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noJlicynbQifHUX Kay4dyKiB

2. Composites for adhesive purposes based on thioetherification products of epoxy resins and polysulfide rubbers

Pedepar:

1. Pigki nosicynbQinHi KayuyyKy MHAPOKO BUKOPUCTOBYIOThCS AJ1s1 MogudiKaliii eOKCUAHUX KJI€iB, OCKiIbKI
IO3BOJISIIOTh MiIBULIUTY Q[I€3i10 1 €JIaCTUYHICTh, 0COOJIMBO 33 HEraTUBHUX TeMIepatyp. HenomikoM enokcugHo-
nosicynbQigHNX KOMIIO3ULIHN € Te, o 171 peasisalii Bucokoro edpexry monudikanii ix orBepiHeHHSI HEOOXiTHO
3MiMICHIOBATH 3a NifBuieHux (0o 120o0) remnepartyp. I1ig yac oTBepAHEeHHs 6e3 MifBeieHHs Tella 330BHi («Ha
X0J1071i») MoauQiKyBajbHa JIisl 0JiCyIb(PiAHOr0 KayuyyKy BUSBIISIETbCS 3HAUHO MEHIIOK Mipoto. BapTo 3a3nauunTy,
II0 Ha [TPaKTHUIIi YacTe 3aCTOCYBaHHS ITiABUIIEHNX TEMIIEPATyp OTBEPAHEHHS € HeOa)KaHUM (OCKiJIbKY MTOB'SI3aHE 3
IOIATKOBOIO BUTPATOIO €Heprii) a60 HeMOXJIMBUM (Y pa3i CKIeI0BaHHS BeINKOrabapyuTHUX BUPOOIB 3i CKIIALHOIO
KOHQiryparieto, a Tako>X MaTepiajiB 3 HEBUCOKOIO TEIJIOCTINKICTIO). Y 3B'13KY 3 LIUM JOCTATHbO aKTyaJIbHUM €
NiABUILEHHS aIl€3UBHUX Ta iHIINX (Pi3MKO-MeXaHIYHUX BJIACTUBOCTEN €NIOKCUAHO-TIOJNICY Ib(iTHUX KOMIIO3ULIi,
OTBEpJHEHUX 6€3 TeMI0BOi 00POOKU. 3a aHAJIOTi€I0 3 PiTKMMU KapOOKCUIATHUMHU KaydyKaMU Ha OCHOBI

0JIiro6yTaflieHy MpUITyCKAEMO, 10 CYTTEBO IOKPALIUTH KOMILJIEKC BJIACTHBOCTEN MOXJIMBO IIJIIXOM MTOIIEPEIHbOT0



(mepen, omaBaHHSIM OTBEPIKYBAJILHOTO areHTa) MPOBEIEHHS peaklii B3aeMoii MepKaNTaHOBUX TPy i
OKCHUPaHOBHUX LIMKJIiB 32 MiJBUILIEHOI TEMIIEPATYPU, IIiCJI YOTO BUKOPUCTOBYBATH MPOLYKT MONEPENHbOI peaKIii
tioeTepudikalii YaCTUHU €NOKCUIHUX KJIeiB /1J1s1 OTBEpIHEHHS 3a KiMHaTHOI Temiieparypu. O6’eKT NOCITiIKEHHS —
aJre3VBHI KOMIIO3UTH HA OCHOBI €IIOKCUAHUX CMOJI i IOJIICY Ib(PiTHOr0 Kay4yKy, MO (piKoBaHi IPOAYKTOM
nonepeHboi peakuii Tioerepudikanii. [IpegMeT noCinKeHHS — B3aEMO3B 130K MiXK CKJIaZlOM, PEXXUMaMU
norepenHboi peakuii TioeTepudikaiii Ta ¢pisuKo-MexXaHiYHUMU, aiIre3UBHUMU BIACTUBOCTSIMU €TIOKCUTHO-
noJ1icynbQigHMX KOMIIO3UTIB, @ TAKOX IIJISIXYA KePYyBaHHS iX (i3KO-MeXaHIYHUMU XapaKTepUCTUKaMu. Y BCTYIII
OOI'PYHTOBAHO aKTyaJIbHICTb TEMU JUCEPTaliiiHOI po60TH, CPOPMYIBOBAHO METY, 3a7jadi, 06'eKT i mpeameT
IOCJIiIKEHb, ONIMCAHO METOM IOCJIiIIKEHb, BUCBITJIEHO HAYKOBY HOBM3HY i IPAKTUYHE 3HAYEHHSI OTPUMAHUX
Pe3yJbTaTiB, HaBEJE€HO 3B’130K pOOOTH 3 HAYKOBUMU TeMaMu, 0COOUCTUM BHECOK 3100yBayva. [Tepmuii po3nin
IIPUCBSIYEHUI aHATITUYHOMY OIJISIAY JITEPATypPH, L0 BUCBIT/IIOE CyYaCHUM CTaH PO3pOOOK B 06J1acTi Mogudikaii
€MOKCUAHUX CMOJI N01icyIbQigHMMU Kaydyykamu. [IpoaHanizoBaHo (i3nKo-xiMiyHi MeXaHi3MU B3aeMopii
OKCHPaHOBUX LIMKJIIB 3 MEPKAIITAaHOBUMU I'PyIlaMHy, 1110 € OCHOBOIO peakliii TioeTepudikariiii. BcraHoBieHO HasBHI
METOU MOKpalleHHs afire3uBHUX i TedopMalliliHO-MillHICHUX XapaKTePUCTUK €MIOKCUIHUX KOMITO3ULIiM.
BusHayeHO KJII0YOBi HEOJIIKY iCHYIOYHMX MIiXOiB, 30KPEMa, HEJJOCTATHIO OJHOPiAHICTb XiMIYHOI CiTKU Ta
0OME>KeHHSI LIJOJI0 PeryJIloBaHHS BJIaCTUBOCTEN yepe3 HepiBHOMipHUI posnofin mogudikaTtopa. [TincymoBaHo
IOLiNIBHICTb PO3POOKY HOBUX MeTOMiB Moaudikallii, 30kpema rnomnepeHboi peakiiii Tioetepudikariii, gs
OTPUMAaHHS €IIOKCUAHO-TIOJiCYIbQiHUX KOMIIO3UTIB i3 IOKPALEHUMU €KCILTyaTaliiHUMU XapaKTE€PUCTUKAMU. Y
IpYyromMy po3fijii HaBeEeHO XapaKTEPUCTUKY BUXiIHUX CUPOBUHHMX MaTepiasiB, 30KpeMa eroKCUAHOI CMOJIH,
noJicynbgigHOro KayuyKy, OTBepAKyBayiB, po3pimKyBadis i miactudikaropiB. O6IpyHTOBaHO BUGIpP METOIMK
IOCTiIKEeHb, 110 3a6€3M1e4yI0Th OLHKY (i3UKO-MEXaHIYHUX i afir€3MBHUX BJIACTUBOCTEN €IIOKCHUIHO-
nosicynbQigHUx Komnoautiini. [lomano onuc nifAroToBKY 3pasKiB [JIs eKCIIEPUMEHTIB, 30KpeMa MOCIiJOBHOCTI
3MilllyBaHHS] KOMIIOHEHTIB. TpeTil1 po3Ais NPpUCBAYE€HO KOMIIJIEKCHUM JIOCJiIKEHHSIM BIIUBY IPOAYKTY
nornepenHboi peakuii Tioerepudikauii ([TPTE) Ha agre3usHi, pizuko-mexaHiuHi Ta AUHAMiYHI BIACTUBOCTI
€MOKCUAHO-NIoicynbdigHux Komnosuuii. [Tokazano, mo snposagxenHs [IPTE 0o3Bossie JOCSITITH 3HAYHOTO
NiABUILEHHS are3UBHOI MIIJHOCT] 6€3 CyTTEBOT0 3HMKEHHS KOre3ilHOi MilIHOCTi, BOJOCTIMKOCTI Ta LIiJIbHOCTI
BY3J1iB XiMi4HOI ciTku. [IpoBeneHo aHasi3 BIJIMBY KOHIEHTpaLii nosicynbdiHOro Kayuyyky Ta yMOB TioeTepudikariii
Ha peJlakcalliiiHi, TepMOMeXaHiuHi XapaKTEePUCTUKHY, a TAKO>XX BCTAaHOBJIEHO ONTUMAaJbHi IapaMeTPU OTPUMAaHHS
MaTepiasiB i3 MOKpalleHNMU eKCIITyaTalliiHMMU BIaCTUBOCTSIMU. YeTBEPTUI PO3[1ijl IPUCBSIYEHO PO3POOLIi Ta
BUIIPOOYBAHHIO KJIEHOBOi KOMIIO3U1lii, CTBOPEHOI Ha OCHOBI ITPOAYKTY IONepesHboi peakii TioeTepudikariii
€II0KCU/IHOI CMOJIH i OJlicyIb(PiNHOro KayyyKy. 3allporioHOBaHa 3aMiHa MexaHiuHoi cymilni koMmrioHeHTiB Ha [IPTE
3abe3nevye 3HaYHe MiIBULEHHS a[iIr€3UBHOI MilJHOCTI, KOre3ilHOoi MilIHOCTi Ta poO6OTH PyHHYBaHHS, OJIHOYACHO
[IOKPAILyI0YH BOJIO-, OJINBO- i OEH30CTIHKICTh Kieto. Po3po6eHnii Kyiei 10Ka3aB BUCOKY CTabiIbHICTD
BJIACTUBOCTEN IIPU Pi3HUX PEKUMaxX OTBEPIHEHHS, IO J03BOJISIE BUKOPUCTOBYBATU MOr0 B yMOBax MiJJBULIEHOI
BOJIOTOCTI, BIJINBY arpECUBHUX CEPELOBULL, Ta TEMJIOBOIO CTAPiHHS. BUCHOBKY MiICYMOBYIOTb OCHOBHI P€3yJIbTAaTU

,ILOCJIi,I[)KeHb, Hi,[[TBepIL)KYIOTb OJOCATHEHHS METU pO6OTI/I Td BU3HAYAIOTh HAIIPSMU TIOOAJIBIINX ,I[OCJIi]_I)KeHb.

2. Liquid polysulfide rubbers are widely used to modify epoxy adhesives, as they can increase adhesion and
elasticity, especially at low temperatures. The disadvantage of epoxy-polysulfide compositions is that to achieve a
high modification effect, they must be cured at elevated temperatures (up to 1200). When curing without heat input
from the outside (‘in the cold’), the modifying effect of polysulfide rubber is much less pronounced. It is worth
noting that in practice, frequent use of elevated curing temperatures is undesirable (as it involves additional
energy consumption) or impossible (in the case of bonding large-sized products with complex configurations, as
well as materials with low heat resistance). In this regard, it is quite important to improve the adhesive and other
physical and mechanical properties of epoxy-polysulfide compositions cured without heat treatment. By analogy
with liquid carboxylate rubbers based on oligobutadiene, we assume that it is possible to significantly improve the
set of properties by preliminary (before adding a curing agent) carrying out the reaction of interaction between
mercaptan groups and oxirane cycles at elevated temperature, and then using the product of the preliminary
thioesterification reaction of a part of epoxy adhesives for curing at room temperature. The object of research is



adhesive composites based on epoxy resins and polysulfide rubber modified with a product of a preliminary
thioesterification reaction. The subject of the study is the relationship between the composition, modes of the
preliminary thioesterification reaction and the physical, mechanical, and adhesive properties of epoxy-polysulfide
composites, as well as ways to control their physical and mechanical characteristics. The introduction
substantiates the relevance of the dissertation topic, formulates the purpose, objectives, object and subject of
research, describes research methods, highlights the scientific novelty and practical significance of the results, and
provides the connection of the work with scientific topics and the personal contribution of the applicant. The first
chapter is devoted to an analytical review of the literature on the current state of development in the field of epoxy
composites with modifiers, requirements for their physical, mechanical and adhesive properties. The main
methods of modification of epoxy resins with polysulfide rubbers, mechanisms of interaction of oxirane and
mercaptan groups are analyzed. The expediency of using the product of the preliminary thioesterification reaction
to create compositions with improved characteristics is substantiated. The second section describes the
characteristics of materials, including epoxy resin, polysulfide rubber, hardeners, and their properties. Methods for
obtaining compositions, including thioesterification and curing processes, are described. The conditions for
conducting experimental studies and methods for evaluating physical, mechanical, and adhesive characteristics
are defined. The third chapter is devoted to a comprehensive study of the effect of the product of the preliminary
thioesterification reaction (PTR) on the adhesive, physical, mechanical, and dynamic properties of epoxy-
polysulfide compositions. It is shown that the introduction of the PRTE allows achieving a significant increase in
adhesive strength without a significant decrease in cohesive strength, water resistance, and density of chemical
network units. The influence of the concentration of polysulfide rubber and thioesterification conditions on the
relaxation and thermomechanical characteristics was analyzed, and the optimal parameters for obtaining materials
with improved performance properties were determined. Chapter 4 is devoted to the development and testing of
an adhesive composition based on the product of the preliminary thioesterification reaction of epoxy resin and
polysulfide rubber. The proposed replacement of the mechanical mixture of components with PRTE provides a
significant increase in adhesive strength, cohesive strength, and fracture work, while improving the adhesive's
water, oil, and gasoline resistance. The developed adhesive has shown high stability of properties under different
curing conditions, which allows it to be used in conditions of high humidity, exposure to aggressive environments
and thermal aging. The conclusions summarize the main results of the research, confirm the achievement of the
work goal and identify areas for further research.
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BaacHe IlpizBume Im'st I10-6aTbKOBI Yepsakos Ozner Bikropond
rOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBigabHHUH 32 MiZTOTOBKY Makapyenko Haranis [leTpiBHa

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




