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The abstracts consider the possibility of using artificial intelligence at the stage of 
analyzing significant amounts of information during the study of titanium, aluminum, 
and magnesium alloy powders. 
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In the context of confronting the armed aggression of the Russian Federation, as 
well as the transformation of the defense–industrial complex, control over dual–use 
goods ceases to be a highly specialized procedure and turns into an important instrument 
of state policy aimed at supporting the national security of Ukraine. Improper 
supervision or gaps in the export control system can lead to Ukrainian products getting 
into the enterprises of the military–industrial complex of the aggressor state or into 
intermediaries who re–export in circumvention of international sanctions. In such a case, 
even a small batch of specialized powder can become an element of the production of 
weapons used against Ukraine. 

The definition of dual–use goods is enshrined in numerous international 
agreements such as the Wassenaar Arrangement, documents and national legislation 
such as Regulation (EU) No. 2021/821 [1, pp. 179 – 181]. According to the law of 
Ukraine, these are certain types of products, equipment, materials, software, 
technologies, as well as services (technical assistance) that are not specifically intended 
for military use, but can be used not only for civilian, but also for military or terrorist 
purposes. In particular, they can be used for the development and production of military 
goods, weapons of mass destruction, their delivery means or nuclear explosive devices. 
Such goods also include certain types of nuclear materials, chemicals, bacteriological, 
biological and toxic preparations, the list of which is determined by the Cabinet of 
Ministers of Ukraine [2, Article 1]. The characteristic properties and list of such goods 
are given in the Unified List of Dual–Use Goods of Ukraine. 

When it comes to titanium, aluminum, and magnesium–based metal alloy 
powders, their characterization is quite broad and includes different classes of materials 
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– from pure elemental powders to complex alloys with impurities, modified
microstructures, controlled particle morphology, and specified functional properties.
These features, along with others, cause the following difficulties when controlling such
materials:

1. Titanium, aluminum, and magnesium alloy powders are raw materials, not final
products. For example, Ti–6Al–4V powder can be used for medical 3D printing (tools, 
implants, and prostheses), as well as for the manufacture of aviation parts, missile 
element structures, M1A2 Abrams tank armor elements, M2A2 Bradley infantry fighting 
vehicle, M777A1 howitzer elements, and other military goods [3, pp. 11–19]. Aluminum 
alloy powders, in turn, can be used in the automotive industry, civil aircraft construction, 
construction [4, pp. 357–365], and for the manufacture of military aircraft parts, missile 
weapons, and armor for military equipment [5, pp. 983–985]. At the same time, powders 
for civil and military use: 

– are visually indistinguishable;
– often have the same general chemical composition;
– the difference lies in particle size, morphology, and impurity content (oxygen

and nitrogen), which cannot be determined without the use of laboratory equipment and 
specialized knowledge. 

2. The powder form of the materials provides ample opportunities for
circumventing export control: 

– ease of division into small batches, which simplifies transportation;
– the ability to disguise as other powder materials allows transportation under the

guise of goods with other trade codes and names. 
3. With the development of 3D printing with metals, the need for large–scale

production facilities (large factories, press equipment, furnaces) has disappeared, and a 
sufficiently compact 3D printer has been developed, allowing the use of metal alloy 
powders locally and covertly for the manufacture of parts and structural elements for 
military purposes. 

According to the unified list of dual–use goods approved by the resolution of the 
Cabinet of Ministers of Ukraine, the following are subject to control: 

1C002.c Metal alloy powders or particulates having all of the following 
characteristics: 

1C002.c.1 Made from any of the following systems:… 
1C002.c.1.c Titanium alloys (Ti–Al–X or Ti–X–Al); 
1C002.c.1.d Aluminium alloys (Al–Mg–X or Al–X–Mg, Al–Zn–X or Al–X–Zn, 

Al–Fe–X or Al–X–Fe); 
1C002.c.1.e Magnesium alloys (Mg–Al–X or Mg–X–Al) «X» denotes one or 

more alloying elements contained in the alloy… 
1C002.c.2. are manufactured in a controlled environment by any of the following 

processes: 1C002.c.2.a to 1C002.c.2.h a) «Vacuum spraying»; b) «Gas spraying»; c) 
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«Centrifugal spraying»; d) «Rapid drop quenching»; e) «Melt spinning» and «milling»; 
f) «Melt extraction» and «milling»; g) «Mechanical alloying»; h) «Plasma spraying».

Each of the production methods is characterized by technological features that 
directly affect the physical and chemical properties of the resulting powders. In 
particular, process conditions such as atmosphere, pressure, cooling rate, and mechanical 
processing determine the size and shape of the particles, their surface structure, degree 
of purity, and phase and chemical composition. 

Vacuum spraying. The metal melt is sprayed in a vacuum, which reduces the 
reaction with gases and minimizes oxidation, has the following distinctive features: 

– low content of impurities (O, N, H) in the finished powder;
– particles have a spherical shape;
– fewer oxide inclusions compared to atmospheric spraying.
Gas atomization. Atomization of molten metal by a jet of high–velocity inert gas

(Ar, He) in a chamber where the droplets cool and crystallize into spherical particles has 
the following distinctive features: 

– spherical particles with a smooth surface;
– narrow fractional distribution;
– usually low impurity content [6, pp. 1855–1857].
Centrifugal spraying. A metal rod or wire is melted at the end and rotates at high

speed. Centrifugal forces eject the melt in the form of drops, which, when cooled, form 
a powder, which has the following distinctive features: 

– spherical or elongated particles;
– particle surface without significant defects;
– relatively large particle size (often larger than with gas spraying);
– low impurity content.
Rapid quenching of the droplet (plasma atomization). The metal is melted and fed

into a plasma stream, where it is broken into very small droplets, having the following 
distinctive features: 

– often extremely small particle size;
– spherical particles with a smooth surface.
Melt extraction and grinding. A mechanical method in which a titanium alloy is

hydrogenated, becomes brittle, mechanically ground, dehydrogenated, and a powder is 
obtained, having the following distinctive features: 

– particles of complex shape;
– high surface roughness of particles;
– significant size distribution;
– usually a high content of impurities associated with mechanical processes.
Mechanical alloying. A solid–phase powder metallurgy process in which metal

and alloy powders are repeatedly compressed, ground, and recombined by intense 
mechanical action in special mills, has the following distinguishing features: 

– particles are nanostructured and heterogeneous;
– a mixture of phases/solid solutions may be present;
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– particles are non–spherical, often broken in shape.
Plasma spraying. A metal wire or rod melts in a plasma jet and is sprayed into

particles, which have the following distinctive features: 
– spherical particles with high fluidity;
– low impurity content due to the presence of a protective atmosphere;
– variable fractional composition due to the possibility of its regulation by

changing the plasma parameters [7, pp. 43 – 47]. 
The considered physical and chemical features are due to the specifics of the 

methods of manufacturing titanium, aluminum and magnesium alloy powders, as well 
as the given items of the Unified List of Dual–Use Goods, which determine a significant 
amount of research information that needs to be processed, analyzed and compared. 
Therefore, it is considered promising to use artificial intelligence at the stage of 
analyzing the results obtained when studying the chemical composition and 
morphological features of metal powder particles. Artificial intelligence can also be used 
when comparing the results obtained with the provisions of the Unified List of Dual–
Use Goods. This approach will significantly reduce the time required for conducting 
research. 
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