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ABSTRACT

Experimentally studied the effect of Annealing
treated on AICrN coating surface modification and
AICrN coating on the wear performance of
High-carbon high-chromium AISI D2 steel in wet
sliding. The Alcrona (AICtN) coating was deposited
with a thickness of about 4 £ lum using a PVD
technique on to the polished surface of AISID2 steel.
Pin-on-disc testing method with an ASTMG99
standard are carried out. To determine the tribological
properties with a three series of load 10N, 20N and
30N for a sliding distance of 4500m at a constant
velocity of 1.256 ms-1. The friction co-efficient and
wear factor are analyzed primarily. The test results
exposed that the Annealing treated on Alcrona AICTN
coating surface modification specimen shows better
wear resistance as compared to Alcrona (AICrN)
coating on polished surface specimen. The grooved
region, plugging, pits and cavities were examined on
the tested specimen surface using macroscopic and
scanning electron microscopy (SEM). Hence, the
result of this study can be applied to improve the
wear resistance in the application of AISID?2 steel.

INTRODUCTION

High-carbon High-chromium AISI D2 steel has
high hardness and rich chromium alloy carbides are
present. It is used as numerous applications of blank-
ing dies, drawing dies, extrusion die, thread rolling
die and metal forming die, punches, gauges and
shearing blades. The general properties like good
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toughness, resilience, hardenability, wear resistance,
corrosion resistance and temperature resistance. But
the main disadvantage of the use is its higher
coefficient of friction during metal-to-metal contact.
This research work aims to reduce the direct metal
contact between the contact surfaces as well as the
friction co-efficient and wear factor. Recent literature
review have shown that the surface modification
method makes it possible to enhance the tribological
and mechanical properties of the materials, reported
by Li et al. (2014), Cho et al. (2015) and Amanov et
al. (2014). Many surface modification method have
been submitted to different industries. Fedrizzi et al.
(2004), Singh et al. (2015), Lin et al. (2020), Karakas
(2020), Priyan et al. (2014) & Ilaiyavel et al. (2012)
have examined, in many technical applications, such
as blanking dies, drawing dies, extrusion die, cutting
tools, hard disk drives, etc. thin coatings have been
widely used to enhance the resistance to wear and
improve the performance of mechanical components.
Nowadays, most of the industrial practices largely
use physical vapor deposited (PVD) techniques.
Jindal et al. (1999), Swadzba et al (1996), Polcar et al.
(2005), Vijayasarathi et al. (2015-2019) investigated
for a long time, physical vapour deposition (PVD)
processes were used in the preparation of hard
coatings. Cadena et al. (2013), Endrino et al. (2006 &
2007) & Mo et al. (2009) have examined that the
AICN coatings have been used in the industry for
their high wear resistance, low friction and adherence
between the tool and working piece. Generally,
mineral oil has good characteristics and is
cost-effective. Main functions it has for controlling
friction, wear and surface damage of machine
components such as gears and bearings. Secondary
functions have to preclude corrosion and to hunt heat,
grime and wear debris, lubricants can also transfer
either force or energy as occur in hydraulic systems.
Additives are chemically that enhance the properties
of oil. Kumar et al. (2021) studied AICrN coating
with oil-lubricating has a low coefficient of friction
and wear volume resulting from higher wear
resistance. Hao et al. (2012) investigated that the oil
retention capacity increases as the porosity of the
materials increases. The friction coefficient of porous
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materials is based on porosity and pore size.
Pore-impregnated oil plays an important role in
enhancing the friction behaviour of porous materials.
The advantage of annealing treatment is that the
coating is more capable of retaining the lubricant as
reported by Hivart et al. (1998).

Novelty of this work

Based on the above review, it is clear that AICrN
PVD coatings improve the abrasive and wear
resistance of adhesives, the corrosion resistance and
the high resistance to oxidation. To the knowledge of
the publication of the work concerning the surface
modification of the AICrN coating is rather limited.
In this study the new technique that this Annealing
treated on AICrN coating surface modification of
AISID2 steel may be beneficial for improving the
sliding behavior, friction co-efficient, oil retaining
capability and tribological properties. The effect of
the grooved region, plugging, pitting and cavities was
observed on the test specimen using SEM scanning
and macroscopic electron microscopy.

MATERIALS AND METHODS

In the present study, D2 steel was used as a
substrate of elemental composition of (1.5wt%C),
(0.41wt%Si), (0.74 wt% Mn), (12.01wt%Cr), (0.01
wt%Ni), (1.01wt%Mo), (0.27wt%V), (0.01wt%T1i),
(0.03wt%S), (0.03wt%P). The test samples (@8mm
and 50 mm length) were prepared and maintained at
Ra=0.10p. The test sample were preserved in 10%
sulphuric acid at 70-80°C for 10 minutes and cleaned
in 10% HCIl at 27°C, then soaked in deionized water.

Coating deposition

Coating preparation were carried out using a PVD
technique with argon (Ar) and pure nitrogen
atmosphere. Further Current density from -40 to -170
V and 3.5 Pa pressure was used as a process variable,
as reported by Jindal et al. (1999), Swadzba et al.
(1996), Polcar et al. (2005), Vijayasarathi et al.
(2015-2019). Figure 1 shows the cross-sectional view
of the AICrN coating test piece, which is 4 + Ium
thick. An AICrN coating was confirmed by EDS
analysis in Figure 2. The AICrN-coated samples were
slowly heated from 450°C to 550°C and preserved
for 30 minutes. After that, it is cooled in the oven to
reach the ambient temperature. From Figure 3, it is
possible to observe that the surface treatment
procedure. The 3D Surface Roughness of the
Uncoated and Coated surface as shown in Figure 4.
Development such as the gap formed within the grain
boundaries in magnitude of 10 to 15 microns as
shown in Figure 5. After annealing the coated
specimen are immersed in the oil lubricant for
approximately 15 to 20 minutes at ambient
temperature. This result justify the gap of the grain
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boundaries facilitates the retaining the large quantity
of oil. The XRD analysis shows the AICrN coating
phase, finely ground and homogenized throughout
the surface as shown in Figure 6, reported by
Vijayasarathi et al. (2015-2019).

Fig. 1 Microscope image of cross section of coated
substrate
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Fig.4 3D Surface Roughness of the Uncoated and
Coated surface
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Fig.5. SEM image of the Annealing treated on AICtN
coating surface
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Fig. 6 XRD pattern for AICrN coating

Tribological test

According to ASTMGY99, under oil-lubricated
condition the tribometer tests were executed with a
three series load of 10, 20 and 30N on a pin-on-disc
tribometer with a constant sliding velocity of
1.256m/s at room temperature. Prior to the sliding
process, the SAE20W40 oil was used as a lubricating
oil, and the coating samples were immersed in the
lubricating oil for approximately 15 to 20 minutes.
During each test, the coefficient of friction was
monitored on a continuous basis. Following the
tribometer test, the wear marks on the coated pin
were observed by the Talysurf surface profile meter.
The amount of wear rate in the coated pin was
measured by using this Eq.1 shown below.

W=V/dxP (1)
Where ‘V is the material removed volume from the

coated pin observed by Talysurf Surface profilometer,
‘d’ is the sliding distance and ‘P’ is the applied load.

RESULTS AND DISCUSSION

Oil Retaining Capacity

The testing specimen were immersed in lubricating
oil for a period of 15 to 20 min at the room
temperature. The specimen was takeout from the oil
and the oil dripping from the pieces was absorbed
using filter papers. Subsequently, the pieces were
assessed before and after the oil dip was recorded. By
calculating the weight of the samples before and after
oil retention, the quantity of oil retained by the
samples was determined. Calculating the weight of
the samples before and after oil retention determined
the amount of oil retained by the samples. The
quantity of oil retained by the sample also varies
according to the variation in surface roughness values.
The test result shows that the quantity of oil reserved
by the Annealing treated on AICrN coating sample
was around 0.058, 0.060, 0.0586 grams. Followed by
AICIN coating and uncoated samples was around
0.048, 0.05, 0.046 grams and 0.020, 0.0198, 0.021
grams. Du et al. (2010), Durak (2003), Nakajima
(2007) & Hao et al. (2012) also reported that the
major role in increasing the friction behaviour of the
slide and changes as surface roughness values change.
The coefficient of friction of porous materials is
dependent upon porosity and pore size.

Hardness

In accordance with ASTM E92-16, the hardness test
were carried out using Vickers hardness tester at
0.5Kg load with a dwell time of 10s. Bressan, J. D et
al (2008), Bull, S. J et al (2003), Lin, J et al (2008) &
Vijayasarathi, P et al (2015,2016, 2017,2018 & 2019)
also reported that the hardness of the material is an
important aspect to resist the wear resistance. The
AICrN coating exhibited the highest hardness, about
2796HV which is about 3 times higher than that of
the uncoated D2 steel (890 HV). Annealing treated on
AICIN coating had a hardness of 2800 HV. The
hardness test result is shown in Fig. 7.
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Fig 7. Vickers hardness of PVD-coated AISID2 Steel
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Coefficient of friction

The evaluation of coefficient of friction during the
pin on disc tribometer test at three series of load 10N,
20N and 30N with oil lubricant is shown in Figure 8.
At 10N load: At the beginning of the test the friction
started out approximately 0.4p for uncoated pin,
0.35u for AICrN coated pin and 0.33p for Annealing
treatment on AICrN coated pin. The reason implies
that the uneven surface contact between pin and disc.
This result shows that the positive curve slope of
friction coefficient against sliding distance. After few
second the flat surface comes in contact and
streamline of the friction was observed. After a
sliding distance of 1930m the uncoated pin gets
evaporated oil film followed by the corresponding
curve slow gradual increase. For an AICtN coated pin
gets evaporated oil film after a distance of 2650m.
But in the state of annealing treatment on AICtN
coated pin gets evaporates oil film after a sliding
distance of 4000m.

At 20N load: The coefficient of friction started out
nearly 0.28u for uncoated, 0.26p for AICIN coated
and 0.26u for Annealing treatment on AICrN coated
is initially lower co-efficient of friction as compared
with previous case and gradually gets negative curve
slope of friction co-efficient were observed. After a
sliding distance of 1796m the uncoated pin gets
evaporated. For an AICrN coated pin and annealing
treatment on AICrN coated pin gets evaporated after a
sliding distance of 2750m and 4200m respectively.

At 30N load: The average coefficient of friction of
uncoated pin is about 0.30p, AICrN coated pin is
about 0.23u and annealing treatment on AICIN
coated pin is about 0.17u. This result shows that the
lower value of friction as compared with 10N and
20N load. It is proven that the friction coefficient
decreases with increasing load which is also observed
in Weng et al. (1997) & Chowdhury et al. (2011). But
in case of oil lubricant fails, for an uncoated pin after
a sliding distance of 2900m, for an AICrN coated pin
after a sliding distance of 3000m and annealing
treatment on AICrN coated pin oil lubricant partially
fails after 4400m.

Wear rate

The change in the wear rate of the test pieces
quantified after wear tests at three different loads 10N,
20N and 30N with oil Iubricant is shown in Figure 9.
Liew et al. (2008 &2013), Vijayasarathi et al.
(2015-2019) & Wang (2015) also reported that the
wear rate increased with increasing normal load. The
wear rate was calculated in accordance with Equation
1. The result of the wear test can be shown that the
AICrN coating and annealing treated on AICrN
coated specimens significantly improved the wear
resistance. Moreover, it was revealed that the
annealing treated on AICrN coated specimen showed
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an increase in wear resistance compared to that of the
AICrN coated specimen. This result justifies a higher
hardness to increase the wear resistance of the steel
substrate, also reported by Bressan et al. (2008).
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Fig. 9. Specific wear rate Vs load at the velocity of
1.256 my/s.

Worn Out Surface

The Macro image of the worn surface under 30N load
at ambient temperature as exposed in Figure 9. The
high wear of the adhesive and abrasive was visible on
the uncoated pin. After a few meters of operation
within the process, it allows the contact surfaces to
weld, also reported by ASHBY et al. (1992). This
result may be formed as a torn or pitting called
galling. As predicted, the wear volume loss exceeded
30 N compared to 10 N. It is seen with the increase in
the severity of the wear condition from 10N to 30N
of the abrasive wear rate for D2 steel. Moore (1974)
& Ueda et al. (2012) also reported that increased
volume loss is the result of structural changes due to
increased wear depth by coarse particles at a 30N
load. The iron oxide film provides a lubrication film
with low shear resistance reducing the subsequent
frictional contact between the surface and the
abrasive particles as reported by Hutchings (1992) &
llaiyavel et al. (2012). Therefore, wear debris
particles and worn-out surface were observed in
Macro and SEM images of Figure 10 (a). Also the
bending deformation observed on the uncoated pin,
but no plastic deformation occurs on the AICrN
coated pin. The high hardness of the AICtN coating
improves the wear resistance of the coated surface.
The AICIN coated pin with oil lubricant possessed a
small co-efficient of friction. The presence of pores in
the coating may increase the oil retaining capacity,
which is also reported in Wang et al. (2015), Yang
(1999), Zhang et al. (2003), Bhushan (1996) & Weng
et al. (1997). This result the bonding ability between
substrate and coating surface is improved. After few
meters running in the process, the oil film breaks dry
sliding created. It was found that the dense oxide
mixture layers of Cr,Os and Al,O3 formed on the
surface of the AICrN coated specimen has sustained
the abrasion without spalling. This oxide layer
improves the wear resistance and reduces the wear
loss, which is also reported by Banakh et al. (2003),
Endrino et al. (2006-2007)], Kawate et al. (2003),

Liew et al. (2008 & 2013), Lin et al. (2008), Reiter et
al. (2005). Hence, the result shows, a slight adhesion
and abrasive wear of the AICrN-coated pin as
observed from Macro and SEM image in Figure 10
(b). The Annealed treated on AICrN coated pin
exhibits a mild adhesive wear track confirmed by the
weight measurement method. The reason implies that
the annealing treatment creates the micro cracks
which are sheer to the substrate surface. This result
the cracks increases the oil reservoir capacity and
longer sliding distance which is also absorbed in Du
et al. (2010 & 2012) & Mello et al. (2007).
Pore-impregnated oil plays a vital role in enhancing
the friction behaviour of porous materials. Based on
the observation, the Annealing treated with AICrN
coating possessed highly beneficial in oil lubricating
conditions.Then, the test result confirms the superior
wear resistance performance as an evidence the SEM
image Figure 10(c) shows a very little worn out
surface and mild adhesive wear.

wear tracks §

Fewer Wornout surface

Very fewer Wornout surface

Fig. 10. Macro and SEM images of the worn surface
produced at 30N load: (a). Uncoated pin; (b). AICIN
coated pin and (c). Annealing treated on AICrN
coated pin

CONCLUSIONS

In this study, the effects of Annealing treated
on AICIN coating and AICrN coating on the
tribological properties of AISID2 steel were
investigated.
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e The Annealing treated on AICrN coating and
AICIN coating had good wear properties and
friction compared with uncoated AISI D2 steel.

e Increasing hardness and reducing interacting
contact surfaces can improved high resistance to
wear, low friction and good adhesion.

e The impact of AICrN D2 coated steel was
observed, enhancing tribological properties.

e The presence of porosity in nature, the AICrN
coating has an ability to retain oil to improve
tribological properties.

e Annealing treated on AICIN coated surface
creates micro cracks on the coating surface and
increases the ability to retain oil. This result
improves wear resistance and longer sliding
distance.

e The Macro and SEM image shows deepest wear
track on the uncoated AISI D2 and shallow wear
track on the AICrN coated annealing surface.

e The wear loss against the three samples is in the
order Annealing on AICrN > AICrN > D2 steel.

ACKNOWLEDGMENT

The author would like to thank Col. Prof. Vel.
Dr. R. Rangarajan, Founder President &
Chairman, Mr. K.V.D. Kishore Kumar, B.E.,
M.B.A, Vice President and Dr. E. Kamalanaban,
Ph.D, Principal of Vel Tech High Tech Dr.
Rangarajan Dr. Sakunthala Engineering College,
Avadi, Chennai-600062, for their constant
encouragement in all endeavors. The author would
also like to thank to the reviewer for providing their
useful comments, suggestions, and guidelines during
the course of revision to improve the technical quality
of the present paper.

REFERENCES

Amanov, A., Cho, 1.S. and Sasaki, S., 2014. The
influence of DLC coating on the mechanical
and frictional properties of unpeened and
peened Cu-based bimetal under dry sliding
conditions. Materials Chemistry and
Physics, 143(2), pp.814-824, (2014).

ASHBY, M. F., & DAVID, R. Jones, Engineering

Materials 2, with corrections (in English),
Chapter 12 Oxford, (1992).

Banakh, O., Schmid, P.E., Sanjines, R. and Levy, F.,
2003. High-temperature oxidation resistance of
Crl— xAIxN thin films deposited by reactive
magnetron sputtering. Surface and Coatings
Technology, 163, pp.57-61,(2003).

Bhushan, B, ‘Tribology and Mechanics of Magnetic
Storage Devices’, 2nd edition, Springer- Verleg,
New York, (1996).

Bressan, J.D., Daros, D.P., Sokolowski, A., Mesquita,

-376-

J. CSME Vol.43, No.4 (2022)

R.A. and Barbosa, C.A., 2008. Influence of
hardness on the wear resistance of 17-4 PH
stainless steel evaluated by the pin-on-disc
testing. Journal ~of materials processing
technology, 205(1-3), pp.353-359, (2008).

Bull, S.J., Bhat, D.G. and Staia, M.H. Properties and
performance of commercial TiCN coatings.
Part 2: tribological performance. Surface and
Coatings Technology, 163, pp.507-514, (2003).

Cadena, N.L., Cue-Sampedro, R., Siller, H.R,,
Arizmendi-Morquecho, A.M., Rivera-Solorio,
C.I. and Di-Nardo, S. Study of PVD AICrN
coating for reducing carbide cutting tool
deterioration in the machining of titanium
alloys. Materials, 6(6), pp.2143-2154, (2013).

Cho, I.S., Amanov, A. and Kim, J.D., 2015. The
effects of AICrN coating, surface modification
and their combination on the tribological
properties of high speed steel under dry
conditions. Tribology International, 81,
pp.61-72, (2015)

Chowdhury, M. A., Khalil, M.K., Nuruzzaman, D.M.
and Rahaman, M.L. The effect of sliding speed
and normal load on friction and wear property
of  aluminum. International  Journal  of
Mechanical & Mechatronics
Engineering, 11(1), pp.45-49, (2011)

De Mello, J.D.B., Costa, H.L. and Binder, R. Friction
and wear behaviour of steam-oxidized sintered
iron components coated with manganese
phosphate. Wear, 263(1-6), pp-842-848,
(2007).

Du, H., Qi, J.Z., Wu, ].X., Du, S.Q. and Xiong, T.Y.,
2010. Structure of porous copper fabricated by
unidirectional solidification under pressurized
hydrogen. In Materials Science Forum (Vol.
654, pp. 1030-1033), (2010).

Du, H., Qi, J., Lao, Y. and Xiong, T. Oil retaining
capability and sliding friction behaviour of
porous copper with elongated cylindrical
pores. Journal of Materials  Processing
Technology, 212(8), pp.1796-1801, (2012).

Durak, E. Experimental investigation of porous
bearings under different lubricant and
lubricating conditions. KSME International
Journal, 17(9), pp.1276-1286, (2003).

Endrino, J.L., Fox-Rabinovich, GS. and Gey, C.
Hard AITiN, AICtN PVD coatings for
machining of austenitic stainless steel. Surface
and Coatings Technology, 200(24),
pp.6840-6845, (2006).

Endrino, J.L., Fox-Rabinovich, G.S., Reiter, A.,
Veldhuis, S.V., Galindo, R.E., Albella, J.M. and
Marco, J.F. Oxidation tuning in AICrN
coatings. Surface and Coatings
Technology, 201(8), pp.4505-4511,(2007).



V. Prabakaran: AICrN coating, Annealing Treated on AICrN Coating and their Tribological Properties.

Fedrizzi, L., Rossi, S., Cristel, R. and Bonora, P.L.
Corrosion and wear behaviour of HVOF
cermet coatings used to replace hard
chromium. Electrochimica  Acta, 49(17-18),
pp-2803-2814, (2004).

Du, H., Qi, J., Lao, Y. and Xiong, T. Oil retaining
capability and sliding friction behaviour of
porous copper with elongated cylindrical
pores. Journal of  Materials  Processing
Technology, 212(8), pp.1796-1801, (2012).

Hivart, P., Hauw, B., Crampon, J. and Bricout, J.P.,
1998. Annealing improvement of tribological
properties of  manganese phosphate
coatings. Wear, 219(2), pp.195-204.

.M. Hutchings, Tribology—Friction and Wear of
Engineering Materials, CRC Press, Arnold,
London, (1992).

and Venkatesan, A. Experimental
investigation of wear characteristics on
manganese phosphate coated AISI D2
steel. International ~ Journal of  Precision
Engineering and Manufacturing, 13(4),
pp.581-586, (2012).

Ueda, K., Ishikawa, N. and Murota, Y. Influence of
matrix structure and hard carbide on abrasive
resistance of steel plates. In Materials Science
Forum (Vol. 706, pp. 2342-2347). Trans Tech
Publications Ltd. (2012).

Karakas, M.S., 2020. Tribocorrosion behavior of
surface-modified AISI D2 steel. Surface and
Coatings Technology, 394, p.125884, (2020).

Kawate, M., Hashimoto, A.K. and Suzuki, T.
Oxidation resistance of Crl— xAIxN and Til—
xAIxN films. Surface and Coatings
Technology, 165(2), pp.163-167, (2003).

Kumar, S., Maity, S.R. and Patnaik, L. Effect of
tribological process parameters on the wear
and frictional behaviour of Cr-(CrN/TiN)
composite coating: an experimental and
analytical study. Ceramics International, 47(11),
pp-16018-16028, (2021).

Swadzba, L., Maciejny, A., Formanek, B., Liberski,
P., Podolski, P., Mendala, B., Gabriel, H. and
Poznanska, A., 1996. Influence of coatings
obtained by PVD on the properties of aircraft
compressor blades. Surface and coatings
technology, 78(1-3), pp.137-143, (1996).

Li, Y., Sun, K., Liu, P., Liu, Y. and Chui, P. Surface
nanocrystallization induced by fast multiple
rotation rolling on Ti-6Al-4V and its effect on
microstructure and properties. Vacuum, 101,
pp-102-106, (2014).

Liew, W.Y.H. and Ding, X., 2008. Wear progression
of carbide tool in low-speed end milling of
stainless  steel. Wear, 265(1-2), pp.155-166,
(2008).

[laiyavel, S.

Liew, W.Y., Jie, J.L.L., Yan, L.Y., Dayou, J., Sipaut,
C.S. and Madlan, M.F.B. Frictional and wear
behaviour of AICIN, TiN, TiAIN single-layer

coatings, and  TiAIN/AICrN, AIN/TiN
nano-multilayer coatings in dry
sliding. Procedia Engineering, 68, pp.512-517,

(2013).

Lin, J., Mishra, B., Moore, J.J. and Sproul, W.D. A
study of the oxidation behavior of CrN and
CrAlN thin films in air using DSC and TGA
analyses. Surface and Coatings
Technology, 202(14), pp.3272-3283, (2008).

Lin, Y.J., Agrawal, A. and Fang, Y. Wear progressions
and tool life enhancement with AICrN coated
inserts in high-speed dry and wet steel
lathing. Wear, 264(3-4), pp.226-234, (2008).

Lin, Y.W., Chih, P.C. and Huang, J.H. Effect of Ti
interlayer thickness on mechanical properties
and wear resistance of TiZrN coatings on AISI
D2 steel. Surface and Coatings
Technology, 394, p.125690, (2020).

Moore, M.A. The relationship between the abrasive
wear resistance, hardness and microstructure of
ferritic ~ materials. Wear, 28(1),  pp.59-68,
(1974).

Mo, J.L. and Zhu, M.H. Tribological oxidation
behaviour of PVD hard coatings. Tribology
International, 42(11-12), pp.1758-1764,
(2009).

Nakajima, H. Fabrication, properties and application
of porous  metals with  directional
pores. Progress in Materials Science, 52(7),
pp-1091-1173, (2007).

Ozkan, D., Yilmaz, M.A., Szala, M., Tiirkiiz, C.,
Chocyk, D., Tung, C., Gz, O., Walczak, M.,
Pasierbiewicz, K. and Yagci, M.B. Effects of
ceramic-based CrN, TiN, and AICrN
interlayers on wear and friction behaviors of
AlTiSiN+ TiSiN PVD coatings. Ceramics
International, 47(14), pp.20077-20089, (2021).

P.C. Jindal, A.T. Santhanam, U. Schleinkofer, A.F.
Shuster, Int. J. Refract. Met. Hard Mater. 17,
pp.163. (1999).

Prabakaran, V.. Wear mechanism and tool
performance of TiAIN coated during
machining of AISI410 Steel. Journal of
Bio-and Tribo-Corrosion, 4(4), pp.1-9, (2018).

Prabakaran, V., Ilaiyavel, S., SureshPrabhu, P. and
Thambu, S.S. Wear characteristics of AICrN
coating on AISI 410 steel by the ball-cratering
test method. Industrial  Lubrication and
Tribology, (2017).

Prabakaran, V., Sivakumaran, 1. and Palimar, S.P.
Experimental investigation of  wear
characteristics on TiCN-coated AISI 410
steel. Applied Physics A, 122(4), pp.1-8,

-377-



(2016).

Priyan, M.S. and Hariharan, P. Wear and corrosion
resistance of Fe based coatings by HVOF
sprayed on gray cast-iron for automotive
application. Tribology in industry, 36(4), p.394,
(2014).

Reiter, A.E., Derflinger, V.H., Hanselmann, B.,
Bachmann, T. and Sartory, B. Investigation of
the properties of All— xCrxN coatings
prepared by cathodic arc evaporation. Surface
and Coatings Technology, 200(7),
pp-2114-2122, (2005).

Weng, D., Jokiel, P., Uebleis, A. and Boehni, H.
Corrosion and protection characteristics of zinc
and manganese phosphate coatings. Surface
and Coatings Technology, 88(1-3), pp.147-156,
(1997).

Singh, K., Khatirkar, R.K. and Sapate, S.G,, 2015.
Microstructure evolution and abrasive wear
behavior of D2 steel. Wear, 328, pp.206-216,
(2015).

Polcar, T., Cvréek, L., Siroky, P. and Novék, R.
Tribological characteristics of CrCN coatings
at elevated temperature. Vacuum, 80(1-3),
pp-113-116, (2005).

Vijayasarathi, P., Ilaiyavel, S. and Suresh Prabhu, P.,
2017. Evaluation of sliding wear resistance of
physical vapor deposited coatings by the
ball-cratering  test  method. Journal  of
Engineering Materials and Technology, 139(3),
p.031009, (2017).

Vijayasarathi, P., P. Sureshprabhu, and G. Rajaram.
"Investigation of composite coated Ti-CN

surfaces with ball-cratering test
method." Carbon Sci. Technol. 7.3, pp.30-36,
(2015).

Vijayasarathi, P., Sureshprabhu, P. and Ilaiyavel, S.
Tribological studies of Ti-Al-N hard-faced
coatings evaluated with ball-cratering test
method. China Mech Eng J, 36(6), pp.569-575,
(2015).

Vijayasarathi, P. Characterization and corrosion
studies of TiAIN PVD coating by using the
polarization test method. Journal of Bio-and
Tribo-Corrosion, 5(1), pp.1-7, (2019).

Wang, Q., Zhou, F., Wang, C., Yuen, M.F., Wang, M.,
Qian, T., Matsumoto, M. and Yan, J.
Comparison of tribological and
electrochemical properties of TiN, CrN, TiAIN
and aC: H coatings in simulated body
fluid. Materials Chemistry and Physics, 158,
pp.74-81, (2015).

Yang, L.J. Pin-on-disc wear testing of tungsten
carbide with a new moving pin
technique. Wear, 225, pp.557-562, (1999).

Yapici, A., Aydin, S.E., Kog, V., Kanca, E. and Yildiz,

-378-

J. CSME Vol.43, No.4 (2022)

M. Wear behavior of Borided AISI D2 steel
under linear reciprocating sliding
conditions. Protection of Metals and Physical
Chemistry of Surfaces, 55(2), pp.341-351,
(2019).

Zhang, D.K., Ge, S.R. and Qiang, Y.H. Research on
the fatigue and fracture behavior due to the
fretting wear of steel wire in hoisting
rope. Wear, 255(7-12), pp.1233-1237, (2003).

NOMENCLATURE

Min — Minimum

m — Meter

Max — Maximum

pm — Micrometer

mg — Milligram

EDAX - Energy-Dispersive X-Ray Analysis
20 - Diffraction Angle

ASTM - American Society for Testing and
Materials

EDS - Energy Dispersive Spectroscopy
PVD - Physical Vapor Deposition

% - Percentage

AICrN - Aluminium Chromium Nitride
TiN - Titanium Nitride

XRD - X-Ray Diffraction

A - X-Ray Wavelength

ANOVA - Analysis of Variance

SNR - Signal to Noise Ratio



