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Abstract

XXI century is the era of new technologies and materials that on the equal
scale and with the same significance are employed in such different spheres of
applied sciences and technology as medicine, agriculture, computer engineering
and electronics, space engineering, etc. In highly developed countries such
materials and technologies are mainly worked out, implemented and accumulated
in the integrated data bases, which is one of the essential conditions of successful
economic development of the country.

Group of the advanced ceramic materials such as zirconia, yttria, aluminia,
silicon nitride, silicon carbide, zirconium carbide, zirconium diboride, titanium
diboride etc. belongs to the abovementioned materials. Clustering of these
materials is determined by the fact that they and composites based on these
materials are characterized by the combination of physical-technical properties
such as mechanical (high elastic and shear modulus, high strength, high fracture
toughness, plasticity, hardness), technological (machinability), and operating
characteristics (heat resistance, heat stability, cold resistance, wear resistance,
radiation resistance, static and dynamic load resistance, biocompatibility).

Contributed paper presents production technique and property studies of the
advanced ceramic material boron carbide and composites developed on its base.

Boron carbide was chosen because compared with other advanced ceramics it
has low_fracture toughness and impact toughness that sets a limit to complete
application of its unique properties such as neutron absorption cross-section (1°B is
the irreplaceable absorber of fast neutrons, "B is fast neutron reflector), non-
relevant for advanced ceramics low density and very high hardness.

The aim of the research was improvement of boron carbide’s impact
toughness and other physical-technical properties by the introduction of other
components under condition of material’s unique properties retaining.

For studies there were chosen several groups of composites that were
differing from each other by the second, third and dopant phases, sintering
additives and physical-technical properties. Their composition is as follows: B4C-
ADOQOs, BsC-TiB>, B4«C-Z1rB2, B4C-TiB2>-ZrBo, B4«C-BN, and B4C-SiC.

There are several innovations in the presented work. For the first time

e composite B,C-TiB,-ZrB, was produced and studied,

o effect of oxide additives (MgO, Y,03) upon sintering parameters of
boron carbide and other properties of produced composites were
studied,

e boron carbide doped with YB4 was produced and studied.

The research consisted of several stages: preparation of press-powders,
production of pilot ceramic samples and their testing. For preparation of press-
powders following physical and chemical methods were employed: powder
milling, mixing, chemical treatment, rinsing, drying. On the following stage
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powders were sintered by the hot sintering technology, then samples for
investigation of specified size were produced by diamond machining (cutting and
grinding by diamond tools). Methods of press-powders preparation, their sintering
mode, and methods of treatment and studies of produced samples were
distinguished dependent on the composition and properties of composite.

Tests and studies of samples included X-ray structural analysis, ceramography
(grinding of samples, polishing, electrochemical etching, optical microscopy),
electron microscopy, studies of electrical properties (measurement of electrical
resistivity and studies of its dependence on temperature), water absorption, open
porosity and density measurements, linear thermal expansion coefficient
measurement, hardness/microhardness measurements, compressive and bending
strength measurement, impact toughness measurement and composite stability
evaluation by thermodynamic calculations.

On the basis of investigation results three groups of composites were formed;
their characteristics were considered to be satisfactory and materials were regarded
as potential candidates for the in-depth study for commissioning:

1. B4C-Al:O3 composite with improved physical-technical properties. It is
characterized by high mechanical strength, low specific weight and high
absorption section. Due to these properties the composite can be used as neutron
radiation absorber.

2. From group of Bs«C-Al203 composites, boron carbide doped with yttria and
y-aluminum oxide containing - B«C-YBs and B4C-AlO3-YBs - should be
highlighted. Employment of these materials is possible both independently and in
production of machinery armoring.

3. B«C-TiB2, B«C-ZrB2, and B4C-TiB2-ZrB: composites stand out by high
hardness, mechanical strength, high specific density and impact toughness. In this
group the special position is occupied by B«C-TiB2-ZrB: composite due to its
optimal properties. Because of low specific weight and the abovementioned
properties it is possible to employ it in armoring materials.

4. Therein composite B4«C-ZrB: can also be highlighted as neutron radiation
absorber (in case of isotope 10B enrichment - °B«C-Zr!°B2) and moderating
structural ceramics (in case of isotope "B enrichment - !''Bi«C-Zr"B:), which
possibly can be employed in atomic engineering.
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