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ABSTRACT

The grafted nano-copolymer was synthesized by esterification
process, by dissolving method to preparing a linear co-polymer as a first
step from the reaction of (2.0 mole) Terphthalic acid with (1.0 mole)
Glycerol. About (0.5 mole) of Maleic anhydride was added to the
resulting linear co-polymer solution to get the graft nano co-polymer, as

shown in the below equations:

°
C-OH C|)H
+ CH2-CH-CH2
2.0 1.0 | |
OH OH
C<\OH 145 °C/ 80 min.
@)
Terphthalic acid Glycerol
(@) (@) @) o
[l T H> /1 T O
HOTC C—O=CH; CH-C -O—C ctoH =+ (n-1)H>

OH

Linear Nano co-polymer

The first step; Synthesis linear nano-copolymer
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OH

Linear Nano co-polymer Maleic anhydride

105 °C/ 40 min.

0 ) 0 0)
I [l H, 1 [l
HO{C@*C—O—CHz CI:H—C -O—COCJ[OH
?
O=C—cH::cH:—c|::o + (n-1)H,O

(@]
Hy |
HO ICI: I(/:;_O_C —CH—CH2O—ICI3 ICI: OH
O O O (@)

Poly(Terphthalic acid-Co-Glycerol-G-Maleic anhydride)
[ PTGM Nano Particals]

Second step Synthesis of nano graft PTGM particles.

This nano co-polymer was characterized by several techniques
(FT-IR, H-NMR and AFM). The AFM results showed that the average
particle size of the nano co-polymer is 74.39 nm, this proves that the

prepared co-polymer is nano scale.

The decontamination of three types of dyes (Reactive Yellow145 ,

Orange-G and Disperse Red 1) from their aqueous solutions was studied.

The effect of three temperatures (298, 308 and 318 K) and four
different concentrations (1, 3, 5 and 7 ppm) of nano co-polymer has been
studied and it is clear that they play a very important role in the
adsorption process, and the experimental results showed that the

adsorption of dyes (Reactive Yellowl145 ) on the surface of this nano
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polymer decreases with increasing temperature, which means that the
process is an exothermic process, while the experimental results showed
that the adsorption of dyes (Orange-G and Disperse Red 1) on the surface
of this nano co-polymer increases with increasing temperature, which

means that the process is an endothermic process.

showed a high effectiveness of nano co-polymer in the disposal of

pollutants (Reactive Yellow145, Orange-G and Disperse Red 1) dyes.
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Chapter One - Introduction

1. Introduction

1.1 Nano Technology

Nano technology is a set of tools, techniques, and applications related to the
fabrication and synthesis of a particular structure on a very small scale called nano
structures. The word nano takes its meaning from the Greek word “nanos” which
means dwarf. Nanoparticles can be defined as materials with a size of between 1
and 100 nanometers and nanoparticles, i.e. one billionth of a meter (1 nano meter =
10° meters). The nano size is about 80,000 times smaller than the diameter of a
hair. Where about eight carbon atoms can be arranged next to each other in one
nano meter M- The basis of nanotechnology is to build materials precisely from
small parts of nano sizes (things are fragmented in nanotechnology from 1 to 100
nanometers) resulting in a material that is free of impurities and a higher level of
quality . The properties of materials change dramatically when they are broken into
very small nano-sized parts in terms of electrical conductivity, color. They can be
fabricated using a bottom-up or top-down approach, and with recent developments,
it is possible to better control the size, shape and structure by adopting an
appropriate synthesis approach and dealing with installation conditions ! . Thus,
Nanoscience is concerned with the manufacture of machines, tools and materials at
a nanoscale that is infinitesimally small and cannot be observed with the naked
eye. The word nanotechnology is also used in the sense of nano materials
technology or micro technology [, as is shown in Figure (1-1). The nano scientist
Is the boundary between the world of atoms and molecules and the world of the

macro 4}
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nanotubes magnetic microsystems

Figure (1-1): shows some materials and their comparison at the nano scale.

1.2 History of Nanotechnology

It is not possible to pinpoint a specific age or era for the emergence of
nanotechnology, but it is clear that one of the first people to use this technology
(without realizing what it is) were medieval glass makers who were using colloidal
gold nanoparticles for coloring®®.The use of nanoparticles and structures in the
fourth century AD, by the Romans, which showed one of the most interesting
examples of nanotechnology in the ancient world a cup that shows glass green in
direct light, and red and purple when light shines through glass [®.- Feiman is
considered one of the pioneers in the field of nanotechnology. American Nobel
Prize-winning physicist Richard Feynman introduced the concept of

nanotechnology in 1959. During the annual meeting of the American Physics
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Association, Feynman gave a lecture entitled "There is plenty of room at the
bottom" at Caltech. In this lecture, Feynman put forward the hypothesis "why not
write the entire 24 volumes of Encyclopedia Britannica on a pin head? Where he
introduced the concept of manipulating matter at the atomic level, this new idea
made it clear that Feynman's hypotheses proved true, and for these reasons he is
considered the father of modern nanotechnology! Fifteen years later, the Japanese
scientist Norio Tanigo-chi was the first to use the term "nanotechnology” in 1974
inspired by Feynman's concepts, as follows Nanotechnology mainly consists of
processing, fusion separation, and reshaping of materials by a single atom or single
molecule - K. Eric Drexler used the so-called "nanotechnology” in his 1986 book
"Drivers of Creativity and Considers the Next Age of Nanotechnology,” which
proposed the idea of a "nanoscale™ that would be able to build a copy of itself and
other elements of arbitrary complexity with atomic control. And in 1986, Drexler
co-founded the Foresight Institute (which he no longer belongs to) help increase
public awareness and understanding of the concepts and effects of nanotechnology.
Thus, the emergence of nanotechnology in the 1980s through a convergence of
theoretical and practical work drew Drexler, who developed and designed an
experimental framework High Precision and Nanotechnology, Attention to
Prospects for Atomic Control Since the great rise of the 1980s, most
nanotechnology has involved the study of several methods for fabricating
mechanical devices from a few atoms 9 With the invention of the scanning
tunneling microscope, scientists Gerd Bing and Henrik Rohr in 1981, nano-growth
is considered in the modern era, a device that images nano-sized objects and
because of this invention, the two scientists won the Nobel Prize in Physics in
1986 %1 Where Fluorines were discovered by Harold Kroto, Richard Smalley and
Robert Curl, they are molecules consisting of 60 carbon atoms gathered in the form
of a football (they were awarded the Nobel Prize in Chemistry in 1996 AD, the

——
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experimental progress since the eighties and the recognition of the potential of
nano materials led to a real breakthrough In the field of nano science, it is
interdisciplinary in nature 'l New technologies that work at the nano scale, they
have already brought about changes in society, and will also surely mean a huge
impact on developed and developing societies and the planet we live in. Health as a
federal government program to promote nano science-related research and
development 2l This is reflected in the way in which public investment in
research and development in nanotechnology has risen over the past decade [l In
a large number of different scientific fields because of their great benefits in terms
of improving performance in the fields; Various types of nanostructures and nano-
strategies have been developed including nano rods, nanowires, nano tissues, nano
fibers, nanoparticles, quantum dots, and spheroids, As well as in tissue engineering
and strategies for regenerative medicine ['“'Nanotechnology has found important
applications in our daily lives and there is a lot to come. Scientists are still working
for new breakthroughs in nano science and nanotechnology in order to make

human life easier and more convenient (15!
1.3 Preparation Techniques

The reason for the quality of the technology used in constructing the
nanoparticles is the size of the particles involved. In addition, the nature of the use
Is a critical act in the nature of the technology used, particularly in the field of
optical technologies and the medical field. There are a variety of technologies that
have the potential to produce nanostructures with varying degrees of quality,
speed, and cost ['*l The methods for preparing nano materials can be categorized
into two main methods that include different methods. The first is from the bottom

up. The second method is up —down.

——
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1.3.1 Preparation Technology (bottom - top)

Where this method begins with individual molecules as the smallest unit and
assembled into a larger structure, these methods are often chemical, and are
characterized by small size of products (1 nm), less waste than the original material
and to obtain the bonding strength between the resulting nanoparticles, there are
many different methods Used in this technique, such as chemical vapor deposition,

sol-gel, electro deposition method [}
1.3.2 Preparation Technique (top-down)

This method begins with a large amount of the material under study and is
reduced little by little until it reaches the nano scale. Techniques used in this
include light photo catalysis, cutting, scraping and milling. As shown in Figure (1-
2).These techniques have been used to access microelectronic compounds such as

computer chips etc, and the smallest size can be reached within 100 nm ['8:

Bulk Material é =
‘ “*Mechanical Milling
P OO > +Etching
O O O O re= < Laser Ablation
OOO o <= Sputtering
O **Electro-explosion
‘ —
® e :
. P09, Nanoparticles
«) ¢
« [* e ¢
< L
H LR
it e Mo els
I , SRR o T e  Nusleiand it rowt
=*Supercritical Fluid Synthesis 5 " “ﬁ & ‘{ % ucier and its growth
“*Spinning :::"‘ & £ ﬁ "
**Sol-gel Process s 1
= Laser Pyrolysis » * * .. * * * Py * *
S Sionticni $ oM L By F 8
*>*Chemical Vapour Deposition * . » s » p Y & '. » » Molecular/Atomic Level
=>* Molecular Condensation ... .... * : * PO
< Chemical Reduction sty ..'. .... .
**Green Synthesis * ¥ L4 .

Figure (1-2): Techniques for preparing nano materials.
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1.4 Nano Materials

Nanotechnology is defined as the union of two or more materials within the
microscopic scale, where the lengths of their molecules are in the order of (100
nanometers), through which the materials show new behavior and properties
because the particles on the nano scale interact in a way that differs from their
natural size, Nanocomposites are defined as the union of two or more substances
within the microscopic scale, where the lengths of its molecules are within the
limits: (1-100 nanometers) %The chemical and physical concentration of raw
elements employed in nanoscale production affects the characteristics of the final
nano materials, and nano composites materials are distinguished by significant
improvements in thermal, optical, electrical, mechanical, and conductivity
properties. Nanomaterials are often made up of a cluster of grains containing a
number of atoms that may be seen via a microscope and range in size from 1 to
100 nanometers, but are invisible to the human eye 2?1, Because of their unique
properties, these compounds are used in a variety of applications, the most
important of which are medical ones, due to their ability to enter the human body
and monitor disease sites, such as using gold nanoparticles as a material to destroy
cancer cells through a process known as chemoradiation. Vehicles are used to
solve water and soil pollution problems using a variety of methods. Nano materials
that show very small amounts of organic and inorganic dyes are known as nano-
enhancers. Nano filtration membranes, which include nano-zeolite, are used to
remove micro-organic pollutants from brine that are difficult to remove using
conventional procedures. Nano-catalysts are materials that reduce pollution levels
and remove heavy metals such as arsenic from water. They can also get rid of

magnetic nanoparticle salts [26-21

——
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1.5 Nano polymer Compounds

They are the compounds resulting from the union of two or more materials
within the microscopic range, where the lengths of their molecules are in the range
(1-100 nm) to form new nano composites with properties and characteristics
different from the original compounds. One of the now known nano composites is
polymeric nano composites B% Innovative synthesis pathways have led to new
polymer and nano composites with improved properties, which have been
successfully integrated into fields as diverse as aerospace, automotive,
construction, petroleum, biomedicine, and wastewater treatment B When
manufacturing nano-sized materials, the physical composition and chemical
concentration of the raw materials used in manufacturing play an important role in
the properties of the resulting nano-material, unlike what happens when
manufacturing ordinary materials. The materials are usually composed of a group
of granules that contain a number of atoms and these granules may be visible or
invisible to the naked eye depending on its size B2 The main compound classes
include matrix organic compounds (OMC S), matrix metal compounds (MMC S)
and matrix ceramic compounds (CMC S). It is generally assumed that the term
organic matrix compounds includes two classes of compounds: polymer matrix
compounds (PMCS) and carbon matrix compounds 3 In the simplest case, when
nanoparticles are appropriately added to a polymer matrix they can enhance their
performance, often significantly, by simply taking advantage of the nature and
properties of nano scale fillers (these materials are best described by the term nano-
filled polymer composites . Nano materials can be one-dimensional nanotubes or
nano fibers, two-dimensional clay sheets, or three-dimensional spherical
particles B34, Nanoparticles such as graphene, carbon nanotubes, molybdenum

disulfide and tungsten disulfide are used as strengthening agents for the fabrication

——
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of strong, mechanically biodegradable polymeric nano composites for bone tissue
engineering applications B3 . Compounds or (composites material) means the
group of engineering materials produced by adding certain weight or volume ratios
of one or more materials (reinforcement material) to the matrix material (mold
material) which well combines and mixes the supporting material with the mold
material, ensuring that the a homogeneous compound in which the particles of the
support material are optimally distributed, which is required for the selection of the
supports to obtain complete neutrality so that they do not react with each other or
with the base material to retain their members. Identity within the mold
material.®8  Scientists where improving the properties of composites are
examining compounds with a minimum volume and fewer fillers, leading to the
development of micro composites A recent trend in composite research is nano
composites. Nano composites refer to compounds in which a single phase has a
nano scale form such as nanoparticles, nanotubes, or lamellar nanostructures. The

properties can be improved by adding particles when.

1. Good enough interaction between nanoparticles and matrix

2. Good dispersion of particles within the matrix.

The bonds in nano composites are covalent bonds, ionic bonds and Van der
Waals forces, hydrogen bonding can exist between matrix and filler components
[371 | The advantage of nanoparticles is that due to their large surface area and small
size, significant effects on properties can be obtained. Over the past years, polymer
nano composites have attracted great interest in both academia and industry, but
one prominent problem is the control of the dispersion state of nanoparticles,
which is largely determined by the method of preparation, therefore, different
preparation methods for polymer nano composites 8 . Some nano composites may
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show properties that are dominated by interfacial interactions and others show
effects associated with nano scale structures. Efficient nanoparticle diffusion
combined with good polymer and particle adhesion between the face and
dispersion layers allows an exciting possibility to develop strong, transparent,

layers and films 9,
1.6 Fields Nano Technology Using

The applications of nanotechnology are broad in scope and are included in
many industrial, military, medical, agricultural, nutrition, water treatment, optics,
electronics, household appliances, sports field and others. Figure (1-3), shows

some applications of nano technology and they are used in every field as follows
[40, 42,43,44,45,46,47]

Nano Optical Defence&

\ Devices \ Engineering / \ Security
Nanobio- Bio
\ technology \\ / \ Engineering ,

Medicine
Cosmetics

& & Innovatlve
Drugs f "
.. Application ~ v
i J’-‘/» \

£

Nano

\ Fabrics /

Nanotechnology

Figure (1-3): Applications of nano technology
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1.6.1 Nutrition field

The term “Nano-food” is given to the food that was used in its production or at
any stage of its production using nanotechnology, in other words it is the food that
Is used nanotechnology in cultivation, processing or packaging, and packaging is
currently considered one of the most practical applications of nano technology,
where nanoparticles are used to make strong, light and heat-resistant plastic
covers 8 and most importantly, it is able to prevent oxygen and carbon dioxide
from entering and spoiling foods, and it also has the advantage that it is resistant to
microbes and bacteria, and this helps foods stay fresh for a longer period without
spoiling as the packaging is equipped with nano-particles that are anti-microbial
and anti-fungal from the minerals silver, magnesium and zinc ° Nanoparticles are
often used as food additives to protect food from contamination and thus improve
shelf life texture, and flavor % 5. Forming nano capsules from, food ingredients
(nano-sized), nutritional supplements (e.g proteins, antioxidants) and additives (eg.
flavor color) nano capsules that can be combined in functional foods and improved
bioavailability of many vitamins and their precursors, in addition to the addition of
nano-sized nutritional supplements such as: iron-free zinc and minerals, as well as
nano-capsules containing high concentrations of the famous fish oils (omega 3)

enzyme materials 2,
1.6.2 The field of optics and Electronics

The first sunglasses are now available with a protective, anti-reflective ultra-
thin polymer coating. Scratch-resistant surface coatings using nanotechnology can
also be used in optics. Nano-optics can also be used to create the cornea of the eye,

enabling better accuracy in pupillary correction and other types of laser eye

10
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surgery B3 In the world of electronics, tablets and phones with touch screens have
increasingly in recent years, as is the case with multi-core processors with four to
eight cores, which facilitates and speeds up their work, as well as encapsulating
them with nano materials that make them waterproof. the speed and efficiency of
computers increased thanks to the shrinkage of transistor components The speed
and efficiency of computers increased, and their capacity increased thanks to the
contraction of transistor components. it also led to their smaller sizes and lower

prices, as we see today [5455:56.57],

1.6.3 Field of Treating Salty and Contaminated Water

Some nanoparticles can be used to make filters that clean and desalinate water
more efficiently in homes and villages than other types of filters to remove
bacterial pollutants, nitrates, arsenic, pesticides, fluorine and viruses are removed
by nano filtration 8- %1, Nano filtration also needs low pressure and provides high
quality water with minimal investment costs [ . Nano filters are designed to
isolate most nitrates 1 . Nano-membrane filtration technology is used to separate
sugars, organic compounds, polyvalent and monovalent ions, as well as water [62],
The main role of NF is to selectively remove ions and organic debris, and it is used
in some brine desalination applications. Nano-membranes can be used to reduce
salinity and eliminate hardness before it enters processing units. British scientist
Michael Pritchard has developed a filter that can be loaded with polluted water and
extract only clean, dust-free water. Viruses and bacteria are avoided, as well as
water change and turbidity over a period of time, ensuring that humans have access

to clean water at all times. The filter is easily replaced. [©3 4],

11
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1.7 Water pollution

Any physical or chemical change in water quality, direct or indirect, that has a
detrimental effect on living organisms or renders the water unfit for its intended
purpose. Water pollution has a tremendous impact on the life of the individual,
family and society if the water is such. Pollutants, a major cause of end-of-life on
civic pollutants on Earth, industrial pollutants, agricultural pollutants, thermal
pollutants, and radioactive pollutants are all examples of water pollution [¢°1. When
hazardous substances, such as chemicals or microbes, contaminate a stream, river,
lake, ocean, aquifer or other body of water reducing its quality and making it
harmful to humans and the environment; Water is very sensitive to pollution.
Water is known as the “universal solvent” because it can dissolve more chemicals
than any other liquid on the planet 81, There are two main types of water pollution.
The first is the natural pollution that appears in the form of an increase in water
temperature, an increase in salinity, or a rise in suspended matter 71, The second
category of chemical pollution includes (sewage pollution, oil spills, pollution
from industrial and agricultural waste and others. Pesticides and agricultural
fertilizers, for example, and among the most important sources of water pollution
is the discharge of chemicals and heavy metals through companies 8 51 Chemical
water pollution can be dangerous to the environment and human health. The most

important chemicals that pollute water can be summarized as follows [,
1.7.1 Heavy metals

The body needs small amounts of heavy metals when ingesting heavy metals
from water, air or food than normal concentrations, they can pose a real danger to
the health of the individual, causing health disorders that can lead to the death of

the person [ The most important of them is lead , and if this percentage increases,

12
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lead poisoning will occur, and drinking water is caused by lead contamination from
home delivery pipes . Spasms of the nervous system may lead to limb paralysis. As
for cadmium, and it seeps into drinking water from plastic pipes. Cadmium in
excess of the permissible limit affects the amount of calcium and human
osteomalacia [’ Cadmium is a very toxic heavy metal. Cadmium poisoning occurs
as a result of ingesting foods or drinks contaminated with high concentrations of
the metal. Poisoning diseases appear after several years and after the accumulation
of large amounts in the body. The main symptoms of poisoning are nausea,
vomiting and abdominal pain Cadmium (Cd) is one of the most toxic elements
encountered by industry and polluted environments "3l Arsenic enters drinking
water from pesticides or factory waste, and leads to human liver or lung cancer and
rapid death, various methods have been applied to provide treatment for pollution,

including adsorption [}
1.7.2 Compounds phosphates and nitrates

When large doses of phosphate compounds reach people, they can cause sore
throats, breathing difficulties, pain in the eyes, nose, ears, and tongue, vision
problems, and severe abdominal pain that leads to vomiting, loss of appetite, and
nauseal’®Nitrates are one of the world's biggest and most serious pollution
concerns. The reduction of nitrate in the body to nitrite, a chemical that converts to
nitrosamines and promotes cancer, poses a threat to human health. Bacteria in the
gut cause these transformations, while saliva in the mouth can lower Nitrates,
which are contained in food and subsequently enter the blood stream, when
entering the circulatory system, nitrite oxidizes hemoglobin in the blood, turning it
into "dead hemoglobin™, which the physiology of the infant cannot convert again.

To produce hemoglobin, causing it to suffocate internally [/,
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1.7.3 Pollution by Petroleum Derivatives and Halogens

Fluoride is used to purify and sterilize drinking water. . This chemical is
beneficial for human teeth because it prevents cavities. However, if the excess
amount exceeds the permissible, it causes the appearance of spots. Brown teeth or
their collapse ["®; As for chlorine chemical also used to disinfect drinking water,
high levels of chlorine in water cause organic molecules in the water to react with
chlorine, creating additional chemicals that increase the risk of cancer. Drinking
chlorinated water increases the chances of developing bladder cancer . Qil
pollutants are also considered one of the largest sources of water pollution in terms
of prevalence and influence, despite their recent history, and oil pollution occurs
when oil materials seep into water bodies, especially marine ones, which are not
limited to coastal areas only, but extend to reach the surface of ocean waters and
deep water layers when oil is swallowed by marine species. And its derivatives, the
hydrocarbons that make up the oil accumulate in the fatty tissues, liver and

pancreas of fish, eventually killing people through cancer while ingesting them [,
1.7.4 Alkaline and acidic compounds

Alkaline pollution leads to the formation of carbonate and bicarbonate salts,
hydroxides and chlorides, which are important causes of water hardness, such as
magnesium carbonate, calcium, bicarbonate, chloride compounds and sulfates that
cause salinity in the earth B4, Alkaline rain, whose pH may reach more than 8, is
one of the main causes of water pollution, as it is rich in calcite and other dissolved
alkaline substances such as carbonates 2. The increase in the acidity of water is
due to the transfer of sulfuric acid and nitric acid (nitrogen) to it with the waters of

torrents and rivers after acid rain 831,
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1.7.5 Water Pollution by Industrial Waste

All waste remaining from industrial activity, in particular the chemical, mining
and food processing sectors, is referred to as industrial waste. Water pollutants,
such as heavy metals, chemicals and detergents, are mostly produced by mining
and manufacturing industries. Water is used in industry for several purposes,
including washing and cooling machines, processing raw materials or foodstuffs,
other washing and cooling machines, processing raw materials or foodstuffs, and
other production processes. Large amounts of industrial water are released every
day, which leads to different levels of water pollution. Mining industries produce
heavy metals such as lily, lead and cadmium that pollute the environment. Zinc is
considered a major problem due to its accumulation in living tissues 4 Especially
mercury, which is the most prevalent and toxic and has the ability to accumulate in
tissues, as well as its role in consuming a large amount of oxygen, four times that;
Sewage waste is consumed, Killing more organisms in the water as it is disposed of
Many other manufacturing companies, such as chemicals, oil refining,
pharmaceuticals, and food processing, contribute to water pollution in the same

way that heavy metals do the iron steel industry [,
1.7.6 The Textile Industry and Its Environmental Impact

Textile industries are widespread, in developed countries and even poor
countries, and the steps of the industrial textile production process include
pretreatment, dyeing, printing and finishing. Production processes rely on water to
a large extent, especially in the processes of washing raw materials to impart
desired characteristics to fabrics. The textile industry uses a variety of dyes,
chemicals and other materials. These procedures generate a large amount of waste,

and if improperly disposed of and without treatment of the different tissue stages, it
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may cause environmental difficulties and threaten many organisms with toxic,
mutagenic and carcinogenic effects through the accumulation in aquatic organisms,
which leads to a decrease in the percentage of dissolved oxygen in these Water in
addition to toxic effects and in the textile industry [ reactive, dispersion and
direct dyes are the most commonly used dyes. During the installation and treatment
procedures, a large part of it (20%) is lost and ends up in wastewater 71 (Wool in
particular, which raises the concentration of plankton significantly, as well as
dyeing and coloring processes in which pigments from salts of heavy metals or
toxic organic materials are used, and , and cotton industries lead to similar
pollution, but to a lesser degree ®8 . Solid wastes should be removed from
wastewater, such as fibers, yarns, textiles, exhaust coils (empty spools and
cartons), empty containers of dyes, chemicals and impurities of wax materials, to
avoid exposure of personnel to the toxic effects of its high toxicity, which poses a
great threat to living organisms and ecological balance. These systems include
adsorption, filtration, precipitation, ion exchange, and other methods for removing
organic pollutants in water, such as dyes and heavy metals from their aqueous
solutions, while continuing to develop new technological systems for removing

organic pollutants in water, such as dyes [,

Many researchers have been interested in nanotechnology and the preparation
of nano polymers, and these polymers have been used in many applications as in

some of the following studies: -

Several nano particle co-polymers (1,2,3,4 and 5) were prepared by
condensation polymerization from the reaction of one mole of glycerol with (1.0,
1.5, 2.0, 2.5and 3.0) moles of phthalic anhydride at specific temperatures and times
with the release of water as a byproduct was studied, and the effect of three
temperatures (298, 308 and 318 K), and three different concentrations (1, 3 and 5

16

——
| —



Chapter One - Introduction

ppm) of nano composite copolymers were studied and it is clear that they play a
very important role in the adsorption process, the experimental results showed that.
The adsorption of of dyes (methylene blue and eosin yellow) on the surface of
these nano composite co-polymers decreases with increasing temperature, which
means that the process is a heat-emitting process, and the results obtained showed
a high efficacy of the co-polymers in removing contaminants (methylene blue and

eosin yellow dyes) 9,

In another study conducted by the researcher Al-Mayali ' 1 the study was
conducted the nano particle co-polymer was synthesized using solubilization
process by condensation polymerization from the reaction of 1.0 mole of
Pentaerythrytol with 2.0 moles of Phthalic anhydride at constant temperature and
time with releasing of water as by-product, the synthesis nano co-polymer was
characterized by infrared spectroscopy (FT-IR), Proton nuclear magnetic resonance
(1H-NMR) and Carbone nuclear magnetic resonance (L3CNMR); On other hand,
the size of the particles of the nano co-polymer was measured by atomic force
microscopy technique (AFM) and X-ray diffraction analysis (XRD); the results of
AFM, showed that, the particle sizes of the nano co-polymer were (97. 23nm)
respectively, the results of XRD, showed that, the total average crystallites sizes
were (92.63) nm; Which proved that the synthesis co-polymer is a nano-polymer.
The synthesis nano-polymer was used as an absorber surface, so as to adsorb

pollutants from water resulting from the process of dyeing tissues.

Three types of dyes (Malachite green and Disperse Blue and Reactive Red(
dyes, which are used in dyeing tissues and are pollutants water from textile and
dyeing factories, have been used to study the effectiveness of nano polymers in

purifying water from industrial pollutants
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The effect of three temperatures (298, 308 and 318 K) and three different
concentrations (1, 3 and 5 ppm) of nano co-polymer were studied and it is apparent
they play a very important role in the adsorption operation; the experimental
results showed that the adsorption of (Malachite green and Reactive Red) dyes on
the surface of these nano co-polymer increasing with increasing of temperature,
meaning that the process is endothermic process, while the( Disperse Blue) dye
the results obtained showed the adsorption decreases with increasing of
temperature, meaning that the process is exothermic process ,and the results
obtained showed a high effectiveness of nano co-polymer in the disposal of

pollutants (Malachite green , Reactive Red and Disperse Blue) dye.

The researcher Zahraa 2?1 conducted an adsorption study of three types of
different dyes (Orange-G), ((Reactive Yellow145)) and (Fuchsin acid), on the
surface of a nano-copolymer (Nano polymer). The Nanoparticle Co-polymer was
synthesized using the solubilization process by condensation polymerization from
the reaction of one mole of glycerol with 1.5 mole of phthalic anhydride at 52min
and 1170C with releasing water as a by-product, and then diagnosed using several
techniques including (FT-IR, XRD, AFM, TEM, DSC and 1H-NMR), aseries of
experiments were conducted and several experimental variables were studied,

including : Surface mass, pH, Temperature effect and Adsorption Isotherms.

The values of thermodynamic functions were calculated AG, AH, AS,
through which it was shown that the adsorption process of dyes (Orange-G,
Reactive Yellow 145 and Acid Fuchsin) on the surface Nano Co-Polymer is a
spontaneous and exothermic process through the negative values of AG and AH,

and an increase in randomness through the positive values of entropy AS.
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The removal of dyes (Orange-G, Reactive Yellow 145 and Acid Fuchsin)
on the surface Nano Co-Polymer as an adsorbent surface at different temperatures
(298K, 308K and 318K) was studied to determine the Adsorption isotherms and

Thermodynamic functions.

The hypotheses isotherms of Freundlich, Temkin and Langmuir were used,
in order to describe the experimental isotherms and isotherms constants, and data
showed for dyes (Orange-G, Reactive Yellow 145 and Acid Fuchsin) on surface
Nano Co-Polymer agrees with hypothesis isotherm the Freundlich, Temkin and

Langmuir in the form of good.
1.7.7 Pollution by Dyes

Dyes are that can somehow associate with the material to be dyed and get vivid
colors. In general, dyes are used to dye fabrics and to dye cell and tissue types to
become more visible. Also, dyes are considered a type of common water pollutant
and can be removed from their aqueous solutions in several ways. One of the most

important of these methods is the adsorption method [*3!

Dyes are widely used in the textile, paper, plastic, food and cosmetic industries.
Waste from these industries can affect our atmosphere causing pollution. The level
of pollutants even at low concentration is very visible and affects aquatic life.
Hence, pollution from pigments is not only a serious public health concern, but
also many serious environmental problems due to its persistence in nature and
insoluble propertie ®*-Chemists found a relationship between the color of a
substance and its composition. In the year (1868 AD), the scientist (Eraeb) and his
colleagues explained that the presence of unsaturated groups in the molecule is a
major factor in the emergence of color, Witt, explained about the presence of

certain functional groups in the molecule. The compound that makes it colored.
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They are called chromophores, they mean color bearing groups, they include
-C=C-, -C=S, -C=0, -N=0,-NO,, -N=N-. There are groups that increase the
intensity of the color carried by the chromophore group, and these groups are
called auxiliary groups or auxochromes, that is, color tonics ! In our study, dyes
can be classified into several types according to their chemical composition. As
shown in Table (1-1) ¢,

Table (1-1): Classification of dyes

Applications Example The type of dye

Methyl orange, Methyl
red , RBB and Congo Acidic dyes

red

Wool, silk, polyurethane

fiber, nylon.

_ Aniline yellow, Butter
Pharmaceutical polyesters, _
yellow, ,Azure C and Basil dyes
cotton, paper. _
Malachite green

Martius yellow and

Cotton, wool, silk, nylon Direct dyes
Congo red
Procion dye (2,4,6-tri
Cotton, wool, silk chloro 1,3,5-triazine), Reactive dyes

Reactive Red dye.

Wool, a coloring agent in | Indigo ,Benzanthro and

_ Oily dyes
food Tyrian purple
Polyesters and Disperse Blue Dye Disperse Dye
Polyamides
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2.7.1 Dye 145 Reactive Yellow145.

It is a kind of dye that contains active groups that interact directly with the
fibers, forming covalent bonds with the fabric that contains a hydroxyl or amine
group present in the fibers (cotton, wool, silk, nylon), and these active groups
frequently form a heterogeneous aromatic ring, Alternatively, chlorine or fluorine
can be used to replace them 7' This dye is used in the dyeing of cotton, rayon, and
polyester, as well as in the production of industrial textiles and printing P and it
causes cancer in both humans and aquatic organisms. They are the most widely
used azo dyes. This group is generally identified by one or more azo bonds (-N-N-)
and aromatic rings, both of which are toxic to living organisms in addition to the
sulfate group related to ethyl sulfone and mono chloro thiazine (MCT)P!

Azo dyes are difficult to disassemble due to their complex composition and
synthetic nature, they represent about 70% of all colors used!'° Some properties
of the Reactive Yellow145 dye are shown in Figure (1-4) and Table (1-2) [0l

SO,CH,CH,OS
2CH,CH,0SO;Na NaO,S

(s
_N_ _N_N N
H 2 NaO,S

N NHCONH,

Figure (1-4): Structural formula of Reactive Yellow145 dye
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Table (1-2): Properties of Reactive Yellow145 dye.

Properties Description
Molecular formula C2sH20CiNgNadO16Ss
Class Reactive dye
Solubility Soluble in water
Molecular Weight (g/mole) 1026.3
Melting Point 237
A max (nm) 418
CINo 18159
tetrasodium; 7-[[3-[[amino(oxido)methylidene]amino]-
1,3,6-trisulfonate

1.7.2. Orange-G Dye

It is one of the dyes containing one or more acidic groups, mostly a sulfonic
acid group (SO3H). which include brightly colored dyes and have a wide range of
fastness properties and are used to dye textiles containing basic groups such as
wool, silk and polyamide« The structural formula of the dye is shown in Figure (1-
5), and Table (1-3) shows some properties of the dyel'%?- It is a typical anionic
water-soluble dye. It is often used in the paper industry and has toxic effects on
living organisms!!®!- It is a negatively charged monochromatic pigment widely
used in the printing and textile industries. The dye has been reported to be highly
toxic to humans due to its carcinogenic and pathogenic nature and it is also

considered a typical azo dye in textile wastewater 104}
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Table (1-3): Properties of acid orange dye

Properties Description
Molecular formula Ci6H10N2Na207S;
Class DyeAcid Orange
Solubility Water Solubility 50/100 mL (20 °C
Molecular Weight g / mole 452.38 g/mol
A max (nm) 422
Melting Point 141 °C
Density
0.80 g/mL at 20 °C
CINo 16230
IUPAC Name 1,8-dihydroxy-4-[4-(2-hydroxyethyl)anilino]-
5-nitroanthracene-9,10-dione

OH

SOsNa

Figure (1-5): The structural formula of the orange dye.
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1.7.3. Dispersed Red1 dye

It is a non-ionic compound poorly soluble in water and is one of the most
common dyes invented in 1923, these dyes were developed. disperse dyes which
are small polar compounds %1 They often include anthraquinone, azo, or nitro
groups but do not contain charged captions or anionic groups within the structure.
The disperse dyes are slightly soluble in water % However, dyes dissolve in
aqueous medium in water and individual particles are dispersed throughout the
fibers during dyeing, as mentioned later. The amino groups, hydroxyethylamine,
azo, carbonyl, and other groups in disperse dyes are responsible for their solubility.
These groups contain an electron (nitrogen, oxygen, and sometimes sulfur) that
may interact with water molecules vigorously. Even if the aromatic rings are
devoid of these atoms, they can affect how the dye interacts with water molecules
and change the solubility of the dye [1°7The presence of amino groups associated
with larger aromatic structures characterizes the basic (cationic) dyes. Positively
charged amino groups are present in these colors. This provides them with water
solubility and affinity for fibers with a lot of negatively charged groups, including
nylon and acrylic. Water-resistant thermoplastic fibers such as nylon, polyester,
acrylic and other synthetics can now be dyed using dispersion dyes, which have
been developed and commercialized!'®! These colors are available in powder or
liquid form For some synthetic fibers, currently the most common dye class Azo
dyes are among the most popular commercial azo dyes Synthetic fiber dispersion 1
in red. While this dye is known to exist as a complex mixture, the overall
composition of the dyes is very small, flat and non-ionic, with attached polar
functional groups (NO; hydroxyalkyl and -CN) as shown in Figure (6. 1). They

are characterized by the low molecular weight of these colors. The dispersed dye
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particles should be as small as possible and have a low molecular weight in the
range of 400-600 for effective diffusion into the fabrics. The disperse dyes must be
able to withstand dyeing conditions of varying pH and temperatures [l The

properties of the dispersed red pigment are shown in Tables (1-4) [11%

Table (1-4): Properties of Disperse Red 1 dye

Properties Description
Molecular formula C16H18N4O3
Class Disperse Dye
Solubility Soluble in water
Molecular Weight g / mole 314.34
Melting Point 160-162 °C
A max (nm) 536
CINo 11110
IUPAC Name 2-[N-ethyl-4-[(4-nitrophenyl)diazenyl]anilino]ethanol

N/\/OH

OQN@N'N@ L

Figure (1-6): The structural formula of the dispersed Red1 dye

CHy
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1.8 Aim of the Work
The work can be summarized as follows:

1- Synthesis of a novel nano co-polymer and its characterization using spectra FT-
IR, tHNMR and AFM.

2- The use of the prepared nano co-polymer in removing pollution from aqueous
solutions of some types of dyes
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Experimental Part

2.1 Chemical and Techniques

2.1.1 Chemicals

The following Table (2-1) shows all solid and liquid chemical materials used in

this study

Table (2-1): Chemical material, purity and companies supply

Materials Purities Company
Terphthalic acid 99.5% BHD

Glycerol 99% ALPHA

Maleic anhydride 98% MERCK
Dimethylsulfoxide (DMSO) 99.5% CDH

para-Xylene 99% MERCK

Reactive Yellow145 99% MERCK

Orange-G 98% MERCK

Disperse Red 1 98% MERCK
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2.1.2 Techniques and Instruments

1. Fourier Transformer Infra-Red Spectroscopy (FT-IR) spectra in range 400-4000
cm? were used by using potassium bromide disc on FT-IR instrument Bruker
spectrophotometer /USA, Department of Chemistry/ College of Sciences /
University of Babylon.

2. 'H-NMR Spectroscopy, Bruker Bio Spin 400 MHz spectrometer Ghazi Osman
Pasha University / Turkey

3. Atomic Force Microscope (AFM), Oxford, USA / Department of Chemistry/
College of Sciences / Baghdad University

4, UV.-Vis. Spectrometer, Jenway, Genova Plus, Department of

Chemistry/College of Education for Pure Sciences/ University of Kerbala

5. Thermostatic Shaker, GFL (D-3006)- Germany, Department of

Chemistry/College of Education for Pure Sciences/ University of Kerbala

6. Electric Sensitive Balance, Lab.BL210, Sartorius median- Germany, Department

of Chemistry/College of Education for Pure Sciences/ University of Kerbala

2.2 Synthesis of graft PTGM nanoparticles

Poly (Terphthalic acid-co-Glycerol-G-Maleic anhydride) nano particle was
synthesis by esterification process, by dissolving method by two steps; the
esterification technique was used to synthesis the nano co-polymer, and the
preparation method is shown below:

The first stage is: In a 200 ml two-necked round bottom flask, (2.0 mole,
332gm) of Terphthalic acid and (50 ml) of DMSO, were mixed together, this flask
was equipped with a thermometer. The mixture warmed carefully with a hot plate

magnetic stirrer to 40°C until clear liquor is formed and added (1.0 mole, 92gm) of
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Glycerol to the solution. The mixture warmed carefully to 120°C, then about 25 ml
of xylene was added carefully to the reaction flask, in the form of batch (two drops
in each batch), withdrawal of water formed by the esterification process, and the
flask was gently heated. Heating was stopped after 80 min. at 145°C, until no more
water came off. Leave the reaction flask to cool to about 50°C, as shown in
Equation (2-1).

°
C-OH OH
+ H,-CH-CH
2.0 10 T2 S
OH OH
C<\OH 145 °C/ 80 min.
o
Terphthalic acid Glycerol
(@) o @) (@)
[l T H> /1 T O
HOTC C—O=CH; CH-C -O—C ctoH =+ (n-1)H>
OH

n
Linear Nano co-polymer

Equation (2-1): Reaction of step 1
In the second stage; about (0.5mole, 58gm) of Maleic anhydride, was dissolved
in 10 ml of DMSO at 40°C, and added to the mixture (which prepared in the first

step above). The flask was gently rise heated to 90°C, added the drops of xylene in
the form of batch (two drops in each batch), and until no more water came off at
105°C after 40 min. to prepared of nano graft PTGM particles. Leave the reaction
flask to cool to room temperature, and then add the cold distilled water, where the
suspension solution is form after 6.0 hr., then leave the suspension solution to
precipitate overnight and then filtered and washed with distilled water and leaves

to dry, as shown in Equation (2-2).
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O
C//
(@] (@] O (@] —
I I Ho 1 I CH AN
Ho+C C—0=CH, CH-C"-0-C c+toH Il o
+
O 0.5 CH\C/
N\
Linear Nano co-polymer Maleic anhydride
105 °C/ 40 min.
Y
(@] O 0]
I Hy 1 I
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Poly(Terphthalic acid-Co-Glycerol-G-Maleic anhydride)

[ PTGM Nano Particals]

Equation (2-2): Reaction of step 2 Synthesis of graft PTGM nanoparticles

2.3 Preparation of Dyes Solutions 1]

Dye solutions (Reactive Yellow145, Orange-G and Disperse Red 1 dyes) were

prepared using the following general method:

The standard solution of the dye prepared by dissolving (0.5 g) of the dye in a
certain amount of distilled water and then completes it to (1000 mL) to prepare a
concentration (500 ppm) of this solution. From this concentrated solution, the
diluted solutions were prepared in concentrations (1, 3, 5and 7 ppm) by taking the
appropriate volume of the concentrated solution and then dilute with (100 mL)
distilled water.
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2.4 Determination of Calibration Curve [112]

The Calibration curve that represented the relationship between absorbance
and concentration was determined by prepared four concentrations (1, 3,5 and
7ppm) of the three types of dyes (Reactive Yellow145, Orange-G and dispersion
red) for solutions used in the study, the absorbance of these concentrations was
measured at the maximum wavelength (Amax = 418 nm) for the Reactive
Yellow145 dye as shown in Figure (2-1 a), after which the calibration curve
between absorption and concentration is drawn as in Figure (2-1 b) and at the
maximum wavelength (A max = 480 nm) for the Orange-G dye as shown in Figure
(2-2 a), after which the calibration curve between absorption and concentration is
drawn as in Figure (2-2b) and at the maximum wavelength (A max = 536 nm) for the
dispersion red dye as shown in Figure (2-3a), after which the calibration curve

between absorption and concentration is drawn as in Figure (2-3b).

TR nim IR

Figure (2-1 a): The maximum wavelength (A max ) for the (Reactive Yellow145).
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Figure (2-1 b): The calibration curve between absorption and concentration of

Reactive Yellow145.
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Figure (2-2 a): The maximum wavelength (A max ) for the Orange-G dye.
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Figure (2-2 b): The calibration curve between absorption and concentration of

Orange-G dye.
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Figure (2-3 a): The maximum wavelength (A max ) for the Disperse Red 1

dye.
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Figure (2-3b): The calibration curve between absorption and concentration of

Disperse Red ldye.

2.5 Determination of Equilibrium Factors

To determine the weight of the adsorbent material that is given the highest
amount of adsorption, different weights were taken from the adsorption surface
graft co-polymer within the range (0.01,0.012,0.013,0.014,0.015 and 0.016g) and
placed in contact with 15ml from the solution of the adsorbent (Reactive
Yellow145, Orange-G and Disperse Red 1) dyes and by concentrating 7ppm of
volumetric flask and the absorbance of it was measured after the of 60 min, from
placing in the vibrator has a temperature 298k and the surface weight was chosen,

which gave the lowest absorbency.

As for determining the time required for the equilibrium to occur between the
adsorbent surface nano co-polymer and the adsorbent material (Reactive

Yellow145, Orange-G and dispersion red) dyes. 12 volumetric flask were taken
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according to the time in minutes (5,10,15,20,25,30,35,40,45,50,55,60) , First
volumetric flask Time (5 min) second volumetric flask Time (10 min) third
volumetric flask Time (15min) etc. up to the 12th volumetric flask Time (60 min)
then and placed in it 15ml of 7ppm concentrations of each dye in contact with the
predetermined weight (nano graft co-polymer) was placed in the water bath shaker
at constant temperature of 298K , then samples were drawn from it at successive

times and the absorbance was measured for as in the Table (2-2).

Table (2-2): shows the weight and equilibrium time for each dye

2.6 Determination of Adsorption Isotherms

For the purpose of finding adsorption isotherms, four solutions were prepared
from each polymer and with concentrations of (1, 3, 5 and 7 ppm) of same dyes,
then 15 ml of each concentration of dye was taken and placed in volumetric flasks
In contact with the specified predetermined weight of the adsorbent surface (hano
co-polymer), after these flasks were placed in shaking device with a temperature of
298K and after reaching the specified and the predetermined equilibrium time for
each dye ,then the solutions were filtered and the samples were analyzed using
UV.-Vis. spectroscopy, and determined the concentration of each solution at
equilibrium Ce (mg/L) of the calibration curves and then determined the amount of

the adsorbate substance Qe (mg/g) under the following relationship 1131,
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Qe = (Co-Ce) Vot / Wheoooeoeeeeen, (2-1)

Were as:

Qe: the amount of adsorbate (mg/g).

C,: the initial concentration of the adsorbate (mg/L).

Ce: the residual concentration of the adsorbate at equilibrium (mg/L).
Vsol: the total volume of the adsorbate solution (L).

wt: weight of the adsorbent (g).

2.7 Effect of Temperature on Adsorption

For the purpose of studying the effect of temperature on adsorption, the
adsorption isotherm was studied for each dye [Reactive Yellow145, Orange-G and
dispersion red] at a temperature (298, 308 and 318 K).
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Chapter Three - Results & Discussion

Results and Discussions

3.1 Synthesis Graft Nano co-polymers

The nano co-polymer was synthesis through the esterification process by
dissolving method, and characterized using (FT-IR, 'H-NMR and AFM)
technology. The FT-IR spectra of a linear nano co-polymer are depicted in Figure
(3-1), showed the appearance of a strong broad band at about 3423 cm™ for
stretching alcoholic -OH with stretching (H-bond), and also showed a weak band
at about 2902cm? due to the -OH for Carboxylic acid, the C-H sp3and
sp2hybridization absorption at about 2544 cm, 2654 cm-1respectively, and the
spectrum also showed a strong band at about1726 cm™ assigned to a stretching
band C=0 for ester group. The spectrum appearance a weak sharp bands at about
1597cm™,1581cm*due to C=C for conjugated system of benzene ring and also

showed a bands at about 1284-1259 cm assigned to C-O absorption band.

B sHimaDzZuU

Figure (3-1): FT-IR of linear co-polymer spectrum.
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The spectrum of tHNMR showed in Figure (3-2), , which explain the singlet
signal at 13.24 ppm characteristic of proton in carboxylic acid group, furthermore
the multiples in the region 7.53- 8.10 ppm back to all protons in aromatic ring, the
signals at 6.27-6. 46 ppm for four protons of methylene in the structure of co-
polymer, the multiples at 4.24- 4.50 ppm of methyl protons, but the triplet signal in
3.44- 3.62 ppm due to the proton of aliphatic alcohol so this spectrum was

confirmed the structure of our target polymer.
H

(LT

F1
gogit

| e e

Mmoo KL |

Figure (3.2): The tHNMR spectrum of linear co-polymer

Figure(3-3), showed the FT-IR spectrum of the graft co-polymer, it's showed the
appearance of a strong broad band at 3500 cm™ for stretching alcoholic -OH with
stretching (H-bond), and the spectrum also showed the aliphatic C-H, aromatic
=C-H and alkenes =C—H at approximately at 2880 cm™, 3140 cm™* and 3050 cm-1
respectively, and the spectrum also showed a strong sharp band at 1740 cm™ and
1250 cm* for a stretching band C=0 ester and C-O ester respectively.
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The HNMR spectrum (600 MHz, (CD3)3SO) of nano graft co-polymer
showed in Figure (3-4), it’s showed the appearance 13.12 (s, Protons of carboxylic
groups), 7.79-7.48 (m, protons of aromatic ring), 6.46 (s, protons of methine group
attached to the double bond), 5.91-5.56 (q, protons of methine groups that attached
to oxygen’s atoms), 4.28-4.23 (d, protons methylene groups).
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Figure (3-3): FT-IR spectrum of nano graft co-polymer

The spectrum of IHNMR (600 MHz, (CD3)3S0), Figure (3-4), it’s showed
the appearance 13.12 (s, Protons of carboxylic groups), 7.79-7.48 (m, protons of
aromatic ring), 6.46 (s, protons of methine group attached to the double bond),
5.91-5.56 (q, protons of methine groups that attached to oxygen’s atoms), 4.28-
4.23 (d, protons methylene groups).
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The size of particles of the linear and graft co-polymers which prepared by using
solubilization process was measured by the atomic force microscope (AFM); the

results showed that the co-polymers are nanoparticles co-polymers, as shown below:

Figure (3-5 a, b &c) shows the outer surface of the nanoparticles of linear co-
polymer. The roughness of this surface and the square root square are calculated

according to the coefficient:

Figure (3-4): The *HNMR spectrum of nano graft co-polymer

n
R z:(Zi—Zav)2
m ' N
i=1

Where N, Z = the number of measured points

The roughness coefficient of a linear co-polymer surface was 1.19 nm and the
square root square was equal to 1.37 nm. This indicates that the bold size of the

nanoparticles plays an important role in the roughness of the surface, its uniform
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crystalline system, and the surface homogeneity, Also, the average of height of the
particles was equal to 4.80 nm, as observe in Figure (3-5 a). Table (3-1), represents
the total rate of the particle sizes of the common linear nanoparticle and the different
proportions of these volumes; the results indicate that the molecular size of the linear
co-polymer nanoparticle was 94.09 nm and Figure (3-6), represent the distribution of
the different proportions of particle sizes of the linear co-polymer nanoparticle. On
the other hand, Figure (3-7 a, b &c) shows the outer surface of the nanoparticles of
graft co-polymer. The roughness coefficient of a graft co-polymer surface was 2.12
nm and the square root square was equal to 2.44 nm. This indicates that the bold size
of the nanoparticles plays an important role in the roughness of the surface, its
uniform crystalline system, and the surface homogeneity, Also, the average of height
of the particles was equal to 8.3 nm, as observe in Figure (3-7 a). Table (3-2)
represent the total rate of the particle sizes of the graft co-polymer nanoparticle and
the different proportions of these volumes; the results indicate that the molecular size
of the graft co-polymer nanoparticle was 74.39 nm and Figure (3-8) represent the
distribution of the different proportions of particle sizes of the graft co-polymer

nanoparticle

Figure (3-5 a): Image of Atomic Force Microscope for linear co-polymer shows
3D Image.
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Figure (3-5 b): Image of Atomic Force Microscope for linear co-polymer shows
2D Image.
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Figure (3-5 c¢): Image of Atomic Force Microscope for linear co-polymer shows

2D Image and showing all details of particles
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Table (3-1): The total rate of the particle sizes of the linear nano co-polymer

nanoparticle and the different proportions of these volumes

Sample:1 Code: Sample Code

Line No.: lineno Grain No.:139

Instrument: CSPM Date:2021-04-23

Avg. Diameter: 94.09 nm <=10% Diameter:75.00 nm
<=50% Diameter: 90.00 nm <=90% Diameter:115.00 nm

Diameter(n | Volume | Cumulatio |Diameter(n | Volume | Cumulatio |Diameter(n | Volume | Cumulatio
m)< (%) n(%) m)< (%) n(%) m)< (%) n(%)

75.00 7.19 7.19 100.00 8.63 68.35 125.00 1.44 93.53
80.00 12.95 20.14 105.00 7.19 75.54 130.00 5.76 99.28
85.00 16.55 36.69 110.00 7.19 82.73 145.00 0.72 100.00
90.00 1151 48.20 115.00 5.04 87.77
95.00 1151 59.71 120.00 4.32 92.09

Granularity Cumulation Distribution Chart

1500

Percentage('%)

I
e -
iy
i
[0
LU
el
[

Diameter(nm

Figure (3-.6): Distribution of the different proportions of particle sizes of the linear

co-polymer nanoparticle

44

——
| —



Chapter Three - Results & Discussion

3D Image.
1800nm . 8.00nm
. 7.00nm
1600nm
6.00nm
1400nm S5:00nm
4.00nm
- °®
P ’ ' 3.00nm
1000nm . 2.00um
1.00nm
Onm
..\S.csm
CSPM Title
Topography

Pixels = (428,432)
Size = (1845nm,1856nm)

1800nmf__

200nm
400nm
600nm
800nm
1000nm
1200nm
1400nm
1600nm

Figure (3-7 b): Image of Atomic Force Microscope for graft co-polymer shows 2D

Image.
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Figure (3-7 c): Image of Atomic Force Microscope for graft co-polymer shows 2D
Image and showing all details of particles
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Table (3-2): The total rate of the particle sizes of the graft co-polymer nanoparticle

and the different proportions of these volumes

Sample:2 Code: Sample Code

Line No.: lineno Grain No.:208

Instrument: CSPM Date:2021-05-31

Avg. Diameter:74.39 nm <=10% Diameter:0 nm
<=50% Diameter:70.00 nm <=90% Diameter:95.00 nm

Diameter(r| Volumi Cumulatio| Diameter(r Volum/| Cumulatio Diameter(r| Volumi| Cumulatio
)< %) %) )< %) %) )< %) %)

55.00 10.58 10.58 85.00 7.69 75.96 115.00 1.44 98.56
60.00 12.98 23.56 90.00 6.73 82.69 120.00 0.48 99.04
65.00 10.10 33.65 95.00 481 87.50 125.00 0.48 99.52
70.00 12.50 46.15 100.00 4.33 91.83 140.00 0.48 100.00
75.00 7.21 53.37 105.00 2.88 94.71
80.00 14.90 68.27 110.00 2.40 97.12

Granularity Cumulation Distribution Chart

Percentage(%)
]

wn
Wi

i
Wit
g
Wl
Wil
Wk

Diameter{nm)

Figure (3-8): Distribution of the different proportions of particle sizes of nano

graft co-polymer nanoparticle.
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3.2 Removal of Pollutants

The pollutants were removed by using the adsorption process, where graft co-
polymer nanoparticle were used as adsorbent surfaces with (Reactive

Yellow145, Orange-G and Disperse Red 1) as adsorbate materials (pollutants).

3.3 Adsorption isotherm on the surface of the nano co-polymer.

The adsorption of Reactive Yellow145, Orange-G and Disperse Red 1 dyes
were studied on the graft co-polymer nanoparticle, where adsorption isotherms
were obtained at a temperature of 298K as shown in table (3-3) ,( 3-4)and (3-5) for
all dyes respectively and figure (3-9) , (3-10) and (3-11) for Reactive Yellow145,
Orange-G and Disperse Red 1

It is evident from the drawing that the general form of adsorption isotherms is
of type (S1) according to the classification of Giles). This indicates that the surface
of the adsorbent material is a heterogeneous surface [''4l. Also, when the covered
part of the adsorbent surface increases, the adsorption temperature will decrease
[ The increased shape of the isotherm with increasing the concentration of
equilibrium confirms that the arrangement of the particles on the surface in vertical

rows by hydrogen bonding!' '3,

The dyes adsorption data were treated according to the following linear formula

of the following logarithmic Freundlich equation:-
Log Qe=LogKf+1/nLogCe........... (1-3).
Ce : Concentration of the adsorbate at equilibrium (mg/L).

Qe : Quantity of the adsorbate material at equilibrium (mg/g).
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Kt n. are isotherm constants indicate the capacity and intensity of adsorption

respectively.

Tables (3-6),(3-7) and (3-8) and figures (3- 12), (3-13) and ( 3-14) show the extent
to which the adsorption of Reactive Yellow145, Orange-G and Disperse Red 1
correspond to the Freundlich equation, and when drawing the relationship between
Log Qe versus Log Ce we get straight lines as shown in table (3-6),(3-7) and (3-8),
and figures (3-12), (3-13) and(3-14) for all the dyes .

Table (3-3): adsorption of Reactive Yellow145 on the surface of the graft co-

polymer nanoparticle at a temperature of 298K.

Temp Con.(ppm) Ce (mg/L) Qe (Mg/g)
1 0.0638 1.1702
3 0.1702 3.5372
298K 5 0.2234 5.9707
7 0.2765 8.4043
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Figure (3-9): Adsorption isotherm Reactive Yellow145 dye on the surface of

graft co-polymer.

Table (3-4): Adsorption of Orange-G dye on the surface of graft co-polymer nano
particle at 298K.

Temp Con.(ppm) Ce (mg/L) Qe (mg/Q)
1 0.2641 0.7359
3 0.6415 2.3585
298K
5 0.8301 4.1699
7 0.9559 6.0441
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Figure (3-10): Adsorption isotherm Orange-G dye on the surface of graft co-

polymer.

Table (3-5): Adsorption of Disperse Red 1 dye dye on the surface of nano co-
polymer at 298K.

Temp Con.(ppm) Ce (mg/L) Qe (Mg/g)
3 0.6554 3.5169
208K
5 0.8581 6.2128
7 0.9932 9.0102
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Figure (3-11): Adsorption isotherm Disperse Red 1 dye on the surface of graft co-

polymer

Table (3-6): Adsorption of Reactive Yellow145 dye on the surface of graft co-
polymer nanoparticle.at 298K, 308K and 318K (by applying Freundlich equation).

E

T 298K 308K 318K
Conc -LogCe LogQe -LogCe LogQe -LogCe Log Qe
(ppm
1 1.1951 0.0682 0.769 0.0158 0.5583 -0.00436
3 0.769 0.5486 0.3604 0.5058 0.1536 0.4582
5 0.6509 0.776 0.2249 0.7407 0.0646 0.7137
7 0.5583 0.9245 0.1878 0.8997 0.0141 0.8773
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Figure (3-12): Apply Freundlich equation on adsorption of Reactive Yellow145
dye on the surface of graft co-polymer at 298K, 308K and318K.

53

——
| —



Chapter Three - Results & Discussion

Table (3-7): Adsorption of Orange-G dye on the surface of graft co-polymer
nanoparticle at 298K, 308K and 318K (by applying Freundlich equation).

T Conc 298K 308K 318K
(ppm) -LogCe LogQe | -LogCe | LogQe | -LogCe | LogQe
1 0.5782 -0.1331 0.8591 | -0.0646 | 1.1226 -0.0344
3 0.1982 0.3726 0.409 0.4166 0.6963 0.4468
5 0.0808 0.6201 0.2876 0.6516 0.5782 0.6754
7 0.0195 0.78133 | 0.1928 0.8033 0.4854 0.8243

Table (3-8): Adsorption Disperse Red 1 on the surface of graft co-polymer
nanoparticle at 298K,308K and 318K (by applying Freundlich equation).

T 298K 308K 318K
LogCe LOgOQe LOgCe LogQe LogCe LogQe
Conc.(pp 9 9Q 9 9Q 9 9Q
1 0602 | -02041 | 07389 | -0.1388 | 0.94005 | -0.0212

3
01834 | 03046 | 02838 | 03462 | 0.60205 0.4191
5 0.0664 | 0.5697 0.102 0.5814 0.4144 0.6456

-
0.0029 | 07411 | 0.0335 0.749 0.3441 0.8007
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Figure (3-13): Apply Freundlich equation on adsorption of Orange-G dyeon the
surface of graft co-polymer at 298K, 308K and 318K.
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Figure (3-14): Apply Freundlich equation on adsorption of Disperse Red 1 dye on
the surface of graft co-polymer nanoparticle at 298K,308K and 318K.
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The adsorption data for Reactive Yellow145, Orange-G and Disperse Red 1
dyes were processed according to the linear relationship of the Langmuir equation
as shown in table (3-9),(3-10) and (3-11) for all dyes respectively, and when
drawing the relationship between (C. / Q) versus Ce We obtain a linear
relationship as shown in figure (3-15),(3-16) and (3-17) according to the following

equation [1161
Ce/Qe=1/ab+(Ce/a)...cc........... (3-2).
where as:
Qe: Adsorption capacity at equilibrium (mg/ g).
Ce: Concentration of solute at equilibrium in units (mg / L).

a: Proportionality constant (is the theoretical maximum adsorption

capacity(mg/g)).
b: Langmuir adsorption constant (L /mg)

Table (3-9): Adsorption of Reactive Yellow145 dye on the surface of graft co-
polymer nanoparticle at 298K,308K and 318K (by applying Langmuir equation).

T 298K T308K T318K
Ce Ce/Qe Ce Ce/Qe Ce Ce/Qe
Conc
ppm
1 0.0638 0.0545 0.1702 0.164 0.2765 0.3057
3 0.1702 0.0481 0.4361 0.136 0.7021 0.2444
5 0.2234 0.0374 0.5951 0.108 0.8617 0.1665
7 0.2765 0.0328 0.6489 0.0817 0.968 0.1283
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Figure (3-15): Apply Langmuir equation on adsorption of Reactive Yellow145
dye on the surface of graft co-polymer nanoparticle at 298k,308k and 318K
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Table (3-10): Adsorption of Orange-G dye on the surface of graft co-polymer
nanoparticle at 298K, 308K and 318K (by applying Langmuir equation).

T 298K 308K 318K
Ce CelQe Ce CelQe Ce CelQe
Conc
ppm
1 0.2641 0.3588 0.1383 0.1604 0.0754 0.0815
3 0.6415 0.2719 0.3899 0.1493 0.2012 0.0718
5 0.8301 0.1990 0.5157 0.115 0.2641 0.0557
7 0.9559 0.1581 0.6415 0.1008 0.327 0.0490

Table (3-11): Adsorption of Disperse Red 1 dye on the surface of graft co-polymer
at 298K, 308K and 318K (by applying Langmuir equation).

T 298K 308K 318K

Conc.

ppm Ce CelQe Ce CelQe Ce CelQe
1 0.25 0.2222 0.1824 | 0.1487 0.1148 0.0864
3 0.6554 0.1863 0.5202 0.13998 0.25 0.0606
5 0.8581 0.1381 0.7905 0.1251 0.3851 0.0556
7 0.9932 0.1102 0.9256 0.1015 0.4527 0.046

(=)




Chapter Three - Results & Discussion

GEEYYx + ~,YQ~\‘y:-

298K T

0.35 -
0.3
00-25 -
< 0.2 -
“0.15 - v
0.1
0.05 -

0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
Ce

308K
y:-~,\YVYx+ GYAYY

0.188 - RZ= « AAYA
0.168 -
0.148 - ‘}
0.128 -
0.108 -

0
0.088 -

0-068 T T T T T 1
0.1 0.2 03 0.4 0.5 0.6 0.7

ce

Ce/Qe

e A Iy + ~,\Vi\y:-
318K Laevy =2R

0.095 -

0.085 -
0.075 -

v

0.065 -

0.055 -

0.045 - v

0-035 T T T T T T 1
0.04 0.09 0.14 0.19 0.24 0.29 0.34 0.39

Ce

Ce/Qe

Figure (3-16): Apply Langmuir equation on adsorption of Orange-G dye on the
surface of graft co-polymer nanoparticle at 298K,308K and 318K.
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The adsorption data for Reactive Yellow145, Orange-G and Disperse Red 1
dyes were processed according to the linear relationship of the equation Temkin as
shown in table (3-12),(3-13) and (3-14) for all dyes respectively and when drawing
the relationship between (Q.) values versus (LnCe) We obtain a linear relationship
as shown in figure (3-18),(3-19) and(3-20) according to the following equation ['!”]
Q=B LnAT+B LnCe............... (3-3).

Qe: Adsorption capacity at equilibrium (mg/g).
Ce: Concentration of solute at equilibrium in units (mg / L).

(A7,B) are Temkin constants: Ar indicate equilibrium binding constant that
corresponding to the maximum binding energy, while (B) is related to the heat of

sorption.

Table (3-12): Adsorption of Reactive Yellow145 dye on the surface of graft co-
polymer nanoparticle at 298K, 308K and 318K (by applying Temkin equation).

T 298K 308K 318K
-LnCe Qe -LnCe Qe -LnCe Qe
Con
PPm
1 2.752 1.1702 17707 [ 4 0372 1.2855 0.9043
3 | 17707 3.5372 08298 | 3.2048 0.3536 2.8723
5.9707
5 1.4987 0.518 5 5053 0.1488 5.1728
7 1.2855 8.4043 0.4324 0.0325
7.9388 7.54
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Figure (3-18): Apply Temkin equation on adsorption of Reactive Yellow145 dye
on the surface of graft co-polymer nanoparticle at 298K, 308K and 318K.
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Table (3-13): Adsorption of Orange-G dye on surface of graft co-polymer

nanoparticle at 298K, 308K and 318K (by applying Temkin equation).

298K 308K 318K
Conc. -LnCe Qe -LnCe Qe -LnCe Qe
ppm
1 1.3314 0.7359 1.9783 0.8617 2.5849 0.9246
3 0.4439 2.3585 0.9418 2.6101 1.6034 2.7988
5 0.1862 4.1699 0.6622 4.4843 1.3314 4.4834
7 0.0451 6.0441 0.4439 6.3585 1.1177 6.673

Table (3-14): Adsorption of Disperse Red 1 dye on the surface of graft co-polymer

nanoparticle at 298K,308K and 318K (by applying Temkin equation).

T 298K 308K 318K
Concy -LnCe Qe -LnCe Qe -LnCe Qe
ppm
1 1.3862 1.125 1.7015 1.2264 2.164 1.3278
3 0.4225 3.5169 0.6535 3.7197 1.3862 4,125
5 0.153 6.2128 0.2350 6.3142 0.9542 6.9223
7 0.0068 9.0102 0.0773 9.1116 0.7925 9.8209
( |
L %)
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Figure (3-19): Apply Temkin equation on adsorption of Orange-G dye on the
surface of graft co-polymer nanoparticle at 298K,308K and 318K.
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Figure (3-20): Apply Temkin equation on adsorption of Disperse Red 1 dye on the
surface of graft co-polymer nanoparticle at 298K, 308 K and 318K.
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The experimental Friendlash, Langmuir and Temkin constants and the
correlation coefficient were calculated from the data of these lines for Reactive
Yellow145, Orange-G and Disperse Red 1 Table (3-15). Table (3-15): shows the
values of the Friendelch, Langmuir and Temkin constants via the adsorption of
Reactive Yellow145, Orange-G and Disperse Red 1 dye on the surface of the graft

co-polymer nanoparticle.

Table (3-15) shows that the values of (Slope), the correlation coefficient from
the previous practical results that the Freindlich equation is more applicable than
the Temkin and Lankmeyer equation on the adsorption process of Reactive
Yellow145, Orange-G and Disperse Red 1 dyes due to the best apparent linear fit
of the Freindlich isotherm in the previous figures. that the values of the constant Kf
in the Freindlich equation are an approximate indicator of adsorption capacity, and
n indicates the intensity of adsorption The greater it is, the more preferred it is in
adsorption which are constants that include all the factors affecting the adsorption

process.

The values of the constant, a of the Langmuir equation, represent a constant
related to the maximum adsorption capacity, and the higher the value of the
adsorption capacity the better. The values of the constant b are related to the
adsorption energy. (Ar,B) are Temkin constants: AT indicate equilibrium binding
constant that corresponding to the maximum binding energy, while (B) is related to

the heat of sorption.
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Table (3-15): The values of the Friendelch, Langmuir and Temkin constants via the
adsorption of Reactive Yellow145, Orange-G and Disperse Red 1 dye on the

surface of the nano graft co-polymer.

Disperse Red 1 dye Orange-G dye Reactive Yellow145dye

Friendiash Transaction

T(K) ‘N Ks R2 N Ks RZ
N Ki R?

298 0.6332 38036.4520 0.9817 0.6920 52347.9887

0.7571 282553.0502 0.9856 0.9746
308 0.7841 68092.6129 0.9833 0.8425 59197.0411

0.7003 82186.4080 0.9725 0.9877
318 0.7556 180135.7865 0.9865 0.7037 192264.8972

0.6282 43641.5332 0.9574 0.9965

Langmuir Transaction

T(K) -a b R? -a b R2
-a -b R?
298
0.0632 -1.6849 0.799 | -0.2297 -0.6562 0.9851 | -0.4463 -0.55991 0.9431
308
0.4194 -0.8108 0.894 | -0.5409 -0.6721 0.8875 | -1.1481 -0.3541 0.8555
318
0.2664 -0.6467 0.860 | -0.4966 -1.4332 0.9427 | -0.6042 -1.1570 0.9175

Temkin Transaction

T (K) -B At R? -B -AT R2
-B At R?
298 0.7015 4.1652 0.8235
0.3453 3.3608 0.808 0.6689 3.0288 0.8147
308 | 05261 0.4720 4.6604 0.8498
3.4360 0.913 0.5391 3.4993 0.8552
318 | 07221 3.3827 0896 | 0-3667 4.2320 0.8608 | 04346 2.6401 0.9113
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3.4 Effect of Temperature on Adsorption on the Surface of Nano Co-polymer

The effect of temperature on adsorption of Reactive Yellow145, Orange-G and
Disperse Red 1 dye on the surface of the graft co-polymer was studied, and within
the experimental heat range (298,308 and 318 K), as shown in Tables (3-16) to (3-
18) and Figures (3-21) to(3-23) for Reactive Yellow145, Orange-G and Disperse
Red 1 dyes respectively, which show adsorption isotherms assigned at these
temperatures. The experimental results indicated that the adsorption of Orange-G
and Disperse Red 1dye on the surface of the graft co-polymer increases with
increasing temperature, i.e. the endothermic process within the experimental
thermal range (298,308 and 318 K) '8 Any occurrence of chemical adsorption
(needs high temperatures). The adsorption of the Reactive Yellow145 dye results
on the surface of the graft co-polymer nanoparticle showed that it decreased with
increasing temperature, meaning that the process is of the exothermic process 1!,
Any physical adsorption (need slow temperatures).

Table (3-16): Effect of temperature on adsorption of Reactive Yellow145 dye.

298K 308K 318K
Ce mg/L Qe mg/g Ce mg/L Qe mg/g Ce mg/L Qe mg/g

0.0638 1.1702 0.1702 1.0372 0.2765 0.9043
0.1702 3.5372 0.4361 3.2048 0.7021 2.8723
0.2234 5.9707 0.5957 5.5053 0.8617 5.1728
0.2765 8.4043 0.6489 7.9388 0.968 7.545

( ]

69
0 )




Chapter Three - Results & Discussion

YaA
- YA
¥IA
0 0.2 0.4 0.6 0.8 1 1.2
Ce

Figure (3-21): Effect of temperature on adsorption of graft co-polymer at (1, 3,

5and 7ppm) of Reactive Yellow145 dye.

Table (3-17): Effect of temperature on adsorption of Orange-G.

298K 308K 318K
Conc. Cemg/L | Qe mg/lg | Cemg/L | Qe mg/g | Cemg/L | Qe mg/g
(ppm)
0.2641 0.7359 0.1383 0.8617 0.0754 0.9246
0.6415 2.3585 0.3899 2.6101 0.2012 2.7988
0.8301 4.1699 0.5157 4.4843 0.2641 4.4834
0.9559 6.0441 0.6415 6.3585 0.327 6.673
[ )
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Figure (3-22): Effect of temperature on adsorption of graft co-polymer at (1, 3,

Table (3-18): Effect of temperature on adsorption of Disperse Red 1 dye.

5and 7ppm) of Orange-G.dye .

T 298K 308K 318K
Coqc Ce mg/L Qe mg/g Ce mg/L Qe mg/g Ce mg/L Qe mg/g
(ppm)
1 0.2500 1.1250 0.1824 1.2264 0.11486 1.3278
3 0.6554 3.5169 0.5202 3.7197 0.25 4.125
5 0.8581 6.2128 0.7905 6.3142 0.3851 6.9223
7 0.9932 9.0102 0.9256 9.1116 0.4527 9.8209
( ]
Lt )
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Figure (3-23): Effect of temperature on adsorption of graft co-polymer at (1, 3,5
and 7ppm) of Disperse Red 1 dye.

The results showed the percentage of removal of Orange-G and Disperse Red 1
dye by the effect of temperature, as it increases with increasing temperature, that
IS, the increase in temperature increases the amount of adsorbed material on the
surface of the graft co-polymer, that is, the processes of adsorption and absorption
occur, and thus this leads to an increase in the percentage of removal when the
temperature is increased, as in Table (3-19) and (3-20) for Orange-G and Disperse
Red 1dye respectively.

As for the results of the percentage of Reactive Yellow145 removal, it
decreased with increasing temperature, That is, by increasing the temperature, the
amount of the adsorbate material on the surface of the graft co-polymer

nanoparticle decreases, i.e. the occurrence of an desorption process on the
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adsorbent surface when the temperature increases, that is, the speed of the particles
diffusion on the surface of the graft co-polymer nanoparticle decreases, and
therefore the percentage of removal will decrease when the temperature is

increased, as shown in Table (3-21)

Table (3-19): The percentage of Orange-G removal due to the effect of

temperatu re.
T(K) Conc.( ppm) Re%==2 ;fe X 100%
1 73.5900
3 78.0000
208K 5 83.0000
7 86.3400
1 86.7700
3 87.0000
308K 5 89.0000
7 90.0000
1 92.5400
3 93.2900
318K 5 94.7100
7 95.3200
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Table (3-20: The percentage of Disperse Red 1 removal due to the effect of

temperatu re.
T(K) . Conc.( ppm) Re%:%x 100%
1 75
3 78.1533
298 5 82.8380
7 85.8114
1 81.7600
3 82.6600
308 5 84.1500
7 86.7771
1 88.5140
3 91.6666
318 5 92.2980
7 93.5328
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Table (3-21): The percentage of Reactive Yellow145 removal due to the effect of

temperatu re.
T(K) Conc.( ppm) Re%:%x 100%
1 93.6200
3 94.3266
298 5 95.5320
7 96.0500
1 82.9800
3 85.4633
308 5 88.0860
7 90.7300
1 72.3500
3 76.5966
318 5 82.7660
7 86.1714
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3-5 Calculation the Thermodynamic Values of AH, AS and AG.

The thermodynamic values represented by the values of AS, AG, AH, were
calculated, where the value of AH was calculated by drawing the relationship
between Log Xm (versus the reciprocal of temperature (1 / T) and its value is
shown in Tables (3-24) to(3-26) for Reactive Yellow145, Orange-G and Disperse
Red 1 dye on the surface of the nano graft co-polymer respectively, based on the
Vant-Hoff-Arrhenius Equation 1207,

Log Xm = (- AH/2.303RT) + Constant...... (3-1)
Where:

Log Xm: Logarithm of greatest adsorbed quantity (mg/ g)
R: general constant for gases.(8.314 Jmol™?)
T: temperature (K).
Cons. : Constant of the van der Hoff equation.
A linear relationship was obtained and from the slope of this relationship, as in
figures (3-24), (3-25) and (3-26) the value of AH, was calculated, and the slope is
equal to:
Slope =-AH /2.303R
The value of change in free energy (AG) was calculated from the following

equation.
AG=-RTLn(Qe/Ce) ......... (3-2)

When applying the Gibbs equation!!?!l. the values of the change are obtained by
entropy) S (A whose value is listed in table ,(3-25) for the Reactive Yellow145,
Orange-G and Disperse Red 1 dyes ,respectively, and the equation is:

AG=AH-TAS overrii., (3-3)
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Table (3-22): shows the values of 1 / T, Log Xm of Reactive Yellowl145 on the
surface of nano graft co-polymer within the experimental heat range (298,308 and
318 K)

Temp(K) Xm (mg/g) 1/Tx103 K1 LogXm
298 8.4043 3.3557 0.9245
308 7.9388 3.2467 0.8997
318 1.014 3.1446 0.8773
0.93 - DAYy 4 LYYy =

. ,‘i 944 =2 R
0.92 -
0.91 -
£
w09
0.89 -
0.88 -
0.87 T T T T T 1
3.1 3.15 3.2 3.25 33 3.35 3.4
1/Tx10°

Figure (3-24): shows a graph between the logarithms of the highest value in the

reciprocal of the temperature of the Reactive Yellow145 dye.
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Table (3-23): shows the values of 1/ T, Log Xm of Orange-G on the surface of
nano graft co-polymer nanoparticle within the experimental heat range (298,308
and 318 K).

T(K) Xm(mg/q) 1/Tx10° K1 LogXm

298 6.0441 3.3557 0.78133

308 6.3585 3.2467 0.8033

318 6.673 3.1446 0.8243

0.83 - y =-0.2035x + 1.4642
0.825 - R? = 0.9999

0775 T T T T T 1
3.1 3.15 3.2 3.25 3.3 3.35 3.4

1/Tx10°3

Figure (3-25): shows a graph between the logarithms of the highest value in the

reciprocal of the temperature of the Orange-G dye.
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Table (3-24): shows the values of 1 / Tand Log Xm of Disperse Red 1 on the
surface of nano graft co-polymer within the experimental heat range (298,308 and
318K).

Temp(k) Xm 1/Tx10° K1 LogXm
298 9.0102 3.3557 0.9547
308 9.1116 3.2467 0.9595
318 9.8209 3.1446 0.9921

y=-~,\VO\/X+ y,ov40
0.995 - R?= AT 1
0.99 - *
0.985 -
0.98 -

g 0975 -

% 097 -

S 0965 -

0.96 - *
0.955 - *
0.95 -
0.945 . . . . . .
3.1 3.15 3.2 3.25 3.3 3.35 3.4
1/Tx10°3

Figure ( 3-26) shows a graph between the logarithm of the highest value in the
reciprocal of the temperature of the Disperse Red 1 dye.
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Table (3-25): shows the values of the thermodynamic functions AH,AG, and AS to
remove Reactive Yellow145, Orange-G and Disperse Red 1 dyes on the surface of

the graft co-polymer at different temperature.

Dyes T(K). AH K] /mol | AG K]J/mol AS J/mol.K

298 -8.4591 14.0194

Reactive
vellow1ds 308 -4.2813 -6.4125 6.9194
318 5.4271 3.6031
298 -4.5688 28.4194
308 3.9002 -5.8735 31.7327

Orang-G
318 -7.9734 37.338
298 -5.4634 29.6224
Disperse Red 1 308 3.3641 -5.8558 29.9350
318 -8.1352 36.1613

The results of adsorption of both the Orange-G and dispersion red dye
showed that the positive (AH) values mean that the adsorption on the surface of the
nano co-polymer is an endothermic process 2% It also indicates an increase in the
interaction of the adsorbing molecules of the pollutants and the surface of the graft

co-polymer nanoparticle with increasing temperature. While the Reactive
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Yellow145,dye results showed that the (AH) values are negative, this means that

the adsorption on the surface of the nano co-polymer is a exothermic process ['23}

The negative (AG) values indicate that the adsorption on the surface of the
graft co-polymer nanoparticle is spontaneous, but if the values are positive, it

indicates that the process is not spontaneoust'?#!

As for the negative (AS) values, it indicates that the adsorbed particles are
irregular on the adsorbent surface, as a result of their binding to the surface.
Whereas if the values are positive, then it is an indication that the adsorbed

molecules are less regular when adsorption and absorption processes occurl!2%1261
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Chapter Four - Conclusion & Recommendation

Conclusion

In this project the following points were concluded:

1-This grafted nano-copolymer produced by the reaction Terphthalic acid with
Glycerol preparing a linear co-polymer as a first step b of Maleic anhydride was
added to the resulting linear co-polymer solution to get the graft nano co-polyme
characterized by techniques (FT-IR, 1H-NMR and AFM). The AFM results
showed that the average particle size of the nano co-polymer is 74.39 nm, this
proves that the prepared co-polymer is nano scale. prepared polymer is nanoscale.
the presence of rigid aromatic rings, stemmed from the Terphthalic acid, lead to
more rigid structures, which should be more prone to crystallize than fully aliphatic
polymer. Molar proportion between Terphthalic acid ,Glycerol and Maleic
anhydride used for the synthesis of polymer contributed to the formation of
ramified polymer having carbonyl groups in relation to alcohol groups.
Furthermore, a higher amount of Terphthalic acid indicated that the molecular
motions, due to the rigidity of the aromatic rings should facilitate the packing of

the polymer chains in crystalline lattices.

2- The adsorption of dyes (Reactive Yellowl145 , Orange-G and dispersion red)
were studied on a nano-copolymer by changing the temperature and by the
constant pH of the solution. The results showed that the absorption of dyes (,
Orange-G and dispersion red) increases with increasing temperature, while

(Reactive Yellow145 ) decreases with increasing temperature
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Chapter Four - Conclusion & Recommendation

2. Future Work

We suggest the following:

1- Calculate the adsorption amount with other dyes using different polymers by

other operations.
2- Use of nanoparticles polymers as drug delivery systems.
3- Use of other processes to remove pollutants from water, air and land.

4- Use other types of hydroxyl compounds to provide a greater number of points of

connection with the carboxylic compounds
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