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ABSTRACT

Article History:

In this work focus was paid to the photocatalytic degradation of Bisphenol E with nano-scaled TiO2 solution
under sunlight. Instruments used for characterization and study the removal efficiency were; visible
ultraviolet spectrophotometer, SEM (acceleration voltage 25kV) and TEM (acceleration voltage 80kV), X-ray
diffraction and BET surface area. Under the optimum conditions; (pH;6, Radiation time; 90 min, Catalyst wt;
0.2g, reaction temperature; 20 oC), complete degradation was obtained. Byproducts from this study could be
similar to our previous ones since Bisphenol A and Bisphenol E have very similar structures, hence their
decomposition intermediates most probable not to be far. it was found that the decomposition reaction of
bisphenol E follows the pseudo-first-order reaction kinetics.
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As people's lives become more phosphorous and easier with the
development of science and technology, environmental problems are
becoming more serious. As one of them, there are concerns about the
effects of exogenous endocrine disruptors (environmental hormones) on
ecosystems and humans. Many wildlife reproductive abnormalities have
been reported as the effects of environmental hormones on the ecosystem.
Currently, 70 to 80,000 kinds of chemical substances are being used all
over the world, and about 70 kinds of these substances are suspected to
be endocrine disrupters. Bisphenol E is one of them and is used in epoxy
resin, polycarbonate, dental materials and rubber (Figure 1).

Figure 1: Chemical formula of Bisphenol E

Bisphenol E is thought to work the same as female hormones that called
"estrogen". It is a hormone that prepares for the egg, and its secretion
increases from the end of menstruation to before ovulation. Secretion
begins to decrease sharply from the mid-40s, causing various menopausal
symptoms such as depression, insomnia, and malaise. However, hormones
maintain a delicate balance, and too much hormones have an adverse
effect. In recent years, research on the decomposition of pollutants using
a semiconductor photocatalyst has been actively conducted as one of the
means for purifying environmental pollutants. Titanium oxide (TiO2) is a
typical semiconductor photocatalyst. It has been reported that this
photocatalyst is used for the decomposition of many organic pollutants
such as organochlorine compounds and pigments. It has been proven that

photocatalytic decomposition causes organic pollutants to be mineralized
to carbon dioxide and other inorganic ions. TiO2 is an n-type
semiconductor due to its oxygen deficiency.

It has three types of polymorphs, including tetrahedral anatase, rutile, and
orthorhombic brookite. Among them, anatase TiO2 Nano particles (NPs)
have the highest photocatalytic activity due to the retardancy of the
recombination of holes and electrons (Bui et al., 2020; Guo et al., 2010;
Jang et al., 2008; Liu et al., 2002; Prabhu et al., 2004; Liu et al., 2005;
Rodriguez et al., 2003; Weng et al., 2006; Ma et al., 2018; Fujishima et al.,
2000). Of these three types, the general ones are the rutile type and the
anatase type, and in terms of photoactivity, anatase is recommended due
to the difference in the energy band structure. It is well known that the The
energy bandgaps of anatase, rutile, and brookite are 3.2, 3.0, and ~3.2 eV,
respectively. Besides in general TiO2 is a very stable substance that is
insoluble in most acids, bases and organic solvents and does not undergo
photolysis (Tao et al., 2008; Gong et al., 2001; Mor et al., 2003; Eder et al.,
2006; Huang et al., 2010). Since little research has been done on Bisphenol
E and its decomposition and detoxification, in this study, we focused on
the development of comprehensive decomposition method. Titanium
oxide photocatalyst was used as a photo catalyst because of it is simplicity,
the negligible environmental load also availability and inexpensive.

2. MATERIAL AND METHODS

2.1 Creation of titanium oxide nanotubes
Carbon nanotubes (50 mg) were added to ethanol (1.2 ml). At this time,
the outer diameters of the carbon nanotubes were changed to 10-20, 2040, 40-60, and 60-100 nm. Ultrasonic irradiation was performed for 10
minutes to disperse. Then, the mixture was cooled to 0 oC., benzyl alcohol
(0.39 ml) and water (0.14 ml) were added, then mixture was stirred. A
solution prepared by dissolving titanium (IV) tetrabutoxide monomer in
ethanol was gradually added then the mixture was stirred for 1 hour. After
that mixture was filtered under reduced pressure, the filtrate was washed
with ethanol, and dried at room temperature for 24 hours. The obtained
substance was calcined at 550 ° C. for 2 hours to obtain titanium oxide
nano-tubes. Effect of sintering temperature was examined to see the effect
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of temperature on the outer diameter of carbon nano-tubes. Examined
temperatures were 350, 450, 550, and 650 ° C.

measured by adsorption and desorption of nitrogen. The BJH method was
used as the calculation method.

Bisphenol E was used as the study component, and it was dissolved in
water treated with an ultrapure water device (GSH-2000, Advantech Toyo
Co., Ltd.) with stirring for about 1 day to prepare a stock solution with a
concentration of 100 ppm. This was diluted to 10 ppm each time before
conducting experiments.

3.1 Effect of photocatalytic amount

2.2 Preparation of Bisphenol E

2.3 Light irradiation experiment

50 ml of Bisphenol E aqueous solution (10 ppm) and from 0 to 10 mg/l of
photocatalyst were added to a Pyrex glass reaction vessel. After stirring in
a dark place for 30 minutes to reach the absorption / desorption
equilibrium, light was irradiated with a xenon lamp (2.5 mW /cm2). At this
time, the reaction vessel was placed in a constant temperature bath (a
water tank with a quartz plate window) and the temperature was adjusted
to the study range of temperature (20 - 50 °C). Irradiation process is
illustrated in Figure 1. Experimental conditions & parameters investigated
are summarized in Table 1.

Figure 2: Photoreactor

Catalyst
Light Source

Table 1: Experimental conditions.

Light Intensity
Sample Volume
Irradiation Time
Catalyst Concentration
Bisphenol E Concentration
Temperature
pH
2.4 Analysis

TiO2

Xe Lamp

2.5 mW/cm2
50 ml

10-90 min

0-10 mg/ml
10 ppm

20-50 oC
3 - 10

3. RESULTS AND DISCUSSION

Effect of the amount of photocatalyst on the decomposition of Bisphenol E
was examined. The experimental conditions at this time are shown in
Table1 and the results are shown in Fig. 3. Catalyst study range was 0-10
mg/ml. The decomposition rate was determined by photocatalytic
decomposition of Bisphenol E, measuring its concentration by high
performance liquid chromatography, and calculating the ratio of the
Bisphenol E concentration after decomposition to the initial
concentration. From Fig. 3 the decomposition rate increased as the
amount of TiO2 increased up to 0.4 g, and the decomposition rate became
constant at 0.5 g. The reason behind is attributed to the amount of light
irradiation that hits the Pyrex glass container that makes the
decomposition rate is constant. Based on this result, the amount of TiO2
was set to 0.4 g in the subsequent experiments.

Figure 3: Effect of TiO2 amount on photocatalytic degradation

3.2 Effect of pH

The pH of the solution is also one of the important factors in the
photocatalytic decomposition on the surface of semiconductor particles.
This is because the pH value of the solution changes the charge property
of the photocatalyst surface, which determines the adsorption property of
the decomposition target. Therefore, the effect of the initial concentration
of Bisphenol E on the decomposition rate was investigated. The
experimental conditions are shown in Table 1 (pH study range was 3-10.)
and the results are shown in Fig. 4 where the decomposition rate was
maximized at pH 6, and it was confirmed that the decomposition rate
decreased even if it became more basic or acidic. Therefore, the
experiment was carried out with the optimum pH set at 6.

2.4.1 Analysis of Bisphenol E
After light irradiation, the reaction solution was filtered through a 0.20 µm
membrane filter to remove the photocatalyst, and then the absorbance
was measured with a visible ultraviolet spectrophotometer and calculated
by comparing to the concentration of prepared standard solution
2.4.2 Absorption spectrum of catalyst

50 mg of photocatalyst was diluted with 3.5 g of barium sulfate, and the
absorbance was measured with a visible ultraviolet spectrophotometer.
2.4.3 Observation with an electron microscope

SEM (acceleration voltage 25kV) and TEM (acceleration voltage 80kV)
images of the photocatalyst were taken.
2.4.4 X-ray diffraction

SRD measurement of photocatalyst was performed.
2.4.5 BET surface area

Using liquid nitrogen, the BET surface area of the photocatalyst was

Figure 4: Effect of pH value on photocatalytic degradation

Next, we consider the factors that affect pH in photocatalytic
decomposition of Bisphenol E. In photocatalytic decomposition, it is
necessary that the decomposition target is adsorbed on the photocatalyst.
Here, the charge on the surface of the photocatalyst will be described. At
pH 6.25, the charge on the surface of TiO2 is zero (pHzpc =6.25) whivh
means in the region more acidic than this pH, the surface of TiO2 is
positively charged, and conversely, in the basic region, it is negatively
charged. It is considered that the pH of the solution affected the
decomposition rate as a result of the difference in the amount of Bisphenol
E adsorbed on TiO2 due to this property.
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That is, the adsorption of relatively non-polar Bisphenol E is best in the
vicinity of pH Hzpc, so that the decomposition rate is also considered to be
high. It has also been reported that in photocatalytic decomposition of
other organic substances, the decomposition rate increases as the pH
value increases. It is considered that the reason is that hydroxyl radicals
are abundantly generated due to the abundance of hydroxyl ions in the
basic region. It is considered that the reason why the increase in the
decomposition rate was not confirmed in the basic region in this study is
that the decomposition was performed preferentially by the holes
generated in TiO2 over the hydroxyl radicals.
3.3 Effect of reaction temperature

Here, the effect of the decomposition reaction temperature on the
Bisphenol E photocatalytic decomposition was investigated. The
experimental conditions are shown in Table 1 and the results are shown
in Figure 5. Study temperature range was from 20 to 50 oC. It was
confirmed that the decomposition rate increased with the increase in
temperature. From this, it was found that the temperature should be
raised in order to increase the decomposition rate, but the energy cost is
required to raise the temperature. From the viewpoint of practical use, it
is not desirable that the energy cost is high. Therefore, in this study, the
reaction temperature was set to 20 oC, which is close to room temperature.

Figure 5: Effect of temperature on photocatalytic degradation

3.4 Effect of light irradiation time

In this experiment, the decomposition rate of Bisphenol E with respect to
the light irradiation time was investigated. Experimental conditions are
shown in Table 1. Irradiation time range was 10-90min. Results are
depicted in Fig. 6. The decomposition rate of Bisphenol E increased with
the passage of time, and the decomposition rate reached almost 100% in
90 minutes. From this, it can be said that TiO2 is suitable for decomposing
Bisphenol E.

Figure 6: Effect of irradiation time on photocatalytic degradation

3.5 Decomposition kinetics

Previous studies showed that the photocatalytic initial decomposition
reactions follow pseudo-primary kinetics. This is expressed by the
following equation.

dC/dt=kobsC

(1)

Here, C is the concentration of Bisphenol E at time t, and Kobs is the firstorder reaction rate constant. The initial concentration of Bisphenol E is Co
(t =0), and equation (1) can be expressed as follows.

Ln(C/Co) = kobs

(2)

Linear graph from the plotted graph of ln (C/Co) with respect to time as
shown in Figure 7 was obtained. it was found that the decomposition
reaction of Bisphenol E follows the pseudo-first-order reaction kinetics. In
the decomposition of organic pollutants, it is very important to identify the
decomposition route and intermediates. This is because it is possible that
more dangerous substances will be produced in the process of
decomposition. Since the intermediate was not identified in this study, our
previous studies, were conducted in details and we predict that the
intermediates byproducts from this study will be similar to our previous
ones since Bisphenol A and Bisphenol E have very similar structures, and
their decomposition intermediates appear to be similar (Fujishima et al.,
2000; Kaneco et al., 2004; Hoshiyama et al., 2016). The structure of the
expected intermediates are shown in Fig. 8. In the decomposition study of
Bisphenol A, it was confirmed that water and carbon dioxide were finally
decomposed, and it seems that there are no residual phenols with high
toxicity and high stability in this experiment. However, further research is
needed to confirm this fact.

Figure 7: Plot of -Ln(C/Co) versus irradiation time

Figure 8: Proposed step of photodegradation of Bisphenol E

3.6 Decomposition Mechanism

The photocatalytic decomposition mechanism of pollutants by TiO2 is
illustrated by Figure 9.
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Figure 9: Decomposition mechanism of Bisphenol E

Description can be summarized in the following steps; First, an electron
hole is formed in TiO2 when light of 3.2 eV or more emitted (light having a
wavelength of 387 nm or less), which is the energy band gap of TiO2
(Equation 3). Second step is some of these electrons may recombine, but
holes in the valence band generate hydroxyl radicals from hydroxyl ions
in water or water (Equation 4). In addition, oxygen existing all over the
surface of semiconductor particles becomes superoxide radical anions
(Equation 5) due to the electrons of the conductor, and hydroperoxide
radicals and hydroxyl radicals are generated (Equation 6 & 7). It is
believed that the radicals generated in this way are highly reactive and can
be used to decompose various organic compounds. In addition,
decomposition of organic compounds by direct oxidation by holes
generated in titanium oxide is also conceivable. Therefore, final results
will be decomposition into carbon dioxide and water (Equation 8).

4. CONCLUSION

In this experiment, Bisphenol E could be photo-catalytically decomposed
using TiO2. In the presence of TiO2, the decomposition rate of Bisphenol E
(10ppm) for 90 minutes under light irradiation reached 100%. One more
advantage of this photocatalytic decomposition of TiO2, the optimum pH
was 6 which is close to the neutral range, so no need for adjusting pH value
as a result cost of treatment will be reduced. Since the mineralization of
Bisphenol E could not be investigated, further research is needed to
identify the intermediate product. It has been confirmed that this is a
useful and reliable treatment method under mild conditions.
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