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Abstract

Nickel tungstate (NiWO,) nano-particles were successfully synthesized at low temperatures by a molten salt method, and characterized by X-
ray diffraction (XRD), transmission electron microscopy (TEM) and ultraviolet visible spectra techniques (UV-vis), respectively. The effects of
calcining temperature and salt quantity on the crystallization and development of NiWO, crystallites were studied. Experimental results showed
that the well-crystallized NiWO,4 nano-particles with about 30 nm in diameter could be prepared at 270 °C with 6:1 mass ratio of the salt to NiWO,
precursor. XRD analysis confirmed that the product was a pure monoclinic phase of NiWO, with wolframite structure. UV—vis spectrum revealed
that NiWO, nano-particles had good light absorption properties in both ultraviolet and visible light region.

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

Nickel tungstate (NiWOy,), as one of the important inorganic
materials in metal tungstate families, is commonly used for
catalysts [1-3] and humidity sensors [4] due to its attractive
catalytic activity and good sensitivity to humidity. Moreover,
NiWO, has been studied extensively in other potential
applications such as microwave devices [5] and photoanodes
[6,7]. To obtain NiWO, materials with high performance, the
key step is how to synthesize NiWQO, powders with high
chemical purity and good phase composition. Recently, NiWO,
nano-particles have attracted much attention because of their
large surface area and remarkable quantum size effect, which
result in lower sinter temperature and better photocatalytic
activity [8—10].
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Various techniques have been developed to synthesize
NiWO, particles. In general, they are prepared at high
temperatures above 900 °C by solid-state reaction method
[11,12], in which the repeated calcining—crushing cycles are
needed to complete chemical reactions. It would consume a
large amount of energy. In addition, NiWO, particles prepared
by the solid-state reaction method are always relatively large
particle size, irregular morphology and impure chemical
composition, which would bring about a negative effect on
their application. Recently developed wet chemical methods
seemed to overcome these disadvantages, where reacting
constituents could be well mixed on the atomic level in aqueous
solutions, e.g. co-precipitation [13,14], modified citrate
complex technique [15,16] and hydrothermal method [17],
which have been employed for the preparation of fine NiWO,
particles. However, the precipitate and the citrate complex
precursors obtained in advance still need further calcination at
relatively high temperatures. Though hydrothermal synthesis is
well known as a soft solution process and presents so many
advantages as low synthetic temperature and good crystallinity
of products [18], the requirement of specific autoclave and the
low output limit its wide-application. Therefore, it is necessary
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to explore new routes to synthesize NiWO, nano-particles,
especially for the mass-production.

In this paper, the synthesis of NiWO, nano-particles with
perfectly crystalline morphology by a molten salt method at low
temperatures was reported, and the processing parameters
initially optimized. Compared with other routes, this method has
such advantages as simple instrumentation, low reaction
temperature and easy manipulation. It will be beneficial to
realizing the large-scale production of NiWO, nano-particles. To
the author’s knowledge, no such studies have ever been reported.

2. Experimental

Analytical Na,WO,4-2H,0 and Ni(NO;),-6H,O were used as
starting materials. Appropriate amounts of them were dissolved
in distilled water to form aqueous solutions with 1M
concentration, respectively. Under strongly magnetic stirring
atroom temperature, the two solutions were mixed together and a
precipitate was formed. The precipitate was filtered and washed
with distilled water for several times, and dried in an oven at
60 °C for 5 h to obtain a NiWO, precursor. By ball milling in
ethanol for 0.5 h, the NiWO, precursor was mixed with a salt-
mixture composed of 46 wt.% NaNO; and 54 wt.% LiNOs;,
where the mass ratio of the salt to the NiWO, precursor were 0:1,
3:1,6:1 and 12:1, respectively. The mixtures were put into Al,O3
crucibles and then heated at different temperatures for the same
holding time of 8 h. Finally, the resultant products were dissolved
into hot distilled water of ca. 40 °C and filtered with vacuum
filtration, followed by washing with distilled water for three
times, and once with ethanol, then dried at 60 °C for 3 h in the air.

The phase composition was determined using an X-ray
powder diffractometer (XRD, D8 Advance, Bruker, Germany)
with Cu Ka radiation. The particle size and morphology of the
as-prepared samples were observed using a transmission
electron microscope (TEM, JEM-1200EX, JEOL Ltd., Japan).
The ultraviolet visible spectra were recorded on a UV-vis
spectrophotometer (UV-3101PC, Japan).

3. Results and discussion

Fig. 1 shows XRD patterns of samples prepared by the
molten salt method at 210, 270, and 340 °C for 8h,
respectively. The mass ratio of the salt to the NiWQ, precursor
is 6:1. Obviously, all XRD patterns can be indexed to
monoclinic NiWO, with wolframite structure, well matched
with the reported data (JCPDS: 15-0755).

As shown in Fig. 1(a), the crystallized product obtained at
210 °C has extremely fine particle size, which can be confirmed
by its broad X-ray diffraction peaks. With an increase of
calcining temperature to 270 °C, the XRD pattern in Fig. 1(b)
displays the obvious improvement of NiWO, phase in
crystallinity. It shows that good crystallinity and large sizes
of NiWO, crystallites could be obtained at this temperature.
When the calcining temperature was increased to 340 °C, the
diffraction peaks become stronger and sharper, which implies
that increasing the calcining temperature would promote the
crystallization and growth of NiWO, crystallites. The reason
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Fig. 1. XRD patterns of samples prepared by the molten salt method at (a)
210 °C; (b) 270 °C; and (c) 340 °C for 8 h, respectively.

can be explained as follows. At 210 °C, the salt-mixture with
the melting point of 193 °C [19] can offer a low viscosity liquid
environment, which is favorable to mass and heat transfer in the
reaction process, thus greatly decreases the synthetic tempera-
ture of NiWQO, nano-particles compared with the solid-state
reaction method. Moreover, the further elevation of the
calcining temperature would strengthen the tendency accel-
erating the mutual reaction between constituents and improving
their crystallinity. Therefore, the formation of NiWO, crystal-
lites with higher crystallinity and larger particle size can be
expected at 340 °C.

In addition, the position of X-ray diffraction peaks at 210 °C
shifts a little to the left, compared with the other two X-ray
diffraction patterns at higher temperatures (270 and 340 °C). It
is possibly related to the lower crystallinity of NiWO, sample
prepared at 210 °C. The similar phenomenon is also found in
Ref. [13].

Fig. 2 presents TEM micrographs of NiWO, powders
obtained by the molten salt method at 210, 270, and 340 °C
for 8 h, respectively. It is clear that the as-prepared NiWO,
samples are composed of nano-sized particles. NiWO, nano-
particles synthesized at 210 °C (Fig. 2(a)) show a little soft-
aggregated with the smallest average particle size about 5 nm,
while ones obtained respectively at 270 °C (Fig. 2(b)) and 340 °C
(Fig. 2(c)) are of larger particle sizes and better crystallinity, and
both of them consist of homogeneous and nearly spherical grains.
The former is ca. 30 nm in diameter, the latter increases to ca.
50 nm in average particle size. TEM observation results are well
consistent with the above XRD analysis, i.e. high calcining
temperature would promote the crystallization and growth of
NiWOQO, nano-particles in the range of 210-340 °C. Nevertheless,
except for large energy consumption, excessively elevating the
calcining temperature would lead to the undue growth and hard
aggregation of NiWQO, nano-particles, which would bring about
negative effects on their performance [10]. Therefore, our studies
suggested that 270 °C is adequate to the formation of high quality
NiWO, nano-particles with good crystallinity and perfect
morphology under the molten salt condition.
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Fig. 2. TEM images of NiWO, samples obtained by the molten salt method at (a) 210 °C; (b) 270 °C; and (c) 340 °C for 8 h, respectively (with 6:1 mass ratio of the

salt to the NiWO, precursor).

Fig. 3 shows XRD patterns of samples synthesized by the
molten salt method at 270 °C for 8 h with various mass ratios
of the salt to the NiWO, precursor: 0:1, 3:1, 6:1 and 12:1.
NiWO, phase could not be obtained without using the molten
salt, only can an amorphous phase be found, as shown in
Fig. 3(a). It reveals that the molten salt medium plays an
important role in the low-temperature synthesis of NiWO,
nano-particles. The other three XRD patterns, which can be
confirmed to be monoclinic NiWQy, are similar except for
the intensity of the diffraction peaks, as shown in Fig. 3(b)-
(d). A remarkable increase in XRD intensity can be observed
from 3:1 to 6:1, whereas further increasing the ratio of the
salt to the precursor to 12:1 does not give rise to obvious

change in intensity. Therefore, it seems that the mass ratio of
6:1 would meet the needs for the crystallization and
development of NiWO, crystallites. It is for this reason
that 6:1 was chosen as the optimized mass ratio of the salt to
the NiWQ, precursor.

Fig. 4 shows a typical UV-vis absorption spectrum of
NiWO, nano-particles, which were synthesized by the molten
salt method at 270 °C with a holding time of 8 h under the
condition of 6:1 mass ratio. The onset of the absorption locates
at about 420 nm, showing a red-shift of ca. 60 nm relative to the
reported data [6]. The similar red-shift results, arisen from the
difference in particle size, also appeared in the preparation of
Bi4TizO;, nano-particles [20]. It reveals that NiWQO,4 nano-
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Fig. 3. XRD patterns of samples prepared by the molten salt method at 270 °C
for 8 h with the different mass ratios of the salt to the NiWO, precursor: (a) 0:1,
(b) 3:1, (c) 6:1, and (d) 12:1.
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Fig. 4. UV-vis absorption spectrum of NiWO, nano-particles obtained by the
molten salt method at 270 °C for 8 h (the mass ratio of the salt to the NiWO,
precursor: 6:1).

particles have good light absorption properties not only in the
ultraviolet but also in the visible light region.

4. Conclusions

The synthetic temperature of NiWO, crystallites can be
greatly lowered by introducing a molten salt medium in reaction
process. Well-crystallized NiWO, nano-particles with ca. 30 nm
in diameter could be successfully prepared by our molten salt
method at a temperature as low as 270 °C, where the mixture of
NaNOj and LiNOj; was used as the molten salt medium with 6:1
mass ratio of the salt to the NiWO, precursor. The as-prepared
NiWO, nano-particles exhibit good light absorption properties in
both ultraviolet and visible light region.
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