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Abstract. Titania–zeolite Y composites were synthesized by a facile solid-state dispersion method. The synergistic effects
of porous zeolite structure and novel photocatalysis properties of titania nanoparticles were exploited. The physical properties of the composites were characterized by scanning electron microscopy, energy-dispersive X-ray, X-ray diffraction,
diffuse reflectance spectroscopy, fourier transform infra-red spectroscopy and photoluminescence spectroscopy. Porosity
and surface area of the composites were determined from Brunauer–Emmett–Teller studies. The antibacterial effect and the
photocatalysis properties of these composites were studied. Composites exhibited higher growth reduction of Escherichia
coli and Staphylococcus aureus as compared with the pure forms (P25 titania and zeolite Y). Maximum growth reduction
of both types of bacterial cells (gram-positive as well as gram-negative) was observed with 20% titania–zeolite composite.
The composite demonstrated 40 and 30% enhancement in the growth reduction of E. coli and S. aureus, respectively, as
compared with the pure forms; 10% composite exhibited 50% enhancement in the photocatalysis efficiency of methylene
blue dye degradation as compared with P25 titania nanoparticles and led to a complete removal of the dye in the first 60
min of photocatalysis process. Mechanisms for both applications have been proposed in light of the observed results.
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1. Introduction
Interest in the antimicrobial effects of nanoparticles was
realized in the last couple of decades [1–5]. Among other
nanoparticles, titanium oxide (TiO2 ) exhibits photocatalysis
properties in the ultra-violet (UV) region and shows a broad
spectrum of activity against microorganisms, including both
gram-negative and gram-positive bacteria. Such properties
make TiO2 a material of choice for different photocatalysis
and antibacterial applications [6,7]. Titania nanocomposites
demonstrate effective antimicrobial properties, for example,
hydroxyapatite–titanium dioxide composite thin films exhibit
good inhibition on gram-positive and gram-negative bacteria [8]. A composite of Ag+ and nanosized hydroxyapatite
with TiO2 exhibits excellent antimicrobial effect by killing
98% of Staphylococcus aureus and > 99% of Escherichia
coli after 24 h incubation [9]. Metal nanoparticles are known
for their antimicrobial activities. However, they are prone to
oxidation, consequently losing their antimicrobial properties

as the oxidation state changes from M+ to M0 . Hence, metal
nanoparticles require a specific host such as nanoporous zeolites that have been ion exchanged with numerous metal ions
such as Ti to show their antimicrobial properties. Zeolitic
framework, a nanoporous alumina silicate, is composed of
silicon, aluminium and oxygen along with cations and water
within pores. Silica is a neutral regular tetrahedron in which
positive charge of silicon ion is balanced by oxygen. However, alumina structure consists of an unbalanced negative
charge. Therefore, zeolite structural framework has a negative charge, which is balanced by cations (such as Na+ or
K+ ). Such cations may be exchanged in a solution by preferred
positive ions, including heavy metals or ammonium ions. The
ratio of silica/alumina in the structure determines the capacity
of cation exchange in zeolites. Hence, ion-exchange process
within a zeolite framework may lead to desirable antimicrobial characteristics. Zeolite, due to its microporous structure
and ion-exchange property, is one of the preferred choices of
a support material to enhance surface effects for improved
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antibacterial activity. For example, in silver zeolite, silver ion
partially replaces alkaline or alkaline earth metal ion from the
crystalline aluminosilicate structure by ion-exchange method
[10]. The antimicrobial ceramics have durable antimicrobial
activity and low toxicity [11], therefore finding application in
food packaging, disinfection of medical supplies and decontamination of surfaces and equipment. Other metal ions that
have been considered for preparation of antimicrobial ceramics using zeolites include zinc, zirconium and copper [12].
However, the role of zeolite structure in the TiO2 –zeolite composite on the antimicrobial activity has not been studied or
reported earlier.
For photocatalysis application using TiO2 , various attempts
have been made towards enhancing its surface properties by
adding different adsorbents such as silica, alumina, active
carbon, graphene, clays, sand and zeolite [13–18]. A synergistic effect in the adsorption of contaminant is expected
from the material after addition of adsorbents. Enhanced
photocatalysis efficiency was observed when TiO2 was supported on montmorillonite [19]. Similarly, TiO2 –HZSM-5
nano-composite was found to be a better photocatalyst and
adsorbent than only TiO2 [20,21]. In another study, a mechanical mixture of TiO2 and HZSM-5 zeolite revealed better
photocatalysis activity than TiO2 supported on HZSM-5 [22].
The interaction between TiO2 and zeolite in the supported
photocatalyst affects the photo-efficiency of TiO2 and the
adsorption properties of zeolites.
The aim of this work is to design a composite that is suitable for both photocatalysis and antibacterial applications.
In this work, TiO2 –sodium Y zeolite (Faujasite structure,
referred to as zeolite Y throughout) nanocomposites were
synthesized and antibacterial as well as photocatalysis properties of the composites were explored as a function of zeolite
concentration, viz. 5, 10, 15 and 20%. It is expected that
the combination of the photocatalysis property of TiO2 and
the porous microstructure of zeolite will result in improved
antibacterial and photocatalysis properties.

2. Experimental
2.1 Synthesis of titania–zeolite composites
Titania–zeolite (TZ) composites were synthesized following
a facile solid-state dispersion (SSD) method [20]. Zeolite
Y powder (sodium Y zeolite, Sigma-Aldrich) was initially
mixed thoroughly with 1 g TiO2 (Aeroxide® P25 nanoparticles, Acros Organics) and ethanol in an agate mortar and
pestle followed by removal of the solvent by evaporation. A
partially dried powder was obtained, which was then annealed
in a muffle furnace at 450◦ C for 6 h. The method was followed
to obtain composites with 5, 10, 15 and 20 wt% of zeolite Y.
The composites have been referred to as TZ followed by the
percentage content of zeolite, for example, 5% composite is
referred to as TZ5.
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2.2 Characterization
The morphology and composition were determined by Scanning Electron Microscopy (SEM) (Sigma Zeiss) and EnergyDispersive X-ray analysis (EDX) (Bruker), respectively.
Crystalline state of the samples was determined by X-ray
Diffraction (XRD) analysis using a Bruker, D8-Discover
with Cu-Kα radiation (λ = 0.154 nm). The composite formation was confirmed by Fourier Transformation Infra-Red
(FTIR) spectroscopy (Thermo Fisher Scientific instrument)
in the range of 4000–650 cm−1 at ambient condition, with
a resolution of ±4 cm−1 in transmission mode). Optical
properties were studied by diffuse reflectance spectroscopy
(DRS) and photoluminescence (PL) spectroscopy (Flurolog
TCSPC Horiba IHR320) at the excitation wavelength of
250 nm. Brunauer–Emmett–Teller (BET) nitrogen adsorption
(NOVA-1000 Ver 3.70) studies and Barrett–Joyner–Halenda
(BJH) analysis were undertaken to study isotherms, surface
area properties and pore analysis of the composites. The samples were degassed at 400◦ C for 12 h prior to BET analysis.
2.3 Antimicrobial assay
The antibacterial activity of the synthesized nanoparticles was
evaluated as a function of the ratio of TZ nanoparticles by the
‘shake flask’ method with Nutrient Broth (NB) to monitor the
growth inhibited by the nanoparticles with respect to time. The
effect of different concentrations of chemically synthesized
TZ composite on gram-negative bacteria E. coli and grampositive bacteria S. aureus was investigated by examining the
growth curves of bacterial cells in liquid medium treated with
the composite. Briefly, 100 ml of NB was inoculated with
fresh colonies of the bacteria growing in the NB. The culture
was incubated in aerobic condition at 37◦ C for 24 h in a constant rotary shaking incubator. Subsequently, an aliquot from
here was added to 100 ml NB embedded with 100 ppm of
0, 5, 10, 15, 20 and 100% of the synthesized composite. NB
without nanoparticle was used as a control. Growth was monitored by recording the changes in optical absorbance over a
fixed interval of time (0, 2, 4, 6 and 8 h), followed by taking
a final reading after overnight incubation (24 h) at 600 nm.
Antimicrobial efficacy is defined by the following equation
(1):
(C0 − C)/C0 × 100

(1)

where C0 is the bacterial count without nanoparticles (control)
and C is the bacterial count after treating with nanoparticles.
2.4 Photocatalysis degradation study
The photocatalysis activity of TiO2 –zeolite composites was
determined by following the photodegradation of methylene blue (MB) dye solution in sunlight at room temperature (∼25◦ C) and pH = 9–10. The reaction mixture of
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Figure 1. SEM of (A) pure zeolite particles (Z) and (B) 20% titania–zeolite Y composite (TZ20). XRD patterns of (C)
TZ composites with different wt% of zeolite 5, 10, 15, 20 and 100% (or pure zeolite Y) and (D) TZ20 (enlarged view).

nanocomposite and MB was prepared by adding 25 mg
of composite in 80 ml of aqueous MB solution taken at
a concentration of 5 mg l−1 . The suspension was exposed
to sunlight for 1 h. Prior to sunlight exposure, the suspension was stirred in dark for 1 h at room temperature.
The samples were collected at regular intervals, t, and centrifuged to separate the photocatalyst at 1000 rpm. The
samples were then analysed by UV–visible spectrophotometry to assess the photocatalysis performance of the composite
photocatalysts.
The effects of pH of MB solution and the concentration
of the photocatalyst (TZ10) on the photodegradation process
of MB dye were studied for a period of 90 min inclusive of
30 min dark adsorption period; pH buffer tablets were used
to make MB dye solutions at different pH values for experimental work. Recycling performance of TZ10 was studied
over 5 cycles of photodegradation experiment. For recycling
study, the used photocatalyst was separated, washed with

DI water number of times and dried in sunlight in order to
facilitate complete removal of adsorbed MB molecules from
the surface before using it for the next experimental run.

3. Results and discussion
3.1 Morphology analysis
The size of P25 TiO2 spherical particles was found to be
∼ 32 nm (supplementary figure S1) and that of zeolite Y lies
in the range of ca. 0.3–1.5 μm in the 20% composite (TZ20).
TiO2 particles show agglomeration in pure P25 sample and
accumulate on the micron-sized zeolite Y crystals as indicated
by the red arrow in SEM image (figure 1). The main peaks in
the EDX (supplementary figure S2) indicate the presence of
elements Ti, O, C, Na, Al and Si in TZ20.
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Figure 2. FT-IR spectra of TZ composites with different wt% of
zeolite.

The XRD patterns (figure 1C and D) for composite samples
show sharp peaks at 2θ ∼ 24.7, 37.8, 48.0, 55.2, 62.7 and 70◦ .
The patterns are very similar to that of TiO2 P25 nanoparticles
(supplementary figure S1). This indicates that the same crystalline planes give rise to diffraction peaks and the composites
retain the crystalline structure of P25 TiO2 nanoparticles. As
evident from figure 1, a slight broadening of peak around 26◦
appears in samples with zeolite content from 5 to 20%, thus
confirming the composite. In addition, a sharp peak arising at
6◦ in composites is indicative of diffraction from one of the
zeolite Y crystal planes.
Figure 2 shows the FT-IR spectra of composite samples,
wherein a small band at 1628 cm−1 is due to O–H bending vibrations of H–O–H bonds in H2 O molecules associated
with zeolite particles. Characteristic bands for (Si/AlO)4 were
observed in the Z sample (pure zeolite Y) at 573, 710, 788
and 988 cm−1 corresponding to bending mode, double ring,
symmetric stretching and asymmetric stretching vibration,
respectively [23]. A small vibrational band at 562 cm−1 and
a broad band at 1032 cm−1 are observed in sample TZ20,
corresponding to bending mode and asymmetric stretching
vibration of (Si/AlO)4 in zeolite framework. TZ samples
with lower zeolite content show only asymmetric stretching vibration at 1032 cm−1 . FT-IR of P25 nanoparticles
(supplementary figure S3) shows a sharp peak observed at
676 cm−1 , which indicates Ti–O–Ti bond vibrations in TiO2
crystal structure [24]. Liu et al [25] observed peaks in the
range 1050–950 and 550–400 cm−1 and assigned them to Si–
O and Al–O bonds, respectively, in TiO2 nanowires–zeolite
composites. It was also indicated that coating TiO2 on zeolite
did not affect the structure of zeolite. A broad peak due to
O–H stretching and bending vibrations of surface-absorbed
water at 3443 cm−1 is also observed [21]. The peak intensity of Si–O–Si bond increases with increase in the zeolite
concentration, indicating the formation of the composite.
The band gap of the TZ composites (supplementary
figure S4) is calculated with a Kubelka–Munk plot, where
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Figure 3. Antimicrobial activity of titania–zeolite on gramnegative E. coli and gram-positive S. aureus bacteria as a function
of concentration.

F(R) = (1 − R)2 /2R and R is the diffuse reflectance [26].
The extrapolation of a straight line from Tauc’s region to the
photon energy (hν) axis gives the band gap of the samples.
The band gap measurements showed a systematic increase
from 3.0 to 3.2 eV with increasing zeolite concentration in
the composite. Alwash et al [27] reported that increase in
band gap energy with increasing zeolite component may be
due to encapsulation of Ti species into the framework of zeolite. They also demonstrated a blue-shift in TiO2 –zeolite Y
sample in comparison with pure TiO2 sample. Easwaramoorthi and Natarajan [28] also showed blue-shift in absorption
band edge as compared with bulk anatase (from 3.2 eV in
pure anatase to 3.5–4.0 eV in TiO2 –zeolite Y samples). They
observed that blue-shift is more pronounced in the case of
encapsulated TiO2 and is due to the size quantization of the
TiO2 nanoparticles.
3.2 Antimicrobial studies
The effect of different concentrations of chemically synthesized TiO2 –zeolite composite against E. coli and S. aureus
was studied by the shake flask method as a function of concentration (figure 3). Antimicrobial efficacy is determined by
the expression (C0 −C)/C0 ×100, where C0 is the absorbance
of bacterial culture without particles and C is the absorbance
of the bacterial culture with composites or pure forms. Time
evolution of bacterial culture’s absorbance was utilized to
determine the growth reduction in microbial activity with different concentrations of the composite. Table 1 summarizes
the antibacterial activity of the composite. It can be inferred
that the growth of bacterial cells in the presence of TZ composites is lower than that of cells in the control and also when
compared with pure titanium dioxide (0%) and pure zeolite
(100%), indicating that the composite particles can inhibit
the growth of the bacterial cell. The percentage of bacterial growth decreased from 3 to 62% for E. coli with the
increase in the concentration of composite from 5 to 20%,
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Growth reduction of E. coli in the presence of TZ composite at 600 nm.
Growth reduction of E.coli with zeolite Y content in the composite (OD)

Time (h) Control (OD)
0
2
4
6
8

Table 2.

1.5
1.5
1.5
1.6
1.6

0%

5%

10%

15%

20%

100%

—
8.2
12.1
29.7
37.3

—
2.6
5.6
36.5
40.6

—
7.7
13.4
40.3
52.3

—
20.4
22.9
53.7
54.9

—
25.9
28.1
54.3
62.2

—
4.6
5.7
35.9
37.7

Growth reduction of S. aureus in the presence of TZ composite at 600 nm.
Growth reduction of S. aureus with zeolite Y content in the composite (OD)

Time (h) Control (OD)
0
2
4
6
8

1.7
1.7
1.7
1.7
1.8

0%

5%

—
5.9
7.9
22.3
42.9

—
11.2
13.2
36.5
47.5

respectively, whereas they could inhibit from 5 to only 38%
in their pure forms. Further, the growth reduction was found to
be significantly higher in 20% composite in comparison with
5–15% TZ composites and pure forms at all-time points. This
indicates that 20% TZ composite (TZ20) is able to inhibit bacterial growth much effectively than other compositions. This
is further evident from the apparent bacterial growth reduction of about 1.7 times that of pure forms by 20% composite
after 8 h of incubation with the composites. Similar results
were obtained for the growth inhibition of S. aureus with
TZ20, showing the best performance in the growth inhibition
of the bacteria among all the compositions and pure forms.
The results are recorded in table 2.
There was a sharp reduction in the growth of E. coli and
S. aureus with an increase in the concentration of TZ composite. The combined growth reduction of both types of bacterial
cells can be observed from figure 3. This is attributed to the
coordination between particles and electron-donating groups:
thiols, carbohydrates, amides, indoles, hydroxyls, etc. of
microorganism, which causes pits in bacterial cell walls, leading to increased permeability and eventually cell death [26].
The accumulation of the prepared nanocomposite in the
bacterial membrane results in membrane disorganization and
hence antibacterial effect. However, the cytotoxicity of the
TZ composite is not directly related to its entry into the
cell; rather, to a certain extent, it is related to its close contact with the cell causing changes in the vicinity of the
organism–particle contact area. This results in the generation of Reactive Oxygen Species (ROS) leading to cell death.
Santo et al [29] reported that the primary targets for contact killing through surface-released metal ions are the cell
membranes. The metallic ions cause the inactivation of some
enzymes (for example, hydratase in E. coli) that are necessary

10%
—
13.4
18.3
42.9
49.2

15%
—
18.8
35.7
46.9
52.1

20%

100%

—
25.4
41.4
59.1
61.8

—
4.2
7.5
25.0
42.4

Figure 4. Schematic to illustrate antimicrobial mechanism (contact killing) of a bacterial cell by TZ composites.

for normal cell function, resulting in inhibition of bacterial
cell growth [30].
The antibacterial studies showed that increased concentration of zeolite in the composites enhances growth reduction of both types of bacteria. On the contrary, pure TiO2
and zeolite particles individually do not cause significant
growth reduction. This may be due to aggregation of individual nanoparticles and hence poor dispersion, which greatly
decreases antibacterial activities [31]. The observed reduction in growth by composites implies that the interface of TZ
composite plays a role in the contact killing of the bacterial
cells (figure 4). Zeolite, due to its high specific surface area,
enhances the surface adsorption of a bacterial cell, while TiO2
is reported to exhibit antibacterial effect [32]. The synergistic effect of TZ composite, thus, exhibits enhanced growth
reduction of both types of bacteria due to contact killing
and antibacterial effect of TiO2 . Zinc oxide nanoparticles
could inhibit around 50% of bacterial growth after 24 h of
inoculation [33] whereas in the present study, TZ resulted
in approximately 60% bacterial growth reduction in only
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8 h of incubation. Similarly, 25–33% reduction in bacterial
growth was observed after 9 h of inoculation with copperdoped nanoparticles [5]. Hence, the current study suggested
that TZ formulations could be used as effective antimicrobial
formulations in manufacturing medical devices, textiles and
surfaces.
3.3 Photocatalysis degradation of a dye
The photocatalysis efficiency (η) of nanocomposites was
calculated using the initial concentration C0 and the concentration at any time, t, Ct of the dye, after solar illumination.
Catalysis efficiency [34] is given by equation (2):
η=

C0 − C
× 100.
C0

(2)

The photocatalysis degradation of MB dye is evident from the
absorption peak intensity, which decreases with time during
the photocatalysis reaction (supplementary figure S5). Dark
adsorption of MB dye on photocatalyst was studied with TZ
composite (25 mg of TZ10 in 80 ml of dye solution) for 60
min. Adsorption of MB dye on photocatalyst was found to
be insignificant (C/C0 = 0.18), considering the degradation efficiency of photocatalysts in sunlight (figure 5). The
effect of sunlight on the breakdown of MB molecules in the
absence of a photocatalyst was also found to be insignificant. From figure 5, it is clear that TZ composites perform
better than either pure P25 TiO2 photocatalyst (T) or zeolite

Figure 5. Degradation efficiency of TZ composites at pH = 9–10.

Table 3.
Samples
T
Z
TZ20
TZ10

(2020) 43:47

Y (Z). Almost complete degradation of MB was observed
after 60 min of reaction in the presence of 5 and 10% composite photocatalyst, whereas ∼87% degradation efficiency
was obtained in the presence of only P25 TiO2 nanoparticles. About 44% degradation efficiency for the removal of
MB is demonstrated by zeolite Y, which is explicable as it is
well known for its porous structure, but not for photocatalysis
properties. The photocatalysis efficiency of composite particles is enhanced by ∼55% as compared with pure zeolite
Y and ∼12% as compared with pure P25 TiO2 nanoparticles. As observed from figure 5, the degradation efficiency
increases with increase in the content of zeolite up to 10%,
and decreases significantly thereafter. However, it is also
important to note that composite formation does not induce
visible light absorption in the photocatalyst (supplementary
figure S4). To evaluate surface properties of photocatalysts,
a detailed BET nitrogen adsorption study of photocatalyst
powders was carried out. Isotherms are plotted in supplementary figure S6 and BJH pore size distribution is given
in supplementary figure S7. An overview of analysis is presented in table 3. It is observed that TZ10 (η = 100%)
shows almost double the surface area and pore volume as
that of pure P25 TiO2 nanoparticles, while pore size of T
(η = 87%) shows only an incremental increase. On the other
hand photocatalysts Z (η = 44%) and TZ20 (η = 50%) have
similar values of pore diameter and pore volume, and a very
high specific surface area of 722 and 554 m2 g−1 , respectively. This similarity in BET parameters is also reflected in
the photodegradation efficiencies of the photocatalysts; for
example, both T and TZ10 show higher degradation efficiencies while pure zeolite, Z, and 20% composite, TZ20, show
photodegradation efficiency in the range of 40–50%. BET
surface area and pore size are found to increase with decrease
in the loading of SnO2 in 3D-cubic mesoporous silica [35];
however, increase in pore size is only incremental. It is also
demonstrated that as BET surface area doubles, pore volume
also doubles while there is an incremental change in pore
diameter [36]. Photocatalysts possessing smaller surface area
demonstrate excellent photocatalysis efficiency while those
possessing high specific surface area demonstrate diminished
photocatalysis degradation efficiency for MB. This indicates
that very high surface area may have an enormous effect on
recombination of photo-generated charge carriers as observed
from PL study (supplementary figure S8). A lower intensity
peak observed for TZ20 in comparison with other composites
and pure counterparts may be due to excess defects present at

BET nitrogen adsorption study of TZ composites as a function of wt% of zeolite Y.
BET surface area (m2 g−1 )

Pore volume (cc g−1 )

Pore diameter (Å )

Isotherm type

Hysteresis

Pore analysis

58
722
554
96

0.12
0.40
0.30
0.20

79
22
22
83

Type II
Type II
Type II
Type IV

H3
H4
H4
H3

Microporous
Microporous
Microporous
Mesoporous
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Figure 6. (A) Effect of pH on the photodegradation of MB dye with TZ10 (25 mg in 80 ml dye solution) and (B) effect of concentration
of TZ10 photocatalyst on the photodegradation of MB dye at optimum pH 9.

photocatalysis properties cannot be overlooked. As evident
from the results, the degradation efficiency reduces to 50%
in 20% composite, which follows zeolite closely with up to
43% photodegradation efficiency. Additionally, an increase in
the number of micron-sized zeolite particles leads to increase
in the light scattering by particles, thereby reducing the light
absorption in the reaction mixture. Further, aggregation of
TiO2 particles on the surface of zeolite is reported to affect the
reaction rate drastically [41]. Hence, observed photodegradation efficiency η = 50% of TZ20 is a combined outcome
of increased surface recombination of charge carriers at the
interface, band gap, light scattering by larger particles and
aggregation of TiO2 particles on the surface of zeolite.

Figure 7. Recycling performance of TZ10 photocatalyst for the
photodegradation of MB dye up to 5 cycles. The initial concentration
of MB solution was 5 mg l−1 .

the interface. As the number of defect states increases, the
intensity of PL decreases. These defect states act as nonradiative recombination trapping sites for the photogenerated
charge carriers [37–39]. Li et al [40] demonstrated that tetrahedral Ti4+ sites can be created at the interface of TZ in
mixed-phase TiO2 nanocomposites and play an important role
in their photocatalysis properties.
Further, as observed from supplementary figure S4, there
is an increase in the band gap from 3.0 to 3.2 eV with increasing concentration of zeolite. In 5 and 10% composite, there
is an increase of about 0.5–1.0 eV. From the photocatalysis results, it appears that the effect of increased band gap
on photocatalysis properties is small in comparison with the
interface effect in composites. However, the band gap in 15
and 20% composites increases up to 3.2 eV. Therefore, the
effect of increasing band gap in these composites on their

3.3a The effect of pH value: Photodegradation of MB
aqueous solution (5 mg l−1 ) with TZ10 photocatalyst (25 mg
in 80 ml MB solution) was investigated at different pH values, viz. 2, 4, 7, 9 and 11. Figure 6A demonstrates the effect
of pH on the photodegradation of MB using TZ composites.
MB photodegradation was found to increase with increasing
pH value from 2 to 11. The surface of the TiO2 photocatalyst becomes positively charged at lower pH values and
negatively charged at higher pH values. Negatively charged
surface at higher pH values facilitates adsorption of cationic
dye molecules such as MB [42]. Hence, higher photodegradation efficiency is observed at higher pH. At and above pH
9, ≥99% degradation efficiency is obtained; however, MB
solution turns darker towards purplish and hinders the photocatalysis reaction at pH 11. Therefore, pH 9 was considered
as optimum for further study.
3.3b The effect of photocatalyst concentration: The effect
of photocatalyst concentration on the photodegradation of
MB dye is studied with TZ10 photocatalyst in the range
of 5–50 mg in 80 ml of MB dye solution at an optimum
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Figure 8. Schematic illustrating photocatalysis on the surface of TZ composites.

pH 9 (figure 6B). It is observed that at lower or higher
concentrations of a photocatalyst, the photodegradation of
MB dye is not effective. However, with 25 mg of composite,
it reaches an optimum value, giving ∼ 99% degradation efficiency, as also noted from figure 5. The observed decrease
of efficiency in higher concentration range, viz. 35–50 mg,
is due to increase in the larger sized zeolite particles and
aggregation of TiO2 particles over zeolite crystals [41], causing more scattering and less light absorption in the reaction
mixture. This greatly affects the photodegradation pathways.
Similar results were obtained by Wang et al (2008) in the photodegradation of C.I. Basic Violet using TiO2 /zeolite catalyst
system, wherein decreased photodegradation efficiency was
observed at higher concentration in the range of 30–50 wt%
TiO2 and optimum efficiency was found at 20 wt% TiO2 in
the TiO2 /zeolite composites [41].

3.3c Recycling performance of a photocatalyst: Recycling
of a photocatalyst is a key criterion for large scale applications
as it makes the process economical with minimum release of
nanomaterial into the environment. Therefore, recycling performance of a photocatalyst is an essential parameter to study.
Figure 7 shows the recycling performance of the best photocatalyst, TZ10, over 5 cycles of MB dye photodegradation.
It is evident that there is a loss of ∼5% photodegradation
efficiency over 5 cycles. Hence, it is concluded that the
photocatalyst can be recycled and reused ≥5 times for the
photodegradation of MB dye without a significant loss of photocatalysis efficiency.
Considering these results, the proposed mechanism is
schematized in figure 8. MB is a cationic thiazine dye,
which is sensitized by absorbing visible light. Adsorbed

dye molecules, upon visible light absorption from sunlight,
demonstrate electronic excitation from highest occupied
molecular orbital (HOMO) to lowest unoccupied molecular orbital (LUMO) of the dye. These excited electrons from
LUMO of the excited dye molecule are then injected into the
conduction band (CB) of TiO2 –zeolite particles [43]. TiO2
also absorbs UV light from the sunlight, leading to excitation of electrons from its VB to CB. The photo-generated
charge carriers may move to the surface, where they may get
trapped in defect states present at the interface of TZ structure.
These photo-generated electrons are scavenged by dissolved
oxygen to produce O•−
2 , which causes decolourization of dye
molecules.

4. Conclusion
This work provides an insight into the antibacterial activity
and photocatalysis properties of titania–zeolite Y composites. In our results, 10% composite is able to remove MB dye
within the first 60 min of photocatalysis with ∼100% photocatalysis efficiency while maximum growth reductions of
both E. coli and S. aureus bacterial cells were obtained with
20% composites. Therefore, one can design the composite
in a suggestive range of 10–20% with optimum photocatalysis efficiency and antibacterial properties in order to suit
both environmental applications. The mechanisms to rationalize the observed antibacterial activity and photocatalysis
property of composites are proposed. TZ composites possess high surface area, which may be harnessed in adsorptive
capturing of microbes for their efficient killing. However, such
high surface area may not be beneficial during photocatalysis processes as it may result in high recombination rates
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of photogenerated charge carriers, thereby strongly affecting
the photocatalysis efficiency of photocatalysts in the removal
of organic contaminants. Therefore, care must be taken in
designing the material for a suitable application. This work
will enable researchers working in the area to design a material
based on TZ composites for the antibacterial or photocatalysis
application.
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