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Table 1 Parameters of the Ti/TiB, multilayers with various

modulation periods

T dr/nm dri/nm drig,/nm dm/nm
2 300 60 240 600
3 200 40 160 600
4 150 30 120 600
6 100 20 80 600
12 50 10 40 600

Note: T-modulation periods; dr-period thickness; dri-Ti sub-layer
thickness; drig,-TiB2 sub-layer thickness; dm-multilayers film

thickness; the modulation ratio of multi layer film is 4
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Fig.1  XRD patterns of Ti/TiB, multilayers with various

modulating periods
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Fig.2 SEM images of Ti/TiB, multilayers: (a) surface and

(b) fractured cross-section
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Fig.3 Hardness and Elastic modulus of Ti/TiB, multilayers with

various modulation periods
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Fig.4 Adhesion of Ti/TiB, multilayers with various modulation

periods
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Fig.5 Indentation morphologies of Ti/TiB, multilayers with various modulation periods (a~e) and TiB, monolayer (f): (a) T=2, (b) T=3,

(c) T=4, (d) T=6, and (e) T=12
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Fig.6 Fracture toughness K¢ of Ti/TiB, multilayers with various
modulation periods
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Influence of Modulation Periods on Microstructure and Mechanical Properties of
Ti/TiB, Multilayers

Zhou Guanghong, Wang Xiangming, Yin Feng, Zhuang Guozhi, Xia Mujian, Ding Hongyan
(Jiangsu Provincial Key Laboratory for Interventional Medical Devices, Huaiyin Institute of Technology, Huaian 223003, China)

Abstract: Ti/TiB, multilayers with various modulation periods were prepared by a magnetron sputtering system. An X-ray diffraction was
used to characterize the phase and a scanning electron microscope was applied to observe the surface and fracture cross-sectional
morphologies of multilayers. The mechanical properties of the multilayers including nano-hardness, elastic modulus, adhesion and fracture
toughness were evaluated with nanoindentation, universal micro materials tester and microhardness meter, respectively. The results show
that the surface of multilayers is even, compact and smooth with clear nano-modulated structure and presents a good physical bonding
between the coating and substrate. With the increase of the modulation periods of multilayers, the hardness and elastic modulus increase
and attain the maximum values of 35.8 GPa and 349 GPa, respectively at the modulation period T=12. However, the fracture toughness of

multilayers increases firstly and reaches maximum value (2.17 MPa-m*?

) at the modulation period T=6 and decreases subsequently.
Passivation effect occurs at the crack tip due to the insertion of Ti sub-layer in the multilayers, which leads to a path deflection of the
crack propagation; as a result, the fracture toughness of the multilayers is improved.

Key words: Ti/TiB, multilayers; modulation period; mechanical properties
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