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Abstract

light.

Well crystalline nanostructured TiO powder was synthesised by Co-
precipitation method using Titanium (IV) isopropoxide and CTAB are
precursor materials to maintain in 1:1 ratio concentration. The synthesized
powder was structurally, morphologically and optically analysed to using
X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM) and UV-Vis
absorption spectra. The betalain pigment of polluted water was prepared
from Beta vulgaris extract at room temperature (RT). The 89% of betalain
pigment was degraded at 40 min from Beta vulgaris extract polluted water
using as-prepared TiO, powder as a photocatalyst material under visible
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Introduction

In recent years, the natural and synthetic pollutant
has been increasing in modern development
countries in the world."2 The many researches was
done to monitored and control the synthetic pollutant
such as textiles dye® and pharmaceuticals®, but
still natural polluted wastewaters such as sewage
water, kitchen waste etc. are under in rest, so more
research is wanted to control the penetration of
natural pollutant contain some organic compounds
into the environment.

The TiO, is the best photocatalytic material under
UV light with wavelength less than 390 nm from the
literature. It is the largely commercially available, low
cost, non-toxic, more thermal and chemical stability®.
So most of the researcher gives attention to TiO, for
solar cell fabrications, gas sensor and degradation
of textile dyes due to low cost and user-friendly.5®

Anthocyanin, chlorophyll, carotenoid carotene and
xanthophyll are the naturally available pigment
presented in varies plants.®'® Among them,
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Betalain is the interesting pigment commercially
available sources in leaves, fruits, plants and it
occurs in fungie(e.g Fly agaric). The betalain are
easily water soluble nitrogen containing pigment
and betalamic acid is the chromosphere of betalain
pigment. It divided into two types structurally red-
violet betacyanins with maximum absorption in at
max~535 nm and yellow-orange betaxantins with
maximum absorption at max~480 nm. The pH range
from 3 to 7 the betalain have in stable condition and
pH value less than 3.5, the maximum absorption
peak shift to lower wavelength side." The Beta
vulgaris (Beta vulgaris L.) is the crop commercially
available easily to get betalain pigment. The major
content of Beta vulgaris is betalain of 75-95% of the
red pigment.'2'3

In commercially, betalain pigment is used for food
dye exactly, in colour changing purpose because
it is cheaper, easy availability and there is no
notable side-effect. Some examples of usage of
betalain pigment in ice-cream, sweet, dry mixes,
confectioneries, jams, candy and desserts.'3*

The degradation kinetic of color change in Beta
vulgaris puree was studied with respect to
temperature range of 50-120 °C."? The photocatalytic
degradation of levofloxacin was done under UV light
to achieved 90% degradation in 120 min using TiO,
nanoparticles as a photocatalytic material.’® The
photocatalytic degradation of wattle (Acacia mearnii)
extract under visible light using mixed catalyst
CdWO,-ZnO powder.'® The wastewater of synthetic
apple juice was degraded under solar light."”

In this paper, nanostructured TiO, powder was
synthesised by Co-precipitation method and to
degraded kitchen wastewater (betalain pigment).
The prepared samples are characterised by
XRD, SEM and UV-Vis absorption studies. The
prepared nanostructured TiO, powder was used
as a photocatalyst to degrade the betalain pigment
presented in wastewater under visible light at RT.

Experimental Section

Preparation of Nanostructured TiO, Powder
Thenanostructured TiO, powder was synthesised
by Co-precipitation method as follow the literature.®
Titanium (IV) isopropoxide (Ti{OCH(CH,),],, 97%)
and Cetyl-N,N,N - trimethylammonium bromide
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(CTAB) was used as a precursor. In this synthesis
process, 25 ml of deionised water was mixed into
6.25 ml of ethanol (C,H,OH, 99.5%), add 0.91 g of
CTAB and stirred for 30 min. 3.58 ml of Titanium (V)
isopropoxide was added and constant stirring for
24 h.The prepared milky solution was aged at 24 h.
The precipitate was centrifuged several times with
water, finally washed with ethanol and annealed at
80 °C for 12 h in hot air oven. The resultant
amorphous TiO, powder was calcined at 450 °C for 4
h and finally to obtained nanostructured TiO, powder.

Photocatalytic Degradation Activity

Photocatalytic degradation of betalain in aqueous
solution under visible light of 10 W LED bulb. Fresh
Beta vulgaris was purchased from local market and
washed it in deionised water, to remove the water
soluble solvent and dust particles. To pealed out the
skin of Beta vulgaris and scrapped into small pieces.
4 g of sliced Beta vulgaris in 100 ml of water and
stirred it well in dark place for 10 min. The prepared
natural betalain pigment was filtered and pH of the
wastewater was 5.8 in RT. 5 mg of prepared TiO,
nanoparticles was added it in prepared betalain
pigmentin polluted water and continuous stirring
under visible light. The entire reaction was take
place into manually made photocatalytic chamber.
The photocatalytic degradation was continuously
studied by UV-Vis absorption spectra.

Characterisation Measurement

The structural, phase and crystallite size of the as-
prepared nanostructured TiO, powder was studied
by X-ray Diffraction pattern (PANalyticalX’pert Pro)
using Cu-Ka radiations with wavelength =0.15406
nm in 20 range from 20° to 80°. The morphological
study of synthesised TiO, powder was investigated
by SEM (VEGA 3 TESCAN). The optical properties
of the synthesised powder was analysed by UV-Vis
spectrophotometer (Elico, SL-159). The manually
made photocatalytic chamber was used to study
the photocatalytic degradation activity of betalain
pigment in wastewater under visible light (10W,
NEO+ LED,Surya and India).

Result and Discussion

XRD Studies

The crystallinity of synthesised nanostructured
TiO, powder was analysed by X-ray diffraction
(XRD) pattern as shown in Fig. 1. From this result,
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the diffraction peaks are presented at 25.5°, 38.0°,
48.1°, 54.2°, 55.3°, 63.0°, 69.1°, 70.7° and 75.3°
corresponding to the plane of indexed to (101), (004),
(200), (105), (211), (204), (116), (220) and (215).
The synthesised powder have anatase system,
tetragonal structure with body-centred lattice and its
pattern matches JCPDS file (Card No: 89-4921).19-20
The crystallite size (D) of material was founded by
using scherrer's Formula?' are given below.
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D=(0.91)/(pcosb)

Where 2 is the X-ray Wavelength of 1.5406 A, B is
full with half maximum of the peak (in radians) and
6 = Bragg diffraction angle (*). The average crystallite
size of nanostructured TiO, powder was about 16 nm
roughly. And the crystallinity of XRD figure was also
confirmed the purity of TiO, composite.
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Fig.1: XRD image of synthesised nanostructured TiO powder

SEM Analysis

The size and distribution of synthesised
nanostructured TiO, powder with different
magnification was studied by using SEM micrograph
as shown in the fig. 2 (a&b). From this SEM graph,
agglomerated TiO, particles are found in nanometer
size and average agglomerated particles size was
approximately less than 90 nm, it was roughly
confirmed using SEM particle size mapping. As

kx | Date( 1318 The

Fig. 2: SEM micrograph of nanostructured TiO, powder (a) 2um (b) 1 pm

represented in Fig.2a&b, meso-TiO, is made of large
irregular shaped particles formed due to aggregation
of several uneven spherical nanograins. The surface
of film exhibits a porous structure (Fig. 2). It may
be realized that further heat treatment of the film
at 450 °C and above results may improving inter-
particle contacts thereby enhancing the transport
of photogenerated electrons.'®

SEM HV: 20.0 KV
View field: 6.27 jim Det: SE bm
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Optical Properties

UV-Vis absorption spectrum of synthesised
TiO, powder was carriedout by using UV-Vis
spectrophotometer in the range between 200 to 900
nm as shown in the Fig. 3 a. It gives, the synthesised
powder have more active in ultraviolet region. Fig.3 b
shows the Tauc’s plot which is used to find the optical
band gap (Eg) of the synthesised nanostructured
TiO,. The calculated band gap is found 3.16 eV.
The band gap value of this sample is smaller to bulk
TiO, (3.2 eV) from the report 22 and it confirms that
quantum confinement effect in the material. The
absorption spectrum of betalain pigment extracted
from Beta vulgaris was shown in the fig. 3 c. In this
spectra exhibit an absorption peak around at 535.74
and 482 nm corresponding to red-violet betacyanins
and yellow-orange betaxantins presented in the

betalain pigment in literature.11Yellow-orange
betaxantins was presented higher in the prepared
natural pigment.

Photocatalytic Degradation Activity

The photocatalytic activity of synthesised
nanostructured TiO, powder was studied by using
UV-Vis absorption spectrum using under visible
light as in fig. 4 a. The as-prepared TiO, powder
was added in betalain pigment polluted water
with continuous stirring under visible light in room
temperature. The betalain pigment was degraded
continuously depends upon time. The colour
monitoring experimental image of betalain pigment
degradation with respect to time as shown in Fig. 4 b.
The 60% of degradation was reached at 25 min and
then, 40 min later 89% of degradation was achieved.
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Fig.3: UV- Vis absorption spectra of (a) Nanostructured TiO, powder, (b) Tauc’s plot of synthesised
TiO, powder (c) Betalain pigment in water
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Fig. 4: (a) UV-Vis spectra of photocatalytic degradation of betalain pigment in polluted water and
(b) Degradation of betalain pigment by colour changes with respect to time

The photo degradation under UV-visible light source
involves absorption of a photon by the photocatalyst
which causes charge separation and excites electron
to conduction band of the catalyst resulting in
generation of active hydroxyl radicals by oxidation
of water molecules with photo generated holes and
oxygenated species that attack the dye molecules.
The generated electrons by photon absorption
either reacts with O, adsorbed on titanium surface
or reacts with water to give suproxide anion radicals
or it may reduces the dye. The holes are responsible
for generation of OH radicals, by reacting with
hydroxylions or water. The hydroxyl radical exists
for nanoseconds, thus when they formed they
immediately reacts.?®2¢ The important reactions
which takes place on titania surface for degradation
of organic dyes are

TiO, + UV light(Photon) — TiO,(E ., + H, ;)
TiO, (H,z) + H,0 — TiO, + H*+ OH(Radical)
TiO, (H,z) + OH — TiO, + OH(Radical)
TiO, (HE_ ;) + O: — TiO,+ O:-

Oze- + H* > HO,

Dye + Holes — oxidation product

Dye + Electron — Reduction Product

Dye + hydroxyl radicals — degradation products

Conclusion

Nanostructured TiO, powder was successfully
synthesised by co-precipitation method at room
temperature and worked as a photocatalytic
material to degrade betalain pigment. The
structural, morphological and optical properties
of the synthesised TiO, powder were done. In
photocatalytic degradation process, 89% of betalain
pigment was degraded in polluted water at 40 min
under visible light. The degradation conditions
strongly affect the nanostructure of TiO, and The
photocatalytic degradation of organic dyes is largely
dependent on morphology of TiO, nanostructures.
The TiO, nanopowder can be easily recycled and
reused having good stability and photocatalytic
activity. We expect that TiO, nanopowder with
different morphologies is favourable and good photo
catalysts for treating dye effluents and industrial
wastewater and kitchen waste.
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