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In the PVD process it seeks to develop layers in order to provide both mechanical properties hardness 

combined as a contradictory ductility [1-3]. In particular the multilayers have been studied recently 

because it’s many advantages. The architecture of these layers grown on steel substrates plays an 

important role since the construction of such coatings enables differentiation of each layer, e.g. 

composition, the present phases, morphology, thickness and layer sequence are determinants in the 

mechanical and tribological properties of the processed material [4-5]. In this research a characterization 

study of the multilayer deposition of TiN / SiC  coatings using physical vapor deposition technique PVD 

on a steel substrate it was performed. 

 

The TiN coatings were produced in a BAI 1200 machine at Oerlikon Balzers in Mexico. They were 

deposited on 4140 alloy steel substrate with a high vacuum and at a temperature about 450 °C for 2 

hours. Then, SiC coatings were deposited on TiN layer introducing the precursor hexamethyldisilazane 

(HMDS) CH3SSCH3 and a process gas, which in our case was argon or methane in different processes 

within the plasma reactor, at variable pressures of 0.8 atm. The ionization potential ranged from 700V to 

900V, and the substrate temperature was 500 ° C for the methane process, and 600 °C for the argon 

process, for both processes were slightly different results. The rate of film growth is on average approx. 

1 mm / h, and its average hardness is approx. ~ 9 on the Mohs scale. 

 

The presence of SiC film on the surface of AISI 4140 steel was confirmed by Scanning Electron 

Microscopy (SEM), Energy Dispersive Spectroscopy (EDS) and X-Ray Diffraction (XRD) techniques. 

Figure 1 shows cross section images (SEM) of TiN and SiC film as well as EDS maps of Si, C, Ti and N 

on AISI 4140 steel, the XRD scans (Figure 2) confirmed the presence of a single SiC (PDF: ICSD 98 

002 8310) and TiN (PDF: ICSD 98 018 6008) phases formed in the AISI 4140 steel. The chemical 

composition of the sample surface is observed in Figure 3 and it is given in Table 1 confirming the 

presence of silicon carbide on its surface. These results demonstrate that the process of PVD applied to 

AISI 4140 steel formed superficial layers TiN/SiC. 
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Figure 2. XRD diffraction patterns of SiC and TiN, and EDS 

maps (Fig. 3) of  a) sample surface, b) Si, c) C, d) Ti and e) N.   

 

 

 

 

Table 1. The chemical composition of sample surface [wt. %] 
 

 

 

Figure 1.  SEM a) cross-sectional micrograph, b) Si, c) C, d) Ti, and e) N maps. 

Element C N Si Ti 

Wt% 9 23.95 6.64 60.41 

         Figure 2. 

             Figure 3. 

1985Microsc. Microanal. 22 (Suppl 3), 2016

https://doi.org/10.1017/S143192761601076X Published online by Cambridge University Press

https://doi.org/10.1017/S143192761601076X

