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BaCOs; nanorods have been successfully prepared by the
microwave-assisted method at 90°C using Ba(NOs), and
(NH4),COs3 in the presence of NaOH or hexamethylenetet-
ramine ((CH;)¢Ny) in ethylene glycol. The heating time and type
of alkali played an important role in the size and morphology of
BaCOs.

Recently, the biomimetic synthesis and biomineralization
process of the biominerals in natural systems have attracted a
wide attention.! Calcium carbonate, a typical biomineral that
is abundant in both organisms and nature, has been widely stud-
ied.2 Since the discovery of carbon nanotubes,* one-dimension-
al (1-D) nanostructures have received intense attention because
of their potential applications.>® Barium carbonate (BaCO3) is
an important material used in the production of glasses and ce-
ramics industry.” However, there have been only a few reports
on the fabrication of nanostructured BaCO3.3-'* For example,
Qi et al.'” reported the fabrication of BaCO3 nanowires by using
BaCl,-2H,0, Na,COj in the reverse micelles of C,E4 (tetra-
ethylene glycol monododecyl ether) in cyclohexane. BaCOs3
nanowires prepared by using BaCl,+2H,0, Na,COj; in Triton
X-100/cyclohexane/water system were also reported.'!

To develop simple, fast, and low-cost synthesis methods for
the control over the morphology of BaCOj is of great importance
for broadening and improving their applications. Microwave
heating is a promising technology whose application in synthesis
of nanomaterials has been a fast growing area.’>”!” The main
advantages of microwave heating are rapid volumetric heating,
fast reaction rate, short reaction time, high reaction selectivity,
and energy saving. However, there have been only a few reports
on the microwave-assisted synthesis of carbonates despite these
advantages.'®1°

In this paper, we have developed a new microwave-assisted
route to the controlled synthesis of BaCOs; nanorods using
Ba(NOs3), and (NH4),COs; in the presence of NaOH or hexa-
methylenetetramine ((CH;)sN4) in ethylene glycol (EG).

All chemicals were analytical grade reagents and used as
received without further purification. In a typical experiment,
barium nitrate (Ba(NO3);) (0.261 g) and ammonium carbonate
((NH4)2CO3) (0.096 g) were dissolved in EG (20mL) in a flask
under magnetic stirring. Hexamethylenetetramine ((CH;)sNy,
HMT, 0.140 g), or NaOH (0.150 g) was added into the solution.
The flask containing the solution was heated to 90 °C and kept at
this temperature for 40 min by microwave heating. The product
was separated from the solution by centrifugation, washed
with absolute ethanol three times, and dried in vacuum. The
microwave oven used was a focused single-mode microwave
synthesis system (2.45 GHz, Discover, CEM, U.S.A.), which

was equipped with a magnetic stirring system and a water-
cooled condenser.

X-ray powder diffraction (XRD) patterns were recorded
using a D/max 2550V X-ray diffractometer with CuKa
radiation (A = 1.54178 z&) and a graphite monochromator,
operating at 40kV and 200 mA. Scanning electron microscopy
(SEM) micrographs were recorded with a JSM-6700F field-
emission scanning electron microscope. All samples were
Au-coated prior to the examination by SEM.

Figure 1 shows XRD patterns of two typical samples synthe-
sized in EG by microwave heating at 90 °C for 40 min in the
presence of NaOH and HMT, respectively. Both samples
consisted of a well-crystallized single phase of BaCO3; with an
orthorhombic structure (JCPDS 71-2394).

The morphologies of the samples were investigated by
SEM. Figure 2a shows SEM micrograph of the sample synthe-
sized by microwave heating in the presence of a strong alkali
NaOH at 90 °C for 40 min in EG, from which one can see BaCO;
nanorods assembled from nanoparticles. BaCO; nanorods had
relatively uniform sizes with the diameters of about 200 nm
and the lengths of about 450 nm. We propose that the growth
mechanism of BaCOj; nanorods assembled from nanoparticles
follows the oriented attachment mechanism.?*?! The self-assem-
bly of nanoparticles depend on the interparticle interactions,
particle size distribution and particle shape.?>>* The oriented
attachment-based self-assembly was also reported for other
inorganic nanoparticles.?’

The influence of the weak alkalescent additive (HMT) on
the morphology of BaCO3 was also investigated (Figure 2b),
from which one can see nanorods with a hexagonal cross section.
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Figure 1. The typical XRD patterns of BaCO3; powders pre-

pared by microwave heating in EG at 90 °C for 40 min: (a) using
NaOH, (b) using HMT.
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Figure 2. SEM micrographs of BaCO; prepared by microwave

heating at 90°C for 40 min in EG: (a) using NaOH, (b) using
HMT.

This indicates that the alkali has a significant influence on the
morphology of BaCO3. BaCOj3 nanoparticles formed and self-
assembled into nanorods in the presence of a strong alkali
NaOH. However, nanorods with a hexagonal cross section were
obtained when using a weak alkali HMT.

The heating method also had an influence on the morpholo-
gy of BaCO;. The aggregates of irregular nanoparticles were
formed in the presence of NaOH by heating in an oil bath, in
contrast to the nanorods assembled from BaCO3; nanoparticles
prepared by the microwave heating. However, the needles with
two sharp ends were produced in the presence of HMT by heat-
ing in the oil bath.

The effect of the microwave heating time on the product was
investigated. In the presence of NaOH, irregular nanoparticle
congeries of BaCO3; were observed when the heating time was
S min (Figure 3a), and the degree of assembly was low. When
the heating time was increased to 20 min, BaCOj3; nanorods
assembled from nanoparticles formed (Figure 3b). The degree
of assembly increased with increasing heating time. From
Figures 3a, 3b, and 2a, one can clearly see the evolution process
of BaCOj3 nanorods assembled from nanoparticles.

When using HMT instead of NaOH as an alkali additive, the
similar phenomenon was observed. When the heating time was
5 min, the nanorods with tip ends were observed (Figure 3c).
The hexagonal outline was observed at central part of the nano-
rod in a few cases. When the heating time was increased to

heating in EG at 90 °C using NaOH (a), (b) and HMT (c), (d) for
5min (a), (¢c) and 20 min (b), (d).
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20 min, although hexagonal nanorods were commonly observed,
some nanoparticles were seen on the top of the nanorods
(Figure 3d). When the heating time was increased to 40 min,
nanorods with a regularly shaped hexagonal cross section were
obtained (Figure 2b).

In summary, the microwave-assisted method has been
successfully used for the fabrication of BaCOs nanorods in
EG. The heating time and type of alkali played an important role
in the size and morphology of BaCOs3. This method is simple,
fast, low-cost and suitable for large-scale production of BaCOs3
nanorods.
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