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Tribological Studies of Ti-Al-N Hard-Faced
Coatings Evaluated with Ball-Cratering Test
Method
P.Vijayasarathi*
, P.Sureshprabhu**
and S.Ilaiyavel ***
Keywords: Friction and wear resistance; Titanium
Aluminum Nitride; SEM-EDAX; XRD: Talysurf
profilometry.
ABSTRACT
In this present work dry sliding metal-metal wear
behaviour of stainless steel AISI 410 and Ti-Al-N coated
specimens at room temperature was investigated by using a
ball cratering sliding wear testing machine over a various
loads of 2N,3N and 4N for a total sliding distance of 353.43
m at a constant sliding speed of 0.3927 ms-1. The tester used
as a High Carbon steel ball with 750HVat 100g load is
rotated against the stainless steel AISI 410, along with the
coating parameters. The cyclic investigation was carried out
to find the cracking resistance of the coating. As the results
show that the wear of test specimens increases with
increasing load and sliding distance. Also the total abrasive
wear decreases with the improved hardness of the coated
specimen. The wear rates and worn surfaces were
investigated with scanning electron microscopy (SEM) (with
EDAX attachment), XRD and Talysurf profilometry analysis.
The more grooving region, pits, ploughing ridge and cavities
with Ti-Al-N particles were found on the worn surface of the
High Carbon steel. This result shows off hard Ti-Al-N
coated particles exposed on the worn surface.
INTRODUCTION
The PVD (Physical vapor deposition) (Aihua et al.,
2012; Wang et al., 2012; Endrino et al.,2006; Lin et al., 2008;
Kawate et al., 2003; Bobzin et al.,2007; Fox-Rabinovich et
al., 2006) is widely used technique for preparing coating in a
variety of applications, also including industry, aerospace
and automotive applications. Different types of coating
materials have been studied among this Transition metal
nitrides (or) carbides is widely used for preparing coating in
heavy mechanical components. Ti-Al-N composite coating
thin films (Kalss et al., 2006) are now commercially
available as wear resistant coatings used because of high
hardness, excellent oxidation and corrosion resistance.
L.P.Ward et al., (1996); M.Pinkas et al., (1999); Panigrahi et
al., (2006); T.Suzuki et al., (1998); K.D. Bouzakis et al.,
(1999), studied the presence of Al in Ti-Al-N coatings
overcomes the oxidation problems due to the presence of a
superficial layer of Al2O3 formed at high temperatures.
Recent studies (A.VonRichthofen et al., 1998; Tung SC et al.,
2004), show that 80% of the total cost for the protection of
metals is related to coating application. D.Toma et al., (2001);
Brasilia et al., (2009) presence of a wear by abrasion is
probably the most damaging and costly of the wear
mechanisms. Contact wear occurs when the surface and the
counter surface are forced together and moved relative to
each other. B.Y. Man et al., (2004) studied under certain
conditions of temperature and load, mating surfaces oxidize
and control the amount of wear. Under higher load, and
without the protection of oxides, the two surfaces may
adhere: this is referred to as galling, and in the extreme case
results in the parts seizing or welding together. C.V.Falub et
al., (2007) presence of coatings experience shear, tensile and
compressive stresses which may lead to failure by cracking
and spalling. Many recent reports J.E. Sundgren et al., (1986)
have shown the improvements made on coating surface and
lifetime versus speed performance, wear and friction
reduction and corrosion resistance. Use of real internal
combustion engine tests for the evaluation of tribological
performance is very costly and time consuming. As an
alternate, the tester used a piece of the piston ring as the fixed
specimen and a segment of the cylinder block material as the
rotating specimen. The worn surfaces were investigated with
scanning electron microscopy (SEM) with EDAX,
(J.A.Williams et al., 1992). The present work is undertaken to
understand the effect of the sputtering conditions on the
micro tribological behavior of Ti-Al-N composite coated and
to compare the results with the uncoated substrate.
EXPERIMENTAL PROCEDURE
Substrate Preparation and Coating Deposition
The AISI SS410 steel has been selected for the
present study as the substrate material. The specimen
with dimensions of 25mm diameter and 15mm thickness,
were cut from the AISI SS410 steel rod. The PVD
(Physical vapor deposition) coating was carried out with
argon (Ar) and pure nitrogen atmospheres. Before
Paper Received June, 2015. Revised August, 2015. Accepted
November, 2015. Author for Correspondence: P.Vijayasarathi*
*
Research Scholar, Department of Mechanical Engineering, Anna
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deposition substrate materials were cleaned in two steps:
1. Ultrasonic pre-cleaner and 2. Ultrasonic cleaning
machine with 9 tanks including hot air dryer for 1.5 Hrs.
The composite coating Ti-Al-N with a thickness around
3.8 ±1µm, were deposited on the AISI SS410 steel
surface and the process parameters are shown in Table.1.
Table.1.PVD coating deposition parameters
A machine used Standard Balzers (RCS) machine
Make Oerlikon Balzers, Swiss
Targets power 3.5KW
Reactive gas Nitrogen
Nitrogen deposition Pressure 3.5 Pa
Substrate bias voltage -40 V to -170 V
Substrate temperature 450 °C ±10°C
Coating thickness 3.8 ± 1 µm
Coating Characterization Methods
The surface of the Ti-Al-N composite coatings were
polished using a series of coarse to fine grade of silicon
carbide emery papers and then velvet cloth with diamond
paste is used for fine mirror polishing on the sample surface.
As a result, a micro-polished surface was determined for
further analysis and evaluation. The porosity was calculated
using image analyzer software of Dewinter Materials plus
1.01 based on ASTM B276 and where images obtained
through PMP3 inverted metallurgical microscope. As per the
standard test method, the porosity was found to be less than
2% of the different area of the coating surface. The wear test
was followed after the porosity test. The chemical
composition of Ti-Al-N coating, were analyzed by energy
dispersive X-ray analysis (EDAX). Fig.1.Shows the presence
of Ti as the main phase along with Al and N. A small amount
of Fe, Cr, Mo and C is present due to the pores present in the
coating.
Fig.1.EDS analyses for worn surfaces of a) Uncoated
substrate and b) Ti-Al-N coated substrate based
Microstructural Properties
The XRD diffractograms for the Ti-Al-N coating are
illustrated in fig.2.on reducing scale. It shows the presence
of a large % of Ti2N along with AlN. As well as the grain
size of the thin coating was calculated from Scherrer
formula which has given in equation. (1). The grain size of
the Ti-Al-N coating is 15nm. In this present work the dry
sliding used as an abrasive ball of High Carbon steel with
750HVat 100g load is rotated against the stainless steel
AISI 410 along with the coating parameters as shown in
Table (1). The Ti-Al-N coated layer shows higher
hardness as compared to the SS AISI410 and porosity is
0.47% respectively.
D=0.9λ / B cosθ - (1)
Fig.2.X-ray diffraction pattern for Ti-Al-N on SS410
Table2.Chemical composition of the substrate and
coating.
Compos
ition (%)
P Mn C Cr S Si Ti Al N
Material
(SS410)
1.0
%
1.0
%
0.15
%
11.5-
13.5%
0.03
%
1.0
%
- - -
Ti-Al-N
Coated
- - - - -
44.69
%
24.46
%
25.90
%
Tribological testing
A schematic line diagram of the ball cratering wear
test is shown in Fig.3.The test sample was clamped on to
a platform and fitted to the arm. This arm was rotated,
around its pivot until the sample were pressed against a
directly driven high carbon steel ball (diameter 25mm)
rotating at 150 revs/minute. The tester has an accurate
control of both the normal load and ball-sliding speed.
The ASTM G77 standard is used in these testing
parameters as shown in Table 3.
Fig.3. Schematic diagram of micro –scale abrasion tester
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Table.3. Micro‐scale abrasion test parameters.
Substrate
1.Uncoated specimen, roughness Ra=0.67µm,
2. Ti-Al-N coated specimen,
Surface roughness Ra= 0.785 µm,
Sphere Ball
Material
High Carbon steel, Ball diameter - 25 mm,
Surface roughness Ra=0.068µm,
Hardness - 750 VHN at 100g load
Sliding
Speed
150rev/minute
Load 2N (0.203Kgf), 3N(0.305Kgf) and 4N(0.407Kgf)
Total sliding
distance
353.43 m
Condition Metal to Metal Point contact, No slurry
The dry sliding wear a test was conducted on the Ti-Al-N
coated against AISI SS410 steel and observe the worn
surface by scanning electron microscopy. The tests were
conducted at the various loads namely 2N(0.203Kgf),
3N(0.305Kgf) and 4N (0.407Kgf) with a total sliding
distance 353.43 m and constant sliding speed of 0.3927
ms-1. The coated and uncoated surfaces were thoroughly
cleaned with ethanol prior to the experiment. The abrasive
wear tests were performed in ambient air at room
temperature (25°C) and 65% relative humidity. The tests
were repeated for each condition and ensure that the
reasonable reproducibility of the result. The loss of the
material, and dimensionless wear rates were calculated
using this Equation (2). The precision value is 0.0001 for
the weight loss measuring instrument.
W = (M1 – M2)/M1 - (2)
Where M1 – Total Mass wt. of before the test.
M2 – Total Mass wt. of after the test.
RESULT AND DISCUSSION
Micro Hardness of the Coated Substrate
The composite film hardness was determined with
the help of a Vickers hardness indenture (HV10Kg) at
different location of the coated surface. After
examination, the average maximum hardness value (247
HV) was observed in Ti-Al-N coating and minimum
hardness value (183 HV) was found in the uncoated
specimen. From fig.4.it is concluded that Ti-Al-N
composite coating hardness is higher than uncoated
specimen. The high hardness and the absence of grain
boundaries lead to good wear resistance of the coated
specimen. Because of the coating has very dense
structure and lower porosity.
Fig.4.Micro Hardness of the coated specimen
Frictional behavior
The variation of the friction co-efficient as a
function of the different applied load with sliding
distance for uncoated and Ti-Al-N coated specimen in
dry sliding condition is illustrated in fig.5. At the
beginning of the test, the coefficient of friction
characteristic was found initially decreases and then
increases with increase in sliding distance. For the
Ti-Al-N coating, a positive curve slope of friction
coefficient versus sliding distance was observed. But for
an uncoated substrate, a negative curve slope of friction
coefficient versus sliding distance was observed. This
indicates that the initial friction coefficient for the
Ti-Al-N coated film does not show the asymptotic
behavior with increasing sliding distance at low load is
as shown the fig.5 (a). This difference occurs because of
the coating, the friction coefficient is directly related to
the applied load. From the fig.5. (b). Shows the friction
characteristic with the applied load, 3N. For the uncoated
substrate, the coefficient of friction increases with the
applied load, but whereas in the film obtained by
Ti-Al-N, the friction coefficient decreases with increase
in load. Furthermore, the Ti-Al-N surface has worn off at
the period of the applied load 4N is as shown in fig.5. (c).
In this case a maximum of 40% to 50% low co-efficient
of friction is observed. Finally, at low and high load, the
film determined by Ti-Al-N exhibits lower friction
compares to the uncoated substrate. As a result, a lower
break in coefficient of friction is produced with the
Ti-Al-N coating.
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Fig.5.The variation of friction Coefficient as a function
of the number of cycles for uncoated and coated films at
different applied loads: (a) applied load = 2N, (b) applied
load = 3N and (c) applied load =4N.
Abrasive wear measurement
From the chart to observe the wear rate for different
load with various sliding distance is as shown in fig.6 (a).
The coated and uncoated surface damage in such
circumstances has been examined both experimentally
and analytically J.M. Castanho et al,2003; Dae-Hyun
CHO et al,2009. Another way to obtain the wear
performance is to compare the material removal in terms
of wear volume, in both the coating and the uncoated
substrate. The volume of wear increase as the applied
load increases on the Ti-Al-N coated and uncoated
substrate. Under each load condition, the coating exhibits
comparatively less wear than the uncoated substrate. The
wear performance of the coating is nearly 80-85%
greater than that of the uncoated substrate of a 2N and
4N applied load. However, the wear performance for the
greater applied load of 3N is slightly better, by about
20% and 10% respectively than the wear performance of
the uncoated substrate. Thus, above this 2N and 4N
applied load gives the better performance and better wear
resistance than the uncoated substrate is observed.
Fig.6.(a). Total wear of uncoated and Ti-Al-N coated at
different loads
Fig.6. (b). Total wear of Ball steel and Ti-Al-N coated at
different loads
When sliding against high carbon steel balls, the
behavior of the Ti-Al-N coated material was highly
influenced by the difference in the harness between
coating and ball surface. As can be shown in the fig.6.(b).
the steel ball was severly worn by coating with high
hardness at applied load, 2N.When the sliding distance
increase with applied load, 3N and 4N the weight loss of
the steel ball in steady-state stage was observed. How
ever Ti-Al-N coated particle were found on the worn
surface of the high carbon steel ball.
SEM micrograph of coating wear morphology
Fig.7. show SEM images of the worn surface of the
uncoated and coated substrate after sliding distance of
353.43 m under an applied load of 2N, 3N and 4N. The
examined worn surfaces showed that the worn surface of
the Ti-Al-N coated was generally have much rougher than
that of the uncoated substrate. Figure.7. (a), (b) and (c)
shows sliding wear marks, pit, cracks, and wear-tracks on
the uncoated surface. Also, a few deep grooves and
ploughing are observed during the test. The displacement
and removal of material is depending on the hardness of
the substrate. The micrograph of Ti-Al-N composite
coating with different load with respect to sliding distance
is as shown in Figure.7. (d), (e) and (f). As well as it
shows more wear resistance when compare with uncoated
substrate. The more grooving region, pits, ploughing ridge
and cavities with Ti-Al-N particles were found on the
worn surface of the High Carbon steel ball. This result
shows off hard Ti-Al-N coated particles exposed on the
worn surface.
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Fig.7.SEM images of the worn surface produced by
micro‐scale abrasion of (a),(b),(c) are uncoated and
(d),(e),(f) are Ti-Al-N coated
Rolling and Grooving effect on the coating
The SEM micrograph examination of the Ti-Al-N
coatings and uncoated substrate surface area shows the
occurrence of abrasion grooving (Ag) or scratches and
rolling abrasion (Ar) along the sliding direction, but their
quantity and depth varies depending on the deposition
conditions of the coatings as shown in Fig.8. This study
shows the wear occurs on the coating surface as a result
of hard particles is separated from the coating because of
delamination created due to high contact stress. The
smooth surface is observed in the wear track on the
coating surface with high wear resistance and good
mechanical properties of this coating. (With a high
hardness and good adhesion to the substrate)
Fig.8.Abrasive wear model shows the rolling abrasion
and grooving abrasion.
Non-Contact Surface roughness tester using Talysurf
ccilite
In this investigation the topography of the worn surface
was scanned by White light interferometer systems
which offer fast, noncontact, high accuracy 3D surface
measurement, surface roughness and waviness. The
surface unevenness is determined by the height (Rt) and
mean coarseness index (Ra) of the micro irregularities as
shown in fig.9.The quantity and size of the scratches or
grooving occurs based on the deposition condition.
When the surface coarseness is increase, the distance
between predominant peaks also increases. So the
metallic contact of roughness surface will be less. Hence,
this will show the decrease of running in wear when the
roughness (Ra) change from 0.338 μm to 0.826 μm. The
Arithmetic mean deviation (Ra) of the surface
unevenness is the most common profile parameter for
purely historical reasons and the reader should note that
(Rq) Root mean square deviation of the roughness
profile is a much more statistically significant parameter
than (Ra). This surface roughness test was carried out on
the coated surface using Gaussian filter as per the
ISO4287. In this study, the comparison of different loads
shows 2N and 4N applied load Fig.9.(a) with Ti-Al-N
coated substrate gives good wear resistance because of
low Arithmetic mean Deviation of the roughness profile
(Ra) value is 0.338 µm,( M.S.Priyan et al., 2014).
Fig.9.Wear scar and waviness of surface finish profile
records of coated material (a) Load 2 N, Ra=0.338 μm,
(b) Load 3 N, Ra= 0.790 μm, (c) Load 4N, Ra= 0.352 μm,
and (d) uncoated material, Ra= 0.826 μm
CONCLUSIONS
1.The micro hardness value was observed in Ti-Al-N
composite coating is greater than uncoated specimen. If
hardness is more it shows the way to good wear
resistance of the coated specimen because of the
absence of grain boundaries (Aihua et al., 2012).
2.Coating thickness would take part in an important role
in the tribological behavior because the coating has
very dense structure and lower porosity
(Fox-Rabinovich et al., 2006).
3.The more grooving region, pits, ploughing ridge and
cavities with Ti-Al-N composite particles were found
on the worn surface of the stainless steel AISI 410. This
result shows off hard Ti-Al-N coated particles exposed
on the worn surface (Kawate et al1, 2003).
4.From the sliding wear test results we find the Ti-Al-N
composite coated surface having a good co- efficient of
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friction, low wear loss and long-time wear resistance.
So this Ti-Al-N composite coating can also be used in
automobile applications because of good mechanical
and material properties.
5.As a result shows 2N and 4N applied load gives the
better performance and better wear resistance than the
uncoated substrate is observed.
6.Mass losses decreased with increasing micro hardness
values of the coated specimens increased wear
resistance.
7.The more grooving region, pits, ploughing ridge and
cavities with Ti-Al-N particles were found on the worn
surface of the High Carbon steel. This result shows off
hard Ti-Al-N coated particles exposed on the worn
surface.
8.The wear rates and worn out surface of the coated
specimen was observed by scanning electron
microscopy (SEM) and 3D non-contact surface
roughness tester shows 2N load with Ti-Al-N composite
coated gives lowest Arithmetic mean Deviation
roughness (Ra) value is 0.338µm and good wear
resistance compare with substrate (M.S.Priyan et al,
2014).
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NOMENCLATURE
V: Voltage,
T: Time in min
L: Load in N
Ti-Al-N:Titanium
Aluminum Nitride
COF: coefficient of friction
Ap : total projected area
Ag : grooving abrasion
Ar : rolling abrasion
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