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Abstract: Pipeline materials used for the transportation of bottom ash slurry generally suffer from intense
wear due to slurry erosion. In this work, High-Velocity oxy-fuel (HVOF) spray process was used for the
deposition of WC-12Co coating on the SS 202, SS 304 and Mild steel. Slurry erosion pot tester was used for
erosion tests of uncoated and coated materials. Effect of slurry concentration, speed and erosion time was
investigated using Taguchi Approach, influence of speed on the erosion wear of uncoated and all the coated
materials was found to be more and followed by time and slurry concentration parameters. WC-12Co coated
Mild steel, SS 304 and SS 202 showed considerable improvement in erosion wear resistance.
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1. INTRODUCTION
Bottom ash particles are highly erodent causing the
failure of pipes due to excessive erosion. Life of
piping system gets reduced due to impact of solid
particles striking on the walls of pipes. Slurry
erosion wear of mild steel pipelines is recognised as
a serious problem [1]. Transportation of bottom ash
through slurry pipelines causes severe wear of the
pipelines due to the impact of solid particles on the
inner pipe wall material, these erodent particles are
quite harder than the pipe materials and also
surface hardness plays a major role in erosion wear
process [2]. It has been learnt that slurry erosion
resistance and hardness of the target surface can
be enhanced economically and significantly by the
application of thermal spray coatings on the target
surface, excellent erosion resistance of thermal
spray coatings can be developed depending on the
surface preparation prior to coating, mechanical and
chemical properties of the coating material
deposited, and the deposition conditions [3-8].

Surface coatings with very good mechanical
properties can be deposited with High-velocity

oxy-fuel process (HVOF). Improved adhesive bond
strength between substrate and coating material
can be developed with HVOF process as compared
to other flame spraying processes, as this process
uses low temperature and relatively very high
kinetic energies, which results into very high
cohesive bond strength between deposited coating
particles[9-12]. Sidhu et al. [13] have studied the
microstructural and mechanical properties of
HVOF sprayed WC-Co coatings on carbon steel
and found that these coatings processes lower
porosity and higher micro hardness values as
because of the presence of well dispersed carbides
in the matrix. In the present work, High-velocity
oxy-fuel sprayed WC-12Co coating on the Mild
steel, SS 202 and SS 304 has been studied so as
to understand the slurry erosion wear behaviour
of these target materials with bottom ash slurry.
The present study shall yield applicable
information concerning the capability of HVOF
spray WC-12Co coating on these three substrate
materials. Also on these material combinations
no such particulars has been reported so far in
the open literature.
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2. EXPERIMENTAL PROCEDURE
2.1. Substrate materials
Mild steel, SS 202 and SS 304 are generally used
for the manufacturing of the pipelines and are
general purpose materials. For the erosion tests
these substrate materials specimens were cut to
form specimen of size 74.9  25.2  5.1 mm3. Prior
to the application of WC-12Co coating these
specimen were polished with emery paper up to
2000 grit size and then grit blasted with Al2O3
particles of 45 grit size to obtain the good adhesion
between coating and substrate materials. The
average micro hardness of Mild steel, SS 202 and
SS 304 was found to be 103Hv, 182Hv and 156Hv
respectively under 50gm load.

Table 1
Coating Deposition

Powder Particle shape Particle size

WC-12Co Spherical -45+15ìm

Table 2
Process Parameters Employed For Coating Process

Coating Parameters WC-12Co

Spray distance (mm) 100-140

Particle size (ìm) -45+15

Air flow rate (LPM) 6400

Oxygen flow rate (LPM) 260

Fuel (LPG) flow rate (LPM) 75

Powder feed rate (g/min) 30

WC-12Co powder was used to form the
coatings on three different substrate materials;
details of coating powder are given in the Table
1. WC-12Co coating powder was deposited on
given three type of substrate materials by using
(HIPOJET 2700) commercial HVOF spraying
system. The coating spray parameters are given
in Table 2. All the coating parameters were kept
constant during the entire coating process.
Surface roughness tester (MITUTOYO SJ-400)
was used for the evaluation of surface roughness
values. Diamond cutter was used to cut the
specimens along the cross-section so as to
metallographic studies of WC-12Co coated
specimens, the specimens were than polished up
to 2000 grit size emery papers and micro
hardness of coating along the cross section was
evaluated using micro hardness tester
(METATECH MVH-1).

2.2. Slurry
Bottom ash collected from Guru Govind Singh
thermal power plant, Ropar (India) was used for
the experimental purposes. SiO2, Al2O3 and Co2
are the major constituents of bottom ash, up to
50% concentration (wt%) bottom ash shows
Newtonian flow behaviour and the specific gravity
and weighted mean diameters of bottom ash are
2.25 and 230ìm respectively [14]. Two slurry
concentrations of 25% and 45% by weight were
used for the experimental study.

3. MATERIALS AND METHODS
EXPERIMENTAL CONDITIONS

A standard Taguchi experimental plan with
notation L16 orthogonal array was chosen for the
erosion wear evaluation and the various
operating parameters used for erosion testes are
shown in Table 3. In design of experiments L16
orthogonal array was selected to yield more
accuracy of the results. The weight loss
observations were further converted into signal
to noise (S/N) ratio. The selection of S/N ratio
depends upon the type of performance
parameters and in the present study “lower is
better” characteristic was chosen for the
minimization of erosion wear, which was
calculated as per equation (1).

 21
10 log R

S
N n

   (1)

Where ‘n’ is taken as one as only one
observation was taken for each set of operating
parameters and ER is the weight loss for
particular set of operating parameters.

Table 3
Levels of Parameters Used in Present Work

Levels

Control factors I II III IV Units

Speed: S 500 800 1100 1400 rpm

Cons: C 25 45 (wt%)

Time: T 90 180 min

3.1. Slurry erosion testing

Slurry erosion pot tester (DUCOM) was used for
the erosion tests at four different speeds and with
two different concentrations for two different
time intervals. Slurry was prepared by the
addition of tap water in the bottom ash and after
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each experiment slurry was replaced with freshly
prepared slurry and before experimentation
surface of each specimen was polished with
emery paper of 150 grit size so as to obtain
accuracy in the results. After each experiment
specimen was cleaned and washed with acetone,
weight loss of specimen before and after the
erosion tests was calculated each time with
electronic microbalance machine of 0.0001g least
count.

4. RESULTS AND DISCUSSION

4.1. Wc-12CO coating microstructure
characterisation and properties

The secondary electron images across the cross
section of the WC-12Co coating on the mild steel
substrate is shown in Figure 1. In the present
study JEOL, 6510LV model of scanning electron
microscope is used for Cross-sectional SEM
images of coated WC-12Co materials. The WC-
12Co coating is seems to posses a splat-like
laminar cross-sectional microstructure.
Although there is presence of narrow porous
interfacebetween the coating and substrate
material but continuous contact of substrate
and coating seems to be defect free. In the
molten splats at some interface locations, some
very fine unmelted coating particls are seemed
to be embedded. This is in good agreement with
the previous research works carried out by
[15, 16]

Coating thickness is in the range of 230ìm to
250ìm as shown in Table 5 and in case of.
Maximum average hardness observed in tungsten
based coating is 1015 Hv (at 200gm load) for SS
304 substrate..

4.2. Analysis of experiments
Analysis of the influence of each control factor
on the erosion wear or coating efficiency was
calculated with the S/N ratio, using MINITAB
17 software package but S/N ratio measures the
deviation of quality characteristics nearing or
from the desired results. With the difference of
the obtained S/N ratio values, the most
influencing factor was determined, a control
factor is most influential when the difference is
more. Analysis of variance evaluates the
percentage contribution of all the speed, slurry
concentration and time parameters on the
erosion wear the materials. After the Taguchi
analysis results are further validated with
analysis of variance [24, 25]. Results shows
uniformity of trend found in both of the analysis,
effect of speed over erosion is dominating and is
followed by time and concentration in all the
uncoated cases SS 202 material found to have
least impact of rotational speed. At higher speed
more number of erodent particles is supposed to
be strike with testing target material and also
erosion rate is expected to be proportional to the
kinetic energy of striking erodent particles but
due to inelastic collision and rebounding of the
erodent particles after striking with testing
specimen there is decrease in erosion rate, also
since erodent particles ate in continuous motion
and are not able to transmit whole of the kinetic
energy to the testing target specimen during
impact. As the number of revolutions of specimen
increases consequently relative motion between
the specimen and slurry increases as a result of
which impact forces on the testing material
increases, hence which is responsible for the
wear of the testing material.

Influence of three different parameters speed,
concentration and time for uncoated materials is
shown in Figure 2. Percentage contribution for
each of the parameter shows the domination of
factors on the erosion wear. Error noticed in
ANOVA results if not more than 1% for uncoated
materials this ensures the preciseness of the
erosion result analysis.

ANOVA analysis results for WC-12Co
coated Mild steel, SS 304 and SS 202 is shown
in Figure 3. it is noticed that effect of speed is
minimum in case of WC-12Co coated SS 202 and
maximum for WC-12Co coated SS 304
materials.

Figure 1: Cross-sectional SEM images of WC-12Co
coated Mild steel
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5. CONCLUSIONS
Investigations of the parameters affecting the
erosion wear of slurry pipeline materials and
coatings has been carried out in the present work
and weight loss result obtained are further
investigated with the taguchi approach to study
the percentage influence of parameters on the
erosion wear. WC-12Co coated and uncoated
materials Mild steel, SS 304 and SS 202 are used
to study erosion wear and bottom ash slurry is
taken as erodent medium, slurry pot tester is used
to conduct the erosion tests and High velocity oxy-
fuel process is used to deposit coatings on Mild
steel, SS 304 and SS 202 materials

1. SS 202 shows better erosion resistance
under all the circumstances and is
followed by erosion resistance of SS 304
and Mild steel.

2. Excellent improvement in hardness is
reported in case of WC-12Co coated
materials.

3. WC-12Co coating shows considerable
improvement in erosion wear resistance
of all the three substrate materials SS
202, SS 304 and Mild steel to 2.29 ± 0.24,
5.52 ± 0.89 and 6.74 ± 0.95 times
respectively.

4. By adapting Taguchi analysis it has been
seen that influence of speed is more on
the erosion wear of all the materials and
coatings and followed by time and
concentration parameters, results are
validated with respect to analysis of
variance method.
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