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Abstract: Bimetallic metal oxide nanomaterials are synthesized by microwave combustion route
encourage to the synthetic chemists because of its simplicity. Microwave burning of single-phase oxide
materials with polymer as fuel to form its multiphase nanomaterials. Nanosized Zirconium vanadate
(ZrV207) material is prepared by self-propagating combustion methods using a polymer as a fuel.
Zirconium oxide (ZrO2) and vanadium pentoxide (V20s) with polyvinyl alcohol were ignited in an open
atmosphere and complete burning in a microwave oven for about 15 minutes to form a zirconium
vanadate sample. Adsorption study of heavy metal ions like lead and mercury ions on the prepared
sample is well studied. The structure of as-prepared ZrV,0; and its adsorbed sample was well studied
by employing a powder X-ray diffraction (XRD) tool. The morphology of as-prepared ZrV,0; and
adsorbed sample material was studied by Scanning Electron Micrograph (SEM) tool. Fourier Transform
Infrared (FTIR) spectral study was undertaken to know the bonding in the prepared zirconium vanadate
nanomaterials. Further, the adsorption study of heavy metal ions on the ZrV,0; sample is also
undertaken at room temperature.
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1. Introduction

Ceramics synthesis through the microwave-assisted route is gaining much importance
due to its simplicity and enhance reaction rate [1-2]. It is also an eco-friendly system with a
complete energy transfer system [3-4]. Direct irradiation of the reaction mixture to the
microwaves forms the homogeneity by direct burning. The way of preparation counts a lot to
obtain stoichiometric phases of metal oxides [5-6]. The structures and properties of oxide
materials strongly depend upon the conditions of synthesis. The solid-state reaction by grinding
and calcination produces the perfect phase using polymer fuel [7-8]. Zirconium vanadate
shows high thermal expansion property and high specific capacity, hence they are used as
storage materials. However, the capacity retention is reduced (about 61%), and this may be due
to the lower electronic conductivity and large crystallite size [9-10]. Therefore, a new strategy
is required to develop ZrV207 to enhance the electrical conductivity and thereby improve
capacity retention, and electrochemical reversibility as the preparation methods, morphology,
porosity, crystallite size, and aspect ratio can significantly affect the electrochemical
performance [11-12].
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Zirconium vanadate (ZrV207) nanomaterials are prepared by using zirconium oxide,
and vanadium pentoxide employing microwave-assisted route is reported in the present work.
Polyvinyl alcohol is used as a fuel for the conversion of zirconium oxide and vanadium
pentoxides into its zirconium vanadate nanomaterials. Initially, the combustion process is
initiated by burning on an electric oven. Then combustion treatment is given for the complete
conversion of samples into zirconium vanadate nanomaterials. The prepared sample is well
characterized for its structure by X-ray diffraction (XRD), morphology by Scanning Electron
Microscope (SEM), and bonding by Fourier Transform Infrared study (FT-IR) techniques.
Adsorption study of zirconium vanadate for heavy metal ions like lead and mercury is also
undertaken for adsorption behavior.

2. Materials and Methods
2.1. Synthesis of Zirconium Pyrovanadate.
2.1.1. Materials and methods.

Zirconium oxide, Vanadium pentoxide, and polyvinyl alcohol chemicals are used in the
present study were of AR (Analytical Reagent) grade. Polyvinyl alcohol is used as fuel for
the combustion reaction, and microwave-assisted combustion method is adopted for the
synthesis of ZrV207 nanomaterials.

2.1.2. Preparation of ZrV,07; nanomaterials.

Nanosized Zirconium oxide (ZrO2) and vanadium pentoxide (V20s) materials are
prepared according to the literature method [13-14]. An equimolar quantity of zirconium oxide
and vanadium pentoxide was ground well with polyvinyl alcohol in the ratio of 1:1:5 in a pestle
and mortar [15-16]. The resultant mixture was transferred into a crucible and was burnt on an
electric oven for complete evaporation of fumes. Then, it is transferred to a microwave oven
for complete calcination. The sample is calcined on a microwave oven having 2.45 GHz
frequency, and power is 800w for about 15 minutes. During burning, the approximate
temperature of the reaction may be around 400°C. The reaction mixture burns and leaving
behind a solid zirconium vanadate crystalline product. Following is the possible reaction taking
place in the above process, and the synthetic scheme is given in scheme 1. The initial burning,
burning in microwave woven, and the obtained zirconium vanadate is shown in figure 1.

Zr02 + V205—ZrV207

Synthesis of ZrV207

ZrOn + V203

Initial Burning on Electrical
oI)en

Partial combustion Product

Microwave Burning
2.45GHz, 800w

l

ZIV 0,
(Crystalline Product)

Scheme 1. Synthesis of Zirconium Vanadate.
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Figure 1. (a) ZrV,07 sample (b) Observed flame during combustion (c) Microwave burning.

2.1.3. Adsorption study.

The lead acetate solution (200 ppm) is prepared in double-distilled water. Known
volume (25 ml) of the solution is taken in a small column containing 0.5 g of the prepared
zirconium vanadate sample supported by cotton wool. This column is kept for 24 hours for
complete adsorption. The eluent solution is taken out and is subjected to an atomic absorption
study (AAS). The adsorbed sample is dried under room temperature and is subjected to
structural, morphological, and bonding characterization to know the adsorption lead ions on
the zirconium vanadate adsorbent. Similar experimentation is carried out for mercury metal
ions on the zirconium vanadate sample

2.1.4. Characterization.

The structures of as prepared zirconium vanadate were studied by X-ray diffraction
using X’ Pert Pro X-ray diffractometer with Cu Ka as source of radiation in a 0-20
configuration. JEOL JSM-6380 LA Scanning electron microscope with energy dispersive
microanalysis of X-Ray (EDAX) is used to study particle morphology with metal confirmation
of the sample. TEM images are carried out using the Technai-20 Philips transmission electron
microscope. The transmission electron microscope was operated at 190 KeV.

3. Results and Discussion

3.1. X-ray diffraction.

The X-ray powder pattern of Zirconium vanadate is shown in Figure 2. It is found to be
crystalline, exhibiting the cubic phase, and is in good agreement with JCPDS No. 01-088 -
0587. Unit cell parameters ware obtained by the least-square refinement of the powder XRD
data. This study reveals that the sample is monophasic with a cubic spinel structure having
nanosized particles [17-18].

3.2. Scanning Electron Microscopy (SEM).

Figure 3 shows SEM image of an as-prepared zirconium vanadate sample. This image
shows, particles are in the nano range, and most of the particles are spherical with a self-
assembled compact structure. In addition to this, some particles are irregular shapes with a self-
assembled arrangement due to crystalline behavior [19-20].
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Figure 2. XRD pattern of the ZrV,07 sample.
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3.3. EDX Study.

EDX analysis is carried out to know the presence of elements in the prepared sample.
Figure 4 shows EDX pattern of the combustion derived ZrV207 sample. The pattern shows the
presence of Zr, V, and O at respective positions confirms the purity of the sample.
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Figure 4. EDX pattern of the ZrV,0; sample.

https://nanobioletters.com/ 1423


https://doi.org/10.33263/LIANBS93.14201426
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS93.14201426

3.4. Infrared Study.

Figure 5 shows the FT-IR spectrum of an as-prepared zirconium vanadate sample. The
metal-oxygen bonding and nature of the synthesized zirconium vanadate sample were carried
out by the infrared study. Metal oxides generally give absorption bands below 1000 cm™
arising from inter-atomic vibrations [21]. The peak 3300 cm™ corresponds to the water of
absorption—vibration frequency at 1050 cm™ due to the presence of some overtones. Peaks
below 1000 cm™ correspond to Metal-oxygen vibrational modes of the sample confirm the
formation of zirconium vanadate [22].
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Figure 5. FT-IR spectrum of the ZrV,07 sample.
3.5. TEM Study.

Figure 6 shows the TEM image of the prepared zirconium pyrovandate sample. The
image shows fine particles with the crystalline nature of the sample. Particles with
complexibility formation with dense structure can be viewed in the image. The irregular shape
and varied sized particles are falls under the nano range. In some parts, it may be found that
close agglomeration with the compact is also observed, which may be an applicable
morphology as a good adsorbent for metal ions.

Figure 6. TEM image of the ZrV,0; sample.
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3.6. Adsorption Study.

Table 1 shows AAS results of pure lead and mercury solutions with fluent lead and

mercury solutions after adsorption. It is clearly observed from the table that, the reduction in
the concentration of eluent lead and mercury solution in comparison with plane lead and
mercury solution confirms the loss of lead and mercury ions by adsorption on zirconium
vanadate sample. This sample shows considerable adsorption due to remarkable adsorption
active sites present on the sample [23]. Adsorption study reveals that the prepared metal oxide
sample acts as good adsorbents for heavy metal ions.

Table 1. AAS results of lead and mercury adsorption on the ZrV,07 sample.

SI. No Concentration Concentration of Concentration of Hg?*
Pb?* solution solution
Initial Concentration 200 200
Concentration After passing through ZrV207 sample 120 130

4. Conclusions

A combustion route with polyvinyl alcohol fuel is used for the successful synthesis of

the zirconium vanadate sample. This solid-state reaction achieved the phase formation of an
oxide sample with simple experimentation. Adsorption study concludes that the prepared
sample acts as a good adsorbent for heavy metal ions.
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