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Abstract 

Bisphenol A (BPA) is harmful to human health. Advanced oxidation technologies using peroxymonosulfate (PMS) 
can effectively remove organic pollutants. Among these technologies, bimetallic sulfides stand out for their 
excellent activation ability. This study focuses on CuFeS2, and CuFeS2/Bi2O3 catalysts were prepared using a 
hydrothermal method. The CFSBO-2/PMS system can degrade up to 84.06% of BPA in just 30 seconds. XRD 
analysis shows that compared to the original CFS, the CFSBO catalyst significantly enhances the intensity of 
diffraction peaks, indicating improved crystallinity. The system maintains high degradation efficiency as the pH 
increases from 3.6 to 9.0, suggesting that the catalyst is highly adaptable to different water treatment conditions. 
The main active species generated are SO4−•, •OH, and 1O2. PMS activation in this system is driven by the redox 
cycles of Cu+/Cu2+, Fe2+/Fe3+, and Bi3+/Bi5+. 
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1. Introduction 

Bisphenol A (BPA) poses a potential risk to human health. Advanced oxidation techniques that use 
peroxymonosulfate (PMS) are particularly effective at breaking down organic pollutants. Bimetallic sulfides, in 
contrast to single-metal sulfides, offer greater surface area, quicker electron transfer, and enhanced catalytic 
efficiency. Bi2O3 stands out for its environmental compatibility and cost-effectiveness, with its unique electronic 
structure promoting the transfer of electrons on the catalyst surface. In a study by Jing and colleagues [1], a Z-type 
heterojunction Bi2O3@NiFe2O4 material was synthesized. This material was used to activate PMS in a 
photodegradation process, effectively breaking down the antibiotic ofloxacin (OFX) in wastewater. This suggests 
that Bi2O3 could be an effective catalyst for PMS activation, even in the absence of light. Li and colleagues [2] 
successfully synthesized a CuFe2O4/Bi2O3 catalyst using a simple sol-gel method based on citric acid complexes. 
This catalyst was designed to break down TC-HCl in organic wastewater. In the absence of light, the degradation 
rate of TC-HCl activated by PMS increased from 56.2% to 95.7% within 60 minutes, and the catalyst worked 
effectively across a wide pH range (3-11). 

This study successfully prepared the CuFeS2/Bi2O3 composite material and applied it to activate PMS for the 
removal of BPA. The material was characterized using various analytical techniques, and its performance as a 
catalyst for activating PMS to break down BPA was assessed. The effects of catalyst dosage, PMS concentration, 
initial pH, and inorganic anions on BPA degradation were systematically investigated. The study also explored the 
potential of this technology for pollution control. Bi2O3 is expected to reduce the aggregation of CuFeS2, helping 
to enhance the redox cycling of transition metals. 

2. Materials and Methods 

2.1 Preparation of CuFeS2/Bi2O3 Composite Materials 

Bi2O3 is a chemical reagent purchased for the laboratory, referred to as BO. The CuFeS2/Bi2O3 composite material 
is prepared using a hydrothermal method. To begin, equal amounts (0.01 mol) of copper(I) chloride and ferric 
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chloride hexahydrate are added to 55 mL of ultrapure water. Next, 10 mL of 14% ammonium sulfide solution is 
gradually added to this mixture. After stirring for 30 minutes, varying amounts of Bi2O3 are introduced into the 
solution, followed by another 30 minutes of stirring. The solution is then placed in a 100 mL Teflon-lined stainless 
steel autoclave. Then that is heated to 200°C for 10 hours. After, the product is filtered and washed with ultrapure 
water, then dried at 60°C for 12 hours. The resulting powder is ground into a fine powder, and the samples are 
named CuFeS2/Bi2O3 (abbreviated as CFSBO). Based on the molar ratio of CuFeS2 to Bi2O3 (9:1, 10:1, and 11:1), 
the corresponding samples are labeled CFSBO-1, CFSBO-2, and CFSBO-3. The pure CuFeS2 is made without 
adding BO and is called CFS. 

2.2 Characterization of the Catalyst 

The crystalline architecture and phase composition of the photocatalytic material were analyzed using X-ray 
diffraction (XRD, XRD-6100, Shimadzu, Japan). The scanning speed was 7°/min, with a 2θ range from 10° to 
80°. The surface chemistry and bonding were examined using X-ray photoelectron spectroscopy (XPS, Thermo 
Kalpha, Thermo Fisher, USA). The catalyst’s morphology was observed using transmission electron microscopy 
(TEM, JEM F200, Japan). 

2.3 Experimental Procedures and Testing Methods 

In this study, unless stated otherwise, all experiments were conducted in a 100 mL beaker under light-exclusion 
conditions, with stirring provided by a magnetic stirrer. The degradation experiments were carried out in this setup. 
Typically, the catalyst (0.4 g/L) was added to a 100 mL solution of BPA (5 mg/L). Then stirred for 40 minutes at 
a temperature of 25 ± 2°C (in the dark) in order to reach an adsorption-desorption equilibrium. After this, PMS 
(0.12 mM) was added to start the reaction. The time when the equilibrium was achieved, before the PMS was 
added, was considered the 0-second mark. Once PMS was added, timing began immediately. Samples were 
periodically extracted at 0, 10, 30, 60, and 180 s time points. To quench the reaction, 1 mL of methanol was added 
to the sample, followed by 3 mL of the reaction mixture. The mixture was then centrifuged and through a 0.45 μm 
PTFE filter membrane. The collected samples were analyzed by HPLC (70% chromatographic-grade methanol 
and 30% ultra-pure water). The concentration of BPA was determined using HPLC with a C18 column (150 mm 
× 4.6 cm, 3.5 μm). In experiments assessing the effects of anions and quenching agents, both were added 
simultaneously. The reaction was continued for 40 minutes in the dark. To evaluate the stability of the catalyst, it 
was subjected to three washing cycles with anhydrous ethanol and ultrapure water after each reaction. Followed 
by centrifugation and drying for recovery. The catalyst was then collected and used in cyclic experiments following 
this procedure. 

3. Results and Discussion 

3.1 Catalyst Characterization 

From Figure 1, we can see that the 2θ peaks of CFS, which were prepared using the hydrothermal method, appear 
at 29.39°, 49.08°, and 57.89°, corresponding to the CFS (112), (204), and (312) crystal planes, respectively [3, 4]. 
When comparing the XRD of the purchased BO with the standard card (JCPDS NO:71-2274), the peaks at 26.904°, 
27.392°, 33.256°, and 46.334° correspond to the (111), (120), (200), and (221) planes. In the CFSBO composite 
material, the relative content of each phase changes due to different amounts of BO in CFSBO-1 compared to 
CFSBO-2 and CFSBO-3. The composite samples show clear characteristic peaks of BO at 27.392° and 46.334° 
and a peak for CFS at 29.39°. Moreover, the intensity of the diffraction peaks increases significantly after 
combining BO and CFS, indicating that the composite has improved crystallinity and confirming that the 
composite material was successfully prepared. 



sdr.ideasspread.org  Sustainable Development Research Vol. 7, No. 2; 2025 

 87 Published by IDEAS SPREAD 
 

 

Figure 1. XRD patterns of BO, CFS and CFSBO composite samples 

 

The surface morphology and microstructure of the pure CFS, BO, and CFSBO-2 samples were examined using 
TEM and HRTEM. As shown in Figure 2a, the CFS sample appears amorphous. In Figure2b, the pure BO shows 
a mixture of rod-like and block-like structures. Figure 2c displays the TEM image of CFSBO-2, where both CFS 
and rod-like BO can be seen, indicating a close interface between the two materials. In the HRTEM image in 
Figure 2d, lattice fringes corresponding to the crystal structures of both CFS and BO are visible. The 0.31 nm 
spacing matches the (012) plane of BO, while the 0.187 nm spacing matches the (220) plane of CFS, further 
confirming the successful preparation of the composite material. 

 

Figure 2. (a) TEM images of CFS. (b) TEM images of BO. (c) TEM images of CFSBO-2. (d) HRTEM images of 
CFSBO-2 
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As shown in Figure 3a, all elements of the catalyst are present in the full spectrum. The XPS spectra of Cu 2p, Fe 
2p, S 2p, Bi 4f, and O 1s of the catalyst are shown in Figures 3b-e. From Figure 3a, it can be observed that Cu, Fe, 
S, Bi, and O elements are present in the prepared CFS/BO composite catalyst, indicating successful synthesis of 
the composite catalyst. From Figure 3b, the peaks of Cu 2p3/2 and Cu 2p1/2 in the pure CFS sample appear at 
binding energies of 932.13 eV and 952.02 eV, which indicate that Cu is primarily present in the +1 oxidation state 
in CFS [5]. Cu2+ is mainly present as Cu(OH)2 on the surface of CFS, with binding energies of 932.69 eV and 
956.05 eV [6]. In the composite sample CFSBO-2, the binding energies of Cu 2p3/2 and Cu 2p1/2 are 932.31 eV 
and 952.19 eV. It is observed that the binding energy of Cu 2p in the composite sample shifts towards higher 
binding energies, which may be due to the change in electron cloud density after the composite, potentially aiding 
in the activation of PMS to produce more reactive oxygen species [7]. Figure 3c shows the high-resolution O 1s 
spectra. In the pure BO sample, the peaks at 529.96 eV and 531.09 eV are attributed to the O 1s orbitals, and the 
same peaks are observed in the composite sample CFSBO. The peak at 532.41 eV is attributed to surface-adsorbed 
-OH or H2O [8]. After composite formation, the binding energies of O 1s shift to higher binding energies, which 
might be due to changes in the electron cloud density after the composite. However, it is notable that in CFSBO-
2, the peak at 530.18 eV significantly weakens, and the peak at 531.93 eV noticeably strengthens. This may be 
due to the transformation of lattice oxygen (O2

−) into oxygen vacancies after the composite, which is usually 
accompanied by a reduction in the oxidation state of active redox cations. This is confirmed by the enhancement 
of the peak at 708.03 eV in the Fe 2p spectrum [9, 10]. From Figure 3d, it can be seen that in both the pure CFS 
and CFSBO composite samples, the peaks at 708.9 eV and 708.03 eV correspond to the Fe2+ peak in Fe 2p3/2, 
which may be attributed to Fe2+-S [11]. In the pure CFS sample, the peak at 711.40 eV corresponds to Fe2+ in Fe 
2p3/2, the peak at 713.64 eV corresponds to Fe3+ in Fe 2p3/2, the peak at 723.17 eV corresponds to Fe2+ in Fe 2p1/2, 
and the peak at 725.60 eV corresponds to Fe3+ in Fe 2p1/2, which is consistent with literature reports [12-15]. In 
the CFSBO composite sample, the peaks for Fe2+ in Fe 2p3/2, Fe3+ in Fe 2p1/2, and Fe2+ in Fe 2p1/2 shift towards 
higher binding energies to 714.57 eV, 724.94 eV, and 728.65 eV, respectively, indicating that the electronic cloud 
density has changed after composite formation. Notably, the peak at 724.94 eV becomes stronger, while the peak 
at 728.65 eV becomes weaker, which may promote the Fe3+/Fe2+ cycling efficiency, thereby enhancing pollutant 
degradation [16]. Figure 3e shows the high-resolution spectra for S 2p and Bi 4f. In the pure BO sample, the peak 
at 159.19 eV corresponds to Bi 4f7/2, and the peak at 164.51 eV corresponds to Bi 4f5/2, indicating that Bi exists in 
the +3 oxidation state in the pure sample. In the CFSBO composite sample, the two peaks of Bi 4f shift to higher 
binding energies, indicating that the electron cloud density of Bi has increased and that the surface electronic 
structure has changed. Moreover, a peak at 158.50 eV appears in the composite sample, corresponding to Bi3+ 
4f7/2, suggesting that Bi has transitioned to a lower oxidation state [8, 17, 18]. In Figure 3e, the four main peaks of 
S 2p are located at 161.36 eV, 162.25 eV, 163.26 eV, and 164.62 eV, corresponding to S2

−, S2
2−, Sn

2−, and S0, 
respectively. In addition, peaks at 168.84 eV and 170.05 eV indicate that SO4

2− has been oxidized by air [19]. 
However, in the CFSBO composite sample, the binding energies of the corresponding peaks shift slightly towards 
higher binding energies. 
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Figure 3. High-resolution XPS spectra of CFS, BO and CFSBO-2: (a) Full-spectrum (b) Cu 2p (c) O 1s (d) Fe 2p 

(e) S 2p, Bi 4f 

 

3.2 Research on Degradation 

This study conducted a series of experiments under light-shielded conditions to evaluate the catalyst’s ability. As 
shown in Figure 4a, the initial experiment tested the degradation of BPA by CFS, BO, CFSBO-1, CFSBO-2, and 
CFSBO-3 without PMS. It was observed that these materials had very little effect on BPA degradation, with their 
highest degradation efficiencies being only 1.95%, 1.47%, 1.43%, 2.24%, and 2.11%, respectively. Additionally, 
HPLC testing revealed that CFSBO-1, CFSBO-2, and CFSBO-3 only had a minimal adsorption effect on BPA. 
The next step examined the degradation of BPA using PMS, CFS/PMS, BO/PMS, CFSBO-1/PMS, CFSBO-
2/PMS, and CFSBO-3/PMS. In the absence of a catalyst, PMS alone was able to degrade BPA to a maximum of 
2.41%, which is in line with what has been reported in the literature [20]. BO showed almost no ability to activate 
PMS for BPA degradation, with a maximum efficiency of only 2.36%. However, when CFS, CFSBO-1, CFSBO-
2, and CFSBO-3 were used to activate PMS, the degradation efficiency of BPA significantly increased, reaching 
35.10%, 77.03%, 86.08%, and 77.77%, respectively. The improvements were particularly noticeable, with 
CFSBO-1, CFSBO-2, and CFSBO-3 achieving degradation efficiencies 2.19, 2.45, and 2.22 times greater than 
that of pure CFS. Additionally, the degradation efficiency of CFSBO-2 was 36.47 times higher than BO. While 
the degradation efficiencies of CFSBO-1, CFSBO-2, and CFSBO-3 showed slight variations, they all successfully 
activated PMS to degrade BPA. This demonstrates that combining CFS and BO enhances the ability under the 
same concentrations of pollutant (5 ppm) and PMS (0.12 mM). Therefore, it is concluded that CFS and BO, when 
combined, improve the activation performance of CFS. Based on the highest degradation efficiencies observed 
with CFSBO-1, CFSBO-2, and CFSBO-3, CFSBO-2 was selected for further experimentation, including the 
investigation of factors influencing the catalyst’s ability to activate PMS for BPA degradation and the reusability 
of CFSBO-2. 
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Figure 4. (a) Degradation curves of BPA under different conditions of catalyst dosage. (b) Degradation curves of 
BPA under different PMS concentration conditions 

 

3.3 Factors Effect on Degradation 

This study further examined the impact of the amount of CFSBO-2 on PMS activation for BPA degradation, using 
a consistent PMS concentration of 0.12 mM. It was clear that the catalyst amount had little effect on the PMS 
activation efficiency in degrading BPA. To determine the optimal catalyst dosage, 30 mg, 40 mg, and 50 mg of 
CFSBO-2 were added to 100 mL of the pollutant system, and the BPA degradation efficiency was measured. As 
shown in Figure 5a, the degradation results were almost identical for 30 mg and 40 mg of the catalyst, with 
efficiencies of 83.63% and 84.20%, respectively. When 30 mg of CFSBO-2 was used, the degradation efficiency 
was slightly lower compared to 40 mg, likely because 30 mg produced fewer reactive species to activate PMS. 
This suggests that, within a certain range, increasing the catalyst amount can provide more active sites, enhancing 
the degradation efficiency [21]. However, when the amount of CFSBO-2 was increased to 50 mg, the degradation 
efficiency dropped by 9.23%. This could be due to an excess of catalyst negatively affecting BPA degradation 
[22]. This shows that increasing the catalyst amount can improve degradation efficiency by providing more surface 
area and active sites to activate PMS, but beyond an optimal amount, the excess catalyst can reduce efficiency 
[23]. Based on these findings and considering the cost-effectiveness, 40 mg of CFSBO-2 was selected as the 
optimal catalyst amount for future experiments. 

With 40 mg of CFSBO-2 added, the study then explored how different concentrations of PMS affected BPA 
degradation. As detailed in the previous chapter, the PMS concentration was varied (0.03 mM, 0.06 mM, 0.09 
mM, 0.12 mM, and 0.15 mM) to observe the degradation of BPA. The results, shown in Figure 5b, revealed that 
when 40 mg of CFSBO-2 activated lower concentrations of PMS (0.03 mM, 0.06 mM, and 0.09 mM), the 
degradation efficiencies were limited, at 14.83%, 38.34%, and 64.65%, respectively. The increase in degradation 
efficiency was primarily due to a higher production of free radicals over time, which accelerated BPA degradation. 
However, when PMS concentrations were increased to 0.12 mM and 0.15 mM, the degradation rate did not 
continue to rise proportionally, and only at 0.15 mM was there a slight improvement in degradation within the first 
10 seconds. This suggests that at these concentrations, PMS activation reaches a saturation point, and further 
increases in PMS concentration do not significantly enhance degradation efficiency. It is likely that the limited 
catalyst was unable to activate the excess PMS. Based on these results and considering economic factors, 4 mg 
was deemed the optimal PMS concentration for the following experiments. 
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Figure 5. (a) Degradation curves of BPA under different conditions of catalyst dosage. (b) Degradation curves of 
BPA under different PMS concentration conditions 

 

Since pH can affect the charge properties and surface structure of the catalyst, its impact on the degradation of 
BPA in the CFSBO-2/PMS system was studied across a pH range of 3.6 to 9.0, as shown in Figure 6a. In the 
control experiment with an initial pH of 3.6, the degradation efficiency reached 84.20%. The reaction in the control 
experiment was nearly complete within 10 seconds. As the pH increased, the efficiency of the CFSBO-2 catalyst 
in activating PMS to degrade BPA within 10 seconds significantly decreased, and a longer time was needed to 
activate PMS for BPA degradation. When the initial pH was adjusted to 5.0 and 7.0, the degradation efficiencies 
were 81.88% and 81.67%, respectively, showing little decrease. This might be due to the self-buffering effect of 
the CFSBO-2 catalyst, which helps stabilize the pH of the solution [24]. However, at a pH of 9.0, the CFSBO-2 
catalyst showed slight inhibition of BPA degradation, with a 19.33% drop in efficiency. This could be because, 
under alkaline conditions, SO4

−• radicals can be converted into •OH radicals [24-26], which is not as effective for 
degrading BPA. The •OH radicals have a much shorter lifespan (<1 μs) compared to SO4

−• (which lasts 10-30 μs). 
Moreover, PMS can undergo hydrolysis in alkaline conditions, reducing the amount of PMS available and thus 
inhibiting the generation of reactive oxygen species (ROS) [27]. Additionally, at pH 9.0, the reduction in H+ 
concentration promotes the generation of SO5

2−, which accelerates the self-decomposition of PMS into 1O2. 
However, this process lowers the efficiency of PMS and reduces the chance of active species interacting with BPA, 
leading to a decrease in BPA removal. Furthermore, OH− ions can also inhibit PMS activation [28]. 

Inorganic anions are commonly found in actual wastewater, so it's crucial to understand how they affect the 
activation of PMS in degrading BPA. In this study, NaCl, NaH2PO4, Na2SO4, NaCO3, and Na2HPO4 were used to 
provide Cl−, H2PO4

−, SO4
2−, HCO3

−, and HPO4
2−, respectively. The results of how these inorganic anions impact 

BPA removal are shown in Figure 6b. The findings indicate that, compared to the blank experiment, adding Cl− 
and SO4

2− slightly enhanced the BPA degradation, with Cl− boosting the degradation efficiency by 9.40%. Adding 
SO4

2− improved the efficiency by 4.43%. As explained in the previous section, this could be because Cl− reacts 
with SO4

−• to form less active chlorine free radicals (Cl• or ClOH−•). Though less active, these chlorine radicals 
still have some oxidation power and might continue to break down BPA. [29-31]. The addition of SO4

2− didn’t 
have much impact on BPA degradation. This is because SO4

2− reacts with •OH to form SO4
−•, which is more stable 

and lasts longer but is produced in smaller amounts, limiting its effect. As a result, there was little change in overall 
degradation efficiency. When HCO3

− was added, it had the strongest inhibitory effect on BPA degradation. HCO3
− 

is a well-known scavenger of reactive species like SO4
−•, •OH, and 1O2 [32]. After adding H2PO4

−, the degradation 
efficiency dropped significantly to 23.66%. This decline may be because H2PO4

− acts as a chelating agent, blocking 
PMS molecules from attaching to and converting at active sites. It might also react with •OH and SO4

−• to form 
less active new radicals, which slows down BPA degradation. The degradation efficiency dropped even further to 
13.44% after adding HPO4

2−, likely due to HPO4
2− reacting with •OH and SO4

−• to create new radicals with even 
less activity, further hindering BPA degradation [33]. This study provides valuable insights for optimizing 
advanced oxidation processes (AOPs), especially when dealing with wastewater containing specific anions, 
suggesting that strategies should be adjusted accordingly. 
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Figure 6. (a) Degradation curves of BPA at different initial pH values. (b) Influence curve of inorganic anions on 
the degradation of BPA 

 

3.4 Research on the Stability of CFSBO 

The stability of the catalytic system is essential for its practical use. To examine the cycling stability of CFSBO-2 
nanoparticles as a heterogeneous catalyst, the used catalyst was separated by centrifugation, then washed with 
anhydrous ethanol and ultrapure water, and dried before being used in the next cycle of experiments. A series of 
five consecutive degradation tests were carried out to activate PMS with CFSBO-2. As shown in Figure 7, the 
catalyst’s performance dropped from 86.08% in the first cycle to 54.41% in the fifth. The degradation efficiency 
of the second cycle was 83.39%, slightly lower than the first cycle by 2.78%. In the third cycle, the performance 
decreased significantly to just 58.13%. Further investigation after the third cycle revealed that the catalyst’s 
performance continued to decline. Based on the results from these cyclic tests, the catalyst was analyzed using 
XRD after five cycles. As shown in Figure 8, the peaks remained consistent with those before the reaction, and no 
additional peaks appeared, indicating that the crystal structure had not undergone significant changes. 

 
Figure 7. Cyclic degradation of BPA by CFSBO-2/PMS system. 
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Figure 8. XRD of CFSBO-2 samples before and after cycling 

 

3.5 Reaction Mechanism 

To identify which reactive oxygen species (ROS) are primarily involved in the degradation of BPA in the CFSBO-
2/PMS system, radical scavenger experiments were conducted. Previous studies have identified SO4

−•, •OH, 1O2, 
and O2

−• as the main ROS in PMS systems [34, 35]. Methanol (MeOH) was used to scavenge •OH and SO4
−•, 

while tert-butyl alcohol (TBA) was used specifically for •OH. Quinone (BQ) and histidine (L-His) were introduced 
to quench O2

−• and 1O2 [36]. As shown in Figure 9, when MeOH was added to the reaction, BPA degradation 
dropped significantly from 86.08% to 16.20%, highlighting the role of SO4

−• and •OH in removing BPA. However, 
adding TBA resulted in only a slight decrease, reducing it to 70.92%, a decrease of just 15.16%. This suggests that 
•OH’s contribution to BPA degradation is limited, while SO4

−• plays a more dominant role. Introducing L-His and 
BQ into the system also led to reduced BPA degradation, with efficiencies dropping to 67.65% and 76.67%, 
respectively. This indicates that both O2

−• and 1O2 also contribute to BPA removal. From these results, we can 
conclude that in the CFSBO-2/PMS system, BPA degradation mainly follows a pathway dominated by SO4

−•, with 
•OH, O2

−•, and 1O2 playing supportive roles in a cooperative free radical mechanism. 

 

Figure 9. Quenching experiment of active species during the degradation of BPA by CFSBO-2 catalyst 

 

Based on the results of the quenching experiments and XPS analysis, a potential mechanism diagram has been 

proposed. The activation of PMS appears to involve a key process of valence state cycling within the system, 

specifically the transitions between Cu+/Cu2+, Fe2+/Fe3+, and Bi3+/Bi5+ [37, 38]. The detailed degradation 

mechanism is illustrated in Figure 10. In CFSBO-2, Fe2+/Cu+/Bi3+ ions quickly adsorb onto the surface of CFSBO-



sdr.ideasspread.org  Sustainable Development Research Vol. 7, No. 2; 2025 

 94 Published by IDEAS SPREAD 
 

2 and activate PMS, resulting in the generation of sulfate radicals (SO4
−•) and hydroxyl radicals (•OH), as shown 

in Equations (1) and (2). The catalyst regenerates by reacting with PMS, where high-valence metal ions are reduced 

to their low-valence counterparts. Specifically, Fe3+/Cu2+/Bi5+ are reduced to Fe2+/Cu+/Bi3+ while also generating 

•OH, as outlined in Equation (3) [39]. On the surface of CuFeS2, the Cu2+ and Fe3+ ions are reduced back to Cu+ 

and Fe2+ by strong reducing sulfur species like S2− and S22−, as described in Equations (4-7). According to 

literature, the standard electrode potentials for these reactions are: ECu2+/Cu+= 0.17 V, EFe3+/Fe2+= 0.77 V and 

EBi5+/Bi3+= 1.59 V enabling the regeneration of Fe/Cu and Bi/Cu cycles, as shown in Equations (8) and (9) [2]. 

The generation of •OH can also occur through the reaction of SO4−• with water, as shown in Equation (10). 

Additionally, 1O2 might form through the weak oxidation of SO5−• with water, as depicted in Equations (11) and 

(12), or through the interaction of O2−• with •OH, as seen in Equations (13-15). Ultimately, BPA is degraded 

through the action of SO4−•, •OH, and 1O2, as outlined in Equation (16). 

 

Figure 10. Mechanism diagram of CFSBO-2 activating PMS to degrade BPA. 

 

 Fe2+/Cu+/Bi3++HSO5 →Fe3+/Cu2+/Bi5++SO4 •+OH  (1) 

 Fe2+/Cu+/Bi3++HSO5 →Fe3+/Cu2+/Bi5++SO4
2 +•OH (2) 

 Fe3+/Cu2+/Bi5++HSO5 →Fe2+/Cu+/Bi3++SO4
2 +•OH (3) 

 Fe3+/Cu2+/Bi5++S2 →Fe2+/Cu+/Bi3++S2
2  (4) 

 Fe3+/Cu2+/Bi5++S2
2 →Fe2+/Cu+/Bi3++Sn

2  (5) 

 Fe3+/Cu2+/Bi5++Sn
2 →Fe2+/Cu+/Bi3++S0 (6) 

 Fe3+/Cu2+/Bi5++S0→Fe2+/Cu+/Bi3++SO4
2  (7) 

 Fe3++Cu+→Fe2++Cu2+ (8) 

 Bi5++Cu+→Bi3++Cu2+ (9) 

 SO4 •+H2O→SO4
2 +•OH+H+ (10) 

 Fe3+/Cu2+/Bi5++HSO5 →Fe2+/Cu+/Bi3++SO5
2 +H+ (11) 

 2SO5 •+H2O→2HSO4 +1.51O2 (12) 

 O2+e →O2 • (13) 
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 2O2 •+•OH→1O2+H2O2 (14) 

 2O2 •+•OH→1O2+OH  (15) 

 SO4 •+•OH+1O2+BPA→degraded production (16) 
5. Conclusion 

In this study, CFSBO nanoparticles were successfully prepared using a simple one-step hydrothermal method. 
Thanks to the straightforward preparation process and readily available materials, this method can be used for 
removing BPA from contaminated water in emergency situations. The research examined how factors such as the 
amount of catalyst and PMS added, initial pH levels, and the presence of different anions affected the efficiency 
of pollutant removal. X-ray diffraction (XRD) analysis showed that the composite had a high crystallinity after 
synthesis. The best catalytic performance was observed when the molar ratio of CFS to BO was 10:1. In the 
CFSBO-2/PMS system, under optimal conditions (catalyst concentration of 40 mg, PMS concentration of 4 mg, 
and the original pH), BPA degradation reached 86.08% within 30 seconds at a concentration of 5 mg/L. The 
CFSBO-2 material showed good adaptability across a wide pH range (3.0 to 9.0), making it highly suitable for 
treating various water bodies. Free radical scavenging experiments indicated that PMS was activated through redox 
cycles involving Cu+/Cu2+, Fe2+/Fe3+, and Bi3+/Bi5+. The main radicals involved in the BPA degradation process 
were SO4

−•, •OH, and 1O2. 
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