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ABSTRACT

SnS has been successfully synthesized by ball milling method. The structure and morphology of the as-
prepared sample were characterized by using X-ray diffraction (XRD) and scanning electron microscopy (SEM).
Photocatalytic activity by photo degradation of methylene blue (MB) has been investigated under visible-light
irradiation. The results indicate the potential applications of the SnS powder prepared by ball milling asa visible-
light-driven photocatalyst.
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1. INTRODUCTION

Currently, there is an increasing attention in the application of semiconductors as photocatalysts to degrade
organic pollutants, which are hazardous to human health, harmful to the environment, and problematic to degrade
by expected resources. TiOzis absolutely the maximum studied semiconductor photocatalyst by far, in view of its
low cost, high activity for many photocatalytic reactions, chemical and photochemical stability, and
biocompatibility. However, it can absorb only ultraviolet light because of its wide band gap of 3.2eV. To make full
use of solar energy, it is desirable to exploit novel visible lightsensitive semiconductor photocatalysts. The
semiconducting metal sulfides usually have light-absorbing ability in the visible and short-wavelength near-
infrared regions. Among them Tin sulphide is an attractive semiconductor material. An n-type semiconductor
with a band gap of 1.4eV, SnSalso has good stability in acid and neutral aqueous solutions, making a
promising photocatalyst for pollutant degradation. In addition, SnS also exhibits intriguing electrical and
optical properties, and known to be candidates in solar cells and anode for lithium-ion batteries. Herein,
we report the synthesis of SnS by ball milling method and evaluate the photocatalytic activity via degradation
of methylene blue under visible light irradiation.

2. EXPERIMENTAL DETAILS

A powder mixture was prepared taking the constituent elements Tin (99.85%, Aldrich), and Sulfur
(99.99%, Sigma Aldrich) in a molar ratio of (1:1). Metallic powders of Sn and S were loaded in a ZrO; container
with ZrO, milling balls. Ball to powder ratio was maintained as 1:5. A rotation speed of 800 rpm(rotation per
mints) was realized as suitable condition for this process. The milling time was set at 3hrs. The synthesized
SnS powder were characterized using XRD and SEM. The powder X-ray diffraction were carried out using XRD
instrument shimadzu X-600 japan, with Cu Ko radiation. The XRD pattern of SnS powder were obtained in the
scanning range of 26=10 to 90° at a scanning speed of 10 (deg/min). Sample morphology were observed by
scanning electron microscope (SEM) JEOL 6390.The photocatalytic performance of the as-prepared SnS
composite powder was assessed from the photodegradation of methyl blue (MB). Using the prepared SnS powder
as catalyst investigation was carried out in a closed chamber under visible light irradiation. Measured amount of
20mg SnSand 100 mL of 0.2 mg L™ concentrated MB solution was irradiated with a 300W Xenon lamp. Before
irradiation, the suspensions were magnetically stirred in the dark for 30min in order to establish adsorption-
desorption equilibrium. Then, the suspension was exposed to visible light irradiated ceaselessly for 4hours, about
3mL of the reaction solution was taken at a regular time interval under magnetic stirring. Then the pollutant
concentration of the obtained solution was analyzed by a UV-visible Spectrometer (JASCO V-60 spectrometer) by
checking the absorbance at Amax=662 nm.

3. RESULTS AND DISCUSSION

3.1. XRD analysis: The X-ray powder diffraction patterns of SnS stoichiometric powder mixture prepared by
milling for 3h is given in figl. The XRD pattern of the prepared SnSsample shows three prominent diffraction
peaks at 20values 30.50°, 31.13%nd 44.42°. The peaks are appearing due to reflection from the (200), (004 ) and
(2 0 4) planes of the Orthorhombic phase of SnS. The XRD pattern of the SnS is well matched with the standard
(JCPDS Card No0.79-2193, 65-3875).
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3.2. SEM micrograph of SnS powder: SEM micrograph of SnS powder prepared by ball milling shows that the
particles are strongly aggregated and sheet like structures are observed due to the impact of repeated fracturing and
cold welding during the process of alloying.

3.3. Photocatalytic activity: The photocatalytic activity of the prepared SnS was evaluated by measuring the
degradation of MB in an aqueous solution under visible light. Fig 3.showsthe UV-Visible absorbance spectral
changes of methyl blue dye solution during the photocatalytic degradation in the presence of prepared SnS material.
The reaction time for photodegradation was scheduled to be 0 to 4hrs. It can also be observed that the absorbance
maxima for the material at 662nm were decreased with an increase of irradiation time. The result suggest that the
concentration of MB solution decreased with the increase of irradiation time. The percentage of degradation for
SnS is determined to be 89%.
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Fig.1.XRD pattern of SnS prepared by ball milling Fig.2. SEM micrograph of SnS powder
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Fig.3.Time dependent photocatalytic degradation a) UV-vis spectra of SnS (b). The plot for relative
concentration versus time graph (c). The kinetic fitting curve of MB photodegradation

4. CONCLUSIONS
A simple ball milling method can be successfully used for the preparation of SnSwith Orthorhombic phase,
which could act as an efficient photocatalyst. We expect an increase in degradation percentage with the increase in

irradiation time. Further work is underway to inhibit the possible recombination of charge carriers by using suitable
SnS based composite materials in order to reduce the degradation time.
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