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Abstract: This paper presents a novel class of multiwalled
carbon nanotubes (MWCNTSs) and zinc oxide (ZnO) doped
polyvinyl alcohol (PVA) nanocomposites prepared using
coagulation and solvent casting method. The dopant, ZnO
nanoparticles, was prepared using precipitation method,
and another dopant, MWCNTSs, was treated with H SO, and
HNO, taken in 3:1volume ratio to create carboxylated MWC-
NTs. Furthermore, prepared ZnO and treated MWCNTs
were doped into PVA matrix to prepare PVA nanocompos-
ites by solvent casting technique. The Fourier transform
infrared (FTIR) spectra detect the irregular shift in the
bands of doped PVA nanocomposites indicating the pres-
ence of intra/intermolecular hydrogen bonding creating
the interaction between the nanoparticles and neighbor-
ing OH group of PVA. Crystallinity of the prepared nano-
composites films was investigated using XRD technique,
which explores the average particle size of the embed-
ded nanoparticles and explains the complex formation
and variation in crystallinity of the nanocomposites due
to interaction of dopants. The decrease in optical energy
band gap of nanocomposite films and the information of
Urbach energy (E ) were assessed by UV/vis spectroscopy.
By using a universal testing machine, the mechanical
properties of doped polymer films found escalation for
doping percentage concentration x=7.5 wt%. The phase
homogeneity, film morphology, and chemical configura-
tion of the nanocomposites were inspected using atomic
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force microscope, scanning electron microscopy and
energy-dispersive X-ray spectroscopy, respectively.
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1 Introduction

In recent years, embedding or doping of nanoscopic mate-
rials into basic polymeric matrices symbolized a novel
substitute to enhance some of the characteristics such
as structural, physical, chemical, optical, electrical and
mechanical properties of polymer nanocomposites. Thus,
incorporation of a small amount of inorganic materials
such as metal oxide nanoparticles, carbon nanotubes
(CNTs) and clay into the polymer matrix appreciably
advances the performance of the polymer materials due
to their extraordinary properties and hence finds a lot of
applications depending on the dopant materials and con-
centration [1-5]. Among the various nanomaterials, the
application of multiwalled carbon nanotubes (MWCNTS)
has been an active research field due to its large flex-
ibility, very high aspect ratio and less mass density. It is
indeed these properties of MWCNT that, when incorpo-
rated into the polymer matrix, augment the mechanical
and electrical properties of polymer nanocomposites.
Nowadays, transition metal oxides (TMOs) also play an
important role, having applications related to consider-
able physical and chemical stability, solar cell, high catal-
ysis activity and gas sensors [6, 7]. The purpose of using
zinc oxide (ZnO) is due to its direct band gap (Eg=3.37 eV)
semiconducting property having large exciton binding
energy (60 meV). Out of many TMOs, ZnO is a hopeful
material for the various abovementioned applications
[8-10]. ZnO, when incorporated into the polymer matrix,
significantly enhances its electrical, mechanical as well as
optical properties owing to its large interfacial interaction
occurring between the organic molecules with inorganic
nanoparticles.
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The hydrophilic polyvinyl alcohol (PVA) is chosen as
basic polymer matrix due to its versatile properties such
as being eco-friendly, semi-crystalline, non-toxic, degra-
dable nature and simple to make thin films with dopants
[11-13]. In this study, we used MWCNTs and ZnO doped
PVA nanocomposite as a model composite material pre-
pared by simple solvent casting method. Furthermore,
these prepared nanocomposites were examined in order
to discover the doping effects of CNTs with ZnO on PVA
matrix and the doped PVA morphological changes on the
polymer crystallinity, tensile properties, optical properties
and surface morphology.

2 Materials and methods

2.1 Carboxylated MWCNTs

MWCNTs (75 mg), which were procured from Sigma
Aldrich (Germany) (CVD, 95% purity), were allowed to
soak in hydrochloric acid (HCl) for 24 h. The dispersed
solution obtained from the MWCNTs was poured into
500 ml of distilled water and stirred with magnetic stirrer
for 20 min and then filtered using pore 0.1-um Whatman
Nylon filter membrane. The achieved residue was washed
continuously with distilled water until pH value of the
filtrated solution was equal to 7. The obtained MWCNTSs
were dried in the vacuum oven kept at 600°C for 20 h. The
obtained treated MWCNTSs were further added in 40 ml of
sulfuric acid (HZSO4) and nitric acid (HNO3) taken in 3:1
volume ratio solution and sonicated by using probe ultra-
sonicator for 2 h. Furthermore, excess distilled water was
added to the dispersed solution and filtered using 0.1-um
Whatman Nylon filter membrane. The obtained residue
was further washed with water several times until the
filtrated solution turned neutral. The obtained precursor
was dried in the vacuum oven. The amount of the carboxy-
lated MWCNTSs obtained (MWCNT-COOH) was 71.8 mg. The
reagents HCI, H.SO,, HNO, are supplied from Merck, India.

2.2 Preparation of ZnO nanoparticles

ZnO nanoparticles for doping purpose were prepared
according to Kamellia Nejati et al. [14]. The NaOH and
Zn(NO,),.6H,0 chemicals employed in this work were pro-
cured from Sigma Aldrich (Germany). Initially, 1-M NaOH
solution was prepared by dissolving 40 g of NaOH in 11 of
deionized water and heated at 80°C in temperature-con-
trolled magnetic stirrer at 1000 rpm for 1 h until complete
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dissolution occurred. Furthermore, 250-ml solution of
0.5 M Zn(NO,),.6H,0 was added to the basic solution, and
the reaction mixture was kept stirred at 1000 rpm while the
mixture was heated at 80°C for 2 h. The suspended solu-
tion formed from the above mixture was separated with a
centrifuge to obtain ZnO and washed several times with
deionized water until all the traces of NaOH were removed,
having neutral pH value. The obtained ZnO was then dried
to remove the moisture content at 90°C in an oven for 8 h,
and the obtained yield was about 92%. The crystalline
structure and morphology of ZnO powder were assessed
by XRD and scanning electron microscopy (SEM).

2.3 Preparation of PVA nanocomposite

The basic matrix polymer used is PVA of 97-100 mol%
hydrolyzed compound (Mowiol 10-98 fully hydro-
lyzed grade, Sigma Aldrich, Germany) procured com-
mercially. The procured PVA has molecular weight of
M,,=61,000 g/mol, degree of polymerization of P,=1400
and bulk density of 0.4-0.6 g cm?. For doping purpose,
MWCNTs were procured from Sigma Aldrich (Germany)
and WO, nanoparticles were synthesized by precipitation
method. The coagulation method was used to produce the
PVA/(x)MWCNT (15-x)ZnO nanocomposites. The MWCNTs
of x=0%, 1%, 5%, 7.5%, 10%, 14% and 15% weight con-
centrations were prepared and added to 5 ml of distilled
water. Furthermore, each mixer was sonicated by using
probe ultra sonicator for 20 min and kept aside. Simi-
larly, ZnO nanoparticles of x=0%, 1%, 5%, 7.5%, 10%,
14% and 15% weight concentrations were prepared and
added to 5 ml of distilled water, and each mixer was soni-
cated by using probe ultra sonicator for 20 min and kept
aside. In order to prepare the nanocomposites film, 6 g
of solid PVA was dissolved completely in 100 ml of dis-
tilled water under constant stirring at 1000 rpm for 1 h
while the mixture was heated up to 90°C until the PVA
completely dissolved to form a clear viscous solution.
The viscous solution was cooled to room temperature
while stirring was continued using a mechanical stirrer
at 180 rpm for 3 h to ensure homogeneity of the composi-
tion. The obtained PVA solution was divided into six equal
parts, and each part of viscous solution of prepared PVA
was treated by adding mixed fillers PVA/(x) MWCNT(15-x)
ZnO, where x=0%, 1%, 5%, 7.5%, 10%, 14% and 15%
weight was mixed ultrasonically by probe ultrasonicator
for 20 min with pulse on time for 10 s and off time for 10 s.
To prepare polymer film of treated polymer, the viscous
solution was cast onto a Petri dish and left to dry in air
for 3 days at room temperature. The films were peeled off
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from the casting glass plate and kept in vacuum desicca-
tors for further study. Thus by using dial thickness gauge
(Mitutoyo, Japan), the thickness of the prepared polymer
composite film was determined. Three trials of thickness
were measured at different places of each polymer film,
and the average thickness of the film ranging from 100 to
120 um was obtained.

2.4 Physical measurements

The XRD spectra of the ZnO nanoparticles and PVA nano-
composite films were recorded using a Bruker D8 Advance
X-ray diffractometer with Ni filtered, Cu Ko radiation of
wavelength A=1.5406 A, with a graphite monochromator.
The scanning was taken in the 20 range of 10°-80° with
scanning speed of 2°/min. The IR transmittance studies
of the PVA nanocomposites were recorded using JASCO
FTIR 4100 type A spectrophotometer in the wave number
range of 400-4000 cm? with a resolution of 4 cm™. The
optical studies of the PVA nanocomposites for various
concentration of doping were carried out using JASCO
V-630 UV/visible spectrophotometer in the wavelength
range of 190-1100 nm. The surface morphological prop-
erties of nanocomposites were investigated using JEOL
JSM-6380LA SEM and energy-dispersive X-ray spectros-
copy (EDS). By using AMETEK LLOYD universal testing
machine (LLOYD-5 KN, London, UK), the tensile strength,
stiffness, percent elongation (%) and modulus of elastic-
ity of composite were measured. The tests were carried
out according to ASTM D-882 standard test (ASTM, 1992)
and calculated using NEXYGEN Plus software. The film
topography regarding roughness and particle size was
analyzed using Bruker (Nano) atomic force microscope
(AFM).

3 Results and discussion

3.1 XRD spectra

The XRD spectra of the PVA nanocomposites doped with
varied amounts of ZnO and MWCNTs nanoparticles are
demonstrated in Figure 1. The intense peaks achieved
at 26=32.33°, 35.15°, 36.93°, 48.49°, 57.66°, 64.23°, 67.67°,
69.35°, 70.46° and 74.29° resemble ZnO nanoparticles
(ICSD Collection Code: 154490 and International Center
for Diffraction Data, JCPDS 5-0664), and also the small
peak found at 20=26.52° links to MWCNT (JCPDS file no:
48-1449). These obtained peaks confirm the formation
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Figure 1: XRD pattern of PVA/(x) MWCNTs(15-x) ZnO for various
doping concentration.

of nanocomposites. Additionally, no extra peaks were
observed in the spectrum indicating very high purity
of ZnO obtained during synthesizing. In case of pure
PVA, a broad intense peak observed at scattering angle
(19°<20<20°) represents the “d” spacing value of 4.57 A
for pure PVA. The occurrence of semi-crystalline nature
of PVA is mainly because of the existence of strong inter-
molecular hydrogen bonding between PVA molecules
[15-17]. After doping, the variation in the width of crystal-
line peaks obtained at the range 26=19°<26<22° implies
the changes that occurred in the crystalline phase of
PVA matrix. It is observed that the intensity of crystal-
line peaks of PVA increases up to the dopant concentra-
tion x=7.5 wt%. Furthermore, above this concentration,
the peaks of PVA shift towards the higher angle, having
decrease in intensity, which results in low crystalline
phase in PVA matrix. The variation in intensity of crystal-
line peaks can be attributed to the complex formation of
mixed dopants with the PVA molecule. The increase in
the intensity of crystalline peaks or particle size is gen-
erally due to the interaction between OH groups of PVA
with the mixed dopants, causing increase in the intermo-
lecular interaction between PVA chains. The particle size
of embedded dopants in PVA matrix is evaluated using
Debye formula and presented in Table 1.

Crystallinity plays a considerable role on the physical
and mechanical properties of polymer composites. Crys-
tallinity of the polymer is generally determined by using
XRD data.

(total area of crystalline peaks)
(total area of all peaks)

%Crystallinity= 1)
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Table 1: Structural parameters of the PVA doped with MWCNT’s and ZnO nanoparticles.

Dopants concentrations (%) Crystallinity D (nm) Microstrain(e)x10- 4 (10 lines/m?)
Pure PVA 56.64 2.56 13.54 15.258
0 wt% 57.72 35.53 0.975 0.0792
1 wt% 58.22 46.43 0.746 0.0463
5 wt% 63.33 48.95 0.708 0.0417
7.5 wt% 65.81 60.99 0.568 0.0268
10 wt% 64.12 59.86 0.579 0.0279
14 wt% 61.30 38.07 0.910 0.0689
15 wt% 57.34 24.53 1.413 0.1661
Crystallinity of each polymer for different doping concen- e=pcosd/ 4 (3).

tration is presented in Table 1. This variation in crystallin-
ity entails changes occurred in the structural regularity of
the PVA backbone on doping.

The crystallinity behavior of the polymer composites
is articulated in terms of relative intensities (I/IO), where
is the intensity in counts at any peaks and I, is the inten-
sity of the prominent peak of the crystalline peaks by using
PowderX software. The calculated value of relative percent-
age intensity (I/I ) is found to be 100 for all the prominent
peaks. It can be noticed from Figure 1 that the intensity of
the crystalline peak increases around the scattering angle
19°<26<20°, with an increase in dopant concentration up
to x=7.5 wt%, and above x=7.5 wt% doping concentration,
the appearance of less intensity peaks starts. The results
observed in the XRD spectra illustrate that the embedded
dopants interact with PVA molecules forming a complex
analogous to that observed in the Fourier transform infra-
red (FTIR) spectra. The formation of complex is due to
dopant ions residing in the interstitial sites of crystalline
phase polymer main chains and associates them with
hydrogen bond via charge transport processes.

By using first approximation of Debye-Scherrer
formula, the crystallite size is evaluated [15].

D 091 @)

pBcosd
where 1 is the wavelength of X-ray radiation, f is the full
width at half-maximum intensity of the peaks and 6 is the
diffraction angle.

The calculated distance between the hydroxyl groups
of crystalline is depicted in Table 1. The increase in crys-
tallinity is due to the increase in average inter crystallite
separation, which signifies the strong intermolecular
hydrogen bonding leading to the disappearance of molec-
ular motion causing high dense molecular packing in the
crystal.

The micro structural strain (¢) is calculated using the
following relation [18]:

The dislocation density () is evaluated using the
formula following [19]:

6=1/D’ (4).

The maximum value of crystallinity is found for the
PVA/(x) MWCNT(15-x)ZnO, where x=7.5% weight con-
centration. The obtained crystal defect parameters such
as micro strain and dislocation density show variation
with respect to dopant concentration. The variations that
occurred are mainly due to the extent of recrystallization
process in the polycrystalline films. This implies changes
in the structural regularity of the main chains of the poly-
meric molecules on doping.

3.2 FTIR analysis

FTIR spectral analyses of MWCNTs-COOH, pure PVA and
nanoparticles doped PVA nanocomposites were accom-
plished by KBr pelleting method. The peaks witnessed at
3415 and 1620 cm in the FTIR spectrum (Figure 2) of MWC-
NTs-COOH are endorsed to the stretching vibrations of O-H
and C=0 of carboxyl groups. In addition, the peak at 1080
cm? is assigned to the C-O stretching vibration. Occur-
rence of these peaks in the FTIR spectrum proposes that
oxidation of the MWCNTSs ensured the presence of COOH
groups on the surface of MWCNTs [20, 21]. Furthermore, in
Figure 3, the O-H stretching vibration of hydroxyl groups
of PVA molecule is specified by a strong broad band at
3623cm™. The C-H asymmetric stretching vibration absorp-
tion bands occur at 2996 and 2920 cm™ although C-H sym-
metric stretching vibration is exemplified at 2878, 2850 and
2821 cm™. The band indicated at 1150.29 cm™ resembles the
C-O stretching of acetyl group, bending deformation with
wagging of CH, vibrations at 1479.13 cm® and C-H wagging
witnessed at 1221cm™ [22, 23]. The FTIR spectrum of doped
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Figure 3: FTIR spectra of PVA/(XY MWCNTs(15-x)ZnO for (A) pure PVA,
(B) x=0 wt%, (C) x=1 wt%, (D) x=5 wt%, (E) x=7.5 wt%, (F) x=10 wt%,
(G) x=14 wt% and (H) x=15 wt%.

polymer nanocomposites shows an irregular shift in the
corresponding bands with a change in intensities. The
asymmetrical shifts observed for OH group of PVA nano-
composites shifts from 3624 to 3625 (1 wt%), 3626 (5 wt%),
3627(7.5 wt%), 3625 (10 wt%), 3624 (14 wt%) and 3625 cm?
(15 wt%) suggest that the interaction of MWCNT and ZnO
ions with acetyl group dominates. The irregular shifts in
acetyl group (C=0) of PVA nanocomposite shifts from
1641 to 1643 (1 wt%), 1646 (5 wt%), 1648 (7.5 wt%), 1644
(10 wt%), 1642 (14 wt%) and 1640 cm? (15 wt%) suggest
that the interaction of MWCNT and ZnO ions with acetyl
group dominates. The shifts observed in of CH, bending
vibrations from 1440 to 1441 (1 wt%), 1442 (5 wt%), 1442
(7.5 wt%), 1436 (10 wt%), 1437 (14 wt%) and 1438 cm’
(15 wt%) suggest the possible chemical interactions of
dopant ions with PVA matrix. The changes that occurred
in absorption intensity and the irregular shifts are due to
hydroxyl groups of the PVA chain gifted to forming more

R. Kumar N.B. et al.: Polymer nanocomposites =—— 461

or less stable complex chemical composites interrelated
with nanoparticles. These observations give evidence
regarding the interaction of PVA molecule with nanoparti-
cles. Apart from these, the rise in novel bands may be due
to the creation of defects induced by charge transfer reac-
tion occurring between PVA main chains with the nano-
particles dopant. These elucidations endorsed that the
inter/intramolecular interaction between MWCNTs and
ZnO0 ions with PVA acetyl group dominates. The chemical
interactions occurring between Zn and MWCNT ions with
PVA chain can be specified by the shift in bending of CH,
vibrations. The occurrence of chemical interaction is also
supported by the shift in frequency of acetyle C-O stretch-
ing of PVA. These interpretations and observations lead to
a conclusion that the formation of complex configuration
between PVA molecules and mixed nanodopants occurred
via intra/intermolecular hydrogen bonding.

3.3 UV/visible spectral analysis

Figure 4 represents the recorded absorbance spectra of
pure PVA and doped PVA films for different dopant con-
centrations. As the doping concentration increases until
x=7.5 wt%, the optical absorption of the composite film
increases. Increased doping concentration more than
x=7.5 wt% results in lower optical absorption of the com-
posite films. The absorption peaks for pure PVA are found
at 350.5 nm, and as the doping concentration increases
up to x=75 wt%, the wavelength of absorption peaks
increases. For x=7.5 wt% concentration, the absorption
wavelength was found at a maximum of 382.1 nm and
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Figure 4: UV/visible spectra of PVA/(x)MWCNTs(15-x)ZnO nanocom-
posites for various doping concentration.
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further increase in doping concentration wavelength of
absorption spectra found a decreasing trend. These shifts
occurring in the absorption band represent the existence
of hydrogen bonding between the adjacent OH groups
of the PVA with the mixed dopant ions. Hence, it is very
clear from Figure 4 that the spectra have high absorbance
in the near ultraviolet regions and low absorbance in the
visible and near infrared regions. These observations can
be explained based on Beer’s law that the absorption of
radiation is directly proportional to the number of absorb-
ing molecules in the sample. The shift observed in the
absorption edge of the doped PVA composites is mainly
due to variation in crystalline parameters, which in turn
changes the energy band gap. The variation of the absorp-
tion coefficient, «, as a function photon energy was calcu-
lated from equation (5):

23034
a=
d

)

where A is the absorbance and d is the thickness of sample.
From the UV/visible spectra, the optical energy band
gap is assessed by transforming the absorption spectrum
in to Tauc’s plot by means of the frequency-dependent
absorption coefficient given by Mott and Devis [24, 25]:

B(hv-E,)"

hv ©)

a(v)=

where f is a constant and the exponent r is an empirical
index, which is equal to 2 for indirect allowed transition
in the quantum mechanical sense, responsible for optical
absorption.

The linear behavior witnessed in the graph plotting
(ahv)°* vs. the photon energy hv at room temperature gives
a confirmation for indirect allowed transition. Extrapola-
tion of the linear portion of the obtained curve to a point
(ahv)*>=0 provides the optical energy band gap E, for the
doped PVA nanocomposite films (Figure 5). The occur-
rence and deviation observed in the optical energy gap E,
are attributed to arouse the complex formation through
intra/intermolecular hydrogen bonding. These complex
interactions significantly change the microstructural vari-
ation within the polymer matrix. This microstructural var-
iation is reflected in the form of varying band gap E, with
respect to the dopant concentrations as shown in Figure 6.
The occurrence of the crystalline or amorphous nature of
the polymer film is also assessed by optical absorption
data. Furthermore, for longer wavelength in the spectrum
(low absorption levels), the absorption coefficient a(v) is
described by the Urbach exponential law [26]. The Urbach
energy is related to the absorption co-efficient as
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Figure 5: Optical energy band gap PVA/(x) MWCNTs(15-x)ZnO for
various doping concentration.
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a(hv)=c, exp(?] @)

u

where ¢ is a constant dependent on the optical band
gap but independent of photon energy hv and E  is called
Urbach energy.

Generally, the Urbach energy E is the measure of
disorder in the system typically interpreted by the width
of the tail in localized states of the forbidden band gap.
Experimentally, the absorption coefficient «(v) close
to the band edge gives an idea about an exponential
dependence on photon energy (hv) and obeying Urbach’s
rule. The Urbach energy of different doping concentra-
tion is evaluated by fitting the linear region of figure by
the method of least square to the straight line equation
(Ina=hv/E +Constant), and the assessed values of E_ are
presented in Table 2. A monotonic behavior of E on the
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Table 2: The variation of Urbach energies of PVA doped with differ-
ent doping concentration of nanoparticles.

Sl No. Doping concentration (wt%) Urbach energy (eV)
1 Pure PVA 2.47
2 0 7.96
3 1 8.45
4 5 8.99
5 7.5 9.75
6 10 9.03
7 14 8.65
8 15 7.53

increase of dopant concentration is observed. It is very
clear from Table 2 that with the increase in dopant con-
centration, Urbach energy E found increasing trend up
to x=7.5 wt% and then decreased with further increase in
dopant concentration. The variation of E in nanocompos-
ite films is endorsed by the mobility concept as proposed
by Davis and Mott [24]. This behavior is mainly due to the
introduction of point defects induced by nanodopants dis-
persed in the polymer matrix. Thus, the increase in dopant
concentration creates additional defects causing increase
in density of localized states. The variations in dopant
concentration results in defects causing localized states
to overlap and extend to the mobility gap. This overlap
generally changes the Urbach energy E_ of the polymeric
nanocomposites. Thus, the values of E obtained interpret
that the polymer composites are crystalline in nature.
Likewise, occurrence of sharp XRD peaks also confirms
the crystalline nature of polymer composites.

3.4 Mechanical properties

The mechanical properties such as tensile properties,
Young’s modulus, etc. of doped polymeric nanocomposite
materials were carried out using universal testing machine
at room temperature in air. The effect of the MWCNTs and
ZnO deploys the tensile strength, Young’s modulus and

Table 3: Tensile properties of pure and doped PVA films.
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percentageelongationatfacture ofthe PVA/(x) MWCNT(15-x)
Zn0 nanocomposite films, as shown in Table 3. It is obvious
that the addition of mixed dopants MWCNTs and ZnO sig-
nificantly increased the tensile strength and modulus from
0 to 7.5 wt% and then dropped. This result indicates that
the addition of MWCNTs/ZnO into the PVA matrix results in
strong interactions between the polymer matrix and mixed
fillers, thereby restricting the matrix motion and promot-
ing rigidity. Generally, due to an inverse Hall-Petch effect
at lower grain size, it limits the dislocations bowing out
between the obstacles without touching a boundary, and
there is no enough space for pile-ups to form. This leads
to the decrease in percentage elongation at facture [27, 28].
Further addition of dopant concentration for x>75 wt%
decreases the tensile strength and modulus but remained
greater than the original PVA film. This reduction is due
to inter-particle interactions, which lead to the creation of
weak points. Moreover, the increase in degree of crystal-
linity and the morphological behavior of the crystalline
material also have significant effects on the mechanical
properties of polymers. This in turn has profound effect on
the tensile strength of the polymer. It can be noted from

Stress at break (MPa)

06 08 12

Strain at break

04

Figure 7: Stress-strain curves of PVA/(x) MWCNTs(15-x)Zn0 with
(A) pure PVA, (B) x=0 wt%, (C) x=1 wt%, (D) x=5 wt%, (E) x=7.5 wt%,
(F) x=10 wt%, (G) x=14 wt% and (H) x=15 wt%.

SINo. Sample (Wt%) Tensile strength (MPa) Stiffness (kN/m)  Young’s modulus (MPa) Percentage total elongation at fracture
1 Pure PVA 2.901 5.3490 45.330 92.53
2 0 11.14 9.8261 196.523 107.34
3 1 11.87 9.9059 198.658 100.21
4 5 16.04 10.3994 200.45 96.85
5 7.5 21.82 11.3474 214.267 94.45
6 10 10.575 10.1376 194.864 99.15
7 14 9.934 8.8816 196.523 97.47
8 15 9.544 9.7478 200.51 95.25
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Figure 7 that the elongation at break gradually decreases
from O to 7.5 wt% of mixed filler loading. This phenomenon
can be enlightened by the occurrence of strong interaction
between the filler-matrix interactions.

3.5 SEM and EDS studies

Figure 8 represents the surface micrographs of doped
polymer nanocomposites at room temperature (31°C).
The surface morphology of PVA/(x) MWCNT(15-x)ZnO was
found almost smooth, and the nanoparticles were distrib-
uted homogenously on the surface. The particle size meas-
ured in the SEM images of the nanocomposite film was
found analogous to the particle size measured using the
XRD spectra data owing to grain size from 30 nm to 59 nm.
The SEM image (Figure 8) is taken at a magnification of
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3000x%, and at more than 3000x, cracks started to appear
in the image. The particles more than 30 nm refer to ZnO,
and those below 20 nm size refer to MWCNTSs, which are
analogous to the calculated particle size of the dopants
using XRD spectra before doping process.

Table 4: Percentage distribution of ZnO and MWCNTs nanoparticles
in the PVA composites film.

ZAF Method standardless quantitative analysis

Fitting coefficient: 0.3711

Element (keV) mass% Error% At% K
CK 0.277 57.45 0.14 66.28 58.8242
oK 0.525 37.76 0.69 32.70 33.2246
Zn K 8.630 4.79 1.94 1.02 7.9512
Total 100.00 100.00
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Figure 9:

Distribution of nanosized MWCNT’s and ZnO dopants in the composite film.
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Figure 10: AFM two-dimensional images of (A) pure PVA and (B) doped PVA.

In order to inspect the elemental composition and
homogenous distribution of ZnO and MWCNT nanoparti-
cles in PVA polymer composite films, EDS is accomplished.
The prepared PVA nanocomposite films were primar-
ily sputtered by using gold particles to resist the arti-
facts created above the film surface because of charging.
Figure 9 signifies the uniform distribution of nanoparticle
Zn0 and MWCNTSs dopants in PVA matrix and confirms the
presence of ZnO and MWCNTs in the film. As it is a com-
posite, the dispersion of small amount of doping in the
large PVA film may reduce the total CPS by <100%. The
percentage distribution of nanosized ZnO and MWCNTSs
dopants in the PVA composite film is specified in Table 4.

3.6 Film topography

Figure 10A and B shows the two-dimensional images of
an undoped and doped PVA nanocomposites, whereas

40 60 nm

20

Figure 11: AFM three-dimensional images of nanoparticles doped
PVA nanocomposite.

Figure 11 epitomizes the three-dimensional AFM image of
doped polymer composites. It is very clear from the AFM
images that the pure film has smooth surface and smaller
grain size. Furthermore, doping the film with nanopar-
ticles alters the grain size and roughens the surface of
the composites. The variation in root mean square value
of surface with respect to the dopant concentration is
observed, causing variation in the crystallinity of the film.

4 Conclusions

The results obtained with the investigated PVA doped with

MWCNTSs and ZnO polymer nanocomposites prepared by

coagulation mixing and solution casting method allow us

to draw the following conclusions:

— The XRD results demonstrate the increase in crys-
tallinity up to 7.5 wt% concentration, indicating the
strong inter/intramolecular hydrogen bonding with
complex formation, which disappears with the molec-
ular motion causing compact molecular packing.

—  The FTIR study shows that the MWCNTs and ZnO ions
of the dopant interact with the OH groups of PVA
backbone and form a complex via intra/intermolecu-
lar hydrogen bonding.

— The UV/vis spectra show drastic decrease in optical
energy band gap (Eg) with the increase in dopant con-
centration up to 7.5 wt%.

— Urbach energy (E) found an increasing trend up
to x=75 wt% and then decreased with the further
increase in dopant concentration, creating additional
defects causing increase in density of localized states.
The mechanical studies indicate that the addition of
the MWCNTs and ZnO nanoparticles in PVA matrix
with weight percentage concentration x=75 wt%
increases the tensile strength and Young’s modulus
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whereas decreases the percentage elongation at
facture.

The SEM and EDAX data indicate that the distribution
of nanosized MWCNTs and ZnO dopants is uniform
and confirms the presence of nanoparticles in the
film.

AFM images reveal the variation in root mean square
value of surface with respect to the dopant concentra-
tion, causing variation in the crystallinity of the film.
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