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Abstract

Thewater pollution problem iswidespread throughout the world. Nowadays,
growing industrial activities have resulted in the generation of huge amounts of
hazardous, untreated industrial effluents and uncontrolled pollutants that are
released into environmental water. Among them, dyes from textile industries
generate a large amount industrial wastewater due to the huge water demand and
frequently discharge into the environment throughout the production process and
has a direct impact on human health , asaresult, water pollution remediation is one
of the imperative issues which the scientific community has given significant
attention to with the primary goal of safeguarding and conserving natural water
resources. This study includes three parts, Synthesis, Characterization and
application of nano-graphene oxide (NGO) composites for the removal of some
Water Pollutants.

Part one contains the synthesis of nano-graphene oxide (NGO) and three
composites, nano-graphene oxide-chitosan (NGO-CS), nano-graphene oxide-
Methionine (NGO-M) and nano-graphene oxide-Cysteine (NGO-C).

Part two includes the characterization of these composites by (FT-IR), (XRD)
to find out the particles size (7.4, 10.8, 16.83 and 19.52 nm) for NGO, NGO-CS,
NGO-M and NGO-C composites respectively through Debye-Scherrer equation,

and used zeta potential analysis to study the surface charge of particle.

Part three contains the application of these composites for water treatment in
order to remove the organic pollutants (bromophenol blue dye BPB) as well as
inorganic pollutants, trace heavy metals. Through two methods; first method
(adsorption) of the BPB dye on the three composite beads, determination the
optimum conditions for each composite, the results are (pH =2,3 andl1, composite
dosage= 2,2 and 2 mg, contact time =75,60 and 60 min., Temperature= 45, 55 and

55°C. dye concentration=40, 25 and 25 mg.L™?) for NGO-CS, NGO-M and NGO-
I



C composites respectively. As well as studying the adsorption isotherm, the
Isotherm curves show the general adsorption isotherms of the compositesis S-type
according to the Gilles classification, applying Freundlich and Langmuir models.
In addition, studying the thermodynamics, estimated thermodynamic for the
adsorption of BPB dye on NGO-CS, NGO-C and NGO-M composites, the process
was endothermic, AH (+), AS (+) of the adsorption BPB dye on the three
composites, confirmed spontaneously of the adsorption processes AG (-). The
results show pseudo-second order kinetic model is more valid to describe the
adsorption behavior of BPB dye on the three composites. Second method includes
fabrication NGO, CS, NGO-CS, NGO-M and NGO-C membranes by vacuum
filtration, and determination the average pore sizes by FESEM as follow (52.31-
613.2), (63.14-972.4), (49.53-347.5), (84.8-326.0) and (55.32-147.01) nm
respectively. The membranes used to separate an organic compound as a pollutant
(BPB dye), theremoval % are (85.65, 95.35, 98.52, 86.91 and 92.61%) respectively,
the best membrane was NGO-CS. These membranes also used to separate trace
heavy metal Ni%*, Cd?*, Co?", Cu?*" and Pb?" ions from agueous solutions, the
experimental data shows the removal percentage of Ni?* and Co?" ions by the
membranes were in the order NGO-CS > NGO-C >NGO-M > CS > NGO, the best
membrane is NGO-CS, R% (48.47%) and (68.17%) ..While, Cd2+ ions follow the
order CS>NGO-M > NGO > NGO-CS> NGO-C, the best membraneis CS, where
R% (52.2 %).The Cu2+ ions follow the order NGO-M > NGO-C > NGO> NGO-
CS> CS, the best membraneisNGO-M, ,where R% (66.47%) . On the other hand,
Pb?* ions follow the order NGO-CS > NGO >NGO-M > NGO-C > CS, the best
membrane is NGO-CS where R% (67.04%).
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€8] Chapter1 % Introduction

1.1 Importance of Water

Water is a gift from God, it is essential to life as we know it, water covers
over 70 % of the surface of the globe, it is a biomolecule and as such, is essential
for all biological processes. Water is required for the survival of al life forms on
Earth. 1t makes up (55-78)% of the human body [1]. One of the most important
critical challenges currently affecting the political and social spheresisthe lack of
water in many developing nations. Water transports and spreads a lot of diseases
and dangerous things. Water regulates the temperature of the earth and all living
things, transports everything, including nutrients and waste, and makes up the

majority of the blood and other agueous fluids in both human and animal bodies|2].

1.2 Water Pollution

Water pollution isawidespread issue across the world. Anthropogenic (man-
made) or geological contamination is the cause of this problem [1]. An
anthropogenic pollutants are caused by human activities such as industria
activities, agricultural actions, commercia activities, residential and waste disposal
systems, pharmaceuticals and personal care products[3] Magnesium, calcium,
chloride, nitrate, iron, fluoride, sulfates, and radionuclides are a few examples of
natural elements and compounds that can contaminate groundwater if they are
present in excessive proportions. In addition to the decaying of organic particles,
there are other natural elements and compounds that may pollution of water too by
passing water through sedimentary rocks and soils [3, 4]. Essentidly, there are

Inorganic, and organic pollutants.
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1.3 Types of Pollutants

1.3.1 Inorganic Pollutants
I norganic contaminants of water are largely caused by both natural and man-made
sources. Heavy metals, the nitrate and phosphate groups, as well as other elements

like chloride and fluoride, are the main inorganic water pollutants.

1.3.1.1 Heavy Metals

A class of metals (and metal-like elements) with an atomic number larger than
20 and a density greater than 5 g/cm? are referred to as "heavy metals' [5]. At least
20 metals are categorized as hazardous, and 50% of them are released into the

environment at alevel that poses arisk to human health[6] .

1.3.1.2 Heavy Metals Sour ces

These substances are naturally present in the crust of the planet and may enter
the environment due to human activity and rapid manufacture [7]. Through
industrial processes, significant amounts of toxic heavy metals are released into the
environment. Heavy metals like copper, chromium, cadmium, nickel, lead, zinc,
and mercury are released into industrial wastewater and urban sewage as aresult of

anumber of processes, including mining, battery production, and plating[8] .
1.3.1.3 Effectsand I mportant of Heavy Metals

Some heavy metals are vitaly important to the body, such as zinc, iron, and
others, which are permitted and recommended medically, but within very regulated
limits that take into account the type of food, as an excess of these elements leads

to poisoning as well. On the other hand, other e ements such as arsenic, cadmium,

2
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and mercury are not of chemical or biological importance. Medicinal and even
harmful even at very low traces [9]. Heavy metals cannot be broke down or
destroyed, [10] because they tend to accumulate in living organisms, they can lead
to avariety of fatal diseases, such abuildup in the human body may harm the bones,
central nervous system, kidney structure and function, and hematological problems.
Additionaly, it might affect how the primary biochemical reaction proceeds, even
in very small concentrations, the heavy metals are harmful to all living organisms
[11]. Heavy metals contamination of water are risky to environmental issue that
degrades water quality. The results include reduced water availability and agquatic

production, rising purifying costs, and eutrophication of water bodies [12].

1.3.2 Organic Pollutants

In amost every ecosystem, there are organic chemicals that are either
naturally occurring or man-made, these substances may be the primary causes of
water contamination. The quantity of synthetic organic compoundsisgrowing asa
result of industrial advancements, which also increases the health dangers posed by
their presence in water [13] . The most common organic contaminants include
Trihalomethanes (THMs)[14],Volatile Organic Chemicals (VOCS)[1], Pesticide,
Raw Materials of Plastic Manufacturing [15], Pharmaceuticals, Personal Care
Products (PPCPs) [16] and dyes. This thesis discusses the dye as a significant

contaminant.

1.3.2.1 Dyes

Dyes are colored compounds with unique structural characteristics, absorb
light in the spectrum at specific wavel engths (400-700 nm), asshownin Table (1.1).
Require a minimum one chromophore group that is chargeable for dye color, and

also have a conjugated system and stability within the compound's forces due to

3



€8] Chapter1 s Introduction

electron resonance. The majority of the time, chromophores are made up of one or
more functional groups of delocalized electron systems with conjugated double or
simple bonds (with a more or less extended pi electron). In the structure of a
chromophore, heteroatoms containing non-bonding electrons, such as nitrogen,
sulfur, and oxygen, are present. Chromophores generally have - N=N- (azo), C=S
(Sulphur), =C=0 (carbonyl), =C=C=, C=NH, -CH=N-, and NO or N-OH (nitroso)
[17]. In addition to chromophores, dyes also contain other groups which are
auxochromes. Their name belongs to their action that enhances the color, they are
polar groups as carboxylic acid, sulfonic acid, amino, and hydroxyl groups, binds

to the textile polar group, furthermore, they are used to influence dye solubility[ 18]

Table (1.1): Wavelength light absorption & color in organic dyes[19]

Wavelength Absorbed Color Color
(nm) Absorbed Observed
400-435 Violet Yellow-Green

435-480 Blue Yellow
480-490 Green-Blue Orange
490-500 Blue-Green Red
500-560 Green Purple
560-580 Yellow-Green Violet
580-595 Yellow Blue
595-605 Orange Green-Blue
605-700 Red Blue-Green
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1.3.2.2 Classification of Dyes
The dyes are Classified based on:

1- The chemical structure[20] as shown in Table (1-2).

Table (1-2): Classification of dyes based on the chemical structure[21]

Chemical group of dye Example structure
ONa
0=5=0
ON_ -
1=
Azo dye Eriochrome Black T O"'-'-‘- " T OH
A _N=N
I
o N
T N _-;::’l‘--__
Anthraguinone dye Disperse Red 15 [ | -

X anthene dve Rhodamine
y (basic red 1)
Phthal ocyanine dye Direct Blue 86
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2- Method of application to the substrate [21].

Table (1-3): Classification of dyes basaed on the methods of application [22]

Typeof dye Example SIUELE
c O Q.0
O SI S"C‘
. Procion dye (2,4,6-tri N
Reactive chloro)1,3,5-triazine N _NH O
N__-N
W,
HO,S Q NH,
Direct Congo red OO
O  NH,
_ Cellition fast pink B
Disperse
O OH
i
Acidic Methyl orange : @ @E_‘: |
NH,
Basic Aniline yellow O/N\:\N/O
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1.3.2.3 Influences of Dyes on Environment and Health

Over 8000 chemica compounds are consumed during the dyeing and
printing process of textiles, and the majority of them have negative effects on health
either directly or indirectly [23].The introduction of dyes into the water system

causes a number of health and environmental problems:. [24, 25]
* Dyes increases the water turbidity.

* Dyes have a major impact on the photosynthetic activity of the aquatic
environment because they block the penetration of light into the water, thus
inhibiting the growth of algae, which are not only important for oxygen production
but are a pillar of the food chain[28, 29]

* Most of the dyes are carcinogenic (bladder, kidney, liver), mutagenic and toxic to

living organisms.

» They can cause allergic reactions: skin, eye, mucous membrane irritation,
dermatitis, respiratory problems.s They cause harm to aquatic environment, and
may be toxic to aguatic organisms due to their aromatic, heavy metal and chlorine
content[ 28, 29].

1.3.2.4 Separation and Elimination of Dyes from Water

Methods are used to treat the water from dyes can be classified into
biological, chemical, and physical, additionally to various combinations of
treatment techniques have been used to boost the efficacy of water treatments.
Degradation and separation mechanism are utilized in water treatment from dyes,
[30] asshownin Fig. (1-1).



I ntroduction

Biodegradation Mcchanism

Electrochemical Oxidation

Degradation Methods £ ‘
\ Photocatalytic Treatment

Chemical Oxidation

Treatment Methods of” Dyes

J Precipitation
Filtration
Separation ( ' lon exchange
Methods
membrane

Coagulation

Adsorption

Fig. (1-1): Treatment methods of dyes[30]

1.3.2.5 Bromophenol Blue Dye

The bromophenol blue dye (3', 3", 5', 5"-tetrabromophenol -sulfonphthal ein),
(BPB) has been used as amodel molecule. It is derived from triphenylmethane and
possesses potentially genotoxic derivatives,[31] as shown in Table (1-4).
Triphenylmethane dyes are xenobiotic aromatic substances, alleged to be very
harmful to mammalian cells and to be carcinogenic and mutagenic to humans, [47]
in addition depending on how it is ingested, bromophenol blue dye might have
negative consequences on one's health. It can irritate the skin, eyes, and respiratory
system. Exposure to dyestuff dye might harm the cornea or conjunctiva of the eyes.
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Table (1-4): Bromophenol blue dye properties [31]

Chemical Formula C19H10Br40sS
Br Br
HO_ /.?L ,__;L\ _~OH
Br /1\\\\\,/| \Cfg‘\v/ﬂ\e
Structure ,5.1\\ ;80
!
_—
Tetra-bromophenol blue, Bromophenol blue
sultone form Tetra-bromophenol
Synonyms sulfonphthalein
Molecular Weight 670 g/mal

Class

Triary

1.4 Adsor ption Phenomenon

The process of a substance (adsorbate) building up on the surface of a

solid (adsorbent) is known as adsorption. The adsorbate can be either in a gas or

liquid phase, as shown in Fig. (1-2). The adsorption phenomenon is the foremost

commonly method used to eval uate the adsorbate capability to bind with adsorbents

[32]. Due to their effectiveness in removing pollutants, adsorption techniques,

recently become more popular. Asaresult, dye-loaded wastewater has been treated

using adsorption techniques, which have been determined to be among the best and

most reliable. The waste water is quickly separated into its agueous and adsorbate

phases.
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Adsorbent
J ’ J J
39 J > - 3 3N
J J J o J
J J > J
J 4 J )
J v ¥ 2
J
J
” > ] t ’ ) 3 3
J J 2 -
Adsorbate () J Adsorbed J Absorbed

Fig. (1-2) adsorption versus absorption [32]

1.4.1 For ces affect the adsor ption
The following forces are frequently taken into account when analyzing the
adsorption processin solution[33] :
1- lon-exchange: substitution of similarly charged solute ions for the
double layer's counter ions.
2- lon pairing: interactions between counter ions that are electrostatic.
3-Acid-base interaction: formation of a hydrogen-bond between solute and
adsorbent.
4- Adsorption by polarization of n-€lectrons: interaction between positive charges
and aromatic molecule groups at the adsorbent surface.
5- Adsorption by dispersive forces.
6-Hydrophobic bonding: Hydrophobic adsorbent groups and hydrophobic solute

molecule groups interact in adesirable way.

10
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1.4.2 Types of Adsorption[34]

1.4.2.1 Physical adsor ption

Physisorption type of adsorption in which the adsorbate adheres to the
surface only through weak intermol ecul ar interactions, considered to be an effective
method for quickly lowering the concentration of dissolved dyesin an effluent, can
characterized by: [32, 33].
a) Low temperature, always under the critical temperature of the adsorbate.
b) Type of interaction: Intermolecular forces (van der Waals forces).
¢) Low enthalpy: AH <40 KJmol.
d) Adsorption takes place in multilayer.
€) Low activation energy.

f) Reversible.

1.4.2.2 Chemical Adsorption

Chemisorption is a type of adsorption whereby a molecule adheres to a
surface through the formation of a chemica bond, as opposed to physical
adsorption. It is characterized by: [32,33]

a. High temperatures.

b. Type of interaction: strong; covalent bond between adsorbate and surface.
c. High enthalpy: AH ~ 400 KJ/mol.

d. Adsorption takes place only in amonolayer.

e. High activation energy [34].

f. lrreversible.

11
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1.4.3 Adsor ption Equilibrium

The adsorption performance and characteristics of the adsorbents are
researched for various adsorption isotherms, kinetic, and thermodynamic models
[36].The adsorption capacity (the equilibrium adsorption amount) ge(mg/g) and
The % removal efficiency determined by Equation (1.1) and (1.2), respectively.

_ (Ci-Ce)VL
Qe = T .......... (11)
%R =% 100% ... (12)

Where: Qe adsorption capacity (mg/g), Ce (mg/L) is the concentration at
equilibrium for adsorbate dye, Ci (mg/L) isthe initial concentration of adsorbate,
V (L) is the volume of sample, Wt (g) is the mass of adsorbent, %R removal
efficiency [27].

1.4.4 Adsor ption Isotherm Model
Although there are other isothermal models that are typically fitted for the

relationship between Qe and Ce, Langmuir and Freundlich adsorption isotherms

are the most widely used models for quantifying the dye adsorbed on the adsorbent
[37].

1.4.4.1 Langmuir Isotherm

Langmuir developed an equation to describe adsorption in 1916. The
possibility of adsorbing particles is determined, accordance to Langmuir, the
presence of sites on the adsorbent surface, where the adsorbent surface contains

empty sites, others occupied by adsorbed particles, and other free sites that are in
12
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equilibrium with the particles adsorbed on the surface. Langmuir equation iswritten
in linear form and is applicable to monolayer adsorption onto a perfectly
homogenous surface with a finite number of identical sites and with minimal
Interaction between molecules that are adsorbed, as follows in Equation (1.3).

Ce _ 1 + a
Qe KL KL.Ce

Where: Qe is the adsorption capacity at equilibrium in (mg\g), Ce the equilibrium
concentration of adsorbate in (mg/L), a, K| are Langmuir constants.

Can be calculate the dimensionless separation factor Ry, it determines the
adsorption nature, either the adsorption process is favorable or not [38]. Equation

(1.4) represents away to calculate R, factor, which described in Table (1-5)

1

RL= e i (1.4)

Table (1-5) Adsorption isotherm supported the R, value

Value of Ry Adsorption

R.>1 Unfavorable

R:=1 linear

0<Ri<1 Favorable

R.<1 Irreversible

13
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1.4.4.2 Freundlich I sotherm
The Freundlich isotherm, assumes a heterogeneous sorption surface, based
on the idea that the adsorption depending on the energy of the adsorption sites. The

Freundlich model can be represented as follows in Equation (1.5).

Where: Qe the adsorption capacity at equilibrium in (mg/g), Ce the equilibrium
concentration of the adsorbate in (mg/L), n and K; Freundlich constants being

indicators of the adsorption capacity and adsorption intensity, respectively.

The Freundlich constants can be obtained from the intercept and slope of the plot
between the (log Qe) versus (log C.) after taking logarithms of both side of
Equation (1.6).

LogQe=LogKs+1/nLogCe ......... (1.6)

The slope of the line will give the value of (1/n) and the intercept gives the value
of (log Ky), if 1/n valueis equal one it means the adsorbent is homogeneous with a
regular pore size and surface chemistry, but if 1/n values are less than one which
shows much of heterogeneity that are resulted from diversity within the shapes and

sizes of the adsorbent pores as activated carbons.
Table (1-6): Type of adsorption isotherm supported the 1/n value [38]

1/n value Type of isotherm
Un=0 Irreversible
0<lm<1 Favorable
I/m>1 Unfavorable

14
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1.4.5 Thermodynamic of Adsor ption

Thermodynamic parameters like standard enthalpy change (AH°) and
standard entropy change (AS°) and the values for standard free energy (AG®) are
determined by the Equation (1.7).

AG®=AH° - TAS® ........... (1.7)

Where: (AH®) is the standard enthalpy change (KJ/mol), (AS®) is standard entropy
(J/mol. K), (T) is the temperature (K). (AG®) is the standard Gibbs free energy (KJ
/mol) .

Thermodynamic parameters AG°, AH® and AS° are indicators of the possible
nature of adsorption. The negative or positive value of (AH®) is an indicator that
either the adsorption reaction is exothermic or endothermic respectively. Also, a
negative value of (AS°) represents a decrease in the entropy, in contrast the
increasing in the entropy is presented by positive value. The degree of spontaneity
of an adsorption process is indicated by (AG°), a negative value represents
energetically desirable adsorption, while the positive value of (AG®) indicates non-

spontaneous adsorption.

1.4.6 Adsor ption Kinetics

Kineticsisthe study of chemical processesthat explainstherate of adsorbate
uptake as well as other factors that may have an impact on rates. This rate help to
controlsthetime of adsorbate at a solid- liquid interface which was studied by using
two main kinetic models. The pseudo- first- order model and the Pseudo-second

order modd.
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1.4.7 Optimum Condition of Adsor ption
1.4.7.1 Effect of pH

The pH is very important because it directly affects the surface charge of
adsorbents and structure of adsorbates by controlling the degree of ionization and
dissociation of functional group,[39] since both adsorbates and adsorbents may
have functional groups that can be protonated or deprotonated to produce different
surface at different pH, so electrostatic interaction between the charged adsorbates
and adsorbents may occur[40]. Thiseffect can be observed through the competition
for (OH") and (H") ions and their overlapping with adsorbate or adsorbent surface
or the solvent. The degree of ionization of aspeciesis affected by pH (for example,
aweak basis or aweak acid) which in turn affects adsorption. As the result of this
Interaction, the varying extent of adsorption either decreases, increases, or remains
unchanged according on the adsorbate functiona groups [41].

Generally, the adsorption decreases with increasing pH for anionic dyes [40 42]

while it increases with increasing pH for cationic dyes [43-45].

1.4.7.2 Effect of Adsorbent Dosage

The dosage of the adsorbent is an important parameter for determining the
capacity of the adsorbent for a given quantity of adsorbate under operating
conditiong[46]. The conditions to be properly considered when choosing an
adsorbent supported the following subsequent criteria: low cost ,readily available,
acceptable mechanical properties, high physical strength (not disintegrating) in the

solution ,long life and regenerative ability if necessary [32].

16
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1.4.7.3 Effect of Contact Time

Contact time can be defined as the longest time when the adsorption process
complete and the balance or change is dight. The time required for the adsorption
processes to reach equilibrium and depends on the surface nature and the available
adsorption sites. The contact time between adsorbent and adsorbate has a major
impact on the adsorption capacity. Commonly, the speed of adsorbate removal
Increases to a specific degree with arise in time to an extent, further increase the
time wouldn’t increase the uptake, because of the buildup of the adsorbate on the
present adsorption sites, this time is termed as an equilibrium time, which

represents the utmost adsorption capacity of the adsorbate on the adsorbent [46].

1.4.7.4 Effect of Temperature

Another important factor is the temperature. Temperature greatly affects the
equilibrium condition of the adsorption mechanism and changes the parameters of
thermodynamics. Regulation the temperature of the system regul ates the adsorption
rate of the contaminant. The adsorption rate of endothermic reactions and
desorption rates of exothermic reactions could be increased by high
temperatures[ 34]. Adsorption process is usualy exothermic, it is a study of the
temperature dependence to adsorption reactions which gives vauable information

about the entropy changes during adsorption [47] .

1.4.7.5 Effect of the I nitial Concentration of Adsorbate

A defined mass of adsorbent can only adsorb a set amount of dye, which is
why theinitial concentration of dye within the effluent is one among the important
factorsto be studied. The effect of the increase within the initial dye concentration
would increase the loading capacity of the adsorbent by decreasing the available

adsorption sites, thisresult decrease within the performance removal of dye or other
17
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contaminants. Therefore, the share of dyeremoval relieson theinitial concentration
[34] .

1.4.7.6 Effect of lonic Strength

The presence of salts (NaCl) as might screen the attractive forces between
opposite charges in the adsorbent and adsorbate molecules, hence lowering the
adsorbate uptake. On the contrary, adsorbate dissociation may be facilitated by the

presence of foreign ions with an overall improvement in dye adsorption [48].

1.5 Adsorbents

1.5.1 Carbonaceous Nanomaterials

Carbonaceous means any organic material with high carbon content. The
"carbon" is stands for the periodic table's sixth element[49].There are countless
different ways that carbon can be found , the two allotropes of carbon that are most

common are graphite and diamond.

Graphene

Fullerene Nanotube Graphite
A fie s
"ll. '\;3 L ":'.\-\
— NEETTN
S~ e
=
(d) 3

(b)

Fig. (1-3): Different dimensions of carbon-based nano adsorbent [50]

Graphite is made of stacked hexagonal carbon sheets that have undergone
sp? hybridization. When carbon undergoes sp? hybridization, a metastable form of

18
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carbon, it creates a tetrahedral lattice diamond[32].Nano technology has been used
to develop sort of carbonaceous materials whose dimensions aren’t greater than
nanoscal e (100 nm) with new properties and capacities that qualify them to be used
as an activate adsorbent. In comparison to activated charcoal, carbonaceous nano-
adsorbents can be manufactured for less money and have an overly large reactive
surface, effective adsorption rates with the least amount of materials, and so on[49].
Numerous nano adsorbents are divided into groups according to their types and
dimensions (D) for the removal of dyes. Nanoparticles can be categorized as 0D,
1D nanofibers and nanotubes, 2D nanosheets, and 3D nanoflowers.
Graphene-based nano adsorbents, carbon nanotubes (CNTSs), fullerenes are
examples of carbonaceous nanomaterials in several dimensions that are used as
adsorbents for water treatment. As described above, nanostructured adsorbents
provide awide extent with an optimum adsorption power. This adsorption potential
either physically or chemically is improved by surface functionalization, and
therefore the porosity available is promoted [46].Beside to the environmental
treatment, the carbonaceous nanomaterials have widespread interest in severd
applicationsrelying on their outstanding of thermal and electrical conductivity, also
the mechanical strength (high flexibility and high tensile strength) properties,
including medical domain asdrug delivery, catalysis, super capacitors, air filtration
etc.[49] .

1.5.1.1 Graphene Oxide (NGO) Nano-Sheets

Graphene is a 2D substance made from graphite (3D),graphene is a
honeycomb structure made up of sp? hybridized linked carbon atom lattice, with
high specific surface area41].NGO can be made in various ways, including
brodie's and hummer's methods [51] as shown in fig ,pure NGO with numerous
hydroxyl (—OH), carbonyl (—CO), epoxy (—COC), and carboxyl (—COOH) groups
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Fig. (1-4): Mechanism of graphene oxide synthesis[52]

Graphene oxide presents a high adsorption capacity because of its particular
properties. high specific surface area, rich oxygen functiona sites with both
hydrophilic and hydrophobic groups and good thermal and chemical stability[39].
Thus, graphene oxide can be used in the decontamination of wastewater due to its
adsorption properties, having the ability to remove one or more toxic compounds,
NGO has attractive electrical, optical, and chemical capabilities because of its
graphene skeleton and oxygen content These oxygen groups can bind metal
ions,[51] and positively charged organic compounds, through coordination and
electrostatic interaction. However, like other negatively charged adsorbents, NGO
exhibits low affinity for anionic dyes, due to the strong electrostatic repulsion
between them[53].

1.5.2 Chitosan (CS)
Chitosan, a copolymer of p[1,4]-linked 2-acetamido-2-deoxy-D-
glucopyranose and 2-amino-2-deoxy-D-glucopyranose, is generally obtained by

deacetylation of chitin, one of the most natural polymers on earth a maor
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component of the shells of crustacea such as crab, shrimp, and crawfish and the

second most abundant natural biopolymer after cellulose[54].

CH, CH;, CHs
°=<NH oH °=<NH OH o:<
Deacetylation NH NH
HO 0 O  Ho o 2
NH 0 g HO 0 0
OH O=< OH NH,
Chy OH OH

Fig. (1.5): Conversion of chitin to chitosan by deacetylation

Where chitin is N-deacetylated to such an extent that it becomes soluble in dilute
agueous acetic acid[55] The degree of deacetylation (%DD) generally dictates the
physicochemical and biological properties of CS. Chitosan with its higher
deacetylation degree, carries more positive charges, it exhibits better performance
in removing pollutants by adsorption, coagulation, or bacteriostasis than agents of
a lower deacetylation degree [56] . Chitosan has free hydroxyl groups and amino
groups on its backbone, which can be easily modified by many organic
reactions.[57] Application of chitosan is limited due to its poor solubility in
common organic solvents. Again in biological fields its applications are limited
becauseit isinsolublein water and can only be dissolved in acids [58,59]. Chitosan
that is used as an adsorbent has drawn attentions due to its high contents of amino
and hydroxy functional groups showing high potentials of the adsorption of dyes,
the free amino-hydroxyl groups enable CS such properties as antibacterial, heavy
metal chelation, protein affinity [42].

As mentioned in other reviews and articles, several important reasons make
chitosan -based material a good adsorbent:

(1) Chitosan is an abundant, cheap resource, which makesit economically viable
(2) With abundant amino and hydroxyl groups, chitosan has a good adsorption
capacity for many pollutions [60].
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(3) Chitosan can be easily modified through physical or chemica methods for
more versatile applications.

(4) As abiodegradable polymer, chitosan is non-toxic and environmental
friendly[61].

1.5.3 Nano Graphene Oxide-Chitosan (NGO-CS) Composite

NGO exhibits low affinity for anionic dyes, due to the strong electrostatic
repulsion between them [53], besides, nano graphene oxide, tend to aggregatein a
layer-by-layer mode due to strong interplanar interactions. As aresult, when these
2D sheets are made into powder, a considerable part of their surface area will be
lost. Using the dispersion of single-layered NGO as an absorbent allows one to
utilize the surface area to the utmost extent, but these NGO sheets are difficult to
collect from water. Thus, how to make use of the surface area of NGO is another
issue one should consider when developing NGO-based adsorbents. [62-64] the
incorporation of CS can provide NGO-CS composite hydrogels with the ability of
adsorbing anionic dyes. In fact, our study demonstrates that NGO-CS composite
hydrogel have large adsorption capacity towards both cationic and anionic dyes, as
well as metal ions. The adsorption capacities of the hydrogel towards different
adsorbates can be adjusted by changing the composition of the hydrogel, and the
adsorption process the NGO-CS hydrogel can be easily collected from the water by
filtration or decantation. Moreover, wewill further show that the NGO-CS hydrogel
can be used as column packing, to fabricate a column for water purification by
filtration.
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1.6 Desorption Studies

Through the economy perspective, researchers has put monumental effortsin
designing novel adsorbents that can be regenerated and also present long-term
stability for continuous and sustainable operation of wastewater treatment
plantg[39]. Desorption studies help to explain adsorbate and adsorbent recovery,
and the adsorption mechanism. Since the regeneration of the adsorbent makes the
treatment process economical, desorption studies were performed to regenerate the
spent adsorbent[65] . The process of adsorbent regeneration is a complex task, as
the desorption depends on the adsorbent, the adsorbate (different types of dyesionic
nature), and the adsorption process. In adsorption—desorption studies, it is essential
to examine the reusability of the adsorbent. Between dye removals, the adsorbent
should be cleaned and regenerated to ensure that it can continue to be used and the
water treatment can be reproduced. There are different desorption methods as using
acetone, acetonitrile and ethanol etc. Equation (1.8) using to determine desorption
%.

Ca—Va
geXW (1.8)

e Desorplion=

Where: Cy, V4, W, and (e are the desorbed dye concentration (mg L), volume of
desorption solution (L), mass of dye loaded adsorbent (g), and adsorption capacity
(mg g%), respectively[39].

1.7 Membrane Filtration

The membrane filtration technique has drawn more attention than other

treatment technologies for water purification. Membrane technique is considered
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an effective and economical approach in many fields of wastewater treatment, its
performance significantly depends on the selectivity and permeability of the
membrane materials. High energy consumption caused by membrane fouling and
other problemslimited the wide application of thistechnique. Thetechnique suffers
from high capital cost and has arisk of clogging. Frequent membrane replacement
IS one more disadvantage of this process. This method is suitable, if the effluent
contains alow concentration of dyes. Membrane filtration has the ability to work
In combination with other effluent treatments. This method is not only restricted to
organic contaminants and microorganisms present in wastewater but to salts
membrane filtration, used for color removal, BOD reduction, salt reduction,
polyvinyl acetate (PVA) recovery, and latex recovery, among others. The method
Isresistant to temperature, the membrane filtration can be detrimentally influenced
by microbes. The remaining.

The common membrane filtration types are Micro-Filtration (MF), Ultra-
Filtration (UF), Nano-Filtration (NF), and Reverse Osmosis (RO). The choice of
the membrane process is influenced by the required quality of the final effluent
[66].

Considerable studies have reported that incorporation of carbonaceous
nanomaterials into membranes make it possible to improve the sdectivity
permeability and fouling resistance of membranes. Microporous membranes with
a pore size about 0.1-5 pum can only be used for filtering particles with 1-10 pm,
which limits their applications in water purification. Meanwhile, nano porous
membranes exhibited high performance for water purification. They can filter most
of the pollutants (1-10 nm) such as metalic ions, organic molecules, salts, and
microbes from wastewater[67]. To design high performance nano-porous
membranes for water purification, many kind of inorganic, organic, and inorganic-
organic hybrid materials have been utilized. For instance, the water desalination by

using nano porous single-layer graphene[68] .
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1.7.1 Types of Nano-por ous M embranes

Nano-porous membrane for water purification can generaly be divided
Into three types based on their material composition[69]:
1-inorganic membranes.
2- organic membranes.
3-inorganic-organic hybrid membranes.
Inorganic membranes are mainly made of ceramics (Al,Oz, TiOy, ZrO,, SOy, TiO,-
SOy, TiO,-ZrO,, Al,05-SiC), graphene[ 70], and carbon nanotubes (CNTs) Organic
membranes are mainly made of polymeric materials such as polyvinyl acohol
(PVA), polyimide (Pl), polypropylene (PP), polyethersulfone (PES), cellulose
acetate (CA), cellulose nitrates, polysulfone (PSU), polyvinylidene fluoride
(PVDF), polyacrylonitrile (PAN), polytetrafluoroethylene (PTFE), and
biomacromolecules. Inorganic-organic hybrid membranes are usually made by
introducing inorganic materials (metals, metal oxide, or carbon-based materials)

into a polymeric matrix system[71].

1.8 Literature Survey

1- (Pand & Subrata et al. 2016) studied the interaction of graphene oxide (GO)
with amino acids bearing variable charge, by using isothermal titration calorimetry.
To explorethe effect of lateral size and degree of oxidation in GO. The results show
that the interactions of GO with amino acids are mainly governed by electrostatic

and n— interaction with variable enthalpy and entropy values[72].

2-(Shahzad & Asf et al. 2017) synthesized Ethylenediaminetetraacetic acid
(EDTA)-functionalized magnetic chitosan (CS) graphene oxide (GO)

nanocomposites (EDTA-MCSGO) were using a reduction precipitation method
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and applied to the remova of heavy metals, such as Pb?", Cu?" and As*, from
agueous solutions. The influence of various operating parameters, such as pH,
temperature, metal ion concentration, and contact time on the removal of the meta

ions, wasinvestigated. Studied Langmuir and Freundlich isotherms and kinetic[ 73].

3- (Hossein & Hossan et al. 2018) synthesized magnetic chitosan/graphene oxide
nanocomposite (MCGON) .The magnetic MCGON with a high specific surface
areaof (132.9 m? g1), large pore volume (4.03 cm?® g1), small particle size (15 nm)
and strong saturation magnetization (3.82 emu g?') was used as an efficient

adsorbent for the removal of Cu?* ions from wastewater[74].

4- (Sarkar & Amit et al. 2019) developed biopolymeric GO with magnetic
activity, namely, cl-CS-p(MA)/Fe;O4NPs. has been and used for the removal
cationic dye in significant quantity, e.g., methylene blue (MB), which isused as a
model water pollutant [75].

5- (Sohni & et al. 2019) synthesi zed magnetic chitosan-graphene oxide composite
(Cs-GO) has been and used for the removal of two common textile dyes; acid red-
17 (AR-17) and bromophenol blue (BPB). The effect of various parameters
including pH, time, adsorbent dosage, initial dye concentration, as well as
temperature. Present work reveal ed fast adsorption kinetics with removal efficiency
of around 79 and 97% for AR-17 and BPB, respectively, were studied using
Langmuir and Freundlich models. Thermodynamic anaysis uncovered the

spontaneous and endothermic nature of dye-composite interaction [39].

6- (Fathy & Mahmoud et al. 2020) prepared nanostructure reduced graphene
oxide by using catalytic acid spray (CAS) method in the existence of cobalt silicate

nanoparticles. The structure characterized by a number of modern techniques like

26



Cﬁapterl g@ I ntroduction

FTIR, transmission electron microscopy, X-ray diffraction, and Raman

characterizations [76].

7- (Sahli & Mohd Kamari et al. in 2020) studied of chitosan-graphene oxide (CS-
GO) nanocomposites, namely CS-GO 1% (w/ w), CS-GO 2% (w/w) and CS-GO
3% (w/w) as water-solubilizing agents for rotenone pesticide was evaluated for the
first time. The interaction of nanocomposites with rotenone was investigated
through adsorption study involving several experimental parameters such as
solution pH, initial concentration and contact time. Additionally, the adsorption
Kinetic data were best described by the pseudo-first order equation while the
adsorption equilibrium data were correlated well with the Langmuir isotherm
model. Based on Langmuir isotherm model, CS-GO 3% (w/w) exhibited the highest
adsorption capacity for rotenone. The CS-GO 1% (w/w), CS-GO 2% (w/w) and
CS-GO 3% (w/w) nanocomposites were able to increase the solubility of rotenone
in water by 34.40%, 38.80% and 46.30%, respectively [77].

8-(Jin & Xiaoheng et al. in 2021) Graphene oxide (GO)-based materials have
demonstrated promising potential for adsorption and purification applications, due
to its amphiphilic nature, GO offers the possibility of removing various kinds of
contaminants, including heavy meta ions and organic pollutants from agueous

environmentg[ 78].

9-(Samhan & Sahar et al. in 2021) The graphite oxide GO-450 nm was prepared
by oxidation-reduction reaction (Hummer's method) and studied the remova of
bromophenol blue dyes (BPB), The structure was confirmed by SEM and FTIR
spectroscopy. And studied the effect of several factors such as pH, adsorbent dose,
contact time, initial dye concentration and temperature on the adsorption of BPB

dye on GO particles was investigated. The adsorption isothermal (Langmuir
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isotherm model, the Freundlich model). The kinetic data for adsorption process

obeyed a pseudo-second-order rate equation. The thermodynamic parameters such
as AG, AH and AS[79].

1.8 Aims of the study

1- Synthesis and characterization of three nano-graphene oxide composites

¢ Nano graphene oxide-Chitosan (NGO-CYS).
¢ Nano graphene oxide- Methionine (NGO-M).
¢ Nano graphene oxide-Cysteine (NGO-C).

2- Using (NGO-CS, NGO-M, NGO-C) composites as adsorbents for water
treatment, to remove some organic pollutants from water, such as
bromophenol blue dye (BPB), and finding the optimal conditions for
adsorption for each composite.

3- Synthesis and characterization five membranes (NGO, CS, NGO-CS, NGO-
M, NGO-C), find out their efficiency to separate the organic pollutants such
as BPB dye and inorganic pollutants such as trace heavy metals (Ni2*, Cd?*,

Co?", Cu?* and Pb?"ions) from water.
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Experimental

2.1 Instruments and Chemicals

The instruments used in the present study and their model's, companies and origin

arelisted in Table (2-1), the chemicals listed in Table (2-2) respectively.

Table (2-1): Instruments used in study and their models, companies, origin and |aboratory

location.
Ser Devise Company | Origin Laboratory
Flame Atomic Absorption Misan University/
1 Spectroscopy, Al -1200 Aurora Canada | College of Science/
Chemistry Dep.
UV-Vis. Spectrophotometer, Misan University/
UV-1800 Shimadzu Japan | College of Science/
2 :
Chemistry Dep.
FT-IR Spectrophotometer, BPC Analysis Center
3 FT-1R-8400S Shimadzu Japan | Yarmouk/ Baghdad
. )é\ﬁf;/gl(l))lffractlon (XRD), Philips Holland Tehran/ Iran
5 Zeta Potential, SZ-100 Horiba Jab Tehran/ Iran
S anese
scientific
Zeta potential analyzer, Zeta The Science &
Plus Technology Ministry/
6 Brookhaven USA Water &
Environment Dep.
Probe Ultrasonicator, Misan University/
- FSFJIY 92-1IN Sino Sonics | China | College of Science/
Biology Dep.
Field Emission Scanning Al-Khora Company
3 Electronic Microscope Fei Holland | Yarmouk/ Baghdad
(FESEM), inspect f 50
Ultrasonic Bath Sonicator, Daihan Misan University/
WHC-A10H o China | College of Science/
g Scientific :
Chemistry Dep.
Misan University/
10 Vacuum Pump Value China | College of Science/
Chemistry Dep.
Misan University/
11 | pH-meter, pH 7110 Inolab Germany | College of Science/
Chemistry Dep.
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Table (2-2): Chemicals used and their chemicals formula, purities, companies and origin

Experimental

- Chemical .
Ser. Chemicals Formula Company Origin
1 | Sulphuric acid H2S04 ChemL ab. UK
p | Potessium KMnOx GCC UK
permanganate
3 | Graphite C CDH India
4 | Sodium nitrate NaNOs Thomas beaker India
5 | Hydrogen peroxide H202 Panreac applab Spain
6 Chitosan polymer (CeH11NOs) n | Alphachemica India
7 Cellulose nl_trate (CeH11N2010) n Fiscger India
membrane filters
8 | Sodium chloride NaCl Thomas beaker India
. S. d. line. CHEM :
9 (L-) Methionine CsHsN20:S Limited India
. S. d. line. CHEM .
10 | (L-) Cysteine CeH12N204S, Limited India
11 Dimethyl Formamide HCON(CH5)2 Thomas beaker India
(DMF)
1o | Bromophenolblue | L1 OsSBrs CDH India
indicator
13 Hydrochloric acid HCI Applichem USA
14 | Sodium hydroxide NaOH ChemLab. UK
15 | Acetic acid CH3COOH ChemLab. UK
16 | COopper sulphate CuSO4.5H;0 Pubchem China
pentahydrate
g7 | Cdmiumsuiphate | e ah,0 Pubchem China
octahydrate
18 | Lead nitrate Pb (NOz)2 Merck UK
Cobalt sulphate
19 hepiaydrate C0S04.7H20 Merck UK
Nickel sulphate .
20 hexahydrate NiSO4.6H20 Merck UK
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2.2 Synthesis of Nano Graphene Oxide (NGO)

Nano graphene oxide synthesized by modified Hummer's method [80][51]
Added 0.60 g graphite and 0.50 g sodium nitrate, dissolved in 23 mL cooled (0 °C)
concentrated sulphuric acid in beaker onto ice bath, stirring for 15 min. Added 3.0
g potassium permanganate gradually to the suspension (black color), continuous
stirring to keep the reaction temperature below 20 °C onto ice bath for 30 min. The
reaction beaker placed in stirring water bath at 35 °C for 2 hrs. (the suspension
changed to dark brown). Added 50 ml deionized water gradually (by dropper) into
the suspension over a hot plate magnetic stirrer, the temperature kept below 98 °C,
for 15 min, added 100 mL of warm deionized water, added 10 mL of hydrogen
peroxide 30% gradually (by dropper) for 15 min. The suspension separated by
centrifuge (4000 rpm for 5 min), the precipitate washed with warm hydrochloric
acid (5% v/v) to remove sulphate ions (test by BaCl,), the precipitate washed with
deionized water until the pH of washing solution became 7.0. The product
(graphene oxide) dried in oven at 60 °C for 1 hr. Added 0.5 g of Graphene oxide to
50 mL of N, N-di methyl formamide and sonicated by Probe ultrasonicator for 30
min, the suspension separated by centrifuge (4000 rpm for 10 min) the separated
residue dried in oven at 60 °C for 1 hr. as shown in Fig(2-1) and Fig(2-2).

Fig. (2-1): (A) Oxidation of graphitein stirring water bath, (B) Synthesis of nano graphene oxide by
Probe ultrasonicator
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Fig.(2-2):The flow chart of the synthesis nano graphene oxide
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2.3 Synthesis Composites From Nano Graphene Oxide

2.3.1 Synthesis of Nano Graphene Oxide-Chitosan Biopolymer
Hydrogels Composite (NGO-CS) [81]

Dissolved 1.0 g of chitosan polymer in 50 mL of (1%) v/v acetic acid[60,82]
stirred until became homogeneous solution. Nano graphene oxide 5 mg added to a
few distilled water, sonicated by bath sonicator for 2 min. for dispersion, the NGO
suspension gradually added to the chitosan solution, stirred for 10 min. The mixture
was sonicated for 30 min. to remove bubbles. The NGO-CS solution was injected
by syringe needle (60 drops/min), 10 cm above sodium hydroxide solution 500 mli
(0.5 mol/L) ,the resulting NGO-CS microspheres kept stirred slowly in the
solution for 4 hrs,, filtered by Buechner funnel with aluminum foil sheet, washed
with (D.W) until the pH became neutral, dried for 48 hrs. a room temperature,
brown beads formed[83] as shown in Fig.(2-3) and Fig.(2-4)

(A) (B) ©) (D)

Fig. (2-3): Synthesis of NGO-CS composite, (A) Chitosan Polymer solution, (B) hydrogel
NGO-CS microspheres in NaOH solution, (C) hydrogel NGO-CS microspheres
on Buechner funnel with aluminum foil sheet, (D) NGO-CS brown beads
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In addition, NGO-CS film prepared by dissolved 1.0 g of chitosan polymer
in 50 mL of (1%) v/v acetic acid[82], stirred until became homogeneous solution.
Nano graphene oxide 5 mg added to a few distilled water, sonicated by bath
sonicator for 2 min. for dispersion, the NGO suspension gradually added to the
chitosan solution, stirred for 10 min. the mixture was sonicated for 30 min. to
remove bubbles, Chitosan-graphene oxide solutions subsequently poured into a
plastic petri dish, dried at room temperature for 48 hrs. to form film [81], as show
in Fig. (2-6).

Fig. (2-6): (A) NGO-CS solution poured into a plastic Petri dish (B) the NGO-CS film after dry

2.3.2 Synthesisof NGO-M Composite

In a beaker 0.5 g of NGO added to 50 ml DMF, ultra-sonicated for 30
min.,1.5 g of Methionine added, ultra-sonicated for 30 min. In a microwave, the
suspension was heated for 30 min. (140 W), the suspension washed with 200 mL
anhydrous ethanol severa times, followed by distilled water and ethanol, until
black powder formed NGO-M, dried at 70°C for 6 hrs. [83][84], as shown in Fig.
(2-7).
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2.3.3 Synthesis of NGO-C Composite

In abeaker 0.5 g of NGO added to 50 ml DMF, ultra-sonicated for 30 min.,
1.21 g of cysteine added, ultra-sonicated for 30 min. In a microwave, the
suspension was heated for 30 min. (140 W), the suspension washed with 200 mL
anhydrous ethanol several times, followed by distilled water and ethanol, until
black powder formed NGO-M, dried at 70°C for 6 hrs. [84, 85],
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2.4 Preparation of Solutions

2.4.1 Stock Solution of Bromophenol Blue Indictor (1000 mg.L™)

A stock solution of 3',3",5',5"tetrabromophenolsulfonphthalein (BPB) (M
= 669.98 g/mol) was prepared by dissolving 100 mg of the BPB dye in deionized
water into beaker, transferred quantitatively to volumetric flask (100 mL), filled up
to the mark with deionized water. The working standard solutions were prepared

by serial dilution of stock solution.

2.4.2 Stock Solution of Nickel (11) (1000 mg.L ™)

Nickel sulphate NiSO4.6H,0O (0.4476 gm) dissolved in a small volume of
(5% HCI) into beaker (50 ml), transferred quantitatively to volumetric flask (100
mL) filled up to the mark with deionized water. The working standard solutions

were prepared by serial dilution of the stock solution.

2.4.3 Stock Solution of Copper (11) (1000 mg.L 1)

Copper sulphate CuS0,4.5H,0 (0.3927 gm) dissolved in a small volume of
(5% HCI) into beaker (50 ml), transferred quantitatively to volumetric flask (100
mL) filled up to the mark with deionized water. The working standard solutions

were prepared by serial dilution of the stock solution.
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2.4.4 Stock Solution of Cadmium (11) (1000 mg.L ™)

Cadmium sulphate CdS0,.8/3H,0 (0.2281 gm) dissolved in asmall volume
of (5% HCI) into beaker (50 ml), transferred quantitatively to volumetric flask (100
mL ) filled up to the top mark with deionized water. The working standard solutions

were prepared by serial dilution of the stock solution.

2.4.5 Stock Solution of Lead (I1) (1000 mg.L™})

L ead nitrate Pb (NOs), (0.1598 gm) dissolved in asmall volume of (5% HCI)
into beaker (50 ml), transferred quantitatively to volumetric flask (100 mL) filled
up to the mark with deionized water. The working standard solutionswere prepared

by serial dilution of the stock solution.

2.4.6 Stock Solution of Cobalt (1) (1000 mg.L ™)

Cobalt sulphate CoSO,.7H,0 (0.4769 g) dissolved in asmall volume of (5%
HCI) into beaker, transferred quantitatively to volumetric flask (100 mL) and filled
up to the top mark with deionized water. The working standard solutions were

prepared by serial dilution of stock solution.

2.5 Optimum Conditionsfor BPB dye Adsor ption

2.5.1 Effect of pH [38, 31]

Beaker contains 20 ml of BPB dye (10 mg.L™), the pH of solution was set
by using (0.1M HCI) and (0.1M NaOH) at pH values (1,2,3,4,5,6,7,8,9,10,11 and
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12) by using pH-meter. The absorbance measured by using UV-Vis.

spectrophotometer at Aynax=437 nm or Anx=590.5 nm. according to the pH of the
solutions, added 10 mg of (NGO-CS) composite to each solution, left in an
incubator shaker for 60 min. at room temperature to oscillation. After adsorption
process, the adsorbent remained at the bottom of the conical flask, separated by
centrifuge (4000 rpm 10 min.), the absorbance of the residual dye solution
measured at the same wavelengths. The pH effect on the NGO-M and NGO-C
composites studied at the same method at pH range (0.5,1, 1.5,2,2.5,3 and 3.5).

@
By ‘

A B

Fig. (2-11): Show NGO-CS composite beads (A) before (B) after adsorption BPB dye

2.5.2 Effect of Adsorbent Dosage [38, 31]

In several conical flasks included 20 mL of BPB dye (10 mg.L™?) at pH =2
the absorbance of the solutions measured at Ama= 437 nm. different amount of the
NGO-CS composite (2,4,6,8,10,12,14 mg) added respectively, left in an incubator
shaker for (60 min) at room temperature, after adsorption process, the adsorbent
remained at the bottom of the conica flask, separated from the adsorptive by
centrifugation (4000 rpm 10 min.), the absorbance of the residual dye solution
measured at the same wavelength. The dosages effect on the NGO-M composite at
pH =3 and NGO-C composite at pH =1 was studied at the same method.
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2.5.3 Effect of Contact Time and Study Kinetic of Adsorption
[38,31]

Three conical flasks used each one containing 20 mL agueous solution of
BPB dye (10 mg.L™?), the first solution set at pH = 2 , the second solution at pH=3
and the third at pH=1, the absorbance measured for each solution by using UV-Vis.
spectrophotometer at Amax = 437 Nm, added 2.0 mg of each NGO-CS, NGO-M and
NGO-C composite to the three conical flasks respectively, kept inincubator shaker
for (15, 30, 45, 60, 75, 90 and 105 min.) at room temperature, after adsorption
process, the adsorbent remained at the bottom of the conical flask, separated from
the adsorptive by centrifugation (4000 rpm 10min.), the absorbance of the each
residual dye solution measured at the same wavelengths. In order to find out the
best adsorption kinetic description, different models were applied on the

experimental data

2.5.4 Effect of Temperature[38, 45]

The effect of the temperature on the adsorption process, 20 mL agueous
solution of BPB dye (10 mg.L %) on each NGO-CS, NGO-M and NGO-C composite
was studied at (15,25,35,45,55,65 and 75 °C) on the optimum conditions, pH,

composite weight and contact time for each composite.

2.5.5 Effect of Initial Concentration of BPB dye[38, 45]

The effect of the initial concentration of the BPB dye on the adsorption
capacity of the NGO-CS composite was studied by preparing series concentrations
of the BPB dye (5, 10, 15, 20, 25, 30 mg.L?) at the optimum conditions: pH =2,
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weight of 2 mg of composite, contact time =75 min. and temperature = 45°C. The
adsorption capacity was calculated for each concentration and the optimum initial
concentration was determined. The same steps was repeated for the NGO-M and

NGO-C composites at the optimum conditions for each composite.

2.5.6 Effect of lonic Strength[38 ,45]

The effect of ionic strength on the adsorption capacity for the NGO-CS,
NGO-M and NGO-C composites studied by preparing several solutions of BPB dye
20 ml (10 mg.LY), contains different concentrations of NaCl (0%, 5% 10%, 15%,
20%, 25%, and 30%) respectively, at the optimum conditions. pH, weight of

composite, contact time, temperature and concentration of dye, for each composite.

2.6 Adsor ption I sotherm [38, 45]

Adsorption isotherms were studied of NGO-CS composite by preparing the
following concentrations (5, 10, 15 and 20 mg.L ™) of the BPB dye at different
temperatures (15,25,35 and 45°C) respectively, 20 ml of BPB dye, at the optimum
conditions: pH =2, weight = 2 mg of composite and contact time =75 min., after
the adsorption process for each solution. The Freundlich and Langmuir isotherm
modelswere applied to the experimental datato eval uate which the best description
adsorption isotherm. The same steps was repeated for the NGO-M and NGO-C
composites at the concentrations (5, 10, 15, 20,25 and 30 mg.L) of the BPB dye,
temperature (15,25,35,45 and 55°C) at the optimum contact time and pH for each

composite.
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2.7 Desor ption study[39]

The desorption of the NGO-CS composite was studied, after completing the
adsorption process for BPB dye 20 mL (10 mg.L™?), at optimum conditions: pH =2,
weight of 2 mg of composite, contact time =75 min and temperature = 45°C, that
were previously determined. The NGO-CS composite beads filtered by Buechner
funnel with aluminum foil sheet, the beads dried at room temprature, weighted,
poured to 5 ml of acetone [39], |eft at room temperature for 24 hrs., the absorbance
of the filtered acetone was measured at Amax=322 nm, the percentage of desorption
calculated by Equation(1.8).

2.8 Membranes Preparation

2.8.1 NGO Membrane

NGO membrane (100 mg.L ) was prepared by adding 5 mg of NGO powder
to 50 ml deionized water, sonicated by bath sonicator (30 °C for 2 min.) for
dispersion, filtered by using a vacuum pump (-15 psi) with cellulose nitrate

membrane filter as a substrate (pores 0.22 um), as shown in Fig. (2-12) (A).

2.8.2 CS Membrane

CS membrane (100 mg.L?) prepared by dissolve 5 mg of chitosan polymer
in 50 ml of 1% acetic acid[82] filtered by vacuum filtration (-15 psi) with cellulose
nitrate membrane filter as a substrate (pores 0.22 ym), as shown in Fig. (2-12) (B).
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2.8.3 NGO-CS Membrane

NGO-CS membrane (100 mg.L™) prepared by dissolve 2.5 mg of chitosan
polymer in 50 ml of 1% acetic acid [82], 2.5 mg of nano graphene oxide added,
sonicated by ultrasonic bath (30 °C for 2 min.), filtered by vacuum filtration with
cellulose nitrate membrane filter as a substrate (pores 0.22 pm), as shown in Fig.
(2-12) (C).

2.8.4 NGO-M Membrane

NGO-M membrane (100 mg.L 1) was prepared by adding 5 mg of composite
to 50 ml of deionized water, sonicated by ultrasonic bath (30 °C for 2 min.) for
dispersion, filtered by vacuum filtration ( -15 psi) with cellulose nitrate membrane
filter as a substrate with pores 0.22 um), as shown in Fig. (2-12) (D).

2.8.5 NGO-C Membrane

NGO-C membrane (100 mg.L 1) was prepared by adding 5 mg of composite
to 50 ml of deionized water, sonicated by ultrasonic bath (30 °C for 2 min.) for
dispersion, filtered by vacuum filtration ( -15 psi) with cellulose nitrate membrane
filter as a substrate (pores 0.22 ym), as shown in Fig. (2-12) (E).
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Fig. (2-12): (A) NGO membrane (B) CS membrane, (C) NGO-CS membrane, (D)NGO-M
membrane, (E) NGO-C membrane on substrate (cellulose nitrate)

2.9 Applications of Membranes

2.9.1 Separation of BPB Dye by (NGO, NGO-CS, NGO-M, NGO-C
and CS) Membranes

Prepared 10 mg.L* of BPB dyein 100 mL as standard solution, absorbance
at Amax= 590.5 nm measured by using UV-Vis Spectrophotometer. Added 10 ml of
BPB dye solution to each membrane (NGO, CS, NGO-CS NGO-M and NGO-C)

filtered by using the vacuum measured at the same wavelength.
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(A) (B)

(©)

Fig. (2-13): CS membrane (A) before, (B) after separation of BPB dye

(C) Vacuum filtration pump

2.9.2 Separ ation of Ni?*, Cd?*, Co?*, Cu?* and Pb?" lons by (NGO,
NGO-CS, NGO-M, NGO-C and CS) Membranes

Standard solutions 20 ml (10 mg.L 1) of each element (Ni?*, Cd?*, Co?", Cu?*
and Pb?") prepared, added to each membrane (NGO, CS, NGO-CS NGO-M and
NGO-C) filtered by using the vacuum filtration (-15 psi). The concentration of each
metal filtrate ions measured by flame atomic absorption spectroscopy, after
calibration the device according to the conditions suitable each metal ions shown
in Table (2-3).
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Table (2-3): The analytical conditions for determination of metal ions by FAA

. Detection Working | Silt width
| 'on (hmax) limit rang Flame
"M | mgLy | (mgLy | M
1 Co** 240.7 0.015 2-10 0.2 Air [ Acetylene (99%)
2| Ni# 232.0 0.01 2-10 0.2 Air / Acetylene (99%)
3| cu | 3247 0.004 2-10 0.2 Air / Acetylene (99%)
4| Cco* 288.8 0.0022 2-10 0.2 Air / Acetylene (99%)
5| Pb?* 217.0 0.014 2-10 0.2 Air / Acetylene (99%)
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Result and Discussion

3.1 Spectral Characterization of NGO, NGO-CS, NGO-M
and NGO-C composites
3.1.1 Fourier Transform Infrared Spectroscopy (FT-IR)

The FT-IR spectrum of nano graphene oxide (NGO) as shown in Fig. (3-1)
broad band observed at 3000-3700 cmrirepresents the stretching vibration of-OH in
carboxylic and a cohol groups[51], while the band at 3124.68 c* refer to aromatic
C-H stretch of NGO. Peaks appeared at 1712.79 cm*and 1678.07 cmt which can
be assigned to vibration stretching C=0 of carboxylic groups and C=C on the basal
plan of NGO sheets respectively. The peaks appeared 1516.05 cm? refers to epoxy
group C-O-C, asshown in Table (3-1).
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Fig. (3-1): FT-IR spectrum of NGO

Table (3-1): The major peak bands of NGO

Functional Wavenumber Functional Wavenumber
Group (cm™) Group (cm-1)
O-H 3300-3700 C=C 1678.07
C-H (Ar) 3124.68 C-0-C 1516.05
C=0 1712.79
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The FT-IR spectrum of nano graphene oxide-chitosan composite (NGO-CS) as
shown in Fig. (3-2), appeared peak refers to carbonyl of amides group(-NHC=0) at
1651.07 cmt (This observation can be related to reaction of carboxyl groups of NGO
with amino groups of CS). Band at 1543.05 cm* could be attributed to C-N of NH |1
groups formed due to reaction between amino groups of CS and epoxy groups of
NGQ[77]. Peak observed at 2893.22 cm? attributed to C-H aliphatic of CS while,
discernible peak at 3112.32 cm? can be ascribed to aromatic C-H stretch of NGO, the
broad peak of OH groups at 3000-3700 cmr might be due to formation of hydrogen
bonding during interaction of NGO and CS, as shown in Table (3-2).

L hEIL

Fig. (3-2): FT-IR spectrum of NGO-CS composite

Table (3-2): The mgor peak bands of NGO-CS composite

Functional Wavenumber Functional Wavenumber
Group (cm™) Group (cm-1)
O-H, N-H 3000-3700 -NHCO 1651.07
C-H (Alph)) 2893.22 C=C 1633.12
C-H (Ar) 3112.32 C-N 1543.05
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The FT-IR spectrum of nano graphene oxide-methionine composite (NGO-
M) as show in Fig. (3-3), the broad band observed at 3000-3700 cm™ can be
attributed to the stretching vibration of O-H groups which is overlapped with N-H,
while the band at 3055.15 cm™* and 2915.47 cm? corresponds to the asymmetric
stretching vibrations of aromatic C-H of NGO and aliphatic C-H for the amino acid
(methionine), respectively. While the sharp peak at 1712.79 cm™ corresponds to
C=0 of carboxylic groups. Tow peaks appeared at 1654.92 cm™ and 1612.49 cm'*
the first peak represents C=0 stretching vibrations of -NHCO results from the
interaction of the COOH group of NGO with the -NH> of methionine, while the
second peak represents C=C mode of the sp? carbon skeletal network of NGO.
Appeared band at 1516.05 cmt could be attributed to C-N of NH |1 groups formed
due to reaction between amino groups of methionine and epoxy groups of NGO, as
shownin Table (3-3).

| hisliny —1]

Fig. (3-3): FT-IR spectrum of NGO-M composite

Table (3-3): The major peak bands of NGO-M composite

Functional Wavenumber Functional Wavenumber
Group (cm™) Group (cm-1)
O-H, N-H 3402.11 C-N 1577.77
C=0 1712.79 -NHCO 1654.92
CHum CHa | 2915.47, 3055.15 Cc=C 1612.49
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The FT-IR spectrum of nano graphene oxide-cysteine composite (NGO-C)
as show in Fig. (3-4), The band observed at 3000-3700 cm! can be attributed to the
stretching vibration of O-H groups which is overlapped with N-H stretching
vibration, while the band at 3108.80 cm* and 2958.80 cm* corresponded to the
asymmetric stretching vibrations of aromatic C-H of NGO and aliphatic C-H for
amino acid (cysteine), respectively. While the sharp peak at 1711.22 cm?
correspondsto C=0 of carboxylic groups. absorption band appeared at 1647.21 cm
! represents C=C stretching mode of the sp? carbon skeletal network of NGO, while
the peak at 1550.77 represents to C-N of NH II groups formed due to reaction
between amino groups of cysteine and epoxy group of NGO. The S-H group of
cysteine has a sharp peak at 3201.83 cm?, as shown in Table (3-4).
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Fig. (3-4): FT-IR spectrum of NGO-C composite

Table (3-4): The major peak bands of NGO-C composite

Functional Wavenumber Functional Wavenumber
Group (cm™) Group (cm-1)
O-H, N-H 3000-3700 C-N 1550.77
C=0 1711.22 C=C 1647.21
C-H @) 3108.80 SH 3201.83
C-H (aiph) 2958.80 -NHCO 1647
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3.1.2 X-Ray Diffraction Spectroscopy (XRD)

The XRD spectrum measured in arange (5°-80°) of 20 at 0.154 nm (copper
source). The XRD peaks of NGO appeared at (20=11.1297°) high intensity
corresponding to interlayer spacing of (d=7.94350A°), (20= 42.4972°) low intensity
with interlayer spacing of (d=2.12546 A®) and (20= 9.1074°) low intensity with
interlayer spacing of (d=9.70232 A”®), as shown in Fig. (3-5), The obtained results
agree with the previous studies[86,87].

As for NGO-CS composite appeared at (20=20.3255") high intensity
corresponding to interlayer spacing of (d=4.36929 A®) and (20= 35.4690°) low
intensity with interlayer spacing of (d=2.53092 A") as shownin Fig. (3-6), themain
peaks of NGO are disappeared by react with chitosan (CS) proved the presence
pure phase of the synthesized NGO-CS composite so the results agree with the
previous studies[87].

The NGO-M composite appeared at (20= 34.02) high intensity
corresponding to interlayer spacing of (d=2.63 A°), (20 = 38.80°) medium intensity
with interlayer spacing of (d=2.36 A°), (20= 48.86") medium intensity with
interlayer spacing of (d=1.86 A"), (20=54.73") low intensity with interlayer spacing
of (d=1.67 A°) and (20= 55.35°) low intensity with interlayer spacing of (d=1.56 A°)
asshownin Fig. (3-7).

NGO-C composite appeared at (20= 34.05") medium intensity corresponding
to interlayer spacing of (d=2.63 A°), (20= 38.80°) low intensity with interlayer
spacing of (d=2.36 A"), (20= 48.86") low intensity with interlayer spacing of
(d=1.86 A", (20= 54.73") low intensity with interlayer spacing of (d=1.67 A®), (20=
55.35") low intensity with interlayer spacing of (d=1.56 A°), (20= 62.15") low
intensity with interlayer spacing of (d=1.49 A®) and (20= 65.24°) low intensity with
interlayer spacing of (d=1.43 A®) as shown in Fig. (3-8).
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The peaks Appearance at severa angles compared to the NGO, and this
indicates that methionine and cysteine were successfully attached to the NGO
surface during the modification[83].The particle size calcul ated by Debye-Scherrer
Equation(3.1)[88].

Where: D particle size, K Scherrer's constant equal 0.9, A wave length of x-ray
radiation source, B full width at half maximum (FWHM), 6 X-ray diffraction angle
in radians.

The average particles size of synthesized NGO, NGO-CS, NGO-M and NGO-C
composites are (7.4, 10.8, 16.83 and 19.52 nm) respectively, as shown in Table
(3-9)
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Fig. (3-5): XRD pattern of NGO
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Fig. (3-8): XRD pattern of NGO-C composite
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Table (3-5): Vaues of 26 and d-spacing of NGO, NGO-CS, NGO-M, NGO-C

Compound gazgi(ﬂ% (d ef;?ee) d-s&o:ocji ng
11.1297 7.94350
NGO 7.4 42.4972 2.12546
9.1074 9.70232
20.3255 4.36929
NGO-CS 10.8
35.4690 2.53092
34.02 2.63
38.80 2.63
NGO-M 16.83 48.86 1.86
49,51 1.83
54.73 167
55.35 1.65
34.05 2.63
38.80 2.32
54,72 167
NGO-C 19.52 55.35 1.65
58.43 157
62.15 1.49
65.24 143

3.1.3 Field Emission Scanning Electron Microscopy Analysis
(FESEM)

The FESEM used to study the surface morphology of NGO, CS membranes,
as well as NGO-CS, NGO-M and NGO-C composites membranes, where the
corrugation shape is observed of nano sheets. The NGO membrane contain a high
porosity[69], pores size (52.31-613.2) nm at different scales, as shownin Fig.(3-9).
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Fig. (3-9): FESEM images of NGO membrane at (50um, 3um, 1um and 500 nm) scales
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Fig. (3-10): FESEM images of CS membrane at (50 um, 3 pm, 1um, 500 nm) scales

The CS membrane contain a high porosity, the range of pores size (63.14-
972.4) nm at different scales as shown in Fig. (3-10).
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Fig. (3-11): FESEM images of NGO-CS membrane at (50 pm, 3 pm, 1um and 500 nm) scales

No obvious CS particles are found in FESEM images of NGO-CS composite,
indicating a uniform distribution of NGO sheets in CS [89]. The interconnected
pores enable the diffusion of solute throughout the composite, pores size (49.53-

347.5) nm at different scales as shown in Fig. (3-11).
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Fig. (3-12): FESEM images of NGO-M membrane at (50 pm, 3 pm, 1um and 500 nm) scales
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det pressure  WI

Fig. (3-13): FESEM images of NGO-C membrane at (50 um, 3 um, 1um, 500 nm) scales

The NGO-M and NGO-C membranes contain a high porosity, the pores size (84.8-
326.0) nm and (55.32-147.01) respectively at different scales, as shownin Fig. (3-
12) and Fig. (3-13). Low wrinkled above nano sheets surfaces, has more sensitive

and show better recovery ability [90].
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Table (3-6): Summary range pores size of NGO, CS, NGO-CS, NGO-M, NGO-C

membranes
Membranes Poressize (hm)

Min. Max.

NGO 52.31 613.2

CS 63.14 972.4
NGO-CS 49.53 347.5
NGO-M 84.8 326.0
NGO-C 55.32 147.01

It was concluded the distribution of poresin the membranesareirregular and
the size of the pores are heterogeneous, and some pores size located within

nanoscale (< 100 nm).

3.1.4 Zeta Potential Analysis

Zeta potentias study the surface charge of a particle which affects the
nanomateria agglomeration and adsorption of ions onto nano surface[91]. Mobility
and zeta potentia anayzed for NGO, NGO-CS, NGO-M, NGO-C by
electrophoresis light scattering (ELS) method .The values of mobility and zeta
potential shown in Table (3-7).

Table (3-7): Vaues of mobility and zeta potential for NGO, NGO-CS, NGO-M, NGO-C

Comp. Zeta potential (mV) | Mobility (cm?V. s) Charge

NGO -17.17 -0.000134 Negative
NGO-CS -17.5 -0.000135 Negative
NGO-M -15.33 -0.000126 Negative
NGO-C -14.36 -0.000115 Negative
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Fig. (3-14): Zeta potential of (A)NGO, (B)NGO-CS, (C)NGO-M, (D)NGO-C composites
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3.1.5 Flame Atomic Absor ption Spectr oscopy

3.1.5.1 Determination of Calibration Curvesfor Metal lons by

Flame Atomic Absor ption Spectroscopy

The standard calibration curvesfor (Ni%*, Cd?*, Co?*, Cu®* and Pb?*) bivalent
ions has determined by flame atomic absorption spectroscopy (FAAS) according
to the manual instructions of (Aurora Al-1200) for each analyte with the limit of
detection (LOD), the lowest concentration level that can be determined to be
statistically different from the blank, gives a signal above the background signal by
three times of the standard deviation of the background signal, Equation (3.2).

_ S
LOD=33+ 5o . (3.2)

Where: the slope of calibration curve of the analyte, Standard deviation (S) in
statistics, the standard deviation is a measure of the variation or dispersion amount
of aset of values asin Equation (3.3)[92].

Where: xi absorbance values of standard solution at same concentration, X average
of absorbance values, n number of absorbance values. Series of standard solutions
has prepared (2,4.6.8 and 10 mg .L™?) for each ion, the standard calibration curves
of the analyteions are shown in Fig. (3-15) to (3-19).

63



Result and Discussion

rra A s s ol oemin
159, 5 4% s :
A= [T
é L
Fig. (3-15): Calibration curve of Lead (Pb?")
III-"' (TR T T s T T
2 8 =B H R -'I'I=l:'l+ i
A= e s
E;
Fig. (3-16): Calibration curve of Nickel (Ni?*)
ﬁ-ﬂ- L omyprmmmt ol f oy ) 0 oy e
LR L R ] -.1.1-_--:«.--.-
- = s
i :

sy e i iy s, vmep’L

Fig. (3-17): Calibration curve of Cobalt (Co?")
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Fig. (3-18): Calibration curve of Cadmium (Cd?")
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Fig. (3-19): Calibration curve of Copper (Cu?")

3.1.6 UV-visible Spectrophotometer

3.1.6.1 Determination wavelength maximum (A max) of BPB by
UV-visible Spectrophotometer

The absorption spectrum of BPB dye (C19H10Br4OsS) was obtained by UV -
Visible spectrophotometer as shown in Fig. (3-20) and (3-21).
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Fig. (3-20): Absorption spectrum of BPB dye in acidic media

Fig. (3-21): Absorption spectrum of BPB dye in neutral media

The maximum absorption wavelength of BPB dye was A ma = 437 nm and

max = 590.5 nm in the acidic medium and neutral medium respectively.
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Fig. (3-21): Absorption spectrum of BPB dye in neutral media

3.1.6.2 Deter mination the Calibration Curve of BPB Dye by
UV-visible Spectrophotometer

The calibration curve of BPB was determined by using series of standard
solutions (2,4,6,8 and 10 mg.L ) of BPB dye, at A ma = 437 nm. (acidic media pH<
4) and the A max =590.5 nm. (neutral media pH > 4) as shown in Fig. (3-23) and (3-

24) respectively.
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Fig. (3-23): Calibration curve of BPB dyein acidic media
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Fig. (3-24): Calibration curve of BPB in neutral media

3.2 Optimum Conditions of Adsor ption

The NGO-CS, NGO-M and NGO-C composites has many functiona
groups, like carboxylic acids, epoxides, alcohols, amide and amine. Thus, it can
interact with the organic dye like BPB dye. There are many factors can affect the
adsorption mechanism, pH, dosage of composites, contact time, temperature, dye

concentration, and ionic strength.

3.2.1 Effect of pH

BPB dye is an acid-base indicator, thus the degree of ionization of the
functional groups of BPB dye is also affected by pH. BPB dye acts as weak acid-
base system (HIn/In-), where (In") form has a different color than the (In’) formin

the aqueous solutions. In” form of BPB dye absorbs red light and transmits blue
color, therefore the solution of dyeis blue. At low pH the (HIn) form of BPB dye
absorbs ultraviolet light and transmits yellow color, so the solution of dye appears

yellow color in pH < 4.0. as shown in Fig. (3-25).
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Fig. (3-25): Dissociation equilibrium of BPB dye in different pH medig 93]

This can be ascribed to three types of interactions between NGO-CS,
NGO-M and NGO-C composites and BPB dye [39].

(i)  pi-pi interaction between aromatic ring of BPB dyes and basal plane
(benzene rings) of three composites.

(i)  Hydrogen bonding.

(iii) Electrostatic attraction.

Fig. (3-26) A,B,C shown the effect of pH on the adsorption of BPB dye on
NGO-CS, NGO-M and NGO-C composites respectively, the results show the
maximum adsorption capacity of dyewasat pH =2,3 and 1 respectively, but beyond
this points adecreasing was observed. In NGO-CS, NGO-M and NGO-C the amide
bond has formed, interaction of-COOH groups of NGO with -NH; of chitosan,
methionine and cystine respectively, and NH Il groups formed due to reaction
between amino groups of chitosan, methionine and cystine and epoxy groups of
NGO[77]. Fig. (3-27, 3-28 and 3-29) are shows the structure of the composites.
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Fig. (3-26): Effect of pH on adsorption capacity of BPB at [Experimental conditions: dye
conc.=10 mg.L"%, composites dosage =10 mg; vol. = 20 mL, time = 60 min.
room temperature]. (A) NGO-CS composite, (B) NGO-M composite, (C)

NGO-C composite
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Fig. (3-27): Structure of NGO-CS composite [87]
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Fig. (3-28): Structure of NGO-M composite
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Fig. (3-29): Structure of NGO-C composite
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In agueous solutions, the amide and NH Il groups can be protonated or
deprotonated depending on the pH of the solution, which affect the charge surface
of composites. At low pH, the protonation of amide groups and NH Il groups of
composites forms a positive charge on the surface of the composites, increasing the
binding of BPB dye toward composites, but increasing the pH decline the
adsorption capacity attributed to the mutual repulsion between anionic dye and
negatively charged surface of the composites. Notably, NGO of NGO-CS remains
fairly negatively charged in awide pH range because of ionization of —-COOH and
phenolic -OH on the NGO sheets[39].Generally, the adsorption decreases with
increasing pH for anionic dyes, while it increases with increasing pH for cationic
dyes [43,44].

3.2.2 Effect of Adsorbent Dosage

The effect of the dosage of NGO-CS, NGO-M and NGO-C composites on
the adsorption of BPB dye was studied by using different weights of composites (2,
4,6, 8.10, 12,14 and 16 mg). Fig. (3-30) shown the adsorption capacity (mg/g) of
the dye on NGO-CS, NGO-M and NGO-C composites were decreased with
Increase the adsorbent dosage, because of the inversely relationship can be seen
Equation (1.1), so the best dosage was 2 mg. The reason for thisis attributed to the
agglomeration of composite surface particles, causes many pores and active sites
are not available [94]. When the dosage of the compositeislow, it will spread more
in the solution, which leads to the exposure of the great number of active sites for

adsorption.
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Fig. (3-30): Effect of Adsorbent dosage on adsorption capacity of BPB on NGO-CS, NGO-
M and NGO-C composites at pH=2,3 and 1 respectively. [Experimental
conditions: dye conc.=10 mg.L™, composites dosage (2, 4, 6, 8.10, 12,14
and 16 mg); vol. = 20 mL; time =60 min. and room temperature]

3.2.3 Effect of Contact Time

Equilibrium time is an essential parameter. The adsorption of BPB dyes
onto NGO-CS, NGO-M, NGO-C composites, was studied as a function of contact
time to determine the adsorption equilibrium timeas show in Fig.(3-31). Theresults

shows the adsorption capacity gradually increasing contact time, [95]
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Fig. (3-31): Effect of contact time on adsorption capacity of BPB for NGO-CS, NGO-M and
NGO-C composites at pH=2,3 and 1 respectively. [Experimental conditions: dye
conc.=10 mg.L %, composites dosage=2 mg; volume = 20 mL, time = (15-90 min

room temperature]
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The maximum adsorption capacity was a about 75 min for NGO-CS
composite and 60 min for NGO-M and NGO-C compositesrespectively. Therefore,
these times were chosen as an optimum contact time or equilibrium time, the
adsorption was fast at the beginning and speed up with the increasing time until
reaching the equilibrium state. The rapid adsorption at the beginning attributed to
the available of the active sites, but after that will be occupied.

3.2.4 Effect of Temperature

It is very important to know the effect of temperature on the efficiency of
adsorption or desorption on a solid surface[36]. The adsorption capacity of BPB
dye onto NGO-CS, NGO-M, NGO-C composites, increasing with the rising of
temperature as show in Fig. (3-32), the maximum adsorption capacity of dye was
at T= 45°C for NGO-CS and NGO-C composites and T= 55°C for NGO-M

composite.
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Fig. (3-32): Effect of temperature on adsorption capacity of BPB for NGO-CS, NGO-M, NGO-
-C composites at pH=2,3,1 respectively. [Experimental conditions: dye
conc.=10 ppm, composites dosage= 2mg, volume = 20mL ; range
temperature =15-90 °C].
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3.2.5 Effect of TheInitial Concentration of Adsorbate

Studying the effect of theinitial concentration of BPB dye on the adsorption
onto NGO-CS, NGO-M and NGO-C composites, at the beginning the adsorption
capacity was gradually increased with increasing concentration of the BPB dye
until reaches the equilibrium state, at the concentrations (40,25 and 25 mg.L 1)
respectively as shown in Fig. (3-33).
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Fig. (3-33): Effect of Initial Concentration of BPB dye on adsorption capacity for NGO-CS,

NGO-M and NGO-C composites at pH=2,3and 1, temperature =45,55 and
45°C respectively. [Experimental conditions: dye concentration=5-50 mg.L™,
composites dosage=2mg; volume = 20mL]

3.2.6 Effect of lonic Strength

Theionic strength has influence on the nature and extent of electrostatic
Interactions between NGO-CS, NGO-M, and NGO-C composites with BPB dye, it
Is very important to investigate the influence of foreign electrolytes (in particular,
NaCl) on the interaction between dye molecules and the composites. Increasing
concentration of NaCl causes a decrease in capacity adsorption as show in Fig.(3-
34) by increasing theionic strength, more Na* and Cl-ions can occupied the charged
sites of the adsorbents, leading to suppress the electrostatic interaction (reduction

the electrostatic attraction and repulsion) [96].The increased ionic strength causes
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competition between the species in the solution, the cationic species Na* interacts
with the anionic dye causing the reduction of its adsorption capacity onto the
composites surface, the adsorption capacity can also be attributed to the
competition of the Cl- species with the anionic BPB dye on the charged site of
composites. According to these ionic competition interactions, the adsorption was

decreased with increasing of ionic strength[31].
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Fig. (3-34): Effect of ionic strength on adsorption capacity of NGO-CS, NGO-M and
NGO-C composites at optimal conditions

Table (3-8): Summary optimum condition of adsorption on NGO-CS, NGO-M and NGO-C

Composites
Dosageof | Contact Initial
: : Temperature | Concentration
pH composite time
: ©O) of BPB dye
(mg) (min.) (mg.LY)
NGO-CS 2 2 75 45 40
NGO-M 3 2 60 55 25
NGO-C 1 2 60 55 25
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3.3 Adsor ption Isotherm Models

There is arelationship between the amount of adsorbate on a certain solid surface
(Qe) and the concentration of the adsorbent at equilibrium (Ce) at constant
temperature. Giles shows that the adsorption isotherms from a solution classified
into four Main classes depending on the form of the initial slope of the isotherms
(S, L, H, C)asshow in Fig. (3-35).
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Fig. (3-35): Giles classification of adsorption isotherm[97]

IntheFig. (3-36), (3-37) and (3-38) it isclear that the adsorption of a BPB dye on
on NGO-CS, NGO-M and NGO-C composites according to the Gilles
classification, follows a pattern Sz the isotherm takes the form of (S-type), meaning
that the adsorbate molecules on the adsorbent surface are oriented obliquely or
vertically, which show that the amount of adsorbate at 288 K is the least, and then
it changes about Slightly at 298K, then the amount of adsorption increases at the
rest of the temperatures. In general, when the amount of adsorption increases with
increasing temperature, this means that the process is endothermic, and this
indicates that the goodness of the porous surface contributes significantly to the

occurrence of adsorption.
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Table (3-9): Qe and Ce vaues for the adsorption of BPB dye on the surface of NGO-CS

composite at different temperatures

(E) 288 208 308 318
Ci Ce Q Ceppm Q Ce Q Ce Q
ppm | ppm mg/g mg/g ppm mg/g ppm mg/g
5 1.821 | 31.784 1.611 33.884 1.225 37.74 0.909 | 40.90
10 3.592 | 64.079 2.991 70.087 2.280 77.19 1.780 | 82.19
15 4.905 | 100.94 4.099 109.009 3.205 117.9 2476 | 1252
20 7.011 | 129.88 5.366 146.337 4.081 159.1 3119 | 168.8
25 8.625 | 163.7 6.511 184.880 4.762 202.37 3511 | 2148
30 9.962 | 200.3 7.716 222.835 4.871 251.2 4711 | 252.8
—— 188 -2 T —=—318
nm
50+ A
- p -
ma | .f' - = b
of o -
2 m 4 4 - ad
g i f_-r#"“‘ o
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0 2 4 £ 1 10 12
Ce (mpmi)
Fig. (3-36): Adsorption isotherm of BPB dye on NGO-CS composite
Table (3-10): Qe and Ce values for the adsorption of BPB dye on the surface of NGO-M
composite at different temperatures
(E) 288 298 308 318 328
Ci Ce Q Ce Q Ce Q Ce Q Ce Q
ppm | ppm | mg/g | ppm | mg/g ppm | mg/g | ppm mg/g | ppm | mg/g
5 3.311 | 16.88 | 3.2757|17.242 2.736 | 22.633 | 2405 | 25.942 | 2.218 |27.81
10 6.211 | 37.88 | 5.9757(40.242 5173 | 48.263 | 4.961 | 50.386 | 3.8507 |61.49
15 10.119| 48.80 | 9.5720| 54.27 8.662 | 63.374 | 6.505 [ 84.942 | 5.9068 | 90.93
20 14.811] 51.88 | 13.021|69.798 12.593[ 74.063 | 11.05 | 89.494 |9.9005 |100.9
25 18.511| 64.88 | 16.920|80.798 | 14.762| 102.37 | 11.97 | 130.23 | 9.0905 | 159.0
30 23.611| 63.88 | 21.720]82.798 | 19.576| 104.23 | 16.70 | 13294 |13.850 | 1614
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Fig. (3-37): Adsorption isotherm of BPB dye on NGO-M composite

Table (3-11): Qe and Ce values for the adsorption of BPB dye on the surface of NGO-C
composite oxide at different temperatures

(E) 288 208 308 318
Ci Ce Q Ce Q Ce Q Ce Q
ppm ppm | mg/g ppm_ | mg/g ppm | mg/g ppm mg/g
5 3934 | 10.658 | 3.690 | 13.098 2986 | 20.130 | 2.3761 | 26.238
10 7793 | 22.065 | 6.957 | 30.427 5736 | 42.633 | 4731 | 52.686
15 11.003 | 39.965 | 9.9572 | 50.427 85792 | 64.207 | 65057 | 84.942
20 14811 | 51.880 | 12902 | 70979 | 11.059 | 89.4063 | 7.050 | 129.494
25 | 17.91193| 70.880 | 15.7092 | 92.907 | 13.0762| 119.237 | 8.0761 | 169.238
30 | 21.01193| 89.880 | 18.0201 | 119.798 | 14.762 | 152.374 | 8.9576 | 210.423
— J8E —B—T08 308 —=—318
2530
200 b
@ 130 -
=T}
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Ce (ppm)

Fig

. (3-38): Adsorption isotherm of BPB dye on NGO-C composite
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3.3.1 Langmuir Isotherm Model

The Langmuir adsorption model suggest a single molecular layer
adsorption, has been applied to the surfaces. The three composites NGO-CS, NGO-
C and NGO-M were expressed according to Equation (1-3) at different
temperatures drawing the relationship between C4J/Q. versus C,, where the slope

represents a/K_ either intercept /K.

3.3.2 Freundlich I sotherm Models

Freundlich equation was applied for the adsorption of the BPB dye on the
NGO-CS, NGO-C and NGO-M composites. Theisotherm was expressed according
to Equation (1.6), there is a linearity between log Q. versus log C,, (1/ n)

intersection, in order to calculate K.

Table (3-12) Langmuir and Freundlich parameters for the adsorption of the BPB on NGO-CS

Ci Langmuir isotherm Freundlich isotherm
ppm
K 2 2
(g Ru R Kr 1/n R
5 -11.5089 | _0.0176 0.999 39.950 -0.359 0.9842
10 -8.49994 |-0.0119 0.999 101.868 -0.352 0.9828
15 -8.45 -0.0079 0.999 167.9143 -0.3129 0.9836
20 -6.66097 | -0.0075 0.999 5.08E+08 -5.29137 | 0.9304
5 -6.57174 | -0.0061 0.999 1.22E+09 -5.51637 0.9355
20 -6.08812 |-0.0579 0.999 4.67E+08 -5.110393 | 09115
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Table (3-13) Langmuir and Freundlich parameters for the adsorption of the BPB on NGO-C

L angmuir isotherm Freundlich isotherm
Ci
ppm
(Ll.i;l) Ro R’ Ke 1/n R’
5 -0.67242 | 1042336 0.999 113.7545 -1.67678 0.98
10 -0.56088 | -0.21607 0.999 642.8397 -1.60290 0.9745
15 0,637 -0.1168 0.999 1060.339 -1.3396029 | g.9704
20 -0.75521 | -0.0709 0.999 7.75E+20 -15.390597 | 0.9386
5 -0.81783 | -0.05143 0.999 2.34E+20 -14.868290 | o456
20 -0.89305 | -0.03877 0.999 1.29E+20 -14.575068 [ (9461
Table (3-14): Langmuir and Freundlich parameters for the adsorption of the BPB
onto NGO-M composite.
Langmuir isotherm Freundlich isotherm
Ci
i (Lﬁgl) R, R Kr 1/n R’
5 -1.20029 | 019994 0.999 75.73087 -1.2398 0.9908
10 -1.3695 -0.07877 0.999 230.2888 -0.97101 0.9851
15 0,915 -0.07857 0.999 643.745 -1.0961723 | g.0878
20 -0.44815 | -0.12558 0.999 1.74E+15 -10.852581 | 0.9270
o5 -0.60971 | -0.07021 0.999 9.09E+20 115390542 | 9708
20 -0.31874 | -0.11679 0.999 1.89E+21 -15.644966 | .9702

The R. < 1 for all samples, which indicate the adsorption of BPB dye on
three composites are irreversible [98]. Table (3-12), (3-13) and (3-14) shows that
1/n <1 of the Freundlich isotherm for the three composites, 1/n values areless than
one which shows much of heterogeneity as aresult of diversity within the shapes

and sizes of the adsorbent pores[98].
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3.4 Adsor ption Thermodynamics

The temperature influence of BPB dye adsorption on NGO-CS, NGO-C
and NGO-M composite surfaces were studied at temperature, 288, 298, 308, 318,
and 328 k. The thermodynamic parameters provide details about the intrinsic

energy modifications which related to the adsorption. The parameters, free energy

(AG®), enthalpy (AH®) and entropy (AS°) of the adsorption were estimated by
following Equations[98].

AS®  AH®°

In Keq:T -T*T .......... (34)
Keg=Qe/Ce ... (3.5)
AG°® = AH°- TAS® .......... 3.6)

Where:
T isthe absolute temperature (K)

Keq isthe ability of adsorbate to retain and a measure of its movement within the
solution

R isthe general gas constant (8.314 J. K-1mol-1)

Qe isthe equilibrium capacity of adsorption (mg/qg).

(AH) and (AS) can be calculated from the slope and the intercept by drawing vVan't
Hoff plot (In K) versus (1/T)

Where:

Slope= —AH/R

Intercept = AS /R.

The estimated thermodynamic data for the adsorption of BPB dye on NGO-
CS, NGO-C and NGO-M composites are shown in Table (3-15, 3-16 and 3-17) and
from Fig. (3-39) to Fig. (3-56).The adsorption capacity increased with rising
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temperature, that means the process was endothermic, AH® was positive, al vaue

of AH <40 KJ/mol, so the adsorption of BPB dye on three composites is physical.

while the entropy AS® was positive describe increasing in randomness.The AG was

negative of the adsorption BPB dye for the three composites, confirmed

spontaneously of the adsorption processes, AG values also determine the rate of the

adsorption reaction, AG < 0 indicates physisorption process and indicated the

dominate adsorption too[99].
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Fig. (3-39): Van't Hoff plot for adsorption of (5mg.L **) BPB dye on NGO-CS composite
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Fig. (3-40): Van't Hoff plot for adsorption of (10 mg. L ) BPB dye on NGO-CS composite

83



Result and Discussion

Fig. (3-41): Van't Hoff plot for adsorption of (15 mg.L 1) BPB dye on NGO-CS composite
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Fig. (3-42): Van't Hoff plot for adsorption of (20 mg.L 1) BPB dye on NGO-CS composite
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0.0031 0.0032 0.0033 0.0034

Fig. (3-43): Van't Hoff plot for adsorption of (25mg.L 1) BPB dye on NGO-CS composite

Fig. (3-44): Van't Hoff plot for adsorption of (30 mg.L 1) BPB dye on NGO-CS composite
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Table (3-15): Thermodynamic parameters for adsorption of BPB dye on NGO-CS composite

Ci AH AS AG (KJ/ mol)
mg/L | (KJ/mol) | (J/K.mal) | 288K 298 K 308 K 318K
5 24.43231 108.054 -6.68723 -71.76777 -8.84831 -9.9288
10 24.48201 108.739 -6.83484 -7.92223 -9.00962 -10.097
15 22.96935 104.663 -7.1736 -8.22023 -0.26686 -10.313
20 27.22778 118.8321 | -6.99585 -8.18417 -9.3725 -10.56
25 29.80365 127.9129 | -7.03527 -8.3144 -9.5935 -10.872
30 26.97772 118.8597 | -7.25387 -8.44247 -9.631 -10.819
35 r
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Fig. (3-45): Van't Hoff plot for adsorption of (5 mg.L t) BPB dye on NGO-M composite
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Fig. (3-46): Van't Hoff plot for adsorption of (10 mg .L 1) BPB dye on NGO-M composite
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Fig. (3-47): Van't Hoff plot for adsorption of (15 mg. L™Y) BPB dye on NGO-M composite

Fig. (3-48): Van't Hoff plot for adsorption of (20 mg.L™t) BPB dye on NGO-M composite

Fig. (3-49): Van't Hoff plot for adsorption of (25 mg.L **) BPB dye on NGO-M composite

87



Result and Discussion
% Chapter 1l %

3
25
y =-943.94x + 5.7118
5 L R%?=0.9679
o
(]
~ 15 f
= In keq
1+t o [ Linear (In keq)
05
0 1 1 1 1 1
0.0027 0.0029 0.0031 0.0033 0.0035 0.0037
1T

Fig. (3-50): Van't Hoff plot for adsorption of (30 mg.L 1) BPB dye on NGO-M composite

Table (3-16): Thermodynamic parameters for the adsorption of BPB dye on NGO-M composite

Ci |AH AS AG KJ/mol

mg/L | KJ/mol JKmol | 288 K 298 K 308K [ 318K | 328K 338 348

5 1447 | 63.90 | -3.9309 -4.57 -5.209 | -5.984 | -6.487 | -7.126 | -7.765

10 1528 | 67.92 | -4.2762 | -4.95551 | -5.634 | -6.314 | -6.993 | -7.672 | -8.351

15 1894 | 7891 | -3.7850 | -4.5742 | -5363 | -6.152 | -6.941 | -7.730 | -8.520

20 16.33 | 68.10 | -3.2765 | -3.9575 | -4.638 | -5.319 | -6.000 | -6.681 | -7.363

25 2513 | 98.02 | -3.0999 | -4.0802 | -5.060 [ -6.040 | -7.021 | -8.001 | -8.981

30 2229 | 86.34 | -25764 | -3.43994 | -4.303 | -5.166 | -6.030 | -6.893 | -7.757
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Fig. (3-51): Van't Hoff plot for adsorption of (5 mg.L 1) BPB dye on NGO-C composite
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Fig. (3-52): Van't Hoff plot for adsorption of (10 mg.L 1) BPB dye on NGO-C composite

Fig. (3-53): Van't Hoff plot for adsorption of (15 mg.L 1) BPB dye on NGO-C composite

Fig. (3-54): Van't Hoff plot for adsorption of (20 mg.L ) BPB dye on NGO-C composite
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Fig. (3-55): Van't Hoff plot for adsorption of (25 mg.L 1) BPB dye on NGO-C composite
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Fig. (3-56): Van't Hoff plot for adsorption of (30 mg.L "t) BPB dye on NGO-C composite

Table (3-17): Thermodynamic parameters for the adsorption of BPB dye on NGO-C composite

AG (KJ/mol)
Ci AH AS
mg/L | (KJ/mal) | (J/K.mal) [ 288 298 308 318 328 338 348
K K K K K K K

5 21.2871 83.56 -2.7793 | -3.6150 | -4.450 -5.2863 -6.121 | -6.957 | -7.793
10 19.998 80.03 -3.0510 | -3.8513 | -4.651 -5.452 -6.252 | -7.052 | -7.853
15 18.7203 77.082 -3.4794 | -4.2502 | -5.021 -5.791 -6.562 | -7.333 | -8.104
20 24.901 98.43 -3.4484 | -4.4328 | -5.417 -6.4015 -7.385 | -8.370 | -9.354
25 253665 100.9032 -3.6935 | -4.7026 | -5.711 -6.7206 -7.729 | -8.738 | -9.747
30 26.5136 105.621 -3.9052 | -4.9615 | -6.017 -7.0739 -8.130 | -9.186 | -10.24
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3.5 Adsorption Kinetic

Two models, pseudo-first-order and pseudo-second-order, may be used to
explain the experimental data to characterise the mechanism of adsorption and the
potential rate[100].

3.5.1 Pseudo-First Order M odel

The pseudo-first-order kinetic model is given by the following equation[98][100].

In (Qe-Qt)=InQe-Kz.t..... (3.7)

Where: Qt: is the adsorption capacity(mg.g?l) at any time (min), Qe: is the
adsorption capacity at equilibrium (mg. g+, K. is the pseudo-first-order rate
constant for the adsorption process (min-).

The linearity of In (Qe— Q) vs (1).), the Slope equal K;, Qe calculated from
intercept as shown in Table (3-18, 3-19 and 3-20) , Fig. ( 3-57, 3-58 and 3-59) show
the pseudo-first-order datafor BPB dye adsorption on NGO-CS, NGO-C and NGO-

M composites.

Table (3-18): Pseudo-first order parametersfor the adsorption of the BPB on NGO-CS composite

t (min) Qt (mg/g) t/Qt(min.g/mg) Qe-Qt In (Qe-Qt) Ce (ppm)
15 58.9211 0.2545 8.2987 21161 4.1078
30 64.3153 0.4664 2.9045 1.0662 3.5684
45 65.5601 0.6863 1.6597 0.5066 3.4439
60 66.3900 0.9037 0.8298 -0.1864 3.3609
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Table (3-19): Pseudo-first order parameters for the adsorption of the BPB on NGO-M composite

t(min) Qt(mg/g) | t/Qt (min. g/mg) Qe-Qt In (Qe-Qt) Ce(ppm)
15 23.0645 0.6503 5.6451 1.7308 5.3871
30 27.0968 1.1071 1.6129 0.4780 4.5806
45 27.5806 1.6315 1.1290 0.1213 4.4838

Table (3-20): Pseudo-first order parameters for the adsorption of the BPB on NGO-C composite

t(min) Qt(mg/g) | t/Qt (min.g/mg) | Qe-Qt In (Qe-Qt) Ce(ppm)
15 42.3611 0.3541 22.2222 3.1010 5.76389
30 52.0833 0.5761 12.5002 2.5257 4.79167
45 54.1667 0.8307 10.4166 2.3434 4.58333
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Fig. (3-57): Pseudo-first orders kinetic plots for BPB dye adsorption on NGO-CS composite
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Fig. (3-58): Pseudo-first orders kinetic plots for BPB dye adsorption on NGO-M composite
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Fig. (3-59): Pseudo-first orders kinetic plots for BPB dye adsorption on NGO-C composite

3.5.2 Pseudo-Second Order Model
Pseudo-second order kinetic model is given by the Equation (3.7)[98] [100].

t/IQt=1/K2 Q&+ (1/Qe). t ... (3.8)

Where: Qt is the adsorption capacity at any time (mg/g), Qe is the adsorption
capacity at equilibrium (mg/g), t: isthe adsorption time (min), Kzistherate constant
(g/mg. min).
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v =0.0144x + 0.0338
R*=10.0999

Fig. (3-60): Pseudo-second order parameters for the adsorption of the BPB dye on NGO-CS
composite

y=0.032Tx - 0.1483
R*=0.9954

Fig. (3-61): Pseudo-second order parameters for the adsorption of the BPB dye on NGO-M
composite
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Fig. (3-62): Pseudo-second order parameters for the adsorption of the BPB dye on NGO-C
composite

Table (3-21): R?, K1, K2 and Qe (cal.) of Pseudo-first and second order for the adsorption of the
BPB dye on NGO-CS, NGO-M and NGO-C composites

First order

Composite | Qe exp. Qeca. R? K1 (min)
NGO-CS | 67.2199 | 155255 |0.9819 | -0.0497
NGO-M | 287096 | 10.8717 | 0.9068 | -0.0536
NGO-C | 645833 | 30.3995 |0.9177 | -0.0252

Second order

Composite | Qe exp. Qecal. R? | Kagmgmint
NGO-CS | 67.2199 | 69.2054 | 0.9999 | 0,0061
NGO-M | 287096 | 305738 | 0.9984 | 0.0072
NGO-C | 6458333 | 629365 | 0.9984 | 0.0022

The calculated (Qe, cal.) from the pseudo-second order model matches
well the experimental data (Qe, exp.), good linearity with correlation coefficients
(R?) above 0.99. These results confirm that pseudo-second order kinetic model is
more valid to describe the adsorption behavior of BPB dye on NGO-CS, NGO-C
and NGO-M composites [100].
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3.6 Desor ption

Equation (1.8) used to calculate the percentage of desorption of BPB dye
was (42.126%) from NGO-CS composite, at A max =409.5 nm.

3.7 Applications of M embranes

3.7.1 Separation of BPB Dye by NGO, CS, NGO-CS, NGO-M and

NGO-C Membranes
The experimental data is show the removal % of BPB dye by the
membranes in the order NGO-CS > CS > NGO-C >NGO-M > NGO, the best
membrane isNGO-CS, where % R (98.5%), as show in Fig.(3-63). The mechanism
anaysis indicated that this membrane adsorbed dyes mainly through physica
sieving, electrostatic interaction, and hydrogen bonds[69].

BPB dye

98.52

100 95.35

95
90 r 8
85
80
NGO CS

92.61

lss.gl l

NGO -CS NGO-M NGO-C

%R

75

Membranes

Fig. (3-63): Removal percentage of BPB dye by NGO, CS, NGO-CS, NGO-M and
NGO-C membranes
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(©)

Fig. (3-64): NGO-CS membrane (A, B) before and after separation of BPB dye respectively
(B) Solution of BPB dye before and after separation by NGO-CS membrane

3.7.2 Separation of Ni?*, Cd?*, Co?", Cu?* and Pb?* lons by NGO,
CSNGO-CS, NGO-M and NGO-C Membranes

The results of separation the heavy metal ions by the membranes are
fluctuating and irregular, the experimental data shows the removal percentage of
Ni2* and Co?* ions by the membranes werein the order NGO-CS > NGO-C >NGO-
M > CS > NGO, the best membrane is NGO-CS, R% (48.47%) and (68.17%) as
show in Fig.(3-65) and Fig.(3-67) respectively.While, Cd** ions follow the order
CS>NGO-M > NGO > NGO-CS > NGO-C, the best membrane is CS, where R%
(52.2 %) as show in Fig.(3-66) .The Cu?* ions follow the order NGO-M > NGO-C
> NGO> NGO-CS> CS, the best membrane is NGO-M, ,where R% (66.47%) as
show in Fig.(3-68). On the other hand, Pb?* ions follow the order NGO-CS > NGO
>NGO-M > NGO-C > CS, the best membrane is NGO-CS where R% (67.04%), as
show in Fig.(3-69).
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Fig. (3-65): Removal % of Ni?* ions by NGO, CS, NGO-CS, NGO-M and NGO-C membranes
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Fig. (3-66): Remova % of Cd?* ions by NGO, CS, NGO-CS, NGO-M and NGO-C membranes
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Fig. (3-67): Removal % of Co?* ions on NGO, CS, NGO-CS, NGO-M and NGO-C membranes

Cu2+
66.47 60.68

80

60 | 37.91
%40 | 1635 24 13

20 | '

0 L

NGO CS NGO-CS NGO-M NGO-C
Membranes

Fig. (3-68): Removal % of Cu?" ions on NGO, CS, NGO-CS, NGO-M and NGO-C membranes

99



Result and Discussion

Pb2+
67.... 58.03
70 r 58.82 50 . 53.21
60
50
€ a0 |
30
20 |
10 |
0 L
NGO Cs NGO-CS NGO-M NGO-C
Membranes

Fig. (3-68): Removal % of Cu?* ions on NGO, CS, NGO-CS, NGO-M and NGO-C membranes

Table (3.22): Removal % of Ni%*, Cd?*, Co?*, Cu?* and Pb?* ions by NGO, CS, NGO-
CS, NGO-M and NGO-C membranes

Removal %
Membr anes Ni?* | Cd®* | Co** | Cu* | Pb*
NGO 46.43 | 51.97 | 6643 | 37.91 | 58.82
CS 47.1 52.2 67.1 16.35 50
NGO-CS 4847 | 51.57 | 68.17 | 2413 | 67.04
NGO-M 472 | 52.14 | 67.2 66.47 | 58.03
NGO-C 47.38 | 51.33 | 67.38 | 60.68 | 53.21
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Conclusions

1-

The following composites (NGO-CS, NGO-M, NGO-C) are formed, the
amine group in chitosan polymers, amino acids (methionine and cysteine)
are binding with the carboxylic acid or the epoxide group on the surface of
nano-graphene oxide, according to FT-IR analysis.

The adsorption capacity Qe (mg/g) of the BPB dye on NGO-CS, NGO-M
and NGO-C composites, were affected with the adsorption conditions, it was
found to decrease with raising the pH, the best adsorption capacity occursin
the acidic medium, decreases with increasing the dosage of the composite
and increasing the ionic strength, while increases with the contact time,
temperature and dye concentration.

The genera form of adsorption isotherms of BPB dye on NGO-CS, NGO-M
and NGO-C composites is S-type according to the Giles classification.

The adsorption of BPB dye on NGO-CS, NGO-M and NGO-C composites
are spontaneous AG (-) and endothermic AH (+) process. The results confirm
that pseudo-second order kinetic model is more vaid to describe the
adsorption behavior of BPB dye on NGO-CS, NGO-C and NGO-M
composites.

The distribution of pores in the membranes are irregular and the size of the
pores are heterogeneous, fluctuate from one membrane to another and in the
membrane itself aswell. The removal% of BPB dye by these membranes are

high, compared to removal % of trace metal ions.
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Recommendations

1-Synthesis of other nano-graphene oxide composites using other polymers and
metal oxides.

2- Using (NGO-CS, NGO-M and NGO-C) composites and membranes to
remove other organic dyes and metal ions

3- Characterizing the (NGO-CS, NGO-M and NGO-C) composites by other
instruments such as H-NMR, C-NMR, TEM, EDX.

4- Applying other isotherm models, BET, Temkin, Dubinin-Radushkevich

isotherm models, as well as calculating the activation energy by applying the

Arrenius equation.

5- Studying the biological activity of (NGO-CS, NGO-M and NGO-C)
composites against bacteria and fungi.

6- Study of the mechanical properties of these (NGO-CS, NGO-M and NGO-C)

membranes.
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