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Abstract  

 
Sonochemical synthesis of Titania, Titania-Polyaniline, and Clay-Titania-Polyaniline composites were car-

ried out. The composite systems were characterized by various physico-chemical techniques. Photocatalytic 

activity was tested selecting some common dyes as substrates. Composites exhibited higher activity for the 

degradation of dyes under visible light in most of the cases. © 2013 BCREC UNDIP. All rights reserved 
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Research Article 

1. Introduction  

Organic dyes widely used in textile and food in-

dustries represent an important source of environ-

mental contamination. Most of dyes are toxic on 

aquatic creatures and have carcinogenic effects on 

humans [1,2]. Different techniques such as adsorption, 

oxidation, reduction, electrochemical and mem-

brane filtration have been applied for the removal 

of these pollutants from the industrial effluents 

[3,4]. Research activities in the domain of photo-

catalysis have acquired strong momentum in the 

past few years. It is now regarded as a clean and 

attractive, low temperature, on-energy intensive 

approach for waste water treatment since it 

achieves complete mineralization of toxic wastes. 

Semiconductors have been the most preferred 

photocatalysts due to the narrow band gap between 

valence and conduction bands. Semiconductor 

photocatalysis has been another emerging area 

with wide applications in solving environmental is-

sues due to their suitable band gap energy to cata-

lyze a wide variety of organic degradation reactions 

[5,6].  TiO2 has been the most opted one in this re-

gard due to its biological and chemical inertness, 

stability against photocorrosion and chemical corro-

sion, cost effectiveness etc. [7-9]. Photoexcitation of 

titania by light of suitable energy results in the for-

mation of electron-hole pairs, which by migration to 

the surface react with the substrate through a re-

dox process. However, the utilization efficiency of 

solar light is limited severely by the wide band gap 

of TiO2 (3.2 eV). Hence, much effort has been di-

rected towards improving the utilization of solar 

light by extending the photoresponse of TiO2 to the 

visible region. These include metal ion doping [9], 

non-metal doping [10-12], noble metal deposition 

[13], narrow band-gap semiconductor coupling [14] 



 

and dye sensitization [15,16]. 

Delocalized conjugated structures have been 

proven to arouse a rapid photoinduced charge 

separation and decrease in the charge recombina-

tion rate in electron-transfer processes [17,18]. 

Conducting polymers, such as polyaniline (PANI), 

polythiophene, polypyrrole, and their derivatives, 

have been reported as promising sensitizers to ex-

tend the spectral response of TiO2 to visible region 

[19-21]. As a typical conducting polymer, polyani-

line (PANI) has unique electrical, optical and pho-

toelectric properties. Most importantly, it is 

cheaper than other conducting polymers. Zhu et al. 

reported the photocatalytic degradation of methyl 

orange using Polythiophene/Titanium dioxide com-

posites [22]. Gu et al. reported the photocatalytic 

degradation of Rhodamine B using a novel TiO2-

Polyaniline composite [23]. It was found that the 

prepared composites found to be very efficient 

photocatalyst under visible light irradiation [23]. 

Inert supports, like clay, mesoporous silicates, acti-

vated carbon, carbon nanotubes, etc., were used to 

improve the structural properties of titania. These 

materials also act as good adsorbents and facilitate 

pollutant elimination. The enhanced activity may 

be due to a combined effect of the high adsorbing 

capacities of the support together with the photo 

catalytic activity of TiO2. Low temperature synthe-

sis of TiO2 pillared montmorillonite was under-

taken by Zhang et al. [24], while its photocatalytic 

efficiency for the degradation of Acid Orange G was 

examined. 

The present study attempts to utilize the ad-

vantages of the conducting polymers as well as the 

support materials in a single system. Montmorillo-

nite was selected as support in the present study 

due to its unique properties. We make use of the 

adsorption ability of the clay montmorillonite. Here 

we report the preparation of polyaniline-TiO2 and 

Clay-TiO2 polyaniline composites by ‘in situ’ chemi-

cal oxidative polymerization of aniline. The pre-

pared systems were scanned for their visible light 

sensitivity taking some common dyes as sub-

strates. 

 

2. Experimentals  

2.1. Reagents and Materials   

Titanium Isopropoxide (Sigma Aldrich), Glacial 

aceticacid (MERCK), Distilledwater, Ani-

line(SDFineChemicals), Ammoniumperoxodisul-

phate(MERCK), Con.HCl (SDFCL), Montmorillo-

nite K-10 (Sigma Aldrich), Acid blue 25 (Sigma Al-

drich), Acid Orange-7 (Sigma Aldrich), Methylene 

Blue (SRL). 

 

 

 

2.2. Preparation of Catalysts  

2.2.1. Pure TiO2 

Titanium isopropoxide and acetic acid in a vol-

ume ratio 1:2 was taken in a beaker and magneti-

cally stirred with dropwise addition of distilled wa-

ter from a dropping funnel. The clear sol obtained 

was sonicated for 3 hours, transferred to an auto-

clave and kept overnight at 110 °C. The resultant 

solution after solvent evaporation was dried in an 

air oven at 110 °C followed by calcinations at 500 

°C for 5 hours.   

 

2.2.2. TiO2-PANI (TP) 

Ammonium peroxodisulphate solution (12.5 g in 

100 ml) was added drop wise to a mixture of 2.5 g 

TiO2 in 100 ml 1 M HCl solution and 5 ml of dis-

tilled aniline kept in an ice bath under constant 

stirring. The mixture after sonication for about 3 

hours was transferred to an autoclave and kept 

overnight at 110°C. It was filtered, washed with 

water and acetone to remove unreacted aniline, 

and dried in an oven at 110 °C. 

 

2.2.3. Clay-TiO2-PANI (CTP) 

 Montmorillonite (K-10) after dispersion in dis-

tilled water through sonication was mixed with the 

titania sol (5:1 ratio). The mixture was sonicated 

for 3 hours, transferred into an autoclave kept 

overnight at 110 °C, filtered, washed with water, 

and dried at 110 °C overnight. The resulted powder 

was calcined at 500 °C for about 5 hours. The 5 g of 

the Clay-TiO2 composite was sonicated (3 hrs) with 

100 ml of 1 M HCl and 5 ml of aniline in an ice 

bath followed by dropwise addition of 100 ml of 

ammonium peroxodisulphate solution. The resul-

tant mixture was transferred into an autoclave 

placed in an oven at 110 °C for overnight, filtered, 

washed with water and acetone, and dried at 110 

°C. 

 

2.3. Characterization  

XRD patterns were recorded in Bruker AXS D8 

Advance X-Ray Diffractometer using Ni filtered Cu 

K α radiation (λ=1.5406 Å) in the range 5- 70° at a 

scan rate 2°/min. The IR spectra of the samples 

were recorded using Thermo NICOLET 380 FTIR 

Spectrometer by means of KBr pellet procedure. 

Spectra were taken in the transmission mode and 

the spectra were taken under atmospheric pres-

sure and room temperature. Absorbance Measure-

ments as well as onset absorption were taken in a 

UV-Vis. Double beam UVD-3500, labomed, Inc 

Spectrophotometer. The scanning electron micro-

graphs of the samples were taken using JEOL 
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Model JSM-6390LV scanning electron microscope 

with a resolution of 1.38 eV. The powdered samples 

were dusted on a double sided carbon tape, placed 

on a metal stub and was coated with a layer of gold 

to minimize charge effects.  

Determination of surface area of the samples 

was achieved in a Micromeritics Tristar 3000 sur-

face area and porosity analyzer. Prior to the meas-

urements the samples were degassed at 110 °C for 

6 h. TG/DTG analysis was done on a Perkin Elmer 

Pyris Diamond thermo gravimetric/differential 

thermal analyzer instrument under nitrogen at-

mosphere at a heating rate of 5-10 °/min from room 

temperature to 1000 °C. 

The electrical conductivity was measured at 

room temperature using a standard Four Point 

Probe technique. The thickness of the pellets was 

measured by using a micrometer. The conductivity 

was calculated using the following equation: 

 

                        σ  = I ln2/Vπ t  (1) 

 

where σ =conductivity, I=current in Ampere, V= 

voltage in Volts and t =thickness of the pellet in cm 

[25]. 

 

2.4 Reactivity Studies  

Photocatalytic activities of the prepared sys-

tems were scanned using Oriel Uniform illumina-

tor (Newport Model 66901). For a typical reaction, 

10 ml of 10-4 M dye solution was sonicated with the 

required amount of catalyst for 15 minutes to 

achieve equilibration and then exposed to white 

light with continuous stirring. At required inter-

vals, the catalyst was removed by centrifugation 

and the residual concentration of the dye was 

monitored by UV absorbance method (Chemito, 

UV-Visible Spectrophotometer, and Spectroscan 

UV2600 with lamp intensity 150 W). Three types 

of dyes were used in the present study, i.e. Acid 

blue-25 (anionic dye), Methylene blue (cationic 

dye), and Acid orange-7 (azo dye). 

 

3. Results and Discussion 

XRD patterns of the various samples are listed 

in Figure 1. Pure Titania showed the presence of 

only the photo catalytically active anatase phase 

2θ = 25.5 (101) plane, 38 (004) plane, 48.3 (200) 

plane, 54 (105) plane, 55.2 (211) plane, 63 (204) 

plane, 68.9 (116) plane (JCPDS 21-1272). No char-

acteristic peaks of rutile or brookite phase were ob-

served indicating the high purity of the system. 

Pure PANI shows the Bragg peaks at 2θ = 9.4, 

14.0, 15.7, 16.9, 26.5 and 27.4. It also shows two 

broad peaks centered at 2θ=20.8, 25.4, that are as-

cribed to the periodicity parallel and perpendicular 

to the polymer chain which indicate that pure 

PANI was in semi crystalline phases. In the case of 

Titania-PANI composite, the characteristic peaks 

of anatase phase with a slight lowering of inten-

sity, whereas those of PANI disappeared or became 

weaker. This suggests that the addition of TiO2 

hampers the crystallization of the PANI molecular 

chain. When PANI is adsorbed onto the surface of 

TiO2, the molecular chain of adsorbed PANI is teth-

ered and the degree of crystallinity decreases [26]. 

PANI incorporation had no significant effect on the 

crystallization and phase characteristics of TiO2. 

Clay-Titania Polyaniline nanocomposites also dis-

played peaks corresponding to anatase phase. 

Peaks corresponding to clay were observed with 

low intensity due to its highly amorphous nature. 

The crystallite size is calculated using Sherrer's 

equation and the values obtained are given in Ta-

ble1. Upon polyaniline incorporation the crystallite 

size of TiO2 and Clay TiO2 was found to be de-

creased. Representative scanning electron micro-

graphs (SEM) are presented in Figure 2. The SEM 

photographs indicate random dispersion of the 

TiO2 and polyaniline in clay. 

IR spectra of pure TiO2 and polyaniline along 

with the composites were taken (Figure 3). Pure 

TiO2 shows peaks around 456, 1623, 3441 cm-1 
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Figure 1.  XRD spectra of the prepared samples 

Sample name Crystallite Size (nm) 

TiO2 12.4 

TP 10.1 

CTP 9.5 

Table 1. Crystallite size of the Prepared Samples 



 

which may be attributed to the Ti-O-Ti stretching 

O-H bending, and O-H stretching respectively. 

Peaks for pure polyaniline appears at around 503 

cm-1 (C-H out of plane bending vibration), 808 cm-1 

(para substituted aromatic rings), 1133 cm-1  (C-H 

in plane bending) and 1294 cm-1 (C-N stretching). 

Two bands in the range 1450-1600 cm-1 can be as-

signed to the nonsymmetric C6 ring stretching 

modes. Higher frequency band has higher contribu-

tion from quinoid ring and lower one from benze-

noid ring. Peaks around 3795 cm-1 corresponds to 

N-H stretching whereas aromatic C-H stretching 

results in a band in the range 3000-2500 cm-1 [27]. 

PANI-TiO2 composites are found to retain al-

most all the peaks of PANI and TiO2. PANI is be-

lieved to undergo polymerization on the surface of 
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TiO2 [28]. Peaks at 1645 cm-1 (bending mode of wa-

ter) and 3448 cm-1 (stretching mode of water) sug-

gests the presence of water even after calcination. 

This is quite important since surface hydroxyl 

groups provide higher capacity for oxygen adsorp-

tion which is essential for the photocatalytic activ-

ity of anatase [29]. Clay-TiO2-PANI composites 

also showed similar pattern. In addition, a band 

around 1115 cm-1 appeared due to the Si-O-Si 

stretching of clay skeletal structure. 

The TG-DTG analysis enabled the evaluation of 

thermal stability of the systems (Figure 4). DTG 

pattern of pure TiO2 shows a two stage decomposi-

tion pattern. A small weight loss around 100-200 

°C, may be due to the removal of adsorbed water in 

the gel while the second one around 350 °C may be 

TiO2  PANI 

 Clay- TiO2-PANI                                     TiO2-PANI  

Figure 2. SEM images of prepared samples 
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attributed to the formation of TiO2 by removal of 

strongly bound water and the surface hydroxyl 

groups along with the organic residue [30]. In the 

case of PANI, the first weight loss around 100 °C is 

attributed to the loss of water, the second weight 

loss (200-300 °C) to the loss of dopant HCl [31] and 

the third one may be due to the breakage of poly-

mer backbone. TP shows a DTG pattern similar to 

that of pure PANI indicating a similar sequence of 

decomposition. However, for clay composites the 

DTG pattern was found to be rather broad without 

a major weight loss indicating higher thermal sta-

bility. 

UV-Vis. diffuse reflectance spectrum of repre-

sentative samples is sketched in Figure 5. Pure ti-

tania shows a sharp reflection peak at around 380 

nm. In the case of the PANI doped systems, the 

pattern becomes broad with considerable absorp-

tion in the UV and visible region. This marked 

shifting of photoresponse indicates the prepared 
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Figure 3. FT-IR Spectra of prepared Samples  
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systems may be a good photocatalyst under visible 

light irradiation. 

Surface area values as determined from the 

analysis is shown in Table 2. It was found that in-

corporation of polyaniline has a little impact on the 

surface area of the TP composites. In the case of 

Clay composites the surface area increases even af-

ter doping with TiO2 and PANI. This may be to the 

delamination of clay layers upon composite forma-

tion. 

The conductivity values measured by a four 

probe method are given in Table 3. A drastic reduc-

tion in conductivity was observed in the case of TP 

systems. Incorporation of clays resulted in a fur-

ther lowering of conductivity. Irrespective of the 

type of composites a typical ohmic conductance pat-

tern was observed and a representative graph is 

shown in Figure 6. 

 

4. Reactivity Studies                   

The prepared catalysts were tested for their 

photocatalytic activity by selecting three common 

dyes belonging to different categories and the re-

sults are tabulated Table 4. Acid Blue-25 is a sul-

fonated anionic and Acid Orange-7 is a sulfonated 

azo dye. Sulfonated dyes undergo chemical interac-

tions with the charged backbone of PANI leading 

to significant adsorption of the dye. This selective 

adsorption of dyes by PANI promises a green 

method for the removal of sulfonated organics from 

waste water. Sulfonated dyes in their aqueous so-

lution exist in the anionic form. The -SO3
- group on 

the dye could lead to chemical interaction with 

positively charged backbone of PANI emeraldine 

salt. This will lead to the adsorption of various sul-

fonated dyes on the emeraldine salt of PANI. The 

adsorbed dye species are then degraded by hy-

droxyl and super oxide radicals. 

In the case of Acid Blue-25, pure titania shows 

56% degradation upon visible light irradiation. 

But on forming composite with PANI the extent of 

degradation shows a dramatic increase. With an 

increase in the amount of PANI in the composite, 

the extent of degradation first shows a sharp de-

crease and thereafter shows a regular increase. 

This indicates that the activity is strongly depend-

ent on the concentration of PANI in the composite 

as well as the interaction between TiO2 and PANI. 

High activity may be due to the strong interaction 

Sample name BET  Surface Area (m2/g) 

TiO2 80.5 

TP 76. 7 

Clay 190 

CTP 206.2 

Sample name Conductivity  

x 10-2 S cm-1 

PANI 86.15 

TP 5.89 

CTP 1.85 

Table 2. Surface area of the samples Table 3. Conductivity values of composites.  
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between TiO2 and PANI achieved at low loadings. 

However, a wide study in this regard is essential to 

explain the exact cause. Clay-Titania-PANI (CTP) 

composites exhibited activity close to the TP com-

posite. In these composites also, an increase in deg-

radation activity was observed with an increasing 

of PANI content. 

The mechanism and trend of photocatalytic deg-

radation of Acid Orange was found to be the same 

as in the case of Acid Blue-25. Almost similar ac-

tivity was observed for the titania composites. Clay 

composite showed a lesser activity as compared to 

pure composite at low PANI concentration. An in-

crease in polyaniline content resulted in an in-

crease in activity.  

Considerable enhancement in activity was ob-

served for the titania polyaniline composites as 

compared to pure titania for the degradation of 

acid orange and acid blue. This suggests efficient 

shifting of the photoresponse of titania to visible 

range after polyaniline incorporation. A lowering of 

activity observed in the case of clay-titania polyani-

line composites may be attributed to the lower ef-

fective Titania/PANI content.  

The high activity of pure titania for methylene 

blue degradation under visible light may be ex-

plained on the basis of dye sensitization mecha-

nism. The main requirement of light induced dye 

degradation using a catalyst is that the dye must 

adsorb on the surface of the catalyst. Under visible 

light illumination, the semiconductor is not excited 

as its absorption threshold is 385 nm; only the 

chemisorbed dye is excited at a longer wavelength 

to produce excited dye species. Subsequently the 

excited dye injects an electron in to the conduction 

band of the semiconductor with, the dye being con-

verted to the cation radical. Oxygen plays an im-

portant role in scavenging the electron; it sup-

presses recombination between dye cation radical 

and e-. The radical cation ultimately reacts with 

reactive oxygen radicals and/or molecular oxygen 

to yield intermediate products or radical species, 

for which if secondary radical processes occurred 

might lead to mineralization [32]. 

However, the activities of titania composites 

were slightly lowered as compared to pure titania. 

This may be explained taking into consideration 

the fact that methylene blue is a cationic dye. The 

PANI composite is reported to have little affinity 

towards cationic dyes. The relatively small adsorp-

tion of cationic dyes on PANI composite may be 

due to the repulsive interaction between the posi-

tively charged PANI back bone and the cationic 

part of the dye [33]. Incorporation of PANI re-

sulted in a lowering of the percentage degradation 

in simple titania as well as clay composites. 

The % adsorption of each dye of the catalyst 

surface was measured by stirring the dye solution 

with a definite amount of catalyst for a fixed time 

without irradiation. Also the effects of light on 

dyes were examined by irradiating the dye solu-

tion without catalyst. The results are represented 

in Table 5. It was found that light without catalyst 

has no major influence on dye degradation. 

A possible mechanism for dye degradation us-

ing polyaniline sensitized TiO2 can be represented 

as follows (Figure 7). Upon visible light irradiation 

PANI absorbs visible light to induce π- π* transi-

tion. The d-orbital (Conduction Band) of TiO2 and 

the π*-orbital of PANI match well in energy level 

and as a result the excited state electrons of PANI 

are transported into the d-orbital of TiO2. These 

are subsequently transfer to the surface to react 

with water and oxygen to yield hydroxyl and su-

% degradation  

 

Sample  
Acid blue 

25 a 

Acid  

Orange 7b 

Methylene 

bluec 

TiO2 56 73 97 

TP 92 95 93 

CTP 59 78 91 

Table 4. Reactivity Studies 

  a- Catalyst amount = 0.005 g; Irradiation time = 1/2 

hour; Lamp Intensity = 150 W; Concentration of dye 

solution = 10-4 M 

  b - Catalyst amount = 0.005 g; Irradiation time = 45 

minutes; Lamp Intensity = 150 W; Concentration of 

dye = 10-4 M 

  c - Catalyst amount = 0.01 g; Irradiation time = 1 hour; 

Lamp Intensity = 150 W; Concentration of dye= 10-4 

M 
Figure 7. Mechanism of Photocatalytic degra-

dation of dyes using TiO2 –PANI composite 
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peroxide radicals, which would oxidize or degrade 

the dye molecules. 

 

5. Conclusions 

Different compositions of Titania PANI and 

Clay Titania PANI composites were prepared and 

characterized. The photocatalytic activity of these 

composites was examined by degrading different 

classes of dyes under visible light. Finally it was 

concluded that the prepared composites were good 

photocatalyst under visible light irradiation and 

also adsorption of dyes on catalyst surface play an 

important role in the degradation of dyes. 
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