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Torsional Friction and Wear Characteristics of Ti6Al4V Alloy Modified by DLC Film

XU Lin-min*®, ZHANG De-kun®, CHEN Kai’, YANG Xue-hui®, WANG Qing-liang®, QI Jian-wei"
(a. School of Mechatronic Engineering, b. School of Materials Science and Engineering, China University of Mining and

Technology, Xuzhou 221116, Jiangsu)

Abstract: The Ti6Al4V alloy and Ti6Al4V alloy modified by diamond-like carbon (DLC) film were matched with ultrahigh
molecular weight polyethylene (UHMWPE) to simulate the axial rotating movement of cervical discs. The torsional friction
experiments were conducted on the modified multi degree of freedom material abrasion tester. The results show that the
friction rotating torque, friction dissipated energy and wear loss of the two friction pairs shows the increasing trend with the
increasing of cycle number. Comparing with Ti6Al4V alloy, the friction rotating torque decreased by 51.6% and the frictional
dissipated energy decreased by 48% on the friction pair contact interface of the Ti6Al4V alloy modified by DLC film. Besides,
the time of entering the complete slip state is shortened and the wear resistance is improved. The wear mechanism of Ti6Al4V
alloy presents the serious abrasive wear, while the Ti6Al4V alloy modified by DLC film shows the brittle spalling generated
by stress concentration. However, DLC film increases the wear of the UHMWPE. The wear mechanism of the UHMWPE is
the combined effect of adhesive wear and abrasive wear.

Keywords: Ti6Al4V alloy; DLC film; torsion; wear mechanism
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(a) Physical sample
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Table 1 Chemical composition of Ti6Al4V (w/ %)
Ti Al v Fe O C N H
Bal. 620 430 020 0.08 0.01 0.01 0.003

T2 TIGAUVEIEE S F A
Table 2 Main mechanical properties of Ti6AI4V

Parameters Value
Tensile strength / MPa 965
Yield strength / MPa 895
Elongation rate 17%
Section shrinkage 41%

Ti6Al4VE L4 R EUHMWPERL R, fEicE £
F B I WL B A7 L B R s B R, L
RIS B 3 N100 N, AN FEIREE AN

(b) Ti6AI4V modified by DLC film
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Fig. 1 Schematic diagram of the sample shape and contact form (Unit: mm)
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(c) Contact friction pair
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Fig.2 T-0 curves of Ti6Al4V with and without DLC film modification
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Fig. 3 Friction torque curves of Ti6Al4V with and without DLC
film modification
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Fig. 4 Frictional dissipating energy curves of Ti6Al4V with and
without DLC film modification
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Fig. 5 Wear loss of UHMWPE under Ti6A14V with and without
DLC film modification
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Fig. 6 Worn morphologies of Ti6Al4V with and without DLC film modification
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Fig. 7 Wear debris morphologies of UNMWPE under Ti6Al4V with and without DLC film modification
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