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Abstract Diclofenac (DCF) is an anti-inflammatory

pharmaceutical drug, and its presence in a trace amount in

waste water makes severe environmental pollution. The

degradation of DCF was investigated by a photocatalytic

process in presence of ultra violet irradiation at room

temperature using titania and titania–zirconia nanocom-

posite catalysts in a batch reactor. The composite catalyst

was prepared by sol–gel method and characterized by

X-ray diffraction, transmission electron microscopy as well

as BET surface area analyzer. The effect of various process

parameters such as catalyst loading, initial concentration of

DCF and pH of the experimental solution was observed on

the degradation of DCF. The titania–zirconia nanocom-

posites exhibited reasonably higher photocatalytic activity

than that of anatase form of titania without zirconia. The

maximum removal of DCF of about 92.41 % was achieved

using Zr/Ti mass ratio of 11.8 wt% composite catalyst. A

rate equation was proposed for the degradation of DCF

using the composite catalyst. The values of rate constant

(kc) and adsorption equilibrium constant (K1) were found to

vary with the catalyst content in the reaction mixture.

Keywords Nanocomposite catalyst � Photodegradation �
Diclofenac � Kinetic model

Introduction

In current scenario, pharmaceutical residues in the aquatic

environment have become one of the major concerns in the

light of environmental protection. Their continuous dis-

posals, which may be direct or indirect, may cause sub-

stantial increase of the undesired contaminants in the

aquatic environment (Schmidt et al. 2011). Mostly, the

design drugs have stable chemical structures for long-term

therapeutic work which persist long enough in the aquatic

environment (Cunningham et al. 2009), and many of the

residual drugs carried with the pharmaceutical industrial

effluents are not biodegradable and pass through the

potable water system (Ternes 1998).

Diclofenac (DCF) is an anti-inflammatory pharmaceu-

tical drug, and its presence in a trace amount in water

bodies has become an important issue from the human

health and environmental risks point of view due to its

toxic properties. DCF commonly known as Voltaren, a

non-steroidal anti-inflammatory drug has worldwide mar-

ket in veterinary and human pharmaceutical industries. It

has extensive use as analgesic, anti-arthritic and anti-

rheumatic and becomes one of the common pharmaceutical

contaminants in aquatic system (Leztel et al. 2009). It is

commonly detected in effluent of sewage treatment plants

and surface water in countries such as Brazil, UK, etc.

(Stumpf et al. 1999; Ashton et al. 2004). Adverse effect of

DCF contamination on vulture and aquatic species can be

noticed, as declination in populations of vultures in the

Indian subcontinent (Shulzt et al. 2004) and Southern

African wild (Naidoo et al. 2009) and decrease in repro-

duction of fish (Lee et al. 2011).

Advanced oxidation processes (AOPs) have been con-

sidered as an effective way to degrade wide variety of

contaminants such as organic and inorganic compounds,
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dyes and pharmaceuticals. Efficiency of AOPs mainly

depends upon the process ability to generate hydroxyl

radicals (Stasinakis 2008; Laoufi et al. 2008). Therefore,

AOPs followed by inexpensive biological processes show

an attractive way from economical point of view. Heter-

ogeneous photocatalytic oxidation is one of the best

methods for degradation of organic pollutants. Photocat-

alytic oxidation shows promise for volatile organic com-

pounds (VOCs) from smaller sources, such as wastewater

treatment plants, dry-cleaning facilities, painting facilities,

carbon regeneration plants, air-stripping towers, soil

venting processes, hazardous waste incinerators and

municipal landfills (Henschel 1998). It can also be applied

to reduce VOCs as air pollutants and indoor air pollutants

at ambient temperatures and pressures (Jacoby et al.

1996). It has also good impact on degradation of bio-

logical pathogens such as bacteria and viruses (Cho et al.

2001). Rather than simply transferring contaminants from

one medium to another, photocatalytic oxidation systems

can convert VOCs completely to H2O and CO2, leaving

no harmful by-products (Evgenidou et al. 2006; Kaneco

et al. 2006). It has been observed that in photocatalytic

reaction, the addition of air bubble during the reaction

increases the agitation in the reaction mixture. This

enhances the proper absorption of the intensity of light by

the catalyst particles, and the mass transfer coefficient

between solute and catalyst particle increases. In hetero-

geneous photocatalysis, also dispersed solid particles

absorb the photoenergy and generate the hydroxyl radicals

in situ from dissolved oxygen or water or supplying air

(Shi-fu and Xue-li 1998; Shi-fu and Geng-yu 2003). The

absorption of oxygen by the surface of solution is suffi-

cient for the photocatalytic oxidation. Among the various

advanced photocatalysts were employed in different

AOPs, titania (TiO2) is the most attractive for environ-

mental applications due to its non-toxic nature, chemical

stability, insolubility in the medium, low cost and high

photocatalytic activity (Chen et al. 2004). However, the

higher band gap of TiO2 makes the constrain to absorb

only the ultraviolet ranges (k\ 387 nm) of sunlight

spectrum (Tian-hua et al. 2004). To improve the photo-

catalytic efficiency of TiO2 catalyst, range (k[ 400 nm)

of sunlight absorption, coupling of two semiconductors,

transition metal doping and addition of noble metals are

the important parameters (Linsebigler et al. 1995).

Incorporation of transition metals usually halts the pho-

tocatalytic activity of TiO2, although for some transition

metals, doping enhances the photocatalytic activity (Ak-

pan and Hameed 2010; Zaleska 2008).

Zirconium has similarity with titanium since both

belong to the same group (IV) of periodic table (Vish-

wanathan et al. 2004; Wv et al. 1984). The incorporation

of zirconia (ZrO2) ion into TiO2 led to nanosize

particles, increase in surface area and acceleration of

surface hydroxylation with anatase structure, which

resulted in the higher photocatalytic activity as compared

to pure TiO2 (Zhang and Zeng 2010; Wang et al. 2004;

Venkatachalam et al. 2007). Relative to pure TiO2, the

ZrO2-doped composite had greater visible light absorp-

tion and a band gap reduction of 0.2 eV (Qiu and Starr

2007). Photocatalytic efficiency of the catalyst strongly

depends on operating parameters as the catalyst type,

substrate concentration, catalyst loading, initial pH, oxi-

dizing agents and temperature at which the catalysts

must be calcined and light intensity (Akpan and Hameed

2009; Guettai and Amar 2005; Wang et al. 2000;

Hoffmann et al. 1995; Qourzal et al. 2008).

An exhaustive study on the heterogeneous photocata-

lytic degradation of DCF over TiO2 in presence of UV-A

irradiation was done with emphasis on the effect of

catalyst type, initial DCF concentrations, photocatalyst

loading and H2O2 as an additional oxidant (Achilleos

et al. 2010; Rizzo et al. 2009). Also, Martinez et al.

(2011) investigated the influences of operational param-

eters as the type of photocatalyst, presence of dissolved

O2 or addition of H2O2 as co-oxidant, which affects DCF

photocatalytic degradation. Mendez-Arriaga et al. (2008)

and Calza et al. (2006) investigated photocatalytic deg-

radation and transformation of DCF under the xenon arc

lamp irradiation to assess influences of different opera-

tional parameters and identify intermediates. Peter Bar-

tels reported that DCF concentration in river water

decreases naturally due to sun light irradiation (Bartels

and Tumpling 2007).

In our present work, titania–zirconia (ZrO2/TiO2)

nanocomposite catalyst was prepared by sol–gel method

and was characterized. The photocatalytic efficiency of

ZrO2/TiO2 nanocomposite for the degradation of DCF was

investigated under operational parameters such as type of

ZrO2/TiO2 nanocomposite, catalyst loadings, initial DCF

concentrations and initial pH in batch process. Langmuir–

Hinshelwood (L–H) kinetic model was employed to pro-

pose a rate equation of the photocatalytic degradation of

DCF.

This present work was done at Department of Chemical

Engineering, Indian Institute of Technology Kharagpur,

India, and was completed in May 2012.

Materials and methods

Photocatalyst synthesis procedure

The TiO2/ZrO2 nanocomposite catalyst was prepared by

sol–gel method. For the preparation of catalyst, titanium

isopropoxide (Alfa Aesar, UK) and zirconium
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oxychloride octahydrate (Loba Chemic Pvt. Ltd., Mum-

bai, India) were the starting materials. Desired quantity

of titanium isopropoxide and anhydrous ethanol was

premixed for 45 min by stirring with a magnetic stirrer.

Next, a certain amount of zirconium oxychloride octa-

hydrate was dissolved in distilled water to form a solu-

tion. Under vigorous stirring, the solution is added

dropwise into the previous mixture. Appropriate amount

of hydrochloric acid (diluted) was added to adjust the pH

of the solution to 2. The temperature of the reaction

system was maintained at 22 �C for slow hydrolysis.

After 14 h, the initial solution was transformed into an

opaque sol, and the obtained sol was used as the pre-

cursor sol. The resultant sample was taken out and

washed for several times by distilled water and absolute

ethanol to remove excessive organic or inorganic impu-

rities and then dried at 120 �C. Then, the composite

powders are calcined at 500 �C in a furnace for 3 h

(Jung and Park 2004). A series of samples with different

mass ratio of Zr/Ti are prepared with different ZrO2

content such as 6.3, 11.8 and 24.4 wt%, and these were

denoted by ZT-1, ZT-2 and ZT-3, respectively. TiO2

used as a base photocatalyst, and it was observed that

effect of ZrO2 on the degradation is studied based on the

variation of Zi/Ti ratios. It was chosen based on the

earlier literatures (Zhang and Zeng 2010).

Catalyst characterization

The composite catalysts were characterized by X-ray dif-

fraction (XRD) (Philips PW183 system, Cu-Ka radiation,

transmission electron microscopy (TEM) (JEOL, JEM-

2100, Japan) and BET surface area analyzer (Quanta-

chrome, AUTOSORB-1C, USA). The crystallographic

information was established with powder XRD. TEM was

used to determine the morphology and particle size of the

samples. Specific surface area and pore volume of the

calcined samples were determined by BET surface area

analyzer.

Experimental procedure

The photocatalytic degradation of DCF (Sigma-Aldrich)

was studied using TiO2/ZrO2 composite catalyst with dif-

ferent Zr/Ti mass ratios. The reaction was carried out in a

batch cylindrical glass vessel of 500-ml capacity having

two coaxial cylinders, where the reaction was taken in the

annular space and the UV source was placed at the center

of the vessel. An 8-W ultraviolet lamp (Philips) with

wavelength 218 nm was positioned inside a quartz tube.

Air was bubbled to the reactor from the bottom. A typical

reaction was carried out using 250 ml solution of DCF of

initial concentration 10 mg/L with 250 mg/L catalyst

concentration at 30 �C with a variation of ±1 �C and air

flow rate of 0.25 LPM irradiated with an UV lamp. The

samples were withdrawn at a time intervals of 30 min and

analyzed by UV–VIS spectrophotometer (Chemito India

Model 2600).

Results and discussion

Characterization of catalysts

The XRD patterns of TiO2/ZrO2 composites are shown in

Fig. 1. It can be confirmed that TiO2 in ‘‘as-prepared

samples’’ is identified as in anatase phase. The crystallite

size was calculated from a diffraction plane of anatase, and

the size is found to decrease with the increase in ZrO2

content. The degree of crystallinity of the particles depends

on the amount of ZrO2 (Schiller et al. 2010). The XRD of

catalysts has significant diffraction peaks representing the

characteristics of the anatase phase of TiO2 and various

TiO2/ZrO2 composite catalysts. The XRD of ZT-1 shows a

decrease in anatase phase compared with pure TiO2, but the

weak tetragonal phase of ZrO2 shows the presence of zir-

conium. As the amount of ZrO2 increases from ZT-1 to ZT-

3, intensity of diffraction peak of ZrO2 increases, which

suggests that ZrO2 is surface coupled with TiO2 in this

composite photocatalyst although its content is low as well

as the anatase form of TiO2 is recovered correspondingly.

The XRD analysis indicates that, as the ZrO2 component

increases, it prevents the phase transformations from ana-

tase to rutile, which is favorable to the photocatalytic
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Fig. 1 XRD patterns of TiO2 and various TiO2/ZrO2 composite

catalysts
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reaction since the anatase phase is known to have much

higher activity than the rutile phase.

The morphology of nanocomposite particles is analyzed

by TEM technique and shown in Fig. 2. From the figure, it

is found that the particles are roughly spherical in shape,

almost similar in size with narrow size distribution. The

presence of macro voids and agglomeration of the particles

are clear in the figure. From TEM micrograph, it is difficult

to ascertain the presence of the particles of zirconium. It

has been observed that the composite material is partly

composed of clusters containing composite nanoparticles

adhering to each other with a mean size of around 8 nm

and size of TiO2 is roughly of 20 nm. The figure also

suggests that the incorporation of ZrO2 inhibits the growth

of crystallites which leads to the smaller particle size with

an increase in the amount of ZrO2 loading.

The catalysts were analyzed for BET, and the results are

shown in Table 1. BET surface areas of TiO2/ZrO2 com-

posites depend on the quantity of ZrO2. The largest surface

area (190 m2/g) and pore volume were observed for ZT-2.

It has also been noticed that the pore volume increases with

the content of ZrO2 up to ZT-2 and decreases in ZT-3 with

further addition of more Zr4?. A decrease in surface area

after high amount of ZrO2 could be noted that due to

various factors such as penetration of the deposited active

oxides into the pores of the support, thereby narrowing its

pore volume, blocking some of the micropores and solid-

state reaction between dispersed active oxides.

Selection of catalyst

The photocatalytic degradation of DCF was compared

among different composite ZT-1, ZT-2 and ZT-3 prepared

with various TiO2/ZrO2 mass ratio, and the results are

shown in Fig. 3 by plotting percentage removal of DCF as

a function of time. The results indicate that ZT-2 gives

higher photocatalytic activity compared with other sam-

ples. The degradation of DCF is 92.41, 81.42, 70.68 and

45.13 % for ZT-2, ZT-1, TiO2 and ZT-3, respectively. The

degradation depends on the BET surface area of the cata-

lyst as the surface area also decreases in the order as ZT-

2 [ ZT-1 [ TiO2 [ ZT-3. It was also seen that the ZrO2

loading variation with TiO2 was effected the DCF removal

(inset in Fig. 3). The percentage degradation is observed to

increase with the increase in ZrO2 loading in TiO2/ZrO2

Fig. 2 TEM image of catalysts.

a TiO2 only and b ZT-2

Table 1 BET surface area and pore volume data of various com-

posite catalysts

Catalyst SBET (m2/g) Pore volume (ml/g)

(ZT-1) 115 0.36

(ZT-2) 190 0.59

(ZT-3) 85 0.18

TiO2 only 110 0.29
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Fig. 3 Comparison of the percentage degradation of DCF by

different TiO2/ZrO2 composite catalysts as well as TiO2 only. The

inset represents the effect of zirconia content variation on DCF

degradation
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composites, and it reaches to a maximum value at 5.49 for

11.8 wt% of zirconium (ZT-2), whereas beyond that value

it decreases with the further increase of ZrO2 content. The

decrease in degradation of DCF is due to the decrease in

the anatase form in the composite and its porosity with the

further addition of ZrO2 beyond ZT-2. Therefore, the

presence of excess ZrO2 in TiO2 could suppress the growth

of TiO2 grains, and it may increase the surface area. It also

decreases the anatase to rutile phase transformation and

accelerates the surface hydroxylation.

Effect of catalyst loading

Quantitative variation of ZT-2 catalyst loading is an

important parameter that can affect the degradation rate of

DCF. As shown in Fig. 4, the effect of photocatalyst con-

centration on percentage removal of DCF was noted

employing catalyst loading of TiO2/ZrO2 nanocomposite in

the range of 50–500 mg/L at initial concentration of DCF

10 mg/L. It can be observed that the initial degradation

increases proportionally to catalyst concentration up to a

certain limit of concentration, and after that, a slow

increase in the removal is observed. This indicates a pro-

gressive saturation of the photonic absorption for a given

incident radiation (Parra et al. 2002). At lower catalyst

loading, much of light may be transmitted through the

solution. However, higher reaction rate at a higher amount

of catalyst loading may be explained in terms of complete

utilization of incident photons striking on the catalyst

surface and/or availability of active sites at the surface. So,

the catalyst loading is a significant factor that can affect

performance of photocatalysis.

Moreover, the rate of removal of DCF at different initial

concentration of DCF is also a strong function of catalyst

loading is inserted in Fig. 4.

The pseudo-first-order model equation is assumed as

follows:

�rA ¼ kCn ð1Þ

The initial rate for the DCF photodegradation reaction

with TiO2/ZrO2 composite catalysts has been fitted to a

kinetic model, and the apparent rate constant (k) has been

determined for the different photocatalysts, since it enables

one to estimate the photocatalytic activity of a catalyst.

The experimental data fitted well in the empirical

equation, assuming the exponent ‘n’ of reactant concen-

tration C as unity. On integration,

ln
C0

C

� �
¼ kt ð2Þ

where C0 and C are the initial and final concentration of

DCF at time t = 0 and t = t, where t is the irradiation time.

The initial reaction rate increases with increase in cat-

alyst concentration from 5 to 20 mg/L of DCF concentra-

tion. Further, increase in catalyst concentration led to a

decrease in rate. This maximum catalyst concentration, at

which the rate is highest, is different for different DCF

concentration. For example, the rate can be maximized at

catalyst concentration 250 mg/L for DCF concentration of

5 mg/L, whereas, for 20 mg/L DCF concentration, maxi-

mum rate is observed at catalyst concentration of 800 mg/

L. With greater amount of catalyst, more is the turbidity;

hence, it impedes the penetration of light in the reactor

(Qamar and Muneer 2009), which in turn lowers the pho-

tocatalytic efficiency in the given working conditions.

Another reason of decrease in rate may be due to the

decrease in the portion of the irradiated surface of the

catalyst particle due to the obstruction of light in the dense

slurry.

Effect of DCF concentration

To investigate the effect of DCF concentration on the ini-

tial rate of degradation, at 5, 10, 20 and 40 mg/L of DCF

concentration for catalyst loading 250 mg/L, ln(C0/C) was

plotted as a function of irradiation time as shown in Fig. 5

(inset). The plots show a good straight-line approximation,

suggesting a first-order like dependence of degradation

with respect to DCF concentration. The rate constants were

obtained from the slopes of ln(C0/C) versus time plots.

Figure 5 shows the plot of the initial rate versus concen-

tration of DCF, where it is interesting to note that the

degradation rate increases with increase in DCF concen-

tration from 5 to 20 mg/L and a further increase in con-

centration from 20 to 40 mg/L leads to no change in
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degradation rate of the DCF. The reason for this can be

explained by considering the formation of hydroxyl radi-

cals in water due to irradiation. For a given irradiation

sample and time, it can be expected that the production of

OH radicals remains constant. Under such conditions, the

extent of reaction between hydroxyl radicals and DCF

molecules increases till 20 mg/L. On further increase in

concentration, the rate remains constant because the DCF

concentration exceeds the concentration of hydroxyl radi-

cals produced by water irradiation beyond 20 mg/L. The

amount of hydroxyl radicals produced at 20 mg/L DCF

concentration is the optimum for that reaction condition.

Another reason of the dependability of the reaction rate

may be the concentration of DCF increases, the availability

of the photocatalyst surface does not increase, hence the

generation of relative amounts of OH• and O2
- on the

surface of the catalyst becomes unchanged as the intensi-

ties of light, irradiation time and amount of catalyst remain

constant.

Effect of pH

An important parameter in the photocatalysis is the pH of

solution, since it determines the surface charge properties

of the photocatalyst and therefore the adsorption behavior

of the pollutant. Figure 6 shows the percentage removal of

DCF versus time under different pH ranging from 3 to 12.

The decline of the removal of DCF under different pH can

be represented in the order pH 3 [ pH 5 [ pH 7 [ pH

10 [ pH 12 at 210 min. The initial rate of degradation of

DCF as a function of time is plotted in Fig. 6 (inset). From

Fig. 6, results are indicating that the degree of disappear-

ance of DCF is strong in acidic conditions.

The possible explanation of this is the amphoteric

behavior of semiconducting material and the change of the

surface charge properties of TiO2/ZrO2 nanocomposite

with the changes of pH values. The hypothetical explana-

tion may be the presence of lone pairs of electrons on DCF

molecules which induce electrostatic attraction between

negatively charged DCF molecules and positively charged

TiO2/ZrO2 composite in acidic condition and vice versa.

It is very difficult to elucidate the effects of pH on

photodegradation activity due to the many possible reac-

tion mechanisms; among them, the following three are

predominant (Minero et al. 2000):

Catalyst þ hv UVð Þ ! catalyst e� þ hþð Þ

hþ þ OH� ! Hþ þ OH

The water molecules react with positive hole and

produce OH�

hþ þ H2O! Hþ þ OH�

i) Hydroxyl radical attack:

DCF ?OH� ? Degradation products
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ii) Oxidation by the positive hole:

DCF ? h? ? Oxidation products

At low pH, holes are considered as the major oxidizing

species, while at neutral and high pH, hydroxyl radicals are

considered to be the major one. So, the influence of the pH

on photocatalytic activity is dependent on substrate type

and properties of TiO2/ZrO2 surface.

Photodegradation kinetics of DCF

The active sites on catalyst surface have the significant

role in solid-catalyzed reaction. It can be observed from

the previous literatures (Bangun and Adesina 1998;

Chen and Jenq 1998) that the modified Langmuir–

Hinshelwood (L–H) kinetic expression is successfully

applied to analyze the heterogeneous photocatalytic

reaction.

In the solid catalytic reaction in water, the surface of

the TiO2/ZrO2 composite is always covered with the

water molecules and there would exist a competition

between water and DCF molecules for a single adsorp-

tion site. The active sites will be covered by DCF and

water molecules, and the relation of the fraction of

surface coverage with the initial concentration of DCF

and water molecules can be expressed as (Fox and Dulay

1993):

h ¼ KDCFC0

ð1þ KDCFC0 þ kwCwÞ
ð3Þ

where h is the fraction of surface covered by DCF

molecules. KDCF and kW are the adsorption equilibrium

constant of DCF and water, respectively. C0 and CW are the

initial concentrations of DCF and water, respectively. h
may be written as,

h ¼
KDCF

1þkwCw

h i
C0

1þ KDCF

1þkwCw

h i
C0

ð4Þ

The initial concentration of water (CW) may be assumed

to be constant during the reaction period. Therefore, h is

simplified introducing a new constant K1 ¼ KDCF

1þkwCw
.

Equation 4 can be rewritten as

h ¼ K1C0

1þ K1C0

ð5Þ

According to Langmuir–Hinshelwood (L–H), the rate of

reaction (-rA) is proportional to the fraction of surface

covered by the substrate (h):

�rA ¼ kch ð6Þ

With Eq. (5) and Eq. (6), we get

�rA ¼
K1kc½C0�

1þ K1½C0�
ð7Þ

Eq. (7) is linearized in the following form

C0

�rA

¼ 1

K1kc

þ C0

kc

ð8Þ

The initial rate data were obtained from the slope of the

tangent of the concentration profile at t = 0. It was

observed that these initial rates are closed to the values

that are obtained by substituting the respective C0 and k in

Eq. (2). This initial rate data were fitted in Eq. (8) after

transforming to their respective variable. A typical plot of

C0/-rA versus C0 at various catalysts loading is presented

in Fig. 7a.

y = 10.214x + 94.944
R² = 0.994

y = 7.0555x + 45.212
R² = 0.9927

y = 5.7809x + 16.46
R² = 0.9966

y = 3.3919x + 33.523
R² = 0.9936
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Fig. 7 a Relation between C0/-rA and C0 at various catalysts loading

and b the rate constant and the adsorption equilibrium constant (K1)

(Diamond) as a function of catalyst loading
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At low concentrations of 5–40 mg/L of DCF, the rate

data fitted to the linear equation satisfactorily with good

correlation coefficients.

Dependence of kc and the constant K1 on catalyst

loading is shown in Fig. 7b. It is observed that the rate

constant kc increases proportionally with increase in cata-

lyst loading in the range 50–500 mg/L, and it reaches to the

value 0.351 mg L-1min-1 at catalyst loading 250 mg/L,

which is maximum and then it decreases. However, K1

increases gradually with increase in catalyst loading.

As mentioned in Fig. 4b, degradation rate depends on

catalyst loading. Rate constant (kc) seems to increase

gradually with catalyst amount, which is supposed to

become constant or decrease on further increment of cat-

alyst amount by virtue of decrease in K1. Constant K1

decreases with increasing catalyst content, which may be

due to the reduction in surface area. The decrease in sur-

face area may be due to the possible agglomeration of

catalyst particle at high quantity. It is obvious that the

lower the amount of adsorbed substrate caused a lower

degradation rate. It may be concluded that both pseudo-

first-order and Langmuir–Hinshelwood type model can

explain the rate kinetics of photodegradation of DCF using

TiO2/ZrO2 catalyst.

Conclusion

The nanosized TiO2/ZrO2 photocatalytic materials are

synthesized with sol–gel method followed by a suitable

calcination treatment. The as-prepared TiO2/ZrO2 nano-

composites exhibit unique optical properties regarding to

the absorption in the visible wavelength. The experi-

mental results indicate that the TiO2/ZrO2 composites

show a photocatalytic activity to degrade the organic

pollutants such as DCF. The optimum mass ratio of

ZrO2 on TiO2 is 11.8 wt%. This composite shows higher

photocatalytic activity than that of the commercially

available TiO2 photocatalyst of anatase form. Reaction

rate increases with increase in initial concentration of

DCF, and at a certain point, no change in degradation

rate of the DCF was observed. DCF shows higher deg-

radation rate in acidic condition, because adsorption on

catalyst varies largely with the pH of the solution, which

assigns to the strong dependence of surface-catalyzed

reaction on pH. The amount of catalysts may play a

significant role upon the photoefficiency of the hybrid

catalysts. Since the levels of DCF in environmental

samples are relatively low, so the photocatalytic degra-

dation at mild operating conditions is favorable in the

water treatment including domestic applications. The

kinetics of the photocatalytic degradation of DCF by

TiO2/ZrO2 is fitted satisfactory to pseudo-first-order

degradation kinetics as well as in modified Langmuir–

Hinshelwood type model. This photocatalytic degradation

is explained in terms of a model for the surface reaction

between DCF and the oxidizing species OH. The values

the rate parameters (kc and K1) depend on the amount of

TiO2/ZrO2 composites catalyst. The present report

involves new approaches in the development of

TiO2/ZrO2 composite photocatalysts which can operate

effectively under UV light irradiation in a water filter.
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