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Abstract

The main purpose of presented work is to combine Hot explosive
consolidation technology (HEC) and Self propagated High Temperature syntheses
processes (SHS) and to obtain rods with low porosity and improved properties.

The first stage investigation includes development of constructions for
explosive consolidation of powders and preparing correspondent measuring devices to
study structure and property of obtained billets from Ni-Al and Ta-Al compositions.
The experiments to optimize preliminary consolidation parameters and to obtain
perfect billets without “Makh”s steam in the central part of rods were carried out too.

The formation of final product by SHS process takes place depending of
starting composition of powders. The presented work shows that the initiation of SHS
process starts at definite temperature but obtained products in many cases contains
porous that is result of difference of volumes between the reaction phases of Al, Ni &
Ta and formed final intermetalic compound products of Ni-Al & Ta-Al. The porosity
may be reduced using high intensity shock waves.

The alternative variant of cold shock wave consolidation is application of
preheating temperature and compacting of powders in hot condition that is realized in
presented work.

The novelty of non -traditional approach of presented dissertation is that taking
into account the high reactivity of Ni-Al & Ta-Al powder blends and in order to
realize SHS process after explosive consolidation the experiments were carried out in
two stage:

a) At first stage there took place consolidation of powder blend at room temperature
with intensity of loading 5-20GPa in order to increase preliminary density of billets
and to activate surfaces of consolidated particles before HEC.

b) At second stage the preliminary compacted cylindrical billet is reloaded again in
hot condition at temperatures 300-1000° C with intensity of shock loading of 10GPa.

In case of Ta-Al composites hot consolidation were carried out above and
below of SHS temperature that was equal to 940°C with preliminary or further
formation of intermetalic tantalum aluminades. The time of heating billets before
loading was under 30 minute.

The explosive consolidation were realized by cylindrical, axis-symmetrical
dynamic set-up of loading by application of industrial explosive materials such as
Igdanite (ANFO) and Granulite (AC-4) with detonation velocity up to 3200 km/sec.

Using HEC method there were obtained aluminum nickelades from clad and
blend Ni-Al composition powders. There is shown that formation of Al-Ni
intermetalic compounds there takes place based on chemical reactions initiated by
shock waves. In contrast to blend powders the chemical reactions in clad Ni-Al
composition powders not takes place. As for blend powders they are characterized
with more activity even at low density during the combustion synthesis.

The full SHS reaction in Ta-Al powder composites starts from 940°C with
transformation of all Ta and Al into the tantalum aluminades. The type of obtained
intermetalic compounds depends from percentage of separate phases in starting
composition. During the combining of HEC and SHS processes the dissolution of B4C
additives with further redirection of B and C atoms and formation new TaB and
Ta2AIC phases there takes place.

There are investigated structure-property relationship of consolidated Ni-Al
and Ta-Al samples depending on loading intensity , pulse duration and temperature of
compacting.
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