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Visible light photo cataytic degradation of Eosine Blue and Eriochrome Black-T dyes is
investigated over monoclinic BiVO, prepared by room temperature solid-state metathesis. XRD
pattern showed formation of phase pure monoclinic BiVO,. Complete photo degradation of Eosin
Blue and Eriochrome Black-T occurred for respective irradiation times of 120 and 210 min. in
presence of H,O,. A synergetic effect between BiVO, and H,0, led to enhanced degradation of both

Copyright © Umabala AM ., Suresh P and Prasada Rao AV., 2016, thisis an open-access article distributed under the terms
of the Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium,

provided the original work is properly cited.

INTRODUCTION

Effective remediation of toxic organic pollutants has become a
prime concern for a sustainable environment because waste
water discharges from industries relating to manufacture of
dyes, polymers, pesticides, pharmaceuticals etc., continue to
contaminate world’s aquatic sources posing a severe threat to
human health, animal life and the ecosystem. Severa methods
were proposed from time to time for elimination of hazardous
pollutants in terms of adsorption, bio-sorption, ion exchange,
ultra filtration, solvent extraction, reverse osmosis, wet
chemical oxidation, electro catalytic, electro chemical and sono
degradation. But, none of these methods is adequately
satisfactory because these methods suffer from some inherent
draw backs of either generating secondary pollutants due to
phase transfer, or operate under restricted conditions involving
cumbersome technology and hence not cost effective. During
the past few decades, semiconductor based heterogeneous
photo catalysis is claimed to be a superior technique for the
remediation of organic pollutants because of its ability to
mineralize them non selectively and possibly completely at
ambient temperature avoiding expensive filtration methods. A
wide number of investigators projected TiO, as most useful
photo catalyst because it is inexpensive, easy to synthesize,
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non-toxic, chemically inert and highly photo stable.
Nevertheless, the wide band gap associated with TiO, restricts
absorption to U.V region of wave length < 380nm which
congtitutes hardly 5% of solar radiation. Since setting of
artificial UV light requires lot of power consumption and is
aso harmful to humans, different strategies have been
advanced to extend photo response of TiO, to visible region
and reduce the recombination rate of charge carriersin terms of
doping, surface sensitization and nano composite formation
with large surface to volume ratio (Prasada Rao et al., 2015).
Though these modifications are moderately successful they are
limited in enhancing photo catalytic efficiency upto an optimal
range only. Alternately, studies on ternary metal oxides
revealed a new bunch of visible light active photo catalysts that
include ZnWQ, (Montini et al., 2010), BiVO, (Martinez-de la
Cruz. et al., 2010), BaBiO; (Tang. et al., 2007), NaBiOs;
(Chang et al., 2010), Bi,M0Og (Martinez-de la Cruz. and
Obregén Alfaro, 2010), Bi,WOQOg (Yi-Hsien et al., 2011),
BizMOgOlz (SUreSh et al., 2015), Fe,M 0504, (SUreSh et al.,
2014), Bi,M0,Oq (Li et al., 2009) etc. In the composite Bi-
oxide system with V/Mo/W oxides, monoclinic BiVO, is
reported as the most useful visible light active photo catalyst.
Recently photo degradation of nitro benzene Umabala (2015),
nitro phenols Umabala (2015), acetophenone (Umabala et al.,
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2016) and Brilliant Green (Umabala et al., 2016) using BiVO,
has been reported from this laboratory. Present paper describes
visible light photo degradation of Eosin Blue and Eriochrome
Black-T using H,0O, sensitized BiVO,. Molecular formulae and
chemical structures of Eosin Blue and Erichrome Black-T are
given below.

Fig. 1 Chemical structures of (a) Eosin blue and (b)
Eriochrome black T

MATERIAL AND METHODS

Synthesis of Photocatalyst

BiVO, is prepared by room temperature solid-state metathesis
synthesis reported elsewhere. Stoichiometric amounts of BiOCI
(Loba Chemie PVT. Ltd) and NavVO; (98% HIMEDIA) in the
molar ratio of 1:1 are mixed in an agate mortar and ground for
2hrs in ethanol. With progressive grinding, the mixture
exhibited a canary yellow colour. After 2hrs of grinding, the
mixture is washed several times with digtilled water to
completely remove the bye product NaCl and the residue is
dried at 80°C in an air oven. The dried powder is subjected to
phase identification, mcrostructura investigation and
photocatal ytic studies.

Characterization Techniques

Phase purity of the resultant powder was investigated with X-
ray diffractometer (PANalytical- X* Pert PRO, Japan) at room
temperature, using Nickel filtered Cu-K, radiation (A= 1.54059
A), with a scan rate of 2° min™. Microstructural investigation
of the sample was performed on the powdered sample using
SEM (JEOL-JSM-6610LV, Tokyo, Japan).

Photocatalytic studies

Photo catalytic activity of BiVO, was evaluated in terms of
degradation of Eosin blue (EB) and Eriochrome blck-T (EBT)
under visible light. 100 mg of the catalyst was dispersed in
100ml EB/EBT agueous solution (10 mg/L for EB and 20mg/L
for EBT) and the suspension was magnetically stirred for half
an hour in dark to ensure adsorption/desorption equilibrium
between photo catalyst powder and dye. The suspension was
then exposed to 400 wt metal halide lamp; 5ml aliquots were
pipetted at periodic time intervals and filtered through 0.45
micron Millipore filters to remove the suspended powder. The
spectra as a function of irradiation time were recorded using
UV-Visible spectrophotometer (Schimadzu). The extent of
photodegradation was calculated using the following equation

% Photodegradation = [(Ag-At)/A] x 100

where Ay and A, correspond to the initial absorbance and
absorbance at time ‘t” respectively.

Photoluminescence studies

50 mg BiVO, catalyst is added to the beaker containing 100 ml
of terpthalic acid (TPA) solution (0.25 mmol L™ in 1mmol L™
NaOH solution) and 10 um H,0,. The solution is stirred for 15
min in dark followed by irradiation by 400 w metal halide lamp
for 30 min. The reacted solution was centrifuged and the clear
solution is used for photoluminescence measurements in a
fluorescence spectro flourometer (Flouromax 4) with the
excitation wavelength of 315 nm.

RESULTS AND DISCUSSION

BiVO, occurs in three different crystalline modifications —
tetragonal  Zircon, tetragonal Scheedlite and monoclinic
Scheleite. Despite the coordination around Vanadium being the
samein all three polymorphic forms, only monoclinic BiVO, is
reported to exhibit visible light photo catalytic activity. X-ray
diffraction pattern of sample prepared from room temperature
solid-state metathesis reaction between BiOCl and NaV O, after
grinding and washing is shown in Figure 2. All the
experimentally observed diffraction peaks could be indexed to
monoclic BiVO, of JCPDS File No. 75-2480. Absence of
unidentified extra peaks due to any possible contamination
indicates that the sample under study is phase pure monoclinic
BiVO,. Micro structural investigation of the sample revealed
particle size in the um region as seen in Figure 3. SEM image
of the sample did not show anv characteristic texture.
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Fig.2. X-ray diffraction pattern of BiOCI+NaVO; mixturein 1:1 mole
ratio after grinding and washing
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Fig. 3 SEM image of BiVO, Photocatalyst.
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Photo catalytic degradation of Eosin Blue (EB) has been
reported using ZnO nano palates under U.V light (Ye et al.,
2006), nano porous SnO, under UV light (Chen et al., 2014),
and Nd, N, S —tri doped TiO, decorated on single walled
carbon nano tubes under visible light (Mamba et al., 2015).
Figure 4 depicts tempora variation of spectral contours as a
function of irradiation time for EB aqueous solution, EB+H,0,,
EB + BiVQ,, and EB + BiVO, + H,0,. From the figure it can
be seen that EB shows characteristic absorption at max =
517nm and under goes photolysis to an extent of 32% for
irradiation up to 120 min (Fig.4a). In presence of H,O,, EB
underwent photo degradation to a significant extent of 56% for
the same irradiation time as above (Fig.4b). In presence of
BiVO,, EB showed the same 55% photo degradation for 120
min of irradiation (Fig.4c). However, in presence of both
BiVO, and H,0,, absorption intensity of EB rapidly decreased
to zero indicating that EB is completely photo degraded for the
same 120 min of irradiation (Fig. 4d). The above results
indicate a synergetic effect between BiVO, and H,O, in
effecting photo degradation of EB.
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Erichrome Black-T (EBT) a water soluble azo dye is widely
used as an indicator in complexometric titrations and for the
determination of hardness of water (Jeffery et al.,). EBT isalso
used for the determination of rare earths and nucleic acids
(Gettar et al., 1999 and Zhou et al., 2011). It causes eye, skin,
respiratory tract and gastrointestinal irritation. Remediation of
EBT was reported in terms of adsorption (Dave et al., 2011),
bio-sorption (Barkaet al., 2011), and photo catalytic
degradation using zirconium phosphate (Panwar et al., 2008),
Ni** exchanged zeolite P (Nezamzadeh-Ejhieh et al., 2010),
TiO, nano particles (Sushil Kumar et al., 2016), nano scale Ni
structures (Kalwar et al., 2014), Zn doped TiO, (Singla et al.,
2014), Ag,OITiON (Hussain. et al., 2013), ZnO nano particles
(Irg and Azar, 2014) K,ZngFeCNg* (Jassa et al., 2015),
super paramagnetic Fe,0Oz nano particles (Esther Leena Preethi
et al., 2015), and TiO, decorated carbon nano tubes (Mamba et
al., 2015). Variation of UV-visble spectra intensities as a
function of irradiation time for EBT aqueous solution, EBT +
H,0,, EBT + BiVO,, and EBT + BiVO, + H,O, are shown in
Figure 5.
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Fig.4 U.V-visible spectraof (a) EB agueous solution, (b) EB+H,0,, (c) EB+BiVO, and (d) EB+H,0.,+BiVO, asafunction of irradiation time (EB-10ppm,
BiV0,-100mg, H,O,-10pm)
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Fig.5. U.V-visible spectra of (a) EBT agueous solution, (b) EBT+H,0,, (c) EBT+BiV O, and (d) EBT+H,0,+BiVO, asafunction of irradiation time (EBT-
20ppm, BiVO,-100mg, H,0,-10um)
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It can be seen from Fig.5a, EBT exhibits a characteristic
absorption at max = 550 nm. EBT undergoes very little
photolysis for irradiation of 120 min. EBT in presence of H,0,
shows photo degradation to an extent of 33% for120 min of
irradiation (Fig.5b). EBT in presence of BiVO, also show
photo degradation to the same extent of 33% (Fig. 5c).
However, in presence of both BiVO, and H,O,, absorption
intensity of EBT steadily decreased and complete photo
degradation is achieved for 210 min of irradiation (Fig. 5d).

The enhanced photo degradation observed in EB and EBT in
presence of BiVO, and H,O, can be ascribed to synergetic
effect between these two which generates more OH free
radicals that cause disintegration of dye structures. Possible
mechanism involved is shown below:

BiVO,+hv — € g (BiVO,) + h'yg (BIVO)——— @)
e cg (BiVO,) + DNP/TNP - Reduced dye ——— (i)
e g (BiVO,) + H,0, » "'OH+ OH — (iii)
h've(BiVO,) + OH - "OH — (iv)
DNP/TNP + "OH - degradation products —— (V)

Rapid formation of "OH free radicals through steps (iii) and (iv)
is the important in accumulation of more -OH free radicals
which are used for disintegration of both EB and EBT. In order
to confirm the generation -OH free radicals during irradiation
of BiVO, in presence of H,O, photolumiscence spectroscopy is
used with Terpthalic acid (TPA) as a probe molecule. TPA
combines preferentially with -OH to form hydroxy terpthalic
acid (HTPA) which shows a characteristic luminescence peak
at 419nm. Fig. 6 depicts photoluminescence spectra for BiVO,
+TPA with and without H,O, prior to and after irradiation.
Intense luminescence peak after irradiation confirms formation
of -OH freeradicals due to irradiation in presence of H,0,.

(a) TPA+BIVOA4 (prior to irradiation)
(b) TPA+BiVO4 after 30 min irradiation
(c) TPA+BiIVO4+H202 after 30 min irradiation

PL intensity

30 400 450 500 550 600
wavelength

Fig.6 Photoluminescence spectra of TPA solution containing BiVO,in
presence and in absence of H,0O, before and after irradiation for 30 min.

Plots of In (Ct/Cy) vs time for the degradation of EB and EBT
under different conditions are shown in Fig. 7. Rate constants
calculated from respective slopes are given in Table 1.
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Fig. 7 Plot of InCt/CO0 vs time for photodegradation study of (a) EB and (b)
EBT

Table 1 Calculated rate constants for photodegradation of
Dye, Dye+H202, Dye+B|VO4 and Dye+H202+B|VO4

Photodegr adation of RatKe ((:%r;zt)ant Photodegfradatlon RatKe ((:r?]?rs]t)ant
EB 3.0x10° EBT -
EB +H202 60><105 EBT +H202 -
EB +BiVO, 5.0x10° EBT +BiVO, 1.0x10°
EB +BiVO,+H,0, 1.6x10* EBT +BiVO4+H,0, 6.0x10°

From the above results it may be concluded that both EB and
EBT can be successfully photodegraded under visible light
using monoclinic BiVO, as photocatalyst in presence of
external oxidant H,0..

CONCLUSION

Photo catalytic degradation of Eosin Blue and Eriochrome
Black-T is studied under visible light irradiation using H,O,
sensitized monoclinic BiVO,. Synergetic effect between BiVO,
and H,O, led to generation of more OH free radicals.
Complete degradation of Eosin Blue and Eriochrome Black-T
occurred in 120 and 210 min respectively.
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