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Chapter 1
INTRODUCTION

Our biosphere is under constant threat from continuing environmental pollution. Impact of
anthropogenic activities on our atmosphere, hydrosphere and lithosphere cannot be ignored.
There is negative influence over biotic and abiotic components of different natural eco-systems
due to man-made activities (Das, 2000).

One of the most important sources of pollution in the environment is industrial effluents. Textile
industrial dye effluents are significant sources in environmental pollution (Wang et al., 2008) as
it is among one of the most water demanding sectors (Chaco et al., 2006). Its consumption can
reach from 25 to 250 m® of water per ton of product, depending on the processes, the final
quality of the product, the type and form of the fibres and the machinery and the equipment
employed (Comisio et al., 1998).This water consumption, allied to high dosages of dyes,
originates effluents that are extremely colorized. Most of the dyes are difficult to decolorize due
to their complex structure and synthetic origin. There are more than 10,000 dyes used in textile
industry and 280,000 tons of textile dyes are discharged every year worldwide (Mass et al.,
2005).

The release of these wastewaters to natural environments is described as very problematic to
aquatic life (Chung et al., 1993) and mutagenic to human (Chung et al., 1992). These dyes are
the most problematic pollutants of textile wastewaters because after the reactive dyeing process
is finished, more than 15% of the textile dyes is lost in wastewater stream during dyeing
operation (Park et al., 2003). The dyes do not bind completely to the fabric and depending on
the class of the dye its loss in wastewaters could vary from 2% for basic dyes to as high as 50%
for reactive dyes (Pandey et al., 2007), causing serious environmental problems.

Unfortunately with the complicated color-causing compounds, the decolorization of these wastes
is a difficult and challenging task (Hao et al., 2000). The removal of color from dyeing
industries effluents is one of the major problems faced by the textile dyeing industry whereas
from an environmental point of view, the removal of synthetic dyes has a great concern
(Hameed et al., 2007).

Nowadays, various chemical and physical processes, such as elimination by adsorption onto

activated carbon, coagulation by a chemical agent, ozone oxidation, hypochlorite oxidation,




electrochemical method, etc. are applied for the treatment of dye waste effluents (Yoshida et al.,
1999; Tanaka et al., 2000; Shen et al., 2001). Nevertheless, these methods are usually
nondestructive, inefficient, costly and resulted in the production of secondary waste products.
Therefore, purification of dye wastewater is becoming a matter of great concern and it is
necessary to develop novel and cost-effective technologies to treat dye wastewater (Sun et al.,
2008).

1.1 Advanced Oxidation Technologies

Advanced oxidation technologies (AOTs) shown in figurel are innovative methods for water
treatment and are extremely useful in the case of substances resistant to conventional
technologies.

AQTs are oxidation processes which generate hydroxyl radicals (*OH) that are very effective in
degrading organic pollutants because of their strong oxidant power and nonselective species
(Perez et al., 2002; Chan et al., 2003). Various combinations of them are employed for the

complete mineralization of pollutants.
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Figurel. Advanced Oxidation Process

Among these AOTs, Fenton’s reagent is particularly attractive because of the low costs, the lack
of toxicity of the reagents (i.e., Fe (II) and H,0O;), and the absence of mass transfer limitation due

to its homogeneous catalytic nature and the simplicity of the technology (Liao et al., 2009).




However, it should be pointed out that the homogeneous Fenton process has a significant
disadvantage i.e. sludge-containing Fe ion at the end of the wastewater and removal/treatment of
which is very expensive and needs large amount of chemicals and manpower.

To overcome the disadvantages of the homogeneous Fenton process, and also considering the
possibility of recovering catalyst, attempt has been made to use foundry sand and fly ash as an

alternative iron source.
1.2 Foundry Sand

Foundry sand is mixture of silica sand (80-95%), bentonite clay (4-10%), carbonaceous additive
(2-10%) and water (2—5%). FS is used for mould making and is high quality silica sand having
uniform physical characteristics. It is a by-product of the ferrous and nonferrous metal casting
industry. FS is a good source of silica, alumina, and iron oxides. Industry estimates are that
annually in production approximately 100 million tons of sand is used. Of that, four to seven
million tons are annually discarded and are available to be recycled into other products and
industries (American Foundry Society). This foundry sand is black in color and contain large
amount of fines. The typical physical and chemical property of WFES is dependent upon the type
of metal being poured, casting process, technology employed, type of furnaces (induction,
electric arc and cupola) and type of finishing process (grinding, blast cleaning and coating). In
foundries industries, physical and chemical properties must be stringently met as poor quality
sand can result in casting defects. Sand and foundries producers invest significant resources in
quality control of their sand systems to maintain consistency. As a result, FS from an individual
facility will be very consistent in composition generally, which is an advantage for most end

use applications.
1.3 Fly ash

Fly ash is a waste material originating in large quantities from modern power stations. It is one of
the residues generated in combustion, and comprises the fine particles that rise with the flue
gases. Ash which does not rise is termed as bottom ash. In an industrial context, fly ash usually
refers to ash produced during combustion of coal. Although, it has been successfully used as a
mineral admixture in concrete and brick production, there are still superfluous fly ashes in some
countries causing environmental and disposal problem. The utilization of fly ash for removal of
pollutants can be rewarding to both environment and economy (Lin et al., 2008). Less than 10%

collected is utilized in some process other than direct burial. Fly ash has potential use in
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wastewater treatment because of its major chemical components, which are alumina, silica, ferric
oxide, calcium oxide, magnesium oxide and carbon, and its physical properties such as porosity,
particle size distribution and surface area.

This unproductive use of fly ash and the associated long-term financial burden of disposal and its
maintenance have led to realization that alternative uses for fly ash as a value-added product
beyond incorporation in construction materials are needed. Recently, utilization of fly ash in
areas such as waste management, recovery of metals and agriculture has been explored

(Meunier et al., 2006).
1.4 Model compound: RB5

Reactive Black 5 is chosen as model compound for this study and it is one of the oldest reactive
dyes. It is consumed very heavily in textile industries (Arslan et al., 1999) for the dying of
cotton, woollen and nylon fabrics worldwide. It is reported to be toxic and cause allergic
reactions of respiratory tract (Fatemeh et al., 1990; Lars et al., 1997).

To lower the cost of dye wastewater treatments, research was performed using cheap catalysts
(foundry sand and fly ash) for photo-Fenton processes.

The aim of this work was to analyse the scope of using Foundry Sand and Fly Ash as iron source

in the process of photo-Fenton for treating dye RBS.

1.5 Objectives of the study

Objectives undertaken in this study were-
e To determine the oxidative degradation and decolourization of RB5 in aqueous solution
using FS and Fly ash as an iron source in photo-Fenton process
e To observe the influence of different reaction parameters like pH, H,O, concentration,
initial dye concentration, iron (FS, Fly ash and FS+ Fly ash) concentration on the photo-
Fenton process.
¢ photo-Fenton study in slurry form using combination of FS and Fly ash as an iron source
for the treatment,
To best of our knowledge, this is the first attempted study towards the use of FS and its mixture
with Fly ash as alternative sources of iron in the photo-Fenton process for the treatment of RBS.

The study enlightens the scope of using waste i.e. FS and Fly ash for the treatment of waste.




Chapter 2

Review of Literature

2.1 Contaminated water

The wastewater generated by the textile industry is rated as the most polluting among all
industrial sectors considering both volumes discharged and effluent composition (Vandevivere
et al., 1998). The presence of low concentrations of dyes in the discharge is highly visible and
undesirable (Nigam et al., 2000). The dyes do not bind completely to the fabric and cause
serious environmental problems. The release of these wastewaters in natural environments is
mutagenic to human (Chung et al., 1992) and very problematic to aquatic life (Chung et al.,
1993). The transmission of light and photosynthesis will be affected by the presence of colour in
water and result in reduced aquatic diversity (Raquel et al., 2008). Textile industry is one of the
highest water consuming sectors, between 25 and 250 m® per ton of product depending on the
processes and is the largest consumer of colorants for various dyeing, printing and finishing
processes (Chacon et al., 2006). Wastewater from fabric dyeing industry is a considerable
source of environmental contamination. The effluent from the dyeing and finishing processes is
characterized by strong colour, high pH, high temperature, high COD, and low biodegradability
(Liakou et al., 1997).

2.2 Dyes as pollutants

There are many kinds of dyes available in the market. Based on the chemical structure or
chromophore, 20-30 different groups of dyes can be discerned. Anthraquinone, phthalocyanine,
triarylmethane and azo dyes are quantitatively the most important groups. The azo dyes,
characterized by having an azo group consisting of two nitrogen atoms (-N=N-), are the largest
class of dyes used in textile industry (Zee, 2002). Inside the azo dyes we have wide types of
dyes, namely acid, reactive, disperse, vat, metal complex, mordant, direct, basic and sulphur
dyes. Between these, the most used are the reactive azo dyes. Additionally, these dyes are the
most problematic pollutants of textile wastewaters. This fact occurs because after the reactive
dyeing process is finished, more than 15% of the textile dyes is lost in wastewater stream during

dyeing operation (Park et al., 2003).




In recent years, reactive dyes have been most commonly used due to their advantages such as
better dyeing processing conditions and bright colours. Moreover, the use of reactive dyes is
rapidly growing due to the increased use of cellulosic fibres. Generally reactive dyes contain
functional groups such as azo, anthraquinone, phthalocyanine, formazin, and oxazine as
chromophore. Among the reactive dyes, approximately 66% is unmetallized azo dye. The
reactive site of the dyes reacts with functional group on fibres under influence of heat and alkali.
One of the major factors determining the release of a dye into environment is its degree of
fixation on the fibres. Reactive dye is hydrolyzed to some extent during application processes;
some of reactive dyestuff is inactivated by a competing hydrolysis reaction. Consequently, the
release of reactive dyes into dye bath effluent is exacerbated by their relatively low fixation (50-
90%) to cellulosic fibres, compared with other dyes such as acid, basic, disperse and direct dye
(Reife et al., 1996). Reactive dyes in dyeing wastewater have been identified as recalcitrant
compounds since they contain high alkalinity, high concentration of organic materials and strong
colour in comparison with other dyes. Unless colouring materials are properly removed, dye
wastewater significantly affects photosynthetic activity in aquatic life due to reduced light

penetration (Kouba et al., 1994).

2.3 Toxicity of dyes

In addition to being toxic, dye effluents also contain chemicals that are carcinogenic, mutagenic
or teratogenic to various organisms (Mathur et al., 2007). This is especially serious because
many chemicals can cause damage to genetic material without being expressed immediately
(Vogel, 1982). Azo and nitro compounds have been reported to be reduced in sediments of
aquatic bodies giving rise to potentially carcinogenic amines (Chen, 2006). Many dyes are made
from known carcinogens like benzidine and are also known to accumulate, thus posing a serious
threat (Baughman et al., 1988). Many dyes are also known to get reduced to toxic substances
inside living organisms (Weber et al., 1987). The carcinogenicity of azo dyes, which constitute
a significant proportion of textile dyes, is well known (Umbuzeiro et al., 2005). Some azo dyes
have been linked to bladder cancer in humans; to splenic sacromas, hepatocarcinomas and

nuclear anomalies in experimental animals and to cause chromosomal aberration in mammalian

cells (Mendevedev et al., 1988; Percy et. al., 1989).




2.4 Conventional treatment technologies

The traditional treatment techniques for textile wastewaters, such as coagulation/flocculation,
membrane separation (ultra filtration, reverse osmosis) or elimination by activated carbon
adsorption, only do a phase transfer of the pollutant. Biological treatment is not a complete

solution to the problem due to biological resistance of some dyes (Lucas et al., 2006).

Both biological and physicochemical methods have been used for the decolorization and
degradation of the organic compounds in dye wastewater. Typical dye wastewater treatment
methods are coagulation/flocculation, adsorption and oxidation in combination with biological
treatments (Sarasa et al., 1998). Combined treatment methods such as adsorption processes by
various adsorbents, advanced oxidation processes (using H,O,, ozone, UV, etc.) and
biodegradation (aerobic and anaerobic) have been also proposed for the treatment of reactive dye
wastewater (Karcher et al., 2001). Coagulation and flocculation processes have been widely
used as pre-treatments to remove suspended particles and colouring materials prior to biological

treatment (Torres et al., 1997).

2.4.1 Physical methods

Physical methods include adsorption on activated carbon, peat, wood, fly ash, coal, silica
(Nigam et al., 2000) or processes like membrane filtration, ion-exchange, coagulation (Golob et.
al., 2005) and reverse osmosis (Bastaki, 2004). Coagulation is traditionally done using
Aluminum (Al) or Iron (Fe) salts. Inorganic polymer flocculants are also currently in use (Tang,
1990). The chemical coagulation has been successfully used for treatment of textile effluents
(Zhu et al., 2007). Biosorption has been studied by several researchers. Various agricultural
wastes like rice husk, sugarcane bagasse, pinewood, corncobs, chitosan etc. can adsorb and
accumulate dyes (Crini, 2006; Ferrero, 2007). Physical methods suffer with problems like
excess sludge production. They are effective only when effluent volume is small. The disposal of
the solid adsorbent itself becomes a big problem. Adsorption has been observed to be an
effective process for colour removal from dye wastewater. Use of activated carbon has been
found to be effective, but it is too expensive. Many studies have been undertaken to investigate
the use of low-cost adsorbents such as peat, bentonite, steel-plant slag, fly ash, china clay, maize
cob, wood shavings, and silica for colour removal (Crini, 2006; Gupta et al., 2009). These low-

cost adsorbents have generally low adsorption capacities and require large amounts of




adsorbents. Therefore, there is a need to find new, economical, easily available and highly

effective adsorbents.

2.4.2 Chemical methods

These involve oxidation using oxidising agents like Fenton’s reagent (Slokar et al.,1997), ozone
(Gahr et al., 1994), sodium hypochlorite (Lodha et al., 2007) or photochemical methods and
electrochemical degradation (Awad et al., 2005). Ozonation has been extensively used for
remediation (Tanja et al., 2003). It has been shown that ozone cleaves the conjugated double
bonds of the chromophore resulting in decolourisation. Prolonged ozonation can however,
remove the toxic products (Kandhraoui et al., 2009). Immobilized TiO, has also been used for
dye removal (Mehmoodi et al., 2009). Photocatalytic oxidation on immobilized TiO, in presence
of solar irradiation and combined with electro chlorination has been successful in decolorization
and toxicity reduction (Wang et. al., 2008). These processes often results in formation of toxic

products (Wang et. al., 2002).

2.4.3 Biological methods

These involve microorganisms like fungi (Barr et al., 1994) and bacteria (Banat et al., 1997).
Microbial treatment is cost effective and is receiving wide attention (Zee et al, 2005). Biological
treatment may involve aerobic and anaerobic degradation by microorganisms. Biological
methods are sometimes not suitable because of the structure of the dye molecule which may be
non biodegradable. Also biological activity in liquid state fermentation is incapable of removing
dyes continuously from the effluent. This is because; decolorization and fermentation process
requires some time period and therefore the effluent has to be stored in large tanks for the
process.

2.5 Advanced Treatment Technologies

Advanced oxidation processes (AOPs), considered as non-waste generating technologies,
represent a robust alternative wastewater treatment for dye effluent when common wastewater
treatment technologies such as sedimentation, adsorption, flocculation, filtration, reverse osmosis
are insufficiently effective (Huitle et al., 2009). AOPs have been postulated as pretreatment step
prior to biological treatment apart from disinfection and deactivation of pathogenic
microorganism that are difficult to degrade biologically (Anastasiou et al., 2009; Karimi et al.,
2009; Erden et al., 2010; Mandal et al., 2010). AOPs have the ability of exploiting the high




reactivity of *OH radicals in driving oxidation processes (Liotta et al., 2009). The *OH radicals
can be generated in situ through either one or the combination of chemical oxidation by using
ozone, hydrogen peroxide with or without the radiation assisted sources such as ultrasounds,
ultraviolet, solar visible and thermal. In more advance process, the *OH radicals can be generated
by gamma radiation, microwaves, pulsed electron beam and the ferrate reagent (Quan et al.,
2007; Samanta, 2008; Wojnarovits et al., 2008; Huang et al., 2009; Mok et al., 2009; Rauf et
al., 2009). By tailoring the conditions of the reaction, *OH radicals which possess powerful
oxidizing potential up to +2.8 V can attack a wide variety of toxic contaminants (Devi et al.,
2009).

Advanced Oxidation Processes (AOPs), like Fenton and photo-Fenton processes, could be a
good option to treat and eliminate textile dyes. These processes appear to have the capacity to
completely decolorize and partially mineralize the textile industry dyes in short reaction time, as
it was related by some studies (Kang et al., 2002; Feng et al., 2003; Meric et al., 2004).
Advanced Oxidation Processes as shown in figure 2 are oxidation processes that offer a highly
reactive, non-specific oxidant namely hydroxyl radicals, capable of destroying wide range of
organic pollutants in water and wastewater (Legrini et al., 1993). Fenton’s reagent oxidation is a
homogeneous catalytic oxidation process using a mixture of hydrogen peroxide and ferrous ions.
The main advantage of the Fenton’s reagent is its simplicity. The chemicals are readily available
at moderate cost and there is no need for special equipment (Arnold et al., 1995). In an acidic
environment if hydrogen peroxide is added to an aqueous system containing an organic substrate

and ferrous ions, a complex redox reaction will occur (Lipczynska, 1991; Kuo, 1992; Walling,

1998).

[Homogeneous] [Heterogenou

Fenton Fenton

T

*OH
E°=2.80V

)
[ Oxidation of pollutants ]

s][Photo-Fenton] [Photocatalysis] [ OzonationJ

Figure2. Different Advanced Oxidation Processes
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2.5.1 Photo-Fenton reaction

Photo-Fenton (UV light or visible light + Fenton) is a novel method in which water molecules undergo
molecular fragmentation and release OH radical to oxidize the organic compounds (Liang et al., 2007;
Torres et al., 2007). Generally, the most important advantage of photo-Fenton process is easier handling
technologies without complex experimental apparatus. The most important reason that the photo-Fenton
process can be effectively used in wastewater treatment is the synergistic effect by the coupled Fenton’s
reagent and light (solar light or UV illumination). Eq.1 shows the well-known Fenton reaction in solution.
In this equation, Fe*" is rapidly transferred to Fe'" and produce OH radical. Recent reports indicate that
the acceleration for decomposition of organic compounds is believed to be in order to photolysis of iron
aqua complex, Fe(H,0)s(OH)*" (represented hereafter by Fe(OH)*"), to providing a new importance
source of OH radical. Further, the photolysis of Fe(OH)*" regenerates Fe’* (Egs.2 and 3), which means
that the photo-Fenton reaction would need low Fe*" concentration compared with the Fenton process
(Katsumata et al., 2008). This UV illumination isolated Fe** can react subsequently with H,O, and
produce OH radical again (Eq. 1), and then a cyclic mechanism is established (Torrades et al., 2007;
Zhang et al., 2009). In addition, H,O, can be isolated to two OH radicals by UV irradiation (De et al.,
1999); therefore, a photo-Fenton process has been proven as a profitable method for destroying and

oxidizing the refractory compounds.

Fe*' + H,0, — Fe’" + OH' + OH (1)
Fe*' + H,0, — Fe (OH) ** + OH’ )
Fe (OH) *" + hy — Fe*" + OH (3)

The effluents from textile industry contain a variety of harmful chemicals. These chemicals
severely affect the quality of water and environment. Quantitative measurement of these
pollutants is not possible because they undergo chemical transformations in environment.

Various techniques have been suggested in literature for remediation of dyes containing waste
water. Some of these are too expensive hence not viable. Those that are comparatively
inexpensive are not very effective. Based on already reported studies, advanced oxidation
process may be a viable option in this area as it gives considerable results and also supports use
of low cost iron sources resulting in a low cost operation for treatment. Usage of different

materials in photo-Fenton process as iron source was previously reported in literature and each of
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them have their own limitations. Here, we have attempted the use of two industry waste material
(foundry sand and fly ash) as iron source in solar photo-Fenton process for the degradation of
RB5 individually and in combination. This investigation may come out as inexpensive, easy to

handle and viable alternative option for the treatment of RBS5 polluted waste water.

2.6 Photo-Fenton reaction using alternative sources of iron

The use of a natural containing Fe-clay for the heterogeneous Fenton- like and photo-Fenton-like
oxidation of two organic pollutants was carried out. A total phenol and tyrosol conversion was
also obtained in less than 20 min by photo-Fenton-like oxidation. Characterization of the clay
has shown that the major iron species present and responsible for the catalytic performance was
Fe,Os. The high stability of the clay in the reaction condition and its good catalytic performance
in pollutant conversion and TOC abatement showed great promise for the treatment of organic
pollutant in wastewater (Djeffal et al., 2013).

(Li et al., 2010) studied an efficient and convenient method for degradation of Acid orange 3
(AO;) dye from aqueous solution by combination of Fly ash/H,O, and ultrasound irradiation.
The effects of the relevant operating conditions (pH value, dye concentration, H,O,
concentration, dosage of Fly ash and different reaction system) on the degradation of (AOs) were
also observed. The combination method was found to be effective and could yield better results
than either sonolysis or Fenton-like oxidation individually. Removal of 96% was obtained under
the optimum conditions.

(Song et al., 2009) investigated the degradation of C.I. Direct Black 168 from aqueous solution
using Fenton-like reactions combining ultrasound. In the presence of H,O,, the effect of the
heterogeneous catalysts, such as fly ash, kaolinite or diatomaceous earth on the degradation of
Direct Black 168 was observed under ultrasound. The fly ash was the most efficient catalyst. It is
apparent that ultrasound can prompt the reaction to take place and give in higher degradation. In
the combination of ultrasound and fly ash/H,O,, the effect of different system variables namely
concentration of the dye, dosage of fly ash, concentration of H,O,, pH of solution and the
addition of NaCl were studied.

Iron-containing SBA-15 catalyst consisting of crystalline hematite particle oxides supported onto
a mesostructured silica matrix has been shown as a promising catalyst for the treatment of

phenolic solutions through photo-Fenton processes. The outstanding physicochemical properties
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make this material more attractive than unsupported commercial hematite iron oxide catalyst,
leading to a better overall photocatalytic performance (Martinez et al., 2005).

(Liu et al., 2000). Explored the potential use of fly ash from coal as a heterogeneous catalyst in
the degradation of azo dye by using H,O, irradiated by microwave. The effects of various
parameters such as fly ash loading, temperature, pH, initial concentration of methyl orange, and
dosage of H,O,, and deactivation of catalytic effect of fly ash were studied. The metal oxide
compounds in fly ash, such as iron and manganese, can combine with H,O, to form a Fenton-like
reagent and produce hydroxyl radical, which can oxidize persistent organic pollutants into small
molecule compounds. Under microwave irradiation, methyl orange (MO) solution, a typical azo
dyestuff selected as a model pollutant, was decolorized.

The system that was developed, based on Fenton oxidation with zero-valent iron and hydrogen
peroxide for the degradation of six different classes of pesticides and chemical groups, proved to
be efficient. The advantages of this system are rapid degradation, high degradation rates, simple
handling, and low cost. In addition, it is an environmentally friendly and sustainable method
because the source of the metal iron was swarf, a residue of a metallurgical activity. Besides, the
aqueous complexes of ferric ions generated by this oxidation process during the treatment can
start a new Fenton’s reaction (Guimaraes et al., 2013).

(Lin J.X. et al., 2008) studied the low-cost adsorbent for the removal of a typical dye, methylene
blue, from aqueous solution. An increase in the specific surface area and dye-adsorption capacity
was observed after the acid treatment. The adsorption isotherm and kinetics of the treated fly ash
were studied. The experimental results were fitted using Langmuir and Freundlich isotherms. It
shows that the Freundlich isotherm is better in describing the adsorption process. Two kinetic
models, pseudo-first order and pseudo second order, were employed to analyze the kinetic data.
It was found that the pseudo-second-order model is the better choice to describe the adsorption
behaviour.

The iron (IIT) immobilized on Rice Husk Ash (RHA) has been tested and used as catalyst in
decolorization of AR1 in Fenton-like process. The study showed that the heterogeneous Fenton-
like process of Fe- RHA can decolorize AR1 effectively. The initial dye concentration, the
increase in catalyst loading, and hydrogen peroxide concentration favor the decolorization

efficiency (Daud et al., 2010).
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Chapter 3

MATERIALS AND METHODS

In this chapter, materials and methods used in this study are described in details, including
chemicals, instruments, shallow pond batch slurry reactor, analytical analysis and experimental
procedures used.

3.1 Chemicals

In this study, azo dye RBS5 (55% purity, Sigma- Aldrich) was used as model compound for
treatment and structure of RBS5 is shown below in figure 3. Distilled water was used throughout
the investigations. Dye solution was prepared by dissolving requisite amount of dye in distilled
water. H,O, (30% w/v, Ranbaxy laboratories) was used as received without further purification.
Foundry sand and Fly ash was received as a gift sample from local industry and used as such as
received without any further modifications. For adjusting the pH, H,SO4 and NaOH were used

and initial pH monitored by basic pH meter (Century instrument).

Q

]
NaO;30CH,CH~S @ N=N, S0,Na
0

I
Ne0,SOCH,CH,~ 5 @ N=N' “50,Na
0

Figure 3. Structure of Reactive Black 5

3.2 Instruments Used

3.2.1 pH meter

pH of the solution was monitored by pH meter from the Century Instrument Company and
adjusted with the help of 0.1 N NaOH and 0.1 N H,SO,. Instrument was calibrated by freshly
prepared buffer solution (pH 4 to 9) time to time throughout the study.

13




3.2.2 Spectrophotometer
The spectrum was taken with UV-visible Spectrophotometer by Hitachi V-500 UV/VIS (Japan)

double-beam spectrophotometer at 310 nm and 595 nm.

3.2.3 Magnetic stirrer
Magnetic stirrer was used during experimentation to solve the problem of mixing and to make

solution remain in suspension.

3.2.4 Air sparger

Air is continuously supplied during experiments in order to oxidize the organic matter.

3.2.5 Filtration
After photo catalytic treatment by photo reactor, effluent sample were filtered through syringe

filters having Millipore filters of 0.45 pm pore size.

3.3 Shallow pond batch slurry reactor

The shallow pond batch slurry reactor as shown in Figure 9(a) was made up of borosil glass, 16
cm in diameter and 5.2 cm in height with a capacity of 1200 mL. For heterogeneous solar photo-
Fenton studies, 200 ml of RB5 solution (100 mgL™") was taken in this reactor at pH 3 and known
amount of Fenton reagent (FS+H,0,) , (Fly Ash+H;0;) and (FS+Fly Ash+H,0;) were added.
Samples were taken after regular intervals and analyzed for decolorization and degradation

studies.

Figure 4. Shallow pond Slurry Batch reactor
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3.4 Analytical analysis

The decolourization and degradation studies were performed with UV- visible
Spectrophotometer (Hitachi V- 500 UV/VIS (Japan) double- beam spectrophotometer with
RB5at 310 nm and 595 nm.

Scanning electron microscope (SEM) was used for the characterization of FS which we used in
this study as alternative iron source. The result indicated absence of any heavy metal in FS and
thus eliminates the risk of their leaching. A considerable amount of iron (23.16%) was reported
which is utilized in photo-Fenton process. The reduction in the composition of iron and
aluminium confirmed their participation in photo-Fenton reactions

For the characterization of Fly ash Scanning electron microscope (SEM) was used. The result
indicated absence of any heavy metal in FS and thus eliminates the risk of their leaching.
Although amount of iron detected was very less but there is presence of considerable amount of

aluminium which can be used in the place of iron.

3.5 Experimental Procedure

3.5.1 Solar photo-Fenton using FS as iron source-

Reactive Black 5 solution of 100mgL™" was prepared by distilled water. pH of the solution was
adjusted to 3 using 0.1 N NaOH and 0.1 N H,SO4. 200 ml of sample was taken in immersion
well reactor, 0.5 g of FS and 2.205 mM of H,O, were added, air was also supplied by the aerator
during experiment. Sample was taken in regular intervals of 15 min and filtered from 0.45

micron syringe filter. The concentration of these samples was detected by Spectrophotometer.

3.5.2 Solar photo-Fenton using Fly Ash as iron source-

Reactive Black 5 solution of 100mgL™" was prepared by distilled water. pH of the solution was
adjusted to 3 using 0.1 N NaOH and 0.1 N H,SO4. 200 ml of sample was taken in immersion
well reactor, 0.1 g of Fly Ash and 2.205 mM of H,O, were added, air was also supplied by the
aerator during experiment. Sample was taken in regular intervals of 15 min and filtered from
0.45 micron syringe filter. The concentration of these samples was detected by

Spectrophotometer.
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3.5.3 Solar photo-Fenton using mixture of FS and Fly Ash as iron source-

Reactive Black 5 solution of 100 mgL™ was prepared by distilled water. pH of the solution was
adjusted to 3 using 0.1 N NaOH and 0.1 N H,SO4 200 ml of sample was taken in immersion
well reactor, 0.05 g of Fly Ash + 0.1 g of FS and 2.205 mM of H,0, were added, air was also
supplied by the aerator during experiment. Sample was taken in regular intervals of 15 min and
filtered from 0.45 micron syringe filter. The concentration of these samples was detected by

Spectrophotometer.
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Chapter 4
RESULTS AND DISCUSSION

This chapter deals with results and subsequent discussions for the degradation of RB5 using
Foundry Sand (FS), Fly ash and their combinations. Degradation as well as decolorization of
RB5 was studied using FS and fly ash as iron source in photo-Fenton treatment. The purpose of
studying decolorization during photo-Fenton treatment was to see the disappearance of colour
imparting compounds from the waste water. However, it may contain toxic by products or there
might be formation of toxic by products during treatment thus, there is a need to observe

degradation of toxic compounds.
4.1 Absorption Spectra of RB5

The absorption spectrum of Reactive Black 5 was recorded with a “UV- vis. Spectrometer
(Hitachi V- 500 UV/VIS Japan double-beam spectrometer). The samples were placed in a quartz
cell and the spectra were recorded in the wavelength range of 250—700 nm. Total 2 peaks were
observed in absorption spectra one is at 310 nm and another is at 595 nm as shown in Figure 5.
Compound shows maximum absorbance at 595 nm (visible range) due to presence of colour and
also at 310 nm (UV range) due to the presence of complex structure. Therefore reduction of RB5

concentration is measured at both wavelength 310 nm and 595 nm.

Absorbance
N
o
Il

0 T T T T T T T T T T 1
200 250 300 350 400 450 500 550 600 650 700 750

Wavelength (nm)

Figure 5. UV-Vis absorption spectrum of Reactive Black 5
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4.2 Standard curve of RB5

Figure 6(a) and Figure 6(b) shows the standard curve for Reactive Black 5 which is prepared by
plotting the absorbance of sample solution of varying known concentration ranging from 10ppm
to 100 ppm at 310 nm and 595 nm against concentration. From this graph we can calculate
unknown concentration for RB5 solution using formula i.e. y= mx where, y is absorbance, m is
slope and x is concentration. Value of R? is 0.9985 and slope is 0.016 at wavelength 310 nm and

R?is 0.9981 and slope is 0.0223 at wavelength 595 nm.

1.8 ~
1.6

1.4
1.2 4 y = 0.016x

R? = 0.9985

0.8 -
0.6
0.4
0.2 -

0 \ \ \ \ \ \
0 20 40 60 80 100 120

Absorbance

Concentration in mg/L

Figure 6(a).Standard curve of RB5 at wavelength 310 nm

2.5+

y = 0.0223x
R? = 0.9981

Absorbance

O T T T T T 1
0 20 40 60 80 100 120

Concentration in mg/L

Figure 6(b). Standard curve of RB5 at wavelength 595 nm
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4.3 Characterization of Foundry sand (FS)

Scanning electron microscope (SEM) was used for the characterization of FS which we used in

this study as alternative iron source. The morphological image obtained by SEM was shown in

figure 7(a). In order to determine the chemical composition, Energy-dispersive X-ray

spectroscopy (EDS) was performed using same instrument and results was shown in Figure 7(b)

and Table 1. The result indicated absence of any heavy metal in FS and thus eliminates the risk

of their leaching. A considerable amount of iron (23.16%) was reported which is utilized in

photo-Fenton process.

Full Scale 2953 cts Cursor: 0.000

Spectrum 1

Figure 7(a) SEM micrograph of FS Figure 7(b) EDS pattern of FS

Table 1 Composition of Foundry Sand

| Element ‘Weight% ‘Atomic% (
| NaK | 193 | 273
| MgK | 121 | Lé2
| AIK | 785 | 948
| SiK | 5810 | 67.43
| KK | 177 | 148
| CaK | 149 | 121
| TiK | 136 | 093
| FeK | 23.16 | 13.52
| CuK | 3.3 | 160
| Totals | 100.00




4.4 Photo Fenton studies using foundry sand as an iron source

4.4.1 Preliminary Experiments

Before the detailed studies, some preliminary experiments were performed to assess the catalytic
activity of FS as a catalyst in the degradation of RB5 by heterogeneous photo-Fenton process.
Preliminary experiments were carried out as follows: (1) presence of H,O; only, (2) presence of
FS only, (3) presence of sunlight only, (4) presence of FS along with H,O,, (5) presence of H,O,
and sunlight, (6) presence of FS and sunlight, and (7) presence of FS, H,O, and sunlight.
Degradation of 100 mgL™ of RB5 with time is shown in figure 8(a) and figure 8(b). Low and
negligible degradation and decolorization (less than 20%) in 120 min was achieved in the
presence of H,O; only, FS only and Sunlight only. This could be ascribed to limited production
of OH radicals due to the insufficient availability of the resources in all three above cases
required for the photo-Fenton process. From the results it is possible to observe that RBS is
resistant to the oxidation in the presence of FS + H,0, and FS + Sunlight. In Fenton process
(H202+ FS), 35% degradation in 90 min and 50% decolorization rates in 60 min were achieved.
It is worth noting that 75% degradation in 90 min and decolorization efficiency of 85% in 60 min
was achieved in the presence of FS as a heterogeneous catalyst, HO, and sunlight. This photo-
Fenton result indicates that catalyst react with H,O, in the presence of photons to generate OH
radicals for the degradation of RBS5. In the present work generation of OH radicals for

degradation of RB5 was proposed via photo-Fenton mechanism using FS as an iron source.

—e—only H202

—=—only FS

C/Co

—a— only sunlight

——FS+H202

0 I I I
0 30 60 90 120

Time (min)

Figure 8(a). Preliminary experiments performed under different conditions to evaluate their

efficiency towards degradation of RBS.
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02 - —¥—H202+sunlight
' K+ FS+sunlight
0 | —+— FS+H202+sunlight
0 30 60 90 120

Time (min)

Figure 8(b). Preliminary experiments performed under different conditions to evaluate their

efficiency towards decolorization of RBS.
4.4.2 Effect of variation of FS

FS was used as an iron source in varying concentrations ranging from 0.1 gm to 1.0 gm during
the photo-Fenton treatment process while maintaining the other parameters constant. The amount
of FS is one of the main parameters that influence the photo-Fenton process. The results shown
in Figure 9(a) and 9(b) indicate that initial increase of FS till 0.5 gm increases degradation and
decolorization of the dye. The lower degradation capacity of FS at small concentration is
probably due to the lowest HO radical production available for oxidation. Further increase of FS
dosage from 0.5 gm to 1.0 gm, degradation and decolorization of dye decreases. This reduction
can be explained by OH radicals scavenging either by the reaction with hydrogen peroxide or by

the reaction with Fe' as expressed in the equations (Madhavan J. et al., 2010):
H,0,+OH — H,0 + OH,’
Fe?+0OH — OH +Fe”

The effective degradation (90%) within 90 min and decolorization (90%) within 60 min was

achieved at 0.5 gm FS dosage.
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Figure 9(a).Percentage degradation of RBS5 at varying concentration of FS at wavelength 310
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Figure 9(b). Percentage colour removal of RBS5 at varying concentration of FS at wavelength

595 nm.
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4.4 3 Effect of H,O, concentration

Figure 10(a) and 10(b) shows the degradation and decolorization of RB5 at different dosage of
H,0,;. The study was conducted to determine the optimum dosage of H,O, for the best oxidation
process. To optimize the dosage, H,O, varies from 0.0 mM to 8.82 mM into the dye solution at
fixed FS and pH. Dye removal increases with the increasing dosage of H,O till 2.2 mM after
that percentage of removal becomes constant till 6.61 mM and then decreases with the increasing
dosage of H,O,. This decrease is due to the fact of scavenging of OH' by H,O, (Walling, 1975),

can be expressed by the equation:
OH +H,0, — H,O+HOy
HO,+ OH — H,0+O0,

Effective degradation (90%) was achieved within 70 min while decolorization (90%) of dye

solution was achieved within 45 min of reaction at optimum dose 2.2 mM of H,0,.

100
9 -
80 -
c 70 -
S
S 60 -
3 g | —e—H202=0.88 MM
2 10 4 ——H202=2.20 MM
o —a—H202=3.52 mM
S 30 - ——H202=6.61 mM
20 1 —%—H202=7.94 mM
10 - —e—H202=8.82 mM
O T T 1 T

0 20 40 60 80 100 120
Time (min)

Figure 10(a). Percentage degradation of RB5 at varying concentration of H,O, at wavelength
310 nm
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Figure 10(b). Percentage colour removal of RB5 at varying concentration of H,O, at wavelength
595 nm

4.4.4 Effect of pH

The effect of pH on RB5 degradation and decolorization is shown in Figure 11(a) and 11(b). The
figure shows that pH significantly influences the conversion of RB5. The pH of the reaction was
varied in between pH 2 to 7. 90% degradation and decolorization efficiency was achieved at pH
3 for the reaction time of 70 min and 45 min respectively. At pH 2, nearly similar results were
observed. Further increment in the pH from 3 leads to reduction in degradation (18%) and
decolorization (28%) efficiencies. This behaviour could be explained by the formation of ferric
hydroxo complexes during the reaction, which blocks the decomposition of hydrogen peroxide

catalyzed by the ferrous iron (Faust et al., 1990).
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Figure 11(a).Percentage degradation of RB5 at varying of pH at wavelength 595 nm.
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Figure 11(b). Percentage colour removal of RB5 at varying of pH at wavelength 595 nm.

4.4.5 Effect of dye concentration

The effect of initial dye concentration of aqueous solution of RB5 on the photo-Fenton processes
was investigated, since pollutant concentration is an important parameter in wastewater

treatment. The influence of the concentration is shown in Figure 12(a) and 12(b) from there it
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can be illustrated that the extent of decolorization and degradation with the increase in the initial
dye concentration. Increase of dye concentration from 25mgL™” to 100mgL”, increases the
degradation efficiency from 75% to 90% in 70 min and decolorization efficiency from 60% to
90% within 45 min. It is due to the fact that; increase in dye concentration, increases the number
of dye molecule which increases the probability of collision between dye molecule and oxidizing
species, which lead to enhancement in the degradation efficiency (Kitis et al., 2007). Further
increment in dye concentration may leads to decrease in degradation and decolorization
efficiency because increment in dye molecule concentration may obstructs the penetration of

photons entering into the solution (Feng et al., 2003).

100
90 -
80 -

< 70 -

E 60 -

S 50 -

g 40 -

Og —e— 25 ppm
30 ——50 ppm
20 —a—75 ppm
10 —e— 100 ppm

0 T T T 1
0 20 40 60 80 100 120

Time (min)

Figure 12(a).Percentage degradation of RB5 at wavelength 310 nm at varying concentration of

RBS5 and other parameters were fixed.
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Figure 12(b). Percentage colour removal of RB5 at wavelength 595 nm at varying concentration

of RBS5 and other parameters were fixed.
4.4.6 Conclusion Remarks

The above study indicated the potential use of FS as an alternative source of iron in photo-Fenton
process for the treatment of dye RBS5. Effect of various reaction parameters on the degradation
and decolorization efficiency was observed. The optimized parameters came out to be HyO,= 2.2
mM, FS dose= 0.5 g, pH 3, initial dye concentration= 100 mgL™ where 90% degradation and
decolorization efficiency was achieved in 75 min and 45 min respectively. The SEM- EDS used
for FS is shown in Figure3. The reduction in the composition of iron and aluminium confirmed
their participation in photo-Fenton reactions (Tony et al., 2008). During photo-Fenton treatment
with FS, these ions might have leached into the solution and subsequently used for degradation

studies in the presence of H,0,.
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Spectrum 1

T et : Full Scale 3536 cts Cursor: 4 637 (20 cts)

Figure 13(a) SEM micrograph Figure 13(b) EDS pattern of FS after used in photo-

Fenton process

Table 2. Composition of FS after used in photo-Fenton process

‘Element |Weight% ‘Atomic% [

CK [10.87 [16.95
OK  [50.50  [59.12
NaK 142 116
MgK [1.06  0.82
ALK [549  [3.81
SiK 2337  [15.58
CaK (0.64  0.30
TiK (051  [0.20
FeK [6.15 .06

-

Totals [100.00

4.5 Photo-Fenton studies using fly ash as an iron source

4.5.1 Characterization of Fly Ash
For the characterization of Fly ash Scanning electron microscope (SEM) was used. The result
obtained by SEM was shown in figure 14(a). In order to determine the chemical composition,

Energy-dispersive X-ray spectroscopy (EDS) was performed using same instrument and results
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was shown in Figure 14(b) and Table 2. The result indicated absence of any heavy metal in FS
and thus eliminates the risk of their leaching. Although amount of iron detected was very less but
there is presence of considerable amount of aluminium which can be used in the place of iron as

stated in literature (Tony et al., 2008)

Spectrum 1

— P iagd] ull Scale 3045 cts Cursor: 6736 (8 cts) ke

Figure 14(a) SEM micrograph Figure 14(b) EDS pattern of Fly ash

Table 3 Composition of Fly ash

‘ Element ‘Weight% ‘Atomic% ’—

—

| OK | 5587 | 69.45
| MgK | 042 | 035
| ALK | 17.66 | 13.02
| SiK | 21.85 | 1547
| KK | 067 | 034
| CaK | 050 | 025
| TiK | 133 | 055
| FeK | 1.00 | 0.35
| CuK | 070 | 022
| Totals | 100.00

29




4.5.2 Preliminary Experiment

All the possible combinations of reaction component of photo-Fenton process were tested to
compare their catalytic activity in degradation and decolorization of aqueous solution of RBS5.
The preliminary studies were performed under the conditions: (1) presence of H,O; only, (2)
presence of Fly Ash only, (3) presence of sunlight only, (4) presence of Fly Ash along with
H,0,, (5) presence of H,O; and sunlight, (6) presence of Fly Ash and sunlight, and (7) presence
of Fly Ash, H,O, and sunlight. As shown in figure 15(a) and 15(b)., the degradation of dye was
less than 20% in the only presence of H»O,, around 15% in the presence of fly ash only,
negligible when exposed to only sunlight, 22% in the presence of fly ash along with H>O,, 50%
with sunlight and H,0,, very less in the presence of fly ash and sunlight, 87% in the presence of
fly ash, H,O, and sunlight within 120 min.. Less and negligible degradation rates in the presence
of H,O; only may be due to its limited oxidation capability as compared to OH radicals. The
degradation achieved in the presence of fly ash only may be due to adsoption by fly ash. From
the results it can be concluded that photo-Fenton process alone is more efficient than other
individual experimental conditions. On this basis we choose photo-Fenton treatment for the

degradation studies of RBS5.

—e—only H202

—&—only Fly Ash

——only sunlight

—>—Fly Ash+H202
—x—H202+sunlight
—e—Fly Ash+sunlight

- —+— Fly Ash+H202+sunlight

C/Co

0 30 60 90 120
Time (min)

Figure 15(a).Preliminary experiments performed under different conditions to evaluate their

efficiency towards degradation of RB5
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Figure 15(b).Preliminary experiments performed under different conditions to evaluate their

efficiency towards decolorization of RBS.

4.5.3 Effect of variation of fly ash

On the degradation of the dye the effect of the fly ash concentration added was observed in the
range of 0.05 gm to 1 gm and shown in figure 16(a) and 16(b). With the increase of fly ash dose,
degradation and decolorization efficiency increases till a certain limit (0.1 gm) after that
decreased efficiencies were observed. The optimum amount of fly ash was 0.1 gm resulting in
92% degradation in 75 min and 97% decolorization in 15 min. At higher fly ash concentrations, a
relative decrease in degradation and decolorization rates were observed may be due to the
adsorption of both H,O, and dye molecule on separate particles rather than at the adjacent sides
of the same particle and thereby not reacting to each other (Chaudhuri et al., 2000). This
reduction can also be explained due to the fact that, at higher concentration of iron than the
optimum, the hydroxyl radical initial formation rate was so high that most of them were
consumed by the side reactions before they could be utilized for the mineralization of the

compound (Catalkaya et al., 2005).
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Figure 16(a).Percentage degradation of RB5 at varying concentration of Fly Ash at wavelength
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Figure 16(b).Percentage colour removal of RB5 at varying concentration of Fly Ash at

wavelength 595 nm.

4.5.4. Effect of H,O, concentration

In the presence of fly ash, the influence of H,O, concentration on the heterogeneous photo-

Fenton degradation of the dye was also investigated with different levels of H>O, concentration

(0.44, 0.88, 2.2, 6.61 and 8.82 mM) while keeping other operating parameters constant (Fly
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Ash= 0.1 gm, pH 3, Initial concentration of dye= 100 ppm). From the figure 17(a) and 17(b) it
can be illustrated that the effective degradation (90%) within 30 min and decolorization (95%)
within 10 min of the dye occurred at the dose of 2.2 mM. Degradation rate of the dye increases
as the H,O; concentration increases until 2.2 mM which is the optimum H,O, concentration after
further increment in the dosage of H,O,, leads to decrease in degradation rates. This reduction

may be explained by the so-called hydroxyl radical scavenging effect (Hsueh et al., 2005).
H,0,+ OH" — H,0 + HO,” OH,’
HO; + OH — H,O + O,
OH’+ OH’ — H,0,

Based on this study, 2.2 mM of H,O, dose was selected for further experiments.
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30 —a—H202=2.2mM
20 ——H202=6.61 mM
10 ——H202=8.82 mM

0 T T
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Figure 17(a). Percentage degradation of RB5 at varying concentration of H,O; at wavelength
310 nm
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Figure 17(b).Percentage colour removal of RBS5 at varying concentration of H,O, at wavelength
595 nm.

4.5.5 Effect of pH

The effect of pH value of the solution on the degradation and decolorization of dye was studied
in the range of pH 2 to pH 6 and the results were shown in the figure 18(a) and 18(b). The results
indicate the influence of pH value on generation of hydroxyl radicals and thus the oxidation
efficiencies. The optimum pH was found to be about 3 resulting in 90% degradation within 30
min and 93% decolorization rates within 15 min 99%. At pH values higher than 4, the removal
rate of RB5 decreases because precipitation of iron as hydroxide leads to decrease in the

transmission of the photons (Faust B.C et al., 1990).
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Figure 18(a).Percentage degradation of RB5 at varying of pH at wavelength 595 nm.

100
90
80
70
60
50
40
30
20
10

0 T T T T
0 20 40 60 80 100 120

Time (min)

—o—pH=2
——pH=3
—A—pH=4
——pH=6

% Decolorization

Figure 18(b).Percentage colour removal of RB5 at varying of pH at wavelength 595 nm.

4.5.6 Effect of dye concentration
The effect of initial dye concentration on photo-Fenton process was observed because it is very
important from an application point of view. The initial dye concentration was varied in between

25 mgL ™" to 100 mgL'1 and its influence on degradation and decolorization shown in figure 19(a)
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and 19(b). From the results it can be concluded that with the increase in initial dye concentration

degradation and decolorization efficiency decreases. The decrease in removal rate is due to the

presumed reason that when the initial concentration of RBS5 increases, the H;O, concentration

remains constant so the number hydroxyl radical remains constant for all the dye molecules

hence the degradation efficiency diminishes (Modirshala et al., 2007).
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Figure 19(a).Percentage degradation of RB5 at wavelength 310 nm at varying concentration of
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Figure 19(b).Percentage colour removal of RB5 at wavelength 595 nm at varying concentration

of RBS5 and other parameters were fixed.
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4.5.7 Conclusion Remarks

The above study indicated the potential use of Fly ash as an alternative source of iron in photo-
Fenton process for the treatment of dye RB5. Effect of various reaction parameters on the
degradation and decolorization efficiency was observed. The optimized parameters came out to
be H,0,= 2.2 mM, Fly ash dose= 0.1 g, pH 3, initial dye concentration= 100 mgL" where 90%
degradation within 30 min and 93% decolorization rates within 15 min was achieved. The SEM-
EDS used for Fly ash is shown in Figure20 (a), 20(b) and Table 3. The reduction in the
composition of iron and aluminium confirmed their participation in photo-Fenton reactions

(Tony et al., 2008).

Spectrum 1

1
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Ba0jm Electron Image 1

Figure 20(a) SEM micrograph Figure 20(b) EDS pattern of Fly ash after used in

photo-Fenton process

Table 4. Composition of FS after used in photo-Fenton process

‘Element ‘Weight% |Atomic% (

CK 8.33 12.38
0K 61.12 68.17
ALK [1.54 1.02

SiK 29.02 118.44

Totals  100.00
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4.6 Photo-Fenton studies using mixture of foundry sand and fly ash as iron

source

4.6.1 Effect of FS concentration keeping Fly ash constant

To ascertain the effect of FS in oxidizing RB5, a series of experiments were conducted by
varying FS concentration in the ratio of Ash : Sand= 1:1, 1:2, 1:4, 1:6, 1:8, 1:10 and 1:12. The
influence of FS dosage on degradation and decolorization efficiency is illustrated in figure 21(a)
and 21(b). The degradation and decolorization rate of RB5 decreased with increasing amounts of
FS. 99% degradation and decolorization rates were achieved in 120 min at the ratio Ash:Sand=

1:2 where amount of Ash and FS were 0.05 g and 0.1 g respectively.
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Figure 21(a).Percentage degradation of RB5 at wavelength 310 nm at varying concentration of
FS and other parameters were fixed (A:S is Fly Ash: FS).
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Figure 21(b). Percentage colour removal of RB5 at wavelength 595 nm at varying concentration

of FS and other parameters were fixed (A:S is Fly Ash: FS).

4.6.2 Effect of Fly Ash concentration keeping FS constant

The effect of added ratio of fly ash keeping FS and other parameters constant in solution on the

degradation and decolorization of RB5 was investigated in the ratio range of Sand : Ash= 1:1,

5:1, 5:2, 5:3, 5:4 and 10:1 and the results were presented in Figure 22(a) and 22(b). The results

indicated that the extent of degradation and decolorization was significantly influenced by the

dosage of fly ash. Decrease in the degradation and decolorization efficiency was observed with

increasing amount of fly ash. The optimal ratio value for the degradation (92%) in 60 min and

decolorization (90%) in 30 min for the dye was achieved at Sand : Ash= 10:1 where FS and Fly

ash were taken 0.5 g and 0.05 g respectively.
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Figure 22(a).Percentage degradation of RB5 at wavelength 310 nm at varying concentration of

Fly Ash and other parameters were fixed (S:A is FS: Fly ash)
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Figure 22(b).Percentage colour removal of RB5 at wavelength 595 nm at varying concentration

of Fly Ash and other parameters were fixed (S:A is FS: Fly ash)
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4.6.3 Conclusion Remarks

The above study indicated the potential use of combination of FS with Fly ash as an alternative
source of iron in photo-Fenton process for the treatment of dye RB5. Effect of various reaction
parameters on the degradation and decolorization efficiency was observed. This study concluded
that combination of FS and fly ash gave better results in terms of degradation and decolorization
along with the reduction in treatment time. For combination of FS and fly ash, degradation
(90%) after 25 min and decolorization (97%) within 10 min was achieved whereas, for the same
degradation (90%) and decolorization (90%) FS alone took 70 min and 45 min respectively and

Fly ash took 30 min for 90% degradation and 15 min in 93% decolorization.

Thus, combination gave the better prospects for the use of waste materials like FS and fly ash to
be used as potential iron source in photo-Fenton process as pre or post treatment options for the

degradation of priority pollutants like dyes.
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Chapter 5

Conclusion

To best of our knowledge this is the first attempted study for using FS and its combination with
Fly ash as heterogeneous catalyst in solar photo-Fenton process on the compound RB5. The
heterogeneous catalyst has successfully demonstrated its capabilities to undergo photo-Fenton
process and degrade and decolorize RBS.

e While using FS as heterogeneous catalyst maximum degradation and decolorization 95%
and 97% respectively was achieved when FS= 0.5 g, H,O, concentration= 2.2 mM, pH
3, initial dye concentration= 100 mgL™" in 120 min.

e While using Fly Ash as heterogeneous catalyst 99% degradation and decolorization rate
was achieved when Fly Ash= 0.1 g, H,O, concentration= 2.2 mM, pH 3, initial dye
concentration= 100 mgL™" in 120 min.

e When combination of FS and Fly Ash was tried 99% degradation and decolorization of
RBS5 was achieved in 120 min when Ash : Sand= 1:2, H,O, concentration= 2.2 mM, pH

3, initial dye concentration= 100 mgL .

It is a viable option to have a mixture of FS and fly ash as heterogeneous catalyst in photo-
Fenton process as it leads to the reduction of amount of catalyst required for the Photo-Fenton
reaction. Amount of FS and Fly ash gets reduced from 0.5 g to 0.1 g and 0.1 g to 0.05 g
respectively when used in combined form. The study enlightens the scope of using waste 1.e. FS

and Fly ash for the treatment of waste.

With these positive results from the proposed study, efforts can be made in future for effective
reactor design using FS and Fly ash and to implement this process in immobilized form for the
treatment of bio recalcitrant compounds. With little modifications this technology can be used as

pre and post treatment options in conjunction with conventional treatment.
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