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Abstract

Introduction:The present study aims to synthesis and
characterization of spinel coating for spark plug aero-engine
application.

Methods:At first spinel coatings were synthesized by
mechanical alloying. The different spinel coatings with spinel
different composition and modulation were applied on
alumina substrate. The phase content of the samples was
characterized by X-ray diffraction (XRD) method. The
microstructure and thickness of the coatings were analyzed by
scanning electron microscopy. Nano-hardness and Young’s
modulus of the coating were measured by nano-indentation
method. The electrical resistance of the coating was studied at
different temperatures. The electrical wear resistance of the
coating was evaluated by spark method. The XRD method
confirmed the synthesis of copper based spinels.

Findings:The coatings had a thickness of 19-22 um with
proper density. The average nano-hardness of the coatings was
10 GPa. The wear rate after 140000 of spark was less than 1%
of coating weight. It was also found that the optimum
modulation of the multilayer coating is 4 successive layers
composed of CuFez04+CuCrz04, followed by two layer of
CuCrz04+ and again CuFez204+CuCr204 layer. The ratio of the
components in the composite layers were 50:50 wt.%
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Extended Abstract

Introduction

Spinel ceramic materials have important
applications in protective coatings, gas
sensors, catalysts, aero-engine spark plugs
and etc. Spark plugs are the main part of the
engines for creation of combustion. Spinel
and semi-conductors coating concentrate
surface charge and facilitates the
combustion process under harsh working
condition of aero-engines. Different
coatings have been developed for spark
plugs including spinel coatings and SiC.
Spinel coating for aero-engines are complex
combination of different spinel and there is
no report about the composition and
structure of these coatings. The aim of this
research is the synthesis and
characterization of spinel coating on
alumina  substrate for spark plug
application. Different spinels are
synthesized and coated on alumina
substrate. Different spinel materials and
modulation of coatings are studied and the
optimum coating is presented.

Materials and Methods

Alumina substrate was manufactured by
cold isostatic pressing. The different spinel
coating were synthesized by solid oxide
mixing process followed by firing at high
temperature. The coatings with different
modulation was applied on the substrate by
screen printing method. The coating were
thenfired at different temperatures. The
phase content and microstructure of the
coatings were studied by XRD and SEM
analysis. The electrical properties of the
spinel coating was measured by nono-
indentation method. The electrical erosion
of the coating was evaluated by spark test

Findings

It was found that the two spinel including
CuCr204 and CuFe204 would be suitable
for spark engine application. The proper
coating modulation with good adhesion and
desired electrical and wear properties is
CuCr204+CuFe204/CuCr204/CuCr204/Cu
Cr204+CuFe204. The ratio of components
in the coating was 50/50 wt.%. The
thickness of the coating is 19-22 um.The
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average nano-hardness of the coatings was 10
GPa. The wear rate after 140000 of spark was
less than 1% of coating weight.

Discussion

The spinel materials was successfully
synthesized by solid oxide mixing followed by
firing at 1200 °C.The uniform coating with
good adhesion can be obtained by screen
printing method. The first layer of the coating
must be CuCr204+CuFe204 to obtain good
adhesion to the alumina substrate. Two
successive CuCr204 layer are required to
increase the electrical resistance. Increasing
the thickness of the coating causes the
cracking of the coating.

Conclusion

The spinel coating can be synthesized by
solid oxide mixing followed by firing at
1200 °C. The coating have good adhesion
and the thickness of 19-22 um.

The coating with modulation of
CuCr204+CuFe204/CuCr204/CuCr204/Cu
Cr204+CuFe204 has the best performance.
The coating hardness was 10 GPa and the
erosion of the coating after 80000 cycles of
discharge is less than 1wt.% of the coating
weight.
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