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Abstract: The nanosized Ba(Co,Nb;_,)O3(BCN) particles were prepared under high temperature and pressure conditions by
precipitation from metal nitrates with aqueous potassium hydroxide. Ba(Co,Nb;_,)O; powders were obtained in the temperature
range of 170-210 ‘C for 6 h. The results show that the average size of the synthesized particles increases with increasing reaction
temperature. The average size of the synthesized particles is about 10 nm. The crystalline phase of the synthesized particles is found
to be Ba(Co,Nb;_,)O;. Ceramics derived from the nano BCN powders could achieve high sintering density at a relatively low

sintering temperature.
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1 Introduction

One of the present challenges in material science is
the production of materials in the form of nanometric
particles with a controlled composition and structure,
because the nanometric size can provide new physical
and chemical properties to these materials[1]. Ceramic
dielectrics are used microwave
communication systems including cellular phone, direct
broadcasting satellite and global positioning systems.
The advantage of using microwave dielectric ceramics is
the size reduction components.
Requirements for these dielectric materials include a
high relative permittivity (g;), low dielectric loss (high
OX f value) and a near-zero temperature coefficient of
resonant frequency (zp). These three parameters are
related to the size, frequency selectivity and temperature
stability of the system, respectively. To satisfy the
demands of microwave circuit designs, each dielectric
property should be precisely controlled. Several complex
perovskites ceramics A(B'13B",3)0; (B'=Zn, Co, Ni or
Mg; B"=Ta or Nb) have attracted a great deal of attention
due to their very low losses[2].

Accordingly, complex perovskites with general

extensively in

of microwave

formula A(B,B'-,)O;, where A=Ba", B:Mg2+, Zn*" or
Ni*', B'=Ta>" or Nb>" show very interesting properties at
microwave frequencies, such as high permittivity &', low
dielectric loss &” and small temperature coefficient of
resonance frequency[3—4]. Therefore, these materials are
commonly used as resonators in microwave devices.
High QO-factor is of the most concern. Recently, due to
the high cost of Ta,Os, niobium based complex
perovskites has attracted much attention[5—7]. For
example, Ba(Co,Nb,_)O; (BCN) has a relative
permittivity of 32, a quality factor (Q X f) greater than 50
000 GHz and a negative temperature coefficient of
resonant frequency (z¢) which can be adjusted to zero by
Zn substitution[8—11]. BCN crystallizes in either a
disordered cubic structure or in an ordered hexagonal
structure. The ordered structure results from the 1:2
ordering of B’ and B"” cations along the <111> directions
of the cubic unit cell. It is well established that B-site
cation ordering in complex perovskites has a significant
influence on the dielectric losses
frequencies[12—13]. Stoichiometry of the B-site may also
affect the ratio of 1:2 ordering. The A(B,B’-,)Os-type
complex perovskite may also have a disordered structure.
A(B,B'-,)O; is commonly synthesized by solid-
state reaction. This kind of synthesis method has not yet

at microwave

Corresponding author: Dong-Sik BAE; Tel: +82-55-2133715; E-mail: dsbae7@changwon.ac.kr



Hyun-Ju KIM, et al/Trans. Nonferrous Met. Soc. China 19(2009) s92—s95 s93

achieved consistent results in producing in a high purity
fine A(B,B'|-,)O3 powders.

Hydrothermal processes have the potential for the
direct preparation of crystalline ceramic powders and
offer a low-temperature alternative to conventional
powder synthesis techniques in the production of oxide
powders[14]. This process can produce fine, high-purity,
stoichiometric particles of single and multi-component
metal oxides. Furthermore, if process conditions such as
solute concentration, reaction temperature, reaction time
and the type of solvent are carefully controlled, the
desired shape and size of the particles can be
produced[15—16]. A uniform distribution of the particles
is important for optimal control of grain size and
microstructure to maintain a high reliability. It has been
demonstrated that such powders are composed of much
softer agglomerates and sinter much better than those
prepared by calcination decomposition of the same
oxides[17]. These powders could be sintered at low
temperature without calcination and milling steps
[18—-19].

The objective of this study is to prepare BCN
particles by hydrothermal process and to determine the
influence of the processing conditions on the formation
and phase of the powders.

2 Experimental

Ba(Co,Nb;_,)O; particles were prepared by
hydrothermal method using barium nitrate (Ba(NO;),,
cobalt nitrate hexahydrate Co(NO;),"6H,O, niobium
chloride NbCls as raw materials. The niobium sol was
obtained by dissolving NbCls in ethanol followed by
hydrolysis with excessive water. The sol solution of
Ba(Co,Nb,_,)O; was prepared by mixing the aqueous
solution of barium and magnesium nitrates with the
niobium hydroxide precipitates at a molar ratio of
Ba*":Co”":Nb>'=3:1:2. And then pH was adjusted by
adding 1 mol/L potassium hydrate (KOH). The resulting
suspension was placed in a 1 L stainless steel pressure
vessel. The vessel was then heated to the desired
temperature at a rate of 5 ‘C/min. During heating,
pressure was usually maintained below 1 MPa during the
holding period. The reaction products were washed at
least five times by repeated cycles of centrifugation and
re-dispersion in water. The recovered powders were
analyzed for phase composition using X-ray diffraction
at 20°—80° with rate of 2.5(°)/min. The morphology of
the synthesized particles was observed using scanning
electron microscope(SEM) and transmission electron
microscope (TEM, JEM 2100F).

3 Results and discussion

The conditions of hydrothermal processing have

significant effects on the formation, phase component,
morphology and particle size of BCN powders. The pH
in the reaction medium significantly affects the
formation of BCN powders. The reaction temperature
has a great effect on the particle size of the products and
the agglomeration among particles[20]. Lowering
reaction temperature leads to decreasing grain size and
increasing agglomeration among particles[20]. It has
been proposed that crystallization under hydrothermal
conditions proceeds by dissolution-precipitation and
structural rearrangement. The reaction time plays an
important role in the phase transformation from
hydroxide to oxide.

Fig.1 shows the SEM images of synthesized
Ba(Co,Nb;_,)O; different
temperatures. It can be seen from Fig.1 that the average

particles  at reaction

size of the synthesized particles increased with
increasing reaction temperature of 190-210 ‘C for 6 h.
The size and size distribution of the synthesized particles
are unclear and broad, respectively.

Fig.2 shows the TEM image of synthesized particles
reacted at 190 ‘C for 6 h. The average size of the
synthesized particles is about 10 nm.

Fig.3 shows the XRD patterns of the synthesized
particles at different reaction temperatures. It can be seen
from Fig.3 that the crystalline phase of the synthesized
particles is Ba(Co,Nb;_,)O; in the reaction temperature
range of 170 ‘C—210 'C for 6 h. In addition, the as-

prepared nanoparticles reveal good sintering abilities at

e
Fig.1 SEM images of synthesized Ba(Co,Nb,_,)O; particles at
different reaction temperatures for 6 h: (a) 190 C; (b) 210 C



s94 Hyun-Ju KIM, et al/Trans. Nonferrous Met. Soc. China 19(2009) s92—s95

50 nm

Fig.2 TEM image of synthesized Ba(Co,Nb;_)O; particles
sintered at 190 C for6 h
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Fig.3 XRD patterns of synthesized Ba(Co,Nb,_,)O; particles at
different reaction temperatures for 6 h; (a) 170 C, (b) 190 C,
(c)210 C

low temperature.

Fig.4 shows the surface microstructure of the
synthesized Ba(Co,Nb,_,)Os sintered at 1 100 C for 2 h.
The average grain size and distribution of the Ba(Co,-
Nb;-,)O; sintered body are below 500 nm and broad,
respectively.

Fig.4 SEM image of synthesized Ba(CoNb;_,)O; particles
sintered at 1 100 C for2 h

4 Conclusions

1) The nanosized Ba(Co,Nb;_,)O; particles were
prepared under high temperature and high pressure
conditions by precipitation from metal nitrates with
aqueous potassium hydroxide. Ba(Co,Nb;-,)O3; powders
were obtained in the temperature range of 170 'C-210 C
for 6h.

2) The average size of the synthesized particles
increases with increasing reaction temperature.

3) The average size of the synthesized particles is
about 10 nm.

4) The crystalline phase of the synthesized particles
is found to be Ba(Co,Nb;,)O;. Ceramics derived from
the nano BCN powders could achieve high sintering
densities at a relatively low sintering temperature.
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