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Abstract - The study investigates the effect on wear rate of laser clad of cast iron with silicon carbide. Metal parts often fail 
their intended use because they wear, which causes them to lose their functionality. The laser has been used as a heating 
source to create a melt pool over the surface of cast iron, and then a layer of hard silicon carbide is deposited. Various 
combinations of Power and Feed rate of laser have been experimented. A suitable range of laser processing parameters were 
identified. Wear resistance and wear rate properties were evaluated and the result shows that the wear resistance of the laser 
treated samples was much superior to that of the untreated samples 
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I. INTRODUCTION 
 
Cladding is the bonding together of dissimilar metals. 
[5] Laser cladding is a method of depositing material 
by which a powdered or wire feedstock material is 
melted and consolidated by use of a laser in order to 
coat part of a substrate. [5] Gray Cast Iron was 
selected as the substrate material because of its 
properties like good castability, excellent 
machinablity, excellent damping properties, low 
shrinkage during solidification and relatively low 
melting temperatures .i.e. around 1150-1250oC. [4] It 
also displays a fairly good corrosion resistance and 
damping capacity. [20] Properties of Cast Iron 
depend on its composition, size and distribution of 
graphite flakes. [4] A very high hardness value .i.e. of 
the order of 150-300 BHN and tensile strength of 15-
40 Kg/mm2 make Cast Iron best suited material for 
application like high speed gears, etc.  [2] 
Cast Iron has a composition of various elements 
varying by various percentages, such as C (3.2 - 
3.7%), Si (2.0 - 3.5%), S (0.06 - 0.1%), P (0.1 - 
0.2%), Mn (0.5 - 1.0%). [1] 
For the application as that of a gear, there is a loss of 
material from the gear tooth as the second gear mates. 
This loss of material is termed as wear loss. [6] This 
loss of material predominantly occurs due to friction 
between a material with high hardness value and a 
material with lower hardness value. This causes 
removal of material. [6] Various types of wear 
observed are adhesive wear, abrasive wear, erosion 
wear, fretting wear, chemical wear. [6] Wear can lead 
to growth of micro-cracks, which can lead to a 
formation of larger cracks which ultimately fractures 
the material. The loss due to wear occurs at a very 
slow rate, and it takes microscopic evaluation of the 
material to figure out the losses. The wear rate can be 
quantified by loss in mass, loss in volume and loss in 
linear dimension. [3] 
In order to prevent such losses due to wear, various 
techniques have been evolved, one of them is laser 
cladding. It is the best technique for coating any 

shape, this as well helps to increase life-time of 
wearing parts. This can be attributed to small heat 
affected zones (HAZs), the finished product will be 
free of any cracks and also porosities also the fact that 
high localized cooling rate also helps to produce fine 
microstructure, which helps to increase the hardness 
and the wear resistance of the substrate. [3] 
Silicon carbide powder has been coated on the 
substrate cast Iron for improving its wear rate. 
Properties such as high hardness, superior wear 
resistance, high melting point .i.e. 2830oC, excellent 
thermal conductivity and corrosion resistance along 
with its ease of availability in the market makes it 
more suited for laser cladding operation.  
The surface is heated to temperatures above the Ac1 
transformation temperature, resulting in 
austenitisation. [8] The substrate material around acts 
as a heat sink. Heat is transported away from the 
surface by thermal conduction, inducing rapid 
cooling. [8] Austenitised material forms martensite 
on cooling, producing a hard and wear-resistant 
surface. [8] Properties of the hardened layer are 
controlled by the energy input, which depends on the 
beam power density and interaction time. [8] The 
longer interaction time enables more heat to be 
conducted into the substrate material before melting 
temperature is attained at the surface. A higher 
traverse rate and a higher power density results in 
higher cooling rate, at the expense of the depth of the 
hardened layer. [8] 
The present study aims to study the effect of cladding 
on the wear rate of Cast Iron by making use of a 
pulsed LASER as a heating source. To attain the 
maximum wear resistance without surface melting, it 
was essential to establish the optimum irradiation 
conditions. 
 
II. DETAILS EXPERIMENTAL  
 

 Cast iron was selected as the substrate material to 
study the mechanism of coating Silicon Carbide 
powder on substrate. From the available parameters 
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of specimen sizes, cylinder of the size Ø10mm X 32 
mm was selected. The Silicon Carbide powder was 
selected for the experimentation.  
 After primary cleaning of faces of cast iron 

specimen, deburring of the faces is done to make 
a flat surface. Then specimen is rubbed on the 
polish papers of different particle sizes in such a 
way that scratches are removed. The substrate 
was rubbed against the polish paper of sizes 
ranging from 200 to 1200 µm particle sized 
papers. The sample surface was cleaned using 
Lapping wheel to obtain the mirror finish on the 
experimental surfaces. 

 After surface preparation of substrate a paste of 
adhesive was applied on the face of specimen, 
over which the Silicon Carbide powder was 
applied. This powder was approximately of 
thickness 0.5-1 mm.    

 LASER processing of the samples is conducted. 
The LASER used was optic fibre laser. The 
sample is held in the fixture to hold its position. 
The Argon gas is supplied during the laser 
processing. This is done in order to prevent any 
oxidation of the surface, due to excessive 
temperatures attained. The path of laser is traced 
by the CAD file. The beam dimensions used are 
kept constant throughout the experimentation. 
The power and the speed of operation can be 
varied using changing the parameters on the 
software.  

 

Specimen No. Power(W) Speed(mm/s) 

1 250 2 

4 300 5 
5 350 2 
Table [Power and Speed combination for specimen] 

 

Fiber laser 

 
Fig [Working diagram of pre-placed powder laser cladding 

experiment] 
 Wear Testing- 
For wear testing pin on disc type of testing method, 
the material of plate which is rotating is made of 
material (.i.e. EN8) has excellent wear resistant 
properties and also has higher hardness than Cast 
Iron. The test specimen is once weighed before the 
test begins and later on after the test is conducted. 
The difference in mass is used to calculate the wear 
rate at those particular working conditions. 
The fixed parameters are velocity and distance of run 
whereas the variable parameters are number of 
rotation and time of operation. 
Track Radius: 60 mm 
D= 5000 m 
t= 1000 s 
After experimentation, the specimen was removed 
from the holder and weighed again, to quantify the 
material removed due to wear. 

III. RESULTS AND DISCUSSION 
 
Cladding of Silicon carbide powder on gray cast iron is feasible experimentally and it also reduces the wear of 
the cast iron substrate. Various combinations of laser power and scanning speeds have been experimented and 
found that at 300W power and scanning speed of 5 mm/s gives the best wear resistance as compared to other 
combinations.  
 
Wear Testing Results:  
Specimen No. Power 

(W) 
Scan Speed 
(mm/s) Weight of specimen Wear Rate 

(gm/s) 

    Before 
(gm) 

After 
(gm) 

Diff 
(gm)   

Unclad   20.4954 19.1257 1.3697 1.3697 X10-03 

1 250 2 18.0845 18.0731 0.0114 1.14 X 10-05 

4 300 5 20.9224 20.918 0.0044 4.4 X 10-06 

5 350 2 20.6266 20.595 0.0316 3.16 X 10-05 
Table [Wear Testing Results] 
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These process variables are majorly responsible for 
the changes observed in the wear rates of substrate. 
From the results obtained, we can infer that lowering 
wear rate is preferred for increasing the wear 
resistance of cast iron.  
 
The operating conditions at which the minimum wear 
rate is obtained is observed in Specimen no. 4 at 
Power= 300W and Scan speed= 5mm/s i.e. minimum 
wear rate for track radius= 60mm.  
Conclusions inferred from the results obtained are 
that, as the scanning speed of laser increases the 
chance of powder not adhering to the substrate 
surface also increases. It is also found by 
experimentations that the most optimum power at 
which laser cladding of cast iron is possible using a 
diode laser is at 300W. Lowering the power of 
operation, results in imparting insufficient 
temperature for the pre-placed powder to adhere to 
the substrate’s surface which makes no change to the 
surface property of cast iron. Increasing the power, 
increases the temperature imparted to the substrate 
surface and it creates a deeper melt pool. This 
increases the residual stresses near the tip and also 
results in burning of the pre-placed silicon carbide 
powder over the substrate. Burning of powder over 
the surface can nullify the objective of increasing 
wear resistance.  
Thus the comparative study suggests us that wear 
resistance at power 300W gives the best result, and it 
has been quantified in form of a representative graph. 

 
Fig [Plot of variation of wear rate with specimen] 

FUTURE SCOPE 
 
Laser cladding can be used effectively and efficiently 
to increase the wear resistance by inducing lower 
thermal stresses in the substrate. This can also be 
applied for many industrial applications like gears, 
pistons, crankshafts, etc. Laser cladding is very 
controlled and convenient compared to traditional 
processes like thermal spraying. The technology is 
easy, reliable, quick and controllable which makes it 
the most suitable. 
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