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In this work, nanocomposite thin films were prepared from poly(vinyl alcohol) (PVA) mixed with carbon nanotube (CNT) and carbon
nanoparticles (CN) using the casted method. Our goal was to produce a PVA texture modified with these nanoparticles. The nanoparticles
contents in the nanocomposite thin films were measured by utilizing reflectance and absorbance data. The presence of carbon nanotube and
carbon nanoparticle in the modified PVA matrix improved the optical properties such as reflectance, absorption coefficient, refractive index,
and extinction factor. The transmittance and reflectance of the nanocomposite thin films (PVA-0.05CNT, PVA-0.05CN, and PVA-
0.025CNT-0.025CN) decreased, and the conductivity and dielectric constant increased. The direct led to a decrease in the transition of energy
gap from 4.0 eV to 2.9 eV, and the indirect led to a decrease in the transition of energy gap from 4.4 eV to 2.8 eV. Urbach energy increased
from 1.238 eV to 2.711 eV after adding these nanoparticles to the PVA texture. The scanning electron microscope was used to evaluate the
particle sizes of these nanoparticles after preparation from the experimental method, which used in the PV A lattice to constitute the thin films
nanocomposite (PVA-0.05CNT, PVA-0.05CN, and PVA-0.025CNT-0.025CN). The XRD test demonstrated the semi-crystalline structure
of the as-prepared nanocomposite thin film. The atomic force microscope (AFM) test was used to exhibit the average roughness and average
root mean square. The nanocomposite thin films (PVA-0.025CNT-0.025CN) are used in many applications such as energy devices, fuel cells,

display equipment, optoelectronics, and batteries.
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INTRODUCTION

Poly(vinyl alcohol) PVA is a non-toxic, odorless,
thermostable, powdered or granular, and semi-crystalline
polymer [1]. It has exceptional ability for charge storage and
strong dielectric thin film [2]. Its electrical and optical
features can be tailored by doping with nanomaterials. PVA
is present in the market with different grades based on
[3.4].
compound may be improved using a polymer matrix

hydrolysis degree and viscosity The polymer

with filler. The filler dimension can be in nanometers or in
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micrometers to make the polymer nanocomposite; this filler
as a nanomaterial affects the physical, chemical, electronic,
and optical properties of PVA [5]. Several types of
nanomaterials were used for PVA doping such as CuO, NiO,
ZnO0, SiC, ZnS, Cr,03, CuS, Co0304, CdSe, TiO2, Cds, SiO,,
and FeO. They were used to fabricate the nanocomposite thin
films with improved structural and electrical properties of
PVA. Other nanomaterial such as CNT and CN are also used
to dope the PVA and produce nanocomposite thin films [6,7].

Therefore, the nanocomposite thin film is the new thin
film with modified properties, which cannot be found in the
polymer. Polymers such as PVA doesn't have electrical
PVA by

the nanomaterials results in a nanocomposite with a good

conductivity;  modification  of adding
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structure and a desired conductivity property [8,9]. The
nanocomposite has an improved properties due to its
combination with nanomaterials such as carbon nanotube
(CNT), making it suitable for a wide range of applications
[10]. Carbon nanotube (CNT) has many specifications such
as thermal properties, electrical conductivity, aspect ratio,
and high strength that promote its usage for modification of
polymer. It is used to dope a polymer such as PVA to make a
new complex that is used in many useful applications such as
developing high energy devices, fuel cells, display
equipment, and batteries. Thin films with desired dimensions
are easily manufactured to be used for mentioned
applications [11]. The properties of the PVA can be changed
with incorporation of carbon nanotube (CNT) inside it; CNT
interacts with the chains of PVA and results in a PVA
thin film (PVA-CNT) [12,13]. The
nanocomposite thin film such as PVA and multi-wall carbon
nanotube (MWCNT) was used to fabricate an electrode
(PVC-MWCNT) for electro-sorption of ions from aqueous
solutions [14]. The nanocomposite (PVA-MWCNT) was
used to alter the conductivity of PVA, improve the dielectric

nanocomposite

constant in the PVA matrix, and study the transportation of
electrons in thin films when subjected to alternate current
(AC) and (DC) direct current [15]. The other nanomaterial
used in this work is nano carbon (CN); it is used to dope the
PVA and make a nanocomposite thin film (PVA-CN). The
goal is to use carbon nanotube (CNT) and nano carbon (CN)
in the PVA lattice to improve the PVA’s electrical
conductivity and make new nanocomposites for using in
many applications. Poly(vinyl alcohol) and polyethylene
glycol (PEG) thin films correlated with surface engineered
multiwalled carbon nanotubes (SE-MWCNTSs) have been
synthesized to inspect the gases permeated through these thin
films, such as CO», methane (NHs), and nitrogen (N,).Carbon
nanotubes possess a microporous structure used in gas
separation; they are composed of a hexagonal carbon ring-
shaped as the honeycomb. Then, the synthesized thin films
possess new structures after adding the carbon nanotubes
[16].

In the present work, PV A has been modified by CNT and
CN. Characterization of optical properties of the blank PVA
and PVA thin films composites (PVA-CNT and PVA-CN)
were done; data analysis was done to calculate the
optical properties and urbach energy. Also, the XRD test

748

demonstrated the semi-crystalline structure of the
nanocomposite thin films of PVA. The aim of this work is to
produce a new nanocomposite thin film that possesses good
conductivity during the light exposure.

The surface roughness of the thin films was characterized
by an atomic force microscope. These thin films are used in
many applications such as energy devices, fuel cells, display

equipment, optoelectronics, and batteries.
EXPERIMENTAL

Materials

The pure PVA material was purchased from local market
in Iraq. The carbon nanotube (CNT) and carbon nano (CN)
were synthesized in the lab.

Synthesis Carbon Nanotube and Nano Carbon

The carbon nanotube (CNT) and nano carbon (CN) were
synthesized in the lab. Firstly, extraction of carbon nanotube
(CNT) was done by picking 1 g of reeds with 3 g of NaOH
(1:3 wt.%); the two materials were blended and put down in
the furnace at 1 h until the temperature reached 550°C. Then,
the temperature raised 10 °C each 1 min, while the
calcination was happened after burning at 550 °C. The output
was cooled at room temperature and rinsed many times with
hot water. Neutralization was done by using hydrochloric
acid (HCL) to reach a pH of 7 and get rid of NaOH. Then, the
moist mass was quitted and dried for 12 h at 80 °C. Secondly,
a same method was utilized to make nano carbon (CN), with
the difference in burning the reeds with NaOH for 3 h at
700 °C in the furnace. A Scheme 1 described a flow chart of
the main steps for preparing the carbon nanotubes and the
nano carbon.

Preparation Thin Film

Initially, 1g of PVA was dissolved in 25 ml of distilled
water using continuous stirring at 60 °C for more than 8 h.
The gained solution was cooled to a room temperature for
about 4 h. Then, some of this mixture was poured in a glass
template to make the blank PVA. The rest of solution was
blended with 0.05 g of carbon nanotube (CNT) and added to
10 ml distilled water. They were immersed on a beaker for
20 min to gain a suspension solution and by using ultrasonic
to mix the solution with CNT homogeneously. The solution
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1g of reed+3g of NaOH
(1:3 wt.%)

h J

Calcination temperature 330 °C for
1 h with heating rate 10 °C per min

h

1g of reed+3g of NaOH
(1:3 wt.%0)

pJ

Calcination temperature 700 °C for
3 h with heating rate 4 *C per min

.

The mixture has been rinsed by a hot water
and neutrilized by hydroshloric acid (HCL)
to get pH=7 and get red NaOH

!

The moist material
dried at 30 °C for12 h

v

Carbon nanotubes

The mixture has been rinsed by a hot water
and neutrilized by hydroshloric acid (HCL)
to get pH=7 and get red NaOH

Y

The moist material
dried at 30 °C for 12 h

Scheme 1. A flow chart of the main steps for preparing carbon nanotubes and nanocarbon

of CNT suspension was added dropwise to PVA solution
with stirring repeatedly; The PVA-CNT nanocomposite
Finally, PVA-CNT
nanocomposite thin film was casted in glass template and left

was prepared by this procedure.

in an oven at 60 °C to dry for about 72 h. The nanocomposite
thin film PVA-CN was made from PVA and nano carbon
(CN) by the same mentioned method.

Examination Techniques
The Avantes (DH-S-BAL-2048, UV-Vis Spectro-2048)

Fig. 1. The images of: a) carbon nanotube (CNT) and b) nano carbon (CN).
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in the wavelength range (250-1300 nm) was used to study the
samples by the reflectance for 0.5 step wavelength. The AFM
(AA2000) was employed to study the roughness and particles
size of the blank PVA and PVA-CNT, PVA-CN, PVA-CNT-
CN nanocomposite thin films.

The S50 scanning electron microscopy (SEM) 3 nm at
30 kV SE (low vacuum) was used to illustration the shape
after burned. The carbon nanotube after calcination at 550 °C
is shown in Fig. la and the nano carbon after calcination at
700 °C is shown in Fig. 1b.
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The XRD diffraction has the specification as Cu K-alpha
1.54056 A with very high clarify. The patterns were
inspected under 20 between angles (10°-80°) at 40 kV and
250 mA. The structure properties of the blank PVA and the
nanocomposite thin films (PVA-0.05CNT, PVA-0.05CN,
and PVA-0.025CNT-0.025CN), shown in Fig. 2, were
studied by the XRD diffraction equipment, where it exhibited
a semi crystalline structure for the nanocomposite thin film
[17].

The nature of the structure is semi crystalline and exhibits
one peak for all nanocomposite thin film except the blank
PVA; this peak has a broad base confined between 15° to 20°
degrees. The XRD test proved that the PVA was doped by
CNT and CN. A semi crystalline structure for all
nanocomposite thin film was shown [17].

RESULTS AND DISCUSSION

Reflectance for the Blank PVA and Thin Films
(PVA-CNT, PVA-CN, and PVA-CNT-CN)

Figure 3 shows the reflectance of the blank PVA and that
of nanocomposite thin films (PVA-0.05CNT, PVA-0.05CN,
and PVA-0.025CNT-0.025CN).

From Fig. 3, the blank thin film had a high reflectance,
but the other doped thin films had very low values of the
reflectance in the visible region. The doped thin films (PVA-
0.05CNT and PVA-0.05CN) had a reflectance value in the
visible region (400-800 nm) that was < 3.0%; the reflectance
raised slightly to a value < 4.5% with an increase in the
wavelength. The other thin film (PVA-0.025CNT-0.025CN)
had a reflectance < 3.0% in the visible region was constant at
this value along the axis of the wavelength [18-20].

The Absorbance Coefficient for the Blank PVA and
Thin Films (PVA-CNT, PVA-CN, and PVA-CNT-
CN)

The absorption coefficients (a) for the blank PV A and the
nanocomposite thin films (PVA-0.05CNT, PVA-0.05CN,
and PVA-0.025CNT-0.025CN) are shown in Fig. 4.

The value for the blank PVA and the nanocomposite thin
films (PVA-0.05CNT, PVA-0.05CN, and PVA-0.025CNT-
0.025CN) was calculated using Eq. (1) [21-23]:

oa=2303+% (1)
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Fig. 2. XRD test for the blank PVA and nanocomposite thin

films (PVA-0.05CNT, PVA-0.05CN, and PVA-0.025CNT-
0.025CN).
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Fig. 3. The reflectance distinction with wavelength for the
blank PVA and nanocomposite thin films (PVA-0.05CNT,
PVA-0.05CN, and PVA-0.025CNT-0.025CN).



Physical Study of PVA Filled with Carbon Nanotube/Phys. Chem. Res., Vol. 11, No. 4, 747-760, December 2023.

Here, o is the absorbance coefficient (cm™), A4 is the
absorbance value, and t is the coating thickness (cm).

It is clear from Fig. 4 that the absorption coefficient (a)
of the blank PVA didn’t have a stable value with the
wavelength; it was fluctuating along the wavelength axis.
But, the thin films (PVA-0.05CNT, PVA-0.05CN, and PVA-
0.025CNT-0.025CN) had absorption coefficient («) in the
same trend through the UV-Vis-IR regions with the
wavelength. Therefore, in Fig. 4, there are small humps in the
curves of the nanocomposite thin films (PVA-0.05CNT,
PVA-0.05CN, and PVA-0.025CNT-0.025CN) that are
related to formation of the charges in transport complexes of
the particles [24,25].

The Transmittance for the Blank PVA and Thin
Films (PVA-CNT, PVA-CN, and PVA-CNT-CN)

The transmittance of blank PVA and nanocomposite thin
films (PVA-0.05CNT, PVA-0.05CN, and PVA-0.025CNT-
0.025CN) are shown in Fig. 5.

As shown in Fig. 5, the transmittance is 100% in the UV
region and a part of the visible region. The blank PVA had a
higher transmittance than the other thin films and showed
fluctuation (up and under) when the wavelength increased.
When the wavelength 4 > 560 nm, the transmittance was
lower and reached <55% after adding the (CNT and CN) to
the nanocomposite thin films of PVA. After adding the
nanoparticles CNT and CN, the inner side of the PVA texture
might act as scattering stations, which caused a decrease in
transmittance. In the curves, the rise and decline are due to
the aggregation of nanoparticles inside the PVA texture,
causing these shapes for the nanocomposite [25,26].

The Refractive Index for the Blank PVA and Thin
Films (PVA-CNT, PVA-CN, and PVA-CNT-CN)
The difference between the curves depends on the
distribution of the nanoparticles in the texture of PVA. The
refractive index exhibits the propagation for the wavelength
inside the thin films (PVA-0.05CNT, PVA-0.05CN, and
PVA-0.025CNT-0.025CN). The
calculated by using the Eq. (2) [27]:

14R 4R
[ﬁ] + \I 1-R? k? @)

Here, n is refractive index, R is reflectance, and & is extinction

refractive  index is
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Fig. 4. The absorbance coefficient with wavelength
distinction for the blank PVA and nanocomposite thin films

(PVA-0.05CNT, PVA-0.05CN, and PVA-0.025CNT-
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Fig. 5. The transmittance distinction with wavelength for the
blank PVA and nanocomposite thin films (PVA-0.05CNT,
PVA-0.05CN, and PVA-0.025CNT-0.025CN).

factor.

The curves of blank PVA and the nanocomposite thin
films (PVA-0.05CNT, PVA-0.05CN, and PVA-0.025CNT-
0.025CN) are shown in Fig. 6.
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Fig. 6. The refractive index with wavelength distinction for

the blank PVA and nanocomposite thin films (PVA-

0.05CNT, PVA-0.05CN, and PVA-0.025CNT-0.025CN).

In Fig. 6, the refractive index for the blank PVA has a low
value, but for the nanocomposite thin films (PVA-0.05CNT,
PVA-0.05CN, and PVA-0.025CNT-0.025CN), the indexes
are increased after incorporation of carbon nanotube (CNT)
and nano carbon (CN) in the PV A texture. The increase in the
refractive index is dependent on the distribution of CNT and
CN in the internal structure of PVA and the filling density of
them. The filling density leads to a decrease in the absorption
loss inside the nanocomposite thin films of PVA [28,29].

The Extinction Factor for the Blank PVA and Thin
Films (PVA-CNT, PVA-CN, and PVA-CNT-CN)
The difference between the curves of absorptions
depends on the scattering of the nanoparticles in the PVA
texture. The extinction factor exhibits the absorption losses
inside the thin films. Figure 7 shows the curves of the blank
PVA and the nanocomposite thin films (PVA-0.05CNT,
PVA-0.05CN, and PVA-0.025CNT-0.025CN).
The extinction factor is calculated using Eq. (3) [27]:

aA

3)

41

Here, A is wavelength (cm) and a is absorption coefficient
(cm™).
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Fig. 7. The extinction factor with wavelength distinction for
the blank PVA and nanocomposite thin films (PVA-
0.05CNT, PVA-0.05CN, and PVA-0.025CNT-0.025CN).

From Fig. 7, the extinction factor increased with an
increase in the wavelength after adding the carbon nanotube
(CNT) and the nano carbon (CN) into the PVA lattice. The
increase in extinction factor is attributed to an increase in the
absorption of the incident light through the thin films (PVA-
0.05CNT, PVA-0.05CN, and PVA-0.025CNT-0.025CN).
The existence of nanoparticles such as CNT and CN leads to
a decrease in the loss of absorbance. Therefore, from figure
7, it can be seen that all the values of the extinction factor are
very low for the nanocomposite thin films (PVA-0.05CNT,
PVA-0.05CN, and PVA-0.025CNT-0.025CN) and there is a
high absorption [30].

The Dielectric Constant for the Blank PVA and Thin
Films (PVA-CNT, PVA-CN, and PVA-CNT-CN)

The conduction in PVA as a polymer is very important in
the present study. Dielectric constant for the nanocomposite
thin films (PVA-0.05CNT, PVA-0.05CN, and PVA-
0.025CNT-0.025CN) was calculated. The real and imaginary
dielectric constant was calculated by using Eq. (4) [23]:

[(€) = €'(w) +iE' ()] 4)
The dielectric constant (€) in terms of n and & was calculated
using Eq. (5) [23]:
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[8’; 222;11(2 ] (5)

Moreover, both the real € and imaginary € for the blank
PVA and the nanocomposite thin films (PVA-0.05CNT,
PVA-0.05CN, and PVA-0.025CNT-0.025CN) are
demonstrated in Figs. 8 and 9.

Figure 8 exhibits the variation of real dielectric constant
for the blank PVA and nanocomposite thin films (PVA-
0.05CNT, PVA-0.05CN, and PVA-0.025CNT-0.025CN). It
is clear from Fig. 8 that the real dielectric constant for the
blank PVA has a value of € = 1.25. For the nanocomposite
thin films (PVA-0.05CNT, PVA-0.05CN, and PVA-
0.025CNT-0.025CN), it has a value of €= 1.75. An increase
in real dielectric constant (€) is attributed to the addition of
the carbon nanotube (CNT) and the nano carbon (CN) to the
PVA texture. An increase in €' leads to an increase in
absorption, leading to an increase in the polarization effect of
the thin films [25].

Figure 9 exhibits the variation of imaginary dielectric
constant for the blank PVA and nanocomposite thin films
(PVA-0.05CNT, PVA-0.05CN, and PVA-0.025CNT-
0.025CN) with the wavelength.

Also, it was observed from Fig. 9 that the imaginary
dielectric constant for the blank PVA fluctuated with an
increase in the wavelength; it increases for the
nanocomposite thin films (PVA-0.05CNT, PVA-0.05CN,
and PVA-0.025CNT-0.025CN). This increase depends on
addition of the carbon nanotube (CNT) and the nano carbon
(CN) to the PVA texture. The imaginary part provides the
dissipative power of the wavelength through the thin layer of
the thin films. It demonstrates that when the imaginary part
has a low value, the absorption for these thin films is high. It
is clear from Fig. 9 that the values of the imaginary part are
very low, leading to low value for the dissipative power [31].

The Optical Conductivity for the Blank PVA and Thin
Films (PVA-CNT, PVA-CN, and PVA-CNT-CN)

The electrical conductivity that results from the
movement of the charge carriers owing to the discontinuous
electric field of the incident waves is called optical
conductivity, and it is calculated using the Eq. (6) [32]:

anc

o= (©6)

41T
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Fig. 8. The real dielectric constant with wavelength
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Here, 6 is optical conductivity (S), ¢ is light speed (3 x
10'° ¢m s), n is refractive index, and « is absorbance
coefficient (cm™).
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Figure 10 exhibits the optical conductivity for the blank
PVA and the nanocomposite thin films (PVA-0.05CNT,
PVA-0.05CN, and PVA-0.025CNT-0.025CN).

From Fig. 10, the optical conductivity varies with the
wavelength, where it increases with an increase in the
wavelength for the nanocomposite thin films (PVA-
0.05CNT, PVA-0.05CN, and PVA-0.025CNT-0.025CN),
and due to the electron excitation in the orbit by the
wavelength. Therefore, adding the carbon nanotube (CNT)
and the nano carbon (CN) to the PVA lattice led to an
increase in the charge carriers and an increase in the localized
states inside the gap [33,34].

The Energy Gap for the Blank PVA and Thin Films
(PVA-CNT, PVA-CN, and PVA-CNT-CN)

The absorption coefficient with photon energy was
studied to calculate the energy gap for the blank PVA and
nanocomposite thin films (PVA-0.05CNT, PVA-0.05CN,
and PVA-0.025CNT-0.025CN) for the band
transmission. The energy gap was calculated using Eq. (7)
[35]:

inter

ahv = B (hv — Eg)" (7

Here, B is constant, Eg is energy gap, and n is power to
the transition type (n = 2 for indirect transition and n = 1/2
for direct transition) [35,36].

The calculated direct energy gap and indirect energy gap
from the fitting of (ahv)? against the photon energy for the
blank PVA and nanocomposite thin films (PVA-0.05CNT,
PVA-0.05CN, and PVA-0.025CNT-0.025CN) are shown in
Figs. 11 and 12. The extrapolation intercept for the linear part
of the photon energy with zero absorbance and the energy
gap value was taken for these thin films [37].

The direct energy gap for the blank PVA and
nanocomposite thin films (PVA-0.05CNT, PVA-0.05CN,
and PVA-0.025CNT-0.025CN) was shown in Fig. 11. It is
clear from Fig. 11 that the value of the energy gap of blank
PVA was 4.0 eV that changed to 3.95 after inserting the
carbon nanotube (CNT) in the PVA texture. In addition,
after inserting the nano carbon, two values of energy gap
(2.9 eV and 4.05 eV) were obtained. After inserting the two
types of nanoparticles (CNT and CN) into the PVA texture,
the energy gap was 2.95 eV. These results shows that by
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Fig. 11. Variation of (ahv)? with the photon energy (hv) for

the semi-crystalline nanocomposite thin films of the blank

PVA and (PVA-0.05CNT, PVA-0.05CN, and PVA-

0.025CNT-0.025CN).

inserting the CNT and CN to the PV A texture, the energy gap
for the nanocomposite thin films of PVA decreases; the
mentioned values are shown in a Table 1 [38,39,40].

In comparison with Fig. 11, Fig. 12 shows the relation
between (a4v)?? and photon energy (hv).
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Fig. 12. Variation of (a4v)"S with the photon energy (hv) for
the semi-crystalline nanocomposite thin films of the blank
PVA and (PVA-0.05CNT, PVA-0.05CN, and PVA-
0.025CNT-0.025CN).

From Fig.12, the value of the indirect energy gap for the
blank PVA was 4.4 eV. After inserting the CNT in the PVA
texture, the energy gap was 2.8 eV, and after insertion of CN
in the PVA texture, the energy gap had two values of 2.75 eV
and 3.65 eV. However, by inserting the CNT and CN inside
the PVA texture, the energy gap decreased to 2.9 eV.
Therefore, by inserting the CNT and CN in the PVA texture,
there is a decrease in the energy gap for the nanocomposite
thin films of PVA; the mentioned values are shown in a

Table 1 [31,41,42].

The decrease in direct and indirect energy gap is due to
the powerful interaction between the electrons conducts, and
the magnetic moment in the atom decreases the localized
states between bands, leading to a change in the energy gap
of PVA as a host for the nanoparticles [43].

The Urbach Energy for the Blank PVA and Thin
Films (PVA-CNT, PVA-CN, and PVA-CNT-CN)

The electron transmission for the nanocomposite thin
films is understood from the local states between bands,
indicating the level of defects that exist between the bands.
Urbach energy is calculated using Eq. (8) [37,44]:

a= aoexp;—v (3)
The revised version of Eq. (8) results in Eq. (9):
hv
Ina = Ina, + T ©)

Here, a, is constant.

The urbach energy is shown in Fig. 13; it is found from
the variation of natural logarithm of absorbance coefficient
with photon energy.

To calculate the urbach energy (Fig. 13), the inverse slope
of the straight line for all curves was evaluated. Figure 13
exhibits the values of urbach energy for the nanocomposite
thin films (PVA-0.05CNT, PVA-0.05CN, and PVA-
0.025CNT-0.025CN); the urbach energy increased from
2.205 eV to 2.711 eV after adding the carbon nanotube
(CNT) and nano carbon (CN), leading to an increase in the
localized states in the band gap. The values of urbach energy
are shown in Table 1 [45,46].

Table 1. The Values of Direct Energy Gap, Indirect Energy Gap, and Urbach Energy

No. Parameters Blank PVA  PVA+0.05CNT PVA+0.05CN PVA+0.025CNT
+0.025CN

1 Direct transition of (Eg) (eV) 4.0 3.95 2.90, 4.05 2.95

2 Indirect transition of (Eg) (eV) 4.40 2.8 2.75,3.65 2.9

3 Urbach energy (Eu) (eV) 1.238 2.515 2.205 2.711

4 (0,,) constant (cm™) 223.11 427.28 288.25 488.73
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Fig. 13. The urbach energy with photon energy distinction
for the blank PVA and nanocomposite thin films (PVA-
0.05CNT, PVA-0.05CN, and PVA-0.025CNT-0.025CN).

THE AFM PICTURES FOR THE BLANK
PVA AND THIN FILMS (PVA-CNT, PVA-CN,
AND PVA-CNT-CN)

The AFM images for the blank PVA and the
nanocomposite thin films (PVA-0.05CNT, PVA-0.05CN,
and PVA-0.025CNT-0.025CN) are shown in Figs. 14a, 14D,
14c and 14d). It shows the distribution of carbon nanotube
(CNT) and nano carbon (CN) in the PVA texture, showing
the roughness and average root mean square. The AFM
images showed brown areas that specify valleys, and the
brightened regions that display the peak point of the
nanocomposite surface. According to the AFM images, the
surface of the blank PV A had average roughness of 0.547 nm,
and the root mean square was 0.901 nm (Fig. 14a). The
surface of the carbon nanotube (CNT) with PVA had an
average roughness of 0.979 nm, and the root means square
was 1.52 nm, shown in Fig. 14b. Also, the surface of nano
carbon (CN) with PVA had an average roughness of.17 nm,
and the root mean square was 1.79 nm, shown in Fig. 14c.
Finally, the surface of CNT and CN with PVA had an average
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roughness of 4.86 nm, and the root means square was 6.18
nm, shown in Fig. 14d. The values of roughness and root
mean square are shown in Table 2 [47,48].

CONCLUSIONS

The poly(vinyl alcohol) (PVA) was mixed with carbon
nanotube (CNT) and carbon nanoparticles (CN) to make thin
films using the casted method. The concentration of CNT and
CN particles affected the PV A texture properties. The optical
properties such as reflectance, absorption coefficient,
refractive index, and extinction factor were calculated for the
PVA modified with CNT and CN. The transmittance and
reflectance of the nanocomposite thin films (PVA-0.05CNT,
PVA-0.05CN, and PVA-0.025CNT-0.025CN) decreased,
but the conductivity and dielectric constant increased. The
direct led to a decrease in transition of energy gap from
4.0 eV to 2.9 eV, compared to the energy gap of blank PVA
that was 4.0 eV. The indirect led to a decrease in transition of
energy gap from 4.4 eV to 2.8 eV, compared to the energy
gap of blank PV A that was 4.4 eV. Urbach energy increased
from 1.238 eV to 2.711 eV after adding the CNT and CN to
the PV A texture, due to an increase in the localized states of
the gap. The form of CNT and CN were tested by SEM to
evaluate their structures. The XRD test proved that the
structure of the PVA nanocomposite thin film was semi-
crystalline. The surface morphology of the nanocomposite
thin films (PVA-0.05CNT, PVA-0.05CN, and PVA-
0.025CNT-0.025CN) was tested by AFM. It showed that
after adding the CNT and CN, the average roughness
increased from 0.547 nm (for the blank PVC) to 4.86 nm and
the average root mean square increased from 0.901 nm to
6.81. Increase in the roughness led to an increase in the
absorbance. The nanocomposite thin films (PVA-0.05CNT,
PVA-0.05CN, and PVA-0.025CNT-0.025CN) are used in
many applications such as energy devices, fuel cells, display
equipment, optoelectronics, and batteries.
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Fig. 14. 3D and 2D images display the average roughness and root mean square for: a) blank PVA, b) PVA-0.05 CNT, c)
PVA-0.05 CN, and d) PVA-0.025 CNT-0.025 CN.

Table 2. The AFM Images for the Blank PVA and the Nanocomposites Thin Films (PVA-0.05CNT, PVA-0.05CN, and
PVA-0.025CNT-0.025CN)

No. Composite Number of figures Roughness average Root mean square of roughness
(nm) (nm)

1 Blank PVA 14-a 0.547 0.901

2 PVA+0.05 CNT 14-b 0.979 1.52

3 PVA+0.05 CN 14-c 1.17 1.79

4 PVA+0.025CNT+0.025CN 14-d 4.86 6.18
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