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ABSTRACT: The thermal barrier coating (TBC) system is one of the most complex high temperature protective coatings that
act as a physical barrier to high temperature gases and reduce the surface temperature of the substrate, improving the durability
and efficiency of advanced gas turbine engine hot section components. It has excellent performance and is widely used. The
TBC system consists of two parts: the metal bonding coating and the top ceramic coating. The metal bonding coating can protect
the alloy substrate from high temperature oxidation and corrosion, and enhance the bonding force between the substrate and the
ceramic coating. The ceramic coating is the most important TBC. It plays an important role in high temperature protection. The
role of the ceramic coating is mainly reflected in the two aspects: blocking the damage to the substrate caused by high
temperature and improving the service life of the substrate material. To a certain extent, it is even directly related to the

thrust-weight ratio and thermal efficiency of the engine. Once the ceramic insulating coating is partially or completely peeled
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off, the base material will be directly exposed to harsh environments, which will damage the base material and reduce its service
life. In order to better protect high-temperature components, improve their use efficiency, and prolong their service life, it is very
important to explore materials that are more suitable for application in thermal barrier coatings and to prepare coatings with
better performance.

In decades of research, zirconia material has been found to be one of the most suitable materials for thermal barrier
coatings. Zirconia is an oxide ceramic material with a special crystal structure. It has mechanical properties very similar to
metals, and has a thermal expansion coefficient that is very similar to nickel-based and cobalt-based. With excellent properties
such as thermal stability and corrosion resistance, zirconia-based ceramic materials are widely used in thermal barrier coatings.
Studies have shown that the performance of thermal barrier coatings is closely related to the microstructure of the top ceramic
layer, which in turn is influenced by its ceramic powder morphology. In this paper, the preparation processes of nano-zirconia
powder and hollow spherical zirconia powder were described respectively, and the factors affecting the morphology, structure
and particle size of zirconia products by different processes were analyzed. The performance of traditional microstructure
coatings was compared. When analyzing the performance of coatings prepared from different zirconia powders, in addition to
process parameters, more consideration was given to the effect of initial zirconia powder on coating performance. It is hoped
that in future research, the existing pulverizing process can be optimized or a better pulverizing process can be explored, and
new powders with better performance can be developed, in order to fundamentally improve the performance of thermal barrier
coatings to meet the needs of aviation and meet the future use requirements of high-precision fields such as aerospace and
military energy.

Finally, this paper put forward its own views on the different existing pulverizing processes to obtain powders with

different morphological structures and prospected the future development direction of coatings prepared from different powders.
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Fig.2 SEM micrographs of fructose sample calcined at 700 C in sol-gel process
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Fig.3 SEM images of Zirconia nanocrystals at different calcinations temperatures in sol-gel process
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Fig.4 SEM images of Zirconia at 490 C with different pH in sol-gel process
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Fig.5 SEM images of sol-gel zirconia samples
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Fig.16 Diagram of hollow particle formation
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Fig.18 SEM images of zirconia"": a) initially agglomerated powder;
b) plasma spheroidized powder
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Tab.1 Performance comparison of zirconia preparation process

Synthesis method

Technology advantage

Process defects

Sol-gel

Co-Precipitation
synthesis

Fused and crushed

Hydrothermal method

Mechanical grinding
method

Spray Drying
Technique

Plasma
spheroidization

Template method

It is easy to control the purity, uniformity and physical
properties of metal oxides at low temperatures, and does
not require expensive dabbling

Zirconia powder product uniformity, high purity, low cost,
simple method, can be large-scale production

Simple technology, short process, low production cost,
Stable performance and high strength, adapt to industrial
production

The product is uniform, highly crystalline, high purity,
controllable particle form, low energy cost and short
reaction time

The process is simple, the yield is large, and the fine
powder can be obtained directly from the coarse particle

This process is fast, continuous and repeatable, and
suitable for industrial production. The product has uniform
shape, good fluidity, and easy control of particle size and
particle size distribution

The process is advanced and simple, and the product has
uniform shape, high sphericity, high density and good
fluidity.

The process is relatively simple, suitable for industrial
production, can more accurately control the size, shape,
structure, nature of the product, and can reduce particle
agglomeration

It requires a high synthesis temperature and/or high
post-heat treatment conditions to achieve product stability,
usually requires the addition of toxic dopants, and a long
preparation period

In the process of precipitation and sintering, it is easy to
produce agglomeration of hard lump, which will reduce the
powder density

In the production process, the product parameters are
difficult to control and consume high energy, the powder
particle size is large, the shape is not uniform, the fluidity
is poor and the purity is low

The production process requires high temperature and high
pressure conditions and does not have visibility, high
requirements on equipment, technical difficulty, poor
safety performance

Powder purity is low, uniformity is not good, not easy to
obtain fine particles

Powder products have low density and are easy to break, so
it is difficult to accurately control particle morphology and
structure

The equipment cost is high, the mechanical properties of
the product are poor and the productivity is low

The source of template material is limited, and it is easy to
cause collapse when removing template, and it is difficult
to remove the template of hollow ball, resulting in low
product purity
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Tab.2 Morphology of zirconia products prepared by different processes

Synthesis process

Product appearance

Sol-gel

Ellipse, hexagonal prismatic, rod, sheet, hemispherical, quasi-spherical, spherical and homogeneous spherical particles

Co-precipitation synthesis  Irregular aggregate particles, Spherical particles, rod-like particles, and hexagonal rod-like particles

Spray drying technique

Irregular broken particles, solid particles and hollow particles

Plasma spheroidization
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Fig.19 SEM images of nano-zirconia before and after spraying: a) raw material of zirconia; b) Surface
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Fig.23 FESEM micrographs of zirconia coatings”'': a) conventional zirconia coatings; b) nano-zirconia coating
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