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Abstract. This article presents the results of an X-ray spectral 
microanalysis of cobalt-chromium alloys based on particles of the of the 
tungsten nickel iron alloy dispersed by electric erosion, obtained in 
alcohol. It has been experimentally proved that a part of oxygen is present 
in the cobalt-chromium alloy of particles of the cobalt-chromium-
molybdenum alloy dispersed by electric erosion. All other elements are 
distributed relatively evenly over the volume of particles. It is shown that 
Co, Cr and Mo are the main elements of the (CoCrMo) alloy dispersed by 
electric erosion. 

1 Introduction 
Additive technologies are among the most advanced and demanded in the world. In this 
regard, the creation of the possibility of their wider use is a very important and urgent task. 
Accurate production of the shape is the most important, but not the only task that is solved 
in the production of parts. No less principal are such properties as: elasticity and plasticity, 
strength and wear resistance, etc. [1-5]. 

It is known that high-temperature action on the workpiece material, which accompanies 
any of the known additive processing processes, negatively affects the above properties. 
The most important task of additive technologies is to provide a high-quality material 
structure and high performance properties of the resulting part with a multiple increase in 
productivity [6-10]. 

 The aim of the research is to develop a technology in which the surface hardening 
process is added to the additive processing processes. In addition, it is proposed to consider 
the issues of creating a gradient heterogeneous structure, due to the use of metal-powder 
compositions, similar in composition, but different in properties, based on Co-Cr alloys.  

The suggested methods make it possible to structure, compact, and strengthen the 
material of the grown layer. Thus, we achieve the modification of the material and the 
surface layer of products at different levels. By applying the proposed approach, it is 
planned to achieve a qualitative increase in the physical, mechanical and operational 
properties of additive parts. 
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For the practical implementation of additive technologies in terms of the need to use 
spherical powders, an electrodispersion technology is proposed, which is distinguished by 
relatively low energy costs and environmental friendliness. 

One of the advantages of the technology is the use of waste as starting materials, which 
is much cheaper than pure components used in traditional technologies. In addition, this 
technology allows to control the size and shape distribution of the resulting powders due to 
the possibility of regulating the energy parameters of the process in a wide range [11, 12]. 

The purpose of this research was to study the sintering ability of electroerosive cobalt-
chromium powders manufactured for additive products. It was also important to carry out 
an X-ray spectral microanalysis of cobalt-chromium alloys based on particles of the tungsten 
nickel iron alloy dispersed by electroerosion, obtained in alcohol. 

2 Materials and Methods 
Cobalt chromium powders were obtained by electrodispersion of the  (CoCrMo) alloy waste in 
alcohol. The average particle size of the obtained particles was 52.5 μm, the arithmetic value 
was 52.496 μm. For dispersion of W-Ni-Fe alloy wastes, an installation protected by RF Patent 
No. 2449859 was used. Additive samples were obtained by laser sintering on additive machines 
from metal-powder compositions based on Co-Cr alloys. In order to impart the required 
physical, mechanical and operational properties to the additive samples, volumetric and surface 
hardening by static-pulse treatment was performed. 

X-ray spectral analysis of the obtained samples was performed using an EDAX energy-
dispersive X-ray analyzer (Figure 1) built into a QUANTA 600 FEG scanning electron 
microscope. 

With the help of scanning electron microscopy, it was possible to carry out direct analysis of 
powder particles with a sufficiently high resolution. With a scanning electron microscope we 
could observe a three-dimensional image of the structure under study at a large depth of focus 
(Figure 1).  
 

 
Fig. 1. A scanning electron microscope «QUANTA 600 FEG» 
 
The fractional composition of the W-Ni-Fe powders was studied using an Analysette 22 
NanoTec laser analyzer (Figure 2). 

3 Results 
The generalized results of the research of the microstructure and X-ray spectral microanalysis 
of heavy tungsten pseudo alloys from the particles of the W-Ni-Fe 95 alloy dispersed by electric 
erosion in distilled water are shown in Figure 2. Points 1 and 2 in the figure correspond to the 
spectra of characteristic X-ray radiation. In the spectra, each chemical element corresponds to a 
peak of a certain height. 

 

a) 

 

b) 

Fig. 2. Cobalt-chromium alloy of particles dispersed by electric erosion: a) microstructure; b) 
elemental composition 
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It has been experimentally proved that a part of oxygen is present in the cobalt-
chromium alloy of particles of the cobalt-chromium-molybdenum (CoCrMo) alloy 
dispersed by electric erosion. All other elements are distributed relatively evenly over the 
volume of particles. It is shown that Co, Cr and Mo are the main elements of  the CoCrMo 
alloy dispersed by electric erosion. 

4 Conclusion 
The results of the conducted fundamental research will contribute to the development of the 
theoretical foundations of the formation of mechanical engineering products obtained from 
metal-powder compositions based on Co-Cr alloys, as well as the application of the obtained 
regularities for practical use in the form of developed technological processes for critical 
mechanical engineering products. 

The scientific significance of solving the fundamental  problem of the development of 
theoretical provisions, methodology and tools, allowing to ensure the production of mechanical 
engineering products obtained by additive technologies from metal-powder compositions based 
on Co-Cr alloys, which contribute to an increase in the operational reliability, durability and 
safety of machines, in relation to the specifics of critical parts of mechanical engineering, 
associated with new scientific results that allow solving fundamentally new problems in the 
industrial application of macro- and nanopowders. 

The practical significance of the research lies in increasing the operational reliability, 
durability and safety of critical parts of mechanical engineering. At the same time, increasing 
the operational reliability, durability and safety of machines has a positive effect on the 
consumption of natural resources and, accordingly, on the environmental safety of our country. 
Also, the use of new technologies can significantly reduce the cost of maintenance and repair of 
machines. 
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