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It is known that Al-containing hard coatings based on transition metal nitride (Me–Al–N), in 

which Al substitutes for Me element in the MeN-based lattice, possess improved tribological and 

thermal properties. The crystal structure, mechanical and thermal properties of Me–Al–N coatings 

are strongly determined by the Al content. While keeping cubic lattice, Al content rise leads to 

improvement of the mechanical properties and to increase in oxidation resistance of the coatings. 

However, the mechanical characteristics of Me–Al–N coatings become worse when Al content 

exceeds its maximum solubility in the cubic phase (~ 60 аt.%) that is accompanied by a mixed 

(cubic-NaCl and wurtzite-ZnS) structure formation. We revealed the enhancement of the 

nanohardness and oxidation resistance of quaternary Ti-Zr-Al-N system when Al concentration 

increases and coating’s structure is characterized as a single-phase c-(Ti,Zr,Al)N solid solution. 

TiZrAlN thin films (300 nm) with Al content up to 0.36 were deposited using reactive unbalanced 

magnetron co-sputtering discharges. The influence of Xe ion irradiation (180 keV, 1E15-5E17 cm-

2) on structural-phase state of the films was investigated. The increase in Al content resulted in the 

transformation of structure from single-phase nanocrystalline cubic (c) solid solution (x<0.12) to 

bi-phase nanocomposite (x=0.14-0.21) and then to amorphous (x=0.25-0.36) one. Nanocrystalline 

and amorphous (x=0.36) structures were stable under irradiation, whereas nanocomposite and 

amorphous (x=0.25) structures transform to nanocrystalline ones. Irradiation of nanocrystalline 

and nanocomposite films by Xe ions leads to disintegration of c-TiZr(Al)N phase into two 

coexisting Al-enriched and Al-depleted solid solutions, as a result of radiation-induced separation 

of the initial metastable solid solution. Xe concentration in the films rises with the increase in the 

irradiation dose. According to RBS data, the maximum Xe concentration reaches 6.0 at.% in Rp 

region for the amorphous films (x=0.25) at the dose of 5E16 cm-2 while for nanocrystalline films 

it equals to 4.6 at.%. The increase in resistivity caused by a radiation defects formation and 

structure modification after ion dose of 5E16 cm-2 is stronger for the nanocrystalline films than 

for the amorphous film (x=0.36). The mechanism of the ion-induced crystallization and 

segregation in the nanostructural TiZrAlN films is discussed. 

 


