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Abstract

Functional copolymer—clay hybrids were synthesized by radical-initiated intercalative copolymerization of
maleic acid (MA) and acrylamide (AAm) with 2,2’-azobis (2-methylpropionamidine) dihydrochloride as a
water-soluble ionizable radical initiator in the presence of reactive (octadecyl amine (ODA)-MMT) and
non-reactive (dimethyldodecyl ammonium (DMDA)-MMT) organoclays at 50°C in aqueous medium under
nitrogen atmosphere. The monomers was dissolved in aqueous medium, as well as both used clay particles
were easily dissolved and dispersed with partially swollen in deionized water, respectively. Structure,
thermal behavior and morphology of the synthesized nanocomposites were investigated by FTIR, XRD,
DSC-TGA, SEM and TEM analysis methods, respectively. It was demonstrated that intercalative copolyme-
rization proceed via ion exchange between organoclays and carboxylic groups of monomers/polymers which
essentially improved interfacial interaction of polymer matrix and clay layers through strong H-bonding. In
case of intercalative copolymerization in the presence of ODA-MMT clay, similar improvement was pro-
vided by in situ hydrogen-bonding and amidolysis of carboxylic/anhydride groups from copolymer chains
with primary amine group of ODA-MMT. The nanocomposites exhibit higher intercalation/exfoliation de-
gree of copolymer chains, improved thermal properties and fine dispersed morphology.
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1. Introduction

The conventional montmorillonite (Na'-MMT) clay-
filled polymer microcomposites are disadvantageous for
non-uniform distribution of the clay in matrix polymers
due to hydrophilic origin of the inorganic clay which
does not provide a better dispersion in most hydrophobic
organic polymer phases. To improve the interfacial inte-
raction between the clay galleries and polymer matrix
and to prepare a polymer layered clay nanocomposite,
many researchers utilized the organic derivatives of clays,
which is easily prepared by surface modification of clay
layers with organic surfactants through intercalation in
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situ processing [1-5]. Now, organoclays like well-inves-
tigated nanofillers have considerable attention from aca-
demic and industrial researchers to prepare the various
polymer nanosystems and nanomaterials with improved
properties and broad application areas. Unlike the pris-
tine polymers and their clay-filled micro composites,
polymer/organoclay nanocomposites, containing the
welldispersed nanosize particles, exhibit significantly
improved thermal, mechanical, optical, barrier and phys-
icochemical parameters [6-8]. Recently, many effective
approaches and synthetic partway for the preparation of
polymer/organoclay nanocomposites were developed.
Althougth the most promising reaction to synthesize
polymer/clay nanocomposites is the intercalative poly-
merization of functional monomers, such as styrene [9-10],
N-vinyl carbazole [11], 4-vinylpyridine [12], methyl
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74 Z.M. O.RZAYEV ET AL

methacrylate [13-15], acrylonitrile [16] and N-n-butyl
maleimide [17], the intercalative radical (co) polymerize-
tion of monomer systems in presence of mineral clay,
especially in water solution, has been scarcely investi-
gated. Examples are bulk copolymerization of styrene-
methyl methacrylate [18-20], emulsion copolymerization
of styrene-acrylonitrile [21], styrene-N-phenylmaleimide
(PhMI) [22] and styrene-butyl methacrylate [23] mono-
mer pairs. It was observed that the polymerization rate
accelerated by the addition of the clay in reaction me-
dium; this addition also significantly influenced on the
structure and properties of the prepared polymer nano-
composites [19,24]. Liu et al. [24-26] investtigated the
bulk, solution and emulsion copolymerization of styrene
with methyl methacrylate and PhMI (at 1:9 molar
PhM/styrene feed ratio) in the presence of organo (cetyl-
trimethyl ammonium bromide)-modified MMT or
Na'-MMT in order to prepare nanocomposites with good
dispensability of clay. Wang et al. [27,28] showed that a
comparison of organic solution, emulsion, suspension
and bulk polymerization along the nanocom-posites may
also prepared by melt in situ reactive blending of mono-
mer/polymer/clay mixtures. Nguen and Baird [29]
reported the different methods and types of polymers
using for preparation of polymer nanocomposites, the
structure and properties of layered silicates, and the most
common techniques used for characterization of nano-
composites. In the last decade, the alternating, random
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and graft copolymers of maleic maleic and acrylic
monomers widenly utilized for the preparation of
polymer/organo-silicate (or silica) hybrid materials throu-
gh melt compounding by reactive extrusion and sol-gel
methods. However, interlamellar water solution copoly-
merization of maleic anhydride (MA)/acid (MAc) with
acrylamide (AAm) via pre-intercalated MAc... organo-
clays (O-MMTs) complexes as a green processing, as well
as copolymer/organoclay compositionnano-structure-pro-
perty relationships have not been investigated.

Synthesis and characterization of some selective fun-
ctional copolymer/organo-silicate hybrid nanocomposites
prepared in organic solvents were a subject our previous
publications [30-32]. In this work, we have synthesized
functional polymer silicate layered nano-composites by
the radical-initiated intercalative (co)-polymerization in
the presence of water soluble reactive octadecyl amine
(ODA-MMT) and partially water-swollen dimethy-
ldidodecyl amonium (DMDA-MMT) as organic deri-
vatives of MMT clay in water at 60°C under nitrogen
atmosphere. The polymer/clay hybrid structure-com-
position-property (thermal behavior and morphology)
relations were investigated by FTIR, XRD, DSC-TGA,
SEM and TEM analysis methods. General scheme of
synthetic routes for the preparation of nanostructural
hybrids by the interlamellar copolymerization through
interfacial monomer/organoclay complex-formation can
be represented as follows Figure 1:
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Figure 1. Schematic representation of synthetic partway for the preparation of functional copolymer/organoclay nanostruc-
tural hybrids through radical intercalative polymerization in aqueous solution.
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2. Experiment
2.1. Materials

MA monomer (Fluka, Switzerland) was purified by re-
crystallization from anhydrous benzene solution and sub-
limation in vacuum. AAm monomer (Aldrich-Sigma,
Germany) was purified before use by distillation under
modernate vacuum. 2,2’-Azobis(2-methylpropion amid-
ine) dihydrochloride (ABPA) an ionizable water-soluble
radical initiator (Fluka) was recrystallized twice before
use from methanol. Octadecyl amine (ODA)-montmoril-
lonite (MMT) organoclay (Nanomer 1.30 E, Nanocor
Co.) supplied from Aldrich, having the following aver-
age characteristics: content of octadecyl amine 25-30%;
particle size 8-10 um, bulk density 0.41 g/cm’, crystal-
linity 52.8% (by XRD), glass-transition temperature (T,)
108.4°C (by DSC for the surface alkyl (C,,) amine frag-
ment), temperature of decomposition for Tyenser 275°C
and Tymax) 380°C (by TGA). Dimethyldidodecyl ammo-
nium (DMDA-MMT, Viscobent SB-1) was purchased
from Bensan (Enez, Turkey) having the following aver-
age parameters: specific surface area 43.6 m”.g”', specific
mesopore volume 0.14 cm’.g™!, content of N 1.12% and
C 32.56%, crystallinity 58.2% (by XRD), glass-transition
temperature (T,) 158.6°C (by DSC for the surface alkyl
ammonium fragment), temperature of decomposition for
Taonseyy 238°C and Tymaxy 361°C (by TGA). All other
solvents and reagents were of analytical grade and used
without purification.

2.2. Synthesis Procedures

The poly(MAc-alt-AAm)/ODA-MMT and poly(MAc-
alt-AAm)/DMDA-MMT hybrids were synthesized by
intercalative copolymerization of equimolar mixture (1:1)
of MAc monomer with AAm comonomer in the pres-
ence of ABPA (0.25 wt.%) as a radical initiator and reac-
tive and non-reactive organoclays (5 wt.%) at 60 £ 0.1°C
in deionized water under nitrogen atmosphere by inten-
sive mixing in carousel type of micro reactor up to the
formation homogeneous solution (for ODA-MMT) and
fine dispersion (for DMDA-MMT). Then prepared mix-
ture treated by large amount of methanol at 20°C by in-
tensive mixing up to full precipitation of powder product,
which is isolated by filtration, and drying under vacuum.

2.3. Characterization
FT-IR spectra of the copolymers (KBr pellet) were re-
corded with FT-IR Nicolet 510 Spectrometer in the

4000-400 cm™ range, where 30 scans were taken at 4
cm’ resolution.
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The X-ray powder diffraction (XRD) patterns were
obtained form a Rigaku D-Max 2200 powder diffrac-
tometer. The XRD difractograms were measured at 26,
in the range 1-50°, using a CuK, incident beam (A =
1.5406 A), monochromated by a Ni-fiter. The Bragg
equation was used to calculate the interlayer spacing (d):
nA = 2dsin®, where n is the order of reflection, and O is
the angle of reflection. Crystallinity of the nanocompo-
sites was calculated using the Equations (1) and (2) [33]:

Xe = ol "S1o(8)ds /,[7s7(s)ds (1)

where s is the magnitude of the reciprocal-lattice vector
which is given by s = (2sinB)/A (0 is one-half the angle
of deviation of the diffracted rays from the incident
X-rays and A is the wavelength); 1(s) and I.(S) are the
intensities of coherent X-ray scattering from both crys-
talline and amorphous regions and from only crystalline
region of polymer sample, respectively, and d is inter-
layer spacing.

Te (%)= Wo/( W, + W,).10 2

where, W, and W, are the areas of the crystalline and
amorphous portions in the X-ray diffractogram, respec-
tively.

Intercalation/exfoliation degree (ED) was calculated
according to the following equation:

ED (%)= l/( I, + 1,).10? 3)

where, I, (or |;) and |, are the intensity of the diffraction
peaks associated with the exfoliated (or intercalated)
and non-exfoliated structures at corresponding 20
values.

The surface morphology of nanocomposites was
examinated using a scanning electron microscope (SEM)
(JSM-6400 JOEL SEM with scale: 1 and 10 pm, x10*
and an accelaration voltage 20 kV). All speciments were
freeze-dried and coated with a thin layer of gold before
testing. Transmission electron microscopy (TEM) im-
ages were obtained on a Jeol JEM-2100F transmission
electron microscope with an acceleration voltage of 200
kV and emission current 146 mA. This method allowed
performs a higher resolution image due to the decrease in
wavelength. An electron gun emits an electron beam
which moves through a condenser aperture and then
bombards the specimen. The TEM specimens were cut at
room temperature using an ultramicrotome. Thin speci-
mens, 50-80 nm, were collected in a trough filled with
water and placed on 200 mesh copper grids.

Thermogravimetric (TGA) and differential scanning
calorimetric (DSC) analyses were performed in a Ther-
mal TGA-DTA Analyzer (Shimadzu DTG-60H, Japan)
and Shimadzu DSC-60 Analyzer (Kyoto, Japan), under
nitrogen atmosphere at a heating rate of 10°C/min.
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3. Results and Discussion
3.1. Chemical and Physical Structures

We are investigated the influences of different organic
modified MMT on the chemical and physical structures
and properties of the copolymer/clay nanocomposites.
Structures of synthesized poly(MAc-alt-AAm)/organo-
clay nanocomposites were confirmed by FTIR spectros-
copy Figure 2.

Results of comparative spectral analysis of the pristine
Na'-MMT clay, organoclays and copolymer/organoclays
nanocomposites indicate the following changes of the
characteristic bands in FTIR spectra of nanocomposites:
1) because the interlayer molecular complexes, new
characteristic bands at 2531 cm™ (stretching of -COOH
in the complex), 1725 cm™ (fairly broad acid C=0
stretching in —COO™), 1670 cm™ (shifted to high region
NH, deformation), 1420 cm™ (-H;N" antisym. deforma-
tion) which can be related to complexed -COO . "NH;—
linkages, 2) the absorption bands at 3248 cm™ (NH, sym.
stretching), 2926 and 2853 cm™ (CH, stretching), 800
em™ (NH, wagging), 1468 and 723 cm™ (CH, deforma-
tion and CH, rocking in —(CH,),— methylene long chain)
are associated with alkyl amine fragment in
—~(CH,),~N".00C— complex, 3) 1370 and 1364 cm’
(CH; deformation in —C(CHj),— and 4) characteristic
bands at 3632 and 3394 cm™ (Si-OH and OH from water
molecules in pristine clay, respectively), 1200-1000 cm’
(strong broad Si-O-Si vibration), 916 cm™ (Si-O
stretching), 523 (Al-O stretching) and 463 (Si-O bending)
of MMT silicate layers. Band at 1509 ¢cm™ associated
with symmetric stretching vibration of -COO™ group.

The formation of new characteristic amide-II band at
1655 cm™, and significantly decreasing the intensity of
broad carboxylic band at 1725 cm™ and 2580 cm™ band
corresponding to the carboxylic groups in -NH;". "OOC—
complexes indicate the chemically and physically inter-
actions between functional copolymer chains and organic
modified silicate layers.

XRD patterns of pristine MMT, organoclays (ODA-
MMT and DMDA-MMT), PAAm/MMT and poly
(MAc-alt-AAm)/organoclays nanocomposites are shown
in Figure 3, and obtained XRD parameters were summa-
rized in Table 1.

The copolymer/organoclay nanosystems synthesized
by interlamellar copolymerization predominantly exhibit
semicrystalline structure and better intercalation/exfo-
Liation in situ processes. The formation of crystalline
phases significantly depends on the nature of organoclay
used in nanocomposites. The average basal d-spacing of

Copyright © 2011 SciRes.

pristine MMT clay significantly increases from 14.5 A to
34.6 A and 2.42 A after surface modification of clay by
ODA and DMDA surfactants, respectively. This in situ
process is simultaneously accompanied by decreasing the
20 values, which indicated the intercalation of organic
surfactants into the silicate galleries on MMT through
cationic arrangement. Observed relatively higher values
of d-spacing for the copolymer/organoclay systems at
lower angle than that of the organoclays indicates the
realization of intercalation and exfoliation (predomi-
nantly) processes and formation of semicrystalline nano-
structures. Distance between silicate layers (do)- spac-
ing) essentially increase from 10.96 and 16.98 A for the
ODA- and DMDA-MMT clays t016.87 (Ad = (d.-d,) =
5.91 A) and 27.14 A (Ad = 10.16 A) for the reactive and
non-reactive organoclaycontaining nano-composites,
respectively (Table 1). Simultaneously shift of 26 to
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Figure 2. FTIR spectra of (1) MMT clay, (2) ODA-MMT,(3)
DMDA-MMT, (4) poly(MAc-alt-AAm)/ODA-MMT and (5)
poly (MAc-alt-AAm)/DMDA-MMT nanocomposites.
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Figure 3. XRD patterns of (a) and (b) copolymer-
organoclays and (c) pristine organoclay.

Copyright © 2011 SciRes.

lower region in the XDR spectra was observed. Calcu-
lated values of the exfoliation degree (ED) for both the
copolymer/organoclay nanocomposites show that co-
polymer/DMDA-MMT system exhibits relatively high
degree of exfoliation (80.7%) than that of the nanocom-
posite prepared in the presence of reactive organoclay
(69.9%).

3.2. Composition—-Morphology Relations

It is well known that SEM method is important in the
investigation of surface morphology-structure-property
relationships of polymer composites and polymer/or-
gano-silicate nanocomposites on various length scales
and provides very direct evidence of intercalation and
exfoliation of the polymer chains into silicate galleries
[34]. SEM images indicated that surface morphology of
the copolymer/organoclay nanocomposites essentially
depends on the type of used organo-clay. Sem images of
synthesized nanocomposites were illustrated in Figure 4.

In the case of reactive organoclay (ODA-MMT), rela-
tively fine distributed morphologies were observed.
Agreeing with these images, the dispersed phases are
visibly reduced in the non-reactive organoclay (DMDA-
MMT) nanosystems. This observed fact can be explained
by chemical in situ processing through amine/acid reac-
tions which are carried out in nano scale between silicate
galleries.

TEM is required to image the clay platelets and fully
identify the type of nanocomposites that has been pro-
duced. To further confirm the dispersion of organoclay
fragments in the matrix copolymer, TEM investigations
are also required. For the preparing TEM specimens of
the copolymer/organoclay nanocomposite, the focused
ion beam (FIB) technique with a sort time of exposition
(10-20 s) was used. According to Monticelli et al.[35],
TEM analysis method turn out to be less challenging
when exfoliated nanocomposites are studied with respect
to the characterization of intercalated nanostructure sys-
tems, where clay structure undergoes a modification and

Table 1. XRD parameters and crystallinity (x.) of
copolymer-organoclay hybrid nanocomposites (NC).

NCs and 20 d-spacing  Intensity ED Xe
O-MMTs (°) (A) (counts) (%) (%)
ODA-NC 5.24 16.87 675 69.95 38.3
ODA-M

MT 8.20 10.96 280 - 52.8
DMDA- 6.52 27.14 1568 80.70 424

NC
DMDA-

MMT 5.20 16.98 375 - 58.1
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Figure 4. SEM images of copolymer/ODA-MMT nanocom-
posite: (a) 1 pm x 10.000, (b) 10 pm x 1000 and (c¢) 10 pm x
2500; copolymer/DMDA-MMT nanocomposite: (d) 1 pm x
10.000, (¢) 10 um x1000 and (f) 10 pm x 2500 magnifica-
tion.

decomposition under electron beams, which is supported
by the disappearance of some layers and the toning down
of others. The TEM images are illustrated in Figure 5.
The TEM observations show that the formation of an
exfoliated nano-morphology between silicate galleries.
The presence of single and partially agglomerated (black
points in TEM images associated with intercalated
structures) clay layers dispersed in copolymer matrix
indicates the formation of individual dispersion of de-
laminated clay platelets, and therefore a predominantly
exfoliated nanostructure. Relatively homogenous phase
distribution was observed for nanocomposites prepared
in the presence of ODA-MMT clay Figure 5 which is
reasonable agreement with SEM analysis results.

3.3. Thermal Behavior

The results of differential scanning calorimetric (DSC)
and thermal gravimetric analyses (TGA) of pristine
Na'-MMTand its organic derivatives, as well as synthe-
sized nanocomposites were illustrated in Figures 6-7,
and summarized in Table 2.

All samples were undergoing to thermo treatment at

Copyright © 2011 SciRes.

110°C for 2 h before performing the thermal analysis.
DSC curves of organoclay indicate that both the organo-
clays exhibit glass-transition temperatures (T,) at 158.6
and 108.4°C, respectively (Figures 6(a-b)). These ob-
served transitions may be attributed to the alkyl amine
(or ammonium) surfactants. While nonorganic pristine
Na'-MMT (Figure 6(c)) is not exhibits a glass-transition.
All three type of clays show very broad endo-peaks

Figure S. TEM images of poly (AAm-co-MAc)/ODA- MMT
nanocomposite. Scale: (a) 40 kV x 500 and (b) 40 kV x 1000.

Table 2. Thermal behavior of functional copolymer—
organoclay nanocomposites (NC), organoclays and pristine
clay.

NCs and DSC analysis TGA-DTG analysis
Tg Tm le Td(max) Td2
organoclays
0O 0 O ‘O ‘0
ODA-NC 46.0 103.6 109 168 219
DMDA-NC 52.0 96.6 107 167 206
108.4 155-310
ODA-MMT 250 378 501
(broad peak)
158.6  180-350
DMDA-MMT 196 388 508
(broad peak)
- 85-345
Na'-MMT 305 378 450
(broad peak)
ENG
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Figure 6. DSC-TGA-DTG thermograms of (a) ODA-MMT
and (b) DMDA-MMT organoclays, and (c) pristine Na'-
MMT clay. Heating rate is 10°C/min.

around 155-350°C which are associated with melt transi-
tions of their different inorganic crystalline structures. It
was found that both the nanocomposites exhibit semi-

Copyright © 2011 SciRes.

crystalline behavior with lower glass-transition tempera-
tures (Ty) and high melt transition temperatures (Tn).
These parameters visible depend on the nature of the
organic modified clays. TGA-DTG thermograms of na-
nocomposites were performed under a nitrogen atmos-
phere. TGA curves show two step thermal degradation of
nanocomposites which accompanied by chemical reac-
tions. Appearance of broad endo-peak around 125-200°C
in DSC curves of nanocomposites, which accompanied
by weight loss around 12-15% (TGA curves), can be
explained by anhydridization of free carboxylic groups
formed during intercalative copoly-merization in aque-
ous medium via easily hydrolysis of MA monomer be-
fore chain growing reactions. However, TGA curves
indicated that the copolymer/DMDA-MMT nanocompo-
site at above mention temperature region exhibits rela-
tively high weight loss in comparison with those for the
reactive ODA-MMT organoclay containing nanocompo-
site. Calculated amount of eliminated H,O via anhy-
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Figure 7. DSC-TGA-DTG curves of (a) poly (MAc-alt-
AAm)/ODA-MMT and (b) poly (MAc-alt-AAm)/DMDA-
MMT nanohybrids. Heating rate as in Figure 6.
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dridization reaction is 10.4% for the reactive organoclay
containing nanosystems that reasonable agree with
founded weight loss (8.8%) from TGA curve (Figure
7(a)). While for the non-reactive organoclay containing
nanosystems this value is found to be 13.0% (Figure
7(b)). This observed difference can be explained by pre-
ceding the additional amidolysis of the free carboxylic
groups with the primary amine groups of ODA-MMT in
the isothermal conditions. It is known that the other al-
ternating copolymers of MA may be undergoing to re-
versible hydrolysis-anhydridization reactions in aqueous
solution and in solid state thermo treatment, respectively
[36].

According to Cai et al. [37], thermal stability of poly-
mer nanocomposites strongly depends on the nanocom-
posites morphology. The silicate clay layers act as a su-
perior thermal isolator and as a mass-transport barrier to
the volatile products eliminated during the thermal deg-
radation process which are important factors for in-
creasing the thermal stability and flammability of poly-
mer nanocomposites. We observed that the nanocom-
posites (containing 5 wt.% organoclay) exhibit decom-
position temperatures (Tgmax) 115 and 410°C. The ob-
served better thermal stability may be attributed to the
hindrance of the diffusion of the volatile degradation
products due to the presence of a combination of inter-
calated and exfoliated nanostructures in studied nano-
systems.

The TEM and XRD results indicate that the poly
(MAc-alt-AAm)/ODA-MMT (or DMDA-MMT) clay
nanocomposites have a mixed nanomorphology contain-
ing predominantly exfoliated structure and partially in-
tercalated structure (ED 69.9% for copolymer/ODA-
MTT nanosystems) due to this reactive nanosys-
tems'high thermal stability (26.7% of weight loss at
400°C) (Table 2). While the nanocomposites with higher
degree exfoliation (80.7% for copolymer/ DMDA-MMT
nanosystems) exhibit relatively less thermal stability
(32.6% of weight loss at 400°C). Thus, nanocomposites
containing approximately 70/30 mixture of intercalated/
exfoliated structures show higher thermal stability than
nanocomposite having significant exfoliated structure.
Similar effect was observed by the other researchers in a
study of poly (etherimide) [37], polypropylene/polysty-
rene [38] and poly (styrene-co-acrylonitrile) [39] silicate
layered nanocomposites which are prepared in the non-
aqueous medium.

Thus, evaluated effect of reactive and non-reactive
organoclays on the intercalated/exfoliated nanostruc-
tural ratios in the nanocomposites prepared in water
solution by heterogeneous in situ copolymerization
method can be described as a new approach in macro-

Copyright © 2011 SciRes.

molecular engineering. Process of nanostructure form-
ing in these systems is controllable and can be utilized
using a wide range of conventional water-soluble func-
tional polymers for the fabrication of engineering hy-
brid materials such as nanoadhesives, nanofilms and
nanocoatings.

4. Conclusions

We have developed a facile and effective strategy for the
design and synthesis of polymer/organo-silicate nanoar-
chitectures by an interlamellar copolymerization method
in aqueous medium. Unlike the known methods, the
novel approach involves the use of deionized water as
reaction medium, water-soluble radical initiator and
monomers to prepare nanohybrid systems with well ex-
foliated copolymer/silicate layered nanoarchitectures
with fine dispersed morphology and high performance
thermal properties. It was demonstrated that thermal sta-
bility of nanocomposites depends on the ratio of interca-
lated/exfoliated structures. Nanocomposites containing a
combination of intercalated (partially) and exfoliated
(predominantly) nanostructures exhibit higher thermal
stability as compared with those for predominantly exfo-
liated nanocomposites. This strategy can also be broadly
utilized to other water-soluble hydrophilic/hydrophobic
functional monomer systems for the preparation of po-
lymer/silicate hybrid nanomaterials. Another interesting
aspect of the new approach is the utilization of the syn-
thesized carboxyl/amide functionalized copolymer/ or-
gano-MMT hybrids as reactive compatibilizer/nano- fil-
lers for the immiscible thermoplastic polymer blends and
their in situ melt processing by a reactive extrusion sys-
tem and in-line nanocoating technology to improve the
barrier properties by surface modification of the conven-
tional polymer multilayered packaging thin films. These
aspects will be a subject of our investigations in the
nearest future.
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