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Abstract. Nanosized antimony was prepared by mechanochemical reduction of antimony sulphide (Sb2S3) with elemental Mg. High-energy milling was performed in a planetary ball mill for 10120 min. The composition and properties of the obtained powders were analyzed by XRD, specific
surface area measurements and SEM. Most of the reaction took place as a self-sustaining reaction between 20 and 30 min, with only microstructural changes occurring during additional milling.
Mechanochemical reduction is a very straightforward, one-step, ambient temperature process that
can be readily utilized to make Sb nanoparticles.

1. INTRODUCTION
Mechanically induced chemical reactions attracted
considerable scientific and technical interest in recent years due to the unique nanostructures and
properties obtainable by this process. It is usually
carried out in high-energy ball mills that can be
scaled-up to large quantities relatively easily [1-3].
High-energy milling of a metal sulphide with a more
reactive metal can result in the reduction of the
sulfide. The mechanochemical reduction of metal
sulphides MeS (Me = Fe, Cu, Pb, Sb) with elemental iron and silicon has been studied recently [4-7].
Ultrafine Mo particles can be produced as a
result of the slow burning transition into detonation
in the MoS2-Mg mixture [3]. However, the mechanochemical reduction of antimony sulphide with elemental magnesium under ambient temperature
has not been studied before.
The conventional method of preparing antimony
involves the reduction of antimony sulphide at high

temperature, using a reducing agent such as hydrogen or iron [8,9]. Antimony nanoparticles have
been prepared recently, using electrodeposition,
solvothermal, and gas-evaporation method, γ-ray
radiation as well as a self-assembly technique [1012]. Nanosized metal powders are expected to display better properties than powders with coarser
grains in applications like catalysis and recording.
The aim of the present work is to study the
mechanochemical reduction of antimony sulphide
(Sb2S3) with elemental magnesium at ambient temperature in a laboratory planetary mill.

2. EXPERIMENTAL
2.1. Synthesis
Mechanochemical reduction of antimony sulphide
Sb2S3 (98%) with elemental magnesium (s.p.) as
reducing element in a ratio corresponding to equation (1) was performed in a Pulverisette 6 labora-

Corresponding author: E. Godoèíková, e-mail: godocik@saske.sk
© 2008 Advanced Study Center Co. Ltd.

Mechanochemical reduction of antimony sulphide Sb2S3 with magnesium in a planetary mill

Fig. 1. XRD patterns as the function of the milling
time. A-stoichiometric mixture of Sb2S3 and Mg
before milling. The milling times for patterns B-D
are 20 min, 30 min and 120 min, respectively.

tory planetary mill (Fritsch, Germany). A 250-ml
tungsten carbide (WC) grinding chamber and 50
WC balls of 10 mm diameter (total weight 360 g)
were used. The weight of the milled powder charge
was 3 g. The speed of the planet carrier was set to
500 rpm. Milling times between 10 and 120 min
were applied. The atmosphere inside the milling
chamber was argon. The mechanochemical reaction between antimony sulphide Sb2S3 and elemental magnesium Mg is described by the equation
Sb 2 S 3 + 3 Mg → 2 Sb + 3 MgS.

(1)

The reaction is thermodynamically possible, as
the enthalpy change for reaction (1) is negative,
°
∆H 298 = - 872.4 kJ mol-1 [13].

2.2. Characterization techniques
X-ray diffraction measurements were carried out
using a Philips X‘Pert diffractometer (the Netherlands), working in Θ−Θ geometry with CuKα radiation. The XRD lines were identified by comparing
the measured patterns to the JCPDS data cards.
The grain sizes of the particles were calculated
using the Williamson-Hall method [14]. The specific surface area was determined by the low temperature nitrogen adsorption method in a sorption
apparatus Gemini 2360 (Micromeritics, USA). The
morphology of the samples was analyzed using FESEM LEO 1550 scanning microscope (Germany).
The samples were not covered with any conductive material in order to avoid artefacts.
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Fig. 2. Specific surface area as the function of the
milling time.

3. RESULTS AND DISCUSSION
The progress of the mechanochemical reduction
of antimony sulphide (Sb2S3) by elemental magnesium is illustrated by XRD patterns of the starting
powder (A) and taken after 20 (B), 30 (C), and 120
(D) min of milling (Fig. 1). Pattern A is dominated
by stibnite, Sb2S3 (JCPDS 75-1310); all the unmarked lines correspond to this phase. The (101)
peak of magnesium (JCPDS 35-0821) and an unidentified peak at about 14.3° are also visible. This
latter line probably originates from an inert impurity that does not participate in the reaction. There
is very little chemical change during the first 20 min
of milling, although the presence of some
rombohedral Sb metal (JCPDS 35-0732) is indicated by the (012) peak at 28.7° and the (110) peak
at about 42°. The most obvious change is the
broadening of the diffraction peaks.
There is a qualitative difference between patterns B and C, indicating a fast chemical change
between 20 and 30 min. It seems that most of the
reaction takes place as a self-sustaining reaction
some time between 20 and 30 min; the transformation is practically complete at 30 min. This is
not surprising. The ratio of the reaction heat to the
room temperature heat capacity is about 4660K
and values above 2000K indicate the possibility of
a self-sustaining reaction [2]. Elemental antimony
and magnesium sulphide, MgS (niningerite, JCPDS
35-0730) are the only solid state products. The lines
are relatively narrow after 30 min of millling, sug-
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Fig. 3. SEM image of Sb/MgS nanoparticles; milling time 30 (A) and 120 (B) min.

gesting that a high temperature process resulted
in larger particles. Only the line broadening changes
between 30 min and 120 min.
The reaction proceeds according to Eq. (1) without intermediate phases and it is completed in 30
min. Due to the small degree of transformation
before 20 min, a small amount of Sb2S3 remains
after at least 30 min of milling. A small peak at
43.2° is the only sign that a minor amount of Sb2S3
is present after 30 min. Probably a small fraction
of Mg was oxidized and therefore not available as
reducing agent. The X-ray patterns were measured
up to 120°, but we opted for showing a narrower
range of angles with better resolution.
The detailed analysis of XRD patterns has been
performed in order to determine grain sizes and
strains using the Williamson-Hall method [14].
During the first 20 min the particle size of stibnite
decreases, down to 65 nm after 10 min and 35 nm
after 20 min of milling. The random strain is less
than 0.1% as expected of a brittle substance. Right
after the reaction at 30 min, the particle size is 130
nm with 0.3% strain. The strain remains the same
until 90 min, the particle size drops to 25 nm and
remains about the same from 40 min to 90 min.
There is a little extra broadening after 120 min of
milling, providing 18 nm particle size and 0.35%
strain.
The dependence of the specific surface area
on milling time is shown in Fig. 2. Two stages of
the formation of new specific surface area can be
identified. In the first period of up to 30 min, the
specific surface area increases; the effect of the
reaction is not obvious.

After 40 min the surface area is approximately
constant, suggesting a dynamic equilibrium between particle fracturing and agglomeration [15].
In these examples of polydisperse systems the
presence of very fine particles along with relatively
coarse particles greatly facilitates the formation of
aggregates, due to the enhanced role of the van
der Waals forces. Particles in the nanometer size
range have a strong tendency to agglomerate due
to their relatively large specific surface area.
The
surface
morphology
of
the
mechanochemically
prepared
Sb/MgS
nanoparticles is depicted in Fig. 3, where the agglomeration of nanoparticles can be clearly seen.
The agglomeration increases with the increasing
milling time. The solid state combination of
nanoparticles into agglomerates is a general phenomenon; one of the ways a nanocrystal system
is able to compensate for its unsaturated surface
forces via surface reconstruction.

4. CONCLUSIONS
1. Nanocrystalline antimony was prepared from
antimony sulphide Sb2S3 and elemental magnesium by mechanochemical reduction.
2. The process is rather straightforward with elemental antimony (JCPDS 35-0732) and magnesium sulphide (niningerite, JCPDS 35-0730)
as the only solid state products.
3. Mostly self-sustaining reaction took place between 20 and 30 minutes; the transformation
was almost complete at 30 min.
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4. Unlike the conventional high-temperature reduction of antimony sulphide the mechanochemical reduction is fast and it takes place at ambient temperature and atmospheric pressure.
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