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Abstract—In this paper, the effect of WC-12Co particle velocity
in HVOF thermal spraying process on the coating thickness has been
studied. The statistical results show that the spray distance and
oxygen-to-fuel ratio are more effective factors on particle
characterization and thickness of HVOF thermal spraying coatings.
Spray Watch diagnostic system, scanning electron microscopy
(SEM), X-ray diffraction and thickness measuring system were used

for this purpose.
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1. INTRODUCTION

OND strength, stress distribution, compressive nature of
Bresidual stresses as well as the fatigue behavior of the
coatings could be considered as the outlined features of HVOF
coatings [1], [2] (Fig. 1). Mechanical, metallurgical and
tribological properties of the coatings strongly influenced by
the independent (primary)variables (the spray distance,
oxygen to fuel ratio, powder feed rate, etc.) and related
(secondary) parameters such as velocity and temperature of
particles at the impact [3]-[5]. The ultrasonic particles
velocities in HVOF thermal spraying process can produce
compressive residual stresses hence improve mechanical
properties such as fatigue life and bonding strength [6]. Due to
high cost WC-Co powder, it is important for industry to
achieve deposition efficiency more than 60 percent.

In this study the effect of HVOF thermal spraying process
parameters on particle velocity and thickness of WC-12Co
coating on AISI1045 substrate has been investigated. Effect of
the most important parameters such as spraying distance, the
oxygen to fuel ratio, feed rate and gun speed was analyzed
statistically using Taguchi approach. The standard array L9
was used to design of the experiments.

II. EXPERIMENTAL PROCEDURE

In this study, the WC-12Co powder (HC Starck Co.) with
particle size of 15-45um was used. Widely used AISI1045
steel was considered for substrate. Spray Watch diagnostic
system (Oseir, Finland) was used for monitoring the particles
velocity. The Taguchi approach was used for design of
experiments based on the average of outputs. Applying the
Taguchi method can be considered as a low-cost method to
optimize the thermal spraying processes. Scanning electron
microscopy (SEM) was used to determine the morphology and
microstructure of powder as well as thickness of the coating.
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Fig. 1 HVOF thermal spraying gun

III. RESULTS AND DISCUSSION

A. Morphological Characterization

Fig. 2 illustrates the Scanning Electron Microscopy (SEM)
morphology of agglomerated- sintered WC-12Co powder in
500x. As observed the particles are spherical and uniformly
distributed (15-45pum) with high porosity. Fig. 3 illustrates a
general view of the coating after metallographic preparation.
The WC-12Co HVOF thermally sprayed coating appear to be
quiet dense.
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Fig. 2 Particle morphology in 500x magnification
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Fig. 3 SEM micrograph of WC-12Co coating

B. Design of Experiments

In this study the Taguchi fractional factorial method was
used for finding the optimum conditions of coating thickness
and evaluation the response of the optimum conditions. For
factors and selected levels in this study, Taguchi approach
suggests L9 standard array. Taguchi orthogonal array and the
average of coating thickness in each condition are tabulated in
Table 1. The particles have different kinetic energy in impact
due to particle size distribution in feedstock. Particle size
distribution shows that 50% of the particles have diameter of
34.3um. The impact velocity distribution of more than 3000
monitored particles in this study is illustrated in Fig. 5. The
quality characterization was selected to be the bigger the
better.

For the bigger the better quality characterization the
optimum thickness of 345.5um was obtained for the
A3/B3/C2/D1 test condition. As the A3/B3/C2/D1 condition is
existed in the used standard array, validation test was not
conducted for this purpose. The response in A1/B2/C1/D1 test
condition shows that the coating thickness is V=355pum which
has good agreement with optimum result of Taguchi approach.

TABLEI
TAGUCHI ARRAY FOR DOE
TestNo. A B C D Thickness, um

El 1 1 1 1 195
E2 1 2 2 2 236.25
E3 13 1 1 212.5
E4 2 1 2 1 288.75
E5 2 2 1 1 257.5
E6 2 3 1 2 298
E7 31 1 2 269.5
E8 32 1 1 289
E9 33 2 1 355

The average effect of spray parameter on the obtained
coating thickness is shown in Figs. 4 through 6. The particle
velocities were measured in previous study [7]. The particle
velocity decreased by increasing the spray distance but it can
be seen that the thickness increased by spray distance. This
should be in result of decreasing in splash ratio. In case of
oxygen to fuel ratio the increasing trend of particle velocity is
not permanent and decreases in level 3 (F/O=4.3). But the
increasing trend is permanent.
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Fig. 6 Effect of feed rate on velocity and thickness
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IV. CONCLUSION

In this study the effect of thermal spraying process
parameters on particle characteristics and thickness of WC-
12Co coating on AISI1045 substrate has been investigated. A
summary of conclusions is as follows:

e The response in A1/B2/C1/D1 test condition shows that
the coating thickness is V=355um which has good
agreement with optimum result of Taguchi approach.

e Spray distance has the strongest influence on the
thickness with near to 70 percent participation.
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