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Abstract :

Liquid wastes of industrial are considered especially the dyes, which is directly discharged into
rivers and other environmental parts, is one of the most important factors contributing to water
pollution around the world. Therefore, many environmental associations call for finding
solutions to treat these pollutants, which directly affect human health and the quality of aquatic
life. In this research work, the adsorption of Remazol Brilliant Blue R dye in an agueous solution
onto biocomposites from a type of bi-function Schiff bases were studied. These adsorbents were
prepared using different loading of ZnO nanoparticles into the polymeric matrix of Chitosan.
Four adsorption operation parameters were studied to optimize these adsorbents (adsorbent dose,
solution pH, temperature, and contact time). Empirical data were analyzed using Langmuir,
Freundlich, and Temkin isotherm models to evaluate the maximum adsorption capacities. The
adsorbents also were characterized using scanning electron microscopy- energy-dispersive x-ray
(SEM-EDX), Fourier-transform infrared (FTIR) spectroscopy.

The remarkable output of this research can open a window for other possible significant
applications such as treatment of real wastewater, removal of heavy metal ions, and reduction of

chemical oxygen demand.

Keywords: Schiff's base; Chitosan; ZnO nanoparticles; Response surface methodology;

Adsorption.
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GENERAL INTRODUCTION

Introduction

ligands of Schiff’s base and their complexes have acquired particular importance in the
domain of coordination chemistry!!) because of their different possibilities of application in
several fields such as homogeneous, heterogeneous catalysis, analytics!?, biological activity as
antibacterial and antifungal agents!® and in broad fields of magnetism!® .This importance is
essentially attributable to the ease of synthesis of these compounds as well as their structural
versatility

ligands of Schiff’s base can be categorized by their numbers of chelating sites, therefore these
ligands are likely to occur in a variety of sites chelating agents, commonly called "teeth", namely
mono, bi, tri, tetra or polydentate. Tetradentates and hexadentates are the most studied in the
literature because of their stability increased”, induced by the chelating sphere which perfectly
encases the metal ion. This form of complex is observed in those of cytochrome P450 enzymes ©!
present mainly in the liver as well as in that of blood hemoglobin.

In same context, ligands of Schiff’ base have been interested through preparation ,charac-

terization and applying for removing of anionic dye .
e Background of Study

Water is one of the most important elements for the survival of the human race!”, It also

plays a major role in the sustainable development of urbanization, industrialization, and agri-

cultural activities!®!.

However, Population explosion, and Water pollution due to the release
of polluted effluents into the water bodies by irresponsible parties caused by the industrial
revolution, It become the most important issue of environmental stress and a source of concern
for many critical problems facing all over the world especially for undeveloped countries and
causing millions of death annually parties”) Among these pollutants have attracted the atten-
tion of environmentalists as one of the most harmful organic pollutants is Synthetic dyes!'"!
which are widely used such as textile, paper and pulp, tannery, and pharmaceutical owing to
their low production cost, vivid colors, resistance towards environmental factors, and easy-to-

1] [12]

apply factor! The discharge of these dyes without treatment into water is one of the

environmental problems due to its risks on aquatic life and human’s health!™?) . Thus, it is

recommended that these organic dyes be correctly disposed of before being released into the

aquatic environment to maintain ecosystems .

Till now, There are several techniques that have been used for the removal of dyes such as ad-

18] 19]

sorption ') coagulation %l photocatalytic degradation!'” oxidation " membrane filtration ",
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electrochemical reaction®”, and cation-exchange membrane?!). Whilst, these treatment meth-
ods either possessed low efficiency which limits the effectiveness of the process, high operating

22 23] adsorption is a very ef-

costs or generation of harmful substances and time-consuming
fective technique due to its high selectivity®!, regeneration, low-cost, and designability*”).in
addition, the production of harmful substances in adsorption is reduced compared to other
methods!?! These ideal features of adsorption make it one of the most important techniques to
confront dangerous environmental threats.

Therefore, The current work is focused on treating dye pollutants from wastewater by ad-
sorption technique through the preparation of some ligands from a kind of bi -Schiff’s base
functions which are obtained through condensation or crosslinking reactions between biopoly-
mer (chitosan) contains amine firstly group and bi-carbonyl. These prepared ligands have also
been enhanced by zinc oxide nanopomposite to improve the surface area.Furthermore, adsorp-

tion operation parameters (adsorbent dose, solution pH, temperature, and contact time) are

optimized by BoxBehnken design.
e Problem Statement

One of the most alarming crises happening in society is water pollution due to the increas-
ing number of industrialization. The evolution has caused water pollution contributed mostly
by dyes and discharged freely into water bodies without being treated. Adsorption has been
found to be an efficient method for the removal of dyes from effluents because it produces high-
quality treated effluent. Recently, the attention has been focused on naturally occurring waste
biomaterials for color removal owing to their huge availability, biodegradability, and low cost
such as chitosan Raw chitosan shows low mechanical properties, serve shrinking, deformation
after drying, is compressible at high operating pressure, and soluble in many organic acids in
addition to high crystallinity and hydrophobicity. Raw chitosan has also low surface area and
non-porosity thus the dye molecules cannot easily penetrate onto the surface structure. There-
fore, a decrease in adsorption capacity and rate due to poor access to internal adsorption sites
might occur. Moreover, nanoZnQO has post-treatment issues in the removal of the adsorbent,
making it unviable for either a batch mode or column mode operation in large-scale applica-
tions. Thus, in order to make use of the sorption efficiency of the nano-ZnQO, it is important to

be able to prepare them in a useable format, such as beads of regular size and shape.
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e Significance of Study

The significance of this study is to synthesize hybrid biocomposite beads by modifying three
types of cross-linked chitosan glyoxal, glutaraldehyde, and benzil with different impregnation
ratios of nano-ZnO. Preparing organic/inorganic hybrid composite material by adding nanoscale
of ZnO into the molecular structure of cross-linked chitosan beads can improve the adsorptive
properties of the biopolymer, reducing the crystalline state, enhancing the inner surface of
the polymeric structure, and speeding up the diffusion rate of water pollutants into chitosan

polymeric structure.
e Research Objectives

Although efforts have been made to develop various dye removal techniques, there are many
challenges associated with them, for example, the high production cost, the use of many toxic
chemicals including organic solvents, which raises concerns about their environmental impact
as they are derived from non-renewable and non-renewable sources. Biodegradable. Natural
polymers or biopolymers including cellulose and chitosan are considered a distinct leap that
aroused the interest of many researchers in the removal of dyes due to their high percentage, low
cost, and tunable properties such as surface area and pore size. Biopolymers are biodegradable
and have an additional advantage over synthetic materials, and do not show any negative impact
on the environment or living organisms. Biocompatible biopolymers derived from renewable
sources, the use of chitosan as an excellent in wastewater treatment has some limitations such
as low chemical stability, low surface area, solubility in many organic acids and low mechanical
strength. In general, there are methods that can be used to improve the properties of chitosan
such as chemical bonding reaction and synthesis of nanoparticles in a matrix of chitosan. Thus,
the main objectives of the current study are:

v' To prepare three adsorbents type of Schiff’s base bi-functions followed by using glyoxal,
glutaraldehyde, and benzil as cross-linking agents

v To characterize the adsorbents using scanning electron microscopy (SEM), Fourier-
transform infrared (FTIR) spectroscopy, and energy-dispersive x-ray (EDX) spectroscopic tech-
niques.

v Toanalyze experimental data by using isotherm models and Kinetic studies to evaluate
the Adsorption behavior process

v To evaluate the performance of prepared nanocomposites for removal of textile dyes

from aqueous solution by response surface methodology (RSM).
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e Novelty of study

The novelty of this study can be recognized in the preparation of biocomposites as adsor-
bents to absorb RBBR anionic dye as a pollutant and harmful to the environment. Several
researchers have prepared composites of Schiff’s base by using Chemical modifications of chi-
tosan to adsorb the anionic dye, however, the adsorbents used were prepared to contain Schiff
bases but were in a limited range and have no magnetic properties. However, the results

revealed that there is a gap in this area. Hence, this is the main motivation for this study.
e Thesis Layout

This thesis is organized into three chapters :

Chapter 1 discusses the literature related to the current work such as sources of wastewater
in the surface medium. In addition to, the technique has been used for cleaning technology of
dyes. as well as using Schift’s base composites for the removal of this pollutants water.

Chapter 2 presents materials and chemicals employed, synthesis of three bio composites
which carrying bi- Schiff’s base functions .therefor, the instruments has been utilised a flow
chart of the methodology,

Chapter 3 presents the research findings. The preliminary study is firstly discussed, fol-
lowed by the characterization, optimization, and modeling of selected adsorbent. The reaction
mechanism is also discussed in this chapter.

At the end of this work was general conclusion which summarizing the main of obtained

results and offering some recommendations for future work
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Chapter I LITERATURE REVIEW

1.1 Introduction

This chapter is contained at three main parts which are the pollutant , technique of treat-
ment this pollutant ,and some researchs. the first part describes about a brief history of dyes,
types, and their toxicities .The second part also explains with the best low cost technique for
removing the dye which is the adsorption.lastly, It was supported by some researches in order

to validate in this research.

1.2 Dyes

Since the beginning of civilization, mankind has fascinated by colors, where he had expressed
his feelings and thoughts in the form of painted images, and his cultures have wonderful been
left distinctive an imprint to of peoples all over the world?”. Dyes are basically chemical
compounds that a water-soluble, and can connect themselves to surfaces or fabrics to impart
color?®. The majority of dyes are complex organic molecules and consist of two components
which are chromophores(the part of a molecule responsible for its color, e.g: -N=0, -C=C-,
-C=0) and auxochromes (A functional group that modifies the light absorbance,e.g: -OH,— N Ha,
—~COOH )P,

Dyes are used in different industries of an advanced technologies such as in various kinds
of textile[¥, leather tanning®”, paper®!, and food processing, plastics, cosmetics, rubber,
printing, and dye manufacturing industries ®?.Currently, the textile industry is one of the largest
consumers of dyes produced annually®*Total dye production is estimated at 7x105 tonnes
per year of which the textile industry consumes 10,000 tonnes per year and discharges 1000

tonnes/year into water bodies

1.2.1 Classification of dyes

There are many ways that can be classified for the classification of commercial dyes of
which colour effectively®® | molecular structure, and application methods!®®. Other than the
above, dyes are also usually classified based on their particle charge upon dissolution in aqueous
application medium 7% such as anionic (direct, acid, and reactive dyes),non-ionic (dispersed

dyes),and cationic (all basic dyes).the following 1.1) shows various types of dyes.
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Table 1.1: Different types of dyes and their main applications
Type Water Solubility Applications Common Application Method Example
Acid Soluble Cosmetics, food, leather In dye baths Acid Yellow 36
, modified acrylics, nylon with neutral to
, paper, printing ink acidic conditions
, silk and wool
Azo Soluble/insoluble Acetate, cellulose, cotton Coupling component used Bluish Red azo dye
, rayon and polyester to impregnate fiber and
a solution of stabilized
diazonium salt is used for treatment
Basic Soluble Inks, medicine, modified In dye baths with Methylene Blue
nylon, modified polyester acidic conditions
, paper, polyacrylonitrile, polyester
Direct Soluble Cotton, leather, nylon, In dye baths with Direct Orange 26
rayon, silk and paper neutral or slightly alkaline
conditions with additional
electrolyte.
Disperse Insoluble Acetate, acrylic fibers, Padded on cloth and Disperse Red 4
cellulose, cellulose acetate either baked or thermo-fixed
at high pressure and temperature
or low temperature
carrier methods
Reactive Soluble Cellulosic, cotton, nylon, reactive group on dye. Reactive Blue 5
silk and wool Covalently bonding under
heat and alkaline pH
Solvent insoluble Fats, gasoline, inks, Substrate dissolution Solvent Red 26

lacquers, lubricants, oils,
plastics, stains, varnishes

and waxes

Among these kinds of dyes The dye Remazol Brilliant Blue Reactive (RBBR) which was

highlighted in this research. RBBR or RB19 is one of the most widely used synthetic dyes in the

textile industry because of its properties such as water solubility®”, simplicity in utilization,

and resistance to degradation due to its anthraquinone structure*”. as it has widely been

applied to cotton substrates, providing a wide range of bright and colorful tones

1.2 ) and
RBBR dye.

[41]

1.1 ) display some chemical properties and chemical structure of
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Figure 1.1: Chemical structure of RBBR dye .

Table 1.2: chemical properties of RBBR dye.

Commercial name Remazol Brilliant Blue Reactive
Generic name Reactive Blue 19
Abbreviation RBBR

Functional group Anthraquinone
Molecular mass (g/mol) 626.54

A max (nm) 590

Molecular formula CooH16NoNasO11S3

1.2.2 Toxicity effects of dyes

Basic dyes have high intensity of colours and are greatly visible even in very little concentra-

tion 0 42461 " The complex dyes are generally chromium based, which is carcinogenic 263747,

Dyes may affect the photosynthetic activity in aquatic life due to decreased light penetration
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and may also be toxic to some aquatic life due to the presence of metals, aromatics, etc. Fur-
thermore, dyes are also carcinogenic, mutagenic, or teratogenic in various microbiological, fish
species. Additionally it can also cause severe damage to human beings such as dysfunction of
the kidney, reproductive system, liver, brain and central nervous system 8. Azo dyes are toxic
because of the presence of toxic amines in the effluent!*”l. Similarly anthraquinonebased dyes

[49] " Reactive

are most resistant to degradation and remains colour for a large time in efHuents
dyes are water soluble and 510% of the dyes go in the dye bath giving highly coloured effluent
causing serious troubles in the environment[%. Additionally, reactive dyes that are chemi-
cally stable and having little biodegradability are likely to pass through conventional treatment

plants untreated, so their elimination is of great importance.

1.3 Adsorption

Adsorption has been known for a long time for the treatment of water, and medicinal pur-
poses 5. The word adsorption was used due to differentiate between two terms: The positioning
of molecules at the surface and the penetration of molecules into the surface® . Adsorption is a
phenomenon that occurs at the surface’s interfaces, a surface process that leads to the accumu-
lation of a substance (an atom an ion, or molecule) on the solid surface from its gaseous or liquid
surroundings. The solid surface on which the adsorption process occurs is called the adsorbent,
and the substance that accumulates on the surface of the solid is called the adsorbate[>?

Depending upon the nature of the process, and forces bondings, there are two main types of
adsorption processes that may be distinguished chemical sorption(chemisorption) and physical
sorption (Physisorption) 4, 5],

° chemical sorption(chemisorption): Chemisorption is described the kind of bonding
which occuring between the adsorbent surface and molecules or ions of adsorbate®®. as changes
occur in the molecular structure and energy is released in this range [20-200 kj/mol] 7.

. physical sorption(physisorption): Physical adsorption is also called van der Waals
adsorption because It illustrates the nature of the weak link between the adsorbate and ad-
sorbent including hydrogen bonding. usually rapid and readily reversible. Although weak
individually °®.It also produces energy less than 40 kj/mol.

The following 1.3) shows the difference between chemisorption and Physisorption

10
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Table 1.3: The difference between chemisorption and Physisorption

Properties Chemisorption Physisorption
bonding type chemical bonds van der Waals bond
layer kind mono layer mono, or multi layers
slowly and irreversibly rapid and reversibly
adsorption heat more than 10 K Cal/mol less than 10 KCal/mol

needs to an activation energy does not need to an activation energy

1.3.1 Factors impacting the Extent of Adsorption

There are principal factors that affect the adsorption effectiveness for instance: The initial
dye concentration, temperature, pH, contact time, adsorbent dosage, and adsorbent particle
size[® . Optimization of such conditions will greatly help in the development of the industrial-
scale dye removal treatment process. In the next section, some of the factors affecting the
adsorption of dyes are discussed.

| Effect of initial dye concentration: The amount of adsorption for dye removal
is highly dependent on the initial dye concentration. The effect of initial dye concentration
depends on the immediate relation between the concentration of the dye and the available sites
on an adsorbent surface. In general, the percentage of dye removal decreases with an increase
in the initial dye concentration, which may be due to the saturation of adsorption sites on the
adsorbent surface. On the other hand, the increase in initial dye concentration will cause an
increase in the capacity of the adsorbent and this may be due to the high driving force for mass
transfer at a high initial dye concentration (6%,

] Effect of temperature: Effect of temperature is another significant Physico-chemical
process parameter because the temperature will change the adsorption capacity of the adsor-
bent %, If the amount of adsorption increases with increasing temperature then the adsorption
is an endothermic process. This may be due to the increasing mobility of the dye molecules
and an increase in the number of active sites for the adsorption with increasing temperature.
Whereas the decrease of adsorption capacity with increasing temperature indicates that the
adsorption is an exothermic process. This may be due to increasing temperature decreasing
the adsorptive forces between the dye species and the active sites on the adsorbent surface as

a result of decreasing the amount of adsorption!?.

11
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| Effect of solution pH: One of the most important factors affecting the capacity of
adsorbents in wastewater treatment is solution pH. The efficiency of adsorption is dependent
on the solution pH since variation in pH leads to the variation in the degree of ionization of
the adsorptive molecule and the surface properties of the adsorbent!%3.

] Contact time: The longer the time the more complete the adsorption will be.
However, the equipment will be larger. The boundary layer resistance will be affected by the
rate of adsorption and increase in contact time, which will reduce the resistance and increase
the mobility of dye during adsorption 4.

| Effect of amount of adsorbent: Adsorbent dosage is an important process parameter
to determine the capacity of an adsorbent for a given amount of the adsorbent at the operating
conditions. Generally, the percentage of dye removal increases with increasing adsorbent dosage,
where the quantity of sorption sites at the surface of the adsorbent will increase by increasing
the amount of the adsorbent. The effect of adsorbent dosage gives an idea for the ability of
dye adsorption to be adsorbed with the smallest amount of adsorbent, so as to recognize the
capability of a dye from an economical point of view (0%,

] adsorbent particle size: Smaller particle sizes reduce internal diffusional and mass
transfer limitation to the penetration of the adsorbate inside the adsorbent (that is, equilibrium
is more easily achieved and nearly full adsorption capability can be attained). However, wastew-
ater drop across columns packed with powdered material is too high for use of this material is
packed beds. The addition of powdered adsorbents must be followed by their removal.

Therefore, the researchers shifted towards natural biopolymers and waste materials as eco-
nomical alternative adsorbents®. Various types of adsorbents such as chitosan, cellulose,
cotton, fly ash, clay, biomass, and sludge were applied in the adsorption process for removals of

66-72]

dyes! . In recent years, chitosan and chitosan derivatives have been widely applied as adsor-

bents due to their low-cost, high adsorption capacity and, being environmentally friendly 7%

1.3.2 Use of Schiff’s base for adsorption of synthetic dyes

Schiff bases are named in honor of Hugo Schiff (1834-1915), the Italian-German chemist who
synthesized the first members of this class of products containing an azomethine or imine group
in 186477 as have been synthesized by condensation reaction between a carbonyl compound
(aldehyde or ketone) with a primary amine under distillation.

Schiff bases are the most among common organic compounds, they have been used in a

12
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77,78] 83-85]

broad range of applications, such as food industry"""  organic synthesis!™ %2 dyel , and

catalysis5657],

1.3.2.1 Chitosan

Chitosan is an important biopolymer which was discovered in 1859 by Professor C. Rouget (8390

Chitosan is a linear polysaccharide consist of 2-amino-2-deoxy--D-glucopyranose units®!). Chi-
tosan is considered from most important derivatives of chitin which is a mainly produced
from marine organisms such as shrimp and crabs, in addition to insects and fungil®?>4.Cs has
several significant characteristics e.g non-toxicity, biodegradability, antimicrobial activity, and
biocompatibility . It is unique due to the existence of two groups namely hydroxyl (-OH)
and amino (—NH,) in its backbone!l. These unique functional groups in Cs backbone can
be effectively utilized for capturing various types water pollutants such as dyes!?, and metal

971, However, the application of unmodified Cs in waste water treatment is still limited

ions
because of solubility of Cs in drastic acidic environments, considerable leachability, and low

surface areal®sl.

chitosan/derived Schiff’s base (mono function ) has been synthesized by Fadi Alakhras
and his researchers for uptaking of Cationic Rhodamine B Dye from Aqueous Solutions!®. the
obtained composite showed that enhancing mechanical properties of chitosan through Chemical
modification. Also, the adsorption capacity was 233.4 mg/gm (25°C), while the kinetic data

were better fitted using nonlinear pseudo-first-order.

Ali H. Jawad and his co-workers prepared Schiffs Base (bi-functions) Chitosan-Glutaraldehyde
as a promising adsorbent for the effective removal of cationic dyes from aquatic medial'®. the
obtained findings demonstrated that TH dye adsorption on the Ch-Glu/AC surface obeyed the
pseudo-first order (PFO) kinetic model, The maximum adsorption capacity (qm) of the TH
dye was 30.8 mg/g at 50 °C, and the Freundlich isotherm was obeyed at equilibrium.

Nurul Najwa AbdMalek and her team synthesized Schiff’s base(bi -functions)-chitosan-
glyoxal /fly ash/Fe30, in order to remove the anionic azo dye!'®). Response surface method-
ology was used to optimize the factors affecting on adsorption process efficiency of chitosan/-
glyoxal /fly ash/Fe304 such as pH solution, time, dye concentration, and adsorbent dose. The
results showed efficiency using of chitosan/-glyoxal/fly ash/Fe3O, as a candidate adsorbent
with the optimum conditions following: pH solution - 4, adsorbent dose (0.1 g), temperature

(40 °C), and contact time (12.5 min). According to the results of kinetics and isotherms models

13
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indicate that the adsorption was affected by chemisorption and heterogeneous model of adsorp-
tion. The qmax of Chi-Gly /FA/Fe30,4 biocomposite for anionic azo dye was 112.5 mg/g
at 40 °C.

102 reported the fabrication of a novel antibacterial based on

Leila YavariMaroufi et al
chitosan and dialdehyde guar gum (DAGG). The results showed both good antioxidant (81.13%)
and antimicrobial activities. The hydrogel was observed to have a good potential to be used as

an antibacterial pad.

Rahime Eshaghi Malekshah et all'% have developed many complexes that contain Schiff’s
base chitosan with several transition metals such as Cu(II), Ni(II), and Zn(II) to decrease cancer
activity for some cells. The investigated findings confirmed that the anticancer activity of Schiff
base and their complexes were much better than that of pure CS against cancer MG63 cell line.
through flow cytometry has demonstrated that all compounds were efficient in inducing the

apoptosis effect in K562 and MG63 cell lines except Schiff base-chitosan in K562 cell lines.

Chitosan Schiff Base Salicylaldehyde 'Y was complexed with MnCly.4H,0 by Ismiyati and
his group to inhibit bacteria activity from the kind of Staphylococcus aureus and Escherichia
coli.The product revealed that the Mn(II) Complexes-Carboxymethyl Chitosan Schiff Base-
salicylaldehyde was a black solid with a yield of 59% (w/w) and has antibacterial activity
against Staphylococcus aureus (clear zone diameter 13 mm) and Escherichia coli (clear zone

diameter 17 mm).

14
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2.1 Introduction

All experiments for this research work were conducted at three mains laboratories namely:
Laboratory of Molecular Chemistry and Environment at University of Biskra, Laboratory (5)
Faculty of Technology University of El Oued, and Laboratory (105) in Faculty of Applied
Sciences Universiti Teknologi MARA (Malaysia).

This chapter is made up of three essentials parts which we can be summarized as follows: the
first part displays the preparation of the biocomposites which are: C'S—G/Zn0O/Fe;0,) , CHT-
GLA,/Zn0O/Fe30,), lastly Cs-Bz/ZnO/Fe;0,) based they are as among the best a promising
and recoverable adsorbent for uptaking the pollutants like synthetic dyes (RBBR) from water
bodies. these biocomposites that have been mentioned involve imine function it is also called
Schiff’s base. These last are obtained through a condensation reaction. Noteworthy that the
Benzil crosslinker was synthesized through a series of reactions beginning with benzaldehyde.

regarding the second part explains the instruments for an instant: SEM, BET, FTIR ...
and various techniques like pH pzc, Potentiometric titration that has used for this work.

According to third part illustrates looking for optimum adsorption operation parameters by

BoxBehnken design.

2.2 DMaterials and Chemical Solvent used

Several materials and chemicals solvent were used for this work such as: Benzaldehyde,
Chitosan Flakes, and Ethanol...etc. The below 2.1 ) exhibit : Name, Chemical formula,

Properties, and company of industry these materials.
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2.3 Synthesis of Schiff’s base Composites

It should be mentioned that the use of three kinds of compounds which containing two
carbonyls function (glyoxal, glutaraldehyde, as well as benzil) in order to obtain Schiff base

reaction, where the last one was prepared at the laboratory.

2.3.1 Preparation of Chitosan-Glyoxal/ZnO/ Fe3O04(CS — G/Zn0O/Fe30,)

1 g of CS flakes was dissolved in CH3COOH acid solution (60 mL, 5% v/v), and then
magnetically stirred at 25°Cuntil it becomes a homogeneous viscous solution. Next, 10 mL
aqueous solution of Fe (III) and Fe (II) salts with a molar ratio (2:1) was added to CS solution
while stirring for 60 min. The C'S/Fe30,) beads were achieved by injecting droplets of the
mixture solution through a syringe needle into aqueous NaOH solution (2 M). The formed
beads (C'S/Fe30,)) were rapidly washed with distilled water in order to remove any trace of
NaOH and attaining a neutral pH. Cross-linking step of the C'S/Fe30,4) beads was performed
by transferring the beads to flask containing 80 mL Glyoxal (2 %) with gentle stirring in a
thermostat laboratory shaker at 40 °Cfor 2 h. Then, the resulting composite (CS-G/Fe30,)
was washed with distilled water and dried in an oven for 24 h at 60°C. For comparison purpose,
chitosan-glyoxal /ZnO/Fe30, nanoparticles were synthesized by loading various ratios (wt.%)
of ZnO nanoparticles with chitosan before adding to CH3;COOH solution, viz., 25:75 wt.%
(ZnO:CS), which was labeled as CS-G/ZnO/Fe304 NPs-25, and 50:50 wt.% (ZnO:CS), which
was labeled as CS-G/ZnO/Fe30, NPs-50. At last, the synthesized composites were crushed
and then sieved at a constant particle size (250 m) for the RB19 dye removal experiments. The
synthesis procedure of the CS-G/ZnO/Fe304 beads is schematically illustrated in

2.1).
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Figure 2.1: Synthesis steps of C'S — G/Zn0O/Fe30,
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2.3.2 Preparation of chitosan-glutaraldehyde/ZnO/Fe30,

1 g of CHT flakes were poured in 60 mL of C H3COOH acid solution (5% v/v) and agitated
at 550 rpm on a magnetic stirrer for 24 h at 25 °Cto dissolute of CHT flakes. Subsequently, 10 mL
aqueous solution of Fe3*/Fe?T ions (3.9 g FeCl3.6H,0 and 2.7 g FeCly.4H,0) was added to
CHT solution with stirring for 1 h. The magnetic CHT / Fe30,4 beads were obtained by dropping
of the mixture solution as drops into 1000 mL of NaOH solution (2 M). The resulting magnetic
CHT hydrogel beads were washed with distilled water until become neutral. Cross-linking pro-
cess of the magnetic beads was accomplished by adding them into flask containing 80 mL GLA
(2 %) with mild stirring in shaker bath incubator at 40°Cfor 2 h. The resultant was washed
and then dried at 60°Covernight in oven to get the final CHT-GLA/Fe30, composite. For the
purpose of comparison, chitosan-glutaraldehyde/ZnO/Fe30, nanocomposite was prepared by
mixing different ratios (wt.%) of ZnO nanoparticles with chitosan before adding to C H3;COOH
solution, i.e. 25:75 wt.% (ZnO:CHT), which was named as CHT-GLA/ZnO/Fe30,-25 and
50:50. wt.% (ZnO:CHT), which was named as CHT-GLA/ZnO/Fe30,4-50. Ultimately, the
synthesized composites were pulverized and then sieved at a particle size (250 m) for further
use. 2.2). demonstrates the fabrication steps of the CHT-GLA /ZnO/Fe30, nanocom-

posite.
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2.3.3 Preparation of chitosan-Benzil/ZnO/Fe;0,

50 mL of ethanoic acid (5%) was used to convert 1 g of Cs flakes into homogeneous Cs gel
solution under gentle stirring for 24 h. After that, 10 mL aqueous solution of Fe(III) and Fe(II)
salts were added to Cs gel solution and stirred for 60 min. Then, the viscous mixture was
injected by a syringe needle into 500 mL of NaOH solution (2M) to form magnetic hydrogel
beads of Cs/Fe30y, which were eventually washed with distilled water to achieve a neutral pH.
The crosslinking reaction was carried out to form Schiffs base-Cs derivative by adding 100 mL of
2% Bz before being placed inside a thermostat water bath shaker for 2 h at 70°Cto form a Schiffs
base Cs-Bz/Fe30,. The preparation of nanocomposites nanoparticles of C's — Bz/Zn0O/Fe304
was performed by direct mixing of ZnO nanoparticles powder at different ratios 25% and 50%
with Cs flakes before adding ethanoic acid solution. The above-mentioned procedure of beads
preparation was repeated to produce nanocomposites Bz/Zn0O—25/Fe304(Cs75%+ Zn025%),
and Cs — Bz/ZnO — 50/Fe304(Cs50% + Zn0O50%). Then, the obtained C's — Bz/Fe30y,
Cs— Bz/ZnO — 25/Fe304 and Cs — Bz/Zn0O — 50/ Fe30, beads materials were crushed and
sieved into certain particle size 250 tm. The synthesis steps of C's — Bz/Zn0/Fe30, are
exhibited in 2.3).
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2.4 Instrumentation

In order to characterize the compounds that have been prepared in this study, various

analytical techniques were used as follows:

2.4.1 Scanning Electron Microscopy (SEM)

SEM is one of the most fascinating analysis techniques to photograph the topography of the
compound’s surfaces. The working principle is based on shedding a beam of electrons into the
samples that had already been coated with gold by a Polaron SC 515 sputter coater to make the
samples electrically conductive, through this collision produces many signals which are treated
and transforming in the form of images. It should be noted that the samples were examined
with scanning electron microscope with energy dispersive X-ray analyzer (SEM-EDX, Hitachi,

TM3030Plus, Tabletop Microscope, Japan)

2.4.2 Fourier Transform Infrared Spectroscopy (FTIR)

The fundamental functional groups of the samples were identified by FTIR spectrometer
(Perkin-Elmer, Spectrum RX I), A thin and transparent pellet was prepared from of mixture
the sample with potassium bromide, after milling and compressing by mortar with pestle and
hydraulic press respectively. Then, it is placed in the cell holder and is inserted into FTIR
spectrophotometer to be analyzed. All the spectra were recorded within the wavenumbers

range of 4000-450 cm 1.

2.4.3 Brunauer-Emmett-Teller (BET)

Brunauer-Emmett-Teller (BET) analysis was used in order to estimate surface area (m?/g),
Total pore volume (cm?/g), and Mean pore diameter (nm). The above-mentioned characteris-

tics were achieved by a surface area analyzer (Micromeritics, Model ASAP 2020, USA).

2.4.4 X-Ray Diffraction (XRD)

Ray diffraction model XPert PRO, PA nalytical, USA was used to give information about
crystal structure and lattice parameters Diffraction data is acquired by exposing powder samples
to X-ray radiation, which has a characteristic wavelength (\) of 1.5418 A. Cu-K X-rays were
generated from a Cu anode supplied with 40 kV of voltage and a current of 40 mA.
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2.4.5 Elemental Analysis (CHN)

The samples were determined by using the CHN /O analyzer (Perkin-Elmer, Series [ CHNS/O
Analyzer, 2400) at the combustion temperature of 925 *Cand at reduction temperature of 640
°C. During the analysis, samples were ground and dried properly under oven at 100 *Covernight
prior to analysis to ensure there are no error occurred during the weighing process. The in-
strument was purged using a mixture of pure oxygen and helium gas. The calibration standard

was acetanilide. Precision and accuracy of the results are within 2-3%.

2.4.6 Zero Point of Charge (pH pzc)

Among the analysis techniques that determine kind of the surface charge of samples (posi-
tive, negative or zero) is Jeon and Holl technique (Dalvand, A., Nabizadeh, R., Ganjali, M. R.,
Khoobi, M., Nazmara, S., Mahvi, A. H.2016). regarding the working mode as follows :100 ml
of NaCl solution (0.01N) was taken into a series of conical flasks (pH 2 to 12) after adjusting by
using aqueous solution 0.01 N HCI or 0.01 N NaOH. In this regard, the initial pH values were
recorded by using pH meter (Metrohm, 827 pH lab). Thereafter, 100 mg of each adsorbent
were mixed with these solutions, and the mixture was then left agitated for 24 h on shaker bath
incubator at 100 rpm to obtain the final pH. pH vs pH was plotted where pHpzc point is the

intersection of the curve with pH straight line.

2.4.7 Potentiometric titration

pH-potentiometric titration was carried out to determine the amine content in the samples

(105 In this method, adsorption sites on

based on the method published by vieira and beppu
the surface were activated by adding 50 ml of HCI solution (0.02 N) into Erlenmeyer flask
containing 0.1 g of each adsorbent, where the mixture was incubated for overnight. After that,
the solution has been obtained was titrated against NaOH solution (0.01 N). The pH of the
solution was monitored by pH meter (methrohm, 827 ph lab) with a calibrated pH sensitive

glass electrode whereby an interval time of 2 min was allowed before adding more NaOH. The

percentage of amino content was calculated using (equation: 2.1)19%);

MNaOH (Vs — ;) x 161

%N Hy = 7

x 100 (2.1)
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where :

M NaOH : the molarity of sodium hydroxide solution (M)

Vo Vit the used volume of NaOH (L)

161: the molecular weight of the chitosan monomer

W: the mass of adsorbent before titration (g)

According to V5 Vj values, it can be inferred them straight from the titration curves.

simultaneously, this values signify to The volume of acid consumed by the amino (-NHy)groups.

2.4.8 Design of experiments

A preliminary test was carried out in order to select the main impactful factors, and their
working ranges. After that, BBD was applied as mathematical and statistical tool for optimizing
the synthesis and adsorption inputs such as ZnO loading, adsorbent dose, solution pH, contact
time, and temperature towords uptaking RBBR dye as a response (output). The BBD and
statistical data analysis were done using Stat-Ease Design-Expert (Version 11) software.

2.2, 2.3, 24 ) show different experimental levels of independent factors and their
codes for CS-G/Zn0O/Fe3;0,, CHT-GLA/ZnO/Fe30,, and Cs-Bz/ZnO/Fe304 . A second-
order polynomial model was employed for analyzing and predicting the RBBR decolorization

as shown in the following (equation 2.2) :

Y =5+ Zﬁqu + Z Zﬁz‘inXj (2.2)

where (Y , X; and Xj) represent the response of RBBR dye removal (%); and coded in-
dependent factors. [, is constant, whereas, 3;, fii, and fij signify the linear, quadratic, and
interactive coefficients of input independent variables, respectively. A total of 46 runs were
completed by BBD model to investigate the impacts of 5 independent factors on the removal

of RBBR (%) as presented in 22.23 .24 ).
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Table 2.2: Experimental levels of independent factors and their codes

in BBD (CS—G/ZDO/F6304>

Codes Variables Level 1 (-1) Level 2 (0) Level 3 (4+1)
A ZnO loading (%) 0 25 50
B Adsorbent dose (g) 0.02 0.06 0.1
C pH 4 7 10
D Temperature ( °C) 30 45 60
E Time (min) 10 35 60

Table 2.3: Experimental levels of independent factors and their codes

in BBD (CHT-GLA/ZnO/Fe;0,)

Codes Variables Level 1 (-1) Level 2 (0) Level 3 (41)
A ZnO loading (%) 0 25 50
B Adsorbent dose (g) 0.02 0.06 0.1
C pH 4 7 10
D Temperature ( °C) 30 45 60
E Time (min) 10 35 60

Table 2.4: Experimental levels of independent factors and their codes

in BBD (Cs-Bz/Zn0O/Fe;0,)

Codes Variables Level 1 (-1) Level 2 (0) Level 3 (+1)
A ZnO loading (%) 0 25 50
B Adsorbent dose (g) 0.02 0.04 0.06
C pH 4 7 10
D Temperature ( °C) 30 45 60
E Time (min) 5 10 15
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The experiments data of the optimization process as well as the RBBR removal as a response
are recorded in 2.5,2.6.2.7). A certain amount of the studied adsorbent was added to
an Erlenmeyer flask (250 mL) containing 100 mL of RBBR solution (100 mg/L) before shaking
process using a thermostat water bath shaker. The change in the RBBR concentrations was
followed using HACH DR 3900 spectrophotometer at A max 592. The RBBR decolorization
(DR %) was determined by the following (equation 2.3) :

Co— C.

0

DR% =

x 100 (2.3)

Where Cp: the initial concentration of the RBBR dye solution (mg/L), and C, (mg/L) is the

concentration of solution at equilibrium.
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Table 2.5: The 5-varibles BBD matrix and experimental
data for RB19 decolorization (CS-G/ZnO/Fe30,)

Run A:ZnO B:Adsorbent C:pH D: Temp E: Time RB19
loading dosage decolorization (%)
1 0 0.02 7 45 35 7.7
2 50 0.02 7 45 35 53.8
3 0 0.1 7 45 35 70.1
4 50 0.1 7 45 35 87.3
5 25 0.06 4 30 35 68.9
6 25 0.06 10 30 35 47.2
7 25 0.06 4 60 35 93.8
8 25 0.06 10 60 35 21.2
9 25 0.02 7 45 10 39.4
10 25 0.1 7 45 10 71.2
11 25 0.02 7 45 60 51.2
12 25 0.1 7 45 60 87.7
13 0 0.06 4 45 35 79.3
14 50 0.06 4 45 35 82.9
15 0 0.06 10 45 35 4.2
16 50 0.06 10 45 35 58.9
17 25 0.06 7 30 10 50.7
18 25 0.06 7 60 10 80.3
19 25 0.06 7 30 60 65.8
20 25 0.06 7 60 60 92.2
Continued.....
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21 25 0.02 4 45 35 66.3
22 25 0.1 4 45 35 89.3
23 25 0.02 10 45 35 8.5
24 25 0.1 10 45 35 61.3
25 0 0.06 7 30 35 38.1
26 50 0.06 7 30 35 62.1
27 0 0.06 7 60 35 75.5
28 50 0.06 7 60 35 84.1
29 25 0.06 4 45 10 80.2
30 25 0.06 10 45 10 33.9
31 25 0.06 4 45 60 85.2
32 25 0.06 10 45 60 45.8
33 0 0.06 7 45 10 41.3
34 50 0.06 7 45 10 62.4
35 0 0.06 7 45 60 60.8
36 50 0.06 7 45 60 76.8
37 25 0.02 7 30 35 36.2
38 25 0.1 7 30 35 67.6
39 25 0.02 7 60 35 52.8
40 25 0.1 7 60 35 88.1
41 25 0.06 7 45 35 67.5
42 25 0.06 7 45 35 62.8
43 25 0.06 7 45 35 71.2
44 25 0.06 7 45 35 70.4
45 25 0.06 7 45 35 72.2
Continued.....
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40 25 0.06 7 49 35 63.8

Table 2.6: The 5-varibles BBD matrix and experimental
data for RB19 decolorization (CHT-GLA /ZnO/Fe30,)

Run A:ZnO B:Adsorbent C:pH D: Temp E: Time RB19
loading dosage decolorization (%)
1 0 0.02 7 45 35 10.2
2 50 0.02 7 49 35 42.6
3 0 0.1 7 45 35 /1.6
4 50 0.1 7 45 35 50.3
5 25 0.06 4 30 35 05.1
) 25 0.06 10 30 35 29.1
7 25 0.06 4 60 35 75.8
8 25 0.06 10 60 35 39.4
9 25 0.02 7 45 10 32.2
10 25 0.1 7 45 10 44.9
11 25 0.02 7 45 60 22.7
12 25 0.1 7 45 60 62.9
13 0 0.06 4 45 35 42.3
14 50 0.06 4 45 35 57.2
15 0 0.06 10 45 35 18.9
16 50 0.06 10 45 35 43.2
17 25 0.06 7 30 10 40.3
Continued.....
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18 25 0.06 7 60 10 41.8
19 25 0.06 7 30 60 52.2
20 25 0.06 7 60 60 52.9
21 25 0.02 4 45 35 35.2
22 25 0.1 4 45 35 74.1
23 25 0.02 10 45 35 27.6
24 25 0.1 10 45 35 38.7
25 0 0.06 7 30 35 39.2
26 50 0.06 7 30 35 45.1
27 0 0.06 7 60 35 35.2
28 50 0.06 7 60 35 45.9
29 25 0.06 4 45 10 69.1
30 25 0.06 10 45 10 27.7
31 25 0.06 4 45 60 64.4
32 25 0.06 10 45 60 43.3
33 0 0.06 7 45 10 36.3
34 50 0.06 7 45 10 41.7
35 0 0.06 7 45 60 30.6
36 50 0.06 7 45 60 50.3
37 25 0.02 7 30 35 27.1
38 25 0.1 7 30 35 59.5
39 25 0.02 7 60 35 30.9
40 25 0.1 7 60 35 63.6
41 25 0.06 7 45 35 42.2
42 25 0.06 7 45 35 43.2
Continued.....
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43 25 0.06 7 45 95 45.2
44 25 0.06 7 45 35 48.2
45 25 0.06 7 45 95 46.2
46 25 0.06 7 45 95 50.2

Table 2.7: The 5-varibles BBD matrix and experimental
data for RB19 decolorization (Cs-Bz/ZnO/Fe30,).

Run A:ZnO B:Adsorbent C:pH D: Temp E: Time RB19
loading dosage decolorization (%)
1 0 0.02 7 45 10 2.1
2 50 0.02 7 45 10 43.8
3 0 0.06 7 49 10 72.2
y 50 0.06 7 45 10 64.9
5 25 0.04 4 30 10 73.9
6 25 0.04 10 30 10 39.2
7 25 0.04 4 60 10 98.9
8 25 0.04 10 60 10 10.1
9 25 0.02 7 45 53 51.4
10 25 0.06 7 45 5 70.2
11 25 0.02 7 49 15 59.5
12 25 0.06 7 45 15 85.4
13 0 0.04 4 49 10 84.2
1 50 0.0/ y 45 10 66.2
15 0 0.04 10 45 10 5.2
Continued.....

33



Chapter 11 METHODOLOGY

16 50 0.04 10 45 10 14.7
17 25 0.04 7 30 5 59.2
18 25 0.04 7 60 5 67.8
19 25 0.04 7 30 15 71.2
20 25 0.04 7 60 15 82.8
21 25 0.02 4 45 10 68.2
22 25 0.06 4 45 10 84.5
23 25 0.02 10 45 10 4.9

24 25 0.06 10 45 10 12.7
25 0 0.04 7 30 10 70.6
26 50 0.04 7 30 10 51.4
27 0 0.04 7 60 10 63.1
28 50 0.04 7 60 10 63.7
29 25 0.04 4 45 5 76.9
30 25 0.04 10 45 5 3.9

31 25 0.04 4 45 15 86.3
32 25 0.04 10 45 15 23.1
33 0 0.04 7 45 5 43.6
34 50 0.04 7 45 5 48.3
35 0 0.04 7 45 15 70.8
36 50 0.04 7 45 15 60.8
37 25 0.04 7 30 10 46.3
38 25 0.06 7 30 10 79.3
39 25 0.02 7 60 10 61.7
40 25 0.06 7 60 10 88.9

Continued.....
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41 25 0.04 7 49 10 74.2
42 25 0.04 7 49 10 72.7
43 25 0.04 7 45 10 73.5
44 25 0.04 7 49 10 74.8
49 25 0.04 7 49 10 72.6
40 25 0.04 7 45 10 73.8

2.4.9 Batch adsorption study

From BBD, 46 experiments were carried out in order to find the best operation conditions
that lead to the highest removal of RBBR for each biocomposite. The results of BBD are
recorded in 2.5,2.6. 2.7 ), and the highest RBBR removal was run 7 . The quantity
(mg) of adsorbate (RBBR) by samples (g) at equilibrium was calculated by the following
(equation 2.4):

Co—C. "
e W

knowing that:

¢e is the adsorption capacity (mg/g)

V is the volume of the dye solution (L)
W(g) is the amount of the adsorbent..
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Chapter 111 RESULTS AND DISCUSSION

This chapter aimes to analyze ans dusscassion the obtained results of chitosan-glyoxal /ZnO/
Fe30y, chitosan-glutaraldehyde/zinc oxide/Fe30y, and chitosan-benzil/zinc oxide/Fe30y.is

consisted this chapter to three sections which each part contains

3.1 Results And Discussion Of Chitosan-Glyoxal/zinc oxide/ Fe30,

3.1.1 Characterization of CS-G/ZnO/Fe30,
3.1.1.1 Morphological Characterization for the CS-G/ZnO/Fe;0,

The morphological structure and chemical composition of C'S—G /Fe3Oy4, CS-G/ZnO/Fe30,
NPs-25, CS-G/ZnO/Fe3;04 NPs-50, and CS-G/ZnO/Fe;O,NPs — 25 after RB19 adsorption
were investigated by SEM-EDX. 3.1 display the obtained results of the SEM
images and EDX analyses for CS-G/Fe30,, CS-G/ZnO/Fe304 NPs-25, CS-G/ZnO/Fe304
NPs-50, and The surface morphology of CS-G/Fe30, after loading 25% ZnO

3.1 and 50% ZnO 3.1 into its polymeric matrix was converted to
be rougher, more irregular with presence of various sizes of pores and cavities. These results
indicate the uniform distribution of the ZnO nanoparticles into polymeric matrix of Fe3Oy.
The EDX analysis corresponding to CS-G/Zn0O/Fe;04 NPs-25 and CS-G/Zn0O/ Fe304 NPs-50
reveal the presence of C, O, N, Fe and Zn. The presence of peak for Zn in the EDX spectrum
indicates that the ZnO nanoparticles were successfully incorporated into the polymeric matrix
of CS-G. The CS-G/Zn0O/Fe;04 NPs-25 surface after RB19 adsorption 3.1.d ) was
significantly altered into a smoother one in line with the loading of RB19 dye molecules on its
surface. This observation was reconfirmed by EDX analysis, which indicates the presence of S

element related to the RB19 dye structure.
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Figure 3.1: SEM-EDX analysis of (a) CS-G/ Fe30y, (b) CS-G/ZnO/Fe;0, NPs-25,
(c) CS-G/ZnO/Fe30, NPs-50, and (d) CS-G/ZnO/Fe304 NPs-25
after adsorption of RB19 at magnification power 3000x.
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3.1.1.2 FT-IR spectral analysis

The characteristic functional groups of the CS-G/Fe30,, CS-G/ZnO/Fe304 NPs-25, and
CS-G/ZnO/Fe30, NPs-25 after RB19 adsorption were identified by FTIR spectral analysis.
3.2 ) presents the obtained spectra of the FTIR analysis for CS-G/Fe30,, CS-
G/ZnO/Fe304 NPs-25, and CS-G/ZnO/Fe30, NPs-25 after RB19 adsorption, respectively.
The peaks presented ( in blue color: CS-G/Fe30,) at 3400-3200 cm ™, 2900 em ™!, 1650 cm ™1,
1340 em™! and 1070 em ™! refer to —N Hy and -OH groups stretching vibration, C-H stretching
vibration, N-H bending of primary amine group, C-N stretching vibration and C-O stretching
vibrations (C-O-C), respectively!“’). The peak at 1650 cm ™" was also attributed to the C=N
stretching vibration resulting from reaction between —N Hy groups of CS and C=0 groups
of GB¥l. FTIR spectrum of CS-G/Zn0O/Fe304 NPs-25 (red color) shows the incremental in-
crease of the intensity of the -OH and N-H bands, which can be attributed to the coordination
bonds formed between OH and —N H, groups of CS and surface Zn?* cations!'%l. More-
over, a new peak appeared at 530 em ™!, due to Zn-O vibrations!'%7. FTIR spectrum of the
CS-G/ZnO/Fe30, NPs-25 after RBBR, adsorption (green color) showed a notable change in
intensity of the -OH and N-H bands, confirming the interaction of functional groups of the

CS-G/Zn0O/Fe30, NPs-25 with RB19 molecules.
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® CS-G/ZnO/Fe,0, NPs-25 + RB19

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 3.2: FTIR spectra of CS-G/ Fe30,, CS-G/Zn0O/Fe304 NPs-25
and CS-G/Zn0O/Fe304 NPs-25 after adsorption of RB19
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3.1.1.3 Physio-chemical properties

The physicochemical properties (elemental composition, amine content, BET surface area,
average pore diameter, and pore volume) of CS-G/Fe30, , CS-G/ZnO/Fe3;0, NPs-25 | and
CS-G/Zn0O/Fe30,4 NPs-50 are listed in 3.1). It can be distinctly seen from

3.1 ) that the C content was significantly decreased in CS-G/ZnO/Fe30, NPs-25
and CS-G/Zn0O/Fe30, NPs-50 compared to CS-G/Fe30,; whereas, the oxygen content was
higher in CS-G/Zn0O/Fe304 NPs-25 and CS-G/Zn0O/Fe30,4 NPs-50 compared to CS-G/Fe30;.
This drastic increment in oxygen content can be assigned to the loading of metal oxide (ZnO)
nanoparticles into biopolymer matrix of the CS-G/Fe30,. From 3.1 ), the actual
amine (—NHy) group content (%) for CS-G/Fe304, CS-G/ZnO/Fe;0, NPs-25, and CS-
G/ZnO/Fe30, NPs-50 are 23.5%, 18.4%, and 12.55%, respectively.

This gradual descend in the amine (—NHs) group content (%) by loading more ZnO
nanoparticles into polymeric matrix of the CS-G/Fe30,4 can be attributed to two main possible
reasons: (i) replacing the portion of CS in the polymeric matrix of CS-G/Fe30,4 by adding ZnO
nanoparticles will basically lead to reduce the content of amine (—N Hs) group in the final CS
composite-based material'%!, (ii) strong interaction between the amine (—NH,) group in CS
backbone with zinc ions!'%). The BET analysis shows that the surface area of CS-G/Fe30,
increased by 5.1 times after loading 25% ZnO NPs (CS-G/ZnO/Fe30, NPs-25), and further
increased by 7.4 times after loading 50% ZnO NPs (CS-G/ZnO/Fe3;04 NPs-50). This find-
ing can be assigned to the fact that the ZnO nanoparticles with high surface area were well
scattered in the CS-G/Fe30, matrix and caused an increase in its surface area''%. According
to the classification of IUPAC, all the synthesized materials (CS-G/Fe30,, CS-G/Zn0O/Fe30,
NPs-25, and CS-G/ZnO/ Fe30, NPs-50) are mesoporous!!',

41



Chapter 111 RESULTS AND DISCUSSION

Table 3.1: The physicochemical properties of the synthesized nanomaterials.

Analysis CS-G/Fe304 CS-G/ZnO/Fe304 NPs-25 CS-G/ZnO/Fe304 NPs-50
C(wt. %) 22.89 19.64 13.76
H(wt. %) 4.39 4.27 2.42
N(wt. %) 3.0 2.39 1.66
O(wt. %) 69.72 73.7 82.16
pH-potentiometric titration —NHy (%) 23.5 18.4 12.5
BET surface area (ms/g) 1.437 7.375 10.706
Total pore volume (cm3/g) 0.00552 0.01362 0.01789
Vm (em3/qg) 0.00017 0.00080 0.00125
Mean pore diameter (nm) 14.19 7.3 6.2

As per to the adsorption study of RB19 on CS-G/ZnO/Fe30, NPs-25 section, the best de-
colorization of RB19 was obtained with CS-G/Zn0O/Fe304 NPs-25. Indeed, CS-G/Zn0O/Fe304
NPs-25 has higher surface area and lower amine (—NHj) group content compared to CS-
G/Fe30,. In contrast, CS-G/ZnO/Fe;0, NPs-25 has lower surface area and higher amino
content compared to CS-G/Zn0O/Fe304 NPs-50. Consequently, the composite formula of CS-
G/ZnO/Fe30, NPs-25 exhibits a perfect and desirable balance between the surface area and
the amine (—NN H,) group content. Thus, CS-G/Zn0O/Fe3;0, NPs-25 was adopted as the best
formulation of the composite material (adsorbent) for the decolorization of RB19 with respect

to CS-G/Fe;0, and CS-G/Zn0/Fe;0, NPs-50.

3.1.1.4 XRD analysis

The crystallinity of the CS-G/Fe304, CS-G/Zn0O/Fe;04 NPs-25, and CS-G/Zn0O/Fe30,
NPs-50 were tested by XRD analysis. 3.3 ) the XRD patterns of CS-G/Fe30,4, CS-
G/ZnO/Fe30, NPs-25, and CS-G/ZnO/Fe30, NPs-50. The XRD pattern of CS-G/Fe304
shows a major peak at 20 = 30.1°, 35.2 °, 43.1 °, 53.2 °, 57.3 °, and 62.1 °, which are

assigned to FesOy particles!''?. The XRD patterns of CS-G/Fe30, NPs-25, and CS-
G/Fe304 NPs-50 show a slight increase in intensity compared with that of CS-G/Fe30, due
to the loading of ZnO nanoparticles into the polymeric structure of CS-G/Fe30,. These peaks

revealed the successful loading of ZnO nanoparticles in the molecular structure of CS-G/Fe30;.
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Figure 3.3: XRD patterns of CS-G/Fe30,, CS-G/Zn0O/Fe30, NPs-25
and CS-G/Zn0O/Fe304 NPs-50.
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3.1.2 BBD model analysis

The experimental data for the RB19 decolorization was investigated by the variance analysis
(ANOVA) to comprehensively analyse the data and determine the significant parameters.

3.2 ) shows ANOVA results of the RB19 decolorization. According to the results
obtained, all the five key factors were found to be significant, and signifying that all of the five
factors examined in the batch experiments affects the RB19 decolorization. As recorded in

3.2 ), F-value of BBD model is 22.42 (p-value < 0.0001) for RB19 decolorization that
denotes the model is statistically significant 11,

The validity and adequacy of the model can be concluded from the value of correlation
coefficient (R?) of 0.95011%. Moreover, this result also indicates good agreement between the
predicted and observed values. The terms of BBD model with low probability values (p < 0.05)
are statistically significant. From 3.2 ), A B,C, D, E, AB, AC, BC, CD, A%, B2,
and C?

Are also significant terms in the RB19 decolorization process. Hence, the empirical rela-

tionship between RB19 decolorization (%) and the tested variables was obtained by quadratic

regression model as shown in (equation: 3.1):

RB19 decolorization (%)= +67.98 + 11.96A + 19.17B — 22.81C + 9.46D + 6.63E — 7.23AB
+12.77 AC + 7.45 BC - 12.72 CD - 5.84 A% - 6.41 B2 - 7.38 (2 (3.1)
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Table 3.2: Analysis of variance (ANOVA) for RB19 decolorization.

Source Sum of Squares Df Mean Square F-value p-value
Model 21504.37 20 1075.22 22.42 < 0.0001
A-ZnO loading 2287.23 1 2287.23 47.70 < 0.0001
B-Adsorbent dosage 5879.06 1 5879.06 122.61 < 0.0001
C-pH 8322.00 1 8322.00 173.56 < 0.0001
D-Temp. 1432.62 1 1432.62 29.88 < 0.0001
E-Time 703.58 1 703.58 14.67 0.0008
AB 208.80 1 208.80 4.35 0.0473
AC 652.80 1 652.80 13.61 0.0011
AD 59.29 1 59.29 1.24 0.2767
AE 6.50 1 6.50 0.1356 0.7158
BC 222.01 1 222.01 4.63 0.0413
BD 3.80 1 3.80 0.0793 0.7806
BE 5.52 1 5.52 0.1152 0.7372
CD 647.70 1 647.70 13.51 0.0011
CE 11.90 1 11.90 0.2482 0.6227
DE 2.56 1 2.56 0.0534 0.8191
A? 298.03 1 298.03 6.22 0.0196
B? 358.63 1 358.63 7.48 0.0113
c? 474.95 1 474.95 9.91 0.0042
D? 5.10 1 5.10 0.1064 0.7470
E? 5.44 1 5.44 0.1135 0.7390
Residual 1198.75 25 47.95
Cor Total 22703.12 45
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To further confirm the validity of model, several graphics derived from BBD such as normal
probability of the residuals, observed values versus the predicted values, and residual versus
run were statistically analyzed. The relationship between observed values and predicted values
of RB19 decolorization is shown in 3.4.a ). From 3.4.2 ) the observed values
of RB19 decolorization (%) are in good agreement with the predicted values. This finding
signifies the high applicability and accuracy of the BBD model ', 3.4 shows
the normal plot of residuals of RB19 decolorization. According to 3.4.b ), the points
lay on a relatively straight line, signifying the independence of the residuals, and accuracy of
the assumptions!**8l. 3.4.c ) shows plot of residuals against run number. It can be
seen from 3.4.c ) that the points are randomly distributed around zero, denoting the

validity of the modell*?!,

46



Chapter IIT RESULTS AND DISCUSSION
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Figure 3.4: (a) Normal probability of the residuals, (b) observed values versus the predicted

values, and (c) residual versus run
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3.1.2.1 Parametric optimization of BBD

Three-dimensional (3D) response surfaces are employed to understand the interactive rela-
tionships between two selected parameters and the RB19 decolorization, in addition to deter-
mining the optimum operating conditions for the RB19 decolorization. The interaction between
7/n0 loading and adsorbent dosage on RB19 decolorization was significant.

3.5 shows 3D surface plot of the interaction between ZnO loading and adsorbent
dosage and their impact on RB19 decolorization, while other variables (pH =7, temperature
= 45 °C, and time = 35 min) were kept constant. It was apparat from 3.5 that
the RB19 decolorization was improved by increasing both adsorbent dosage and ZnO loading.
This result can be attributed to the fact that the ZnO nanoparticles have a high surface area,
which leads to an increase in the surface area of the CS-G/ZnO/Fe30, NPs!'' in addition to
the high number of active functional groups resulted from the higher dosage of adsorbent.

The interaction between ZnO nanoparticles loading and pH on RB19 decolorization was
significant. 3.5 shows 3D surface plot of the interaction between ZnO nanoparticles
loading and pH and their impact on RB19 decolorization, while other variables (adsorbent
dosage = 0.06 g, temperature = 45°C, and time = 35 min) were kept constant. It can be easily
observed from 3.5.2 ) that the RB19 decolorization was remarkably improved in acidic
medium (pH = 4). This may be due to the positive charges generated from ZnO nanoparticles
and thus, the adsorption of the negative groups of the RB19 dye !9,

The interaction between adsorbent dosage and pH on RB19 decolorization was significant.

3.5.¢ ) shows 3D surface plot of the interaction between adsorbent dosage and pH and
their impact on RB19 decolorization, while other variables (ZnO loading = 25%, temperature
= 45°C, and time = 35 min) were kept constant. According to 3.5.¢ ), highest RB19
decolorization can be achieved at acidic solution pH (4). The pHpzc of the CS-G/Zn0O/Fe304
NPs was specified to be 6.4 as given in 3.5.d ). This result indicates that the CS-
G/ZnO/Fe30, NPs at pH > pHpzc acquires negative charges on its surface. As a result,
the decrease in the pH value up to the acidic environment (pH = 4) leads to the generation
of positive charges on the surface of CS-G/Zn0O/Fe30, NPs and consequently, formation of
electrostatic attractions between the positive charges generated on the adsorbent surface and

the negatively charged RB19 molecules as given in (equation: 3.2) .
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CS-G /ZnO/ Fe304NPst + RB19™— CS — G/ZnO/Fe30, NPsT....” RB19 (3.2)

The interaction between pH and temperature on RB19 decolorization was significant.
3.5.¢ ) shows 3D surface plot of the significant interaction between pH and temperature
and their impact on RB19 decolorization, while other variables (ZnO loading = 25%, adsorbent
dosage = 0.06 g, and time = 35 min) were kept constant. It can be shown in 3.5
that RB19 decolorization was considerably enhanced with increasing the temperature up to

60°C, denoting that the adsorption process of RB19 was an endothermic in nature'7.

49



Chapter IIT RESULTS AND DISCUSSION

RE19 decolorization (%)

> ()
g 1
- 3 ‘% pHp:c

2 b +

o N

%.0 ——t— T—t—t—+—+—+—

: <,012345 910111213
z 2 b M

-3 F

4t

-5 L

pH initial

RB19 decolorization (%)

Figure 3.5: 3D response surfaces plots of (a) AB, (b) AC, (¢) BC, and (e) CD interactions;
whereas, (d) pHpzc of CS-G/Zn0O/Fe30, NPs
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3.1.3 Adsorption study

The effect of initial RB19 concentration on adsorption efficiency by CS-G/ZnO/Fe3;0,4 NPs-
25 was assessed by varying RB19 concentrations between 50-300 mg/L, while other key param-
eters such as CS-G/Zn0O/Fe30, NPs-25 dose, pH, temperature, and shaking speed were kept
constant at 0.06 g, 4, 60°C, and 100 rpm, respectively. 3.6) depicts the adsorption
capacity of CS-G/ZnO/Fe304 NPs-25 to adsorb of RB19 as a function of contact time. As
presented in 3.6), a gradual increase in the adsorption capacity (59.7 to 334.9 mg/g)
of CS-G/ZnO/Fe30, NPs-25 was observed with an increase in initial RB19 concentration (from
50 to 300 mg/L). This finding can be attributed to the higher RB19 concentration, which acts
as a driving force to mass transfer of the RB19 dye to active sites of the CS-G/ZnO/Fe304
NPs-25101,
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Figure 3.6: (a) Effect of the contact time on RB19 adsorption at different

initial concentrations
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3.1.4 Adsorption kinetics

Adsorption kinetic is a prime analysis for determining the rate of limiting mechanism and
calculating the rate constant of RB19 adsorption from aqueous solution by CS-G/Zn0O/Fe;04
NPs-25. The commonly applicable kinetic models involving pseudo-first-order (PFO) and
pseudo-second-order (PSO) were used to analyze the adsorption data. (Equations 3.3 and

3.4) show the non-linear mathematical expressions of PFO!® and PSSO respectively.

G = qe(1— exp_Klt) (3.3)
2
quQt
= — 3.4
= Kyt (3-4)

where ¢.(mg/g) and ¢(mg/g) are amounts of RB19 absorbed onto the solid phase (CS-
G/ZnO/Fe304 NPs-25) at equilibrium and time (t), respectively. ki (1/min) and ko(g/mgmin)
are rate constants for PFO and PSO, respectively. 3.3 ) shows the fitting parameters
of the kinetic models. As recoded in 3.3 ), the PSO exhibits higher correlation
coefficient (R?) than PFO and also the calculated q. of PSO agrees with experimental qe very
well. Thus, these results indicate that the chemisorption is the main controlling mechanism in
the adsorption of RB19 onto CS-G/Zn0/Fe3;0, NPs-25 surface'?’l. These results also signify
that the adsorption of RB19 dye may be due to electrostatic attraction between the positively
charged groups (e.g., —NHy , —OH, , and Zn(OH)* on the CS-G/Zn0O/Fe304 NPs-25 surface
and negatively charged sulfonate (SO;) groups of RB19 dye!'?!l.
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Table 3.3: PFO and PSO kinetic parameters for RB19 adsorption
by CS—G/ZHO/F€304 NPs-25

Concentration(mg/L)  gcexp(mg/g) PFO PSO

gecal(mg/g)  k1(1/min)  R2? | gecal(mg/g) k2 *1072(g/mgmin)  R?
50 59.7 59.7 0.999 1 59.8 51.57 1
100 102.6 101.8 0.325 0.99 103.5 0.764 0.99
150 164.7 155.9 0.168 0.90 163.1 0.150 0.97
200 265.5 248.9 0.150 0.92 260.2 0.087 0.98
250 275.8 259.2 0.225 0.93 269.4 0.123 0.97
300 334.9 304.5 0.168 0.91 328.7 0.076 0.97

3.1.5 Adsorption isotherm

Adsorption isotherm is an important function to explain how the CS-G/Zn0O/Fe3;0, NPs-25
can interact with the RB19 dye molecules. Therefore, different isotherm models!*22-124
applied to study the adsorption behavior of RB19 by CS-G/Zn0O/Fe30, NPs-25, and computing

the adsorption capacity of CS-G/ZnO/Fe30, NPs-25. (Equations: 3.5, 3.6, and 3.7) show the

were

non-linear mathematical expressions of Langmuir, Freundlich, and Temkin, respectively.

Qmaa:KaCE
%=L K.C (3.5)
g = KpCU" (3.6)
RT
qr = ﬁ In KaCe (37)

where ¢nq:(mg/g) is the maximum adsorption capacity of CS-G/ZnO/Fe30, NPs-25, and

/7 and n are the Freundlich

K.(L/mg) is a constant of Langmuir model. K;(mg/g)(L/mg)
constants. Kr(L/mg) is equilibrium binding constant of Temkin model, by (J/mol) is constant
related to adsorption heat, T(K) is the temperature, and R(8.314J/molK) is the universal gas
constant. The calculated parameters and plots of isotherm models are presented in (Table 3.4)
and 3.7 ), respectively. Depending on the coefficient of correlation (R?), the equilib-
rium data are best fitted to the Freundlich model, which is supported by the higher (R?)(0.95)

compared to the Langmuir and Temkin models. This finding indicates the multilayer adsorption
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of RB19 molecules onto heterogeneous surface of CS-G/Zn0/Fes04 NPs-2512%, These results
also reflect the hetro-energetic non-ideal reversible multi-layer adsorption nature of RB19 dye
on CS-G/ZnO/Fes0, NPs-25 and the RB19 molecules ability to form - interaction!'?6) Fur-
thermore, the ¢nq, calculated from the Langmuir isotherm of RB19 onto CS-G/ZnO/Fe30,
NPs-25 was found to be 363.3 mg/g 3.5 ) compares the g, of this study with ad-
sorption capacities of different adsorbents reported in the literature for the adsorption of RB19.
As recorded in 3.5 ), the ¢uqq of the CS-G/ZnO/Fe30, NPs-25 is superior over most
of the previously reported adsorbents in the literature. Moreover, the obtained results indi-
cate that the CS-G/ZnO/Fe30, NPs-25 is a low-cost, feasible and promising adsorbent for

environmental remediation process of textile wastewater.
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Figure 3.7: adsorption isotherms of RB19 by CS-G/ZnO/Fe304 NPs-25 (dosage = 0.06g, pH

of solution = 4, temperature = 60°C, agitation speed = 100 strokes and volume of solution =
100 mL)
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Table 3.4: Parameters of the Langmuir, Freundlich and Temkin isotherm models for RB19
adsorption on CS-G/Zn0O/Fe30, NPs-25 at 60°C

Adsorption isotherm Parameter Value
Langmuir qm (mg/g)
Ka (L/mg)
R2
Freundlich Kf (mg/g) (L/mg)l/n  78.9
N 2.7
R? 0.95
Temkin KT (L/mg) 2.3
bT (J/mol) 59.6
R? 0.83

Table 3.5: Comparison of the adsorption capacity of RB19 dye by various

Adsorbents gqm (mg/g) References
Chitosan-glyoxal /Zn0O/ Fe3O4 nanoparticles 363.3 This study
Chitosan-epichlorohydrin /kaolin clay composite 560.9 [40]
Chitosan/MgO composite 512.82 [127]
Polyaniline/chitosan composite 303.03 [128]
Carboxylated carbon nanotube 291.55 (129]
ZnO-polyacrylonitrile-hinokitiol 267.37 (130]
Bentonite-DTMA 206.58 (131]
Fe;0,4QL-arginine 125 (132]
Chitosan-alkali lignin composite 111.11 [133]
Chitosan/SiO2/carbon nanotubes magnetic nanocomposite 97.08 (134]
Amino-functionalized organosilane 21.3 (135]
Borax cross-linked Jhingan gum hydrogel 9.884 [136]
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3.1.6 Adsorption mechanism

The adsorption mechanism of RB19 dye was established on the basis of the availability
of active binding sites including amino —N H,, hydroxyl -OH, and Zn(OH)* on the CS-
G/Zn0O/Fe30,4 NPs surface as shown in 3.8). Initially, the CS-G/ZnO/Fe304 NPs
surface can acquire positive charges in an acidic medium because the pH value in the acid
medium is less than pHpzc value (as shown in 3.5.d). The positive charges for CS-
G/ZnO/Fe30, NPs surface can come from several locations such as the protonated groups of
amino —N Hy, and hydroxyl -OH, in addition to positive charges generated from ZnO NPs.
Electrostatic interactions are the major contributor to the RB19 adsorption process due to
the abundance of cationic groups and positive charges available on the CS-G/ZnO/Fe304 NPs
surface, which are attracted to the sulfonate groups (—SOj5 ) of the RB19 dye, as shown in

3.8.a). Several researches have reported that the adsorption of organic dyes by
ZnO NPs in acidic medium is through electrostatic attractions between the positively charged
ZnO-NPs and the anionic dyes molecules Hydrogen interactions represented by H-bonding and
Yoshida H-bonding also play a fundamental role in RB19 dye adsorption. These interactions
(H-bonding, see 3.8.b) and Yoshida H-bonding, see 3.8.¢) are generated from
the interaction of free hydrogen and H-OH (hydrogen of hydroxyl) with the groups containing

(137 Finally, n- interactions

N and O and the aromatic rings of the RB19 dye, respectively

3.8.d) are among the most common paths to improve the absorption process of organic
dyes by CS composites. These interactions can come from the interaction of the electron pairs
of N and O (electron donor) in the CS-G/Zn0O/Fe30,4 NPs with the aromatic system (electron

acceptor) of the RB19 dye['?.
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Figure 3.8: Illustration of the possible interaction between CS-G/ZnO/Fe30, NPs surface and
RB19 including (a) electrostatic attraction, (b) hydrogen bonding

interactions, (¢) Yoshida H-bonding, and (d) n- interactions.
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3.2 Results And Discussion Of Chitosan-glutaraldehyde/zinc oxide/Fe;0,

3.2.1 Characterization of CHT-GLA /ZnO/Fe30,
3.2.1.1 Morphological Characterization for the CHT-GLA /ZnO/Fe30,

The surface morphology and chemical composition of CHT-GLA /Fe304, CHT-GLA /ZnO/ Fe304-

25, CHT-GLA/ZnO/Fe304-50, and CHT-GLA /ZnO/Fe30,4-25 after RBBR adsorption were
examined by SEM-EDX. The SEM images and EDX analysis of CHT-GLA/Fe3;0,, CHT-
GLA/ZnO/Fe304-25, CHT-GLA /ZnO/ Fe30,-50, and CHT-GLA /Zn0O/ Fe304-25 after RBBR
adsorption are presented respectively in 3.9 . As depicted in 3.9.a), the
CHT-GLA/Fe30, nanocomposite owned an irregular, wavy, and uneven structure. The EDX
analysis of CHT-GLA / Fe30O4 composite detects the presence of C, O, N and Fe. 3.9

and 3.9.¢) corresponding to 25% ZnO and 50% ZnO nanoparticles loaded into molec-
ular structure of CHT-GLA show that the nanocomposites surface contains small fractures
and holes due to the embedded and well-dispersed ZnO nanoparticles into polymer matrix of
CHT-GLA. According to EDX analysis, the main elements present in CHT-GLA /ZnO/Fe30,-
25 and CHT-GLA /ZnO/Fe30,4-50 nanocomposites are C, N, O, Fe and Zn. The presence of
peak for Zn element in the EDX spectrum confirms that the ZnO nanoparticles were success-
fully loaded into the structure of CHT-GLA. After RRBR adsorption, CHT-GLA /ZnO/Fe304
nanocomposite surface was remarkably changed into smooth, compact and homogenous surface
in agreement with the covering by RBBR molecule. This finding was confirmed by EDX, which

indicated the existence S element.
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Figure 3.9: SEM images of (a) CHT-GLA/Fe30,, (b) CHT-GLA/ZnO/ Fe304-25,
(¢) CHT-GLA/ZnO/Fe304-50, and (d) CHT-GLA/ZnO/Fe304-25 after
adsorption of RBBR dye at magnification power 2000x.
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3.2.1.2 FT-IR spectral analysis

The typical functional groups of the CHT-GLA/Fe30,, CHT-GLA/ZnO/Fe30,-25, and
CHT-GLA/ZnO/ Fe304-25 after RBBR adsorption were obtained by FTIR analysis. The FTIR
spectra of CHT-GLA/Fe3;0,, CHT-GLA/ZnO/Fe30,, and CHT-GLA/ZnO/Fe;0,-25 after
RBBR adsorption are presented respectively in 3.10 . The bands observed

3.10. a) at 3430 em™1, 2910 em ™!, 1640 em™?t, 1370 em™t, 1060 em ™!, and 550 em ™!
are ascribed to O-H and N-H stretching, C-H symmetric stretching, N-H bending vibration,
C-N stretching of residual N-acetyl group, C-O-C stretching vibration, and Fe-O bond, respec-
tively "9, The peak at 1660 cm ™" also corresponding to the C=N stretching vibration arising

[138]

from Schiff base reaction between amino groups of CHT and carbonyl groups of GLA®. In

FTIR spectrum of CHT-GLA /ZnO/Fe30,4-25, it was clearly observed the bands of —N H, and
OH groups were shifted and became stronger, signifying the strong interaction between —N Hy
and OH groups and ZnO!%! In same context, the peak observed at 540 em~! corresponding to
metal oxygen linkage (Zn-O)[1%7. The spectrum of the CHT-GLA /ZnO/Fe304 nanocomposite
after RRBR adsorption appeared a remarkable shift in the -OH and N-H bands, signifying the
contributing of the -OH and —N Hy groups in the RBBR adsorption.
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Figure 3.10: FTIR spectra of (a) CHT-GLA/Fe30,, (b) CHT-GLA/ZnO/Fe304-25,
and (c¢) CHT-GLA/ZnO/ Fe304-25 after adsorption of RBBR dye
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3.2.1.3 Physio-chemical properties

The physicochemical characteristics, namely, elemental composition, amine group con-
tent, surface areas properties of the CHT-GLA/Fe30,, CHT-GLA/ZnO/Fe30,4-25, CHT-
GLA/ZnO/Fe30,-50 are presented in ( Table: 3.6 ). CHN-O analysis of the elemental compo-
sition demonstrated that the CHT-GLA/ZnO/Fe304-25 and CHT-GLA/ZnO/Fe304-50 had
lower carbon content, and higher oxygen content than CHT-GLA/Fe30,. This finding can be
attributed to the incorporation of metal oxide (ZnO) nanoparticles into the molecular struc-
ture of CHT-GLA. The results of the pH-potentiometric titration clarified that the amine group
content (%) in CHT-GLA/ZnO/Fe304-25 and CHT-GLA/ZnO/Fe30,4-50 was gradually de-
creased with additional loading of ZnO nanoparticles in the molecular structure of CHT-GLA.
This observation can be assigned to the physical mixing of CHT with ZnO nanoparticles. In
another word, more loading of ZnO nanoparticles will lead to less content of CHT in the whole
molecular structure of the composite material as a result less amine group content will be
obtained["*¥].  Another possible reason is the coordination of zinc ions with the amino and
hydroxyl groups, which may lead to reduce the free amino group content 1%,

The results of BET analysis showed that the surface area of CHT-GLA/Fe304, CHT-
GLA/ZnO/Fe30,4-25, and CHT-GLA/ZnO/Fe304-50 are 4.17, 9.92, and 6.67, respectively.
These results are probably due to the fact that the ZnO nanoparticles possessing a high sur-

el110]

face area were scattered on the CHT-GLA /Fe30, matrix and enlarged its surfac . It was

clearly observed from ( Table: 3.6 ) that the CHT-GLA/ZnO/Fe304-25 has a higher sur-
face area compared to CHT-GLA /ZnO/Fe30,-50, although CHT-GLA/ZnO/Fe304-50 has a
higher loading of ZnO nanoparticles. These results can be attributed to the fact that a high
loading of ZnO nanoparticles may cause depositing of some of them within the larger pores of
the CHT-GLA matrix['*l. Depending on the classification of IUPAC, all the prepared com-
posites (CHT-GLA/Fe30,, CHT-GLA/Zn0O/Fe304-25, and CHT-GLA /ZnO/Fe304-50) are a

mesoporous 1.
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Table 3.6: The physicochemical properties of the synthesized nanocomposites.

Analysis CHT-GLA /Fe304 CHT-GLA/ZnO/Fe304-25 CHT-GLA/ZnO/Fe304-50

C(wt. %) 33.95 26.34 17.92
H(wt. %) 6.37 4.97 3.15
N (wt. %) 4.19 2.93 1.49

O(wt. %) 55.49 62.76 77.44
pH-potentiometric titration —NHy (%) 26.5 19.3 16.1
BET surface area (ms/g) 4.17 9.92 6.67

Total pore volume (cm3/g) 0.0129 0.0180 0.0170

Vm (em3/qg) 0.00033 0.00069 0.00037
Mean pore diameter (nm) 12.3 7.2 10.2

3.2.1.4 XRD analysis

The crystallinity of the CHT-GLA/Fe30,, CHT-GLA /Zn0O/ Fe304-25, and CHT-GLA /ZnO/ Fe30,-
50 were investigated by XRD analysis. The XRD patterns of CHT-GLA /Fe;0,, CHT-GLA /ZnO/Fe30,-
25, and CHT-GLA /ZnO/Fe304-50 are exhibited respectively in 3.11 . The XRD
result of CHT-GLA/Fe30, 3.11.2 )exhibits several crystalline peaks at 20 = 30.1°,
35.2 °, 43.1 °, 53.2 °, 57.3 °, and 62.1 °, which are assigned to (220), (311), (400), (422),
(511), and (440) of Fes0, particles, respectively!!'?. The broad peak observed at 20.3° in

3.11 is ascribed to the semicrystalline nature of CHT®l. The XRD patterns of

CHT-GLA/ZnO/Fe304-25 3.11, a) and CHT-GLA/ZnO/Fe304-50 3.11
shows a typical crystalline peak at 31.80, 34.45, 36.27, 47.59, 56.66, 62.91, and 68.0 belonging
to the crystalline phases (100), (002), (101), (102), (110), (103), and (112), respectively of

106] " These results confirm the strong interaction between the —N H, and

ZnO nanoparticles!
-OH groups of CHT with Zn ions and reinforce a good compatibility between the polymer
matrix of CHT-GLA and the ZnO!%. Furthermore, it was noticed that all the peaks of CHT-
GLA/ZnO/Fe304-50 had a higher intensity compared to CHT-GLA/ZnO/Fe30,4-25 due to

the increased loading of ZnO nanoparticles in the polymer matrix of CHT-GLA.
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Figure 3.11: XRD patterns of (a) CHT-GLA/Fe30,, (b) CHT-GLA/ZnO/Fe30,4-25,
and (c¢) CHT-GLA/ZnO/Fe304-50

3.2.2 BBD model analysis

The statistical analysis and specification the important impacts of the parameters and their
interactions for the RBBR removal data was achieved by the variance analysis (ANOVA).

3.7 ) displays ANOVA results of the RBBR removal. The model F value of 16.37

(p-value < 0.0001) indicates that the model for the RBBR removal is significant*?). The value

of correlation coefficient (R?) for this model is 0.93, which indicates that the accuracy of the

fitting of the model, and good correlation between predicted and experimental RBBR removal
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values!'*7). Statistically, the model terms are significant with P-value less than 0.05. In this case
A, B, C, E, AB, BC, BE, A2, and B? are significant terms in the RBBR removal process. Thus,
the experimental relationship between RBBR removal efficiency and the examined variables

was correlated by quadratic polynomial model as expressed in (Equation: 3.8).

RBBR Removal efficiency (%)= +45.87 + 7.63A + 12.948 — 13.46C + 2.83E — 5.93AB — 6.958C
+ 6.88 BE - 6.86 A? -4.07 B (3.8)
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Table 3.7: Analysis of variance (ANOVA) for RBBR removal.

Source Sum of Squares Df Mean Square F-value p-value
Model 8308.45 20 415.42 16.37 < 0.0001
A-7ZnO loading 930.25 1 930.25 36.65 < 0.0001
B-Adsorbent dosage 2680.65 1 2680.65 105.63 < 0.0001
C-pH 2897.13 1 2897.13 114.16 < 0.0001
D-Temp. 48.65 1 48.65 1.92 0.1784
E-Time 128.26 1 128.26 5.05 0.0336
AB 140.42 1 140.42 5.53 0.0268
AC 22.09 1 22.09 0.8704 0.3598
AD 5.76 1 5.76 0.2270 0.6379
AE 51.12 1 51.12 2.01 0.1682
BC 193.21 1 193.21 7.61 0.0107
BD 0.0225 1 0.0225 0.0009 0.9765
BE 189.06 1 189.06 7.45 0.0115
CD 0.0400 1 0.0400 0.0016 0.9686
CE 103.02 1 103.02 4.06 0.0548
DE 0.1600 1 0.1600 0.0063 0.9373
A? 411.25 1 411.25 16.20 0.0005
B? 144.77 1 144.77 5.70 0.0248
c? 88.09 1 88.09 3.47 0.0742
D? 55.00 1 55.00 2.17 0.1535
E? 0.0064 1 0.0064 0.0003 0.9875
Residual 634.47 25 25.38
Cor Total 8942.91 45

Moreover, the verification of experimental results can be achieved by the analysis of the
obtained graphics from BBD model such as actual versus predicted, normal probability of the
residuals, and externally studentized residuals versus predicted. 3.12. a). displays the
actual versus predicted plot of RBBR removal efficiency values. According to 3.12, a),

the points of actual were mostly close to the points of predicted, signifying that the BBD model
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can adequately optimize the adsorption process of RBBR dye. 3.12 demonstrates
the normal probability plot of residuals. As per 3.12 , all points are normally
distributed around the straight-line, elucidating that the independence of the residuals [36].
3.12 shows the plot of externally studentized residuals of the experimental versus
predicted values. It can be noticed from 3.12 the points are scattered around the

horizontal line, indicating that no significant variation between actual and predicted 1.
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3.2.2.1 Parametric optimization of BBD

Three-dimensional (3D) response surfaces are important graphical plots to explain the in-
teraction effects of two operational factors on the RBBR removal efficiency. 3.13
presents the 3D surface plot of the combined effect of ZnO loading and dose on the RBBR
removal efficiency at a constant pH (7), temperature (45 °C) , and time (35 min). The obtained
results from 3.13 demonstrate that the RBBR removal efficiency was improved
by increasing both adsorbent dose and ZnO loading. This finding relates to the high surface
area resulted from ZnO nanoparticles and the higher number of active binding sites of the
CHT-GLA /ZnO/Fe30y, which are readily available to adsorb RBBR dye 1%,
3.13 presents the 3D surface plot of the combined effect of dose and pH on the
RBBR removal efficiency at a constant ZnO loading (25%), temperature (45 °C), and time (35
min). It can be seen from 3.13. b), the RBBR removal efficiency (%) increased by
decreasing the pH value from basic environment (pH=10) towards acidic environment (pH=4).
The value pHpzc of the CHT-GLA /ZnO/Fe30, is 7.4 as illustrated in 3.13. ¢). This
finding signifies that the CHT-GLA /ZnO/Fe30, surface at pH value greater than pHpzc ac-
quires a negative charge. Thus, the CHT-GLA/ZnO/Fe30, surface at acidic environment (pH
=4) turns to a positive charge due to the increase of H* concentration in the solution[Z.

Accordingly, electrostatic attractions will be formed between the surface cationic groups of the

CHT-GLA/ZnO/Fe30, and the RBBR molecules as outlined in (Equation: 3.9).

CHT-GLA /ZnO/Fe;0;NPs* + RBBR-— CHT—GLA/ZnO /Fe;0,NPs+..."RBBR (3.9)

The combined effect of dose and time on the RBBR removal efficiency was important.
3.13 presents the 3D surface plot of the important combined effects of dose and time

on the RBBR removal efficiency at a constant ZnO loading (25%), pH (7), and temperature
(45 °C). As can be shown from 3.13 that the RBBR removal efficiency did not
improve significantly by increasing the contact time up to 60 min, indicating that the occupancy
of the active sites on the adsorbent with RBBR molecules was very fast, and reached the

equilibrium absorption of RBBR dye within a short period of time.
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Figure 3.13: 3D plots of (a) AB, (b) BC, and (d) BE significant interactions
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3.2.3 Adsorption study

The time dependence of RBBR uptake by CHT-GLA /ZnO/Fe30,4-25 nanocomposite was
monitored for better understanding to the adsorption process. In this regard, the influence
of different initial RBBR concentration (range: 50-250 mg/L) on adsorption behaviour of
RBBR by CHT-GLA/ZnO/Fe304-25 nanocomposite was investigated at fixed dose of CHT-
GLA/ZnO/Fe304-25 (0.06 g), temperature (60 °C), solution pH (4), and solution volume
(100 mL). The adsorption capacity values of CHT-GLA /ZnO/Fe30,4-25 as a function of con-
tact time were presented in 3.14 . As can be seen, rapid qt increases at the
beginning of the adsorption process for all studied concentrations which can be attributed to
the existence of the adsorption active groups on the surface of CHT-GLA/ZnO/Fe30,4-25, in-
dicating CHT-GLA /ZnO/Fe30,4-25 could be utilized as a promising adsorbent in textile dye
removal. Moreover, the adsorption capacity of CHT-GLA/ZnO/Fe30,4-25 was found to in-
crease from 60.6 to 179.7 mg/g by increasing the initial RBBR concentration from 50 to 250
mg/L. This result may be due to the higher RBBR concentration gradient, which enhances the
moving of RBBR molecules to the active sites available onto the CHT-GLA/ZnO/Fe30,4-25

surface143 [144].
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Figure 3.14: (a) Effect of the contact time on RBBR dye adsorption at different initial

concentrations
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3.2.4 Adsorption kinetics

To determine the controlling mechanism of the adsorption process of the RBBR on the
CHT-GLA/ZnO/Fe30, surface. The dynamical experimental data were fitted to two kinetic
models: pseudo-first order (PFO)!'8 and pseudo-second order (PSO)IM?. The parameters
of the kinetic models were obtained by the non-linear equations of PFO and PSO given in

(Equations: 3.10, 3.11) respectively.

G = qe(1— exp_Klt) (3.10)
2
q th
= = 3.11
= Kyt (3.11)

where g. and qt are the adsorption capacities (mg/g) at adsorption equilibrium and time
(t), respectively. k; (1/min) is the PFO adsorption rate constant and ks (g/mg min) is the
PSO adsorption rate constant. The calculated parameters of the kinetic models are listed in
3.8 ). It can be seen from 3.8 ) that the R? values of the PSO was higher than
the PFO. Moreover, the calculated ge of the PSO was closer to the experimental ¢. compared
to the values of calculated ¢. for the PFO. The obtained results clarified that the adsorption of
RBBR dye onto CHT-GLA/ZnO/ Fe30, surface is a chemisorption process including electro-
static interactions, which are happened between the positive charges and cationic groups avail-
able on the CHT-GLA /ZnO/Fe30, nanocomposite surface with the negative charges (—SOy)
of the RBBR dye!'*).

Table 3.8: PFO and PSO kinetic parameters for RBBR dye adsorption on
CHT-GLA/ZHO/F6304-25

Concentration(mg/L)  gecexp(mg/g) PFO PSO
gecal(mg/g)  ki(1/min)  R? | gecal(mg/g) ko *1072(g/mgmin)  R?
50 60.6 60.3 0.292 0.99 61.3 1.152 0.99
100 108.1 97.9 0.139 0.80 104.6 0.154 0.91
150 138.3 126.8 0.044 0.77 133.1 0.063 0.98
200 150.0 135.1 0.091 0.82 143.8 0.089 0.93
250 179.7 163.2 0.139 0.90 176.5 0.116 0.97
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3.2.5 Adsorption isotherm

The adsorption isotherms are applied to understand the relationship between equilibrium
adsorption capacity of the CHT-GLA /ZnO/Fe30, nanocomposite and initial concentration of
RBBRU!. The equilibrium adsorption is crucial parameter in the describing and explaining
the correlation between CHT-GLA/ZnO/Fe3;0, nanocomposite and RBBR molecules. The
affinity and adsorption capacity of CHT-GLA /ZnO/ Fe30,-25 nanocomposite to adsorb RBBR
dye from aqueous solution were elucidated by fitting the experimental data to Langmuir 2%,
Freundlich'?, and Temkin!"?¥ isotherm models. The Langmuir model indicates that all ad-
sorption sites are equivalent and a monolayer adsorption towards pollutants is occurred on a
homogeneous surface of adsorbent*3. The Freundlich model is generally used to describe a
multilayer adsorption towards pollutants is occurred on a heterogeneous surface of adsorbent
[18]. Moreover, the Temkin model assumes there is a linear relationship between adsorption

[146] " The parameters of

heat and coverage by taking into consideration the temperature effect
the isotherms were obtained by the non-linear equations of Langmuir, Freundlich, and Temkin

as presented in (Equations: 3.12; 3.13, 3.14),respectively.

qmaa:Kace
“S1TKC (312
g = K;CH" (3.13)
RT
qr = ﬁ In KaCe (314)

where ¢q. (mg/g) is the calculated adsorption capacity of the CHT-GLA /ZnO/Fe304, and

/7 and n are constants re-

K,(L/mg) is the Langmuir equilibrium constant. Ky(mg/g)(L/mg)
lated to the Freundlich model. Kr(L/mg) and br(J/mol) are Temken constants related to the
equilibrium binding, and adsorption heat. T(K) and R(8.314J/molK) represents the tempera-
ture and gas constant, respectively. 3.15 and 3.9 ) show the fitting param-
eters and curves of isotherms, respectively. As per the correlation coefficient (R?) of models, the
Freundlich model (R? = 0.97) and Temkin model (R? = 0.97) are higher than that of the Lang-
muir model (R? = 0.94), Thus, the adsorption process of RBBR by CHT-GLA /ZnO/Fe30, is

more in line with the Freundlich and Temkin models, indicating the heterogeneous character

of the RBBR physical and chemical adsorption onto CHT-GLA /ZnO/Fe30, surface7l. The
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Gmaz of RBBR on CHT-GLA /ZnO/Fe30,4-25 was found as 176.6 mg/g at 60 °C.
3.10 ) summarizes the comparison the gq, of the CHT-GLA/ZnO/Fe304-25 with

other adsorbents reported in previous works toward RBBR. These results of 3.10
demonstrate that the CHT-GLA /ZnO/Fe30,-25 had favorable adsorption ability for the re-

moval of organic dyes from wastewater.
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Figure 3.15: adsorption isotherms of RBBR by CHT-GLA /ZnO/Fe30,-25 (dosage 0.06g, pH
of solution 4, temperature 45 °C, agitation speed = 100 strokes and volume of solution = 100

mL).
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Table 3.9: Parameters of the Langmuir, Freundlich and Temkin isotherm models for RBBR
dye adsorption on CHT-GLA /ZnO/Fe30,-25 at 60 °C

Adsorption isotherm Parameter Value
Langmuir qm (mg/g)
Ka (L/mg)
R2
Freundlich Kf (mg/g) (L/mg)l/n  48.76
N 3.54
R? 0.97
Temkin KT (L/mg) 0.71
bT (J/mol) 85.4
R2 0.97

Table 3.10: Comparison of the adsorption capacity of RBBR dye by various adsorbents

Adsorbents gqm (mg/g) References
Magnetic chitosan-glutaraldehyde/zinc oxide/Fe3O4 nanocomposite 179.7 This study
Chitosan-tripolyphosphate/kaolin composite 687.2 [148]
Graphene oxide-ionic liquid 416.7 (149]
Sawdust-based activated carbon 368.5 [150]
Polyaniline/chitosan composite 303.03 (128]
ZnO-polyacrylonitrile-hinokitiol 267.37 [130]
Chitosan-alkali lignin composite 111.11 (133]
Chitosan/SiO2/carbon nanotubes magnetic nanocomposite 97.08 [134]
Magnesium hydroxide coated bentonite 66.90 (151]
Borax cross-linked Jhingan gum hydrogel 9.884 (136]

3.2.6 Adsorption mechanism

The adsorption mechanism of RBBR on the CHT-GLA /ZnO/ Fe304 nanocomposite surface
was sketched depending on of the presence of active adsorption sites such as hydroxyl (-OH),

amino (—NHs) and Zn(OH)™, as shown in 3.16). At first, CHT-GLA/ZnO/Fe304
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nanocomposite surface can obtain positive charges in an acidic solution due to pH acidic <
pHpzce. The positive charges of the CHT-GLA/ZnO/Fe304 nanocomposite surface can be
obtained from different sources such as hydroxyl (-OH), and amine (— N H,) protonated groups,
as well as positive charges formed from ZnO nanoparticles. Electrostatic interactions are prime
character for the RBBR adsorption because of the plenty of positive charges and cationic groups
on the CHT-GLA /ZnO/Fe30, nanocomposite surface, which are attracted with the negative
charges (—SOj3 ) of the RBBR dye. Various studies have been reported using positive charges
of ZnO nanoparticles formed in the acidic medium to adsorb organic dyes through electrostatic

116] [152] - Hydrogen interactions designated by H-bonding and Yoshida H-bonding

interactions!
from significant interactions that could be played an important role in adsorption of RBBR dye.
These interactions (H-bonding) and (Yoshida H-bonding) are formed between the free H and
H-OH (hydrogen of hydroxyl) available on the CHT-GLA /ZnO/Fe30,4 nanocomposite surface
with N and O groups and the aromatic system of the RBBR dye, respectively!!?3. Lastly,
n- interactions occur between the electron-donating system represented by groups containing
N and O in the CHT-GLA/ZnO/Fe30, nanocomposite and the electron-accepting system

represented by the aromatic rings of the RBBR dyel'%!.
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Figure 3.16: Illustration of the possible interaction between CHT-GLA /ZnO/Fe30, nanocom-
posite surface and RBBR dye including electrostatic attraction, hydrogen

bonding interactions, Yoshida H-bonding, and n- interactions.
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3.3 Results And Discussion Of chitosan-Benzil/ZnO/Fe;0,
(Cs — Bz/ZnO/Fe30y)

3.3.1 Characterization of Cs-Bz/Zn0O/Fe;0,
3.3.1.1 Morphological Characterization for the C's — Bz/Zn0O/Fe30,

SEM-EDX analysis was carried out in order to identify the surface morphology and chemical
composition. 3.17) exhibits the SEM images and EDX spectra of (a) Cs-Bz/Fe30y,,
(b) Cs-Bz/Zn0-25/Fe30,, and (c) Cs-Bz/Zn0-25/Fe30, after adsorption of RBBR. As per

3.17. a), the surface morphology of Cs-Bz/Fe30, is displayed which appears as
an irregular and heterogonous surface with presence of crevices. The EDX spectra of Cs-
Bz/Fe30, detects the elements C, O, and N which can be ascribed to backbone Cs as well as
Fe corresponding to the magnetic Fe3Oy. 3.17 shows the SEM of Cs-Bz/ZnO-
25/ Fe304 which appears as a surface containing different sizes of protrusions. This observation
signifies the uniform distribution of the ZnO nanoparticles in the polymeric matrix of the
Cs-Bz/Fe30,, while the existence of the Zn in the corresponding EDX spectrum reconfirmed
the successful loading of the ZnO nanoparticles in the polymeric matrix of Cs-Bz/Fe304. On
the other hand, the surface morphology of Cs-Bz/Zn0O-25/Fe30, after RBBR adsorption

3.17 transformed to be more compact, with less visible pores and cavities due to
loading of RBBR dye molecules onto its surface. Moreover, the detected sulfur (S) atom in
the corresponding EDX spectrum reconfirmed the availability of RBBR dye molecules on the
Cs-Bz/7Zn0O-25/Fe30,4 due to the adsorption process.

82



Chapter IIT RESULTS AND DISCUSSION

eV
Element AN Norm.C Atom.C
Ly [Wt.%] [at.%]
Iron 26 53.40 21.70
5] Carbon 6 24.71 46.69
Oxygen 8 19.06 27.03
% Nitrogen 7 2.83 4.59
15 e e 100 100
1.0
05
ry
0.0 Y - y
? 4 ] 8 ] 12 "
ke
Cpa
104
Element AN Norm.C Atom.C
14 [Wt.%] [at.%]
Tron 26 31.61 12.98
Carbon 6 22.49 42,94
e Oxygen 8 22.00 31.67
W Zine 30 20.66 7.25
oF Nitrogen 7 35 5.15
‘ i 100 100
10
.54

R N
i i § 8 i i it
k¥
ey
b Element AN Norm.C Atom.C
[Wi.%] [at.%)]
14 Tron 26 43.77 22.17
Zinc 30 18.75 8.11
1 Oxygen 8 17.55 31.03
T f‘a Carbon 6 11.40 26.84
¢k Sulfur 16y 474 4.18
" itrogen 7 3.80 7.67
100 100
0.6+
0.4+
0.2
. - kol

C882-2n2RB00C2

Figure 3.17: SEM images and EDX spectra of (a) Cs-Bz/Fe304, (b) Cs-Bz/Zn0-25/Fe;04
nanocomposite, and (c¢) Cs-Bz/Zn0-25/Fe304 nanocomposite after adsorption of RBBR dye

at magnification power 3000x.
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3.3.1.2 FT-IR spectral analysis

Moreover, FTIR analysis was carried out in order to determine the fundamental functional
groups of Cs-Bz/Zn0-25/Fe304 before and after RBBR adsorption which were displayed in
3.18. a).and 3.18. b), respectively. The bands illustrated in 3.18

at 3600 em~!, 3342 em™!, 2872 em~1,1320 em ™!, 1061 em ™!, 565 cm ™! and 465 cm ™! are

ascribed to the following groups/bonds: -OH stretching, —N H, asymmetric stretching, C-H

asymmetric stretching, C-N stretching, C-O stretching, FeO bending, and O-Zn-O bending,

respectively 124 [159] [156] [157) [158] T addition, the peak at 1639 em~! indicates that the imine

function C=N was formed by condensation reaction between the carbonyl groups of Benzil

[159] 1

and amino groups of Cs!"°?). In same context, the spectrum observed at 1557 ¢m™" can be

attributed to the bending vibration of N-H. The FTIR spectrum of the Cs-Bz/Zn0-25/Fe30,
nanocomposite after RBBR adsorption is shown 3.18, b), which shows a reduction
in the intensity of some bonds especially -OH and —N H,. This observation clearly indicates
the involvement of these certain functional groups in capturing the RBBR dye molecules. Fur-

1

thermore, the appearance of the new band at 1500 cm ™" (refers to C=C stretching of aromatic

rings of RBBR) is another evidence of loading RBBR on the surface of Cs-Bz/Zn0-25/Fe30;,.
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Figure 3.18: FTIR spectra of (a) Cs-Bz/Zn0-25/Fe30,, and (b) Cs-Bz/Zn0-25/Fe30, after

adsorption of RBBR dye
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3.3.1.3 Physio-chemical properties

The results of surface area analysis and amino group contents (%) of Cs-Bz/Fe30,, Cs-
Bz/Zn0-25/Fe30,, and Cs-Bz/Zn0O-50/Fe30, are presented in 3.11 ). The pH po-
tentiometric titration analysis shows a gradual descend in the amino group content with more
loading of ZnO nanoparticles as shown in the following materials: Cs-Bz/ FezO4 (45.03%)
Cs-Bz/Zn0-25/Fe30, (38.64%) Cs-Bz/Zn0-50/Fe304 (32.01%). This observation can be
assigned to the replacement of certain amount of Cs with ZnO nanoparticles which leads to
this reduction in amino group content. Another possible reason can be ascribed to the co-
ordination bonds between free electron pair for nitrogen atoms with the empty orbital of the

(109 On the other hand, opposite trend was observed with surface area property, which

zine 160,
shows remarkable improvement in the surface area with loading more ZnO nanoparticles in the
polymeric matrix of the following materials: Cs-Bz/Zn0-50/Fe30, (18.8 m?/g) Cs-Bz/ZnO-
25/Fe304 (9.42 m?/g) Cs-Bz/Fe30, (1.01m?/g). From these results, it can be concluded that
loading 50% of ZnO nanoparticles in the polymeric matrix of Cs-Bz/Fe30, is reasonable for im-
proving its surface area by 18.6-fold. This result signifies a uniform distribution of high surface
area ZnO nanoparticles with obvious ability to improve the surface area property. From ad-
sorption standpoint, even though Cs-Bz/Zn0O-50/Fe304 has the highest surface area over both
Cs-Bz/7Zn0O-25/Fe304, and Cs-Bz/Fe30,, however, the best adsorptive property was achieved
with Cs-Bz/Zn0-25/Fe30, over Cs-Bz/Zn0-50/Fe30, and Cs-Bz/Fe304. This observation
can be explained according to the following facts: (i) Cs-Bz/Zn0O-50/Fe30, has the highest
surface area (18.8 m?/g) and lowest amino group content (32.01(%)), (ii) Cs-Bz/Fe304 has the
lowest surface area (1.01m?/g) and highest amino group content (45.03 (%)), (iii) Cs-Bz/ZnO-
25/Fe30,4 has an average surface area ((9.42 m?/g) and amino group content (38.64 (%)) over
both Cs-Bz/Fe3;04 and Cs-Bz/Zn0O-50/Fe3;0, materials. In fact, adsorption process is a sur-
face phenomenon and depends mainly on the available adsorption active sites on the adsorbents
surface, in addition to the surface area of the adsorbent. Therefore, Cs-Bz/Zn0-25/Fe30, has
the perfect balancing and tuning between available adsorption active sites (amino group con-
tent) and available surface area of the adsorbent. As a result, the best adsorptive removal of

RBBR was achieved by best composite formulation of Cs-Bz/Zn0-25/Fe30;.
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Table 3.11: Material characteristics of the CS-Bz/ Fe3Oy4, CS-Bz/Zn0-25/Fe30,,
and CS-Bz/Zn0-50/Fe30,

Analysis CS-Bz/ Fe304 CS-Bz/Zn0O-25/Fe304 CS-Bz/Zn0-50/ Fe304
pH-potentiometric titration —NHz (%) 45.03 38.64 32.01
BET surface area (ms/g) 1.01 9.42 18.8
Mean pore diameter (nm) 15.57 5.88 6.94

3.3.1.4 XRD analysis

The amorphous and crystalline nature of the preparer composite materials were investi-
gated by X-ray diffraction analysis, which is considered one of the best techniques that pro-
vides this information. 3.19) shows the XRD patterns of (a) Cs-Bz/Fe304, (b)
Cs-Bz/Zn0-25/Fe30,, and (c) Cs-Bz/Zn0O-50/Fe304 nanocomposites. The XRD pattern of
(a) Cs-Bz/Fe30, displayed the peaks at 26 = 30°, 35 °, 43 °, 53 °, 57 °, and 62 ° in
3.19. a), which are the characteristic peaks of Fes0,"! and indicates the successful synthe-
sis of magnetic Cs. The XRD patterns of Cs-Bz/Zn0O-25/Fe30, and Cs-Bz/Zn0-50/Fe304
nanocomposites were shown in 3.19 and 3.19, ¢), respectively. These
spectra show an observable increase in the band intensities after loading ZnO nanoparticles into
polymeric matrix of Cs-Bz/Fe30, at different ratios. This observation reinforces the intercala-

tion and uniform distribution of ZnO nanoparticles in the polymeric structure of Cs-Bz/Fe30;,.
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Figure 3.19: XRD spectra of (a) Cs-Bz/Fe30y, (b) Cs-Bz/Zn0-25/Fe30y,

and (c) Cs-Bz/Zn0O-50/Fe30,.
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3.3.2 BBD model analysis

The experimental data obtained from BBD was validated by analysis of variance (ANOVA)
as recorded in 3.12 ). The ANOVA test shows the following terms: F-value (42.98), and
p-value (< 0.0001). The value of p less than 0.05 is considered significant as per the conditions
of modell'®. Moreover, the predicted and experimental statistical values were found in line
with each other and showed a high value (0.97) of the correlation coefficient (R?). According
to 3.12 ), B, C, E, AB, AC, CD, A% B2 (C? and E? are significant terms for removing
RBBR dye. Thus, the expression of the quadratic regression model illustrates the empirical
relationship between the RBBR removal (response) and significant variables is presented it the

(equation: 4.15).

RBBR Removal (%)= +73.60 + 12.39B — 32.83C — 6.75AB + 6.83AC — 13.53CD — 13.12A?
-7.26 B* - 21.01 C? (3.15)
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Table 3.12: ANOVA analysis of RBBR removal.

Source Sum of Squares Df Mean Square F-value p-value
Model 27348.18 20 1367.41 42.98 < 0.0001
A-7ZnO loading 25.00 1 25.00 0.7859 0.3838
B-Adsorbent dosage 2455.20 1 2455.20 77.18 < 0.0001
C-pH 17246.26 1 17246.26 542.14 < 0.0001
D-Temp. 131.68 1 131.68 4.14 0.0526
E-Time 879.12 1 879.12 27.64 < 0.0001
AB 182.25 1 182.25 5.73 0.0245
AC 189.06 1 189.06 5.94 0.0222
AD 98.01 1 98.01 3.08 0.0915
AE 54.02 1 54.02 1.70 0.2044
BC 18.06 1 18.06 0.5678 0.4582
BD 8.41 1 8.41 0.2644 0.6117
BE 12.60 1 12.60 0.3962 0.5348
CD 731.70 1 731.70 23.00 < 0.0001
CE 24.01 1 24.01 0.7548 0.3932
DE 2.25 1 2.25 0.0707 0.7925
A? 1502.93 1 1502.93 47.24 < 0.0001
B? 459.52 1 459.52 14.44 0.0008
c? 3854.07 1 3854.07 121.15 < 0.0001
D? 32.13 1 32.13 1.01 0.3245
E? 116.67 1 116.67 3.67 0.0670
Residual 795.29 25 31.81
Cor Total 28143.47 45

3.20. a) shows the normal probability versus externally studentized residuals. This
plot determines whether residuals follow a normal distribution. In a normal distribution, the
points should lay on an approximately straight line. As per 3.20. a), the points lie
along a straight line and, consequently, it can be assumed that they are normally distributed %3,

The normal distributions of the residuals signify the accuracy of the assumptions, and the
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independence of the residuals!'®¥. The relationship between the actual and predicted values for

RBBR dye removal is shown in ( Figure: 3.20, b). From ( Figure: 3.20. b) it can be deduced

that the predicted and actual points were mostly close to each other. This observation signifies

that the experimental results for this research are highly acceptable.
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Figure 3.20: Plots of (a) residuals normal probability, and (b) predicted vs.

of RBBR dye removal (%).
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3.3.2.1 Parametric optimization of BBD

Parametric optimization of BBD The surface and contour plots were plotted graphically
to conclude the significance of binary interactions between different selected variables, and
optimization of the behavior of RBBR dye adsorption % . 3.21. a),and
3.21. b), represent response surface plots (3D and 2D contour, respectively) for the paramet-
ric interaction between loading of ZnO nanoparticles (A) and working solution pH (C) as a
statistically significant function (p value=0.0222). The other operation parameters (adsorbent
dose of 0.04, temperature 60 °C, and time of 10 min) were kept constant. It can be observed
from 3.21, a), and 3.21 that adjusting the solution pH from solution
pH 10 towards solution pH 4 is responsible for improving the efficiency of RBBR removal (%)
from 3.9 % to 98.9 %. In order to understand this improvement in the adsorptive behavior of
Cs-Bz/7Zn0-25/Fe30, in acidic solution environment. The pHpzc of the Cs-Bz/Zn0-25/Fe304
was determined to be 7.5 3.21. ¢). It can be concluded from 3.21, ¢), at
solution pH higher than pHpzc (basic environment) poor removal of RBBR will be observed.
This observation can be attributed to the high competition between the RBBR ions and OH~
existing in the bulk solution, which leads to repulsion. In the same context, when the solu-
tion pH goes below pHpzc (acidic environment) the surface of the Cs-Bz/Zn0-25/Fe;0, will
acquire a positive charge due to protonation (conversion) of amino (—N H,) group into proto-
nated (cationic) amino (—NHj) group. As a result, an intense electrostatic attraction can be
occurred between free amino (—N Hy ) groups and ZnO positive charges of Bz/Zn0-25/Fe30,
with sulfonate (—NHy) groups of the RBBR dye as depicted in (equation: 4.16), where R is
Bz/7Zn0-25/Fe30,.

NH - NH;F _
R-, 3y + RBBR dye —SO; — R—, 3,...S0; — RBBR dye (3.16)

The second statistically significant interaction (p-value = 0.0245) was observed between
Zn0O loading (A) and adsorbent dose (B), while other operation parameters (solution pH of 4,
temperature of 60 °C, and time of 10 min) were kept constant. 3.22 and
3.22. b), show the 3D response surface plots and 2D contour, respectively. It can be confirmed
from (Figure 3.22, a)and 3.22. b), that the RBBR removal efficiency increased by

increasing both ZnO loading and adsorbent dose. This finding can be attributed to the role
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of uniform distribution of ZnO nanoparticles into polymeric matrix of Cs-Bz/Fe30,4, which
eventually leads to an improvement in the surface area as previously discussed. Moreover,
higher adsorbent dose of Cs-Bz/Zn0-25/Fe30, will offer greater number of active adsorption

cites to capture more RBBR dye molecules form the bulk solution.
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Figure 3.21: (a) 3D plot, and (b) 2D contour plot of the parametric interaction between AC,
and (c) pHpzc of Cs-Bz/Zn0-25/Fe30,.
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Figure 3.22: (a) 3D, (b) 2D contour plot of the parametric interaction between AB on RBBR

removal.
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The parametric interaction of solution pH (C) with temperature (D) was the last statistically
significant interaction for removal of RBBR with p-value < 0.0001, by keeping other operation
parameters (ZnO loading 25%, adsorbent dose of 0.04 , and time of 10 min) constant.

3.23 and 3.23 exhibit 3D response surface plots and 2D contour for
the parametric interaction of solution pH (C) and temperature (D), respectively. It can be
revealed from 3.23. a) and 3.23. b), that RBBR removal efficiency increased
by raising the solution temperature from 30 C to 60 C. This output indicates that the adsorption
process of RBBR by Cs-Bz/Zn0O/Fe30, surface is an endothermic in nature, and will be further

discussed in the following section (Adsorption thermodynamics).
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Figure 3.23: (a) 3D response surface plot, (b) 2D contour plot of RBBR dye removal demon-

strating the parametric interaction between CD.
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3.3.3 Adsorption study

The ability of Cs-Bz/Zn0-25/Fe30, for capturing RBBR was investigated in batch adsorp-
tion mode at different initial RBBR concentrations (50-300 mg/L), while the other working
parameters (Cs-Bz/Zn0-25/Fe304 dose=0.04 g, solution pH = 4, temperature = 60 °C, and
shaking speed = 100 rpm) were kept constant. 3.24) illustrates the adsorption capacity
(mg/g) of Cs-Bz/Zn0-25/Fe304 versus contact time (min). From 3.24), the adsorp-
tion capacity of Cs-Bz/Zn0-25/Fe30, towards RBBR dye increases from 95.6 to 570.8 mg/g
with increasing initial concentrations of RBBR from 50 to 300 mg/L. This phenomenon can
possibly assign to the higher collision rate between RBBR and Cs-Bz/Zn0-25/Fe30, surface

at higher initial RBBR concentration [*°)

. Extra time was required to attain the equilibrium
for higher RBBR concentration due to a tendency of RBBR to pass deeper into inner surface
of the Cs-Bz/Zn0-25/Fe30, and be captured by active adsorption sites. This observation re-
veals that the initial RBBR concentration has a fundamental role in the adsorption capacity of
RBBR by Cs-Bz/Zn0-25/Fe30,4 adsorbent. Similar approaches were found for the adsorption

of anionic dyes by various crosslinked Cs nanocomposite derivatives!!42, 58] [145]
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Figure 3.24: Influence of initial RBBR concentrations vs. contact time on adsorption capacity
of Cs-Bz/Zn0-25/Fe30,4. Experimental conditions (dose = 0.04 g, pH = 4, temperature = 60

°C, agitation speed = 100 rpm, and vol. = 100 mL).
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3.3.4 Adsorption kinetics

The kinetics always has a great importance to understand the behavior of the adsorption
process. The dynamical empirical data was tested by two types of kinetic models namely the
pseudo-first-order '8! and the pseudo-second-order'*! as presented in the following nonlinear

(equations: 3.17 , 3.18) respectively.

= q.(1— ea:p_Klt) (3.17)
2
q: Kot
— _dem 2" 3.18
T T g Kot (315)

where ¢; is the quantity of RBBR dye adsorbed per unit mass on adsorbent at any time t
(mg/g), qe is the quantity of RBBR dye adsorbed per unit mass on adsorbent at equilibrium
(mg/g), k1(1/min), and ko(g/mgmin) are the rates constant for the pseudo-first-order and the
pseudo-second-order models, respectively. 3.13 ) illustrates the obtained data from

both kinetic models.

Table 3.13: Kinetic parameters for RBBR adsorption by Cs-Bz/Zn0O-25/Fe30,

Concentration(mg/L)  geexp(mg/g) PFO PSO

gecal(mg/g)  ki1(1/min)  R2? | gecal(mg/g) ko *1072(g/mgmin)  R?
50 95.6 95.6 4.48 0.99 95.7 83.5 1.00
100 195.3 194.3 1.14 0.99 197.3 1.25 0.99
150 294.2 283.7 0.54 0.88 292.3 0.32 0.96
200 379.1 349.5 0.25 0.79 367.7 0.10 0.95
250 505.7 455.4 0.07 0.75 480.4 0.03 0.94
300 570.8 517.7 0.04 0.88 563.6 0.01 0.93

The higher coefficient of correlation (R?) values is observed for the pseudo-second-order over
pseudo-first-order. Furthermore, the calculated qe values (qe,cal) from the pseudo-second-order
kinetic model were closer to the experimental ge values (qe,exp) compared to the first-order
model. These kinetic data clearly reveal that the adsorption of RBBR by Cs-Bz/Zn0-25/Fe30,
was well described by pseudo-second-order kinetic model, which indicates the tendency towards

chemisorption process!%%.
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3.3.5 Adsorption isotherm

The determination of the adsorption isotherm is an essential fact to understand the mode
of the adsorption process between adsorbent and adsorbate. Therefore, three isotherm models
namely Langmuir™®? | Freundlich?¥, and Temkin["*¥ were applied for fitting the empirical
data of uptaking RBBR by Cs-Bz/Zn0O-25/Fe30,. The nonlinear (expressions: 3.19, 3.20,

3.21) for these isotherm models can be expressed as follow:

qmaa:KaCe
= TR, (3:19)
g = K;C" (3.20)
RT
qr = ﬁ In KaCe (321)

In the above expressions, g.(mg/g) is the adsorption capacity, ¢mn.:(mg/g) the maximum ad-
sorption capacity, K,, Ky, and Kr are constants (L /mg) of Langmuir, Freundlich, and Temkin,
respectively, n is a parameter that describes the type of adsorptions, by (J/mol) is the heat of
adsorption. The calculate isotherm parameters for all the studied isotherm models are repre-

sented in 3.14 ) and 3.25).
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Figure 3.25: Adsorption isotherms of RBBR dye by Cs-Bz/Zn0O-25/Fe30,. Experimental
conditions (dose = 0.04 g, pH = 4, temperature = 60 °C, agitation speed = 100 strokes, and

volume of solution = 100 mL).

According to 3.14 ), the uptake of RBBR dye by Cs-Bz/Zn0-25/Fe30, obeys
Freundlich isotherm model, and is better than the Langmuir and Temkin adsorption isotherm

models due to its higher coefficient of determination (R? = 0.98) value compared to the other
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Table 3.14: Parameters of isotherm models for RBBR adsorption
by Cs-Bz/Zn0-25/Fe30, at 60 °C

Adsorption isotherm Parameter Value
Langmuir qm (mg/g) 620.5
Ka (L/mg) 0.340
R? 0.93
Freundlich Kf (mg/g) (L/mg)l/n
N
R2
Temkin KT (L/mg) 2.89
bT (J/mol) 31.8
R? 0.91

models. This finding suggests that the adsorption was occurred on heterogeneous surfaces
by multilayer coverage!'97l. Moreover, the maximum adsorption capacity gmes was estimated
by the Langmuir isotherm model to be 620.5 mg/g. Thus, the ¢u. of RBBR dye onto Cs-
Bz/7Zn0-25/Fe30,4 was compared with other adsorbents reported in the literature for removing
RBBR as listed in 3.15 ). This 3.15 ), reveals that Cs-Bz/Zn0-25/Fe30, is
a promising magnetic composite material for removal of an anionic dye (RBBR) from aqueous

environment with very preferable adsorption capacity.
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Table 3.15:  Comparison of the qmax of RBBR dye by different adsorbents.

Adsorbents gqm (mg/g) References
Cs-Bz/Zn0-25/Fe304 620.5 This study
Chitosan-tripolyphosphate/kaolin composite 687.2 [148]
Graphene oxide-ionic liquid 416.7 (149]
Sawdust-based activated carbon 368.5 (150]
Polyaniline/chitosan composite 303.03 (128]
ZnO-polyacrylonitrile-hinokitiol 267.37 [130]
Chitosan-alkali lignin composite 111.11 [133]
Chitosan/SiO2/carbon nanotubes magnetic nanocomposite 97.08 (134]
Magnesium hydroxide coated bentonite 66.90 [151]
Borax cross-linked Jhingan gum hydrogel 9.884 [136]
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3.3.6 Adsorption thermodynamics

The spontaneity of the adsorption process was determined by determining the thermody-
namic functions at different working temperatures. The standard change for Gibb’s free energy
AG°(kJ/mol), and enthalpy AH°(kJ/mol), and entropy AS°(kJ/mol K) were calculated using

the following (equations 3.22, 3.23, 3.24) respectively14°):

AG = —RTLnK, (3.22)
K, = g (3.23)
AS AH
InKy=— — — 3.24
"R T RT (3:24)
The obtained values of AG, AS, andAH are listed in 3.16 ), and the corresponding
Van’t Hoff plot deduced by plotting Lnkd as a function of 1/T is presented in 3.26).
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Figure 3.26: Van’t Hoff plot RBBR dye adsorption by Cs-Bz/Zn0-25/Fe30, (dose=0.04 g,
pH= 4, agitation speed = 100 strokes, and vol.= 100 mL).
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Table 3.16: Thermodynamic parameters for the adsorption of RBBR dye
on Cs-Bz/Zn0-25/Fe30,

T (K) K; AG°(kJ/mol) AH°(kJ/mol) AS°(kJ/molK)

303.15  2.08 -1.84 82.9 0.28
313.15  3.50 -3.26
323.15 12.2 -6.71
333.15 374 -10.03

In general, the negative values of AG° at all working temperatures confirm the spontaneity
of the RBBR adsorption by Cs-Bz/Zn0-25/Fe304'%]. The positive value of the AH° indicates
that the adsorption process of RBBR by Cs-Bz/Zn0-25/Fe304 is an endothermic in nature.
This observation is in line with the results of BBD parametric optimization presented in

3.23). Furthermore, the positive value of AS® indicate possible increment in the degree
of freedom of the adsorbed species due to RBBR disorder and/or loss of water molecules upon

binding of RBBR to the Cs-Bz/Zn0-25/Fe30, surface.

3.3.7 Adsorption mechanism

The prepared Cs-Bz/ZnO/Fe;0,4 nanocomposite with various active adsorption sites on
its molecular structure as proven previously by various analytical techniques can offer several
interaction forces (e.g., electrostatic attractions, hydrogen bonding, Yoshida H-bonding, n-
interactions, and - interactions) with the RBBR molecules as shown in 3.27). One
of the decisive interactions in the adsorption of the RBBR dye is an electrostatic attraction
because of the abundance of positive functional groups (e.g., —NHy, —OH, , and C = HN*
and charges Zn(OH)* on the surface of Cs-Bz/Zn0O/Fe30,, which can strongly attract the
negative charges (—SOj) of the RBBR molecules!'®. The possible hydrogen interactions
can be occurred between the free hydrogen atom in the Cs-Bz/ZnO/Fe;0, surface with N
and O atoms in the molecular structure of RBBR. Yoshida hydrogen bonding occurs between
the OH (-H of hydroxyl group) groups of adsorbent (Cs-Bz/ZnO/Fe30,4) and the aromatic
rings of adsorbate (RBBR dye) and this correlates well with the observations!*6% 1701 101},
Another possible interaction is n which can be created between lone pair electrons of the O
and N atoms in the molecular structure of RBBR with the aromatic rings of cross-linker agent

(Bz). Moreover, interaction also can be occurred between the aromatic rings of Bz with
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the orbital of the aromatic rings in the molecular structure of RBBRI'. These types of

various possible interactions lead to a very distinct improvement in the adsorption capacity of

Cs-Bz/ZnO/Fe30, towards RBBR, with preferable adsorption capacity of 620.5 mg/g.
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Figure 3.27: Adsorption mechanism of RBBR dye on the Cs-Bz/ZnO/Fe3;0, surface.
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GENERAL CONCLUSION

In general, this study was conducted to assess the effectiveness of bio-composites that have
the Schiff’s base functions and the potential of using them for uptaking the dyes pollutants from
Waterbodies In order to contribute to the preservation of ecosystems. Three bio-composites
have been successfully synthesized as promising adsorbents for the removal of the RBBR dye
from wastewater, and characterized by several analysis techniques to confirm their chemical
structure. Regarding the comparative studies and optimizing the influence of conditions and pa-
rameters on the adsorption process were estimated through modeling Stat-Ease Design-Expert
(Version 12) software. This research also achieved the desired goals, which are as follows:

Objective 1: Chitosan-magnetic were synthesized followed by cross-linking reaction with
three different kind of cross-linking agents namely: glyoxal, glutaraldehyde, and benzil in or-
der to obtain at composites carry bi-imines function.Beside, Nano ZnO powder was dispersed
into chitosan matrix at two different mixing ratios 25% and 50% to improve the surface area
of the adsorbents .Thus , the bio-composites obtained as such : CS-G/ZnO/Fe3;0,, CHT-
GLA/ZnO/Fe30y, and Cs-Bz/ZnO/Fe30;.

Objective 2: The bio-composites have been above mentioned were characterized by sev-
eral analyse techniques for instance SEM/EDX, FTIR, XRD, BET, and pH potentiometric
titration analyses to confirm physical properties and the chemical structure.In this regard,
the obtained results showed that the highest RBBR removal efficiency by CS-G/ZnO/Fe30y,
CHT-GLA/ZnO/Fe30,, and Cs-Bz/Zn0O/Fe304 was 93.8%, 75.8% , and 98.9% respectively.

Objective 3:The adsorption isotherm and kinetic models studies were applied to monitor the
behavior of adsorption process.It can be deduced from the found values that all adsorbents obey
the Freundlich isotherm model given that it more fit this study and the closeness of the R2 value
to 1.The maximum adsorption capacity of CS-G/Zn0O/Fe30,, CHT-GLA/ZnO/Fe30,, and
Cs-Bz/ZnO/Fe;0, was 363.3 , 176.6,and 620.5 respectiily.In his regard, as followed adsorption
kinetic study for this research pseudo second order rate constant Owing to the qe experimental

close to qge calculated .
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Future Recommendations

Based on the results from this study the following recommendations be carried out for any
future work as continuation:

° response surface methodology is considered very important to optimize adsorption
process factors.

° The crosslinkers used in the current study can be replaced with crosslinkers from
kind conjugated system.

° Use these obtained biocomposites for uptaking heavy metal in wastewater treatment.

111



Jorcral of Exvicorsncsl Therdenl Ropinssricg 5 o 50001 1090 8

Cofends Haits wvallable of Scmee[Hmd

Joumnal of Environmental Chemical Engineering |

Promanui | Pedwroigali e v o e © e o e e

kI AbhVIFER

Parametnc ophimization by Box—Behnken design for synthezis of magnetie (S

chitoean-benzil /Zn0/Fe+04 nanccomposite and textile dye remowal

Abdalish Reghioua***, Djamel Backar®, Ali H. Javwad ", Ahmed Sand Abdulhamsed ?,
Abdullsh A. AlKahtani®, Zeid & ALOthman®

O Lalseary o Mokicaer (Tammiery ond Erdrcemans, Uil o Bukea, O Bes 45 Ridkea, SO0, Al

" Facudry of A oo, Unieorsl Tadowdog b0add, s0uss shafl diam, Seangre, Bk

* e of B Cnaief] Fow. Machealogry, Joaied B O, Adguria

* Capartean of Malkc o araeancs et Al Bomear Dnrereny Collam, Sagfadal Fog

* sk el Asssrc (T, (emwary Dvperorent Colap o Schm, Kie el Unready, ek i€ Snedl Anchia

ARTICLEINEFED ARSTEACT

LE P le mam remeocrs werk, & revw magres Sebiil bosechoroann -Termlmine oode o Teglly aanoesopomoe (Ta-050
ol Ty Dy | e deresiooad o e o pmzidey and seoreemble adertent o Armanc Brelbisey: [l B dyve CRARE ]

rEmowl T the WA arTVIIECISArD PAMLSSITES CUIITOSNnr By o Bakrices Jmnnn W Toede 1 e

Iy the eyrehaxiy reecbricon [oeckog 2ol o pehrmens mars o Q) e addinor o achorpeon

'::n." CpRrEnn pamEHrEsy |achorbers dese, aclonas Bl eeperanoy, and commes ome. The siwacned seelo g

— ‘thar o o RENFR rer=oecsd (90, D) o e aeerved bp bosmeing 1096 J0eCl FONORAITIO S LEIT Ol NTRATES AT O

Bk T bl gy T R T Tt 10 Tag Tyl amd ar opiemum sl rpel on Spemncn panummen (aosctars doage of 004 o

ARG brmae of flT & sempesmrore of 800 and somass e of D0 @iz A cume gpimcs omsinacs the mETan
BERCTFAROE CANpRETY e boored o e G200 mpy. The b pocherm aned coees mocels ware Freunclics Tode]
and pregic-asrond-rer coee model, mepserreey. The pmbaibe FIOR Sy sberpmoon mackarcen e ba
mpresd] m e v ol phyereckemnical inracrien (15 sleciTrewtie, BoE, 5-0 ESemcsieem) in sckieon m
Eycoger bemding ared Trakidy Il-bemcing, The ourpar of thes sesearch oefimes e Co-Ro Tels 20 Tay Dy o o
i, saervveeiia, and eesirmerreer - ] POEIP REETIArD The rerzasiabos somp o
‘thie remearth Sam oon & wenedow bor Seher pomn e oo prehicaon appboanam neh o emeane: of meal e wne,
removl ol by ol o, el educticon of chemical orypen derancs,

1. InErcaluction T callog el trembinieme® [ ), el i Fing-srsiched il aludpe (RAS)

[10]. Aamargg these msthesd, sdeorpstion b a very dfesive leduigee dos

Slsrbaming the Evabwaler in busn e v 2 codal e o oe Bty high selactivity, mpensraion, ke oo, s e gmsabality [11,12].

tine, parficubely with e bncreaaday beeel of polhfants medh s wwigs
and belustrial sasiewaier, in oalSion b the cnvpliond pollulion
remlbing from Enpariation accidents, which leds i the Sogradation
off ey eccwrywienm | 1] The dimdorge of indestrie] polleisds wach
dyes e cooe sy bl offeds on sqellc awvironoeets asd
Trzman beings [ 1], Thim, 62 | ceremnmerdm] Sl e coped e dpes 1
b cowreedly dispamnl befiore being releoed ble spatic mwvissmen o
nsnlain eocorysem [4]. THl now, several imdusisue lave boen appled
fir repmving tirse baeandoom pedlutents Som e wate frasiesaler e
£, precipitation by chemiod apenty [S) ssparetien by bon esclamge
meetlied [£], adwwrplion prooes [7], chenied cxidetionmedusisa (4],

® CroTepemcing st
el sebefreer s B30 D e s ey UL o)

brrpee ¢ des s, 0] 1040 ) S, SROE. O CES U B

Throe i frsferm of slacrption nmbe i coe of g et gt
Brchesique bn confrond dangerow avicooomeslad Geesis,

Chuitimees (Cn] i o] of Dpduocmmrmine wls witch i o ceiordc
pridymecturide [15]. Ca b rmked in the second poltbon afier oelluloss
acoerding o s abunlsnce in milure, sl il o be prodeca] frem
dmeehviafion of ddbin [14]. Cs hes several o g Bresd Srceferstio ey
min-ieadeily, BodaradahiEey, wubmionbiel settvits, sl oo~
BBy [D5]- 12 ia modgue due o e exidmes of bao proegs numnedy by-
droxyl [-OH) sl smine [HHy) in s bedibone [16] These miqoe
Fenctiomsd groupn in O beckbore oo be effectively slilasd S

‘Faceiwsd 37 Derember 2200 Facerresd o o fome 24 Jamcary 2000 Accepred 1 Fabreary 2021

Aeniabie orlioe 5 Fabroary 5150
1T 3-3407 A0 00T Esevier Lid Al righs e



Scaexrolis Cheroaery 308 Plocmacy 20 (2021) 100079

Corgests liss wrxiludble st Someeltma
Sustainable Chemistry and Pharmacy

joumal homepage 1o o v daede t comAoct Wi

b}
I SEVIER

Synthesic of Schiff ¢ base magnetic crosslinked chitosan-glyoxal/ZnO/ .i:.
Fe3;04 nanoparticles for enhanced adsorption of organic dye: Modeling and

mechanism study

Abdallsh Reghioua ™, Djamel Barkat*, Ali H. Jawad ™", Ahmed Saud Abdulhameed ¥,
Mohammoad Rizwan Fhan*

* Ly of Molscdia Ohamdary and Revwosssens, Ueiveralty of Bdow, 7O Bea 145, Buiog, G000, Alpwrws
* Pacalty of Appiind Schmvs, Unbeniis Tdowlogs NARA, #0450 I Ak, Stngon, Mlayde

¥ Dty of B Ol R Tachnology, 39000 B Ousl, Algoria

* g of Matd Fonwwarsg, Al Mans Liseely Coluge, Aaghdal Yo

* oy Sapatess, Collay of Scunce, g Sasl Usivarsiy, Ryalh 11450, Sl Avda

ARTICLETINFO ADSTRACT

Koywass 1zt werk, Schiff's base magnesc crombizkad chitcess-ghyoeal TeayOy cospocts (C5-G/TayCy) was ryreastosd
Vagnec chicena and hetar developed by loading mac oxide (X309 rancparticies (220 it polymearic magrex. The fizal coxpodice
220 ammeparide murterial of magnenic conmizhod ©hotoma g iyecal Tty Teyly, rancparticies (C5-G, 700/ ey, MPx) wes tened
Glyounl for the semowal of argenic dye polstase (mactivs blue 16, RRI9)L The nrebaxiosd magnetic naoosurmsial weow
m characyctad by sewemal techsigoe mach s O slemeacy azabots, Bronaoe-Foamens- Telber azabots, vibewing -

X-may po dsractoawtry, Focrier Tracsdooms wd, scxasing STcToICope,

ple mmagren
ecargy Superztve X-3ay asabade, ., =3 pil-posensometric Stratiors. A mztatical spormack zamely
Tox-Sebnion dextgn (FED) was appliad to optisitue the nynehecdts condsons 2 well m adacrptios by parsTeters
A 200 sasopesticle loading (0-20W), B adwchent dosage (0.03-0. g), C: pi¥ (4310} Oc temperstiow
(30-60°C), sad tixm E: (10-20 miz)l The acorpeion kiwere and agelidctomn rmaks were well describec with
pemdceecoed ocder model aad Freoclich tscrham model, repectively. The sacman capacky of
C5-G/Ta0/Fayy NP2 for RE19 war 3433 mg/g at 80 “C. The aderpmios machasen of 2519 oneo CSG/Zn0
Fuglly Hie can be macribed 1o several typer of seacsions (ag. alsctmetee sttractions, g boncding, and
o2 interactiona)l This mudy pooviden 3 oew and efecttve adaorbest for water mtation dom to 22
abilty and kigh atficiency - emovizg the copamic dyw polusas,

Faacten blus 19 &

1. Introduction AbduBusunnd, 0200). K519 is chdfia] a3 & recaldirat copo-

poliztet, witich ces cwvzse u series of oo 50 s sad living or-

Liguid woostes Sxcdurged from various indestries mach o testile,
food, plovrmnacestiond, puper, atad comnetic i coe of the mos mpoctut
contriluston 1o water polistice arowmsd the work] (Sosse wel Telseos,
2000). Trmemesd of the wastowster cxtaiiing polletusts is = dud-
Jezggitng task Usst resenrchers sov facing, These wastoweatess noey coutsén
copeic dyex, hesvy metaly, and pharusceoticals, which nog soct
Trarnan headtl, sead the guality of squatic Bfe (Costa s al, 20200 Assong
the varicus copeic dye pollstists, reactive Hoe 19 (U519) dye (ddwo
hsowe 2 senseeod beilliant Sue X dye) b & tozic sdonic dye csuncaly

tond o » eting matesial for sthesds of polymesic dyes (Jewad and

gutiens (Dseade wnd Eohart, 2020) Thaa, it is comtial to efficiently
rranove o dye pollstiests Sven wiotewster before buing Saclsrged
into aquatic systens. Vicioss bologicd, chensical, and pliysical tech-
sollogies tniog & rancvisg orgeic dye pollutaits S offiuces heve
berz mpplied such o sbomptice (Jemoh sl Alsas, 2020) detro-
chengical ceidation (Madruo-Hodeipees of ol 2000), phatoctalytic
degradagion (Abbes of wl, 2025 Ayodele of al, 2021), sead jon exchange
(ol e ol 2000). Assong these technologies, sdsorption lus bom
extensvely rewsoched and sgppliad due © it kigh oficaxcy, ow
operstion coof, lnwsmadivity towands toxdcity of ssbeances, and

* Corvwpendieg surhor.
Smatl addremrar: 22200 Qe adz oy, 20T 28 panil soee (AN Javead)
Stpec/ /et ocg 1 0.1 05 6/) a0y 2061 .1 00079
» 2 33 Ocecber 2000 R d d form 15 Jaruwy 2023; Acoepesd 14 Jamsaary 2023
Avatable colise 27 Jazzary 2023

23005541 /0 2027 Eaevier B.V. All nghs cussrved.



Jowmal of Pobymers aned the Ervisonmens
s Sl g TR 1 D00 10 - 001 D2 160-r

N 2

Magnetic Chitosan-Glutaraldehyde/Zinc Oxide/Fe,0, Nanocomposite:
Optimization and Adsorptive Mechanism of Remazol Brilliant Blue R
Dye Remowval

Abdallsh Reghtoua? . Dpamel Barkat” - All H. Jawad®C . Ahmed Saud Abdulhamesd" - 5. Rangabhashiyam -
Mohammad Rirwan Ehan® . Taid A. AL Othman®

Accopiud: IT Al 2031
Tha Authons, End! each e ICENCE 10 SPnger Scence-+ ELsiness Med, LLE|per of Sprngat Katere 2071

Abztract

A magme tic Schif's Bee chetcsan- glutaraide by da'Fe 0, composile (CHT-GLAZ O e 0w developed by incorporating
zinc axide Fa{l nasoperiicles inio #s srnce o prepee ane ficeni adsorbest: for the mmoval of remarsol brillsan biwe B
(REERR j dye. The CHT-GL AP (W 2,0, wes chemcierived by the inllowing methods: CHN, BET, FIIR, XA, SEM-HIX,
pHpoc, 2nd pole nsometrsc titrations. Baox- Behnken desigs based on msponse surface methodology wes psed to oplimize the
effiacis of the A: Fal) mnoperiicles nadiag (0-305), B: dose @O2-0.1 gh C: gH (4-100, [}: iemperamese (3040 9C1, and
Eme E: (10840 min} on the synthesis of e magnetic adsorbest and the RERR dve adxorplion. The experimental dain ol
kimezics illowed the peeudo-weoond order model, whele isstherms showed betier ot o Freundlich asd Temkss models. The
makimum adsorpsos capacity of the targed mesncomposiie (CHT OG0 LA Te,0, contsssing 75% el or CHT-GLAY ¥ Fe 0 -
151 was eached of 1766 mg'g 2t 60 3C. The adsorpison mechanism of RR BR oein CH T- 0L AP0 e 0, namocomposite
can he attribuied o k- interactions including elecrnsiatic attraclions, hydrogen boadieg, Yoshida H-Bonding, 2sd n-x
imteractions. This sudy ofiers a pomisizg hybrid nanobiomaie rial adsnrbent in emvimnmenial nanolecheniogy 1o separale
and reminve the cosiaminanis such ax organsc dves rom wosie woler.

Kaywonds Magnetic chilosan . Fisc ovide nanopariicies - Remeeod Brilliant Bhe B dwe - Glteridehvde - Resposse serfaoe
methodology

Introsductbom

Swathelic dves o widely weed in many indwstrial activilies
incinding parper, plasdics, e dile, cosme e, leaiber, and pherr.
macr ulscal which peneraie mEseur volmes of wesew 2o rs
[1]. DVischargseg of the orgeesc dyes directly imo surgace
WELST CER CEUSE Serious waler pollulion, is- mdecing pho
wosymithesis activity, disondering the ecologscal balance of
aguatic syslems, and oxsc eflects on biota [2) Momover,
several dves com muse 8 seraes ol adwene effects on human
bezaith [ 3] Remarol brilliant bine B (REBR) dve i 2 opi-
cal mactiwe dw which is extensively used in the industrial
far symthesis of polvmerc dwes [£] RBRR is considered
as recalcitranl organic polioimis, which can camree sewml
b alth problems [ 5] Theedom, the tresimest of te e fMoents
contzizing dvesiulls be jone being Auxed indo waber stoeams

OARH . Jwwrsd
a2 EE i oxde_mry; by 18 gmailoom
! Laberuivery of Moleoaler Cheni arsd F e creserme i,
Ulsiversiy of Bakra, FFBox 142, Bides 000, Sperm
TE ol Applicd Scicsccy, Univerei T knolord MARA,
* Univeraiy =f Elbasd, Fac. Tocknology, N E| Oood,
& lperia

' I =l ol e o cal | emresracristion Foa prrscering,
hbﬁrﬁi‘nﬂgﬁdﬁ:m.ﬂqﬂlﬂ.hq

!  Deprtcsl ol Biokechoology, Schonl of Chemical
m=cl [ sl el iy, B4 Mhcrrad Ulstverety, Tharcaewr.
Tamill Madn 613801, [ redie

Badranasd Wi rials Fe seerch Cheer, Chemidsy Deparincsi,
Colep of Soosm, Koy Sand Usiversty, Ryt 11451,
Smudi Ak

Fubhzbed anline: U7 Moy 201

is emvironmenially amportanl. Several methods bave heen
documesied for the mraiment ol the cffuests contaaning
dywesiudls such mx adsorpisom |6, membrane separation |T],

£ Spwinger



1]

BIBLIOGRAPHY

M. Pervaiz, S. Sadiq, A. Sadiq, U. Younas, A. Ashraf, Z. Saeed, M. Zuber, and A. Adnan,

“Azo-schiff base derivatives of transition metal complexes as antimicrobial agents.”

S. Sadjadi, N. Abedian-Dehaghani, F. Koohestani, and M. M. Heravi, “Halloysite func-
tionalized with cu (ii) schiff base complex containing polymer as an efficient catalyst
for chemical transformation,” Inorganic Chemistry Communications, vol. 133, p. 108955,

2021.

B. Naureen, G. Miana, K. Shahid, M. Asghar, S. Tanveer, and A. Sarwar, “Iron (iii)
and zinc (ii) monodentate schiff base metal complexes: Synthesis, characterisation and

biological activities,” Journal of Molecular Structure, vol. 1231, p. 129946, 2021.

T. Bazhenova, L. Zorina, S. Simonov, Y. V. Manakin, A. Kornev, K. Lyssenko,
V. Mironov, I. Gilmutdinov, and E. Yagubskii, “A novel family of hepta-coordinated cr
(iii) complexes with a planar pentadentate n302 schiff base ligand: Synthesis, structure

and magnetism,” Inorganica Chimica Acta, vol. 522, p. 120358, 2021.

H. Kargar, M. Fallah-Mehrjardi, R. Behjatmanesh-Ardakani, K. Munawar, M. Ashfaq,
and M. Tahir, “Titanium (iv) complex containing ono-tridentate schiff base ligand: Syn-
thesis, crystal structure determination, hirshfeld surface analysis, spectral characteriza-

tion, theoretical and computational studies,” Journal of Molecular Structure, vol. 1241,

p. 130653, 2021.

Y. Song, C. Li, G. Liu, R. Liu, Y. Chen, W. Li, Z. Cao, B. Zhao, C. Lu, and Y. Liu,
“Drug-metabolizing cytochrome p450 enzymes have multifarious influences on treatment

outcomes,” Clinical pharmacokinetics, pp. 1-17, 2021.



bibliography

[7]

[10]

[11]

[12]

[13]

[14]

[15]

T. A. Saleh, “Protocols for synthesis of nanomaterials, polymers, and green materials as
adsorbents for water treatment technologies,” Environmental Technology € Innovation,

p. 101821, 2021.

G. Xijao, H. Su, and T. Tan, “Synthesis of core—shell bioaffinity chitosan—tio2 composite
and its environmental applications,” Journal of Hazardous Materials, vol. 283, pp. 888—

896, 2015.

M. Nasrollahzadeh, M. Sajjadi, S. Iravani, and R. S. Varma, “Carbon-based sustainable
nanomaterials for water treatment: state-of-art and future perspectives,” Chemosphere,

vol. 263, p. 128005, 2021.

N. N. Abd Malek, A. H. Jawad, K. Ismail, R. Razuan, and Z. A. ALOthman, “Fly ash
modified magnetic chitosan-polyvinyl alcohol blend for reactive orange 16 dye removal:
Adsorption parametric optimization,” International journal of biological macromolecules,

vol. 189, pp. 464-476, 2021.

H. Chandarana, S. Subburaj, P. S. Kumar, and M. A. Kumar, “Evaluation of phase trans-
fer kinetics and thermodynamic equilibria of reactive orange 16 sorption onto chemically

improved arachis hypogaea pod powder,” Chemosphere, vol. 276, p. 130136, 2021.

I. A. Mohammed, A. H. Jawad, A. S. Abdulhameed, and M. S. Mastuli, “Physicochemical
modification of chitosan with fly ash and tripolyphosphate for removal of reactive red 120
dye: statistical optimization and mechanism study,” International journal of biological

macromolecules, vol. 161, pp. 503-513, 2020.

R. Abd Rashid, M. A. M. Ishak, and K. Mohammed, “Adsorptive removal of methylene

blue by commercial coconut shell activated carbon,” Science Letters, vol. 12, no. 1, 2018.

A. Reghioua, D. Barkat, A. H. Jawad, A. S. Abdulhameed, A. A. Al-Kahtani, and Z. A.
ALOthman, “Parametric optimization by box—behnken design for synthesis of magnetic
chitosan-benzil /zno/fe3o4 nanocomposite and textile dye removal,” Journal of Environ-

mental Chemical Engineering, vol. 9, no. 3, p. 105166, 2021.

X. Zou, H. Zhang, T. Chen, H. Li, C. Meng, Y. Xia, and J. Guo, “Preparation and
characterization of polyacrylamide/sodium alginate microspheres and its adsorption of
mb dye,” Colloids and Surfaces A: Physicochemical and Engineering Aspects, vol. 567,
pp. 184-192, 2019.



bibliography

[16]

[18]

[19]

[20]

[21]

23]

[24]

H. Demissie, G. An, R. Jiao, T. Ritigala, S. Lu, and D. Wang, “Modification of high
content nanocluster-based coagulation for rapid removal of dye from water and the mech-

anism,” Separation and Purification Technology, vol. 259, p. 117845, 2021.

S. M. Saleh, “Zno nanospheres based simple hydrothermal route for photocatalytic degra-
dation of azo dye,” Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy,

vol. 211, pp. 141-147, 2019.

C. Anushree and J. Philip, “Efficient removal of methylene blue dye using cellulose capped
fe304 nanofluids prepared using oxidation-precipitation method,” Colloids and Surfaces

A: Physicochemical and Engineering Aspects, vol. 567, pp. 193-204, 2019.

P. Liang, M. Rivallin, S. Cerneaux, S. Lacour, E. Petit, and M. Cretin, “Coupling cathodic
electro-fenton reaction to membrane filtration for ao7 dye degradation: A successful fea-

sibility study,” Journal of Membrane Science, vol. 510, pp. 182-190, 2016.

P. Chanikya, P. Nidheesh, D. S. Babu, A. Gopinath, and M. S. Kumar, “Treatment of
dyeing wastewater by combined sulfate radical based electrochemical advanced oxidation

and electrocoagulation processes,” Separation and Purification Technology, vol. 254, p.

117570, 2021.

H. Pakalapati, P. L. Show, J.-H. Chang, B.-L. Liu, and Y.-K. Chang, “Removal of dye
waste by weak cation-exchange nanofiber membrane immobilized with waste egg white
proteins,” International journal of biological macromolecules, vol. 165, pp. 2494-2507,

2020.

M. E. Mahmoud, G. M. Nabil, N. M. El-Mallah, H. I. Bassiouny, S. Kumar, and T. M.
Abdel-Fattah, “Kinetics, isotherm, and thermodynamic studies of the adsorption of re-
active red 195 a dye from water by modified switchgrass biochar adsorbent,” Journal of

Industrial and Engineering Chemistry, vol. 37, pp. 156-167, 2016.

7. Graba, S. Hamoudi, D. Bekka, N. Bezzi, and R. Boukherroub, “Influence of adsorption
parameters of basic red dye 46 by the rough and treated algerian natural phosphates,”
Journal of Industrial and Engineering Chemistry, vol. 25, pp. 229-238, 2015.

W. Du, X. Wang, G. Chen, J. Zhang, and M. Slany, “Synthesis, property and mecha-
nism analysis of a novel polyhydroxy organic amine shale hydration inhibitor,” Minerals,

vol. 10, no. 2, p. 128, 2020.



bibliography

[25]

[26]

[30]

[31]

32]

A. M. Awad, R. Jalab, A. Benamor, M. S. Nasser, M. M. Ba-Abbad, M. El-Naas, and
A. W. Mohammad, “Adsorption of organic pollutants by nanomaterial-based adsorbents:

An overview,” Journal of Molecular Liquids, vol. 301, p. 112335, 2020.

K. B. Tan, M. Vakili, B. A. Horri, P. E. Poh, A. Z. Abdullah, and B. Salamatinia,
“Adsorption of dyes by nanomaterials: recent developments and adsorption mechanisms,”

Separation and Purification Technology, vol. 150, pp. 229-242, 2015.

F. Pozzi, “Development of innovative analytical procedures for the identification of organic

colorants of interest in art and archaeology,” 2012.

J. Sokolowska-Gajda, H. S. Freeman, and A. Reife, “Synthetic dyes based on environmen-
tal considerations. part 2: Iron complexes formazan dyes,” Dyes and pigments, vol. 30,

no. 1, pp. 1-20, 1996.

A. Mudhoo and D. Beekaroo, “Adsorption of reactive red 158 dye by chemically treated
cocos nucifera 1. shell powder,” in Adsorption of Reactive Red 158 Dye by Chemically
Treated Cocos Nucifera L. Shell Powder. Springer, 2011, pp. 1-65.

. Kabdasgli, O. Tiinay, and D. Orhon, “Wastewater control and management in a leather

tanning district,” Water science and technology, vol. 40, no. 1, pp. 261-267, 1999.

K. Ivanov, E. Gruber, W. Schempp, and D. Kirov, “Possibilities of using zeolite as filler
and carrier for dyestuffs in paper,” Papier, vol. 50, no. 7-8, p. 456, 1996.

N. Bensalah, M. Q. Alfaro, and C. Martinez-Huitle, “Electrochemical treatment of syn-
thetic wastewaters containing alphazurine a dye,” Chemical Engineering Journal, vol.

149, no. 1-3, pp. 348-352, 2009.

A. Oussalah, A. Boukerroui, A. Aichour, and B. Djellouli, “Cationic and anionic dyes
removal by low-cost hybrid alginate/natural bentonite composite beads: adsorption and
reusability studies,” International journal of biological macromolecules, vol. 124, pp. 854~

862, 2019.

Y. Zhou, J. Lu, Y. Zhou, and Y. Liu, “Recent advances for dyes removal using novel

adsorbents: a review,” Environmental pollution, vol. 252, pp. 352-365, 2019.

S. S. Affat, “Classifications, advantages, disadvantages, toxicity effects of natural and
synthetic dyes: A review,” University of Thi-Qar Journal of Science, vol. 8, no. 1, pp.
130-135, 2021.



bibliography

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[46]

E. Clarke and R. Anliker, “Organic dyes and pigments,” in Anthropogenic compounds.
Springer, 1980, pp. 181-215.

G. Mishra and M. Tripathy, “A critical review of the treatments for decolourization of

textile effluent,” Colourage, vol. 40, pp. 35-35, 1993.

M. Purkait, S. DasGupta, and S. De, “Adsorption of eosin dye on activated carbon and
its surfactant based desorption,” Journal of environmental management, vol. 76, no. 2,

pp. 135142, 2005.

Z. Isik, M. Saleh, Z. Bilici, and N. Dizge, “Remazol brilliant blue r (rbbr) dye and
phosphate adsorption by calcium alginate beads modified with polyethyleneimine,” Water

Environment Research, 2021.

A. H. Jawad and A. S. Abdulhameed, “Statistical modeling of methylene blue dye ad-
sorption by high surface area mesoporous activated carbon from bamboo chip using koh-
assisted thermal activation,” Energy, Ecology and Environment, vol. 5, no. 6, pp. 456-469,
2020.

K. T. Rainert, H. C. A. Nunes, M. J. Gongalves, C. V. Helm, and L. B. B. Tavares,
“Decolorization of the synthetic dye remazol brilliant blue reactive (rbbr) by ganoderma
lucidum on bio-adsorbent of the solid bleached sulfate paperboard coated with polyethy-
lene terephthalate,” Journal of Environmental Chemical Engineering, vol. 9, no. 2, p.

104990, 2021.

[. M. Banat, P. Nigam, D. Singh, and R. Marchant, “Microbial decolorization of textile-
dyecontaining effluents: a review,” Bioresource technology, vol. 58, no. 3, pp. 217-227,

1996.

A. K. Mittal and S. Gupta, “Biosorption of cationic dyes by dead macro fungus fomitopsis
carnea: batch studies,” Water science and technology, vol. 34, no. 10, pp. 81-87, 1996.

Y. Fu and T. Viraraghavan, “Fungal decolorization of dye wastewaters: a review,” Biore-

source technology, vol. 79, no. 3, pp. 251-262, 2001.

H. Chu and K. Chen, “Reuse of activated sludge biomass: 1. removal of basic dyes from

wastewater by biomass,” Process Biochemistry, vol. 37, no. 6, pp. 595—600, 2002.

Y. Fu and T. Viraraghavan, “Removal of congo red from an aqueous solution by fungus

aspergillus niger,” Advances in Environmental Research, vol. 7, no. 1, pp. 239-247, 2002.



bibliography

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

G. Gupta, G. Prasad, and V. Singh, “Removal of chrome dye from aqueous solutions by
mixed adsorbents: fly ash and coal,” Water Research, vol. 24, no. 1, pp. 45-50, 1990.

K. Kadirvelu, M. Kavipriya, C. Karthika, M. Radhika, N. Vennilamani, and S. Pat-
tabhi, “Utilization of various agricultural wastes for activated carbon preparation and
application for the removal of dyes and metal ions from aqueous solutions,” Bioresource

technology, vol. 87, no. 1, pp. 129-132, 2003.

T. Robinson, G. McMullan, R. Marchant, and P. Nigam, “Remediation of dyes in textile
effluent: a critical review on current treatment technologies with a proposed alternative,”

Bioresource technology, vol. 77, no. 3, pp. 247-255, 2001.

M. Asgher and H. N. Bhatti, “Evaluation of thermodynamics and effect of chemical
treatments on sorption potential of citrus waste biomass for removal of anionic dyes from

aqueous solutions.”

O. G. Oluwole, “Removal of textile dyes from aqueous solutions using clay minerals and

agricultural waste (carica papaya seeds),” 2020.

V. Gupta et al., “Application of low-cost adsorbents for dye removal-a review,” Journal

of environmental management, vol. 90, no. 8, pp. 2313-2342, 2009.

R. S. Dassanayake, S. Acharya, and N. Abidi, “Recent advances in biopolymer-based dye
removal technologies,” Molecules, vol. 26, no. 15, p. 4697, 2021.

A. Dabrowski, “Adsorptionfrom theory to practice,” Advances in colloid and interface

sctence, vol. 93, no. 1-3, pp. 135-224, 2001.

M. T. Yagub, T. K. Sen, S. Afroze, and H. M. Ang, “Dye and its removal from aqueous
solution by adsorption: a review,” Advances in colloid and interface science, vol. 209, pp.

172-184, 2014.

A. Leonard and R. Lauwerys, “Carcinogenicity and mutagenicity of chromium,” Mutation

Research/Reviews in Genetic Toxicology, vol. 76, no. 3, pp. 227-239, 1980.

)

T. Mancuso, “Consideration of chromium as an industrial carcinogen,” in International
conference on heavy metals in the environment.  University of Toronto, Institute of

Environmental Studies Toronto, Canada, 1975, pp. 343-356.



bibliography

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[66]

J. C. Pashin, “Coal as a petroleum source rock and reservoir rock,” in Applied coal

petrology.  Elsevier, 2008, pp. 227-262.

A. Ahmad, S. H. Mohd-Setapar, C. S. Chuong, A. Khatoon, W. A. Wani, R. Kumar, and
M. Rafatullah, “Recent advances in new generation dye removal technologies: novel search
for approaches to reprocess wastewater,” RSC advances, vol. 5, no. 39, pp. 30801-30 818,
2015.

Y. Bulut and H. Aydin, “A kinetics and thermodynamics study of methylene blue ad-
sorption on wheat shells,” Desalination, vol. 194, no. 1-3, pp. 259-267, 2006.

M. E. Argun, S. Dursun, M. Karatas, and M. Giirii, “Activation of pine cone using fenton
oxidation for cd (ii) and pb (ii) removal,” Bioresource technology, vol. 99, no. 18, pp.

8691-8698, 2008.

M. A. M. Salleh, D. K. Mahmoud, W. A. W. A. Karim, and A. Idris, “Cationic and anionic
dye adsorption by agricultural solid wastes: a comprehensive review,” Desalination, vol.

280, no. 1-3, pp. 1-13, 2011.

B. Nandi, A. Goswami, and M. Purkait, “Removal of cationic dyes from aqueous solutions
by kaolin: kinetic and equilibrium studies,” Applied Clay Science, vol. 42, no. 3-4, pp.
583-590, 2009.

A. Aadil, M. Shahzad, S. Kashif, M. Muhammad, A. Rabia, A. Saba et al., “Comparative
study of adsorptive removal of congo red and brilliant green dyes from water using peanut

shell” Middle Fast Journal of Scientific Research, vol. 11, no. 6, pp. 828-832, 2012.

W. W. Ngah, L. Teong, and M. M. Hanafiah, “Adsorption of dyes and heavy metal ions
by chitosan composites: A review,” Carbohydrate polymers, vol. 83, no. 4, pp. 1446-1456,
2011.

I. M. Lipatova, L. I. Makarova, and A. A. Yusova, “Adsorption removal of anionic
dyes from aqueous solutions by chitosan nanoparticles deposited on the fibrous carrier,”

Chemosphere, vol. 212, pp. 11556-1162, 2018.

X. Wei, T. Huang, J. Nie, J.-h. Yang, X.-d. Qi, Z.-w. Zhou, and Y. Wang, “Bio-inspired
functionalization of microcrystalline cellulose aerogel with high adsorption performance

toward dyes,” Carbohydrate polymers, vol. 198, pp. 546555, 2018.



bibliography

[68]

[69]

[72]

73]

[74]

I. Bouzaida and M. Rammah, “Adsorption of acid dyes on treated cotton in a continuous

system,” Materials Science and Engineering: C, vol. 21, no. 1-2, pp. 151-155, 2002.

D. Sun, X. Zhang, Y. Wu, and X. Liu, “Adsorption of anionic dyes from aqueous solution

on fly ash,” Journal of hazardous materials, vol. 181, no. 1-3, pp. 335-342, 2010.

A. Kausar, M. Igbal, A. Javed, K. Aftab, H. N. Bhatti, S. Nouren et al., “Dyes adsorption
using clay and modified clay: a review,” Journal of Molecular Liquids, vol. 256, pp. 395
407, 2018.

M. A. Aly-Eldeen, A. A. El-Sayed, D. M. Salem, and G. M. El Zokm, “The uptake of eri-
ochrome black t dye from aqueous solutions utilizing waste activated sludge: Adsorption
process optimization using factorial design,” The Egyptian Journal of Aquatic Research,

vol. 44, no. 3, pp. 179-186, 2018.

K. Samal, N. Raj, and K. Mohanty, “Saponin extracted waste biomass of sapindus muko-
rossi for adsorption of methyl violet dye in aqueous system,” Surfaces and Interfaces,

vol. 14, pp. 166-174, 2019.

S. Subramani and N. Thinakaran, “Isotherm, kinetic and thermodynamic studies on the
adsorption behaviour of textile dyes onto chitosan,” Process Safety and Environmental

Protection, vol. 106, pp. 1-10, 2017.

B. Xu, H. Zheng, Y. Wang, Y. An, K. Luo, C. Zhao, and W. Xiang, “Poly (2-acrylamido-2-
methylpropane sulfonic acid) grafted magnetic chitosan microspheres: Preparation, char-

acterization and dye adsorption,” International journal of biological macromolecules, vol.

112, pp. 648-655, 2018.

H. Schiff, “The syntheses and characterization of schiff base,” Ann. Chem. Suppl, vol. 3,
pp- 343-349, 1864.

——, “Mittheilungen aus dem universitatslaboratorium in pisa: eine neue reihe organis-

cher basen,” Justus Liebigs Annalen der Chemie, vol. 131, no. 1, pp. 118-119, 1864.

[. Bravo, M. Revenga-Parra, F. Pariente, and E. Lorenzo, “Reagent-less and robust
biosensor for direct determination of lactate in food samples,” Sensors, vol. 17, no. 1,

p. 144, 2017.



bibliography

78]

[79]

[80]

[81]

[82]

[83]

[85]

C. Demitri, V. M. De Benedictis, M. Madaghiele, C. E. Corcione, and A. Maffezzoli,
“Nanostructured active chitosan-based films for food packaging applications: Effect of

graphene stacks on mechanical properties,” Measurement, vol. 90, pp. 418-423, 2016.

M. ODonnell, “Aldrichim. acta 2001, 34, 3—-15.(e) odonnell, mj,” Acc. Chem. Res, vol. 37,
pp. 506 517, 2004.

X. Ye, Y. Chen, C. Ling, R. Ding, X. Wang, X. Zhang, and S. Chen, “One-pot synthesis
of schiff base compounds via photocatalytic reaction in the coupled system of aromatic
alcohols and nitrobenzene using cdin 2 s 4 photocatalyst,” Dalton Transactions, vol. 47,

no. 32, pp. 10915-10924, 2018.

S.-Y. Ding, J. Gao, Q. Wang, Y. Zhang, W.-G. Song, C.-Y. Su, and W. Wang, “Construc-
tion of covalent organic framework for catalysis: Pd/cof-lzul in suzuki-miyaura coupling
reaction,” Journal of the American Chemical Society, vol. 133, no. 49, pp. 19816-19 822,
2011.

A. Zeus, R. Ding, and C. Wolf, “Quantitative chirality sensing of amines and amino alco-
hols via schiff base formation with a stereodynamic uv/cd probe,” Organic & biomolecular

chemistry, vol. 14, no. 6, pp. 1934-1939, 2016.

O. Wahba, A. M. Hassan, A. Naser, and A. Hanafi, “Preparation and spectroscopic
studies of some copper and nickel schiff base complexes and their applications as colouring
pigments in protective paints industry,” Egyptian Journal of Chemistry, vol. 60, no. 1,

pp. 25-40, 2017.

Y. Liu, L. Mao, S. Yang, M. Liu, H. Huang, Y. Wen, F. Deng, Y. Li, X. Zhang, and
Y. Wei, “Synthesis and biological imaging of fluorescent polymeric nanoparticles with aie
feature via the combination of raft polymerization and post-polymerization modification,”

Dyes and Pigments, vol. 158, pp. 79-87, 2018.

D. SENOL, “Elektron salic1 ve electron cekici grup igeren schiff bazi polimer boyalarin
sentez ve karakterizasyonu,” Hacettepe Journal of Biology and Chemistry, vol. 45, no. 1,

pp. 67-80.

H.-W. Ou, K.-H. Lo, W.-T. Du, W.-Y. Lu, W.-J. Chuang, B.-H. Huang, H.-Y. Chen,
and C.-C. Lin, “Synthesis of sodium complexes supported with nno-tridentate schiff base

ligands and their applications in the ring-opening polymerization of l-lactide,” Inorganic

chemistry, vol. 55, no. 4, pp. 1423-1432, 2016.



bibliography

[87]

[33]

[89]

[90]

[91]

[92]

[94]

[96]

W. Al Zoubi and Y. G. Ko, “Organometallic complexes of schiff bases: recent progress in

oxidation catalysis,” Journal of Organometallic Chemistry, vol. 822, pp. 173188, 2016.

A.-T. Mohammad, A. S. Abdulhameed, and A. H. Jawad, “Box-behnken design to opti-
mize the synthesis of new crosslinked chitosan-glyoxal /tio2 nanocomposite: methyl orange

adsorption and mechanism studies,” International journal of biological macromolecules,

vol. 129, pp. 98109, 2019,

E. Avcu, F. E. Bagtan, H. Z. Abdullah, M. A. U. Rehman, Y. Y. Avcu, and A. R. Boc-
caccini, “Electrophoretic deposition of chitosan-based composite coatings for biomedical

applications: A review,” Progress in Materials Science, vol. 103, pp. 69-108, 2019.

H. Hassan, A. Salama, A. K. El-Ziaty, and M. El-Sakhawy, “New chitosan/silica/zinc
oxide nanocomposite as adsorbent for dye removal,” International journal of biological

macromolecules, vol. 131, pp. 520-526, 2019.

B. Butola et al., “Recent advances in chitosan polysaccharide and its derivatives in an-
timicrobial modification of textile materials,” International journal of biological macro-

molecules, vol. 121, pp. 905-912, 2019.

V. Ghormade, E. Pathan, and M. Deshpande, “Can fungi compete with marine sources

for chitosan production?” International journal of biological macromolecules, vol. 104,

pp. 1415-1421, 2017.

M. Hamdi, R. Nasri, S. Li, and M. Nasri, “Bioactive composite films with chitosan and
carotenoproteins extract from blue crab shells: Biological potential and structural, ther-

mal, and mechanical characterization,” Food Hydrocolloids, vol. 89, pp. 802-812, 2019.

7. Shariatinia and A. Mazloom-Jalali, “Chitosan nanocomposite drug delivery systems
designed for the ifosfamide anticancer drug using molecular dynamics simulations,” Jour-

nal of Molecular Liquids, vol. 273, pp. 346-367, 2019.

A. S. Abdulhameed, A. H. Jawad, and A.-T. Mohammad, “Synthesis of chitosan-ethylene
glycol diglycidyl ether/tio2 nanoparticles for adsorption of reactive orange 16 dye using

a response surface methodology approach,” Bioresource technology, vol. 293, p. 122071,
2019.

N. N. Abd Malek, E. Yousif, and A. H Jawad, “Optimization of adsorption parameters for



bibliography

[97]

[98]

[99]

[100]

101]

[102]

[103]

[104]

reactive red 4 (rr4) removal by cross-linked chitosan-epichlorohydrin using boxbehnken

design,” Science Lettes (ScL), vol. 14, no. 1, pp. 83-95, 2020.

A. Okudan, B. E. Ataoglu, O. Sengoz, and G. Arslan, “Cu (ii) sorption performance
of novel chitosan/ter-(vinyl pivalate-maleic anhydride-n-tert-butylacrylamide) microcap-

sules,” Journal of Polymers and the Environment, vol. 27, no. 11, pp. 2454-2463, 2019.

A. H. Jawad, A. S. Abdulhameed, and M. S. Mastuli, “Mesoporous crosslinked chitosan-
activated charcoal composite for the removal of thionine cationic dye: comprehensive
adsorption and mechanism study,” Journal of Polymers and the Environment, vol. 28,

no. 3, pp. 1095-1105, 2020.

I. Alakhras, F. Ouachtak, H. Alhajri, E. Rehman, R. Al-Mazaideh, G. Anastopoulos, and
E. C. Lima, “Adsorptive removal of cationic rhodamine b dye from aqueous solutions

using chitosan-derived schiff base,” Separation Science and Technology, pp. 1-13, 2021.

A. H. Jawad, A. S. Abdulhameed, L. D. Wilson, M. Hanafiah, W. Nawawi, Z. A. ALOth-
man, and M. R. Khan, “Fabrication of schiffs base chitosan-glutaraldehyde/activated
charcoal composite for cationic dye removal: Optimization using response surface method-

ology,” Journal of Polymers and the Environment, pp. 1-14, 2021.

N. N. Abd Malek, A. H. Jawad, A. S. Abdulhameed, K. Ismail, and B. Hameed, “New
magnetic schiff’s base-chitosan-glyoxal /fly ash/fe304 biocomposite for the removal of an-
ionic azo dye: An optimized process,” International journal of biological macromolecules,

vol. 146, pp. 530-539, 2020.

L. Y. Maroufi, M. Tabibiazar, M. Ghorbani, and A. Jahanban-Esfahlan, “Fabrication and
characterization of novel antibacterial chitosan/dialdehyde guar gum hydrogels containing

pomegranate peel extract for active food packaging application,” International Journal

of Biological Macromolecules, vol. 187, pp. 179-188, 2021.

R. E. Malekshah, F. Shakeri, A. Khaleghian, and M. Salehi, “Developing a biopolymeric
chitosan supported schiff-base and cu (ii), ni (ii) and zn (ii) complexes and biological
evaluation as pro-drug,” International journal of biological macromolecules, vol. 152, pp.

846-861, 2020.

N. Sarjono, N. B. A. Prasetya, and D. N. Bima, “Synthesis of mn (ii) complexes-
carboxymethyl chitosan schiff base salicylaldehyde and antibacterial activity.”



bibliography

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

R. S. Vieira and M. M. Beppu, “Interaction of natural and crosslinked chitosan membranes
with hg (ii) ions,” Colloids and Surfaces A: Physicochemical and Engineering Aspects, vol.
279, no. 1-3, pp. 196-207, 2006.

M. H. Mostafa, M. A. Elsawy, M. S. Darwish, L. I. Hussein, and A. H. Abdaleem,
“Microwave-assisted preparation of chitosan/zno nanocomposite and its application in

dye removal,” Materials Chemistry and Physics, vol. 248, p. 122914, 2020.

K. M. Rao, M. Suneetha, G. T. Park, A. G. Babu, and S. S. Han, “Hemostatic, biocom-
patible, and antibacterial non-animal fungal mushroom-based carboxymethyl chitosan-
zno nanocomposite for wound-healing applications,” International journal of biological

macromolecules, vol. 155, pp. 71-80, 2020.

A. H. Jawad, I. A. Mohammed, and A. S. Abdulhameed, “Tuning of fly ash loading
into chitosan-ethylene glycol diglycidyl ether composite for enhanced removal of reactive
red 120 dye: optimization using the box-behnken design,” Journal of Polymers and the
Environment, vol. 28, no. 10, pp. 2720-2733, 2020.

S.-B. Ghaffari, M.-H. Sarrafzadeh, M. Salami, and M. R. Khorramizadeh, “A ph-sensitive
delivery system based on n-succinyl chitosan-zno nanoparticles for improving antibacterial

and anticancer activities of curcumin,” International journal of biological macromolecules,

vol. 151, pp. 428-440, 2020.

A. Soubhagya, A. Moorthi, and M. Prabaharan, “Preparation and characterization of
chitosan/pectin/zno porous films for wound healing,” International journal of biological

macromolecules, vol. 157, pp. 135-145, 2020.

K. S. Sing, “Reporting physisorption data for gas/solid systems with special reference
to the determination of surface area and porosity (recommendations 1984),” Pure and

applied chemistry, vol. 57, no. 4, pp. 603-619, 1985.

A. H. Jawad, N. N. Abd Malek, A. S. Abdulhameed, and R. Razuan, “Synthesis of
magnetic chitosan-fly ash/fe 3 o 4 composite for adsorption of reactive orange 16 dye:
optimization by box—behnken design,” Journal of Polymers and the Environment, vol. 28,

no. 3, pp. 1068-1082, 2020.

A. Alipour, S. Zarinabadi, A. Azimi, and M. Mirzaei, “Adsorptive removal of pb (ii) ions

from aqueous solutions by thiourea-functionalized magnetic zno/nanocellulose composite:



bibliography

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

optimization by response surface methodology (rsm),” International journal of biological

macromolecules, vol. 151, pp. 124-135, 2020.

E. Sharifpour, M. Ghaedi, A. Asfaram, M. Farsadrooh, E. A. Dil, and H. Javadian,
“Modeling and optimization of ultrasound-assisted high performance adsorption of ba-
sic fuchsin by starch-capped zinc selenide nanoparticles/ac as a novel composite using
response surface methodology,” International journal of biological macromolecules, vol.

152, pp. 913-921, 2020.

S. M. Ghoreishian, G. S. R. Raju, E. Pavitra, C. H. Kwak, Y.-K. Han, and Y. S. Huh,
“Ultrasound-assisted heterogeneous degradation of tetracycline over flower-like rgo/cdwo4
hierarchical structures as robust solar-light-responsive photocatalysts: Optimization, ki-

netics, and mechanism,” Applied Surface Science, vol. 489, pp. 110-122, 2019.

M. N. Zafar, Q. Dar, F. Nawaz, M. N. Zafar, M. Igbal, and M. F. Nazar, “Effective
adsorptive removal of azo dyes over spherical zno nanoparticles,” Journal of Materials

Research and Technology, vol. 8, no. 1, pp. 713-725, 2019.

N. D. Shooto, “Removal of toxic hexavalent chromium (cr (vi)) and divalent lead (pb
(ii)) ions from aqueous solution by modified rhizomes of acorus calamus,” Surfaces and

Interfaces, vol. 20, p. 100624, 2020.
S. Lagergren, “Zur theorie der sogenannten adsorption geloster stoffe,” 1898.

Y.-S. Ho and G. McKay, “Sorption of dye from aqueous solution by peat,” Chemical
engineering journal, vol. 70, no. 2, pp. 115-124, 1998.

A. G. El-Shamy, “An efficient removal of methylene blue dye by adsorption onto carbon
dot@ zinc peroxide embedded poly vinyl alcohol (pva/czno2) nano-composite: a novel

reusable adsorbent,” Polymer, vol. 202, p. 122565, 2020.

C. Muthukumaran, V. M. Sivakumar, and M. Thirumarimurugan, “Adsorption isotherms
and kinetic studies of crystal violet dye removal from aqueous solution using surfactant
modified magnetic nanoadsorbent,” Journal of the Taiwan Institute of Chemical Engi-

neers, vol. 63, pp. 354-362, 2016.

[. Langmuir, “The adsorption of gases on plane surfaces of glass, mica and platinum.”

Journal of the American Chemical society, vol. 40, no. 9, pp. 1361-1403, 1918.



bibliography

[123]

[124]

[125]

[126]

[127]

128

[129]

[130]

[131]

H. Freundlich et al., “Over the adsorption in solution,” J. Phys. chem, vol. 57, no. 385471,
pp- 1100-1107, 1906.

M. Temkin, “Kinetics of ammonia synthesis on promoted iron catalysts,” Acta phys-

tochim. URSS, vol. 12, pp. 327-356, 1940.

Y. Lei, Q. Huang, D. Gan, H. Huang, J. Chen, F. Deng, M. Liu, X. Li, X. Zhang, and
Y. Wei, “A novel one-step method for preparation of sulfonate functionalized nanodi-
amonds and their utilization for ultrafast removal of organic dyes with high efficiency:
Kinetic and isotherm studies,” Journal of Environmental Chemical Engineering, vol. 8,

no. 3, p. 103780, 2020.

S. M. El-Kousy, H. G. El-Shorbagy, and M. Abd El-Ghaffar, “Chitosan/montmorillonite
composites for fast removal of methylene blue from aqueous solutions,” Materials Chem-

istry and Physics, vol. 254, p. 123236, 2020.

N. K. Nga, N. T. T. Chau, and P. H. Viet, “Preparation and characterization of a chi-
tosan/mgo composite for the effective removal of reactive blue 19 dye from aqueous so-

lution,” Journal of Science: Advanced Materials and Devices, vol. 5, no. 1, pp. 65-72,

2020.

V. Janaki, B.-T. Oh, K. Shanthi, K.-J. Lee, A. Ramasamy, and S. Kamala-Kannan,
“Polyaniline/chitosan composite: an eco-friendly polymer for enhanced removal of dyes

from aqueous solution,” Synthetic Metals, vol. 162, no. 11-12, pp. 974-980, 2012.

X. Li, C. Sun, W. Cao, C. Hu, and Y. Zhao, “Comparative adsorption of remazol brilliant
blue r and copper in aqueous solutions by carbon nanotubes with different levels of
carboxyl group and specific surface area,” Materials Research Fxpress, vol. 6, no. 10, p.

105062, 2019.

D.-N. Phan, R. A. Rebia, Y. Saito, D. Kharaghani, M. Khatri, T. Tanaka, H. Lee, and I.-
S. Kim, “Zinc oxide nanoparticles attached to polyacrylonitrile nanofibers with hinokitiol
as gluing agent for synergistic antibacterial activities and effective dye removal,” Journal

of Industrial and Engineering Chemistry, vol. 85, pp. 258-268, 2020.

A. Ozcan, ¢. Omeroglu, Y. Erdogan, and A. S. Ozcan, “Modification of bentonite with
a cationic surfactant: an adsorption study of textile dye reactive blue 19,” Journal of

hazardous materials, vol. 140, no. 1-2, pp. 173-179, 2007.



bibliography

[132]

[133]

134]

[135]

[136]

[137]

[138]

[139)]

A. Dalvand, R. Nabizadeh, M. R. Ganjali, M. Khoobi, S. Nazmara, and A. H. Mahvi,
“Modeling of reactive blue 19 azo dye removal from colored textile wastewater using
l-arginine-functionalized fe304 nanoparticles: Optimization, reusability, kinetic and equi-
librium studies,” Journal of Magnetism and Magnetic Materials, vol. 404, pp. 179-189,
2016.

V. Nair, A. Panigrahy, and R. Vinu, “Development of novel chitosan—lignin composites
for adsorption of dyes and metal ions from wastewater,” Chemical Engineering Journal,

vol. 254, pp. 491-502, 2014.

M. Abbasi, “Synthesis and characterization of magnetic nanocomposite of chi-
tosan/sio2/carbon nanotubes and its application for dyes removal,” Journal of Cleaner

Production, vol. 145, pp. 105-113, 2017.

O. A. Saputra, A. H. Rachma, and D. S. Handayani, “Adsorption of remazol brilliant
blue r using amino-functionalized organosilane in aqueous solution,” Indonesian Journal

of Chemistry, vol. 17, no. 3, pp. 343-350, 2017.

C. J. Mate and S. Mishra, “Synthesis of borax cross-linked jhingan gum hydrogel for
remediation of remazol brilliant blue r (rbbr) dye from water: adsorption isotherm, ki-
netic, thermodynamic and biodegradation studies,” International journal of biological

macromolecules, vol. 151, pp. 677-690, 2020.

A.S. Abdulhameed, A.-T. Mohammad, and A. H. Jawad, “Application of response surface
methodology for enhanced synthesis of chitosan tripolyphosphate/tio2 nanocomposite

and adsorption of reactive orange 16 dye,” Journal of Cleaner Production, vol. 232, pp.

43-56, 2019.

Y. Jiang, W. Cai, W. Tu, and M. Zhu, “Facile cross-link method to synthesize mag-
netic fe304@ sio2—chitosan with high adsorption capacity toward hexavalent chromium,”

Journal of Chemical & Engineering Data, vol. 64, no. 1, pp. 226-233, 2018.

S. C. Motshekga, S. S. Ray, M. S. Onyango, and M. N. Momba, “Preparation and an-
tibacterial activity of chitosan-based nanocomposites containing bentonite-supported sil-
ver and zinc oxide nanoparticles for water disinfection,” Applied Clay Science, vol. 114,

pp. 330-339, 2015.



bibliography

[140]

[141]

142]

[143]

[144]

[145]

[146]

[147]

[148]

H. Wang, X. Gong, Y. Miao, X. Guo, C. Liu, Y.-Y. Fan, J. Zhang, B. Niu, and W. Li,
“Preparation and characterization of multilayer films composed of chitosan, sodium algi-
nate and carboxymethyl chitosan-zno nanoparticles,” Food chemistry, vol. 283, pp. 397—

403, 2019.

L. P. Lingamdinne, J. R. Koduru, Y.-Y. Chang, and R. R. Karri, “Process optimiza-
tion and adsorption modeling of pb (ii) on nickel ferrite-reduced graphene oxide nano-

composite,” Journal of Molecular Liquids, vol. 250, pp. 202-211, 2018.

A. H. Jawad, A. S. Abdulhameed, A. Reghioua, and Z. M. Yaseen, “Zwitterion composite
chitosan-epichlorohydrin/zeolite for adsorption of methylene blue and reactive red 120

dyes,” International Journal of Biological Macromolecules, vol. 163, pp. 756-765, 2020.

X. Zheng, H. Zheng, Z. Xiong, R. Zhao, Y. Liu, C. Zhao, and C. Zheng, “Novel anionic
polyacrylamide-modify-chitosan magnetic composite nanoparticles with excellent adsorp-
tion capacity for cationic dyes and ph-independent adsorption capability for metal ions,”

Chemical Engineering Journal, vol. 392, p. 123706, 2020.

R. Abd Rashid, A. H. Jawad, M. Azlan, M. Ishak, and N. Kasim, “Fecl3-activated car-
bon developed from coconut leaves: characterization and application for methylene blue

removal,” Sains Malaysiana, vol. 47, no. 3, pp. 603-610, 2018.

A. H. Jawad, N. S. A. Mubarak, and A. S. Abdulhameed, “Hybrid crosslinked chitosan-
epichlorohydrin/tio 2 nanocomposite for reactive red 120 dye adsorption: kinetic,

isotherm, thermodynamic, and mechanism study,” Journal of Polymers and the Envi-

ronment, vol. 28, no. 2, pp. 624-637, 2020.

Y. Chen, W. Cai, C. Dang, J. Fan, J. Zhou, and Z. Liu, “A facile sol-gel synthesis of
chitosan—boehmite film with excellent acid resistance and adsorption performance for pb

(ii),” Chemical Engineering Research and Design, vol. 161, pp. 332-339, 2020.

V. Rizzi, J. Gubitosa, P. Fini, R. Romita, A. Agostiano, S. Nuzzo, and P. Cosma, “Com-
mercial bentonite clay as low-cost and recyclable natural adsorbent for the carbendazim
removal /recover from water: Overview on the adsorption process and preliminary pho-

todegradation considerations,” Colloids and Surfaces A: Physicochemical and Engineering

Aspects, vol. 602, p. 125060, 2020.

A. H. Jawad and A. S. Abdulhameed, “Facile synthesis of crosslinked chitosan-

tripolyphosphate/kaolin clay composite for decolourization and cod reduction of remazol



bibliography

[149]

[150]

[151]

152]

[153]

154]

[155]

[156]

brilliant blue r dye: optimization by using response surface methodology,” Colloids and

Surfaces A: Physicochemical and Engineering Aspects, vol. 605, p. 125329, 2020.

D. T. Ogunleye, S. O. Akpotu, and B. Moodley, “Adsorption of sulfamethoxazole and
reactive blue 19 using graphene oxide modified with imidazolium based ionic liquid,”

Environmental Technology € Innovation, vol. 17, p. 100616, 2020.

K. Vijayaraghavan, S. W. Won, and Y.-S. Yun, “Treatment of complex remazol dye ef-
fluent using sawdust-and coal-based activated carbons,” Journal of Hazardous Materials,

vol. 167, no. 1-3, pp. 790-796, 2009.

K. Chinoune, K. Bentaleb, Z. Bouberka, A. Nadim, and U. Maschke, “Adsorption of
reactive dyes from aqueous solution by dirty bentonite,” Applied Clay Science, vol. 123,

pp. 64-75, 2016.

F. Zhang, X. Chen, F. Wu, and Y. Ji, “High adsorption capability and selectivity of zno
nanoparticles for dye removal,” Colloids and Surfaces A: Physicochemical and Engineer-

ing Aspects, vol. 509, pp. 474-483, 2016.

A. H. Jawad, A. S. Abdulhameed, N. N. Abd Malek, and Z. A. ALOthman, “Statistical
optimization and modeling for color removal and cod reduction of reactive blue 19 dye
by mesoporous chitosan-epichlorohydrin/kaolin clay composite,” International journal of

biological macromolecules, vol. 164, pp. 4218-4230, 2020.

S. Pandey and S. Tiwari, “Facile approach to synthesize chitosan based compositechar-
acterization and cadmium (ii) ion adsorption studies,” Carbohydrate Polymers, vol. 134,

pp. 646-656, 2015.

H. Karaer and I. Kaya, “Synthesis, characterization and using at the copper adsorption of
chitosan/polyvinyl alcohol magnetic composite,” Journal of Molecular Liquids, vol. 230,

pp. 152-162, 2017.

E. Zabihi, A. Babaei, D. Shahrampour, Z. Arab-Bafrani, K. S. Mirshahidi, and H. J.
Majidi, “Facile and rapid in-situ synthesis of chitosan-zno nano-hybrids applicable in
medical purposes; a novel combination of biomineralization, ultrasound, and bio-safe

morphology-conducting agent,” International journal of biological macromolecules, vol.

131, pp. 107-116, 2019.



bibliography

[157]

158

[159]

[160]

161]

[162]

163

[164]

[165]

M. Slany, L. Jankovi¢, and J. Madejova, “Structural characterization of organo-
montmorillonites prepared from a series of primary alkylamines salts: Mid-ir and near-ir

study,” Applied Clay Science, vol. 176, pp. 11-20, 2019.

W. Du, M. Slany, X. Wang, G. Chen, and J. Zhang, “The inhibition property and
mechanism of a novel low molecular weight zwitterionic copolymer for improving wellbore

stability,” Polymers, vol. 12, no. 3, p. 708, 2020.

D.-M. Guo, Q.-D. An, Z.-Y. Xiao, S.-R. Zhai, and D.-J. Yang, “Efficient removal of pb
(ii), cr (vi) and organic dyes by polydopamine modified chitosan aerogels,” Carbohydrate

polymers, vol. 202, pp. 306-314, 2018.

L. Qi, Z. Xu, X. Jiang, C. Hu, and X. Zou, “Preparation and antibacterial activity of
chitosan nanoparticles,” Carbohydrate research, vol. 339, no. 16, pp. 2693-2700, 2004.

S. Wang, Y. Lu, X.-k. Ouyang, X. X. Liang, D. Yu, L.-Y. Yang, and F. Huang, “Fabrica-

tion of chitosan-based mcs/zno@ alg gel microspheres for efficient adsorption of as (v),

International journal of biological macromolecules, vol. 139, pp. 886-895, 2019.

J. Qu, X. Meng, H. You, X. Ye, and Z. Du, “Utilization of rice husks functionalized with
xanthates as cost-effective biosorbents for optimal cd (ii) removal from aqueous solution

via response surface methodology,” Bioresource technology, vol. 241, pp. 1036-1042, 2017.

S. Saha, B.-H. Jeon, M. B. Kurade, S. B. Jadhav, P. K. Chatterjee, S. W. Chang, S. P.
Govindwar, and S. J. Kim, “Optimization of dilute acetic acid pretreatment of mixed

fruit waste for increased methane production,” Journal of Cleaner Production, vol. 190,

pp. 411-421, 2018.

E. Natarajan and G. P. Ponnaiah, “Optimization of process parameters for the decol-
orization of reactive blue 235 dye by barium alginate immobilized iron nanoparticles
synthesized from aluminum industry waste,” Environmental Nanotechnology, Monitoring

& Management, vol. 7, pp. 73-88, 2017.

B. Zhang, J. Zhang, Q. Yang, C. Feng, Y. Zhu, Z. Ye, and J. Ni, “Investigation and
optimization of the novel uasb—mfc integrated system for sulfate removal and bioelectricity
generation using the response surface methodology (rsm),” Bioresource technology, vol.

124, pp. 1-7, 2012.



bibliography

[166]

[167]

168

[169)]

[170]

[171]

S. Surip, A. S. Abdulhameed, Z. N. Garba, S. S. A. Syed-Hassan, K. Ismail, and A. H.
Jawad, “H2so4-treated malaysian low rank coal for methylene blue dye decolourization
and cod reduction: optimization of adsorption and mechanism study,” Surfaces and In-

terfaces, vol. 21, p. 100641, 2020.

H. Bensalah, S. A. Younssi, M. Ouammou, A. Gurlo, and M. F. Bekheet, “Azo dye adsorp-
tion on an industrial waste-transformed hydroxyapatite adsorbent: kinetics, isotherms,
mechanism and regeneration studies,” Journal of Environmental Chemical Engineering,

vol. 8, no. 3, p. 103807, 2020.

Z. A. AlOthman, M. A. Habila, R. Ali, A. A. Ghafar, and M. S. E.-d. Hassouna, “Val-
orization of two waste streams into activated carbon and studying its adsorption kinetics,

equilibrium isotherms and thermodynamics for methylene blue removal,” Arabian Journal

of Chemistry, vol. 7, no. 6, pp. 1148-1158, 2014.

H. L. Parker, A. J. Hunt, V. L. Budarin, P. S. Shuttleworth, K. L. Miller, and J. H. Clark,
“The importance of being porous: polysaccharide-derived mesoporous materials for use

in dye adsorption,” RSC advances, vol. 2, no. 24, pp. 8992-8997, 2012.

R. S. Blackburn, “Natural polysaccharides and their interactions with dye molecules:
applications in effluent treatment,” Environmental science € technology, vol. 38, no. 18,

pp. 4905-4909, 2004.

S. K. Singh and A. Das, “The n 7* interaction: a rapidly emerging non-covalent interac-

tion,” Physical Chemistry Chemical Physics, vol. 17, no. 15, pp. 9596-9612, 2015.



	Acknowledgements
	Abstract
	List of Contents
	List of Tables
	List of Figures
	List of Symbols and Abbreviations
	GENERAL INTRODUCTION
	Introduction
	Background of Study
	Problem Statement
	Significance of Study
	Research Objectives
	Novelty of study
	Thesis Layout

	LITERATURE REVIEW
	Introduction 
	Dyes
	Classification of dyes
	Toxicity effects of dyes

	Adsorption 
	 Factors impacting the Extent of Adsorption 
	Use of Schiff's base for adsorption of synthetic dyes 
	Chitosan



	METHODOLOGY
	Introduction 
	Materials and Chemical Solvent used 
	Synthesis of Schiff's base Composites 
	Preparation of Chitosan-Glyoxal/ZnO/ Fe3O4(CS-G/ZnO/Fe3O4) 
	Preparation of chitosan-glutaraldehyde/ZnO/Fe3O4 
	Preparation of chitosan-Benzil/ZnO/Fe3O4

	Instrumentation 
	Scanning Electron Microscopy (SEM) 
	Fourier Transform Infrared Spectroscopy (FTIR)
	Brunauer-Emmett-Teller (BET)
	X-Ray Diffraction (XRD)
	Elemental Analysis (CHN)
	Zero Point of Charge (pH pzc)
	Potentiometric titration
	Design of experiments
	Batch adsorption study


	RESULTS AND DISCUSSION
	Results And Discussion Of Chitosan-Glyoxal/zinc oxide/ Fe3O4(CS-G/ZnO/Fe3O4)
	Characterization of CS-G/ZnO/Fe3O4
	Morphological Characterization for the CS-G/ZnO/Fe3O4
	FT-IR spectral analysis
	Physio-chemical properties 
	XRD analysis 

	BBD model analysis
	Parametric optimization of BBD 

	Adsorption study
	Adsorption kinetics
	Adsorption isotherm
	Adsorption mechanism

	Results And Discussion Of Chitosan-glutaraldehyde/zinc oxide/Fe3O4(CHT-GLA/ZnO/Fe3O4
	Characterization of CHT-GLA/ZnO/Fe3O4
	Morphological Characterization for the CHT-GLA/ZnO/Fe3O4
	FT-IR spectral analysis
	Physio-chemical properties 
	XRD analysis 

	BBD model analysis
	Parametric optimization of BBD 

	Adsorption study
	Adsorption kinetics
	Adsorption isotherm
	Adsorption mechanism

	Results And Discussion Of chitosan-Benzil/ZnO/Fe3O4 (Cs-Bz/ZnO/Fe3O4)
	Characterization of Cs-Bz/ZnO/Fe3O4
	Morphological Characterization for the Cs-Bz/ZnO/Fe3O4
	FT-IR spectral analysis
	Physio-chemical properties 
	XRD analysis 

	BBD model analysis
	Parametric optimization of BBD 

	Adsorption study
	Adsorption kinetics
	Adsorption isotherm
	Adsorption thermodynamics
	Adsorption mechanism


	GENERAL CONCLUSION
	Future Recommendations

	BIBLIOGRAPHY

