
International Journal of Research and Scientific Innovation (IJRSI) | Volume IV, Issue IX, September 2017 | ISSN 2321–2705 

www.rsisinternational.org Page 23 
 

Progress in Preparation, Processing and Applications 

of Conducting Polymer-Ionomer Blends 
Kingsley Kema Ajekwene*, Honey John and Thomas Kurian 

Department of Polymer Science and Rubber Technology, Cochin University of Technology, Kochi - 682022, Kerala State, India. 

*Corresponding Author: Kingsley Kema Ajekwene

Abstract: Conducting polymers have been studied extensively due 

to their fascinating electronic and redox properties since their 

discovery in 1970’s. They are organic polymers that conduct 

electricity but do not show satisfactory mechanical properties. 

Because of their good stability and desirable conductivity, they 

are suitable for numerous interesting and emerging applications 

in many fields. However, their usage and applications have been 

limited as they cannot be melt-processed. Ionomers on the other 

hand are classes of materials that comprises repeat units - mostly 

neutral   and a fraction of ionized units (generally not more than 

15 mole %) having many unique characteristics such as ion 

conductivity, hydrophilicity and fixed carriers due to the 

introduction of low levels of salt groups. Its conductivity is 

dependent on humidity making ionomers unsuitable for 

electrical conduction at temperatures below 0°C and above 

100°C due to the decrease of conductivity induced by the 

properties of water at (freezing or boiling). The resulting 

deficiencies results in poor durability of wet membranes and 

poor mechanical and chemical stability at elevated temperatures. 

This paper reviews literature on preparation, processing and 

applications of conducting polymer-ionomer blends. 

Keywords: Conducting polymers, ionomers, polymer-matrix 

composites (PMCs),electrical/mechanical properties, extrusion 

I. INTRODUCTION 

olymers wereregarded as electricallynon-conducting 

materialsuntil the oxidation ofpolyacetylene in the 

presence of iodine vapor which resulted in a significant 

increase in electrical conductivity of polyacetylene (PA) in 

1977[1,2]. They possess electrical properties like that of 

metals and the characteristics of organic polymers such as 

light weight, lower cost, resistance to corrosionand chemical 

attack, flexibility and greater workability [3, 4, 5].They are 

widely used in electrical/electronic devices and a myriad of 

applications.However, they have limitations despite their 

unique characteristic properties and ever growing areas of 

applications. The limitations are due to high manufacturing 

costs, material inconsistencies, toxicity, insolubility in many 

organic solvents, inherent brittleness, poor mechanical 

properties and poor processability [6] 

Ionomers are classes of polymeric materials that comprises 

repeat units of both electrically neutral repeating units and a 

fraction of ionized units usually not more than 15 mole % [7]. 

Ionomers have unique physical properties including electrical 

conductivity and high melt viscosity.  The ionic interactions in 

ionomers allows for the control of physical and mechanical 

properties of the polymers such aselastic modulus, glass 

transition temperature, viscosity, melt strength, fatigue 

resistance and transport properties [8,9,10,11,12]. However, it 

has a low and poor conductivity which is dependent on 

waterabsorption. The resulting deficiencies for electrical 

applications include operating temperatures restricted to 

below 100°C, poor durability of wet membranes and poor 

mechanical and chemical stability at elevated temperatures. 

Based on the drawbacks of both ionomers and conducting 

polymers highlighted above, proper enhancement of 

properties will be possible if these uniquely special materials 

are blended together. To achieve this objective, numerous 

attempts have been made by researchers by the use of long 

chain organic dopants, functionalization of monomer rings 

and preparation of conducting polymer-thermoplastic 

composites byeither chemical blending (in-situ 

polymerization or copolymerization and latex processing 

method) or mechanical blending (melt or solution mixing) 

thereby allowing the fabrication of composite films which 

exhibit a good balance of electrical conductivity, mechanical 

properties and processing characteristics [13]. 

A review of the literature on preparation, processing and 

applications of conducting polymer-ionomer blends are 

presented in this article.  

II. CONDUCTING POLYMERS 

Conducting polymers are organic polymeric materials with 

the inherent tendency toconductelectricity [2]. The electrical 

conductivity in conducting polymers can be achieved through 

partial oxidation or reduction reaction using certain acids; a 

process commonly referred to as doping [3, 14, 15].These 

oxidation and reduction reactions which induce high 

conductivity in conducting polymers are termed as p-doping 

and n-doping respectively.PAis a very unstable material 

particularly when exposed to air. Thisinstability of PA on 

exposure to air (formation of covalent bonds between oxygen 

and carbon atoms and the bonds which could lower the 

conductivity because of the interruption of their conjugated 

double bonds) [14, 15, 16] led to a further intensive research. 

These vigorous research resulted inthe synthesis and 

discovery of many novel conducting polymeric materialssuch 

as: polypyrrole (PPY), poly (p-phenylacetylene) (PPA), poly 

P 
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(p-phenylene sulphide) (PPS), poly (p-phenylene) (PPP), 

polythiophene (PTP), polyfuran (PFU), polyaniline (PAN), 

polyisothianaphthene (PIN)and their other derivatives 

[5,14,15]. These conducting polymers possess a wide range of 

conductivities which depends ondoping percentage,purity of 

the sample, alignment of the chains and conjugation length. 

Despite these varying parameters, they share many structural 

features such as conjugated backbone, planarity and large 

anisotropic ratio (i.e. the intrachain conductivityislarger than 

the interchain conductivity) [5]. 

Conducting polymers not only exhibit conduction properties, 

but also exhibit some extraordinary properties such as 

electronic, magnetic, wetting, optical, mechanical and 

microwave-absorbing properties. Therefore, such conducting 

polymers are expected to find considerable technological 

applications in electrical/electronic devices, chemical and 

biological sensors, selective membranes, nanoelectronic 

devices, catalysis or electrocatalysis, microwave absorption 

and EMI shielding, fluids and biomedicine [17, 18] 

Conducting polymers are used indiverse applications; ranging 

from thin film transistors, energy storage (rechargeable 

batteries), electromagnetic shielding, light-emitting diodes, 

sensors (chemical, gas and bio), actuators, fuel and solar cells, 

antistatic materials,artificial musclesin electromagnetism, 

catalysis, biochemistry, smart clothing, smart 

windows,etc.[19]These can be used in a range of products 

extending from most common consumer goods to highly 

specializedapplications in electrical, electronics, space, 

aeronautics, non-linear optics,microwave absorption, 

etc.Table 1 shows the structures, preparation methods, doping 

agents, solubility, applications, conductivities and band–gaps 

of representative conjugated polymers. 

 
Table 1. Structures, preparation methods, doping agents, solubility, applications,conductivities and band–gapsof representative 

conjugated polymers [Ref. 5, 14, 15]. 

Conjugated 
Polymers 

Structures Preparation Methods Doping Agents Solubility Fields of Application 
Conductivity 
(S cm−1) 

Band-gap 
(eV) 

Polyacetylene 
(PA)  

(p-type, inorganic, 
redox) 

chemical oxidation 
polymerization 

I2, AsF3, AlCl3, 
Li FeCl3, K,  

Soluble  
Polyacetylene has no commercial 
applications due to its poor stability 
and processability 

 
103 –1.7 × 105 

 
1.5 

Polypyrrole 
(PPy)  

(p-Doped 
conducting state ) 

PPy films - 
electrochemical 
oxidation 
polymerization from 
aqueous or organic 
solution.  
PPy powder - chemical 
oxidation 
polymerization 

FeCl3, 
Cu(ClO4)2, 
AsF5 

Insoluble 

Modified electrode, enzyme 
electrodes (biosensors), 
electrochromics, conducting polymer 
films 

 
102 – 7.5 ×103 

 
3.1 

Polyaniline 
(PAn) 

 
(p-Doped 
conducting state 
(proton-acid 
doping)) 

Electrochemical or 
chemical oxidation 
polymerization from 
strong acidic aqueous 
solution 

HCl, HClO4, 
Camphor,  
Sulphonic acid 

 PAn doped with 
common anions 
is insoluble  but it 
becomes soluble 
by counter anion 
doping 

Modified electrodes, enzyme 
electrodes (biosensors), 
electrochromics, electrode materials 
for batteries and solid capacitors, 
anti-corrosion, microwave absorption, 
electrode buffer layer for 
optoelectronic devices 

 
30–200 

 
3.2 

Polythiophene 
(PTh) 

 
(Intrinsic 
semiconducting 
state) 

Electrochemical 
oxidation 
polymerization from 
organic solution, or 
chemical oxidation. 
polymerization in 
organic solvent 

SO3, CF3-, 
ClO4-, BF3 
 

Insoluble 
Electrochromics, conducting polymer 
films 

 
10 – 103 

 
2.1 

Poly(3,4-
ethylenedioxythi
ophene) 
(PEDOT) 

 
(p-Type doped 
conducting state) 

Electrochemical 
oxidation 
polymerization from 
organic solution, 
chemical oxidation or 
chemical synthesis in 
organic solvent 

Camphor 
sulfonic acid 
(CSA), 
Aniline-2-
sulfonic acid 

Aqueous solution 

Transparent conducting polymer 
films, anode buffer layer materials in 
organic/polymer light emitting diodes 
and organic/polymer solar cells, anti-
static-electricity coating layer 
materials, electrode materials in solid 
state capacitors, etc. 

 
102 – 103 

 
1.6 

Poly(3-hexyl 
thiophene) 
(P3HT)  

(Intrinsic 

Chemical synthesis in 
organic solvents 

BF4-, ClO4-, 
FeCl4- 

Soluble in THF, 
chlorobenzene, 

Donor material in polymer solar cells, 
semiconductors in field effect 
transistors 

 
103 - 104 

 
2.0 
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semiconducting 
state) 

Poly(p-
phenylene 
vinylene) (PPV) 

 
(Intrinsic 
semiconducting 
state) 

Chemical synthesis in 
organic solvents 

AsF5, AlCl3, 
FeCl3, K, Li 

Soluble in organic 
solvents (e.g. 
Dichlorobenzene)  

Orange electroluminescent material 
for polymer light-emitting diodes 

 
3–5 × 103 

 
2.5 

Poly (p-
phenylene 
sulphide) (PPS) 

 
(Intrinsic 
semiconducting 
state) 

Chemical synthesis in 
organic solvents 

AsF5, FSO3, 
H, SbF5 

Soluble in organic 
solvents 

Photovoltaic cells, gas sensors and 
super-capacitors 

 
10-9 - 101 

 
3.0 

III. IONOMERS 

As the name sounds, it is an ion containing copolymeric 

material with either positive [+] or negative [-] electric charge 

[7, 20] in which up to 15 mol % of the repeat units contain 

ionic groups. Theycompriseof both electrically neutral 

repeating units (nonionic) and a fraction of ionized units 

covalently bonded to the polymer backbone as pendant group 

moieties [7]. The level of substitution of ionic groups as well 

as how the ionic groups are incorporated into the polymer 

structure determines the classification of polymers as 

ionomers.The non-polar polymer backbone present in 

ionomersis incompatible with the polar ionic groups thereby 

resulting in the microphase separation of the ionic groups into 

ion-rich domains[7, 8, 9, 21,22]. 

The applications of ionomers include golf ball covers, 

semipermeable membranes, sealing tapes, and thermoplastic 

elastomers. They havebeen utilized successfullyin various 

industrial fieldsincluding diffusion and electrodialysis, 

electrolysis, solid polymer electrolyte for batteries, 

potentiometric sensors, membranes for water treatment, 

solution recycling and filtering, proton exchange membranes 

for fuel cells, packaging, coatings, optics, medical and 

biological fields as sensors, membranes and dental restorative 

materials, etc. [22].  

3.1 Classes of Ionomers 

Ionomers can be classified by the type of the ion chemically 

attached to the backbone chains, the position of the ionic 

groups, distribution of the ionic groups on the polymer 

backbone, the counterion used, the chemistry of reaction and 

the geometry of the polymer backbone. The polymer 

architectures could be linear macromolecule, macrocyclic, 

branched, grafted (comb-like) chains, stars, dendrimersand 

tridimensional networks [10, 23]. The chemical nature of the 

components in the backbone can be organometallic, organic 

or inorganic [9]. Different types of ionic groups such as 

sulfonic, ammonium, carboxylic, phosphonic and 

phosphonium and imidazolecan be introduced into the 

polymer backbone [9, 10]. Ionomers can also be classified as 

cationomers (quaternary ammonium polymers, polyurethane 

cationomers, etc.), anionomers (sulfonated polystyrene, 

poly(ethylene-co-(meth-)acrylic acid) (e.g., Surlyn- DuPont,  

 

made from ethylenewith a small amount of methacrylic acid 

copolymers, in which the acid groups are partially neutralized 

with either zinc or sodium ions. The acid in the polymer gives 

polarity and reduces crystallinity while the ionic bonding 

between the polymer chains gives outstanding melt strength, 

toughness, and clarity) and polyampholytes or 

zwitterionomers (poly (aminocarboxylic acid), proteins, etc.) 

depending on the type of ionic group chemically attached to 

the polymer backbone [9]. Ionic groups can as well be 

attached to the side groups or pendant chain. The ions can be 

distributed along the polymer chain in different ways. When 

the ion is fixed at one end of the backbone, the materials are 

classified as monochelics. When placed at both ends of the 

chain, it is known as telechelics. Whilein random, there will 

be a random distribution of the ions on the backbone chain at 

random intervals. With the constant spacing between ionic 

groups,it is classified as constant [7, 8]. This large variety of 

possible chemistries and configurations explains the wide 

range of the properties that can be delivered from ionomers. 

3.2 Properties and Structure of Ionomers 

In a typical ionomer, the nonpolar chains are grouped together 

and the polar ionic groups are attracted to each other. As a 

result, the ionic groups would prefer to go off into a little 

corner by themselves which is not usually possible due to the 

restriction imposed due to their attachment to the polymer 

chain. This allows thermoplastic ionomers to act in ways 

similar to that of crosslinked polymers or block copolymers 

[7,20]. The ionic attractions that results strongly affect the 

polymer properties. The phenomenon is illustrated in figure. 

1. 

 
Figure 1.  Polar Ionic Group Clustering [7 – with permission] 

http://www.pslc.ws/mactest/xlink.htm


International Journal of Research and Scientific Innovation (IJRSI) | Volume IV, Issue IX, September 2017 | ISSN 2321–2705 

www.rsisinternational.org Page 26 
 

When these clustered ionic groups are heated, they tend to 

lose their attractions for each other and the chains will move 

around freely. This is because ionomers are not crosslinked 

polymers; in fact, they are a type of thermoplastics known as 

reversible crosslinkers.  As the temperature increases, the 

mobility of the chains increases and the groups can no longer 

stay in their clusters (Figure 2). This allows for a polymer 

with the properties of an elastomer and the processability of a 

thermoplastic and are in most instances known as 

thermoplastic elastomers [7, 20]. 

 

Figure 2. Thermoplasticity of Ionomers [7 – with permission] 

The combination of a stable backbone with an acidic sulfonic 

acid groups in the case of sulfonated ionomers gives 

characteristic properties such as high conductivity to cations 

(making it suitable for many membrane applications), ability 

to resist chemical attack, high operating temperature (up to 

190 °C as a result of its backbone interlaced with the ionic 

sulfonate groups), superacid catalyst and proton conductivity 

up to 0.2 S/cm depending on temperature and hydration state. 

However, it is selectively and highly permeable to water and 

gases which is a drawback for energy conversion devices such 

as artificial leafs, fuel cells, alkali cells, sensors and water 

electrolyzers [24]. Other properties such as water 

management, hydration stability at high temperatures, electro-

osmotic drag, as well as the mechanical, thermal and 

oxidative stability are also affected especially at higher 

temperatures [25, 26]. 

3.3 Ionomers in Membrane Applications 

Membranes are synthetically created for the purposes of 

separation activities in laboratory or in industry at small and 

large-scale processes[27]. They can be produced from organic 

materials such as polymers and liquids, as well as inorganic 

materials. Most commercially utilized membranes in 

separation industry are made of polymeric materials because 

they are very competitivein performance and economy[28]. 

The best known synthetic membrane separation processes 

include water purification, reverse osmosis, dehydrogenation 

of natural gas, removal of cell particles by microfiltration and 

ultrafiltration, removal of microorganisms from dairy 

products and dialysis. Membrane technology in the industry is 

based on the principle of pressure and concentration gradients. 

Many polymers can be utilized in membrane applications but 

the choice of appropriate polymer for membrane applications 

is dependent on the properties of the polymer and the type of 

separation desired, hence polymer selection is of paramount 

importance. A polymer has to have appropriate characteristics 

for the intended application. The polymer has to withstand the 

harsh cleaning conditions, it has to be compatible with chosen 

membrane fabrication techniqueand it has to be a suitable 

membrane former in terms of its chainrigidity, chain 

interactions, stereoregularity, and polarity of its functional 

groups [29].The common polymers used in membrane 

synthesis are: cellulose acetate, nitrocellulose, cellulose esters 

(CA, CN, and CE), polysulfone (PS), polyether sulfone(PES), 

polyacrilonitrile (PAN), polyamide, polyimide, polyolefin (PE 

and PP), polytetrafluoroethylene (PTFE), polyvinylidene 

fluoride (PVDF), polyvinylchloride (PVC), perfluorinated 

ionomers, etc. 

Ionomer membranes may be functionalized into ion exchange 

membranes by the addition of highly acidic or basic 

functional groups, e.g. sulfonic acid and quaternary 

ammonium, enabling the membrane to form water channels 

and selectively transport cations or anions, respectively. The 

exceptional chemical inertness and thermal stability coupled 

with favourable electrical conductivity are of particular 

advantage in this application. The three main characteristics 

of ionomer membranes that determines their applications are 

ion conductivity, hydrophilicity andfixed carriers. Ion 

conductivity plays an important role in electro-dialysis, 

concentration anddesalination of electrolytes, separation 

between electrolyte and non-electrolyte, bipolar ionexchange 

membrane process to produce acid and alkali, ion-exchange 

reaction across themembrane, electro-deionization, 

electrolysis (chlor-alkali production, organic 

synthesis),diffusion dialysis (acid or alkali recovery from 

waste), neutralization dialysis(desalination ofwater), Donnan 

dialysis (recovery of precious metals, softening of hard 

water,pre-concentration of a trace amount of metal ions for 

analysis), up-hill transport (separationand recovery of ions), 

piezodialysis and thermo-dialysis (desalination or 

concentration),battery (alkali battery, redox-flow battery, 

concentration cell), fuel cell (hydrogen-oxygen,methanol-

oxygen)and actuator (catheter for medical use). 

Hydrophilicity is applied in thefield of pervaporation 

(dehydration of water miscible organic solvent), 

dehumidification(dehumidification of air and gases) and 

sensor (gas, chemical and bio sensors). While fixed carriers 

(ions incorporated into ionomer membrane) facilitates the 

selective transport of certain gases through the membranes 

due to the formation of polymer coordinate complexes in the 

ionomer (removal of acidicgas, separation of olefins from 

alkanes, separations of sugars) and modified electrodes [21, 

30, 31, 32]. 

Ionomers have high membrane performances because of their 

excellent chemical and electrochemical stability as well as 

outstanding proton conductivity. They have unique structures 

that consist of hydrophobic main backbones and pendant side 

chains with hydrophilic terminated sulfonic groups. The 

hydrophobic main backbones endows them with superior 

properties of structural integrity while the pendant hydrophilic 

http://www.pslc.ws/mactest/plastic.htm
http://www.pslc.ws/mactest/elas.htm
http://www.pslc.ws/mactest/plastic.htm
http://www.pslc.ws/mactest/tpe.htm
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side chains gives them desirable proton conductivity when 

fully hydrated. Water plays an important role in the proton 

conductivity by impacting the formation, dimensions, and 

connectivity of ionic pathways in proton exchange 

membranes(PEMs). With increasing water content, the PEM 

constituents are characteristically separated into hydrophobic 

regions and water-filled hydrophilic cluster phase region. 

These cluster phase regions are connected by short narrow 

nanochannels that form random water-containing cluster 

networks encapsulated in the continuous spongelike phases 

[33, 34].  

At high water content, ionomers show good proton 

conductivity. In the case of sulfonated ionomers higher degree 

of sulfonic acid substitution to achieve higher proton 

conductivity results in the loss of mechanical strength as the 

ionomer becomes soluble in water. This could result in the 

microphase separation of ionomers into hydrophilic and 

hydrophobic domains [30, 35]. The hydrophobic domains 

consist of the main chain backbone while the hydrophilic 

domains bears the sulfonic acid groups. Water absorbs into 

the polymers associating with the sulfonic acid groups 

swelling the hydrophilic domains. Proton conduction occurs 

through the hydrophilic domains. Ionomers have hydrophilic 

domains dispersed in a continuous hydrophobic matrix. At 

low water content, the hydrophilic domains may not be 

sufficiently connected to carry a proton current. As water is 

absorbed into the material, the hydrophilic domains swelland 

creates percolation path for proton conduction to take place 

[30, 35, 36]. Water absorption and proton conductivity of 

ionomers has been extensively studied by several researchers 

who have measured proton conduction in ionomers and its 

composites by optimizing the concentration of sulfonic acid 

groups which balance the increased conductivity and 

decreased mechanical strength with increased acid 

concentration. 

Several different approaches for the modification of ionomers 

have been explored, including physical and or chemical 

treatment, reinforcement by porous support materials and 

fillers (conducting polymers) and addition of organic or 

inorganic compounds[37, 38]. 

IV. IONOMER/CONDUCTING POLYMER BLENDS 

A polymer blend is a mixture of two or more polymers 

blended together to form a new material with different 

physical properties encompassing the component polymers. 

The properties of the blends can be manipulated depending on 

their intended end use by correct selection of the component 

polymers [17, 39]. Generally, there are five main types of 

polymer blends: thermoplastic-thermoplastic blends, 

thermoplastic-rubber blends, thermoplastic–thermosetting 

blends, rubber-thermosetting blends and polymer-filler 

blends. All these types of blends have been extensively 

studied. While modern blending technology can greatly 

extend the performance capabilities of polymer blends for 

specific applications, they must perform under specific 

conditions (e.g., mechanical, chemical, thermal or electrical) 

too [40].  

Polymer blends are classified as either homogeneous 

(miscible) or heterogeneous (immiscible).  Miscible blends 

are usually optically transparent and are homogeneous to the 

polymer segmental level. Compatibility between the polymer 

phases decides the properties of a heterogeneous polymer 

blend [39]. Various processing techniques such as solution, 

melt (hot compression and extrusion) and in-situ 

polymerization have been used to prepare the conducting 

polymer blends [18]. 

Different methods have been described to prepare conducting 

polymer-ionomer blends, such as: mechanical mixing, casting 

of a solution containing the components of the blend or 

polymerization of one polymer into the other (either 

chemically or electrochemically) [17, 18, 39, 41]. 

If the synthesis of conducting polymer is performed in the 

presence of ionomers with the appropriate groups that are able 

to interact with the conducting polymer, then the enhancement 

of the thermal stability and its processability via methods 

briefly described below may be possible.  

4.1 Solution Mixing 

In solution mixing, a solution of the ionomer is prepared, the 

conducting polymer is separately dispersed in a suitable 

solvent by sonication, both are blended and the solvent is 

removed by evaporation [41]. Castillo-Ortega et al.[11]studied 

and reported the preparation and characterization of 

electroconductive polypyrrole-thermoplastic composites.They 

prepared homogenous films of polypyrrole-poly(vinyl 

chloride) blends by casting in the presence of poly(vinyl 

methyl ether) or poly(vinyl ethyl ether) dispersants. Electric 

conductivity, morphology, mechanical propertiesand 

sensitivity to H2O2 in water were studied and found to have 

improved mechanical and electrical properties. Cheng-Ho 

Chen et al. [25] reported preparation and characterization of 

conductive poly(vinyl alcohol)/polyaniline doped by dodecyl 

benzene sulfonic acid (PVA/PANDB) blend films by 

solution-blend method to prepare conductive poly(vinyl 

alcohol)/polyaniline doped by dodecyl benzene sulfonic acid 

(PVA/PANDB) blend films. Emeraldine base (EB)-type 

polyaniline (PANI) was dissolved in N-methyl-2-

pyrrolidinone (NMP) and then blended with PVA/dodecyl 

benzene sulfonic acid (DBSA) solution at varying 

proportions. They found that the electrical conductivity and 

the thermal degradation onset temperature of the 

PVA/PANDB blend film was increased as the amount of EB-

type PANI solution is increased.  

Kingslin et al [26] worked on lithium ion-conducting polymer 

electrolyte based on PVA–PANI doped with lithium nitrate 

prepared by solution casting technique using DMF as solvent. 

Blend polymer (92.5 PVA: PANI 7.5) electrolytes with 

different wt. % of lithium nitrate (LiNO3) was prepared by 

solution casting technique using DMF as solvent. They 
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studied the polymer blend using XRD analysis which 

confirms the increase in amorphous nature of the blend 

polymer electrolytes, FTIR analysis confirms the interaction 

betweenLi
+
ion and blend polymer electrolyte thereby 

revealing the complexation in the prepared blend polymer 

electrolytes. DSC thermograms showed the decrease of Tg 

with increase of concentration of LiNO3 salt. From AC 

impedance spectroscopic analysis, they observed that 15wt% 

LiNO3 doped 92.5 PVA: PANI7.5 blend polymer electrolyte 

has the highest conductivity of the order of 1.5x10
-3

 Scm
-1

 at 

room temperature. They estimated activation energy from the 

Arrhenius plot, and found it to be 0.19eV for 15wt. % LiNO3 

doped 92.5 PVA: PANI7.5. They also observed that the 

activation energy decreases with increasing ionic conductivity 

and vice versa. The low frequency dispersion of dielectric 

constant revealed the space charge effects arising from 

electrodes. The high dielectric loss values at lower 

frequencies was due to the free charges built up at the 

interface between the sample and the electrodes. Ionic 

transference number measurement reveals that the conducting 

species are predominantly lithium ions. 

4.2 Melt Blending 

 In meltblending process, the conducting polymer is mixed 

with the ionomer in molten state at elevated temperatures 

using conventional methods such as extrusion. It has the 

advantage of being free of solvents. Castillo-Castro and co-

workers [42] reported the synthesis and characterization of 

composites of DBSA-doped polyaniline and polystyrene-

based ionomers in which DBSA-doped polyaniline blends 

were synthesized in the presence of poly (styrene-metallic 

acrylate) ionomers. They reported that the type and content of 

metal (Li, Na, K) in the acrylate group of the ionomer and the 

electrical conductivity are highcompared to the same system 

without ionomer suggesting that the acid group in the ionomer 

allows stronger interactions with PANI chains resulting also 

in higher thermal stability of the blends.  

In a similar way, composites of polystyrene sulfonic acid 

(PSSA)-polyaniline and montmorillonite clay was synthesized 

and characterized by Yu-Feng Li and co-workers [43]. They 

reported an exfoliated layered structurein the   XRD patterns 

indicatingthe presence of MMT clay in the composites while 

the TEM photograph showsthat the composites have a mixed 

nanomorphology, indicating that some silicate layers were 

exfoliated in the polyaniline matrix. The FTIR spectroscopy 

was reported to have demonstrated the interaction between the 

PSSA-PANI chain and the surface of the MMT clay layer in 

the composite. They concluded that the composite is more 

thermally stable than that without clay samples and results in 

good stable temperature-dependent dc conductivity as 

temperature changed.  

Kunteppa et al [44] reported the AC conductivity and battery 

application of polyethylene oxide/PANI/sodium chlorate 

composites. The complexation was confirmed by FTIR 

spectroscopy andthe morphology was studied by employing 

SEM.  AC conductivity measurements were carried out by 

using LCR Q meter at room temperature. Electrochemical cell 

parameters for battery applications at room temperature were 

also determined. The blends showed good conductivity which 

is attributed to ionic polarization and electrode polarization. 

They suggested the formation of a thin layer of sodium 

chlorate salt at the electrode or electrode interface.  Thus the 

charge transport in PEO: PANI: NaClO4composite is 

predominantly ionic; an indication that PEO: PANI: NaClO4 

composites have an electrochemical stability and are thus 

suitable for application in solid state batteries. They reported 

that as the PANI content increases in PEO there is an increase 

in the polarization current and in the voltage stability.  

Chang-hsiu Chen and co-workers [45] reported the electrical 

conductivity of polymer blends of Poly(3,4-

ethylenedioxythiophene), : Poly(styrenesulfonate), : N-

Methyl-2-pyrrolidinone and polyvinyl alcohol. They reported 

that the use of NMP in the blend  increased the electrical 

conductivity by two to three orders of magnitude and films of 

the blended polymers with a PEDOT : PSS : NMP 

concentration equal to or greater than 50 wt. % have a 

conductivity greater than 1 S/cm.  

4.3 Latex Processing 

Latex processing technique for preparing ionomer/conducting 

polymer blend involvesthe preparation of an aqueous colloidal 

dispersion of the conducting polymer, mixing with a polymer 

latex to form a two-component colloidal mixture and drying 

(lyophilization) of the colloidal mixture in order to yield a 

composite [24]. This method facilitates direct incorporation of 

conducting polymer into a highly viscous ionomer matrix as 

well as the formation of three dimensional frameworkof 

conducting polymer in the ionomer matrix.But due to the 

hydrophobicity of conducting polymers, generating a 

homogenous dispersion in aqueous latex is highly 

challenging, even after ultrasonication or intense mechanical 

mixing. Taghipour and co-workers [46] modified 

polyaniline/polystyrene and polyaniline/metal oxide structure 

using surfactants by polymerizing aniline and styrene in 

aqueous solution by polymerization of styrene and aniline in 

two-stages. Styrene has been polymerized using Ammonium 

persulfate (APS) as an oxidant in the presence of various 

surfactants such as poly (vinyl pyrrolidone) (PVP), 

hydroxypropylcellulose (HPC), poly (vinyl alcohol) (PVA) 

and surfactive dopant sodium dodecylbenzene sulfonate 

(DBSNa)in the first stage. In thenext stage, aniline has been 

polymerized using potassium iodate (KIO3) as an oxidant in 

the presence of PS latex. In addition, nanocomposites of 

polyaniline containing nanometer-size CuO (Copper oxide) 

and Ag2O (Silver oxide) were synthesized by a chemical 

method using DBSNa as a surfactant. They characterized the 

products in terms of particle size, conversion of monomer to 

polymer, morphology, chemical structure and glass transition 

temperature that were dependent on the type of surfactant and 

metal oxide. The chemical structure, morphology and glass 

transition temperature ofthe blendwere studied by Fourier 
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transform infrared (FTIR) spectroscopy, X-ray diffraction 

(XRD), scanning electron microscopy (SEM) and differential 

scanning calorimetery (DSC). They concluded by showing 

that the type and concentration of surfactant, type of metal 

oxide and concentration of oxidant play a major role on the 

surface morphology and particle size of products. The size 

range of the PANI/PS and PANI/metal oxide composites was 

about 80–240 nm and 70-140 nm, respectively.  

Hong-Quan et al [47] prepared conducting polyaniline-

sulfonated EPDM ionomer composites from in-situ emulsion 

polymerization and studied their properties. They prepared 

composites of polyaniline (PANI) and zinc sulfonated 

ethylene–propylene–diene rubber (EPDM) ionomer by 

polymerization of aniline in the presence of the ionomer by 

using a direct, one-step in situ emulsion polymerization 

technique. The ionomers were prepared by sulfonation of 

EPDM rubber with acetyl sulfate in petroleum ether, followed 

by neutralization with zinc acetate solution. The ionomers 

with sulfonate contents of 10, 24, and 42 mmol SO3H/100 g 

were used for preparation of PANI/ionomer composites. The 

in situ polymerization of aniline was carried out in an 

emulsion comprising water and xylene containing the ionomer 

in the presence of dodecyl benzene sulfonic acid, acting as 

both a surfactant and a dopant for the PANI. The composites 

were characterized by IR and WAXD. The composite 

obtained can be processed by melt method. They reported that 

the conductivity of the composite with lower sulfonate content 

was higher than that with higher sulfonate content. While the 

conductivity of the composites exhibits a percolation 

threshold at about 13 wt. % PANI. When the sulfonated 

content is 10 or 24 mmol SO3H/100 g and PANI content is 4–

10 wt. %, the composites was reported to behave as a 

thermoplastic elastomer with high ultimate elongation and 

low permanent set. The conductivity of the composite after 

secondary doping with m-cresol is said to be higher than the 

conductivity of the composite before secondary doping by 

about one order. They also reported that addition of zinc 

stearate as an ionic plasticizer lowers both the conductivity 

and the mechanical strength of the composites. 

 Yuming et al [48] polymerized aniline with stable poly 

(methyl methacrylate-butyl methacrylate-sodium acrylate) 

[P(MMA-BA-AANa)] and poly(methyl methacrylate-butyl 

methacrylate-zinc acrylate) [P(MMA-BA-(AA)2Zn)] ionomer 

emulsions to improve the processability of polyaniline 

(PANI). The results indicated that the two ionomer emulsions 

not only improved the tensile strength of PANI but also 

maintained the conductivity of PANI at room temperature. 

The obtained PANI composites had the conductivity of more 

than 10 S cm−1 with tensile strength of more than 7.0 MPa at 

room temperature. The threshold values were proved to be 19 

w/w% and 16 w/w% for PANI/P(MMA-BA-AANa) and 

PANI/P(MMA-BA-(AA)2Zn) composites, respectively.  

Hossein Eisazadeh and Amin Kavian [49] carried out 

copolymerization of aniline and styrene using various 

surfactants in aqueous media to obtain 

Polyaniline/polystyrene (PANI/PS) copolymer. The reaction 

was carried by using potassium iodate (KIO3) and ammonium 

persulfate ((NH4)2S2O8) as an oxidant in the presence of 

various surfactants such as poly (ethylene glycol), 

hydroxypropyl cellulose, and surfactive dopant sodium 

dodecylbenzene sulfonate. They characterized the PANI/PS 

copolymer in terms of conductivity, morphology, chemical 

structure and glass transition temperature using Fourier 

transform infrared spectroscopy and differential scanning 

calorimetry respectively. The results of their findings indicate 

that the morphology, conductivity, and glass transition 

temperature of products were dependent on the type of 

surfactant. It was also reported that theaddition of styrene 

monomer into the stirred aqueous solution influenced the 

surface morphology. 

4.4 In-situ Polymerization 

While in the in situ polymerization method, the conducting 

polymer is mixed with the liquid ionomer monomer in the 

presence of a suitable initiator and polymerization is initiated 

either by heat or radiation. This method is extensively used 

for the preparation of ionomer/ conducting polymer blends 

due to an advantage of formation of a covalent bond between 

the conducting polymer and the ionomer matrix [24, 41]. This 

technique allows the preparation of blends with high 

conducting polymer loading for enhanced conductivity. 

Terlemezyan et al [50] reported a research work on 

electrically conducting polymer blends comprising 

polyaniline (PANI) as conducting constituent and poly(methyl 

methacrylate) (PMMA), polystyrene (PS) and methyl 

methacrylate-butadiene-styrene (MBS) copolymer as a 

thermoplastic constituent (TC).  It was shown that the highest 

conductivity values was obtained by the in situ prepared 

PANI/PMMA blends than the other systems studied. 

Anupam Singh and co-workers [51] researched on in situ 

blending and characterizations of aniline blended with 

polymethylmethaacrylate metal containing polymer (Ba 

acrylate). They examined the physical properties of the 

prepared polymer films such as appearance, polymerization 

yield and absorption quality. The conductivity levels of the 

blended polymers were examined by the four point probe 

technique. They reported that the blended polymer was highly 

conducting and that the conduction mechanism was bipolaron 

in nature. The structural properties of the resulting copolymer 

were analyzed using UV visible, FTIR and NMR spectra. The 

molecular wt. of polymer was determined by GPC technique 

and was found between 60,000 to 5,000. Surface micrographs 

were taken by SEM and was shown to have similar 

morphology of PMMA microgram and amorphous 

morphology. The morphology of the prepared polymer blend 

was affected by polymerization and found to be highly 

resistant to thermal and chemical. 

Xian Feng Li and co-workers [52] synthesized 

SPEEKK/polyaniline (PANI) composite membranes for direct 

methanol fuel cell usages by studying the membrane 
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morphology. They reported a change in morphology of 

membranes after the addition of PANI and a very good 

compatibility with SPEEKK polymers due to the formation of 

hydrogen bond between the sulfonated acid and anion groups 

making the membranes‟ structure becomes more compact 

than that of ordinary SPEEKK; which may in turn lead to the 

decrease of methanol diffusion. They also reported that the 

proton conductivity and fuel cell performance of membranes 

changed a little after the addition of PANI.  

Fernando and Bluma [53] devised a methodology for 

determination of polyaniline doped with dodecylbenzene 

sulfonic acid (Pani.DBSA) content in SBS/Pani.DBSA blends 

prepared by „„in-situ‟‟ polymerization based on UV-Vis 

spectrometry. They took their absorbance at 369 and 779nm. 

From the analysis, it was reported that the first peak at 369nm 

is related to the π–π* transition of the benzenoid rings while 

the second, at 779nm is related to π-polaron transitions. They 

concluded by reporting that the best fit was observed when the 

amount of Pani.DBSA was determined from the data obtained 

at maximum absorbance at 369nm. 

The list of works carried out by researchers (individual or 

groups) on blending and composites of ionomers and 

conducting polymers in the bid to bridging their draw backs 

are enormous in the last two decades. New and emerging 

horizons are opening up regularly due to technological 

advancement. In this regard therefore, scientists and 

researchers are challenged to meet up with the dynamics of 

these unique materials and their applicability. 

V. CONCLUSION 

It has been shown that blending of ionomers and conducting 

polymers can improve processability, mechanical properties, 

chemical properties, permeability to water and gas, high 

temperature hydration stability, thermal stability, conductivity 

and other characteristic draw backs of each component 

materials which inhibit their individual applications. The 

blends could be mechanically mixed by melt 

processingthereby, increasing the quality and widening their 

area of applicability by deliberate tuning via component 

content adjustment. 
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