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1. HaykoBi 3acaay NifBUIIEHHS 3HOCOCTIMKOCTI IOKPUTTIB Ha aJIlOMiHi€BUX Ta CTaJI€BUX BUPOOAX MIJIIXOM

KEPOBAHOTO (POPMYBAHHS iX CTPYKTYPHO-(PA30BOT0O CTaHy

2. Scientific bases for increasing wear resistance of coatings on aluminum and steel products by controlled
formation of their structural-phase state

Pedepar:

1. B po6oTi BupileHo BaXXJIMBY HAYKOBO-TEXHIUHYy ITPO6JIe€MY — MiJIBUILIEHHS PECYPCY HOBUX Ta BiIHOBJIEHHS
POOOTO30ATHOCTI 3HOMIEHUX AETalel BillIOBiAANIBHOIO YCTAaTKyBaHHSI HU3KM KJIIOYOBUX Trajly3eil HapOJIHOIO
rocriogapcTsa YKpaiHu i 060pOHY 3aCTOCYBaHHSIM BJOCKOHAJIEHUX TEXHOJIOTTYHUX IIPUNOMIB TBEPLIOTO
aHOJYBaHHS, I71a3MO-€JIEKTPOJIITHOIO OKCUIyBaHHS Ta PO3POOJIEHUX [TOPOLIKOBUX APOTIB 117151 €JIEKTPOLYTOBOTO

HaAIInJIIOBaHHSI HOKpI/ITTiB 3 HATIEPE, 3aJaHNMU XaPAKTEPUCTUKAMU. Hpouec CTBOPEHHSA TBEPAUX dHOOOBAHUX mapiB



Ha aJIIOMiHieBUX cIJIaBax 0yJI0 OTPUMAaHO LUISIXOM J0JIaBaHHs epekucy BogHIo (30-50 Mr /1) 1o po3unHy
€JIEKTPOJITY, IKUH ckyanaerbest 3 20% cipuaHoi KucaoTu. [Hmui MeTos nependayae BUKOPUCTAHHS 030HY Iif yac
Ipolecy CMHTE3y. BUKOpMCTaHHS 1IbOr0 MaTepiany J03BOJIAJIO LOCATTU 3HAYHUX IOKPAIEHb Y KiJIbKOX KJII0YOBUX
obsactax. ToBUMHA aHOIOBAHOTO 1apy 36inbmeHa Ha 50-60%, MikpoTBepicTs nifBumeHa Ha 40-50%, CTilKiCTb
10 abpa3rBHOrO 3HOCY MOKpalleHa Ha 15%, a 3HOCOCTINKICTb y rapi TepTs 3i cTaneBolo KyJbKolo 36inbuieHa Ha 30%.
B po60Ti BUKOpUCTaHO METO[, iMIIyJIbCHOTO TBEPIOTO aHOYBaHHS alloMiHieBuX criasiB. Lleil meTo[ 103BOJIsIE
YTBOPIOBATHU OJHY (azy abo cymill 1Box ¢a3 y CTPYKTYpi aHOJIOBAHOTIO LIapy (3a71€XHO Bif] TeMIIEepaTypu
eJIeKTpoJiTy (-5...+5)°C mifg yac npouecy cuHtedy. ®aza AlnOo*HoO (6emiT) y MIKPOCTPYKTYpi aHOIOBaHUX LIApiB
3abe3rnevye BUCOKY MIKDOTBEPZICTb Ta abpa3uBHY 3HOCOCTIHKICTBh, Tofi siK ¢paza AlnOo*3HoO (ribeuT) 3abesmneuye
BHICOKi TpU6OJIOTiYHi BIaCTUBOCTI. AHOZOBaHUI 1ap, OTPUMAaHUI iMITyJIbCHUM METOZOM, 6yB Ha 15-20% ToBCTINM
i MaB y 1,5-3 pasu 6ibl1y 3HOCOCTINKICTb, HIX 1Iapy, aHOJ0BaHI CTallioOHAPHUM PEXUMOM, Ta 'y 2,5-8 pasiB Gisblry
3HOCOCTIMKICTB, HIX criiaB D16. BCcTaHOBJIEHO, IO I1if] 4aC CMHTE3Y WIAPiB [1JIa3MOEJIEKTPOJIITHUX OKCUIHUX LIapiB
Ha [IOBEPXHi HaNWI0BaHUX MOKPUTTiB cucTteM Al-Mg, Al-Ni, Al-Cu, Al-Ti yTBOPIOIOTbCS JIETKOILJIABKi Ta piAKOTeKyYi
€BTEKTUKHU i3 cyMimet okeupis (A1203 + MgO), (AlI203 + NiO), (Al203 + CuO), (Al203 + TiO2), siKi jieriie 3alI0BHIOIOTb
PO3psIHI KaHaJIM, HDK TyromnaBkuil okeug Al203. e 10380110 3MEHIINTY IOPUCTICTh CUHTE30BaHOoro mapy [TEO
(3 8...10 10 3...5%), 36inbIUTY BMIiCT Y HbOMY KOpyHZAY (3 30 1o 70%), ninBumuTy itoro mikporsepaicts (Ha 300...500
HVO0,3) Ta abpa3uBHYy 3HOCOCTINKICTb (Y 4...6 pasiB). BcTaHOB/I€HO MEXaHi3M 3HOIIYBAHHS Pi3HUX TUIIIB KOHTPTIJ
(BUroTOBJIEHUX 3 YaBYHY, 6POH3H, 6abiTy Ta crasi) mif 4ac ix ppukuiiiHoi B3aeMogii 3 IapOM MJ1a3MOEJIEKTPOJIITHUX
okcupaHux mapis. I1pu TBeppocTi KoHTprina 7o 300 HVO0.3 3HOC BUHMKAB Yepe3 BUIANeHHS APy 3 IIOBEPXHI
KOHTPTiJIa BUCTYIIAMHU i3 [1J1a3MOEJIEKTPOJIITHUX OKCUAHMX. Taka napa TepTs npujaTHa [j1sl BAKOPUCTaHHS JIALIe
IIpY MATOMUX HaBaHTaXXeHHsX 10 4 MIla. [Tpu TBeppocTi koHTpTina (300...1000) HV0.3 3HOC BUHUKAB yepes
6araTopasoBy IPY>KHY ab0 MPY>KHO-IJIACTUYHY AedopMaliilo IoBepxHi KOHTPTisa. Taka napa TepTs npuaaTHa ajs
BUKOPUCTAHHS TP MUTOMUX HaBaHTaXXeHHsX 10 10 MIIa. Po3po61eHo MeTOo[], HaI3BYKOBOTO IyTOBOTO HAIMMJIEHHS
3HOCOCTI}KMX BiJIHOBJIIOBAJIbHMX NOKPUTTIB 3 nopowmKkoBux ApotiB (T111) nerytouoi cucremu Fe-Cr-Si-Mn-B-C. Ha
BMXOJ 3 COIJIa OTPUMAHO HAJ3BYKOBUI CTPYMiHb MOBITPs 3 yncjaoM Maxa 2. TUCK NOBITPSIHOTO CTPYMEHS
36inpuBes 3 0,6 7o 1,2 MIla, o cynpoBOIKyBaIocs IBOPa30BUM 36iblIeHHSIM ioro mBuakocTi (3 300 zo 600
M/C), a IIBUJKOCTI po3IiaBieHux Kpanesub — Ha 80 o 150 m/c. B pe3ysnbTaTi 36inb1nacs TBEPAICTb MOKPUTTSI 3
600 mo 900 HVO,3, abpa3uBHa 3HOCOCTIlKiCTb — B 1,4-1,7 pa3u Ta 3MEHIIUBCS B 2 Pa3y Y IIOKPUTTSIX PiBEHb
3QJIMIIKOBUX PO3TATYBAJIbHUX HAPY>KEHb [1epLIOro poay. Ha 0CHOBI fyroBOro HanuseHHs Jeryiouoi cucremu Fe-
Cr-Si-Mn-Ti-B-C cTBOpeHO 3HOCOCTI¥Ki IOKPUTTS 3 €K30TEPMIUHOIO LIMXTOI0 Ha OCHOBI IOPOLIKIB Kap6imy 60py,
XpOMYy, TUTaHy Ta 3ajiiza. ¥ CTPYKTYpi IOKPUTTIB yTBOPIOIOTHCS HAHOPO3MipHi (50...150 HM) BuzineHHs 60puiB
THUTaHy, XpPOMY Ta 3aj1i3a, o 3abe3nedye NiJBULIEHHS iX (i3MKO-MeXaHIYHUX BIACTUBOCTEN. [I0BHE CIJIaBI€HHS
KOMITOHEHTIB IIUXTY Ta O00JIOHKY JOCSITaeThCs JOIABaHHIM 1 Mac.% CyMillli JIETKOIIJIaBKUX [TOPOLIKIB
eBTekTH4HOro cknany (FeSi + FeMn + B203) o muyxTy NOPOLKOBOTO APOTY, 1110 3ab6e3nedye GopMyBaHHS
OJHOPiAHUX TIOKPUTTIB HEOOXiTHOrO CTPYKTYPHOTO Ta (a30BoOro CKIany. 3HOCOCTINKICTh IIOKPUTTIB, HAIIMJIEHUX Y
HaJ3BYKOBOMY PEKMMi, BlIBi4i BUIIA 3a LI}0 XapaKTePUCTUKY AJ1s cTaji Y12 3 Teepgictio 840 HVO.3. Po3pobaeHo
Cepilo MOPOIMIKOBUX IPOTIB Ha OCHOBI Jieryto4oi cuctemu Fe-Cr-Si-Mn-B-C 3 eK30T€pMi4HOI0 HIMXTOIO.
CinpcpKOrocnogapchbka, Xap4oBa, KOMyHajibHa, TPAHCIIOPTHA Ta 060POHHA [TPOMUCIIOBICTh NOTPEOYIOTH
BiJHOBJIEHHSI 3HOIIEHUX J€Talel TUIy Bajl. [I71sl 3aJ0BOJIEHHS LUX NIOTPe6 po3p006JIEHO TEXHOJIOTIYHY PErJaMeHT

OyroBOro HaIrMnJI€HHA l'IOKpI/ITTiB.

2. The main formation patterns of anodised and plasma-electrolyte layers, as well as supersonic electric arc
coatings with specified functional characteristics, have been established. These are necessary for increasing the
wear resistance of products made from aluminium alloys and steels for use in key industries such as agriculture,
food production, mining and defence. The established patterns of the influence of electrolyte composition, layer
synthesis modes and the composition of cored wires with exothermic charges, as well as the parameters of the
coating spraying process, on the formation of the structure, phase composition and wear resistance of the
coatings under conditions of boundary lubrication during friction and abrasive wear were used as a guideline. The
process of creating hard anodised layers on aluminium alloys has been updated by incorporating hydrogen



peroxide (30-50 mg /1) into the electrolyte solution, which is composed of 20% sulfuric acid. Another method
involves the use of ozone gas during the synthesis process. The use of this material has allowed for significant
improvements in several key areas. The thickness of the anodized layer has been increased by 50-60%,
microhardness has been boosted by 40-50%, abrasive wear resistance has been enhanced by 15%, and wear
resistance in a friction pair with a steel ball has been increased by 30%. We have developed a method for pulsed
hard anodising of aluminium alloys. This method allows one phase or a mixture of two phases to form in the
structure of the anodised layer (depending on the electrolyte temperature (-5...+5)°C during the synthesis process.
The AlnOo*HoO (boehmite) phase in the microstructure of the anodised layers provides high microhardness and
abrasive wear resistance, while the AlnOn*3HnO (hibinite) phase provides high tribological properties. The anodised
layer obtained using the pulse method was 15-20% thicker and had 1.5-3 times greater wear resistance than layers
anodised using stationary synthesis, and 2.5-8 times greater wear resistance than the D16 alloy. It was shown that
during the synthesis of PEO layers on top of thermal spray coatings of the Al-Mg, Al-Ni, Al-Cu, Al-Ti systems, low-
melting and fluid eutectics are formed from mixtures of oxides (Al203 + MgO), (AI203 + NiO), (Al203 + CuO),
(Al203 + TiO2), which fill discharge channels more easily than the refractory oxide Al203. This made it possible to
reduce the porosity of the synthesized PEO layer (from 8...10 to 3...5%), increase the corundum content in it (from
30 to 70%), increase its microhardness (by 300...500 HV0.3) and abrasive wear resistance (by 4...6 times). The wear
mechanism of different types of counterbodies (made of cast iron, bronze, babbitt and steel) during their frictional
interaction with the PEO layer was established. With a counterbodies hardness of up to 300 HV0.3, wear occurred
due to the removal of the layer from the counterbodied surface by protrusions on the PEO layer as cutters. Such a
friction pair is suitable for use only at specific loads up to 4 MPa. At a counterbody hardness of (300...1000) HVO0.3,
wear occurred due to multiple elastic or elastic-plastic deformation of the counterbody surface. Such a friction
pair is suitable for use at specific loads up to 10 MPa. A method for supersonic arc spraying of wear-resistant
restorative coatings from cored wires (CW) of the Fe-Cr-Si-Mn-B-C alloying system was developed. A supersonic
air jet with a Mach number of 2 was obtained at the nozzle outlet. The air jet pressure increased from 0.6 to 1.2
MPa, which was accompanied by a two-fold increase in its velocity (from 300 to 600 m/s), and that of molten
droplets by 80 to 150 m/s. As a result, the coating hardness increased from 600 to 900 HV0.3, abrasive wear
resistance by 1.4-1.7 times, and the level of residual tensile stresses of the first kind in the coating decreased by 2
times. Based on the CW of a Fe-Cr-Si-Mn-Ti-B-C alloying system, a CW for arc spraying of wear-resistant coatings
with an exothermic charge based on boron carbide, chromium, titanium and iron powders was created. Nanosized
(50...150 nm) precipitates of titanium, chromium and iron borides are formed in the coating structure, which
ensures an increase in the physical and mechanical properties of the coatings. Complete fusion of the CW charge
components and the shell is achieved by adding 1 wt.% of a mixture of low-melting powders of eutectic
composition (FeSi + FeMn + B203) to the CW charge, which ensures the formation of homogeneous coatings of the
required structural and phase composition. The wear resistance of coatings sprayed in the supersonic mode is
twice as high as this characteristic for U12 steel with a hardness of 840 HVO0.3. A series of flux cored wires based on
the Fe-Cr-Si-Mn-B-C alloying system with an exothermic charge has been developed. These powders provide
exothermic reactions between the components of their charge.

Jep>kaBHH peecTpaniiinuii Homep JiP:

IIpiopuTeTHHH HaNpsSIM PO3BUTKY HayKH i TEXHIKHM: OyHnamMeHTasbHI HAYKOBI HOCIIIPKEHHS 3 HANGILIbII
BaXXJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOI0, COLiaJIbHO-€KOHOMIUHOTr0, CyCIiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLjaNy 1151 3a0e311e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOr0 PO3BUTKY
CyCIIiIbCTBA i Jep>kaBu

CrpareriyHuii NpiopUTETHUH HaNPSIM iIHHOBALLiMHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIIA

BMPOOHHUIITBA MaTepiaJiB, ix 0OpobJieHHs! i 3'eflHaHHS, CTBOPEHHSI iHIyCTpii HAHOMAaTepiasliB Ta HAHOTEXHOJIOTIN

ITizcyMKHu AOCIIiAKEHHS: TeopeTndHe y3arajbHEHHS | BUPilleHHS BAKIMBOI HAYKOBOI IPO6GIeMn
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