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The annual losses of the global economy due to corrosion are estimated at more
than $2.5 trillion, which is about 3-4% of global GDP. According to experts, the
introduction of effective corrosion management strategies can reduce these losses
by 25-35%.

Currently, there are a number of trends in Kazakhstan that require the
development and modernization of infrastructure. In Kazakhstan's transition period
from a planned to a market economy, its mineral resources are becoming extremely
important.

The failure of the vast majority of machine parts, mechanisms, equipment, tools
and technological equipment is associated with the wear and destruction of their
surface layers, that is, a gradual change in the size and shape of their working
surfaces. Traditionally, the fight against wear is based on the construction of parts
from bulk-alloyed materials followed by heat treatment or electrochemical coatings.

This approach is complicated by the scarcity and reduction of the range of
materials for manufactured metal products, their excessively high cost, high energy
consumption for thermal or chemical heat treatment, and environmental problems.

Relevance of the research

The creation of a technology for flame and plasma surfacing of machine parts
during wear is an important design and technological task that makes it possible to
obtain a surfaced layer with high strength and adhesion, which will extend the life
of repaired parts resistant to wear two or more times.

Despite the successes achieved, theoretical problems remain unresolved in the
field of flame deposition, as well as practical difficulties in the application of plasma
technologies using plasmatrons. The choice of optimal technological parameters of
the process requires consideration, as well as the selection of a rational composition
of powder materials, including highly alloyed components, to form a wear-resistant
and durable deposited layer. Based on the conducted research, there is a need to
develop a standard for the technology used. In this regard, the research of gas-
thermal surfacing of machine parts, as well as the creation of engineering methods
for calculating its parameters and characteristics, using high-speed and plasma tools



are an urgent task, the solution of which will increase the efficiency of gas-thermal
surfacing processes.

The developed self-fluxing powder surfacing material based on iron with a
strengthening additive is intended for the restoration of machine parts and equipment
operating under conditions of abrasive wear, corrosion, at elevated temperatures or
aggressive environments.

Research objectives and tasks

The aim of the work is to improve the quality of application of self—fluxing
surfacing powders from high-alloy metals, which makes it possible to create a repair
technology using new alloyed alloys. To achieve this goal, the following tasks were
solved::

1. To select and justify the optimal composition of metal powders resistant to
wear and adhesion based on standards;

2. To create a regulatory and technical methodology for obtaining powder
material aimed at standardizing the manufacturing process of a new composite
material;

3. To develop a regulatory and technical document regulating the
technological process of coating a new powder material;

4. To form a standard defining the requirements for the composition,
properties and quality of composite powder material.

Scientific basis and content of the work

The scientific novelty of the work consists in improving the quality of
application of self-fluxing high-alloy surfacing powders.

It was found that the introduction of 10% CrB; ligature into the surfaced PG-
Z40 alloy is optimal for achieving the hardness of the deposited metal in the 450-
600 HV range. Based on the results of X-ray diffraction analysis, it was revealed
that with such a CrB; content, an iron-nickel matrix with evenly distributed borides
and carbides of iron, chromium and nickel is formed after mechanical alloying and
melting. This fact is confirmed by an increase in the microhardness of the deposited
layer from 495.55 to 549.96 HV.

A new anticorrosive protective coating is proposed that is corrosion resistant to
hydrogen sulfide (H»S), sulfuric (H2SO,) acids (acidic media). The level of corrosion
resistance is not less than the V NACE MR 0175 I1SO 15156 level.

Regulatory and technical documents have been developed:

 Standard for composite powder material,

» Technological process of production of composite powder material,

» Technological regulations for the application of this powder material.

Key findings



1. The developed powder material, which provides a hardness of the deposited
metal in the range of 450-600 HV, is formed by introducing up to 10% CrB; ligature
into the PG-Z40 alloy. Such alloying leads to the formation of an iron-nickel matrix
with evenly distributed borides and carbides, which provides an increase in the
microhardness of the deposited layer to 549.96 HV;

2. The developed regulatory and technical document, which establishes a
methodology for obtaining powder material with the addition of CrB; for protective
coatings of equipment in the oil and gas and uranium industries, provides
standardization of the manufacturing process of a new composite material.;

3. The developed regulatory and technical document is the technological
process of supersonic gas thermal spraying of anticorrosive protective coating of
equipment for the oil and gas and uranium industries. The document regulates the
process of applying a new powder material,;

4. The developed standard of the enterprise ensures the unification of
requirements for the composition, characteristics and quality of composite powder
material, which leads to increased reproducibility of the properties of the applied
coatings, stability of the technological process of supersonic flame spraying and
guaranteed corrosion and wear resistance of protective layers on equipment of the
oil and gas and uranium industries.

Scientific Novelty

1. It is proved that a new powder material based on the PG-Zh40 alloy with the
introduction of up to 10% CrB; ligature, which ensures the formation of an iron-
nickel matrix with a uniform distribution of borides and carbides, which makes it
possible to increase the microhardness of the deposited layer to 549.96 HV and
provide hardness in the range 450-600 HV.

2. A regulatory and technical document has been created that establishes a
methodology for obtaining powder material with the addition of CrB;, which ensures
the standardization of manufacturing technology for a new composite material.

3. A regulatory and technical document has been developed regulating the
technological process of supersonic gas-thermal spraying of an anticorrosive
coating, which ensures reproducible application of a new powder material and
stability of the properties of the formed protective layer.

4. An enterprise standard has been formed that unifies the requirements for the
composition, characteristics and quality of composite powder material, which
ensures increased reproducibility of the properties of the applied coatings, process
stability and guaranteed corrosion and wear resistance of protective layers of
equipment in the oil and gas and uranium industries.

Practical significance

The developed composite powder material and regulatory and technical
documents can be used in the following industries:



1. Mechanical engineering — restoration of shafts, necks, bearing seats,
surfacing worn gear teeth, guides, cylinders.

2. Oil and gas and uranium industry — surfacing of drill bits, chisels, rotors,
hardening of pumping and compressor equipment, restoration of pipe threads and
landing surfaces.

3. Agricultural machinery — restoration of working bodies of plows, cultivators,
harvesters, welding of axles, shafts and transmission parts.

4. Mining industry — restoration of excavator buckets, welding of crushing
plates, knives, rotors, reinforcement of wear surfaces of mining equipment.

The main advantages of the technology are high wear resistance of the coating,
strong adhesion to the base metal, precise localization of hardening, high corrosion
and heat resistance of coatings.

Conclusion

The conducted studies of powder coating technology have shown that the use
of the developed new powder material ensures obtaining the desired hardness. Its
composition is formed by introducing up to 10% CrB; ligature into the PG-Z40 alloy.
This alloying provides an increase in the microhardness of the deposited layer to
549.96 HV.

A regulatory and technical document has been developed regulating the method
of obtaining powder material with the addition of CrB, for the formation of
protective coatings. The document provides standardization of the manufacturing
process of a new composite material.

A regulatory and technical document has been created that establishes the
technological process of supersonic gas-thermal spraying of an anticorrosive
protective coating.

A standard has been developed that ensures the unification of requirements for
the composition, characteristics and quality of composite powder material. Its
Implementation increases the reproducibility of the properties of protective coatings,
stabilizes the technological process of supersonic flame spraying and guarantees the
required corrosion and wear resistance of the layers.
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