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Abstract

A procedure for the preparation of nanosized pillar-like BaCO; based on the aging of barium nitrate aqueous solutions in the presence of lactic
acid, sodium carbonate, and polyvinylpyrrolidone. Using X-ray diffraction analysis, scanning electron microscopy, and transmission electron
microscopy, the morphological characteristics of BaCO; were controlled by altering the molar ratio of lactic acid to barium ion, as well as the initial
pH and barium ion concentration. The possible formation mechanism of the nanoparticles was also discussed.

© 2011 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Nanosized BaCO; has numerous potential technological
applications in pigment, optical glass, ceramic, and electric
condensers thanks to its high permeability, low loss and
saturation magnetization [1,2]. Various methods to synthesize
this type of material have been performed, including liquid
phase method [3], micro-emulsion method [4], low-tempera-
ture solid phase method [5], template method [6], and so on [7].

The liquid phase method has been widely researched
because of the controllable synthesis of nanosized BaCO5; with
various morphologies. Organic surfactants and/or chelating
ligands play significant roles in determining the morphology
and size distribution of nanoparticles [8]. For example, Ma et al.
[9] prepared rod-, bundle-, and flower-like BaCO; using
Ba(NOs3),, (NH4),COs3 in the presence of organic surfactants
such as cetyltrimethyl ammonium bromide (CTAB) and
sodium dodecyl benzene sulfonate (SDBS). Lv et al. [10]
synthesized dumbbell-, pillar-, peanut-, and ellipsoid-like
BaCOj; with the size of 120400 nm by introducing citric acid
(CA) as chelating ligand via a polyvinyl pyrrolidone K-30
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(PVP)-assisted route. Organic surfactants such as PVP and
CTAB can control crystal growth via face-selective adsorption
[11], while the chelating ligands such as CA and EDTA appear
to prevent both nucleation and coagulation during particle
growth by shielding the barium ion [12].

This study thus aimed at preparing nanosized BaCO;5 using
lactic acid (LA) as chelating agent via a PVP-assisted method at
25 °C. Nanosized BaCOj; with a pillar-like shape was obtained
by controlling the molar ratio of LA/Ba®*, initial pH, and
barium ion concentration. A possible mechanism for the
formation of BaCO; nanoparticles was also discussed.

2. Experimental

All chemicals were analytical grade reagents and used as
received without further purification. Ba(NOs),, Na,CO;, PVP,
and LA were dissolved in distilled water to prepare an aqueous
solution. In a typical synthesis, 5 mL 0.2 M Ba(NOs;), aqueous
solution, 15 mL 100 g dm™> PVP aqueous solution, and a
predetermined amount of LA aqueous solution were added to a
beaker under magnetic stirring for 30 min at 25 °C. The
solution was then adjusted to the desired pH using 2 M NaOH.
Subsequently, 5 mL 0.2 M Na,COj; was added dropwise to the
mixed solution under continuous stirring. White precipitate was
formed during the addition of Na,COj;. After the reactant
supply was terminated, the precipitate was left under
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Table 1
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Morphological characteristics of the BaCO; particles precipitated by aging for different time, temperature, solutions containing variable amounts of LA and

Ba(NO3),, 0.2 M Na,COs, and 100 g dm > PVP.

Sample Ba(NOs3), LA/Ba** mole ratio Reaction time Reaction temperature Initial pH Morphological characteristics

Shape Width/length
S1 02M 0 15 min 25°C 9 Rod-like >5 pm
S2 02M 2 15 min 25°C 9 Rod-like 200 nm/2 pm
S3 02M 4 15 min 25°C 9 Pillar-like 20-40 nm/40-80 nm
S4 02M 6 15 min 25°C 9 Pillar-like 20-50 nm/40-90 nm
S5 02M 10 15 min 25°C 9 Dendritic-like -
S6 02M 4 15 min 25°C 13 Rod-like 50 nm/500 nm
S7 0.05 M 4 15 min 25°C 9 Rod-like 200-300 nm/1-3 pm
S8 02M 4 6h 25°C 9 Pillar-like 30-70 nm/50-90 nm
S9 02M 4 15 min 100 °C 9 Rod-like 200 nm/2 pm

continuous stirring in its mother solution for a certain time to
ensure complete equilibration. Finally, the product was
separated from the solution by centrifugation, washed with
deionized water and ethanol, and then dried in an oven at 60 °C
overnight and collected for further characterization.

The phase of the products was analyzed by X-ray diffraction
(XRD) and Fourier transform-infrared (FT-IR) spectrophoto-
metry. The XRD analysis was carried out with a Rigaku
diffractometer using CuKa radiation. The infrared spectrum
was recorded by a Spectra GX FT-IR spectrometer (Perkin—
Elmer, U.S.) in KBr pellets (0.002 g sample and 0.2 g KBr)
with the scan number set to 8 and the resolution set to 4 cm ™.
The size and morphology of the products were taken using a
Hitachi Model H-800. Differential thermal analysis (TGA) and
differential scanning calorimetry (DSC) were performed in air

atmosphere at a heating rate of 10 °C min "',

3. Results and discussion

Table 1 summarizes the effects of the LA/Ba>* molar ratio,
initial pH, barium ion concentration, reaction time and reaction
temperature on the morphological characteristics (size and
shape) of the BaCO; particles precipitated via PVP-assisted
route. Through the aging of solutions with the LA/Ba** molar
ratio ranging from 4 to 6, the Ba(NOs;), and Na,COj;
concentrations both maintained at 0.2 M, and the amount of

PVP (100 g dm ) constant, BaCO5 nanoparticles with a pillar-
like morphology, a mean diameter of 20-40 nm, and a length of
40-80 nm were synthesized. The morphological characteristics
of the BaCOj particles were as follows: rod-like, 200 nm in
width, 2 pwm in length, and dendritic-like under the condition of
the LA/Ba>* molar ratio of 2 and 10. The rod-like particles also
resulted from a high initial pH (13), low barium ion
concentration (0.05M) or high reaction temperature
(100 °C), implying that the morphological characteristics of
the particles were very sensitive to the reaction conditions.

The phase of all BaCO5; samples synthesized in this work
was confirmed by XRD and FT-IR, and all products obtained
gave similar results. All peaks could be clearly indexed as a
pure orthorhombic phase, which was consisted with the
reported data (JCPDS card File No. 05-0378); no diffraction
peaks for other phases or materials were observed in the XRD
patterns. In Fig. la, the (1 1 1) peak was the strongest; this
suggested that the BaCOs crystals obtained from the aqueous
solution grew mainly along the (1 1 1) face.

The FT-IR spectrum of sample S3 is shown in Fig. 1b; this
represents the characteristic absorbance of high purity BaCOs;.
The absorption bands attributed to the vibrations of the CO5>~
anion are located within the 1800-600 cm ™! region [13]. A
weak absorption band at about 1061 cm ™' and at 1121 cm ™" as
a result of the symmetric stretching vibrations were observed.
The strong broad absorption centered at about 1458 cm ™' and a
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Fig. 1. XRD and FT-IR of the sample S3.
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Fig. 2. DSC of the samples S1 and S3 containing the inset of the enlarged TG.

much weaker absorption at 1384 cm ™' were connected with the
asymmetric C-O stretching vibrations; a strong sharp absorp-
tion band at about 858 cm ™' and at 694 cm ™' could be assigned
to the out-of-plane bending vibrations and in-plane bending
vibrations of the CO327, respectively [14]. In addition to these,
a weak sharp absorption at about 1752 cm ™' could be attributed
to combination of the symmetric stretching vibrations and the
in-plane vibrations.

DSC and TG analysis were performed on the sample S1 and
S3, and the results were shown in Fig. 2. The obtained DSC
curves of the S1 and S3 revealed a weak endothermic peak at
about 220 °C that was attributed to absorbed moisture. An
intense endothermic peak was also observed in the DSC curve
of the S1 at 809.2 °C which could be associated to the phase
transition of the BaCOj3. This was proved by other work [15].

Compared to the S1, the TG and DSC curves showed that the S2
had the lower phase transition temperature (804.7 °C) with an
associated loss weight of 7.0%, which could be attributed to the
nanometer range of the BaCOj particles.

Fig. 3 shows the morphology of the BaCO5 samples obtained
with different LA/Ba** molar ratios. By increasing the LA/Ba**
molar ratio from 2 to 10, the morphology of the BaCOj; particles
changed from rod-like to dendritic-like. The BaCOj particles
had a pillar-like shape within the nanometer range when the
LA/Ba®* molar ratio was kept at the range of 4-6. The SAED
pattern of sample S3 (Fig. 3e) indicated the single-crystalline
structure of the nanoparticles and the preferential growth
direction of the pillar along the [1 0 0] zone axis of the BaCOs;.
Without LA addition, the BaCOj; particles had a rod-like shape
with diameters of several hundred nanometers and lengths of
several micrometers. The formation of the BaCO; rod was
reported to result from the aggregation of nanoparticles, which
was related to the oriented attachment mechanism [16]. With
the addition of LA, the LA that reacted with the Ba®* jon to
form the Ba—LA complex provided a polymeric network that
hinders cation mobility. Once the LA was dissociated from the
Ba?* ion, it bound to the specific surface of the precipitated
BaCOs;. This implied that the LA tailored the micron-sized
BaCOj; rods to obtain the pillar-like BaCO5; nanoparticles.

However, with the addition of excessive LA (LA/Ba** molar
ratio = 10), the BaCO; particles had a dendritic-like shape,
which was responsible for certain facets resulting from the
excessive Ba-LA complex. The Ba-LA complex included
Ba(LA)* and Ba(LA),° ions[17]. The Ba(LA),’ ion became
dominated with the excessive LA addition. Once the LA was
dissociated from the Ba>* ion, the Ba(LA)," ion released two
LA ions; two specific facets with different orientation would be
produced. It could be supposed that the dendritic-like BaCO;
formation was related to the different oriented facets.

Fig. 3. SEM photograph of S1 (a), TEM images of samples S2 (b), S3 (c¢) containing the inset of the enlarged TEM image, S4 (d), S5 (f), SAED pattern of the S3 (e).
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4. Conclusions

Chemical synthesis of nanosized BaCO3 with a pillar-like
morphology and a possible mechanism were investigated,
leading to the following conclusions:

(1) BaCO3; nanoparticles with a pillar-like shape could be
obtained in an aqueous solution containing Ba-LA
complex, which tailored the aggregation to form the
BaCOj; nanoparticles.

(2) The LA/Ba>* molar ratio, initial pH, and barium ion
concentration were found to have close relations with the
morphological characteristics of BaCOj particles.

This preparation method reported herein was simple, low-
cost and suitable for large scale production of the pillar-like
BaCOj; nanoparticles.
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