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Abstract

Objective of the work is development of a new technology for producing
nanocrystalline powder of composite materials with low rate of aggregation and via
new SPS device manufacturing of hard metals, transition metal carbides, scintillation
and armor materials in nanocrystalline structural state. The developed technology is
based on the spark plasma synthesis (SPS) method. There were fabricated
nanocrystalline standard WC-Co, new low-tungsten TiC-Ni-Mo-W, new tungsten-less
TiC-Ni-Mo-Nb and TiC-Fe-Ni nanocrystalline hard metals. WC, TiC, Mo,C, B4C,
WC-TiC nanocrystalline powders and bulk samples with nanocrystalline structure
condition was fabricated from carbide materials. Scintillation materials such as:
silicates Lu,SiOs5:Ce (LSO), Y;SiOs:Ce (YSO) Lu,Si,O7:Ce (LPS), Y,Si,07:Ce
(YPS); aluminates LuAlO;:Ce (LuAP), YAIO;:Ce (YAP), LusAls04,:Ce (LuAG),
Y;3Al501,:Ce (YAG); Tungstate materials CaWO4, CdWO4, PbWO4 and ZnWOy,. It is

known that work pieces with nanocrystalline structure condition have much higher
performance than those with an ordinary structure. There are known number of
techniques for manufacturing of nanocrystalline materials in powder condition
however a question of manufacturing bulk pieces in the same nanocrystalline state is
still a problem. One of the main reasons for the above mentioned is that compaction
and synthesizing of nanocrystalline powders are accompanied with intensive growth
of particles — the process which promotes to formation of pieces in an ordinary
crystalline state instead of being crystallized in the desirable nanocrystalline state.
Most promising method for fabrication of pieces with the preserved
nanocrystalline structure is compaction and sintering by using SPS process. We have
already developed device based on the SPS method. Principle of working of the SPS-
based device is the following: Passing of a pulsed DC of low voltage and high
magnitude through a powder material creates high temperature mainly in the area of
particle contact. High temperatures created in microseconds are not sufficient for
spreading through the whole mass of a powder and hence, temperature of powder
mass remains rather low and the processes of grain growth do not proceed. However
the temperatures created between the surfaces of powder particles are quite sufficient
for providing the processes of synthesizing and therefore the obtained material

remains nanocrystalline.
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Devices of the SPS type available worldwide are intended for using only of
conductive powders, or the materials capable to gain conductivity after heating.
Otherwise there cannot be created any spark between powder particles and
subsequently, plasma cannot be created. Therefore using of such devices for dielectric
materials is not appropriate. Another problem while applying such devices is using of
nanocrystalline powders with high rate of aggregation. Our goal is to get rid of the
mentioned negative characteristics of the existed device for compaction and
synthesizing of not only conductive materials but also of nonconductive materials as
well as of aggregated composite materials. To achieve this goal is possible if we add
to the SPS processes the processes created by high-voltage condenser discharge,
ultrasonic excitation and pulse pressure. Combined influence of these processes will
promote to compaction of nanopowders and to preservation of the structure in
nanocrystalline state.

Generally, scintillation materials are obtained as single crystals. Production of
single crystals is rather a hard task and their output issue is 15-50%. Therefore their
cost is high and an area of application is very restricted. At present there are provided
works on manufacturing high-efficient scintillation materials. These materials will
become cost effective if the single crystals are replaced with ceramics. Ceramics can
be obtained by the method of powder metallurgy. In spite of certain achievements the
technology did not permit to prepare transparent samples. This problem is soluble in
the case if scintillators are prepared in nanocrystalline structural condition. The
developed nanotechnology gives an opportunity to prepare lots of standard
scintillation materials as well as new prospective materials which are hard to be
obtained as single crystals. Powders of nanocrystalline scintillation materials are
characterised with low rate of agglomeration.

It is very well known that hard metals are widely used in technic and every
day existence. They are used for cutting tools, for preparing wear resistant tools
working in high or low temperatures and cosmic vacuum. However physic —
mechanical and operating properties substantially drop behind nowadays market
requirements. Therefore obtaining hard materials in nanocrystalline conditions

could increase their efficiency.
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