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2. Development of polymer intumescent coating technology for steel structures with improved fire-retardant
properties

Pedepar:

1. OgHYM 3 OCHOBHUX METOZIB MiIBUILIEHHS BOTHECTIMKOCTI KOHCTPYKLIN 3i CTajli € 3aCTOCYBaHHS ITaCUBHOTO
BOTHE3aXUCTy — MaTepiasliB Ta KOHCTPYKTUBIB, 1[0 301/IbIIYIOTh YA€ 30€PEKEHHS HECYy4YOi 3JaTHOCTI Oy 1iBeJIbHIX
KOHCTPYKIIi#1 B yMOBax nokesxi. O6'eKT JOCiKeHHS — IPOLeC YTBOPEHHS TEIJIOi30IsLiHHOr0 KOKCOBOTO MIapy Ta
MEXaHi3M BIUIMBY IOJIIMEPHOI CKJIA0OBOi IHTYMECLIEHTHOI CUCTEMHU Ha BOTHE3aXUCHI Ta eKCIUIyaTalifiHi
XapaKTePUCTUKU MOKPUTTIB iIHTYMECLIEHTHOTO TUITY. [IpeIMeT AOCiI>)KeHHS — TEXHOJIOTiSI BUPDOOHUIITBA
MOJIiIMEPHUX iHTYMECLIEHTHUX ITOKPUTTIB [IJ1S1 CTaJI€BUX KOHCTPYKIiH 3 MOJINIIEeHUMU BOTHE3aXUCHUMU Ta
eKCIUlyaTallilHUMU XapakTepucTUKaMu. MeTolo aucepTaliiiHoi poboTU € po3pobsIeHHs TEXHOJIOTI] 10JIiMEepHOro
BOTHE3aXMCHOTO MTOKPUTTSI PEaKTUBHOIO TUILY, 10 3a0€3Ieuye BOTHECTIMKICTh CTaIeBUX KOHCTPYKLil HE MEHIIE
120 xB Ta Mae IPOrHO30BaHUI TepMiH eKcIuTyaTalii 6isbue 10-15 pokKiB, MISIXOM BCTAaHOBJIEHHS 3aKOHOMIPHOCTEN

BILJIMBY II0JIiIMEPHOI CKJIaZJ0BOi HA BOrHE3aXUCHY €(PEeKTUBHICTb Ta €KCIIyaTallifiHi BaCTUBOCTI iHTYMECL@€HTHOI



cuctemu noJiimep /nomuigpocdar aMmoHi0 /MeslaMiH /TIEHTAaePUTPUT. B nucepraniiiHiil po60Ti BU3HAYEHi OCHOBHI
(daxkTOpU perysoBaHHS BOTHE3aXNCHOI e(DeKTUBHOCTI iIHTyMEeCLIEHTHUX ITOKPUTTIB /171 CTaIeBUX KOHCTPYKIH 3
METOI0 3ab6e3le4eHHs HOPMOBAHOTO KJlacy BorHectiyikocTi R 120: npupopa nosiMmepHoi CKi1afoBoi, CIiBBiHOIEHHS
OCHOBHUMX KOMITOHEHTIB IHTYMECLIEHTHOI CUCTEMH, KiJIbKiCTb T2 CTPYKTYpa HAHOPO3MiPHUX Ta apMYyBaJIbHUX
IOMILIOK. 3a pe3yJabTaTaMU JOCIIIKEHb BCTAHOBJIEHO, 110 3aCTOCOBYBaHHS CTUPOJIAKPUJIATHUX CIIiBIIOJIIMEDIB 3i
CIiBBiffHOLIEHHAM MoJidocdaT amoHi0:MesaMiH:IeHTaepuTpuUT B mexxax 20:10:10 (mac. % B iHTyMeCLieHTHOMY
CKJIa/1i) 3a6e31edye Kyac BOTHECTIMKOCTI cTaseBuX KOJIOH Ta 6asloK Ha piBHi 30-45 XB. BukoprcTaHHs
iHTYMECLIEHTHUX CUCTEM CKJIaZy noJipocdar aMmoHil0 /MeslaMiH /TIEHTaePUTPUT NPHU CIIiBBiJHOIIEHHSIX,
HabswkeHux 1o 35:10:15 (Mac. % B iHTYMeCLIEeHTHOMY CKJIajii), B KOMILJIEKC] 3 BiHIJIOBUMHU Ta BiHiNalleTaTHUMU
noslimepamu 3abe3reyye MeXXy BOTHECTIMKOCTI cTasieBoi KOHCTpyKUii go 120 xB. MeTomom [Y-criekTpockomii
BM3HAUYE€HO MEXaHi3M XiMiYHUX IEPETBOPEHD Mi’K KOMIIOHEHTAMHU iHTYMECLIEHTHOI cUCTeEMU notidocdar

aMOHil0 /MeJlaMiH/ IEHTaePUTPUT y MPUCYTHOCTI iHAMBiyalbHUX CIIiBIIOJIIMEPIB €TUJIEHY 3 BiHijIalleTaTOM i
CTHPOJIy 3 aKPUJIATOM Ta iX HAHOKOMIIO3UTiB 3 HAHOTJIMHaMU OEHTOHITOBOTrO psiy i HaHorpagiTom. BctaHOBIIEHO,
110 0JaBaHHA CyMillli MiHepaJbHOTO BOJIOKHA Ta CKJIOBOJIOKHA Y BOTHE3aXMCHY CUCTEMY JI03BOJISIE OTPUMATHU
IIOKPUTTS], KJIaC BOTHECTIMKOCTI IKOTO NEPEBUILY€E aHAJIOTTYHE 3HAYEHHS [JI1 IMITOPTHUX aHAJIoriB. 3a JaHMMU
[IPUCKOPEHUX KIIIMAaTUYHUX BUIIPOOYBaHb Ta AOCJIIPKEHb BONOCTIMKOCTI MOKPUTTS CKiany nogidocdar

aMOHII0 /MeJlaMiH /TIeHTaepUTPUT /T10J1iMep (ETUJIEHBiHINaleTaT abo CTUPOJIaKpUaT) BCTAaHOBJIEHO, 110 BTpaTa
BOTHE3aXMCHOI €(pEKTUBHOCTI 3aCO0y BOTHE3aXUCTY BiI0OYBAETHCS 32 PAaXyHOK BUMUBAHHS [IEHTAEPUTPUTY,
noJsipocdary aMoHilo Ta Aerpajatii nosiMepy IUISIXOM KACJIOTHOTO Tifposisy. JlonaBaHHs B JOCIiIPKyBaHy
CHCTEMY OpraHOMON(PiKOBAaHNUX HAHOTJIMH MOHTMOPUJIOHITOBOTO PsLly 3 BUCOKUM CTyIleHeM eKkcouialiii 3HauHO
MigBUIIYIOTh BOLOCTIMKICTb, TEPMIH €KCIIJIyaTalii Ta BOTHE3aXVCHI XapaKT€PUCTHKU IIOKPUTTS. Briepiie
BCTaHOBJIEHO: - BILJIUB MEXaHI3My TEPMIYHO] ferpagallii BiHiJI-alleTaTHUX i CTUPOJI-aKPUJIATHUX I1OJIIMEDIB Ta
CIIiBBiTHOLIIEHHSI OCHOBHUX KOMIIOHEHTIB iHTyMecLieHTHOi cuctemu (nosidocdar

aMOHII0 /MeJlaMiH /TIeHTaepUTPUT) Ha GOPMYBAHHS TEINJI03aXUCHOI'O KOCOBOTO LIApy, 110 00YMOBJIIOE 3HAUEHHS
KJIaCy BOTHECTIMKOCTIi CTasleBUX KOHCTPYKIiH; - €(eKT MifBUIIEHHS] BOTHE3aXUCHOI €(DEKTUBHOCTI NOJIIMEPHOT0
IHTYMECLLEHTHOTO ITOKPUTTS IIPY 3aCTOCYBaHHI HAHOKOMIIO3UTHOI MaTpUlLli CHiBIIOJIMEPY €TUJIEHBIHIIALIETATY 3
HaHOTJIMHOIO, OTPUMAaHOI MeTOJOM «in-situ», B IOPiBHSIHHI 3 BOrHE3aXUCHO e(PEeKTUBHICTIO IIOKPUTTS TOTO 3K
CKJIaJly, 10 OTPUMaHe 3a 3BUYaMHOI0 TEXHOJIOTI€0; - CUHEPTi3M HaHOIVIMHU Ta HaHOTpagiTy y ribpugHomy
HAaHOKOMIIO3UTi €TUJIEHBIHINIALeTaT /HaHOTJIMHA /HAHOTPa@iT, SIKMi MOJISITa€e B MiIBUILIEHHI BOTHE3aXUCHOI
eEeKTUBHOCTI II0JIiIMEPHOTO iIHTYMECLIEHTHOTO ITIOKPUTTS B TIOPIBHSIHHI 3 IOKPUTTSIM, SIK€ MICTUTh iHAWBiyanbHi
HAaHOKOMIIO3UTU €TUJIEHBiHIalleTaTy — eTUJIeHBiHiNalleTaT /HaHOIJIMHA YU eTUJIeHBiHiNnaleTaT,/ HaHorpair; -
CHUHEPTiYHy Ail0 CyMillli MejlaMiHy 3 OilKaHAiaMiZloM B IIOJIIMEPHIN iIHTYMECLIEHTHI KOMIIO3ULii, O IIPOBISAETLCA
B 306ispIIeHH] B 1,5 pa3y Macu KOKCOBOT'O 3aJIMIIKY iHTyMecLeHTHOI komno3uii npu 700 °C ta B nipsuuieHi Ha 15 %
BOTHE3aXUCHOi e(PeKTUBHOCTI [IOKPUTTS, SIKE MiCTUTb CyMilll FTa30yTBOPIOBAYiB, B [IOPiBHSAHHI 3 aJUTUBHO
OUiKyBaHMMU 3HAYEHHSIMHU; - €(PEKT BIUIMBY OPraHOMOIU(PIKOBAaHMX HAHOTJIMH Ha 3MEHIIEHHS KOHCTAHT
PO34YMHHOCTI NOJIIMEPHUX iHTYMECLIEHTHMX IIOKPUTTIB CKJIay nosigocdar

aMOHII0 /MeJlaMiH /TIeHTaepUTPUT / eTUIeHBiHIaneTar (260 CTUPOJIaKpUIIaT), IO MiABUIYE TEPMIH eKCITyaTarii

BOTHE3aXMCHUX HOKpI/ITTiB.

2. One of the main methods for increasing the fire resistance of steel is the use of materials for passive fire
protection that increase the time during which loadbearing capacity of building structures are retained during fire.
The object of research is the process of formation of heat-insulating coke layer and the mechanism of influence of
the polymer component of the intumescent system on fire-retardant and operational characteristics of
intumescent-type coatings. The subject of research is the technology of production of polymeric intumescent
coatings for steel structures with improved fire-retardant and operational characteristics. The main aim of current
study is to create a technological scheme for production of a polymeric coating for steel structures, which would
provide not less than R 120 fire resistance rate of steel structures and have a service life of over 10-15 years, by
identifying the patterns of influence of polymeric component of the intumescent system on fire-retardant
efficiency and performance properties of the coating. The main factors which can be used to regulate fire-



retardant efficiency of intumescent coatings for steel in order to ensure a specific fire resistance rate R 120 were
determined in the dissertation. It was shown that the use of styrene acrylate copolymers in combination with
ammonium polyphosphate /melamine/ pentaerythritol mix with approximately 20:10:10 ratio (mass % in the
intumescent composition), provides the R 30-45 fire resistance rate of steel structure. While intumescent systems
with the ratio of ammonium polyphosphate /melamine / pentaerythritol close to 35:10:15 (mass % in the
intumescent composition) combined with vinyl and vinyl acetate polymers allow to achieve the R 120 fire
resistance rate of steel structure. IR spectroscopy was used to investigate the mechanism of chemical
transformations between the components of intumescent system in the presence of individual copolymers, as well
as their nanocomposites with bentonite type nano-clays and nano-graphite. It was shown that the most optimal
polymeric binders for intumescent systems are vinyl acetate polymers, and nanocomposites based on them, due to
their complex and slow decomposition mechanism, capability to release reaction products that have a positive
effect on the formation of heat-resistant protective char. The influence of fiber of different nature on the fire
resistance of the intumescent coating of ammonium polyphosphate /melamine / pentaerythritol / melamine /
copolymer of ethylene with vinyl acetate was studied. The addition of a mixture of mineral fiber and fiberglass in
the fire protection system allows obtaining the coating whose fire resistance class exceeds the same value for
imported analogues. According to the results of accelerated ageing tests and studies of water resistance of the
coating comprising of ammonium polyphosphate /melamine/ pentaerythritol /polymer (either ethylene vinyl
acetate or styrene acrylate), it was found that the loss of fire-retardant efficiency of the system occurs due to
leaching of pentaerythritol and ammonium polyphosphate, as well as polymer degradation via acid hydrolysis.
Significant improvement of water resistance, service life and fire-retardant characteristics of obtained coating can
be achieved by adding organomodified montmorillonite type nano-clays with a high degree of exfoliation into the
studied system. The following was established for the first time: - influence of the mechanisms of thermal
degradation of vinyl acetate and styrene acrylate polymers, as well as the ratio of main components of the
intumescent system (ammonium polyphosphate: melamine: pentaerythritol), on the formation of heatresistant
charred layer, which determines the value of fire resistance rate for steel structures; - an increase in fire-retardant
efficiency of polymer intumescent coating when using a nanocomposite matrix of ethylene vinyl acetate with
nano-clay, obtained by "in-situ" method, compared to conventional technology; - synergism of nano-clay and
nano-graphite in a hybrid nanocomposite of ethylene vinyl acetate /nano-clay/nano-graphite, which manifests
itself in increasing the fire retardant efficiency of the polymer intumescent coating in comparison with the coating
containing the individual nanocomposites of ethylene vinyl acetate; - synergistic effect of a mixture of melamine
with dicyandiamide in the polymer intumescent composition, which leads to a 1.5-fold increase in the mass of char
residue of intumescent composition at 700 °C and a 15% increase in fire-retardant efficiency of the coating; - the
effect of organo-modified nano-clays on the reduction of solubility constants of polymeric intumescent coatings,
consisting of ammonium polyphosphate /melamine / pentaerythritol /ethylene vinyl acetate (or styrene acrylate),
which causes the increase in expected service life of fire-retardant coatings.
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