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Abstract: In day to day life, wear and friction plays vital role in the energy consumption
including various mechanical operations. Various measures have been adopted to prevent the wear
and friction including such as coatings etc. The Electrode deposited hard chrome coating is widely
used in the field of aircraft, automotive, manufacturing and mechanical industries and it is well
known fact that the hard chrome electroplating provides protection against wear and friction. This
paper investigates the tribological characteristics of hard chrome deposited on AISI 204 steel Disc
having corrosion resistance and wear resistance properties during sliding against AISI 304 steel pin
under dry condition and at room temperature. The test was carried out on pin on disc tribometer
under three different loads ranging from 5N to 15N with sliding speed of 1.25m/sec,1.57m/sec,
1.88m/sec and sliding distance of 500m, 750m and 1000m respectively. The result revealed that
variation of load and sliding distance is the most prominent factor affecting the weight loss &

coefficient of friction.
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1. Introduction

Tribology is a multifaceted approach which gives
information related to mechanical engineering, chemical
engineering, material sciences, and several more. Wear is

defined as removal of layers of material from solid surface.

Wear is unfavorable because it leads to friction and leads
to breakdown of bodies. Abrasive, adhesive, corrosive,
erosive, fatigue and fretting wear are the different types of
wear. The frictional force is directly proportional to
surface roughness and the load. As load and unevenness
in layer of materials increases, friction also increases.
Surface engineering is a flexible solution to resolve the
tribological complexities which comprises deposition and
surface treatment. Coating is frequently used procedure to
lessen the wear. It decreased the effect of friction
coefficient, enhances the surface strengthens, change the
surface chemistry and induce the compressive stresses.
Different type of coating is done to minimize the friction
and wear of specimens. Electrode facing is another term
used for electrochemical deposition.

Hard chromium coating is applied in different sector of
engineering such as manufacturing companies, aero
engineering and automobile factories. In the mixed and
boundary lubrication environment the crack initiation
enhances the surface ability and surface having grooves,
pits and asperities manipulates the tribological
characteristics. Many authors have performed worked on
the study of tribological properties of various coatings like,
Syed et.al Vexperimented under wet lubrication system of
EP-PAOI10 increases the load bearing capacity up to 12
times at load of 240N as comparison of dry sliding system.
The addition of EP additive in base oil also achieves the
COF of 0.15 with a reduction of 74.1% and also reduces
the wear up to 51.8% as comparison to the dry sliding
condition. Kalyan etal 2 showed that tribological
behavior of CFUMS system deposited CrXN having more
abrasive wear to the balls of AISI 52100 steel as compared
to the pin on disc test and HFRR test. The friction and ball
wear coefficients was different in both Pin on disc test and
HFRR test than the IBAD coating test. Sosiati et al.?
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conducted a study on how the fiber volume content affects
the mechanical properties of a composite material. Dubey
et al. ¥ experimented on aluminum composite and studied
the wear of the workpiece material. The deviation of
8.65% is reported from predicted value. Fedrizzi et.al *
found that the nanoparticles addition in the conventional
powder may improve the wear behavior because the
nanoparticle decreases the contact porosity, decreases the
surface roughness and provided equally division of CrC in
the metal composite. The result also showed that the HC
facing degradation in steel primarily relied on adhesive
wear mechanisms due to the presence of a substantial
ceramic module in the composite facing, which mitigated
oxidation degradation

Biberger et.al ® showed that the originated compressive
stress diminished the wear rate by reducing the metal
atoms activity and the wear and friction properties
induced in hard chrome plating having different stress
profile and easy to recognize. Ismaiel etal. 7  performed
fatigue analysis of composite used in wind turbine and
found that the blade is not influenced by resonance.
Bozyazi et.al ¥ revealed that the CrN performed better
wear and friction properties than Hard Chrome under wet
condition and due to lower feed rates the wear depth of
hard chrome and PVD CrN could not be determined at
room condition and to enhance the wear resistant
properties and decrease the friction the brushed CrN
played an awfully important function. Sharma et al. *
studied the tribological impact on hybrid nanofluids in
comparison to alumina nanofluids. The hybrid nanofluids
resulted in enhanced properties in terms of surface finish.
Srisattayakul et.al '© showed that the MoC-HC and
MoCN-HC and MoN-HC, MoC-HC implies statistically
non-significant variances in the wear rates of chromium
plated steel which were not greater than other facing
combinations. Amoush et.al 'V revealed that the weight
loss from the uncoated part was higher than the faced one
which was measured by weight measurements technique
after sliding wear test. The Cr faced layer during the
lubrication exhibit more wear resistances as compared to
the uncoated steel. The coating thickness also enhances
the material loss resistances and decreases the COF. Singh
et.al '? observed that by increasing the value of load the
wear of pin was increased and COF was also increased.
The wear of disc showed the self- lubricant characteristics.
The result also showed that the on increasing the
reciprocating speed the wear and COF was increased and
the wear resistance of HC coating was increased. Rahman
et al. '¥ emphasized on germanium structure and studied
the honeycomb structure at different annealing
temperature. Darbeida etal ¥ worked on dry sliding
condition and suggested that the best wear resistance
observed in a customary weight of 10N and the pre
occurrence cracks or friction fatigue doesn’t have any
negative impact on the wear life which is improved in the
case of lubricated condition environment. Han et.al '
result showed that the wear characteristics of CrNr steel

and CrNrCr steel was better than the Cr coated steel and
the internal change in length of the CrNr coated steel
shows maximum at the interface of disc and ball but the
internal change in length was minimum for the contact
surface of disc and ball. Dubey et al. '9 compared the
lubrication and cooling effect in minimum quantity
lubrication, cryogenic cooling, air cooling etc. Minimum
quantity lubrication was found to be effective than other
techniques. Maurya et al. ' experimented on composite
and tested the properties on altering the percentage of
silicon carbide. At 8% of SiC maximum tensile strength
was reported. Podgornik et.al '® observed that the pre
coated specimen under same condition exhibit the more
wear and higher value of COF as compared to the post
coated specimen. The post polishing improved the
tribological characteristics of HC coating by eliminating
the on-process coefficient of friction & wear.

The coefficient of friction was highly improved upto
0.05 and the wear rate was found below 2x10- mm3/Nm.
Psyllaki et.al ' result revealed that when the steel slides
against an alumina ball, the frictional coefficient of the
two coatings stabilizes to a constant value meet upto 0.60.
In addition, the wear rate obtained of the Flame Spraying
coatings was nearly twice of air plasma spray method. In
the case of sliding experiment of AISI 304 steel against a
c¢BN - coated conical pin, the coefficient of friction for
both the oxide coating also meets up to the same constant
value of 0.55 and the wear rates reached to identical value
(2.01x10—5mm3/Nm) to (2.40x10—5mm3/Nm.
Sahraoui et.al 2 studied that the friction coefficient was
decreased by applying load due to the effect of solid
lubricant which acts as third body. Pandey et al. 2!
reviewed the effect of tribological properties of different
nanofluid in machining. Wulan et al. ?» explored the
effect of coating nickel on stainless steel. The coating
resulted in improved quality and quantity of CNT
produced. Hamadi et al. »» worked on CK50 steel to
enhance its wear resistance using hard chromium plating
process. The effect of temperature had a significant role
on the chromium coating. Sanz 2% stated that the
chromium plating played a very important role for
reducing wear, gives low wetted capability, high stiffness
and having cheapest in nature. The wear behavior of the
tungsten carbide (Co with CS) particulate coating in
casted steel shows tremendous effect because no wear
tracks were noticeable which was calibrated by optical
microscopic method.

This paper investigates the tribological characteristics
of hard chrome deposited on AISI 204 steel disc having
corrosion resistance and wear resistance properties during
sliding against AISI 304 steel pin under dry condition and
at room temperature. The experiment was conducted
using a pin- on -disc tribometer under three different loads
ranging from 5N to 15N with sliding speed of
1.25m/sec,1.57m/sec, 1.88m/sec and sliding distance of
500m, 750m and 1000m respectively.
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2. Materials and Methodology

In present study, the AISI 204 steel is used as a disc of
diameter 165mm and 8mm thickness coated with hard
chrome coating of 120 microns. The hard chrome coating
thickness of 120 pm is done by electrode deposition
technique. The experimental pin is made up of AISI 304
steel with diameter of 10mm.

Table 1. Experimental conditions for tribological testing

Materials Conditions

Substrate Material
Substrate Dimensions

AISI 204 austenite grade steel
Diameter 165mm

setting of process parameters are given in the below
Tables 2, 3 and 4.

Table 2. Tribology test with constant sliding speed and
sliding distance with varying load.

S.NO Load (N) Sliding speed (m/sec) | Sliding
distance
(m)
1 5 1.25 500
2 10 1.25 500
3 15 1.25 500

Coating Material Hard Chrome Table 3. Variable Sliding Distance tribology test with
Coating Thickness 120um Constant Sliding Speed and Constant Load Condition.
Coating Technique Electrode deposition technique S.NO Sliding Sliding speed Load (N)
distance (m) (m/sec)
Pin Material AISI 304 austenite steel
1 500 1.25 10
Pin Dimension Diameter 10 mm and length 32
mm 2 750 1.25 10
Machine Used Ducom pin on disc tribometer 3 1000 1.25 10
Loads-(N) 5,10 & 15
Sliding velocity | 1.25,1.57, 1.88 Table 4. Variable Sliding Speed tribology test with
(m/sec) Constant Sliding Distance and Constant Load Condition
Sliding Distance- (m) | 500, 750 & 1000 S.NO. | Sliding speed Sliding Load (N)
. (m/sec) distance (m)
Wear track Diameter 60 mm
1 1.25 500 10
The different experimental conditions for the 2 1.57 500 10
tribological invegtigatiop are mentionfed in .Table’ 1. The 3 1.88 500 10
arrangement of pin on disc tribometer is depicted in Fig.1
upon which the tribological tests are performed. o .
P & P Sliding speed is calculated as per the Eq.1
V =xzDN/60 D

Load =

Fig. 1: The schematic of Pin on disk tribometer.

The tribology experiment was carried out by
maintaining the wear track diameter equal to 60 mm and
the temperature was maintained at room temperature for
all the runs in order to study the impact of variation of load,
sliding speed and sliding distance on wear and friction.
The different set of experimental condition at different

Where

V= Sliding Speed in m/sec

D= Wear track Diameter in m

N= Sliding Speed in RPM

The number of revolution is calculated as per Eq.2

N = (Sliding Distance)/ (Circumference) 2)

The wear is analysed by taking the difference of weight
of pin before the experiment and pin weight after the
experiment. The coefficient of friction is analysed by
recording the frictional force value given by the
tribometer and the coefficient of friction is computed by
using standard Eq.3.

F=uN’ 3)

Where F= frictional force, N’= applied load, pr=
coefficient of friction.
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3. Results and Discussions

3.1 Influence of Load on Wear & Coefficient of
friction

The wear and friction characteristics of hard chrome on
AISI 204 stainless steel disc is evaluated by the pin on disc
tribometer.
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Fig. 3: Influence of Load on COF

Figure 2 and 3 show the influence of load on wear and
the frictional coefficient. The material loss of the pin is
increasing by increasing the value of load due to abrasive
wear mechanism generation and the wear is in the form of
chips are deposited in the surface of disc and the
coefficient of friction is also increases by increasing load
due to the wreckage of HC coated disc specimen and
uncoated pin specimen are formed and deviated from the
contact area 2.

3.2 Influence of the sliding distance on wear &
frictional coefficient.

Figure 4 and 5 illustrate the impact of the sliding
distance on the wear & the coefficient of friction by which
the hardness value of coated specimen is high as compared
to the uncoated pin sample. The hard chromium is act as
self- lubricant and provides less wear as compared to the
non-faced sample and the hardness value of HC is
increasing by increasing the sliding distance 11) and

increases the wear and coefficient of friction.
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Fig. 4: Influence of sliding distance on wear
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Fig.5: Influence of sliding distance on coefficient of friction

3.3 Influence of sliding velocity on the wear & the
coefficient of friction.

Figure 6 and 7 illustrates the impact of sliding speed
due to which the temperature increases at the mating area.
By increasing the sliding speed, the area of contact of the
uncoated pin and coated disc become heated and their
temperature increases which scrap the material of pin and
the weight loss and COF is increases'?.
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Fig. 6: Influence of sliding velocity on wear
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4. Conclusions

As per the aforementioned research experiment, the
noteworthy conclusion which show the impact of different
loads, sliding distances & sliding speed on material loss
and frictional coefficients are as followed:

e The material loss and frictional coefficient arises
because of the abrasive wear & the presence of
particles which is left down on the surface which
increases the weight loss of pin and frictional force
by increasing load.

e By increasing sliding distance, the wear as well as
the frictional coefficient are increased due to the
third particle involvement and introduction of axial
and tangential force which need the lubricant and
deteriorates the surface.

e The wear & coefficient of friction are increased by
increasing sliding speed because temperature of the
contact area is increased which results the debris
formation on the coated disc.

e The increasing factor of load and increasing sliding
distance has more impact on hard chrome coated
steel as compare to the increasing moving speed.

The investigation on nanoparticle addition in base oil to
check variation of parameters on wear and coefficient of
friction can further be investigated. Moreover, the coating
thickness can also be optimized for different working
environmental conditions.

References

1) D. Syed, and M.F. Wani, “Tribological behavior of
chrome-deposited sae9254 grade steel top
compression piston ring under lubrication starvation
and mild extreme pressure lubrication,” Int. J. Engine
Res., (2019). doi:10.1177/1468087419890995.

2) K.C.Mutyala, E. Ghanbari, and G.L. Doll, “Effect of
deposition method on tribological performance and
corrosion resistance characteristics of CrxN coatings
deposited by physical vapor deposition,” Elsevier B.V,
2017. doi:10.1016/j.ts£.2017.06.013.

3) H. Sosiati, Y.A. Shofie, and A.W. Nugroho, “Tensile
properties of kenaf/e-glass reinforced hybrid

polypropylene (pp) composites with different fiber
loading,”  Evergreen, 5 (2) 1-5 (2018).
doi:10.5109/1936210.

4) V. Dubey, and B. Singh, “Study of Material Removal
Rate in Powder Mixed EDM of AA7075/B 4 C
Composite,” in: Mater. Today Proc., 2018: pp. 7466—
7475. doi:10.1016/j.matpr.2017.11.418.

5) L. Fedrizzi, S. Rossi, R. Cristel, and P.L. Bonora,
“Corrosion and wear behaviour of hvof cermet
coatings used to replace hard chromium,”
Electrochim. Acta, 49 (17-18) 2803-2814 (2004).
doi:10.1016/j.electacta.2004.01.043.

6) J. Biberger, H.J. Fiiler, M. Klaus, and C. Genzel,
“Near-surface and depth-dependent residual stress
evolution in a piston ring hard chrome coating
induced by sliding wear and friction,” Wear, 376-377
1502-1521 (2017). doi:10.1016/j.wear.2017.01.056.

7) AM.M. Ismaiel, S.M. Metwalli, B.M.N. Elhadidi,
and S. Yoshida, “Fatigue analysis of an optimized
hawt composite blade,” Evergreen, 4 (2-3) 1-6
(2017). d0i:10.5109/1929656.

8) E.Bozyaz, M. Urgen, and A.F. Cakr, “Comparison of
reciprocating wear behaviour of electrolytic hard
chrome and arc-pvd crn coatings,” Wear, 256 (7-8)
832-839 (2004). doi:10.1016/S0043-
1648(03)00523-4.

9) AK. Sharma, J.K. Katiyar, S. Bhaumik, and S. Roy,
“Influence of alumina/mwent hybrid nanoparticle
additives on tribological properties of lubricants in
turning operations,” Friction, 7 (2) 153-168 (2019).
doi:10.1007/s40544-018-0199-5.

10) P. Srisattayakul, C. Saikaew, A. Wisitsoraat, and D.
Phokharatkul, “Reciprocating two-body abrasive
wear behavior of dc magnetron sputtered mo-based
coatings on hard-chrome plated aisi 316 stainless
steel,” Wear,  378-379  96-105  (2017).
doi:10.1016/j.wear.2017.01.005.

11) A.S. El-Amoush, A. Abu-Rob, H. Edwan, K. Atrash,
and M. Igab, “Tribological properties of hard
chromium coated 1010 mild steel under different
sliding distances,” Solid State Sci., 13 (3) 529-533
(2011). doi:10.1016/j.solidstatesciences.2010.12.020.

12) R. Singh, A. Gupta, P. Chaudhary, and K. Gupta,
“Wear resistance of hard chrome coatings for piston
rings,” Int. Res. J. Eng. Technol., 4 (4) 1359-1362
(2017). https://www.irjet.net/archives/V4/i4/IRJET-
V414281 .pdf.

13) A. Eltaggaz, H. Hegab, I. Deiab, H.A. Kishawy, K.K.
Gajrani, P.S. Suvin, S.V. Kailas, G.I.P. Perera, et al.,
“Effects of minimum quantity lubrication (mql) in
machining processes using conventional and
nanofluid based cutting fluids: a comprehensive
review,” J. Clean. Prod., 33 (3) 1-11 (2018).
doi:10.1016/j.jclepro.2016.03.146.

14) A. Darbeida, J. von Stebut, M. Barthole, P. Belliard,
L. Lelait, and G. Zacharie, “Comparative tribological
study of chromium coatings with different specific

-1214-



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 11, Issue 02, pp1210-1215, June, 2024

hardness,” Surf. Coatings Technol., 68—69 (C) 582—
590 (1994). doi:10.1016/0257-8972(94)90221-6.

15) S. Han, J.H. Lin, S.H. Tsai, S.C. Chung, D.Y. Wang,
F.H. Lu, and H.C. Shih, “Corrosion and tribological
studies of chromium nitride coated on steel with an
interlayer of electroplated chromium,” Surf. Coatings
Technol., 133-134 460465 (2000).
doi:10.1016/S0257-8972(00)00979-8.

16) V. Dubey, A. Kumar Sharma, and R. Kumar Singh,
“Study of various cooling methodology used in
machining processes,” Mater. Today Proc.,p.p
1572-1576 (2019). doi:10.1016/j.matpr.2019.11.092.

17) M. Maurya, N.K. Maurya, and V. Bajpai, “Effect of
sic reinforced particle parameters in the development
of aluminium based metal matrix composite,”
Evergreen, 6 3 200-206 (2019).
do0i:10.5109/2349295.

18) B. Podgornik, O. Massler, F. Kafexhiu, and M.
Sedlacek, “Crack density and tribological
performance of hard-chrome coatings,” Tribol. Int.,
121 (January) 333-340 (2018).
doi:10.1016/j.triboint.2018.01.055.

19) P. Psyllaki, A. Mourlas, G. Vourlias, E. Pavlidou, and
M. Vardavoulias, “Influence of microstructure flaws
on the tribological performance of cr-based thermal-
sprayed ceramic coatings,” Ceram. Int., 45 (15)
19360-19369 (2019).
doi:10.1016/j.ceramint.2019.06.188.

20) T. Sahraoui, S. Guessasma, N.E. Fenineche, G.
Montavon, and C. Coddet, “Friction and wear
behaviour prediction of hvof coatings and
electroplated hard chromium wusing neural
computation,” Mater. Lett., 58 (5) 654—660 (2004).
doi:10.1016/j.matlet.2003.06.010.

21) K. Pandey, V. Dubey, A.K. Sharma, and A. Mital,
“State of art on tribological behaviour of nanoparticle
enriched cutting fluid,” Mater. Today Proc., 26 (xxxx)
2586-2589 (2019). doi:10.1016/j.matpr.2020.02.547.

22) PP.D.K. Wulan, J.A. Ningtyas, and M. Hasanah,
“The effect of nickel coating on stainless steel 316 on
growth of carbon nanotube from polypropylene
waste,”  Evergreen, 6 (I) 98-102 (2019).
doi:10.5109/2328411.

23) M.Hamadi, A.B. Abdulghafour,“Optimizing coating
process parameters by using taguchi experimental
design to increasing wear resistance of steel ck50,” 32
(12) 2862-2873 (2014).

24) A. Sanz, “Tribological behavior of coatings for
continuous casting of steel,” Surf. Coatings Technol.,
146-147 55-64  (2001). doi:10.1016/S0257-
8972(01)01475-X.

25) Y. Qiao, T.E. Fischer, and A. Dent, “The effects of
fuel chemistry and feedstock powder structure on the
mechanical and tribological properties of hvof
thermal-sprayed wc-co coatings with very fine
structures,” Surf. Coatings Technol., 172 (1) 24-41
(2003). doi:10.1016/S0257-8972(03)00242-1.

-1215-





