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Synthesis and Characterization of
Bentonite-SnO2 Nanocomposite in
Supercritical Water Environment

Morteza Golmohammadi ! Hadi Nasiri 2

1. Introduction

Metal oxides are very popular due to their many
applications, including catalyst for a wide range of
catalytic reactions, adsorbents for adsorption of
various pollutants, water and wastewater treatment,
energy production and storage, and etc. Reducing
particle size to nanoscale can improve particles
performance in various applications by increasing their
specific surface area. Over the past decades, various
methods for the production of nanoparticles have been
implemented, including chemical methods such as sol-
gel, co-precipitation and combustion. Green methods
like synthesis in the presence of plants’ extracts, and
hydrothermal methods in supercritical water. Among
these methods, supercritical water has been considered
by researchers in recent decades due to its simplicity,
high synthesis rate and minimal use of chemicals.

If the temperature and pressure of the water exceed
its critical state (T. = 374 °C and P, = 221 barg), it
becomes a supercritical fluid. Supercritical water has
different properties than liquid water or steam. These
properties can be differed by changing pressure and
temperature. For example, density and viscosity
change near the critical point, intensely. Due to its
unique properties, supercritical water has a number of
technical advantages. it uses as a suitable environment
for the production of nanoparticles, as well as a wide
range of chemical reactions, for example reactions for
the destruction of toxic chemicals, upgrading of heavy
oil, hydrogen production by biomass gasification, and
etc. One of the attractive applications of supercritical
water is its use as a medium for the production of
various nanoparticles. The high reaction rates and
environmental friendliness are the most important
advantages of using supercritical water.

One of the challenges of using nanoparticles in
different heterogeneous catalytic reactions is their
dispersion in the reaction medium and the difficulty of
recovering them. To overcome this problem,
nanoparticles are usually immobilized on a support.
Materials are suitable for catalyst support that possess
a large surface area, high chemical and physical
stability. In addition, the chemical and physical
properties of the support’s surface can affect the
performance of nanoparticles and thereby improve the
properties of the supported catalysts. In laboratory and
industrial studies, various catalyst supports have been

studied and used, the most important are silica,
alumina, titania and some mineral soils like bentonite
and kaolin.

Among these supports, bentonite has attracted
many attentions in recent years due to its abundance,
cheapness and satisfactory morphological properties.
Various nanoparticles such as tin dioxide, zinc oxide,
silver oxide, and etc. have been immobilized on
bentonite by different methods. Moreover, their
performance in different reactions has been
investigated. According to the researchers, the use of
nanocomposites including metal oxide nanoparticles
and bentonite compared to solitary nanoparticles
improves catalytic performance and facilitates the
recovery of catalysts. They attribute this performance
improvement to the properties of bentonite.

2. Materials and Method

Tin (1) chloride (Sncls.5H20) with high purity of 98%
was prepared by Merck. High purity modified
bentonite was purchased from one of the mines of
Birjand, South Khorasan province. Double distilled
water was used in all experiments.

A batch reactor with capacity of 20 ml was used to
synthesize bentonite-tin dioxide nanocomposite. In
order to synthesize nanoparticles, a solution of 0.1 M
tin (I1) chloride was first prepared. Then 6 ml of this
solution together with 1 g of bentonite powder was
poured into a beaker and mixed for 15 minutes on a
magnetic stirrer. The reactor was loaded with mixture
and placed in a furnace with temperature of 480 ° C for
2 h. After reaction time, the reactor was removed from
the furnace, submerged in cold water and the
precipitated nanoparticles were separated from the
solution by wusing a high speed centrifugation.
Afterward, the nanoparticles were washed three times
with distilled water to eliminate any impurities on the
surface of the nanoparticles. The final precipitates
were dried at the room temperature for 24 hours.

3. Results and Discussion

The XRD pattern of bentonite and bentonite-tin
dioxide nanocomposites is shown in Fig. 1. According
to the pattern of pure bentonite, it can be concluded
that quartz, cristobalite and montmorillonite are the
main components of the bentonite.

ICorresponding Author, Assistant Professor, Department of Chemical Engineering, Faculty of Mining, Civil and Chemical
Engineering, Birjand University of Technology, Birjand, Iran. Email: golmohammadi@birjandut.ac.ir
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Figure. 1- XRD pattern of: (a) pure bentonite, (b)
bentonite-tin dioxide nanocomposite.

Fig. 2 shows SEM images of bentonite-tin dioxide
nanocomposites at two magnifications of 5000 and
10000.
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Figure. 2- SEM images of bentonite-tin dioxide
nanocomposite: (A) 5x magnification, (b) 10,000x
magnification.

From these images, large bentonite particles with a
sheet structure act as a nanocomposite support on
which tin dioxide nanoparticles were dispersed. TEM
image of the nanocomposite is displayed in Fig. 3. In
this figure, due to the image scale (100 nm) and the
smaller tin dioxide nanoparticle size, the successful
synthesis of tin dioxide nanoparticles and their
immobilization on a bentonite support in the
supercritical water environment is observed.

Morteza Golmohammadi, Hadi Nasiri

100 nm

Figure. 3- TEM images of bentonite-tin dioxide
nanocomposite.

4- Conclusion

In this paper, the possibility of synthesizing bentonite-
tin dioxide nanocomposite in supercritical water
environment was investigated. The results of various
analyses such as X-ray diffraction (XRD), scanning
electron microscopy (SEM) and transmission electron
microscopy (TEM) confirmed the immobilization of
tin dioxide nanoparticles on bentonite in the
supercritical water medium. The synthesized
nanocomposite had suitable catalytic properties such
as proper particle size and high specific surface area
and pore volume. Overall, the results showed that the
supercritical water method is a suitable and simple
method for synthesizing of various nanoparticles and
nanocomposites.
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