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ABSTRACT

Adhesive compositions based on allyl propionate-styrene-maleic anhydride ternary copolymer
and ED-20 epoxy resin were prepared and some physical and physico-chemical properties of
these adhesive compositions were determined.

Adhesive compositions were prepared in different ratios of allyl propionate-styrene-maleic
anhydride ternary copolymer and ED-20 epoxy resin (10,15, 20, 25, 30 m.f. copolymer for 100
m.f. ED-20 epoxy resin).

The property of bonding duralumin plates of the glue obtained by curing under different
conditions was studied. It was determined that the sliding fracture resistance of the adhesive
compositions prepared in different mass ratios of the copolymer and ED-20 epoxy resin for
duralumin plates was higher in the ED-20:CP=100:25 ratio. When the adhesive composition
obtained in this mass ratio is cured at 140, 160, and 180 °C for 2 hours, the sliding fracture
resistance for duraluminum plates was 13.8, 13.9, and 14.4 MPa.

The tensile fracture resistance and dielectric properties of the adhesive composition prepared in
the ratio of ED-20:CP=100:25 were determined. The tensile fracture resistance of the adhesive
composition prepared in this ratio was 2.13 MPa, the dielectric permeability was 1.8 (at a
frequency of 10® Hs) and the angular tangent of the dielectric loss was 45-10-3 (at a frequency of
10° Hs). The degree of swelling of the adhesive compositions prepared by curing in different mass
ratios in different solvents was determined. The degrees of swelling of the adhesive composition
prepared by curing in a mass ratio of 100:25 in toluene, chlorobenzene, 1,4-dioxane, and
butylacetate are 0.63, 0.67, 0.75, and 4.19% respectively.

Keywords: allyl propionate, styrene, maleic anhydride, ternary copolymer, epoxy resin, adhesive
composition, swelling degree, dielectric permeability.

Introduction

Since the areas of application of adhesive compositions are wide, the preparation of
adhesive compositions with new ingredients for bonding various surfaces is always at the center
of attention as an actual problem. While glues made based on natural rubber, albumin, and casein
have low weather resistance, these indicators of synthetic adhesive compositions are very high.

During the preparation of adhesive compositions, it is necessary to fulfill the following
requirements: no release of volatile substances during curing, no toxicity, wear resistance,
flexibility, resistance to water and atmospheric effects, and sufficient lifetime. Adhesive
compositions are thermoreactive and thermoplastic depending on the nature of the polymer.
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Curing agents are not used in thermoplastic adhesive compositions. The adhesive composition
applied to the surface to be bonded in a viscous liquid state hardens when cooled and bonds the
surfaces. Thermoplastic synthetic adhesives have flexibility and, in most cases, relatively low heat
resistance.

Thermo-reactive synthetic adhesives can be single or multi-component. Thermo-reactive
adhesives are used in the preparation of metal and non-metal constructions due to their high
adhesion and heat resistance [1]. Mostly, epoxy adhesives consist of epoxy resins and curing
agents. It can be in one-component or two-component packaging, depending on the applied curing
method and the curing agent. The epoxy adhesive which hardens at room temperature, the curing
agent and epoxy resin are packaged separately. It hardens quickly when mixed during use. In
one-component epoxy adhesives, the curing agent and the epoxy resin are packaged together and
hardened at high temperatures during use[2]. Therefore, these glues should be kept at a low
temperature. Curing can occur by adding curing agents due to the interaction of reactive units of
oligomers or the effect of heat, ultraviolet rays, high-energy radiation, and catalysts [3].

Synthesis of allyl propionate-styrene-maleic anhydride ternary copolymer

The allyl phenyl ether-styrene-maleic anhydride ternary copolymer used for the preparation
of adhesive composition was obtained by radical copolymerization of allyl propionate (APr),
styrene (St), and maleic anhydride (MA) in butyl acetate solution with the presence of
azobisisobutyronitrile (AIBN) [4]. The calculated amount ([MA]:[APr]:[St]=2:1:1) of maleic
anhydride, allyl phenyl ether, styrene, and initiator is transferred to ampoule by dissolving in butyl
acetate in a beaker and placed in a thermostat with the temperature of 80 °C. After a certain time,
the ampoule is removed from the thermostat. The mixture is poured into a beaker and the
copolymer is precipitated with technical alcohol. Then it is washed 2-3 times with the precipitant,
filtered in a Buchner funnel, and dried in a vacuum-drying cabinet at 40°C.

Preparation of adhesive composition

For the preparation of adhesive composition, the ternary copolymer is first crushed well in a
porcelain bowl and turned into powder. Ternary copolymer weighed to the nearest 0.1 g and a
calculated amount of ED-20 epoxy resin was added to the porcelain bowl and mixed. The mixture
which is in the form of a paste under normal conditions is kept for 30 minutes in a thermostat with
a temperature of 70-80°C with occasional stirring. At this time, the copolymer dissolves in the
epoxy resin and a clear viscous liquid is obtained. If the temperature in the thermostat is high or
the time the mixture stays in the thermostat is long, then the formation of gel is observed and it is
not possible to prepare a disk from the mixture for studying adhesive or dielectric properties.
According to the methodology mentioned above, 100 k.h. ED-20 brand epoxy resin and 10, 15,
20, 25, 30 k.h. The APr-MA-St adhesive composition was prepared based on a ternary copolymer
was prepared and the effect of various factors on the properties of this composition was studied.

Determination of some physical and physicochemical properties of adhesive
composition

Freshly prepared adhesive composition is used to determine the appearance of high-resistance
liquid adhesives. The prepared adhesive composition is mixed in a glass or porcelain bowl with a
capacity of 50-100 cm®. With a clean, dry glass rod, the adhesive is lifted 10-20 cm above the
glass and the flowing adhesive strip is observed to be homogeneous without any extraneous
mixture.
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Duralumin plates were used to determine the sliding fracture resistance limit of the adhesive.
The value of sliding fracture resistance in the crushing machine of duralumin plates glued and
cured at temperatures of 140, 160, and 180°C for 2 hours was determined. During the curing of the
adhesive composition prepared in the ratio of ED-20:CP=100:25 at temperatures of 140, 160, and
180°C for 2 hours, the sliding fracture resistances for duralumin plates were 13.8, 13.9, and 14.4
MPa, respectively.

The tensile fracture resistance of the adhesive composition is based on 100 k.h. ED-20 epoxy
resin and 25 m.f. allyl propionate-styrene-maleic anhydride ternary copolymer was determined.
The prepared adhesive composition was poured into a special mold and cured at a temperature of
180°C. As a result of curing, a smooth, non-porous, 150 mm long, 20 mm wide, and 2 mm thick
sample was prepared. The ends of the prepared sample were cured in a crushing machine and
stretched under the influence of load. Then, by dividing the value of the load obtained according
to the scale by the value of the working area, the value of tensile fracture resistance was obtained
as 2.13 MPa.

The angular tangent of dielectric loss and dielectric conductivity for a disk-shaped sample
made on the basis of ED-20 epoxide resin and allyl propionate-styrene-maleic anhydride ternary
copolymer was determined for a current with a frequency of 106 Hz.

The results of the measurements, dielectric permeability, and dielectric loss value for the
cured adhesive composition are given below:

Table 1. Dielectric properties

dmm Ci C, AC Q1 Q2 AQ Tgd €
15 100 80 20 190 70 120 45-10° 1,8

The degree of swelling (a%) of the compositions cured and prepared in different mass ratios
in different solvents was determined and the results are given in the table below:

Table 2. The degree of swelling of the cured composition in different solvents

Solvents The swelling rate for compositions prepared in different
mass ratios, 0%.

100:30 100:25 100:20 100:15 | 100:10
Toluene 0.22 0.63 4.45 37.45 -4.46
Chlorbenzol 0.10 0.67 21.32 21.77 -13.6
1,4-dioxane 0.24 0.75 3.85 26.84 -4.99
Butyl acetate 3.21 4.09 5.38 35.82 -6.4
Hexsane 0.66 15 2.0 3.33 4.6
Carbon 4-chloride 2.51 3.9 5.26 15.39 -3.5
Acetone -2.6 -3.27 -14.01 -14.93 -19.3

Result

At first, the yield of the ternary copolymer synthesized in optimal conditions was 75.4% and
the characteristic viscosity was -0.65-0.68 dl/g. Adhesive compositions were prepared in different
proportions of allyl propionate-styrene-maleic anhydride ternary copolymer and ED-20 epoxy
resin. The curing of ED-20 epoxy resin and copolymer was studied and the influence of the
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temperature and the amount of copolymer on the curing process was determined. The property of
bonding duralumin plates of the glue obtained by curing under different conditions was studied. It
was determined that the sliding fracture resistance of the adhesive compositions prepared in
different mass ratios of the copolymer and ED-20 epoxy resin for duralumin plates was higher in
the ED-20:CP=100:25 ratio. The tensile fracture resistance and dielectric properties of the
adhesive composition prepared in the ratio of ED-20:CP =100:25 were determined. The obtained
results show that these materials have good electrical insulation properties. The degree of swelling
of the adhesive compositions prepared by curing in different mass ratios in different solvents was
determined. From the obtained results, it is known that as the mass amount of copolymer in the
adhesive composition decreases, the degree of swelling in solvents increases.
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XULASO

Allil propionat-stirol-malein anhidrid {iglii sopolimer vo ED-20 epoksid gatrani asasinda yapisgan
kompozisiyalar hazirlanmis vo bu yapisqan kompozisiyalarin bozi fiziki vo fiziki-kimyovi
xassalori miioyyan edilmisdir. Yapisqan kompozisiyalar miixtalif nisbatlordos allil propionat-stirol-
malein anhidrid ti¢li sopolimer vo ED-20 epoksid qatranindan (100 k.h. ED-20 epoksid gatrani
tigtin 10, 15, 20, 25, 30 k.h. sopolimer) hazirlanmigdir. Miixtalif goraitdo qaynar barkima yolu ilo
alinan yapigsqanin duraliiminium 16vholorinin yapisdirilma xiisusiyysti dyronilmisdir. Miioyyon
edilmisdir ki, duralumin l6vholor ii¢iin sopolimer vo ED-20 epoksid gatraninin miixtolif kiitlo
nisbatlorinde hazirlanmis yapisdirict kompozisiyalarin siiriigmads qirilma miigavimati ED-
20:CP=100:25 nisboatindo daha yiiksok olmusdur. Bu kiitlo nisbotinds aldo edilon yapisqan torkibi
140, 160 vo 180 °C-do 2 saat qurudugda duraliiminium lévhalor {igiin siirismods qirilma
miigavimoati 13,8, 13,9 vo 14,4 MPa olmusdur. ED-20:CP=100:25 nisbotinds hazirlanmis
yapisqan torkibinin dartilmada qirilma miigavimoti vo dielektrik xiisusiyyotlori miioyyon
edilmisdir. Bu nisbotdo hazirlanmig yapigqan torkibinin dartilmada qirilma miigavimoti 2,13 MPa,
dielektrik kegiriciliyi 1,8 (106 Hs tezlikdo) va dielektrik itkisinin bucaq tangensi 45-10-3 (106 Hs
tezliyindo) olmusdur. ). Miixtolif holledicilordo miixtalif kiitlo nisbotlorindo borkidilmaklo
hazirlanan yapisdiric1 kompozisiyalarin sismo doracosi miioyyon edilmisdir. Toluol, xlorbenzol,
1,4-dioksan vo butilasetatda 100:25 kiitlo nisbotinde sortlosmo yolu ilo hazirlanan yapisgan
torkibinin siskinlik doracolori miivafiq olaraq 0,63, 0,67, 0,75 va 4,19% toskil edir.

Agar sozlar: allil propionat, stirol, malein anhidrid, t¢lii sopolimer, epoksid gatrani, yapisqan
kompozisiyasi, sismo doracosi, dielektrik kegiricilik.
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PE3IOME

[Tonyuens! kieeBble KOMITIO3UIIMM HA OCHOBE TPOMHOTO COMOJIMMEPA AJUTUIIPOINMOHATA, CTUPOJIA
Y MaJICMHOBOT'O aHTHAPUAA U SMOKCUIHOU cMoibl D/[-20 u onpeneneHsl HEKOTOpbIe hU3HUECKUe
1 (PU3UKO-XMMHYECKHAE CBOMCTBA ATUX KIIEEBBIX KOMIIO3UITHH.

KiieeBble KOMIIO3MLIMM TOTOBWJIM B PA3JIUYHBIX COOTHOLIEHUSAX TPOMHOTO COIMOJIMMEpPA
AUTHIIIPOTIMOHAT-CTUPOI-MAICUHOBBIN aHTHIpHI W ASNOKcuAaHOH cmonel D/1-20 (comommmep
10,15, 20, 25, 30 m.u. Ha 100 M.4. smokcuaHO# cMoisl D]1-20).

N3yueHo CBOMCTBO CKJIEHMBAHMS AHOPAIEBBIX IUIACTHH KJIEEM, IOJYYEHHBIM OTBEPXKICHUEM B
pPa3IMYHBIX YCJIOBHUSX. YCTAHOBIIEHO, YTO COIPOTHUBJICHHE PA3PYLICHUIO TPU CKOJIBKEHUU
KJIEEBBIX KOMIO3ULMMIA, IPUTOTOBJICHHBIX B Pa3JIMYHBIX MACCOBBIX COOTHOILLUEHHUAX COIMOJIMMEpPA U
AMOKCUIHON cMOombl D/[-20 s qropaneBbiX TUIHT, BbIie pu cooTHomenun DJ[-20:111=100:25.
[Ipu oTBepKAEHUU KIE€EBOM KOMIO3ULIUU, IOJYYEHHOW B JaHHOM MAaCCOBOM COOTHOIIEHWH, NPU
temneparype 140, 160 u 180 °C B TedeHue 2 4YacoB COIPOTUBICHHE PA3PYILICHUIO IpU
CKOJIBKEHUU JAIOPATIOMUHUEBBIX IIAaCTUH cocTaBuio 13,8, 13,9 u 14,4 Mlla.

OrmpesiesieHbl  CONMPOTUBIICHUE PA3PYLICHUIO TPU PACTHKEHUM U JTUIJICKTPUYECKHE CBOMCTBA
KJIEEBOW KOMITO3UIIMM, TPUTOTOBIEHHOW B cooTHomeHun I/[-20:1I11=100:25. Conpotusnenue
Pa3pyIICHUIO KJIEEBON KOMITO3HUIIUHU, MPUTOTOBJICHHOW B 3TOM COOTHOIICHHH, COCTaBuio 2,13
MIla, nusnextpuyeckas mnpoHunaemoctb - 1,8 (Ha wacrore 106 I'c) m yrioBoil TaHreHC
IUBJIeKTpUUeckux norepb - 45:-10-3 (ua yactore 106 I'c). ). Onpenenena creneHb HaOyXaHuUs
KJIEEBBIX KOMITO3UIINI, IPUTOTOBJICHHBIX OTBEPKICHUEM B PA3IUYHBIX MACCOBBIX COOTHOILIEHHUSIX
B pa3HbeIX pacTBoputensax. CTeneHW HaOyXaHUS KJICEBOW KOMITO3HMIIMHM, TPUTOTOBICHHOM
OTBepkJeHHEeM B MaccoBoM cooTHomeHuu 100:25 B Tomyone, xjopbensone, 1,4-auokcane u
Oyrtunanerare, coctaBisioT 0,63, 0,67, 0,75 u 4,19% coOTBETCTBEHHO.

KiawueBble ci0Ba: alMINpONUOHAT, CTUPOJ, MAJEUHOBBIA AaHTUIPHUJ, TPOMHOW COMOJIMMED,
AMOKCHU/IHASL CMOJIa, KIIEEBOW COCTaB, CTETICHh Ha0yXaHUs, TUAJIEKTpUYecKas MPOBOIUMOCTbD.
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