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Abstract

Sunlight mediated photocatalytic degradation of rl
chemical coprecipitation (CC) method using BiOCI/F
the starting material along with hydrochloric acid in t
photocatalytic behavior of the prepared BiOCl/Fe was test
The degradation of organic molecules.follows first order ki
such as initial dye concentration, catalyst loading, pt of the
the photodegraaatior of PhB dyc were investigated. An actual textile el
major constituent along with other dyes and dyeing auxiliarics was treatcd using chemical co
precipitation synthesized BiOCI/Fe. The reduction in the chemical oxygen demand (COD) of the
treated effluent revealed a complete mineralization of the organic molecules. It was found that
photocatalytic degradation of rhodamine B from aquecous solutions by BIOCU/Fe is an effective,

economical and environment friendly.

hodamine B (RhB) dye was studied using
e (T = 50°C ) photocatalyst. BiCl, was used as
he chemical coprecipitation of BiOCU/Fe. The
ed through the degradation of RhB dye.
netics. The effect of various parameters
medium, reusability of photocatalyst on
Tluent containng RhB as a

Keywords: BiOCl/Fe nanocomposite, Chemical coprecipitation, Textile effluent, Rhodamine
(RhB)dye, Photocatalysis
1. Introduction

In a view of planctary encrgy utilization, the development of semiconductor photocatalysts for
organic pollutant degradation and water splitting is a challenging and indispensable topic of modermn
rescarch [1). Rhodamine B (RhB) dye is an organic chloride salt having N-[9-(2-carboxyphenyl)-6-
[diclhylamino)-3H-xamhcn-3—ylidcnc]-N-ethy[cthanaminium, i.e. Cy3Hy CIN,O; as the counter ion
and widely used in industrial purposes, such as printing and dyeing in textile, paper, paints, leathers
etc not only this it is also used to determine the rate and direction of flow. However, this dye causes
serious environmental and biological problems, even capable to induce irritation to the skin, eyes.
Thus, the removal of dye from water is a great challenge and a pressing task [2]. Now a days, TiO;
photocatalyst is widely used for photodegradation of dyes which is only active under UV light
irradiation due to its wide band gap (3.20 eV). In the past [ew decades, many researchers have
focused their efforts on exploiting visible light driven semiconductor photocatalysts for
photodegradation of dyes. Z. Zou et al. [3] reported In{1-x)Ni(x)TaO(4) (x = 0-0.2) photocatalyst
could split water and generate H, and O, under visible light.

Many new visible light induced photocalalysts have also been reported, for
photodegradation of dyes, such as Bi,Oy[4] and pholocatalylic activity of Bi;O; under visible light
irradiation with Cu(ll) [5], Bi; WO, nanocrystals[6,7], CaBi,04[8] and BisOyl [9], which are also
found to be active for degrading organic conlaminants or splitting water under visible-light
irradiation. In all of the novel visible light driven photocalalysts, BiVO, with a narrow band ézlp
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i isi ight i hotocatalytic
Eg=2.40 ¢V) has attracted considerable interest for its good visible |Iﬁ:lt uﬁug:;iﬁzn ot \)/(04
;r(%;;rty i gk mc‘hOd; ga‘ﬁl'i)e‘;:;digll‘;!eorﬁ; {?cratm(::nlt) [[I)Z], chemical bath
hotocatalyst, such as sonochemical metho A
glcposition)[BL i o nlelh}fd‘[ltl; ﬂ;] mgz.géoc;f(s)[clusg: tcr;anoparlicl::s under chemical
The' _fOC‘}S OfC‘(lgc aix)\.deszlsltl: ;ﬁn tlls;e pho)tocatalytic degradation of Rh.B_ (CL No‘;szﬁlzl?é
copreClplt:’l‘m])rtl -( 479.02g/mole) using sunlight illumination. The rate determining par::nl'l e
fop}lula\\'clg1 ; L ti'on catalyst loading, pI of the medium, reusability of L_hc phot‘oca at y o
heacte ;ort\_cen:; Rhé were studied in detail. However, since the decolonz‘at:on is na me e
P?(:;oedﬁ!:e;;izgtion of the dye, therefore we investigated thc.photocataly(;::'perg?r:l;?gely e
giOCVFc by the estimation of chemical oxygen demanq {COD) in the degcrl:‘i n‘((’: e
dye RhB were calculated. The study of RhB degradatno:_m and und?rstar_l ing ti s complexity in
belped to consider actual method for the photo.catalyuc study, in view I?ccth e
containing diverse types of dyes and other chemicals, the effluent was co
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Fig.(1): Structure of Rhodamine B dye.

2. Experimental
2.1 Synthesis of BiOC)/Fe nanocomposite Photocatalysts

The Fe coupled BiOC] fanocomposite photocatalysts were
method at 50°C. For that, BiCl; was dissolved j
introduced into the clear solution of BiCl, in differ
suspension was then adjusted to nine with the drop

prepated by a chemical coprecipitation
n 1 M HCI, and then the Ferrous nitrate were
ent weights (0, 5, 10, and 20 wi%). The pH of the

wise addition of aqueous ammonia under vigorous
stirring. The brown colored precipitate was obtained after aging for 20 min, Finally, the precipitates
were collected by centrifugation, washed with deionized water severa] times, and dried at 60°C for 8

ared under the identical experimental

2.2 Photocatalytje degradation

In photocatalytic experiments,

RhB dye (50 ml) and the catalyst (BiOCl/Fe
and exposed to sunlight for |8

0 minutes, Dye samples of about 2-3 m| w
interval from the (est solution, centrifuged for 4-5 mip at 9501000 rpm
recorded al 550 pp using a spectrophotometer (Model: 237,

before and afier the treatment using K>Cr,050xidation method. Th
sel up was employed for (e textile effluen (reatment,
calculated from (he equation givey below,

), were taken in a beaker
ere taken out at g regular
and their absorbance were
Elico, [ndin), COD Was estimated
€ same photocatalytjc experimental
The phiotodegradation efficiency wus

Pllu(odcgmdulion efficiency = lnitiat cop - Fmalcaop
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3.3 Photodegradation study of RhB

Photodegradation process assisted by a semiconductor depends on various parameters like nature
and concentration of the organic substrate, concentration and of the semiconductor, light source and
intensity, pH, etc[17]. The present investigation also reveals that BiOCI-Fe induced photocatalysis
of RhB follows the first order kinetics with respect to RhB concentration.

3.3.1 Effect of initial dye concentration

The effect of initial RhB concentration on the degradation efficiency was studied by varying the
concentration from 5.8 to 33.81 ppm and keeping BiOCI-Fe(200 mg/100 ml) as constant. The
degradation efficiency of RB was found to decrease with an increase in the initial dye concentration,
Fig.(5). With increased dye molecules the solution became more intense colored and the path length
of photons entering the solution decreased thereby only fewer photons reached the catalyst surface.
Thercfore, the production of hydroxyl and superoxide radicals was limited. At still higher
concentration of the dye, the path length was further reduced and the photodegradation was found to

be negligible.

0.9
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Fig.(5): Effect of initial dye cancentration(RhE) on photodegradation efficiency of theBiOC!-FeNps.

3.3.2 Effect of BiOCI-Fe loading

Experiments were carried out by taking different amounts of BiOCI-Fe and keeping dye
concentration constant at 20.35 ppm (Fig. 6). It was found that the rate constant increases up to 300
mg/50 ml of the dye solution, beyond which it shows a drastic reduction. The increase in the
degradation efficiency of RhB with an increase in the catalyst amount may be due to an increase
inthe active sites available on the catalyst surface for the reaction, which in tumn increases the rate of
radical formation. The reduction in the rate constant when the catalyst amount is increased beyond
300 mg/50 ml, is due to light scattering and reduction in light penetration through the solution.With
a higher catalyst loading the deactivation of activated molecules by collision with ground state
moleculesdominates the reaction, thus reducing the rate of reaction [18, 19].

3.3.3 Effect of pH

The pH of the dye solution in the present study was adjusted using varying concentrations of HNO,
or NaOH. The minimum rate constant was recorded at pH 7 and increased with acidic as well as
alkaline pll values (Fig. 7). The pH affects not only the surface propertics ol BiOCUFe
nanocomposite but also the dissociation of dye molecules and the formation of hydroxyl radicals

(20]. Enforcement of the reaction rate under alkaline condition could be attributed to the increase of

hydroxyl ions, which induces more hydroxyl radical formation. In the acidic condition, the
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pethydroxyl radical can form hydrogen peroxide, which the hydroxyl radical. Thus an increase or
decrease in pl from neutral value inereases the rate of reaction, because the formed -OII radicals
alscinitiates the degradation reaction,

To0as 0.05 ‘
0.045 |
004
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:E 0.035 :E 0.035
X N
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0.025
0.025 — 002 -
a 2 4 6 8 10 12 14
0 00 200 (%c‘:g) 400 500 oH
~"f1 Fig.(6):Effect of BiOCUFe loading on rate of Fig. (7): Effect of pH on rate constant of
photodegradation of RhB photodegradation of RhB

3.3.4 Efficiency of reused catalyst

The BiOCl-Fe nanocomposite used in the photocatalytic treatment was centrifuged, dried at 30-40°C
in a hot aii oven before it was reused as such in the succeeding photocatalytic experiment. The
photodegradation efficiency of BiOCl/Fenanocomposite shows only a marginal change after
repetitive use (Fig.8). These results indicate the cost effectiveness of this method.
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Fig.(8): Photodegradation efficiency of the catalyst when reused.

3.3.5 Estimation of chemical oxygen demand (COD)

The chemical oxygen demand test is widely used, as an effective technique to measure the organic
strength of wastewater. The test allows the measurement ol waste in term of total quantity of oxygen
required for the oxidation of organic matter to CO,and water. The COD of the dye solution before
and after the treatment was estimated. The reduction in COD values of the treated dye
solutionindicates the mineralization of dye molecules along with the color removal. Table | 2ives
COD values of blankand treated dye solutions.
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Table 1.COD values of initial and treated RB dye solutions.

i Dye concentration Initial COD Final Pbotodegradnuon |
L (ppm) (mgn) COD(mg/) efficiency

': 38.32 19.12 6.32 66.94

T 100 239 1.05 98.95

B 35.80 473 15.5 67.57
19160 95.6 3.85 90.74

L 38321 191.2 21.86 88.56

3.4 Photocatalytic treatment of textile effluent

i i xtile. In
In any textile plant diverse dyes and chemicals are used to impart attractive ‘;'010;:3 ::te[:: g;‘:;l -
this process enormous amount of wastewater with high concentration o pc ered for the
chemicals are generated. An cffluent with such diverse composition has bcc'rll :fﬂucnt employed
5 photocatalytic degradation in the present study. The visible spectrum of the te;‘(f}l :m wes ued i e
i in the present study was recorded and Amzc Was found't(.) pe 520 nm. The [;1 ut e 1368 a8t
’ ‘ photodegradation studies with a required dilution. The initial COD. otj the e uf.x;h e use;i g
and the %T (measured at 520 nm) was found to be 41% after dlllftlon: S.:ln tl’ﬁ Cat using BIOCE
source of illumination. Results of the photocatalytic treatment of mdu:tnd et‘ uin Aovses St

FeNanocomposite are given in Table 2. It can be seen from tabh? that, the reduc lc;n

the destruction of the organic molecules in the effluents along with colour removal.

Table 2.Photocatalytic treatment of the effluent.

i _Exposure duration % T | Final COD Et’ﬁc‘iencv(%)
[ I 67 1018.72 2031
! 2 75 962.64 247
f 4 86 70581 14.79
[ 6 93 458.7 54,12
' 8 96 320.52 74.92
T 98 179.5 85.95

4. Conclusions

Preparation of photocatalytic BiOCI/Fe was carried out under Chemical co

rzpid photocatalytic degradation of RhB dye was conclude
~’ concentration of the dye, concentration of the BiOCl/Fe and p
be reused for a number of cycles, which will reduc

diverse composition was effectively treated using Bi
of the effluent sugaests that the d

removal. Thus, prepared catalyst BiO

precipitation method. The
d by using kinetic parameters as
H. The BiOClUFe nanocomposite can
¢ the cost of operation. Textile effluent with
OCUFe nanocomposite. The reduction in C OD
ye molecules were completely mineralized along with color
Cl/Fe can be used for rapid degradation of RhB dye.
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