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SOME PECULIARITIES OF OBTAINING COMPOSITIONS
ON THE BASIS OF ALICYCLIC POLYIMIDE
AND NATURAL MINERAL MONTMORILLONITE

Abstract. In this work, an analysis was conducted of research on the production of
materials on the basis of alicyclic polyimide with plasticizing additives in the presence of
the inorganic filler is montmorillonite by the method of IR-spectroscopy. Installed some
of the features of their production, namely, compositions based on alicyclic polyimide
with additives alkylated montmorillonite and polyacrylic acid formed intercalated struc-
ture. In the ternary compositions of alicyclic polyimide with polyethylene glycol and
alkylated montmorillonite, a natural mineral, apparently, forms a complex with terminal
groups of polyethylene glycol. The presence of a complex in the ternary composition
based on polyimide, polyethylene glycol and montmorillonite, is reflected in the DSC
diagram, which manifests itself 2 the specific heat jump corresponding to the polymer-
polimer interactions and polymer-low-molecular substance.

Key words: polyimide, montmorillonite, composition, intercalation, complex.

Obtaining composite materials based on polyimides with additives of natural
mineral montmorillonite are currently, is a promising direction [1]. As such mate-
rials, due to the large surface of the filler particles of nanoscale range, enhanced
interaction of polymer matrix with the inorganic component, thereby increasing
the thermal and mechanical properties of the composition as a whole [2].

In the literature there are publications on the development of composite
material based on various polyimides, for example, in [3] use particles of Na-
montmorillonite (exfoliating filler) to activate the process of imidization of poly-
metakrilate aromatic structure. Known composite materials based on polyimide
derived from dianhydride 3,3',4,4'-oxydiphthalic and 1,3-bis-(4- aminophenoxy)-
2-propanol silica [4,5], it is shown that the synthesized nanocomposites
covalently bound silica is distributed in the Pl of the active amino groups. The
obtained thermoplastics based on poly[4,4'-bis(4"-N-phenoxy)-diphenylsulfo-
neJimide 1,3-bis(3',4 dicarbofenoxy)benzene with modified montmorillonite [6].

It is known that composite materials based on layered silicates are classified
into three main types, depending on the nature of initial components, conditions
and the production method [1]. This is a traditional microcomposite, in which the
particles retain their original size, which is formed under the condition that the
polymer does not penetrate into the interlayer space of the silicate. Another type
of the composite when the material is formed intercalated structure, i.e., the poly-
mer penetrates between the layers of silicate. In this case, there is an increase in
the interlayer distance, but while maintaining an orderly layered structure of the
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mineral. The third type is the so-called exfoliating nanocomposite in which the
silicate delamination of the individual layers dispersed in the polymer matrix. The
latest nanocomposite is formed in the harsh conditions of the modified clay an
organic compound with the chemical reactions of polymerization of monomers
(in the processes of mixing of the reaction) [7] or in the melt of polymers.

In this work, we used the alkylated montmorillonite (AMM), for which
earlier [8] based on methods of IR spectroscopy, x-ray diffraction and differential
scanning calorimetry were installed structure :

CHz;-O O - CHs
Ngj” . Al,O3 - H,0

CH;—0 ~ “O-CHs,

It was determined that AMM is a compound where the methyl group with
silicon oxide are linked directly by a covalent bond. And thus, AMM is a holistic
layered silicate.

Upon receipt of the ternary compositions based on Pl, AMM and various
polyfunctional polymers, such as PEG, and PAK, the formation of different types
of nanocomposites. It was found that the formation of compositions from
AMM+PAK for these investigated systems in the spectra (figure 1, curve 3, 4) ob-
served deformation of the main characteristic bands of stretching vibrations of
PAK (viess™) [9].
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Figure 1 — IR spectra PAK (1) and compositions based on it with AMM
when the ratio (wt.%) PAK: AMM = 1:0,25 (2); 0,5 (3); 1(4)
in the solution of MP in glasses (KBr)
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Whereas in the ternary composition PI+AMM+PEG these deformities stret-
ching vibrations characteristic bands (figure 2, curve 1, 2; vig3s 1680 oy V16451706 CM'l)
related to aminoacide and C-O groups [9] Pl and PEG, respectively, does not
occur. This implies that in the composite AMM+PAK intercalation occurs the
entry of PAK into the interlayer space of a layered silicate.
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Figure 2 — IR spectra compositions based on PI1+1.5 wt.%AMM+6 wt..%PEG(4)(2);
P1+3 wt.%AMM+6 wt.%PEG(3)(1) 3.4 film,
dried at 90°C; 1.2 the solutions of the ternary mixture in the glass (KBr)

This does not contradict the literary data [10], where in the polymerization of
polyacrylice acid used layered silicate montmorillonite (MM). The study gives the
following interpretation of the process of intercalation between layers MM there
is a weak link at the level of Van der Waals, whereby a polar molecule PAK can
be introduced between the layers of the mineral. X-ray diffraction analysis, it was
shown that in this case, the structure of two-dimensional layers of MM is not
changed, and only increases the distance between the layers.

Apparently, in this material system AMM+PAK, the penetration of PAK
molecules in the interlayer space of a natural mineral of the montmorillonite leads
to deformation of the stretching vibrations of the functional groups PAK on
compositional spectra mixture. This pattern is observed for ternary compositions
based on Pl, MM and PAK (figure 3).

In the formation of a triple composition based on Pl, PEG and AMM
intercalation does not occur — deformation of stretching vibrations of functional
groups of the components of the mixture have not been identified (figure 4). It can
be assumed that the destruction of the layers of the AMM does not occur, because
getting a double (PI1+PEG) and the triple composite (PI+PEG+AMM) were not in
hard conditions — mechanical method of mixing [11] at 40°C.
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Figure 3 — IR spectra Pl and PAC (1) and ternary compositions based
on Pl, PAK and AMM at a ratio of PAK:AMM=2,7:0,7(2);
1,4; 2,7(3) wt.% in relation to P (100 wt.%);
in the solution of MP in glasses (KBr)
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Figure 4 — IR spectra of the compositions on the basis of P1+1.5 wt.%AMM+6 wt.%PEG(4)(2);
P1+3 wt.%AMM+6 wt. %PEG(3)(1) 3.4 film, dried at 90°C;
1.2 the solutions of the ternary mixture in glasses (KBr)
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Perhaps the particles of AMM, form a complex with PEG via the terminal
hydroxyl groups. It is known that the oxides of silicon (in the silicon exhibits four
valence) with oxygen-containing substances, silicon can exhibit a coordination
number 5 and forming in this direction the complex [12]. The diagrams DSK
ternary composition PlI, AMM and PEG 2 is observed in the specific heat jump,
the lower sheets stitched T4,=343°C, apparently, refers to the Pl associated with
the PEG partial cross-linking [13]. The second glass transition temperature
T4=511°C corresponds to the manifestation of the energy relations ternary
mixtures of PI+PEG+AMM and the complex of PEG with AMM in particular,
because the pure PI does not react with the particles of AMM [14].

It should be clarified that in polymer composite materials the criterion for the
compatibility of components in the mixture is the glass transition temperature
(Tgy), namely, if the compatibility of components in polymer blends manifested a
single glass transition temperature. For low molecular weight substances, this
assessment is somewhat different. In this case, when the formation of complexes
on the figures, changes in the heat capacity manifests the individual jumps
corresponding to the different means of communication, as it was shown in [8].
Therefore, the chart of change in internal energy in the composition of
PI+PEG+AMM were two of a specific heat jump corresponding relations of
polymer-polymer and polymer-low-molecular substance. But while maintaining
the compatibility of all components in the material, as evidenced by the trans-
parency of the material, and it persists for a long time (2 years). Because, in the
absence of the compatibility of components in the composite material, the
particles of montmorillonite vipotest on the film surface for six months.

Lab: METTLER

Figure 5 — Is a Thermogravimetric and calorimetric chart films triple compositions based
on songs from the P1+3 wt. % AMM+6 wt.%PEG
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On the basis of conducted research we can say that in the ternary compo-
sitions based on PI+PEG+AMM and PI+PAK+AMM form different types of
nanocomposites, namely in the first case is the formation of a complex of a
layered silicate with end groups of PEG, in the second case is formed intercalated
structure of the mineral PAK. In both cases, the resulting nanocomposite in
certain proportions are well aligned with PI.

Thus, to obtain thermodynamically compatible composites based on alicyclic
polyimide particles of natural mineral montmorillonite, can be successfully used
small additions of polyfunctional polymers, such as PEG, and PAK.

The research was carried out according to the scientific and technical
program No. BR05234667 within the framework of program-targeted financing
CS MES RK.
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AJIMIUKIIABI TIOJIMUMUATI 2)KOHE TABUFU MUHEPAJI
MOHTMOPUJUIOHUT HEI'T3IHZIET'T AJIbIHFAH
KOMITA3ZULIAHBIH KEWMBIP EPEKHIEJIIKTEPI

JKyMpIcTa IIacTMaccaMeH KAHBIKKAH aWIUKIIBI MOJUMMHAJ HETI3IHAC albIHFaH
MaTepHangapAbl MOHTMOPWUIOHHTTI OCHOPraHUKANbIK KOCIACBHIHBIH  KATBICYbIMECH
UK-cnekTpockonust omiciMeH aHaim3 jKacanblHIel. OnapAbl aynblH KeOip epekiie-
JKTEpi aHBIKTAIBI, aTall aifTcaK, alUIUKIIB TIOMHAMHU HETi31HIeTi KOMITa3uIUsAFa ai-
KWIACTIHTCH MOHTMOPHJIIOHUTTI KOHE MOJMAKPHI KBIMIKBUIABI KOCHAIAPIbIH KAaThI-
CBIHIa MHTEPKATUPJICHICH KYPBUIBICHI TY3UIedi. ATMIUKIABI TTOTHAMHUATI, TOTMITHICH-
TJINKOJIBMEH JKOHE aJKWIICHICH TaOUFH MUHEPaT MOHTMOPHIIOHUTTI YIITIK KOMITA3UITUS
KOMITa3UIIMs MOJUITUICHTTIMKOJBIIH TOOBIMEH asKTajaaabl JEreH TYXbIPbIM Oap. MoHT-
MOPHUIOHHUT JKOHE TOMATHICHIJINKOJIb, MOJUUMHUI] HETI31HICTI YIITIK KOMIA3UIMs T10-
JUMEP-TIOJIUMEPITIK ©3apa OPCKETTECY JKOHE MOJMMEP-TOMEHTT MOJCKYJalbl 3aTTapFra
coiikec JICK nuarpammana 2 cekipicTi >KbUTyCHBIMABUIBIFEI Oap.

Tyiin ce3aep: NOIMHMHUA, MOHTMOPWUIOHUT, KOMITO3UIHSIAP, WHTEPKAISAIH,
KOMIUIEKC.
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HEKOTPBIE OCOBEHHOCTH MOJIYYEHU A KOMITO3ULIUIA
HA OCHOBE AJIMIUKJIMYECKOI'O ITOJIMMMUJIA
N ITPUPOJITHOI'O MUHEPAJIA MOHTMOPMJUUIOHNUTA

IIpoBenen aHanu3 ucciaeOBaHUN IO TOJYYEHUIO MaTEPUAIOB Ha OCHOBE alMIIUK-
JMYECKOro MOJUMMHUIA C TUIACTU(GHUIMPYIOIMMU 100aBKaMH B TPUCYTCTBHU HEOPTaHU-
YCCKOT'0 HAMNOJJHHUTEIA MOHTMOPHUJIJIOHUTa METOJAOM I/IK-CHeKTpOCKOHI/II/I. YcTaHOBIEHBI
HEKOTOpbIE OCOOEHHOCTH HX IIOJydCHUs, a MIMEHHO B KOMITO3MIMHM HAa OCHOBE AJIMIIUK-
JIMYECKOTO TOJMHMMHUA C 100aBKaMH aJKWJIMPOBAHHOTO MOHTMOPWJUIOHWTA WM TOJIHAK-
PHIIOBOM KHCIOTHI OOpa3yroTcs WHTEPKAIHPOBAaHHBIE CTPYKTYpHL. B TpoitHOI KomIto-
3UIUHM U3 ATUOUKIMYECKOTO MOJMHMHIA C MOJIMITWICHIJIMKOIEM M aJKWJINPOBAHHBIM
MOHTMOPWUIOHUTOM MPUPOIHBIN MHHEpaJl, MO-BHIUMOMY, 00pa3yeT KOMIUIEKC ¢ KOHIIe-
BBIMU TPYHNNaMH MOJIMITUICHIIMKOINA. Hanndne xomriekca B TpOWHON KOMIIO3UIIMU Ha
OCHOBE MOJMUMHJA, MOJUITHICHIIHKONA M MOHTMOPHUIUIOHHTA OTpa)kaeTcs Ha Jua-
rpamme JICK, Ha KOTOpOH IposBIsAeTcs 2 CKayka TEIUIOEMKOCTH, COOTBETCTBYIOIIHE
B3aUMOJICHCTBUAM MOIUMEP-TIOJINMEDP U NOIUMEP-HU3KOMOJIEKYJIIIPHOE BEIECTRO.

KulloueBble cJIOBAa: TOJUUMUJ, MOHTMOPWUJUIOHUT, KOMIIO3UIIMS, WHTEpPKAJSALK,
KOMILJIEKC.
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