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Fig.1 Sketch diagram of annular and radial crack propagation

on multilayers
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Fig.2 Cross-sectional SEM image of Ti/TiB, multilayer
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Fig.3 Indentation morphologies of Ti/TiB, multilayers with various modulation ratios: (a) 4=1, (b) 4=3, (c) A=5,
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Table 1 Indentation data and mechanical properties of Ti/TiB, multilayers with various modulation ratios

A H/GPa E/GPa La/pm Lgr/pm Kic®/MPam*  KicMMPamY?  Kc/MPam'?
1 19.043.2 240.54.2 0.6740.02 14.5940.21 1.8440.09 0.2530.02 2.0940.11
3 23.442.2 277.243.3 0.8240.01 13.6040.16 1.9840.11 0.2740.02 2.2530.13
5 27.1#.9  305.745.1 0.93#.02  11.7840.18 2.3940.12 0.2940.02 2.6840.14
7 30.6+.6 3114428 0.90#0.02  13.1540.20 1.9340.09 0.2940.02 2.2240.11
9 324424 3322431 0.83#.03  15.6140.27 1.5040.07 0.2840.02 1.7840.09
TiB, 339+#1.8 368.243.1 1.9340.06  28.75+1.43 0.6940.05 0.0740.01 0.7640.06
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Fig.4 SEM images of fracture cross section of TiB, film (a) and

Ti/TiB, multilayer (b) on Si wafer
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Fracture Toughness of Ti/TiB, Bionic Multilayers on the Surface of Titanium Alloy

Zhou Guanghong, Ding Hongyan, Yin Feng, Wang Xiangming, Zhuang Guozhi, Xia Mujian

(Jiangsu Provincial Key Laboratory for Interventional Medical Devices, Huaiyin Institute of Technology, Huaian 223003, China)

Abstract: To enhance the fracture toughness of TiB, ceramic film, Ti/TiB, bionic multilayers were formed by period intervention of Ti
layer which was abstracted into a soft layer inspired by the structural of nacre. An improved indentation method was proposed to
characterize the fracture toughness (Kic) of the Ti/TiB, bionic multilayers. The results show that the K,c of the multilayers strongly
depends on the modulation ratios (4, the ratio of TiB, to Ti thickness is denoted as trig,:tri). With the increase of modulation ratio, the K¢

of the multilayers increases first, gets a maximum of 2.68 MPa m*?

at 4=>5, and decreases subsequently. For the same thickness of TiB,
monolayer, the Kic is only 0.76 MPa mY?; that is, the fracture toughness of the ceramic film can be enhanced effectively via formation of
Ti/TiB, multilayers. The fracture energy is released mainly in the form of radial cracks, and partly in the form of annular cracks of the
multilayers deposited on the substrate of Ti6AI4V alloy. The stress of the TiB, ceramic film can be effectively alleviated due to the
periodic insertion of Ti sublayer in the multilayers. Passivation effect may occur at the crack tip, which leads to a path deflection of the
crack propagation, as a result, improving the fracture toughness of the multilayers. Furthermore, the extra interface in the multilayers
increases the resistance of crack growth and thus enhances the fracture toughness.

Key words: titanium alloy; Ti/TiB, multilayers; indentation technique; fracture toughness; bionic
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