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POLYMERIC MATERIALS BASED ON REACTIVE
FUNCTIONAL OLIGOMERS

Purpose. Research of structural characteristics of the alkyd resins and materials based; addition to
structure alkyd resin diene/vinyl liquid rubbers and oligomers with various functional groups allows
receiving polymeric materials of the various structural organization and the increase physicomechanical
parameters.

Methodology. A films modified polymeric alkyd materials have been characterized by methods of IR-
spectroscopy where devices Tensor-37 (Bruker, Germany).

Findings. Have been received modified polymeric film-forming materials with high protective
properties by interaction alkyd resin and synthesized oligomers. It is proved, that at presence in structure
alkyd 35 % diene/vinyl oligomers result in substantial increase of parameters of impact resistance,
elasticity and adhesion to a metal surface.

Originality. First established of interrelation of influence, it is proved, that at presence in structure
alkyd 3+5 % diene/vinyl oligomers result in substantial increase of parameters of impact resistance,
elasticity and adhesion to a metal surface.

Practical value. These materials can be recommended for using as protective coatings for energy
and chemical equipment, autoindustries and the objects of domestic facilities.
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Introduction. At present, significant progress has been research on the synthesis of
polymeric materials based on reactive oligomers with terminal functional groups. The changing
nature of the functional groups in these oligomers can vary their physicochemical properties and,
therefore, extends the possibilities of their use in various industries. Were carried out to develop
methods for the synthesis of oligomers with terminal functional groups (amide, hydroxyl, epoxy,
urethane, acrylate) [1-3]. As the monomers used isoprene, styrene, acrylate, aliphatic isocyanates
and polyols nature. Synthesis oligodiene / oligovinyl with terminal amide and hydroxyl groups were
carried out in methanol by free radical polymerization initiation 2.2 azo-bis-isobutiroamide [4-7].
Product yield was 25 — 80%, depending on the nature of the initial monomer. By physical
modification of alkyd resins functionalized oligomers of these formulations have been developed
polymeric film-forming materials (PPM) [8, 9]. It is proved that the increase in rates of adhesion
and impact strength with the introduction of the MRP is 3 — 5% (by weight) of modifying-
oligomers in the alkyd resin. Products based on them are characterized by adhesion to the surfaces
of various materials, high dielectric properties, hardness and resistance to corrosion and water, as
well as a sharp change in temperature.

Setting objectives. The aim of this study was to develop methods of modifying the
industrial alkyd resins functionalized by oligomers, and obtaining on their basis of coatings with
improved physical-mechanical properties.

Results of investigations. Synthesis and properties of the functional oligomers.

Chemical modification of the structure of vinyl and diene oligomers, is a promising method
to create complex materials with improved properties. In most cases, this approach determines the
need for additional steps or even the specific processes of chemical activation of macromolecular
chains, which leads to the creation of oligomers with the respective functional groups.
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Oligoisoprene / oligostyrene with amide terminale groups. Amide terminated oligomers
of both isoprene and styrene as well as their cooligomers were synthesized by a free radical
polymerisation in methanol using ABIA as initiator. Firstly, 0.75 g (0.0039 mol) of initiator (ABIA)
was dissolved in 10 ml of methanol, and then this solution was mixed with 40 ml of styrene
monomers (0.3997 mol). Chemical reaction was carried out for 10 hours in an autoclave at
continuous stirring and at temperature 90+0.05°C. The final products of the reaction were dried
from the solvent and unreacted monomers under vacuum conditions. The monomers of styrene and
isoprene were taken at different combinations, and the functionality of the synthesized oligomers
was varied by the ratio of monomers to initiator. The chemical structures of the sythesized
oligomers of isoprene and styrene are presented in Fig. 1 (A) and (B) respectively. The samples
abbreviation and their chemical compositions are given in Table 1. A product yield of the oligomers
varies in the range of 30 — 80 % and depends on the ratio of the monomers to initiator.
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Fig. 1. The chemical structures of the sythesized oligomers of isoprene (A) and styrene (B).

The structural features of the original reagents and products of the reaction was studied by
infrared spectroscopy with Fourier-transform on a spectrophotometer *’Tensor-37°" (f. Bruker,
Germany), spectral range of 600 — 4000 cm™.

FTIR-spectra of the initiator ABIA (Fig. 2, spectrum 1) showed characteristic intense bands
of stretching vibrations around 3150 — 3450 cm™ NH, (max. 3188, 3401, 3429 cm™ ) stretching
vibrations of C=0 (max. at 1671 cm™) and deformation vibrations of 1500 — 1600 cm™ NH, (max.
1574, 1629 cm™) of the amide group (-CONH,). The bands of deformation vibrations CH, CHs,
CHs groups are showed around 1300 — 1500 cm™ and 600 — 900 cm™.
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Table 1.
Characteristics of the synthesized oligomers: number average molecular weight (Mn) and
polydispersity index (Mw/Mn), content of amide groups,
and functionality (f) of the oligomers

Samples code Mn (g/mol) Mw/Mn Amldéeo/i())ntent f Yield (%)
Ol (50:1) 3400 3,09 2,48 1,92 45
Ol (100:1) 4200 2.78 2,10 2,00 40
Ol (200:1) 9700 1.79 0,88 1,94 31

The IR spectra (Fig. 2, spectrum 2) of synthesized Ol terminated amide groups demonstrated
the bands of stretching vibrations NH, with max. 3467, 3408, cm™, absorption bands characteristic
of the C=0 (max. 1675, 1643 cm™ amide 1) and NH, (max. 1605 cm™, amide 1) of the amide group
(-CONH,). The appearance of a large absorption bands at 2900-3200 cm™ for the CH, groups are
demonstrated.
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Fig. 2. Fragments of the IR-spectra for: ABIA — (1), Ol — (2), OS — (3) and CO — (4).

The IR spectra (Fig. 2, spectrum 3) of synthesized OS with amide groups a showed
absorption bands broad characteristic of the NH, end groups (max. 3481, 3408, cm™), absorption
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bands characteristic of the bands of stretching vibrations of C=0 linkages ( max. 1671, 1628 cm™
amid 1) and NH, at (max. 1577 cm™, amide 1) of the amide group (-CONHy).

The IR spectra (Fig. 1, spectrum 4) CO with amide groups are observed characteristic bands
of stretching vibrations of NH, (max. 3474, 3411 cm™), stretching vibration of C=0 (max. 1678,
1631 cm™ amide 1) and NH, bending vibrations (max. 1581 cm™, amide 1) of the amide group (-
CONHy).

IR spectra copolymer of isoprene with styrene (Fig. 1, spectra 3 and 4) is showed the bands
of deformation vibrations (1800 — 2200 cm™) and stretching vibrations (3000 — 3200 cm™) of the
CH groups phenyl ring.

Thus, the presence in the IR spectra of Ol, OS, and CO with the terminal amide groups of
absorption bands characteristic of amide groups, indicate the formation of oligomers of the
proposed structure.

Applications. Have been received modified polymeric film-forming alkyd materials with high
protective properties by interaction alkyd resin (varnish PF-060) and synthesized functional
oligomers with amide groups. It is proved, that at presence in structure alkyd 5 % oligomers result
in substantial increase of parameters of durability at impact, elasticity and adhesion to a metal
surface.

Table 2.

Comparative physicomechanical parameters of the synthesized polymeric film-forming
material and industrial analogue PF-060

Parameter Industrial analogues Polymeric film-
PF-060 forming materials
Drying time of film to degree 3, at 20+5

°C, hour 27 24

Hardness, point 0,38 0,43

Adhesion, (Method of trellised cuts),

point 2 1
Shock strength, kGs 20 50
Elasticity, mm 1 1

Tg, °C 18,94 13,30

ACp, Jg/K*grad 0,270 0,296

It was determined that obtained materials are significantly better then industrial analogues
by their physical chemical and protective properties, especially anticorrosion stability [10, 11]. So,
these materials can be recommended for using as protective coatings for energy and chemical
equipment, auto industries and the objects of domestic facilities.

Conclusions. Thus, the inclusion in the base polymer matrix a structural fragment of
functional oligomers (various amounts) forms a systems with new desired properties. Found a
significant increase in sensitivity of the compositions, degree of the structure forming (estimated by
determining the hardness), a significant improvement in adhesion to the base of the application
layer. This allows you to create new composite materials with controllable properties and to extend
the capabilities of these materials for application in instrument manufacture, microelectronics as a
protective coating of printed circuit boards and chips in the printing industry in the manufacture of
label production, packaging, securities.
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MOJIIMEPHI MATEPIAJIA HA OCHOBI PEAKIIMHO3JIATHHUX
O YHKIIOHAJIBHUX OJII'OMEPIB
I'VA3EHKO H.B., FAPAHIIOBA A.B., BYCBHKO H.A., 'PUIIIEHKO B.K.

Incmumym ximii ucokomonexynsaprux cnonyk HAH Ykpainu

Mema. Jlocniodicenns cmpyKmypHux Xapakmepucmux aikiOHuX cMOn i mMamepianié Ha iX OCHOGI,
000a8anHs 00 CMPYKMypu aikiOHOL cmoau OieHy / GiHILY pIOKUX Kayuykieé abo onicomepié 3 pizHUMU
@DYHKYIOHATLHUMUY 2pYNaAMU 00360JI€ OMPUMYEAMU NOJNIMEPHI mamepiaiu pi3Hoi XimiuHoi npupoou ma
nioguwgyroms QizuKo-mexaniuni NOKA3HUKU.

Memooonozia. Moougikosani niieku NoAIMEepPHUX AIKIOHUX Mamepianie Oyau oxapakxmepus08ami
memodamu 149-cnexmpockonii na npunaodi Tenzop-37 (Bruker, Hiveuuuna) .

Pesynomamu. bynu ompumani mooughikosani nonimepni mamepianu 3 SUCOKUMU 3AXUCHUMU
B1ACTMUBOCIAMU NPU B3AEMOOII ANKIOHOI CMOIU | CUHME308aHUX oicomepis. Jlosedeno, Wo npu HAs8HOCMI
8 cmpykmypi anxionux cmon 3+5 % Odien / 8ininosux onicomepis icmomHo 30L1bULYIOMbCA NOKA3HUKY YOAPHOT
MiyHoCcmi, enacmuyHocmi i aoeesii 00 Memanesoi noGepxHi.

Haykosa nosusna. Bnepuie 6cmanogieHo 83a€MO038'930K GNAUBY HAABHOCI 8 CMPYKMYPI ANKIOHUX
cmon 35 % Oien / 6ininy, wo npu3eo0ums 00 ICMOMHO20 30iIbUIEeHHS NOKA3HUKIE YOAPHOI MIYHOCHI,
eracmuyHocmi i aoeesii 00 Memanedoi noGepxHi.

Ilpakmuuna yinnicms. L[i mamepianu modicyme 6ymu pexomeH008aHi 0Jis1 BUKOPUCTNAHHS 8 AKOCMI
B3AXUCHUX NOKpUmmié Oasi eHepeii i XiMiuH020 001AOHAHHS, a6MOIHOycmpii ma o00'ckmie noOymoeux
NpUMIUeHb.

Kniouosi cnoea: onicoizonpen, onicocmupon, paoukaibHa NOaimepusayis, Moougikayis.

IHOJIMMEPHBIE MATEPHUAJIBI HA OCHOBE PEAKIITMOHHOCITIOCOBHBIX
OYHKIIMOHAJIBHbBIX OJIMTOMEPOB
I'VI3EHKO H.B., BAPAHIIOBA A.B., BYCBHKO H.A., 'PUIIIEHKO B.K.

Hnucmumym xumuu 8vicokomonexynsapuvix coeounenutt HAH Yxkpaunol

Lens. Hccreoosanue cmpyKmypHvixX Xapakmepucmux aikKUOHbIX CMOL U MAMEPUANIO8 HA UX OCHOBe;
oobasnenue K cmpykmype aiKUOHbIX CMOL OUEHOBbIX / BUHUNOBbIX HCUOKUX KAYYYKO8 UMU ONULOMEPOS C
DA3TUYHBIMU  YYHKYUOHATGHBIMU CPYRNAMU NO3605€m NOLYHAMb NOIUMEDHbIE MAMEPUANbl PA3IUYHOU
CMPYKMYPHOU OpeaHU3AYUY U YBENUYUBAMb DUSUKO-MEXAHUYECKUE NapAMempbl.

Memoouxa. Moouguyuposannvie —NIEHKU — NOIUMEPHBIX — AIKUOHLIX — MAMEPUAIos  Obliu
oxapaxmepuszosanvl memooamu UK-cnexmpockonuu na npubope Tensor-37 (Bruker, Germany).

Pesynomamet. [lonyuenvie moougpuyuposanuvle noIUMepHble NIEHKOOOpasyloujue mamepuaisl ¢
BLICOKUMU  3AUUMHBIMU  CEOUCBAMU NYMeM 63AUMOOEUCMBUS ANKUOHOU CMOAbl U CUHME3UPOBAHHBIX
onueomepos. Joxkazano, 4mo npu HAIUYUU 8 CMpyKmype aikuonvix cmon 3+5 % ouenosuvix / 6uHuno8wix
0U20MEPO8 NPOUCXOOUN 3HAYUMENbHOE YEeludeHue napamempos yO0aponpouHoCcmu, AACMUYHOCU U
aozesuu K NOBEPXHOCMU Memaia.

Hayunaa noeusna. Jlokazano, umo npu Hamuyuu 6 Cmpykmype aikuouvlx 3+5 % ouenosvix /
BUHUNIOBBIX OIUCOMEPO8 HADIIOAEMC s  3HAUUMENbHOe YeeluyeHue napamempos YOApHOU 6A3KOCHU,
NACMUYHOCIU U A02e3Ul K NOBEPXHOCHU MeMAIA.

Ilpakmuueckasa yennocms. dmu mamepuanvl Mocym Oblmb peKOMeHO08aNblL OJis UCNOIb306AHUSL 6
Kavecmee 3aujumHblX NOKPbIMUl 0151 IHEP2EMUECKO20 U XUMULECKO20 000py008aHs, asmMOUHOYCMpuu u
00beKmos8 OblM0O6020 HA3HAYUEHUS.

Knioueswvie cnosa: onueouzonpen, o1ucocmupoi, paoukaibHds NOIUMepU3ayis, MOOUGUKAYUL.
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