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Abstract: The three body abrasive is been found common in most of the processing industrial applications. The major attention is paid i n order to 
enhance the life of the material which experiences the abrasive nature of wear. The present work concentrates on improving the life of an alloy steel IS 
2026 material which is used in most of the machinery elements of industries. The coating is one of the proven technology to improve the life of the 

material and enhance the functional properties. The composite coating is carried out by plasma spray technique. Ni-Cr is used as the major coating 
material with reinforced nano B4C particles. Further work is carried out to optimize the three body abrasive wear parameters on the coated material. The 
load, sliding velocity and sliding distance are considered as the three parameters. The experimental design is carried out in five levels by central 

composite design method (20 trials). The results shows that that load applied has the significant influence on the abrasive wear contributing 40.25%  
followed by sliding velocity and interaction effect of sliding velocity and distance of 17%. The least influencing factor is found to be interaction effect of 
load and sliding distance of 1.2% 

 
Keywords: nano coatings, three body abrasive wear, CCD, optimization, plasma spray.  
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I. INTRODUCTION 
Modern industries expect to meet their ever growing demands 
with the development of technology in the area of materials. 
The emphasis is now more on the use of reliable and novel 
materials with improved mechanical properties which will 
ensure the effective utilization of appliances for a longer period 
even if they are subjected to an aggressive environment.  
These surface properties of materials can be improved by 
surface coating [1], [2]. Tamilarasan et al. [3] studied the effect 
of surfactant on the wear and scratch behaviour of eletroless 
Ni-P nano TiO2 . The wear loss incurred by the nickel-nano 
SiC composite with a significantly less particle volume % was 
nearly half of the nickel- micro SiC composite coating[4]. Singh 
et al. [5] studied about the electrolytic preparation for Ni-B4C 
composite coating and the characteristics  of the coating are 
studied. The results showed that the resulting deposits are 
composed of Ni and B4C and B4C uniformly dispersed as 
second phase in nickel matrix with clean interface between 
B4C and Ni. Results also proved that the B4C reinforced 
composites exhibit relative high hardness, negligible strain. 
Similar work is carried out by Raghavendra et al.[6] on Ni 
composite coating with Al2O3 nano particle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

They found increase in wear resistance compared to bare and 
Ni coating using RSM method.  Gadhari et al.[7] employed 
Taguchi L27 approach to optimize process parameters and 
annealing temperature for improving the hardness of Ni-P-TiO2 
coatings. The results confirmed that at optimum level of 
process parameters the hardness is increased up to 23.78% 
compared to initial conditions. Though considerable research 
work has been carried out on coating, there still enough work 
to be done on surface coating on metal substrate which 
undergo abrasive wear. The deterioration of surface is major 
problem in many industries. The wear protection and 
prevention is the most economical way to off-set the high cost 
associated with component repair and replacement. The use 
of micron and submicron particles has changed the trend of 
coating. Hence, this work concentrates on micron/ submicron 
composite particle coating on metal substrate, in light of 
enhancing the mechanical properties and abrasive wear 
behaviour. Boron carbide nano particles are (B4C) coated 
along with Ni-Cr powder by plasma spray coating method. 
 

II. EXPERIMENTAL PROCEDURE  
A. Substrate preparation  
The base material selected is IS 2026 Steel which is treated 
as substrate. This steel selected as it has higher applications 
in the field of general structures. The specimen is prepared to 
a plate size of 75×25×10mm. The micro particles of B4C of 
particle size 40 nm are selected for coating. These B4C are 
abrasive carbide particles which provide higher hardness. 
These coatings and also have applications in the field of 
electric conductors, heat resistance and electronic component. 
The Plasma spray coating technique is used due its superior 
coating quality. The higher kinetic energy with which the 
particles strike during this type of coating technique makes it to 
adherence strongly with the specimen. The Table I. shows the 
configurations of plasma spray coating used.  
   

Table I. Details of plasma spray coating 
Sl. 

No. 
Parameter Pressure in Psi 

Flow rate 

In SCFH 

1 Argon  100-120 100-115 

2 Hydrogen 50 15-18 

3 Current 400-500Amp 65-75Volts 

5 Powder speed 
100-120 

gm/min 
------ 

6 Spray distance 4-6 inch ------ 

_____________________ 
 Jhansilakshmi K P is a research scholar perceiving her Ph.D in 

UBDTCE Research centre, Davanagere-5775002, under VTU 

Part Time Ph.D Programme from 2016 in composite coating 
related to wear characteristics. Her area of research interests 
are nano coatings, tribology, microhardness and microstructure 

of coating and materials. She perceived Bachelor of 
Engineering degree in Mechanical Engineering degree from 
Karnatak University and M.Tech from VTU in the specialization 

of production and operational management.  She has teaching 
experience of 10 years and presently working as Assistant 
Professor in Government Engineering College, haveri-581110.  

 Dr. Irappa sogalad, completed his B.E. in Mechanical 
engineering and M.Tech from UBDT college of engineering 

under Kuvempu university. Completed his PhD on composite 
materials. Presently working as Asso. Professor In UBDT 
college of engineering in Mechanical engineering department 

Davanagere, Karnataka, India. He has guided many Ph.D and 
M.Tech students in the areas of composite materials and 
coating. 

 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 01, JANUARY 2020       ISSN 2277-8616 

1222 
IJSTR©2020 

www.ijstr.org 

The samples are grounded and polished, later cleaned in 
order to achieve good coating thickness.  Substrate material is 
sectioned as per the design of experiment and surface is 
polished or ground. 
 

III. RESULTS AND DISCUSSION 
A. Morphology study 
The coating is formed over the steel substrate with uniform 
thickness of 80µ. Fig. 1 shows the scanning electron 
micrograph images of SiC coated samples at 500X  (Fig. 
1(a))and 100X (Fig. 1(b)). It is evident from the micro graph 
that uniform distribution of particles is clear.  

 
Fig. 1. Coated samples with SEM micrograph images 
 

B. Microhardness  
The microhardness of coated material is carried out as per the 
ASTM E-18 standard using Vickers microhardness  test rig. 
The Hardness is measured by two scales one is C scale and 
another one is B scale and are for Hardened and Unhardened 
material respectively. The microhardness number of bare 
sample without coating is found to be 285VHN and with 
coating of B4C is 386 VHN. It is clear that there is an increase 
in 120% of hardness.  
 

C. Three body abrasive wear  
The present work concentrates on three body abrasive wear 
behaviour of the coating. It is carried on using the three body 
abrasive wear test rig shown in the Fig. 2 which has a wheel 
diameter of 228mm (Ducom India Pvt. Ltd.).  

 
Figure 2. Three body abrasive wear test rig. 

 
The parameters of abrasive wear viz., load, sliding velocity, 
and sliding distance are given in the Table II at five levels. The 
surface of both specimen and rubber wheel are cleaned 
before test. Initially the specimens are weighed in electronic 
weighing balance, while conducting the test; the specimen is 
pressed against the counterpart, rotating the rubber wheel 
against the counterpart by applying load. 

 

Table II. Details of wear parameters. 
Levels Load (N) Sliding velocity (m/s) Sliding distance 

(m) 

1 5 0.35 100 

2 10 0.71 200 

3 15 1.07 300 

4 20 1.43 400 

5 25 1.79 500 

The difference in the weight loss measured before and after 
the test and then the volume loss is calculated using the 
measured value. 

 

 
Table. III. Results of % volume loss due to abrasive wear 

Sl. 

No 

Load 

(N) 

Sliding 

Velocity 
(m/s) 

Sliding 

distance 
(m) 

% vol. loss 

x10
-3

 mm
3
 

1 20 1.43 400 32.598 

2 15 1.07 300 21.360 

3 5 1.07 300 13.050 

4 10 1.43 400 18.053 

5 15 1.07 300 18.980 

6 10 0.71 200 18.230 

7 15 0.35 300 13.220 

8 15 1.07 500 23.400 

9 15 1.07 300 18.869 

10 20 0.71 400 15.460 

11 10 0.71 400 14.220 

12 15 1.07 300 21.910 

13 20 0.71 200 18.832 

14 20 1.43 200 21.030 

15 10 1.43 200 12.900 

16 15 1.07 300 19.230 

17 15 1.07 100 15.760 

18 15 1.07 300 18.390 

19 15 1.79 300 21.340 

20 25 1.07 300 25.828 

 
The experiments are conducted as per CCD, which provides 
20 numbers of trail. The combination of parameters at different 
levels and corresponding percentage wear volume loss is 
provided in the Table III. The minimum volume loss was found 
to be 12.9x10

-3
 mm

3 
at load of 10N, sliding velocity of 1.43m/s, 

and sliding distance of 200m. The maximum wear loss is 
noted at corresponding load, velocity and distance of 20N, 
1.43 m/s and 400m with the value of 32.598x10

-3
 mm

3
 but still 

this found even better with bare sample without coating with 
the value of 49.87x10

-3
 mm

3
.  

 

Figure 3. 3-D surface plot of wear parameters on abrasive 
wear. 
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It is also evident that load applied has the significant influence 
on the abrasive wear contributing 40.25%  followed by sliding 
velocity and interaction effect of sliding velocity and distance of 
17%. The least influencing factor is found to be interaction 
effect of load and sliding distance of 1.2%.  

   

IV. CONCLUSIONS 
In summary, the work carried out on plasma spray coating of 
B4C particles on the steel samples are concluded as; i) The 
B4C coating by plasma spray method has yielded with uniform 
distribution and good thickness ii) The optimized values to get 
least three body abrasive wear rate is found to be 12.9x10

-3
 

mm
3 

at load of 10N, sliding velocity of 1.43m/s, and sliding 
distance of 200m iii) The load is the most significant 
contributor for abrasive wear rate. 
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