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Abstract. In this experiment, AgInS2/SnIns4Ss materials were prepared via
one-step hydrothermal method using silver chloride, the indium trichloride,
stannic chloride and thioacetamide as source of silver, indium, tin and sulfur
sources, respectively. The structure, content and optical property of the as-
synthesized AgInS>/SnInaSs nanocomposite were investigated by powder X-
ray diffraction, energy dispersive X-ray spectroscopy, field emission
scanning electron microscopy.The ratio of AgInS: to SnInsSs was optimized.
When the molar amount of AgInS: to SnlnsSs is 0.6, AgInS2/Snln4Ss
composite photocatalyst shows the highest photocatalytic activity for
degrading 2-nitrophenol (2NP) due to large absorption range and visible-
light response. AgInS2/SnInsSs composites not only can degrade 2NP and
tetracycline, but also had good mineralization efficiency for pharmaceutical
industry wastewater.

1 Introduction

With the development of medicine, chemical dyes, rubber and other industries, more and
more organic pollutants are discharged into the natural environment[1-3]. Although drugs
can protect human beings from the invasion of germs, a large number of pollutants are
discharged into the environment and cause serious pollution[4]. Antibiotics, hormones,
preservatives, anesthetics, and other organic chemicals have been detected in drinking water,
groundwater, and surface water[5-9]. During the medication production stage,
pharmaceutical factories will release a large number of intermediate products into
pharmaceutical wastewater as by-products[10-12. If wastewater released into the natural
environment, they will seriously pollute water supplies. Many studies attempt to use
photocatalysis technology to break down organic materials in order to mitigate these organic
pollutants. By using the photocatalyst's REDOX capability, photocatalysis technology breaks
down organic matter into safe intermediates using sunlight as an excitation source[13-15].
Photocatalysis technique is more cost-effective, practical, and ecologically benign than
conventional sewage treatment methods[16-18]. It has been found that the ternary metal
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sulfide SnlnsSg has sufficient absorption of sunlight due to its narrow band gap, but its
structure cannot prevent the recombination of photogenerated electron holes, which limits its
application[19-20].

Representative ternary chalcogenide materials are SnlnsSg and AgInS,, and
photocatalytic degradation of organic contaminants triggered by visible light has been
extensively studied[21-23]. Sadly, the quick recombination of photogenerated electrons and
holes typically leads to inadequate photocatalytic performance for a single
semiconductor[24-27]. The construction of heterojunction photocatalyst can accelerate the
interfacial charge transfer and reduce the photogenerated electron-hole pair recombination,
thus improving the photocatalytic performance. Undoubtedly, the photocatalytic activity of
pure ternary chalcogenide has been enhanced by the creation of heterojunction photocatalysts
using additional semiconductors[28-30]. Further preparation of a more effective ternary
chalcogenide heterojunction is still required to increase the practical application and
photocatalytic efficiency

In this work, AgInS,/SnIn4Sgs nanocomposites were synthesized by one-step hydrothermal
method, and the optimal ratio of AgInS, and SnInsSg was explored by regulating the
component content of AgInS, and SnInsSs. SnlnsSs/AgInS, heterojunction has good
photocatalytic degradation effect on 2NP. In addition, the mineralization rate of 20 mg
AgInS,/SnIn4Sg heterojunction for 100 mL of wastewater from pharmaceutical production in
the presence of HO» was 65.98%. At the same time, the chemical oxygen demand (COD) of
the wastewater from pharmaceutical production was reduced to 153 mg/L, reaching the
industrial wastewater discharge standard.

2 Experimental details

2.1 Chemicals

Deionized water was utilized in the experiment.All reagents and solutions are obtained from
the supplier and are not processed further. Anhydrous sodium sulfate (Na,SO4) and
anhydrous ethanol (C;HsO) were obtained from Sinopharm Chemical Reagent Co.,
Ltd. (Shanghai, China). Tin (IV) chloride pentahydrate (SnCls-:5H,O, AR) and indium
trichloride tetrahydrate (InCl;-4H,O, AR) was supplied by Aladdin Biochemical Technology
Co., Ltd. (Shanghai, China). Analytical grade o-nitrophenol(C¢HsNOs3), thioacetamide
(TAA, AR) was received from Shantou Xilong Chemical Co., Ltd. (Shantou, China).

2.2 Sample preparation

AgInS,/SnInsSs composites with different molar ratios were prepared by a simple one-step
hydrothermal method. Before the experiment, 5 g InCl; was dissolved in a 50 mL beaker and
then transferred to a 100 mL volumetric bottle to obtain 50 g/L InCls solution. Since the
indium salt out of the InCls solution over time, use the InCl; solution immediately. Firstly,
AgNOs, SnCl4-5H,0 is magnetically stirred in a 50 mL beaker with 19.5 mL deionized water
and 10.5 mL of the previously prepared InCls solution until the solid is completely dissolved.
Then, add thioacetamide (TAA) and continue stirring for 30 min to make the solution evenly
mixed. Finally, the mixed solution was transferred to a 50 mL reactor and reacted at 180°C
for 12 hours. Following the reaction, impurity ions were eliminated from the samples by
repeatedly washing them in alcohol. The products were then recovered by centrifugation.
Following washing, the samples were vacuum-dried for 12 hours at 60 °C.
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2.3 Characterization

X-ray diffraction (XRD) analysis was performed on a Bruker D/MAX-B X-ray
diffractometer. The morphology of pure AgInS,;, SnInsSg and (0.6:1) AgInS,/SnlnsSs
composites was investigated by scanning electron microscopy. Total organic carbon (TOC)
was determined by the multi N/C® 2100 analyzer (Analytik Jena AG, Germany).

2.4 Evaluation of photocatalytic activity

The 20 mg photocatalyst was weighed into a 150 mL beaker and 100 mL 10 mg/L o-
nitrophenol (2NP) was added. To fully mix the solution and achieve the equilibrium condition
of adsorption and desorption, a 120-minute dark reaction was conducted prior to light
irradiation. Three milliliters (mL) of the solution were extracted and designated as C, after
the conclusion of the dark reaction. The remaining solution was then moved to visible light
to undergo photocatalytic reaction.Every 20 minutes, a sample was collected, measured as
C;, and filtered using a drainage filter with a pore size of 0.45um.The absorbance of the
solution is measured, and then the concentration of pollutants in different time periods can
be obtained according to Lamberbier's law. Finally, the degradation rate of 2NP by the
catalyst is calculated. The pH of the solution was adjusted between 1 and 11 using 0.5 mol/L
NaOH and 0.5 mol/L HCl in order to study the degradation of AgInS,/SnInsSg complex at
various pH levels.

3. Results and discussion

3.1 XRD Analysis

XRD analyses were performed to confirm the crystal structure of AgInS,/SnInsSs(seen in
Figure 1). For pure AgInS, sample, five distinct diffraction peaks can be observed at
23.17°,27.29°, 33.23°,43.57° and 47.62°, which belonged to (220), (311), (400), (511) and
(440) planes of AgInS, (PDF#26-1477). Pure SnlnsSs shows of sharp diffraction peaks,
which can be matched well to the tetragonal phase SnlnsSs (PDF#42-1305). Because the
peaks of the two substances are so close together, there are many summits that overlap. These
results indicate that the AgInS,/SnIn4Sg complex with good crystallinity can be obtained by
a simple one-step hydrothermal method, and there is a strong interaction between AgInS; and
SnlnsSs, which lays a foundation for the photocatalytic performance of the complex.
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Fig. 1. XRD patterns of AgInSz, SnIn4Ss and AgInS2/SnInsSs heterojunctions with different molar
ratio.
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3.2 SEM analysis

From the Figure 2a, we can see that AnlnS; is an irregular structure composed of stacked
nanosheets, with large gaps between the sheets. SnlnsSs consists of many nanoblocks of
different shapes stacked together to form a three-dimensional structure(seen in Figure 2b),
which is not conducive to the transfer of photogenic electrons. When AnInS; is combined
with Snln4Ss, it is still composed of some lamellar structures, but its diameter is slightly larger
than that of pure AnInS,, and the thickness of nanosheets is between AnInS; and SnIn4Ss.

500 nm

Fig. 2. SEM image of AgInSa(a), Snln4Ss (b) and (0.6:1)AgInS2/SnInsSs composites.

3.3 Photocatalytic degradation of 2NP

It is known from the experimental results that the sample has obvious effect on the
degradation of 2NP. The degradation rates of 2NP by AgInS,, SnInsSs, (0.2:1)
AgInS,/SnlnaSs, (0.4:1) AgInS,/SnlnaSs, (0.6:1) AgInS,/SnlngSg, (0.8:1) AgInS,/SnlngSg and
(1:1) AgInS,/SnlnsSg were 52%, 50%, 73%, 89%, 92%, 78% and 76%, respectively. The
photocatalytic degradation effect of AgInS,/SnInsSgs complex was significantly better than
that of pure AgInS; and pure SnlnsSs, and the photocatalytic activity of the complex increased
when the molar ratio of AgInS; to SnIn4Ss increased from 0.2 to 0.6 (Figure 3).
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Fig. 3. (a)Photocatalytic degradation (b) photocatalytic degradation at different pH values.
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3.4 Practical application of photocatalytic materials

The mineralized status of organic matter can be obtained by measuring the total organic
carbon content in aqueous solution with the total organic carbon (TOC) analyzer. When
20mg (0.6:1)AIS/SIS photocatalytic material was added to 100 ml of wastewater, it was
found that TOC value changed significantly. Figure 4a shows the change of TOC over time
during the degradation of actual wastewater by (0.6:1)AgInS,/SnlnsSs composite material
under visible light. After 6 hours of continuous illumination, TOC drops to 65.93%. When
H,0, and (0.6:1)AIS/SIS were present at the same time, the mineralization rate of
pharmaceutical wastewater reached 65.98%.When 5 mL 30% HO, and 20 mg
(0.6:1)AIS/SIS were added to pharmaceutical wastewater, the COD decreased from 634mg/L
to 521 and 296.7 mg/L, respectively. Pharmaceutical wastewater's COD is lowered to 153
mg/L when AIS/SIS and H»O, are applied simultaneously, meeting industrial wastewater
discharge regulations.
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Fig. 4 (a)TOC and (b)COD results for H202, (0.6:1)AgInS2/SnIn4Ss and (0.6:1)
AgInS2/SnInaSs+5mLH20: photocatalytic degradation of 2NP under visible light irradiation.

4. Conclusions

Hydrothermal nanocomposites AgInS,/SnlnsSg were synthesized using a straightforward
one-step process. When constructed with the proper molar ratio, the AgInS,/SnlnsSg
heterojunction exhibits outstanding visible light photocatalytic degradation capability.
Furthermore, actual pharmaceutical wastewater may be efficiently treated by the
AgInS,/Snln,Sg heterojunction to satisfy discharge regulations.
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