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a b s t r a c t
Bisphenol A (BPA) and its derivatives have extensive applications as lubricants and polymer stabi-
lizers and components of photographic developers. In this study, the photo catalytic degradation 
of bisphenol A (BPA) was studied on ZnO nanoparticles coated on a fixed bed which was treated 
in two light sources including ultraviolet-C (UVC-254 nm) and natural solar in compound par-
abolic concentrators (CPC). Characterization of the ZnO nanoparticles samples was performed by 
field-emission scanning electron microscope, X-ray diffraction, ultraviolet-visible (UV-VIS) spectro-
photometer, and Brunauer–Emmett–Teller measurements. The highest photocatalytic and photoly-
sis activity for the degradation of BPA has been obtained for the ZnO/UVC and UVC with 99% and 
40% efficiencies in 120 min. Also, the highest photocatalytic and photolysis activity for the degra-
dation of BPA has been obtained for the CPC reactor and 97% and 31% efficiency in 120 min. The 
photocatalytic degradation reaction of BPA was monitored by high-performance liquid chroma-
tography, total organic carbon, and gas chromatography/mass (GC-MASS) analyses. The results 
of GC-MASS analysis show that the degradation of BPA occurs through the production of glycolic 
acid, benzoic acid, and vinyl phenol products and its decomposition occurs by ring fission and then 
subsequent reactions with OH radicals. These results show that the photo catalytic degradation 
of solar light and UV has high efficiency in BPA removal as well as effluent mineralization.

Keywords:  Zinc oxide (ZnO); Photocatalyst; Ultraviolet-c (UVC); Compound parabolic concentrators 
(CPCs); Bisphenol A (BPA)

1. Introduction

Endocrine-disrupting compound (EDC) is an exoge-
nous substance or a mixture that alters the function(s) of 
the endocrine systems and consequently causes adverse 
health effects in an intact organism [1]. Such compounds 
include phthalates, bisphenols, pesticides, polychlori-
nated biphenyls, polycyclic aromatic hydrocarbons, and 
heavy metals [2]. In recent years, bisphenol A (BPA) with 
chemical formula 2,2-bis(4-hydroxyphenyl)propane or 
4,40-isopropylidenediphenol [3], one of the most typi-
cal EDCs, has been proven to be a huge threat to human 

health and the environment even at trace levels [4]. BPA 
can be detected in water and wastewater and its concen-
tration varies considerably (from ng/L to μg/L) [5]. BPA is 
a synthetic chemical with wide-spread applications in the 
production of polycarbonate plastics and epoxy resins [6] 
that are used in microwave ovenware, food containers, 
medical devices and personal care products, among other 
uses. The purpose of adding BPA to polycarbonate is to 
increase the durability of the plastic [7–9]. The global BPA 
market is expected to reach around 7,348 thousand tons by 
the end of 2023 [10]. Therefore, highly efficient and stable 
methods are urgently needed to remove BPA from water 
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environments. The methods for EDC removal from water 
can be classified into three categories: physical removal, 
biological treatment and advanced oxidation processes 
(AOPs) [11]. Some of the common treatment approaches 
such as activated carbon adsorption are restricted due to 
the low hydrophobicity (logKOW = 3.32) of BPA that limits 
its adsorption [12]. Further, due to its very low Henry’s con-
stant (1 × 10–10 at 25°C), air stripping is not generally feasible 
due to the requirement for a high air-to-water ratio which 
increases the cost of treatment [13].

The efficiency and simplicity of AOPs make them a 
suitable choice for the removal of toxic chemicals from 
wastewaters in the recent years [14]. Hence, AOPs appear 
appropriate alternatives for the degradation and mineral-
ization of BPA in water and wastewater [15]. Several AOPs 
have been utilized for the generating of •OH, including 
Fenton processes, photolysis, ozonation, photocatalysis, 
water solution treatment by electronic or γ beams and var-
ious combinations of these methods [16–18]. The disadvan-
tages of ozonation alone (O3 system) in treating wastewater 
include high energy cost of its generation and slow reac-
tion rate [19]. The Fenton system is attractive because of 
its very fast reaction rates, low toxicity, and simplicity to 
control [20]. However, Fenton and Fenton-related processes 
have some intrinsic drawbacks, such as high H2O2 dosage, 
strict pH range and the accumulation of ferric oxide sludge, 
which cause a decrease in the oxidation rate [21,22]. In 
recent decades, using semiconductor based (heterogeneous) 
photocatalysis as the most effective AOPs could overcome 
to these disadvantages [23]. Photocatalytic processes have 
many advantages for treatment of contaminated water 
including the complete oxidation of organic pollutants, 
availability of high activity catalysts, being inexpensive and 
compatible with a particular design of reactor systems [24]. 
In this cost effective process, the attacks of the radicals and 
the e/h pairs to the pollutant molecules convert them into 
the smaller intermediates and finally into carbon dioxide, 
water, and other inorganic species [25–27]. The photocat-
alytic properties of numerous semiconductors have been 
investigated (TiO2, ZnO, Fe2O3, V2O5, WO3) [28,29]. Between 
these, the most commonly used for water treatment applica-
tions are titanium dioxide (TiO2) and zinc oxide (ZnO) [30]. 
Zinc oxide nanoparticles (ZnO-NPS) have attracted much 
attention in nanotechnology research among other metal 
oxides due to non-toxic, non-hygroscopic metal oxide with 
high photosensitivity, mainly in the degradation of various 
pollutants. ZnO has higher photocatalytic activity than TiO2 
in some conditions. The biggest advantage of ZnO in com-
parison with TiO2 is that it absorbs over a larger fraction 
of UV spectrum [31,32]. In addition to small scale studies, 
several pilot plant experiments have been performed in 
order to test the applicability of solar photocatalysis for 
wastewater treatment. One of the best options of reactors 
for photocatalytic applications using sunlight is the com-
pound parabolic concentrators (CPC) reactors [33,34]. CPCs 
are the static solar collectors that concentrate all of the inci-
dent solar radiation below a certain angle so that the radi-
ation reflected by the surface of the collectors also reaches 
the lower part of the reactor and the entire surface is irra-
diated almost homogeneously [35,36]. The advantages of 
CPC reactors are: the possibility of using solar UV radiation 

coming from all directions in the sky (global UV radiation), 
simplicity of construction and operation, turbulent flow 
regime (which improves mass transfer), and high reduction 
of the vaporization of volatile pollutants [33,34].

The use of a new structure in the simultaneous use of 
photocatalyst and Sunlight in order to degradation and 
mineralization of BPA without adding any chemicals and 
energy consumption is novelty and one of the main objec-
tives of this project.

The purpose of this study has been to assess the fea-
sibility of the photocatalytic degradation of bisphenol A 
in the presence of ZnO nanoparticles coated on the fixed 
bed and two light sources, ultraviolet-c (UVC-254 nm), 
and solar light.

2. Experimental

Bisphenol A (purity 99%) was obtained from Sigma-
Aldrich and the stock solutions for BPA (100 mg) were 
freshly prepared by dissolving a suitable number of solid 
reagents with deionized water (DI water). Other materials 
used in the experiments, including zinc oxide (ZnO 99.8%), 
fluoride acid, acetonitrile, and water grade high-perfor-
mance liquid chromatography (HPLC) were purchased from 
Merck, Germany.

2.1. Preparation of ZnO

First, to create a higher effective surface on the glass, 
the glass surface was placed in contact with 30% fluoride 
acid for 50 min. The glass beds were washed with distilled 
water and then they were set in plastic containers containing 
NaOH 1 normally for 50 min. For making the ZnO solution, 
the ZnO powder with 99.8% purity was prepared and the 
solution with 3% ZnO was made. In the next step, the solu-
tion is placed in an ultrasonic apparatus at 50°C for 90 min 
to obtain a homogeneous mixture. After distributing this 
homogeneous suspension on the glass surface, it was placed 
at a normal temperature for 3–4 h. After this period of time, 
the amount of water remaining on the residual glass sur-
face was removed and the sample was placed at a normal 
temperature for 24 h to dry again. After this step, the glass 
was placed in the furnace for 1 h and a half and the tem-
perature gradually increased from 50°C to 500°C to create the 
calcification of the nanoparticles on the substrate surface.

2.2. Construction of the reactor

In this research, three kinds of reactors (Reactor 1 (CPC), 
Reactor 2 (UVC 250 nm), and Reactor 3 (solar)) were used.

In this study, one sort of the reactor CPC was used. The 
reactor applied in this research (CPC) has a reflect surface 
with the width of 100 cm and the length of 150 cm, which is 
able to reflect more sunshine to a reactor focal point (Fig. 1b). 
In this research, the reflective surface of CPC was used, 
including a mirror with a width of 2 mm, which reflected 
86% of ultraviolet rays and 96% of other solar rays. [36]. A 
quartz tube was placed at a distance of 7.5 cm from the mir-
ror at the focal point of the reactor. The quartz glass tube 
applied in Reactor 1 had measurements of 150 cm width, 
5 cm external diameter, and 1.5 mm wall thickness and 2.95 L 
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inner volume, Fig. 1a. The glass tubes can spread 94% and 
54% of UVA and UVB light, separately [37]. In this research, 
an aluminum metal with a black color was used as a super-
conductor which was capable to speed up and increasing the 
rate of warm for removal BPA (Fig. 1c). Pyrex glasses con-
taining ZnO coated on a metal rod 100 cm long, 3 cm wide, 
and 1 mm thick, which was painted with black spray paint, 
were placed at regular intervals with the help of glue and 
placed inside the quartz tube [37].

Reactor 2 (UVC reactor) was used for direct use of UVC 
rays, and Reactor 3 (UVA) was used to use sunlight with-
out focusing light. In the glass, Reactor 2 was designed 
(30 cm × 16 cm × 20 cm) ٫then a glass bed coated with ZnO 
was placed at the bottom of the reactor. The light source in 
Reactor 2 was an UVC lamp with an average pressure and 
a nominal power of 8 W/h and a length of 30 cm, which is 
placed exactly in the center of a mirror cylinder used as the 
reactor cap. Reactor 3 with the same design was used and 
solar light was used as a light source in the photo catalytic 
process (Fig. 2).

2.3. Characterization techniques

In order to investigate the physical and chemical prop-
erties of materials, scanning electron microscope (SEM) 
and X-ray diffraction (XRD) were done [38].

2.4. Experiments

In this study, a stoke 100 mg/L powder of bisphenol A 
was used to prepare the test solutions. The time period of 
study in this research was (120, 90, 60, 45, 30, 15, 10, 5, and 
0 min). HPLC was used to measure residual concentrations 
in wastewater. The solutions were prepared as standard 
concentrations (1, 5, 10, 15 mg/L) from the stoke sample to 
obtain peak time and a calibration curve. Then, different 
concentrations of bisphenol A were prepared; a sample with 
a constant concentration of 10 mL with a volume of 1 L was 
added to the reactors. After sunlight emission and UVC at 
a wavelength of 254 nm at specified times, the sample was 
transmitted to the HPLC apparatus for analysis. The bisphe-
nol A concentration was measured by a standard HPLC 
apparatus with a C18 column and acetonitrile and water 
moving phase (55:44 v/v) [39].

2.5. Gas chromatography/mass analysis

In order to determine the degradation process of the 
contaminants and intermediate materials in the refined 
solution, the samples were analyzed on the gas chromatog-
raphy/mass (GC-MASS) device. For preparation of the sam-
ples for testing, 10 cc from samples after irradiation times 
that were filtered with 1 cc chloroform and 4 cc acetonitrile, 
were mixed in a falcon tube, and placed in a centrifuge 

Fig. 2. Schematic of the Reactors 2 and 3 used in this study.

Fig. 1. Reactor CPC.
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machine at 3,500 rpm for 30 min; then, 1 cc of the solution 
in the separated phase was taken from the surface and 
injected into the GC-MASS.

2.6. Reaction kinetics

In this study, Eq. (1) was used to calculate the reaction 
kinetics.

ln C
C

Kt
0

� �  (1)

where C0 is the initial concentration and C is the concen-
tration of the wastewater. t is the solution contact time in 
the reactors and K is the reaction speed constant [40].

2.7. Solar experiment

All experiments were performed under natural solar 
radiation in Damghan-Iran, that geographical location was 
54° 20’ 34.51” E and latitude 36° 10’ 4.44” N which had a 
very good position to use solar energy.

Tests started at 11 am and finished at 17 pm local time. 
Samples (10 mg /l BPA) were taken after 5, 10, 15, 30, 45, 
60, 90 and 120 min of solar exposure and to ensure repro-
ducibility of results, each sample was done three times. The 
reactor to the north–south and at an angle of 35° to 15° con-
sidering the region and the season were placed. Solar and 
UV irradiance was measured with a global UV radiometer 
(295–385 nm UV and 400–1,500 nm solar, Model HAGNER, 
Sweden). The primary temperature of all the samples was 
about 45°C ± 10°C.

2.8. Brunauer–Emmett–Teller

The effective surface of nanoparticles, in both powdered 
form and after coating conditions, has been determined by 
the Brunauer–Emmett–Teller (BET) machine. In this study, 
the ZnO sample was first prepared in powder form before 
coating, and then the nanoparticles after coating were 
prepared to test the effective surface area.

2.9. Total organic carbon test

The concentration of total organic carbon (TOC) was 
measured with a TOC analyzer (Jena-C3100 made in 

Germany). The TOC test was used to control the process 
of mineralization of the samples. For this purpose, 10 cc of 
the sample after the reaction time of 120 min was taken and 
after injecting 0.1 cc HCl 1 normal, the NPOC content of the 
sample was measured by the TOC Meter machine at 800°C 
furnace temperature.

The degree of BPA mineralization in the VUC/ZnO pro-
cess was determined by Eq. (2). Where TOC0 and TOCt 
represent the TOC concentrations (mg/L) in the solution 
at the beginning and time t [41].

BPA mineralization 
TOC TOC

TOC
%� � � ��

�
��

�

�
���

0

0

100t  (2)

3. Results and discussion

3.1. Characterization of the nanocatalyst

The surface morphology was characterized by scan-
ning electron microscopy (SEM). In Fig. 3a, field-emission 
scanning electron microscope (FE-SEM) shows the sur-
face of the glass substrate before coating. This provides 
the contact of the substrate with HF and corrosion on the 
glass surface, leading to providing a suitable substrate for 
the nanoparticle coating. Fig. 3b shows the substrate after 
coating that the nanoparticle has been uniformly distrib-
uted over the entire surface. Fig. 3c shows the size of the 
particles in the indicated layer. After the coating process, 
the size of the crystals is larger than the powdery state. 
During the coating process, the size of nanoparticle crys-
tals has increased from 20 nm in a powdery state to 32 nm 
after the coating. Changes in the size of the nanoparticle 
crystal can be caused by the high calcification on the surface 
of the glass substrate [42]. Immobilization of nanoparticles 
and lack of change in the morphology of bed silica show 
the results of the operation of ZnO deposition.

3.2. XRD analysis

The results of the XRD of powdered nanoparticles and 
the layer coated on the glass substrate has been shown 
in Fig. 4. The photoactivity of ZnO depends on many 
parameters containing the crystal structure, the num-
ber of nanoparticles in anatase and rutile phases, particle 

Fig. 3. FE-SEM surface of the glass substrate before coating (a), and after coating with ZnO (b,c).
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dimensional distribution, specific surface area and means 
pore size. The microcrystal structure of the ZnO before and 
after coating was characterized with the X-ray diffracts 
meter (XRD) analysis. The XRD pattern of the pure cata-
lyst and CDH binder catalyst coating has been displayed 
in Fig. 4a and b. Results displayed in Fig. 4a clearly show 
that there was basically no change in the X-ray diffraction 
pattern of ZnO [43,44].

XRD pattern of ZnO NPs agreed with that of hexag-
onal wurtzite zinc oxide crystallite phase (JCPDS pattern 
no 36-1451) because the ZnO-wurtzite showed typical dif-
fraction peaks which positioned at 2θ values of 31.7° (1 0 
0), 34.44° (0 0 2), 36.24° (1 0 1), 47.53° (1 0 2), 56.59° (1 1 0), 
62.9° (1 0 3), 66.4° (2 0 0), 67.97° (1 1 2), and 69.12° (2 0 1) 
[45]. The peaks in the ZnO XRD pattern indicate the narrow 
size distribution of nanoparticles in the samples, implying 
that the diffraction peaks are almost strong. These results 
corroborated that the peak positions matched well with the 
standard data for bulk ZnO [46].

3.3. BET surface area

Due to the contact of HF with the surface of the sub-
strate, corrosion and unevenness are created on the surface 
of the substrate. In this way, the surface of the substrate is 
an uneven surface and when the nanoparticle is coated on 
this substrate, according to the data of the device analysis; 
its effective surface is reduced by 3–4 m2/g (approximately 
10%–15%).

The results of the BET test show that during the coat-
ing process, the nanoparticle crystals have decreased from 
50.1 m2/g in a powdery state to 47.2 m2/g after the coat-
ing. According to Ahmadi et al. [38], this reduction in size 
is the result of the calcification process during the coating 
process [38].

3.4. Solar light

The investigation was carried out on sunny days with-
out cloud cover. Fig. 5 shows the peak sun hours of 11.30 to 
14.30, so tests were done at the same time. The maximum 
IR and UV radiations in natural solar light were 700 and 
37 W/m2 (Fig. 5b) and the IR and UV radiation maximum in 
CPC were 7,000 and 160 W/m2, respectively (Fig. 5a). Due to 
the geographical area of Damghan, where 1,054.6 h of solar 
light is in the summer, the use of solar light for removal 
efficiency of bisphenol A contaminant from synthetic 
aqueous solution can be considerable.

3.5. Photolysis degradation of BPA

First, to examine the rate of the BPA photolysis, experi-
ments were conducted with three reactors‚ Reactor 1 (CPC)
‚ Reactor 2 (UVC 250 nm) and Reactor 3 (solar light). Fig. 6 
shows the photodegradation of BPA in different reactors. 
The result showed that the highest rate of photolysis in 
Reactor 2 is 43% after 120 min UV irradiation and the max-
imum absorption of UV is at wavelengths of 245 nm by 

Fig. 4. XRD for ZnO samples after coating (a), and before coating (b).

Fig. 5. Graphic representations of the values of solar UV and solar irradiance radiations registered during the degradation, 
CPC (a) and solar (b).



67Z. Zanganeh et al. / Desalination and Water Treatment 277 (2022) 62–71

bisphenol A [47]. The amount of the bisphenol A is broken 
down and converted to by-product materials. The effect of 
sunlight on solar Reactor 1 is 31% with irradiance 3,456 and 
UVA 164 W/m2 and in Reactor 3 it is 12% with irradiance 700 
and UVA 37 W/m2. The UV type and intensity caused this 
result. On the other hand, the amount of UV absorption by 
bisphenol A is negligible at wavelengths over 365 nm, which 
can prevent the degradation of bisphenol A by sunlight 
over short periods of time [48].

By the study of Kang et al. showed that BPA was hardly 
degraded under UVA and UVB light. More intermediates 
can be exited during UVC photolysis, and can attack the 
mother compound as described by Eq. (3) [47].

Intermediates hv Intermediates BPA Products� � � �  (3)

The range of wavelengths of the sun's energy passes 
through the water, the absorption rate was low and the 
majority of the light passes through water [49]. That’s why, 
to use the solar visible light wavelength in the range of 
300–1600 nm, we used a black aluminum metal which was a 
strong absorbent of solar visible light in Reactor 1 (CPC) [37].

3.6. Photo catalytic degradation of BPA

In this study, the photocatalytic degradation of bisphenol 
A was studied on the ZnO nanoparticles coated fixed bed, 
which was treated in three reactors‚ Reactor 1 (CPC)‚ rector 
2 (UVC 250 nm) and Reactor 3 (solar light). To determine the 

concentration of bisphenol A by HPLC, the standard con-
centrations (1–15 mg/L) were injected into the device and 
the chromatogram peaks of biphenyl a formed at a retention 
time of 2.947 min were registered. Calibration curves have 
been shown in Fig. 7a and b. After this step, the test sam-
ples were injected into HPLC to determine the remaining 
concentration.

The efficiency of contaminant removal in Reactor 2 
was 80% after 30 min and 99% after 120 min, while solar 
Reactors 1 and 3 had an elimination efficiency of 73% and 
40% at 30 min respectively (Fig. 8). Solar driven AOPs 
should have a lower cost and may be applied to the sustain-
able treatment of drinking water and irrigation water. ZnO 
photocatalysis has attracted great interest due to its high 
efficiency for OH• generation [37]. The ZnO has a 3.2 eV 
band gap and is excited by radiation within 200–400 nm 
wavelength. This material shows the highest absorption in 
the range of 360–385 nm [50].

The most important factor in the degradation of bisphe-
nol A is the presence of free radicals of OH• resulting from 
the photocatalytic process. The increased contact area 
between the deposited adsorbent and the contaminant, 
enumeration of active sites, and production of free elec-
trons in the conductive band are the reasons for elevation 
of removal efficiency by increasing the nano photocatalyst 
mass. The photo decomposition rate of the organic pollut-
ant is influenced by the number of active sites as well as the 
light absorption ability of the photocatalyst. For a suitable 
high concentration of the catalyst, the degradation occurs 

Fig. 6. Effect of solar, CPC and UVC on photolysis degradation 
of BPA.

Fig. 7. Chromatogram peaks of BPA (a) and calibration curves (b).

Fig. 8. Effect of solar, CPC and UVC on photocatalysis deg-
radation of BPA.
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rapidly because of generating more hvb + and ecb [51]. In 
conclusion, it can be said that Reactor 2 is capable of pro-
ducing more free radicals, resulting in higher efficiency in 
bisphenol A removal. Comparing two solar reactors, the 
CPC reactor, which is a light concentrator, has higher effi-
ciency and efficiency than Reactor 3, which is a conventional 
solar reactor. The reason for this difference is two factors: 
intensity of light irradiation and temperature rise. As shown 
in Fig. 5, the intensity of IR and UVA in the CPC are irradi-
ance of 3,456 and 164 W/m2, respectively. In the solar reac-
tor, 700 and 37 W/m2, respectively. Therefore, according to 
previous studies, the increase in the intensity of light radi-
ation increases the efficiency of the photocatalytic process 
and the production of free radicals that are effective in 
removing bisphenol A [52,53]. The reason for reducing the 
degradation efficiency in solar reactors like Reactor 2 can 
be related to a reduction of light absorption at wavelengths 
more than 385 nm on the catalyst surface, as well as the 
reduction of the sun’s UV intensity to the UV produced by 
the 18-W argon lamp [54]. On the other hand, it is generally 
accepted that temperature is a critical parameter determin-
ing the photocatalytic reaction rate [55]. Temperature exerts 
an insignificant enhancement on BPA degradation due 
to the high speed of photocatalytic degradation [56].

3.7. Kinetic

Photolysis in 254 nm and OH• oxidation are two mech-
anisms that contributed to the degradation of BPA [57]. 
Fig. 9 shows the kinetic reaction of biphenyl A. It can 
be seen that the kinetic reaction of photolysis in biphe-
nyl a solution, which is contacted with a UV lamp (254), 
is 3.6 × 10–3 in 30 min. The kinetic reactions in photocat-
alytic process in Reactor 1, Reactor 2, and Reactor 3 are 
53.647 × 10–3, 109.894 × 10–3, and 17.027 × 10–3, respectively, 
in 30 min. Overall, the reason for increasing the reaction 
rate in Reactor 2 is due to production of higher OH• rad-
ical than other reactors. The reaction speed of Reactors 1 
and 3, which use solar radiation at wavelengths of more 
than 300 nm, as solar source in the photocatalytic process, 
is lower than Reactor 2. The main reason for this difference 
is that the most absorbing light ZnO is at 254 nm wave-
length and it has a lower light absorption at the wavelength 

of the sunlight, resulting in a lower free radical of OH• 
in Reactors 1and 3. The kinetic reaction of the CPC reac-
tor (53.647 × 10–3) is greater than the ordinary solar reactor 
(17.027 × 10–3). The intensity of the UV rays in Reactor 1 
goes up (162 W/m2) because of the structure of the CPC in 
comparison with the intensity of UV Reactor 3 (34.4 W/m2) 
so that this rise could be boost free radical production [37].

3.8. TOC analysis

Complete mineralization of BPA is of great importance 
in water and wastewater care processes [56]. The effective-
ness of the oxidation/mineralization of an organic combi-
nation is determined through the removal of overall TOC 
from the wastewater [58]. Therefore, TOC removal was used 
to assess the mineralization extent of BPA throughout the 
photo catalytic reaction. The consequences of the TOC deg-
radation effectiveness of BPA in improved situations have 
been exposed in Fig. 10. The BPA under improved circum-
stances shows great efficiency and nearly fully degraded 
after 120 min. Also, the total TOC removal proves a simi-
lar trend, but the rate is a tiny bit slower [56]. The quantity 
of the TOC degradation efficacy started from 3% in 5 min, 
reaching 77% in 90 min and reaching 81% at the end of the 
120 min. The minor rate of BPA mineralization rather than 
that of its degradation can be connected to the creation of 
organic middles simpler than BPA in arrangement through 
the degradation methods [59]. Later on, these intermedi-
ates are degraded and BPA mineralized after 120 min [42]. 

Fig. 9. Reaction kinetics of BPA in photolysis (a) and photocatalytic (b) degradation.

Fig. 10. TOC degradation efficiency of BPA at optimized 
conditions.
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A decrease in the TOC value and an increase in the inorganic 
carbon (IC) value imply that the degradation of BPA results 
in the opening of the aromatic ring and the formation of 
inorganic acids [58].This explains that photo catalytic oxi-
dation has an great benefit in its random strong oxidation 
capability, which can rot pollutants into not hurtful CO2 
and H2O quickly and securely [56].

3.9. GC-MASS analysis

In the GC-MASS test, samples of the reactors were 
extracted at 30- and 90-min times. Compounds that were 
possibly created by the degradation of bisphenol A and 
indicated by the GC-MASS test in Fig. 11 (molecular struc-
ture) and Fig. 12 (GC-MASS chromatogram) and from A to 
F were numbered respectively. The structure of bisphenol 
A is based on two unsaturated phenol rings [60]. Generally, 
the BPA photocatalytic degradation is believed to be initi-
ated through attacks by OH• at the electron-rich C3 in the 
phenyl group of BPA. Products after 30 min exposure, free 

radicals created in the photo catalytic process like OH• and 
O• can cause breaking structures between the C–H and 
O–C bonds. As shown in Fig. 11, in the first reaction, after 
breaking down the contaminant’s structure, materials such 
as benzoic acid, glycolic Acid and 4-hydroxypropyl-phenol, 
whose structure has been shown in Fig. 11 (Product A to C). 
After 90 min, the materials in contact with free radicals are 
broken down and form a simpler material whose structure 
has been shown in Fig. 11 (Product D to F). All these inter-
mediates are eventually mineralized into CO2 and H2O by 
sequentially photo catalytic processes [61,62].

4. Conclusion

It can be said that a ZnO nanoparticle bed can produce 
a catalytic surface for the photocatalytic process with a coat-
ing on the glass substrate. Both natural and artificial UV 
light sources are capable of generating electrons and cav-
ities at the catalyst surface and then creating free radicals 
such as OH•. Free radicals initially show a high tendency to 
react with the molecular structure of bisphenol A and turn 
it into a circular intermediate substance, and then the loops 
open, turning into simpler structures. Ultimately, in the 
vicinity of OH·, these materials convert to CO2 and H2O.
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