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Abstract: MAX phases are among popular surface protective coatings for the zirconium alloy cladding materials, because of
their remarkable chemical, physical, electrical, and mechanical properties. Preparing the MAX-phase coatings at low
temperature, without any cost of properties, especially the mechanical properties, is of technological importance in practical
applications. The low-energy ion bombardment assistance was introduced to prepare the high density V2AIC coatings by
magnetron sputtering. The chemical composition, phase structure, surface morphology, cross-sectional structure of the coatings
deposited at different bombardment ion energy were characterized by energy dispersive spectrometer, X-ray diffractometry,
Raman spectroscopy, scanning electron microscope and atomic force microscope. The mechanical property was tested by
nanoindentation. The results show that the increase in the bombardment ion energy from 15 eV to 35 eV can effectively
densify the V2AIC coating and reduce the surface roughness of the coating by about 50% (from 20.2 nm to 11.9 nm), while
increasing the hardness of the coating by about 50% (from 14 GPa to 21 GPa), and Young's modulus about 20% (from 309 GPa
to 363 GPa). However, when the bombardment ion energy increases to 50 eV, the Al element content decreases dramatically,

and the phase structure of the coating is transformed from V2AIC to V2C and VC mixed. The increase in the bombardment ion
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energy can effectively densify the structure of the V2AIC coating, improve the hardness value and Young's modulus of the

V2AIC coating. However, it is necessary to control the range of bombardment ion energy to optimize the structure and

performance.
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Fig.4 SEM and AFM images of the coatings by different bombardment ion energy
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Fig.5 Cross section morphologies of the coating by different bombardment ion energy
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