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Abstract 

A new sol-gel process using inorganic salts instead of metal alkoxides has been successfully developed for preparing 

Ba(Mg,13TaZ$%. Pure Ba(Mg,,,Ta,,,)O, polycrystalline powders were obtained by calcining the derived precursors at 
1100°C. The particle size of the obtained fine particles was around 0.1 pm. The ordering parameter of the sintered 
Ba(Mg,,,Ta,,,)O, was found to strongly depend on the calcination temperatures. Sintering the 12OO”C-calcined powders at 
1690°C resulted in the ordering parameter to be 0.82, which is greater than that obtained in the conventional solid-state 
reaction. The improvement in the ordering parameter is attributed to the enhanced compositional homogeneity in the 
powders prepared via the sol-gel process. 
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1. Introduction 

Barium magnesiurn tantalate (Ba(Mg,,,Ta,,,)O,) 
is well known as an important material utilized at 
microwave frequencies because it exhibits a high Q 
value, a low temperature coefficient of resonant con- 
stant, and a medium dielectric constant [l]. Despite 
of these excellent properties of Ba(Mg,,,Ta,,,)O,, 
this material is difficult to sinter even at 1600°C. 
Adding appropriate (dopants has been found to en- 
hance sintering; how’ever, this addition might deteri- 
orate the microwave properties of Ba(Mg ,,,Ta,,,)O, 
itself [2,3]. An alternative approach from the view 
point of improving fhe powder characteristics is us- 
ing the solution synthesis processes such as the 
precipitation method1 [4] and the sol-gel process 
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using alkoxides [5-91 as raw materials which have 
demonstrated to produce Ba(Mg,,,Ta,,,)O,. 

However, in the former process, the synthesis 
temperature has to be as high as 1300°C for the 
complete formation of Ba(Mg,,,Ta,,,)O,. On the 
other hand, although the sol-gel process using 
alkoxides can effectively lower the formation tem- 
perature, stringent operation conditions and compli- 
cated handling procedures are required due to the 
high sensitivity of alkoxides to moisture. Further- 
more, the high cost of alkoxides is unfavorable for 
mass production. 

The purpose of this study is attempting to develop 
a new sol-gel process using inorganic salts rather 
than alkoxides as raw materials for preparing 

Ba(Mg,,,Ta*,& ceramics. The developed process 
can avoid the complex handling and refluxing of 
alkoxides. The formation mechanism of Ba(Mg,,,- 

00167-577X/97/$17.00 Copyright 0 1997 Elsevier Science B.V. All rights reserved. 

PII SO167-577X(96)00283-2 



272 C.-H. Lu, C.-C. Tsai/Materials Letters 31 11997) 271-274 

Ta,,,)O, in this process was investigated for adjust- 
ing the calcination conditions to produce the pure 
phase. The effects of calcination temperatures on the 
sintering density were also examined. In addition, a 
previously derived equation from the crystallo- 
graphic view [lo] was used to evaluate the ordering 
parameter of sintered ceramics. Furthermore, the 

compositional homogeneity in the sol-gel derived 
powders was compared with that obtained via the 
conventional solid state reaction process. 

2. Experimental 

The inorganic salts, tantalum chloride and barium 
and magnesium nitrates, were used as the raw mate- 
rials to prepare Ba(Mg,,,Ta,,,)O,. For removing 
the chlorine anions in the raw materials, the tantalum 
chloride was first dissolved in ethanol solution, fol- 
lowed by adding ammonia to precipitate tantalum 

cations. Then the tantalum hydroxide precipitates 
were filtered, and repeatedly washed by deionized 
water. The sol solution of Ba(Mg,,,Ta,,,)O, was 

prepared by mixing the aqueous solutions of barium 
and magnesium nitrates with the tantalum hydroxide 

precipitates at a molar ratio of Ba2+ : Mg*+ : Ta5+ = 
3 : 1 : 2. Then citric acid and ethylene glycol were 
added into the mixed sol solution. After drying at 
lOO”C, the sol solution transformed into an xerogel. 
On further drying at 300°C the precursors having a 
fine powder form were obtained. These precursors 
were heated in air from 300°C to 1200°C with or 
without soaking. The phasic identification and struc- 

tural analysis for the heated samples were performed 
via X-ray powder diffraction (XRD) using Cu Ko 
radiation. The powders calcined at different tempera- 
tures were uniaxially pressed into pellets and sin- 
tered at 1690°C for 2 h. After sintering, the density 
and the ordering parameter (S) of the sintered com- 
pacts were measured. The microstructures of the 
sintered compacts were observed by scanning elec- 
tron microscopy (SEMI. The chemical composition 
of the specimens was analyzed via energy dispersive 
spectroscopy (EDS). 

3. Results and discussion 

The precursors were heated and quenched at tem- 
peratures ranging from 300°C to 950°C. At 300°C 

only BaCO, existed in the samples. After heating up 
to 5OO”C, the major diffraction peak (110) of 

Ba(Mg,,,Ta2,&, was observed, indicating the be- 

ginning of Ba(Mg,,,Ta,,,)O, formation. This tem- 
perature for the initiation of the formation of 
Ba(Mg,,,Ta,,,)O, in the sol-gel process was found 
to be 190°C lower than that in the solid-state reaction 

[lo]. With an increase in the heating temperatures, 
the formation amount of Ba(Mg,,,Ta,,,)O, in- 
creased, accompanied with a reduction in the amount 

of BaCO,. When heating up to 950°C the majority 

of Ba(Mg,,,Ta,,&, was produced; however, a 
small amount of BaCO, still remained. In the forma- 

tion processes, only BaCO, was found to exist as an 
intermediate. 

For obtaining the pure phase of Ba(Mg,,,- 
Ta,,,)O,, isothermal calcination at different temper- 
atures for 2 h was conducted. Fig. 1 shows the 

diffraction patterns of calcined powders. After calci- 
nation at 9OO”C, the coexistence of BaCO, and a 
small amount of Ba(Mg,,,Ta,,,)O, was observed. 

At lOOO”C, the amount of BaCO, decreased. After 
1100°C calcination, only pure Ba(Mg,,,Ta,,,)O, 
was identified. This result indicates that using the 

developed sol-gel process can successfully synthe- 
size Ba(Mg,,,Ta,,, 10,. It is also noted that the 
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Fig. 1. X-ray diffraction patterns of the Ba(Mg,,,Ta,,,)O, pre- 

cursors obtained from the sol-gel process calcined at (a) 7OO”C, 

(b) 9OO“C, (c) 1000°C and (d) 1100°C. 



C.-H. Lu, C.-C. Tsai /Materials Letters 31 (1997) 271-274 273 

temperature for the complete formation of 
Ba(Mg,,,Ta,,,)O, in this process is lower than that 
in the precipitation process [4]. The morphology of 
the obtained pure Ba(Mg,,,Ta,,,)O, powders was 
observed via SEM. As shown in Fig. 2a, these 
powders exhibited a fine microstructure with a small 
particle size around 0.1 Frn. In comparison with the 
powders obtained from the solid-state reaction (see 
Fig. 2b) [lo], the Ba(Mg,,,Ta,,,)O, powders syn- 
thesized via the sol-gel process apparently had a 
smaller particle size and a narrower size distribution. 

The powders calcined at different temperatures 
were pressed into pellets, followed by sintering at 
1690°C for 2 h. The relation between the sintering 
density and the calcination temperature is depicted in 

Fig. 2. Scanning electron micrographs of Ba(Mg,,,Ta,,,)O, 

obtained from (a) the sol-gel process and (b) the solid state 

reaction. 
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Fig. 3. Calcination temperature versus the sintering density of 

Ba(Mgl,,Ta&% 

Fig. 3. The sintering densities of the precursors 
calcined at 900°C and 1000°C were only 43% and 
58%, respectively. On the other hand, the calcination 
at 1100°C provided the sintered body with a maxi- 
mum density (92%). However, once the powders 
were calcined at 12OO”C, the sintering density 
dropped to 65%. According to the results in Fig. 1, 
after calcination at 900°C and lOOO”C, BaCO, still 
remained in the samples. During the sintering pro- 
cess, the evolution of carbon dioxide from BaCO, 
tended to cause the expansion and de-sintering be- 
havior of the compacts, thereby impeding the sinter- 
ing process. Once BaCO, is completely consumed to 
form Ba(Mg,,,Ta,,,)O,, the negative effect of 
BaCO, on sintering can be avoided. However, over- 
calcination at 1200°C resulted in unfavorable grain 
growth which reduced the sinterability of the pow- 
ders. Similar effects of calcination temperatures on 
sintering were also observed in alkoxide-derived 
Ba(Mg,,,Ta,,& 191. 

In the 169O”C-sintered samples, the diffraction 
peaks originating from the superlattice structure were 
observed. The appearance of these diffraction peaks 
implies that the crystalline structure of 
Ba(Mg,,,Ta,,,)O, transformed from a random state 
into a partially orderly state. For calculating the 
ordering parameter (S) of these sintered samples, an 
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equation derived from the crystallographic view was 
used [lo]. This equation is expressed as 

S = [46.91Y/(3.82 - Y)]1’2, 

where Y is equal to the value of Z,,,(Z,,, + Z,,, + 
Z012). Fig. 4 illustrates the relation of the ordering 
parameter versus the calcination temperature. This 
figure indicates that increasing the calcination tem- 
perature effectively raised the ordering parameter. 
When the precursors were calcined at 12OO”C, the 
ordering parameter of the sintered samples reached 
0.82. Applying the same sintering process on the 
powders prepared via the solid state reaction only 
obtained S = 0.61 [ 101. The ordering parameter in 
the sol-gel process is much greater than that in the 
conventional process. For realizing the reason for the 
increase in the ordering parameter, EDS was used to 
analyze the chemical composition of the sintered 
samples obtained from both processes. In the solid 
state reaction, the ratios of the standard deviation of 
the molar percent to the average value of the molar 
percent for Ba, Mg, and Ta species in grains were 
0.109, 0.143 and 0.219, respectively. Whereas in the 
sol-gel process, these ratios in turn were reduced to 
be 0.066, 0.079 and 0.15 1, respectively. This result 
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Fig. 4. Calcination temperature versus the ordering parameter of 

Ba(Mg,,,Ta,&%. 

reveals that the fluctuation of composition was 
markedly reduced in the sol-gel derived powders. In 
other words, the compositional homogeneity was 
improved in the sol-gel process. The improved com- 
positional homogeneity is considered to contribute to 
the rise in the ordering parameter. 

4. Conclusion 

Pure Ba(Mg,,,Ta,,&, powders were success- 
fully synthesized via the developed sol-gel process 
using inorganic salts as raw materials. The formation 
of Ba(Mg,,,Ta,,,)O, started from 5OO”C, and was 
complete after 1 lOO”C-calcination. The particle size 
of the obtained powders was around 0.1 pm. During 
the calcination process, BaCO, existed as the only 
intermediate compound. Increasing the calcination 
temperature significantly enhanced the ordering pa- 
rameter of the smtered Ba(Mg,,3Ta,,, 10,. When 
the 12OO”C-calcined powders were sintered at 
1690% the ordering parameter reached a maximum 
of 0.82. This value is much greater than that ob- 
tained by the conventional solid-state reaction. The 
enhanced compositional homogeneity in the sol-gel 
process is considered to result in the increase in the 
ordering parameter. 
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