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2. The influence of amino-functionalized polyhedral oligomeric silsesquioxanes on the formation process,
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Pedepar/anoTamis:

1. OcobuBe Miclie cepei TEpMOPEAKTUBHUX CMOJI 3aliMaloTh LiiaHatecTepHi cmounu (LIEC), nosinukioTpumepusaliis
SKUX 00yMOBJII0e GOPMYBaHHS I'YCTO3MUTUX NoJinianypaTHuX ciTok ([11C) i3 BUCOKOI0 TeMIIEpaTypOIO CKIIyBaHHS,
TEPMO- Ta pafialifHOIO CTIMKICTIO, HU3bKMMU [i€JIEKTPUYHMMU BTPATAMU i BOAONOITIMHAHHAM, BUCOKOIO afiresieto
IO METaJIiB, BYIJIe- Ta CKJIOIJIACTUKIB, BUCOKOIO CTIMKICTIO [0 ZIii arpeCMBHUX CepenoBuI TOMIO. Lle 3ymoBtoe
[IEPCIEKTUBHICTD iX BUKOPUCTAHHS B TAKUX BUCOKOTEXHOJIOTIYHUX IaJIy3X IIPOMHUCIIOBOCTI, SIK a8POKOCMIYHa,
MIKpO€JIEKTPOHHA, CyLHO- Ta aBTOMO0iIe0yAiBHA, eHepreTudHa Tolo. BonHovac cuntes [1C € TpuBanum
BHMCOKOTEMIIEPATyPHUM IIPOLIECOM, III0 MOTPeOye BUKOPUCTAHHS crienudivHMX KaTali3aTopiB, YaCTO TOKCUYHUX, a

JKOPCTKA CTPYKTYpa I[10JIiMEPHO] CiTKM 3yMOBJIIOE€ HEOOXinHICTh ii Mopudikaii. [lepcrieKTUBHUM HaIpsSIMOM



BUPIilLIEHHS XX IPO6JIeM € HAHOMOJIEeKY sIpHUi quaaiiH T1LC i3 BUKOpUCTaHHSIM peakuitHo3gaTHux POSS, skiy
CBOIll 6YZI0Bi MalOTh 3aMKHEHMI HEOpraHiyHMY KpeMHEKNCHEBUI KapKac Ta OpraHiyHi 3aMiCHUKY 3 Pi3HUMU
dyHKuioHanbHUMU rpynamu. yHkuioHanizoBani POSS 31aTHI KOBaJIeHTHO BOYIOBYBATUCS [I0 NOJIilliaHypPaTHOI
CciTKH, o (POPMYETHCS 3a iX IPUCYTHOCTI (MeTOZ, in situ), piBHOMipHO po3noginstucg y [NLIC-marpuuj,
3a6e3evyour HeaIUTUBHE Ta CUHEPriyHe NifgBUIeHHs (i3UKO-XiMiYHMX Ta MEXaHIYHUX XapaKTePUCTUK HaBiTb 3a
HagMasoro Bmicty (<<1 mac.%) HaHOHaroBHIOBavya. OTKe, CTBOPEHHS TEPMOCTIKUX TiOpUIHNUX OpraHo-
HeopradiyHux [1LIC/POSS HaHOKOMIIO3UTIB i3 KEPOBAHMMHU BJIACTUBOCTSIMU € OJJHUM 3 aKTyaJIbHUX 3aBJIaHb
cborofieHHs. OCHOBHUMMU 3aBJAHHSIMU JOCJiIPKEHHS OyJin: po3pO06JIeHHS METO/IB in Situ CUHTE3y ri6puaHUX
OpraHO-HEOPTraHiuHUX I0JIiliaHypaTHUX HAHOKOMIIO3UTIB Ha OCHOBI fiulliaHaTHOro ectepy 6icdenony E (JLBE) i3
BHMKOPHCTaHHIM amiHogyHKIioHanizoBaHux POSS pi3Hoi 6y0BY Ta peakuiliHoi 3aTHOCTI, 1[0 MiCTSITb B
OpraHiYHUX 3aMiCHUKAaxX [I€PBUHHI, BTOPUHHI a00 NIEPBMHHI Ta BTOPMHHI aMiHOTPYIHY, i BCTAHOBJIEHHS BIUIUBY X
xiMiuHOi 6y[10BU Ta BMiCcTy Ha (POPMYBaHHS TiOpPUAHOI N0IiLliaHyPaTHOI CiTKM; BCTAHOBJIEHHS OCOOIMBOCTEN BILIUBY
PEaKUifiHO3IaTHUX Ta iIHEPTHUX HAHOHANIOBHIOBAYIB, 110 MiCTSITh 3aMKHEHI HEOPTaHiuHi noJjienpanbHi Kapkacu
pi3HOI 6y0BU Ta MAIOTh Pi3HY peakliliHy 3aTHICTh, HA KiHETUKY nosinukiaorpumepusanii JLBE i ¢pisuko-ximiuHi
BJIACTMBOCTi CTBOPEHUX HAHOKOMIIO3UTiB; BU3HAYEHHS KIHETUYHUX 3aKOHOMIPHOCTEN XiMiYHOTO BOYIOBYBaHHSI
amiHo-POSS pi3HOi QYHKIIOHANBHOCTI Y CITKY, 10 POPMYETHCS; OLIiHKA BIIJIMBY CIIOCOOY AUCIIEPryBaHHS aMiHO-
POSS y JIIBE Ha CTPyKTypy Ta KOMILJIEKC BJIACTUBOCTEN CTBOPEHMX HAHOKOMIIO3UTIB; BCTAHOBJIEHHSI 3B'I3Ky MK
CTPYKTYPOIO i TEPMIYHUMHU, TEMNI0PiI3NYHUMHU, B'SI3KOIPY>KHUMHU, Ta30TPAHCIIOPTHUMU BJIACTUBOCTSIMU Ta

BOJIOIIOIJIMHAHHSAM CTBOPEHUX TepMOCTiNKux riopuauux IN1C /amino-POSS HaHOKOMIIO3UTIB.

2. Cyanate ester resins (CERs) occupy a special place among thermosetting resins, since their
polycyclotrimerization results in the formation of densely crosslinked polycyanurate networks (PCNs)
characterized by high glass transition temperatures, thermal and radiation resistance, low dielectric losses and
water absorption, strong adhesion to metals, carbon- and glass-fiber composites, and high resistance to aggressive
environments. These properties make them highly promising for applications in such high-tech industries as
aerospace, microelectronics, shipbuilding, automotive engineering, and energy production. However, the synthesis
of PCNs is a lengthy high-temperature process requiring the use of specific catalysts, often toxic, while the rigid
structure of the polymer network necessitates its modification. A promising approach to addressing these
challenges is the nanomolecular design of polycyanurate networks (PCNs) using reactive polyhedral oligomeric
silsesquioxanes (POSS), which possess a closed inorganic siloxane cage structure with organic substituents bearing
various functional groups. Functionalized POSS molecules can be covalently incorporated into the polycyanurate
network as it forms in their presence (in situ method), becoming uniformly distributed throughout the PCN matrix.
This results in a non-additive, synergistic enhancement of the physicochemical and mechanical properties, even at
extremely low nanofiller loadings (ol wt.%). Therefore, the development of heat-resistant hybrid organic-inorganic
PCN /POSS nanocomposites with tailored properties represents one of the important challenges in this field today.
The main objectives of the study were: to develop in situ synthesis methods for hybrid organic-inorganic
polycyanurate nanocomposites based on the dicyanate ester of bisphenol E (DCBE) using amino-functionalized
POSS of different structures and reactivities, containing primary, secondary, or both primary and secondary amino
groups in their organic substituents, and to determine the influence of their chemical structure and content on the
formation of the hybrid polycyanurate network; to investigate the effects of reactive and inert nanofillers
containing closed inorganic polyhedral cores of different structures and exhibiting different reactivities on the
kinetics of DCBE polycyclotrimerization and the physicochemical properties of the resulting nanocomposites; to
determine the kinetic characteristics of the chemical incorporation of amino-functionalized POSS with different
functionalities into the forming polymer network; to evaluate the influence of the amino-POSS dispersion method
in DCBE on the structure and overall properties of the resulting nanocomposites; and to establish the relationships
between the structure and the thermal, thermophysical, viscoelastic, gas transport, and water absorption
properties of the developed heat-resistant hybrid PCN /amino-POSS nanocomposites.
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