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Abstract
WC–Co coated grades are the first choice in a wide range of 
applications where wear resistance is important. Such applications 
are found in general drilling, milling, turning and boring of steel, 
alloys and ceramics, with crater wear resistance offered. Its hardness 
provides abrasive wear resistance, resulting in reduced flank wear. 
Improve edge toughness in interrupted cuts and reduce smearing 
tendencies. So, in order to take advantage of these surfaces 
modification often required in order to with stand against wear, 
crater formation etc. In this research paper surface modification of 
WC-Co work piece by Electric Discharge Coating (EDC) process 
using SiC-Cu green compact tool-electrode. Powder metallurgy 
tool-electrodes were used to create hard layers on the work piece 
surface by a material transfer from this tool-electrode to the work 
piece surface it was possible to create hard layers there with high 
tribological properties and integrity. The present study has been 
carried out to investigate the effect of input parameters (peak 
current, pulse-on time, Composition of the tool-electrode) on 
process performance parameters (micro-hardness of work piece 
surface and coating layer thickness).
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I. Introduction 
Surface modification means to improve the chemical and 
mechanical behavior of the workpiece surface. It can be done 
by several processes such as ion implantation proposed by 
Dong and Bell (1999), laser surface treatment (De Damborenea, 
1998), plasma surface modification (Katoh et al.,1997), physical 
modification and chemical modification mentioned by Ando 
et al. (1996), etc. But these surface modification processes are 
complicated and require special costly equipment, yet die and mold 
manufacturing companies require a simple and effective process 
that can modify the workpiece surface during the production stage. 
This shortcoming necessitates the exploration of an alternative 
surface modification process. Electric discharge machining (EDM) 
is the key process for surface modification in die manufacturing 
industries where material is removed by controlled erosion through 
a series of electric sparks. Under specific machining condition, 
during the electric sparks, the material from the tool-electrode is 
deposited on the workpiece surface being machined by a melting 
and vaporization process occurring in a micro-plasma channel in 
high temperature. Between each electric spark the material of the 
workpiece gets solidified by a quenching process (rapid cooling) 
due to a low temperature of the work medium (liquid dielectric). 
So, the transferred material from the tool-electrode can create a 
coating over the machined surface under appropriate machining 
condition in EDM. This process is popularly known as electric 
discharge coating (EDC).The EDC process for surface modification 
has been carried out with use of a special EDM tool-machine by 

utilization of a experimental setup, but the fundamental concept 
of the processes is different. Figure 1 demonstrates the process 
principle of EDC process proposed by Wang et al. (2002) in which, 
using kerosene as dielectric of the EDM process, Ti, W and other 
metallic materials are used for surface modification.

Fig. 1: Schematic Diagram of Process Principale of EDC

In EDC, coating of hard carbide on workpiece surface has been 
produced through the chemical reaction between the transferred 
material of the tool-electrode and the carbon particles decomposed 
from the kerosene fluid under high temperature. The carbide is 
piled up on the workpiece surface and becomes a hard layer in 
several minutes, thus obtaining the desired characteristics of the 
workpiece surface. However, the wear rate of tool should be higher 
than the cutting speed of the workpiece. In the present study, 
TiC=Cu tool-electrode was used and it was electrically connected 
with the negative pole of the power supply (generator) of EDM 
tool-machine, while the Al workpiece is connected to the positive 
pole. Moreover, in EDC, powder metallurgy green compact or 
semi-sintered electrode are successfully used to transfer sufficient 
materials to create a coating over the workpiece surface, mainly 
due to the fact that the bonding strength of powder to be lower 
compared to a fully dense material. Samuel and Philip (1997) 
compared the performance of powder metallurgy (P=M) tool-
electrodes with conventional tool-electrodes in electric discharge 
machining with straight polarity and not in machining conditions 
favoring surface modification. It was found that P=M electrodes 
were more sensitive to changes in pulse current and pulse duration 
and these are having comparatively more significant impact on 
output parameters. Research works on application of EDM=EDC 
for coating purpose was started in 1990s where researchers used 
green compact electrodes in EDC for surface modifications 
and found that the electrode elements can be transferred to the 
workpiece surface being machined. Another aspect which is being 
investigated recently in the surface modification by EDC process is 
to add various powders, including silicon, nickel, and chromium, 
into the dielectric for improving surface properties such as corrosion 
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resistance, wear resistance and hardness (Yan et al., 2001).To 
the best knowledge of authors, researchers picked up research 
on surface modification by EDC, which was used to modify the 
metallurgical and physico-chemical nature of workpiece surface 
by suitable changes in the ingredients and compositions of the 
powder compact. Since the Process was initiated in 1990s, very 
few references are available on surface modification by EDC. 
It is available in literature information that EDC has the potential 
of becoming a very useful and cheap alternative for surface 
modification process. In addition, selective surface alloying can 
be achieved by EDC using the powder metallurgy electrodes. 
However, many issues related to EDC have not been understood 
properly and major research efforts are required to explore various 
ambiguities related to the process. In the present study, EDC 
process has been carried out to modify aluminum work piece 
surface using TiC=Cu green compact electrode to investigate the 
effects of the process parameters and tool-electrode characteristics 
on the properties of the modified work piece surface.

II. Experiment

A. Selection of Tool-Electrode and Workpiece and 
Experimental Equipment
The experimentation has been carried out on a die sinking EDM 
(Electronica). Cobalt bonded tungsten carbide (WC-Co) been 
selected as workpiece material due to its commercial and industrial 
importance in aerospace, transportation, automotive industries and 
surface modification of aluminum using hard material like silicon 
carbide (SiC) improves the crack resistance, wear and corrosion 
resistance properties and thus, its life span. The dimension of the 
workpiece used in the experiments is 20mm. 20 mm. 5 mm.
The silicon carbide (SiC) and copper (Cu) powder of mesh 325 
(mean diameter of powders are 44mm) were chosen as materials 
of tool-electrodes to realize the coating process of the workpiece 
surface. The tool-electrodes were prepared by powder metallurgy 
process using a single die and punch assembly. For this purpose, 
12 mm die and punch assembly was used for preparing the green 
compact tool. The green compact tool-electrodes were attached to 
the steel rods with the help of an electrically conductive adhesive 
for the correct positioning during the EDC process (Das, 2009).
Parameter Selection: EDC process parameters are classified into 
three major categories as follows:

Power supply related: type of power supply, current, voltage, 1. 
pulse-on time, pulse-off time, duty cycle, polarity, etc.
Electrode related: electrode type, material and composition of 2. 
electrode, size of electrode, diameter of powder, compaction 
pressure, etc.
Workpiece related and others: workpiece material, machining 3. 
time, machining area, dielectric material, etc

Table 2: Levels of Process Parameters Used in Pilot and Main 
Experiments

Parameters for 
Experiments Range

Level
1 2 3

Electrode 
Polarity Negative - - -

Coating Time 1-3 min 1min 2min 3 min

Peak Current 
(IP) 4–10 A 4 A 7 A 10 A

Pulse-on Time 50–250 ms 50 ms 150 ms 250 ms

Electrode 
Composition

50–70% 
SiC(by 
Weight)

50% 60% 70%

Investigation to study their effects on measures of process 
performance: average surface roughness, micro-hardness of the 
workpiece surface and coating layer thickness. Table 2 presents 
the ‘‘ranges’’ and the ‘‘fixed levels’’ of the process parameters 
selected for realization of ‘‘pilot’’ and ‘‘main experiments’’.

B. Experimental Procedure
Experimentation has been carried out to study the effects of input 
process variables on process performance parameters, i.e., Micro-
hardness and deposited layer thickness. The micro-hardness and 
deposited layer thickness value were computed after a detailed 
work-sample preparation. The procedure used for determining the 
micro-hardness and deposited layer thickness value is described 
here. After EDC, for the micro-examination each work sample 
was cut into two pieces through the middle of the coating in the 
transverse direction which would also reveal the metal transfer.

C. Experimental Design
The experimental investigation was carried out in three phases: pilot 
experiments, main experiments, and confirmation experiments. The 
pilot experiments were conducted to study the effects of electrode 
polarity and coating time on process performance parameters. 
Based upon the pilot experiment results, negative polarity of 
electrode and 2 min as coating time were found optimum; and 
therefore the values were used during the main experiments.

Table 3: Orthogonal Array for L9 With Responses
 
Exp. 
No

Input Parameters Output Parameters

Ip Ton EC
Micro 
Hardness
(HV)

Coating layer
Thickness (µm)

1 4 50 50 1028 19.78
2 4 150 60 1284 24.98
3 4 250 70 1629 31.56
4 7 150 70 1343 39.98
5 7 250 50 1799 36.67
6 7 50 60 1547 45.09
7 10 250 60 1829 59.67
8 10 50 70 1648 51.97
9 10 150 50 1448 69.08

Fig. 2: Photograph of SiC-Cu Composite Coating on WC-Co 
Workpiece
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III. Study Of Modified Workpiece Surface 
Characteristics
The work sample after conducting confirmation experiment has 
been studied by taking micrographs and micro-hardness; and 
EDX and SEM analysis have been carried out to explore the 
significance of the process in modifying the workpiece surface 
characteristics.

A. Study of Micrographs
The micrograph of coated surface obtained by the confirmation 
experiments is shown in the Figure 3. It indicates a uniform and 
continuous layer of SiC deposited over the workpiece surface. 
Thus, the process improves the hardness characteristic of 
workpiece surface.

Fig. 3: Micrograph Showing Uniformly Deposited Layer of SiC 
Over Base Metal

B. Study of Micro-Hardness
The hardness value of the deposited surface layer is substantially 
higher than that of WC-Co. The micro-hardness value of the layer 
is found to be in the range of around 1028–1829 HV, whereas 
hardness of base matrix of WC-Co is around 140–155 HV. It 
can be seen that even the lowest hardness value of the deposited 
layer found during experimentation is six to seven times higher 
than that of base metal. The variation of micro-hardness from 
the outer surface toward core. From the graph, it is obvious that 
the hardness is in increasing order from the base metal to the 
deposited layer.

C. Study of Microstructure of Layer
Microstructure of workpiece surface has been studied by Scanning 
Electron Microscopy (SEM) to study the SiC distribution profile 
for cross-sectional in composite layers. Typical micrographs of 
workpiece surface are shown in fig. 4. The matrix of modified 
layers consists of Si compounds, Cu and WC identified by the EDX 
pattern. It is evident from fig. 4 that the size of SiC particulates 
becomes smaller with increasing distance from the surface.

       

Fig. 4: SEM Photographs Showing the SiC Morphology of the 
Cross-Section of Deposited Layer at 10µ and 100µ Scale

IV. Conclusion
The Present study illustrates the surface modification of WC-
Co work piece by EDC process using powder metallurgy SiC-
Cu green compact tool-electrode. It is found that the addition of 
copper powder with the electrode materials enhances the process 
capability. 
Copper powder also helps in providing a good binding to the SiC 
particles and the required electrical conductivity for initiating good 
sparking condition. It is evident that there is an apparent grad 
variety in the EDC surface layer component. The outer layer of 
work piece surface is rich with Si but gradually, the amount of Si 
in surface layer decreases with depth towards the parent material 
and this is very essential for surface modification.
The results of confirmation experiment showed a gradual increase 
in micro-hardness from a base matrix value of 155 HV to 1829 
HV after EDC process. Surface integrity aspects are also studied 
by taking micrographs, SEM photographs, micro-hardness 
values etc. Based on the experimental results, it is obvious that 
to achieve a higher deposited layer thickness, surface finish has to 
be compromised and vice-versa. Moreover, higher current settings 
yield comparatively thick layer but provide rough surface. Lower 
values of current provide comparatively smooth surface with less 
layer thickness.EDC is a very practical technology having well 
prospect in various industrial applications because the process is 
economic and does not need special equipment.
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