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Abstract 

 

Here we present mechanical engineered effect of SWCNT nanoceramics on polymer thin films. 

The composite thin film synthesis with different concentrations of nanoparticles and 

(functionalized SWCNT) f-SWCNT (yield range 75-80%) in (Polyvinyl Alcohol) PVA matrix was 

carried out by “Simple Solution Deposition Method”. Characterization was accomplished by FTIR, 

XRPD, SEM and AFM. FTIR results confirmed the successful functionalization of SWCNT’s with 

bands appearance at 3213 (-OH), 1788 (-C=O), 1320 (-NOX), −C-H stretch at 2136 cm-1 and 602 

cm-1 (-SOX). It has also confirmed the synthesis of f-SWCNT/PVA/MO by appearance of 

individual peaks of all constituents. Peaks of SWCNT’s and polymer were also confirmed by phase 

analysis through XRPD analysis which not only confirmed the synthesis of f-SWCNT/PVA/MO 

composites but also the single phase nano NiO and CuO materials with crystallite sizes, 34.5 and 

4.05nm, respectively. SEM and 3-D AFM images showed topographic image of SWCNT’s using 

tapping mode. Transmittance was controlled by using least concentration of SWCNT and 

transmittance was measured by using UV-Vis spectrophotometer it was seen that transmittance 

and absorbance peaks were observed in ultra violet range and it was observed that least 

concentration of SWCNT give the highest transparency. Same trend was observed in case of metal 

oxides so the composite with least concentration of SWCNT and MO shows best transparency to 

be used in transparent super capacitors. UV-Vis DRS (Diffused Reflectance Spectroscopy) 

revealed band gab between 4.2-4.9 eV for composites which are more suitable for super capacitor 

application as compared to those of NiO (3.86 eV), CuO (3.07eV) and PVA (6.2eV) separately. 

Band gap of PVA reduced to 4.8 to 4.7 and 4.5 eV by increasing concentration of NiO and CuO 

while f-SWCNT’s caused further reduction in band gap to 4.38, 4.30 and 4.20 eV. Dielectric 

constant, dielectric loss, tan loss and AC-conductivity was evaluated and found that all these 

parameters could be controlled according to need by varying concentration of MO and SWCNT’s. 

it was seen that the composites with least concentration of MO shows best current storing ability 

as in case of CCP 1 value of dielectric constant, dielectric loss, tan loss and ac conductivity was 

3.3 x 107, 9.7 x108, 4.5 and 19 Sm-1, respectively and for CNP1 value of dielectric constant, 

dielectric loss, tan loss and Ac conductivity was 1.7 x 107, 3 x108, 2.5 and 9 Sm-1, respectively. 

Physical properties of composites anticipate them good potential candidates for supercapacitor 

applications. The tensile strength of of f-SWCNT/PVA/MO composites got enhanced with 

SWCNT concentrations whereas toughness got enhanced due to MO concentration. The elasticity 

of metal oxides was enhanced by presence of PVA from as calculated Young’s modulus of PVA 

was 71.2 Pa. For simple PVA/CuO values of Young’s modulus were 8.2, 18.9 and 27.2 Pa and 

were enhanced to 62.4, 22.5 and 57.7 by addition of f-SWCNT’s. Similarly for PVA/NiO values 

of Young’s modulus were 22.7, 25.7, and 30.9 Pa by addition of f-SWCNT’s enhanced to 28.3, 

31.3 59.0 Pa. 
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Chapter 1 

Introduction 

1.1. Nanochemistry 
 

Nanochemistry is basically a related to solid state chemistry in which a chemist focuses on 

preparing as possible as little piece of matter having nanometer size in one, two and three 

dimensions [1]. The nanomaterials exhibit different chemical and physical properties as 

compared to bulk counter parts bulk materials. Nanomaterial could be used in quantum 

electronic, chemo selective sensing, photonics, nonlinear optics and information storage and 

processing [2].  

1.1.1. Classification of nanomaterials 

Nanomaterials could be classified on different basis as discussed below: 

1.1.1.1. On basis of origin. On the basis of origin, nanomaterial could be classified into two 

following classes. 

a. Natural Nanomaterials: The nanomaterials that are obtained from natural resources or exist 

naturally for example viruses, proteins and lotus leaf. Some natural colloids are like blood and 

milk, few are of aerosol type, like fog and few are of gel type, like gelatin. 

b. Artificial Nanomaterials: Materials that are prepared by fabrication chemical or physical 

processes for example carbon nanotube, carbon nanoparticles like quantum dots. 

1.1.1.2. On basis of dimension. On basis of dimension nanomaterials are classified into 

following classes: 

a. Zero dimensional (0-D): The nanomaterials that have no dimension out of nanometer range. 

Its only property is its location for example quantum dots and nanoparticles they are mostly 

spherical, and their diameter lies in the range 1-50 nm. Their cube and polygon shape could 

also exist. 

b. One dimensional (1-D): In these materials one dimension is out of nanometer range it 

includes nano wires, nano rods and nanotubes. Their length could be of several micrometers 

but their diameter lies in nanometer range. 
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c. Two dimensional (2-D): In these materials two dimensions are out of bound of nanometer 

range for example nano film, nano sheets and nano wells their thickness lies in nanometer 

range. 

d. Three dimensional (3-D): Their all three dimensions are out of nanometer range it include 

bulk material although their individual building blocks are in nanometer range (1-100 nm) [3] 

[4]. 

1.1.1.3. On basis of structural configuration. Based on structural configuration nanomaterials 

have four classes as discussed below. 

a. Carbon based nanomaterials: They could be ellipsoidal, hollow or tubes. For example; 

fullerenes are ellipsoidal, and nanotubes are cylindrical. The main component of these 

material is carbon. 

b. Metal based nanomaterials: The main component of these material is metal like Nano 

gold, Nano silver and metal oxides like titanium dioxide and closely packed 

semiconductors like quantum dots. 

c. Dendrimers: Dendrimers are actually the polymers which are of nanometer size on 

their surface there are so many chain ends which could be used for catalysis. They also 

have internal cavities in which new species could be carried and this property could be 

used for drug delivery. 

d. Composites: In these different nanomaterials are combined to enhance their thermal, 

electrical, flame retardant and mechanical properties [5] [6]. 

1.2. Carbon nanotubes 

Fullerenes were discovered in 1980s by Buckminster Fullerene a few year later in 1990’s this 

discovery led to the synthesis of carbon nanotubes (CNTs), these CNTs attracted the interest 

of researchers due to having remarkable electrical, thermal and mechanical properties. The 

reported strength of CNTs is 10-100 times greater than steel, elastic modulus is greater than 1 

TPa as compare to diamond (elastic modulus 1.2 TPa). Exceptionally, CNT’s are thermally 

stable up to 2800°C in vacuum that is twice higher than that of diamond and have current 

carrying capacity 1000 times greater than copper wires. 

1.2.1. Atomic Structure and Morphology. The graphene sheets (2-D) are rolled and form 

cylindrical structure of carbon nanotubes having three neighboring carbons Carbon nanotubes 

were first synthesize by  Iijima et al. Different methods for the synthesis could be used like arc 

discharge, laser ablation, gas phase catalytic growth, and chemical vapor deposition method 
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[7]. The physical and chemical properties greatly depend upon morphology; diameter and 

length. Mainly, CNTs exist either as single walled CNTs (SWCNTs) or multiwall CNTs 

(MWCNTs). The structure of CNTs could be described by chiral vector Ch and chiral angle (θ) 

where chiral angle determines the amount of twist in chain.  

Chiral vector is related to other parameters by following formule, 

Ch =  na1 + ma2 

Where, a1, a2 are unit vectors and m, n are integers that show number of steps along zigzag 

carbon bond. 

1.2.2. Carbon nanotubes thin films. The transparency of CNTs is more than 90% which makes 

them useful as transparent electrodes and sensors. The major challenges encountered while 

working with CNTS are; homogeneous dispersion, synthesis cost and purification of CNT’s 

[8]. CNT’s thin films could be prepared by different methods; plasma enhanced chemical vapor 

deposition [9], solution based deposition and spin spraying method, etc. 

1.2.2.1. Properties of CNT thin films. The properties of individual CNTs are studied 

extensively. In thin films, the properties of individual tubes are also enhanced by tube-tube 

interaction. 

a. Transport properties: SWCNTs have very much high mobility > 100,000 cm2/vs. they also 

occupy high current carrying capacity. The resistance of carbon nanotubes depends upon their 

length CNT’ of 500 nm length have resistance of 6-7 kΩ. In conclusions you insisted that 

SWCNTs are semiconductor in nature. 

b. Electronic and Optoelectronic properties: The band structure of individual CNT’s has been 

widely explored. The electronic structure basically depends upon the wrapping of graphene 

sheets. By doping with Boron and Nitrogen leads to p-type or N-type semiconducting behavior 

of tubes [10]. 

c. Transmittance: The films of carbon nanotubes show transmittance and electrical 

conductivity if its thickness is 10-100 nm. The transparency depends upon tubes purity, length, 

and film thickness and dispersion quality. The film transparency losses with increasing length. 

1.3. Characterization Techniques 
Following techniques were employed to characterize the thin film samples. 

1.3.1. Foriour Transform Infrared-Spectroscopy. IR spectroscopy is the technique that 

operate at ambient temperature at analytical level. And it monitors the vibrations of functional 
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group directly that characterize the molecule. It provides continuous operation and it comprises 

low maintenance. It usually ranges from 0.7 µm to 1000 µm. Mid-IR is not very much used 

widespread now a days as near IR gives more precise bands. In near-IR the bands are mostly 

weak and tend to show more overlapping [11] [12]. FT-IR is usually used to get information 

like; characterization of unknown compounds, quality or consistency of sample and amount of 

component in mixture. When IR radiations passed through the sample some radiations get 

transmitted and some of them are absorbed as a result of that spectrum is obtained. Fig 1.1 

shows the working principle of FTIR spectroscopy.  

 

 

Figure 1.1. Construction of IR Instrument [11] 

1.3.1.1. Selection rule. In an IR active material there must be some structural components with 

dipole moment change during vibration to show infrared absorption. It occurs in heteronuclear 

molecule when it contracts or expands.  

1.3.1.2. Factors cause broadening. It usually shows broad bands due to numerous different 

factors, one is Doppler’s Effect. As radiation move towards or away from the observer 

frequency shifted due to which broadening occurs. Another factor that involved in broadening 

is Heisenberg’s Principle, when atoms collide with each other having finite life time of 

excitation. The energy  of transition is uncertain as average life time of excitation of atoms is 

108 s. They some time show transition in energy state when come back from high energy state 

due to which broding occur. The relationship exist between excitation life time and band width 

of absorption. it has direct relation with each other [13].  

1.3.1.3. Modes of vibrations. The absorption of energy depends upon modes of vibrations that 

takes place in a molecule due to change in its dipole moment the vibration could be in plane or 

out of plane, 



5 

 

• In Plane can be either Scissoring or Rocking 

• Out of Plane can be either Wagging or Twisting 

 

Figure 1.2. Vibrational modes of IR active bonds [14] 

Ranges of absorption of different functional groups are given in figure 1.3. 

 

Figure 1.3. Different frequency ranges [15] 
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Figure 1.4 Indicates different symmetrical and unsymmetrical vibrational modes  

 

Figure 1.4. Modes of vibrations [16] 

1.3.1.4. Degree of freedom. In diatomic molecules there is three degrees of freedom in 

translational motion and two degrees of rotational motion. The atoms in diatomic molecule 

also move with respect to each other. Polyatomic molecule having N no of atoms have 3N 

degree of freedom. An atom could have different bending and stretching vibrations. The 

vibrations could be symmetrical or asymmetric [13]. The energies with these vibrations are 

quantized and specific vibrations are allowed principle of modes can be seen through figure 

1.5. 

 

Figure 1.5. Principle of modes [17] 

1.3.1.5. Complicating Factors. To interpret IR spectra there are few factors that make it 

complicated. Sometimes analogous or multiples of the absorption peaks appear that are called 

as overtones. Combination bands also occurs. Another factor is Fermi Resonance. When two 
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absorptions are so close to each other or two peaks appear when one peak is expected fermi 

resonance occurs. Sometimes a single peak is divided into two or combination band occur at 

same frequency of fundamental frequency or sometime mismatch frequencies that differ with 

few wave numbers. The two bands are known as Fermi Doublets. Mostly coupling occur 

mostly due to carbon backbone and present of oxygen and nitrogen. In coupling energy level 

mixing occur and same vibrational modes resulted.it mostly occurs if frequencies of adjacent 

bonds are similar. In this case it become difficult to assign same band to a specific bond [13] 

[15].Over tones of different groups is give in figure 1.6. 

 

Figure 1.6. Overtone range [7] 

1.3.1.6. FT-IR Spectrometers. In FT-IR spectrometers the main part is amplitude division 

interferometer. The main construction of spectrometers is still according to the Michelson 

design [11] [18]. It mostly consists of; Beam splitter, compensating plates and pair of mirrors. 

Mostly organic compounds absorb in the range 4000 cm-1 to 400 cm-1. Important regions are 

1650 cm-1 onward and other part is finger print region it is not very useful to characterize 

unknown compounds. Energy levels of different molecules show different transitions 

according to the same equation, 

𝑛  ̅̅ ̅ =
1

2𝑝𝑐
√

𝑘

𝑚
 

Where  
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𝑚 =
𝑚1𝑚2

𝑚1 + 𝑚2
 

k  is the  force constant, m is the reduced mass. Greater the mass of the molecule slower will 

be its vibration. k and bond strength are proportional to each other. Sometime in the absence 

of O-H group a small peak is observed at 3450 cm-1 that is overtone of C=O vibration. IR peak 

is as strong as dipole moment change is greater during vibration. Vibrational modes of coupling 

bond could be symmetric or asymmetric. Symmetric stretch requires higher energy and 

asymmetric stretch requires low energy [19] [15] [18]. 

Strategy to interpret spectra. First of all by using molecular formula evaluate the units of 

unsaturation. Divide the spectra into three parts, 

1. X-H region 

2. Sp region 

3. Double bond region 

 

Figure 1.7. Absorbance range of different group [7] 

• Analyze the spectrum from to right to left and if a strong and broad band observed at 

3500 cm-1 it represents presence of OH. 

• If weak peaks are observed in this area than amines (N—H stretch) are indicated. 3000 

cm-1 C—H aliphatic stretches are observed to the right  

• C—H of alkenes & aromatics are at left. Aldehyde and ketones C—H stretch show peak 

at ~ 2720 cm-1. Area from 1820 to 1630 cm-1 analyzed where strong peaks of C=O 

observed which is strongest peak in the spectra. 

• The region from 1250 to 1000 cm-1 are the C—O stretches of ethers, esters and acids 

[12] [20] [18]. 

1.3.2. X-Ray Powder Diffraction. X-ray powder diffraction is an analytical tool used for 

qualitative and quantitative analysis of crystalline materials. It provides information about 
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phase distribution, crystallite size, degree of crystallinity, geometry, epitaxy and lattice 

parameters etc. 

Basic principle that is employed in X-ray diffraction technique is interference of the X-ray 

radiation that is constructive and diffracted by the crystalline materials, could be explained by 

Bragg’s Law. By this law X-ray reflected when fall at surface of a compound, travels less 

distance as compare to the X-ray that reflected from a plane of atoms that are present inside the 

crystal. X-ray penetrate and travels down to the lower layers, reflected and scattered back over 

the same distance before coming back to the upper layer. The distance travelled by X-rays 

depends on the separation of the layers and the angle with which X-ray entered the substance 

surface. Diffraction takes place only when the distance covered by the parallel X-rays is an 

integer multiple of the wavelength. Braggs law could be written in form equation given below: 

  

 

Where n is an integer having whole number value of interference, λ is a wavelength of the 

incident radiation, θ is an angle between the incident ray and crystal layers while d is the 

interspacing present between the layers. Structural information of crystal lattice can be 

determined by monochromatic radiation beam that is focused on compound, In cathode ray 

tube basically poly chromatic rays are produced than these polychromatic rays pass through 

monochromator that produce monochromatic rays that are placed onto atomic planes. The 

transmitted, scattered and refracted rays generate the spectra containing peaks of different 

intensities. Construction and working of an XRD spectrometer is give in figure 1.8. 

1.3.2.1. Uses and Applications of XRPD. XRPD is a non-destructive technique which 

efficiently determines the crystal structure, crystallite size, phases present in the sample, atomic 

arrangement, lattice parameters and many other properties of the material. It is used in almost 

all the fields due to its versatility and accuracy in giving maximum structural information about 

the sample. 
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Figure 1.8. Working of X-ray spectrometer 

1.3.3. Scanning Electron Microscopy (SEM). The scanning electron microscopy (SEM) is 

used to focus the surface of sample by using electron beam. The information of the sample 

structure and topography is obtained as beam of electrons interact with sample and various 

signals are generated sample could be analyzed at elevated temperatures and resolution up to 1 

nm could be achieved. A very small amount of the sample is used for this purpose solution 

form of sample could also be analyzed. SEM image could be obtained by back scattered or 

secondary emitted electrons. The secondary emitted electrons are collected and by detector 

image is formed. [14]. First of all SEM was introduced by McMullan [21] and first microscope 

was prepared by Manfred von Ardenne [22] [23]. 

1.3.3.1. Principle. The beam of electrons is generated, and it interact with the atoms at different 

depths and various signals of different types are generated which are given as follows: 

• Secondary electrons (SE) 

• Cathode luminescence (CL) 

• Backscattered or reflected electrons (BSE) 

• Transmitted electrons 

• Specimen current 

• Characteristic X-rays 

https://en.wikipedia.org/wiki/Manfred_von_Ardenne
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But all these signals could not be detected by single machine. Secondary emitted electrons 

emitted from surface of the sample and resolution till 1 nm could be attained. While in case of 

backscattered electrons the electrons emitted from the depth of sample [24]. Different types of 

ejected radiations are mentioned in figure 1.9. 

 

Figure 1.9. Different types of radiations emitted from SEM [25] 

BSE can detect image up to 10 to 15 nm. When electron beam ejects the electrons from inner 

shell of the sample and electron from high energy come to fill its place than characteristic X-

rays are produced which are of high energy and provide information about elemental 

composition. Its magnification can vary from 10 times to more than 50000 times [26]. 

1.3.3.2. Sample Preparation. For SEM sample should be prepared according to following 

aspects the sample should be: conductive, appropriate size of specimen gage and should be 

able to withstand under vacuum conditions. It is necessary to coat the nonconductive sample 

usually with gold, platinum, carbon, tungsten, chromium or osmium [24] [21]. Figure 1.10 

displayed the sample holder for SEM analysis, the samples are placed on these stubs of specific 

dimensions. 
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Figure 1.10. SEM stubs used to analyze the sample[27, 28] 

1.3.3.3. Scanning process. Tungsten (electron gun) is useful due to its high melting point and 

it has lowest vapor pressure as compared to the metals and it is not very much expensive. 

Through this electron gun electron beam is emitted and is focused by two condenser lenses. 

The energy of electron beam ranges from 0.4 keV to 40 keV. The beam is focused at a point 

whose diameter is 0.4 to 5 nm. Than beam passes through a column where deflector plates are 

present where final lens is present that focus the beam at rectangular surface of the sample [29] 

[30].  

Construction of SEM is given in figure 1.11, the electron beam interacts with sample surface 

and primary electrons are emitted after that different scattering transmission and ejection of 

electrons occur, the obtained signals amplifies by amplifier, synchronized with system and 

converted into the digital image. Magnification in SEM is not due to the lenses they are present 

only to focus the beam of electron not to magnify the image. It is actually related to the 

dimensions. Greater will be magnification if the raster size of the specimen reduced.it means 

that current supplied can control the magnification [31] [32]. 
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Figure 1.11. Instrumentation of the SEM [33, 34] 

1.3.4. Atomic Force Spectroscopy. 

Atomic force microscopy is a type of scanning probe microscopy that shows high resolution 

on fraction of nanometer. It mainly uses mechanical probe that touches or feels the surface and 

gives the image of surface. It provides very precise scanning. It mainly provides following 

informations, 

1.3.4.1. Force measurement. In mode of measurement, force between probe and sample is 

measured in order to their mutual separation. Depending upon the separation of probe and 

sample the adhesion between both is measured that gives the information about adhesion 

property of sample. As cantilever come closer to the surface attractive forces of tip deflect 

cantilever toward surface and further reduction in distance causes repulsion that deflects 

cantilever away from the surface in this way force between cantilever tip and sample can be 

measured   
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1.3.4.2 Imaging. In it high resolution of surface is obtained it tells about dimensional 

topography of the sample. Cantilever interact with surface of material. Cantilever scanned over 

region whose topography is required Feed back loop is used to control the height of the tip above 

the surface, thus it maintain a constant laser position so that the AFM can generate an accurate 

topographic map of the surface features. The tip of AFM is scanned across the sample surface 

along x, y direction. Cantilever deflection act as input and its output control the distance of z-

axis. When the tip is in the contact with the surface of the sample the height varies and 

deflection of cantilever takes place. Than feedback adjust the height to the restore point. During 

the process AFM force remains constant. 

1.3.4.3. Manipulation. Different prpoperties can be measured using force measurement the 

values could be manipulated in following parameters: 

• Stiffness 

• Adhesion strength 

• Conductivity  

1.3.4.4. AFM Construction. The AFM instrument consists of a cantilever, support for 

cantilever, piezoelectric element, detection of deflection and motion of cantilever, xyz drive, 

stage. 

1.4. Optical properties 
Optical properties were measured by using simple single beam UV-Vis Spectrophotometer and  

UV-Vis Diffused Reflectance Spectrometer. In next section UV-Vis DRS has been explained 

in detail. 

1.4.1. U-Visible Diffused Reflectance Spectroscopy. UV-visible and UV-DRS spectroscopy 

both are used for band gap calculations. UV-visible refers to absorption spectroscopy and 

transmission is also measured in this technique whereas in DRS-UV reflectance is measured. 

Reflectance is actually the ratio between reflected radiant reflux and the incident radiant reflux 

(power) the term “Reflectance” was introduced by a scientist Kubelka Munk. The range of 

reflectance lies within 250-950 nm. Reflectance of drug, solid and rough films could be 

measured by DRS-UV spectroscopy. Basically two types of reflectance takes place [7] as 

shown in figure 1.12. 



15 

 

 

Figure 1.12. Working of UV-DRS  

1.4.2. Specular reflectance & its uses. The surface that have defined angle of reflection like 

mirror shows specular reflectance. This type of reflection is used for films and coating e.g. 

polymer coating and food containers, specular reflectance is shown in figure 1.13. 

 

 

Figure 1.13. Specular reflactance 

1.4.3. Diffused reflectance & its uses. Surfaces that don’t have well defined angle of 

reflectance. In it reflected radiant energy transmit, absorb and scattered by the surface. A 

schematic description of diffused reflectance is shown in figure 1.14. This type of reflectance 

is used for strongly absorbing substances like coal, plastic and drugs. 
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Figure 1.14. Diffused reflectance 

1.4.4. Components of UV DR Spectrometer. UV-DRS spectroscopy consist of light source, 

integrating sphere, sample holder, detector, 

Integrating sphere is used to collect the electromagnetic radiations.it is also known as Ulbricht 

sphere. It is optical component and contains hollow spherical cavity that has interior white 

coating. Small holes for entrance and exit are present. Different coating material that are used 

for coating; MgO, BaSO4 and PTFE (Poly tetraflouroecetylene). Sample holders can either be 

of   Centre mount cuvette style or of clip and jaw style. Most commonly used detector is photo 

multiplier tube which works on principle of photoelectric effect, secondary emission of 

electrons. 

1.4.5. Principle. When light enters the sphere, many reflections diffused into highly reflective 

walls of the sphere.  The light that is trapped on the walls of cavity of sphere dissipate in three 

ways. Most of light absorbs on the walls, Some light exists through the holes, Small portion 

strikes the detector. A steady state radiant flux is established, and it remains till the source 

remain active. The geometry under which measurements are performed is 0ᵒ⁄d due to fixed 0ᵒ 

angle of incident for cuvette. The specular part of reflections subjected out of sphere through 

transmittance hole. Sample should be in sheet configuration and should be enough to 

accommodate the beam. For large and bulky samples jaw type holder is better. The sample 

should be opaque or absorbent backing must be applied. Sample holder do not transmit the 

light [35].Schematic illustration of it’s working is given in figure 1.15. 
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Figure 1.15. Instrumentation of UV-DRS 

Tauc plot. In UV-DRS the graph is plotted against percentage reflectance and wavelength.100 

% R implies that sample reflect 100% of UV wavelengths of light that interact with it. Graph 

between energy and Eg(F(R))2 is also plotted. Eg is calculated by Kubelka Munk equation, 

F(R) = (1-R) 2/2R=K/S 

 

Figure 1.16 . General reflectance spectra  

1.4.6. Factor affecting the reflectance. Different factors that affect the reflectance of the 

sample are given as follow, 

• Particle size. The small particle size gives the improved spectra. The size should be 50 

µm or less. 

• Refractive index. The spectra of highly reflected components will be more distorted 

due to specular reflectance component. This effect could be reduced by sample 

dilution. 

• Homogeneity. The sample for diffusivity measurement should be homogenous and 

well mixed otherwise sample is difficult to quantify. 

• Packing. The sample should be loosely and evenly packed with min depth of 1.5 mm. 
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1.5. Dielectric Properties 

Dielectric properties were measured by using LCR meter,  

1.5.1. LCR Meter. LCR meter name is given due to its ability to measure Inductance (L), 

Capacitance (C) and Resistance (R) of electronic devices.  

1.5.2. Construction and Working of LCR meter. There are many techniques used for LCR 

meters; Wheatstone bridge and current voltage measurement. The bridge method can be used 

for measuring lower frequencies up to 100 kHz. A bridge is used in this method that is balanced 

so that at the balance point the bridge components can determine the value of component under 

test. Wheatstone bridge configuration is used for the analysis in which the device under test 

(DUT) is placed in a bridge circuit. The impedance of DUT is represented by ZU in the circuit 

while the impedance of Z1 is changeable until no current flows through ZU whereas, the 

impedance values of Z2 and Z3 are known. The oscillator circuit operates at frequencies that 

can be selected before the test and it normally lowers down up to 100 kHz. This is the balance 

position of the bridge i.e. all the four impedances obey the equation:  

 

Hence the impedance of DUT can be determined by using equation:  

 

 

Figure 1.17. Circuit diagram for Wheatstone bridge method. 
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The other method is Current-Voltage measurement that is employed for applications of higher 

frequency. It is a precise measurement technique that can be operated at wide range of 

frequencies. In this technique, the current and voltage are measured for which two types of 

voltmeter and ammeter arrangements are used; one is for low impedance while the other is for 

high impedance. A phase sensitive detector is employed to make the measurements and the 

impedance can be found in term of inductance, capacitance and resistance through relative 

phase of current and voltage. These values are separately shown at the screen. 

1.5.3. Uses and Applications of LCR meter. LCR meter is used to find quality factor, 

dissipation factor, tan loss (tanδ), and dielectric properties of the material.  

1.6. Mechanical properties 
For measurement of mechanical strength different machines are used most popular is universal 

testing machine it could test the material in: compression, bending and tension. 

1.6.1. Tensile testing. It is the measure of strength of a material that is measure of stress under 

which material undergoes plastic deformation or a stress against which material withstand. It 

is also the interest of its ductility. Special techniques are used for accurate measurement usually 

ultrasonic techniques are used to get more accurate measurements. Different factors that are 

involved in measurement of tensile strength are tensile machine and specimen stress strain 

graphs. 

1.6.2. Test methodology and data analysis. Different methodologies are employed to test 

mechanical strength but the method that we employed is given below 

1.6.2.1 Tensile machine and specimen. The specimen is usually enlarged from the ends. Or 

shoulders for gripping. The most important section of specimen is gage length. Gage section 

or gage length is area that is under testing over it measurements are made. Different types of 

machines are used for tensile testing. Most often electro mechanical machines contain a wide 

range of speeds and longer cross head displacements. On the other hand hydraulic machines 

are cost effective in case of high speeds [36]. 
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Figure 1.18. Specimen for analysis  

1.6.2.2. Stress-strain curves. When the sample mounted in machine it plots different curves, 

the force applied and elongation in specimen have very small values if it is not normalized.it 

could be normalized as stress and strain. 

𝑒 =    𝚫𝐿/𝐿0 

Where e is strain, 𝚫𝐿 is change and L0  is initial gage length. And nominal stress could be 

defined, 

𝑠 = 𝐹/A₀ 

Where S is stress, A0 is Initial cross-sectional area and F is applied force in Newtons. 

 

Figure 1.19.Analysis of different parameters through stress strain graph  

The graph of tensile testing could be plotted between different parameters, but the stress-strain 

curve is most common as it is independent of specimen dimension. Stress application creates 

two types of deformations; Elastic and Plastic deformations. When the stress is applied on a 

material its bond stretched and relax when force removed is called as elastic deformation. If 

force increases the planes of atoms slide over each other and upon removing force it does not 

retains its shape is known as plastic deformation. Initially the stress-strain curve of most of the 

materials are linear, its slope is known as elastic or Young’s modulus. 

𝐸 = 𝑠/𝑒 
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In stress-strain curve the ratio of lateral contraction strain to the axial strain is called as 

Poisson’s equation, given below, 

ʋ = -ey /ex 

After the plastic deformation starts the both elastic and plastic deformations play their role. 

Which is called as total strain it can be described mathematically as, 

eT = ee + ep 

Proportional limit is the point at which linear stress-strain curve deviates. But to get appropriate 

reading 2% or 0.002 of the stress-strain curve is extrapolated to get the value of yield strength. 

It is the point at which line intersect the curve. Yield strength does not depends upon instrument 

[37]. There are many factors that affect the shape of stress strain curve including; Temperature, 

Strain rate and Anisotropy 

1.6.3.  Steps of tensile testing  

a. Selection of material: The materials selected for the test should have all the characteristics 

of the bulk. One or more complete parts are sacrificed to obtain test samples from the most 

critical parts of the built-in sample. 

b. Sample preparation: Sample should be prepared in such a way that all its axis must be 

aligned in materials rolling direction. Before testing it should be confirmed that gage length 

and testing area contains the materials characteristics and is according to the machines 

standard. 

c. The test setup: There are three requirements of the machine; i). force capacity should be 

sufficient, ii) control of test speed (strain rate) and iii) precision and accuracy. For grips there 

are two rules for testing; i). the grips should fit the sample properly and ii). the grips should 

have sufficient force capacity. 

d. Analysis of test data: Analysis of the data is done at several levels, at first, the researcher 

observes the processing of test either sample is slipping from jaws or the fracture occurs outside 

the gage section. After completion of test an equation according to the required data is applied 

and graph is plotted and required information is derived. For this database is used in which data 

may store for the future user. Rupture strain or micro strain could be calculated as 

ϵrupture = UTS/E 

Where ϵrupture is rupture strain, UTS is ultimate tensile strength and E is modulus of elasticity. 
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Figure 1.20. Instrumentation of tensile testing machine  
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Chapter 2 

Literature review 

 

2.1. Carbon nanotubes ceramics composite 
This review is about different methods of synthesis for SWCNTs/ceramic and 

SWCNTs/ceramics/polymer composites. More specifically, the materials under consideration 

are nano transition metal oxides/CNT/polymer composites. 

2.2. Methods used for composites preparation 
Initially carbon nanotube composite with ceramics was prepared for the in situ synthesis of 

carbon nanotubes on a ceramic substrate due to many useful properties of carbon nanotubes 

and then extraction of carbon nanotubes was done. Like in 2000 E. Flahaut et al, used solid 

solution method to prepare CNT/Co/MgO composite by reducing MgCoO under H2-CH4 at 

1000°C [38]. In same year E Flahaut, et al, extended the work to CNTs/(Fe, Co 

orFe/Co)/(Al2O3, MgO, Al2O4) composites, obtained by hot pressing. The electrical 

conductivities of all the composite lie within the ranges 0.2-0.4 S cm-1 [39]. In 2002 A. Peigney, 

et al, prepared CNT/Co/MgO composite by high temperature extrusion at 1050ºC to obtain 

dense product. The extruded rods were 6.7 mm in diameter and 20 nm in length. Electrical 

properties revealed that the by increasing the carbon content in composite, the conductivity 

increases. It was first time that carbon nanotubes were aligned in metal/ceramic matrix [40]. In 

2003 Jing Sun and Lian Gao et al,  proposed a method for CNTs dispersion in ceramics 

materials (Al2O3 and titania) by placing CNTs in a boat shaped tube at 600ºC in the flow of 

ultra-pure N2 or NH3. The four dispersant used  were; a) poly acrylic acid (b) poly ethylamine 

(c) 4,5-dihydroxy-1,3-benzene disulphonic acid di sodium salt (d) sodium dodecyl sulphate [41]. 

In same year Guo Dong Zhan et al, investigated the spark plasma method to form alumina and 

single walled carbon nanotubes. Both alumina and SWCNTs were mixed separately into 

ethanol than both were mixed by using spark plasma sintering technique. They prepare two 

composites one of 5.7 vol %of SWCNTs and other was of 10 vol % of carbon nanotubes the 

high temperature was provided by electrical discharge and  623 MPa pressure applied at 600ºC. 

The refinement in grain size due to carbon nanotubes was observed. It was seen that with the 
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increase in density toughness also increases. It leads to the reinforcement of Nano ceramics [42]. 

Most of metal oxides and CNT composites used in super capacitors as CNT allow the 

improvement in electronic conductivity. Different dimensions of the composites could be 

prepared and could be used in different ways [43]. In 2004 S. Rul et al, prepare 22 different 

composites containing 0.23 and 24.5% vol of carbon nanotubes. The solution of oxide powder 

or ceramics was prepared by nitrate urea combustion method. And by attritor miller method 

ceramic foam was prepared. The organic content was removed by calcination. The in-situ 

synthesis of single walled carbon nanotubes was done under H2-CH4 gas mixture. The 

temperature was 1000ºC the mixture was hot pressed in a graphite die at 43 MPa.in secondary 

vacuums at 1300ºC. The dense pellets were obtained and polished by two faces. The carbon 

content was measured by flash combustion method. The densities of all the composites were 

also measured by their weight and dimensions fracture surface of the carbon nanotubes were 

also observed. By high resolution FEG-SEM and HRTEM, electrical conductivity was also 

measured by increasing dc voltage. It was observed that electrical conductivity increases as 

you increase the vol % of the carbon nanotubes.[44]. 

In same year X. Wang prepared the composite of ceramics and single walled carbon Nano tubes 

and graphite with ceramics. The high density Al2O3 was prepared and was dissolved in 

methanol and composite was prepared with graphite and single walled carbon nanotubes by 

spark plasma sintering the 10% vol. of single walled carbon Nano tubes. Single walled carbon 

nanotubes were characterized by Raman spectroscopy. The spark plasma sintering was done at 

1550ºC in vacuum. Vickers indentation shows cracking. The toughness was determined by 

SEVNB. The Hertezian Indentation test was also done to check the toughness results. The 

techniques used for different characterization purposes were SEM to check the fracture of the 

surface and TEM. The Hertezian cracks were observed. The mechanical behavior was studied 

it was reported that homogenous and heterogeneous composites show different shear the 

heterogeneous composite shows weak shear [45].In 2008 Erica L. Coral et al, investigate the 

method of making composites through colloidal dispersion and the aqueous suspension 

composites were formed. The surface stabilizers or surfactants were used at low pH. The 

fabrication of single walled carbon nanotubes at 1%, 2%, 6% vol the technique of rapid 

prototyping was used. To determine the single walled carbon nanotubes Raman spectroscopy 

was used and to make composite spark plasma sintering was used at 1800ºC. The densities 

were 97% than the theoretically calculated densities. In the process the metal catalyst was used 

to purify single walled carbon nanotubes. The surfactant or cationic catalyst that was used as 
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stabilizer was cetyl trimethyl ammonium bromide (CTAB). Above critical micelles 

concentration the micelles were formed having bromide group at the head and in water the 

bromide ion dissociates to form positive charged head. The X-ray absorption or sedimentation 

technique was used to measure the particle size. The powder of composite was prepared by de 

ionized water. The different measurements and tests were conducted with or without single 

walled carbon nanotubes. It was followed by ultra-sonication. Electro acoustic analyzer was 

used to measure potential. Strained controlled rheometer was used to do viscosity 

measurements. Parallel plate fixture was used for different potential measurements. The gap 

size determine was 1 mm to 1.6 mm and sheer rate was 0.1-100 s-1. Different suspension of 

silicon nitride in aqueous media was prepared and 2 suspensions per pH profile were used for 

measurement of mechanical properties. Spark plasma sintering was used at 5000A and voltage 

of 10 volts. micro hardness was tested by diamond tip.to test the tolerance of composites a 

series of increasing load was used, and grind ability was also tested.to investigate the effect of 

experimental variables the method of pre-cracked beam was employed. It was novel Si3N4 and 

carbon nanotubes composite that shows the increase in grind ability of the ceramic but increase 

in toughness was not observed [46]. In 2010 Chen Po Chiang et al first time uses transition 

metal oxide composite with single walled carbon Nano tubes for a symmetric super capacitors 

the ruthenium oxide (RuO2) and indium oxide (In2O3) were used and the single walled carbon 

nanotubes and transition metal oxide composite was used as positive electrode and the 

electrolyte used was neutral the electrolyte was tetraethyl ammonium tetrafluroborate 

(TEABF4) in acetonitrile.  

The MnO2 nanowires and In2O3 were coated on the carbon nanotubes that eliminates the water 

splitting the electrodes were optimized. The conditions were as follows: 2V, 184 F/g 

capacitance, energy density was 25.5 W/kg and power density were 50.3kW/kg. Single walled 

carbonv nanotubes were also used as current collecting electrode [47]. In 2011 XIAJUN Zhang 

et al, prepare CuO Nano belts using wet chemical method and then it was mixed with single 

walled carbon nanotubes and used as pseudo capacitor. And single walled carbon nanotubes 

were used to collect the current the conditions applied were current density of 5 Ag-1. In 

potential range of 0-2.5 V the electrodes were obtained after 1000 cycles in 1 M LIPF/ECI: 

DEC [48].In 2012 Ali Can Zaman et al, prepared the alumina and single walled carbon 

nanotubes by a novel method the alumina having particle size 0.2 micrometer were taken and 

their suspension was prepared. Single walled carbon nanotubes having two different functional 

groups were dissolved in ethanol and ball milled for 3 hrs and was also ultra-sonicated for 30 
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mins. The same procedure was repeated with alumina and then both suspension mixed together 

by continuous magnetic stirring. Than the resulted composite was ball milled for 3 hrs. Than 

dried in oven at 100ºC. Spark plasma sintering was employed at 1600ºC under 50 MPa. 

The holding time was 5 mins with the rate of heating 40C/s. the diameter of sintered pellets 

was 20 mm. The characterization techniques used were SEM, TEM and FEG. Grain size was 

3.94 g/cm3. Vickers micro hardness method was employed to check hardness. Electrical 

properties were studies and it was seen if carbon nanotubes arrange along grains the electrical 

conductivity increases even at low carbon nanotube content. The average grain size of 

composite for COOH-SWCNT/Al2O3 was 2.11µm and for OH-SWCNT/Al2O3 was 2.28µm [49]. 

In 2013 D. Silambarasan et al prepare single walled carbon nanotubes and SnO2 composite for 

hydrogen storage. The single walled carbon nanotubes of 99% purity were employed and the 

composite with SnO2 was prepared having ratio1:2 weights. Then by using agate motor the 

composite was well ground for 15 mins. The uni axial pressure of 5 MPa was applied and the 

pallets of composites were obtained these pallets were then converted into glass films having 

dimension of 25 mm x 75 mm x 1.35 mm. these glass plates were cleaned with chromic acid 

or acetone. Sonication was done, and these were placed in water cooled graphite crucible and 

evaporated at glass substrate the hydrogen was allowed to flow from vacuum chamber and then 

hydrogenation was done on the glass substrate. Before it the hydrogen was thermally 

breakdown and converted into atomic hydrogen. The characterization techniques used were 

SEM, TEM, AFM, XRD, EDS, and TG/TDS. It was seen that much amount of hydrogen could 

be stored and can be desorbed easily by heating due to presence of carbon nanotubes [50].In 

same year D. Silambarasan et al, investigate that single walled carbon nanotubes and alumina 

composites could be used as substrate for hydrogen storage. The carbon nanotubes used were 

> 98% pure and the alumina was 99% pure. The carbon nanotubes were first purified by heating 

up to 300ºC for 1h. The carbon nanotubes were mixed with mixture of nitric acid and sulphuric 

acid. Then ultra-sonication was done for 8h and left behind over night the mixture was than 

filtered and dries and composite was prepared by taking 1:2 of single walled carbon nanotubes 

and metal oxide/alumina and ground well for 30 mins. Than mixture with propanol was 

sonicated for 3h to allow uniform dispersion. The dispersed solution was then deposited on 

alumina substrate the propanol evaporated and composite obtained than hydrogen was flowed 

through it and stored to check the adsorption of hydrogen desorption was done by annealing. 

Thermal annealing was done at 300ºC for 1h. Raman spectroscopy was used to characterize 

the single walled carbon nanotubes and TEM was used. It was observed that average diameter 
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of carbon nanotubes enhanced to 20-25 nm due to attachment of metal oxide. The hydrogen 

storage capacity for CNT/SnO2, SWCNT/WO3 and SWCNT/TiO3 was 1.1, 0.9 and 1.3 wt. % 

respectively. And desorption of hydrogen was very easy  [51].Then in same year Biuck Habibi 

et al, used carbon single walled and ceramic composite as electrode. In experiment doubly 

ionized water was used. Three cell electrode systems were used and the copper wire was 

inserted into the ceramic electrode to establish the electric contact. The electric properties were 

measured by different techniques. Volta metric calculations of different pharmaceuticals were 

done. Highly mesoporous interlinked 3D structure was observed. Electrochemically accessible 

surface area was observed. Interface was investigated and applicability of electrode was 

investigated [52].In 2014 R. Lavanya functionalizes the single walled carbon nanotubes with 

TiO2 first of all the metal oxide was attached at the outer surface of the carbon Nano tubes and 

threshold set was 1 x 10-5 eV in energy and 0.5 x 10-3 eV in force. The repulsion was minimum 

at 2.75 A. after this the structure was allowed to relax and the metal oxide goes into the inner 

layer. Total 8 molecules were attached without dimerization than the hydrogen molecules were 

attached with metal oxide molecule by H-H bond. And the bond length was 0.75 A. as the 

composite formed the conduction started immediately [53].In 2015 M.H Bocanegra-Barnal et 

al, prepare the composites of different three types of carbon Nano tubes the multiwall carbon 

nanotubes, double wall carbon nanotubes and single wall carbon nanotubes composite with 

alumina matrix was prepared the Al2O3  used was >99.9% pure and the grain size was 5-10 

m2g-1. The method obtained was as follows first of all the carbon Nano tubes were dissolved in 

ethanol and was ultrasonicated for 4 h. than in that suspension alumina powder was added with 

intense stirring so that ethanol completely evaporated. The substrate thus obtained was dried at 

100ºC. the powder obtained was ground in agitate mortar. 

The fabrication was one by spark plasma sintering at 1500ºC at heating rate of 100ºC min-1. 

Maximum pressure was 80MPa.density was measured by Quadra chrome multi pycnometer. 

He was used as displacement gas. The characterization techniques used were FEG SEM, SEM, 

TEM, and HRTEM [54].In 2015 Yao Yuan et al makes the composite of single wall and 

multiwall carbon nanotubes with TiO2. The three types of anatase were employed. The small 

grain size anatase, the large size anatase, and mixed phase anatase. The carbon nanotubes were 

functionalized by mixing with nitric acid. Than the composites were prepared by simple 

evaporation and drying methods and their characteristics were studied [55].In 2016 Sangram 

Muzdar employed InSitu synthesis of carbon Nano tube ceramic with alumina the iron (II) 

chloride was used as catalyst for synthesis of carbon nanotubes the ceramic was prepared 
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directly foaming technique. The alumina mixed with silicon dioxide and the foaming was done 

by hand mixer. Propyle gallate was used as modifying agent. Ultra-sonication was done and 

the sintering technique was employed at 1300ºC for 1 h. NaZ was prepared and immersed with 

ceramic material and then subjected to CoCl2 for ion exchange and CoZ was coated on ceramic 

and then catalytic decomposition of ethylene was done for preparation of carbon nanotubes in 

horizontal tube furnace [55]. 

2.3. PVA 
As PVA is commonly known polymer and is used in various applications. A research was done 

to observe mechanical properties of PVA using AFM technique by force indentation and area-

depth curves. The research indicate that two different methods to obtain young’s modulus gives 

identical results [56]. By adding PVA in different types of concrete mixture large value of 

young’s modulus was observed [57]. PVA hydrogels could be used as protein career. PVA and 

its blends with different types of materials are used for biodegradable packaging [58] [59]. 

2.4. PVA/CNT Composites 
Previously CNT/polymer film was prepared by melt blending method the mechanical 

properties of PVA/CNT and PMMA/CNT were investigated and it was observed that CNT’s 

well dispersed into the polymer matrix and enhance the tensile strength of the polymer [60]. 

The mechanical, electrical and thermal properties of CNT’s in polymer matrix were 

investigated. It was observed that with addition of carbon nanotubes in polymer matrix these 

properties enhance significantly [61]. SWCNT in PVA matrix were fabricated by 

electrospinning method and enhancement in mechanical properties were observed through 

stress-strain curve [62]. 

2.5. PVA/MO composites 
Composite of PVA with TiO2 was analyzed and it was used for filtration applications the 

membranes were prepared by electro spinning method. The mechanical behavior of the 

composites with different concentrations of TiO2 was observed and it was evaluated that by 

increase in concentration of TiO2 strain rate decreases and tensile strength increases. Good 

photocatalytic activity of the composites was observed [63]. 

2.6. CuO/CNT composite 
The glassy carbon electrode was modified by CuO/CNT by doping method and electro activity 

towards hydrazine was observed. Cyclic voltammetry and ampere metric experiments were 

carried out to check electro activity [64]. in 2014 CuO/CNT composites were used as 

antimicrobial high performance material the enhancement in mechanical properties was 
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observed [65]. Recently in 2016 Revendra kumar singh et al used precipitation method to 

prepare CuO/CNT composite and used these composite as Nano adsorbent for adsorption of 

As(III) and As(v) water and the uptake capacity calculated was 2267µg-1 for As(III) and 2395 µg-1 

for As(v) [66]. CuO-CNT 3D network w3as prepared in 2013 by using electrostatic interaction in 

aqueous solution. Electrochemical performance was evaluated, and it was improved greatly. 

The modified electrode was 2.3 times more efficient as compare to pure CuO Nano sheets 

[67].Later on CNT coated film was prepared and coated on Cu nanowires to enhance the field 

electron emission. The turn on field of CuO was observed to be decreased to 1.2 V/µm from 

6.6 V/µm. drop coating was use and hydrothermal method was used to grow CuO Nano wires. 

In that experiment two types of materials were prepared CuO needle like structure and Nano 

wires were wrapped in CNT’s and CNT on the surface of nanowires shows effect on the turn 

on field and emission stabilities [68]. Mesoporous CuO that were prepared in another 

experiment were oval in shape and were threaded in MWCNT that were used as conductive 

path high interface was created and due to porosity of CuO it allows the Li ions to pass through 

them. CNT shows enhanced electronic conductivity it also allows the long term stability of the 

anode. The anode prepared showed remarkable electrochemical performances. High rate 

capability, stable capacity retention and reversibility was observed [69]. Recently the CuO 

oxide/Reduced graphene oxide and carbon nanotube composite was prepared for biological 

and clinical purposes as biosensor to detect glucose level in order to treat diabetic patients. It 

was used as alternative for enzymatic biosensor that were specific and with little life time [70]. 

CuO and its composite with carbon fibers or CNT grabbed attention towards their uses in 

lithium ion batteries as CuO shows inelastic pretties and could be used as an alternate of 

graphene electrode due to its reversibility and high capability [71]. Another researcher 

examined the CuO-PAA/CNT film for super capacitor. Composite was annealed at different 

temperatures and annealing effect on supercapacitor was studied. Different techniques were 

employed for characterization and it was observed that CSP increases from 188 to 258 Fg-1 as 

annealing temperature increases [28].By some other researcher the composite of Cu doped Ni 

was prepared with CNT and CV,EIS and galvanic charge discharge test was performed. As 

CuO also act as catalyst it shows high columbic activity and better retention capacity [72]. The 

use of CuO nanobelts with carbon nanotubes was reported for their use in pseudo capacitors 

electrodes as they show good cycling ability as the electrode of composite is more flexible and 

shows higher specific capacitance as compare to pure CNT electrode. Specific capacitance of 

hybrid film was ˃ 62 Fg-1 after 1000 cycles and for pure SWCNT it was only 23.6 Fg-1 [48]. For 
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lithium ion batteries the composite of CuO in 3D structure of CNT were prepared by simple 

solution method and improved cycling capacity and buffering capacity was measured [73]. 

2.7. NiO/CNT composites 
Porous NiO and CNT were used as electrode for pseudo supercapacitor were used and KOH 

was used as an electrolyte. They show high storage capacities. Different concentrations of CNT 

were used and their specific capacitance was measured 10%, 30% and 50% CNT shows 

2709,242 and 112 F/g at the charge of 0.56 A/g and maximum specific capacitance was 329 

F/g at charge of 0.33 A/g [74]. Highly sensitive sensor of NiO and CNT was prepared to 

determine the BPA in food samples. A decrease in overpotential of BPA with 2.3 folds 

increment was observed. Results shows that oxidation peak current was proportional to the 

BPA [75]. The use of CNT and NiO oxide for yarn supercapacitors in the field of flexible 

electronics was investigated in a research. simple electrodeposition method was used to deposit 

transition metal oxide on the CNT and their mechanical behavior was observed [76]. 

Successive ionic layer adsorption was used to deposit layer of NiO/CNT directly on the steel 

substrate. Impact ratio of adsorption and electrochemical properties were investigated. 

High specific capacitance  1727 F/g at 5 mA/cm2 of current density 91%capacitance retention 

after 2000 cycles [77].  By using vacuum annealing and oxygen plasma treatment NiO were 

grown directly at CNT on carbon substrate. Low internal resistance observed. The electrode 

capacitance that could be achieved was 162.41 F/g while simple CNT electrode shows 53.75 

F/g. from these results it was concluded that NiO based CNT composites were suitable for 

EDLC applications [78]. Most of the NiO and CNT composites were investigated in order to 

enhancement of storage devices in field of EDLC in some aqueous capacitors. These 

composites provide both the desired power and energy densities [79]. Previously NiO/CNT 

composites were prepared by simple precipitation method. By the addition of CNT network 

into host NiO the conductivity improved and it enhance the surface area of the material. It also 

improves the power density and cycle life. The 10% of CNT shows stability over 100 cycles.it 

could be used as alternative for activated carbon that have low cycle, life. It was observed that 

when annealing temperature increases the capacitance increases respectively. In turn it may 

decrease surface area and it result in less active sites [80]. 

For microbial fuel cells instead of precious metals non precious transition metal was selected 

to reduce the cost and oxygen reduction reaction efficiency. The cyclic voltammetry and 

rotating ring desk electrode test was performed and it was observed that oxygen reduction 

peaks were observed. The power observed was 670 mW/m2 and 0.722V of OCV were obtained 
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[81]. Electrophoretic deposition was used to grow the film of CNT supported with NiO. 

Hydrothermal synthesis was used and high specific capacitance of 1151 F/g was observed at 

high discharge current of 50 A/g [82]. Another researcher investigated another aspect of the 

NiO/CNT composite in ionic liquid to detect Nalbuphine an analgesic drug electrochemical 

investigation was carried out. And catalytic effect on oxidation of nalbuphine was observed. 

Linear dynamic range was 500 µmol/L NA with detection limit of 0.07 µmol/L NA [83]. A 

few years before a research was done on use of NiO/CNT composites for supercapacitor 

electrode. 

C=Q\V 

Due to large surface area high conductivity and long life cycles these composites gain the 

interest of many researchers [43].for Hydrogen evolution hetero-structure of nanoscale nickel 

oxide were grown on the wall of single walled carbon nanotubes as highly effective electro 

catalyst. The hydrothermal decomposition of nickel hydroxide was carried out that was banded 

with the sidewalls of carbon nanotubes [84]. Recently a research is reported in which 

nonporous nickel oxide material was used as catalyst for oxidation of carbonates and 

carboxylates that were incorporated on the carbon nanotubes and this was used as electrode for 

lithium-oxygen batteries [85]. Different metal oxides catalysts were loaded on the single walled 

carbon nanotubes and OER result of 50% NiO/CNT catalyst was most active with an onset 

potential of 1.45 V versus RHE [86]. NiO/CNT composites were prepared by simple 

hydrothermal method and their electrochemical properties were measured in dodecyl sulfate 

system it was observed that by changing dodecyl sulfate concentration the morphology was 

changed and zero dimensional mesoporous NiO on CNT surface shows the good specific 

capacitance 1329 F/g and very good cycle life as 1000 cycles in 1molar KOH solution at high 

current density 84 A/g [87]. A research was reported on super-aligned carbon nanotubes and 

metal oxides were grown directly on them for their use in super capacitors one step insitu 

decomposition strategy was used and very good specific capacitance was observed ∼500 F/g 

reliable electrochemical stability ˂ 4.5% degradation in 2500 cycles and very high rate 

capability 245 F/g at 155 A/g [88]. Syed Mustansar Abbas et al, in 2013 investigated the 

fabrication of NiO on CNT via polyvinylpyrrolidone through co precipitation method at current 

density of 100 mA/g initial reversible capacity was 962 mA h/g  and after 50 cycles it was 601 

mA h/g [89]. Electrolytic catalytic activity was analysed for NiO and CNT composites. The 

composite was prepared by deposition sodium hydroxide onto the carbon nanotubes and then 

annealing it. 
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2.8. Motivations and Objectives 
Motivations. Through literature it was seen that a lot of materials were reported carrying good 

charge storing ability but the problems that were not sorted are. 

• Low elasticity of MO 

• Control of Transparency of materials carrying f-SWCNT/Polymer/MO 

• Development of method to f-SWCNT withot damaging. 

Objectives: There was need of a method to prepare a material that have  

• High capacitance value 

• Appropriate band gap 

• Good transparency 

• High mechanical strength. 

Goal of the study was to achieve above mentioned goals.  
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Chapter 3 

Experimental  

 

It is a multistep procedure to prepare the CNT/PVA/M-O thin film composites. The chemicals 

used in the experiment were; H2SO4 (97% pure), HNO3 (67% pure), NiNO3 and 

Cu(NO3)2.3H2O both were of analytical grade purchased from RDH while PVA was of 

commercial grade with molecular wt. 86.09 g/mol. Single Walled Carbon Nanotubes 

(SWCNTs) purchased from He, Ji Inc. 

3.1. Synthesis  
3.1.1. Metal oxides. Metal Oxides were synthesized by previously reported methods  NiO 

nanoparticles was prepared sonochemicaly [90] and CuO by precipitation method [91]. 

3.1.2. CNT’s Purification. It is necessary to purify the CNTs before further use in order to get 

rid of different carbonouse and metal (catalyst) impurities by method reported elsewhere 

[92],[93]. Surface functionalization of CNTs was also ensured in order to get strong and 

durable composites with PVA and nanoceramics the metal oxides (MO).   

 

 

Figure 3.1. Functionalization of SWCNT's 

3.1.3. Composite preparation. The purified and functionalized CNTs were sonicated for 3 h 

after mixing with different metal oxide (MO) nanoparticles ratios in distilled water in order to 

ensure homogenous dispersion. This CNT/MO mixture was added to the PVA solution under 
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constant stirring. The concentrations of CNTs and PVA were optimized, while different 

composites were prepared by varying the MO nanoparticle contents, Table 1 enlists various 

compositions. 

Table 3.1. Concentration of different samples prepared 

 

 

 

 

  

Sr.no Sample Code Concentration of reagents used (grams) 

SWCNT NiO CuO 

1 CN 1 0.01 - - 

2 CN 2 0.02 - - 

3 CN 3 0.03 - - 

4 CP 1 - - 0.01 

5 CP 2 - - 0.02 

6 CP 3 - - 0.03 

7 NP 1 - 0.01 - 

8 NP 2 - 0.02 - 

9 NP 3 - 0.03 - 

10 CCP 1 0.01 - 0.01 

11 CCP 2 0.01 - 0.02 

12 CCP 3 0.01 - 0.03 

13 CNP 1 0.01 0.01 - 

14 CNP 2 0.01 0.02 - 

15 CNP 3 0.01 0.03 - 
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3.1.4. Thin Film Preparation. Above prepared solution mixture was stirred for 7 h to achieve 

homogenous suspension. Thick solution was transferred to the glass substrate for water 

evaporation under vacuum drying for 17 h at 55ºC. Using the same route, thin film of 

PVA/CNT and PVA/MO were prepared, figure 19 depicts a flow sheet for this description. 

 

Figure 3.2. Schematic illustration of thin film preparation 

3.2. Characterization  

X-Ray Powder Diffraction (XRPD) was done by employing STOE Germany X-Ray 

diffractometer operating at 40 kV with Cu Kα radiation within 10° 2θ 80° range for powder 

and film samples. Field Emission Scanning Electron Microscopy (FESEM) analysis was done 

on MIRA3 TESCAN Zeiss supra 55VP for qualitative and morphological testing of powder 

and film sample after Au coating. AFM was employed to observe Topography of samples and 

3-D images were captured by using high resolution, high performance environmental scanning 

probe microscope (JSPM-5200) WINSPM version 5 using tapping mode. Fourier transform 

Infrared Spectroscopy (FTIR) was performed by using platinum ATR Model Alpha with 

spectral range 4000-550 cm-1 by placing the samples directly on diamond scanner.  

3.2.1 Physical Properties. UV-Vis (single beam) spectrophotometer model T60 PG 

instruments UK, was also employed to check the transmittance and to confirm the band gaps 

through absorbance co-efficient. Perkin Elmer UV Vis DR Spectrometer Lambda 950 with 

spectral range was 190-3300 cm-1 was employed for optical properties and band gap 

calculations. For dielectric properties measurements thin films were cut into the 2 mm diameter 

circles and pressed between electrodes of LCR meter model; Wayne Kerr model 6500 B with 
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frequency range 100 Hz to 5MHz. Tensile testing was done using standard ASTM D638-12 of 

UTM (AG-X Plus) Shimadzu Japan for the samples with gage length; 20 mm and width; 1 mm 

under 10 N applied force at the speed of 5 mm/min.  
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Chapter 4 

Results and Discussion 

This chapter deals with the result details and discussion over these findings. 

4.1. Characterization 
 

4.1.1. FTIR. First of all cleaned and functionalized CNTs were analyzed via FTIR 

spectroscopy in order to ensure the functionalization of SWCNT. The spectrum depicted in 

figure 4.1 shows (after base line correction all bands become obvious) the bands of sulphates 

(SOX) near 602 cm-1. While different nitrates (NOx) showed appearance as bands between 

1738-2136 cm-1. An intense band of C-H stretch was observed near 2136 cm-1 [94, 95] [12]. A 

broad -OH stretch was seen from 3213 cm-1 that of  C=O at 1788 cm-1 [96].  

 

Figure 4.1. IR spectrum of f-SWCNT's 

Figure 4.2 representing spectra of  (a) PVA/MO and (b) PVA/MO/f-SWCNT.As CuO and NiO 

did not absorb between 400-4500 cm-1 it show absorbance or transmittance below 400 cm-1 so 

there was no band observed for CuO. And NiO [97] moreover the major bands associated with 

PVA were observed, a broad band of acetate C-O and C=O was seen between 1500-200 cm-1 

large -OH band was also observed between 3300-3500 cm-1 [98]. In spectra Of composites 

CCP and CNP it was seen that the bands were present indicating presence of PVA that were 
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discussed above as well as incorporation of f-SWCNT was also confirmed as the bands 

indicating presence of CNT were seen however due presence of same bands of NiO and f-

SWCNT the presence of both materials was confirmed by XPRD analysis  [99],[100],[65]. 

 

Figure 4.2. IR spectra of (a) MO/PVA (b) CNTs/MO/PVA composites 

4.1.2. XRPD. XRPD data of pure nanoceramics was recorded and crystal structures were 

confirmed by comparing with literature, all peaks were indexed with JCPDS card no. 45-0937 

and 73-1523 for NiO and CuO, respectively as shown in figure 4.3. The average crystallite 

sizes were calculated as 34.21 and 4.983 nm for NiO and CuO, respectively, by using Scherrer 

formula given below 

𝑑 = 𝐾𝜆/ 𝛽 Cos 𝜃 

Where, d is the crystallite size, K is the shape factor (0.9), 𝜆 is incident radiation wavelength, 

i.e. 1.54Å , 𝜃 is Bragg diffraction angle (º) and 𝛽 is FWHM of the respective diffraction peak 

(in radians).  

 

a 

b 
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Figure 4.3. XRD spectra of NiO and CuO 

XRD patteren of SWCNT before and after functionalizaion was recorded to clearify that if after 

functionalization structure of SWCNT’s changes or not. By analysing Fig 4.4. It was observed 

that in case f-SWCNT two humps were obseved indicating the lack of crystalanity and 

compared with litrature[101] to confirm the functionalization of CNT. Absence of MWCNT 

peaks observed. When f-SWCNT incoporated into polymer matrix sharp peaks due to 

crystalline nature of PVA were observed that is the indication of ordered hexagonal structure 

of CNT and peak at 44° also indicates uniform dispersion of CNT in  PVA [102] [103]. 

 

Figure 4.4.  XRD partern of f-SWCNT's and PVA/SWCNT’s 

The Fig 4.5 shows comparison of NiO with NiO/CNT/PVA and CuO with CuO/CNT/PVA. It 

was seen that all the peaks of NiO, CNT and PVA were present in spectra but a little chemical 

shift was observed due to tilted film during analysis and also due to lattice strain that was 

produced in lattice during composite formation. 
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Figure 4.5. Comparison of  XRD patterns of  NiO, NiO/PVA/CNT's and CuO/PVA/CNT's 

4.1.3. SEM. Fig 4.6 shows SEM micrographs of NiO/CNT/PVA and CuO/CNT/PVA analyzed 

at different resolutions a, b and c are showing micrograph of NiO/CNT/PVA at magnification 

of X10,000 in (a) and X20,000 in (b) at specimen distance of 1µm at voltage of 20 kV and 10 

kV for a and b, respectively. It was necessary to analyze at lower voltage in order to avoid the 

film rupturing. In figure 4.6.c with specimen distance of 10 µm clear image of zigzag CNT was 

observed. Figures 4.6.d, e and f are showing composite CuO/PVA/CNT with homogeneous 

dispersion of f-SWCNT. In figure 4.6. e diameter was calculated that ranges from 44-88 nm 

for zigzag SWCNT dispersed in PVA. 

 

Figure 4.6. SEM images of (a), (b), (c) NIO/CNT/PVA and S(d), (e), (f) CuO/CNT/PVA 

4.1.4. AFM. Atomic force microscopy was preformed to get 3-dimensional image of 

composites. Figure 4.7 shows 3-D images of (a) NiO/PVA/CNT and CuO/PVA/CNT. Analysis 

was performed under taping mode. 3-D images shows topography of the f-SWCNT. 
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Figure 4.7. AFM images of (a) NiO/PVA/CNT's (b) CuO/PVA/CNT's 

4.2. Physical Properties 

In physical properties optical, dielectric and mechanical were measured. Optical properties 

were investigated in order to optimize the transmittance and to calculate band gap through UV-

Vis. Whereas,  UV-DRS was employed in order to confirm the band gap with reflectance 

measurements and dielectric properties to calculate dielectric constant, dielectric loss, tan loss 

and ac conductivity through LCR meter.  

4.2.1. Optical Properties. With the help of UV-Vis spectroscopy, transmission as well as 

absorbance measurements were recorded. It was observed that minimum CNT concentration 

shows highest transmittance as shown in Fig 4.8, same trend was observed in case of MO. As 

concentration of metal oxide increases transmittance tends to decreases to maintain the batter 

transparency, amount of CNT was optimized so the least concentration of was selected to 

incorporate into composites. Figure 4.8 shows that in case of f-SWCNT maximum 

transmittance was observed at different wavelengths which is due to presence of different 

functional groups 
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.

 

Figure 4.8. UV transmittance spectra of (a) SWCNT's (b) MO/PVA (c) MO/PVA/CNT's 
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Figure 4.9. Band gap calculation through absorbance coefficient 

 

Optical band gap calculations were done by UV-Vis in diffuse reflectance mode ranges from 

200-1000 nm. Fig 4.10 shows graph plotted between reflectance (%) and wavelength (nm) it 
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was observed that all the compounds show the reflectance near ultraviolet region around 300 

nm that was obvious. Band gap (Eg) was calculated by using Kubelka-Munk equation [104], 

𝐹(𝑅) =
(1 − 𝑅)2

2𝑅
 

Where F(R) is reflectance coefficient (equivalent to absorption coefficient) and R is 

Reflectance. The graph was plotted between (F(R) x hυ)2 and Energy (eV) as shown in Fig 

4.11 to calculate the band gap [105] [106]. It was seen that by increasing NiO and CuO band 

gap decreases whereas the band gap reported for PVA in previous studies lies near 5-6 eV 

[107]. It was observed that by increasing amount of NiO and CuO band gap decreases as metal 

oxide particles arrange themselves in polymer matrix [108]. List of all the band gaps of sample 

is given in table 4.2. 

 

 Figure 4.10. UV-DRS reflectance spectra of composites prepared 
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Figure 4.11. Band gap calculations of all the composites through reflectance coefficient 
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Table 4.1. Band gaps of all the samples prepared 

Sr.NO Sample Band gap 

(eV) UV-

DRS 

Band gap 

(eV) UV-Vis 

1 CN 1 4.40 4.42 

2 CN 2 4.32 4.34 

3 CN 3 4.10 4.22 

4 CP 1 4.80 4.84 

5 CP 2 4.70 4.72 

6 CP 3 4.51 4.53 

7 NP 1 4.98 4.92 

8 NP 2 4.82 4.84 

9 NP 3 4.61 4.65 

10 CCP 1 4.35 4.41 

11 CCP 2 4.30 4.36 

12 CCP 3 4.20 4.34 

13 CNP 1 4.38 4.48 

14 CNP 2 4.32 4.42 

15 CNP 3 3.28 4.41 

 

4.2.3. Dielectric Properties. To study the application of prepared composites as capacitors, 

dielectric properties were carried out using LCR meter and processing the obtained data by 

using different equations discussed in upcoming sections. Different parameters investigated are 

dielectric constant, dielectric loss, tangent loss, and AC conductivity.  

Dielectric parameter could be represented as [109]. 

 ɛ∗ =  ɛ′ −  𝑖ɛ″ 

Where, ɛ′is the real part, 𝑖ɛ″is the imaginary part. The real part could be calculated as, 

ɛ′ =
𝐶 𝑋 𝑑

𝐴 𝑋 𝜀𝑜
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Figure 4.12. Dielectric constant measurements of all composites 

This part explain the ability to transfer the charges or ability to store the charges of material. 

Where, C is capacitance, d refers to thicknes (nm), A referst to surface area (m2), 

𝜀𝑜is the permitivity of space (8.854 × 10 − 12 F/m). It was observed that  as the frequency 

increases dielectric constant of the material decreases CNP1 and CCP 1 shows higher dielectric 

constants values that are 1.5 x 107 and 3 x 107, respectively, and dielectric it decreases with 

increasing amount of NiO and CuO as shown in Fiqure 4.12. It was seen that dielectric constant 

shows the frequency dependent behaviour as frequency increases. Dielectric constant is 

actually dependent on grain boundries that are created with in the material when external 

electrical charge is applied and high polarization achieved at low frequency as the frequency 

increases the priviously formed dipole fail to arrange themselves with fluctuating current so 

dielectric constant decreases and after certain value it become constant. It was seen by Fig 4.12. 

That as we increase the amount of metal oxides in material dielectric constant decreases it is 

due to poor separating boundries formation and also due to the porosity and defects. Dielectric 

loss is imaginary part that shows the heat dessipation and methematically can be calculated as, 

ɛ″ =  ɛ′ × 𝐷𝑖𝑠𝑠𝑖𝑝𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟  

Fig 4.13. shows the dielectric loss of values of all the composites prepared. Same behaviour 

was observed in case of dielectric loss as concenteration of MO increases dielectric loss value 

decreases as more energy will required for transfer of electrons from one atom to another atom 

and more heat dissipation will cause. As frequency increases atom did not show rapid electron 

transfer due to which dielectric loss value also decreases. As the frequency increases less 
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energy consumed for hopping of electrons and heat loss also become less at higher frequency 

[110]. CCP1 and CNP 1 shows highest dielectric loss values 1 x 108 and 3 x 107, respectively. 

 

Figure 4.13.  Dielectric loss measurements of all composites 

Figure 4.13 shows the dielectric loss measurements of all composites that is actually the heat 

loss expressed in terms of tan loss, mathematically it can be expressed by following formula 

𝑡𝑎𝑛𝛿 =  
ɛ″

 ɛ′ 
 

Tan loss (tan δ) is relative measure of  energy loss. Resonance peaks of CNP1 and CCP 1 were 

observed with increasing amplitude at low frequency it is actually the point at which frequency 

of 

 

 Figure 4.14. Tan loss measurement of all composites 

hopping electrons resonanate with external electric field as shown in Fig 4.14 [111].Values 

observed in case of tan loss were low and no periodic trend was observed.  AC conductivity of 

the material is its ability to allow the passage of current. When the external field is applied on 
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the material they allign themselves and their hopping frequency resonate with the external 

frequency it could be measured as [112] 

𝜎𝑎𝑐  =  2𝜋𝑓ɛ′𝜀𝑜𝑡𝑎𝑛𝛿  

 

Figure 4.15. AC conductivity of all the composites 

Fig 4.15. shows that CNP 1 and CCP 1 shows higher AC conductivity at low frequency as 

charge carrier easily allign themselves according to external applied field and it decreases as 

frequency increases as charge carrier did not get enough time to arrange themselves they move 

rendomly due to which AC conductivity decreases. 

 4.2.3. Mechanical Properties. Mechanical properties were investigated by using universal 

testing machine and drawing stress verses strain graph and different parameters like Yong’s 

Modulus (E), Elastic limit (Sy), Ultimate tensile strength (UTS), Total strain (etotal ), Elastic 

strain (eelastic) and Toughness were calculated [113] [114]. The high brittleness of metal oxides 

was aimed to get control over the low toughness and high elasticity of polymer in addition to 

all these CNTs were employed to get enhanced mechanical properties. It was observed that by 

increasing metal oxide concentration, the toughness was enhanced and by adding CNT’s elastic 

limit enhanced, variations in behavior were observed due migration of metal oxides and 

SWCNT’s which require a more precise method to enhance mechanical strength more but still 

a good enhancement in mechanical parameters was observed.  

By using similar stress vs strain graph mechanical properties of all the parameters were 

calculated as shown below in Table 4.2. It was seen that PVA has high elastic modulus and 

good elastic limit and by adding PVA in metal oxide their brittle nature was controlled by 

increasing concentration of metal oxide mechanical properties enhanced by further 
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incorporation of f-SWCNT’s mechanical parameters shows enhanced elastic modulus, elastic 

limit and reduced value of strain produced as shown in Table 4.2. 

 

  

  

  

Figure 4.16. Mechanical properties analysis by stress strain graph 
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Table 4.1. Mechanical parameters of all the samples 

Sr no Sample E 

(MPa) 

Sy 

(MPa) 

UTS 

(MPa) 

etotal eelastic Toughness/stiffness 

1 PVA 71.5 34.4 95.4 0.37 0.32 24354.72 

2 CNT 1 6.47 3.7 12.6 0.5 0.43 118.001 

3 CN 2 7.8 4.1 9.2 0.335 0.25 2033.36 

4 CN 3 13.15 8.87 23.4 0.720 0.614 399.10 

5 CP 1 8.2 1.09 5.13 0.60 0.44 48.6 

6 CP 2 18.9 0.37 1.7 0.62 0.53 652.77 

7 CP 3 27.2 1.53 5.06 0.47 0.39 1445.26 

8 NP 1 22.7 2.1 4.9 0.34 0.26 79.28 

9 NP 2 25.7 1.6 2.5 0.26 0.13 62.2 

10 NP 3 30.9 1.2 5.14 0.5 0.4 35.4 

11 CCP 1 62.5 3.2 20.5 1.12 1.02 11928.18 

12 CCP 2 22.4 1.2 11.3 1.17 1.10 6736.48 

13 CCP 3 57.7 4.3 13.02 0.51 0.41 3707.723 

14 CNP 1 28.3 1.62 7.2 0.50 0.44 41.62 

15 CNP 2 31.3 3.9 14.9 0.74 0.63 209.7 

16 CNP 3 59.0 5.44 10.04 0.49 0.45 173.2 
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Conclusions 
For comparision detailed investigations have been carried out over  pure PVA and composties 

in different combinations; PVA/MO, f-SWCNT/PVA and f-SWCNT/PVA/MO.  In this course 

first of all 0.001 gm concentation of f- SWCNT’s in PVA was optimized in order to maintain 

good transparancy with the help of UV-Vis studies. This optimized concentration of f-SWCNT 

was employed for further composite fabrication with varibale contents of nanoceramics; the 

NiO and CuO with crystallite sizes, 34.3 and 4.05 nm, respectively.  Successful synthesis was 

confirmed with the help of FTIR, XRD, SEM and AFM techniques. In FTIR studies the 

functionalization of SWCNTs was confirmed due to appearance of –OH, -C=O,  -Sox, -NOx 

and -C-H  bands. FTIR analysis of Compoistes and f-SWCNT was observed the bnds at 2690 

(-OH), 1788 (-C=O), 2136 (-NOX, C-H stretch at 2136 cm-1 and 602 cm-1 (-SOX) were 

observed in of  f-SWCNT. It has also confirmed the synthesis of f-SWCNT/PVA/MO by 

appearance of individual peaks of all constituents. A peak shift was observed for NiO and CuO 

in XRPD patterns of f-SWCNT/PVA/MO along with the particular peak of  f-SWCNT and a 

specific hump of PVA. SEM analysis reveald the homogeniety of f-SWCNT/PVA/MO 

composites along with the coild strucutre and ~40-80 nm diameter of f-SWCNT. AFM studies 

for 3-D images and topography under tapping mode confirmed the coiled structure of  f-

SWCNT inside the composites. 

An increment of CuO concenteration led to decreases in band gap of PVA from 6.6 to 4.8, 4.7 

and 4.5 eV for 0.01, 0.02, and 0.03 gm, respectively because of conductive pathways formation 

due to the arrangement of semiconductor CuO in polymer matrix.  In case of when f-

SWCNT/PVA/CuO band gap further reduced to 4.35, 4.30 and 4.20 eV due to semiconducting 

nature of coiled CNTs. Almost same trend was observed in case of PVA/NiO and 

SWCNT/PVA/CuO composites with band gap reduction range of 4.9 - 4.6 eV and 4.38 - 4.28 

eV, respectively. Dielectric constant, dielectric loss, tan loss and AC-conductivity was 

evaluated and found that all these parameters could be controlled according to need by varying 

concentration of MO and SWCNT’s. it was seen that the composites with least concentration 

of MO shows best current storing ability as in case of CCP1 value of dielectric constant, 

dielectric loss, tan loss and Ac conductivity was 3.3 x 107, 9.7 x108, 4.5 and 19 Sm-1 

respectively and for CNP1 value of dielectric constant, dielectric loss, tan loss and Ac 

conductivity was 1.7 x 107, 3 x108, 2.5 and 9 Sm-1 respectively. The investigation of mechanical 

properties revealed the Young’s modulus reduction of PVA from 71.2 to 6.47, 7.8 and 13.15 

N/m for f-SWCNT/PVA composite with 0.001, 0.002 and 0.003 gm f-SWCNT concentrations, 
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respectively. For simple PVA/CuO values of Young’s modulus were 8.2, 18.9 and 27.2 and 

were enhanced to 62.4, 22.5 and 57.7 N/m by addition of f-SWCNT’s. Similarly for PVA/NiO 

values of Young’s modulus were 22.7, 25.7, and 30.9 N/m by addition of f-SWCNT’s enhanced 

to 28.3, 31.3 59.0 N/m. It was cuncluded that CCP1 and CCP2 show good mechanical strength, 

transmittance and dielectric properties and can be successfully used in supercapacitors. 
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