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Introduction. In essence, ceramics are
inorganic  materials that vary in their
microstructures, which can be mostly semi-
crystalline (like carbides) or entirely amorphous
(like glass). Ceramics have been used in artifacts,
pottery, and other items since ancient times.
Nonetheless, throughout the ages, ceramics have
changed and developed into what are now
generally referred to as "Traditional Ceramics”
and "Advanced Ceramics,” from being hard,
brittle, low fracture strength, and insulators to
tough, high shock resistant, flame retardant, and
conductive. "Structural Ceramics," also referred to
as "Engineering Ceramics," is a significant and
extensively studied class of advanced ceramics.
Ceramic materials used to fabricate various hard
structures subjected to mechanical, thermal,
tribological, or chemical loads fall under this
category. Structural ceramics are appropriate for a
wide range of applications because they can
withstand large loads and temperature changes
while maintaining their shape, mechanical
strength, and dimensions. Structural ceramics also
have the advantage of having a composition that
can be customized through a variety of processing
methods [1].

Alumina-based ceramics can also be
included in this group of ceramic materials.
Alumina-based ceramics are widely used in

various fields of industry like abrasives,
refractories, internal combustion engine parts,
biomedical implants, electronics, the tooling

industry, the military, and so on because they are
more common in nature than others and also due
to the advantages of several properties [2].
Aluminum oxide modifications. There is
no doubt that the properties of alumina depend on
the modifications that occur at various
temperatures and acquire different crystal
structures. There are resistant (o, [, and vy
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(hexagonal and cubic lattice)) and non-resistant (5
hexagonal and 6 monoclinic) modifications of
aluminum oxide. p — Al:Oz is not considered a
pure modification of aluminum oxide. Its presence
in corundum (u-Al:03) reduces its strength.
Bauxite is considered the main ore to manufacture
v modification of aluminum oxide which is called
technical alumina, and it mainly consists of y -
Al;O; and other additives. Since it is difficult to
produce high-quality parts of technical alumina,
they are heated to a temperature of 1500-1750 °C,
where the content of alumina changes from vy -
Al,Oz to a - Al,O3 [3]

Requirements on aluminum oxide
based materials. The property, microstructure,
and production technology are the main factors
that determine the performance of alumina-based
ceramics and these factors are related to each
other too and this concept is considered a main
discipline of materials science [4].

The production technology of ceramic
materials is in many ways similar to the
technology of hard alloys, and both technologies
are based on the use of raw powder materials,
their grinding (dispersion), pressing (compaction),
and are based on sintering processes that provide a
unique  structure, technological properties,
specified physical and mechanical properties.
However, there are a large number of defects in
polycrystalline materials, and these defects occur
at various stages of technological processing. It is
important to  improve  existing  ceramic
technologies to reduce the size and concentration
of these defects, which affect the quality of
ceramic materials. The following important
factors should be taken into account in the
technology of obtaining high-quality ceramic
materials [5]:

- High dispersion of initial components;
- Quality mixing of powders;


https://doi.org/10.1007/s11356-022-20456-y
https://doi.org/10.1007/s40710-021-00542-y
https://doi.org/10.1016/j.conbuildmat.2022.128914

MeToabl HCCI¢10BAHUH, TPHOOPOB U 000PY10BaAHMIL
KOMIIO3MIHOHHBIX MATEPHAJIOB

Komnosuunonusie matepuaint Nel, 2024

- Quality mechanical-chemical activation of
powders;

- Optimization of the pressing process (ensuring
that the sample has a high density and an even
distribution of this density);

- Optimizing the sintering process (which allows
obtaining fine-grained and almost non-porous
material).

The low density, high thermal stability,

mechanical strength, hardness, high melting point,
biocompatibility, inertness to most acids and
alkalis, adsorption capacity, wear resistance,
oxidation, electrical insulation, and non-toxic of
alumina are considered the main advantages of
this type of ceramic materials. Those high
mechanical, physical, and chemical properties of
aluminum oxide are related to bonding energy
between aluminum and oxygen which is
considered about 582 kJ/mol. The use of powder
metallurgy methods in the production of ceramic
materials based on aluminum oxide provides an
opportunity to obtain details with a unique
structure and complex properties. The main
properties that determine the quality of aluminum
oxide-based ceramics as engineering material [6]:
- Hardness is a property that depends on the
hardness of the main phase of the material and its
composition;
- Strength is a property that depends on the
structure of the material, and also depends on the
size of the crystals, the composition of the phase,
and the state of various substances between the
phases;

- Fracture toughness - this property depends on
the breakdown energy and structure of the
material.

The main objective of today's researchers
is to obtain an optimal ratio between these three
properties by applying various research methods.
As we know the performance and properties of
materials are related to microstructure for all
material types. So, if we want to make high-
performance  alumina, there should be
requirements on the microstructure which are as
follows [5]:

- The high density of the material

- The solid boundary between phases and grains
- The constituents of the structure should be
fine-grained (dispersed) and evenly distributed
(homogeneity)

- The minimum size of defects in the
composition (may cause a decrease in mechanical
properties)

- Absence of easily soluble constituents in the
composition (reducing the strength of the material
at high temperatures);

- High hardness and resistance to crack
propagation (improving resistivity of dynamic
forces).

Conclusion. To manufacture alumina-
based ceramics with high performance, some
important factors like the modification type,
microstructure, production process, and essential
properties of alumina should be taken into
account. All these factors are related to each other
and determine the performance of detail parts
based on aluminum oxide.
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Aluminiy oksid asosli keramik materiallar o’ziga xos xossalarga ega bo’lishi ushbu turdagi
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