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Abstract. Sand blasting is a common process to prepare steel surfaces prior to thermal spray coating application to obtain better coating adhesion. Die-sinking electro-discharge machining (EDM) is a non-conventional
machining process that also produces rough surfaces. In this study, steel (EN 31) surfaces are prepared by both
methods to obtain the same average roughness (Ra) of 3, 5 and 7 lm. The prepared surfaces are studied and
compared to investigate whether the rough EDMed surface is suitable for applying thermally sprayed Ni–5Al
coating on it or not. XRD and scanning electron microscopy analysis of the samples are carried out. Nanohardness behaviour of the samples is also studied. Failure in obtaining well-adhered D-gun-sprayed Ni–5Al
coating on EDMed surface is due to the presence of hard cementite and austenite phases on the surface. It is
concluded that for thermal spraying, adhesion of coating material on substrate cannot be achieved without
proper metallurgical compatibility. Also, for thermally sprayed Ni–5Al coating application on steel substrate,
grit blasting method is the suitable process for substrate preparation.
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1. Introduction
In thermal spraying, powder particles/wire are/is fed into a
hot flame to produce molten droplets with high velocity.
These droplets deposit on a well-prepared substrate to form
a thick coating. The adhesion of thermally sprayed coatings
with the substrate surface depends strongly on the condition
of the surface receiving the molten droplets on it [1, 2]. The
substrate is prepared by roughening it followed by proper
cleaning. Prior to the deposition, pre-heating of the substrate is another mandatory step to be followed [3]. Properly prepared surface provides increased metallurgical
interaction between the sprayed particles and the substrate
[4]. The main reason of coating–substrate adhesion is the
mechanical anchorage, which is established by the application of quenching stress by rapidly solidified splats on the
asperities of the rough surface. In addition to this, local
welding of materials may take place at the coating–substrate interface. This is done either by physisorption or
chemisorption mechanism at the thick layer of the substrate
surface [5]. The formation of Van der Waals bond or
chemical bond depends on the temperature of the splat and
the properties of the two materials. The commonly used
substrate preparation technique for steel is sand blasting,
which creates desired roughness by erosion mechanism
[6, 7]. The erosion of the material can be controlled by
*For correspondence

varying shape, size and the kinetic energy of the abrasive
particles impinging on the surface [8].
Die-sinking electro-discharge machining (EDM) is a nonconventional machining process used to remove material
from steel workpiece by spark erosion mechanism. In EDM,
electric spark is created between the conductive electrode
(tool) and the conductive workpiece (e.g. steel) placed at a
suitable distance in the presence of dielectric material
[9–11]. The high-frequency electric sparks remove material
by controlled melting and evaporation from the work surface [12–14]. The shock wave developed by the explosion
helps remove debris from the surface [15–17]. As a result,
small craters are formed on the machined surface and they
make the surface rough. It is observed that the produced
surface by EDM process is a superposition of discharge
craters [18], pores, melted drops and micro-cracks. The
average size of the craters is directly proportional to the
discharge energy [19, 20]. Grossly, the average radius of the
crater represents the theoretical roughness (hm) of the
machined surface. The discharge energy of EDM depends
on various process parameters such as current intensity, gap
voltage, pulse-on-time and pulse-off-time. Hence, the
resulting surface roughness can be controlled by controlling
those process parameters. It is reported that with an increase
in current intensity, pulse-on-time and voltage the average
surface roughness (Ra) increases [21]. On the other hand,
with an increase in the pulse-off time the average surface
roughness decreases [22].
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Many research works have been carried out on the process parameters of EDM to control the spark energy and the
material removal rate (MRR) [23, 24]. However, no work
so far has been noticed where die-sinking EDM process is
used for the substrate preparation prior to any coating
application, such as thermal spray process. In the present
study, the suitability of such rough surface produced by
EDM for the application of thermally sprayed coating on it
is investigated. For this purpose, the sand-blasted steel
surface is compared to EDMed steel surface with the same
average surface roughness (Ra).

2. Materials and methods
EN 31 steel with 25 mm of diameter and 10 mm of
thickness is selected as the substrate material for the sample
preparation. The composition of EN 31 steel is presented in
table 1. The substrates are ultrasonically cleaned before and
after the roughening processes in an acetone bath. Alumina
grits are used for the sand blasting operation (Sandstorm,
model SEC-SB-9090). Steel samples are blasted by varying
air pressure (3 and 5 bar) with different sizes of alumina
grits (36, 24 and 16 mesh) at 100 mm of stand-off distance
for 30 s of time duration to obtain average surface roughness of 3, 5 and 7 lm. In die-sinking EDM process
(Electronica Sinker EDM, model PS50 CNC), a cylindrical
copper electrode (having 99.5% purity) with a diameter of
25 mm and a length of 250 mm is used as the tool and
hydrocarbon oil is used as the dielectric medium. The
dielectric oil is continuously flushed in between the tool
and workpiece gap using two external nozzles. The properties of electrode material are shown in table 2 and the
parameters used are shown in table 3. The workpiece is set
as the anode whereas the tool electrode is set as the cathode
for the EDM operation. Based on trial and error, the
parameters of both the processes are selected in such a way
that an average substrate roughness (Ra) of 3, 5 and 7 lm
can be achieved.
The Ra of the samples is measured using a contact type
stylus profilometer (Taylor Hobson, Surtronic 25) for an
evaluation length of 8 mm with a cut-off length of 0.8 mm.
The average crater diameter of each sample is estimated by
considering the surface profiles of at least 10 different
locations of the same sample. The microstructures of top
and cross-sectional surfaces of all the samples are studied
with the help of field emission scanning electron microscopy (FESEM, Zeiss Supra-55). The phases of the asprepared top surface of the treated samples are determined

(2020) 45:50

Table 2. Properties of copper electrode.
Density (kg/m3)
Thermal conductivity (W/mk)
Melting point (°C)

8910
158
1083

Table 3. Process parameters used for EDM process.
Sample 1
Current (A)
Voltage (V)
Pulse on time (ls)
Pulse off time (ls)
Dielectric material
Dielectric flushing
Flushing type
Flushing angle
Flush pressure (kg/cm2)
Avg. roughness Ra (lm)

1
10
50
32
Kerosene
ON
External
30°
2
3

Sample 2
3
30
75
32
Kerosene
ON
External
30°
2
5

Sample 3
5
30
100
32
Kerosene
ON
External
30°
2
7

using an X-ray diffractometer (Cu-Ka, Rigaku Smart Lab
3 kW).
Nano-indentation tests have been carried out on the
cross-sectional surfaces of the samples to estimate the
nano-hardness of prepared samples using a nano-mechanical test instrument (Hysitron, T1750). A Berkovich probe
indenter with a tip radius of 150 nm, total included angle of
142.5°, semi-angle (h) of 65.35° and aspect ratio of 1:8 is
used for performing the indentations with a peak load of
10 mN.
The Ni–Al coatings are deposited on the sand blasted and
EDMed samples by D-gun thermal spray technique
(‘AWAAZ’ D-gun system, SVX Pvt. Ltd., Noida) and the
deposition parameters are shown in table 4.

3. Results and discussion
3.1 Surface roughness analysis
The surface roughness profiles of sand-blasted and EDMprocessed samples with an average roughness of 3 lm are
shown in figure 1. Lesser number of peaks and valleys are
observed in the profile of EDMed sample compared with
the sand blasted sample. Also, the asperities observed in the
sand blasted surface profile are sharper than those observed
in the EDMed surface profile. Hence, the EDMed surface
has less chance to grip the splats deposited on it by thermal

Table 1. Chemical composition of work material.
Element
Chemical Composition

C
0.9–1.1%

Mn
0.6–0.9%

Si
0.15–0.35%

Cr
0.9–1.2%

Fe
Balance
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Table 4. Process parameters used for D-gun spraying.
Parameters
Air pressure (in MPa)
Nitrogen pressure (in MPa)
Oxygen pressure (in MPa)
Acetylene pressure (in MPa)
Spray distance (in mm)
Acetylene flow rate (in kg/cm2)
Oxygen flow rate (in kg/cm2)
Nitrogen flow rate (in kg/cm2)
Firing rate (shots/s)

Value
0.4
0.4
0.2
0.14
165
2240
2800
1040
3–5

spray process. Higher sharpness of asperities promotes
higher mechanical anchorage to the coating material. The
surface roughness profiles of EDMed and sand blasted
samples of 5 and 7 lm roughness are shown in figures 2
and 3, respectively. Apparently, there is not much difference between the profiles of sand blasted and EDM processed surfaces in the cases shown in figures 2 and 3.
However, a decreasing trend in the sharpness of asperities
is noticed with increasing Ra of sand blasted surface. This is
because of using larger sized grits, to produce rougher
surfaces. Also, by close observation of figure 2, it is
revealed that the density of peak in case of sand blasted
surface is more than that of EDM processed surface. It is
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evident from figure 3 that the surface profiles of both the
samples are similar when Ra reaches 7 lm. The crater
diameter of the samples is calculated using the following
formulae:
total length ¼ evaluation length0:4 mm0:5 mm ¼ 7:1 mm;
density of peaks/mm ¼ total number of peaks/total length;
avg: crater diameter ¼ 1=ðdensity of peaks/mmÞ:

Figure 4 shows the variation in crater diameter with
varying Ra for both sand blasted and EDMed surfaces. It is
clear that, with an increase in Ra value, the difference in
crater diameter between sand blasted and EDMed samples
is decreased. Also, both the samples possess almost same
crater diameter when Ra value reaches 7 lm. The mechanism of material removal in sand blasting is erosion by
impacting high-velocity abrasive particles. The removal
takes place through indentation followed by crack propagation and brittle fracturing of the substrate. With smaller
grits (36 mesh), the density of peak is increased by forming
smaller craters. As a result, low Ra is achieved with sharp
peaks. On blasting with larger particles (16 mesh) the
diameter of the crater is increased, which increases the
overall Ra of the sample. However, for a fixed evaluation
length, the number of peaks is reduced significantly. Also,
on blasting with larger particles, a significant amount of

Figure 1. Surface profiles of sand blasted (SB) and electro-discharge machined (EDM) samples with an average roughness of 3 lm.
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Figure 2. Surface profiles of sand blasted (SB) and electro-discharge machined (EDM) samples with an average roughness of 5 lm.

plastic deformation takes place, due to which the sharpness
of the peaks is reduced. On the other hand, the mechanism
of material removal in EDM is controlled by heating,
melting and evaporation of substrate material through the
formation of sparks. During pulse-off time, some amount of
molten material from the crater re-solidifies and deposits
over the machined surface. Because of these re-solidified
deposits, the peaks of EDM processed surface are not very
sharp.

3.2 Phase analysis
Figure 5 shows the XRD patterns of all six samples. The
presence of a-Fe in the sand blasted samples suggests that,
during blasting, no surface contamination occurs and the
metallurgy of the surface remains unchanged. On the other
hand, in EDMed samples, austenite (CFe15.1) and cementite
(Fe3C) phases are observed on the surface. Also, by
observing the relative intensity of the austenite (CFe15.1)
peaks it is noticed that the formation of austenite phase
increases with increased surface roughness. To obtain high
surface roughness, high energy is invested in EDM. The
high-energy sparks produce a number of carbon radicals
and ions through dissociation and ionization of the hydrocarbon-based
dielectric
material
[25].
These

unstable carbons are impregnated to the EDMed surface
[26]. At high temperature these carbon radicals/ions react
with molten iron to form ion diffusion compounds, which
deposit and re-solidify over the asperities. The stability of
Fe3C phase increases with an increase in the absorption of
carbon in the recast layer during EDM process.
The austenitic phase formation is common on EDM
processed steel samples when mineral/hydrocarbon-based
oil is used as the dielectric [27]. It is reported that, with an
increase in carbon content in dielectric material, the formation of martensite decreases [28]. The absence of
martensite phase in the re-solidified layer is confirmed by
many researchers [29]. However, some amount of martensite formation is still possible on the top surface with a
suitable cooling rate in case of oil-based EDM [26]. The
formation of martensite is so little that quite often it is not
detectable by XRD analysis.

3.3 Microstructure study
Figure 6(a) and (b) shows the scanning electron micrograph
(SEM) of the top surfaces of the sand blasted and EDMed
surfaces with Ra of 3 lm. The sharp irregular surface
morphology observed in figure 6(a) suggests the brittle
fracturing of the surface during sand blasting operation. On
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Figure 3. Surface profiles of sand blasted (SB) and electro-discharge machined (EDM) samples with an average roughness of 7 lm.
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Figure 4. Variation of crater diameter with changing average
surface roughness of SB and EDM processed samples.

the other hand, large craters with a relatively smoother
surface of re-solidified layers are observed in case of
EDMed samples. More number of microcracks are
observed in sand blasted sample compared with the EDMed
surface. The cracks observed in sand blasted sample are
with wider openings. A few re-solidified spherical metallic
drops are visible on the EDMed surface. Due to high

cooling rate, they are solidified before deposition. Sharper
asperities are observed on sand blasted sample. The thin
cracks formed on EDMed sample are due to the introduction of thermal stress during solidification of the recast
layer [30]. The SEM micrographs of the cross-sections of
sand blasted and EDMed surface with 3 lm roughness are
shown in figure 7(a) and (b), respectively. Many large subsurface cracks are noticed in sand blasted samples whereas
very few small cracks are found in the cross-section of
EDMed sample.
The SEM micrographs of the top surfaces of sand blasted
and EDMed samples with Ra of 5 lm are shown in figure 8(a) and (b), respectively. Large craters and relatively
lesser number of cracks are observed in figure 8(a) compared with the sand blasted sample of 3 lm Ra. This is due
to the increased grit size (24 mesh), which not only
removes material by brittle fracturing but also deforms the
surface plastically by indentation. The reduced sharpness of
the peaks in roughness profile shown in figure 2 also
indicates surface deformation while blasting with larger
grits. Plastic deformation of the surface helps suppress
cracks to some extent. A few hair cracks are observed on
the EDMed surface as shown in figure 8(b). The width and
number of surface cracks are more on sand blasted surface
compared with the EDMed surface. It is also noticed that
the area coverage of the re-solidified layer is increased with
increased Ra from 3 to 5 lm. This is due to the higher
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Figure 5. XRD patterns of electro-discharge machined and sand blasted EN 31 steel samples with average roughness (Ra) of (a) 3 lm,
(b) 5 lm and (c) 7 lm.

energy investment during discharge in order to obtain
higher surface roughness. As a result, more melting and resolidification has occurred. This enhanced re-solidified
layer has covered the surface cracks formed during material
removal by spark erosion. This is why the number of cracks
formed in EDMed surface of 5 lm Ra is lesser compared
with 3 lm Ra. However, increased number of pores and
blow holes are noticed in figure 8(b) due to the inclusion of
gas bubbles at elevated temperature.
The SEM micrographs of the cross-sections of sand
blasted and EDMed surface with 5 lm Ra are shown in
figure 9(a) and (b), respectively. Figure 9(b) reveals that
the crater size of EDM processed sample is slightly bigger
than that of the sand blasted sample. The cracks observed in
figure 9(a) are identical to the crater wall, which shows

how the brittle fracturing takes place before separation
during blasting. However, number of cracks on cross-section is lesser than those observed in sand blasted sample of
3 lm roughness. On the other hand, almost crack-free
surface is observed on the cross-section of EDMed sample
of 5 lm roughness. However, deposition of recast layer is
found to be more, especially on the crests of the asperities.
Very few surface cracks are observed in the EDMed
sample.
Figure 10(a) and (b) shows the SEM micrographs of
sand blasted and EDMed surfaces with 7 lm Ra. Less
number of cracks with shorter length and width are
observed in sand blasted sample. This is due to the
enhanced effect of deformation by the indentation of larger grits. The large grit (16 mesh) produces large crater,
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Figure 6. SEM micrograph of (a) sand blasted and (b) EDM processed EN 31 sample with average roughness of 3 lm.

Figure 7. Cross- sectional SEM micrographs of (a) sand blasted and (b) EDM processed sample with an average roughness of 3 lm.

Figure 8. SEM micrograph of (a) sand blasted and (b) EDM processed EN 31 sample with average roughness of 5 lm.
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Figure 9. Cross-sectional SEM micrographs of (a) sand blasted and (b) EDM processed sample with an average roughness of 5 lm.

Figure 10. SEM micrograph of (a) sand blasted and (b) EDM processed EN 31 sample with average roughness of 7 lm.

which in turn increases surface roughness. On the other
hand, from figure 10(b) it is observed that the EDMed
surface is completely covered with re-solidified layer. Due
to very high energy investment, craters with larger
diameter are achieved. Due to more melting and re-solidification, a thick recast layer is deposited. All the minor
cracks formed during spark erosion are suppressed by a
thick envelope of re-solidified layer. In addition, at higher
temperature this re-solidified/recast layer has included a
number of gas bubbles and increased the porosity. Figure 11(a) and (b) shows the cross-sectional SEM images
of sand blasted and EDMed surfaces of 7 lm Ra. A few
cracks observed in sand blasted sample (figure 11(a))
indicate incomplete propagation of cracks under impact
load of high-velocity grit to achieve hemispherical material removal. However, formation of cracks on the crosssection of sand blasted sample of 7 lm roughness is lesser
compared with other sand blasted samples. This is due to

the effect of enhanced material deformation by compressive load applied by larger sized grit particles. On the
other hand, multiple thick recast layers are observed all
over the area of EDMed surface. The thickness of this
layer is found to be more on the crests than those on the
valleys. By shock waves, the liquid metal from the crater
wall erupts and spreads over the edges/banks of the crater.
Hence, the thickness of recast layer is found to be more
than those of valley regions.
EDMed surface with 3 lm roughness has a significant
amount of crater zones where no recast layer is deposited.
As the surface roughness is increased gradually, the number
of uncovered craters is decreased with an increase in
thickness of the recast layer. To create an average roughness of 7 lm by EDM, the input energy is high enough to
cover the entire surface with a thick recast layer. The XRD
pattern of this sample confirms the presence of higher
amount of austenite phase.
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Figure 11. Cross- sectional SEM micrographs of (a) sand blasted and (b) EDM processed sample with an average roughness of 7 lm.

3.4 Nano-indentation
Nano-indentations by the Berkovich Nano-indenter are
performed on the polished cross-sections of all the samples
with a load of 10 mN. The indentations are performed from
8 lm depth to 16 lm depth in a vertical manner with a
regular interval of 4 lm as shown in figure 12(a). Due to
experimental constraints, it is not possible to indent in close
proximity of the top surface and a safe distance of 8 lm is
maintained. An average of five data points is considered as
the hardness of that zone. Hardnesses of peak zones and
valley zones are considered separately as shown in figure 12(b). The hardness data are graphically presented with
varying depth in figure 13(a)–(f).
It is noticed from figure 13(a, b) that, on an average,
7 GPa nano-hardness is achieved at all points of a sand
blasted sample. There is no change in hardness value with
increasing depth of sand blasted sample of 3 lm Ra. Also,
no significant change is observed between the hardness
values of peak and valley regions of the same sample.
However, the hardness value (7 GPa) is found to be higher

than that of the base material. On using the same loading
condition, the hardness of base metal is found to be 6.5 GPa.
This suggests the formation of hard strain hardened zone
having a thickness more than 16 lm. Also, the hardening
effect is found to be homogenous up to 16 lm depth. On the
other hand, the hardness properties of EDMed sample do not
differ much from those of sand blasted sample. On an
average, 7 GPa hardness is noticed at all points of EDMed
sample. The variation in hardness up to 12 lm depth is due
to the effect of improper grain refinement of heat-affected
zone (HAZ). However, hardness beyond 12 lm depth is
found to be uniform and unchanged. This suggests the
homogenous nature of HAZ. As the improvement in hardness is not very high from the base metal’s hardness value
and from SEM micrographs thin recast layer is observed, the
selected points for hardness measurement lie in the HAZ.
Hence, the thickness of HAZ of EDMed sample with 3 lm
Ra is expected to be more than 16 lm.
The variation in hardness values with varying depth of
sand blasted and EDMed sample with Ra of 5 lm is shown

Figure 12. (a) Schematic diagram of indent positions during nano-indentation process and (b) SEM image of indent positions.
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Figure 13. Variation of nano-hardness with changing depth: (a) valley hardness for 3 lm roughness samples, (b) peak hardness for
3 lm roughness samples, (c) valley hardness for 5 lm roughness samples, (d) peak hardness for 5 lm roughness samples, (e) valley
hardness for 7 lm roughness samples and (f) peak hardness for 7 lm roughness samples.

in figure 13(c, d). The hardness of sand blasted sample does
not change much with varying depth for both peak and
valley regions. This suggests the uniform nature of strain
hardened zone, which extends beyond 16 lm of depth. The
difference in hardening effect between peak and valley
regions is also not noticeable. However, increased hardening effect is noticed than that in the sand blasted sample
with 3 lm Ra. This is due to more deformation effect by the

high-velocity grits with relatively larger mass [31]. On the
other hand, the hardness of valley region of EDMed sample
with 5 lm Ra shows no significant variation in hardness
with increasing depth and the value is close to 7.25 GPa.
This suggests the increased grain refinement of the HAZ at
the depth up to 16 lm. However, in peak region of the same
EDMed sample, significant variation is observed. The
highest hardness is noticed at 8 lm depth and it has a
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decreasing trend with increasing depth. At 16 lm depth the
hardness obtained is 7.25 GPa. This suggests the presence
of thick recast layer up to 16 lm thickness in peak region.
The cementite (Fe3C) phase formed on EDMed surface is
found to have orthorhombic crystal structure. With high
carbon content (6.67%) it possesses high density (7.73 gm/
cc) also. On the other hand, the austenite phase formed on
EDMed surface is found to have cubic crystal structure.
The carbon content of austenite is relatively lower and
possess lower density (7.45 gm/cc). The highest hardness
(C7.5 GPa) obtained in the top surface of peak region
suggests the presence of mostly Fe3C phase in it. Having
more carbon radicals or ions on the top surface formation of
Fe3C in that zone is mostly expected. Gradual decrease in
hardness with increasing depth suggests the formation of
austenite in more quantity. The high variation of hardness
value up to 12 lm depth of peak region also suggests the
non-homogenous nature of the microstructure. The high
hardness value up to 12 lm suggests the formation of Fe3C
up to 12 lm depth.
Nano-hardness data of sand blasted and EDMed samples
of 7 lm Ra are shown in figure 13(e, f). Uniform hardness
value of sand blasted sample is observed with variable
depth. Also, the hardness of valley region is found be
higher than the hardness of peak region of the same sample.
Enhanced deformation leading to enhanced strain hardening is the key reason for such behaviour. The sub-surface
hardness of sand blasted sample of 7 lm Ra is the highest
among all sand blasted samples. On the other hand, significant change in hardness value of EDMed sample is
observed with variable depth [32]. The high hardness (approximately 7.5 GPa) at 8 lm depth of both peak and
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valley regions suggests the formation of more amount of
Fe3C phase in those regions. However, the thickness of
such layer in valley region is lesser as the hardness is
decreased sharply with an increase in depth. At the depth of
16 lm in valley region the hardness reaches 7 GPa. Hence,
it indicates that the recast layer containing mostly Fe3C is
limited up to 8 lm depth and the recast layer containing
mostly austenite is limited up to 16 lm depth in case of
valley region. On the other hand, the highest hardness
(approximately 7.5 GPa) is retained up to 12 lm depth in
peak region. This indicates the formation of Fe3C up to
12 lm depth. Also, from 12 to 16 lm the hardness drops
from 7.5 to 7 GPa. This indicates the major presence of
austenite in that zone. The wide deviation in error bar
suggests the formation of inhomogeneous microstructures
of both Fe3C and austenite. However, the average value of
hardness suggests mostly the present phase in the zone.
Very high hardness suggests the presence of mostly Fe3C
phase, relatively lower hardness suggests the presence of
mostly austenite phase and hardness value below around
7 GPa suggests the presence of HAZ. Also, thicker recast
layer with more hardened phase is formed in the peak
region than in the valley region.

3.5 Application of thermally sprayed coating
With an attempt to apply coating of thermal spray grade NiAl (METCO 450 NS) on the afore-mentioned sand blasted
and EDM processed samples, D-gun coating method is
employed; the SEM micrographs of the top surfaces of the
coatings are shown in figure 14(a) and (b), respectively.
Successful coating is achieved on the sand blasted sample,

Figure 14. Top surface of (a) sand blasted and (b) EDMed sample after applying coating by D-gun process.

50

Page 12 of 13

whereas coating on EDM processed sample is found to be
unsuccessful as spallation of coating occurs due to poor
adhesion. Local welding between the Ni–5Al splats and
EDMed surface could not take place. This suggests that to
achieve proper coating adhesion in thermally sprayed
coatings, the physical/chemical bond formation is equally
necessary along with mechanical anchorage by the roughness of the substrate. The presence of Fe3C and austenite
phases on the EDMed surface restricts such physical/chemical bond formation with the deposited Ni–Al
coating.

4. Conclusions
In the present research work, a detailed study of both sand
blasted and EDM processed samples are made with an aim
to use the EDM processed sample as a substrate material in
thermal spraying. Following conclusions are drawn from
this work:
1. At lower surface roughness such as 3 lm the density of
asperity is more in sand blasted samples. At higher
roughness values such as 7 lm the density of asperity of
sand blasted sample is the same as that of EDM
processed sample.
2. The sand blasted surface contains a uniform strain
hardened zone. The hardening effect increases with
increasing kinetic energy of grits. The hardness of peak
region is comparatively lower than the hardness of valley
region of sand blasted sample of 7 lm Ra.
3. The hardness of HAZ of all EDMed sample is uniform
and close to 7 GPa. The high hardness obtained at lower
depth is due to the presence of hardened recast layer on
the surface of 5 lm Ra and above. The thickness of
recast layer on surface of 3 lm Ra is less than 12 lm and
the thickness of recast layer on surface of more than
5 lm Ra is more than 16 lm.
4. At high surface roughness value of the sample, the
hardness of peak region of EDMed surface is more than
that of valley region. This is due to formation of higher
amount of hardened phases in peak regions.
5. Presence of austenite and cementite over EDM processed
surface makes it unsuitable for application of thermally
sprayed Ni–Al coatings. For successful thermally
sprayed coating application along with surface texture
of the substrate, the metallurgical compatibility of the
substrate with the coating material is a necessary aspect.
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