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ABSTRACT

Photocatalytic activity of the synthesized Calcium auminate (CaAl,O,)
nanoparticle with average size of 8.34 nm was assessed on Coralene Dark
Red 2B azo dye in an aqueous solution under solar irradiation. The
nanoparticleswere characterized by X-Ray Diffraction (XRD) and scanning
electron microscopy (SEM). The effect of various parameters, such as ef-
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fect of pH and catalyst loading on Coralene Dark Red 2B azo dye degrada-
tion was investigated. The degradation efficiency was studied by using
spectrophotometer (473nm) with the addition of Calciumaluminate (CaAl,O,)
nanoparticles (average size of 8.34nm) against Coralene Dark Red 2B azo
dye (30 mg/L) and found to be very efficient in the degradation of the dye.
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INTRODUCTION

Azo dyesarewidely used synthetic dyesand are
ma or pollutantsin dyewastewaters. Azo dyesare hav-
ing one or moreazo bondsand areresponsiblefor the
intense colour. Thesedyes are classified asenviron-
mental ly hazardousdueto their toxicity and dow deg-
radation(*2. Varity of synthetic complex organic dyes
are often used by thetextileindustriesfor colouring
materialsof thetextilegoodsfor their creative and at-
tractive look®4. Thus, research is underway for ap-
propriatetreatment to removeimpuritiesand obtain
decol orization of different dyes®. Thecurrent existing
techniques (both physical and chemical) for thetresat-

ment of wastewater containing dyesare cost effective
but, forms hazardous by-products and require more
energy. Similarly thebiological treatment takesalong
timeto reach therequired standards, which produces
large quantity of sludgethat cannot bereused®. Thus,
thereisan urgent need to devel op effectiveaternative
methodstotreat these toxictextileindustry effluents.
Photocatal ytic degradation processisan advanced
technology and iswidely used in the destruction of or-
ganic pollutantsin wastewater and effluents”®. The
photocatd ytic degradation of textileazo dyesby using
nanoparticlessuch asTiO, and ZnO are most widely
studied in recent years®1%. The usage of semiconduc-
tor nanoparticleunder UV light illumination have proved
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to be advantageousand useful in degrading dyesin ef-
fluentd™*2, Further, the nanoparticles such as CuO/
MgO doped with Cr, O, initiated significant increasein
the catdytic activity*3.

Inthe present study, the photocatal ytic activity of
synthesized (low cost) Calcium aluminate (CaAlO,)
nanoparticleswasinvestigated under natura sunlight for
the degradation of an azo dye Coralene Dark Red 2B,
whichiswiddy usadintextileindustry.

EXPERIMENTAL

Materialsand reagents

The nanoparticleswereprepared by using solution
combustion method*4*3, Thecommercially available
water soluble azo dye Coralene Dark Red 2B was
obtained from Col ourtex Limited, Surat, Gujarat. The
Calcium nitrate (Ca(NO,),.4H,0) (99%, AR), Alu-
minium Nitrate (Al (N03) 9H O) (95%,AR), Aceta
mide (C,H.NO) (99%, AR), Wereobtal ned from Hi-
Medi aCheml cas, Mumbai, Indiaand used asreceived
without purification. Metd nitratesalow proper homog-
enization, Al (NO,), 9H,0 and Ca(NQ,),.4H,0O were
sdlected asstarting materids. Acetamide, the chegp and
eadly availableinthe market was used asfuel . Chemi-
cal structureof thisdyeisgiveninFigure 1. The UV-
VIS spectrophotometer 119 (Systronics Company),
single beam, has been used for recording absorbance
at  for theazo dye Coralene Dark Red 2B and the
absorbance was recorded by using UV-V IS spectro-

photometer 169 (Systronics).

Q@

Figurel: Chemical structureof Coralenedarkred 2B dye.

Synthesisof calcium aluminatenanoparticle

A mixtureof stoichiometric amountsof Calcium
nitrate (2.59 gm), Aluminium nitrate (8.25 gm), and
fuel Acetamide (2.36 gm) wasdissolved in approxi-
mately 15ml of distilledwaterinasilicacrucible (100
cmd capacity). The mixture solution wasintroduced
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into the muffle furnace which was preheated at 500°
C. The solution undergoes dehydration and catches
fire by spreading throughout themass, finally yielding
caciumauminatenanoparticles. Theobtained cacium
aluminate was crushed in amortar to make the Cal-
cium a uminateamorphous. Thus, Calcium duminate
isformed. Accordingto propellant chemistry there-
actionisasshowne,

11 Ca (NOj), + 22 (Al (NO3)3* 40 C,HsNO

¢

11 CaAl,0, + 80 CO, + 100 H,O + 64 N,

Procedure

All solar photocata ytic experimentswerecarried out
intheborosi| beakersof 500 ml capacity and was per-
formed during the sunny daysbetween 11:00amto 3:00
pmwhen solar intengity fluctuationswereless, thesolar
intensity wasfound to be 423 |ux during these periods.
The absorbance of the samples were immediately
checked at regular intervasof timeby using spectropho-
tometer 169 (Systronics) before and after reaction at
wavelength473nm (& _ ). Experimentswere repeated
to get better results. The newly synthesized nanoparticles
were characterized by XRD and SEM studies.

The known concentration dye solution was pre-
pared by dissolving 30 mg of Coralene Dark Red 2B
dyein 1000 ml distilled water and it was used for the
degradation. Initially 300 ml of 30 mg/L dye sample
wastested with different catalyst dosage such as 300,
600, 900, 1200 and 1500 mg in presence of direct
sunlight. After the photocatal ytic degradation, the ex-
tent of decolorization was estimated by recording ab-
sorbance of the dye solutionwith respectiveto 30 min
timeinterval. The experimentswere repeated for dif-
ferent pH of 2, 5, 9 and 12 for the same standard solu-
tion. The decol orization efficiency of Caciumaumi-
nate nanoparticlesisshownin Figure 4. The percent-
age of decol orization was determined by using thefol-
lowing equeation.

(Ao_At)

0

Decolorization = x 100

Where, A isthe initial absorbance of dye solution, and A is
absorbance at time ‘t’

XRD and SEM of theprepared calcium aluminate
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nanoparticle
The XRD was performed by powder X-ray diffrac-
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Figure2: XRD of thecalcium aluminatenanoparticle.
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tion (Rigaku diffractrometer) using Cu-K  radiation
(1.5406 A) in a 6-26 configuration. The output from XRD
andyssof theprepared Cdcium duminaenanoparticle
sampleyiddsaplot of intengty versusangleof diffraction
asshowninFgure2. Thusvariousreflectionsof Cacium
auminate nanoparticlesareobserved whichindicatethat
the product isamorphous (JCPDS card no: 70-0134).
Inaddition, thepartides zeisvery smdl accordingtothe
Debye-Scherrer’s formula D = KM/ (Bcos0), where K
isthe Scherrer’s constant, A the X-ray wavelength, 3 is
thefull width of half-maximum, and 0 is the Bragg dif-
fraction angle cd culated usngthe Debye-Scherrer’s for-
mula. TheaveragecryddliteszeD is8.34 nm.

The SEM imagesof prepared Calcium aluminate
nanoparticles have shown atypical textureand mor-

Figure3: SEM micrographsof thecalcium aluminatenanoparticle.

phology. The Figure 3 has shown evenly distributed
amorphousnatureof the Ca cium duminateinthe SEM

images.
RESULTSAND DISCUSSIONS

Effect of catalyst loading

The cata ytic dosage was varied from 300 mg, 600
mg, 900 mg, 1200 mg and 1500mg for 30 (mg/L) of
CordeneDark Red 2B dyemg/L inthe neutral condi-
tion. For thefirst 30 min, it was 79.78 % for minimum
dosage and 83.68 % for the maximum dosage decol -
orized, after 120 min it was degraded up to 84.04 %
for minimum dosage and 86.87 % for maximum dos-
age. Decol orization efficiency was sameand maximum
for al the catalyst dosages of 300 mg, 600 mg, 900
mg, 1200 mg and 1500 mg/300ml. The catalyst |oad-
ing levelsin photoni c adsorption has hel ped the reac-
tionto agreat extent, and the catalyst loading hassig-

nificantly enhanced the degradati on performance”. In
all the dosagestherate of decolorizationisfast inthe
first 30minand dightly dow inthelater oneand half an
hour or theinitial decolorization rateisvery fast and
decreasesexponentidly withtime.

The mechanism of the photocatal ytic degradation
of Coralene Dark Red 2B dyeisasfollows*®.

CaAl,O,+hv—CaAlO, (e, +h",;) @)
h*,; +H,0—>H"+0OH" )
h,,+OH ->OH 3
OH' + CoraleneDark Red 2B — decomposed
CoraleneDark Red 2B (4
CaAlO,+2h* ,— Ca* + 2Al% + 40*

(activeoxygen) (5)

Upon exposureto UV-irradiation, the CaAl O, is
photoexcited and an e ectron-hole pair is formed (1),
wheree , isthedectronintheconductionband, h*, is
theholeinthevaenceband CaAlO, (e, +h*, ;). Due
to theamphoteric property of CaAl O, semiconductor
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nanoparticle, water moleculesin acidic conditionwere
adsorbed on its excited surface and decomposed by
oxidativepotentid of thehole(2). Theformed OH-ions
arefurther oxidized by theholeto produce OH radicals
(3) andlead to partial or complete dye decomposition
(4). Ontheother hand, inacidic solution CaAlLO, re-
actswith the photogenerated holesand undergoes self-
oxidation (5). Thus, the Cordene Dark Red 2B dyewiill
also befurther decomposed by the action of themore
number of newly generated active oxygen.

Effect of pH on thedye samples

The rate of degradation was found to belessin
neutral condition ascompared to other pH rangeswith
the degradation of approximatey 87% in 120 minutes.
When the pH increased to 9 and 12 therate of degra-
dation wasincreased with the degradation of approxi-
mately 90%in 120 minutes. Also when pH decreased

03 - 03
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to pH 2 and 5 the degradation rate was high. Henceit
isconduded that thedegradationinacidic medium, basic
medium ishigher thanthat of neutral medium. Thein-
creaseinrateof photocatd ytic degradation may bedue
tothemoreavailability of OH-ions. In pH range be-
tween 2 to 12 more O'H radicals may be generated
dueto electronic excitation in catayst. Formation of
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Figure4: Effect of pH on decolorization efficiency of calcium
aluminatenanoparticleagaing Coralenedark red 2B azodye.
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Figure5: Effect of catalyst load on thedecolorization of coralenedark red 2B dyesat concentration 30mg/L, on 5(a) Neutral,

5(b) pH 2, 5(c) pH 5, 5(d) pH 9, and 5(€) pH 12.

these hydroxyl radicasisresponsiblefor thehigh pho-
tocatalytic degradation. ThepH effectisshowninFig-
ure4and Figureb.

CONCLUSON

It was observed that the synthesized Calcium alu-
minateissolar photosensitive and effectivein degrad-

ing selected model azo dye completely inashort in-
terval of time. Photocatal ytic decol orization of water
soluble azo dyeisdependent onirradiation timeand
catdyst loadingi.ehigher theirradiationtimeand cata
lyst dosagehighwill bethedegradation and viceversa
The protocol devel oped may be employed effectively
intreatment of textile dye effluentswhich arecausing
pollution in the environment, asthe catalyst found to
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be eco-friendly and economically cheap compared to
other oxidative processes. Further researchwork is
under progress.
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