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Abstract Bi5−xLaxNb3O15 (x=0–1.25) ceramics prepared
by conventional solid-state reaction were studied using
X-ray diffraction (XRD), electron probe microanalysis
(EPMA) and dielectric spectroscopy techniques. The XRD
analysis indicated singlephase solid solutionofBi5−xLaxNb3O15

is formed for x≤1.25. EPMA showed good densification
and homogeneous microstructures for the ceramics. With
increasing x, the dielectric constant decreases monoto-
nously and can vary from 258 to 158 at 300 kHz. The
frequency dependence of dielectric constants indicated
these ceramics are promising candidates for high frequency
applications.
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1 Introduction

Bismuth layer-structured compounds are an important
family of ferroelectrics, which have great potential in
ferroelectric, pyroelectric, piezoelectric and dielectric appli-
cations [1–6]. However, as the spontaneous polarization
movements are restricted to a (b) plane of the unit cell (the

c-axis component can be neglected), the ferroelectric or
piezoelectric property is much lower than that of PZT
materials. Therefore, structural modifications are widely
used to enhance their ferroelectric or piezoelectric proper-
ties and such efforts have been recently extended to the
system of intergrowth bismuth layer-structured ferroelec-
trics (IBLSFs) [4–7].

The IBLSFs are usually made up of an intergrowth of
one-half the unit cell of usual BLSF, and one half the unit
cell of another BLSF along the c-axis, with the difference
of the numbers of perovskite-like layers that sandwiched
between (Bi2O2)

2+ layers equals unity (m−n=1). For
example, the IBLSFs Bi5TiNbWO15 and SrBi8Ti7O27 are
made up of Bi3TiNbO9 (m=2) and Bi2WO6 (n=1),
SrBi4Ti4O15 (m=4) and Bi4Ti3O12 (n=3) along each c-axis,
respectively.

To this kind of natural superlattice structure, the structure
modification has been carried out for SrBi8Ti7O27 and
BaBi8Ti7O27 through La3+, Sm3+, and Nd3+ substitution for
Bi3+ [7–10]. In these situations, generally, the sites and
content of lanthanum have great influence on the dielectric
and ferroelectric properties. In the present paper, Bi5Nb3O15

ceramics are modified by La3+ substitution for Bi3+, and the
structure and the dielectric properties are investigated for
such modified ceramics.

2 Experimental

Bi5−xLaxNb3O15 ceramics (x=0, 0.25, 0.50, 0.75, 1.00, 1.25)
were synthesized by a solid-state reaction process from the
high purity Bi2O3 (99%), La2O3 (99.99%) and Nb2O5

(99.5%) raw powders. Firstly, the weighted powders were
mixed by yttria stabilized zirconia (3Y-TZP) ball milling in
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ethanol for 4 h, and then calcined at 850 °C in air for 7 h
after drying. Secondly, these calcined powders were re-
milled, dried, and polyvinyl alcohol was added before
pressed into cylindrical compacts of 13 mm in diameter
and 1 to 2 mm in thickness under uniaxial pressure. Finally,
the compacts were sintered at 1100 to 1170 °C in air for 2 h
to make dense ceramics. For XRD analysis, the sintered
samples were crushed to fine powders and recorded using
CuKa radiation in a Rigaku D/max-2550V diffractometer.
The microstructures were characterized by electron probe
microanalysis (EPMA). The dielectric characters were
carried out on Pt-pasted samples by a TH2818 impedance
analyzer (Changzhou Tonghui Electronic Instrument Co.
Ltd, China).

3 Results and discussion

The structure of Bi5Nb3O15 is considered to be composed
of a regular intergrowth of one half the unit cell of
Bi2NbO5.5 and one half the unit cell of Bi3Nb2O9.5 [11].
Figure 1 shows the XRD patterns of Bi5−xLaxNb3O15

powders. The coincidence of diffraction peaks for the
samples at various x values indicates that La3+ doping does
not affect the crystal structure. Figure 2 shows the lattice
parameters of the solid solution with different x. With the
increase of La3+ doping content, there are two relatively
apparent transitions occurred at x=0.50 and x=1.25. It is
widely accepted that (Bi2O2)

2+ is a rigid layer and when
substituting La3+ for Bi3+, La3+ will preferentially enter A
sites in perovskite-like layers [12]. However, for the
compounds Bi5−xLaxNb3O15, when x>1.00 the La3+ will

enter into (Bi2O2)
2+ layers. So the lattice parameters

variation with x implies the position variations for the
substituting La3+, i.e. when x=0.50, the Bi3+ in (Bi2O2)

2+

layers starts to be substituted. Furthermore, it suggests that
A sites substituting increases c-axis whereas (Bi2O2)

2+

substituting decreases c-axis.
The dense ceramics based on Bi5−xLaxNb3O15 can be

obtained by sintering at temperatures ranging from 1100 to
1170 °C. Figure 3 shows the EPMA images of the as
sintered surfaces of Bi5−xLaxNb3O15 ceramics. No obvious
pores or abnormal grains are observed, which confirm good
densification and homogeneous microstructures.

La3+ substitution for Bi3+ significantly affects the
dielectric properties of Bi5Nb3O15 ceramics. Figure 4
shows changes in the dielectric constant and dielectric loss
(at a frequency of 300 kHz) of Bi5−xLaxNb3O15 ceramics as
function of x. With increasing x, the dielectric constant
decreases monotonously and can vary from 258 to 158 at
300 kHz, whereas the dielectric loss first decreases then
increases. The decrease of dielectric constant is attribut-
ed to La3+ doping, since La3+ doping decreases the ortho-
rhombic distortion of NbO6 and thus reduces the
ferroelectricity [13]. Figure 5 shows the dielectric constant
and dielectric loss of Bi5−xLaxNb3O15 ceramics as a
function of frequency at room temperature. These dielectric
ceramics indicate slight frequency dependence and subse-
quently they are promising candidates for high frequency
applications.

4 Conclusion

Substitution of La3+ for Bi3+ significantly affects the
structure and dielectric properties of Bi5Nb3O15 ceramics.
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Fig. 2 The variation of lattice constants of Bi5−xLaxNb3O15 samples
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Fig. 1 X-ray diffraction patterns of Bi5−xLaxNb3O15 powders (x=
0.00–1.25) at room temperature
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Solid solution of Bi5−xLaxNb3O15 ceramics was formed for
x≤1.25. EPMA showed dense, uniform and homogenous
microstructure for all the ceramic specimens. With increas-
ing x, the dielectric constant decreases monotonously,
whereas dielectric loss first decreases then increases
slightly. The frequency dependence of dielectric constants
indicated these ceramics are promising candidates for high
frequency applications.
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Fig. 3 Electron probe micro-
analysis images of as sintered
surfaces of Bi5−xLaxNb3O15

dense ceramics. (a) x=
0.00 sintered at 1100 °C;
(b) x=0.25 sintered at
1100 °C; (c) x=0.50 sintered
at 1120 °C; (d) x=0.75 sintered
at 1120 °C; (e) x=1.00
sintered at 1140 °C; (f) x=1.25
sintered at 1170 °C
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Fig. 4 The dielectric constant and dielectric loss (at 300 kHz) of
Bi5−xLaxNb3O15 ceramics as function of x
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Fig. 5 The dielectric constant and dielectric loss of Bi5−xLaxNb3O15

ceramics as a function of frequency, measured at room temperature
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