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ABSTRACT

Graphene/MoS, hybrid material was prepared by the hydrothermal method. The hybrid material was character-

ized by X-ray diffraction spectrum, Raman spectra, transmission electron microscope and UV-vis-NIRS. It was used as

a near-infrared photocatalyst to catalyze and degrade Rhodamine B (RhB). The results showed that when the concentra-

tion of the RhB solution was 50.0 mg-L’l, the pH value of the solution was 7, the volume of the solution was 50.0 mL,

the amount of G/MoS, catalyst was 0.05 g and near-infrared radiation was carried out for 3 h, the degradation rate of
RhB in the 50 mL solution reached 96.5%. When MoS, was used as the photocatalyst, the degradation rate of RhB was
only 75.5%. After 5 times of recycling, the catalytic efficiency of the hybrid photocatalyst was still more than 90%,

indicating that the catalyst is very stable.
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1. Introduction

The use of solar energy to solve environmental energy originated
in 1972 when Fujishima used TiO, optoelectrode to electrolyze water
for hydrogen production'!. Then Carey reported that TiO, photocata-
lytic oxidation was used to eliminate the toxicity of polychlorinated
diphenol in 1976, Since then, the degradation of environmental pol-
lutants by solar energy has rapidly become a research hotspot. Howev-
er, TiO, can only use ultraviolet accounting for about 4% of solar en-
ergy to dope TiO,” ! and develop new catalysts such as Fe,0;, WO;
and Bi,WO4*"\. Although the utilization of visible light is partially
solved, infrared accounting for nearly 50% of solar energy needs to be
developed and utilized. While visible light photocatalysis continues
to be concerned, in recent years, people have begun to promote the
research frontier of photocatalysis to the utilization of near-infrared
light. It has been reported that hydrogen was prepared by photocataly-
sis with In,TiOs as catalyst and near-infrared light as driving force!;
g-CsN, was sensitized with phthalocyanine and hydrogen was pre-
pared by near-infrared light radiation™; Tang, et al. used NaYF,:Yb
and Tm as up-conversion materials to convert near-infrared light into
ultraviolet that can be absorbed and utilized by TiO,, and degraded
methylene blue through TiO, photocatalysis'”; Li, et al. formed a
composite nanostructure with carbon quantum dots and Cu,O, which
can degrade organic dyes by near-infrared photocatalysis!'').
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In recent years, two-dimensional materials
have attracted extensive attention because of their
good optical and electrical properties!'™. MoS, is
similar to graphene and has a two-dimensional pla-
nar structure!®!. The hydrogen production property
of MoS, (a semiconductor photocatalyst) under
visible light radiation has been studied"*?". In the
application of near infrared, literature only reported
the research of MoS, for photothermal drug releas-
ing in the treatment of cancer'®”. As a semiconduc-
tor material, MoS, has an indirect band gap of 1.29
eV#l. The theoretical absorption sideband can ex-
tend to 961 nm and can absorb near infrared, which
provides a scientific foundation for near-infrared
photocatalysis.

On the other hand, graphene (G) is a hot spot
in the study of carbon materials in recent years. It is
a two-dimensional monatomic layer material, and
its basic structural unit is a six-membered ring***.
Each carbon atom in G-structure provides a p or-
bital electron to form an delocalized  bond, and the
P electron can move freely, making G have good
conductivity™™. The combination of G and MoS, is
expected to prepare the G/MoS, hybrid photocata-
lyst with catalytic activity for near infrared, and to
make full use of solar energy.

This paper adopted the hydrothermal method
to prepare the G/MoS, photocatalyst and used RhB
as a simulated pollutant to study the law of
near-infrared photocatalytic degradation of RhB.

2. Experiment

2.1 Preparation of a G/MoS; nanocomposite
semiconductor material

2.1.1 Preparation of MoS;

Add 1.21 g NaMoO4-2H,0O (0.005 mol) and
1.56 g (NH;),CS (0.020 mol) into a 100 mL beaker;
stir until they are completely dissolved, and then
transfer them to a polytetrafluoroethylene hydro-
thermal reactor. Add deionized water to 80% of the
total volume of the reactor, seal the reactor, heat it
to 200 °C and react for 24 hours. Then cool the
sample at room temperature and wash it with de-
ionized water to remove the soluble substances.
The black solid powder was obtained and dried in
an oven at 40 °C for 6 h to obtain the MoS, semi-

conductor material.
2.1.2 Synthesis of graphite oxide (GO)

Accurately weigh 2.0 g of graphite and 1.0 g
of NaNOQOj; into a 200 mL beaker and add 50 mL of
concentrated H,SOy, then add 6.0 g of KMnQO,, and
react for 2 h at a temperature lower than 20 °C.
Then raise the temperature to 35 °C for 35 min; add
a certain amount of deionized water to the reaction
system, stir continuously for 20 min, then reduce
the residual potassium permanganate with 60 mL of
5% H,0; until the solution turns bright yellow. Fil-
ter it while it is hot, wash with 5% HCI and deion-
ized water until there is no SO4*, and fully dry in a
60 °C vacuum drying oven to obtain GO sample for
standby.

2.1.3 Preparation of G/MoS;

In the process of synthesizing MoS,, G/MoS,
nano hybrid materials with different G contents
were obtained by adding GO with mass fractions of
1%, 3%, 5%, 7% and 9% respectively into the
mixed solution of NaMoO,-2H,O and (NH;),CS
and carrying hydrothermal reaction at 200 °C for 24
h.

2.1.4 Preparation of the RhB solution

Weigh 0.1 g of RhB and fix the volume to 100
mL to obtain the RhB solution with a concentration
of 1 mg-mL "

2.1.5 Characterization analysis

The samples were characterized by an X-ray
diffractometer (XRD, D/max 2500 pC), a transmis-
sion electron microscope (TEM, Tecnai G220), a
fourier transform infrared spectrometer (Spectrum
BX, PerkinElmer Ltd, USA),
let/visible/near infrared spectrophotometer (UV—Vis,
U-4100) and a spectrometer
(LabRAMHRS800, France).

an ultravio-

Raman

2.2 Photocatalytic reaction

Use a 100 mL round-bottom beaker as a photore-
actor and wrap the four walls of the beaker with tin
foil paper to prevent ultraviolet and visible light
from entering the reaction system. A cut-off filter
with A > 780 nm is covered on the beaker mouth to
ensure that only near-infrared light radiation enters
the photoreactor. Place a 300 W UV-Vis lamp above
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the reactor, add a certain amount of catalysts to the
RhB solution of a certain concentration, magneti-
cally stir, sample every 20 minutes during the reac-
tion, centrifuge, and determine the absorbance of
RhB at 554 nm with an UV-Vis spectrophotometer
to calculate the degradation rate of RhB.
Degradation rate of RhB = (1 — C/Cy) x 100% = (1
—A/Ag) * 100%

In the formula, C; is the initial concentration
of RhB; A4, is the absorbance of the initial solution,
C; is the concentration of remaining RhB, and 4; is
the absorbance of remaining RhB.

3. Results and discussion

3.1 X-ray powder diffraction characteriza-
tion

Figure 1 shows the XRD powder diffraction
spectra of samples of MoS,;, GO, G and G/MoS,.
The diffraction peaks at 26 = 14.2°, 33.5°, 39.5°
and 59.0° correspond to (002), (100), (103) and
(110) crystal plane indexes of MoS, respectively.
The diffraction peaks of MoS, and G/MoS, are
consistent ~ with  the  standard  spectrum
(JCPDS37-1492). Therefore, it can be determined
that the obtained sample is MoS, (space group:
P36/mmc)[27].

Curve (b) in Figure 1 is the diffraction spec-
trum of GO. The characteristic diffraction peak of
GO appears at 8.5°, indicating that a large number
of oxygen-containing functional groups are intro-

282 Curve (c) is

duced into the graphite interlayer
the diffraction pattern of graphene after hydrother-
mal reduction. Compared with curve (b), it can be
seen that the original diffraction peak at 8.5° disap-
pears and a diffraction peak appears at 26 = 24.4°.
The peak shape is dispersed and wide, indicating
that after hydrothermal treatment, the functional
groups on the GO surface are gradually reduced to
obtain the assembly structure formed by single or
few G-layers. The integrity of the crystal structure
decreases and the degree of disorder increases>*%),
Curve (d) is the G/MoS, diffraction spectrum.
Compared with MoS,, the crystal plane index of
MoS; appears at the same position, and the charac-
teristic diffraction peak of G appears at 25.4°. The

displacement of the peak position may be caused by

the introduction of MoS,.
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Figure 1. X-ray powder diffraction spectra of samples.

3.2 Raman spectra characterization

MoS; unit cells are stacked according to hex-
agonal symmetry and belong to D' space group
(Ps°/mmc). According to the symmetry, MoS, has
four Raman active vibration modes: Ezgz, Eig, Ezgl,
Alg[m. It can be seen from Figure 2(a) that the Ra-
man peaks at 385 cm™' and 408 cm ' belong to Ezgl
and A, vibration respectively, which further indi-
cates that the prepared sample is MoS,.

Figure 2(b) and Figure 2(c) represent the
Raman spectra of GO and GO treated by hydro-
thermal reduction respectively. GO and reduced-GO
materials have two important characteristic bands
near wave numbers of 1335 cm ™' and 1600 cm ',
namely D-band and G-band. G-band is the E,, vi-
bration mode of GO, which corresponds to the sp’
hybridization of carbon atoms. D-peak is generat-
ed by the stretching vibration of sp’ hybrid C-C
single bond, which is a measure of defects and dis-
order of G. The intensity ratio (/p/Ig) of the two is
often used to characterize the disorder degree of the
structure. By calculating, the I/l of GO is 1.27
and that of G is 1.88, showing that G after hydro-
thermal treatment becomes a single-layer or few
layers of G-sheets; the average size of sp” plane
domain decreases and the disorder degree increas-
est?,

Figure 2(d) is the Raman spectrum of G/MoS..
The characteristic Ezgl and A, vibration modes of
MoS, appear. At the same time, the Raman peaks of
G of 1600 cm ' and 1335 cm™' also appear, which
further indicates the successful recombination of G
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Figure 2. Raman spectra.

(A) TEM diagram of G;

3.4 UV-vis-infrared reflectance characteriza-
tion
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Figure 4. UV-vis-near-infrared reflectance spectra of samples.

Figure 4 shows the reflectance spectra of
MoS,, G/MoS, and G samples. It can be seen from
Figure 4 that the two samples not only have a
strong absorption peak near 300 nm, but also have
an obvious absorption peak between 500—850 nm,
so the samples have good absorption performance
in the ultraviolet and visible regions. Because MoS,
supports G, the absorption band of composite

M diagram of MoS,;
Figure 3. TEM diagrams of samples.

3.3 Transmission electron microscope

Figure 3(A) shows the TEM diagram of G. It
can be seen from Figure 3 that G is in a sheet
structure, which also shows that G is synthesized by
this method. Figure 3(B) is the TEM diagram of
MoS, with a layer spacing of 0.629 nm, which is
the surface spacing of (002), indicating that the
material is a MoS, semiconductor. Figure 3(C) is
the TEM diagram of the G/MoS, hybrid material.
As can be seen from Figure 3, the sub-grain of (002)
surface is clearly visible, surrounded by G-carbon
material, which shows that G and MoS, form a hy-
brid material with s close structure.

3
g

(C) TEM diagram of G/MoS,

G/MoS, has red-shift and has good absorption in
the near-infrared region. Therefore, G greatly im-
proves the utilization of solar energy by the cata-
lyst.

4. The degradation experiment of
RhB

4.1 Photocatalytic degradation of RhB

Figure 5 shows the curve of G/MoS, photo-
catalytic degradation of RhB under near-infrared
light radiation. Curve (a) shows that the degradation
rate of RhB reaches 96.5% at 3 h. The comparative
experiment shows that when there is no hybrid cat-
alyst, even if the RhB solution with the same con-
centration is directly irradiated by infrared light, the
degradation rate of RhB under the same conditions
is only 4.3%, as shown in curve (d). Therefore,
comparing curve (a) with curve (d), it can be seen
that the hybrid material G/MoS, plays an important
role in the degradation of RhB by near-infrared
light. 0.05 g G/MoS, catalyst was placed in the
same concentration of RhB solution, and 30.3%
RhB was adsorbed on the catalyst surface after 3 h
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without light, as shown in curve (c¢). Under the
same conditions, when using one group MoS, as the
catalyst, the degradation rate of RhB is only 75.5%,
as shown in curve (b), while the degradation rate of
RhB using hybrid catalysts composed of G/MoS, is
significantly higher than that using MoS,. Therefore,
G enhances the photocatalysis of MoS,.
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Degradation conditions: solution volume v = 50 mL, RhB ini-
tial concentration C = 50 mg-L™!, pH = 7.0. a: 0.05 g G/MoS, +
infrared light; b: 0.05 g MoS,; + infrared light; c¢: 0.05 g
G/MoS;,; d: infrared radiation.

Figure 5. Near-infrared photocatalytic degradation of RhB.

4.2 Effect of the initial RhB concentration

The G/MoS, catalyst was used to degrade RhB
with different initial concentrations, and the degra-
dation curve was obtained under the same other
conditions, as shown in Figure 6. The results show
that In(Cy/C)) has a linear relationship with the reac-
tion time ¢, as shown in Figure 7. Therefore, the
RhB degradation reaction follows the first-order
reaction kinetics. Based on this, the apparent kinetic
rate constant K,,, can be obtained, whose average
value is 0.304 h".

In(Cy/C)) = Kappt + b
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Figure 6. Degrading RhB with different initial concentrations.
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Figure 7. Linear relationship between In(Cy/C,) and ¢.
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Figure 8. Recycling experiments of G/MoS,.

4.3 Stability and reuse of catalyst

The stability of the hybrid catalyst was evalu-
ated by multiple cycle experiments. Figure 8 is the
degradation rate curve of the G/MoS; catalyst for 5
consecutive times of near-infrared photocatalytic
degradation of RHB under near-infrared light radia-
tion. Each experiment lasted for 3 h. After each
degradation, the catalyst was obtained by centrifu-
gation and deionized water washing, and then recy-
cled. After five cycles of degradation of RhB, the
degradation rate of RhB was still more than 90.6%.
This shows that the G/MoS, catalyst is relatively
stable and can be reused.

5. Conclusion

The G/MoS; hybrid material was prepared by
the hydrothermal method. The hybrid material has
photocatalytic properties to near-infrared light. Us-
ing this hybrid material as photocatalyst, RhB
can be effectively degraded under near-infrared
light irradiation. The G/MoS, hybrid catalyst was
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continuously recycled for 5 times, and the degrada-
tion rate of RhB was still more than 90%, indicating
that the hybrid catalyst is very stable. The results of
this study show that near-infrared light has im-
portant application value in the field of environ-
mental protection.
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