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    The solution casting method was used to prepare a 

polyvinylpyrrolidone (PVP)/Multi-walled carbon nanotubes 

(MWCNTs) nanocomposite with Graphene (Gr). Field Effect Scanning 

Electron Microscope (FESEM) and Fourier Transformer Infrared 

(FTIR) were used to characterize the surface morphology and optical 

properties of samples.  FESEM images revealed a uniform distribution 

of graphene within the PVP-MWCNT nanocomposite. The FTIR 

spectra confirmed the  nanocomposite information is successful with 

apperaring the presence of primary distinct peaks belonging to 

vibration groups that describe the prepared samples.. Furthermore, 

found that the DC electrical conductivity of the prepared 

nanocomposites increases with increasing MWCNT concentration 

which is due to hopping conduction. 
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1. Introduction   

Polymers and polymer composites are widely used in industry. When compared to metals 

and metallic alloys, polymer-based materials are specifically and preferentially used in machine 

design due to advantages such as lightness, chemical resistance, ease of processing, and 

recycling. However, unreinforced polymers have some drawbacks in terms of mechanical and 

thermal properties. To improve some of the physical properties of polymers, various fibers such 

as glass fiber [1, 2], carbon fiber [3, 4], and aramid [5] are introduced, as well as particles with 

varying particle shape and size. In recent years, carbon-based nanomaterials (for example, 

carbon nanotubes-CNT, carbon nanofibers-CNF, and graphene derivatives) have emerged as the 

most important fillers for improving the physical properties of polymers [4,5]. Carbon nanotubes' 

superior structural and physical properties, such as one-dimensional (1D) geometry, extremely 

high aspect ratio, modulus of elasticity (200–1000 GPa) and strength (200–900 GPa), electrical 

and thermal conductivity, make them ideal candidates for nanofillers in advanced polymer 

nanocomposites [6–8]. Single-walled or multi-walled carbon nanotube (SWCNT or MWCNT) 

filled polymer composites can be created using in-situ polymerization, solution mixture, or melt-

mixing (extrusion and injection) techniques [9]. Graphene (Gr) is a two-dimensional honeycomb 

lattice made up of a single atomic layer of sp2-bonded carbon atoms that has garnered attention 

due to its odd physical properties [10]. Because of their remarkable physical properties, such as 

extreme electrical conductivity, equal thermal stability, and excellent mechanical efficiency, 

graphene and carbon nanotubes (CNTs) have prompted tremendous interest and involvement in 

science [11,12]. The cast solution method, in particular, provides a cost-effective process for 

preparing polymer nanocomposite, allowing for both fast production and environmental benefits 

as a solvent-free route [13,14].Polymer composites, on the other hand, have been identified as a 

promising candidate for use with CNT and Gr because they may result in improved properties 

[15]. However, due to the difficulty of the melting process, it is difficult to obtain a 

homogeneous solution of polymer, CNT, and Gr. Polyvinylpyrrolidone (PVP) is an amorphous, 

nontoxic, versatile polymer with excellent binding properties and high stability [16]. It is soluble 

in water and many polar solvents, including ethanol, making it simple to prepare [17]. To their 

good applications in sensors, membrane and optoelectronic devices, in this work an investigation 

of the effect of MWCNT addition on the morphological, and electrical properties of PVP-

MWCNT nanocomposites, in the presence of Gr, that have MWCNT concentrations within the 
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range of (0.1, 0.25, 0.5, 0.75 and 1wt%) were prepared using solution casting method. 

morphological, and electrical properties of nanocomposite samples were characterized.  

2. Materials and Methods  

    PVP was supplied by Sigma-Aldrich with average molecular weight of 41111 g/mol, purity 

>95 wt% was purchased from Neutrino. Gr platelet nanopowder with thickness 618nm and 

average particle diameter 85µm was supplied by Skyspring nanomaterials Inc. The 

nanocomposite was prepared in an aqueous suspension using ethanol. 4gm of PVP was dissolved 

in 40ml of ethanol and sonicated with energy 31 kHz for 41 min in order to have clear and dense 

solution. MWCNT were prepared, by dissolving in 20ml of ethanol and stirred for about 6 hours 

at room temperature before it’s stirred with PVP for about 24 hours. Then Gr powder (0.05mg) 

was added to the nanocomposite during the stirring and sonicated for 48 hours. Many 

nanocomposites with different concentrations of MWCNT (0.1, 0.25, 0.5, 0.75 and 1wt%) were 

prepared. The resulting samples were dropped on glass substrates with dimension of (2.5x2.5) 

cm for characterization. The structural properties of the samples were investigated using Fourier 

transformer infrared (FTIR) spectroscopy (type- Shimadzu 8400) in the frequency range 4000-

400cm
-1

 by pelletizing a homogenized powder of the synthesized samples and KBr. The surface 

morphology of prepared samples was studied using Field Emission-scanning electron 

microscope (FESEM), the electrical conductivity has been measured as a function of temperature 

for the samples over the range (303-423K) using sensitive digital electrometer type keithley 

(616), (Memmert U10 oven made in Germany). 

3. Results and discussion 

     The purpose of FTIR spectroscopy is to examine multi-component functional groups and 

provide helpful information about the mechanism of interaction and the content of the material 

phase in a variety of bond types found in all samples. Fig.1 shows FTIR absorption spectra of the 

nanocomposites. In the wave number range from 2900 - 3600 cm
-1

 the bands are correspond to 

the outer phase vibration oscillation of hydroxyl group (O=H). The position of the bands at 771, 

1242, 1413, 1606 cm
-1

 correspond to C-O bending, C-O stretching of hydroxyl group, and C=O 

stretching vibrations of carboxyl group, respectively [18]. By increasing the MWCNT 

concentrations the intensities of the peaks have been increased and broadened which means the 

increase in the interlayer spacing between the polymer chains. It is known that the wavenumber 

shifts of IR bands evidence the change in the potential energy distribution along the polymeric 

http://creativecommons.org/licenses/by-nc/4.0/
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chain due to the filling or doping, this can give an indication that the MWCNT can penetrate the 

carbonyl group of PVP [19]. 

 

Figure 1: FTIR for the nanocomposites.  

In general, FESEM is commonly used to examine the compatibility of various components of a 

film ,as well as to detect phase separations and interfaces. Figure2 (a,b,c,d) shows the FESEM 

images PVP/MWCNT nanocomposite with Gr samples with 0.1, 0.25, 0.75 and 1wt%. figure 2 

shows a uniform dispersion of MWCNT and Gr within the PVP matrix with hemispherical shape 

and average size around 0.3µm indicating a strong interaction happened. in higher concentrations 

(0.75 and 1wt%) MWCNT began to aggregate since the adhesion decreases with the polymer 

[13].  
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Figure 2: FESEM of PVP/MWCNT nanocomposite with Gr a) 0.1 b) 0.5 c) 0.75 d)1wt% of 

MWCNT.  

    Figure 3 shows the plot of ln dc and 1000/T at 0.25, 0.5, 0.75, and 1wt% of MWCNTs and for 

range of temp. 303-423K. The linear behavior indicates that a thermally activated process 

follows the Arrhenius relationship: 

 

                        ……….1 

 

where σo is the pre-exponential factor, Edc is the thermal activation energy for DC conductivity.  

Figure 3 shows the effects of temperatures on the electrical conductivity of nanocomposite for 

different MWCNT concentrations. The conductivity of the nanocomposites increase with 

a 
b b 

c d 
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temperature increases; wherein 0.25wt% σdc was equal to 1.507 (Ω
-1

.cm
-1

), and for the other wt% 

concentration the conductivity still increase slightly from 1.623, 1.856 to 1.899 (Ω
-1

.cm
-1

), as 

illustrate in figure 4. This can be explained as the molecules undergo a phase transition when the 

temperature rises, they are likely to slide over each other to allow electrical conductions. The 

data show an increase in conductivity. The formation of conductive pathways occurs when the 

weight percent of MWCNTs exceeds a certain proportion, known as the percolation threshold, 

resulting in conductivity [20]. At low concentration of MWCNTS, the distance between particles 

(MWCNTs) is high, resulting in reduced conductivity. At higher nanoscale inclusions, the 

percolation threshold exists, and in the absence of a conductive channel, polymeric materials are 

commonly referred to be insulators [21,22]. MWCNT at high concentration tend to agglomerate 

due to the absence of the dispersion and interfacial interactions, and as a result, obstruct the 

formation of conductive pathways [22]. Therefore, a good dispersion is required to establish the 

conductivity pathway in the nanocomposite.  

 

 

 

 

 

 

 

 

 

  

  

 

Figure 3: DC conductivity of the nanocomposite vs. reciprocal temperature. 
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Figure 4: DC conductivity of the nanocomposite vs MWCNT concentrations. 

      Because of the mechanism of heating the polymer above room temperature is thermally 

induced, the resistance versus temperature behavior of the nanocomposite can be explained by 

their activation energy values. Figure 5 shows the plot of energy with MWCNT concentrations 

(0.25, 0.5, 0.75, and 1wt%). It shows a decrease in the activation energy as the MWCNT 

concentration increase; this might be due to the aggregation of the CNT and Gr. 

 

 Figure 5: Activation energy vs MWCNT concentrations for nanocomposite. 
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4. Conclusions 

    A casting method was employed to prepare PVP/MWCNT nanocomposite with Gr at room 

temperature. Their morphological and electrical properties were investigated. FTIR analysis 

indicates the formation of intermolecular interaction between the PVP, MWCNT and Gr. 

FESEM images appeared the homogenous nature of the prepared samples without aggregation. 

An enhancement of electrical conductivity was shown after increasing the amount of MWCNT 

which indicate the hopping mechanism was dominated. As a result, it is possible to conclude that 

these nanocomposites are promising candidates for use in various engineering applications. 
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ت الكربىويت متعذدة الخصائص المىرفىلىجيت والكهربائيت للبىلي فيىيل بيروليذون / الأوابيب الىاوىي

 الجذران مع الجرافيه

 استبرق طالب عبذالله ، مخلذ صبري صحه 
8

 قسى انفٍشٌاء،كهٍت انعهىو،جايعت بغذاد,بغذاد,انعزاق

 مستخلصال

أَابٍب َاَىٌت كزبىٍَت يخعذدة  / (PVP) حى اسخخذاو طزٌقت انصب بانًحهىل لإَشاء يزكب َاَىي بىنً فٍٍُم بٍزونٍذوٌ

والأشعت ححج  (FESEM) حى اسخخذاو حأثٍز انًسح انًجهزي الإنكخزوًَ .(Gr) يع انجزافٍٍ (MWCNTs) انجذراٌ

 حظهز انُخائج أٌ يعهىياث انًزكب انُاَىي َاجحت ، حٍث ٌظُهز .(FTIR) نخىصٍف انعٍُاث (FTIR) انحًزاء نًحىل فىرٌٍه

FTIR  ًحصف انعٍُاث انًحضزة. كشفج صىروجىد قًى يًٍشة أونٍت حُخًً إنى يجًىعاث الاهخشاس انخ FESEM  أٌضًا

حشداد انًىصهٍت انكهزبائٍت نهخٍار انًسخًز نهًزكباث . PVP-MWCNTعٍ حىسٌع يىحذ نهجزافٍٍ داخم انًزكب انُاَىي

  بانخُطظ.  ، وانذي ٌزجع إنى انخىصٍم MWCNT انُاَىٌت يع سٌادة حزكٍش
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