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1- Introduction

Silicon carbide (SiC), despite its excellent tribological
characteristics and wear resistance in corrosive and harsh
environments, there are still no significant studies on its
deposition by thermal spraying. SiC strongly oxidizes and
decomposes at temperatures of 2400 to 2500°C (before
reaching the melting temperature). This feature makes
silicon carbide coating difficult during thermal spraying.
One idea for coating the SiC particles by thermal spraying
process is to protect them with a metal clad. Although
nickel electroless has been used to increase the wettability
of carbide nanoparticles in metal matrix composites, so far
no research has been done on the use of this process to
produce silicon carbide micron powder coated with nickel
for thermal spraying.

The high-velocity oxygen-fuel (HVOF) process is
commonly used to create metal matrix composite coatings.
The HVOF process uses the combination of oxygen with
compressed air along with gas fuel or liquid fuel to create
temperatures of 2400-3200°C. The special design of the
chamber has led to the formation of an ultrasonic flame in
which the injected powders can reach speeds of 700-800
m/s and form a coating after reaching the substrate. In
some applications, despite the occurrence of severe
thermal decomposition, atmospheric plasma spraying
(APS) process is used to apply composite coatings on
metal surfaces.

The aim of this research is to protect silicon carbide
particles during HVOF and APS processes using SiC
powder particles coated with nickel. A cobalt-based alloy
is also added to the SiC(Ni) powder mixture to increase the
spray ability of the coating.

2- Experimental Study

The SiC powders had a high purity of 99%, a particle size
of -45+15 pum and a theoretical density of 3.2 g/cm?®.
Degreasing of the powder was done by ultrasonic cleaning
in acetone. The powders were sensitized and activated by
tin chloride (SnCly) and palladium chloride (PdCly)

solutions, respectively.In order to cover the activated
powder particles, nickel electroless bath composition
according to Table 1 was used. Temperature and pH during
the electroless plating process were 85°C and 4.5,
respectively.

Table 1- nickel electroless bath composition

Compound Content
NiSO4.6H.0 10 g/l
NaH,PO, 1:1
NaOH 10 ml/l
CaoHsN2 1:3

In roughen the powder particles, a solution containing 100
ml/l HF and 2 g/l NaF was used for 10 minutes.Four
different samples were coated according to Table 2.

Table 2- coated samples in the nickel electroless bath

Sample | Roughening | Plating time
1 No 5 min
2 No 10 min
3 Yes 5 min
4 Yes 10 min

The SiC(Ni) powder and 70 vol.% cobalt mixture was
used for coating by HVOF (JP-5000 torch) and APS (F4
gun) processes. The substrates used for coating were
simple carbon steel with a thickness of 10 mm and a
diameter of 25 mm.

To identify SiC powder phases, X-ray diffraction
analysis was performed. The data obtained from XRD
were analyzed by Xpert high score plus software.
Metallographic samples were prepared according to
ASTM E1920. From the morphology and cross section of
the  metallographic  samples, scanning electron
microscopic images using the TESCAN VEGA3
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microscope were prepared. Also, to determine the
chemical composition of different phases, EDS elemental
distribution analysis was also performed on the powders.
The SEM images were used to measure the thickness of
Ni-P coating created on SiC particles. Hardness test was
evaluated using a Vickers indenter with a load of 300 g on
the polished cross-section of the coatings.

3-Result and discussion

The SEM images of powder morphology of the samples 1
and 2 are shown in Figure 1. EDS analysis showed that the
white phases contain 92.9 wt.% of nickel and 1.7 wt.%
phosphorus.In the sample 1, a significant part of the SiC
powders do not have a coating. Although with the increase
of time from 5 to 10 minutes in the sample 2, more nickel
was deposited from the solution, but a uniform coating was
not formed on the SiC particles.

Figure 1- SEM of powder morphology: a) sample 1, b)
sample 2

SEM images of powder morphology of the samples 3 and
4 are shown in Figure 2. As can be seen from Figure 2a, a
continuous Ni-P coating is formed on sample 3 powder.
Increasing the electroless plating time from 5 to 10 minutes
has resulted in cracks in the coating (Figure 2b).

Figure 2- SEM images of powder morphology: a) sample 3,
b) sample 4

The thickness of the Ni-P coating in sample 3 was
measured to be about 1 to 3 micrometers (Figure 3).

Figure 4 shows the image of SiC(Ni)-Co created by the
HVOF process. The volume percent of SiC particles was
calculated as 20+3. On the other hand, the SiC particles
observed in the microstructure have smaller dimensions
than the original powder, which is due to the thermal
decomposition of its external surfaces, but due to the high
speed of the HVOF flame, its central core
remains.Considering that the amount of SiCin the initial
composite powder was 30 vol.%, it can be concluded that
about 10% of it was oxidized or decomposed during the

HVOF process. However, a significant volume fraction of
SiC reinforcing particles contributes to the HVOF coating.

Figure 3- SEM image of the polished cross-section of
powder sample 3.

Figure 4- Cross secion of SiC(Ni)-Co coatig created by
HVOF process (A: SiC)

The cross-sectional hardness of SiC(Ni)-Co coatings
created by APS and HVOF processes was measured as
460+30 and 570440, respectively. The hardness of the
pure cobalt coating created by the HVOF process was also
obtained as 480 + 30.The higher hardness of the composite
coating by HVOF compared to the pure type is due to the
SiC reinforcing particles. As a result, the protection of SiC
particles and its participation in metal-based composite
coatings has a significant effect on increasing the hardness
of the coating.For functional evaluation, wear test is
suggested.

4- Conclusion

e Roughening of the primary SiC particles and then
their electroless plating in 5 minutes resulted in the
continuous Ni-P coating.

e Ni-P coating led to the protection of SiC particles
during HVOF spraying, while it was not able to
protect SiC particles during APS.

e The hardness of the HVOF-sprayed SiC(Ni)-Co
coating with a significant contribution of silicon
carbide led to an increase in hardness by 110 HVo3
compared to the APS SiC(Ni)-Co coating with a small
contribution of silicon carbide.
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Investigating the Ability of Coating the SiC by APS and HVOF Processes through the Nickel-
Phosphorus Cladding on the Primary Powder

Pejman Zamani Moghadam Zia Valefi Masoud Mirjani

Abstract In this research, silicon carbide (SiC) powder with a particle size of 30 to 45 micrometers and an irregular
morphology was used for coating in an electroless nickel bath. The effect of particle surface roughening parameters in
an acidic solution and electroless process time on uniformity and thickness of Ni-P coating on the SiC particles was
investigated. SiC(Ni)-70vol.%Co blended powder was coated on simple carbon steel substrates by high-velocity oxy-
fuel (HVOF) and atmospheric plasma spraying (APS) processes. The composite powder was obtained from the
mechanical blending of cobalt powder with coated silicon carbide SiC(Ni) powder. The microstructure and morphology
of powder particles and corresponding coatings were investigated by scanning electron microscopy (SEM). The results
showed that the surface preparation of SiC powder by roughening the particles with HF/NaF solution and electroless
time of 5 minutes led to the formation of a continuous and uniform Ni-P coating with a thickness of 1-3 micrometers on
the SiC particles. Electroless nickel coating during thermal spraying by HVOF protected SiC particles against
decomposition and oxidation and as a carrier led to the placement and distribution of SiC in SiC(Ni)-Co composite
coating. In the APS process, due to the very high temperature of the plasma jet and thermal decomposition, SiC
particles was insignificantly contributed to the coating microstructure. The micro-hardness of two mentioned coatings
was measured as 570+40 and 460+30 HVq 3, respectively, and this difference was due to the effect of the significant
distribution of SiC in the HVOF coating.

Key Words Silicon carbide, Ni-P, Thermal spray, HVOF, APS.
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