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Abstract

Ceramics in the system Ba(gsNb,3)Os—Ba(Ga . Tay2)Os; (BZN-BGT) were prepared by the mixed oxide route. Powders were calcined at
1200°C for 4 h and sintered at temperatures in the range 1300=B13roducts were characterized by scanning electron microscopy (SEM),
X-ray diffraction (XRD) and wavelength dispersive spectroscopy (WDS) techniques.

During processing of the ceramics two secondary phases developed on the surfaces of the sintered ceramics as a result of Zn evapo-
ration: BaZn; TasO,4 (816) and BaNbsO;5 (BN). On the basis of this analysis, ceramics having the compositions of the two secondary
phases were prepared independently by the mixed oxide route. Both ceramics have a hexagonal structure; the 816 phase has space grou
of P63cm
© 2005 Published by Elsevier Ltd.
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1. Introduction Later, Sumita et d. found the hexagonal B&lbsO;5
phase in Ba(Mg, Co, Nb)©based dielectrics and sug-
Recent developments in wireless communication tech- gested that the presence of this impurity phase has a nega-
nology have increased the demand for low cost microwave tive effect on dielectric properties. Subsequently Tolmer and
components. Commercial microwave ceramics need to haveDesgardid found a phase, believed to bedZam; TagOo4, in
specific selective parameters, which are high, unloadedBzT ceramics, but detailed experimental work showed the
Q value @Q,>20,000 at 2GHz), high dielectric constant phase to be Ba}®s. The presence of the Bafas sec-
(er>30) and temperature coefficient of resonant frequency ondary surface phase was discussed by Webb ®&tdio
tunable through zero. Ba(4RTap/3)O3 is an important mi-  related the presence of this phase to the Qghalue in BZT
crowave dielectric, but attempts are being made to developmaterials.
Nb,Os-based analogues due to the high cost o0& In the present study, Ba(@aTay»)O3 (BGT) was cho-
The influence of secondary, surface phases onthe mechansen as an end member of the solid solution, with BZN to
ical and dielectric properties of microwave dielectrics has improve the dielectric properties, particularly tievalue.
been discussed by many authér$®-8Desu and O'Bryaf  The BZN-BGT compositions were prepared by the mixed

who first found the presence of the secondary surface phasexide route. The development of secondary phases was in-
onsintered BZT ceramics established the connection betweenyestigated.

the Zn volatilization, the presence of surface secondary phase  Previously the solid solution with BGT as an end mem-
and control of dielectric properties. ber, with Ba(ZnsTap3)03 (BZT), was investigated by
Kageyama, who observed an improvement of tievalue
* Corresponding author. Tel.: +44 161 306 3564; fax: +44 161 200 8877. With the addition of BGT. This paper focuses on microstruc-
E-mail addressRobert.Freer@manchester.ac.uk (R. Freer). ture development in BZT-BGT.
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2. Experimental
2.1. Ceramic processing

(1 —xBZN—-xBGT (x=0.0-0.2) ceramics were prepared
by the mixed oxide route. Standard electronic grade raw ma-
terials of purity >99.5% (with a mean particle diameioj
~1-3um) were batched in lots of 100-200 g for the various
formulations. The powders were mixed in polypropylene bot-
tles with 200 g of Zr@ milling media and 100 ml of deion-
ized water for 16 h. Subsequently, they were dried &t@0
sieved and calcined at 120G for 4 h. The powders were
then re-milled for 8 h in deionized water containing 2 wt.% S i AT T AR R 2
of PEG (MW 20,000) added as binder. After final drying and
sieving the powders were pressed into discs of 20 mm diam- Fig. 1. SEM backscattered image of BZN specimen sintered at X356
eter and sintered at temperatures in the range 1300150
for 2—16 h. All samples were sintered in high purity alumina
crucibles. All ceramics had >97% theoretical density as de-
termined by Archimedes water immersion technique.

2.2. Structural and microstructural characterization

Scanning electron microscopy (SEM) was performed on
Philips XL30 FEG-SEM, operating at 8-20kV. Secondary
and backscattered images were recorded. Wavelength disper-
sive spectroscopy (WDS) was performed on a Cameca Elec-
tron probe microscope (model SX100), operating at 15 kV, to
yield compositional information. For SEM and WDS anal-

Acc Y  Spot )

ysis the samples were polished with diamond pasien(6 B
and 1um) and with colloidal silica (OPS), and then carbon '
coated. Fig. 2. SEM image of secondary surface phase in BZN specimen sintered

Conventional X-ray diffraction (XRD) analysis was per- at1350°C for4h.
formed on an APD Philips PW3710 with diffractometer op-
erating at 50 kV and 40 mA. Scans were conducted with Cu sintered at 1350C for 4 h. For this composition, the thick-
Ka radiation with wavelength of 1.540%6in the range of ness of the secondary surface phase region is abquin50
15-35 with a step size of 0.05The measurements were per- i.e. double the thickness in the end member of the BZN com-
formed on the surface of the sintered pellets and on sectionedposition. An increasing amount of secondary surface phase
polished samples. was observed in the BZN-BGT compositions prepared with

higher amounts of BGT.

3. Results and discussion
3.1. Microstructures

Fig. 1is a scanning electron micrograph of a BZN sample
sintered at 1350C for 4h. The image shows an equiaxed
grain structure with grain sizes 5—jin. There is no visi-
ble presence of any secondary phase in the matrix. However,
Fig. 2 (region near the edge of the BZN sampleFigy. 1)
shows extensive secondary phases. The chemistry of the sec-
ond phase was studied by WDS. The thickness of the sec-
ondary surface phases in the BZN samples is arounch25

B0 uym

. . et WD |——— |
It is believed that these secondary surface phases develop ' | 0.1 BG 20 Slow Cooled Rale

A "

because of zinc volatilization.

) Fig. 3shows _the presen_ce of a secondary surface phase‘lg—ig. 3. SEM image of surface secondary phase for BG20 composition sin-
in a BZN ceramic doped with 20% BGT (denoted as BG20) tered at 1350C for 4 h.
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The secondary, surface phases are formed as needle shape ~ 55, - 110
particles. For the BZN composition, the needle shaped par-
ticles grows predominantly along the direction of the host
ceramic grains. For compositions highly doped with BGT
the needle shaped particles tend to grow towards the sinterec:
surface.

The grain sizes were determined for all BZN-BGT 220
compositions. It was noted that average grain size tended > | 100 " | J L
to increase with increasing amount of BGT in the initial for- ° 5 P 140 pra— 4 A
mulation. The grain size for pure BZN is around i, but Angle (20)
with increasing BGT the grain size increases tqh8in the
BG20. Thus, additions of BGT to BZN increase the amount Fig. 4. x-ray diffraction spectrum for the matrix of BZN sample sintered at
of secondary surface phase and the average grain size of th@3s0°C for 4 h.
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3.2. Chemical analysis 80 e
o 70007 -
WDS analysis of the secondary surface phases showeds 0%
the presence of two different secondary surface phases. AtZ *°% il
the outer edge of all samples the phaseNB@O15 (BN) was B 11
found, i.e. all the Zn had evaporated. The thickness of this £ % 4
phase varies with compositions, but for BZN the thickness 2000 NS a1
was around 1pm. The remaining 1.m of secondary sur- 10001 — . N
face phase was BanNbgO24 (816). The presence of this % 10 20 30 40 50 60 70 80
so-called 816 secondary surface phase is consistent with the Angle (20)
findings of Davies et al.and Bieringer et a.for the BZT
analogue system. Fig. 5. X-ray diffraction spectrum for the sintered surface of BZN sample,

A detailed analysis of the BGT doped samples was under- Sintéred at 1350C for 4h. The peaks ™" correspond to BibsOss; the
taken to search for any additional phases, specifically Ta-rich peaks ™+ correspond to BgNbeZnCzs.
and Ga-rich secondary phases. There was no evidence of any ) _ _
Ta-rich phase. However, a Ga-rich phase was found as part ofnd Of this study, in which both 816 and BN phases were
the surface secondary phase. The Ga-rich phase formed as agound in BZN-based ceramics.
glomerates, having a maximum size Qf®, in compositions
highly doped with Ga (e.g. BG20). These agglomerates were3.3. Phase analysis
distributed within the secondary surface phase of BZN-BGT
compositions, mostly between the 816 and BN phases. By  Fig. 4shows an X-ray diffraction spectrum of the matrix of
WDS this additional phase was established to bg3gOo. the end member BZN sintered at 13%Dfor 4 h. This spec-

This Ga-rich phase is formed as a product of BGT doping. trum confirms the perovskite structure without any evidence
Very little is known about this phase, and it may be worthy of a secondary phase.

of further investigation.

The importance of the presence of secondary surface
80000

phases on dielectric properties was previously discussed by 103110
Desu and O’Bryafhiwho found a positive influence of sur- 70000 BN
face secondary phases on dielectric properties, particularly 2 60000 - —— 816
theQ value. They suggested that the reason for the increased‘@ p—
Q value is lattice distortion. They proposed that Ba replaces 2 300
the Zn on the B-site of the structure, and this will cause dis- ° 40000 220305 313
tortion, because the size of the®aon is much larger than £ 30000 005
of Zn?*, 3 ) "
N ) . 20000 116 2210

The Zn volatilization and formation of the secondary sur- 28 SBﬂ 410 s26
face phases in BZT ceramics was investigated by Davies et 10000 ez
al.! The presence of so-called 816 phase was found on the 0
tie line between pure BZT and B&yO15. The 816 phase 10 20 %0 40Ang|e529 &0 70 e

exhibits very good dielectric properties and it was suggested
to be a useful composition for microwave applications. Their rig 6 x-ray diffraction spectra for specimens of g2a;NbgOz4 and
finding for BZT ceramics is entirely consistent with the find- BasNbsO1s.
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Fig. 5is an X-ray diffraction spectrum for the surface References

of a sintered BZN specimen sintered at 1360for 4 h.
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11.784.

4. Conclusions
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phases increases with an increasing amount of BGT in the8
starting mixture. Both secondary phases exhibit a hexagonal
structure. A third Ga-rich minor phase (B2a;09) was 9
found as part of the surface secondary phase, formed as a
product of BGT doping.
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