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Abstract

Electrically conductive blends based on polyaniline-dodecylbenzene sulphonic acid (Pani.DBSA)/styrene–butadiene–styrene (SBS) block

copolymer have been prepared by two methods namely melt mixing and polymerization of aniline in the presence of SBS using in situ

polymerization method. The influence of composition and synthetic methods on the performance of SBS/Pani blends was established. The

obtained SBS/Pani blends have been characterized by mechanical, morphological and electrical properties. A great reduction in volume resistivity

values with increase in Pani content was noticed for in situ polymerization method compared to melt mixing method. The microstructural

parameters were also computed using Wide Angle X-ray Scattering (WAXS). The results are compared with mechanical and electrical properties.

q 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Styrene–butadiene–styrene (SBS) block copolymer is

well known thermoplastic–elastomer material, which pre-

sents the unique combination of the rubber properties and

thermoplastic processability [1]. These characteristics make

this copolymer an interesting host matrix for the develop-

ment of conducting polymer systems through the dispersion

of conducting fillers. Indeed, there are several studies in

literature concerning blends of SBS with conducting carbon

black [2] and conducting polymers as polypyrrol [3] and

polyaniline [4–12].

Several methods have been employed to prepare

SBS/polyaniline (Pani) blends and include solution mixing

[11], mechanical mixing [4,8,10,12] and in situ polymerization

of aniline in the presence of SBS solution [5–7,9]. The one step

in situ polymerization is very attractive in comparison to the

other conventional methods, because the last one involves
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several laboratory steps, that is, the polymerization of aniline in

presence of functionalized protonic acid, followed by washing,

drying and blending the polyaniline with the host polymer. In

addition, the one step polymerization procedure provides an

insulator–conductor transition at relatively low percolation

threshold, for several other systems [6,13,14]. Some studies

employ p-toluene sulfonic acid as the protonic acid in

combination with a surfactant to stabilize the emulsion [5].

However, other papers perform the in situ polymerization of

aniline in the presence of the host insulating polymer, using

dodecylbenzene sulfonic acid (DBSA), which acts simul-

taneously as emulsifier and dopant [6,7,9]. In this case, it is not

necessary to add an external surfactant to achieve stable

emulsion.

The method use to prepare SBS/Pani.DBSA blends exerts

strong influence on the electrical properties. For example,

mechanical mixing of SBS with Pani.DBSA (prepared by

redoping process) resulted in a light insulator–conductor

transition [10], whereas solution blends [11] or that obtained

by in situ polymerization [6] provide sharp transition. The

different electrical behavior may be related to the extent of

ordered solid state structure such as crystalline domains that

polyaniline chains assume inside the SBS matrix, when the

blends are prepared by different procedures.
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Wide angle X-ray scattering (WAXS) studies constitute

important tool for the determination of crystallinity extent of

polyaniline and also other important microcrystalline para-

meters which help to understand some peculiar electrical

behavior of polyaniline and their blends [15–19].

The present paper investigates the influence of blending

procedure on the electrical, morphological and mechanical

properties of SBS/Pani.DBSA blends. The effect of SBS on the

crystallinity and microstructural parameters of Pani.DBSA was

also evaluated by WAXS. For blends prepared by mechanical

mixing, it was employed Pani.DBSA synthesized by one step

emulsion polymerization in toluene. These reaction conditions

were similar to that used for the preparation of in situ

polymerized aniline-based blends and were chosen in order to

keep the same Pani characteristics in both blend systems.

2. Experimental

2.1. Materials

SBS (TR-1061; PBD contentZ70 wt%; hMwiZ
120,000 g/mol; densityZ0.98 g/cm3) was kindly supplied by

Petroflex S.A. (Rio de Janeiro, Brasil). Aniline (Ani)

(analytical grade from Vetec, Brazil), ammonium peroxydi-

sulfate (APS) (analytical grade from Vetec, Brazil) and

dodecylbenzene sulfonic acid (DBSA) (commercial grade

from Solquim LTDA, Brazil) were used without further

purification.

2.2. Synthesis of polyaniline doped with DBSA (Pani.DBSA)

Pani.DBSA used in mechanical mixing was synthesized by

one-step route in toluene according to the procedure reported

elsewhere [20,21]. In a typical procedure, 4.7 mL (0.051 mol)

of aniline and 16.7 g (0.051 mol) of DBSA were dissolved into

250 mL of toluene under constant stirring. The reaction

mixture was kept at 0 8C and an aqueous solution 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 medium

was poured into a nonsolvent like methanol, filtered, washed

several times with methanol and dried.

2.3. Blend preparation

2.3.1. Melt mixing method

Different amount of SBS copolymer was first introduced

into a Haake Rheocord 9000 internal mixer operating with a

Cam rotor at 100 8C 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.

2.3.2. In situ polymerization method

A 10% solution of SBS in toluene was first prepared. Then,

different amount of aniline (Ani) and DBSA were added under

stirring. The reaction medium was kept at 0 8C and an aqueous

solution of APS was added dropwise into the emulsion, with

stirring. The APS/Ani/DBSA molar ratio was 1:1:1.
2.4. Mechanical testing and characterization

The samples for tensile tests were compression molded into

sheets (80!80!2 mm) at 100 8C, for 3 min under the pressure

of 4.5 ton. Tensile experiments were performed in an Instron

5569 tensile machine (Boston, MA) at room temperature in

accordance to ASTM D638. The conditions used were

pneumatic claw with separation velocity of 100 mm/min;

7.62 mm between the marks; at room temperature of 24 8C.

The samples for volume resistivity were prepared by

compression-molding the composites in disk molds with

38 mm diameter, at 100 8C, for 3 min, using a force of

4.5 ton. The ASTM D257 procedure was used for determi-

nation of the volume resistivity, Rv. All measurements were

performed with a Keithley 6517A electrometer.

The morphology of the samples was determined by

scanning electron microscopy (SEM) on a JEOL equipment

model JSM-5300 with 10 kV of voltage acceleration. The

micrographs were taken from cryofracturated surfaces after

coating with a thin layer of gold.

The ultraviolet–visible spectrometry measurements were

performed on a Varian UV–vis Spectrometer Model CARY

100. The samples were dissolved in toluene in a concentration

of 5.5!10K5 g/ml.

The X-ray scattering measurements were performed at the

WAXS/SAXS beam line of the LNLS (Laboratório Nacional

de Luz Sincroton—Campinas, Brazil), by using monochro-

matic beam of wavelength 1.7433 Å. The scattering intensity

was registered using a one dimensional position-sensitive gas

detector for a sample-detector distance of 1641.5 mm. In case

of WAXS, 2q degree corrections were done against Al2O3

pattern. The scan range (2q) was 2–808. WAXS curves were

obtained from the WAXS images by band integration tool

supplied by X-ray 1.0 software, produced by Université Mons

Hainaut.
3. X-ray background to determine the microcrystalline
parameters

Microstructure encompasses the compositional inhomogen-

eity, the amount and distribution of the phase in the material,

the grain size and shape and the distribution functions of the

grain-size parameters, the grain (crystal)-orientation distri-

bution function (texture), the grain boundaries/interfaces and

the surface of the material.

Microstructural parameters like crystal size hNi and lattice

strain (lattice disorder) (g in %) are usually determined by

employing Fourier method of Warren and Averbach [22] and

Warren [23,24]. The intensity of a profile in the direction from

the origin to the center of the reflection can be expanded in

terms of Fourier cosine series as:

IðsÞZ
XN

nZKN

AðnÞcosf2pndðsKs0Þg (1)

where the coefficients of the harmonics A(n) are functions of

the size of the crystallite and the disorder of the lattice. Here, s
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is (sin q)/l, s0 is the value of s at peak of a profile, n is

coefficient of the harmonic order and d is the lattice spacing.

The Fourier coefficients can be expressed as:

AðnÞZAsðnÞ!AdðnÞ (2)

For a paracrystalline material, Ad(n) turns out to Warren

[24] and Hall [25] statement, with Gaussian strain distribution,

AdðnÞZ expðK2p2m2ng2Þ (3)

where m is the order of the reflection and gZ(Dd/d) is the

lattice strain. Normally one also defines mean square strain h32i

that is given by g2/n. This mean square strain is dependent on n,

whereas not g [26,27]. For a probability distribution of column

lengths P(i), we have

AsðnÞZ 1K
nd

D
K

d

D

ðn

0

iPðnÞdiKn

ðn

0

PðiÞdi

2
4

3
5 (4)

where DZhNidhkl is the crystallite size and i is the number of

unit cells in a column.

In the presence of two orders of reflections from the same set

of Bragg planes, Warren and Averbach [22] have shown a

method of obtaining the crystal size (hNi) and lattice strain (g in

%). But in polyaniline material it is not common to find multiple

reflections. So, to find the finer details of microstructure, we

approximate the size profiles by simple analytical function for

P(i). Here we have considered only asymmetric functions.

Another advantage of this method is that the distribution

function is different along different directions. According to

Ribarik et al., Pope et al. and Scardi et al. [28–30], a single

crystal size distribution function is used for the whole pattern

fitting which we feel, may be inadequate to describe polyaniline

diffraction patterns. It is important to emphasize that the Fourier

method of profile analysis (Single order method) used in this

paper was proved to be quite reliable in a recent survey and

results of Round Robin test conducted by IUCr [29]. In fact, for

refinement, we have also considered the effect of background by

introducing a parameter (see for details regarding the effect of

background on the microcrystalline parameters) [30].
Table 1

Effect of the feeding ratio of Ani-SBS on the yield of Pani.DBSA and blend

composition

Feeding ratio

of Ani-SBS (wt/wt)

Pani.DBSA content in

the composite (wt%)

Yield of Pani.DBSA

(%)

10/100 16.2 67

21/100 32.3 84

41/100 43.9 70

60/00 – 66
3.1. The exponential distribution

It is assumed that there are no columns containing fewer

than p unit cells and those with more decay exponentially.

Thus, we have [31]:

PðiÞZ 0; p! i (5)

PðiÞZa expfKaðiKpÞg; iRp (6)

where, aZ1/(NKp).

Substituting this in Eq. (4), we get:

AsðnÞZAð0Þð1Kn=hNiÞ; n%p (7)

AsðnÞZAð0Þfexp½KaðnKpÞ�g=ahNi; nRp (8)

Herea is the width of the distribution function, i is the number

of unit cells in a column, n is the harmonic number, h pi is the
smallest number of unit cells in a column and hNi, the number of

unit cells counted in a direction perpendicular to the (hkl) Bragg

plane. The exponential distribution function was introduced in

order to find out the most suitable crystal size distribution

function for the profile analysis of the X-ray fiber diffraction. The

procedure adopted for the computation of the parameters is as

follows: Initial values of g and N were obtained using the method

of Nandi et al. [27]. With these values obtained from the equations

mentioned earlier in the text, the corresponding values for the

width of distribution are calculated. These are only rough

estimates, so the refinement procedure must be sufficiently robust

to start with such values. Here, we compute

D2 Z
½IcalKðIexp CBGÞ�2

npt
(9)

where BG parameter represents the error in the background

estimation, npt is number of data points in a profile, Ical is intensity

calculated using Eq. (1) and Iexp is the experimental intensity. The

values of D were divided by half of the maximum value of

intensity. Therefore, it is expressed relative to the mean value of

intensities, and then minimized. For refinement against inten-

sities, the multi-dimensional minimization algorithm of the

SIMPLEX method was used [32].
4. Results and discussion

4.1. Electrical and mechanical properties

Table 1 presents the effect of feeding ratio of Ani-SBS on

the Pani.DBSA content in blends and yield, both which were

calculated gravimetrically. For relatively low amount of

aniline, the Pani yield increased with the increase of feeding

weight ratio of Ani-SBS. However, for high weight ratio of

Ani-SBS (0.41) there is a decrease of yield. Table 2 compares

the tensile properties and electrical resistivity of SBS/

Pani.DBSA blends obtained by different procedures. The

presence of Pani.DBSA drastically reduced the ultimate

properties (tensile strength and elongation at break), whatever

be the method used for the blend preparation. This behavior

may be attributed to the interactions between the Pani

molecules with the SBS matrix, which contribute for the

reduction of physical crosslink strength of polystyrene domains

of SBS block copolymer. Therefore, the thermoplastic–

elastomer characteristics of SBS are lost, affecting the

mechanical properties. Blends prepared by in situ polymer-

ization displayed lower values of elongation at break and

significant higher surface hardness, indicating a higher extent



Table 2

Tensile properties, hardeness and electrical resistivity of SBS/Pani.DBSA blends obtained by different procedures

Blend composition Ultimate tensile strength

(MPa)

Elongation at break (%) Surface hardness (shore-A) Volume resistivity (ohm cm)

SBS (%) Pani.DBSA

(%)

Physical

blend

In situ

polym

Physical

blend

In situ

polym

Physical

blend

In situ

polym

Physical blend In situ polym

100 0 16.8G1.1 16.8G1.1 1022G17 1022G17 73G2 73G2 (2.85G0.8)!1012 (2.85G0.8)!1012

85 15 7.2G0.3 4.6G0.9 597G68 216G54 67G2 75G3 (6.33G0.3)!1012 (3.10G0.03)!105

70 30 2.4G0.8 3.7G0.4 192G62 179G60 65G2 78G4 (2.92G0.07)!106 (3.57G0.01)!104

55 45 2.0G0.2 3.0G0.1 128G21 75G35 59G3 84G1 (8.33G0.04)!104 (1.40G0.01)!104

0 100 – – – – – – (9.0G0.8)!100 (9.0G0.8)!100
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of interaction between the components and the formation of a

physical interpenetrating network involving Pani and SBS

chains. The effective entanglement between Pani chains

contributes for the embrittlement of the material, because of

the brittle nature of polyaniline.

Blends prepared by in situ polymerization also displayed

lower values of resistivity. With 15% of Pani.DBSA, the

difference in resistivity was around 107 of magnitude, indicating

an insulator–conductor transition at lower percolation threshold.

The better electrical performance of in situ polymerized aniline-

based blends may be related to favorable morphology.

4.2. Morphology

Fig. 1 compares the SEM micrographs of SBS/Pani.DBSA

(85:15 wt%) blends prepared by both methods. In blend

prepared by mechanical mixing, Pani.DBSA is heteroge-

neously distributed in the form of agglomerates (Fig. 1(a)).

On the other hand, that prepared by in situ polymerization

presented a more homogeneous distribution of Pani.DBSA
Fig. 1. SEM micrographs of SBS/Pani.DBSA (85:15 wt%) blends prepare
component, with the formation of very thin microtubules (most

of them with less than 1 mm diameter) interconnected each

other thus forming the conducting pathway, which is

responsible for the improved conductivity. This is better

observed in the micrograph taken at higher magnification

(Fig. 1(b)).

4.3. UV-vis spectroscopy

Besides the morphological characteristics, the higher

resistivity values found in blends prepared by mechanical

mixing should be also due to a dedoping process, which may

take place during processing the blends in the Haake internal

mixer. UV-vis spectroscopy is an important tool for the

evaluation of the doping level of polyaniline [33,34]. Fig. 2

compares the UV-vis absorption spectra of SBS/Pani.DBSA

blends prepared by different procedures. In both systems, three

characteristic absorption peaks are observed: at around

350 nm, which is ascribed to p–p* transition of the benzenoid

rings, and at 400–420 and 750–800 nm, attributed to
d by (a) mechanical mixing and, (b) in situ polymerization of aniline.
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Fig. 2. UV-vis absorption spectra of (a) SBS and their blends with, (b) 15%, (c)

30% and, (d) 45% of Pani.DBSA, prepared by mechanical mixing and in situ

polymerization of aniline.

10 20 30 40 50 60 70 80

11
.3

9

18
.3

1
20

.2
2

21
.5

9

26
.7

1
28

.5
1

29
.8

4

34
.6

6
37

.4
1

40
.5

41
.3

4
44

.2
8

46
.6

5

49
.6

7
51

.2
3

57
.5

4
59

.1
4

63
.7

2

73
.1

6

(a)

Pani.DBSA

10 20 30 40 50 60 70 80

(e)

(d)

(c)

(b)

Mechanical mixing

10 20 30 40 50 60 70 80

In situ polymerization

(e)

(d)

(c)

(b)

2θ (degrees) 

2θ (degrees) 

2θ (degrees)

Fig. 3. WAXS patterns of (a) Pani.DBSA, (b) SBS and their blends containing,

(c) 15%, (d) 30% and, (e) 45% of Pani.DBSA, prepared by mechanical mixing

and in situ polymerization.

F.G. Souza et al. / Polymer 47 (2006) 2163–2171 2167
polaron-p* transition and p-polaron transition, respectively

[34–36]. The peak at higher wavelength is related to the doping

level and formation of polaron [37]. The extent of doping can

roughly be estimated from the ratios of the absorbance intensity

at 750–800 nm (p-polaron) and around 350 nm (p–p*

transition) [33,34]. Blends prepared by in situ polymerization

presented a ratio around 1.4. This value is close to that found

for pure Pani.DBSA prepared by emulsion process and did not

change with the blend composition. Blends prepared by

mechanical mixing displayed smaller intensity ratio (around

0.9) in all blend composition studied, which suggests lower

doping level. Since these intensity ratios are smaller than that

of pure Pani.DBSA used to prepare these blends, one can

suggest that the decreasing on the doping level in mechanical

mixer blends occurs during processing in the Haake.
4.4. X-ray profile analysis

X-ray diffractrograms recorded for Pani, SBS and both

series of their blends, are shown in Fig. 3. Pani.DBSA
diffractrogram presented several sharp reflections. The most

important of them include those at 2qZ20.21, 21.59, 26.66,

29.84 and 34.608. On the other hand, the diffractogram of the

amorphous SBS sample displayed only one broad maximum at

2qZ22.188. The blends also displayed multiple sharp

reflections whose number and size depend upon the



Fig. 4. Experimental and simulated X-ray profiles for SBS/Pani.DBSA

(55:45 wt%) blends obtained by (a) mechanical mixing and, (b) in situ

polymerization.

Table 3

Microstructural parameters of SBS, Pani and their blends obtained from WAXS da

Blend composition (SBS/Pani), (wt/wt, %) 2q (degrees) D

0/100 20.21 2.5

21.59 2.3

26.66 1.9

29.84 1.7

34.60 1.5

100/0 22.18 2.3

(a) Blends preparation by melt mixing

85/15 21.85 2.3

70/30 20.10 2.5

21.07 2.4

29.39 1.7

34.24 1.5

55/45 18.25 2.7

29.56 1.7

20.09 2.5

34.35 1.5

(b) Blends preparation by in situ polymerization method

83.8/16.2 21.95 2.3

67.7/32.3 20.43 2.4

21.57 2.3

28.29 1.8

56.1/43.9 18.33 2.7

20.21 2.5

21.61 2.3

a Number of unit dells (crystal size).
b Lattice strain.
c Width of the crystal size distribution.
d Surface weighted crystal size.
e Enthalpy.
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composition of Pani.DBSA in the blends and also the method

used for blend preparation. Blends containing 15% of

Pani.DBSA presented a diffractogram similar to that found in

pure SBS, indicating very low crystallinity level. As the

Pani.DBSA content in the blend increases, sharp peaks started

to appear, as a consequence of an increase on crystalline

dispersed phase of Pani in amorphous SBS matrix. For the

same Pani.DBSA content, the blend prepared by in situ

polymerization displayed less number of peaks, indicating

lower crystallinity level and different molecular arrangements/

crystal structures. The higher crystallinity level in blends

prepared by mechanical mixing may be attributed to the self-

assembly of Pani molecules into aggregates. This phenomenon

occurs in less extension in the case of blends prepared by in situ

polymerization due to the higher degree of dispersion of

Pani.DBSA.

The broadening of X-ray reflections observed in these

SBS/Pani.DBSA blends is attributed to microdefects [38],

which also contribute for the decreasing in crystal size (hNi)

and increase in lattice strain or lattice disorder (g in %). The

number of unit cells (crystal size, hNi) counted in a direction

perpendicular to the Bragg’s plane is 128.15 for Pani and

around 3.40 units for SBS. The hNi values of blends lie between

Pani and SBS values. Along with this, there is also a lattice

disorder of second kind, known as paracrystallinity, and
ta employing exponential distribution function

(Å) hNia g (%)b ac Ds (Å)d d a*e

23

69

43 128.15 0.4 4.5281 443.12 0.05 4.53

52

35
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25 107.4 0.5 5.1817 379.5 0.06 5.18

76

49

83

67

38 107.6 0.3 3.1119 438.26 0.04 3.10

45

32 3.92 0.5 0.9899 17.94 0.03 0.99

97

71 13.37 0.3 1.0970 60.34 0.05 1.09

39

72

23 41.8 0.2 1.2931 60.34 0.04 1.29

67



Fig. 5. The crystallite ellipsoid shape of the SBS, Pani.DBSA and

SBS/Pani.DBSA blends with (a) 15%; (b) 30% and, (c) 45% of Pani.DBSA.

F.G. Souza et al. / Polymer 47 (2006) 2163–2171 2169
normally quantified as strain (gZDd/d), where ‘d’ is the inter

planar spacing. The microcrystalline parameters were

estimated by simulating the experimental profile, employing

the procedure described earlier [39,40]. Fig. 4 illustrates

the simulated and experimental profile for SBS/Pani.DBSA

(55:45 wt%) blends obtained by different procedures. It is

evident from this figure that the experimental data and

the model parameters based on exponential distribution

function are quite reliable. This method of obtaining

microstructure parameters was also reliable in other systems

[31,41].

The microcrystalline parameters obtained by Fourier and

simulation method are listed in Table 3, for SBS/Pani.DBSA

blends with different compositions. The order of magnitude of the

surface-weighted crystal size (Ds) indicates the extent of

crystallinity present in surface. From Table 3, it is evident that

the microcrystalline parameters, such as Ds and number of unit

cells (hNi), increase with the increase of Pani content in the blends.

From hNi and g parameters, the enthalpy (a*) was calculated,

using Hosemann’s paracrystalline disorder model [40]:

a� Z hNi
1⁄2 g (10)

The results also presented in Table 3 indicate an increase

of the enthalpy with increase in percent of Pani content in the

blend matrix. This behavior was significant in blends with

30% of Pani and prepared by physical mixing. This behavior

is also an indication of the increase of the crystalline region.

This implies that a more ordered polymer network needs more

strength (external) or energy to disturb the system.

It is important to point out that blends prepared by

in situ polymerization, which presented lower values of

resistivity, also displayed smaller crystal size, lower lattice

strain values and lower enthalpy. In addition, it was

observed a substantial decrease on surface-weighted crystal

size (Ds). All these results indicate a decrease on crystal-

linity level. Blends prepared by this method can be

considered a physical interpenetrating network. Therefore,

large aggregates constituted by Pani chains do not form in

large extent because of the interconnection of SBS chains.

The absence of large aggregates decreases the crystallinity

level but promotes the formation of conducting pathway at

lower Pani concentration (lower percolation threshold). The

in situ polymerization improves the distribution of Pani

chains inside the SBS matrix, thus increasing the disorder of

the polymer network [41,42]. The conductivity associated

with the free ion increases because of a lower potential

barrier.

Fig. 5 shows the ellipsoid shape of crystallite inside the

samples. From these figures it was noticed that, the Ds curve

shape decreases with increase in Pani content for the blends

prepared by both synthetic methods. The variation of hNi and

tensile strength with composition of Pani is shown in Fig. 6(a)

and (b) for melt mixing and chemical method respectively. The

plot of hNi and volume resistivity as a function of Pani content

is shown in Fig. 7(a) and (b) for melt and chemical methods

respectively. From these figures, it is evident that the increase
in crystallite size causes a decrease in tensile strength and

volume resistivity, associated with slight reduction in lattice

disorder measured in terms of the ‘g’ parameter. With

incorporation of Pani into SBS, we find that from X-ray

recordings and also from our results that there is an increase in

crystalline order with increase in Pani, which results in increase

of London force in a direction perpendicular to the drawing of

the films.
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Fig. 7. Plots of hNi and volume resistivity as a function of the Pani content. (a)

Melt mixing and, (b) in situ polymerization method.
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Fig. 6. Variation of crystal hNi and tensile strength as a function of the Pani

content; (a) Melt mixing and, (b) in situ polymerization method.
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5. Conclusions

In the present work, the influence of synthetic routes on the

microcrystalline behavior of SBS/Pani blends has been studied

by WAXS. The hNi value increases with increase in crystalline

Pani content in the amorphous SBS matrix, as expected. The

tensile strength and volume resistivity decrease with increase

in Pani content, whereas hNi value increases. This is due to

increase in high crystalline Pani phase in SBS matrix. The

changes in physical properties are attributed to the crystal

imperfection, wherein parameters like hNi and Ds increase with

increase in Pani content.

Blend prepared by in situ polymerization resulted in lower

resistivity because of a favorable morphology characterized by

the formation of interconnected microtubules, which form the

conducting pathway with lower amount of Pani. In spite of lower

resistivity, the crystallinity level of these blends was lower than

the corresponding mechanical mixing blends. Blends prepared

by in situ polymerization method can be considered a physical

interpenetrating network. Therefore, there was no formation of

large aggregates constituted by Pani chains in large extent

because of the interconnection of SBS chains. The absence of

large aggregates decreases the crystallinity level but promotes
the formation of conducting pathway at lower Pani concen-

tration (lower percolation threshold).
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