
* Corresponding author.

1944-3994/1944-3986 © 2023 Desalination Publications. All rights reserved.

Desalination and Water Treatment 
www.deswater.com

doi: 10.5004/dwt.2023.29530

295 (2023) 73–82
May

Preparation methods of an MoS2/GO photocatalyst for the oxidation of 
ammonia nitrogen in photoelectric microbial cells

Jing Rena,b, Jiyue Zhanga, Yao Lia, Maohua Dua, Na Lia, Chunxu Haob,*, Rui Hub

aSchool of Environment, Liaoning University, Shenyang, Liaoning Province 110036, China, emails: renjing@lnu.edu.cn (J. Ren), 
346467483@qq.com (J. Zhang), 378866837@qq.com (Y. Li), 1657151925@qq.com (M. Du), 794801512@qq.com (N. Li) 
bChinese Academy for Environmental Planning (CAEP), MEP, 100041, Beijing, China, emails: haocx_caep@126.com (C. Hao), 
799952447@qq.com (R. Hu)

Received 16 September 2022; Accepted 31 March 2023

a b s t r a c t
Photocatalytic fuel cells (PFCs) need to operate under ultraviolet light, and the application con-
ditions are greatly limited. Therefore, developing and utilizing new systems that adsorb visible 
light is critical. Molybdenum disulfide (MoS2) nanomaterials have wide bandgaps, strong visi-
ble light absorption capacities, and abundant catalytic active sites. In this study, the photocath-
ode MoS2/graphene oxide (GO) was prepared by coupling it with graphene oxide by using the 
mechanical oscillation method (MoS2/GO-MO) and the hydrothermal synthesis method (MoS2/
GO-TH). In addition, a PFC was constructed to treat nitrogenous wastewater. According to an 
X-ray diffractometer and electron microscope, regarding the characterization analysis and elec-
trochemical analysis of the materials, the system with MoS2/GO-TH electrode had the best perfor-
mance with the largest output voltage, the smallest ohmic loss during the reaction, the best oxi-
dation–reduction capacity, and the highest ammonia nitrogen removal rate. The optimal removal 
rate might reach up to 96.0%. On this basis, the denitrification mechanism was explored, and 
the results revealed that oxygen in the PFC system was the decisive factor and that there were 
multiple plausible reaction paths during the reaction process.

Keywords:  Photocatalytic fuel cell; MoS2 nanomaterials; Hydrothermal synthesis method; Photo-
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1. Introduction

Microbial fuel cells (MFCs) are promising for removing 
ammonia nitrogen and generating electricity via biological 
denitrification. However, their low power densities limit 
their practical application [1]. Photocatalysis technology can 
use electrons (e–) and holes (h+) generated by solar energy 
to undergo oxidation–reduction reactions with pollutants 
in water [2]. However, under natural conditions, electrons 
and holes generated by light easily recombine. Therefore, 
effective control of the recombination of electrons and holes 
is essential for improving catalytic activity. Photocatalytic 

fuel cells (PFCs) are based on MFCs, where the electrode 
material is modified with a photocatalyst to achieve photo-
catalytic oxidation ability. Kaneko et al. [3] used TiO2 film 
as an anode to construct a PFC for the first time. Wang et 
al. [4] constructed PFCs to degrade 2,4,6-trichlorophenol 
(TCP). Under the same condition of an initial concentration 
of 200 mg/L, the TCP removal rate was 79.3% in PFC, bet-
ter than that of the MFC system without lighting (66.0%) or 
independent photocatalysis system (56.1%). In a PFC, the 
generation rate of electron–hole pairs is accelerated, and the 
recombination process is interfered with owing to the instant 
transfer of photoelectrons, which helps to improve the 
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transformation rate of pollutants and the power generation 
capacity of the battery [5–7].

Recently, nitrogen removal technology with PFCs has 
attracted increasing attention. Wang et al. [8] used AgI/
TiO2-NTs as the anode to construct a PFC system to treat 
ammonia nitrogen wastewater. They found that under light 
conditions, the holes generated by the anode directly oxi-
dized the majority of NH4

+–N to N2. Cheng et al. [9] con-
structed a photoelectric nutrient denitrification system that 
relied only on UV light to remove nitrogen, and similar 
output voltages exhibited the possibility of replacing tra-
ditional MFCs with PFCs. The scale application of PFC for 
nitrogen removal has bottleneck problems, namely, a short-
age of electric energy output and a lack of solar light-re-
sponsive electrode materials. According to the operating 
principle of a PFC, the catalytic activity of the electrode is 
the primary factor restricting its electricity generation per-
formance [10]. Researchers have attempted to improve the 
photocatalytic reduction ability of photoelectrodes. Zhang 
et al. [11] used BiOCl/rGO aerogel as a photocathode to 
construct a PFC to reduce internal resistance, which indi-
cated a better power generation capacity (696.51 ± 5.27 mV) 
than that of a single MFC (455.36 ± 7.18 mV). Mahmoodi 
et al. synthesized graphene oxide (GO)-CTS and AGO-CTS 
hydrogel adsorbents by mechanical mixing and character-
ized them using various techniques. The optimal adsorp-
tion parameters were pH 5, Ci 100 ppm and dosage 1.5 g/L. 
The removal rates of GO-CTS and AGO-CTS hydrogel 
adsorbents were 90.42% and 97.06%, respectively [12]. 
Hirakawa et al. [13] used several commercially available 
types of TiO2 with different crystal phases, surface areas, 
and particle sizes to produce photocatalytic NH3 from 
water and N2. They found that under environmental con-
ditions, UV radiation of commercially available TiO2 with 
many surface Ti3 species effectively produced NH3 from 
water and N2. This substance is the most efficient among 
the reported powder photocatalysts, but its efficiency is 
lower than that of natural photosynthesis and artificial 
photosynthesis. Xu et al. [14] used TiO2 and SiO2 to mod-
ify the electrode; next, they irradiated it with UV light and 
introduced a photocatalytic reaction into the MFC anode 
chamber to conduct the ammonia nitrogen nitrification 
reaction, and the cathode chamber performed the denitri-
fication reaction. The system improved the electricity gen-
eration performance of the MFC without an extra carbon 
source. TiO2 has been widely used in photocatalysis, but its 
utilization efficiency in sunlight is low [15]. TiO2 can only 
respond to UV light because of its relatively large band-
gap. Molybdenum disulfide (MoS2) nanomaterials are eas-
ily available, economically feasible, and exhibit satisfactory 
semiconductor properties [16,17]. The changeable atomic 
coordination structure and electronic structure of MoS2 
make the carrier transmission speed extremely fast, over 
200 cm2/(V·s), and its bandgap width is 1.19 to 1.9 eV. These 
factors make it possess a strong visible light absorption 
capacity and abundant catalytic active sites [17–20], mak-
ing it an ideal material for visible light catalytic systems. 
However, their high surface energy and easy agglomera-
tion limit their development in the field of photocatalysis.

Jaleel UC et al. [21] discussed the geometric structure, 
polymorphism, preparation methods, and characterization 

of MoS2-based composites for the photocatalytic degrada-
tion of organic dyes. MoS2-based nanomaterials exhibit good 
degradation activity for organic dyes and toxic pollutants. 
This research field provides a crucial opportunity for the 
preparation of excellent photocatalysts that affect the deg-
radation of organic pollutant dyes in wastewater. Thomas et 
al. [22] discussed the synthesis strategies of 2D MoS2. That 
MoS2 costs less than the noble metals makes it the cheapest 
alternative that has been explored for photocatalytic hydro-
gen production applications. The reactive oxygen species 
produced by light irradiation of MoS2 can produce oxida-
tive stress on microorganisms, which can be used for water 
disinfection. GO has a large specific surface area, good flex-
ibility, and good chemical stability. Combining it with MoS2 
compensates for the limitations of MoS2 in morphology and 
other limitations, which can also enhance the photoelectric 
properties [23].

Dolatabadi et al. [24] synthesized TiO2/ZnO nanostruc-
tures by using sol–gel solid-phase dispersion and hydrother-
mal methods for the degradation of RhB; the degradation 
test results of all samples showed that although sample S1 
synthesized by the sol–gel method had the best degradation 
effect on RhB, the sample prepared by the hydrothermal 
method had a better degradation effect on RhB than that. In 
this study, a composite of GO and MoS2 was prepared using 
mechanical oscillation and hydrothermal synthesis as a cath-
ode to construct a dual-chamber PFC system. The characteri-
zation and electrochemical performance analyses of the com-
posite electrode materials were performed. The ammonia 
nitrogen removal effect of the system composed of compos-
ite materials obtained using different preparation methods 
was tested, and this result was combined with an analysis 
of the catalytic performance to optimize the electrode prepa-
ration methods. On this basis, oxidation product analysis 
was performed using quenching denitrification experiments 
to explore the denitrification mechanism.

2. Materials and methods

2.1. Composite electrode

The anode consisted of a 2 cm × 2 cm carbon cloth ultra-
sonically cleaned with CH3COCH3, CH3CH2OH, and deion-
ized water. The graphite-based cathode was fabricated 
using two steps:

2.1.1. GO and MoS2

2.1.1.1. Graphene oxide

NaNO3, H2SO4, and graphite powder were blended, and 
KClO4 and KMnO4 were added under ice bath stirring. This 
mixture was then removed from the ice bath and stirred 
continuously for 24 h. Deionized water and H2O2 were 
added until the solution became bright yellow. The suspen-
sion was centrifuged and repeatedly rinsed until it became 
neutral and vacuum-dried to obtain the GO particles.

2.1.1.2. Molybdenum disulfide

Na2MoO4 and thiourea were dissolved in deionized 
water, transferred to a hydrothermal reactor in an oven 
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(200°C) for 24 h, and cooled to room temperature natu-
rally. The samples were rinsed with deionized water and 
CH3CH2OH repeatedly, centrifuged, filtered, dried, and 
stored for later use [25].

2.1.2. Cells application: effect of catalyst composition

Three types of electrodes were used.
The electrode sheets used in the cathode were 

self-made [26].

2.1.2.1. MoS2 electrode

MoS2 was dissolved in deionized water, and a Nafion 
solution was added. After the ultrasonic treatment, MoS2 
was deposited on the surface of the graphite electrode 
sheet. The sheet was then dried in an oven to obtain the 
MoS2 electrode.

2.1.2.2. MoS2/GO-MO electrode

MoS2, GO particles, and hexadecyl trimethyl ammonium 
bromide (CTAB) were placed into deionized water. After 
thorough mixing by continuously ultrasonic procedure, the 
mixture was deposited on a graphite electrode in a man-
ner similar to that for the MoS2 electrode. A MoS2/GO-MO 
electrode was fabricated.

2.1.2.3. MoS2/GO-TH electrode

The GO powder was magnetically stirred in deionized 
water, and Na2MoO4 and thiourea were added later. Next, 
MoS2/GO particles were obtained using the hydrothermal 
synthesis method. The deposition procedure for the MoS2/
GO particles and electrode sheet was then performed. 
Finally, the MoS2/GO-TH electrode was obtained.

2.2. Characterization

In this experiment, an X-ray diffractometer was used to 
analyze the phases of the samples. The scanning speed was 
5°/min, and the range was 5°–80°. The surface morphology 
of the electrode materials was observed and analyzed using 
a QuaMa450 (FEI Company, United States). A fluorospec-
trophotometer (F-4600) was used to measure the lifetime 
of the photogenerated carriers in the electrode material.

2.3. Construction of the PFC system

In this experiment, a 125 mL traditional dual-chamber 
microbial fuel cell was used. The primary material of the 
reactor was plexiglass, and E. coli was used as the anode 
electricity-generating bacteria. The catholyte and anolyte 
(50 mL) were added to the cathode and anode compart-
ments, respectively. The Nafion 117 proton exchange mem-
brane was pretreated by immersion in 5% H2O2 solution, 
deionized water, and 5% H2SO4 solutions to separate the 
anode and cathode compartments. The preparation process 
required heating in a constant-temperature water bath at 
80°C for 2 h. Subsequently, the Nafion 117 proton exchange 
membrane was repeatedly rinsed, soaked in deionized water, 

and stored for later use. In the experiment, NH4Cl was used 
to prepare 50 mg/L of ammonia nitrogen simulated waste-
water, and a mercury lamp was used as the light source  
(250 W).

2.4. Electrochemical analysis

The polarization curve reflects the relationship between 
the output voltage and current of the PFC system, which 
is an evaluation index that characterizes the performance 
of a battery or electrode [27]. The resistance gradually 
decreased from the highest value, and the voltage data after 
each adjustment of a new external resistance was stable 
for 30 min.

Cyclic voltammetry was used to analyze the electro-
chemical properties of the working electrode in the PFC 
system, such as the oxidation–reduction potential, current 
density, and electron acquisition sensitivity. A LK98B II elec-
trochemical workstation was used to test the redox poten-
tial of the prepared working electrode. Under full aeration 
conditions, the current polarity was set to oxidation, the 
scan rate was set to 2 mV/S, the scan range was –0.6–1.0 V, 
and the number of cycles was 10.

2.5. Chemical analysis

In this experiment, Nannenberg spectrophotome-
try was used to determine NH4

+–N, N-(1-naphthalene)-
ethylenediamine spectrophotometry was used to deter-
mine NO2

––N, and UV spectrophotometry was used to 
determine NO3

––N.

2.6. Reaction mechanism analysis

To explore the transformation effect of the PFC system 
on ammonia nitrogen and compare the effect of the elec-
trode materials, we used an MoS2/GO-TH electrode, an 
MoS2/GO-MO electrode, and MoS2 electrodes as the cath-
ode of the battery to construct a PFC system for the ammo-
nia nitrogen transformation experiment. Changes in the 
concentrations of ammonia nitrogen, nitrate, and nitrite 
were detected during the reaction, and the transformation 
mechanism according to the transformation products was 
studied. Except for the influencing factors experiment, the 
control conditions were pH = 10, an external 20 Ω resistor, 
an aeration rate of 0.15 m3/h, and an illumination time of 6 h.

To explore the influencing factors, we conducted the 
experiment in a PFC system that had the best performance 
in the completed experiments. The influence of the operat-
ing conditions, including dissolved oxygen (DO) concentra-
tion and pH, on the ammonia nitrogen in the PFC system 
was investigated. To discuss the effect of DO, we set the pH 
to 10, and the removal rate of ammonia nitrogen and the 
generation rate of nitrate and nitrite were explored by con-
trolling the oxygen intake rate to 0.05, 0.1, 0.15, and 0.2 m3/h, 
respectively. In the pH influencing factor experiment, neu-
tral and alkaline pH are conducive to ammonia oxidation 
[28], the oxygen intake rate was 0.1 m3/h according to the 
results of the DO effect experiment, and the transformation 
regulation of ammonia nitrogen was discussed with the 
pH of the catholyte adjusted to 6, 8, 10, and 12, respectively.
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3. Results

3.1. Characterization of electrodes

The X-ray diffraction spectrum shown in Fig. 1a shows 
diffraction peaks at 2θ = 13.38°, 32.44°, 35.02°, and 57.90°, 
which correspond to the characteristic crystal planes of 
MoS2 [29,30]. The other two results also have the character-
istic diffraction peaks of MoS2; additionally, the diffraction 
peak of graphene (002) appeared at 2θ = 26.56°, indicating 
the existence of MoS2 and GO in the composite materials 
MoS2/GO-TH and MoS2/GO-MO.

The photoluminescence (PL) spectrum shows the charge 
recombination and migration efficiency of the material; a 
lower photoluminescence intensity indicates a lower photo-
electron recombination rate [31]. As shown in Fig. 1b, the 
MoS2 material exhibits a mass of PL peaks in the range of 
400–700 nm. Both composite particles, MoS2/GO-MO and 
MoS2/GO-TH, have smoother spectra than that of MoS2. The 
results indicate that the addition of GO effectively reduced 
the PL peak intensity, indicating that the recombination of 
electron–hole pairs was inhibited. In addition, MoS2/GO-TH 
barely has peak PL peaks, which indicates that the com-
posite prepared using the hydrothermal synthesis method 
may be better photocatalytic performance than that of 
MoS2/GO-MO.

Different electrode materials were scanned using an 
electron microscope (Fig. 2a and b) show MoS2 with an 
obviously polymerized flower-like microsphere structure 
and a particle size of 10–20 µm. A similar agglomerative 
morphology was obtained for the MoS2 material prepared 
by Zhang et al. [32], indicating that the MoS2 material was 
successfully prepared using the hydrothermal method. 
(c) and (d) are MoS2/GO-TH, and the flower-like micro-
sphere MoS2 particles evenly adhered to the surface of the 
GO particles to grow. This phenomenon is conducive to 
the thorough contact between the GO nanoparticles and 
the MoS2 nanosheets, increasing the specific surface area of 
the composite material and the photoelectrons-holes trans-
fer efficiency, increasing catalytic efficiency. Next, we com-
pared (a) and (b): the particle size of the MoS2 nanoplate-
lets grown on the surface of the GO particles was –2–6 µm, 
which was significantly smaller than that of pure MoS2.
This result demonstrates that by growing MoS2 nanosheets 
on the surface of the GO particles, the agglomeration of 
the MoS2 nanosheets can be reduced, decreasing the parti-
cle size and increasing the uniformity of the distribution. 
(e) and (f) [33,34] were MoS2/GO-MO, and the results 
showed that in the composite material prepared using the 
mechanical oscillation method, the MoS2 nanosheets were 
rarely scattered on the surface of the GO nanoparticles, 
and the particle size was between 4 and 6 µm, which is rel-
atively large. The MoS2/GO composite prepared using the 
hydrothermal synthesis method had more active sites that 
attracted pollutants than the mechanical oscillation method. 
In addition, the MoS2 was evenly dispersed and loaded 
on the GO particles so that carriers could be quickly sep-
arated into electrons and holes under the effect of electric 
potential, accelerate the transfer of electrons, and improve  
catalytic ability.

3.2. Analysis of electrochemical catalytic performance

The polarization curves and power density curves of 
the three systems showed that the current density increased 
with an increase in the external resistance, and the power 
density gradually decreased after increasing to a certain 
value. The open circuit voltages of the MoS2/GO-TH sys-
tem, MoS2/GO-MO system, and MoS2 system were 0.49, 
0.41, and 0.35 V, respectively, and the maximum power den-
sities were 4.9, 3.82, and 3.29 W/m3, respectively (Fig. 3a).  
The PFC system with the MoS2/GO composite material 
as the battery cathode was stronger power generation 

 

(a)

(b)

Fig. 1. (a) X-ray diffraction patterns of different electrode 
materials. (b) Photoluminescence spectra of different electrode 
materials.
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capacity than other systems, which can reduce the ohmic loss 
during the reaction process, to improve degrade ammonia  
nitrogen.

The cyclic voltammetry curve (Fig. 3b) shows that in 
the case of oxygen saturation, the three electrode materi-
als all have redox peaks; thus, they all have redox activ-
ity. However, the redox peak of MoS2 was not obvious, 
indicating that its oxidability was not high. The current 
density of the oxidation potential of the MoS2/GO-TH was 
0.42 A/m3, which was higher than that of the MoS2/GO-MO 
(0.39 A/m3) and the MoS2 (0.30 A/m3). The current den-
sity determines the ability of the oxygen to be reduced. 
The greater the current density, the stronger the ability to 
reduce oxygen. Therefore, MoS2/GO-TH exhibited better 

catalytic activity than other systems. Based on the closed 
curve of each catalytic electrode, the largest area was that 
of MoS2/GO-TH, indicating that the catalytic effect of the 
composite was better than those of the other two. Notably, 
in the cyclic voltammetry curves of the three catalysts, 
MoS2/GO-TH and MoS2/GO-MO had two oxidation peaks. 
The additional oxidation peak may be due to the partial 
reduction of GO in the composite material.

3.3. Removal of ammonia nitrogen in the PFC system

The transformation effect of ammonia nitrogen demon-
strates that the three systems can effectively degrade ammo-
nia nitrogen (Fig. 4). The transformation efficiencies of the 

 
(a) 

 
(b ) 

 
(c) 

 
(e) 

 
(d ) 

 
(f) 

Fig. 2. Scanning electron microscopy results of different electrode materials: (a,b) are MoS2, (c,d) are MoS2/GO-TH composite 
materials and (e,f) are MoS2/GO-MO composite materials.
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MoS2/GO-TH system, the MoS2/GO-MO system, and the 
MoS2 systems to ammonia nitrogen were 91.4%, 82.1%, and 
68.5%, respectively. The MoS2/GO-TH system had the best 
transformation performance, which might be because the 
hydrothermal method gave the MoS2/GO electrode more 
uniform reactive sites, making MoS2 evenly dispersed on 
the surface of the GO particles [35]. The effective combina-
tion of MoS2 and GO particles also inhibited the recombina-
tion of electron–hole pairs; thus, MoS2/GO-TH had strong 
catalytic ability [36].

In the MoS2/GO-TH system, only 5.8% of the ammonia 
nitrogen was converted to nitrate, no nitrite was produced, 
and approximately 85.46% of the ammonia nitrogen was 
converted to nitrogen (Fig. 5). Most of the ammonia nitro-
gen was successfully converted to nitrogen in the presence 
of oxygen, and a small portion was converted to nitrate. 
Almost no nitrite was produced. The photocatalyst was used 
as the PFC cathode, and the ammonia nitrogen wastewater 
was transferred to the cathode for treatment, which success-
fully avoided the mutual conversion of nitrogen-containing 
compounds among valences. This systems was conducive 
to the removal of ammonia nitrogen.

3.4. Reaction mechanism research

On the basis of these experimental results, the MoS2/
GO-TH electrode material with the best effect was used 
for subsequent experiments.

3.4.1. Effect factors of operating conditions

pH can directly affect the charge distribution on the 
catalyst surface [37]. During electrochemical ammonia 
nitrogen oxidation, acidic conditions are conducive to the 
reduction of nitrate and nitrite [38]. Therefore, the output 
of by-products, such as nitrate and nitrite, in the solution 
is low or nonexistent. However, the removal rate of ammo-
nia nitrogen under acidic conditions is significantly lower 
than that under alkaline conditions [39]. Therefore, what 
is particularly critical is to make the reaction produce as 
few by-products as possible, such as nitrate, under alkaline 
conditions without affecting the removal rate of ammonia 
nitrogen. The transformation effect of ammonia nitrogen at 
different pH values demonstrated that the removal rate of 

 

(a) (b) 
Fig. 3. (a) Polarization curves and power density curves of different electrode materials and (b) CV diagram of different materials.

 
Fig. 4. Transformation effect of different systems on ammonia 
nitrogen.

 
Fig. 5. Ammonia nitrogen transformation under different 
systems.
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ammonia nitrogen under neutral and partial alkali condi-
tions was significantly lower than that under alkaline con-
ditions (Fig. 6a and b). With an increase in the pH value, 
the transformation effect of ammonia nitrogen gradually 
increased, up to 93.8%, but the by-products produced also 
increased significantly. This phenomenon was observed 
because, under alkaline conditions, the surface of the MoS2/
GO-TH electrode was negatively charged, which was condu-
cive to the generation of •OH free radicals [40]. The removal 
rate of ammonia nitrogen is improved. In addition, under 
alkaline conditions, ammonia nitrogen exists in the form of 
NH3 molecules [41], which is conducive to the enrichment 
of NH3 molecules on the electrode surface. Notably, when 
the pH of the solution increased from 10 to 12, although the 
removal rate of ammonia nitrogen increased, the output 
of nitrate increased significantly. Therefore, adjusting the 
pH value of the solution to 10 can achieve a good ammo-
nia nitrogen transformation effect while producing fewer 
by-products than other pH did.

Increasing the concentration of dissolved oxygen (DO) in 
the solution can promote the generation of •O2

− and •OH free 
radicals to improve the efficiency of the ammonia nitrogen 
transformation. However, when the concentration of DO in 
the solution is too high, the generated free radicals further 

oxidize to produce by-products such as nitrate and nitrite. 
Therefore, controlling the concentration of DO in the solu-
tion is critical for the conversion of nitrogen in the solution. 
The removal effect of ammonia nitrogen at different DO 
concentrations is shown in Fig. 6c and d. With a continu-
ous increase in the DO concentration in the solution, the 
removal rate of ammonia nitrogen increased by 1.41 times 
to 96.0%. However, although the removal rate of ammonia 
nitrogen increased, the amount of by-products produced 
increased. Because of the removal rate of ammonia nitro-
gen and the amount of by-products generated, the optimal 
oxygen intake volume should be 0.1 m3/h.

3.4.2. Research on transformation path of ammonia nitrogen

In the PFC system, the anode electricity-generating 
bacteria decomposed the organic carbon source to gener-
ate e– and h+, and the generated electrons were transferred 
from the battery anode to the battery cathode through the 
external circuit. When the cathode receives electrons from 
the anode, the photocatalyst supported on the cathode 
sheet is irradiated by a mercury lamp to generate photo-
generated electron–hole pairs. The photogenerated elec-
trons from the anode react with dissolved oxygen to form 

(a) (b) 

 
(c) (d) 

Fig. 6. (a,b) transformation effect of ammonia nitrogen at different pH values and (c,d) removal rate of ammonia nitrogen at 
different dissolved oxygen concentrations.
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highly active oxide species with strong oxidizing properties 
[42]. Therefore, in the process of the PFC transformation of 
ammonia nitrogen, the removal of ammonia nitrogen has 
different oxidation pathways according to the oxide species, 
which are primarily divided into two aspects: (1) the pho-
tocathode electron–hole pairs are separated, and the gener-
ated valence band holes directly oxidize ammonia nitrogen, 
and (2) hydroxyl radicals (•OH) [43–45] or superoxide rad-
icals (•O2

−) [46] are generated for indirect oxidation. In this 
experiment, KI was selected as the hole trapping agent, 
C(CH3)3OH was selected as the •OH trapping agent, and the 
transformation mechanism of PFC was explored through 
a quenching experiment of the oxide species.

After adding the KI reagent to the solution under nor-
mal aeration, the ammonia nitrogen transformation effect 
of the system was not affected, whereas the transformation 
ability of the photoelectrode in the system without oxygen 
was significantly inhibited (Fig. 7a). The reason for this phe-
nomenon may be that holes were trapped after adding the 
KI reagent, which stimulated the separation of electron–
hole pairs. In addition, the anode continuously transports 
electrons to the cathode, generating •O2

− and •OH radicals 
to degrade ammonia nitrogen under the action of oxygen.

After adding C(CH3)3OH, the transformation effect of 
the system under the anaerobic state was unsatisfactory, and 
the ability of the system to degrade ammonia nitrogen under 
normal aeration conditions was not limited (Fig. 7b). The 
reason for this phenomenon is that •OH radicals were not 
the main oxides. In addition, the ammonia nitrogen removal 
rate under aerobic conditions was not significantly affected. 
This result may have been due to the reaction of C(CH3)3OH 
with •OH radicals in the aerobic state to generate •O2

− radi-
cals [Eq. (1)], and simultaneously, the dissolved oxygen near 
the cathode was reduced by electrons to generate •O2

− rad-
icals. Therefore, the transformation of C(CH3)3OH under 
normal aeration was not affected.

C CH OH OH CH CH COH H O3 3 2 3 2 2 2� � � � � � �� �  (1)

3.4.3. Reaction mechanism speculation

We studied the transformation products and found that 
most of the ammonia nitrogen in the system was converted 
to nitrogen, but a small amount was converted to nitrate 
nitrogen. By controlling the dissolved oxygen and adding 
a hole trapping agent and hydroxyl radical trapping agent, 
the transformation pathway of ammonia nitrogen can be 
explored. After the addition of KI and C(CH3)3OH, the trans-
formation effect under the normal aeration state was not 
inhibited, and the transformation effect under the anaer-
obic state was not ideal, indicating that oxygen may have 
been the decisive factor in this experiment and that various 
oxide species may have been generated during the reaction, 
resulting in various oxidation pathways. That is, under the 
irradiation of a mercury lamp, the photocatalyst proposed 
on the surface was excited by light to generate photogene-
rated electrons and holes. The photogenerated electrons and 
the electrons generated by the anode react with oxygen to 
reduce to •O2

− radicals; subsequently, the •O2
− radicals react 

successively to obtain H2O2 and •OH radicals. In addition, 
the holes and various oxide species generated convert ammo-
nia nitrogen into nitrogen gas. This process was accompa-
nied by the production of a small amount of nitrate (Fig. 8). 
The specific speculation is as follows:

e O O� � �� �2 2  (2)

� � � �� � �O H e H O2 2 22  (3)

H O hv OH OH2 2 � � �� �  (4)

� �

� �

� � � �

� � �� �
OH NH N N H O

Nitrogenous by-products NO N/NO N
4 2 2

3 2  (5)

  
(a) (b) 

Fig. 7. (a) Influence of KI on transformation effect of photocatalytic fuel cells system and (b) effect of C(CH3)3OH on transforma-
tion of photocatalytic fuel cells system.
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4. Conclusion

The MoS2/GO-MO electrode and the MoS2/GO-TH elec-
trodes were fabricated using mechanical oscillation and 
hydrothermal methods, respectively. Both methods suc-
cessfully loaded MoS2 nanomaterials with GO particles. The 
MoS2/GO-TH composite material exhibited a homogeneous 
distribution of MoS2 on GO, leading to effective inhibition of 
the recombination of electron–hole pairs. PFC systems with 
MoS2/GO-MO, MoS2/GO-TH, and MoS2 electrodes were con-
structed to remove ammonia nitrogen wastewater. Among 
them, the MoS2/GO-TH system had the largest output volt-
age, smallest ohmic loss during the reaction, and best redox 
capability. The removal rate of ammonia nitrogen was as fol-
lows: MoS2/GO-TH system > MoS2/GO-MO system > MoS2. 
Most of the ammonia nitrogen in the three systems was con-
verted into nitrogen, and only a small portion was converted 
into nitrate and nitrite; the quenching experiment proved 
that oxygen in the PFC system was the decisive factor; and 
there were many oxidation paths during the reaction pro-
cess. The photogenerated electrons and electrons generated 
by the anode react with oxygen to generate H2O2 and •OH 
radicals. The holes and various oxide species generated 
convert ammonia nitrogen into nitrogen gas.
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