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JuceprartiitHa poOoTa MPUCBSIUCHA BUBUEHHIO CTPYKTYPH Ta (a30BOTO CKIIATY
3HOCOCTIMKMX TOKPHUTTIB, OTPUMaHUX METOJIOM OaraTrokaMepHOTO JETOHAIIHHOTO
HaIWJICHHS, Ta X BIUIMBY Ha BIACTUBOCTI MIITHOCTI Ta TPIITUHOCTIAKOCTI.

O0’€eKTOM JOCIIIPKEHHS € 3HOCOCTIMKI MTOKPUTTSI, OTPUMAaH1 3 MOPOIIIKIB CUCTEM
AlLO; + Ti/Al, ZrSiO4, Cr3Cs-NiCr, Ni-Cr-Si-B 1a WC-Co-Cr wmerogoM
0araTokamMepHOT0 JIETOHALIMHOTO HATHJICHHSI.

ABTOpOM MpOaHaNi30BaHO METOAU Ta30TEPMHIYHOTO HAMUJICHHS IMOKPHTTIB,
PO3TASHYTO OCOOJMBOCTI CTPYKTYpPOYTBOPEHHS 3HOCOCTIMKUX TOKPHUTTIB TMpH
HaIMWJICHH] Ta30TEPMIYHUMHA METOAAMH Ta OCOOJMBOCTI MpOIeCy OaraToOKaMepHOTO
JETOHAIIMHOTO HANTUJICHHS ITOKPUTTIB.

[TpoBeneHo wmetanorpadiuHuii, JIOPOMETPUUYHUNA Ta PEHTTCHOCTPYKTYPHUI
dazoBuii aHam3 MNOKpUTTIB. Ha OCHOBI JaHUX OTpPUMaHUX, BHIIE3a3HAYECHUMHU
METOJIaMH, JJIs1 KO’KHOT TPyIH MOKPHUTTIB OOMpaacs rnapa moKpHUTTIB IS TOAATBIIIOTO
JOCTIIKEHHSI METOJIOM TPAHCMICIHHOI €JIeKTPOHHOI MIKPOCKOITI].

JlocnipKeHHSIMA ~ BCTAQHOBJIGHO, 110 TP  BIAMOBIAHIA 3MiHI  PEXUMIB
0araTokaMepHOTO JETOHALIWHOTO HAMWICHHS (CMIBBIIHOUICHHS OKMCHIOBAadYa [0
NaJIbHOTO Ta3y, BUTPATH MOPOIIKY, JOBKMWHA CTBOJIA) 3MIHIOIOTHCA: 00’ €MHA YacTKa
nop, (¢azoBUN CKiIaa, MIKpOTBEPIICTh, PO3MOJAUT JUCTEpCHUX ¢a3, mapameTpu
3epeHHO1, Cy03epeHHO1 Ta TUCIOKAIIMHOT CTPYKTYP.

BcraHoBiieHO, 110 TOBITUHA JOCIIKYBaHUX MTOKPHUTTIB cCTaHOBMIA 110 450 MKM,
00’emMHa yacTka mop He nepesuiryBana 3%. [Ipu npboMy, MIABUIIEHHS TEMIEPATypu
TOPIHHS Ta30BOi CyMillll HUISIXOM 3MIHHU ii CKJIaay CHpUsi€ MIABUIIEHHIO MOPUCTOCTI

MOKPHUTTIB, 1110 MICTATh (ha3u KapOiiiB.



VY nokputtsax 3 BuxigHoro mnopomky Al,Os 3 momaBannsm 5% Ti abo Al,
HaMWJIEHUX, BIAMOBIAHO, HAa Ti Ta Al migkmamkw, TPUOIU3HO OJHAKOBHH BMICT
OCHOBHUX (pa3oBuX ckianoBux y- Al,O3 (67...69%) Ta a- Al,O3 (18...15%), pemra —
AlTiz Ta Al Bignosiano. [Toxkpurts Al,O3 + 5% Ti (migkiaanka Ti) xapakTepu3yeThCs
OUTBIIMMK  3HAYEHHSMH 1HTErpajdbHOI MikpoTBepaocti (9660...13770 Mlla),
noapioHeHHsM 3epeHHoi (Ha 10...15%) Ta cy63epennoi ctpykrypu (10 100...400 Hm),
HasiBHICTIO 4acTUHOK (a3 (po3mipom 10...100 HM) Ta MIHIMAJIBHUMHU TpaJieHTaMU
IIBHOCTI Aucokanii (Bix p ~ 5...6x10° em™ o p ~ 6...7x10%0 cm?).

[Tpu nanunenni ZrSiO4, Ha Pi3HI MAKIAAKH (TUTAHOBY 1 aMIOMIHIEBY) (ha30BUM
CKJIaJ MOKPUTTIB oaHakoBuid (ZrO;, SIO,, 3amumikoBuii ZrSiQ,), CHiBBiIHOIICHHS
(a30BUX CKJIAJIOBUX MMPAKTUYHO HE 3MIHIOEThCS. [Ipu HamuieHHI Ha aIlOMiHIEBY
MIAKIaAKY 3 TiAMAapoM 3MEHIIYeThesl B 1,2 pa3u po3Mmip 3epeHHOi CTPYKTYpH MpH
30UTbLIEHH1 MIKPOTBEPIOCTI B cepeAHbOMY Ha 24%, po3Mip 4acTOK (pa30BUX BUALICHb
(ZrOz) opnakoBuit (20..100 HM) Tpu piBHOMIpHOMY iX pPO3MOALITI y MAaTpHII,
IPajieHTH AUCIOKAIINHOI HIUIBHOCTI 10 (OPMYIOTHCS B Marepiail MOKPUTTA €
He3HayHUMH (Big p ~ 5...6%10° cM? 1o p ~ 4x10%° cm?),

VY nporneci HanunaeHHs nopomiky CrsCp-NiCr npu 3MeHIIIeHHI BUTpaT MOBITPS
(Bim 1,24...1,5 m*ron mo 0,84...1,09 m/ron) i, BiANOBigHO, 30LNBIICHHIO BUTpPAT
npornaH-OyTaHy 3a paxXyHOK OLUIBII BHCOKOi TeMIEpaTypu BiIOYBAaeTbCs 3MiHA
CIIBBIJTHOIIIEHHS (pa30BUX CKJIaA0BUX: 30uIbIIyeThCs (Bl 32% 10 49%) KIIBKICTh
Cr3C, npu 3umxkenHi gactku (Cr7Cs + CryO3) (ot 40 % mo 26 %), 3MeHIIyeThes
MOPUCTICTb, 301IbIIYETHCS (Y cepeaHboMy Ha 18%) MIKpOTBEpAICTh, OAPIOHIOETHCA
CTPYKTypa Ta cyOcTpyktypa (y 1,2 pa3u) Ta po3Mip YacTHHOK (a3, TpaJi€HTH
JUCIOKALIMHOI IIILHOCTI B MaTepiaii MOKPUTTS € He3HauHuMU (Big p ~ 2%10° cm 1o
p ~5...6x10% cm?).

VY nokputtsax cuctemu Ni-Cr-Si-B 3miHa criiBBiIHOIIICHHS JOBKUHU FrapMaTH J10
niameTtpy ii ctBoiy Bix 1/d = 330/16 mm g0 330/20 MM pu3BOAUTH A0 POPMYBaHHS
MaKCUMaJIbHOI YacTKW Jamenedl npu 30uiblieHHl MikporBepaoctTi (Ha 10%),
MiHIMaJIbHOT mopucTocTi (<1,0%), HalMEeHIINUX TPaTI€HTIB NIUTPHOCTI TUCIIOKAITIN (B1
(3...4)x10% cm?) Ta posmipis. BesrpamieHTHHI PO3MIOALT MIILHOCTI JUCIOKALIM IIpU

dbopMyBaHHI MOJPIOHEHOI CTPYKTYpH 3amolirae yYTBOPEHHIO KOHIICHTPATOPIB



JIOKAJIbHUX BHYTPINIHIX HANpyeHb Ta 30H JoKamizarii nedopmariii B OTpUMaHUX
MOKPUTTSIX.

36inbmienHss BuTpaT mnopomkiB (Bim 940 r/rom mo 2500 t/rom) mpum
CITIBBIJTHOIIEHHI JIOBXXUHU rapMatu J10 JiaMmeTpy ii ctBoiy 1/d = 330/18 MM no3Bossie
orpumaT okputTs cucreMu WC-Co-Cr 3 BUCOKMMH HIUIBHICTIO 1 TBEPAICTIO TpHU
30epexerHHi WC (110 70%) dha3u Ta BUCOKMMU €KCIUTyaTallliHUMH XapaKTepUCTUKAMHU.
Ile Takox 3abe3nedyeTbest aucnepryBaHHsM cyocTpyktypu (0,3...0,6 MxM) Ta
po3MipiB yactuHOK (a3 WC (10 0,2...0,5 mxm) ta 10 W2C (o 15...20 aM).

ExcniepumenTtanbHa 0aza JaHWX, OTPUMAHUX METOJaMH CBITJIOBOi, CKaHYIOYO]
Ta TPAHCMICIHHOI €IEKTPOHHOT MIKPOCKOITii, JO3BOJIMIA MPOBECTU aHANITUYHI OLIHKH
CTPYKTYPHOTO 3MIIIHEHHS JETOHAIIMHUX MOKPUTTIB. Lle 1amo MOXIUBICTh OLIIHUTH
nudepeHIiioBaHNl BHECOK CTPYKTYPHUX MapaMeTpiB B 3MIHY 3arajbHOTO PiBHS
3MIITHEHHS.

BcTranoBneHo, 10 B yCIX JOCIHIKYBAaHUX MOKPUTTAX, HAHOIIBIIUNA BHECOK Y
3arajibHy MIIHICTb MaTepialy BHOCUTh JUCHEPCHE 3MIIHEHHS 3a pPaxyHOK
3MIIHIOIOYMX YaCTHHOK, PIBHOMIPHO po3mnojaiieHux B marpuill. CyTTeBHl BIUIKMB
TaKOXX MarlwTh 3€peHHE, CyO3epeHHe 1 AMCIOKalliifHe 3MilHeHHS. B Tol-ke uac,
TBEPJOPO3YMHHE 3MIITHEHHS Ta 3MIIIHCHHS 3a PaxXyHOK OMOpYy TpaTKU HE MAarOTh
CYyTTEBOTO BIUIMBY Ha 3arajbHUM pIBEHb MIIMHOCTI JOCTIHKYBAaHOTO MaTtepiary
MOKPHUTTIB.

[TokazaHo, 10 MaKCHUMaJlbHI TMOKa3HUKH PIBHS JUCHEPCIMHOrO 3MIIIHEHHS
OynyTh 3abe3rneuyBatucs (popMyBaHHSIM AuCIepcHUX (a3 y maTepianal MOKPUTTIB.
HaiiGinsmmii BHeCOK aucnepciiHoro 3MinHeHHs (10 60%) B 3aranbHU piBeHb LACT
crocrepiraerscs y mokpurtsax: Al,Os+5%Al a6o 5%Ti, ZrSiO, 3 migmapom Co-Cr-Al-
Y; Ni-Cr-Si-B; WC-Co-Cr.

Cyo6ctpykrypHe 3mitiHeHHS (10 30% Big XAGT) MpU MaKCUMaIbHOMY HOTO PIBHI
XapaKTepHE I BCIX HAMMJICHWX HA PEKOMEHIIOBAHUX PEXUMax MOKPHUTTIB. OmHaK
HaWOIBIINNA TMOKA3HUK PIBHA JUCHEPCIHHOTO 3MIIIHEHHs Oyje 3abe3leuyBaThcs
dbopmyBaHHsIM cyOcTpykTypu y wmatepiam mokpuTTiB  Cr3C,-NiCr. BHecok
cyocTpykTypHOTO 3MilHeHHs Y MOKPUTTAX Cr3Co-NiCr B 3aranbHuil piBeHb ZAGT 110

50%.



Hucnokariiitne 3mitHeHHs (10 30% Big XAcT) IpU MaKCUMaIbHOMY HOTO PiBHI
xapaktepHe s okputTiB: Al,O3+5%Al a6o 5%Ti; CrsC,-NiCr; Ni-Cr-Si-B; WC-
Co-Cr, HanWJIEHUX HA PEKOMEHJOBAHUX PEXKUMaX OTPUMAaHHS MOKPUTTIB.

VY pe3ynbTaTi eKCnepuMEHTAIbHO-aHATITHYHUMHU OIIHKaMU BCTAHOBJIEHO, IO
MaKCUMaJIbHUI PiBEHb 3MIIHEHHS Ta TPIIIIHOCTIHKOCTI MOKPUTTIB, HANMWJICHUX Ha
PEKOMEHIOBAaHUX peXUMax 3a0e3MeuyeThes 3a PaXyHOK JIPIOHO3EPHUCTOI CTPYKTYPH
Opu PIBHOMIPHOMY pO3MOAUI 3MIIHIOIOYUX (a3 Ta JUCIOKALIWHOI UIUIBHOCTI.
HassHicts cyocTpykTypu po3mipom 0,1...0,6 MKM Ta HAHOYACTHHOK 3MIITHIOIOUYHUX (a3
po3mipom 10...120 HM, PIBHOMIPHO PO3MOJIICHUX MO 00'€My CTPYKTypU CIIpHSE
IMIBUIIEHHIO TX MIITHOCTI.

AHaJ3 pO3paxyHKOBUX JaHUX, IIOAO JIOKAJIBHUX BHYTPIIIHIX HaIpy>XeHb 3
ypaxyBaHHSIM XapakTepy AUCIOKAIIHHOI CTPYKTypU Ta peaJbHUX JaHUX Mpo
IIJIBHICTh JAUCIIOKAIl TO0Ka3aB, M0 3a0€3MEUCHHI0 TPIIIMHOCTIMKOCTI MOKPHUTTIB,
HAalIWJICHHX Ha PEKOMEHIOBAHMX pEeXHMaX CHpHUSA€ BIACYTHICTh MPOTKHUX
CTPYKTYpHUX 30H JHCJOKAIlIMHUX CKYNY€Hb - KOHLIEHTPATOPIB JIOKAJbHHUX
BHYTPIIIHIX HANPYyXeHb MPH PIBHOMIPHOMY PO3IMOLI IIIJIBHOCTI JUCIOKAIIIN.

HanunenHs MmokpUTTIB Ha peXHUMax, II0 JO3BOJISIIOTH OTPUMATU MOKPUTTA 3
OUIBII ONTUMAJIBHUM CTPYKTYpPHO-(a30BUM CKJIQJIOM MPU3BOJATH 10 (HOPMYBaHHS
MOKPUTTIB 3 HU3BKMMHU PIBHSAMHU JOKAIbHUX BHYTPIIIHIX HANpPy>€Hb, BIJIHOCHO
TEOPETHYHO1 MIITHOCTI MaTepially MaTpPHIll, Ta 3a BIACYTHOCTI iX PI3KUX TPAIIEHTIB.
[Tpu upomy, B mokputtsaix CrsC,-NiCr, crmoctepiratoTbcsi BUCOKI PiBHI JIOKATBHUX
JIOKQJIbHUX BHYTPILIHIX HaMpyXeHb, 10 Maike AOCATAIOTh MIIIHOCTI MaTepiaiy, sKi
BIJICYTHI MPU BUKOPUCTAHHI PEKHUMY 3 MEHILOIO TEMIEPATypOI0 TOPIHHSA MNalbHOI
cymiii. Ile MOKHa TTOSICHUTH THUM, 3MiHa CKJIay MajbHOI CyMiI B OiK MiABUILIECHHS
TeMreparypu ii TOpiHHs, BiIOyBae€Tbcs meperpiB yacTUHOK KapOimy CrsC; 3 ix
HACTYIHUM PO3MaJ0M Ta YTBOPEHHSM HABKOJIO IIUX YACTUHOK IMOJ1B HAHOPO3MIPHUX
yacTUHOK HIbk4uoro kapo6imy Cr;Cs ta okcuay CroOz. Li AUISHKM MepemKopKaroTh
MEXaH13My JHUCIIEPCHOTO 3MIIHCHHSI Ta SBJISTFOTHCS MICIIMHA CKYITYSHHS TUCIOKAITIH,
10 B CBOIO YEPTY € MEPETyMOBOIO JJIsl 3aPO>KEHHSI TPIIIUH.

[TpoBeneHoO ekcriepuMeHTaNbH1 TPUOOTEXHIUHI AOoCTiKeHHsT nokputTtiB WC-

Co-Cr, sx1 moka3ajau BHUCOKI MOKa3HUKH 3HOCOCTIMKOCTI MaTepially MOKPHUTTIB, IO



M1TBEP/KYE BUCHOBKH aHaJI13y CTPYKTYpH Ta (a30BOTO CKJIay Ta JAaH1 aHATITUYHUX

PO3paxyHKIB BIACTUBOCTEH MIIIHOCTI Ta PiBHIB JIOKAJIBHUX BHYTPIIIHIX HAMPY>KEHb.
KiarouoBi ciaoBa: OaraTokamepHe JAeTOHAIlliiHE HamWJIEHHS, 3HOCOCTINKI

MOKPUTTSI, MIKPOCTPYKTYpa, (a30oBUil CKJIaja, MIKPOTBEPAICTh, CYOCTPYKTYypa,

CTPYKTYpHE 3MILHEHHS, JIOKAJIbH1 BHYTPIIIHI HATIPYKCHHS.

ABSTRACT

Titkov Ye. Structure and phase composition of wear resistant coatings obtained
by multi-chamber detonation spraying. — Qualifying scientific work on the rights of the
manuscript.

The dissertation on competition of a scientific degree of the doctor of philosophy
on a specialty 132 “Materials science” — E.O. Paton Electric Welding Institute of
National Academy of Sciences of Ukraine, Kyiv — 2021.

The dissertation is devoted to the study of the structure and phase composition
of wear-resistant coatings obtained by multi-chamber detonation spraying and their
influence on the properties of strength and crack resistance.

The object of the research is wear-resistant coatings obtained from powders of
the Al O3 + Ti/Al, ZrSiO4, CrsC,-NiCr, Ni-Cr-Si-B and WC-Co-Cr system by the
multi-chamber detonation sputtering method.

The author analyzed the methods of thermal spraying of coatings, noted the
peculiarities of the structure formation of wear-resistant coatings obtained by thermal
spraying methods and the peculiarities of the process of multi-chamber detonation
spraying.

Metallographic, durometric and X-ray structural phase analysis of coatings was
carried out. Based on the data obtained by the above-mentioned methods, a pair of
coatings was selected for each group of coatings for further investigation by the method
of transmission electron microscopy.

Research has established that with a corresponding change in the modes of multi-
chamber detonation spraying (the ratio of oxidizer to fuel gas, powder consumption,

gun length), the following changes occur: volume fraction of pores, phase composition,



microhardness, distribution of dispersed phases, parameters of grain, subgrain and
dislocation structure.

It was established that the thickness of the investigated coatings was up to 450
um, the volume fraction of pores did not exceed 3%. At the same time, increasing the
combustion temperature of the gas mixture by changing its composition increases the
porosity of the coatings, which contain phases of carbides.

In the coating from the original powder of Al,O3; with the addition of 5% Ti or
Al, sprayed, respectively, on Ti and Al substrates, the content of the main phase
components Y- Al,O3 (67...69%) and a-Al,O5 (18...15%) is approximately the same the
rest are AlTiz and Al, respectively. The Al,O; + 5% Ti coating (Ti substrate) is
characterized by higher integral microhardness values (9660...13770 MPa), smaller
grain (by 10...15%) and subgrain size (up to 100...400 nm), the presence of dispersed
particles (size 10...100 nm) and minimum dislocation density gradients (from 5...6x10°
cm21t0 6...7x10%° cm).

Spraying of ZrSiO4 on different substrates (titanium and aluminum) leads to
similar phase composition of ZrO2, SiO2 and residual ZrSiO4. When spraying on an
aluminum substrate with a sublayer, the size of the grain structure decreases by 1.2
times with an increase in microhardness by an average of 24%, the size of the ZrO,
particles is the same (20...100 nm) with their uniform distribution in the matrix. The
gradients of dislocation density formed in the coating material is insignificant (from
5...6x10° cm to 4x10%° cm™).

In the process of spraying of Cr3C,-NiCr powder, when the air consumption is
reduced (from 1.24...1.5 m3/h to 0.84...1.09 m3/h) and, accordingly, the propane-butane
consumption increased, phase composition changes due to the higher temperature: the
amount of Cr3C; increases (from 32% to 49%) with a decrease in the proportion of
(Cr;Cs + Cr,03) from 40% to 26%, porosity decreases, microhardness increases (on
average by 18%), the structure and substructure sizes are reduced (by 1.2 times) as well
as the size of the dispersed particles. The dislocation density gradients in the coating
material are insignificant (from 2x10° cm to 5...6x10%° cm™).

In the process of Ni-Cr-Si-B spraying, the ratio of the gun length to its diameter
was changed from I/d = 330/16 mm to 330/20 mm which led to the formation of the



maximum share of lamella with an increase in microhardness (by 10%), minimum
porosity (<1.0%), the smallest dislocation density gradients (from (3...4)x10%*° cm)
and sizes. The gradient-free distribution of the density of dislocations during the
structure formation prevents the formation of concentrators of local internal stresses
and zones of deformation localization in the resulting coatings.

An increase in the consumption of powders (from 1260 g/h to 2500 g/h) with the
ratio of the length of the gun to its diameter I/d = 330/18 mm allows obtaining of
coatings of the WC-Co-Cr system with high density and hardness while maintaining
up to 70% of WC phase. This is also ensured by the dispersion of substructure
(0.3...0.6 um) and small particle sizes of the WC phase (up to 0.2...0.5 um) and W,C
(up to 15...20 nm).

The experimental data obtained by the methods of light, scanning and
transmission electron microscopy made it possible to carry out analytical evaluations
of the structural strengthening of multi-chamber detonation sprayed coatings. This
allowed to evaluate the differential contribution of structural parameters to the change
in the overall level of strengthening.

It was found that in all the studied coatings, the largest contribution to the overall
strength of the material is dispersed strengthening due to strengthening particles
uniformly distributed in the matrix. Grain, subgrain, and dislocation strengthening also
have a significant impact. At the same time, solid-solution strengthening and
strengthening due to lattice friction do not have a significant effect on the overall
strength level of the investigated coating material.

It is shown that the maximum indicators of the level of dispersion strengthening
is provided by the formation of dispersed phases in the coating material. The largest
contribution of dispersion strengthening (up to 60%) to the total level of Aoy is
observed in coatings: Al,O3+5%Al or 5%Ti, ZrSiO4 with a Co-Cr-Al-Y sublayer; Ni-
Cr-Si-B; WC-Co-Cr.

Substructural strengthening (up to 30% of XAcr) at its maximum level is
characteristic of all coatings sprayed on the recommended modes. However, the
greatest indicator of the level of dispersion strengthening will be provided by the

formation of the substructure in the material of the Crs3C,-NiCr coatings. The



contribution of substructural strengthening in CrsC,-NiCr coatings to the total level of
YAor IS up to 50%.

Dislocation strengthening (up to 30% of XAcr) at its maximum level is typical
for coatings: Al,O3+5%Al or 5%Ti; Cr3C,-NiCr; Ni-Cr-Si-B; WC-Co-Cr sprayed on
the recommended methods of obtaining coatings.

As a result, experimental and analytical evaluations established that the
maximum level of strengthening and crack resistance of the coatings sprayed on the
recommended modes is ensured by the fine-grained structure with a uniform
distribution of strengthening phases and dislocation density. The presence of a
substructure with a size of 0.1...0.6 um and nanoparticles of strengthening phases with
a size of 10...120 nm, evenly distributed throughout the volume of the coatings, helps
to increase their strength.

The analysis of calculated data on local internal stresses, taking into account the
nature of the dislocation structure and real data on dislocation density, showed that the
lack of long structural zones of dislocation clusters - concentrators of local internal
stresses with a uniform distribution of dislocation density.

Spraying of coatings in modes that allow obtaining a coating with a more optimal
structural and phase composition leads to the formation of coatings with low levels of
local internal stresses, relative to the theoretical strength of the matrix material, and in
the absence of their sharp gradients. At the same time, high levels of local internal
stresses are observed in CrsC,-NiCr coatings, which almost reach the theoretical
strength limit of the material, which are absent when using a mode with a lower
combustion temperature of the fuel mixture. This can be explained by the fact that the
change of the fuel mixture composition in the direction of increasing its combustion
temperature, leads to overheating of CrsC, carbide particles, with their subsequent
decay and formation of fields of nanosized particles of lower Cr;C3 carbide and Cr,03
oxide. These areas interfere with the mechanism of dispersed strengthening and are
places of accumulation of dislocations, which in turn is a prerequisite for the initiation
of cracks.

Experimental tribotechnical studies of WC-Co-Cr coatings showed high

indicators of wear resistance of the coating material, which confirms the conclusions



of the analysis of the structure and phase composition and the data of analytical
calculations of strength properties and levels of local internal stresses.

Key words: multi-chamber detonation spraying, wear-resistant coatings,
microstructure, phase composition, microhardness, substructure, structural

strengthening, local internal stresses.
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