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Fe-substituted CeVO4 was synthesized by the solution combustion technique and characterized by X-ray
diffraction, X-ray photoelectron spectroscopy, UV-vis spectroscopy, transmission electron microscopy
and BET surface area analyzer. These compounds crystallized in tetragonal zircon structure with Fe sub-
stituted in ionic state for Ce3* ions. The degradation of anionic and cationic dyes was studied over
Fe-substituted CeVO4 compounds. The compounds showed high photocatalytic activity towards dye
degradation. The effect of amount of substitution was studied by varying the Fe substitution from 1
to 10%. The rates decreased with increasing substitution of Fe in CeVO4 and 1% Fe substituted CeVO4
showed the highest photocatalytic activity.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Dyes present in the industrial waste water can pose severe
environmental problems and their direct effects on human physi-
ology are well reported [1-9]. The dyes like malachite green have
been found to be highly cytotoxic for the mammalian tissues [7-8].
The organic groups present in dyes result in the formation of cer-
tain reactive intermediates, which trigger the morphological and
genetic alterations, thereby making the dye cytotoxic and carcino-
genic. Recently, Inoue et al. [10] showed the carcinogenicity of
anthraquinone dyes and the structure of the dye was found to have
an influence over the target organs [10-12]. Therefore, the removal
of the dyes from industrial waste water becomes important.

Because the traces of the chemicals present in the dye are capa-
ble of imparting adverse physiological effects, it becomes necessary
to completely remove the toxic materials. Although a number
of methods including chemical and wet air oxidation [13-16],
catalytic processes [17-18], biochemical processes [19-21] and
physical adsorption [22-24] are used for the removal of dyes from
the solution, photocatalysis is a promising method to remove the
final traces of the hazardous chemicals.

Conventionally, photocatalysis involved the use of semicon-
ductor materials, which mainly included oxides like TiO,, WOs5,
ZnO and certain sulfides like ZnS and CdS [25]. Karunakaran et al.
[26-28] have investigated the photocatalytic activity of a range of
semiconductor materials for the photocatalytic degradation of var-
ious organics. TiO; is the most widely used photocatalytic material
for the degradation of organics and dyes present in water. Several

* Corresponding author. Tel.: +91 80 2293 2321; fax: +91 80 2360 0683.
E-mail address: giridhar@chemeng.iisc.ernet.in (G. Madras).

1385-8947/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.cej.2010.01.056

modifications of TiO, have been carried out to observe the changes
in the photocatalytic activity. We have previously reported the pho-
tocatalytic activity of unsubstituted, impregnated and metal ion
substituted TiO, for photocatalytic degradation of dyes [29-31].
According to Coleman et al. [32], the generalization of the effect of
metals on the photocatalytic activity is not possible and the activ-
ity depends upon several factors including the nature of the dye,
metal, metal-loading, and the reactant concentration. Therefore,
the modification of the parent photocatalytic material by vari-
ous techniques has been examined. Surface modifications as well
as bulk modification, by introducing chemical elements, has been
reported to enhance the photocatalytic activity [33-39]. Apart from
anatase TiO,, there have been studies on the photocatalytic activity
of perovskites [40-43] and non-stoichiometric perovskites [44].
Orthovanadates have been used as pigments due to the ease
of charge transfer [45]. This property also makes them a possi-
ble candidate for photocatalytic material and a range of vanadates
with different metal ions has been studied for their photocatalytic
activity. The degradation of dyes in presence of metal substituted
orthovandates has also been investigated [46]. Mahapatra et al. [47]
have shown the degradation of dyes and organic compounds over
Mo modified Ce, Pr and Nd vanadates. Several other authors have
shown the photocatalytic activity of orthovanadates [48-50].
Orthovandates have been synthesized using various techniques
including solid-state synthesis [51], microwave synthesis [52],
hydrothermal method [53,54] and chemie douce [55]. The crystal-
lite size of the catalyst can be controlled to nanometer range using
the solution combustion technique. This imparts various important
characteristics to the material including high surface area, which
are beneficial for catalysis. Bellakki et al. [56] have used the solu-
tion combustion technique for the synthesis of CeVO4 and Pd ion
substituted CeVO4. They have reported complete substitution of Pd
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ions in Ce3* sites upto 2 at% and the compounds showed high cat-
alytic activity towards the degradation of dyes. The rates achieved
over the synthesized catalysts were higher than the rates observed
over the commercial TiO, catalyst. The substitution of Pd ions was
found to enhance the photocatalytic activity. The substitution of a
base metal instead of Pd reduces the cost of the catalyst and makes
it a possible alternative material for photocatalysis.

In the current study, the photocatalytic degradation of anionic
and cationic dyes over combustion-synthesized base metal sub-
stituted cerium orthovanadates was investigated. We refer to the
term degradation as decolorization/decomposition of the dye in
the solution. The basic structure of the dye is broken by the above
process. However, the total organic carbon or CO, evolution was
not measured. Previously [46], it was shown that Fe-substituted
CeVOy4 synthesized by solid state is capable of degrading dyes. In
this study, we show higher photocatalytic activity of Fe-substituted
CeVOy4 synthesized by solution combustion for the degradation of
dyes. The effect of percentage of Fe substitution in CeVO,4 on the
photocatalytic activity was also studied. The rates were compared
with those of commercial Degussa P-25 TiO; and substituted CeVO4
synthesized by other methods.

2. Experimental
2.1. Catalyst synthesis and characterization

All the catalysts were synthesized by the solution combustion
technique. The precursor solution was made by dissolving ceric
ammonium nitrate ((NH4),Ce(NO3)g, Merck, India), ammonium
vanadate (NH4VOs3, S.D. Fine, India), iron (III) nitrate nonahydrate
(Fe(NOs3)3-9H,0, S.D. Fine, India) and oxalyldihidrazide (C;HgN; Oy,
Alfa Aesar, India) in deionized water. The molar ratio of cericammo-
nium nitrate, ammonium vanadate, iron (III) nitrate nonahydrate,
and oxalyldihidrazide was 1—x:1:x:2.65, where x represents the
atomy% substitution. In the current study, 1%, 2%, 5% and 10% Fe-
substituted compounds (x=0.01, 0.02, 0.05 and 0.10, respectively)
were synthesized. No iron (III) nitrate nonahydrate was added to
the solution for synthesizing (unsubstituted) CeVO,. The solution
was heated in a preheated muffle furnace at 350 °C. The catalysts
were formed as aresult of the spontaneous combustion of the solu-
tion. Further details for the synthesis of combustion-synthesized
CeVOy, are described elsewhere [56].

The catalysts were characterized by powder X-ray diffraction
(XRD), X-ray photoelectron spectroscopy (XPS), UV-vis spec-
troscopy and BET surface area analyzer. The XRD of the samples
were recorded on a Phillips X'pert diffractometer with Cu Ka radi-
ations in a 26 range of 5-90°. The XPS were recorded on Thermo
Fisher Scientific Multilab 2000 (England) instrument with Al Ko
radiation (1486.6 eV). C 1s peak at 284.5 eV was used a reference for
calibrating the binding energies. The UV-vis spectra were recorded
on Lambda 32, PerkinElmer spectrophotometer. The TEM images
of the compounds were recorded on JEOL 200CX TEM machine.
The surface areas of the compounds were determined using NOVA-
1000, Quantachrome apparatus with nitrogen as adsorbent.

2.2. Photoreactor and reactions

The setup for conducting the photocatalytic degradation of dyes
consisted of a jacketed flask of capacity 150 ml in which the dye
solution along with the catalyst and a magnetic pellet were placed.
A high pressure mercury lamp (Philips (125 W), India) placed in a
jacketed quartz tube was used as the source of UV radiation. The
UV lamp radiated predominantly at 365 nm with a photon flux
of 1000 wW cm—2. The dye solution was present in the annulus
between the two flasks. Both the flasks were circulated with cold
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Fig. 1. X-ray diffraction pattern of (a) CeVOy, (b) Cepg9Fep.01VO4, (c) CeposFep02VO0s4,
(d) CeposFep05V0y4, (e) CepooFep10VO4. The impurity peaks corresponding to a-
Fe, 05 are marked by asterisks.

water to remove the heat generated by the lamp. Further details
are provided elsewhere [29].

Three anionic dyes, Orange G (OG), Remazol Brilliant Blue R
(RBBR), Alizarin Cyanine Green (ACG), and three cationic dyes,
Methyl Violet (MV), Rhodamine 6G (R6G), and Malachite Green
(MG) were chosen for analysis. 100 ml of 50 ppm dye solution was
added with 100mg of the catalyst and stirred using a magnetic
stirrer. The solution was stirred in the absence of UV light for 1h
to observe the adsorption of the dye over the catalyst surface. The
solution was then irradiated with UV light and the samples were
taken for analysis at regular interval of time. The samples were
then centrifuged and analyzed using UV-vis spectrophotometer
(UV 1700, Shimadzu, Japan). All the reactions were carried out at
the natural pH of the dyes. The pH of the solutions was measured
before and after adding the catalysts. All the solutions were found
to have pH between 6 and 7 and no appreciable change in pH was
observed after the addition of the catalysts. Dye samples of known
concentrations were prepared and their absorbance was measured.
The variation of absorbance with concentration was plotted. The
calibration was found to be linear. The variation of the dye concen-
tration with time was determined from the calibration.

3. Result and discussion
3.1. Structural studies

The unsubstituted and Fe-substituted CeVO4 compounds crys-
tallized as single phase solid solutions with tetragonal zircon
structure. Fig. 1(a) shows the XRD of CeVOQy. All the diffraction lines
in the XRD of CeVO,4 could be indexed to the zircon structure with
space group I41 /amd. The XRD of the Fe substituted CeVO4 gave no
additional peak up to 5at% substitution (Fig. 1(b-d)). Additional
peaks can be seen in the XRD on 10at% substitution (Fig. 1(e)).
Therefore, at lower substitutions, Fe ions were substituted in Ce3*
sites and the zircon structure of CeVO,4 was retained. In a pre-
vious study, we have found the upper limit of substitution of Fe
ions in CeVO4 to be 5% owing to high lattice distortion on higher
substitution [46].

The XPS of the elements were recorded to obtain the information
about the oxidation state of the compounds. XPS of Ce 3d showed
the presence of Ce3* jons (see Supplementary information, Fig. S1)
and the presence of V in +5 state (see Supplementary information,
Fig. S2)in all the compounds. The XPS of Fe 3d is shown in Fig. 2(a).
Fe in CegggFeg1V0,4 was present in +2 state. At higher substitu-
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Fig. 2. X-ray photoelectron spectra of Fe in (a) CegggFeg01VO4, (b) CeposFeo02VO0s4,
(c) Cep.g5Feq05VO04, (d) CeggoFeq.10VO4.

tions, Fe in +3 state was also observed. Distinct peaks at 720 eV can
be observed in the spectra of CeggsFego5V04 and CeggpFeg.10V04
(Fig. 2(b-d)) corresponding to Fe in +3 state. The relative compo-
sition of Fe2*:Fe3* was found by decomposing the XPS into the
various states of Fe. The areas of the peaks corresponding to +2
and +3 states signified the amount of Fe present in that state. Fe3*
was present in maximum amount in CegggFeg.19VO4. Nearly 30%
of Fe was in +3 state (Table 1). In the XPS of Ceg ggFeg 19VOy4, peaks
are wide showing the presence of multiple oxidation state. Fig. 2
shows the shift in the peaks that can be observed in the spectra with
the increase in percentage of Fe substitution and peaks at 720 eV
(corresponding to Fe in +3 state) emerge very clearly in the spec-
tra of CegggFeq.19VOs. Clearly, with an increase in the substitution,
the amount of Fe3* in the compounds increased. As mentioned ear-
lier, impurity peaks corresponding to Fe; O3 (where Fe is in +3) was
observed for the case of CegggFeg 10VO04.

The ionic radii of Fe and Ce ions follow the order
Ce3* >Fe?* >Fe3*. Therefore, for lattice matching, Fe remains
in +2 state. However, in the precursor, the oxidation state of Fe
is +3. As a result, the amount of Fe in +3 state in the compound
increases with increase in percentage of substitution.

The diffuse reflectance spectra of all the compounds were
recorded to determine the band gap. Fig. 3 shows the spectra for
CeVO4 and Fe substituted CeVOg4. The band gap of the compound
was determined from the absorption edge. The relation between
the absorption edge and the band gap of the material is given as
Eg=1240/A, where A corresponds to the wavelength (innm) of the
absorption edge [57]. The inset in Fig. 3 shows the Kubelka-Munk
plot [58]. The dotted line in the figure shows the extrapolation
used for determining the band gap. The band gaps of all the com-
pounds are given in Table 1. The band gap of CeVO,4 was found to
be 2.11eV. The band gap remained unchanged at lower substitu-
tions with a value of 2.12eV and 2.11eV for CegggFeg01VO4 and
CegogFep.02V0y4, respectively. However, the band gap decreased
with increase in substitution and decreased to a value of 2.02 eV
on 10% Fe substitution. The underlying principle for change of
the band gap of the solids is the same as that used for enhanc-
ing the conductivity of the semiconductor by doping an aliovalent
atom. The introduction of an impurity results in creation of defects
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Fig. 3. Diffuse reflectance spectra of the various synthesized compounds. The inset
in the figure shows the Kubelka-Munk plot.

in the solids. Due to this, the defect band appears and the band
gap reduces. Zhang et al. have observed a reduction of the band
gap in perovskites on introduction of Fe impurities [59]. Simi-
larly, Liu et al. [60] have observed a reduction in the band gap
of ZnS and CdS semiconductors by formation of solid solutions of
the type Cdq_x_yFexZnyS. The band gap decreased with increase
in Fe content. This has been to attributed to the decrease in the
band gap to the Fe2*/Fe3* transitions [61]. Solid state synthesized
Cep.g5Fep05V04 showed a band gap of 2.9eV [46]. The band gap
for tetragonal structured lanthanum orthovanadates synthesized
by solution-based method showed a band gap of 2.74 eV, 2.86eV,
and 2.99eV for CeVOy4, PrVO4 and NdVOy, respectively [51]. Bi
based tetragonal orthovanadates have beenreported to have a band
gap of 2.9eV [48]. Therefore, the band gap for the combustion-
synthesized compounds is lesser as compared to the other similar
compounds synthesized by other methods. The use of combustion
synthesis results in the introduction of carbon in the structure of
the compound and a solid solution of the synthesized compound
with carbon is formed. This results in the lowering of the band gap.
This phenomenon has been illustrated by Khan et al. [62] for mod-
ified TiO, compounds synthesized by combustion of Ti metal in a
natural gas flame. We have previously reported similar findings on
combustion-synthesized TiO, where the band gap was found to be
lower as compared to those synthesized with other methods [63].

The TEM image and the electron diffraction pattern of
Cep.g9Fep01VO4 are shown in Fig. 4. The particle size of 10-20 nm
can be observed from the TEM image. No bulk aggregation was
observed and the TEM images also confirm that Fe was substituted
in the lattice.

The BET surface areas of all the compounds were determined.
Table 1 gives the surface areas of all the synthesized compounds.
The surface area of CeVO4 was 22 m?/g. The surface area remained
unchanged on small amount of Fe substitution and the surface areas
of CegggFeq.91VO4 and Ceg ggFeg g2 VO4 were nearly the same as that
of CeVOy4. However, the areas decreased with increase in substitu-
tion and Ceg ggFeq 19VO4 had a surface area of 10 m2/g.

Various combustion-synthesized compounds with crystal structure, Fe ionic state, band gap and surface area.

Compound Crystal structure Fe ionic state (Fe?*:Fe3*) Band gap (eV) Surface area (m?/g)
CeVOy Zircon (144 /amd) - 2.11 22
Cep.g9Fep01VO4 Zircon (I4;/amd) Ionic (Fe2* >97%) 2.12 22
CeposFep02VO04 Zircon (14, /amd) Tonic (80:20) 2.11 22
CeposFepo5V04 Zircon (144 /amd) Ionic (64:36) 2.08 14
CepgoFep10V04 Zircon (I4;/amd) Ionic (31:69) 2.02 10
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Fig. 4. TEM images of CegggFeq 1 VO4 with the electron diffraction pattern.

3.2. Photocatalytic degradation studies

Photocatalytic degradation of dyes was carried over the com-
mercial Degussa P-25 catalyst, CeVO4 and Fe-substituted CeVOyg.
The combustion-synthesized compounds showed high activity
towards photocatalytic degradation. The degradation experiments
were first carried out with commercial Degussa P-25 catalyst. Fig. 5
shows the degradation profile of the different dyes over the various
catalysts tested. The variation of the normalized dye concentration
time is plotted against time. The initial concentration for normal-
ization was the concentration of the dye obtained after stirring the
dye solution for 1 h. During this period, the adsorption of the dye
was less than 5% of the initial concentration. It can be seen from
Fig. 5 that Fe-substituted compounds showed higher activity for
dye degradation as compared to the commercial Degussa P-25 TiO,
and CeVOy. The activity of the catalysts decreased with increasing
%Fe substitution. Ceg ggFeg 91 VO4 was the best catalyst. More than
95% conversion of all the dyes was achieved over CegggFeqg1VO04
within 30 min.

The Langmuir-Hinshelwood (LH) kinetic model is the con-
ventionally used model to describe the kinetics of photocatalytic
degradation of dyes. The expression describing the rate of reaction
as a function of dye concentration can be written as r = k;K;C/(1 +
K,C), where r is the rate of reaction, k; is the reaction rate constant,
Kj is the equilibrium constant, and Cis the concentration of the dye.
The intermediate processes involved in the reaction include the
electron-hole pair generation, adsorption of the dye over the cat-
alyst surface, hydroxyl and superoxide radical generation and the
attack of dyes by these radicals [25]. When the initial concentration
of the dye is small (millimolar) (i.e. when K;C « 1), this equation
can be approximated as a first order process whose rate is given
as 1 = kappC, where kapp is the pseudo-first order reaction rate con-
stant describing the rate of the reaction. In our previous studies also,
we have found the LH parameter to be significantly lesser than the
kinetic parameter and the degradation could be described as a first
order process [64,65]. Using the above rate expression, the variation
of the dye concentration with time is given as C = Cp exp(—kappt),
where C, is the initial dye concentration. The lines in Fig. 5 cor-
respond to the first order degradation model given by the above
equation.

The variation of the natural log of the normalized concentra-
tion C/C, with time followed a linear trend (see Supplementary
information, Fig. S3). The lines in the figure show the least square
linear fit of the data. The reaction rate constant was obtained by
the slope of the line. The values of the rate constants for the vari-
ous catalysts are given in Table 2. It can be seen from Table 2 that
the rate constants were the highest for Ceg ggFeg g1 VOj4. For all the
dyes, the rate constants decreased with increase in Fe substitution
but were always higher than that of the CeVO,. For the degrada-
tion of cationic dyes, the activity of Ceg ggFeg g1 VO4.was higher than
that observed with Degussa P-25.The anionic dyes were found to
degrade faster as compared to the cationic dyes. The degradation of
anionic dyes over Ceq ggFeg 91 VO4 was 10-20 times higher than that
over the commercial Degussa P-25 catalyst. All the combustion-
synthesized compounds showed higher activity for the degradation
of anionic dyes than Degussa P-25. CeVOy4 also showed photocat-
alytic activity that was 2-3 times higher than that of Degussa P-25.

Having established the high activity of the combustion-
synthesized compounds, the reactions were carried out for a longer
period by irradiating the solution for 2 h. Fig. S4 (see Supplemen-
tary information) shows the variation of the dye concentration for
different initial concentration with time over Ceq gsFeg 95VO4. More
than 95% degradation of the dyes was possible for all the initial
concentration of dyes. It was found that most of the degradation
occurred in first 60 min for all the dyes. At higher concentrations,
the time requirement for degradation to the same percentage of
conversion increased. Whereas more than 90% degradation was
observed within 20 min for most of the dyes with an initial concen-
tration of 25 ppm, the time requirement for the same conversion
was more than 1h for reactions with an initial concentration of
100 ppm. Fig. S5 (see Supplementary information) shows the vari-
ation of the normalized dye concentration over unsubstituted and
Fe-substituted compounds irradiated for 2 h. It can be seen that
the CeVO,4 showed much lesser activity than Fe-substituted com-
pounds. Complete degradation of all the anionic dyes took place
within 2 h.

The activity of Fe-substituted compounds was higher than that
of the Pd-substituted compound synthesized by the same solution
combustion method. Bellakki et al. [56] reported the degradation
of OG and RBBR over Pd-substituted compound. By comparison
of the first order reaction rate constants for the degradation of
OG and RBBR in presence of Pd-substituted and Fe-substituted
compounds, it can be seen that the degradation was 3-4 times
faster over Fe-substituted compounds (Table 3). Similarly, the rates
of degradation for OG and RBBR were higher over combustion-
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Fig. 5. Variation of the normalized dye concentration with time for the degradation of various dyes over the different catalysts. (a) OG, (b) RBBR, (c) ACG, (d) MV, (e) R6G, (f)
MG. (O) Degussa P-25 TiO», (O) CeVOq, (A) CegggFep 1 VO4, (M) CepogFeqo2VO4, (@) CeposFeposVO4, (a) CeggoFeo.10VO04.

Table 2
Pseudo-first order rate constants k (min~! x 103) for the degradation of the various dyes over the different catalysts.
Degussa P-25 CeVOy Ceg.g9Fe01V04 Ceo.o8Fe02V04 Ceg.o5Feq,05VO04 CepgoFeo.10V04
oG 25 63 207 124 116 75
RBBR 20 35 239 200 184 155
ACG 19 68 362 308 76 72
MV 15 37 97 85 62 49
R6G 112 22 133 62 56 41
MG 139 17 154 110 72 63

synthesized Fe-substituted CeVO,4 as compared to the degradation
over Fe-substituted CeVO4 synthesized by solid state method [46].
Combustion-synthesized CeVO4 showed an activity that was six
times higher than that of solid state synthesized CeVOQy,. Similarly,
for the same percentage of substitution, combustion-synthesized
Fe-substituted compounds showed activity that was 2-4 times
higher than that of Li substituted compounds synthesized by solid
state method [46].

The combustion-synthesized compounds show high crys-
tallinity with crystallites in nanometer range [66]. Owing to
this, the compounds show high surface area. The surface area
of CeVO,4 synthesized by solution combustion technique was
found to be 15-20 times higher than that synthesized by
solid state methods. The increase in surface area of the com-
pound had a direct effect over the photocatalytic activity of

Table 3

the compound. The surface area of the compounds decreased
with an increase in percentage of Fe substitution. The effect
of this was reflected in the photocatalytic activity of the com-
pounds and the activity of the compounds followed the order,
Cep.g9Feq 01VO4 > CegggFep.02V04 > Cep g5Feq 05 V04 > CeggoFep 10V04.
However, the surface areas of unsubstituted, 1% and 2% Fe-
substituted compounds were similar. The difference in activity
of these compounds can be explained in the basis of the various
redox processes that occur during the reaction.

In the reducible oxides, various redox couples are observed. In
CeVOy, oxidation and reduction of Ce and V occur in the reduc-
ing and oxidizing environment and Ce3*+ « Ce?+ and V>* « V4*
are observed. XPS showed the initial oxidation state of Ce and V to
be +3 and +5, respectively (see Supplementary information, Figs. S1
and S2). Therefore, oxidation of Ce to +4 and reduction of V to +4 can

First order rate constants for the degradation of dyes over different orthovanadates synthesized by various techniques.

Compound Method of synthesis Dye k (min~! x 10%)
Ceg.9gPdo.02VO4 Combustion synthesis oG 39

RBBR 48
CeVOy Solid state synthesis oG 10

RBBR 5
Ceg.g0Lip.10VO4 Solid state synthesis 0oG 32

RBBR 40
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take place. However, introduction of Fe in the compound induces
additional redox couples and Fe3+ « Fe2* can be expected. In the
compounds in which Fe is substituted in fully oxidized +3 state,
Ce is in reduced +3 state and V is in oxidized +5 state. Thus, the
same redox couples are formed as in case of CeVOy. Therefore, the
introduction of Fe does not have any effect and the accessibility of
the redox couples is the same as the accessibility in CeVO,4. How-
ever, when Fe is substituted in +2 state, the redox processes are
enhanced. Oxidation of Fe* to Fe3* takes place reducing V>* to V4,
During the reduction of Fe3*, oxidation of Ce3* to Ce** can take
place. Therefore, introduction of Fe in +2 state enhanced the redox
couples in the compound.

The interaction of Fe ions with the hydroxyl group takes place
as Fe3t + OH™ — Fe%* + OH* [67]. The above equation shows the
formation of reactive hydroxyl radical from the hydroxyl ion by
corresponding reduction of Fe3* to FeZ*. Further, a small amount
of Fe3* enhances the electron capture and reduces electron-hole
recombination [68]. Therefore, the introduction of Fe ions results
in an increase in the activity of the compound. The interaction of
Fe ions with the support Ce ions is possible due to the reducible
nature of the support. High activity of CegggFegg1VOy4 is possibly
due to the formation of redox couples. With increase in substitu-
tion, the amount of Fe3* increased and following the arguments
given above, the redox processes reduce and the activity decreases.
Further, the mechanism of degradation of an organic compound
over a photocatalyst involves the generation of electron-hole pairs.
This process is fast and reversible. Therefore, the recombination of
holes and electrons also takes place releasing heat. At very high Fe-
substitution, the metallic character of the compound increases and
the conduction band gets populated by electrons covering the band
gap. The reduction of band gap and high density of electrons in the
conduction band results in lowering of the electron-hole genera-
tion and increase the electron-hole recombination. Fe becomes the
center for electron-hole recombination and, therefore, a decrease
in activity of the catalyst was observed with an increase in Fe
substitution. Further, the surface areas decreased as percent-
age of Fe substitution increased from 2% to 10%. This decrease
in surface area also resulted in the reduction of photocatalytic
activity.

4. Conclusions

Photocatalytic degradation of anionic and cationic dyes was car-
ried out in presence of unsubstituted and Fe-substituted CeVO,4
synthesized by solution combustion technique. The compounds
showed high photocatalytic activity and the degradation rates were
firstorder in dye concentration. The rates of degradation were com-
pared with the rates of degradation in presence of commercial
Degussa P-25 TiO,, catalyst. The photocatalytic activity of the com-
pounds was enhanced by substitution of Fe ions. However, the rates
of dye degradation decreased with an increase in Fe-substitution
and CegggFeg 1 V04 was found to be the best catalyst. The activ-
ity of CegggFeg1VO4 was the highest and the degradation over
Ceg.g9Feq.01VO4 was faster than the degradation over the commer-
cial TiO; catalyst for any of the dyes.
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