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Abstract
The objective of this research is to study the dry sliding wear behaviour of metal surfaces and influences of their surface hardness. The improved hardness of the TiN deposited surface was about
1763 Hv. The worn surface Scanning Electron Microscope (SEM) morphology exhibits the surface
damage due to varying wear test parameters. The Electron Dispersive Spectroscopy (EDS) reveals
that the material transfer between the counter parts and the wear mechanism has been involved.
The minimum specific wear rate of TiN surface was 0.0018 mg/Nm and 0.0026 mg/Nm against
Ti6Al4V alloy and TaN respectively.
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1. Introduction
The hard TiN deposition on Stainless Steel type 316L (SS 316L) surface improved their surface hardness and
wear properties. The metal to metal contacts in sliding leads for abrasive and adhesive wear and it depends on
material properties and wear test parameters. Ti6Al4V is the soft material having hardness about 270 Hv compared to Tantalum nitride (TaN) which is about the hardness of 1700 Hv. The surface hardness was taken into
account to analyse the wear mechanism which is the major cause for protect the surface from deformation.
TaN has improved high hardness, high melting point and chemical inertness, which make them as protective
layer for prospective applications under severe conditions like high temperature or chemically corrosive environments [1] [2]. TaN makes the columnar grain structure, in both amorphous and crystalline films [3], and their
wear performance may be compromised because of failure along these grain boundaries. The higher friction
coefficient and wear rate of TaN have been restricted their performance in tribology [4].
Ceramic thin solid films, the transition metal nitride compounds, have been used as hard, adhesive, wear resistant coatings. The studies about mechanical and wear behavior of transition metal nitrides are well established
[5]-[7]. The nitride coatings improved, the increase of mechanical and tribological properties was obtained, such
as TiN, ZrN, CrN [8].
The objective of this work is to study the effect of surface hardness in dry sliding wear environment on metallic contact surfaces. The mechanism and the phenomenon are to be analysed well when the soft material sliding
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on the hard surface and vice versa. The effect of wear test parameters and their influences has been carried out
for varying loading conditions.

2. Materials and Methods
The disc material SS 316L was prepared with the geometry of 60 mm diameter and 5 mm thickness. The wear
test was carried out for the track diameter of 25 mm. The samples were polished, using diamond paste and the
average surface roughness (Ra) of 0.4 µm was obtained. TiN is the coating material having a density of 5.22
g/cm3.
The arc deposition set up for TiN deposition process is shown in Figure 1. The TiN deposition starts with the
high current, low voltage arc on the surface of a cathode (Ti) that gives rise to a highly energetic emitting region
known as a cathode spot. The temperature at the cathode spot is around 750˚C, which results in a high velocity
jet of a vaporized cathode material, leaving a crater behind on the cathode surface. The Nitrogen was passed as
reactive gas into the chamber during deposition. At the high temperature, forms titanium nitride and after that no
further nitrogen compounds were formed especially in steel surface due to insufficient nitrogen on steel surface.
[9].
The 5 mm in diameter with 22 mm TaN and Ti6Al4V pins were made as a counterpart of the TiN deposited
steel surface, for wear studies as per the ASTM standard G99-05. The effect of load is analyzed by keeping the
other controlling parameters as constant i.e., sliding velocity of 0.25 m/s for sliding distance of 1500 m.

3. Characterization
3.1. Structural Analysis
Figure 2(a) shows the SEM morphology of the TiN coated steel surface, which exhibits molten titanium globules called macro droplets emitted from the cathode at high sliding velocity, deposited on the surface, and appear as white and spherical spots. The inhomogeneity of the TiN coated surface is caused by the incident macro
droplets [10].
The coating thickness was measured by using the Optical Microscope (OM) image. Figure 2(b) shows the
cross sectional OM image taken of the TiN coated SS 316L sample in 400× magnification. From the microscopic image a continuous contrast line can be seen, which indicates the coating thickness influenced by the process

Figure 1. Schematic representation of the cathodic arc deposition.
(a)

Figure 2. (a) SEM image (b) Coating thickness of TiN coated SS 316L.
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parameter. The coating thickness is also measured with the help of AutoCAD 2010 software as explained in [11].
It confirms that the coating thickness was about 4 - 6 µm.

3.2. Surface Profile
Figure 3(a) shows the three dimensional surface profile of the TiN-coated SS 316L. The improved hardness of
the TiN coated surface is around 1763Hv for the surface roughness (Ra) of 0.05 µm shown in Figure 3(b). The
surface roughness is influenced by the substrate temperature and substrate bias [12].

3.3. X-Ray Diffraction (XRD) Analysis
The TiN XRD intensity peaks demonstrate the improved crystalline nature which is shown in Figure 4. The
XRD pattern of the TiN surface is good agreement with the JCPDS file #77-1893 and #87-0633 for strong peak
at (111) plane and weak peak at (311) plane respectively [13]. From the observation of the orientation peak, it
was noticed that the reflection plane of (220) is stronger compared other peaks which is due to the small radius
of curvature at the peak [14]. A peak at 36˚ indicates a strong (111) orientation, and the osbornite phase which
were predictable for TiN deposition.

3.4. Micro Hardness
The micro hardness tests were carried out as per the ASTM: E10 standards, with a load of 0.025 kg, using the
micro hardness tester (Wilson Halbert; 0.01 - 1 kg). The micro hardness of the selected materials is shown in
Figure 5. The hardness of the TiN coated disc improved nine times compared to uncoated SS 316L due to the
hard and dense coating using CAD. The counterparts having the hardness of 273 Hv and 1709 Hv for Ti6Al4V

(a)

(b)

Figure 3. (a) 3D-surface profile (b) Measured Parameters of the TiN coated
SS 316L.

Figure 4. XRD patterns of TiN coated SS 316L.
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alloy and TaN respectively.

4. Wear Behaviour

Hardness (Hv)

The effects of the load on the specific wear rate for the TiN coated SS 316L against Ti6Al4V alloy and TaN is
shown in Figure 6. The specific wear rate of the TiN coated SS 316L increases with increasing the load, but
remains lesser against Ti6Al4V alloy compared to TaN. The sliding between two hard materials leads to severe
wear and the sliding of soft material on hard material leads to mild wear [15]. The minimum specific wear rate
of TiN surface was 0.0018 mg/Nm and 0.0026 mg/Nm against Ti6Al4V alloy and TaN respectively.
Figure 7 shows the specific wear rate of Ti6Al4V alloy and TaN against TiN coated SS 316L. The specific
wear rate of the counterpart decreases with increasing the load and the minimum specific wear rate obtained
about 0.001mg/Nm for TaN. The TaN had better wear resistance compared to Ti6Al4V alloy against TiN coated
SS 316L due to the oxide tribo layer formation on the sliding surface [16].
The EDS of the TiN coated SS 316L against Ti6Al4V alloy and TaN is shown in Figure 8. Figure 8(a)
shows severe loss of materials on the disc surface compared to Figure 8(b) and also it evidences the transfer of
counterpart was high with Ti6Al4V alloy. From Figure 9(b), it was conformed that the debris of Ti6Al4V alloy
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Figure 5. Example of a figure caption (figure caption).
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Figure 6. Comparison of specific wear rate for disc.
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Figure 8. Comparison of EDS for TiN coated disc against (a) Ti6Al4V (b)
TaN.
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Figure 9. Comparison of SEM for TiN coated disc against (a) Ti6Al4V (b)
TaN.

on the disc surface due to adhesive wear mechanism [17]. Figure 9(a) reveals that the disc surface was severely
delaminated and fragmented due to the abrasive wear between the hard mating surfaces.

5. Conclusions
 The bio-compatible TiN material was coated over SS 316L by Arc Deposition, which improves the surface
hardness of the substrate. The coating thickness was measured as about 4 - 6 µm using OM, and its average
surface roughness was measured as about 0.05 µm using surface profile.
 The crystallography result confirms the Osbornite phase, with a strong orientation of plane (220). This is due
the double bent formation of (220). Due to the strong bonding nature of the TiN coated substrate, the micro
hardness was increased by about 9 times that of the uncoated substrate.
 The EDS analysis confirms that the material transfer from the counterpart to TiN coated SS 316L disc and
the formation of the oxidation layer on the disc, which facilitates to improve the wear resistance of the coated
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disc surface. The SEM morphology indicates the severe worn surface of the TiN coated surface against TaN
than Ti6Al4V alloy.
 The minimum specific wear rate of TiN surface was 0.0018 mg/Nm and 0.0026 mg/Nm against Ti6Al4V alloy and TaN respectively.
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