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ABSTRACT

Owing to extensive manufacturing and widespread uses, synthetic dyes can
cause substantial environmental pollution and are severely harmful for human
health. Though, the increasing influence of environmental protection on industrial
development promotes the development of green technologies which are eco-
friendly. The dyes present in water reduce the photosynthetic activity of aquatic
plants by interrupting the entering sun rays, resulting in the annihilation of the water
ecosystem. As a result, pollution related diseases are becoming more and more
prominent. Also, several dyes and their metabolite products are found to be
mutagenic and carcinogenic for humans.

Consequently, different chemical biological and physical methods are used
for environmental remediation of dyes. Although, thus implied methods are found
to be insufficient for the removal of all potentially hazardous dyes and may generate
toxic secondary pollutants into ecosystem. Therefore, an effective method is needed

for complete mineralization of organic pollutants from waste water.

In recent years, semiconductor photocatalysis as the pioneering purification
technology draws attention, because it is able to generate highly reactive transient
species for complete mineralization of dyes. But, the efficacy of photocatalysis is
limited as most of the catalysts show response in UV light only, and hence, it is
necessary to modify photocatalyst to enhance their photocatalytic activity in visible
light region.

Perovskites are the mixed metal oxides with the general formula ABOs. In
the typical crystal structure of perovskite material, the A site is engaged by the
larger cation, while the B site is occupied by the smaller cation. Perovskites are one
of the most important families of materials exhibiting properties suitable for
numerous technological applications. Perovskite materials have been studied for
photocatalytic degradation of various pollutants such as phenols, dyes and drugs
from waste water. Thus this thesis presents a study of the synthesis of BaBiOz and
Bao6Ko.4BiO3 perovskites via Pechini method and their subsequent use as a
photocatalyst in photodegradation of various dyes i.e. Crystal violet, Malachie
green and Congo red. The initial rates of the photo-degradation are calculated for

various initial dye concentrations. The Langmuir-Hinshelwood model is used for



interpreting the initial rate data and for the development of a rate equation for
degradation of the studied dye. An adsorption study has also been discussed.

The structural, morphological and optical characteristics of the synthesized
nanoparticles were studied by Thermo Gravimetric Analysis (TGA), powder X-ray
diffraction, Fourier Transform Infra-Red spectroscopy, UV-Vis Diffuse
Reflectance Spectroscopy (UV DRS) and Scanning Electron microscopy (SEM).

The XRD patterns suggest that BaBiOs crystallizes in the distorted
monoclinic structure while BaoeKo.4BiO3 crystallizes in the cubic structure. The
strong and sharp peaks in the diffractograms indicate the crystalline nature and
phase purity of the prepared samples. The phase evolution of both the catalysts with
increasing temperature was done by DT-TGA. The TGA curves show that above
final calcination temperatures (800°C for BaBiOs and 720°C for BagsK004BiO3),
no weight loss is observed, hence it is concluded above this temperature, the
perovskite are stable. FTIR spectrum shows the presence of the bands around
465cm™ in both the catalysts confirming the metal-oxygen bond formation, which
Is the characteristic property of perovskite materials. The diffuse reflectance
spectroscopy showed that the catalysts have a broad absorbance in visible region of
light. The onset optical absorption edge was around 600 and 660 nm for barium
bismuthate and K doped barium bismuthate respectively. The band gap calculation
was done by Tauc’s plots through the converted KM functions. The band gap of
BaBiOz and Bao sKo.4BiO3 was found to be 2.07eV and 1.87eV, respectively. Owing
to the low band gap, the catalysts were supposed to be promising in displaying
their activity in photocatalysis under visible light irradiation. The SEM studies
show that both the samples are homogeneous uniform nanoparticles, having 520nm
size for BaBiOz and 45-101nm for Bao.cKo.4BiO3. SEM images reveal the nano rod
type structure for BaBiOs and plate like layered structure for Bao.sKo.4BiOz.

The feasibility of adsorption and photocatalytic degradation of all the three
studied dyes dye using BaBiO3z and Bao.sKo4BiOs as in the form of aqueous
suspension under visible light irradiation has been investigated. Since, the
photocatalytic degradation is directly related to the adsorbed quantities of the
pollutant, the adsorption properties of all the three studied dye on to BaBiOs and

Bao 6Ko0.4BiO3 are also discussed in terms of Langmuir and Freundlich adsorption



isotherms. The photocatalytic degradation was expressed in terms of LH kinetic
model, and the subsequent rate constants are also determined. The effect of different
operational parameters such as initial dye concentration, catalyst dose, solution pH
and temperature on the rate of photo degradation is studied. Moreover, reusability
of these catalysts is studied. Furthermore, to estimate the degree of mineralization,
measurements of total organic carbon has also been conducted In the present
studies, the percentage removal of three studied dyes through photocatalytic
degradation by BaBiO3z and BaosKo4BiO3 was also compared with the TiO;
(Degussa P-25).

It is to be noted here, that among the three studied dyes, Crystal violet
suffers degradation with highest rate followed by Malachite green and then by
Congo red in the end. It seems that the triphenyl amine structure of Crystal violet
dye is more susceptible to degradation in photocatalytic reaction in comparison to
Malachite green having two dimethyl amino group and Congo red having a bulky
ensemble, including one central biphenyl group and two symmetric amino

substituted naphthalene group.

In summary this work provides better photocatalytic activity of synthesised

materials using a green chemistry route for environmental purification.
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AOPs: Advanced Oxidation Processes

Ag: Silver

Au: Gold

Ads: Adsorbed

B: Adsorptionequilibriumconstant

Ba: Barium

Bi: Bismuth

Bi2Os: Bismuth ( ) oxide

CA: Citric acid

CB: Conduction band

CdS: Cadmium sulphide

COz: Carbon doxide

Conc: Concentration

Co: Cobalt

Co: Concentration at time t=0

Ct: Concentration at time t

Ce Concentration after adsorpti@esorptiorequilibrium
CR: Congo red

CV: Crystal violet

CCly: Carbon tetra chloride

DNA: Deoxyribo nucleic aid

e Electron

EDTA: Ethylene diamine tetraacetic acid

EG: Ethyleneglycol

Ey: Band gap

eV: Electron Volt

Fe: Iron

FE-SEM: Field-Emissionscanning ectronmicroscopy
FTIR: Fourier tansforminfra-red spectroscopy
g: Gram

h*: Positive holes
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