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ABSTRACT

Photocatalytic degradation of Brilliant green isudied over monoclinic BiVQin presence of D, under visible
light irradiation. Experimental results indicatesgnergetic effect between Biyénd HO, in generating more "OH
free radicals which are responsible for the degrémia of dye molecular structure. Complete degramativas
achieved for 90min of irradiation.
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INTRODUCTION

Semiconductor mediated heterogeneous photocatdigsidhecome increasingly important for the remidiadf
several toxic organic pollutants from industrialste water effluents. It offers several advantagasety (i) the
process is cost effective since it involves no ctetipn and subsequent filtration (i) the hazaspollutants can
be completely mineralized leaving no harmful intediates (iii) utilizes inexhaustible solar radiatiand (iv)
effectively removes pollutants at ppm level. Selksnadies projected Tifas a potential photocatalyst because of its
chemical inertness, photostability, easy synthasi high quantum efficiency. But the wide band g&3.2 eV
restricts the absorption of Ti@o U.V region which is less than 5% of availalbtas radiation. In order to shift the
absorption of TiQ from U.V to visible region, three different appchas have been reported in literature — (i)
doping with transition metal atoms, cations anddaions (ii) sensitize Ti@surface with a more visible light
absorbing compound and (iii) form a composite wiipher surface in the form of nano/meso phase. itlesiess,
these methods yield only limited success becausmwfe inherent drawbacks which limit their applitigbfor
industrial use. Consequently, the focus is nowtstifto explore alternate photocatalysts with goodntum
efficiency [1]. Among the many binary and ternargtal oxides that have been explored, BiN©highly promising
because of its visible light absorption efficiensjth a band gap of 2.4 eV. BiVQexists in three crystalline
modifications - tetragonal zircon, monoclinic sditeeand tetragonal scheelite of which only moniclipolymorph
has been found to be a good visible light respangimotocatalyst [2-7]. Different synthetic approesthave been
reported to enhance the photocatalytic efficienfcynonoclinic BiVQ, in terms of crystalline structures with high
energy facets and special hierarchical nano axthites [8-11]. To our knowledge no studies havenlyeported on
the photodegradation of Brilliant green using BivO

Brilliant green (BG) is a member of triphenyl metkadyes which are extensively used in textile ihgu®r dyeing
nylon, wool, cotton, silk as well as for coloring oils, fats, waxes, plastics and varnishes. B@l$® used as a
biological stain, dermatological agent and in pgufeed to prevent fungus formation. BG is consédeas highly
toxic to both humans and animals since it causéstion of respiration and gastrointestinal tratgading to
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vomiting and diarrhea. BG has been banned in maaytties due to its carcinogenic nature [12-14Jodgh a
number of methods have been reported for the datiodof remnant dyes in terms of chemical oxidatand
reduction, ion exchange, adsorption, coagulatitectechemical oxidation etc, none of these methuals been
found to be satisfactory as a unique remediatichriigue. On the other hand, heterogeneous photgsiatander
visible light offers distinct advantages besidemtpen energy saving green technology. The ainhisfgtudy is to
investigate the photocatalytic degradation of BGamvisible light irradiation using 4, sensitized monoclinic
BiVO,. Molecular formula of BG is £H34N,04,S (Mol. Wt = 482.62g/mole) and its chemical struetis as given
below.

/\N+/\

Structure of Brilliant green Dye
METERIALS AND METHODS

Synthesis of Photocatalyst:

BiVO, is prepared by room temperature solid-state mes&thsynthesis reported elsewhere [15]. Stoichhiidene
amounts of BiOCI (Loba Chemie PVT. Ltd.) and NaM@8% HIMEDIA) in the molar ratio of 1:1 are mixéuan
agate mortar and ground for 2hrs in ethanol. Withgpessive grinding, the mixture exhibited a cangeliow
colour. After 2hrs of grinding, the mixture is washseveral times with distilled water to completedgnove the bye
product NaCl and the residue is dried at 80°C imiamven. The dried powder is subjected to phdeatification,
mcrostructural investigation and photocatalyticgs.

Characterization:

Phase purity of the resultant powder was invesyatith X-ray diffractometer (PANalytical- X’ PeRRO, Japan)

at room temperature, using Nickel filtered Cy-Kadiation §= 1.54059 A), with a scan rate of 2° min
Microstructural investigation of the sample wasfpened on the powdered sample using SEM (JEOL-JSM-
6610LV, Tokyo, Japan).

Photocatalytic studies:

Photo catalytic activity of BivQwas evaluated in terms of degradation of BG unigble light. 100 mg of the
catalyst was dispersed in 100ml BG aqueous soltidnmg/L) and the suspension was magneticallyestifor half

an hour in dark to ensure adsorption/desorptioilibgum between photo catalyst powder and dye. Shgpension
was then exposed to 400 wt metal halide lamp; Siquats were pipetted at periodic time intervalgl dittered
through 0.45 micron Millipore filters to remove thespended powder. The spectra as a functionagfi@tion time
were recorded using UV-Visible spectrophotometech(®adzu corp.). The extent of photodegradation was
calculated using the following equation

% Photodegradation = [(#\)/Ag] x 100
where A and A correspond to the initial absorbance and absogantime ‘t’ respectively.

RESULTS AND DISCUSSION
Photodegradation of BG to an extent of 65% wasnteddy Ankit Kumar Jain and coworkers over N,Sd@oed
nano TiQ for 90min irradiation of visible light [16]. KhateElsony [17] studied kinetics of degradation of BG
under vacuum ultraviolet radiation. Shamalah Murarsy et al [18] reported the effect of Zn and Cutlie

photocatalysis of TiQon degradation of BG. Hae Soo Park and Weon Be§lBpreported photodegradation of
BG over NBOs-Graphene nanocomposites under U.V irradiation.hn8uahd Subrhamaniyan [20] reported 90%
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degradation of BG in 180min over Cgleolite (Nax) under visible light. Ching-Chang @het al [21] identified
four intermediates mono, di-, tri-, and tetra-N-ihg#ated BG species during degradation of BG ovi@,Tunder
U.V irradiation. Swati Sood et al [22] reported 9%#gradation of BG over Sr-Tydor 60min of U.V irradiation.
Weiyang Dong et al [23] studied degradation of B@roTiO,-SiO, mesoporous nanocomposite under U.V
irradiation and concluded that degradation activwbs better than that for P-25.Thakare and Jadbélvrgported
degradation of BG using ultrasound (US), US®K US+NbOs, US+U.V+NkOs and concluded that the combined
technique is more effective comparative to indialdiechniques. Shanmugam et al [25] reported plegtiadiation
of BG to an extent of 90% over doped S$rm@noparticles under solar light for 105min. Radghpand coworkers

[26] reported photodegradation of BG under soldiatgon for 90min over Ti@ nanoparticles loaded on activated
carbon.

X-ray diffraction pattern of BiV@Q sample synthesized by solid-state metathesisvengn Fig. 1. All peaks in the
XRD pattern coincide with the diffraction peaks ogpd for monoclinc BiVQ of JCPDS File No. 75-2480.
Absence of peaks that could not be indexed asnsrtaat BiVQ formed is phase pure and monoclinic in crystal
structure.
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Fig. 1. X-ray diffraction pattern of BiOCI+NaVO ; mixture in 1:1 mole ratio after grinding and washing

Micro structural investigation of the catalyst p@wddepicted in Fig. 2 shows particles ©oflum with lot of
agglomeration and no characteristic morphology.

Fig. 2. SEM image of BiVQ photoctalyst
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Temporal variation of spectral contours as a fuamctif irradiation time for aqueous BG, BGx34, BG+BiVO, and
BG+BiVO,+H,0, are shown in Fig. 3. From the figure it can benstbat the characteristic absorption peak for BG
is centerevd ahnax = 610nm and aqueous solution of BG does not shoyvappreciable photolysis even for
240min. of irradiation (Fig. 3(a)). In presence RiVO,, BG shows photodegradation to an extent of 50% for
irradiation of 210min (Fig. 3(b)). Presence ofdd led to decrease in absorption intensity of BG upt85% for
irradiation of 240min as seen in Fig. 3(c). However presence of both BiVOand HO,, absorption intensity
decreased rapidly and complete degradation is esthifor 90min of irradiation indicating synergegifect between
BiVO, and HO.,. (Fig.3(d)).
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Fig.3. variation of spectral intensities as a funabn of irradiation time for (a) aqueous solution ofBG, (b) BG +BiVO,, (¢) BG +H0, and
(d) BG +BiVO4+H,0,

There is no observable shift k. With progressive degradation indicating that dittign process is not the
degradation mechanisms as was suggested in Rg¢fw{th TiO, under UV irradiation. Based on the above results
photocatalytic degradation of BG may be explaimeteims of the following mechanism.

B|VO4 +hy — e_CB (B|VO4) + h+VB (B|V04)

e ¢z (BiVO,) + BG— Reduction of dye

e_CB (B|VO4) + H202 — 'OH+ _OH

h've(BiVO,) + OH— OH

BG + OH — degradation products

Effect of amount of catalyst:

In order to optimize the amount of catalyst requiifer complete degradation of 10ppm BG, spectraecerded as
a function of irradiation time with 25, 50,150 a@80mg photocatalyst. From the time dependent vanabf
spectral intensities as a function of irradiatione shown in Fig.(4), it can be concluded that 50snthe optimum
amount of photocatalyst.
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Fig. 4. variation of spectral intensities as a furtion of irradiation time for aqueous solution of BGwith (a) 25mg, (b) 50mg, (c) 150mg
and (d) 200mg photocatalyst and kD,

Langmuir-Hinshalwood model is generally used tocdee the kinetics of photocatalytic degradatioactens in
aqueous solution, according to which, degradasaepresented by a pseudo first-order equatiomdiye

In(C/Cyp) = -kt
where @ is the initial concentration and (S the concentration at time‘'t’. The slope k ie tipparent rate constant.

Fig. 5 depicts a plot of In(,) vs time for photodegrdation of BG, BG+BiV(BG+H,O, and BG+BiVQ+H,0..
Rates of degradation as calculated are given below.
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Fig. 5. Plot of In(Ct/CO0) vs irradiation time for BG, BG+BiVO,, BG+ H,O,and BG+BiVO,+H,0,
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Table. 1. Calculated rate constants for photodegraation of BG with and without catalyst and HO,

photodegradation | Rate constant
k BV (min'l)
BG only -
BG+BiVO, 1.0x10°
BG+H,O, 3.0x10°
BG+BiVO,+ H,0, 5.2x10*

The above results indicate that 10ppm of BG casuoeessfully photodegraded over BiM® presence of yD, for
just 90 min of visible light irradiation. The pregenethod is more economical since the bulk cataysynthesized
at room temperature and photodegradation perforimedsible region which constitutes a large partsofiar
radiation.

CONCLUSION

Monoclinic BiVO, prepared by solid-state metathesis showed enhgploethcatalytic efficiency in presence of
external oxidant kD,. Complete degradation of 10ppm Brilliant green \@ahtieved over 100mg of BiVGn
presence of 10um of 8, for 90min of irradiation. Significant photolysi$ Brilliant green was noticed in presence
of H,O, for 240min of irradiation. But BiVQ+H,O, showed a synergetic effect and caused completediatipn of
Brilliant green dye for 90min of visible light irdéation.
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