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Improvement of the Physical Properties of Poly
Vinyl Alcohol Nanofibers by Adding Carbon
Nanotubes
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Rana Mahdi® °

1 Department of Polymer Engineering, College of Materials Engineering, University of Babylon, Babylon, Iraq
2 Department of Dental Industry Techniques, Al-Turath University, Baghdad, Iraq
3 Department of Applied Sciences, University of Technology, Baghdad, Iraq

ABSTRACT

In this study, nano textile fibers were prepared from poly vinyl alcohol (PVA) and multi wall carbon nano tubes
(MWCNTSs) via electro spinning method. Different proportions of the multi wall carbon nano tubes were used, including
2, 4, and 6 % weight percent. The optical, electrical, and thermal properties were studied. Scanning electron microscopy
was used to study the morphology of samples. Fourier-transform infrared spectroscopy (FTIR) analysis was used to
study the bonds of the prepared samples. Differential scanning calorimetry (DSC) was used to investigate the thermal
properties including the glass transition temperature and melting the point. Ultraviolet spectroscopy was used to study
the optical properties. The results showed that the addition of carbon nano tubes in small proportions of 6% wt leads to
an improvement in the thermal properties represented by increasing the glass transition temperature value from 85.17 °C
of poly vinyl alcohol to reach 107 °C with a strengthening percentage of 6 weight percent. The electrical conductivity
improves with the addition of 6 weight percent multi wall carbon nanotubes from 14.28 Q! cm™! to 20 Q1. cm ™.
The results of the UV spectrum indicate that the inclusion of multi wall carbon nano tubes control the energy band gap.
Absorbance and coefficient of absorbance also increase with increasing the carbon nano tubes contents. The best sample
had a band energy gap of roughly 1.75 eV which consisted of poly vinyl alcohol with 6 weight percent of multi wall
carbon nano tubes.

Keywords: CNTs, Nano composites, PVA, Thin films, UV-spectrum

Introduction

Modern technological advances depend heavily on
polymers. Polymers play a crucial role in creating
nanocomposites that are lightweight and simple to
form. Although polymer is an insulating material, one
of the processing techniques that can change it into a
semiconductor is doping and nanocomposite. 1> Two
phases make up a material called a polymeric nano
composite: the matrix phase is a substance with a
macromolecule size of polymer, and the reinforc-

ing phase is a material with a dimension of less
than 100 nm.® Many Nano shapes can be used as
reinforcement materials as: nano sphere filler like
ZnO and Al,03 nanoparticles,* carbon nano tubes,”
nanofibers,® and natural pigments.” There are many
applications that are dependent on the electrical as
dielectric constant and photoelectrical properties of
Nano composites.® Considering solar energy is one of
the more interesting sources of long-term energy, and
is important in the field of renewable energy. Organic
nanocomposites solar cells are one type of electronic
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device that prepared by organic substances such as
polymer materials and organic reinforcement materi-
als as carbon nanotubes. ° With a number of its special
qualities, such as a large surface area, high stability,
excellent thermal and electrical conductivity, a high
anti-static feature, and hydrophobicity, make carbon
nano tubes are a very significant substance that is
employed as a reinforcement phase for photovoltaics
applications. !>!! On the other hand, there are many
techniques are used to prepare thin film nanocom-
posites such as hand casting, spin coating, and
electrospinning techniques, the last method is the best
for preparing the homogenous, controlling and uni-
form thin films as a nanofibers form. '? Many previous
studies performed about the use of carbon nanotubes
with polymeric substance for thermos physical appli-
cations and solar cell and photovoltaic applications
as: Mansoor Farbod et al.'® published a paper about
thermo characteristics of paraffin reinforced with
carbon nanotubes, through their study a nanocom-
posite of paraffin and carbon nanotubes (Pa/CNTs)
was created with various CNT lengths to study how
the thermos physical characteristics of paraffin phase
change. As a result of this study, sulphuric and
nitric acids were used to shorten CNTs before fur-
ther processing. The test findings demonstrated that
the weight percentage of carbon nanotubes (CNTs)
enhanced the thermal conductivity of the compos-
ites. The composite containing 1.2 weight percent
of solid paraffin and one hour of refluxed CNTs
had the highest rise, at 26.92%. Further, when the
weight percentage of CNTs increased, the specific
heat decreased and the latent heat of melting and
solidification of the composite increased. With a
concentration of 0.6 weight percent and an hourly re-
fluxed carbon nanotube (CNT) content, the composite
exhibited the highest absorption capacity of paraffin
by graphene aerogel, showing a 36.11% increase over
pure paraffin. Furthermore, the GA/Pa/CNTs struc-
ture’s outstanding form stability was found during
the leakage test. Flayieh et al. published on a paper
about using the CNTs with polystyrene nanofibers
for preparing the solar cell application. They pre-
pared three groups of nanofiber samples using the
electrospinning technique, with each group having
a different PS concentration (12, 14, and 16 w/v).
Four samples containing (PS/MWCNT) elements were
produced by adding multi walled carbon nanotubes
to each group in one of four ratios. To determine
how evenly dispersed nanofibers and multi-walled
carbon nanotubes were within polymeric nanofibers,
as well as their impact on the final nanofiber’s at-
tributes through the absorption peaks, a UV-Visible
test was conducted. SEM was used to study the mor-
phological of samples. The outcomes demonstrated

that CNTS has a dominant influence on produced
nanofibers in the (12 wt.% Polystyrene) group, and
both (PS, MWCNT) have a shared effect, greatest
stable absorption curves, and uniformly scattered ra-
diation at (14 wt.% PS) group, and random results
at (16 wt.% PS). According to FESEM results, beads
are more likely to form at groups (12,16 weight per-
cent PS) and when polymer concentration rises, the
diameter of nanofibers also increases. The inclusion
of CNT lowers the nanofibers’ diameter even further,
improves their orientation, and boosts their UV ab-
sorption as well as their strength and mechanical
capabilities in the group of (14 wt.%) Polystyrene.
Utilizing polyvinyl alcohol, a water-soluble polymer,
and carbon nanotubes for high sensitivity solar cell
application, the current work intends to propose
a technique to produce solar cells utilizing afford-
able, environmentally benign, and locally accessible
materials. CNTs, as one-dimensional materials, have
garnered significant interest in the photovoltaic field
due to their exceptional optical and electrical charac-
teristics, together with their consistent chemical and
mechanical stabilities. In particular, adding carbon
nanotubes (CNTs) to perovskite solar cells has signif-
icantly increased the devices’ flexibilities, stabilities,
and efficiencies. '

The energy gap of polymers, like polyvinyl
alcohol, is roughly 5 eV. By enhancing the material’s
crystallization and transforming it into nanofibers,
the energy gap of polyvinyl alcohol can be decreased
to about 3 eV.!® Carbon nanotubes can be used
to form extra levels that serve as crossing points
for electrons moving from the valence band to
the conduction band, which is necessary for
electro-voltaic applications to reduce the energy
gap to smaller ranges.'® Additionally, they serve as
centres for the absorption of UV rays, which boosts
the effectiveness of electro-voltaic systems. !’

Materials and methods

The solvent used to prepare the PVA solution is
formic acid. The poly vinyl alcohol (PVA) with the
chemical formula [Cz;H4]n. It is a white powder with
a hydrolysis rate of 88 mol/mol, a molecular weight
(Mw) in the range of 25000 to 40000 g/mol, and
a purity of 0.92%. Multi walled Carbon nanotubes
with a diameter of 25 nm, and 99.99% purity were
used as reinforcing materials, The materials used in
this study were employed from Sigma-Aldrich ™. The
percentage and contents of the experimental samples
used in this study are displayed in Table 1.

The dispersion process was performed under
50 degrees Celsius for 15 minutes for each sample
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Table 1. Contents of nanocomposites samples.

No. of samples Contents

NCO PVA nanofibers

NC1 PVA + 2% wt CNTs
NC2 PVA + 4% wt CNTs
NC3 PVA +6% wt CNTs

Table 2. PVA/formic acid solution properties.

Electrical
No. of  Contents Viscosity conductivity
samples of solutions Cp mS/cm
NCO PVA 510 0.9
NC1 PVA + 2% wt CNTs 380 3.2
NC2 PVA + 4% wt CNTs 240 4.6
NC3 PVA+6% wt CNTs 170 5.3
TE it g dislande
-
VA Soluiiss
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Fig. 1. Set up of by electro spinning system for Nano fibers
preparation.

using a 100 ml beaker containing the weight
percentages added separately to the dispersion liquid
(formic acid). The beaker was then put within the
chamber of the direct ultrasonography device. In the
ratios indicated in Table 1, dispersed solutions were
formed to dissolve polyvinyl alcohol. Electrospinning
system was used to prepare the nanofibers of pure
PVA and PVA reinforced with CNTs under processing
parameters including: (20 kV applied voltage, 15 cm
of electrospinning distance, 0.5 ml/hr of flow rate,
and rotating cylinder collector with 360 rpm). Table 2
shows the solution parameters that were mustered
and utilized in this study. Fig. 1 shows the graphical
abstract of electro spun nanofibers.

The greatest concentration, 0.06 weight %, was uti-
lized in this investigation since higher concentrations
caused the resultant samples to aggregate and the
tests to fail because they were unable to produce
homogeneous samples when dispersed.

Results and discussions
Solution parameters
The relationship between the concentrations of

CNTs with the viscosity and electrical conductivity
of solutions is displayed in Table 2 and Figs. 2 and 3

CNTs -
600
510
500 —
400 380
G200 240
:‘zoo 170
100 H
0 T T T
0 0.02 0.04 0.06

CNTS WT

Fig. 2. Viscosity of PVA and PVA/CNTs Nanofluid solutions.
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Fig. 3. Electrical conductivity of PVA and PVA/CNTs Nanofluid
solutions.

respectively. Fig. 2 demonstrates that as CNTs con-
centration was increased, the viscosity of polymeric
solutions decreased due to a decrease in the amount
of polymer in place. Additionally, CNTs act as a lubri-
cant, which increases the slipping of polymeric Nano
fluid solution layers and lowers flow resistance, both
of which contribute to a decrease in the viscosity of
solutions.

Fig. 3 shows that the electric conductivity of the
PVA solution increased as more CNTs were added.
More conductive pathways in PVA were created as
the weight ratios of MWCNT were increased. As a
result, charge carriers were more mobile and denser,
increasing EC. As shown in Fig. 2, the EC for a
pure PVA solution was 0.9 mS/cm and increased to
5.3 mS/cm for PVA with 6wt% MWCNT. These find-
ings support earlier research. '®

SEM images of PVA and PVA/CNTs nanofibers

Figs. 4a-d show the SEM images of PVA and
PVA/CNTs nanofibers.
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Fig. 4. a-d. SEM images of a. PVA b. PVA+2% CNTs c. PVA+4%
CNTs d. PVA+6% CNTs.
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Fig. 5. The relationship between the conductivity of nanofibers and
CNTs wt.

Table 3. Electrical properties of samples.

Sample contents Resistivity ~ Conductivity
No. PVAcon%+ CNTs WTI% .Cm Q1 cm!
NCO PVA+00 0.07 14.28
NC1 PVA+2% 0.06 16.66
NC2 PVA+4% 0.055 18.8
NC3 PVA+6% 0.05 20

The nanofibers diameter of PVA was between
235-400 nm, but it decreased to range between 211-
350 nm with adding 2% wt. of CNTs, as well as, it
continued to decrease at range about 150-200 nm
with adding 4% wt. of CNTs. The best diameter of
PVA + CNTs was around 150-200 nm, because CNTs
enhance electrical conductivity and reduce viscosity,
the diameter of nanofibers decreasing as their CNT
ratios increase. '%1°

Electrical conductivity of the nanofibers

Fig. 5 and Table 3, show the electrical conductiv-
ity of nanofibers samples. Note that the pure PVA
sample, which is missing any conductive fillers, has
a poor electrical conductivity according to Fig. 5 and
Table 3. There is a noticeable improvement in electri-
cal conductivity in the NC1, NC2 and NC3 samples,
which have higher CNT content. This is so because
highly conductive CNTs are able can added to the
PVA matrix to form a conductive medium within
the composites. Electrical conductivity is slightly de-
creasing in the NC4 sample as the amount of CNTs
increases; this may be a result of the CNTs aggregat-
ing together in high concentrations. This is matched
with Mora et al. 2020.2° The NC3 sample, which had
a 6% wt carbon nanotube concentration, had the ideal
test results with an electrical conductivity of about
20 ohm~!. em~t.
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Table 4. FTIR analysis of nanocomposites bonds.

Wave no. cm~! Bonds Groups
2800-3200 O-H Hydrocele
200, 2400-2600 CHg, CH stretching Ester
1717 C=0 & MWCNT-COOH Ester

1020,1100,1250  CO stretching

FTIR analysis

Table 4 and Fig. 6 show the FTIR spectra of PVA
nanofibers and PVA - reinforced with MWCNTSs.

Fig. 6 illustrates that the characteristic peak of the
PVA’s hydrogen-bonded hydroxyl group can be seen
in all spectra in the 2800-3200 cm™~! area as a broad,
prominent peak. There are peaks at 1020, 1100, and
2000 cm~! that is related to the C-O stretching modes
of the ester groups were created, this is matched
with Ruwaidah et al.,?' and the strong sharp peak
at 1620 cm™! is the result of this stretching. The FTIR
spectra of CNT-PVA display these peaks, which indi-
cate that an esterification reaction occurred between
the hydroxyl groups of the PVA macromolecule and
the carboxyl groups of oxidized CNTs. Peaks at 2600,
2400, and 2000 cm™! attributed to C-H stretching
modes of the PVA backbone define CH2 groups. These
peaks can be found in both spectra.

In the spectra of the PVA-grafted CNTs, a signal that
is less strong at 1717 cm™! represents the carboxyl
C-O group of the additional CNT-COOH traces. The
meta-disubstitution process has affected the majority
of benzene rings in carbon nanotubes, as indicated by
double peaks in the 840-900 cm~! and 750-840 cm !
ranges. This corresponds to Malikov et al.??

959

Thermal properties by DSC

Fig. 7a-d and Table 5. Show the thermal analysis
of PVA and it’s nanocomposites As seen in Fig. 7a-d,
the addition of CNTs to PVA can increase the Tg by
reducing the movement of the polymer chains and
increasing their stiffness. Because CNTs have a wide
surface area, a high thermal conductivity, and are
more effective at high temperatures, Tm decreased as
CNT concentration rose. >%%*

The area under Tm with a J/g unit can be used
to measure the crystallinity of the nanocomposite
sample, however, as shown in Table 5 and Fig. 7e.
The addition of CNTs increased the crystallinity
ratio by 0.02 weight, from 5 J/g to 41 j/g. This is
because low concentrations of CNTs can produce a
high dispersion effect, which also results in a highly
homogenous morphology of the sample. In addition,
when the weight % of CNTs was increased to 0.04
and 0.06 wt, respectively, the crystallinity ratios
reduced slightly from 41 J/g to 32 and 33 J/g. This
could be because a small amount of agglomeration
could occur with a greater quantity of CNTs. Fig.
7e shows the relationship between the CNTs ratios
and the crystallinity of the nanocomposite samples.
High optical properties can be obtained with low
crystallinity ratios, as well as the high quantity of
CNTs leads to more scattering light, low transmit-
tance and high absorption intensity which leads to
high efficiency in electro voltaic applications. 2>2°

As can be seen in Fig. 7f, there is a substantial error
component with the sample NC1, which contains
0.02 weight percent of CNTs, while Fig. 7g, which

40
% / \
a5 — A
N CH;, CH
A0 — |
| rou | C=0 & CNTs -COOH
] group i
e S OH h / 5
10 . /-_"'x,
] o = ,-}. h I.'II
5 — j " = \ /
] /i W ¥
- L £ ——— M
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Fig. 6. FTIR analysis of PVA and it's nanocomposites.



960

BAGHDAD SCIENCE JOURNAL 2025;22(3):955-965

DSC pSC
mwW mwW
0.00 0.00
Onest83°C Peak 198 °C Onest 97 €
v Peak 193 C
Endset 89°C Onest 180° C 1000 \E;‘s“ﬁwufcc 0"' e
Mid87°C ” Mid point 94 nse
o0 i Endset 201°C ” Endset 203 C
\~-\,._,,.-. R 5)/g o \\ 41lg
\\‘\ ‘\\\/ ~
\\J\ i ™~
2000 T 30,00 \\
40.00 80.00 120.00 160.00 200.00 240.00 40.00 80.00 120.00 160.00 200.00 24000
Temp [C] Temp [C]
(a) PVA osc (b) PVA+2% CNT
mw mwW
-5.00 |
10.00 Onest 98 C -10.00 Onest 85 C Peak 187 C
Endset 120 C Peak 189 C Endset 130 C Onest 179 C
” —y Onset 171 C . Mid point 107 C Endset 203 C
e Endset 215 C 15.00 1 -33)/g
) 32/g L
N \\
-20.00 \\\ w*ﬁ\\[\ i
7 —— 20,00 I e Y
ST N e
\ b
000 8000 12000 16000 20000  240.00 3000 8000 12000 16000 20000  240.00
Temp [C] Temp [C]
(c) PVA+4% CNT (d) PVA+6% CNT
50 200
40
150 107
g 30 100 87 97
X 20 8 -
v g
10 50
0 0
0 0.02 0.04 0.06 0.08 50 1 2 3 4
CNTs wt% no. of sample
©) ()
250
198 193 189 187
200
8 150
£E 100
50
0
1 2 3 4

no. of sample

e
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nanocomposites sample. f. Standard deviation and error part of Tg of the nanocomposites samples. g. Standard deviation and error part of

Tm of the nanocomposites samples.
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Table 5. Thermal analysis of nanocomposites thin films.

No. Sample Tg°C Tm°C Crystallinity -j/g
NCO PVANFs 87 198 4

NC1 PVA+2% wtCNTs 94 193 41

NC2 PVA+4% wtCNTs 97 189 32

NC3 PVA+6% wtCNTs 107 187 33

5 .
——NC1

4 1. NC2
o 9 NC3
23 NCO
8 Absorption peak
22
22
<

"] \,/\

0 T T T T

190 290 390 490 590

Wavelength (nm)

Fig. 8. Absorbance of PVA+CNTs Nanofibers.

displays the Tm standard deviation, does not exhibit
any major error. The glass transition temperature and
melting point of the nanocomposite samples leads
to enhance the thermal stability of these sample
and leads to increase the lifetime of the prepared
device.?”

Optical properties

Absorbance

The ultraviolet (UV) absorbance of PVA and sam-
ples of its nanocomposites is displayed in Fig. 8: It
should be noted that PVA exhibits an absorption peak
in the ultraviolet region at 250 nm. Because CNTs
contain electrons that can absorb UV radiation be-
cause these wavelengths have higher energy than is
necessary to stir up electrons, increasing the concen-
tration of CNTs causes both a shift in the wavelength
of UV radiation that is absorbed and an increase in
the intensity of radiation absorption. We find that the
resulting thin film is insufficient after 300 nm, and no
absorbance wavelength peaks are discernible. 2

Absorption coefficient

Using a UV spectrum that spans from UV radiation
to visible light at 200-500 nm, Fig. 10 shows the ab-
sorption coefficient of PVA nanofibers together with
samples of their nanocomposites.

Fig. 10 refers to a significant absorption edge that
can be seen in the UV region of the pure PVA’s ab-
sorption spectrum, whereas the visible range shows
a sudden decline in absorption. The maximum ab-
sorption coefficient is PVA + 6% wt of CNTs. This is
because CNTs have n electrons, which allow them to

0.95 4
0.85 | —NC1
’ NC2
y 0.75 NC3
5 065 - NCO
b=
£ 0.55 4
w
E 0.45 -
= 035
0.25 4
0.15 T T T T
190 290 390 490 590
Wavelength (nm)
Fig. 9. Transmittance of PVA+CNTs Nanofibers.
100 ——nNC1
- NC2
§ 80 NC3
= NCO
Y 60
(8]
S a0
c
©
2 20
8 |
.g 0
200 300 400 500

wave length nm

Fig. 10. Absorption coefficient of PVA and PVA+CNTs Nanofibers.

absorb UV or visible light because the energy of these
rays is more than what is needed to stir up electrons.
This is in line with the results.?*=>! The absorption
coefficient establishes the depth to which light of a
given wavelength can pass through a material be-
fore being absorbed. Light is only weakly absorbed
by materials with low absorption coefficients; if the
material is sufficiently thin, it will seem transparent
at that wavelength. Both the substance and the wave-
length of light being absorbed affect the absorption
coefficient. Because light with energy below the band
gap cannot drive an electron from the valence band
into the conduction band, semiconductor materials
exhibit a sharp edge to their absorption coefficient.
This light is not absorbed as a result. As photon energy
increases, samples exhibit an increase in absorption
coefficient.. PVA/MWCNT films have low transmit-
tance and high absorption, which makes them useful
for a variety of uses, including UV shielding and solar
collector, this is matched with. 3234

Direct energy gap

Fig. 11 and Table 6 show the direct energy band
gap of PVA + CNTs nanofibers. Note that the
direct energy gap reduces as the concentration of
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80

NC1
70 NC2
NC3
NCO

60

50

40

30

direct energy gap

20

10
0 7

15 2 2.5 3 35 4

photon energy

Fig. 11. Direct energy band gap of PVA+CNTs Nanofibers.

Table 6. The direct Eg of samples.

No. of samples  Contents Energy gap (eV)
NCO PVA GEL 3
NC1 PVA 2.5
NC2 GEL+50 ppm 2.25
NC3 PVA GEL +4% wt 1.75
PVA GEL +6% wt

CNTs increases well. As well as, this is because the
CNTs with the lowest energy gaps help the electron
move quickly and efficiently from the valence band
to the conduction band. This is similar to that
Majeed concluded.?” The decrease in Eg as the
weight percentage of MWCNTSs increases may be
attributed to the formation of localized states in
the forbidden band gap as a result of Van Hove
singularities and an increase in polaron production,
this is matched with Farag and abdel-fattah.3*
Electronic applications become more efficient when
the energy gap in semiconductor materials narrows,
thereby lowering the energy needed for additional
electrons to participate in the electrical conduction
process. °°> The stated Eg values of the samples under
examination match those of earlier research quite. 3°

Conclusions

This investigation leads us to the conclusion that
adding CNTs to PVA membranes improves their op-
tical, electrical, and thermal properties. The addition
of CNTs results in a decrease in the energy gap with a
growth in their concentration. Electrical conductivity
increases along with the concentration of CNTs. Tg
increases and Tm decreases as the concentration of
CNT increases. With 6% weight of CNTs, the opti-
mal sample exhibited the best absorption coefficient,
lowest energy band gap of 1.75 eV, and maximum
electrical conductivity of 20 (ohm~!. cm™1!). As well
as the glass transition temperature of the optimum

sample about 107 °C, and Tm was about 187 °C. On
the other hands, can be concluded the addition of
0.06 wt of CNTs to the PVA solution leads to produce
an homogenous and free beads nanofibers. According
to our finding, we suggest the using of the prepared
Nano composites fibers with electro voltaic devices as
solar cell, sensors, and anti UV-devices. The prepared
sample with electrospinning technique has many ad-
vantages as low cost, easy for fabrication with high
controlling morphology and high electrical, thermal
and optical properties.
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