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Synthesis of porous CuO/Cu,0O composite microsphere
and its visible-light photocatalytic degradation for dye

pollutions
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In this work, porous CuO/Cu,O composite microspheres were prepared with a simple hydrothermal method. The porous
CuO/Cu,0 composite microsphere was applied for photodegradation of methylene orange (MO) under visible light irradiation
with the synergistic effect of H,O, and showed good photocatalytic performance to degrade the MO (100 % with the
irradiation time of 70 min). The improved photocatalytic properties of CuO/Cu2O may be ascribed to the formation of p-n
heterojunctions between CuO and Cu,O, resulting in the effective separation of photogenerated electron-hole pairs and the

enhanced absorption of visible light.
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1. Introduction

Organic contaminations, especially industrial dye
pollutants have become a serious environmental problem
[1]. Due to the complex molecular structures of dye, which
make them stable and difficult to degrade. Among the
methods to remove dye compounds in water, advanced
oxidation processes (AOPs) have displayed many
advantages such as high efficiency, energy economic and
zero waste [2-5].

Over the past decade, semiconductor photocatalytic
technology as one of efficient AOPs, has aroused great
attention owing to their intriguing potential for various
applications, such as the current energy and environmental
problems. However, most of the photocatalysts are
hampered in the application due to their absorption of UV
light, which is only about 4% in the sunlight [6-8].
Therefore, development of the photocatalysts with
absorption of visible light and excellent performance, low
cost is emergency. Among various metal oxides, copper
oxide compounds, with respect to commercial production,
appear to be more advantageous when compared with
conventional photocatalysts owing to their highlighted
superiorities such as high abundance, simple preparation,
low cost, and environmental friendliness [9-12]. For
instance, CuO and Cu,O feature small band gaps (Eg
(CuO) = 1.2 eV and Eg (Cu,0) = 2.0 eV) for visible-light
absorption without the decoration of any photo-sensitizers.

It is well known that the performance of the materials is
closely related to their composition, [13] morphology, [14]
and structure, [11, 15] etc. Thus, many CuO and Cu,O
with different shapes such as polyhedral, hierarchical,
hollow structures have been prepared with different
methods [10, 16-19]. In addition, recent studies exhibit
that bi-component metal oxides, integrating two types of
functional materials, often exhibit a strong synergistic
effect, resulting in an increasing property [12, 16, 20, 21].

Herein, a facile and green synthesis method was
explored to prepare the porous bi-component copper
oxides CuO/Cu,0. The as prepared CuO/Cu,O composites
was employed for oxidative degradation of organic dye
pollutants under visible light irradiation. It was
demonstrated that porous CuO/Cu,O composites
micro/nano structure exhibited enhanced photocatalytic
oxidation activity of dye molecules.

2. Experimental

The microsphere was obtained by the hydrothermal
method according to previous report [11, 22]. All the
reagents used were analytical grade and used without
further purification. In a typical procedure, the pH of
Cu(NOs), solution (0.1 mol I*) was adjusted with
ammonia solution (25 %) to about 11, and then stirred at
60 °C for 30 min. After that 15 ul hydrazine (35 wt.%) was
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added into the above mixture solution. The solution
mixture was transferred to a Teflon-lined stainless steel
autoclave which was then heated at 120 °C for 24 h in an
electric oven. Finally, the black precipitate was separated
from the reaction mixture by centrifugation, and washed
several times with distilled water. The product was dried at
100 °C for further use.

The morphology and structure of as-synthesized
samples were characterized by field emission scanning
electron  microscopy (FESEM, Hitachi  S-4800),
transmission electron microscopy (TEM, JEOL-2010) and
X-ray diffraction (XRD, Holland Panalytical PRO PW
3040/60) with Cu Ka radiation (V =30 kV, | =25 mA, A =
1.5418 A). The specific surface areas of the samples were
calculated from the nitrogen adsorption/desorption
isotherms (Micromeritics, ASAP 2020 at 77 K) based the
Brunauer-Emmett-Teller (BET) method and the
corresponding pore size distribution was deduced from the
adsorption segments using Barret-Joyner-Halenda (BJH)
method. X-ray photoelectron spectroscopy (XPS) data
were collected from a VG (ESCALAB210)
multifunctional X-ray photoelectron spectrometer to
analyze the surface elements of the samples (the used
source type: Al Ka, hv = 1486.6 eV, power: 150W, 50um,
BE reference(s): Cls 284.8 eV, pass energy: 100 eV,
energy/step: 1eV/0.05eV).

The photocatalytic activities of the catalysts were
monitored by degradation methyl orange (MO) under
visible light irradiation at room temperature. In a typical
reaction, 30 mg of photocatalyst power was dispersed into
50 ml of dye solution (20 mg I™") with addition of 0.05 ml
H,O, solution (10 wt %). In order to reach
adsorption/desorption equilibrium of dye molecules on the
photocatalyst, the suspension was stirred at dark for 30
min before the irradiation of 500 W Xe arc lamp and the
light tough a UV cutoff filter (A > 420 nm). At different
irradiation time intervals, the suspensions were collected,
and then immediately centrifuged to remove the
photocatalyst particles. The concentrations of MO were

tested with a UV-vis spectrophotometer (Hitachi, UV-3310)

by measuring the characteristic absorption peak intensity
at 465 nm. The degradation rate of MO is defined as the
following equation: D (%) = (Co-C)/Cq * 100 %, where C,
and C are the concentrations of the initial and the certain
time (t) of the MO.

3. Results and discussion

The XRD pattern results indicate the presence of two
CuO and Cu,O phases in the prepared product, all the
peaks could be indexed to the monoclinic symmetry of
CuO (JCPDS No. 05-0661) and cubic phase Cu,0O (JCPDS
No. 05-0667). The average particle size of the sample was
calculated ca. 30 nm using the Debye-Scherrer formula
which is derived from FWHM of the diffraction peaks. In
addition, the percentage of CuO and Cu,O in the
microsphere are about 78% and 22% according to

normalization method from XRD results.
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Fig. 1. The XRD pattern of porous CuO/Cu,O composite
microsphere

The general morphologies of the as prepared porous
CuO/Cu,O composite microspheres were examined by
SEM, as shown in Fig. 2(a) and (b). The product is
composed of microspheres in a diameter range of 2-4 pum.
High-magnification SEM image (Fig. 2b) displays that the
shell wall of the hollow microspheres is composed of
nanoparticles with a diameter of ca. 30-50 nm. The
corresponding TEM image (Fig. 2c and d) clearly shows a
hollow porous microsphere, which is consistent with the
SEM observation. The corresponding selected area
electron diffraction pattern (Fig. 3) of the as prepared
product is composed of polycrystalline diffraction rings.
The interplanar spacing of 0.236 nm and 0.316 nm
correspond to the CuO (002) and Cu,O (111) reflection.

Fig. 2. The SEM (a, b) and TEM (c, d) images of CuO/Cu,0O
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A

Fig. 3. The selected area electron diffraction pattern (a) and
interplanar spacing (b) of CuO/Cu,O composite microsphere

The N, adsorption/desorption isotherm of the
as-synthesized porous CuO/Cu,O microsphere belongs to
type IV with a combination of H1 and H3 hysteresis loop,
which is a characteristic of mesoporous materials, as
shown in Fig. 4. The BET investigation of the product
provides a surface area of about 60.2 m? g, and the pore
volume 0.18 cm® g, average pore diameter 5.9 nm.
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Fig. 4. The N, adsorption/desorption isotherm (a) and pore
diameter distribution (b) of porous CuO/Cu,O composite
microsphere

X-ray photoelectron spectroscopy (XPS)
measurements of porous CuO/Cu,O microsphere was
carried out to confirm the chemical states of elements, and
the survey spectrum is presented in Fig. 5(a). Fig.
5(b) shows the high-resolution spectrum of the Cu2p peaks
centered at 933.45 eV and 953.5 eV, which belong to Cu2p
3/2 and Cu2p 1/2, respectively [23, 24]. Based on the
analysis of the area of XPS peaks for the corresponding
peak area shows that Cu(ll) is dominant, indicating that
the main form of Cu is CuO, while the proportion of Cu(l)
is about 20%, which is also consistent with the XRD
analysis [25-27].
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Fig. 5. (a) XPS spectra and (b) the high-resolution spectrum
of the Cu2p for CuO/Cu,O composite microsphere (color online)

Fig. 6 shows the photocatalytic performances of
CuO/Cu,O for degradation of MO at under different
conditions. The photocatalytic capacity is very low (about
10 %) without CuO/Cu,O composite photocatalyst. While
it should be noted that in the absence of H,0,, the porous
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CuO/Cu,0 composite hollow microspheres show weak
photocatalytic activities under visible light irradiation.
Whereas in presence of H,0,, the concentration of MO
shows a faster decrease (black line in Fig. 6(a)),
suggesting the best degradation rate. The degradation rate
is much higher than the previous reports, it can be deduced
that the composite of CuO and Cu,O may be beneficial in
reducing the recombination of photogenerated electrons
and holes and thus enhances photocatalytic performance.
After irradiation for 70 min, the degradation efficiency can
be reach to 98%. The interface between the CuO and Cu,O
might act as a rapid separation site for the photogenerated
electrons and holes because of the difference in the energy
levels of their conduction bands and valence bands.
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Fig. 6 (a) The photocatalytic degradation performance of
CuO/Cu,0 and (b) the absorbance spectra of MO at different
times with visible-light irradiation (color online)

The stability of the heterojunction photocatalyst was
carried out by repeating experiments on the degradation of
MO under visible light irradiation with adding H,0O,, using
porous CuO/Cu,O composite microspheres. In each test,
the photocatalyst was reused after washing by simple

filtration followed by ultrasonic cleaning with a mixture of
30% alcohol in water, then drying at 100 °C for 3h. As
shown inFig. 7, the photocatalytic activity does not
exhibit distinct loss after five successive cycles, while the
slight loss of photocatalytic efficiency should be described
that the active sites are occupied with organic molecular,
and the proportion is very low. It suggested that the porous
CuO/Cu,O composite microspheres possesses excellent
long-time stability and is not photo-corroded during the
photocatalytic degradation of MO under visible light
irradiation.
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Fig. 7. Recycling tests for the photocatalytic of MO over
CuO/Cu,0

Accordingly, a possible enhanced photocatalytic
mechanism for the degradation of MO over porous
CuO/Cu,O composite microspheres can be proposed.
When CuO particles are combined with Cu,O, the p-n type
heterojuctions are formed. And there is an internal field
presented with the direction from n-type Cu,O to p-type
CuO at the thermodynamic equilibrium of p-n
heterojunction semiconductors, which is favorable for the
separation of photo-induced electron-hole pairs. Fig.
8 displays the charge transfer pathway in CuO/Cu,0O
heterostructures.  After visible-light irradiation, the
photo-induced electrons on the CB of CuO would be
transferred to the CB of Cu,0, as the photogenerated holes
in the VB of Cu,0O would be transferred to the VB of CuO
[28, 29]. The electric field at the interface favors the
migration of electrons from the VB of the p-type to that of
the n-type semiconductor. These would lead to the
aggregation of photogenerated electrons on the surface of
CuO and photogenerated holes on the surface of Cu,O.
The holes can directly oxidize MO molecules, and the
electrons would generate the reductive reaction of H,0,,
which in favor of the oxidization reaction of MO.
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Fig. 8. Proposed possible reaction mechanism for the
photocatalytic degradation of MO (color online)

4. Conclusion

Porous CuO/Cu,O composite microspheres with
nanostructure have been synthesized successfully by
simple method without wusing a template. The
photocatalytic activity of as-synthesized CuO/Cu,O
composite was investigated on degradation of MO. In
addition, experimental results showed that the
photocatalysts were easily recovered and reused five times
without much loss of activity. The results indicate that
porous CuO/Cu,O composite microspheres is a very
efficient photocatalyst under visible light irradiation with
H,O,, which may be useful in waste water treatment.
Moreover, this study provided a cost-effective and
convenient synthetic strategy for a heterogeneous
photocatalyst, ultimately guiding the brand new
perspectives for photocatalytic research.
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