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ABSTRACT

Single-phase columbite powders of nickel niobate (NiNb,Og, NN) were prepared by
the solid-state reaction via a vibro-milling technique, being well known as a significant
time-saving method to obtain single-phase nanopowders at low temperature. The powders
were characterized by thermogravimetric and differential thermal analysis (TG-DTA),
X-ray diffraction (XRD) and scanning electron microscopy (SEM) techniques. The
calcination temperature was found to have a pronounced effect on the phase formation of
the calcined nickel niobate powders. It was also found that minor phases of unreacted NiO
and Nb,Og precursor tended to form together with the columbite NiNb,Og phase, depen-
ding on calcination conditions. Furthermore, it was observed that the pure columbite phase
of NiNb,Og nanopowders were successfully obtained from a calcination condition of
800°C for 4 h with heating/cooling rates of 20°C/min.
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INTRODUCTION

L ead nickel niobate (Pb(Ni43Nb,3)O5; or PNN) isone of therelaxor ferroelectricswhich
exhibits high dielectric permittivity ([14000) over awide range of thetransition temperature
(0-120°C at 1kHz) (Albertaand Bhalla, 2002). PNN is becoming increasingly important for
multilayer ceramic capacitor, electrostrictor and actuator applications (Moulson and Herbert,
2003). However, it is very difficult to synthesize the high-purity PNN compound via a
conventional solid-state reaction process which normally uses oxide-substance as starting
materials, due mainly to the poor reactivity of nickel oxide (NiO) (Xiang et al., 2005). Asa
result, it is required to use another technique to obtain single-phase PNN at a high purity
level. One of the promising techniquesisto use acolumbite precursor method whichisknown
to providetheminimal level of impurity. Consequently, within this columbite precursor method,
itisrequired to prepare the high-purity columbite-structure material for this precursor method,
i.e., nickel niobate (NiNb,Og, NN) for the PNN. It isknown that the nickel niobate (NiNb,Og)
isagood precursor for the successful preparation of single-phase perovskitelead nickel niobate,
Pb(Niq3Nb,3)O3 (Lu and Hwang, 1996). However, as being aware in literatures (Lu and
Hwang, 1996; Bove et a., 2001; Alberta and Bhalla, 2002), high-purity NiNb,Og powders,
especialy at an ultrafine level (NiNb,Og nanopowders) which is an important condition to
obtain highly-efficient material processing, isfar from being available in bulk quantitiesand
isalso very expensive. Thus, in this study, an approach to synthesize single-phase NiNb,Og
nanopowders with a mixed oxide synthetic route is developed via a columbite method
assisted.
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MATERIALSAND METHODS

The starting materials were commercially-available nickel oxide, NiO (Aldrich, 99%
purity) and niobium oxide, Nb,Os (Aldrich, 99.9% purity). The two oxide powders exhibited
an average particle sizein the range of 3.0 to 5.0 (m. NiNb,Og powders were synthesised by
the solid-state reaction of thoroughly-ground mixtures of NiO and Nb,Os powders that were
milled in the required stoichiometric ratio. The two oxide powders were milled viaarapid
vibro-milling technique (McCrone micronising mill) for 25 h with Al,O; mediain ethanol.
After drying at 120°C, various cal cination temperatures ranging from 750 to 1,000°C for 4 h
using heating/cooling rates of 20°C/min, were applied in order to investigate the formation of
NiNb,Og. The reactions of the uncalcined NiNb,Og powders taking place during heat treat-
ment were investigated by thermogravimetric and differential thermal analysis (TG-DTA,
Shimadzu), using a heating rate of 10°C/min in air from room temperature up to 1,000°C.
Calcined powders were subsequently examined by X-ray diffraction (XRD; Siemen-D500
diffractometer) using Ni-filtered CuK, radiation to identify the phases formed and optimum
calcination conditions for the manufacture of NiNb,Og powders. The powder morphology
wasdirectly imaged using scanning el ectron microscopy (SEM; JEOL JSM-840A). The chemi-
cal compositions of the phases formed were el ucidated by an energy-dispersive X-ray (EDX)
analyser with an ultra-thin window. EDX spectra were quantified with the virtual standard
peaks supplied with the Oxford Intruments eXL software.

RESULTSAND DISCUSSION

The TG-DTA simultaneous analysis of a powder mixed in the stoichiometric propor-
tions of NiNb206 is shown in Figure 1. The TG curve shows two distinct weight losses. In
the temperature range from room temperature to [1150°C, both small exothermic and endot-
hermic peaks are observed in the DTA curve in consistent with the first weight loss. These
observations can be attributed to the decomposition of the organic species from the milling
process. Increasing the temperature up to [J1,000°C, the solid-state reaction occurs between
NiO and Nb,Os. The broad exothermic peak in the DTA curve represents that reaction which
has amaximum at [1550°C. This is supported by a second fall in sample weight over the
same temperature range. However, the DTA curve shows that there are other small peaks at
[1600 and 800°C. It is to be noted that there is no obvious interpretation of these peaks,
although it is likely to correspond to a phase transition reported earlier (Lu and Hwang,
1996). These data were used to define the range of temperatures for XRD investigation to
between 600 and 1,000°C.
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Figure 1. TG-DTA curvesfor the mixture of NiO-Nb,Og5 powders.

To further study the phase devel opment with increasing calcination temperature in the
powders, they were calcined for 4 hinair at varioustemperatures, up to 1,000°C, followed by
phase analysis using XRD. As shown in Figure 2, after calcination at 750°C, major crystal-
line phase of NiNb,Og (¢) was developed, accompanying with NiO (+) and Nb,Og (o) as
separated phases. X-ray peaks of precursors NiO and Nb,Og can be matched with JCPDSfile
numbers 73-1519 and 30-873, respectively (Powder diffraction file ICDD, 2000). As the
temperature increased to 800°C, a single phase of the NiNb,Og had already been obtained.
The XRD pattern of thisNiNb,Og phase was indexable according to an orthorhombic colum-
bite-type structure with lattice parameters a = 1403 pm, b = 568.7 pm and ¢ = 503.3 pm,
space group Pbcn (no. 60), in consistent with JCPD S file numbers 762354 (Powder diffrac-
tion file ICDD, 2000) and literature (Cruz et al., 1999). It should be noted that in the present
study, there were no significant differences between the powders calcined at 800°C to 1,000°
C, asshown in Figure 2. This observation agrees well with those derived from the TG-DTA
results (Figure 1).
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Figure 2. XRD patterns of NiNb,Og powders calcined at various temperatures for 4 h with
heating/cooling rates of 20°C/min.

SEM micrograph of the calcined NiNb,Og powders (800°C for 4 h with heating/cool-
ing rates of 20°C/min) is given in Figure 3. In general, the particles are agglomerated and
basically irregular in shape, with a substantial variation in particle size and morphology.
These agglomerates consisted of [150-100 nm NiNb,Og particles. In general, EDX analysis
from alarge number of particles of the cal cined powders confirmed the parent composition to
be NiNb,Og, in agreement with XRD results.

Figure 3. SEM micrograph of the NiNb206 powders calcined at 800°C for 4 h with heating/
cooling rates of 20°C/min.

CONCLUSION

The columbite-type compound of NiNb,Og nanopowders were successfully prepared
by asimple mixed oxide synthetic route. The preparative method invol ved the use of inexpen-
sive and widely-available oxide precursors, moderate calcination conditions (800°C for 4 h
with heating/cooling rates of 20°C/min) and rapid vibro-milling technique.
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