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ABSTRACT

This paper presents the first results on formation and studying of structure and properties of
nanocomposite combined coatings. By means of the deposition processes modeling (deposition
conditions, current density-discharge, plasma composition and density, voltage) we formed the three-
layer nanocomposite coatings of Ti-Al-N/Ti-N/ALLO3/.The coating composition, structure and
properties were studied using physical and nuclear-physical methods. The Rutherford proton and
helium ion back scattering (RBS), Scanning Electron Microscopy with microanalysis (SEM with EDS
and WDS), X-Ray diffraction (XRD) including a grazing incidence beam to 0.5°, as well as
nanohardness tests (hardness) were used for analysis. Measurements of wear resistance, corrosion
resistance in NaCl, HCI and H;SO, solution were also performed. To test mechanical properties such
characteristics of layered structures as hardness H, elastic modulus E, H¥/E? etc. were measured. It was
demonstrated that the formed three-layer nanocomposite coatings had hardness of 32 to 36 GPa, elastic
modulus of 328 £18 to 364 +14 GPa.

Its wear resistance (cylinder-surface friction) increased by a factor of 17 to 25 in comparison to the
substrate (stainless steel). The lavers thickness was in the range of 56 — 120 um.

INTRODUCTION

Traditional methods of surface modification (which are: physical, chemical, electrochemical and
mechanical ones [1]) as well as more advanced methods such as ion implantation, ion-assisted
deposition of thin films, plasma technologies and electron beam treatment in some cases cannot result
directly in a desirable way. In this connection for solving the industrial problems existing in ship
building and chemistry, for instance {2], one has to combine such methods of surface modification for
the production of hybrid coatings possessing the definite operation properties. An oxide-aluminum
ceramics and other coatings based on titanium carbide and tungsten carbide and nitrides possess a
number of useful properties, which are able to provide corrosion protection, high hardness and
mechanical strength, low wear, and good electro-isolation properties [1-3].

It is well known that Ti-Al-N nano-composite coatings feature high physical and mechanical
properties such as high hardness and elastic modulus. However, high hardness values are found only in
coatings with small nano-grain sizes [4].

In ref. [4], we reported that deposition of Ti-Al-N coatings on to thick Ni-Cr-B-Si-Fe one resulted
in improved physical-mechanical properties. In this case, hardness values reach only 22 + 1.8GPa,
which, first of all, was related to large nano-grain sizes of 17 to 22 and 34 to 90nm. A thin film with
thickness less than 3.5pm was deposited on to Ni-Cr-B-Si-Fe thick coating of 60 to 70um using
magnetron sputtering with an alloyed TisoAlso target.



In the second paper [4,5], steel samples were coated with 2.5 pm coating by usage of vacuum-arc
source in HF discharge. The fabricated coatings demonstrated high hardness reaching 35+ 2.1 GPa
combined with high wear resistance, scuffing resistance, and low friction coefficient in comparison
with standard TiN.

EXPERIMENTAL

Samples of stainless steel 321 of (2.5+3) mm thickness were coated using plasma-detonation
method by the device “Impule-6”. The coating, with thickness of about 50um, was fabricated from a-
Al O3 powder with 23 to 56pm grain size. Coatings were deposited within 20mm width, for one pass.
Gas expenditures and battery capacity were similar to those applied in ref. [4]. After the surface
purification by glow discharge, TiN coating of 1.8 to 2.2um thickness was deposited on to Al,O3
coatings using 100 A arc current of Ti cathode and leaking-in N/Ar gas mixture.

Using the alloyed cathode TiAl, Ti-Al-N layers of different thickness in the range of (2.2+2.5) um
were deposited also in N/Ar medium. The resulting thickness of a three-layer multi-component coating
reached 53 to 56.5 pm.

To analyze the coating structure, we used following methods: X-ray diffraction (XRD), TEM
analysis, scanning electron microscopy with micro-analysis (SEM with EDS), and Rutherford back-
scattering method (RBS) (He ions of 2.29 MeV and protons of 1.001 MeV) for composition analysis.
Electron spectroscopy and corrosion tests were performed using a standard cell [4,5,6]. Wear
resistance tests were performed according to the cvlinder-plane scheme.

Transversal and angular cross-sections (7+10° angle) were prepared for several samples to analyze
depth element distribution over the total multi-layered coating. They were used for electron
microscopy, micro-analysis, point-by-point XRD-analysis, and nano-indentation.

To investigate the homogeneity of powder coatings and identify the various inclusions of the
matrix substrate in the contact area for 10 minutes. The surface was etching using solution of
hydrofluoric acid (50 ml HF, 50 ml H,O ). The structure of the steel studied in the transition region
was determined after subsequent grinding and etching (t = 10 min.) Nitric acid solution (2 mL HNO3,
48 mL ethyl alcohol).

The elemental distribution in the coatings, before and after corrosion treatment, was evaluated
by the Rutherford Back-scattering Spectroscopy (RBS) at the 5.5 MVTandemAccelerator of the NCSR
DEMOKRITOS/Athens using a deuteron beam of 1.5 MeV energy (scattering angle: 170°, solid angle:
2.54x10" sr). Nuclear reaction analysis using the same accelerator was used for the determination of
the N depth distribution on the samples (‘*N(d, a)'?C nuclear reaction, Ed =1.350 MeV, detector angle:
150°, detector solid angle: 2.54x10”3 sr) .

For the RBS and NRA measurements a C. Evans & Assoc. scattering chamber equipped with a
computer controlled precision goniometer and a laser positioning system was utilized. The vacuum in
the scattering chamber was constant (ca. 2x10~" Torr). The beam current on the target did not exceed
10 nA, while the beam spot size was 1.5 mmx1.5 mm.

The analysis of the NRA and RBS data was performed using the simulation code RUMP [7].

The corrosion resistance of the prepared coatings was investigated using electrochemical
techniques. An AUTOLAB Potentio-Galvanostat (ECO CHEMIE, Netherlands) and Princeton Applied
Research corrosion testing cell were used for the electrochemical measurements. A saturated calomel
electrode used as a reference electrode and a graphite one as an auxiliary electrode for all
measurements.

The tests in 0.5 M H,SO; solution were carried out in the potential region —1000 to +1500 mV
at ambient temperature. Five rapid scans (scan rate=25 mV/s) followed by one slow scan (scan
rate=0.25 mV/s) were performed on each specimen. The rapid scans allow investigations under
constant conditions of the material surface and corroding medium, whereas slow scans lead to
predictions of the general corrosion behavior of the material. In all cases the sample surface exposed to
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