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Electromagnetic interference shielding composite materials were developed from the conductive blends
of nanostructured polyaniline (PANI) and polyaniline-clay nanocomposite (PANICN) with ethylene vinyl
acetate (EVA) as host matrix. Electrically conducting nanostructured PANI and PANICNs were prepared
using amphiphilic dopants, 3-pentadecyl phenol 4-sulphonic acid (3-PDPSA) derived from cashew nut
shell liquid, a low cost renewable resource based product and dodecyl benzene sulfonic acid (DBSA).
Effects of type and quantity of conductive fillers on the electrical conductivity, mechanical properties,
thermal stability, morphology and electromagnetic shielding efficiency were investigated. The presence
of exfoliated nanoclay and interaction between the conductive filler–host matrix in conductive films con-
taining PANICNs manifested from the measurement on rheological property. Films with conductive filler
(�15% loading) showed a shielding effectiveness of �40–80 dB at 8 GHz which makes these conducting
composites potential candidate for the encapsulation as EMI shielding materials for electronic devices.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Recently electromagnetic interference shielding and electro-
static dissipating materials are receiving enormous attention due
to the rapid proliferation of electronic and telecommunication sys-
tems [1,2]. Depending upon the shielding efficiency (SE) at differ-
ent frequency ranges, these composite materials were used for
the encapsulation of different microelectronic devices, computer
housings, switches, connector gaskets etc [3–6]. The required con-
ductivity levels are approximately 10�3–10�7 S/m for electrostatic
dissipating and greater than 10�2 S/m for electromagnetic shield-
ing applications. High conductivity and high dielectric constant
of the materials contribute to high SE [7,8]. Typical metals such
as copper or aluminum have been used as conductive filler which
have high conductivity and dielectric constant [9]. However, this
has got certain disadvantages such as heavy weight, physical rigid-
ity, easy corrosion, and poor processability in corners and tips.
Electrically conducting polymer composites are a novel class of
materials that combine the mechanical properties of the conven-
tional polymers and electrical properties of conducting polymers,
ease of processability, low density and corrosion mechanism and
unique shielding mechanism of absorption [10]. Among the con-
ducting polymers, polyaniline (PANI) has been studied most exten-
sively since it has got unique doping mechanism, excellent
ll rights reserved.
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physico-chemical properties, good stability and its raw material
can be obtained easily [11,12]. To make conducting polymer-based
shielding products viable, composites have been fabricated by
blending them with compatible and mechanically sound conven-
tional polymers.

For the attainment of high shielding efficiency with good
mechanical strength low filler loading is desirable. According to
the electromagnetic wave percolation theory, if the dimension of
the conductive filler is in a nanometer regime and retains a high as-
pect ratio, with low loading of the filler, easily forms a conductive
network. At a certain threshold value of the filler, the particles or
fibers are sufficiently close-packed to form unbroken conducting
pathway through the composite and the conductivity of the mate-
rial increases sharply [13,14]. This minimum concentration of the
conductive filler for the formation of conductive network is termed
as the percolation threshold concentration.

Several strategies are reported for the preparation of nanostruc-
tured PANIs. One way to improve the bulk properties of PANI is to
confine it in an inorganic layered material. The interest in these
materials is due to their synergistic effect arising from the intimate
mixing between inorganic and organic components at a molecular
level. PANICNs are layered materials in which PANI layers are
confined between the nanoclay layers. The constrained environ-
ment of nanoclay should lead to a high degree of polymer order
within the host and this may have profound effects on physico-
chemical properties and electrical conduction mechanisms. Hence
the extended PANI chain with high conjugation enhances the
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conductivity of the hybrid nanocomposite facilitated by the elec-
tron transfer between different layers. Bentonite clay is one of
the most abundant naturally occurring layered materials having
high aspect ratio and surface area. They are amenable for surface
modification by cation exchange process. Literature showed that
amphiphilic dopants comprising both hydrophobic as well as
hydrophilic group can function as intercalating agent and can max-
imize the affinity between hydrophilic host (clay) and hydrophobic
guest (aniline) and also serve as dopant for PANI [15].

We reported earlier that amphiphilic dopants derivable from
renewable resource based cashew nut shell liquid could act dual
role of intercalating agent cum dopant in the preparation of nano
structured PANICNs [16]. Apart from these dual actions, the long
alkyl chain present in the dopant molecule can induce flexibility
and processability via plasticization effect [17]. Moreover these
amphiphilic dopant anion can direct the size and shape of the
nano/micro structured self-assembled structures by a combination
of noncovalent interactions [18].

The electromagnetic interference (EMI) attenuation offered by a
shield may depend on three mechanisms. The first is usually the
reflection of the wave from the shield. The second is the absorption
of the wave as it passes through the shield. The third is due to the
multiple reflections of the waves at various surfaces or interfaces
within the shield. The multiple reflections, however, requires the
presence of large surface areas (e.g. a porous or foam material) or
interface areas (e.g. a composite material containing fillers that
have large surface area) in the shield. Carbon nanotube based poly-
mer nanocomposites are reported to be excellent shielding materi-
als for electromagnetic interference, especially at high frequency
[19].

In this context, combining the advantages of conductivity and
electromagnetic shielding effect of polyaniline-clay nanocompos-
ites with high mechanical property of EVA is of importance in
the development of EMI shielding materials having excellent
shielding efficiency endowed with superior thermo-mechanical
properties. In the present investigation, we report the studies on
the preparation and properties of conductive blends of nanostruc-
tured PANIs and PANICNs with EVA. Electrically conducting nano-
structured PANIs and PANICNs were prepared using a low cost
renewable resource based amphiphilic dopant 3-PDPSA and com-
pared the SE with commercially available amphiphilic dopant
DBSA. The starting materials, 3-PDPSA and clay are inexpensive
naturally occurring abundantly available material. Onset of perco-
lation threshold concentration revealed from the studies made by
electrical conductivity measurements in combination with polar-
ized light optical microscopy and scanning electron microscopy.
The presence of exfoliated clay and the conductive filler–host ma-
trix interaction in the conductive blend is manifested from rheo-
logical property measurements. Effects of nature and amount of
conductive filler on the electrical conductivity, mechanical prop-
erty, thermal stability and EMI shielding efficiency were evaluated.

2. Experimental

2.1. Materials

Bentonite clay with cation exchange capacity of 80 meq/100 g
and a mean chemical formula of (Na,Ca)0.33(Al1.67Mg0.33)-
Si4O10(OH)2�nH2O (Loba Chemie, Bombay, India). Aniline (99.5%
pure – Ranbaxy chemicals), Ammonium persulphate (APS) (s.d.
fine chemicals limited), DBSA (85% Aldrich chemicals-stored under
nitrogen in a refrigerator). 3-PDPSA was prepared from 3-PDP ob-
tained by the double distillation of cashew nut shell liquid (cashew
export promotion council, India). EVA, Levaprene 450, 45% vinyl
acetate content, Mw 105,000 dalton and Mw/Mn 2.1: was supplied
by Bayer Germany and is used as a base polymer.
2.2. Preparation of electrically conducting nanostructured PANI–
PDPSA, PANICN–PDPSA, PANI–DBSA and PANICN–DBSAs

Nanostructured doped polyaniline-clay nanocomposites (PAN-
ICNs) were prepared by the in situ intercalative emulsion polymer-
ization method as per the reported procedure [16]. Bentonite
(2.5 g) was placed in a three-necked flask fitted with a mechanical
stirrer and reflux condenser and then dispersed in 200 ml of deion-
ised water by heating and stirring at 80 �C for 3 h. An aqueous solu-
tion of aniline 2.5 gm (0.029 mol) containing PDPSA or DBSA
(0.029 mol) was then added drop wise to the clay dispersion. Heat-
ing and stirring continued for 2–6 h. The mix was cooled down to
0 �C by keeping in an ice bath and a solution of (0.03 mol) of APS
dissolved in 50 ml water was added drop wise to initiate the poly-
merization. Reaction continued for 3–4 h. The final PANICNs were
precipitated from methanol and isolated by filtration, washed with
deionised water. Then washed several times with methanol and
dried at 60 �C in a vacuum oven for three days. Experiments were
performed with different ratio of aniline and R-sulphonic acids.
The PANICNs prepared using DBSA and PDPSA were designated
as PANICN–DBSA and PANICN–PDPSA, respectively. Neat PANI–
DBSA and PANI–PDPSA were also prepared without clay for
comparison.

2.3. Fabrication of electromagnetic shielding materials

Electromagnetic interference shielding materials based on the
conductive blends of PANI–DBSA–EVA, PANI–PDPSA–EVA, PAN-
ICN–DBSA–EVA and PANICN–PDPSA–EVA were prepared via solu-
tion blending. Stock solutions of PANIs and PANICNs (10% wt/vol)
and EVA (10% wt/vol) in toluene were prepared separately. The
EVA solution was added to the conducting filler solution at differ-
ent proportions. The mixed solutions were submitted to mechani-
cal stirring for 2 h. Then solvent was removed by evaporation by
keeping it in a hood at room temperature. After evaporation of
the solvent, the blends were cut into small pieces. The mixes were
moulded on an electrically heated film making press at 90 �C for
5 min. The compression moulded samples (thickness – 10 mm, pla-
nar area – 5.2 � 10�4 m2) were allowed to cool at room tempera-
ture and kept for maturation (24 h) before measurement.

2.4. Characterization techniques

2.4.1. Electrical conductivity
Electrical conductivity (rdc) of films at 30 �C was measured

using the standard spring loaded pressure contact four-probe
method supplied by Scientific Equipment, Roorkee (India). As per
the standard procedure ASTM F 43-99. The conductivity (r0) was
calculated using Van der Pauw relation r0 = (ln2/pd) (I/V). Where
d is the thickness of the film, I is the current and V is the voltage.
A constant current was passed with a direct current (DC) voltage
source through two outer electrodes and an output voltage was
measured across the inner electrodes with the voltmeter. The small
uniform size known dimension sample was placed in a tempera-
ture controlled chamber before the measurement.

2.4.2. UV–visible and FT-IR spectra
UV–vis absorption spectra of the PANIs and PANICNs were stud-

ied by using UV–vis spectrophotometer [Shimadzu model 2100] in
the range of 300–1100 nm. FT-IR measurements of PANIs and PAN-
ICNs were made with a fully computerized Nicolet impact 400D
FT-IR spectrophotometer.

2.4.3. X-ray diffraction
X-ray diffraction studies were measured using powder X-ray

diffractometer (Philips X’pert Pro) with Cu Ka radiation
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(k � 0.154 nm) employing X’celarator detector and monochroma-
tor at the diffraction beam side. Powder samples were used
employing standard sample holder.

2.4.4. Morphology
Morphology changes before and after the onset of percolation

network was observed under polarized light microscope (PLM)
(Olympus BX51 equipped with camera). Complimentary studies
made using scanning electron microscope (SEM, JEOL make, model
JSM 5600 LV) at 15 kV accelerating voltage.

2.4.5. Thermal stability
Thermal stability measurements were performed at a heating

rate of 20 �C in nitrogen atmosphere using Schimadzu, DTG-60 dif-
ferential thermo gravimetry equipment.

2.4.6. Rheological property
Rheological properties of the conductive blends were measured

using Modulated Compact Rheometre-150 Physica (Germany). In
all the rheological tests the parallel plate sensor with a diameter
of 50 mm and a gap size of 0.25 mm were used. Rheological mea-
surements were done in dynamic oscillatory mode at 100 �C (fre-
quency range 0.001–1000 rad/s).

2.4.7. Electromagnetic interference shielding efficiency
Electromagnetic interference shielding effectiveness measure-

ments were carried out with Schwartz EMI receiver with anechoic
chamber using wave power receiving set up consisting of pyrami-
dal horned antenna. The shielding effectiveness was measured by
noting the power with and without the samples by placing them
near to the surface of the antenna. The SE was measured using
an X-band wave guide as a sample holder. Samples having a thick-
ness of 2 mm were used during measurement. The EMI shielding
measurement was carried out for each sample by continuously
sweeping the frequency between 2 and 8 GHz.

2.4.8. Mechanical property
The mechanical properties were examined with an Instron uni-

versal testing machine HTE-5KN Load cell is used and calibration
done as per the ASTM procedure D-638 at a cross head speed of
2 mm/min and at room temperature.

3. Results and discussion

3.1. Preparation of conducting fillers and its EVA blends

Electrically conducting nanostructured PANI–DBSA, PANICN–
DBSA, PANI–PDPSA and PANICN–PDPSA were prepared by
oxidative emulsion polymerization of anilinium salt of amphiphilic
dopants DBSA and PDPSA as reported earlier [16] and the struc-
tures of doped polyaniline and the polyaniline-clay nanocomposite
is given in Fig. 4. The electronic and chemical structure of the
PANIs and PANICNs were characterized by UV–vis and FT-IR
spectroscopy. UV–visible absorption spectra of the PANI–DBSA,
PANI–PDPSA exhibited broad absorption band �700–800 nm due
to the presence of polaron band (‘‘polarons” are radical cations
which are the ‘‘charge carriers”) [20] while the UV–vis spectra of
PANICN–PDPSA and PANICN–DBSA showed a red shift in the polar-
on band and observed as a ‘‘free carrier tail” due to the delocaliza-
tion of polaron band with the delocalized electrons confirming the
extended conformation of protonated PANI chains in the confined
clay environment. FTIR spectra of PANICN–DBSA, PANICN–PDPSA,
PANI–DBSA and PANI–PDPSA exhibited characteristic major vibra-
tions at 1116 cm�1 [para-substituted aromatic d (CAH) in plane
bending], 1295 cm�1 [m(CAN), 1487 cm�1 [benzenoid ring
m(C@C),stretching] and 1560 cm�1 [quinoid ring m(C@C)]. X-ray dif-
fraction studies of PANICN–DBSA and PANICN–PDPSA suggested
that during intercalative polymerization, monolayered PANI-dop-
ant chains get confined in the inter clay platelets and the distance
between stacked silicate platelets increases in various ways depend-
ing on the amount and conformation of the confined protonated
PANI chains. Bentonite showed d001 basal spacing at 2h = 6.7� corre-
sponding to an interlayer distance of 12.1 Å. In PANICN–DBSA and
PANICN–PDPSA, the d001-plane of clay is completely shifted to
lower angle (intercalation) or vanished (exfoliation) revealing the
formation of intercalated/exfoliated PANICNs. In both PANICNs, a
sharp reflection observed at the lower angle revealing the formation
of nano structured self-assembled protonated PANIs in the nano-
composites [16,17]. Conductive blends were prepared by solution
blending with EVA and transparent emeraldine green colored films
were prepared by melt casting at 90 �C and the following properties
of the films were evaluated.

3.2. Electrical conductivity and percolation threshold concentration

Electrical conductivity is the most sensitive method to monitor
the continuity of the conductive filler phase within the host matrix.
Electrical property of the PANIs, PANICNS and its EVA blends were
measured using a four-probe conductivity meter and the results
are shown in Table 1. Conductivity measurements showed that
conductivity depends upon the nature and amount of the conduc-
tive filler present. Conductivity (r d.c) of PANICN–PDPSA, PANI–
PDPSA, PANICN–DBSA and PANI–DBSA measured as 18, 35, 100
and 200 S/m, respectively. Conductivity of PANICNs is observed
to be in the same range of PANIs since in PANICNs, the PANI layers
are in an expanded conformation inside the clay layers and the
PANI chains acts as a bridge, facilitating electron transport. EVA
is an insulative polymer having conductivity in the range of
10�11 S/m. A remarkable change in electrical conductivity was ob-
served on addition of small amount of conductive filler. With 5 wt%
fraction of PANI–PDPSA, PANICN–PDPSA, PANI–DBSA and PANICN–
DBSA, conductivity increased to 2.03 � 10�3, 8.03 � 10�3, 2.0 �
10�3 and 8.72 � 10�3 S/m, respectively. As the amount of conduc-
tive filler loading increased, conductivity also increased. It is
known that the conductive filler needed for percolation is strongly
depend on the ability to form interconnected network. Morpholog-
ical/textural change during the filler loading was observed under
PLM. At low level concentration of filler (2.5% loading) random dis-
persion of conductive particles with birefringence was observed on
the transparent EVA matrix. The PLM photographs of films contain-
ing PANI–PDPSA (2.5%), PANICN–PDPSA (2.5%), PANI–DBSA (2.5%),
and PANICN–DBSA (2.5%) are shown in Fig. 1a–d. On increasing
concentration of the conductive filler, the conductive filler forms
networks(percolation network), was observed in the matrix poly-
mer and which is supported by the sudden increase in conductivity
as observed of the order of 1 � 10�1 S/m (�12.5–15% filler). The
PLM pictures of conductive blends containing conductive fillers
PANI–PDPSA (15%), PANICN–PDPSA (15%), PANI–DBSA (15%), and
PANICN–DBSA (15%) are shown in Fig. 1e–h. In the conductive
blends, the conductive filler aggregates break into small particles
and favors the formation of continuous paths with a small amount
of the conductive filler. The particular concentration at which there
is sharp increase in conductivity can be termed as percolation
threshold concentration [21]. This can be taken as the point where
the material changes from insulating phase to conducting phase.
Conductivity in the threshold concentration observed for PANI–
PDPSA (15.3%), PANICN–PDPSA (15%), PANI–DBSA (15.5%) and
PANICN–DBSA (15.2%) are 5.85 � 10�1, 6.25 � 10�1, 4.63 � 10�1

and 8.43 � 10�2 S/m, respectively. Similar observations were made
by Shuying et al. [22] and Lozano et al. [23].

The SEM photographs of the fractured films containing 15 wt%
PANICN–DBSA and PANICN–PDPSA in EVA are shown in Fig. 2a



Fig. 1. PLM pictures of the conductive blends containing: (a) PANI–PDPSA(2.5%), (b) PANICN–PDPSA(2.5%), (c) PANI–DBSA(2.5%), (d) PANICN–DBSA (2.5%), (e) PANI–
PDPSA(15%), (f) PANICN–PDPSA (15%), (g) PANI– DBSA (15%), and (h) PANICN–DBSA (15%).
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Fig. 3. Storage modulus and loss modulus vs. angular frequency.
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and b. Bright portion indicated the presence of conductive filler
and black portion is due to the matrix polymer. Interconnected
network formation could be observed in both PANICN–PDPSA
and PANICN–DBSA containing conductive blends and it was ob-
served that the conductive phase is fluidized and there is connec-
tivity between the conductive chains and the inter connectivity
(Percolation) is observed between the conducting phases. The dif-
ference in the nature of the conductive path may be arising from
the nature, size and shape of the conducting particles. In our earlier
work, we reported that PANI–DBSA and PANICN–DBSA exhibited
ribbon like particles where as PANI–PDPSA and PANICN–PDPSA ob-
served as nano/micro rods [16].

3.3. Rheological properties

The presence of exfoliated nanoclay and the interaction be-
tween the conductive filler–host matrix is manifested from the
rheological property measurements. The dynamic oscillatory test-
ing were conducted under angular frequency sweep. Loss modulus
(G00) and storage modulus (G0) was measured as a function of fre-
quency at 100 �C under angular frequency sweep of 0.001–
1000 rad/s at 5% strain and is shown in Fig. 3. The G0 is related to
the ability of the material to store energy when an oscillatory force
is applied to the specimen and the G00 is related to the ability to lose
the energy. These properties were measured to examine the degree
of filler–host matrix interaction in the conductive film. For EVA,
PANI–PDPSA and PANICN–PDPSA, G0 values measured at an angu-
Fig. 2. SEM pictures of (a) PANICN–DBSA/EVA (15 wt%
lar frequency of 10 rad/s are 129, 146 and 171 GPa and G00 values
are 69,102 and 132 Gpa, respectively.

Solid like behavior (G0 > G00) could be observed from the dy-
namic oscillatory responses. It may be observed from the Fig. 3 that
the values of the frequency at the intersection of G00 and G0 vs.
angular frequency curve, the films containing PANICN-EVA (15%)
showed value of 1.087 rad/s which is obviously lower than that
) and (b) PANICN–PDPSA–EVA (15 wt%) loading.



Fig. 4. Scheme for the structure of the conductive filler and EMI shielding mechanism.

Table 1
Electrical conductivity, mechanical property and electro-magnetic shielding efficiency of PANIs, PANICNs and its blends.

Sample
codes

wt% Of conductive filler
in the blend

Conductivity (S/m) U.T.S. (MPa) Tensile extension
at break (mm)

Electromagnetic shielding
efficiency (dB)

EVA 100 1.80 � 10�11 12.55 363 –
PANI–DBSA 100 2.00 � 102 – – –
PANI–DBSA 5 2.00 � 10�3 11.04 314.10 55
PANI–DBSA 10 5.72 � 10�2 10.59 293.60 62
PANI–DBSA 15 4.63 � 10�1 9.42 301.40 66.4
PANI–DBSA 20 4.93 � 10�1 8.64 247.40 72.5
PANICN–DBSA 100 1.00 � 102 – – –
PANICN–DBSA 5 1.63 � 10�3 24.13 274.1 64.1
PANICN–DBSA 10 8.72 � 10�3 21.66 263.60 72.2
PANICN–DBSA 15 8.43 � 10�2 20.66 241.60 76. 2
PANICN–DBSA 20 8.55 � 10�2 19.55 238.40 85
PANI–PDPSA 100 3.50 � 102 – – –
PANI–PDPSA 5 2.03 � 10�3 9.13 329.05 54
PANI–PDPSA 10 6.72 � 10�3 8.66 313.60 70
PANI–PDPSA 15 5.85 � 10�1 7.98 290 72
PANI–PDPSA 20 6.02 � 10�1 7.56 212.10 75.7
PANICN–PDPSA 100 1.80 � 101 – – –
PANICN–PDPSA 2.5 8.56 � 10�3 22.30 280.40 46.9
PANICN–PDPSA 5 8.03 � 10�3 19.66 251.40 55.1
PANICN–PDPSA 10 2.72 � 10�2 18.50 247.30 67.1
PANICN–PDPSA 15 6.25 � 10�1 17.50 230.40 75.7
PANICN–PDPSA 20 6.33 � 10�1 17.20 225.20 80
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of the frequency observed for neat EVA (5.133 rad/s) and PANI–
EVA (3.201 rad/s). This may be due to the dramatic exfoliation of
clay into nanometer-scale and also due to the interaction among
the nano clay layers and the primary particles contribute to shear
thinning as reported by Acierno and co-workers [24,25].

3.4. Electromagnetic shielding efficiency

EMI SE of the conductive films was measured as per the stan-
dard procedure [26]. EMI SE can be taken as the ratio of the field
strength before and after attenuation. Effect of nature and amount
of conductive filler on the EMI SE were studied and are depicted in
Table 1. It was observed that as the amount of filler loading in-
creased, SE also increased. The SE of conductive films containing
conductive fillers measured values: PANI–PDPSA 54 dB (5%),
70 dB (10%), 72 dB (15%). PANI–DBSA 55 dB (5%), 62 dB (10%),
66.4 dB (15%), respectively. Generally, the EMI SE measurement
showed similar trends for all the conductive fillers. At the same
time conductive films containing clays exhibited higher SE when
compared with the blends prepared with doped PANI alone. SE
measurement of films containing conductive fillers PANICN–PDPSA
exhibited SE of 55.1 (5%) dB, 67.9 dB (10%), 75.7 dB (15%) and PAN-
ICN–DBSA showed values of 64.2 dB (5%), 72.2 dB (10%,) 76.2 dB
(15%), respectively. This higher shielding efficiency observed for
conductive films containing clay nanocomposites is attributed
from the higher extent of attenuation favoured by the multiple
reflection mechanism induced by the nanoclays having high inter-
facial areas as shown in Fig. 4. Thus conductive films containing
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PANICNs can attenuate electromagnetic radiation by two mecha-
nisms of absorption and multiple reflections. Absorption loss is
caused by the heat loss under the action between magnetic and
electric dipole present in the shielding material and the electro-
magnetic field. The multiple reflection loss is occurring as a result
of the presence of porous/multiple layers present in the shielding
material which contribute large surface/interface area for multiple
reflections. The higher the SE value, the lesser the energy that
passes through the sample. The results revealed that the conduc-
tive blends under investigation can be considered as a prospective
candidate for the encapsulation of micro electronic devices [27] as
a shielding material.

3.5. Mechanical properties

Mechanical properties of the conductive films were measured
with uniform size strips of conductive film as per the ASTM stan-
dard procedure. Effect of nature and amount of conductive filler
on the ultimate tensile strength and elongation were measured
and are shown in Table 1. EVA showed ultimate tensile strength
of 12.55 MPa and tensile extension at break of 363 mm. Generally,
the ultimate tensile strength and elongation at break decreased by
the addition of conductive fillers indicating that the conductive
components are slightly incompatible with the EVA matrix despite
the nature of the counter ion used for the protonation. But the ulti-
mate tensile strength of conductive films containing PANICN–
PDPSA and PANICN–DBSA increased considerably. Ultimate tensile
strength measurement of conductive films containing PANICN–
DBSA (15%) and PANICN–PDPSA (15%) showed values of 20.66
and 17.5 MPa, respectively. The higher value observed for nano-
composites is due to the presence of exfoliated nano clay having
high aspect ratio.

3.6. Thermal stability

Thermal stability of EVA, PANI–PDPSA–EVA, PANI–DBSA–EVA,
PANICN–PDPSA–EVA, and PANICN–DBSA–EVA was carried out at
a heating rate of 20 �C/min in nitrogen atmosphere using Shima-
dzu DTG equipment and measured under air atmosphere. Ther-
mograms of conductive films containing 15% conductive fillers of
PANICN–PDPSA, PANICN–DBSA, PANI–PDPSA, PANI–DBSA and
EVA are shown in Fig. 5a–e. The degradation temperatures of
the conductive materials were measured from the intersection
of the tangent of the initial part of the inflection of the curve.
All samples showed a small weight loss below 100 �C presumably
caused by the loss of solvent and low molecular weight volatile
impurities. Thermograms of conductive films containing PAN-
ICN–DBSA and PANICN–PDPSA exhibited two degradation stages.
The first stage occurs between 250 and 300 �C, corresponding to
a weight loss of 25%, which is associated to the decomposition
of DBSA and PDPSA. The second degradation process occurs be-
tween 400 and 600 �C, with 65% weight loss, assigned to decom-
position of the organic substances present in the organoclay and
polymer degradation [24]. Also, it was observed that during the
second stage of decomposition the weight loss was lower in com-
parison to PANI–DBSA and PANI–PDPSA complex. The nanoclay
particles with high aspect ratio may hinder the degradation pro-
cess providing a barrier to preclude evaporation of small mole-
cules generated during the thermal decomposition process.
According to Zanetti et al. [28], the barrier effect of the clay in-
creases during volatilization because of the reassembly of the sil-
icate layers on the polymer surface during the thermal
decomposition. In this study, it was also observed that the con-
ductive films containing PANICN–DBSA and PANICN–PDPSA pres-
ent a residual char at 750 �C corresponding to a residue of clay
present in the system. However, the onsets of second stage
decomposition temperatures conductive films containing PANICNs
are higher than those containing pure PANIs–DBSA and are shifted
towards a higher temperature range as the amount of nanocom-
posite increases. These behaviors are assigned to the barrier effect
of the clay particles and, thus, hinder the degradation process, as
discussed earlier [29]. Studies showed that thermal stability in-
creased in the order PANICN–DBSA–EVA > PANICN–PDPSA–
EVA > PANI–DBSA–EVA > PANI–PDPSA–EVA.

4. Conclusion

We have successfully developed electromagnetic shielding mate-
rial from the conductive blends of EVA and nanostructured polyan-
iline and polyaniline-clay nanocomposite which were prepared
from a low cost renewable resource based amphiphilic dopant. Effect
of nature and amount of conductive filler loading on the percolation
threshold concentration, rheological property, mechanical property,
electromagnetic shielding efficiency and thermal property were
evaluated. From the studies, we can conclude:

1. Nanostructured conductive fillers could be prepared using mul-
tifunctional amphiphilic dopant derived from the low cost
renewable resource based product which could induce flexibil-
ity and processability for the material apart from acting as
intercalating agent cum dopant.

2. The conductive films prepared using 3-PDPSA based conductive
filler showed low percolation threshold concentration and bet-
ter conductivity when compared with the commercial dopant
DBSA.

3. The superior rheological properties exhibited by conductive
blends containing clay nanocomposites compared with pure
PANIs can be explained due to the presence of the nanometer-
scale clay primary particles and the strong interfacial interactions
between the doped PANI and clay platelets present on the former.

Thus, the technology developed from this low cost natural clay
and renewable resource based amphiphilic dopant is a prospect-
able candidate for the fabrication of electromagnetic shielding
material for the encapsulation of electronic devices.
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