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Abstract

In this study, the copper nanoparticles were synthesized by simple co-precipitation method which were obtained by heating at 80°C for
photocatalvtic application. The microstructural characterization of the nanopowder obtained was performed using X-ray diffraction
(XRD), SEM, EDS, and Infrared Spectroscopy (IR). The optical properties of nanoparticles were studied by UV-Visible spectroscopy.
XRD studies demonstrated that the formation of CuO monoclinic phase and the average grain size of CuQO crystallite were found to be 30
nm. The FTIR spectral analysis showed the characteristics peaks of Cu-O bond. The EDAX result indicated that there were no other
elemental impurities present i the prepared CuQO nanoparticles. SEM 1mages indicate the morphology as a three-dimensional Hower-like
structure was successtully prepared for subsequent degradation of methylene blue (MB). With regard to the optical proprieties, the value

of the bandgap energy equals 1.34 V.
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1. Introduction

In recent years, transition metal oxides (TMOs) have
attracted considerable interest due to their potential
applications such as supercapacitors, sensors, solar cells,
photocatalysis and electrochromic devices [1-6]. Among
them, Copper nanoparticles and copper oxide with these
two stable forms precisely: tenorite (CuO) and cuprite
(Cu20) with band gaps of 1.2-1.9 €V and 2.0-2.2 eV
respectively have aroused a great interest in the scientific
community worldwide [7, 8]. These two oxides have a p-
type semiconductor character due to the presence of
copper gaps 1n their crystallographic structure. These
oxides have three main advantages which are : (i) low cost,
(11) less toxicity, (i) high stability [9-14].

The CuO NPs have different morphologies such as:
nanoflowers, nanowires, hollow spheres and octahedra
nanorods [15-17], in addition to its crystalline/amorphous
nanoparticles facilitates the separation of electron-hole
pairs offering an electron transfer surface[18]. Due to their
direct electron channels and efficient electron-hole
separation during the photocatalytic process, they have
attracted a considerable attention 1in photocatalytic
applications[19].

There were many studies about the photocatalytic
removal of methylene violet and methylene blue in the
presence of CuO nanoparticles wich were prepared by
hydrothermally [20]. It was found that CuO nanoparticles
by 96% and 89% of methylene violet and
methylene blue respectivly dye in 180 minutes [21]. Other

reduced

studies demensteated the photocatalytic efficiency to
remove methylene blue and methylene orange dyes by
flower-like CuO microspheres through the reflux
condensation technique[15-17].

Several methods are used to synthesize copper oxide

nanoparticles such as thermal deposition,
electrodeposition, reactive sputtering, microwave-assisted
route, facile wet chemical and hydrothermal routes [22-
24]. Among these methods, is the co- precipitation
chemical method which 1s simple, economical and allows
to obtan large scale nanostructures for many
semiconductor nanoparticles.

In this study, copper oxide nanoparticles were obtained
by co- precipitation method. These nanoparticles were
studied by different characterization techniques such as: X-
ray diffraction, SEM scanning electron microscopy,
energy-dispersive  X-ray spectroscopy (EDX), UV-vis
spectroscopy and infrared absorption spectroscopy. The
manufacturing of CuO NPs was conducted to investigate
the photocatalytic degradation of MB.

2. Experimental section
2.1. Preparation of CuO nanoparticles

CuO NP is obtained by an easy chemical co-
precipitation method, a very simple process whose low-
temperature synthesis parameters and reduced costs make
it the preferred choice compared to other techniques [25],
was obtained by the interaction of ammonia with the
sulfate solution.

In this experiment, 1.95 g of CuSO4-5H20 was
dissolved completely in 100 ml of deionized water. Then,
a solution of NH3-H20 (64 ml, 0.26 M) was added
rapidly to the CuSO4 solution and stirred for 30 minutes,
and then a solution of NaOH (24 ml, 1.4 M) was added at
a flow rate of 2 ml/min, controlling the reaction
temperature in a water bath at 80 °C. Finally, the CuO
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samples were collected, cleaned with deionized water and
dehydrated at room temperature.

2.2. Characterization Techniques

The crystalline phases of the as-synthesized CuO NPs
diffractometry  (XRD)
(MiniFlex600) with a monochromatizes Cu Ka irradiation
A = 0.15418 The
composition analysis were examined by scanning electron
microscopy  (SEM) and  energy-dispersive  X-ray
spectroscopy (EDX) using a (TESCAN_VEGAS). The
FTIR
equipment in the 4000-400 cm-1 region. UV-Vis spectra

were characterized by X-ray

nm). surface  morphologies and

spectra were recorded wusing Thermo-Nicolet

were recorded by a SpectroScan 80D spectrophotometer
UV-vis in the 190-1100 nm spectral range. During the
UV-Vis  spectroscopy
employed for obtaining the absorption spectra of obtained

photocatalytic  experiment, was
CuO NPs and examination of photocatalytic activities of

prepared CuQO NPs.
2.8. Photocatalytic experiments

Photocatalytic analyses on synthesized CuO NPs were
performed by examining MB decomposition under visible
light irradiation. The photochemical reactor consists of an
open wooden box, a magnetic rod stirrer and a 10 ml MB
solution beaker with a Philips germicidal lamp
(G15T8/15W) emitting mainly at 254 nm, with a gap of 7
cm between the lamp and the beaker. 0.002g of CuO NPs
was added to the (10ml, 2x10°M) of MB solution and
dispersed by ultrasound for 10 min. Magnetic stirring in
the dark for 30 minutes to achieve an MB adsorption-
desorption stability on the catalyst surface pretreated the
solutions. Afterwards, the solutions were exposed to
radiation every 30 minutes and the MB concentration was
measured by detecting variations in the highest absorption
band (664 nm) of methylene blue (MB) with the Parkin
Elmer UV-VIS-NIR Lambda 19 spectrophotometer.

3. Regults and discussion
8. 1. Structure analysis

The X-ray diffraction spectrum of CuO powder
processed at room temperature 1s shown in Fig. 1. From
the X-ray diffraction spectra a good resolution of the peaks
can be observed which shows the good quality of the
crystallites for CuO powder. From the X-ray diffraction
spectra it can be deduced that the prepared CuO powder
has a monoclinic phase with symmetry of the group of
space (C2/c.), and this by comparison with the database
(ASTM sheet N°01-074-1021).
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Figure 1. XRD patterns of CuO NPs

On this spectrum we notice a series of diffraction peaks

which are surpassed in intensity representing the
diffraction peaks of our compound whose positions 2
0=32.86°, 35.78° ,38.91°, and 48.98°. Corresponding to
the diffraction planes (002) (111) (111) and (202). These
diffraction peaks correspond to the CuO formation, note
that the first four peaks are more mntense. It can be noted
that all the peaks obtained correspond to the monoclinic
phase of the CuO also we can deduce that the prepared
powder 1s pure and does not present other phases nor
impurities such as Cu:O or Cu(OH).. Moreover, all peaks
have a wide profile that we can match with the low grain
size.

The
formula for the first three highest peaks.

crystallite size 1s calculated using Scherrer's

0.91
cos 6

1

Where D 1is average grain size, k is the X-ray
wavelength (0.154 nm), A is the wavelength of the incident
X-ray (Cu Ko radiation, A = 1.5418 A), B is the FWHM
(full width at halfmaximum intensity) and 0 is the Bragg
angle (in radians). The grain size value of the elaborated
powder 1s 30nm which reflects the fact that the powder
prepared 1s nanoscale.

3.2, Morphological studies of CuO nanoparticles

From the SEM 1mages of the CuO samples (Figure. 2),
the observed powder has a flower-like structure with good
homogeneity and dispersion. Three-dimensional CuO
nanoflowers are formed from two-dimensional CuO

nanosheets.
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Figure 2. The SEM images of the nano-flower CuO.

3.8. Chemical composition of CuO nanoparticles

In order to detect the elements present in the CuO
material, EDS analysis (energy dispersive X-ray analysis)
was performed, as shown m Figure 3, which indicates the
presence of copper [Cu] and oxygen [O]. No other
impurities are detected, see table 1.

Tablel: Elemental analysis of CuO NPs.

Element Weight% Atomic %
O 16.46 43.90
Cu 83.54 56.10
Total 100 100
Cu
o | Cu
M . L
2 4 & 8

Energy (KeV)

Figure 3.  EDS spectrum recorded for CuO NPs

3.4. FTIR Analysis of CuO nanoparticles

The mfrared spectra of our samples were recorded
on a spectrometer. FTIR Thermo-Nicolet, in the spectral
range 400 to 4000 cm’

Fig. 4 shows the infrared absorption spectrum of the
prepared CuO powder at room temperature.
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The spectrum shows the presence of three
characteristic bands of CuO powder without annealing are
located: at 420 cm’, 495cm’, and 601cm”, all these bands
can be assigned to the Au mode, Bu mode, and the other
Bu mode of CuO, the high frequency mode located at 601
cm’, is assigned to the elongation of the Cu-O bond along
the directions [101], while the peak at 495cm™ can be
assigned to the deformation vibrations of the Cu-O bond
along the directions [101] [26].
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Figure 4. FTIR spectra of CuO NPs in the game 400-4000
cm’

For the spectrum of the CuO powder no other active
infrared mode was observed in the spectral range 605- 600
cm’, which completely eliminates the existence of another
phase like Cu:O. The two bands located at 1632cm™ and
3437cm" are attributed respectively to the deformation and
elongation vibration of the O-H bond, indicating the
presence of water (H:O). All the values are tabulated in
Table 2.

Table2: The main peaks in the FTIR spectrum for
CuO nanoparticles and their assignment

Characteristic absorption

vibrations cm’” Functional group

3437 (O-H) Stretching Vibration
1632 O-H Bending Vibration

601 Cu-O Stretching Vibration
495 Cu-O Stretching Vibration
420 Cu-O Stretching Vibration

3.5. Optical properties: UV-visible analysis

Fig. 5 displays the spectrum of UV-vis transmittance
that was used to determining the electronic structure and
properties of optical absorption of a synthesized sample of
CuO. The band gap energy that was estimated around
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1.34eV, suggesting that the CuO has a three-dimensional
flower like nanostructure possesses, increasing electronic
transition and photocatalytic evaluated by
comparing to other structures.

Fig. 5 displays the spectrum of UV-vis transmittance
that was used to determine the electronic structure and

efficiency

properties of the optical absorption of a synthesized
sample of CuO. The band gap energy was estimated
around 1.34eV, by Tauc’s formula:

(ahv) =p(hv-Eg) @

Table3 : Pseudo-first-order kinetic

‘Where a is the absorption coeflicient, hv is the photon
energy, P 1s a constant, Eg is the optical band gap and n
depends on the type of transition. For n = %

This band gap value is fully in agreement with the
experimental value (1.2 eV), suggesting that the CuO has a
three-dimensional flower-like nanostructure possesses
which increasing electronic transition and photocatalytic

efficiency evaluated by comparing to other structures.

parameters of MB degradation.

Samples Value Standard deviation R’
K(min") X O K(min") X O
CuO 0.0457 0.2491 0.7493 0.0134 0.0248 0.01 0.9729
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Figure 5. Transmission spectra of CuO NPs

3.0. Photocatalytic activity of CuO nanoparticles

The evolution of the UV-Vis absorption spectra of MB
as a function of time in the presence of copper
nanoparticles 1s shown in figure 6. These spectra show a
significant decrease of the MB absorption band at 664 as a
function of time after the addition of copper, indicating the
degradation of MB.
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Figure 6. The effect of CuO NPs on the absorption
spectra of MB solution for different reaction time under
UV light illumination.
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In order to examine the mechanism of the degradation
process and to provide essential information for the use of
copper nanoparticles. Several formalisms are given in the
literature to describe the degradation kinetics.

In this work we have adapted a single kinetics model to
the pseudo-first order. Figure 7 shows the kinetics of the
degradation reaction of methylene blue in Solution, and he
calculated kinetic parameters of MB degradation are
shown in Table 3, according to the equation [27].

A=X"exp(-k ")+ 3

‘While the unit of (pseudo-) order rate constant k 1s the
inverse of the unit of time used (min"), X is the amplitude
of the process, E is the endpoint, both of them have the
same units as the measured quantity A. These results show
that copper nanoparticles give a better degradation rate

1,0 @ Experimental data point

fitted curve

Absorbance

A=X*exp(-k*t)+E

0,7 T T T T
60 90

Irradiation time (min)

Figure 7. Decolorization kinetics of MB aqueous solutions
by CuO NPs without UV light illumination



A simple synthesis of CuO NPs for photocatalvtic applications ...

INTM (2021) S. Roguai et al.

4. Conclusion

In this work we have developed and characterized
copper nanoparticles by the simple chemical method with
a yield of 679, which 1s a non-cutting and easy to
implement method. Finally, we tested these nanoparticles
for the degradation of methylene blue in the presence of
UV light. The synthesized powders were characterized
from a structural and microstructural point of view by X-
ray diffraction, SEM, EDS and infrared spectroscopy.
Optical characterization was performed by UV-Visible
analysis.

The X-ray study identified a monoclinic phase with a
good crystalline quality, the average crystallite size is
16.76nm, SEM characterization indicates the formation of
CuO nanoflowers in size, while characterization by Fourier
transform infrared spectroscopy (FTIR) confirmed the
presence of the characteristic bands of copper oxide CuO,
indicating the formation of CuO. The study of the optical
properties of CuO nanoparticles allowed to estimate the
value of the optical gap, of the order of 1.34¢V, giving a
decrease of the band gap compared to that of massive
CuO. Catalytic tests show that the degradation rate of
methylene blue at room temperature 1s 67% after 120 min
for a 20 mg of copper. The rate of degradation increases
with time.
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