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Abstract

The aim of first stage of thesis was to prepare correspondent equipment of
HEC technology and measurement devices to evaluate electronic characteristics of
fabricated billets from Cu - (5-40%) W nanostructural composition.

During the implementation of tasks according to the approved work plan
there were carried out tests towards of optimization compression parameters
during the predensification processes: to prevent formation of central Makh’s zone
as a result of collision of shock waves in the central part of consolidated precursors
and to avoid formation of compaction defects in the face of cracks and anisotropy
of densities along the consolidated billets.

Experimental studies relating mechanical properties of samples formed
from nanocrystalline powders show that these ultra-fine grained materials are
fundamentally different from their normal, coarse-grained counterparts. These
materials often have very unusual properties: they are ultra-hard and wear
resistant, have ideal compatibility of strength and elasticity, and are characterized
by super-plasticity. When the average grain size is less than or equal to the
wavelength of visible light, the material will also have unique optical, thermal,
electrical and magnetic properties as well. Therefore, a decrease of grain size and
concomitant control of the defect substructure of the grains seems to be a
promising way to improve properties of these materials.

At present, there are various methods (cold or hot isostatic compaction in
vacuum or other media) for the manufacturing of monolithic specimens from
ultra-dispersed ultraviolet- and nano-sized powders. All existing conventional
technologies, alongside with positive properties, introduce certain negative
features. Because nano-scale grains are very sensitive towards heating,
proportional to a rising temperature, they begin to grow rapidly. This grain growth
causes imperfections in the nanostructure and, as a result, monoliths formed under
such conditions are not characterized with those unique physical and mechanical
properties that are otherwise intrinsic to nanostructured materials.

The decreasing the compaction or sinter temperature during low-
temperature manufacturing processing does not lead to a desirable effect. In this
case, the relatively large free surface area of the powder precludes the attainment
of high-density samples. Additionally, at low temperatures, the required number
of shared grain-to-grain boundaries do not form; this is especially true during the
compression and consolidation of refractory and ceramic powders. Thus, pressed
samples are characterized with high porosity and inadequate physical or
mechanical properties.

Nevertheless, it has been accumulated sufficient experience to provide
solutions to some of the aforementioned problems. The idea is to apply high
temperatures, up to 1000+1200°C, to the samples and carry out consolidation at hot
conditions. Heating of the powders or alloys before loading assists to increase their
plasticity, and, hence, does now during explosive loading. As a result, common

31



boundaries, solid solutions, intermediate layers (in case of joining bulk alloys) and
other features will form. The short heating period, around 50s, prevents or
suppresses grain growth processes. For example, in the case of the consolidation of
amorphous powder, we have found that the short heating cycle retards the
devitrification during heating. The rapid consolidation, in essence a quenching
operation, maintains the nanoscale features and the amorphous glassy structure in
the sample.

The novelty of the proposed, non-conventional approach relies on the fact
that taking into account the high value of recrystalization temperature of tungsten
the consolidation of heavy alloys in cylindrical geometry from nanosized and near
nanosized Cu-W  precursors will be performed in two stages:
a) in the first stage, explosive compression of the precursor powder blend will be
carried out at room temperature with a loading intensity of 5-20GPa to increase
the initial density and to activate the particle surface in the blend;
b) in the second stage, already predensified cylindrical sample will be reloaded by
an explosive shock waves with intensity of compression up to 10GPa but at a
temperature between 300-1000°C .

The heating takes place approximately reaching the process temperature in
2-4 min. High recrystalization temperature of tungsten prevents the grain growing
process in nanoscale W and maintains its nanostructural morphology. The highly
intense shock wave loading will impart fluidity to the grain surfaces increasing
plasticity and, thus generate the particle-particle bonds that would not form under
static conditions.

The explosive compaction process will be carried out using a cylindrical
(axi-symmetric) scheme of dynamic loading. Shock waves will be initiated with
the use of industrial explosives like Igdanit (ANFO) and Granulate (AC-4)
NHsNOs. With detonation velocity 2200-2800 m/sec and 2600-3200m/sec
correspondently.

32



