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Aluminum is a silvery-white metal of the third group of the Periodic Table of the Elements.
It is obtained in large quantities for use in various industrial purposes. As a structural
material, aluminum has mediocre mechanical properties, which is overcome by alloying
with various metals. Pure aluminum is used much less than its alloys. Aluminum alloys are
obtained by alloying aluminum with various other metals, the so-called. alloying elements.
Common alloying elements include boron, iron, silicon, magnesium, manganese, copper,
nickel, lead, titanium, chromium, zinc, zirconium, lithium, scandium, silver and others. Today,
more than 100 types of aluminum alloys are used in industry. Manufacturers are constantly
improving their production processes to increase product quality while minimizing costs and
environmental impact. One important property of aluminum is that it retains its properties
after processing, which means that aluminum products can be recycled into new products
[1]. This helps save the amount of energy that must be used to produce primary aluminum.
The International Aluminum Institute (IAI) estimates that billions of tons of aluminum have
been produced worldwide since 1880, three-quarters of which is still used today. About 35%
is used in building construction, in the form of electrical cables - 30% and in transport - 30%
[2]. Aluminum has risen by 48% since the beginning of this year amid growing demand and
difficulties in delivery.

The aim of our research is to analyze the influence of the composition and microstructure
of alloys obtained in extreme conditions on the properties of the products with the help of
model alloys (in relatively small volumes).
Conditions in outer space are a major challenge for the processing of aluminum alloys
[3]. During the flight of the second Bulgarian cosmonaut, flight (Soyuz TM-5, comparative
experiments were conducted on earth and in space. These experiments showed that
with increasing iron conatent in the alloys between different eutectic colonies appear
metallographically detectable large iron particle especially in microgravity.

The addition of other metals to aluminum leads to the production of alloys with a
homogeneous microstructure, which provides the necessary mechanical properties of the
alloys. With the precise manipulation of key metallurgical factors, new alloys and products
are created [1,4]. Technologies are being introduced that accelerate the process of hardening
alloys and expand the methods and types of product production. The solidification speeds of
the melts reach 103- 06K/s.
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When studying the intermetallic phases of alloys obtained on
earth (Figure 1a) and in space (Figure 1b), their size and shape
can be estimated. This data has shown the need to introduce
new technologies that are already part of the global processing of
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aluminum alloys [3,5]. The technologies for flat flow casting “Planar
Flow Casting” were introduced and е achieve cooling of the melts at
a rate of R=10-3-6K/s.

Figure 1: Needle-like iron containing in: a) Sample of Al-Si alloys; b) Space sample of Al-Si alloys.
By rapid curing of such melts, composite nano-microcrystalline
strips or powders with unique properties are obtained. For the
needs of the practice, these bulk materials are compacted by hot
extrusion to obtain massive samples with unique properties such as
Al alloys, with microhardness characteristic of bainitic structures in
carbon steels (50-56 HRC).

With proper process of atomization and subsequent extrusion,
the improvement of the microstructure and properties of the
obtained alloys is impressive (Figure 2). This is the basis of the
rapid development of nano-microcrystalline alloys.
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Figure 2: Microstructure of the Al-Si alloy: a) The
microstructure of the final product after extrusion; b)
The large particles of the initial alloy before extrusion.
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