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Cupric oxide (CuO) nanosheets were prepared by the hydrothermal method with the use of
cetyltrimethylammonium bromide (CTAB) and were used as the catalyst for the oxidation degrada-
tion of methylene blue with H202. The effects of temperature, oxidant concentration, and catalyst
dosage were evaluated. The catalytic reaction obeyed first order kinetics, and the activation energy

was 54 kJ/mol. Although the CuO nanosheets show high activity, their stability and reusability still
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1. Introduction

Organic dyes are used in many industries, including the tra-
ditional textile industries and new areas of applications such as
their use in food, pharmaceutical products, cosmetics, solar
cells, and optical data discs and computers. Most of the applica-
tions are based on producing color changes by dyes in aqueous
solution [1]. However, these solutions cause serious environ-
mental problems when dyes containing industrial effluents are
discharged into water bodies. Most organic dyes create acute
problems in the ecosystem as they are toxic, mutagenic, and
carcinogenic for aquatic life and humans [2,3].

The removal of organic dyes from natural and industrial
wastewater has drawn attention because of the highly toxic
effect of these contaminations on animals, plants, and human
beings. Many methods, including biological methods, physical
methods, and chemical methods, have been developed to re-
move organic dyes from wastewater [4,5]. The use of a biologi-

cal method is limited because many organic dyes are resistant
to biodegradation and are toxic in microbial processes. Alt-
hough physical methods such as filtration and adsorption seem
easy and economical, their efficiencies are very low because of
the high solubility of dye compounds in water. Besides, it is
difficult to find a suitable adsorbent for many organic dyes
[6,7]. As a result, the use of chemical methods to mineralize or
transform refractory molecules into products that can be bio-
degraded is a matter of great interest. Among the chemical
methods, chemical oxidation is the most promising and fre-
quently used technique because of its simplicity, low cost, and
potential for solving the environmental problems. Therefore,
extensive research efforts have been directed towards the de-
velopment of new catalysts for the removal of organic dyes
from wastewater. One suitable method is the use of catalytic
oxidation with hydrogen peroxide. The catalyst decomposes
H202 to highly reactive hydroxyl radicals, which can decompose
the synthetic dyes. Also, H202 is an environmental benign oxi-
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dant compared to other oxidants (e.g., HCIO/CIO-, Cl02, KMnOsa,
K2Cr204). It is also well known that solid catalysts are advanta-
geous over homogeneous ones because of their easy separation
and recyclability. The most used solid catalysts are based on
transition metal oxides.

Cupric oxide (CuOQ) is a nontoxic and cost-efficient material,
which is a p-type semiconductor with a narrow band gap. It has
been widely investigated because of its properties and applica-
tions in a wide range of fields, including energy storage [8-12],
catalysis [13,14], ion exchange, biosensors [15-17], and partic-
ularly, for environmental treatment [18-20]. Recently, much
effort has been devoted to developing routes for the facile syn-
thesis of CuO nanostructures and investigating their catalytic
properties. Meshram et al. [21] reported that platelet-like CuO
nanostructures efficiently catalyzed the degradation of meth-
ylene blue (MB) in aqueous solution with H202 as oxidant. Hong
et al. [22] demonstrated that urchin-like CuO microspheres
prepared by a simple water-ethylene glycol solvothermal
method are good catalysts for the degradation of pyronine B.

Here, we present a simple and efficient hydrothermal
method to make crystalline CuO nanosheets. The chemical oxi-
dation degradation of a cationic organic dye, methylene blue,
was selected as the test reaction to evaluate the catalytic per-
formance of the CuO nanosheets. The effects of temperature,
catalyst dosage, and H202 amount on the catalytic activity were
investigated.

2. Experimental
2.1. Preparation of CuO nanosheets

CuO nanosheets were prepared in an autoclave by the hy-
drothermal method. CuClz2-2H20 (0.5 g) and CTAB (0.5 g) were
dissolved in 15.7 mL H20 under stirring to form a blue solution.
Then 1 mL NaOH aqueous solution (0.3 g/mL) was added
dropwise. After vigorous stirring for 1 h, the solution was
transferred to a Teflon-lined stainless steel autoclave (20 mL
capacity), sealed, and heated at 120 °C for 6 h. After cooling the
autoclave to room temperature, CuO nanosheets were collected
by centrifugation, repeatedly washed with ethanol and distilled
water, and then dried under vacuum at 70 °C for 12 h.

2.2. Characterization

Transmission electron microscopy (TEM) images were tak-
en with a Tecnai-12 instrument operated at 120 kV. Field emis-
sion scanning microscopy (FESEM) was performed on a Hitachi
S$4800 instrument. The crystallographic structure of the sam-
ples was established using powder X-ray diffraction (XRD, D8
Advance, Bruker).

2.3. Catalytic degradation of MB

For the MB degradation study, a stock solution of 6.0 x 10-5
mol/L was prepared. In each degradation study, 10 mL of the
stock solution was mixed with 2.5 mL H202 (30%) and 10 mg
CuO nanosheets and kept at the desired temperature. The deg-

radation progress was monitored by spectrometric measure-
ments using a Shimadzu UV-2501 spectrophotometer. The
effects of various experimental parameters such as the tem-
perature, catalyst dosage, and H202 amount were investigated.

3. Results and discussion
3.1. Characterization of CuO nanosheets

The successful synthesis of CuO nanosheets and their crys-
tallinity were evident from the XRD pattern displayed in Fig. 1.
The diffraction peaks in Fig. 1 matched the standard XRD pat-
tern of CuO (JCPDS card No. 10-0319) well. The peaks observed
at 260 = 32.5°, 35.4°, 38.7°, 48.7°, 53.5°, 58.3°, 61.5°, 66.2°, 67.9°,
72.4° and 75.0° were attributed to the Bragg reflections of the
(110), (111), (111), (202), (020), (202), (113), (311), (220),
(311), and (004) planes, respectively. The sharp and strong
intensity of the XRD peaks demonstrated the good crystallinity
of the product.

The morphology, shape, and size of the nanoparticles were
obtained by FESEM and TEM analysis. The FESEM image of the
CuO is illustrated in Fig. 2A, which shows a uniform sheet shape
with a smooth surface. The CuO nanosheets have a width of
~400 nm and a length of several um. A typical TEM image of
the CuO nanosheets is displayed in Fig. 2B. The sheet shape and
um size were in agreement with the FESEM observations. More
detailed structural information on the CuO nanosheets was
obtained by high resolution TEM (HRTEM). Careful observation
by HRTEM revealed lattice fringes, suggesting the single crys-
talline nature of the CuO nanosheets. The interplanar distance
calculated from the line profile (Fig. 2D) was 0.285 nm, which
was in good agreement with (111) crystal planes of CuO.

3.2. Catalytic degradation of MB

3.2.1. Kinetics of the catalytic degradation of MB

The oxidation degradation of MB by H202 was chosen as the
model reaction to investigate the catalytic performance of the
CuO nanosheets. As shown in Fig. 3A, without the CuO
nanosheets, the oxidation of MB in the presence of H202 was
very slow even with a large excess of H202. The decolorization
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Fig. 1. XRD pattern of the CuO nanosheets.
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Fig. 2. SEM (A), TEM (B), and HRTEM (C and D) images of the CuO
nanosheets. The inset in C is a selected area electronic diffraction pat-
tern of the CuO nanosheets.

rate was only 16.6% in 3 h. This is due to the chemical stability
of MB.

Figure 3B shows that the addition of CuO nanosheets to the
dye solution caused fading and ultimate bleaching of the color
of the solution, as indicated by the gradual decrease in the ab-
sorbance with time. In this experiment, the concentration of
H202 used as an oxidant largely exceeded that of MB. As soon as
H202 was added, the CuO nanosheets started the catalytic oxi-
dation of MB. As the initial concentration of H202 was very high,
it remained essentially constant throughout the reaction.
Therefore, for the evaluation of the reaction rate, pseudo-first
order kinetics with respect to MB is a reasonable assumption.
Because the ratio of the absorbance A: of MB at time = ¢ to its
initial value Ao measured at t = 0 equals the concentration ratio
Ct/Co of MB, the reaction rate constant (k) for the first order
reaction is In(A¢/Ao) = kt.

Figure 3C shows the semi-log plot of the concentration of
MB as a function of reaction time. A straight line plot showed
that the degradation of MB is a pseudo-first order reaction. The
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Fig. 4. Plot of Ink versus 1/T in the temperature range of 20-40 °C.

rate constant k was calculated from the slope of the line and a
value of 0.013 min-! was obtained.

The rate constant was measured at five different tempera-
tures (20, 25, 30, 35, and 40 °C). Figure 4 shows the plot of rate
constant versus temperature T, which shows a linear relation-
ship between Ink and 1/T. The activation energy was calculated
to be 54.0 kJ/mol.

3.2.2. Effect of various experiment parameters

A number of reports have demonstrated that catalyst
dosage has a large influence on the reaction rate. Figure 5A
displays the decomposition rate of MB with different catalyst
dosages. There was a critical dosage (20 mg) of the catalyst, at
which the decolorization efficiency was the best. The effect of
catalyst dosage on the decolorization rate can be explained as
follows. When a very small amount of catalyst was used, the
catalyst was well dispersed in the reaction medium, and thus
all active surface sites were available. Accordingly, the rate
increased with catalyst dosage. Once the catalyst dosage
reached a certain amount (20 mg in this study), the adsorption
of MB onto the catalyst surface reached an optimum state. The
decrease of catalytic activity at higher catalyst dosages was
because all dye molecules were adsorbed on the catalyst and
the addition of a larger amount of CuO would have no effect on
the degradation rate, while there was increased opacity of the
reaction suspension due to the excess amount of CuO sheets.

The effect of the initial H202 dosage on the decomposition
efficiency of MB is shown in Fig. 5B. The oxidation degradation
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Fig. 3. (A) UV-Vis spectra of MB oxidized with H202 without CuO nanosheets (reaction conditions: 2.5 mL 30% H202, 10 mL 6.0 x 10-5> mol/L MB, 25
°C); (B) UV-Vis spectra of MB oxidized with H.02 and CuO nanosheets (reaction conditions: 10 mg CuO nanosheets, 2.5 mL 30% H202, 10 mL 6.0 x 10-5
mol/L MB, 25 °C); (C) Plot of In(C:/Co) versus time for the oxidation of MB by CuO nanosheets.
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Fig. 5. Effects of catalyst dosage (A) and H202 amount (B) on the decol-
orization rate of MB aqueous solution. Reaction conditions: 2.5 mL 30%
H202 (A), 10 mL 6.0 x 10-> mol/L MB, 25 °C, 1 h, 20 mg CuO nanosheets.

conversion of MB increased with the amount of H202 and
reached a maximum when the amount of H202 added was 2.5
mL. After that, the decolorization efficiency drastically de-
creased as the amount of H202 was further increased. When the
amount of H202 was first increased, more reactive radicals
were generated on the surface of CuO. At a low concentration,
H202 inhibits the recombination of photogenerated electrons
and holes. However, at a high concentration, H20: is a powerful
OH- scavenger, which would decrease the oxidation activity.
Therefore, it is necessary to choose a proper amount of H202
according to the kinds and concentrations of pollutants in order
to optimize the oxidation efficiency of H202.

3.2.3.  Reusability of catalyst

To confirm the stability of the CuO nanosheets in the cata-
lytic oxidation of MB, the nanosheets were recovered and re-
used. The recovered nanosheets were recycled three times for
use in the degradation of the MB solution. At the end of each
cycle, the catalyst was washed with distilled water three times
followed by drying in an oven. The results are shown in Table 1.
The decomposition efficiency of MB decreased rapidly with
recycle number. The percentage of decolorization decreased to
only 33.5% after three cycles. The decrease in catalytic activity
was probably related to the gradual change in the morphology
of the CuO nanosheets after each cycle. The morphology of the
CuO nanosheets was examined after each cycle. As shown in
Fig. 6, the CuO nanosheets became aggregated, leading to the

Table 1
Effect of recycle number on the oxidation of MB with H.02 and CuO
nanosheets.

Cycle number 1 2 3
Degradation efficiency (%) 96.5 62.3 33.5
Reaction conditions: 20 mg CuO nanosheets, 2.5 mL 30% H202, 10 mL
6.0 x 10-5 mol/L MB, 25 °C, 15 min.

Fig. 6. SEM images of CuO nanosheets after one (A) and two (B) cycles.

decrease of catalytic activity. The aggregation of the CuO
nanosheets is not conducive for the maintenance of the catalyt-
ic activity of the CuO nanosheets.

4. Conclusions

Crystalline CuO nanosheets were prepared by the hydro-
thermal method. As the catalyst for the photodegradation of
methylene blue with H202, the CuO nanosheets showed high
catalytic activity, but their stability and recycling performance
still need improvement.
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