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Abstract: A type of reduced graphene oxide (rGO)/SnIn,Sg
(SIS) nanocomposites was successfully fabricated by a facile
and efficient microwave-assisted method. Their morphology,
structure, composition, and optical performance were inves-
tigated by different analytical techniques, respectively. The
results indicated that rGO had an important effect on the
structure of photocatalysts. As the content of rGO increases,
the unchin-like microsphere structure of rGO/SIS evolved gra-
dually into aggregated nanosheet structure. The photocata-
lytic degradation experiments were carried out under visible
light irradiation. The results demonstrated rGO/SIS-2 nano-
composites exhibited higher photocatalytic activity toward
the degradation of RhodamineB than that of SIS, rGO/SIS-1
as well as rGO/SIS-3. Meanwhile, the mineralization efficiency
of Rhodamine B (RhB) can reach up to 73.8% within 30 min.
Interestingly, rGO/SIS-2 nanocomposites exhibited excellent
recycle stability with 96% removal efficiency of RhB after
three cycles. The enhanced photocatalytic activity of rGO/
SIS-2 nanocomposites should be attributed to the strong inter-
action of rGO and SIS, the decrease of band gap energy, the
enhanced visible light absorption, and excellent electrons’
mobility of rGO, thereby promoting charge separation.
Finally, the mechanism of rGO/SIS nanocomposites for
the degradation of RhB has been also proposed. This
work provides a facile and efficient pathway to prepare
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SIS-based nanocomposites with enhanced catalytic effi-
ciency by combining the advantages of microwave-assisted
heating and incorporating carbon-based nanomaterials
for the degradation of organic pollutants in visible light
irradiation.
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1 Introduction

With the rapid development of the industrial economy
and society, water pollution has become a global problem.
Organic dyes, a type of significant pollutants, are widely
applied in textile, paint and pigments, leather manufac-
turing, indicators, and so on [1]. For example, Rhodamine
B (RhB) and methylene blue (MB) are widely used organic
dyes in industry and laboratory and have been one of the
dye pollutants. Water pollution caused by these dyes poses a
potential threat to the aquatic environment and human
health owing to their complex aromatic structures, difficult
degradation, and high toxicity [23]. In the past years, a
number of strategies [4,5] including physical, chemical, and
biological treatments have been developed for dye removal
from wastewater. However, these traditional methods have
some drawbacks [6], such as high cost, low efficiency, and
incomplete detoxifying contaminants. Therefore, it is impor-
tant to explore a facile, highly effective, energy-efficient, and
producing no secondary pollution strategy for dye removal.
Semiconductor-based photocatalytic technology has
attracted widespread attention [7-9] because of converting
directly solar energy into chemical energy, sustainability,
eco-friendly, high efficiency, and simple operation proce-
dures. So far, a variety of semiconductor-based nanomater-
ials, including metal oxides [10-14], metal sulfides [15-17],
as well as metal-organic frameworks (MOFs) [18,19], was
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widely reported for pollutant degradation. Among these
photocatalysts, stannum indium sulfide (SnIn,Sg, donated
as SIS) with a suitable band gap (1.77-2.35eV) and well
relevant to the visible light absorption exhibits potential
application in photocatalysis [20,21]. Unfortunately, for a
single SIS semiconductor, the rapid electron-hole recom-
bination will inhibit its photocatalytic efficiency [22]. Given
this, a number of approaches have been explored to
improve its photocatalytic activity, including metal doping
[23], dye sensitization [24], incorporating of carbon-based
nanomaterials [25,26], and coupling SIS with other nano-
materials [27]. For example, Sun et al. [28] fabricated tub-
ular In,0;@SnIn,Sg hybrid photocatalysts by a two-step
method and found that Cr(vi) reduction reaction constant
k on these hybrid photocatalysts was 2.54 times higher than
that of single SnIn,Sg. Hu and coworkers [29] prepared
SnIn,Sg/BiOBr hybrid photocatalysts, which showed 99.8%
of degradation efficiency (DE) for RhB within 40 min under
visible light, while it was only 71.1% for single BiOBr.

Among nanomaterials, reduced graphene oxide (rGO)
with the structure of a sp“bonded carbon atoms has
attracted extensive attention owing to its exceptional prop-
erties such as large specific surface area, efficient visible
light absorption, remarkable light transport, and superior
electron mobility [30-32]. Generally, rGO as an excellent
acceptor and mediator of photogenerated electrons was
considered to be a perfect co-catalyst to improve the photo-
catalytic performance of semiconductors. Deng et al. [22]
synthesized rGO/SnIn,Sg (SIS) composites via a low-tem-
perature co-precipitation way for 5 h and discovered these
composites could completely degrade RhB in 70 min. In our
previous work [33], rGO/SIS photocatalysts assembled by
hydrothermal method with 12h exhibited an excellent
reduction of Cr(vi). However, hydrothermal or low-tem-
perature co-precipitation method for the preparation of
rGO/SIS photcatalysts is time-consuming.

In recent years, the microwave-assisted method has
drawn a lot of interest, by virtue of a lessened amount of
reaction time from hours to minutes, uniform heat transfer,
high yields, and high purity of the products [34-36]. For
example, Song et al. [37] prepared Br/Bi,WOg photocatalysts
via microwave hydrothermal method with 2h, and these
photocatalysts exhibited 93% of DE for RhB in 120 min.
They also prepared Br/Bi,WOg photocatalysts via the hydro-
thermal method with a react time of 2 and 4 h, respectively.
The results demonstrated that the DE of Br/Bi,WO6 pre-
pared by the microwave heating method was obviously
higher than that of photocatalysts synthesized via the hydro-
thermal method. Thus, microwave-assisted method was consid-
ered to be an efficient and competitive method for preparing
photocatalysts. Herein, we fabricated a type of rGO/SIS
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nanocomsposites with different amounts of rGO via micro-
wave-assisted method. The introduction of rGO was designed
to enhance the visible light absorption, decrease the band
gap, and accelerate the separation and migration of photo-
generated electrons-hole, and microwave irradiation was
suggested to shorten the reaction time. Subsequently, the mor-
phology and structure of rGO/SIS nanocomposites were inves-
tigated. The as-prepared nanocomposites were employed to
degrade RhB and MB under visible light illumination. The
results displayed rGO/SIS-2 photocatalysts showing signifi-
cantly enhanced photocatalytic activity than that of rGO/SIS-
1, rGO/SIS-3, and SIS. The recycle stability of rGO/SIS hybrid
photocatalysts was also observed. Finally, a probable photo-
catalytic mechanism was proposed. This work provides a
facile and efficient pathway to prepare SIS-based nanocom-
posites by combining the advantages of microwave-assisted
heating and incorporating carbon-based nanomaterials for
the degradation of organic pollutants in visible light irradia-
tion with enhanced catalytic efficiency.

2 Experiment

2.1 Materials

Graphite oxide was observed from Kelong Chemical Incorporated
Co., Ltd,, China. Thicacetamide (TAA), tin chloride pentahydrate
(SnCl,y5H,0), cetyl-methyl-ammoniumbromide (CTAB),
Rhodamine B, and indium chloride tetrahydrate (InCl3-4H,0)
were provided by Aladdin Ltd, China. All reagents were of
analytical grade and used as received without any further
purification.

2.2 Preparation of rGO/SIS nanocomposites

Graphene oxide (GO) was prepared following the Hummers’
method with a slight modification [38]. For the fabrication of
a series of rGO/SIS nanocomposites, a certain amount of GO
was dispersed into 50 mL of ethyl alcohol by ultrasonication
for 30 min. Then, 0.15 mmol SnCl,-5H,0, 0.6 mmol InCl;-4H,0,
20 mg CTAB, and 0.0902 g TAA were added into aforemen-
tioned GO solution and maintained vigorous stirring for
40 min. Subsequently, the above-mentioned solution was
placed into a 100 mL Teflon tube of a microwave synthesis
reactor with a stirring bar and a fiber optic sensor (Multiwave
PRO, Anton Paar). The sealed vessel was treated at 160°C
within 5min of a ramping time and kept for 20 min. After
reaction, the vessels were quickly cooled down to 55°C via the
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default microwave system-cooling program. Then, the micro-
wave-safe tube was taken out from the microwave reactor.
Finally, the clay bank precipitates were separated by centri-
fugation, washed with water and absolute ethyl alcohol
respectively, and freeze-dried for further use. The obtained
nanocomposite was denoted as rGO/SIS-1 (rGO/SIS-0.5%, 0.5%
is the initial weight ratio of GO and SIS, same below), rGO/SIS-
2 (rGO/SIS-1%), and rGO/SIS-3 (rGO/SIS-2%). For comparison,
SIS was also fabricated with the same microwave-assisted
method without GO.

2.3 Characterization

Surface morphologies of a series of as-prepared rGO/SIS
nanocomposites were visualized by a scanning electron
microscopy (SEM) with the party of energy dispersive spec-
trometry (JSM7500F, Japan). X-ray photoelectron spectro-
scopy (XPS) was performed on an XPS system (AXIS Supra,
Kratos) with an Al Ka. The crystalline structure of as-pre-
pared rGO/SIS nanocomposites was recorded by a Philips
X-ray diffraction (XRD) with Cu-Ka radiation. To evaluate
the optical performance, UV-vis diffuse reflectance spectra
(DRS) analysis of a series of as-prepared rGO/SIS nanocom-
posites was carried out on a PerkinElmer 1050 + UV-vis
spectrometer using BaSO, as a reference. To explore the
separation efficiency of photogenic charge carriers, photo-
luminescence (PL) spectra of a series of rGO/SIS nanocom-
posites were obtained by a fluorescence spectrometer with
a photomultiplier voltage of 700 V and an excitation wave-
length of 370 nm (F-7100, Hitachi, Japan). Fourier transform
infrared spectroscopy (FT-IR) analysis of rGO/SIS nanocom-
posites was surveyed via a PerkinElmer spectrum 3 FT-IR
spectrophotometer using KBr as the reference in a wave-
number range from 400 to 4,000 cm™. The total organic
carbon (TOC) of rGO/SIS nanocomposites was monitored
via a TOC cube analyser (elementar, vario TOC, Germany).

2.4 Photocatalytic experiments

The photocatalytic activities of SIS, rGO/SIS-1, rGO/SIS-2,
and rGO/SIS-3 nanocomposites were studied by observing
DE of RhB and MB. 10 mg of samples were added to 50 mL
of solution with 20 mg/L of RhB solution. Then, the suspen-
sion was ceaselessly stirred at room temperature in the
dark for 1h. Subsequently, the above-mentioned suspen-
sion was illuminated by 300 W Xe lamp (CEL-HXF300,
China Education Au-light company) with a visible light
filter (A > 400 nm) at a distance of 10 cm. During the irra-
diation, 4 mL of suspension was quickly collected at
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predetermined time intervals and filtered by the 0.45 um filter
membrane. The absorbance of residual RhB was measured at
554 nm. The DE was evaluated by the following equation [39]:

DE = (4 — A;)/Ap % 100%,

where A, and A, represent the initial absorbance and
absorbance at defined time intervals (t), respectively.

3 Results and discussion

3.1 Morphology

SEM was employed to gain insights into the morphologies
of rGO/SIS-1, rGO/SIS-2, rGO/SIS-3, and SIS photocatalysts pre-
pared by the microwave-assisted method within 20 min. As
shown in Figure 1a, SIS exhibits an urchin-like microsphere
structure fabricated by the disordered nanosheets inter-
crossing with about 1-2 um in diameter, which is consistent
with our previous report [40]. When a small amount of rGO
is added, rGO/SIS-1 shows large-scale urchin-like micro-
sphere structure (Figure 1b), which is similar to that of
SIS. As the content of rGO increases, rGO/SIS-2 photocatalyst
exhibits the hybrid structures of microspheres and nanosheets
in Figure 1c. However, continuing to increase the content of
rGO, rGO/SIS-3 photocatalyst displays aggregated nanosheets
strucure (Figure 1d). These results indicated that rGO had an
important effect on the structure of resultant photocatalysts.
As the amount of rGO increased, the unchin-like microsphere
structure of rGO/SIS evolved gradually into aggregated
nanosheet structure. The reason may be that the low
amounts of rGO were conductive to the self-assembly of
rGO/SIS into unchin-like microspheres. However, with the
increase in the amounts of rGO, the products are more
inclined to form two-dimensional stacked assemblyies,
resulting in large nanosheet structures.

3.2 The composition and structure

Energy dispersive spectrometry (EDS) was used to charac-
terize the element distribution of rGO/SIS-2 nanocompo-
sites. As illustrated in Figure 2a, Sn, In, S, C, and O elements
are found in rGO/SIS nanocomposites, indicating the forma-
tion of the rGO/SIS nanocomposites. Additionally, Figure
2b—d displays the corresponding colored mapping images
of rGO/SIS-2, which demonstrates the homogeneous distri-
bution of Sn, In, S, C, and O elements in the whole rGO/SIS-2
nanocomposites.
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Figure 1: SEM images of (a) SIS, (b) rGO/SIS-1, (c) rGO/SIS-2, and (d) rGO/SIS-3.

XPS spectra were utilized to further investigate the photocatalysts identifies the existence of C, Sn, In, and S
composition and chemical valence state of rGO/SIS-2 nano- elements (Figure 3), which is consistent with the EDS
composites. As predicted, the survey spectrum of rGO/SIS-2  results. In Figure 4a of C 1s high-resolution spectrum for

Figure 2: EDS spectrum (a) and (b-d) corresponding elemental mapping images of rGO/SIS-2.
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GO, three obvious peaks located at 285.1, 287.7, and 288.91 eV
can be assigned to C=C, C=0, and 0=C-0, respectively.
For rGO/SIS-2 photocatalysts, the three characteristic binding
energies of 284.8, 286.2, and 288.9 eV are less than that of GO.
Meanwhile, the two peaks’ intensity of C=0 and 0=C-0
oxygen-containing groups distinctly decreases, indicating
the abundant reduction of GO in the formation of a series
of rGO/SIS nanocomposites. In Figure 4b of Sn 3d spectra, the
486.7 and 495.1 eV should be assigned to Sn** 3ds;, and Sn**
3dsy,, respectively. In Figure 4c, two main peaks situated at
4451 and 452.6 eV are fitted into In*" 3ds; and In®" 3ds,,
respectively. In the S 2p spectrum, the two characteristic
peaks located at 161.6 and 162.9 eV can be attributed to S
2py2 and S 2psp,, respectively. Interestingly, compared with
pure SIS, it can be found the characteristic peaks of Sn 3d, In
3d, and S 2p of rGO/SIS photocatalysts slightly shift to the
higher binding energy. In general, the enhancements of
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Figure 4: XPS spectra of rGO/SIS-2 and SIS: (a) C 1s, (b) Sn 3d, (c) In 3d, and (d) S 2p.
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binding energy indicate the decrease of electron density,
which results from the intense interaction of rGO and SIS.
Therefore, the above results further proved the formation of
rGO/SIS hybrid photocatalysts.

XRD patterns can be used to characterize the crystal
structure of the SIS, rGO/SIS-1, rGO/SIS-2, and rGO/SIS-3
photocatalysts. As shown in Figure 5, the diffraction pat-
tern of all samples prepared in the presence of different
amounts of GO, concerning the number of peaks and
assigned miller indices, is almost identical, confirming
the successful preparation of rGO/SIS nanocomposites. It
can be seen that six strong peaks located at 18.8, 27.3, 28.4,
33.2, 48.1, and 50.2 can be readily attributed to the (202),
(311), (222), (400), (440), and (531) crystalline plane of SIS,
respectively. The results indicated that the presence of GO
had little effect on the crystal structure of SIS. Further-
more, the grain size was also computed using the Scherrer
relation [41,42]:

Grain size = 0.9 x A/ cos 6,

where A represents the wavelength of the incident X-ray, 0
represents the diffraction angle, and B represents the
FWHM value for a given spike. The average crystallite sizes
of the samples were estimated from the diffraction peak
(440) to be 16.1, 13.8, 13.7, and 14.6 nm.

FT-IR spectrum was performed to further attest the
existence of rGO in the rGO/SIS nanocomposites. As shown
in Figure 6, three distinct characteristic peaks of GO at 1,045,
1,624, and 1,731cm™ can be assigned to C-OH, C=C, and
C=0 stretches, respectively. Compared with GO, FT-IR spec-
trum of rGO/SIS-2 nanocomposites exhibited the reduced
intensity at 1,624cm™ and the two characteristic peaks

M A rGO/SIS-3
rGO/SIS-2

rGO/SIS-1

Intensity (a.u.)

(222)

@02) G1D " (400)
SIS-PDF#42-1305

2 [l 2 [l 2 [l 2 [l 2 [l
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20 (degree)

(440)(s31) SIS

Figure 5: XRD patterns of SIS, rGO/SIS-1, rGO/SIS-2, and rGO/SIS-3.
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located at 1,731 and 1,045 cm ™ vanished. All inferred that
GO was reduced to rGO in the process of preparing rGO/
SIS nanocomposites.

3.3 Optical performance

It is well-known that UV-vis DRS is an extremely important
technique to characterize the optical performance of photo-
catalysts. As revealed in Figure 7a, rGO/SIS nanocomposites
show evidently enhanced visible light absorption capability
with increasing the initial weight ratio of GO, which can be
on account of rGO with an excellent visible light absorp-
tion characteristics. Interestingly, with the increase in the
amount of rGO, the absorption band edge moves gradu-
ally to a higher wavelength, indicating the band gap nar-
rowing of rGO/SIS photocatalysts. To further prove this
result, the band gap of SIS, rGO/SIS-1, rGO/SIS-2, and rGO/
SIS-3 can be calculated according to the corresponding
Tauc plots method [43]:

(ahv)" = B(hv - Ey),

where a, hv, B, and E, represent the absorption coefficient,
the photon’s energy, the constant factor, and the optical
band gap, respectively. Generally, n is related to the prop-
erties of semiconductors (n = 2 for indirect and n = 1/2 for
direct transitions). The plot of (ahv)? verses hv based on the
direct transition is shown in Figure 7b. Band gap values for
semiconductors were evaluated by extension of the linear
portion of the arches to the energy axis. The band gap
values of SIS, rGO/SIS-1, rGO/SIS-2, and rGO/SIS-3 are 2.29,
2.24, 2.21, and 2.17 eV, respectively. The decrease in band
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= - \\/W
8 1 M
£ |co ;
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: 1731 emt
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Figure 6: FT-IR spectra of SIS, rGO/SIS-2 and GO.
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Figure 8: PL of SIS, rGO/SIS-1, rGO/SIS-2, and rGO/SIS-3.

gap may be aggregated to the intense interaction between
SIS and rGO and excellent visible light absorption of GO.
Meanwhile, the narrowed band gap of photocatalysts is
ensured to be helpful for the transition and separation of
photogenic electrons.

Photoluminescence spectra were used to further explore the
separation efficiency of photogenic charge carriers. According to
the principle of optoelectronics [44], when semiconductors
are excited at a fixed wavelength and operating voltage, a
large amount of the photogenerated electrons-holes will
quickly recombine, generating fluorescence emission. In
common, the lower fluorescence emission intensity repre-
sents higher separation efficiency of the photogenerated
electrons-holes. In other words, the potocatalyst’s weaker
PL intensity implies that electron-hole pairs recombine at a

slower pace [45], which was beneficial for improving the
photocatalytic performance. As demonstrated in Figure 8,
with the increasing amount of rGO, the fluorescence inten-
sity gradually decreased, manifesting the separation effi-
ciency of photogenerated electron-hole was obviously
enhanced. Surprisingly, as rGO continued to be added,
the fluorescence intensity tends to increase, which sug-
gested that excess rGO could accelerate the recombina-
tion of photogenerated electron-hole pairs, causing the
reduction of photocatalytic activity.

3.4 Photocatalytic activities of rGO/SIS
nanocomposites

The photocatalytic activities of a series of rGO/SIS nano-
composites were executed with RhB as the target pollutant
under visible light irradiation. As exhibited in Figure 9(a and b),
rGO/SIS-1 and rGO/SIS-2 photocatalysts show enhanced
photocatalytic activities toward the degradation of RhB
in comparison with pure SIS. While for rGO/SIS-3, excessive
rGO loading brings the decline in the photocatalytic effi-
ciency. This is because an appropriate amount of rGO is con-
ducive to the generation and transmission of photogenerated
electrons at photocatalyst interfaces, while excessive rGO
loading will block light penetration and promote electron—
hole recombination. In addition, excessive GO leads to the
aggregation of photocatalysts (Figure 1d), reducing catalytic
efficiency. For the sake of further analyzing the process of the
degradation of RhB, Figure 9a (inset) demonstrates the absor-
bance variations of RhB with rGO/SIS-2 photocatalysts at dif-
ferent visible light radiation times. It was found that the
maximum absorption wavelength of residual RhB solution
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Figure 9: (a) Kinetics for decolorization of RhB (20 mg/L, 50 mL) and (b) DE of RhB with SIS, rGO/SIS-1, rGO/SIS-2, and rGO/SIS-3 photocatalysts;
(c) kinetics for decolorization of MB (20 mg/L, 50 mL) and (d) DE of MB with SIS, rGO/SIS-1, rGO/SIS-2, and rGO/SIS-3 photocatalysts.

was transferred gradually from 554 to 499 nm, and RhB was
completely degraded in 30 min in the presence of rGO/SIS-2
photocatalyst. Correspondingly, the color of the residual solu-
tion was gradually changed colorless. Furthermore, MB is
also used as the other simulated dye pollutant. The absor-
bance spectra of the MB solution were also observed by using
a UV-vis spectrophotometer at defined time intervals by com-
paring it with maximum band absorption at wavelength 664 nm.
As shown in Figure 9(c and d), it can be seen that degradation
ratios of MB in the presence of SIS, rGO/SIS-1, rGO/SIS-2, and rGO/
SIS-3 photocatalysts can reach up to 73, 80, 89, and 84% after
90 min under the visible light irradiation, respectively, and rGO/
SIS-2 shows the highest degradation rate. To highlight the signifi-
cance of the present work, the photocatalytic activity of rGO/SIS-2
was compared to that of some other reported photocatalysts for
the degradation of RhB (Table 1).

To further elucidate the process of photocatalysis, the
mineralization efficiency of RhB was measured by a TOC
analyser. As illustrated in Figure 10, with the extension of
visible light irradiation time, the TOC removal efficiency of
RhB increased, and finally reached up to 73.8% at 30 min,
which was consistent with the result of the DE of RhB.

3.5 Recycle stability of photocatalysts

As a photocatalyst, the recycle stability is a key parameter to
evaluate photocatalytic performance and is closely related
to the practical application of photocatalysts. Herein, the
catalytic characteristics of rGO/SIS-2 nanocomposites were
investigated via three consecutive recycling experiments
under the same conditions. After every cyclic experiment,
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Table 1: Comparison of photocatalytic activity of rGO/SIS photocatalyst with some other reported photocatalysts for the degradation of RhB

Degradation

Dye
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(mg/L)
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Figure 10: TOC removal efficiency of RhB on rGO/SIS photocatalysts
under visible light irradiation.
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Figure 11: Recycle stability of rGO/SIS-2 photocatalysts on the photoca-
talytic removal of RhB with three recycling experiments in the RhB
solution (20 mg/L, 50 mL) under visible light irradiation.

the samples were collected by centrifuge and washed with
water and ethanol, respectively, and then used for the next
experiment. The results revealed that the removal efficiency
of RhB still remained 96% after three cycles (Figure 11),
showing prominent recycle stability.

3.6 Photocatalytic mechanism

On the basis of the above-mentioned analyses, the concei-
vable mechanism for photocatalytic RhB degradation in
the presence of rGO/SIS nanocomposites is exhibited in
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Figure 12: The proposed mechanism diagram for photocatalytic RhB
degradation in the presence of rGO/SIS photocatalysts.

Figure 12. Under visible light irradiation, SIS photocatalysts
are excited and generated photoinduced electrons (e7) and
holes (h") in their conduction band (CB) and valence band
(VB), respectively. Afterwards, photoinduced electrons in the
CB of SIS can be migrated into rGO, hindering the recombina-
tion of photoinduced electron and hole pairs. The photoin-
duced electrons in rGO could react with dissolved O, to
produce ‘O; radicals. Then, a good deal of 'O radicals could
quickly oxidize RhB to form degradation products. Further-
more, others can react with H,O to generate ‘OH, which can
further interact with RhB to make degradation products. In
the opposite direction, holes in the VB of SIS can directly
oxidize RhB to generate degradation products. Therefore,
on account of the strong interaction of rGO and SIS and
enhanced utilization of visible light, the band gap energy of
rGO/SIS photocatalysts is narrowed. Moreover, because of the
high conductivity of graphene, the photoinduced electrons
can migrate rapidly from CB of SIS to rGO, which would
restrain the recombination of e™~h* pairs, resulting in the
improvement of photocatalytic performance. Furthermore,
owing to excellent electrons’ mobility of graphene, charge
separation efficiency can be improved, which is also benefi-
cial for enhancing photocatalytic activity.

4 Conclusion

In summary, a series of rGO/SIS nanocomposites were suc-
cessfully fabricated via the microwave-assisted method.

DE GRUYTER

The results indicated that as the amount of rGO increased,
the unchin-like microsphere structure of rGO/SIS evolved
gradually into aggregated nanosheet structure. Moreover,
appropriate amounts of rGO can decrease the band gap
and accelerate the separation of photogenerated electron—
hole. Importantly, the as-prepared nanocomposites were
employed to degrade RhB under visible light illumination.
In comparison with pure SIS with a 90% degradation rate,
the optimal rGO/SIS-2 nanocomposites displayed enhanced
photocatalytic activity with complete degradation to RhB
within 30 min. Interestingly, rGO/SIS-2 nanocomposites
exhibited excellent recycle stability with 96% removal effi-
ciency of RhB after three cycles. Thus, the introduction of
appropriate amounts of rGO can not only change the mor-
phology of SIS but also enhance the visible light absorption,
decrease band gap energy, and accelerate the separation
and migration of photoinduced electron-hole. These results
can be beneficial to enhance the photocatalytic efficiency of
rGO/SIS nanocomposites. This work provides a facile and
efficient pathway to prepare SIS-based nanocomposites by
incorporating carbon-based nanomaterials for the degrada-
tion of organic pollutants in visible light irradiation.
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