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ABSTRACT: Degradation of bisphenol A (BPA) or 4, 4'-isopropylidene diphenol, a common endocrine disruptor

KEYWORDS was carried out by ultrasound irradiation at 40 kHz in the presence of ZnO nanoparticles, NaCl, Na,SO,, H,0O,, and
Bisphenol A; CCl,. The BPA degradation is carried out at pH 6.3(stock solution), pH 2, and 8 in the presence and absence of the
Ultrasound;

Degradation;

aforesaid additives at different concentrations. The degradation behavior of BPA was measured through the UV-

visible spectrophotometer. The ZnO nanoparticle was synthesized by the Sol-Gel method and characterized by SEM,

Nanoparticles;

Additives

EDX, and XRD. The experimental result shows that the rate of degradation increased with the addition of additives.
The synthesized ZnO nanoparticle drastically favored the degradation rate of BPA. The BPA degradation rate is also
improved in acidic conditions compared to the basic conditions. Therefore, the BPA can be efficiently removed from

the aqueous medium using ultrasound irradiation in the presence of ZnO nanoparticles, NaCl, Na,SO,, H,0,, and

CCly,

INTRODUCTION

Phenols include TBP group substances i.e. toxic,

bioaccumulative, and persevering in environmental
matrix compounds. One of these phenols, known as
bisphenol A (4,4'-isopropylidene diphenol or BPA), is
commonly found in surface waters and wastewater. It
serves as a monomer for a variety of plastics [1]. The
breakdown of endocrine-disrupting chemicals (EDCs) is
a crucial topic for maintaining our ecosystem in the long
run. Known to have a potent estrogenic endocrine
disrupting impact, BPA is a common EDC that also
causes a several illnesses, including carcinogenesis [2-
4]. BPA is harmful to animal and human health [5-8]. At
different phases of human life, such as the fetal,
childhood, influences the

and adult stages, this

enzymatic, neurological, androgenic, hepatic, and
reproductive systems [9, 10]. Despite its mild severe
toxicity, it has a female hormone impact. DNA binding
results from BPA's metabolic activation [11]. BPA was
found in surface water contaminated by industrial
wastewater discharges by Matsumoto et al. and
Matsumoto [12, 13]. Environmental experts concerned
about BPA pollution of water have been looking for
efficient ways to destroy EDCs because they are a
persistent chemical to break down. Modern chemical
oxidation treatment techniques can potentially cure any
kind of organic or inorganic pollutant, regardless of
whether it is volatile, semivolatile, or nonvolatile. Most

commonly, these oxygen-based processes are referred to
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as Advanced Oxidation Processes (AOPs). All things
considered, an oxidation process that produces enough
hydroxyl radicals to influence any form of chemical
reaction is known as an AOP. Advanced oxidation
technologies are considered a rapid development in the
field of [14-21].

Cavitation, the violent collapse of bubbles, allows for

environmental  sonochemistry
this method; the temperature inside the cavitation can
reach several thousand degrees. Every acoustic cycle
produces OH radicals because the bubble contains water
Water

vapor. molecules break down to generate

extremely reactive radical such as hydrogen,
hydroperoxide, and hydroxyl radicals. These can oxidize
organic materials and damage the pollutant’s molecular
structure, leading to the degrading effect [22, 23].
Radicals with a high potential for oxidation target
organic contaminants, resulting in the formation of
smaller molecular weight molecules [24]. Strong
pressure waves are also produced when collapsing
bubbles implode, and these waves are employed in
wastewater treatment systems for both chemical and
physical processes [24]. Equations 1-6 indicate that the
reactive

following radicals are generated by the

phenomenon of ultrasonic cavitation [25]:

H,O + ultrasound — *OH + He (1)

O, + ultrasound — 20+ (2)
He + O, — *OOH 3)
O+ +H,0 — 2 «OH 4)
«OH + *OH — H,0, (5)

H,O, + ultrasound — 2*OH (6)

These radicals appear at the interface between cavitation
and water, where they react with solute molecules. This
is particularly the case where the solute molecules are
intense at the interface, as is the case with BPA.

*OH + BPA — Products (7)
It should be mentioned that the degradation reaction
frequently occurs as a pseudo-first-order reaction and
that the concentration of OH may be effectively
considered constant throughout the experiment's time
range. BPA does not fall into the category of volatile
solutes that can be immediately broken down by heat, a
process similar to pyro chemistry, if the solute molecules
are so volatile that they can enter the cavitation. One

benefit of the sonochemical process is that it is a self-
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contained system that uses ultrasonic transducers and a
power source at the right frequency. It also operates as
The

degradation of Phenolic compounds and dyes has been

long as there is electrical power available.
the subject of numerous researches [26 — 33]. Extensive
study has been conducted on the development of
effective additives to accelerate the breakdown of
organic chemicals. Recent research has examined the
effects of CCl, or CgFy4 additions on sonochemical
degradation [33-35]. Even though CCl, is one of the
more hazardous compounds and is therefore used under
strict regulations, it is an effective addition to hasten the
target organic molecules' sonochemical disintegration.
The presence of 19 mg L'C¢Fi, boosted the rates at
which phenol was removed from the olive mill's
wastewater, according to Sponza et al. [34]. Zeng et al.
reported that the sonolytic degradation of phenol
increased from 0.014 to 0.031 min™ or from 0.014 to
0.032 min?, respectively for 150 M CCl, or 1.5 M
CeF14[35]. Based on research these advantageous effects
are attributed to the H atom scavenger properties of CCl,
or C¢Fy4 [34, 35]. Furthermore, it has been observed that
the use of specific chemicals such as NaCl and Na,SO,
may impact the rate at which colors deteriorate [36-38].
However, a lot of study has been done on metal oxide
semiconductors and their potential as photocatalysts to
eliminate organic contaminants from air and water [39-
42]. The active sites of electron-hole pairs are produced
when the metal oxides are activated by the right amount
of photon energy, and this increases the catalytic activity
on the metal oxide surfaces [43]. Among these metal
oxides, TiO, is thought to be the most ideal material due
to its outstanding stability and relatively simple
manufacturing technique [44—47]. Zinc oxide (ZnO) with
an exciton binding energy of 60 m eV and a rather broad
band gap of 3.37 eV, has been widely studied as a
photocatalyst for the degradation of various organic
pollutants. Moreover, ZnO nanostructures are preferred
over TiO, as photocatalyst alternatives  for
photodegradation due to their more favorable solar
spectrum absorption, affordability, and nontoxicity [48].
In numerous studies, ZnO nanostructures demonstrated
potent photocatalytic activity for the elimination of
organic contaminants from such organic compounds

[49]. Therefore, in this study, we have examined the
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effects of ZnO nanoparticles, NaCl, Na,SO,4, H,0,, and
CCl, on the sonolytic degradation of BPA. Furthermore,
to maximize the sonochemical breakdown rate of BPA in
water, we have studied several factors, including pH, and
(ZnO NacCl,

additive concentration

Na,S0,, H,0,, and CCly).

nanoparticles,

MATERIALS AND METHODS

Materials and equipments

BPA or 4,4-isopropylidenediphenol (CysH160,), Merck
Life Science, Godraj One, 8" Floor, piroj sha nagar,
Vadhroli East, Mumbai-400079, Sodium Chloride
(NaCl), RANBAXY Fine chemicals Lt. A-3, Okhla
industrial area, phase-I, New Delhi-110020 (ISO 9001:
2000 certified company), Sodium sulfate (Na,SOy),
Merck Specialities Private Limited, Shiv Sagor Estate
"A’ Dr Annic Besant Road, Worli, Mumbai-400018,
Hydrogen peroxide (H,0,), Merck KGaA, 64271
Darmstadt, Germany, Carbon tetrachloride (CCly),
Merck, D-6100 Darmstadt, FR. Germany. All of the
chemicals were analytical grade and used without further
purification. The model of the Sonicator used in this
study was YZ5120-1(China) with 120 W powers and the
UV spectrophotometer model was Shimadzu UV-1900I.
In all experiments, we have followed the Standards
Operating Procedures (SOPs) and Analytical Quality

Assurance standards.

Preparation of solutions

BPA solutions containing 25mgl™ were prepared. The
inorganic salts NaCl and Na,SO, were dissolved in 100
milliliters of distilled water with 36 and 13.9 grams of
salt, respectively, based on their maximum saturation
values. One liter of distilled water has been mixed with
1.02 ml of H,0, to produce 10 mMI* H,0, solutions.
Using a micro syringe, the 100 and 200 pl CCl; was
adjusted.

869

Preparation of zinc oxide nanoparticles

Zinc oxide nanoparticles were prepared by using the Sol-
Gel technique. 30g of Zn(NOs), were dissolved in 500
ml of demineralized water to generate Zn(NO3), solution.
Five minutes of stirring was needed for the solution. To
make a KOH solution, dissolve 25 grams of KOH in 300
ml of demineralized water. It is also stirred for five
minutes. The Zn(NO3), solution was vigorously stirred as
the KOH solution was gradually added. After two hours
of stirring the solution, a white precipitate of ZnO
nanoparticle was developed. After that, the precipitate
was centrifuged for fifteen minutes. After that, it was
filtered. To remove the impurities, ethanol was used
three times to wash the precipitate during filtration.
Finally, demineralized water was used to wash it. After
that, it was dried at 62°C in an oven for 30 minutes. It
was allowed to cool to ambient temperature after drying.
After that, it was heated to 260°C for two hours in a
furnace. Then it was placed to store for further usage

after cooling at room temperature.
RESULTS AND DISCUSSION

Morphological and compositional characteristics of

ZnO nano-particles

Multiple single diffraction peaks at 26 angles are visible
in the XRD pattern (Figure 1); these peaks correspond to
different ZnO nanoparticle crystallographic planes.
Mainly at 31.76°, 34.42°, 36.24°, 47.44°, 56.54°, 62.8°,
66.08°, 67.84°, and 68.14° are the detected diffraction
peaks. The (100), (002), (101), (102), (110), (103), (200),
(004), and (202) planes can be used to index these peaks.
These planes resemble the ZnO hexagonal wurtzite
crystal structure (JCPDS No. 80-0075). The fact that no
other peaks belonging to contaminants or secondary
phases were found supports the finding that pure ZnO
nanoparticles were formed. The ZnO nanoparticles'
crystalline size (D) was calculated using the Scherrer

equation as follows:

D = kMBcos(0) 8)
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Figure 1. XRD pattern of prepared ZnO nanoparticles.
In this configuration, D stands for the crystalline size, A FWHM values, which were then used to compute the
for the X-ray radiation wavelength (Cu Ka, 1.5418 A), k corresponding crystalline sizes. According to Table 1,
for the Scherrer constant (0.94), B for the full width at the average size of the crystal was found to be
half maximum (FWHM) of the diffraction peak, and 6 approximately 29.5981 nm, suggesting that ZnO
for the Bragg angle. The XRD peaks provided the nanoparticles were developing in the nanometer range.
Table 1. The estimated range of the structural properties of the synthesized ZnO nanoparticle.
Synthesized NPs Position of Peak, Height of Peak, Size of Microstrain, Dislocation density,
(101) (26°) (arb unit.) Crystallite, (nm) £ (x107%) 8 (x10° nm™?)
Pure ZnO 36.2547 5142 29.5981 0.4216 1.1414
Field emission scanning microscopy (FESEM) has been To determine the element composition of produced ZnO
used to morphologically analyze the synthesized ZnO nanoparticles, energy-dispersive X-ray spectroscopy
products. Figure 2 displays images captured by a FESEM (EDX) has been investigated. In the EDX spectrum
of synthetic ZnO nanoparticles. The produced ZnO shown in Figure 2(d), the only peaks are for zinc
nanoparticles are formed at very high density with varied (79.79% by weight) and oxygen (20.21% by weight)
diameters, as shown in Figure 2(a). According to the with no contaminants visible. The ZnO nanoparticles
high-magnification image in Figures 2(b) and 2(c), each produced through synthetic means are pure and
ZnO nanoparticle is made up of particles that range in exclusively contain zinc and oxygen which is confirmed
size from ~31 to ~61 nm on average. again by EDX examination.
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Figure 2. (a) Low, (b) medium, and (c) high magnification FESEM images, (d) EDX spectrum of synthesized ZnO nanoparticles.
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Effect of pH on BPA degradation

The graph illustrates exponential curves shown as solid
curves, derived from the model function of first-order
Kinetics.

x=ae ™ ©
Where t is the degradation time, k is a fitting parameter
that needs to be adjusted, and the constant "a" represents
the primary concentration of BPA (25 mgl™). Below is a
discussion and display of the BPA degradation rates
under various conditions using sonochemical irradiation
techniques, without the use of additives. Solutions of
NaOH and H,SO, have been used to maintain the
solution pH.
In Figure 3 the sonolytic degradation of BPA at different
pH are depicted. Following the figure it is clear that the
degradation is improved with increasing sonication time.
It is also found that the rate of degradation is increased

with the lowering of the pH of pure BPA solution. The
maximum degradation was obtained at pH 2 compared to
the pH 8 and stock solution. The preliminary results
indicate that BPA removal was primarily regulated by
oxidation induced by the <OH radical, which is
responsible for the lower BPA removal efficiency in
alkaline solution and the higher BPA removal efficiency
in acidic solution. The solvated electron from the water
is readily transformed to H in an acidic solution by
reacting with H*, which inhibits the interaction with *OH
and raises the concentration of the *OH radical in the
solution. *OH radical may react with OH™ at a high rate
constant in an alkaline solution, resulting in a drop in the
concentration of *OH [50]. However, at high pH levels,
ions produced by NaOH also competed with BPA for
adsorption [51].
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Figure 3. Sonochemical degradation of pure BPA at different pH.

Effect of ZnO on BPA Degradation

Sonolysis of BPA is carried out in the presence of the
synthesized ZnO nanoparticle at pH 6.3(stock solution),
pH 2, and pH 8. Figure 4 demonstrates the degradation

rate of BPA with ZnO nanoparticles. It is observed that

the BPA degradation rate is greatly improved as the
sonication time increases and the highest degradation is
obtained for ZnO in an acidic medium compared to

others.
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Figure 4. Sonochemical degradation of BPA with ZnO nanoparticles at different pH.
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It is also noted from the experiment that the degradation
is lowest for the basic conditions(at pH 8) and increased
to the acidic conditions (at pH 2). A Study conducted by
Sin et al. showed that the photocatalytic enhancement of
ZnO was attributed to the OH generation ability and high
charge separation efficiency [52]. Kamaraj et al.
observed that synthesized ZnO-NPs showed greater
photocatalytic affectivity of BPA under sunlight
irradiation and near-complete mineralization of BPA
which is agreed with our current study [53]. The highly
crystalline structure of ZnO is aided the photoactivity
and the porous structure is beneficial for the adsorption

and degradation of BPA.

Effect of NaCl on BPA degradation

The degradation behavior of BPA under ultrasonic
irradiation in the presence of NaCl is shown in Figure 5.
The sonolysis is carried out for pure BPA, BPA with 10
ml NaCl, and BPA with 20 ml NaCl. The concentration
of BPA decreased with the increased doses of NaCl and
irradiation time(Figures 5a, 5b, and 5c). It is found that
degradation for a stock solution with NaCl is higher than
that of the solution at pH 2 and pH 8 i.e. the basic
condition is unfavorable for the BPA degradation in the
presence of NaCl. The reason for this is that the
production of hypochlorite ions, chlorite ions, and other
potent oxidation products through CI™ reaction with OH
radical has a significant impact on the degradation of
BPA [54].
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Figure 5. Sonochemical degradation of BPA, BPA with 10mL and 20mL NaCl at (a) pH = 6.3 (stock solution), (b) pH = 2, and (c) pH = 8.
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Effect of Na,SO, on BPA degradation

Degradation of BPA with different concentrations of
Na,SO, at three pH viz. 6.3, 2, and 8 are demonstrated in

the degradation of BPA more effectively in comparison
to the 10 ml Na,SO, and without any additive. Figure 6a

figure 6. From the result of sonolysis, we get that for the and 6c follow.
solution with pH 2(Figure 6b) 20 ml Na,SO, enhances
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Figure 6. Sonochemical degradation of BPA, BPA with 10mL and 20mL Na,SO;, at (a) pH = 6.3 (stock solution), (b) pH =2, and (c) pH = 8.

The similar trend as figure 8a which means that at pH 2
and 8, the BPA degradation rate is increased for the
increasing of the concentrations of Na,SO, as well as the

sonication time. It is also found that at an acidic

873

medium(at pH 2) the degradation is much higher than in
the other two systems. The process of salt degradation
can be described as follows: when salt is added to a
solution, molecules from the bulk liquid phase collide
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with each other at the bulk-bubble interface [55, 56].
Salts have the potential to raise the aqueous phase's
hydrophilicity, ionic strength, and surface tension, and
reduce the vapor pressure [55, 56]. These all contribute
to the bubbles collapsing more forcefully, which causes a
high level of BPA degradation.

Effect of H,O, on BPA degradation

Sonochemical treatment of pure BPA, BPA with 100 L
H,0,, and BPA with 200 pL H,0, is done and the

obtained data is plotted in figure 7 which indicates that
the most efficient dose for BPA degradation is 200 pL
H,0, (Figure 7a) for stock solution as well as for solution
at pH 2 (Figure 7b) and pH 8 (Figure 7c). Hence the
Higher dose of H,0O, and higher irradiation time is more
effective for BPA degradation in at an acidic medium
than a basic medium. A Similar type of BPA degradation
improvement studies is carried out by Kim et al. [57].
H,0, increases the BPA degradation by producing the
additional OH radical [58].
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Figure 7. Sonochemical degradation of BPA, BPA with 100 pL and 200 pL H,0O; at (a) pH = 6.3 (stock solution), (b) pH = 2, and (c) pH = 8.

Effect of CCl, on BPA degradation

CCl, of various doses incorporated into BPA and

ultrasonic irradiation is done at different pH. The

874

experimental result is summarized in Figure 8 and we
found that at pH 2 (Figure 8b) BPA is highly degraded
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for the 200 uL CCl, dose. At the same time, 200 pL CCl,
dose shows greater efficiency than 100 uL CCl, for BPA
degradation at pH 6.3 and 8 (Figure 8a and 8c) which is
followed by pure BPA also. Therefore the higher doses
and irradiation time favor the degradation of BPA at low
pH compared to higher pH. It is thought that the
sonolytic breakdown of CCl, created chlorine species
and radicals, which accelerated the breakdown of BPA.
Previous research indicates that the presence of carbon
tetrachloride during ultrasonic radiation exposure
promotes the development of hydroxyl and hydroperoxyl
oxidizing species. Oxidized products arising from the
such as mono
hydroxylated and dihydroxylated bisphenol A [59, 60],

vicinal dicarbonyl and dihydroxy compounds [61], and

splitting of one aromatic ring,

mono or di-carboxylic compounds [62], are generated
during the first fifteen minutes. Gradually, they break
down into small-molecule carboxylic acids and other
partially oxidized chemicals that can be more or less
4-
hydroxyphenyl alcohol, 4-(2Hydroxypropan-2yl)phenol,

hazardous, such as 4-iso propane phenol,
and 4-propyl benzyl acetaldehyde [63, 64]. Additionally,
P-phenyl-p-benzyl-isopropane is produced, which is a
reduced and extremely poisonous molecule that needs to
be further oxidized [65]. The fact that more products
with a more advanced degree of oxidation are generated
in a shorter amount of time in the resulting combination
of compounds than in the case of ultrasonic exposure
highlights the

without supplementary compounds

beneficial effect of CCl,.
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Figure 8. Sonochemical degradation of BPA, BPA with 100 pL and 200 pL CCl, at (a) pH = 6.3 (stock solution), (b) pH = 2, and (c) pH = 8.
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Maximum degradation of BPA

Figure 9 shows the maximum degradation of BPA in this
study and indicates that 200 pL H,O, degrades the

highest amount of BPA at pH 6.63(Stock solution).
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Figure 9. Maximum degradation of BPA at different pH.

CONCLUSIONS

Various parameters, including pH, the addition of ZnO
nanoparticle, NaCl, Na,SO4; H,0,, and CCl,, were
investigated to determine the rate of sonochemical
breakdown of BPA. In an acidic medium, BPA degraded
more quickly. Utilizing ZnO nanoparticles greatly
increased the rate of degradation. However, inorganic
salts like NaCl and Na,SO, help to accelerate BPA
degradation. Compared to NaCl, Na,SO,4 has a larger
capacity for deterioration. In the presence of H,0,, the
rate of decomposition is also higher than in pure BPA. In
this investigation, the dose of H,0, at 200 pL exhibits
the highest degradation rate when compared to the other
doses. On the other hand 200 pL CCl, degraded BPA
more rapidly than 100 pL CCl, The results showed that,
the maximum BPA degradation was obtained at pH
6.3(stock solution), pH 2, and pH 8 by using 200 pL
H,0,. The
degradation rate increases as the order of H,O, > CCL, >

results also confirmed that the BPA

ZnO > Na,SO, > NaCl in an acidic medium. Therefore,
BPA can be degraded by ultrasound in an aqueous media

using any of these additives and catalysts.
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