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In this work, the ZnS/montmorillonite/graphitic carbon nitride (ZnS/MMT/g-C3N4) as a novel composite was synthesized through a
simple strategy. The addition of MMT showed positive impact on increasing the specific surface area of g-C3N4, and the photocatalytic
activity of g-C3N4 was improved by using ZnS as a semiconductor. We used several techniques including X-ray powder diffraction, Fourier
transform infrared spectroscopy, Field emission scanning electron microscopy, energy-dispersive X-ray spectroscopy, Ultraviolet-visible
light diffuse reflectance spectroscopy, Brunauer-Emmett-Teller analysis, high-resolution transmission electron microscopy, and
photoluminescence spectroscopy were used to confirm the formation of the as-synthesized composite. The adsorption and photocatalytic
activities of ZnS/MMT/g-C3Na were evaluated to examine its ability for the removal of Rhodamine B (Rh. B). Response surface methodology
was used to study the important parameters and their interaction in the adsorption process. The pH, adsorbent dose, and dye concentration
were effect factors on the adsorption process, and the adsorption process was corresponded to Freundlich isotherm and pseudo-second-order
kinetic models. The photocatalytic activity of ZnS/MMT/g-C3N4 was studied under several condition, and the best result was 93% yield

under ultra violet irradiation. This study presents a novel adsorbent and photocatalyst composite with high yield for the removal of Rh. B

dye.
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INTRODUCTION

Today, the energy and environmental subjects are studied
by many scientists, and the dispel of environmental problems
is an important issue. Hence, the exploitation of novel,
ecofriendly, and appropriate compounds is considered in
environmental subjects. In recent years, carbon nitride
compound was studied by several researchers due to its
extraordinary properties. Todays, g-CsNs is applied as
photocatalyst [1], biosensor [2], bionanocomposite [2], and
water splitting [1]. G-C3N4 as an old polymer can be
synthesized by earth-abundant elements including carbon
and nitrogen atoms, which can be modulated by surface
chemistry. The 7 -conjugated electronic structure of g-C3Ny
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can be limited by low surface and recombination of charge
carriers [1].

In the view of surface and textural, bulk g-CsN4 is
modified by several strategies including change of crystal
structure and the formation of nano and hetero structures [3].
In single-phase compounds, the problems of g-C3Ny
properties were remained, but the synthesis of g-C3N4-based
heterostructure as a suitable strategy has been considered in
the reported literatures such as cobalt-doped graphitic
carbon nitride [4], graphitic carbon nitride-alumina [5],
graphitic-carbon nitride based mixed-phase bismuth [6],
carbon nitride stabilized FeS [7], copper sulfide-titania-
graphitic carbon nitride [8], and 1D SWCNT/2D ultrathin
C3N4 [9].

In recent years, the use of natural materials such as
kaolinite [10], illite [10], perlite [11], bauxite [12], and
bentonite [13] was extended for the development of g-C3N4
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application. Montmorillonite (MMT) as a natural clay
belongs to the smectite group, which includes O-Si-O and
0-Al (Mg)-O with layer structure (two tetrahedral silica
sheets and an octahedral alumina sheet). MMT is used in
pharmacology, electrochemical sensor [14], asphalt material
[15], and an adsorbent for organic molecules and heavy
metals [16]. There are many research reporting the use of
MMT for the
polypropylene/MMT  [17],

formation of composites such as

HDPE/MMT-based [18],
(191,
montmorillonite [20], and MoSex/Montmorillonite [21].

WS,/montmorillonite nafion/sulfonated

On the other hand, Zinc sulfide (ZnS) as a semiconductor
is extensively used in optical device due to its band gap,
ecofriendly, suitable physical property, and low-cost. Indeed,
ZnS can be combined with other materials for being used in
novel application. Numerous studies reported ZnS-based
composite such as ZnS@graphite [22], NiS@ZnS [23],
Ag>S/ZnS [24], and ZnO/ZnS [25].

The removal of hazardous materials such as dyes and
organic pollutant is an important aim of green chemistry.
Various strategies were studied for the dyes removal using
chemical precipitation [26], conventional coagulation [27],
electrolysis [28], reverse osmosis [29], ion-exchange [30],
adsorption [31], electrodialysis [32], enzymatic hydrolysis
[33], biological treatment [34], and photocatalytic process
[35]. Some of these methods showed low yield, difficult
procedure, by product formation, and expensive equipment.
A few of these processes could remove pollutant between the
phases, and the main pollutant was remained in the media.
Among these methods, photocatalytic reaction has been
reported as a low cost, easy operation, and reliable procedure
for the decrease of wastewater treatment. One of the
important ways in water purification is using semiconductor
photocatalyst, by which the pollutants can be decomposed to
fewer toxic materials such as CO, and H,O with low energy.
So, the design of a novel photocatalyst is an interesting
subject, which can show bifunction application including
adsorption and photocatalysis activities [36].

Based on the appropriate adsorption capacity, low-cost,
and ecofriendly characters of MMT, it was used for the
modification of g-C3N4 properties. The ZnS was applied to
property of  g-C3Na.
ZnS/montmorillonite/graphitic carbon nitride (ZnS/MMT/g-

improve the photocatalytic

C3N4), which was synthesized through a simple procedure
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and characterized by several techniques such as X-ray
diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), field emission scanning electron microscopy
(FESEM), energy-dispersive X-ray spectroscopy (EDX),
ultraviolet-visible light diffuse reflectance spectra (UV-
DRS), high-
resolution transmission electron microscopy (HRTEM), and

Brunauer-Emmett-Teller (BET) analysis,

photoluminescence (PL) spectroscopy. The as-synthesized
composite was used to study the dye removal by adsorption
and photocatalytic procedures. The Rhodamine B (Rh. B,
N-[9(ortho-carboxyphenyl)-6-(diethylamino)-3 H-xanthen-3-
ylidene] diethyl ammonium chloride) was considered as a
pigment, which its harmful effect is known in the industrial
wastewater [37].

In the studies,
methodology (RSM) has been used as an optimized tool to

environmental response  surface
design some empirical models, decreasing the cost and time
of experiments. The central composite design (CCD) model
is a useful method for the optimization of variables and
responses. The adsorption activity of ZnS/MMT/g-C3N4 was
evaluated by using RSM-CCD design, and pH, adsorbent
doses, Rh. B concentration, time, and temperature were
determined. Then, the photocatalytic degradation of Rh. B
was studied at optimum condition under various irradiations
by using ZnS/MMT/g-C3Na.

MATERIALS AND METHODS

Melamine, Montmorillonite, Zinc sulfide (ZnS),
hydrochloric acid (HCl, 0.1 M), and Sodium hydroxide
(NaOH, 0.1 M) were purchased from Merck and Aldrich
companies. The functional groups were determined by
Unicam-Galaxy 5000 with KBr pellets, and the information
of morphology was used by field emission scanning electron
and high-
resolution transmission electron microscopy (HRTEM, FEI,
TEC9G20, USA). The crystal phase of compounds was
obtained by Panalytical Xpertpro diffractometer Cu Ka
radiation (A = 1.54178 A). The electronic property was
evaluated by UV-Vis diffuse reflectance spectroscopy
(DRS, UV-Vis
photoluminescence (PL, PerkinElmer LS-55 fluorescence

microscopy (FESEM, TescanMira3-Lmu),

Unicam spectrophotometer),  and

Spectrometer) spectra. The Rh. B concentration was obtained
by Dynamica-HALO- DB-20, Germany.
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Synthesis of ZnS/MMT/g-C3N4

First, 1.5 g of montmorillonite was mixed with 60 ml
distillated water for 30 min at 70 °C, then 1 g melamine was
added for 60 min at 70 °C. Then, the mixture was filtrated
and heated in crucible for 90 min at 550 °C, and ZnS was
mixed with MMT/g-CsNy at the ratio of 0.8:1. The mixture
was heated for 2 h at 90 °C to obtain ZnS/MMT/g-C3N,4
composite.

RSM Method

Experimental design was done by RSM method as a
mathematical method, which contains advantages including
low cost, which can determine the effective parameters and
their interactions. Central composite design (CCD) was used
as a based method of RSM to obtain synergic factor towards
by designing 50 experiments for various pH, Rh. B
concentration, adsorbent dose, time, and temperature. The
independent variables were coded at -1 and +1 as low and
high levels by using Design-Expert 13.0 (Tables 1, 2). The
pHpzc (point of zero charge) was determined as 7.8, the net
charge of adsorbent surface was zero, and experiments were
carried out based on the CCD-design. The mixture was at
equilibrium condition, and the solution was filtrated and
centrifuged. Then, the adsorbed dye concentration was
determined by UV-visible spectrophotometer at 561 nm. The
important parameterS such as removal percentage (Re) (%)
and Q. were obtained based on the Egs. ((1) and (2)).

Removal (%) = %* 100 @)
(€, —C)*V
e @

C;: the intial concentration,
C,:the equbiliruim concentration,

m,
Q.: the Rh. B concentration adsorbed at the equilibrium (?g)‘

C;: the Rh. B concentration (mgl1™1),
Ce: the Rh. B Equilibrium concentration (mg1~1),
V = Volume (1), M: the adsobent mass (g)

Adsorption Isotherms and Kinetics Studies
To identify the adsorption process, the Freundlich and
Langmuir isotherms were studied as two well-known models.
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The Egs. ((3) and (4)) are explained multilayer (Freundlich)
The
adsorption is evaluated by the pseudo-first-order and pseudo-

and monolayer adsorption (Langmuir). kinetic
second-order kinetic models, which are shown by Egs. ((5),

and (6)).

1
Inq, = Ink; + (E) InC, 3)
G_1 .G @
de bdm Gm
K
log(q. — qr) = logq. — 555 t (5)
=+ (6)

qt - Kz 42 qe

In above equations, g is the equilibrium adsorption capacity
(mg g"); Kr and n are the model constants displaying the
relationship between adsorption capacity and adsorption
intensity;  C. the
solution (mg171); b is the Langmuir isotherm constant

is equilibrium  concentration
(1 mg™"); qp is the maximum monolayer adsorption capacity
(mg g"); q. and q; are the adsorption amounts of Rh. B,
adsorbed at equilibrium and at different times t (mg g™);

K, is : the rate constant; K,is also : the rate constant.

Photocatalytic Study

When the optimum conditions were obtained at the
adsorption process, the photocatalytic degradation of Rh. B
was studied under dark, light-emitting diode (LED, 5 W LED
lamps, 450 nm, 2 cm distance from the sample), and
ultraviolet (UV, 300 W Xe lamp, 345 nm cut off filter, 4 cm
distance from the sample) irradiations condition.

RESULTS AND DISCUSSION

ZnS/MMT/g-C3N4 composite was prepared through
thermal strategy, and various techniques were applied to
confirm the formation of as-prepared composite. The
functional groups were evidenced by wusing FTIR
spectroscopy, which are shown in Fig. 1. The peak at
809 cm’! is corresponded to the s-triazine unit, and the
absorption peaks at 1237-1649 cm' are ascribed by CN
heterocyclic compounds. The bands in the range of 3000-

3330 cm! are belonged to hydroxyl, primary and secondary
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Table 1. Experimental Factors and Levels for Rh. B Adsorption on ZnS/MMT/g-C3N4

Factor Name Units Minimum Maximum Coded low Coded high
A pH 2.00 9.00 -1 - 2.00 +1 < 9.00
B Adsorbent dose g 0.0100 0.1000 -1 < 0.01 +1 < 0.10
C Rh. B ppm 2.00 8.00 -1 - 2.00 +1 < 8.00
D Temp. °C 15.00 45.00 -1 & 15.00 +1 < 45.00
E Time min 30.00 150.00 -1 & 30.00 +1 < 150.00

Table 2. Experimental Design for Five-level-five Factors CCD for Rh. B Adsorption on ZnS/MMT/g-C3N4

Run A:pH B:Adsorbent dose C:Rh.B D:Temp. E:Time
) (ppm) (°C) (min)
1 6 0.01 2 20 30
2 4 0.06 5 20 30
3 4 0.06 2 15 90
4 2 0.06 6 30 150
5 9 0.04 5 45 30
6 6 0.06 8 40 60
7 2 0.06 6 30 150
8 2 0.04 2 40 90
9 6 0.06 8 40 60
10 2 0.01 8 45 30
11 8 0.1 5 30 90
12 9 0.1 3 20 30
13 4 0.06 5 20 30
14 2 0.1 2 15 150
15 6 0.01 6 45 120
16 9 0.08 8 45 150
17 6 0.1 2 40 30
18 9 0.1 8 15 30
19 6 0.1 2 45 150
20 8 0.1 5 30 90
21 2 0.01 5 30 60
22 2 0.01 3 15 150
23 2 0.08 8 15 90
24 9 0.06 3 40 120
25 6 0.08 6 15 150
26 9 0.01 8 20 90
27 2 0.1 6 45 60
28 6 0.01 6 45 120
29 4 0.01 8 15 150
30 9 0.06 2 15 90
31 9 0.01 2 30 150
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Fig. 1. FTIR spectra of g-C3Ns and ZnS/MMT/g-C3Na. Fig. 2. XRD spectra of g-C3Nsand ZnS/MMT/g-C3Ns.

amines. The FTIR spectrum of ZnS/MMT/g-C3N4 showed
the peaks at 3400-3600 cm!, which indicate the -O-H bonds
and H-bonding between components. Based on the bentonite
category, the MMT peaks can be seen at 593 and 698 cm™,
which are corresponded to Si-O and Al-Al-OH bonds.
Furthermore, the peaks at 476 and 806 cm™' are assigned by
Zn-0 and s-triazine bonds; the existence of main peaks can
be explained by the formation of as-prepared composite.
Figure 2 shows the crystal structure of g-C3Ns and
ZnS/MMT/g-CsN4 using X-ray powder diffraction spectra. In
the spectrum of g-C3Ny, the peaks at 2e = 13.2° and 27.4° are
corresponded to the (100) and (002) crystal faces, which | Ué:ﬂf'nm
assigned by s-triazine ring and conjugated aromatic ring. For el ol
ZnS/MMT/g-C;3N4, the peaks at 20 = 13.2° and 27.4° belong D1=44.81nm
to the g-C3N4. The ZnS compound is determined by the peaks
at 2e = 30°, 48°, 52°, and 56° (JPCDS No. 89-2156).
Furthermore, MMT compound is indexed by 2e = 19.8°
(100), 28.61° (004, quartz), 34.8° (110) and 69.4° (300),
respectively.

The morphology of the g-CiN4 and ZnS/MMT/g-C;N,  Fig- 3. FESEM images of (ab) g-CsNs and (c,d)
was studied by FESEM technique, as shown in Fig. 3. The =~ ZnS/MMT/g-C5Ns composite.
g-C3N4 was seen as a layered and tight layered (Figs. 3a,b);
the images of ZnS/MMT/g-CsNs were determined by the
integrated MMT sheets and the ZnS small particles  nd Zn atoms without any impure elements.

(Figs. 3c,d). In addition, the EDS images of ZnS/MMT/g- The HRTEM images show the structure of ZnS/MMT/g-
C3N4 composite, indicating that the ZnS particles spread on

the MMT/g-C3Ny (Fig. 5) with d spacing of 3.5531.

(c)

D3=5170AM s 200 nm

C3Ny are shown in Fig. 4, showing that the elemental
mappings determine the homogeneous distribution of C, N,
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Fig. 4. EDX map of ZnS/MMT/g-C3N4 composite.
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Fig. 5. HRTEM of ZnS/MMT/g-C3N4 composite.

The nitrogen adsorption-desorption isotherm was carried
out to obtain the textural properties of the as-prepared
composite. The BET specific area and the mean pore
diameter of ZnS/MMT/g-CsNs were 25.993 m? g and
12.824 nm, showing higher amount compared to the pure
g-C3Ny (13.47 m? g'), as shown in Fig. 6. Based on the
results, the ZnS/MMT/g-CsN4 composite provided more
adsorption and photocatalytic activities compared to those of
g2-C3N4. According to the TUPAC classification, the BET
curves exhibited H3 hysteresis and type IV isotherms.

Also, photoluminescence spectra of g-C3Ns and
ZnS/MMT/g-C3Ny4 are shown in Fig. 7. The higher
photoluminescence peak shows the relatively faster charge
recombination. The PL spectrum intensity of ZnS/MMT/g-
C3N4 was lower than that of g-C3;N4, which explaining the
lower charge combination and good electrical conductivity of
the as-prepared composite [38].
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0 A 1
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Fig. 6. N, adsorption-desorption curves of (a) g-C3N4, (b)
ZnS/MMT/g-C3NL.
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Fig. 7. PL spectra of g-C3N4 and ZnS/MMT/g-C3Na.

ZnS/MMT/g-C3N,

(ahv)"2(ev)'? (a.u.)

- Eg(eV) °

Fig. 8. UV-Vis diffuse reflectance curve of ZnS/MMT/g-
C3Na,

Table 3. Model Summary Statistics

The UV-Vis diffuse reflectance analysis was used to
determine the optical absorption properties of ZnS/MMT/g-
CsNy4 (Fig. 8). The calculated band gap of as-prepared
composite was 2.3 eV compared to g-CsNi (2.58 eV),
showing good potency for the photocatalytic activity.

Adsorption Study

The Rh. B adsorption on ZnS/MMT/g-C3Ny4 was studied
by two-factor interactions (2FI), linear, quadratic, and cubic
models based on CCD-RSM design. According to Table 3,
the experimental data was fitted by a quadratic model, which
the lack of Fit p-value > 0.2 and R?> 0.95.

Based on ANOVA analysis, the final Eq. (7) (in terms of
actual factors) was constructed. In this equation, R! is the
yield of Rh. B adsorption while A, B, and C terms are pH,
adsorbent dose, and Rh. B concentration, respectively.
According to the RSM results, D and E terms were shown
less significant parameter compared to another parameters;
hence, they were omitted from the ANOVA analysis.
Synergic effects were described by negative and positive
coefficient, which explain the increase of adsorbent dose
resulted in high yield; the decrease of pH and Rh. B
concentration led to high percentage adsorption.

R! = +106.71654-10.39655pH+1307.46315Adsorbent-
5.04730Rh.B+60.10246pH* Adsorbent-9792.39589
Adsorbent?

(7

Contour plot explained the variables interaction and their
effect. As shown in Fig. 9, the low pH and high adsorbent
dose resulted in the high yield of Rh. B adsorption by
using ZnS/MMT/g-C3N4. While the active sites of surface

Source Sequential p-value Lack of Fit p-value Adjusted R? Predicted R?

Linear < 0.0001 0.0085 0.7283 0.6271

2F1 0.3513 0.0080 0.7505 -0.0398

Quadratic 0.0001 0.3355 0.9598 0.8041 Suggested
Cubic 0.3355 0.9678 Aliased
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B: Adsorbent (g)

A: pH

Fig. 9. Contour plot of the Rh. B removal.

were increased, the Rh. B adsorption was increased.
Furthermore, the pHpz0 was 7.8, and the surface charge was
positive at values less than 7.8, showing the interaction
between Rh. B and ZnS/MMT/g-C3N4 had high percentage
adsorption.

As represents in Fig. 10a, the residuals showed a good
agreement between the experimental and predicted values,
confirming the fitness of the selected model. The lack of
clustering indicates the distribution of residuals. Based on the
Fig. 10b, the 86.5 % yield of Rh. B adsorption was achieved
at the optimum condition including pH of 5.5, 0.05 g
ZnS/MMT/g-CsNa, 5 ppm Rh. B, 90 min, and 30 °C.

Isotherm Study

The relation between ZnS/MMT/g-C3N4 and Rh. B was
studied by the Freundlich and Langmuir models. At the
optimum condition, equilibrium adsorption isotherms were
obtained (Fig. 11), and the Freundlich isotherm was related
to the adsorption of Rh. B on ZnS/MMT/g-C3Ny, due to the
regression value (R?=0.98, n=2.41, Ky= 0.1882) compared
to that of Langmuir isotherm (R? = 0.96). Based on the
results, the m-m interaction resulted in the multilayer
adsorption of Rh. B on the ZnS/MMT/g-C3Na.
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Fig. 10. RSM diagnostic plots for (a) Normal plot of residual,
and (b) Residuals vs. Run for the Rh. B adsorption by
ZnS/MMT/g-C3Ns.

Adsorption Kinetic
The experimental data was evaluated with pseudo-first-
and second-order kinetic models. According to Fig. 12, the
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0.13 0.15 0.19 0.21 0.23

LnC,

Fig. 11. (a) Langmuir isotherm and (b) Freundlich isotherm
of Rh. B adsorption on ZnS/MMT/g-C3Ny,

pseudo-second-order model can describe the Rh. B
adsorption on the ZnS/MMT/g-C3Ny; higher value of
correlation coefficient explains this subject.

Photocatalyst Activity

To determine the photocatalyst activity of ZnS/MMT/g-
C3Ny, the degradation of Rh. B was evaluated under optimum
condition including dark, LED, and UV irradiations. Based
on the data, the percentage of Rh. B removal was 93% under
UV irradiations as the best condition, and the trapping
experiment demonstrated the effect of radicals.

Mechanism of Rh. B Removal

For the removal of Rh.B, the adsorption and
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Fig. 12. (a) Pseudo-first-order kinetic, and (b) pseudo-
second-order kinetic models for Rh. B removal by

ZnS/MMT/g-CsNL.

photocatalytic activities were evaluated by ZnS/MMT/g-
C3N4 composite. In the adsorption process, the Rh. B was
removed to the surface of ZnS/MMT/g-C;N4 composite, and
it got into the as-prepared composite, due to the hydrogen
In the
photocatalytic process, the irradiations were absorbed by
ZnS/MMT/g-C3N4 composite, and the electron-hole pairs

bonding and electrostatic (m-m) interactions.
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were generated by MMT/g-C3Ny. Then, the electrons in the
conduction band (CB) of MMT/g-C3sNs were injected into the
CB of ZnS, and the holes in valence band (VB) of ZnS could
be migrated to the VB of the MMT/g-C3Na. The hydroxyl and
superoxide radicals can be attacked for the degradation of Rh.
B (Scheme 1) [39,40].

UV irradiation =] N 02

I 02 g Rh.B
cB
MMT/g-C;N, CO:2 + H20
Rh.B X h+

Scheme 1. Proposed mechanism for Rh.B removal by
ZnS/MMT/g-C3N4 composite

Comparison of Different Materials for the Removal
of Rh. B

Table 4 shows the yield of Rh. B removal by several
compounds; some of these adsorbents only showed the
adsorbent property, but the inability for the Rh. B degradation
was obvious. In some literature reports, the interaction of
some parameters hasn’t been investigated. In many
photocatalysts, adding the semiconductor led to a decrease

in surface area, but the surface area was increased in the

as-synthesized composite. Furthermore, the ZnS/MMT/g-
C3N4 composite showed a better adsorption compared to that
of MT.

Several composites have been used for the degradation of
organic pollutant and pigments. According to Table 5,
ternary or multicomponent composite can be acted more
efficient compared to a binary component system, due to the
efficient separation of the charge carriers [3]. More negative
CB and valence band VB can lead to a better yield and useful
heterostructure composite. The efficient charge transfer was
obtained in the g-C3;Ns-based type II and Z-Scheme
ZnS/MMT/g-C3Ny s
heterostructure composite

heterostructures.  The trinary
forming by wusing natural
composite, and suitable charge transfer can provide more
advantages for this composite compared to other composites
(Entries 1-8). Furthermore, the more specific area compared
to some other photocatalysts is an advantage of this as-

synthesized composite.

CONCLUSIONS

The goal of this study was studying the combination of
adsorbent and photocatalytic activity for the pollution
removal; hence, the ZnS/MMT/g-CsN4 was synthesized by a
simple procedure. Adding MMT to ZnS resulted in an
increase in the surface area and the efficiency of charge
transfer. Response surface methodology (RSM) was
employed for the predication of the best model for the Rh. B
removal. The pH and ZnS/MMT/g-CsN4 dosage were shown

as important factors affecting the Rh. B. removal.

Table 4. Comparation of Adsorbent Activity for the Rh. B Removal

Entry Materials Yeild Ref.
(%0)
1 MonoBODIPY -functionalized Fe;04@SiO>@TiO; nanoparticles 29.49 [41]
2 PVDF/g-CsN4/chitosan 72.74 [42]
3 Reduced graphene-nickel nanocomposite 90 [43]
4 Reduced graphene oxide 98 [44]
5 TiO; nanofibers membrane loaded on porous fly ash ceramic support 97.74 [45]
6 ZnFe;04 and UiO-66 over g-C3Ny [46]
7 MMT 81 This work
8 ZnS/MMT/g-C3Ny4 93 This work
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Table 5. Typical g-C3Ns-based Heterojunction Photocatalysts

Entry  Photocatalysts Application Charge transfer type Ref.

1 TiO,/g-C3Ny MB photodegradation Type II heterojunction [47]
photocatalysts

2 Zn0/g-C3Ny Rhodamine B photodegradation Type II heterojunction  [48]
photocatalysts

3 CdS/g-C3Ny MB photodegradation Type II heterojunction [49]
photocatalysts

4 MoS,/g-C5N4 MO photodegradation Type II heterojunction  [50]
photocatalysts

5 Bi,WO¢/RGO/g-C3Nsy  2,4,6-Trichlorophenol (TCP) photodegradation =~ Z-scheme [51]

6 Fe,03/g-C3N, RhB photodegradation Direct Z-scheme [52]

7 WO3/g-C5Ny MB photodegradation Direct Z-scheme [53,54]

8 AgryWO4/g-C3Ny MO photodegradation Direct Z-scheme [55]

The optimum condition for the adsorption were obtained at
the pH of 5.5, 0.05 g ZnS/MMT/g-C3Na4, and 5 ppm Rh. B.
The degradation of Rh. B reached 93% under UV irradiation.
The synthesis of ZnS/MMT/g-C3Ny led to the design of a
novel material with the adsorption and photocatalytic
synergic role. These challenges can be addressed in the future
research works: (1) The optimization of composite amounts.
(2) More detailed analysis on the mechanism of
photocatalyst. (3) The ability of the composite for the
(4) Theoretical

calculation to determine the thermodynamic and kinetic

removal of other organic materials.

status of reaction. (5) Considering the effective parameter for
photolysis reaction.
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