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Mechanical and Anti-corrosion Properties of Ti/TiN Multilayer Films Prepared by PVD
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ABSTRACT: Objective To investigate the influence of interface of multi-layer films on the film performance. Methods TiN and
Ti/TiN multi-layer films were fabricated on 457 steel by DC magnetron sputtering. The surface morphology and phase composition
were analyzed by transmission electron microscopy and X-ray diffraction. The mechanical properties and residual stress of the films
were evaluated using nano-indentation tester and electronic film distribution tester. The corrosion resistance properties of TiN and
Ti/Ti multilayer films with different modulation cycles were studied by electrochemical devices. Results The experimental results

showed that the surface of the TiN and Ti/Ti multilayer films was smooth and the structure was dense. The mechanical properties of
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TiN film were good with small grain and amorphous phase, and there was internal compression residual stress. With decreasing

modulation cycle, the elastic modulus and micro-hardness of Ti/TiN multi-layer films first decreased and then increased, the inter-

nal residual stress decreased gradually, while the non-uniform degree of distribution increased. The corrosion test of the films in

H, S0, solution showed: when the modulation cycle of Ti/TiN multilayer film was 1 wm, the corrosion resistance of TiN film was

better than that of the multilayer films, with the decrease of modulation cycle of Ti/TiN multilayer films, the corrosion resistance of

multilayer films increased gradually; when modulation cycle of Ti/TiN multilayer film was 0.5 pwm, the corrosion resistance of Ti/

TiN multilayer film was better than that of TiN film. Conclusion Increased interface was beneficial for decreasing residual stress

and enhancing corrosion resistance of multilayer films.
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Fig. 1 Surface morphology of TiN film
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Fig. 3 XRD diffraction spectrum of Ti/TiN multilayer film
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Fig. 5 Nano-indentation results of films: a) variation of TiN
hardness with the indentation depth; b) variation of TiN

elastic modulus with indentation depth
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Tab.1 Hardness and elastic modulus of TiN and Ti/TiN

multilayer films

Sample/ pm H/GPa E/GPa
TiN 30.123 415.396

1 20.239 272.717

0.5 11.663 235.299
0.33 21.945 328.269
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Tab. 2 Residual stress distribution of TiN and Ti/TiN

multilayer films

¢,/ m o,/ GPa 0,/ GPa o,/ GPa
0 -287.639 -958. 825 301. 186

1 -229.572 —-148.218 645.495
0.5 —-191. 657 -1436.516 881.781
0.33 -190. 036 —-1059. 567 1195.755
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