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Abstract. The results of studies on the preparation and
study of the properties of composite materials based on
compositions of arylalicyclic copolyimide and alkylated
montmorillonite (AMM) modified with polyethylene
glycol to increase the affinity of a natural mineral to
polymer matrix are presented in the work. It was found
that an increase in the compatibility of composition’s
components is due to the addition to copolyimide solution
of previously prepared mixture of alkylated montmorillo-
nite in 5% and 2 % polyethylene glycol solution in
methylpyrrolidone. Based on IR-spectroscopy of the ob-
tained mixtures and literature data, an assumption about
specified composition mechanism was made. Compounds
of copolyimide compositions with modified montmorillo-
nite were determined. Found that the total content of alky-
lated montmorillonite and polyethylene glycol should not
exceed 12.5 wt. % in the case of copolyimide — 1 wt. %
and in case of copolyimide-2 — 4 wt. %. The optimal
conditions for obtaining on their basis transparent com-
posite films with a smooth surface by a mechanical mix-
ing method are found. Their basic thermodestructive and
mechanical properties were determined. It was shown that
the materials have high thermodestructive and strength
properties: the temperature of decomposition onset is 409-
421°C, the tensile strength is in the range of 140-
168 MPa. The best thermodestructive properties and ten-
sile strength are possessed by films obtained from ternary
mixtures of the initial composition 87.5 SPI1 + 7 PEG +
5.5 AMM and 97 SPI2 + 2 PEG + 1 AMM, while the
elasticity of the material remained at an acceptable level.

Key words: arylalicyclic copolyimide, polyethylene gly-
col, alkylated montmorillonite, composition, mechanism,
film, properties.

1. Introduction

Progress in the field of polymer materials is cur-
rently associated with the creation of composite materials,
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since as a result of the combination of polymers with
inorganic and organic compounds, new polymer composi-
tions are formed with properties that differ from the origi-
nal components. Their capabilities are wide due to the
variety of polymers and fillers, the variability of the com-
positions of composites based on them. This contributes to
a change in the basic characteristics of polymer basis in
certain specified directions, for example, improving ther-
modestructive and mechanical properties of the matrix,
obtaining biopolymers, conductors, elastomers, efc."” A
special place among the initial components for polymer
composites is occupied by heat-resistant polymers, in
particular polyimides, which are processed into composite
materials. However, in regard with the growing opera-
tional requirements for them in modern conditions, more
and more attention is paid to improving of obtaining
methods and chemical content of polymer compositions,
the development of ways of modifying base polymers
with various additives, including those of a polymer na-
ture. Well-studied aromatic polyimides are mainly used
for these works.® "’ Composite materials based on polyim-
ides acquire improved characteristics at a relatively low
concentration of the modifying compound.'™'' At the
same time, there are data on the use of polyimides with an
alicyclic structure to obtain polymer compositions with a
high level of technical characteristics.'>"

Modification of the initial copolyimide with mont-
morillonite particles makes it possible to expand the field
of application of composite materials based on it in such
promising industries as micro- and nanoelectronics, elec-
trical engineering, integrated optics, as well as in other
optical technologies as products with unusual photosensi-
tive, magnetic, heat-conducting properties, effective and
selective catalytic systems."

The aim of this work is to obtain new composite
materials based on copolyimide from dianhydrides of
tricyclodecene and diphenyloxide tetracarboxylic acids
and diaminodiphenyl ether modified with particles of the
alkylated natural mineral montmorillonite, which im-
proves the thermal stability and strength of composite
material as a whole.
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2. Experimental

N-methyl-2-pyrrolidone (MP), pyridine was puri-
fied according to the procedures.

4,4'-diaminodiphenyl ether (DADPE3) was purified
by sublimation in vacuum at 210°C and 10~ mm Hg. Art.,
Tt = 200-202°C.

Dianhydride tricyclo-(4,2,2,02,5)-dec-7-ene-
3,4,9,10-tetracarboxylic (the adduct of benzene and
maleic anhydride, AB) and 3,3',4,4'-diphenyloxide tetra-
carboxylic (DPhO) acids were purified by heating in vac-
uum at 10° mm Hg. Art. at temperatures of 200-230°C,
T = 351°C and T,e, = 221°C, respectively.'

Copolyimides were synthesized by the one-stage
copolycondensation of dianhydrides of tricyclodecene-
and diphenyloxide tetracarboxylic acids with 44'-
diaminodiphenyl ether at initial ratios of dianhydrides
90:10 mol. % (SPI1) and 85:15 mol. % (SPI2), respec-
tively, in a solution of N-methyl-2-pyrrol (43 wt. %) in
the presence of a pyridine catalyst (6 wt. %). The process
was carried out with a gradual rise in temperature from
90°C to 140°C, keeping at each temperature, respectively,
0.5 and 3.5 hours."

The original montmorillonite (MM) and the alky-
lated montmorillonite (AMM) were provided by
Prof. G.W. Beal (Nanophase Research Center, Texas,
USA).

Polyethylene glycol (PEG) from Aldrich (USA), a
chemically pure grade with a molecular weight of 2000
was used without additional purification.

Compositions based on SPI1 and SPI2 (43 wt. %
solution in MP) with AMM were obtained by the me-
chanical mixing method by introducing composite solu-
tions of PEG + AMM into the copolyimide solution, ob-
tained by the preliminary mixing of 5% and 2 % PEG
solution in methylpyrrolidone with different amounts of
AMM, leading to formation of PEG composition mix-
tures: AMM=1:1; 0.5; 0.3; 0.2 and 0.5: 0.7; 0.5; 0.3;
0.1 wt. %. The resulting mixtures were stirred for 1 hour
at 40°C.

Films based on copolyimides and their composi-
tions with PEG + AMM were formed by pouring 18-20 %
solutions of polymers and polymixtures onto glass sur-
faces. In order to remove the solvent, the films were pre-
liminarily dried by heating in an oven at a temperature of
90°C for 0.5 h, then additional heat treatment was carried
out in air with a stepwise rise in temperature from 90°C to
140°C and up to 275°C, keeping the samples at final tem-
peratures for 1 and 0.3 hours, respectively.

IR spectra of composite solutions and solutions of
PEG + AMM mixtures, copolyimide and composite films
based on them were recorded on a Nicolet 5700 IR spec-
trometer manufactured by Thermo Electron Corporation.

Maira Umerzakova et al.

The thermodestructive properties of the composite
films were determined by thermogravimetry (TGA) and
calorimetry (DSC) on MetlerToledo TGA/SDTA 851c
and FP85 TA Cell instruments at a constant heating rate 4
and 8°C/min, respectively.

The mechanical properties of the films - tensile
strength (opeax) and relative elongation, for specimens
6-8x1.0 cm’ in size, 0.1-0.05 cm thick were studied on a
Com-Tem Testing Equipment (USA) tensile testing ma-
chine.

3. Results and Discussion

One of the main tasks in obtaining composite mate-
rials with the inclusion of a layered mineral, for example,
montmorillonite, is its compatibility with the polymer
matrix, which is possible when the surface of the mineral
is modified with appropriate reagents. The authors'® show
that the modification of nanoparticles of an inorganic filler
(silicon, Zr,O) with an organic silicon-containing com-
pound (3-aminopropyl-, m-aminophenyl-3-methoxysilane,
respectively) makes it possible to increase the affinity of
nanoparticles to the polymer matrix. Previously, to im-
prove compatibility in compositions based on alicyclic
polyimide and alkylated montmorillonite by the reaction
mixing, we used a filler in a modified 3-aminopropyl-3-
methoxysilane form, which contributed to the preservation
of clay particles in the reaction solution during polycon-
densation with the formation of polyimide."”

Our studies have also shown that as a result of
polyimide modification with polyethylene glycol, a com-
posite material with a higher thermal stability was ob-
tained in comparison with the original polyimide. The
observed effect may be due to the well-known property of
polyethylene glycols to form intermolecular crosslinks,
which leads to the appearance of a thermally more stable
polymer structure.'®

In addition, in preparation of polymer compositions
for the effective combination of filler particles with a
polymer medium, the adsorptive modification of the filler
with the help of surfactants is used. By forming firmly
fixed layers of oriented molecules due to adsorption on
the surface of solid phase particles, surfactants make it
possible to bring the nature of the filler closer to the
polymer medium, improve the wetting of filler particles
and their distribution in the polymer. Shown that the use
of PEG, molecular weight 1500, is promising for im-
provement of structural and physicomechanical properties
of composites."

In the work, to obtain composites based on SPI1,
SPI2, and AMM by mechanical mixing, we undertook a
preliminary modification of alkylated montmorillonite
with polyethylene glycol. This should increase the solubil-



Compositions of Arylalicyclic Copolyimide with Alkylated Monthmorillonite

ity of the filler and its affinity for the polymer component,
since AMM, like the initial mineral montmorillonite, does
not dissolve in organic solvents, including N-methyl-2-
pyrrolidone used for synthesis, and does not exhibit the
compatibility with the copolymers under study.

In this regard, the work was carried out to obtain
double mixtures of various initial ratios of polyethylene
glycol and alkylated montmorillonite: PEG : AMM =1: 1;
0.5;0.3; 0.2 and 0.5:0.7; 0.5; 0.3; 0.1 wt. %. For this ex-
periment, a calculated amount of AMM was added in a dry
fom to a 5% or 2% solution of PEG in
N-methylpyrrolidone. For the mixture with components
ratio PEG: AMM =1:1; 0.5; 0.3; 0.2 wt. %, the specific-
ity of dissolution of AMM in a PEG solution was revealed.
As AMM content increases, the resulting mixture solutions
change from an ideal state (with an AMM amount of
0.2 wt. % and 0.3 wt. %) to the formation of a colloid: at
0.5 wt. % AMM, the solution slightly opalescent, and with
a mixture ratio of 1: 1 wt. % the solution becomes white.
For the ratios PEG: AMM =0.5:0.7; 0.5; 0.3; 0.1 wt. %
showed better solubility, possibly due to greater dilution of
the reaction solution and, as a result, greater mobility of the
mixture molecules.

The resulting mixtures were investigated by IR
spectroscopy. IR spectroscopic studies revealed that the
characteristic band of stretching vibrations of PEG, corre-
sponding to C-O groups, in a solution of methylpyrroli-
done is prescribed at 1685 cm™." When a small concen-
tration of AMM (0.2 wt. %) is added to 1 wt. % PEG
solution, the IR spectrum of the mixture shifts this band to
the low frequency region of 1682 cm” (Fig. 1, spec-
trum 1). An increase in the concentration of AMM to
0.3 wt. %, the characteristic PEG band shifts to
1678.7cm”  (Fig. 1, spectrum2). For the ratio
PEG: AMM=1:0.5wt. %, this band broadens and
shifts to 1693.2cm’ (Fig. 1, spectrum 3). When the ratio
of the components in the solution is 1 : 1 wt. %, the char-
acteristic PEG band is displaced, and its shape changes (a
small shoulder appears at the peak) and is recorded in the
region of 1693.2-1667.7 cm™ (Fig. 1, spectrum 4). Also,
in these spectra, with an increase in the mineral content,
there is a noticeable change in the absorption bands in the
region of 3100-3650 cm™, in which OH-groups are pre-
scribed. Apparently, as AMM is added to the binary com-
position, a complex is formed between the oxyethylene
oxygen of PEG and the hydrogen of the hydroxyl group of
crystalline hydrate water of alkylated montmorillonite
(general formula {ALO3(H20)'Si(OCH3)4},'7) as a result
of this there is a fixation of a part of the polyethylene
glycol on the surface of the filler and partial penetration of
PEG into the interlayer space of the mineral.

The fact that both the adsorption of PEG on the
surface and its penetration into the interlayer space of
montmorillonite occur is evidenced by the fact that the
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characteristic PEG band, as AMM is added to its solution,
first shifts to the low-frequency region (Fig. 1, spec-
trum 2), then - to the high-frequency (Fig. 1, spectrum 3),
and when the ratio polymer : filler is 1 : 1 its appearance
changes (Fig. 1, spectrum 4). In contrast to the interaction
in the PEG — alicyclic polyimide composition with the
formation of H-bonds, where as the PEG concentration
increases, the characteristic bands in the spectra shift in
one direction. Analysis of the spectra of composite mix-
tures with lower concentrations of AMM (0.7-0.1 wt. %)
and PEG (0.5 wt. %) indicates their analogy with those
described.

Thus, based on the data of the work® and our stud-
ies, we assume that the PEG-modified alkylated mont-
morillonite is transferred to a dissolved state. This is due
to the fact that PEG, as a nonionic surfactant, is adsorbed
through polar centers on the inner and outer surfaces of
the layered filler, forming organophilic layers, thereby
facilitating the dissolution of the alkylated montmorillo-
nite and, ultimately, its compatibility with the copolyim-
ide matrix.
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Fig. 1. IR spectra of compositions based on PEG : AMM at
various ratios of components: 1:1(4);1:0.5@3);1:0.3(2);
1:0.2 (1) wt. % in the solution (on KBr glasses)

At the next stage, studies were carried out to select
the optimal conditions for obtaining compositions based
on SPI1 and SPI2 and alkylated montmorillonite by the
method of mechanical mixing. Found that for these mix-
tures of various compositions PEG + AMM are added to a
43 9% solution in methylpyrrolidone and the resulting
composite mixtures are stirred for 1 h at 40°C to achieve a
homogeneous solution. Higher mixing temperatures are
undesirable. Its increase can lead to gelation in the com-
posite solution as a result of intermolecular reactions be-
tween the copolymer and the final hydroxyl groups of
PEG,"® which do not participate in the process of adsorp-
tion on the filler surface.
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It was found that in the case of SPIl the ratio of
PEG : AMM per 100 wt. % of ternary compositions is
7:7;,3.5;2; 1.4 and 3.5: 4.9; 2.8; 0.7 wt. %. Composite
films were formed from the mixtures obtained (18-20 %
solutions in MP) by casting onto glass substrates. The
composite films were dried in an oven in air at a tempera-
ture of 90°C for 0.5 h, then with a stepwise rise in tem-
perature from 90 to 140 and 275°C, holding at each tem-
perature for 1 and 0.3 h, respectively. The resulting com-
posite films have a transparent smooth surface. However,
a film of a ternary composition containing a modified
filler AMM : PEG=7:7 wt. % acquires a whitish hue
and brittleness, but AMM in the form of individual parti-
cles on the surface of the composite film is not observed.
This, apparently, can be explained by the fact that PEG, as
noted above, partially adsorbed with the help of active
sites on the surface of alkylated montmorillonite prevents
coagulation of AMM on the surface of the composite film.

It was found that the heat treatment of composite
films based on SPI1 with a low concentration of the intro-
duced components (3.5wt. % PEG + 4.9-0.7wt. %
AMM) at T=275°C does not lead to their delamination
and brittleness. Possibly, in this case, a good compatibility
of the modified AMM with the polymer is observed, and
the filler particles are uniformly distributed in the polymer
matrix, without hindering the more complete cyclization
of the remaining amido acid groups in SPI1 (Fig. 2). From
the analysis of the spectra of the indicated composite
films, it follows that the stretching vibrations of the bands
corresponding to the imide cycle in the copolymer were
revealed at 1708.7 cm™. It is well known that the imide
cycle is prescribed in the region of 1720-1780 cm™ by a
doublet. Apparently, in the studied ternary compositions,
this characteristic band shifted and doublet bands were
superimposed due to the presence of additives. In this
case, another band, which is responsible for the vibrations
of the imide cycle in the region of 1380 cm™, is clearly
defined and its intensity increases upon heat treatment of
the films (Fig. 2, spectra 1-4). This confirms the further
occurrence of cyclization of the remaining amido acid
groups.

Similar studies with SPI1 were carried out to obtain
composite materials based on SPI2 and PEG + AMM.
The preparation of solutions of the compositions SPI2 +
PEG + AMM and the formation of a film on their basis
were carried out under the same conditions (composition,
duration, temperature) as indicated above for SPI1. All
films, regardless of their composition, have delaminated
(they acquire a whitish tint) and are fragile. It is assumed
that an excess of the AMM + PEG mixture appears on
their surface upon heat treatment of the composite films.
Apparently, in the initial composition, from which the
films are formed, the amount of residual amide acid
groups in SPI2 (AB : DPO =85 :15wt. %) is not suffi-
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cient for complexation with the modified filler. The lower
content of amide acid groups in SPI2 in comparison with
SPI1 is associated with diphenyloxide dianhydride, which
is more reactive than AB, which, at this ratio, is greater
than in SPI1. It was found by TGA (DTA) that the content
of amide acid groups in SPI2 corresponds to ~8.9 % of the
sample weight, in contrast to SPI1, where their amount
reaches ~13 %. Presumably, less than 8 % of AMM +
PEG additives should be added to SPI2.
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Fig. 2. IR-spectra of composite films based on ternary mixtures,
wt. %: 91.6SPI1 + 3.5PEG + 49AMM (4); 93SPI1 + 3.5PEG +
3.5AMM (3); 93.7SPI1 + 3.5PEG + 2.8AMM (2); 95.8SPII +
3.5PEG+ 0.7AMM (1) during heat treatment of films at 275°C

In addition, it should be taken into account that poly-
imides based on diphenyloxide tetracarboxylic acid have a
more regular structure, i.e., they contain regions with a
crystalline structure,” in contrast to amorphous alicyclic
polyimide. Apparently, this can also reduce the compatibil-
ity of the components in a given mixture. In this regard, a
search was carried out for the optimal content of AMM +
PEG for compositions based on SPI2. It was established
that for the preparation of an optimal ternary composition, a
solution of a filler modified with polyethylene glycol
should be preliminarily prepared by adding a calculated
amount of AMM in the solid state to 2 % solution of PEG
in methylpyrrolidone so that, when converted to 100 wt. %
of the composition, the ratio of PEG: AMM is 2-3:0.2-
1 wt. %. Moreover, their total content in the ternary mix-
ture was no more than 4 %, i.e., less than expected by the
content of residual amido acid groups. From composite
solutions based on 96-97.8 wt. % SPI2 + 2-3 wt. % PEG
+ 0.2-1 wt. % AMM, transparent, smooth films without
defects are formed.

Based on the spectral analysis of the obtained com-
posite mixtures and films based on SPI2 and PEG +
AMM, it was confirmed (Fig. 3) that the formation of the
composite material occurs similarly to SPI1 (Fig. 2). In
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this case, the modified montmorillonite particles also do
not interfere with the docyclization of amido acid groups,
having the necessary adsorbed amount of PEG on their
external and internal (interlayer space) surfaces to main-
tain solubility.

As noted above, the modification of the polymers
with various additives is carried out in order to improve
the main characteristics of the polymer matrix, in our case,
its heat resistance and strength. Therefore, the main ther-
modestructive and mechanical properties of the obtained
composite films based on SPI1 (SPI2) + PEG + AMM of
optimal compositions were studied.
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Fig. 3. IR-spectra of films heat-treated at 275°C
and compositions in a MP solution (in KBr glasses) of various
compositions, wt. %: 97.5SPI2 + 2PEG + 0.5AMM (2 and 3);
96SPI2 +3PEG + 1AMM (1 and 4), respectively

Fig. 4 shows the thermal analysis data for compos-
ite films based on SPI1, PEG, and AMM. The diagrams of
the change in the mass of the studied films under the in-
fluence of temperature, as is well known, reflect the proc-
esses taking place in them. The jumps in the TGA curve
are due to changes in the internal energy of chemical
bonds of the components in the composite sample, which
are transformed as a result of these processes.”” In ali-
cyclic polyimides, first of all, thermal destruction of the
tricyclodecene imide fragment occurs (with the decompo-
sition onset temperature 7= 380°C, in air) with the forma-
tion of maleimide and benzene or its derivatives. At tem-
peratures above 460°C, deeper destructive processes oc-
cur, accompanied by the release of CO, CO,, H,O and H,.

As follows from Fig. 4, in the initial sections of the
thermogravimetric analysis diagrams for all compositions
when exposed to temperatures up to 200°C, the change in
mass is associated with the release of water residues from
the sample. The second section on the TGA curve in the
range from 200 to ~390°C indicates the release of solvent
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residues from the film and imidization of undercyclized
amido acid units in the alicyclic copolyimide. Further
exposure of the sample to temperature leads to the de-
composition of imide cycles (7=409-421°C). At tem-
peratures above 550°C (with a sample weight loss of over
50 %), deeper destructive processes occur. For thermo-
gravimetric analysis of samples based on SPI2 + PEG +
AMM of various compositions, a similar picture is charac-
teristic.
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Fig. 4. Diagrams of thermogravimetric analysis of composite
films based on mixtures of various compositions, wt. %:
91.6SPIl + 7PEG + 1.4AMM (1); 91SPI1 + 7PEG + 2AMM
(2); 89.5SPI1 + 7PEG + 3.5AMM (3); SPI1 (4); 87.5SPI1 + 7
PEG + 5.5AMM (5)

When carrying out studies on the calorimetric
analysis of composite films, it was found that the dia-
grams of the change in heat capacity versus the tempera-
ture of composite films at ratios of 8§7.5 wt. % SPI1 + 7
wt. % PEG + 5.5 wt. % AMM and SPI2 +2 (3) PEG + 1
(0.65) AMM have 2 jumps — the first jump with a smooth
inflection in the temperature range from 150 to 400°C and
the second with a sharp increase in heat capacity at 500°C.
The gentle character of the first inflection in the heat ca-
pacity diagram with a wider temperature range indicates
the integrity of the composite film and the compatibility
of its components, caused by partial crosslinks during heat
treatment of the residual amide acid groups of the SPI
with the terminal hydroxyl groups of PEG. The second
jump in the heat capacity at 500°C corresponds to the
mineral particles in the composite material, which for
these concentrations is associated with the decomposition
of the organic part of the filler introduced into the polymer
matrix. This explains the absence of the glass transition
temperature at the maximum content of PEG and AMM
for compositions based on SPI1 and SPI2 (Table).

At a lower AMM content in the investigated com-
posite films, the DSC diagrams have only one jump in the
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heat capacity in the region of 500°C, and the main part of
the diagrams has a smooth change in the heat capacity
with the increasing temperature, which corresponds to a
single glass transition temperature (#,) and indicates the
thermodynamic compatibility of the components in the
film.

The results of the carried studies for determination
of the main thermodestructive and physicomechanical
properties of composite films based on mixtures SPI1
(SPI2) + PEG + AMM are presented in Table. The found
values of thermodestructive characteristics and strength of
composite films, as follows from Table, exceed the values
corresponding to the initial copolymers. It was shown that
films obtained from mixtures of the initial composition
87.5SPI1 + 7PEG + 5.5AMM and 97SPI2 + 2PEG +
1AMM have the best thermodestructive properties and
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tensile strength (Gpeqr). Films with a lower AMM content
(1.4 wt. % in the case of SPI1, 0.2 and 0.5 wt. % in case
of SPI2) have the highest elasticity (elongation I).

Based on the obtained results, it can be said that
with an increase in the concentration of AMM to
5.5 wt. % in the composite mixture SPI1 + 7 wt. % PEG
+ AMM, the heat resistance of the material based on it
increases in comparison with films from the original co-
polymers. This, apparently, can be explained not only by
cross-linking along the amide acid groups of copolyimides
with terminal hydroxyl groups of PEG, which occurs
under the influence of temperature on the sample, but also
by an increase in the concentration of montmorillonite
particles in the composite mixture, which contribute to an
increase in the thermal stability of the film, as well as an
improvement in strength.'*'®

Table. Thermal and physicomechanical properties of composite films based on SPI1 (SPI2), AMM and PEG

Composition based ﬁh‘(I)l, ratio components, £ °C tosare of decomposition> °C s MPa L %
wt. % & (on air)
91.6SPI1 + 7PEG + 1.4AMM / 96.8SPI2 + 393/385 409/406 145/140 26/27
3PEG + 0.2AMM
91SPI1 + 7PEG + 2AMM / 96.5SPI2 + 3PEG 392/387 412/408 158/143 24/25
+0.5AMM
89.5SPI1 + 7PEG + 3.5AMM / 96.35SPI2 + 390/- 416/410 164/146 22/24
3PEG + 0.65AMM
87.5SPI1 + 7PEG + 5.5AMM / 97SPI2 + -/- 421/414 168/150 21/23
2PEG + 1AMM
SPI1 / SPI2 388/383 405/406 137/138 20/21
4. Conclusions References

An accessible and technological method was de-
veloped — mechanical mixing, obtaining composite films
with a good compatibility of the mineral modified with
polyethylene glycol with a polymer matrix with a maxi-
mum content of alkylated montmorillonite particles up to
5.5 wt. % (in the case of arylalicyclic copolyimide SPI1)
and 1 wt. % (SPI2). It is shown that composite films with
improved thermodestructive properties by 2-16°C and 2-
31 MPa strength properties compared to the initial copoly-
imides were obtained from ternary mixtures SPI1 (SPI2) +
PEG + AMM. Films obtained from ternary mixtures of
the initial composition 87.5SPI1 + 7PEG + 5.5AMM and
97SPI2 + 2PEG + 1AMM have the best thermodestructive
properties and tensile strength, while the elasticity of the
material remains at an acceptable level.

Acknowledgments

This research was funded by the Science Commit-
tee of the Ministry of Science and Higher Education of the
Republic of Kazakhstan (BR10965255).

[1] Leszczynska, A.; Njuguna, J.; Pielichowski, K.; Banerjee, J.R.
Polymer/Montmorillonite Nanocomposites with Improved Thermal
Properties: Part 1. Factors Influencing Thermal Stability and Mecha-
nisms of Thermal Stability Improvement. Thermochim. Acta 2007,
453,75-96. https://doi.org/10.1016/j.tca.2006.11.002

[2] Jumadilov, T.; Yskak, L.; Imangazy, A.; Suberlyak, O. lon
Exchange Dynamics in Cerium Nitrate Solution Regulated by Re-
motely Activated Industrial lon Exchangers. Materials 2021, 14,
3491. https://doi.org/10.3390/ma 14133491

[3] Shin, H.I,; Chang, J.-H. Transparent Polyimide/Organoclay
Nanocomposite Films Containing Different Diamine Monomers.
Polymers 2020, 12, 135. https://doi.org/10.3390/polym12010135
[4] Imangazy, A.; Smagulova, G.; Kaidar, B.; Mansurov, Z.;
Kerimkulova, A.; Umbetkaliev, K.; Zakhidov, A.; Vorobyev, P.;
Jumadilov, T. Compositional Fibers Based on Coal Tar Mesophase
Pitch Obtained by Electrospinning Method. Chem. Chem. Technol.
2021, 15, 403-407. https://doi.org/10.23939/chcht15.03.403

[5] Suberlyak, O.; Grytsenko, O.; Baran, N.; Yatsulchak, G.;
Berezhnyy B. Formation Features of Tubular Products on the Basis
of Composite Hydrogels. Chem. Chem. Technol. 2020, 14, 312-317.
https://doi.org/10.23939/chcht14.03.312

[6] Nesterivska, S.; Makogon, V.; Yatsyshyn, M.; Saldan, L;
Reshetnyak, O.; German, N.; Stadnyk, Y. Properties of the Compos-
ites Made of Glauconite and Polyaniline in Aqueous Solutions of



Compositions of Arylalicyclic Copolyimide with Alkylated Monthmorillonite

Phosphoric Acid. Chem. Chem. Technol. 2020, 14, 487-495.
https://doi.org/10.23939/chcht14.04.487

[7]1 Bratychak, M.; Astakhova, O.; Shyshchak, O. Epoxy Com-
posites Filled with Natural Calcium Carbonate. 3. Epoxy Compos-
ites Obtained in the Presence of Monocarboxylic Derivative of
Epidian-6 Epoxy Resin. Chem. Chem. Technol. 2020, 14, 504-513.
https://doi.org/10.23939/chcht14.04.504

[8] Sroog, C.E. Polyimides. Prog. Polym. Sci. 1991, 16, 561-694.
https://doi.org/10.1016/0079-6700(91)90010-i

[9] Tsai, C.-L.; Yen, H.-J.; Liou, G.-S. Highly Transparent Poly-
imide Hybrids for Optoelectronic Applications. React. Funct. Po-
lym. 2016, 108, 2-30.
https://doi.org/10.1016/j.reactfunctpolym.2016.04.021

[10] Gouzman, I.; Grossman, E.; Verker, R.; Atar, N.; Bolker, A.;
Eliaz, N. Advances in Polyimide-Based Materials for Space Appli-
cations. Adv. Mater. 2019, 31, 1807738.
https://doi.org/10.1002/adma.201807738

[11] Umerzakova, M.B.; Donenov, B.K.; Kainarbaeva, Z.N.;
Kartay, A.M.; Sarieva, R.B. Pilot Production of Spirulina Biomass
and Obtaining of Novel Biodegradable Surfactants. Eurasian
Chemico-Technological Journal 2020, 22, 219-226.

[12] Matsumoto, T.; Ishiguro, E.; Nakagama, S.J. Alicyclic Poly-
imides Derived from Alkanone bis-Spironorbornanetetracarboxylic
Dianhydrides. J. Photopolym. Sci. Technol. 2013, 26, 361-365.
[13] Umerzakova, M.B.; Kravtsova, V.D.; Sarieva, R.B.; Yespen-
betov, A.S. Kompozytsii na osnove alitsyklicheskoho sopoliimida i
alkilirovannoho montmorillonita. Khimicheskii zhurnal Kazakh-
stana 2020, 2, 198.

[14] Umerzakova, M.B.; Kravtsova, V.D.; Sarieva, R.B. Izuchenie
svoistv kompozytsii na ocnove sopoliimidov s dobavkami alkiliro-
vannoho montmorillonita. Khimicheskii zhurnal Kazakhstana 2020,
3, 107.

[15] Umerzakova, M.; Sarieva, R.; Yespenbetov, A.; Kainar-
bayeva, Z. Composition Based on Alicyclic Copolymide and Poly-
ethylene Terephthalate. Chemical Bulletin of Kazakh National
University 2022, 104, 12-21. https://doi.org/10.15328/cb 1248

[16] Cheng, C.-F.; Cheng, H.-H.; Cheng, P.-W.; Lee, Y.-J. Effect
of Reactive Channel Functional Groups and Nanoporosity of Nano-
scale Mesoporous Silica on Properties of Polyimide Composite.
Macromolecules 2006, 39, 7583-7590.
https://doi.org/10.1021/ma060990u

[17] Zhubanov, B.A.; Umerzakova M.B.; Kravtsova, V.D.; Iska-
kov, P.M.; Boiko, H.I.; Mukhamedova, R.F.; Almabekov, O.A.;
Zainullina, A.Sh.; Sarieva, R.B. Kataliticheskii sintez alitsyk-
licheskikh poliimidov. Khimicheskii zhurnal Kazakhstana 2018,

4, 304.

[18] Umerzakova, M.B.; Kravtsova, V.D.; Sarieva, R.B., Kainar-
bayeva Zh.N. Kompozitsionnye materialy na osnove arilalitsik-
licheskoho sopoliimida s dobavkami polietilenhlikolya.
Khimicheskii zhurnal Kazakhstana 2018, 2, 165.

[19] Bekturov, E.; Tolendina, A.; Shaikhutdinov, Y.; Dzhu-
madilov, T. Complexation of poly(Ethylene glycol) with Some Salts
of Alkali-Earth Metals. Polym. Adv. Technol. 1993, 4, 564-566.
https://doi.org/10.1002/pat.1993.220040907

607

[20] Al-Sahly, M.; El-Hamshary, H.; Al-Deyab, S.S. Impact of
Chain Length on Release Behavior of Modified Polyethylene Gly-
col Intercalated-Montmorillonite Nanocomposite. J. Nanosci.
Nanotechnol. 2020, 20, 5546-5554.
https://doi.org/10.1166/jnn.2020.17860

[21] Satoh, A.; Morikawa, A. Synthesis and Characterization of
Aromatic Polyimides containing Trifluoromethyl Group from Bis(4-
amino-2-trifluoromethylphenyl)ether and Aromatic Tetracarboxylic
Dianhydrides. High Perform. Polym. 2010, 22, 412.
https://doi.org/10.1177/0954008309336324

[22] Kamunur, K.; Jandosov, J.; Abdulkarimova, R.; Hori, K.;
Yelemessova, Zh.K. Combustion Study of Different Transitional
Metal Oxide based on AN/MgAl Composites Gas Generators.
Eurasian Chemico-Technological Journal 2017, 19, 341-346.
https://doi.org/10.18321/ectj682

Received: July 29, 2021 / Revised: September 07, 2021/
Accepted: October 25, 2021

KOMITO3MIIIT APUIAJIIAKJITYHOT O
KOTIOJIIIMIZTY 3 AJIKIbOBAHAM
MOHTMOPHUJIOHITOM

Anomauin. Y pobomi nasedero pe3ynomamu 00CioxHceHs 3
OMPUMAHHA MA BUBHEHHS GIACIMUBOCMEL KOMNOUYIIHUX Mame-
planie Ha OCHOGI KOMNO3UYIL ApUIANiYyUKIYHO20 KONOMIMIOY U
aikinboeanozo mowmmopunonimy (AMM), moougikosanozo noni-
emuienenikonem, O NiOGUUEHHs. CNOPIOHEHOCMI NPUPOOHO2O
MiHepany 00 nonimepHoi mampuyi. Bcmanogieno, wo nioguwennst
CYMICHOCMI KOMROHEHMI@ KOMNO3UYii 8i06Y8aemuCsi 3a605KU 000a-
6AHHIO 00 PO3UUHY KONOMIMIOY NONEPEOHbO NPUCOMOBAHOL CyMIiUi
anKinbo8ano2o Moummopunonimy 6 5 %- ma 2 Y%-nomy posuumi
noniemwienanikomo 6 memunniponiooni. Ha ocnosi 14-cnexmpo-
cKOnii ompumanux cymiwieni i imepamypHux OaHux 3pobieHo
NPURYWEHHST 000 NeBHO20 MEXAHI3M (DOpMYBaHHS KOMRO3UYIL.
Busnauerno cnonyku KonomiMiOHUX KOMRo3uyiti 3 MOOUQIiKoganum
MoHmMMOpUNOHimoM. Bcmanoeneno, wo 3azanvHuli 6Micm ankineo-
6aHO20 MOHMMOPUIOHINY mMA NONEMUNEHSNIKONI0 He NOBUHEH
nepesuwgysamu 12,5 mac. % y pasi kononiimioy — 1 mac. %, a 'y
8UNAOKy Kononiimioy-2 — 4 mac. %. 3naiideno onmumanvHi ymosu
OMPUMAHHA HA iXHill OCHO8I NPO30PUX KOMNOSUMHUX NIIGOK 3
2NA0K0I0 NOBEPXHEI0 MEMOOOM MEXAHIUH020 3miuysanHa. Busha-
YeHO IXHI OCHOBHI MepMOOeCmpPYKMUGHI Ma MexXaHiuHi G1acmu-
socmi. Tloxkazano, wjo mamepianu Maioms 6UCOKI MEPMOOECPYK-
MueHi  ma MIYHICHI  GIACMUBOCMI:  MemMnepamypa no4amxy
posknady cmarosums 409-421°C, a miynicme Ha po3pue nedxicums y
mexcax 140-168 MIla. Haiikpawi  mepmooecmpykmusHi  e1ac-
Mmueocmi ma MiyHicmb HA PO3PUE MAIOMb NAIBKU, OMPUMAHI 3
nompivinux cymiwetl euxionozo cknady 87,5 SPII + 7 PEG +
5,5 AMM ma 97 SPI2 + 2 PEG + 1 AMM, npu yvomy enacmuu-
HICMb Mamepiany 3anuuunacs Ha NPUIHAIMHOMY DIGHI.

Knrouosi cnosa: apunaniyuriivnuii Konomimio, noxiemui-
EH2NIKONb, AIKIIbOBAHULL MOHIMMOPUIOHIM, KOMNO3UYISA, MEeXaHism,
nieKa, 61AcCmu6oCmi.



