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Some dielectric oxides have been synthesized and character-
ized in the BaO-Nd,0,-TiO,-Ta,0; system. Through X-ray
powder diffraction analysis, Ba,Nd,Ti,Ta;O,, and Ba,Nd
Ti;Ta;0;, are identified as tetragonal tungsten—bronze com-
pounds, and their lattice constants are a=5b=12.4007(7) A,
¢=3.9030(3) A and a =b =12.4826(6) A, c = 3.9295(5) A, re-
spectively. The possible space group is P4bm. The polycrystalline
samples of these compounds exhibit high dielectric constant
(137 ~ 160) and low dielectric loss, tan < 7x10~* at 1 MHz.

© 1999 Academic Press

1. INTRODUCTION

Dielectric ceramics in the system BaO-Nd,0;-TiO,
have received much attention because of their important
application as microwave dielectric resonators and filters
(1-3), and the most important compositions fall in the solid
solution of Bag_5,Ndg, 5, Ti;505,4 with the so-called new
tungsten—bronze structure (4). With appropriate modifica-
tion, a high dielectric constant (80-94), high Qf value
(>5,000 GHz), and small temperature coefficient of reson-
ant frequency (—15 ppm/°C < 7y < 15 ppm/°C) can be ob-
tained in these ceramics (5, 6).

Searching for new dielectric ceramics with higher dielec-
tric constant (¢ > 100), the authors recently investigated the
BaO-Nd,0;-TiO,-Ta,O5 system, and the previous work
suggested the presence of some new compounds with
AsB10030 normal tungsten—bronze structure. Although the
compounds with AgB; (O3, tungsten—-bronze structure gen-
erally show ferroelectric nature and high dielectric loss (7, 8),
the present ceramics have high dielectric constant and very
low dielectric loss (9, 10). Therefore these ceramics have
great potential in microwave application if the temperature
coeflicient can be suppressed to an acceptable level, and the
understanding of their crystal structures is a key point for
such property modification.

In the present paper, we report the structure characteriza-
tion of Ba,Nd,Ti,TagO;, and BasNdTi;Ta,O;, com-
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pounds together with the room-temperature dielectric
properties.

2. EXPERIMENTAL

The compounds Ba,Nd,Ti,TacO3, and BasNdTis
Ta,03, were synthesized through solid state reaction from
the high-purity powders of BaCO; (>99.95%), Nd,O;
(>99.99%), TiO, (>99.99%), and Ta,05(>99.99%). The
starting powders were carefully mixed by ball-milling with
zirconia media in ethanol for 24 h then were heated at
1260°C (for the former) or 1300°C (for the latter) in air for
3 h. These heated powders were pressed into disc compacts
at 98 MPa after grinding and then were sintered at 1310°C
(for the former) and 1450°C (for the later) in air for 3 h to
yield dense polycrystalline samples. The basic reaction for
the synthesis could be represented by

4BaCO; + Nd,03 + 4TiO, + 3Ta,0;5
i Ba4Nd2Ti4Ta6O3o + 4C02 (g)

or

10BaCOj; + Nd,03 + 6TiO, + 7Ta,05
— 2BasNdTi;Ta,034 + 10CO, (g).

Finally, the sintered polycrystalline samples were ground to
prepare the powders for X-ray diffraction analysis.

X-ray diffraction measurements were conducted with
a graphite diffracted beam monochromator (Rigaku
D/max-3B, CuKua, 4 = 1.5406 A) using the following set-
tings: step scan, 10-100° range, 0.02° step size, and 10s
collection time. An initial set of lattice parameters was
obtained by least-squares refinement of the angular posi-
tions of the reflections obtained in the 20 range 10-100°.
Rietveld refinements were then carried out in an isotropic
approximation of the thermal parameters, using the pro-

gram DBW9006.
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TABLE 1
Crystallographic Parameters for Ba,Nd,Ti,Ta,0,, and
Ba,NdTi;Ta,0,,
Ba,Nd,Ti TagO3, BasNdTi;Ta,03

Space group P4bm P4bm
a(A) 12.4007(7) 12.4826(6)

b (A) 12.4007(7) 12.4826(6)

¢ (&) 3.9030(3) 3.9295(5)

o (deg.) 90 90

B (deg.) 90 90

y (deg.) 90 90

Cell volume (A3) 599.73(1) 611.69(2)
Formula weight 2622.09 2721.11
Cell content Z=1 Z=1

20-range, time/step
X-ray radiation
Reliability factors

10°-100°, 10s
CuKol (4 =1.5406 A)

Ry = 0.045, Rp = 0.061,

Ryp =0.079

10°-100°, 10s

CuKul (4 = 1.5406 (A)

Ry = 0.036, Rp = 0.062,
Ryp = 0.082

The dielectric characterization was performed for the
polycrystalline samples with an LCR meter (HP4284A) at
1 MHz.

3. RESULTS AND DISCUSSION

Through the initial least-squares refinement, the patterns
of Ba,Nd,Ti,TagO3, and BasNdTizTa,O;, were indexed
to the tetragonal unit cells with a = b = 12.4007, ¢ = 3.9030
and a =b = 124826, ¢ = 39295, similar to those for
Ba,La,TiyNbeO3( (11) and BasLaTizNb,O3, (12), respec-
tively. Because the only h01: h = 2n + 1 and h00: h = 2n + 1

TABLE 2
Positional and Thermal Parameters for Ba,Nd,Ti,Ta,O,,
Atom Position X y z Occupancy B (A?)
Ba(1) 2a 0.0000 0.0000 0.0000  0.6667 1.00(4)
Nd(1) 2a 0.0000 0.0000 0.0000  0.3333 1.00(4)
Ba(2)  4g  0.1663(3) 0.3237(3) 00000 0.6667  1.5503)
Nd(2)  4g  0.1663(3) 0.3237(3) 0.0000 03333  1.5503)
Ti(1) 4h  02134(4) 0.07394) 0.5000 04000  0.65(3)
Ta(l)  4h  02134(4) 0.07394) 0.5000 0.6000  0.65(3)
Ti(2) 4h  04254(4) 02848(4) 0.5000 04000  0.32(10)
Ta(2)  4h  04254(4) 0.2848(5) 0.5000  0.6000  0.32(10)
Ti(3) 2d 0.5000 0.0000 0.5000  0.4000 0.97(2)
Ta(3) 2d 0.5000 0.0000 0.5000  0.6000 0.97(2)
o(1) 4h 0.2863(21) 0.2186(21) 0.5000 1.0 1.32(30)
0(2) 4h  0.1549(18) 0.4907(19) 0.5000 1.0 1.41(39)
0(3) 4g  0.4059(15 0.3086(19) 0.0000 1.0 1.25(43)
0(4) 2¢  0.0000 0.5000 00000 1.0 2.36(55)
o) 4h  0.063521) 0.1280(20) 0.5000 1.0 1.45(35)
0(6) 4g  02059(17) 0.0530(14) 0.0000 1.0 0.76(35)
Oo(7) 4h 0.0040(19)  0.3421(19) 0.5000 1.0 0.96(42)
o) 4h  03613(17) 04360(17) 0.5000 1.0 2.76(36)

TABLE 3
Positional and Thermal Parameters for Ba,NdTi;Ta,0,,
Atom Position X y z Occupancy B (/&2)
Ba(l) 2a 0.0000 0.0000 0.0000 0.8333 1.20(6)
Nd(1) 2a 0.0000 0.0000 0.0000 0.1667 1.20(6)
Ba(2) 4g  0.1760(1) 0.3325(1) 0.0000 0.8333  1.86(5)
Nd(2)  4g  01760(1) 0.3325(1) 0.0000 0.1667  1.86(5)
Ti(1) 4h  02134(7) 00736(6) 0.5000 03000  0.98(4)
Ta(1) 4h  02120(6) 0.0750(6) 0.5000  0.7000  0.98(4)
Ti(2) 4h  04240(4) 0.2842(7) 0.5000 03000  0.51(7)
Ta(2) 4h  04240(4) 0.2842(7) 0.5000 07000  0.51(7)
Ti(3) 2d 0.5000 0.0000 0.5000 0.3000 1.19(3)
Ta(3) 2d 0.5000 0.0000 0.5000 0.7000 1.19(3)
o(1) 4h  02798(22) 0.2217(20) 0.5000 1.0 1.15(18)
0oQ) 4h  0.1536(26) 0.4895(14) 0.5000 1.0 1.32(50)
0(3) dg  04253(15) 0.2929(17) 0.0000 1.0 1.40(36)
O(4) 2c 0.0000 0.5000 0.0000 1.0 1.58(28)
0(5) 4h  0.0753(17) 0.1332(16) 0.5000 1.0 1.17(37)
0(6) 4g  02063(21) 0.0735(18) 0.0000 1.0 1.41(36)
o(7) 4h  0.0083(22) 0.3362(15) 0.5000 1.0 1.21(43)
o(8) 4h  0.3684(22) 0.4387(15) 0.5000 1.0 1.17(37)

systematic extinctions were unambiguously detected, we
were allowed to propose as the possible space group P4bm.
Based on the initial crystal structure model for
BagTi,NbgO3, (13), the Rietveld refinement was carried out
in an isotropic approximation of the thermal parameters.
The refinement converged with Rp = 0.045, Rp = 0.061,
Ryp =0.079 for Ba,Nd,Ti,TagO;, and Rg = 0.036,
Rp = 0.062, Rywp = 0.082 for Bas;NdTiz;Ta,O5,. The results
for the refinement are listed in Table 1, and the atomic
positions and thermal parameters are given in Tables 2
and 3. Figures 1 and 2 show the comparison of the experi-
mental plot with that obtained by refinement, along with the
calculated residuals. The selected bond lengths and angles
are listed in Tables 4 and 5. In Ba,Nd,Ti,TasO3,, the (Ba,
Nd)-O bonds range from 2.628(20) to 2.843(12) A, and the
(Ti, Ta)-O bonds range from 1.816(22) to 2.059(18) A. Sim-
ilarly, the (Ba,Nd)-O bonds range from 2.672(20) to
2.870(20) A and the (Ti, Ta)-O bonds range from 1.834(23)
to 2.151(18) A, in BasNdTi;Ta,O .

The proposed structures determined for Ba,Nd,Ti,
TagO3, and BasNdTiz;Ta,O;, are isostructures with
Ba,La,TiyuNbsO3, and BasLaTizNb,O3,, respectively,
which belong to the filled tungsten-bronze structure with
a general formula of A¢B (O30 (7, 13). In the present tung-
sten-bronze compounds, ten oxygen-octahedra containing
Ta and Ti ions share corner atoms, and larger ions of Nd
and Ba fill six cages, four 15-coordinated and two 12-
coordinated sites.

Table 6 gives the dielectric properties of Ba,Nd,Ti,Tag
O3, and BasNdTi;Ta,05, polycrystalline samples. The
high dielectric constant (137 ~ 160) and low dielectric loss,
tand < 7x 10~ * at 1 MHz are indicated in the well-sintered
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FIG. 1. Observed and calculated X-ray diffraction patterns (CuKa radiation, 1 = 1.5406 A) for Ba,Nd,Ti,TagO3, with their difference shown below.

polycrystalline samples of the present tungsten-bronze significantly by increasing the powder synthesis temper-
compounds. Compared with the previous work (9), the ature to 1300°C, and this might be concerned with the
dielectric loss for BasNdTiz;Ta;O3, has been decreased increased crystallinity.
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FIG. 2. Observed and calculated X-ray diffraction patterns (CuKe radiation, 4 = 1.5406 /OX) for BasNdTi;Ta, O3, with their difference shown below.
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TABLE 4 TABLE 6
Selected Bond Distances and Angles for Ba,Nd,Ti,Ta,O;, Room Temperature Dielectric Characteristics of Ba,Nd,Ti,
Ta,0;, and Ba;NdTi;Ta,0,, Polycrystalline Samples (at 1 MHz)
Bond distances (/0\) Bond angles (deg.)
Composition Sintering conditions Dielectric constant  tan ¢
Ba(1-0(3)  2.652(22) 0(3)-Ba(1)-0(5) 113.79
Ba(1)-0(5)  2.631(13) 0(3)-Ba(1)-0(6) 78.31 Ba,Nd,Ti,TagO;5, 1310°Cx 3 h, in air 137 0.0007
Ba(1)-0(6)  2.628(20) O(3)-Ba(1)-O(8) 122.58 BasNdTisTa;0s,  1450°C x 3 h, in air 160 0.000018
Ba(1)-O(8)  2.726(13) 0(6)-Ba(1)-O(8) 122.98
Ba(2)-O(1)  2.777(12) O(1)-Ba(2)-0(2) 149.70
Ba(2-0(2)  2.819(18) O(1)-Ba(2)-0(7) 86.10
Ba2-O(7)  2.843(12) 0(2)-Ba(2)-0(7) 5525
Ti(1)-O(1)  2.017(27) O(1)-Ti(1)-0(2) 98.15 .
Ti(1)-0(2) 1.967(25) O(1)-Ti(1)-0(5) 90.80 pounds, and their lattice constants are a = b = 12.4007 A,
Ti(1)-0(5)  1.957(2) O(1)-Ti(1)-0(6) 91.09  ¢=39030A and a = b = 12.4826 A, ¢ = 3.9295 A, respec-
Ti(1)-0(6)  1.969(2) O(1)-Ti(1)-O(8) 172.91 tively. These compounds all belong to the possible space
Ti(1)-O(8) 1.921(18) O(5)-Ti(1)-O(6) 87.64 .

. . group P4bm. The polycrystalline samples of these com-
Ti(2)-0(1) 1.902(26) O(1)-Ti(2)-0(3) 91.69 o : : . .
Ti(2)-0(3) 1.988(4) O(1)-Ti(2-0(5) 174.80 pounds exhibit high dielectric constant and low dielectric
Ti(2)-0(5) 2.042(23) O(1)-Ti(2)-O(7) 101.56 loss, and this suggests the potential for microwave applica-
Ti(2)-O(7) 1.816(22) O(1)-Ti(2)-O(8) 93.64 tion of the present materials. Active work on materials
Ti(2-0(8)  2.059(18) O(5)-Ti(2)-O(8) 81.16 development in the present system is in progress by the
Ti(3)-0(2) 1.899(24) O(2)-Ti(3)-0(4) 90.00 authors’ erou
Ti(3)-0(4) 1.951(1) O(2)-Ti(3)-0(7) 96.81 group.

Ti(3)-0(7) 1.982(22) O(4)-Ti(3)-0(7) 90.00

ACKNOWLEDGMENTS
4. CONCLUSIONS

) ) This work was supported by the Chinese National High-Tech Project
Ba,Nd,Ti,TagO39 and BasNdTi3;Ta O30 have been syn-  under grant 863-715-006-0072 and the Special Program for Outstanding

thesized and identified as tetragonal tungsten-bronze com-  Young Scientists of Zhejiang Province under grant RC98028.

TABLE 5
Selected Bond Distances and Angles for Ba;NdTi,Ta,05, REFERENCES

Bond distances (A) Bond angles (deg.) 1. D.Kolar, Z. Stadler, S. Gaberscek, and D. Suvorov, Ber. Dtsch. Keram.
Ba(l 2747021 Ba(l 113.79 Ges. 55, 364 (1978).

a(1)-0(3) 747(21) OB3)-Ba(1)-0(5) 3. 2. D. Kolar, S. Gaberscek and B. Volavsek, J. Solid State Chem. 38, 158
Ba(1)-0(5) 2.739(14) O(3)-Ba(1)-0(6) 89.77 (1981)
Ba(1)-0(6) 2732(25) 0(3)-Ba(1)-08) 118.54 3. X. M. Chen, Y. Suzuki, and N. Sato, J. Mater. Sci. Mater. Electron. 6, 10
Ba(1)-O(8) 2.672(18) O(6)-Ba(1)-O(8) 118.87 (1995)
Ba(2)-0(1) 2.730(18) O(1)-Ba(2)-0(2) 155.58 4. K. M. Cruickshank, X. Jing, G. Wood, E. E. Lachowski, and A. R.
Ba(2)-0(2) 2.783(13) O(1)-Ba(2)-0(7) 8205 West, J. Am. Ceram. Soc. 79, 1605 (1996).
Ba(2)-0(7) 2870020 0(2)-Ba(2}-0(7) 33.30 5. H. Ohsato, H. Kato, M. Mizuta, S. Nishigaki, and T. Okuda, Jpn. J.
T?(l)—O(l) 2.025(27) O(l)—T?(l)—O(Z) 85.15 Appl. Phys. 34, 5413 (1995).
Ti1)-02) 1.96423) O(-Ti(1)-00) 97.24 6. Y.J. Wu and X. M. Chen, J. Eur. Ceram. Soc. 19, 1123 (1999).
T%(l)—O(S) 1.877(22) 0(1)_1?(1)_0(6) 97.85 7. T. Ikeda, T. Haraguchi, Y. Onodera, and T. Saito, Jpn. J. Appl. Phys.
Ti(1)-0(6) 1.966(1) O(1)-Ti(1)-O(8) 178.95 10, 987 (1971),
Ti(1)-0®) 1.969(23) OB)-Ti(1}-0(6) §9.92 8. R. R. Neurgaonkar, W. F. Hall, J. R. Oliver, W. W. Ho, and W. K.
T%(2)—O(1) 1.961(28) 0(1)7T%(2)7O(3) 87.20 Cory, Ferroelectrics 87, 167 (1988).
Ti2)-00) 1.967(1) O()-Ti2-0(5) 17275 9. X. M. Chen and J. S. Yang, J. Eur. Ceram. Soc. 19, 139 (1999).
T%(Z)_O(S) 2.151(22) O(l)—T%(2)—O(7) 96.58 10. X. M. Chen, J. S. Yang, and J. Wang, in “Dielectric Ceramic Ma-
T%(Z)—O(7) 1.834(23) 0(1)_1?(2)_0(8) 92.12 terials” (K. M. Nair and A. S. Bhalla, Eds.), pp. 71-76. Ceramic Soc.,
Ti2)-O(8) 2.049(21) O(5)-Ti(2)-0(8) 80.62 1999
?(3)—0(2) 1.921(32) O(2)-Ti(3)-0(4) 900041 JCPDS-ICDD No. 39-0255.

i3-04) 1.964(1) OQ)-Ti3}-0(7) 9490 15 JCPDS-ICDD No. 39-1445.
Ti(3)-O(7) 2.047(18) O(#)-Ti(3)-0(7) 90.00

13. N. C. Stephenson, Acat Crystallogr. 18, 496-501 (1965).




	1. INTRODUCTION
	2. EXPERIMENTAL
	TABLE 1

	3. RESULTS AND DISCUSSION
	TABLE 2
	TABLE 3
	TABLE 4
	FIGURE 1
	FIGURE 2

	4. CONCLUSIONS
	TABLE 5
	TABLE 6

	ACKNOWLEDGMENTS
	REFERENCES

