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Preparation of aluminium tungstate Al,(WO,); using sol-gel modified Pechini
method
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Aluminium tungstate Al,(WQ,); pure phase with nanosized particles was prepared using modified Pechini method.
Citric acid was used as chelating agent and ethylene glycol was used for sterification. Dried resin was treated at
different temperatures and different heating time. The pure phase Al,(WO,); appears after treatment at 830 °C for 36 h.
Increasing the heating temperature to higher than 830 °C leads to obtaining of the pure Al,(WQ,); phase for a shorter
time. The TEM bright field micrographics of the samples show that the size varies between 50 and 200 nm, and
strongly depends on the time and the treating temperature. Heating of the polymeric resin in oxygen flow leads to
obtaining of the pure Al,(WO,); phase at significant lower temperature and significant shorter treating time.
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INTRODUCTION

In the recent years several compounds of the
M,W;01, family, where M is a trivalent cation (Al,
Sc, Zr, Y, Cr, etc.), have been investigated due to
their interesting physical and chemical properties.
One of them is the temperature-induced ferroelastic
phase transition from orthorhombic (D14 2h, Pnca)
to monoclinic (C5 2h, P21/a) structure [1, 2, 3]. The
orthorhombic phase shows thermal expansion,
strongly depending on the chemical substitution in
the basic phase [2, 4, 5, 6]. Some reports
demonstrated production of ceramics in this way
with negative, positive or zero thermal expansion
coefficients [5, 6]. Another feature of these
materials is the unusual anisotropic high trivalent
ion conduction [7, 8, 9]. A pressure-induced
amorphization phenomena (PIA) were reported
recently also [3, 10, 11]. Due to the acentric site
symmetry of the Cr® laser ions, in place for M**
into the M,W;0,, , these compounds exhibit strong
absorption and emission cross sections in the
10"%%cm? range and therefore belong to the class of
high-gain Cr materials with potential application as
tunable laser active media [12]. All these features
make these compounds suitable for a wide variety
of applications in fuel cell electrolytes, gas sensors,
and lasers.

Aluminium tungstate Aly,(WQ,); which is a
member of this family (being with orthorhombic
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symmetry, point group Pnca), shows all above
mentioned properties and perspective applications
[2, 6, 11, 13, 14, 15, 16].

Most of the Al,(WQ,); properties reported in the
literature have been measured on polycrystalline
samples, prepared using the conventional solid-
state reaction. Mainly XRD-control of the phase
has been used [7, 8, 10, 15].

Some optical and ion  conductivity
measurements have been made on single crystal
samples, obtained via Czochralski or Bridgman
methods [12, 13, 14, 16, 17, 18, 19, 20, 21, 22].
However, the crystal growth process, involving
these methods, is strongly limited due to the WO,
evaporation. Flux growth process is demonstrated
also [23]. In this case the process takes a long
period of time and the crystal dimensions are small.
In addition, high anisotropy of single crystal growth
velocity is detected.

In the last years more attention has been paid to
the nanosized transparent ceramics [24, 25, 26, 27].
The samples hold the same chemical composition,
but they are isotropic in the different
crystallographic directions. Nanosized ceramics are
the main key for the improvement of the material
physical properties. Therefore, the transparent
ceramics can be used in place for single crystal
elements in the fields of optics and electronics to
improve the optical homogeneity, the high
threshold of the materials, as well as to obtain
elements of specific size and shape.

One of the main requirements for obtaining
transparent ceramics is to control the powder grain

300 © 2010 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria


mailto:ikosseva@svr.igic.bas.bg

I. I. Koseva, V. S. Nikolov : Preparation of aluminium tungstate al,(wo,); using sol-gel modified Pechini method

size. Obtaining powders by a conventional solid
state synthesis does not allow grain size control.
Generally the size of the particles depends on the
sintering temperature and the process duration.
Synthesis of KRE(WO,), samples, where RE is
rare-earth element, with controlled grain size,
obtained via sol-gel method (the so called modified
Pechini method), has been reported [28]. The
particle size here depends on the correlation
between the compound components, the chelating
agent, and the sterification agent, as well as on the
chelating agent nature. [24]. Citric acid has been
used as chelating agent for obtaining aluminium
molybdates [27]. Citric acid and EDTA have been
used as chelating agent for obtaining potassium
gadolinium tungstate. [26]. Ethylene glycol has
been used for sterification.

Taking into consideration the above papers we
report on the preparation of aluminium tungstate for
a first time ever, using modified Pechini method.

EXPERIMENTAL PART

Powders of AI(OH); (p.a.), and H,WO, (p.a.)
were used as starting materials. Citric acid (p.a.)
was used as a chelating agent, and ethylene glycol
(pure) for sterification.

Al(OH); was dissolved at a room temperature in
concentrated citric acid solution in metal ions to
citric acid molar ratio of 1:2.

H,WO, was dissolved at a room temperature in
25% NHs, and than was added to the metal solution
under stirring.

Ethylene glycol was added after to citric acid
and ethylene glycol in 1:1 molar ratio.

The formation of resin occurs at 80°C, and the
resin transforms to gel. Afterwards, the resin was
dried at 90 °C for 5 days.

The resultant product was heated at 300 °C for
30 minutes to obtain a brown powder, than the
temperature was increased to 600 °C by a 150 °C/h
step. The powder becomes of light brown color
during the last procedure.

The light brown powder was hold at different
temperatures in the range between 620 and 900 °C,
and at different heating time to obtain a pure phase.
The final sintering product was of white or pale
yellow colour, depending on the thermal
conditions.

Structural characterization was carried out by
powder X-ray diffraction (XRD) using a Bruker D8
Advance powder diffractometer with Cu Ka
radiation and SolX detector. XRD spectra were
recorded at room temperature. Data were collected
in the 20 range within 10 to 80 deg. with a step of

0.04 deg. and 1s/step counting time. XRD spectra
were identified using Diffractplus EVA program.
The presence of the Al,(WO,); phase in the
different specimens was estimated by a comparison
with JCPDS card N 24-1101 for pure Al,(WOQO,)s.

The particle size and morphology were
performed using TEM JEOL 2100 at 200 kV. For
this purpose, the specimens were prepared by
grinding the samples in agate mortar and dispersing
in methanol via ultrasonic treatment for 6 minutes.
A droplet of suspension was dispersed on holey
carbon films placed over Cu grids.

RESULTS AND DISCUSSIONS

The X-ray diffraction patterns of the samples,
treated at different temperatures and constant
heating time, are shown on Fig. 1. The lines of the
additional phases are marked by stars. As can be
seen, pure Al,(WQO,); phase appears after heating at
860°C. The amount of the additional phases
decreases with temperature increase.
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Fig. 1. X-ray diffraction patterns of the samples, treated
at different temperatures, and at12 h constant heating
time: a) at 620 °C, b) at 800 °C, c) at 830 °C, and d) at

860 °C.

Taking into account our final aim, i.e. to prepare
a transparent ceramic, it was important to find out
what the conditions are for obtaining Al,(WQO,);
powder with smaller particle size. For this reason,
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the second series of experiments was done where
the samples were treated at different temperature
and different heating time.
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Fig. 2. X-ray diffraction patterns of the samples, treated
at different temperatures, and at different heating time:
a) at 760 °C for 72 h, b) at 830 °C for 36 h, c¢) at 860 °C
for 12 h, d) at 900 °C for 2 h, and e) at 900 °C for 6 h.

Fig. 2 includes the X-ray sample patterns of this
series. Heating the samples for a time period longer
than 12 h at below 830 °C does not lead to
obtaining of pure Al,(WO,); phase. Increasing the
heating temperature to higher than 830 °C leads to
obtaining of pure Al,(WQ,); phase for a shorter
time (for 36 h at 830 °C, for 12 h at 860 °C, and for
6 h at 900 °C).

An important result was obtained when the
polymeric resin was treated in oxygen flow for 5 h
at 620 °C. As can be seen on Fig. 3, pure Al,(WO,);
phase was received in oxygen atmosphere at
significant lower temperature and significant
shorter treating time.

Thermal treatment conditions of the dried
resin for the preparation of Al,(WQ,)s and the
results of the X-Ray phase analyses are summarized
in Table 1. The quantity of the additional phases
(marked by stars on the X-Ray diffraction pattern
figures) was roughly evaluated as a correlation
between the intensity of the highest pick of
Al,(WO,); (26 = 23.27) and the highest pick of the
additional phases (26 = 24.88). The nature of the
additional phases were not determined taking into
account the JCPDS data for aluminium and
tungstate phases.

The TEM bright field micrographics of the
samples, treated at 620°C for 12 hours and at 830
°C for 36 hours, are shown on Fig. 4. The particle
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size at the lower temperature is distributed in the
narrow region from 50 to 80 nm without clear
defined habit, while that at the higher temperature
is distributed in a wide region from 50 to 200 nm
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Fig. 3. X-ray diffraction patterns of the samples treated
in air and in oxygen flow: a) in air at 620 °C for 12 h,
and b) in oxygen flow at 620 °C for 5 h.

with a clear defined habit according to the
orthorhombic structure.

Thermal treatment conditions of the dried
resin for the preparation of Al,(WO,);, and the
results of the X-Ray phase analyses are summarized
in Table 1. The quantity of the additional phases
(marked by stars on the X-Ray diffraction pattern
figures) was roughly evaluated as a correlation
between the samples, treated at 620 °C for 12 hours
and at 830 °C for 36 hours, are shown on Fig. 4.

The particle size at the lower temperature is
distributed in the narrow region from 50 to 80 nm
without clear defined habit, while that at the higher
temperature is distributed in a wide region from 50
to 200 nm with clear defined habit according to the
orthorhombic structure. TEM analysis shows that
heating time decrease while temperature increase
does not lead to a smaller particle size. Thus, the
final and optimal result from the described
experiments is pure Al,(WQ,); phase with particle
size within 50 to 200 nm when the resin is treated at
830 °C for 36 h.

The TEM bright field micrographics of the
oxygen treated specimen show well separated
particles with dimensions within 70 and 100 nm.
The particle size is a little bigger than that of the air
treated specimen (Fig. 5).
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Fig. 4. TEM bright field micrographics of the samples, Fig. 5. TEM bright field micrographics of the samples,

treated: a) at 620 °C for 12 hours, and b) at 830 °C for 36 treated: a) in air at 620 °C for 12 h, and b) in oxygen flow
hours at620°C for5h

Table 1. Thermal treatment conditions of the dried resign for the preparation of Al,(WQ,); and X-ray phase analyses

results.

Heating Heating Atmosphere X-Ray results
sample temperature [°C] time
[hours]
1 620 12 Air Aly(WOQO,); + about 21% additional phases
2 800 12 Air Aly(WO,); + about 2% additional phases
3 830 12 Air Aly(WO,); + about 2% additional phases
4 860 12 Air Aly(WOQO,); Pure phase
5 760 72 Air Al,(WQ,); + about 14% additional phases
6 830 36 Air Al,(WQ,); Pure phase
7 900 2 Air Al,(WQ,); + about 2% additional phases
8 900 6 Air Al,(WQ,); Pure phase
9 620 5 Oxygen Al,(WQ,4); Pure phase

CONCLUSIONS

This study shows that the Al,(WQO,); pure phase
with nanosized particles could be obtained by
modified Pechini method.

The particle size and the morphology strongly
depend on the time and treatment temperature. The
size varies between 50 nm at 620 °C for 12 h and
200 nm at 830 °C for 36 h.

The treatment of the polymeric resin in oxygen
flow leads to pure Al,(WQO,); phase at a significant
lower temperature and a significant shorter
treatment time but the particle size remains
approximately the same.

Obtaining Al,(WQ,); pure phase via modified
Pechini method with a particle size less than 50 nm
seems to be problematic because of the formation
of additional phases. The decomposition of these
phases needs high temperature and long treatment
time.
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[Mony4yaBane Ha amymunueB BojadppamaT Aly(WO,); mo Moaudurpanust 301-rel
Metoq Ha IleunHu
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(Pestome)

IMonyuena e uncra ¢aza ot anymunueB Bosippamar Al,(WO,); ¢ HaHOpa3MEpHH YacTUIM MO MOJAUDUIPAHUS
meron Ha [leunmnun. Kato kommiekcooOpasyBamy areHTH ca M3IIOJI3BAHM JIMMOHEHA KHCEJIMHA W EeTHUJICHIJIMKOJL.
[MToxyueHusaT cyx ren € HarpsiBaH NPH Pa3IMYHU TEMIEpPaTypH W Pa3iIWdHa MPOJIBIDKHUTEIHOCT. YCTAaHOBEHO €, 4e
yucrarta pasza ot Aly(WO,); ce monyuasa cien HarpsiBane npu 830 °C B mpoaemkeHue Ha 36 vaca. [loBumiaBaneTo Ha
temneparypara Hax 830 °C Boau no moiydyaBaHeto Ha uncT Al,(WO,); 3a mo-kpartko Bpeme. Mukpodororpapuu ot
TEM Ha paznuyHu o0pa3iy 1MoKas3Bar, uye pa3MepbT Ha dacTHuuTe Bapupa mexay 50 u 200 nm M CHIIHO 3aBHCH OT
TeMIepaTyparta ¥ IpOJBIDKUTETHOCTTA HA HarpsBaHeTo. [Ipy HarpsBaHETO Ha rejia B MOTOK OT KHUCJIOPOJ ce MoTyyaBa
gncra asza ot Al,(WO,); ipy 3HAYUTETHO TTO-HUCKH TEMIIEPATYPH U MO-KPATKO BPEMe Ha TPETHPAHE.
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