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ZnO nanoparticles, which are considered as a photocatalyst for effluent
degradation, are prepared by homogeneous precipitation and negative pressure
baking at low temperature. The diameter of the ZnO nanoparticles is 16 ± 7
nm as determined by TEM. The results indicate that the usage of emulsifier in
synthesis process can reduce the nanopartical aggregation and the lowtemperature negative pressure baking method can avoid particle size
expansion. Therefore, the ability of effluent degradation of the ZnO
nanoparticles obtained by this method has been improved significantly.

1.

Introduction
Metal-oxide photocatalysts are currently of great interest due to their potential
application in degrading environmental organic contaminants and the conversion of solarenergy [1]. As a non-toxic, low cost and environmental friendly metal-oxide, ZnO is a wide
gap oxide semiconductor, which is a promising photocatalyst. With a band gap of 3.2 eV,
ZnO can be used to degrade organic effluent under visible light irradiation [2].
Among various methods of synthetising ZnO nanoparticles (ZnO-NPs), homogeneous
precipitation method is one of the most widely used, because it provides an easier access to
smaller, homogeneous nanoparticles with less impurity. Meanwhile, ZnO-NPs can be
prepared in large scale at low cost and with simple requirements on reactors [3].
It is known that the activity of photocatalysis mainly relies on the shape and size
distributions of ZnO [4]. Although ZnO-NPs are remarkable in photocatalyst, the particle
aggregation and particle size expansion during baking process reduce the activity of
photocatalysis. According to literature reports, the range of size of ZnO-NPs is from 20 to 50
[5]. Normally, the baking temperature is between 400 and 800℃ [5]. The high baking
temperature is the main factor for the expansion. In order to prevent the ZnO nanoparticles
aggregation and thus to improve the activity of photocatalysis, we provide two solutions:
adding emulsifier in synthesis process and altering chemical equilibrium by negative pressure
in low temperature baking process. Subsequently, Fourier transform infrared spectroscopy
(FT-IR) and powder X-ray diffraction (XRD) are used to determine the presence of ZnO-NPs,
and transmission electron microscopy (TEM) is used to determine the nanoparticle size
distribution, and the activity of the photocatalyst is tested through degrading effluent.
2.

Experimental
All the chemicals used in this work were of analytical reagent grade and used as
received without further purification.
2.1

*

Preparation of ZnO-NPs
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Zn(NO3)2·6H2O and urea are used as starting materials. 0.6 molL-1 of Zn(NO3)2 solution
was prepared by dissolving 35.7233 g of Zn(NO3)2⋅6H2O in 200 ml ultra-purified water, and
2.1 molL-1 of urea solution was prepared by dissolving 25.2276 g of urea in 200 ml ultrapurified water. The urea solution together with 0.4 ml of the Triton 100 (also known as
emulsifier OP-10) was heated to 95°C while stirring. Subsequently, 200ml of Zn(NO3)2
solution was added into the mixed urea solution by drops with constant stirring by mechanical
rabble (3000 rpm for 2h). Keep stirring for 3.5 h after Zn(NO3)2 solution added, a clear and
homogenous non-aggregated basic zinc carbonate (ZnCO3⋅2Zn(OH)2⋅H2O) was obtained as
precursor [6].
When the mixed solution was cool, precursor was purified with ultra-purified water
while vacuum filtrating and drying at 95 °C until no weight changed. After baking the
precursor powder at 160 °C under negative pressure with vacuum degree of 0.08 MPa for 3h,
non-aggregated ZnO-NPs with narrow diameter distribution can be obtained. In order to
compare the photocatalytic activity of ZnO-NPs prepared by different methods, ZnO-NPs
samples were prepared by repeating above experiment without adding Triton 100 and baking
the precursor powder at 350℃ under atmospheric pressure for 3h according to traditional
method [7]. The characterization of the prepared ZnO-NPs was taken by FT-IR, XRD and
TEM.
2.2

Degradation of organic effluent
The degradation efficiency of ZnO-NPs to organic effluent was determined by chemical
oxygen demand (COD) test with K2Cr2O7.The organic effluent was supplied by Lanzhou
Auxiliary Agent Plant, China. 1 g of non-aggregated ZnO-NPs was added into 200 ml of
effluent sample and then the sample was exposed under the sun for 4h while stirring. After
irradiation, effluent sample was centrifuged at 3000 rpm and decanted supernate was collected
for further test. 0.50 ml effluent sample from supernate was diluted with 20 ml ultra-purified
water and then adding 20 ml of 0.25 mol⋅L-1 K2Cr2O7 solution. After adding 30 ml of
concentrated sulphuric acid while stirring, the effluent sample was ready for redistilling,
which took 2h. After redistilling and cooling, the treated effluent sample was diluted with
ultra-purified water to 150 ml and then dropping 3 drops indicator of 1,10-Phenanthroline
iron(Ⅱ) sulphate solution. Titrated sample with ammonium iron(Ⅱ) sulphate solution till the
yellow sample solution turns reddish blue, the dosage of ammonium iron(Ⅱ) sulphate solution
was recorded as V1.
Two blank samples were prepared for comparison. One contained ultra-purified water
instead of effluent and the other one contained the traditional ZnO-NPs instead of nonaggregated ones. The dosage of ammonium iron(Ⅱ) sulphate solution used in the blank was
recorded as V0. Then the COD and photodegradation rate can be determined by the equations
as following,
COD = (V0-V1) c×8×1000/V2
(1)
(2)
a = (n0-nx)/n0 ×100%
where c is concentration of ammonium iron(Ⅱ) sulphate solution, V2 is the volume of effluent
sample, a is photodegradation rate, n0 is COD of original effluent (which is 120 mg·L-1), and
nx is COD of degraded effluent.
3.
3.1

Results and Discussion
Fourier transforms infrared spectroscopy (FT-IR) analysis
Figure 1 shows the FT-IR result of the ZnO-NPs prepared by homogeneous
precipitation method under negative pressure at 160 °C, in the range of 4000–400 cm−1. A
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broad absorption valley is observed at around 474.0 cm−1, which indicates the existence of
ZnO. There are several small absorption valleys at 1384.64, 1637.27, and 3469.31 cm−1.
These absorption bands are related to adsorption of CO2 (C-O) and H2O (O-H) from the
atmosphere, and these therefore can be neglected. The FT-IR results show the high purity of
the obtained ZnO-NPs.

Fig. 1. The FT-IR spectroscopy pattern of the zinc oxide nanoparticles prepared by homogeneous precipitation
method at 160°C under negative pressure

3.2

Powder X-ray diffraction (XRD) analysis
The XRD pattern of the ZnO-NPs prepared by homogeneous precipitation method
under negative pressure at 160°C is shown in Figure 2. All the reflectance peaks can be
indexed to ZnO structure (PDF code no: 00-036-1451). No diffractions from impurities
appear in the XRD pattern, which show that ZnO-NPs were pure.

Fig. 2. The XRD pattern of the zinc oxide nanoparticles prepared by homogeneous precipitation method at
160°C under negative pressure

3.3

Transmission electron micrographs images

51

PROCEEDINGS - 37th ANNUAL CONDENSED MATTER AND MATERIALS
MEETING, 5 - 8 February, 2013. Wagga Wagga, NSW, Australia

Fig. 3. The TEM images of the zinc oxide nanoparticles prepared by homogeneous precipitation method at
160°C under negative pressure. Scale bar of the images are 100nm (left) and 20nm (right), respectively.

The TEM images of the ZnO-NPs prepared by homogeneous precipitation method
under negative pressure at 160 °C are provided in Figure 3, which indicates the narrow
particle diameter distribution, and most of the particle size is in the range of 16 ± 7 nm.
3.4

Photocatalytic degradation of effluent
Effluent from Lanzhou Auxiliary Agent Plant, China was used as a test contaminant.
Table 1 shows the photodegradation rate of the effluent samples with different ZnO-NPs
powders as photocatalyst. COD and Photodegradation rate (a) were obtained by Eqs. (1) and
(2). From the table, it is found that the photodegradation rate of effluent with non-aggregated
ZnO-NPs as photocatalyst was 85.75%, while under the same situation, that with the
traditional ones was 21.36%. It is found that non-aggregated ZnO-NPs prepared by
homogeneous precipitation method at 160°C under negative pressure have high activity in
photodegradation.
Table 1. The photodegradation rate of non-aggregated ZnO-NPs and traditional ZnO-NPs
Photocatalyst
Concentration
COD
Photodegradation rate
Non-aggregated ZnO1.5g/L
1712
85.75%
NPs
Traditional ZnO-NPs
1.5g/L
9437
21.36%
4.

Conclusion
The non-aggregated homogeneous ZnO-NPs with narrow diameter distribution were
prepared by homogeneous precipitation method at 160 °C under negative pressure. The
average particle size was 16 ± 7 nm. The XRD and FT-IR results confirmed the quality of the
ZnO-NPs. Non-aggregated ZnO-NPs with narrow diameter distribution photocatalyst showed
improved photocatalytic activity in degradation of effluent under visible light irradiation,
which induced as much as 85.75% degradation of the effluent sample in 4h. All these
indicated that non-aggregated ZnO-NP was a promising potential photocatalyst for the
practical application in photodegradation of organic contaminants.
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