was
investigated. Worn surface morphologies were observed by scanning electron microscope (SEM). The maximum wear
scar depth of Ti-Cr alloys was measured by electron microprobe analyzer. The wear mechanism of Ti-Cr alloys was
analyzed. The results show that crystal structure and morphology of the cast Ti-Cr alloys are sensitive to their chromium
contents. The Vickers hardness of the Ti-Cr alloy decreases with the increase of the chromium concentration. The highest
compression strength of Ti-10Cr alloy is 2 024 MPa and the lowest compression strength of Ti-15Cr alloy is 1 650 MPa.
Ti-5Cr alloy shows a smallest steady friction coefficient and the worn surface is comparatively smooth. For Ti-15Cr and
Ti-20Cr alloys, the phenomenon of furrow cut happens and furrows form during wear tests. Wear tests show that the
increasing Cr content leads to a reduction of wear depth of Ti-Cr alloys and increase of wear resistance. The wear
mechanism for Ti-Cr alloys is a combination of adherence wearing and debris wearing.
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Fig.1 Principle diagram of wear test
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Fig.2 Microstructures of Ti-Cr alloys: (a) Ti-5Cr; (b) Ti-10Cr; (¢) Ti-15Cr; (d) Ti-20Cr
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Table 1 Main properties of Ti-Cr alloys

Phase Vickers hardness Compression Elastic Compression
w(Cr)/% :
composition HV) strength/MPa modulus/GPa ratio/%
5 a 481 1777 28.4 16.5
10 p 428 2024 30.2 13.6
15 p 365 1650 26.7 40.2
20 B 343 1917 30.0 435

2 024 MPa, FE4iFfPERIE 50 30.2 GPa; Ti-15Cr
B SR AEREHAL N 1 650 MPa, s & # 5 i i
/IR 26.7 GPas Ti-20Cr 75 4 1) R 46 5K fee iy 4 43.5%:
Ti-10Cr &4 1 R 46 %4518 13.6%.
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Fig.3 Variation curves of friction coefficients of Ti-Cr alloys

against Grl5 ball with test time
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Fig.4 SEM images of worn surfaces and wear particles of Ti-Cr alloys: (a) (b)Ti-5Cr; (¢) (d)Ti-10Cr; (e) () Ti-15Cr; (g) (h)Ti-20Cr
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Table 2 Maximum wear scar depth of Ti-Cr alloys

w(Cr)/% 5 10 15 20

Maximum wear scar depth/um 12.63  7.72 431 3.36
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Fig.5 Cross-section profiles of wear tracks for Ti-Cr alloys: (a)Ti-5Cr; (b) Ti-10Cr; (¢) Ti-15Cr; (d) Ti-20Cr
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