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Abstract

The present work proposes an easily operated and low cost wet-chemical process for the synthesis of Ba(Mg,;3Ta/3)O3 (BMT)
nanopowders. Tantalum pentaoxide, Ta,Os, was selected as the starting material, instead of the currently used TaCls. The process
involves the melting of the precursor Ta,Os in the presence of sodium hydroxide followed by dissolution of the cooled glassy phase
and washing several times with distilled water to remove the Na™ ions. A key step is the obtaining of a high quality Ta,Os-nH,O
colloid by controlling the concentration of Ta ion during dissolution and washing processes. The fine BMT powders were then fab-
ricated by mixing the colloidal Ta,Os-nH,O with barium acetate and magnesium acetate, according to the required molar proportions,
followed by gelation and heat treatment. Nano BMT powders with an average particle size of 70 nm could be prepared at tempera-
tures as low as 800 °C. In addition, the as prepared nanopowders revealed good sintering ability at low temperatures and the sintered
nanoceramics exhibited excellent microwave dielectric properties. © 2002 Elsevier Science Ltd and Techna S.r.1. All rights reserved.
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1. Introduction

Great attention has recently been attracted to
Ba(Mg,3Tas;3)03 (BMT) ceramics with the complex
perovskite structure because of the extremely high
quality factor value (Q=15,000 at /=10 GHz). These
materials have been regarded as a new family of dielec-
tric ceramics and promising candidates for applications
as dielectric resonators (DRs) or microwave compo-
nents of the X-band or millimeter-wave communication
systems, satellite transmission systems and other
defence and military affairs [1-4]. The preparation
technology of BMT powders has been mainly based on
the solid phase reaction method, which is usually regar-
ded as the most popular process. However, the required
temperatures to promote diffusion among various oxi-
des are usually high and the as synthesised BMT pow-
ders [or BZT, Ba(Zn,;3Ta,/3)O3 powders], are relatively
coarse and strongly agglomerated. These powder char-
acteristics are detrimental for the properties of the final
products [5-7].
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Wet-chemical processes have been widely recognised
as an efficient approach to prepare nano-crystalline fine
particles at low temperatures [1,8-9]. Sol-gel processing
is probably one of the easiest approaches to obtain
good-quality powders, films or multilayers, or even bulk
materials. However, this method has some limitations in
preparing BMT powders. As a matter of fact, one of the
currently used precursors, Ta(OC,Hs)s, is usually
obtained from the expensive starting TaCls by a reflux-
ing process, which lasts for more than 48 h under a
protecting atmosphere [1,10]. Furthermore, TaCls is
difficult to prepare experimentally due to its extremely
unstable physical and chemical characteristics [11].
Therefore, BMT powders are difficult to be economic-
ally and efficiently synthesised by the sol-gel process.

On the other hand, Ta,Os being a low cost and
abundant natural resource would be regarded as an
interesting starting material if a way to reduce the size
of particles to the nanometric scale could be envisaged.
The present paper reports on a simple wet-chemical
process to prepare BMT nanopowders from Ta,Os. The
method involves the preparation of a colloidal
Ta,05-nH,O by dissolving the glassy phase resulting
from the molten reaction of Ta,Os with alkali, followed
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by neutralisation/precipitation, filtration and washing
(with distilled water) processes, as intermediate steps.
The final BMT nanopowders could be obtained after
mixing the as prepared colloidal Ta,Os-nH,O with Mg-
acetate and Ba-acetate, followed by homogeneous pre-
cipitation and heat treatment. The evolutions of the
microstructure and of the crystalline phases formed along
the heat treatments have been investigated. The micro-
wave dielectric properties are also additionally reported.

2. Experimental procedure

Ta,Os is an almost water insoluble substance, except
when it has been previously molten in alkali metallic
bisulphates and carbonates or caustic alkalis [5]. Caustic
soda was thus selected as a molten agent for Ta,Os. The
resulting glassy phase was then dissolved into distilled
water and the excess alkali was neutralised with 0.1 M
CH;COOH, adjusting the pH value to 7. A precipitate
formed, which was then vacuum filtered. Colloidal
Ta,05-nH>O nanoparticles could be obtained by redis-
persing and washing the filtrate for at least 5 times to
remove the remaining sodium ions. Portions of the as
obtained colloidal Ta,0s5nH,O nanoparticles were
dried and heat-treated to determine the content in
Ta,0s. Subsequently, the colloidal Ta,Os5.nH,O nano-
particles were finally redispersed and mixed with barium
acetate, Ba(CH3;COO),, and magnesium acetate
hydrate, Mg(CH3;COO),-4H,O, in the appropriate
molar ratio (Ba2*:Mg?*:Ta>* =3:1:2). Well-dispersed
mixtures could be obtained as the acidity of the disper-
sing media was adjusted to pH=6.4 by adding ammo-
nia. Heat treating the mixture in a water bath at 80 °C
under vigorous stirring led to a gradual evaporation of
water and finally to gelation. The as prepared gel was
dried for 6 h at 110 °C and then calcined at different
temperatures (600-1000 °C) to obtain the final BMT
powders. The microstructural characteristics and crys-
talline phase analysis of the as prepared powders were
investigated by TEM and XRD, respectively, and com-
pared with those derived from a powder of the same
composition but fabricated by solid state reaction.
Finally, cylindrical (¢ =20x5 mm) ceramic bodies were
shaped by uniaxial pressing the BMT powders at 25
MPa and sintering at 1400 °C for 1 h. Microwave char-
acteristics were determined by the dielectric resonator
method within the frequency range of 0.1-4.5 GHz [12].

3. Results and discussion

The obtaining of a high quality Ta,Os-nH>O colloid
revealed to be a prerequisite for the synthesis of nano
BMT powders. It was found that the concentration of
Ta>" in the solution during both the dissolution and

washing processes would play an important role in the
formation of colloidal Ta,Os-nH,O particles. Achieving
the above target required a proper concentration of 0.25
M Ta’", as shown in Table 1. When the concentration
of Ta>* in the washing solution was less than 0.1 M the
size of colloidal particles was too small, and the amount
of water was relatively too high to enable gelation after
adding the Mg and Ba acetates. Once concentration of
Ta>* was more than 0.4 M, agglomeration of colloidal
particles inevitably occurred due to the higher frequency
of collisions between attracting particles (rapid rate of
colloidal coagulation). Such situations would cause
some disadvantages in the subsequent processing steps
for the synthesis of ultrafine and uniform powders.
Therefore, it is important to start from a suitable Ta®*
concentration.

Fig. 1 shows the evolution of phase transformation
during calcination. It can be seen from the XRD pat-
terns that at low heat-treatment temperatures (600—
700 °C), two crystalline phases have been formed,
namely, a predominant phase Ba(Mg;;Ta,;3)O3 and a
subsidiary BaTa,Og phase.

With the heat-treatment temperature increasing to
>800 °C, the subsidiary BaTa,O¢ phase disappeared
and the single phase Ba(Mg;;3Ta,/3)O; was formed.
Therefore, it can be deduced that BaTa,Og¢ transformed
into BMT cubic perovskite type near 800 °C. With the
temperature increasing, the crystal plane (100) appears,

Table 1
Effect of molar concentration of Ta>* on the colloidal characteristics
of T'<1205~HH20

Concentration of Ta*>* (M) 0.1 0.25 0.4

Colloidal characteristics No colloids White colloid Precipitation
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®--BaTa,O, Phase
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Fig. 1. XRD patterns of BMT powders after heat-treatment at different
temperatures.
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illustrating further ordering of Mg and Ta atoms in
perovskite structure according to the DTA curve [13].
However, it was reported that the formation of the single
BMT phase from the conventional process (solid state
phase reaction) would require annealing temperatures
higher than 1200 °C [11].

Fig. 2a and b compares the TEM photographs of
BMT powders prepared by the wet-chemical synthesis
process used in the present work, and by the traditional
solid state reaction process, respectively. It can be
observed that the average particle size was only about
70 nm when using the novel technology, far less than the
1.5 pm obtained through the traditional solid state
reaction method. In addition, nanoceramics with high
density (93.4%) could be obtained after sintering at
1400 °C for 1 h, compared with the significantly lower
sintered density (86.7%) measured for the compacts
made of the powder derived from the solid state reac-
tion method. The enhanced sintering ability of the as
prepared nano BMT powders enabled us to achieve
improved microwave dielectric properties, as shown in
Table 2. As detailed elsewhere [2,14-15] the dielectric
loss is considered as an important parameter when the
ceramics are to be applied as dielectric resonators (DRs)
or microwave components. The measured values of
microwave dielectric loss of BMT ceramics (Table 2)
show that a Q value as high as 20684, and a tand as low
as 4.83x107> could be obtained for BMT ceramic at

100nm

(a) (b)

Fig. 2. TEM photographs of BMT powders prepared by two different
methods: (a) wet-chemical synthesis process (800 °C for 1 h); (b) solid
state reaction process (1200 °C for 1 h).

Table 2

Dielectric microwave properties of BMT ceramics

Frequency (GHz) Tans Q (=1/ tand)
1.523 5.1613x1073 19375

1.563 4.8346x107 20684

1.563 GHz. These values compare favourably with the
much lower Q value (8811) and the associated higher
tand (11.35x107%) measured at the same frequency for
the compacts made of the powder derived from the solid
state reaction method. In other words, the sintered
nanoceramics exhibited excellent microwave dielectric
properties, and they could reasonably be regarded as
candidate materials for microwave components.

4. Summary

Ba(Mg; 5Ta,;3)O3 nanopowders were synthesised by a
wet-chemical process in which Ta,Os5 was used as start-
ing material, molten in the presence of sodium hydrox-
ide, and wet-chemically treated to prepare an
intermediate Ta,Os5-nH,O colloidal suspension. Homo-
geneous mixing of the colloidal Ta,Os-nH,O with bar-
ium acetate and magnesium acetate, as well as good
gelling behaviour could be obtained at the optimal con-
centration of 0.25 M Ta>" in the Ta,O5-nH,O colloids.
Full-formed BMT powders with an average particle size
of ~70 nm could be obtained by heat treating the dried
powders at 800 °C for 1 h. Ceramics derived from the
nano BMT powders could achieve high sintering den-
sities at a relatively low sintering temperature and
exhibited a high quality factor at microwave frequency.
They can, therefore, be regarded as potential candidates
for microwave applications.

Acknowledgements

This work was financially supported by the funding of
State Key Laboratory of New Ceramics and Fine Pro-
cessing of Tsinghua University, Natural Science Foun-
dation of China, and by the Foundation for Science and
Technology of Portugal, Grant PRAXIS XXI /BPD/
22082 /99.

References

[1] O. Renoult, Sol-gel processing and microwave dielectric char-
acteristics of Ba(Mg,;3Ta,/3)O3, J, Am. Ceram. Soc. 75 (1992)
3337-3340.

[2] X.M. Chen, Dielectric composite ceramics in Ba(Mg;3Ta/3)O03—
BaO Nd,0;.5TiO, system, J. Mater. Sci. Lett. 14 (1995) 1041-
1042.

[3] S. Nomura, K. Toyama, K. Kaneta, Ba(Mg;3Ta,/3)O3 ceramics
with temperature-stable high dielectric constant and low micro-
wave loss, Jpn. J. Appl. Phys. 21 (1982) L624-1626.

[4] J.Y. Wu, X.M. Chen, Modified Bag_3,Ndg »,Ti;30s4 microwave
dielectric ceramics, J. Eur. Ceram. Soc. 19 (1999) 1123-1126.

[5] C.R. Yang, D.Y. Zhou, C.H. Huang, Effects of sintering condi-
tion on microstructure and microwave dielectric properties of
Ba(Mg, 5Ta,/3)O5 ceramics, in: D.S. Yen, Z.D. Guan (Eds.), Pro-
ceedings of the First China International Conference on High-
Performance Ceramics(CICC-1), Beijing, 1999, pp. 315-319.



552 L. Xu et al. | Ceramics International 28 (2002) 549-552

[6] V. Tolmer, G. Desgardin, Low-temperature sintering and influence
of the process on the dielectric properties of Ba(Zn,;3Ta,/3)03, J.
Am. Ceram. Soc. 80 (1997) 1981-1991.

[7] S. Kawashima, Influence of ZnO evaporation on microwave
dielectric loss on sinterability of Ba(Zn,;3Ta,/;3)O3 ceramic, Am.
Ceram. Soc. Bull. 72 (1993) 120-126.

[8] M.A. Delfrate, J. Lemaitre, V. Buscaglia, M. Leoni, P. Nanni,
Slip casting of submicron BaTiO; produced by low-temperature
aqueous synthesis, J. Eur. Ceram. Soc. 16 (1996) 975-984.

[9] Y. Masaki, I.P. Koutzarov, H.E. Ruda, Gold-particle-enhanced
crystallite growth of thin films of barium titanate prepared by sol-
gel process, J. Am. Ceram. Soc. 81 (1998) 1074-1076.

[10] K. Kakegawa, T. Wakabayashi, Y. Sasaki, Preparation of
Ba(Mg, 5Ta,/3)O5 by using oxine, J. Am. Ceram. Soc. 79 (1996)
C82-C83.

[11] C.R. Yang, G.Y. Qin, Preparation for microwave dielectric
Ba(Mg, 5Ta,/;3)O; ceramics, J. Chinese Ceram. Soc. 27 (1999)
437444,

[12] B.W. Hakki, R.D. Coleman, A dielectric resonator method of
measuring inductive capacitance in the millimeter range, IRE
Trans. On MTT 8 (1960) 402—410.

[13] F. Lian, Investigation of wet-chemical process for the microwave
dielectric ceramics of Ba(Mg;;3Tay;3)O03, Ba(Zn,;3Ta,;3)0;,
Ba(Mg, 3Nb,/3)O;3 and Ba(Zn,;3Nb,/3)O3;, Master Dissertation,
University of Science and Technology Beijing, Beijing, 2001.

[14] S.B. Desu, H.M. O’Bryan, Microwave loss quality of BaZn, ;3Ta3
O; ceramics, J. Am. Ceram. Soc. 68 (1985) 546-551.

[15] X.M. Chen, J.S. Yang, Dielectric characteristics of ceramics in
BaO-Nd,05-TiO,-Ta,05 system, J. Eur. Ceram. Soc. 19 (1999)
139-142.



