Tap chi phén tich Héa, Ly va Sinh hoc - Tap 25, S6 2/2020

PHOTOCATALYTIC DEGRADATION OF METHYLENE BLUE DYE BY ZINC
OXIDE NANOPARTICLES OBTAINED FROM GREEN METHOD

Pén toa soan 9-1-2020

Nguyen Ngoc Thinh
School of Chemical Engineering, Hanoi University of Science and Technology
Nguyen Van Anh
Faculty of Natural Sciences and Technology, Hanoi Metropolitan University
Nguyen Thi Anh Huong
VNU University of Science, Vietnam National University- Hanoi

TOM TAT

NGHIEN CUU HOAT TiNH QUANG XUC TAC PHAN HUY METHYLEN XANH
CUA VAT LIEU ZnO KiCH THUGOC NANO TONG HQP
THEO PHUONG PHAP HOA HQC XANH

Trong nghién ciu nay ching t6i tong hop vit liéu ZnO kich thirdc nano bang phwong phdp héa hoc
xanh: nhiét phan truc tié’p Zn(CH;COQ0); ¢ cdc nhiét do 450, 550, 650, 750°C, khong sir dung cdc
dung méi déc hai. Vit liéu nano ZnO dwoc dic trung bang cdc phwong phdp phdn tich héa 1y
XRD,TEM. Két qua cho thdy hat ZnO c6 cdu triic luc phiwong wurtzite, kich thiedc tinh thé lan heot la
33, 36, 38 and 42 nm, hinh thdi vét liéu thay doi tir dang hinh que sang dang hinh cau khi tang nhiét do
nung. Vit liéu nano ZnO dwoc vmg dung lam chat xiic tdc quang phdn hiy chdt mau xanh methylen
du6i anh sang dén UV. Két qua cho thdy kha ndang phan hiy chdt mau methylen xanh phy thudc theo
thoi gian chiéu den UV, kich thuée va hinh thai ciia vét liéu nano ZnO. Hiéu sudt phdan hity methylen
xanh cao nhat la mau ZnO nano tcfng hop 6 nhiét o 750°C dat duoc la hon 95% sau 40 phut chiéu dén
UV. Qud trinh phin hity quang xiic tac chat mau methylen xanh tudn theo phwong trinh déng hoc phan
ity bdc mét véi hang sé toc do k lan lueot la 0,0512, 0,0636, 0,1077 va 0,1286 phit! tirong vmg véi
mau nano ZnO t(fng hop & cdc nhiét do 450, 550, 650, 750°C.
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1. INTRODUCTION In particular, AOP is noticeable because it
Every year, textile industry generates a huge could quickly remove various types of dyes.
amount of organic dyes in its wastewater, Among AOP techniques, the technique of
resulting in  serious impacts on the using heterogeneous photocatalytic catalyst is
environment. Therefore, it is essential to gaining attention as it is able to remove not
remove them from wastewater. Numerous only organic dyes but also many different
different technologies have been applied to organic pollutants [1-3].

remove organic dyes in wastewater such as ZnO is a semiconductor with broad band gap
adsorption, co-precipitation, advanced ennergy (3.3 eV) and n-type conductivity. In
oxidation  process  (AOP),  ozonation, addition, it is very common in nature and
membrane filtration, and biological methods. environmentally friendly. That is the reason
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why ZnO is considered as a very promising
material for many different applications such
as making solar cells, photocatalysts, electrical
equipment, and gas sensors [2]. In the recent
years, researchers have focused on
synthesizing nano-size ZnO materials, a good
semiconductor photocatalyst, for dye removal.
ZnO nanomaterials can be synthesized using
different methods including electrochemical
precipitation, sol-gel method, microwave
method, hydrothermal method, laser cutting
method and precipitation method [4,5]. In this
study, ZnO nanoparticles were synthesized by
a green method without adding any chemical
solvents. The material was characterized and
tested for photocatalytic activity.

2. EXPERIMENTAL

2.1. Materials and method

In a typical procedure the amount of 3g zinc
acetate dihydrate (Zn(Ac),-2H,0) was grinded
in a agate mortar. The samples were then
transferred to closed porcelain crucible and left
in an oven (Nabertherm, Germany) for thermal
decomposition at different temperatures of
450°C, 550°C, 650°C, and 750°C winthin 4
hours with the temperature increasing rate of
10%min. The samples were alowed to cool
down to room temperature and grinded in the
the ZnO
nanoparticles. Obtained products were named
as Zn0-450, ZnO-550, ZnO-650 and ZnO-750,

respectively [5].

agate mortar to obtain final

2.2. Characterization methods

The the ZnO
nanoparticles were determined by X-ray
diffraction (XRD, Bruker D8 advanced X-ray
diffractometer) with Cu Ka radiation
(A=1.54 A) and scan rate 0.02 s~ '. During the
analysis the samples were scanned from 20° to
70°.
analyzed by transmission electron microscope
(TEM), JEOL JEM-1010.
measurements were carried out using UV Vis-

structure  properties  of

Morphology of ZnO nanoparticles was

Absorbance

spectrophotometer (Agilent 8453).

2.3. Photocatalytic study

The potential application of ZnO nanoparticles
towards the treatment of dye in wastewaters
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was tested in heterogeneous photocatalysis
route. Methylene blue (MB) was used to
evaluate the photocatalytic efficiency of the
ZnO nanoparticles. Photocatalytic reaction was
carried out in a homemade photoreactor
equipped with a Osram 250W, high pressure
mercury lamp as a source for near-UV
radiation. The reactor consists of a Pyrex glass
beaker and a magnetic stirring. The lamp was
positioned above the beaker. The distance
between the lamp and the Pyrex glass beaker
was 20 cm. The whole photocatalytic reactor
was insulated in a box to prevent the escape of
harmful radition. In each experiment, 0.1 g of a
prepared ZnO nanoparticles was dispersed in
100 mL of an aquesous solution of MB 10
mg/L. Prior to UV light illumination, the
suspension was magnetically stirred in the dark
for 30 min for proper homogeneity of the
photocatalyst as well as to maintain the
absorption-desorption equilibrium. At definite
time intervals, 4 mL of the suspension solution
was collected and followed by centrifugation at
5000 rpm for 10 min in order to remove the
the
solution. Each sample was finally analyzed to
record UV—vis spectrum through a UV-vis
the Amax of 664 nm
wavelength (Agilent 8453) [6]. The percentage

ZnO nanoparticles suspensions from

spectrophotometer  at

of photocatalytic degradation was calculated

using the equation:
4,-4

Percentage photodegardation = % 100

o

The rate constant of the degradation, k was
obtained from the first-order plot according to

. A
the equation: En?" =kt

where, A, =Iinitial absorbance of dye and
A = absorbance of dye solution after UV light
irradiation [5].

3. RESULTS AND DISCUSSION

3.1. Characterization of ZnO nanoparticles
The XRD patterns of the prepared materilas
were shown in Figure 1. The XRD peaks
located at angles (260) of 31.8°, 34.4° 36.2°,
47.5°, 56.6°, 62.8°, 66.3°, 68.1°, and 69.3°
correspond to the (100), (002), (101), (102),



(110), (103), (200), (112), and (201) planes of
ZnO nanoparticles, respectively. The standard
diffraction peaks showed the hexagonal
wurtzite structure of ZnO nanoparticles. The
presence of (100), (002), and (101) planes in
XRD patterns indicates the formation of highly
pure ZnO nanoparticles. Further more, none of
the peaks for impurities was observed. Strong
intensity and narrow width of ZnO diffraction
peaks suggests that the meterials were well
crystalline.  Results reveal that the
characteristic peaks of the synthesized
nanoparticles are completely identical to those
from the JCPDS data (Card No. 36-1451) [7].
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Figure 1. XRD patterns of the nanocrystalline
ZnO samples thermally decomposed at 450,
550, 650 and 750°C for 4h
The crystallite size of the nanoparticles was
calculated from the peak broadening of
diffraction peaks using Debye—Scherer formula
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—l,_ , where D is crystallite size, k is

constant (0.89), A= 0.154 nm represents the
wavelength of X-ray radiation, B is the full
width at half maximum of diffraction peaks
(FWHM) in radian, and 6 is the Bragg’s angle
[1]. The size of the crystallites of ZnO
nanoparticles was evaluated by measuring the
FWHM of the most intense peak (101) because
it has a relatively strong intensity and do not
overlap with the other diffraction peaks.
Approximately, the average crystallite size of
Zn0-450 is of 33nm while those of ZnO-550,
Zn0-650 and ZnO-750 are of 36, 38 and 42
nm, respectively. The elevated surface energies
at higher calcination temperatures may be
responsible for the increasing of the crystallite
size. Similar phenomenon was also reported in
former studies [5]. The surface morphology
and size of ZnO nanoparticles were imaged
using transmission electron  microscopic
(TEM) analysis (Figure 2). Both spherical
like (diameters of 40-100nm) and rod-like
(diameters of 50-200nm and lengths of 200-
500nm) ZnO nanoparticles were obtained.
Calcination temperatures seem to dramatically
affect the morphology of the nanoparticles
formed. At the temperature of 450°C, the rod-
like particles are predominant. Nevertheless,
more spherical like particles are formed as the
temperatures raised.
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Figure 2. TEM images of the ZnO nanoparticles thermally decomposed at 450 and 750°C



3.2. Photocatalytic properties

In order to demonstrate the potential
application for the removal of organic dyes
from wastewater, the photocatalytic activities
of the obtained ZnO nanoparticles were
investigated in the photocatalytic degradations

of methylene blue dye. Figure 3 shows the
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absorption spectra of the degration of the
methylene blue under UV light by ZnO
nanoparticles. Decrease in absorbance intensity
at 664 nm clearly confirms that ZnO
nanoparticles are acting as photocatalyst for
the degradation of dye.
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Figure 3. UV-Vis absorbance spectra of methylene blue solution exposure to UV light in the presence
of the ZnO nanoparticles thermally decomposed at 450, 550, 650 and 750°C

The ZnO nano particles synthesized at higher
temperatures tend to yield higher removal
efficiencies. Figure 4 shows that the best
degradation efficiency can be achieved with
the ZnO-650 and ZnO-750 (aprroximately
100% winthin 40 min). This can be explained
as a results of the morphology and size
modifications when changing calcinattion
temperature. While insignificant changes in
size were observed, morphology could act as a
potential factor strongly influencing the final

degradation efficiency. Saravanan et al.
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reported that spherical-shaped ZnO samples
show higher removal efficiency compared with
the spindle-and rod-shaped ZnO samples [9].
The kinetic study for the degradation of
methylene blue was studied using Langmuir—

Hinshelwood Kinetic model: E”% — ki;

where, A, =initial absorbance of dye and
A = absorbance of dye solution after UV light
irradiation, k is Pseudo first order rate constant

[6].
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Figure 4. Percentage degradation of methylene
blue dye vs irradiation time in the presence of
the ZnO nanoparticles thermally decomposed

at 450, 550, 650 and 750°C

A . . .
A plot of In ID versus t is shown in Figure 5.

Photocatalytic activity occurs as a result of the
interaction of photocatalyst and UV irradiation
that yields highly reactive hydroxyl radicals,
which are believed to be the main species
responsible for the oxidation.
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Figure 5. Kinetic plot of In(A¢/A) vs irradiation
time of the ZnO nanoparticles thermally
decomposed at 450, 550, 650 and 750°C

Langmuir—Hinshelwood rate expression has
been successfully used for heterogeneous
photocatalytic degradation to determine the
relationship between the initial degradation
rate and the initial concentration of the organic
substrate [1,9]. The linear plots and relatively
high R? values (Table 1) proved that the
degradation of methylene blue dye obeys the
first order reaction kinetics.
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Table 1: Rate constant for photo degradation

of methylene blue dye
Samples Rare (min™!) Adj.R?
Zn0 450°C 0.0512 0.9740
Zn0 550°C 0.0636 0.9984
Zn0 650°C 0.1077 0.9835
ZnO 750°C 0.1286 0.9990
4. CONCLUSION

ZnO nanomaterials were sucessfully generated
by a green method, thermal-decomposition of
zinc acetate precursor at different temperatures
of 450, 550, 650, 750°C. Results reveals
wurtzite hexagonal structure of the materials
with the crystal sizes of 33, 36, 38 and 42 nm,
respectively. The material morphology changes
from the rod-like shapes to the spherical-like

shapes when increasing decomposition
temperature.
ZnO  nanomaterials were applied as

photocatalyst to decompose methylene blue
under UV light. The ability to decompose
methylene blue depends on the UV
illumination time, the size and morphology of
ZnO nanomaterials. The highest methylene
blue decomposition is obtained with the ZnO-
750. More than 95% of the dye was removed
after 40 minutes. Photocatalytic decomposition
process of green methylene follows the first
order reaction. The reaction rate constants
corespoding to the removal process of ZnO-
450, Zn0O-550, ZnO-650 and ZnO-750 are
0.0512, 0.0636, 0.1077 and 0.1286 min™,
respectively.
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