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IIpoBeneno wucciaenoBaHue B  LeJAX MOJYYEHHS]  BBICOKO-2JT€3MOHHOTO M
BbICOKOJJIACTUYHOI0 MOKPBITHA KJesAled M yIoTHsaKmeid kKommnosuuuu. Ilosay4yensi,
CO0JIMTOMEPBbI MOJUOKCUTIPONMUIEHIVTUKOAA U 4,4 -TudeHNIMeTaHAUN30INOHATA, H3Yy4YeHAa
KHHETHKA CONOJMKOHICHCAIIMM. YCTAHOBJIEHO, YTO PpeaKuusi YPeTaHoo0pPa30BaHUA
NMpoTeKaeT MO0 MUTPANMOHHOW NMOJMMEPH3ALMU, OCHOBAHHOW HA NMPUCOEJUHEHHH K aTOMY
a30Ta MNOJABMKHBIX BOJOPOAHBIX aTomMoB mnojaudpupa. Merogom MHK-cnekTpockonumn
uccjae10BaHa Mop(dos1orust CHHTe3MPOBaHHBIX cooJsiuromMepon. Iloka3aHo, 4To coBMeleHHe
cooJIuroMepa ¢ OyTHJIKAy4YyKOM (COMOJIMMEpOM HM300yTH/ICHA W M30IPEHA) YBeJIUYHBAET
3JIACTHYHOCTH CHCTEMbI, CHUMAET YCaJAKy U MOBBILIAET TEPMO-, XMMHUYECKYI0 CTOMKOCTB. C
HeJbI0 MOJYyYeHHs] AAre3MOHHOT0 M BBICOKOIJIACTHYHOIO0 KOMIIO3MIHOHHOIO0 MAaTepHuaJia
H3yUYeHbl CMeCH MOJUYPEeTaHOBOro coojmromepa c¢ Oyruiakayuykom (BK), umeromiero
BBICOKHE TIOKA3aTeJIM TeMJIOCTOMKOCTH, JJACTHYHOCTH, XHMHYECKOH CTOMKOCTH B
arpecCMBHBIX cpeaax, armocdepo- u BoaocroiikocTu. IlokazaHo, 4yT0 npH CMelIeHUH
MOJIMYPETAHOBOI0 COMOJMMepPa ¢ OyTHJI KaydyyKOM MPOMCXOAUT 00pa3oBaHHe IMOJMMEPHOMH
CHCTEMbl, MAaKPOMOJIEKYJbl KOTOPOil, MeXaHMYECKH B3aUMOAENCTBYSl MeEXKI1Y CO0Oi,
00pa3ylOT TaK Ha3blBaeMble B3aNMONPOHHKAIOIIME CeTKH. YKa3aHHAsl KOMIIO3UIIUA TaKiKe
HauboJiee YCTOIUYMBA B arpecCMBHBIX Cpelax, 4To Je/aeT ee MPUMEHeHHe MePCneKTUBHbIM.
CpaBHeHHe JaHHBIX JAHP(epeHINATBHO-TEPMUYECKOr0 aHAJIW3Aa  COOJIMIOMepa H
KOMIIO3MIMU COOJIUTOMEP+OYyTHJI KAaydyK MNOKAa3bIBAET, YTO TMOJYyYeHHasi KOMIO3UIUSs
TepMuYeckn 0oJiee yCTOYMBA, 4eM coosiuromep. B palGore pemieHa BakHAsi Hay4HO-
TeXHHYecKasi Mpo0JieMa MOBBILIEHUSI KavyecTBA aAre3MOHHBLIX kKommno3uuuii. B pesyabrarte
NMPOBEICHHOT0 MCCJICAOBAHUSL Ppa3padoTaHbl PEKOMEHJAAIMH MO0 YJIYYIICHUI0 CBOWCTB
aAre3MOHHbIX KOMIO3HIHNH, KOHKYPEHTOCHOCOOHBIX MO OTHOIIEHHI) K CYIIeCTBYIOIIUM
aHajoramM, IO pelHentype, CTPOCHHI), TEXHOJOIMH TOJYYeHUSI H HCHOJIb30BAHUSA
aare3uoHHbIX kKommno3unuii. [losyyeHHble yKa3aHHBIM NyTeM KOMIIO3UIIUM MOTYT ObITH
HCII0JIb30BaHbI B NMPOU3BOACTBE MOJTUMEPHBIX U3Ae Ui pid i} He(THAHOM,
MalHI/IHOCTpOI/[TeJIBHOﬁ IMPOMBIIIJICHHOCTH.

Knrouegvle cnosa. XMMHYECKYI0 CTOWKOCTb, INOJUYPETAHOBBIH COOJMromMep, OYyTHJI
Kay4yKa, NoJMMepu3alms, TeII0CTOMKOCTb.
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The study in order to obtain high adhesion and high-elastic coating adhesive and sealant
compositions. Received, they polyoxydepropylenglycol and 4.4'-diphenylmethaneduso-
thionats, kinetics of sopolicondensation. It has been established that the reaction of education
migration flows tint urethane polymerization based on accession to the nitrogen Atom mobile
hydrogen atoms polyester. By IR spectroscopy, we investigated the morphology of synthesized
sooligomers. It is shown that combining the sooligomer with butyl rubber (copolymer of
isobutylene and isoprene) increases the elasticity of the system, removes shrinkage and
improves thermal and chemical resistance. For the purpose of obtaining highly adhesive and
highly elastic composite material made of polyurethane sooligomers mixtures has been
studied with butyl rubber (BC) with high rates of heat resistance, flexibility, chemical
resistance to aggressivesurroundings, resistance and water resistance. It is shown that when
mixing polyurethane copolymer with butyl rubber polymer formation occurs the system,
macromolecules which mechanically interacting among themselves form a so-called grid
interpenetrating. This composition is also the most resistant to an aggressive surroundings,
which makes its application promising. Comparison of differential thermal analysis
sooligomers and compositions sooligomer+butyl rubber, shows that the composition of
thermally more stable than sooligomer. In the work solved an important scientific and
technical challenge of improving the quality of adhesive compositions. The study developed
recommendations for improving the properties of adhesive compositions, competitive with
respect to existing analogues for recipe structure, technology access and use adhesive
compositions. Received by the specified by compositions can be used in the manufacture of
polymer products for the oil, engineering industries.

Key words: chemical resistance, polyurethane sooligomer, butyl rubber, polymerization,
heat resistance

INTRODUCTION:

Chemical and physic-mechanical properties of polyurethane in many respects
are defined by variety of chemical bonds of various types in its structure, and actually
represent the block of sopolymers in which chain alternation of sites of various
chemical natures is carried out. These features of a chemical structure of
polyurethane promote receiving on their basis of materials with a wide range of
physic mechanical properties[1-14].

However products on the basis of polyurethane along with the high durability
and excellent wear resistance are characterized by narrow temperature intervals of
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use and rather high cost. Elimination of these shortcomings can be reached by
combination of polyurethane with other polymers and, thereby, is considerable
expanding the field of their application [15-24].

Receiving adhesive polymeric composition on the basis of industrial

polyessential - the polyoxydepropylenglycol combined at the room temperature with
4,4'-diphenylmethanedusothionatsand 5% solution of butyl rubber in toluene became
an object of the real research. It is known that the structure and properties of
polyurethanes can be varied within wide limits by selecting appropriate starting
materials. They are among the few polymers that can be purposefully regulated by
the number of cross-links, the flexibility of polymer molecules, and the nature of
intermolecular interactions. Polyurethanes are obtained by reacting compounds
containing isothinoate groups with polyfunctional hydroxyl-containing derivatives.
As isothinoates, we used 4,4'-diphenylmethanedusothanete, widely used in the
production of elastic polyurethanes. As the hydroxyl-containing compound,
polyoxydepropylenglycol was used this served as a good hydrophobic component.
Thus, polyoxydepropylenglycol determines basically the complex of physic-
mechanical properties of the obtained polyurethane material.

The creation of these polyurethane materials was carried out with the aim of
obtaining promising polymers that characterize a complex of valuable operational
properties, namely, a high index of heat resistance, elasticity, chemical resistance in
corrosive media, and water resistance. To obtain on their basis coatings, film
materials used in virtually all industries.

EXPERIMENTAL METHOD

In work the following materials were used:

The industrial polyessential of Laprol brand 2502 (TU-2226-026-10488-57-98)
having the following physical and chemical characteristics: acid number, mg KOH/g-
0.1; molecular mass of 2500; the maintenance of OH-group, % -6.7; pH (a methanol:
water -70:30) -6.1; the moisture content, %-0.1; viscosity kinematic at 30 °C, mm?/s -
540. 4.4'-difenilmetandiizotsionat (MDI), having : temperature melting T, °C-40.5;
d3°-1.850; n3® -1.5906. Butyl rubber (isobutylene copolymer with an isoprene) the

BK-2045 brands (TU 38003169-74): viscosity according to Mooney at 100 °C, 8
min. -45 +4; not limitation -2 +0.2% mol.; p kg/m*-865.

Combination of polyoxydepropylenglycol (PUR) with 4,4'-diphenylmethane-
dusothionateswas carried out by mixture at the room temperature.

Mixture of polyglycols with hardeners of isothionat type reaction of urethane of
education proceeds on the mechanism of migration polymerization based on ability of
accession to atom of nitrogen of mobile hydrogen atom of polyessential.
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From experimental results it is revealed that process of interaction of
components of mix is followed by increase in viscosity with increase in concentration
4,4'-diphenylmethanedusothionats table 1.

O_

Table 1
Contents influence the isothionats of groups on viscosity of reactionary mix
Ta6JII/II_[a 1. Bansaaue COACPKaHUA HM30IHMOHATHBIX TI'PYIIII Ha BA3KOCTH
PEAKLMOHHOM CMECHU

Indicator Time of interaction, Molecular mass of mix, Dynamic viscosity,
minutes M Pa'sec.
Maintenance of
DMDIT, %:
30 60 800 20.0
20 60 500 15.0
15 60 300 13.0

It is shown that in 60 min quantity the izotsionats of groups decreases to zero
that proves course of chemical interaction for the account the izotsionats of groups.
Process of a sopolikondensation comes to the end at their full expenditure. The
viscosity of reactionary weight increases also with increase in time of a
sopolikondensation from 0 to 60 min, and time of full expenditure the izotsionats of
groups coincides with a point of the maximum viscosity of a sooligomer.

Extraction of a hinge plate of a sooligomer acetone in the device Soksleta has
defined extent of interaction, i.e. an exit of a polyurethane sooligomer (PUR)
received at various ratios of initial components.



Table 2
Effects of the ratio of POPG: MDI to the yield of polyurethane sooligomer
Tabmuma 2. Buusaus cootHomenus [TOIN:JAMIANI] nHa BbIXOX
MOJIMYPETAHOBOTO COOJIMTOMEpPA

Name The reaction mixture

1 2 3 4 5
POPG: MDI, mass of the part | 100:10 100:15 | 100:20 100:30 100:40
Output of PUR,% of mass 90.5 92.5 95.6 95.0 94.8

As can be seen from the data in table2 the output of the PUR is significantly
influenced by the ratio of POPG: MDI. The optimal ratio of POPG to MDI, which
provides the highest yield of PUR (95.6% of may), is 100:20.

An increase in the MDI content in the reaction mixture to 30-40 parts by weight.
does not lead to an increase in the output of the PUR. After the exhaustion of the OH
groups, MDI remains as an independent component in the system and, as a result of
self-structuring, leads to a decrease in the elasticity of the PUR.

PUR, along with high indicators of physical and mechanical characteristics, has
high chemical resistance. The thermal stability of PUR at elevated temperatures was
studied using differential thermogravimetry (DTG) and differential thermal analysis
(DTA) on a derivatograph of the Paulik-Erdei system with a temperature rise from 20
to 500 ° C, at a rate of 5°C per min.

As an inert substance, A;;O3 was used, the weight of the sample was 200 mg
(Figure 1). Judging by the DTG curve, from the 120 °C mark from the sample,
unreached POPG and MDI are likely to diffuse, with a mass loss of 5%. At a mark of
340°C, the destruction of the sample is fixed, and the mass loss as a whole was 84%.

a.m!%,%
0 5%
10
20
30
40
50
60
70
80
00
100

esm=84%

100
. —p

T,%C

Fig.1. DTA curves of polyurethane. DTA curves of a polyurethane
sooligomer (1) and butyl rubber (2).

Puc.l Kpussie JTA mnommyperanoBoro coonuromepa(l) u
OyTmikaydyka (2) .

Judging by the DTG curve, from the 120 °C mark from the sample, unrelated
POPG and MDI are likely to diffuse, with a mass loss of 5%. At a mark of 340 °C,



the destruction of the sample is fixed, and the mass loss as a whole was 84%. In order
to obtain a highly adhesive and highly elastic composite, blends of a polyurethane
sooligomer with butyl rubber (BK) have been studied, which have high heat
resistance, elasticity, chemical resistance in corrosive environments, and weather and
water resistance. It is shown that when mixing PUR with BK, a polymer system is
formed, the macromolecules of which mechanically interact to form the so-called
interpenetrating meshes.

The ground, suspended BC was placed in a laboratory reactor (V=2.0L) with
toluene (or xylene) and stirred at 40-50 °C for 2-3 h until complete dissolution. After
the BC was completely dissolved into the solution, 4,4'-diphenylmethane
diisocyanate was added at a certain ratio of the components and stirred for 1.5-2
hours, after which the mixture was added to the mixture and stirred for another 50-60
minutes at room temperature. Compositions of compositions with different
component ratios are given in table 3.

Table 3
Compositions of compositions based on mixtures of a solution
Ta6muma 3.CocTaBbl KOMIIO3UIIMNM HA OCHOBE cMecei pacTBopa

Name Composition of mixtures
1 2 3

Components, parts by weight:
5% solution of BC in:

toluene 100 100 100
POPG 100 100 100
MDI 10 15 20

%
100
90 &+
80 1
70 §
60 {
50 {
40 1
30 4
20 1
10

40 35 30 25 20 15 10 5 v-100 sni’

Fig.2. IR spectators of polyurethane sooligomer (1), butyl rubber
(2), and mixtures of PUR with BK (3)
Puc.2. UK cekropsl monmyperaHoBoro coosuromepa (1), OyTtun
kayuyka (2), u emecu I[TYCO ¢ BK (3)



Of greatest interest was compositional mixture 3. The IR spectrum
spectrophotometer Specord-75 JR) of the sooligomer of POPG and MDI (Fig. 2) was
obtained by pressing it together with KBr. The components were taken in a ratio of
300 mg salt and 2 mg test sample of the sooligomer. The tablets were pressed at a
pressure of 0.8 MPa. In the region of 1660 cm™, the absorption of C=0, and C=N-
bonds is manifested. The C=N-band frequency (1700 cm™) is shifted to the liquid-
frequency region due to the conjugation of the C-NH group. In the spectrum of the
mixture of the sooligomer and butyl rubber (Fig.2.,cf.3), absorption in the 2900 cm™
1400-1300 cm™. A band of 1710 cm™ appeared corresponding to the C=0-group not
associated with the NH group. The absorption of 930 cm™, associated with NH,-
deformation vibrations, increased. In all likelihood, in the formation of the
composition, the CN bond is broken and the butyl rubber units are attached at the
bond breakage sites.

The thermal characteristics of the compositions are presented on the
derivatogram (Fig.3.). Two endoeffects were recorded on the DTG curve: one at
150 °C, accompanied by a 7.1 mass loss. Evidently, the solvent diffuses out of the
composition. The second peak of the DTG curve corresponds to a temperature of
635K, which probably indicates the beginning of the destruction of the composition,
the mass loss is about 80%.
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Fig.3. Differential-thermal analysis curves for thermo-oxidative
degradation of a polyurethane sooligomer composition (1) and a mixture of
a polyurethane sooligomer with butyl rubber (2).

Puc.3. Kpussie auddepeHnnaibHO-TEPMUUYECKOTO aHalIu3a MpPU TEPMO-
OKHMCJIUTEIILHOUN ACCTPYKINU KOMITIO3UIINHN IMOJINYPETOHOBOT'O
coomuromepa(l) ©  cMecH  MOJMYPETOHOBOIO  COOJUIOMEpa  C
OyTriakayaykom(2).

Comparison of the differential thermal analysis data of the sooligomer and the
sooligomer + BC composition shows that the resulting composition is thermally more
stable than the sooligomer. The physic-mechanical properties of the obtained
compositions have been studied, the results of which are presented in table 4.



Table 4
Physic-mechanical properties of compositions of sooligomer + BC
Ta6Jmua 4. dusuko-MexaHHUECKHUE CBOIMCTBA KOMHO?)I/IHI/II\/'I MMOJINYpPETAaHOBOT'O
cooJiuromepa ¢ OyTHIKay4yKoM

Indicators Composition

1 2 3
Tensile strength, MPa 24.0 25.0 26.0
Conditional voltage, MPa:
at 100% elongation 11.0 11.7 12.5
at 300% elongation 17.0 18.1 22.5
Relative elongation,% 500 340 350
Residual elongation,% 40 45 20
Tear resistance, N / mm 41 54 60
Adhesive strength, KN / m 6.0 7.4 8.0
Shorehardness, usl. units 83 87 90
Chemical resistance:
In H,S04 (5%) + + +
In HNO3 (10%) + + +
In HC1 (30%) - - +

Taking into account the values of IR, DTA, TGA and the results of table, it is
seen that (composition 3) based on a mixture of BK+POPG+MDI (100+100+20 parts
by weight), a highly adhesive polymer composition has been obtained which has
improved physical and mechanical properties.

RESULTS AND DISCUSSION.

Combining the sooligomer with butyl rubber (copolymer of isobutylene and
isoprene) increases the elasticity of the system, removes shrinkage and improves
thermal and chemical resistance. A mixture of a sooligomer with butyl rubber is
recommended as a highly adhesive and highly elastic coating, an adhesive and a
sealing composition.

This composition is also the most stable in aggressive environments, which
makes its application promising. The compositions obtained by this way can be used
in the manufacture of polymer products for the oil and machine building industries.

The Kkinetics of sopolycondensation was studied, polyoxydepropylenglycol-
sooligomers and 4,4'-diphenylmethanedusothionats were obtained. It was found that
the reaction of urethane formation proceeds according to migration polymerization,
based on the addition of mobile hydrogen atoms of the polyester to the nitrogen atom.
The morphology of synthesized sooligomers was studied by IR spectroscopy. It is
shown that combining the sooligomer with butyl rubber (copolymer of isobutylene
and isoprene) increases the elasticity of the system, removes shrinkage and improves
thermal and chemical resistance. A mixture of a sooligomer with butyl rubber is
recommended as a highly adhesive and highly elastic coating, an adhesive and a
sealing composition.
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