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HaykoBuii iHTEpec po3poOJieHHs 1 JOCHIIKEHHS EMOKCU-TIoIiedipHUX
KOMIO3UTIB MOAU(]iIKOBaHUX yIbTPagi0IeTOM 3 BBEJACHHAM JIPIOHOIUCIIEPCHUX Ta
JUCIIEPCHUX  J100aBOK  Pi3HOI  (PI3MKO-XIMIYHOT  MPUPOAM  OOYMOBJICHHM
aKTYaJIbHICTIO X 3aCTOCYBaHHS. 30Kpema, sl MIJBUIICHHS pecypcy poboTu
JeTaliell Ta MeXaH13MiB 3ac001B TPaHCIOPTY, 110 JO3BOJIAE€ 3HU3UTHU 3aTPaTH HA iX
BUT'OTOBJICHHS Ta peMOHT. J|0/1aTKOBO 103BOJIsI€, 3SMEHITUTH BUTPATH HA MOJAOJAHHS
CUJI TE€PTH 1, K HACIIJOK, MiABUIICHHS HAAIMHOCTI Ta TEXHIYHUX XapaKTEPUCTHK.
[Ipu 1poMy, mOTIMONEHE BUBYEHHS OCOOJIMBOCTEH CTPYKTYpH KOMIIO3UTHHUX
MaTrepialliB, 13 BUKOPHUCTAHHSIM CYYaCHUX METOMAIB JOCIIKEHHS, JI03BOJUTH
BUSIBUTH TIPOIECH Y 00JIaCTI MEXaHIYHOI B3a€MOJIi TUT Mapu TEPTs, M0 Y CBOIO
4yepry J03BOJHUTh IMPOTHO30BAHO KEpPYBaTH BIIACTUBOCTSIMH IPU PO3pOOJIECHHI
nosiMepHux KM 3 miiBUIIEHUMH €KCIUTyaTallliHUMU XapaKTePUCTUKAMM.

Meroto aucepraiiiitHoi poOOTH € BCTAHOBJICHHS] OCHOBHUX 3aKOHOMIPHOCTEH
dbopmyBaHHS MOAM(DIKOBAHUX E€MOKCH-TIOMIeDIPHUX KOMITO3UTIB JJIS IT1IBUIIICHHS
3HOCOCTIMKOCTI JeTajiell TPaHCIOPTHUX 3acO0IB Ta BUIATH PEKOMEHAAI]l MIOZ0
CTBOPEHHSI Ha iX OCHOBI MaTepiaigiB 3 IIJABUIICHUMU TPUOOJOTTYHUMU
BJIACTUBOCTSIMH, SIK1 MPALIOIOTh B YMOBAaX BIUIMBY arpeCUBHUX CEPEIOBUIII.

VY BcTymi mpeAcTaBieHa OIliHKa Cy9acHOTO CTaHy MpoOJaeMu, OOTPYHTOBAHO
aKTyaJIbHICTh BHOOpPY TEeMH JuCepTaliiHOi poOOTH, cPopMybOBaHI MeTa Ta
3aBJaHHS JOCIIKEHb, MPEJACTaBICHI HayKOBa HOBU3HA W TMPAKTHYHE 3HAYCHHS
OTPUMaHUX PE3yJIbTaTIB.

B nepumiomy po3nini MpoBEACHWM aHali3 Cy4acHOrOo CTaHy IHTAaHHS

BUKOPUCTAHHA TMOJIMEPHUX EMNOKCHIHUX Ta TnojiedipHUX MarepiamiB s



BUT'OTOBJICHHS Ta PEMOHTY BY3JIiB TEPTS 3aC001B TpaHCHOPTY. PO3risiHyTO OCHOBHI
HAIpPSIMKH M1JBUILIEHHS €KCIUTyaTal[liHUX XapaKTEPUCTHUK JeTajed BY3/iB TEepTH,
BUTOTOBJICHUX Ha OCHOBI KOMITO3UTHUX MaTepiaiiB MIJISXOM BBEIEHHS aKTHBHHX
JUCIIEPCHUX HAMOBHIOBAYIB Ta MOJU(DIKATOPIB, IIO JO3BOJIS€ BIUIMBAaTH Ha
CTPYKTYpy KOMIIO3UTIB Ta 3MIHIOBATH 1X €KCIUTyaTalliiHI XapaKTePUCTUKH.

Y nmpyromy po3aim oOrpyHTOBaHO BHOIp KOMIIOHEHTIB 3B’s3yBaua,
Moaudikaropa, HamOBHIOBAauYiB sl (OPMYBaHHS KOMIIO3UTHUX MaTepialliB 3
MIJBUIEHUMA TPUOOJOTIYHUMHU BIIACTUBOCTAMH. HaBeneni 3aralbHONPUNHSATI
METOJM JOCIIKCHHS: aare3iHux, (i3uKo-MeXaHIYHMX (PyHHIBHI HaIpy KEHHS
NpU 3TMHAHHI, MOJYJIb MPYKHOCTI NIPU 3TUHAHHI, yAapHa B’S3KICTh, 3aJIMIIIKOBI
HAnpyKeHHs, ajAre3iiHa MIMHICTh MPHU BIAPUBI), TEIIOPI3UYHUX (TEPMIUHUN
KOe(]iIlIeHT JIHIMHOTO PO3MIMPEHHS, TEIUIOCTIMKICTh, TeMIlepaTypa CKIyBaHHS:),
TpUOOJIOTIUYHUX (KOEPIIIEHT TEpTS, MacOBa IHTEHCUBHICTh 3HOCY) BIACTHUBOCTE.
JlomaTkoBO ~ MpPENCTaBICHO Cy4yacHI METOAMKH  JIOCHIDKEHHS  CTPYKTypU
KOMIO3UTHUX  MaTepiadiB Ta HanoBHioBauiB  (IY-cmekTpanpHuil  aHamis,
JOCTIPKEHHSI TMHUTOMOI TUIOUI TMOBEPXHI, ONTHYHA Ta CKaHylHOYa EJIEKTPOHHA
MIKpOCKoIis). MeTojaMd MaTeMaTUYHOrO IUJIAHYBaHHS ONTHUMI3YyBalu CKJIajl
JBOKOMITOHEHTHOTO 017JMCIIEPCHOTO HATTOBHIOBAYA JIJISI KOMIIO3UTIB 3 ITiIBUIIICHUMHA
eKCIUTyaTaIliHUMU XapaKTePUCTUKAMHU.

TpeTiit po3aia NPUCBAYCHUN MUTAHHAM ONTHMI3aIli BMICTY moJiedipHOTO
KOMIIOHEHTY B EMOKCUIHOMY 3B’sI3yBadvi Ta Moaudikaropa
MeTWICHII(pEHUIII13011aHaT IS TOJINIIEHHS aAre3iMHuX Ta KOTe31MHHUX
BJIACTUBOCTEH. 3a  pesyibTaTaMH  aAre3idHuX,  (PI3MKO-MEXaHIYHUX  Ta
TEIVIO(QI3UYHUX  JIOCHIKEHb KOMIIO3UTHHUX MaTepiaidiB BCTAaHOBJIEHO, IO
ONTUMAJILHHUM BMICT noJiiepipHOi cMoJii cTaHOBUTH ¢ = 80 Mac.4. Ha g = 100 mac.u.
EMOKCUIHOTO oJjiromepy. Po3poOneHuii marepianm BII3HAYAETHCS HACTYIMHUMHU
BJIACTUBOCTSIMU: aJAre3iiiHa MIIHICTh NpHu Biapusi — o, = 47,0 MIla, 3anumkosi
HanpyxeHHsa — o,=2,7 MIla. Busnayeno, mo npu BBeaeHHI ¢ = 10 mac.u.
nomiepipaoro  3B’sizyBada  ENYDYNE H 68372 TAE 10 ¢ =100 mac.u.

enokcuaHoro oJjiromepy EJI-20 moka3HukH (Hi3UKO-MEXaHIYHMX BJIACTUBOCTEH



MakcuMalibHi. [lokazaHo, 110 HamMpyXeHWW CTaH MaTepialliB Ta XapakTep JiHIN
CKOJIIOBAHHS KOPENIOE 13 TMOKa3HUKaMu (I3UKO-MEXaHIYHMX BJIACTUBOCTEH.
JloBeneHo, 1m0 BBEAEHHS MoaiedipHOI CMOIM B EMOKCHIHUN 3B’si3yBady NpU
g = 10 mMac.4. npuBOAUTH 10 MiABUILEHHS TeTUIOCTIMKOCTI MaTpuil Big T =341 K 1o
T'=352K Ta 3HWxeHHS MiHIMHOI ycaaku komno3uty Bin A4/=0,31% no
Al=0,06 %. 3HaueHHS TOKAa3HHUKIB TEPMIYHOTO KOE(ILIEHTY JIHIKHOTO
PO3LIMPEHHS HA BCIX JOCHIPKYBAHUX TEMIIEPATypHHUX Jiana3oHaxX 3HHKYIOTbCS
nopiBHAHO 3 nokasHukamu TKJIP emokcuaHoi Matpuili, a TemmepaTrypa CKIyBaHHS
T. npu upomy migsumyetbes Big 1.=311K mgo 7.=318 K, mo 3ymoBieHO
30UIBIIICHHSIM CTYTICHSI 31TMBAHHS MATPHIIL.

VY derBepToMy pO3Iial TPOBEACHO KOMIUIEKCHI JOCTIHKCHHS BIUIUBY
yabTpadioIeTOBOTO  OMPOMIHEHHS Ha  BJACTUBOCTI  €MOKCH-TOJiedipHUX
KoMIio3uTiB. KoHCTaTOBaHO, M0 MaKCUMAaJbHUMH TMOKA3HUKAMH JOCTIIKYBaHHX
BJIACTUBOCTEHN XapaKTEPU3YETHCS KOMIIO3UT 32 TPUBAJIOCTI OMPOMIHEHHS T, = 5 XB
Ta JOBXHHU XBWJIl ONpOoMiHEHHS 365 HM. Bu3HaueHO mNOKa3HUKH (Pi3UKO-
MEXaHIYHUX BJIACTUBOCTEH: pyHHIBHI HAIIPYKEHHS MPH 3TUHAHHI — 03, = 57,0 MIla,
MoIysb TpykHOCTI — E=3,7 T'Tla, ynapha B’s3kicte — W =8,9 klkx/M?, a
TEIUIOCTIMKICTh 3@ TAKOTO PEXKUMY ONpoMiHeHHs cTaHOBUTH 1 = 354 K. PosrmsnyTo
0COOJIMBOCTI aKTUBHOCTI Ta MOpQoJIOTii IMOBEpXHI HAMOBHIOBaYiB. BuzHaueHO
NUTOMY IUIOINY MOBEpXHI HamoBHIOBauiB. IIpoBeneHo IY-cmexTtpanbHuil anamiz
cmonu, h-BN, CuO, WS,, skuil 103BOJIMB OIIHUTH AaKTHUBHICTh ITOBEPXHI
JOCHipKyBaHMX MaTepiamiB. B giamasomi v =400...4000 cm!  Bu3HaueHo
CIEKTpabHI XapaKTePUCTUKU IJIsi KOXHOTO 3 TOpomKiB. Bci mocmimkyBaHi
CIEKTPHU MOPOUIKIB XapaKTEPU3YIOThCSl 3HAYHOIO IHTEHCUBHICTIO CMYT MOTJIMHAHHS
noBepxHeBo-aktuBHux O-H, C=0, C-H, -CH;-, NH, rpyn. Pe3synpratu
JOCTIDKEHHST TUTOMOI IUIONli ToBepxHI Ta [Y-crekTpaibHOTO aHalizy
MOPOIIKOMOIOHUX MaTepiaiiB JO3BOJSAIOTh CTBEPKYBaTH MPO e()EKTUBHICTH
BUKOPHUCTAHHA JAHUX MOPOUIKIB y BUIUIAAlI aHTU(QPUKLIIMHUX HAMOBHIOBAYIB JIS

EMOKCU-TIONIe(PIPHUX KOMITO3UTIB.



3a pe3ynbTaTaMH JOCTIKEHHS (PI3MKO-MEXaHIYHUX Ta Temo(i3uuHuX
BJIACTUBOCTEH BCTAHOBJIEHO ONTUMAaJbHI CIIBBIJHOIIEHHS MOPOILIKOMOAIOHUX
HanmoBHIOBaviB: ¢ = 30 mac.4. (cmona), g = 60 mac.4. (CuO), g = 60 mac.4. (h-BN)
ta g =5 wmac.yu. (WS;) BiamoBigHo. Ckiag O1IUCIIEPCHOTO JIBOKOMIIOHEHTHOTO
HANOBHIOBAYa y €MOKCHU-TOMieQipHOMY 3B’ s13yBadi ajisi GOpMyBaHHS KOMIO3UTHHUX
MaTepiajgiB ONTHMI30BaHO 3a JOMOMOTOK) MATeMAaTHYHOTO IUJIaHyBaHHS 3
BUKOPUCTAHHSAM OPTOTOHAJIBHOTO UEHTPAILHOIO KOMIO3UIIMHOTO IJIaHyBaHHS
eKCIIEPUMEHTY.

Y m’sitomMy po3Aiii MPEACTaBICHO pe3ybTaTH JOCTIHKEHHS TPUOOIOTTUHHUX
XapaKTEpPUCTUK KOMIIO3UTIB Ta CTIMKOCTI JO YJAapHUX HaBaHTAXKEHb MpU
eKCIUTyaTallii y PpI3HUX arpecMBHUX cepeloBUIIaX. EkcnepuMeHTanbHO
BCTAHOBJIEHO, 1110 MPU CYXOMY TepTi MOKa3HUK TEMIIEpaTypu JAOCTIAHOTO 3pa3Ka y
o0JacTi MeXaHI4HOT B3a€MO/Iii MOBEPXOHb CYTTEBO 3POCTAE 13 30UTBIICHHAM HUIAXY
tepts A0 7Ty =366...369 K. KoediuienT TepTs mnpu LbOMY CTaHOBHUTH
£=0,33...0,35. JloBeneHo, 10 KOMIO3WTHHUM Marepial, SKU BUIPOOOBYBAIH Yy
CEpEeIOBUILI MOPCHKOI BOJU BIAPI3HAETHCS CTAO0IIBHOIO TEMIIEPATyporo y 001acTi
TepTsa — T =295...298 K. KoedilieHT TepTs 3a TaKOro BUNPOOYBAHHS CTAaHOBUTH
f=0,08...0,09, mo €y 3...4 pa3u Hrwx4uuM nopiBHsIHO 3 KM, skuii BunpoOoByBanu
npu cyxomy TepTi. KpiMm Toro, BCTaHOBIIEHO, 1110 IUISIX MPUTHUPAHHS 33 PI3HUX YMOB
eKCIuTyatallii He Biapi3HsIeThes 1 cTaHOBUTH L = 5500...6000 M. ITpoanamnizoBaHo,
0 MpH BUOPOOYBAHHI B MACTHJIBHOMY CEpEIOBHUIII KOMIIO3UTHHUN Marepial
XapaKTepU3y€EThCsl HU3bKUMHU MOKA3HUKAMHU IHTEHCUBHOCTI 3HOCY Ta KOE(ILIEHTY
tepts — 1, =0,25...0,30 mr/km, f=0,03...0,04. TemnepaTypa B 00;1aCTi KOHTaKTy
opu TepTi B MACTWJIBHOMY MaTepiajli 3ajUIIA€ThCs CTaOUIbHOIO 1 CTAaHOBWUTH
Tx=293...295 K. MeToaoM CKaHYyH4YOi €JeKTPOHHOI MIKpPOCKOIII IPOBEIACHO
aHaI3 MIKPOCTPYKTYpHU TOBEpPXHI TEPTS 3pa3KiB Ta BCTAHOBICHO E€JIEMEHTHUM
ckiaja noBepxonb KM 3a 1omoMororw peHTreHiBChbKOro MiKpoaHauizy. BusiBneHo,
o HanoBHIoBa4 Kynpywm (I1) okcua po3raiioBanuii B MpUoBepXHEBOMY IIapi, 1 HE
BCTyMa€ B MpOLIEC TEPTS Ha IMOYATKOBOMY €Taml MPHUMPAIIOBAHHS MaTepiamy.

[TinTBEpIKEHO, 1110 CUCTEMA € TETEPOTSHHOI0, TUCIIEPCHI HAIIOBHIOBAY1 PIBHOMIPHO



posnojineHi 'y o0’emi matpuii. HasBHI mpouecu pyWHYBaHHS 1 BUIUJICHHS
Matepianry 3 noBepxHi KM He posminieHi 6e3mocepeiHb0 HABKOJIO JTHUCIIEPCHUX
YacTOK, 10 BKa3ye€ Ha MII[HE 3YEIUIEHHS YacTOK 3 MaKpPOMOJIEKYJaMH MaTpHIil
3r1JIHO 3 MOJIEKYJIAPHOIO Teopieto aaresii. JloBeneHo, o KoxHa 3 AOCI1HKYBaHUX
MOBEPXOHb TepTA (OPMYETHCS BHACIITOK OKPEMOi KOHTAaKTHOI B3a€MOJIIi
MIKpOBHUCTYIIIB poO0OYOi Mapu, IO MiATBEPIKEHO 3MIHOIO CITIBBIIHOIICHHS aTOMIB
Ha TOBEpPXHI N0 1 micis BUIpoOyBaHHs, Ta HasBHICTIO 4acTok Fe (0,71 %).
ExcnieprMeHTanbHO BCTAHOBIICHO, 110 BUTPUMYBAHHS 3pa3KiB ynpoaoBx 30 mi6 B
arpeCMBHMX CEPEIOBUILAX: MACIsIHE CepelOBHUIIE, MOPChKAa BOJA, PIUKOBAa BOJIA,
oen3uH Ta myxkHe cepeponuine (NaOH (50%)) cyTTeBo He BIUIMBAa€E Ha 3aTHICTh
MOJIIMEPHOTO MaTepiajly YMHUTH OIIp YJApHUM HaBaHTAXEHHSIM. 3HANJCHO 4Yac
3pOCTaHHS MAaKPOTPIIIMHM JIO IHIIIIOBAHHS 1i POCTYy — [JIs 3pas3ka, SKHUM
BUTpUMYBaiu Ha moBiTpi 7 = 0,16 Mc. 3HaYeHHS] MaKCUMAIbHOTO HABAaHTAXKECHHS,
AK€ TPU3BOJIUTH A0 PYHHYBaHHsS 3pa3ka OTpUMaiM Ha PiBHI Pmax = 2,47 xH.
Kputnuna nedopmaiiis 3pa3ka npu BU3HAYEHOMY HaBaHTaXeHHI — [; = 0,92 MwM.
Buznaueno, 1o KoMmo3uTHUN Marepiai 3a BMICTy g = 60 Mac.4. TeKCaroHaAJIbHOTO
HITpUay O0opy Ta g =20 Mac.4. CIIOJU XapaKTEePU3YEThCS 3HMXKEHHSIM aJicopOIri
CEpeoBHINa Ha MOBEPXHI Marepially: 3pa3oK, KU BUTPUMYBAJIM Ha TMOBITPI —
Am = 0,12 %, B macnsaomy cepenoBunti — Am = 0,09 %, cepenoBuIii MOPCHKOi
Bosu — Am = 0,20 %, piukoBoi Boau — Am = 0,23 %, 6enzuny — Am = 0,11 %, NaOH
(50%) — Am =0,07 %. Ha ocHOBI ekcriepuMeHTaIbHUX JOCITIIHKCHb aare31iHuX,
G13UKO-MEXaHIYHUX,  TEIIO(PI3MYHUX  BJIACTUBOCTEH,  3HOCOCTIMKOCTI  Ta
CTaTUCTHUYHOI OOpOOKHM pe3yJbTaTiB JOCHIKCHHS PpO3po0JIeHO 2 BapiaHTH
KOMIO3UTHHUX MaTepiajiB Ta 3aXMCHUX MOKPUTTIB Ha IX OCHOBI JUIsl MPAKTUYHOTO
BIIPOBAKEHHSI.

Po3po6eni enokcu-nomiedipHi KOMIO3UTHI MaTepiaal Ta MOKPUTTS Ha iX
OCHOBI, TEXHOJIOTIS X (hOPMYyBaHHS 1 HAHECEHHS BIPOBAKEHO HA MiAMPUEMCTBAX
cyaHOOYIBHOI 1 aBTOMOO11€0yMiIBHOI MPOMMCIOBOCTI, a caMme: BIIPOBAKEHO
pesynbTatel podoT B TOB «Illumnsipm1930» (M. Xepcon, Ykpaina), «Lakiernictwo

Samochodowe» (M. I'mezno, Ilonbmia). Takox pe3ynbTaTH  AOCIHIIKCHHS



BIIPOBA/PKCHO y HAaBYAJIBHOMY MpOIEC] MPH MiArOTOBIN acmipaHTIiB XepCOHCHKOI
JepKaBHOI MOPCHKO1 aKaJieMii.

Kurouosi CJI0BA: ernokcu-nosnieipHuit KOMIIO3HT,
MeTWJIeHaipeHUIai13011iaHaT, yJabTpadiosieToBe ONPOMIHEHHS, TPUOOJOTIYHI
BJIACTUBOCTI, 3HOCOCTIHWKICTh, arpecHBHE CEpPEIOBUIIE, CKAHYyIOUYa EJIEKTPOHHA

MIKpPOCKOIIisl, PEHTT€HIBChKHI MIKpOaHaIi3.

ABSTRACT

Yakushchenko S.V. Regularities of formation of modified epoxy-polyester
composites to increase the wear resistance of vehicle parts. — Manuscript of
qualifying scientific work.

Dissertation in support of candidature for a doctor of philosophy in specialty
275 Transport technologies. — Kherson State Maritime Academy of Ministry of
Education and Science of Ukraine, Kherson, 2020.

The scientific interest in the development and research of epoxy-polyester
composites modified by ultraviolet light with the introduction of finely and dispersed
additives of different physicochemical nature is due to the relevance of their
implementation. In particular, for increasing of the service life of parts and
mechanisms of vehicles, which allows to reduce the cost of their manufacture and
repair. Additionally, it allows you to reduce the cost of overcoming friction forces
and, as a consequence, to increase reliability and technical characteristics. At the
same time, in-depth study of the composite materials structure using modern
research methods will reveal processes in the area of mechanical interaction of
surfaces, which in turn will allow to control the properties during the development
of polymeric CMs with high operational characteristic.

The purpose of the dissertation is to establish the basic regularities of
formation of modified epoxy-polyester composites to increase the wear resistance
of vehicle parts and to issue recommendations for their creation of materials with
high tribological properties that work under aggressive environments.

The introduction presents an assessment of the current state of the problem,



substantiates the relevance of the choice of the topic of the dissertation, formulates
the purpose and objectives of research, presents the scientific novelty and practical
significance of the results.

In the first section was analyzed the current state of the use of polymeric epoxy
and polyester materials for the manufacture and repair of friction units of vehicles.
The main directions of improving the performance of parts of friction units made on
the basis of composite materials by introduce active disperse fillers and modifiers,
which allows to influence the structure of composites and change their operational
characteristics were considered.

In the second section was substantiated the choice of binder components,
modifier, fillers for the formation of composite materials with high tribological
properties. The generally accepted research methods are given: adhesive, physical
and mechanical (flexural stresses, elasticity modulus, impact strength, residual
stresses, adhesive strength at separation), thermophysical (thermal coefficient of
linear expansion, heat resistance, glass transition temperature) tribological (friction
coefficient, wear rate) properties. Additionally, modern methods of studying the
structure of composite materials and fillers (IR spectral analysis, study of specific
surface area, optical and scanning electron microscopy) are presented. The
composition of the two-component bidispersed filler for composites with high
operational characteristics was optimized by mathematical planning methods.

The third section is devoted to the optimization of the content of the polyester
component and the methylene diphenyl diisocyanate modifier in the epoxy binder to
improve the adhesion and cohesion properties. According to the results of adhesive,
physical and mechanical and thermophysical studies of composite materials, it was
found that the optimal content of polyester resin is g = 80 wt.% per ¢ = 100 wt.% of
epoxy oligomer. The developed material is characterized by the following
properties: adhesive strength at separation — g, = 47.0 MPa, residual stresses —
or = 2.7 MPa. It is determined that at introduction of ¢ = 10 wt.% of polyester binder
ENYDYNE H 68372 TAE up to g = 100 wt.% of epoxy oligomer ED-20 values of

physical and mechanical properties are maximum. It is shown that the stress state of



materials and the nature of chipping lines correlate with the indicators of physical
and mechanical properties. It is proved that the introduction of polyester resin into
the epoxy binder at ¢ = 10 wt.% leads to an increase in the heat resistance of the
matrix from 7 = 341 K to 7= 352 K and a decrease in the linear shrinkage of the
composite from A/ =0.31% to A/ =0.06%. The values of the coefficients of thermal
coefficient of linear expansion in all studied temperature ranges decrease compared
to the TCLE of the epoxy matrix, and the glass transition temperature 7. increases
from 7, =311 K to 7. = 318 K, due to increase of the degree of crosslinking of the
matrix. In the fourth section, a comprehensive study of the effect of ultraviolet
radiation on the properties of epoxy-polyester composites. It is stated that the
composite is characterized by the maximum values of the studied properties at the
irradiation duration 7, = 5 min and the irradiation wavelength of 365 nm. Values of
physical and mechanical properties were determined: flexural stresses —
on = 57.0 MPa, elasticity modulus — £ = 3.7 GPa, impact strength — W = 8.9 kJ/m?,
and heat resistance under this mode of irradiation is 7 = 354 K. The features of
activity and morphology of the surface of the fillers are considered. The specific
surface area of fillers is determined. IR spectral analysis of mica, h-BN, CuO, WS,
was performed, which allowed to evaluate the surface activity of the studied
materials. In the range of v = 400...4000 cm’!, the spectral characteristics for each
of the powders were determined. All investigated spectra of powders are
characterized by a significant intensity of the absorption bands of surface-active OH,
C=0, C-H, -CH;-, NH; groups. The results of the study of the specific surface area
and IR spectral analysis of powdered materials suggest the effectiveness of the use
of these powders in the form of antiftriction fillers for epoxy-polyester composites.
According to the results of the study of physical and mechanical and
thermophysical properties, the optimal ratios of powdered fillers were established:
q =30 wt.% (mica), g = 60 wt.% (CuO), g = 60 wt.% (h-BN) and g = 5 wt.% (WS,)
respectively. The composition of the bidispersed two-component filler in the epoxy-
polyester binder for the formation of composite materials is optimized by

mathematical planning using orthogonal central compositional planning of the



experiment.

In the fifth section presents the results of the study of tribological
characteristics of composites and resistance to shock loads during operation in
various aggressive environments. It has been experimentally determined that the
contact temperature index of the specimen in the area of mechanical interaction of
surfaces increases significantly with an increase of the sliding distance to 7= 366...
369 K during dry friction. The coefficient of friction in this case is f= 0.33...0.35.
It is proved that that CM differs in improved tribological characteristics, which was
tested in a seawater environment. The contact temperature in the friction area is
stable and is 7k = 295...298 K. At the same time, the coefficient of friction is
f=0.08...0.09, which is 3 to 4 times lower in comparison to CM, which was tested
at dry friction. In addition, it was found that the way of friction in different
conditions is not significantly different and is L = 5500...6000 m. It was analyzed
that when tested in a lubricating medium, the composite material is characterized by
low wear rate and friction coefficient — I, = 0.25...0.30 mg/km, /= 0.03...0.04. The
temperature in the area of contact during friction in the lubricant was stable and was
Tk = 293...295 K. The microstructure of the friction surface of the specimens was
investigated by scanning electron microscopy analysis and the elemental
composition of the CM surfaces was determined using X-ray microanalysis. It was
found that the copper (II) oxide filler is located in the near-surface layer, and does
not enter the process of friction at the initial stage of running-in of the material. It is
confirmed that the system 1s heterogeneous, the disperse fillers are evenly distributed
in the volume of the matrix. The existing processes of destruction and releasing of
the material from the CM surface are not occur directly around the dispersed
particles, which indicates a strong adhesion of the particles with the macromolecules
of the matrix according to the molecular theory of adhesion. It is determined, that
each of the investigated friction surfaces is formed due to the separate contact
interaction of the microirregularities of the working pair, which is confirmed by a
change in the ratio of atoms on the surface before and after the test, and with the

presence of iron particles (0.71 %). It has been experimentally established that



holding the specimens for 30 days in aggressive environments: oil, sea water, river
water, gasoline and alkaline environment (NaOH (50%)) does not significantly
affect the ability of the polymer material to resist impact loads. The time of initiation
of macrocrack growth for the specimen which was kept in the air was found —
7= 0.16 ps. The value of maximum load that leads to the destruction of the specimen
was Prax = 2.47 kN. The critical deformation at this load was / = 0.92 mm. It was
determined that the composite material at the content ¢ = 60 pts.wt. of hexagonal
boron nitride and g =20 pts.wt. of mica is characterized by a decrease in the
adsorption of the environment on the surface of the material: a specimen, which was
kept in the air — Am =0.12%, in an oil environment — Am = 0.09%, seawater —
Am = 0.20%, river water — Am = 0.23%, gasoline —Am = 0.11%, NaOH (50%) —
Am =0.07%. On the basis of experimental studies of adhesive, physical and
mechanical, thermophysical properties, wear resistance and statistical processing of
results of research 2 variants of composite materials and protective coatings on their
basis for practical implementation are developed.

Developed epoxy-polyester composite materials and coatings based on them,
the technology of their formation and application is implemented in the shipbuilding
and automotive industries, namely: implemented the results of LLC «Shipyard1930»
(Kherson, Ukraine), «Lakiernictwo Samochodowe» (Gniezno, Poland). Also, the
results of the study were implemented in the educational process in the preparation
of graduate students of the Kherson State Maritime Academy.

Key words: epoxy-polyester composite, methylene diphenyl diisocyanate,
ultraviolet irradiation, tribological properties, wear resistance, aggressive

environment, scanning electron microscopy, X-ray microanalysis.
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