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ARTICLE INFO ABSTRACT
Keywords: The photocatalytic degradation technique is one of the suitable ways of dealing with environ-
Photocatalytic degradation mental pollutant decontamination. This study demonstrates the ability of graphitic carbon nitride

Graphitic carbon nitride (g-C3Ny4)
Nanocomposites

Methylene blue (MB) dye
Wastewater treatment

(g-C3N4) nanocomposites containing tellurium (Te) and molybdenum disulfide (MoS5) to pho-
tocatalytically destroy organic cationic methylene blue (MB) dye, which is primarily used in the
textile industry. Using the alkali treatment approach, layered graphitic carbon nitride (g-C3N4)
was created. Using MoS; and Te, several g-C3N4 nanocomposites were created using ultrasonic
calcination techniques. After the MoS, and Te were immobilized individually, the composites
underwent a methodical characterization process utilizing a variety of instruments, including
XRD and SEM. Using a 2D layered nano-g-C3N4 substrate, the photo-catalytic degradation reac-
tion of MB was observed, and a UV spectrophotometer was used to determine the absorbance of
the MB dye. Using 0.2 % MoS2/g-C3N4 and 5 % Te/g-C3Ny4, the photocatalytic degradation
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efficiency of the MB dye (10, 15, and 20 mg/L) solution was examined. In comparison to other
produced nanocomposites, the 5 % Te/g-C3N4 composite was shown to have the highest photo-
catalytic activity in terms of dye degradation ability, and about 100 % of the MB dyes were
degraded in less than 60 minutes. As the concentration of MB increased, the dye degradation
efficiency of g-CsN4 nanocomposites steadily dropped, and the degradation rate of MB was
around 1.5 mg/L.

1. Introduction

Photocatalytic materials are primarily semiconductor materials incorporating metal elements [1]. The photocatalytic activity of
semiconductor photocatalytic materials can be enhanced by their large surface area and better transmittance efficiency of
photo-generated carriers, which can be achieved through two-dimensional (2D) layered structure [2] and nano-scale particle size [3].

In general, graphitic carbon nitride (g-C3N4) is an organic non-metal semiconductor with several advantages in an easy preparation
procedure and plenty of raw materials [4-6]. In addition to absorbing visible light and having a low bandgap, the g-C3N4 has
appropriate band positions in the valence band (1.4 eV) and conduction band (-1.3 eV) [7-9]. Water (H30) can produce both Hy and O4
when the oxidation and reduction layers of g-C3Ny are at their absolute values [10]. In order to address the energy crisis, g-C3N4 was
employed as a viable photo-catalytic hydrogen generation source that can be partially removed by photo-catalytic degradation of
pollutants in environmental problems [11-13]. The strong electron-generating potential of the photo-generated holes makes it simple
to convert OH™ and H»0 adsorbed on the photocatalyst’s surface to hydroxyl radicals (¢OH) [14]. Certain organic contaminants are
oxidized directly by photo-generated holes when their oxidation potential is greater than the photocatalyst’s valence band potential
[15]. It is simple to reduce dissolved oxygen in water to superoxide ion radical (e03), hydroperoxide radical (HOge), hydrogen
peroxide (H202), etc., HyO, further because photogenerated electrons have a strong reducing capacity [16]. Hydroxyl radicals are
produced by the process. Active and highly oxidizing free radicals produced during photo-catalysis include superoxide ion radicals,
hydro-peroxide radicals, and hydroxyl radicals. These radicals can convert a variety of organic contaminants into carbon dioxide (CO2)
and water (H20) [17]. In addition, the endothermic nature of the process of breaking down hydrogen and oxygen results in a typical
Gibbs free energy of 238 KJ/mol, or 1.23 eV [18]. Consequently, the photo-catalytic material’s bandgap width needs to be larger than
1.23 eV [19]. However, the photo-catalytic material’s restricted bandwidth shouldn’t be too high to maximize solar energy use. It
needs to efficiently absorb a significant amount of solar light that is visible [20]. Moreover, the physical characteristics of bulk and
multilayer MoS, differ [21]. The prohibited bandwidth increases with decreasing MoS, layer count because of the quantum
confinement phenomenon [22]. Conduction band potential is more negative and valence band potential is more negative due to an
increase in the prohibited bandwidth of a few layers of MoS; [23]. Therefore, the hole electron pair possesses both a greater ability for
redox reactions and a greater capacity for UV absorption. The absorption range and utilization of visible light are both lowered by an
increase in visible light [24]. Therefore, the optimal photocatalytic performance can only be achieved by preparing the right number of
layers of MoS, [25]. The MoS,’s primary purpose is to retrieve and store electrons from another semiconductor because of its
exceptional electrical conductivity [26]. Catalytic effectiveness is increased by the valence band and its effective transfer to water
molecules adsorbed on the catalyst surface [27]. From an alternative perspective, more reactants can be absorbed by the MoS; 2D film
due to its huge specific surface area. It contains several unsaturated bonds and a complicated film edge structure [28]. Furthermore,
the heterojunctions of g-C3N4 and MoS; in this investigation are staggered by the theory [29]. Consequently, light from the valence
bands of g-C3N4 and MoS; can excite electrons when the light source illuminates the semiconductor heterojunction [30]. Currently, the
photogenerated electrons in g-C3N4 can be readily transported to the MoS; conduction band due to their substantial conduction band
shift. Photogenerated electrons can be efficiently used because MoS; has the chemical potential to enable electrons to combine with
protons to form oxygen at hydrogen-producing active sites [31]. In addition, holes can go from MoS; to g-C3Ny4 due to the valence band
offset of these [32]. This explains why the photo-corrosion issue can be resolved by the aggregation of MoS; and g-C3Ng4. As a result,
oxidation or reduction reactions react on g-C3N4 and MoS,, respectively, and create a heterojunction bordered by these conjugations of
electron holes [33]. Therefore, between metal and non-metal, Te is a metalloid, or semimetal element. The metal’s and semi-
conductor’s conductivity [34]. The unique characteristic of semi-metals is their zero or negative bandgaps. As a result, unlike narrow
bandgap semiconductors, the electrons in semi-metal materials can move around relatively easily and do not require thermal exci-
tation at the top of the valence band [35]. It will move toward the bottom of the energy guide’s lower or equal section. Consequently, a
key distinction between semiconductors and metal-like materials is that the semi-metallic conduction band already has a specific
electron concentration at absolute zero [36]. At zero degrees Celsius, the substance that will be used in this experiment has a specific
electron concentration in the conduction band. Te is thermally stimulated to produce more electrons and holes as the temperature
rises. That is, a material’s electron concentration is between metal and non-metal, Te is a metalloid, or semimetal element. The
conductivity of the metal to semiconductor [37]. The unique characteristic of semi-metals is their zero or negative bandgaps. As a
result, unlike narrow bandgap semiconductors, the electrons in semi-metal materials can move around relatively easily and do not
require thermal excitation at the top of the valence band. It will move toward the bottom of the energy guide’s lower or equal section. A
semiconductor is different from a metal-like material based on its electron where a semi-metallic conduction band has a specific
electron concentration at absolute zero [38]. At zero temperature, the Te used in this experiment has a specific electron concentration
in the conduction band. Te is thermally stimulated to produce more electrons and holes as the temperature rises. When a material has a
higher electron concentration and improved conductivity, it can act as a catalyst in a composite photocatalyst and function similarly to
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a metal element [39]. Te is a metalloid substance that conducts electricity well.

Herein, we addressed how to increase the hazardous MB dye through the photocatalytic degradation of g-C3N4 nanocomposites
implanted with tellurium (Te) and MoS,. When Te and MoS; were added, the performance for the degradation of g-C3N4 increased. 5 %
Te/g-C3N4 and 0.2 % MoS,/g-C3N4 were used to test the photocatalytic degradation efficiency of MB (10, 15, and 20 mg/L) solution.
Almost 100 % of the MB dye was destroyed in 60 minutes, according to the data, and the photo-catalytic movement to the 5 % Te/g-
C3N4 composite likewise showed the maximum movement when compared to other produced nanocomposites. As a result, Te can act
as a bridge between two semiconductors in the Te/MoS,/g-C3N4 ternary composite, transferring photo-generated carriers, accelerating
the pace at which carriers transfer, and suppressing holes and electrons. Composites increase quantum efficiency and extend carrier
lifetimes. The purpose of this research is to shed light on the photodegradation process, material design, and risk assessment for the
purification of wastewater.

2. Experimental
2.1. Materials

All reagents, e.g., melamine (CsHgNg), potassium hydroxide (KOH), ammonium molybdate tetrahydrate {(NH4)sMO7024-4 H2O},
thiourea (HoNCSNH)), tellurium (Te), molybdenum sulfide (MoS5) powder, and methylene blue (C;H18CIN3S-3 HoO) were supplied
from the laboratory with analytical purity. All the solutions were prepared in secondary distilled water (H20) with self-controlled
purity.

2.2. Preparation of g-CsN4

The graphitic carbon nitride (g-C3N4) was fabricated using the alkali treatment method. Briefly, 1.0 g of potassium hydroxide
powder was taken into a 50-mL beaker, and then 30 mL of distilled water was added. Then 15.0 g of melamine was added to the KOH
solution and continuously stirred for 3 hours. When the white, creamy state was obtained, the beaker was placed in an oven at 85 °C
and waited until the powder was formed. The powder in the beaker is transferred to the crucible, covered with a lid, and placed in a
muffle furnace for heating at 550 °C with a heating rate of 10 °C/min for 4.0 h. The powder was then taken out of the muffle furnace,
ground further, and washed with distilled water until the supernatant above the centrifugation was neutral (~3 times). Finally, the
precipitate was dried at 85 °C, stored, and labeled as pure g-C3Ny.

2.3. Preparation of Te/g-CsN4 nanocomposites

A 0.4 g tellurium (Te) powder was dispersed in 20 mL distilled water in an ultrasonic cleaner bath for 2-3 h. The mixture was
poured into a watch glass and air-dried. The prepared 5 mg Te powder and 0.5 g of the g-C3N4 powder were taken with 20 mL distilled
water in a 25 mL glass bottle. The mixture was sonicated for half an hour and stirred for one hour placed in a watch glass and dried at
60 °C in an oven. The dried powder was uniformly ground and transferred to a porcelain ark, placed in a tube furnace, heated to 200 °C
at a heating rate of 5 °C/min, and kept for 2 h. The target mixture was allowed natural cooling and used as a Te/g-C3N4 composite.

2.4. Preparation of C-MoS2/ g-CsN4 nanocomposites

A 1.0 mg/mL C-MoS; solution was prepared by ultrasonic homogenization. The next 1.0 g of g-CsN4 was taken in a small bottle and
added dropwise to the C-MoS; solution prepared previously. The mixture was stirred for 1.0 h and placed in an ultrasonic bath for
2.0 h. The stirring and sonication are to block the g-CsN4 and C-MoS; from being automatically peeled into a layer and in full contact,
which is conducive to compounding. After 2.0 h, the beaker was placed in an oven and dried at 85 °C. After drying, transfer it to a
mortar and grind it to powder, then put it into a tube furnace at 300 °C at a heating rate of 5 °C/min for 2.0 h. After it is naturally
cooled, take it out of the calcined materials.

2.5. Characterization of the nanocomposites

X-ray diffraction (XRD), scanning electron microscopy (SEM), and UV-visible diffuse reflectance spectroscopy were used to
characterize the structure, morphology, and light absorption range of different nanocomposite samples. The XRD was taken at Bruker
AXS, Germany, using a copper Ka target as a radiation source with a step size of 0.01°/2 and a scan range of 5-80°. The SEM
topography was scanned by HITACHI's SU8010 ultra-high-resolution field emission scanning electron microscope. The light ab-
sorption intensity and range of the solid powder were determined by a Shimadzu UV-2550 ultraviolet-visible spectrometer. The
absorbance during the degradation of methylene blue (MB) was detected by a UV-1800PC ultraviolet-visible spectrophotometer.

2.6. Photo-catalytic degradation of methylene blue (MB) dyes analysis
The methylene blue solution of 10 mg/L was taken into a beaker. The original absorbance of the methylene blue solution was

measured with a spectrophotometer. The background was calibrated with pure water, and the absorbance of pure water was measured.
Water, the absorbance value of the methylene blue solution measured at 665 nm is recorded as the original absorbance A0), then
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weighed 0.05 g of the catalyst solution, and added magnets to the beaker. The magnetic force of the beaker was placed in the dark box.
Stir on the stirrer until the catalyst reaches the adsorption saturation in the dark environment (after many experiments, the catalyst
synthesized in this experiment can reach the adsorption equilibrium within one hour, so unified dark adsorption for 1.0 h). After 1.0 h,
a certain amount of liquid was poured out and centrifuged. The supernatant was carefully aspirated into a cuvette and then placed in a
UV-visible spectrophotometer sample cell to measure the absorbance. The absorbance at 665 nm was recorded as A1 (Al is the initial
absorbance of photo-catalytic degradation). After measuring Al, the test tube and the solution in the cuvette and the catalyst are
recovered, poured back into the beaker, placed on a magnetic stirrer in the dark box, and after the stirring is turned on, the black box
door is closed, the light source is turned on, and the timing is started. After irradiating for 30 min, 60 min, 90 min, and 120 min, a
certain number of samples were taken, and the absorbance was measured by the same method. The absorbance values at 665 nm were
recorded as A2, A3, A4, and A5, respectively. Through the values of A0-A5, we can determine the decolorization rates D, C/C0, and C/
C1 of methylene blue at various time points to analyze the adsorption and photocatalytic degradation properties of the catalyst.

3. Results and discussion
3.1. UV-visible diffuse reflectance spectroscopy (UV-Vis) analysis

Fig. 1(a) represents the photosensitive regions of g-C3N4 and 0.2 % C-MoSy/g-C3N4 and 5 % Te/0.2 % C-MoSy/ g-CsN4 nano-
composites. The photosensitivity of nanocomposites remains similar to that of pristine graphitic nitride, mainly concentrated in the
ultraviolet region, with 0.2 % utilization of ultraviolet lights.

The photosensitive regions of g-C3N4, S-Mo0Sg, 0.3 % S-MoS,/g-C3N4, and 5 % Te/0.3 % S-MoSz/g-C3N4 nanocomposites are shown
in Fig. 1(b). With 0.3 % of UV light used, the photosensitivity of nanocomposites is still comparable to that of pure graphitic nitride and
is mostly focused in the ultraviolet range.

3.2. X-ray diffraction analysis of nanocomposites

It can be seen from Fig. 2(a) that both g-C3N4 and C-MoS; have obvious diffraction peaks, and it can be seen that the g-C3N4
synthesized in this experiment has higher purity than the commercially available C-MoS,. The characteristic peak of MoS; in 0.2 % C-
MoS,/g-C3Ny is not obvious, because the proportion of MoS; in the composite is too low or its crystal form is masked by g-C3Ng. It can
be seen from Fig. 2(b) that g-C3N4 has obvious diffraction peaks, and it can be seen that g-C3N4 synthesized in this experiment has
higher purity. The synthesized S-MoS; did not show obvious characteristic peaks of MoS,. It can be seen that the MoS; synthesized in
the experiment is relatively impure. The characteristic peak of MoS; in 0.3 % S-MoS,/g-C3Ny is also not obvious, and the XRD pattern
of the low proportion of MoS,/g-C3N4 composite synthesized in the experiment of Lei Ge [43] is also not seen. The characteristic peak
of MoS; can be because the proportion of MoS; in the composite is too low or because its crystal form is masked by g-C3Ns.

3.3. Morphological analysis

The surface morphology of different nanocomposites was analyzed with field emission scanning electron microscopy (FE-SEM).
The FE-SEM image of C-MoS; and S-MoS; (Fig. 3a-e) shows that the sheet structure area of C-MoS; is larger and thicker, while the sheet
structure of S-MoS; is smaller and smaller, showing clusters of flowers. Therefore, it is easier to agglomerate than C-MoS,, and it is not
conducive to the compounding of Te in the later stage. Also, we found that 5 % Te/0.2 % C-MoS,/g-C3N4 and 5 % Te/0.3 % S-MoSy/g-
C3Ny (Fig. 3f-h). 5 % Te/0.2 % C-Mo0S,/g-C3N4 has a distinct layered structure, while 5 % Te/0.3 % S-MoS,/g-C3N4 experienced more
severe agglomeration.

a —gCN, ’ g'CaNA
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Fig. 1. (a) and (b) UV-Vis diffuses reflectance of the various samples.
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Fig. 2. (a) XRD pattern of g-C3Ny4, C-MoS,, and 0.2 % C-MoS,/ g-C3Ny, (b) XRD pattern of g-C3N4, S-MoS,, and 0.3 % S-MoSy/ g-C3Ny.

Fig. 3. SEM image: (a) g-C3Ny4 (b) 5 % Te/g-C3N4 (c) C-MoS; (d) S-MoS; (e) 0.2 % C-MoS,/ g-C3N4 (f) 5 % Te/0.2 % C-MoSy/ g-C3N4 (8) 0.3 % S-
MOSz/ g-C3N4 (h) 5% Te/ 0.3 % S-MOSz/ g-03N4.

It can be seen from Fig. 3(a) that g-C3Ny4 appears as a thick layered sheet, and Fig. 3(b) shows that a small layer of Te is supported on
the surface of the bulk layered g-CsNy. In Fig. 3(c), C-MoS; exhibits a smooth layered structure, and each layered structure has a large
surface area. Still, the thickness is thick, resulting in a small bandgap, which explains why pure MoS; does not exhibit photo-catalytic
degradation properties. In Fig. 3(d), S-MoS; is a thin piece with a large surface area. Figs. 3(e) and (g) clearly show the two layers of
the composite structure together. In Figs. 3(f) and (h), respectively, the small particle layer is loaded on the large layer. Explain the
successful combination of the three. The sample in Fig. 3(h) has a certain degree of agglomeration, so it can explain why its catalytic
activity is not as good as 5 % Te/0.2 % C-MoS,/g-C3Nj.

3.4. Reactive species play a major role during the degradation process

We confirmed that active species play an important role in the degradation process of novel two-dimensional layered g-C3N4
nanocomposites, which can achieve sustainable wastewater treatment through catalytic degradation of methylene blue (MB).
Moreover, we also performed experiments on photoactive catalysts to evaluate the impact of photocatalysis on active species pro-
duction and MB degradation. These experiments and analyses provide a comprehensive understanding of the key active species
involved in MB degradation and their mechanisms of action in the process using novel 2D layered g-C3N4 nanocomposites.

3.4.1. Degradation efficiency of different proportions of Te/g-CsN4 composites
The Te/g-C3N4 materials were prepared using ultrasonic calcination under an inert gas atmosphere at a calcination temperature of
200 °C. In a subsequent test for photocatalytic degradation of dye performance, 0.5 g of sample was added to 100 mL of 10 mg/L
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methylene blue. After 1.0 h of dark adsorption, the light was started, and the absorbance of the solution was measured once every
0.5 h. In this experiment, a UV-1800PC UV-visible spectrophotometer was used to detect the absorbance of the solution. The
absorbance of the solution was positively correlated with the MB concentration of the solution, to make the MB degradation efficiency
curve with the abscissa time and the ordinate as C/Cy as shown in Fig. 4(a), and the kinetic curve with the abscissa is time and the
ordinate as -In(C/Cy) Fig. 4(b).

Fig. 4(a) shows the pure phase g-C3N4 and six different proportions of Te/g-C3N4 composites after adsorption equilibrium (the
solution concentration after adsorption equilibrium is the initial concentration) of light for 2 h to 10 mg/L. The degradation curve of
the methylene blue solution shows the difference in the degradation efficiency of different photo-catalysts and the difference in
performance between them. Fig. 4(b) shows that each photo-catalytic degradation process is consistent with first-order kinetics and
that different ratios of composite materials have different K values. We can conclude that in the range of composite ratios we tested, the
photo-catalysts of Te were better than pure phase g-C3Ny, of which 1 %, 3 %, 4 %, and 5 % of the composite products were After 2 h of
light, the decolorization rate reached more than 80 %, and the degradation curve of 5 % Te/g-C3N4 decreased the most, that is, the
highest degradation efficiency and the largest K value. So, we can conclude that 5 % is the optimal ratio of Te/g-C3N4 composite photo-
catalytic material.

The reason why 5 % of the intermediate portion of the composite ratio is the optimum composite ratio observed is that when Te is
too small, Te cannot be sufficiently compounded with g-C3Ny4 to function as a co-catalyst. When Te is high, agglomeration tends to
occur, and the surface of g-C3N4 recombines the absorption of light by g-C3Ny, thereby affecting the catalytic efficiency.

3.4.2. Degradation efficiency of different ratios of C-MoSz/ g-C3sN4 binary composites

The C-MoS,/g-C3N4 composite was prepared by ultrasonic calcination under an inert gas atmosphere at a calcination temperature
of 300 °C. Fig. 5(a) shows six different ratios of the pure phase of g-C3N4 and the combination of C-Mo0S,/g-C3N4 at 2 h to 10 mg of light
synthesis (initial concentration of solution concentration after adsorption equilibrium). The degradation curve of the methylene blue
solution also shows the degradation efficiency of different photocatalysts and the difference in performance between them. Fig. 5(b)
shows that each photo-catalytic degradation process is consistent with first-order kinetics and that different ratios of composite ma-
terials have different K values. We can conclude that the photo-catalysts of MoS, are better than the pure phase g-C3Ny4 in the range of
composite ratios we tested, and the degradation curve of 0.2 % C-MoSz/g-C3Ny is the largest. The K value is the largest, that is, the
highest degradation efficiency, so we can conclude that 0.2 % is the best proportion of C-MoS2/g-C3N4 composite photo-catalytic
material.

The combination of a small amount of layered MoS; and g-C3Ny4 can completely hinder the agglomeration of g-C3Ny4, and the
presence of g-C3N4 can also prevent the agglomeration of MoS; and form a heterostructure between them, increasing the range of
photo response and increasing quantum yield. However, when the number of MoS; molecules is large, MoS; itself is prone to
agglomeration. Secondly, when too much MoS; is compounded on the surface of g-C3Ny4, the distance of electron transport will be
lengthened, which is not conducive to the efficient transmission of electrons and thus affects the catalytic efficiency and will cover Part
of the surface of g-C3Ny catalyzes the active site, thereby affecting its catalytic efficiency.

3.4.3. Degradation efficiency and repeatability

The preparation method was the same as Te/g-C3Ny, and the raw material g-C3N4 was replaced with 0.2 % C-MoS,/g-CsNy. Fig. 6
(a) shows the pure phase g-C3Ny4, the optimum ratio of 0.2 % C-MoS,/g-C3N4 composite, and 5 % Te/0.2 % C-MoS,/g-CsN4 composite
after adsorption equilibrium (after adsorption equilibrium) (degradation curve of 10 mg/L methylene blue solution within 2.0 h of
light at a solution concentration of the initial concentration). We can conclude that the photo-catalytic activity of the 5 % Te/0.2 % C-
MoS,/g-C3Ny ternary composite prepared based on the 0.2 % C-MoS,/g-C3N4 composite is less than that of the 0.2 % C-MoSy/g-C3Ny4
binary composite.
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Fig. 4. (a) Photo-catalytic degradation of MB curve, and (b) -In (Ct /Co) of Te/ g-C3N4 composites with light time curve.
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Fig. 5. (a) C-MoS,/ g-C3N4 photo-catalytic degradation of MB curve and (b) -In (Ct /Cy) with light time curve.
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Fig. 6. (a) Photo-catalytic degradation of MB curve by 5 % Te/ 0.2 % C-MoS,/ g-C3N4 ternary composite, (b) Repeatability experiment of photo-
catalytic degradation of MB in 5 % Te/ 0.2 % C-MoS,/ g-C3N4 composite.

This can be because Te, as an electron transport bridge, does not control its composite ratio, which causes Te to become a
recombination canter of photo-generated electrons emitted by g-C3N4 and photo-generated holes released by MoSs, resulting in a
quantum efficiency reduction. It can be seen from Fig. 6(b) that the catalytic efficiency of the composites continued to decrease in the
reproducibility experiments of the 1-3 groups. In the second set of repeated experiments, the catalytic efficiency decreased less than
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Fig. 7. The photocatalytic degradation efficiency of different proportions of S-MoS,/ g-C3N4 binary composites.
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that of the first group, but not in the third group of experiments. A large drop occurred, and the decolorization rate could not reach
50 % after 2 h of illumination. It can be seen that the 5 % Te/0.2 % C-MoS,/g-C3N4 composite material has poor cycle ability.

3.4.4. Degradation efficiency of different proportions of S-MoSz/ g-C3Ny4 binary composites

The preparation method was the same as that of C-Mo0S,/g-C3Ny, and the raw material C-MoS, was replaced by S-MoS,. Six
different ratios (2 h to 10 mg/L) of light-synthesis (concentration of solution after synthesis equilibrium, initial concentration) light
after pure phase g-C3N4 and brief equivalence of S-Mo0S,/g-C3Ny4 binary composites are shown in Fig. 7. The degradation curve of
methylene blue solution shows the difference in degradation efficiency of different photocatalysts and the difference in performance
between them.

3.4.5. Degradation efficiency and repeatability of 5 % Te/ 0.3 % S-MoSy/ g-CsNy

The preparation method was the same as Te/g-C3N4, and the raw material g-C3N4 was replaced with 0.3 % S-MoS,/g-C3Ny. Fig. 8
(a) shows the photocatalytic degradation of the MB curve of the 5 % Te/0.3 % S-MoS,/g-C3N4 composite after adsorption equilibrium
of the 10 mg/L degradation curve of the methylene blue solution within 2 h of frequent lighting of the initial concentration solution.
We can conclude that the photo-catalytic activity of the 5 % Te/0.3 % C-MoS,/g-C3N4 ternary composite prepared based on the 0.3 %
C-MoS,/g-C3sN4 composite is less than that of the 0.3 % C-MoSy/g-CsN4 binary composite. This can be because Te, the electron
transport, as a bridge, does not control its composite ratio, causing the photo-generator emitted by g-C3N,4 to become a rehabilitation
canter of electrons, and the photo-generated pores released by MoS; result in quantum decreased efficiency.

Also, it can be seen from Fig. 8(b) that the catalytic efficiency of the composite material continues to decrease in the repeatability
experiments of 1-2 groups. In the second set of repeated experiments, the catalytic efficiency of the catalyst is significantly greater than
in the first set of experiments. The decline in decolorization rate after 2 h of illumination still cannot reach 50 %, showing that the 5 %
Te/0.3 % S-MoSy/g-C3N4 composite material has poor cycle ability.

3.4.6. Comparison between commercial MoSz composites and synthetic MoS2 composites

The performance compares the optimal ratio of C-MoS5/g-C3sN4 and S-MoS,/g-C3N4 binary composites. It can be seen from Fig. 9(a)
that the optimal ratio of the synthetic MoS, binary composite (i.e., 0.3 % S-MoS3/g-C3Ny) is slightly more photo-catalytic than the
commercial MoS; binary composite (i.e., 0.2 % C-MoSy/g-C3Ny). Probably, the synthesized MoS; has a thin sheet structure when a
heterojunction is formed with the layered g-C3N4. The transfer time of the photo-generated carriers is shorter, so the catalytic effi-
ciency is higher.

Also, the performance has been compared between Te/C-MoS,/g-C3N4 and Te/S-MoS,/g-C3N4 ternary composites. It can be seen
from Fig. 9(b) that the photo-catalytic degradation performance and recyclability of the commercial MoS ternary composite (i.e., 5 %
Te/0.2 % C-MoSy/g-C3Ny4) are stronger than those of the synthetic MoS; ternary composite (i.e., 5 % Te/0.3 % S-MoSy/g-C3Ny4).

3.4.7. Photo-catalytic degradation efficiency of different concentrations of MB

Fig. 10 shows the illumination of a 5 % Te/0.2 % C-MoS,/g-C3N4 composite product after adsorption at 10 mg/L, 15 mg/L, and
20 mg/L MB solution for 30 min and 60 min, with degradation efficiency at 90 min and 120 min. We can observe that the 5 % Te/
0.2 % C-MoSy/g-CsN4 composite product has the most efficient degradation efficiency in 10 mg/L MB solution and the lowest
degradation efficiency in 20 mg/L MB solution. Also, we can optimize that within the range of MB concentrations tested (i.e.,
10-20 mg/L), the degradation efficiency decreased with increasing MB concentration. When the dye concentration is increased, the
degradation effect of the photocatalyst can be due to the increase in the MB concentration, which causes the chromaticity of the
solution to increase, resulting in a decrease in the transmittance of the solution, which hinders 5 % Te/0.2 % C-MoS2/g-C3N4, and the
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Fig. 8. (a) Photo-catalytic degradation of MB curve of 5 % Te/ 0.3 % S-MoS,/ g-C3N4 composite, (b) Reproducibility of photo-catalytic degradation

of MB in 5 % Te/ 0.3
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Fig. 10. The photo-catalytic experiments of 5 % Te/ 0.2 % C-MoS,/ g-C3N4 composite product in different concentrations of MB solution.

contact of light affects its light absorption rate [44].

3.4.8. Te/ g-CsN4 composite photo-catalyst mechanism diagram

As shown in Fig. 11, when Te is supported on the surface of g-C3Ny4, g-C3Nj is photo-excited to generate photo-generated electrons
and holes based on the internal surface, failing to function. There is also a part of photo-generated electrons that flow to Te due to its
excellent conductivity; that is, Te forms an electron barrier. Therefore, photo-generated electrons and holes are respectively localized
on Te and g-C3Ny4, and the reconsolidation rate of the photo-generated transporter is lowered. Improve the efficiency of degrading

pollutants.

3.4.9. MoS3/g-C3N4 semiconductor heterojunction photo-catalyst mechanism diagram

As shown in Fig. 12, the lamellar g-C3N4 is combined with MoS,. The sensitization of the narrow-band semiconductor MoS; can
extend the photo-response range of the photocatalyst, and the contact interface between g-C3N4 and MoS; forms a built-in electric
field. It can promote the separation of photo-generated electrons and holes, inhibit their recombination, and improve quantum yield.
The good conductivity of MoS; facilitates its reception and stockpile taken away to g-C3sNy4, improves lifetime photo-generated elec-
trons, and efficiently transfers to the dye solution adsorbed on its surface, thereby improving degradation efficiency.

3.4.10. Mechanism of Te/ MoS2/ g-C3N4 ternary composite semiconductor photo-catalyst

The Te, MoS,, and g-C3N4 are connected to each other. In the ternary composite, two binary compounds, MoSz/g-C3N4, and Te/g-
C3Ny, are also mentioned in Fig. 13. The mechanism of action affects the photo-catalytic efficiency, and on this basis, the synthesis of
ternary complexes constructs a Z-type heterostructure [40-42, 45-48], which optimizes the electron transport at the heterojunction
interface. Te builds a bridge with good conductivity between g-CsN4 and MoS,, which acts as an electron transfer, accelerates electron
transfer, increases quantum yield, and increases photo-catalytic degradation efficiency.
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4. Conclusions
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The photocatalytic degradation of MoS; and tellurium (Te) embedded g-C3N4 nanocomposites for enhanced toxic MB dye was
discussed. The performance of the degradation of g-C3N4 was promoted according to the incorporation of Te and MoS,. The photo-
catalytic degradation efficiency of MB (10, 15, and 20 mg/L) solution was investigated with 5 % Te/g-C3N4 and 0.2 % Mo0S/g-C3N4.
The data disclosed that the photo-catalytic movement of the 5 % Te/g-C3N4 composite also exhibited the highest compared with other
prepared nanocomposites, and almost 100 % of the MB dye was degraded within 60 min. The degradation efficiency of g-C3N4
nanocomposites decreased with an increase in MB concentration, and the degradation rate of MB was ~1.5 mg/L. The measured
properties and pure phase of 2D-layered nano-g-C3N4 semiconductor materials were obtained. It also compares the photo-catalytic

10
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activities of different composite ratios, including the best MoS; composite ratio. Two series of g-C3N4/MoS; were combined with
commercial MoS; and synthetic MoS,, respectively. The optimal proportion of Te/g-C3N4 and the maximum proportion of g-CgN4/
MoS, with certain levels of Te were carried out at the photo-catalytic degradation issues. Therefore, the Te-embedded g-C3N4
nanocomposites would be an effective material to degrade toxic MB dyes from wastewater.
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