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 

Abstract— The nano crystalline thin coating of NiFe and NiP 

                                                           C has been 

successfully carried out by using electroplating technique in order 

to enhance the structural and mechanical properties of mild steel. 

The NiFe & NiP thin layers were coated on mild steel at constant 

current density and pH over a deposition period of 30 minutes. All 

the coated mild steel samples were subjected to various 

characterization techniques like X-ray Diffraction method (XRD), 

Vickers hardness, surface roughness and wear test to reveal the 

effect of NiFe and NiP on mild steel. The mechanical properties 

such as surface roughness and wear behavior were investigated by 

using Stylus profilometer and Pin on disc method. The coated mild 

steel exhibits enhanced mechanical properties than that of 

uncoated mild steel. The variations in structural and mechanical 

properties of coated mild steel were also studied.  
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I. INTRODUCTION 

In the modern industries, the surface enhancement of alloy 

engineering materials plays an important role to prevent the 

material from corrosion and service failure. Several methods 

are available to prevent the parts of modern engineering 

devices and one of the suitable method is to coat the thin 

layers of alloy materials on its surface [1-5]. Surface coatings 

technology is widely acceptable used technique to enhance 

the structural and mechanical properties of base material. 

Mild steel plays a significant role for the production of 

automobile and electrochemical devices due to its admirable 

mechanical properties like high strength, weldability. Mild 

steel has extensive applications in the manufacturing industry 

but still the challenge is to control its corrosion and wear 

which leads to have an impact on manufacturing process.In 

order to improve the mechanical properties of mild steel, thin 

alloy coatings were preferred [6 – 9]. In this current research 

work, two different alloys (NiFe and NiP) have been chosen 

to coat as a thin layer on mild steel. Generally nickel based 

thin layers are preferred to enhance the mechanical properties 

of mild steel [10-12]. The nano crystalline metal alloys like 

NiP had a great usage in automotive and aerospace industries. 

These alloys have been used as a decorative coatings on parts  

 
Revised Version Manuscript Received on 10 September, 2019. 

R. Kannan, Department of Science and Humanities – Physics Division, 

Kumaraguru College of Technology, Coimbatore – 49, Tamilnadu, India. 

(Email: kannan.r.sci@kct.ac.in) 
E. Shobhana, Department of Science and Humanities – Physics 

Division, Kumaraguru College of Technology, Coimbatore – 49, Tamilnadu, 

India. 
K. Arun, Department of Mechanical Engineering, Kumaraguru College 

of Technology, Coimbatore - 49, Tamilnadu, India. 

S. R. Vijay Balaji, Department of Mechanical Engineering, Kumaraguru 
College of Technology, Coimbatore - 49, Tamilnadu, India. 

 

of modern engineering tools to prevent the machines from 

corrosion and wear. In addition to NiP, NiFe is also widely 

used material for storage device applications [13-17]. 

There are numerous physical and chemical methods are 

available to coat the thin layers on mild steel. In the current 

research work, electrodeposition have been employed for the 

thin layer coating processes due to its abundant advantages 

likeeconomic, easy to control film thickness and surface 

morphology of nanostructures.The main advantage of 

electroplating technique is the large scale production which is 

essentially needed aspect for industrial point of view. In the 

recent days, the investigators show considerable interest on 

nano layer coatings to enhance the mechanical properties of 

mild steel. The current research work predominantlyexamine 

the effect of NiFe and NiP alloy thin films on the structural 

and mechanical properties of mild steel for automobile and 

mechanical high strength applications. 

II. EXPERIMENT 

The nano crystalline NiFe and NiP alloy thin films are 

coated on the surface of mild steel at electroplating bath 

temperature of 40°Cover the plating time of 30 minutes 

through electroplating technique. The electroplating bath 

conditions 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 (dia 0.6 cm)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.Initiallythe substrates have 

been cleaned with help of emery sheets and followed by soap 

solution andacid (diluted H2So4) cleaning. Finally all the MS 

samples are washed by using triple distilled water.  

All the essential chemicals were dissolved in triple 

distilled water to make the electroplating bath for NiFe and 

NiP alloy coatings.The polished MS samples were dipped 

into the prepared electroplating bath. The pH of the 

solutionwas kept in at constant as 7 by adding few drops of 

ammonia solution. The constant current of 75 mA was 

allowed to pass through the substrates with help of dual 

power supply (30 Volts and 1Amphere). After 30 minutes the 

MS Sample (cathode) was carefully removed from 

electroplating bath and washed by distilled water. The NiFe 

and NiP coated mild steel was dried for few seconds and  
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packed with the help of air lock covers. 

To investigate the structural and mechanical properties of 

NiFe and NiP 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.Electrodepostion – optimized conditions for 

NiFe and NiP thin films 

III. RESULT AND DISCUSSION 

Structural analysis 

SEM Analysis 

The surface investigation of NiFe and NiP coated thin film 

was shown in figure 1. The SEM micrograph reveals that the 

NiFe and NiP coated mild steel are bright, uniform, void free 

and almost crack free. The Ni, Fe and P atoms were 

uniformly distributed over the surface of mild steel. The mild 

steel coated with NiFe exhibit the spherical shaped 

crystallites and is clearly visible in SEM micro graph. 

 
Figure 1. SEM micrograph of mild steel (a) coated with 

NiFe (b) coated with NiP 

XRD Analysis 

The X-ray diffraction pattern of NiFe and NiP thin layers 

coated on mild steel surface are shown in figure 2. The XRD 

result discloses the presence of crystalline phase in NiFe and 

NiP thin films. The obtained XRD data for NiP and NiFe 

were compared with standard JCPDS and found that the 

crystal structure was cubic. The crystalline size was 

calculated by usingScherrer formula. From XRD data, it is 

concluded that the average crystalline size of NiFe layer is 

around 49 nm and for NiP layer the crystalline is around 86 

nm. 

 
Figure 2. XRD analysis of NiFe coated on mild steel. 

 

 
Figure 3. XRD analysis of NiP coated on mild steel. 

 

The presence of sharp peaks in XRD pattern of both NiFe 

and NiP thin layers on mild steel reveals the existence of 

crystalline phase and the crystalline size is in the range of few 

tens of nano meter which greatly enhances the mechanical 

properties of mild steel like high hardness, better corrosion 

resistance and enhanced wear resistance. The d- spacing 

value in NiFe and NiP alloy have been found to be 1.56and 

1.25 Å respectively. The calculated values are listed in table 

2. 

Table 2. XRD data for NiFe and NiP thin layers on 

mild steel 

 

Wear analysis 

Wear test is carried out to predict the wear performance 

and to investigate the surface hardness of the coated material. 

In engineering application point of view, Wear resistance is a 

very important parameter. This to evaluate the wear property 

of the material and then the material is adequate for specific 

application in various manufacturing industries. This wear  

  

S.No Chemical / Parameter Data (g/l) 

1 Nickel sulphate 55 

2 Ferrous sulphate 20 

3 Phosphorus acid 15 

4 Tri sodium citrate 50 

5 Boric acid 10 

6 Temperature 40 
o 
C 

7 Current density 1 A/dm
2 

8 Deposition time 30 mins 
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analysis carried out by different methods, in this current 

research work pin on disc wear testing technique have been 

employed.In pin on disc technique, the work piece (coated 

material) travels in unidirectional for an unlimited time at a 

range of linear velocity. It depends only on position of the pin 

from the centre of the disc. In this pin and disc technique, 72 

HRC hardness steel disc is used and we fix a pin 50 mm 

distance from the centre of the disc. So, the pin travels 314 

mm in one revolutions. This test is carried out at room 

temperature under zero lubricated conditions. From that, we 

set a parameter for wear test. The parameters are listed below 

in table 3. 

Table 3. Pin and Disc parameter details 

 

The wear test results are obtained after a time period of 10 

minutes    (time taken for wear test). Wear, coefficient of 

friction, frictional force are recorded during the test against 

the time.The results are shown in the following figure drawn 

between wear vs time, coefficient of friction vs time and 

Frictional Force vs time for uncoated MS sample (figure 3). 

 
Figure 3: Wear analysis of uncoated mild steel. 

 

The graph of wear (micrometre) and time (seconds) shows 

that steep increase in wear upto 28micron in about 10 seconds 

and later on it increases gradually upto 40 microns in next 

150 seconds. The co-efficient of friction is about 0.15 and the 

fictional force is about 3N for uncoated MS sample. 

 
Figure 4: Wear analysis of NiP coated mild steel. 

 

The wear test graph on MS rod coated with NiP shows that 

steep increase in wear upto 20micron (figure 4)which is less 

than that of uncoated MS  and later it increases gradually upto 

55 microns in next 600 seconds. The Co-Efficient of friction 

is about 0.5 which is greater than uncoated MS and the 

fictional force is about 10N which is 7N greater than the 

uncoated MS. 

 
Figure 5: Wear analysis of NiFe coated mild steel. 

 

The Wear test graph of NiFe coated on MS rod shows that 

steep increase in wear upto 20micron which is lesser than that 

of uncoated MS  and later it increases gradually upto 110 

microns with greater fluctuation   in next 600 seconds. The 

Co-Efficient of Friction is about 0.3 which is greater than 

uncoated MS and the fictional force is about 6N which is 3N 

greater than the uncoated MS (figure 5). 

From figure 6,when comparing the Wear resistance 

characterises of NiFe and NiP, NiP coated mild steel has 

better wear resistance compared with NiFe. NiP shows 10 

microns wear at x seconds whereas NiFe shows 20 microns 

of wear at the same x seconds 

  

Name of parameters Data 

Pin material Sample1: Mild steel 

Sample2: NiFe coated 

mild steel (40°C) 

Sample3: NiP coated mild 

steel (40°C) 

Disc material EN 31 steel 

Pin dimension Rectangular specimen 

with 49mm length, 6mm 

breadth and 6mm width 

Sliding velocity 1.7 m/s 

Sliding speed 300 rpm 

Load 20 N 

Sliding distance 1000 m 

Sliding time 10 min (600 seconds) 
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Figure 6. Comparison of Wear between NiFe (Blue) 

and NiP (Brown) coated mild steel 

 

From the graph 7,When comparing the frictional force of 

NiFe coated on MS and NiP coated on MS, NiP coated on 

MS has greater frictional force about 11 N when compared to 

NiFe coated on MS. NiFe coated on MS shows 5N of 

frictional force at x seconds whereas NiP coated on MS show 

11N of frictional force at x seconds After that both the 

coating show fluctuation in fictional force after a period of 

time both approximately shows about 11N of fictional force. 

 
Figure 7. Comparison of frictional force between NiFe 

(Blue) and NiP (Brown) coated mild steel 

 

From the graph 8, When comparing co-efficient of friction 

of NiFe coated on MS and NiP coated on MS, NiP coated on 

MS has greater co-efficient of friction about 0.55 when 

compared to NiFe coated on MS . NiFe coated on MS shows 

0.3 of co-efficient of friction at x seconds whereas NiP coated 

on MS show 0.55 of co-efficient of friction at x seconds and 

after that both the coating show fluctuation in co-efficient of 

friction after a period of time both approximately shows 

about 0.55 of co-efficient of friction at 600th secondThe final 

wear loss value of MS sample is around 40µm which is 

decreased to 20 µm for NiP thin layer.From the table 3, the 

wear rate of the uncoated mild steel is high and the NiP 

coated mild steel exhibit lower wear rate. Thus, it is 

evidenced that the wear resistance of NiP coated mild steel at 

40 °C has the better wear resistance.  

 

Table 4: Wear loss, frictional force and coefficient of 

friction of MS and NiW coated MS

 

Surface roughness 

The surface roughness value of NiP coated mild steel 

which exhibit better wear resistance have been analyzed by 

using stylus profilometer are given below. 

Average Roughness(Ra) μm - 0.295 

RMS Roughness (Rq) μm – 0.405 

Mean Roughness Depth (Rz) μm – 2.335 

IV. CONCLUSION 

The nano crystalline NiFe and NiP thin layers has been 

successfully coated on the mild steel surface for high strength 

applications through electroplating technique. The perceived 

details are listed below. 

 From SEM analysis it is concluded that, the NiFe and 

NiP coated mild steel surface are uniform, bright, crack free 

and void free. 

 The XRD pattern of NiFe and NiP coated mild steel 

exhibit the nanocrystalline phase and the average crystalline 

size was calculated as around 86 nm for NiP and 43 nm for 

NiFe coatings. 

 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 when it 

is coated with NiP alloy. 

 Thus the NiP thin layer enhances the surface properties 

of MS, thus decreasing its wear rate or increasing wear 

resistance. 

 Hence the application of NiP thin layer on MS material 

improves the failure time of the material due to lower wear 

rate. 
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