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Surface Topography of Arc-Sprayed Coatings
by Cored Wires of Different Compositions and Its
Influence on the Wear Mechanism

The purpose of this work is to study the influence of the components of the composition of powder
wires on the surface characteristics of sanded electric arc coatings. For the application of coatings used electric
spray and powder wires with a diameter of 1.8 mm containing powders FeSi, FeTi, FeMn, pure metals Al and Cr
and carbide B4C with a filling factor reached 24%. Spray parameters: current — 150 A, voltage — 32 V, air stream
pressure — 0.6 MPa, spray distance — 120 mm. The surface topography revealed the plate structure of the coating
with slats of different chemical composition. In coating are presence of carbides and borides, a significant
amount of iron oxides and oxides of alloyed elements at the slats. Provisions from a considerable height
contribute to intense wear due to reducing the friction steam surface. The interaction is regulated by the ratio of
the depth of the projections () to the radius of its sharp tip (). When H/r <0.02, there is only elastic interaction,
with the material of counteraction elastic. In the range of 0.02 < H/r <0.7, the projections induce plastic
deformation of the counter-body. If H/» > 0.7, sharp projections are cut to the surface, generating micro -cutting.
Reducing the number and size of inclusions and increasing their rounding radii are critical for improving wear
resistance. The coating contains complex mixtures of Fe-Cr oxide. The connection of chromium and aluminum
oxides resist cutting, they will either break, forming surface ulcers or residual projections. Adding a
ferromanganese to the wires produces manganese oxides with low micro -Service, which do not form the cutting
of the edges during friction. Titanium applications that respond quickly with oxygen leads to a subtle formation
of dispersed oxide inclusions based on those (7 GPa). These manganese and titanium oxides do not generate
sharp cutting edges, reducing the surface roughness of making the coating more suitable for use in friction pairs.
electric coatings, powder wires, surface roughness, element oxides, wear mechanism

Introduction. Electro-arc coating (EAC) using cored wires (CW) are widely applied
for restoring shaft-type components that operate under high specific loads in extreme
lubrication conditions. Among gas-thermal coating methods, electric arc spraying method
(EAM) is the most commonly used. EAM offers several advantages over other gas-thermal
methods, including a simple technological process, minimal costs, high productivity, the
ability to form coatings of the required thickness (0.1-10 mm) with specified properties, and
minimal heating of parts (up to 150°C). Consequently, EAM enables the restoration of worn
parts and enhances their wear resistance. The quality of the polished EAC surface directly
affects the durability of friction pairs. Therefore, this study aims to investigate how the
components of CW charge influence the polished surface characteristics of EAC.

Statement of the problem. Recently, electric arc spraying of powder-cored wire
(CW) coatings has been considered by many industries as the most optimal method of
restoring and improving the performance characteristics of parts, in particular shafts, due to
its economic advantages in terms of production and maintenance. This is also due to the
simplicity and availability of equipment; the quality of coatings is practically not inferior to
coatings applied by the plasma method; higher thermal efficiency, reaching 57% compared to
13 and 17% for gas and plasma application; high productivity (3...4 times higher than for
plasma spraying). In the process of spraying coatings, intensive oxidation of molten droplets
by oxygen from an air jet occurs, which causes the appearance of solid oxides in the structure
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of the coatings (microhardness 2000 HV or chromium 3000 HV). During the grinding
process, such sedimentary inclusions are not cut by the abrasive grains of the corundum
grinding wheel (microhardness 2000 HV) since their hardness is equal to or higher than the
hardness of corundum. In this case, the ground surface of the coatings has increased
roughness and as a result, increased wear of the friction pair occurs. Therefore, it is important
to form the charge of CW so that chromium or aluminum oxides are not formed during the
spraying of CW coatings.

Analysis of recent research and publications. The use of special powder-cored
wires for electric arc spraying of coatings allows to obtain wear-resistant coatings with
hardness up to 1300 HV, and adhesion to the steel base up to 55 MPa [1-2]. Electric arc
coatings with CW are widely used for protection against gas corrosion and gas-abrasive wear
of heating elements of thermal power plants [3—4], protection against corrosion-abrasive wear
of equipment for pumping wastewater [5], shaft parts restoration of equipment of food
processing enterprises, mining and transport enterprises [6-9]. When restoring shaft-type
parts, finishing treatment by grinding is provided. The ground surface of CW coatings has a
significantly higher roughness, which negatively affects the tribological characteristics of the
restored parts. There is no information in the literature on the influence of the CW charge on
the quality of the ground surface of electric arc coatings.

Problem statement. To obtain high tribological characteristics of restored shaft-type
parts by the method of electric arc spraying of coatings from CW, it is necessary to ensure the
minimum roughness of the polished surface of the coatings, which depends on the nature of
the CW charging materials. Therefore, the aim of the work is to study the influence of CW
charging materials on the roughness of the polished surface of sprayed coatings.

Arc Spraying of Coatings Using Cored Wires. For EAM spraying, an electric
metal-spraying device (Fig. 1 a) and CW with a 1.8 mm diameter were used. The CW charge
included powders of ferroalloys (FeSi, FeTi, FeMn), pure metals (Al, Cr), and B4C carbide,
while the shell was made of a 10 mm-wide strip of 08kp steel with a thickness of 0.4 mm. The
cross-section of the CW is shown in (Fig. 1 »). The CW charging coefficient reached 24%.
The spraying parameters were as follows: current — 150 A, voltage — 32 V, air jet pressure —
0.6 MPa, spraying distance — 120 mm.

1 — cathode; 2 — PW; 3 — compressed air; 4 — anode; 5 — coating; 6 — substrate; 7 — molten metal;
8 — electric arc; 9 — protective casing; 10 — shell; 11 — powder charge.

Figure 1 — Typical scheme of an electric metal-spraying device for EAC (@)
and cross-section of the CW (b)
Source: developed by the authors

Experimental Results. During the development of CW for EAC spraying, the
influence of CW charge components on the surface topography of coatings after grinding was
examined. Surface cleanliness and roughness significantly affect the tribological properties of
friction pairs (e.g., shaft — counter-body interfaces). Electron microscopy of the polished EAC
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surface revealed numerous depressions (pores) at low resolution (Fig. 2 @) and protrusions at
higher resolution (Fig. 2 b).

b

Figure 2 — EAC surfaces made of Cr6B3A16 CW (a, b) after grinding and polishing.
Depressions (a) and protrusions (b) on the EAC surface
Source: developed by the authors

The observed surface topography is associated with the lamellar structure of EAC.
These lamellae typically have different chemical compositions and microhardness levels.
Despite the presence of carbides and borides, a significant amount of iron oxides and alloying
element oxides were found primarily at lamella boundaries. These high-strength yet brittle
coating components fracture easily during mechanical processing, creating depressions.
Simultaneously, unbroken high-hardness protrusions contribute to intense wear by
detruncating the friction pair surface.

After identical mechanical processing (grinding followed by polishing), the roughness
of the EAC surface sprayed with Cr6B3A16 CW was significantly higher (Ra 1.88) than that
of hardened 100Cr1,5 steel (Ra 0.88). Protrusions up to 1 um high and depressions up to 1.6
um deep were recorded on the EAC surface, whereas surface relief variations on the steel did
not exceed 0.25 um (Fig. 3).

FREY. Y WYL
5 304 378 392
l. MM

a b
Figure 3 — Surface profiles of EACs made of Cr6B3A16 CW with a roughness of Ra 1.88 (a)
and steel 100Cr1,5 with a roughness of Ra 0.88 (b) after grinding and polishing. The ordinate axis shows
the difference in relief heights on the surfaces, pm, and the abscissa axis shows the length of the path
along which the measurements were made, um.
Source: developed by the authors

Influence of Surface Topography on Wear Mechanisms. The non-uniform coating
surface topography presents both advantages and disadvantages. Under boundary friction at
high specific loads, sharp protrusions may act as cutting edges, leading to catastrophic
counter-body wear and friction pair failure. However, surface depressions serve as reservoirs
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for lubricant, enhancing lubrication film thickness and improving performance under
insufficient lubrication conditions.

The frictional interaction between the polished coating surface and the counter-body
is governed by the ratio of the protrusion depth (H) to the radius of its sharp tip (). When H/r
< 0.02, only elastic interaction occurs, with the counter-body material rebounding elastically.
In the range of 0.02 < H/r < 0.7, protrusions induce plastic deformation of counterbody. If H/r
> (.7, sharp protrusions cut into the counter-body surface, generating microchips.

For the “EAC-bronze BRS-30” friction pair, the maximum specific load under
boundary lubrication conditions is typically below 14 MPa. Higher loads result in catastrophic
wear due to counter-body surface cutting by oxide, carbide, or boride protrusions. Thus,
reducing the number and size of these inclusions and increasing their rounding radii are
critical for improving the wear resistance of EAC — counter-body systems.

Chemical Composition of Protrusions Remaining After Polishing. During EAC
spraying, CW melts in the arc and is dispersed by an air jet into droplets of various sizes (Fig.
4 a). These droplets interact intensively with atmospheric oxygen, leading to different their
oxidation levels (Fig. 4 b).

Figure 4 — Morphological features (a) and cross-section of droplets () from 60Kh6R3Yu6 PW,
trapped in to snow target to accelerate their crystallization. 1 — droplets with complete or partial surface
oxidation; 2 — absence surface oxidation
Source: developed by the authors

Thermodynamic analysis shows that aluminum reacts rapidly with oxygen, forming
large, high-hardness (20 GPa) aluminum oxide inclusions. Chromium-rich CW charges
produce even harder (30 GPa) chromium oxide inclusions (Fig. 5 @). In most cases, coatings
contain complex Fe-Cr oxide mixtures. Grinding with corundum abrasive wheels (20 GPa)
leaves protrusions on the surface, which act as cutters at high loads. Since hard chromium and
aluminum oxides resist cutting, they either break off, forming surface ulcers, or fragment into
sharp residual protrusions.

Figure 5 — Surface topography of the polished surface of coatings from Cr6B3A16 CW (a), Cr6B3MnSi CW (b)
and Cr6B3MnSiT CW (c¢), which differed by content of alloying elements
Source: developed by the authors
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Adding ferromanganese to the CW charge produces manganese oxides with lower
microhardness, which do not form cutting edges during friction (Fig. 5 ). CW containing
titanium, which rapidly reacts with oxygen, results in finely dispersed Ti-based oxide
inclusions (7 GPa) (Fig. 5 c¢). These manganese- and titanium-based oxides do not generate
sharp cutting edges, reducing surface roughness and making these coatings more suitable for
use with standard counter-bodies.

Conclusions. The surface topography revealed a plate lailyllar coating structure with
different chemical composition and micro -affirmation. The presence of carbides and Borida,
a significant amount of iron oxides and oxides of alloyed elements at the slats.

It is determined that the coating with microvises on the basis of chromium and
aluminum oxides resist abrasive grinding and act as the edges of cutting in friction vapors,
causing intense wear, which at the same time accelerates the process of grinding surfaces
stabilizing the coefficient.

The addition of ferromanese or ferrotitane to the composition of powder wires, forms
finely dispersed oxides with low microhardness, which are easily subjected to wear, which
leads to low surface roughness and improving tribological characteristics.

A means of assessing the resistance to the wear of the coatings in the form of the ratio
of the depth of the projections (H) to the radius of its acute tip (r) was developed. When h/r <
0,02, there is only elastic interaction, with the material of counteraction elastic. In the range of
0,02 < H/r <0.7, the projections induce plastic deformation of the countertel. If h/r> 0.7, sharp
projections are cut to the surface, generating microchips.

The study was financed by the National Research Fund of Ukraine as part of the
project No. 2022.01/0005: "The concept of restoration and prolonged operational life of
equipment of the most important sectors of the national economy of Ukraine".
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IToBepxHeBa Tonorpadisi e1eKTPOAYTrOBHX NOKPHUTTIB 3 Pi3HUX KOMIIO3H LI

MOPOIIKOBHUX JAPOTIB Ta il BIVIMB HA MEeXaHi3M 3HOCY

PoboTa mpucBsiaeHa MOCTIIHKEHHIO BIUTMBY KOMIIOHEHTIB CKJIAAy MOPOIIKOBHX JAPOTIB Ha MOBEPXHEBI
XapaKTePUCTUKU BIIULTIQOBAHUX €JNEKTPOAYrOBUX MOKPHUTTIB. [l HaHECEHHs MOKPHUTTIB 3aCTOCOBYBaBCS
€JIEKTPOAYTOBHUII POIIIIIOBAY Ta IMOPOIIKOBI IpoTH AiamerpoM 1,8 mm, mo mictsats mopomku FeSi, FeTi, FeMn,
yucti Metanu Al i Cr ta kap6ig B4C 3 koedinienTom HanoBHeHHs nocsr 24%. [TapamMeTpy po3NmuiIeHHS: CTPyM —
150 A, manipyra — 32 B, Tuck nositpsiHoro ctpymens — 0,6 MlIla, Bincrans po3nmieHHs — 120 mm.

Tonorpadis noBepxHi BHUSBWIA IUIACTHHYACTY CTPYKTYpY MOKPHTTS 3 JaMeJIIMH Pi3HOTO XIMI4HOTO
CKJamy 1 MIKpOTBEPIOCTi, HasABHICTH KapOimiB Ta OopwmiB, 3HAUYHY KUTBKICTH OKCHAIIB 3aji3a Ta OKCHIIB
JICTOBAHUX CJICMCHTIB Ha MEXKax JiaMmesiell. BUCTymnu 3 3HAYHOT BUCOTH CIPHUSIOTH IHTCHCUBHOMY 3HOCY uepes3
3MEHIICHHS MMOBEPXHI Mapy TepTs. 3alalWHH CIYTYIOTh pe3epByapaMu Ul MacTHJIA, MOCHIIOKYH TOBLIMHY
IUTIBKH 3MalleHHA. B3aeMofisi perymroeTsCsl CHiBBiIHOMIEHHAM TIIHOWHHM BHCTymiB (H) mo paniyca ioro
rocrporo HakoHeuHuka (r). Komn H/r < 0,02, BinOyBaeTbes JHIE €JacTUYHA B3a€MOIsS, TIPH 1[bOMY Marepial
NPOTHUIT eaCTHYHO BiHOBIIOEThCs. B nianazoni 0,02 < H/r < 0,7 BUCTYIH IHIYKYIOTh IUIACTUYHY e OpMaIliio
KoHTpTIa. ko H/r > 0,7, pi3ki BUCTYIH Bpi3aroOThCS HA MOBEPXHIO, FEHEPYIOYM MIKpOpi3aHHS. 3MEHIIECHHS
KUTBKOCTI Ta pO3Mipy BKIIOYEHb Ta 30UIBIIEHHS X pafiyCiB OKpYIJIEHHS € KPUTHYHO BaXKJIMBUMH JUIS
TOJIMIIIEHHSI CTIKOCTI IO 3HOCY.

[oxpurtst MicTare cikimagai cymimi okcumy Fe-C-Cr. 3’emHaHHA XpoMy Ta OKCHIW AaJIOMIHIIO
NPOTUCTOSITh Pi3aHHIO, BOHM a00O 3J1aMaroThCs, YTBOPIOIOYHM BHpPa3KH IIOBEPXHi, a00 3aJMIIKOBI BUCTYIIH.
JonaBanHs ¢epoMaHTaHII OO CKJIAAY APOTIB BUPOOIISE OKCHIN MapraHIio 3 HU3bKOIO MIKPOTBEPHICTIO, SKi HE
YTBOPIOIOTH pi3aHHs KpaiB mix 4ac TepTs. [logaTku TWTaHy, SIKMH LDIBHIKO pearye 3 KUCHEM, IPU3BOJMUTH 10
TOHKO YTBOPEHHS AUCIEPCHUX OKCHIHUX BKIto4eHHS Ha ocHOBi Ti (7 I'Tla). Ili okcuan Ha OCHOBI MapraHIlio Ta
TUTaHy HE TEHEpYIOTb PI3KHMX KpaiB pi3aHHs, 3MEHIIYIOTh IIOPCTKICTH ITOBEPXHI pOOJISYM MOKPUTTS OibIn
NPUIATHUMH T BUKOPHCTAHHS B [IApax TEPTSL.

[TokpuTTS 3 MIKPOBHCTYIIAMH Ha OCHOBI OKCHJIIB, IPOTHCTOSTH a0pa3uBHOMY ILTI(DyBaHHIO Ta JIIOTH 5K
Kpai pizaHHsi y mapax Teprs. BritoueHHs ¢epomanraniio abo ¢gepoTuTaHy B CKIIaJl JPOTIB, YTBOPIOE OPIOHO
JICTIEPCHI OKCHIM 3 HHU3bKOIO MIKPOTBEpIICTIO, SIKi JIETKO MiJIAalOThCs 3HOCY, L0 NPU3BOJWTH 10 HHU3BKOT
MIOPCTKOCTI MTOBEPXHi Ta MOKPAIIEHHS TPHOOJOTIYHIX XapaKTEPUCTHK.
€JIEKTPOAYIOBi MOKPHUTTS, MOPOIIKOBI IPOTH, IOPCTKICTh MOBEPXHi, OKCHIH eJIEMEHTIB, MeXaHi3M 3HOCY
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