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Abstract

Composite materials fabricated in Al-Ni-Ti system are characterized with unique complex
of physical and mechanical properties (high strength together with low density, corrosion
resistance, heat resistance and high temperature strength, etc.) and have practical
application in aerospace, machine and energetic engineering.

There are different technologies for formation of composite materials in Al-Ti-Ni system.
Among them the most convenient is Self-propagating High-temperature Synthesis (SHS)
and the combined method of SHS + compaction. The literature review showed that there
is almost no information about obtaining of bulk nanostructure intermetallics by SHS-
compaction technology. Production of nanocrystalline and ultrafine grained bulk
composites creates new opportunities for expression of the unique properties. Therefore,
it is expected, that the properties of the composites will be significantly improved, if they
will be fabricated with nanocrystalline structure. Formation of nanostructure in this
system is reported only through the thin layers by complicated technological process, and
is no positive example of obtaining bulk and large scale layers. It is clear, that in case of
fabrication of amorphous and nanostructure bulk materials, the demands on their practical
application will be increased.

Proceeding from the above mentioned, the main purpose of the PhD thesis was to carry
out fundamental theoretical and experimental investigations in AI-Ni-Ti system.

The main goals of researches were:

a) To establish main mechanisms of nanostructure formation in the system,;

b) Based on the of theoretical investigations the calculation and selection of compaction
methods and experimental setup;

c) Realization of shock wave induced/assisted SHS in Ultrafine and nano-powder bland in
Ti-Al-Ni system and in situ fabrication of bulk nanocomposites.

To achieve these goals the research were performed in two main directions:

a) Elaboration of technology for preparation initial raw materials, blend of
amorphous and nanocrystalline powders (precursor) for future formation bulk

composites;
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b) Elaboration of rational (efficient) technology for production bulk nano

composites from ultrafine, amorphous and nanopowders.

On the base of Al-Ti-Ni phase diagram, for obtaining ultrafine, amorphous and nano size
initial mixture/ bland was used high energy planetary ball mill. Consequently the powder
was converted first in amorphous and then in nanostructure state during mechanical
alloying.

The researches had been done to study the process of SHS and compaction
initiated by shock waves in order to obtain bulk nanostructure material from
nanopowders: SHS-compaction technology initiated/assisted by shock waves.

The experiments were carried out according to the following scheme: the high
exothermic nanostructure Al-Ti-Ni blend, processed in high energy planetary ball mill,
was placed in steel/or cupper cylindrical container. The container was surrounded by the
explosives to generate shock waves. The high temperature, which was generated by shock
waves, initiated the SHS process; while the high dynamic pressure ensures the
compaction /fixing of stricture formed during the synthesis. Here we have the realization
and integration of two technological processes in one cycle, where the SHS provides the
formation of intermetallics and the shock wave compaction and high rate cooling
(adiabatic cooling) ensures the production of bulk nanocomposites and functionally

graded materials with ultrafine and nanostructure.
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