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	2. Study of the  tribological performance of pre- and post-heat treatment of AISI
D2 steel with AlCrN coating under wet conditions
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ABSTRACT
This study examined the impact of a combination of hardened and tempered surface change
technologies and AlCrN coating on the tribological characteristics of AISID2 steel. The duplex
surface change, such as the combination of a heat treatment at 600°C for 1 hr and a PVD
(sputtering), archives the superior wear resistance and mechanical properties. AlCrN coating
has been implemented in AISID2 steel after a hardened and tempered treatment. This process
was carried out as part of an appropriate thermal treatment cycle in accordance with ASM
Vol.2. Subsequently, the AlCrN coating synthesised by PVD (sputtering) improves the adhesion
between the coatings and the AISID2 steel. The wear properties according to ASTMG99 have
been tested with a typical load of 10N, 20N and 30N for a sliding distance of 6000 m with
a constant velocity of 1.256 ms−1
in wet conditions. Tests revealed that the AlCrN coating
deposited on the hardened and tempered steel was more resistant to wear than the AlCrN
coating applied to the unhardened steel. Therefore, it should be possible to implement the
results of this study for forming operations with low COF and a low amount of resulting wear
such as drawing and rolling in dies.
ARTICLE HISTORY
Received 10 January 2023
Accepted 17 March 2023
KEYWORDS
AlCrN Coating; Pin-on-disc;
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Tribological properties;
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1. Introduction
Increasing the lifetime of a component can be made
either by alloying with various suitable materials prior
to manufacture or by suitable coating after manufac
ture. The application of coatings to tools and mechan
ical components effectively enhances their frictional
and wear properties. High carbon and chromium steel
(AISID2) has properties like high hardness, durability,
dimensional stability, good resistance, high toughness
and good hardness, and so on. It is thus used for the
production of tools of complex shape and close
dimensional tolerances (Lin, Chih, and Huang 2020;
Matsuno et al. 2022). However, the main disadvantage
of this use is that it has a higher coefficient of friction
during metal–metal contact. This is often a layer of
oxide formed between the contact surface, causing
metals to fuse. It contributes to a greater loss of fric
tion along the sliding area. The objective of this
research is to reduce the coefficient of friction, wear
and tear and to avoid metal-to-metal contact. The
most common form of wear and corrosion protection
is through modification of the alloy or surface. Surface
modification is, however, much more economical than
a loose alloy and is more widely practiced (Prabakaran
et al. 2017; Vijayasarathi, Ilaiyavel, and Suresh Prabhu
2017). Common surface modification procedures
include the installation of a physical barrier to protect
the metal from wear and corrosion. Recent studies
have found that the reduction in Friction loss refers
to the deposition of coatings and 80% of the entire cost
of metal protection is associated with application of
a layer (Aihua et al. 2012; Banakh et al. 2003; Cadena
et al. 2013; Chang and Amrutwar 2019; Cho, Amanov,
and Kim 2015; Chowdhury and Nuruzzaman 2013;
Endrino, Fox-Rabinovich, and Gey 2006; Endrino
et al. 2007; Fox-Rabinovich et al. 2006; Hao et al.
2012).
Today, most industrial practices rely in large
part on physical gas deposition (PVD) techniques.
The hard coating based on transitional metallic
nitrides has been used largely for protection of
the equipment since the commercialisation of TiN
PVD coatings in the early 1980s (Li et al. 2022,
2014; Prabakaran et al. 2017; Vijayasarathi,
Ilaiyavel, and Suresh Prabhu 2017). Among others,
AlCrN coated surfaces have been widely used in the
industry due to their superior wear resistance, the
small friction surface and the adhesion between the
tool and the workpiece (Hariningsih, Lutiyatmi,
and Daryanto 2022; Ilaiyavel and Venkatesan
2012; Kalss et al. 2006; Karakaş 2020; Kawate,
Hashimoto, and Suzuki 2003). Liew, W. Y., et al.
(Liew et al. 2013) employed the friction and wear
behaviour of comparative studies on dry-sliding
single-ply AlCrN, TiN and TiAlN nano-built-up
coatings. They also found that AlCrN was the fric
tion coefficient, followed by TiN and TiAlN. Lin,
CONTACT Vijayasarathi Prabakaran vijayasarathisiddhan@gmail.com
AUSTRALIAN JOURNAL OF MULTI-DISCIPLINARY ENGINEERING
https://doi.org/10.1080/14488388.2023.2193377
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	3. Y. J. et  al. (Lin, Agrawal, and Fang 2008) also
supported the improved lifetime with aluminium
chrome nitride applied to PVD (AlCrN) for cemen
ted carbide inserts. This finding confirms the
hypothesis that the AlCrN coating improves the
cutting ability of the metal and improves the ser
vice life of the tool even in difficult cutting condi
tions. Cadena, N. L, et al. (Cadena et al. 2013) tried
the heat-treated single-ply coating, which is com
petitive compared for the processing of titanium
alloys. It has been proven that the sample is more
efficient for processing tests in Ti6Al4V alloys.
Moreover, the heat-treated single-layer coating
gave better results than the classic AlCrN single-
layer coating.
1.1. Summary of literature review
The literature includes information about the different
surface modification techniques studied. As far as we
know, there is limited published work on the tribology
of modification and duplex surfacing. This study pre
sents new techniques for changing the surface temper
ing and hardening methods that work and cost-efficient
methods without changing the chemical composition.
Using real die tests to assess tribological performance is
very expensive and time consuming. Alternatively, the
tester used a portion of the matrix as a stationary
AISID2 steel sample and a segment of high-carbon
heat-treated steel alloy (EN31) as a rotating specimen.
In accordance with ASTMG99, it is necessary to study
the tribological properties of the AlCrN layer deposited
on the smooth surface and the thermally treated sur
face. Therefore, the modified surface of the AISID2
steel substrate is expected to benefit the resistance,
tribological properties and adhesion of the AlCrN coat
ing. Consequently, the results of this study should be
applied to low CoF forming operations and low wear
resulting from stretching and rolling in dies.
2. Experimental method
2.1. Preparation of material and specimens
The AISI D2 steel material used in the present research
has been converted into an Ø8 mm steel bar. The steel
rod was annealed to 1010ºC for 60 min in order to
eliminate the results of previous thermo mechanical
treatments. The specimens for subsequent heat treatment
were cut into the annealed rod in the form of a 50 mm
and Ø8 mm long cylinder. The specimens were austeni
tic and soaked for 60 minutes, followed by N2 gas instead
of air. This process was carried out as part of an appro
priate thermal treatment cycle in accordance with ASM
Vol.2. The tempering and temperature at 250ºC for three
tempering cycles were chosen to obtain micro-structural
variations also observed in Refs (Chang and Amrutwar
2019; Hariningsih, Lutiyatmi, and Daryanto 2022; Omar
and Plucknett 2022). The microscopic picture can be
seen in Figure 1. AlCrN coatings were coated on an
AISI D2 steel specimen (Ø8 mm × 50 mm long) using
a PVD (sputtering) process. The samples were cleaned by
ultrasonics with acetone, ethanol and 2-propanol in
a sequential manner before the spraying process (PVD)
was used. Figure 2 shows the AlCrN PVD coating cross-
sectional area of the optically microscopic specimen
(Hariningsih, Lutiyatmi, and Daryanto 2022; Li et al.
2014; Lin et al. 2011; Omar and Plucknett 2022; Reiter
et al. 2005; Singh, Khatirkar, and Sapate 2015) and the
findings are presented in Table 1. The test pin was con
structed of AISI D2 steel of 58 HRC hardness and 0.10
µm surface roughness. AlCrN has been tested using the
EDS analysis from Figure 3. The rotating discs were
made of high carbon thermally treated steel alloy
(EN31) having a hardness of 62 HRC and a surface
roughness (Ra) of 0.13 microns. Four methods of sample
preparation were tested: untreated surface (A-Samples),
surface coated with AlCrN (B-Samples), hardened and
tempered surface (C-Samples) and surface dipped and
AlCrN coated on hardened and tempered surface
(D-Samples). Figure 5 illustrates the 3D analysis of the
Figure 1. Microscope image of D2 steel: (a) Before hardened AISID2 steel and (b) After hardened AISI D2 steel.
2 V. PRABAKARAN ET AL.
 


	4. surface roughness tests  for samples A, B, C and D. The
radiography analysis shows the AlCrN coating phase,
finely ground and homogenised throughout the surface
as shown in Figure 4.
2.2. Lubricants
SAE20W40 oil, entirely formulated and commercially
available, was used as part of the investigation (Hao
et al. 2012; Kuti, Szabó, and Tóth 2022; Pownraj and
Arasu 2022; Tasneem, Ravikumar, and Ramakrishna
2022). The properties of these oils can be found in
Table 2.
2.3. 2.3. Test parameters and procedure
A photograph of the disc pin is depicted in Figure 6.
The load was subjected to wear tests of 10N, 20N and
30N with a sliding speed of 1.256 m/sec. These speeds
and load combinations assure the operation of the
SAE20W40 lubrication system (Table 3). Sliding fric
tion was observed regularly for every test, also
Figure 2. Microscope image of the cross-sectional area of coated AISI D2 steel.
Table 1. Summary of sample characteristics.
Sample Substrate
Coating
Thickness
Wt. of pin Before
Coating (X) in
gram
Wt. of pin Before
Coating (Y) in
gram
Wt. of coating
difference, (Y-X) in
gram
Tensile
Strength,
(MPa)
Elongation
in %
Reduction
Area in %
A Unhardened AISI D2 steel - 19.315 19.315 0 693.956 20.65% 71.08%
B AlCrN coated on
Unhardened AISI D2 steel
4 ± 1µm 19.315 19.805 0.4902 693.839 20.68% 71.12%
C Hardened and Tempered
AISI D2 steel
- 18.644 18.644 0 1271.154 12.48% 55.11%
D AlCrN coated on Hardened
and Tempered AISI D2
steel
4 ± 1µm 18.644 19.141 0.497 1271.23 12.52% 55.32%
Figure 3. EDS analyses for the AISI D2 steel surface coated AlCrN.
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	5. observed in Refs  (Khlifi et al. 2022; Wang et al. 2015).
At the end of each test, the wear pattern was deter
mined by measuring the wear scar using an Equ. 1.
W ¼ V=dxP (1)
When ‘V’ is the material-removed quantity from the
coated rod as seen by the Talysurf surface profile
metre, ‘d’ is the slip distance and ‘P’ is the applied load.
3. Results and discussion
3.1. Hardness test
A comparison of hardness readings of the specimens is
presented in Figure 7. In accordance with ASTM E92–
Figure 4. XRD pattern for AISI D2 ACrN coated steel.
Figure 5. Topographic pictures obtained by confocal microscopy of white light: (a) unhardened uncoated surface, (b) AlCrN coated
on unhardened surface, (c) hardened and tempered uncoated surface and (d) AlCrN coated on hardened and tempered surface.
Table 2. Physical characteristics of oil lubricants used
in friction and wear tests.
Oil
Specific
gravity
Pour
point
(ºC)
Flash
point (ºC)
Kinematic
viscosity
(cSt) at
40ºC 100ºC
SAE20W40 0.8784 −18 ºC 200ºC 122.0 14.71
Table 3. Pin and Disc testing machine parameters.
Pin size
8 mm diameter
50mm long
Disc size 55 mm diameter x10mm thickness
Wear track diameter mean 30 mm
Load 10 to 30 N standard weights sets
Frictional force 0-100N
Power 415,50Hz,3 phase
Conditions Wet sliding
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	6. 16, the hardness  of the specimens was determined
with the help of the Vickers hardness tester with
a load of HV0.01 kg and a constant penetrating time
of 30 seconds. It is important to take into account the
strength of a material as it represents a material’s
ability to resist indentation. It is generally accepted
that the resistance to wear of materials increases with
toughness. It was determined that the strength of the
uncoated and hardened test pieces was about 890HV
and 1200HV, respectively. In addition, the hardness of
coated AlCrN on unhardened specimens and coated
AlCrN on hardened and tempered specimens was
about 2948HV and 3256HV, as a result. It is accepted
that the hardness of coatings should be measured to
a maximum depth of 10% and 15% of the total coating
thickness to prevent contribution from the underlying
test sample. Increase in stiffness of hardening and
tempering may be attributed to grain refinement and
hardening of the surface layer (Endrino, Fox-
Rabinovich, and Gey 2006; Endrino et al. 2007;
Hariningsih, Lutiyatmi, and Daryanto 2022; Kalss
et al. 2006; Karakaş 2020; Kawate, Hashimoto, and
Suzuki 2003; Lin et al. 2011; Lin, Agrawal, and Fang
2008). Coatings with improved toughness and chemi
cal stability should offer better protection against tool
wear (Hariningsih, Lutiyatmi, and Daryanto 2022;
Omar and Plucknett 2022).
3.2. Coefficient of frictional effect
The effectiveness of the friction and wear of the speci
men was evaluated using a disc pin tribometer within
the applied load range of 10–30 N against a heat trea
ted High Carbon steel alloy (EN-31) disc. This can be
seen from Figure 8(a) for an applied load of 10N that
the unhardened pin and the covered AlCrN on the
unhardened pin had a high CoF of about 0.53 and
0.46, with large fluctuations at some time, respectively.
However, the heat treated pins and AlCrN coated with
a hardened and tempered pin showed a comparatively
lower CoF value of 0.36 and 0.33, respectively. For
a 20N applied load (refer to Figure 8(b)), the unhar
dened uncoated pin is about 0.70, whereas that of heat
treated uncoated pin, AlCrN coated on unhardened
pin and AlCrN coated on heat treated pin are only
0.60, 0.31 and 0.29, respectively. It is confirmed that
the CoF is reduced to an increasing load, which is also
reported in (Cadena et al. 2013; Cho, Amanov, and
Kim 2015; Chowdhury and Nuruzzaman 2013;
Endrino, Fox-Rabinovich, and Gey 2006; Endrino
et al. 2007). This can be seen from Figure 8(c) for the
applied load of 30 N, the unhardened pin is around
0.61, whereas that of heat treated uncoated pin, AlCrN
covered on the unhardened pin and AlCrN covered on
the heat treated pin with wet sliding is only 0.53, 0.43
and 0.40, respectively. A clear picture can be seen in
Figure 8(a-c) that the CoF of the AlCrN coated on the
heat treated pin has grown steadily in comparison
with the other samples being processed. The reason
Figure 6. Photo view of Pin on the disc tester machine.
Figure 7. Vickers hardness of AlCrN coated on AISID2 Steel.
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	7. for the CoF’s  behaviour is that there are few of them or
no effective contact area on account of the uneven
surface structure of the coated AlCrN on the heat
treated pin at the primary sliding stage along with
the AlCrN coating is easy to oxide, reducing shear
resistance also reported in Refs (Cadena et al. 2013;
Cho, Amanov, and Kim 2015; Endrino, Fox-
Rabinovich, and Gey 2006; Endrino et al. 2007; Fox-
Rabinovich et al. 2006; Liew et al. 2013; Lin, Agrawal,
and Fang 2008, 2008; Mo and Zhu 2008; Polcar et al.
2005; Pownraj and Arasu 2022; Prabakaran et al. 2017;
Reiter et al. 2005; Singh, Khatirkar, and Sapate 2015).
After a few metres of running-in, break the maximum
hardness and the flat surface comes in contact,
increasing the strength of the connection between
the contact surfaces.
In the meantime, due to the impact of ploughing,
including trapped particles, the wear of debris and the
roughness of the disc, the friction rises with the follow-
up of the sliding distance. After a long time, the sliding
distance enhances the roughness of the area and an
alternative surface setting can reach a certain equili
brium value. As a result, the CoF remains constant
over the remaining sliding distance, as shown in
Figure 8(a-c) . It was observed that the AlCrN coating
on the hardened and tempered pin reduced the coeffi
cient of friction in comparison with AlCrN covering
applied on the uncoated pin. The comparatively small
CoF of the heat treated pin than that of the unhar
dened pin can be attributed to the higher hardness and
grooved surface structure. The same performance of
the friction coefficient of AlCrN coatings has also been
noted in Refs (Cadena et al. 2013; Cho, Amanov, and
Kim 2015; Endrino, Fox-Rabinovich, and Gey 2006;
Endrino et al. 2007; Fox-Rabinovich et al. 2006; Liew
et al. 2013; Lin et al. 2011; Lin, Agrawal, and Fang
2008, 2008; Mo and Zhu 2008; Polcar et al. 2005;
Pownraj and Arasu 2022; Prabakaran et al. 2017;
Reiter et al. 2005; Singh, Khatirkar, and Sapate 2015).
Therefore, it is clear that the coefficient of contact of
the test pieces usually follows the value of their coeffi
cient of friction obtained from wear tests. It was noted
Figure 8. Coefficient of friction of uncoated films and coated with a variety of applied loads: (a) applied load = 10 N, (b) applied
load = 20 N and (c) applied load = 30 N.
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	8. that the CoF  was strongly dependent on the applied
load, where it decreased with the rise in the applied
load as exposed in Figure 8(a-c). Reduction of CoF
depending on the increase in load applied to metallic
materials was also reported in Refs (Aihua et al. 2012;
Chowdhury and Nuruzzaman 2013; Hao et al. 2012;
Kuti, Szabó, and Tóth 2022; Liew et al. 2013). This may
be due to the presence of thermal-treated material at
the interface, and increasing the roughness of the sur
face and a lot of wear debris are responsible for a low
CoF with a higher load. The heat-treated pin and
AlCrN coated on heat-treated pin have a lower CoF
at all applied loads relative to the unhardened and the
AlCrN-coated pin. Figure 10 shows the variation in
pin wear due to wear tests using various applied loads.
The specific amount of wear decreased as the applied
load increased. Furthermore, it is evident that AlCrN
coated on the unhardened pin and the thermally pro
cessed pin with a thin AlCrN coverage dramatically
increased the wear resistance. In addition, it has been
made clear that heat treated pin has demonstrated
increased wear resistance relative to a hardened pin,
which can be recognised for increased hardness and
the grooves on the surface. The portability of the steel
substrate increased with increasing hardness also
reported in Refs (Cadena et al. 2013; Cho, Amanov,
and Kim 2015; Endrino, Fox-Rabinovich, and Gey
2006; Endrino et al. 2007; Fox-Rabinovich et al. 2006;
Liew et al. 2013; Lin et al. 2011; Lin, Agrawal, and Fang
2008, 2008; Mo and Zhu 2008; Polcar et al. 2005;
Pownraj and Arasu 2022; Prabakaran et al. 2017;
Reiter et al. 2005; Singh, Khatirkar, and Sapate 2015).
As a result, it is apparent that the wear rate of the
specimens had a tendency to follow the sequence of
their CoF.
3.3. Wear rate
Figure 9 shows wear on specimens after wear testing at
normal loads of 10N, 20N and 30N at 1.256 m/s. This
indicates that the unhardened specimen had the deepest
evidence of wear in the presence of other specimens. The
heat-treated pin and the AlCrN coated pin on the heat-
treated pin had less wear depth than the unhardened pin
and AlCrN coated unhardened pin. Figure 10 shows the
change in the specific wear ratio of the sample following
wear tests at different applied loads. We found that at the
scene the specific wear ratio decreased as the applied load
increased (Cadena et al. 2013; Cho, Amanov, and Kim
2015; Endrino, Fox-Rabinovich, and Gey 2006; Endrino
et al. 2007; Fox-Rabinovich et al. 2006; Liew et al. 2013;
Lin et al. 2011; Lin, Agrawal, and Fang 2008, 2008; Mo
and Zhu 2008; Polcar et al. 2005; Pownraj and Arasu
2022; Prabakaran et al. 2017; Reiter et al. 2005; Singh,
Khatirkar, and Sapate 2015). Furthermore, it can be seen
that the AlCrN coating on an unhardened specimen and
Figure 9. Wear volume Vs load at the velocity of 1.256 m/s for AlCrN coated on pin surface at room temperature.
Figure 10. Specific wear rate Vs load at the velocity of 1.256 m/s for AlCrN coated on pin surface at room temperature.
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	9. a heat treated  pin with a fine AlCrN coating greatly
improved the wear resistance. In addition, the heat trea
ted pin exhibited enhanced wear resistance compared to
the unhardened specimen, which can be known for its
superior strength and grooved surface structure. It has
already been reported that the wear strength of the steel
support increases with hardness. It is clear that the wear
rates of the test pieces were generally in the range of their
coefficient of friction. From the experimental result, it is
understood that the outcomes of specific wear rate results
are in line with the same findings on other substrate also
observed in Refs (Cadena et al. 2013; Cho, Amanov, and
Kim 2015; Endrino, Fox-Rabinovich, and Gey 2006;
Endrino et al. 2007; Fox-Rabinovich et al. 2006; Liew
et al. 2013; Lin et al. 2011; Lin, Agrawal, and Fang 2008,
2008; Mo and Zhu 2008; Polcar et al. 2005; Pownraj and
Arasu 2022; Prabakaran et al. 2017; Reiter et al. 2005;
Singh, Khatirkar, and Sapate 2015). The specific wear-
out rate is calculated by wear loss (mm3
)/load (N) ×
distance (m).
3.4. Worn out Surface area
The wear behaviour of the samples has been further
examined using a microscope and SEM images to better
understand the effectiveness of the heat-treated method
with respect to wear resistance. The resulting wear pat
terns are illustrated in Figure 11 by microscopy and SEM
images of the unhardened specimen, hardened and tem
pered specimen, AlCrN covered on unhardened speci
men and AlCrN covered on hardened and tempered
specimens. It is observed (Figure 11(a)) that the main
wear mechanism on the unhardened sample is wear due
to adhesion and abrasion, but it becomes mild adhesive
and abrasive wears by AlCrN covered on unhardened
specimen (see Figure 11(c)) [3,5,7–9,22–24,26,28,30–35].
However, the wear mechanism is slightly adhesive and
abrasive on the hardened and tempered specimen,
whereas only slight abrasive wear occurs on the coated
AlCrN coated on the hardened and tempered specimen.
This means that surface structural modifications can
reduce adhesive wear, while changes in the surface struc
ture covered by an AlCrN remove the wear of the adhe
sive (Khawarizmi et al. 2022; Kumar, Rao, and Krishna
2022; Tasneem, Ravikumar, and Ramakrishna 2022) 39].
Overall, it may be seen clearly after the wear test that the
AlCrN was coating on unhardened specimens and har
dened and tempered specimens with severe indications
of abrasion within the wear path, which is usually due to
abrasion of the surface roughness or particles and debris
generated in the sliding friction test. SAE20W40 lubri
cant oil reduces the friction heat between the surface
contacts (Hao et al. 2012; Kuti, Szabó, and Tóth 2022;
Pownraj and Arasu 2022; Tasneem, Ravikumar, and
Ramakrishna 2022). However, the hardened and tem
pered specimen and the coated AlCrN on hardened and
tempered specimen exhibited very mild wear track as can
be seen from Figure 11 (b and d). Better resistance to
wear on the hardened and tempered specimen and
AlCrN coated onto the hardened and tempered speci
men compared to those of the unhardened specimen.
The presence of AlCrN in the unhardened test specimen
can be attributed to an increase in hardness and
a decrease in the contact zone, respectively. By altering
the surface structure, wear may also be reduced, which
may shut in debris and wear particles (Liew et al. 2013;
Lin et al. 2011; Lin, Agrawal, and Fang 2008, 2008; Mo
and Zhu 2008; Polcar et al. 2005; Pownraj and Arasu
2022; Prabakaran et al. 2017; Reiter et al. 2005; Singh,
Figure 11. Microscope and SEM images of the worn surface produced at 30N load by pin on disc wear testing machine; (a)
Unhardened uncoated pin, (b) hardened and tempered uncoated pin, (c) AlCrN coated on unhardened pin and (d) AlCrN coated on
hardened and tempered pin surface at room temperature.
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	10. Khatirkar, and Sapate  2015). It is clear that the wear path
of the unhardened specimen and AlCrN coated on
unhardened and tempered specimen has been clearly
formed (Figure 11 a and c), whereas it has been partially
formed on the hardened and tempered specimen and on
the hardened and tempered AlCrN-covered specimen.
According to the test results, it is understood that the
results of the used surface AlCrN coating, the build-up
and the traces of wear are in the same line as the results
on other substrates as reported in Ref (Hariningsih,
Lutiyatmi, and Daryanto 2022; Li et al. 2014; Omar and
Plucknett 2022; Polcar et al. 2005; Pownraj and Arasu
2022; Prabakaran et al. 2017; Reiter et al. 2005; Singh,
Khatirkar, and Sapate 2015). Khawarizmi, R. M., et al.
(Khawarizmi et al. 2022) also tried the coated insert
(AlCrSi/Ti)N with a coating thickness of 7 µm provided
the best performance in comparison with other inserts,
but only with a cutting rate of 61 m/min.
4. Conclusions
In this study, new techniques for changing the surface
tempered and the hardening method works and cost-
efficient methods without changing the chemical com
position. This test result in accordance with the develop
ment of the AlCrN coating can be attributed to the
growth of the hardness and the reduction of the contact
surface, resulting in a good adhesion. It has been demon
strated that AlCrN coating deposition improves the wear
properties of AISID2 steel specimens when oil-lubricated
AlCrN-coated AISID2 steel has low friction and
increased wear resistance. For the hardened and tem
pered specimen and coated AlCrN on hardened and
tempered specimen had better friction compared to
those of the unhardened specimen and coated AlCrN
on the unhardened specimen, respectively. Therefore, it
should be possible to carry out such forming operations
with low COF and a small amount of resulting wear such
as drawing and rolling in dies.
Nomenclature
Min Minimum
Max Maximum
m Metre
μm Micrometer
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EDAX Energy-Dispersive X-Ray Analysis
2Ѳ Diffraction Angle
ASTM American Society for Testing and Materials
EDS Energy Dispersive Spectroscopy
PVD Physical Vapor Deposition
% Percentage
AlCrN Aluminium Chromium Nitride
XRD X-Ray Diffraction
λ X
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	13. APPENDIX 1
MODEL CALCULATION
1.  Coefficient of friction
Coefficient of friction, µ = F/N
F – Tangential force
N – Normal force between the surfaces
µ = F/N µ = 8.4/20 = 0.42
2. Wear Volume
Wear volume, V = Mass loss/Density of substrate material
Mass loss = 0.0017 × 10−3
Kg
Density = 7700 Kg/m3
Wear volume, V = 0.0017 × 10−3
/7700 = 0.000220 mm
3. Specific wear rate
Specific wear rate = Wear volume/load × sliding distance
Load = 10 N Total
sliding distance = 6025 m
Specific wear rate = 0.000220/(10 × 6025) = 3.6515 × 10−06
mm3
/N. m
12 V. PRABAKARAN ET AL.
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