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of porosity control of welds of two consecutively manufactured tanks form a sample of 100
individual sections, which is sufficient for use in statistical porosity control.
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DEPENDENCE OF THE ELASTIC MODULUS OF POWDER COATINGS ON THEIR
POROSITY IN ELECTRICAL CONTACT HARDENING

Porosity is an inherent feature for many types of powder coatings and is considered to be of
their second (after adhesion strength), but in some cases, of the first order property. It is the main
means of assessing the quality of coatings, especially corrosion-resistant and wear-resistant
coatings, where its presence is undesirable.

A significant decrease in the porosity of coatings can be achieved by thermal hardening.
However, it should be noted that in some cases the volumetric heat treatment of coatings is
undesirable, since it deteriorates their physical and mechanical properties [1].

Required compaction of coatings can be achieved using chromium and aluminum-containing
phosphate binders as well as polymeric and other materials [1]. For the same purposes, chemical
heat treatment (CHT) is used.

In order to increase the coating density, methods of subsequent processing of coatings have
become widespread such as overflow in a furnace or with an open flame of a gas burner, as well
as impregnation with plastics or molten metals.

The current methods of coating processing have a number of disadvantages: as a rule, during
the overflow the pores are closed only at the outer surface of the coating while in the subsurface
layers they preserve.

An increase in the density of the sprayed coatings is facilitated by an increase in the intensity
of the mechanical-thermal interaction between particles of the powder and the base during both
formation of coatings and subsequent mechanical-thermal treatment. The use of mechanical-
thermal treatment of as-formed coatings (for example, deposited by gas thermal spraying) makes
it possible to increase the coating density in parallel with maximal preservation of the original
structure and properties of the powder [1].

A significant decrease in porosity after MTF in comparison with the effect of gas-flame
treatment is due to the positive role of the mechanical factor, which under high temperatures
determines the development of plastic deformations that contribute to the "healing" of pores [1].
The interaction of materials in the solid phase is activated not only by temperature, but also by
pressure [1].

According to the reviewed literature and patent information, among the large number of current
mechanic-thermal methods of hardening parts with powder and compact materials, the advantage
should be given to electric contact ones [1], because they allow one: to obtain practically non-
porous coatings; more than 150 MPa; to preserve the original properties of the coating materials,
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to improve the properties of the base material, to achieve the minimum zone of thermal influence
of current on the part (0.1 ... 0.3 mm) thanks to the short duration of heating pulses, and to increase
the thickness of coatings by 3 ... 6 times. Moreover, they are characterized by high productivity
along with low energy consumption and do not require any protective atmosphere, light radiation
or gas release.

The first was determined by calculation using the Kashin procedure [2-4].

E=E,(1—a,P) 1)

where E is the elastic modulus;
Eo is the elastic modulus of non-porous material;
o 1S @ constant obtained by calculation for spherical closed porosity;

P is the porosity.

The decrease in the elastic modulus for a coating obtained by electric arc spraying may be due
to the presence of 20% pores and its layered structure (Table 1). Coating material: powder of hard
alloy PG-12N-01 (base Ni, 8 ... 14% Cr, 1.7 ... 25V; 1.2 ... 3.2 Si; 1.2 ... 3.2 Fe; 0.3 ... 0.6 C);
flux-cored wire PP FMI-2; charge FKhB (50% Cr; 20% B, 7% Al, 3% Ti, 20% Fe) + Al.

Table 1 — Dependence of mechanical properties of coatings on porosity

Method Material Elastic modulus E-10°°, MPa
Base Porosity of coating, %
Steel 45 5 10 | 15 20 25 30
Gas flame spraying PG-12N-01 2 - - 32 | 27 | 25 | 22
Electric arc spraying PP FMI-2 2 - - 0.8 | 0.75 | 0.70 | 0.60
Electric contact PP FMI-2 2 135 | - - - - -

Conditions of the electric contact method for forming coatings: voltage 3 ... 6 V; current 8 ...
12 kA, load on the electrode 10 ... 30 MPa; current pulse time 0.02 ... 0.04 s; pause time 0.02 ...
0.04s.

Conditions of the electric arc spraying: voltage 18 ... 35 V; current 50 ... 600 A; the nozzle-
surface distance 50 ... 200 mm; compressed air pressure 0.4 ... 0.5 MPa; compressed gas (air)
consumption 60 ... 150 m¥/h.

The decrease in the elastic modulus of coatings is due to the presence of porosity (up to 30%
after gas flame spraying and up to 20% after electric arc spraying). The electric contact method of
forming coatings (electric contact method of processing coatings) makes it possible to reduce the
porosity to 5-6% and to bring the value of the elastic modulus closer to that of compact materials.
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