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RESTORATION OF WORN SURFACES OF PARTS BY PLASMA SPRAYING OF

COMPOSITE COATINGS

The article describes the technology for restoring and strengthening worn surfaces of parts by plasma spraying
of composite coatings made from m-rolls. The composition of the powders was selected taking into account the
following premises. The oil-retaining ability of the applied coatings is ensured by the Ni, Cr, Fe component. The
number of ion-dipole bonds between metal ions and oil dipole groups increases, the oil-retaining ability of the
metal surface and its wear resistance increase. The hardness of the applied coatings is ensured by carbide inclu-
sions. At the same time, the degree of deformation of the friction surface of the coatings and the area of actual
contact of the run-in tribological interfaces decreases. Conditions are created to improve the anti-friction prop-
erties of friction pairs. The combination of components in powders ensures the formation of sawn coatings with
a friction-friendly structure of hard carbide inclusions distributed in a relatively soft matrix. Recommendations
are given on optimal plasma spraying modes and areas of application of restored parts. The structure of coat-
ings obtained using optimal technology consists of a solution (binder, matrix) and carbide inclusions. This struc-
ture is characterized by oil-retaining ability and hardness, creating the prerequisites for wear resistance and
improving the anti-friction properties of the surface restored by spraying. Oil-holding capacity is ensured by the
presence of nickel, iron, carbon, chromium, which determine the effective interaction of the lubricant and coat-
ing due to forces of physical and chemical nature. Increased hardness of the layers is provided by the carbide
phase. The surface of such a coating is characterized by significant fluctuations in hardness with low values in
certain extended areas formed mainly by the binder material.

Key words: plasma spraying processes, powder compositions, plasma spraying in air, metal alloys based on m-
rolls, performance characteristics, morphology and structure.
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BOCCTAHOBJIEHUE M3HOIIEHHBIX MOBEPXHOCTEM JETAJIEN IJIASMEHHBIM HAIIbI-
JEHUEM KOMIIO3UIIMOHHBIX MOKPBITUN

B cmamve onucana mexuonocus 860cCmano6ieHUs-yNPOUHEHUs USHOUEHHBIX NO8epXHOCMel Oemainel
NIA3MEHHbIM HANbLIeHUeM KOMNOZUYUOHHBIX NOKpblmuil uz m-kpoineil. Cocmas nopowikog 8ulopan ¢ yuyemom
cnedyrowux npeonoculiok. Macnoyoepocusarowas cnocobHOCMb HAHOCUMBIX NOKPLIMULL 0becneyusaemcs Kom-
nonenmom Ni,Cr,Fe. Bospacmaem Koauuecmeo uOH-OUNONbHBIX C853ell MeXNCOY UOHAMU MeMmAid U OUNOIbHbI-
MU 2PYNRAMU MACA, NOBLIUACTCSA MACTIOY0ePACUBAIOWAL CNOCOOHOCb NOBEPXHOCTNU MEMAILLd U €20 USHOCO-
cmotikocms. Teepdocmb HAHOCUMBIX NOKpbImMuil obecneuugaemcs KapOuowvimu exkmoueHusmu. Ilpu smom
VYMeHbULaemcs. Cmenelb 0e)opmMayuy NO8ePXHOCMU MpeHUst NOKPLIMUl U niowadb akmuyeckoeo KOHMaKxma
npupabomannvix mpuboconpsicenuti. Co30aromes yeaosus 0si YAYHUIeHUs. aHMUQPUKYUOHHBIX CEOUCME nap
mpenus. Couemanue 8 NOPOWKAX KOMINOHEHMO8 obecneuugaen GopmMupoganue HanuileHHbIX NOKpulmull ¢ ona-
2ONPUSTNHOU 0I5l MPEHUSL CIMPYKMYPOU U3 MEePObIX KAPOUOHBIX 8KAIOUEHUN, PACNPEOeNEeHHbIX 8 OMHOCUMETLHO
maAzKoU mampuye. [anwvl pexomeHOayuy no ONMUMATLHBIM PEHCUMAM NIA3MEHHO20 HANbLIEHUA U 001ACmU npu-
MeHeHUs1 80CCMAHOBIEHHbIX Oemaiell.

Cmpykmypa nonyueHHbIX N0 ONMUMANLHOU MEXHOIO02UY NOKPLIMULL COCMOUM U3 pacmeopa (Cceasyro-
wezo sewecmea, Mampuysl) U KapoUOHvIX GKAIOUEHU. Dma CMPYKmMypa Xapaxkmepusyemcs Macioy0epucusaro-
wjeti CnOCOOHOCMBIO U MEEPOOCMbIO, CO30AIUUMU NPEONOCHLIKU USHOCOCMOUKOCMU U YIYYUEHUsT AHMUDPUK-
YUOHHBIX CEOUCME 80CCMAHOGIEHHOU HanvlieHuemM nogepxuocmu. Macnoyoepoicusarowas cnocobnocms obecne-
yueaemcs HalIudueM HUuKejs, Jceiesd, yenepood, Xpomd, Komopule 00ycloenusarm g@ekmugHoe 3aumooeti-
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cmeue CMAasKu U NOKPLIMUs 34 Cuem CUll pu3U4ecKoll u Xumuveckou npupoosl. Ilogviuennas meepoocms Cioes
obecneuugaemcs KapouoOHou gazou. [ns no8epxHOCMU MAKO20 NOKPLIMUsL CEOUCMBEHHbL CYUWeCMBEHHbIE KOole-
banus meepooCcmu ¢ HeblCOKUMU ee 3HAYEHUAMU HA OMOENbHBIX NPOMAICEHHBIX YUACMKAX, CHOPMUPOBAHHBIX G
OCHOBHOM CBA3YIOWUM MAMEPUATOM

Knrwouegvle cnoga: npoyeccol niasmenHo20 HansvlieHus, NOPOUKOBble KOMIOSUYUU, NIA3MEHHOe
HanvlieHue Ha 8030yxe, MEMAIIUYeCKue CHIA8bl HA OCHO8e M-Kpoaell, SKCHIyamayuoHHvle Xapakxmepu-
cmuKu, Mop@onozus u cmpykmypa.

1. Introduction

The processes of friction and wear of parts significantly affect the performance of ma-
chines and units. When machines fail and are repaired, the problem of replacing worn parts
made of expensive alloy materials often arises. To solve this problem, various technologies
are increasingly being used to restore the size and shape of worn surfaces by applying com-
pensating coatings that simultaneously perform protective functions. The experience of the
CIS countries, Switzerland, Germany, Japan and others indicates that an effective way to ap-
ply wear-resistant protective coatings is plasma spraying [1-3]. Its main advantage is the abil-
ity to spray materials of various compositions and properties, the number of which is con-
stantly increasing. In this case, research into the technology of plasma deposition of the creat-
ed materials is necessary. The purpose of the proposed research is to develop a technology for
restoring the size and shape of worn parts by plasma spraying of composite coatings [5-10].
The research concerns coatings on parts operating under friction conditions with boundary,
imperfect lubrication. Such conditions are typical for many critical tribo-interfaces, for exam-
ple, an internal combustion engine. The object of research is coatings obtained by plasma
spraying of NiCrAlY-40% TiC and FeCrAlY-40% TiC composite powders. The composition
of the powders was selected taking into account the following prerequisites [2]:

- the oil-retaining ability of the applied coatings is ensured by the Ni, Cr, Fe compo-
nent. The number of ion-dipole bonds between metal ions and oil dipole groups increases, the
oil-holding capacity of the metal surface and its wear resistance increase;

- the hardness of the applied coatings is ensured by carbide inclusions. At the same
time, the degree of deformation of the friction surface of the coatings and the area of actual
contact of the run-in tribo-couplings decreases. Conditions are created to improve the antifric-
tion properties of friction pairs;

- the combination of components in powders ensures the formation of sawn coatings
with a structure favorable for friction from hard carbide inclusions distributed in a relatively
soft matrix.

2. Research methodology

When developing a technology for restoring the size and shape of worn surfaces by
plasma spraying of composite coatings, the following technological parameters were opti-
mized: plasmatron arc current; spraying distance; flow rate of plasma-forming gas-nitrogen;
consumption of transport gas - nitrogen. The optimization criteria are the coefficient of use of
sprayed powder materials (CPM) and the structure of the applied coatings. The utilization co-
efficient makes it possible to estimate the number of applied particles that did not form a coat-
ing due to insufficient ductility and flight speed. This, in turn, makes it possible to evaluate
the degree of particle heating, distance and other spraying modes. Optimized modes are those
with maximum values of the instrumentation factor, which correspond to increased cohesive
and adhesive strength of coatings. The coefficient of powder utilization was determined on
samples in the form of a steel sheet measuring 200x200x2 mm, which had undergone jet-
abrasive preparation, cleared of abrasive and having a clearly marked spraying zone of 80x80
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mm in the center. Jet-abrasive preparation was carried out with grains of solid electrocorun-
dum 22000-26000 MPa. The surface roughness of the sample after preparation should be Ra
12.5-25 um. In parallel, a series of experiments was carried out with the application of coat-
ings with a thickness of 0.4-0.5 mm on flat steel samples measuring 30x15x3 mm. At the
same time, the structure of the coatings was studied when changing the modes of their plasma
spraying. The structure was analyzed on thin sections of the cross section of the deposited
layers using a Nanolab-7 scanning electron microscope (Germany) and a Unimet light micro-
scope (Japan). The analysis took into account that to increase the cohesive strength and wear
resistance of coatings, a dense structure of sawn materials is required. Plasma spraying was
carried out in air, the particle sizes of the applied powder materials were in the range of 40-
100 microns. To increase the adhesion strength of the coatings, a sublayer of NiCr adhesive
was preliminarily applied to the steel substrate. Sputtering was carried out using a UPU-3D
installation.

3. Research results and discussion

The technological parameters for the restoration of worn parts by plasma spraying of
composite coatings, optimized based on research results, are presented in Table. 1 u on figure
1-4. The structure of coatings obtained using optimal technology consists of a solution (bind-
er, matrix) and carbide inclusions, Fig. 5. This structure is characterized by oil-retaining abil-
ity and hardness, which create the prerequisites for wear resistance and improved anti-friction
properties of th even forces of physical and chemical nature. The increased hardness of the
layers is provided by the carbide phase. The surface of such a coating is characterized by sig-
nificant fluctuations in hardness with low values in certain extended areas formed mainly by
the binder material. When the protective coating is used under friction conditions, these areas
are easily deformed by the tribo-coupling counterbody with the formation of closely adjacent
conjugate zones, which are prone to micro-contact seizure and scuffing. The performance of
the wear-resistant coating and the friction unit as a whole decreases.
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Figure 1. The influence of the values of the current supplied to the plasma torch (I, A) on the
obtained KIM indicators, % for powder materials 1- NiCrAlY -40% TiC, 2-FeCrAlY-40%
TiC (powder fraction 50...63 um, L=110 mm, R por.=4.0 kg/hour, RN2 =55 I/min).
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Figure 2. The obtained dependence of the values of the KIP, % on the applied distance of the
spraying process L, mm for the applied powder material 1- NiCrAlY -40 % TiC (powder frac-
tion 50...63 um, 1=550 A; R por.=4.0 kg/hour, RN =55 I/min), 2-FeCrAlY-40 % TiC (powder

fraction 50...63 um, 1=600 A, R por.=4.0 kg/hour, RN =60 I/min).
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Figure 3. The obtained values of the instrumentation and control, % of the consumption of the
plasma-forming gas nitrogen for the applied powder material 1- NiCrAlY -40 % TiC (powder
fraction 50...63 um, 1=550 A; R por.=4.0 kg/hour, L=110 mm), 2-FeCrAlY-40 % TiC (pow-

der fraction 50...63 um, 1=600 A, R por.=4.0 kg/hour, L=120 mm).
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Figure 4. Obtained values of the instrumentation and control, % of powder consumption for
the powder material used in the spraying process: 1- NiCrAlY -40 % TiC (powder fraction
50...63 um, 1=550 A; R N2=55 I/min, R por.=4.5 kg/hour, L=110 mm), 2-FeCrAlY-40 % TiC
(powder fraction 50...63 um, 1=600 A, R por.=5.0 kg/hour, R N2=60 I/min, L=120 mm).

Table 1. Technological parameters for restoring worn partse surface restored by spraying.
Spray modes
Sprayed powder ) Consumption )
. Plasmatron Consumption of Spraying
material Arcvolt-| plasma-forming |0f  sprayed| .
arc current, A . distance, mm
age, V gas - nitrogen,  |nowder,
I/min
kg/h
i - 0,
NICrAlY -40% | 554 55 55 45 110
TiC
- 0,
FeCfAT'i\é 4% 6o 65 60 5,0 120
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Figure 5. Structures obtained after plasma spraying at different values of plasma-
forming nitrogen gas: a-NiCrAlY -40% TiC, b-FeCrAlY-40% TiC.

The photograph of a thin section of the coating is characterized by an increased num-
ber of dark areas of complex shape, which are zones of chipping of the carbide phase and
pores, Fig. 1. This is due to the technology of manufacturing sections and an excess of the
carbide phase in the coatings.The surface of such a coating is characterized by significant
fluctuations in hardness with low values in certain extended areas formed mainly by the bind-
er material. When the protective coating is used under friction conditions, these areas are easi-
ly deformed by the tribo-coupling counterbody with the formation of tightly adjacent mating
zones, which are prone to micro-contact seizure and scuffing. The performance of the wear-
resistant coating and the friction unit as a whole decreases. The photograph of a thin section
of the coating is characterized by an increased number of dark areas of complex shape, which
are zones of chipping of the carbide phase and pores, Fig. 1. This is due to the technology for
preparing sections and the excess of the carbide phase in the coatings.Laboratory tests on an
Armsler type machine confirmed the wear resistance of the coatings under consideration un-
der boundary lubrication conditions. The resulting compositions are characterized by maxi-
mum wear resistance and antifriction properties. For example, the wear resistance of such
coatings is 2-3 or more times higher than the same parameter for steel 45 with a hardness of
484-544 HV (48-52 HRC).

3. Conclusion

A technology has been developed for restoring and strengthening worn surfaces of
parts by plasma spraying of composite coatings. At the same time, the technological parame-
ters of applying materials in the form of initial composite powders NiCrAlY-40% TiC and
FeCrAlY-40% TiC were investigated and optimized. The optimization criteria were the utili-
zation rate of the sprayed powder and the coating structure. The following optimal spraying
modes have been established: plasmatron arc current — 550-600 A; spraying distance — 110-
120 mm; consumption of plasma-forming gas — nitrogen — 55-60 I/; consumption of sprayed
powder — 4.5-5.0 kg/h. The coatings are characterized by maximum wear resistance, which is
2-3 or more times higher than the same parameter for steel 45 with a hardness of 484-544 HV
(48-52 HRC). It is advisable to use the developed coating technology for the restoration and
strengthening of machine parts operating under friction conditions with boundary, imperfect
lubrication.
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