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The blending of polyaniline (PANI) with insulating polymers is an active area of research which has been driven
by the possibility to combine the good mechanical properties and processability of the polymer matrix with low
electrical resistance. This review will focus on thermosetting polymer matrix composites or blends. A good dis-
persion of PANI in the thermoset matrix is essential for the enhanced mechanical and electrical properties of
the material. Much effort has been exerted in attempts to improve the compatibility of PANI with thermoset ma-
trices. Attention will be given to describe some of the processing parameters that affect the morphology of PANI
thermoset blends and composites. In recent years, there has been renewed interest in PANI thermoset compos-
iteswith the emergence ofmultifunctional ternary composites. The different approaches for the design of ternary
composites will be reviewed. Additionally, promising applications of PANI thermoset composites in different
fieldswill be described such as electromagnetic shielding andmicrowave absorption, static electricity dissipation,
flame-retardant materials, conductive adhesives, coatings for anticorrosion protection, sensor materials and
electro-stimulated drug delivery systems.
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1. Introduction

Among the intrinsically conducting polymers, polyaniline is one of
the most widely studied because it combines ease of synthesis, low
cost, stability, conductivity and a unique protonic doping process. Two
major limitations of polyaniline are difficulties regarding its processing
since the polymer is insoluble in its doped form in common organic sol-
vents and its mechanical properties are poor.

The interest for composites or blends of PANI with common poly-
mers started from the early 1990′s with the discovery of solution pro-
cessability of polyaniline. The continuously growing interest in the
study of PANI polymer blends and composites over the years is driven
by the need to replace traditional inorganic conductive fillers (metallic
particles, carbon black) and to improve the mechanical properties and
processability of PANI. The preparation method and properties of PANI
blends and composites with organic polymers have been the subject
of an excellent review by Pud et al. in 2003 [1], with a focus on polymer
thermoplastic matrices materials. To the best of our knowledge, there is
still no review on PANI blends and composites with thermoset polymer
matrices. A thermosetting resin is a prepolymer in a soft solid or viscous
state that changes irreversibly into an infusible, insoluble polymer net-
work by curing. Curing is generally induced by the action of heat or a
suitable radiation (UV, electron beam, etc.). Reactive combinations
that cure at room temperature can be used in two-package thermoset
systems, in which one package contains a resin with one of the reactive
groups and the second package contains the component with the other
reactive group or a catalyst for the reaction. The packages are mixed
shortly before use. For thermoset coatings, several approaches have
been developed to permit cure at room temperature. For example, by
using a cross-linking reaction that requires an atmospheric component
as a catalyst or reactant (such as oxygen or water vapor) or by using a
volatile inhibitor that works when the coating is stored in a closed con-
tainer but volatilizes after application as a thin film, permitting the cure
to proceed. For the preparation of PANI thermoset, polyaniline (or ani-
line, when in situ polymerization method is used), is always added in
the prepolymer stage, i.e. before curing. In other words, curing of the
thermoset polymer matrix, is always the last step in the preparation of
PANI thermoset composites. There are basically two approaches for
the synthesis of PANI thermoset blends (1) blending methods which
correspond to themixing of a previously prepared PANIwith thematrix
polymer and (2) in-situ polymerization methods which correspond to
the chemical in situ polymerization of aniline in the matrix polymer.
Homogeneous dispersion of PANI in the polymer matrix is a prerequi-
site for obtaining a material with high conductivity and low percolation
threshold. Using one of the twomethods above, many efforts have been
made to increase the compatibility of PANI with thermoset matrices.

Recently, the design of PANI thermoset ternary composites has attracted
much attention. The introduction of an organic component or inorganic
filler into the thermoset matrix together with PANI can provide matrix
with specific properties (magnetic [2,3], thermal sensitivity [4], etc.),
decrease the percolation threshold by serving as a bio [5,6] - or hard
[7] template or enhance mechanical [8,9], thermal [10] or barrier [11]
properties. This review covers the design principles being applied to
synthesize binary and ternary PANI thermoset composites. In addition,
some of the emerging applications of these materials will be outlined.
Chemically crosslinked hydrogels are covalently connected network
which swell but do not dissolve in water. Smart conductive hydrogels
have received increasing attention in recent years [12–14] but they
will not be discussed further as the fundamentals and recent advances
in electroconductive hydrogels design and applications have been al-
ready reviewed [15–17].

2. Preparation methods of binary blends and composites

2.1. Basic aspects of the physical blending method

PANI decomposes before melting and it is insoluble in common sol-
vents. PANI is thus generally considered an intractable material. Differ-
ent synthetic strategies are used to assist dispersion of the conductive
polymer in the matrix polymer.

Themost typical and simplemethod to prepare PANI thermoset is to
blend PANI with polymer matrix in solutions. One way to improve the
dispersion of PANI into polymer matrix is to include substituents (N-
or ring substituents) on the polymer backbone of PANI that make it
more soluble and/or sterically hinder interchain interactions. However,
the chain torsion generally causes significant decreases in conductivity
(b10−5 S/cm for the N-alkylated PANIs [18]) and the ring-substituted
PANIs have poor stability towards hydrolysis [19]. This is certainly
why only a few papers have been published reporting the preparation
of ring-substituted PANI thermoset composites. Copoly(o-toluidine/o-
ethylaniline)-p-toluenesulfonate (POTOEPTS) were incorporated into
a photocurable system consisting of poly(urethane-acrylate) resin
[20]. The different components were dispersed in DMF. The authors
noted that POTOEPTS dissolves in DMF while PANI-TSA does not dis-
solve to an appreciable degree. The absence of a percolation region for
PU loaded with POTOEPTS was explained by the molecular dispersion
of PANI into the PU matrix. The literature also reports the formation of
poly(ortho-toluidine)/nano-ZnO/epoxy coating but the conductivity
values of the composites are not given [11]. Alkoxy derivative of
polyaniline, poly(ortho-anisidine), POA have also been recently used
for the preparation of PANI thermoset coatings [21]. TA–DBSA doped
POA nanofibers with high conductivity (~2.1 S/cm) were synthesized
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