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ABSTRACT: Styroflex/polyaniline (STF/PAni) blends
were prepared by two routes namely by in situ and thermo
mechanical processing method with various PAni composi-
tions, namely, 0, 15, 30, and 45 wt %. The influence of vol-
ume fraction of PAni in the blends and synthetic routes of
the STF/PAni blends on the volume resistivity and micro-
crystalline parameters have been investigated. The micro-
crystalline parameters such as the nanocrystal size (<N>),
lattice disorder (g), interplanar distance (dhkl), width of the
crystallite size distribution, surface weighted crystal size

(Ds), and crystallite area were evaluated from the wide
angle X-ray scattering profiles. The different asymmetric
column length distribution functions namely, exponential,
reinhold, and lognormal distribution methods were
employed to probe the microcrystalline behavior of the
STF/PAni blends and the results are compared. VC 2011
Wiley Periodicals, Inc. J Appl Polym Sci 124: 5097–5105, 2012
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INTRODUCTION

Intrinsically conducting polymers (ICPs) are promis-
ing materials for broad spectrum of applications.
Recently, polymers containing conjugated p-electron
systems like polyaniline (PAni), polypyrrole, and
polythiophene have been well studied. Among the
conducting polymers, PAni has a special interest,
within the field of conducting polymers for many
reasons such as low monomer cost, simple polymer-
ization methods, a high yield of polymerization
product, its high stability toward environmental ex-
position, redox properties, and special electronic
properties, and a wide range of applications. Its
wide range of associated electrical, electrochemical,
microelectronics, and optical properties1,2 coupled
with good stability, turns PAni into an attractive
material for applications such as static films for
transparent packaging of electronic components,
electromagnetic shielding, rechargeable batteries,
light emitting diodes, nonlinear optical devices, sen-

sors for medicine, pharmaceutics, and membranes
for the separation of gas mixtures. Further, PAni
cannot be processed using simple routine techni-
ques, which are employed in the plastic industry. It
is to be noted here that pure PAni has poor mechan-
ical properties.3

Techniques based on the dispersion of conducting
polymer particles in a matrix comprised of common
insulation polymers have been receiving increasing
attention and are very attractive due to the possibil-
ity of combining the good processability and me-
chanical performance of the conventional polymer
with the electrical and optical properties of PAni.
This is due to the fact that there is an increasing
demand for polymeric materials whose electrical
conductivity can be tailored for a given application
and has attractive mechanical properties of the
components. The purpose of preparing blends
using a conducting polymer along with a high per-
formance commercial polymer is to create a product
which widens the applications of conducting
polymers.4

PAni blends can be prepared by blending PAni
with other polymers in solution or in the melt state.
Alternatively, aniline can be polymerized chemically
or electrochemically in a solution of a matrix
polymer. Polymers that have been used to prepare
conductive PAni blends include epoxy resin,4–6

polyethylene,7 poly(vinyl alcohol),8,9 chitosan,10
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thermoplastic polyurethane,11 nylon 6,12 cellulose
triacetate,13 styrene butadiene styrene triblock
polymer,14 ethylene vinyl acetate,15 and
polyacrylonitrile.16

Many researchers have characterized PAni compo-
sites/blends using wide-angle X-ray scattering
(WAXS) and other analytical techniques.13–19 For the
commercial exploitation of conducting polymer
blends, insight into their structure-property relation-
ship is very important.

Styroflex (STF), is a special type of styrene-butadi-
ene block copolymer, which has around 70 wt % sty-
rene and possesses mechanical properties very much
similar to thermoplastic-elastomer materials (high
elongation and elastic properties). The selection of
the STF has been made based on its exceptional
qualities such as good flexibility, abrasion resistance,
smooth surface, easy processability, and its compati-
bility with different kinds of additives.

This study constitutes an attempt to interpret the
observed electrical properties of STF/PAni blends
with microstructural parameters, which were eval-
uated from X-ray profiles by using three different
models such as exponential, lognormal, and reinhold
asymmetric column length distribution functions. In
this research work, STF/PAni blends were prepared
by two routes namely in situ polymerization and
thermo mechanical processing methods. The effects
of PAni content and synthetic routes of blending on
microcrystalline behavior of the STF/PAni.DBSA
have been investigated. The main interest here is
producing a soft and reusable material for applica-
tions as pressure sensitive, antistatic, or as dielectric
materials.

EXPERIMENTAL

Materials

Aniline, ammonium persulfate (APS) and other sol-
vents were obtained from M/s. Vetec LTDA, Brasil.
Dodecylbenzenesulfonic acid (DBSA) was purchased
from Solquim LTDA, Brasil. STF (2G66) containing
around 70 wt % of styrene and Mw ¼ 120,000 g/mol
was kindly supplied by M/s. BASF, Brasil.

Synthesis of PAni.DBSA

PAni doped with DBSA (PAni.DBSA) was synthe-
sized through emulsion polymerization in toluene.
In a typical procedure, 4.7 mL (0.051 mol) of aniline
and 16.7 g (0.051 mol) of DBSA were dissolved in
250 mL of toluene with constant stirring. The reac-
tion mixture was kept at 0�C and an aqueous solu-
tion containing 11.36 g (0.051 mol) of APS in 40 mL
of water was slowly added over a period of 20 min.
After 6 h, the reaction mixture was poured into non-

solvent (methanol), filtered, washed several times
with methanol, and dried in vacuum for 48 h. PAn-
i.DBSA prepared by this procedure exhibited a sur-
face conductivity of 2.1 S/cm.

Blend preparation

Melt mixing method

Different amounts of STF copolymer was introduced
into a Haake Rheocord 9000 internal mixer operating
with a CAM rotor at 120�C and 60 rpm. After 2 min,
PAni.DBSA powder was added and mixing was
continued for 8 min. The blends were then quickly
sheeted in a two-roll mill.

In situ polymerization method

STF dissolved in toluene, in a fixed concentration of
10 wt %, to avoid high viscous medium. Keeping
the same STF concentration in toluene and the same
DBSA : aniline : APS molar ratios of 1 : 1 : 1, differ-
ent STF/PAni weight ratios were obtained with
different amounts of PAni.DBSA. The reaction was
carried out at 0�C. After the polymerization, the
emulsion of STF/PAni.DBSA was precipitated in
methanol. The dark green precipitate was filtered,
washed with methanol several times, and finally
vacuum dried for 48 h. The conversion was deter-
mined gravimetrically. The amount of the PAn-
i.DBSA determined gravimetrically and it was used
to calculate the proportion of PAni in the blends.
The composite specimens were compression-molded
at 160�C for 10 min.

TECHNIQUES

Volume resistivity

STF/PAni blends were pressed into disks with 38
mm diameter using 4.5-ton hydraulic press at 100�C
for 3 min. The volume resistivity (Rv) was measured
as per the ASTM D-257 specification. The equipment
used to perform the volume resistivity measure-
ments was composed by an electrometer Keithley
6517A and a home-made four-probe device with an
average probe distance of 0.17 6 0.03 cm.

Wide angle X-ray scattering

The WAXS measurements were performed at the
WAXS/SAXS beam line of the LNLS (Laboratório
Nacional de Luz Sincroton–Campinas, Brazil; D11A-
SAXS1# 5324/06; D11A-SAXS1–7086/08), by using
monochromatic beam with wavelength of 1.7433 Å.
The scattering intensity was recorded with a two-
dimensional detector, using a sample-detector dis-
tance of 1641.5 mm. In the case of WAXS, 2y
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corrections were computed with the help of Al2O3

patterns. The samples were scanned in the 2y range
of 10–60� at intervals of 0.03 employing a curved
position sensitive detector in the transmission mode.

These patterns were indexed using TREOR proce-
dure. The intensity was corrected for Lorentz-polar-
ization factors and also for instrumental broadening
using Stokes deconvolution method. The microstruc-
tural parameters such as the crystal size (<N>) and
lattice strain [g (%)] are determined by employing
Fourier methods.20,21 Different microcrystalline pa-
rameters were evaluated for STF/PAni composites
from the X-ray profiles by three mathematical mod-
els, namely the exponential, lognormal, and reinhold
distribution methods. The theory of the X-ray profile
analysis to evaluate the crystalline parameters is
reported in our previous communications.22,23

RESULTS AND DISCUSSION

Volume resistivity

The obtained volume resistivity of PAni.DBSA and
its blends with STF is given in Table I. From the ta-
ble, it was noticed that percolation threshold
occurred at about 30% PAni for the blends prepared
by in situ method, but significantly percolation
threshold value was obtained at high PAni loaded
system (around 40%) is observed for the blends pre-
pared by melt mixing method as expected. The blend
prepared by in situ polymerization resulted in lower
percolation threshold, is due to the favorable mor-
phology characterized by the formation of intercon-
nected microtubules, which form the conducting
pathway with lower amount of PAni. However, in
case of melt mixing method, PAni particles are dis-
tributed in the form of agglomerates in STF insulator
phase, resulted in higher resistivity value. This result
clearly indicates that the better electrical performance
for the blends prepared by the in situ polymerization
as compared to melt mixing method.

X-ray diffraction

To probe the microstructure of conducting blends,
the powder X-ray diffraction patterns of the STF,
PAni, and STF/PAni blends were recorded. X-ray
diffractograms recorded for PAni, STF, and both se-
ries of their blends are shown in Figure 1. In the
case of PAni.DBSA diffractogram, several sharp
reflections and STF diffractogram has two broad
amorphous peaks were observed. The most impor-
tant of them include those at 2y ¼ 20.21, 21.59,
26.66, 29.84, and 34.60�.

The peak centered at 2y ¼ 20.2� may be ascribed
to periodicity parallel to the polymer chain, while
the peak at 2y ¼ 26.6� may be due to the periodicity

perpendicular to the polymer chain.24 The peak at 2y
¼ 20.2� also represents the characteristic distance
between the ring planes of benzene rings in adjacent
chains or the close contact interchain distance.25 The
Bragg peak at 26.6� with lattice spacing (d) of 3.59 Å
suggests that the dodecyl group of sodium dodecyl-
sulfate (DBSA), which can act as a counter ion in the
doping of the PAni.26 The intense peak that
appeared at around 2y ¼ 26.6� is a relatively sharp,
well-defined peak, and the other peaks are also due
to the Bragg-like order of the material associated
with paracrystalline disorder.27

However, the interplanar distance of the main
peak was found to be higher than the corresponding
value of the less intense peaks and a slight variation
with the composition of the blends. This implies that
there is a change in the structure of the blends.
However, the diffractogram of the STF sample dis-

played a broad and intense peak at around 2y ¼
22.09� and another small peak at around 2y ¼
47.11�. The X-ray profiles of STF/PAni blends are
significantly depends on the composition of the
blends and synthetic routes. The blends also dis-
played multiple sharp reflections whose number and
size depends upon the composition of PAni.DBSA in
the blends and also the method used for blend prep-
aration. Blends containing 15% of PAni.DBSA pre-
sented a diffractogram similar to that found in pure
STF, indicating very low level of crystallinity. As the
PAni.DBSA content in the blends increases, sharp
peaks started to appear at 2y ¼ 28�, because of an
increase on crystalline dispersed phase of PAni in
amorphous STF matrix. The blends prepared via in
situ polymerization showed less number of reflec-
tions, indicating lower degree of crystallinity and
different molecular arrangements/crystal structures.
In case of in situ polymerization blends, the system
containing 51.5 wt % PAni showed the peak at 2y ¼
28.6�, which reveals the presence of crystalline PAni.
Furthermore, this result clearly indicates that the
systems with lower content of PAni will not exhibit
the crystalline peaks of PAni in the measured short

TABLE I
Volume Resistivity Data of STF/PAni Blends

Sample
code

PAni content
in STF (wt %)

Volume resistivity
(X cm)

STF 0.0 (3.1 6 0.9) � 1012

Melt mix blends
STPH1 15.0 (4.2 6 0.8) � 1012

STPH2 30.0 (4.08 6 0.07) � 107

STPH3 45.0 (6.48 6 0.06) � 104

In situ blends
STPIS1 22.3 (7.07 6 0.03) � 105

STPIS2 27.0 (1.75 6 0.01) � 104

STPIS3 51.5 (7.98 6 0.04) � 103

PAni 100 –
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range (between 70 and 100 Å). In case of melt mixed
blends, three peaks was showed for system with
lower PAni content (85/15 STF/PAni), whereas
other blends with higher PAni content exhibited
four peaks. This result indicates that the higher
degree of crystallinity for melt mixed blends. This
can be attributed to the self assembly of PAni mole-
cules into aggregates. This phenomenon occurs in
lower quantities in the case of in situ blends due to
the higher degree of dispersion of PAni.DBSA.

The microcrystalline parameters such as the
interplanar spacing (dhkl), nanocrystal size (<N>),
lattice strain [g (%)], standard deviation (d), sur-
face weighted crystal size (Ds), and crystallite area
for the PAni, STF, and STF/PAni blends were cal-
culated using exponential, reinhold, and lognormal
asymmetric distribution functions and the results
are given in Tables II–IV, respectively. From
Tables II–IV, it was noticed that the volume of the

ordered regions increases with increasing PAni
content. The volume of the ordered regions repre-
sents those regions in the polymer network, which
contribute to the X-ray Bragg reflections. In real
space, essentially, a lower number of columns par-
ticipate in the Bragg like diffraction process. The
increase in the intensity of the X-ray (2y ¼ 28�)
with increasing PAni content can be attributed to
the concentration of PAni, which have higher scat-
tering factors.
The broadening of X-ray reflections observed in

these STF/PAni.DBSA blends is attributed to micro-
defects,22,23 which also contribute for the decreasing
in crystal size (<N>) and increase in lattice strain or
lattice disorder [g (%)]. The number of unit cells
(crystal size, <N>) counted in a direction perpendic-
ular to the Bragg’s plane is higher values for PAni
and lower values for STF and their blends. Along
with this, there is also a lattice disorder of second

Figure 1 WAXS patterns of (a) STF and melt mixed blends containing, (b) 22.3%, (c) 27%, and (d) 51.5% of PAni.DBSA.

5100 SIDDARAMAIAH ET AL.

Journal of Applied Polymer Science DOI 10.1002/app



kind, known as paracrystallinity, and normally
quantified as strain (gd/d), where ‘‘d’’ is the inter
planar spacing.

To know the most suitable asymmetric distribu-
tion, fitness test was conducted using line profile
simulation from the peak of the reflection to its

TABLE II
Microstructural Parameters of STF, PAni, and Their Blends from WAXS Data (Exponential Distribution Function)

Sample Profile no. 2y (degree) D (Å) g (%) <N> a Ds (Å)
Crystallite
area in (Å)2 d (%)

PAni 1 20.21 2.523 0.6 74.02 3.48 186.8 6 9.34 44234.0 0.05
2 21.59 2.369 0.5 126.41 0.13 299.5 617.37 0.06
3 26.66 1.943 0.5 120.31 1.22 233.8 6 9.35 0.04
4 29.84 1.752 0.5 165.8 0.10 290.5 626.15 0.09
5 34.60 1.535 0.1 154.3 0.07 236.8 618.94 0.08

STF 1 22.09 4.550 0.1 2.81 1.15 12.8 6 0.33 49.58 0.03
2 47.11 2.181 0.6 1.78 1.79 3.9 6 0.23 0.06

STPH1 1 21.90 4.590 0.1 4.74 100.00 21.8 6 0.65 121.13 0.03
2 28.20 3.580 0.1 4.25 0.50 15.2 6 0.91 0.06
3 47.98 2.144 0.1 3.12 1.01 6.7 6 0.33 0.05

STPH2 1 21.97 4.574 0.1 4.22 2.00 19.3 6 0.34 129.09 0.02
2 28.27 3.569 0.1 19.71 0.44 70.3 6 6.33 0.09
3 30.03 3.364 0.1 4.40 0.67 14.8 6 0.84 0.06
4 47.03 2.185 0.1 2.92 1.06 6.4 6 0.32 0.05

STPH3 1 21.70 4.629 0.1 4.15 8.60 19.2 6 0.58 145.57 0.03
2 28.35 3.559 0.1 23.42 0.61 83.4 6 6.67 0.08
3 30.07 3.360 0.1 4.53 0.46 15.2 6 0.76 0.05
4 48.02 2.140 0.1 3.14 1.46 6.7 6 0.26 0.04

STPIS1 1 21.62 4.647 0.1 2.25 2.03 10.5 6 0.42 70.50 0.04
2 46.75 2.197 0.1 3.07 1.62 6.7 6 0.27 0.04

STPIS2 1 21.55 4.663 0.4 2.27 1.10 10.6 6 0.32 71.69 0.03
2 46.38 2.214 0.1 3.06 1.12 6.8 6 0.27 0.04

STPIS3 1 22.19 4.529 0.1 5.05 5.24 22.9 6 1.15 141.56 0.05
2 28.61 3.528 0.1 2.56 0.86 9.0 6 0.36 0.04
3 50.52 2.042 0.1 3.03 1.11 6.2 6 0.25 0.04

TABLE III
Microstructural Parameters of STF, PAni, and Their Blends from WAXS Data (Reinhold Distribution Function)

Sample Profile no. 2y (degree) d (Å) g (%) <N> b Ds (Å)
Crystallite
area in (Å)2 d (%)

PAni 1 20.21 2.523 0.5 73.81 9.30 186.2 6 9.3 44725.0 0.05
2 21.59 2.369 0.5 126.07 0.10 298.7 6 20.9 0.07
3 26.66 1.943 0.5 120.26 1.36 233.7 6 9.3 0.04
4 29.84 1.752 0.1 162.20 0.12 284.2 6 22.7 0.08
5 34.60 1.535 0.4 156.51 6.13 240.2 6 19.2 0.08

STF 1 22.09 4.550 0.1 2.81 1.71 12.8 6 0.3 48.5 0.03
2 47.11 2.181 0.5 1.76 2.35 3.8 6 0.3 0.06

STPH 1 1 21.90 4.590 0.1 4.74 100.00 21.8 6 0.6 120.4 0.03
2 28.20 3.580 0.1 4.18 0.73 15.0 6 1.0 0.07
3 47.98 2.144 0.1 3.10 1.46 6.6 6 0.3 0.05

STPH 2 1 21.97 4.574 0.1 4.22 2.94 19.3 6 0.3 121.6 0.02
2 28.27 3.569 0.1 19.72 0.61 70.4 6 6.3 0.09
3 30.03 3.364 0.1 4.38 0.97 14.7 6 0.8 0.06
4 47.03 2.185 0.1 2.89 1.51 6.3 6 0.3 0.05

STPH 3 1 21.70 4.629 0.1 4.16 3.56 19.3 6 0.6 129.3 0.03
2 28.35 3.559 0.1 23.42 0.78 83.4 6 6.7 0.08
3 30.07 3.360 0.1 4.38 0.65 14.7 6 0.7 0.05
4 48.02 2.140 0.1 3.13 2.10 6.7 6 0.3 0.04

STPIS 1 1 21.62 4.647 0.1 2.25 3.35 10.5 6 0.4 70.4 0.04
2 46.75 2.197 0.1 3.06 2.31 6.7 6 0.3 0.04

STPIS 2 1 21.55 4.663 0.4 2.25 1.57 10.5 6 0.3 71.4 0.03
2 46.38 2.214 0.1 3.05 1.66 6.8 6 0.3 0.04

STPIS 3 1 22.19 4.529 0.1 5.02 7.40 22.7 6 1.1 140.8 0.05
2 28.61 3.528 0.1 2.53 1.24 8.9 6 0.4 0.05
3 50.52 2.042 0.1 3.03 1.62 6.2 6 0.3 0.05
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baseline. The experimental and simulated X-ray
profiles for the PAni, STF, and STF/PAni blends
calculated using all the distribution functions. For
the sake of comparison, specimen profiles obtained
from exponential distribution function for PAni
(five peaks), STF (two peaks), and STF/PAni (melt
mix) blend (four peaks; Fig. 2). It is evident from
the figure that there is good agreement between the
experimental and theoretically calculated X-ray pro-
files. In all cases, it was noticed that the goodness
of the fit was <15%. It is evident from this figure
that the experimental data and the model parame-
ters based on exponential and Reinhold distribution
functions are quite reliable. These methods for
obtaining microstructure parameters were also reli-
able in other systems.28 These results are further
justified by the behavior of the microstructural
quantities such as the crystal size or correlation
length (<N>) and lattice strain (g) at the micro-
scopic level (Tables II–IV).

The Ds results clearly indicated that the degree of
crystallinity present at the surface was depends on
the concentration of PAni and the synthetic routes
of the blends. The physical interpretation of the
crystal imperfection parameters such as <N> and g
essentially indicated the deviation in the lattice
ordering for a distance of D ¼ Ndhkl (Å) along the
direction normal to the Bragg (hkl) plane. The varia-
tion in the Ds values of the blends is due to the

change in the morphology of the STF after blends
with PAni. The peak intensity, <N>, and Ds values
at 2y ¼ 28.2� increases with increase in PAni con-
tent in both series of blends. In lognormal method,
crystalline parameters such as L and P(2) are
increased with increase in PAni content. The varia-
tion in microcrystalline behavior at 2y ¼ 28.2�

clearly indicates that the presence PAni and its
influence on the morphological behavior of the
blends. From Tables II–IV, it was noticed that
higher crystallite area for conducting PAni and
lower values for amorphous STF copolymer. How-
ever, the values of crystallite area for the blends are
lies between PAni and STF and their range is: 103–
145 and 55.3–141.56 for melt mix and in situ blends,
respectively. In each blends series, the variation of
crystallite area also significantly depends on the
composition of PAni. The increase in crystallite area
with PAni content can be associated to cooperative
movements of the molecular chains that form at the
amorphous region and at the interfacial regions.
Such movements trigger motions in the crystalline
phase, which result in increase in crystallite area.
This is in agreement with the observations made by
earlier investigations for entirely different class of
materials.29,30

Tables II–IV also reveals that the higher values of
nanocrystal size, Ds (at 2y ¼ 28.6�) and crystallite
area values for melt mix blend as compared to in

TABLE IV
Microstructural Parameters of STF, PAni, and Their Blends from WAXS Data (Lognormal Distribution Function)

Sample Profile no. 2y (degree) d (Å) g (%) L (area) P (2) P (3) Ds (Å)
Crystallite
area in (Å)2 d

PAni 1 20.21 2.523 0.5 66.1 99.1 0.0007 166.8 6 15.0 25603.8 0.09
2 21.59 2.369 0.6 100.0 170.5 0.0005 236.9 6 23.6 0.10
3 26.66 1.943 0.6 100.0 161.1 0.0002 194.3 6 21.4 0.11
4 29.84 1.752 0.1 100.0 102.6 0.6433 175.2 6 15.8 0.09
5 34.60 1.535 0.1 100.0 132.6 0.5014 153.5 6 15.3 0.10

STF 1 22.09 4.550 0.2 2.63 3.94 0.0024 12.0 6 0.48 44.4 0.04
2 47.11 2.181 0.5 1.68 2.52 0.0364 3.7 6 0.22 0.06

STPH 1 1 21.90 4.590 0.3 4.42 3.58 0.5558 20.3 6 0.61 103.2 0.03
2 28.20 3.580 0.1 4.26 6.39 0.0214 15.3 6 1.22 0.08
3 47.98 2.144 0.1 2.92 4.37 0.0301 6.3 6 0.38 0.06

STPH 2 1 21.97 4.574 0.1 3.77 5.65 0.0087 17.2 6 0.51 107.3 0.03
2 28.27 3.569 0.5 19.49 11.12 0.6950 69.6 6 6.90 0.10
3 30.03 3.364 0.1 4.17 6.21 0.0557 14.0 6 0.60 0.06
4 47.03 2.185 0.1 2.73 4.09 0.0067 6.0 6 0.36 0.06

STPH 3 1 21.70 4.629 0.1 3.73 5.59 0.0198 17.3 6 0.86 127.4 0.05
2 28.35 3.559 0.1 22.58 14.13 0.6610 80.4 6 6.43 0.08
3 30.07 3.360 0.1 4.46 6.68 0.0148 15.0 6 1.05 0.07
4 48.02 2.140 0.1 2.88 4.31 0.0189 6.2 6 0.25 0.04

STPIS 1 1 21.62 4.647 0.1 2.03 3.05 0.0049 9.4 6 0.47 55.3 0.05
2 46.75 2.197 0.1 2.79 4.18 0.0127 6.1 6 0.24 0.04

STPIS 2 1 21.55 4.663 0.4 2.24 3.35 0.0396 10.5 6 0.52 57.7 0.05
2 46.38 2.214 0.1 2.38 4.24 0.0026 5.3 6 0.25 0.05

STPIS 3 1 22.19 4.529 0.1 4.66 3.94 0.5357 21.1 6 1.05 122.4 0.05
2 28.61 3.528 0.1 2.53 3.80 0.0108 8.9 6 0.53 0.06
3 50.52 2.042 0.1 2.83 4.24 0.0147 5.8 6 0.29 0.05
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situ blends. This result indicates that the agglome-
rated PAni in STF matrix in melt mix methods
causes for higher values of microcrystalline parame-
ters. However, incase of in situ blends well-dis-
persed PAni exhibited poor microcrystalline behav-
ior in the measured range. It was observed that the
microcrystalline parameters calculated by using ex-
ponential and reinhold distribution functions give
good agreement as compared to the results of log-
normal distribution function.

From Tables II–IV, it is also evident that the ex-
ponential and reinhold distribution functions has a
smaller standard deviation (d) than the lognormal
distribution function and, hence, we have preferred
the corresponding results for further interpretation.
The terms a and b are the width of the exponential
distribution and the width of the reinhold distribu-
tion, respectively. These distributions are those of
the crystallite size in the phase. The intensity of the
scattered X-rays depends on the settings. It is the
shape of the profile that is evaluated by the diffe-
rent models. If these are small implies a sharp dis-

tribution function in which case the system has a
unique set of crystallites, and if it is large implies a
wide distribution function, which essentially
implies that the system has crystallites of various
sizes and shapes. It is evident from Tables II and III
that the width of the crystallite distribution will not
follow any trend with the composition of the
blends.
The computed microstructural parameters were

used for computing the shape of the coherent
domains in the form of ellipsoids using the surface
weighted crystal size (Ds) values, corresponding to
the average 2y values along the x and y axes, respec-
tively, and the same is shown in Figure 3. From this
figure, it is evident that there are significant changes
only at the periphery of the crystallite shape ellip-
soid for the STF/PAni blends. It was also noticed
that the crystallite size ellipse increases with increa-
sing PAni content and higher crystallite size for the
melt mix blends than in situ blends, as expected.
According to Hosemann’s model, these changes in
the crystal size values as well as the shape ellipsoids

Figure 2 Experimental and simulated X-ray profiles for melt mixed blend of STF with 30% PAni (STPH2) using Rein-
hold distribution function.
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are attributed to the interplay between the strain
present in the polymer network and the number of
unit cells coherently contributing to the X-ray
reflection.

From these tables, it was evident that the increase
in crystallite size causes a decrease in volume resis-
tivity, associated with slight reduction in lattice dis-
order measured in terms of the ‘‘g’’ parameter.

CONCLUSIONS

To probe the effect of synthetic routes and PAni
composition on the microstructural behavior of STF/
PAni blends, WAXS pattern have been recorded.
The X-ray results revealed that there is a significant
increase in microcrystalline parameters such as
nanocrystal size (<N>), crystallite area and Ds (at 2y

¼ 28.2�) with increasing PAni content in the amor-
phous STF matrix, as expected. Among the synthetic
methods, melt mixed blends exhibited higher values
of <N>, Ds and crystallite area as compared to in
situ blends. This is due to the formation of physical
interpenetrating network in case of in situ blends.
Therefore, there was no formation of domains of
aggregates by PAni chains in large extent due to the
interconnection of STF chains. The absence of large
range aggregates reduces the degree of crystallinity
level but promotes conducting network formation at
lower PAni content. However, incase of melt mix
blends agglomeration of PAni crystallites takes place
in amorphous STF matrix, which causes for higher
degree of crystalline behavior. This result clearly
indicates that the microcrystalline behavior of the
blends depends on the methods of synthetic routes
(morphology) and composition (PAni content) of the
blends. The increase in crystallite size with increase
in PAni supports the electrical behavior of the
blends.

The authors would like to thank Laboratório Nacional de
Luz Sincontron for the technical support on the WAXS
experiments.
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