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Abstract

Polyvinyl alcohol (PVA) and PVA/functionalized multi-walled carbon nanotube (PVA/f-
MWCNT) films were were manufactured by a casting method. PVA was dissolved in
distilled water, and the doping process of PVA was accomplished by utilizing f-
MWCNTSs. A different weight ratios (0, 1, 3, and 5 wt%) of the -MWCNTSs were added
to PVA for enhance and modify their electrical and optical properties. The FE-SEM
images revealed the morphology of PVA and PVA/f-MWCNT films was in generally
good diffusion of f-MWCNTSs in host polymer. The optical energy gap was determined
from optical measurements in the wavelengths in the range of 300-1000 nm. The
optical results indicated that the prepared films allowed direct transition, and the
optical energy gap was dependent on the weight ratio of -MWCNT as dopant. The
electrical measurements showed that the electrical conductivity of the PVA/f-MWCNT
film at 1 wt% was about 7.33E-09 S/cm, which increased to 92E-08 S/cm at 5 wt%.
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1. Introduction

Polyvinyl alcohol (PVA) has several advantages over other polymers such as water
solubility, resistance to chemicals, strong dielectric strength, strong mechanical toughness,
superior processability, as well as adequate charge storage capacity [1]. In this area, MWCNTSs
have been extensively utilized to make polymer compounds, but limited advances in mechanical
characteristics have been reported. The lack of progress was attributed to various reasons, such as
the nanotube dispersion in the polymer, charge difference between polymer particles and
nanotubes, structural flaws in nanotubes, as well as nanotube quality [2]. In nanotechnology and
scientific and commercial research, carbon-based materials are crucial.. Materials containing
carbon, like graphene, , fullerene (C60), fullerene (C540), amorphous carbons carbon onions,
graphit, and CNTs, have been applied in different essential applications, including drug delivery
and luminescent nanomaterials [3]. MWCNTSs, which have an electrochemically accessible zone,
a large surface area, a high adsorption capacity, aloft electrical conductivity, good chemical
stability, and strong mechanical toughness, are drawing growing interest from researchers among
carbonaceous materials. [4]. Many applications based on f-MWCNTSs have been reported, such
as electrochemical sensors, photovoltaics, biomedicine, catalysis, medicine, electronics, and
nanocomposites [5,6]. MWCNTSs, which have a fiber-like structure, are a carbon nanomaterial

with a particular electronic property and different mechanical properties; they are used in
extrinsic electrochemical applications [7]. CNTs are known to clump because Van der Waals
bonds prevent them from easily disassociating and orienting in the polymer matrix. Therefore, a
major goal in the development of high-achievement polymer (CNT) material is to insert CNTs
into the polymer matrix to achieve uniformity, enhance strong interactions, and develop charge
carriers to the body. Polymer-grafted carbon nanotubes are created by covalently bonding
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nanotubes with highly soluble linear polymers like poly(propionylethyleneimine-
coethyleneimine) by amide bonds or PVA-co-vinyl alcohol by ester bonds, and the grafted CNTs
are soluble in PVA solution films and nanocomposites have good optical properties [8]. The
present work aimed to study the morphology, FTIR spectrum, optical properties, and electrical
conductivity of PVA films and determine the effect of f-MWCNT doping ratios on the films.

2. Experimental

PVA and PVA/f-MWCNT films were made using the casting process. The host polymeric
substance was PVA from BDH with a molecular weight of 107 g/mol, and MWCNTs (Cheap
Tube Inc., USA) were used for doping. The functionalization process for MWCNTSs was carried
out as described in the literature [9]. To prepare PVA solution, To make a PVA solution, 0.2 g of
PVA grains were dissolved in 5 ml of distilled water while stirring at 70 °C for 30 minutes..
Doped solution was fabricated by adding different weight ratios (0, 1, 3, and 5 wt%) from
f- MWCNT and ultrasonicated in 2 h. After stirring, the solutions were placed into flat glass plate
plates and allowed to dry for two days at room temperature. Using a tweezers clamp, the dried
homogenous coatings were readily removed. The created films had a thickness of around 25 m,
as measured by a digital micrometer. The images of samples by FE-SEM (TESCAN MIRA3
FS- SEM) were studied to determine the spread and distribution of CNTs inside the
prepared samples. FTIR (FTIR-8400S, Shimadzu Company) was used to diagnose the functional
groups of the samples. Absorbance measurements were taken with a double-beam UV/VIS
spectrometer (Shimadzu Japan UV-160A) in the 300—1000 nm wavelength range.

3. Results and Discussion

Figure 1. represents the FESEM images of the prepared PVA and PVA/f-MWCNT films with
a magnification of 100x and 200x. AIll the prepared samples were generally of good
homogeneity, and all images showed the homogeneous diffusion of CNTSs inside the polymer.
Coating these CNTSs with the polymeric material led to an increase in the diameters of the CNTSs.
These images were similar to the irregular network between the CNTSs, thereby improving the
properties of the mixture. This result was consistent with the findings of S. B. Kndawa, who
studied the effect of grafting and CNTSs on the properties of polymers [10],[11].
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Figure 1: FESEM images for the neat PVA and PVA/Af-MWCNT films with different
weight ratios.

Figure 2. represents the infrared spectrum of pure PVA films and PVA/f-MWCNT films at the
weight ratio of 5 wt%. The characteristic bands of pure PVA films at wavenumbers 2915, 1737,
1639, 1511, 1376, 1014, and 803 cm™ * were attributed to CH, asymmetric stretching, C=C
stretching, C=0 stretching, C-H bending, C-H wagging, C-O-C stretching of acetyl groups, and
C-H rocking vibrations, respectively [12],[13]. The FTIR spectrum of the PVA/f-MWCNT films
revealed an emergence of new peaks due to the presence of f-MWCNT. The peak at 1649 cm™
was related to the C=C stretching vibration of the graphite structure in the MWCNT framework
[14]. The peaks at 3448 and 1646 cm™ indicated the presence of strong hydrogen bonds between
the —OH groups and also between the —C=0- groups, respectively [15].

12



GESJ: Physics 2022 | N0.2(27)

ISSN 1512-1461

73

711
. PVA/f-MWCNT
67 1

65

T%

63

1 PVA

59

a7 . . ‘ . . . ‘
450 950 1450 1950 2450 2950 3450 2050
Wavenumber cm?

Figure 2. FTIR spectra of PVA and PVA/ffMWCNT films at 5 Wt%.

The voltage—current (IV) characteristic of the PVA and PVA/f-MWCNT films prepared using
the casting technique was measured using the two-probe method. The following equation was
used to compute DC electrical conductivity [16]:
L
G =— 1)

Ra

Where R : resistance, L: length, a the cross-sectional area , of material

The electrical conductivity values are shown in Table (1). In this table, the PVA/f-MWCNT
films had the highest conductivity values compared with the PVA films, and it increased as the
concentration of f-MWCNTSs in the sample increased. This observation was an expected result
for the effect of -MWCNTs on the conductivity when added to polymer matrices, where f-
MWCNT networks form in the polymeric matrix, was noticed in the FESEM images, which
enhances electrical conductivity. These findings were consistent with the results reported by
Tariq and Zain [9] and Kondawar et al. [10].

TABLE 1 Effect of Wt% of f-MWCNT on parameters of the PVA/f-MWCNT films.

SAMPLs G S.cm* EgeV
PVA 3.2
PVA/f-MWCNT : 1Wit% 7.33E-09 2.85
PVA/f-MWCNT : 3Wit% 1.22E-08 2.7
PVA/f-MWCNT : 5Wit% 1.92E-08 2.68
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The optical properties of pure PVA and PVA/f-MWCNT films were investigated by using a
UV-visible spectrophotometer, and the absorption spectra of films were obtained. Optical
characteristics analyzed included the coefficient of absorption o and the optical energy gap gg in
the A range of 300-1000 nm. The absorption spectra of pure PVA and PVA/f-MWCNT films at
different f-MWCNT weight ratios are shown in Figure 3. In general, the absorption of all films
decreased with increasing wavelength. By contrast, In the visible and near-infrared ranges, all films
displayed good transparency (low absorption). The absorption increased with -MWCNT weight
ratios because of the new excitation energy levels formed by f-MWCNT near the material's
band gap [17]. Moreover, the absorption magnitude increased as the weight ratios of the f-
MWCNTSs increased, and this result was in accordance with what has been documented in the
literature [18].

The absorption coefficient was determined using the relationship [19]

a=2.303 (A/x) ()
where A, x are the absorption and thickness respectively.

Figure 4. shows that the absorption coefficient decreased as the wavelength of the
spectral range of 300-0100 nm increased. The absorption coefficient increased with the increase
in the f-MWCNT weight ratios. The value of the . was more than 10* cm™, which indicated that
the material had a high probability of direct electronic transitions[19].
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Figure 3: The variation of absorption Figure 4: The Vai“i'fl‘fion of o With
with wavelength of PVA and PVA/f- wavelength of PVA and PVA/f-
MWCANT films MWCANT films.

The energy gap was calculated in direct transitions according to the relationship [20] :-
ahv=A(hv-Eg)" (3)
where, hv is the photon energy, Eq is the optical band-gap, B is a constant and m is a

constant that can take different values based on the kind of electronic transition, with 1/2 for the

direct allowed transfer. For the direct allowed transition, the best fit line is m= Y. The value of the
energy gap, determining the applications of the films used.

The energy gap was calculated by plotting (ahv)? versus photon energy was dependent on
Equation 3. The optical energy gap was determined by extrapolating the portion at (ahv)? =0 and
selecting the best linear component.
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Figure 5 and Table 1 show the energy gap values of pure PVA and PVA/f-MWCNT films
at different -MWCNT weight ratios. The energy gap decreased with the increase in the f-
MWCNT weight ratios for all samples. This phenomenon occurred due to the modification of the
polymer structure as result of the interaction of f-MWCNT with PVA. Moreover, the localized
states near the bands increased, lowering the energy gap.
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Figure 5 The variation of (oh v )* with photon energy of PVA and PVA/f-
MWCANT films.

4. Conclusion

Films with good homogeneity were successfully prepared from pure PVA and
PVA/f-MWCNT with different weight ratios of f-MWCNT by the casting method. The
process of doping with different weight ratios of f-MWCNT influenced the morphology of PVA
and improved the electrical and optical properties of the prepared films in terms of increasing the
electrical conductivity and absorption coefficient and decreasing the optical energy gap of the
prepared samples.

References

1. K. Naveen Kumar, R. Padma, Y. C. Ratnakaramb, Misook Kang, “Bright Green
Emission from f-MWCNT Embedded co-doped Bi3 Tb3:Polyvinyl Alcohol Polymer
Nanocomposites for Photonic Applications”, Cite this: RSC Adv., 7(25), 15084-15095, (2017).
S. K. Sharma, J. Prakash,b J. Bahadur, K. Sudarshan, P. Maheshwari, S. Mazumderc, P.

K. Pujari, “Investigation of Nanolevel Molecular Packing and its Role in Thermo- Mechanical
Properties of PVA-fMWCNT Composites: Positron Annihilation and Small Angle X-ray
Scattering Studies”, Phys. Chem. Chem. Phys., (2014), 16(4), 1399-1408.

R. Karthik, R. Sasikumar, Shen-Ming Chen, J. Vinoth Kumar, A. Elangovan, V.
Muthuraj, P. Muthukrishnan, Fahad M. A. Al-Hemaid, M. Ajmal Ali, Mohamed S. Elshikh,” A
highly Sensitive and Selective Electrochemical Determination of Non- steroidal Prostate Anti-
cancer Drug Nilutamide Based on f-MWCNT in Tablet and Human Blood Serum Sample”,
Journal of Colloid and Interface Science, , (2017), 487, 289-296.

4. N.Yang, X.P. Chen, T.L. Ren, P. Zhang, D. G. Yang, “Carbon Nanotube Based

Biosensors Sens”, Actuators, (2015) B 207, 690-715.

5. S. R. Siva kumar, J. M. Ko, D.Y. Kim, B. C. Kim, G. G. Wallace, “Performance
Evaluation of CNT/Polypyrrole/MnO, Composite Electrodes for Electrochemical Capacitors”,
Electrochim Acta, (2007) 52, 7377-7385.

6. B. Lopez, A. Merkoci, “Carbon Nanotubes and Graphene In Analytical Sciences”,
Microchim Acta,(2012) 179, 1-16.

15



GESJ: Physics 2022 | N0.2(27)

ISSN 1512-1461

7. Kuo Yuan Hwal, Tata Sanjay Kanna Sharma , “Spheres Anchored on f-MWCNT for
Electrocatalytic Reduction and Sensing of Nitrofurantoin in Biological Samples”, Scientific
Reports, (2020) 10(12256), 1-13.

8. E .Y. Malikov, M.B. Muradov, O.H. Akperov, G.M. Eyvazova, R. Puskéas, D.
Madaraszc, L. Nagy, A. Kukoveczc, Z. Kénya,"Synthesis And Characterization Of Polyvinyl
Alcohol Based Multiwalled Carbon Nanotu Be Nanocomposites”, Physica E, (2014) 61, 129—
134,.

9. Tarig J. Alwan, Zain A.Muhammad, “Effect of F-SWCNT on the Structure, Electrical and
Optical Properties of PANI Thin Films”, Optoelectronics and Advanced Materials

Rapid Communications, (2020) 14(9-10), 421-426.

10. Kondawar S. B, Deshpande M. D, Agrawal S. P., "Transport Properties of
ConductivePolyaniline Nanocomposites Based on Carbon Nanotubes™. International Journal of
Composite Materials,(2012) 2(3), 32-36.

11. Haisel Mathew, Vrinda S. Punnackal, Sunny Kuriakose, B. Syamala Kumari, Ancy Manuel,
"Synthesis and Electrical Characterization of Polyaniline-Multiwalled Carbon Nanotube
Composites with Different Dopants'™. International Journal of Scientific and Research
Publications, (2013) 3(8), 1-10.

12. Muna M. Abbas, M. H. Abdallah, Tarig J. Alwan, “Synthesis and Optical Characterization
of Nickel Doped Poly Vinyl Alcohol Films”, SOP Transactions on Physical Chemistry, (2014) 1,
(2), 1-9.

13.0med Gh. Abdullah, Shujahadeen B. Aziz, Mariwan A. Rasheed, “Structural and Optical
Characterization of PVA:KMnO, based Solid Polymer Electrolyte”, Results in Physics

(2016), 6, (1103-1108).

14. Shichao Lu, Xiaoyan Wang, Zhaorui Meng, Qingchun Deng, Fangfang Peng, Chengcheng
Yu, Xu Hu, Yi Zhao, Yangchuan Ke , Fengzhong Qi, “The Mechanical Properties,
Microstructures And Mechanism Of Carbon Nanotube-Reinforced Oil Well Cement-Based
Nanocomposites”, RSC Adv. , (2019) 9, 26691-26702.

15. Abdullahi N, Saion E, Shaari AH, Al-Hada N M, Keiteb A, “Optimisation of the Photonic
Efficiency of TiO2 Decorated on MWCNTSs for Methylene Blue”, Photodegradation. PLOS
ONE, (2015) 10(5):e0125511- e01255112.

16. Kireev P. S., ""SemiconductorPhysics", Translated from Russian by M. Somokhvalov, MIR
publishers, Moscow, (1978).

17. M. J. Almasi, T. Fanaei Sheikholeslami, M. R. Naghdi, “Band Gap Study Of Polyaniline And
Polyaniline/MWNT Nanocomposites With In Situ Polymerization Method “, Composites Part
B,(2016) 96, 63-68.

18. Miroslava Trchova, Zuzana Moravkova, Ivana Sedénkova, Jaroslav Stejskal, “Spectroscopy of
Thin Polyaniline Films Deposited During Chemical Oxidation of Aniline”, Chemical Papers, 66 (5)
415-445, (2012).

19. S. D. Hutagalwng, B. Y. Lee. Procecding of the 2nd International conference, “Nano/Micro
Engineered and Molecular Systems”, January Bangkok , Thailand, 2007.

20. B. Thangaraju, P. Kalianna,” Polycrystalline Lead Tin Chalcogenide Thin Film Grown by
Spray Pyrolysis”, Crystal Research and Technology,(2000) 35(1), 71-75.

21. Abhishek Patel, Pratik Pataniya, K. D. Patel, G. K. Solanki, and V. M. Pathak,” Preparation
Of H2SO4 Doped Polyaniline Thin Film Solar Cells By Spin Coating Technique”, AIP Conference
Proceedings, (2017) 1837(1), 040047(1-3).

Article received 2022-06-04

16



