Applied Polymer

SCIENCE

Intercalated Clay Structures and Amorphous Behavior of Solution Cast
and Melt Pressed Poly(ethylene oxide)-Clay Nanocomposites

Shobhna Choudhary, Ram Jeewan Sengwa
Dielectric Research Laboratory, Department of Physics, J N V University, Jodhpur 342 005, India
Correspondence to: S. Choudhary (E -mail: shobhnachoudhary@rediffmail.com)

ABSTRACT: The polymer nanocomposite (PNC) films consisted of poly(ethylene oxide) (PEO) and sodium cations montmorillonite
(MMT) clay were prepared by aqueous solution casting and direct melt press compounding techniques, whereas the films of PEO
with trimethyl octadecyl ammonium cations organo-modified montmorillonite (OMMT) clay were formed by melt pressed tech-
nique. The clay concentrations in the nanocomposites used are 1, 2, 3, 5, 10, and 20 wt % of the PEO weight. The X-ray diffrac-
tion patterns of these nanocomposites were measured in the angular range (260) of 3.8-30°. The values of basal spacing dy; of
MMT/OMMT, clay gallery width W, d-spacings of PEO crystal reflections d),¢ and d,;,, and their corresponding crystallite size
L, and the peaks intensity I (counts) were determined for these nanocomposites. Results reveal that the nanocomposites have inter-
calated clay structures and the amount of intercalation increases with the increase of clay concentration. As compared to melt
pressed PEO-MMT nanocomposites, the amount of clay intercalation is higher in aqueous solution cast nanocomposites. At 20 wt
% MMT dispersion in PEO matrix, the solution cast PEO-MMT nanocomposite almost changes into amorphous phase. The melt
press compounded PEO-OMMT films show more intercalation as compared to the PEO-MMT nanocomposites prepared by same
technique. In melt pressed nanocomposites, the PEO crystalline phase significantly reduces when clay concentration exceeds 3 wt
%, which is evidenced by the decrease in relative intensity of PEO principal crystalline peaks. The effect of interactions between
the functional group (ethylene oxide) of PEO and layered sheets of clay on both the main crystalline peaks of PEO was separately
analyzed using their XRD parameters in relation to structural conformations of these nanocomposites. © 2013 Wiley Periodicals, Inc. J.
Appl. Polym. Sci. 2014, 131, 39898.
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INTRODUCTION MMT platelets surfaces besides the intercalation in MMT basal

interl lleries.*™'%1?
In the last two decades, polymer nanocomposites (PNCs) have fteriayer gatleties

emerged a new class of materials due to not On]y scientific The earlier studies on PEO-MMT nanocomposites by different
interest but also the remarkable improvement in the perform-  spectroscopic, morphological, and mechanical techniques estab-
ance properties of host polymer matrix dispersed with extremely lished that the interactions between MMT and PEO at molecular
small amount of clay as inorganic nanofiller." Among the level substantially improve mechanical, thermal, optical, chemical,

polymer nanocomposites, the poly(ethylene oxide) (PEO) dis-  and gas permeable properties of the nanocomposite as compared
persed with Na'—montmorillonite (abbreviated as MMT or to the pure PEO matrix.>™'® The control and optimization of these
Na*-MMT clay) layered has attracted special interest due to its useful properties are expected to enable the development of PNC

many technical applications in the area of solid polymer electro- materials with predefined superior properties for their industrial
applications. The degree of exfoliated/intercalated MMT structures

in polymer matrix also has great importance in tailoring the
dielectric properties along with physical properties of the PNCs,
which established their suitability as novel dielectric/insulating
materials in integrated electronics, membrane technology and in
the solid state electrolytes.'”~*2

lytes, pharmaceutical drugs, purification of biological materials,
adhesives, packaging and surface coating films, friction reduc-
tion, thickening of water-based paints, etc.”?? The MMT has
2:1 charged phyllosilicate platelets of 1 nm thickness and these
are stacked by weak dipolar or van der Waals forces which lead
to the intercalation of polar molecules causing the crystal lattice
to expand in the c-direction. Both PEO and MMT have hydro-  The MMT structures in polymer matrix are significantly gov-
philic behavior due to which the PEO partially adsorbs on the  erned by their preparation techniques. Mostly solution casting
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and melt compounding techniques are used for the synthesis of
PNC materials. Due to low melting temperature and good film
forming ability of high molecular weight PEO, it is a model sys-
tem often used to understand the fundamental behavior of
polymer interactions and adsorption with inorganic nanofillers.
Survey of literature reveals that there is scarcity of comparative
structural parameters of PEO-MMT nanocomposites prepared
by solution cast and melt pressed techniques. Further, the com-
parative structural study of PEO based sodium cations MMT,
and the trimethyl octadecyl ammonium cations surface modi-
fied MMT, i.e., also known as organo-modified MMT (OMMT)
nanocomposites prepared by melt pressed technique were not
explored, so far.

In this article, an attempt is made to confirm the comparative
structural behavior and amorphicity of aqueous solution cast
PEO-MMT and melt press compounded PEO-MMT/OMMT
nanocomposite films by X-ray diffraction (XRD) measurements.
This study has been performed with the aim to explore the
effect of blending processes on intercalated structures of MMT
dispersed in PEO matrix. Further, the PNCs were prepared by
melt pressed technique using trimethyl octadecyl ammonium
cations MMT (OMMT) dispersed in PEO matrix in order to
confirm the effect of the long chain length oniums on the inter-
calated structures as compared to the simple Na™~MMT inter-
calated structures formed in melt PEO solvent during their melt
processing.

EXPERIMENTAL

Materials

The PEO of molecular weight 600,000 g/mol, polymer grade
hydrophilic Na™—montmorillonite (MMT) (Nanoclay, Nano-
mer® PGV), and organically treated montmorillonite
(OMMT) clay (Nanocor® 1.28 E) were purchased from
Sigma-Aldrich. The MMT is white in color, and has 145
meq/100 g cation exchange capacity, 150-200 aspect ratio, 2.6
g/cc specific gravity, and 9-10 pH value on 5% dispersion.
The OMMT powder is off white, and it has onium surface
modification of 25-30 wt % trimethyl stearyl ammonium cat-
ions as reported by the manufacturer. This was achieved by
octadecyl trimethyl ammonium chloride through cations
exchanged process, thus allowing it to interface with different
polymer matrices.

Preparation of PEO-x wt % MMT/OMMT Nanocomposite
Films

The PEO—x wt % MMT nanocomposite films of varying
MMT concentration, x up to 20 wt %, were prepared by
aqueous solution-casting and direct melt press compounding
techniques, whereas PEO—x wt % OMMT films were prepared
by direct melt press compounding technique. Initially for the
preparation of solution cast PNCs films, the required
amounts of MMT (for x=1, 2, 3, 5, 10, and 20 wt % of the
PEO weight) were added in double distilled deionized water
in air tight caped glass bottles. The MMT hydrocolloids of
each sample were achieved by vigorous stirring using Teflon
coated magnetic stir bar on a magnetic stir plate for two days
at room temperature. After that the respective amounts of
PEO (corresponding to the MMT concentrations) were added
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Figure 1. (A) XRD of MMT powder and aqueous solution cast
prepared pure PEO and PEO-x wt % MMT nanocomposites and
(B) magnification of the small 20 region on same intensity scale.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com. ]

to the MMT hydrocolloids and left the solutions for 2 days
to dissolve the added PEO, properly. These colloidal solutions
were vigorously magnetic stirred for 2 h to promote the PEO
intercalation in the MMT galleries. The PEO—x wt % MMT
nanocomposite films were achieved by casting the prepared
hydrocolloidal viscous solutions onto polypropylene petri
dishes of 60 mm diameter and drying at room temperature
for 1 week. These films were further dried under vacuum at
40°C for 24 h to remove the water traces, if any. The melt
press compounded PEO-x wt % MMT and PEO-x wt %
OMMT nanocomposite films were prepared by hot press
polymer film making unit. For this purpose, initially the
required amounts of MMT/OMMT of varying concentrations
were mixed in the respective amounts of PEO. Each homoge-
nous mixture prepared by agate and mortar was melted in
stainless steel die with suitable spacer at 80°C (above the
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Figure 2. (A) XRD of melt pressed prepared pure PEO and PEO-x wt %
MMT nanocomposite films and (B) magnification of 20 on same intensity
scale. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

melting temperature of PEO, ie., 65°C) and after that the
melt composition was pressed under two tons of pressure per
unit area. Finally, the free standing melt press compounded
nanocomposite films were achieved by slow cooling of the
melt pressed materials up to room temperature.

XRD Measurements

The XRD patterns of MMT and OMMT powders, and PEO-x
wt % MMT and PEO-x wt % OMMT nanocomposite films
were recorded using PANalytical X'pert Pro MPD diffractom-
eter of Cu Ko radiation (1.5406 A) operated at 45 kV and 40
mA with a scanned step size of 0.05° and time for each step
1 s. The powder samples of MMT and OMMT were tightly
filled in the sample holder whereas the PNC films were
placed on the top of sample holder for their XRD measure-
ments in the 20 range from 3.8° to 30°, at room
temperature.
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Figure 3. (A) XRD of OMMT powder and melt pressed prepared
pure PEO and PEO-x wt % OMMT nanocomposite films and (B)
magnification of the small 20 region on same intensity scale. [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com. ]

RESULTS AND DISCUSSION

The XRD patterns of MMT powder, solution cast pure PEO
film and PEO-x wt % MMT nanocomposite films are shown
in Figure 1(A,B). Figure 2(A,B) shows the XRD patterns of
melt pressed pure PEO and PEO-x wt % MMT films,
whereas Figure 3(A,B) depicts the XRD patterns of OMMT
powder and melt pressed PEO—x wt % OMMT nanocompo-
site films. The characteristics features of the XRD patterns
(Figures 1-3) are (i) the MMT peak at 20=7.03° and
OMMT peak at 20 =3.91° are referred to the dy,, basal spac-
ing of the MMT and OMMT nanoplatelets while the other
peak around 19.79° observed for both the clays can be
related to the impurities (mostly quartz and feldspar) pre-
sented in MMT/OMMT.*>*>*® In addition to these peaks,
OMMT also shows the peak corresponding to dgyy, basal
spacing at 20=7.83°, (ii) the main crystalline peaks
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Table I. Bragg’s Angle 20, Basal Spacing d, Full Width at Half Maximum FWHM, Crystallite Size L, Intensity (counts) I, and Clay Gallery Width Wcg of

Aqueous Solution Cast Prepared PEO—x wt % MMT Nanocomposite Films

Parameters of 001 reflection peak of MMT

X wt % MMT 20 (°) doo1 (nm) Weg (nm) loo1 (counts)

MMT 7.03 1.257 0.297 520

1 4.87 1.815 0.855 64

2 5.37 1.646 0.686 135

3 5.29 1.670 0.710 211

5 5.20 1.698 0.738 303

10 4.97 1.775 0.815 1119

20 4.96 1.779 0.819 4149

Parameters of 120 reflection peak of PEO

X wt % MMT 20 (°) d120 (nm) FWHM- 50 (rad) L1250 (nm) l150 (counts) Rli20 (%)
PEO 19.03 0.466 0.0044 33.52 15296 100.0
1 19.20 0.462 0.0056 26.30 8058 52.7
2 19.47 0.456 0.0060 24.47 5749 37.6
3 19.62 0.452 0.0051 28.54 2926 191
5 19.48 0.455 0.0051 28.54 2770 18.1
10 19.16 0.463 0.0043 34.21 1885 12.3
20 19.93 0.445 0.0069 21.38 550 3.6
Parameters of 112,032 reflection peak of PEO

X wt % MMT 20 (9 d112 (nm) FWHM145 (rad) L4112 (nm) l112 (counts) Ri1125 (%)
PEO 23.22 0.383 0.0132 11.18 9515 100.0
1 23.44 0.379 0.0131 11.27 8594 90.3
2 23.59 0.377 0.0144 10.29 6965 73.2
3 23.65 0.376 0.0148 9.97 4406 46.3
5 23.48 0.379 0.0145 10.22 4048 42.5
10 23.18 0.383 0.0145 1017 2659 27.9
20 23.05 0.386 0.0069 21.49 283 2.9

appearing at 19.03° and 23.22° for solution cast prepared
PEO film, and at 19.22° and 23.41° for melt pressed PEO
film can be attributed to crystal reflection planes 120 and
concerted 112,032 of the PEO crystalline phases'>’' which
are supported by low intensity peaks on both sides, and (iii)
the peak appearing corresponding to basal spacing dyg; of
MMT and its shift toward lower angle side for PNCs, and
also the decrease in intensity of PEO main peaks confirm the
formation of MMT/OMMT intercalated structures and strong
complexations of PEO with MMT/OMMT in the nanocom-
posite films.>®®!!

The peak position (20) and intensity I (counts) values of 001
reflection planes of MMT/OMMT, and 120 and 112,032 crys-
talline planes of pure PEO and PNCs were determined using
X’pert pro® software. The values of d-spacing corresponding
to these crystalline peaks were determined by the Bragg’s
relation A = 2d sin0, where / is the wavelength of X-ray radi-
ation (1=1.5406 A), d is the spacing between diffractional
lattice planes, and 0 is the measured diffraction angle of the
respective peaks. The values of 20, d-spacing and I for differ-
ent nanocomposites are recorded in Tables I-III. The
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observed 20 values of PEO main crystalline peaks and the
001 peak of MMT were found in good agreement with the
literature values.'”'> The values of mean crystallite size L in
the direction perpendicular to (hkl) plane of the nanocompo-
sites were evaluated by Scherrer’s equation L= Ak/fcos0,
where k=0.94 is a constant and f is full width at half maxi-
mum (FWHM) (the broadening of peak at half-height
expressed in radians of 20, i.e., width measured in 20 degrees
and then multiplied by 7n/180). The relative intensity RI is
determined by RI (%) = Ipnc/Ipgo X 100, where Ipnc and
Ipgo are the respective intensity counts of PNC and pure
PEO (Ipgo of SC prepared pure PEO film for solution cast
nanocomposites and Ipgo of MP prepared pure PEO film for
melt press compounded are used). The evaluated values of L,
FWHM and RI of the nanocomposites are also recorded in
Tables I-III.

In order to examine the effect of MMT/OMMT concentration
on their intercalated structures in PEO matrix, the magnified
view of small angle XRD patterns of PEO-x wt % MMT/
OMMT nanocomposites are depicted in Figures 1(B)-3(B).
These XRD spectra show that the 001 peaks of PEO-x wt %
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Table II. Bragg’s Angle 20, Basal Spacing d, Full Width at Half Maximum FWHM, Crystallite Size L, Intensity (counts) I, and Clay Gallery Width Wcg

of Direct Melt Pressed Prepared PEO—x wt % MMT Nanocomposite Films

Parameters of 001 reflection peak of MMT

x wt % MMT 20 (9 doo1 (nm) Weg (nm) loo1 (counts)

MMT 7.028 1.257 0.297 520

1 513 1.721 0.761 68

2 5.01 1.762 0.802 84

3 4.89 1.806 0.846 143

5 516 1.711 0.751 202

10 5.03 1.755 0.795 405

20 523 1.688 0.728 347

Parameters of 120 reflection peak of PEO

X wt % MMT 20 (°) d120 (nm) FWHM- 50 (rad) L1250 (nm) l150 (counts) Rli20 (%)
PEO 19.22 0.461 0.0047 31.28 12964 100.0
1 19.18 0.462 0.0044 33.53 14672 113.2
2 19.26 0.460 0.0056 26.47 12948 99.9
3 19.16 0.463 0.0040 36.27 15020 1159
5 19.17 0.463 0.0043 34.49 13321 102.8
10 19.18 0.462 0.0043 34.49 9476 731
20 19.19 0.462 0.0039 37.40 7078 54.6
Parameters of 112,032 reflection peak of PEO

X wt % MMT 20 (9 d112 (nm) FWHM145 (rad) L4112 (nm) l112 (counts) Ri1125 (%)
PEO 23.41 0.380 0.0131 11.27 12569 100.0
1 23.40 0.380 0.0132 11.22 11471 91.3
2 23.48 0.379 0.0131 11.25 9649 76.8
3 23.28 0.382 0.0128 11.56 11800 93.9
5 23.39 0.380 0.0132 11.19 9294 73.9
10 23.40 0.380 0.0132 11.19 6753 53.7
20 23.32 0.381 0.0126 11.73 6779 53.9

MMT nanocomposites are at lower angle side as compared
to the MMT powder (Tables I-IIT) which reveals the forma-
tion of MMT intercalated structures. In this intercalation
process, the PEO chains occupied the galleries of MMT
layers. The 001 peaks of PEO—x wt % OMMT were found
towards higher angle side as compared to the OMMT peak,
which is due to intercalation of PEO ordered structures in
OMMT galleries those were occupied earlier by trimethyl
stearyl ammonium cations. In the case of OMMT based
nanocomposite, it is expected that there is large possibility
of PEO ordered structures formation in the galleries with
the displacement of bulky cations when the melt composi-
tion of the materials were pressed under 2 tons of pressure
during their preparation process. The intercalation occurs
mainly due to favorable interactions between the hydroxyl
groups of MMT nanoplatelets surfaces and the oxygen
atoms of PEO chain. The roughly comparable distances
(~2.8 A) between adjacent oxygen atoms in linear PEO
chain and the inter hydroxyl groups of MMT make the
PEO and MMT interactions particularly more favourable.”
The exfoliated MMT no longer displays the 001 reflection
peak, but the extend of exfoliation is, however, believed to
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be moderate because the 001 peaks of the PEO-x wt %
MMT nanocomposites are very sharp, even sharper than for
the pure MMT powder.

Figure 4 shows that the intensity values of 001 reflection
peak Iyo; have an increase with the increase of MMT/OMMT
concentration in these PNC materials. As compared to melt
pressed nanocomposites, significantly high I,
solution cast nanocomposites at the same concentration of
MMT reveal that a large amount of PEO intercalation occurs
when PEO-x wt % MMT nanocomposites are synthesized by
solution casting technique. It seems that swelled MMT
becomes more active in aqueous solutions to intercalate the
PEO in their galleries. Further, from Figure 4, it is observed
that the 001 peak intensity of OMMT based melt com-
pounded nanocomposites are comparatively higher than that
of the MMT based melt pressed PNCs. These comparative
results reveal that the OMMT promotes more amount of
PEO intercalation as compared to unmodified MMT, which
is obviously because of the larger gallery size (dyo; = 2.258
nm) of the OMMT. Figure 4 also shows the variation of dyg;
values of the PNCs with x wt % MMT/OMMT. The PEO-x

values of
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Table III. Bragg’s Angle 20, Basal Spacing d, Full Width at Half Maximum FWHM, Crystallite Size L, Intensity (counts) I, and Clay Gallery Width Wcg
of Direct Melt Pressed Prepared PEO—x wt % OMMT Nanocomposite Films

Parameters of 001 reflection peak of OMMT

x wt % OMMT 20 (°) doo1 (nm) Weg (nm) loo1 (counts)

OMMT 3.91 2.258 1.298 103

1 5.28 1.672 0.712 39

2 4.63 1.907 0.947 154

3 5.64 1.566 0.606 183

5 557 1.585 0.625 567

10 562 1.571 0.611 992

20 5.86 1.507 0.547 637

Parameters of 120 reflection peak of PEO

X wt % OMMT 20 (°) d120 (nm) FWHM- 50 (rad) L4120 (hm) [150 (counts) Rli20 (%)
PEO 19.22 0.461 0.0047 31.28 12964 100.0
1 19.02 0.466 0.0055 26.62 11588 89.4
2 19.14 0.463 0.0047 31.51 16641 128.4
3 19.24 0.461 0.0059 24.90 11379 87.8
5 19.09 0.465 0.0040 36.58 13829 106.7
10 1911 0.464 0.0038 39.14 11124 85.87
20 19.29 0.460 0.0062 23.84 6065 46.8
Parameters of 112,032 reflection peak of PEO

x wt % OMMT 20 (9) di12 (nm) FWHM145 (rad) L112 (nm) l112 (counts) Ri1125 (%)
PEO 23.41 0.380 0.0131 11.27 12569 100.0
1 23.19 0.383 0.0131 11.29 9776 77.8
2 23.35 0.381 0.0134 11.06 11545 91.9
3 23.44 0.379 0.0131 11.28 9281 73.8
5 23.27 0.382 0.0132 11.19 8603 68.4
10 23.23 0.383 0.0128 11.54 7809 62.1
20 23.51 0.378 0.0131 11.32 4494 35.8

wt % MMT nanocomposites have significant increase of dpyg;
values when a small amount of MMT (1 wt %) is dispersed
in the PEO matrix, which have little variations with further
increase of MMT concentration. In the case of PEO-x wt %
OMMT, the dy; value has a large drop when 1 wt %
OMMT is added and it approaches close to that of the
MMT based nanocomposites, which also have less variations
with further increase of OMMT concentration in the PNC
materials.

The values of change in MMT clay gallery W, are esti-
mated from the relation W, =door — Wa, V\{)here Wq is
MMT clay layer width in c-axis, which is 9.6 A (0.96 nm)
for the pure clay.’’ The evaluated values of W, of the dif-
ferent nanocomposites are given in Tables I-III. Table I
shows that the dyy, spacing for MMT powder is 1.26 nm
(12.6 IOX), and corresponding W, value is 0.297 nm, which
is mostly occupied by hydrated cations of the natural clay
and these are exchangeable.’’ The loading of 1 wt % MMT
in PEO matrix changes the dy; spacing up to 1.81 nm,
which results the W, =0.855 nm when the PEO-MMT
nanocomposite is prepared by solution casting technique.
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This W, value represents that the bilayer structure of PEO
or helical structure arranged in flattened arrangements can
be accommodated because the trans-conformation of PEO
chain has an expansion of about 0.4 nm.>' The interca-
lated 0.80 nm wide trans-gauche-trans double layers struc-
tures of PEO and poly(ethylene glycol) (PEG) are the most
stable arrangement from steric consideration.®'®***> Fur-
ther increase of MMT concentration in the solution cast
nanocomposite films, the observed W, values range from
0.686-0.855 nm (Table I), which also confirms the existence
of flattened bilayers arrangement of PEO structures in the
MMT galleries. The W, values of melt pressed PEO—x wt
% MMT and the PEO-x wt % OMMT nanocomposites
(Tables II and III, respectively) also infer the well-ordered
bilayer morphology of PEO intercalated structures in the
clay galleries and this morphology remains almost same
with increase of MMT/OMMT concentration. Further, at 10
and 20 wt % MMT concentration, the 002 reflection peak
of clay is also immersed around 20 ~ 10° [Figure 1(B)],
which suggests the increase of intercalated MMT phase at
these concentrations in the aqueous solution cast
nanocomposites.
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Figure 4. Variation of Iy, and dy, values with clay concentration of the
nanocomposites; (CJ) solution cast PEO-x wt % MMT, (@) melt pressed
PEO-x wt % MMT, and (A) melt pressed PEO—x wt % OMMT. [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

The PEO and MMT peaks of these PNC films in the XRD
patterns have independent entities (Figures 1-3), which reveal
the multiphase characteristics comprising amorphous and
crystalline components. The values of PEO main peaks (120
and 112,032) parameters, i.e., peak position, basal spacing,
crystallite size, peak intensity, and peaks relative intensity of
the nanocomposites are given in Tables I-III, which are inter-
preted in relation to confirm the effect of clay loading on
each crystalline phase of PEO in the PEO-x wt % MMT/
OMMT nanocomposites prepared by different techniques.
Tables I-IIT show that there is a little change in the values of
20 and d-spacing corresponding to 120 and 112,032 crystal-
line peaks of PEO with the increase of clay concentration in
the nanocomposites. Further, it seems that these values are
less influenced by the method of preparation and also the
type of clay used in the nanocomposites. But the values of
crystallite size L, which is a measure of the spherulites of the
PEO matrix for 120 and 112,032 reflections of PEO changes
with clay concentration. Figure 5 shows that the values of
Liso corresponding to 120 peak reflections of PEO vary
anomalously with the increase of clay concentration and also
with their preparation techniques and the type of clay used
in the nanocomposites. But it is found that the change in
Ly, values of 112,032 peak of melt pressed nanocomposites
is less influenced by the type of clay and its concentration for
the nanocomposites prepared by melt pressed technique,
whereas L;;, value of solution cast PNC film has large
increase at 20 wt % MMT.
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Figure 5. Variation of Ly, and L;;, values with clay concentration of the
nanocomposites; () solution cast PEO—x wt % MMT, (@) melt pressed
PEO-x wt % MMT, and (A) melt pressed PEO—x wt % OMMT. [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com. ]

Figure 6 shows the variation of relative intensity RI of PEO
main crystalline peaks with clay concentration of the PEO-x
wt % MMT/OMMT nanocomposites. It is observed that both
the Rlj5y and RI;;, values have large decrease with increase of
MMT concentration for aqueous solution cast nanocomposites,
which confirms the increase in amount of amorphous phase of
the nanocomposites. Here first we consider the variation of
RI},, values of the nanocomposites with clay concentration. It is
observed that at 1 wt % MMT loading, the peak intensity of
aqueous solution cast PEO-MMT nanocomposite drops to
52.7%, which is nearly half of the intensity of aqueous solution
cast pristine PEO film (Figure 6). This reveals that there are dis-
ruptions of PEO spherulites arrangement by large amount due
to the formation of strong interactions between PEO and exfoli-
ated MMT nanoplatelets, which increase their overall amor-
phous phase. At 20 wt % MMT loading in PEO matrix, the
RI} 5o drops to almost zero, i.e., only 3.6%, which confirms the
large damage of the PEO spherulites corresponding to the 120
peak of the aqueous solution cast PEO-20 wt % MMT nano-
composite. This fact is also supported by a large enhancement
of dyo; peak intensity for the nanocomposite at this MMT con-
centration [Figure 1(B)]. In polymer nanocomposites, it has
been established that the enhancement of the amount of poly-
mer intercalation in MMT galleries results the decrease of host
polymer crystallinity.'>'®***® The RI,, values of melt pressed
synthesized both the PEO-x wt % MMT and PEO-x wt %
OMMT nanocomposites have anomalous variation up to 5 wt
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Figure 6. Variation of Rl and RI;, values with clay concentration of
the nanocomposites; (CJ) solution cast PEO-x wt % MMT, (@) melt
pressed PEO—x wt % MMT, and (A) melt pressed PEO-x wt % OMMT.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

% clay loading and their peak intensity values are close to the
intensity of melt pressed pure PEO film. From these values, it
seems that at low clay concentration the dispersed silicate layers
act as nucleating agents for the crystallization of PEO when
these PNCs are prepared by melt pressed technique, which is
consistent with earlier finding on the melt mixed prepared
PEO-MMT nanocomposites.”” Further these values reveal that
interaction behavior of PEO with MMT and their structures in
melt compounding are entirely different as compared to that of
the aqueous solution cast nanocomposites. At 10 and 20 wt %
MMT/OMMT, there is significant decrease of RIj,q values,
which confirms that there is also increase of PEO amorphous
phase by melt compounding but this amount is significantly
less as compared to that of the solution cast nanocomposites
consisted of same clay concentration. This observation is in
good agreement with the earlier findings on crystalline phase of
PEO in PEO-MMT nanocomposites determined by differential
scanning calorimetry thermograms.'®

The RIj;, values of aqueous solution cast PEO-x wt % MMT
nanocomposites also have a large decrease up to 3 wt % MMT
loading, and it approaches to 2.9% when 20 wt % MMT has
been dispersed in PEO matrix (Figure 6), which indicates nearly
total conversion of PEO crystalline phase into an amorphous
phase corresponding to 112,032 reflection planes when MMT
loading exceeds the 20 wt % concentration. But, in the case of
melt pressed synthesized PEO—x wt % MMT/OMMT nanocom-
posites, the RI};, values have anomalous decreases, and these
values are about 50% of the pure PEO at 20 wt % MMT/
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OMMT concentration, which reveal that these materials still
have a significant amount of PEO in crystalline form.

CONCLUSION

This article presents the XRD patterns and structural parameters
of the aqueous solution cast PEO—x wt % MMT and direct melt
press compounded PEO—x wt % MMT/OMMT nanocomposite
films. The intercalation of PEO in clay galleries increases with
the increase of MMT/OMMT loading, which reduces the crys-
talline phase of the nanocomposites. This study reveals that the
loading of 1 wt % MMT converts nearly half amount of both
the crystalline phases corresponding to 120 and concerted
112,032 reflection planes of PEO into amorphous, and these
crystalline phases almost suppress at 20 wt % MMT loading
when the PEO-x wt % MMT nanocomposites were prepared by
aqueous solution casting technique. The effect of nanocompo-
site preparation techniques on the MMT intercalation and PEO
crystalline phases are clearly observed. Results reveal that solu-
tion casting technique is more prominent in preparation of
nanocomposites as compared to the melt press compounding,
because in aqueous solutions the interactions between func-
tional group of PEO and clay nanoplatelets become more active.
Further, structural changes in melt press prepared nanocompo-
sites are also observed with the type of clay (MMT or OMMT)
dispersed in the melt PEO matrix.
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