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Abstract— In order to enhance the structural and mechanical
properties of mild steel, NiW nanocrystalline thin layer has been
coated on the surface of mild steel through electroplating
technique at bath temperature of 40 C over the deposition time of
45 minutes. The nanocrystalline NiW alloy coatings were
deposited on mild steel at constant current density of 1 A/dm 2.
The structural and chemical characterizations of the NiW alloy
coated mild steel were performed by scanning electron
microscopy (SEM) and X-ray diffraction pattern (XRD). The
micro hardness value of the coated mild steel was determined by
using Vickers Hardness test. The effect of NiW on wear behavior
of mild steel was analyzed using Pin-on-disc apparatus. The
mechanical properties of mild steel such as hardness, roughness
and wear resistance have been enhanced in an appreciable
manner. This is primarily due to the NiW alloy coatings on mild
steel. The variations in structural and mechanical properties of
NiW coated mild steel were also studied.
Keywords — Mild steel, NiW, hardness, roughness and wear.

I.

INTRODUCTION

Mild Steel is a metal containing a small percentage of
carbon which is also known for plain carbon steel or lowcarbon steel. Mild steel has approximately 0.05 to 0.25%
range of carbon content. Mild steel plays a remarkable role
in automobile and electrochemical industries due to its cost
effective and excellent mechanical properties like high
strength, weldability. Due to the weldability of mild steel, it
can be used as a construction materials. The industrial usage
and domestic usage of the mild steel is much higher as
compared to other form of steel because of its availability
and relatively lower price [1-4]. In developing industrial
revolution, the advancement of material plays a vital role. In
many of the manufacturing industries, mild steel act as a
best raw material for the production of machine components
like gears. Production of new alloy material gives much
improved properties of existing material [5]. The above
reason pave a way for coating, which help to improve or
increase the wear resistance and hardness of coated material.
In order to enhance the mechanical properties of mild steel,
thin alloy coatings were preferred. There are several
physical and chemical methods are available to coat the thin
layers on mild steel [6-10]. In the present research work,
electroplating have been chosen for the coating purposes
due to its several advantages. Coating can be done by electro
deposition because of its specific features like thickness
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control and morphology of nanostructure can be obtained
precisely by altering the parameters of the electrochemical
deposition [11-14].The additional advantage of this type is
cost effective compared to other method and no vacuum is
requirement. Nano structured thin layer coatings on mild
steel is to create the remarkable production for mild steel
against corrosion. In the recent days, the researchers show
much interest on nano layer coatings to enhance the
mechanical properties of base materials like mild steel,
copper and aluminium. The nano coatings of W enhances
the wear resistance and hardness of mild steel due to its
excellent properties like high strength, high melting point,
better corrosion resistance etc., Among various metals, zinc,
chromium, titanium and their corresponding alloys have
been coated on mild steel to enhance its structural and
mechanical properties and are reported [15-16]. The current
research work mainly investigate the effect of NiW alloy
coatings on the structural and mechanical properties of mild
steel for automobile and mechanical high strength
applications.
II.

EXPERIMENT

The nano structured NiW alloy thin layer coatings are
coated on the surface of mild steel at bath temperature of
40°C over the deposition time of 45 minutes through
electroplating technique. The electroplating bath details like
concentration, pH and temperature are shown in table 1. The
mild steel plate of size 7.5 cm as length and 1.5 cm as
breadth have been used as a cathode and a pure mild steel of
above said size act as an anode. In order to enhance the
quality of thin layer coatings, just before the deposition both
the substrates were subjected to the sequences of cleaning
processes. Initially the substrates have been cleaned with
help of emery sheets and followed by soap, acid (diluted
H2So4) cleaning. Finally all the substrates are washed by
using triple distilled water. All the required chemicals were
dissolved in triple distilled water to make the electrolytic
bath for NiW alloy coatings. The polished substrates were
dipped into the prepared electrolytic bath. The pH of the
solution was kept in range between7 to 8 by adding few
drops of liquid ammonia. The constant current of 75 mA
was allowed to pass through the substrates with help of dual
power supply. After 45 minutes the cathode was carefully
removed from electroplating bath and washed by distilled
water. The NiW coated mild steel was dried for few seconds
and packed with the help of air lock covers.
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To explore the structural and mechanical properties of
NiW coated mild steel, all the coted mild steels were
subjected to various characterization methods like SEM
(Scanning Electron Microscope), XRD (X-ray diffraction
pattern) and wear analysis.
Table 1.Electroplating bath details for NiW thin layers
S.No
1
2
3
4
5
6
7

Chemical / Parameter
Nickel sulphate
Sodium Tungstate
Tri sodium citrate
Boric acid
Bath temperature
Current density
Plating Time

Data (g/l)
50
15
50
10
40 o C
150 mA/cm2
45 mins

After the NiW thin layer synthesis process on mild steel,
the weight of the substrate was note and compared with
initial weight of mild steel. The difference between weights
of mild steel befor and after coating is the amont of NiW
coated on the mild steel surface.
III.

size was calculated by using Scherrer formula. From XRD
data, it is concluded that the average crystalline size is
around 83 nm. The presence of perfect nano level in NiW
thin layers on mild steel greatly enhances the mechanical
properties of mild steel like high hardness, better corrosion
resistance and enhanced wear resistance. The d- spacing
value in NiW alloy is found to be 1.58 Å.
B. Wear analysis
The MS (mild steel) plate coated with nanocrystalline
NiW thin film is subjected to uni-directional wear analysis
using Pin on disc apparatus. A steel disc (10 cm diameter) of
hardness 72 HRC is used for the test. The wear test results
are obtained after a time period of 6.3 minutes (time taken
for wear test). Wear, coefficient of friction, frictional force
are recorded online during the test against the time. The
obtained wear results of NiW coated mild steel and uncoated
mild steel are shown in the figure 3 and 4. The graph is
plotted between wear vs time, coefficient of friction vs
time and Frictional force vs time.

RESULT AND DISCUSSION

A. Structural analysis
The microstructural analysis of NiW coated thin film was
shown in figure 1. The SEM micrograph reveals that the
NiW coated area of mild steel is bright, uniform, void free
and almost crack free. The Ni and W atoms were uniformly
distributed over the surface of mild steel.

Figure 3: Wear analysis of NiW coated mild steel.

Figure 1. SEM micrograph of NiW thin layer coated
mild steel
Figure 4: Wear analysis of uncoated mild steel.

Figure 2. XRD pattern of NiW coated mild steel.
The X-ray diffraction pattern of NiW thin layer coated on
mild steel surface is shown in figure 2. The XRD result
reveals the presence of crystalline phase in NiW thin layer.
The obtained data were compared with standard JCPDS and
found that the crystal structure was cubic. The crystalline
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The wear tests were carried out for a total sliding distance
of 100mm. The pin samples were rectangular specimen of
length 6 cm. From the obtained results, the coefficient of
friction of MS sample and Ni-W thin layer sample against
time are compared in the figure 5. From the graph, it is seen
that coefficient of friction for both MS & NiW thin layer
initially increases suddenly but after this sudden slope,
coefficient of friction of MS sample varies non-linearly &
reaches a maximum value as 0.67, whereas the NiW thin
layer maintains its maximum value as 0.13 and remains
same throughout the test.

443

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

International Journal of Innovative Technology and Exploring Engineering (IJITEE)
ISSN: 2278-3075, Volume-8, Issue- 9S2, July 2019

Figure 5: Comparison of time vs coefficient of friction
for MS (blue) and NiW coated MS (brown)

Figure 7: comparison of time vs wear for MS (blue) and
NiW coated MS (brown)
The wear of MS sample and NiW thin layer sample
against time are compared from the figure 7. It is seen that
the wear resistance of mild steel is increased nearly twice
when it is coated with NiW thin layer and also the shows
figure 7hat, for both MS & NiW thin layer, the initial time
vs wear slope is inclined nearly to the vertical line which
infers that the initial wear rate is higher and then get
gradually decreased and maintained along the time. The
final wear value of MS sample is around 41µm which is
decreased to 19 µm for NiW thin layer.
Table 3: Wear loss, frictional force and coefficient of
friction of MS and NiW coated MS

Figure 6: Comparison of time vs frictional force for MS
(blue) and NiW coated MS (brown)
Table 2: The constant parameters of pin-on-disc
experiment
Name of parameters
Pin material
Disc material
Load
Linear sliding distance
Rotational speed

Sample

Data
Sample1: Mild steel
Sample2: NiW coated
mild steel (40°C)
EN 31 steel
20 N / 2 kgf
1000 m
500 rpm

Mild
steel
NiW
coated
MS

Thus from these observations, NiW thin layer helps to
drastically decrease the coefficient of friction value of the
mild steel. The frictional force of MS sample and Ni-W thin
layer sample against time are compared in the figure 6. It is
seen that the initial frictional force acting on both MS &
NiW thin layer produce very steep slope against time. The
pin and disc experimental details are shown in table 2 and
the calculated value of wear analysis are shown in table
3.similar to the coefficient of friction, the frictional force on
MS increases non-linearly & reaches a maximum value of
13.3N, when the test is done with application of 20N load,
whereas the maximum frictional force acting on the NiW
thin layer is around 2.5N, when the test is done with
application of 20N load. The drastic reduction in frictional
force between MS & NiW samples is due to decrease of
coefficient of friction of NiW thin layer.
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From the table 3, the wear rate of the uncoated mild steel
is high and the NiW coated mild steel exhibit lower wear
rate. Thus, it is evidenced that the wear resistance of NiW
coated mild steel at 40 °C has the better wear resistance.
IV.

CONCLUSION

In this present investigation, nano crystalline NiW thin
layer has been successfully coated on the mild steel surface
for high strength applications through electroplating
technique. The observed details are listed below.
 From SEM analysis it is concluded that, the NiW
coated thin mild steel surface is uniform, bright, crack
free and void free.
 The XRD pattern of NiW coated mild steel exhibit the
nanocrystalline phase and the average crystalline size
was calculated as around 83 nm.
 The wear analysis of coated and uncoated mild steel
have been compared by using pin and disc method.
 From the comparison of coated and uncoated MS
samples it is seen that the wear of MS rod is reduced
nearly twice when it is coated with NiW alloy.
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 Thus the NiW thin layer enhances the surface
properties of MS, thus decreasing its wear rate or
increasing wear resistance and also decreases the
coefficient of friction and frictional force
 Hence the application of NiW thin layer on MS
material improves the failure time of the material due
to wear which plays a huge role in all mechanical
aspects.
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