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On the possible formation of Aurivillius phases in the oxide
system Bi2O3–ZnO–Nb2O5
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Abstract: This paper presents results concerning the possible synthesis of double perovskite
and Aurivillius phases in the BZN system. A crystal chemical criterion based on an elastic
model for the structure was used in order to determine if the formation of layered bismuth
compounds is favoured in the above system. The tempeature seems to be the decisive factor
influencing Aurivillius phase formation.
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INTRODUCTION

The oxide system Bi2O3–ZnO–Nb2O5 (BZN) has received special attention from
researchers in the last decade due to the high dielectric constant, high Q and controlla-
ble temperature coefficient of the capacitance that make it very appealing for the man-
ufacture of high frequency multilayer devices.1–7 The compounds from the BZN sys-
tem have been observed to form pyrochlore structures in most cases over a large range
of variable compositions.2,8

On the other hand, for Bi2O3–AO–Nb2O5 oxide systems, where A is a divalent
metallic cation, the formation of both double perovskites A2BiNbO6

9 and Aurivillius
phases (Bi2O2)(An–1NbnO3n+1),10–13 with possible applications in high temperature
superconductivity, has been reported. The aim of the present work was to evaluate the
possibility of the formation of these phases in the BZN system and of the synthesis
conditions where appropriate.

EXPERIMENTAL

The following high purity materials were used as reagents for the solid-state synthesis: Nb2O5, Zn
and Bi. These materials were intimately mixed in the stoichiometric ratio corresponding to the nominal
composition Zn2BiNbO6, pressed into pellets and submitted to different thermal treatments in air.
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The synthesis was monitored by thermal analysis and XRD. A MOM-Budapest derivatograph, for
the concomitant recording of T, TG, DTG and DTA curves, was used. In all cases, the same sample
wieght (100 mg) and standard sbstance (Al2O3) were maintained. The analysis were performed in air up
to 1000 ºC at a heating rate of 10 ºC/min.

The evolution of the reactions and the formation of the final products were studied by means of the
powder diffraction method, using a DRON-2 diffractometer with FeK� radiation. The diffractometer
was calibrated using standard samples of silicon dioxide. The data were processed using TREOR and
DICVOL software.14,15

RESULTS AND DISCUSSION

Based on the ionic radii16 and using the hard sphere approximation,17 the theoret-
ical average lattice parameter for the Zn2BiNbO6 material were calculated as follows:

aA = 2(RZn + RO)/ 2 (1)

aB = RBi + RNb + 2R0 (2)

acalc = (aA + aB)/2 (3)

where R are the ionic radii of each ion involved in the structure, aA and aB are the calcu-
lated lattice parameters based on A(i.e., Zn2+) and B (i.e., Bi3+ and Nb5+) cations, and acalc
is the average calculated lattice parameter. Accordingly, the expected value of the
pseudo-cubic lattice parameter for the above material would be 7.49 Å.

The use of metallic zinc and bismuth as reaction precursors was preferred in order
to obtain in situ the corresponding oxides and implicitly a higher reactivity on their
part. The thermogravimetric data for the reagents and for a reaction intermediary are
presented in Table I.

According to the thermogravimetric results, it was decided to perform a pre-sinte-
risation of the reaction mixture for eight hours at 800 ºC. The temperature was chosen
in order to avoid both the possible reduction of niobium and the volatilisation of bis-
muth, being known that some non-volatile bismuth niobates are formed in the temper-
ature range 600–900 ºC.19 On the other hand, the exothermic effect of zinc oxidation
disappeared from the DTAcurve of the reaction mixture indicating a possible incorpo-
ration of a mixed oxide in the lattice.

The pre-sintered sample had a multiphase structure and was analysed again by
means of thermal analysis in order to determine its stability at higher temperatures. As
shown in Table I, the recording did not indicate any weight changes or thermal effects
up to 1000 ºC. Consequently, the sample was ground, pressed again and submitted to a
new thermal treatment for nine hours at 1000 ºC.

The as processed sample continued to have a macroscopic multiphase structure a
fact confirmed by XRD, the most important secondary phases being ZnO (PDF
75-0576)20 and Bi1.7Nb0.3O3.3 (PDF 33-0210)20 (see Fig. 1). The main phase has a
tetragonal distorted pyrochlore structure with the unit cell parameters a = b = 10.48 Å
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TABLE I. Thermogravimetric data for the reagents and intermediates

No. Substance
Weight variation/%

Temperature field / ºC Observations
Calc. Found

1. Nb2O5 – –2 840–1000 The partial reduction to NbO2 occurs18

2. Bi +11.48 +11.5/850 ºC 690–720

In the temperature range 247–270 ºC, an endothermic effect
due to the bismuth melting is noticed. The weight increase is
due to the formation of Bi2O3, a fact that is also evidenced by
a corresponing exothermic effect. At temperatures over 850

ºC, a part of the resulting oxide volatises.

3. Zn +24.48 +23.53 425–665

In the temperature range 386–416 ºC, an endothermic effect
due to the zinc melting is noticed. The weight increase is due
to the formation of ZnO a fact that is also evidenced by a cor-

responding exothermic effect.

4. 2Zn + Bi + 1/2 Nb2O5 +11.85 +10 670–692
The endothermic effects of bismuth (240–260 ºC) and zinc

melting (383–405 ºC) were observed. The exothermic effect
of bismuth oxidation remains but not that of zinc oxidation

5. Presentered sample 8 h/800 ºC – – – There are no wieght changes or thermal effects.



and c = 9.524 Å (merit Figure = 1321). Some of the lines of the main phase and second-
ary phases are superimposed.

Therefore, the sample was ground again, pressed and heated for two hours at 1200 ºC.
The structure of the sample after cooling indicated that it had melted during the processing
but that the weight loss was only 0.1 %. The diffraction spectrum revealed the presence of
a small quantity of BiNbO4 (PDF 82-0348)20 (see Fig. 2). The three main lines of ZnO
were also present but their relative intensities are not in agreement with the corresponding
JCPDF file (75-0576). This suggests the overlapping of the first two lines with the lines of
the main phase. No other secondary phases were identified in the spectrum.
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Fig. 1. XRD Spectrum of the sample sintered at 1000 ºC, Py – pyrochlore phase.

Fig. 2. XRD Spectrum of the sample sintered at 1200 ºC, A – Aurivillius phase.



Attempts to index the diffraction lines of the obtained compound in a pyrochlore
or a double perovskite structure (cubic or pseudo-cubic with a �7.5 Å) failed. The in-
dexation with the best fit value (8.3)21 corresponds to an orthorhombic unit cell with a

= 3.813 Å, b = 3.934 Å and c = 49.485 Å. These dimensions are in good agreement
with those of an Aurivillius type compound with n = 5 (i.e., Zn4Bi2Nb5O18).22

Dispite the fact that this result is quite unexpected, a possible confirmation can be
found in the literature. Namely, Jeanne and co-workers8 evidenced in the system
Bi2O3–ZnO–M2O5 (M = Nb, Ta) the formation of a phase over 1000 ºC that cannot be
indexed as a simple pyrochlore structure. In addition, our previous studies on the sys-
tem Bi2O3–CdO–M2O5 indicated the transition from pyrochlore to Aurivillius struc-
trues during the synthesis.10–13

Kikuchi developed a relation between the stability of Aurivillius type compounds
and the structural mismatch in order to understand the criteria favourable for the for-
mation of these compounds.23 The study, performed on a large number of compounds,
revealed that the formation of Aurivillius phases was restricted not by the size of the
estimated lattice parameters but by the �V-values (see Eq. (4)). According to this, the
�V-values of real compounds were almost all in the range smaller than 0.4 Å.3

�V = VB’ �1–(a/aB’)2�2 + nKap’
3�1–(a/ap’)2�2 (4)

ap’ = 1.33 RNb + 0.6 RZn + 2.36 (5)

a = (aorth + borth)/2 (6)

K = – �1–(a/aB’)2�/n�1–(a/ap’)2� (7)

where n = 5 (the number of perovskite layers), aB’ is the lattice parameter of the uncon-
strained Bi2O2 sub-cell (3.78 Å).24 ap’ is the lattice parameter of the unconstrained
perovskite sub-cell (4.02 Å see Eq. (5)), a is the lattice parameter of the pseudo-tetragonal
cell (3.87 Å see Eq. (6)), VB’ is the volume of the unconstrained Bi2O2 unit (65.4 Å3).22

Performing the same calculation (see Eqs. (4–7)) for the assumed Aurivillius
compound, a �V value of 0.39 Å3 was obtained which suggests the possiblity of the
existence of such a phase.

CONCLUSIONS

The evolution of the process may be described simply by the following scheme:

2ZnO + 1/2 Bi2O3 + 1/2 Nb2O5
T C�

� �����
1000 º

Pyrochlore + ZnO +

+Bi1.7Nb0.3O3.3
1200 �C

� ���� Aurivillius + ZnO + BiNbO4

The precursors and synthesis conditions up to 1000 ºC do not change dramatically
the evolution of the system to the pyrochlore structure. In the temperature range 1000 –
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1200 ºC, a phase transition from pyrochlore to Aurivillius occurs with the congruent
melting of the material. The double perovskite structure is not likely to be formed. Fur-
ther studies must to be performed in order to obtain full confirmation of the formation
of an Aurivillius phase in the BZN system.
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O MOGU]NOSTI STVARAWA AURIVILLIUS-OVIH FAZA U OKSIDNOM

SISTEMU Bi2O3–ZnO–Nb2O3
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U radu se prikazuju rezultati koji se odnose na mogu}nost sinteze dvostrukih perovski-
ta Aurivillius-ovih faza u sistemu BZN. Kriterijum zasnovan na elasti~nom modelu strukture
kori{}en je pri oceni da li je favorizovano stvarawe slojevitog jediwewa bizmuta u posma-
tranom sistemu. Izgleda da je temperatura odlu~uju}i faktor pri stvarawu Aurivillius-ove
faze.
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