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Abstract

The article presents the results of tests of the coating material intended for the elements of boilers in the power
industry (water walls, steam superheaters). The coatings were applied by thermal spraying, which is one of
the basic technologies in surface engineering. The use of this method enables the production of coatings with
a specific chemical and phase composition, and structure. The coatings were applied to parts of energy
equipment made of alloy, heat-resistant steel (16Mo03). The structure and properties of the protective coatings
were analyzed using a light microscope, SEM, X-ray diffractometer and a micro hardness tester.
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1. INTRODUCTION

The most common cause of the weakening of the material that builds the elements of working installations in
the power industry, erosive and corrosive wear processes are combined. In addition, high temperature,
accompanying these processes during the operation of machines and devices, intensifies their occurrence and
creates major problems in the operation of energy devices. The problem of erosive and corrosive wear is most
visible in the combustion chamber, on the surfaces of superheaters, economizers and in the fuel and air supply
systems to the boiler and the ash removal system [1,2]. By influencing the speed and shape of the flue gas
stream, erosive wear and corrosive can be effectively reduced. It is possible due to the use of better materials
for the construction of the boiler chamber and installation components. The use of this type of optimization of
structure elements influences, among others to reduce wear of essential boiler components. The use of humps
in exhaust gas ducts or choke plates at heaters is a good example of this type of modification [1].

The second method of protecting the most exposed to wear elements is the use of special overlays or
protective coatings made of highly wear-resistant materials. Protective coatings used in the energy industry
must be characterized by high durability due to the long-term operation of these devices in an unfavorable
environment. Coatings produced by welding or thermal spraying bring the greatest protective effects [3]. The
thermal spraying method can produce protective coatings from practically all known coating materials, on any
substrate [4]. Materials used for protective coatings should meet the following conditions: stability under
conditions not exceeding the melting point of 3000°C. Thus, these materials cannot undergo chemical
processes, such as evaporation or dissociation, until this temperature is reached [5]. The main task of thermally
sprayed coatings is to protect the base material against corrosion, external and internal stimuli, and to ensure
high abrasion resistance [6,7], even on stainless steel [8,9]. Well-produced coatings create a thermal barrier
on the protected surface, which protects the material against high temperatures. In addition, the coating can
give the protected surface special electrical, magnetic or other properties, which also increase its temperature
resistance, hardness and thickness [10]. The deposited coating can be further improved by laser treatment
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[11,12], thus making it possible to improve the technological properties [13,14]. Surfaces improved by applying
an additional coating are of interest not only to the power industry [15,16], but also to the automotive industry
[17,18], manufacturers of agricultural equipment [19,20] and producers of bioimplants operating in a corrosively
aggressive environment [21].

The thermal spraying method uses coating materials that are characteristic of a given spraying method [22]. It
is used, inter alia, powders, rods and solid or flux cored wires. For the arc and flame wire methods, solid or
flux cored wires are used, the diameter of which depends on the type of device and ranges from 1.6 to 5 mm.
An important requirement in selecting a coating material in the arc method is the conductivity of electric current
through the wire. Other methods, such as flame powder and supersonic, use metallic powders, metal-ceramic
and ceramic composite powders as well as thermoplastic plastics as the coating material [4,5]. Table 1
presents selected examples of materials used in the production of coatings by thermal spraying.

Table 1 Materials used for thermal spraying of coatings [4]

Type of material weakening Spraying methods Material group

Wires of Zn, Zn-Al alloys., Al, Al-Mg

Flame Powders: Al20s, Al,03-TiOz, CrO;
Atmospheric corrosion Wires of Zn, Zn-Al alloys., Al, Al-Mg
Arc Powders: Al2O3, Al203-TiO2, CrO2

Stainless steel, alloys based on NiCr

Wires Al, alloys with high content of Cr on Ni or
Flame Fe matrix
Powders: ZrOz, ZrO2+Y203, Al,O3

High temperature corrosion

Plasma ZrO2, ZrOz+ madifications Y203 and others
Arc Al, alloys with a high content of Cr on a Ni or Fe
matrix
Flame Self- fluxing powders with remelting

Wires based on Fe Or Ni modified with the

] Arc phases of carbides, borides, silicides, etc.
Abrasive wear
HVOE Composite powders type: WC-Co, WC-Co-Cr,
NiCr-CrzC2, WC-CrC-Ni
A Ni- based wires modified with the phases of
rc - ) L
carbides, borides, silicides, etc.
Abrasive and corrosive wear AT . ] ] -
elevated temperatures NiCr-CrsCz, NiCr-CrsC2 powders with additional
HVOF modifications, e.g. CrsC2-TiC-NiCr, WC-Cr3Co-

NiCr or Ni

2. EXPERIMENTAL PART

The test samples were taken from the parts used in the production of accessories for heating boilers. These
parts were made of 16Mo3 steel. In order to increase the resistance to the corrosive environment, the metal
surface was covered with a protective coating using the thermal arc spraying method. The chemical
composition of the 16Mo3 heat-resistant alloy steel is presented in Table 2.

Table 2 Chemical composition of 16Mo3 steel (wt%)

C Mn Si P S Cr Mo Ni Cu Al N
0,12-0,20 0,4-0,9 <0,35 <0,025 | <0,010 | <0,3 0,25-0,35 <0,3 <0,3 - <0,012

The microstructure studies were performed using the OLYMPUS GX41 light microscope and the JEOL
scanning electron microscope (SEM). The selected test results are shown in (Figure 1) and (Figure 2). The



JE . w -
ME 1AL
2021

May 26 - 28, 2021, Brno, Czech Republic, EU

analysis carried out on a scanning microscope and on an optical microscope of the coating showed that it is
characterized by a lamellar structure. The coating consists of many particles (lamellas) formed by successive
sprayed particles. As results from the analysis of the coating-substrate connection zone, the coating shows
very good adhesion to the substrate. It was confirmed that 16Mo3 steel has a ferritic-pearlitic structure. The
average thickness of the coating was 329.45 um.

The coatings applied to the steel substrate were subsequently analyzed for their chemical composition on a
scanning microscope equipped with an X-ray chemical composition analyzer (EDX). The results are shown in
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Figure 2 Structure and morphology of the surface of the sprayed coatings (SEM)

Table 3 and (Figure 3).

Table 3 Chemical composition of the coating on 16Mo3 steel

Element C-K O-K | Mg-K | AlI-K Si-K | Ca-K | Cr-K | Mn-K Fe-K Mo-K | W-K Total
Weight% | 6,43 5,14 0,34 | 0,21 1,19 0,36 | 19,69 | 0,73 62,60 1,44 | 1,86

100
Atomic% | 21,7 | 13,02 | 0,57 | 0,32 1,72 0,37 | 15,34 | 0,54 45,51 0,61 | 0,41
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Figure 3 Chemical composition SEM/EDX

Figure 4 shows the diffractogram for a sample of steel with an applied coating. The X — ray diffractometer
Seifert 3003 T — T with a cobalt lamp Acoka = 0.17902 nm was used for identification of phase composition of
coating. XRD patterns from angle 40—130 ° 206 were recorded with the following measurement conditions: tube
voltage of 40 kV, tube current of 30 mA, step-scan mode with a step size of 0.2 ° and counting time of 10 s per
step. After the analysis, the presence of the Fe phase was confirmed (peaks 1-4). However, it should be
remembered that identical peak positions are characteristic for chromium. This element is also found in the
composition of the coating (Fe / Cr).

40 60 80 100 120
20

Figure 4 Diffractogram for 16Mo3 steel coated with the thermal spray method

In the next stage, the hardness of the substrate and the coating were tested using a Shimadzu HMV-G Series
microhardness tester. The Vickers microhardness test (HV 0.1) was performed for a load of 0.980 N. Several
hardness measurements were carried out for both the steel substrate and the protective coating. Based on the
obtained results, the average value was calculated, which for the substrate (16Mo3 steel) was 163 HV, while
in the case of the coating it was 797 HV. Additionally, standard deviations for the substrate and the protective
coating were calculated. The data is summarized in the column chart (Figure 5).
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Figure 5 Average hardness value for the substrate (16Mo3 steel) and the coating

CONCLUSION

Coatings produced by thermal arc spraying from a selected coating material (Fe / Cr) adhere well to the
substrate, which is advantageous from the point of view of performance. They are about 300 ym thick, which
is important for their resistance to corrosive and erosive wear. The proposal of applying the coatings by this
method allows to reduce the production costs due to the simple equipment and inexpensive coating material.
The presented article presents selected test results of coatings intended for anti-corrosion and anti-erosion
protection of selected accessories of heating boilers. Thermal arc spray coatings are an example of structurally
advanced materials that can be used, for example in the energy industry.
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