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Abstract: Reduced graphene oxide–titanium dioxide photocatalyst (rGO–TiO2) was successfully
synthesized by the hydrothermal method. The rGO–TiO2 was used as photocatalyst for the
degradation of bisphenol A (BPA), which is a typical endocrine disruptor of the environment.
Characterization of photocatalysts and photocatalytic experiments under different conditions were
performed for studying the structure and properties of photocatalysts. The characterization results
showed that part of the anatase type TiO2 was converted into rutile type TiO2 after hydrothermal
treatment and 1% rGO–P25 had the largest specific surface area (52.174 m2/g). Photocatalytic
experiments indicated that 1% rGO–P25 had the best catalytic effect, and the most suitable
concentration was 0.5 g/L. When the solution pH was 5.98, the catalyst was the most active.
Under visible light, the three photocatalytic mechanisms were ranked as follows: O2

•− > •OH > h+.
1% rGO–P25 also had strong photocatalytic activity in the photocatalytic degradation of BPA under
sunlight irradiation. 1% rGO–P25 with 0.5 g/L may be a very promising photocatalyst with a variety
of light sources, especially under sunlight for practical applications.
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1. Introduction

As a typical endocrine disruptor of the environment, bisphenol A (BPA) causes harm to the
environment and human health because of the increasing concentrations in the environment [1].
Furthermore, it affects the physiological metabolism of higher animals [2]. At present, an advanced
oxidation process (AOP), especially photocatalytic technology that uses semiconductor material as
a catalyst, is widely applied in wastewater-treatment for BPA [3,4]. TiO2 is one of the most effective
photocatalysis for the decomposition of organic contaminants in water due to its merits of high activity,
low cost, water insolubility, non-toxicity, and stable physical-chemical properties [3,5,6].

As currently known, when light irradiates the surface of TiO2 with higher photo-energy than the
bandgap of TiO2, photoelectrons, and photo-holes will be generated. In sequence, electron-hole (e−-h+)
pairs will be created, which provide the necessary material condition for the REDOX reaction [7,8].
These photoexcited electrons and holes have energy that can migrate freely. TiO2 photocatalytic
oxidation has the following advantages: strong oxidation ability, a much higher oxidation capacity of
•OH than ordinary chemical oxidants [9]; low energy consumption, where the reaction can be carried
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out under normal temperature and pressure [10]; modern production cleaning process, where the
energy source of this process is solar energy that cannot cause secondary pollution, and organic matter
can be mineralized into clean energy such as H2O and CO2 [11]; fast reaction rate, where organic
pollutants can be destroyed completely within minutes to hours [12].

However, some drawbacks limit the practical application of TiO2. For instance, fast h+/e−

recombination [13]; the large bandgap energy of 3.2 eV can only be excited by ultraviolet light (UV)
with a wavelength less than 387 nm [3,6,14–17]. In recent years, scientists have advanced many strategies
in order to further improve the photocatalytic performance of TiO2, such as doping with non-metallic
elements, combining with metal ions, depositing noble metals, and creating heterojunctions with other
semiconductors [12,18–22]. More recently, in contrast to other materials, graphene, graphene oxide
(GO), and the graphene monolith formed by the stripping of GO, reduced graphene oxide (rGO) used in
this experiment received wider attention because of its good mechanical strength, high electron mobility,
chemical stability, optical properties, and high surface area [23–27]. Among them, rGO is a derivative
of graphene and has a unique sp2 hybrid carbon network [28]. The surface of the relatively inert
graphene becomes extremely active due to the introduction of a large number of oxygen-containing
functional groups such as hydroxyl group, epoxy group, carbonyl group, and a carboxyl group [29,30].
Therefore, the surface of graphene can also be connected to specific functions such as biomolecules,
polymers, and inorganic particles [31]. The photocatalytic enhancement of rGO–TiO2 composites can
be attributed to three aspects: first, a large number of π–π conjugated double bonds are present on the
graphene surface, so the organic molecules in the solution can be well enriched into graphene [32,33].
Therefore, the hydroxyl radicals and photogenerated holes generated by TiO2 supported on the surface
of graphene under ultraviolet light have a good degradation effect on organic matter [34,35]. Second,
under the illumination of light, the photogenerated electrons and holes generated by anatase TiO2 can
be effectively separated, thereby suppressing carrier recombination [36–38]. Third, composite material
solves the problem of large bandgap energy [4].

Using BPA as the target pollutant, the catalytic activity of 1% rGO–P25 photocatalyst under
different conditions was studied, and the photocatalytic mechanism was compared. This work
mainly solves the problem of the low efficiency of BPA degrading under the visible light of the TiO2

photocatalyst, explores the optimal conditions for the degradation of BPA by a composite catalyst, and
improves the utilization of the light energy of TiO2.

2. Results and Discussion

2.1. Characterization of rGO–P25

Representative Scanning Electron Microscope (SEM) images of pure P25 and 1% rGO–TiO2

composite photocatalyst with ethanol as solvent are shown in Figure 1a,b, respectively. As shown
in Figure 1, the pure P25 with strong agglomeration becomes dispersed when the graphene is
added, and the graphene sheet is interspersed between the P25 molecules, forming some rGO–P25
platelets [12,39]. This structure can produce a good deal of surface defect sites, which are beneficial
for improving photocatalytic performance [40]. The morphology and structure of 1% rGO–P25
composite photocatalyst are further studied using TEM (Transmission electron microscope), as shown
in Figure 1c,d [41]. There is a direct interaction between TiO2 nanoparticles and rGO sheets, which
can prevent the re-aggregation of rGO sheets [42]. According to the HRTEM (High Resolution
Transmission Electron Microscope) image (Figure 1d), the TiO2 particles have a well-resolved lattice
feature, where there are lattice spacings of 0.35 nm and 0.24 nm, corresponding to the (101) and (004)
approximately [3,43]. Anatase TiO2 with dominant (101) facets displays high photoactivity because of
O2
•− on the composite photocatalyst surface [44].
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Figure 1. Scanning Electron Microscope (SEM) images of (a) pure P25; (b) 1% reduced graphene
oxide-titanium dioxide photocatalyst (rGO–TiO2) composite photocatalyst with ethanol as solvent;
(c) TEM micrographs of 1% rGO–P25 and (d) HRTEM image of 1% rGO–P25.

Powder XRD (X-ray diffraction) patterns of pure P25, hydrothermal P25 with water as a solvent,
hydrothermal P25 with water as well as ethanol (water:ethanol = 2:1) as a solvent and 1% rGO–TiO2

composite photocatalyst with ethanol as solvent are shown in Figure 2a. Compared with peaks of
other photocatalysts, the peak of attention at 25.4◦ of pure P25, which is attributed to (101) facet of
anatase TiO2, is lower. This indicates that the proportion of rutile of processed P25 is higher than that
of pure P25. After the hydrothermal reaction, part of anatase TiO2 is converted into rutile TiO2 which
has a narrower bandgap and a larger absorption range.

Figure 2b shows the FTIR (Fourier Transform infrared spectroscopy) spectra of pure P25, 1%, 3%,
and 5% rGO–P25, in the range 400–4000 cm−1. In the FTIR spectrum of pure P25, the representative
absorption peaks appear at 3421 (O–H), 1620 (C=C), 1404 (C–OH), and 652 cm−1 (Ti–O–Ti) [45–47],
respectively. By observing the curve of 1%, 3%, and 5% rGO–P25, it is obvious that the Ti–O–Ti
absorption peak was weakened in composite catalysts; this may be the result of the combination of
TiO2 and graphene. Furthermore, the observed enhancement of the absorption band at 1621 cm−1

could be attributable to skeletal vibration of the graphene [48]. The presence of GO in the 1% rGO–P25
composite catalyst was confirmed by these results [49].

The UV-vis absorption spectra of pure P25 and 1% rGO–P25 photocatalysts are shown in Figure 2c.
It is seen that there is similar optical absorption in the range of 250–800 nm of these photocatalysts.
However, with the increase of rGO content, photocatalysts cause a redshift of the absorption edge. The
reason of this shift is the reducing reflection of light by the presence of carbon [50] and a narrowing of
the bandgap of TiO2, which is attributed to chemical bonding between the P25 and graphene [51–53].
The bandgap of pure P25 and 1% rGO–P25 can be calculated according to Equation (1):

Eg = 1240/λg (1)

where Eg is the bandgap energy, and λg is the absorption edge of the photocatalyst. The absorption
edge of pure P25 and 1% rGO–P25 are approximately 423 and 463 nm, respectively. The bandgap of
pure P25 and 1% rGO–P25 can be calculated as 2.93 and 2.68 eV, respectively. The addition of rGO
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narrows the bandgap of the photocatalyst. This conclusion can explain that both pure P25 and 1%
rGO–P25 have the ability to catalytically degrade BPA under visible light [43].
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Figure 2. (a) XRD patterns of 4 photocatalysts; (b) FTIR spectra of pure P25, 1%, 3%, and 5% rGO–P25;
(c) UV–vis diffuse reflectance spectra of pure P25 and 1% rGO–P25; (d) Nitrogen adsorption-desorption
isotherms of P25, 1%, 5%, and 10% rGO–P25.

The nitrogen adsorption-desorption isotherms of P25and 1, 5, 10% rGO–P25 are shown in Figure 2d
and Table 1. The BET (Brunauer–Emmett–Teller method)surface areas of the pure P25 and 1% rGO–P25
composites are 41.628 and 52.174 m2/g, respectively. 1% rGO–P25 with the higher specific surface area
can offer more active surface sites and photocatalytic reaction centers [54]. It can enhance photocatalytic
performance, and this view is confirmed in the following photocatalytic experiments.

Table 1. The pore parameters and specific surface area of pure P25, 1%, 5%, and 10% rGO–P25.

Sample BET (m2/g) TPA (mL/g) dmean (nm)

Pure P25 41.628 0.2717 26.111
1% rGO–P25 52.174 0.3421 26.224
5% rGO–P25 40.816 0.4058 39.729
10% rGO–P25 44.581 0.3685 33.063

2.2. The Catalytic Properties of rGO–P25 under Ultraviolet Light

Figure 3 shows the degradation of BPA under ultraviolet (λ = 350 nm) with different rGO–P25
photocatalysts, which contain different solvents and different contents of rGO.

It can be seen from Figure 3 that under the condition of photocatalysis for 90 min, both rGO–P25
composite catalyst with GO content of 1% or 5% and hydrothermal P25 can remove almost all BPA.
The photocatalytic effect on the degradation of BPA with 10% rGO–TiO2 was significantly lower than
that of other rGO catalysts. Compared to hydrothermal P25, the presence of rGO did not increase the
degradation efficiency but reduced it.

Regarding solvents, there was more of a catalytic effect from water and ethanol (water:ethanol = 2:1)
as a solvent than the with water only as a solvent.
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Figure 3. Effect of solvents and contents of rGO on bisphenol A (BPA) degradation by rGO–P25
under UV-light irradiation (BPA concentration = 0.01 mol/L, catalyst dosage = 0.5 g/L, volume of the
solution = 100 mL, λ = 350 nm, ten tubes).

2.3. rGO–P25 Photocatalyst Degrades Bisphenol A under Visible Light

2.3.1. The Most Efficient Photocatalyst

Since a variety of composite photocatalysts with different solvents and different rGO contents
have been made, it is necessary to select one of the most efficient catalysts under visible light irradiation.
Through the experiments, 10%, 5%, 3% rGO–P25, as well as hydrothermal P25 photocatalysts with
water as a solvent, and 1% rGO–P25 composite catalyst with ethanol as solvent were selected as
competitors that were used for photocatalytic degradation of BPA under the same conditions. The
experimental results are shown in Figure 4.Catalysts 2019, 8, x FOR PEER REVIEW  6 of 16 
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Figure 4. Effect of contents of rGO on BPA degradation by rGO–P25 under visible light irradiation (BPA
concentration = 0.01 mol/L, catalyst dosage = 0.5 g/L, volume of the solution = 100 mL, λ = 420 nm,
10 tubes).

From Figure 4, 1% rGO–P25 composite photocatalyst had the best photocatalytic activity when
the catalytic system is exposed to visible light (λ = 420 nm). Therefore 1% rGO–P25 was used to
research the influence of other factors on photocatalytic activity. In combination with Figure 2d, 1%
rGO–P25 had the largest surface area, which is one of the reasons why 1% rGO–P25 had the best
photocatalytic efficiency. Pure P25 and 5% and 10% rGO–P25 have a similar specific surface area.
Because of the addition of rGO, the color of the catalyst becomes darker to shield the light, which
reduces the catalytic efficiency.
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2.3.2. Effect of Catalyst Concentration

The effect of rGO–P25 concentration on catalytic activity is shown in Figure 5. 0.8 g/L was the
optimal concentration for photocatalytic degradation of BPA. When the catalyst concentration went
from 0.1 to 0.8 g/L, the degradation rate of BPA increased accordingly. The main reason is that as the
concentration of the rGO–P25 photocatalyst increased, the active sites of adsorbed contaminants and
the e−/h+ pair increase accordingly [55]. When the catalyst concentration rose to 1.0 g/L, too much black
composite photocatalyst had a shielding effect on light, blocking the progress of the photocatalytic
reaction [43]. Therefore, the effect of degrading BPA is decreased. In order to obtain maximum test
efficiency and with considerations to save catalysts, the experimental photocatalyst concentration was
set to 0.5 g/L.Catalysts 2019, 8, x FOR PEER REVIEW  7 of 16 
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Figure 5. Effect of the concentration of 1% rGO–P25 on BPA degradation under visible light irradiation.
(a) Curve of C/C0 versus time; (b) corresponding ln(C/C0) and time curve; (c) first-order kinetic
constant curve of k versus catalyst concentration (BPA concentration = 0.01 mol/L, volume of the
solution = 100 mL, λ = 420 nm, 10 tubes).

2.3.3. Effect of Solution pH

The pH of the solution affected the surface properties of the catalyst, and also had an effect on
the form of BPA in the solution, which affected the photocatalytic degradation of BPA. The pH of
the solution was adjusted to 3.0, 4.0, 8.0, and 9.0, and the photocatalytic activity of the rGO–P25
photocatalyst for degrading BPA at different pH values was investigated. The results are shown in
Figure 6.
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Figure 6. Effect of solution pH on BPA degradation under visible light irradiation. (a) curve of C/C0

versus time; (b) corresponding ln(C/C0) and time curve; (c) first-order kinetic constant curve of k versus
catalyst concentration (BPA concentration = 0.01 mol/L, catalyst dosage = 0.5 g/L, volume of the solution
= 100 mL, λ = 420 nm, 10 tubes); and (d) isoelectric point of 1% rGO–P25 composite photocatalyst.

In order to clarify the reason why the catalytic ability changes with the solution pH, the isoelectric
point of 1% rGO–P25 is also obtained (Figure 6d).

At a certain pH value, a zero potential appears on the surface of the metal oxide. This point is also
called Zero Point Charge, which is called zero points, and the corresponding pH is called pHzpc. When
the solution pH < pHzpc, the surface of the oxide is positively charged, and vice versa. Taking pH0 as
the abscissa and ∆pH as the ordinate, the curve intersecting the horizontal axis is the isoelectric point
of the catalyst. As shown in Figure 6d, the isoelectric point of 1% rGO–P25 was about 6, indicating
that when the solution pH was about 6.0, the surface of the catalyst was electrically neutral, and 1%
rGO–P25 was positively charged.

It can be seen from Figure 6 that when the pH of the solution is 3.0, the effect of degrading BPA
by rGO–P25 photocatalyst was the worst; when the pH of the solution was 5.0–8.0, BPA could be
degraded by 80% in 90 min; the degradation effect is better.

If the pH of the solution is greater than the pKa value of 9.58 of BPA, BPA exists mainly in the
ionic state in the aqueous phase. When the pH of the solution is less than 6.0, BPA exists mainly in
the form of molecular state, and contacts with the catalyst by van der Waals force mainly. H+ in the
solution consumes e−, reducing the formation of O2

•−, which reduces the catalytic capacity of rGO–P25.
During the experiment, when the pH of the solution was greater than 8.0, there was be electrostatic
repulsion between rGO–P25 photocatalyst with a negatively charged surface, and the negative ions
dissociated from BPA, which reduced the adsorption of BPA by the catalyst, resulting in the degenerate
of degradation effect.

2.4. Degradation of Bisphenol A under Different Light Sources of the rGO–P25 Photocatalyst

In order to apply the experimental conclusions to the actual situation, a group of experiments was
carried out under the illumination of sunlight and LED lamps. The experimental results are shown in
Figure 7.
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Figure 7. The relationship between C/C0 and t of the effect of different light sources on the photocatalytic
activity of 1% rGO–P25 photocatalyst (catalyst concentration 0.5 g/L, the initial concentration of BPA is
0.01 mol/mL, solution volume is 100 mL).

Figure 7 shows the result that BPA is completely degraded in 90 min under sunlight illumination;
even more catalytically than under ultraviolet and visible light. This result can be extended to practical
applications and provides a good theoretical basis.

A comparison of the catalytic efficiencies of different kinds of photocatalysts in sunlight is shown
in Table 2. As seen from Table 2, 1% rGO–P25 in this work degraded BPA completely with 30 min
towards the photocatalytic degradation under sunlight. Among the materials with a degradation
rate of more than 95%, 1% rGO–P25 had the shortest time and the highest degradation rate. In
almost the same time, 1% rGO–P25 could completely degrade the target pollutants, so it had higher
degradation efficiency.

Table 2. Comparison of catalytic efficiency of different photocatalysts under sunlight.

Photocatalyst Pollution % Degradation Time (min) Light Source Reference

1% rGO–P25 BPA 100 30 Sunlight This Work
Cu2ZnSnS4 Phthalic acid 56 240 Sunlight [56]

NiO MB 94 120 Sunlight [57]

Cot–g–Si/Ag@ZnO RhB 98 40 the Xenon
Lamp [58]

Ni0.6Co0.4O MB 95 50 Sunlight [59]

RGO–TiO2 Cr 90 100 Simulated
Sunlight [60]

pumice-PSCT MB 60 30 Simulated
Sunlight [61]

MoS2/TiO2 MB 90 90 the Xenon
Lamp [62]

15% BiOBr/TiO2 CIP 100 180 Sunlight [63]

Fe/N/S–TiO2 4-chlorophenol 100 180 Simulated
Sunlight [64]

2.5. Enhancement Mechanism of rGO–P25 Photocatalytic Activity

There are three mechanisms of action of photocatalyst at the photocatalytic reaction mechanism
diagram of TiO2 shown in Figure 8. Firstly, the photocatalyst occupied h+ to prevent photogenerated
electrons from falling back to the valence band. Secondly, O2

•− produced by photocatalyst and oxygen
molecules worked. Thirdly, the final product of strong oxidative •OH worked.
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Figure 8. Photocatalytic reaction mechanism.

In order to explore the photocatalytic mechanism of the rGO–P25 composite photocatalyst, this
experiment uses an inhibitor to study what mechanism plays a major role. There are five inhibitors,
among which: (1) Potassium iodide (KI) and Ethylenediaminetetraacetic acid (EDTA) can occupy
h+ [65]; (2) P-Benzoquinone can capture O2

•− [66]; (3) Methanol and tert-butanol can capture •OH [67].
Under the same conditions, the above five inhibitors were added to the reaction system to make a

comparison experiment of 1 mM and 5 mM. The results are shown in Figure 9.Catalysts 2019, 8, x FOR PEER REVIEW  10 of 16 

 

 

Figure 9. The relationship between C/C0 and t of the effect of the inhibitor on the photocatalytic 

activity of rGO–P25 photocatalyst. (visible wavelength 420 nm, 10 tubes, catalyst concentration 0.5 

g/L, initial concentration of BPA 0.01 mol/mL, inhibitor concentration is 1 mol/mL, solution volume 

is 100 mL). 

For comparison, the catalytic curve without inhibitor was added in Figure 9. As shown in Figure 

9, In the catalytic system in which p-benzoquinone and EDTA were added, BPA was hardly 

degraded, indicating that they had a very strong inhibitory effect on the photocatalyst. Although 

methanol and tert-butanol have the effect of capturing hydroxyl radicals, the inhibitory effect was 

not obvious, and the addition of KI promoted the photocatalytic reaction. 

In the photocatalytic reaction of rGO–P25 composite photocatalyst, the active free radical that 

played a major role was O2•−, and the importance of the three mechanisms affecting the catalytic effect 

of O2•− was most important, •OH second, h+ hole third. The different inhibitory effects of EDTA and 

KI on the composite catalyst need further study. 

3. Materials and Methods 

3.1. Materials, Reagents, and Instruments 

P25 was purchased from Degussa Chemical Co., Ltd (Frankfurt, Germany). Graphite powder; 

analytic purity (99.9%) reagents KI, C10H14N2Na2O8, NaCl were purchased from Sinopharm Chemical 

Reagent Co., Ltd (Shanghai, China); analytic purity (99.9%) reagents NaNO3, H2SO4, H3PO4, C4H10O, 

KMnO4, CH3OH, H2O2, and ethanol were purchased from Nanjing Chemical Reagent Co., Ltd. 

(Nanjing, Jiangsu, China). All the Chemical reagents were used directly without further purification 

before utilization. 

The light sources used in the experiment were: lamps (ten, λ = 350 nm and λ = 420 nm, Rayonet, 

purchased from Southern New England Ultraviolet, Bradford, CT, USA), LED lights (HC-BLZM, 

purchased from High Glass Group, Guangdong, China), and sunlight. 

3.2. Method for Preparing Graphene 

Graphene oxide (GO) was prepared following the modified Hummers method [68]. 

The iron stand was set up, and the flask was set up on the iron stand. The flask was placed in an 

ice-water bath below 278 K. 4 g of graphite powder, 2 g of NaNO3 were weighed and added to the 

bottom of the flask in order, and then 100 mL of 98% H2SO4 was measured into the flask, which was 

stirred continuously for 30 min. During mixing, the mixture in the flask became dark green. Then 14 

g of KMnO4 was weighed and slowly added into the flask in batches within 30 min; this system was 

stirred at 308 K for 2 h, at which time the mixture in the flask turned dark brown. Then 200 mL of 

ultrapure water was added, and the temperature was increased to 368 K during the addition of water, 

stirring continuously for 3–5 min. Subsequently, 20 mL of H2O2 (30%) was added to react with the 

remaining KMnO4, then 600 mL of ultrapure water was added until there were no bubbles generated, 

and stirring was continued, at which time the mixture turned yellow. 

0 20 40 60 80 100 120 140 160

0.00

0.25

0.50

0.75

1.00

1.25

5mM inhibitor

Vis

C
/C

0

Time (min)

 p-Benzoquinone

 EDTA

 Tert-butanol

 Methanol

 None

 KI

Dark

1mM inhibitor

Figure 9. The relationship between C/C0 and t of the effect of the inhibitor on the photocatalytic activity
of rGO–P25 photocatalyst. (visible wavelength 420 nm, 10 tubes, catalyst concentration 0.5 g/L, initial
concentration of BPA 0.01 mol/mL, inhibitor concentration is 1 mol/mL, solution volume is 100 mL).

For comparison, the catalytic curve without inhibitor was added in Figure 9. As shown in Figure 9,
In the catalytic system in which p-benzoquinone and EDTA were added, BPA was hardly degraded,
indicating that they had a very strong inhibitory effect on the photocatalyst. Although methanol and
tert-butanol have the effect of capturing hydroxyl radicals, the inhibitory effect was not obvious, and
the addition of KI promoted the photocatalytic reaction.

In the photocatalytic reaction of rGO–P25 composite photocatalyst, the active free radical that
played a major role was O2

•−, and the importance of the three mechanisms affecting the catalytic effect
of O2

•− was most important, •OH second, h+ hole third. The different inhibitory effects of EDTA and
KI on the composite catalyst need further study.

3. Materials and Methods

3.1. Materials, Reagents, and Instruments

P25 was purchased from Degussa Chemical Co., Ltd. (Frankfurt, Germany). Graphite powder;
analytic purity (99.9%) reagents KI, C10H14N2Na2O8, NaCl were purchased from Sinopharm Chemical
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Reagent Co., Ltd. (Shanghai, China); analytic purity (99.9%) reagents NaNO3, H2SO4, H3PO4, C4H10O,
KMnO4, CH3OH, H2O2, and ethanol were purchased from Nanjing Chemical Reagent Co., Ltd.
(Nanjing, Jiangsu, China). All the Chemical reagents were used directly without further purification
before utilization.

The light sources used in the experiment were: lamps (ten, λ = 350 nm and λ = 420 nm, Rayonet,
purchased from Southern New England Ultraviolet, Bradford, CT, USA), LED lights (HC-BLZM,
purchased from High Glass Group, Guangdong, China), and sunlight.

3.2. Method for Preparing Graphene

Graphene oxide (GO) was prepared following the modified Hummers method [68].
The iron stand was set up, and the flask was set up on the iron stand. The flask was placed in an

ice-water bath below 278 K. 4 g of graphite powder, 2 g of NaNO3 were weighed and added to the
bottom of the flask in order, and then 100 mL of 98% H2SO4 was measured into the flask, which was
stirred continuously for 30 min. During mixing, the mixture in the flask became dark green. Then 14 g
of KMnO4 was weighed and slowly added into the flask in batches within 30 min; this system was
stirred at 308 K for 2 h, at which time the mixture in the flask turned dark brown. Then 200 mL of
ultrapure water was added, and the temperature was increased to 368 K during the addition of water,
stirring continuously for 3–5 min. Subsequently, 20 mL of H2O2 (30%) was added to react with the
remaining KMnO4, then 600 mL of ultrapure water was added until there were no bubbles generated,
and stirring was continued, at which time the mixture turned yellow.

After 30 min, the flask was taken out, the material was washed with a large amount of hot water
(333–343 K), and centrifuged until the graphene was swollen, and the pH of the supernatant was 7.0.

The centrifuge speed was set to 7200 R/min, the rate of 5, 5 min each time.

3.3. Synthesis of the rGO Decorated P25 Microspheres

In this experiment, rGO–P25 photocatalyst was prepared by the hydrothermal method [69]. There
were 9 kinds of composite catalysts with different contents of graphene or specific solvents. The
mass of graphene was 1% of the mass of P25, and ethanol was used as a solvent. 14 mg of rGO was
weighed and added into a 250 mL beaker, then 200 mL of absolute ethanol was added as a solvent.
Subsequently, while stirring, 1.4 g of P25 was slowly added in portions, and after all the addition,
the ultrasonication and stirring were continued to disperse P25 in the solution completely. Next, the
mixture was poured into a Teflon bottle for hydrothermal reaction, keeping at 453 K for 12 h. After
cooling, the hydrothermally reacted product was taken out and washed with pure water, drying the
catalyst product at 387 K. The graphene content and solvent of other catalysts were shown in Table 3,
and the preparation method is the same as the 1% rGO–P25.

Table 3. The graphene content and solvent of other catalysts.

Solvent Pure Water:Ethanol = 2:1 Pure Water

Graphene content 10% 5% 3% 0 10% 5% 3% 0

Hydrothermal temperature 393 K

3.4. Characterization

The X-ray diffraction (XRD) patterns were obtained by Philips (Amsterdam, The Netherlands)
X’pert PRO SUPER (Cu-Ka irradiation, λ = 0.15406 nm, 40 kV, 30 mA, 5◦–80◦, 5◦/min). The
morphologies and microstructures of materials were observed by scanning electron microscopy
(SEM, Quanta 200, FEI, Hillsboro, OR, USA), as well as transmission electron microscope (TEM), and
high-resolution TEM (HRTEM, JEM2011, JEOL, Akishima, Japan). The Ultraviolet-visiable diffuse
reflectance spectra (UV–vis DRS) were got with Hitachi UH-4150 UV–vis spectrophotometer. The
molecular structure of these materials was analyzed using TENSOR 37Fourier transform infrared (FTIR,
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BRUKER, Germany) spectroscopy, and spectral normalization was achieved during data processing.
The Brunauer–Emmett–Teller (BET) surface area was collected on a BELSORP-miniII volumetric gas
sorption instrument (MicrotracBEL, Tokyo, Japan).

3.5. Photocatalytic Activity

According to the preset volume, photocatalyst with a concentration of 0.5 g/L was added to the
quartz cup (200 mL), and the catalyst was completely dispersed in water by ultrasonication for 30 min.
Then, the target concentration of BPA was added, and the mixed solution was placed in a light reaction
box, keeping it in the dark state to be stirred. The adsorption time was set to 20 min. The first sample
(about 1.5 mL per sample) was taken before adsorption; the second sample was taken after adsorption,
then lights were turned on.

After the adsorption was completed, the lamp tube was selected according to the experimental
setting, the light source reaction box was turned on, the timing was started, and each sample was
taken at t = 5, 10, 20, 30, 45, 60, 90 min. There were 9 samples in total. The BPA solution was separated
from the catalyst with a syringe and filter, and peak area was measured by liquid chromatography
(UltiMate 3000, Thermo-Dionex Corporation, Waltham, MA, USA). The specification of the LC column
was via Syncronis C18, (Dim.(mm) 150*4.6).

4. Conclusions

In this work, rGO–P25 composite photocatalyst was synthesized by hydrothermal method. The
synthesis of rGO–P25 solved the problems of TiO2 with large bandgap energy, low adsorption capacity
for pollutants, and an easily compoundable electron-hole pair. From the characterization results, the
crystal phase of TiO2 changed, and the specific surface area of the photocatalyst increased because of
the addition of rGO. The results of photocatalytic experiments showed that 0.5 g/L 1% rGO–P25 was
the most suitable to degrade BPA when pH was 5–8, and the degradation rate could reach 100% in
30 min under sunlight. Finally, the mechanism analysis showed that O2

•− played a major role in the
reaction mechanism of 1% rGO–P25. The results of this study showed that 1% rGO–TiO2 has not only
high catalytic efficiency, but also wide applicability.
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