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Abstract:  Conducting polymers (CP) are considered to be the fourth generation polymers. The 

advantage of conducting polymers are that they possess the electrical and optical properties of metals 

/semiconductors and also maintain the mechanical and processing properties of polymers. Conducting 

polymers or conjugated polymers have spatially extended π -bonding system with delocalized electronic 

states. If a mobile defect is introduced into the system quasi particles may form and the system is transformed 

into conducting form. Conducting polymers by virtue of their unique property will be a good candidate for 

applications like electromagnetic interference shielding, satellite communication links, beam steering radars, 

frequency selective surface and Radar absorbing materials. Conducting polymers with high conductivity can 

be used as radiating element of antennas. One of the major reasons for the advent of silicon based electronics 

is its facile planar process through which the substrate can be modified to act as insulating region, intrinsic 

region, doped P type and n type regions. Conducting polymer is a potential candidate in replacing silicon 

electronics as it adds more features and options to silicon electronics. Conducting polymer-based blends and 

composites with unique combination of electrical, dielectric, magnetic, and/or mechanical properties have 

emerged as powerful solution for handling EMI issue. By the use of conducting polymers an absorption 

dominant shielding mechanism is introduced and hence the impedance matching also gets enhanced. By the 

introduction of 100 percentage absorption, conducting polymers can be used in stealth technology. This paper 

reviews the salient features required for the polymer material to be used in microwave applications and also 

the different synthesis methods to enhance the properties of these materials. 

 

Index Terms – Conducting polymers, , Hopping, Doping, Band gap, Plasticizer, Conducting polymer 

composites, EMI shielding, Radar absorbing material, Antenna, frequency selective Surface, stealth 

technology  

 

I. INTRODUCTION 

 

Intrinsic conducting polymers (ICPs) have alternate single and double bonds which allows the 

delocalization of entire valance band and conduction band by forming a highway of charge carriers from one 

end to the other end. The band gap of Intrinsic Conducting polymers [ICPs] are tunable so that it can act as 

conductor, semiconductor or even insulator. In conducting polymers, the conducting islands are immersed in 

a pool of insulator. By providing bridging between these islands the conductivity can be enhanced. But the 

presence of rigid backbone of conducting polymers leads to the poor processability of conducting polymers. 
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By attaching flexible side groups, ICPs can be made soluble in organic or polar solvents. The dielectric 

properties of conducting polymers can be enhanced by the introduction of magnetic or electric fillers in the 

host matrix. Conducting polymers are considered to be quasi one dimensional metals in which quasi mobile 

particles like soliton, polaron or bipolaron are the main reason for conduction. The carbon atoms in ICPs are 

sp2 hybridized. 

II. CONDUCTION 

Defect free ICPs are one dimensional systems with one electron per carbon atom with typical energy 

gap around 1-3 eV. Charges introduced into the polymers and oligomers through doping are stored in different 

states called solitons, polarons, and bipolarons[1]. Charge moving through the crystal will be surrounded by 

a region of lattice polarization. These two are collectively called as ‘polaron’.In trans polyacetylene the ID 

carbon atoms are linked through alternating single and double bonds.This sub lattice structure will lead to the 

formation of  two distinct topological phases with a center effect. According to The Su-Schrieffer-Heeger 

Model (SSH model ) if  one of the phases and a trivial, non-topological phase) are interfaced some interesting 

electronic property arises.then the carbon !D chain will be act as a lattice where there will be strong and weak 

tunneling links in the pace of alternate double and single bond respectively. This bipartite sub lattice structure 

will form a two band energy dispersion with an energy gap Egap = 2∆ as a result of Peierls distortion in the 

polyacetylene chain. When distinct topological phases of these SSH wires are directly interfaced, spatially 

localized “mid-gap” Eigen states appear in the middle of this energy gap [146].  

The very first electrons added to a conducting polymer will form singly charged polarons [2-6]. At 

higher concentrations, the mobile polarons may pair up and form entities called either solitons or bipolarons 

depending on whichever represent lowest energy eigen state of the coupled electron lattice systems. Spinless 

single charged solitons are preferred in degenerated ground state ICPs whereas spinless, doubly charged 

bipolarons are formed for non-degenerate ground-state conjugated polymers. . At higher doping levels, 

polarons may add together to form polaron pairs which will reduce conductivity due to the localization of 

polarons. At higher doping levels polaron and bipolaron bands will merge with valance and conduction band 

and the structure will show metallic behavior. In ICPS the bonding within chains is covalent whereas bonding 

between chains is Van der Waals.    

The conductivity in Conducting polymers are due to the additionally generated extended states and 

the charge defects [7].There are two types of charge species which will contribute conduction, one mobile 

polaron/bipolaron system and the second is bound charges (dipoles) with restricted mobility [8-9].Above the 

characteristic frequency (wc) the conductivity increases rapidly with doping due to the contribution from the 

bound particles. At higher frequencies the electric modulus increase rapidly due to the cumulative dipole 

moments of main chain. By the process of doping we can offset characteristic frequency to higher frequency 

[7]. Introduction of dopants give rise to strong electron-phonon interactions and will lead to the formation of 

quasi particles like solitons,polarons and bipolarons.[3,4,10-12].  
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III. CONDUCTIVITY ENHANCEMENT  

  All conducting organic polymers are insulators or semiconductors in their neutral forms [13]. The 

process which converts the neutral polymer backbone to a charged conjugated system is known as “doping” 

[14-15]. Polyconjugated systems with no basic centre will undergo redox type doping. During this process, 

the number of electrons associated with the polymer backbone changes [16]. Polyacetylene and 

polythiophenes are examples for this. It can either be p type or n type oxidative doping involves the insertion 

of appropriate amount of anions in between polymer chains. In non-redox doping process, addition or removal 

of electrons will not take place [17]. When we dope PANi in non-redox manner, the imine nitrogen atoms of 

the polymer gets protonated to produce a polysemiquinone radical cation. Here both charges and spin are 

delocalized and conductivity gets enhanced [15-16]. Due to doping the interchain distance decreases which 

will increase the chance of hopping resulting in a tremendous increase in conductivity [7,18]. Due to doping 

there is no significant change in thermal stability. The aromatic ring is also unaffected. So we can say that the 

conjugation in ICPs are maintained in doping. Polyaniline doped with CSA shows higer conductivity than 

others because here benzenoid and quinoid rings are more orderly arranged [7,18]. Therefore the length of 

delocalisation and hence the π-conjugation increases. Higher conductivity is observed for protonation with 

sulphonic acid for PANi [36]. In PANi doped with CSA, sulphonic acid groups interacts with the amine/imine 

hydrogens [19].PANi doped with CSA needs lesser activation energy which is highly preferred [7]. When we 

insert m cresol with HCSA doped PANi-EB polymer chain gets modified from a “compact coil” to an 

“expanded coil” and there will be delocalization of electrons in the polaron band and will result in increasing 

the conductivity [20].    

Synthesis process plays a vital role in the intrinsic properties of conducting polymer. Polyaniline 

synthesized at lower temperature will be crystalline with higher molecular weight due to the formation of 

longer chains[21-22].Para coupling is highly preferred for better conductivity. The effect of steric hindrance 

is minimised in para coupling.Molarilty of the dopant is also important. Highest conductivity is observed for 

1M sample. By the production of nanostructures we can increase the surface area and therefore the 

conductivity gets enhanced. The formation of agglomerates will reduce conductivity. Agglomerates can be 

converted into Nano structures by ultrasonication.the formation of agglomerates can be avoided by Interfacial 

polymerisation or by rapid mixing method. Incorporation of conductive fillers like CNT will enhance the 

conductivity by acting as a‘‘conducting bridge’’ between conducting domains [23-25].Enhanced conductivity 

is observed for CNT-PPY, Au-PANI and CSA doped PANI Nano materials. [26-29].  

IV. PROCESSABILITY  

Conducting polymers are smart materials on which we can fine tune properties through backbone or 

chain functionalization .In addition to conductivity properties like cost, processability, mechanical integrity 

are also required for a useful material. Unsubstituted conjugated polymers are generally insoluble due to the 

rigid backbone structure and interchain interactions. The intrinsic dielectric properties of a material can be 

http://www.jetir.org/


© 2018 JETIR  September 2018, Volume 5, Issue 9                                www.jetir.org  (ISSN-2349-5162) 

JETIR1809221 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 513 

 

modified by the incorporation of another material [30]. In order to enhance the processability there are many 

methods like preparation of blends, composites and interpenetrated network, Synthesis of random graft and 

block copolymers and the use of precursor polymers Incorporation of ICP into the host polymer substrate 

forming a blend composite or interpenetrated network will induce good electrical conductivity along with 

desired mechanical strength [31].The solubility can be improved by the preparation of co polymers. 

Polyaniline and sterene –butyl acrylate co polymer blend shows unusually low percolation threshold.  

By the addition of flexible side groups to the back bone will make them processable. Soluble 

polypyrrole and polyaniline are synthesised by introducing alkyl side groups [32].Alkoxy groups with lesser 

steric hindrance are more preferred nowadays. Water soluble polymers can be obtained by the application of 

hydrophilic side groups such as -SO3H, -COOH, -OH, etc.   Soluble PANI can be obtained by the protonation 

by DBSA in the presence of tetra butyl ammonium sulphate and the resultant is soluble in chloroform.   

Emeraldine Base is difficult to dissolve because of the hydrogen bonding between the amine and imine 

groups present in them.EB will be soluble in solvents where the chain –chain hydrogen bonding will be 

replaced with chain solvent hydrogen bonding. NMP (N-Methyl-2-pyrrolidone), TMU (Tetramethyl Urea), 

DMAc (N, N dimethyl acetamide) and HMPA (Hexamethyl phosphoramide) are hydrogen bond acceptors 

and will interact with amine groups [10]. By the addition of PMAS, PANI becomes water-soluble [12]. Mixing 

of solvents with both hydrogen bonding donors and acceptors is a good remedy for the prevention of gelation 

of EB. Gelation in EB can be avoided by the addition of HMPA.  DBSA and PANI are blended together and 

the resulting blend was soluble in non-polar or weakly polar solvents.   

   PANI/ CSA/ m cresol blend showed conductivity due to the formation of supramolecular system 

between the components. There is strong hydrogen bonding between the polymer chain, counter-ion and the 

solvent with much steric matching between the solvent and polymer repeating units to enhance Vander Waals 

interaction. This blend is soluble in chloroform and chlorobenzene. PANI was soluble only in highly polar 

solvents, such as N-methyl pyrrolidone. By the application of functionalized organic acidic dopants 

conductive polyaniline salt more soluble in non-polar organic solvents. [33-35]. By the introduction of various 

side groups/chains onto the phenylene units, PPV becomes soluble. [37-40].  HFIP and DCAA (2, 2 Dichloro 

Acetic acid) are good solvents for PANI.PANI/CSA/HFIP blend and Sulfonamide /PANI /carbon black/ 

chlorinated polyethylene/ organic surfactant /stabilizer blend are highly conductive [41]. PANI is a Lewis 

base so it can be protonated by Lewis Acids because both of them contain Mossbauer nuclei. The conductivity 

can be improved by exchanging Lewis acid with Bronsted acid.   

The main purpose of the addition of plasticizers is to provide sufficient mechanical strength to the host 

matrix. Usually materials with low percolation threshold are preferred as plasticizers. Plasticizer increases 

intrachain mobility of the polyaniline and increases the molecular weight [42]. PVME, PVC, PS and PMMA 

are good choices for making colloids with PANI.  Addition of hygroscopic, water-insoluble plasticizer will 

improve the conductivity of ICPs [43]. NMP can be a good plasticizer for PANi [44]. Metals complexed with 
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protonic acids lower the percolation threshold and are good plasticizers [45]. If we mix polyaniline, poly 

vinylchloride and a sulphonamide the blend will show increased electrical conductivity [46].  Polyaniline 

polar blends will be insoluble in non-polar organic liquids [47]. The addition of plasticizers will improve the 

dispersion and film forming properties of the polymer [48].A mixture of phthalic and phosphoric acid esters 

are mixed with PANI with cellulose acetate in m-cresol solutions flexibility and conductivity of films gets 

improved [49]. The solubilisation and plasticisation of polyaniline in the protonated state was improved by 

the addition of di-alkyl phosphate esters [50]. Esters such as diisoctyl hydrogen phosphate and diisobutyl 

hydrogen phosphate served to protonate the polyaniline as well as to serve as plasticizers [51]. The phosphoric 

acid diesters act as efficient polyaniline solubilizing agents and that diester protonated polyanilines readily 

dissolved in solvents such as toluene and xylene[51].Non-functional acids such as HCl and H2SO4 can be 

used as solvent-plasticizers in doped polyaniline[52]. Polyaniline/,DBSA/zinc oxide/calcium 

carbonate/water/C1 -C3 alcohols composites have low acidity, be easily processible at elevated temperatures 

and to be electrically conductive[31]. Flexible microwave devices can be manufactured with super molecular 

PANI/DESPA composites.   

V. TUNING  

  Conducting polymers exhibits attractive properties like tunable electrical conductivity, photo 

conductivity, charge storage capacity, photoluminescence and electroluminescence [53-57].These properties 

make them a useful material for applications in light emitting diodes, lithography, sensors, energy storage 

applications, polymer rechargeable batteries, molecular electronics, electrochemical actuators, 

electroluminescent devices, antistatic coating, conducting adhesives, printed circuit boards, artificial nerves 

Light weight batteries, schottky diodes, gas separators ,photonic devices and antistatic applications[53-59].  

  ICPS are materials with tunable optical and microwave properties. The permittivity as well as 

permeability of ICPs are adjustable and they can be used as a low loss dielectric material. The dielectric 

permittivity of ICPs can be increased by the incorporation of dielectric fillers like BaTiO3 or TiO2 and 

similarly the magnetic permeability can be enhanced by the incorporation of magnetic fillers like γ-Fe2O3, 

Fe3O4, BaFe12O19. Low loss dielectric materials can be useful in telecommunication, dielectric waveguides, 

lenses, radomes, dielectric resonators and microwave integrated circuits. Low loss dielectric materials can 

also be used in microwave heating applications. Conducting polymers are excellent microwave absorbers and 

make ideal material for effecting welding plastics. [60] Conducting polymers are ideal candidates for 

microwave applications such as Coating on reflector antennas, coating in electronic equipments, frequency 

Selective Surfaces (FSS), Satellite communication links, as ground planes in micro strip antennas, radiating 

element in micro strip antennas, Resistive loading, Beam steering antenna in radar etc. For these kind of 

applications the conductivity of the material needs to be enhanced quite a lot. Some conductivity enhancement 

methods are described in previous section. Conducting polymers can not only reflect but also can absorb 
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microwave radiation. So they are well suited for radar absorbing materials (RAM) and electromagnetic 

shielding materials (EMI shielding) and that topic is explained elaborately in the next session.   

The key parameters influencing the conductivity are the inter chain distance and localization length. 

The interchain distance can be modified by ring substituted monomers or counter ions with different size. 

[64]The localization length can be improved by controlling the defect rate or head to head 

coupling.[65].Molecular mass has some importance in microwave properties. Conducting polymers with high 

molecular weight are suitable for microwave applications which can be obtained by adjusting the synthesis 

conditions such as reduced temperature.The processing difficulty of PANi gets overcome by the addition of 

plasticizers like PVC. The dielectric properties of PANi enhances with PVC loading. The dielectric loss, 

conductivity and absorption increases whereas penetration depth (skin depth) and dielectric heating 

coefficient decreases.   

The attractive features of conducting polymer composites are low cost, high microwave conductivity, 

high dielectric constant, high dielectric loss, high absorption coefficient and very low percolation threshold. 

The intrinsic dielectric properties of a material can be modified by the incorporation of second material. 

[66]The semi interpenetrating network (SIPN) of polyaniline with PVC shows promising results. Similar 

results are obtained for PANi-silica SIPN.SIPN of PPy: PVC also shows promising results with improved 

processibility and dielectric properties. Insulating PVC loading increases dielectric losses, conductivity and 

absorption coefficient of SIPN upto a particular Proportion. SIPN of PANi/natural rubber shows flexibility as 

well, and can be useful for the fabrication of flexible antennas. Properties like conductivity, dielectric loss, 

loss tangent and absorption coefficient increases with increase in frequency, Dielectric constant penetration 

depth and dielectric heating coefficient decreases with increase in frequency. So at millimetre frequencies 

conducting polymer composites will have supreme performance and will be ideal for many applications. One 

of the major reasons for the advent of silicon based electronics is its facile planar process through which the 

substrate can be modified to act as insulating region, intrinsic region, doped P type and n type regions. 

Conducting polymer is a potential candidate in replacing silicon electronics as it adds more features and 

options to silicon electronics.  

VI. ELECTROMAGNETIC SHIELDING AND OTHER ABSORPTION APPLICATIONS 

  The aim of shielding is to minimise the transmission by enhancing reflection, absorption or 

multiple reflection. Fundamentally, there are three main mechanisms for EMI shielding viz. reflection 

(primary mechanism for which the shield must possess mobile charge carriers), absorption (secondary 

mechanism which require presence of electric and/or magnetic dipoles), and multiple reflection (tertiary 

mechanism which is facilitated by high interfacial area) [67-80]. If the conductivity of the material is too high 

reflection is high. Metals relay on this strategy.  In highly conducting materials SER will be dominant and the 

key contributors are conductivity (σ) and magnetic permeability (μ).One of the major disadvantage of high 

conductivity shielding materials is enhance eddy current which will reduce the impedance. [1, 3, 80, 92,113].  
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There some other disadvantages like high reflectivity, corrosion susceptibility, weight penalty, and 

uneconomic processing.  

There are some alternate materials such as graphite, expanded graphite, carbon black, CNTs, and 

graphene for metals [67, 69, 73-74, 81-106]. .But for them the dispersion is very poor and the percolation 

threshold is very high. There are other complications such as dealing with hazardous chemicals, tedious 

purification procedures, complex auxiliary treatments and cumbersome functionalization steps [67, 69, 90, 

and 92,107-108,109-110] .More over agglomeration tendency is also very dominant in these carbonaceous 

materials. In this context, ICPs have shown definite promise due to distinguished advantages over metals or 

carbonaceous materials and fascinating properties [67, 69, 72, and 77,111-123]. ICPs combine moderate 

conductivity, good compatibility and ease of process ability with low density and corrosion resistance will be 

a promising material for EMI shielding applications [67,107,124]. For best shielding action there should be a 

balanced combination of electrical conductivity (σ), dielectric permittivity (ε), magnetic permeability (μ), and 

physical geometry[67–69,72, 77,80,82, 107,125-129]. ICPs possess unique shielding mechanism of reflection 

plus absorption (due to doping induced inherent polarization) rather than dominated reflection for metals and 

carbons. Unable conductivity, adjustable permittivity/permeability, low density, non-corrosiveness, nominal 

cost, facile processing (melt or solution), and controllable EM attributes, further strengthen their candidature 

as futuristic shielding material for various techno-commercial applications. Highly doped polypyrrole shows 

shielding level above 40 dB in 300 MHz to 2 GHz [61-62].For a polyaniline film of thickness 80 micrometer 

the shielding will be between 50-56 dB [63]. ICPs can either be used as conducting fillers in various insulating 

matrices as an electrically conducting matrix for variety of filled inclusions for enhanced EM attributes. The 

reflection Shielding effectiveness (SER) can be increased by the incorporation of electrically conducting fillers 

like metals, graphite, carbon back, CNTs, graphene.  

If conducting fillers are incorporated into ICPs conductivity enhances with significant reduction in 

percolation threshold [67, 75-76].Fillers will  improvement inter-particle charge transport by tunneling or 

hopping phenomenon and  electrical conductivity increases .The filler should be well dispersed in the matrix 

for better shielding performance Well-dispersed ICPs provides  continuous conducting network with  better 

charge delocalization leading to huge negative permittivity which is a characteristic signature of left-handed 

materials (LHM) [67, 69, 134-135].ICPs in polymeric matrices not only leads to establishment and 

improvement of electrical conductivity but also contribute toward improvement of dielectric properties. 

Moderate conductors with optimum dielectric properties are well suited for EM shielding. 

By granular metal/inhomogeneous doping model [1, 75-77, 82-83,106,136-137] conducting polymer 

can be modelled as highly conducting metallic islands dispersed within low conductivity amorphous matrix. 

Filler particles will bridge these metallic islands [70] so inter-particle transport increases leading to 

improvement in conductivity. The resultant conductivity depends on nature, concentration and aspect ratio of 

filler particles as well as type and morphology of host ICP matrix. Incorporated filler can induce polarization 
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and related dielectric losses. Such a polarization occurs due to electrical conductivity differences between ICP 

and metallic fillers leading to charge localization at interfaces via Maxwell–Wagner–Sillars [67, 69, and 

75,138-139] interfacial polarization phenomenon. Such polarization and related relaxation phenomenon 

contribute toward energy storage and losses, leading to improvement of SEA. 

 PANI-MWCNTcomposite shows better SE due to dielectric and magnetic attributes (ferromagnetism 

due to entrapped iron phase) from PANI and MWCNT, respectively. As the concentration of PANI-MWCNT 

filler increases, real and imaginary parts of both permittivity and permeability increases. At higher loading 

phase segregation occurs which reduces the mechanical properties. BY CNT loading SEA experiences rapid 

enhancement whereas SER increase slightly. The shielding effectiveness of Graphene/PANI nanocomposite 

are significantly enhanced compared to pristine PANI due to the unique structural characteristics and the 

charge transfer between graphene and PANI nanorods.But the shielding effectiveness is hindered by the 

significant skin effect due to very high carrier mobility. And also by analysing the Cole–Cole plots, the 

number of the relaxation processes remains same even after the addition of graphene. But the intensity of the 

Debye dipolar relaxation process gets improved and hence higher tangent loss is obtained with Graphene 

loading. So increasing tangent loss is the supreme reason behind the enhancement of shielding effectiveness 

in Graphene/PANI nanocomposites.SWCNT/PANI shows better absorption than  GS/ PANI composite due 

to the  presence of Fe-nanoparticles in the SWCNT/PANI composite, which will induce  magnetic properties, 

present hysteresis loss and enhance the absorption of microwave. 

For best shielding there should be a balanced combination of ohmic, dielectric, and magnetic losses. 

The ohmic losses are associated with conductivity. With the increase in conductivity there will be reduction 

in skin depth which allow us to use thinner materials for efficient shielding. And also with increased 

conductivity long range charge transport occurs. The number of relaxation modes increases with conductivity 

which will result in increased ohmic losses. With the increase in MWCNT loading loss tangent increases and 

hence absorption increases. 

The electric field loss is caused by the dielectric relaxation effect associated with permanent and 

induced molecular dipoles. As the frequency of incident EM wave increases (especially in the microwave 

region), dipole present in the system fail to maintain in-phase movement with rapidly pulsating electric vector. 

Such out-of-phase movement of dipoles leads to molecular friction resulting in energy dissipation in the form 

of heat. The polarization can be improved by the incorporation of high dielectric constant materials like 

BaTiO3, ZnO, TiO2.These materials will improve permittivity. Due to the conductivity difference between 

filler and matrix charge localization and relaxation effects will be induced. [67, 107, 140-144]. PANI-DBSA 

NPs (filler) were added in the epoxy (matrix) [3,138], both the electrical conductivity and dipole density 

increased due to formation of conductive networks. But any excess addition of PANI-DBSA beyond the 

percolation threshold did not benefit the electrical conduction, because of NP aggregation. However, it did 

result in more dipolar and interfacial polarization in the hybrid material. 
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Magnetic properties also play a vital role in improving shielding response [67–69, 77,129 and 145,]. 

Magnetic losses are related to permeability of the material and occur due to phenomenon such as hysteresis, 

eddy currents, domain wall movement or ferromagnetic resonance. Materials with higher magnetic 

permeability will introduce more shielding. Permeability is directly proportional to saturation magnetization 

(Ms) and inversely proportional to coercivity (Hc). By the addition of magnetic fillers like BaFe12O19, γ-Fe2O3, 

or Fe3O4 we can enhance Ms and reduce Hc. By the enhancement of magnetic properties SEA increases 

whereas SER reduces. SEM can be enhanced by the creation of porous structures. Super paramagnetic behavior 

is observed for PANI-Fe3O4 composite nanotubes [130-133].  

 

Thickness is an extrinsic parameter that can be tuned to obtain optimum shielding with a particular 

permittivity or permeability. Loss tangent is a critical parameter in shielding .If tanδ >> 1 shielding is solely 

determined by σ. However, when tan δ ~ 1, both σ and εr are significant [67].In situ polymerization is preferred 

over physical mixing because the latter process is non-uniform mixing and which leads to microscopic phase 

segregation which will reduce the shielding performance. 

 Conducting polymer filled with combination of dielectric or magnetic nanoparticles possesses 

moderate polarization and magnetization can induce electric and magnetic losses when they interact with 

Electromagnetic waves .The composite will give good attenuation due to interaction of conducting/dielectric 

and conducting/magnetic phases with E and H vectors of the incident EM waves. Hence this will form a multi-

component composite possessing unique combination of electrical, dielectric, and magnetic properties which 

can be used for the suppression of EM noises and reduction of radar signatures. [67, 69, 77, 128-129]. 

In PANI/BaTiO3 nanocomposites prepared by in-situ emulsion polymerization, we can see a decrease 

in SER  at higher loading due to  decrease mobility and concentration of polaron.As a result conductivity and 

real part of permittivity decreases because dipoles in chain fails to maintain in phase orientation with electric 

vector of the incident radiation. Though there is a decrease in dipole density and carrier mobility the space 

charge polarization enhances and the dielectric constant increases.at higher loading there will be decrease in 

number of heterojunctions/ grain boundaries and there will be reduction of overall polarization. Here the 

imaginary part of permittivity enhances due to molecular friction of due to out-of-phase motion of dipoles. 

So polarization and losses increases and absorption and dissipation of energy enhances. [107]. 

The factors influencing shielding are optimization of electrical conductivity, skin depth, complex 

permittivity and permeability, nature of ICP and host matrix, their relative proportion, surface preparation 

(e.g., functionalization, grafting, and compatibilization) and processing technique. Strategies like thin 

film/membrane technologies, porous structures, negative permittivity materials (or LHM), multi-layered 

structures and hybrid fillers based on broad range of ICP-filler combination can be applied to obtain wonderful 

shielding materials.,. In order to get best shielding experience  we can  strategically combine the materials 

and engineering structures like dielectric and magnetic particles filled composites, multilayer structures, 
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core/shell hetero-structures or their combination. By the introduction of fillers we induce increase in 

conductivity, dielectric and magnetic losses significant reduction in percolation threshold and better shielding 

performance is observed as compared to pristine ICPs [67, 69, 75, 76, and 94]. Conducting polymers have 

reversible electrical properties by redox doping/de doping and hence they are called intelligent stealth 

materials. For a perfect stealth material the magnetic permeability (μ) and complex permittivity (ε) should be 

tuned along with conductivity (σ) and thickness (t) in order to get a fully absorption and zero reflection 

condition. 

VII. CONCLUSION    

The conjugated structure and the presence of delocalized electrons are the reason for conduction in 

conducting polymers. Quasiparticles like polarons, bipolarons and solitons are formed when we are 

introducing some defects into the crystals of conducting polymers.  There will be inter chain, intrachain and 

inter domain conduction. Hopping between adjacent domains are the main method of charge transport in 

conducting polymers. By the process of doping we can fine tune the optical, electrical and mechanical 

properties of conducting polymers. The presence of a rigid backbone is the root reason for insolubility of 

conducting polymers. This can be overcome by the introduction of functionalized side groups to the structure. 

By the application of low percolation plasticizers the mechanical properties of these composites can be 

improved. Conducting polymers by virtue of their unique property will be a good candidate for applications 

like electromagnetic interference shielding, satellite communication links, beam steering radars, frequency 

selective surface and Radar absorbing materials. Conducting polymers with high conductivity can be used as 

radiating element of antennas. .Conducting polymer is a potential candidate in replacing silicon electronics as 

it adds more features and options to silicon electronics. Conducting polymer-based blends and composites 

with unique combination of electrical, dielectric, magnetic, and/or mechanical properties have emerged as 

powerful solution for handling EMI issue. By the use of conducting polymers an absorption dominant 

shielding mechanism is introduced and hence the impedance matching also gets enhanced.  
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