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Abstract
Bisphenol A is used in various industrial productions and large amounts of industrial wastewater
containing bisphenol A is produced. Heterogeneous Fenton-like process in advanced oxidation
technology can oxidize and degrade most organic compounds non-selectively, and it has become an
effective method to treat bisphenol A. The aim is to overcome the shortcomings of the traditional Fenton
method and synthesize catalysts by a simple method, which can help to degrade bisphenol A effectively
under neutral conditions, with less catalyst and less H2O2 consumption. In this experiment, α-MnO2 and α-
MnO2/AC (1:1, w/w) were synthesized by a simple method, and the degradation rate of bisphenol A by α-
MnO2 and α-MnO2/AC (1:1, w/w) under different conditions were studied. The optimal conditions for the
degradation of bisphenol A by the two materials were determined by single factor and orthogonal
experiments. When the dosage of α-MnO2 catalyst is 6.5g/L and the concentration of H2O2 is 200 mg/L
with pH = 4.5 at 328K, the degradation rate of 50mg/L bisphenol A can reach 91.02% within 70 minutes.
When α-MnO2/AC (1:1, w/w) has a catalyst dosage of 1.5g/L, at 298K with no pH adjustment, the
degradation rate of 50 mg/L of bisphenol A within 70 minutes can be reached 94.17%.

1 Introduction
With the continuous development of the industrialization process of human society, a large amount of
industrial waste water is produced, which poses a serious threat to human health and survival. Organic
sewage is the main part of industrial wastewater. Its composition is complex, toxic, and di�cult to
degrade, which is a di�cult point in environmental governance.

Bisphenol A is an important chemical raw material for the production of polycarbonate and epoxy resins
with a wide range of uses (such as plastic bottles, pipes, toys, medical equipment and electronic
products) and other polymer materials1. It can also be used in �ne chemical products such as
plasticizers, �ame retardants, heat stabilizers, antioxidants, and pesticide coatings.

Bisphenol A is also a hormone disruptor, which can cause disorders of the endocrine system2, and be
exposed to the human body through diet or non-dietary, causing harm to human health3. After bisphenol
A enters the human body, it produces estrogen-like or anti-estrogen effects through a variety of reaction
mechanisms, thereby affecting the endocrine, reproductive and nervous systems, and producing adverse
effects such as cancer promotion. Toyohira, Y used animal experiments to prove that bisphenol A can
affect the secretion of hormone levels in the body and affect the normal metabolism of animals4.

In addition, bisphenol A also has certain embryo toxicity and teratogenicity. Animal and cell tests have
con�rmed that bisphenol A can increase the incidence of breast, prostate, and ovarian cancer in the
body5-7.

Since the 1980s, Advanced Oxidation Process (AOPs), which is marked by the generation of hydroxyl
radicals (•OH), has attracted wide attention because of its advantages such as fast reaction rate,
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complete treatment, no pollution, and wide application range.

The Fenton method is one of the classic AOPs processes, and the •OH generated by the Fenton system
has a higher redox potential8, which can perform non-selective oxidative degradation of organic
pollutants. Once hydroxyl radicals are formed, they will induce a series of free radical chain reactions,
attack various organic pollutants in water, and �nally mineralize them into H2O, CO2 and inorganic salts9.
Fenton process has the advantages of high pollutant removal e�ciency, mild reaction conditions, simple
operation and low cost10, and has been widely used in sewage treatment in recent years. However, there
are some problems in the traditional Fenton process, including the di�culty in separating and recovering
the catalyst, and prone to secondary pollution and so on. In addition, the traditional Fenton reaction can
be applied to a very narrow pH range, generally from 3 to 5. When treating organic wastewater, the
wastewater needs to be pre-acidi�ed. Therefore, reducing the cost of polluting wastewater treatment and
simplifying the treatment process while ensuring that the water quality treatment requirements meet the
standards have become an important direction for the development of industrial wastewater treatment
technology.

In recent years, there have been many studies on the degradation of bisphenol A, Matz Dietrich11 et al.
used a low frequency (24 kHz) ultrasonic horn and two boron-doped diamond electrodes to study the
degradation of bisphenol A by a electrochemical hybrid system. It is found that under the synergistic
effect of ultrasound and electrochemical oxidation, the degradation rate of bisphenol A with an initial
concentration of 1 mg/L can reach 90% within 30 minutes. Anakovai et al.12 had studied the degradation
of bisphenol A from lab-scale to pilot-scale, in which the degradation rate of bisphenol A can reach 90%
under certain conditions.

Cai et al.13 proposed an effective method to remove bisphenol A from water using HP-β-CD polymer,
which can quickly remove bisphenol A. Yiguang Qian14et al. used the activated sludge biodegradation
method to treat bisphenol A and achieved good results.

In the past, many researches on the removal of bisphenol A also have some shortcomings, such as the
high cost of material synthesis, some need to add more acid to adjust the pH, the treatment process is
complicated, and the treatment time is long and so on.

In this experiment, the con�gured bisphenol A solution was used to simulate organic wastewater. This
paper aims to overcome the shortcomings of the traditional Fenton method. A simple method is used to
synthesize a green and pollution-free catalyst, and under neutral conditions, can achieve a good
treatment effect on bisphenol A with less amount of catalyst and H2O2. In this way, the treatment time
and treatment cost is reduced, and the organic wastewater treatment process is simpli�ed.

MnO2 is one of the most effective transition metal oxides to degrade organic pollutants, and it is also

favored because of its low cost and environmental friendliness15. MnO2 has a good adsorption and
degradation effect on phenolic organic matter in water. Among the many crystal phases of MnO2, α-MnO2
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has better catalytic activity than other crystal phases. The catalytic activity in the many crystal phases of
MnO2 has the following order: α-MnO2> γ-MnO2> λ-MnO2> β-MnO2

16. Saputra et al. tested the catalytic
activity of different MnO2 crystals (α-MnO2, β-MnO2, γ-MnO2) in PMS solution, and found that α-MnO2

nanowires presented the highest activity, which was attributed to its high surface area and better crystal
structure17.

Coconut shell activated carbon has a good adsorption effect due to its large speci�c surface area.
Combining the advantages of α-MnO2 and coconut shell activated carbon to prepare a composite
catalyst α-MnO2/AC can better catalyze the degradation of bisphenol A. Activated carbon can adsorb
bisphenol A on the surface of the catalyst, then the effective component α-MnO2 on the surface of the
catalyst degrades bisphenol A to achieve the purpose of rapid degradation of bisphenol A.

This experiment used bisphenol A as the target pollutant, the α-MnO2 and α-MnO2/AC were synthesized
by a simple method, the degradation e�ciency of α-MnO2 and α-MnO2/AC on bisphenol A was studied.
The mechanism of degradation of bisphenol A by α-MnO2 is seen in Fig. 1 and possible reaction is as
follows :

  Mn( ) H2O2 → Mn( ) HO2 • H (1.1)

  Mn( ) H2O2 → Mn( ) HO • OH- (1.2)

  HO2 • → H  •O2
- (1.3)

  HO • (•O2 
-)  bisphenol A → H2O CO2 

(1.4)

  Mn( )  bisphenol A → Mn( ) H2O CO2  (1.5)

Abdul et al.18 took a certain solution during the degradation of bisphenol A and analyzed the intermediate
products of bisphenol A degradation by LC-MS. From the LC-MS results, several products were identi�ed,
including p-isopropenylphenol, 4-isopropylphenol, benzophenone, dihydroxylated bispheol A and formic
acid. In conjunction with other papers 19-21, possible pathways for the degradation of bisphenol A have
been proposed, as shown in Fig. 2.

2 Preparation And Characterization Of Materials
All chemicals were purchased from the chemical management platform in HEBUT. MnCl2·4H2O was
distributed by Shanghai Maikelin Biochemical Technology Company and the coconut shell activated
carbon (AC) by Chengde Huajing Activated Carbon Company. KMnO4, Na2CO3, HCl (36%-38%), Bisphenol
A were sold by Tianjin Komiou Chemical Reagent Company. All chemicals are analytical purity and were
used as received without further puri�cation. Deionized water was used throughout the work.
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2.1 Preparation of α-MnO2 and α-MnO2/AC (1:1, w/w)

A volume of 100ml solution of 0.2M KMnO4 and 0.2M Na2CO3 was slowly introduced to a round-bottom
�ask with 100mL solution of 0.3M MnCl2, and stirred at 303K for 5h. After �ltering and washing, the
residues (α-MnO2) were dried for 24h at 353K, and then calcined at 673K for 3h.

For α-MnO2/AC (1:1, w/w), the active manganese was supported on coconut shell activated carbon by
incipient wetness impregnation of the solution of 0.3M MnCl2, and then prepared by alkaline solution of
0.2M KMnO4 and solution of 0.3M MnCl2 as above.

2.2 Characterization

2.2.1 FTIR analysis

The FTIR diagram of α-MnO2 is shown in Fig. 3. The characteristic peaks at the wavenumbers of 3410

cm-1 and 1636 cm-1 correspond to the O-H asymmetric stretching vibration peak and the O-H bending
vibration peak in the water, respectively. 724 cm-1 and 586 cm-1 correspond to the stretching vibration of
Mn-O-Mn, 520 cm-1 corresponds to the stretching vibration of Mn-O. It shows that the material obtained is
manganese oxide.

In Fig. 4, 492 cm-1 is the stretching vibration peak of Mn-O-Mn, and 609 cm-1 is the stretching vibration
peak of Mn-O22. It shows that the production of manganese oxide was not affected during the material
preparation process.

2.2.2 XRD analysis

The instrument model used is Broker D8 Discove, the test condition is Cu target, Wavelength 1.5418 Å,
Scan range 10-80°, the scanning speed is 6°/min.

According to Fig. 5, the diffraction peaks of the synthesized α-MnO2 on the crystal planes of (110), (200),
(310), (400), (211), (301), (411), (600), (521), (002) and (541) are basically consistent with the standard α-
MnO2 spectra (the PDF standard card of jade software, PDF#44-0141). The �gure shows that the
prepared α-MnO2 has good crystal shape, high purity and does not contain other impurities. The
diffraction peaks of the synthesized α-MnO2(1:1, w/w) on the (110), (200), (310) and (521) crystal planes
are consistent with those of the standard α-MnO2 spectra, the diffraction peaks on other crystal planes
are slightly shifted compared with the standard spectrum of α-MnO2. It shows that adding coconut shell
activated carbon did not affect the formation of α-MnO2, but some diffraction peaks were shifted.

2.2.3 SEM and TEM images of α-MnO2 and α-MnO2/AC (1:1, w/w)

It can be seen from the SEM image of α-MnO2 (Fig. 6) that the synthesized material has a rich pore
structure. From the TEM image of α-MnO2, it can be seen that the material has a sheet structure of tens to
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300 nm.

From the SEM image of α-MnO2/AC (1:1, w/w)(Fig. 7), it can be seen that the structure of α-MnO2/AC
(1:1, w/w) composite material is looser and more porous than the single α-MnO2, and then it has a larger
speci�c surface area than α-MnO2. From the TEM image of α-MnO2/AC (1:1, w/w), it can be seen that the
prepared material is 30nm small spherical particles while the single α-MnO2 has a sheet structure of tens
to 300 nm.

2.2.4 UV-Vis analysis

 

It can be seen from Fig. 8 and Fig. 9 that the two materials have better absorption in the ultraviolet
wavelength range. In the catalysis process of this experiment, a 365nm UV lamp was selected as the
illumination source. At the same time, UV radiation can also directly promote the production of •OH from
H2O2.

3 Results And Discussion Of Degradation Of Bisphenol A By α-mno2
The experiments were carried out in a magnetically stirred batch reactor with a certain amount of 50
mg/L bisphenol A aqueous solution. The temperature was controlled by immersed in a thermostatic bath.
After a certain amount of α-MnO2 was added, the solution would be stirred for 30min in the dark to reach
the equilibrium of adsorption and desorption. The solution pH was adjusted with 0.1mol/L and
0.01mol/L HCl, then we turned on the 365nm UV lamp, magnetically stirred, took a sample every 10
minutes, and �lter it with a 0.22μm PTFE needle �lter. The absorbance of the �ltered �ltrate was
measured with the ultraviolet-visible spectrophotometer, and the degradation rate was calculated as
follows:

A0 is the initial concentration of bisphenol A before degradation, A is the concentration of bisphenol A
after degradation.

3.1 Single factor experiment

3.1.1 The effect of the amount of catalyst on the degradation rate

Fig. 10 shows the degradation rate of bisphenol A in 70 minutes under different catalyst amounts (other
conditions are the same). It can be seen from the �gure that as the amount of catalyst increases, the
degradation rate of bisphenol A gradually increases. When the amount of catalyst is increased to 6g/L,
increasing the amount of catalyst does not signi�cantly improve the degradation rate of bisphenol A, the
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reason may be that when the concentration of the catalyst is low, the number of active sites is small and
the degradation rate is not high. When the concentration of the catalyst is high, the absorption of light is
affected, and the utilization rate of light is reduced, resulting in low degradation e�ciency23. The optimal
amount of catalyst is 6g/L

3.1.2 The effect of temperature on degradation rate

Fig. 11 shows the degradation rate of α-MnO2 to bisphenol A within 70 min at different temperatures
(other conditions being the same). It can be seen from the �gure that the degradation effect is best when
the temperature is 323K. Too high or low temperature will affect the degradation e�ciency, the reason
may be that when the temperature is low, it is unable to provide su�cient  energy for α-MnO2 to catalyze
the degradation of H2O2 to produce •OH, this leads to a low degradation rate. When the temperature is
high, part of the H2O2 is decomposed during the degradation process, the reduced utilization of H2O2

leads to low degradation rate.

3.1.3 The effect of pH on degradation rate

Fig. 12 shows the degradation rate within 70 min under different pH conditions (other conditions are the
same), it can be seen from the �gure that within a certain pH range, when pH=3, the degradation effect of
bisphenol A is the best, but the degradation rate is not much different from that at pH=5. Considering the
cost and requirements of equipment, choose pH=5 as the best condition. At pH=5, the degradation rate
within 70 minutes is 85.23%.

3.1.4 The effect of the amount of H2O2 on the degradation rate

Fig. 13 shows the degradation rate in 70 min under different concentrations of H2O2 (other conditions are
the same), it can be seen from the �gure that the degradation effect is the best when the concentration of
H2O2 is 0 mg/L. When the concentration of H2O2 is 0 mg/L, the degradation rate within 70 minutes is
88.41%. Excessive H2O2 concentration will affect the degradation e�ciency, the reason may be that H2O2

decomposes at this temperature. In addition, when the concentration of H2O2 is high, a large amount of
H2O2 chemically reacts with •OH, and consumption of a certain amount of •OH leads to a decrease in the
degradation rate.

3.2 Orthogonal experiment

According to the above single factor experiment results, we determined the level of several factors in the
orthogonal experiment. The amount of catalyst selected is 5g/L, 5.5g/L, 6g/L, 6.5g/L. The temperature
selection is 298K, 308K, 318K, 328K.Choose pH 4.5, 5, 5.5, no HCl. The amount of H2O2 is selected as
0mg/L, 100mg/L, 200mg/L, 300mg/L. Then we used Orthogonal Design Assistant to design orthogonal
experiments, the following Table 1 is the result of orthogonal experiment design.

Table 1.  Orthogonal experimental design and result table
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 Factor

Serial
number

The amount of
catalyst g/L

Temperature
K

pH The amount of
H2O2 mg/L

Degradation
rate %

1 5 298 4.5 0 88.28
2 5 308 5 100 83.06
3 5 318 5.5 200 87.2
4 5 328 6 300 81.41
5 5.5 298 5 200 79.81
6 5.5 308 4.5 300 85.35
7 5.5 318 6 0 79.78
8 5.5 328 5.5 100 87.73
9 6 298 5.5 300 87.43

10 6 308 6 200 78.15
11 6 318 4.5 100 86.29
12 6 328 5 0 84.01
13 6.5 298 6 100 75.85
14 6.5 308 5.5 0 89.35
15 6.5 318 5 300 89.38
16 6.5 328 4.5 200 91.02

Mean 1 84.988 82.843 87.735 85.355  
Mean 2 83.168 83.977 84.065 83.233  
Mean 3 83.970 85.663 87.928 84.045  
Mean 4 86.400 86.042 78.797 85.892  
Range 3.232 3.199 9.131 2.659  

 
The above Table 1 is the analysis of the results of orthogonal experiments. The analysis result is
analyzed by the orthogonal design assistant, it can be seen that the range of the orthogonal experiment
is: R3>R1>R2>R4. The in�uencing factors from large to small are: pH>the amount of
catalyst>temperature>the amount of H2O2, the best experimental conditions are the amount of catalyst
6.5g/L, the temperature is 328K, the pH is 4.5, and the concentration of H2O2 is 200 mg/L. Under these
conditions, the degradation rate of bisphenol A can reach 91.02% within 70 minutes.

4 Results And Discussion Of Degradation Of Bisphenol A By
The experiments were carried out in the same conditions as part 3, but with AC supported catalyst of α-
MnO2 /AC (1:1, w/w).

4.1 Single factor experiment

4.1.1 The effect of the amount of catalyst on the degradation rate

Fig. 14 shows the degradation rate in 70 min under the condition of different amounts of catalyst (other
conditions are the same), it can be seen from the �gure that the degradation effect is best when the
amount of catalyst is 2 g/L, the degradation rate reaches 93.71% within 70 minutes, the reason may be
that when the concentration of the catalyst is low, the number of active sites is small and the degradation
rate is not high. When the concentration of the catalyst is high, the absorption of light is affected, and the
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utilization rate of light is reduced, resulting in low degradation e�ciency. We choose 2 g/L as the best
condition.

4.1.2 The effect of temperature on degradation rate

Fig. 15 shows the degradation rate within 70 min under different temperature conditions (other conditions
are the same). It can be seen from the picture that the degradation effect is better when the temperature
is 303K. The reason may be that when the temperature is low, it is unable to provide su�cient  energy for
α-MnO2 /AC (1:1, w/w) to catalyze the degradation of H2O2 to produce •OH, this leads to a low
degradation rate. When the temperature is high, part of the H2O2 is decomposed during the degradation
process, the reduced utilization of H2O2 leads to low degradation rate.

4.1.3 The in�uence of the amount of H2O2 on the degradation rate

Fig. 16 shows the degradation rate within 70 min under different concentrations of H2O2 (other
conditions are the same), it can be seen from the �gure that the degradation effect is the best when the
concentration of H2O2 is 750 mg/L. However, the H2O2 concentration of 250 mg/L and the H2O2

concentration of 750 mg/L have little difference in the degradation rate of bisphenol A. From the point of
view of energy saving, we choose 250 mg/L of H2O2 as the best condition. If the concentration of H2O2 is
too high or too low, it will affect the degradation e�ciency, the reason may be that when the
concentration of H2O2 is low, su�cient •OH cannot be provided. When the concentration of H2O2 is high,
a large amount of H2O2 reacts with •OH, which consumes a certain amount of •OH and reduces the
degradation rate.

4.2 Orthogonal experiment

According to the above single-factor experiment results, the levels of several factors in the orthogonal
experiment are determined as the amount of catalyst is 1g/L, 1.5g/L, 2g/L, 2.5g/L, and the temperature is
293K, 298K, 303K and 308K, the amount of H2O2 is selected as 0mg/L, 100mg/L, 200mg/L, 300mg/L. we
used the Orthogonal Design Assistant to design the orthogonal experiment, the following Table 2 shows
the results of the orthogonal experiment design.

Table 2.  Orthogonal experimental design and result table
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Factor
 

Serial
number

The amount of catalyst
g/L

Temperature
K

The amount of H2O2
mg/L

Degradation
rate %

1 1 293 0 93.51
2 1 298 100 93.62
3 1 303 200 93.76
4 1 308 300 93.35
5 1.5 293 100 93.62
6 1.5 298 0 94.17
7 1.5 303 300 94.17
8 1.5 308 200 93.49
9 2 293 200 93.49

10 2 298 300 92.98
11 2 303 0 92.57
12 2 308 100 93.26
13 2.5 293 300 93.12
14 2.5 298 200 93.12
15 2.5 303 100 94.09
16 2.5 308 0 93.95

Mean 1 93.560 93.435 93.550  
Mean 2 93.863 93.473 93.648  
Mean 3 93.075 93.648 93.465  
Mean 4 93.570 93.512 93.405  
Range 0.788 0.213 0.243  

 
Table 2 is the analysis of the results of the orthogonal experiment, and the analysis results are obtained
by the analysis of the orthogonal design assistant. It can be seen that the range of the orthogonal
experiment is: R1>R3>R2, The in�uencing factors from large to small are: the amount of catalyst>the
amount of H2O2>temperature, under the two conditions of 1.5g/L of catalyst, temperature of 298K,
concentration of H2O2 of 0 mg/L and catalyst dose of 1.5g/L, temperature of 303K, concentration of
H2O2 of 300 mg/L, the degradation rate of bisphenol A can reach 94.17% in 70 minutes. From the
perspective of energy saving, the optimal conditions are selected as the catalyst dosage 1.5g/L, the
temperature is 298K, and the H2O2 concentration is 0 mg/L.

5 Conclusions
The α-MnO2 and α-MnO2/AC (1:1, w/w) were synthesized by a simple method, and the degradation rate
of bisphenol A under different conditions was explored through single factor and orthogonal experiments.
In order to achieve a higher degradation rate of bisphenol A, it needs to be under acidic conditions, and a
larger amount of α-MnO2 need to be added. The modi�ed α-MnO2/AC (w/w 1:1) can reach a higher
degradation rate under neutral conditions, and only a small amount of α-MnO2/AC (1:1, w/w) was added
to achieve a higher degradation rate.

The optimal experimental conditions for the catalytic degradation of bisphenol A by α-MnO2/AC (w/w
1:1) are as follows: neutral pH, 298K, 1.5g/L catalyst and no H2O2. The results show that the degradation
rate of 50 mg/L bisphenol A can reach 94.17% . Under neutral conditions, without adding H2O2, and only
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adding a small amount of catalyst, and it don’t need too high temperature, the degradation rate of 50
mg/L bisphenol A can reach 94.17%. Compared with the traditional Fenton method, which requires pre-
acidi�cation of the solution and the need to add a large amount of H2O2, it has been greatly improved.

The synthesis method of the materials in this experiment is very simple, and the synthesis reagents are
cheap and easy to obtain. The modi�ed α-MnO2/AC (1:1, w/w) can achieve a higher degradation rate
under neutral conditions resulting to low equipment requirements. It can be a good process for treating
bisphenol A wastewater and has certain application prospects.
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Figures

Figure 1

Mechanism of degradation of bisphenol A by α-MnO2
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Figure 2

Possible pathways to degrade bisphenol A 18

Figure 3

FTIR diagram of α-MnO2
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Figure 4

FTIR diagram of α-MnO2/AC (1:1, w/w)

Figure 5

XRD patterns of α-MnO2 and α-MnO2/AC (1:1, w/w)
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Figure 6

SEM and TEM images of α-MnO2 (a1 and a2 are SEM images of α-MnO2, b1 and b2 are TEM images of
α-MnO2)

Figure 7

SEM and TEM images of α-MnO2/AC (1:1, w/w) (c1 and c2 are the SEM images of α-MnO2/AC (1:1,
w/w), d1 and d2 are the TEM images of α-MnO2/AC (1:1, w/w)
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Figure 8

UV-Vis image of α-MnO2

Figure 9

UV-Vis diagram of α-MnO2/AC (1:1, w/w)
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Figure 10

The degradation rate of bisphenol A with different catalyst amounts in 70 minutes (Other reaction
conditions: T=303K; [H2O2] =500mg/L; 365nm; no pH adjustment)

Figure 11

Degradation rate of bisphenol A at different temperatures within 70 minutes (Other reaction conditions:
[α-MnO2] =6 g/L; [H2O2] =500mg/L; 365nm; no pH adjustment)
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Figure 12

Degradation rates of bisphenol A within 70min under different pH conditions (Other reaction conditions:
[α-MnO2] =6 g/L; T=323K; [H2O2] =500mg/L; 365nm)

Figure 13

The degradation rate of different amounts of H2O2 within 70 minutes (Other reaction conditions: [α-
MnO2] =6g/L; T=323K; pH=5; 365nm)
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Figure 14

Degradation rate of different catalyst amounts within 70 minutes (Other reaction conditions: T=303K;
[H2O2] =250mg/L; 365nm)

Figure 15

Degradation rate within 70 min under different temperature conditions (Other reaction conditions: [α-
MnO2/AC] =2 g/L; [H2O2] =250 mg/L; 365nm)
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Figure 16

The degradation rate of different amounts of H2O2 within 70 minutes (Other reaction conditions: [α-
MnO2/AC] =2g/L; T=303K; 365nm)


