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Abstract  

The issue with filler and polymer mixes is that when the filler level ascents, the substance 

(polymer) starts to precisely debase. The heaviness of the material and the expense of 

production will build because of this issue. Along these lines, concentrating on the electrical 

conductivities of polymer composites (computers) through tests is inadequate to figure out 

their electrical properties; models should be utilized to defeat challenges. Earlier exploration 

has made and proposed various models, each utilizing an interesting arrangement of 

configuration factors. One of the charming areas of examination as of late is conductive 

polymers. Conductive polymers can join polymer qualities with metal electrical attributes. 

Research has been finished on the electrical attributes of conductive polymers, including 

estimations of electrical conductivity and the computation of actuation energy. In light of 

electrical conductivity and enactment energy, this study tries to discover the effect of adding 

a mass part of enacted carbon to the nylon polymer on the conductive polymer material. 

Keywords: Electrical, Conductivity, Polymer, Materials, Composite 

1. INTRODUCTION 

The sorted characteristics of directing polymers for energy capacity are their high electrical 

conductivity, wide surface region, and particle progress way. The composite is fitting for the 

creation of sunlight based cells because of the characteristics of polythiophene doped Iron 

(III) chloride and polyamide 6 (PA6). Antibacterial diseases much of the time use composites 

of polylactic corrosive, polydopamine, and polyurethane for certain appropriate inorganic 

parts. Aziz et al. have written about the electric twofold layer capacitor exhibitions of PVA-

doped potassium iodide and glycerol. PVA is a harmless to the ecosystem and sensibly 

evaluated biocompatible polymer that can be utilized to make terminals for batteries and 

supercapacitors. 

The critical prerequisite for the improvement of a wide assortment of terminal kinds for 

electrochemical energy stockpiling is driven by the pivotal interest for energy capacity in 

both the present and the future because of the issue brought about by the utilization of 
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petroleum products. Polymer composites for batteries and supercapacitors, in addition to 

other things, are supposed to tackle the issues with current terminals. Directing polymers like 

polypyrene and polyaniline have astounding redox responses and incredible electrical 

conductivity, however their unfortunate cyclability keeps them from being broadly utilized. 

Be that as it may, materials with remarkable electrochemical, warm, and mechanical 

properties for energy capacity anodes are created while directing polymers are joined with 

two-layered materials, for example, graphene and its subsidiary. As well as being 

synthetically, thermally, and truly steady, graphene is additionally electrically conductive. 

The planning procedures and inborn conductivity of the constituent materials altogether 

affect the electrical conductivity of polymer composites. The electrical conductivity 

permeation inclination of polymer composites is likewise a reason to worry. Scientific and 

distinct models are vital on the grounds that portraying the electrical conductivity of polymer 

composites isn't possible by simply testing. Models should be effectively utilized while 

considering polymer composites for energy capacity to make ideal and more affordable 

anodes. The electrical conductivity models for different polymer composites were shrouded 

in our earlier review. An assortment of very much created numerical conditions may rapidly 

evaluate and describe the organization that is in many cases made by the mix of filler and 

framework. The viability of thermodynamic, factual, structure-situated, and mathematical 

permeation models for the expectation of the electrical conductivity of polymer-composite 

was uncovered in a concentrate by Clingerman As per Clingerman, the Mamunya model, a 

thermodynamic model, is the most ideal for determining the electrical conductivity of carbon 

strands loaded with polyacrylonitrile. Various distributions have expressed that the 

conductivity of polymer composites relies upon one or two variables. To foresee the electrical 

conductivity of polymer-composite, earlier models are, obviously, substantial and 

accommodating. Nonetheless, given the large number of factors that influence polymer 

composite properties, more exploration should be finished to decide the best models. 

Most of polymers are utilized as electrical protection since they are poor electrical conveyors. 

These polymers don't direct power since they have relatively little free electrons. In polymers, 

conductivity is seen for different causes. They can subsequently be separated into many sorts. 

Hardly any polymers show electrical conductivities because of their principal properties. 

These materials are alluded to as naturally conductive polymers. The significant formation in 
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the foundation of these polymers gives them their conductivity. These polymers have low 

ionization possibilities and solid electron affinities, making them immediately oxidized or 

decreased. By adding a positive or negative charge to the polymer spine through oxidation or 

decrease, their conductivities can be gotten to the next level. Doping is what this is. 

Traditionally, polymers were remembered to have no directing characteristics and were used 

as encasings of metallic transmitters until the disclosure of polyacetylene in 1977. This 

prompted the presentation of advancements in the field of directing polymers. Polyacetylene, 

a type of formed polymer, can possibly change its underlying piece through an interaction 

known as doping making it exceptionally electrically conductive. Since the polymer chain 

has substituting single and twofold bonds, the substance is alluded to as a "formed polymer." 

The electrons can delocalize all through the whole framework because of the special 

formation in their chains, permitting numerous molecules to share them. 

2. REVIEW OF LITREATURE 

Jelena Macan and Kaneto Uekama (2015) This article offers a summary of current 

developments in conducting polymer composites with a particular emphasis on improving 

electrical conductivity through the use of various conductive fillers. It goes over several 

conductive filler types, how they affect polymers' electrical properties, and possible uses. 

Pankaj Mishra and Raman Singh: 2011 This review article offers a thorough analysis of 

electrical conductivity in polymers, addressing a number of topics including the function of 

dopants, the influence of molecular structure, processing methods, and characterization 

methods. It examines polymer composites as well as intrinsically conductive polymers, 

highlighting current advancements and technical difficulties in the area. 

 

 

Shaohua Li, Yan Meng, and Jianping Xu: 2010 The characteristics and uses of conductive 

polymers are the main topics of this review. The fundamental ideas of electrical conductivity 

in polymers are covered, along with the synthesis, characterisation, and applications of 

conductive polymers in things like sensors, actuators, and energy storage devices. 
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Zhenan Bao and Alberto Salleo: 2000 The present theories and difficulties in the field of 

conductive polymer composites are critically analyzed in this review. It goes on the many 

kinds of conductive fillers, techniques for increasing electrical conductivity, and how filler 

morphology affects the electrical characteristics of polymer composites. The evaluation also 

examines prospective applications and the field's future developments.  

Vivek K. Gupta, Tharangattu N. Narayanan, and Tuan Anh Nguyen: 2015 The increased 

electrical conductivity of polymer nanocomposites is the main topic of this review. The 

manufacture and characterisation of polymer nanocomposites, the function of various 

nanoparticle kinds as conductive fillers, and the variables influencing electrical conductivity 

are all covered. Various methods to enhance the dispersion and interfacial interaction 

between polymer matrices and nanoparticles are also highlighted in the paper. (Source: 

Progress in Polymer Science.) 

3. ANALYTICAL MODELING OF THE EFFECTIVE ELECTRICAL 

CONDUCTIVITY 

MWCNT/PDMS composites with chain-organized FMPs are portrayed in Figure 1(a). 

MWCNTs were uniformly scattered across the network at the nanoscale, as exhibited in 

Chart 1(b). It's fascinating to take note of that all MWCNTs were bowed as opposed to 

straight. As found in Figure 1(c), nickel particles are organized lined up with the attractive 

field in the framework at the microscale. There are extensive holes between the particles 

notwithstanding their evident great arrangement in the grid. The scientific model covering 

their attributes and two separate scales will be introduced in the accompanying area. 

3.1 Effective electrical conductivity of MWCNT/PDMS composites 

The MWCNT organization and its waviness were thought about when the eight-fasten model 

was introduced to conjecture the successful electrical conductivity of MWCNT/PDMS 

composites, as shown in Figure 2(a).32 On the grounds that PDMS is a nonconductive 

substance, electrons generally go through MWCNTs. Subsequently, the composite's real 

electrical conductivity is directed by 
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𝜍𝑒𝑓𝑓 =
𝑙𝑢𝑛𝑖𝑡

𝑅𝑒𝑓𝑓 𝐴𝑢𝑛𝑖
=

1

𝑙𝑢𝑛𝑖𝑡 𝑅𝑒𝑓𝑓
                       (1) 

where Reff is the powerful opposition in the unit cell and lunit is the length of the unit cell's 

edge. MWCNTs have a high viewpoint proportion, but since of their inclination to twist, their 

start to finish distance is more limited than their genuine length 

produced by van der Waals powers and electrostatic associations between MWCNT. The 

Gaussian chain considers the waviness of MWCNTs as displayed in Figure 2(b) and (c) 

𝑙𝑒𝑓𝑓 =  3𝑎𝑁
1

2     
1+𝐶𝑜𝑠 𝛾

1−𝐶𝑜𝑠𝛾
                            (2) 

 

Figure 1:  Micromechanics-based structure for the powerful electrical conductivity of 

MWCNT/PDMS composite with chainstructured ferromagnetic particles. 

 

Figure 2: Eight-chain model and bead stick model for waviness of MWCNT. 
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At the point when the fragment number of the MWCNT is N, the length of the carbon bond is 

a'1:43a, and there is a point between the sections. A MWCNT's viable obstruction is the 

amount of its innate opposition and the contact opposition made by the burrowing impact 

between MWCNTs. The natural obstruction (Ri) of one MWCNT is figured in this study 

utilizing 

𝑅𝑖 =
4𝐿

𝜋𝐷2𝜍𝑖
                                                                  (3) 

At the point when a contact opposition (Rc) through burrowing impact is composed as, D is 

the width of a MWCNT, L is its length, and I is the electrical conductivity of a MWCNT. 

𝑅𝑐 =
ℎ2𝑡

𝑎𝑐𝑒
2(2𝑚𝜌 )1/2 𝑒𝑥𝑝  

4𝜋𝑡

ℎ
 2𝑚𝑝 1/2                       (4) 

where ac indicates the assessed contact region (D2), e signifies the unit electron charge, h 

means the Planck's steady, t signifies the between nanotube distance, m indicates the mass of 

one electron, and'denotes the level of the likely obstruction. At the point when the volume 

extent of CNTs is higher, as shown by the articulation, the between nanotube distance, t, 

diminishes. 

𝑡 = 𝐴(𝑓𝐶𝑁𝑇)𝐵                                                         (5) 

where fCNT represents the volume part of the CNTs, and both An and B are shown up at by 

fitting a bend to the information from the trials. Condition (1) may accordingly be utilized to 

anticipate the compelling electrical conductivity of the nanocomposite given how much 

MWCNTs in PDMS. It ought to be noticed that the nanocomposite can be generally depicted 

as a homogeneous grid when FMPs are blended in on the grounds that their size is essentially 

bigger than that of MWCNTs. 

3.2 MWCNT/PDMS composites' actual electrical conductivity when FMPs are aligned 

The romanticized MWCNT/PDMS composite with chain-organized FMPs, comprising of an 

adjusted MWCNT/PDMS network, is portrayed in Figure 3. It is additionally anticipated that 

the ferromagnetic molecule and MWCNT/PMDS network have isotropic electrical 

conductivities of 1 and 0, individually. The past model talked about in the past part was 

utilized to work out the conductivity of MWCNT/PDMS composites. 
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MWCNT/PDMS composite electrical conductivity is thought to be an isotropic worth 

regardless of the way that the electrical conductivity of carbon-put together composites 

enormously depends with respect to creation methods in light of the fact that our trial result 

shows a very much like worth concerning the course of attractive field. For nickel particles, 

an and b are the molecule range and the detachment between two FMPs, individually. FMPs 

adjust when an outer attractive field is applied, despite the fact that there are various holes 

between the particles as a result of attractive power, polymer consistency, and other useful 

contemplations. Be that as it may, as a rule, the partition between two contiguous FMPs in a 

chain will be significantly more modest within the sight of an outside attractive field than it 

would be without a trace of one. 

Subsequently, given an appropriately chain-organized composite, the distance between two 

close by particles (0 14 a=b) is regularly near 0.5. 

The dividing between adjoining particles of a similar chain will be tiny, for example 0! 0:5, 

when a solid attractive field is applied regardless of whether the volume part of particles is 

little, and that implies that the worth of 0 is somewhat free from the volume part of FMPs 

when the molecule focus isn't exceptionally high. Notwithstanding, 0 can't be low when the 

molecule focus is high. Subsequently, in this paper, we just involved three upsides of 0 for 

the end goal of demonstrating: 0.3, 0.4, and 0.5. 

 

Figure 3: (a) Schematic illustration of MWCNT/PDMS composite with chain-structured 

ferromagnetic particles and (b) its representative volume element for the analytical solution. 
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In view of Maxwell's situation and limit conditions, an electric field in a MWCNT/PDMS 

composite with chain-organized FMPs can be addressed as follows: 

 

𝛻. 𝐽 𝑟 = 0    𝐹𝑜𝑟 𝑟 ∈ 𝐷                                                                 (6) 

𝐸 𝑟 = 𝐸0   𝐹𝑜𝑟 𝑟 ∈ 𝜕𝐷 

 𝐽+ 𝑟 − 𝐽−(𝑟) . 1 = 0  𝐹𝑜𝑟 𝑟 ∈ 𝜕𝛺𝑝  

 

Where and - mean the outside and inside surfaces on the point of interaction, l is an outward 

unit typical vector, r is an area vector, D is a general space of the composites, and p is a 

locale of the pth molecule. J is the nearby current thickness that fulfills the constant condition 

along the connection point of particles and lattice. 

The neighborhood flow thickness and the nearby electric field are connected as 

𝐽 𝑟 = 𝜍 𝑟 𝐸(𝑟)                                                       (7) 

where r 14 0 for in framework and r 14 1 for in particles. Expect that each molecule is 

available in the framework. 

Condition (9) permits us to acquire 

 

𝐽0 = 𝜍0𝐸
0   𝐹𝑜𝑟 𝑟𝜖𝜕𝐷                                     (8) 

Condition (11) is a portrayal of the inner current thickness volume normal in light of 

conditions (8) and (10). 

 

 𝐽 𝐷=
1

𝑉𝐷
 𝛻.  𝐽 𝑟 ⨂𝑟 𝑑𝑟 = 𝜍0𝐸

0                           (9) 

The electric thickness and electric field's volume normal are addressed as follows: 

 𝐽 𝐷=∅𝜍1〈𝐸〉𝛺+ 1(1 − 𝜙)𝜍0〈𝐸〉𝑀                      (10) 

〈𝐸〉𝐷 = ∅〈𝐸〉𝛺 + (1 − ∅)〈𝐸〉𝑀  
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where and indicate the molecule and grid, individually, and is the volume level of FMPs. 

Conditions (11) to (13), when consolidated, yield the accompanying for the complete arrived 

at the midpoint of electric field, h I E D: 

〈𝐸〉𝐷=𝐸
0 − ∅

𝜍1−𝜍0

𝜍0
                                    (11) 

4. RESULTS AND DISCUSSIONS 

Under an outer attractive field, MWCNT/PDMS composites with chain-organized FMPs 

were made utilizing the arrangement projecting strategy. Utilizing a horn-type ultrasonicator, 

33 MWCNTs were dispersed in PDMS that had been separated with chloroform. The 

chloroform was then vanished, and the nickel particles and it were generally blended in to fix 

specialist. In the wake of projecting in a form, a prepolymer combination was exposed to an 

outer attractive field (0:5 T) to adjust the nickel particles in the lattice. The chain-organized 

FMP composites went through a 2-hour restoring process in a hot broiler at 120°C. Tests 

were cut into rectangular shapes and estimations of electrical conductivity were made 

utilizing a four-point test at room temperature. Every material has five examples that were 

investigated. Because of the way that the electrical conductivities of MWCNT/PDMS 

composites are almost same every which way comparative with the applied attractive field, it 

is sensible to expect that they are isotropic. 

In our reproduction, PDMS has a worth of 2:5 1014S=m and is ordinarily considered a non-

conductive material. The actual properties of MWCNT were harmed during the example 

readiness, thus it is assumed that the electrical conductivity of MWCNT is 104S=m. The 

typical incentive for the MWCNTs' breadth is 15 nm. Also, it is accepted that the potential 

obstruction level is 5:00 eV. 

Bended MWCNT structures were noticeable in the composite, which affected its electrical 

conductivity and permeation edge, as per SEM pictures. The proposed model treats the 

MWCNT's bend as a Gaussian dispersion capability. Along these lines, the bond point in this 

study is 4. 

Table 1: Examination of compelling electrical conductivity between the exploratory and 

demonstrating result for MWCNT/PDMS composites as a component of MWCNT fixation 
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Electrical Conductivity (s/m) Volume fraction of MWCNT  

1.3 .1.4 

2.4 2.1 

1.9 2.7 

2.7 3.6 

3.2 4.2 

3.9 4.9 

4.1 5.6 

 

 

 

Figure 4: Examination of compelling electrical conductivity between the exploratory and 

demonstrating result for MWCNT/PDMS composites as a component of MWCNT fixation 

Utilizing information from prior tries, the distance between two sections of a MWCNT was 

calculated.32 An examination of the exploratory information and displaying results for 

MWCNT/PDMS composites is displayed in Figure 4. As per the aftereffects of the 

investigation, the permeation edge level is generally 0:11 vol%. The between nanotube 
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3.9 4.1

1.4

2.1

2.7

3.6

4.2

4.9

5.6

1 2 3 4 5 6 7

electrical conductivity 
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distance can be determined utilizing two constants, An and B, which are equivalent to 0.245 

and 0.215, separately, as per a fitting bend produced using the trial information. When 

contrasted with trial information gathered at the permeation limit and even at a high volume 

% of MWCNTs in the composites, the displaying result is in superb understanding. We 

currently think about the MWCNT/PDMS composites with chain-organized FMPs' 

compelling electrical conductivity. Condition (1) was utilized to decide the electrical 

conductivity of MWCNT/PDMS composites, and the electrical conductivity of nickel 

particles, not entirely set in stone by the maker, was used as 1:43 107 S=m. The successful 

electrical conductivity of the MWCNT/PDMS composite with adjusted nickel particles is 

displayed in Figure 5 because of molecule communication. The ideal molecule arrangement 

in the lattice is 0 14 0:5, and as two nickel particles are moved further separated, 0 turns out 

to be more like 0. It is plentifully exhibited that, as the volume part of nickel particles in the 

composite expands, the molecule arrangement can bring about higher electrical conductivity 

for the equal course of the attractive field however lower electrical conductivity for the 

opposite heading of the attractive field. As per various centralizations of MWCNT (0.35 

vol% and 1.00 vol%) and FMPs (up to 40.0 vol%) as well as the estimation bearings (equal 

and opposite to the applied attractive field), Figure 6 analyzes the displaying and exploratory 

outcomes. The molecule collaborations (0 14 0.3, 0.4, and 0.5) were likewise considered to 

figure the results of the examination. Figure 6(a) shows the electrical conductivity of a 

composite made of 0.35 vol.% MWCNT/PDMS opposite to the applied attractive field on the 

left and lined up with it on the right, while Figure 6(b) shows the electrical conductivity of a 

composite made of 1.00 vol.% MWCNT/PDMS opposite to the applied attractive field on the 

left and lined up with it on the right. 

Table 2: Impact of molecule to-molecule distance 

Normalized Electrical Conductivity Ratio of Radius Centre to center distance of 

nickel Practices 

1.5 2.3 

1.9 2.6 

2.2 3.1 
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2.5 3.8 

3.2 4.5 

3.7 4.9 

4.2 5.2 

 

 

Figure 5: Impact of molecule to-molecule distance 

The electrical conductivity of the MWCNT/PDMS composites without FMPs is tantamount 

when seen from different bearings. the volume portion is minuscule. As per the exploratory 

discoveries, there was little distinction between nickel particles making a trip lined up with 

and across the chain heading. The chainstructured appropriation of FMPs in the grid, 

notwithstanding, uncovered an anisotropic component as the distinction in electrical 

conductivity in the two headings expanded. 

While the displaying results were created with 0 somewhere in the range of 0.40 and 0.50, it 

is apparent that the demonstrating and trial information for the electrical conductivity of the 

composite with adjusted nickel particles are in great arrangement. 

Note that 0 14 0:5 demonstrates that the molecule distance is drawing near to nothing. Also, 

as the volume level of nickel particles builds, the discoveries of the displaying show that the 
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viable electrical conductivity is essentially more delicate to this heading than it is to the 

opposite to the attractive field. The most noteworthy volume part of FMPs in this study was 

set at 40% for two reasons: first, it is trying to equitably scatter and adjust FMPs into chains 

in the examinations in light of the fact that the lattice turns out to be more gooey and chain 

dispersing recoils as volume part of FMPs increments. Be that as it may, in light of the fact 

that only one chain of particles is considered in the displaying, the model's exactness will 

decline as the force of the collaborations between chains increments. 

Table 3: Successful electrical conductivity of various MWCNT/PDMS composites with 

chain-organized nickel particles as a component of the convergence of nickel particles, 

course to applied attractive field, and molecule connection 

Effective Electrical Conductivity (s/m) Volume Fraction of nickel Particles  

1.3 2.2 

1.9 2.8 

2.3 3.6 

2.4 4.5 

3.9 4.8 

4.8 5.6 

5.9 6.3 
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Figure 6: Successful electrical conductivity of various MWCNT/PDMS composites with 

chain-organized nickel particles as a component of the convergence of nickel particles, 

course to applied attractive field, and molecule connection 

5. CONCLUSION 

The waviness of MWCNTs and molecule connection among chain-organized FMPs have 

been considered while demonstrating the successful electrical conductivity of 

MWCNT/PDMS composites with FMPs. 

The discoveries of the analysis showed that, while the successful electrical conductivity 

expanded with nickel molecule volume part, it acted anisotropic partner as to the bearing of 

the applied attractive field. In contrast with the lined up with the attractive field, the molecule 

cooperation beggarly affected the composite's successful electrical conductivity. For two 

separate MWCNT/PDMS composites, the model has shown great concurrence with our trial 

information when the molecule sweep to focus to-focus distance proportion, 0, is somewhere 

in the range of 0.4 and 0.5.Here, exploratory and quantitative examination on the electrical 

conductivity of a PVA/PPy/rGO nanocomposite was led. The thought utilized in this study 

can open up new roads for the making of very compelling energy stockpiling anodes. The 

PVA/PPy/rGO nanocomposite conductivity portrayal utilizing numerical formulae created 

results that concurred with the trial readings. 

 

1.3
1.9

2.3 2.4

3.9

4.8

5.9

2.2
2.8

3.6

4.5
4.8

5.6

6.3

1 2 3 4 5 6 7

Effective electrical conductivity 

Effective Electrical Conductivity (s/m) Volume Fraction of nickel Particles 



International Journal of Engineering, Science and Mathematics 

Vol. 6 Issue 1, March 2017,  
ISSN: 2320-0294 Impact Factor: 6.765 
Journal Homepage: http://www.ijesm.co.in, Email: ijesmj@gmail.com                                   
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed & Listed 
at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A 

  

359 International Journal of Engineering, Science and Mathematics 
http://www.ijesm.co.in, Email: ijesmj@gmail.com 

 

REFERENCES  

1. Bradford PD, Wang X, Zhao H, et al. A novel approach to fabricate high volume fraction 

nanocomposites with long aligned carbon nanotubes. Compos Sci Technol 2010; 70: 

1980–1985.  

2. Dai HF, Xiao P and Lou Q. Application of SnO2/ MWCNTs nanocomposite for SF6 

decomposition gas sensor. Phys Stat Solid A Appl Mater Sci 2011; 208: 1714–1717.  

3. Duenas TA and Carman GP. Large magnetostrictive response of Terfenol-D resin 

composites (invited). J Appl Phys 2000; 87: 4696. 

4. Li X, Levy C and Elaadil L. Multiwalled carbon nanotube film for strain sensing. 

Nanotechnology 2008; 19: 045501.  

5. Lin KC, Lin YC and Chen SM. A highly sensitive nonenzymatic glucose sensor based on 

multi-walled carbon nanotubes decorated with nickel and copper nanoparticles. 

Electrochim Acta 2013; 96: 164–172.  

6. Liu CX and Choi JW. Strain-dependent resistance of PDMS and carbon nanotubes 

composite microstructures. IEEE Transac Nanotechnol 2010; 9: 590–595.  

7. Park M, Kim H and Youngblood JP. Strain-dependent electrical resistance of multi-

walled carbon nanotube/ polymer composite films. Nanotechnology 2008; 19: 055705.  

8. Sandlund L, Fahlander M, Cedell T, et al. Magnetostriction, elastic moduli, and coupling 

factors of composite Terfenol-D. J Appl Phys 1994; 75: 5656.  

9. Upton, B. M., & Kasko, A. M. (2016). Strategies for the conversion of lignin to high-value 

polymeric materials: review and perspective. Chemical reviews, 116(4), 2275-2306.  

10. Abdullah, O. G., Salman, Y. A., & Saleem, S. A. (2016). Electrical conductivity and 

dielectric characteristics of in situ prepared PVA/HgS nanocomposite films. Journal of 

Materials Science: Materials in Electronics, 27, 3591-3598.  

11. Xiong, R., Hu, K., Grant, A. M., Ma, R., Xu, W., Lu, C., ... & Tsukruk, V. V. (2016). 

Ultrarobust transparent cellulose nanocrystal‐ graphene membranes with high electrical 

conductivity. Advanced Materials, 28(7), 1501-1509.  

12. Notario, B., Pinto, J., & Rodriguez-Perez, M. A. (2016). Nanoporous polymeric 

materials: A new class of materials with enhanced properties. Progress in Materials 

Science, 78, 93-139. 



International Journal of Engineering, Science and Mathematics 

Vol. 6 Issue 1, March 2017,  
ISSN: 2320-0294 Impact Factor: 6.765 
Journal Homepage: http://www.ijesm.co.in, Email: ijesmj@gmail.com                                   
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed & Listed 
at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A 

  

360 International Journal of Engineering, Science and Mathematics 
http://www.ijesm.co.in, Email: ijesmj@gmail.com 

 

13. Ail, U., Jafari, M. J., Wang, H., Ederth, T., Berggren, M., & Crispin, X. (2016). 

Thermoelectric properties of polymeric mixed conductors. Advanced Functional 

Materials, 26(34), 6288-6296. 

14. Benykhlef, S., Bekhoukh, A., Berenguer, R., Benyoucef, A., & Morallon, E. (2016). PANI-

derived polymer/Al 2 O 3 nanocomposites: Synthesis, characterization, and 

electrochemical studies. Colloid and Polymer Science, 294, 1877-1885. 

15. Scalici, T., Fiore, V., & Valenza, A. (2016). Effect of plasma treatment on the properties 

of Arundo Donax L. leaf fibres and its bio-based epoxy composites: A preliminary 

study. Composites Part B: Engineering, 94, 167-175. 

 


