
WASTE WATER TREATMENT BY SOME PREPARED 
POLYMERS BY RADIATION. 

 
By 

 
Amal Abd-Alla Hassan Ibrahim El-Naggar 

B.Sc. Faculty of Sci. (Chemistry), Ain Shams University, 1982. 
Master in Environmental Sci., Ain shams university, 2002 

 
 

A Thesis Submitted in Partial Fulfillment 
of 

The Requirement for the Doctor of Philosophy 
In 

Environmental Science 
 
 
 
 

Department of Environmental Basic Science 
Institute of Environmental Studies & Research 

Ain Shams University 
 
 

 
 
 
 

2010 
 
 
 
 
 
 
 
 
 



APPROVAL SHEET 
 

WASTE WATER TREATMENT BY SOME PREPARED 
POLYMERS BY RADIATION. 

 
By 

Amal Abd-Alla Hassan Ibrahim El-Naggar 
 

B.Sc. Faculty of Sci. (Chemistry), Ain shams university 1982. 
Master in Environmental Sci., Ain shams university, 2002. 

 
This Thesis Towards Doctor Degree in Environmental  

Science Has Been Approved by:  
 

        Name                                        Signatur                      
Prof. Dr / El-Said Ahamed Soliman 
Professor of  Chemistry.  
Faculty of Science, Ain- Shams University. 
 
Prof. Dr/ Mahmoud Ahamed  abd El- Ghaffar  
Professor of Polymer Chemistry and Pigments.   
National Research Center. 
 
Prof. Dr /Abo El-Khair B. Mostafa 
Professor of polymer Chemistry  
University Collage of Girls, Ain- Shams University 
 
Prof. Dr/ Basher A. El-Shetary 
Professor of Inorganic Chemistry. 
Faculty of Education, Ain Shams University. 
 
 

2010



WASTE WATER TREATMENT BY SOME PREPARED 
POLYMERS BY RADIATION. 

By 
Amal Abd-Alla Hassan Ibrahim El-Naggar 

 
B.Sc. Faculty of Sci. (Chemistry), Ain Shams University, 1982. 

Master in Environmental Sci., Ain shams university, 2002. 
 

A Thesis Submitted  in Partial Fulfillment of the 
Requirement for the Doctor of Philosophy 

In 
Environmental Science 

Department of Environmental Basic Science 
Institute of Environmental Studies & Research 

Ain shams university  
 
Under the Supervision of: 
 
Prof. Dr. Abo El-Khair B. Mostafa 
Professor of polymer Chemistry  
University Collage of Girls, Ain- Shams University 
 
Prof. Dr. Basher A. El-Shetary 
Professor of Inorganic Chemistry. 
 Faculty of Education, Ain Shams University. 
 
Prof. Dr. Kariman El- Salmawi 
Professor of Radiation Chemistry 
National Center for Radiation Research and Technology 
Atomic Energy Authority. 
 
Dr. Sayeda  M. Ibrahim 
Assistant Prof. of Radiation Chemistry 
National Center for Radiation Research and Technology 
Atomic Energy Authority. 
 

2010 



Abstract  

 

Abstract 
Synthesis of hydrophilic polymeric material having certain function 

groups with the ability to absorbs some heavy metals and some dyes from 

waste water is of a great importance from the point of view of 

environmental studies. The present work may be represented as the 

following : 

The two different methods have been used for the modification of PE-co-

PP non woven fabric via two different techniques:-   

1. Coating of (PE-co-PP) with mixture of CMC and AAc by using 

(E.B) irradiation. 

2. The modification of (PE-co-PP) non-woven fabric by γ – 
irradiation induced grafting of (AAm) monomer . 

3. The modification of hydrophilic substrate to hydrogel was carried 

out through the following: The preparation of clay/PVA hydrogel 

through freezing and thawing followed by E.B. irradiation. The 

different factors which affect the properties of the modified 

substrate were investigated. Moreover, the structure properties of 

the modified substrate were characterized by SEM, XRD, and IR. 

Thermal properties was also investigated by TGA and DSC. 

Hydrophilic property of the modified substrate was investigated 

by water uptake %. 

The results obtained show that the prepared substrates can be used in   

the removal of heavy metals and dyes from waste water.  
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                                                                                         Aim of the work 

Aim of  the work 
In recent years, a great deal of interest has been devoted to the 

properties and the applicability of the modified polymers. This work 

undertaken to specific modified hydrophobic polymers to obtain 

hydrophilic polymers via two techniques. The first one is the coating of 

PE-co-PP substrate by coating solution containing hydrophilic polymer 

carboxymethyl cellulose (CMC) and acrylic acid (AAc) as an oligomer. 

This was carried out through electron beam irradiation. While the second 

technique is the grafting of the same substrate with hydrophilic monomer 

solution as acrylamide solution. This was carried out by using gamma 

irradiation . 

On the other hand (PVA-clay) hydrophilic is modified to 

hydrophobic by the gelation of this mixture via electron beam irradiation.         

Characterization and some selected properties of the prepared 

modified polymers are investigated to elucidate the possibility of their 

practical uses. In this connection the following properties are investigated  

1- Swelling behavior, gel fraction and the water uptake of the treated 

polymers. 

2- IR spectrometry was used for studying the chemical changes in 

polymers structure.  

3- The possibility of the practical use of these modified polymers in 

metal chelation.  

4-  The thermal properties in terms of (DSC) and (TGA).  

5- Morphological and structural properties by using SEM. 

6- The ability towards different metal ions such as Cu2+, Ni2+,Co2+,  

and also the ability towards removal of dye from wastewater was 
 



                                                                                         Aim of the work 

identified by using UV spectroscopy and color strength. All the 

results obtained prove that all treated fabrics can be used for the 

removal of wastes (dyes and heavy metal ions) from waste water 

in order to restrict some of pollution source in the environmental 

which is the proper aim of this work.  .      
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Introduction 

1.1. Polymer Science 

Polymers, macromolecules, high polymers, and giant molecules 

are high-molecular-weight materials composed of repeating subunits. 

These materials may be organic, inorganic, or organometallic, and 

synthetic or natural in origin. Polymers are essential materials for almost 

every industry as adhesives, building materials, paper, clothes, fibers, 

plastics, ceramics, concretes, liquid crystals, photoresists, and coatings. 

They are also major components in soils, plant and animal life. They are 

important in nutrition, engineering, biology, medicine, computers, space 

exploration, health, and environment. 

 Polymeric materials have been divided into two main classes 

natural and synthetic, depending on the properties of each polymer. 

1. Natural polymers are divided to two branches the first one is the 

organic polymers which include polysaccharides (sugarpolymers), 

or polycarbohydrates such as starch and cellulose, nucleic acids, 

chitin and proteins. While the second branch is the inorganic 

polymers which include diamonds, graphite, sand and asbestos. 

Natural polymers have a very wide domain in application as for 

example in medical, and agriculture. 

2. Synthetic polymers are produced commercially on a very large 

scale and have a wide range of properties and uses. The materials 

commonly called plastics are all synthetic polymers. Polysiloxane 

represent a section of synthetic polymers which are used in 

coating and adhesive. In addition, a large number of polymers 
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have been synthesized in the laboratory, leading to such 

commercially important products as plastics, synthetic fibers, and 

synthetic rubber (Painter, et al  1997) .               

Synthetic organic polymers include many plastics, such as 

polyethylene, nylon, polyurethanes, polyesters, vinyls (e.g., PVC), and 

synthetic rubbers. The silicone polymers, with an inorganic backbone of 

silicon and oxygen atoms and organic side groups, are among the most 

important mixed organic-inorganic compounds. Synthetic polymers today 

find application in nearly every industry and area of life. They are widely 

used as adhesives and lubricants, as well as structural components for 

products ranging from children's toys to aircraft. They have been 

employed in a variety of biomedical applications ranging from 

implantable devices to controlled drug delivery. Polymers such as (poly 

methyl methacrylate) find application as photoresist materials used in 

semiconductor manufacturing and low dielectrics for use in high-

performance microprocessors. Recently, polymers have also been 

employed in the development of flexible polymer-based substrates for 

electronic displays (Brandrup et al 1999).  

          Natural and synthetic polymers tend to be readily biodegradable, 

although the rate of degradation is generally inversely proportional to the 

extent of chemical modification. 

1.2. Biodegradable Polymers 
The biodegradable polymers section includes materials that 

readily degrade to biologically components and are often used in 

biomaterials research. Some of natural, synthetic, and biosynthetic 
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polymers are bio and environmentally degradable whereas others are not 

biodegradable. A polymer based on a C-C backbone tends to resist 

degradation, whereas polymer backbones containing heteroatom confer 

degradation. The usual mechanism for degradation is by hydrolysis or 

enzymatic cleavage of the labile heteroatom bonds, resulting in a scission 

of the polymer backbone. Macroorganisms can eat and sometimes, digest 

polymers and also initiate a mechanical, chemical or enzymatic aging 

(Zhang, 1993). 

Biodegradable polymers with hydrolysable chemical bonds are 

researched extensively for biomedical, pharmaceutical, agricultural, and 

industrial applications (Piskin, 1995). in order to be used in medical 

devices and controlled-drug-release applications. The biodegradable 

polymer must be biocompatible and meet other criteria to be qualified as 

biomaterial-processable, sterilizable, and capable of controlled stability or 

degradation in response to biological conditions (Shalaby, 1994).  Poly 

(esters) based on polylactide (PLA), polyglycolide (PGA), 

polycaprolactone (PCL), and their copolymers have been extensively 

employed as biomaterials (Uhrich, 1999, Dobrzynski, 1999). 

Degradation of these materials yields the corresponding hydroxy acids, 

making them safe for in vivo use. Other bio- and environmentally 

degradable polymers include poly (hydroxyalkanoate)s, additional poly 

(ester)s, and natural polymers, particularly, modified poly (saccharide)s, 

e.g., starch, cellulose, and chitosan.  According to their chemical structure 

and affinity or repulsion to water, lipids or both types of polymers are 

grouped in different sections (hydrophilic, hydrophobic, olephilic or 

lipophilic, amphiphilic).  
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1.3. Hydrophilic Polymers 
Hydrophilic polymers are polymers that have a strong affinity for 

water (scheme1). They generally include polar groups. Hydrophilic 

polymers contain polar or charged functional groups, rendering them 

soluble in water. Within this section, most hydrophilic polymers are 

grouped by the chemistry of their structure. For example, acrylics include 

acrylic acid, acrylamide, and maleic anhydride polymers and copolymers. 

Amine-functional polymers include allylamine, ethylenimeine, oxazoline, 

and other polymers containing amine groups in their main- or side-chains.  

Most natural polymers are hydrophilic materials since they contain either 

hydroxyl or polar groups ( Michel, 2001).

Scheme (1) Some applications of hydrophillic polymers 
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1.4. Hydrophobic polymers  

Hydrophobic polymers are classified into sections based on chemical 

class and monomer functionality. Note that polar polymers that are 

insoluble in water, such as poly (vinylpyridine) is listed in the 

hydrophobic polymers. Biodegradable polymers, especially the aliphatic 

polyesters, are hydrophobic or sensitive to moisture. 

Blending these two kinds of polymers together is of significant interest, 

since it could lead to the development of a new range of biodegradable 

polymeric materials. Blending starch with polylactide polymer (PLA) is 

one of the most promising efforts because starch is an abundant and cheap 

biopolymer and PLA is biodegradable with good mechanical properties 

(Auras et. al. 2004).   

  1.5. Modification of polymers  

      Modification of polymers is highly interesting in polymer 

chemistry since it could lead to the synthesis of new products that acquire 

desirable properties such as increased dyeability, hydrophilicity, thermal 

stability of various organic and inorganic pollutants. One of the most 

important tools for this modification is ionizing radiation. 

1.6. Types of ionizing radiation 

The term ionizing radiation or high- energy radiation usually 

covers a large number of different types of radiations, some of which are 

beams of charged particles. The same term is also used to designate other 

types of radiations such as photons or fast moving uncharged particles 

which don’t produce ionization directly (Chapiro, 1962). The different 
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types of radiations can be divided into four different groups according to 

their physical nature; Χ-ray and gamma rays, Beta –rayes and accelerated 

high-energy electrons, accelerated ions” Fast” and “Slow” neutrons. 

Gamma rays are electromagnetic waves of the same nature as visible or 

ultra- violet light but of much shorter wave length. Gamma ray sources 

available Co-60 is the one used in research and commercial radiation 

plants. The reason for this is its relatively cheap and its half life of 5.25 

years. Also there are several important types of electron beam radiation 

sources. These include the Van De Graff accelerator, the resonant 

transformer, the linear accelerator, the Dynacote, the Dynamitron and the 

Instating core transformer.  

    1.7. Interaction of radiation with matter  

When radiation passes through matter, they interact with atoms 

and molecules of matter and loss their energy. Every primary interaction 

between bombarding radiation and absorbing material results in the 

ejection of energetic secondary electrons, which are themselves capable 

of ionizing many molecules. It has been found that the difference in 

chemical effects of radiation is more properly ascribed to differences in 

ionizing intensity than to differences in the nature of the incident radiation 

(Chapiro,1958). It appears useful to consider the sequence of chemical 

events as follows: the first event is the production of highly energetic 

secondary electrons by the primary particles, which themselves initiate 

many further ionization; the ionization may be written as  

              AB                     radiation                     AB+   + e-    (1)      
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It is known from mass spectrometry work that positive ions produced 

in high vacuum are often quite unstable and readily undergo molecular 

fragmentation or other ion- molecule reaction. However, these reactions 

have only been observed to occur in the gas or liquid phase, and it is at all 

certain that this type of processes occurs as readily in highly viscous 

polymer media. Chain reaction can be oxidized further to form the hydro-

peroxides normally expected in auto-oxidation. Termination reactions can 

result from a high dose rate owing to the production of a large number of 
•OH and HO2

• particles. When polymer are irradiated in the absence of 

water, the free radicals formed are evidently due to ejection of an 

electron, accompanied by loss of a proton, to form a radical. The radicals 

could either polymerize or form peroxides, depending on the presence or 

absence of oxygen. 

RCH ═ CH-CH2- CH ═CHR• +•OH            RCH ═ CH- •CH-CH═ CHR•+  H2O         

                                                                  RCH═ CH-CH  ═ CH-  •CHR• (1) 

                                                                                   (I)                          

                                                                 OH 

(І) + •OH           RCH ═ CH- CH ═ CH-CHR•                                                                              

(І) + HO•
2               RCH ═ CH - CH ═ CH  CHR• (2)                               

                                                                         O2H 

 

 
 

7



CHAPTER -1                                                                       Introduction               

1.8. Radiation effect on polymeric materials 

The primary effect of high energy radiations on organic polymers is 

to produce ionization and excitation. Subsequent rupture of  bonds could 

lead to formation of free radicals which can father react in different ways 

leading to a change in the chemical structure of the polymer which in turn 

leads to a change in the physical properties of the material itself 

(Alexander et. al. 1954). Irradiated polymer molecules may break into 

smaller fragments (scission) or otherwise they may be linked together into 

larger molecules (crosslinking). 

It should be noted that at high radiation doses, both scission and 

crosslinking could simultaneously occur. Crosslinking increases the 

molecular weight of the polymer, decreases the solubility and increases 

the softening temperature. When extensive crosslinking occurs to bind the 

material into one large molecule it will become completely insoluble. 

However, it will swell when placed in a solvent (Simha 1952). Further 

treatment will change the material into a three dimensional network 

which becomes more rigid as crosslinking further proceeds and finally a 

hard glassy substance will be obtained (Wall et.al.  1954). The effect of 

scission is the opposite of the crosslinking.  Thus, scission leads to an 

increase in solubility and a lowering in the melting point. Actually, 

crosslinking in polymers that become hard and brittle and cleavage that 

weakens or softens the polymers under irradiation have been observed by 

many workers ( Roberts1950, Alexander and Fox 1953, Wall and 

Magat 1953, Karpov 1955, Petrov, (1958). In addition the effectiveness 

of radiations in modifying polymers is influenced by the presence of 

oxygen or additives, type of radiation used, degree of polymer 

crystallinity and presence of solvent ( Chapiro 1962). An important point 
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in irradiation of polymers is related to the trapped radicals. It is almost 

well established that the reactivity of free radicals is reduced to a great 

extent in viscous media. In some cases radicals can remain trapped for 

extremely long periods, of the order of several weeks. This has been 

observed in systems which polymerize either in a viscous medium or in a 

heterogeneous phase. 

In case of partly crystalline monomers, the free radicals formed within 

the crystalline regions are usually more firmly trapped since the mobility 

of the polymeric segments is much lower, being involved in a more or 

less organized structure (Randy1977). Free radicals which are formed in 

the amorphous regions can be utilized readily in many chemical processes 

such as crosslinking (ALLan, 1975) or grafting (Wiehterle, 1960)  

whereas radicals which are located within the crystalline regions react 

only at elevated temperature when most of the crystallites melt. In fact, 

trapped radicals have been detected in poly (methylmethacrylate) (Klomp 

et.al. 1979) poly (vinyl chloride)  (Garrer, 1976) and nylon (Fukushima 

et. al. 1985) .  

Gamma - and electron beam radiation methods as techniques for 

modification of polymers, have been particularly studied for the 

production of large variety of these polymers through:- 

1. Coating with different formulations for acquiring polymer 

desirable properties. 

2. Grafting of polymers with different monomers which contain 

several functional groups. 

3. Preparation of different types of hydrogel with new properties.   
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         Radiation technique is a practicable and economical method for 

modifying the physical and chemical properties of polymeric materials. 

Many industrial applications of this technology were introduced about 

fifty years ago.  The number of irradiation facilities and the annual scales 

of irradiated products have increased substantially. The continuing growth 

of this industry is assured by the beneficial effects that can be obtained 

with this treatment process.      

1.9. Methods of radiation grafting techniques: 

There are three main techniques, which are applied in grafting of vinyl 

monomers onto polymers: 

1.9.1. Mutual irradiation technique:  

In this technique the polymers are subjected to irradiation after being 

kept in contact with the monomer, monomer solution or monomer 

vapours.  

1.9.2. Pre-irradiation technique: 

In this technique, the polymer is irradiated in absence of oxygen and 

then brought into contact with the liquid or gaseous monomer.  

1.9.3. Peroxide technique  

In which the polymers are first irradiated in air to allow the 

formation of polymeric peroxides. The irradiated polymers are then 

brought into contact with gaseous or liquid monomer.  
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CHAPTER 2 

LITERATURE REVIEW 

   2.1. Radiation grafting copolymerization of polymers: 

Modification of the polymer by bulk chemical treatment as 

hydrolysis, grafting with hydrophilic monomers by using gamma 

irradiation technique represent one of the old and recent technique in 

chemical modification. Grafting can be accomplished on common 

polymers such as polyethylene, polypropylene and flouro polymers.  

Processed polymeric materials are generally a combination of the polymer 

and the materials that are added to modify its properties, and also 

introduce new properties. Additives can be solids, liquids, or gases.  

In recent years, there has been an increasing interest of investigation 

affiliated with the radiation grafting of functional monomers onto 

different substrates.  This technique can be successfully utilized for the 

preparation of selective sorbents, hydrophilization of surfaces, 

modification of membrane properties of                   

different materials and enhancing the biocompatibility of medical devises  

(Chen et al., 1999; Abd El- Rehim et al., 1999; Hegazy et al., 2000 ).     

       Radiation – induced grafting of vinyl monomers onto hydrophobic 

polymers has been used frequently to produce selective membranes with 

specifically desired properties  (Bex et al., 1968; Ishigaki et al., 1978; 

Gen, 1987; Niemoller et al., 1988 ).   
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Graft polymerization is a special type of copolymerization in which a 

reactive site is created on the main polymer chain (Si - Yang, et al.,1991).   

In this instance, the fiber is the main chain that is available for chemical 

attachment or grafting of a polymerizable monomer. The formation of a 

reactive site in the polymer backbone of the fiber is usually achieved by 

generating free radicals at that site.   

  (Bhattcharyya and Maldas, 1982) studied the grafting of styrene 

and acryamide, from both their binary and unitary system, on cellulose 

acetate film by means of the 60Co – irradiation grafting technique. The 

extent of grafting was found to be dependent on pre-irradiation dose, 

reaction time, and temperature and the optimum conditions were 

evaluated. The effect of solvents, (e.g., water, methanol, ethanol, iso-

propanol and t-butanol) was studied. The composition of the binary 

mixtures as well as the nature of the alcohol used as the solvent were 

found to have a strong influence in modifying the course of grafting. Each 

component of the binary monomer mixture was found to sensitize the 

grafting of other, when the former is relatively in large concentration. The 

observed results were discussed in detail in terms of relative molecular 

reactivity and reactivity ratios.  

A series of well-defined amphiphilic graft copolymers consisting 

hydrophilic poly (acrylic acid) backbones and hydrophobic polystyrene 

side chains were synthesized by successive atom transfer radical 

polymerization (ATRP) followed by hydrolysis of poly(methoxymethyl 

acrylate) (PMOMA) backbone. Grafting –from strategy was employed for 

the synthesis of graft copolymers with narrow molecular weight 

distribution. Hydrophobic side chains were connected to the backbone 
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through stable C-C bonds. The backbone can be easily hydrolyzed with 

HCl without affecting hydrophobic side chains. This family of 

amphiphilic graft copolymers can form stable micelles in water. The 

critical micelle concentration was determined by fluorescence 

spectroscopy. The morphologies and size were studied using transmission 

electron microscopy (TEM) and dynamic light scattering (DLS). The 

sizes of micelles were dependent on ionic strength, pH value and 

preparation conditions  ( Peng et al., 2006). 

 The radiation –induced graft copolymerization of binary mixtures 

of 2-hydroxy ethyl methacrylate (HEMA)/ glycidyl methacrylate (GMA) 

onto polyethylene – co - polypropylene non woven fabric by the pre-

irradiation method has been investigated.  The effect of different factors 

that may affect the grafting percent such as solvent type and comonomer 

compositions were studied. Copolymers with higher proportions of 

HEMA monomer diluted with 1-butanol as solvent showed the highest 

hydrophilic properties and higher dye uptake (El- Salmawi, and 

Ibrahim,2005) . 

A literature survey indicates that a considerable number of studies 

have been carried out on the radiation-induced grafting of individual vinyl 

monomers onto polypropylene polymer by direct or pre - irradiation 

methods(Chapiro, 1966; Ang et al.,1983; Lokhande et al., 1987; Rao, et 

al., 1987; Gupta et al., 1990; Mehta et al., 1990; Hegazy, 1992;).  Also, 

the gamma pre-irradiation grafting of 2 (dimethyl amine) and 2N-

morphilino derivatives of ethyl methacrylate onto polypropylene fabric 

was investigated (Gawish et al., 1992,1995).  Polypropylene films used 

as hydrophobic polymers were grafted using binary mixtures of acrylic 
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acid and styrene monomers by a direct radiation method (El-Salmawi et 

al., 1997). 

Radiation-induced graft copolymerization of comonomers 

consisting of glycidyl methacrylate (GMA) and N, N-dimethyl 

acrylamide (DMAA) onto macroporous polyethylene hollow fiber was 

studied. Copolymers with a higher proportion of DMAA showed 

improved hydrophilic properties (Grasselli  et al., 2003). 

 Some examples of monomers that can be grafted onto 

polytetrafluoroethylene (PTFE) films are styrene, acrylic acid, 4- 

vinylpyridine and N-vinylpyrrolidone (Chapiro,1977). Other examples 

are the bonding of styrene on cellulose, vinylpyridines on wool and p-

nitrostyrene on polyethylene, polypropylene and polyvinyl chloride 

(Garnett,1979).   

The graft copolymerization of aqueous solutions containing 

acrylamide (AAm) onto nylon -6 fabrics using the preirradiation 

technique has been studied. It was found that the addition of 0.05 wt % of 

ammonium iron II sulphate reduced effectively the homopolymer 

formation of AAm. The different factors that may influence the grafting 

reaction were investigated. The study of the effect of reaction temperature 

revealed that the calculated overall activation energy for the graft 

polymerization of AAm onto nylon-6 is 55.3 and 32.4 kJ/ mol below and 

above 60◦C, respectively. The nylon-6 fabric grafted with acrylamide 

showed a significant increase in hydrophilic properties in terms of 

moisture and water regain as well as water absorption. In addition, the 

dyeing properties of the produced graft copolymers indicate good dye 

affinity for selected dyestuffs.  (El- Naggar et al., 1997).  
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The graft copolymerization of acrylamide monomer into 

polyethylene films was carried out by the preirradiation method 

(Bhuvanesh et al., 2000).  The influence of synthesis conditions, such as 

monomer concentration, preirradiation dose, reaction temperature, Mohr's 

salt, was investigated. 

(Gupta and Anjum, 2001) have studied the graft copolymerization 

of acrylamide into polyethylene films by preirradiation technique.  The 

characterization and thermal behavior of membrane with different degrees 

of grafting were evaluated by density, X-raydiffraction, 

thermogravimetric analysis, and differential scanning calorimetry 

measurements. 

2.2. Surface modification and coating 

Coating is a covering that is applied to an object.  The aim of applying 

coating is to improve surface properties of a bulk material usually referred 

to as a substrate. Also, one can improve appearance, adhesion, wettability, 

corrosion resistance, wear resistance, scratch resistance, etc.  Coatings can 

be measured and tested for proper opacity and film thickness by using a 

Drawdown card. 

Moreover in the last three decades the technique of electron beam 

irradiation has been used for curing of different coating formulation on 

natural and synthetic polymers for acquiring these polymers new 

desirable properties. 

Types of coatings: 

Coating and printing processes.  
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Chemical vapor deposition and physical vapor deposition.  

Conversion coating Anodizing Chromate conversion coating.  

The application of radiation curable coatings has an important 

consideration in the process of the choice of curing equipment. Each 

technique for applying radiation curable coatings has its advantages and 

disadvantages. Electron beam crosslinking is used to produce heat-

shrinkable plastic films for packing foods and other consumer products, 

heat –shrinkable plastic tubing and encapsulations for industrial products, 

plastic foam and hydrogels for medical applications. Electron beam 

curing offers significant improvements in processing technique, curing 

time and cost.  The choice of a system for any one operation is evaluated 

by the manufacturer based on factors such as: (1) coating thickness, (2) 

appearance, (3) production rates, (4) space, (5) cost and benefit.  Initial 

formulations are mixtures of oligomers and monomers. The radiation 

curing process involves a combination of polymerization and 

crosslinking. 

Roll coating is probably the most widely used technique for 

applying radiation curable material. Roll coating is especially effective for 

high production rates with flexible webs or large, flat rigid panels.    

A study has been made to modify different textile fabrics such as 

cotton, cotton/polyester blend and nylon-6 fabrics by surface coating with 

a constant thickness layer of 25 mm of aqueous solution of polyvinyl 

alcohol (PVA) and acrylic acid (AAc).  Radiation curing of surface 

coating was accomplished by electron beam irradiation with a constant 

dose of 50 kGy. Parameters affecting hydrophilicity of cured coated 
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fabrics, namely, presence or absence of cross-linking agent and 

concentration of AAc in coating solution, were investigated.  Properties 

affiliated with hydrophilicity, specifically water uptake and weight loss, 

before and after several washing cycles were followed up. Crease 

recovery angle was determined. Considerable enhancement, in water 

uptake as well as crease recovery angle, has been attained with increasing 

AAc content in solution in case of nylon-6, followed by blends and 

cotton. Moreover, dyeing properties for coated fabrics, with solution 

containing 4 wt. % AAc, has been tested by color difference method, for 

basic and reactive dyes. Relative increase in color strength has been 

achieved. Morphology of coated fabrics was examined by scanning 

electron microscope (SEM), which indicated fastness and compatibility 

between coating and fabrics. ( Ibrahim et al .,   2005).           

  In this study, water – soluble biodegradable polymer produced 

from cellulose was applied as a coating constituent. The polymer applied 

was cellouronic acid with almost all primary alcohol groups at C-6 

oxidized selectivity to carboxyl groups. The influences of several water –

soluble polymers, i.e., cellulosic polymers including cellouronic acid, 

starch and polyvinyl alcohol, upon binder migration and coating 

characteristic were studied.  Infrared spectra and energy dispersive X-ray 

analysis of scanning electron microscopy exhibited that the binder latex 

was distributed uniformly across the coating containing cellulosic 

polymers in the thickness direction.  These effects were not observed with 

starch or polyvinyl alcohol. Coatings containing cellulosic polymers 

provided good coating surface properties, that is, high porosity and high 

light scattering efficiency, which can lead to good printability. 
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Biodegradable cellulosic polymers are capable to give both good 

recyclability and good printability to coated paper ( Hamada et al., 2003 ) 

Plasma polymerized acrylic acid (PPAA) coating were deposited on PE 

films, in a 70kHz low pressure plasma reactor, at various plasma powers. 

The COOH retention of PPAA coatings and its stability to washing in 

water were investigated by, WCA (water content angle). FTIR, 

ellipsometry and SEM analysis. The results have shown that the use of 

higher powers leads to an increase of the stability of the coating due to a 

high degree of crosslinking. Under optimized conditions, it is possible to 

obtain stable PPAA coatings which resist to washing with a COOH 

retention rate of 15% on PE, which is much higher than the coating 

deposited in a 13.56 MHz discharge. This high stability of the coatings 

observed in the low frequency discharge, which is somewhat similar to 

DC glow discharges, is probably due to the ions which play an important 

role in the crosslinking process of the coatings. Optical emission 

spectroscopy measurements (OES) have shown good correlation between 

the CO density in the gas phase and the carboxylic content of PPAA 

coating (  Jafari et al.,  2006) .    

(Hermans et al., 1989) have found that radiation curing is used 

for a variety of industrial manufacturing processes. Over 99% of all 

installations are UV systems used to cure printing inks in screen-, lable-, 

offset-, and other printing application, overprint varnishes, wood coating, 

coating on metal and plastic substrates, adhesives, varnishes and 

electronics industries and for many other applications. Industry specialists 

estimate that 10.000 to 15.000 (or more) UV units are industrial use today 

work wide.  
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The advanced radiation curing technology consumed every year a 

growing amount of specific reactive oligomers. The most important 

radiation reactive oligomers contain ester- , urethane - .and epoxy- groups 

in their main chain terminated with acrylic or methacrylic end- groups as 

studied by (Czvikovszky, 1985). The choice of different reactive 

oligomers is however much broader. Reactive oligomers can be prepared 

by attaching acrylic functionality onto natural backbones producing 

acrylated natural oils. 

2.3. Preparation of hydrogels  

A hydrogel is a polymeric material which has the ability to swell in 

water and retain a significant fraction (more than 20%) of water within its 

structure. However, it will not dissolve in water. The network of hydrogel 

can be formed by radiation crosslinking.  

 Some polymers that can form hydrogels are polyvinyl alcohol (PVA), 

polyacrylamide (PAAm), polyvinyl – pyrrolidone (PVP), polyethylene 

oxide (PEO) and methyl cellulose (MC). Hydrogels have excellent 

biocompatibility and can be used for enzyme supports and controlled 

release of drugs which can be incorporated in the hydrogel (Ikada et al 

.,1977). 

 In recent years, many layered, inorganic, mineral micro powders 

such as mica ( Lin et al., 2001) attapulgite (Li et al., 2004; Li, and Wang, 

2005), kanolinite and sercite (Wu, et al., 2003).  have been used in the 

preparation of polymers to achieve lower production costs and higher 

properties. Montmorillonite (MMT), a layered aluminum silicate with 

highly exchangeable cations and reactive groups (-OH) on its surface, 
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also has been widely used to improve the properties of polymers 

(Alexandre and Dubois 2000; Ray and Okamoto, 2003). (Lee and 

Yang, 2004) reported the synthesis of poly (sodium acrylate)/ organic 

MMT superabsorbents through inverse suspension polymerization.  Luo 

et al., 2005 reported the synthesis of starch –grafted poly (acrylamide-co-

acrylic acid)/MMT with a gamma ray irradiation technique. 

 Nanocomposite hydrogel wound dressing was prepared using 

combination of polyvinyl alcohol hydrogel and organoclay, i.e. Na-

montmorillonite, via the freezing-thawing method. The effect of 

organoclay quantity on the structural, swelling, physical and mechanical 

properties of nanocomposite hydrogel wound dressing was investigated.  

The results also indicated that the quantity of the clay added to the 

nanocomposite hydrogel is the key factor in obtaining suitable properties 

required for wound dressing such as relatively good swelling, appreciated 

vapor transmission rate, excellent barrier properties against microbe 

penetration and mechanical properties (  Mehrdad  et al ., 2007). 

In the past researches, PVA/ clay nanocomposites have been 

prepared, their properties were investigated to evaluate their performance 

in practical applications. ( Strawhecker and Manias, 2000) prepared the 

PVA/ clay nanocomposites by casting the water suspension of PVA and 

montmorillonite. They studied the structure of the nanocomposite and 

found a coexistence of exfoliated and intercalated montmorillonite layers, 

especially for low and moderate silicate loadings.  They also reported that 

the mechanical, thermal and water vapor transmission properties of the 

nanocomposites are superior to that of the pure PVA and its 

conventionally filled composites. 
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 (Chang et al., 2003) synthesized PVA/clay nanocomposites by 

the solution intercalation method using Na+- montmorllonite and 

alkylammonium ion – exchanged clays . 

The adsorption of poly (vinyl alcohol) (PVA) on montmorillonites 

saturated with calcium (Ca-MMt) and sodium (Na-MMt) as a function of 

the pH value and PVA concentration in aqueous solution was studied.  

Owing to the binding effect of the bivalent cation, the adsorption of PVA 

on Ca- MMt decreases as the pH of the suspension increases, whereas 

adsorption on Na-MMt is unaffected by the suspension pH. The 

adsorption maximum of PVA (pH6) on Ca- MMt was 151.2 mg of PVA 

g-1 of clay, which is considerably lower than that on Na-Mt. (496.2 mg g-

1).  These adsorption data coincide with the basal spacing obtained for the 

clays: 1.72 and 2.26 nm for Ca-MMt and Na-MMt, respectively. 

Adsorption is a slow process and is irreversible in both clays ( Silvia and 

Ferreiro, 2004). 

Nylon 6 nanocomposites were prepared using melt intercalation 

technique. Sodium montmorillonite (Na-MMT) was modified with 

octadecyl ammonium salt to evaluate the effect of clay modification on 

the performance of the nanocomposites. A comparative account with the 

nanocomposites prepared, using commercial clay has been presented. X-

ray diffraction (XRD) studies indicated an increase in the basal spacing of 

organically modified clays. Further, X-ray diffractograms of the 

nanocomposites displayed the absence of basal reflections suggesting the 

formation of an exfoliated structure. Transmission electron microscopy 

(TEM) investigations also confirmed exfoliation of clay galleries in the 

nanocomposites. Differential scanning calorimetry (DSC) measurements 
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revealed both transitions in the matrix polymer as well as the 

nanocomposites. Thermal stability of virgin Nylon 6 and the 

nanocomposites has been investigated using thermogravimetric analysis. 

Mechanical test revealed an increase in the tensile and flexural properties 

of Nylon 6 with the incorporation of nanoclays. Storage and loss modulus 

of virgin matrix increased with the incorporation of nanoclays. Nylon 6 

nanocomposites exhibited optimum performance at 5% clay loading. 

Further, water absorption studies also confirmed comparatively lesser 

tendency of water uptake in these nanocomposites (Mohanty and Nayak 

, 2007).  

Polystyrene clay nanocomposites were prepared, using different 

imidazolium modified montmorillonite clays as nanoadditives. The 

effects of solvent, temperature, and type of compatibilizer on the final 

products were investigated. The final products were analyzed by means of 

thermogravimetric analysis (TGA), X-ray diffraction (XRD), and 

transmission electron microscopy (TEM). Polystyrene-dimethyl 

decylimidazolium-montmorillonite (PS/DMDIM-MMT) and polystyrene-

dimethyl hexadecyl imidazolium-montmorillonite (PS/DMHDIM-MMT) 

nanocomposites were obtained, using chlorobenzene as a solvent at 

150°C. The XRD and TEM data were employed to measure the degree of 

clay exfoliation in the fabricated samples. The results indicate that 

PS/DMDIM-MMT nanocomposite has an intercalated structure, whereas 

the PS/DMHDIM-MMT nanocomposite has an exfoliated structure 

(Walid, 2007).  
 Structural characterizations of PVC/clay nanocomposites through 

X-ray diffraction, thermo gravimetric analysis and dynamic rheometric 

analysis have been studied. The results showed that the thermal 
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degradation is shifted towards higher temperatures for organophilic clays, 

compared to chemically untreated natural clay  (Pepmicek et al., 2006)  

Hydrogel for wound dressing were made from a mixture of 

chitosan and poly vinylalcohol (PVA) poly- N-vinylpyrrolidone (PVP) by 

freezing and thawing, gamma-ray irradiation, or combined freezing and 

thawing and gamma irradiation. The physical properties of the hydrogel, 

such as gelation, water absorptivity, and gel strength, were examined to 

evaluate the usefulness of the hydrogels for wound dressing. The physical 

properties of the hydrogels, such as gelation and gel strength, were higher 

when the combination of freezing and thawing and irradiation were used 

rather than just freezing and thawing. PVA/PVP- chitosan composition 

and irradiation dose had a greater influence on swelling than gel content. 

Swelling percent increased as the composition of chitosan in PVA/PVP- 

chitosan increased (NHO and PARK, 2002).  

 

Incorporated sodium montmororillonite into a poly (έ-

caprolactone)- starch blend was carried out by means of a ball mill. The 

structural organization and physical (mechanical, thermal and barrier) 

properties were analyzed and correlated with the milling conditions. 

Scanning electron microscopy and X-ray characterization show that the 

milling process can improve the compatibilization between the PCLand 

starch phases, while promotes the dispersion of clay minerals at 

nanometric level. The milling time strongly influences the mechanical 

and barier properties. In particular, the best results in terms of elastic 

modulus and permeability coefficient were achieved with a complete 

delamination of pristine clay structure. In summary, the milling process 

not only has demonstrated to be a promising compatilization method for 

immiscible PCL- starch blends, but it can be used to improve the 

dispersion of nanoparticles into the polymer blends ( Luigi et al., 2009 ) .      
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    Poly vinylalcohol (PVA) is a well known film forming polymer 

used in several bioapplications.  His advantages related to the physico – 

chemical properties which are induced both by a certain orientation of 

macromolecular chains and an advanced level of biodegradability. The 

main objects of this study were the obtaining of polyvinylalcohol 

nanocomposite with a natural unmodified layered silicate. The layered 

silicate structure investigation by XRD before and after polymer 

intercalation and the investigation of the thermal behavior of the PVA-

NaMMT was tested    (  Donescu  et al.,  2007).        

2.4. Applications of modified polymers: 

Because of recent growing industrial technologies many 

environmental wastes are resulted. Among these wastes are: toxic and 

heavy metals in water, pigments, dyes, pesticides - - - - etc. 

Treatments of such waste waters are very necessary. Trials by 

different methods are investigated to solve such problems by using the 

suitable modified polymers for removal of heavy metal ions and dyes 

from waste water.          

The research work done in this regard is summarized as follows: 

2.4.1. Removal of heavy metal ions from waste water  

The modification of low-density polyethylene (LDPE) by gamma 

radiation grafting of acrylonitrile (AN) and vinyl acetate (VAc) in a 

binary monomers mixture was investigated for the possibility of their 

practical use in wastewater treatment for some heavy and toxic metals 

(Hegazy et al., 1998). 
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Polyethylene -g- polyacrylamide membranes were prepared by graft 

polymerization of acrylamide into polyethylene films using a 

preirradiation technique.  The membranes had an excellent binding 

capacity for mercury ions.  Almost, 99% mercury separation was 

achieved from a metal solution of concentration 200 ppm.  The metal 

binding capacity increased with increase in the degree of grafting in the 

membrane (Gupta et al., 2002). 

 Chitosan-g-poly (vinyl acetate) copolymers were prepared by a 

graft copolymerization with a redox initiator, cerium ammonium nitrate.  

The diffusion rate increased with an increase in the amount of chitosan.  

However, the specific adsorption quantity of copper ion decreased as the 

extent of cross-linking was increased   (Trong et al., 2002).  

  Cellulosic graft copolymers were prepared by the reaction of the 

fiber with acrylonitrile (AN) and 2-acrylamido-2-methyl propane sulfonic 

acid (AMPS) in DMF initiated by γ- radiation 60Co. The grafted fabric 

was chemically treated with hydroxyl amine to obtain amidoxime form. 

Factors affecting the grafting such as radiation dose, monomer 

concentration and solvent concentration as well as monomer composition 

were investigated. The chemically modified graft fabric was applied for 

recovery of cyanide and dichromate from aqueous solution. CN- shows 

89% removal, whereas dichromate has 65% removal   ( El- kelesh   et al.,   

2007).  

Radiation induced grafting of acrylic acid onto poly 

(tetrafluoroethylene –perfluorovinylether) (PFA) film was investigated. 

The grafted films rapidly adsorbed Fe3+, Co2+, Ni2+ and Cu2+ ions in high 

efficiency. The polyacrylic acid grafted onto PFA acted as a chelating site 

 
25



 
CHAPTER-2                                                                                 LITERATURE  REVIEW                     

for the previously selected transition metal ions. Such prepared 

copolymer-metal complex was confirmed spectrophotometrically via IR, 

UV- spectrometry, X- ray fluorescence, X-ray diffraction, and color index 

measurements. Electrical conductivity and mechanical properties of PFA 

grafted copolymer- metal complexes were investigated. The applications 

of such prepared copolymer- metal complexes in the field of 

semiconductors besides its performance as a cation – exchange membrane 

may be of great interest ( Hegazy  et al.,  2000 ).   

The preparation and characterization of a series of ion-exchange 

membranes for the purpose of separation and extraction of some heavy 

and toxic metal ions from their wastes have been studied. Such ion 

exchange membranes were prepared by γ- radiation grafting of 

acrylonitrile (AN) and vinyl acetate (VAc) in a binary monomers mixture 

onto low density polyethylene (LDPE) using direct technique of grafting. 

The reaction conditions at which grafting process proceeds successfully 

have been determined. Many modification treatments have been 

attempted for the prepared membranes to improve their ion-exchange 

properties. Moreover, the possibility of their practical use in waste water 

treatment from some heavy and toxic metal ions such as Pb2+, Cd2+, Cu2+, 

Fe2+, Sr2+ and Li1+ have been investigated.  These grafted membranes 

showed great promise for there use in the field of extraction and removal 

of some heavy and toxic metals from their wastes  ( Hegazy  et al.,  1998) . 

Hydrogel containing hydroxyl group based on glycerol, ethylene 

glycol and acrylic monomer, by using gamma radiation was prepared. 

The application of the prepared hydrogel for recovery of Cu2+, Co2+, Ni2+, 

and Pb2+ was also studied. The hydrogel for complexes with metals have 

been isolated and characterized by using different spectroscopic 
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techniques IR and thermal analysis. TGA thermo grams were used to 

determine the kinetic parameters such as activation energy and order of 

reaction. The complexometric titration showed that the hydrogels have a 

great affinity to recover the metal ions in the following order Pb2 + > Ni2+ 

> Cu2+ > Co2+.However the hydrogel containing glycerol has a great 

tendency towards metals recovery than the one containing ethylene glycol 

(Nizam- El-Din and Ibrahim ,2000) . 

The semi- interpenetrating polymer network technique was used to 

prepare tailor- made membranes from blends of poly (vinyl alcohol) with 

two polyelectrolytes, one with carboxylic groups (poly acrylic acid) and 

one with amine groups poly (ethyleneimine). The 60/40 poly (vinyl 

alcohol) / polyelectrolyte mass ratio was selected to obtain homogenous 

membrane with suitable mechanical properties. Finally, dynamic 

experiments were performed in order to simulate the treatment of aqueous 

solutions.  Using a membrane – packed column, the best result was 

observed for Cu (II) removal with 40.8% of metal ion uptake. With 

filtration, the best result was observed for Pb (II) removal: the metal ion 

uptake was 70.0% at the end of the sorption step (Lebrun et al., 2007) .  

(Nurkeeva et al., 2002) studied the efficiency of prepared 

polyethylene films grafted with vinyl monomers by radiation for Cu+2 

ions uptake. It was found that increasing of grafting degree of the 

substrate increase the amount of metal ions uptake.   

2.4.2. Removal of dyes from waste water 

Starch -g - poly (acrylic acid) and poly [acrylic–co- acrylamide] 

synthesized via chemically crosslinking polymerization were then each 

mixed with inorganic coagulants of aluminum sulfate hydrate [Al2(SO4)3. 
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18H2O], calcium hydroxide [Ca(OH)2], and ferric sulfate [Fe2(SO4)3] in a 

proper ratio to form complex polymeric flocculants(CPFs). All CPFs 

exhibited low water absorbency than those of the uncomplexed 

superabsorbent copolymers. The color reduction by the CPFs was tested 

with both synthetic wastewater and selected wastewater samples from 

textile industries.   The CPFs of poly-[(acrylic acid)- co- acrylamide] with 

calcium hydroxide at a ratio of 1:2 is the most effective CPF for the 

wastewater color reduction. Starch - g - poly(acrylic acid) / Ca(OH)2 CPF 

can reduce the synthetic direct and industrial wastewater by 74%and 18%, 

respectively. Chemical oxygen demand, residual metal ion 

concentrations, pHs turbidity of the wastewater were also investigated 

and the potential use of the complex polymer flocculants for textile 

wastewater treatment was indicated   (Jirapraserkul  et al., 2006 ).  

  The preparation and properties of poly (vinyl alcohol/ acrylic acid) 

hydrogel for the purpose of removal of cationic dyes from aqueous 

solutions have been studied. The effect of dose and monomer 

concentration on the uptake property of the hydrogel toward dye was 

studied. The uptake of basic methylene blue-9 dye with (PVA/ AAc) was 

studied by batch absorption technique. The effect of pH on the dye uptake 

was demonstrated to find out that the suitable pH for maximum uptake 

occurred at pH5. It was observed that as the concentration of dye is 

increased the dye uptake decreased. Furthermore, the uptake of dye by 

hydrogels increased as the temperature was elevated. The recovery of dye 

adsorbed is possible by treating the hydrogel with 5% HCl. The results 

obtained suggested that this hydrogel possessed good removal properties 

towards basic methylene blue -9 dye, and this suggests that such 

hydrogels could be acceptable for practable uses ( Hegazy et al., 2000) . 
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Acrylamide/ itaconic acid (AAm/ IA) hydrogels prepared by 

irradiating with γ radiating were used in experiments on the uptake of 

some cationic dyes such as basic red 5(BR-5), basic violet 3(BV-3) and 

brilliant cresyl blue (BCB). Adsorption studies indicated that monolayer 

coverages of AAm/IA hydrogel by these dyes were increased with 

following order: BCB > BR- 5   > BV-3 (Karadag et al., 1998) . 

The PVA/CMC blend graft copolymer was used as a sorbent for 

dye wastes normally released from textile factories. The sorption of 

dyestuffs by the blend graft copolymer was determined by a method 

based on spectroscopic analysis.  The results showed that the blend graft 

copolymer has a high affinity for basic, acid, and reactive dyes.  

Meanwhile, it was observed that the sorption of dyes is more effective at 

70oC.   The sorption of the dyestuffs by a PVA/CMC graft copolymer 

may be considered to be a practical method to remove organic pollutants             

(El-Salmawi   et al., 2001) .       

The characterization and uses of gamma radiation – crosslinked 

poly (vinyl alcohol) (PVA) films as absorbents for different classes of 

dyestuffs normally released from textile factors have been carried out.  

The percentage dye sorption by PVA was determined by spectroscopic 

analysis and color strength measurements of PVA films after absorbing 

the different dyestuffs.  Meanwhile, the highest percentage of dye 

sorption was found in the case of the basic dye and the lowest one in the 

case of the reactive dye depending on the active groups on the dyes.  

Moreover, the percentage dye sorption by PVA was slightly higher in the 

acid medium rather than in the alkaline one (Ibrahim,   2003 ). 

The behavior of chitosan nanoparticles as an adsorbent to remove 

Acid Green 27 (AG27), an acid dye, from an aqueous solution has been 
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investigated with nanochitosan (particle size = 180 nm; degree of 

deacetylation = 74%). The dye concentration at equilibrium (mg/g) was 

calculated using the weight of the nanoparticles in the mixed solution and 

the weight of chitosan in the nanoparticles. The experimental isotherm 

data were analyzed using the Langmuir equation for each chitosan 

sample; the Langmuir monolayer adsorption capacity was found to be 

1051.8 mg/g and 2103.6 mg/g, respectively, which were significantly 

higher than that of the micron-sized chitosan ( Hu et al.,  2006). 

                              

 

 

 

 

 
30



  
  
  
  
  
  
  
  
  
  

  
  
  
  
  

  
  
  
  
  
  
  
  
  
  
 
  
  
  
  

  
  
  
  



CHAPTER-3                                  Material and Experimental Techniques  

 31

CHAPTER 3 

Materials and Experimental Techniques 

3.1. Materials:- 

a) Poly (vinyl alcohol) (PVA), laboratory grade, in the form of 

powder, having an average molecular weight (MW) of 

(125.000) are obtained from laboratory Rasayan.S. D. 

finechem. Ltd., Boisar. 

b) Carboxymethyl cellulose (CMC) sodium salt (pure grade 

reagent) was a low-viscosity polymer in the form of granules 

and was supplied by El-Nasr Pharmaceutical Chemical –

Prolabo(Cairo, Egypt). 

c) Polyethylene coated polypropylene non-woven fabric(PE-co-

PP), diameter 13μm was provided by Kurashiki Textile MFG 

co., Osaka, Japan. 

d) Acrylic acid (AAc) (Merck, Germany) of purity 99%, was 

used without further purification. 

e) Acrylamide (AAm) a laboratory grade, was supplied from 

Merck, Germany and it was used without further treatment  

f) Clay Montomorillonite (MMT) was supplied by Zhejiang 

Fenghong clay chemicals Co.,LTd., PR China. 

g)  Dyestuffs: 

Two dyestuffs belonging to different classes were used 

throughout this work.  These dyes are:  sandocryl blue (basic dye) was 

kindly supplied by Hockest Germany.  Remazol Golden (reactive dye) 
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was kindly supplied by Sandoz Switzerland.  The treatments of industrial 

waste water were carried out on a dye waste taken from the draining 

released from Hosni Dyers and finishers Co.Cairo. It contains different 

colors from the reactive dye Remazol product of Hockest Germany and 

added usual Glauber salt, sodium hydroxide and detergents.    

h) The metal salts used were of pure and AR 

grades(CuSO45H2O, NiSO4 6H2O, CoSO4 6H2O).  

3.2. Experimental Techniques:- 

3.2.1. Preparation of Coated PE-co-PP non- woven fabric: 

A known weight of CMC was dissolved in a known volume of 

distilled water. The coating solution was first prepared by dissolving the 

required ratios of monomer (acrylic acid) in the aqueous CMC solution 

with continuous stirring for complete mixing. The coating solution was 

then poured on PE-co-PP nonwoven fabric and the thickness of the 

constant layer was adjusted to a 25µm by a floating knife coater.  The 

surface coated film were exposed to accelerated electrons using the 

electron beam accelerator of 1.5 MeV and 25 kw made by High Voltage 

Engineering, USA, at National Center for Radiation Research and 

Technology, Cairo, Egypt. The required dose was obtained by adjusting 

the electron beam energy parameters and conveyor speed. The dose being 

used was 30 kGy.  The coating % of the layer resulting on the substrate 

was calculated according to the following  equation: 

Coating  % =    [(W2 - W1) / W1] x 100  

Where W1 is the initial weight of uncoated film, and W2 is the final 

weight of film after coating and several washing. 
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3.2.2. Preparation of grafted PE-co-PP non-woven fabric 

Polyethylene coated polypropylene non-woven fabric was placed in 

contact with the grafting solution containing different concentrations of 

aqueous solution of acrylamide monomer (5, 7, 10, 15 %)(v:v)in a glass 

tube.  Ferric chloride aqueous solution of 0.7wt. % as inhibitor was added 

to the grafting solution (Bhuvanesh et al., 2000). The glass tubes were 

then fitted and exposed to gamma irradiation at the required doses and at 

different dose rates, namely 1 kGy/h and 4 kGy/h in the Co-60 γ-source 

under atmospheric air. The grafted samples were then washed thoroughly 

with hot distilled water to remove unreacted monomer and surface 

homopolymer.  The grafted samples were extracted in boiling water to 

constant weight. The degree of grafting was determined by the 

percentage increase in weight as follows: 

Degree of grafting  %= [(Wg-Wo ) / Wo] x 100      

where Wo and Wg represent the weights of the initial and grafted 

sample  after good removal of the homopolymer. 

3.2.3. Preparation of PVA-clay hydrogel:- 

PVA-clay hydrogel was prepared by dissolving different ratios of 

PVA and clay 20%, 50%,60,% and 80% in a known volume of distilled 

water on hot plat stirrer at 400C for 4 hours. After complete solubility the 

solution was poured into Petry dish and then subjected to 3-cycles of 

freezing and thawing then exposed to different doses 20, 25,30 (kGy) at 

electron beam irradiation then dried at ambient air to obtain hydrogel. 
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3.3. Analysis and Measurements 

3.3.1. Gel fraction:  

Gel fraction was characterized for hydrogel and coated samples as 

follows. A known weight of the sample (Wo) was extracted in a refluxing 

system by boiling in bidstilled water for 2 hours.  The samples were then 

removed and dried in ambient air to get rid of excess water to reach a 

constant weight (W1). Finally, the soluble fraction was calculated 

according to the following equation: 

Soluble fraction % = [( Wo -W1) / Wo] x100 

            Where: 

W0: initial weight of the dry sample. 

W1: the weight dry insoluble gelled part after extraction. 

  Gel fraction (%) = 100- soluble fraction (%). 

3.3.2. Swelling behavior in water and different solvents: 

A known weight of the sample was soaked in bidistilled water and 

different solvents for 24 hrs at room temperature. The sample was then 

removed and blotted on filter paper to remove the excess of water or 

solvent on the surface. The swelling (%) was calculated according to the 

following equation: 

Swelling % = [(W2 –W1) / W1] x 100 

Where: 

W1: initial weight of the sample. 

W2: final weight of the swelled sample. 
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3.3.3. Water uptake % 

A known weight of the sample was soaked in bidistilled water for 

different time intervals at room temperature, the sample was then 

removed and blotted on filter paper to remove the excess water on the 

surface. The water uptake % was calculated using the following equation: 

Water uptake % = [ ( W2- W1) / W1] x 100 

Where : 

W1 : Initial weight of the sample. 

W2 : Final weight of swollen sample. 

3.3.4. Chemical stability of samples towards acids and    

alkalis :  

The chemical stability was tested by modified polymer as follows: 

samples of known weight was immersed in 0.1N NaOH and 0.1N HCl 

for 2 hrs. The sample was then removed and blotted on filter paper to 

remove the excess of solution on the surface. The swelling (%) was 

calculated according to the following equation: 

Swelling % = [(W2 –W1) / W1] x 100 

Where: 

W1: initial weight of the sample. 

W2: final weight of the swelled sample. 

3.3.5. Dye sorption measurements:  

The dye sorption of basic and reactive dyes and the industrial dye 

waste by PVA-clay hydrogel and coated PE-co-PP non woven fabric was 
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carried out by a general procedure based on spectrophotometric 

measurements of the dye solution before and after dye sorption.   

Standard curves were first constructed representing a relation between 

different known concentrations from each dye and the corresponding 

light absorption   ( El-Salmawi et al., 2001) as shown in Figs. 1 and 2.  

The different expressions governing these relations were calculated to be 

as follows: 

Light absorption = 0.223 × basic dye concentration (mg/l ). 

      Light absorption = 0.028× reactive dye concentration (mg/l ). 

In this procedure, a certain concentration from each dye (20 mg/l ) 

was dissolved in boiled water without any additives. Thereafter, a 

constant weight of sample was then immersed in different dye solutions 

and the dye uptake was determined by measuring the light absorption of 

the residual dye solution. The dye sorption by samples was determined 

according to the following equation:   

Dye uptake% = Dye concn. on sample / initial dye concn. X 100             

The light absorption measurements were performed using a UV/ Vis 

spectro photometer made by Unicam England. 
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Fig (1) UV/vis absorbance of different concentrations of 
           basic dye sandocryle blue at wave length  660 nm.
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Fig .2. UV/ vis. absorbance of different concentrations of the 
           reactive dye Remazol Golden  at wave length 384 nm.
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3.3.6. Color- difference intensity (∆E*):- 

A micro colorimeter unit made by Dr. Lange (Germany) was used for 

the color measurements. The L*, a*, and b* system used on CIE colour 

Triangle (Commission International de I’Ecairage Units X, Y and Z) .in 

this system, the L* value represents the dark- white axis, a*, represents 

the green –red axis, and b* represents the blue –yellow axis. The L*, a*, 

and b* values of samples before dye sorption were measured and taken 

as a reference. The color – difference (∆E*) intensity on the samples after 

sorption was determined as follows: 

∆E* = √ (∆L*) ² + (∆ a*) ² + (∆ b*) ² 

3.3.7. Sorption of heavy metal ions  

An attempt was made to use the modified polymers for removal of 

some heavy metals such as Cu2+, Ni2+, Co2+ from waste water.  Different 

metal salt solutions (CuSO45H2O, NiSO46H2O, CoSO46H2O) of known 

concentrations (500 ppm) were first prepared. A sample of known weight 

(0.5gm) of the modified polymer was then immersed in these solutions 

for different time intervals ranging from 1h to 24 hours. The metal uptake 

(%) was determined using the following equation: 

                                  Metal uptake % = [(Co- C1) / Co] x 100 

Where C1 and Co are the concentrations of the metal solution before and 

after sorption by modified polymers, respectively.  
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3.4. Instrumentation: 

3.4.1. Ultraviolet spectroscopy: 

Occasionally a UV-VIS Pye Unicam Spectrophotometer Type Sp 8- 

200 was used to determine C1 and Co. All spectrophotometric 

measurements were carried out at room temperature . 

3.4.2. Thermogravimetric analysis (TGA):  

The TGA studies were carried out on a Shimadzu-30 (TGA-30) at a 

heating rate of 10ºC /min. in air over a temperature range from room 

temperature up to 500ºC.   

3.4.3. Differential scanning calorimeter (DSC): 

DSC measurements were performed using a Perkin –Elmer DSC-7 

calorimeter. A heating rate of 10oC/min. was utilized under nitrogen 

atmosphere.  The recorded glass transition temperature was taken as the 

temperature at which one half of the change in heat capacity ΔCp has 

occurred. 

3.4.4. Scanning electron microscope (SEM) 

The surface morphology of samples was investigated by SEM 

technique. The micrographs were taken with a JSM-5400 instrument of 

Jeol (Japan). 

3.4.5. Energy dispersive X-Ray (EDX): 

A jeol 5400 scanning electron microscope with energy dispersive 

X-ray (EDX) attachment (Japan) was used to determine the uptake of the 

different elements by different substrates. 
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3.4.6. X-ray diffraction (XRD). 

X-ray diffraction patterns of the synthesized samples of clay were 

determined by using X-ray diffractometer (PW1390) from Philips. 

3.4.7. Mechanical properties 

 The ungrafted and grafted samples were tested for tensile strength 

and elongation at break properties according to ASTM 638 

specifications. An Instron Universal Tester (England) model 1195 was 

used throughout this work by applying a crosshead speed of 10 mm/min. 

at room temperature. 

3.4.8. IR spectroscopic analysis 

  FTIR spectrophotometer model Mattson 100, made by Unicam, 

(UK) was used for FTIR measurements over the range 500-4000 cm-1.  
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CHAPTER 4 

Results and Discussion 

Polymers today play a very important role for various practical 

applications. A great deal of interest has been observed in a trial to use 

polymers for removal, separation and purification of metal ions from 

heavy metals contaminated water and solid wastes ( Hegazy and EL- 

Hag, 1997; Hegazy  and Shawky, 1997; Petruzzeli et al.,1998) . 

Modification of different types of polymers for purpose of 

removal of wastes from their sources has been carried out in order to meet 

the polymer properties desired.  γ- and electron beam radiation methods 

as a techniques for modification,  have been particularly studied for the 

production of large variety of polymers through:-  

1. Coating with different formulations for acquiring polymer 

desirable properties. 

2. Grafting of polymers with different monomers which contain 

different functional groups. 

3. Preparation of different types of  hydrogels with new properties.              

             The present work is divided to the following items:- 

1. Coating of (PE-co-PP) non-woven fabric with mixture of (CMC) 

and oligomer (AAc) by using (E.B) irradiation. 

2. The modification of (PE-co-PP) non-woven fabric by γ – 

irradiation induced grafting of (AAm) monomer . 
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3. The preparation of (PVA)/ clay composite hydrogel through 

freezing and thawing followed by E.B irradiation technique. 

4.1. Coating of (PE-co-PP) with  mixture of CMC and 

AAc by using (E.B) irradiation: 

      Radiation crosslinked coating systems are chosen as an 

environmentally favorable alternative to traditional solvent – based 

finishing system. These systems possess low levels of emission of volatile 

organic compounds. The technique of electron beam irradiation surface 

coating is now used in various sectors of applications mainly in the 

coating industry, graphic arts, and micro electrons. They have many 

advantages such as fast cure speed, less rejection rates, less energy 

consumption. The formulations for the electron beam curable systems 

must consist of: 

1] Oligomers. 

2] Valuable polymer substrates for effecting suitable modification. 

    On applying the coating technique as a modification tool, the choice of 

coating formulation is important for acquiring the coated polymers 

desirable properties which making it used for the purpose of removal of 

dye and heavy metal ions from waste waters. 

 Cellulose and its derivatives can be considered as valuable 

substrates for effective suitable modification by introducing the 

appropriate groups to make electron- beam crosslinking. Generally, 

coating containing cellulosic polymers provided good coating surface 

properties, that is, high porosity which can lead to high absorption of the 

coated layer.     

 On the other hand, acrylic monomers are widely used today in 

surface coating. As for example acrylic monomers are widely used in 
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UV- curable systems due to their high reactivity, moderate cost and low 

volatility ( Decker and Moussa  1992). 

 In this study electron beam irradiation has been used for 

modifying hydrophilic properties of PE-co-PP non woven fabrics by 

using water – soluble biodegradable polymer produced from CMC 

together with AAc monomer. 

 The choice of AAc as oligomer in the coating technique is due to 

that acrylic group can form interpenetrating polymer network with CMC 

to the surface of the fabrics. So, it is important to study the effect of AAc 

monomer concentration on coating %. Also the affiliated hydrophilic 

properties of modified coated polymer as well as its ability towards dye 

and metal ions uptake have been followed up.  

The chemistry of irradiation  initiation of CMC (Radoslaw et al, 2003) 

which is one of the coating ingredients is as follows: 

                                                                                   O-  

   ROCH2  COO-                          ROCH2•C 

 

                                                                      I           O-

 

 

RO•CH  COO-           ROCH2•C=O     RO•CH2  +COO-      

            II                                       III                                      IV       

Scheme 2. proposed radicals formed on CMC. 

 

In the presence of vinyl monomer (AAc), the cellulose macroradical is 

added to double bond of AAc resulting in covalent bond formation 

between the monomer and cellulose. After that there is a reaction between 
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the radicals formed due to radiation process along the chain of ( PE-

coated-PP) and radicals of the components of the boundary surface.   

The coated formulation is based on different AAc oligomer 

concentrations dissolved in aqueous solution of CMC. This solution was 

poured on PE-co-PP. After that, these coated fabrics were subjected to 

electron beam irradiation at constant dose 30 (kGy)( Ibrahim et al., 

2005). 

4.1.1. Effect of (AAc) monomer concentration on coating %  

The effect of different AAc concentrations in coated layer was 

studied. The results obtained are shown in Fig. 3. From these results it 

was observed that the coating % increased by increasing the concentration 

of acrylic acid in the coated layer. This increase may be attributed to the 

following: 

1. The possibility of chemical bonding between the polymer matrix and 

ingredients of the coating solution.   

2. The presence of the functional group of CMC and AAc monomer 

affords attractive sites for further chemical modification.  

3. The presence of bulky groups, such as –CH2COOH in the cellulose 

may open up the cellulose structure, thereby increasing the diffusion of 

AAc monomer in cellulose and enhance the diffusion of this coated 

layer on PE-co-PP substrate.     

4. The cellulose amorphous part of CMC is known to represent one of 

the degradable polymers ( Liu et al., 2000). Consequently a certain 

number of free radical would be available for eventual interaction with 
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PE-co-PP. Moreover the increase of the concentration of PAAc 

(oligomer) which has a poly electrolytic nature may also account for 

increase of the coating %. 

      Moreover direct contact of the coating solution at the interface 

together with the nature of PE-co-PP, which posses high porosity and 

permeability which can lead to high penetration of the coating solution 

into the interior of synthetic polymer. 

Since the stability of the polymerized coating layer to water is essential 

for biotechnological application, it is important to investigate durability of 

coating layer towards washing cycles. 
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Fig (3) The effect of AAc concentration on coating %  of PE-co-PP
            coated with a layer of CMC and AAc irradiated  at 30kGy at 
            constant concentration of CMC .
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4.1.2. Durability of coating layer towards washing cycles:   

 
47



 
CHAPTER-4                                                             Results and Discussion 

Durability of coating layer towards washing cycles was investigated by 

subjecting coated PE-co-PP to three washing cycles to investigate the 

stability of this coated layer after washing and its relation with different 

AAc monomer concentrations. The results obtained are shown in Table. 

1. and illustrated in Fig . 4. Moreover, the weight loss % of coated layer 

was calculated from Table . 1. according to the following equation: 

                              [W1- W2 /W1] x 100 

Where W2 is the weight of the final coating layer after washing and W1 is 

the initial weight of the coated layer before being subjected to washing 

cycle. The results obtained in Table. 2. show that there is a stability of the 

coated layer towards washing cycle.   

Table(1) Effect of monomer concentration 

and washing on coating %. 

 

 

monomer 

concentration%

Initial coating% 

W1

Final coating% 

W2

1.9 93 76 

3.8 120 91 

5.6 150 115 

7.6 226 160 

9.6 254 192 
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Table (2) Relation between weight loss % of the coated 

 layer and AAc monomer concentration. 

monomer 

concentration % 
weight loss% 

1.9 18.3 

3.8 24.2 

5.6 23.3 

7.6 29.2 

9.6 24.4 

 

 Generally it may be observed that the value of coating % which is 

subjected to three washing cycles is still high although the weight loss is 

24% and not markedly affected by washing cycle at all AAc monomer 

concentrations as shown in Table. 2. These data indicate that coated 

solution has resulted in a coated layer formed on the fabric which is 

persistent to washing cycles.  

At  this stage, two hypotheses can explain stability of these coated layers.  

1. Strong adhesion between the substrate and the component of the 

coating   layer.  

2. A high cohesion strength of PAAc and CMC which can be 

enhanced by increasing the crosslinking density of the coating 

layers.    
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Fig.4. Effect of washing cycle on coating% of PE-co-PP coated 
          with layer of CMC and AAc irradiated at (30kGy).
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Since PE-co-PP is hydrophobic, so its use in industrial application, 

where its wetability required is limited. Since the modification by coating 

acquire the fabric hydrophilic property which make it suitable for these 

industrial applications.     

     The hydrophilicity of coated film is due to the presence of hydrophilic 

groups such as: alcohol, carboxylic acids, etc (Ilmain et al., 1991; 

Takeuchi et al., 1993;  Chen and Hoffman, 1995). To elucidate the 

possibility of practical uses of the coated film, some selected properties 

such as water uptake, swelling in different solvents, swelling in dilute 

acids and bases was investigated. In addition, Spectroscopic analyses in 

terms of UV, SEM, and EDX that provides useful information about the 

property of coated film before and after metal uptake were investigated. 

4.1.3. Water uptake% of coated PE-co-PP  

The variation of water uptake % of uncoated and coated fabrics with 

different AAc concentrations as a function of immersion time was 

measured and the results obtained are shown in Fig . 5. As expected, PE-

co-PP as hydrophobic material shows a very low water uptake% value. 

On the other hand it was observed that there is a sudden increase in water 

uptake % after 1 hour of immersion for all AAc concentrations under 

investigation.  At more than 1 hour to 5 hours, there is a gradual increase 

in water uptake %. By increasing immersion time up to 24 hours there is a 

leveling off for all AAc concentrations which indicate that there is a 

complete saturation with water at this time. Moreover the relation 

between water uptake % and AAc concentrations at fixed time (5 hours) 

was studied. The results obtained are illustrated in Fig. 6. From these 

results it can be seen that water uptake % increase sharply with increasing 
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AAc concentration in the coated layer till 1.9% AAc and after that a slight 

increase of water uptake % was obtained.  

         The increase of the water absorption is due to the presence of AAc 

and CMC constituents of the coated layer, which are highly hydrophilic in 

nature. Thus, there is a formation of reactive hydrophilic center on the 

surface of PE-co-PP. (Woods and Pikae 1994).   
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          Fig.5. Effect of immersion time hrs on water uptake % of non woven 

fabric of coated PE-co-PP with different AAc concentrations at 

constant concentration of CMC. 
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Fig.6. Effect of AAc %  on water uptake% of coated PE-co-PP
            at fixed immersion time equal to 5 hrs. 
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4.1.4. Durability of water uptake %  

One of the important properties which must be studied after the 

treatment of the fabric is the durability of water uptake % towards 

washing cycles. This may be attained by measuring water uptake % of 

coated fabrics after they have been subjected to different washing cycles 

and its relation with different AAc concentrations. The results obtained 

are shown in Table. 3. and Fig . 7.  

Generally, it may be observed that the value of water uptake % for 

all coated fabrics which are subjected to washing cycles is still high and 

not markedly affected by three washing cycles at all AAc concentrations 

under investigation. This indicate that there is a marked stability of water 

uptake % towards washing cycles which is explained by the presence of 

electrophilic sites in the coated layers that are chemically linked to the 

fabric. 

 The effectiveness of the modification of PE-co-PP is mainly due to 

the high porosity of this fabric which allows the high penetration of the 

coated layer into the interior of the fabric and hence increases coating % 

and water uptake %.                                                         
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Table (3): Durability of water uptake % of coated layer 

                             towards washing cycle. 

 

 

AAc  % 

 

number of washing 

cycle 
water uptake% 

Control 820 

1st cycle 805 

2nd cycle 800 
1.9 

3rd cycle 800 

Control 900 

1st cycle 870 

2nd cycle 850 
3.8 

3rd cycle 850 

Control 1000 

1st cycle 980 

2nd cycle 950 
5.6 

3rd cycle 950 

Control 1050 

1st cycle 1040 

2nd cycle 990 
7.6 

3rd cycle 900 

Control 1100 

1st cycle 1002 

2nd cycle 1000 
9.5 

3rd cycle 1000 
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Fig. 7. Durability of water uptake % of coated layer of 

                     PE-co-PP toward washing cycle. 
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4.1.5. Swelling in water and different organic solvents.  

     The swelling behavior of coated film in water and different organic 

solvents was carried out by immersing coated film in different solvents 

for 24 hours. The results are shown in Table 4.  From these results it can 

be observed that coated substrate has a high tendency to swell in water 

and moderate tendency to swell in DMF and methanol,. The swelling% in 

water and different solvents has the following order:  water > DMF > 

methanol > acetone > benzene. The less swelling in benzene may be due 

to the presence of aromatic ring and non polarity of the solvent. The high 

swelling in DMF may be due to the presence of oligomer acrylic acid 

which it self has a high tendency to swell in DMF.             

Table (4) Swelling of coated PE-co-PP non woven fabric 

        in organic solvents and water after 24hours. 

Solvent Swelling (%) 

benzene 12.1 

DMF 169.8 

methanol 128.7 

acetone 50.5 

water 1046 
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4.1.6. The chemical stability of PE-co-PP towards   acids             

and alkalis: 

The chemical stability for coated PE-co-PP was studied by 

treatment with 0.1N sodium hydroxide and 0.1N hydrochloric acid for 

two hours immersion time period. The results obtained are shown in 

Table 5. The treatment with NaOH show high swelling due to the 

conversion of carboxylic acid group into strong electrolytic groups. On 

the other hand, the swelling in dilute acid is much lower.  

Table (5) The chemical stability of coated PP-co-PE 

                                               towards acid and alkali after immersion 

                    time equal to 2 hours 

Swelling% 

0.1N acid 0.1N alkali 

85.6 1190 

 

4.1.7. Application of treated fabrics for recovery of  heavy 

metal ions and removing of dye wastes from waste water. 

In this work a trial was carried out to study the efficiency of PE-co-

PP coated with layer of AAc and CMC towards different metal ions and 

dyes stuffs. The coated film containing 5.6 % AAc is used for this 

investigation due to that the nature of this sample is easy to be handle 

than that which containing higher acrylic acid concentrations. It is 
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important to mention that the high water uptake% by coated film may 

allow better interaction with metal ions and dyes from aqueous solutions 

(Lin et al., 1993).  

4.1.7.1. Sorption of heavy metal ions by coated PE-co-PP 

     From the practical point of view it is valuable to use the coated fabrics 

for minimizing the environmental pollution by recovery of heavy metal 

ions from waste water. The efficiency of the coated fabrics is investigated 

by considering the following parameters: maximum metal uptake and 

selectivity towards different metal ions such as Cu+2, Ni+2 and Co+2.          

      The metal ions uptake percent was determined by UV/vis 

spectrophotometeric analysis and the selectivity of the coated fabric 

towards the recovery of heavy metal ions was determined by energy 

dispersive spectroscopy EDX . 

4.1.7.1. 1. UV / Vis spectrophotometeric analysis 

       The metal ions uptake % was determined by UV/ vis 

spectrophotometeric analysis based on measuring the absorption of the 

color solutions of different metal ions before and after metal uptake 

process. The sample was immersed for various time intervals in the color 

solutions of the different metal ions. The results are shown in Table . 6 

and graphically represented in Fig. 8. From these results it can be seen 

that the metal ions uptake % increases with time to reach a certain 

limiting value, which is called the maximum metal ions uptake capacity. 

The maximum uptake % is reached at an immersion time constant for all 

metal ions equal to 24 hrs. The results obtained show that a coated fabric 

have a tendency towards metal ions according to the following order : 
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Ni2+ > Co2+  > Cu2+. These results can be explained by taking into 

consideration the diffusibility of such metals through the pores of the 

coated polymer and stability of chelation of the metal ions with the coated 

layer on polymer which also depends on atomic size, ionic valancy and 

ionic radii of metal ions. The affinity of coated layer on polymer towards 

such metal ions may be attributed to the presence of carboxylic acid 

group which are strong chemically bonded to metal ions. Moreover, the 

polyacrylic acid coated onto PE-co-PP acted as a chelating site for the 

previously selected transition metal ions (Hegazy et al., 2000).  

Table (6) Sorption of heavy metal ions( with concentration 500 ppm) 

by coated PE-co-PP non woven fabric. 

Immersion 

time/hrs 

Cu++

ppm 

Ni++

ppm 

Co++ 

ppm 

0.00 0.00 0.00 0.00 

1 84.22 54 85 

2 105.3 130 160 

3 158 152. 189 

4 158 283 189 

15 268 370 283 

24 295 402 283 

36 295 402 289 
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Fig. 8. Metal ions uptake % of coated PE-co-PP at different 
           immersion times.
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4.1.7.1.2. Selectivity of the prepared coated films towards 

a mixture of metal   Salts  

The selectivity of the coated films towards the recovery of different 

metal ions was studied using energy dispersive X-ray (EDX). Thus, the 

sample was immersed in a feed solution mixture with concentration (500 

ppm) of three metal ions for 24 hrs. The amounts of ion uptake towards 

one metal ion rather than other in a mixture of different ions (Cu2+, Ni2+, 

Co2+ ) were studied. The results are shown in Table.7. and Fig. 9. From 

these results it was observed that the selectivity towards metals ions are in 

the following order: 

                            Cu2+ > Ni2+ ~ Co2+

 

Table (7) Selectivity of coated fabric towards different cations 

 

                 concen.% 

Samples 

Cu2+ Ni2+
Co2+

PE-co-PP 39% 3.8% 3.2% 
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 Fig (9) Energy dispersed X-ray spectrum of PE-co-PP coated with layer   

of CMC and AAc loaded with different metal ions Cu, Ni, Co 
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4.1.7. 2. Removing of dye wastes:- 

         In textile industries, different dyestuffs belonging to different 

classes are being used to dye textile fabrics depending on the kind of 

fibers. The reactive and direct dyes are specific for dyeing cotton 

cellulose fibers, the acid and basic dyes are used for dyeing protein fibers 

such as wool and silk.  Also, the disperse dyes are now widely used in 

dyeing cotton/polyester blend fiber.  

The radiation – induced degradation of dye wastes has been 

extensively reported (Morris and Craft, 1973; Nobutako et al., 1975; 

Takeshi and Nobutake, 1976). Even though, the ionizing radiation may 

be promising in this field, the radiochemical yield products of the 

degraded dye wastes are not granted. This is because most dyestuffs are 

aromatic compounds having at least two fused benzene rings or 

sometimes polynuclides. As a matter of fact the discoloration of dyestuffs 

is mostly due to the degradation of the chromophore group responsible for 

the coloring and not the main structure of dyes. In some cases, the high 

energy radiation may cause a partial degradation to the main structure to 

small aromatic fragments. The toxicity of these fragments may cause 

dangerous effects rather than the original structure. The treatment and 

purification of such dye waste by sorption using graft copolymers with 

active groups may be considered the most efficient active practical 

method from the point of view of environmental pollution.  

           In the present work, the prepared treated fabric is used to remove 

basic and reactive dyes from waste waters. The ability of these treated 

fabrics towards these dyes was carried out by immersing the treated fabric 

in a solution containing a constant concentration of 20 mg / l of each dye  
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under investigation. The dye sorption of the different dyes by the treated 

fabric, as a function of immersion time, was investigated by using UV 

spectrophotometric analysis and the color difference measurements. The 

results obtained are shown in Figs (10 and 11). From these figures it can 

be observed that the dye sorption – time trend by the treated fabric differs 

from one dye to another. As general behavior, the dye sorption was found 

to increase with increasing time of immersion. Also, the level of 

coloration of all the treated fabrics dyed with basic and reactive dyes is 

significantly enhanced. The enhancement in the degree of coloration is 

attributed mainly to the fact that PAAc is completely ionized in dilute 

solution. PAAc, chemically bonded to the substrate fabric, may then exist 

as polyion, namely polycaroxylate anion in the dyeing solution and 

perform as sites of negatively charged group necessary for interaction 

with positively charged counter part of basic dye molecule. On the other 

hand, the data obtained corresponding to reactive dye show a lower 

affinity than that of the basic dye. The reactive dye used is of the halogen 

substitution type and it would be expected that its labile chlorine atoms 

react with the already existing hydroxyl groups of the cellulose structure 

(Trotman, 1975).     
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Fig. 10. Dye uptake % of the basic dye by treated PE-co-PP   

            at different immersion times at room temperature. 
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        Fig. 11. Dye uptake % of the reactive dye by treated PE-co-PP at 

different immersion times at room temperature. 
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   It should be noted that the color difference (∆E*) was measured after 

the sorption process has been completed or the sorption reaches 

equilibrium. In this case, (∆E*) is proportional to the percentage of dye 

sorption. The results obtained in Table (8) indicate that there is a good 

agreement between the data of dye uptake obtained by UV 

spectrophotometric analysis and that of color – difference. 

Table (8) Color strength of basic and reactive dye by coated 

PE-co-PP at  different times at room temperature. 

Color different ΔE* 
Time/min 

basic dye reactive dye 

- - - 

15 45.8 7.3 

30 46.0 7.6 

60 47.7 7.8 

120 49.2 8.2 

180 49.5 8.6 

 

4.1.8. Structural morphology of PE-co-PP coated fabric 

SEM technique was used to investigate the surface morphology of 

PE-co-PP before and after they had been coated and cured by electron 

beam irradiation. The microphotographs of Fig (12) can be shown that  

uncoated fabrics were clear and distinctly separated from each other.  

 
69



 
CHAPTER-4                                                             Results and Discussion 

After coating there is a clear change in dimension of fabrics, 

resulting to the closeness, compactness of the fabric structure. This 

behavior may be affiliated with the relative covering of the fabrics with 

chemically linked PAAc and CMC. 

The results obtained from SEM offer further confirmation to 

previously discussed results obtained by water uptake % and coating %.  

   Also the SEM was used to detect the topography of PE-co-PP 

coated fabric surface after recovery of different metal ions Cu2+, Ni, 2+ 

Co2+. The results obtained are shown in Fig .13. From these results it can 

be seen that the coated PE-co-PP differs from the parent one. The 

topography of the surface of PE-co-PP coated fabric shows that all metal 

ions form complexes with the carboxylic acid groups inside the coated 

layer and not just physically adsorbed onto the surface. Also, a metallic 

luster appeared in the polymer loaded with different metal ions. 
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Fig (12) SEM micrographs of the surface morphology of PE-co-PP before 
and after electron beam surface coating with CMC and AAc and 
irradiated to 30 kGy.  

                a- unmodified fabric.    b- coated fabrics. 
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Fig (13) SEM micrographs of PE-co-PP coated fabric surface after 
recovery of different metal ions Cu+2, Ni+2, Co+2. 

 B- Coated fabric.                             

 C- Coated fabric loaded with Cu+2. 
D- Coated fabric loaded with Ni+2.    

 E-Coated fabric loaded withCo+2. 
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4.2. The modification of (PE-co-PP) non-woven fabric by 

γ – irradiation induced grafting of (AAm) monomer . 

Grafting is a process used to modify existing natural and synthetic 

polymers and perhaps more importantly it can be used to impose new 

properties. One of the important applications of radiation in industry is 

based on the introduction of certain functional groups into the backbone 

chain of the original polymer through which desirable properties can be 

obtained.  

In the present work, the graft copolymerization of acrylamide (AAm) 

monomer onto (PE-co-PP) non-woven fabric was carried out by the 

mutual irradiation method through γ-irradiation technique. Factors 

affecting the grafting as well as some properties of prepared material were 

followed up.  

4.2.1.Mutual irradiation grafting of acrylamide.  

Although the mutual irradiation grafting method in which the 

polymer and monomer solvent mixture was exposed to gamma irradiation 

is simple and involves a single step, it is associated with homopolymer 

formation.  Therefore, a suitable inhibitor such as FeCl3 was added to the 

grafting solution to minimize such homopolymer formation and force the 

reaction to the grafting site. 

In order to increase the efficiency of grafting, the different factors 

which affect the grafting yield such as dose, dose rate, and monomer 

concentration were followed up. The purpose was to obtain a 

homogenous grafted substrate. 
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 Some physical properties of the grafted fabric with acrylamide such as, 

water uptake%, morphological structure, tensile strength and elongation 

have been studied in detail. The results obtained are discussed in detail in 

the following:-     

4.2.1.1. Factors affecting the grafting yield  

4.2.1.1.1- Effect of irradiation dose and dose rate: 

The grafting yield of acrylamide onto PE-co-PP non woven fabric 

was determined as a function of irradiation dose and dose rate. Fig. (14) 

illustrates the effect of irradiation dose on the degree of grafting (DG) of 

10 % by volume acrylamide onto PE-co-PP substrate at two dose rates, 

namely 1kGy/h and 4kGy/h.  It may be observed that on applying the 

lowest dose of irradiation namely, 5kGy, an abrupt increase in degree of 

grafting has been attained for both dose rates.   The value of the degree of 

grafting attained at 5 kGy is ~ 60% and 90% for higher and lower dose 

rate, respectively.  Moreover, it can be seen that at low dose rate, the 

degree of grafting has changed from ~ 90 to 100 on increasing the 

irradiation dose from 5 to 30 kGy. Whereas, for the higher dose rate, the 

degree of grafting increase from ~60 to 93 on increasing the irradiation 

dose from 5 to 30 kGy. The results obtained are explained as follows:  

 In the direct method of grafting, the number of free radicals 

formed are influenced by radiation dose and dose rate.  The dose rate, 

which determines the rate of initiation of grafting reaction, will therefore 

affect the kinetics of the grafting reaction and consequently the length of 

the grafted chains ( Wilson, 1974). Therefore, generally the increase of 

degree of grafting may be attributed to the increased number of free 

radicals formed on both the polymer backbone and the monomer.   
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At low dose rate and low irradiation dose the rate of propagation 

of the grafting reaction is higher than the rate of formation of 

homopolymer.  On the other hand, it would be expected that at high dose 

rate, for low dose as well as high irradiation dose, the termination reaction 

of the grafting process takes place much faster than propagation ones, 

which would lead to lower degree of grafting(El-Salmawi et al., 1997).  
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        Fig (14) Effect of radiation dose on the degree of grafting of     

acrylamide monomer concentration (10%) onto PE-co-PP non-

woven fabric at different irradiation dose rates. 

 

 

 

The results shown in Fig 14 indicate a higher grafting yield at 

irradiation dose 20kGy and fabric retains  its good physical feature.  
 

76



 
CHAPTER-4                                                             Results and Discussion 

4.2.1.1.2. Effect of monomer concentration 

Fig.15. shows the dependence of degree of grafting on monomer 

concentration at constant dose 20 kGy and the two dose rates.  

From the results obtained it was found that the degree of grafting 

increases with increasing monomer concentration at the two dose rates 

under investigation. This increase may be due to increase in diffusion rate 

of the monomer into the bulk of the substrate. Also, the high monomer 

concentration at the grafting sits favors propagation of growing chain, 

consequently increasing the grafting yield.  

It could be concluded that the best grafting yield of acrylamide 

onto PE-co-PP was obtained under the following optimum  conditions: 

Irradiation dose 20kGy, irradiation dose rate 1kGy/ h and 10% monomer 

concentration.        
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Fig (15) Effect of monomer concentration on degree of grafting of    

acrylamide onto PE-co-PP non-woven fabric irradiated at 20kGy 

at different dose rates . 
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4.2.2. Hydrophilic properties of grafted samples 

In general, grafting is expected to add an additional properties 

associated with the introduced site chains without drastically altering the 

main properties of the substrate. For this reason water uptake% of the 

grafted samples was investigated in order to examine the hydrophilicity of 

this fabric after modification. 

4.2.2.1. Water uptake % 

The rate of water uptake % is defined as the quantity of water diffused 

into the substrate at different time intervals when it is placed in contact 

with water.  Fig. 16. illustrates the variation of the water uptake % as a 

function of immersion time for samples having different degrees of 

grafting. Firstly it was found that there is an increase in water uptake% on 

increasing immersion time up to 5 hours at all the grafting % under 

investigation. Further more, it was found that water uptake% increase on 

increasing grafting yield as for example it was found that the water  

uptake % was equal to 200%, 650%, 700%, 950% at 12%, 58.9%, 93.9%, 

and 152.9% respectively. After the increasing immersion time up to 5 

hours there is a leveling off for all the degree of grafting under 

investigation. This behavior is affiliated with the extent of polar groups 

introduced to the structure of the PE-co-PP substrate due to the grafting 

process. Such polar groups would result in opening of the substrate 

structure and hence increasing in water uptake %.    
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Fig (16) Effect of different time intervals on water uptake % 

of grafted samples at different degrees of grafting. 
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4.2.3. Infra-red measurements (IR) 
IR measurements were carried out as a further confirmation for 

occurrence of grafting due to the appearance of absorption bands 

affiliated with the characteristic groups of acrylamide.    

The infra red spectra of the grafted fabrics are given in Fig. 17.  In 

the spectrum of the starting PE-co-PP there are bands at 2915, 2848, 1463 

and 719 cm-1, responsible for deformation vibrations of CH- groups.  IR 

spectrum of the grafted fabrics shows new bands around 1700 cm-1 due to 

C=O absorption characteristic of the group CO-NH-.  The NH stretching 

vibration gives rise to absorption at 3250-3300 cm-1 of the aliphatic –CH 

band (2800-3000cm-1). The presence of these new bands in the spectra 

confirms the grafting process.  Moreover, an increase of the grafting yield 

leads to an increase in the intensity of these bands. 

In addition, it may conclude that the increase in grafts yield from 

80% to 152% has a clear effect on the shape, intensity and width of these 

bands.  
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              Fig (17) IR-spectra of ungrafted and grafted PE-co-PP  fabrics. 

1- ungrafted fabric.       2- Grafted to 80%.      3- Grafted to 152%. 
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4.2.4. Morphological structure of graft copolymer 

 The structural morphology of the ungrafted and grafted PE-co-PP 

non-woven fabric with different degrees of grafting is shown in Fig. 18.  

It can be seen that the fibers of ungrafted PE-co-PP nonwoven fabric is 

very distinctable. The presence of higher grafting changes the structural 

characteristics of the resulting substrate. SEM also confirms the presence 

of grafted polyacrylamide on PE-co-PP which exists in the form of 

anchors, i.e. attachments on the surface of fibers of the fabric. Also, the 

cross section fracture of the grafted non woven fabrics shows a non 

separated phase structure which confirms the occurrence of the grafting 

into the macrovoids of the grafted fabric. Moreover it may be observed 

that the extent of covering of the PE-co-PP non woven fabric increase 

with increasing grafting yield. These findings are in a good accord with 

the SEM investigation by studying the morphology of radiation grafted 

copolymers of PE and poly acrylic acid ( Sidorova et al., 1986).  
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Fig (18) SEM micrographs of PE-co-PP fabrics. 

          (a) ungrafted fabrics.        (b) Grafted to 31%. 

              (c) Grafted to 80%.              (d) Grafted to 152%. 
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4.2.5. Mechanical properties of graft copolymer 

 The stress strain test is the most widely test of all the mechanical 

tests. In this regard, the prepared grafted PE-co-PP non-woven fabric with 

different degrees of grafting was subjected to stress – strain test. The 

obtained stress-strain curves were utilized to calculate the different 

mechanical parameters either at yield point or at break points. Moreover, 

the modulus of elasticity (young's modulus) and energy to break point 

(toughness) where also calculated from these curves.  It is well known 

that polymers are classified into three types according to the behavior of 

the stress strain curve. In the brittle polymers, the stress- strain curve is 

linear up to the fraction point, CMC and polystyrene (PS)are typical 

polymers of this type and behave this way. The tough polymers exhibit a 

yield point followed by extensive elongation at almost constant stress 

(cold drawing). Polyethylene and poly (vinyl alcohol) are typical 

polymers of this type and behave this way. The third type of stress-strain 

curve is exhibited by elastomers where the equation of the state for rubber 

elasticity governs the situation.  

 The tensile strength (TS) and elongation (E) at break of ungrafted 

and grafted PE-co-PP non-woven fabric with different degrees of grafting 

were measured.  The results are shown in Figs.19, 20.  As summarized in 

Figs.(19, 20) there was a clear tendency that the tensile strength increases 

and elongation decreases with an increase in the grafting %. Moreover,  

from these figures it was found that the tensile strength of ungrafted non-

woven fabric equal to 108 kgm/mm, while the tensile strength of the 

sample having grafting 20% increases sharply to 165 kgm/mm. After that, 

tensile strength increases with increasing degree of grafting. The higher 
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increase of tensile strength may be due to an increase in crosslinking 

density as the degree of grafting in grafted samples increase.   

Generally, the rigidity of PE-co-PP non-woven fabric increases as a 

result of grafting and radiation, consequently, a decrease in elongation 

and an increase in tensile strength are expected for such grafted film 

(Hegazy et al. , 1990; Hegazy et al., 1999).   

The rigidity of the graft film increases with increasing degree of grafting 

due to two reasons: the first one is the incorporation of the polar groups.  

The second reason is the crosslinking formation due to grafting and 

irradiation, which leads to restriction in chain mobility which is the direct 

reason for decreasing in elongation.   
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                   Fig (19) Effect of different degrees of grafting on the stress at                

break of the grafted PE-co-PP non woven fabric. 
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             Fig .20. Effect of different degrees of grafting on the elongation  

                         at break of the grafted PE-co-PP non woven fabric. 
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4.2.6. Sorption of heavy metal ions by PE-co-PP non-woven 

fabric grafted with acrylamide monomer. 

     Many workers use modified polymers in an important industrial 

application which is the removal of wastes which results to restriction of 

the environmental pollution. From these modified polymers, grafted 

polymers either by radiation or chemically attract the attention of many 

works in the application in the field of removal of heavy metal ions.    

  In this work, the metal ion uptake (%) for different metal ions 

Co2+, Ni2+ and Cu2+ using grafted PE-co-PP non-woven fabric was 

evaluated at minimum and maximum immersion times 2hrs and 24 hrs 

respectively. The results obtained are shown in Table 9. It can be seen 

that the metal ions uptake% is increases with increasing immersion time. 

Moreover, it was found that the maximum and minimum metal ions 

uptake % is in the following order : Co2+> Ni2+ > Cu2+.   

Table 9: Sorption of different heavy metal ions by 80% acrylamide 

grafted PE-co-PP non-woven fabric. 

Metal ions sorption (%) 
Metal ions 

2 hour 24 hour 

Cu(II) 2.4 2.8 

Ni(II) 16.75 19.85 

Co(II) 20.35 27.41 

 

Since in this work several grafting yield was obtained hence it is 

important to study the dependence of the metal ions uptake % as a 
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function of different degrees of grafting. The results obtained are shown 

in Fig. 21. It can be seen that the increase of the degree of grafting result 

on increasing the amount of metal ions uptake % due to increase of 

chelating sites on the surface. Moreover, the presence of electron donating 

primary amino group in acrylamide monomer provides the ability of its 

polymer to form complexes with transition metals (Nurkeeva et 

al.,1992). It is interesting to mention that the grafted fabrics immersed 

into solution of Co+2, Ni+2, and Cu+2 have attained pink, green, and blue 

color respectively.  The color of these grafted fabrics was still stable even 

after several time of washing and also after complete drying. These data 

support the binding of heavy metal ions to grafted chains.    
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         Fig (21) Dependence of metal ions uptake% on degree of      

grafting  of the grafted non- woven fabric. 

 

 

 

 

 

 
91



 
CHAPTER-4                                                             Results and Discussion 

 4.2.7 Comparison between water uptake% and 

sorption of different heavy metals ions 

by grafted and coated   PE-co-PP. 

Since, the modification of PE-co-PP non woven fabric was carried out 

through two different techniques: grafting and coating. So, it is necessary 

to compare the properties of this fabric such as water uptake%, recovery 

of the metal ions after the modification.         

1. The comparison between the water uptake % value for grafted and 

coated PE-co-PP at maximum immersion time was shown in 

Table (10). From this Table, two points was deduced :  

a. Water uptake % for coated fabric is higher than of grafted fabric.     

b. Water uptake % of both coated and grafted PE-co-PP increases by 

increasing immersion time.  

          The increase of the water uptake% is due to the presence of AAc 

and CMC, constituent of the coated layer, which are highly hydrophilic in 

nature. 

Table (10) Comparison between water uptake% by              

grafted and coated   PE-co-PP non woven fabric . 

Water uptake% 

Time of sorption Types of film 

24hrs 2hrs 

1100 700 

Grafted 

PE-co-PP 

1200 800 
Coated 

PE-co-PP 
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2. The comparison between the metal uptake % value at maximum 

immersion time for grafted and coated PE-co-PP was shown in 

Table (11).   

a. The metal uptake % for coated fabric is higher than that for 

grafted one.  

b. The coated fabric have a tendency towards metal ions according 

to the following order Ni2+ > Co2+ = Cu2+. But, in case of grafted 

PE-co-PP it can be seen that the maximum metal uptake is in the 

following order:  Co2+> Ni2+ > Cu2+.  

Table (11) Comparison between sorption of different   

heavy metal ions by grafted and coated   PE-co-PP 

non woven fabric. 

Metal sorption (%) 

Co (II) Ni(II) Cu(II) 
Time of 

sorption 
Types of film 

 

27.5 

 

19.85 2.8 24h 
Grafted 

PE-co-PP 

 

38 

 

52 37.9 24h 
Coated 

PE-co-PP 
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4.3. The preparation of clay-PVA hydrogel through 

freezing and thawing followed by E.B. irradiation. 

     Hydrogels are defined as two component systems where one of the 

components is a hydrophilic polymer and the second one is water.  

    Hydrogels, as a very important class of polymer, have been studied in 

many previous works (Simha and Trans,1952; Nizam-EL-Din and 

Ibrahim, 2000; Khutoryanskii et al.,1998; Hegazy et al., 2000). 

Generally hydrogels must have excellent transparency and 

biocompatibility. Irradiation is recognized as a very suitable tool for the 

preparation of hydrogels. Radiation process has various advantages such 

as easy process control, possibility of joining hydrogel formation and 

sterilization in one technological step.   

    In this section polymeric absorbents for heavy metal ions and dyes 

were prepared based on PVA and mineral clay. The choice of these two 

substrates was based on the properties of each of them.   

       PVA is a well known highly hydrophilic polymer, with easy 

availability for modification. The modification of PVA was carried out by 

crosslinking with different reagents and also by irradiation. 

Different investigations have been reported in the literature to modify 

PVA by crosslinking with different reagents such as aldehyde (Koyama, 

1982), heat (Katz and Wydeven,1982), H3BO3 (Peter et al., 1976) , and 

radiation  (Katz and Wydeven, 1981; Abd El- Rehim et al.,  1999).  
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On the other hand, clay as being considered as nano particles naturally 

occurring material, composed primarily of fine – grained minerals with a 

variable range of water content and it can be hardened when dried. 

In recent years, bentonite clay which is used as nanocomposite and as 

filler for the synthesis of polymeric materials with new characterization 

has attracted considerable attention. Nano materials have been combined 

with one or more separate components in order to obtain the best 

properties of each component. In nanocomposite, nanoparticles (clay, 

metal, carbon nanotubes) acts as fillers in a matrix, usually polymer. A 

few weight percent of layered silicates that are properly dispersed 

throughout the polymer matrix would create much higher surface area for 

polymer / filler introduction as compared to conventional composites. 

In this field (Lee and Yang, 2004; Luo et al.,2005), MMT, a 

layered aluminum silicate with highly exchangeable cations and reactive 

groups ( 2-OH ) on its surface, has been widely used to improve the 

properties of polymers (Alexander and Dubois, 2000; Ray and 

Okamoto, 2003). 

    There are two different types of polymer layered silicate 

nanocomposites (PLSNs) depending on the strength of interfacial 

interactions between polymer matrix and layered silicate (Bozena et al.,  

2004). The recent researches on nanocomposite materials have shown that 

some properties of polymers and gels were significantly improve by 

adding organoclay into polymeric matrix.    
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4.3.1. Preparation of clay -PVA composite hydrogels 

 The study was aimed to the preparation of hydrogel composed of 

PVA and clay, crosslinked by electron beam irradiation and suitable for 

absorbing heavy metal ions from their wastes and also dye wastes from 

textile industries.  

     A series of experiments were carried out with the objective of 

obtaining the optimum concentration of clay and PVA which gives a 

homogeneous hydrogel. Hence hydrogel containing 80%, 70%, 60%, 

50% and 20% clays were prepared.  

4.3.2. Effect of electron beam radiation dose on gel 

fraction%:  

In order to study the effect of irradiation dose on gel fraction %, the 

prepared hydrogel samples with all its compositions were exposed to 

different electron beam irradiation dose (20 kGy, 25 kGy, 30 kGy) after 

being subjected to three cycles of freezing and thawing. 

     Cyclic freezing and thawing before E.B. irradiation led to the 

formation of insoluble and entangled polymeric network which enhance 

the crosslinking process.  

        The dependency of gel fraction% on the irradiation dose for 

hydrogel composed of different clay compositions is given in Fig. 22.  

From these results it can be observed that there is no marked effect of 

irradiation dose on the gel fraction% for all hydrogel compositions under 

investigation. 
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     On the other hand, it was found that there is an increase in gel fraction 

on increasing the clay content in the hydrogel at all irradiation dose which 

is in accordance with previous work (Mehrdad et al., 2007). Moreover, it 

can be deduced from Fig. 22 that the suitable dose used for this study is 

20 (kGy). Since there is no change in gel fraction % on increasing the 

irradiation dose more than 20 (kGy) as other workers (Abd Alla et al., 

2006). Afterwards the relation between gel fraction% and hydrogel 

composition was focused at 20 (kGy). The results obtained are shown in 

Fig. 23. From these results it was found that on increasing the clay 

content especially from 20% to 60% there is an increase in the gel 

fraction %. Further increase of clay content in the hydrogel is 

accompanied by  a leveling off in the gel fraction %.  As for example, the 

gel fraction % is equal to 60%, 74%, 81%, 83%, 84% at 20%, 50%, 60%, 

70%, 80% clays respectively. 

Moreover the results obtained from Fig (23) reveal that the presence of 

clay which acts as filler, with the three dimensional networks of hydrogel 

causes an increase in crosslinking thus creates more entanglent structure.    

Here, it is possible to mention that when clay is added to hydrogel, strong 

interactions are developed between functional groups of clay and polymer 

chain. Repeated cyclic freezing and thawing have an important role in the 

increasing of gel fraction summarized in two points:-  

1. Additional interaction between PVA and clay.  

2. The bonds exist between long neighboring chains of PVA induced 

crystallization and hence cause an increases in gel fraction  

(Mehrdad  et al .,  2007).  
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Fig (22) Effect of electron beam irradiation dose on gel fraction %
                at different hydrogel compositions.
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Fig (23) Effect of different  clay/ PVA% on gel fraction % 
            at constant irradiation dose ( 20kGy) .
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It is very important to mention that hydrogel with its all clay 

compositions 80%, 70%, 60% and 50% possesses a very good physical 

handling and appearance. The choice of the hydrogel composition which 

contain 20%, 50% and 60% clay all over the work is due to that 50% clay 

represent the begin of the increase in the gel fraction while the gel 

fraction is almost constant at 60%, 70% , 80% clay .   

4.3.3. Compatibility and thermal properties of PVA/ clay 

hydrogel:- 

  It was observed that the prepared hydrogels with all their 

compositions were clear and homogenous and no indication of phase 

separation. However the visual observation is not enough to illustrate the 

compatibility. Hence, the structure and properties of PVA/ clay hydrogels 

were investigated by different techniques as differential scanning 

calorimetry (DSC), X-ray diffraction analysis (XRD), infra red 

spectroscopy (IR) and scanning electron microscope (SEM). Moreover 

thermal properties of the prepared hydrogels was investigated by 

thermogravimetric analysis (TGA). 

4.3.3.1. Differential scanning calorimetry (DSC):  

      DSC technique was used to study the effect of the addition of 

different concentrations of clay to PVA on Tg and Tm of the hydrogel. 

Thus, the glass and melting transition temperatures of pure PVA and 

PVA-clay hydrogel with different ratio 20%, 50 %, 60% at 20 kGy are 

shown in Table (12). Pure PVA hydrogel has a glass transition 

temperature at ~ 83 oC and a melting point at ~190oC. On the other hand 

clay is an organometallic compound so it seems that its glass temperature  
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is weak or too broad to measure (Strawhecker and Manias,2000). From 

the results obtained in Table (12). It was found that Tg of the PVA / clay 

hydrogel begin to have a definite value after adding 20%, 50 %, 60% clay 

equal to 90°C, 93°C and 106°C respectively. It was found that the 

presence of clay cause an increase in Tg and Tm. These results are evident 

since clay acts as filler and increase the crosslinking density. Also the 

presence of one Tg and Tm of the hydrogel indicate the complete 

compatibility and miscibility between clay and PVA.  

In other work (Strawhecker and Manias,2000), a systematic study of 

DSC for PVA/ MMT with increased MMT content (1-5%) does not detect 

any glass temperature between room temperature and 120°C which is due 

to the very small content of MMT with respect to the PVA matrix. 

While this work was carried out by using a ratio of clay equal to 

20%, 50%, 60%, which permit the appearance of Tg at a precise value. In 

addition the high content of clay with its inorganic layers affects all the 

polymer morphology and hence affects the Tg and Tm of the hydrogel. 
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Table (12) Glass transition and melting temperatures of 

20%, 50 % and 60 % clay/ PVA hydrogel:- 

Tm°C Tg  °C Sample 

190 83 Pure PVA 

225 90 20% clay 

245 93 50% clay 

263 106 60% clay 

 

4.3.3.2. X-ray diffraction analysis (XRD) 

     XRD analysis is a conventional technique generally used to obtain the 

first information on nanocomposite and to identify intercalated structures 

in these nanocomposites. The XRD profile of pure clay and clay / PVA 

hydrogel 20%, 50%, 60% are shown in Fig (24). Whereas Table (13) 

showed the interlayer spacing corresponding to an angle of 2θ taken from 

the most intensive peaks for pure clay and also for hydrogel with its three 

compositions. It was seen from the results obtained that the characteristic 

diffraction peak for pure clay are observed at 6.6° whereas it disappears 

for the hydrogel containing 20 %, 50% and 60% clay . The absence of 

this clay peak reflects the dispersion and intercalation between clay and 

PVA. Moreover the strong diffraction peak of clay / PVA nanocomposite 

is due to the partially crystalline structure of PVA. The crystallization 
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behavior is suppressed by the introduction of clay into polymer matrix in 

the form of intercalated structure.  

Table (13) Summary of XRD patterns of pure clay and 

hydrogel with various contents of PVA and clay. 

Polymer 

composite 
2θ D À 

Pure clay 6.6 13.3 

80/20% 

PVA/clay 
20 15.3 

50/50% 

PVA/clay 
20 19.2 

40/60% 

PVA/clay 
20 19.5 

 

 The disappearance  of the characteristic peak of clay in addition 

with increases interlamelar space of clay as shown in Fig (24) and Table 

(13) was in agree with the results obtained by (Stawhecker and 

Manias,2000; Yu et al 2003) which confirm the intercalation and 

exfoliation between clay and PVA.   
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Fig (24) XRD Patterns of pure clay and different ratios of clay/PVA. 
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4.3.3.3. FTIR analysis: 

    FTIR analysis was carried for the samples to examine the structure of 

natural clay, clay/PVA hydrogel nanocomposite containing 20%, 50% 

and 60% of clay. The IR spectra of samples were recorded after 3 cycles 

of freezing and thawing followed by irradiation to 20 kGy and shown in 

Fig. (25). The characteristic band with a peak at 3629cm-1 ascribed to the 

stretching vibrational band of –OH group on the surface layers of the clay 

accompanied with other peak at 917 cm-1 which is also characteristic to –

OH bending group are shown in this Figure. Moreover the absorption 

bands at 1157 cm-1, 1079cm-1 may be due to silicon linkage in the 

structure of clay which agrees with previous work (Wilhelm et al.,  2003). 

A weak absorption band at 686 cm-1,779cm-1are due to the presence of 

SiO2 and (OH2)-2. Weak peak absorption can be observed at 1643 cm-

1which may be attributed to carbonyl group in the pure clay.  

     On the other hand, the FTIR of partially hydrolysed pure PVA show 

absorption band due to C═O stretching of the acetyl group at about 

(739cm-1) (Waite et al.,  1990).  IR spectra of the PVA film showed 

another absorption bands at 1180cm-1 and 913cm-1, which are attributed 

to the vibration (C-O) and (CH2) resonance, respectively which is in 

agreement with the literature data (Pritchard, 1970; Krimm et al., 1956). 

       Generally Fig 25(b, c, d) show that there is a strong relation between 

the peak intensity of all the characteristic band of clay and its ratio in the 

nanocomposite  hydrogel.  

       There is two characteristic important features which can be concluded 

from Fig 25 (b,c,d): 
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1. The broadness band at 3600-3000cm -1 is attributed to the 

formation of hydrogen bond between PVA and clay. This 

broadness decrease with increasing clay ratio in the 

nanocomposite hydrogel. This result is supported by the decrease 

in the intensity of the peak characteristic of the band of clay at 

(1157cm-1- 1079cm-1) and (779cm-1- 686cm-1). In the same trend 

the decrease in intensity of C-H aliphatic of PVA is due to more 

centers of interaction between PVA and clay.  

2. The intensity of stretching band at 1670cm-1 of C═O group and 

(1157cm-1-1079cm-1) of silicon linkage increase also with 

increasing clay composition in the nanocomposite hydrogel.  
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Wave number cm-1

Fig (25) IR spectra of pure clay sample and different ratios of clay/ PVA. 

              a-pure PVA.             b-20% clay. 

              c-50%clay.               d- 60%clay. 

                                 e-pure clay. 
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4.3.3.4. Structure morphology:    

The strength of interfacial interaction between polymer matrix and 

layered clay were investigated by examining the fracture surfaces by 

using (SEM). The results obtanied are shown in Fig. 26 the SEM 

micrograph of pure PVA is characterized with a smooth surface. On the 

other hand, the SEM micrographs of clay/ PVA hydrogel containing 20 

%, 50 % and 60% clay Fig (26 c,d,e) was examined. These Figures 

showed a different morphology in which the surface is affected by the 

intercalation with clay. 

It was found that the surface morphology of clay/PVA with 20% 

and 50% Fig. (26-c,d) show a denser dispersion of layers of clay in PVA 

while hydrogel containing 60% clay is characterized by the corn flakes 

texture and also is characterized with the presence of cavities and holes as 

shown in Fig (26-e). These results indicate that hyrogel containing 20% 

and 50%  are in the nanoscale so these ratios can be considered as 

hydrogel nanocomposite while that which contain 60% is to some extent 

in the range of the nanoscale .  
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Fig (26) SEM micrographs of PVA / clay hydrogel with different ratios 

             (a) pure PVA.  (b)pure clay.  (c) 20% clay /PVA.             

                   (d) 50% clay / PVA     (e) 60% clay / PVA 
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4.3.3.5.Thermogravimetric analysis (TGA): 

Thermal property of the prepared hydrogel was investigated in 

terms of thermogravimetric analysis (TGA).  

Thermogravimetric analysis (TGA) is widely used to investigate the 

thermal decomposition of polymer and to determine the order of reaction 

of the thermal decomposition which can be used to obtain better under 

standing of the thermal stability.  

Thermal stability may represent an important property in polymer/ silicate 

nanocomposite. It is generally accepted that the improvement in thermal 

stability is related to barrier properties and the radical – trapping effect of 

clay platelets. TGA was used to investigate experimentally the thermal 

decomposition behavior of clay / PVA nanocompsites crosslinked at an 

electron beam irradiation dose of 20 kGy.     

In the present work, the weight loss was recorded for the different 

hydrogels with its entire ratio upon heating from room temperature up to 

500°C, in the presence of following nitrogen gas and employing a 

constant rate of heating.  

4.3.3.5.1. Initial TGA thermograms and weight loss  

TGA analysis results of pure clay, pure PVA and clay /PVA hydrogel 

with its entire ratio in the temperature range from 0 – 500° are shown in 

Fig (27) and the percentage weight loss at different decomposition 

temperatures for the same hydrogels are shown in Table (14). The TGA 

of pure clay shows two degradation steps attributable to water loss (first 

step) and to clay dehydroxylation at ~ 725°C (second step) (Tadokoro 

and Seki, 1957) Within the temperature rang from 0-280 ºC there is 

nearly no difference in thermal stability between PVA bulk polymer and 
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PVA /clay nanocomposite with its all compositions. Pure PVA shows 

weight loss at 300ºC equal to 40% while pure clay shows a weight loss at 

the same temperature equal to 0%. While hydrogel containing 20%, 50% 

and 60% show weight loss equal to 12%, 10%and 6% at the same 

temperature. The increase in temperature from 300 ºC to 500 ºC does not 

affect the thermal stability of clay and weight loss is approximately10% 

while the weight loss of PVA equal to 86% at the same temperature 

range. On the other hand the hydrogel nanocomposite containing 20%, 

50% and 60% clay show a weight loss equal to 63%, 29 % and 22% 

respectively at the same temperature range. It can be concluded from all 

the above results that the PVA nanocomposite loaded with 20%, 50%and 

60% clay posses higher thermal stability that neat PVA polymer. This 

trend can also be determined from the mid- point of decomposition T1/2 ( 

the temperature at which 50% of the sample weight is lost) as shown in 

Table (14) these findings are in accordance with the results obtained by ( 

Strawhecker and Manias, 2000) in a study on the thermal 

decomposition of crosslinked PVA/ MMT nanocomoposite prepared by 

solution – intercalation film casting method . 
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Table (14): Weight loss (%) at different decomposition 

                    temperatures for pure PVA, and pure 

                   clay and hydrogel with different ratios.  

Weight loss (%) PVA/ clay 

hydrogel% 
100 200 300 400 500 

PVA 100% 3 7 40 55 86 

80/20% 

PVA /clay 
0 6 12 34 63 

50/50% 

PVA /clay 
0 6 10 20.9 29 

40/60% 

PVA /clay 
0 5 6 20 22 

Pure clay 0 0 0 6 10 
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       Fig (27) TGA thermograph of PVA / clay with different ratios. 
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4.3.3.5.2.Temperatures of maximum rate of reaction: 

The maximum rate of reaction or dw/dt was plotted against the heating 

temperature for the entire ratio of hydrogels. The results obtained are 

shown in the Fig. 28. Moreover, temperature of the maximum values of 

the rate of thermal decomposition reaction Tmax for hydrogels based on 

pure PVA and its composite with different clay ratios was tabulated in 

Table (15). The calculation of the rate of thermal decomposition reaction 

was found that it is a zero order reaction. This behavior indicates that the 

thermal decomposition of these hydrogels depend on the state of 

decomposition and not on the component. This is because PVA and clay 

are miscible. Moreover, visual observation should that all the PVA/ clay 

hydrogels where clear at room temperature and highly stable. It can be 

observed that Tmax tends to increase with increasing the ratio of clay 

component in the hydrogels. The appearance of the Tmax of all the 

hydrogels around the same temperature position may gives further 

supports the miscibility of the hydrogels. 
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Table (15) Temperature of the maximum values of the rate of 

thermal decomposition reaction Tmax for hydrogels based on 

pure PVA and its composite with different clay ratios 

prepared by E.B irradiation at a dose of 20kGy 

PVA/ clay hydrogel% Tmax (oC) 

PVA 100% 231 

80/20% 

PVA /clay 
298 

50/50% 

PVA /clay 
304 

40/60% 

PVA /clay 
297 
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Fig. 28. Rate of reaction ( dw/ dt)vs. temperature for clay/ PVA
               hydrogel with different compositions.
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 4.3.4. Swelling Behavior of PVA/clay hydrogel in water 

and different solvents: 
       The study of the solubility of polymers constitutes a well- 

developed branch of polymer science which has been extended to the 

study of polymers crosslinked chemically, or by irradiation. Here, we are 

concerned with the relation between the extent of swelling of a 

crosslinked polymer in solvent and its degree of crosslinking. Even in a 

crosslinked polymer there is still a tendency for solvent molecules to enter 

the system, and the polymer network swells. This swelling takes the form 

of three dimensional stretching of the individual chains(Tsukada et al., 

1994 ). 

     The swelling behavior of PVA/ clay hydrogel have a composition 

50%, 60% clay is studied by immersing the hydrogel in water and 

different solvents for 24 hours. The results obtained are shown in Table 

(16). From these results it can be observed that generally hydrogel 

containing 50% clay has high tendency to swell in H2O and organic 

solvents more than that containing 60%. This tendency to swell may be 

due to that clay is considered as nanocompounds with a very small size 

particle so it was embedded in the voids of PVA which restrict the 

penetration of any solvent to these voids. 

An important remark is that hydrogels contain 50% and 60% clay has 

a good swelling % in water which is equal 164.85% and 131.26% 

respectively this swelling property makes hydrogel useful for some 

applications. 
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Table: (16)   Swelling of hydrogel containing 50%, 60% 

(clay/ PVA) in different organic solvents. 

Swelling %  

Solvent 50% clay 60% clay 

DMF 25.7 7.8 

methanol 11.5 8.4 

acetone 2.7 0.6 

water 164.9 131.3 

 

4.3.5. Swelling behavior of clay/ PVA hydrogel in dilute    

acid and alkaline solutions:- 

 The swelling behavior of clay/ PVA hydrogel in 0.1N acid and base 

is studied and the results obtained are shown in Table (17). Treatment of 

(clay/ PVA) hyrogel with dilute HCl or NaOH results in no significant 

change or deterioration in the hydrogel. This indicates that such hydrogel 

is chemically stable in acidic and alkaline media; the hydrogel swelling 

behavior is improved in alkaline medium.  

         From these results we can say that clay/ PVA hydrogel is suitable 

for different media (0.1N acid and 0.1N base) and it can be used in 

different types of soil.   
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       Table (17): The chemical stability of hydrogels 

          (clay -PVA) towards acid and alkali. 

Acid Alkali 
Samples 

Swelling (%) Swelling (%) 

50% clay 53.26 115.28 

60% clay 113.6 209.11 

 

   From the practical point of view, the hydrogel should exhibit suitable 

hydrophilic properties to be used in removing metal ions and waste dyes 

from waste waters. Hydrophilic property of the hydrogel is investigated 

by measuring the water uptake percent. 

4.3.6. Water Uptake %: 

     Water content is very important factor for applicability of synthetic 

absorbents in the field of removal of pollutant from waste water.  

      The water absorbency of hydrogel depends on the density of the 

polymer space network (Lin et al., 2001; Li et al., 2004). An increase in 

the crosslinking density will reduce the water absorbency since the 

excessive crosslinking density produces dense polymeric network which 

result to less space for water to enter ( Peter et al., 1976) .  

     Hence, the effect of immersing time on water uptake % of different 

hydrogel compositions 20%, 50% and 60% clay at constant irradiation 

dose (20kGy) was studied. The results obtained are shown in Fig (29)  
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which indicates that the water uptake increase with increasing immersing 

time up to 5 hrs then there is a leveling off for the three hydrogel 

compositions under investigation. The affinity of clay / PVA hydrogel for 

water may be explained by the presence of resting places which facilitate 

the diffusion of water. 

Moreover, it was found that the higher clay content will be the 

lower water uptake% because higher clay shows a higher gel % which is 

inversely proportional to water uptake %. A higher clay concentration 

results in the generation of more crosslinking density of nanocomposite 

and leave less space for water to enter, in addition, clay itself has lower 

water absorbancy than PVA therefore the low value of water absorbancy 

of clay reduce the water uptake % of the hydrogel ( Liu et al., 2006).  . 

          From the previous results, it can be concluded that the prepared 

clay / PVA hydrogel has a high hydrophilic properties which make it 

acceptable for the use in treatment of waste water from heavy and toxic 

metal ions and dye wastes. Also this hydrogel is suitable to be used in 

acidic and basic media and also in different organic solvents.  
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Fig(29) Effect of immersing time on water uptake% for
            ( clay/ PVA) hydrogel prepared at (20kGy).
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4.3.7. Treatment of waste water by the prepared 

hydrogel: 

Environmental pollution due to developments of technology is one of 

the most important problems of this century. The presence of heavy 

metals such as Cu, Ni, Co……etc and dye wastes in waste water are 

hazardous to the environment, due to their toxicity, their pollution effect 

on our ecosystem, and human health risk. Treatment techniques that have 

been employed for treating waste water include osmosis, coagulative, 

filtration and chelating sorbents.  

From the practical point of view, it is valuable to use some hydrogels 

for minimizing the environmental pollution. In this respect hydrogel of 

(clay/ PVA) containing various functional groups, act as chelating agents 

are used for purpose of waste water treatment from some heavy metal 

ions and dye wastes. 

4.3.7.1. Metal ions uptake: 

  The metal ions uptake percent was determined by UV/Vis 

sepectrophotometric analysis based on measuring the absorption of 

different colored solution for different metal ions before and after 

metal uptake process.  

4.3.7.1. 1. UV/ Vis  sepectrophotometric analysis:- 

Figs. (30 and 31) show the relationship between metal ions uptake % 

and immersing time of clay/ PVA hydrogel 50% and 60% clay for 

different heavy metal ions concentrations. From the obtained results, it 

was found that hydrogel containing 50% the maximum metal ions uptake 

(expressed in ppm) was obtained after 15 hrs for all metal ions under 
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investigation then up to 15 hrs there is a leveling off. While in case of 

hydrogel containing 60% clay there is a continuous increase in the metal 

ions uptake% for Co 2+ and Ni 2+ with immersing time while there is a 

leveling off after 5 hours in case of Cu2+. The result shows that clay/ PVA 

hydrogel have a tendency towards metal ions according to the following 

order: Co2+ > Ni2+ > Cu2+

 Moreover the results obtained show that generally the hydrogel having 

a concentration 60% clay have a high tendency towards the metal ions 

absorption than that which contain 50% independent on the type of metal 

ions. These results can be explained by taking into consideration that 

alkali metal ions present in the main structure of clay, due to substitution 

of Si4+ion by Al3+ion in some layers, act as active sites in the absorption 

of clay minerals towards heavy metal ions. The diffusibility of such 

metals through the pores of the hydrogel and the stability of chelation of 

metal ions to polymer hydrogel depends on atomic size, ionic valency and 

ionic radii of metal ions. The affinity of clay/ PVA hydrogel towards such 

metal ions may be attributed to the presence of free hydroxyl groups 

along its molecular structure which permit the occurrence of ion exchange 

reaction. These modified clays were successfully used in waste water 

treatment. This is because the modified clays can absorb some heavy 

metal ions by coordination, formation of hydrogen bonding or / and 

dipole association or through hydrogen bonding of water molecule. 

 

 

 

 

 
123



 
CHAPTER-4                                                             Results and Discussion 

 

Fig (30) Effect of immersion time on metal ions uptake 
               of hydrogel containing 50% clay.
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Fig (31) Effect of immersion time on metal ions uptake 
              of hydrogel containing 60%clay.
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4.3.7.1.2. Scanning electron microscopy: 
    Scanning electron microscopy (SEM) was used to detect the 

topography of surface of hydrogel. Figs. (32,33) show SEM micrographs 

of PVA with 50% and 60% clay hydrogel before and after recovery with 

metal ions(Cu2+, Ni2+and Co2+).  

        From these figures it was found that the surface of PVA / clay is 

characterized by cornflakes texture as shown in Figs. 32,33 (a). Hydrogel 

loaded with different metal ions (Cu2+, Ni2+, Co2+) is characterized with 

the presence of cavities and holes resulting from complex formation 

between the hydrogel and the metal ions. The particles of clay / PVA 

seem to coagulate particularly as shown in Figs. 32,33 (b,c,d) causing 

some deformation of the surface. Also, a metallic luster appeared in the 

hydrogel loaded with different metal ions. 

 The results obtained from SEM show that the metal ions are not just 

physically adsorbed onto the surface but there are chemically bonded with 

hydroxyl groups of hydrogel.  
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     Fig. (32) SEM micrographs of the fracture surface of PVA/ 50% clay  

hydrogel before and after recovery with metal ions 

   (a) 50%clay/ PVA hydrogel.         b) hydrogel loaded with Cu+2. 

   (c) hydrogel loaded with Ni+2.      (d) hydrogel loaded with Co+2. 
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  Fig (33) SEM micrographs of the fracture surface of PVA/ 60% clay 

hydrogel before and after recovery with metal ions 

(a) 60 % clay/ PVA hydrogel.          (b) hydrogel loaded with Cu+2. 

(c) hydrogel loaded with Ni+2.         (d) hydrogel loaded with Co+2. 
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4.3.7.2. Sorption of dye waste by clay -PVA hydrogel:  

In this part, aqueous solutions containing constant concentrations of the 

basic dye (sandocryl blue) and reactive dye (Remazol Golden) were 

prepared. The dye sorption of different dyes by clay-PVA hydrogel as a 

function of immersion time at room temperature was investigated by 

using UV spectrophotometric analysis.  The results obtained are shown in 

Fig (34). From these results it can be seen that the value of dye sorption 

% by the hydrogel differs from one dye to other. The dye sorption of the 

reactive dye was found to increase significantly after 3 hrs and afterwards 

tends to level off with increasing time of immersion up to 5 hrs as shown 

in Fig (35). In case of basic dye, the sorption by the hydrogel was shown 

to increase substantially by increasing time of immersion up to 24 hrs. 

Moreover, the results show that the hydrogel which contain 50% clay has 

a higher tendency towards the two dyes under investigation than that 

which contains 60% clay.  

     The relative sorption affinity of the hydrogel for the different dyestuffs 

may be explained on the basis of the following points: 

1. The affinity of the hydrogel for absorbing the different dyestuffs is 

essentially due to the highly hydrophilic groups present in the 

hydrogel. Also the sorption process goes through a chemical 

bonding between the active groups of the different dyes and those 

of the hydrogel and not through physical absorption.  

2. Since the mechanism of dyeing with basic dyes implies the 

presence of an anionic part in the medium to react with the 

cationic part of the dye through ionic bond. Therefore, the 

sorption of the basic dye occurs through the reaction of  hydroxyl  
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 Fig(34) Dye uptake % of basic dye (sandocryl blue) by clay/PVA
          hydrogel at different  immersion  times at room temperature.  
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Fig (35) Dye uptake % of the reactive dye (Remazol Golden) by clay/  PVA

             hydrogel at different immersion  times at room temperature.
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  groups of the PVA component of the hydrogel and the cation of the   

dye.  

3.  The rearrangement of the hydrogel structure during freezing and 

thawing before irradiation may also facilitate the absorption and 

diffusion of the dye into the hydrogel. 

4. The chemical interaction between the reactive dye and hydrogel 

may be explained on the same basis of the dyeing of the cellulose 

fibers (Sayda, M. A., 2000). In this regard, the dyeing process 

goes through the OH groups to form a covalent bond with the 

reactive dye .  

Moreover the different color interceptions and color difference (ΔE*) of 

hydrogel containing 50% clay for different dyestuffs were investigated. It 

should be noted that the color difference (ΔE*) was measured after the 

sorption process had been completed or the sorption reaches equilibrium. 

The results obtained are shown in Table (18). From these results it was 

found that the hydrogel containing 50% clay shows a great ability to basic 

dye than reactive dye. 

It is obvious that there is a good agreement between the data of the dye 

uptake measured spectrophotometrically and that obtained from the color 

difference value.   
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Table: (18) Color strength measurment of PVA/ 50%clay hydrogel      

after absorption of reactive and basic dyes at room 

temperature over night. 

 
Color –strength parameters Color 

difference 

ΔE* 
b* a* L* 

Type of 

dye 

_ 11.1 46.3 42.3 
undyed 

sample 

49.5 -29.9 39.5 34.2 Basic 

19.7 10.9 46.7 42.5 Reactive

 

4.3.8. Treatment of industrial dye waste: 

           In the present work clay/ PVA hydrogel was utilized in the 

treatment of industrial dye waste naturally released from some textile 

factors in Cairo. It should be noted that the dye waste sample was taken 

from the drain of dye bath and the end of the dyeing process. This dye 

bath contains, beside the reactive dyes the usual additives used during 

dyeing such as salts, wetting agent and alkalies. In practice, it is difficult 

to determine the amount of the absorbed dye by the hydrogel because the 

concentration of dyes in the waste drains is unknown. However an 

attempt was made to determine approximately the dye sorption of the 

industrial dye waste by measuring the dye sorption of this class of 

dyestuff by measuring the color strength (ΔE*) of hydrogel. The results 
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obtained are shown in Table (19). It is obvious from this result that the 

hydrogel show strong affinity toward the industrial dye waste (reactive 

dyes).                  

Table (19) Color difference intensity (ΔE*) of  clay/ PVA immersed in 

                           industrial dye waste for different times 

 

Time of 

immersion/hr 

Color differences 

(ΔE*) 

3 34.8 

4 36.8 

5 38.0 

15 38.8 

 

The dye waste contains different reactive dyes; Ramazol black, 

Remacryl Red2 BS, and Ramazol blue RSPat different concentrations 

according to the factory recipe. 
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Summary 
The results obtained throughout this work may be presented in the 

following three main parts:-  

The first and second parts was concerned with the modification of the 

same substrate by using two different techniques in order to acquire these 

substrates new properties to be used for the removal of heavy metal ions 

and dyes from waste water.    

I- Coating of (PE-co-PP) with mixture of CMC and AAc by 

using electron beam irradiation.  
In this study electron beam irradiation has been used for modifying 

hydrophilic properties of PE-co-PP non woven fabrics by using water 

soluble biodegradable polymer produced from cellulose which is CMC 

together with AAc monomer. So , it is important to study the effect of 

AAc monomer concentration on coating%. Also the affiliated hydrophilic 

property of modified coated polymer as well as its ability to absorb dye 

and metal ions uptake. 

1. The coating % of PE-co-PP non woven fabrics increased by 

increasing the concentration of acrylic acid in the coated layer. 

2. There is a stability of the coated layers towards washing cycle. 

3. The water uptake % increase with increasing AAc concentration 

in the coated layer . 

4. There is a marked stability of water uptake % towards washing 

cycles which is explained by the presence of electrophilic sites in 

the coated layers that are chemically linked to the fabric. 

5. The coated substrate has a high tendency to swell in DMF, 

methanol and water. 
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6. The swelling in dilute alkaline solution is much higher than in 

dilute acid. 

7. The coated fabric have a tendency towards metal ions according 

to the following order Ni2+ > Co2+  > Cu 2+. 

8. The prepared treated fabric was found to absorb basic and 

reactive dye from waste water with high efficiency.  

9. Morphology of coated fabric was examined by scanning electron 

microscopy (SEM) which indicates compatibility between coated 

layer and fabrics.    

 II- The modification of (PE-co-PP) non-woven fabric by γ 
– irradiation induced grafting of (AAm) monomer . 

The preparation of PE-co-PP non-woven fabric grafted with acrylamide 

monomer through γ- irradiation technique has been under taken. 

Factors affecting the preparation as well as some properties of prepared 

grafted films were investigated.. In order to increase the efficiency of 

grafting, the different factors which affect the grafting yield such as dose, 

dose rate and monomer concentration were followed up the results 

obtained are summarized as follows:  

1. The degree of grafting increases with increasing irradiation dose 

and monomer concentration at the two dose rates (1 kGy, 4 kGy ).  

2. The lower dose rate will be the higher degree of grafting. 

3. IR spectra of the grafted fabrics shows new bands around 1700 

cm-1  due to C ═ O absorption characteristic of the group CO-NH. 

The NH stretching vibration gives rise to absorption at 3250-3300 

cm -1. The presence of these new bands in the spectra confirms 

the grafting process. 
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4. There is an increase in the water uptake % after 5 hours equal to 

200%, 550%, 700% 950% at 12%, 58.9% , 93.9%and 152.9% 

grafting % respectively.  

5. The study of the morphology of PE-co-PP non woven fabric gives 

also a good confirmation of the grafting process by the high 

extent of covering of grafted substrate with the polyactylamide. 

6. Tensile strength increases with increasing degree of grafting 

while elongation decrease with increasing the degree of grafting .  

7. The amount of metal ions uptake % increases with increasing the 

degree of grafting due to increase of chelating sites on the surface 

of grafted films..  

III- Preparation of PVA / clay nano composite hydrogel 

through freezing and thawing followed by E.B. irradiation. 

 In this part,  PVA / clay nano composite hydrogel based on various 

ratios 20, 50, 60% of clay / PVA were prepared. The prepared hydrogels 

were exposed to freezing and thawing cycles(3 times) followed by E.B. 

irradiation at irradiation dose 20, 25, 30kGy: the effect of electron beam 

on the physico-chemical property of such hydrogel was investigated. The 

changes in structure and property of the hydrogel were investigated by 

FTIR spectroscopy, DSC, SEM and TGA techniques. The results of this 

part may be summarized in the following points. 

1. The gel fraction increases on increasing the clay content in the 

nanocomposite hydrogels at all irradiation dose under 

investigation. 

2. The occurrence of one Tg and Tm of the hydrogel indicate the 

presence of complete compatibility and miscibility between PVA 

and clay. 
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3. XRD and SEM confirm the intercalated and exfoliated structure 

of the nanocomposite hydrogesl.  

4. The IR analysis of the nanocomposite hydrogels showed the 

broadness band at 3600- 3000cm-1 which is attributed to the 

formation of hydrogen bond between PVA and clay. This 

broadness increase with increasing clay ratio in the 

nanocomposite hydrogels.  

5. PVA/clay hydrogel containing 50% clay has high tendency to 

swell in H2O and organic solvents more than that containing 60% 

since clay is considered as nanocompounds with a very small size 

particle so it was embedded in the voids of PVA which restrict 

the penetration of any solvent to these voids. 

6. The prepared PVA/clay nanocomposite hydrogel has a high water 

uptake make it acceptable for the use in treatment of waste water 

from heavy and toxic metal ions and dye wastes. 

7. The hydrogel is suitable to be used in acidic and basic media and 

also in different organic solvents.  

8. PVA/clay nanocomposite hydrogels rich in clay possess a high 

thermal stability. 

9. The PVA/ clay nanocomposite hydrogels showed high affianty 

for absorbing different metal ions and dye stuffs from waste 

water.    

  

  

 



  
  
  
  
  
  

  
  
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



  REFRANCES 

REFRANCES 

Abd Alla, S.G., Nizam El- Din, H. M. and El-Naggar, A. M., J. Applied 

Polymer Science, 102, 1129 (2006).  

Abd El- Rehim, H. A., Hegazy, E.A. and Ali, M., J Appl Polym Sci,. 74, 

4, 806, (1999).    

Alexander, P. and Fox M., J. Chim. Phys. 50, 308, (1953).   

Alexander, P., Charlesby, A. and Ross, M., Proc. Roy. Sec (London) A., 

1154,  223 , (1954).  

Alexander, M. and Dubois, P., Mater Sci. Eng., 28, 1, (2000).  

ALLan R.S., “Cross-linking with Radiation” in EPST, 4,393, (1975).  

Ang, C.H., Granett, J.L., Levot, R., and Long, M.A., J. Polym. Sci., 

Polym.  Lett. Edn. 21, 257, (1983).  

Auras, R., Harte, B. and Selke, S., Macromol Biosci , 4(9), 835, (2004).   

Bahattacharyya, S. N. and Maldas, D., J. Appl. Polym. Sci., 20, 939, 

(1982).  

Bex, G., Chapiro, A., Huglin M., Jendry C., Bonamour A.M. and O’Neill, 

T., J. Polym. Sci., C22, 493, (1968).  

Bhuvanesh, G., Nishat, A., and Gupta, A. P., J. Appl. Polym. Sci., 77, 

1331, (2000).  

Bozena, P., Stawomir, S., Beeata, J., Lars-Ake, L., and Jerzy, P., Applied 

Clay Sci., 25, 221, (2004).  
 

139



  REFRANCES 

Brandrup, J.; Immergut, E.H.; Grulke, E.A.; Polymer Handbook 4th Ed. 

New York: Wiley-Interscience, (1999).  

Chang, J-H., Jang, T-G., Ihn, K-J., Lee, W-K. and Sur GS., J. Appl. 

Polym. Sci., 90, 12, 3208, (2003).  

Chapiro A. “ Radiation Chemistry of Polymeric systems in high Polymers 

E. d. H. Mark et al. Interscience Pub. N.Y.  360 (1962). 

Chapiro, A., J. Polym. Sci., 48, 109,(1966) . 

Chapiro, A., J. Polym. Sci, 29, 321 (1958).  

Chapiro, A., Radiation Chemistry of Polymeric System, John Willy and 

sons. Inc., New York, 122, (1962).  

Chapiro, A., Radiation Induced Grafting, Radiation Physics and 

Chemistry, 9, 55 (1977).  

Chen, G.H., and Hoffman, A.S., Macromol. Chem. Phys., 196, 1251, 

(1995).   

Chen, J., Nho, Y. C., Kwon, O. H., Hoffman, A. S., Radiat. Phys. 

Chem., 55, 87, (1999).  

Czvikovszky, T.,  Radiat. Phys. Chem. 26, 547, (1985).  

Decker, C. and Moussa, K., J. Polym. Sci. 30, 913 (1992).  

Dobrzynski, P., Macromolecules, 32, 4735 (1999).  

 

Donescu, D., Petcu C. and Serban, S., Journal of optoelectronics and 

advanced materials, 9, 11, 3358, (2007). 

140



  REFRANCES 

 El- kelesh, N. A., Abd Elaal, S. E., Hashem, A. and Sokker, H. H., J. of 

Applied Polymer Science, 105, 1336, (2007).  

El- Naggar, A.M., EL-Salmawi, K., Ibrahim, S. M. and Zahran, A. 

H., Radiat. Phys. Chem.. 49, 2, 287, (1997).  

El- Salmawi, K. M. and Ibrahim S. M., Polymer –Plastics Technology 

and Engineering, 44, 1, (2005).  

El-Salmawi, K. M., Abu Zaid, M. M., Ibrahim, S. M., El-Naggar, A. M. 

and Zahran, A. H., J. Appl. Polym. Sci., 82, 136, (2001).  

El-Salmawi, K., El-Naggar, A. M., Said, H.M. and Zahran, A. H., 

Polymer International, 42, 225, (1997).  

Fukushima, T., Kawaguchi, M., Inoue Y., Miyazaki, K., and Horib, T., 

Dental Materials Journal, 4,1, 33 (1985).  

Garnett, J. L., Grafting, Radiation Physics and Chemistry, 14,79, (1979).  

Garrer, A.R., “In Contact Lenses and Cornall Disease”, Appleton-

Century- Crofts, New York, N. Y. (1976).  

Gawish, S.M., Kantouch, A., El-Naggar, A.M .and Mosleh, S., J. Appl. 

Polym. Sci., 44, 1671, (1992).  

Gawish, S.M., Kantouch, A., El-Naggar, A.M., Mosleh, S., J. Appl. 

Polym. Sci., 57, 45 (1995).  

Gen, Y., Desalination, 62, 265, (1987).  

 
141



  REFRANCES 

Grasselli, M., Carbajal, M.L., Yoshii F. and Sugo, T., J. Appl. Polym. 

Sci., 87, 1646, (2003).  

Gupta, B. and Anjum, N., J. Appl. Polym. Sci.,  82,  2629, (2001).  

Gupta, B., Anjum, N., and Sen, K., J. Appl. Polym. Sci., 85, 282,  (2002).  

Gupta, B.D., Tyagi, P.K., Ray, R.A. and Singh, H., Macromol. Sci. 

Chem., 27, 831, (1990).  

Hamada, H., Enomae, T., Shibata, I., Isogai, A. and Onabe,F., 

Proceedings of PITA Coating Conference , Edinburgh. Great 

Brritain 45, 91, (2003).  

Hegazy, E.A., Abdel EL-Rehim, H.A., Khalifa, N.A. and EL- Hag, Ali, 

A., IAEA- SM-50, Presented at International Symposium  on 

Radiation Technology . zakopane, Poland, (1997).  

Hegazy, E. A., Abd El-Rehim, H. A. and Shawsky, H. A., Radiat. Phys. 

Chem, 57, 85, (2000).  

Hegazy, E.A,, Abdel EL-Rehim, H.A, Khalifa, N.A. and Shawky. H.A., J. 

of polymer International 43, 321, (1997).  

Hegazy, E.A., Abd Elaal, S.E., Abd El-Rehim, H.A., Khalifa, N. A. and 

El-hosseiny, E. M., Seventh Conference of Nuclear Sciences & 

Applications, Cairo, Egypt (2000).  

Hegazy, E.A., Kamal, H., Khalifa, N. A. and Mahmoud, Gh. A., Iranian 

Polym. J, 8, 4,  223, (1999).  

 
142



  REFRANCES 

Hegazy, E.A., Kamal, H., Khalifa, N. A., and Mahmoud, Gh. A., 

International Conference on Hazardous Waste Sources. Effects 

and Management , Cairo- Egypt ,1998.  

Hegazy, E.A., Mokhtar,  S.M., Osman, M.B. S., Mostafa, A. B., Radiant 

Phys. Chem. ,36, 3, 365, (1990).  

Hegazy, E.A., Polymer, 33, 96, (1992).  

Hermans, R., W.-K, Jung J., and Klamann, P. Panel Discussion, Beta-

Gamma (1989).  

Hu, Z.G., Zhang, J., Chan, W.L. and Szeto, Y.S., Polymer , 47, 16, 5838, 

(2006).  

Ibrahim, M. S., El Salmawi, K. M. and Ibrahim, S. M., Applied Surface 

Science, 241, 309, (2005).  

Ibrahim, S. M. J. Appl. Polym. Sci., 89, 349, (2003).  

Ikada, Y., Mita, T., Horil, F., Sakurada, I. and Hatada, M., Preparation of 

hydrogels by radiation technique, radiation physics and 

chemistry, 9, 4, 633, (1977).  

Ilmain, F. Tanaka, T. and  Kokufuta, E., "Volume Transition in a Gel 

Driven by Hydrogen Bonding", , Nature, 349, 400, (1991).  

Ishigaki, I., Kamiya, N., Sugo, T. and Machi, S., Polym. J., 10, 513 

(1978).  

Jafari, R., Tatoulian, M., Morscheidt, W. and Arefi-Khonsari F.,   

Reactive and Functional Polymers 66, 1757, (2006).  
 

143

http://www.sciencedirect.com/science?_ob=PublicationURL&_cdi=5601&_pubType=J&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=28017265fe674eb496e45164a155e69c


  REFRANCES 

Jirapraserkul, W., Nuisin, R. and Jinsart, S., Kiatkmjornwong, Journal of 

Applied Polymer Science, 102, 2691, (2006).  

Karadag, E., Saraydin. D. and Guven, O., Water, Air, and soil pollution, 

106, 369, (1998).  

Karpov, V.L., Sessiya A., Nauk S.S., Marnomu I. A., Academy of 

Sciences of the USSSR Moscow, 1, 77, (1955).  

Katz, M. G. and Wydeven T., J., Appl. Polym. Sci., 27, 79, (1982).  

Katz, M.G. and Wydeven T., J. Appl. Polym. Sci., 26, 2935, (1981).  

Khutoryanskii, V. V., Mun, G.A., Nurkeeva, Z. S. Kudaibergenov, S. E. 

Tihany’ symposium on radiation chemistry,  26, 162, (1998). 

Klomp, G., Ronel, S., Hashiguchi H., Aderea, M. D., and   Dobelle, W., 

Trans. Am. Soc., Aertif. Intern. Organs., 25, 74, (1979).  

Koyama, K., J Appl. Polym. Sci., 27, 2845, (1982).  

Krimm, S., Liang, C. Y. and Sutherland, G.B.B.M., J. Polym. Sci., 22, 

227, (1956).  

Lebrun, L., Vallee, F., Alexandre, B. and Nguyen, Q. T., Desalination, 

207, 9,  (2007).  

Lee, W. F. and Yang, L. G., J. Appl Polym Sci, 92, 3422, (2004).  

Li, A., and Wang, A. Q. Eur. Polym. J., 41, 1630, (2005).  

Li, A., Wang, A.Q. and Chem, J. M., J. Appl. Polym. Sci., 92, 1596, 

(2004). 
 

144



  REFRANCES 

Lin, J. M., Wu, J.H., Yang, Z. F. and Pu, M.L, Macromol Rapid 

Gommun, 22, 422, (2001) . 

Lin, W., Lu Y. and Zeng, H., Appl. Polym. Sci., 47, 45, (1993).   

Liu, P. S., LiLi, N-L. Z., Zhang, T., Wei, S.-H., and Shen, J., Journal of 

Applied polymer Scince , 102, 54, (2006).  

Liu, P., Zhai, M., and Wu, J., International Symposium on Radiation 

Technology in Emergent Industry Application (IAEA), Beijing, 

China (2000).  

Lokhande, H.T., Iog, A.G., Teli, M.D., Rao, M.H. and Rao, K.N., J. Appl 

Polym. Sci., 33, 2753, (1987).  

Luigi, V., Giuliana, G., Andrea, S. And Vittoria, V., Carbohydrate 

polymers, 75, 172, (2009).  

Luo, W., Zhang, W. A., Chen, P. and Fang, Y. E., J. Appl. Polym. Sci., 

96, 1341, (2005).  

Mehrdad, K., Mohammad, S. and Zuhair, M.H., European Polymer 

Journal, 43, 773, (2007).  

Mehta, I.K., Kumar, S., Chauhan, G.S. and Misra, B.N., J., Appl. Polym. 

Sci., 41, 1171, (1990).  

Michel, B., Advanced Mater. 13, 1164, (2001).  

Mohanty, S. and Nayak, S. K., Polymer-Plastics Technology and 

Engineering, 46, 4 , 367, (2007) .  

 
145

http://www.informaworld.com/smpp/title%7Econtent=t713925971%7Edb=all
http://www.informaworld.com/smpp/title%7Econtent=t713925971%7Edb=all
http://www.informaworld.com/smpp/title~content=t713925971~db=all~tab=issueslist~branches=46#v46
http://www.informaworld.com/smpp/title~content=g773641789~db=all


  REFRANCES 

Morris, R. D. and Craft, T. F., International J. Appl. Radiat. and Isotopes, 

24, 245, (1973).  

NHO, Y.C. and PARK, K. R., Journal of Applied Polymer Science, 85, 

1787, (2002).  

Niemoller, A., Scholz, H., Gotz, B. and Ellinghorst, G., J. Memb. Sci., 36, 

385, (1988).  

Nizam- El-Din, H. M. M. and Ibrahim, M. S., Proceedings of the Seventh 

Conference of nuclear Sciences and Applications, Cairo (Egypt)      

1, 179, (2000). 

Nobutako, Z., Takashi, N., Hiroshi, H. and Masamitsu, W., International 

J.  Appl. Radiat. and Isotopes, 26, 726, (1975).  

Nurkeeva, Z. S., Aab, A. A., Khutoryanskiy, V. V., Mun, G. A. and 

Koblanov, S. M., Radiat. Phys. and Chem., 65, 249, (2002).  

Nurkeeva, Z. S., Baimagambetov, K. B. and Ergozhin, E. E., Polym. Sci., 

34, 4, 332, (1992).  

Painter, P and Coleman, M., "Fundamentals of Polymer Science", 96 

(1997). 

Peng, D., Zahang, X. and Huang. X., Polymer, 47, 6072, (2006).  

Pepmicek, T.; Duchet, J., Kovarova, l., Malac, J.; Gerard, J. F. and 

Simonik, J., Polymer degradation and stability 91, 8, 1855, 

(2006). 

 
Peter, S., Hense, N. and Stefan, R., Desalination, 16, 161, (1976) . 

146



  REFRANCES 

Petrov, I. Y., Karpov, V.L. and Truduy I., Vsesoyuz Soveshchanuya 

Radiatsionnoi Khim., Acad of Sciences of the USSSR Moscow, 

279, (1958).  

Petruzzeli, D., Tiravanti, G. and Passino, R., J. Reactive and Functiounal 

Polymer, 31, 179, (1998).  

Piskin, E., J. Biomater. Sci. Polym. Ed., 6, 775, (1995).  

Pritchard, J. G., Poly (vinyl Alcohol), Basic Properties and Uses, Gordon 

and Breach, Inc., New York, (1970).  

Radoslaw,A. W., Hiroshi, M., Naotsugu, N., Fumio Y., Radiation physics 

and  chemistry 68, 771 (2003). 

Randy, B. and Rabek, J.F., ESR study of Degradation Processes in 

polymers, New York 206, (1977).  

Rao, M.H.,  Rao, K.N., Teli, M.D., Jog, A.G. and Lokhande, H.T., J. 

Appl. Polym. Sci., 33, 2743, (1987).  

Ray, S. and Okamoto, M., Progress polymer Sci., 28, 1539 (2003).  

Roberts, D. E., T. Res. Nat. Bur. Sod. 44, 221, (1950).  

Sayda, M. A., Ph.D. Thesis, Chemistry, Cairo University (2000). 

Shalaby, S.W., Biomedical Polymers; Hanser: New York (1994). 

Si- Yang, Z. O., Orhan, T., David, T. H., and Hayhurst, J., Phys. Chem., 

95, 1722, (1991).  

 
147



  REFRANCES 

Sidorova, L. P., Aliyer, A. D., Zlobin, V. B., Chalykh, A. and Kabanov, 

V. Ya., Polym. Sci., USSR,  28, 7, (1986).  

Silvia G. B. and Ferreiro, E. A., Clays and Clays Minerals, 52, 3, 334, 

(2004).  

Simha R. and Trans. N.Y., Acad. Sci., 14, 151, (1952).  

Strawhecker, K. E, and Manias, E., Chem Mater; 12, 2943, (2000). 

Tadokoro, H., and Seki, S., Nippon Kagaku Zasshi,78, 1060, (1957).  

Takeshi, N. and Nobutake, S., International J. Appl. Radiat. and Isotopes, 

27,699, (1976).  

Takeuchi, H., Konaga E., Harano M., Watanabe, K., Takeuchi, Y., Hara, 

M., and Mano S., Solitary pancreatic metastasis from renal cell 

carcinoma. , Acta Med Okayama, 47, 63, (1993).  

Trong-M. D., Chia-F. K., and Wen-Y. C., Polymer Journal, 34, 6, 418, 

(2002).  

Trotman, E.R., Dying and Chemical Technology of Textile Fibers, 

Charles Griffin &Company, London, (1975).  

Tsukada M., Freddi G. and Crighton J.S., J. Polym. Sci., 32, 234, (1994).  

Uhrich, K. E., Chem. Rev., 99, 3181, (1999).  

Waite, T. D., Kurucz, C.N., Cooper, W. J., Narbaitz, R. N., and 

Greenfield, J. H., Environmental Engineering, 901, (1990).  

 
148



  REFRANCES 

Walid, H. A., Polymer-Plastics Technology and Engineering, 45, 1117, 

(2006).  

Wall L. A., and Florin R. E., Paper at 126 the meeting Amer. Chem. Sec. 

N. Y. 12, (1954).  

Wall, L. A., and  Magat , M., J.  Chim. Phys. 50, 308, (1953).  

Wiehterle, O., and Lim D., Nature, 185, 117, (1960).  

Wilhelm, H. - M., Sierakowski, M.-R., Souza, G.P., and Wypych, F., 

Carbohydrate Polymers 52, 101, (2003).  

Wilson, J., Radiation chemistry of polymers, monomers and plastics.   

Marcel Dekker, New York, 483, (1974).  

Woods R. J. and Pikae, A. K., Applied Radiation Chemistry: Radiation     

Processing, Jon-wiley, New york, USA, (1994).  

Wu, J. H., Wei, Y. L., Lin, J. M.and Lin, S. B., Polymer, 44, 6513, 

(2003).  

Yu, Y. H., Lin, C. Y. and Yeh, W. H., polymer, 44, 3553, (2003).   

Zhang, X,. J.M.S.,-Rev. Macromol. Chem. Phys., 1, 81, (1993). 

 
149

http://www.informaworld.com/smpp/title%7Econtent=t713925971%7Edb=all
http://www.informaworld.com/smpp/title~content=t713925971~db=all~tab=issueslist~branches=45#v45


  
  
  
  
  
  
  
  

  

  
  
  
  
  
  
  
  
  
  
  



العربى  الملخص

الملخص العربي
 "معالجة المياه الملوثة باستخدام بوليمرات محضرة

بالشعاع
 تهدف هذه الدراسة إلى تحضير أفلم بوليمرية مطورة باستخدام التشعيع بغرض استخدامها في

 التخلص من بعض نفايات أيونات العناصر الثقيلة والسامة وفى التخلص من بعض الصبغات
الملوثة للمياه الناتجة من مصانع النسيج. لذا تضمنت الدراسة ما يلى: 

 ا- تغطية البولى بروبلين المغطى بالبولى إيثيلين بطبقة من الكربوكسى ميثيل
سيليلوز وحامض الكريليك باستخدام المعجل اللكترونى.

 ب- التطعيم الشعاعي بأشعة جاما لمونومر الكريلميد على البولي بروبلين
إيثيلين .  المغطى بالبولي

 ج – تحضير هيدروجيلت ممتزجة من بولي كحول الفينيل والطمي باستخدام
 خاصية التثليج والتبريد يتبعها التعرض لجرعات مختلفة من المعجل

اللكتروني.
 في تلك الجزاء الثلثة تم قياس الصفات الفيزيقية مثل خاصية الذوبان وامتصاص الماء و

 خاصية النتفاش في الماء وفى بعض المذيبات العضوية. تم تعيين الصفات التركيبية
 للبوليمرات المحورة عن طريق الميكروسكوب اللكتروني الماسح للسطح و طيف الشعة

تحت الحمراء و حيود أشعة اكس .
 كما تم أيضا دراسة الصفات الميكانيكية والحرارية للبوليمرات المحضرة. تناولت الدراسة
 كذلك استخدام البوليمرات المحضرة في التخلص من بعض نفايات أيونات العناصر الثقيلة

 والسامة الموجودة في المياه الملوثة بها وأيضا في التخلص من نفايات بعض الصبغات الناتجة
 من مصانع النسيج وتمت عمليات تقييم ذلك عن طريق الشعة فوق البنفسجية وشدة اللون

وفيما يلى استعراض لما تم دراسته والنتائج التى تم التوصل إليها:
 أول:- تغطية البولى بروبلين المغطى بالبولي إيثيلين بطبقة من الكربوكسى

باستخدام المعجل اللكتروني:  ميثيل سيليلوز وحامض الكريليك
 في هذا الجزء من الدراسة تم تحضير عينات مغطاة من البولي بروبلين المغطى بالبولي

 ايثيلين بطبقة من الكربوكسى ميثيل سيليلوز وحامض الكريليك بتعريضها لجرعة إشعاعية



العربى  الملخص

  كيلو جراى باستخدام المعجل اللكتروني. تم حساب نسبة التغطية عن طريق30مقدارها 
 قياس الزيادة في وزن العينات و دراسة تأثير تركيز حامض الكريليك على درجة التغطية،

  درجة مئوية حتى40كما تم دراسة ثبات الطبقة المغطاة عن طريق تعريضها للغسيل عند
.ثبات الوزن

وفيما يلي أهم النتائج التي تم التوصل إليها في هذا الجزء من الدراسة:
أن النسبة المئوية للطبقة المغطاة تزيد بزيادة تركيز حامض الكريلك..1
  أن الطبقة المغطاة لها قوة ثبات عالية على البولي بروبلين المغطى بالبولي ايثيلين.2

ول تتأثر بتكرار مرات الغسيل. 
  أن نسبة امتصاص الماء تزيد مع زيادة تركيز حامض الكريليك في الطبقة.3

المغطاة.
 حدوث تجانس وامتزاج بين الطبقة المغطاة والبوليمر كما بينتها الصور المأخوذة.4

بالميكروسكوب اللكتروني الماسح للسطح.
  تم استخدام البولي بروبلين المغطى بالبولي إيثيلين المغطى بطبقة من الكربوكسى.5

 ميثيل سيليلوز وحامض الكريليك في امتصاص بعض الصبغات القاعدية والنشطة
 وأيضا في امتصاص بعض أيونات العناصر مثل النحاس و الكوبالت و النيكل حيث

أوضحت نتائج الدراسة مايلى:
 . أن البوليمر المغطى له قابلية لمتصاص الصبغات القاعدية عن الصبغات النشطة  وأن1

درجة المتصاص تزيد بزيادة زمن المتصاص .
 . أن البوليمر المغطى له قابلية لمتصاص أيونات عناصر النحاس و النيكل والكوبالت وأن2

عملية المتصاص تكون على النحو التالي: 
 أيونات النيكل >أيونات الكوبالت > أيونات النحاس. كما أن نسبة المتصاص تزيد بزيادة

ساعة .24الوقت حتى  
 ثانيا:- التطعيم الشعاعي لمونومر الكريلميد على البولي بروبلين المغطى

بالبولى إيثيلين باستخدام أشعة جاما:
 التطعيم الشعاعى المباشر لمونومر الكريلميد على البولييتضمن هذا الجزء من الدراسة  

 30-5بروبلين المغطى بالبولي إيثيلين باستخدام جرعات  إشعاعية مختلفة من أشعة جاما (
كيلو جراى).  
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 تم دراسة تأثير بعض العوامل المختلفة على درجة التطعيم مثل تركيز المونومر و الجرعة
 الشعاعية و دراسة التغير في الصفات والتركيب عن طريق خاصية الذوبان والنتفاش في

 الماء و التحليل بالشعة تحت الحمراء و الخواص الميكانيكية وكذلك دراسة كفاءة البوليمرات
 المحضرة في امتصاص أيونات بعض العناصر. يمكن تلخيص أهم النتائج التى تم الحصول

عليها فى النقاط التالية: 
 5أن درجة تطعيم مونومر الكريلميد تزيد بزيادة الجرعة الشعاعية من .1

جراى. كما أنها تزيد بزيادة تركيز المونومر.  كيلو30إلى 
 أن التحليل الكمي بالشعة تحت الحمراء للبوليمر المطعم بالكريلميد.2

أظهرت وجود المجموعات المميزة للكريلميد.   
 أنه يحدث تحسن واضح في امتصاص الماء للبولي بروبلين المغطى.3

بالبولي إيثيلين بعد تطعيمه بالكريلميد.
 أن خاصية النتفاش في الماء  بالنسبة  للبوليمر المطعم بنسب مختلفة من.4

الكريلميد تزيد مع زيادة نسبة التطعيم.
 وجود تجانس بين البوليمر والبولي أكريلميد كما أكدتها  صور.5

الميكروسكوب اللكتروني الماسح للسطح. 
أن قوة الشد تزيد بزيادة درجة التطعيم ..6
 أن  البولي بروبلين المغطى بالبولي إيثيلين المطعم بالبولي اكريلميد يمكن.7

استخدامه في التخلص من بعض أيونات العناصر مثل النحاس والنيكل والكوبالت. 
 من بولي كحول الفينيل والطمي باستخدام ثالثا:- تحضير هيدروجيلت ممتزجة

 خاصية التثليج والتبريد يتبعها التعرض لجرعات مختلفة من المعجل اللكتروني
 بغرض تحويل البوليمرات المحبة للماء إلى هيدروجيلت غير ذائبة فى الماء

وذلك لستخدامها فى معالجة تلوث المياه :
 في هذا الجزء من الدراسة تم تحضير هيدروجيلت بنسب مختلفة من البولي كحول الفينيل

 والطمي من خلل عملية التثليج والتبريد ثم تعريضها لجرعات مختلفة من المعجل
كيلو جراى).30 , 20,25اللكتروني( 

 تم دراسة التغير في خواص الهيدروجيلت المحضرة باستخدام طرق التحاليل المختلفة مثل
 التحليل الطيفي بالشعة تحت الحمراء و التحليل الحراري الو زنى والمسح الحراري التفاضلي
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 والميكروسكوب اللكنرونى الماسح للسطح و حيود أشعة اكس. وفيما يلي إيجاز لهم النتائج
التي تم التوصل إليها:

أن الجزء غير الذائب من الهيدروجيل يزيد بزيادة تركيز الطمي..1
أنه بزيادة نسبة الطمي في المخلوط يبدأ ظهور درجة واحدة للتحول الزجاجي..2
 أن نتائج التحليل بطيف الشعة تحت الحمراء للمخاليط المختلفة  من البولي كحول.3

 الفينيل  والطمي تؤكد وجود المجموعات المميزة للطمي قي المخاليط و تزيد شدتها
بزيادة نسبة  الطمي في المخاليط.

 % طمي له قدرة انتفاش عالية في الماء50أن الهدروجيل الذي يحتوى على.4
 والمذيبات العضوية وهذه القدرة النتفاشية تكون أكثر من الهيدروجيل الذي يحتوى على

% طمي. 60
 أن الهيدروجيلت المحضرة ممكن أن تستخدم في الوساط الحمضية والقلوية دون.5

أن يؤثر ذلك على تركيبها.
 أن الهيدروجيلت المحضرة لها درجة ثبات حراري عالية وهذا الثبات الحراري.6

يزيد بزيادة نسبة الطمي فى الهيدروجيل.
 أكدت كذلك النتائج أن الهيدروجيلت المحضرة لها قابلية عالية لمتصاص أيونات بعض
 العناصر وأيضا بعض الصبغات من المياه الملوثة. فقد وجد أن  الهيدروجيلت المحضرة

 لها قابلية لمتصاص أيونات النحاس والكوبالت و النيكل وأن عملية المتصاص تزداد
على النحو التالي:

أيونات الكوبالت > أيونات النيكل > أيونات النحاس.
 كما أن الهيدروجيلت المحضرة لها قابلية لمتصاص  بعض الصبغات حيث وجد أن كفاءة

هذه الهيدروجيلت في إمتصاص الصبغات القاعدية تكون أعلى من الصبغات النشطة. 
 مما سبق يتضح أن البوليمرات المحضرة يمكن استخدامها في بعض التطبيقات العملية وذلك

 في فصل نفايات بعض أيونات العناصر الثقيلة والسامة وبعض الصبغات الموجودة بالمياه
الملوثة.
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