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Abstract

Abstract

The capacity of activated carbon derived from naturally occurring
plants (Schanginia/sp, SAC) as low cost a biosorbent for methylene blue
dye (MBD) removal from wastewater is investigated in this work. In
order to assess the potential treatment of industrial aqueous solutions by
SAC, a series of laboratory batch and continuous flow experiments were
conducted. Before and after MBD removal, a variety of techniques were
used to conduct the characterization analysis. Surface area (Sger), FTIR,
SEM, and SPM are some of the techniques available. Batch tests were
conducted to study different parameters affecting MBD biosorption at
room temperature such as pH dye solution, contact time, biosorbent
dosage, and initial dye concentration. pH of 9 and dosage of 0.8 g/100 mi
dye solution,75 min. contact time for MBD concentration of 50 mg/l,
and agitation speed of 250 rpm were found to be optimized conditions
for the MBD removal by SAC. The experimental data was analyzed using
Langmuir and Freundlich isotherm models. The Langmuir biosorption
isotherm was found to be the best model for simulation of MBD
bisorption into SAC, with the Langmuir constant linked to the biosorption
ability (gmax) Of 33.34 mg/g and a coefficient of determination (R?) of
0.9954. The Pseudo-second order model was very well simulated the
Kinetic experimental data and the biosorption rate parameters values
indicating the removal process of MBD onto SAC was chemisorption
including the intraparticle diffusion process. A continuous adsorption
fixed bed of SAC biosorbent was utilized for the MBD removal from the
aqueous solutions at room temperature (25+5°C) to study effects of the
flow rate, bed height, and dye concentrations upon removal efficiency. It
was noticed that the removal percentage increases with the bed height

increasing and decreases as the flow rate increases and increasing of
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MBD concentration . The adsorption capacity increases with increasing
bed height and concentration and decreases with increasing flow rate. The
obtained column data was analyzed and showed that the breakthrough
curves were powerfully influenced by those factors. The Bed Depth
Service Time (BDST), Thomas, and Yoon—Nelson kinetic models were
used to analyze the experimental column data. All applied kinetic models
were well described the breakthrough curves with high values of R* and
the deviation between experimental and estimated value for Kinetic
parameter was very low. The results indicate that SAC can be used for

effectively remove of methylene blue dye from agqueous solutions.
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Chapter One

Introduction

1.1 Introduction

In recent decades, urban and industrial activities have greatly
contributed to environmental pollution, which has become a serious
problem that must be solved or at the very least mitigated. Because of
their high polluting ability, the discharge of synthetic dyes in industrial
effluents is a major source of concern (Sen et al., 2016). The presence of
dyes in the environment causes serious risks, since they hinder the
incidence of solar radiation, damaging the development of the existing
biota (Naskar and Majumder, 2017). Meanwhile, coloured wastewater is
complex in nature, most of which is toxic, mutagenic and carcinogenic to
aquatic organisms, causing some health problems based on the problems,
several technologies, including flotation (Rubio et al., 2002), aerobic and
anaerobic treatment (Seshadri et al., 1994), micro-and ultra-filtration
(Choo et al.,, 2008), ion exchange (Wu et al., 2008), microbial
electrochemical technologies (Chen et al., 2019), oxidation (Karthikeyan
et al., 2012 ; Chen et al., 2019 a) and adsorption, have been employed for
wastewater treatment (Fuat, 2015; Wang et al., 2018; Ait et al., 2018;
Enniya et al., 2018; Benkaddour et al., 2018). Among these methods,
adsorption has received extensive attention since it is easier, cheaper,
more efficient and economical than others. Thus, different adsorbents
have been developed and applied to neutralize dyes and other organics in
wastewater. The technique is increasingly gaining ground as a
competitive, effective and low-cost approach that is more selective than
traditional ion-exchange resins and commercial activated carbons
(Rafatullah et al., 2010). The economic viability of adsorption depends on

the adsorbent option. Because of its wide surface area (up t03000 m?.g™),

1



Chapter One Introduction

high porosity and high adsorbent potential for a number of contaminants,
activated carbon has been more frequently used as a traditional adsorbent
(Mahamadi and Mawere, 2019). However, the high cost of activated
carbon processing limits its economic viability. In first usage, activated
carbon is also depleted and needs to be reactivated, resulting in a (10 - 15
%) loss of the adsorbent. In recent years, the search for reliable and low
cost adsorbents have increased significantly. For this purpose, agricultural
wastes have a high potential for the removal of various pollutants
(Shayesteh et al., 2016; Mohebali et al., 2019). Besides, they are low-
cost, available in abundance around the world, renewable resources,
environmentally friendly, and easy to regenerate (Zhou et al., 2015). A
literature survey has shown that researchers have produced and used a
wide range of low-cost adsorbents to extract dyes. Some of the biomass
that have been employed for dyes treatments include; fly ash (Mall et al.,
2005), coconut shell (Mane et al., 2007), cashew nut shell (Senthil Kumar
et al., 2010), rice hulls (EI-Maghraby et al., 2011), banana stalk (Bello et
al., 2012), orange peels (Mafra et al., 2013), rice husks (Rahman et al.,
2012) and maize stem tissue (Vucurovi¢ et al,. 2014). Most of these
materials have high adsorptive potential for colores due to their
composition, which includes cellulose, hemicellulose and lignin, as well
as lipids, proteins, enzymes and hydrocarbons (Rangabhashiyam, 2013).
Adsorption processes for decontamination of wastewaters can be carried
in batch reactors and fixed-bed columns especially in the liquid process
(Volesky, 2001; Crini, 2003; Ali, 2014). Batch experiments provide
useful information on the best operating conditions for obtaining full dye
adsorption, which is critical for fixed-bed works (Ali, 2014). The sorbate
Is continuously in contact with a given mass sorbent in a continuous
method, resulting in the necessary concentration gradients between
adsorbent and adsorbate for adsorption. This mode is simple to use and

2
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handle (Aut and Hameed, 2014; Crini et al ., 2018). The breakthrough
curves shape and velocity in the bed are established in the design and
theory of this mode. The theory of breakthrough curves and bed volumes
Is used to evaluate this mode (Cheng and Wang, 2000). As a result, the
direct application of wastewater treatment on an industrial basis is solely
based on fixed-bed studies, which provide readily available support data

for application.

1.2 Statement of the problem

The contamination of water resources is one of the extremely
contested agenda from a global point, as it causes a severe long-term or
even lethal effect on living organisms (Inamuddin, 2018). Water pollution
caused by dyes is great apprehension because they elicit changes in the
natural appearance of water even at very low concentrations. Untreated
effluents from the textile industry are posing a serious threat to the
sustainability of aquatic ecosystems as well as to human health (Dod et al
., 2012). The dyes, an important class of pollutants, are the compounds
which are organic in nature and present in the industrial effluents. The
presence of the dyes in the water ways is easily detectable even when
released in small concentrations (Hassan et al., 2013). A variety of
techniques have increasingly been used to remove toxic dyes from waste
effluents in order to reduce environmental damage and increase water
quality (Almeida et al., 2014; Danwittayakul et al., 2015). A mong those
techniques, adsorption has been used. However, reported to be ease,
rapidity, reliability, low expense, and availability of low-cost adsorbents,
adsorption is the most favored approach for wastewater treatment (Prola
et al.,, 2013; Adebayo et al., 2014). Activated carbon have been
commonly used for the treatment of industrial wastewater (Calvete et al.,
2010; Fernandez et al., 2014; Pezoti et al., 2014 ). Attention has been

3
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shifted to the usage of eco-friendly and low-cost materials (Pavan et al.,
2014). These materials possess high carbon content. They are obtainable
from variety of agricultural by-products that are cheap, abundant, and
nontoxic (Prola et al., 2013). As a result, since the biomass used in the
adsorption phase does not alter the properties or interfere with other
chemicals in the wastewater, it is called green technology.

In this study, Schanginia/sp based activated carbon was used as

biosorbent for color biosorption.

1.3 The objectives of the study

The goals of the study are as follows:
1- Explore the capacity of prepared activated carbon natural plant
biosorbent in batch and fixed-bed biosorption column to remove
methylene blue dye from aqueous solutions.
2- Examine the impact of different variables on biosorbent capability,
such as dye solution pH, contact time, biosorbent dosage, and initial dye
concentration.
3- Assess the biosorption isotherm and kinetics to evaluate the function
of biosorption and to demonstrate the form and steps that regulate this
operation.
4- Analyze the behavior of fixed bed column by studying the effect of
the flow rate, initial dye concentration, and bed height.
5- Simulation of experimental column results utilizing various kinetic
models to forecast and analyze breakthrough curve behaviour, and then

determining which model best fits the data.
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1.4 Thesis description

The structure of the present work is as follows:
Chapter One: Introduces general information of adsorption, MBD.
Chapter Two: Reviews the literature relevant to the present study and
related to the scope of the present investigation and illustrates the
theoretical aspects of adsorption process, adsorbate, biosorbent and
different models.
Chapter Three: shows the experimental work and all the laboratory
tests.
Chapter Four: Discusses the results of the experimental work.
Chapter Five: Illustrates the conclusions drawn from the study present

and recommendations for future works.
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Chapter Two

Literature Review and Theoretical Concepts

2.1 Introduction

Removal of dyes from industrial wastewater is a major concern
because to the features of these dyes, namely that they are non-
degradable and consequently persistent. Furthermore, the majority of
contaminants are hazardous to living creatures and have a significant
Impact on photosynthetic activity in aquatic biota. To comply with
environmental regulations, harmful substances should be eliminated from
wastewater (Abdelkarim et al., 2017)

A low-cost and environment-friendly substitute approach is taken to
determining the adsorption capacity of activated carbon in this thesis
(Razi et al., 2017).

2.2 Environmental and health risks of dyes

The most important risks and damages that dyes cause to living

organisms are as follows (Nirmal et al., 2019).

1. The absorption and reflection of sunlight into the water is the most
significant environmental problem for colors. The photosynthesis activity
of algae is reduced by light absorption, which has a significant effect on
the food chain.

2. Pigments are carcinogenic, mutagenic, and life-threatening colorants
that are primarily transported into the environment through industrial
wastewater.

3. Triple primary tumors of the kidney, bladder, and liver have been
detected by dye workers.
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4. Textile dyes can cause allergies such as contact dermatitis and other
diseases, allergic reaction in eyes, skin irritation to mucous membrane
and the upper respiratory tract.

5. Reactive dyes form covalent bond with cellulose, woollen and poly
amide fibres. Certain reactive dyes have caused respiratory sensitisation
of workers occupationally exposed to them.

6. The presence of very small amounts of dyes in the water, which are
nevertheless highly visible, seriously affects the quality and transparency
of water bodies like lakes, rivers and others, leading to damage to the
aquatic environment.

7. The highly toxic and mutagenic dyes decrease light penetration and
photosynthesis activity, causing oxygen deficiency and limiting
downstream beneficial uses such as recreation, drinking water and
irrigation.

Since even a small amount of pigment in water can be toxic and visible,
removing color from waste effluents is important for the environment.
Since dye removal from wastewater is viewed as an environmental
problem, and government regulations require the treatment of colourd
wastewater, there is a persistent need for a reliable process that can

efficiently remove dyes.

In spite of the availability of many techniques to remove these
pollutants from wastewater, such as coagulation, chemical oxidation,
membrane separation process, electrochemical and aerobic and anaerobic
microbial degradation, these methods are not very successfully due to
suffering from many restrictions (Sulyman et al., 2016). Table (2.1)
shows the advantages and disadvantages of different dye removal

methods.
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Table (2.1): The advantages and disadvantages of various decolorization
techniques (Robinson et al., 2001).

Technologies

Advantages

Disadvantages

Chemical technologies (Adegoke an

d Bell, 2015)

Oxidative process

Simplicity of application

Some means of activating the
(H20,) agent is needed

Ozonation

Ozone can be applied in its
gaseous state and does not
increase the volume of
wastewater and sludge

Half-life short (20 min)

Photochemical

No sludge is produced and
foul odors are produced

By-products are formed

Sodiumhypochlorite
(NaOCl)

Initiates and accelerates the
cleavage of azo bonds.

Aromatic amines are released

Electrochemical destruction

There will be no chemical
consumption and no sludge
build-up

High flow rates result in a direct
reduction in dye removal

Fenton's reagent

A appropriate chemical

means is Fentons reagent

Generation of sludge

Physi

cal technologies (Adegoke and

Bell, 2015)

Membrane filtration

Removes all kinds of dyes

Production of concentrated sludge

lon exchange

There is no adsorbent loss
during regeneration

Not effective for all dyes

Irradiation

At the laboratory scale,
effective oxidation is possible

It necessitates a large amount of
dissolved oxygen

Electro-kinetic coagulation

It's economically feasible

Sludge generation is high

Biological

technologies (Sivarajasekar and Baskar, 2015)

Decolorization by white rot
fungi

Enzymes are used by white-
rot fungi to degrade dyes

The production of enzymes has
also shown to be inefficient

Other microbial cultures
(mixed bacterial)

Decolorized in 24-30 h

Under aerobic conditions cationic
dyes are not readily metabolized

Adsorption by living/dead
microbial biomass

Certain dyes have a particular
affinity for binding with
microbial species

For all dyes, it is ineffective

Anaerobic textile — dye
bioremediation
systems

Allows the decolorization of
azo and other water-soluble
dyes

Methane and hydrogen sulfide are
generated during anaerobic
breakdown
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2.3 Adsorption process

The aggregation of atoms, molecules, or ions at the surface of a solid
phase is known as adsorption. It is a mass transfer mechanism in which
gases or solutes are absorbed by solid or liquid surfaces (Crawford and
Quinn, 2017). It's a physical or chemical relation formed by the forming
of chemical bonds with effective surface sites in the active material
molecules of surface sites through the weak Vander Waals force. The
absorption of dissolved solids from a stable surface of a solution or
liquid, as well as the retrieval of dissolved solvents from the surface, are
common examples of adsorption. This method results in an adsorbate
layer on the adsorbent surface. Adsorption on the atom's surface can be
limited to the creation of a single molecular coating. As a result, the
process is known as unimolecular adsorption. Adsorption necessitates the
formation of many molecular layers on the mass's surface. The
mechanism is then referred to as multimolecular adsorption (Mhemeed,
2018).

Adsorption techniques have been widely used in the removal of dyes
using different adsorbents. These adsorbents include activated charcoal,
natural or synthetic zeolites, natural clay crystals, silica gel and activated
aluminum, biomass, and silicic acid. However, there are certain

restrictions on how these material can be used.

The problems that arise as a result of using these adsorbents are as
follows: Any of the adsorbents are too expensive, ineffective, or in short
supply. Adsorption methods based on biomass is continuously used as

biomass, resulting in low-cost but effective adsorption (Fauzi, 2015).

An economic adsorbent is one that is available in nature or is a by-

product of manufacturing and requires little refining. Many analysts have
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found low-cost and effective alternatives, such as scrap metals and
coconut husks (Tan et al., 2008).

Figure (2.1) illustrates the basic concepts of adsorption theory. The
adsorbent is the rigid substance that acts as the adsorption surface; the
adsorbate is the species that would be adsorbed (Worch, 2012). It is
induced by the species attraction to the solid surface, or by interactions
between the solid and gaseous phases of one or more species present in
the liquid and solid phases (Sun and Zhang, 2020).

Adsorption has been found to be superior to other strategies for water
reuse. Adsorption does not produce any toxic compounds (Nirmal et al.,
2019).

Biosorption is a process of attaching pollutants from aqueous
solutions to functional groups present on the biomass surface in a rapid
and it has been used as a biosorbent for the desired removal of
contaminants by a wide range of biomaterials found in nature (Michalak
et al., 2013). Biosorption procedures, in general, can reduce capital costs
and total treatment costs significantly as compared to conventional
schemes (Abdolali et al., 2014).

The relationship between adsorbate and adsorbent, surface region,
adsorbent to adsorbate ratio, particle size, pH, and contact time are all

factors that influence adsorption performance.

10
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Fig. (2.1): Basic process of adsorption (Worch, 2012).

2.4 Types of adsorption
2.4.1 Physical adsorption

Physical adsorption: When a gas (adsorbate) comes into contact
with a rigid surface, physisorption (physical adsorption) occurs (the
adsorbent). The adsorbate is the matter in the adsorbed state, as opposed
to the adsorptive, which is the gas or vapor that is to be adsorbed. The
attraction between adsorbent and adsorbate molecules is caused by van
der Waals and electrostatic forces in physical adsorption. Adsorption is
an exothermic and reversible process (Bessegato et al., 2015). This
mutual forces are caused by nonspecific molecular interactions. Complex
interactions occur as polar molecules are adsorbed on ionic or polar
surfaces, but the phenomenon is also referred to as physisorption as long
as there is no chemical bonding. Physical adsorption mechanisms in
porous materials influence the interplay between the strength of fluid-

wall and fluid interactions, as well as the effect of restricted pore space on

11
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the environment and thermodynamic equilibrium of fluids confined to

narrow pores (Thommes, 2010).
2.4.2 Chemical adsorption

Chemical adsorption, also known as chemisorption, is the second type
of adsorption. This sort of hydrogen bond is formed between the surface
and the atoms, molecules, or ions that adsorb on it. Chemical adsorption
Is distinguished by privacy (specific) when it occurs under such
circumstances, and adsorption may not occur on another surface under
the same conditions or on the surface itself as the ambient conditions
change. For a higher heat emission than that produced by physical
adsorption, the heat emitted as natural chemical bonds are formed
growing be reached. Energizing energy is needed for chemical adsorption
(Activation energy). Adsorption occurs quickly and at a low rate, and the
reaction is always irreversible and involves close chemical bonds. It also
has a specific position (localized) when it is carried out on low-energy
adsorption sites. The adsorbent energy requires chemical adsorption to a
constant activation energy relative to the homogeneous surface and
variable in relation to the heterogeneous surface. Chemical adsorption is
described as a single layer of adsorption on the adsorbent's surface
(Mhemeed, 2018). Chemical adsorption normally only results in
monolayer coverage and is a site-dependent reaction that occurs at
specific functional group locations (Najim, 2018). Since the adsorbate
forms tight localized bonds at activate centers on the adsorbent,
chemisorption has high adsorption energies. Molecules are not considered
able to travel on the surface or inside the interface in this situation
(Tabrez and Ved, 2010). The following Table (2.2) shows the difference
between physical and chemical adsorption.

12
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Table (2.2): Difference between physical and chemical adsorption (Hu
and Xu, 2020).

Physical adsorption | Chemical adsorption
Adsorption force Van der Waals force Chemical bond force
Selectivity Nonselective Selective adsorption
adsorption
Adsorption layer Single or multiple Single layer
layers
Adsorption heat Low High
Adsorption rate Fast Slow
Stability Instable Stable

2.5 Adsorbent materials in wastewater treatment

Via study of adsorption equilibrium and Kinetics, adsorbent may be
used to describe the changes between molecules in a mixture (Murali et
al., 2016). Adsorption was found to be the most efficient way of
extracting dyes from agueous solutions among the techniques. This is
done with porous synthetic adsorbents (activated carbons, ion exchange
resins, zeolites, silicates, and so on), but natural adsorbents like
montmorillonites and smectites can also be used. In the case of adsorption
of gases, the most common way of regeneration (desorption) is to
increase the temperature while simultaneously lowering the pressure, or
to wash the adsorbent bed with solvent in the case of adsorption from

liquid solutions.

Desorption usually does not result in a return to the initial sorption

potential, and the sorbent is absorbed over time. Due to the high cost of

13
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synthetic adsorbents and the difficulty of regenerating used sorbents,
researchers are turning to exotic adsorbents, such as effective and cheap
raw, waste materials, biosorbents, and waste materials from industry or

agriculture treatment (Orzechowska-Ziba et al., 2019).

Several researchers have sought numerous adsorbents for the
elimination of organic compounds from wastewater in recent years,
including wheat husk, sugarcane bagasse (Baruah et al., 2016), reverse
micelles (Kodal and Aksu, 2017), industrial wastes (Ramrakhiani et al.,
2017), apple pomace and wheat straw (Gunturu et al., 2018), industrial
agricultural wastes, and various other adsorbents (Mittal et al., 2014). The
aim of using waste materials as adsorbents is to have a two-fold benefit in

terms of emission reduction.

First, the amount of waste materials could be minimized in portion, and
second, if created, a low-cost adsorbent could mitigate wastewater
emissions at a fair cost (Bhatnagar and Jain, 2005). The adsorbent must
either be discarded or regenerated after it has been filled. The majority of
the treatment costs for adsorption water treatment are correlated with
regeneration, according to an analysis of the entire life costs (Gupta and
Ali, 2012). Despite this, most adsorption research has focused on the
production of high-capacity adsorbents, with only a few studies focusing

on the development of regenerative adsorbents (Hynes et al., 2020).

The amount of adsorption is determined by the adsorbent nature,
including its porosity and surface area. As a result, a variety of
adsorbents with better and often selective adsorption have been created.
A key feature of better adsorbents is their high porosity, which results in a
greater surface area and more specific adsorption sites. The majority of

adsorbents used in contamination control have a porous surface. The

14
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porous composition increases not only surface area and, as a result,
adsorption, but also the kinetics of adsorption. A larger surface area
adsorbent that takes less time to reach adsorption equilibrium is a good
adsorbent (Al- Husseiny, 2014).

2.6 Activated carbon

Activated carbon (AC) has been the greatest commonly used,
preferred adsorbent for purification effluent due towards its enormous
surface area and great rapprochement for color particles (Kaveeshwar et
al., 2018). AC is an a porous, amorphous solid with a graphitelattice
made up of microcrystallites. There are two stages to the development of
activated carbon. Activated carbon is made from a carbon rich precursor
by removing much of the volatile non-carbon elements and a small
portion of the initial carbon content through thermal or chemical methods
(Mopoung et al., 2015 ; Ani et al., 2020).

Carbonisation is the process of converting a carbon-rich piece of
substance to pure carbon by heating, which is known as pyrolysis. Since
the final result would be extra-porous for activated carbon purposes, very
thick carbonaceous content is used at first. The carbonised particles are
then activated in the second stage by introducing the AC to an oxidizing
agent at a high temperature. During the carbonisation phase, this
triggering agent burns away the structures that obstruct the surface pores
(Lee et al., 2014).

Activated carbon comes in a variety of ways. Granular activated carbon
(GAC), powdered activated carbon (PAC), and woven carbon or
activated carbon cloth (ACC). The three types of treatment are used to
remove various types of contaminants from water and wastewater. To

conform with strict requirements for effluent discharged to receiving

15
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sewage, activated carbon adsorption is often used in industrial wastewater
treatment plants. As a separate unit operation, activated carbon adsorption
may be used (Bansal and Goyal, 2005). Coagulation/clarification,
filtration, and dissolved air flotation are some of the physiochemical
treatment measures that it can be installed after. Prior to biological
treatment, activated carbon adsorption is another method (Cecen and
Aktas, 2011).

Liquid phase applications, gas phase applications, air emissions
control manufacturing, electrodes and batteries are activated carbon
applications. Activated carbon is used to handle industrial wastewaters in
liquid process systems, such as textile processing wastewater. The broad
porous surface area and controllable pore structure of activated carbon
render it good for wastewater treatment. Because of the reactions that
exist between the adsorbate and the adsorbent, activated carbon porosity
enables dye uptake in this application, the chemical properties of dye and

activated carbon are essential (Inam et al., 2016).

Figure (2.2) depicted the various types of activated carbon. The finely
divided powdered shape of activated carbon has large pore diameters and
a smaller internal surface region, whereas the granular form has a greater
internal surface area and smaller pores. activated carbon fibres have a
higher surface area and cover a greater number of larger pores (Bansal
and Goyal, 2005).
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Fig. (2.2): Activated carbon of forms:

(a) powdered activated carbon (b) activated carbon granules (c) activated

carbon that has been extruded (d) activated carbon impregnated (e)
fabric activated carbon (Mosbah et al., 2020).

as well as surface reactivity, which has been the primary explanation for

the widespread usage of activated carbon in recent years. Micropores,

mesopores, and macropores are all included in the composition of

activated carbon.

These structures play an important role in deciding the properties of

activated carbon, such as its performance as an adsorbent. Micropores

(less than 2 nm), mesopores (2 nm - 50 nm), and macropores (greater

than 50 nm) are the three types of activated carbon pore sizes classified
by the International Union of Pure and Applied Chemistry (IUPAC). The

internal pore structure of activated carbon is depicted in Figure (2.3).
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Fig. (2.3): Different pore structures of activated carbon (Sulyman et al.,
2016).

Activated carbon (AC) is typically used as an adsorbent for basic dyes
(Lakshmipathy et al., 2015). It is widely employed due to its
exceptionally high surface area (ranging from 500 to 1500 m%.g "), well-
developed internal microporosity, and wide spectrum of surface
functional groups. Hence, we use these wastes as a low-cost precursor for
the production of AC.

2.6.1 Agricultural waste based activated carbon

The performance, characteristics, and properties of the activated
carbon generated are all determined by the primary material used at the
start of the process. Furthermore, the type of activation (physical,
chemical, or physicochemical) affects the output of activated carbon
(Zhang et al., 2017) and inorganic molecules (Hesas et al., 2013).

Animal, mineral, and plant matter may all be used to make activated
carbon. Essentially, price, purity, and future expectancy would be the

primary considerations when selecting primary raw materials, whether
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they come from animals, minerals, or plants, and they would also be
simpler to activate, as well as have low degradation properties when aged
(Ahmed, 2016). Agricultural wastes have been used as precursors for the
processing of activated carbon by several researchers in recent years for
four key reasons: renewable source, little cost, easy obtainability, and
environmental friendliness. It may also be a source of income for agro-
based industries (Hameed and Daud, 2008).

Activated carbon may be created from carbonaceous materials utilizing
the pyrolysis method in a variety of ways, including chemical, physical,
and microwave-induced/assisted treatment. Activated carbon was
traditionally produced from sulfur, lignite, peat, petroleum waste, and
wood, both of which are considered to be costly and finite resources
(Ozdemir et al., 2014).

These circumstances prompted a recent innovation in the manufacture of
activated carbon, which makes use of agricultural bio-waste
(lignocelluloses materials) to lower production costs while still being
readily accessible and long-lasting. Palm seeds, fruit shells, groundnut
shells, coconut shells, and Ricinus communis seed shells are forms of
agricultural waste. Many sections of any plant, including the base, stem,
bark, flower, leaf, fruit peel, husk, shell, and stone, may be used to

produce activated carbon from agricultural wastes.

Woody and non-woody resources can be used in these wastes. Woody
resources are mostly made up of cellulose, hemicellulose, and lignin,
while non-woody resources are made up of cellulose, hemicellulose,
lignin, lipids, protein, sugar, water, hydrocarbon, starch, and a variety of
functional classes that have the ability to remove contaminants (Georgin
etal., 2016).
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Researchers are often more inclined to use non woody agriculture wastes
in studies of activated carbon applications because of their unique
formulations, which may contribute to improved pore structure
characteristics than woody agriculture wastes. In general, raw material

selection is based on seven critical criteria;

Carbon content is high.

little inorganic matter content results in low ash.

Contains a lot of unstable matter and has a high density.

Abundant in the sense that the raw material is often available at a reduced
rate.

The potential for activation

When stored, there is a low rate of deterioration.

Possibility of obtaining a high percent yield from activated carbon.

2.6.2 Carbonization

The thermal degradation of a raw material and the elimination of non-
carbon species is known as carbonization. Carbonization of biomass
provides a lot of benefits as compared to traditional biological therapies.
It often only takes several hours (instead of months or weeks for
biological processes), allowing for a more compact reactor design (Yahya
et al., 2015).

Lignocellulosic contents would be decomposed during the process,
resulting in the removal of non-carbon elements such as nitrogen, oxygen,
and hydrogen. Following that, deposition occurs. In general, low-
molecular-weight volatile matter can spread first, accompanied by light
aromatics and hydrogen gas. Pore structures begin to form at the same

time, and the formed will fill the pore structures.
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2.7 Agricultural solid wastes

Agricultural wastes are by-products of a variety of agricultural and
foresty operation. Low price, supply, limited recovery time, chemical
stability, low treating requirement, keep, and eco-friendly are some of the
benefits of utilizing agricultural waste as adsorbents for wastewater
treatment (De Gisi et al., 2016; Dai et al., 2018).
Adsorbents made from agricultural wastes and by-products have the high
porosity and wide surface area required for wastewater treatment
(Abdelhafez and Li, 2016; Anastopoulos et al., 2017; Saxena et al.,
2019). The main components of agricultural waste/by-products are
cellulose, lignin, and hemicellulose. Polar lignin functional groups such
as ether, aldehydes, ketones, alcohols, carboxylic, and phenolic groups
have adsorbent properties ( Mo et al., 2018; Vardhan et al., 2019) might
maybe exist. Agricultural by-products/wastes such as rice husk, onion
peel and wheat wastes have been used to remove contaminants from
water and wastewater treatment in recent years.
Dye adsorption onto agricultural by-products is emerging as a viable
option for inorganic/organic aqueous solution elimination. It is cost-
effective, environmentally safe, and effective at removing dyes, and it
may substitute the most widely used commercial activated carbon.
Adsorbents for dye removal have been made from waste materials and
untreated agricultural solid wastes from the timber industry, such as bark
and saw dust.
Agricultural by-products, also known as wastes, are widely available in
the world. Because of their physiochemical properties, these materials
could have potential as sorbents. Many recent studies have shown that
different industrial solid wastes can effectively remove organic
contaminants, like dyes, when used as adsorbents (Salleh, 2011).

Alternative agricultural by-products such as peanut hull, coir pith, and
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rice husk are commonly used as pigment adsorbents, as seen in Table

(2.3). These wastes are common because they are inexpensive, plentiful,

and their organic compositions display a good affinity for certain dyes.

Table (2.3): Research studies on dye adsorption utilizing adsorbents
made from agricultural waste .

Materials Dye References
Modified saw dust Methylene Blue Zou et al., 2013
Mango seed Methylene blue Senthil Kumar et al.,
2014
Conyzoides leaf Methylene Blue Ezechi et al., 2015
Olive pomace Basic green 4 Kocer and
Acemioglu, 2016
Orange sawdust Methylene blue Azzaz et al., 2017
Mango leaf Methylene blue Uddin et al., 2017
chickpea shell Acid Blue25 Krishna et al., 2017

2.8 Mechanism of adsorption

Reichenberg and Boyd's mathematical study of particle, The

foundation for sorption of kinetics is laid by mass transfer and mass-

action-controlled exchange processes (Fathy and Ahmed, 2012). External

transport is usually the rate-limiting stage in systems with: (a) weak

mixing, (b) low adsorbate concentration, (c) small particle size, and (d)

high adsorbate affinity for adsorbent. In contrast, the intraparticle step

limits the overall transfer for those systems that have (1) high adsorbate

concentration, (2) good mixing, (3) adsorbent with a big particle size;
and (4) low adsorbate affinity for adsorbent (Gulipalli et al., 2011). A

standard adsorption mechanism on porous adsorbent is depicted in Figure
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(2.4). The solute (adsorbate) is transferred toward the interface layer and

added to the adsorbent in the following four stages (Patel, 2019).

. Advective transport moves solute particles from bulk solutions to the

immobile film layer through advective flow, axial dispersion, or

diffusion.

. Solute particle is penetrated and added to an immobile water film sheet

during film transition.

. mass transfer: the binding of a solute particle to the adsorbent's surface,

and finally

. The movement of a solute into the pores of an adsorbent is known as

intraparticle diffusion.

Step 4:
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A
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Fig. (2.4): lllustration of a typical adsorption process. Adapted with

permission (Wang et al., 2020).
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2.9 Process factors affecting dye adsorption

The adsorption mechanism is influenced by a variety of factors. To

get rid of the pigment, certain criteria are being investigated.

2.9.1 pH of the solution has an impact

The adsorption mechanism is generally influenced by the pH of the
solution, which influences the solution chemistry of dyes as well as the
behavior of the adsorbent's functional groups. Different dye groups need
different pH ranges when it comes to dyes. Basic dyes, for example, need
an alkaline medium , while reactive dyes need a strong acidic
environment for optimal dye adsorption (Fahad et al., 2018). The
chemical surface of an adsorbent has a significant impact on the
adsorption of an adsorbate, which can be influenced by changing the
original pH value. According to certain researchers, there is an
electrostatic repulsion between the surface of the positively charged
adsorbent and the cationic dye molecules at low pH values, which
prevents this contaminant from adsorbing (Marrakchi et al., 2017). Since
hydrogen ions compete for adsorption sites with the cationic dye
molecule if the pH rises, the surface of the biomass acquires a negative
charge, allowing for deprotonation of the surface, which encourages
cationic dye adsorption and thereby improves the ability of the biomass
to adsorb this pollutant (Pang et al., 2017). This is due to the fact that the
cationic dye is positively charged in solution, because its adsorption is
more successful when the surface charge is negative (Gao et al., 2016).
The important element, the point of zero charge (pH,.), indicates the
surface's adsorption potential and the form of surface active centres. The
point of zero charge (pzc) is the pH at which the surface charge is zero

and is commonly used to measure or describe the electro Kkinetic
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properties of a surface. Only in systems where H+/OH are the possible
defining ions is the pH value used to characterize pzc. To better grasp the
adsorption process, several researchers looked at the point of zero charge
(pHpc) of different adsorbents made from agricultural solid wastes. At pH
> pHp, cationic dye adsorption is favored due to the inclusion of
functional groups such as the OH™ group, while anionic dye adsorption is
favored at pH< pH,., where the surface becomes positively charged
(Labied et al., 2018).

2.9.2 The impact of contact time

The adsorbate / adsorbent contact time can help in ascertaining the
potential prompting of binding and the optimum time for the confiscation
of contaminants. Also, the contact time is an essential factor which
governs the kinetics of the adsorption process and oversees the inspiring
use of an adsorbent for practical application and influences the economic
efficiency of the adsorption ( Das and Das, 2013). In general, removal
efficiency rises quickly at first due to the availability of a large number of
vacant surface-active adsorbing sites but, as time passes, the adsorption
process slows as the number of surface-active adsorbing sites decreases,
forcing the molecule to go further and deeper through the pores, and the
adsorption process eventually reaches an equilibrium (Mashkoor and
Nasar, 2019).

2.9.3 Adsorbent dosage impact

The quantity of adsorbent used for dye adsorption is an important
parameter to control an adsorbent uptake potential under working
conditions (Nazarzadeh Zare et al., 2016). When the dosage of adsorbent

Is increased, the removal efficiency improves while the adsorption
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capability decreases. The improved total surface area of the adsorbent and
active exchangeable adsorption sites are responsible for the increased
removal performance. However, owing to intervening phenomena such as
accumulation and/or agglomeration, the effective surface area given by an
adsorbent per unit mass decreases significantly at higher concentrations.
Since several adsorbent places remained unoccupied, the adsorption
ability decreased, and the adsorption did not achieve saturation
(Srivastava and Sillanpaa, 2017; Iftekhar et al., 2018). Furthermore, with
an increase in adsorbent dosage, the usable adsorbate is insufficient to
fully cover the available active adsorbing sites on the adsorbent, resulting
In poor adsorbate adsorption per unit mass of adsorbent. In order to
diagnose the proficiency of an adsorbent for adsorption from an economic
stand point, this parameter provides a indication for the efficiency of dye

to be adsorbed for the least amount of adsorbent ( Seow and Lim, 2016).

2.9.4 Initial adsorbate concentration impact

The level of dye removal adsorption is heavily influenced by the
primary dye concentration. The immediate relationship between the dye
concentration and the accessible sites on an adsorbent surface determines
the impact of initial dye concentration. In general, as the initial dye
concentration rises, the percentage of dye removed declines, perhaps due
to adsorption sites on the adsorbent surface being saturated. In the other
side, when the initial dye concentration rises, the adsorbent's potential
rises, perhaps owing to the strong motivating force for mass transfer at
high initial dye concentrations ( Bulut and Aydn, 2006; Jawad et al.,
2018).
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2.10 Point zero charge of adsorbent determination

Investigation on the pH value when the final and initial pH are the
same and the biosorbent surface charge is neutral at this value (point zero
charge, pHy.c) is a vital property which helps to know which ionic types
can be sorbed by biosorbent at desired pH. The amount of SAC (0.59)
was placed in conical flasks which are contained of 50 ml of 0.1M NacCl
solution. The primary values of pH (pH;) (2-10) were organized with 0.1
M solution of NaOH or HCI. After that, suspensions obtained were
agitated at 150 rpm for 24 hr. After that, SAC was seperated and the
ending pH value of solution was tested. pHpzc is obtained from the point
of interception zero with the curve obtained by plotting the ApH vs. pH;
(Mohseni et al., 2016).

2.11 Isotherm study

The equilibrium data derived from the initial dye concentration
analysis was analyzed using the two most commonly used isotherm
equations: the Langmuir and Freundlich equations. The models are
simple, well-established and easily interpretable, which are some of the
Important reasons for their frequent and extensive use. The Langmuir
isotherm model considers biosorption in a single layer, while the
Freundlich isotherm model considers biosorption on a heterogeneous
surface (Kulkarni et al., 2017).

2.11.1 Langmuir isotherm
The Langmuir equation is applicable to homogeneous adsorption

where the adsorption of each adsorbate molecule onto the surface has
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equal sorption activation energy. The linear form of this isotherm is

represented by the expression (Langmuir 1916):

Ce 1 1
; = amKa + ace ......................................................... (2-1)

where g. (mg/g) and C, (mg/l) are the amount of adsorbed adsorbate per
unit weight of adsorbent and un adsorbed adsorbate concentration in
solution at equilibrium, respectively. The constant K, (I/mg) is the
Langmuir equilibrium constant and g is the theoretical monolayer
saturation capacity.

The Langmuir isotherm can be expressed in terms of a dimensionless
constant known as the separation factor (R, also known as the
equilibrium parameter), which is specified by the equation below (Nethaji
etal., 2012).

Where C, refers to the initial concentration of the adsorbate (mg/l). The
value of R, indicates the adsorption process to be either irreversible
(R_=0), favourable (0<R <1), linear (R .=1) or unfavourable (R >1).

2.11.2 Freundlich isotherm

For non-ideal adsorption on a heterogeneous base, the Freundlich
isotherm (1906) is used. The existence of different functional classes on
the surface, as well as numerous adsorbent—adsorbate interactions, cause
heterogeneity (Banerjee and Sharma, 2013; Hameed and El-Khaiary,
2008). The linear form of the Freundlich isotherm is written as:

10g e = 10gke + 2108Ce  -.vovvviriiiiceie e (2-3)
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where Q. is the amount of adsorbate adsorbed at equilibrium (mg/g), C. is
the equilibrium concentration of the adsorbate (mg/l), Kg is the
Freundlich adsorption constant related to adsorption capacity of the

1/n

adsorbent ((mg/g)(I/mg)™), and 1/n is the adsorption intensity. The
values of K and 1/n were calculated from the intercept and slope of the
plot of log g versus log C, (Akkaya and Gizel, 2013). The numerical
value of 1/n less than 1 indicates that adsorption capacity is only slightly
suppressed at lower equilibrium concentrations. In comparison to the
Langmuir model, the Freundlich isotherm is more widely used, but it
offers no details on the monolayer adsorption power. Adsorption on a

heterogeneous surface is the basis for this model.

2.12 Kinetic study

Kinetic models are used to specify the controlling mechanisms of the
adsorption phase, such as chemical reaction, diffusion control, or mass
transfer coefficient. The Kkinetics of dye adsorption onto adsorbent
materials is needed choose the best operating conditions for the fullscale
batch operation. The study of adsorption kinetics illustrates how the
solute uptake rate and obviously this rate controls the residence time of
the adsorbate at the solution interface. This rate is most important when
designing the adsorption system and this rate can be calculated from
Kinetic study. Thus, the kinetics of cationic dye onto adsorbent material
was analyzed using different kinetic models which are presented below
(Miyah et al., 2016).
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2.12.1 Lagergren pseudo-first-order model

Lagergren (1898) proposed the pseudo-first-order kinetic model for

the adsorption of solid/liquid structures, which has the formula:

d
% = Ry 7 1) correre e (2-4)

After integration with the initial condition q; =0 att = 0, Eq (2-5) can be
obtained.

IN(ge —qe) =Inqe — Ryt oo (2-5)

where, ¢ (mg/g) is the amount of pollutant adsorbed at time t (min), g is
the amount of pollutant adsorbed at equilibrium (mg/g), and k; is the
Pseudo-first-order rate constant (1/min). Values of g, and k; can be found

from the slope and intercept of the plot In (ge-q) versus t.

2.12.2 Pseudo-second-order model

Ho pseudo second-order kinetics model was used to further interpret
the Kkinetic results. The premise behind this model is that sorption meets
second order chemisorption. It can be expressed as (Ho and McKay
1999):

dqt

= = k2(qe — Q)% e, (2-6)

Where k; is the constant of Pseudo-second-order rate (g/mg.min ). For the

similar boundary conditions, the linear arrangement becomes:
t 1 t

ac ka2 Qe
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Values of g, and k, can be found from the slope and intercept of the graph
t/g; Vs t. The initial biosorption rate h (mg/ g.min ) can be found from the

Pseudo-second-order model at t—0 by the following equation :

N Ko Ge? et (2-8)

2.12.3 Intraparticle diffusion model

This model is used to determine the next steps in the adsorption
mechanism (Weber and Morris, 1963). The following equation can be

used to descripe it:

Qe = Kipt2 + 0 o (2-9)

Where ki, is the constant of intra-particle diffusion rate (mg/g.min'?) and
C is the constant of intra-particle diffusion provides an idea about the
thickness of the boundary layer (mg/g). The plot of adsorption capacity,

1/2

q: , versus the square root of time (™) explains this model and it should

be linear.
2.13 Fixed-bed adsorption column data analysis

Fixed-bed adsorption, as one of the most commonly used separation
and purification techniques, has been widely used due to its high
performance and ease of operation. How to optimize the design and
operation conditions of the fixed-bed adsorption is obviously an
important issue to be focused on (Xu et al., 2013). The breakthrough
curve may be used to describe the performance of fixed-bed column. The
time required for this curve to reach and the shape of its profile are very

Important characteristics for determining the dynamic and operation
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response of adsorption column (Badran et al., 2020). A breakthrough
curve is a plot of C/C, which depict the loading behavior of solute to be
sorbed from solution which is refers to the ratio of outlet to inlet solute
concentration as a function of time or volume of effluent (V) for a given
bed depth. When the sorbent bed is saturated with the contaminant, the
breakthrough point is reached, and it is described as the time (t,) when C
equals 5% of C, and the volume of effluent corresponding to this time is
V. As the sorbate concentration rises quickly after the breakthrough
point until it approaches the exhaustion point, the column becomes totally
saturated and the sorbed bed is exhausted. The volume of effluent (V) at

exhaustion time is determined as below:

Veff = Qvte .......................................................... (2-10)

The volumetric feed flow rate (ml/min) is Q,, and the exhaustion time is

t. (min). The value of V, can be calculated as:

Vb = Qth .......................................................... (2-11)

For a given inlet solute concentration and feed flow rate, the total amount
of solute adsorbed Qi (M) in the column is equal to the area under the
curve of adsorbed solute concentration against time as shown in Figure
(2.5), which can be determined using the equation below (Kapur and
Mondal, 2015):

toml
Q C. .dt QA

qtotal - m ad = 1000 .................................... (2'12)

0

Where C, =(C,-C) denotes the adsorbed solute concentration (mg/l) at
time t, The volumetric feed flow rate is Q, (ml/min), and the outlet and

inlet solute concentrations are C and C,.
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In the column, the experimental uptake or maximum capacity Qex, (Mg/g)

is calculated as follows:

qexp (mg/g) = qtotal /m .............................. (2-13)

The total amount of adsorbent is represented by m(g). The total mass of

solute that enters the column (mg) is calculated as follows:

mtota| (mg) = Co Veff /1000 ...................................... (2'14)
The percentage removal of solute is calculated as below:
Total removal (R%) = Qeota/Miotar ¥100 .o, (2-15)
co
y B S A p—— paa—
NN 4
N v Exhausion

point

Area,

ciC,

Break point

Effluent volume, V

Fig. (2.5) Ideal breakthrough curve (Chowdhury et al., 2015)

Continuous mass transfer happens between two phases during the
adsorption process in continuous flow mode utilizing a fixed-bed column
(the mobile phase which represents the contaminated solution and the
solid phase of the column bed). The concentration of solute in both

phases is a function of contact time and adsorption zone height (MTZ). A
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mathematical model dependent on mass balance may be used to describe

this adsorption phenomenon and its characteristic parameters.

To illustrate the relationship between the breakthrough curve and
fixed-bed adsorbent, consider the following: as feed wastewater enters the
column inlet, the contaminant is adsorbed more quickly and effectively
by the upper few layers of the unused sorbent during the initial period of
operations. The feed wastewater is continuously in contact with the upper
layers at its initial concentration, C,. The lower strata of the bed trap the
tiny amounts of adsorbate that did not adsorbed in the first few layers.
No solute escapes the adsorbent at first (effluent concentration, C=0).
Near the influent end of the column, the mass transfer zone (MTZ) is
focused (Figure 2.6). As contaminated solution continues to flow through
the column, the top layers of the bed become saturated with the pollutant
and be less effective for further adsorption process. As a result, the MTZ
begins to move downwards fresher adsorbent layers. This region moves
as a wave, followed by the movement of the initial concentration front,
although at a much slower rate than the feed wastewater linear velocity.
As MTZ decreases, more pollutants seem to escape through the effluent,
as shown in Figure (2.6). For a constant flow rate, plots of C/C, against
time or effluent volume display a rise in the C/Co ratio as the region
moves along the column. The majority of column sorption breakthrough
curves have a S shape, but with varying degrees of steepness (Chowdhury
etal., 2015).
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Fig. (2.6): Representation of mass transfer zone movement and formation
of breakthrough curve (Chowdhury et al., 2015).

2.13.1 Process parameter for column study

The majority of adsorption experiments utilized synthetic wastewater
as an adsorbate, in which a dye solution was equipped and processed with
an adsorbent. The effect of different process parameters such as the initial
adsorbate concentration, adsorbate flow rate in column, column bed
height, and breakthrough and exhaust points was calculated. All of these
factors are critical in determining the efficiency of an adsorbent in a
continuous effluent treatment operation on a pilot or industrial scale . The
impact of process parameters on breakthrough and exhaust point is shown
in Table (2.4), along with its features and description. Initial adsorbate
concentration, bed height, and flow rate are the most feasible parameters,
since most researchers are actually focusing on these parameters and
utilizing natural and synthetic adsorbents to eliminate different forms of

contaminants such as dyes, metals, radioactive waste, and so on.
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Table (2.4): Effect of process parameter on breakthrough and exhaustion

point (Patel, 2019).

Process parameter Features Explanation
Initial adsorbate | With increasing influent | Because of the large number of
concentration concentrations, available vacant sites, adsorption
breakthrough and | as initially fast. Following that,

exhaustion points happen
earlier. Following that, as
the inlet concentration
increased, the breakpoint
time decreased.

increasing the initial adsorbate
concentration causes a greater
driving force to overcome mass-
transfer resistance in the liquid
process, and the sites are quickly
exhausted, resulting in a decrease
in the amount of effluent treated
(Moyo et al. 2017; Saravanan et al.
2018)

Flow rate of adsorbate

With a higher flow rate,
breakthrough points are
more likely to occur. With
a reduction in flow rate,
the saturation of
breakthrough time
increases significantly.

The rate of mass transfer increases,
i.e., the amount of adsorbate
adsorbed onto unit bed height
(mass-transfer zone) increases as
the fow rate increases, leading to
faster saturation. (Lopez-Cervantes
etal. 2017). With a lower flow
rate, the adsorbate has more time to
contact the adsorbent, resulting in
higher adsorbate removal in the
column (Ahmad and Hameed
2009; Sheng et al. 2018)

Bed height of column

With rising bed depth,
breakthrough and
exhaustion times take

longer. It was also found
that as the bed depth was
raised, the volume of
effluent handled increased.

The increase in surface area and
the number of binding sites
available  for  adsorption is
attributable. When the amount of
adsorbent was raised, the time it

took for the adsorbate and
adsorbent to interact increased as
well (Fathi et al. 2014,

Teutscherova et al. 2018)
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2.13.2 Adsorption models for column study

The concentration profiles in the liquid and adsorbent phases differ in
place and time in continuous biosorption systems. For the design and
optimization of fixed bed columns, mathematical and quantitative
modeling approaches are used. As a consequence, the dynamic behavior
of a fixed bed column can be defined in terms of the effluent
concentration time profile, i.e. the breakthrough curves, from the
perspective of process modeling (Abdolali et al., 2017). Multiple models
are used to forecast breakthrough results, measure column Kkinetic
constants, and determine the adsorption ability of fixed bed columns.
During the operation of a column utilizing adsorption dynamics
acquaintance and simulation, numerous functional features such as
sorbent capability, operational life span, regeneration period, and time
prediction play an important role. These models often include detailed
conclusions regarding the process mechanism. Axial dispersion, external
film tolerance, and intraparticle diffusion resistance are both tested on the
adsorption column. As a consequence, axial dispersion, outward mass
movement, and intraparticle diffusion are presumed in the calculated
associations for adsorption in fixed-bed columns (Cruz Olivares et al.,
2013). For evaluating the efficiency and applicability of column models
for large-scale operations, a number of mathematical models have been
created. To study the column actions of an adsorbent—adsorbate system,
the Thomas, bed depth service time, and Yoon—Nelson models are most

widely used.
2.13.2.1 The Bed Depth-Service Time model (BDST)

The aim of fixed bed adsorbed operation is to reduce the concentration
in the effluent to a degree that does not surpass a predetermined

breakthrough value (C,). The real effluent concentration is smaller than
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Cy, at first since the activated carbon is unsaturated, so when the effluent
Is drained into the bed, the carbon becomes saturated and the effluent
concentration reaches Cy, i.e. the breakthrough point is achieved. Bohart
and Adams (1920) suggested a link between bed depth (Z) and the period
it takes for breakthrough to occur. The process requirements and

operational parameters were connected to the service time (t):

In (z—g — ) =In [exp ((%) Z) — 1] —KgCotp vveiviiinnannnn. (2-16)

Hutchins (1973) suggested that the bed depth and service period had a

linear relationship:

—_ 4B 1 Co )
7 2o N (@ -1) (2-17)

The service time is represented by t,, which is the time it takes for the
adsorption column to reach the saturation breakthrough point with a given
percentage of saturation (Kratochvil and Volesky, 2000), gg is the
dynamic breakthrough adsorption capacity per unit volume of adsorbent
bed (mg/l), Kg is the adsorption rate constant (I.mg™*.min™), z is the
column bed depth (cm), Us is the linear flow velocity (cm/min) described
as the ratio of the volumetric flow rate Q, (cm*min™) to the column
cross-sectional area S, (cm?). The inlet and breakthrough point
concentrations of adsorbate (mg/l) are C, and Cy, respectively. The values
of the model constants ( gg and Kg ) are determined using linear
regression methods and SPSS system V.20, using the slope and intercept

of a linear plot between the t, and z at various percentage breakthroughs.

Various applications with varying feed flow rates and bed heights (
Unuabonah et al., 2015). In this case, the model parameters qg (mg/l) and

Kz (I/mg.min) were determined by plotting the intercept and slope of
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In [ (C,/Cp) — 1] against t.

When the service time is zero, the critical bed depth (Zc) is measured,
which is the theoretical depth of the adsorbent sufficient to prevent the
adsorbate concentration from reaching breakthrough concentration:

Ze = I (2= 1) oo (2-18)

KgpdBD Cp

2.13.2.2 Thomas model

One of the most popular hypotheses for fixed-bed column efficiency is
the Thomas model. The Thomas model is based on the hypotheses that (1)
the adsorption is not limited by chemical interactions but by mass transfer
at the interface and (2) experimental evidence is compatible with
Langmuir isotherms and second-order Kinetics. It is used to measure the
adsorption rate constants and the maximum solid phase adsorbate
concentration on adsorbents (Thomas, 1944 ; Foo et al., 2013 ). Using the
kinetic model developed by Thomas, the data obtained in column in
continuous mode studies was used to measure the maximum solid phase
concentration of dye on biosorbent and the adsorption rate constant

(Thomas, 1944). The Thomas model equation is as follows:

(=) = e, (2-19)

K
Co 1+eXP[QLVH(ClTH m_CoVeff)]

After logarithmic transformation, the linear form is:

Co K
In (E - ) = AT — KaprCol oovvveronriernrinnni (2-20)

Where K, (I/min.mg) is the Thomas rate constant; gry (mg/g) is the
equilibrium dye uptake per g of the adsorbent; C, (mg/l) is the inlet dye

concentration; C (mg/l) is the outlet concentration at time; m (g) the
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mass of adsorbent, Q (ml/min) the flow rate and t (min) stands for flow
time. The intercept and slope of a linear plot of In [(C,/C -1] vs. time t,

respectively, provided the Thomas parameters (g4 and Krp).
2.13.2.3 Yoon-Nelson model

The Yoon and Nelson model is regarded as the less complicated
column model since it does not necessitate specific information on
adsorbate features, adsorbent kind, and adsorption bed physical properties
(Afroze et al., 2015). The concept behind this model is that the rate of
decrease in adsorption likelihood for each adsorbate molecule is
proportional to the probability of adsorbate adsorption and adsorbate
breakthrough on the adsorbent (Yoon and Nelson, 1984).

The Yoon-Nelson equation relating to a single component system is

written as below:

ooooooooooooooooooooooooooooooooooooooooooooooooooo (2 21)

Co  1+exp[Kyn(Z-1)]

The linearized form of Yoon—Nelson model for a single component

system is expressed as:

C
In (CO_eCe) = Ryt = TRYN «eeeeeee oo, (2-22)

where kyy is the rate constant (min™'), t the time required for 50%
adsorbate breakthrough (min), the concentrations of effluent and influent
adsorbate, respectively, are C and C,. and t is the breakthrough time

(min).

A plot of In (C/C,— C) vs t. gives a straight line with Ky as the slope and
- tkyn as the intercept, which are referred to as the model constants.

Using the following equation, the amount of adsorbate in a packed-bed,
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gvn, Which is semi of the total adsorbate entering the adsorption bed for 2

1 periods (Patel and Vashi, 2012), can be determined:

Jtotal — Co Qyt

qYN = m 1000 m T (2'23)

The adsorption capacity (gyn) is calculated using Yoon-Nelson equation,
which takes into account the concentration of inlet adsorbate (C,),
volumetric feed flow (Q,), adsorbent mass (m), and the 50 percent

breakthrough time (7).

2.14 Previous studies of biosorption technique, using

agricultural residues as biosorbent to remove dyes

Numerous experiments have shown the effectiveness of dye
adsorption using raw adsorbents made from agricultural wastes and used

plant pieces (Rangabhashiyam et al., 2013).

Aydin and Baysal (2005) found that the adsorption efficiency to
remove dye from wastewater made it an ideal alternative to other
expensive treatment options. Touch duration, pH, adsorbent dose, and
initial dye concentration were used to investigate the removal of acid red
183 (AR) and acid green 25 (AG) into bittim (Pistacia khinjuk Stocks)
(BTS) shells from aqueous solutions. Dye adsorption isotherms on BTS
were measured and compared to traditional isotherm equations including
the Langmuir and Freundlich models. Within 30 minutes, adsorption
equilibrium was achieved. The Langmuir isotherm tends to match the
isotherm data more than the Freundlich isotherm, according to the results.
Adsorption data are used to establish the parameters of the Langmuir and
Freundlich isotherms. AR and AG had gross adsorption capacities of (33
and 28) mg/g on BTS. The pseudo-secondorder reaction model could be

used to explain the adsorption kinetics of AR and AG.
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Ponnusami et al (2009) studied Gulmohar (Delonix regia) as
adsorbent for the removal of Methylene blue from aqueous solution. The
material was studied without chemical treatment. The adsorption was
observed to be more beneficial at higher pH. The Langmuir isotherm
matched the equilibrium data well, and an appreciable Langmuir ability

of 0.3 mg/g was discovered.

Sentruk et al., (2010) used a batch biosorption technique for the
elimination of Rhodamine 6G, a new biosorbent almond shell (Prunus
dulcis) was tested. For all of the Rhodamine 6G initial concentrations
tested, the biosorption Kkinetics fits a pseudo second order paradigm. Both
the Langmuir and Freundlich isotherm models work well with
equilibrium results. The best match of the Langmuir isotherm model

revealed that almond shell has a monolayer biosorption capacity of 32.6

mg/g.

Senthil Kumar et al. (2010) studied the use of a low-cost absorbent,
which is the cashew nut shell prepared from agricultural waste, to remove
the Congo red (CR) dye from the aqueous solution. Adsorbent dose, pH,
initial dye concentration, and time had an impact on adsorption. The
findings suggest that, when compared to other commercial adsorbents,
CNS can be used to remove dyes from wastewater at a lower cost.
Langmuir and Freundlich analyzed the experimental data, resulting a
Langmuir isotherm with a maximum biosorption capacity of 5.184 mg/g.

Santhi et al. (2011) investigated the possibility of removing green
malachite (MG) and methylene blue (MB) dyes from aqueous solutions
using a low-cost substance made from annona squmosa seeds (ASS). The
results show that malachite green and methylene blue have removal

efficiencies of 75.66 percent and 24.33 percent, respectively, and that the
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adsorption process is pH-dependent. The optimum pH for dye removal
was found to be 6.0. With increasing initial dye concentration, the amount
of dye adsorbed from aqueous solution increase. The equilibrium data (R?
> 0.97) fit the Langmuir model well, and the adsorption kinetics (R* >
0.99) followed the pseudo-second-order equation. On ASS, MG and MB
have maximum adsorption capacities of 25.91 mg/g and 8.52 mg/qg,
respectively. These findings suggest that annona squmosa seed could be a
low-cost adsorbent for removing dyes from industrial wastewater. ASS

has a higher adsorption capacity for MG than MB.

Hussin et al. (2015) studied durian leaf powder processing with
NaOH to introduce more carboxyl groups in order to improve their
performance as an adsorbent. A Fourier Transform Infrared (FTIR)
spectrometer was used to analyze the relationship of chemically treated
durian leaf powder (CTDLP) with methylene blue (MB). A scanning
electron microscope (SEM) was used to analyze the surface alteration of
CTDLP. The results of touch duration, initial dye concentration,
adsorbent dose, and dye solution pH on MB adsorption studied use a
batch adsorption sample. The Langmuir model (R? > 0.989) better match
the experimental results, with a maximum monolayer adsorption ability
of 125 mg/g. The kinetic experiments demonstrated strong alignment
with the pseudo-second-order model, meaning that the MB adsorption
method required chemisorption. CDTLP was discovered to be a possible
adsorbent for the removal of MB from wastewater in this analysis.

Etim et al. (2016) studied coconut coir dust at low cost from
agricultural residues in the batch process of removing methylene blue
pigment. Adsorption was investigated over time as a feature of absorbent
quantity, pH, and concentration. The adsorption ratio is observed to differ

linearly with the quantity of adsorbent and concentration over time,
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although non-linearly with pH. Two isotherm models, Langmuir and
Freundlich, were studied, and adsorption was found to fit well into both
with R?> > 0.90. The pseudo-second order kinetic model accurately
represented the kinetic data. They discovered a potential for absorption
(Om =29.50mg/g). The dye was adsorbent by a chemical reaction of the

othe adsorbent.

Abbas et al. (2018) dried fungi waste from white mold fungi to use it
to remove methylene blue pigment from aqueous solution in batch mode.
The equilibrium isotherm as well as the kinetics have been studied. To
determine the adsorption capacity and analyze the suitability of the
biosorption process, several parameters were evaluated, including pH,
contact time, dye concentration, and biosorbent dosage. The Langmuir
and Freundlich isotherms were used to model the process equilibrium,
also pseudo-first-order and pseudo-second-order Kinetic models were
used to fit the kinetic data indicated a better fit of process to a
pseudo second order model. The equilibrium isotherm data fit well to the
Langmuir isotherm with a maximum biosorption capacity of 23.69 mg/g

and a determination coefficient R? of 0.9909

Gebrezgiher and Kiflie (2020) studied removing reactive red dye
from aqueous solutions by cactus peel. The initial dye concentration,
pH, biosorbent dosage, contact time, and pH were investigated. Response
surface methodology was used to examine the interaction effects of
process variables. As the initial dye concentration and solution pH
decreased, as well as the biosorbent dosage and contact time increased,
removal efficiency increased. At solution pH, initial dye concentration,
biosorbent dose, and contact time of 3.0, 40 mg/l, 6 g, and 120 min, the
highest removal efficiency (99.43%) was achieved. According to

regression analysis, the Langmuir isotherm (R?=0.9935) was better
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represented the biosorption process than the Freundlich isotherm
(R?=0.9722). The absorption capacity (q.) with the highest percentage is
0.2796 mg/qg.

Felista et al. (2020) studied the possibility of using macadamia seed
husks (MSH) as a low cost absorbent material to eliminate Basic Blue3
Dye (BB3). Batch adsorption experiments were carried out to assess
MSH ability to remove BB3 under a variety of experimental conditions.
Increases in interaction time, MSH dosage, initial BB3 dye concentration,
and pH increased the percentage BB3 dye uptake. At optimum pH 12,
the adsorption equilibrium was reached in 40 minutes, with an adsorption
efficacy up to 99.8%. The experimental data fit a pseudo second order
kinetic model with ( R*> 0.9970), indicating chemisorption dominance.
Freundlich adsorption isotherms fit the experimental data well, with high
value R?=0.9991, implying multiple layer adsorption and a maximum
BB3 adsorbed g,, mg/g =1.4. The findings show that MSH is a viable
and effective alternative for removing synthetic dyes from industrial

effluents.

Using a fixed-bed adsorption, Ahmad and Hameed (2009) examined
the adsorption ability of granular activated carbon dependent on bamboo
waste (BGAC) to extract. Reactive Black (RB5) from aqueous solution.
On the breakthrough characteristics of the adsorption method, the effects
of inlet RB5 concentration (50-200) mg/I, feed flow rate (10-30) mi/min,
and activated carbon bed height (40-80) mm were investigated. With a
100 mg/l inlet dye concentration, an 80 mm bed height, and a 10 ml/min
flow rate, the highest capacity of 39.02 mg/g was achieved. The
adsorption data is mounted to Adam —Bohart, Thomas, and Yoon—Nelson
models, which are all well-known fixed-bed adsorption models. The

findings were well-fitting to the Thomas and Yoon—Nelson models, with
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R? of 0.93 at various conditions. Using a fixed-bed adsorption column,

the BGAC was shown to be a good adsorbent for RB5 adsorption.

Han et al. (2011) examined the impact of different method parameters
on the effectiveness of jackfruit leaf powder (JLP) for extracting
methylene blue (MB) from aqueous solution, including bed depth (5-10)
cm, flow rate (30-50) ml/min, and initial MB concentrations (100-300)
mg/l. The cumulative adsorbed concentrations and equilibrium absorption
decreased with increasing flow rate and raised with the initial MB
concentration, according to the findings. At pH 10, the longest
breakthrough period and highest MB adsorption were achieved. The
column worked well at low flow rates, according to the data. With
increasing bed height, breakthrough time and exhaustion time have
increased. To forecast the breakthrough curves and evaluate the
characteristic parameters of the column that are useful for process design,
the bed-depth service time (BDST) model and the Thomas model were
applied to the adsorption of MB at various bed depths, flow rates,
influent concentrations, and pH. At all of the process parameters tested,
the two models predictions were very similar to the experimental

findings, suggesting that they were very suitable for JLP column design.

Kumar et al. (2012) studied low groundnut shell powder (GNSP) to
remove methylene blue using a fixed bed. The adsorption kinetics and
breakthrough curves for the GNSP were studied using the bed service
depth model and the Thomas model. Both models had very large R?
values and matched the experimental results very well. The percentage of
color removed improved as bed height increased. It was found that
adsorption capacity of GNSP was in the range of 0.238 to 0.272kg/kg of
adsorbent. These findings suggest that the GNSP may be used as a low-

cost alternative adsorbent for pollutant removal in aqueous solution.
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Yagub et al. (2014 ) used the fixed bed column to investigate the
efficacy of pine cone biomass for removal of methylene blue (MB) dye
from aqueous solution. The adsorption column breakthrough curves
(BTCS) revealed that feed flow rate, initial MB dye concentration, and
column bed height had influences on dye adsorptive behavior. The total
amount of adsorbed dye, equilibrium dye absorption, mass transfer
region, and total percentage of dye removal increased as MB dye
concentration and bed height increased, but decreased as the initial flow
rate increased. Thomas, Yoon—Nelson, and Bed Depth Service Time
(BDST) models were used to match the experimental BTCS collected
from dynamic experiments to assess the fixed-bed column adsorption
kinetic parameters. All of these parameters are important for the design of
an adsorption column, and all three kinetic models were found to be
applicable. The overall solid-phase concentration (g,) decreased as the
flow rate and bed height increased, but increased as the original MB dye
concentration increased, according to the Thomas model. The value of the
Thomas Kinetic rate constant (Ky,) increased as the flow rate increased,
but decreased as the original MB dye concentration and bed height
increased. In the entire column adsorption method, the Yoon—Nelson
model showed that the time needed to achieve 50% adsorbate
breakthrough matched well with the experimental results (50 percent
exp). The rate constant Kyy increased as the flow rate and initial MB dye
concentration increased, but decreased as the bed height increased. The
rate constant (K,) decreased as bed heights and initial MB dye
concentrations increased, but increased as flow rate increased, according
to the BDST model. With growing flow rate, initial MB dye
concentration, and bed height, the volumetric sorption capability of the

bed (N,) raised. the experimental data was well-fitted by all three models.
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Sajab et al. (2014) applied cationic and anionic modified oil palm
fruit fibers to remove methylene blue (MB) and phenol red (PR) using
single- and multiple-melting systems in a fixed bed system for an
adsorption assay. To test various experimental situations, the
experimental data is fitted with Thomas and Clark column adsorption
models (adsorbate dose, bed height, column temperature, and flow rate).
The findings point to a monolayer and heterogeneous adsorption process.
Using a bed depth service time model and the adsorption rate, the service
time of each bed were calculated. The adsorbent was regenerated for up
to five adsorption/desorption cycles, indicating that the adsorbent column
Is extremely reusable. Both fibers packed in separate arrangements were

used to remove mixed MB and PR at the same time.

afroze et al. (2015) verified the efficacy of eucalyptus bark biomass
absorption in removing methylene blue (MB) pigment from solution in a
sustainable and cost-effective manner. To evaluate breakthrough curves
with a fixed bed flow column, a series of column tests were performed
using crude eucalyptus bark with varying MB dye flow rate (10-15)
ml.min™, initial MB dye concentration (50-100) mg.I"*, and adsorbent bed
height (10-15) cm. The best conditions for optimum dye adsorption were
found to be a high bed height, low flow rate, and a high initial dye
concentration.The Thomas model, Yoon—Nelson model, and bed depth
service time model were added to experimental breakthrough data to
simulate breakthrough curves and evaluate the characteristic parameters
of the column dynamics for industrial applications and process design. In
terms of MB flow rate, initial dye concentration, and adsorbent bed
height, all models were considered to be ideal for representing the
dynamic behaviour of the column. The researchers discovered that

eucalyptus bark biomass has a strong adsorption capacity for extracting
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MB dye from aqueous solutions in a column method and could be used to

handle dye-containing effluents.

Yu et al. (2015) determined the possibility of eliminating the cationic
dyes methylene blue and rhodamine B from aqueous solution using
continuous mode utilizing modified sugar cane waste (SCW). In a fixed
bed column, the effects of flow rate on dye adsorption were investigated.
In a binary method, the competitive adsorption kinetics of the two dyes
were explored in detail. The changed sorbent's adsorption capacities for
methylene blue and rhodamine B in a one-component system were 1.7
and 0.4 mmol .g™, respectively, according to the results. Free adsorption,
replacement adsorption, and adsorption equilibrium are the three stages of
the competitive adsorption mechanism in the binary scheme. In the
second step, the 0.19 mmol of rhodamine B that had been absorbed was
substituted by 0.35 mmol of methylene blue. For the first time, a simple
updated Yoon -Nelson model was used to predict adsorption kinetics. The
adsorption rate constants for the two dyes in the three phases were found
to be in the following order: phase | > phase Ill > phase Il, demonstrating
that the substitution adsorption phase is the rate deciding stage.
Desorption experiment showed that the loaded two dyes could be
separated and recycled by using the mixture solution of HCI (0.1 mol.I"")
and ethanol as eluent. The prepared fixed bed column had great potential

in industrial wastewater treatment.

El Messaoudi et al. (2016) studied the possibility of removing Congo
red (CR) from aqueous solution in a fixed bed column system using an
environmentally friendly bio absorbent jujube shell (JS). Bed depths (2, 4
and 6) cm, flow rate (2.8, 4.5 and 6.4) min/l, and influent CR
concentrations (100, 200, and 300) mg/l were all variables in the

experiment. With a flow rate of 2.8 ml/min and a bed depth of 4 cm, the
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maximum biosorption potential (80.49mg/g) on a 100 mg/l of CR
solution was achieved. This research found that CR can be effectively
adsorbed on JS. With increased flow rate, decreased bed depth, and
increased influent CR concentration, the breakthrough and exhaustion
times decreased. The models of Thomas and Bohart-Adams were
successful in predicting breakthrough curves for CR removal with various
parameters. The biosorption of CR onto JS was discovered to be very
similar to the Thomas model. The desorption of JS was investigated using
a NaOH solution (0.1N) as the desorbing agent, and the reuse of JS over

four cycles was investigated.

Kopsidas et al. (2016) investigated the usage of traditional urban solid
waste like coffee grounds to clean commercial wastewater polluted with
simple dyes like methylene blue. Two popular models, namely Bohart
and Adams and Clark, were used to evaluate data from the continuous
fixed-bed column method. For a bed depth of 15 cm, an initial dye
concentration of 800 mg.l", and a flow rate of 20 ml.min™, the Bohart
and Adams capacity was up to N = 46,166 mg.I™* or g, = 104.5 mg/g.
Methylene Blue is well-adsorbed on coffee residues, according to the
findings. As a result, this method may be used to remove simple dyes

from aquatic environments at a low cost.

Thuong et al. (2018) verified the removal of methylene blue (MB)
and crystal violet (CV) from wastewater using a fixed-bed column of
pretreated durian husk (DP). Bed depths (2-6) cm, flow rate (5-20)
ml/min, and influent dye concentrations (200-600) mg/l are all
investigated variables in the system. On a 600 mg/l of methylene blue and
crystal violet reached within a 4 cm bed height and a flow rate of 10
ml/min, the highest adsorption level of pretreated DP was 235.80 mg/g

and 527.64 mg/g, respectively. As a result, the breakthrough curves were
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developed and modeled using the related theoretical models when
considering the results of various experimental conditions. In an initial
concentration of 200-600 mg/l, pre-treated durian peel was found to have

a strong adsorption potential for cationic dye, with full elimination.

2.15 Summary

The disposal of colored dye wastewater in the environment has
depleted freshwater resources and compelled scientists to rethink the
availability of clean and safe water. It has been reported that the presence
of toxic and colored compounds in dye-containing wastewater results in
carcinogenic, mutagenic, allergic, and dermatitis effects on living
organisms. Adsorption is recognized as an effective and low cost
technique for the removal of organic pollutants from water and
wastewater, and produce high-quality treated effluent. This chapter
highlighted the studies of removal of organic pollutants using adsorption
technique with different kinds of natural and synthetic activated carbon.
Also, it provides extensive literature information about synthetic dyes,
their classification and toxicity effects.

Many researches have given considerable attention aimed at establishing
to the removal efficiency of organic pollutants by adsorption technique.
To decrease treatment costs, attempts have been made to find inexpensive
alternative activated carbon (AC), from waste materials of industrial,

domestic and agricultural activities.
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Commercial activated carbon is used widely as an adsorbent in the
removal of dyes with great success due to its excellent adsorption
capacity, large surface area and mesoporous structure . However, due to
the high cost and difficulties associated with its regeneration, various
researchers have explored alternative nonconventional and cost-effective
adsorbents in the removal of dyes. Agricultural solid waste based
activated carbon are considered interesting alternative to available
commercial activated carbon. These natural waste materials are available
locally in a large quantity and have little or no commercial value. This
literature review provides an overview and up to date of current uses of
biomass based carbon in the removal of organic dyes from wastewater.
Also, the mechanism of adsorption and identification of various process
parameters such as solution pH, initial adsorbate concentration, adsorbent
dose, contact time have been critically analysed here. Further, this review
describes the different continuous column adsorption studies based on
using various natural biosorbents and the application of various column
dynamic models.

From the established studies, it can be concluded that there has been a
vast focus on natural adsorbents. This was reasoned by multiple studies to
be based on their inexpensive economic potential. However, to decisively
make this conclusion, this work aims to explore a biosorbent derived
from Iragi natural plant as a natural, cheap and environmentally friendly

adsorbent.
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Chapter Three

Experimental Works and Procedures

3.1 Introduction

Preparation and characterization of the biosorbent (SAC) in this
chapter are explained. The effectiveness of SAC in removing of
methylene blue dye (MBD) from colored industrial effluent was
investigated in a series of laboratory batch and continuous flow
experiments. The batch tests at room temperature (25 = 5°C) are based
on the effects of the pH of dye solution, contact time , biosorbent dosage
and initial concentration of MBD. While continuous flow studies have
been carried out to investigate the effect of MBD solution flow rate, bed
depth of biosorbent and initial MBD concentration on the MBD removal

efficiency. Figure (3.1) indicates the flow chart of this work.
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Biosorption process
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Fig. (3.1): Flow chart of adsorption process for MBD.
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3.2 Materials and methods
3.2.1 Adsorbate

Methylene blue dye (MBD) has broader uses, including coloring
paper, temporary hair coloring, fabric dyeing, wool, etc. With the
molecular formula C;gH1gN3sCIS (molecular weight 319.85 g/mol). The
chemical composition of the dye is shown in Figure (3.2). The lraqi
commercial markets supplied the methylene blue used in this work and
some of its physical and chemical properties are shown in Table (3.1) and
Figure (3.3) shows the MBD powder that was employed in this study.
The desirable concentrations of MBD solution were prepared by diluting
the stock solution using distilled water. The pH of dye solution was

adjusted using HCL and NaoH with molarity of 0.1.

Fig. (3.3): MBD powder used in this study.
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Table (3.1): Physical and chemical properties of MBD ( Acemiolu et al.,
2010; Azha et al., 2016).

Property Value
Chemical formula C16H1sN3CIS
IUPAC name 3,7-bis (Dimethylamino)-phenothiazin-5-
ium chloride.
Molecular weight ( g/mol) 319.85
Type Cationic dye
Color Blue
Physical state and form Solid
Odor Odorless
Absorption maximum (nm) 664
Solubility 1 g/25 mi
Other name Swiss blue

3. 2.2 Biosorbent (SAC) preparation

Activated carbon derived from natural and local Iragi plant
(Schanginia/sp) was the biosorbent used in the present research. The
activated carbon production consisted of activation by carbonization of
the respective plant material. The raw material was split into small parts,
and was washed several times using tap water followed by using distilled
water to remove water soluble substances, soil, dust, etc, and followed
carbonization was carried out for one hour in a muffle furnace at 250 C°
(Ukanwa et al., 2019). Based on previous trials with various heating
durations, this heating degree and time is based. The plant was totally
carbonized to ash when the degree of heating and period were increased.
After carbonization, the carbon collected was washed with distilled water

several times, then dried in an electric oven at 100 C° (Yuan et al., 2019)
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to eliminate any unwanted moisture inside the particles and stored in
desiccators. The biosorbent was finally ground and sieved through a 100
mesh sieve. In the Ministry of Oil/ Petroleum Production and Research
Center, the physiochemical properties of activated carbon prepared from

natural Iragi plants were carried out.

The natural plant and produced activated carbon are shown in Figure

(3.4 a,b), respectively.

red SAC.

3.3 Characterization techniques of biosorbent
3.3.1 Characterization of particular surface region

The nitrogen adsorption-desorption isothermal analysis measurements
were defined by the precise surface area (Sget) of the prepared SAC. The
evaluation will be carried out at the Ministry of Oil/ Petroleum
Development and Research Centre. Nitrogen adsorption-desorption
isotherms obtained in a relative pressure < 0.35 p/p° by using an analyzer,

Model No. Qsurf 9600, Themo Finnegan Co., USA.
3.3.2 FTIR spectra

In the College of Pharmacy, University of Kufa, Fourier transform
infrared spectroscopy (FTIR; SHIMADZU, IRPrestige-21, Japan) is

57



Chapter Three Experimental Works and Procedures

conducted to feel the surface functional groups of studied biosorbent at
wavelengths of 400-4000 cm™. This test is the most appropriate
measuring tool based on the adsorption of FTIR in the chemical bonds
associated with the mineral composition.The pattern of biosorption on
biomass materials is closely related to the presence of SAC's active
functional groups and surface bonds. FTIR spectroscopy, thus, is an
effective means of defining the signature functional groups that can
adsorb dye ions. Before and after MBD biosorption, FTIR spectroscopy
was conducted on SAC for elucidation of the positions of these active

sites along with the change of their locations after MBD biosorption.
3.3.3 Scanning electron microscopy (SEM)

A high-resolution scanning electron microscopy (SEM; TESCAN,
Mira3, France ) was used to scan the surface texture morphological
composition of the surface and examine the outline of the biosorbent used
before and after the biosorption of MBD with various magnifications.
This test was carried out the University of Tehran, along with energy

dispersive spectroscopy (EDS).
3.3.4 Atomic force microscope (AFM)

To describe and examine the topography of SAC before and after MBD
biosorption, the CSPM with AFM test (SPM AA300 Angstrom Advanced
Inc., USA with AFM contact mode) was performed. This test is carried
out at the Department of Chemistry, University of Baghdad, College of of

Science.
3.4 Experimental methods

Two types of studies were used in the experimental process of this

study; batch and continuous trials. The biosorption method was divided
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into two sets: isothermal and kinetic equilibrium, while using fixed-bed

columns, the continuous system was performed.
3.4.1 Batch study

To obtain the best operating condition for SAC in the removal of MBD
100 ml of solution of known dye concentration was added to conical
flasks of 250 ml volume. The mass of the SAC was applied to each flask,
then the flasks were constantly stirring by an orbital shaker at everage
speed and allow sufficient time for the equilibrium of SAC at room
temperature (25 + 5°C). The samples were eventually removed and
filtered. In College of Engineering Environmental department
Engineering. The concentration of MBD are measured using double
beam UV-VIS spectrophotometer (UV/VIS-6800JENWAY) with
maximum wavelength. The maximum wavelength, A . for MBD was
measured at 664 nm. Concentrations during experimental work were
determined from a standard calibration curve. A photo of the UV

Spectrophotometer used in the study is shown in Figure (3.5).

Fig. (3.5): UV Spectrophotometer used in this work ((UV/VIS-
6800JENWAY).
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The key distinct factors used in batch studies are shown in Tables (3.2)

Table (3.2): The main different parameters used in batch experiments.

Factor Rang Purpose
pH of MBD solution 2-10 To identify the best pH
Contact time, min 5-120 Determining the optimal

contcat time for the
removal of MBD

Dose, g/ 100 ml dye 01-15 To determine the optimum
solution bisorbent quantity

Initial dye concentration, 10 - 100 For isotherm analysis and
mg/l 25, 50, 100, 200 study of kinetics.

The removal efficiency and uptake was estimated using the following

equations.
R = 27 u100 oo, (3-1)
o
_ Co—-Ce
Qe = —— XV s (3-2)
Where:

R % = Percentage removal

C, = Initial concentration of dye (mg/l)

Ce = Concentration of dye at equilibrium time (mg/l)
v = Volume (I)

q. = Biosorption capacity at equilibrium time (mg/qg)

m = Biosorbent mass (g).

60



Chapter Three Experimental Works and Procedures

3.4.2 Procedure and experimental setup for dynamic biosorption

studies

Contintious flow biosorption tests were conducted in a fixed bed
column made using apyrex glass column with an inner diameter of 2 cm
and a length of 75 cm. To avoid channeling and for even distribution of
the solution, glass wool and glass beads layer of particle size 5 mm were
inserted near the column inlet. To prevent biosorbent loss, the bottom of
the bed was covered with a layer of glass wool. SAC was sieved to get
the 600 um particle size. The photo and schematic illustration for this
system is seen in Figures (3.6 and 3.7), respectively . In the fixed bed
column, a known quantity of biosorbent was applied to achieve the
required bed height of 15, 20, and 30 cm. The MBD solution was pumped
downward through the column using a peristaltic pump (ISMATEC
model, IDEX Corporation, Germany). Biosorption investigation must
begin with the biosorbent bed being wetted with purified water in a
downward flow to remove any occupied air from the particles. The
column tests were carried out at room temperature. Determining the
dynamic and operative response of a biosorption column needs defining
the time for breakthrough appearance and shape of the breakthrough
curves which are very vital features. So, breakthrough curves were
plotted by C/C, vs. time. The breakthrough curves were studied in
relation to different operating factors. Samples were collected at regular
intervals (15min) form the exit of the column for all the experiments
effluent until equilibrium and saturated capactity for dye biosorption of
the column bed was reach. The distinet factors used in continuous flow
biosorption study is show in Table (3.3).
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Table (3.3): The main factors used in continuous experiments.

Factor Rang Purpose
Dye solution flow rate, 10, 15, 20 To evaluate the effects of
ml/min different flow rates of dye
solution on breakthrough
curves
Biosorbent bed height, cm 15, 20, 30 To study the influence of
different bed heights of

biosorbent on
breakthrough curves

Initial dye concentration, 25, 50,75 To study the effects of
mg/l different initial
concentrations of dye on
breakthrough curves

Fig. (3.6): Laboratory arrangement of a fixed-bed column structure for
MBD biosorption experiments.
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Fig. (3.7): The schematic of the fixed-bed column structure used in
dynamic biosorption experimental investigates.
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Chapter Four

Results and Discussion

4.1 Introduction

This chapter investigates the potential effectiveness of SAC as an
biosorbent in the removal of MBD from its aqueous solution by biosorption
process. SAC is deemed environmentally sustainable since it does not
involve the usage of chemicals such as acids and bases in its processing. The
purpose of the characterization analysis is to show how important features of
the biosorbent, such as surface area, surface topography, and active sites,
change before and after MBD removal. The biosorption activity of SAC to
ward MBD removal is studied using batch and dynamic systems. The effect
dye solution pH, contact time, biosorbent dose and initial dye concentration,
on biosorption capability is investigated in batch mode at room temperature
(25 + 5°C) . The equilibrium data were fitted into Langmuir and Freundlich
isotherm models to better grasp the adsorption isotherm and MBD - SAC
interaction. Additionally, batch experimental data was analyzed using
pseudo-first-order, pseudo-second-order, and intra-particle diffusion models
to establish adsorption kinetics and mechanism. In continuous flow system ,
the obtained data is evaluated in order to determine the impact of operational
variables on the breakthrough curves. The kinetic analysis uses various

kinetic models to forecast the breakthrough curve under various conditions.
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4.2 Characterization works
4.2.1 Biosorbent physiochemical characterization

The elemental analysis was obtained by EDS analysis which is
occupied with SEM technique. EDS analysis of produced activated carbon

Is summarized in Table (4.1).

Table (4.1): Elemental analysis (%W/W) of SAC using EDS spectrum.

Biosorbent | C @) N H S Other contents plus L.O.I.
SAC 69.52 | 12.36 | 1.93 | 6.24 | 1.3 8.65

In comparison to other elements, the SAC sample has a very high
carbon content. As a consequence, it can be inferred that carbon is the most
abundant component in the sample, meaning that it is carbonaceous and
ideal for adsorption. Since the quantity of S was so tiny, it meant there were
just a few impurities present. Table (4.2) mentions the other physiochemical

properties of SAC .

Table (4.2): Physiochemical properties of SAC.

Property SAC

Specific surface area, Sger (M*g™) | 27.92

Moisture content % 0.3
Bulk density (g/ml) 0.356
Point zero charge (pHpy) 4.4
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4.2.2 FTIR spectroscopy of SAC biosorbent

The FTIR is a technique of vibrational spectroscopic usually used to
characterize functional groups present in SAC based biosorbent surface that
could be possibly involved during the interactions / biosorption of MBD
(Saroyan et al., 2017; Giannakoudakis et al., 2018).

The FTIR spectra of SAC before and after MBD biosorption in the range of
400 — 4000 cm™ are shown in Figure (4.1 a, b) for explanation the locations
of active sites of these functional groups besides of the shifting of their
locations after MBD removal.

Figure (4.1 a) presents the complex nature of SAC as evidenced by the
presence of a large number of IR bands which are appeared that important
various functional groups, accordance with their respective wavelengths
(cm™). The intense and broad absorption peaks in the range of 3414 —
3236.55 cmrepresent the —OH stretching vibrations of hydrogen bonded
hydroxyl group of polymeric compounds such as phenols, alcohols and
carboxylic acids as in pectin, cellulose group founded on the surface of
biosorbent.

The oxygen functional groups on the SAC surface greatly enhance its
hydrophilic properties and also act as binding sites for the organic pollutant
molecules (Chen et al., 2015; Reddy et al., 2014; Lakshmipathy, 2015). The
—NH asymmetric stretching of amino groups also appeared in this region
(Uner et al., 2015; Latif et al., 2019).

The peaks at 2924.09 and 2852.72 cm™ are attributed the symmetric and
asymmetric C-H stretching vibrations of aliphatic acids (Somaia and Sahar,
2017). The peaks at 1637.56 and 1618.28 cm™ indicate to the C=0
stretching in organic groups of carboxyl and bending vibration of the

functional group of
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—OH (Zhang et al., 2017; Francisco et al., 2019). The peaks at 1517.98,
1460.11, and 1440.83 cm™ are attributed to aromatic C=C groups stretching
vibrations in aromatic rings (Hesas et al., 2013; Amin et al., 2017; Jamiu et
al., 2020). The peaks at 1375.25 and 1323.17 cm™ represent the —COO’
symmetric stretching vibrations as well as the C-N stretching vibrations
(Hassan et al., 2017; Das et al., 2020) and N-O stretching vibrations of
aliphatic amines (Ansari et al., 2016).

The IR bands around 1000-1300 cm™ indicate to C-O and C-O-C stretching
vibrations of carboxylic acids, alcohols, phenols or esters groups (Reddy et
al., 2012; Jawad et al., 2018). The peaks at 785.03 and 719.45 cm™ represent
C-N stretching vibrations (Schiewer and Patil, 2008; Zhang et al., 2013).
Finally, the peaks below 700 cm™ indicate to presence of alkyl halides

compounds with C-Br (stretching vibration) bond (Kanthasamy et al., 2020).

The details of FTIR analysis for SAC before and after MBD biosorption are
listed in Table (4.3). As shown in Figure (4.1a), the SAC surface prior to
MBD biosorption is rich in hydroxyl, carbonyl, and carboxylic groups,
which serve as proton donors to bind the cation MBD, as well as other

medium and poor functional groups that contribute to dye removal.

Absorption peaks change, new peals emerge, and others vanish after SAC is
filled with MBD (Figure 4.1b). These differences suggested that these
functional groups can play an important role in MBD biosorption through
electrostatic attraction with positively charged MBD molecules. H-bonding
interactions between H atoms on the SAC surface and N atoms in the MBD
structure are also part of the biosorption process. Other study on MBD
biosorption utilizing coal activated carbon (Jawad et al., 2019) came up with

similar theories.
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Table (4.3): FTIR analysis for SAC before and after MBD biosorption.

Functional group

Wavenumber (cm™)

Differences

SAC MBD-loaded SAC
—OH stretching vibrations of hydrogen
bonded hydroxyl group of polymeric 394516 | @ cweeeen | oo
compounds such as phenols, alcohols 3456.44 | e | e
and carboxylic acids as in pectin,
cellulose group, also the —NH | 3414.00 3353.76 -60.24
asymmetric stretching of amino groups 323655 | = cemeemem | mmmeee-
Symmetric and asymmetric C-H | 2924.09 2949.43 25.34
stretching vibrations of aliphatic acids 2852.72 2868.37 15.65
C=0 stretching in organic groups of | 1637.56 1654.92 17.36
carboxyl and bending vibration of the
functional group of -OH 1618.28 | e e
aromatic C=C  groups stretching | 1517.98 | = - | ceeeeeee
vibrations in aromatic rings 1460.11 | - | e
1440.83 1459.28 18.45
—COO" symmetric stretching vibrations | 1375.25 1385.40 10.15
as well as the C-N stretching vibrations
and N-O stretching vibrations of | 1323.17 1336.12 12.95
aliphatic amines
C-0O and C-O-C stretching vibrations of | 123830 1247.94 9.64
carboxylic acids, alcohols, phenols or
estersgroups | T 10 )
1124.50 1143.79 19.29
-------- 883.40
C-N stretching vibrations 785.03 772.39 -12.64
719.45 729.69 10.24
615.29 636.51 21.22
-------- 619.15
-------- 596.00
Alkyl halides compounds with C-Br| 513.07 549.71 36.64
(stretching vibration) bond 493.78 516.92 23.14
470.63 | = e | e
449.41 437.84 -11.57
408.91 418.59 9.68

69




Chapter Four Results and Discussion

4.2.3 Scanning electron microscopy (SEM) of biosorbent

The SEM technique was used to acquire photographs of the surface
morphology and shape of the SAC surface before and after MBD
biosorption at varying magnifications. Before MBD biosorption, the SEM
images (Figure 4.2a) showed an irregular structure with crevices and many
non-homogeneous ravines developed on the SAC surface, which provide a
wide surface area for dye removal. There are some visible differences after
MBD biosorption (Figure 4. 2b), such as a smooth surface with shiny and
white spots. In addition, the surface of SAC tended to be coated in
sediments, suggesting that biosorbed MBD had fully filled the pores
(Boulaiche et al 2019; Jabar et al 2020) all agreed with this conclusion.

70



Chapter Four Results and Discussion

Fig. (4.2 a): The SEM micrograph images of SAC at different
magnifications before MBD biosorption
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Fig. (4.2 b): The SEM micrograph images of SAC at different
magnifications after MBD biosorption.
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4.2.4 Scanning probe microscope (SPM)

The SPM test was used to identify and examine the topography of the
SAC before and after MBD biosorption, as seen in the Figure (4.3a,b).
According to Figure (4.3a), the SAC before MB adsorption has an irregular
and distorted surface with large layers of coarse heterogeneous pores,
suggesting a high likelihood of dye molecules being adsorbed. The (CSPM)
image of SAC after MB adsorption in Figure (4.3b) reveals clearer surface
properties with decreased pore structures, meaning that MBD molecules are
absorbed and trapped by the accessible pore vicinities of the SAC surface
(Jawad et al., 2018 a). The tables (4.4) below display the main findings
from this test.
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Fig. (4.3 a): Scanning probe microscope for SAC before MBD biosorption.
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Fig. (4.3 b): Scanning probe microscope for SAC after MBD biosorption.
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Table (4.4): SAC characteristics before and after biosorption of MBD by
SPM technique.

Character Before After
Sa (roughness average) (nm) 19.9 3.8
Ssk (surface skewness) 0.00378 0.222
Sz Ten point height (nm) 79.2 16.9
Sdr (surface area ratio) 147 4.06
Sk (core roughness depth) (nm) 69 13.4

4.3 The effect of various factors
4.3.1 Effect of solution pH

The solution pH value plays an important role in the adsorption process,
and can affect the adsorbent surface charge, the degree of ionization, and
even the adsorbate molecular structure in the solution (Kuang et al., 2020).
As shown in Figure (4.4 a,b), the results of initial solution pH of MBD
biosorption onto SAC were examined in the pH range of 2 to 10 at room
temperature. Figure (4.4 a) shows with a rise in pH values in the range of 2 -
10, the capacity of SAC indicate a substantial increasing pattern from 3.88
to 6.14 mg/g, and the MBD removal efficiency increased from 62.08 to
98.24 % as seen by Figure (4.4b). Therefore, the MBD removal percentage
and capacity were increased with the increase of pH value. The pH value of
dye solution governs the extent of ionization of the acidic and basic
compounds and affect the surface charge of SAC (Fu et al., 2015 ; Asghar et
al., 2015 ). The optimum removal of MBD was noted at pH 9 and was
recorded as 98.24 percent, which is also verified by Figure (4.4b). However,
no significant changes in adsorbent removal efficiency were found after pH
9, so pH 9 is considered the optimum pH for SAC as a consequence, further

studies were carried out at pH 9.
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Fig. (4.4 a,b): Impact of initial pH as a function of contact time at different
pH on the biosorption of MBD onto SAC.
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Fig. (4.5): Effect of initial solution pH on the removal efficiency of MBD
onto SAC.

At pH 9, the biosorption of MBD onto SAC was the largest, whereas at pH
2, it was the lowest. This indicates that the maximum percentage removal of
MBD will be accomplished while the solution is at the greatest fundamental
level as can be seen in Figure (4.5). This is attributable to the dominance of
negative charges on the biosorbent of surface, which results in increased
electrostatic attractions and adherence to MBD due to its cationic
composition. A number of other researchers reported the similar conclusions
(Auta and Hameed, 2013; Hassan et al., 2014; Rizzi et al., 2017).

Lower percentage removals at acidic conditions (pH 2) can be clarified by
the fact that the sorbent of surface seemed positively charged for the cationic
adsorbate, resulting in electrostatic repulsion and fewer biosorption
(Al-Ghouti and Al-Absi, 2020; Mahmoudi et al., 2015).

The point zero charged (pHpzc) of SAC is 4.4 as shown in Figure (4.6).
Since the surface of SAC is positively charged at pH<PH pzc (pH < 4.4),
there is a heavy repulsion between excess H+ on the biosorbent surface and
positively cations of MBD, resulting in poor dye adsorption. When the pH
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of the solution > pHpzc (pH > 4.4), the negatively charged surface of SAC
acts as a cation attractor, causing intense attraction between the biosorbent
surface and the cation MBD, resulting in fast dye biosorption (Belhouchat et
al., 2017)

5
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—
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Fig. (4.6): Determination of point zero charge (pH ,.c) of SAC.

4.3.2 Impact of contact time

The impact of contact time on biosorption has been investigated in batch
biosorption experiments. Contact period between biosorbent and adsorbate
has a significant impact on the biosorption mechanism (Saleem et al., 2016).
Figure (4.7 a,b) depicts the influence of contact time as a significant
experimental factor on the biosorption mechanism in time intervals varying
from 5 to 120 min on the biosorption of MBD by SAC. Figure (4.7 a,b)
shows that as contact time grew, the removal efficiency and potential of
MBD by SAC increased , eventually reaching a maximum value. SAC had a
maximum biosorption ability of 6.152 mg/g. Figure (4.7 b) shows the impact
of contact time on MBD removal for SAC, and 75.52 percent dye removal
occurs in the first 10 minutes. The sharp increase in the slope of the curve
(in the first 10 minutes) indicated that the dye was bound to the SAC surface
quickly (rapid biosorption region). The higher initial biosorption rate was

attributed to the larger number of active sites on SAC and the strong
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attractive forces between the dye molecule and the biosorbent. The number
of active sites decreased over time, which resulted in a slower rate of dye
binding (Pathania et al., 2017). The slope became less steep after that
(transition region), because there are few active sites on the surface of
biosorbent, suggesting a slow biosorption of up to 75 minutes. The
equilibrium period for MBD biosorption at the surface of SAC was observed
to be 75 minutes, after which the biosorption capacities of SAC biosorbent

did not change significantly (ElSayed, 2018; Hassan et al., 2013 ).
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Fig. (4.7 a, b): Effect of contact time on the uptake (mg/g) and percentage
removal of MBD onto SAC.
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4.3.3 Impact of biosorbent dosage

To investigate the role of the biosorbent dose in the capacity of
biosorption and MBD removal performance from aqueous media. The
biosorbent dosage of SAC ranged from 0.1 to 1.5 g/100 ml at an initial MBD
concentration of 50 mg/l. Figure (4.8) shows the percentage removal and
uptake of MBD ions in terms of biosorbent dose. It was observed from the
figure that the removal efficiency of MBD improved dramatically from
85.92 to 98.68 % as the dosage of biosorbent increased from 0.1 t0 0.8 g. A
substantial improvement in MBD biosorption is not detected with the further
rise of the biosorbent dose greater than 0.8 g, and thus the optimal SAC
dosage was considered to be 0.8 g/100 ml. The improvement in the
accessibility of more active adsorbent sites for MBD biosorption with an
increase in the adsorbent dose can be accompanied by this periodic increase
in removal efficiency. It is noteworthy, however, to note here that the ability
of biosorption has followed the surprising drop pattern in the biosorption
capacity from 42.96 to 3.31 mg g for SAC was observed with a rise in the
biosorbent dosage from 0.1 to 1.5 g/100 ml (Uddin and Rahman, 2017). This
can be due to the fact that the increased adsorbent concentration most likely
increases the interactions of the biosorbent, such as agglomeration and
accumulation, contributing to a significant decrease in the biosorbent total
surface area and consequently to a decrease in its biosorption ability
(Mashkoor and Nasar, 2020).
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Fig. (4.8): Percentage removal and uptake of MBD ions in terms of
biosorbent dose.
4.2.4 Impact of primary MBD concentration
In biosorption experiments, the initial dye concentration is a critical
element. The effect of the primary concentration of MBD solution (10 - 100
mg/l) on removal efficiency and biosorption capacity in this sample is shown
in Figure (4.9). The efficiency of dye removal decreased as MBD
concentration rose from 10 to 100 mg/I, with a drop in the range of 100 -
96.8%. The biomass removal capacity, on the other side, increased in direct
relation to the initial MBD solution concentration. The biosorption increased
from 1.25 - 12.1 mg/g while the primary MBD concentration was increased
from 10 - 100 mg/l. The removal efficiency was also stated to decrease as
the dye concentration was increased in various studies. If the dye content
rises, the number of possible active adsorption sites on the biomass surface
decreases, and there are no more places to adsorb dye onto SAC (Geetha et

al., 2015). In other studies, biomass adsorption was found to increase with
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the initial dye concentrations. This may be as a result of the increasing
driving force (Oguntimein, 2015; Dahiru et al., 2018 ).
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Fig. (4.9): Percentage removal and uptake of MBD ions as a function of
MBD concentration.

4.4 1sotherm analysis

At constant temperature and pH, adsorption isotherms define the
relationship between the quantity of adsorbed content on the adsorbent ()
and the equilibrium concentration in the bulk fluid (C,). The applicability of
the SAC in remediating MBD from wastewater was evaluated using two
isotherm models such as Langmuir and Freundlich (Figure 4.10 a,b). The R?
values of the two isotherm models were both very high, with the Langmuir
model R? value being the largest at 0.9954. Despite the strong R* (0.9785) of
the Freundlich model, the simulation plots in Figure (4.10 b) reveal that it is
clearly not the right match for the biosorption of MBD onto SAC. This is
also supported by the model higher standard error of the estimate (S.E.)
value (Table 4.5). While both the R* and (S.E.) value of the Langmuir
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isotherm model yield identical simulation curve, the Langmuir model is
better adapted to characterize the adsorption mechanism of MBD onto SAC.
This experimental result of creating a monolayer on the surface of SAC is
supported by the volume of the MBD molecule. According to the Langmuir
model, SAC has a maximum potential of 33.34 mg.g™ for the removal of
MBD, which is far higher than many other recorded biosorbents (Table 4.6).
SAC, on the other hand, may be called a very good low-cost biosorbent for
the removal of MBD since it is a natural biosorbent that has not been
processed or chemically changed. The excellent fit for the Langmuir model
indicates that with monolayer coverage, MBD biosorption is limited and the
surface is generally homogeneous in terms of functional groups, and there is
no the MBD molecules interact greatly.

A dimensionless constant called the equilibrium parameter, R defined by
the dimensionless constant, will represent the significant characteristic of the
Langmuir isotherm in Eq (2.5). R. was between (0 — 1), indicating a
desirable isotherm. The R, values were in the range of 0.0467 - 0.3333,
suggesting a desirable dye adsorption mechanism on activated carbon
(Nibret etal., 2019) as can see the separation factor in Figure (4.11).

An isotherm of Freundlich implemented as an analytical model.
adsorption intensity or surface heterogeneity was described by the slope
(1/n) values. When the value of (1/n) is between 0.1 and 1.0, it is commonly
considered to be a symbol of a successful adsorption operation. The index
value in this study was within the range (0.39), meaning that the adsorption
method is suitable. Thus, the magnitude of the Freundlich constant indicates
the easy sorption capacity of MBD from an aqueous media (Mahmoud,
2015; Quansah et al., 2020).

The comparisons of the MBD uptake potential between the experimental
results and that derived by the use of Langmuir and Freundlich models are

seen in Figure (4.12).
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Fig. (4.10): Linearized biosorption isotherm model of MBD onto SAC
(a) Langmuir model (b) Freundlich model.
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Table (4.5): Constants of biosorption isotherm for MBD using SAC.

Langmuir Freundlich

(95% Confidence level) (95% Confidence level)
m (Mg/g) 33.34 Kr (mg/g)(I/mg)*™" 6.94
Ka (I/mg) 0.2 1/n 0.39
R 0.9954 R 0.9785
S.E. 0.00204 S.E. 0.04522
RL (0.0476 - 0.3333)
Equation ge= 6.67Ce / 1+0.2C, Equation Qe = 6.94 CL¥°

Table (4.6): Comparison of maximum biosorption capacity (qmax) of SAC

with other biosorbents reported for removal of MBD.

Adsorbent Omax (MY.g7) Reference
Neem (Azadirachta indica) leaf 19.6 Bhattacharyya and
powder seeds Sharma, 2005
NaOH-modified rejected tea 2.44 Nasuha and
Hameed, 2011
Alginate grafted polyacrylonitrile 351 Salisua et al., 2015
beads
Artocarpusheterophyllus (Jackfruit) 26.4 Kooh et al., 2016
seed
Wild carrot 21 Swamy et al., 2017
Bush Cane Bark Powder 23.49 Enenebeaku et al.,
2017
Defattedalgal biomass 7.8 Guarin et al., 2018
Water hyacinth root 2.8969 Nibret et al., 2019
Rice husk 25.46 Quansah et al., 2020
Natural plant (Schanginia/sp.) 33.34 The present study
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4.5 Adsorption Kinetics studies

The biosorption was measured using a concentrations of (25, 50, 100,
200) mg/l and a mass of 0.8 g, with a contact time between the biosorbent
and MBD ranging from 5 to 120 minutes at pH 9 at room temperature
(2545°C). According to Figure (4.13) the biosorbent experienced a fast rise
in capacity of biosorption in the first 10 minutes. Later this period, it became
slower and remained practically constant at 75 min (equilibrium time). The
findings are attributed to the fact that the dye to be biosorbed was almost
entirely present in the solution during the initial step of the biosorption, with
a high chance of reaching the biosorbent surface, and the active sites were
unoccupied at the start of the method. Through the passage of time, the
concentration of MBD decreased due to movement of dye to unoccupied
sites, which hampered the biosorption process by the competition for the
remaining available sites through residual dye particles. The literature
(Wong et al., 2016; Kumar and Jena, 2016; Pang et al., 2017; Heidarinejad
et al., 2018 ) has already published on the results of this behavior. These

studies are conducted to find the rate and mechanism of adsorption
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Fig. (4.13): The change of amount biosorbed (mg/g) at various times and
various initial MBD concentrations.
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The experimental data are fitted using the three kinetic models which
cited in section (2.11)
4.5.1 Model of pseudo first order lagergren

Figure (4.14) displays the linearized version of the pseudo first order
kinetic model plotted at various dye concentrations. Table (4.7) shows the
measured rate constants, experimental and expected q., and the related
correlation coefficient values. The estimated q. values from the first-order
kinetic model are not rational compared to experimental q. values. The rate
constant k; is a function of the process conditions. It is reported to decrease
with increasing initial dye concentration (Naushad et al., 2015; Chinoune et
al., 2016), reduction in k; and hence in rate could be a result of the increased
diffusional resistance across the boundary layer (Bayomie et al., 2020)
which may be understood as follows: 1/k; is the time scale for the process to
reach equilibrium; a longer time is needed (smaller k;) if the initial
concentration (C,) is larger. If the biosorption kinetics obey the pseudo-first-
order model, an improvement in the dye solution concentration would result
in a linear increase in the rate constant changeover (Kahori et al., 2017).
According to the pseudo-first-order kinetic model, the rate of biosorption
site occupancy is proportional to the number of unoccupied sites (Salam,
2013; Farooq et al., 2010). In certain instances, Lagergren first-order
equation does not match the full spectrum of interaction time and is only
appropriate for the initial stages of adsorption processes (Dileepa et al.,
2013). As comparing the value of R* obtained for pseudo-first order model
with the second model showed that MBD biosorption onto SAC did not
follow this model. These observations lead us to say that the biosorption of
MBD does not express a controlled diffusion process since it does not follow
the pseudo-first order equation given by Lagergren (El-Maghraby and
Nabhla, 2014)
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Fig. (4.14): Pseudo -first-order kinetic plots for biosorption of MBD onto
SAC at different initial dye concentrations.

4.5.2 Model of pseudo second order

Figure (4.15) depicts plot of the linearized version of the pseudo second
order kinetic model at different dye concentrations. Straight lines emerge
from plot of t/q; vs. t, showing that the mechanism approaches pseudo
second order kinetics. In comparison to many other kinetics methods, this
model biggest benefit is the potential to predict over a wide variety of
studies. If this model is right, the electrostatic interaction and chemisorption
process is the rate-controlling phase that includes electron sharing and
exchange between the adsorbate and biosorbent (Dileepa Chathuranga et al.
2013; Li et al. 2014). According to Table (4.7), adsorption ability increases
with increasing initial dye concentration and k, (0.4476 to 0.0282 g.mg’
L.min™) for SAC decreases with initial dye concentration increased. This
behavior can be explained by the fact that at lower concentrations, there is
less competition for sorption sites. The competition for the surface active
sites would be fierce at higher concentrations, resulting in lower sorption
rates (Ansari et al., 2016). And the failure of the first-order to provide a

89



Chapter Four Results and Discussion

clearer explanation of the adsorption mechanism may be due to boundary
layer constraints controlling the adsorption method (Obayomia et al., 2019).
The rise in the driving force for mass transfer, which allows more dye
molecules to enter the surface of the biosorbents in a shorter period of time,
may be due to the increase in the initial adsorption rates, h (Table 4.7) with
an increase in the initial dye concentration (Han et al., 2011; Dawood and
Sen, 2012; Nanganoa et al., 2014), if the dye adsorption is chemically rate
controlled, the pseudo-second-rate constant will be independent of particle
diameter and flow rate will depend on concentration of the ions in solution
(Fideles et al., 2018) as seen in Table (4.7). For all initial dye concentrations,
the correlation coefficients R* of determination obtained from the plots were
found to be quite near to unity. As R? values of pseudo first order model for
all dye concentrations are less than the values of R? for the pseudo second
order model and the values of q., cal from the first model are diverged to the
experimental values of q. (qe, €xp), but those values are closed by using the
second model. In comparison to the pseudo first order kinetic model,
straight lines obtained from pseudo second-order kinetic plots mean that the
pseudo second order kinetic model will match the experimental data across
all stages of the biosorption period. As a result, it is concluded that pseudo
second-order model is the best match for the biosorption operation, and that
the rate-controlling phase could be electrostatic interaction and
chemisorption mechanism. These findings show that the pseudo second-
order sorption mechanism is the most common (Malik, 2004; Kannan and
Sundaram, 2001; Nemes et al., 2016) and its rate is proportional to the
square of the biosorbent's available adsorption sites (Ho and McKay 1999).
These findings are consistent with MBD adsorption on pomegranate
jackfruit peels (Hameed, 2009) and (Punica granatum) peels (Jawad et al.,
2018).
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Fig. (4.15): Pseudo second-order kinetic plots for sorption of MB dye onto
SAC at different initial dye concentrations.

4.5.3 The intraparticle diffusion model

The diffusion mechanism was identified using an intraparticle diffusion
model. The q, versus t "' plot for various concentration were explained by
Figure (4.16). The intraparticle diffusion model was used to further
investigate the kinetic processes, because of the intense electrostatic
attraction between the dye and the exterior surface of the adsorbent. Table
(4.7) lists the intraparticle diffusion model parameters, ki, and C . The higher
ki, values indicate a higher intraparticle diffusion rate. Furthermore, The
thickness of the boundary layer can be measured using C values of an
intraparticle diffusion model , which is positive and increases with time for
biosorbent, indicating that the thickness of the boundary layer is increasing
and controlling the MBD biosorption rate into this biosorbent (Boudechiche
et al., 2016; Zarrabi, 2016). For the biosorption of MBD onto SAC, the ki,
values for MBD improved as concentration increased at all levels. With
increasing initial dye concentration, the value of intercept, C increased from

the first to the third step, which may be attributable to the boundary layer
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influence. If the thickness of the boundary layer rises, outward mass transfer
reduces, increasing the probability of internal mass transfer (Samiey and
Ashoori, 2012 ; El-Haddad et al., 2014; Cai et al., 2019; Pholosi et al.,
2020). Low-cost biomass content lotus leaf (Han et al., 2011), sugar beet
pulp (Vucurovi¢ et al., 2012), biosorption of MBD onto activated carbons
prepared from NaOH-pretreated rice (Chen et al.,, 2013) and Luffa
cylindrica fiber-activated carbons (Cherifi et al., 2013) have yielded similar

results.
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Fig. (4.16): Linear intraparticle diffusion kinetic model of MBD onto SAC
biosorbent at different dye concentrations.
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Table(4.7): Kinetic parameters of various models fitted to MBD biosorption
experimental data using SAC.

Kinetic models MBD concentration(mg/l)

25 50 100 200
Pseudo- first- order
Je, €Xp (MQg/Q) 3.10 6.13 12.16 24.50
e, calc.( mg/g) 2.51 411 11.14 18.37
Ky (min™) -0.1562 -0.0626 -0.0512 -0.0307
R? 0.9634 0.9432 0.9577 0.9722
Pseudo —second- order
e, calc. ( mg/g) 3.01 6.29 12.07 24.33
K, (g mgt min™) 0.4476 0.1702 0.0871 0.0282
h (mg g*min™) 4.27 7.09 12.68 16.71
R? 0.9999 0.9997 0.9998 0.9978
Intraparticle diffusion
Kip(mg g™* min®®) 0.0256 0.1894 0.3739 0.9013
C (mg/g) 2.8282 4.3585 11.303 14.4262
R? 0.9718 0.9755 0.9746 0.9761

4.6 Study of Mechanism

In systems with high adsorption rates, high adsorption mass
concentrations, and large adsorbent particle sizes, the intraparticle diffusion
mechanism helps to regulate the rate of adsorption. The adsorption dynamics
in the MBD attachment phase normally consist of three steps:
The first part of the Figure (4.17) is due to the transport of solute from bulk
solution to the biosorbent exterior surface via a liquid film. Following that,
the intraparticle diffusion is attributed as a slower process in the second half.
In reality, the rate of adsorption is determined by the slope of the linear
portion: a lower slope means a slower adsorption process (Oguntimein.,
2015). Since the slope of the first linear segment was higher than the slope
of the second linear portion, the rate of diffusion of MBD molecules across
boundary layer film in the early stages of the adsorption phase was faster
than the rate of intraparticle diffusion. The MBD molecules are easily
adsorbed onto the surface of the activated carbon at first, and the MBD

molecules diffuse into the interior of biosorbent particles until saturation is
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achieved. Finally, the final equilibrium stage is related to the intraparticle
diffusion slowing down due to the low concentration dye in the aqueous
solution (Hong and Wang, 2017; El maguana et al., 2020). Figure (4.17)
shows the plot of the intraparticle diffusion model, which is linear to show
that the biosorption process involves the intraparticle diffusion and does not
proceed through the origin, suggesting that intraparticle diffusion was not
the only rate limiting stage of the biosorption process of MBD onto SAC,
and that other pathways may be working at the same time. The description
of parameter with respect to part are described in Table (4.8 ) for various
concentration utilizing SAC biosorbent. Film diffusion was found to be more
dominant than pore diffusion based on correlation coefficient (R?) values.
The results for the removal of MBD using various low-cost adsorbents were
considered to be in close alignment with literature (Kushwaha et al., 2014;
Banerjee et al.,, 2016; Singh et al.,, 2017). Surface adsorption and
intraparticle diffusion defined the entire adsorption mechanism, which was
complicated. As a result of the deprotonated acidic groups, the surfaces of
the SAC sample are negatively charged at a functioning pH 9. Because of
intense electrostatic forces, oxygen atoms have a high affinity for positively
charged molecules and cations. Since MBD is a cationic dye, it is obvious
that electrostatic interactions play a role in its biosorption onto SAC. The
chemical structure of MBD, on the other hand, contains many aromatic rings
and cationic atoms, making it ideal for biosorption on the surface of SAC via
ionic interaction (Liu et al., 2019). In certain instances, cations can improve
anionic species biosorption by improving the binding of negatively charged
anions. Because of pH buffering effects, cation loading of biomass can
enhance biosorption of another cation in some cases (Cheriti et al., 2011).
So, the MBD biosorption onto SAC may be involved (i) chemical
interaction between MBD molecules and surface functional groups (ii)

electrostatic interaction between the electron-rich sites on the biosorbent

94



Chapter Four Results and Discussion

surface and MBD molecules, and (iii) weak physical forces, hydrogen
bonding and van der Waals interactions between the biosorbent and MBD
molecules. Therefore, the MBD biosorption onto SAC surface occured by

both physical and chemical adsorption.
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Fig. (4.17): Multi- linearity graph of intraparticle diffusion model of MBD
onto biosorbent at different dye concentrations.

Table (4.8): Multi-linearity parameters of intraparticle model based
biosorption mechanism study of MBD onto SAC.

MBD Kip1 Ci R, Kip2 C, R,
(mg/l) | (mg g™ min®%) | (mg/g) (mg g™ min®®) | (mg/g)
25 0.0306 281 | 0.9985 0.0255 2.84 | 0.9979
50 0.2662 407 | 0.9836 0.1042 441 | 0.9823
100 0.9503 7.88 | 0.9927 0.1184 10.96 | 0.9738
200 1.7145 11.71 | 0.9997 1.0868 13.36 | 0.9928
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4.7 Experiments of continuous flow (Column test)

This experiment help in understanding and forecasting process
behavior. Understanding the adsorption dynamic and modeling is critical for
calculating sorbent potential and the time it takes to reach the breakthrough
curve. It is important to conduct an adsorption experiment utilizing a fixed
bed column. The nature of the breakthrough curves and the breakthrough
time at which MBD concentration reaches the threshold values were
calculated and studied for various operating parameters such as MBD
solution bed inlet flow rate , bed height, and initial dye concentration. The
residual MBD was quantified using a spectrophotometrically evaluated at a
wave length of 664 nm. When C/C, = 0.05, a biosorbent bed quality
warning, 5% breakpoint time is applied as the time necessary to reach

breakpoint.

4.7.1 The impact of flow rate on MBD biosorption

The flow rate has an effect on the biosorbent performance and
efficiency in a continuous column biosorption operation. The influence of
MBD flow rate on the breakthrough curves and biosorption capacity was
investigated by varying the MBD flow rate while keeping other process
parameters such as bed height and initial MBD concentration constant. The
breakthrough curves of the plot of (C/C,) against t (min) for various flow
rates are shown in Figure (4.18). Table (4.9) Shows the detailed results
different experiments. The breakthrough and saturation periods were
lowered when the MBD flow rate was increased from 10 ml/min to 20
ml/min, as shown in Figure (4.18). The breakthrough time was lowered from
480 to 165 minutes as the MBD flow rate was raised, as shown in Table
(4.9). The volume of MBD solution entering the column rises as more

adsorbate molecules come into contact with the fixed bed biosorbent at
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greater flow rates, resulting in a quicker breakthrough time. Furthermore,

when the flow rate rises, the flow becomes more turbulent, decreasing the

outer bulk phase mass transfer resistance to the solid biosorbent's surface,

resulting in a rapid migration of bulk phase MBD molecules into the

biosorbent surface. The breakthrough curve got steeper with increased flow

rate,

as shown in Figure (4.18), due to shorter contact time of MBD

molecules with the mixed-biosorbent bed, which resulted in decreased

biosorption capacity. This explains that a lower flow rate leads to a higher

dye removal percentage. As a consequence, the lower flow rate values were

picked as the most suitable for current experiments. Similar tendencies were

seen in the removal of dyes by fixed bed columns (Cruz-Olivares et al.,
2013; Mangaleshwaran et al., 2015; Shak et al., 2017 ).
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Fig. (4.18): Breakthrough curves for MBD biosorption at different flow

rates.
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Table (4.9 ): Experimental data analysis for biosorption of MBD onto SAC
in a fixed-bed column mode at different operating conditions and
breakthrough point of C/C, was 0.05.

Biosorbent | Initial MBD Flow Bed th te Miotal Qexp Qtotal Vi Vet Total
concentration rate depth | (min) | (min) | (mg) | (mg/g) | (mg) | (ml) | (ml) | remoal
Co (mg/l) Qu H (R%)
(ml/min) | (cm)
25 10 15 | 480 | 795 |198.75| 19 160 | 4800 | 7950 80
25 15 15 270 | 480 180 15.31 | 128.61 | 4050 | 7200 | 71.45
25 20 15 120 | 255 | 127.5 | 10.16 | 85.34 | 2400 | 5100 67
SAC 25 10 20 570 | 960 240 20.13 | 206.13 | 5700 | 9600 | 85.90
25 10 30 720 | 1440 | 360 25 362.5 | 7200 | 14400 | 100
50 10 15 240 | 570 285 26.5 222.6 | 2400 | 5700 | 78.11
75 10 15 165 | 450 | 337.5 | 30.08 | 252.7 | 1650 | 4500 | 74.90

4.7.2 Impact of bed height of biosorbent on breakthrough curves

Adsorbate aggregation, all breakthrough curves steepness, and column
adsorption efficiency are affected by the quantity of fixed bed biosorbent
materials present in a fixed bed column. Figure (4.19) shows the
breakthrough curves attained from MBD biosorption on the SAC for
different bed heights with a constant flow rate and initial MBD
concentration. The breakthrough curves parameters utilized in the MBD
column analysis are listed in Table (4.9). The data revealed that when the
height of the bed was raised, the time it took for the breakthrough to occur
increased as well. By raising the bed height from 15 cm to 30 cm, the
percentage dye removal rose from 80.5 to 100% Table (4.9). With a rise in
bed height, the detected breakthrough period (t,) is predicted to increase.
The biosorbent SAC grew as the bed height increased, and the overall
biosorption capability of the bed increased as well. As the biosorbent
loading increased, the contact duration improved, resulting in greater
removal efficiency. Furthermore, a long breakthrough time promotes intra-
particle diffusion and increases column biosorption capacity (Vilvanathan

and Shanthakumar, 2017). So, it was revealed that the volume of wastewater
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treated increased when the bed depth was increased. This is due to an
increase in surface area and the number of binding sites accessible for
biosorption. Similar observations have been observed by a number of
researchers (Sadaf and Bhatti, 2013 ; Rouf and Nagapadma, 2015; Alardhi et
al., 2020).
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Fig. (4.19): Breakthrough curves for MBD biosorption at different column
bed height.

4.7.3 Impact of initial MBD concentration on breakthrough curves

As shown in Figure (4.20), the effect of initial MBD concentration on
the breakthrough curves and biosorption capacity was investigated by
altering the initial MBD concentrations while keeping the other process
parameters constant. The breakthrough curves of the plot of (C/C,) versus t
(min) for different initial MBD concentration were gotten from the test
information as appeared in Figure (4.20) and the breakthrough curve
parameters were calculated and displayed in Table (4.9). Figure (4.20) shows
that increasing the primary dye concentration from 25 to 75 mg/l reduced the
breakthrough time and saturation time because the fixed bed adsorbent

became saturated quickly. As demonstrated in Table (4.9), the breakthrough
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time dropped from 480 to 165 min as the MBD concentration increased.
Figure (4.20) illustrates that the breakthrough time was flatter at lower MBD
concentrations, indicating a broader MTZ and film control procedure. The
breakthrough curve was sharper at increasing dye concentrations, indicating
a smaller MTZ and an intraparticle diffusion controlled process (Afroze et
al., 2015). The fixed bed biosorbent becomes saturated more slowly at
lower MBD concentrations, increasing the breakthrough time. With
increases in primary dye concentration, the total quantity of MBD adsorbed,
Juotar Was raised from 160 to 252.7 mg, but the percentage dye removal was
lowered from 80.50 percent to 74.9 %, as shown in Table (4.9). This is
because the active binding sites of fixed bed biosorbent were quickly filled
and saturated, resulting in a shorter breakthrough time. Additionally, a higher
initial adsorbate concentration offers more pushing power for the transfer
process to overcome mass transfer resistance. In addition, as indicated in
Table (4.9), the total volume of MBD effluents was reduced from 7950 to
4500 ml when the initial dye concentration was increased. Other studies
have made similar observations in the removal of other dyes including as
(Ahmad and Hameed, 2009 ; Vilvanathan and Shanthakumar, 2017).
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Fig. (4.20): Breakthrough curves for MBD biosorption at different initial
MBD concentrations.
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4.8 Dynamic modeling of a SAC fixed-bed biosorption column

The breakthrough curve is used to explain the performance and
successful design of a fixed-bed column. Breakthrough time and the form of
the breakthrough curve are two critical features that determine the operation
and dynamic responsiveness of a fixed-bed biosorption column. Three
models are including Bed Depth Service Time (BDST), Thomas models, and
Yoon—Nelson models suggested in this study to anticipate the breakthrough
curves observed at various experimental conditions (Jerold et al., 2016;

Rangabhashiyam and Selvaraju, 2015).
4.8.1 The BDST (Bed Depth Service Time) model application.

To determine the influence of bed depth on the mode of the
breakthrough curves, the experimental data obtained in the removal of MBD
by SAC in a fixed bed column were fitted into the BDST model. The graph
was drawn between service time and bed depth in the bed depth service time
model for 0.05, 0.1, 0.2, 0.4, 0.6, and 0.8 values of C/C, ratio at constant
flow rate of 10 ml/min and initial concentration of MBD of 25 mg/I Figure
(4.21). Table (4.10) shows the values of qg, Ks, Z., and R” The slope and
intercept values were used to estimate the value of biosorption capacity qg
(mg/g) and rate constant Ky for the corresponding C/C,. The rate constant
Kg indicates the rate at which MBD is transferred from its solution to the
surface of the SAC (Noreen et al., 2013). By increasing the C/C, ratio value
from 0.05 to 0.8 at a constant flow rate of 10 ml/min and 25 mg/I initial
concentration of MBD, the results showed an increase in qg value from 3.55
to 9.56 (mg/g) and a reduction in Ky value from 47 * 10 to 12 * 107
I/mg.min (Balci et al., 2011). As a result of MBD continuing biosorption
onto the biosorption surface (Kumar and Chakraborty, 2009). As a result,

the dynamic biosorption capacity at such low breakthrough conditions was
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certain to be lower than the biosorbent full bed capacity. However, the
BDST theory of Bohart and Adams implies a rectangular isotherm with
constant dynamic adsorption capacity (Kumar and Bandyopadhyay, 2006).
Higher R® results (R* > 0.98) show that the BDST model for MBD
biosorption on the biosorbent is valid (Table 4.10). The time it takes for all
of an biosorbent active binding sites to become fully filled by adsorbate
molecules until regeneration is required is known as column service time.
Shows the low deviation between the experimental and calculated time using
this model Table (4.11). Table (4.10) shows the critical bed depth values for
MBD biosorption by SAC at various C/C, ratios. As the C/C, rose, the value
of critical bed depth decreased from 12.37 to 10.57 cm for SAC
(Dissanayake et al., 2016; Shak et al., 2017).
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Fig. (4.21): BDST model plot at different values of C/C, in fixed-bed

column for MBD biosorption onto SAC (C, =25 mg/l, flow rate=10 ml/min).
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Table (4.10 ): Estimated BDST model parameters at different bed depth
height with Q =10 ml/min and C, =25 mg/l for MBD biosorption onto SAC
column.

BDST model parameters for MBD biosorption onto SAC

Parameters | qg (mg/l) | g (mg/g) | Kg(I/mg.min) | U(cm/min) | Z. (cm) R’
C/C,=0.05 810 3.55 -0.00047 3.18 12.37 0.9978
C/Cy=0.1 900 5.046 -0.00043 3.18 1.53 0.9868
C/C,=0.2 | 1054.28 5.91 -0.00033 3.18 6.22 0.9842
C/C,=0.4 | 1277.16 7.16 -0.00014 3.18 3.62 0.9805
C/C,=0.6 | 1517.16 8.51 0.00013 3.18 3.12 0.9842
C/Cy=0.8 | 1705.72 9.56 0.00012 3.18 10.57 0.9981

Table (4.11 ): Comparison between t¢, & tey, for MBD biosorption onto
SAC at different breakthrough point (C/C,) using estimated BDST model
parameters at different bed depth height with Q =10 ml/min and C,= 25 mg/1

for column.
Parameters | Bed depth, | Flow rate, Initial MBD teal t .
H (cm) Qy (ml/min | concentration,
C, (mg/l)

C/Cy=0.05 15 10 25 554.34 480
20 10 25 655.595 570

30 10 25 858.1 720

C/Cy=0.1 15 10 25 541 525
20 10 25 654.4 675

30 10 25 879.4 870

C/Cy=0.2 15 10 25 563.3 540
20 10 25 695.2 720

30 10 25 958.74 945

C/C,=0.4 15 10 25 594.78 555
20 10 25 754.43 795

30 10 25 1073.72 1050

C/Cy=0.6 15 10 25 693.68 600
20 10 25 883.33 840

30 10 25 1262.62 1140

C/C,=0.8 15 10 25 685.85 690
20 10 25 899.1 930

30 10 25 1325.49 1335
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4.8.2 Thomas dynamic model of application

One of the most extensively used approaches for describing column
biosorption data is Thomas model. Thomas model is obtained with the
sorption that the rate driving force obeys second-order reversible reaction
kinetics, which assumes Langmuir kinetics of sorption and no axial
dispersion (Vijayaraghavan and Prabu, 2006). Thomas model is a simplistic
model based on the mass conservation equation in a flow system. Thomas
model was used to compute the maximum solid-phase concentration of
MBD, gy (mg/g), and the Thomas kinetic rate constant, Ky, (I/mg.min),
using the column experimental data from the breakthrough curve. The slope
and intercept of the linear equation were used to get the values of kry, qry,
and R?, which were then summarized in Table (4.12). Figures (4.22 a-c) and
(4.23 a-c) show the fitted linear plot of In [(C,/C - 1)] versus time (t) for
various bed heights and MBD flow rates (4.23 a-c). The Kty values fell as
the biosorbent bed height increased, as shown in Table (4.12). Ky levels, for
example, were reduced from 48 * 10 to 31* 10” I/min.mg. Slower mass
transfer is the cause of the decline in Ky values. However, when the flow
rate rose, the Kty value nearly doubled. The increased Kry in the Thomas
model can be attributed to quicker mass transfer at higher flow rates. It
should be emphasized that this rapid mass transfer might be attributable to
the biosorbent macropores (Bhaumik et al., 2013; Ataei-Germi and
Nematollahzadeh, 2016). Furthermore, the qry values increased from 17.65
to 24.88 mg/g as the fixed bed biosorbent bed height raised, however the
value of gy reduced as the flow rate rose. A large driving force is produced
by the concentration difference between the dye in the solution and the dye
on the biosorbent surface, resulting in higher column adsorption
performance. Although the model showed high R values the calculated gy
value always exceeded the experimental values (Table 4.12). When the

internal and exterior diffusions are not the limiting step, Thomas model fits
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well with the experimental data. Thomas constant for other systems have
been observed in a similar way by others (Bhaumik et al., 2013; Afroze et
al., 2015; Amiri et al., 2019). The experimental findings fit Thomas model
well, demonstrating that exterior and internal diffusion are not the limiting

steps and that there is no axial dispersion.
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Fig. (4.22): Thomas kinetic plots for biosorption of MBD under various
effect flow rate (C,= 25 mg/l, H = 15).
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Fig. (4.23): Thomas kinetic plots for biosorption of MBD under various
effect bed depth (Q =10 ml/min, C,= 25 mg/l).
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Table (4.12): Kinetic models parameters for biosorption of MBD onto SAC

fixed bed column at different feed flow rate and bed height.

Experimental conditions

Flow rate, Q,(ml/min) 10 15 20 10 10 10
Bed depth (cm) 15 15 15 15 20 30
Initial concentration (mg/l) 25 25 25 25 25 25
ge, exp (mg/g) 17.50 15.31 10.16 1750 | 20.13 25
Thomas Model | Ky (/mg.min) | 0.00048 | 0.00075 0.0019 [ 0.00048 | 0.00036 | 0.00031
Parameters Qru(mg/g) 17.65 15.81 10.29 17.65 | 20.93 24.88
R? 0.9884 0.9877 0.9934 | 0.9884 | 0.9868 | 0.9869
Kyn(minD 0.0195 0.0214 0.044 0.0195 | 0.0124 | 0.0079
Texp(MIN) 585 420 165 585 840 1125
Yoon-Nelson Model ™~ min) 601.53 399.81 173.64 | 60153 | 82693 | 1171.67
Parameters Qvn(mg/g) 17.90 17.84 10.33 17.90 | 20.18 24.25
R? 0.9833 0.9837 0.9901 [ 0.98330 | 0.9826 | 0.9847

4.8.3 Application of Yoon-Nelson dynamic model

The breakthrough behavior of MBD biosorption onto SAC was
investigated using a simple theoretical model established by Yoon—Nelson.
As a result, the values of Kyy (a rate constant) and 1 (the time necessary for
a 50% MBD breakthrough) could be calculated. For SAC, the values of Kyy
and t are provided in Table (4.12). Figure (4.24a-c) and Figuer (4.25a-c)
show graphs of In (C/C, -C) against time for various bed heights and inlet
flow rates derived from equation (2.22). The values of Kyy and are
determined from the linear plot slop and intercept, and the findings are
provided in Table (4.12) together with other determined values. The Yoon-
Nelson constant Kyy was found to rise as the inflow flow rate increased and
decrease as the bed height increased. The increased driving force of mass
transfer in the liquid film was responsible for the rise in Kyy value which
explains why breakthrough and saturation occurred faster at higher flow
rates and initial concentrations. These results match those reported by
previous researchers in fixed-bed adsorption investigations (Tsai et al. 2016;

Liu et al., 2017). As the flow rate increased, the qyy and t for dye dropped.

With increasing column bed height, the qyn and 1 time required for 50
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percent sorbate breakthrough (min) were also shown to rise. The value of t

exhibited a distinct pattern, as greater adsorption reaction constants resulted

in fast adsorption saturation, resulting in a shorter breakthrough time. A

higher bed height means more time for the solution to come into touch with

the fixed bed. Furthermore, a lower rate constant indicates that the MBD has

had enough time to migrate from bulk solution to the SAC surface, and the

value of correlation coefficients (R?) listed in Table (4.12) demonstrated the

model applicability (R* > 0.9833) to the experimental data under various

conditions. A similar trend was also reported for the adsorption of MBD by
Djelloul and Hamdaoui, 2014; Banerjee et al., 2017).
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Fig. (4.24): Yoon-Nelson kinetics plots for the biosorption of MBD on SAC
under different flow rate effect (Co =25 mg/l, H =15 cm).
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Fig. (4.25): Yoon-Nelson kinetics plots for the biosorption of MBD on SAC
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Chapter Five

Conclusions and Recommendations

5.1 Conclusions

The following conclusions are reached from the present investigation
based on the data stated.

5.1.1 Batch experiments mode

1. Naturally occurring plant based activated carbon (SAC) seems to
be an effective and an alternative biosorbent for the removal of
MBD from aqueous solutions.

2. Various operational factors were studied and the percentage dye
removal increased as the pH of the solution and biosorbent dosage
increased and the optimal value was reported at pH 9 and 0.8
g/100ml of dye solution respectively biosorbent dosage increased,
but it decreased as the initial dye concentration increased

3. The biosorption of MBD was reached to equilibrium time at 75
min.

4. The Langmuir isotherm model was well-fitted to the SAC
equilibrium biosorption of MBD, resulting in a homogeneous
monolayer coverage of MBD on the SAC surface. The maximum
biosorption potential was stated to be 33.34 mg/g. Also, the
dimensionless separation factor (R,) indicates the favourable
biosorption process.

5. The MBD biosorption mechanism followed a pseudo-second-
order model as shown by virtually identical experimental and
measured g, values and a high degree of determination R?> 0.9997

indicating the occurring of chemisorption of MBD using SAC.
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6. The multi-linearity of the intraparticle diffusion kinetic model
revealed that two or more steps, including intraparticle diffusion,

control MBD biosorption.
5.1.2 Continuous flow mode

1. The synthesized SAC was found to be feasible media for using as
a bed column for removal of MBD from colored water.

2. The breakthrough and exhaustion times decreased as the initial
MBD concentration and flow rate increased, but they increased as
the biosorbent bed depth increased. The biosorption capacity and
the MBD removal efficiency were increased with increased of
biosorbent mass leading to increase the exhaustion time of the
column, but they lowered as flow rate was speed up. The
biosorption capacity increased with increased the initial dye
concentration, but the removal efficiency was dropped.

3. The mode of fixed bed column was based to study the dynamic
biosorption of MBD and it was depended on feed flow rate,
primary dye concentration and bed height of biosorbent.

4. The parameters of column kinetic were found through the kinetic
study and the breakthrough curves were predicted under various
conditions using the kinetic model of BDST, Thomas and Yoon-
Nelson. Obtaind results showed that the three models can describe
a whole breakthrough curve with high R* . Referred to the
findings, it was reported that SAC can be effectively used as an
biosorbent in mode of fixed bed column to continuously remove
MBD from aqueous solutions.

5. The BDST model was effectively used to evaluate the model

parameter and examine the column performance.
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6. The value of g raised as the bed depth increased and reduced the
flow rate decreased, according to the Thomas model and
experimental MBD adsorption data. Ky, increased in value as the
flow rate rose, but declined as the bed depth grew.

7. The rate constant Kyyn for the Yoon-Nelson model rose with
increasing flow rate and decreased with increasing bed depths for
SAC. The 50 percent breakthrough time t for SAC, on the other
hand, reduced with increasing flow rate and improved with

increasing bed depths.

5.1.3 Recommendations for future researchs
Future studies should consider the following recommendations:

1. Under similar operating conditions, a similar research could be
carried out on the development of biomass-based activated carbon
utilizing other locally available biomass solid wastes such as pine
cone leaves, pine cone bark, eucalyptus leaves, wheat straw, and so
on. This work can be extended to study the competitive
biosorption with the presence of other dye or heavy metal ion, in

batch and continuous flow mode.

2. Since real industrial effluents produce a wide variety of organic
contaminants at the same time, real wastewater samples can be
used as biosorbates to assess the effectiveness of biomass-based
activated carbon biosorbents.

3. This work can be extended to study the competitive biosorption
with the presence of other dye or heavy metal ion, in batch and

continuous flow mode.
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