—_

A A o
Ol A W OO NO O BN w N

16
17

18

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Grinding-assisted Solid-State Metathetic
Synthesis of Divalent Transition Metal
Tungstates

U. Sujana Kumari', P. Suresh?, A. V. Prasada Rao®

!2.3 Department of Inorganic and Analytical Chemistry, Andhra University,

Visakhapatnam, 530003, India.

ABSTRACT

A convenient solid state metathetic synthesis has been developed for the preparation of
metal tungstates MWO, where M = Mn, Fe, Co, Ni and Zn using Na,WQO, and respective
MCI, as reactants. Stoichiometric quantities of respective reactants were mixed and ground
for 2hrs. XRD patterns of the homogenised mixture heat treated at 400°C for 4hrs and then
washed free from NaCl bye product were in good agreement with the respective JCPDS
data showing the formation of phase pure compounds in each case without any

contamination. Microstructural investigation indicated particle size of the order of um.

Keywords: Solid state metathesis, Manganese tungstate, Iron tungstate, Cobalt tungstate,

Nickel tungstate, Zinc tungstate.

1. INTRODUCTION

MWO, type compounds where M is a divalent transition metal ion have attracted a lot
scientific interest in recent times because of their many useful properties. These compounds
exist in two different crystal structures namely Scheelite and wolframite. Bivalent metal ions
with large ionic radius such as Ca*, Sr**, Ba®* and Pb* prefer to form scheelite type
structures whereas metal ions with smaller ionic radius viz. Zn*, Fe**, Co®*, Ni*" and Cd*
tend to crystallize in wolframite type of structure. Crystal structure of Scheelite CaWO, is
tetragonal with calcium surrounded by eight oxygens with isolated tetrahedra of WO, being
nearly regular, where as in wolframite each W is coordinated to six oxygens unlike scheelite.
MWO, type divalent transition metal compounds have been reported to be useful for
humidity sensors [1], photocatalysts [2], photochromic [3] and as photoanodes [4].

3d transition metal tungstate powders have been synthesized by different techniques such
as solid-state reaction [5], chemical synthesis [6-10], hydrothermal [11-13], microwave
hydrothermal [14], self propagation [15], template synthesis [16], combustion [17], molten
salt [18] and aqueous salt metathetic reaction [19]. Among these methods, solid-state
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reactions invariably involve higher temperatures of more than 800°C while solution based
chemical methods require special equipment and subsequent annealing of amorphous or
nano powders to temperatures above 500°C for several hours to render them into crystalline
form. Compared to these two basic approaches, solid-state metathesis (SSM) offers a easy
and convenient route for the synthesis of many mixed metal oxides. These reactions involve
double exchange with preferred formation of an alkali halide with large lattice energy which
favours the reactions at lower temperatures compared to solid-state reactions between
constituent metal oxides. SSM has been successfully employed for the synthesis of
perovskite oxides [20], ordered double perovskites [21], LaAlO3 [22], Bi,WOg [23] and
molybdates [24].

In continuation of our earlier work relating to room temperature solid-state metathetic
synthesis of Ca, Sr, Ba, Pb and Cd tungstates and synthesis of phase pure BaSnO; and
BaZrO; we now report the solid-state metathetic synthesis of transition metal tungstates
MWO, where M* = Fe, Mn, Co, Ni and Zn. Since the transition metal tungstates are
potential photocatalysts in the visible region [6] for the degradation of organic pollutants
from the industrial exhausts, synthesis of these compounds at lower temperatures so as not
to effect the surface area of support is highly essential.

2. EXPERIMENTAL
2.1 Sample Preparation

Metal chlorides, MCI, (where M=Fe, Mn, Co, Ni and Zn) along with Na,WQ, are used as
precursors. All the starting materials were analytical grade and were utilized as received
without further purification. Stoichiometric quantities of the reactants were weighed and the
mixture was ground in an agate mortar for 2hrs with addition of ethanol as per the reaction
given below.

MCl,.nH;0 + Na,;WO4— MWO, + 2NaCl+ n.H,0O

The homogenised mixture was dried in an air oven and subjected to heat treatment at
different temperatures. The resultant solid was washed with water until free from chloride
and the residue after drying was characterised for phase identification by X-ray
diffraction(XRD).

2.2. Characterization Techniques

Phase purity of the final calcined powders was investigated with x-ray diffractometer
(PANalytical- X’ Pert PRO, Japan) at room temperature, using Nickel filter Cu-K, radiation
(A= 1.54059 A), over a wide range of 10° < 28 < 80° with a scanning speed of 2° min ",
Microstructural investigations of the samples were performed on the fractured surface of the
sample using SEM (JEOL-JSM-6610LV, Tokyo, Japan). Energy Dispersive X-ray
Spectroscopy (EDS) was used to detect x-rays emitted from the sample during
bombardment with an electron beam to identify the elemental composition of the analyzed
volume. Raman spectra were recorded using SENTERRA from BRUKER Corporation.
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3. RESULTS AND DISCUSSION

XRD patterns obtained for homogenised m|xtures of MCl,+ Na,WOQO, (where M= Fe, Mn, Co,
Ni and Zn) subjected to heat treatment at 400°C for 4hrs followed by washing with water until
free from chloride and dried are given in Figures 1 to 4. XRD patterns of homogemsed
mixture of NiCl, + Na,WQ, at room temperature and heat treated at 300 °C and 400°C for
4hrs followed by washing are shown in Fig.1. XRD patterns indicate formation of well
crystalline NiWQO, only for the sample heat treated at 400 °C for 4hrs. All the peaks in the
XRD pattern could be indexed as the observed pattern is in good agreement with that of
NiWO, given in JCPDS file no.15-0755. No extra peaks were notlced which indicates the
formation of phase pure sample. Observed XRD patterns below 400°C does not match with
the highest intensity peaks of NiCl, ,Na,WO, and NaCl. Hence these peaks may be ascribed
to amorphous precursor with some partially crystalline NiWO,.((002), (022) and (220)
peaks).
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Fig. 1. XRD patterns of stoichiometric mlxture of NiCl, + Na,WO, ground for 2hrs a)
room temperature b) heat treated at 300°C for 4hrs c) heat treated at 400°C for 4hrs
and washed free of chloride.

Fig 2 shows the XRD patterns of homogenised mixture of stoichiometric amounts of ZnCl,
and Na,WO,, ground for 2 hrs at room temperature and subjected to heat treatment of
400°C for 4hrs, both washed free of chloride and dried. The washed product of ZnWO, at
room temperature did not indicate any sharp peaks characteristic of the reactants or NaCl
bye product. The broad peak coincides with the 100% intensity peak of ZnWQO, and this can
be attrlbuted to ZnWO, in the amorphous form.However, when subjected to heat treatment
at 400°C, characteristic peaks due to formation of well crystalline phase pure ZnWQO, were
obtained and the data is in agreement with that reported in JCPDS file no.73-0554.
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Fig. 2. XRD patterns of stiochiometric mixture of ZnCl, + Na,WO, ground for 2hrs a)
room temperature, b) heat treated at 400°C for 4hrs

Fig 3 shows the XRD patterns obtained for mixtures of MnCl,+Na,WO, and CoCl,+ Na,WOQO,
ground for 2hrs and heated at 400°C for 4hrs followed by washing to remove NaCl. The
observed XRD patterns are in good agreement with the reported data for MnWO, and
CoWO, of JCPDS files 80-0134 and 72-0479 respectively. Miroslaw Maczka et al [25]
reported two different synthesis routes for MnWO, (i) a hydrothermal method using
ethanolamine and CTAB and (ii) by annealing a precursor obtained by co-precipitation. In
their second method, XRD patterns were indicative of nanocrystalline MnWO, formation with
crystallite size smaller than 20 and 26 nm when the synthesis was performed at 250 and
400°C, respectively. In the present method sharp peaks characteristic for large and well-
crystallized MnWQ, particles were revealed for annealing at 400°C for 4 hrs.
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Fig. 3. XRD patterns of st0|ch|ometr|c mixture of a) MnCl, + Na,WO, ground for 2hrs
and heat treated at 400 C for 4hrs,washed and dried. b) CoCl, + Na,WO, ground for
2hrs, heat treated at 400° C at 4hrs, washed and dried.

Fig 4 shows the XRD patterns obtained for mlxture of FeCl,+Na, WO, ground for 2hrs and
heat treated at 400°C for 2hrs and at 600°C for 3hrs and washed free from NaCl bye
product. Though the formation of FeWQ, is evident at 400°C, for unambiguous indexing of
peak positions, the sample is subjected to heat treatment at 600°C for 3hrs to render it more
crystalline. All peaks for the resultant sample could be indexed in accordance with JCPDS
file no. 71-2391.

Synthesis of MWO, powders was reported by solution based metathesis reaction using
equimolar solut|ons of metal nitrates and sodium tungstate, with subsequent heating of the
precipitate to 800 °C for 15hr [19]. Parhi et al [26] reported synthesis of ZnWQ,, NiIWO, and
MnWO, by microwave assisted solid-state metathesis using 2.45 GHz microwave frequency
and a power of 1100 W for 10 minutes duration. Though crystalline ZnWO, was obtained at
room temperature by thls process, crystalline MnWO, and NiWO, were obtained only after
heat treatment at 500°C for 6hrs. Angana sen etal [8] reported the synthesis of Co, Ni, Cu
and Zn metal tungstates from the complete evaporation of polymer based metal-complex
precursor solution subjected to heat treatment. Rajagopal [27] reported the hydrothermal
synthesis of FeWO, and CoWOQ, using sodium tungstate with ferrous ammonium sulphate
and cobalt chloride solutions as precursors respectively. Recently Garcia-Perez etal [7]
reported the synthesis of Co, Cu, Mn and Ni tungstates by co-precipitation method at 400 C
T|Z|ano Montml etal reported the synthesis of transition metal tungstates M'"WO, (M= Co",

cu® Zn) by reaction of transmon metal nitrates with sodium tungstates and then
subjected to heat treatment at 500°C . The SSM synthesis reported in the present study is
the lowest synthesis temperature reported for solid-state synthesis. It is less cumbersome
and could be performed at ambient pressure.

(b)
g
E A | (a)
- ’I i ll
ol i\ bV
0 10 20 30 40 50 60 70
20 (Degrees)

Fig. 4. XRD patterns of stoichiometric mixture of FeCl,+ Na,WO, ground for 2hrs and
heat treated at a) 400°C for 4hrs b) 600°C for 3hrs and washed free of chloride.

Fig 5 shows Raman spectra of MN\WO, , FeWO,, CoWO,, NIWO, and ZnWOQ, In terms of
group theoretical analysis, wolframite structure belonging to P2/c (z = 2) monoclinic structure



168 is expected to give 18 (8A; + 10 B;) Raman-active bands out of 36 possible lattice
169 modes[28]. Raman spectra for all samples revealed peaks due to 8A4 (breathing of tungstate
170 tetrahedra) vibrations while some peaks due to 10By were not resolved. Based on the
171 previos reports, the most intense band in ZnWO, was ascribed to antisymmetric bridging
172 mode associated with the tungsten chain [13]. In MnO, the band at 127 cm” accompained
173 by two weak bands in the range 160 and 180 cm™ were ascribed to interchain deformation
174  and torsion modes [14]. Though extensive studies on Raman spectra of some of these
175  tungstates were reported in the literature subsequently [29], we at this stage did not make an
176 elaborate interpretation of Raman spectra as our interest is limited to show the phase
177 formation of tungstates only. Our data is in agreement with those reported earlier
178  [13],[14],[28].
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182 Fig. 5. Raman spectra of MnWO,, CoWO,, NiWO, and ZnWO, heat treated at 400°C
183 and FeWO, heat treated at 600°C .

184 SEM micrograph of a representative sample FeWO, powder heat treated at 600°C is shown
185 in fig. 6 which shows particles of different sizes due to aggregation. Elemental analysis of
186 the sample confirms the presence of Fe, W and O, with no extra lines due to any
187 contamination.
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(b)

Fig. 6. a) SEM image of FeWO, powder and b) EDS of the FeWO, powder under SEM
investigation.

4. CONCLUSION

A simple low temperature solid state metathetic synthesis is reported for the preparation of
MWO, (M = Fe, Mn, Co, Ni and Zn) powders using respective metal chlorides and sodium
tungstate as precursors. XRD patterns of respective powders obtained by mixing
stoichiometric quantities of the reactants, ground for two hours followed by heat treatment at
400°C for 4hrs, and washed free of chloride indicated formation of respective phase pure
metal tungstates. Reaction temperatures reported for the synthesis of transition metal
tungstates are less compared to these solid-state method. The process is costeffective and
simple. Microstructural investigation indicated particle aggregation.
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