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APRESENTACAO

O e-book “Base de conhecimento gerado na Engenharia Ambiental e Sanitéaria 37,
constituido por vinte e oito capitulos de livros que foram organizados e divididos em trés
grandes areas tematicas: (i) gestdo de residuos solidos e liquidos; (i) uso e impactos
ambientais gerados por aterros sanitérios e (iii) gestao e qualidade dos recursos hidricos.

Diante disso, inUmeros estudos ja concluiram que varios recursos naturais (agua,
minerais, combustiveis fésseis e seus derivados entre outros) ndo sao renovaveis para
suprir a necessidade e crescente demanda para manter tanto a atual quanto as futuras
geracg0es, se ndao houver uma mudanca dréastica no atual estilo de vida e visdo do homem.
Neste sentido, a forma se pensar a relagdo homem/ambiente, surge a necessidade de
melhorar a gestdo de materiais e praticas de trabalho. Neste contexto, a construgéo civil
e os diferentes seguimentos industriais passaram por uma mudanca radical encararam
ao criar e aplicar novas praticas e rotinas de trabalho, possibilitando a geragdo minima
de residuos e aumentando o seu reaproveitamento em outros setores da sociedade.
Neste sentido, a adogéo de novas praticas de fabricacao e trabalho levou a: (i) redugéo de
custos com aquisicdo de matérias — primas; (ii) incorporagéo de residuos na composicéo
de diversos produtos industrializados; (ii) 0 reaproveitamento e tratamento de efluentes
antes do seu lancamento em corpos aquaticos; (iv) aprimoramento constante do quadro
de colaboradores e (v) aquisicao de novas tecnologias foram os principais fatores para
se atingir este éxito. Entretanto, a falta de um sistema de educag¢do mais efetivo e uma
legislacéo mais restritiva e punitiva para o poluidor ou a fonte de polui¢éo, se constitui em
um entrave para a pratica de um desenvolvimento mais sustentavel.

Diante disso, inUmeros residuos s@o gerados e destinados a areas para receber
todo material enviado que sera disposto da forma mais adequada — os aterros sanitarios.
No entanto, a existéncia destes néo significa em eliminar o impacto gerado pelos residuos,
visto que estas areas possuem um tempo de vida Util e a precarizacéo da infraestrutura
faz com que estes espacgos sejam vetores de transmissé@o de doengas e com alto poder
de contaminacédo tanto do solo com de recursos hidricos que estejam proximos. N&o
obstante a presencga de pessoas e animais nestes lugares se caracteriza como um centro
de veiculacéo de inUmeras doencas.

A destinacao inadequada de residuos se constitui no maior responsavel por alterar
a qualidade dos recursos hidricos contribuindo tanto para a sua néo utilizacdo para fins
potaveis quanto para a sobrevivéncia dos diferentes organismos dos diversos ecossistemas
existentes no Brasil. Logo, a utilizacdo de tecnologias que promovam o monitoramento e
tratamento dos corpos aquaticos é de suma importancia para preservar e garantir que estes
néo venham a faltar em um futuro bem préximo.

Pensando nisso, a editora Atena trabalha com o intuito de estimular e incentivar tanto



a publicacgdo de trabalhos cientificos quanto a disponibilidade destes de forma gratuita por
intermédio de diferentes plataformas em tempo real e acessivel a todos, contribuindo para
o desenvolvimento de uma maior consciéncia ambiental.

Cleiseano Emanuel da Silva Paniagua
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ABSTRACT: The photocatalytic reactions of TiO,
are carried out under environmental conditions,
the photoactivity is limited by the width of the
catalyst photoactivation band (3.2eV), the
rapid rate of recombination of charge carriers.
The radiant energy of the UV light spectrum
is necessary to activate the photocatalysts,
as an alternative is to use the irradiation of
visible sunlight. In this work, photocatalysts
were obtained by microwave-assisted sol-gel
impurified with Fe and Ni in concentrations 0.1-
0.25%. Photodegradation of dyes from the textile
industry was used: acid blue 9 and Rhodamine B
at 20 mg / L (or 20 ppm). The best degradation
was given for TiO, (0.10% Fe) (0.25% Ni) without
calcination in a time of 90 min, reaching up to
62% degradation with Visible Light and with UV
Light lamp up to 40%. The introduction of these
ions: Fe** and Ni** in the TiO, network and the
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levels of impurity generated in its intrinsic band
gap network result in the treatment of wastewater
from the discharges of the textile industry, under
conditions of activation with sunlight.
KEYWORDS: Photodegradation, Rhodamine B,
Band Gap.

FOTODEGRADAGAO DE POLUENTES
DE AGUA COM CATALISADORES TIO2
ATIVADOS COM LUZ VISIVEL E LUZ UV

RESUMO: As reagbes fotocataliticas do TiO,
séo realizadas em condicbes ambientais, a
fotoatividade é limitada pela largura da banda
de fotoativagdo do catalisador (3,2ev), a rapida
taxa de recombinacdo dos portadores de carga.
A energia radiante do espectro de luz ultravioleta
€ necessaria para ativar os fotocatalisadores,
enquanto uma alternativa é usar a irradiagéo
da luz solar visivel. Neste trabalho, os
fotocatalisadores foram obtidos por sol-gel
assistido por micro-ondas impurificado com Fe e
Ni nas concentracdes de 0,1-0,25%. Utilizou-se
a fotodegradacao de corantes da industria téxtil:
azul acido 9 e RodaminaB a 20 mg/I (ou 20 ppm).
A melhor degradagéo foi dada para TiO, (0,10%
Fe) (0,25% Ni) sem calcinagdo em um tempo
de 90 min, atingindo até 62% de degradacéo
com luz visivel e com lampada uv de até 40%.
A introdugéo desses ions: Fe* e Ni** na rede
TiO, e os niveis de impurezas geradas em sua
rede band gap intrinseca resultam no tratamento
de efluentes de descargas da industria téxtil, sob
condi¢cdes de ativacdo com luz solar.
PALAVRAS-CHAVE: Fotodegradacéo,
Rodamina B, Band Gap.
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INTRODUCTION

The titanium dioxide (TiO,) material used and investigated, due to its electrical and
optical properties, good chemical stability, resistance to photo-corrosion and great oxidizing
power. [1,2]. Considered an ideal semiconductor for photocatalysis [3]. In order to broaden
the photo response of the catalysts towards visible light, solutions such as: NTC composite
photocatalysts, sensitizing stains, deposition of noble metals or metal ions, impurification
with transition metals (Cu, Co, Ni, Cr, Mn,) have been developed. Mo, Nb, V, Fe, Ru, Au, Ag,
Pt) and non-metallic elements (N, S, C, B, P, I, F) [4].

Load carriers trapped in these traps can survive long enough to react with water or
other substances adsorbed on the surface of the semiconductor [5]. On the other hand,
color in wastewater is the most obvious indicator of the contamination of organic waste in
water. A disadvantage of traditional wastewater purification methods is the fact that they are
not destructive [6].

Having a need in the development of technological innovations for the treatment
of these colored waters [7]. Azo dyes are one of the important materials in the textile and
paper industry, while 10-15% of the dye is lost during the process of dying and released as
effluent the released coloring compounds increase environmental pollution, and generate
dangerous products. health humans [8].

As an alternative treatment, Photocatalysis through TiO, impurified with transition
metals and activated with UV light and Visible light, which degrade the complex molecules
of azo dyes: Acid Blue 9 and Rhodamine B.

Water on land is one of the most abundant natural resources, but only about 1%
of that resource is available for human consumption [9]. It is estimated that more than 1.1
billion people lack adequate drinking water supply [10], due to the rising cost of drinking
water, population growth and the variety of climate and environmental concerns. The
biggest challenge in the water supply chain is the continuous contamination of fresh water
or a variety of organic and inorganic contaminants.

Wastewater treatment and drinking water can reduce these concerns [11]; However,
traditional treatment methods are not efficient enough to completely eliminate emerging
pollutants and meet strict water quality standards. In addition, existing wastewater treatment
technologies have several drawbacks such as high energy requirement, incomplete removal
of contaminants and generation of toxic sludge.

Biological wastewater treatment is widely applied, but these are generally slow,
limited due to the presence of non-biodegradable contaminants, and at some point cause
toxicity to microorganisms due to some toxic contaminants. The physical process such
as filtration can eliminate contaminants by transforming from one phase to another but
producing a highly concentrated sludge, which is toxic and difficult to get rid of.

In the previous context, there is a requirement for efficient and powerful technologies
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for the treatment of municipal and industrial wastewater [11]. This can be achieved by
developing completely new methods or improving existing methods. Among the various
emerging technologies, advances in nanotechnology have shown incredible potential for
wastewater remediation and several other environmental problems [12,1,13].

The textile industries consume two thirds of the 10,000 different types of dyes and
pigments produced annually. Although dye fixation depends on the dye class, type of fabric
and other dyeing parameters, almost 10% of the dye used is discharged into the effluents
as a result of this process.

Conventional wastewater treatment such as acid neutralization and alkaline
liquors flocculation and chemical oxidation result in 70-80% of the discoloration, while
still maintaining the organic carbon load in the effluent [14]. As an alternative treatment,
Photocatalysis through TiO, impurified with transition metals and activated with UV light and
Visible light, figure 1 and which degrade the complex molecules of azo dyes, figures 2 and 3.

hv

Recombinacién
superficial

e+

B o+ A
i ' Recombinaciém
En el volumen

Figure 1.- Process that occurs in the semiconductor-electrolyte interface under lighting.

Figure 2.- Molecular structure of the dye Figure 3.- Molecular structure of
Acid Blue 9. Rhodamine B.
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METHODOLOGY

The sol-gel method is a synthesis method that allows obtaining metal oxides in the
form of powders, thin films or as a dense material, whose objective is to achieve a high
purity solid of high homogeneity on a molecular scale. In addition, it has four general stages:
1. Preparation of a colloidal solution of the precursors, 2. Gelification of the solution, 3.
Drying of the gel (xerogel), 4. Calcination of the xerogel to obtain the ceramic material.

The microwave-assisted synthesis consists of adding the precursor materials
in a reactor, which is entered into a source of energy or heat, this energy increases the
temperature and pressure of the internal system, modifying these conditions to subcritical
inside, which favors the reaction processes, which can be homogeneous or heterogeneous.
This synthesis is an alternative to provide thermal energy to a reaction with advantages
such as: saving time and energy, generating fewer by-products, optimizing yields, obtaining
products in a smaller number of steps.

Its form of heating uses the property of some molecules to transform electromagnetic
energy into heat, many molecules are electrical dipoles, which means that it has a partial
positive charge at one end and a partial negative charge at the other, and therefore they
rotate in an attempt to align with the alternating electric field of microwaves. When rotating,
the molecules collide with others and set them in motion thus dispersing the energy. This
energy, when dispersed as molecular vibration in solids and liquids (as potential energy and
as kinetic energy of atoms), is done in the form of heat, Figure 4 shows the movement of
polar molecules by microwave heating. [15, 16].
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Figure 4.- Microwave heating and conventional heating.
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The following reagents and equipment were used for the synthesis of TiO,

photocatalysts doped with Nickel-lron: Ethyl alcohol. Titanium Butoxide. Deionized water.
Nickel Nitrate Hexahydrate [Ni(NO,),*6H,0]. Ferric nitrate [Fe(NO,),*9H,0]. Micro-waves:
Synthos 3000. Photocatalytic reactor. The model molecules: Acid Blue 9 and Rhodamine B.

The concentrations used of the dyes are 20 mg / L (or 20 ppm).

RESULTS AND CONCLUSIONS
Starting from the pure photocatalyst, figure 5 (a) and (b) with visible light, 62% for

(TiO,-0.25% Ni) without calcination in a time of 90 min of degradation without heat treatment
and in b) 100 min 85% , for pure TiO,, Figure 5 (c) Photodegradations of TiO,-0.10% Fe-0.25%
Ni calcined at different temperatures with visible light and Figure 5 (d) with Uv light lamp.
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Figure 5.- a) Photodegradations of TiO,
- 0.25% Ni at different temperatures with

Visible Light Lamp.
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The extended absorption within the region of visible light for the doped TiO,
photocatalysts is explained in terms of the excitation of the electrons of the doping agent
ions and then they are directed towards the conduction band of the TiO,, being a metal
that transfers load to the conduction band of the photocatalyst. The impurities entering the
semiconductor crystal network form new energy levels between the valence band and the
conduction band or within the TiO, band gap.

Particularly, in the enhanced absorption in the visible light region of the TiO, powders
doped with nickel and iron, it is considered that the excitation of the 3d orbital electrons of
this ion that dopate the catalyst is involved and then move towards the conduction band ,
according to their respective energy level. [17, 18]

An ion that is more electropositive than titanium should not be chosen since the
spectrum would move towards shorter wavelengths (increases the energy value of the band
gap), compared to the spectrum of the pure material. The valence band of TiO, powder
would stabilize more with the impurity ion. In the pure catalyst, excitation occurs from the
valence band (mainly formed by the 2p orbitals of the oxide anions) to the conduction band
(mainly formed by the 3d orbitals of the Ti** cations). [19]

The color in the impurified semiconductors is an indicator that they are absorbing
visible light. [20, 18] In addition, Uhm et al. [21] indicated that the brightness of the color
affects the light absorption thresholds of the UV-Vis spectrum and that the TiO, photocatalyst,
originally white, is very likely to change to yellow due to the shift in the absorption of light to
the visible light zone because of the addition of nickel.

A coloration was distinguished in the synthesized impurified semiconductor oxides
that became stronger as the amount of metallic impurity in these increased, with which it
was assumed that there would be a greater absorption of visible light in these materials but
nonetheless, it was not observed such a matter in the doped TiO, that was synthesized and
this confirmed that the levels of impurification in the dusts produced were too small to see
considerable visible light absorption.

The result of the TiO,0.25-Ni photocatalyst was attributed in the first instance to the
adsorption achieved and secondly, but more importantly, to doping due to the percentage
of degradation obtained of 62%, which is much higher than that of the others. synthesized
samples.

FTIR studies doped with some transition metal were made in the middle infrared, a
region that ranges from 4000 to 400 cm-1. Figures 6 and 7.
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Figure 6.- Photodegradation of TiO,- 0.10% Fe at different temperatures with visible light lamp
(Rhodamina B). FTIR patterns with maximum degradation 45% with 2.2 Ev of Bandgap.
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Figure 7.- Photodegradations of TiO,-0.25% or at different temperatures with Luz Visible lamp,
(Rhodamina B). FTIR patterns with 62% degradation and 2.65 Ev of Bandgap.

The Infrared Spectroscopy with Fourirer transform (FTIR) shows, the main bands are

observed in 3726, 2318, 2318, 1645, 1159 and 576 cm-1. The peaks at 3730.39, 3226.11,
and 3195.86 cm-1 together with 1632.60, 1634.37 and 1638.70 cm-1 are assigned to the
bending vibrations of adsorbed water molecules and stretching vibrations groups O - H.
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The presence of hydroxyl bands is due to chemical and physical substances in the
adsorbed water on the surface of the nano particles. The band at 2987.81, 2974.18 and
cm-1 is assigned to the stretch C - H vibration. The weak band at 2396.75 and 2345 cm -1 is
attributed to atmospheric carbon dioxide. The band at 1159 cm-1 is due to the vibration Ti -
O - Ti. The band arises around 576 cm-1 due to the stretching vibrations of groups Ti - O and
Ti- O - Ti. The band at * 576 cm-1 is shifted towards the lowest wave number, particularly
in the case of Ni. It can be associated with disorder (oxygen vacancies and size difference)
creating by dopants. This generates greater photocatalytic activity, especially without heat
treatment, since these bands are more useful, and as the calcination temperature increases,
these bands decrease and also the photocatalytic effect.

TiO, samples doped with metal indicate that there are more Ti-O-Ti vibrations [22].

Bands of lower wave numbers require less vibration energy due to disorder. Doping
of the lower valence state cations creates oxygen vacancies in the system to maintain
system neutrality. In addition, the bands move towards a lower wave number. They are also

associated with the bond strength that becomes weak after doping.

CONCLUSION

+  TiO,photocatalysts doped with Ni and Fe were obtained and activated in the
Visible Light band, for the mineralization of wastewater from the Textile industry.

+  Itwas observed that samples of calcined TiO,-Fe-Ni photocatalysts in the range
of 400-700 ° C, have photodegradation of acid blue dye 9 and Rhodamine B in
a concentration of 20 mg / L (or 20 ppm), the best degradation TiO, (0.10% Fe)
(0.25% Ni) was given without calcination, with visible light is 62% and UV light
40%; This sample presents a band gap of 2.28 eV.

+ The maximum degradation of TiO,-Fe with visible light of 40% with Rhodamina B
having a gap band of 2.2 eV. TiO,-Ni reached 62% degradation with Visible light
having a band gap of 2.65 eV.

»  The presence of Faith decreased in more than one unit the Bandgap of these
Photocatalysts. Finding that the FTIR bands show only the vibrational modes of
the Ti-O-Ti and O-H groups present have a greater intensity without heat treat-
ment and greater photocatalytic effect and that as the temperature increases
their intensity and also the photocatalytic effect decrease.
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