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Abstract

In this study, Polyacrylic Acid with amide crosslinked (PAA) was
decorated with Silver Nanoparticles (NPs). The resulting polymers PAA
and PAA with silver NPs (PAA-Ag) were characterized by IR
spectrophotometer. Both were used as adsorbents for Lead(ll) and 5-
Fluorouracil from aqueous solutions. The adsorption efficiency of each
adsorption process was investigated as a function of adsorbent dose,
adsorbate concentration, contact time, temperature and pH value.

Tendency of prepared PAA-Ag for extracting Pb(ll) from water was
evaluated and compared to PAA. It was observed that adsorption of lead on
PAA-Ag and PAA was affected by the amount of PAA-Ag until the
equilibrium level. The optimum pH value for lead adsorption was 7.33 and
4.7 for PAA-Ag and PAA respectively and the equilibrium was established
within the first 10 min adsorption was done at room temperature. It was
found that Lead adsorption kinetics has followed pseudo-second-order.
Experimental data were analyzed using two model equations: Langmuir
and Freudlinch and it was found that the data fitted well with Freundlich
isotherm model.

Meanwhile, PAA-Ag was used as adsorbents for the removal of 5-FU from

aqueous solution. The concentration of 5-FU in the supernatant was
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measured by UV-vis spectrophotometer. It was observed that adsorption of

5-FU was affected by the amount of PAA-Ag until the equilibrium level.
The optimum pH value for 5-FU adsorption was 8.18 and the equilibrium
was established in 5 min. It was also evident that the adsorbed 5-FU was
decreasing as the concentration of 5- FU was increased in solution. It was
found that 5-FU adsorption kinetics has followed pseudo-second-order.

And it was found that the data fitted well with Langmuir isotherm model.
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CHAPTER 1
Introduction

1.1 Background

Water is the most precious natural substance for all living organisms. The
major drinking water sources including ground water, lakes, reservoirs and
sea water struggle enormous challenges both old and new. The fast
growing water demands due to population growth, modernization, global
climate change and economic growth with poor water management

which’s severely limited the water supply.*?

While reliable access to clean and affordable water is the most basic human
need.? Various type of untreated pollutants including heavy metals, organic
substances, petroleum refining, paper and textile® involve processes that
produce a wide variety of effluents discharging into aquatic system and
their adverse environmental and health effects are investigated over the
years.>® Wastewater from these types of effluents typically has high levels
of colloidal suspension and dissolved organic pollutants.* Researchers have
utilized on finding an efficient treatment of these water problems by using
numerous advanced methods including reverse osmosis, ion-exchange and
membrane separation processes’ and adsorption onto different adsorbents.

The later one is considered as the most effective technologies.?’

Always, there is a continuing need for the development of efficient, cost
effective, and environmentally friendly techniques for water treatment.* So,

in this work we intend to develop new, simple, feasible and economical
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polymeric material for removing metals and organic substances from

wastewater in effective manner.
1.2 Sources of water pollution

Water pollution is the presence of excessive amount of pollutants in water
bodies due to human or industrial activities. Emergent pollutants such as
pesticides, synthetic fertilizers, chemical compounds like dyes, heavy
metals, hormones, personal care products, detergents, pharmaceuticals
product directly or indirectly enter into the ecosystems have adverse effects

on human health and aquatic systems.*®

The discharge of untreated pollutants, chemicals and hazardous waste from
domestic, agricultural and industrial sources into freshwater sources such
as rivers, lakes, oceans and groundwater aquifers cause change in the

physical, chemical and biological properties of water.*
1.2.1 Heavy metals

Heavy metals defined as metallic elements having atomic weights between

63.5 and 200.6, and a specific gravity greater than 5.0.°

They are naturally occurring elements that are found throughout the earth’s
crust, these elements play an essential role in biochemical and
physiological functions in plants and animals, they are needed in various
oxidation—reduction reactions and also they are important constituents of

several key enzymes.*°
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Heavy metal pollution is a global problem, although severity and levels of
pollution differ from one metal to another. The environment is continuously
exposed to varied loads of heavy metals from anthropogenic activities!!
such as mining and smelting operations, industrial production and use,
domestic and agricultural use of metals and metal-containing compounds
and it can also occur through metal corrosion, atmospheric deposition and

soil erosion of metal ions.1°

Although crucial biological functions of heavy metals in the living
organism, their chemical coordination and oxidation-reduction properties
have given them an additional benefit, that they can escape control
mechanisms such as transport and binding to required cell constituents.
These metals bind with protein sites which are not made for them by
displacing original metals from their natural binding sites causing DNA

damage, protein modification and others.!

Heavy metals are also considered as trace elements, they are ubiquitous,
non-biodegradable and tend to accumulate in living organisms. Their
toxicity depends on several factors including the dose, route of exposure,
and chemical species, as well as the age, gender, genetics, and nutritional
status of exposed individuals.’® Because of their high degree of toxicity,
arsenic, cadmium, chromium, lead, and mercury rank among the priority
metals that are of public health significance. They are considered as
systemic toxicants since they are known to induce multiple organ damage

even at low concentrations. These elements classified as human carcinogens
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according to the US Environmental Protection Agency and the International

Agency for Research on Cancer.

To protect human health from the adverse effects of heavy metals especially
in drinking water, international organizations set standards using individual
metals. These safety standards are set with the assumption that there is a
minimal interaction between metal or chemical species and, even if there

are interactions, the degree will not exceed safety factors applied.1%!
1.2.1.1 Lead

Lead is a naturally occurring bluish-gray metal present in small amounts in
the earth’s crust metals with the atomic number and the atomic weight

equal 82 and 207.19 respectively.’?

Lead is a persistent metal which is commonly used in various industrial
processes. It is toxic to living systems and may stay in the environment for
a prolonged period of time. The maximal lead level in tap water should not

exceed 10 ppm. 1t

The major sources of lead entering an ecosystem are atmospheric lead that
results primarily from automobile emissions, lead-acid batteries, paint
chips, fertilizers, pesticides and many other industrial products.>% It is
known that lead accumulates in the soil especially that with a high organic
content. Hence, displacing many other metals from the binding sites on the
organic matter and hindering the chemical breakdown of inorganic soil

fragments. As a result, lead in the soil may become more soluble, thus
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more readily to be taken up by plants.3

This toxic metal can enter the human body through uptake of water, air and
food containing lead. For example, lead can enter drinking water through
corrosion of pipes. This is more likely to be happened when water is
slightly acidic.?>® Lead can cause several adversely health effects like:
disruption of nervous systems, causes damage to liver, kidney, reproductive

system, basic cellular processes, brain functions.®
1.2.2 Pharmaceuticals

In recent years, Pharmaceutical Compounds (PhCs) have gained increasing
attention, particularly as no legal requirements have been set for discharge
into surface water bodies besides that the most of PhCs are biologically
active and hydrophilic, in order that the human body can take them up
easily and persistence against biological degradation, which is key

properties of these pollutants.332

Pharmaceuticals are large and diverse group of medicinal compounds used
for the diagnosis, cure, mitigation, treatment, or prevention of diseases and
they are designed to have a physiological effect on humans and animals in
trace concentrations, such as hormones, anticancer drugs and

antimicrobials.1®

Pharmaceutical pollution is considered as one of the most modern issues,
although PhCs present at low concentrations in the environment, it can

have adverse effects on human health and aquatic organisms.
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Trace amount of PhCs have been detected in surface waters, groundwater,
drinking water resources.® There are multiple path ways by which PhCs
enter aquatic system such as effluent from waste water treatment plants
where most of them are not completely removed low concentrations of
PhCs, Leakage from underground sewage infrastructure which are
recognized as a main pathway, household disposal of unused medicines,
manufacturing and hospital effluent also contribute to the occurrence of

pharmaceuticals in the environment.4
1.2.2.1 5-Fluorouracil

Anticancer drugs are very harmful chemical which use for cancer patient. It
has a lot of side effect to cancer patient or anyone who consume
contaminated body intake. 5-Fluorouracil (5-Fu) has received particular
attention because it is one of the most commonly used anticancer drugs in

the world.1®

5-FU was patented in 1956, came into medical use in 1962 and remains one
of the most effective chemotherapeutic agents which still use widely today
for systemic and local cancer treatment. The chemical structure and general

physical properties of 5-FU are outlined in Table.!’
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Table 1.1: Structure and properties of 5-FU.

Name 5-FU
Chemical F
structure Oﬁ)\
HN NH
T
Synonym 5-fluoro-1H-pyrimidine-2,4-dione5-Fluorouracil

Molecular weight | 130.08 g/mol
Chemical formula | C4H3sFN2O;
Water solubility | 1.11x10*ppm

Volume 95.34 A3
pKa 8.02
)\amax 265-266 nm

5-FU extensively used in chemotherapy for carcinomas of colon, breast,
pancreas, head, neck, and ovary®. Its function is to inhibit the action of
enzymes and to stop the growth of cancer cells through inhibition of
thymidilate synthesise or by being incorporated into macromolecules, such

as DNA and RNA, inhibiting their normal function.?

5-FU may be regarded as one of the pilot cytostatics for the assessment of
environmental contamination originating from hospital effluents. 5-FU can
be given by injection, by infusion, orally, or dermally. Metabolism of 5-
FU is rapid, resulting in about 60% up to 90% of 5-FU being metabolized,
whereas unmetabolised administered drug is excreted within 24h,
consequently, 5-FU wusually enter the hospital wastewater partially
transformed or even unchanged via urine and faeces of patients under
medical treatment while hospital effluents reach the municipal sewer
network without any preliminary treatment, hospital effluents represent
the primary source of 5-FU in the environment.!® Regarding the high

resistance of 5-FU towards biodegradation. Moreover, Its very low vapour
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pressure and its low adsorption to suspended solids present in water
matrices suggest that this drug will be extremely persistent in the aqueous
environment and the inefficient, incomplete degradation and removal of
such hazardous substance by conventional WWTPs. It is expected that 5-

Fu can reach surface and ground waters.*®
1.3 Adsorption

Adsorption is a phase transfer process that is widely used in practice to
remove substances from fluid phases (gases or liquids). It can be observed
as a natural process in different environmental compartments. The most
general definition describes adsorption as an enrichment of chemical
species from a fluid phase on the surface of a liquid or a solid via physical

or chemical bonds.*°

The solid material that provides the surface for adsorption is called
adsorbent, the species that will be adsorbed are named adsorbate and it can
be gas, liquid or dissolved solids. The efficiency of adsorption process
depends on various factors; nature of adsorbate and adsorbent, surface area,
porosity and chemical surface and moisture content. Also there are some
external factors affecting adsorption process such as temperature, pH of

solution, presence of competing compounds.?23°

In water treatment, adsorption has been proved to be an efficient removal
process for a multiplicity of solutes. Here, the molecules are removed from
the aqueous solution by adsorption onto solid surfaces. It is recognized as

an efficient, promising and widely used approach for wastewater treatment;



9

simple, economically viable and technically feasible.

The adsorbents used for water treatment are either of natural origin (clay
minerals, natural zeolites, oxides) or the result of an industrial production,

such as carbonaceous adsorbents, polymeric adsorbents.*

Polymeric adsorbents constitute a new and unique class of adsorbents have
large surface areas and fine pore structures inside the particle similar to
bonded phase silica and activated carbon.®* Because of this characteristic,
these resins can effectively adsorb organic compounds from aqueous
solutions. They are produced by copolymerization of nonpolar or weakly
polar monomers such as styrene, or acrylic acid with specific cross-linking

agents.??
1.3.1 Polyacrylic acid

Polyacrylic acid (PAA) belongs to the class of commercial polymers
produced on a large scale and widely used in various industries, agriculture
and medicine. PAA-based polymeric materials are used as emulsifiers and
thickening agents for aqueous solutions, adsorbents and plastics, etc.

Polymers and copolymers of acrylic acid are known as efficient flocculants.

Acrylic Acid (AA) is the key functional group for synthesis these
polymers. AA is an organic compound with the IUPAC nomenclature
propenoic acid and chemical formula CH,=CHCOOH. It is the
simplest unsaturated carboxylic acid. This colourless liquid has a

characteristic acrid smell. Its chemical structure facilitates the combination
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with large chain of compounds forming polymers.

PAA is a synthetic high-molecular weight polymer. In the solid state, PAA
Is obtained by polymerization of AA in the presence of photo-initiators or
under the action y-radiation. Hydrogen peroxide, alkali metal or ammonium
persulfates initiate the polymerization of AA in aqueous solution. Only

non-ionized AA molecules enter into the polymerization reaction.?*

PAA is a weak polyelectrolyte, whose degree of ionisation is dependent on
solution pH®®. PPA is hard, durable, insoluble spheres of high surface area
and porosity. Its ionizable carboxylic acid groups along its backbone make
it soluble in aqueous media at neutral pH whereas its non-ionised form at

low pH. 253

Recent years, the use of the polymeric adsorbents for treatment of drinking
water or wastewater has attracted great attention. There are various studies
used PAA as adsorbent to remove different contaminants and pollutants
from aqueous solutions. Magdy converted PAA into modified polymers
and tested for their ability to adsorb heavy metal ions from aqueous
solutions.?* Matgorzata and Katarzyna have studied the possibilities of
removal chromium(lll) oxide from water using PAA.3® PAA bound iron
oxide magnetic nanoparticles were used to remove methylene®” and
bromelain® from aqueous solution. The development and employed of
PAA adsorbents in adsorption process can be considered as the best choice
to provide a very effective process for wastewater treatment. Herein, PAA

with amide crosslinks decorated with silver nanoparticles were used as
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polymeric adsorbent for removal of lead and 5-FU from aqueous solution.
1.4 Adsorption isotherm

Adsorption isotherm is an invaluable non-liner curve describing the
adsorption phenomenon in which the amount of the adsorbate on the
adsorbent as a function of its concentration (if liquid) or pressure (if gas) at

constant temperature and pH.

Adsorption isotherm is an essential way for determining performance of an
adsorbent and the efficiency, is done by Modeling the adsorption isotherm
data which is obtained by batch experimental tests in labs. Several isotherm
models were developed over the years. There are several models used in
modelling the adsorption data such as Langmuir and Freundlich isotherms.
In order to determine the best fit isotherm model, the correlation coefficient
(R?) for linearized isotherm model is usually used. In this study, the
experimental data were analyzed by two well known methods Langmuir

and Freundlich isotherms models.
1.4.1 Langmuir Adsorption Isotherm

It is the simplest and most common isotherm equation used. It was
developed to represent chemisorptions. Langmuir Isotherm is based on the
following assumptions; the surface of adsorbent is uniform that means all
of the adsorption sites are energetic equivalent, also it's a monolayer
adsorption so there is no interaction between the adsorbed molecules, even

on adjacent sites.
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The mathematical form for Langmuir Isotherm is given by the following

equation:

Where:

C. = the equilibrium concentration of adsorbate (ppm).
Jo = maximum monolayer coverage capacity (mg/g).
K. = Langmuir isotherm constant (L/mg).

ge = the amount of adsorbate per unit mass of adsorbent at equilibrium

(mg/g), and it can be calculated using the following relation:
V

Je=(Co—Ce) -

Where:

C, =the initial concentration of the adsorbate (ppm)

V = the volume of the solution (L).

m = the mass of the adsorbent (g).

1.4.2 Freundlich Adsorption Isotherm:

It is an empirical model, which can be applied to multilayer adsorption with
non-uniform distribution of adsorption heat over the heterogeneous surface.

Freundlich isotherm supposes that stronger binding sites are occupied first,
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so; the binding strength reduces with increasing degree of site occupation.
The Freundlich adsorption isotherm is expressed in following equation:
1
logq. = logKy + Hlog Ce
Where:

Kk is the Freundlich constant which indicates the adsorption capacity of the

sorbent (mg/g).

n is the heterogeneity coefficient that gives an indication of the Favourable

way of the adsorption process (g/L).?6
1.5 Objectives of the study
1.5.1 General Objectives

The main objective of this research is to develop a new polymeric based
material with high affinity for both metals and non metals and for

adsorption of organic emergent pollutants.
1.5.1 Specific objectives

1. Develop a method for preparing the target polymeric material.

2. Develop and extraction techniques for removal of organic pollutants and
metal ions from water using the prepared polymer.

3. Characterization of decorating silver nanoparticles on the polymer

surface.
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The materials chosen for this purpose are acrylic acid and 1,4-pheneylene
diamine. 1,4 -Phenylene diamine will be used as a crosslinking agent for
polymer acrylic acid. In this case a polymer with a 3D structure is expected
to form with binding sites for metals and organic substances. The prepared

polymer will be evaluated as follows:

1. Its efficiency for heavy metal ions present in synthesized water.
2. lIts efficiency for removing the drug 5-FU in synthesized water.
3. Determine the optimum adsorption conditions by evaluating the effect
of various factors such as pH, temperature, amount of adsorbent,

concentration of adsorbate and contact time.
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CHAPTER 2
EXPERIMENTAL

2.1 Materials and methods:

All chemicals including acrylic acid, NaOH, HCI, 5-FU, 1,4-
Phenylenediamine, Sodium borohydride, potassium persulfate, Sodium
thiosulfate were purchased from Aldrich Chemical Company, and were
used as received without further purifications. The required instruments for
this research include the following: shaking water bath (DaihanLabtech, 20
to 250 rpm Digital Speed Control), pH meter (model: 3510, JENWAY),
glassware, Atomic Absorption Spectrometer (ICE 3500 AA System,
Thermo Scientific), UV spectrometry (model: UV-1601, SHIMADZU), IR
Spectrometer (Nicolet iS5, iD3 ATR, Thermo Scientific).

2.2 Polymers Preparation
2.2.1 Preparation of Polyacrylic acid (PAA) with Amide crosslinks

PAA was synthesized by radical polymerization as follows: potassium
persulfate and Sodium thiosulfate (0.05 g in 0.05 mL distilled water) as
initiator was prepared and added to acrylic acid (20 mL) in a beaker (50
mL). The solution was stirred magnetically at 65 °C till heat-shock-induced

polymerization occurred.

The produced PAA polymer was crosslinked by dissolving a sample of it
(1.5 g) in a beaker (100 mL) in DW (30 mL). To the beaker content was

added 0.5 g of 1,4 -Phenylenediamine with stirring. The solution was
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heated till removing all distilled water. The solid product was place in an
oven at 180° C°C for 10 min. Solid product was washed several times with

distilled water and acetone then dried at room temperature.
2.2.2 Preparation of PAA decorated with nano Ag particles

A solution of AgNOs3 (300 ppm) was prepared in 500 mL volumetric flask.
50 mL DW containing 1.5 g of polymer was mixed with 25 mL of AgNO;
solution. Then NaBH, (0.3 g) was carefully added to 20 mL DW and added
to the polymer silver nitrate solution and stirred for 24 hours. The resulting
solid was filtered, washed with distilled water and acetone then left to dry

at room temperature.

2.3 Removal of Lead metal from polluted water using PAA and PAA-
Ag

2.3.1 Preparation of lead solutions

A stock solution of lead with a concentration of 1000 ppm was prepared by
dissolving 0.5 g of Lead nitrate in 500 mL water in a volumetric flask. A
set of solutions of lead with various concentrations: 5 to 50 ppm were

prepared by dilution.
2.3.2 Calibration curve

Calibration curve is a quality control method for determining the
concentration of a substance in an unknown solution by comparing the

unknown to a set of standard solutions with known concentrations.
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Atomic Absorption Spectrophotometer (AAS) was used to construct the
calibration curves of Pb (Il) through measuring the concentration and
absorbance for the prepared standard solutions. According to Beer-Lambert
law, solution with low concentration absorbs less light than solution of
higher concentration. Since the absorbance and concentration are directly
proportional. This law can be used to determine an unknown concentration
depending on using the calibration curve of standard solution of lead ion.
Atomic adsorption measurements of prepared Standard solutions were
investigated in order to have a calibration curve of lead as shown in figure

2.1:

standard curve

0.16

y =0.003x
0.14 R?=0.9522
0.12 //
0.1
é 0.08 / =¢—standard curve
0.06

0.04 ——Linear (standard
0.02 curve)
0

0 20 40 60
Concentartion (ppm)

Figure 2.1: Calibration curve of Pb(ll).

2.3.3 Batch experiments

A mixture of 0.15 mg adsorbent PPA or PPA/Ag-NPs in 10 mL of DW

containing known concentration of Pb(Il) was shaken.

The effect of several conditions including; contact time, pH value,

temperature, amount of adsorbent and the concentration of lead ion were
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evaluated. Atomic absorption measurements were used for the filtrate
mixture of each sample to determine the remained amount of lead ion and

investigate the adsorption efficiency of the extent.

2.3.3.1 Effect of adsorbent dose

To study the effect of dose of adsorbent on the removal of lead (I1), various
doses of adsorbent between 10—200 mg was tested. Lead (II) concentration
used in this study was 50 ppm. The samples were placed in a water bath
equipped with a shaker at constant temperature (25°C) for 30 min at PH=
6.33. The mixture was filtered to remove adsorbent and the Pb (II)

concentration in the filtrate was measured using AAS.

2.3.3.2Effect of adsorbate concentration

To find the optimum concentration of lead metal. The resulting optimum
mass of adsorbent determined from experiment above was added to a
number of vials, each contains 10 mL of various concentrations of lead at

pH equals 6.33 for 30 min at room temperature.

2.3.3.3Effect of contact time

The adsorption efficiency of the polymers were evaluated as a function of
time at room temperature, pH value equals 6.33, optimum amount of
adsorbent and optimum concentration of Pb(Il). A sample of 50 ppm of
standard solution was taken in a volumetric flask and shaken with 0.15 mg

of an adsorbent at various contact times ranging from 5 to 30 min.
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2.3.3.4Effect of pH value

Effect of pH value on the efficiency of lead adsorption was investigated at
various pH values ranging from (2.0-9.0). The pH was adjusted using
roughly concentrations of 0.1M NaOH and 0.1M HCI 0.15 g adsorbent
samples were added to 10 mL of lead solution with concentration 50 ppm.
The mixtures were placed in Shaking Water Bath for 10 min taking into

consideration the optimum temperature for each adsorption process.
2.3.3.5 Effect of temperature

The effect of temperature on adsorption was also evaluated; 0.15 ¢
adsorbent samples were added to 10 mL of lead solutions with
concentration of 50 ppm. Each vial was shaked in a water bath at various

temperatures ranging from 15 - 40°C for 10 min.
2.4 Adsorption of 5-FU using PAA/Ag-NPs
2.4.1 Preparation of 5-FU solutions

5-FU in 100 mL DW in volumetric flask. The stock solution was used to
prepare standard solutions with different 5-FU concentrations (5, 15, 20,

25, 30 ppm). All solutions were preserved in refrigeration until their use.
2.4.2 Calibration Curve

The absorbance of the prepared solutions in section 2.4.1 were measured by
UV-visible Spectrophotometer at 266 nm wavelength. The absorbance was

plotted versus concentration. Linear calibration curve between absorbance
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and concentration was obtained with 5-FU concentrations in the range 1-20

ppm as shown in Figure 2.2

standard curve
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1.2
0.0605x =y
1 / 0.9995 = 2R
08

0.6 / ¢—standard curve
0.4
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0.2 / )

0
0 10 20 30
concentration (ppm)

Abs.

Figure 2.2: Calibration curve of 5-FU

2.4.3 Batch experiments

A mixture of 0.05mg sample of PPA with sliver NPs adsorbent was added
to a 10 mL of DW containing known concentration of 5-FU than shaked.
The effect of various parameters such as amount of adsorbent, contact time,
pH value, effect of temperature and concentration of 5-FU on adsorption
process was studied. The UV-Spectrophotometer was set at 266 nm (which
is the characteristic wavelength for 5-FU molecule) for measurements of

the absorbance for all trials.
2.4.3.1 Effect of adsorbent dose

To study the effect of dose of adsorbent on the removal of 5-FU on the

polymer surfaces different experiment were done using different dose



21

ranging between 0.05-0.2 g. This experiment was studied using 5 ppm
solution at room temperature. The samples were placed in Shaking Water
Bath for 30 min. The absorbance of supernatant was measured by UV-

visible for the residual concentration of solution
2.4.3.2 Effect of adsorbate concentration

To determine the optimum concentration of 5-FU drug. A known mass of
adsorbent was added to a number of vials, each contains 10 mL of standard
solution. After that, the solution was filtered and the absorbance of
supernatant solution was measured using UV-spectrophotometer at Amax

equals 266 nm.
2.4.3.3 Effect of contact time

The adsorption of 5-FU onto PAA with silver NPs was studied at different
contact time ranging from 5 to 35 min. The concentration of 5-FU was 5

ppm with 0.05 mg of polymer at room temperature.
2.4.3.4 Effect of pH

The effect of initial pH value on the adsorption behaviour was investigated
at pH range 4.0-9.0. The pH was adjusted using roughly concentrations of
0.1M NaOH and 0.1M HCI. (0.05mg) of PAA with silver nanoparticles
was added to 10 mL of 5-FU solution with concentration 5 ppm. The

mixtures were placed in Shaking Water Bath at 25°C for 5 min.
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2.4.3.5 Effect of temperature

The adsorption of 5-FU was studied at different temperatures ranging from
15 to 40°C. In each experiment, 0.05 g of PAA-Ag was added into 10 mL

of 5 ppm 5-FU solution shaking for 5 min.
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CHAPTER 3
RESULTS AND DISCUSSION

3.1 Polymer Synthesis

The target polymer was synthesized from reacting polyacrylic acid (PAA)
with 1,4 -pheneylen diamine (1,4-PDA). Polyacrylic acid was prepared by
polymerization of acrylic acid using an initiator. PAA is water soluble, so
by reacting it 1,4 -PDA it was converted to across linked 3-D polymer that
iIs water insoluble. Amine groups as shown in Figure 3.1 undergoes
condensation reaction with carboxyl group at high temperature (180 °C) to
lose a water molecule and form an amide bond. As shown in Figure 3.1,
the crosslinked polymer has several binding sites for metal ions which
makes excellent candidate as an adsorbent for metal ion present in water.
Also, the presence of carboxyl and amide groups that form H-bonding
acceptor and electron donor, makes the polymer a good trapping ageing for

polar drugs and organic matters present in water.
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Figure 3.1: Cross-linking of PAA with 1,4-PDA

Suspending the polymer in aqueous solution with silver nitrate then adding
sodium borohydride caused reduction of Ag (I) to Ag(0) and cause it to

deposit as a nanoparticle on the polymer surface as shown in Figure 3.2.
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Figure 3.2: Crosslinked PAA decorated with silver nanoparticles.
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3.2 FT-IR Characterization

FT-IR spectrum of PAA with amide crosslink is shown in Figure 3.3. The
spectrum shows a peak at 1723.48 cm™ corresponds to the C=0 of acrylate
unit and absorbance at 1178.36 cm™ corresponds to the -CO-O- stretching
of acrylate unit. The peak around 1680 cm™ is assigned to tensional
stretching of C=0 amide (-CO and -CN). The C=0 of carboxy groups in
the crosslinked PAA decorated with Ag nanoparticles shows at 1716 cm™.
However, in the parent PAA is shows at 1723 cm™. So the wave number
shifted to a lower number. This blues indicates existence of silver NPs on
the polymer surface as shown in Figure 3.4. The silver particles make an
electrostatic interaction with the carboxyl group so, it lower the bond order
of the carbonyl groups as a results of that, the C=0O stretching appear at

lower wavenumber.
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So, the FT-IR spectrum clear shows the formation of the crosslinked
polymer and the deposition of the silver nanoparticles on the surface. The
FT-IR shows that silver particles bond to the carboxyl group not to the

amide bond, since wavenumber of C=0 of the amide didn't make any shift.
3.3 Adsorption results

In this study, the synthesized modified PAA was used as an adsorbent for
heavy metals and pharmaceutical compounds from water. This process was
done by studying the adsorption capacities for PPA with silver
nanoparticles towards lead and Fluorouracil (5-FU) adsorbates and PPA
toward lead metal ion. The chemical structure of 5-FU in figure 3.5, as
shown in figure 3.5, it is considered a H-bonding donor and electron

acceptor and highly polar. It is expected to interact well with PAA-Ag.

F

O

HN NH

hig

O

Figure 3.5: Chemical structure of 5-fluorouracil

The effect of various parameters such as amount of adsorbent, contact time,
pH value, adsorbate concentration and temperature were discuss for each

adsorption process.

After finding the remaining concentration, the percentage removal for each

adsorption process was determined. This value is defined as the ratio of
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difference in adsorbate before and after adsorption (Co-Cy) to the initial
concentration of adsorbate in the aqueous solution (Cy) and was calculated
using Eq. 3.1:

Co—Cf 4
Co

E (%) = 100% (3.1)

Where Co is the initial concentration of adsorbate and Cst is the final

concentration.
3.3.1 Adsorption of lead

The effect of solution conditions for the adsorption of lead on PAA and
PAA-Ag adsorbents is determined. The extracted concentration of lead ions
was determined using atomic absorption spectrophotomter. The adsorption

processes are compared according to using lead with different adsorbents.
3.3.1.1 Effect of adsorbent dose

The experimental results for adsorptive removal of lead ions with respect to
each dose of PAA and PAA-Ag adsorbents are shown in Figure 3.6 over
the range 0.01 g to 0.2 g, at room temperature for 30 minutes and neutral

pH value.

The maximum percent of lead removal was 97.97 % using 0.15 g of PAA-
Ag. Such that, this polymer showed an increase in percentage removal with
increasing the adsorbent dose. Also, the same relation between adsorption
efficiency and dosage effect is observed for PAA with 0.15 g and 72.59%

percentage of removal. The rapidly increased in the percent of removal for
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lead ions with increase in the dose of PAA and PAA-Ag receptors is due to

the greater availability of the adsorption sites on the adsorbent surface.

100 /“'*’

20 97.97

80 7/
= 70 il
2 o | p——a— T35 ——PAA-Ag
qE; 50 == PAA
":-, 40
X 30

20

10

0

0 50 100 150 200
adsorbent dose (mg)

Figure 3.6: Effect of adsorbent dose on the removal of Pb(ll).(time= 30 min,
concentration of Pb(Il) = 50 mg/L, solution Volume= 10 mL, at 25 °C ,pH=6.33) .

3.3.1.2 Effect of adsorbate concentration

The effect of initial concentration of lead ions on the percent of removal
using PAA and PAA-Ag indicated that the adsorptive removal increases
with the increase in the initial lead ions concentration. The maximum
percentage removal was 97.97% for PAA-Ag using 50 ppm concentration
of lead solution as shows in Figure 3.7, while the observed initial
concentration for having maximum adsorption efficiency for PAA is 50
ppm with percentage removal equals 80.04%. When we increased the
initial concentration, the mass transfer driving force will accelerate Pb(ll)
ions diffusion from the bulk solution to polymer surfaces and this will

increase the adsorption capacity.
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Figure 3.7: Effect of adsorbate concentration on the removal of Pb(ll). (time= 30 min,
adsorbent dose= 0.15g, solution Volume= 10 mL, at 25°C, pH=6.33) .

3.3.1.3 Effect of contact time

The effect of contact time on adsorption of lead ions on each adsorbent was

studied at pH= 6.33 as shown in Figure 3.8.
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Figure 3.8: Effect of contact time on the adsorption of Lead on PAA and PAA-
AQ.(Co=50 ppm, volume = 10 mL, adsorbent dose =0.15 g, temperature=25°C,
pH=6.33).

Herein, the highest percent of lead removal equals 92.71% for PAA-Ag
after 10 min of shaking as optimum contact time. When lead ions were

removed by PAA the optimum contact time is after 10 min and the percent
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of removal is 80.53%. For both adsorbents, the remaining concentration of
the lead ions after 10 min becomes approximately constant. The high
percent of Pb(Il) removal could be due to the availability of vacant sites on
the adsorbent at the external surface. In general, the pore size becomes
smaller and the surface area increases when silver NPs deposit in the

polymer surface.

3.3.1.4 Effect of pH value

pH is considered one of the most important parameters that controlling the
adsorption process. Several experiments were performed in this work for
investigation the effect of pH in basic, acidic and medium. The effect of pH
on Pb(I1) removal efficiency on each polymers. These studies were carried

out at room temperature with varying the pH value of the lead solution.
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Figure 3.9: Effect of pH on removal efficiency of Pb(ll). (10 mL of the Pb(ll)
solution(50ppm), shaking time= 10min, amount of adsorbent = 0.15¢, at 25 °C).

For PAA-Ag adsorbent, the percent of adsorption increases with increasing

pH to reach a maximum at 7.33 (neutral). Which equals 94.57%, For PAA
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adsorbent, 80.53% is the maximum percentage removal of lead ions at pH
4.7 as shown in figure 3.9, thereafter the percentage removal decreases and
becomes approximately constant with increasing pH value of solution. The
increase in lead removal as the pH increase could be due to decrease in
competition between lead ions and the proton and by decrease the positive

surface charge.
3.3.1.5 Effect of temperature

Studying the effect of temperature on the adsorption of lead ions using both
adsorbent. As shown in Figure 3.10, the adsorption of Pb(ll) using two
different adsorbents including PAA and PAA-Ag has found to increase
with an increase in temperature until reaching maximum at 25°C, and
thereafter the percentage removal decreases with more heating using PAA

and becomes roughly constant in PAA-Ag adsorbent.
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Figure 3.10: Effect of temperature on the adsorption of Pb(ll). (Co=50 ppm with
volume =10 mL, adsorbent dose=0.15g, for 10 min).
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3.3.2 Adsorption isotherm models

This part was performed to determine the best adsorption isotherm for lead

adsorption onto PAA and PAA-Ag.

The observed data were fitted to two adsorption models Langmuir and
Freundlich. These models describe the relationship between the amounts of
Pb(Il) adsorbed and its equilibrium concentration in solution. Relationship
between C. and C./ge describes Langmuir isotherm model; monolayer
coverage of adsorption surface. Whereas, Freundlich isotherm model
describes multilayer adsorption If the figure log gevs log c. gives a straight
line with high R? value.

3.3.2.1 Testing the two models for two adsorbents (PAA and PAA-AQ)

3.3.2.1.1 PAA Adsorbent

Langmuir isotherm model

30
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&
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5 L 4
N e
0
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Figure 3.11: Langmuir isotherms of Pb(ll) onto PAA. (adsorbent dose= 0,15 g, time=
30 min, temperature= 25 °C,volume= 10mL).
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Freundlich isotherm model
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Figure 3.12: Freundlich isotherms of Pb (II) onto PAA.(adsorbent dose= 0,15g, time=

30 min, temperature= 25 °C, volume= 10mL).

As shown from the previous figures 3.11 and 3.12, the values of R? using
freundlich adsorption isotherm are approximately 1. This means that the
adsorption of Pb (IlI) onto PAA is physical adsorption and follows

freundlich equation.

3.3.2.1.2 PAA-Ag adsorbent

Langmuir isotherm model

PAA-Ag
L 4
9.629 + 0.2421x- =y
0.0056 = 2R
— ¢
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T ‘ T 1
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Figure 3.13: Langmuir isotherms of Pb(ll) onto PAA-Ag. (adsorbent dose= 0,15 g,

time= 30 min, temperature= 25 °C, volume= 10mL).
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Freundlich isotherm model
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Figure 3.14: Freundlich isotherms of Pb (1) onto PAA-Ag. (adsorbent dose= 0,15g,
time= 30 min, temperature= 25 °C,volume= 10mL).

According to R? values from two figures 3.13 and 3.14, adsorption of

Pb(Il) onto PAA-Ag follows freundlich isotherm model.

The following table represents the values of freundlich and Langmuir
isotherm constants for the adsorption of Pb (1) on PAA and PAA-Ag.

Table 3.1: The constants of Langmuir and freundlich isotherm for the
adsorption of Pb(Il) on PAA and PAA-Ag.

Langmuir constants Freundlich constants
Adsorbent
KL Om R?2 Ke 1/n R?2
PAA 0.079 0.8 0.135 | 0.051 | 0.437 | 0.987
PAA-Ag | 0.251 | 0.413 | 0.005 | 0.053 | 0.436 | 0.991

3.3.3 Adsorption kinetic models

The experimental kinetic data for Pb(Il) adsorption on the adsorbents are
fitted with pseudo- second order and pseudo-first order diffusion kinetic

models to investigate the mechanism for each adsorption process.
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3.3.3.1 Testing the two models on two adsorbents (PAA and PAA-A

3.3.3.1.1 PAA adsorbent

pseudo-first order kinetic
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Figure 3.15: Pseudo-first order model for the adsorption of Pb (Il) onto PAA.
(adsorbent dose= 0,159, Co= 50ppm, temperature= 25 °C ,volume= 10mL).
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Figure 3.16: pseudo-second order model
PAA.(adsorbent dose= 0,15g, Co= 50ppm,volume= 10mL, temperature= 25°C ).

for the adsorption of Pb(ll) onto
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According to R? values from two figures 3.15 and 3.16, adsorption of

Pb(I1) onto PAA follows pseudo- second order model.

3.3.3.1.2 PAA-Ag adsorbent

pseudo-first order kinetic

PAA-Ag
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Figure 3.17: pseudo-first order model for the adsorption of Pb(ll) onto PAA-Ag.
(adsorbent dose= 0,15¢, Co= 50ppm,volume= 10mL, temperature= 25°C)).
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Figure 3.18: pseudo-second order model for the adsorption of Pb(Il) onto PAA-Ag.
(adsorbent dose= 0,15g, Co= 50ppm,volume= 10mL, temperature= 25 °C).

According to R? values from two figures 3.17 and 3.18, adsorption of Pb

(11) onto PAA follows pseudo- second order model.
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3.4.1 5-FU adsorption on PAA-Ag

The effect of solution conditions for the adsorption of 5-FU on PAA-Ag
adsorbent is determined. The absorbance of the supernatant was measured

using UV- Spectrophotometer at Aypax= 266 nm.
3.4.1.1 Effect of adsorbent dose

To study the effect of dose of adsorbent on the removal of 5-FU on the
PAA-Ag surfaces different experiment were done using different dose of
PAA-Ag substrates ranging between 0.01 — 0.2 g as shown in Figure 3.19.
This experiment was studied using 10 mL solution of 5-FU (15 ppm) at 25
°C. From the figure 3.19, It was observed that the percentage of adsorbed 5-
FU increased from 15 to 38.9%. With increasing the PAA-Ag dosage from
0.01 to 0.05 g. Above 0.05 g of adsorbent, the adsorption of the 5-FU was
in the equilibrium so extraction percentage remains constant 0.05 g PAA-

Ag was used accordingly for subsequent experiments.
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Figure 3.19: Effect of adsorbent dose on the removal of 5-FU. (temperature= 25 °C,
time=30 min, concentration Of 5-FU= 15 ppm, volume= 10 mL, pH=4.31).
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3.4.1.2 Effect of adsorbate concentration

The effect of initial concentration of 5-FU on the percentage removal using
optimum amount of PAA-Ag (0.05 g). As shown in Figure 3.20, the
adsorptive removal decreases with increase in concentration of 5-FU. The
maximum percentage removal is 46.5 by using 5ppm. Lower initial 5-FU
concentration results in sufficient adsorption sites to be available for

adsorption process.
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Figure 3.20: Effect of adsorbate concentration on the removal of 5-FU. (Temperature=
25°C , time=30 min, concentration of 5-FU= 15 ppm, volume= 10 mL, pH=4.31)

3.4.1.3 Effect of contact time

The effect of contact time on the adsorption of 5-FU using PAA-Ag was
studied. The optimum conditions of adsorbent dose and adsorbate
concentration was used. Figure 3.21 illustrates the adsorption of 5-FU onto
PAA-Ag at different contact time. As seen, the adsorption of 5-FU
increases fast in the first 5 min reaching the highest percentage equals
86.96%, and then slowed down until the adsorption process achieves

equilibrium.
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Figure 3.21: Effect of contact time (min) on removal efficiency. (10 mL of the 5-
FUsolution (5 ppm), amount of adsorbent = 0.05 g, at 25 °C, pH=4.31)

Herein, it is worth noting that the fast removal rate during 5 min may be
attributed to the rapid diffusion of 5-FU from the solution to the external
surfaces of PAA-Ag.the rapid removal of 5-FU by PAA decorated with
silver NPs is due to their small size which was favorable for the diffusion
of adsorbate from bulk solution onto the active sites of the solid surface.
Meanwhile, as the sites being gradually occupied, the adsorbed 5-FU tends
to be transported slowly from the bulk solution to the actual occupied
sorption sites. Such slow diffusion will decrease the adsorption rate of 5-

FU later.
3.4.1.4 Effect of temperature

The effect of temperature on the uptake of 5-FU by PAA-Ag was studied at
(15- 40°C) as shown in Figure. The optimum conditions of adsorbate

concentration, contact time and adsorbent dose were taken in consideration.
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The adsorption of 5-FU using PAA-Ag has been found to increase with
increasing the temperature until reaching a maximum at 25 °C, and
thereafter the percent of removal decreases with further heating as shown in
Figure 3.22. Such that; the percent of removal at 25 °C is 85.26%. Low
temperatures of 5-FU solution enhance the complexation ability between
PAA with silver NPs and 5-FU and hence increase the adsorption

efficiency.
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Figure 3.22: Effect of temperature on 5-FU adsorption. (Co= 5ppm, time= 5 min,
adsorbent dose= 0.05 g, solution volume= 10 mL, pH=4.31)

3.4.1.5 Effect of pH value

Figure 3.23 showed the effect of pH value on the efficiency of removing 5-
FU onto PAA-Ag adsorbent. This study was conducted at the optimum
amount of adsorbent, contact time concentration of adsorbate with varying

the value of pH at room temperature.
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Figure 3.23: Effect of pH on 5-FU adsorption. (Co= 5 ppm, temperature =25 °C, time=
5 min, adsorbent dose= 0.05 g, solution volume= 10 mL)

To evaluate the effect of pH on the adsorption capacity of the PAA-Ag the
adsorption experiments were carried out in solutions having different pH
values. As shown in Figure 3.23. The maximum percentage removal was
94.8% at pH 8.18 with using 0.05 g of adsorbent, shaking for 5 min at room

temperature.

3.4.2 Adsorption isotherm models

Langmuir isotherm model
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Figure 3.24: Langmuir isotherms model for the adsorption of 5-FU onto PAA-Ag.
(adsorbent dose= 0,05 g, time= 30 min, temperature= 25 °C, volume= 10mL).
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Freundlich isotherm model
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Figure 3.25: Freundlich isotherms model for the adsorption of 5-FU onto PAA-Ag.
(‘adsorbent dose= 0,05 g, time= 30 min, temperature= 25 °C, volume= 10mL).

According to correlation coefficient values from two figures 3.24 and 3.25,
adsorption of 5-FU onto PAA-Ag follows Langmuir isotherm model. The
following table shows the Langmuir and Freundlich constants for the
adsorption of 5-FU onto PAA-Ag.

Table 3.2: The constants of Langmuir and Freundlich for the
adsorption of 5-FU on PAA-Ag

Langmuir Constants Freundlich constants

Adsorbent

KL

Om

RZ

Ke

1/n

RZ

PAA-Ag

2.17

0.221

0.901

0.89

0.07

0.370
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3.4.3 Adsorption kinetic models

pseudo-first order kinetic
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Figure 3.26: pseudo-first order model for the adsorption of 5-FU onto PAA-Ag.
(adsorbent dose= 0,05 g, Co= 5ppm, temperature= 25°C ,volume= 10mL).

pseudo-second order Kinetic
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Figure 3.27: pseudo-second order model for the adsorption of 5-FU onto PAA-Ag.
(adsorbent dose= 0,059, Co= 5ppm, temperature= 25 °C ,volume= 10mL).

According to R? values from two figures 3.26 and 3.27, adsorption of 5-FU

onto PAA follows pseudo- second order model.
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Conclusion

The synthesis and characterization of the new Polyacrylic acid modified
surfaces including PAA and PAA-Ag showed that these polymers have
very good thermal and chemical stabilities, and hence they can be used as

perfect adsorbents to uptake Pb (1) and 5-FU from aqueous solutions.
The observed results of this research include the following:

1. The maximum extent of adsorption was for PAA-Ag polymer in the
presence of lead ions. This adsorption needed only 10 minute of
shaking at 25°C, 0.15g of polymer to have 98.19% as percent of Pb (II)
removal. The maximum percent of lead removal onto PAA was 89.06%
at the same condition.

2. Adsorption thermodynamics of lead ions onto the two materials PAA
and PAA-Ag was studied, both followed Freundlich isotherm model
and pseudo—second order Kinetic model.

3. 5-FU was adsorbed onto PAA-Ag polymer, the maximum percent of
5-FU removal was 94.8% after 5 min of shaking, 0.05 g of PAA-Ag
and 5 ppm of 5-FU solution at room temperature.

4. The results showed that the adsorption of 5-FU followed Langmuir
isotherm and the mechanism of this reaction followed pseudo-second

order kinetic adsorption model.
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Recommendations for Future Works

1. Using the synthesized adsorbents to remove other toxic heavy metal

ions rather than lead ion from water.

2. Using the synthesized adsorbents to remove other PhCs rather than 5-

FU from water.

3. Up taking of toxic metal ions and PhCs from water using others
modified polymer surfaces and compare between the adsorption

efficiency between them and the synthesized polymers in this research.
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