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Abstract

Ba6�3xSm8+2xTi18O54 ceramic powders were synthesized by the polymeric precursor method using ethylenediaminetetraacetic

acids as chelating agent and ethanol glycol as esterification agent. DTA-TG, XRD and SEM were used to characterize the pre-
cursors and derived oxide powders. Powders calcined at 700 �C were found to be amorphous, but well-crystallized Ba6�3xSm8+2x
Ti18O54 was obtained at temperature of 1000

�C for 3 h with the primary size of about 100–200 nm. # 2002 Elsevier Science Ltd
and Techna S.r.l. All rights reserved.
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1. Introduction

Ceramics based on BaO–Ln2O3–TiO2 (Ln=Sm, Nd)
are designed into circuits for numerous wireless appli-
cations below 5 GHz. They have high dielectric constant
in the 80–90 range, modest quality factor Q (1.5–4 K,
�3 GHz) and low temperature coefficient of resonant
frequency [1–6]. Compared with BaO–Nd2O3–TiO2 sys-
tem, BaO–Sm2O3–TiO2 system ceramics has higher Q
and slight lower dielectric constant so that it attracted
many researchers. An especially interesting part of the
phase diagram is the solid solution region with general
formula Ba6�3xSm8+2xTi18O54 [1,5–7]. It is reported
that the solid solution with x close to 2/3 has the best
microwave dielectric properties [1].
Usually Ba6�3xSm8+2xTi18O54 ceramics are prepared

by the conventional solid-state reaction of mechanically
mixed powders. The inevitable inhomogeneity inhabits
the compositional and microstructural homogeneity of
sintered products. In order to overcome these draw-
backs, wet chemical methods [8,9] have been developed
for the synthesis of pure, single-phase mixed oxide
powders with controlled powder characteristics. Some
researchers reported the wet chemical synthesis of
Ba6�3xSm8+2xTi18O54 ceramics [10,11]. An improved

coprecipitation method10 was used to prepare Ba6�3x
Sm8+2xTi18O54 (x=0.5) powders and ceramics. Hoff-
mann and Waser [11] prepared Ba6�3xSm8+2xTi18O54
(x=0.5, 0.7) powders and ceramics by sol–gel method
(propionate-route) and excellent microwave dielectric
properties were obtained. In this paper, Ba6�3xSm8+2x-
Ti18O54 is prepared by a polymeric precursor method
using ethylenediaminetetraacetic acid as a cheleating
agent and ethylene glycol as esterification agent [12,13].

2. Experimental

Nd2O3, nitric acid, butyl titanate (Ti(OC4H9)4),
BaCO3 powder, ethylene glycol and EDTA were
employed as the starting ingredients. All chemicals were
reagent grade and used as received. Butyl titanate was
added into ethylene glycol followed by the addition of
EDTA, then enough ammonium hydroxide and distilled
water was added to adjust the pH of the solution to 7.
The opaque, white solution was heated at 80 �C with
continuous stirring. Sm(NO3)3 solution (Sm2O3 powder
dissolved into nitric acid) and BaCO3 powder were
added when the solution became a clear, light yellow
color. The molar ratio of EDTA to total metal cations
concentration EDTA/M was kept at unity [12,13], the
molar ratio of EG to EDTA was 4, and the cation ratios
of Ba:Sm:Ti=6:14:27.
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With the dissolution of BaCO3 powder and the evo-
lution of CO2 gases, the solution became a transparent,
clear, yellow color. With continued heating at 80 �C to
evaporate superfluous water, the solution became a
transparent gel with high viscosity. The viscous mass,
while stirred with a magnetic stirrer, was heated further
for 2–4 h at 140 �C. Throughout the process, no signs of
precipitation were observed. Then the sample was
removed from the hot plate and placed into an oven
(preheated to 230 �C) immediately to char the resin for
30 min. The resins expanded rapidly and finally formed
dry sponge. The apparent volume increased for about
30–50 times after charring and the resin became very
loose This solid resin precursor was pulverized and then
calcined at 700–1000 �C for 3 h to obtain the
Ba6�3xSm8+2xTi18O54 (x=2/3) ceramic powders. The
yellow powders were passed through 120 mesh for ana-
lysis. The procedure used to prepare Ba6�3xSm8+2x-
Ti18O54 (x=2/3) powders by the polymeric precursor
method is shown in Fig. 1.
The pyrolysis and decomposition behavior of pre-

cursors were monitored by differential thermal analysis
(DTA) and thermogravimetric (TG) analysis up to
1000 �C at a heating rate of 10C/min under nitrogen
atmosphere. The crystalline phases of the samples were
identified with X-ray diffraction (XRD) analysis using
monochromatic CuKa radiation. The particle size and
morphology of powder were examined with a scanning
electron microscopy (SEM).

3. Results and discussion

The differential thermal analysis (DTA) and thermo-
gravimetric (TG) analysis for the Ba6�3xNd8+2xTi18O54
(x=2/3) precursor are shown in Fig. 2. The endother-
mic peak in the DTA curve around 64.7 �C, corre-
sponding to the weight loss shown by TG, is due to the
dehydration of the precursor. The exothermic peaks
around 370 and 409.3 �C, accompanied by the first
sharp weight loss, is due to the breakup of EDTA com-
pounds into carbonates and nitrates, volatilization of
NH4NO3 and the elimination of residual CO3

2�, NO3
�.

The largest exothermic peak around 523.1 �C and its
satellite peak at 477.8 �C in the DTA curves are due to
the decomposition into the oxide.
The XRD patterns of the Ba6�3xSm8+2xTi18O54

(x=2/3) precursor calcined at 700–1000 �C in air for 3 h
are shown in Fig. 3. The powders obtained after heating
up to 700 �C is almost X-ray amorphous and only small
broaden peaks appear. At 850 �C powders start to
crystallize but the major phase is Sm2Ti2O7 with a pyr-
ochlore-type cubic structure, Ba6�3xSm8+2xTi18O54
(x=2/3) phase (trace) also appears. Increasing the cal-
cination temperature to 900 �C, Sm2Ti2O7 is still major
phase along with Ba6�3xSm8+2xTi18O54 (x=2/3) and

minor amount of BaTi2O5. Pure BaTi2O5 phase could
not be obtained by solid-state reaction method [14–16].
BaTi2O5 phase forms only by crystallization from a

Fig. 1. Flow chart for the preparation of Ba6�3xSm8+2xTi18O54 cera-

mic powders.

Fig. 2. TG and DTA curves for Ba6�3xSm8+2xTi18O54 (x=2/3) pre-

cursor.
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liquid phase and has lower temperature stability at
�1210 �C [14]. The sol–gel synthesis of BaTi2O5 has
also been reported and this compound began to form at
700 �C [17,18]. Obviously, BaTi2O5 phase formed at
900 �C in present work is consistent with that in litera-
tures. Calcined precursor 3 h at 950 �C, Ba6�3xSm8+2x
Ti18O54 (x=2/3) become major phase but Sm2Ti2O7
diffraction peaks are still remained where BaTi2O5
phase is not observed. At 1000 �C, Sm2Ti2O7 diffraction
peaks are no longer distinguishable and the XRD pat-
tern is in excellent accord with that in reference [2–4]
and JCPDS card 44-62, indicating X-ray single phase
Ba6�3xSm8+2xTi18O54 (x=2/3) formed. When solid-
state reaction method was used to synthesize
Ba6�3xSm8+2xTi18O54, Sm2Ti2O7 was still the major
phase at calcination temperature 1100 �C [3,4]. In addi-
tion, Ba6�3xNd8+2xTi18O54 has also been synthesized by
this polymeric precursor method [12], but single phase
Ba6�3xNd8+2xTi18O54 formed at 900

�C and no any
intermediate phase appeared during the process. The
reason for different results is due to the difference of
radii between Nd3+ and Sm3+ and Sm2Ti2O7 with a
pyrochlore-type cubic structure can be formed more
easily than Nd2Ti2O7 with a perovskite-type structure.
Ba6�3xSm8+2xTi18O54 was synthesized by wet chemical
method in Refs. [10] and [11], but the phase transfor-
mation as a function of temperature was not reported.
We cannot determine the temperature that single phase
Ba6�3xSm8+2xTi18O54 formed.
The SEM micrographs of Ba6�3xSm8+2xTi18O54

(x=2/3) precursor calcined at 1000 �C for 3 h are shown

in Fig. 4. The powders are found to be agglomerates of
very small particles and the primary particles are about
100–200 nm in size.
The Ba6�3xSm8+2xTi18O54 (x=2/3) powder calcined

at 1000 �C for 3 h was pressed under a pressure of 98
MPa into discs (12 mm in diameter and 6 mm thick) and
sintered in air at 1350 and 1360 �C for 3 h. The apparent
density of the sintered pellets is determined by measur-
ing the weight and dimensions. The density is 5.69 and
5.74 g/cm3 for the pellets sintered at 1350 and 1360 �C
respectively, corresponding to 96.6 and 97.5% theore-
tical, respectively. The microwave dielectric properties
of Ba6�3xSm8+2xTi18O54 ceramics derived from EDTA
precursor will be measured in our further work.
This polymeric precursor process involves the ability

of EDTA to form polybasic acid chelates with various
cations from elements such as Ti, Ba and Sm. These
chelates can undergo polyesterification when heated in a
polyhydroxyl alcohol (ethylene glycol) to form a poly-
meric glass which has the cations uniformly distributed
throughout [9,13]. Therefore, no sign of precipitation or
crystallization was observed during concentration and
polymerization in our experiment. Thus the glass retains
homogeneity on the atomic scale and may be calcined to
yield fine particulate oxides whose chemistry has been
precisely controlled.

4. Conclusion

Ba6�3xSm8+2xTi18O54 powders were synthesized by
polymeric precursor method using ethylenediaminete-
traacetic acids as chelating agent and ethanol glycol as
esterification agent. Well-crystallized Ba6�3xSm8+2x
Ti18O54 was obtained at temperature of 1000

�C for 3 h,
and the primary size is about 100–200 nm. The forma-
tion of Ba6�3xSm8+2xTi18O54 through the chemical
route can be attributed to the homogenous distribution
of cations.

Fig. 3. XRD patterns of Ba6�3xSm8+2xTi18O54 (x=2/3) precursor

after calcined at various temperatures for 3 h.

Fig. 4. SEM micrographs of Ba6�3xSm8+2xTi18O54 (x=2/3) powders

(1000 �C, 3 h).

Y. Xu, Y. He /Ceramics International 28 (2002) 75–78 77



References

[1] T. Negas, P.K. Davis, Influence of chemistry and processing on

the electrical properties of Ba6�3xLn8+2xTi18O54 solid solutions,

in: P.K. Davis, H. Ling (Eds.), Ceramic Transactions vol. 53,

Materials and Process for Wireless Communications, The Amer-

ican Ceramic Society, Westerville, OH, 1995, pp. 179–196.

[2] S. Nishigaki, H. Kato, B. Yano, R. Kamimura, Microwave

dielectric properties of (Ba, Sr)O–Sm2O3–TiO2 ceramics, Am.

Ceram. Soc. Bull. 66 (9) (1987) 1405–1410.

[3] J.M. Wu, M.C. Chang, P.H. Yao, Reaction sequence and effects of

calcination and sintering on microwave properties of (Ba,Sr)–

Sm2O3–TiO2 ceramics, J. Am. Ceram. Soc. 73 (6) (1990) 1599–1605.

[4] J.S. Sun, C.C. Wei, L. Wu, Dielectric properties of (Ba, Sr)–(Sm,

La)2O3–TiO2 ceramics at microwave frequencies, J. Mater. Sci.

27 (1992) 5818–5822.

[5] P. Laffez, G. Desgardin, B. Raveau, Inflence of calcination, sin-

tering and composition upon microwave properties of the Ba6�x

Sm8+2x/3Ti18O54-type oxide, J. Mater. Sci. 27 (1992) 5229–5238.

[6] D. Suvorov, M. Valant, D. Kolar, The role of dopants in tailor-

ing the microwave properties of Ba6�xR8+2x/3Ti18O54 R=(La–

Gd) ceramics, J. Mater. Sci. 32 (1997) 6483–6488.

[7] C.J. Rawn, D.P. Birnie, M.A. Bruck, J.H. Enemark, R.S. Roth,

Structural investigation of Ba6�3xLn8+2xTi18O54 (x=0.27, Ln=

Sm) by single crystal X-ray diffraction in space group Pnma (No.

62), J. Mater. Res. 13 (1) (1998) 187–196.

[8] J. Fransaer, J.R. Ross, L. Delaey, O. van Der Biest, O. Arkeens,

J.P. Celis, Sol-gel preparation of high-Tc Bi–Ca–Sr–Cu–O and

Y–Ba–Ca–O superconductors, J. Appl. Phys. 65 (8) (1989) 3277–

3279.

[9] F.-H. Chen, H.-S. Koo, T.-Y. Tseng, Characteristics of the high-

Tc superconducting Bi–Pb–Sr–Ca–Cu oxides derived from an

ethylenediaminetetraacetic acid precursor, J. Am. Ceram. Soc. 75

(1) (1992) 96–102.

[10] J. Takahashi, T. Ikegami, Occurrence of dielectric 114 compound

in the ternary system BaO–Ln2O3–TiO2 (Ln= Nd, La and Sm)

II, reexamination of formation of isostructural ternary compounds

in identical systems, J. Am. Ceram. Soc. 74 (8) (1991) 1873–1879.

[11] C. Hoffmann, R. Wagner, Hot-forging of Ba6�3xRE8+2xTi18O54
ceramics (RE=La, Ce, Nd, Sm), Ferroelectrics 201 (1997) 127–

135.

[12] Y. Xu, X.M. Chen, Y.J. Wu, Preparation of Ba6�3xNd8+2x
Ti18O54 via ethylenediaminetetraacetic acid precursor, J. Am.

Ceram. Soc. 83 (11) (2000) 2893–2895.

[13] Y. Xu, Y. He, L. Wang, Synthesis of Ba2Ti9O20 via ethylenedia-

minetetraacetic acid precursor, J. Mater. Res. 16 (4) (2001) 1195–

1199.

[14] D.E. Rase, R. Roy, Phase equilibria in the system BaO–TiO2, J.

Am. Ceram. Soc. 38 (3) (1955) 102–113.

[15] T. Negas, R.S. Roth, H.S. Parker, D. Minor, Subsolidus phase

relations in the BaTiO3–TiO2 system, J. Solid State Chem. 9 (3)

(1974) 297–307.

[16] J.P. Guha, Subsolidus equilibria in the system BaO–TiO2–GeO2,

J. Am. Ceram. Soc. 60 (5-6) (1977) 246–249.

[17] J.J. Ritter, R.S. Roth, J.E. Blendell, Alkoxide precursor synthesis

and characterization of phases in the barium–titanium oxide sys-

tem, J. Am. Ceram. Soc. 69 (2) (1986) 155–162.

[18] J. Javadpour, N.G. Error, Raman spectroscopy of higher titanate

phases in the BaTiO3–TiO2 system, J. Am. Ceram. Soc. 71 (4)

(1988) 206–213.

78 Y. Xu, Y. He /Ceramics International 28 (2002) 75–78


