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GaraTomapoBUM rpaeHoM

2. Thermophysical and mechanical properties of polymer composites filled with highly dispersed oxides and
multilayer graphene

Pedepar:

1. Incepraist Ha 3000YTTSI HAYKOBOTO CTYyIIeHs KaHJuaTa ¢izuko-MaTeMaTHYHUX HayK 3a crenianbHicTio 01.04.18
“@isuka i ximist noBepxHi*- IHCTUTYT XiMii moBepxHi iM. O.0. Uyiika HAH Vkpainu, Kuis, 2021. [Juceprauiio
[IPUCBSYEHO BUBUEHHIO BIIJINBY HAHOYACTUHOK JIiIOKCUAY TUTAHY, TATAHOKPEMHE3EMY, BUCOKOAUCIIEPCHOTO
IioKCHIy KPEMHIIO, OKNCHEHOTO Ta HEOKUCHEHOro rpadeHy Ha TeriodisndHi Ta MexaHiqHi BJIaCTUBOCTI KOMIIO3UTIB
nostiedipHoi, enokcugHoi Ta KapbamigodpopmasnperinHoi cMoi. JJociykeHi TemnepaTypHi Ta KOHLEHTpaLiliHi
3aJI€KHOCTI TEPMOIECTPYKLII BUXiIHMX ITOJIiMEPIB Ta IX KOMITO3UTIB, a TAKOXK BILIMB HAIIOBHIOBa4Ya Ha MOAYJIb
IIPY’KHOCTI i MEXKY MILIHOCTI ITPY CTUCKaHHIi. BCTaHOBJIEHO, 1110 HAIIOBHEHHS BUCOKOAUCIIEPCHUMY OKCUIHUMU

YaCTMHKaMU [IPUBOJUTH 10 3pOCTaHHS TEPMOCTIKOCTi KOMIIO3UTIB 32 HAllOBHEHb B iHTepBasii BmicTy 0,5 < Cn< 1,5



Mac % Ta ii 3HDKEeHHS i3 pOCTOM HallOBHEHHS. B KoMno3uTax 3 rpa)€HOM TEPMOCTINKICTb 3pOCTa€ B iHTEPBaIi
HarnoBHeHb 1,0 < Cn < 5,0 mac %. IligBuiieHHsI TEPMOCTIMKOCTI CyIpOBOIKYIOTh 3MiHU €HEPTii akTuBallii AecTpyKLii,
sIKa 3a71€XaThb Bif] CTPYKTYypHU NOJIiMEpPY, Ta MEXaHiYHUX NTapaMeTpiB, SKi 3yMOBJIEH] 3MiHOIO BiJIbHOTO 00'eMy
KOMIIO3UTiB. [TokaszaHo, mo eeKT crabdisnizalii nojsiMmepHoi CTPYKTypU 00yMOBJIEHUI 3aKPIIJIEHHSIM MOJIIMEPHUX
JIQHLIOTIB Ta iX ()parMeHTiB Ha IOBEPXHEBUX LIEHTPAX YaCTMHOK HAIlOBHIOBAYiB. B Komno3urax 3 rpagpeHoM
IOCTiIKEHO y4acTb eJIeKTPOHHOI Ta GOHOHHOI Nifgcuctem rpadeny y Terionepenayi ta npeicTaBieHo MOJelb
TEIJIOBUX MPOLieCiB Ha MXK(a3Hiil rpaHuLli. PO3IJISHYTO BIJIUB JieJIeKTPUYHOr0 OKCUAHOTO apy Ha
TEPMOJECTPYKIIiI0 KOMIIO3UTIB 3 OKUCHEHUM rpadeHoM. Kito4oBi c10Ba: TEpMOJIECTPYKILisl, TEpMidHA CTiMKICTb,
[I0JTiIMEPHUI KOMIIO3UT, MEXaHi4Hi BJIaCTUBOCTI, €Hepris akTUBallii AecTpyKuii, OKuCHeHu! rpadeH, HEOKUCHEeHUN
rpadeH, XiMiyHa CTiAKiCTb.

2. Thesis for the degree of candidate of physical and mathematical sciences in the specialty 01.04.18 o Physics and
chemistry of surface- Chuiko Institute of Surface Chemistry of National Academy of Sciences of Ukraine, Kyiv, 2021.
The thesis is devoted to the research of effect of titanium dioxide, titanium - silicon dioxide, highly dispersed
silicon dioxide, oxidized and unoxidized graphene nanoparticles on the thermophysical and mechanical properties
of their composites with polyester, epoxy and urea-formaldehyde resins. Investigations have been mainly
performed by methods of thermoprogrammed desorption mass spectrometry, mass spectrometry with laser
desorption / ionization loading to identify the products of thermal decomposition and study the thermal
destruction of resin and its composites and determine the concentration limits of the effect of stabilizing the
polymer structure. The method of static mechanical loads were used to compare the change in free volume with
mechanical parameters such as compressive strength and modulus of elasticity. The temperature and
concentration dependences of thermal destruction of polymers and their composites, as well as the filler effect on
the elastic modulus and compressive strength of composites have been studied. It was shown that the growth in a
heat resistance is accompanied by an increase in the elastic modulus and compressive strength in composites of
epoxy resin with unoxidized graphene and a decrease of both parameters in polyester composites with nanosilica.
It is established that filling with highly dispersed oxide particles leads to an increase of heat resistance of
composites in the content range of 0.5 < Cn < 1.5 wt % and to its reduction with increasing filler content. In
graphene composites the heat resistance improves in the content range of 1.0 < Cn < 5.0 wt %. Variations in the
thermal stability of composites were accompanied by changes in the destruction activation energy and mechanical
parameters. It is established that the growth in the heat resistance is caused by fixing of unbound fragments of
polymer structure on the active surface centers of filler particles and by reduction in the thermal decomposition of
polymer chains and crosslinks, whose desorption are correspondently observed at temperatures T < 250 oC and in
the temperature range of 250 0450 oC. The thermal destruction of composites based on polyester resin at a
content of 0.5; 2.5; and 5 wt % of highly dispersed silica under the action of a laser pulse was studied. The
differences of degradation, which characterize the change in the structure of polyester resin when filled with
highly dispersed silica, are shown, which consist in changing the composition of volatile products in the interval of
200 <m/z <800 and reducing the number of polymer chains with higher values of m/z. The Wigner-Polanyi
formula was used to determine the effect of the filler content, filler type and its structure on the activation energy
of thermodestruction Ed of polymer matrix of composites. It has been shown that the activation energy Ed for
desorbed atomic fragments reduces upon filling in the composites on the base of polyester and epoxy resins.
Besides, the Ed nonmonotonously decreases with slight maximum at Cn = 2 wt % in the graphene composites with
increasing filling. Effect of electron subsystem of nanofillers on the thermal destruction in the epoxy composites
with unoxidized and oxidized multilayer graphene was studied. The growth of thermal stability in the composites
loading with unoxidized graphene was related to partial removal of heat flux energy at the interface in the
electronic subsystem of graphene particles with subsequent lowering of vibrational energy of atoms at the
interface. Model of thermal transport with participation of electron and phonon subsystems of graphene particles
was developed. The influence of dielectric oxide layer on the thermal decomposition of composites with oxidized
graphene is considered. Key words: thermal destruction, thermal stability, polymer composite, mechanical
properties, destruction activation energy, oxidized graphene, unoxidized graphene, chemical resistance
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