AHOTALIA

Ilikyna I.1. «kKomno3utu Ha OCHOB1 ()TOPHOJIIMEPIB T1 JIOKCHIY KPEMHIIO JIJIs BY3J/IiB
TEePTS TEXHOJIOTIYHOTO oOnmagHaHHsS». - KBamidikamiiiHa HaykoBa Tmparsd Ha IpaBax
PYKOTHCY.

Jucepranus Ha 37400yTTA CTyIeHs JoKTopa ¢inmocodii 3a cnemianbHicTioO 161 —
XimiuHi TexHoJorii Ta imxkeHepia. — HaykoBo HaBuanphuit IncTuTyT «YKpaiHchkuii
HepxxaBuuit  Ximiko TexHonoriynuii  YHiBepcuTeT»  YKpaiHChbkoro Jlep:kaBHOTro
VYuiBecutety Hayxku 1 Texnonori#, Juinpo, 2025.

Huceprariiiiny poOOTy BHKOHaHO Ha Kadeapi 1HHOBaliMHOI 1HXeHpii HaykoBo
Hapuansnoro Iuctutyty  «VYkpaincekuii  JlepxaBuuii  Ximiko  TexHonOriuHMiA
VYHiBepcurer» Ykpaincbkoro /[epxaBHoro YHiBecurery Hayku 1 TexHOOTIH.

Jlucepramito NPUCBAYEHO BHUPIIICHHIO MPOOJIEMU CTBOPEHHS MOJIMEPHHUX
KOMIIO3UTIB, OTPUMAHUX 3a CYYaCHUM METOJIOM NEPEepoOKH y BUPOOU, KU T03BOJISE
SIKICHO PO3MOJIUIUTA HAIOBHIOBAaY Yy 00’ €Mi MOJIMEPHOT MATPHUIll 1 OTPUMYBATH MaTepiaiu
13 IOCTaTHHO BUCOKHUM PIBHEM (PI3UKO-MEXaHIYHUX Ta TEIUIO()I3UYHUX BIIACTUBOCTEH JIs
BUKOPHCTAHHS y By3JlaX T€PTs TEXHOJOTIYHOTO 00JIaIHAHHS.

AKTyanpHICTh pOOOTH O0OYMOBJIEHAa HECTaueld MarepiajgiB TPUOOTEXHIYHOTO
MPU3HAYEHHS, K1 IPALIOI0YN y By3JaxX TePTS TEXHOJOTTYHOTO 00JaqHAHHS 3/1aTH1 3HAYHO
3MEHIIUTH BUTPATU €HEprii Ha MOAOJAHHS TepTA 13 TenepimHix 23% A0 MIHIMyMy, IO
CIpHUSTUME 3HAYHOMY 3MEHIIEHHIO BUTPUT CHEPTreTUYHUX PECYpCiB (BHUKOIHE MaJIMBO,
€JIEKTPUYHA €HEPTisl TOLI0) HEOOXITHUX JJIs HOrO POOOTH.

06 ’exm 00cnioIHCceH s - eKCTIEPUMEHTAIbH1 3aKOHOMIPHOCT1 CTBOPEHHS MOJIMEPHUX
KOMITO3HUTIB Ha OCHOBI (DTOPIIOTIMEPIB 1 CHIIIKATENI0 JJIsi BY3JIiB TEPTS TEXHOJIOTTYHOTO
oOJy1aTHaHHS.

IlIpeomem Oocniosxcenus - (ropmosiMepd Ha OCHOBI TOJITETpadTOPETUIICHY,
KOMoJyiMepy TeTpadTOPETUSICHy 3 E€THJICHOM, MOJIBIHUIACHPTOPUAY 1 CUIIIKareiwo Ta
METO/IM BUTOTOBJICHHS BUPOOIB 13 HUX.

VY BeTyni 00rpyHTOBAaHO aKTyalIbHICTh JUCEPTAIiHOT pOOOTH, CHOPMYIILOBAHO METY,

3aja4i, 00’€KT 1 MpeaMeT MIOCHTIIKEeHb, BUCBITICHO HAyKOBY HOBHM3HY Ta MpPaKTUYHE



3HAUYEHHS OTPUMAHUX PE3yJIbTATIB, HABEJAEHO 3B 30K POOOTH 13 1HIIMMHU HAYKOBUMU
TEMaTHUKaMH Ta MPUBEJIEHO OOOUCTHI BHECOK 3/100yBaya.

Y mepumioMy po3aijii mpuBEAEHO JIITEpaTypHUN OTIISAN JpKepen iHdopmariii Moo
MatepialiiB TPHOOTEXHIYHOTO TPU3HAYCHHS JJIS BY3JI1B TEPTS TEXHOJOTTYHOTO 00J1aTHAHHS.
PosrnsHyTi HalOLIbII PO3MOBCIOMKEHI OCHOBU (METaJM Ta IX CIUIABHU, HEMETAaJH) HJs
CTOBpEHHS TAKHX MaTepiaiiB Ta OOTPYHTOBAHO JOIIbHICTh BUKOPUCTAHHS (hTOPIIOIIMEPIB
1 KOMITO3UTIB Ha X OCHOBI B IKOCT1 HAWOLIBII MEPCIEKTUBHUX MaTepiaiiB sl BY3/IiB TEPTS
TEXHOJIOT1HOTO 00J1aHaHHA. PO3IIIIHYTO OCHOBHI BUM HAIIOBHIOBAaUiB Ta MOAU(DIKaTOPIB,
Kl BUKOPHUCTOBYIOTHCSI JJI TOKpAIEHHS PIBHS BIACTUBOCTEH BHXITHUX IOJIIMEPIB.
JloBeneHo, MO0 MaTepiaii Ha OCHOBI JIOKCHUIY KPEMHII0O € OJHUMH 13 HalKpammx
HAIllOBHIOBAYEH IMOJIMEPIB, SIKI, 3aBASKA CBOIM PO3BUHEHIA MOBEPXHI Ta AaKTUBHUM
CWJIAHOJLHUM TPyIaH Ha Hil, 34aTHI MOKpaIyBaTH HE TUIbKU TPUOOJIOTI4HI BJIACTUBOCTI
OTPUMAHHUX KOMITIO3UTIB MPH iX (PPUKILIIHII B3a€MO/IT 13 CTAIIO, @ 1 CIIPUATH 30UTBIIEHHIO
iX (p13MKO-MEXaHIYHUX Ta TEeIUo(I3MYHUX BIacTUBOCTEH. [IpoBeneHO oI OCHOBHUX
croco6iB  mepepoOKu ToiMepiB  y BHpoOW. 30KpemMa BHU3HAYWIH, 10 BHOpaHi
(dToprioniMepu NepepoOIsIOTECA Y BUPOOH, IK BUCOKOMPOAYKTUBHUMH METOAAMH (JTUTTS
7] TUCKOM, E€KCTPY3is TOINO), TaK 1 HU3BKOMPOIAYKTUBHUMU (CIIKAHHS, MPECYBaHHS Y
dbopmax 13 miAIrpiBOM) METOAaMHU MEepepoOKH y BUPOOHU. 3BaKar04u Ha 1ie Ta crenudiky
po0oTH, siKa MOB’s13aHa 13 MaTepiaiamu AJid BY3/IiB TE€PTH, K1 HE €, y OUIBIIOCT] BUIA/IKIB,
POJYKIIIEI0 MAacCOBOTO BUPOOHUIITBA, HAMHU OyJI0O OOpaHO /Jisi 3aCTOCYBaHHS y poOOTI
HAaCTyIHI METOIW NepepoOKH (PTOpIONIMPIB: CHIKAaHHS Ta NIpecyBaHHS y ¢opmax i3
H1ICPIBOM.

Y apyromy po3aiji Oyno po3risHyTo iHGOpMAI0 MOA0 O0’€KTIB Ta METOIB
JOCIIKEHHS, SIKI BAKOPUCTOBYIOThCS Y pPOOOTi. B SIKOCTI mosiMepHUX OCHOB 0yJi0 00paHo
HacTynHi (ToprmosiMepu: momiTeTpadTOPETUIICH, KOMoJiMep TeTpadTOpeTUuieHy 3
€TWJICHOM Ta NMojiBIHUIAeHpTOpH . B sikOCTI HanmoBHIOBaYa O0y10 00paHO JIOKCU KPEMHIIO
cuiikarenb. [IpuBeneHo cTpykTypHi GopMysid HHMX MaTepiaiiB, iX OCHOBI BJIACTHUBOCTI,
Mapku Ta BUPOOHUKH. TakoX HaBEIEHO yCl METOAMKH JTOCHIKEHb, 13 MOCUIAHHSIMHU Ha
CTaHJIapTH, 1110 BUKOPHUCTOBYBAJIMUCS Y JIaHiil poOOTI Ta MPUBEACHO OOJaJHAHHS Ha SIKOMY

BOHH ITPOBOJHIINUCA.



VY TperboMy po3aiji MpeBeNeHO pPe3yJIbTaTH EKCHEPUMEHTIB 00 BH3HAYEHHS
HaWKpaIioi METOIUKH MepepoOKu (HTopIoiMepiB y BUpOOH Ta ONTUMATBHUX IMapaMeTpiB
nepepoOku. OmmcaHo omeparii, 10 BUKOHYIOTHCS Ha MiArOTOBYHOMY, OCHOBHOMY Ta
3aKIIOYHOMY eTamax mnepepoOku ¢ropronimMepiB. Omwucani omepaiii i3 MHIATOTOBKU
BHUXITHUX KOMIIOHEHTIB TIOJIMEPHHX KOMIIO3MIIIM, a caMe TPOCIIOBaHHS, CHHTE3
HAIMMOBHIOBaYa iX CyMIIEeHHSI Ta OpWKETyBaHHS. 3alpollOHOBaHA HOBAa METOJMKA in situ
CyMIIIIEHHsS] BUXIJHUX KOMIIOHEHTIB TIOJIIMEPHOI KOMIO3MIli Yy TIpoIleci CHHTE3y
HAllOBHIOBaYa CHJIIKAreito, sKa JO03BOJSE OTpUMyBaTH Kommo3utud 13 50-60%
MOKpAIICHHSIM SIKOCTI PO3MOJUICHHS HAlOBHIOBaYa Yy TMOPIBHSHHI 13 aHaJoTaMu,
OTPMMaHUMHM 32 CTAHJAPTHUM MeXaHIYHUM MeTojnoM cymimieHHs. Illo Oyae okaszyBatu
MO3UTUBHUI BIUIMB HAa BIIACTUBOCTI PO3pPOOJEHUX KOMIIO3UTIB. Bu3HaueHo, mo
ONTUMAJIbHUM, 3 TOUKH 30py MIITHOCTI OPUKETY Ta EHEPrOBUTPAT HA HOTO OTPUMAHHS, TUCK
Ta 4yac BUTPUMKH MiJ] TUCKOM NpU OpPUKETYyBaHHA JIOCIII)KYBaHUX MaTepiaiiB Ha OCHOBI
dbroprnoniMepiB JexuTh B iHTepBaii 25-30 MIla ta 60-90 cekyHn BianoBiaHO. BianoBigHO
70 piBHA (HI3UKO-MEXAHIYHUX BIACTUBOCTEH PO3POOJICHUX KOMIIO3HUTIB BHU3HAYEHI iX
ONTHUMAaJIbHI 3HAYEHHSI OCHOBHUX MMapaMeTpiB MepepoOKH Ha OCHOBHOMY €Tarll IepepoOKu.
Tax mepepoOKy y BHUpOOM METOJOM MpecyBaHHI y (opmax 13 MHiAIrpiBOM HEOOXiTHO
MPOBOJIUTHU Il KOMIIO3UTIB Ha OCHOBI KOIOJIMEpPY TeTpadTOPETUIEHA 3 €TUICHOM IpPH
temreaptypi 270°C ta tucky 40 Mlla, a n1s1 Marepiany Ha OCHOBI NOJIIBIHIIAEHPTOPUIY
npu 180°C ta 40 MlITa.

Y 4erBepTOMY PpO3ALII PO3MISHYTO BIUIMB CKJIAJIB Ta METOMAIB MEPEpoOKH Ha
BJIACTUBOCTI PO3POOJIEHUX TOJIIMEPHUX KOMIIO3UTIB Ha OCHOBI (propmosimepiB. [loBeaeHo,
[0 BBEJICHHS CHJIKAreNi0 y CKian (TopmosiiMepiB A03BOJISIE 30UIBIIMTH iX TEPMO- Ta
TerocTidkicTh Ha 30-40 ta 6-16°C B 3aJIe)KHOCT1 BiJl CKJIaqy KOMIIO3UTIB Ta METOMY iX
orpuManns. [llo moB’s3aHO 13 B3a€EMOMIEI0 TOJIMEPHUX MOJIEKYJ 13 HANOBHIOBauYEM
CUJIIKAresieM y pe3yJibTari IKOro BiJ0yBaeTbCsi OOMEKEHHS iX PyXOMOCTI IPHU TEPMIUHIM Ai1
Ha KOMMO3UT. Bu3zHaueHo, 110 mosiMepHI KOMIO3UTH, OTPUMaHi 3a JOMOMOroI0 in situ
CYMIIICHHS BHXITHUX KOMIIOHEHTIB TOJIIMEPHUX KOMITO3UIii MaroTh Ha 10-15 Ta 1-6°C
Kpalli MoKa3HWKH 3HAYCHb TEMITepaTyp NOYaTKy aKTUBHOI JECTPYKIIil Ta pO3M’ SIKIIICHHS 32

Bika Hix Ti, [0 OTpMMaHi 3a CTaHAAPTHUM (MeXaHIYHUM) MeTojoM cymimeHHs. 1o



HiATBEP/KYE MPUIYIICHHS 100 BIUIMBY KpaIoi SIKOCTI PO3MOAUICHHS CUJIIKAreiar B
00’ eMi TToJTiMepy Y KOMITO3UTIB, OTPUMAaHMX 32 1n Situ CyMIIIEHHSIM BUX1THUX KOMIIOHECHTIB.
BusznaueHo, 1110 BBEICHHS CUJTIKAreio 10 PTOMPOITIMEPIB TO3BOJISIE TOKPAITUTH iX (hi3HKO-
MEXaHIYHI BJaCTUBOCTI. Tak Hapy>KeHHS MPH MEX1 TEKYJOCTI Ta MOAYJIb MPYKHOCTI MPU
CTUCKAaHHI Ta TBEPAICTh 30UIBIIyIOThCI Ha 25-55% s KOMIO3UTY Ha OCHOBI
nomrerpadTopermiieny, 25-30% - komomiMepy MomeTHIeHy i3 TeTpadTOpeTUieHy Ta Ha
30-35% momiBiHUTIAEHPTOPUAY Yy TMOPIBHAHHI 13 BuUXiAHMUMH mnojiMepamu. Illo €
CBimUeHHSIM (hI3UKO-XIMIYHOI i HAMOBHIOBaYa Ha TMOJIMEPHY MAaTPHIIO 3a PaxXyHOK
aAre3iHO1 B3aeMO/Ii1 Ta BAHUKHEHHSI BOJIHEBHX 3B’513KiB. BCTaHOBIEHO, IO KOMITO3UTH HA
OCHOBI ToJIiTeTpadTOPETUIICHY Ta MOJIBIHUIIAEHH(MOPHUILY, OTPUMaHI 3a In Situ METOJ0M
CYyMIIIEHHSI iX BUXIJHUX KOMIOHEHTIB MawoTh Ha 10-20% xkpammuii piBeHb (Hi3UKO-
MEXaHIYHUX BJIACTUBOCTEH HIXK aHAJOTH, OTPUMAaHI 3a CTaHJAPTHUM (MEXaHIYHUM)
MetogoM. Illo MOSICHIOEThCS Kpalllolo SIKICTIO PO3MOJIUICHHSI CHUJIIKAareiro B 00 eMi
(ToprionimMepiB AJi1 KOMIIO3UTIB, OTPUMAHUX 32 1N situ METOJIOM.

Y m’atomy po3giii mpuBeneHl pe3ysbTaThd TPUOOJOTIYHUX  BJIACTUBOCTEU
PO3pO0JICHUX MOJIMEPHUX KOMITO3UTIB. Bu3HaueHO, 110 BCi JOCHIIKEHI KOMIO3UTH Ha
OCHOBI1 (hTOpHOTIMEPIB, NJIs 3an00IraHHs MepeIIacHOr0 BUXOAY 3 Jaay BUPOOIB 13 HUX,
MMOBUHHI TPOXOJHUTH TOMEPEIHE MPUTUPAHHS BIPOIOBK 10 XBUIMH MpU HaBaHTAKCHHI
0,75 Mlla ta mBuakocti koB3anHs 0,75 m/c. BcraHoBneHo, 1110 TeMIiepaTypa Ha MOBEPXHI1
TEpPTS KOMIIO3UTIB Ha OCHOBI ¢rToprioniMepiB Mae Ha 25-35% MeHI 3Ha4YeHHS HIXK
3HAUEHHS XapaKTepH1 JUIsi KOMIIO3UTIB Ha OCHOBI MOJITETpapTOpETUIICHY 1 JIeKaTh B
iaTepBan Big 33-37°C. BusnadeHo, 1110 TeMIiepaTypa mpH TepTi KOMIIO3HTIB, 1110 OTPUMaHI
3a in situ CyMILIEHHSIM BUXIJHMX KOMIIOHEHTIB MOJIMEPHUX KOMIO3uIii Mae Ha 5-10°C
MEHIII 3HAYEHHS HDXK JJISI aHAJIOT1B, OTPUMAHUX 32 CTAaHJAAPTHUM METOJIOM CYyMIIIICHHSI.

BcranoBneHo, 1o 3HaueHHs KOe(illeHTYy TepTs Ta IHTEHCHUBHOCTI JIHIHHOTO
3HOILIYBAHHS JUIsl pO3pOOJIEHUX KOMIIO3UTIB MpU iX (PUKLINHINA B3a€MOli 13 CTaJLIIO
3MeHIIytoThcsl Ha 45-50% Ta y 4-10 pa3iB B 3aJIe)KHOCTI BiJi BUKOPHUCTAHOI MOJIMEPHOT
MaTpHUIll y TOPIBHSAHHI 13 BUX1IHUMHU dToprionimepamu. BianosinHo 1o mikpodoTtorpadii

CTaJICBUX TMOBEPXOHb TEPTA N0 Ta micis GPUKIIHHOI B3aemomii 13 (ropmoniMepamu Ta



KOMITO3UTaMHU Ha iX OCHOBI BU3HAYEHO, 1110 BII0OYBAETHCA 3MiHA iX MOP(OJIOTIi B 3aJI€KHOCTI
BiJl Mapu TEpTS MOJIMEp-CTalb YW ToJIMEepHUN Kommo3uT-ctaib. Lo € nHacmigkom
CTBOPEHHSIM Ha CTaleBiil MOBEPXHI AHTHU(PPUKIINHOTO MOKPUTTS (SIKE € Pe3ybTaToM
TPUOOXIMIYHUX PpEaKIi y 30HI TEpPTsA), IO CKIATAETHCI 13 OCTPOBKIB IEPEHECEHHS
MPOAYKTIB TEPTA MO SKHUX 1 3AIMCHIOETbCA (PPUKIIIIHI B3aeMOis NOCHiKeHUX nap. s
MiATBEPHKCHHS] IPUITYIICHS 1100 CTBOPEHHS MOKPUTTS Ha (PPUKIIIHIN MOBEpXHI OyH
IPOBEJICHI JOCIIJDKEHHS i1 MIKpOTBEPAOCTI JI0 Ta MICas TepTsa 13 (roprongiMepaMu Ta
KOMITO3UTAaMH Ha I1X OCHOBI. BCTaHOBIIEHO, MO MIKPOTBEPIICTh TOBEPXOHBb MICIIS
bpukIiiiHOT B3aeMo/Iii 13 KoMITo3uTaMu Ha 25% MepeBUIIy€e aHAJIOTIYHUNM TOKA3HUK JIJIS
BUX1JTHOT CTaJIeBOi MOBEPXHI, 110 CBIIYUTH MPO HASBHICTh HA MOBEPXHI €(PEKTy opieHTaIlli
V3IIOBXK MIIAXY TEPTS Ta MIATBEPKYE CTBOPEHHS TBEPAOTO IMOKPHUTTS 13 TPOIYKTIB
3HOIIYBaHHS, SIKE€ CIPHUSAE MOKPAIICHHIO aHTU(GPUKIIMHUX BIACTUBOCTEH map TepTs 13
pPO3pOOJICHUX TOJIMEPHUX KOMIIO3UTIB y TIOPIBHHAHHI 13 aHaJoOraMu 3 BUXIJTHUMHU
(dTopronimMepamu.

Y BHCHOBKAX TpHUBEACHI OCHOBHI pe3yJbTaTH JOCIIKEHb, MIATBEPIKEHI
JOCSITHEHHS METH Ta 3aJ1a4y poOOTH, BU3HAYEHI HAMPSIMU TTOAQIBIINX JOCTIKECHb.

VY nopaTky A MpUBEIHO CMHCOK HAYKOBHX Ipallh 32 TEMOIO JucepTailii 3100yBayva.

VY nopatky b npuBeIHO aKT MPOMUCIOBHUX BUIIPOOYBaHb YUIUIBHEHB 3 PO3POOJIECHUX
MOJIMEPHUX KOMIIO3ULIMHUX MaTepialiB Ha OCHOB1 (PTOPBMICHHUX MOJIIMEPIB Y BY30J1 TEPTS
Ta repMeTu3ailii (MaHKeTHI yIIUTbHEHHS ITOKY ) TiApaBiiyHoro Hacoca moaeni J{I'3739A3
na TOB JIHITTPOITPEC.

Knrouosi cnosa: dbTopromimepu, nosterpadTopeTHIieH, KOIOJIIMED
TeTpadTOpEeTUICHY 3 E€TWUJICHOM, TMOJIBIHUTIAEH(OTOPHUA, CHUJIIKAreiato, MOJTIMEpPHI
KOMITO3UTH, METO/I TIepepoOKH y BUpOOH, (h13MKO-MEXaHUH1 Ta TeII0(h13UYH1 BIIACTUBOCTI,

TCPTs, 3BHOUTYBAHHA .



ABSTRACT

Pikula 1.1, "Composites Based on Fluoropolymers and Silicon Dioxide for Friction
Units of Technological Equipment." Qualification Scientific Work (Manuscript Status).
Dissertation submitted for the degree of Doctor of Philosophy in specialty 161 — Chemical
Technologies and Engineering.

Scientific and Educational Institute "Ukrainian State University of Chemical Technology"
of the Ukrainian State University of Science and Technology, Dnipro, 2025.

The dissertation was carried out at the Department of Innovation Engineering of the
Scientific and Educational Institute "Ukrainian State University of Chemical Technology"
of the Ukrainian State University of Science and Technology.

The dissertation addresses the problem of creating polymer composites obtained by
modern processing methods, enabling a uniform distribution of filler within the polymer
matrix. This leads to materials with sufficiently high physical-mechanical and
thermophysical properties, suitable for use in friction units of technological equipment.

The relevance of the work is due to the shortage of tribotechnical materials capable
of significantly reducing energy losses caused by friction in equipment units—from the
current 23% to a minimum. This contributes to a substantial reduction in energy resource
consumption (fossil fuels, electricity, etc.).

Object of research: experimental patterns in creating polymer composites based on
fluoropolymers and silica gel for friction units of technological equipment.
Subject of research: fluoropolymers based on polytetrafluoroethylene, tetrafluoroethylene-
ethylene copolymer, polyvinylidene fluoride, and silica gel, as well as methods for
manufacturing products from these materials.

The introduction justifies the relevance of the research, outlines the aim, objectives,
object and subject of the study, highlights scientific novelty and practical significance of the
obtained results, and presents the connection with other scientific topics and the author’s
personal contribution.

Chapter One provides a literature review on tribotechnical materials for friction units

of technological equipment. It discusses the most common bases (metals, alloys, non-



metals) and justifies the use of fluoropolymers and their composites as promising materials.
It also analyzes fillers and modifiers that enhance polymer properties, highlighting silicon
dioxide as one of the best due to its high surface area and active silanol groups. These
improve not only tribological but also mechanical and thermophysical properties. The
chapter also reviews polymer processing methods, noting that the selected fluoropolymers
can be processed using both high-productivity (injection molding, extrusion) and low-
productivity (sintering, compression molding with heating) methods. Given the specific
application in friction units (typically not mass-produced), sintering and compression
molding with heating were selected for this study.

Chapter Two presents materials and methods used in the research. The polymer
bases selected were: polytetrafluoroethylene (PTFE), tetrafluoroethylene-ethylene
copolymer, and polyvinylidene fluoride (PVDF). Silica gel was chosen as the filler. The
structural formulas, key properties, grades, and manufacturers of these materials are
provided. The chapter also describes all experimental methods used, citing standards and
the equipment involved.

Chapter Three presents experimental results for determining the best processing
technique and optimal processing parameters for the fluoropolymer-based composites.
Preparation, main, and final stages of processing are described. The preparation includes
sieving, filler synthesis, component mixing, and briquetting. A novel in situ method of
mixing components during silica gel synthesis is proposed, yielding 50-60% better filler
dispersion compared to conventional mechanical mixing—positively impacting composite
properties. The optimal briquetting pressure and holding time for strength and energy
efficiency were found to be 25-30 MPa and 60-90 seconds, respectively. Based on the
mechanical properties of the composites, optimal parameters for the main processing stage
were identified: for tetrafluoroethylene-ethylene copolymer composites—270°C and 40
MPa; for PVDF-based composites—180°C and 40 MPa.

Chapter Four explores the effects of composition and processing methods on the
developed composites' properties. It was shown that adding silica gel improves thermal and
heat resistance by 30—40°C and 6-16°C, respectively, depending on composition and

method. This is attributed to polymer—filler interactions that limit molecular mobility under



heat. Composites made using in situ mixing show 10-15°C and 1-6°C higher onset
decomposition and Vicat softening temperatures than those made by standard mixing. Silica
gel also improves mechanical properties: yield stress, compression modulus, and hardness
increase by 25-55% for PTFE-based composites, 25-30% for tetrafluoroethylene-ethylene
copolymer, and 30-35% for PVDF composites. These enhancements indicate
physicochemical interactions between the filler and matrix. In situ composites show 10—
20% better mechanical properties due to more uniform silica gel distribution.

Chapter Five presents tribological testing results. It was determined that all
developed composites require 10 minutes of pre-running-in under a load of 0.75 MPa and a
sliding speed of 0.75 m/s. Friction surface temperatures were 25-35% lower than those of
pure fluoropolymers, with the lowest values (33-37°C) observed in PTFE-based
composites. In situ composites showed 5-10°C lower friction temperatures compared to
standard-mixed ones.

Friction coefficients and wear rates were reduced by 45-50% and 4-10 times,
respectively, compared to pure fluoropolymers. Microphotography of steel surfaces before
and after friction testing revealed morphological changes, attributed to the formation of anti-
friction tribochemical transfer films. Surface microhardness tests confirmed the presence of
these films: post-friction surfaces showed a 25% increase in hardness, supporting the
hypothesis of oriented hard tribofilms that improve frictional performance of the developed
composites over base polymers.

Conclusions summarize the main results, confirm the achievement of the research
objectives, and identify future research directions.

Appendix A contains a list of scientific publications by the author related to the
dissertation.

Appendix B includes the industrial testing report of sealing elements made from the
developed fluoropolymer composites in the friction and sealing units (rod seals) of the
DG3739A3 hydraulic pump at LLC DNIPROPRESS.

Keywords: fluoropolymers, polytetrafluoroethylene, tetrafluoroethylene-ethylene

copolymer, polyvinylidene fluoride, silica gel, polymer composites, processing method,

mechanical and thermophysical properties, friction, wear.






