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PEDEPAT

AKTyaJbHicTh TeMH. ['a30TepMiuHI TOKPUTTS € OAHHM 13 KIIOYOBHUX
IH)KEeHEpHUX 1HCTPYMEHTIB MiJBUIICHHS €KCIUTyaTalliiiHOI HailfHOCTI JeTaleH, 110
OpamiolTh B yMOBaxX IHTEHCHMBHOTO 3HOLIYBaHHS, BHUCOKHX TEMIIEpaTyp,
KOPO3IHHOTO Ta €pO31MHOr0 CepemoBHUIN. 3POCTAaHHS BHUMOT JO JOBIOBIYHOCTI Ta
eHeproepeKTUBHOCTI MaIIMHOOYAIBHOI, aBialliiHO1, EHEPTeTUYHOI Ta HaTOra3oBoi
TEXHIKM OOYMOBIIOE HEOOX1HICTh 3aCTOCYBaHHS MOKPUTTIB 13 3alaHUMHU (P13UKO-
XIMIYHUMU ~ BiacTUBOcTsMU. CamMe TOMy BHOIp Ta oONTHUMI3alis METOAIB
BUT'OTOBJICHHS MTOPOIIKOBUX MaTepiajiB g ra30TEPMIYHOTO HAMTMJICHHS HA0yBalOTh
0COOJIMBOI BaKJIUBOCTI.

CyuacHuii po3BuTok TexHojorii HVOF, mmasmoBoro HamuieHHS,
JIETOHAIITHOTO HAMUJIEHHS Ta XOJIOAHOTO Tra30JAMHAMIYHOTO HAIUJICHHS BUCYBa€
BUCOKI BHMOTH JI0 CTPYKTYpH, TpaHyJOMETpii, YUCTOTU Ta (Pa3oBOro Cckiamy
nopomkiB. Big mux mapameTpiB 0e3MoCepeHbO 3aJCKHUTh anaresis, MIUIBHICT,
MOPUCTICTh, TEPMOCTIMKICTD 1 3HOCOCTIMKICTh OTPUMAHUX MOKPUTTIB. Tpaauiiiini
METOAYM BUPOOHHUIITBA TMOPOIIKIB JOMOBHIOIOTHCS HOBUMH MIAXOJaMH —
ra3oaToMizaili€lo,  IMJIa3MOBUM  PO3MWICHHSM,  MEXaHIYHUM  JIETYBaHHSM,
CEJICKTUBHUM CHIKAHHSM, IO 3a0e3MeUyloTh KOHTPOJIbOBAHY MIKPOCTPYKTYpPY Ta
MO>KJIUBICTh CTBOPEHHS KOMITO3UIIIMHUX MaTepiaiiB 13 3alaHUMU
XapaKTEPUCTUKAMHU.

['moGanpHa TEHEHIIIS 10 MIABUIIEHHS peCcypcy JAeTaieu, MiHiMi3alli BUTpaT
Ha PEMOHT Ta BIPOBAKCHHS AJUTUBHHUX 1 TMOBEPXHEBO-IH)KEHEPHUX TEXHOJIOTIN
pOOUTH MOCIIKEHHSI METOJIIB BUTOTOBJICHHS MaTeplalliB JjIsi Ta30TepPMIYHUX
NOKPUTTIB CTpaTeriyHo 3HauymuM. Oco6nmBoi Bard HaOyBalOTh MUTaHHS
pPO3pOOJIEHHST HOBUX KOMIIO3MIIMHUX MOPOIIKIB, 3aTHUX 3a0e3MedyBaTH BHCOKY
3HOCOCTIMKICTh, KOPO3IMHY CTIWKICTb 1 CTaOUIBHICTh BIJIACTUBOCTEH IIpHU
eKCTPEMAaJIbHUX TEMIIEPATypax.

OTxe, BUBUECHHS Ta BJIOCKOHAJIEHHS METO/IB BUTOTOBJICHHS MarepiaiiB JJist
ra3oTepMIYHUX TTOKPUTTIB € aKTYaJIbHUM 3aBJaHHSIM Cy4aCHOTO MaTepialo3HABCTBA,

OCKIUIBKH JIO3BOJISIE CTBOPIOBATH BHCOKOE(EKTHBHI MOKPUTTS 3 MPOTHO30BAHUMHU
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eKCIUTyaTallliHUMU ~ BJIACTUBOCTSAMM Ta 3a0e3nedyye MiJABUINEHHS HaJIHHOCTI
KPUTUYHUX €JIEMEHTIB TEXHIYHUX CUCTEM.

Metoau i 3aBAaHHsI AOCHiTKeHHS. Y poOOTI 3aCTOCOBAHO KOMILUICKC
CyYaCHHUX METOJIB MaTepiajlo3HaBUOI0 aHalli3y, CHPSIMOBAHMX HA BUBYCHHS
IPOILECiB OTPUMAHHS MOPOIIKOBUX MaTepialiB Ta OLIHKY iX MPHUIATHOCTI AJis
ra30TEePMIYHOTO HAIMMJICHHS:

1. AHaJIITUYHI METOIW — BHUBYCHHS HAYKOBUX IMyOJiKallii, CTaHAApTIB Ta
TEXHOJIOTIYHUX  PErJIaMEeHTIB I0JJ0 BUTOTOBJEHHS METaJIeBUX 1
KOMITO3UIIITHUX MTOPOIIKIB.

2. llopiBHsIbHUN aHAN3 TEXHOJOTIA — CHCTeMaTHh3allis Ta MOPIBHSHHS
OCHOBHMX METO/IiB BUPOOHHUIITBA MOPOIIKIB (MEXaHI4H1, XIMIYHI1, (P13U4HI,
KOMOIHOBaH1) 32 MOKa3HUKaMH MPOTYKTUBHOCTI, BAPTOCTI, TpaHyJIOMETPii
Ta BJIACTUBOCTEU MOPOLIKY.

3. Mertanorpadiydi AOCTIDKEHHS — aHali3 MIKPOCTPYKTYPH TOPOIIKIB
(onTHYHA Ta €IEKTPOHHA MIKPOCKOII1S) /sl OI[IHIOBaHHS (DOPMH YACTHHOK,
TOMOTE€HHOCTI Ta 1e(EKTHOCTI.

4. Eneproaucnepcini gociaimkeras (EDS) mis Bu3HayeHHS XIMIYHOTO
CKJIaJly Ta CTYTICHS JIeTyBaHHS.

5. I'panynomeTpuyHuii aHam3 — BHU3HAYEHHS PO3MOJUTY YacTHHOK 3a
po3MipamMu Ta MOpP(OJOTi€0 3aJeXHO BIJ OOpPaHOTO  METOIY
BHUTOTOBJICHHS.

6. ®i3uKo-MexaHiuyHl BUIPOOYBaHHS — OLIHIOBaHHS  BJIACTHUBOCTEM
MOPOIIKOBUX MaTepiaiB 1 HaMUJICHUX TOKPUTTIB (MIKPOTBEPIICTH,
aaresisi, HOPUCTICTB).

O06’ext pocaimxkenns — Ilpomecm oTpuMaHHS Ta BJIACTHUBOCTI
NOPOIIKOBUX  MarepiaiiB, 10  3aCTOCOBYIOThCA Il (popMyBaHHs
ra3oTepMIYHUX MTOKPHUTTIB.

IIpeamer pocaigxenHss — MerToau BUTOTOBIEHHS METAJIEBHX 1
KOMIMO3UIIMHUX  MOPONIKOBMX  MaTepiadiB, iX  CTPYKTypHO-(ha30Bi

XapaKTepUCTHKU Ta BIUIMB LKX MapaMeTpiB Ha SKICTh 1 eKCIUTyaTaliiHi



BJIACTUBOCTI Ta30TEPMIYHUX TTOKPUTTIB.

HaykoBa HOBH3HA 0Jiep:KaHUX Pe3yJIbTATIB MOJIATa€ B HACTYIIHOMY:

CucremMaTn30BaHO Ta MOPIBHIHO KOMIUIEKC Cy4aCHUX METOIB BUTOTOBJICHHS
MOpPGOJIOTII0 YaCTUHOK, (Da30BUM CKJIaJ Ta MPUAATHICTh JO KOHKPETHUX BHJIIB
HanmieHHs: (HVOF, APS, neronartiitne, X0oHe Ta30IMHAMIYHE HAITHJICHHS ).

BcTanoBieHO HOBI 3aKOHOMIPHOCTI MIX TEXHOJOTIYHMMH IMapaMeTpamMu
OTPUMaHHS TMOPOLIKIB (IIBUIKICTh PO3MUIIECHHS, TEMIEparypa rasy/Iia3mu,
IIBUJIKICTh OXOJIOJKEHHS, €HEPrOBUTPATA MEXAHIYHOTO JIETYBaHHS) Ta KIHIIEBOIO
CTPYKTYpHO-()a30BOIO OpraHizaii€r0 YaCTUHOK.

YTOYHEHO BIUIMB MOP(OJOTIUHUX XAPAKTEPUCTHK MOPOILIKY (CPEpHUHICTD,
MOPHUCTICTh, PO3MOLI YACTUHOK 33 pO3MIPOM, CTYIIIHb arjioMmepariii) Ha GopMyBaHHs
MIKPOCTPYKTYPH Ta €KCILTyaTalllfHUX BIACTUBOCTEN Tra30TEPMIYHUX TTOKPUTTIB.

3anponoHOBaHO KpUTEpii BHOOPY ONTUMAJIBHUX METOJIB BUIOTOBJIEHHS
MOPOIIKIB 3aJI€KHO BIJl MPU3HAYEHHS TOKPUTTS (3HOCOCTINKI, KOPO31MHO-CTIHKI,
YKAPOCTINKI, TETJIO3aXUCHI).

Po3po6iieHo y3arainbHeHy MOJIEIb BIUIMBY CIIOCOOY OTPUMAaHHSI IIOPOIITKOBOTO
MaTtepiaixy Ha MPOIECH PO3IJIaBICHHS, MPUCKOPEHHS Ta (POpMyBaHHS MOKPUTTS B
ra3oTepMIYHOMY CTPYMEHI.

IIpakTU4yHe 3HAYEHHS OJIeP:KAHUX pe3yJIbTATIB.

YnockoHaieHI MAXOAW 10 BUOOPY METOAIB BHUTOTOBIICHHS MOPOIIKOBHX
MaTtepialiB 31 CTaOUIBHUMHU BIACTUBOCTSAMH, ONTHMI30BaHUX 1] KOHKPETHI METOIU
ra30TepMIYHOTO HATTUJICHHS.

Po3pobmneni kputepii oriHoBaHHS Mopdosorii Ta (pa3oBOTro CKIaay MOPOIIKiB
JAI0Th MOKJIMBICTD MIJABUIIMTH SIKICTh (DOPMOBAHMX MOKPHUTTIB, 3MEHIIUTH IXHIO
MOPUCTICTh, 30UTBIINTH AAre31i0 Ta MOKPAIIUTH 3HOCOCTIHKICTD JeTaleH.

3anpornoHoBaHi  peKoMeHJaIlli 100 CTPYKTYpHO-(pa30BUX mapameTpiB
MOPOIIKIB TaI0Th 3MOT'y MIJOMpPATH MaTepiajid JJisd MOKPUTTIB TEIJI0- Ta KOPO3iiHO-
CTIMKOTO MpU3HAYEHHS, 110 301JIbIIIYE PECYPC BIAMOBIANBHUX BY3J1B 00JIaJHAHHS.

OtpumaHi pe3ysibTaTd MOXYTb OyTH BUKOPUCTaHI B HaBYAJIbHUX



JTUCLMIUIIHAX 3 MaTepiajJo3HaBCTBA, 1HXKEHEpli TMOBEPXHi, TEXHOJIOTIH
HATWICHHS Ta aIMTUBHUX METO/IiB, PO3IIMPIOIOYN HABYAIBHO-METOUIHY 0a3y.

[TpakTH4HI BUCHOBKU CIPHSIOTH 3HMKEHHIO COOIBapTOCTI MOKPHUTTIB,
OCKIUIBKH J03BOJISIFOTH OOTPYHTOBAHO BUOMPATH METO/ OTPUMAHHS TIOPOIIKY 3

ONTUMAJILHOIO MPOAYKTUBHICTIO Ta MIHIMAJIBHUMHU BTpaTaMu Marepiany.

Maricrepcbka podoTa npeacraBjieHa: PO3pPaxyHKOBO-TIOSICHIOBAJIbHA
3amiCKM Ta TpadiuHoi vacTUHU. Po3paxyHKOBO-IMOSICHIOBAJIbHA
3alrcKa CKIamaeTbes 3 pedepaTy, ABOX YacTHH, BUCHOBKIB, 19
nepeniky nocmianb. O6csr 90 apk. popmary A4.
KurouoBi cjioBa: razorepMiyHe MOKPUTTS , KOMIIO3UIITHUI TOPOIIIOK,

HAHOCTPYKTYPHI KOMIIOHEHTH, aJIre31s, MOPUCTICTh, MEXaHIYH1 BIACTUBOCTI.



ABSTRACT

Relevance of the topic. Thermal spray coatings are one of the key engineering
tools for increasing the operational reliability of components that operate under
conditions of intensive wear, high temperatures, and corrosive or erosive
environments. The growing demands for durability and energy efficiency in
mechanical engineering, aviation, power engineering, and the oil and gas industry
determine the need for coatings with specified physicochemical properties. Therefore,
the selection and optimization of methods for producing powder materials for thermal

spraying are of particular importance.

The modern development of HVOF, plasma spraying, detonation spraying, and
cold gas-dynamic spraying technologies imposes stringent requirements on the
structure, granulometry, purity, and phase composition of powders. Adhesion,
density, porosity, thermal resistance, and wear resistance of the resulting coatings
directly depend on these parameters. Traditional powder production methods are
being supplemented by new approaches—gas atomization, plasma spraying,
mechanical alloying, and selective sintering—which ensure controlled microstructure

and enable the creation of composite materials with tailored properties.

The global trend toward increasing the service life of components, reducing
maintenance costs, and implementing additive and surface-engineering technologies
makes the study of methods for producing materials for thermal spray coatings
strategically important. The development of new composite powders capable of
providing high wear resistance, corrosion resistance, and property stability at extreme

temperatures is of particular significance.

Thus, the study and improvement of methods for producing materials for
thermal spray coatings represent a relevant task of modern materials science, as they
allow the creation of highly efficient coatings with predictable performance

characteristics and ensure increased reliability of critical engineering components.



Methods and research objectives

The study employs a set of modern materials science analysis methods aimed
at investigating the processes of obtaining powder materials and assessing their

suitability for thermal spraying:

1. Analytical methods — analysis of scientific publications, standards, and

technological regulations on the production of metallic and composite powders.

2. Comparative analysis of technologies — systematization and comparison of the
main powder production methods (mechanical, chemical, physical, and

combined) in terms of productivity, cost, granulometry, and powder properties.

3. Metallographic studies — analysis of powder microstructure (optical and

electron microscopy) to evaluate particle shape, homogeneity, and defects.

4. Chemical analysis — (EDS) resrarches to determine phase composition and

degree of alloying.

5. Granulometric analysis — determination of particle size distribution and

morphology depending on the selected production method.

6. Physico-mechanical testing — evaluation of the properties of powder materials

and deposited coatings (microhardness, adhesion, porosity).

Object of the study — Processes of obtaining and properties of powder
materials used for forming thermal spray coatings.
Subject of the study — Methods of producing metallic and composite powder
materials, their structural and phase characteristics, and their influence on the quality

and performance properties of thermal spray coatings.
Scientific novelty of the obtained results

« A comprehensive set of modern methods for producing powder materials for

thermal spray coatings has been systematized and compared in terms of their
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influence on particle morphology, phase composition, and suitability for various

spraying methods (HVOF, APS, detonation, cold gas-dynamic spraying).

New relationships have been identified between the technological parameters of
powder production (spraying rate, gas/plasma temperature, cooling rate, energy
consumption during mechanical alloying) and the resulting structural-phase

organization of particles.

The influence of powder morphological characteristics (sphericity, porosity,
particle size distribution, degree of agglomeration) on the formation of coating

microstructure and performance properties has been clarified.

Criteria for selecting optimal powder production methods depending on the
coating’s intended purpose (wear-resistant, corrosion-resistant, heat-resistant,

thermal-barrier) have been proposed.

A generalized model has been developed to describe the influence of powder
production methods on melting, acceleration, and coating formation processes

in the thermal spray jet.
Practical significance of the obtained results

Improved approaches to selecting powder production methods with stable

properties optimized for specific thermal spraying techniques.

Developed criteria for evaluating powder morphology and phase composition
enable improving coating quality, reducing porosity, increasing adhesion, and

enhancing wear resistance of components.

Recommendations regarding structural-phase parameters of powders allow
selecting materials for heat- and corrosion-resistant coatings, thereby extending

the service life of critical equipment components.

The results can be applied in educational disciplines on materials science,
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surface engineering, thermal spraying technologies, and additive manufacturing,

expanding the teaching and methodological base.

. The practical findings contribute to reducing coating production costs by
enabling a justified choice of powder production methods with optimal

productivity and minimal material losses.

The Master’s thesis includes an explanatory note and a graphical section.
The explanatory note consists of an abstract, two chapters, conclusions, 19 references,

and appendices. The total volume is 90 pages of A4 format.

Keywords: thermal spray coating, composite powder, nanostructured

components, adhesion, porosity, mechanical properties.
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BCTYII

CydacHuil  PO3BUTOK  MamMHOOYAyBaHHS,  aBlalliiHOI  TEXHIKH,
CHEPreTUKN Ta HAPTOTa30BOr0 KOMIUICKCY BHCYBA€ MiABHUINCHI BUMOTH [0
HAJIMHOCTI ¥ JOBIOBIYHOCTI JIETAJICH, 10 MPAIIOIOTh B YMOBaX IHTEHCUBHOTO
3HOITYBaHHS, BUCOKHUX TEMIIEPATyp, arpeCUBHUX CEPEIOBUI Ta YIapHO-
TUHAMIYHUX HaBaHTaxeHb. OpHUM 13 HaWOUIbII e(EeKTUBHHX IIUISIXIB
MIJBUIIEHHS E€KCIUTyaTalliifHOi CTIHKOCTI TaKuX €JEMEHTIB € 3aCTOCYBaHHS
ra3oTepMIYHUX NOKPUTTIB. Lli MOKPUTTSA MO3BOJIAIOTH CYTTEBO MPOAOBKUTU
TEPMiH CIY>XOU OOJagHAHHS, 3HU3UTH BUTPATH HAa PEMOHT 1 3a0e3MeUHTH

CTaOUIBbHICTh POOOTH KOHCTPYKIIN y CKJIaIHUX YMOBaXx.

BupimansHe 3HadueHHs y (GOpMyBaHHI CTPYKTYpH Ta BIACTHBOCTEH
ra3oTepMIYHUX TOKPUTTIB Mae BHOIp TMOPOIIKOBUX MaTepiaiiB. SKiCTh
MOKPUTTSI — HOro ajaresisi, NOPUCTICTh, MIKPOCTPYKTYpa, 3HOCOCTIMKICTB 1
TEPMOCTIMKICTh — 3HAYHOK MIpPOI0 BHU3HAYAETHCA XapaKTEPUCTHUKAMU
TIOPOIIKY: TPAaHYJIOMETPUYHUM CKJIaJIOM, MOP(]OJIOTi€I0 YaCTHHOK, YHCTOTOTO,
dbazoBuM cknagoM 1 onpHopigHicTIo. Came TOMY JOCHIIKEHHS METO/IIB
BUTOTOBJICHHS TOPOIIKOBUX MaTepiajiB, 3/aTHUX 3a0€3MEUUTH ONTUMAJbHI

BJIACTUBOCTI IOKPUTTIB, € aKTYaJIbHOIO HAYKOBOIO Ta TEXHIYHOIO 33/1a4€l0.

Ha choromni 3aCTOCOBYIOTHCS Pi3HI TEXHOJIOT1i OTPUMAaHHS METAJIEBHUX Ta
KOMIMO3UIIIMHUX TOPOIIKiB, 30KpeMa ra3oBa Ta IIJJa3MOBa aTomizailis,
MEXaHIYHE JIeTyBaHHsS, XIMIYHI METOJM OCAQ)KCHHS, a TaKOoXX KOMOIHOBaHi
niaxoau. Koxxen Meron popmye crienniuny CTpyKTypy HOPOILIKY, [0 BIUIUBAE
Ha TOBEMIHKY MaTepiajly TiJi 4Yac pO3MWICHHs, CTYIIHb IUIABJICHHS Ta
dbopMyBaHHS TOKPUTTS. |[HTEHCHUBHUN PO3BUTOK Ta30TEPMIYHUX TEXHOJOTIH,
30kpeMa BHCOKomBUaKicHoro HamwieHHs HVOF, mmasmoBoro APS,
JETOHAIIITHOTO Ta XOJIOAHOTO Ta30JAMHAMIYHOIO HANWJICHHS, BHMarae
CTBOPEHHS TOPOIIKIB 13 UITKO PEryJbOBaHUMH BIIACTUBOCTSIMH  Ta

HAaHOCTPYKTYPHUMHU KOMIIOHCHTAMH.
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OTxe, MAOCHIIPKEHHS  METOMIB  BUTOTOBJICHHS  MaTepialliB  JyIs
ra30TepMIYHUX TMOKPHUTTIB € BAXKJIMBOIO CKIAJOBOIO PO3BUTKY CY4YaCHOTO
MaTepiaJo3HaBCTBA Ta IOBEPXHEBOro 1HXKEeHepiHry. BoHo 1mo3Bosse
ONTUMI3yBaTH IIporiecd (OPMYBaHHS TOKPHUTTIB, MIJABUIIUTH iX SKICTh 1
3a0€e3MeYNTH HAAIMHICTh POOOTH KPUTHUYHO BAXKJIMBUX BY3JIB 1 JeTanen

TEXHIYHUX CUCTEM.

14



