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2. Composites Based on Fluoropolymers and Silicon Dioxide for Friction Units of Technological Equipment.

Pedepar:

1. AkTyanpHicTh po60OTH O6GYMOBJIEHA HECTAYel0 MaTepiasiB TPUOOTEXHIYHOrO IPU3HAYEHHS, SIKi IIPALIOI0YN y By3Jax
TepTs 3[aTHi 3MEHIIUTY BUTPATU €HEPTil Ha IO/I0JIaHHS TePTs 40 MiHIMyMy. O6'€KT OCIiI>KeHHS 3aKOHOMIPHOCTI
CTBOPEHHS MOJIIMEPHUX KOMITO3UTIB HA OCHOBI (PTOPIIOJIIMEPIB i CUJIIKAreJsto s By3JIiB TEPTSI TEXHOJIOTIYHOTO
obnagHaHHs. [IpegmeT mocnimkeHHs GTOpIoTiMepy Ha OCHOBI rositeTpadTopeTHaeHy, Korojimepy
TeTpadTopeTuyieHy 3 eTUIEHOM, NOJiBiHiNiAeHPTOpUY i cuslikaresio Ta METOAYM BUTOTOBJIEHHS BUPOOIB i3 HUX. Y
BCTYIIi OGI'PYHTOBAHO aKTyaJIbHICTh AUCepTaLiliHOI poO60TH, CPOPMYIbOBAHO METY, 337a4i, 00’€KT i IpeIMeT
TOCJIiIPKE€Hb, BUCBITJIIEHO HAYKOBY HOBU3HY Ta ITPaKTUYHE 3HAYEHHSI OTPUMAHUX Pe3yJbTaTiB, HABEIEHO 3B5130K
POOOTH i3 iIHIIMMU HAYKOBUMHU TEMaTUKAMU Ta MIPUBEIEHO 0COOMCTHI BHECOK 3100yBava. Y repuiomy poszimi
IIPUBEJIEHO JiTepaTypHUIl OIS mpKkeped iHpopmallii om0 MaTepianiB TpUOOTEXHIYHOTO IPY3HAUYEHHSI.
OO6rpyHTOBaHO AOLiIbHICTb BUKOPUCTAHHS (PTOPIONIMEPIB i KOMIIO3UTIB Ha iX OCHOBI. PO3IJISIHYTO OCHOBHI BUAU
HAIOBHIOBAYiB Ta MoAudikaTopiB. OGrpyHTOBAHO AOLINIbHICTh BUKOPUCTAHHS CUJIIKAreslio y SKOCTi HallOBHIOBAva.
[TpoBenieHO OrJIs1, OCHOBHUX CIIOCO0iB IepepoOKU MOJIiMepiB y BUPOOU. Y IpyroMy po3fisi 6ysi0 pO3risiHyTO



iHdopmaliio moa0 06'€KTiB Ta METOLIB AOCIiIKEHHS, Ki BAKOPUCTOBYIOTbCS y POOOTI. B SIKOCTI 10s1iMepHUX OCHOB
OyJi0 06paHo HacTymHi GTOpHosiMepu: NoliTeTpadpTopeTusieH, KonoyiMep TeTpadpTopeTusieHy 3 eTUIEHOM Ta
noJsiBiHingeHdTopu,. B sikocTi HanloBHIOBaya 6yJ10 0OpaHO AiOKCUA KpeMHilo cuilikaresb. HaBeZieHO yci MEeTOIUKU
IOCJiIKEeHb, i3 TOCUJIAHHSIMU Ha CTAaHAAPTU. Y TPETbOMY PO3[iJli IPUBEAEHO PE3YyJIbTaTU €KCIIEPUMEHTIB 10110
BU3HA4YEHHS HAKPalloi METOOMKY I1epepoOKu PTOPIOIiMEPIB y BUPOOH Ta ONTUMAJIbHUX [1apaMEeTPiB IEPEPOOKHU.
3arporoHOBaHa HOBA METOIMKA in Situ CyMillleHHS BUXiHUX KOMIIOHEHTIB [OJIiIMEPHO] KOMNO3u1lii. Bu3Ha4eHo, mo
ONTUMAJIbHUI TUCK Ta YaC BUTPUMKH Iifl TUCKOM IIpY OPMKETYBaHHS JOCJII)KYBaHUX MaTepiajliB Ha OCHOBI
¢dropnonimepis sexxuTh B iHTepai 25-30 MIla Ta 60-90 cexyHp BiAnoBinHO. BusHayeHo 10 nepepobKy y BUpOOU
METOJIOM IIpecyBaHHi y popMax i3 mimirpiBom HEOOXigHO IPOBOAUTHU [IJIsS KOMIIO3UTIB HA OCHOBI KOTIOJIIMEpY
teTpadTopeTusieHa 3 eTuieHoM npu temnepatypi 2700C ta Tucky 40 MIla, a gJ1s1 maTepiany Ha OCHOBI
nosiBiHingeHdropuny npu 1800C ta 40 MIla. Y yeTBepTOMY PO3LiJi PO3IJISIHYTO BIUIUB CKJIa/iB Ta METOIB
IepepoOKU Ha BIACTUBOCTI PO3POOJIEHMX MOJIIMEPHUX KOMIIO3UTIB HA OCHOBI (pTOproimepiB. JloBeneHo, 10
BBEJI€HHSI CUJIiKareso y ckjaz, GToprosimMepiB 103BoJIsS€ 30iIbIIUTH iX TepMO- Ta TemsocTiKicTs Ha 30-40 Ta 6-
160C. BusHaueHo, 1110 [OJiMEPHI KOMIIO3UTH, OTPUMaHi 3a [OIIOMOTOI0 in situ cymimeHHs MaoTh Ha 10-15 ta 1-60C
Kpallli [I0Ka3HUKY 3HaYeHb TEMIIEPATyp I10YATKy aKTUBHOI AE€CTPYKLii Ta po3MsIKLIeHHs! 3a Bika HiX Ti, [0 OTpruMaHi
3a CTaHJapTHUM METOJIOM CyMillleHHsI. Bu3HaueHo, 110 BBeIeHHs CUJIiKareso 0o QpTonposimMepiB 103BoJIsE
IOKPAIIUTH iX Qi3rKo-MeXaHiuHi BIaCcTUBOCTI. Tak HalIpy>KeHHs IPU MeXi TeKy4OCTi Ta MOAYJIb IIPYXHOCTI ITp1
CTMCKaHHi Ta TBepJiCTb 36i/bIIYIOTbCSI HA 25-55% 1151 KOMIIO3UTY Ha OCHOBI nostiteTpadTopeTusieny, 25-30%
KOIIOJIiIMEpY NoJieTuseny i3 rerpadropetuseny ta Ha 30-35% nomiBiHinigeHdTOpUay. BcTaHOBIEHO, O
KOMIIO3UTU Ha OCHOBI noJsiiteTpadTopeTuseHy Ta nojiBiHinineHHPopuay, oTprMaHi 3a in situ MeTogom cymileHHs
MaioTh Ha 10-20% kpauuil piBeHb (izKO-MEXaHIYHUX BJIACTUBOCTEN HixK aHasIoru. Y I'ITOMY pO31isli IpUBEEHi
pe3yJIbTaTy TPUOOJIOTIYHUX BJIACTUBOCTEN PO3PO6IEHUX MOIIMEPHUX KOMIIO3UTIB. Bu3HauYeHo, 1m0 BCi JocimKeHi
KOMITIO3UTH Ha OCHOBi (GTOPIOJIiMEpiB MOBUHHI IPOXOAUTY NOTIEPEeIHE TPUTUPAHHS BITPOOBXK 10 XBUJIMH MTPU
HaBaHTaxeHHi 0,75 MIla Ta mBuaxocTi koB3anHs 0,75 M /c. BcTaHOBJIEHO, 1110 TEMIIepaTypa Ha [I0BEPXHi TepTs
KOMIIO3UTIB Ha OCHOBI (pToprosimepiB Mae Ha 25-35% MeHIIi 3HaY€HHS HiK aHaJIOTiYHUI TapaMeTp NpU TepTi
nosliteTpadTopeTUsieHy i aexarsb B iHTepsadni Big 33-370C. BuzHaueHo, 1110 TeMIiepaTypa IIpu TepTi KOMIIO3UTIB, 1110
OTpUMaHi 3a in situ cyMmillleHHSIM BUXiIHMX KOMIIOHEHTIB [10JIiIMEPHUX KOMIIO3ULiil Mae Ha 5-100C MeHIlIi 3Ha4eHHS
HDK 151 aHaJIOTiB. BCTaHOBJIEHO, 10 3HAa4Y€HHS KOe(illieHTy TePTs Ta iIHTEHCUBHOCTI JIiHITHOTO 3HOLTYBAaHHS IJIs1
PO3pO6JIEHNX KOMIIO3UTIB IIpy iX PPUKLIFHINA B3aeEMOi i3 CTaNs0 3MEeHIIYI0ThCS Ha 45-50% Ta 'y 4-10.
BcraHoBII€HO, 110 MiKPOTBEPAiCTh IOBEPXOHD MicJisg (PPUKLiIIHOI B3aeMoii i3 KomMno3uTaMu Ha 25% repeBuliye
aHaJIOTiYHUI NIOKA3HMK [JI BUXiHOI CTasleBOi IOBEPXHI. ¥ BUCHOBKAX IIPUBEJEHI PE3YJIbTAaTH LOCIiIKEHD,

IiATBEp/KEHi JOCSITHEHHS MeTH Ta 3324 POOOTH, BU3HAYEHI HATIPSIMU MTOAJIBIINX JTOCTIiIKEHb.

2. The relevance of the work is due to the shortage of materials for tribotechnical purposes, which, when working
in friction units, are able to reduce energy consumption to overcome friction to a minimum. The object of the
study is the regularity of the creation of polymer composites based on fluoropolymers and silica gel for friction
units of technological equipment. The subject of the study is fluoropolymers based on polytetrafluoroethylene,
tetrafluoroethylene copolymer with ethylene, polyvinylidene fluoride and silica gel and methods for manufacturing
products from them. The introduction substantiates the relevance of the dissertation work, formulates the goal,
objectives, object and subject of research, highlights the scientific novelty and practical significance of the results
obtained, provides a connection between the work and other scientific topics and gives the personal contribution
of the applicant. The first section provides a literature review of sources of information on materials for
tribotechnical purposes. The feasibility of using fluoropolymers and composites based on them is substantiated.
The main types of fillers and modifiers are considered. The feasibility of using silica gel as a filler is substantiated.
The main methods of processing polymers into products are reviewed. The second section considers information
on the objects and research methods used in the work. The following fluoropolymers were chosen as polymer
bases: polytetrafluoroethylene, tetrafluoroethylene copolymer with ethylene, and polyvinylidene fluoride. Silicon
dioxide silica gel was chosen as a filler. All research methods are presented, with references to standards. The third



section presents the results of experiments to determine the best method of processing fluoropolymers into
products and optimal processing parameters. A new method of in situ combining the initial components of the
polymer composition is proposed. It was determined that the optimal pressure and holding time under pressure
during briquetting of the studied materials based on fluoropolymers lies in the range of 25-30 MPa and 60-90
seconds, respectively. It was determined that processing into products by pressing in heated molds should be
carried out for composites based on a copolymer of tetrafluoroethylene with ethylene at a temperature of 270°C
and a pressure of 40 MPa, and for a material based on polyvinylidene fluoride at 180°C and 40 MPa. The fourth
section considers the influence of compositions and processing methods on the properties of the developed
polymer composites based on fluoropolymers. It is proven that the introduction of silica gel into the composition
of fluoropolymers allows to increase their thermal and heat resistance by 30-40 and 6-16°C. It was determined
that polymer composites obtained by in situ combination have 10-15 and 1-6°C better values of the temperatures of
onset of active destruction and Vicat softening than those obtained by the standard combination method. It was
determined that the introduction of silica gel into the fluoropolymers allows to improve their physical and
mechanical properties. Thus, the stress at the yield point and the modulus of elasticity in compression and
hardness increase by 25-55% for a composite based on polytetrafluoroethylene, 25-30% of a copolymer of
polyethylene with tetrafluoroethylene and by 30-35% of polyvinylidene fluoride. It was established that
composites based on polytetrafluoroethylene and polyvinylidene fluoride obtained by in situ combination method
have 10-20% better level of physical and mechanical properties than analogues. The fifth section presents the
results of the tribological properties of the developed polymer composites. It was determined that all the studied
composites based on fluoropolymers should undergo preliminary grinding for 10 minutes at a load of 0.75 MPa and
a sliding speed of 0.75 m/s. It was established that the temperature on the friction surface of composites based on
fluoropolymers is 25-35% lower than the similar parameter during friction of the original fluoropolymers. At the
same time, its lowest values are characteristic of composites based on polytetrafluoroethylene and lie in the range
of 33-37°C. It was determined that the friction temperature of composites obtained by in situ combination of the
original components of polymer compositions is 5-10°C lower than for analogues. It was found that the values of
the friction coefficient and linear wear intensity for the developed composites during their frictional interaction
with steel are reduced by 45-50% and 4-10. It was found that the microhardness of the surfaces after frictional
interaction with composites is 25% higher than the similar indicator for the original steel surface. The conclusions
present the results of the research, confirm the achievement of the goal and objectives of the work, and identify
directions for further research.
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