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Abstract

In the present study, two different sets of precursors have been used in the synthesis of strontium barium niobate (SBN50) by conventional
solid-state route: I. Sr(N§)., Ba(NG;),, Nb,Os and II. SrCQ, BaCQ and NiOs. The formation of SBN50 phase was completed at TT50
The green compacts, of the calcined powder, were sintered at temperatures varying from 1250 @ M8fstructural characterization
was done using scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The aim was to study the dielectric and
ferroelectric behavior depending on the precursors used and the sintering conditions and correlate with microstructure. The synthesis, involving
the precursor set-1, showed a duplex microstructure with large number of small grains, of sizg.b-d&ndwiched between very large
grains, of size in the range of 50-2a@n. On the other hand the second set of precursor resulted in a microstructure devoid of duplex nature. The
microstructure consisted of polyhedral grains having more or less uniform size. SBN from set-1l showed a better dielectric property compared to
set-l. The discrepancies in this ferroelectric/dielectric behavior, have been explained in terms of density as well as microstructurasdifference
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction hot pressind5], double stage sinterin@] and using sin-
tering aids[6]. Alternate synthesis methods such as partial
Strontium barium niobate (gBa;—NbyOg, 0.25 < coprecipitatior{7], solution combustioif8], coprecipitation

x < 0.75, abbreviated as SBN) is a promising lead free [9], sol—-gel[10], EDTA-complex chemical routgl1], etc.
ferroelectric-based material, owing to its large pyroelectric have also been employed to improve its physical, dielectric
[1], electro-optic[2], non-linear optical properties, e8] and microstructural properties.
The physical and electrical properties vary with composi-  In this paper, conventional solid-state synthesis route with
tion and sintering conditions. Although single crystal of different precursors, has been adopted to investigate the ef-
SBN with varying composition has been used immensely, it fect of precursors on the microstructural and dielectric prop-
finds restricted application because of its difficulty in fab- erties.
rication and associated high cost. For optical applications,
it is desirable that SBN should have a density near to theo-
retical one and uniform microstructure. But SBN ceramic, 2 Experimental procedures
with nearly theoretical density, is difficult to obtain during
pressureless sintering because of abnormal grain growth The precursors used for synthesis of SBN wereO®h
[4]. Efforts have been made to obtain high density SBN by (99.99%), Sr(N@)» (99%), Ba(NQ@), (99%), SrCQ
(99.99%) and BaC®&(99 %), procured from Aldrich, USA.
* Corresponding author. Tek91-22-2576-7636; Two sets of SBN were prepared, set-1, from K,
fax: +91-22-2572-3480. Sr(NQgs)2, Ba(NGs)2 (termed as N-based) and set-1l, from
E-mail address: ajit.kulkarni@iitb.ac.in (A.R. Kulkarni). NbOs, SrCG; and BaCQ (termed as C-based). The
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stoichometric amount of the pre dried powder was mixed The scanning electron micrograph of the sintered pellets
with automatic agate mortar with methanol as mixing agent. is shown inFigs. 2a—c and 3a—for C-based and N-based
This was the further ball milled using zirconia balls for samples, respectively. The micrographs corresponding to the
24 h. Phase analysis of the calcined powder was done usingsample sintered at 125C, (Figs. 2a and 3ashows that
powder XRD ehillips X-pert), transmission electron mi- the C-based samples have much bigger grains than that of
croscopy (TEM) Phillips CM200) and scanning electron the corresponding N-based sample. The grain size in the
microscopic (SEM) techniquesCémbridge Stereo-Scan) C-based sample varied from 15 to 3t with large number
were used to study the particle and grain size as well asof pores on the surface. In the corresponding micrograph for
morphology. The powders were compacted with 2% PVA N-based SBN irFig. 33 the grains are much smaller (of the
as binder and sintered in a resistive heating furnace. Theorder of 7um) than the C-based sample and are of uniform
sintered compacts were well polished and metallized with size and polyhedrons in shapeig. 2h the SEM micro-
sputtered gold and were further metallized with silver graph of C-based sample sintered at 1300shows grains of
paint. The dielectric constant was calculated from mea- about 5Qum size. The grain compaction is high and there is
sured parallel plate capacitance, from room temperature tonarrow size distribution. The corresponding micrograph for
200°C in frequency range of 1 kHz to 1 MHz usiig1260 N-based SBNKig. 3b shows a striking dissimilarity. The
Impedance Analyzer with SI-1296 Dielectric Interface. The figure illustrates the observed duplex microstructure com-
dielectric constant was calculated from the measured par-prising of two distinctly different size ranges. Large num-
allel plate capacitance. Ferroelectric hysteresis loop wasber of very small grains of size 10—l%n are sandwiched
traced using &adiant RT66A Ferroelectric Test System. between very large grains of size range 50160 The
micrograph indicates that, the grains are well sintered and
hence less numbers of pores were obseri#gl. 2c shows
3. Results and discussion the feature similar to that ofig. 2b with no appreciable
change in grain size range. Duplex microstructure can also
X-ray diffraction study revealed that the SBN50 phase be seen irFig. 3cwith smaller grains are now rectangular
was completely formed at the calcination temperature of in shape. This micrograph also shows the presence of mi-
1150°C for both the sets of samples. The TEM study of cro cracks due to internal strains resulting from rectangular
the calcined powder showed that the particle size was belowshaped elongated grains and thin platelet like grains of size
250 nm as shown iftig. 1a and bFor C-based sample, the range 50-20Q.m.
particles were nearly of same size with varying shapes and |t is interesting to note that the C-based SBN did not show
with smooth edges. For the N-based sample, few particlesany abnormal grain growth like the N-based SBN (for the
were found to be even in the size range of 50 nm or less, sintering conditions under consideration) although, each of
and having sharp corners. A fair degree of agglomeration is them went through the same processing step. However, sim-
also observed in both the samples. ilar kind of abnormal grain growth has been reported earlier
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Fig. 1. Transmission electron micrograph of SBN50 powder calcined at°11%8) C-based (b) N-based.
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Fig. 2. Scanning electron micrograph of SBN50 for C-based and N-based SBN50 sintered pellets: (a) f@; 1B5@300°C; and (c) 1350C.
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for C-based SBN withr = 0.6 [12]. The exact cause of this  poor phase at the grain boundary is the cause of the forma-
abnormality in the grain growth is still not clear. A number tion of low melting liquid phase, which in turn results in the
of explanations have been put forth for this abnormal grain formation of the abnormal grain growth. In the present case,
growth. Takashaki et a[13] have reported that the abnor- however, the C-based SBN does not show abnormal grain
mal grain growth is due to the liquid phase resulting from growth probably because the additional step of ball milling
local inhomogeneous composition due to partial incomple- after calcination has not been employed here. Sr/Ba ratio is
tion of calcination. Fang et al14] have suggested that itis also considered to be an important factor in the formation of
due to formation of SrNkOg, a low melting second phase abnormal grain growtfiL4]. The lower Sr/Ba ratio employed

at the grain boundary. This has been attributed to the de-in the present work has probably contributed to the elimi-
composition of stoichometric SBN during ball milling. Lee nation of abnormal gain growth in C-based SBN. Enhanced
et al.[12,15] have reported that the formation Nb rich/Ba grain growth (abnormal) due to ball milling and subsequent
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Fig. 3. Dielectric constant vs. temperature plot for C-based and N-based F9- 4. P-E hysteresis loop trace for C-based and N-based SBN50 at the
SBN50 at the sintering temperature of 138D sintering temperature of 135C.

) _ Strivens equatioifil 6].
low melting phase was also observed in our laboratory and

will be the subject of discussion in a later communication. ecoprectedq= -2255e 2+ V2) (1)
It is pertinent to mention here that depending on precursors, 2(1-V2)
there may be some amount of unreacted low melting phase The dielectric constant values for other sintering condi-
present in the calcined powder resulting in entirely different tions for both the sets of samples are listedable 1 This
microstructures. To understand the origin of abnormality in clearly indicates that the C-based SBN shows higher dielec-
grain growth, X-ray diffraction study of the powders cal- tric constant values than the corresponding N-based SBN,
cined at different temperatures and TEM study on the grain for the same sintering conditions. This is in contrast to the
boundary of sintered pellets is underway in authors’ labora- observed densities in both the cases. This indicates that, mi-
tory and will be reported elsewhere. cro cracks due to abnormal grain growth, which is supposed
The density of the sintered pellets is listed in Table 1 to reduce the density of N-based SBN drastically, has not
For all the cases, the N-based sample has higher densitypeen so effective but it significantly contributed in the re-
than the C-based samples for the same sintering temperatureduction of the dielectric property. PE loop of the pellets
In both the cases maximum density was achieved for the sintered at 1350C showed low polarizations. However, the
1300°C sintering temperature. It seems that above T80 N-based samples showed a higher remnant polarization than
uniaxial grain growth has resulted in less compaction. Mi- the C-based for the same electric field as showhiin 4.
crocracks have also contributed to lower the density.
The dielectric constant versus temperature plot for the sin-
tering condition of 1350C is shown inFig. 3. This shows
a broad dielectric constant versus temperature plot indicat-
ing the second order phase transformation (for relaxor fer-
roelectrics). But the shift o with frequency is not very

4, Conclusions

Strontium barium niobate (SBN50) synthesized from con-
ventional solid-state route, using different precursors, re-

) , ; s sulted in SBN with different microstructural and dielectric
promme_nt in bpth the cases. Porosity corre_ctlon for the mea- nroperties. SBN from nitrate precursors (N-based) showed
sured dielectric constant was done by using Rushman and

abnormality in grain growth and a duplex microstructure
when compared with the SBN from carbonate precursors
Table 1 (C-based). SBN from nitrate precursors is more susceptible

Variation of density, dielectric constant afig (ferroelectric—paraelectric  for formation of low melting liquid phase.
transition temperature) of C-based and N-based SBN50 under different
sintering conditions
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