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a b s t r a c t

Waste water of copper mines and copper processing plant contains both copper and selenium ions with
other contaminants. In this paper simultaneous photoreductive removal of copper (II) and selenium
(IV) is studied for the first time using spherical binary oxide photocatalysts under visible light. All the
synthesized materials are found to be mesoporous in nature with reasonably high surface area. Among
a range of hole scavengers, only EDTA (ethylene diamine tetraacetic acid) and formic acid are found to
be the most active for the reduction reaction. A comparative study is carried out using both the hole
scavengers varying reaction time, concentration, pH etc. For a single contaminant, EDTA is found to be
the best for Cu(II) reduction whereas formic acid is the best for Se(IV) reduction. In a mixed solution both
EDTA and formic acid perform very well under visible light irradiation. Highest photocatalytic reduction
hotoreduction

DTA
ormic acid
isible light

in a mixed solution is observed at pH 3. Among all the synthesized materials, TiZr-10 performs as the
best photocatalyst for both Cu(II) and Se(IV) reduction. However under UV light, Degussa P25 performs
slightly better than TiZr-10. Present study shows that 100 ppm of mixed solution can be removed under
visible light in 40 min of reaction using TiZr-10 as catalyst. Photodeposited material is found to be copper
selenide rather than pure copper and selenium metal. This indicates that the waste water containing
copper and selenium ions can be efficiently treated under visible or solar light.
. Introduction

Presence of toxic metal ions in natural water as well as in waste
ater can affect the ecosystem adversely. Effluents from mining,

lectroplating, semiconductor industries chiefly contain copper
ith considerable amount of selenium [1]. Although both cop-
er and selenium are essential as trace nutrients for living beings
ut become toxic if taken in higher amount. The permissible limit
f copper in water is 2 mg/l whereas for selenium, it is 0.1 mg/l.
he conventional methods to remove these metals from industrial
aste stream are adsorption, ion-exchange, electroreduction, pre-

ipitation and membrane processes [2–4]. However, most of these
echniques have their own limitations. For example, precipitation
reates a significant amount of hazardous sludge which requires
urther treatment. In addition, complexation of metal ions with
vailable organics often makes them inert towards waste water

reatment [5]. Precipitation technologies such as hydroxide and
ulfide precipitation are inhibited in presence of metal–organic
omplex. In this context photocatalysis is a new process having
mmense potential for the waste-water treatment. In recent years
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photocatalysis has gained importance in the area of wastewater
treatment, especially in the removal of toxic metal ions e.g., Pb [6,7],
Cd [8,9], Hg [10–14], Cu [15,16], Cr [17–20], Se [21–24] etc. in pres-
ence of UV and visible light. It was observed that copper removal
increases particularly in presence of EDTA under UV light [25]. Sele-
nium removal is primarily dependent on pH of the solution and the
hole scavenger used [21]. EDTA itself is a contaminant found in the
waste water along with other heavy metal ions. So photocatalytic
removal of metal EDTA complex systems were also investigated
by several authors [26–28]. However, investigation on multi metal
EDTA system is rare in the literature. It is observed that in certain
waste water of the copper mines and copper plants both copper
and selenium are found ranging from ppb to ppm level. However
to the best of our knowledge no work is reported on photocatalytic
removal of Cu and Se simultaneously.

Of the various photocatalysts present, only TiO2 is extensively
used due to its non-corrosive, nontoxic, high photoactivity, high
photostability and economical nature. TiO2 in anatase form has
band gap energy of 3.2 eV and thus needs light below 388 nm

to be capable of producing electron–hole pairs. Since only 4% of
the solar energy reaching the earth surface has wavelength below
400 nm, modified photocatalysts have to be developed for bet-
ter solar applications. So for better application there is a need to
develop visible light sensitive photocatalyst with high surface area

dx.doi.org/10.1016/j.jhazmat.2010.11.001
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
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Table 1
Textural properties of the synthesized materials.

Samples Surface area (m2/g) at calcinations temperature of Pore volume (cc/g) at calcinations temperature of Average pore radius

400 ◦C 500 ◦C 400 ◦C 500 ◦C 500 ◦C

Ti 103 91 0.262 0.246 59
0
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TiZr-10 141 105
TiZr-20 124 96
TiSi-10 156 126
TiSi-20 163 138

nd stable anatase phase even after calcination at higher temper-
ture. In this context our earlier work on the formation of high
urface area spherical titania based materials with increased pho-
oreduction activity even under visible light is encouraging [29,30].

Therefore, present study is focused on the effect of different
hotocatalysts on visible light induced simultaneous photocat-
lytic removal of toxic metals like copper and selenium from acidic
astewater. Comparative effect of EDTA and formic acid on the
etal reduction activity is also evaluated under visible light.

. Materials and methods

.1. Material synthesis

Titanium isopropoxide, zirconium butoxide and tetraethyl
rthosilicate (Aldrich) were used as starting materials. Materi-
ls were synthesized according to the earlier reported method
30]. Pure titania and silica, zirconia mixed titania were prepared
y controlled hydrolysis of corresponding isopropoxide in pres-
nce of surfactant (cetyltrimethylammonium bromide, CTAB) in
-propanol water mixture. Silica and zirconia (10 and 20 wt%)
ixed titania samples were prepared by using calculated amount

f corresponding alcoxide mixture in n-propanol so as to maintain
he ratio of 10:90 and 20:80 in the binary oxides. Surfactant concen-
ration was maintained at 2 mol% and accordingly required amount
as added to the reacting mixture before hydrolysis. Hydrolysis
as carried out by drop wise addition of n-propanol and water
ixture from a burette under magnetic stirring condition in 30 min

ime period. The gel so obtained was maintained in the same stir-
ing condition for another 4 h. Subsequently the gel was filtered and
ashed with distilled water several times, dried at 100 ◦C, calcined

t 500 ◦C for 4 h and kept for further use. Silica mixed titania and
irconia mixed titania are denoted as TiSi and TiZr, respectively.
umber after the sample indicates the weight percentage of silica
r zirconia mixed with titania.

.2. Material characterization

BET surface area and pore size distribution was determined
y N2 adsorption desorption method at liquid nitrogen tempera-
ure using Nova 4000e (Quantachrome, USA). Prior to adsorption
esorption measurements, the samples were degassed at 473 K at
0−3 Torr for 5 h.

SEM micrographs of powdered samples were recorded on scan-
ing electron microscope (JEOL 840A, Japan) after gold coating.

FT-IR spectra of different samples were recorded with Nicolet
50 FT-IR spectrometer using KBr palate at room temperature in
he range of 400–4000 cm−1 with scanning rate of 4 cm−1/min.

XRD patterns of all the synthesized samples calcined at different
emperatures were recorded on a Siemens (model: D-500) semiau-

omatic diffractometer using Cu-K� radiation source and Ni filter
n the range of 10–90◦.

X-ray photoelectron spectra (XPS) were recoded by UHV anal-
sis system (SPECS, Germany) with an Al-K� monochromatized
-ray source (E = 1486.6 eV). The instrument was operated at a pres-
.316 0.283 44

.291 0.252 36

.342 0.294 33

.367 0.334 23

sure 6 × 10−9 Torr in the analysis chamber. The binding energies
were collected with a reference to the maximum intensity of the C
1s (285.0 eV).

2.3. Photocatalytic activity

Prepared materials, after calcination at different temperatures
were used as photocatalyst for the reductive removal of selenium
and copper ions at different pH. Stock solution of selenium and
copper was prepared by dissolving required amount of sodium
selenite and copper sulphate salts in double distilled water. Pho-
tocatalytic activity is also dependent on the type of reactor and
the light intensity [31]. All the photocatalytic experiments were
carried out in a 200 ml capacity three necked glass reactor of
25 cm length and 4.9 cm internal diameter (Fig-S1 of Supplemen-
tary information). Centrally fitted 125 W high pressure mercury
lamp with most intense peak at 546 nm was used as visible light
source (Fig-S2 of Supplementary information). It was almost same
for all the photocatalysts. Constant reaction temperature was main-
tained through water circulation in the outer jacket of the lamp,
external and internal diameter being 4.2 and 2.8 cm, respectively.
All the experiments were performed in presence of air at atmo-
spheric pressure and constant magnetic stirring condition. Initial
concentration of metal ions in mixed solution was maintained at
100 ppm having Cu(II) and Se(IV) in 1:1 molar ratio in each experi-
ment. For all the experiments 0.1 g of photocatalyst was dispersed
in 100 ml of solution. Solution pH was adjusted as per require-
ment by the addition of dilute HCl and NaOH. After reaction, metal
deposited solid catalyst was separated by filtration or centrifuge.
Metal ion concentration in the solution after and before reaction
was estimated by Analyst AAS 400 (Perkin Elmer).

3. Result and discussion

All the synthesized catalysts show mostly anatase phase after
calcinations at 500 ◦C, with mostly uniform spherical shapes hav-
ing average diameter in the range of 0.8–1 �m [30]. Materials
show type IV isotherm with hysteresis loops (Fig-S3 of Supplemen-
tary information), indicating their mesoporous nature. The pore
size distribution was calculated from desorption branch of nitrogen
isotherm by BJH method and presented in Fig-S4 of Supplemen-
tary information. Textural properties are tabulated in Table 1,
which shows that the average pore diameter decreases on subse-
quent addition of silica and zirconia to the titania. This indicates
that the contribution of smaller pores increases in case of binary
oxide materials in comparison to the pure titania. Increased pore
volume and BET surface area in case of silica and zirconia mixed
titania is partially explained by the presence of micropores as evi-
dent from isotherm. However, pore volume and BET surface area
further increase due to the increasing silica content from 10 wt% to

20 wt%.

According to XPS measurements, Zr3d5/2 peak of TiZr-10 is com-
posed of two signals at binding energies of 182.03 and 181.3 eV
(Fig. 1). When these values are compared with pure ZrO2, the bind-
ing energy at 182.03 eV and 181.3 eV is attributed to Zr3d5/2 in pure
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Fig. 1. Zr3d XPS spectra of TiZr-10 material.

rO2 and Zr3d5/2 of Zr doped TiO2, respectively. Similarly Zr3d3/2
an be deconvoluted to two peaks as shown in Fig. 1. This confirms
he partial zirconium doping in TiO2 lattice. Rest of the zirconium

ostly remains distributed at the grain boundaries thus inhibiting
he crystallite growth and phase transformation.

.1. Effect of hole scavenger

In this study, effect of eight hole scavengers like methanol,
ropanol, triethanolamine, formic acid, oxalic acid, suc-
inic acid, citric acid and EDTA disodium salt were studied.
heir effect on the simultaneous photoreduction of Cu(II)
nd Se(IV) are summarized in Table 2. Total photoreduc-
ion increases in the order of EDTA > formic acid > oxalic
cid > triethanolamine > propanol > methanol > succinic acid.
nterestingly for the mixed solution, EDTA proves to be a good
ole scavenger like formic acid. In particular, selenium reduction

ncreases in a mixed solution when EDTA is used as hole scavenger.
rom the adsorption data it is observed that comparative Se(IV)
dsorption in presence of EDTA increases from 4% to 7% due to the
resence of Cu(II). In a mixed solution at pH 3, nearly equal amount
f copper and selenium were adsorbed in dark experiment. Hence
DTA is acting like a strong hole scavenger which helps in direct
ransfer of electron to the valence band of the photocatalyst. It
s proposed that electrons from EDTA are directly filled to the
alence band, thereby inhibiting the e−–h+ recombination and
eaving more conduction band electrons available for reduction
f metal ions [32,33]. Similar trend is also observed for different
ole scavengers in case of Cr(VI) reduction [33]. However, in case
f alcohols, amines and acids (except formic acid), holes are filled
nly through the formation of hydroxyl radicals. These radicals
vidently decompose organics. This indirect route of organic
ecomposition of alcohols, amines and carboxylic acids (except
ormic acid) make them less active hole scavenger. Undoubtedly

ole scavenger has a definite role in the photoreduction activity.
here is a good correlation between the degradation rates and
hemical structure of the organics. It is reported that the rate
f photodegradation of organics can be influenced by different
lectron acceptors [33]. Therefore, choice of hole scavenger is quite

able 2
ffect of different hole scavengers on the simultaneous photoreduction of Cu (II) and Se(I

Hole scavenger Formic acid EDTA Citric acid Oxalic acid

Cu (II) 71 81 61 59
Se(IV) 83 90 68 81
Solution pH

Fig. 2. Effect of pH on the simultaneous photoreduction of Cu (II) and Se (IV) within
20 min of the reaction using 400 ppm formic acid as hole scavenger over TiZr10.

important. Based on the above results we have studied in detail
the effect of EDTA and formic acid only as hole scavenger.

3.2. Effect of pH

Photocatalytic reduction of any metal ion is considerably influ-
enced by solution pH. Position of both conduction band and valence
band is pH dependent. The potential of both conduction band and
valence band shift to cathodic potential by 59 mV per pH unit.

Ecb = −0.3–0.059pH(at25 ◦C, pH0) (1)

Evb = 2.9–0.059pH(at25 ◦C, pH0) (2)

Photoreduction of Cu(II) and Se(IV) from mixed solution was
investigated in a range of pH using formic acid as hole scavenger to
understand the role of solution pH on the photoreduction activ-
ity (Fig. 2). It is observed that the selenium reduction increases
with increasing the pH up to 3 and then decreases sharply. How-
ever copper reduction increases with the increasing pH. Optimum
pH for simultaneous removal of Cu(II) and Se(IV) is found to be 3.
On decreasing the pH below 3, total photoreduction also decreases
sharply as shown in Fig. 2. This decrease in photoreduction can be
attributed to low ionization of formic acid at higher acidic condi-
tion which minimizes the formic acid adsorption on the catalyst
surface. Hole scavenger (formic acid) adsorption also regulates the
photoreduction of selenium [21]. Similar observation on the effect
of pH was also reported earlier [21]. In case of copper reduction,
there is gradual leaching of deposited copper metal at low pH which
leads to low copper deposition.

3.3. Photocatalytic activity of copper and selenium
It is observed that copper (II) and selenium (IV) individually
reduced to metallic copper and elemental red selenium under pho-
tocatalytic reaction and deposited on the catalyst surface. Hence
accordingly colour of the catalyst changes after reaction. Fig. 3
shows the photocatalytic reduction of Cu(II) in presence of formic

V) after 25 min of reaction.

Triethanol amine Propanol Methanol Succinic acid

62 60 46 31
66 63 59 40
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ig. 3. Photoreduction of 50 ppm Cu (II) over the synthesized catalysts within 22 min
f reaction in presence of 200 ppm of hole scavenger at pH 3.

cid and EDTA. EDTA behaves as better hole scavenger than formic
cid for copper reduction. Enhanced photocatalytic reduction in
resence of EDTA may be due to strong adsorption of metal–EDTA
omplex on the catalyst surface. Moreover enhanced hole scav-
nging capacity of the intermediates formed during the oxidative
egradation of EDTA [27] helps to increase the photocatalytic activ-

ty. Copper is completely reduced to Cu (0) within 22 min of reaction
ver TiZr-10 catalyst under visible light. However, TiSi-10 and TiSi-
0 show lesser activity than other photocatalysts used despite
aving higher surface area. Effect of formic acid and EDTA were
lso studied on the photoreduction of Se(IV), as shown in Fig. 4.
n contrast to Cu(II) photoreduction, formic acid is found to be a
etter hole scavenger than EDTA for Se(IV) photoreduction. Sele-
ium (IV) photoreduction in presence of EDTA decreases to nearly
0% in comparison to the formic acid. Complete photoreduction
f Se(IV) to red Se(0) is achieved in 15 and 35 min of the reac-
ion in presence of formic acid and EDTA, respectively. It is well
nderstood that both, hole scavengers and the selenite are anionic
pecies and hence compete each other for adsorption on the cat-
lyst surface during reaction. Mostly size of the anions and their
ttachment on the catalyst surface play an important role in the
hotoreduction activity. To understand the adsorption behavior
f EDTA we recorded the FTIR spectra of titania after 20 min dark
dsorption of EDTA in presence of Se(IV) and Cu(II) were recorded
nd presented in Fig. 5. Peaks at 1406, 2854 and 2926 cm−1 indicate

he presence of EDTA on the titania surface. It is well marked that
DTA adsorption is low in case of only Se(IV) in comparison to only
u(II) and Cu(II) + Se(IV) in solution. Due to the smaller size, selen-

te adsorption increases thereby decreasing the EDTA adsorption on
he catalyst surface which subsequently decreases the photoreduc-

ig. 4. Photoreduction of 50 ppm Se (IV) over the synthesized catalysts within
2 min of reaction in presence of 200 ppm of hole scavenger at pH 3.
Fig. 5. FTIR spectra of TiZr-10 after dark adsorption of EDTA in presence of Se (IV)
and Cu (II) after 30 min of reaction using formic acid as hole scavenger over TiZr-10
catalyst.

tion activity. However similar effect is not noticed in case of copper
reduction as copper is present as cation. In case of selenite reduc-
tion, TiZr-10 again performs as the best catalyst, whereas minimum
reduction is observed over TiSi-10 and TiSi-20 catalysts. This dif-
ference in the photocatalytic activity may be due to the presence of
more surface active sites in TiZr-10, resulting in better photoreduc-
tion activity. Moreover visible light absorption is minimum with
the silica mixed samples in comparison to TiZr materials [30] and
hence the photocatalytic activity under visible light decreases. In
case of TiZr materials partial zirconium doping in the titania helps
in the increase of photocatalytic activity under visible light. Besides,
presence of the zirconium oxide also increases the surface acidity
of the material thus facilitating the photocatalytic activity. So it can
be concluded that only surface area is not an important parameter
for increased photocatalytic activity.

3.4. Photo reduction from mixed solution

With TiO2 alone as photocatalyst low photoreduction was
noticed and this may be due to more favorable e−–h+ recombina-
tion. However, on addition of suitable organics, photoreduction of
both Cu(II) and Se(IV) increases many fold by virtue of scavenging
of holes by the organics in their oxidative degradation.

Based on the preliminary results of different hole scavengers
we have studied the effect of formic acid and EDTA on the pho-
toreduction of selenium and copper in a mixed solution having
50 ppm of Cu(II) and 50 ppm of Se(IV) in detail. Initially formic acid
is found to be slightly better hole scavenger for both copper and
selenium reduction in comparison to that of EDTA (Fig. 6). This is
mostly due to the small size of the formate anion in comparison to
the EDTA. We also studied the photocatalytic activity varying the
hole scavenger amount. On increasing the hole scavenger (formic
acid and EDTA) concentration from 200 ppm to 400 ppm, reduc-
tion of both the ions increases appreciably. Optimum requirement
of both formic acid and EDTA is 400 ppm for 100 ppm of mixed
solution as further increase of formic acid and EDTA has negligible
effect on the photoreduction activity (Fig-S5, Supplementary infor-
mation). Quite surprisingly, it was observed that in contrary to

the individual Se(IV) reduction, EDTA addition increases the Se(IV)
photoreduction in mixed solution (Table 3). We also tried to inves-
tigate the effect of different catalysts on Cu to Se removal ratio. It
is well observed in the Table 3 that copper to selenium removal
ratio is more when formate is used as hole scavenger in compari-
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Table 3
Photocatalytic reduction of Cu(II) and Se(IV) in mixed solution after 15 min of reaction over synthesized catalysts in presence of formic acid and EDTA as hole scavenger.

Photocatalyst used Photoreduction in presence of formic acid (mol%) Photoreduction in presence of EDTA (mol%)

Cu(II) Se(IV) Cu/Se Cu(II) Se(IV) Cu/Se

Ti 56 66 0.848 55 68 0.809
TiSi-10 55 65 0.846 52 66 0.788
TiSi-20 52 62 0.839 51 64 0.797
TiZr-10 62 76 0.829 65 81 0.802
TiZr-20 58 68 0.853 60 76 0.789
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on to EDTA. This ratio more or less remains same for a particular
ole scavenger even when catalysts are varied. Comparative pho-
oreduction study of both copper and selenium over TiZr-10 and
ommercial Degussa P25 catalyst is presented in Figs. 7 and 8. It

s observed that under visible light irradiation synthesized mate-
ial TiZr-10 performs far better than the Degussa P25. However,
nder UV light commercial Degussa P25 performs slightly better
han TiZr-10. Increased visible light activity also justifies the non-

etal doping or oxygen vacancy creation in the material during
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Fig. 8. Plot of ln(C/C0) with time for simultaneous reduction of selenium and copper
under UV light using TiZr-10 and Degussa P25 in presence of 400 ppm formic acid.

the synthesis. In particular, increased visible light performance of
zirconium doped titania has also been reported earlier [30,34]. It
is understood that any doping which creates bulk or surface sites
above the valence band edge of TiO2 results in decreased UV-
light photocatalytic activity compared to undoped titania [35]. This
explains the slight decrease in the activity under UV light. Follow-
ing equation is applied to calculate the quantum yield (�) of the
photocatalytic reaction.

� = Amount (mol) of the reactant consumed or product formed
Amount (einstein) of photons absorbed during reaction period
Fig. 9 shows the quantum yield of all the photocatalysts for
simultaneous reduction of Cu(II) and Se(IV) in presence of 400 ppm
formic acid. Fig. 9 also shows that the TiZr-10 has the best quan-
tum yield under visible light. The present result confirms that the

Fig. 9. Quantum yield for Cu (II) and Se (IV) mixed solution reduction on different
photocatalysts.
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Fig. 10. SEM images of the photocatalyst (a)

ynthesized material can be utilized as a photocatalyst both under
isible and UV light. Complete photoreduction of 100 ppm mixed
olution is observed over TiZr-10 in 40 min of reaction at pH 3. How-
ver, with higher contaminant amount (>100 ppm) it is difficult to
emove all the metal ions completely in a single batch. This inacti-
ation of the catalyst is mostly due to the deposition of metals on
he catalyst surfaces. The metal removal capacity of the catalyst is
lso dependent on the surface area of the material. Similar catalyst
nactivation is also observed in case of Cr(VI) reduction [36].

It is observed that Se(IV) photoreduction rate is more than that of
u(II) reduction. This is due to the more positive reduction potential
f Se(IV) (Se4+/Se = 0.74 V) than Cu(II) (Cu2+/Cu = 0.34 V). Photore-
uction is possible when the reduction potential of the reactant is
ore positive than the conduction band potential of the catalyst

−0.3 V). As reduction potential of both Cu(II) and Se(IV) both are
ositive so the simultaneous reduction of Cu(II) along with Se(IV)

s observed. Irrespective of different reduction potentials simul-
aneous reduction of Cu(II) and Se(IV) is observed in the present
tudy. SEM images show the catalyst (TiZr-10) before reaction, after
5 min and 35 min of the reactions (Fig. 10). This clearly indicates
hat deposition of the metal gradually increases with the reac-
ion time and ultimately completely covers the catalyst surface.
omplete coverage of the catalyst surface deactivates the cata-

yst. However, catalyst can be reactivated by proper removal of
eposited materials through washing. Deactivated catalyst can be
eused after washing at least for 5 times, with only 4% decrease in
ctivity. So the present photocatalytic process can be used under a
atch process for the removal of copper and selenium under solar

ight.
XRD of the photocatalyst after reaction indicates the forma-

ion of copper selenide instead of pure copper and selenium metal
Fig-S6, Supplementary information). Presence of two sharp peaks
t 46.4 and 49.44 two theta values are due to respective 110 and
08 faces of CuSe. Since the reaction is occurring at molecular level,
herefore following mechanism is proposed for the CuSe formation.

u(II) + 2e− → Cu (3)

e(IV) + 4e− → Se (4)

u + Se → CuSe (5)

This indicates that in a multicomponent systems one can deposit
ifferent alloys on the oxide surface through photocatalytic process
hich is quite interesting for material development.

. Conclusion

Simultaneous photoreductive removal of copper (II) and sele-
ium (IV) was studied using spherical binary oxide photocatalysts

nder visible light from a mixed aqueous solution. In contrast to
he Cu(II) photoreduction, formic acid is found to be better hole
cavenger than EDTA for Se(IV) in a single contaminant reaction.
ptimum requirement of both formic acid and EDTA is 400 ppm

or 100 ppm of mixed solution as further increase has negligible

[

e and after (b) 15 and (c) 35 min of reaction.

effect on the photoreduction activity. It is also observed that in
contrast to the individual Se(IV) reduction, EDTA addition increases
the Se(IV) photoreduction in mixed solution. It is well observed that
under visible light irradiation synthesized TiZr-10 performs far bet-
ter than the Degussa P25. However, under UV light Degussa P25
performs slightly better than TiZr-10. 100 ppm of mixed solution
can be completely photoreduced over TiZr-10 in 40 min of reac-
tion. Catalyst can be reused at least for five times with marginal
change in the activity. Above study indicates that using a batch
process, synthesized catalyst TiZr-10 can be used for the treat-
ment of wastewater containing copper and selenium even under
solar light. XRD of the photocatalyst after reaction indicates the
formation of copper selenide instead of pure copper and sele-
nium metal. This indicates that in a multicomponent systems
one can deposit different alloys on the oxide surface through
photocatalytic process which is quite interesting for material
development.
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