
1. Introduction
Since its discovery in the late 1970s, the scientific
interest in understanding physical and chemical
properties of the intrinsically conducting polymers
(ICPs) has been increasing due to their potential in
various technological applications. Among ICPs,
polypyrrole (PPy) is a particularly promising mate-
rial because of its high electrical conductivity, chem-
ical and environmental stability in the oxidized state,
low ionization potential, electrorheological proper-
ties, electrochromic effect and relatively easy of syn-
thesis [1–6]. In fact, PPy can be potentially used in

new advanced technology areas, including elec-
tronic and optoelectronic nanodevices [7], sensors [8–
13], supercapacitors [14, 15], energy storage devices
[1, 7, 16], surface coatings for corrosion protection
[17], electromagnetic shielding applications [18–20],
smart textiles [21, 22] and even in medical applica-
tions [4, 23–26].
However, the poor mechanical performances and the
difficult processability (insolubility and infusibility)
[2, 3, 19, 20, 27, 28] have hampered the use of PPy
for technological applications. Intensive investiga-
tions have been carried out to solve these problems.
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One approach to possibly overcome the above limi-
tations is blending PPy with commercial insulating
polymers to produce conductive polymer blends or
composites [3, 11, 27, 29–33]. Among the methods
mentioned in the scientific literature, melt mixing
offers the advantages of large-scale production and
reduced cost which are the bases for any industrial
application. However, this process has been reported
to be less efficient on the dispersion of PPy or other
ICPs within insulating polymer matrices. In fact, the
production of conducting polymer mixtures with
electrical conductivity less than 10–7 S·cm–1, perco-
lation threshold about 30 to 60 wt% of ICP and
poor mechanical properties has been reported [34–
38]. Therefore, a great challenge is how to produce
a conducting polymer mixture through melt blend-
ing process with higher electrical conductivity at
low percolation threshold of ICP. Some works in
the literature have demonstrated that montmoril-
lonite/polypyrrole (Mt-PPy) nanocomposites are
potential fillers for improving the electrical and
mechanical properties of insulating matrix [27, 36,
38]. According to Boukerma et al. [36], the exfolia-
tion of Mt-PPy promotes a conductive network for-
mation in the insulating matrix with lower PPy con-
centration when compared with that found for neat
PPy. Mrav!áková et al. [38] have reported interest-
ing results concerning the preparation of polypropy-
lene/Mt-PPy composites. On the other hand,
Peighambardoust and Pourabbas reported that per-
colation threshold of Nylon-6/Mt-PPy composites
was 15 wt% of Mt-PPy [27].
In this context, thermoplastic polyurethane (TPU)
is an interesting insulating matrix for developing
flexible conductive Mt-PPy composites with high
electrical conductivity at low percolation threshold.
TPU is among the most versatile engineering ther-
moplastics since it associates the properties of ther-
moplastic polymers with those of vulcanized rubbers
without vulcanizing agents [39, 40]. Moreover, to
the best of our knowledge, there are no studies con-
cerning the preparation of TPU composites with
Mt-PPy through melt blending method.
Based on the above considerations, the main objec-
tive of this study is to investigate TPU/Mt-PPy.DBSA
nanocomposites produced by melt blending and con-
taining various filler contents. In particular, the atten-
tion has been focused on obtaining good electrical
conductivity at low filler concentration. For compar-
ison purpose, three different conductive fillers, such

as polypyrrole doped hydrochloride acid (PPy.Cl)
or dodecylbenzenesulfonic acid (PPy.DBSA) and
montmorillonite-polypyrrole doped hydrochloride
acid (Mt-PPy.Cl) were separately added into TPU
matrix under the same processing conditions. The
morphology, electrical and rheological properties of
nanocomposites were experimentally investigated.

2. Experimental
2.1. Materials
Sodium bentonite, Vulgel CN 45 (Aliança Latina
Indústrias e Comércio Ltda, Uruguaiana, Rio Grande
do Sul, Brazil)) was kindly supplied by Ioto Interna-
tional (Brazil). Pyrrole, 98%, (Aldrich, Germany)
was purified by distillation under reduced pressure
and stored in a refrigerator before use. Iron(III) chlo-
ride hexahydrate, FeCl3·6H2O, analytical grade
(Vetec, Duque de Caxias, Rio de Janeiro, Brazil), and
the surfactant dodecylbenzenesulfonic acid, DBSA,
(Aldrich, Italy) were used as received. Commer-
cially available TPU (Elastollan® 1180 A10 extrusion
grade; Shore A hardness = 80, density = 1.11 g·cm–1)
based on polyether was purchased from BASF
(Mauá, São Paulo, Brazil).

2.1.1. Synthesis of conducting nanocomposites
(Mt/PPy)

The preparation procedure of the conducting nano -
composites Mt-PPy with or without a surfactant
was based on the method described in our previous
report with some modifications [41]. In a typical pro-
cedure, Mt (2.5 g) was dispersed into 250 mL of
water or aqueous solution containing the DBSA and
stirred for 2 h at room temperature. The molar ratio
of the surfactant/Py used in the polymerization was
1:5. The dispersion was sonicated with 35% power
(263 W) for 20 min with a Sonics VCX 750 ultra-
sonic processor (Sonics & Materials, Inc., USA).
FeCl3·6H2O (0.2542 mol) dissolved in 125 mL of dis-
tilled water was added in the aqueous MMT disper-
sion under stirring at room temperature. 50 mL of a
0.26 mol·L–1 aqueous dispersion of Py (0.1105 mol)
were added dropwise in 15 min. The polymeriza-
tion proceeded for 1 h under stirring at room tem-
perature. After 24 h, the conducting fillers, (Mt-
PPy.Cl and Mt-PPy.DBSA) were filtered, washed
with distilled water and dried at 60°C. The PPy with
or without surfactant, denoted as PPy.DBSA and
PPy.Cl, respectively, were also prepared using a
similar procedure.
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2.1.2. Preparation of TPU/Mt-PPy
nanocomposites

Before processing, both TPU pellets and conducting
fillers were dried in a circulating-air oven at 100°C
for 3 h and vacuum oven at 60°C for 12 h, respec-
tively. TPU were melt blended with different amounts
of conducting fillers (5, 10, 15, 20, 25 and 30 wt%)
in an internal mixer (Haake Polylab QC, Thermo Sci-
entific, USA) at 170°C with a rotor speed of 50 rpm
and mixing time of 15 min. The specimens were com-
pression-molded at 170°C for 5 min under 12 MPa
pressure, and air cooled to room temperature.

2.2. Characterization
The elemental analysis was used to determine the
composition of conducting mixtures. Elemental
analysis was performed on a CHN 2400 analyzer
(Perkin-Elmer, USA). The combustion process was
carried out at 925°C using oxygen with a purity
level of 99.995%.
The electrical conductivity of the conducting fillers
and low-resistivity TPU composites were measured
using the four probe standard method with a Keith-
ley 6220 (USA) current source to apply the current
and a Keithley Model 6517A (USA) electrometer to
measure the potential difference. For neat TPU and
high-resistivity composites, the measurements were
performed using the two probe standard method
with a Keithley 6517A (USA) electrometer con-
nected to Keithley 8009 (USA) test fixture. All meas-
urements were performed at room temperature and
repeated at least five times for each sample.
Fracture surfaces of composites were observed by a
field emission scanning electron microscope
(FESEM), JEOL model JSM-6701F (JEOL, USA).
The specimens were fractured in liquid nitrogen
and coated with gold, and then the cross-section was
observed at an accelerating voltage of 10 kV.
Transmission electron microscopy (TEM) observa-
tions were performed by a Phillips CM120 micro-

scope (Phillips, Germany) (located at the Center of
Microstructure University of Lyon) at 80 kV. Spec-
imens consisting of 60 nm-thick ultrathin sections
were obtained by a Leica Ultracut UCT ultramicro-
tome (Leica, Germany) equipped with a diamond
knife and deposited on copper grids.
Fourier transform infrared (FTIR) spectra were
obtained through the attenuated total reflectance
(ATR) method using a spectrometer Bruker Tensor
27 (Bruker, USA) with a resolution of 4 cm–1. The
wavenumbers were in the range of 2000–600 cm–1

for conducting fillers and 4000–600 cm–1 for neat
TPU and TPU composites.
The X-ray diffraction (XRD) patterns of all samples
were obtained on an Philips X’PERT (Philips, Ger-
many) X-ray diffractometer, with CuK" (# =
0.154 nm) radiation source operating at a voltage of
40 kV and 30 mA current. The samples were evalu-
ated in a 2$° range from 2 to 50°, at steps of 0.05°
and a time step of 1 s. Mt, PPy and Mt-PPy samples
were analyzed in powder form, while neat TPU and
relative composites were in the form of compres-
sion molded disks.
The rheological properties of TPU and their physi-
cal mixtures were analyzed using dynamic oscilla-
tory rheometry in the molten state through an Anton
Paar MCR302 rheometer (Anton Paar GmbH, Ger-
many). Dynamic frequency sweep test were con-
ducted at 170°C with angular frequency range from
0.1 to 100 Hz, in an oscillatory shear mode by using
a 25 mm parallel plate with a gap around 1000 µm.

3. Results and discussion
3.1. Characterization of conductive fillers
The composition of samples, electrical conductivity
and PPy content inserted in the Mt are summarized
in Table 1. Mt-PPy.DBSA and Mt-PPy.Cl display
higher PPy content (approximately 90 wt% of PPy)
than those found by our recent study due to the
higher Py amount used in the in situ polymerization
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Table 1. Elemental analysis, PPy content and electrical conductivity of conductive filler (PPy.Cl, PPy.DBSA, Mt/PPy.Cl
and Mt/PPy.DBSA)

Calculated from elemental analysis.

Samples
Compositiont PPy content

[wt%]
Electrical conductivity

[S·cm–1]C H N
Mt 0.08 1.93 0.00 0.00 (4.26±0.34)·10–6

PPy.Cl 55.04 3.52 16.14 100.00 0.15±0.02
PPy.DBSA 66.20 6.35 9.90 100.00 4.39±1.02
Mt /PPy.Cl 44.97 3.01 13.48 83.52 4.26±0.14
Mt/PPy.DBSA 56.75 5.81 8.92 90.10 10.03±0.89



process [41]. As expected, the electrical conductivity
of PPy.DBSA (4.4 S·cm–1) is higher than that found
for PPy.Cl (0.2 S·cm–1) due to the doping effect of
DBSA molecules [41, 42]. In fact, the PPy.Cl sample
was prepared in absence of protonic acid and the
HCl that participates on the doping process was
provided by the FeCl3 used as an oxidant.
This condition should be responsible for the lower
conductivity value found for the PPy.Cl sample.
The electrical conductivity values found for Mt-
PPy.DBSA and Mt-PPy.Cl samples are seven and
six orders of magnitude higher than that of neat Mt,
respectively. Furthermore, Mt-PPy.Cl nanocompos-
ite shows an increment in the electrical conductivity
of one order of magnitude higher than that found
for neat PPy-Cl, probably due to the doping effect
of the Mt [41].

3.2. Characterization of TPU/Mt-PPy.DBSA
nanocomposites

TPU/Mt-PPy.DBSA nanocomposites show a very
sharp insulator-conductor transition and the electri-
cal conductivity increased significantly with increas-
ing the Mt-PPy.DBSA content, as observed in Fig-
ure 1. This behavior can be attributed to the forma-
tion of a continuous conductive Mt-PPy.DBSA net-
work in the insulating polymer. On the other hand,
the electrical conductivity of the systems containing
30 wt% of Mt-PPy.Cl, PPy.Cl and PPy.DBSA show
electrical conductivities of 1.3·10–4, 5.4·10–11 and
4.3·10–10 S·cm–1, respectively, which were much
lower than the value found for TPU/Mt-PPy.DBSA
nanocomposites(1.5·10–2 S·cm–1) at the same con-
ductive filler content.

For electrically percolating systems, the electrical
conductivity ! of a filled material follows a power-
law relationship in the form of Equation (1):

                                                  (1)

where !0 is a constant, f is the content of conducting
filler, fp is its percolation threshold and t is the criti-
cal exponent. The values of parameters fp and t, as
determined through the plot of log! versus log(f – fp),
of TPU/Mt-PPy.DBSA nanocomposites resulted to
be ~10 wt% and 2.2, respectively. A critical expo-
nent in the range from 2 to 4 is in agreement with
the classical theory for tridimensional systems. On
the other hand, TPU/Mt.PPy.Cl nanocomposites
show a percolation threshold of 22.5 wt%. The
lower fp value and higher electrical conductivity of
TPU/Mt-PPy.DBSA nanocomposites with respect
to TPU/Mt.PPy.Cl and TPU/PPy samples probably
reflects the good dispersion of the conductive filler
(Mt-PPy.DBSA) in the polymer matrix. These results
are consistent with the morphological features of
these materials, as it will be discussed later.
FESEM micrographs of cryogenically fractured
samples with 20 wt% of conductive filler are shown
in Figure 2. The microstructure of the TPU/PPy.Cl
and TPU/PPy.DBSA blends  revealed typical phase
separation morphology with the presence of iso-
lated PPy agglomerates in the TPU matrix. This mor-
phology can explain the low electrical conductivity
for these samples. On the other hand, TPU/Mt-
PPy.Cl and TPU/Mt-PPy.DBSA nanocomposites
present disperse agglomerates composed of con-
ducting pathways, in which the disperse phase is
better interconnected than in the case of TPU/PPy.Cl
and TPU/PPy.DBSA blends. Furthermore, TEM
image of TPU/Mt-PPy.DBSA nanocomposite (Fig-
ure 3) reveals a denser network formation of Mt-
PPy.DBSA in the TPU matrix when compared with
that found for Mt-PPy.Cl. The morphological dif-
ference of TPU/Mt-PPy.Cl and TPU/Mt-PPy.DBSA
nanocomposites indicates that DBSA was able to
induce the formation of conductive pathways in the
TPU matrix, and consequently enhancing the elec-
trical conductivity. This morphology can be attrib-
uted to the higher site-specific interaction between
TPU matrix and Mt-PPy.DBSA.
The infrared spectra of neat TPU, TPU/PPy blends
and TPU/Mt-PPy nanocomposites filled with 20 wt%

s 5 s01f 2 fp 2 ts 5 s01f 2 fp 2 t
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Figure 1. Effect of the conducting fillers content on electri-
cal conductivity
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Figure 2. FESEM micrographs of cryogenically fractured samples with 20 wt% conductive for TPU/PPy.Cl (a), TPU/
PPy.DBSA (b), TPU/Mt-PPy.Cl (c) and TPU/Mt-PPy.DBSA nanocomposites (d)

Figure 3. TEM images of TPU/Mt-PPy.C (a) and Mt-PPy.DBSA (b)



of conductive filler are shown in Figure 4. The absorp-
tion bands of neat TPU in the region of 3320 cm–1 and
at around 2900 (2939 and 2852 cm–1) are assigned
to the N–H and CH2 absorption bands, respectively.
The distinct bands that overlap intensively at 1730
and 1703 cm–1 are related to the free carbonyl and
hydrogen-bonding absorption of the neat TPU mol-
ecules, respectively. The absorption band at 1526 cm–1

is attributed to –NH group of urethane while the
bands at 1219 and 1105 cm–1 are assigned to the ether
group [43–50].
The spectra of the TPU/PPy and TPU/Mt-PPy exhib-
ited overlapped absorption bands of PPy and TPU.
The band centered at 3320 cm–1, related to the bonded
–NH, was red-shifted to 3300 cm–1 for nanocom-
posites (Figure 4b) [51]. Furthermore, the band at
3435 cm–1 assigned to the free –NH group practi-
cally disappeared with the addition of the Mt-
PPy.DBSA or Mt-PPy.Cl in the TPU matrix. These
results suggest that the specific interaction between
TPU and Mt-PPy.DBSA or Mt-PPy.Cl groups is
higher than that observed for TPU and PPy.DBSA
or PPy.Cl. An in-depth analysis of the infrared spec-
tra in the range 1800 to 1650 cm–1 for neat TPU and
its physical blends was carried out, as shown in Fig-
ure 5. The spectra with Gaussian deconvolution of
absorption bands centered at 1730 and 1703 cm–1

are assigned to the free and site-specific interac-
tions of the carbonyl group. As shown in Table 2,
the absorption area ratio between free and bonded
carbonyl groups (A1730/A1703) reduces signifi-
cantly with increasing of PPy.DBSA, Mt-PPy.Cl
and Mt-PPy.DBSA content, except for the PPy.Cl.
The observed shifts in the –NH region (1350 to
1300 cm–1) and the reduction of the free carbonyl

absorption bands (A1730/A1703) provide direct sup-
port for the fact that site-specific interaction between
the N–H and C=O functional groups are operative in
blends and/or nanocomposites containing PPy.DBSA,
Mt-PPy.Cl and Mt-PPy.DBSA. These data also
reveal that there are considerable fractions of both
free and bonded carbonyl amine groups even when
TPU is the dominant (80 wt%) component. More-
over, the observed shifts and reduction of free car-
bonyl groups for TPU/Mt-PPy.DBSA are higher than
those found for others blends and/or nanocompos-
ites, suggesting higher interaction of TPU and Mt-
PPy.DBSA. These results are consistent with those
discussed in sections on morphology and electrical
conductivity.
XRD curves of the neat TPU (Figure 6) exhibits a
large and intense diffraction peak centered at 2$ =
19.98° assigned to the reflection plane (110) with d-
value of 0.45 nm. This diffraction pattern can be
attributed to the irregular segments of the amor-
phous phase and, chains arranged on short-range of
the TPU rigid phase, respectively [52, 53]. Accord-
ing to Ramôa et al. [41] the neat Mt used in this study
manifests a crystalline peak at 6.3° (2$) assigned to
the periodicity in the (001) direction of neat Mt and
d-value is 1.4 nm. The Mt diffraction peak and basal
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Figure 4. FTIR spectra of (a) pure TPU and physical mixtures with 20 wt% loading of conductive filler and (b) free and
hydrogen bonded N–H stretching region

Table 2. Ratio of the area under the peak of C=O groups
(free (A1730) and hydrogen bonded C=O (A1703)),
with 20 wt% loading of conductive filler

Sample A(1730/1703)

TPU 0.46
TPU/PPy.Cl 0.48
TPU/Mt-PPy.Cl 0.35
TPU/PPy.DBSA 0.34
TPU/Mt-PPy.DBSA 0.30



distance d(001) for the TPU/Mt-PPy.Cl nanocompos-
ites are shifted to 4.6° (1.9 nm), respectively, indi-
cating an intercalation of Mt-PPy.Cl in the TPU
matrix. However, the peak at 6.3° practically disap-
peared for TPU/Mt-PPy.DBSA nanocomposites.
The storage (G') and loss moduli (G%) as a function
frequency are shown in Figure 7 for neat TPU and its

composites. At the lowest frequencies, neat TPU
presents a liquid-like behavior (G%>G&). Furthermore,
there is a transition from liquid to solid-like behav-
ior (G%<G&) at a frequency of 31.8 Hz, while for
TPU/PPy.Cl and TPU/PPy.DBSA composites con-
taining 5 wt% of PPy.Cl, this transition was observed
at 81.7 and 81.5 Hz, respectively. For both TPU/PPy
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Figure 5. Deconvolution on the FTIR spectra in the free and hydrogen bonded carbonyl peaks (C=O and H–C=O) of pure
TPU (a) and TPU composites with 20 wt% loading of conductive filler PPy.Cl (b), PPy.DBSA (c), Mt-PPy.Cl (d),
Mt-PPy.DBSA (e)



blends, G& and G% values decrease with increasing
the amount of PPy, suggesting a certain degree of
polymer matrix degradation. On the other hand,
TPU/Mt-PPy.Cl and TPU/Mt -PPy.DBSA nano -
composites show a quite different behavior when

compared with those found for TPU/PPy blends.
For both TPU/Mt-PPy nanocomposites, G& and G%
values increase with increasing the Mt-PPy content
in the TPU matrix. The significant increase in the stor-
age modulus indicates that TPU/Mt-PPy nanocom-
posites exhibit a pseudo-solid-like behavior. More-
over, TPU/Mt-PPy nanocomposites with 5 wt% of
Mt-PPy content show a transition from liquid to
solid-like behavior at frequencies higher than 31.8 Hz,
which is the same value observed for the neat TPU,
while the values of G& becomes almost independent
at lower frequency for nanocomposites containing
15 wt% of Mt-PPy. This behavior can be attributed
to the percolative network formation, in which the
conductive filler reduces the mobility of the TPU
chain. The rheological percolative network increases
the number of interfaces between conductive fillers,
and thus an enhancement of the both elastic and vis-
cous components is observed.
The loss tangent (tan') curves as a function of fre-
quency reported in Figure 8 can provide an insight
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Figure 6. XRD patterns of pure TPU and TPU nanocompos-
ites containing 20 wt% loading of conductive
filler

Figure 7. Storage modulus (G&, full points) and loss modulus (G%, empty points) versus frequency (() at a temperature of
170°C for pure TPU and its composites containing 0, 5, 15 and 30 wt% of various conductive fillers: PPy.Cl (a),
PPy.DBSA (b), Mt-PPy.Cl (c), Mt-PPy.DBSA (d)



on the site-specific interactions between the poly-
mer matrix and conducting fillers [54, 55]. Accord-
ing to Han et al. [56], for a composite system with
high-level of conducting phase agglomeration, a
larger and more intense tan' curve with respect of
neat insulating polymer can be observed. TPU/PPy.Cl
and TPU/PPy.DBSA blends have shown this behav-
ior, suggesting PPy agglomeration into TPU matrix.
On the other hand, with increasing conducting filler,
the TPU/Mt-PPy.Cl and TPU/Mt-PPy.DBSA nano -
composites show lower tan' intensities when com-
pared with the neat TPU, while for nanocomposites
containing 15 and 30 wt% of Mt-Py tan' values are
practically frequency independent. In addition, TPU/
Mt-PPy.DBSA composites exhibit lower tan' val-
ues than TPU/Mt-PPy.Cl, indicating better distribu-
tion and dispersion of Mt-PPy.DBSA in the TPU
matrix. According to Pötschke et al. [57], this behav-
ior supports the idea that site-specific interactions at
the interface of insulating polymer matrix and con-
ductive filler could be operative.

Figure 9 shows the storage modulus G& as a function
of loss modulus G% with frequency as a parameter
for neat TPU and relative composites. These curves
have been extensively used to investigate modifica-
tions in the structure of several polymeric systems at
a fixed temperature [57–59]. According to McClory
et al. [60] any change in the curve behavior of the
composite compared with the neat PPy is an indica-
tion of network formation. It is observed that with
increasing PPy.DBSA or PPy.Cl content, the varia-
tion of G& as a function of G% for TPU/PPy.DBSA
and TPU/PPy.Cl blends at lower frequency region
(terminal zone) is different from that found for neat
TPU. This behavior is characteristic of a system with
heterogeneous structure. On the other hand, in the
high frequency region (rubbery plateau) these curves
are overlapped to that found for the neat TPU, which
highlights the occurrence of a homogeneous struc-
ture. As expected, these mixtures should present a
heterogeneous system behavior for all frequency
regions.
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Figure 8. Loss tangent (tan') versus frequency (() at a temperature of 170°C for pure TPU and its composites containing
various percentages and types of conductive fillers: PPy.Cl (a), PPy.DBSA (b), Mt-PPy.Cl (c), Mt-PPy.DBSA (d)



According to Barick and Tripathy [59] the different
behavior observed for TPU/PPy.Cl and TPU/
PPy.DBSA blends at higher and lower frequencies
could be assigned to the difference of the dynamic
relaxing processes for the neat TPU and mixtures.
In addition, according to Han et al. [56] for a partic-
ular polymer system the applied shear stress at low
frequency is not sufficient to disrupt the structure of
the interconnected network due to the strong inter-
actions between insulating polymer chains and con-
ductive filler, resulting in a heterogeneous structure
behavior below a critical shearing force. Above this
critical point, with increasing the frequency, the
shear stress is able to separate the conductive net-
work structure and a homogeneous system behavior
is observed. TPU/Mt-PPy.Cl and TPU/Mt-PPy.DBSA
nanocomposites containing conductive filler load-
ing up to 5 wt% show similar trend to those found
for TPU/PPy.Cl and TPU/PPy.DBSA blends. How-
ever, above 10 wt% of Mt-PPy.DBSA and 15 wt%
of Mt-PPy.Cl content, the curve slope of nanocom-

posites is higher than those observed for neat TPU
for all the investigated frequencies. This result indi-
cates that TPU/Mt-PPy.DBSA and TPU/Mt-PPy.Cl
composites are more heterogeneous when compared
to TPU/PPy.Cl and TPU/PPy.DBSA blends, due to
the presence of a strong three-dimensional conduc-
tive network, which is not disrupted with the shear
force. These changes in the curve slope of Mt-
PPy.DBSA nanocomposites suggest that the inter-
phase interaction of the TPU matrix and Mt-
PPy.DBSA are higher in descendent order of that
found for Mt-PPy.Cl, PPy.DBSA and PPy.Cl fillers
[57, 61].

4. Conclusions
A new electrical conductive nanocomposite based on
thermoplastic polyurethane and montmorillonite/
dodecylbenzenesulfonic acid-doped polypyrrole
(TPU/Mt-PPy.DBSA) with an electrical conductiv-
ity as high as 0.05 S·cm–1 was successfully prepared
through melt mixing process using an internal mix-
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Figure 9. Han plot of storage modulus (G&) versus loss modulus (G%) at a temperature of 170°C for pure TPU and its com-
posites containing various percentages and types of conductive fillers: PPy.Cl (a), PPy.DBSA (b), Mt-PPy.Cl (c),
Mt-PPy.DBSA (d)



ing chamber. The structure and properties of the mix-
tures were strongly dependent on the site-specific
interactions between the conductive filler and TPU
chains. TPU/Mt-PPy.DBSA exhibits higher electrical
conductivity and lower percolation threshold than
TPU/Mt-PPy.Cl, TPU/PPy.Cl and TPU/PPy.DBSA
mixtures. This behavior can be attributed to the
strong interaction of Mt-PPy.DBSA particles and
TPU matrix, which induces a better conductive net-
work formation than those found for Mt-PPy.Cl,
PPy.Cl and PPy.DBSA fillers. Furthermore, this syn-
ergistic effect can also be assigned to the presence
of Mt that acts as a template for the PPy.DBSA,
facilitating the formation of Mt-PPy.DBSA network
in the TPU matrix. The results reported in this study
prove that the morphology and electrical conductiv-
ity are significantly influenced by the composition of
the conductive filler used in the melt mixing process,
especially in the case of Mt-PPy.DBSA. Moreover,
the present work reveals the potential use of Mt-
PPy.DBSA as a new promising conductive filler for
producing highly conductive polymer nanocompos-
ites to be applied in several technological applica-
tions.
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