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Abstract In this study, the photocatalytic activity of
polypyrrole-TiO, nanocomposite was studied experimen-
tally for the degradation of methylene blue (MB) dye under
simulating solar light irradiation. To improve the photo-
catalytic activity of TiO, under sunlight irradiation, con-
ducting polymers such as polypyrrole (PPy) and its
derivatives are generally used as photosensitizers. The
PPy-TiO, nanocomposite was prepared by the chemical
oxidative polymerization method. The prepared nanocom-
posite showed better photocatalytic activity than bare TiO,
under sunlight irradiation for the degradation of MB dye.
The prepared nanocomposite was subjected to characteri-
zation techniques such as SEM-EDAX, FT-IR, UV-DRS,
XRD, TGA and PL spectral analysis. Different influencing
operating parameters like initial concentration of dye,
irradiation time, pH and amount of PPy-TiO, nanocom-
posite used have also been studied. The optical density of
the dye degradation was measured by UV-Visible spec-
trophotometer. The repeatability of photocatalytic activity
was also tested. A plausible mechanism was proposed and
discussed on the basis of experimental results.
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Introduction

In current years, pollution from dye wastewater has
become a severe ecological problem due to the enormous
and increasing uses of a variety of dyes (Kangwansupa-
monkon et al. 2010), When these compounds are dis-
charged to the major water bodies without any previous
treatment, they can cause disaster to the ecological equi-
librium in the environment as these molecules have car-
cinogenic and mutagenic properties in the direction of
water organisms and thus produce treat to a human being at
the end of these food chains (Muthirulan et al. 2012a, b).
Methylene blue is a heterocyclic aromatic substance having
IUPAC name 3,7-bis(dimethylamine)-phenothiazine-5-
iumchloride with the molecular formula C;gH;gN3SCI. It
has many uses in a selection of different fields, such as
environmental science and chemistry (Eskizeybek et al.
2012). The physico-chemical properties of methylene blue
(MB) dye are illustrated in Table 1.

Methylene blue dye is a cationic dye. The pzc of TiO, is
6.8. For pH values less than pH,,,., the surface becomes pos-
itively charged, and for pH values greater than pH,,. the TiO,
surface will be negatively charged. Hence, it is absorbed the
positively charged MB dye species easily in basic pH.

Semiconductor photocatalysis shows a potential
approach for solving worldwide environmental pollution
issues. Titanium dioxide (TiO,), as an important semi-
conductor, has been widely investigated in the photocat-
alytic field, due to its abnormal chemical and physical
behaviours. On the other hand, the high charge recombi-
nation rate in TiO, considerably limits its photocatalytic
application (Ibrahim and Halim 2008; Maeda 2012; Ochiai
and Fujishima 2012; Park et al. 2013).

To develop the photocatalytic activity of TiO,, there has
been significant progress in the construction of new
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Table 1 Physico-chemical properties of MB dye

Dye Methylene blue

Cationic, water soluble
C,6H;gN3SCl
319.85 g/mol

Characteristics
Molecular formula
Molecular weight

Structure

665 nm
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Amax

Applications
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3,7-bis (dimethylamino) - phenothiazine-5-ium chloride

Redox indicator, peroxide generator, sulphide analysis, biology, photodynamic treatment of cancer

efficient materials by coupling TiO, with other organic,
inorganic, polymeric materials, such as TiO,/zeolite, TiO,/
activated carbon, TiO,/Al,03, TiO,/SiO, and TiO,/poly-
mer materials. These composites really show photocat-
alytic development to a certain level. Among them, TiO,/
polymer composite paying more attention than others. The
reason is that apart from outstanding mechanical property
and large surface area, polypyrrole has electrical and
electronic properties.

In recent times, some studies have been published on the
combination of conductive polymers and TiO, to get better
performance of UV light and sunlight activities (Muthirulan
etal. 2013; Hou et al. 2011; Xu et al. 2012; Zhang et al. 2008;
Dengaetal. 2012; Zhang et al. 2006; Li et al. 2008; Wang et al.
2008; Kandiel et al. 2009; Wang et al. 2009). Moreover, many
conjugated polymers also are efficient electron donors and
good hole transporters upon visible light excitation. There-
fore, conjugated polymers with large band gap inorganic
semiconductors obtain awareness for optical, electronic,
photocatalytic and photoelectric conversion applications.

In spite of many reward of TiO,, its photocatalytic
water-splitting efficiency under solar energy is still some-
what low, mainly owing to the following reasons; First, the
photo-generated electrons in the CB of TiO, can recombine
with the VB holes rapidly to liberate energy in the outward
appearance of blocked heat or photons; Second, the
decomposition of water into hydrogen and oxygen is a
chemical reaction with large positive Gibb’s free energy
(AG = 237kJ/mol), thus the backward reaction (recombi-
nation of hydrogen and oxygen into water) easily proceeds;
Third, the band gap of TiO, is about 3.2 eV. Since UV
light only accounts for in the region of 4 % of solar energy,
while visible light contributes about 50 %, the lack of
ability to make use of visible light confines the effective-
ness of TiO, in solar photocatalytic hydrogen production.

To solve the above-mentioned trouble and to make solar
photocatalytic by TiO, sufficient, constant efforts have
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been made by adding electron donating organic polymer
(PPy). Adding electron donors or sacrificial reagents to
react with the photo-generated VB holes is an effective
quantify to enhance the electron-hole separation, resulting
in higher quantum efficiency. However, the disadvantage
of this system is required to continuously add electron
donors (organic molecules) to maintain the reaction since
they will be inspired during the photocatalytic reaction. (Li
et al. 2010; Ufana and Ashraf 2011; Arenas et al. 2013).

In this manuscript, effective PPy-TiO, composites have
been fabricated by chemical oxidative polymerization
method. The prepared PPy-TiO, nanocomposite was
characterized by SEM, XRD, UV-DRS, FT-IR and PL
studies. The photodegradation studies were carried out by
the prepared PPy-TiO, nanocomposite. The prepared PPy-
TiO, nanocomposite, a novel solar light driven catalyst
PPy-TiO,, shows high photocatalytic activity as compared
to T102

Experimental
Chemicals and reagents

All these reagents are of AR grade and used without further
purification. The list of chemicals is illustrated in Table 2.

Table 2 Chemicals

Chemicals Source

Sigma-Aldrich
Thomas Baker

Titanium dioxide (~21 nm)

Ammonium persulphate

Pyrrole (98 + %) (AR) Alfa Aesar
Methylene blue Qualigens
Sulphuric acid E Merck
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Preparation of conductive PPy-TiO,
nanocomposites

The preparation of conductive PPy-TiO, nanocomposite is
illustrated in Scheme 1. Chemical oxidative polymeriza-
tion of PPy was performed in the presence of negatively
charged TiO, nanoparticles (different wt%, i.e. 0.5, 1.0, 1.5
and 2.0 wt%) using ammonium persulfate as an oxidant. A
typical procedure is outlined: Pyrrole (5 mmol) was added
to 500 ml of 0.1 M Sulphuric acid solution. Then, the TiO,
nanoparticles (different wt%, i.e. 0.5, 1.0, 1.5 and 2.0) were
added with continuous stirring. Then, it was kept under
5 °C cooled condition. Then, 20 ml of Ammonium per-
sulfate solution was added drop by drop. The green
coloured solution was obtained. After constant stirring, the
precipitation occurred in dark colour. The obtained product
was washed with distilled water to remove the remaining
ammonia solution. Finally, the product was dried out at
room temperature at overnight.

Instrumental analysis

UV-visible spectrophotometer (DRS) was recorded using
“SHIMADZU” model: UV 2450, FT-IR spectrum was
recorded using “SHIMADZU” (Model: 8400S). The
crystallographic structures of the materials were deter-
mined by high-resolution powder diffractometer model—
RICH SIEFRT & CO with Cu as the X-ray source
(/. = 1.5406 x 10~'° m). The surface morphology of the
sample was recorded using scanning electron microscopy
(SEM-EDAX) (Model: FEG Quantum 250). The photolu-
minescence (LS 45) was recorded using a Perkin Elmer
spectra. The thermal stability of the material was recorded
using Thermogravimetric Analyser (Model : TG/DTA
6200) “SII nanotechnology”.

Scheme 1 Synthesis of PPy-
TiO, nanocomposite by
chemical oxidative
polymerization method
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Photodegradation studies

The photocatalytic activity of efficient PPy-TiO, nanocom-
posites was estimated by measuring the decolorization rates of
MB. In our experiments, 50 ml of MB and 20 mg of catalysts
were kept under dark room to get adsorption desorption
equilibrium. Then, it suspended into sunlight irradiation. At
given intervals of enlightenment, a sample of the catalyst
particulate was collected and centrifuged. The supernatant was
analysed by spectrophotometer (ELICO SL 207 MINI SPEC)
at Amax = 665 nm. The determined absorption was changed to
concentration through the standard curve method. From that
experiment, we work out the percentage removal of dye.

The amount of removal of the MB dye, in terms of
percentage removal, has been calculated using the fol-
lowing relationship:

G —C

i

Percentage removal (%R) = [ ] x 100 (1)
where C; and Cy are the initial and final concentrations of
dye (ppm) at a given time.

The reaction was carried out the time between 12.00 and
1.30 p.m. The intensity of Sun light was measured by Lux
Meter (TES 1332A digital Lux meter). In this work, we did not
consider the water evaporation and consequent solution con-
centration. The processes will be included in our future studies.

Results and discussion

Surface morphology of PPy-TiO, nanocomposite
(SEM-EDAX)

The morphology of the composite strongly depends upon
the character as well as the method of preparation. The

Polymerization APS
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surface morphology of the prepared PPy-TiO, nanocom-
posite was examined by SEM-EDAX. Figure 1a shows the
surface morphology Polypyrrole having flower like struc-
ture. Figure 1b represents that the surface morphology of
TiO, is a ball-like round shape deposited on the surface of
polypyrrole. Based on these conclusions in PPy-TiO,
nanocomposite, the TiO, particles deposited on the outside
of polypyrrole (Hongyu et al. 2010; Guoquan et al. 2011).

FT-IR studies

The molecular structure and functional group of PPy and
PPy-TiO nanocomposites (0.5, 1.0, 1.5, 2.0 wt%) were
determined by FTIR spectrum. Figure 2 gives the typical
FTIR spectra of PPy polymer, and the bands at 1552.15 and
1635.13 cm™ " are attributed to the stretching vibrations of
C=C and C=N in the phenazine ring, respectively. The
peaks at 1400.22 and 1100 cm ™" are attributed to the C-N
stretching in the benzenoid and quinoid imine units. In

Fig. 1 SEM images of a pure polypyrrole, b 2.0 wt% TiO,-PPy
nanocomposite

1.5 wt % TiO, - PPy

1.0 wt % TiO,-PPy

%’W

PPy

% Transmittance

T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm™)

Fig. 2 FTIR spectra of PPy, 0.5 wt% TiO,-PPy, 1.0 wt% TiO,-PPy,
1.5 wt% TiO,-PPy, 2.0 wt% TiO,-PPy
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addition, the bands at 520.78 cm™' which are the
description of C-H out-of plane bending vibrations of
benzene nuclei of PPy. The FTIR spectra of the PPy-TiO,
nanocomposites with different wt% TiO, represent the
same characteristic peaks of PPy polymer. The peak in the
region of 1100 cm ™' is related with vibrational modes of
N=Q=N (Q refers to the pyrrole ring), representing that
PPy is formed in the composite. But the stretching is
decreased with the increase in the loading amount of TiO,.
The results of FTIR spectra of PPy agree well with the
earlier reports (Xiaofang et al. 2006; Deivanayaki et al.
2012; Mi et al. 2009; Chougulea et al. 2012, 2013; Chat-
terjee et al. 2013; Etelino et al. 2013; Juraj et al. 2013).

UV-vis DRS studies of PPy-TiO, nanocomposite

The optical properties of PPy-TiO, nanocomposites investi-
gated by UV-DRS spectroscopy are shown in Fig. 3a. The
band gap energies of PPy-TiO, can be estimated from the
wavelength values equivalent to the junction point of the
perpendicular and parallel parts of the spectra.

From that spectra, the polymer expands the absorption
range of the TiO, from 400 nm to over 550 nm. In fact, the
spectra of PPy-TiO, were the spectra of polymer PPy
adsorbed onto the surface of the powders. It is an essential
condition for photo-sensitization that the photosensitizer be
adsorbed onto the surface of semiconductor. PPy-TiO,
seemed to be capable of responding to visible light.

The position of the fundamental absorption edge of PPy-
TiO, is determined using the equation:

(ehv)® = A(hw — Ey)" (2)

where o, h, v, E, and A are the absorption coefficients,
plank constant, light frequency, band gap and a constant,
respectively. The n value depends on the transition char-
acteristics. The E, value can be approximated by extrap-
olating the straight portion of the (ahv)* — (hv) plot shown
in Fig. 3b. The obtained E, value occurs between 2.22 and
2.23 e V for PPy-TiO,, respectively. The band gap value of
2.0 wt% TiO,-PPy nanocomposite was smaller when
compared to other components as shown in Table 3. The
band gap values estimated are somewhat smaller than the
reported values which can be accredited to wide particle
size distribution and surface defects (Rohit et al. 2013).

X-ray diffraction pattern of PPy-TiO,
nanocomposite

The crystallographic construction of obtained PPy-TiO,
nanocomposite was evidenced by XRD measurements.
Figure 4a shows the XRD pattern of TiO, and Fig. 4b
shows the XRD pattern of PPy/TiO, nanocomposites. The
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Fig. 3 a UV-DRS spectra of PPy-TiO, nanocomposite. b Plots of the
(ahv)? vs photon energy (hv) for PPy-TiO, nanocomposite

Table 3 Calculated band gap values for other components

Catalyst Band gap (eV)
TiO, 32
PPy 24
0.5 wt% TiO,-PPy 3.0
1.0 wt% TiO,-PPy 2.9
1.5 wt% TiO,-PPy 2.6
XRD peaks denote the arrangement of PPy-TiO,

nanocomposite. The respected peaks occur at 25.3°, 26.2°,
36.0°, 38.2°, 48.9°, 54.3°, 56.6°, 63.1°, 69.9°. In addition, it
can be prominent due to the TiO, deposited on the surface
of polypyrrole (Hasani and Hossein 2013; Yucheng et al.
2013).

The mean crystalline sizes of PPy-TiO, nanocomposites
are designed using Scherrer’s formula:

D Scherrer = kA/f cos @

where 1 is the wavelength of the X-ray radiation
(/=154 x 10"°nm), and k is the Scherrer constant
(k= 0.89)

O is the diffraction angle and B is the line width at half-
maximum height of the most intense peak. Based on the
XRD results, the crystalline range of PPy-TiO, nanocom-
posites was in the order of 10-20 nm. The results are in
good agreement with the SEM images.

Photoluminescence spectra

To study the cause for the higher photocatalytic activity of
PPy-TiO, nanocomposites, PL spectra of samples have
been taken, as shown in Fig. 5. The rate of recombination
of e /h™ pairs may also be a key factor disturbing the
photoactivity of TiO,. Probably, the TiO, photocatalysts
show a broad PL emission band. The peak intensities of the
PL spectra of PPy-TiO,, demonstrating that the electron—
hole recombination rate of self—trapped excitation in
TiO,, are reduced by the introduction of PPy. The signif-
icant PL quenching of TiO, can be observed after combi-
nation with PPy, representing the efficient transfer of
photo-generated electron from the TiO, to PPy, most
important to the enhanced photocatalytic activity of the
PPy/TiO, nanocomposites (Wang et al. 2010).

Thermogravimetric analysis

Figure 6 displays the thermogravimetric analysis of Pure
PPy, 1.0 wt% TiO,-PPy and 2.0 wt% TiO,-PPy
nanocomposites under N, atmosphere with the heating rate
20 °C/min. As observed from Fig. 6, it demonstrates that
the thermal stability of 2.0 wt% TiO,-PPy is much
advanced than that of other composites in the temperature
range of 30-800 °C. The first weight loss occurred at
100 °C due to the evaporation of remaining water mole-
cule. The second weight loss occurs between 110 and
250 °C. This demonstrates the structural decay of PPy.
Finally, the third weight loss occurs at 250-730 °C. This is
due to the skeletal degradation of PPy. In contrast, 2.0 wt%
TiO,-PPy nanocomposites have greater thermal stability
than other two nanocomposites. The thermogram shows
that the TiO, nanoparticle lost about 11.9 % weight owing
to the loss of polymer coatings on the surface of the
nanoparticle.

Effect of concentration of dye

The outcome of initial concentration of Methylene Blue
dye on the photocatalytic activity of photocatalysts (TiO,
and PPy-TiO, nanocomposites) was carried out under solar
light irradiation within the concentration range of
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Fig. 4 XRD spectra of a TiO,,
b PPy-TiO, nanocomposite
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Fig. 5 PL spectra of a PPy-TiO, nanocomposite, b TiO,

600

10-60 ppm and constant amount of catalyst and irradiation
time and the results are shown in Fig. 7. These results
indicated that PPy-TiO, nanocomposites photocatalyst
showed a high efficiency for the photocatalytic degradation
of MB in the presence of solar light irradiation than TiO,.

When increasing the dye concentration from 10 to
20 ppm, the percentage decoloration of MB dye was
decreased at 90-5 %. Finally, the degradation quickly

decreases for 60 ppm (25 %). This may be due to:

1. higher dye concentration might serve as an inner filter
shunting the photons away from the catalyst surface;

2. non-availability of oxidative free radicals;
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Fig. 6 TGA/DTA spectrum for 2.0 wt% TiO,-PPy nanocomposite

inverse effect is explained that if the dye concentration
increases in the treating solution, large amount of dye
molecules is adsorbed on catalyst surface active site.
The surface active sites to contribute in the degrada-
tion reaction will help to enlarge the degradation
efficiency. Due to the increase in dye concentration,
there is no space for the formation of OH- radicals. So
at last there is a drop in degradation efficiency.
Hydroxyl radical is the strongest oxidizing agent
promoting the degradation rate. According to the
Beer-Lambert law, as the initial dye concentration
increases, the pathway distance end to end of photon
incoming the solution decreases consequently resulting
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Fig. 7 Effect of initial concentration on the photodegradation of MB
dye on PPy-TiO, nanocomposite and TiO,

in lower photo degradation rate (Zhao et al. 2012;
Wang et al. 2012; Selvam et al. 2007).

Effect of dose variation

The influence of dose on the degradation of Methylene
Blue has been investigated by PPy-TiO, nanocomposite.
This percentage removal of dye using PPy-TiO,
nanocomposites was higher than TiO, (Fig.8). The
increase in the efficiency seems to be due to the increase in
the whole surface area, namely the number of active sites
obtainable for the photo catalytic reaction as the quantity of
photo catalyst increased. When photocatalyst is added in
excess, the degradation of dye molecules remains constant.

100

—e— PPy-TiO, .

904 —e—TiO, / .

i:z —
|

./

% Removal of MB dye

50
-/
40 ./
T T T T T T
10 12 14 16 18 20
Dose of the catalyst (mg)

Fig. 8 Effect of dose of the catalysts on the photodegradation of MB
dye on PPy-TiO, nanocomposite and TiO,

The reason for this is the deceased light penetration, the
increased light scattering and the slaughter in surface area
occasioned by agglomeration at high solid concentration
(Baruah et al. 2010).

Effect of time variation

The degradation of methylene blue was exponential with
time. The degradation rate constant k£ for methylene blue
was obtained from the plot in Fig. 9 using

In (%?) =kt (3)

where C, and Cy are the initial and final concentrations of
dye and t is the irradiation of time.

The degradation rate constants are similar for both
the sample with decayed methylene blue fraction of
93 % leading to enlightenment for 90 min (Kansal et al.
2007).

UV-vis absorption spectrum of MB with different
reaction time under solar light irradiation in the presence of
PPy-TiO, nanocomposites is illustrated in Fig. 10. Solar
light irradiation leads to decreases in absorbance in MB in
the presence of PPy-TiO, nanocomposites and the decrease
of the absorption intensities indicated that the dye has been
degraded. As can be seen in figure, the departure of the
distinguishing band of MB dye at 665 nm after 90 min
under solar light irradiation indicates that Methylene Blue
has been degraded completely.

The value of In(Cy/C)) is plotted against time (in min)
and the plots are found to be linear. From the slope, the rate
constants were considered for the degradation of MB dye
in the presence and absence of PPy. The pseudo first-order
rate constant (k minfl) values of TiO, and PPy-TiO,
system can be found out from the Fig. 9. The degradation
efficiency of the MB dye PPy-TiO, nanocomposite is
higher than that of TiO, as shown in Fig. 11.

Effect of pH variation

To study the effect of pH on the decolorization efficiency,
experiments were carried out at various pH values, ranging
from 3 to 11 for constant dye concentration (10 ppm) and
catalysts loading (Fig. 12). It has been experimental that the
decolorization efficiency increases with increasing pH
exhibiting a maximum rate of degradation at pH 11 and 9.
The zero point charge for TiO, is 6.25. The pH increases
from 7 to 11. The plane of the catalyst will become nega-
tively charged. So the cationic dye (MB) easily attached to
the catalyst surface. Finally, the percentage removal of dye
increased. In contrast, at acidic condition the degradation
efficiency will be decreased (Madhusudhana et al. 2012).

Disase cllod dyao .
KACST a,51é1)lg roglel @ Springer



1788

Appl Water Sci (2017) 7:1781-1790

—=—TiO,

6-| —® 0.5wt % TiO,-PPy
1.0wt% TiO,-PPy

—¥— 15wt % TiO-PPy
2.0wt % TiO,-PPy

-In (C,/C))
\ \

/l
L

— n

T T T T T T T
20 30 40 50 60 70 80 90

Irradiation time /min

Fig. 9 Apparent first-order linear transforms—In(Cy/Cy) vs. t of MB
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Fig. 10 UV-vis absorption spectra of MB dye degradation using
PPy-TiO, nanocomposite under solar light with different intervals of
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Fig. 11 Effect of time variation on the photodegradation of MB dye
on PPy-TiO, nanocomposite and TiO,

igllase clloll dvao .
KACST 3.0:50lq rog sl @ Springer

100

957 —8— PPy-TiO,
90 —e—TiO,

85

80 u

75 / .

70 -— /
: o

65 -

55 /

50 T T T T

% Removal MB dye

pH of MB dye solution

Fig. 12 Effect of pH variation on the photodegradation of MB dye on
PPy-TiO, nanocomposite and TiO,

Mechanism

Photocatalytic mechanism of PPy-TiO, nanocomposites
can be described as below. The photocurrent values
obtained from PPy to TiO, nanocomoposite are higher than
TiO,. PPy is a p-type narrow band gap semiconductor
when compared with other inorganic semiconductors
(TiO,, SrTiO3, ZnO) having n-type narrow band gap
semiconductor. The lowest vacant molecular orbital level
of PPy is positioned in an actively higher location than the
conduction band edge of TiO,. Consequently, when the
system was illuminated, the excited electrons of PPy in the
highest engaged molecular orbital level could move to the
LUMO level, then these electrons could be transferred into
the conduction band of the TiO,. Thus, more and extra
photo energized electrons formed in TiO, and the combi-
nation of the semiconductors (p—n junction) should have a
beneficial role in getting better charge separation. As a
result, this scheme delivers important photo responses in
this intersection.

The above-discussed mechanism is
Scheme 2.

illustrated in

Reuse of catalysts

The reproducibility of the photocatalytic degradation
activity of a 0.02 g sample PPy-TiO, nanocomposite per-
formed on a 10 ppm MB dye solution (50 ml) is expressed
as the number of cycles, where the photocatalytic degra-
dation of PPy-TiO, nanocomposite was reduced from 93 %
on the first usage to 82, 29 and 20 % after the second, third
and fourth cycles of reuse, respectively. This reduced dye
photodegradation activity is in accord with the appearance
of recycled PPy-TiO, nanocomposite, which was clearly
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Scheme 2 Schematic
. . Ay
illustration on the

. . < >
photodegradation mechanism of NN
MB dye on PPy-TiO, \Y,

nanocomposite under solar
irradiation

CO2+H:20

1
00,

ci

OH _, OH v

changed in the morphology of the PPy-TiO, nanocom-
posites due to the photodegradation.

Conclusions

PPy-TiO, nanocomposite was effectively prepared by the
chemical oxidative polymerization method. The results
from SEM analysis consistently specify that the TiO, has
been deposited on Polypyrrole atmosphere. The FT-IR
results show the major functional group present in PPy-
TiO, nanocomposites. The UV-vis diffuse reflectance
spectra confirm that the tailored catalyst immersed more
photons under visible light irradiation. The TGA spectra
indicate the thermal stability of PPy-TiO, nanocomposites.
The MB dye was effectively degraded by PPy-TiO,
nanocomposite under solar light irradiation. The fraction
removal of dye degradation was higher (93 %) in PPy-TiO,
nanocomposite than TiO,.
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