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INVESTIGATION OF THE PROPERTIES OF COATINGS
OBTAINED BY ELECTRIC ARC SPRAYING

In the practice of restoring and hardening parts through the use of hardening protective coatings,
extensive experience has been accumulated in the application of coatings by methods of gas-
thermal spraying (GTS) [1,2]. The produced domestic and foreign GTS units [1,2], spray materials
[3], and published recommendations have made it possible to solve a series of items related to the
repair, restoration, and prolongation of the service life of parts [1,2]. In the world practice of
hardening, recovery, and anticorrosion protection, EAS has become widespread as the most
technologically advanced and productive method (productivity is 3-4 times that for flame
spraying) [1,2].

The aim of the work - was set up to increase the wear resistance and service life of parts via
combining EAS coatings characterized by high density, adhesion strength, and microhardness due
to the activation of the spray process and nitriding of the coatings sprayed.

Studies of the effect of the average particle size of spray wires from 40Kh13, 12Kh18N10T,
nichrome and powder wire FMI-2 on the physico-mechanical properties of coatings revealed (Fig.
1) that coatings made from steel wires show a decrease in adhesion with increasing porosity,
whereas nichrome does not obey this rule. As seen in the figure, the curve of accumulated weight
wear of tempered steel has a characteristic stage of running-in and a steady wear stage with almost
linear dependence of the weight wear on the friction path. For EAS coatings, the stages of steady
wear periodically alternate with the relatively short-term stages of accelerated wear, i.e., wear of
EAS coatings is pronouncedly cyclical. The highest averaged weight wear rate was 0.39 mg/m
(Table 1).
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Fig.1 — The effect of the average size of sprayed wire particles of powder wire FMI-2 (1)
and of steels 40Kh13, Kh18H10T (2, 3), and nichrome (4) on the adhesion strength (1, 2, 4) and
porosity (3) of coatings
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Table 1 — Wear rate and coefficient of dry friction for EAS coatings and tempered powder wire
FMI-2

Material Wear rate, mg/m Coefficient of friction
Powder wire FMI-2 0.12 0.82-0.93
EAS coating 0.27 0.83-0.96
EAS coating 0.39 0.94-1.02

A number of researchers have noted that the structure of coatings obtained by spraying the same
wire material by different modes can differ not only in the number of pores, but also in the phase
composition [1-3]. This paper presents the results of studies of the structural features of EAS
coatings. As spray materials, FMI-2 powder wires with a diameter of 2 mm were used. Spraying
was performed using an apparatus for EAS in the following modes:

- mode 1: spaying of metal melted in an electric arc with a reactive jet of combustion
products of propane/air mixture with an excess of propane (reducing atmosphere);

- mode 2: spraying of metal melted in an electric arc with a reactive jet of combustion
products of the propane/air mixture with an excess of air (oxidizing atmosphere);

- mode 3: spraying of metal melted in an electric arc with a fast air jet.

The present work recommends to increase the wear resistance, corrosion resistance, and service
life of parts via hardening and renovating them using combined EAS coatings characterized by
high density, adhesion strength, and microhardness due to activation of the spraying process.

It has been shown that by properly choosing design parameters and characteristics of equipment
for EAS, it is possible to control the properties of restored surfaces in order to increase the service
life of SMM parts. The right choice of equipment for spraying will allow one to increase the speed
and temperature of the jet of spraying gas and molten particles, decrease the droplet diameter,
increase the density, and reduce the oxidation of coatings.

Moreover, the phase composition and microhardness of coatings obtained by spraying wires
from austenitic and martensitic steel were investigated. The presence of an abnormally large
amount of residual austenite (to 50 vol%) in coatings from martensitic steel was established.

Studies of the resistance to fatigue failure showed that coatings deposited by EAS of wires
provide a slight decrease in the fatigue strength limit to 10-13% (for comparison, coatings obtained
by vibro-arc surfacing reduce the fatigue limit by 35-40%).

In the course of tribological tests, the wear of sprayed coatings was established to be cyclical.
The cyclicity of weight wear of sprayed coatings is associated with the degradation of their surface
layer under friction, described in terms of physical mesomechanics of solids.

References
1. Ageev M.S., Volkov Yu.V., Chigrai S.L. Protective and hardening coatings in ship building and
repair. Science Bulletin KhDMA. Kherson: Ne2 (13). 2015. P.110-124.
2. Ageev M.S. Volkov Yu.V., Chigray S.L Welding and related processes in ship building. Water
Transport. Kyiv: KGAVT, Ne2 (24), 2015. P. 15-26.
4. Pokhmurska G.V., Dovgunik V.M., Student M.M. Wear resistance of laser-modified electric arc
coatings from cored wire FMI-2. FKhMM Ne 4. 2003. P. 61-64.

37



