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ABSTRACT
Background and Objectives: Preparation and evaluation of nanocomposite films have become prevalent in
recent years. One of the most important methods for dispersing nanoparticles in polymers is the use of
ultrasound radiation. Polyvinyl alcohol-montmorillonite (PVA-MMT) nanocomposite films were prepared via
solvent casting method.
Materials and Methods: The effects of different ultrasound times (0, 10, 20, 30, and 40 min) on the properties
of nanocomposite films were evaluated in a completely randomized design (CRD) with five treatments and
three replicates. The films were characterized by mechanical properties, opacity, water vapor permeability
(WVP), and color. Fourier transform infrared (FTIR) and X-ray diffraction (XRD) were applied to investigate
and prove the effects of ultrasound time.
Results: Results revealed that the ultrasound time significantly affected the characteristics of the films. XRD
and FTIR results were in accordance with the effects of sonication time. The changing trends of PVA film
properties due to increasing the sonication times were not similar. Sonication time did not have any significant
effect on some traits like a*, WVP, L*, and yellowness index (YI), while it affected b*, tensile strength, and
opacity significantly.
Conclusions: Depending on the target of using nanocomposite films, appropriate time of sonication should be
used.
Keywords: Ultrasound time, Polyvinyl alcohol, Nanocomposite film, Nanoclay, FTIR, X-ray
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Introduction
Since 1970, the production and use of plastics in the
world have been extensively increased. Waste
disposal problems have pushed studies toward the
development of polymers that could be degraded
more rapidly in the environment (mineralization or
bioassimilation). Designing, synthesizing, and using
biodegradable polymers, especially natural ones, offer
a possible alternative to these non-biodegradable
materials, in particular when their collection and
processing are not possible and economical (1, 2).
The most important barriers in applying
biodegradable natural materials, especially for
packaging, are their poor mechanical, thermal, and
moisture
resistance
properties.
Recently,

nanocomposites such as polymer-layered silicate have
become prevalent. Silicate layers should have at least
one dimension of less than 100 nm (3-5). MMT is a
type of silicate clay that has been widely used in
polymer
nanocomposites.
High
intercalation
chemistry, strength, abundance in nature, low gas
permeability, safety, and economic properties of
MMT have led to the widespread use of this material
(6-9).
Many investigations have shown that incorporating
nano-scaled silicate layers into polymers increases
their mechanical properties, heat, and moisture
resistance, and also decreases their moisture
adsorption, permeability, and flammability (8, 10).
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Depending on silicate dispersion, two types of
nanocomposite, i.e. intercalated and exfoliated, can be
obtained. The latter is known as delaminated silicate,
and is preferred to the former because of having better
barrier and mechanical properties (3, 8, 9, 11, 12).
Producing clay nanocomposites can be usually
achieved by 3 methods: in situ polymerization, melt
compounding,
and
solvent
blending/casting.
Researchers have applied suitable blending methods
such as shear, high pressure, centrifuge, and
ultrasonication mixing for producing a high
performance nanocomposite. Ultrasonication is one of
the most important methods for increasing
intergallery spacing between silicate layers and
dispersing them in the polymers. Ultrasound
treatment can help in terms of easily achieving
exfoliated clay structure and increasing d-spacing in
comparison to non-sonicated samples (13).
Furthermore, ultrasonication widely affects the
polymer itself and, as a result, changes
nanocomposites’ properties. So, power and time of
sonication are critical, and should be seriously
considered in nanocomposite preparations (3, 14-17).
Ultrasound treatment induces physical and chemical
changes in the substances, which are exposed to
ultrasound radiation. Acoustic cavitations, bubbles,
and their collapses are the main reasons for these
changes. Bubble violent explosion generates extreme
temperature and pressure inside the bubbles and
solvent. So, the materials in the solvent are
disintegrated and several highly reactive radicals
would be generated. Several chemical reactions can
occur between these active radicals and substances in
the medium. Finally, more chemical bonds like H and
covalent bonds will be generated (16, 18).
Alshabanat et al. found that increasing the
sonication time in polystyrene resulted in the creation
of crystalline structures in the amorphous region. The
maximum peak intensity in the XRD was obtained
after 1h of sonicating polystyrene- MMT
nanocomposite, which showed higher interaction and
chemical bonds with MMT (3). Intergallery spacing
of epoxy-clay nanocomposite increased with
increasing the sonication time at low clay loading
(2%). Dispersion of nanoclay at high sonication times
was significantly better. Increase of sonication time
enhanced tensile strength, while hardness did not
change (15). Chen et al. revealed that 15 min
ultrasound time could break cross-links between
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amylose and amylopectin in maze starch, which in
turn caused depletion in opacity, WVP, elongation in
the films, and increased tensile strength (16).
Ultrasound and microwave combination, especially
lower than 20 min, can significantly affect barrier and
mechanical properties of nanocomposite films from
methyl cellulose, wheat bran cellulose, and soy
protein (17, 19-21). To the best our knowledge, there
are a few reports proving the effects of ultrasound
time on preparing popular nanocomposite films like
PVA (22, 23).
PVA is a safe and synthetic polymer, which is used
widely in industrial, commercial, medical and food
applications (24). There are lots of developments in
PVA-based nanocomposite films and its blend with
starch and other biodegradable polymers. PVA can be
employed in food packaging as it shows a broad and
universe range of suitable technological properties, as
well as user friendly characteristics like low cost and
approximate high biodegradation rate (25, 26).
The present research was designed to show and
prove the relationship between sonication time and
properties of PVA-MMT nanocomposite films, and to
illustrate how sonication time will affect
nanocomposites’ properties. The research was also
designed to show the importance of sonication time
optimization.

Materials and Methods
Materials: PVA was supplied from LOBA Chemie,
Mumbai, India (Polymerization degree: 1700-1800,
Viscosity of its 2% solution 25-32 cp, Hydrolysis: 9899% mole). MMT without any modifications was
supplied from Southern Clay Products Inc., USA
(Cloisite Na+). Glycerol (Pub Chem CID: 753) was
purchased from the Merck Company, Germany.
MMT characterizations: Particle size distribution of
MMT suspensions was assessed using Malvern
Zetasizer, Nanoseries, Nano-ZS (UK). Samples of
MMT suspension were collected just before adding it
to the polymer solution (Fig.1) and then diluted to
proper concentration for analysis by Zetasizer. XRD
measurement (X'PertMPD, Philips, Holland XRD)
showed the initial space between the silicate layers.
MMT preparation: MMT preparation is illustrated
in Fig. 1. All of the nanoclay preparations were
carried out in 100 ml laboratory beakers. Stirrers and
magnet stirring sets were Heidolf MR 3001
(Germany) and 2 cm magnet, respectively. In
nanoclay preparations, a water bath sonicator was
30
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used (ULTRASONS-H, PSelecta CE95, 50 kHz,
1000W). At all stages of nanoclay preparation, the top
of the beakers was wrapped tightly with a soft
polyethylene sheet to avoid water vaporization.
Film preparation: Each polymer has individual
characteristics and the method of film preparation is
exclusive. The process of film preparation is
illustrated in Fig. 2. In the nanocomposite preparation,
stirrer and magnet stirring were Heidolf MR 3001 and
6 cm magnet, respectively. In nanocomposite
preparation, a water bath sonicator was used
(ULTRASONS-H, PSelecta CE95, 50 kHz, 1000W).
From the beginning to the end of nanocomposite
preparation, 500 ml blue cap glass containers were
used and tightly caped to avoid the solvent
evaporation.
Properties of PVA nanocomposite films: The
nanocomposite films were characterized by
mechanical properties (tensile strength and elongation
at break), opacity, WVP, color, YI, and thickness.
XRD was used to investigate the dispersion of MMT

in PVA polymer. FTIR spectroscopy was applied to
show chemical bonds and the interaction between
MMT and PVA/glycerol at different sonication times.
Mechanical properties: Tensile strength and
elongation at break evaluations were performed using
a texture analyzer (Instron, Hounsfield H50KS,
England) according to ASTM D882-12 (27). Speed of
upper Instron's jaw was 50 mm/min. Rectangular
strips (8*1 cm) were cut from the film sheets, and 2
cm from the top and bottom of the strips was carefully
wrapped using adhesive paper scotch. The latter was
done to avoid compression, rupture, and slipping of
the films between the Instron's jaws. The distance
between the jaws was 4 cm. The strips were
equilibrated at 25 o C and 50% RH for 72 h before
doing the test.
Initial Young's modulus or modulus of elasticity
was calculated from the slope of the initial linear
region of the stress-strain curve at very small strain or
elongation at break (28).
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Figure 1. Nanoclay preparation

Figure 2. Preparation of PVA nanocomposite films
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X-ray diffraction (XRD): Exfoliate and intercalate
structures of PVA nanocomposite films were
evaluated using X'PertMPD, Philips, Holland XRD,
diffractometer equipped with CO Kα 1.79 oA
(scanning rate of 0.02o/S, scan step time of 2s, voltage
of 40 kv, and current of 30 mA). Data collection was
done at 2θ angle from 1 to 12ο.
The XRD software calculated the d-spacing of
MMT layers based on Bragg equation (29):
=2dsinθ

cells were weighed every 5 h for 72 h. WVP was
calculated as follows:

Where, is wavelength of the X-ray beam (nm), d
is spacing (nm) between the two layers, and θ is the
angle of incidence.
Fourier transform infrared spectroscopy (FTIR):
FTIR spectra were collected using FTIR spectrometer
(Nexus 6700, Thermo Nicolet, USA). Transmission
method was applied to the nanocomposite films. IR
absorption spectra of the nanocomposite films were
obtained for the purposes of measuring and scanning.
The spectral collections were performed in the
wavenumber range of 400–4000 cm-1 with the
resolution of 4 cm-1.
Opacity: Opacity of the nanocomposite films was
measured using a Cary 60 UV/VIS spectrophotometer
(USA). Rectangular pieces of the films were prepared
and put in the sample position of the
spectrophotometer. Empty measurement was used as
the reference. The opacity of the films was calculated
as below (8, 30, 31):
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Where, XYZ are tristimiulus factors, measured by a
tristimulus colorimeter (ColorFlex EZ, Bench-top
Spectrophotometers, USA), and Cx and Cz are
constants obtained from the ASTM standard E313-15.
Thickness: Using a micrometer (Mitutoyo,
Model0052526, Japan), the thickness of the
nanocomposite films was measured. Five locations of
the films were evaluated, and the average value was
used for each sample.
Statistical design: The nanocomposite films were
produced in a completely randomized design (CRD).
The treatments were: 0 min of sonication time as
control (PVA 0), 10 min (PVA 10), 20 min (PVA 20),
30 min (PVA 30), and 40 min (PVA 40). Design
Expert ver.7.0 was used for optimization. Using
numerical optimization, first goals for each response
were set ten the software generated optimal
conditions. Data were analyzed mainly in the SPSS
software (ver. 20). Other statistical softwares such as
MSTATC were also used. Multiple range Duncan’s
test was preformed for mean comparisons (α=0.05).
All experiments and measurements were done with at
least three replicates.

(Eq. 2)

Where, Abs600 is absorbance at 600 nm, and X is
the thickness (mm) of the films.
Water Vapor Permeability (WVP): The WVP
evaluations were based on the modified ASTM
E96/E96 M-14 method (32). Before running the test,
the circle samples (19.625*10-4 m2 in the surface area)
were cut and equilibrated at 25◦C and 50% RH for 72
h. Then they were carefully placed and sealed using
grease oil on the top of the glass cells (7.065*10-4 m2
in the internal surface area, 19.625*10-4 m2 in the edge
surface area, and 3.5 cm depth), which contained 8 ml
saturated NaCl (74% RH). To prevent the leakage of
moisture through the seals, in addition to using grease
oil, circle rubber rings were put on the films as well as
on the edges of the cells and tightly gripped by 4
metal clamps. The glass cells were put in a desiccator
containing 800 gr silicagel at 25◦C and 50% RH. The
٣٢

(Eq. 3)

×∆ ×∆

Where, WVP is water vapor permeability
(gr/m.hr.Kpa), ∆m is is total weight loss of the cells
(gr), X is the thickness of the films (m), A is internal
or exposed area of the film (m2), ∆ is time of vapor
penetration (hr), and ∆ is pressure gradient
(∆ =2.368 Kpa was calculated using a psychrometric
chart from Universal Industrial Gases, Inc,
Pennsylvania, USA).
Color evaluations: L*, a*, and b* (mode of CIE)
parameters of the nanocomposite films were
measured in a tristimulus colorimeter (ColorFlex EZ,
Bench top Spectrophotometers, USA). Five replicates
were performed for each sample (30).
Yellowness index (YI): YI of the films was measured
according to the ASTM standard E313-15 (33). Eq.4
was used for YI calculation:

(Eq. 1)

=

∆ ×

=
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Optimization: Optimization analysis by design
expert software showed that 20 min of sonication time
was the optimum treatment (with 68.2% desirability)
for using films in food packaging. As the 20 min
treatment was optimum, other properties (XRD,
FTIR, Opacity, Color, and YI) were evaluated at 10,
20, and 30 min of sonication time. Optimization
conditions are depicted in table 4.

Results
MMT characterization: MMT characteristics
(Company datasheet, ZetaSizer results, and XRD
results) are presented in Table 1. The XRD evaluation
showed a peak in 8.7 2θ, revealing 1.178 nm dspacing between the silicate layers, which was near
the reported d-spacing from the company.
Mechanical properties: Different ultrasound times
had insignificant effect on elongation and Young's
modulus of PVA nanocomposite films (p>0.05),
while they had significant effect on tensile strength of
the films (P<0.01). In comparison to the films without
sonication, there was 22.28% enhancement in tensile
strength due to applying 20 min of sonication time.
Tensile strengths of the films are depicted in Fig.3.
Young's modulus and elongation at break are reported
in Table 2.
WVP: The effect of sonication time on the WVP of
PVA films was not significant (p<0.05). The obtained
WVP data verifies that the time of sonication did not
affect the WVP of PVA films. The results are
reported in Table 3.
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Tensile Strength (MPa.)

60

a
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a

b

b
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Time of Sonication (min)

Figure 3. Tensile strength of PVA films at different
sonication times
Different letters show significant difference (p<0.05).

Table 1. MMT characteristics
Southern Clay Company data sheet (Cloisite Na+)
d Spacing

1.17 nm

Zetasizer (0.4% Suspension)

XRD

MMT
Thickness

Particle
Size

Specific
Weight

Bulk
Density

Zeta
Potentioal

Particle Size
Average

Polydispersity
Index (PDI)

d Spacing

lower than
50nm

Lower than
2µm

2.86 g/ml

568 g/L

-30.4

195 nm

0.264

1.178 nm
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Table 2. Elongation and Young's Modulus at different times of sonication
Time of Sonication (min)
0
10
20
30
40

Young's Modulus (MPa.)
2.3±0.28a*
2.5±0.25a
2.15±0.17a
2.35±0.19a
2.32±0.2a

Elongation (%)
132.62±5.25a
133.63±5.5a
141.07±3.04a
139.5±4.12a
130.93±5.9a

* Different letters show significant difference (p<0.05)

Table 3. WVP at different sonication times
Sonication times (min)
WVP (gr *m-1hr-1 kpa-1*10-3)

0
0.376

10
0.369

20
0.344

30
0.339

40
0.345

Table 4. Optimization conditions and selected sample
Name
Ultrasound time
Tensil Stress
Elongation
wvp
Vol 2, No 4, Oct-Dec 2015

Goal

Lower Limit

Upper Limit

Importance

is in range
maximize
is in range
minimize

0
34.3
103
0.258

40
55.7
169
0.453

3
3
3
5

33

Selected Sample with 68.2
% Desirability
20
51.6
157
0.33
Nutrition and Food Sciences Research

Akbar Jokar, et al: Effects of ultrasound time on nanocomposite films

X-ray diffraction: Increasing the ultrasound time
caused enhancement of d-space between the MMT
layers in nanocomposites. Table 5 and Fig. 4 show the
changing trend of MMT d-space and the related XRD
peaks in PVA nanocomposite films.
FTIR Spectroscopy: As shown in Table 6 and
Figures 5 and 6, the ultrasound treatments had
significant and wide effects on PVA nanocomposite
films.

30.00

Absorbance

25.00
20.00

PVA 30

15.00

PVA 20

10.00

PVA 10
5.00

PVA0
0.00
399

MMT
1.178
8.7

PVA20
4.014
2.55

PVA30
4.42
2.32

592

688

785

881

978 1074 1171 1267 1363 1460 1556 1653 1749
Wavenumber (cm-1)

Table 5. d-space and peak angles of PVA films at different
sonication times
Samples (min)
d-Space (nm)
Peak Angles (2θ)

496

Figure 5. PVA FTIR spectra for low wave numbers

PVA40
5.01
2.04
25

900
800

Absorbance

PVA 30

600

Intensity (au)

PVA 30

20

PVA 40

700

PVA 20

500
400

15

PVA 20

10

Pure PVA

300

PVA 10

200

5

100

PVA 0

0
0

2.99

4.99

6.99

8.99

0

10.99

2700

2θ

2796

2893

2989

3086

3182

3278

3375

3471

3568

3664

Wavenumber (cm-1 )

Figure 4. X-ray diffraction of PVA nanocomposites at
differet times of sonication

Figure 6. PVA FTIR spectra for low wave numbers

Table 6. Infrared spectra absorption data of PVA nanocomposite films at different times of sonication
Range
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Samples

Low wave number range
PVA 0
454
528
593

Wave Numbers

640
680
736
844
920
1009
1077

PVA 10
464
O
O
509N
547N
621
675
O
845
921
O
1086

1121
1236
1334
1378

O
1239
1330
O

PVA 20
469
539
589
O
O
638
677
O
846
920
O
1067
1098N
O
1239
1331
O

1449

1437
1566N
1656

1435
1566
1655

1655

High wave number range
PVA 30
460
546
593
O
O
O
668
O
841
921
O
1048
1095
O
1240
1332
O
1418N
1449
1565
1656

PVA 0
2884
2946

PVA 10
O
2915

3110

O
3124N
3165N

3221

3274

3272
3321
3401
3479
3541

3312N
O
O
3361N
3417
3480
3524

PVA 20
O
2908
2939N
O
O
3150
3193N
3231
3291N
O
O
O
3348
3415
3484
O

PVA 30
O
O
2932
O
O
3150
O
3206N
O
O
3307
O
O
3387
3460
3485
3529

O: Omited Peaks; N: New Peaks
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Opacity appearance: Opacity is one of the most
important features of the films, especially for food
packaging. Ultrasound time had significant effect on
the opacity of PVA nanocomposite films (p<0.05). As
you can see in Figure 7, sonication for 20 min had the
lowest opacity (0.0006) in the PVA films.

As reported in Table 1, PSA of MMT suspension
was around 195 nm. Because 97.7% of the particles
had similar size (260.9 nm), the suspension had high
homogeneity. PSA from Zetasizer was nearly 10
times smaller than the value reported by company,
which was because of soaking, stirring, and
sonication of the treatments in the preparation of
MMT (Fig. 1). So, these treatments surely decreased
the size of the MMT particles. In compatible with this
research, Alshabate et al. (2013) reported that NaMMT suspension had a wide particle size distribution
(three peaks), and around 88.2% of particles had
748.5 nm sizes, which is really more than the size of
MMT suspension in the present study (3).
PDI is a dimensionless term for showing the band
of size distribution, which usually ranges from 0.05 to
0.7 and, out of this range, especially more than 0.7,
indicates that the sample is not probably suitable for
evaluation by dynamic light scattering (DLS)
technique in Zetasizer. PDI of the Na-MMT
suspension in this study was 0.264 (Table 1), which
was suitable and in the range (3, 34). ZP is a term that
expresses the potential difference between the
medium of suspension and the stationary layer of the
fluid, which is attached to the dispersed particles. ZP
of Na-MMT was -30.4 mv, indicating the moderate
stability of the nano-particles (35).
Mechanical properties: As illustrated in Fig. 3,
increasing the time of sonication up to 20 min caused
enhancement of tensile strength. Then it was
decreased at 30 min but not significantly at 40 min.
Maximum tensile strength was 50.859 and 49.531
MPa at 10 and 20 min of sonication time, respectively
(Fig. 3).
If sonication time and intensity increase more, the
polymer and its chemical bonds would be probably
decomposed; this will adversely affect its mechanical
properties, like what has been seen at 20 and 30 min
of sonication time. Several researchers have evaluated
the effect of ultrasound radiation on different film
properties and observed that tensile strength is
improved, while different results are obtained about
elongation (16, 17, 28, 36). As shown in Table 2,
elongation increases up to 20 min of sonication and
then decreases. The maximum elongation (141.07%)
and tensile strength (50 MPa.) are related to 20 min of
sonication; also the minimum Young's modulus (2.15
MPa.) was also corresponded to 20 min sonication
(Table 2). Wang et al. (2014) and Cheng et al. (2010)

12
a
a

Opacity (*10^-4)

10
8

b

6
4
2
0
10

20

30

Time of Sonication (min)

Figure 7. The effect of ultrasound time on the opacity of
PVA nanocomposite films

Color and YI: Statistical analysis showed that time
of sonication did not have any significant effect on
L*, a*, and YI of the PVA films, while it just affected
significantly b* (p<0.05) (Fig. 8).
Thickness: The average thickness of the PVA films
was 61.07 micron. It was not significantly changed in
the
samples
with
different
times
of
sonication.
a

2.52
2.5
b

2.48
b*

b
2.46

[ Downloaded from nfsr.sbmu.ac.ir on 2023-01-08 ]

2.44
2.42
2.4
10

20

30

Time of Sonication (min)

Figure 8. The effect of ultrasound time on b* factor of
PVA films

Discussion
MMT

characterization:

Zetasizer

evaluation

demonstrated that zeta potentioal (ZP), particle size
average (PSA), and polydispersity index (PDI) of the
MMT suspention (0.4% w/v) were -30.4, 195 nm, and
0.264, respectively.
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announced that increasing the time of sonication
increased tensile strength up to a certain time, and
decreased elongation. In the present study, this trend
was expected but we observed that both tensile
strength and elongation increased. Other papers have
not used glycerol or other plasticizers. The hydroxyl
groups of glycerol can attach to PVA by creating new
H-bonds, and as a result, elongation will increase. The
effect and role of glycerol might be a reason for
obtaining the unexpected trends in this study,
however, further experiments are needed to prove it.
Lui et al. (2004) announced that both tensile strength
and elongation of peanut protein films decreased by
increasing the time of sonication. It shows that the
effects of sonication time could be different
depending to the material and formulation.
Mondal et al. (2013) announced that the tensile
strength and elongation of PVA with 8% Na-MMT
was 54.95 MPa and 160%, respectively. The reported
values were near to those of the present research (29).
The same results were also reported about the
mechanical properties of PVA nanocomposites by Lui
et al. (2014) (37). Chang et al. (2003) reported lower
and higher elongation (9%) and tensile strength (160
MPa.), respectively (38). The reason of these
differences could be related to PVA characteristics,
especially the degree of polymerization and
formulation of nanocomposites, which can
extensively affect mechanical properties of the films.
If the solvent is water, usually active H and OH
radicals and hydrogen peroxide will be generated.
Several chemical reactions occurred between these
active radicals and substances in the medium, like
PVA, MMT, and glycerol in the present study.
Finally, more chemical bonds (e.g. H and covalent
bonds) were generated. Furthermore, sonication
causes the exit of air bubble from the solution, which
in turn results in more compact films with higher
strength and resistance toward elongation (16). All of
these mechanisms could be the reasons for improving
the tensile strength at higher sonication times in PVA
nanocomposites.
WVP: The minimum WVP in PVA films
corresponded to 30 min sonication (0.33*10-3
gr/m.hr.kpa). The data showed that 30 min of
sonication time could decrease just 10.37% of WVP
in comparison to the control film. In comparison to
other papers, this depletion is low (16, 20). Mondal et
al. (2013) reported the WVP of Na-MMT-PVA
٣٦
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nanocomposite films without glycerol as around
0.03*10-2 gr/m.hr, which is lower than the obtained
value in the present research. As previously
described, using glycerol in this research might be the
reason of obtaining lower WVP.
X-ray diffraction: Fig.4 shows the X-ray diffraction
(XRD) gragh of PVA nanocomposite films. At first
glance at XRD graph, we can find that the
nanocomposites had intercalated structure, as the peak
angle of pure MMT decreased from 8.7 to nearly 2
(Table 5) (26). It shows that increasing the time of
sonication increased d-space between the MMT
layers, and more incorporation of PVA/glycerol
between the MMT layers occurred (8, 13).
Intensity/height of the XRD peaks shows the
dispersity of MMT layers in the polymers. The lower
intensity of the peaks had more scattering of MMT
(8). The height of PVA XRD peaks was not
noticeably different (Fig. 4), which shows that time of
sonication did not have significant effect on the
dispersion of MMT in PVA films. As the viscosity of
PVA solution was not so high, probably magnet
stirring was sufficient for dispersing MMT in PVA
solution.
Appearance of nanocomposites: Changing opacity
in PVA films did not show any logical trend (Fig. 7).
As indicated in Fig. 7, 20 min time of ultrasound had
the lowest opacity in comparison to 10 and 30 min. It
shows that more air bubbles have been eliminated
from the polymer solution at 20 min sonication, and
some of the polymer's bonds have break down;
therefore, the resulting film has got more transparent
(16). In contrast to our expectation, opacity increased
at 30 min sonication time, may be due to the
formation of new chemical bonds at 30 min
sonication time.
Figure 8 shows the trend of changing b* factor by
increasing the time of sonication but the reason is not
really obvious. We can just explain that increasing the
time of sonication could increase the compactness of
the films, so transmittance decreased, and as a result,
b* (Yellow Color) increased. However, this result is
not in accordance to the opacity of 30 min sonication
time. There are no values and evidences in papers to
describe the reasons of obtaining these results, and
furthre researches are needed to clarify the reasons.
FTIR Spectroscopy: Ultrasound treatments caused
disappearance of some peaks, and appearance of new
ones. Most of the peaks shift positively, and got
36
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sharper with higher intensity. It shows the
incorporation of polymer/glycerol into the intergallery
spacing of MMT layers and formation of new
chemical bonds with MMT layers (3, 20, 39, 40).
However, there are not outstanding differences,
especially in low wave numbers, between the times of
sonication (10, 20, and 30 min). In conclusion, the
nanocomposite films should be optimized in terms of
sonication to get the best quality. In comparison to
methyl cellulose FTIR spectra, in another research by
the authors, ultrasound had lower effects on PVA.
The reason can be related to low molecular weight
and viscosity of PVA in comparison to methyl
cellulose. Therefore, the kind of polymer can play a
key role in optimization of the time of sonication.
Conclusion: Sonication time remarkably affected the
properties of the PVA nanocomposite films.
Sonication time can emerge new bonds between
polymers and nanomaterials, increase their intensity,
and cause more dispersion of nanomaterial in
polymer; as a result, properties of the films will be
changed widely. Increasing the time of sonication
could significantly change tensile strength, opacity,
and b* factor of PVA nanocomposites, while L*, YI,
and WVP did not change significantly. XRD and
FTIR verified the effects of sonication time on the
films properties. The results of this paper proves the
importance and effects of time of sonication on film's
traits. By optimizing and selecting appropriate time,
the best quality can be achieved.
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