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Nanostructured films deposited by physical vapor deposition (PVD) methods 

have been attracting much attention worldwide in the last decade. Among these, Ti-

Al-N is one of the most thoroughly studied hard film materials. Compared with such 

films as Ti-N, Ti-C-N and Ti-Zr-N, Ti-Al-N films are commercially available for 

various machining applications, due to their high hardness, relatively low friction 

coefficient, good oxidation and corrosion resistance. However, the loose of hardness 

and oxidation, the high internal stress are still serious drawbacks and restrict their 

industrial applications under certain conditions. Recent studies showed that 

multicomponent films consisting of different metallic and nonmetallic elements 

combine the benefit of individual components leading to a further refinement of film 

properties. Hard and super-hard nano-composite films are not only composed of two 

or more hard phases, but also composed of one hard and one soft phase. A range of 

such Ti-Al-N based multicomponent films as Ti-Al-Si-N, Ti-Al-Cr-N, Cr-Al-N and 

Ti-Al-Y-N were investigated. Studies showed that the Ti-Al-Si-N films owned 

improved wear resistance compared to that of Ti-Al-N films without Si. Ti-Al-N films 

doped with only Cr were totally different in the oxidation behavior from the films 

containing both Cr and Y. J. Musil et al. have deposited Al-Si-Cu-N films with a 
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micro-hardness H = 59 GPa containing 7 at.% Cu and 6 at.% Si by an unbalanced d.c. 

magnetron sputtering. The potential of this new kind of nanocomposite films is very 

high and it is reasonable to consider that adding both soft and hard elements into Ti-

Al-N films can further improve their properties.  

In the previous work, we studied the influence of Cu content on the film 

microstructure, mechanical and tribological properties of a novel material based on 

nano-composite Ti-Al-Si-Cu-N films, which were prepared on high speed steels by 

cathode arc ion plating method. In the present work, we further investigated the 

influence of Si content on film structures, crystal phases, hardness and elastic 

modulus. The correlations between hardness and tribological properties for the films 

were examined. In the meantime, in order to understand the mechanisms responsible 

for the wear resistance in the films, the surface characteristics of the worn specimens 

were also analyzed in this work.  

Ti-Al-Si-Cu-N films with different stoichiometric ratio were deposited onto 

10×15 mm
2
 sized high speed steel (HSS) substrates by a filtered magnetic arc ion 

plating equipment (DY-DH-4A) from the Ti0.48Al0.48Si0.04, Ti0.46Al0.46Si0.08 and 

Ti0.45Al0.45Si0.10 powder metallurgically produced targets, respectively. Three copper 

cylinders with the size of 7 mm in diameter and 10 mm in height were inlaid around 

the center of each target, then the Ti-Al-Si-Cu-N films with similar copper content as 

well as various Si contents were co-deposited. 

The Chemical composition and chemical bonding in the as-deposited films were 

determined using XPS (ESCALAB250, Thermo VG, USA). The crystal structure 

investigations were conducted by XRD with Cu Kα radiation, the scanning range and 

the scanning speed were 20°-80° and 0.04°/s. Besides, based on the XRD data and the 

Scherrer formula, the rough lattice parameter and the grain size can be obtained. 
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FESEM (Zeiss Ultra 55, Germany) was used to observe the cross-section 

morphologies of the films. The surface topography was characterized by AFM (XE-

100, PSIA) under the non-contact mode and the corresponding RMS roughness results 

were obtained.  

The transducer-based scanning nano-indentation test (TriboIndenter, Hysitron 

Inc.) was performed to estimate the mechanical and nano-tribological 

characterizations in a laboratory environment (RT and 50%RH). The procedure 

proposed by Oliver and Pharr was adopted in evaluating the intrinsic hardness H and 

elastic modulus E of the samples with a Berkovich diamond tip. A conical diamond 

indenter with a nominal tip radii of 20 µm (90º cone opening angle) was adopted to do 

unidirectional scratch tests with different constant loads of 25 µN, 100 µN and 500 

µN. The scratch speed, minimum distance between two scratches and the scratch 

distance were set to 1 µm/s, 20 µm and 10µm, respectively.  

In order to evaluate the adhesive strength between the substrate and the films, 

micro-scratch tests were also performed using a scratch tester (MFT-4000) with a 

Rockwell diamond indenter. The applied load, loading speed and the scratch length 

were set to 60 N, 1 N/s and 5 mm, respectively. The tribological behaviors of the films 

were evaluated by reciprocating wear tests via a conventional wear instrument. WC-

Co ball with 7 mm diameter was adopted as counterpart. The sliding tests were 

conducted with a sliding speed of 1 mm/s under a constant normal load of 5 N. Due to 

the limited thickness of 1 µm for the samples which were prepared for the wear tests, 

the tests were set for 750 reciprocating cycles corresponding to sliding distance of 6 m 

to ensure that the tests were proceeding on the films instead of on the substrate. Based 

on the wear track depth profiles detected by UBM laser profiler, the wear losses of the 

films V can be obtained after the sliding tests were completed. Then according to 
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Archard’s classical wear equation, the specific wear rate W can be calculated by the 

following equation: 

 W = V / (S ﹡ L) 

where S is the sliding distance and L is the normal load applied. In addition, the 

morphology and chemical composition of the worn surfaces both on the ball and on 

the films were analyzed by FESEM/EDS. 

 

Keywords: Ti-Al-Si-Cu-N films; Cathode arc ion plating; Nanocomposite 


