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Abstract

Here, we demonstrated a brief historic review on BiMeVOx materials since 1990 upto now and their
functionality was modified from polycrystalline electrolytes for SOFCs to mesoporous nano-sized
structures as efficient Photocatalysts for degradation of organic dyes in wastewaters.

Introduction

BiMeVOxes (Bi = bismuth, Me = dopant metal ion, V = vanadium, and Ox = oxide) constitute
a family of layered Aurivillius-type compounds, derived by the partial substitution of Me for V
in the parent compound, Bi,VO, ; and formulated as Bi,Me V, O, . .. These functional materials
were first discovered by Abraham et al. [1] and then extensively investigated by several
researchers for their ionic conductivity. The ionic conductivity in Bi,VO, , and their derivates,
BIMEVOXes is entirely attributed to the existence of such vacancies in the perovskite vanadate
layers which thereby facilitate the mobility of oxide ion through [2,3]. The vacancy ordering
in the perovskite vanadate layer is associated with the occurrence of two-phase transitions;
monoclinic-a to orthorhombic- at 447 °C and (3 to tetragonal-y at 567 °C. Many studies
conferred the stabilized y-BiMeVOx phase a promising application as a polycrystalline solid
electrolyte for intermediate temperature-solid oxide fuel cells (IT- SOFCs) (Table 1, Figurel).
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Figure 1: Plots of 0600 and high-teperature activation energy (AEHT) for
BIALVOX system vs. composition.
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Table 1: Values of electrical conductivity for some stabilized
v -BiMeVOxes at 300 and 600 °C.

Me X 6300 (-1 cm™) 6600 (2-1 cm™)
Cr®* 0.15 1.33 x10° 4.82 x 10+
Mn* 0.13 1.97 x 10* 5.08 x 10
Ce* 0.15 1.90 x 10° 1.50 x 10
Hf* 0.125 7.31x10° 2.45 % 102
Cd* 0.1 1.01 x 10* 2.32x107?
Ag* 0.125 3.58 x10* 6.74 x 103
Al 0.13 7.73 x 10° 0.134

More recently, many investigations made by our research group

and others on the electrical properties of BiMeVOxes, however
proved that all their stabilized phases behave as semiconductors
at temperatures less than 300 °C and have band-gap energies (Eg)

in the visible-light region. Therefore, much attention has been paid
to finding an alternative application of such materials such as a
semiconductor-mediated photo-catalysis for photodegradation
of organic pollutants in wastewaters. The first attempt to employ
such a type of materials as visible-light photocatalysts was
made by Thakral and Uma [4], followed by our study in 2014.
As a result of polycrystallinity, these were found to be moderate
for photodegradation of organic dyes and showed similar
photocatalytic efficiencies.

However, our research group in 2022 have successfully
developed three mesoporous nano-sized phases (a-monoclinic,
-orthorhombic and y-tetragonal) of BiFeVOx by means of ethylene
glycol-citrate sol-gel synthesis, followed by microwave-assisted
calcination and carefully investigated the correlation of the
enhanced photocatalytic efficiencies with the phase stability and
nanostructure porosity (Figure 2, Table 2 & 3).
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Figure 2: Plots of (ahv)? vs. hv for BiNiVOX.x photocatalysts.

Table 2: Values of E, for some BiMeVOxes obtained by a simple solid synthesis.

Me X Eg (eV)
None 1.96
AP 0.1 2.13
Ga3* 0.1 2.04
Mn** 0.13 2.05
Ni?* 0.1 1.76
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Table 3: Specific surface characteristics, optical properties and methylene blue photocatalytic efficiencies of BiFeVOx

photocatalyst series.

N2 Adsorption-desorption UV-vis /DR MB Photodegradation
* SBET (m?g!) | Pore diameter (nm) | Pore vol. (cm®g™) Eg (eV) SD kapp (min?) PD % R2
0.03 58.813 9.292 0.347 1.82 +0.028 6.05 x103 53.28 0.9987
0.07 60.348 10.345 0.395 1.76 +0.017 0.01142 71.92 0.9992
0.15 65.671 10.642 0.448 1.73 +0.021 0.01559 84.86 0.9998
Conclusion . Al-Areqi NAS, Beg S, Al-Alas A (2012) Study on phase stability and oxide

The highly pronounced photocatalytic efficiency of mesoporous
tetragonal y-BiFeVOx . nanophase indicates that the photocatalytic
performance of BiMeVOxes with a layered perovskite structure
can be further improved by the doping strategy [5,6]. Therefore,
the combination of doping strategy with such facile synthesis
method plays an important role in improving the structure and
surface properties of BiFeVOx. phases and, thereby, enhancing their
adsorption and photocatalytic efficiencies.
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