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ABSTRACT

Novel nanocomposite films based on amylose (AM) and Fe*-montmorillonite (Fe*~MMT) in the
matrix of poly (vinyl pyrrolidone) (PVP) were fabricated by using a solution casting method. The X-
Ray diffractional analysis indicated that an ion-exchange process occurred between Fe*~MMT and
PVP. Thermogravimetrical analysis (TGA), differential termogravivetrical analysis (DTG), Scanning
Electron microscopy (SEM) and differential scanning calorimetry (DSC) results hinted to PVP/AM
films forming a stabler network through the dispersion of Fe** cations. An increase in the loading of
Fe**~MMT improved the hydrophilic properties of PVP/AM films, which lead to the high degree of
resistance against on the water absorption. Mechanical properties of PVP/AM films influenced by the
uniform dispersion of Fe**~MMT in polymer network established with strong covalent interactions
between PVP/AM and Fe**~MMT. This interaction not only improved the mechanical properties of
the films, but also enhanced the thermal stability of them through the facilitating of the MMT
dispersion within the polymer matrix.

Keywords: Amylose; PVP, PVP/AM film; Fe*-MMT Nanocomposite; thermal stability; glass
transition temperature (T)

1. INTRODUCTION

Recently, various methods have been
considered to prepare temperature-
sensitive  hydrogels which  improved
mechanical properties [1-3], while the
electrical behavior of the developed
hydrogels has been evaluated by
investigation on the charge transferring
that might be occurring between the matrix
components [4]. These types of hydrogels
have been studied to produce membranes
with high compatibility in the biological
systems [5, 6]. PVP is a potential material
for using in these systems because of its
favorable environmental stability, easy
process situation, excellent transparency
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and having a good charge storage capacity
[7]. Also PVP is an amorphous polymer,
and it is known to form various complexes
with many inorganic salts due to the
presence of the rigid pyrrolidone groups
[8]. However, combination of PVP with
amylose may led to modified mechanical
properties via synergistic effects between
these two polymers [9]. The ability of
amylose for the formation of amylose-
small molecule’s complex is approved to
be a great interest in a wide variety of
fields, including drug delivery and
biomedical industries [10]. Therefore, the
combination of PVP and amylose provides
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a new type of composites with its
competitive  behavior of components
enhanced by participation of metal cations.
Polymer/clay nanocomposites (PCNSs)
represent a new class of materials which
their properties depend on the special
distribution, rearrangement of intercalating
polymer chains, and type of interactions
between polymer and clay [11, 12]. Fe**-
montmorillonite  (Fe*-MMT) can be
synthesized by ion-exchange reaction with
sodium montmorillonite. The interlayer
structure of MMT embedded metal cations
in its matrix improves the hydrophobicity
properties leading to a high degree of
swelling in water [13]. These phenomena
provided an efficient method for preparing
intercalated nanocomposites in the case of
using aqueous media during the process.
Amylose is a neutral carbohydrate polymer
and certainly the hydroxyl group’s oxygen
can donate the negative charge to Fe®*
through an electrostatic action. Also the
PVP have a strong negative charge on the
backbone of the polymer chain due to the
amide and hydroxyl groups. Thus, the
composite of PVP/AM could interact with
Fe**-MMT, which has a positive charge in
the interlayer lattice. The Fe**~MMT can
be considered as a source of positive
charge that could be approached to the
metal cations through the polymer chain,
when they close to the polymer network
[14]. Many reports mention that Fe-clay
was used as an effective Fenton catalyst in
the case of photocatalytic processes [15,
16]. This particular study focuses on the
difference of mechanical properties of
PVP/AM, PVP/AM/MMT and
PVP/AM/Fe* -MMT films, an
investigation on the relevant thermal
behavior using thermogravimetry analysis,
and differential scanning calorimetry. The
ion-exchange process between Fe**-MMT
and PVP/AM was confirmed by X-ray
diffraction (XRD). Results indicated that
the presence of Fe**-MMT in matrix of
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PVP/AM  improved the mechanical
properties and modified the thermal
stability of fabricated polymer composite.

2. MATERIALS AND METHODS
2.1. Materials

Amylose (CgH100s) n was purified from
potato starch, with purity of 99% was
purchased from  Gamay industrial
technology Co. Ltd, Shanghai-China
(number average molecular weight 48600
Da). Poly (vinyl pyrrolidone) (PVP)
(average molecular weight 58000 Da),
Ferric chloride hexahydrate (FeCls-6H,0,

>99%), and ammonium  hydroxide
(NH4OH, M,,=35.05) were purchased from
Fluka (Switzerland). Sodium

montmorillonite (Cloisite Na®) with a
cation exchange capacity (CEC) of 92.6
mequiv./100 g clay was supplied by
Nanocor Inc. (Arlington Heights, IL).
Distilled water was used throughout of the
work.

2.2. Preparation of PVP/AM film

The procedure of preparing PVP/AM films
was as follows: 2g amylose powder was
dispersed into 50mL of distilled water.
30mg glycerol was added to the amylose
suspension with stirring. A solution of
PVP in agueous ammonium hydroxide was
prepared by stirring 8g of PVP in 100 g of
concentrated ammonium hydroxide-water
in a flask equipped with a stirrer and reflux
condenser. The obtained mixture was
heated to 100°C, stirred for 2hrs and it was
allowed to be cooled down. This solution
was also added to the amylose suspension
and prepared mixture was undergoing
ultrasonic treatment for 15min, and then
was stirred at 100°C for 60min until the
mixture became a homogeneous and semi-
transparent solution. After degassing, the
solution was poured onto a plate and was
dried by airing at room temperature for
four days to form a film. Finally, the
PVP/AM films were peeled off the plate
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and were stored for further analysis.

2.3. Preparation and dispersion of Fe¥*—
MMT

1g of Na*-MMT and 0.057g of FeCl; were
dissolved in 60ml of deionized water by
stirring for 12hr(s) at 70 °C. The solution
was then filtered and was dried in a
vacuum oven at 40 °C for 1 day. 1g of
obtained Fe**~ MMT was dispersed in 60
ml of deionized water for swelling by
stirring for 12hr(s) at 70 °C.

2.4. Preparation of PVP/AM/Fe*-MMT
nanocomposites

PVP/AM/Fe*-MMT  films with the
different amounts of Fe**~MMT loadings
(1, 3 and 5 wt %) were processed. At first
step the 2g amylose was dispersed into 200
mL distilled water and g PVVP were added
into the solution and also the desired
amount of Fe**MMT was added to the
solution, subsequently. In this case, the
desired mass ratios of PVP-AM/Fe*—
MMT: 99/1, 97/3 and 95/5 were achieved.
Then the prepared suspensions were
exposed at ultrasonic radiation in 30W
power of sonication at the aqueous media
for 30h and stirred simultaneously in a
fixed temperature by means of a thermostat
at 30°C. The thin films that resulted after
heating at 50°C for 5h in a vacuum oven
could be lifted easily from the PVC plates.
The films were dried further at 40 °C for 1
day.

2.5. Moisture content determination

The moisture contents of both the
PVP/AM films alone and in the presence
of Fe**-MMT nanocomposites were
determined by a gravimetric method. The
measurements were performed in the
environment of saturated KBr salt solution
to attain the relative humidity (RH) almost
at 81%. The initial weight of dry films was
determined after getting dried to a constant
weight in a vacuum oven at 60°C for
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24hr(s). The weighed samples were then
placed in incubators at 25°C, and they
were weighed at intervals until their
weights were become constant. The tests
were conducted in triplicates, and average
values were reported. The value of
moisture absorbability (Ma) was calculated
as Eq.1:

W —W,

Ma% :{ }xlOO (1)

0

2.6. Tensile test of films

The tensile tests of the obtained films were
measured at room temperature by using a
special tensile testing system (Instron,
6025). A specific dumbbell-shaped
specimen geometry was used to localizing
the deformation in the region where all the
mechanical variables were determined.

2.7. Characterization

2.7.1. Differential scanning calorimetry
(DSC)

The To, Tp, Tc and AH of the films were
determined by DSC thermograms. The
samples were analyzed by using of Pyris 1
DSC (Perkin Elmer, USA). The system
was calibrated for temperature and heat
flux with Indium (transition point:
156.6°C, heat of fusion=3.28 kJ mol™).
The samples (8-15 mg) were weighed in
Aluminium pans and hermetically were
sealed. Then, an empty pan was used as the
reference. Scans were carried out over the
temperature range of 0-280°C at a heating
rate  of 10°C/min' under Nitrogen
atmosphere. During each run, the flow rate
of nitrogen was 24cm*/min.

2.7.2. mechanical
(DMA)

A DMA 242 C (Netzsch, Germany) was
used to measuring the glass transition
temperature of samples (approximately
10.00x10.00 mm) PVP/AM/Fe*-MMT
nanocomposite films. The samples were

Dynamic analysis
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fixed by the clamp without relaxation and
deformation. Also the surface of the films
was coated with silicon oil to reduce
moisture loss during the measurement. The
system was run in the rectangular tension
mode at 1 Hz, with a temperature range of
between 0 and 90 °C at a heating rate of
3 °C/min.

2.7.3. X-ray diffraction

X-ray diffraction analysis was performed
with a Siemens XRD-5000 diffractometer
operated at 40 kV, 50 mA at 25°C with a
graphite-filtered Cu Ko = 1.54A target
radiation. The relative intensity was
recorded in the scattering range (20) of 0—
30°.

2.7.4. Thermogravimetric analysis

The thermal gravimetric analysis (TGA)
curves of the nanocomposite films were
obtained by a Perkin Elmer Pyris TGA-
DTG analyzer. The applied temperature
range was 25-600°C under nitrogen
atmosphere flow of 20cm®*/min with a
heating rate of 10°C/min for 3-5 mg
samples. Before measuring, the films were
first dried in a vacuum to get a constant
weight at 60°C. The weight of each sample
was approximately 20mg. For each
sample, the following parameters were
determined: the maximum temperature of
degradation (Tmax), the temperature that
10% weight loss occurred (T90), the onset
temperature  (Tonset), that denotes the
temperature of starting the weight loss and
the residual mass at 600 °C (RM600). The
MC100, Tonset and RM600. The values
were estimated from the dependence of the
mass loss on temperature (TG curves), and
the T max values were taken as the
maximum of the first-order derivative
curves of mass loss to temperature (DTG
curves).

2.7.5.
(SEM)

Scanning electron microscopy
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The morphology of the surface of the films
was investigated by using a scanning
electron microscope. The sample was
coated with pure Au by using a sputter
coater (SCD500 sputter coater, Bal-Tec,
Switzerland). The laying down of Ag was
carried out by using the evaporation of the
metal under a high vacuum to give a
thickness of about 100A. The samples
were observed and were photographed in
an environmental SEM (PhlipsXL-30) with
an accelerating voltage of 30kV and
working distance of 10mm.

3. RESULTS AND DISCUSSION

3.1. Study of microstructure of
PVP/AM/Fe**-MMT nanocomposite
films

The structure and mechanism of ion-
exchange phenomena in the polymer
matrix are illustrated in Fig. 1. The

positive nature of Fe®* cations due to the
three positive charges makes it possible to
intercalate through the MMT network.
When Fe®* cations in the interlayer of
MMT were replaced with NH,", the Fe*
ions are free from MMT. The released Fe**
cations in the vicinity of PVP/AM negative
matrix might have a great potential to form
a network with covalent interactions.

Fig. 2 shows XRD patterns of the Fe**—
MMT, pure amylose, PVP separately as
the PVP/AM  blend, and MMT
incorporated PVP/AM films. As it has
been shown in fig. 2(a) and (b), the XRD
pattern obtained from initial Amylose and
PVP, showed an essentially diffused
pattern for amorphous materials. Amylose
presents three main diffraction peaks at
11°, 15° and 24° [17, 18]. In addition,
some conditions such as blending process
and increasing in temperature could
change the crystalline shape of amylose as
were described by X. Zhou et al. [19]. As it
has been shown in Fig. 2(b), the typical
pattern of PVP is a B-type pattern whereas
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the diffraction pattern of PVP/AM in Fig.
4(c) was a V- type pattern with peaks at
17° and 19° as were described by
Taghizadeh et al. [20]. Furthermore, Ryno
et al. reported a Vi polymorph crystalline
shape for Amylose molecules that was
prepared by microwave irradiation [21].
They found that amylose molecules after
the formation of complex change the B-
type pattern to the V-type crystalline shape
[22, 23]. The main peak in the diffraction
pattern of the MMT was attributed to the
formation of the interlayer spaces by
regular stacking of the silicate layers along
the [0 0 1] direction [24]. The XRD pattern
of Fe**-MMT illustrated in Fig. 2(e) and
the principle reflection peak is appeared at
11°. In the case of PVP/AM/ Fe**-MMT
nanocomposite the interlayer distance was

PVP/Amylose ~J

~——=0OH groups

PVP

Amylose

= Amide groups

related to separation of the PVP/AM
chains due to the intercalation of Fe®'—
MMT into the interlayer of composite
network  (Fig. 2(d)) which this
phenomenon was observed by the peak
shift to approximately 17°. The reason of
this peak shifting is related to the presence
of Fe** cations in the interlayer of MMT
nanosheet structure that were replaced with
NH;" ions. The uniform dispersion of
NH,-MMT in the PVP/AM matrix
assisted to good intercalation of Fe®
through the cation replacement process.
The decrease of the peak intensity in the
case of PVP/AM/ Fe*-MMT s
considerable rather than the initial pattern
resulted by exfoliation of MMT to the
composite films.

MMT-Fe*
Fe* Fe* Fe* Fe* Fe* d

NH/ "NH;‘. NH:";‘.NH:“: NH:J

PVP/Amylose

)
OH OH OH

Fe¥* Fe** Fe¥*
Ar{nide Amlide An}ide
O O O D DA

MR N
HOHRF QHT=O

Layered Silicate

N\

Fig. 1. Mechanism of formation of P\VP/AM/ Fe**~MMT nanocomposite.
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Fig. 2. XRD diffractograms for pure amylose (a), pure PVP (b), PVP/AM blend composite
(c), as well as PVP/AM/ Fe**~MMT (d) and Fe**-MMT (e) nanocomposites.

3.2. Weight loss and water uptake of the
PVP/AM/Fe3+—-MMT  nanocomposite
films

The water absorption capacity of amylose
is very considerable because of the
hydroxyl groups which are located on its
molecular structure. However, Zhang et al.
reported that the copolymer based on
starch with lower content of amylose
represents  higher water absorbency
behavior [25]. The water absorption
capacities of the PVP/AM/Fe*-MMT
nanocomposite films were found to have
significant differences, and were consistent
with the results of Taghizadeh et al. [26].
The increase of Fe**-MMT nanocomposite
loading leads to the decrease of water
uptake. Fig. 3(a) and Table 1 clearly
showed that moisture absorbability is
much more pronounced when the PVP/AM
composite films are in the pure state and
taddition of Fe**-MMT decreased the
water absorbability of the films. The
hydroxyl groups of Fe**~MMT can form
strong hydrogen bonds with the hydroxyl
groups on amylose, and with the amide
groups on PVP. [27]. Furthermore, the
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MMT sheets produce a twisted pathway
and diminish the length of the free passage
for water absorption. Almasi et al. have
studied the water absorption of
starch/CMC/nanoclay composite films and
showed that nano-fillers improved the
water resistance of the composite films
[28]. These results suggest that the
addition of Fe**-MMT improves the water
resistance of the PVP/AM films. The Fig.
2(b) indicated the weight loss of PVP/AM
films in the presence of a-amylase, and
confirmed the water barrier nature of Fe**-
MMT nanocomposite which led to less
access of water molecules to the bulk of
PVP/AM  network.  Therefore, the
enzymatic hydrolysis of composite films,
which must be occurring in the aqueous
media, does not be terminated. Fig. 4
shows the SEM pictures of the surfaces of
intact PVP/AM (80:20) (A),
PVP/AM/Fe** -MMT (5wt.%) (B),
PVP/AM/Fe**-MMT (3wt. %) (C), and
PVP/AM/Fe**-MMT (1wt. %) (D) After
enzymatic degradation for 60hr(s). In the
case of lower content of Fe3+-MMT, the
porosity of the film is considerable.
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Nevertheless, in the case of Swt. % of
added nanocomposite, the surface of the
film is relatively smoother. In the case of
high loading of Fe3+-MMT, the enzyme
molecules of a-amylase hardly absorb on
the PVP/AM films surface. The lamella
nature of MMT nanosheets made the
pathway of water molecule’s complicated

hem. AU Iran, 15 (3, 4) 173-188: Fall 2018 & Winter 2019

diffusion and caused low porous surface
resulted from hydrolysis of polymer bulk.
The results may be applicable in the
environmental concerning investigations to
introduce new series of biodegradable
materials with ability of degradation rate
controlling option [29]
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Table 1. A summary of the moisture absorbability of PVP/AM/Fe*-MMT films in the
presence of different amount of Fe**-MMT nanocomposite

Fe**-MMT loadings at PVP/AM blend (wt %)

0% 1% 3% 5%
Time (h) Moisture absorbability (Ma %)

1 14.2 135 13.0 12.5
3 16.9 16.1 14.9 14.3
5 20.5 19.2 18.2 16.6
7 26.5 245 22.1 19.6
12 36.4 33.3 27.5 23.1
24 39.8 37.1 32.8 28.4
30 40.8 37.7 33.9 29.9
35 41.0 38.0 34.2 30.7
48 41.2 38.8 35.1 31.9
60 41.6 39.4 35.4 325

Fig. 4. Scanning electron micrographs of initial P\VVP/AM films (A) and PVP/AM/Fe3+-MMT
nanocomposite films containing 5wt.% (B), 3 wt.% (C) and 1 wt.% of Fe**-MMT.
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3.3. Mechanical properties of
PVP/AM/Fe3+—-MMT  nanocomposite
films

It is known that interaction among

polymers should influence the mechanical
properties of the composite polymeric
materials. In  generally, mechanical
properties of materials are strongly
influenced by the microstructure, and they
could provide important information about
the internal structure of materials [30]. The
tensile properties for neat PVP/AM
composite films in different ratios of
PVP/AM (90:10, 80:20, 70:30, and 60:40)
and also for PVP/AM/Fe*-MMT
nanocomposite films loaded by 1, 3 and 5
wt% of Fe**~MMT nanocomposite which
were investigated. The results of obtained
mechanical parameters included (a) the
Young’s modulus, (b) tensile strength
(defined as the stress at break), and (c)
elongation at break are illustrated in Fig. 5.
The Young’s modulus of the PVP/AM
represented a modified amount when the
amylose content rised from 10% to 20%
that increased from 58.65 MPa to 177.23
MPa (Fig. 5a). Moreover, the Young’s
modulus of the PVP/AM/Fe*-MMT
nanocomposite  films improved with
increasing Fe**-MMT loading. The
significant enhancement of Young’s
modulus could be related to the hydrogen

bonds formed between the PVP/AM and
the MMT nanosheets which act as bridges
to link the MMT nanosheets and the
PVP/AM matrix. The exerted force on the
PVP/AM/Fe**-MMT film was transferred
to the MMT nanosheets through the
hydrogen bonds and dissipated (Fig. 5b).
The tensile strength of PVP/AM/Fe -
MMT showed significant improvement
when the amount of Fe*-MMT
nanocomposite increased to 5 wt% (Fig.5¢c
and Table 2). Such behavior is attributed to
water molecules that act as a plasticizer
and in the case of high Fe**-MMT loading,
the amount of the intermolecular absorbed
water reduced. At high moisture absorption
the more water molecules absorbed by
PVP/AM/Fe**~MMT nanocomposite films
the more the tensile strength decreased
[31] (Fig. 5d).

A Significant decrease in the elongation
at the break compared to PVP/AM was
observed. This was related to the aggregate
formation of Fe**MMT within the
polymer matrix. On the other hand, the
hybrid nanocomposite filled with 3wt%
Fe**MMT shown an elongation at break
of 80%, which increased significantly
compared to PVP/AM. These dramatic
improvements were attributed to the fine
dispersion of Fe**-MMT in the polymer
matrix [32].

Table 2. Comparison of mechanical properties of the PVP/AM/Fe**-MMT films with
different amounts of Fe**-MMT nanocomposite

PVP/AM

Young’s modulus

Tensile strength Elongation at

o .
Sample (% ratio) (MPa) (MPa) b(r(:l)k

100:0 44.3

90:10 58.5 ) )

80:20 177.2
PVP/AM 2030 190.3 6;4 5?.2

60:40 202.4

50:50 219.0
PVP/AM/Fe**~MMT (1 wt %) 80:20 181.4 7.9 72.1
PVP/AM/ Fe**~MMT (3 wt %) 80:20 205.3 9.5 83.2
PVP/AM/ Fe*~MMT (5 wt %) 80:20 286.6 13.0 23.1
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Fig. 5. Mechanical properties of PVP/AM/Fe**-MMT nanocomposite films. The Young’s
modulus of films with different ratios of PVP: amylose (a), and for PVP/AM/ Fe*-MMT
nanocomposite films (b); tensile strength (c) and elongation at break (d) with different

amounts of Fe**-MMT nanocomposite.

3.4. Thermal properties of PVP/AM/
Fe**-MMT nanocomposites

The first heating thermograms obtained
during melting of pure amylose and PVP
and related composite and nanocomposites
with different content of Fe**-MMT is
presented in Fig. 6. Also, the endothermic
data containing onset temperature (Ty),
peak temperature (T,), and enthalpy (AH)
are shown in Table 3. At the constant ratio
of PVP/AM composite film (80:20) the
amount of Ty, Ty and T, has been shown to
be influenced by Fe**-MMT content. To
and T, temperatures rise with increase in
the content of Fe**MMT. This may be
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related to the structure of Fe**-MMT
nanocomposite structure that gave a
lamella nature to the PVP/AM/Fe**-MMT
nanocomposite film that modified the
thermal behavior of the films by an
increasing the crystallinity of the
nanocomposite matrix [33, 34]. The
changes in T, of PVP/AM/Fe**-MMT
with different Fe**~MMT loadings were
less obvious, while the T, of
PVP/AM/Fe**“MMT (1wt %) is obviously
higher than PVP/AM composite film. In
the case of peak temperature, the value of
T, enhanced with increasing the loading of
Fe**MMT nanocomposite and  was
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similar to the <change in Ty, of
PVP/AM/Fe**~MMT nanocomposite [35].
In addition, the pure amylose film had
higher enthalpy, which corresponded to the
presence of some of the granular structure

remained within the thermal analysis that
acted as a self-reinforcing filler and
enhanced the thermal properties of initial
amylose films. This was consistent with
the results of M. Li et al. [36].

= \/v
(e) I
3
=
il () \/ J—
L
g |© ]
£ \'\/
ERQ)
=
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Flo
0 40 80 120 160 200 240 280

Temperature (°C)

Fig. 6. DSC thermograms for (a) pure amylose, (b) pure PVP, (c) PVP/AM blend, and for
PVP/AM/Fe**~MMT nanocomposites containing (d) 1wt%, () 3wt% and (f) 5wt% of Fe®'—

MMT nanocomposite.

Table 3. Gelatinization characteristics of different samples obtained by DSC analysis

sample To(C) To(°C)  T.(°C) T(g'CT)O AH (J/g)
Pure Amylose 10034 14378 19243 92.09 7.22
Pure PVP 4625 7131 9653  50.28 3.20
PVP/AM (80:20) 53.40  87.81 11727 6387 3.46
PVPIAM/ Fe**~MMT (1wt %) 8610 10920 14620  60.10 4.72
PVPIAM/ Fe*-MMT (3wt %) 10567  137.65  170.02  64.35 6.56
PVP/AM/ Fe*_MMT (5wt %)  110.84 15425  198.38  87.54 6.6

One of the other important parameters
that should be evaluated in polymeric
materials is glass transition temperature
(Tg). Liu et al. reported that detecting of T
for starch-based materials by DSC is so
complicated [37]. The T4 of the pure

amylose, pure PVP, PVP/AM composite
films and PVP/AM/Fe**~MMT in different
conditions was investigated by DMA and
the results are illustrated in Fig. 7 which
indicated the T4 of samples in the range of
30-50°C. P. Liu et al. also used DMA
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method to investigate the T of starch films
with different amylose/amylopectin ratios
[38]. They found that T, was increased
from about 52 to 60°C with increasing
amylose content from 0% to 80% for the
samples containing about 13% moisture.
These findings confirmed that the T4 of
starch is corresponded to the relative
humidity (RH) and also the ratio of

amylose/amylopectin of starch films [39].
As seen, the T4 of PVP/AM (80:20) blend
showed a single glass transition
temperature between the Ty of pure
amylose and PVP. The state of T (PVP) <
T4 (PVP/AM) <T4 (amylose) indicated the
miscibility of two polymer in the
composite matrix [40]

55.42°C
0'07-ﬂ‘//\J
51.73°C
0.061
() 47.95°C
0.054
=)
= (d) 43.42°C
& 0.044
(c)
0.034 35.83°C
(b)
0.024 48.13°C
0.01{ (a)
0 T T
0 30 60 90

Temperature (°C)

Fig. 7. DMA results for (a) pure amylose, (b) pure PVP, (c) PVP/AM blend, and for
PVP/AM/ Fe**-MMT nanocomposites containing (d) 1wt%, (e) 3wt% and (f) 5wt% of Fe>*—

MMT.

Also; the Ty of binary polymeric
systems can be estimated by using Fox’s
equation [Eq. 2] [41], or Wood’s equation
[Eq. 3] [42].

1% % @)
T T T

g 91 92
T, :Wngl +W2Tg2 (3)

Where Xi, X, Ty and Ty are the
weight fractions and glass transition
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temperature of the corresponding to
polymer 1 and polymer 2, respectively.
The experimental value of Tg for PVP/AM
(80:20) blend compared with theoretical
values are summarized in Table 4. The
experimental T4 value of PVP/AM blend

was slightly higher than that of
theoretically  calculated values and
implying an intermolecular interaction

between the polymers [43].
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Table 4. Experimental and theoretical Tg values of PVP, amylose and their blend

PVP/AM composite blend Experimental Tg values (°C)

Theoretical Tg values (°C)
Fox equation Wood’s Equation

Pure PVP 35.83
PVP/AM (80:20) 43.42
Pure Amylose 48.13

37.29

37.08

To analyze the effect of Fe**-MMT
nanocomposite presence on the thermal
stability of PVP/AM blend composite,
Thermogravimetric (TG) measurement
was performed under the temperature
range of 50-600°C with scan rate of
10°C/min under nitrogen atmosphere. The
effect of the addition of Fe**~MMT on the
thermal stability of PVP/AM films can be
observed in the TGA graphs in Fig. 8. The
thermal degradation kinetics of the pure
components (PVP and amylose) and
PVP/AM films with and without the Fe*—
MMT  nanocomposite  loading  was
analyzed from the non-isothermal Tg
profiles, using the Horowitz and Metzger
method [44]. The activation energy (Ea)
required for degradation process was
calculated from the Eq. 4:

Ln { Ln (%H =E,®/RTZ,
W

where W is the weight at the temperature
chosen, W, is the weight at the initial
temperature. Tmax IS the temperature at
maximum rate weight loss. R is the
universal gas constant 8.314 J/mol.K and 6
is given by T-T ax.

The percentage of residual mass at
600°C decreased with the increase of Fe*'—
MMT loading in the polymer composite
matrix. According to the data that
presented in Table 5, The PVP/AM/ Fe*—
MMT nanocomposite containing of 5wt%
of Fe**-MMT, supplied the greatest value
for (T90). In general, the addition of Fe**—
MMT increased the thermal stability of the
PVP/AM film and this behavior sustained
by increasing the amount of Fe**-MMT

(4)
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nanocomposite in the matrix of composite
films. Additionally, the obtained T yax from
DTG curves followed this tendency. As
seen from the Fig. 9, the highest value of
Tmax between the films was observed for
PVP/AM which is containing 5wt% of
Fe**MMT nanocomposite (Table 5).
Recently, Teodoro et al. reported the
thermal degradation process for Cassava
starch that was reinforced by acetylated
starch nanoparticles (NPAac) [45]. They
found that the addition of NPAac in all
levels did not affect the value of Ty and
Tomset In starch films. This result suggesting
that the interaction and dispersion of the
nanoparticles did not influence the
interaction of the water in the starch matrix
and therefore could not affect the thermal
stability of the films. The activation
energies of degradation for all films were
determined from the slope of the Kinetic
plots (Eq. 4) and are reported in Table 5.

4, CONCLUSIONS

In this study, the effect of Fe**-MMT
nanocomposite on the mechanical and
thermal properties of PVP/AM films has
been studied. XRD diffractograms
indicated that PVP/AM composite films
were intercalated to the interlayer of the
MMT nanosheets. These results approved
the cation exchange process that occurred
and NH," ions replaced with Fe®* cations.
Mechanical tests represented significant
improvements that were attributed to the
uniform  dispersion  of  Fe*-MMT
nanocomposite into the polymer network
and the covalent interaction between the
PVP/AM composite network and Fe®*
cations. With an increase of Fe*-MMT
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Fig. 8. TGA thermograms for (a) pure amylose, (b) pure PVP, (c) PVP/AM blend, and for
PVP/AM/ Fe**-MMT nanocomposites containing (d) 1wt%, (e) 3wt% and (f) 5wt% of Fe>*—

MMT.
i m
A o

(e)
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Fig. 9. DTG curves as a function of derivative mass%/min for (a) pure amylose, (b) pure
PVP, (c) PVP/AM blend, and for PVP/AM/ Fe**~MMT nanocomposites containing (d) 1wt%,
(e) 3wt% and (f) 5wt% of Fe>*-MMT.
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Table 5. Thermal parameters determined from Thermogravimetric curves for studied samples

T T T

Samples o0 RMG00 (% max onset Ea (KJ/mol

P (C) G (°C) (KJ/mo)
Pure amylose 283 11.04 304 290 123.5
Pure PVP 284 29.40 325 281 44.9
PVP/Amonse 334 15.38 359 331 30.9
PVP/AM/ Fe"H—MMT (1wt %) 369 39.94 389 375 187.9
PVP/AM/ Fe"H—MMT (3wt %) 391 41.78 404 388 190.8
PVP/AM/ Fe*~-MMT (5wt %) 419 47.38 462 446 269.4

content, the tensile strength of the
PVP/AM/ Fe**-MMT nanocomposite films
increased from 6.4 to 13.0 MPa. The
results of thermal investigations show that
Fe**-MMT nanocomposite improved the
thermal properties of PVP/AM composite
films. DSC results showed the shift in
onset temperature (To) of PVP/AM/ Fe®*-
MMT nanocomposite films by adding
more Fe**-MMT to the PVP/AM matrix.
Also, Thermogravimetry results confirmed
the modified thermal properties for
PVP/AM/ Fe**-MMT nanocomposite films
by calculating the activation energy of
different studied samples. The addition of
Fe**-MMT increased the thermal stability
of the PVP/AM films, and this behavior
sustained by increasing the amount of
Fe**-MMT nanocomposite in the matrix of
composite films.
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