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Phenylamine and Phenylamide -Functionalized Silica (SiBN and
SiBCON) for the Removal of Carbamazepine from Wastewater
By
Israa Marwan Mahmod Aqel
Supervisor
Prof. Shehdeh Jodeh
Co- Supervisors
Prof. Raed Al Kowni

The study aims to remove Carbamazepine from aqueous solutions, through
the use of functional silica phenylamine (SiBN), which is characterized by
its excellent chemical stability and thermal stability. As silica aroused great
interest, adsorbents based on it were prepared due to their unique large
surface area, uniform pore structure, and well-modified surface properties.

It was decided to prepare a new silica adsorbent with phenylamine with

amide (SIBCON).

The adsorbent obtained were analyzed by various spectroscopy devices,
including  Fourier Transform Infrared Spectroscopy (FT-IR),
Thermogravimetric Analysis (TGA), and Scanning Electron Microscopy

(SEM). As a practical test application for prepared adsorbent.

Then analyzes were performed with High Performance Liquid
Chromatography (HPLC) instrument to calculate the amount remaining in
the solution after the adsorption process. The results obtained proved that

the removal efficiency of Carbamazepine was very good. The maximum

removal rates were 98.37% for SiBN and 98.22% for SIBCON.

The (SiBN) (SiBCON) adsorption efficiency of Carbamazepine was

evaluated, and the adsorbents showed excellent removal efficacy of
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Carbamazepine, with the optimum condition being found: (1) room

temperature, (2) pH 9.0, (3) 10.0 ppm initial concentration and (4) contact

time 15 min.

Isometric analysis showed that the adsorption of Carbamazepine on SiBN
and SiBCON correlated with Langmuir uptake. But thermodynamic
analysis showed that the uptake of Carbamazepine on SiBN and SiBCON

1s negative free energy.

Regeneration of SiBN and SiBCON can be done by treatment with 0.1N

HCL so it can be used repeatedly.

In the end, I recommend providing water filters made of two adsorbent
materials (SiBN and SiBCON) in different sizes and shapes at an
affordable price to remove of carbamazepine for a percentage exceeding

more than 9
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Chapter One

Overview

1.1 Overview

Pharmaceutical waste contained in liquid waste has become an issue of
global importance [1]. Excessive use of these products has increased their
rate of accumulation in aquatic environments [2- 3]. CBZ is one of the
antiepileptic drugs that is mainly indicated as a sedative for depressed

patients and is widely consumed [4-6].

Previous studies reported that around 1.01 kilotons of CBZ are used
annually globally. This has led to this great pollution of various water
sources such as ground water, sewage treatment plants, and even drinking
water. Therefore, various water resources are issues of global concern [7-
14]. Consequently, CBZ has toxic effects on aquatic life, including fish and

others [15].

Moreover, the use of CBZ bearing water for irrigation leads to
accumulation in the soil [16-18]. According to the Food and Drug
Administration, an environmental assessment of CBZ concentration should
be performed in an aqueous environment [16]. Hence, removing this
contaminant from the aquatic environment is a required remediation

strategy.

However, treatment processes carried out in wastewater treatment plants
are able to remove only 30-33% of the impact of pollutants such as CBZ

from wastewater [18-19]. The pharmaceutical waste-bearing liquid waste is



3

said to have been treated with conventional processes such as photo
catalysis of exposure to ultraviolet rays, among others. However,

conventional treatment processes are ineffective [20].

Recent studies have reported that the adsorption process is an effective

process for treating persistent pollutants [21-23].

1.2 Problem Statement

Pollution of all kinds, especially water pollution, is one of the most
prominent challenges facing the Palestinian people in the West Bank. As
we know, in Palestine there are countless wells containing groundwater that

can be used for irrigation purposes. Wastewater may seep into the aquifers.

The inflow of wastewater may harm the agricultural economy by restricting
agricultural activities. Hence it harms in many aspects, particularly the
environment, nature and people's well-being. Discharge raw Israeli
wastewater into Palestinian lands and communities, without effective

treatment, is one of the most brutal practices against Palestinians.

Moreover, there 1s a lack of information about CBZ. In terms of chemical
changes in the water, as the percentage of CBZ in wastewater reached (17 -
25)mg This work was carried out to try to remove CBZ at a high

concentration by preparing two new functional samples used as adsorbents.



1.3 Objectives

1. To determine the adsorption efficiency for removal of CBZ from water

using SiBN and SiBCON.

2. To study the adsorptive behaviors (kinetics, thermodynamic, and

1sotherm) of CBZ.

3. Study the effect of contact time, pH, temperature, and concentration on

the adsorption of CBZ.

1.4 Overview of the Dissertation

The research thesis is divided into five chapters. The first chapter identifies
the problem data and introduces the research objectives. The second
chapter consists of an introduction and review of previous work. The third
chapter consists of the procedures used for the synthesis of adsorbents. The
fourth chapter consists of the results of the data collected from the pilot
study and their analysis, while the final chapter consists of conclusions and

recommendations.



Chapter Two

Introduction
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Chapter Two

Introduction

2.1 Groundwater

Water is the secret of life, as living things cannot live without it, and the
water cycle in nature describes the presence and movement of water on the
earth. The water cycle begins from the evaporation of water from water
bodies to the stage of condensation as clouds in the sky to rain again, there
are some impurities in small quantities that enter Water in the normal state
1s from a living or natural source and there is no problem, the main problem
arises from an uncontrolled amount that seeps into the water at either stage

of its cycle [24].

Groundwater is an important natural resource. It provides safe water for
human consumption for more than 90% of the rural population [25]. It is
the largest reservoir of liquid fresh water on earth, used for domestic and
other purposes, and is the only source of fresh water for more than a billion

people around the world [26].

We must not forget that after the 1967 occupation, Israel controlled more
than 85% of the various water sources. In addition to Jordan River, which
the Israelis control and use exclusively [27]. Therefore, Palestine suffers
from an acute water crisis mainly caused by its inability to control the
Palestinian water resources due to the restrictions imposed by the Israeli

occupation [28].



2.2 Groundwater pollution

The groundwater is polluted by the pollutants released to the ground
[29].Contamination can occur from sewage systems, landfills, effluents
from sewage treatment plants, sewage leaks, gasoline filling stations or
from the overuse of fertilizers in agriculture. The use of polluted
groundwater creates a public health risk through poisoning or the spread of

disease [30].

The classification of groundwater pollutants includes biological agents,
such as bacteria, fungi, and viruses. Physical pollutants such as color,

conductivity, and chemical pollutants such as pesticides and others [31].

Several parameters can be used to study groundwater pollution, such as pH,

salinity, phosphates, heavy metals, nitrates, and others [32].
2.3 Water pollutants from pharmaceuticals

Due to the increasing prevalence of prescription drugs, the proportion of
drugs in different water sources has increased. This has become dangerous,
because the World Health Organization (WHO) has reported the effects of

pharmaceutical products and many of them have low-level research [33].

One of the drugs that has been detected in water sources is CBZ. It is often

prescribed to treat seizure disorders [34].

Also, CBZ does not degrade easily and it is the current conventional
treatment; not sufficiently removed from the treated wastewater by various

methods.
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In addition, it has the potential to have adverse health effects in humans

[35].

2.4 Carbamazepine

CBZ is sold under the brand name Tegretol and is a medication primarily
used to treat epilepsy and mental seizures. It is used in schizophrenia with

other drugs [36-38]. It is ineffective in cases of absence [36].

CBZ was discovered by Swiss chemist Walter Schindler in 1953 [39-40]. It
was first marketed in 1962 [41]. It is available as a generic medicine [42].
It is on the WHO List of Essential Medicines [43]. It is the most popular

drug in the United States, in 2017 [44-46].

T

O NH2>

Figure (2.1): chemical structure of Carbamazepine three dimension.

2.4.1 Medical uses

CBZ is usually used to treat seizure disorders and epilepsy [36]. It is used
as a second-class treatment in schizophrenia when treatment with other
drugs has failed [36], [47]. However, evidence does not support this use
[48]. It is not effective in absence seizures [36]. However, consideration

should be given to choosing the right medication for patients, as more
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research is needed to determine which medication is appropriate for people

with severe epileptic seizures [38].

Figure (2.2): structure Tegretol medicine,when the as active ingredient.

2.4.2 Adverse effects
The CBZ label contains warnings about the following:

1. An imbalance in the body’s production of various blood components

[37].
2. Increased risk of suicide [49].
3. An increased risk of developing anemia [37], [50].
4. The risk of seizures, if a person suddenly stops taking the drug [37].
5. The risk of birth defects on the fetus during pregnancy [37], [51].

Common side effects may include dizziness, headache, nausea,
constipation or vomiting. Drinking alcohol might worsen depression while
taking CBZ [37],[52]. Also, rare cases of auditory side effects have been
reported. Most people do not usually notice this unusual side effect, and it

goes away after a person stops taking CBZ.
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2.4.3 Environmental impact

Laboratory studies were conducted to understand the accumulation of CBZ
in soil-grown food plants, after it was detected in water treatment plants
[53]. Among these studies was a 2014 study that reported that the

accumulation of CBZ in cultivated soils posed a risk to human health [54].

2.4.4 Methods for water purification from Carbamazepine

One method that has shown good results in removing CBZ compared to
conventional methods. Methods for treating water are adsorption. Whereas,
adsorbents have a limited adsorption capacity based on the particle surface

area [55].

2.4.4.1 Ultraviolet (UV)

Since conventional biological processes for ultraviolet (UV) rays are not
effective in removing CBZ, a new treatment step must be added. For

example: UV / H,0,, UV / Cl,, UV / TiO, [56].

2.4.4.2 Activated Carbon Adsorption

Activated carbon is a good adsorbent due to its low cost and high surface
area, and several studies have been done to compare and adsorb CBZ over
several adsorbents. Some adsorbents including Granular Activated Carbon

(GAC), and Powdered Activated Carbon (PAC) [55].

GAC is one of the materials used in filters. These filters are readily

available in various sizes and are inexpensive.
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PAC is similar to GAC in that it is active carbon, but the particle size is
smaller and should be used with a different technique. The longer the PAC
1s in contact with water, the adsorption will continue. ; However, this is
time consuming and will not work for the "on demand" water treatment
method for the home. This poses an additional problem for the homeowner

[55].

The water must then be filtered to remove residual PAC. Although PAC
has the greatest uptake capacity to remove CBZ than GAC, it introduces

more steps, making this method less economically convenient [57].

2.4.4.3 Ozone oxidation

Ozone oxidation is widely used in drinking water applications and in some
plants for wastewater. Ozone can oxidize and break large molecules into
smaller molecules. This method is used to improve taste, color and aroma

[58].

2.4.4.4 Nanofiltration and reverse osmosis

Nanofiltration (NF) and Reverse osmosis (RO) are two good methods for
removing CBZ from drinking water. As the study conducted in South
Korea showed. However, it is more expensive because contamination is
continuous, and the membranes are easily perishable, resulting in a

concentrated waste stream [59-61].
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Table (2.1) Describing previous studies on removing CBZ from water

osmosis (RO)

capacity (q,,) or
Method Optimum Condition Percentage Reference
removal
1. Ultraviolet (uv)
UV Wavelength = 202278 (62]
1.1 UV alone nm 6%
Irradiation time = NA
UV Wavelength =255 nm
1.2 UV/H,0, H,0, dose = 6 mg/L 59% [63]
Irradiation time = 20 min
UV Wavelength =256 nm
1.3 UV/Cl, Cl, dose = 1.3 mg/L 54% [64]
Irradiation time = 25 min
UV Wavelength =255 nm
1.4 UV/TiO, Ti0, dose = 25-500 mg/L 77% [65]
Irradiation time = 35 min
2. Carbon Loading Experiment
2.1 granular 2.3g of GAC, For this
e experiment, 1 L solutions of [55],[57]
activated 1 . 90.43%
ppm CBZ, the solution .
carbon (GAC) .
contained 20 ppm sucrose.
ratomaeea | DESPAC Frl
Activated 1 . . 91.9% [55].[57]
ppm CBZ, the solution
Carbon (PAC) contained 20 ppm sucrose.
3.0zone Oxidation
the concentration of ozone
soluble in water (8.50pumol
3.1 First O;/L water), the o
Experiment concentration of CBZ 1 95.8% [58]
ppm, contact time of 45 min,
temperature (23-25°C)
the concentration of ozone 58]
soluble in water (8.50pumol
O;/L water),, the
:};i:ﬁiﬁg:t concentration of CBZ 1 ppm 94.5%
and20 ppm sucrose, contact
time of 7 min temperature
(23-25°C)
4.
Nanofiltration They use semi-permeable o
(NF) and membranes. 95% [59-61]
reverse
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2.5 Phenylamine-functionalized silica (SiBN)

In the past period, silica and the preparation of adsorbents on which it
depends has aroused great interest due to its regular pore structure, well-
modified surface properties, and large surface area [66-68]. In addition, it

can also be regenerated multiple times after the adsorbent is saturated [67].

2.6 DCC Coupling — Amides from Amines and Carboxylic Acids

2.6.1 Phenylamide - functionalized Silica (SiBCON)

The direct conversion of a carboxylic acid to an amide is difficult because
amines are basic and tend to convert carboxylic acids to their highly
unreactive carboxylates. In this reaction the carboxylic acid adds to the
Dicyclohexylcarbodiimide molecule to form a good leaving group which
can then be displaced by an amine during nucleophilic substitution. DCC
induced coupling to form an amide linkage is an important reaction in the

synthesis of peptides.

Figure (2.3) chemical structure of Dicyclohexylcarbodiimide in active site for
reaction
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3) Nucleophilic attack by the amine
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2.7 Adsorption: Definition and Types

2.7.1 Adsorption definition

Adsorption is a surface phenomenon in which atoms, molecules, or ions of
a substance stick, regardless of the state of the substance on the surface

[69]. As this process differs from absorption. [70-71].

There is a set of factors influencing the adsorption process: they are
temperature, pH, contact time, initial concentration of the adsorbate etc

[72].

2.7.2 Types of adsorbents

Adsorbents are classified into natural or synthetic materials. Examples of
natural adsorbents are charcoal and zeolite. These natural materials are in
many cases inexpensive and available. Synthetic adsorbents are prepared
from agricultural products, domestic and industrial waste, and wastewater.
Each adsorbent material has its own characteristics such as the nature of

adsorbent surfaces, pores and pore structure [73- 74].

2.7.3 Adsorption isotherms models

The i1sotropic models are important because they illustrate the interaction
mechanism between adsorbents and adsorbate. Various models are
available for this purpose, the two most popular being the Langmuir and

Freundlich [75].



17

2.7.3.1 Langmuir Adsorption Isotherm

The Langmuir model adopts the advent of a monolayer of adsorbate on a

homogeneous surface of an adsorbent and expressed as:

1 1 1

Eq. 2.1

de 4o ek,
Whereas:
C. = adsorbate concentration at equilibrium (mg/L)
Jo = maximum capacity of monolayer coverage (mg/g)
K = Langmuir isotherm constant (L/mg).

The q. value (amount of adsorption per unit mass of adsorbed) (mg / g) can

be calculated by the following relationship:
\'
gde= (Co— Co) — Eq. 2.2
Whereas:
C, 1s the initial adsorbate concentration in (mg/L).
V is the solution volume in (L).
m is the adsorbent mass in (g).

(C, - C,) represents the amount adsorbed (ppm). We can understand the
Langmuir parameters by plotting the (C. / q.) values on the Y axis and the
C. values on the X axis, the slope of this graph represents (1 / qo), while the

y-intercept represents (1 / Kiqo) [76].
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The Dimensionless constant separation factor (Rp) which is given by the

following equation can be expressed:

1

RL=
1+ KLCO

Eq.2.3

Whereas:
C, = 1nitial concentration.

K. = the constant related to the energy of adsorption (Langmuir Constant).
R value indicates the isotherm shape to be unfavorable if (Ry >1) Linear if

(RL = 1), favorable if (0 <R <1), or irreversible if (RL = 0).
2.7.3.2 Freundlich Adsorption Isotherm

The Freundlich isotherm explains the adsorption on a heterogeneous

surface. The Freundlich equation is expressed as:

Inqe = InKp+ =InC, Eq. 2.4
Whereas:

KF is a constant indicating the capacity of the adsorbent (mg / g).

N is a coefficient that gives an indication of the preferred method of the
adsorption process (g / L) m. and 1/n is an indicator of favorability of the
adsorption process.If 1 / n is less than 1, the adsorption is normal. If (10 >

n> 0) this donates a favorable adsorption process [77- 79].
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2.7.4 Adsorption kinetics

Several adsorption kinetic models have been used to determine the kinetics
and rate determination steps. These models provide evidence of the
performance of the adsorption system and the rate of elimination of a
specific component through the use of a specific adsorbent. In addition, it
determines whether the adsorption process is actually chemical in nature
and what is the step that determines the rate. A common example of a

kinematic model of adsorption is: a pseudo-kinetic 1%/ 2™ model, etc [80].
2.7.4.1 Pseudo 1% Order Kinetics

This was the first model placed to describe kinetics energy for the

adsorption reaction.
the pseudo-first-degree equation:

log(qe — qt) = logqe — (K1/2.303)t Eq.2.5
Whereas:
g and qt are amounts of the target analyte absorbed (mg / g).
k, is the pseudo-first-order rate constant for adsorption (min™).

The rate constant K, can be calculated by plotting the values of Log (q. - q;)

as the y-axis versus values of t as the x-axis.
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2.7.4.2 Pseudo 2" Order Kinetics

This type of kinetic assumes that the chemical adsorption is represent the
rate determining step, which involves valence attraction between the

adsorbate and the adsorbent by (exchange / sharing)of electrons.

The equation for this model type of kinetic is:

—=—=21TFq.2.6

qt qu% qe
Here;

K,: rate constant for adsorption pseudo-2"-order (g.mg'.min™). By
plotting a linear relation between the values of t/qt as y-axis versus values
of t as x-axis, we can drive (1/ K, q.”) from y-intercept and (1 /qc) that

equals the slope of the graph.

2.7.4.3 IPD Kinetic Model

The equation of adsorption kinetic model:
q=Kit"”+ZEq.2.7

Whereas;

Kiq: rate constant for IPD (mg/g.min ).

Z: A constant that provides information about the layer thickness (mg/g).

By plotting a linear relation between the values of qt as y-axis versus the

2

values of t '* as x-axis, we can drive the values of Z that equals a y-

intercept and Kj4 that equal a slope of the graph.
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2.7.5 Adsorption thermodynamics

The thermodynamic study is performed by studying enthalpy, free energy,

and entropy.

To decide the process is spontaneous or not, thermodynamic parameters are
necessary. Gibb's free energy change, AG, is an example of a chemical
reaction's spontaneity. Enthalpy (AH) and entropy (AS) factors must both

be considered to determine Gibb’s free energy of the process.

The general relation which connects between the adsorption parameters

will be written as [81]:

AG=AH-T AS Eq. 2.8

AG can be calculated by the following equation:
AG=-RTInK,; Eq.2.9

Whereas:

R: The Universal gas constant (8.314) J.mol™ K.

Ky: Constant for thermodynamic equilibrium which equals (q./C.) and has

a unit of mole or (L/g).

When the two previously mentioned equations are equal, the following
equation will be produced:

InKy = —-=Eq.2.10
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By plotting a Van't Hoff linear relationship, a plot between the Ln Ky
values as the y-axis versus the (1 / T) values as the x-axis, we can drive the
(AS / R) values equal to the y-intercept and (-H / R) that equals the slope of

the plot Graphic.
2.8 Analytical techniques

The analytical method should generally be suitable for target analysis so
that it can be transferred to its concentration with a different value. Each
step was performed by HPLC by a special analytical method, and the
adsorbed concentration qe (mg / g), as in the following equation:

¢ —-C
qe —_0 e V
equation: w Eq. 2.11

Here:

Co (mg / L): Metal concentration in the solution before treatment
C.(mg / L): Metal concentration in the solution after treatment

V (L):the volume of solution.

W (g): the dose of adsorbent.

The removal efficiency of CBZ was calculated using:

%Removal = % 100 Eq. 2.12
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Methodology

3.1 Chemicals and materials

All chemicals used in this study were purchased from Sigma-Aldrich. They
were all of analytical grade and used as received.The chemicals include
hydrochloric acid (HCI), Dicyclohexylcarbodiimide (DCC), Methanol
(CH30H), Acetic acid(CH3COOH), Magnesium Sulfate(MgSO,),sodium
hydroxide (NaOH), tetrahydrofuran(THF), Ethyl acetate (EtOAc),Sodium
bicarbonate(NaHCOs),sodium chloride (NaCl), phenylamine-
functionalized silica (SiBN), Carbamazepine(CBZ) standard was of
(purity > 99%) and was obtained from Jerusalem Pharmaceuticals

Company, Palestine.
3.2 Analytical method and instrumentation

Instrumentation used in this work include: a water bath equipped with a
shaker (Daihan Labtech, Korea) with 20 to 250 rpm digital speed control,
pH meter (model: 3510, JENWAY, USA), Fourier Transform Infrared
Spectroscopy (FTIR-SHIMADZU, Japan, Model: FTIR-8700). FT-Raman
spectrometer (RFS 100/S —Bruker Inc., Karlsruhe, Germany) with a liquid-
nitrogen-cooled germanium diode detector and an ND:YAG laser

providing an impressive NIR line at 1064 nm was used for characterization.

The spectra were recorded in a spectral area of 400 cm™ to 4000 cm ' at a
spectral resolution of 4.0 cm ™' with 800 samples at approximately 30 mW

laser power. Scanning Electron Microscopy (SU8000 Hitachi, Japan).
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thermogravimetric analysis (TGA Instruments, New Castle, DE, USA)
from 20 to 700°C, Vibrating Sample Magnetometer (VSM-LAKESHORE
7404, Boston, MA, USA). High Performance Liquid Chromatography
(HPLC) - shimadzu SCL-10A VP, version 5.22 high performance liquid
chromatography equipped with a variable length UV/visible detector (SPD
10A VP) using a SUPELCO Discovery reversed phase C18 column, (25
cm x 4.6 mm i.d., particle size 5 pm). The samples were injected manually
through a Rheodyne injector. HPLC working conditions were, gradient
mobile phase using a previously prepared solvent which was(methanol —
water 50:50) with 1ml/min flow rate and injection volume (loop size) 20

uL. The wavelength of the UV/visible detector was fixed at 285 nm.
3.3 Preparation of phenylamine-functionalized silica (SiBN)

The preparation of the SiBN adsorbent can be summarized in Figure 3.4
The preparation involves the reaction of an activated silica gel (SiG) (2g)
with 3-aminopropylsilica (SiPr) (0.83g). The solid was filtered and washed
with toluene to form silica surface (SiG) amino groups. The NH, groups
present on the silica surface were then reacted with 4-aminobenzaldehyde
(0.25g) under gentle conditions (stirring for 12 h) at room temperature,
using anhydrous diethyl ether (100 mL) as the solvent to form a new SiBN

adsorbent [82].

Note: The SiBN adsorbent was prepared by Professor Smaail Radi and Dr.
Said Tighadouini in Morocco, with all thanks, respect and appreciation to

them[83].
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Figure (3.4): The synthesis Phenylamine- functionalized Silica.

3.4 Preparation of Phenylamide - functionalized Silica (SiBCON)

SiBCON adsorbent was prepared as shown in Scheme 3.5. Amine (SiBN)
(0.09 g) and acid (acetic acid) (0.09 ml) were added in to THF (9 ml) at
0°C (Because it's volatile) and then DCC (0.18 g) was added. Leave to stir
for 48 hours at room temperature. Then the product is taken after two days
and washed with a small amount of the following substances EtOAc,
NaHCO;, HCI and brine(0.9%). The organic layer was dried with MgSQO,
[84].
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Figure (3.5): The synthesis Phenylamide - functionalized Silica.

3.5 Preparation of standard solutions (CBZ)

Standard solutions of CBZ at a concentration of 1000 ppm was prepared by
dissolving 1 g CBZ in 1 L methanol. Dilute solutions were prepared at
concentrations (0.1 to 30.0 ppm) from the stock solution and used then in
our batch experiments to study the effect of different parameters that
affecting adsorption process such as time, pH, and temperature and hence
to predict the optimum conditions for efficient adsorption reaction for CBZ
with SiBN and SiBCON. The adsorbent of filtrate was determined using
HPLC at 285 nm wavelength. The mobile phase (50% methanol and 50%
of water) with flow rate of 1 mL min '. The column used for separation

was a C18 HPLC - shimadzu SCL-10A VP.
3.6 Calibration curves

Stock solution was diluted to prepare a series of several standard solutions
of CBZ by using the following relation for dilution calculations (M;*V; =
M,*V,) with 0.1, 0.2, 0.5, 1, 5, 10, 20, and 30 ppm concentrations were
prepared. The solutions were used to develop a calibration curves.

Calibration curve is shown in Fig. 3.6.
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Figure (3.6): Calibration curve for CBZ using HPLC instrument.

3.7 Adsorption experiments

All adsorption processes were carried out in plastic bottles (50 ml) which
were placed in a water bath equipped with a thermostat and a shaker. The
effect of various variables such as initial concentration, pH values,
adsorption time and temperature on adsorption efficiency was studied.
Adsorption experiments were performed on the adsorbents. After each
adsorption process, the adsorbent was separated to determine the residual
concentration of CBZ. All adsorption experiments were performed and the

adsorption efficiency was calculated.
3.7.1 Optimization of contact time

It 1s extremely important to predict the optimal time required to reach
reaction equilibrium. The amount of adsorbed CBZ was studied on each
adsorbent (SiBN and SiBCON) to determine the optimal time for the

adsorption process. The experiments were performed at 25°C, during the
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time period (1 to 120 min) the residual CBZ concentration was measured

with HPLC.
3.7.2 Effect of pH

The adsorption process is strongly affected by the amount of H and OH’
1on in the solution, which means that the effect of the pH value is a very
important factor for study and control, as these ions can be linked to the
adsorption surface site of the adsorbent and change their behavior and their
attractiveness towards the target analyte either by decreasing or increasing
the quantity. Therefore, samples with a pH ranging from (2 - 11) were
prepared in order to predict the value at which the adsorption reaction
would be most efficient. The initial pH of the CBZ solutions before any
adjustment was 6 and prepared solutions of 0.1 M HCL and 0.1 M NaOH
were used to control the pH value of the CBZ solutions before adding the

adsorbent.

The adsorbent (0.02 g of each) was added to 10 ml of 10 ppm CBZ
standard solution. The mixture was placed in shaking water bath at room
temperature for a period of optimum contact time that is already measured

for each previous adsorption process.
3.7.3 Effect of temperature

The direction of heat flow between the system and its surroundings is
important to predict the type of our interactions or processes if it is an

endothermic process in order to prepare good thermal conditions to obtain a
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good percentage of removal for analysis, as well as the data obtained can
be used to compute van 't Hoff coefficients to understand the nature of the

spontaneous reaction the energy required or emitted.

So that to study the effect of solutions temperature on the adsorption
process, 10 ml of 10 ppm standard solution of CBZ was transferred into
vials with adjusting its pH to the optimum value that was predicted

previously for each one.

The solutions were placed in shaking water bath at desired temperature (the
range was 4°C to 45°C), then the adsorbent (0.02 g) was added to it for
optimum contact time. After the time is over the samples were filtered and
the residual concentration of CBZ was determined by HPLC
instrument,and the data obtained was a percent removal of CBZ and plotted

as a function of temperature.

3.7.4 Initial concentrations

To find the effect of initial concentration of CBZ, the adsorbent (0.02 g),
was added to a number of vials that contain 10 ml of a series of different
concentrations (0.1, 0.2, 0.5,1, 5,10, 20, and 30 ppm) of CBZ, with
adjusting its pH and optimum temperature to the optimum value were
predicted previously for each one. The solutions were placed in shaking
water bath at optimum contact time. After the time is over the samples
were filtered and the residual concentration of CBZ was determined by
HPLC instrument, the data obtained was a percent removal of CBZ and

plotted as a function of Initial concentrations.
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3.8 Thermodynamics and Kkinetics of adsorption

Parameters for pseudo-(first /second)-order kinetic model for adsorption of

CBZ have been determined for two adsorbent.

Thermodynamic parameters like (AS), (AH), and (AG) were evaluated
employing Van’t Hoff’s equation. At different temperatures ranging (4 °C—
45 °C).

3.9 Adsorption isotherm

The isothermal experiments were by shaking a mixture of 10 ml of
different concentration (0.1, 0.2, 0.5, 1.0, 5, 10, 20, 30 ppm) with 0.02 g of
the adsorbent at the specified contact time. CBZ concentration was
analyzed at the end of each steady period. Langmuir, Freundlich model

parameters for CBZ adsorption in two different adsorbents.

3.10 Adsorbent regeneration

After reaching the saturation state for the adsorbent that presented by the
equilibrium, a reverse process is the desorption, in such case adsorbate
taken off from the adsorbent site were linked in, despite the lower in
efficiency of removal it can used for another adsorption process for another
times, a mixture of 0.02g adsorbent (SiBN) and 10 ml of 10 ppm adsorbate
at pH=9 was shaken in a water bath for 15 min at 35°C, then HPLC
measurements for the filtrate were determined, in the same way for

SiBCON 0.02g considering all Other optimal parameters..
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The adsorbent after each adsorption process is washed with(0.1 M HCI or
0.1 M NaOH)solution then with distilled water. After that, each regenerated
adsorbent left to dry for 24 hours before second using. The same recovery
technique is then used for each regenerative adsorbent to demonstrate that
SiBN and SiBCON can be used multiple times with virtually no effect on

the percentage of CBZ removal.



33

Chapter Four

Result and Discussion



34
Chapter Four

Result and Discussion

4.1 Characterization of adsorbents
4.1.1 FT-IR characterization

Modified silica (SiBN) was confirmed by FT-IR analysis. As shown in
Fig.4.7, the 3-aminopropylsilica (SiPr) characteristic in comparison with
native silica (SiG) has an appearance (NH,) of about 1580 cm™ and weak
bands CH at 2700 cm™ corresponding to the carbon chain. The SiBN final
materials show and reveal the emergence of new characteristic bands

around 1500 cm™ corresponding to the C =N and C = C vibrations[85].
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Figure (4.7): FT-IR spectra of SiG, SiPr and SiBN.
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FT-IR measurements were performed to provide further evidence for SiBN,

SiBCON, and acetic acid attachments.The figure below(4.8a, 4.8b and

4.8c) also shows the FT-IR spectra of SiBN at about 1500 cm’

corresponding to the vibrations of C = N and C = C. SiBCON was about

1640 cm™ with C = O vibrations, but the acetic acid exhibited the carbon

dioxide characteristic at 1755 cm™ and 1703 cm’ and the asymmetric

deformation of CH; at 1,400 cm™ were also present in acetic acid.
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Figure 4.8 (a-c): FT-IR spectrum of SiBN, SiBCON, acetic acid.

4.1.2 Scanning Electron Micrographs
Some of the micrographs show SEM analysis of modified silica as shown

in the figure below and display a rough and increased porous nature,

indicating that the material offers the potential for excellent use of CBZ.



Figure (4.9): SEM photographs of SiG, SiPr, SiBN, and SiBCON.

4.1.3 TGA analysis and thermal stability

Thermogravimetric analysis (TGA) was performed with nitrogen at a
heating rate of 10°C / min throughout the entire analysis. The results of the
analysis are illustrated in Fig.4.10. The analysis results show that the SIBN
is stable and shows no weight loss at a temperature below 600°C while
SiBCON shows some weight loss at around 170 °C. This is another

indication of the occurrence of the functional group.
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Figure (4.10): Thermogravimetric Analysis (TGA) for SiBN, SiBCON.

4.2 Results of Adsorption

This work aims to prepare adsorbents for removing CBZ from water. These
adsorbents, namely SiBN and SiBCON, were evaluated by studying the
properties of each by FT-IR, SEM and TGA analysis.As a practical test

application for prepared adsorbents.

Then, to make a comparison for the adsorption efficiency and other
1sothermal and kinetic parameters for these processes, this was done by
predicting the remaining concentration amounts at equilibrium, the
percentage removal for each adsorption process then was determined. This
value meaning the ratio of difference in the adsorbate amounts before and
after adsorptions (C, — C,), to the initial amount of the target analyte which

1s CBZ in the aqueous solution (Cy), as shown in the following equation:

Percentage removal =%Removal = (C, — C.)/(C,)*100 Eq. 2.12
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4.2.1 Adsorption of Carbamazepine using phenylamine (SiBN) and
Phenylamide (SiBCON).

Our goal in this section of the research is to compare two SiBN and
SiBCON functional silica adsorbents to determine which has the best CBZ

adsorption capacity from aqueous solutions.

4.2.1.1 Effect of contact time

The contact time required between adsorbent and adsorbate to allow the

direct and dynamic contact for saturation state was studied.

It's important to predict the time of contact that required for achieving
optimum removal of CBZ, that give us an information about the kinetic of
the adsorption reaction occur and how fast the process. It was done by
dissolving 0.02 g of adsorbent in 10 ml of 10 ppm initial concentration of
CBZ solution with no pH modifying at room temperature then taking a
sample to analyzed each period of time (5, 10, 15, 20, 25, 30) min. The
measurement was made on HPLC instrument, the following figure shows

the effect of contact time on CBZ removal.
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Figure (4.11): Effect of contact time on the removal of CBZ using SiBN, SiBCON.

As shown in the graph, we observed that 15 minutes is the ideal time for
CBZ removal using SiBN and SiBCON, and the adsorption increases from
(45.88% to 74.36%) and from (40.85% to 72.86%), respectively,and then
no more high effect appears on the concentration of CBZ with extra contact

time. So this 15 minutes is the optimal contact time for the two adsorbents.
4.2.1.2 Effect of pH

The pH of the solution highly effected the adsorption process, so it was an
important parameter to study, that was done by plotting a %removal of
CBZ as a function of pH to find at which pH value, the maximum

adsorption occur. The following figure (4.12) shows the effect of pH of the

soultion on the removal of CBZ.
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Figure (4.12): Effect of pH modification on the removal of CBZ using SiBN,
SiBCON.

The adsorption was studied over a wide range of pH (2 - 11), by taking
0.02g of adsorbent with 10 ml of 10 ppm of adsorbate initial concentration
at room temperature, taking in account the optimum time required. It was
clear that the reaction favored the alkaline medium at a high pH value of
both adsorbents (SiBN, SiBCON) and the removal ratio increased sharply
between 4 and 8, then increased further until it reached pH = 9, then there
was no longer increase in adsorption. This adsorption favored the alkaline
medium as the removal was raised from (55.96%),(53.87) at pH = 2
t0(89.84%),(88.89%) at pH = 9 respectively, so pH = 9 was taken into

account as optimum in subsequent experiments.
4.2.1.3 Effect of temperature

To study the effect of temperature on the removal efficiency of CBZ using
the two adsorbents (SiBN and SiBCON), the optimum conditions for other
parameters was taken in consideration. In general the, the adsorption

efficiency becomes higher when increasing temperature values.
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Figure (4.13): Effect of temperature on the removal of CBZ using SiBN and
SiBCON.

As shown in figure 4.13 the adsorption of CBZ when use the two
adsorbents (SiBN, SiBCON) increased as temperatures rose from(4°C to
35°C) and (4°C to 25°C) respectively, then the efficiency of removal stay
constant with farther increasing in temperature, such that the percentage
removal of CBZ at the optimum temperature was 98.37% in SiBN and
97.98% in SiBCON, then still to be nearly constant, the high temperature
value of the solutions increasing the adsorption efficiency, that indicating
endothermic process. 35°C for SiBN and 25°C for SIBCON were taken as

optimum temperature in further test for adsorption of CBZ.

4.2.1.4 Effect of initial concentration

The adsorbent has a maximum adsorption capacity for the analyte or
adsorbate due to its limited adsorption sites on its surface, there is a
suitable initial concentration to start with, to achieve the optimum removal

as a high % of removal by plotting it as a function of initial concentration
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of CBZ. This was done by taking 10 ml of 5 different initial concentrations
of CBZ standard solution (1, 5, 10, 20, 30) ppm treated with a constant
adsorbent dose of 0.02g for 15 min, at (35°C 25°C), (pH for the solution is

9).

Effect of concentration
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Figure (4.14): Effect of adsorbate initial concentration dose on the removal of CBZ
using SiBN, SiBCON.

As the initial concentration increased from 2 ppm to 10 ppm the % removal

was decreased, strongly when the concentration was higher than 10 ppm in

the two adsorbents.

The maximum removal was taken as 98.37% for SiBN and 98.22% for
SiBCON at the initial concentration of 10 ppm even it was still constant for
the lower one concentrations (1 ppm and 5 ppm), while it was just 57.84%

for SiBN and 53.21% for SiBCON in 30 ppm solution.
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4.3 Summary

The adsorption maximum for each variable affecting the adsorption of CBZ
on SiBN or SiBCON was studied, so as to use optimal conditions in other

determinations of isotherm, kinetic and thermodynamic study.

We also observed the maximum removal of CBZ by SiBN and SiBCON
was 10 ppm with the maximum clearance (98.37%) and (98.22%)
respectively, for the pH value, to remove the CBZ by SiBN was the pH
exponent at 9 and the maximum removal was About (89.84%). As for
SiBCON the pH was 9 and the maximum removal was about (88.69%).
The vibration time required to reach the maximum CBZ adsorption varies,
with the required contact time being a sign of the adsorption velocity, and
the fastest when the contact time getting shorter, however it took 15
minutes to reach the optimum elimination of CBZ adsorption in both SiBN
and SiIBCON adsorbents and the limit was maximum expulsion (74.36%)

and (72.86%) respectively.

The temperature of the solution as CBZ is adsorbed into SiBN and
SiBCON at an ideal temperature of (35 °C) and (25 °C) and the maximum
removal is about (98.37%) and (97.98%) respectively, this is important for
the prediction of the thermodynamic parameters. The main one that helps
to understand the spontaneity of reactions and the energy associated with
them to classify them as either an endothermic reaction or an exothermic

reaction, along with our knowledge of the randomness of the process.
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4.4 Regeneration of adsorbent

The adsorbent after each adsorption process is washed with 0.1 M HCI
solution then with distilled water(from the figure 4.12 Effect of the pH it
was found that as pH increases adsorption increases). After that, each
regenerated adsorbent left to dry for 24 hours before second using. The
same recovery technique is then used for each regenerative adsorbent to
demonstrate that SiBN and SiBCON can be used multiple times with

virtually no effect on the percentage of CBZ removal.

The effect of regeneration of adsorbent on the adsorption of CBZ on SiBN
and SiBCON, showed that the difference in the percentage of removal
between the first and second use of SiBN to remove CBZ was very small,

the loss of 1.86% efficiency, also decreased by 0.75% for the third use.

Regarding the SIBCON removal adsorbent for CBZ was also small, it also
decreased 1.90% efficiency, also decreased by 0.83% for the third use, as

shown in Figure 4.15:
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Figure (4.15): Regeneration of adsorbent (SiBN, SiBCON) for the removal of CBZ.
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4.5 Equilibrium Isotherm Models

To determine the appropriate adsorption temperature for CBZ on SiBN and
SiBCON, a suitable isothermal model for this adsorption process can be
predicted by choosing the higher correlation coefficient near 1 as shown in

the following figures (4.16,4.17):

4.5.1 Langmuir adsorption isotherm
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Figure (4.16): Langmuir adsorption of CBZ on SiBN, SiBCON.

4.5.2 Freundlich adsorption isotherm
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Figure (4.17): Freundlich adsorption of CBZ on SiBN, SiBCON.
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R” has affinity values of 1 when synthesized as a Langmuir model
indicating that the adsorption of CBZ on SiBN and SiBCON is with respect
to the adsorption of Langmuir. Moreover, the Ry values in all cases for the
Langmuir uptake isotherm were less than one and more than zero,
indicating that the process was favorable. The following table represents
the values of the Langmuir and Freundlich isothermal parameters for CBZ
adsorption on SiBN and SiBCON:

Table (4.2): The parameters of Langmuir and Freundlich isotherms
for the adsorption of CBZ on SiBN, SiBCON.

Equilibrium Isotherm Models
Langmuir Isotherm Freundlich Isotherm

Qo Ky R | R Kr 1/n n R
(mg/g) | (L/mg) " | (mg/g) | (L/g) | (g/L)
SiBN 12.78 | 1222 10.993] 0.4 | 8.414 [0.340| 2.93 | 0.528
SiBCON | 1845 | 49 10.986] 0.6 | 8302 [0.338(2.952| 0.520

Adsorbents

4.6 Adsorption kinetic models

The experimental kinetic data for CBZ adsorptions on predicted adsorbents
were plotted following pseudo-(1%/2"%) -order kinetic models and also as
IPD model. The R can tell how this process is suitable and follow that type
of kinetic and its mechanism. The correlation coefficients and also kinetics
parameters can be found from the linear relation for each type that

mentioned previously as shown in the next figures (4.18 — 4.20):
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4.6.1 Pseudo-1*"-order Kkinetic model
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Figure (4.18): The pseudo 1*-order kinetic model for the adsorption of CBZ on

SiBN, SiBCON.

4.6.2 Pseudo-2"%-order kinetic model
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Figure (4.19): The pseudo-2""-order kinetic model for the adsorption of CBZ on

SiBN, SiBCON.
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4.6.3 IPD Kkinetic model
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Figure (4.20): The IPD kinetic model for the adsorption of CBZ on SiBN, SiBCON.

Regarding the values of the correlation coefficient in the data of previous
kinematic models, it was shown that the adsorption of CBZ on SiBN,
SiBCON. The mechanism of the second-order pseudo-kinetic model was
followed, since the R* values in this kinematic model are approximately 1.
The following table shows the kinematic parameters of the pseudo-first-
and second-order kinematic models and the IPD of the kinematic models of
CBZ adsorption on SiBN, SIBCON.

Table (4.3): the parameters of pseudo-1"-order, pseudo-2""-order, and
IPD kinetic models for the adsorption of CBZ on SiBN, SiBCON.

Adsorption kinetic models
Pseudo 1st order Pseudo 2nd order IPD
£ 2 ~ 2
2 e | o E ~| £ ~ | =
§ o ) g N E Dl ) %ﬁ 9] E Dl N %ﬁ = E Dl
Ol L |TE R ¥ TE| | Y| TE |2y | ¢
= e = b
E g g
SiBN 148 | 78 | 0.14 [0.70 | 148 | 1.860.99 |9.717 | 0.29 | 0.95
SiBCON | 141 | 98 | 0.12 | 0.69 | 143 | 1.52]10.99 | 8.765 | 0.217 | 0.93
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The experimental values of q. are closer to calculated one in pseudo- 2" -
order adsorption model, that’s sign this adsorption follow the 2" -order

model mechanism.
4.7 Adsorption thermodynamic

Van't Hoff equation was used to study adsorption thermodynamic; the
thermodynamic parameters (AH, AS, and AG) for the adsorption of CBZ on
SiBN, SiBCON can be calculated from the slope and y-intercept of the

graph of In K versus 1/T(k"), as shown in the following figure 4.21:

0
_9.0031 0.0032 0.0033 0.0034 0.0035
-2
-3
-4
f 5 —4—SiBN
T s ——SiBCON
7
-8
-9

N
o

1/7(K?)

Figure (4.21): Van't Hoff plot for the adsorption of CBZ on SiBN, SiBCON.

The following table represents the values of the thermodynamic parameters
(AH, AS, and AG) for the adsorption of CBZ on SiBN, SiBCON.

Table (4.4): the thermodynamic parameters for the adsorption CBZ on
SiBN, SiBCON.

Adsorption thermodynamic
Adsorbents AH (KJ) AS(J/K) | AG (25°C) (KJ)
SiBN 82.85 217.46 J18.18
SiBCON 169.10 511.24 16.82
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As shown in this table, the adsorption of CBZ on SiBN and SiBCON is an
endothermic process (AH> 0) which gives a high percentage of removal
with increasing temperature, as well as spontaneously (AG <0); Moreover,
both processes tend towards more chaos because the entropy coefficient

has positive values (AS> 0).
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Chapter Five

Conclusion and
Recommendations
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Chapter Five

Conclusion and Recommendations

5.1 Conclusion

In recent years, the preparation of silica-based adsorbents has aroused great
interest due to its unique large surface area, uniform pore structure and
well-modified surface properties. Moreover, it can also be recreated many

times after the adsorption is saturated.

Functional silica with SIBN and SiBCON reversed that the result for the
adsorption of CBZ were highly efficiency, as both have good adsorption
capacity, and the rate of removal was increased under optimum conditions:
(1) room temperature, (2) pH 9.0, (3) 10.0 ppm initial concentration and (4)
contact time 15 min. Thus it can be used as an ideal adsorbent of CBZ from

wastewater.

The results showed that all adsorption processes followed Langmuir
temperature, and all were favorable (1> R > 0). The mechanism of all
interactions followed the pseudo-kinetic adsorption class II model.
Regarding thermodynamics, the parameters showed that all processes are
endothermic (AH > 0),), favorable and spontaneous (AG < 0), and the

processes reveal a random increase (AS > 0), in the solid and liquid surface,

indicating an accumulation of CBZ.
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5.2 Recommendations

This work aims to use SiBN and SiBCON modified silica to remove CBZ

from aqueous solutions.

1. Study the possibilities of applying these materials in scientific

applications.

2. Try to design specialized and commercially available materials using

these materials.

3. Use other adsorbents or other effective techniques to remove CBZ.
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