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Abstract

Bismuth zinc niobate posses a cubic pyrochlore structure and normally is obtained by the conventional solid-state reaction. The great disadvantage
of this method is the lack of chemical homogeneity, requiring high synthesis and sintering temperatures (higher than 1000 °C), which is an impeditive
for BZN application in LTCC with silver as the internal electrode. The aim of this paper is to compare, from synthesis to sintering, BZN ceramics,
derived either from chemically or conventionally synthesized powders, sintered either in both conventional oven for 2 h or microwave oven for 15 min.
The results showed that chemically synthesized BZN ceramics sintered in microwave oven at 900 °C for 15 min presented a relative density of 97%,
while those obtained by conventional method required 1000 °C to reach the same density. Despite the short period for thermal treatment in microwave

oven, the electrical properties of BZN ceramics are compatible with those sintered in conventional oven for 2 h.

© 2009 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Recent literature presents several publications on Bi-Zn—-Nb
ternary system, which show the great interest attracted by
Bi,03-Zn0O-Nb,O5 (BZN) compounds, mainly for applica-
tions in electronic devices. The driven force for part of those
publications is the understanding of their electrical properties
depending on the occupancy of metallic cations in sites A and B
[1-4]. The other matter of concern is reducing the sintering
temperature of those compounds aiming to make them suitable
for LTCC using silver as internal electrode [5-8].

Normally some additives are incorporated to the material to
reach lower sintering temperatures. Among them, vanadium
oxide, copper oxide, boron and silver have been extensively
used. These additives promote the formation of a liquid phase
which leads to BZN ceramics be sintered at temperatures
around 900 °C. Nonetheless, these compounds may react with
silver altering the BZN electrical properties, which is
deleterious to the devices [7-10].
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Alternatively, chemically [11,12] or high energy milling
[13,14] synthesized compounds can lead to a more homo-
geneous powder with small particle sizes, which contributes to
diminish the temperature of phase crystallization and that
required to sinter their ceramics. Another approach is to use
non-conventional techniques for sintering, such as by laser
beam [15,16] or microwave energy [17,18].

The aim of this work is to investigate comparatively, from
synthesis to sintering, the process conditions for obtaining
Bi; sZnNb,; 50, (a-BZN) ceramics. Therefore, a-BZN powders
were synthesized by both solid-state reaction and polymeric
precursor methods, and their ceramics were sintered either in
conventional oven or in microwave oven. The results derived
from synthesis and sintering methods were compared with
respect to the structural, microstructural and electrical properties.

2. Experimental procedure

Nanoparticulate o-BZN powder was obtained by the
polymeric precursor method using urea as pH stabilizing
agent, as well as an inductor for organics elimination at low
temperatures, whose detailed procedure was published
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elsewhere [19]. The sample obtained by this method was
dubbed U2. For comparison sake, a-BZN powder was also
prepared by the conventional oxide mixture, followed by
milling in isopropyl alcohol medium for 6h, drying and
sieving. The obtained powder was heat-treated at 900 °C for
2 h. The sample obtained by oxide mixture was dubbed OM.

To diminish the quantity of agglomerates and aggregates,
both powders were milled in isopropyl alcohol for 3 h. The
powder’s crystalline phases were determined by X-ray
diffraction (XRD; PHILIPS PW1380) with Cu Ka radiation.
The surface area was measured based on the N, adsorption/
desorption curves, using the BET method (BET; MICRO-
METRICS 2000). The particle size was calculated from the
values of surface area, by the equation:

Duer — 6

P pSper

where Dgrris the mean particle size, Sger the surface area and
p the theoretical a-BZN density (7.12 g cm™>).

The powders were compacted into discs (8§ mm diameter and
3 mm thick) followed by sintering at specific conditions which
are displayed in Table 1.

For the microwave sintering, the samples were heat-treated
at 900 and 1000 °C for 15 min using a simple domestic
microwave oven (2.45 GHz, 900 W) by means of a pair of SiC
susceptors (positioned bellow and above the pellet) in order to
absorb the microwave energy and rapidly transfer the heat to the
sample. A 50 °C/min heating rate was applied, using an
automatic temperature controller. The temperature was
measure by a grounded K-type thermocouple which is in
contact with the bottom SiC susceptor. Fig. 1 depicts a
schematic representation of the sample holder system.

After sintering, the samples apparent relative density was
measured by the Archimedes method. The pellets micro-
structure was examined by scanning electron microscopy
(SEM; JEOL 6400) and their electrical properties were
evaluated by impedance spectroscopy (HP 4192).

3. Results

XRD results for powders U2 and OM are displayed in Fig. 2.
It can be observed that the a-BZN is the only crystalline phase
detected for both samples. The crystallization occurs at 700 °C
for sample U2 and at 900 °C for sample OM. The lower
crystallization temperature observed for sample U2 can be
attributed mainly to the atomic scale homogeneity reached
when the polymeric precursor method is employed [20-23].

Table 1
Parameters used for thermal treatment of U2 and OM samples.

Sample Oven Temperature (°C) Rate (°C min~h) Soaking time (min)

U2 CF 900 10 120
U2 MwW 900 50 15
oM CF 1000 10 120
OM MW 1000 50 15

CF, conventional furnace; MW, microwave oven.
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Fig. 1. Schematic arrangement for the sample sintering inside the microwave
oven.

The progressions of relative apparent density as a function of
the temperature for the sample U2, sintered in conventional
furnace (CF) orin microwave oven (MW), are displayed in Fig. 3.
One can observe that the samples sintered in microwave oven
present higher apparent density values than those sintered in
conventional furnace at temperatures between 850 and 950 °C.
Probably the mass transport mechanisms involved in the solid-
state sintering process are favored by the high heating rate
reached in the microwave oven [17]. The samples sintered at
900 °C presented the highest relative density values, 97% for U2-
MW and 95% for U2-CF. Between 950 and 1000 °C a decrease in
the relative apparent density occurs due to the expansion of the
trapped gas in isolated pores. These isolated pores are generated
by the aggregates and agglomerates present in the precursor
powder, which were not destroyed by the milling.

Fig. 4 displays the apparent relative density results as a
function of temperature for ceramics prepared by the
conventional oxide mixture (OM) sintered either in conven-
tional furnace or in microwave oven. It can be observed that the
samples sintered in conventional furnace presented higher
relative density values at 900 and 950 °C. This result can be
attributed to the bigger mean particle size of the powder, as well
as to the mass transport mechanisms involved in the sintering
process, which is not enhanced by the higher heating rate
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Fig. 2. X-ray patterns of U2 and OM powders heat-treated at 700 and 900 °C,
respectively.
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Fig. 3. Relative apparent density as a function of temperature for samples U2
heat-treated: (a) in conventional furnace (CF) for 120 min at a heating rate of
10 °C min™"; (b) in microwave oven (MW) for 15 min at a heating rate of
50 °C min~".

reached in microwave oven. In this case, the sintering process is
more effective in isotherms, which are longer (2 h soaking) in
conventional furnace treatments.

At 1000 °C, both sintering treatment, 15 min in microwave
oven or 2 h in conventional furnace, lead to the same relative
density value (99%). Probably, at this temperature only 15 min
at microwave oven was enough to develop the liquid phase
responsible for the ceramics densification. Moreover, the
treatment at 1050 °C promotes a volumetric expansion of
sample, consequently decreasing the relative density, as already
observed for sample U2.

From these results, one can infer that sintering treatment in
microwave oven is advantageous in terms of energy savings,
since 15 min at the sintering temperature is enough to reach the
same apparent relative density as that reached in conventional
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Fig. 4. Apparent relative density as a function of temperature for samples OM
heat-treated: (a) in conventional furnace (CF) for 120 min at a heating rate of
10 °C min~%; (b) in microwave oven (MW) for 15 min at a heating rate of
50 °C min~".

oven after 2 h treatment. Moreover, the high heating rates
reached in microwave oven are very interesting for sintering
nanoparticles, which in the involved mass transport mechan-
isms are more effective.

Samples U2 sintered at 900 °C in conventional furnace or
microwave oven were examined by SEM, and the images are
displayed in Fig. 5. The SEM images show that both samples
presented a similar grain structure with isolated spherical
micrometric pores located mainly at the grain contact points.
The pressure generated by the trapped gas in these pores
promotes the volumetric expansion of the samples, as verified
before in the apparent density results (Fig. 3).

Fig. 6 shows the SEM images for samples OM sintered at
1000 °C in conventional furnace or microwave oven. Both
samples presented less pores of different shapes than those
observed for sample U2. Sample OM-CF presents either
intergranular pores, in the grain contact points, or intragranular
pores, inside the grains. The formation of intragranular pores
occurs preferably in the grain growth step due to the
coalescence of small grains. It is also possible to observe that
the microstructure of OM-MW sample is more homogeneous
concerning to the grain size distribution because the grain
growth is considerably inhibited by the treatment in microwave
oven. The mean size grain for sample OM-MW is significantly
smaller than that observed for sample OM-CF.

The mean grain sizes determined by the intercept method
[24] for samples U2-CF and U2-MW, sintered at 900 °C, and
OM-CF and OM-MW, sintered at 1000 °C, are presented in
Table 2. It is possible to verify no significant differences in the
mean grain size for samples U2-MW and U2-CF, around 3.7
and 4.2 pm, respectively. This result can be attributed to high
reactivity of U2 powder which maximizes the thermal effects
promoted by the high heating rates reached in microwave oven,
as it has been already verified in the relative density results.

For sample OM-CF the mean grain size is almost twice the
observed for sample OM-MW, 10 and 4.8 pm, respectively. For
this sample it has been observed that the grain growth is
considerably inhibited in the microwave oven, which can be
attributed to two main factors: (i) the high heating rate reached
in the microwave oven, which maximizes the mass transport
mechanisms involved in pore elimination; (ii) the shorter
soaking time, which makes the grain growth more difficult [25].

Electrical measurements by impedance spectroscopy were
performed at temperatures ranging from 25 to 300 °C. Table 2
also displays the electrical permittivity values (¢) and the
temperature coefficient of capacitance (TCC) between 50 and
250 °C obtained by impedance spectroscopy at 1 MHz
frequency. The results reveal that, for samples U2, the
treatment in microwave oven do not alter their microstructure
or their electrical properties. The ¢ value was about 150
independently of the sintering method. On the other hand, for
samples OM, the thermal treatment highly alters the micro-
structure, which can considerably influence the electrical
properties. For the sample sintered in conventional furnace, ¢
value was 164, and for the sample sintered in microwave oven ¢
was reduced to 155, which value is similar to those obtained by
chemical method. One can also observe that permittivity and



2758 S.A. da Silva, S.M. Zanetti/ Ceramics International 35 (2009) 2755-2759

Fig. 6. SEM images for samples OM, sintered at 1000 °C in conventional furnace (CF) and microwave oven (MW).

mean grain size have good relation irrelevant to sample density. In other words, the thermal treatment in microwave oven
Samples with smaller mean grain size presented lower  greatly influences the microstructure of OM samples reducing
permittivity which is consistent to the fact that the grain their ¢ values. The temperature coefficient of capacitance
boundaries act as defects and may contribute significantly into (TCC) for the different samples showed in Table 2 is in
extrinsic dielectric loss. The total number of the grain agreement with the literature for o-BZN, approximately
boundaries decreases with increase of the average grain size. —400 ppm °C ' [2].

Table 2

Apparent density, mean grain size, electrical permittivity, and temperature coefficient of capacitance (TCC) values for samples U2 and OM, sintered in conventional
furnace and microwave oven.

Sample Apparent density (%) Mean grain size (pm) ¢ (25 °C; 1 MHz) TCC (ppm °c™h
U2-CF-900 95 42+02 153 —367
U2-MW-900 97 37+04 147 -377
OM-CF-1000 99 10+1 164 —427

OM-MW-1000 99 48£05 155 -390
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4. Conclusions

These results allow concluding that the synthesis by
chemical method leads to BZN phase crystallization at
700 °C, while for the conventional oxide mixture method it
occurs at 900 °C. Chemically synthesized ceramics sintered at
900 °C reached apparent density values of 97% regardless the
sintering method used. Probably, this process allows employing
BZN ceramics as LTCC using silver as internal electrode. The
microwave thermal treatment greatly influences the micro-
structure of the conventional oxide mixture ceramics by
diminishing their mean grain size; consequently, it influences
their electrical properties. The microwave thermal treatment
does not alter the electrical properties of the chemically
synthesized ceramics. Additionally, it allows controlling the
grain growth due to the high heating rates and short soaking
times employed. For chemically synthesized o-BZN ceramics
the microwave thermal treatment is also cost-effective in terms
of energy savings, forasmuch a soaking time of 15 min at the
sintering temperature is enough to reach the same relative
density obtained for ceramics sintered during 120 min in
conventional furnace.

Acknowledgement

Financial support of FAPESP through the Project JP 02/
09497-0 is gratefully acknowledged by the authors.

References

[1] I. Levin, T.G. Amos, J.C. Nino, T.A. Vanderah, C.A. Randall, M.T.
Lanagan, Structural study of an unusual cubic pyrochlore
Bi; 5Zn( 9;Nb; 506 92, Journal of Solid State Chemistry 168 (2002) 69-75.

[2] H. Wang, S. Kamba, M. Zhang, X. Yao, S. Denisov, F. Kadlec, J. Petzelt,
Microwave and infrared dielectric response of monoclinic bismuth zinc
niobate based pyrochlore ceramics with ion substitution in A site, Journal
of Applied Physics 100 (034109) (2006) 1-5.

[3] B.Nguyen, Y. Liu, R.L. Withers, The local crystal chemistry and dielectric
properties of the cubic pyrochlore phase in the BiO3~M>*O-Nb,Os
(M?* = Ni** and Mg?*) systems, Journal of Solid State Chemistry 180
(2007) 549-557.

[4] V. Krayzman, 1. Levin, J.C. Woicik, Local structure of displacively
disordered pyrochlore dielectrics, Chemical Materials 19 (2007) 932-936.

[5] H. Wang, H. Du, Z. Peng, M. Zhang, X. Yao, Improvements of sintering
and dielectric properties on Bi;O3—ZnO-Nb,Os pyrochlore ceramics by
V,0s5 substitution, Ceramics International 30 (2004) 1225-1229.

[6] E.A.Nenasheva, N.F. Kartenko, Low-sintering ceramic materials base don
Bi,03-ZnO-Nb,05 compounds, Journal of the European Ceramic Society
26 (2006) 1929-1932.

[71 H. Du, X. Yao, Effects of Sr substitution on dielectric characteristics in
Bi; 5ZnNb; sO; ceramics, Materials Science Engineering B 99 (2003)
437-440.

[8] M.C. Wu, Y.C. Huang, W.F. SU, Silver cofirable Bi; 5Zng¢:Nb; 50692
microwave ceramics containing CuO-based dopants, Materials Chemistry
and Physics 100 (2006) 391-394.

[9] P. Prabhakar Rao, K. Ravindran Nair, P. Koshy, V.K. Vaidyan, Microwave
dielectric properties of novel lithium containing pyrochlore type oxides:
LizSm;_,Bi,Ti;Nb,O,s (x=0, 1, 2 or 3), Materials Letters 61 (2007)
4188-4191.

[10] A. Chaouchi, S. D’Astorg, S. Marinel, M. Aliouat, ZnTiO5; ceramic
sintered at low temperature with glass phase addition for LTCC applica-
tions, Materials Chemistry and Physics 103 (2007) 106-111.

[11] H. Wang, R. Elsebrock, T. Schneller, R. Waser, X. Yao, Bismuth zinc
niobate (Bi; sZnNb; s0O;) ceramics derived from metallo-organic decom-
position precursor solution, Solid State Communications 132 (2004) 481—
486.

[12] S.M. Zanetti, S.A. da Silva, G.P. Thim, A chemical route for the synthesis
of cubic bismuth zinc niobate pyrochlore nanopowders, Journal of Solid
State Chemistry 177 (2004) 4546-4551.

[13] L.B. Kong, J. Ma, W. Zhu, O.K. Tan, Highly enhanced sinterability of
commercial PZT powders by high-energy ball milling, Materials Letters
46 (2000) 274-280.

[14] Y. Tanaka, Q. Zhang, F. Saito, Synthesis of spinel LiyMnsO;, with an aid
of mechanochemical treatment, Powder Technology 132 (2003) 74-80.

[15] Z.S. Macedo, A.C. Hernandes, Laser sintering of BisTi3O, ferroelectric
ceramics, Materials Letters 55 (2002) 217-220.

[16] D. Gureeyv, R. Ruzhechko, I. Shishkovskii, Selective laser sintering of PZT
ceramic powders, Technical Physics Letters 26 (2000) 262-264.

[17] D.D. Upadhyaya, A. Ghosh, G.K. Dey, R. Prasad, A.K. Suri, Microwave
sintering of zirconia ceramics, Journal of Materials Science 36 (2001)
4707-4710.

[18] S. Singh, O.P. Thakur, D.S. Rawal, C. Prakash, K.K. Raina, Improved
properties of Sm substituted PCT ceramics using microwave sintering,
Materials Letters 59 (2005) 768-772.

[19] S.A. da Silva, S.M. Zanetti, Bismuth zinc niobate pyrochlore
Bi; 5ZnNb; 507 from a polymeric urea-containing precursor, Materials
Chemistry and Physics 93 (2-3) (2005) 521-525.

[20] A.Majid,J. Tunney, S. Argue, D. Wang, M. Post, J. Margeson, Preparation
of SrFeO.., g5 perovskite using a citric acid assisted Pechini-type method,
Journal of Alloys and Compounds 398 (2005) 48-54.

[21] P. Cheng, J. Qiu, M. Gu, Y. Jin, W. Shangguan, Synthesis of shape-
controlled titania particles from a precursor solution containing urea,
Materials Letters 58 (29) (2004) 3751-3755.

[22] N.S. Gajbhiye, S. Venkataramani, P.S. Venkataramani, Fabrication of PZT
materials from nanostructured powders, Progress in Crystal Growth and
Characterization of Materials 44 (3) (2002) 127-131.

[23] Z. Haijun, J. Xiaolin, Y. Yongjie, L. Zhanjie, Y. Daoyuan, L. Zheenzhen,
The effect of the concentration of citric acid and pH values on the
preparation of MgAl,O, ultrafine powder by citrate sol-gel process,
Materials Research Bulletin 39 (6) (2004) 839-850.

[24] M.I. Mendelson, Average grain size in polycrystalline ceramics, Journal of
the American Ceramic Society 52 (1969) 443-446.

[25] O.P. Thakur, C. Prakash, D.K. Agrawal, Microwave synthesis and sinter-
ing of Bag 9551y 05TiO3, Materials Letters 56 (2002) 970-973.



	Processing of Bi1.5ZnNb1.5O7 ceramics for LTCC applications: �Comparison of synthesis and sintering methods
	Introduction
	Experimental procedure
	Results
	Conclusions
	Acknowledgement
	References


