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Bismuth oxychloride nanocomposite was successfully synthesized using bismuth(ill) triacetate [Bi(CH;COO0),] and tin(l1) chlo-
ride dihydrate (SnCl,.2H,0) as starting materials. Tetragonal structure and size were characterized by X-ray diffraction whereas
SEM shows morphology and dispersion at different magnifications as well as FT-IR spectrum range of 450-4000 cm™" de-
scribes the stretching absorption at different absorption bands. The photocatalytic activity of the BiOCI was evaluated by deg-
radation of Bisphenol A (BPA, 2,2-bis(4-hydroxyphenyl)propane). The BiOCl showed a total degradation 100% of BPA in 60

min.
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Introduction

Bismuth oxychloride (BiOCI) is an important nanocom-
posite material, which has various applications in make-up
pigments, batteries, pharmaceutical industry'-2, photocataly-
sis®, optoelectronic and photovoltaic materials acting as light-
ing diodes, lasers, solar cells, degradation of organic pollut-
ants®, CO, photo reduction, and many more®. It belongs to
the families of V-VI-VII possessing a wide indirect band gap
(E, = 3.46 eV) and exhibits a p-type semiconducting prop-

g
ertyb.7.

As a tetragonal PbFCl structured material, BiOCI crystal-
lizes into peculiar layered structures containing sheets
stacked to each other by nonbonding interactions via Cl at-
oms present in the structure lengthways the c-axis’. There
exist strong intralayer interactions between bonds and weak
interlayer van der Waals forces which in turn give it its tre-
mendous applications ability mentioned earlier®. BIOCI pos-
sesses an outstanding photocatalytic, photoelectrochemical,
optical and electrical properties®’. As a result of its wide
application potentials, new economically suitable and simple
methods are of paramount importance in obtaining bismuth
oxychloride.

Different methods have been used to obtain BiOCI, how-

ever, wet chemical method was prominently used in most
findings®’. Other procedures include solvothermal®, chemi-
cal vapour deposition, sol-gel method, combustion™, simple
hydrolysis'2, ball milling'3, one-step alcohol-heating’ and
many more. Similarly, reported for synthesized nanodisk ',
microspheres'6, nanoflakes!”, nanoplates'8, microflowers?
and nanosheets?.

This work presents a simple and economically less costly
method of BiOCl nanocomposite synthesis and explaines the
photocatalytic activity of BiOCI under UV irradiation.

Experimental

Materials:

Bismuth(in) triacetate [Bi(CH;COQ),] purchased from Alfa
Aesar GmbH & Co KG and Merck 98-101% tin(ll) chloride
dihydrate (SnCl,.2H,0, M = 225.63 g/mol) were used as pre-
cursors. Ethanol and acetone were used as solvent and ad-
ditive respectively. Bisphenol A>99% purchased from Sigma
Aldrich.

Synthesis:

Synthesis of BiOCI nanocomposite was first started by
preparing 9 mmol solution of bismuth triacetate
[Bi(CH3COOQ),] in 17.5 mL ethanol. Another solution of 4.5
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mmol tin() chloride dihydrate (SnCl,.2H,0) was prepared
which was added to the 9 mmol solution of bismuth(1l) triac-
etate, followed by addition of 6 mL acetone to the overall
mixture. The mixture was stirred for 5 h and aged for 24 h (1
day) at 90°C and calcinated at 500°C for 2 h.

Characterization:

XRD crystal structure of BiOCl was obtained by a Rigaku
D/Max-2200 diffractometer, and crystalline size estimated
using the Debye-Scherrer formula as follows:

CA
B cos O

D=

where C, A, B3, 6 are the constant usually with a value of 0.9
or 1, the X-ray wavelength of radiation used (Cu/Ko. = 1.54056
A), the full width at half maximum (FWHM) of diffraction peak
and the Bragg diffraction angle, respectively. The spacing d,

value was also calculated using Bragg’s equation.

nk =2 sin (0)
where n’is a numeric constant known as the order of the
diffracted beam, A is the wavelength of the beam, ‘@’ de-
notes the distance between lattice planes, and A represents
the angle of the diffracted wave. The conditions given by this
equation must be fulfilled if diffraction is to occur.

Morphology and size distribution of the photocatalysts
were documented by scanning electron microscopy (JEOL/
JSM-6335F). FTIR analysis was also obtained by Cary 500
UV-Vis spectrometer at room temperature in the range of
450-4000 cm~*. UV-Visible (UV-Vis) DRS was performed us-
ing a UV-Vis spectrophotometer (Shimadzu UV 3600), with
BaSO, as the reference.

Photocatalytic measurement:

The photocatalytic activities of the as-prepared samples
were evaluated by the decomposition of Bisphenol A (BPA)
under UV-Vis and visible light irradiation at the natural pH
value and room temperature. In every photocatalytic experi-
ment, 100 mg of catalyst was typically dispersed in 50 mL
BPA solution of initial concentration of 25 mg L=! under mag-
netic stirring.

BPA photodegradation runs were executed with a three-
necked quartz batch flask of cylindrical shape. LUZCHEM
LZC-5 photoreactor was used in all experiments. The light
irradiation were used 16 W and 64 W UV-B lamps (LUZCHEM
LZC-UVB). The spectral irradiance of the UV lamp is from
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303 to 578 nm and the illumination distance is 18 cm from
the target. The light intensity of UV lamp used for degrada-
tion experiments was recorded with a visible power meter
(Smart Sensor — AR823).

Before the irradiation experiments, the solution was stirred
for 60 min in dark to ensure good adsorption equilibrium be-
tween the catalyst and the solution. During the irradiation for
60 min, the BPA solution was taken at certain intervals and
filtered by means of a PTFE filter (pore size 0.45 um).

The concentration of BPA and products were analysed
by HPLC equipped with C-18 column. The mobile phase used
in HPLC consisted of a mixture of acetonitrile/water (60/40,
vlv) and was fed into the column at a flow rate of 1 mL min~".

Results and discussion
Characterization:

The specific BET surface area of the pure BiOCI sample
calcined at 500°C is 51 m2g~".

Fig. 1 illustrates the XRD pattern of synthesized bismuth
oxychloride (BiOCI) nanocomposite.
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Fig. 1. XRD the XRD pattern of synthesized bismuth oxychloride.

All peaks from the XRD data were confirmed to be repre-
senting a tetragonal phase of BiOCI intensity and were in
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agreement with the work done by Ascencio-Aguirre in which
the tetragonal BiOCI with JCPDS: 96-901-1783 have lattice
parameters of a = 3.8861+0.0021 and ¢ = 7.3782+0.0042 in
A units. In this work, peak at 26 value of 33.5 is the most
intensified peak (100% intensity) and as such the calculated
crystallite size of the BiOCI with JCPDS file number 01-065-
0861 and cell parameters a = 3.8870 A and ¢ = 7.3540 A
was found to be 37.6 nm. The spacing d, value of the main
BiOCI peak was 2.6741 A.

In addition, Fig. 2 shows the SEM morphologies of BiOCI
product with different magnifications. SEM analysis however,
exhibits flat and circular sheet-shaped structure in some par-
ticles. Thus, there exist some smaller particles which could
be other negligible oxides. The morphology of the BiOCI
sheets is in relation and similar to the BiOCI sheets synthe-
sized in previous work®.

Fig. 2. SEM image of bismuth oxychloride.

FTIR spectrum in Fig. 3 is in the 450-4000 cm™" region.
Infrared spectroscopy technology is used to detect the pres-
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Fig. 3. FTIR spectrum of bismuth oxychloride.

ence of functional groups such as hydroxyl radical ("OH)
adsorbed on the surface of synthesized nanoparticles.

In the photocatalytic degradation experiments, the sur-
face OH groups can not only embrace the photogenerated
holes to form hydroxyl radical ("OH) but also serve as active
sites for the adsorption of reactants?!. The weak bands show-
ing in the range of 3200-3800 cm™" with the absorption peak
at3738 cm~" are assigned to the H-O-H stretching from water.
The weak bands at 1636 cm™" and 1514 cm™" are due to
adsorbed atmospheric CO, which results from the prepara-
tion and processing of FTIR sample in the ambient atmo-
sphere and the band at 608 cm~! and 520 cm™" are assigned
to Bi-O bands, and this was in absolute conformity with work
of Li”.

UV-Vis diffuse reflectance spectroscope (DRS) was used
to determine the light absorption characteristics of the pre-
pared binary compounds. For pure BiOClI, the optical band
gap width £ is about 3.3 eV within the UV region.

Photocatalytic activity:
In this study, BPAwas preferred as the model contaminat.

BPA, is an organic synthetic compound and a colourless
solid that is soluble in organic solvents, but slightly soluble in
water. It has been extensively used in the manufacturing of
consumer goods and products, such as the monomer for the
production of polycarbonate plastics, food and drink pack-
aging materials, protective coatings on metal equipment since
first commercial using in 195722,

There is an increasing interest in effective remediation
technologies to remove BPA from contaminated waters be-
cause of being reported to cause not only strongly estro-
genic endocrine disrupting effect but also toxicological risk.

In order to detoxify the BPA, various methods have been
developed, such as physical adsorption?3, chemical oxida-
tion2* and biological treatments2®. Among these methods,
photocatalytic oxidation is attracting the widespread atten-
tion because of its high activity, high mineralization efficiency,
and low toxicity and cost. Oxide-based semiconductors (i.e.
TiO,, Bi,Os3) in the photocatalytic degradation of the con-
taminants have been considerably used for decades. How-
ever, two main shortcomings impede the practical applica-
tion of TiO, for the pollution control: the large bandgap en-
ergy and its poor quantum efficiency. Thus, the development
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and executing of new photocatalysts with high light utiliza-
tion is a necessary.

In this study, the catalytic activity for photocatalytic deg-
radation of BPA over prepared BiOCl was investigated in the
presence of a trace of hydrogen peroxide under the opti-
mized conditions. Under the illumination with light source,
BiOCI can be excited to generate holes and electrons (eq.
(A.1)), and the excited electrons are further transferred to
oxygen to form hydroxyl radicals (eq. (A.2)) as described
below:

Under the illumination with light source, BiOCI can be
excited to generate holes and electrons (eq. (1)), and the
excited electrons are further transferred to oxygen to form
hydroxyl radicals (eq. (2)) as described below;

BiOCI + hv — e~ +h* (A1)
O,+e = 0," (A2)
0, + 2H" — 2'0H (A.3)

BPA in the reaction solution is then attacked by the hydroxyl
radicals to be oxidized (eq. (3)).

The effect of different UV-B light irridation (16 W and 64
W) on the photo-degradation of BPA over BiOCl catalyst was
studied. Under 64 W UV-B illuminations, BPA was more ef-
fectively degraded to its by-product and carboxylic acids. It
is clearly seen that the degradation of BPA could achieve
70% in 60 min, while only %65 conversion reached under 16
W UV-B illumination.

Moreover, we also studied in various process to deter-
mine the effects of adsorption (without the light exposure)
with addition of H,0,, photolysis under UV-B light (no cata-
lyst) and the degradation of BPA in the absence of H,0, on
the photocatalytic activity of BiOCI and the results of these
comparative studies are showed in Fig. 4. From the obtained
degradation curves versus time, one can see that negligible
Bisphenol A could be removed for photolysis and adsorption
studies, respectively after 60 min reaction. The effect of the
presence of initial H,0, concentration (0.3 ml) on the degra-
dation of BPA was investigated under UV-B light illumina-
tion, and the complete degradation (%100) of BPA could be
achieved in 60 min.

The improved photocatalytic activity of the binary metal
oxides in the presence of H,0, are referred to form the reac-
tive radical intermediates ("OH) from the oxidants by reac-
tion with photogenerated electrons2®.

1208

1.0

—e— Photolysis
—>— Adsorption
—k— BiOCI-6 4W UVB+H. O,

—B—BiOCI-16W UVB

-\ —A— BiOCI-64W UVB
\ u

e |

0.8

0.6

BPA

/Co

0.4 4

BPA

0.2 1 x.

0.0+

T L]
0 10 20 30 40 50 60
Time (min)

Fig. 4. Time course of the degradation of BPA.

According to a heterogeneous photocatalytic reaction
process, the photocatalytic degradation rate of BPA at liquid-
solid interface can be defined by the Langmuir-Hinshelwood

kinetic model (eq. (4))2:
dC kK,C
rp=—=——0 (4)
ot 1+K,C

where r; is the initial rate (mg/L.min), k. is the intrinsic rate
constant (mg/L.min), K, represents the Langmuir adsorp-
tion constant (L/mg) and C is the concentration of BPA (mg/
L). The relationship can be adapted pretty well with Langmuir-
Hinshelwood kinetics, demonstrating that the photocatalytic
degradation of BPA by the binary metal oxides is a surface-
mediated catalytic reaction. As shown in Table 1, the k, value
for BPA degradation with H,0, addition and under UV-B illu-
mination by BiOCl reaches the highest value (0.19 mg/L.min).

Table 1. Bisphenol A (BPA) degradation efficiency over 60 min (%)

Catalyst BPA degradation efficiencies k.

over 60 min (%) (mg/L.min)
BiOCI (16 W UVB) 65 0.012
BiOCI (64 W UVB) 70 0.016
BIOCI (64 W UVB + H,0,) 100 0.19
Conclusions

In the XRD of the synthesized pure crystalline BiOCI
nanocomposite, all peaks shows characteristic intensity for
tetragonal bismuth oxychloride and which was in good agree-
ment with previous studies. Although there are some negli-
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gible particle sizes in the SEM images, nonetheless, the SEM
images and the FT-IR bands just like XRD peaks also con-
firms the morphological structure and the bands respectively
of BiOCI nanocomposite.

It is clearly concluded that the synthesized pure BiOCI
showed a good photocatalytic activity under UV-Vis light ir-
radiation. BPA degradation was completed in 60 min. This
high activity of BiOCI could be attributed to be formed Bi-O
and Bi-Cl bonds at the interface as a result of chemical inter-
action.
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