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ABSTRACT

A modified sol-gel route was used to prepare zinc oxide nanorods, and its sample was named as the
Z sample. Photoassisted-deposition regime has been utilized to decorate ZnO nanorods with copper;
percentage weight of Cu dopant was adjusted to be 0.3, 0.6, 0.9 and 1.2 wt.%, their samples were
named as CuZ-0.3, CuZ-0.6, CuZ-0.9 and CuZ-1.2 samples, respectively. Z and CuZ samples were
characterized using different tools. The values of the surface area of Z, CuZ-0.3, CuZ-0.6, CuZ-0.9 and
CuZ-1.2 samples are 80, 78, 76, 73 and 70 m?*/g, respectively. Thus, decoration of copper in zinc oxide
surface blocks some pore of zinc oxide and hence reduces surface area. XPS results reveal that copper
was decorated in zinc oxide nanorods surface as metallic copper. The efficiency of Z and CuZ samples
was inspected for the reduction of mercury ions under visible light. Photocatalyst of CuZ-0.9 sample
has the best photocatalytic activity for reduction of mercury (II), at which 100% of mercury (II) can be
reduced within 20 min using 0.9 g/L photocatalyst dose.
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1. Introduction

Mercury can be used in different industries, for example
electrical, electronic, and chlorine-alkali industry. Also, mer-
cury can be used as catalysts in many technologies such as
plastics, sulfonation, oxidation, chlorination, hydrogenation
and dehydrogenation technology [1]. The central nervous
system in both animals and humans has affected mercury
compounds, so mercury compounds are very toxic com-
pounds [2]. A lot of fisheries are infected by a high level of
mercury, because of mercury inhalation vapor during fish
consumption [3-5]. A mercury degradation rate by nature
is extremely small. Thus, mercury must be degraded and
removed. Many methods are used for removal of mercury,
such as reduction and precipitation as sulfide, adsorption
and ion exchange [1,6,7]. Newly, removal of mercury was car-
ried out using photocatalysis process using photocatalyst as
titanium dioxide [8-12]. In photocatalysis method, mercury

(I) was reduced to metallic mercury by photogenerated
electrons, which are created by irradiation of photocatalyst
[10,12]. Also, the reduction of mercury (II), depends on both
photocatalyst and source of irradiation [10,12]. The photo-
catalytic activity was increased in the presence of an organic
scavenger, for example, citric acid, methanol and formic
acid, due to reduced electron-hole recombination rate [13].
The commercial use of titanium dioxide as photocatalyst is
delayed, due to its agglomeration and its absorption by UV
light [14]. To overcome these two problems, a lot of ways were
used. Doping of metals or non-metals is one of the methods
to shift absorption of photocatalyst from UV region to visi-
ble region [15-28]. In this work, zinc oxide was prepared in
nanorods shape to overcome zinc oxide agglomeration. The
band gap of zinc oxide was reduced by the decoration of cop-
per. The efficiency of Z and CuZ samples was inspected for
the reduction of mercury ions under visible light.
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2. Experimental
2.1. Preparation of zinc oxide nanorods

Arrangement A was set up by scattering zinc methoxide
(0.2 mol) in a blend of methanol (0.5 mmol) and of tetraoc-
tylammonium bromide (0.1 mmol) for 3 h sonication. On the
other hand, arrangement B was set up by dissolution of acetic
acid (0.1 mmol) in deionized water (30 mL). Arrangement B
was mixed gradually to arrangement A utilizing via stirring
at 30°C. The resultant precipitate was isolated, cleaned sev-
eral times and left to dry under vacuum at 70°C for 10 h. After
that, ZnO nanorods were accessed through firing the resul-
tant precipitate at 400°C for 3 h.

2.2. Cu@ZnO nanocomposites preparation

Photo-assisted deposition regime has been utilized to
decorate ZnO nanorods with copper; the percentage weight
of Cu dopant was adjusted to be 0.3, 0.6, 0.9 and 1.2 wt.%. In
this regime; ZnO nanorods solution and a solution of cupric
acetate, as a copper metal origin, were subjected to UV light.
All solutions were kept to dry overnight at about 100°C.
Copper@ZnO nanorods could be obtained via H,-reduction
process (20 mL/min) for 2 h at 200°C.

2.3. Characterization

Morphology and microstructure for ZnO and Cu@ZnO
nanorods were investigated via scanning electron micro-
scope (JEOL-JSM-5410) as well as transmission electron
microscopy (JEOL-JEM-1230). On the other hand, BET spe-
cific surface areas of the final materials were calculated uti-
lizing A Nova 2000 series Chromatec instrument. A Bruker
axis D8 X-ray diffraction was applied to investigate the phase
composition of the resultant products (ZnO and Cu@ZnO
nanorods) applying Cu Ka radiation of A = 1.540 A at ambient
temperature. X-ray photoelectron spectroscopy was adopted
to examine the state of the element. UV-Vis-NIR spectropho-
tometer (V-570, Jasco, Japan) was applied to investigate the
band gap energies of the formed structures (ZnO and Cu@
ZnO nanorods) at ambient temperature. Fluorescence spec-
trophotometer of Shimadzu RF-5301 type was administered
to fix the photoluminescence emission spectra that required
to recognize the e-h recombination rate.

2.4. Photocatalytic tests

The efficiency of the planned nanocomposites was
inspected for the reduction of mercury ions. In this experi-
ment, a certain weight of the photocatalyst was scattered by
means of ultrasonic in 0.5 L of HgCl, solution (100 ppm Hg
(IT) was applied as a starting dose). 500-W Xenon lamp arisen
on a photocatalytic reactor was adopted to produce artificial
Vis light which illuminates the reaction mixture. A cutoff
filter with A > 420 nm was applied as well as a water tube
was oppressed to avoid heating; this will enable constant
temperature throughout the experiment (303 K). The quartz
reactor was located at a distance of 11 cm away from the
light origin. Previous to illumination, N, was introduced for
0.5 h in order to remove any dissolved O, from the solution.
Each solution was illuminated for 1 h. After that, specimens

were isolated from the reactor and permitted to centrifuge
for 20 min at 7,000 rpm and filtrated to get rid of any unde-
sired particles. The spectrophotometer that applied in band
gap measurement was adopted to figure out the remaining
Hg (II) after the reduction action.

3. Results and discussion
3.1. Characterization of materials

Fig. 1 shows XRD patterns for Z, CuZ-0.3, CuZ-0.6, CuZ-
0.9 and CuZ-1.2 samples. The broad peaks at 31.8°, 34.5°,
36.3°, 47.6°, 56.7°, 62.9°, 67.0° and 68.1° suggest a zinc oxide
phase structure for Z and CuZ samples. No peaks for cop-
per or copper oxide were observed for the CuZ samples due
to a high distribution of copper on the zinc-oxide surface. In
addition, the reduction in the intensity of the characteristic
peaks of the ZnO phase in the spectra for the CuZ samples
suggests that the doping of copper decreases the crystallite
sizes in the ZnO phase.

Fig. 2 shows SEM images for Z, CuZ-0.3, CuZ-0.6, CuZ-
0.9 and CuZ-1.2 samples. Z, CuZ-0.3, CuZ-0.6, CuZ-0.9 and
CuZ-1.2 samples show a nanorod shape. However, CuZ-
0.3, CuZ-0.6, CuZ-0.9 and CuZ-1.2 samples are nanorods in
shape and also covered by copper. It is clear that the addition
of copper decreases the size of the ZnO nanorods.

Fig. 3a shows TEM image for the CuZ-0.9 sample. The
CuZ-0.9 sample is nanorods in shape. The addition of cop-
per to ZnO decreases the size of the ZnO sample and copper
appears as a dot on the surface of the ZnO nanorods.

Fig. 3b shows the HRTEM image for the CuZ-0.9 sample.
The presence of lattice spacing for (111) plane at 0.200 nm
indicates that the copper is metallic copper. Also, the pres-
ence of lattice spacing for (002) plane at 0.262 nm indicates
that the ZnO is present.

XPS spectra for Cu2p for the CuZ-0.9 sample are shown
in Fig. 4. The presence of two binding peaks at 953.0 and
933.0 eV, for Cu2p 1/2 and Cu2p 3/2 indicate that the copper
is metallic copper [29].
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Fig. 1. XRD patterns for ZnO and Cu@ZnO samples.
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Fig. 3. (a) TEM image for the 0.9 wt.% Cu@ZnO and (b) HRTEM image for the 0.9 wt.% Cu@ZnO.
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The specific surface area for the Z, CuZ-0.3, CuZ-0.6,
CuZ-0.9 and CuZ-1.2 samples was measured. The values of
the surface area of Z, CuZ-0.3, CuZ-0.6, CuZ-0.9 and CuZ-
1.2 samples are 80, 78, 76, 73 and 70 m?/g, respectively., as
exposed in Table 1. Thus, decoration of copper in zinc oxide
surface blocks some pore of zinc oxide and hence reduces
surface area.

Fig. 5 shows the UV-Vis spectra for the Z, CuZ-0.3, CuZ-
0.6, CuZ-0.9 and CuZ-1.2 samples. These data show that the
ZnO absorbs in the UV region and that the addition of copper
to the zinc-oxide nanorods leads to a shift in the absorption
band for the zinc oxide from the ultraviolet region to the vis-
ible region. The values for the band gap energies were calcu-
lated using the UV-Vis spectra measured for the Z, CuZ-0.3,
CuZ-0.6, CuZ-0.9 and CuZ-1.2 samples. The band gaps for the
Z, CuZ-0.3, CuZ-0.6, CuZ-0.9 and CuZ-1.2 samples are 3.30,
2.90, 2.80, 2.68 and 2.67 eV, respectively as shown in Table 2.

Fig. 6 shows PL spectra for the Z, CuZ-0.3, CuZ-0.6, CuZ-
0.9 and CuZ-1.2 samples. The Z sample shows a high PL peak
intensity, with the addition of copper to the ZnO nanorods
decreasing the position and intensity of the PL peak. The val-
ues for the band gap energies determined from the PL emis-
sion spectra measurements are found to be 3.31, 2.91, 2.81,
2.69 and 2.68 eV for the Z, CuZ-0.3, CuZ-0.6, CuZ-0.9 and
CuZ-1.2 specimens, respectively. These values are very close
to those obtained from the UV-Vis spectra as discussed in the
previous paragraph.
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Fig. 4. XPS spectra for Cu2p in the 0.9 wt.% Cu@ZnO sample.

Table 1

BET surface area of ZnO and Cu@ZnO samples
Sample Sppr (M%/g)
V4 80
Cuz-0.3 78
CuZz-0.6 76
Cuz-0.9 73
CuZz-1.2 70

3.2. Photocatalytic performance

As mentioned earlier, the reduction of the mercury ion
was utilized to test the synthesized photocatalyst. Fig. 7
shows the effect of the copper weight percentage on the mer-
cury-ion reduction. The photocatalytic reduction of the mer-
cury ion with use of the Z sample is very small (3%); this can
be explained by the fact that the Z sample absorbs only in
the UV region while the light source used covers the visible
region. The photocatalytic reduction of the mercury ion with
use of the CuZ-0.3, CuZ-0.6, CuZ-0.9 and CuZ-1.2 samples
were at 45%, 80%, 100% and 100%, respectively. It is obvi-
ous that the inclusion of Cu enhances the reduction reaction
of the mercury ion applying the photocatalyst. The CuZ-0.9
sample exhibits superior efficiency with an approximately
100% conversion within 60 min.
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Fig. 5. UV-Vis spectra for the ZnO and Cu@ZnO samples.
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Fig. 6. PL spectra for the ZnO and Cu@ZnO samples.
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Fig. 7. Effect of varying the weight percentage of copper on
photocatalytic reduction of the mercury ion.
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Fig. 8. Effect of the dose of the 0.9 wt.% Cu@ZnO photocatalyst
for photocatalytic reduction of the mercury ion.

The effect of the amount of catalyst added to the reac-
tion was also studied. Fig. 8 shows the effect of the dose
of the CuZ-0.9 photocatalyst on the photocatalytic reduc-
tion of the mercury ion. By increasing the dose from 0.2
to 0.4 g/L, the photocatalytic reduction of the mercury ion
increased from 45% to 100%, respectively. By increasing the
dose of the CuZ-0.9 photocatalyst from 0.4 to 0.8 g/L, the
reaction time required for a complete photocatalytic reduc-
tion of the mercury ion decreased from 60 to 20 min, respec-
tively. This may be due to an increased number of available
active sites due to the increased photocatalyst dose. If the
dose was raised above 0.8 g/L to a value of 1.0 g/L, the reac-
tion time required for complete photocatalytic reduction
of the mercury ion increased from 20 to 50 min. Increasing
the dose of the photocatalyst beyond a certain point may
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Fig. 9. Recycling and reuse of the 0.9 wt.% Cu@ZnO photocata-
lyst for photocatalytic reduction of the mercury ion.

Table 2

Band gap energy of ZnO and Cu@ZnO samples
Sample SBET (m?/g)
z 3.30
Cuz-0.3 2.90
CuZz-0.6 2.80
Cuz-0.9 2.68
Cuz-1.2 2.67

hinder the penetration of light to reach all the active sites
on the photocatalyst.

A test for the possibility of the reuse of the catalyst was
also performed. Fig. 9 shows the recycling and reuse of the
CuZ-0.9 photocatalyst for the photocatalytic reduction of the
mercury ion. This figure shows that the photocatalytic reduc-
tion of the mercury ion remains constant even if the catalyst
is reused five times, indicating great stability for the CuZ-0.9
photocatalyst.

4. Conclusions

Uniform Z and CuZ nanorods samples were produced
by a sol-gel method. The reduction of mercury ions was
utilized to test the synthesized photocatalysts under
visible light. The values for the specific surface area of the
Z, CuZ-0.3, CuZ-0.6, CuZ-0.9 and CuZ-1.2 samples are 80,
78, 76, 73 and 70 m?/g, respectively, which indicates that
the Z sample shows a higher BET surface area compared
with the CuZ samples. The Z and CuZ samples show a
nanorods shape, as determined by TEM. The photocatalytic
performance for the nanocomposites was studied by
mercury (II) reduction under visible light. In terms of
photocatalytic performance for mercury (II) reduction,
CuZ-0.9 outperforms CuZ-0.6 by 1.25 times, CuZ-0.3 by
2.22 times and Z by 33.3 times.
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