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Using the two technologies: plasma-detonation and vacuum-arc deposition, we fabricated two types of
coatings: Ti—Si-N/WC-Co—Cr/steel and Ti-Si-N/steel. We found that the top coating of Ti—Si-N was
nanostructured one with 12 to 15 nm grain sizes and H = 40 to 38 GPa hardness. A thick coating which was
deposited using the pulsed plasma jet, demonstrated 11 to 15.3 GPa hardness, an elastic modulus (E) changing
within 176 to 240 GPa, and tungsten carbide grain dimensions varying from 150 to 350 nm to several microns.
An X-ray diffraction analysis shows that the coating has the following phase composition: TiN, (Ti,Si)N solid
solution, WC, W3 C tungsten carbides. An element analysis was performed using energy dispersive spectroscopy
(microanalysis) and scanning electron microscopy, as well as the Rutherford backscattering of “He™ ion and
the Auger electron spectroscopy. Surface morphology and structure were analyzed using scanning electron
microscopy and scanning tunnel microscopy. Tests friction and resistance (cylinder-plane) demonstrated essential
resistance to abrasive wear and corrosion in the solution. The decrease of grain dimensions < 10 nm occurring in
the top Ti—Si—N coating layer increased the sample hardness to 42+2.7 GPa under Tirs—Sis—Nag at.% concentration.

1. Introduction

Nanocomposite materials as a class of nanomaterials
are characterized by heterogeneous structure, which was
formed by practically non-interacting phases with the
grain dimensions 5 to 35 nm [1]. As a rule, the compo-
nents of such structure are amorphous matrix and inclu-
sions of nanocrystalline phases. These amorphous com-
ponents agree in the best way with the nanocrystalline
surfaces providing good adhesion and essentially increas-
ing hardness. Small grain dimensions of the second phase
in combination with good strength of intergrain bound-
aries provide high mechanical properties of such compo-
sition materials.

Today nanomaterials are divided into three classes ac-
cording to their hardness values: hard nanocomposites of
H > 20 to 40 GPa hardness, superhard of 40 to 80 GPa,
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and ultrahard of > 80 GPa [2]. In addition to the protect-
ing functions, chemical and machine building industries
need restoration of initial tool dimensions for the tools,
which already function in industry. For these purposes,
tools covered with thick coatings, the physical and me-
chanical properties of which are higher than those of basic
material. Usually, the alloys (powders) Ni—-Cr—Mo, the
hard alloys WC—-Co—Cr and Cr3Cs—Ni, and oxide ceram-
ics AloOs, AloO3—Cro03 are used for such coatings [3].

In such way, combination of two layers, for example a
thick layer of WC-Co—Cr hard alloy of 100 pm, which
was formed using cumulative or detonation deposition,
and Ti-Si-N thin upper layer (units of a micron) with
enhanced physical-mechanical characteristics, which was
formed by subsequent condensation, was able to pro-
vide higher protecting functions and restore worn surface
regions.

The aim of this work is manufacturing of Ti—Si—N-,
Ti—Si-N/WC—-Co—Cr-based coatings and investigation of
their physical and mechanical properties.
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