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Silver-kaolinite-titanium dioxide (Ag-K-T) composite was synthesized and 
studied as a photocatalyst under visible light irradiation for degradation 
of the standard dye, Methylene Blue (MB). The catalyst was synthesized 
by mixing, pounding, pressurizing, grinding and calcining of Ag(I) 
nitrate with kaolinite and then combined with TiO2 under certain specific 
environment and conditions. The characterization of the composite 
catalyst was done with XRD, FT-IR, SEM, EDX, TEM, AFM, TGA, CEC, 
BET, UV-DRS and PL analyses. The photocatalytic degradation was 
studied with process parameter variations such as catalyst loading, input 
dye concentration, pH of the medium and reaction time. The Ag-K-T 
composite had high cation exchange capacity (CEC) with large surface 
area and porosity. The aqueous dye (5x10-6 M) was found to be 100% 
degradable with a catalyst loading of 0.5 g L-1, reaction time of 70 min 
and at pH 7.5. The kinetics of dye degradation was also studied to find out 
the effectiveness of the photocatalyst. Chemical Oxygen Demand (COD) 
analysis of the aqueous dye solution before and after reaction confirmed 
degradation of the dye which was also observed through decolourisation. 
The photocatalyst was easily separable from the reaction mixture, could be 
regenerated and recycled successfully up to three cycles with decrease of 
only 1.68% of degradation rate. The work shows the potential of Ag-K-T 
photocatalyst to be used as a multifunctional material particularly with 
respect to decolourisation of wastewater containing dyes and pigments.

INTRODUCTION
Dyes and pigments have been extensively 

employed in paper, paint, dyeing and textile 
industries and the treatment of the wastewater 
from these industries has always been a major 
environmental concern. The unused dyes impart 

aesthetically undesirable colour to the receiving 
water, reduce light penetration and often 
introduce toxic dyes and their intermediates into 
water [1]. Many of these dyes are harmful to the 
ecosystem and are considered as a significant 
hazard to aquatic living organisms [2].   Only 45-
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47% of the dyes are known to be biodegradable 
while others are insoluble, in many cases, harmful 
to human and other living beings, particularly due 
to their persistent quality. Many of the organic dyes 
are aromatic in nature and have carcinogenicity 
[3]. Methylene blue, the most commonly used 
cationic dye, has largely been used in textile and 
dyeing industry as well as in human and veterinary 
medicines. It cannot be degraded easily through 
the conventional routes of water treatment 
because of its complex aromatic structure, high 
stability against temperature, light, water and 
chemicals [4]. Many of the other dyes also resist 
degradation in conventional water treatment 
processes. It is important to formulate suitable 
strategies to efficiently remove the dues from 
industrial wastewater such that they do not harm 
aquatic life and do not enter into the human 
food chain. Usual treatment methods for dye 
degradation and removal include photocatalysis 
[5], adsorption [6], filtration and sedimentation 
[7]. All these processes have been seldom effective 
and the usual treatment processes are very much 
time-consuming. Advanced Oxidation Processes 
(AOP) like photo-Fenton, Fenton, ozonisation, 
semiconductor based photocatalysis have been 
developed for the effective degradation of dye 
pollutants [8]. Recently, the area of focus has 
shifted towards visible light photocatalysis, which 
is both cheap and environment-friendly and is 
modelled on the nature’s process of utilization of 
sunlight for  disinfection as well as degradation of 
various pollutants by utilizing cheap solar energy 
[9]. Photocatalysis is considered as a greener and 
economically beneficial approach in wastewater 
treatment based on strong oxidation and less 
energy consumption. 

In recent years, TiO2 has received considerable 
attention in wastewater treatment processes as a 
photocatalyst or photocatalyst-support as it has 
the advantages of being nontoxic, cost effective, 
and stable, with high photocatalytic efficiency for 
decomposition of persistent organic contaminants 
in water [10-14]. This oxide has a considerably 
vast band gap (3.12V) and can be used as a 
photocatalyst under ultraviolet (UV) irradiation. 
It has been observed that the photocatalytic 
efficiency of TiO2 under visible light irradiation 
can be improved in a number of different ways, 
such as nonmetal doping [15], metal deposition 
[16] and semiconductor coupling [17, 18]. Doping 
of TiO2 with silver (Ag+), rubidium (Rb+), nickel 

(Ni2+), cobalt (Co2+), copper (Cu2+), vanadium 
(V3+), ruthenium (Ru3+), iron (Fe3+), osmium (Os3+), 
yttrium (Y3+), lanthanum (La3+), platinum (Pt4+, 
Pt2+), and chromium (Cr3+, Cr6+) has been shown 
to work splendidly under visible light as reported 
by Choi et al. [2]. Metal doping initiates a lower 
band gap externally that facilitates the electron–
hole pair separation and hence increases active 
sites on TiO2 surface [19]. For this purpose, Ag 
nanoparticles have been extensively studied 
because of their favourable optoelectronic 
properties. It is observed that the ideal size of 
Ag nanoparticles for use in photocatalysis is < 
100 nm which prevents aggregation during the 
reactions resulting in macromolecule formation 
and in consequent reduction in the photocatalytic 
activity. To achieve this, the surface of Ag 
nanoparticles are stabilized with some surfactants 
or by immobilizing the nanoparticles over some 
supports such as metal oxides [8], carbon or 
alumina [20, 21]. To produce photocatalysts 
with desired functions, physical properties of 
the prepared material such as porosity, purity, 
surface area, surface aggregation and crystallinity 
have to be maintained at appropriate values. The 
properties are often influenced by the synthetic 
approach to the materials and their precursors. 
Several reports have pointed out that the kinetics 
of the reactions play an important role as the 
reaction rate relies on how the dye to be degraded 
is accumulating on the TiO2 surface [22].

Clay-TiO2 nanocomposites have been 
extensively reported because of their simple and 
environmentally benign process of synthesis. 
Incorporation of TiO2 particles inside the silicate 
layers increases the specific surface area by 
resulting in a mesoporous structure with improved 
adsorbability [23]. Kaolinite (Al2O7Si2·2H2O), a 
naturally occurring low cost and non-toxic, layer-
structured aluminosilicate clay with presence of 
reactive hydroxyl groups is an outstanding support 
for introducing metal oxides within its framework 
structure and thus to prepare nanocomposites 
for various applications [24, 25]. Kaolinite has the 
added advantage as it does not show any swelling 
in water. The inter-lamellar space could be 
enlarged to the size required for accommodating 
nanoparticles by rupturing the hydrogen bonds 
interlinking the kaolinite lamellae. X-ray diffraction 
(XRD) measurements by Papp et al. indicated 
an increase in the basal spacing of the ordered 
structure of kaolinite from 0.72 to 1.12 nm as a 
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result of disaggregation of the metal particles 
protected in the inter lamellar space [26]. 

TiO2 based photocatalysts have been usually 
prepared by using TiCl4, TiOSO4 and Ti(IV) alkoxides 
as precursors [27-29]. During the synthesis 
process, TiCl4 shows volatility and dimerization 
behaviour which makes it difficult to handle 
even though it is a cost-effective precursor. Its 
alternatives, such as tetrabutylorthotitanate and 
titanium(IV) tetraisopropoxide are expensive 
and hazardous, hampering large-scale industrial 
production. However, these materials are the 
preferred Ti(IV)-source for preparation of TiO2-
based nanoparticles. The pore structure of the 
final product is directed by using surfactants or 
organic solvents.

In this work, silver kaolinite and titanium 
dioxide (Ag-K-T) composites were synthesized in 
an easy and cost-effective process and the material 
was characterized with respect to its structural, 
thermal, morphological and optical properties. 
Finally, the photocatalytic efficiency of the catalyst 
for methylene blue degradation was evaluated in 
aqueous medium under visible light irradiation.

MATERIALS AND METHODS
Materials

TiO2 (99.8% metal basis, anatase, Sigma Aldrich, 
USA) and kaolinite (extra pure, Himedia, Mumbai) 
were taken as the starting materials. Silver nitrate 
and methylene blue were obtained from Merck 
Chemicals, Mumbai. Double distilled water 
(conductivity 0.15 mScm−1) was utilized all through 
the investigations.

Preparation of the catalyst
Step1: Incorporation of silver in kaolinite
1.0 mmol of Ag(I) nitrate and 1.0 g kaolinite were 

disseminated in 500 mL distilled water and the 
mixture was stirred vigorously for 6 h in a magnetic 
stirrer (500 rpm) in dark (Fig.1). The mixture was 
kept undisturbed at 60 ºC in a hot air thermostat 
for 2 days. Then obtained precipitate was washed 
3 times with distilled water and methanol to 
remove unreacted species, centrifuged and dried 
at 70 ºC [30]. The Ag(I) ions on kaolinite surface 
gets reduced to metallic silver by the action of 
mild reducing agent methanol [31].

Step 2: Modification of silver-kaolinite with 
Titanium dioxide

To get a powdered mixture comprising of 20% 
silver kaolinite and 80% TiO2 the sample obtained 

from step 1 was weighed and ground with 4 times 
by wt. of TiO2 for 30 min. Sample wafers were 
made by pressing it under 9-ton pressure in a 
hydraulic press. The wafers were calcined at 500 
ºC for 3 h. The resulting material was granulated in 
a mortar to get a fine powder and was preserved 
for use as the catalyst. Silver and TiO2 were likely to 
be present on the clay surface in an adsorbed state 
due to electrostatic force of interactions with the 
negatively charged clay surface.

Preparation of dye solution
The stock solution of concentration, 1.0 x 10−4 

M was prepared by dissolving accurately weighed 
MB (mol. mass 319.85 g mol-1) in double distilled 
water and was diluted to obtain the required dye 
solutions of concentrations, 1.0 x 10-5, 5.0 x 10-5 

and 5.0 x 10−6 M for the photocatalytic reactions.

Characterization techniques 
FT-IR measurements were carried out with a 

Shimadzu FT-IR 3000 spectrometer. Powder XRD 
analyses were done with a Bruker D8 Advance 
diffractometer at diffraction angles of 5º to 80º 
(2θ) with step size of 0.039 (λ=0.154 nm). With a 
Perkin Elmer, TGA 4000 thermal analyzer system 
from 35 ºC to 800 ºC, thermo gravimetric analyses 
were conducted under a steady N2 flow of 20 
mL min-1 with a heating rate of 10º min−1. The 
pore size, pore volume and specific surface area 
analyses were performed with a Autosorb iQ using 
BET isotherm and BJH equation methods. Bergaya 
and Vayer Method was used for calculation of the 
CEC of the samples [32]. Using BaSO4 background, 
the solid UV-Vis diffuse reflectance spectrum was 
recorded with a Hitachi U4100 spectrometer at 
room temperature. 

The photoluminescence spectrum of Ag-K-T was 
obtained on a fluorescence spectrometer (JASCO 
FP 8300 spectrofluorometer) with a xenon lamp 
as the source of excitation at room temperature. 
A scanning electron microscope (SIGMA 300) with 
an accelerated voltage of 5 kV, combined with an 
energy dispersive X-ray spectrometer (ELEMENT) 
microanalysis connection, was used to study the 
structure and elemental composition of Ag-K-T. 

The TEM images were observed on a JEM-
2100 Plus electron microscope equipped with 
an accelerating voltage of 200 kV. Parameters 
of roughness, topographic surface images and 
measurements of force modulation were obtained 
by means of atomic force microscopy (AFM) 
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(NTEGRA Prima, NT-MDT Technology) operated 
in semi-contact mode using rectangular silicon 
tip (force constant 18 Nm-1). Averages of the 
measurements of roughness are taken from 5x5 
and 10x10 μm2 replication specimens using 1Hz 
scanning rate. Image and linear profiles were 
used to analyse the surfaces. The samples for the 
AFM study were treated for half an hour each by 
dispersing and sonicating Ag-K and Ag-K-T samples 
in distilled water (1 mg/100 mL) and placed on a 
microscopic cover glass accompanied by air drying. 

The Zeta potential (ζ) analysis was carried out 
at 25 °C with 0.1 mg Ag-K-T sample ultrasonically 
dispersed in 10 mL of distilled water and measured 
in a Zetasizer Nano ZS90 (model no. ZEN3690).  
The pH was maintained from 3.0 to 10.0 by adding 
0.1 M aqueous solutions of HCl and NaOH each. 

The preparation of Ag-K-T is schematically 
shown in Fig. 1.

Photocatalytic reactions
The photocatalytic reactor (Fig. 2) consisted 

of a visible light source of tungsten lamp (250 
W) with a wavelength filter (λ > 400 nm) (Philips 

38941-1; PS 25, Frost-6100) fitted at the bottom of 
a stainless-steel chamber. 

A double-walled beaker was used for the 
degradation experiments at room temperature. 
In order to establish an adsorption-desorption 
equilibrium, the reactants were shaken vigorously 
in the dark for half an hour before a photocatalytic 
reaction was carried out. 5 mL aliquots of the 
reaction mixture were taken out at 10 min intervals 
after irradiation of the reaction mixture and 
were analyzed for the unconverted dye in order 
to determine the kinetics of the photochemical 
reaction. The aliquots were centrifuged to separate 
the solid catalyst, if any and the concentration 
of the unconverted dye was determined by 
analyzing the centrifugate with a Shimadzu UV-
1800 spectrophotometer (at λmax = 664 nm). A set 
of blank reactions was also carried out without 
incorporating the catalyst following the same 
procedure. The dye degradation experiments 
were conducted for different dye concentrations 
of  5.0 × 10−6, 1.0 × 10−5 and 5.0 × 10−5 M at pH 7.5  
(pH of prepared dye solution) and a catalyst load 
of 0.1 g/200 mL. The influence of catalyst loading 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Diagrammatic representation of preparation of Ag-K-T catalyst
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was studied with 0.005, 0.02, 0.04, 0.08 and 0.1 g 
catalyst/200 mL dye solution (concentration 1.0 × 
10−5 M or 3.198 mg dye L−1) at pH 7.5. 

RESULTS AND DISCUSSIONS
Catalyst characterization
XRD analysis

The X-ray diffraction (XRD) patterns of Kaolinite 
(K), Titanium dioxide (T), Silver-Kaolinite (Ag-K) 
and the calcined Silver-Kaolinite-Titanium Dioxide 
(Ag-K-T) composite are shown in Fig. 3(a). The 
peaks located at 25.3, 36.9, 37.9, 48.2, 54.2, 55.3, 
62.7, 68.8 , 70.4  and 75.3º (2θ) result from the 
tetragonal body centered anatase phase of TiO2 
and  can be assigned to (101), (103), (004), (200), 
(105), (211), (204), (116), (220) and (215) planes 
(JCPDS file: 00-004-0477) and that located at 
37.09 º (2θ) can be assigned to (101) diffractions 
of the hexagonal molecular Ag (JCPDS file: 01-
087-0598) which is capped by (101) plane of Mg 
from kaolinite. Body-centred tetragonal Silicon 
and face-centered cubic aluminium from kaolinite 
produce the 38.6º band corresponding to (111) 
plane (JCPDS file: 01-074-6385). Characteristic 
peaks of kaolinite are observed at 2θ values of 
12.27, 20.34, 25.06, 35.09, 38.65, 55.36 and 62.64º 
which can be assigned to (001), (110), (002), (130), 
(-110), (150) and (060) crystallographic planes [1].

Incorporation of water molecules, bound to 
each other as well as to the clay surface by inter-
molecular hydrogen bonding, is responsible for 

expansion of basal spacing. Silver ions from silver 
nitrate will displace some of the water molecules 
and get adsorbed on the surface of the clay. 
Diffractions of Kaolinite (K) can still be observed 
clearly after calcination at approximately 500 ºC, 
indicating the retention of the layered structure 
of kaolinite (Fig. 3(a)). The XRD studies suggest 
that Ag-K-T composite has good thermal stability, 
further established by TGA analysis. The average 
crystal size of Ag-K-T composites was calculated 
using Scherrer–Debye equation [10]  as

D = kλ / β cosӨ	 		  (1)

where D is the average size of the particles in 
nm, k is the shape factor constant (0.9), λ is the 
wavelength of X-rays (0.154 nm), β the broadening 
of the diffraction line measured by the full width 
at half maximum (FWHM) of the diffraction peak 
and Ө is the Bragg angle (in degrees). The average 
particle size of the Ag-K-T composite calculated 
from Scherrer–Debye equation as above was 
34.88 nm in conformity with the formation of Ag-
K-T nanoparticles (Fig. 3(c)).

FT-IR analysis
The FT-IR spectra recorded at room temperature 

for silver doped kaolinite (Ag-K) and silver doped 
kaolinite with Titanium dioxide composite (Ag-K-T) 
as compared with the parent kaolinite (K) showed 
the retention of layered structure of kaolinite in 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Experimental set up for photocatalytic degradation of aqueous Methylene Blue under visible light
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the prepared composites (Fig. 3(b)). The parent 
kaolinite showed characteristic absorption bands 
in the range of 3500–3700 cm−1 and 1000–1200 
cm−1 (stretching of –OH and Si–O, respectively), 
weak bands between 900–400 cm−1 (Si-O-Si 
bending vibration) and absorption bands in 912–
915 cm−1 range (-OH bending). 

The bands at 500–650 cm-1 and 400–470 
cm-1 could be assigned to the tetrahedral and 
octahedral complexes respectively. Therefore, 
in the investigated samples, the broad bands 
observed around 467 and 603 cm-1 were due to 
the stretching vibrations of the M–O bands in 
compounds where M denotes Si, Al or other cations 
existing in the sample. The bands at 2372 cm-1 and 
3449 cm-1 were due to CO2 stretching vibrations 
and H–O–H stretching vibrations respectively. The 
bands at 3420-3450 cm-1 could be due to H-O-H 
stretching of adsorbed water and that between 

1620-1634 cm-1 due to H-O-H bending of water 
molecules. The bands near 1470 and 2850-2930 
cm-1 can be assigned as C-H stretching bands [33, 
34]. The IR spectra of the calcined catalysts in Fig. 
3(b) indicates the substantial disappearance of 
Al–OH vibration bands. There is the formation of a 
broad band between 920 and 1280 cm−1 as a result 
of the superposition of Ti–O, Si–O and Al–O bands. 
After intercalation of Ag in the interlayer spaces of 
kaolinite, the intensity of the peaks of raw kaolinite 
changed. Some of the peaks present in kaolinite 
were masked due to TiO2 impregnation and Ag 
doping and some were removed due to calcination 
of the modified clay [35, 36]. No additional peaks 
could be seen upon Ag-doping which indicates 
well dispersed doping ions [19].

Cation Exchange Capacity and Surface Area 
The negatively  charged  sites present on 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. (a) XRD pattern of Ag-K-T compared to Ag-K, T and K, (b) FT-IR spectra of K, T, Ag-K and Ag-K-T, (c) FWHM peaks considered for 
grain size calculation of Ag-K-T.
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the surfaces of  clay minerals can adsorb  and 
hold  cations by  electrostatic  force. The Cation 
Exchange Capacities of kaolinite and Ag-K-T 
composite were found to be 11.63 and 10.06 
meq/100g respectively, using Bergaya and Vayer 
Method [32].

After introduction of metal cations and TiO2 
into the clay gallery, it was observed that the CEC 
of the parent clay decreased. This indicated the 
presence of some small ions within the interlayer 
space  of the clay structure which introduces 
the negative  interlayer  charge. The decrease  in 
the  cation exchange capacity (CEC) of the 
clays following incorporation of the metal cations 
and TiO2 is likely to be due to a concurrent loss of 
hydroxyl free radicals into solution. Calcination at 
500 ºC for 3 h reduces the number of exchangeable 
cations and dehydroxylation of the polyoxo-cations 
is likely to liberate H3O

+ ions  within the  clay  bed 
[37].

The surface area, pore volume and pore 
radius of Ag-K-T were studied with BET and BJH 
adsorption and desorption cumulative analyses 
and were found to be 16.78 m²/g, 0.15 cm3/g and 
17.72 nm respectively. As previously reported the 
surface area of the synthesized Ag-K-T catalyst 
was expectedly in between pure Kaolinite and 

pure TiO2 [35-38]. After intercalation of Ag and 
TiO2 particles on the silica layers followed by 
calcination, the specific surface area of the raw 
kaolinite decreases. This might be attributed to 
the increase in crystallite size due to grain growth 
and photocatalyst precipitation on silica particles 
during calcination and crystallization [39].

Thermogravimetric Analysis
The thermal stability of K, T, Ag-K and Ag-K-T 

was determined with TGA measurements (Fig.4). 
TGA readings of both Ag-K-T (already calcined at 
500 oC) and parent TiO2 are exactly the same which 
indicate almost the same thermal stability up to 
750 oC. The TGA curves of kaolinite as well as Ag-K 
indicate a marginal weight loss at temperatures 
< 500 oC due to adsorbed water molecules. 
Dehydroxylation of water in the silicate layers as 
well as crystallization of  TiO2 causes weight loss 
at 460-670 ºC [40]. Since the crystal structure of 
kaolinite breaks down at temperature range of 
550-650 ºC metakaolin is formed from calcination 
of kaolinite leaving an amorphous mixture of 
alumina and silica [41]. negligible weight loss is 
observed at temperatures ≥ 600 ºC indicating 
formation of a stable composite by calcination at 
these specific temperatures [35]. It is evident from 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Thermogravimetric analysis of K, T, Ag-K and Ag-K-T in the temperature range of 35° to 800 °C.
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the TGA data that the Ag-K-T catalyst is thermally 
stable.

Scanning electron microscopy (SEM), Energy 
Dispersive X-ray (EDX),  Transmission Electron 
Microscopy (TEM) and Atomic force microscopy 
(AFM) analyses

Surface morphology of the composite sample 
was investigated with SEM imaging measurements. 
The SEM images of the K, T, Ag-K and Ag-K-T are 
presented in Fig. 5(a). The morphology of pure 
kaolinite indicates the presence of plate-like 
structures. However, upon reaction with silver 
nitrate and TiO2 the kaolinite structures were 
observed to get reduced to smaller particles 
containing spherical aggregates of TiO2 [35]. 
Since the size of Ag is larger compared to the 
interlamellar space of kaolinite they get attached 
to the surface of kaolinite and some of them go 
into the interlayer space by deforming the parent 
kaolinite sheets. The interaction between TiO2 

and Ag-K lead to the formation of well distributed 
particles in Ag-K-T composites. Some of the plate-
like structures of kaolinite were employed with Ag 
and stacking of the aggregates as well as deposition 
of TiO2 on the surface was also observed. This leads 
to the formation of homogeneous photocatalysts. 

Fig. 5(b) and 5(c) shows the X-ray mapping 
images and EDX spectrum of the Ag-K-T sample 
respectively. From the X-ray mapping images it 
can be said that the elements are well distributed 
on the surface which is a necessary criterion for a 
photocatalyst to be suitable for catalytic studies. 
Moreover, the EDX spectrum (Fig. 5(c)) of the 
sample demonstrates that the composite consisted 
of Ti, Ag, Si, Al, O and K atoms. Consequently, 
the surface became rough as shown by the AFM 
images of Ag-K and Ag-K-T (Fig. 7). The EDX data 
showed successful intercalation with 0.59% silver 
and 15.64% Ti in Ag-K-T sample (Fig. 5(c)). 

The divergence of the metal contents from 
the measured CEC suggests the formation of a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. (a) Scanning Electron Microscope images of K, T, Ag-K and Ag-K-T (b) Elemental mapping image of Al, Si, Ag and Ti for Ag-K-T 
(c) EDX spectra and Elemental composition of Ag-K-T
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three-dimensional disordered structure called 
‘‘delaminated clay’’ as most of the hydrolyzed 
titanium species and silver particles were 

observed to exist outside the clay interlayers and 
the polyoxycations co-aggregate with the clay 
particles [42].

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Fig. 6. TEM image of Ag-K-T

Fig. 7. (a) Surface topographic image and profile for Ag-K and Ag-K-T, (b)Three dimensional 5 µm2 scans of surfaces 
demonstrating shape of surface features in relation to height for Ag-K and Ag-K-T
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The distribution of TiO2 and Ag nanoparticles 
can be observed in the TEM image (Fig. 6) where 
relatively larger Ag particles are surrounded by 
smaller TiO2 particles and dispersed well on the 
kaolinite layer. On the basis of the structural 
analysis, a schematic diagram of the Ag-K-T 
composite was presented in Fig. 1. Because of 
the strong adsorption capacity of kaolinite, silver 
accumulates onto the clay surface after the 
addition of AgNO3 into the kaolinite suspension. 
The subsequent addition of TiO2 and calcinations 
facilitates formation of TiO2 nanoparticles around 
metallic Ag on the surface of kaolinite.

AFM at magnification of (5 µm x 5 µm) showed 
different topographies with irregularly spaced 
and sized peaks (Fig. 7) for the two samples (Ag-K 
and Ag-K-T). Surface features of Ag-K-T indicated 
it to be of a larger, more rounded but shorter 
height appearance (Fig.7 (b)). The surface nano 
topography consisted of peaks and troughs with 
heights of the peaks ranging from 2.94 to 3.07 µm 
for Ag-K and from 1.78 to 2.81 µm for Ag-K-T. Three 
dimensional images after same z height correction 
indicates the differences in surface topography 
with Ag-K-T demonstrating an increased surface 
roughness compared to Ag-K (Table 1). The size 
of surface topographical features were observed 
to increase resulting in an increase in the surface 
area from 25.79 to 32.36 µm2 and decrease in 
volume from 74.36 to 56.21 µm3 for Ag-K and Ag-
K-T respectively. Overall, the root mean square 
roughness of Ag-K increased from 14.47 nm to 
158.2 nm for Ag-K-T, clearly pointing to good 
quality of the catalysts prepared [43]. Similar 
results have been observed by other workers by 
coating TiN and hydrated mineral surfaces with 
silver nanoparticles [44, 45].

Comparative UV-Vis DRS analysis
The optical measurements were performed at 

room temperature through UV-vis spectroscopy. 
Fig. 8(a) displays the optical absorbance spectra 
provided by titanium dioxide samples for pure 
and metal incorporated clay. The anatase TiO2 
polymorph has a band gap of about 3.22eV and is 
active under UV radiation with a wavelength of less 
than 387 nm [46]. Ag-K displays absorption close to 
425 nm. Calcination at 500 °C allows the absorption 
core of the surface of Ag-K-T composite to change 
from approximately 425 to 450 nm. It has been 
noted that during high temperature calcination 
the growth of Ag nanoparticles occurs with the 
smoother Ag surface and smaller interparticle 
spacing between the TiO2 anatase layer. These 
variations causes red shift of the surface plasmon 
absorption which is again stimulated by visible 
light [47]. Hence, the photocatalytic properties of 
TiO2 are significantly enhanced [48]. Calcination at 
high-temperature results in the TiO2 lattice being 
partially doped by the Ag species, although this 
doping would ultimately have an effect on the 
TiO2 band structure and would therefore have an 
influence on photocatalytic activities under visible 
light [49].

When Ag-K-T composite was compared to 
pure TiO2(T) significant red shifts with lower band 
energy of doped samples were observed due to 
Differences in surface conditions or doping effects 
on the structural and textural parameters of 
TiO2 [19]. The red shift in the absorption spectra 
of modified TiO2 with other transition metals is 
also being studied [28]. TiO2 crystallizes around 
Ag on the surface of the kaolinite to form Ag-K-T 
nanocomposite.

Due to the surface plasmon resonance the 
Ag particles under visible-light irradiation get 
excited. Subsequently, the electrons excited by 
photons jump from the Ag particle surface to 
the TiO2 conduction band. On the surface of TiO2, 
O2 molecules in the solution traps the injected 

Surface parameter Ag-K Ag-K-T 

RMS roughness 14.47 nm 158.20 nm 

Mean roughness 7.87 nm 128.60 nm 

Minimum height 2.94 µm 1.80 µm 

Maximum height 3.07 µm 2.81 µm 

Median 2.95 µm 2.22 µm 

Surface area 25.79 µm2 32.36 µm2 

Volume 74.36 µm3 56.21 µm3 
 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. The surface roughness parameters of Ag-K and Ag-K-T from AFM analysis
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electrons from the Ag particles and superoxide 
ions (O2•

-) as well as other reactive species like 
•OOH, •OH are generated [50]. It is shown that 
the dye molecules could be oxidized by these 
oxidative species [51]. Further, holes generated 
by photons could also be present in the Ag atoms. 
The dissolution of Ag atoms through Ag+ ejection 
would not have occurred due to the protection 
of the TiO2 particles surrounding the Ag particles 
[52].

Band gap calculation
UV–vis absorption calculation is a simple and 

effective tool for describing the band structure 
of semiconductors. In order to better understand 
the semiconductive properties of Ag-K-T, the band 
gap between the prepared catalyst and that of 
pure anatase TiO2 was calculated from solid UV–
Vis diffuse reflectance analysis(Fig.8(b)) using the 

classical Tauc approach[19].

αEp = k (Ep-Eg)n	 		                                      (2)
 
where Eg, Ep and k respectively represent 

the optical band gap, photon energy (hν) and a 
constant with the exponent, n, depending on 
the nature of transition. Values of n = 1/2, 3/2, 
2, and 3 are taken for directly permitted, directly 
prohibited, indirectly permitted and prohibited 
transitions respectively. 

The best fit of (αEp)
2 versus Ep was observed for n 

= 1/2 indicating allowed direct transitions through 
the energy band gap. For Ag-K-T, the extrapolated 
value of Ep at α = 0 supplies absorption edge 
energies of 2.9 eV (Fig. 8(a)). This value is much 
lower than that of pure TiO2 (3.22 eV), which gives 
the prepared catalyst stronger semiconducting 
characteristics than pure TiO2 under visible light 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. (a) Diffused Reflectance Spectra of K, T, Ag-K and Ag-K-T (b) Comparative Band gap calculation from the reflectance spectra 
of T and Ag-K-T and (c) Photoluminescence spectra of Ag-K-T
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range. Even though the composite is irradiated 
with long wavelength radiation, electron-hole pairs 
can be formed. Oxygen vacancies created causes a 
decrease in its band gap which are responsible for 
unique photocatalytic properties. Therefore, the 
Ag-K-T composite was expected to show greater 
activity in the visible region compared to pure TiO2 
and was therefore used under visible light for dye 
degradation[19, 28]. The band gap calculations 
were not shown for K and Ag-K samples as they 
are photocatalytically inactive (due to absence of 
TiO2).

Photoluminescence analysis
Photoluminescence emission spectra have 

been used in semiconductors to consider the fate 
of electron–hole pairs in order to examine the 
efficiency of trapping, migration and movement of 
the carrier. The PL level would be lower if there 
is a lower e-h+ recombination rate or a higher 
transfer of electrons and holes[10]. In the present 
work, PL technique is used to evaluate the optical 
properties, surface conditions, oxygen vacancy 
and defects present in the Ag-K-T composite. 
Incorporated photocatalytic systems display 
surface defects which result in significant excitonic 
PL emissions affecting photocatalytic activities 
[53]. Fig.8(c) displays the PL spectra of Ag-K-T 
under light excitation at λex = 315 nm. It showed 
good PL emission intensities, suggesting the 
presence of either oxygen vacancy and/or defects 
that would lead to an increase in the material’s 
optical properties by binding the photo-induced 
electrons easily to form excitons, so that the PL 
signal could be easily produced. High PL strength 
can occur due to the higher crystallinity of the Ag-
K-T composite with lower defects [54]. Fig. 8(c) 
shows that when the composite is excited at 315 

nm, multiple excitonic PL emission bands could 
be observed at 340, 356 and 437 nm resulting 
from the surface oxygen vacancy and defect of 
the sample. This observation is consistent with 
the findings of the UV-vis DRS spectra. Thus, the 
surface states and internal structures of the Ag-K-T 
composite are likely to play a critical role in their 
photocatalytic activities.

Photocatalytic reactions
When photons with higher energies than its 

band gap get incident on a semiconductor they 
get absorbed and the photocatalytic ability of the 
semiconductor changes according to its  narrow 
band gap, surface area, light gathering ability 
and the rate of e−–h+ separation. High visible 
light photocatalytic activity can be obtained by 
production of more photo-induced carriers.

Comparative photocatalytic degradation of 
Methylene Blue

In these photocatalytic studies, 100 mg each 
of TiO2 (T), silver-kaolinite (Ag-K) and silver-
kaolinite-TiO2 (Ag-K-T) was used in 200 mL 
aqueous solution of the dye and the mixture was 
stirred vigorously in a magnetic stirrer for 30 min 
in dark for establishing adsorption-desorption 
equilibrium and then irradiated by visible-light. 
The comparative photocatalytic degradation of 
the dye was in the order of Ag-K-T >Ag-K >T (Fig. 
9(a)). It was observed that Ag-K sample could be 
an adsorbent but had negligible photocatalytic 
activity. Similarly, T could also be an adsorbent  
but has less photocatalytic activity under visible 
light because of extra absorption of light by TiO2 
at wavelengths > 400 nm or direct injection of 
electrons from the adsorbed dye molecules into 
the TiO2 conduction band [2, 19]. 

Loading (g)/200 mL dye solution % Degradation of the dye 

0.005 15.8 

0.02 22.1 

0.04 42.2 

0.08 66.8 

0.10 80.2 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Degradation of aqueous Methylene Blue (1×10−5 M) at different Ag-K-T loadings
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The degradation experiments were carried out 
one by one by varying the catalyst loadings, the 
concentration of the dye and the pH at different 
intervals of time (0 to 120 min). The photocatalytic 
degradation was measured by monitoring 
the concentration of the dye as a function of 
irradiation time at 10 min intervals (λmax = 664 nm) 
using a UV-Vis spectrometer (Shimadzu 1800). The 
extent of dye decomposition was obtained from 
the equation

% degradation = (C0-C) x100/C0)	    	     (3)

where, C0 is the absorbance at time, t = 0 
and C is the absorbance at a particular time 
interval. Upon increasing the irradiation time, the 
strong absorption bands of the dye decreased 
gradually. Dark reactions (in absence of light) 
and blank reactions (in absence of catalyst) were 
also performed under the same experimental 
conditions. Negligible degradation of the dye was 
observed in the absence of the photocatalyst. 

Effect of photocatalyst loading
The influence of the catalyst amount on 

degradation of the dye under visible light using 
Ag-K-T catalyst was studied by varying the amount 
of catalyst as 0.005, 0.02, 0.04, 0.08 and 0.1g in 
200 mL 1×10−5 M dye solution. The results showed 
that on increasing the catalyst loading from 0.025 
to 0.5 g L-1, an increase in decolorization efficiency 
was observed from 15.8 to 80.2% respectively. 
This is shown in Table 2. Further increasing the 

catalyst amount above 0.5g L-1 photocatalytic 
activity decreases because the nano composite 
catalyst particles in high concentration get 
aggregated in solution and act as barriers for 
the light irradiation [55]. The dye was rapidly 
decomposed at high catalyst loading. Thus, the 
availability of more and more adsorption sites with 
increasing catalyst loading (which in turn increases 
the rate of formation of hydroxyl radicals) led to 
rapid photocatalytic decomposition of the dye. 
This trend could also be attributed to the effect of 
Ag-nanoparticles on the surface of TiO2/kaolinite 
and the formed Schottky barrier at the Ag/TiO2 
interface [56]. The results of fitting are shown in 
Fig. 9(b). Following this observation, the catalyst 
amount in subsequent photocatalytic degradation 
experiments was kept at 0.1g in 200mL dye 
solution.

Kinetics of photodegradation
The kinetics of degradation of methylene blue 

in aqueous solution (Fig. 9(c)) was studied under 
the optimum conditions (pH = 7.5; catalyst loading 
= 0.5 g L−1; dye concentration = 1 × 10-5 M). The 
photocatalytic degradation of the dye followed 
pseudo-first-order kinetics, agreeing with the 
Langmuir-Hinshelwood model based on the 
equation:

ln(C/C0) = - kt				    (4)

where, C is the concentration of the dye in mgL-

1 at any reaction time and C0 (mg L-1) is the initial 

 

 

 

 

 

Catalyst loading (g)/200mL  ka (min-1) R2 

0.005 0.001 0.941 

0.02 0.002 0.910 

0.04 0.004 0.994 

0.08 0.009 0.978 

0.1 0.015 0.928 

0.1 (photocatalysis) 0.015 0.928 

0.1 (adsorption) 0.006 0.994 

0.1 (photolysis) 0.000 0.848 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Kinetic parameters for pseudo first order photocatalytic decomposition of aqueous 
Methylene Blue on Ag-K-T nanocomposite as well adsorption and photolysis study
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concentration of the dye, k is the pseudo first 
order reaction rate constant, and t is the reaction 
time in min. The reaction rate constant increased 
from 0.001 to 0.015 min−1 when Ag-K-T loading 
was increased from 0.005 to 0.1 g/200 mL. 

The kinetics for adsorption (in absence of 
light) and photolysis (in presence of light without 
catalyst) under similar conditions of pH, catalyst 
loading, temperature, reaction time and dye 
concentration were compared with those of 
the photocatalytic degradation (Fig. 9(c)). Some 
amount of adsorption was observed in the dark 
reaction, which could be attributed to the high 
surface area, porosity and CEC of kaolinite and 
titanium dioxide. However, the degradation of 
Methylene Blue under photolysis was negligible 
confirming that methylene blue is a stable dye 
in aqueous medium.  The photocatalysis was 
observed to be the most efficient process among 
the three, i.e., kphotocatalysis > kadsorption > kphotolysis [57, 
58].

The rate coefficients and R2 values for the 
pseudo first order fitting of the reaction rate for 
different catalyst loadings (for 0.1 g catalyst / 200 
mL dye solution) are given in Table 3.

Zeta potential analysis and effects of pH on 
photocatalytic degradation 

The physicochemical properties of catalysts are 
influenced by pH (Table 4). In the present study, 
the pH of the prepared dye solution was 7.5, 

which was adjusted to any desired pH by adding 
0.1 M NaOH or 0.1 M HCl dropwise. The other 
experimental conditions were kept constant at 
0.1 g Ag-K-T loading/200mL of 1x10-5M aqueous 
Methylene Blue. 

Fig. 9(d) demonstrates the impact of the initial 
pH of the reaction mixture on the photocatalytic 
degradation of Methylene Blue on Ag-K-T. The dye 
degradation was 67.4, 68.7, 72.4, 78.3, 79.5, 82.2, 
87.5, 94.8 and 96.7% as the initial pH was varied 
from 3.0 to 11.0 (Table 4). Comparatively lower 
degradation was observed at acidic conditions 
and it steadily increased with increase in pH to the 
alkaline range.

The stability and surface charge of Ag-K-T 
nanocomposite was studied with zeta potential 
analysis by dispersing the sample in deionized 
water within pH range of 3 to 10 (Fig. 9(e)). The 
isoelectric point for the curve was found to be at 
pH 5.36 means below this pH the catalyst surface 
will carry a net positive charge and above it will 
have a net negative surface charge. When a metal 
oxide is dispersed in water, surface –OH groups 
can be protonated or deprotonated leading to 
surface charged (−OH2

+ or –O−) groups. The high 
negative value of zeta potential beyond isoelectric 
point indicates stability of the sample in water 
and low agglomeration. As Methylene Blue is 
a cationic dye, negative surface charge helps in 
attracting positive dye cations electrostatically and 
hence enhancing the adsorptive capacity resulting 

 

 

 

pH Zeta potential (mV) Degradation efficiency, % 

3.0 19.2 67.4 

4.0 16.3 68.7 

5.0 12.6 72.4 

6.0 -21.5 78.3 

7.0 -25.3 79.5 

8.0 -24.5 82.2 

9.0 -26.8 87.5 

10.0 -29.3 94.8 

11.0 - 96.7 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Table 4. Effects of solution pH on photocatalytic degradation of aqueous Methylene Blue
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in high photocatalytic degradation of  the dye [55, 
59].

Influence of dye concentration on photocatalytic 
degradation of Methylene Blue

The effects of initial dye concentration were 
studied with dye concentration of 5x10-6, 1x10-5 

and 5x10-5 M for a constant Ag-K-T loading of 0.5 
g/L at pH 7.5 with 120 min irradiation time (Fig. 
9(f)). As a general trend, the photodegradation 
efficiency of Ag-K-T decreased from 100% to 80.2% 
to 55.55% with increasing dye concentration 
(from 5x10-6 M to 1x10-5 M to 5x10-5 M). The 
key factor regulating the photodegradation of 
the dye is likely to be the formation of hydroxyl 
radicals on the surface of the catalyst as well as 
the interactions of these radicals with the dye 

molecules. For 5x10-6 M dye concentration, even 
in neutral medium, the degradation reaches 
100% in 70 min. If the initial concentration of dye 
increases, far more dye molecules are adsorbed 
on the catalyst surface and thus the generation of 
hydroxyl radicals will decrease as the majority of 
the active sites are covered by the dye molecules. 
As a result, the efficiency of photodegradation 
decreased [5]. In addition, a shielding effect for 
light passing into solution is likely to be achieved 
at a high concentration of the dye, which in turn 
reduces the time to reach a maximum degradation 
efficiency at 90 min.

Similar findings have been reported and a 
few of these results are included  in  Table  5. 
Parameters such as pH, irradiation time, dye 
concentration, catalyst amount and % degradation 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Fig. 9. (a) Comparative photocatalytic degradation of aqueous Methylene Blue with 0.5 gL-1 each of T, Ag-K and Ag-K-T for a reaction 
time of 120 min, pH 7.5 and dye concentration 1x10-5M, (b) The influence of catalyst loading on photocatalytic degradation of 
aqueous Methylene Blue with Ag-K-T under the same reaction conditions, (c) The fitting curve of pseudo-first-order kinetic equation 
and comparative study of photoctalysis, adsorption and photolysis, (d) Influence of initial pH on photocatalytic degradation of 
aqueous Methylene Blue with Ag-K-T under the same reaction conditions, (e) Zeta potential measurements of Ag-K-T at different pH 
values ranging from 3 to 10 (f) Influence on initial aqueous Methylene Blue concentration of 5x10-6, 1x10-5 and 5x10-5M with Ag-K-T 

loading of 0.5 gL-1.
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of MB (aqueous) in the present work have been 
compared with other reported catalysts. The 
comparison shows that the synthesized Ag-K-T 
nanocomposite has strong potential to be used for 
photocatalytic degradation of aqueous methylene 
blue.

COD measurements 
Chemical Oxygen Demand (COD) and Total 

Organic Carbon (TOC) analyses are widely used 
to study mineralisation of dye rather than using 
Biochemical Oxygen Demand (BOD) analysis 
as it is a very lengthy process and usually takes 
at least 3 days to complete an experiment. As 
the concentration of pollutants in industrial 
wastewater varies to a large extent, their analysis 
should be carried out rapidly and hence, 2 h COD 
analysis is a preferred one over lengthy BOD 
monitoring. Though TOC analysis takes lesser time  
(about 30 min) to complete, information obtained 
from it, is less useful as it cannot differentiate 
between two compounds with the same number 
of carbon atoms in different stages of reaction 
[60]. 

COD measurements in this work were done 

under acidic conditions (pH 4.5) by the closed 
reflux method using potassium dichromate as 
oxidant. The COD decreased from 58 mgL-1 to 
18.56 mgL-1 (corresponding to 68% removal of 
the dye) which was supported by experimental 
photocatalytic removal of the dye. A remarkable 
decrease in COD implies efficient mineralisation of 
Methylene Blue with Ag-K-T composite.

Photocatalyst regeneration and reuse
The reliability, reusability and regeneration 

of a photocatalyst is a very significant economic 
factor for practical applications. To study the 
reusability of the catalyst, it was first centrifuged 
to separate from the reaction mixture, washed 
three times with distilled water and dried in a 
hot air thermostat at 70 ºC. Then it was used as a 
fresh catalyst for further reactions under the same 
conditions. The photocatalytic performance of Ag-
K-T in the first three re-use cycles is shown in Fig. 
10. The photocatalytic degradation rate decreased 
from 80.2% in the first run to 78.52% in the 
third run. Only 1.68% decrease in photocatalytic 
degradation was observed after the third run. 
The slight decrease may be due to the fact that 

Catalyst Light 
source 

Irradiation 
time 

(min) 

pH Methylene Blue 
concentration (mgL-1) 

Catalyst 
loading 

(gL-1) 

% 
degradation 

Ref 

Ag@AgCl–TiO2/sepiolite Visible 
light 

120  - 6  0.15 82.72 [27] 

TiO2–SiO2/CoFe2O4 UV light 40 9 100 0.165  98.3 [28] 

K-TiO2 UV light 70 - 32  0.6  89 [35] 

BN–Ag/TiO2 Visible 
light 

80  20  0.4  98 [10] 

NiWO4-reduced graphene 
oxide 

Visible 
light 

150 10 10 1 95 [21] 

Fe2TiO5 Visible 
light 

240 7 10 0.5 54 [55] 

Ag2O/TiO2 Visible 
light 

60 10 6.39 1 94 [61] 

Fe3O4/Ag6Si2O7 Visible 
light 

2 10 5 0.1 98 [62] 

Ag-K-T Visible 
light 

120 10 3.198 0.5  94.8 This 
work 

 

Table 5. Performance of a few photocatalysts for degradation of aqueous Methylene Blue
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a little of the catalyst must have been washed off 
during the regeneration process, or that a few 
of the catalyst sites must have been occupied 
by some other constituents reducing slightly 
the efficiency of the catalyst, or there may have 
been some human or instrumental error in the 
measurements. Nevertheless, the findings suggest 
that Ag-K-T photocatalyst has excellent stability.

Mechanism of photocatalytic action
The mechanism of photocatalytic activity of 

the Silver-Kaolinite-Titania nanoparticles could 
be explained on the basis of energy band gap 
structure. The photocatalytic activity of Silver-
Kaolinite-Titania could be attributed to the 
semiconductor property of TiO2, while kaolinite as 
such does not have any photocatalytic activity. But 
it is a very good adsorbent for dyes and hence the 
modified semiconductor is supported on kaolinite 
for better surface adsorption of Methylene Blue 
and greater degradation. In pure TiO2, the direct 
excitation of the electrons from the valance band 
(VB) to the conduction band (CB) is not possible in 
presence of visible light due to the wide band gap 
(3.21 eV). By integrating silver into the TiO2 lattice, 
the TiO2 band gap was decreased by introduction 
of impurity levels below CB in the band gap, 
such that the electrons could pass from VB to 
these energy levels leaving behind holes. These 
electrons travel to the surface and are adsorbed 
by O2 and produce •O2 free radicals. On the other 
hand, holes created in the VB react with surface 
water or hydroxyl radicals to form strong redox 

species, •OH. These redox species are responsible 
for degradation of the dye cations adsorbed on 
surface [63-65]. Excitation of Methylene Blue 
molecules into singlet or triplet state with photons 
results in injection of electrons from the excited 
state to conduction band and hence an increase in 
hydroxyl and superoxide free radicals. This makes 
the photodegradation to proceed smoothly [66].

CONCLUSION
In this work, Silver-kaolinite-TiO2 composites 

have been successfully synthesized as a less 
expensive, less toxic, environment friendly and 
efficient photo catalyst. The SEM images of the 
prepared catalyst compared to its raw materials 
(K, T) and step product (Ag-K) show successful 
intercalation and adsorption of Ag and TiO2 in 
kaolinite mesoporous particles to form Ag-K-T 
nanocomposite, which is further confirmed by 
EDX data and particle size calculation from XRD 
analysis. AFM, BET and CEC measurements show 
higher specific surface area and grain size of Ag-
K-T. Diffuse reflectance analysis confirms the red 
shift of the absorbance edge and decrease of the 
TiO2 band gap value from 3.22 to 2.9 eV. 

The photodegradation experiments with 
variation of catalyst loading, dye concentration 
and the pH of the reaction medium yielded results 
along the expected line. The results from variation 
of catalyst loading and subsequent kinetic study at 
constant pH of 7.5 and constant dye concentration 
of 1.0×10−5 M indicated that 0.5 g L-1 catalyst loading 
brings about the optimum 80.2% degradation of 

 

 

 

 

 

 

 

 

 
Fig. 10. Reusability of the photocatalyst for degradation of aqueous 

Methylene Blue
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the dye with pseudo first order kinetics yielding 
a rate constant of 0.015 min-1. A comparative 
study of the three processes, photocatalysis, 
adsorption and photolysis, has shown a greater 
efficiency of photocatalysis in comparison to the 
others. The Langmuir-Hinshelwood mechanism 
has been useful for this comparison under similar 
reaction conditions. The catalyst acts at its 
maximum at basic pH range, which was confirmed 
by zeta potential measurements that indicated 
an isoelectric point at pH 5.36. All these results 
along with the environment-friendly nature of the 
nanocomposite and its less toxic quality indicate it 
to be a very strong, efficient multifunctional and 
promising photocatalyst for dyes like Methylene 
Blue in aqueous solution. 
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