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Abstract: Sh,Se; is a very promising photovoltaic material because of its attractive
material, optical and electrical properties. In this paper, Sb,Se; has been synthesized by
dry ball milling from Sb and Se powders. It has been found out that a single phase
Sh,Se; can be achieved after six hours of dry milling under argon atmosphere. XRD,
Raman, FE-SEM and EDAX analyses confirmed the existence of the single phase. The
present study opens a new avenue to low-cost, large-scale synthesis of high-quality
semiconductor with technological applications in solar energy conversion and also for a
wide range of optical devices.
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INTRODUCTION

Metal selenides have attracted considerable attention due to their interesting
properties and potential applications in many areas of Chemistry and Physics.
Specifically, Antimony selenide (Sh,Se3) belongs to V-VI family [1] with orthorhombic
crystal structure, in which each Sh- atom and each Se-atom is bound to three atoms of
the opposite kind that are then held together in the crystal by weak secondary bonds.
Compound Sh,Se; belongs to the space group Pnma 62. With a melting point of 500°C,
the elemental storage of Sb and Se in earth crust stands at 0.2 and 0.05 ppm respectively.
The storage of Sb is higher than that competitors such as Indium (0.049 ppm) and
Tellurium (0.005 ppm) [2].

It finds applications as a thermoelectric and
also as a pristine material for memory switching. It is
also used for optical coatings in thermophotovoltaics,
thermoelectrics, photodetectors, topological insulators
as well as anode material in sodium ion batteries [3]. Its
high refractive index and optical band gap (being both
direct and indirect) transitions ranges from 1 to 1.2 eV
[4]. In comparison to the most popular inorganic
compound absorbers such CIGS and CZTSSe,
antimony selenide is simple in terms of binary
constituents and thereby reduces the chances of
formation of secondary phases. The process of milling
which originates from mechanical alloying (MA), is a
significant unit operation in many fields such as
chemistry, pharmacy, mineral processing, and materials
science. Many types of mills are employed in these
fields and are ideally suited for wet or dry grinding
processes, size reduction and dispersion, and
deflocculation in solid—liquid systems. Ball milling on
the other hand is a process where by a powder mixture
placed in the ball mill is subjected to high-energy
collision from the balls. This process was developed by
Benjamin and his co-workers at the International Nickel
Company in the late of 1960. It was found that this
method, termed mechanical alloying, could successfully
produce fine, uniform dispersions of oxide particles.

Antimony selenide (Sb,Se;) has been
synthesized by different methods such as single source
precursor [5], hydrothermal reaction [6], physical
vapor-liquid-solid (VLS) [7], microwave-activated
solvothermal reaction [8], solid state synthesis and ball
milling [3, 9], chemical vapor transport reaction [10],
rolling mechanism [11], simple colloidal process [12]
and CBD [13-14].

The main purpose of this report is to provide
information on direct synthesis of Antimony selenide at
room temperature by dry ball milling process.

EXPERIMENTAL DETAILS

Elemental powders of Antimony (99.99%) and
selenide (99.99%) in stoichiometry ratio of 2:3 were put
in the milling jar (volume 250 ml) containing 25
grinding balls of 10 mm each. The jar was then placed
in the planetary ball mill Fristsch Pulverisette P-6. The
ball to powder ratio was kept constant at 15:1
throughout the grinding process. The rotation speed was
constantly maintained at 500 RPM under argon
atmosphere. The whole process lasted for 6 hours with
sample being collected after every 60 minutes. The
Sh,Se; phase formation was detected by high-
resolution X-ray diffraction (X-pert pro diffractometer)
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operated at 40 kV and 30 mA, Raman scattering
spectroscope (Reinshaw invia Raman Microscope) with
an Olympus microscope equipped with a 100X
magnification lens and in the backscattering
configuration. The excitation source was a green Argon
ion laser operating at 532 nm and 220 mW output
powers. The morphology and the elemental
composition of the samples was inspected by Field
Emission Scanning Electron Microscope (FET Quanta
USA) operated at 30 kV at a magnification of 10,000X.
The Energy Dispersive X-ray analysis (EDAX) was
recorded in the binding energy region of 0 to 16 KeV.

RESULTS AND DISCUSSION

Figure 1 shows the XRD patterns of the as-
milled Sb,Se; by dry milling. It can be seen from the
figure that at 1 hour of milling, Sh,Se; started forming
with Sb being the main phase. The only low intensity
peak that can be attributed to elemental Se was located
at 20 =24° In this figure, the most dominant peak
belongs to Sb at 26 =28°. At 3 hours of milling,
elemental Sb dominates forming as indicated by the

peaks. Peaks belonging to both Sb increased in intensity
as compared to those milled for 1 hour. This increase in
intensity is attributed to good crystallinity of the
samples [15-16]. At 6 hours of milling, single phase of
Sh,Se; (2 1 2) was formed at 26 = 31.47°. The full
width at half maximum (FWHM) and the crystallite size
was determined at 0.44427 and 184.92 respectively.
Narrow peaks seen are attributed large grain size [13].
Strong peaks on the other hand suggests preferential
growth along the prepared plane [17]. All the peaks in
the powder pattern were indexed with reference to the
available XRD pattern for Sh,Se; (JCPDS card No. 04-
006-2232).

The crystallite size was calculated using Equation (1)
from [14];
0.9x1

- Bxcos 0 (1)
Where D is the crystallite size, 1 is the wavelength of
the radiation, g is the FWHM in radians and 8 is the

Bragg’s angle.
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Fig-1: XRD pattern of as-milled (dry) Sb,Ses3

Further analysis for phase formation in the as-
milled Sbh,Se; was done by Raman spectroscopy
studies. Raman spectroscopy is a non-destructive
characterization technique with minimal sample
requirement. The peak positions or Raman shift in the
collected spectra gives information about the
corresponding phase, whereas the shape of the peak and

intensity indicates crystalline nature of the sample.
Raman spectrum of the dry as-milled Sbh,Se; powder is
shown in Figure 2. Raman shift of Sb,Se; phase at 188
and 252 cm™ were observed. The Raman spectra of
Sh,Se; indicate that it is of single phase with no
secondary phases. Similar results were also reported by

[3].
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Fig-2: Raman Spectra dry milled Sh,Se; (6 hours of dry milling)

Figure 3 displays the SEM image of the dry EDAX spectrum shows the presence of
milled (6 hours) sample. The figure appears cloudy with antimony and selenium in sample.
large grains of the agglomerated powder particles. Elemental composition analysis of the mass%
and atom% of Antimony Selenide films are tabulated in
Table 1.

mag |spot HV va
3.0 |30.00 kV|Hig

vvvvv

Fig-3: FE-SEM microah of the dry milled (6 hours) sample
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Fig-4: Elemental composition of the wet milled sample
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Table-1: Elemental composition of the dry milled sample

Element | Mass% | Atomic% | Abs. error (%) | Rel. error (%)
Sh 54.63 | 43.85 1.61 3.00
Se 45.37 | 56.15 1.14 2.57
Sum 100.00 | 100.00 2.75 5.57
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