SIAN JOUR

10 J U IN]

35%an Jouma of ChemiSZ

2 F--_-\/-- | J

| ¥ v.. \J'....‘.f.\.“.\« 1NNI

Effect of Concentration of Glycine Surfactant on Photocatalytic Properties of
Zinc Oxide Nanoparticles for Photocatalytic Degradation of Methylene Blue
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Hydrothermal method in presence of different concentration of glycine as surfactant was used to prepare zinc oxide nanoparticles.
Different techniques were used to describe the prepared nanocomposites. This reveals that the concentration of glycine acting significant
role in zinc oxide band gap. The zinc oxide nanoparticles photocatalytic performances were studied by measuring degradation of methylene |

6 mmol of glycine (ZnO-6G) were studied.

| blue under UV light. Photocatalytic parameters such as the concentration of glycine, photocatalyst dose of zinc oxide which prepared by |
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INTRODUCTION

With the rapid development of industry, a number of pollutant
species are evolved as a result of different processes until make
the final product from factories. The pollutant species are a
wide range of materials that are harmful for soil, air, water,
human body and all lives in our environment. Thus, the need
for controlling and managing this environmental pollution is a
must since it represented a human society major problem. Most
of the pollutants are organic materials existing in wastewater
from factories containing dyes and other toxins. By the dis-
covery of photocatalysis [1], a tremendous work was offered
to use semiconductor photocatalysts to destruct organic
materials produced in wastewater [2-5]. The use of metal oxide
semiconductors like TiO, or ZnO photocatalyst for degradation
of organic pollutants were severely studied in last decades [6,7].
Simply, the photocatalytic mechanism started with the
generation of electron-hole pair that produced by excitation
of the valence band electron of semiconductor via electro-
magnetic radiation photon with specific energy. Then, a redox
reaction through the migration of this electron-hole pair
initiated with oxygen and water. The formation of a reactive
oxidation species (O and OH radicals) is a later step that can
oxidize the organic materials to small molecules such as H,O
and CO, [8,9]. This process represents an energy efficient,
green and simple concept for the real applications in wastewater
treatment [9,10]. Among metal oxide semiconductors, zinc oxide
is a important wide band gap compound with great band gap

of 3.37 eV besides its high electron mobility [11,12]. It can be
formed in various structures with excellent electrical and
optical properties. Moreover, zinc oxide can be produced using
several methods with high yield at low price [13-16]. It has no
pollution effect or high toxicity to the environment. Yet, the
quick recombination of the photogenerated electron-hole pairs
as well as the great band gap affects the photocatalytic perfor-
mance that disturbs the practical applications. A number of
efforts were done through the doping of ZnO with either metal
or non-metal to get higher efficiency and reduce the so-called
photo-etching to reduce both recombination rate and band gap
[17-23]. Another problem facing the ZnO photocatalysts is
the powdery nature, which is difficult for the separation or
recycling purposes [24]. Titanium dioxide is widely used
photocatalyst as it possesses properties that include chemical
stability, non-toxicity, possible reuse, possible incorporation
in other materials and favourable physical properties. However
its wide band gap (E, = 3.2 eV) makes it active when used in
reactions that involve UV light which constitute about 3-5 %
of the solar spectrum; for this, researchers always try to mani-
pulate its structure to narrow the band gab which in turn makes
the derived material active in the natural or artificial sunlight
[25-30]. The use of visible radiation allows conducting reactions
in environmental friendly fashion with no need to energy from
other sources. Many researchers are interested in designing
catalysts with band energy that fall within the visible frequency
[31-39]. Other required properties in catalysts include non-
toxicity, stability, possible reuse, ease of separation, favourable
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magnetic and electric properties along with other characteristics
depending on the application required. Therefore, a novel
preparation of ZnO nanoparticles is essential for enhancing
the photocatalytic properties of our nanomaterial. The present
work is aimed to synthesize via hydrothermal technique. In the
operated process glycerin has been consumed for synthesizing
of ZnO for the first time as a matrix. The new designed
materials will be also applied for methylene blue dye photo-
catalytic degradation.

EXPERIMENTAL

Preparation of photocatalysts: 2 mmol of Glycerin (G)
was dissolved under magnetic stirring in bidistilled water (20
mL). Then, 5 g of zinc nitrate was added to glycerin solution
drop-wise and stirred for 60 min to form mixture solution. A
mixture solution was transferred to Teflon line autoclave and
heated for 24 h at 140 °C. The produced washed many times
by bidistilled water and ethanol and were dried in an oven at
100 °C. The produced materials were calcined at 500 °C for
2 h. The produced sample was named as ZnO-2G. The above
method was repeated three times to prepare 4, 6 and 8 mmol
of glycerin and their samples were named as ZnO-4G, ZnO-
6G and ZnO-8G, respectively.

Photocatalysts characterization: The morphological,
chemical and physical properties of ZnO nanoparticles were
investigated using different characterization techniques. The
texture properties and surface area analysis were performed
using N,-adsorption measurements with a Nova 2000 series
Chromatech apparatus at 77 K, after degassing the samples
for 2 h at 373 K. Powder X-ray diffraction (XRD) was used to
study the crystallinity of the samples using Bruker axis D8 with
CuK, radiation (A =1.540 A) atroom temperature. UV-Vis-NIR
spectrophotometer (V-570, Jasco, Japan was used to determine
the UV-Vis diffuse reflectance spectra (UV-Vis-DRS) to estimate
the band gap performance over the range 200-800 nm. Shimadzu
RF-5301 fluorescence spectrophotometer was used to determine
the photoluminescence emission spectra.

Photocatalytic activity: The photocatalytic activity test
was studied by study degradation of methylene blue under
UV light irradiation. The degradation reactions were carried
outin a Pyrex glass beaker. The photocatalytic activity experi-
ment was performed by adding 0.1 g of photocatalyst into the
beaker with 300 mL aqueous methylene blue solution (50
ppm). This mixture was placed inside the photocatalytic reactor
for 60 min and then O, flow was bubbled through the reactor
with constant flow rate to keep the mixture homogeneous. The
reaction was initiated irradiation process when the UV-
lamp was switched on. The experiment was performed at room
temperature and pH about 7. The resulting mixture was taken
after irradiation and the catalyst separated from solution by
centrifugation process. After that, the content of methylene
blue in the solution after irradiation was determined by monitor
the absorbance of methylene blue solutions under constant
experimental conditions using UV-visible spectrophotometer
which was recorded on a Shimadzu UV-2450 with 1 cm (path
length) quartz cuvette. The photodegradation efficiency of
methylene blue was calculated by applying the following
equation:

CO_CXIOO

Photodegradation efficiency (%) =
0
where C, is the original content of methylene blue and C is
the residual methylene blue in solution.

RESULTS AND DISCUSSION

Photocatalysts characterizations: The XRD patterns of
ZnO nanoparticles prepared by different concentration of
glycine are shown in Fig. 1. The results revealed that all samples
consist from the signal phase of ZnO. In addition, we noticed
that the height of zinc oxide characteristic peaks were decre-
ased by the increase concentration of glycine from 2 to 6 mmol.
However, by increase concentration of glycine above 6 mmol
has no significant effect on crystallinity of the obtained zinc
oxide nanoparticles. Therefore, the crystallinity of the prepared
zinc oxide can be controlled by control concentration of glycine.
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Fig. 1. XRD patterns of ZnO nanoparticles prepared by different
concentration of glycine

The BET surface area of ZnO nanoparticles which prepared
by different concentration of glycine is shown in Table-1.
The results demonstrated that the values of surface area of
Zn0-2G, ZnO-4G, ZnO-6G and ZnO-8G samples are 30, 40,
50 and 52 m?/g, respectively. Therefore, addition of glycine
increase the pores of the produced zinc oxide and so increase
the specific surface area. Therefore, the BET surface area of
prepared zinc oxide can be controlled by control concentration
of glycine.

TABLE-1
BET SURFACE AREA OF ZnO NANOPARTICLES WHICH
PREPARED BY DIFFERENT CONCENTRATION OF GLYCINE

Concentration of glycine (mmol) Sger (M?/g)
2 30
4 40
6 50
8 52

Fig. 2 shows the UV-visible spectra of ZnO nanoparticles
prepared by different concentration of glycine. The marks
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Fig. 2. UV-visible spectra of ZnO nanoparticles prepared by different
concentration of glycine

demonstrated that the absorption edge of ZnO was shifted to a
longer wavelength as glycine concentration was enlarged from
2 to 6 mmol. However, increase concentration of glycine above
6 mmol has no significant effect on absorption edge of ZnO
obtained. The band gap energy was calculated from the UV-
visible spectra and tabulated in Table-2. The values obtained
3.4, 3.3, 3.2 and 3.18 eV, ZnO-2G, ZnO-4G, ZnO-6G and
Zn0-8G, respectively. Therefore, the band gap of prepared zinc
oxide can be controlled by control concentration of glycine.

TABLE-2
BAND GAP OF ZnO NANOPARTICLES WHICH PREPARED
BY DIFFERENT CONCENTRATION OF GLYCERINE

Concentration of glycerine (mmol) Band gap (eV)
2 3.40
4 3.30
6 3.20
8 3.18

The photoluminescence spectra of ZnO nanoparticles
prepared by different concentration of glycine is shown in
Fig. 3. The position of photoluminescence peak of ZnO was
shifted to a longer wavelength as glycine concentration was
enlarged from 2 to 6 mmol. However, increase concentration
of glycine above 6 mmol has no significant effect on position
of photoluminescence peak of ZnO obtained. The band gap
energy was calculated from the photoluminescence spectra
and the values obtained 3.5, 3.4, 3.2 and 3.19 eV, ZnO-2G,
7Zn0-4G, ZnO-6G and ZnO-8G, respectively. Therefore, the
band gap of prepared zinc oxide can be controlled by control
concentration of glycine. Also, the results for band gap obtained
from photoluminescence spectra are very close to UV results.

Photocatalytic activities: Effect of different concentration
of glycine on photocatalytic activity of ZnO nanoparticles for
degradation of methylene blue is shown in Fig. 4. The marks
expose that increasing concentration of glycine from 2 to 6
mmol increases the photocatalytic activity of ZnO after 60
min from 20 to 100 %, respectively. In addition, we noticed
that rising the concentration of glycine over 6 mmol has no

Zn0O-2G
Zn0O-4G
Zn0O-6G
Zn0O-8G

Intensity (a.u.)

s 1, 1 . 1 . 1 o 1 . ) . 0 o, ¥ oo 1 o, 1 . 1 5 1 . )
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440
Wavelength (nm)

Fig. 3. Photoluminescence spectra of ZnO nanoparticles prepared by
different concentration of glycine
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Fig. 4. Effect of different concentration of glycine on photocatalytic activity
of ZnO nanoparticles for degradation of methylene blue

significant effect on the photocatalytic activity of ZnO. There-
fore, concentration of glycine is acting an essential role in the
control band gap and the photocatalytic activity of the ZnO
photocatalyst. ZnO-6G photocatalyst has the highest photo-
catalytic activity.

Effect of dose of ZnO-6G on degradation of methylene blue
is shown in Fig. 5. The marks expose that the photocatalytic
activity of ZnO-6G photocatalyst increased from 61 to 100 %
by increasing the dose of ZnO-6G photocatalyst from 0.4 to 0.8
g/L, respectively. Increasing the dose of ZnO-6G photocatalyst
from 0.8 to 1.2 g/L decreases the reaction time required for the
complete degradation of methylene blue from 60 to 40 min,
respectively. Due to rising dose of ZnO-6G photocatalyst
increases the number of active sites available for photocatalytic
oxidation of methylene blue. However, increasing the dose of
Zn0O-6G above 1.2 g/L increases the reaction time again from
40 to 60 min and decrease photocatalytic activity from 100 to
94 %. Increasing the dose above a certain amount hinders the
penetration of light to the surface of the photocatalyst and thus
either decreases photocatalytic activity or increases reaction time.
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Fig. 5. Effect of dose of ZnO-6G on degradation of methylene blue

Recycling and reuse of ZnO-6G photocatalyst for degra-
dation of methylene blue is shown in Fig. 6. The results reveal
that ZnO-6G photocatalyst has photocatalytic stability for the
degradation of methylene blue for five times.
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Fig. 6. Recycling and reuse of ZnO-6G photocatalyst for degradation of
methylene blue

Conclusion

Hydrothermal method in presence of glycine as surfactant
was used to prepare ZnO nanoparticles. Different techniques
were used to characterize the prepared materials. The results
demonstrated that the photocatalytic activity and band gap of
ZnO nanoparticles can be controlled by controlling the concen-
tration of glycine. The photocatalytic activity of ZnO-6G
sample nanoparticle for the degradation of methylene blue is
highest. ZnO-6G photocatalyst has photocatalytic stability for
the degradation of methylene blue for five times. The band gap,
particle size, BET surface area of zinc oxide can be controlled
by control concentration of glycine.
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