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Abstract

In this work, photocatalytic oxidation of As(lll) to As(V) by ZnO photocatalyts
doped with Cu was investigated under visible light . Photocatalysts were successfully
prepared by precipitation method. The obtained samples were characterized by N,
adsorption at —196 C, X-Ray florescence analysis, X-ray diffraction, Raman
spectroscopy, scanning electron microscopy and UV-vis reflectance analysis. In
particular, according to XRD analysis all samples showed an hexagonal wurtzite
structure with average crystallite sizes approximately in the range 32-33 nm. The
doping with Cu allowed to obtain a decrease of band gap energy from 3.2 eV, typical
of pure ZnO, to 2.92 eV. Photocatalytic oxidation tests under visible light showed
that undoped ZnO is not able to oxidize the As(Ill) present in solution, while the
complete conversion of As(l11) to As(V) was achieved in the presence of Cu doped
ZnO photocatalyst. In particular, the best photocatalytic activity was observed with
ZnO doped with 1.08 mol% of Cu (1.08Cu_zZnQO), within 120 min of exposure to
visible light irradiation. The same result was observed under solar simulated
radiation. Photocatalytic tests were carried out also in the presence of a real drinking
water. In this case, the 1.08Cu_ZnO photocatalyst has maintained its activity,
ensuring the complete oxidation of the As(lI1) in As(V) in 120 minutes of exposure

under both visible light (emitted by LEDs) and solar simulated radiation.

Keywords: photocatalysis, visible light, Cu-doped ZnO, arsenic, drinking water.

Introduction

Arsenic is a very common element which can be found in rocks, water, air, animals

and plants [1]. The toxic and carcinogenic effects of this element are widely known,
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making it a serious threat to the environment and to human health [2]. To minimize
these health risks, the World Health Organization (WHO) set the limit of maximum
arsenic concentration in drinking water as low as 10 pg-L™' [3, 4]. The prevalent
forms of inorganic arsenic present in drinking water are As(l11) (arsenite), and As(V)
(arsenate) [5]. In particular, As(l11) generally predominates in groundwater and it is
also much more toxic, soluble, and mobile than As (V) [6]. Several
processes/technologies have been used for arsenic removal from water so far, such as
precipitation, adsorption, ion exchange and membrane systems [7, 8]. The main
problem related to these processes is that they are effective only on the removal of
As(V). So, the use of a pre-oxidation step is necessary to oxidize As(lll) to As(V) in
order to achieve the total arsenic removal with a subsequent separation process [9].
The oxidation can be achieved by conventional oxidants such as ozone [10],
hydrogen peroxide, manganese dioxide [11], potassium permanganate, chlorine and
chlorine dioxide. However, to avoid the formation of dangerous oxidation by-
products and the presence of residuals in the treated water, photocatalysis can be a
valid alternative [12]. Recently, several studies have been performed on the
application of photocatalysis for the removal of arsenic from drinking water mainly
using photocatalysts based on TiO, active under UV light irradiation or other kind of
semiconductors such as Fe3Oq4 [4]. For example, in our previous work, MoO,/TiO,
photocatalytst was formulated and investigated in the photocatalytic oxidation of
As(111) to As(V) in water [13]. With this photocatalyst, the complete oxidation of
As(111) to As(V) took place, whereas unmodified titania was not able to oxidize all
As(I11) present in solution. Another example of a photocatalytic process reported in
the literature for the oxidation of As (I11) in As (V) deals with TiO, and zero-valent

iron and an Xe lamp as light source to simulate sunlight [14]. However,
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photocatalytic performances were strongly affected by the pH of the solution, being
optimal results observed under acidic pH (3). Therefore, taking into account that
drinking water has an almost neutral pH, it is interesting to formulate photocatalysts
active under visible light, which allows to obtain the total oxidation of As(lll) in
As(V) even under neutral pH conditions. A novel bifunctional CuO-Fe;O, material
has been recently applied for As(I11) removal through photooxidation and adsorption
[4]. Interestingly, CuO-Fe;O, nanoparticles can promote the photo-oxidation of
As(I11) to As(V) through CuO and As(V) adsorption through both CuO and FezO, .
Although these photocatalytic experiments were carried out in the presence of visible
light (A > 420 nm), the light source used was a 300 W Xe lamp, so characterized by a
high energy consumption. Recently, the scientific community has developed a strong
interest in another semiconductor: ZnO [15-24]. This photocatalyst has attracted an
increasing attention due to its unique characteristics such as direct and wide band gap
in the near-UV spectral region, strong oxidation ability, good photocatalytic
property, and a large free-exciton binding energy [19, 25]. Moreover, ZnO is
relatively cheaper compared to TiO, whereby the uses of TiO, are uneconomic for
large scale water treatment operations [26]. In particular, as the removal of arsenic
from drinking water is of concern, the use of ZnO for photocatalytic oxidation of As
(1) to As (V) has been reported in the literature [27-31] and ZnO synthesis method
affects its performance in the removal of contaminants from the water. Nidia Rivera-
Reyna et al., observed that, in presence of UV light, the complete ZnO photocatalytic
oxidation of As(I11) was achieved within 180 min of treatment at pH 8 [27]. In order
to improve the photocatalytic performance of ZnO, as well as to make it active even
under visible light irradiation to decrease treatment costs, different strategies were

proposed in literature for ZnO doping. Among these, the introduction of different
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types of metal dopant into ZnO semiconductor, such as anionic dopant, cationic
dopant and rare earth dopant, that could counter the recombination problem by
enhancing the charge separation between electrons and holes, has been reported [32].
Anionic-doped ZnO photocatalyst enhanced the photocatalytic performances
compared to that of pure ZnO. In the case of N doped ZnO system, the visible light
absorption ability was increased [32, 33]. Moreover, the structural, optical, chemical,
electrical and magnetic properties of ZnO can be tuned by the addition of selected
cationic dopant, such as Cu®*, Ni?*, Co*" and Mn?*. Cation-doped ZnO has a lower
band gap energy value, compared to the undoped ZnO. When cationic dopants were
introduced as impurities in the ZnO crystal lattice, extra energy levels are added to
the new photocatalyst [32]. Cu-doped ZnO photocatalyst has been proposed for the
reactive black 5 degradation in presence of sunlight [34]. However, the literature
concerning the use of ZnO doped with metals in photocatalytic oxidation of As(I11)
in As(V) under visible light is still scarce. Accordingly, the aim of this work was to
investigate the photocatalytic performances of Cu-doped ZnO in the oxidation of
As(111) in As(V). In particular a simple method for the synthesis of Cu-doped ZnO
was proposed, able to obtain a visible light activated photocatalyst. Moreover, unlike
of other works available in the scientific literature, a low energy consumption light
source (LEDs) was investigated for the photocatalytic activation. The photocatalytic
activity of the Cu-doped ZnO prepared at different Cu content and compared with
the photocatalytic properties of undoped ZnO was assessed. The photocatalytic tests
were carried out in aqueous matrices (deionized water solutions and real drinking
water) using different As(I11) initial concentrations and at the spontaneous pH of the

solution.
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2. Experimental

2.1 Photocatalyst preparation

2.2.1 Undoped ZnO catalyst

Undoped ZnO photocatalyst was prepared by the precipitation method starting from
5 g of zinc acetate dehydrate ZnC4HeO4 (Aldrich, 99%) dissolved in 50 ml of
distilled water and then by the slow addition of an aqueous solution obtained
dissolving 2 g of NaOH (Aldrich, 99%) in 25 ml of distilled water at room
temperature. Afterward, the generated precipitate was centrifuged, washed and

calcined at 600 C for 2 hours.

2.2.2 Cu-doped ZnO

Copper acetate hydrate Cu(CH3;COQ) was used in the doping procedure. Different
amounts of Cu(CH3COO) were dissolved into the solution of ZnC4HsO,4 before to
induce the precipitation with NaOH. The obtained precipitate was centrifuged,
washed and calcined at 600 >C for 2 hours. The Cu nominal loading is expressed as

molar percentage and it was evaluated through Eq.1:

ncu

%mol Cu = 100 Eq.(1)

ncu+nzn

Where:
nCu is the number of moles of Cu(CH3COO), used in the synthesis;

nZn is the number of moles of Zn(CH3COO), - 2H,0 used in the synthesis;

All the synthesized photocatalysts were listed in Table 1.

Table 1
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2.2 Photocatalysts characterization

The catalysts were characterized using different techniques. Specific surface areas
(SSA) of the samples were evaluated through Brunauer-Emmett-Teller (BET)
method by N, adsorption with a Costech Sorptometer 1042 after a pretreatment at
150 °C for 1 h in He flow (99.9990 %). Total Cu content of the samples was
evaluated by X-ray fluorescence spectrometry (XRF) in a thermos Fischer ARL
QUANT’X EDXRF spectrometer equipped with a rhodium standard tube as the
source of radiation and with Si-Li drifted crystal detector. The Raman spectra of the
samples were recorded with a Dispersive MicroRaman system (Invia, Renishaw),
equipped with 514 nm diode-laser, in the range 100-2000 cm™ Raman shift. The
crystal phases of ZnO based photocatalysts were determined by XRD analysis
carried out on Brucker D8 diffractometer and the crystallite sizes were calculated
using the Scherrer equation. The morphology of the prepared samples was examined

using a scanning electron microscope (Assing, mod. LEO 420).

2.3 Photocatalytic activity tests

A pyrex cylindrical batch reactor (ID = 2.5 cm; height=18 cm) equipped with an air
distributor device (Qar = 150 cm®min under standard temperature and pressure
conditions) and filled in with 100 ml of solution was used to test photocatalytic
activity. The photocatalyst dosage was 3 g/l. Continuous mixing of the solution in
the reactor was assured by a magnetic stirrer. The light source was a visible-LEDs
strip (nominal power: 10W; light intensity: 32 mW/cm?) with wavelength emission
in the range 400-600 nm (Figure S1). The LEDs strip was rolled up around the
external surface of the reactor so that the light source uniformly irradiates the

reaction volume [35]. The reactor was left in dark condition for 2 hours before to
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switch on visible LEDs. Photocatalytic reaction was carried out under light
irradiation up to 3 hours. In order to evaluate the photocatalytic activity of the all
prepared samples, preliminary tests with aqueous solutions containing 10 mg/l of
methylene blue have been performed. In these conditions, the photocatalyst with the
best performances in terms of the dye degradation was selected. Subsequently,
photocatalytic tests for the oxidation of As(l1l) in As(V) in presence of visible light
irradiation were performed. The effect of different initial As(I11) concentration (1.5,
2.5 and 5 mg/l) was evaluated. Treated water samples were collected at fixed time to
measure As(l11) and As(V) concentration. In order to evaluate the radical scavengers
effects, photocatalytic tests were performed also with real drinking water purposely
contaminated by As(l11). In the latter case, in addition to the tests with visible LEDs,
the efficiency of the optimized photocatalyst was evaluated under simulated solar
light by two 8 W Krypton-Argon lamps (SUN-GLO 8 W T5) whose emission
spectrum is depicted in Figure S2. The lamps are positioned at a distance of about 30
mm from the photoreactor surface in order to irradiate the solution volume as much

uniformly as possible.

2.4 Analytical measurements

Liquid samples were taken from the reactor at different times and analyzed with a
Thermo Fisher Evolution 201 UV-Vis spectrophotometer to determine the change in
dyes concentration through the measurement of the absorbance at A=663. A
spectrophotometric method based on the formation of molybdenum blue [13] was
used for the analysis of As(V) concentration at A = 880 nm. The total arsenic
concentration in the solution was analyzed introducing a previous step of oxidation

of the As(I11) present or residual in aqueous samples, through the addition of KMnO,
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aqueous solution (0.01 M). In this way As(l1l) was totally oxidized to As(V) and
then analyzed with the molybdenum blue method in both untreated and treated
solutions [2]. The As(lll) and As(V) concentrations were calculated using the
following equations:

AStot = ASoxidized — ASreduced;

AS(I1) = ASoxidized — ASuntreated:

AS(V) = ASuntreated — ASreduced;

3. Results and Discussion

3.1 Catalyst characterization

3.1.1 XRD analysis

XRD pattern of undoped and doped ZnO with different Cu content in the range 20-
80° and 30-34°, respectively, showed five main peaks at 31.90°, 34.58°, 36.43°,
47.08° and 56.72°, respectively indexed to the (100), (002),(101),(2102)and (1

1 0) planes, typical of the hexagonal wurtzite crystal structure (Fiugre 1) [36].

Figure 1

In particular, all the prepared samples showed the presence of wurtzite structural
phase and no trace of copper related phase (such as metallic copper or oxides copper)
was detected for 0.54 mol % and 1.08 mol % Cu doped sample. However, as doping
percentage of Cu was increased up to 1.62 mol %, very weak peaks corresponding to
CuO appeared [37], but they were found to grow in intensity as Cu doping was

further increased (2.15 and 4.21 mol %).



219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

Comparing doped and undoped ZnO in the range 30-34 ° (Figure 2), a slight shift of

XRD peaks towards higher angle was observed.

Figure 2

This phenomenon is attributed to the narrowing of ZnO crystal lattice due to the
substitution of Zn?* by smaller Cu®*, which suggest Cu** can easily substitute into
ZnO crystal lattice [38, 39], without modify the crystal structure of ZnO [37]. As
matter of fact, due to ionic radius dimension of Cu®* (0.73°A), which is very close to
that of Zn?* (0.74°A), Cu ions can easily penetrate into ZnO crystal lattice [37].
Moreover, the doping process induced a slight decrease of photocatalysts crystallite
size (Table 1). The average crystallite size of the pure ZnO was 35 nm. As the Cu
content was increased, the average crystalline size decreased to 32 nm. According to
the literature, this slight decrease in the crystallites size could be due to foreign
impurities of Cu*" in the ZnO lattice, which decreases the nucleation and the
subsequent ZnO growth rate [40].

Accordingly, at smaller Cu doping concentrations, its ions can very well substitute
Zn ions, but as Cu concentration increases, CuO starts to form cluster as impurity

phase.

3.1.2 Raman analysis
Raman spectra in the range of 200-700 cm ™' of doped catalysts and undoped ZnO are

showed in Figure 3.

10
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Figure 3

In this range, there are four main bands at 333, 399, 438 and 583 cm ', related to
ZnO [41]. The strong and sharp band observed at 438 cm™' corresponds to the non-
polar optical phonons E; (high) mode of ZnO. The features located at 331 and 383
cm™!' correspond to the multi-phonon scattering process E;H-E,L and A; (phonons
of ZnO crystal, respectively) [42]. The signal located at 583 cm™' could be attributed
to the E1, longitudinal optical phonon (LO), feature, associated with the formation of
defects such as oxygen vacancy [43]. According to the literature, as the Cu doping
concentration was increased, intensities of spectra decreased and the Al transverse

optical phonon (TO) mode vanished [44].

3.1.3 BET surface area and XRF results
The specific surface area (SSA) of all samples measured using BET gradually

increased as Cu content was increased up to 1.08 mol % of Cu (Table 1).

Table 1

However, a decrease of the SSA for samples with higher Cu doping (from 1.62 mol
%), was observed. These results are in agreement with literature about Cu doped
photocatalyst [45]. XRF results show that the real Cu content is consistent with the
corresponding value of nominal metal content, supporting the conclusion that

synthesis process was successful (Table 1).

11
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3.1.4 SEM analysis
The surface morphology of the undoped ZnO and Cu doped ZnO photocatalyst has

been analyzed by SEM and the obtained results are presented in Figure 4.

Figure 4

In particular, for the sake of brevity, only the results for the ZnO samples,
1.08Cu_2ZnO and 4.21Cu_ZnO were plotted. Both undoped and Cu-doped ZnO
samples are composed of a number of non-uniform macro aggregates. Therefore the

doping process did not affect the overall morphology of the photocatalysts.

3.1.5. UV-Vis diffuse reflectance spectra (UV-Vis DRS)
Optical absorption properties of the catalysts were studied throughUV-Vis DRS in

the range of 300900 nm (Figure 5).

Figure 5

Undoped ZnO showed the typical reflectance spectrum with a peak at about 390 nm.
This behavior is due to the electron transition from O 2p to Zn 3d, corresponding to
the transition from the valence band to the conduction band, according to the energy
band structure of ZnO [46]. The doping of ZnO with Cu leads to an improvement in

the intensity of light absorption in the UV region, according to the literature [38]. It

12
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is worth noting that Cu doping resulted in an improvement of light absorption in the
visible region, which could make the samples effective under solar light irradiation

[47, 48].

The data obtained from UV-vis reflectance spectra were used to evaluate the band-

gap energy of the photocatalysts (Figure 6) summarized in Table 1.

Figure 6

As the Cu amount was increased, a decrease of band-gap energy (from 3.18 for
undoped ZnO to 2.91 eV for 4.21Cu_Zn0O) was measured. The observed decrease
was due to the electronic transition from donor levels formed with dopants to the

conduction band of the host photocatalysts [49].

3.2 Photocatalytic activity tests

3.2.1 Influence of Cu content

The photocatalytic activity of undoped ZnO and Cu-doped ZnO photocatalysts was
evaluated trough the degradation of methylene blue (MB) (initial concentration 10
mg/l) under visible light (catalyst dosage: 3 g/l).

As the dopant content was increased from 0.54 to 1.08 mol%, discoloration
efficiency of MB increased, but further increases of dopant level resulted in a

decreased MB degradation efficiency (Figure 7).

Figure 7
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In particular, 1.08Cu_ZnO photocatalyst showed the highest photodegradation
efficiency (52% of discoloration after 180 min of irradiation) compared to undoped
ZnO and the other doped samples. As reported in literature, The improved
photocatalytic performance is attributed to the synergic effect of Cu and ZnO,
oxygen vacancy, decrease in size and suppressing the recombination rate of the
electron-hole pairs [38]. However, according to the literature, the increase in Cu
content beyond the optimal value led to a decrease in photocatalytic activity since the
excess dopant content would acts as a recombination center of electron and hole
pairs [50].

Once obtained the optimal content of doping in ZnO, the best photocatalyst

(1.08Cu_Zn0O) was used for the photocatalytic oxidation of As(l11) to As(V).

3.2.2  Control tests on As(l11) photocatalytic oxidation

In order to confirm the photocatalytic results obtained in the case of MB
discoloration, control tests with only visible LEDs (photolysis test), undoped ZnO,
1.08Cu_ZnO and 1.62Cu_ZnO in presence of visible light, were carried out to
evaluate the contribution of each process in the oxidation of As(lIl) (Figure 8a) in

As(V) (Figure 8b) in liquid samples.

Figure 8

During photolysis test, both As(I1l) concentration decrease (initial concentration 5

mg/L) and As(V) increase were negligible. In presence of the tested photocatalysts,

only the As(I11) adsorption on the photocatalyst surface was observed during the dark

phase, without As(V) formation. As LEDs were switched on, undoped ZnO was

14
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slightly effective for As(lll) oxidation, whereas the two Cu-doped ZnO
photocatalysts exhibited a very high photocatalytic activity toward the
transformation of As(lll) into As(V), even confirmed by the parallel increase of
As(V) concentration in aqueous solution (Figure 9b). In particular, at fixed
irradiation time, the photocatalytic performances of 1.08Cu_2ZnO were better than
those achieved for 2.15Cu_ZnO sample. The better oxidation efficiency (almost
complete removal of As(Ill) after 120 minutes of irradiation time) was achieved in
the case of 1.08Cu_2ZnO photocatalyst, confirming the results observed in the case of
MB photodegradation tests (Figure 7).

Our results on the efficiency of Cu doped ZnO for the photocatalytic oxidation of
As(I11) are consistent with those documented in a previous work [27]. However, the
results obtained here seem extremely interesting as they show that our photocatalyst
is effective even under visible light and at spontaneous pH (close to neutral values
typical of drinking water). Although photocatalytic oxidation experiments of As(l11)
using ZnO have been reported in the literature, the best results in terms of As(I1I)
oxidation (94% after 360 minutes of visible irradiation time) were obtained at pH
equal to 8 [27]. The oxidation of As(Ill) in As(V) under visible light was
investigated using Pt/TiO, nanotube electrode [51]. In this case, a bias was applied,
and As(l11) oxidation rate increased as a positive bias in the range 0.0 - 2.0 V was
applied. In particular, As(111) in the cathodic cell was completely oxidized into As(V)

after 280 minutes of irradiation time and 2.0 V of positive bias potential [51].

3.2.3 Optimization of catalyst dosage for photocatalytic tests

The determination of the optimal catalyst dosage was made testing different dosage

of 1.08Cu_ZnO photocatalyst, in the range 0.75-4.5 g/l (Figure 9).

15
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Figure 9

As the amount of catalyst in the solution was increased, an almost linear increase of
photocatalytic efficiency up to a dosage of 3 g/l was observed (70% of As(V) yield
obtained after 180 minutes of visible light irradiation). According to a previous work,
the photocatalytic reaction mechanism on the ZnO based photocatalysts is expected
to mainly proceed by HO' radicals and to a lesser extent by the contribution of holes
[27, 52]. Therefore, it is possible to argue that the increase in the catalyst loading
dose up to 3g/l provides more active sites on the 1.08Cu_ZnO surface, resulting in an
increased amount of hydroxyl radicals. Beyond 3g/l catalyst dosage, the
photocatalytic performances decreased (37 % of As(V) yield with a dosage equal to
4.5 g/l against 70 % As(V) yield achieved with 3 g/l catalyst loading). The worsening
of photocatalytic activity may be explained considering that with an increase of
catalyst dosage in the aqueous solution, the light penetration through the solution
becomes difficult [13]. Therefore 3 g/l of photocatalyst loading was considered as
the optimum dose and it was used to evaluate the influence of initial As(IlI)

concentration in aqueous solution and the effect of a real water matrix.

3.2.4 Effect of the initial concentration of As (I11) on the photocatalytic process

The effect of the initial concentration of As(lll) on the photocatalytic oxidation of

As(111) to As(V) using 1.08Cu_ZnO catalyst was investigated too (Figure 10).

Figure 10
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In particular, Figure 10a shows the decrease of As(I11) concentration during the dark
phase and during the visible light irradiation time for the three initial As(lIl)
concentrations investigated (1.22, 2.5 and 5 mg/l), the behavior of As(V) is showed
in Figure 10b. The formulated photocatalyst is effective in all the initial As(III)
concentrations investigated. However, the process was strongly affected by the
amount of As(lll) adsorbed in dark conditions, in agreement with previous study
[27]. As matter of fact, the irradiation time necessary to achieve the complete As(l11)
removal increased with the increase of the initial As(lIl) concentration in solution
and in particular, at lowest tested initial As(lIl) concentration (1.22 mg/l), the
optimized 1.08Cu_ZnO photocatalyst is able to ensure the complete removal of

As(111) after only 30 minutes of visible light irradiation.

3.2.5 Photocatalytic tests in drinking water
The effectiveness of the process was also evaluated in drinking water whose
chemical-physical characteristics are shown in Table 2. The results in terms of

As(I11) decrease and As(V) production are reported in Figure 11.

Figure 11

It is well known that ionic species like bicarbonates and chlorides act as radical
scavengers in photocatalytic processes [53, 54], so it is interesting to understand if
their presence, even in low concentrations as in this case, involves a change in the
efficiency of the process. In particular, the comparison in terms of As(l11) oxidized
and As(V) present in solution in the case of (i) distilled water under visible LEDs,

(i) drinking water under visible LEDs and (iii) drinking water under solar lamp, is
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shown. The difference between the two matrices (distilled and drinking water) is
evident during the dark adsorption phase, where a higher adsorption of As(l1l) on the
catalyst surface in the case of the distilled water matrix was observed with respect to
the As(II1) adsorption in drinking water. However, in the presence of visible light,
the efficiency of the photocatalyst is maintained also in drinking water. It is worthy
to note that, in the latter case, after 180 minutes of both visible light irradiation and
simulated solar light, the As(V) concentration is almost equal to the As(Il) initial
concentration evidencing that the 1.08Cu_ZnO photocatalyst is able to completely
oxidize As (I11) into As (V) that is released in solution without occupying the active
sites, similarly to what observed using MoO./TiO, photocatalysts in the arsenite

oxidation to arsenate under UV light [2, 13, 53].

4. Conclusions

The possibility to obtain an efficient oxidation of As (IIl) in As (V) has been
demonstrated in this work by applying a photocatalytic process based on the use of
Cu-doped ZnO photocatalysts active under visible light. The characterization of the
photocatalysts showed that the crystal structure of all the samples is hexagonal
wurtzite with average crystallite sizes approximately in the range 32-33 nm.
Moreover the doping with Cu allowed to obtain a decrease of band gap energy from
3.2 eV, typical of pure ZnO, up to 2.92 eV. The best photocatalytic performances
were obtained with the catalyst prepared with 1.08 mol% of Cu (1.08Cu_ZnO). In
particular, a complete oxidation of As(Ill) (at 5 mg/l initial concentration) to As(V)
has been achieved within 120 min under visible LEDs. Moreover the experimental
results have highlighted the efficiency of this photocatalyst also with different initial

concentrations of As (I11) in solution. In particular, the total oxidation of As(I1l) was
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obtained after only 30 minutes of irradiation time starting from an initial
concentration of As(l11) equal to 1.22 mg/l. It is worthy to mention that these results
were obtained under the spontaneous pH of the solution (almost neutral pH), typical
of drinking water. Finally, the synthesized photocatalyst has shown excellent
performances even in the presence of solar simulated light and radicals scavengers,
typically present in drinking water. In the latter case, after 180 minutes under both
visible light and simulated solar light, As(V) concentration is almost equal to the
As(I11) initial concentration, evidencing that the 1.08Cu_ZnO photocatalyst is able to
completely oxidize the As (Ill) into As (V) that is released in solution (and
consequently it can be removed by a conventional adsorption process) without
saturating photocatalyst active sites. This result will make photocatalyst life longer,
which together with high process efficiency under neutral conditions, makes this
process more attractive compared to other photocatalytic processes investigated so

far.
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Tables

Table 1.

Photocatalyst | Cu nominal Cu measured *SSA Band gap **Crystallite
amount amount (XRF) [m?%/g] energy [eV] size [nm]
[mol %] [mol%]

Zn0O - - 55 3.19 35
0.54Cu_2ZnO 0.54 0.6 5.6 3.02 35
1.08Cu_zZn0O 1.08 1.2 6.6 2.92 32
1.62Cu_2Zn0O 1.62 1.5 5.8 2.94 32
2.15Cu_ZnO 2.15 2.2 5.1 2.94 33
4.21Cu_ZnO 4.21 4.1 4.9 2.91 33

*B.E.T. method
**Scherrer equation

Table 2. Physical and chemical characteristics of drinking water

pH 7.2
Conductivity, uS/ cm 181
Total hardness,oF 4.00
Sodium, mg /I 7.05
Potassium, mg /I 7.30
Calcium, mg /I 18.27
Magnesium, mg /I 5.99
Chlorides (Cl),mg /I 8.20
Sulfates (SO4~),mg/I 2.90
Bicarbonates (HCO3; ),mg/l | 103.7
Nitrates (NO3 ),mg /I 2.00
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Figure 1: XRD spectra of undoped ZnO and Cu-doped ZnO photocatalysts in the range 20-80°
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Figure 2: XRD patterns of undoped ZnO and Cu-doped ZnO photocatalysts in the range 30-34°
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Figure 4: SEM images of undoped ZnO (a), 1.08Cu_zZnO (b) and 4.21Cu_ZnO (c) photocatalyst
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Figure 5: UV-visible reflectance spectra of ZnO and Cu-doped ZnO photocatalysts with different
Cu contents.
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Figure 6: Evaluation of band gap for undoped ZnO and 1.08Cu_ZnO photocatalyst
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Figure 7: Behavior of methylene blue relative concentration during the irradiation time for all the
photocatalysts; methylene blue initial concentration: 10 mg/l; catalyst dosage: 3 g/I.
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Figure 8: Control tests for the photocatalytic oxidation of As(l11). Initial As(l1l) concentration: 5
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Figure 9: As(V) yield after 3 hours of irradiation time as a function of catalyst dosage. Initial As(l1)
concentration: 5 mg/l; photocatalyst: 1.08 Cu_ZnO
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*Highlights (for review)

Highlights

e Cu-doped ZnO photocatalysts synthesized through precipitation method.
e Photocatalytic oxidation of As(l11) to As(V) under visible light.

e The optimal Cu loading was 1.08 mol%.

e Arsenic removal from drinking water by photocatalytic oxidation.

e Complete As(I11) oxidation in presence of solar simulated light.
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