
26 April 2024

University of Parma Research Repository

ZnO nanoparticles with high degradation efficiency of organic dyes under sunlight irradiation / Sanna,
Vanna; Pala, Nicolino; Alzari, Valeria; Nuvoli, Daniele; Carcelli, Mauro. - In: MATERIALS LETTERS. - ISSN
0167-577X. - 162:(2016), pp. 257-260. [10.1016/j.matlet.2015.10.031]

Original

ZnO nanoparticles with high degradation efficiency of organic dyes under sunlight irradiation

Publisher:

Published
DOI:10.1016/j.matlet.2015.10.031

Terms of use:

Publisher copyright

(Article begins on next page)

Anyone can freely access the full text of works made available as "Open Access". Works made available

Availability:
This version is available at: 11381/2807711 since: 2021-09-30T17:58:39Z

Elsevier B.V.

This is the peer reviewd version of the followng article:

note finali coverpage



Le Mans Journals

Our reference: MLBLUE 19687 P-authorquery-vx

AUTHOR QUERY FORM

Journal: MLBLUE

Please e-mail your responses and any corrections to:

Article Number: 19687
E-mail: corrections.esch@elsevier.macipd.com

Dear Author,

Please check your proof carefully and mark all corrections at the appropriate place in the proof (e.g., by using on-screen annotation in

the PDF file) or compile them in a separate list. Note: if you opt to annotate the file with software other than Adobe Reader then please

also highlight the appropriate place in the PDF file. To ensure fast publication of your paper please return your corrections within 48

hours.

For correction or revision of any artwork, please consult http://www.elsevier.com/artworkinstructions.

Any queries or remarks that have arisen during the processing of your manuscript are listed below and highlighted by flags in the

proof. Click on the Q link to go to the location in the proof.

Your article is registered as a regular item and is being processed for inclusion in a regular issue of the journal. If this is NOT correct

and your article belongs to a Special Issue/Collection please contact j.mohideen@elsevier.com immediately prior to returning your

corrections.

Location in

article

Query / Remark: click on the Q link to go

Please insert your reply or correction at the corresponding line in the proof

Q1 Please confirm that given names and surnames have been identified correctly and are presented in the desired order.

Q2 Please check and confirm if the address for the corresponding author that has been added here is correct.

Thank you for your assistance.

Please check this box or indicate your approval
if you have no corrections to make to the PDF file ZQBX

Vanna
Nota
I approve the PDF file without corrections



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

Graphical Abstract

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/matlet

Materials Letters

Materials Letters ∎ (∎∎∎∎) PP. 1–3ZnO nanoparticles with high degradation efficiency of organic dyes under sunlight irradiation

Vanna Sanna, Nicolino Pala, Valeria Alzari, Daniele Nuvoli, Mauro CarcelliQ1

Highlights

� ZnO nanoparticles were fabricated by a simple and low cost precipitation method.
� Photodegradation activity of organic dye was evaluated under artificial sunlight.
� Nanoparticles possess excellent photocatalytic activity under sunlike irradiation.
� ZnO nanoparticles can be reusable because showed good recycling performance.
� Nanoparticles could be applied as low cost and a highly sunlight-active material.
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ZnO nanoparticles were fabricated by a simple and low cost precipitation method as photocatalytic
agents for decomposition of dyes under solar light exposure.

The ZnO nanoparticles showed excellent photodegradation efficiency and good recycling perfor-
mance, supporting the potential application as economical and a highly sunlight-active material to treat
wastewater containing azo dyes.

& 2015 Published by Elsevier B.V.
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1. Introduction

In order to decrease the damage caused by dye pollution to
environment and human, the use of photocatalysts to convert or-
ganic compounds in contaminated water into nontoxic chemicals
has been extensively investigated [1,2].

Recently, titanium dioxide (TiO2) and zinc oxide (ZnO) nano-
particles are emerged as successful alternatives to conventional
methods for the degradation of non-biodegradable pollutants
[3,4]. TiO2 is the most studied and used owing to its chemical and
thermal stability, low cost, and nontoxicity. The basic principle of
semiconductor photocatalysis involves photogenerated electrons
and holes migrating to the surface that reduce and oxidize the
adsorbed reactants, leading to the pollutant decomposition [5].
However, two types of defects limit the photocatalytic reactivity of
such material: the excitation/activation by high energy UV irra-
diation and a low quantum yield rate, which resulted from a low
rate of electron transfer to oxygen and a high rate of recombina-
tion between excited electron/hole pairs [6]. The electron–hole
pairs can be formed by UV light at wavelength shorter than
387 nm, thus, only a small portion of the solar spectrum can be
used for photooxidation reaction using TiO2 [7]. In order to absorb
visible light by increasing the charge separation and thus improve
icine, Department of Chem-
Conte Ricerche, Tramariglio,

nO nanoparticles with high
16/j.matlet.2015.10.031i
the photodegradation, TiO2 was doped by metal ions [8]. Besides,
band gap narrowing of TiO2 can be better achieved by using an-
ionic dopants that enhance the thermal stability of catalyst [9].

In this scenario, ZnO nanoparticles have been emerged as a
valid alternative to TiO2 for the photodecomposition of organic
pollutants and dyes [10,11], due to their ability to generate H2O2

more efficiently than TiO2. This is directly related to a larger
number of active sites with high surface reactivity [12], the rela-
tively high band gaps (3.3 eV) at room temperature and the large
exciton binding energy (60 meV). ZnO absorbs over a large frac-
tions of solar spectrum than other photocatalysts, and remove
organic contaminants under visible irradiation [13]. ZnO nano-
particles can be synthesized by various approaches [14], but the
obtained nanoparticles are prone to aggregate due to the large
surface area and high surface energy. In spite of this, and in order
to also improve their water dispersion [15], other methods for the
preparation of ZnO are expected.

Herein, we proposed a simple and economical precipitation
method to prepare stable ZnO nanoparticles as catalysts with high
photodegradation capacity under solar light irradiation and good
recycling performance.
92
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2. Experimentals

The detailed experimental procedures are described in Sup-
porting information.
97
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3. Results and discussion

ZnO nanoparticles with a mean diameter of 41.778.2 nm, PI of
0.13270.04 (Fig. 1a), and spherical shape (Fig. 1b) were success-
fully prepared by a modified precipitation method [16].

The XRD pattern of the nanoparticles (Fig. 1c) can be well in-
dexed to hexagonal wurtzite structural ZnO (JCPDS card no. 36-
1451). The average crystalline size, calculated from the XRD pat-
tern by using the Debye-Scherrer formula [17], was found to be
36 nm.

As shown in Fig. 1d, the exciton absorption at 378 nm re-
presents the characteristic single peak of hexagonal ZnO nano-
particles [18]. The calculated E value was 3.4 eV, very close to the
band gap of intrinsic ZnO powder [19].

Fig. 2a shows typical UV–Vis spectrum of methyl orange (MO,
10 mg/L), in the presence of ZnO catalyst (100 μg/mL) at different
irradiation times. As it can be seen, the intensity of the peak at
462 nm progressively decreases until it disappears almost com-
pletely within 60 min irradiation time. Furthermore, without the
presence of either catalyst or the UV radiation, for all considered
times, any change in the absorbance values was not observed.
These results can be explained based on the large band gap value
that delays the process of electron–hole recombination, which
significantly increases the photocatalytic activity [1,20].

To determine the effect of catalyst loading, the experiments
were performed without ZnO, and in the presence of different
catalyst concentrations (0.05–0.75 mg/mL) for a fixed dye solution
(10 mg/L), at pH 9.0, for 2 h. As depicted in Fig. 2b, both in the
darkness and in the absence of ZnO the MO photodegradation was
negligible. Conversely, the photocatalytic ability of the nano-
particles is strongly related to the increasing of catalyst-loading
such as to the irradiation time. The MO degradation resulted of
Fig. 1. (a) Particle size distribution, (b) TEM image, (c) XRD

Please cite this article as: V. Sanna, et al., ZnO nanoparticles with high
Mater Lett (2015), http://dx.doi.org/10.1016/j.matlet.2015.10.031i
47%, and 82%, in the presence of 0.05 and 0.1 mg/mL of ZnO, re-
spectively, after irradiation for 60 min. At higher ZnO concentra-
tions, the complete MO decolorization has been reached within
45 min. The increase of the photocatalyst loading determines an
increased number of active sites and, consequently, leads to en-
hanced production of OH� radicals, increasing the percentage of
photodegradation [21]. On the other hand, the increase of ZnO
concentration over 0.25 mg/mL does not determine a linear in-
crease in photocatalytic efficiency, due to a decrease in UV light
penetration as a result of light scattering effect.

To study the pH effect on the decolorization efficiency, ex-
periments were performed in pH range 3-11, at a constant dye
concentration (10 mg/L), and catalyst loading of 0.1 g/L, for 60 min.
With the enhance of the pH from 3 to 5 a fast increase of deco-
lorization was observed (from 66.2% to 80.4%), followed by a gra-
dually increase at pH 7 (85.5%), and the maximum value at pH 9
(90.3%) (Fig. 2c). A further increase to pH 12, instead, determined a
reduction of degradation efficiency (82%) related to zero point
charge of ZnO (9.070.3). More specifically, below pH 9, the ZnO
surface is positively charged and covered by the dye molecules.
Above this pH, the surface, negatively charged by adsorption of
hydroxide ions, favors the formation of OH�, thus enhancing the
photodegradation efficiency [1,20].

The influence of initial MO concentration on the degradation
efficiency was studied by varying the dye concentration (5.0–
25.0 mg/L), under pH 9, and ZnO nanoparticles (100 μg/mL) as
constant, until 120 min of irradiation time. With the increase of
initial dye concentration, the degradation decreases remarkably
(Fig. 2d). After 60 min, the decolorization efficiencies were found
53.6, 62.4, 76.8, 82.3, and 86.6% for MO concentration of 25, 15, 10,
7.5, and 5.0 mg/L, respectively. The almost complete degradation
of MO occurred at 120 min for the highest MO concentrations,
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Fig. 2. (a) UV–vis spectrum of MO solution (10 mg/L) as a function of irradiation time in the presence of ZnO nanoparticles (0.1 mg/mL); (b) Influence of the ZnO nano-
particles concentration on decolorization of MO solutions for 60 min of exposure; (c) Influence of the pH on decolorization of MO solutions in the presence of ZnO
nanoparticles (0.1 mg/mL); (d) Influence of the MO concentration on decolorization rate in the presence of ZnO nanoparticles (0.1 mg/mL); (e) Linear variation of log C0/Ct vs
time for the photocatalytic degradation of MO at different initial concentrations (5.0–25 mg/L) in the presence of 0.1 mg/mL ZnO nanoparticles; (f) Comparison of deco-
loration of MO solution (10 mg/L) and in three successive cycles of exposure (ZnO nanoparticles 0.1 mg/mL; under pH 9).

V. Sanna et al. / Materials Letters ∎ (∎∎∎∎) ∎∎∎–∎∎∎ 3
after 90 min for 10 and 7.5% mg/L concentrations, and 75 min for
lowest dye concentration (5 mg/L).

As previously reported, the high MO concentration determines
a competition between dye and OH� ion adsorption on the cata-
lyst surface. The presence of dye depresses the OH� ion adsorp-
tion, resulting in the reduction on the OH� formation. Additionally,
with increased dye molecules the solution became more intense
colored and the path length of photons entering the solution de-
creased [1,2].

To date, only a handful studies have been attempted to evaluate
the photodegradation efficiency of ZnO catalysts for organic MO
dye under solar light exposure. It is reported that ZnO photo-
catalyst at a dose of 1 g/L, determined a complete degradation of
Please cite this article as: V. Sanna, et al., ZnO nanoparticles with high
Mater Lett (2015), http://dx.doi.org/10.1016/j.matlet.2015.10.031i
25 mg/L MO solutions within 90 min [22]. Interestingly, at the
same MO concentration and time, we found 77% of decolorization
efficiency by using a catalyst dose ten times lower (10 mg/L),
suggesting an excellent photodegradation activity of fabricated
nanoparticles.

To obtain the reaction kinetics, the log C0/Ct vs the irradiation
time was plotted, giving straight lines that indicate first order re-
actions (Fig. 2e). The corresponding parameters k and the corre-
lation coefficient (R) of the decolorization process are summarized
in Table 1. According to literature, the reaction rate constant de-
creases with increasing initial dye concentration [7]. The organic
MO is first adsorbed on the surface of the nanoparticles and then
the degradation occurs under irradiation. As the initial
degradation efficiency of organic dyes under sunlight irradiation,

http://dx.doi.org/10.1016/j.matlet.2015.10.031
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Table 1
Pseudo-first order apparent constant values for the different initial concentrations
of MO.

MO concentration (mg/L) k (min�1) R2

25 0.0160 0.9741
15 0.0210 0.9718
10 0.0334 0.9617
7.5 0.0372 0.9649
5.0 0.0408 0.9333
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concentration of MO increases, the molecules aggregate on the
catalyst surface resulting in quenching of the excited molecules
[8].

As illustrated in Fig. 2f, the photodegradation efficiency shares
an overlapping behavior in each of the successive cycles, sug-
gesting that nanoparticles were reusable and retain a good pho-
todegradation efficiency.
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4. Conclusions

In this study, ZnO nanoparticles have been obtained by a simple
and low cost precipitation method.

Results demonstrated the importance of modulating the opti-
mum degradation parameters, and the ability to setup a favorable
combination suitable to obtain a high degradation rate. ZnO na-
nopowders possess excellent photocatalytic activity under sun-
like irradiation for decolorization of MO, and retain a good re-
cycling performance, suggesting that may be applied as an eco-
nomical and highly sunlight-active material to treat wastewater
containing azo dyes.
Please cite this article as: V. Sanna, et al., ZnO nanoparticles with high
Mater Lett (2015), http://dx.doi.org/10.1016/j.matlet.2015.10.031i
Appendix A. Supplementary material

Supplementary data associated with this article can be found in
the online version at doi:10.1016/j.matlet.2015.10.031.
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