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Abstract

TiAIN and AICrN coatings were deposited on mild steel (EN 353 steel) by cathodic arc evaporation technique.
Coefficients of friction, critical load, adhesive and cohesive properties of these coatings were studied using scratch
tester. Failure mode for coatings with thickness of 2 and 4 um were studied using scratch channels and acoustic
activities as basis. Studies presented relationship between progressive and in situ emission signals. AICrN coating
exhibited higher critical load as determined by the acoustic emission signal. Additionally wear mechanisms were
analyzed. Analysis of the experimental results showed that load carrying capacity of AICrN coating is better than TiAIN
coating. Scratch wear test of AICrN coated substrates showed reduction in cracking and spalling of coated layers.

Keywords: TiAIN and AICIN coatings; Magnetron sputtering;
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Introduction

For variety of applications, improved tribological properties has
become an important aspect in the development of high performance
materials [1]. In this direction, coatings are widely used to reduce the
coefficient of friction as well as wear loss in all types of sliding contacts.
Much excellent information on coated components in automobile
applications has been achieved. Majority of sliding components
have shown reduction in the coefficient of friction by two orders of
magnitude. For example, by coating a steel substrate with molybdenum
disulphide or diamond, this slides against a steel counterface, the wear
loss has been reduced several orders of magnitudes compared with the
uncoated pairs in contact [2].

Thermal spraying, electro deposition, chemical vapour deposition
(CVD), and physical vapour deposition (PVD) etc. are some of the
coating methods commercialized recently [3-5]. Improvement in
hardness, lower friction and corrosion resistance of surfaces in tool
like drilling etc., is achieved by coating them with TiN, CrN, TiAIN,
AITiN, TiCN, WC, AICrN, multi layers of TiN and TiAIN [6]. The
tribological properties of steels are generally improved with deposition
of PVD coatings; the durability of the coating depends not only on
the properties of coating but also on the adhesion of the coating and
the substrate as reported by Totik [7]. High hardness, low coefficient
of friction, high wear resistance and good oxidation resistance
makes titanium nitride (TiN) an industrially popular coating. These
properties make this an ideal candidate material for various tribological
applications. TiN coatings have been most commonly used in the
applications of forging tools, molds, cutting tools, bearing spindles
and many mechanical components to decorative items because of its
resistance to wear, corrosion and temperature [8-12]. The tribological
behaviour of TiN, AITiN and AICrN films were investigated that vary
with substrate roughness, thickness of the film coating, hardness of the
substrate, deposition method, type of wear, stoichiometry and type of
heat treatment. For hard substrates are relatively brittle like ceramics,
the hard coating materials are TiN, AITiN and AICrN films. They have
a great tendency to fracture and spall from the substrate during wear.
Such tendency increases with increasing the applied load, sliding speed
and coating thickness [13]. In recent years, studies on aluminium
titanium nitride (AITiN) and aluminium chromium nitride (AICrN)
coatings have been increased [14-16].

In most of the mechanical industries, EN-353 low carbon steel is
widely used because of its good ductility and weldability. This material
has poor tribological properties such as high coeflicient of friction, low
wear resistance, and low hardness [17]. Two methods are commonly
used to improve the tribological behaviour of steel. Firstly, adding alloy
elements to the steel during smelting of the integral alloy and secondly,
by surface modification. The former is impractical because number of
interstitial elements doped into the steel is harmful to ductility and
increase the cost of products. Thus, surface modification is an effective
and economical method that has become one of the most popular
research fields in recent years. A wide variety of surface modifications
of steels are viable routes to improve tribological properties viz., PVD
and ion plating. An advantage of the technology is that the coatings
are metallurgically bonded to the substrate with good interface. It
also exhibits a high deposition rate, good coating uniformity, and
controllability of coating thickness to complex shaped substrates.

The scratch test is one of the most convenient methods to use and
no special dimension specimen or preparation is required compared to
other methods. Therefore, to investigate the adhesion of thin coating-
substrate scratch tester has increasingly been used [18]. Adhesion
strength of thin films is measured using ramp progressive load
scratch tester where in a normal load applied to the coating surface
is increased and the load, at which coating fails adhesively, is taken as
the critical load for coating failure. This test can be used to determine
the wear behaviour of a material under different stresses. The strength
of adhesion is influenced by many factors: the substrate hardness, the
coating thickness, the surface quality, the coating hardness, the loading
rate, interface bonding, indenter dimensions, and the friction between
the indenter and a coating [19].

Although a great deal of research work has been carried out on
friction and wear behaviour of various coatings, very limited work has
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been done on scratch behaviour of TiAIN and AICrN coatings. Against
this background, the present work, we have studied the relation between
the wear resistance and the scratch behaviour for comparing different
hard coatings with different soft and hard substrates. The critical load
values depend upon the hardness of the substrate, when scratching a
specimen with a thin coating. Increasing the thickness of coating the
critical load values causes to rise.

Materials and Methods
Materials

The EN-353 steel substrate of the actual chemical composition
were analysed with the help of Optical Emission spectrometer (Thermo
Electron S. A. En Vallaire Quest 1024, Ecublens, Switzerland make).
The nominal and actual chemical composition of the substrates used in
the present investigation are listed in Table 1.

Deposition method

The substrate used was mild steel (EN 353 steel), consisting of
0.217% C. The substrate surface was ground with SiC paper to remove
the oxides and other contamination. Prior to deposition, substrates
were initially degreased in ultrasonic bath to remove excessive oils and
greases. This is followed by cleaning with alkaline solutions and rinsing
with Demineralized Water (DM). Final stage of cleaning includes
drying with hot air blower. Cleaning of these parts was carried out
using Oerlikon Balzers proprietary (standard) cleaning procedure.

TiAIN and AICrN coatings were carried out with arc evaporation
method using Oerlikon Blazers commercial coating process.
Customized TiAl and AlCr target in reactive nitrogen atmosphere
were used to obtain stoichiometric TiAIN and AICrN coating. The
thicknesses of the AICrN coatings were approximately 2 + 0.3 and
4 + 0.2 pm. Coating was carried out at temperature of about 500 +
10°C with nitrogen as reactive gas. A DC-substrate bias voltage was
maintained in the range of -50 to -150V during coating.

Microstructure

A Zeiss Axiovert 200 MAT inverted optical microscope, fitted
with image software Zeiss Axiovision Release 4.1, was used for optical
microscopy. The porosity measurements were made with image
analyser, having software of Dewinter Materials Plus 1.01 based on
ASTM B276. A PMP3 inverted metallurgical microscope was used to
obtain the images.

Hardness

Hardness measurements for the compound system of substrate
+ coating were carried out as per the IS 1501-2002 procedures by
using Vickers hardness tester (MH6). The hardness of the coatings
on steel was measured using a VH-1 (METATECH) hardness tester,
applying a load of 10, 25 and 50 g and a dwell time of 15 seconds. To
measure the hardness of the coating a nano-indenter was used. The
hardness was measured in three different locations and the readings
reported are the average of the three readings.

X-ray diffraction

The coated specimens were subjected to XRD pattern was recorded
using computer controlled XRD-system, JEOL, and Model: JPX-8030
with CuK radiation. The scan rate used was 2°/min and the scan range
was from 10° to 120°. The grain size of the thin films was estimated
from Scherrer formula, as given in Eq. (1). In this expression, the grain
size D is along the surface normal direction, which is also the direction
of the XRD diffraction vector.

097

" Bcos0

where B is the corrected full-width at half maximum (FWHM) of a
Bragg peak, A is the X-ray wavelength, and 0 is the Bragg angle. B is
obtained from the equation B’=B’ -B? _-C’ where B, is the FWHM of
a measured Bragg peak, B = ¢ tan 0 is the lattice broadening from
the residual strain ¢ measured by XRD using the cos’a sin’y method,

and Cis the instrumental line broadening.

1

Surface roughness

The surface morphology (2D and 3D) of the thin films was
characterized by atomic force microscopy (AFM) to calculate the
surface roughness and particle size. Innova SPM atomic force
microscope works in both contact and tapping mode. Contact Mode is
the most straightforward, basic topography imaging mode of the AFM.
In contact mode, the AFM tip has a direct contact with the sample.
While the tip is scanned along the surface, the sample topography
induces a vertical deflection of the cantilever. This deflection is
measured by a fiber- optical interferometer. On the other hand, the
tapping mode maps topography by lightly tapping the surface with an
oscillating probe tip. The cantilever’s oscillation amplitude changes
with sample surface topography, and the topography image is obtained
by monitoring these changes and closing the z feedback loop to
minimize them. It overcomes some of the limitations of both contact
and non-contact AFM.

Scratch testing

Wear behaviour tests were carried out on the DUCOM scratch
tester TR101 (Figure 1) under dry conditions, in ambient air at room
temperature (= 25°C). Micro scratch tester have a Rockwell shaped C
spherical indenter with a normal radius of 200 um and an angle of 120°
was used. A schematic diagram of scratch tester is presented in Figure
2. The sample for scratch test experiments substrates were machined
with dimensions of 60 mm x 25 mm x 10 mm.

The indenter velocity was used over a wear tracks of 14 mm,
with different normal loads applied. PLST (Progressive Loading

Figure 1: Photograph of scratch tester TR-101.
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Elements C Mn Si P S Ni Cr Mo Fe
Nominal 0.1-0.2 0.5-1.0 0.35 0.05 0.05 1-1.5 0.75-1.25 0.08-0.15 Bal.
Actual 0.217 0.57762 0.1895 0.0582 0.0487 0.0317 0.05306 0.00459 Bal.
Table 1: Chemical composition by wt % of EN-353 steel.
.. . Samples (thickness) 509 25¢g 109
{Constant / Ramp Increamental)
AICIN (2 pm) 634 1034 1094
AICIN (4 pm) 718 1102 1216
TIiAIN (2 um) 622 1027 1081
TiAIN (4 pm) 689 1083 1197

Thin Film Scratch Channel Acoustic

Emission Delector

Substrate mm—e
Scralching Stylus
1l Di

(Rockwel Indentor}

Figure 2: Schematic diagram of scratch tester.

Scratch Test) mode of scratch testing was used. In PLST mode the
normal load was increased linearly during the test from 10 to 160 N.
The indenter scratches the coated substrate linearly with increasing
load progressively. Scratch adhesion testing is loaded stylus drawn
a spherically tipped diamond indenter over the surface of a coated
sample under a normal force increasing vertical load either stepwise
or continuously until coating becomes seperates completely from
the scratch channel. The value of the critical load is considered as
of the coating-substrate adhesion [20,21]. The critical loads for full
delamination were determined from the recorded normal force,
tractional force, coeflicient of friction and acoustic emission along the
scracth; the respective images have also been taken.

Worn surface morphology

Scanning electron microscope (SEM-JEOL, Model-JSM 6380) is
used to study the behavioral surface morphology of the coatings. SEM
micrographs were taken with electron beam energy of 15 keV.

Results and Discussion

Coating microstructures

The TiAIN and AICrN coatings have been formulated successfully
by PVD (physical vapour deposition) technique on EN-353 steel.
The optical micrographs of the substrate, TIAIN and AICrN coatings
indicating dense, fine grained columnar structures and are depicted in
Figures 3 and 4. Figures 3a and 3b shows the microstructure of TiAIN
coating is violet-grey in color and blue-grey in case of AICrN (Figures
4a and 4b) coating. The coatings have uniform microstructure. It is
evident from the microstructure that the coatings contain some pores
and inclusions. The porosity for as-coated TiAIN and AICrN coatings
is 0.47% and 0.46% respectively [22].

Vicker’s microhardness

Hardness values for coatings with TiAIN and AICrN films with 2
and 4 um thickness on EN-353 steel are summarised in Table 2. The
Vicker microhardness of TiAIN and AICrN coatings were around
Hv'= 1081 to 1216, and increased with increase in coating thickness.
As expected from theretical considerations, the coating hardness
increased with target hardness, and film thickness, and decreased with

Table 2: Vicker’s hardness of AICrN and TiAIN coatings on MS at different loads.

increasing indentation load. The increase in hardness was observed
with the decrease in load as listed in Table 2. With the incorporation of
AICrN film of ~2 pm to ~4 pm thick, the microhardness increases from
1094 to 1216 at 10 g load. However, the TiAIN coating Vickers micro-
hardness was lower than that of AICrN coating, which is about Hv =
1081 to 1197, may be because of the pores in the coatings.

The difference in the micro-hardness is in coincidence with the
variation of the coating structure especially the density and porosity
of the coating. Further, the influence of thickness of the AICrN coating
on the Vicker’s micro-hardness was related to the coating structure
(Figure 3a and 3b). Inside the thick coating (4 pm) AICrN coating
(Figure 3b) the densed AICrN film was formed.

Crystal structure of AICrN and TiAIN coatings

XRD spectra for AICrN and TiAIN coating thickness of 2 and 4
um are depicted in Figures 5 and 6 on reduced scale. XRD analysis for
AICrN coating confirmed the presence of CrN and AIN phases. Further,
in case of TiAIN coating the prominent phases are a large percentage
of Ti,N along with AIN. From the XRD spectra, the grain size of the
thin coatings was estimated from Scherrer formula as given in Eq. (1),
and reported in Table 3. The grain size in case of TiAIN coatings (15
nm) is less than that of AICrN coating (21 nm). Sample TiAIN coating
with thickness 2 um showed a strong preferred lattice (¢) planes have a
dominant orientation at 44.92° (20), as shown in Figure 5. The preferred
lattice plane is caused by the mobility of atoms which decreases with
increasing Al/Ti ratio. In contrast, in the case of the AICIN coating,
the lattice planes (a) have a dominant orientation at 49.637° (20), as
shown in Figure 6. The intensities of the diffraction peaks gradually
decrease with increasing layer thickness, which indicates a gradual
decrease in grain size of the preferred orientation. Oerlikon Balzers
Ltd. India provided the data regarding hardness and the friction
coeflicient against steel (dry), along with the coating parameters (Table
3). The coated layer on the steel substrate has provided higher hardness
as compared to the substrate. TIAIN coating showed higher hardness
value than AICrN coating as reported in Table 2.

Effect of surface roughness

Surface roughness either from the substrate or coating influences
the scratch test data. Hence surface roughness of the coated surfaces
prior to testing is essential. Surface roughness also influences the
friction as well as wear performance of a mechanical system like
sleeves used in bearings. It has also been shown from the literature on
hard coatings that the rougher the surface finish, the lower will be the
coating adhesion and wear resistance [1]. All morphologies exhibited
domes and craters which are uniformly distributed over the entire
surface. Figure 7 shows the roughness values of the TiAIN and AICrN
coated on EN-353 steel containing film thickness of 2 and 4 um. The
roughness of the TiAIN coated substrate is nearly two times higher
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Coating Type thic('lﬁ(?;tsl:?um) Arithmetic m(?il:";oughness Ra MaX|mur(|1n:1nte)|ght Rq Point r;::aanx:::lg;hness Appearance of surface features
AICrN ~2 235 297 2779 Irregularly spaced peaked features
TiAIN ~2 244 306 2340 Irregularly spaced peaked features
AICrN ~4 165 206 1702 Irregularly spaced peaked features
TiAIN ~4 221 274 2224 Irregularly spaced peaked features

Table 3: Results demonstrated variation in the size and height of surface nano-topographs of TiAIN and AICrN coatings.

Figure 3: Optical micrographs of the coated surface of (a) AICIN with 2 ym
coating, (b) AICrN with 4 ym coating.

Figure 4: Optical micrographs of the coated surface of (a) TIAIN with 2 um
coating, and (b) TIAIN with 4 ym coating.
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Figure 5: X-ray diffraction pattern for ~2 & ~4 ym TiAIN coating on mild steel
substrate (EN-353).
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Figure 6: X-ray diffraction pattern for ~2 & ~4 ym AICrN coating on mild steel
substrate (EN-353).

than that of the AICrN coated substrate. The Ra values are low at 2
um coating thickness and increases with increasing coating thickness.
Higher roughness values especially in 4 pm indicate the presence of
little agglomeration. A higher roughness value leads to easy pull-out of
coated film in wear scratch testing. Figure 7 shows the typical roughness
profile of the TiAIN and AICrN coated on EN 353 steel substrates with
aRavalue of 1.2 um and 0.93 pm respectively. The roughness profiles of
TiAIN and AICrN coated on EN 353 steel substrates are similar to the
literature findings [23,24].

Figures 7a-7d shows the difference in morphology between the two
films can be inferred by comparing the 2D images in Figures 7a and 7b;
however, a clearer comparison of the films is afforded by viewing the
3D images in Figures 7c and 7d. Surface roughness of all the coatings
increases after deposition. By increasing the coating thickness, the
surface roughness turns to smoother and smoother as shown in Table 3.
i.e., the area distributed with protrusions becomes larger as the coating
films become thicker. The surface morphology explained that coating
surface roughness results from the sharps of nucleus, from preferential
nucleation at substrate inhomogeneties, from the coating thickness
and preferential growth. The fluctuation of coating thickness results
in the surface energy fluctuation. The 2 and 4 pm AICrN coatings are
found to give very finest asperities compared to TiAIN coatings, i.e., the
morphology induced by the coating growth process and morphology
of the coating thickness. The increase in coating thickness results in
the fine-grained morphology of the coating surface with decreased
the asperities. A surface with a higher value of Ra or Rq implies less
uniformity.

Scratch resistance

Adhesion of a coating is one of the important properties for better
load carrying capacity and scratch resistance of a coating system.
If a coating does not adhere to the substrate, burning, cracking or
peeling off the deposit would occur affecting the performance of the
coating. The damage can be a cracking of the coating at the interface;
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Figure 7: 2D and 3D AFM images of coatings: (a) AICrN [(a) & (c) and TiAIN [(b) & (d)] 2 um coatings deposited on EN-353 steel.

this indicates an adhesive type of failure. If the damage consists of
chipping within the coating itself, then it is called a cohesive type of
failure. The scratch test has achieved the most widespread use in
assessing the adhesive strength of hard coated substrates of all the tests
available for the measurement of coating adhesion. The test consists
of applying an incrementally or continuously increasing load on the
system at constant speed. The scratching point causes increasing elastic
and plastic deformation until damage occurs in the surface region. In
practice, the film is seldom removed entirely from the channel so it is
convenient to define a critical load, which characterizes the mechanical
adhesive strength of the coating-substrate system [25-30].

Scratch test shows variation of traction force (tangential force) and
normal load (applied load) from start point to end point of the scratch.
In this test, with the applied force, the traction force suddenly shows
a peak and then attains a steady state value. The failure of the coating,
whether cohesive/adhesive, is normally indicated by a pointed rise in
the traction force. The lower value (base of the peak) of this traction
force corresponds to the first sign of coating failure while the upper
end (top of the peak) corresponds to the end of the failure. Scratch
resistance is the normal load applied on the stylus corresponding to the
above two values in traction force. It is minimum normal load required
to delaminate coating from its substrate. However, due to the fact that
there is a distribution of flaws at the coating substrate interface, isolated
areas of coating removal do occur and the critical transitions can be
somewhat subjective [31].

Number of experiments was carried out on two types of coated
systems on EN-353 steel as substrate. The scratches on the coated

substrates were linear progressively increasing load. Variation of the
different characterizations obtained for three different sliding speeds
are 0.1, 0.5 and 1.0 mm/s along with different start loads and loading
rates are 10, 20 and 40 N and 2, 5 and 10 N/mm respectively are
presented in Figures 8 and 9.

The critical load values of the composite TiAIN and AICrN films,
which were deposited on the EN-353 steel with 2 different coating
thickness are showing relationship between normal load, coefficient
of friction and scratch distance are given in Figures 8 and 9. The
progressive incremental load, as shown Figure 8a was applied over
the coated samples through the diamond stylus. It is observed that
with increase in the scratch length the normal load is increased with
respective to the sliding speed. i.e., normal load is directly proportional
to the scratch distance. Initially the indenter will penetrate in the
coating material. With the increase in the penetration of the indenter
in the coating material the normal load increases. The scratch test is
in nothing but the single point cutting tool process like shaper. As
the progressive load increases, the penetration of the indenter in the
substrate increases. At beginning the indenter penetrate in the coating
then to the substrate ahead of the indenter goes on collecting ahead of
the indenter in the form of chip. At the lower normal load of about 14 N
with variation of coefficient of friction, which initiates the propagation
of the microcracks and adhesive failure shows that film has begun to
remove from the substrate. A strong distortion of the variation of the
traction force and the coefficient of friction was observed at a higher
normal load indicating that the total removal of the coating from the
substrate.
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Figure 8: The typical images of scratch track along with graphs on the 2 um TiAIN coated EN-353steel substrate at different locations. (Start Load- 10 N, Loading
Rate- 10 N/mm, Scratch speed- 1.0 mm/sec and Scratch Stroke- 14 mm). a) Normal load, b) Tractional Force, c)Co-efficient of friction, d)Acoustic Emission, e)SEM,
showing coating cracks at beginning, f) SEM, worn surface at middle, g) SEM, highly worn surface).
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Figure 9: The typical images of scratch track along with graphs on the 2 ym TiAIN coated EN-353steel substrate at different locations. (Start Load- 10 N, Loading
Rate- 10 N/mm, Scratch speed- 1.0 mm/sec and Scratch Stroke- 14 mm). a) Normal load, b) Tractional Force, c) Co-efficient of friction, d)Acoustic Emission, e) SEM,
showing coating cracks at beginning, f) SEM, worn surface at middle, g) SEM, highly worn surface).
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In Figure 8b indicates the variation of tractional force along
scratch length on the TiAIN coating during scratch test. The traction
force increased linearly with the increase in normal load and the slope
changes indicates that the failure of coating material. It can see that
the maximum tractional force 56 N takes place at scratch length 11.8
mm in the end part of the scratch, where the maximum depth of cut
occurs [32]. Once the indenter crosses the thickness of the coating
then the indenter penetrates inside the substrate material. Substrate
material is softer than the coated material. Hence with further increase
in the scratch length at 11.8 mm tractional force start decreases with
increasing of the normal load. which may be due to the rate of collection
of coating material ahead of the indenter is more when tractional force
reaches a yield shear strength. This indicates that the total delamination
of the coating from the substrate.

Figure 8c exhibits the coefficient of friction versus scratch distance
curve, this can offer crucial clue to the determination of transition point
in scratch damage mechanisms. The coefficient of friction is defined
as tractional force and normal load. It is interesting to note that a
changes of coefficient of friction (COF) slope that are obviously scratch
damage feature, i.e., delamination, as scratch progresses. It was also
observed that the fluctuation shown in COF curve, where tractional
force increases gradually due to the penetration of the scratch tip into
the substrate [33]. As seen from Figure 7 the COF increases initially
around 0.3 mm scratch length and then remain nearly constant. The
initial increase of the friction was considered to contain both adhesive
and plouging friction [34]. Figure 8d shows the acoustic emission
versus the scratch sliding stroke. The significance of scratch test carried
out was that a direct correlation was detected about changes in the
tractional force and coefficient of friction.

From Figure 9b it shows that higher tractional force were obtained
for AICrN coating than for TiAIN coating, which may be due to its
higher plastic deformation resistance. Figure 9c shows lower coefficient
of friction observed in AICrN value of 0.38 as compared to the TiAIN
coating which is 0.45. This confirms that the AICrN coating has better
wear resistance behaviour [5].

Graphical display of forces with almost linear increase in the
traction force indicating scratch failure is of adhesive type for TiAIN
and AICrN coated EN 353 steel substrates which are shown in Figures
7 and 8, respectively. The Figure 7 also shows the traction loads
corresponding to the normal loads representing the scratch failure.
The AICrN coated steel substrate shows that the failure, as indicated
by the change in slope of the traction force, occurs at 110 N normal
load, whereas it occurs at 90 N for the TiAIN coated steel substrate. It
is also observed that the coefficient of friction of the AICrN coated steel
substrate is around 0.22 and 0.35 TiAIN coated steel substrate.

As it can be seen from the Figures 8 and 9, the frictional behaviour
differs with varying sliding speed, start load and loading rate with
the presence or absence of the protective layers like TiAIN and
AICrN coatings. Generally a rapid increase of the friction coefficient,
reaching the local maximum value at the lowest speed, of 0.1 mm/s
was detected at the primary 14 mm scratch stroke, independently of
the scratch tested. Further, intermediate and higher speeds of sliding
results in decreases the friction, which reaches the local minimum
value promptly at a lower operational condition. Further tribological
behaviour of the scratch tested depends significantly on the coating
composition. AICrN coating showed a slow increase of the coefficient
of friction as compared to TiAIN coating.

For all the test coated substrates, the coeflicient of friction,
tangential force, normal load and acoustic emission with scratch

length for all scratch tests, as shown coincide exact position with the
typical topographically changes of the coatings by using and scanning
electronic microscope along with the scratch track graphs.

Microscopic observations

On the basis of our experiments, we have adopted the approach
whereby the adhesive wear loss is considered to be typical and
significant when it occurs regularly along the scratch length (Figures
10 and 11). The coating can also be lost by cohesive failure of the
substrate or by cohesive failure of the coating. These are both failures
of the coating-substrate composite by a mechanism other than simple
adhesive failure but both would correspond nevertheless to the failure
of a part in service [35]. The scanning electron microscopy (SEM)
examples shown in Figures 9e-9g was thought to be adhesive as well
as cohesive failure in a TiAIN coated steel, whereas in Figures 10e-10g
could be adhesive loss (flaking) in AICrN coated steel substrate.

Scanning electron microscopy investigations of the scratched
coated substrates were carried out in order to determine the
mechanisms of material removal of the different coatings on substrates.
SEM micrographs of the TiAIN coated EN353 steel are shown in
Figures 10 and 11. During each experimental test, the normal load was
increased from given start load until severe coating failure occurred
(Figures 8 and 9). In most of the experiments, the critical normal load,
P, at which coating failure initiated was detected by a sudden increase
in acoustic emission and confirmed by microscopic examination.

The critical load and the corresponding coefficient of friction at
the appearance of the first tensile crack can be determined around the
scratch length of 114 pum, where the kinks or ripple structures occur in

Figure 10: SEM Images of scratch track for 2 pm TiAIN coated EN 353
steel substrate at different locations. (Start load- 10 N, Loading rate- 10 N/
mm, Scratch speed- 1.0 mm/sec and Scratch stroke- 14 mm): (a) micrograph
at 0.3 mm scratch length, (b) micrograph at 5.7 mm scratch length, and (c)
micrograph at 9.1mm scratch length).

il P g P it 1
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Figure 11: SEM images of scratch track for 2 ym AICrN coated EN 353steel
substrate at different locations. (Start load- 10 N, Loading rate- 10 N/mm,
Scratch speed- 1.0 mm/sec and Scratch stroke- 14 mm: (a) micrograph at 0.3
mm scratch length, (b) micrograph at 4.9 mm scratch length, and (c) micrograph
at 9.8 mm scratch length).
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the vicinity marked by an arrow and become more remarkable as the
scratch length or load increases for TiAIN coated samples. Both the
critical load and the friction coefficient have been found to be 15.3N
and 0.4, respectively.

It can be seen from Figure 7a that the cracks on the coating have
been formed at the track without coating delamination. At higher
applied loads a brittle failure mode of the coating was observed, as
manifest by the formation of lateral cracks or chipping at the edges
of the scratch tracks, as shown in Figure 10a. At this load, the driving
force from the development of large tensile stresses at the edge of the
scratch track is sufficiently high to cause the cracks to propagate across
the TiAIN layer. One possible explanation for the formation of this
kind of lateral crack is that the TiAIN microparticles act as stress raisers
and cause the cracks to initiate. As the loading rate increases chipping
at the edges of the scratch track and produces slight tensile cracks at
load 60-70N, as shown in Figure 10b. This hypothesis is supported by
the result of an event that is shown in Figure 10c. It is also evident that a
through-thickness tensile crack travelled to the site of a macro-particle.
Its propagation sheared the particle and produced the resulting circular
lateral crack. The black coloration of the surface is due to the formation
of oxides during wear testing.

SEM micrographs of the wear tracks of the AICrN coated steel
substrate are shown in Figures 11a-11c. It can be seen that this worn
surface is characterized by scratches and plowing marks. The plowing
action and particles pull-out as observed in Figure 11b are less severe for
AICrN coated steel substrate than the TiAIN coated steel substrate. The
wear depth is also less for AICrN coated steel substrate. Further, it was
found that this failure mechanism was restricted to the coating, and no
delamination from the substrate was observed for TiAIN coated steel
substrate. Hence it can be inferred that EN-353 steel substrate has strong
influence on both cohesive and adhesive strength of the TiAIN coating.

Conclusions

The TiAIN and AICrN coatings were produced on EN-353 steel
using cathodic arc evaporation method. The following conclusions
can be drawn from our experimental investigations. Microstructure
observations of coated steel substrates, few pores were detected optical
micrographs. The thicker the deposition, the less porosity which could
be due to substantial re-melting during the coating deposition. The
AICrN coating had a compound Vickers microhardness of Hv = 1094
which is higher than that of TiAIN coated samples. The compound
hardness of both coatings increased with increase in coating thickness.
The results of XRD data reveals that the grain size of TIAIN coating (15
nm) is less than that of AICrN coating (21 nm). Sample TiAIN coating
with thickness 2 um showed a strong preferred lattice (¢) planes have
a dominant orientation at 44.92° (20). The substrates coated with
the AICrN and TiAIN film, peaks protruding over the flat surface
are quantitatively increased by the increase in coating thickness; the
uniformity of the surface morphology can thus be improved. For the
substrate with TiAIN and AICrN coating, increase in coating thickness
decreased the asperity. TiAIN coated steel substrate has higher surface
roughness value and it seems that it is due to the variation in the
particle size. With increase in the coating thickness, the amount of
roughness also increased for TiAIN coated samples. Further, these
samples showed higher wear loss and hence lower scratch resistance.
The scratch resistance of AICrN coated steel substrate was found to be
superior to that of TiAIN coated samples. It could be attributed to be
better adhesion of the AICrN deposits in the steel substrate. Ploughing
action and particles-pullout are the main wear mechanism of coatings.
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