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Abstract 
 

Trails are made to replace hazardous industrial materials by 

cleaner and safer ones. In this respect Polyvinyl 

alcohol/acrylic acid (PVA/AA) microgel is prepared using 

ionizing radiation and titanium dioxide (TiO2) was 

immobilized on its surface. The photo-degradation efficiency 

against metanil yellow azo dye is studied. Easily recovery and 

reusability made (PVA/AA)-TiO2 of great importance in 

practical use as a photo-catalytic degradation composite, for 

dye removal from textile waste water. 

 

Starch was treated with chlorosulfonic acid; to obtain 

sulfonated starch.  Radiation modification of sulfonated starch/ 

acrylic acid (SS/AA) hydrogel for possible use as an eco-

friendly water-retarding agent in the cement industry was 

investigated.  On the other hand, the hydrolysis of sucrose to 

glucose and fructose by (SS/AA) graft copolymers was also 

stuided. The catalytic activity of the (SS/AA) copolymers was 

found to be dependent on the reaction temperature and 

(SS/AA) graft copolymers compositions.    
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Aim of the Work 

 

Green chemistry is the branch of chemistry that focuses 

on reducing hazardous chemicals by avoiding the introduction 

of environmentally toxic substance. This is done through an 

approach that looks to be more effective and environmentally 

friendly than current technologies.  

 

Environmental pollution by organic dyes, used in textile 

industry, sets a severe ecological problem, which is increased 

by the fact that most of them are often toxic to microorganisms 

and have very long degradation time in the environment. 

 

At the same time sulfonated naphthalenes and their 

formaldehyde condensates (SNFC) are group of the ever-

present pollutants due to their wide spread uses, anionic 

character, and refractory behavior. They are predominantly 

applied in concrete as superplasticizers in the construction 

business, with global uses of about 150'000 tons per year.  

 

The current industrial approach for the production of 

inverted sugar syrups is based on the acidic hydrolysis of 

sucrose. This method, in addition to that it is not green one, 

can produce caramelized and colored inverted sugar. 

  

In this respect trails are made to synthesis 

environmentally friendly materials and investigate the 

probability of imparting them in industrial applications to 

replace environmentally hazardous ones without losing their 

efficiency. 



In this regard; the preparation and characterization of 

PVA-based microgel, is studied. TiO2 supported microgel is 

prepared and investigated for metanil yellow photo-

degradation. 

 

The chemical modification of starch through the 

introduction of sulfate groups followed by radiation-grafting 

with acrylic acid on the backbone is studied.  A possible 

application, as a water-reducing agent in the cement industry, 

and as catalytic agent for sucrose hydrolysis industry is 

investigated. 

 

 

 

 

 

  

 



 

 

CHAPTER I 

 

INTRODUCTION 
 

 

In the present age, there is no question that polymers 

and plastics dominate our rapidly developing daily needs and 

show enormous potential for the development of new 

technologies. Constructive materials, for instance, are 

preferentially made of standard polymeric materials such as 

polyolefins, polyesters or polyamides. It is therefore obvious 

that the future of polymer chemistry will be influenced by 

the elaboration of new functional polymers.  

In terms of technical applications, functional polymers 

are important, for example in the fields of optics, electronics or 

catalysis. They are also widely used for analytical devices, 

(e.g. columns for chromatography), for membranes and in the 

solid phase synthesis of peptides and oligonucleotides. 

Focusing on the constantly developing medical field, only 

specifically elaborated functional polymer materials can fulfill 

the specific challenges required of them for use as, for 

example, surgical sutures, dental fillings, wound dressings, 

bone cements or hollow fibers for dialysis. Typical examples 

of such materials include hydrogels and stimulus-responsive 

polymers.  
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Polymer functionalization can be defined as the 

introduction of desired chemical groups into polymer 

molecules to create specific chemical, physical, biological, 

pharmacological, or any other desired properties. 

This is achieved via: 

- Direct Route  

 

 

 

-Indirect Route by performing reaction on 

existing polymer  

R
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 The selection of reactive groups is dependent on the 

desired properties for specific application. For example; the 

selective separation and purification purposes in different 

applications; as industrial waste treatment. From the important 

materials which could be used for such purposes are the 

functionalized grafted membranes and hydrogels with their 

reactive functional groups such as carboxylic, amide, nitrile, 

oxime groups... etc. Such functionalized materials can be 

prepared by grafting and copolymerization processes.  More 

reactive functional groups could be easily introduced to the 

grafted membrane and hydrogels by further chemical 

treatment with specific and suitable reagents for the desired 

applications. 

 

I.1. Polymer Functionalization by Ionizing Radiation as an 

Ecological Safe Technology   

 

Radiation processing was used early for polymer 

modification. The irradiation of polymeric materials with 

ionizing radiation leads to the formation of very reactive 

intermediates, free radicals, ions and excited states. These 

intermediates can follow several reaction paths that result in 

disproportion, hydrogen abstraction, arrangements and/or the 

formation of new bonds. The degree of these transformations 

depends on the structure of the polymer and the conditions of 

treatment before, during and after irradiation. Through control 

of all of these factors facilitates the modification of polymers 
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by radiation processing. Nowadays, the modification of 

polymers covers radiation cross-linking, radiation induced 

polymerization (graft polymerization and curing) and the 

degradation of polymers. The success of radiation technology 

for the processing of synthetic polymers can be attributed to 

two reasons, namely the easiness of processing in various 

shapes and sizes and, secondly, most of these polymers 

undergo cross-linking reaction upon exposure to radiation.  

 

Actually the radiation induced processes have many 

advantages over other conventional methods. In radiation 

processing of polymers no catalysts or additives are required 

to initiate the reaction. Absorption of radiation energy by the 

backbone polymer initiates generally a free radical process. On 

the other hand and with chemical initiation free radicals are 

produced by the decomposition of an initiator into small 

fragments which attack the base polymer leading to active 

centers formation. The concentration and purity of chemical 

initiators are additional limiting factors, in the case of radiation 

processing. 

   

In addition to this, chemical initiation has often been 

associated with problems arising from local overheating of the 

initiator. The radiation processing, however, is temperature 

independent, which is therefore considered as a zero activation 

energy process for initiation. Due to all the former mentioned 
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factors and several others radiation processing of polymers is 

considered as ecological safe technology. 

 

I.1.1. Application of Functional Polymer in Waste Water 

Treatment 

I.1.1.1. Photo-catalytic Degradation of Some Azo Dyes  

Environmental pollution by organic dyes sets a severe 

ecological problem, which is increased by the fact that most of 

them are often toxic to microorganisms and have very long 

degradation time in the environment. 

 

Azo dyes constitute an important class of synthetic, 

colored, organic compounds, which are characterized by the 

presence of one or more azo bonds (–N=N–). They represent 

about 50% of the worldwide dye production and are widely 

used in a number of industries, such as textile dyeing, food, 

cosmetics, paper printing, with the textile industry as the 

largest consumer [Ollgaard et al, 1999, Stolz 2001]. It is 

reported that, during manufacturing or processing operations, 

dye loss in wastewaters could vary from 2% for basic dyes to 

as high as 50% for reactive dyes [O’Neill 1999]. This leads to 

severe contamination of surface and ground water as many of 

these compounds are not readily biodegradable, suspected to 

be carcinogenic and can produce toxic aromatic amines 

[Bianco-Prevot et al 2001]. 
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Removing color from wastes is often more important 

than other colorless organic substances, because the presence 

of small amounts of dyes (below 1 ppm) is clearly visible, and 

considerably influences the water environment [Domınguez et 

al 2005]. A number of physical and chemical techniques have 

been reported for the removal of dye compounds such as 

adsorption on activated carbon [Malik 2004, 

Namasivayam, and Kavitha 2002], biodegradation [An et al 

1996, Pearce et al 2003] and ozonation [ Lackey et al 2006, 

Tehrani-Bagha et al 2010]. Conventional treatment 

techniques have not proven to be particularly effective for 

colored effluents. 

 

 Heterogeneous photocatalysis has been considered as a 

cost-effective alternative for the degradation of dye-containing 

waste water. These alternative methods were based on the 

generation of highly reactive species such as hydroxyl radicals 

(HO•) that oxidize a wide range of organic pollutants. 

Actually the mechanism of degradation of several dyes under 

visible light or solar light irradiation is an inspired process by 

the principle of photosensitization of wide band gap 

semiconductors. 

 

On excitation with visible light, the excited states of a 

sensitizing dye are capable of ejecting an electron into the 

conduction band of semiconductor particles to form an 

oxidized radical. The oxidized forms of the dye molecules will 
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then undergo further degradation to give degraded or 

mineralized products [Han et al 2009].  

 

I.1.1.2. Titanium Dioxide as Photo-catalyst 

 

Heterogeneous photo-catalysis oxidation using titanium 

dioxide as photo-catalyst has been extensively studied, and 

proved to be efficient and potentially advantageous, as it leads 

to a complete and fast mineralization of a wide range of dyes 

to CO2, water and inorganic ions [Fujishima et al.2000]. 

 

Titanium dioxide is considered as one of the most popular 

and promising materials in the photo-catalytic process due to 

its stability in various solvents under photo-irradiation, 

commercially availability, and easy to be prepared in the 

laboratory [Hoffmann et al 1995, Mills and Le Hunte 1997]. 

Titanium dioxide has been proved to be an excellent catalyst in 

the photodecomposition of organic pollutants [Wang et al., 

2009] and due to its strong redox ability; it is used for water or 

air purification [Jang et al 2005]. 

 

However, the practical application of titanium dioxide in its 

powder form seems to be limited for different number of 

reasons among which is that it is very difficult to separate 

these fine photo-catalysts from solution after reaction. 

 

http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DHan,%2520Fang%26authorID%3D7202398097%26md5%3D6dd0a78e8594af96a669d90b8e9aa51d&_acct=C000009958&_version=1&_userid=8194203&md5=1c019a067f8f4353cd9edd9183e5119a
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Although titanium dioxide immobilization can improve the 

separation efficiently, it usually decreases the overall photo-

catalytic activity comparing to the dispersed TiO2 due to 

lowering of the surface-to-volume ratio and partial loss of the 

active surface sites of photo-catalysts. 

 

Therefore, it is necessary to develop a novel synthesis 

approach to prepare TiO2 photo-catalysts, which not only have 

highly photo-catalytic activity, but also can be steadily 

separated after photo-catalytic reactions. Since the photo-

catalytic activity was mostly confined to the surface of the 

photo-catalytic material, the surface area must be increased to 

maximize the photo-catalytic efficiency. 

I.1.1.3. Microgel in the Photo-catalytic Degradation  

 

In synthetic polymer science and technology, 

Microspheres or microgels have become increasingly popular. 

They are recognized as close analogues to hyperbranched 

polymers and show a number of their advantageous properties, 

i.e., high molecular mass, a relative low viscosity, and high 

chemical functionality. Compared to their counterparts, 

microgels are simpler to synthesize and are also accessible in 

larger amounts [Antonietti 1995, Saunders and Vincent 1999, 

and Ishii 1999]. The microsphere structures are regularly 

found in biological systems, e.g., starch (amylopectin), and 

most proteins, are linear peptide chains inter- or 
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intramolecularly cross-linked by secondary interactions or 

sulfur linkages. 

 

Microspheres or microgels can be defined as solid, 

approximately spherical particles ranging in size from 1 to 

1000 µm (1mm). They are composed of cross-linked polymer 

chains, in which the inner structure is typical for a polymer 

network.  

 

They are made of polymeric, waxy or other protective 

material such as biodegradable, synthetic polymers and 

modified natural products as starches, gums, proteins, fats and 

waxes. 

 

At the lower end of their size range they have colloidal 

properties. The interfacial properties of microspheres are 

extremely important and often indicating their activity [Das et 

al 2006]. 

 

The most important physicochemical characteristics that 

may be controlled in microsphere synthesis are: (i) Particle 

size and distribution, (ii) Polymer molecular weight. 

Up to now, two different ways of microgel synthesis are 

commonly found in the literature:- 

The first technique (type A): crosslinking 

copolymerization in a restricted volume, e.g., the small 

droplets of microemulsions or emulsions can be made of 
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monomer mixtures which are polymerized forming the 

microgel. By using standard techniques of heterophase 

polymerization the size can be easily adjusted between 

5nm<R<50nm (microgels from microemulsion 

polymerization), 30nm<R<300nm (miniemulsion 

polymerization), or 50nm<R<500nm (emulsion 

polymerization), where R denotes the radius of spherical, 

practically monodisperse microgel. It has been shown that the 

microgels fabricated in this way essentially have the structures 

and behavior of networks [Antonietti et al. 1990]. Microgels 

made of polar monomers (water-soluble microgels) can be 

fabricated with inverse heterophase polymerization techniques 

or by precipitation polymerization, isolated, and re-dissolved 

in water. Non-polar microgels are made in reverse systems, 

swell in organic solvents, and can also be applied in polymer 

melts. In the second technique (type B): cross-linking reaction 

in very dilute solution. According to the Ziegler-dilution 

principle, the probability of inner cyclization increases with 

dilution, and below a critical threshold, all crosslinking 

reactions lead to microgels only. Pure divinylbenzene, for 

instance, polymerizes to pure microgels when the 

concentration is below 80g/L. This was first pointed out by 

[Staudinger and Steinhofer 1935], but later examined in more 

detail. In this case, the microgels do not behave as a polymer 

network, but parallel the behavior of hyperbranched 

molecules. The inner structure of such systems can be 

described by the laws of fractal geometry [Antonietti and 
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Rosenauer 1991], and their mechanical behavior resembles a 

network at the gelpoint. Type A and type B microgels have 

very different properties and applications. 

 

Recently, and due to their controlled size and the large 

surface-to-volume ratio, Microgels have been exploited and 

anticipated as supporting-catalysts especially, those of large 

sizes that could be readily separated from the solution by 

filtration or sedimentation is an advantage if compared with 

the nano-sized particles. 

 

I.2. Application of Functional Polymer as Water Reducing 

Agent in Cement Industry  

 

Recently, and due to different environmental issue the 

world is facing, a great deal is focused on the search and 

development of new polymeric materials more efficient for 

many industrial applications and at the same time show the 

minimal ecological impact. In this respect, polymer 

functionalization draws much attention. At the beginning of 

the application of synthetic materials, naturally occurring 

polymers as cellulose or polyisoprene were simply modified, 

for example by esterification or cross-linking to obtain the 

desired properties. Staudinger 1935, for instance, chemically 

modified starch to prove the existence of high molecular 

weight substances. Nowadays, the development of various 
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functional polymers is becoming increasingly important for 

specific and diverse areas of application. 

Polymer-modified mortars and concretes are used as 

construction materials for finishing and repair purposes. They 

are widely used for bridge deck overlays and patching, and 

also as adhesives, anticorrosive liners, decorative coatings and 

integral water proofers. The polymers are usually added to the 

mixing water just as other chemical admixtures, at dosages of 

5 to 20% by weight of cement and influence the setting, 

bleeding, workability, hydration and mechanical properties of 

cement. All polymer modified concretes showed superior 

properties to those of the unmodified ones. 

 

Generally, incorporation of polymers is known to 

increase the flexural strength of concrete. The addition of 

superplasticizer prevented premature coagulation and 

increased the flow of cement mortar. 

 

A water reducer can be defined as an admixture that 

reduces the amount of mixing water for concrete for a given 

workability. It improves the properties of hardened concrete 

and, in particular, increases strength and durability. There is 

another mode of use of these admixtures, involving reduction 

of both water and cement, so that workability and strength of 

concrete containing admixtures are similar to those of the 

control concrete. Admixtures could thus act as cement 

reducers. Besides allowing cement saving, these admixtures 
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are capable of reducing the heat of hydration, a property that is 

useful for concreting in hot climates or massive structures. If 

water reducers are added without modifying mix proportions, 

concrete workability improves; in this case they act as 

plasticizers. This is particularly useful for placing concrete in 

areas of high steel content that require a more workable 

concrete. 

 

An admixture that lengthens setting time and 

workability time is known as set retarder or retarding 

admixture. This is particularly useful for concreting under 

high-temperature conditions. Ice, which can be added into the 

mixer to decrease the temperature, is more expensive than a 

retarding admixture and may not be readily available at the job 

site. The setting times depend on the type of water reducer 

used. In general, all water reducers tend to extend setting times 

with respect to the control concrete. This is due to the lower 

hydration rate of cement during the first hours in the presence 

of a water reducer. 

 

Types of water reducers are lignosulfones 

hydroxycarboxylic acids phosphonates and other organic cpd. 

Many formulations of water reducers are based on acrylate and 

methacrylate polymers to reduce slump loss, improve 

workability, and increase strength. Examples are polymers of 

alkoxylated monomers and co-polymerizable acid functional 

monomers.   
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The advantages derived by the use of superplasticizers 

include production of concrete having high workability for 

easy placement, and production of high strength concrete with 

normal workability but with lower water content. 

 

The superplasticizers are broadly classified into four 

groups: sulfonated melamine-formaldehyde condensate 

(SMF); sulfonated naphthalene-formaldehyde condensate 

(SNF); modified lignosulfonates (MLS); and others including 

sulfonic acid esters, polyacrylates, polystyrene sulfonates,etc 

The most important property of a superplasticizer is its ability 

of dispersing the cement particles. Portland cement in contact 

with water has a tendency to flocculate due to van der Waals’ 

forces, electrostatic interactions between the opposite charges 

and surface chemical interactions between the hydrating 

particles. This will result in the formation of an agglomeration 

of particles with open structure with spaces that entrain water 

molecules. These water molecules are not immediately 

available for hydration and do not have a lubricating effect. In 

the presence of a superplasticizer, deflocculation or dispersion 

of cement particles occurs due to adsorption and electrostatic 

repulsion. This process does not allow the formation of 

entrapped water and discourages surface interaction of the 

particles. 
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Illustrate the role of plasticizer in the dispersion of the cement 

particles 

 

 

Generally; the stability of colloidal particles is usually 

due to the development of charge as a result of adsorption of 

ions. Particles developing the same charge, repel each other, 

and prevent agglomeration or precipitation. Hydrated cement, 

especially the calcium silicate hydrates, are in the form of 
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extremely small interlocking particles and, in the presence of 

some admixtures, are dispersed. Hence, colloidal chemical 

principles have been applied to cement-water-admixture 

systems. The difference in potential between the outer fixed 

layer of adsorbate and the bulk of the dispersing medium 

constitutes the electrokinetic potential or zeta potential. 

 

The stability of the colloidal system is a function of the 

zeta potential and hence the determination of zeta potential 

enables studies of the mechanism of the action of super-

plasticizers on the hydrating cement. 

 

Chemical admixtures are the ingredients in concrete 

other than portland cement, water, and aggregate that are 

added to the mix immediately before or during mixing. 

Producers use admixtures primarily to reduce the cost of 

concrete construction; to modify the properties of hardened 

concrete; to ensure the quality of concrete during mixing, 

transporting, placing, and curing; and to overcome certain 

emergencies during concrete operations.  

 

Admixtures are classed according to function. There are 

five distinct classes of chemical admixtures: air-entraining, 

water-reducing, retarding, accelerating, and plasticizers (super-

plasticizers)  

 

Since many conventional water-reducing agents are 

condensation products of formaldehyde (such as naphthalene 
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sulfonated formaldehyde condensates, sulfonated melamine 

formaldehyde polymers and aminosulfonic acid series).  Such 

products may accidentally or intentionally release 

formaldehyde into environment resulting in undesirable 

environmental effects. Furthermore, the polycarboxylate type 

water-reducing agent would face the problem of short 

resources in near future for non-regenerate ability of acrylic 

acid derived from petroleum. 

 

I.3. Application of Functional Polymer in Biotechnology as 

Acid-based Catalyst for Sucrose Hydrolysis 

The importance of sucrose lies in its significant 

contribution in both food industries, as a precursor of invert 

sugar through its partial or total hydrolysis, and non-food 

industries, the use of sucrose as a starting material for the 

formation of high added value furanic derivatives (5-

hydroxymethylfurfural). Enzymes have long been used as the 

most used catalysts to hydrolyze sucrose and transform it into 

inverted sucrose on the industrial scale [Bussiere et al 1990]. 

However, their use is restricted to the food industry with a 

conversion of sucrose below 95% because the formed glucose 

and fructose tend to inhibit the hydrolysis reaction through the 

blocking of the receptor sites on the enzyme in addition to the 

production of waste, low thermal stability, and problems with 

separation and recovery of the enzyme from the product. To 

overcome this problem strongly acidic ion-exchange resins 

containing sulfonic acid groups were introduced and allowed a 
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complete conversion of sucrose in the temperature range 

compatible with their stability, but with a relatively high level 

of impurities in addition to  inhibiting the access of reactants 

with sizes larger than the interstices of the polymer chains 

(Mizota 1994).  

 

The acid catalyzed hydrolysis of sucrose was perhaps 

the earliest catalytic reaction observed and nowadays belongs 

to the best investigated reactions at all. The reaction is 

generally considered to follow an Al mechanism in which a 

fast pre-equilibrium protonation is followed by a unimolecular, 

rate-determining heterolysis of the fructosyl oxygen bond 

(Mega et al 1988). Hydrolysis of sucrose is established on 

industrial scale using acid ion-exchange resins (Siegers and 

Martinola 1985). 

 

I.4. Starches and their Derivatives as Eco-friendly 

Renewable Polymers    

In the respect of the increasing sensitiveness to 

environmental protection and of the increasing demand of eco-

compatible products, to reduce the environmental impact; a 

global interest in polymers of renewable resources has 

evolved. The development of new products and materials, 

especially those which are non-petrochemicals and based on 

natural sources, are of increasing interest nowadays and 

deserves the attention of both academic and industrial 

research. Many studies on water-reducing agents and acid-
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based catalyst hydrolysis based on natural polymers, such as 

cellulosic materials, were carried out in the last decades. 

 

Among polymers of renewable resources; starch and its 

derivatives such as carboxymethyl starch (CMS) and sulfonic 

starch [Fa et al 2006, Zhang et al 2008, and Vieira et al 

2005] are currently enjoying increased attention owing to its 

biodegradability, availability and economic feasibility.  

Starch is a biopolymer present as minute granules in the roots, 

leaves and stem of variety of plants including corn, wheat, 

maize, barely and potatoes. Depending on its source it usually 

includes about 30% amylase and 70% amylopectin which are 

responsible for the amorphous and crystalline part of the 

polymer respectively. Chemical and physical properties of 

starch have been widely investigated due to its suitability to be 

converted to thermoplastic and then to be used in different 

applications as food [Sopade et al 1991], cosmetics, and in 

medicine as well as industrial applications such as adhesives 

and coatings [Kraak 1992].  

 

Starch modification involves the alteration of the 

physical and chemical characteristics of its native nature to 

improve its functional characteristics, and hence, improve its 

applicability for a specific application [Hermansson and 

Svegmark 1996].  Starch modification is generally achieved 

through either physical treatment of starch; using heat or 

moisture etc. or chemical modification which involves the 
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introduction of functional groups into the starch molecule, 

resulting in markedly altered physico-chemical properties.  

 

Chemically modified starches with improved properties 

are becoming of more importance in industrial applications, 

not only because they are low in cost but mainly because the 

polysaccharide portion of the product is biodegradable. 

 

The sulfonation reaction has been reported as one of the 

widely accepted chemical modification reactions on 

polysaccharides in general and on starch
 

in particular
 

[Wurzburg et al 1957, Ishizu 1990]. It involves the addition of 

polyanionic charges to the naturally-occurring polymer 

backbone. It has also been reported on cellulose
 
[Vogt et al 

1995 and Beck 1992], dextran, chitosan and other various 

polysaccharides [Mayell et al 2001].  Starch sulfonates have 

attracted much attention because of their wide variety of 

biological activities [ Liu et al 2003, Popolo et al 1997 and 

Katsuraya et al 1995] besides that they are also widely utilized 

in the sizing of paper, textiles and in foods [Cui et al 2007]. 

Starch sulfates can also form highly hydrophilic sols so that 

they might be used as water-retaining agents in oil-well 

drilling muds and in various hydraulic cements [Bhatt 2008]. 

 

From this respect; the preparation and characterization of 

different functionalized grafted hydrogels that could be used in 

industrial and environmental applications is studied. Such 
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materials are prepared by gamma or electron beam irradiation 

as initiator. The suitable conditions at which obtained such 

materials is investigated and determined.   

 

So; the immobilization of TiO2 onto PVA microgels 

prepared by electron beam irradiation is investigated. The 

photocatalytic activity of (PVA/AA)-TiO2 microgel towards 

degradation of mono azo dye: Metanil Yellow is studied. 

 

Other objective of this research studies is concerned 

with the chemical modification of starch through the 

introduction of sulfate groups followed by radiation-grafting 

with acrylic acid on the backbone.  A possible application, as a 

water-reducing agent in the cement industry and in catalytic 

hydrolysis of sucrose is also studied. 

 

   

 

 

 

 



 

CHAPTER II 

 

Literature 

 

 

This chapter summarizes research progress in microgels 

preparation, photo-catalytic degradation of azo-dyes using 

TiO2, and the different applicable fields for sulfonated starch.  

 

The literature review is classified into two divisions: 

[1] Microgel Preparation 

[2] Microgel-supported Titanium dioxide and 

Photocatalytic Degradation 

[3] Starch Sulfonation  

 

 

II.1. Microgel Preparation 

Microgels or Microsphere are network polymer colloid 

particles that can swell in a good solvent or as a result of 

electrostatic repulsion between charged groups which are 

produced by pH-triggered neutralization. They have attracted 

considerable interest as both model colloids and for their 

potential applications [Saunders, et al 2009]. Microgels are 

discrete gel particles with an overall size in the colloidal range 

(R<1000nm) which are composed of cross-linked polymer 

chains, that is the inner structure typical for a polymer 

network.  
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In synthetic polymer science and technology, microgels 

have become increasingly popular due to their high molecular 

mass, a relative low viscosity, and high chemical functionality. 

 

Up to now, two different ways of microgel synthesis are 

commonly found in the literature. The first technique (type A) 

makes use of crosslinking copolymerization in a restricted 

volume, e.g., the small droplets of micro-emulsions or 

emulsions can be made of monomer mixtures which are 

polymerized forming the microgel. It has been shown that the 

microgels fabricated in this way essentially have the structures 

and behavior of networks (Antonietti, et al 1990). 

 

Xiaojun, et al 1998 obtained a macromonomer through the 

opening addition of the epoxide ring of glycidyl 

methacrylate(GMA) with poly- 12- hydroxystearic acid, then a 

dispersion stabilizer was prepared through copolymerization of 

the macromonomer with methyl methacrylate (MMA) and 

GMA. In the presence of the dispersion stabilizer, acrylate 

microgel of sub micron size was obtained by the method of 

dispersion polymerization. The microgel has been detected 

with acid-base titration, FTIR, GPC and average particle size 

distribution. The application effect of the microgel in coatings 

is also detected. The results show that the microgel obtained 

can much improve the pseudo-plasticity of coatings. 

 



 Chapter II                                                                                  Literature 

- 24 - 

 

Zhang, et al  2007 prepared a novel microgel by surfactant 

free emulsion polymerization of poly(N-isopropylacrylamide) 

[pNIPAM] in the presence of exfoliated clay without using 

any organic cross-linker and was compared to linear PNIPAM 

and the microgel cross-linked by MBA. It was found that the 

clay platelets dispersed in an aqueous medium could act as an 

effective multifunctional cross-linking agent similar to any 

conventional chemical cross-linker. The cross-linking action 

of clay is much stronger than a chemical cross-linker, leading 

to much smaller hydrodynamic diameters. The particle size of 

the microgel is about half of that obtained by using MBA as a 

cross-linker, which seems to be a novel approach to prepare 

smaller microgels without any surfactant and chemical cross-

linker. 

 

Tao,  et al 2007 prepared monodisperse poly(2-(diethylamino) 

ethyl methacrylate) (PDEA) microgels directly by radiation-

induced dispersion polymerization in water/ethanol media 

using poly(vinylpyrrolidone) (PVP) as the stabilizer at room 

temperature under certain circumstance (appropriate 

ethanol/water ratio and monomer dosage), which afforded 

novel pH-responsive behavior with range of 600–2500 nm. 

This method takes the advantages of radiation-induction (no 

chemical initiator, temperature independent, uniform initiation 

with a high efficiency and so on) that may result in the 

formation of uniform polymer particles. PVP acted as not only 

a physical stabilizer, but also as a macromonomer to form the 
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grafted copolymer, which was confirmed by the Fourier 

transform infrared (FT-IR) and proton nuclear magnetic 

resonance (
1
H NMR) and was important for the stabilization of 

microgels. The characterization (morphology, size and 

distribution, and swelling/deswelling kinetics) of PDEA 

microgels were carried out by the scanning electron 

microscope (SEM), dynamic light scattering (DLS) and 

turbidity studies. 

 

Nur , et al 2009 prepared a series of poly(N-

isopropylacrylamide) [pNIPAM]-based homo-polymer and co-

polymer microgel particles by surfactant-free emulsion 

polymerisation. Co-monomers were added at a concentration 

of 10% (w/w) relative to the base monomer pNIPAM for the 

preparation of each co-polymer microgel. The co-monomers 

chosen vary by their organic chain length, polarity and pH 

sensitivity, as these should influence how the particles behave 

in aqueous and non-aqueous solvents. The effect of adding 

different types of co-monomer into the microgel structure was 

investigated with respect to their dispersibility in different 

solvents. These microgel particles have shown useful 

application in the removal of water from biodiesel prepared 

from rape seed.  

 

Nur, et al 2010 prepared a series of cationic poly(N-

isopropylacrylamide/4-vinylpyridine) [poly(NIPAM/4-VP)] 

polyelectrolyte co-polymer microgels  by surfactant free 



 Chapter II                                                                                  Literature 

- 26 - 

 

emulsion polymerization. The temperature and pH responsive 

swelling–deswelling properties of these microgels were 

investigated using dynamic light scattering (DLS) and 

electrophoretic mobility measurements. DLS results have 

shown that the particle diameter of the poly(NIPAM/4-

VP) microgels  decreases with increasing concentration of 4-

VP over the 20–60 °C temperature range due to the increased 

amount of hydrophobic group. The particle size of all 

poly(NIPAM/4-VP) microgels  series increases with 

decreasing pH. Electrophoretic mobility results have shown 

that electrophoretic mobility increases as the temperature/pH 

increases at a constant background ionic strength. These 

results are in good agreement with DLS results. The 

temperature/pH sensitivity of these microgels depends on the 

ratio of NIPAM/4-VP concentration in the co-

polymer microgels systems. The combined temperature/pH 

responsiveness of these polyelectrolyte microgels can be used 

in applications where changes in particle size with small 

change in pH or temperature is of great consequence. 

 

Dziechciarek, et al 2002 prepared novel starch microgels by 

emulsion cross-linking and characterized with respect to 

shape, volume, and mass density. Starch microgels appear to 

be negatively charged with a particle size varying as a function 

of the type of cross-linker. Environmental scanning electron 

microscopy observations show a dependence of the particle 

swelling on the cross-linking density. Viscosimetry reveals 
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that starch microgels behave as charged polymers, where the 

reduced viscosity increases with dilution.  

 

Soppimath, et al 2001 prepared a new spherically shaped 

cross-linked hydrogels of polyacrylamide-grafted guar gum by 

the emulsification method. These were selectively derivatized 

by saponification of the –CONH2 group to the –COOH group. 

The derived microgels were characterized by FTIR and 

elemental analyses. The derivatized microgels were responsive 

to pH and ionic strength of the external medium. Swelling was 

reversible and pulsatile with the changing environmental 

conditions. The pH-sensitive microgels were loaded 

with antihypertensive drugs and their release studies were 

performed in both the simulated gastric and intestinal pH 

conditions.  

 

Raquois, et al 1995 synthesized monodispersed spherical 

particles (0.1 μm diameter in the latex phase) 

of microgels with different crosslinking densities by emulsion 

polymerization. The theological properties of suspensions of 

these particles have been studied over a wide concentration 

range. Increasing the cross-linking density of the spheres leads 

to an increase of the elastic modulus when the concentration is 

above this critical concentration. The addition of linear species 

can be used to adjust the theological properties of the 

suspensions. Two competing effects are involved. Either the 

viscosity of the suspending medium is increased or the 
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particles undergo an osmotic deswelling from the linear 

chains. Molecular weight and concentration of the linear 

chains can be chosen to promote the desired trend. 

 

In the second technique (type B) microgels are obtained 

when a cross-linking reaction is carried out in dilute solution. 

Whereas the probability of inner cyclization increases with 

dilution, and, below a critical threshold, all crosslinking 

reactions lead to microgels only (Ziegler dilution principle) 

 

Arndt, et al 2001 synthesized a thermo-sensitive hydrogel of 

an aqueous solution of poly (methyl vinyl ether) (PMVE) by e-

beam irradiation. At high polymer concentration a bulk gel 

was formed. Irradiation of diluted polymer solution at a 

temperature above the phase transition temperature conserves 

the structure of the polymer in the phase-separated state. The 

micro-particles formed under irradiation conditions were 

found to possess typical thermo-sensitive properties. Static and 

dynamic light scattering were used to determine the dimension 

of the formed particles. Their diameter roughly amounts to 

300–500 nm in the swollen state depending on the temperature 

of the solution. The dry, swollen, and shrunk states were 

structurally characterized by field emission scanning electron 

microscopy (FESEM) which confirmed that particles having a 

spherical shape with a sponge-like structure and a mean 

diameter in the range of 250–600 nm are formed. Many of 

them have an outer membrane with holes with as small as 5–
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20 nm. Even the shrunk state of the micro-gel showed also 

almost particles with a sponge-like structure and an outer 

membrane with small holes. The micro-gel cross-linked at 

higher radiation dose occurs denser. 

 

Rangelov and Brown 2000 studied light scattering 

measurements which show that, below molecular weights of 

about 106, PEO chains in aqueous solution follow the 

expected pattern of behavior for a flexible chain in a 

thermodynamically good solvent, although the coils are 

unusually extended because of specific interactions with water. 

For higher molecular weight chains, the molecular weight 

scaling exponent for the radius of gyration decreases. The 

observed collapse to a more compact coil conformation is 

because of microgel formation, probably stabilized by 

intramolecular hydrogen bonding via solvent molecules.  

 

Pitarresi, et al 2002 exposed the copolymer PHG based 

on α,β-poly(N-2-hydroxyethyl)-DL -aspartamide (PHEA) 

functionalized with glycidyl methacrylate, in aqueous solution, 

to a γ-ray source at different irradiation doses alone or in 

combination with poly(ethylene glycol)dimethacrylate 

(PEGDMA) or poly(ethylene glycol)diacrylate (PEGDA). The 

irradiation produces microgel systems that have been 

characterized by viscosity measurements. Lyophilization of 

microgels gives rise to samples able to swell instantaneously 
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in water whereas their treatment with acetone produces 

swellable microparticles that have been characterized. 

 

Another preparation method depending on 

intramolecular copolymerization of ultrafine synthetic polymer  

in its bulk form was introduced by Abd El-Rehim 2005 who 

prepared crosslinked polyacrylamide PAAm and acrylamide–

Na–acrylate P(AAm–Na–AAc) microgels  by electron beam 

irradiation. The dose required for crosslinking was found to 

depend on the polymer moisture content, so that the required 

dose to obtain PAAm of maximum gel fraction was over 40 

and 20 kGy for dry and moist PAAm, respectively. The 

structural changes in irradiated PAAm were investigated using 

FTIR and SEM. The swelling property of such microgels in 

distilled water and real urine solution was determined and 

crosslinked polymers reached their equilibrium swelling state 

in a few minutes. As the gel content and crosslinking density 

decrease, the swelling of the microgels increases. The ability 

of the microgels to absorb and retain large amount of solutions 

suggested their possible uses in horticulture and in hygienic 

products such as disposable diapers. 

 

There are a number of favorable structural features that 

make microgels candidates for different applications. 

Biomaterials applications are one of the main potential 

applications that have been investigated for microgels to date 

are drug delivery and regenerative medicine. Karg  and  
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Hellweg 2009 copolymerised organic comonomers such as 

different acids for drug delivery systems which is an 

important tool to control the polymer sensitivity towards 

temperature, pH and ionic strength. They studied the 

attachment of immunoglobulins to the synthetic polymer 

which was found to be interesting to improve the targeting 

precision for drug delivery applications. Targeting was found 

also to be improved by the use of microgel hybrids with 

magnetic nanoparticles. 

 

Another microgel application is organic coatings 

technology. Saatweber and Birnbrich 1996, prepared 

submicron crosslinked particles. These microgels are used in 

solvent borne coatings as well as in water borne paints due to 

their specific rheological behavior in liquid paints and their 

reinforcing properties in cured coatings. Properties 

of microgels can be varied in a broad range by differences in 

composition, structure, crosslinking chemistry and particle 

size. The influence of microgels on application, film forming 

behavior and dry film properties was studied. 

 

Besides medical applications and organic coatings 

technology, catalysis is also an area, where 

hybrid microgels are powerful systems and their potential 

still remains to be fully exploited. Related to this purpose e.g. 

new metal nanoparticles have to be incorporated into the 

polymer colloids.  
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II.2. Microgel-supported Titanium dioxide and 

Photocatalytic Degradation 

 

Biffis 2001 prepared microgel palladium stabilized 

colloids by a novel strategy based on the synthesis 

of microgels upon radical solution copolymerisation of 

suitable functional monomers containing sulfonic acid groups. 

These microgels can be conveniently loaded with Pd
2+

 ions 

which are subsequently reduced. The resulting metal colloids 

(10–20 nm diameters) can be precipitated from the reaction 

mixture and re-dispersed in suitable solvents. Preliminary tests 

indicate that microgel stabilized palladium colloids are active 

catalysts for the vinylation of aryl iodides and bromides (Heck 

reaction). 

 

Coutinho and Gupta 2007 prepared organic–inorganic 

composites with titanium dioxide (TiO2) nanoparticles 

embedded within colloidal particles of a cross-linked, 

thermally responsive polymer. To promote the incorporation 

of unaggregated nanoparticles of TiO2, temperature responsive 

microspherical gels (microgels) of N-isopropylacrylamide 

(NIPAM) with interpenetrating (IP) linear chains of 

poly(acrylic acid) (PAAc) were synthesized. Dynamic light 

scattering (DLS) measurements revealed that 

these microgels reversibly shrink and swell in diameter from 

300–400 nm to 600–800 nm with temperature. Two types of 
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nanoparticles of TiO2 were immobilized within the IP- 

microgels —fine TiO2 nanoparticles synthesized by the 

hydrolysis of titanium(IV) isopropoxide and commercially 

available Degussa P25. Characterization of the composite was 

conducted using transmission electron microscopy (TEM) and 

UV–vis absorption spectroscopy from which it was 

determined that the extent of loading of the TiO2 within the 

colloidal particles can be easily manipulated from a low value 

of 10% (weight) to a value as high as 75%. The 

TiO2 nanoparticles were in a dispersed state within 

the microgels and the composites showed rapid sedimentation, 

which is useful for gravity separations. By using turbidometry 

to characterize the settling behavior of the organic–inorganic 

composites, it was found that the settling time decreases as the 

content of TiO2 increases within the particles. The composites 

reported in this work are promising candidates for applications 

such as wastewater remediation where use of nanoparticles of 

TiO2 is advantageous for photo-catalysis but separation of the 

nanoparticles is relatively difficult.  

 

Synthetic dyes are a major part of our life as they are 

found in the various products ranging from clothes to leather 

accessories to furniture. These carcinogenic compounds are 

the major constituents of the industrial effluents. Various 

approaches have been developed to remove organic dyes from 

the natural environment. Over the past few years, there has 

been an enormous amount of research with advanced oxidation 
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processes (AOPs) as an effective method of wastewater 

treatment. Among AOPs, heterogeneous photo-catalytic 

process using TiO2 nanomaterials appears as the most 

emerging destructive technology due to its cost effectiveness 

and the catalyst inert nature and photo-stability. Khataee and 

Kasiri 2010. 

 

Rashed and El-Amin 2005 studied the photo-catalytic 

oxidation of methyl orange dye under different irradiation 

sources (Halogen lamp 1000 W, fluorescent lamp and natural 

sun light) over TiO2 catalyst. The results revealed that dyes 

under go fast degradation with the natural sun light than the 

halogen and fluorescent lamp sources. On other hand, fast 

degradation was obtained with increasing time of the halogen 

and fluorescent lamps as a light source. The rate of 

decolorization was estimated from residual concentration 

spectro- photometrically. At the used experimental conditions 

the substrate photooxidation rate follows pseudo-first order 

kinetics.  

 

Sleiman et al 2007 carried out the photocatalytic degradation 

of an azo dye Metanil Yellow in aqueous solution using TiO2 

as photocatalyst under UV irradiation. The decolorization and 

degradation kinetics were investigated and both followed a 

pseudo first order kinetic according to Langmuir–Hinshelwood 

model. Using HPLC/DAD and GC/MS analyses, more than 10 

major reaction intermediates were identified and a tentative 
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degradation pathway was proposed. Furthermore, ion 

chromatography (IC) and TOC measurements revealed a 

complete mineralization of Metanil Yellow into CO2, N2, H2O 

and inorganic ions (NH4, NO3 and SO4. On the other hand, an 

experimental design based on the surface response 

methodology was applied to assess the individual and 

interaction effects of several operating parameters (dye 

concentration, TiO2 concentration, pH, light flux, etc.) on the 

treatment efficiency (dye removal time). Based on the 

experimental design data, a semi-empirical expression was 

obtained, permitting to predict and optimize the dye removal 

time. This model was very consistent with experiment results 

(correlation factor: 99.5%). Moreover, additional experimental 

results obtained under near optimal conditions were found to 

be very close to the predicted values. 

 

Guetta and Amar   2005 investigated the kinetics study of the 

adsorption and degradation phenomena involved in the photo-

catalytic degradation of Methyl Orange (MeO) using a batch 

reactor and artificial UV-light. Experiments were performed in 

a suspended TiO2 (Degussa P-25) system at pH3 and mass 

catalyst 0.8 g/L. The initial concentrations of MeO were varied 

in the range 5–75 ppm. From the results, the adsorption was 

found to be an essential factor in the photodegradability of the 

dye. The kinetic analysis of the photodecomposition of MeO 

showed that the disappearance followed satisfactory the 

pseudo first-order according to Langmuir—Hinshelwood 
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model. The adsorption constant calculated from the linear 

form of this model, Kads (7.79) was found quietly higher than 

Kads deducted from isotherm adsorption. At high initial 

concentrations of MeO, the low efficiency of the photo-

catalytic process may result from the inhibition of the by-

products during the dye transformation. This inhibition was 

estimated by comparing to observed and estimated half-life 

time.  

 

Gupta, et al 2011 investigated the removal of the dye 

tartrazine by photodegradation using titanium dioxide surface 

as photocatalyst under UV light. The process was carried out 

at different pH, catalyst dose, dye concentration and effects of 

the electron acceptor H2O2. It was found that under the 

influence of TiO2 as catalyst, the colored solution of the dye 

became colorless and the process followed a pseudo first order 

kinetics. The optimum conditions for the degradation of dye 

were 6 × 10
− 5

 M dye concentration, pH of 11, and 0.18 mg/L 

of catalyst dose. In order to evaluate the effect of electron 

acceptor, the effect of H2O2 on the degradation process was 

also monitored and it was found that the hydroxyl radical 

formation and retardation of electron–hole recombination took 

place simultaneously. The adsorption studies of tartrazine at 

various dose of TiO2 followed the Langmuir isotherm trend. In 

order to determine the quality of waste water, Chemical 

Oxygen Demand (COD) measurements were carried out both 

before and after the treatment and a significant decrease in the 



 Literature                                                                                  Chapter II 

- 37 - 

 

values was observed, implying good potential of this technique 

to remove tartrazine dye from aqueous solutions. 

 

Vijay, et al 2009 synthesized nano-crystalline titanium oxide 

powder by reactive plasma processing using titanium hydride 

as the precursor powder. Photo-catalytic properties of the 

product were evaluated by monitoring the degradation of 

methylene blue dye solution. The photo-catalytic activity of 

plasma-synthesized nano-sized titania powder was found to 

be enhanced considerably by incorporating surface Ti
3+

 sites 

and hydroxyl groups. Phase composition of the powder 

showed that it consisted of a mixture 

of anatase and rutile phases, anatase being the major 

constituent. The photo-catalytic activity of the as-synthesized 

powder could be considerably improved by further thermal 

and hydrothermal treatment. Incorporation of surface 

Ti
3+

 sites and hydroxyl groups by thermal reduction, followed 

by hydrothermal treatment resulted in five-fold increase 

in photo-catalytic activity. 

 

Inspite of the efficiency of nano form or powder TiO2 as 

a photocatalyst; it faces a major drawback which is the 

difficulty of recollecting the catalyst and thus lack of 

reproducibility.  

 

Supported TiO2 photo-catalyst was studied by Khataee et al 

2009 for the degradation of three commercial textile dyes (C.I. 
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Acid Orange 10 (AO10), C.I. Acid Orange 12 (AO12) and C.I. 

Acid Orange 8 (AO8)) with different structures and different 

substitute groups under UV light irradiation. All the 

experiments were performed in a circulation photochemical 

reactor equipped with a 15-W UV lamp emitted around 365 

nm. The investigated photo-catalyst was industrial Millennium 

immobilized on glass plates by a heat attachment method. 

SEM images of the immobilized TiO2 nanoparticles showed 

the good coating on the plates, after repeating the deposition 

procedure three times. Photo-catalytic mineralization of the 

dyes was monitored by total organic carbon (TOC) decrease, 

changes in UV–vis spectra and ammonium ion formation. The 

dye solutions could be completely decolorized and effectively 

mineralized, with an average overall TOC removal larger than 

94% for a photo-catalytic reaction time of 6 h. The kinetic of 

photo-catalytic decolorization of the dyes was found to follow 

a first-order rate law.  

 

Chun, et al 2001 prepared surface bond conjugated TiO2/SiO2 

by means of the impregnation method. Based on the results of 

XRD, FTIR, XPS and BET measurements, the growth of 

titania (predominantly anatase) on the silica substrate seems to 

occur by anchoring of the TiO2 phase through Ti–O–Si cross-

linking bonds. The structure model of TiO2/SiO2 was 

proposed. Compared to B–TiO2, the most efficient catalyst is 

30 wt. % TiO2/SiO2 (Ims30), which showed three times higher 

photoactivity for the degradation of reactive 15 (R15). In 
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addition, the catalyst had a higher photoactivity on silica of 

smaller particle size than on the silica of larger particles. Silica 

gel plays the basic role of dispersion and support for power 

TiO2. The isoelectric point of the catalyst was 3.0 pH units by 

the measurement of zeta-potential, indicating the presence of 

the surface acidity of the catalyst. The photodegradation and 

the adsorption of R15 and cationic blue X-GRL (CBX) were 

investigated with the change of initial aqueous pH.  

 

Saepurahman, et al 2010 prepared and characterized 

tungsten-loaded TiO2 photocatalyst successfully. TEM 

analysis showed that the photocatalysts were nanosize with the 

tungsten species forming layers of coverage on the surface of 

TiO2, but not in clustered form. This was confirmed by XRD 

and FT-Raman analyses where tungsten species were well 

dispersed at lower loading (<6.5 mol%), but were in 

crystalline at higher loadings (>12 mol%). In addition, loading 

with tungsten could stabilize the anatase phase from 

transforming into inactive rutile phase and did not shift the 

optical absorption to the visible region as shown by DRUV–

vis analysis. Tungsten-loaded TiO2 was superior to unmodified 

TiO2 with 2-fold increase in degradation rate of methylene 

blue, and equally effective for the degradation of different 

class of dyes such as methyl violet and methyl orange. 

 

Zaina, et al 2005 studied the photo-degradation of various 

dyes in aqueous solutions. Experiments were carried out using 
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glass coated titanium dioxide thin film as photo-catalyst. 

Photo-degradation processes of methylene blue (MB), methyl 

orange (MO), indigo carmine (IC), chicago sky blue 6B 

(CSB), and mixed dye (MD, mixture of the four mentioned 

single dye) were reported. As each photo-degradation system 

is pH dependent, the photo-degradation experiment was 

carried out in each dye photo-degradation reactive pH range at 

≈28 ◦C. The dyes removal efficiency was studied and 

compared using UV–vis spectrophotometer analysis. The total 

removal of each dye was: methylene blue (90.3%), methyl 

orange (98.5%), indigo carmine (92.4%), chicago sky blue 6B 

(60.3%), and mixed dyes (70.1%), respectively. The 

characteristic of the photo-catalyst was investigated using X-

ray diffractometer (XRD). The amount of each dye 

intermediate produced in the photo-degradation process was 

also determined with the help of total organic carbon (TOC) 

analysis.  

 

Guo, et al 2005 spin-coated transparent porous TiO2 thin film 

on glass substrates, from a sol gel solution containing titanium 

alkoxide as precursor. Polyethylene glycol (PEG), with 

different molecular weights, was added to the coating solution 

as a structure-directing agent, and the films thus prepared were 

transparent, crack free and nanoporous. The surface 

morphology of the films has been observed by field emission 

gun scanning electron microscope (FEG-SEM), the crystal 

structure characterized by X-ray diffraction (XRD) and the 
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photo-catalytic activity of the TiO2 thin films evaluated. All 

the films are hydrophilic. The decomposition of PEG during 

high temperature treating is considered to be responsible for 

the generation of porous structure in the films as compared 

with TiO2 film without addition of the polymer, and higher 

molecular weight leads to larger pore size and specific surface 

area. XRD shows that all TiO2 films display the characteristic 

diffraction peaks of a TiO2 anatase structure. The 

photocatalytic activity of the TiO2 thin films as evaluated by 

the decomposition of methyl orange was increased with the 

PEG molecular weight increased.  

 

Andronic and Duta 2008 tested the photocatalytic activity of 

TiO2 (powder or thin film) in the reaction of photodegradation 

of methyl orange (MO). The effects of the initial concentration 

of dye, the pH, the amount and the type of TiO2 have been 

investigated. The films were prepared by doctor blade 

technique, and were annealed in air at various temperatures 

ranging from 300 to 500 ◦C. The thermal treatment increases 

the surface roughness of thin films. The best film (without 

fissures), with higher pores and small grains (150 nm) was the 

annealed one at 500 ◦C. The correlation between the measured 

contact angle and the films roughness estimated from atomic 

force microscopy (AFM) shows that a low contact angle 

(wetting behavior) corresponds to a higher porosity (a 

fractured structure, rich in edges and corners), and 

consequently to high surface energy. Kinetic analyses indicate 
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that the photo-degradation rates of dyes can usually be 

approximated as first-order kinetics for degradation 

mechanisms. Adsorption is a prerequisite for the TiO2-assisted 

photo-degradation, and the extent of degradation has been 

discussed in terms of the Langmuir–Hinshelwood model. 

Thin-film coating of photo-catalyst may solve the problems of 

leaching and separation. At a low concentration of MO 

(0.0125mM) the efficiency of MO photo-degradation is 

comparable in the case of thin film and powder of TiO2.  

 

Essawy 2008 prepared a novel low density polyethylene-

grafted-poly(4-vinylpyridine-co-acrylamide) (LDPE-g-P(4-

VP/AAm)) films by means of  radiation-induced graft 

copolymerization as support for photo-catalytic application. 

Nanometer-sized TiO2 particles were immobilized to the 

grafted LDPE via dip coating technique. The efficiency of 

immobilized photo-catalyst is tested on two target pollutants 

(textile azo dyes: Remazol red RB-133 (RR RB 133) and 

reactive blue 2 (RB2)). The efficient photo-catalytic ability as 

reflected in determined photo-bleaching rate of both dyes was 

observed and is comparable to that for the non-supported TiO2 

used in a typical slurry photo-reactor. The LDPE-g-(4-

VP/AAm) copolymers supported TiO2 photo-catalyst has the 

practical advantages of easy separation and removal from the 

polluted environment. It could be a viable technique for the 

safe disposal of textile wastewater into the water streams.  
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 Xiaohong 2003 fabricated microporous titanium dioxide thin 

films on titanium plates by the micro-plasma oxidation method 

with different current density (5,10 and 15 A/dm
2
). X-Ray 

diffraction, scanning electronic microscopy and UV–Vis 

spectrophotometry was used to characterize the films. The 

results indicate that the number and size of micropores and the 

crystallinity of the anatase and rutile TiO2 phases have 

increased with the current density. Degradation of Rhodamine 

B dye was used to test the photo-catalytic activity of the films. 

The relatively better degradation efficiency compared with 

Rhodamine B mineralization was obtained with the sample 

produced with a current density of 10 A/dm
2
. This behavior of 

the films is ascribed to the larger specific surface area and the 

higher crystallinity of anatase TiO2. 

 

Sonawane, et al 2004 prepared thin films of iron (Fe) 

doped titanium dioxide (Fe---TiO2) on a variety of substrates 

by using Ti-peroxy sol–gel dip coating method. The surface 

structure of the film was modified by adding different 

concentrations of polyethylene glycol (PEG) into the TiO2 sol. 

Most of the metal ion doped entered TiO2 lattice resulting the 

shift in optical absorption edge towards visible side. Addition 

of PEG alters the surface morphology and structure of the 

films. The increase in concentration of PEG increases the 

number and size of the pores on surface of the film by 

decomposition of PEG when the films are subjected to heat 

treatment. The adsorbed hydroxyl content of such porous films 
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is found to increase with amount of PEG added. Photo-

catalytic properties of the surface modified and Fe ion doped 

TiO2 catalyst was investigated by degradation of methyl 

orange in sunlight. The photo-catalytic activity of the PEG 

added Fe---TiO2 catalyst was enhanced by 2–2.5 times than 

undoped TiO2. 

 

Awitor, et al 2008 deposited crystalline 

anatase titanium dioxide (TiO2) thin films by reactive radio-

frequency (RF) magnetron sputtering on unheated 

poly(ethylene terephthalate) (PET) films. The stability of the 

polymer film under UV-light irradiation in air was then 

studied. With only a TiO2 layer the polymer film was degraded 

by in-air, UV radiation. However, a transparent bilayer 

coating, consisting of a TiO2 layer on top of an ultra-thin 

sputtered alumina (Al2O3) layer, on the PET film effectively 

protected the polymer layer from photo-oxidation. 

Furthermore, the top anatase TiO2 layer has very good photo-

catalytic activity, as shown by its ability to photo-degrade 

rhodamine B dye solution. The combination of these two 

properties allows photo-stable and transparent 

polymer/ceramic layered media with a self-cleaning surface. 

The developement of a process to deposit Al2O3/TiO2 bilayers 

on heat sensitive polymer films such as PET was achieved. On 

a PET film, this transparent polymer/ceramic layered media is 

stable against photo-degradation associated with outdoor 

exposure. Moreover the TiO2 outer coating is photo-
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catalytic so that it is self-cleaning. This bilayer PET coating 

process could be an excellent method to protect steel against 

corrosion. 

 

Kangwansupamonkon, et al 2010 synthesized a novel 

photocatalytically degradable TiO2/poly[acrylamide-co-

(acrylic acid)] composite hydrogel (TiO2/poly[AAm-co-AAc]) 

by polymerization in an aqueous solution with N,N’-

methylenebisacrylamide as the crosslinker and ammonium 

persulphate and TEMED as the initiator pair. The combined 

and separate effects of photo-degradation and adsorption 

processes for dye removal were evaluated using methylene 

blue (MB) as the model dye for a photo-degradation target, 

and compared with those of the neat poly[AAm-co-AAc], and 

a commercially available TiO2 photocatalyst (Degussa P-25). 

Without photodegradation (i.e. in the dark), the 

TiO2/poly[AAm-co-AAc] composite adsorbed up to 85% of 

the MB from a 5 mg/L MB solution in 15 min compared to 

only 10% for the pristine TiO2. The reproducibility in 

photodegradation of the reused poly[AAm-co-AAc] composite 

was also investigated, where poly[AAm-co-AAc] was found to 

be photo-catalytically degraded under UV irradiation. 

Therefore, the TiO2/poly[AAm-co-AAc] composite hydrogel 

is a good dye adsorber with self-photodegradability and it also 

can easily be separated from the reaction by simple filtration. 

With these properties, the TiO2/poly [AAm-co-AAc] hydrogel 
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can be called a green polymer for use in the photo-degradation 

adsorption process for the abatement of various pollutants.  

 

Tang  2007 synthesized a photocatalytic degradable 

TiO2/PAM composite by an aqueous solution polymerization 

method with N,N-methylene bisacrylamide as crosslinker, 

potassium peroxydisulfate as initiator, acrylamide as 

monomer, and TiO2 (P-25) as functional filler. The 

photocatalytic degradability of the composite was evaluated 

using methyl orange as photodegradation target, and the 

recovery and reproducibility of the composite was 

investigated. It was found that TiO2/PAM composite had good 

photocatalytic degradability; the composite also possessed a 

good reproducibility of photocatalytic degradability, which is 

possible to be used in practical process.  

 

Wang 2011 prepared composites of poly (N-

isopropylacrylamide-co-acrylic acid)/titanium dioxide (TiO2) 

via UV-initiated free radical polymerization. Fourier transform 

infrared spectra (FTIR), thermogravimetric analysis (TGA), X-

ray diffraction (XRD), environmental scanning electron 

microscope (ESEM), transmission electron microscopy (TEM) 

and X-ray photoelectron spectroscopy (XPS) are used to study 

the composition, structure, and morphology of the as-prepared 

composites. TiO2 is found to be successfully encapsulated in 

the copolymer in spherical shapes with size of 2.5 lm. The 

thermo- and pH-responsive properties of the composites are 
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observed using dynamic light scattering (DLS). The 

photocatalytic property of the composites is studied using UV–

vis spectrophotometer on the degradation of methyl orange 

(MO) solution under various pHs and temperatures. 

Degradation ratio is higher at low pH and increases with 

increasing temperature above volume phase transition 

temperature (VPTT).  

 

Wei,  et al 2008 synthesized titania microspheres with higher 

photocatalytic activity using TiCl4 and FeCl3 as the precursor 

in the presence of Span-80. The products were characterized 

with XRD, TEM and UV–vis, XRD and TEM indicated that 

the microsphere was a mixture of rutile, brookite and anatase 

with a diameter of about 5–7μm. The photocatalytic 

experiments revealed that the microspheres exhibited high 

photocatalytic activities under UV-light and solar irradiation. 

The degradation rate of methyl orange (MO) was 100% under 

UV-light irradiation for 3 h and 91% under solar irradiation for 

6 h. In particular, the catalysts could be readily separated by 

sedimentation after the photocatalytic reaction.  

 

II.3. Sulfonated Starch 

Chemical modification of starch involves the polymer 

molecules of the starch granule in its native form. 

Modification is generally achieved through derivatization such 

as etherification, esterification and crosslinking, oxidation, 

cationization and grafting of starch.  
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Chakraborty, et al 2005 studied the selective esterification of 

starch nanoparticles using a catalyst Candida antartica Lipase 

B (CAL-B). Starch nanoparticles in microemulsions reacted 

with vinyl stearate, ε-caprolactone, and maleic anhydride at 40 

°C for 48 h to give starch esters with degrees of substitution 

(DS) of 0.8, 0.6, and 0.4, respectively. Substitution occurred 

regioselectively at the C-6 position of the glucose repeat units. 

Infrared microspectroscopy (IRMS) revealed that AOT-coated 

starch nanoparticles diffuse into the outer 50 μm shell of 

catalyst beads. Thus, even though CAL-B is immobilized 

within a macroporous resin, CAL-B is sufficiently accessible 

to the starch nanoparticles. When free CAL-B was 

incorporated along with starch within AOT-coated reversed 

micelles, CAL-B was also active and catalyzed the acylation 

with vinyl stearate (24 h, 40 °C) to give DS = 0.5. After 

removal of surfactant from the modified starch nanoparticles, 

they were dispersed in DMSO or water and were shown to 

retain their nanodimensions. 

 

 Ou, et al 2001 esterified starch with ferulic 

acid (starch ferulate). Starch ferulate showed lower viscosity, 

higher water-holding capacity, and much less retrogradation 

during low temperature storage than native starch. It was only 

partly hydrolyzed (less than 10%) by diastase and the bound 

ferulic acid was largely released by colonic microorganisms. 

The rate of release and amount of released ferulic acid were 
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higher than with dietary fibres from wheat bran. Also, it 

increased survival of two yogurt strains during storage. 

 

Xing, et al 2006 prepared starch maleate by microwave-

assisted reactions. Microwave-assisted esterification in a dry 

medium for 5 min gives a reaction efficiency of 98%. 

Influences of reaction time, reagent molar ratio and water 

content of starch on the degree of substitution (DS) of the 

product and reaction efficiency were investigated. The 

structure of starch maleate was characterized by FTIR and 

NMR spectroscopy. Changes in the starch granules before and 

after modification were studied by scanning electron 

microscopy (SEM). Compared with the conventional heating 

synthesis method, microwave-assisted synthesis in a dry 

medium is rapid and energy saving with high reaction 

efficiency. 

 

Shaabani,
 

et al 2008 prepared sulfonated cellulose 

and starch as new catalysts and applied for the 

Fridedländer synthesis of quinolines through a condensation 

reaction of a 2-aminoarylketone with an activated CH-acid 

such as cyclic or acyclic β-diketone or cyclic ketone 

compounds with high yields within several minutes under 

solvent-free conditions at 100 °C. The low cost of cellulose 

and starch may allow carrying out synthesis of quinolines on 

macro scale. 
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Buttersack 1989 studied sulfonic acid groups attached to 

macroporous poly(styrene-divinylbenzene) copolymers are 

considered in terms of accessibility and catalytic activity of 

model reactions in water and a non-polar solvent. The 

accessibility is related to thermodynamic distribution 

equilibrium or to different local diffusion coefficients. With 

respect to the morphology in the dry state and the influence of 

swelling, non-interaction and interaction accessibility can be 

discerned. Size exclusion, cooperative and hydrophobic effects 

are relevant to the gel-phase, while pendent polymer chains on 

macroporous surfaces define the surface accessibility. In a 

polar solvents this surface region consists of a homogeneous 

network of acid groups. Their acidity is related to the number 

of hydrogen bridges forming an association of acid groups, 

which leads to a high sensitivity towards the amount of sorbed 

substrate or partial ion-exchange. In protophilic solvents the 

latter effects do not exist. 

 

Chan 1999 studied the removal of heavy metal ions (Pb
+2

, 

Cu
+2

 and Zn
+2

) from solutions with high crosslinked 

amphoteric starch containing the sulfonate anionic group and 

the tertiary ammonium cationic group. The adsorption 

capacity of sodium tertiary amine sulfunate starch is 0.05 

meq/g. The adsorption process has been found to be 

concentration and pH dependent and exothermic, and follows 

the Langmuir isothermal adsorption. The amount of adsorbed 
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metal ions on the adsorbent decreases when NaCl or Na2SO4 is 

added to the solution. 

 

Zhang, et al 2008 synthesized starch succinate half ester 

(SSHE) was by a simple method and used as water-reducing 

agent. The effects of both dosage of SSHE and storing time on 

the fluidity of cement paste and f-potential of cement particles 

were studied in comparison with that of carboxymethyl starch 

(CMS) whose dispersion ability mainly depends on steric 

hindrance effect. The results indicate that SSHE is a novel 

kind of water-reducing agent with super retarding 

performance. The main dispersion capacity of SSHE comes 

from steric hindrance repulsion rather than electrostatic 

repulsive force and the super retarding performance results 

from the introduction of reactive succinate half ester groups in 

acid form.  

 

Zhanga, et al 2001 investigated on the surface of Portland 

cement, four surfactants have different adsorptive behaviors: 

ethoxylated fatty alcohol sulfate (AES) belongs to the 

lignosulfonate (LS)-type of adsorption; cetyl piridinium 

chloride (CPC) is kinetically controlled; condensates of 

naphthalene formaldehyde (NS) have a linear relationship of 

adsorbance vs. concentration; and ethoxylated alkyl phenol 

(TX-10) is not adsorbed. All adsorbed surfactants have their 

hydrocarbon chain toward liquid phase and an increase in 

hydrophobicity of the cement surface. However, AES suffered 
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a change of hydrophilic!hydrophobic!hydrophilic because of 

the formation of adsorptive micelles. Both AES and NS only 

increase zeta potential, but CPC changes zeta potential from 

negative to positive. A modified Stern double-layer model has 

been proposed to illustrate adsorptive characteristics of the 

above surfactants.  

 

Vieira, et al 2005 investigated starch and cellulose anionic 

derivatives with the objective to obtain new biodegradable 

dispersing agents for mortar and concrete mixtures. For that 

purpose, different starch and cellulose materials were partially 

depolymerized, giving limit-dextrins with DPw 50–300 and 

level-off-DP (LODP) celluloses with DPw 30–150. The 

subsequent hydroxyethylation, carboxymethylation, or 

sulfoethylation of these partially hydrolyzed polysaccharides 

occurred in 2-propanol, whereas the sulfation was carried out 

in dimethylsulfoxide. The molecular weights of the samples 

were characterized by means of GPC, the chemical structure 

and functionalization pattern by means of NMR spectroscopy, 

and the rheological behavior of the sample solution was also 

determined. The dispersant products were tested as mortar and 

concrete admixtures. As a result, it could be shown that 

partially hydrolyzed and sulfoethylated amylomaize starch 

(70% amylose) provides the most efficient dispersing agent. 

The results were comparable to those of superplasticizers (i.e., 

polycarboxylate ethers).   
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Cui, et al 2007 prepared starch sulfate by chemical 

modification of potato starch with trisulfonated sodium amine 

which was synthesized by reaction of sodium bisulfate and 

sodium nitrite in aqueous solution. The factors that could 

affect the degree of substitution (DS) of potato starch were 

investigated in detail, which included reaction temperature and 

time of preparing the sulfating agent, reaction temperature and 

time of synthesizing the starch sulfate, dosage of sulfating 

agent and potato starch, pH of sulfation reaction medium, and 

the ratio of liquid volume to starch mass. A starch sulfate with 

DS of 2.14 was obtained under optimal conditions. FTIR 

spectra showed the characteristic absorptions of sulfate ester 

bonds at 1236cm
-1

 and 821cm
-1

.  

 

Zhang, et al 2007 used starch has to synthesize starch 

sulfonate (SS). The adsorption characteristics of SS on 

Portland cement particles were investigated by measuring zeta 

potentials, X-ray photo spectroscopy and UV–visible 

adsorption and its effects on the fluidity of cement paste were 

studied in comparison with traditional naphthalene sulfonated 

formaldehyde condensates (FDN) whose dispersion ability 

mainly depends on electrostatic repulsive forces. The results 

indicate the adsorption isotherm of SS conforms to Langmuir-

type adsorption and the adsorption conformation of SS is 

dendritic due to its molecular structure. The adsorption layer 

of SS is much thicker than FDN. The dispersion capacity of SS 

mainly comes from steric hindrance effects rather than 
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electrostatic repulsive forces. The dispersions stabilized by 

steric hindrance have better fluidity at lower adsorption 

amount and higher stability than those stabilized by 

electrostatic repulsive forces.  

 

Abd El-Rehim and ELnesr 2007 investigated the effect of 

ionizing radiation on the properties of untreated ethylene vinyl 

acetate copolymer (EVA), sulfonated EVA and polyethylene-

ethylene vinyl acetate blend (PE/EVA). The crosslinking of 

the samples was studied on the basis of gel-content 

measurements, as well as some thermal and mechanical 

properties of the specimens. The results indicated that EVA 

and sulfonated EVA were more sensitive to the electron beam 

irradiation. The improvement in the measured gel content, 

tensile strength, and elongation at break and heat resistance of 

the EVA and sulfonated EVA has confirmed the positive 

effect of low doses electron beam irradiation on such 

copolymers. The crosslinked sulfonated EVA membranes 

were used for sucrose hydrolysis. The catalytic activity of the 

membranes was found to be dependent on the reaction 

temperature and the amount of the sulfonic acid groups hosted 

in the EVA membranes. The results of this work suggest that 

crosslinked sulfonated EVA membranes have a strong 

potential to replace liquid sulfuric acid and ion exchange 

resins in sugar hydrolysis processes. 
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Godbole, et al 1990 immobilized yeast invertase on 

polyethyleneimine-coated cotton thread by adsorption 

followed by crosslinking with glutaraldehyde. The thread-

bound invertase was used as an easily retrievable system for 

the hydrolysis of 80% w/v commercial sucrose syrups. The 

immobilized enzyme was stable for over 90 days to a 

temperature of 50°C, only when stored in 80% sucrose 

solution. Above this temperature, inactivation of enzyme was 

observed. The cotton threads were used in a batch reactor for 

hydrolysis of sucrose in about 30 batches carried out over a 

period of 50 days without loss in activity. The threads could 

also be used in a packed bed reactor (1.5 L) for 97% 

hydrolysis of 80% sucrose syrups at 50°C at a rate of about 

360 kg per month for a period of 3 months. 

 

Nasef, et al 2005 investigated the hydrolysis of sucrose to 

glucose and fructose by poly(tetrafluoroethylene-co-

perfluorovinyl ether)-graft-polystyrene sulfonic acid (PFA-g-

PSSA) membranes. The membranes were prepared by 

simultaneous radiation-induced grafting of styrene onto 

poly(tetrafluoroethylene-co-perfluorovinyl ether) (PFA) films 

using γ-radiation followed by sulfonation with chlorosulfonic 

mixture. The kinetics of the reaction was determined for 

various membranes in batch mode and the reaction rate 

constants were obtained in a temperature range of 40–70 
◦
C. 

The catalytic activity of the membranes was found to be 

dependent on the reaction temperature and the concentration of 
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the sulfonic acid groups in the membranes. The results of this 

work suggest that PFA-g-PSSA membranes have strong 

potential to replace liquid sulfuric acid and ion exchange 

resins in sugar hydrolysis processes. 

 

Pito, et al 2009 prepared series of PVA with different 

crosslinking degrees. It was observed that the catalytic activity 

of PVA matrix increases with the crosslinking degree, due to 

the increases of the amount of sulfonic acid groups on PVA. 

Further, the influence of various reaction parameters, such as, 

catalyst loading, initial concentration of sucrose and 

temperature, on the hydrolysis of sucrose over PVA-40 was 

studied. It was found that at 80
o
C, with 0.511 g of catalyst 

loading and with an initial concentration of sucrose of 0.6 M, a 

sucrose conversion of about 90%, after 3 h, could be obtained. 

The PVA-40 catalyst was recycled and reused with negligible 

loss in the activity. A simple kinetic model was developed 

assuming that the sucrose hydrolysis is an irreversible reaction 

and the first order with respect to the sucrose concentration. 

Since the concentration profiles of the reactant and the 

products do not exhibit any pronounced initial inductive 

period, the external and internal diffusion of the reactant and 

products on the catalyst were not considered. It was observed 

that the kinetic model fits experimental concentration data 

quite well. 
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Abdel Mohdy and Abd El-Rehim 2008 prepared Kappa 

carrageenan/acrylic acid graft-copolymers (kC-g-AAc) by 

using γ-radiation. The prepared graft-copolymer was acidified 

to convert the sulfate group (–OSO3−) in kappa carrageenan 

into sulfuric group (–OSO3H) to be used as catalytic reagent 

for sucrose hydrolysis. The hydrolysis of sucrose to glucose 

and fructose by kC-g-AAc copolymers was investigated. The 

kinetics of the reaction was determined for various kC/AAc 

compositions and the reaction rate constants were obtained in 

a temperature range of 40–70
o
C. The catalytic activity of the 

copolymers was found to be dependent on the reaction 

temperature and kC/AAc compositions, it increased with high 

reaction temperature and enhanced kC content (high –OSO3H 

groups) in the feed solution. The obtained results suggest that 

the prepared kC-g-AAc copolymers considered as catalytic 

reagent for sugar hydrolysis. 

 

Qing, et al 2005 synthesized a series of sulfonated 

polybenzimidazoles (sPBI-IS) with controlled sulfonation 

degrees (SDs) from various stoichiometric ratio mixtures of 5-

sulfoisophthalic acid monosodium salt (SIPN), 4,4-

sulfonyldibenzoic acid and 3,3-diaminobenzidine by solution 

copolycondensation in poly(phosphoric acid). The resulting 

sulfonated polymers were characterized by means of FTIR, 1H 

NMR and GPC, in addition to TGA and DMA. The number-

average molecular weights (Mn) of the sPBI-IS are in the 

range of 45,500–64,000, and the polydispersity indices 
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(Mw/Mn) vary from 1.9 to 2.4. The synthesized sPBI-IS 

samples present good solubilities in polar aprotic solvents and 

they are easy to form the transparent, flexible and tough films 

by solution casting. These polymer membranes show excellent 

thermal stabilities and dynamic mechanical properties. The 

thermal stability of the sodium form sPBI-IS remarkably 

increases with increasing SD. However, the acidic form sPBI-

IS presents less thermal stability than the non-sulfonated 

sample (sPBIIS0). 

The onset decomposition temperature (Td) and the glass-

transition temperature (Tg) of the acidic form sPBI-IS70 are 

439
o
C and 196

o
C, respectively. The sulfonated membranes 

show higher storage moduli and loss moduli than sPBIIS0.The 

resulting sPBI-IS membranes with high hygroscopicity show 

potential application as the high temperature proton exchange 

membrane in fuel cell. 

 

Jang, et al 2005 studied the effect of the chemical backbone 

structure on the hydrolytic stability and other properties. To 

study the difference in the hydrolytic stability with change in 

the chemical backbone structure of sulfonated polyimides they 

synthesized phthalic sulfonated polyimides and naphthalenic 

sulfonated polyimides. Two series of phthalic sulfonated 

polyimides were prepared using 4,4’-oxydiphthalic anhydride 

(ODPA) and 4,4’-methylene dianiline (MDA), and 4,4’ 

(hexafluoroisopropylidine) diphthalic anhydride (6FDA) and 

oxydianiline (ODA). 4,4’-diaminobiphenyl-2,2’-disulfonic 
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acid (BDSA) was used to introduce sulfonic acid group into 

both series. Naphthalenic polyimides were synthesized from 

1,4,5,8-naphthalenetetra-carboxylic dianhydride, BDSA, MDA 

and ODA. Also to observe other properties according to 

variation of sulfonic acid content, the degree of 

functionalisation was effectively controlled by altering the 

mole ratio between the sulfonated and non-sulfonated diamine 

monomers in phthalic sulfonated polyimides. The hydrolytic 

stability of the polyimides was followed by FT-IR 

spectroscopy at regular intervals. Polyimides prepared using 

naphthalenic dianhydride, NTDA, exhibited higher hydrolytic 

stability than the phthalic dianhydrides. The proton 

conductivity, ion exchange capacity (IEC) and water uptake 

measurements revealed the dependence on the molecular 

weight of the repeating unit. The proton conductivity of the 

sulfonated polyimides was found to vary with chemical 

backbone structure. 

 

Dhepe, et al 2005 modified mesoporous silicas with sulfonic 

acid groups either by one-pot or by grafting method. In the 

hydrolysis of sucrose and starch, the sulfonated mesoporous 

silicas work as water-tolerant recyclable solid acid catalysts. 

 

Torres and Oliveira 1999 used the hydrolysis of sucrose in an 

acid medium as a temperature indicator to measure holding 

temperatures in a continuous thermal-processing unit. From a 

theoretical analysis, target conversion (v) and errors in both 
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acid concentration and conversion measurements were found 

to affect significantly the accuracy of predicted temperatures, 

whereas errors in the determination of the fluid mean 

residence time did not show a significant effect. For different 

pasteurisation temperatures (70°C<T<86°C) and flow rates 

(4800< Re< 11,300), the acid concentration in the medium 

was adjusted so that different extents of reaction could be 

tested, as the reaction rate was found to increase exponentially 

with [H.]. Nitric acid solutions were circulated through the 

unit, a sucrose solution was continuously fed to the entrance of 

the holding tube and sucrose concentration was analysed at the 

half way part and at the exit of the holding tube. The 

temperature of the holding section was then estimated from the 

measured conversion. These results compared well with 

thermocouple measurements, with deviations of less than 4°C 

for conversions between 0.4 and 0.7, whereas greater errors 

were obtained for both low and high conversions. The 

activation energy for the acid hydrolysis of sucrose was 

confirmed to be independent of pH. In opposition to what 

would be expected from theory, the pre exponential factor was 

found to increase exponentially with [H.], although showing a 

quasi-linear behavior for pH above approximately 1.1. The 

acid hydrolysis of sucrose was successfully applied in the 

assessment of holding temperatures in continuous thermal 

processing. Temperature prediction based on kinetic data 

obtained in batch conditions yielded good results, but proved 

to be very sensitive to pH and conversion values; thus a large 
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number of samples is advised for obtaining reliable results and 

low standard errors. Additionally, the target conversion was 

also confirmed to affect the accuracy of predictions, and 

values between 40% and 70% are recommended. 

 

 



 

 

CHAPTER IV 

 

Results and Discussion 

 

 

Part I: Preparation of PVA microgel 

IV.1. Structure Analysis of the PVA/AA Microgel 

IV.1.1. Gel Content Measurements 

 

Trails were made to prepare PVA microgel using 

electron beam irradiator. Dry and moistened PVA were 

irradiated at different irradiation doses. As it can be observed 

from Figure (1); the gel content of the irradiated dry samples is 

very limited and its value is not significantly affected by the 

increase of the applied irradiation dose. However, gel content 

of moistened PVA increases with the increase of the applied 

irradiation dose to reach its maximum value at 40kGy 

thereafter, any further increase in the applied dose results in 

slightly decrease in the gel content value.  

 

 Also, it was clear from Figure (1) that as the amount of 

moisture in PVA increases the gel fraction increases and the 

required dose for crosslinking decreases. 
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Figure 1: Effect of applied irradiation doses on the gel 

content% of PVA of different moisture contents 
 

 

 

 

 

Irradiation Dose (kGy)

20 30 40 50 

G
e
l 
C

o
n
te

n
t%

0

5

10

15

20

25

30

35

Dry PVA

10% (wt/wt) H2O

15% (wt/wt) H2O

20% (wt/wt) H2O



 Chapter IV                                                            Results and Discussion                                   

- 74 - 

 

In the case of irradiating polymer in the dry form, 

crosslinking was achieved from the direct effect of 

irradiation. The radiation creates radicals localized mostly on 

the main chains. The random recombination of these radicals 

creates covalent chemical bonds between the chains of 

polymer. It causes an increase in the branching and increase 

of average molecular weight of the polymer, which reflects 

on the polymer properties as partially insolubility [Chapiro 

A. 1962].  

 

In the case of irradiating polymer in wet form, in 

addition to the direct effect of irradiation on the PVA chains, 

there are two ways for the water to contribute in the 

crosslinking process of PVA. First, it enhances mobility and 

elasticity of the rigid PVA chains. As a consequence, 

molecular movement of the chains takes place, allowing the 

macroradicals to recombine and to enhance intermolecular and 

intramolecular recombination reactions. Second, the products 

of water radiolysis, namely, hydrogen and hydroxyl radicals, 

create macroradicals by abstracting H from the polymer chains 

as shown in the following scheme.  
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OHOH

ionizing

radiation

PVA
 

Thus, the crosslinking process of PVA occurs faster and 

easier in the presence of water. To enhance the crosslinking 

reactions, water should be homogeneously dispersed in the 

powder before irradiation. [Rosiak and Ulanski 1999]. 

 

In the same context; irradiating PVA in the dry form 

requires much higher doses to obtain a gel if compared to 

irradiation in solution.  One of the reasons for the high gelation 

doses required in the dry state is that the radiation-chemical 

yields of the radicals is usually lower than that in aqueous 

solution. Also the restricted motion of the radical bearing 

chains limits the effectiveness of crosslinking [Rosiak and 

Yoshi 1999]. 

 

To improve the functionality and gel fraction of PVA 

microgel, chains of PAA were incorporated into PVA 

microgel by radiation grafting technique. 
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Different amount of (AA /H2O) (50:50) was absorbed 

by PVA microgel and exposed to electron beam irradiation at 

dose of 40kGy. The gel fraction of irradiated samples was 

determined and is shown in Figure (2).   As it can be seen from 

the figure, the increase in the AA content is accompanied by a 

mutual increase in the gel fraction. When PVA entrapped 

AA/H2O mixture exposes to ionizing radiation, it creates 

radicals localized on AA and the main chains of PVA. The 

free radical contents on AA increase by radiation and 

consequently, tends to recombine and graft with PVA macro-

radicals,   As a result, crosslinked graft copolymer with high 

gel fraction is obtained.    
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Figure 2: Gel content% of different PVA/ H2O and PVA/ (AA: 

H2O) (50:50) compositions; Prepared at 40kGy 
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The effect of different PVA molecular weight on the 

copolymer crosslinking network structure formation was 

investigated and is shown in Figure (3).  At a certain 

composition, the increase in the molecular weight of the PVA 

is correlated with an increase in the gel content. The chain 

entanglement of high Mwt PVA allows the enhancement of 

intermolecular and intramolecular recombination reactions. As 

a result the gel fraction of the copolymer prepared by high 

Mwt PVA increases. 

 

The effect of different AA /H2O ratio on the copolymer 

gel fraction was investigated.  As shown in Figure (4), the 

increase in the H2O ratio on the expense of AA  led to an 

increases in the gel content% to reach maximum at AA /H2O 

(25:75).  Meanwhile the gel content% tends to decrease when 

the AA /H2O ratio is (0/100) (i.e. in absence of AA). The 

results suggested that there is synergistic effect of combining 

both AA and water on PVA/AA gel fraction formation and the 

maximum gel fraction occurred at ratio of (25:75) (AA /H2O). 
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Figure 3: Effect of different PVA Mwts on the gel content of 

PVA/ (AA: H2O) (50:50) copolymer, prepared at 40kGy 

 

PVA Content

90% 85% 80%

G
e

l 
C

o
n

te
n

t%

0

20

40

60

80

100
MWt14000

MWt 18000

MWt 22000

MWt125000



 Chapter IV                                                            Results and Discussion                                   

- 80 - 

 

 

 

 

 

 

 

 

Figure 4: Effect of AA composition on the gel content of 

microgel prepared at 80/20 PVA/ (AA: H2O) microgel; 

prepared at 40kGy, PVA Mwt 14,000 
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IV.1.1.2. Swelling Measurements  

The swelling properties of the formed microgel are 

dependent on various factors among them; the degree of 

crosslinking. The swelling % of PVA prepared at different 

applied dose was investigated at room temperature and shown 

in Figure (5). 

 

As it is shown in Figure (5), the swelling of PVA 

irradiated at dry state is higher than that irradiated at moisten 

state.  In general, samples possessing the lowest gel content% 

gives the highest swelling %. This result may be explained due 

to lower gel content value that does not alter the hydrophilicity 

of PVA and increase polymer chains mobility leading to a 

reduction in the diffusion resistance to water molecules and 

allowing more accessibility to the hydrophilic sites. 
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Figure 5: Effect of applied irradiation dose on the swelling% 

of PVA microgel prepared at different moisture content 
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Among the factors affecting the degree of swelling is the 

polymer chemical structure. Where, the lack of the ionic 

character, in any polymer, reduces the polymer ability to 

absorb aqueous solutions. In order to raise their swelling 

efficiency in any aqueous solutions an ionic character is 

introduced in the polymer. This is through either the 

hydrolysis of an already existing group or through the 

introduction of an ionic group. The presence of an ionizable 

hydrophilic group results in an electrostatic repulsion between 

the polarized charged groups on the network chain and the 

concentration inside and outside the gel; forcing the formed 

gel to swell at higher values. From this standpoint AA 

monomer was introduced in the polymer. 

 

The effect of different PVA contents on the swelling % 

is investigated and shown in Figure (6), the data showed that 

the increase in the AA concentration is accompanied by a 

decrease in the swelling%.  This agrees with the gel content 

results, where higher PVA concentration results in lower gel 

content and consequently higher swelling %. 

 

The effect of different PVA molecular weights on the 

swelling of the microgel was studied and illustrated in Figure 

(7). The swelling behavior of PVA/AA copolymer decreases 

as the Mwt of PVA increases. The data confirms the gel 

content% results where the use of higher molecular weight 
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PVA led to higher gel content and consequently lower 

swelling.   

 

 

 

 

 

 

 

Figure 6: Swelling% of different PVA/H2O and PVA/ (AA: 

H2O) (50:50) compositions; prepared at 40kGy 
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Figure 7: Effect of different PVA molecular weight on the 

swelling% of PVA/ (AA: H2O) (50:50); prepared at 40kGy 
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The effect of different AA /H2O ratios on the copolymer 

swelling was investigated in Figure (8).  It can be observed 

that the increase in the AA ratio on the expense of H2O led to 

an increase in the swelling.  

 

 

 

 

 

 

 

 

 

Figure 8: Effect of AA composition on the swelling of 80/20 

PVA/ (AA: H2O) microgel, prepared at 40kGy, PVA Mwt 
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To ensure the grafting copolymerization of the AA onto the 

PVA backbone, FTIR of the gel was studied and illustrated in 

Figure (9). 

IV.1.3. FTIR 

 

As it can be seen from Figure (9), PVA under EB 

irradiation shows a band at  3320 cm
-1

 for OH-stretching, 

1590cm
-1

, 1460cm
-1

, for C=O and C=C, respectively which are 

shifted to a higher side of the spectrum after the graft 

copolymerization process. In addition to the appearance of 

peaks at 1723 cm
-1

 related to the presence of the carboxylic 

group of AA. 

 

IV.1.4. Structure and Particle Shape Investigation of the 

Prepared Microgel Using SEM 

 

The gel surface topology and size was investigated 

through SEM and illustrated in Figure (10). The Figure shows 

the irradiated powders of PVA/AA of distinct particles of 

sphere diameter about 500mm which is in the microgel scale, 

in addition to the appearance of some aggregates on the 

spherical particle which are the grafted AA chains. 
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Figure 9: FTIR of untreated PVA and PVA/AA 
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Figure 10: SEM of (a) PVA and (b) PVA/AA microgel 
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IV.2. Immobilizing Titanium Dioxide as Photo-catalyst 

 

Immobilization of different TiO2 concentrations on the 

surface of the prepared PVA/AA microgel was investigated. 

The structural changes and photo-catalytic efficiency of the 

prepared TiO2- PVA/AA microgel were studied. 

IV.2.1. Structural Changes in PVA/AA Microgel 

Immobilized with TiO2 

IV.2.1.1. FT-IR 

 

FTIR spectra of PVA/AA, PVA/AA-TiO2 catalysts are 

presented in Figure (11). As seen in the Figure, the bands 

attributed [Busca G. et al 1994] to the vibrational mode of the 

skeletal O---Ti---O bonds of the anatase phase, with a 

maximum at 474 cm
−1

 and several components not well 

resolved in the range 500–900 cm
−1

, with a shoulder at 

800 cm
−1

 and another one near 700 cm
−1

. [Cristallo G. et al 

2001] which confirm the immobilization of TiO2. 
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Figure 11: FTIR of (a) PVA/AA and (b) PVA/AA with TiO2 
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IV.2.1.2. X-ray Diffraction (XRD) 

 

Generally XRD is carried out to confirm the TiO2 

polymorphs and their crystalline phases.  XRD of PVA/AA 

and PVA/AA-TiO2 microgel was measured and the data are 

shown in Figure (12). A strong diffraction intensity at 2Ɵ=25
o
 

and 48
o
 for PVA/AA-TiO2 indicates the presence of the 

anatase phase of TiO2 responsible for the photo-catalytic 

degradation process. Anatse-phase of titanium is known of 

having a photo-catalytic activity over the rutile phase. In fact 

the existence of rutile -phase may be detrimental to the 

photocatalytic activity process as rutile has been reported to be 

connected to its fast recombination rate of generated electrons 

and holes [Huang et al 2006, Tryba et al 2003]. 
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Figure 12: XRD of PVA/AA microgel and (PVA/AA)-TiO2 

microgel 
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IV.2.1.3. Energy-dispersive X-ray spectroscopy (EDX) 

 

In order to illustrate the relationship between the photo-

catalytic activity and the content of TiO2, samples with various 

feed ratios of TiCl4 were prepared and the elemental 

composition of the PVA/AA-TiO2 microgels was identified 

through EDX elemental mapping. Figure (13) shows the EDX 

patterns of TiO2 of various feed solution. The intensity of Ti 

peak on the EDX chart reflected the amount of Ti in microgel.  

EDX analysis showed that Ti content on the microsphere 

surfaces increases with the increase in the concentration of 

TiCl4 added in the feed solution.   
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Figure 13: EDX for PVA/AA-TiO2 microgel, amount ofTiCl4:  

(a) 0, (b) 0.1, (c) 0.3 and (d) 0.5g/L 
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IV.2.2. Heterogeneous Photo-catalytic Activity 

IV.2.2.1. Evaluation of catalytic performance of 

TiO2/PVA/AA catalysts  

 

The catalytic efficiency of the developed PVA/AA- 

TiO2 microgel catalysts was evaluated by the photo-

degradation of an azo dye. Metanil Yellow (C18H14N3O3SNa) 

M.W. 375.391 is a water soluble anionic monoazo dye with a 

sulfonate group. It has been used in solution with other smaller 

molecular weight yellow acid dyes to increase the intensity of 

staining. Moreover, it is used as a colorant in wool, nylon, 

silk, paper, detergent, and biological staining [Das et al 

1997].This dye has been known by its toxicity and 

carcinogenic nature as well as its presence in wastewater of 

several industrial wastes such as textile, tannery, soap and 

polishes…etc.  The chemical structure of Metanil Yellow is 

characteristic by the conjugated structure constructed via azo 

bond that appears at wavelength of 448 nm.  

 

The photo-catalytic reactivity of TiO2-supported 

microgel is reflected by   following up the rate of the color 

bleaching upon UV irradiation and is measured in terms of 

absorbance values at 448nm that decreases during the 

irradiation degradation process as shown in Figure (14) and 

photo (1).when the TiO2-supported microgel adsorbs dye from 

its solution, its color changes from colorless to deep brown. 

Using UV irradiation the absorbed dye photo-degraded and the 
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color of both dye solution and TiO2-supported microgel fade 

gradually  from  brown to yellowish  brown and finally to  pale 

yellow color.  

 

 

 

 

 

 

 

 

Figure 14: UV–Vis spectra evaluation of Metanil Yellow 

solution as a function of UV-irradiation time, TiO2 

concentration 0.5 g/L 
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Photo 1: Metanil yellow color fading with irradiation time (0-

180min) 
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Degradation of metanil yellow can be explained in 

terms of the elementary mechanisms. Generally, TiO2 good 

catalytic activity evolves from electron/ hole pairs which are 

produced via irradiation. In the presence of aqueous medium 

these (e
-
/h

+
) pairs react with H2O and O2 to create hydroxyl 

radicals (
●
OH) and superoxide species (O2

●-
), which exhibit 

excellent chemical activity and oxidative decomposition 

ability. These active substances, 
●
OH, O2

●-
 and h

+
, react with 

metanil yellow molecules, leading to the degradation of the 

organic dye until it reaches complete mineralization to 

generate colorless products, as shown in the Scheme 1 : 

 

Scheme 1: Photosensitized degradation mechanism of 

TiO2/dye [Das et al 1997] 
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IV.2.2.2. Effect of TiO2 Photo-catalyst Concentration 

 

There are several factors known to affect the activity of 

the catalyst. The most important one is catalyst concentration 

[Sleiman et al 2007]. 

 

 

In order to determine the optimal amount of catalyst for 

photo-catalytic degradation process, a series of experiments 

with varied amount of photo-catalyst have been conducted. 

The amount of the photo-catalyst was varied between 0.1 and 

0.5 g/L.  

 

First the solution without any catalysts was irradiated 

under UV light in advance and the catalyst was subsequently 

dispersed in the metanil yellow solution under vigorous 

agitation in dark for adsorption. The adsorption reached 

equilibrium 2 h later. Then the mixture was irradiated and 

separated via centrifugation. The supernatant liquid was 

measured using UV–vis spectrophotometer.  

 

Figure (15) shows the effect of the concentration of 

TiO2 immobilized into PVA/AA microgel on the degree of dye 

degradation%. PVA/AA microgel in absence of TiO2 that put 

into same volume of Metanil Yellow solution showed 

negligible discoloration of the dye solution by UV/Vis 

irradiation. This indicated that the photo-catalytic experiments 
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occurred in a pure photo-catalytic regime where hydrolysis 

and photochemical processes can be neglected. 

 

Meanwhile, degradation of dye using PVA/AA microgel 

immobilized TiO2 increases by increasing irradiation time for 

all TiO2 Photo-catalyst concentrations. The degree of 

discoloration of dye solution increases with increasing amount 

of photo-catalyst, reaching the higher value at catalyst 

loading=0.5 g/L. The degradation ratio (%) could be calculated 

using the following equation: 

 

D = [(Co-Ct) / Co] X 100 

 

Where, D is degradation ratio, Co and Ct are the concentration 

of dye solution before and after irradiation, respectively.  

 

The most effective decomposition of metanil yellow 

(90%) was observed with the catalyst amount equal to 0.5g/L. 

This behavior is caused by the so-called shielding effect after 

exceeding the optimal amount; the suspended TiO2 reduces the 

penetration of the light in the solution.  

 

In heterogeneous photo-catalytic degradation process 

the adsorption of dye onto the catalytic surface is the primary 

step of the reaction. The adsorption experiments were carried 

out in order to evaluate the rate constants of adsorption. 
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Figure 15: Degradation of Metanil Yellow in the presence of 

TiO2-(PVA/AA) microgel of different TiCl4concentration feed 

solutions (A)= 0.1, B=0.3, C= 0.5g/L and D=0g/L 
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IV.2.2.2.1. Effect of TiO2 Concentration on the Amount of 

Dye Adsorbed on Unit Mass of PVA/AA Microgel and Rate 

Constant of Adsorption 

 

The photo-catalytic discoloration of metanil yellow is an 

apparent first-order reaction following eq (1). The variation of 

adsorption percentage of metanil yellow on different 

concentration of TiO2 supported microgels in the dark as a 

function of time is evaluated and illustrated in figure (16). 

 

ln Co/C = f(t)                                                          eq.(1) 

 

As shown from Figure (16) the increase in the catalyst 

concentration is accompanied by a mutual increase in the 

amount of dye adsorbed per unit mass of the supported 

catalyst, this due to the increase in the number of the titanium 

receptor sites. 

 

At the same time, the effect of TiO2 concentration on 

the dye removal time is significant, as expected, confirming 

the positive influence of the increased number of TiO2 active 

sites on the process kinetics.  
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Figure 16: Kinetics of amount of metanil yellow dye adsorbed 

on unit mass of PVA/AA microgel concentration of TiCl4 feed 

solution (A) = 0.1, B=0.3 and C= 0.5g/L 
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A simple kinetic analysis of adsorption is the first order 

equation. The data fit the following first-order rate equation 

 

ln(Ct − Ce) = −kt + constant                                   eq(2) 

 

Where, k (min
−1

) is the first-order rate constant, Ct is the 

concentration of the titanium in the solution at time t and Ce is 

the concentration at equilibrium. Plotting ln(Ct − Ce) versus 

time in minutes gives good linear plot as shown in Figure (17). 

 

As seen from Figure (17) the photo-degradation 

efficiency increases with the increase in the amount of TiO2, to 

reaches the highest value of catalyst amount (0.5g/L). It is 

known that, higher TiO2 concentrations, may lead to 

insignificant increase in dye photo-degradation efficiency.   

This is because of the screening effect of excess particles 

which mask a part of the photosensitive surface active sites 

and hinder the light penetration [Akpan, et al 2009]. 

 

To enable quantitative comparison, the apparent rate 

constants were calculated and displayed in Table (1). The table 

confirms the fore mentioned interpenetrations where the 

increase in the TiO2 concentration results in an increase in the 

rate of the reaction. 

 

The efficient photo-catalytic ability reflected in the 

determined photo bleaching rate of the dye.  The practical 
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advantages of direct and ease of removal of the pollutant dyes 

from the environment by adsorption on the catalyst, makes it a 

viable technique for the safe disposal of textile wastewater into 

the water streams. 

 

 

 

 

 

 

Figure 17: The kinetic plots of the adsorption of the Metani 

Yellow on the TiO2 supported on PVA/AA microgel of 

different TiCl4concentration feed solution (A)= 0.1, B=0.3, 

and C= 0.5g/L 
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Table 1: Adsorption kinetics of metanil yellow on PVA/AA 

microgel of different TiCl4 feed solution 

 

IV.2.2.2.2. Reproducibility of (PVA/AA) - TiO2 

 Easily recovery and reuse is another advantage for 

(PVA/AA)- TiO2 photo-catalytic degradation composite, this 

is very important in practical applications. The reproducibility 

of the photo-catalytic degradation activity on (PVA/AA)- TiO2 

was performed with a constant of metanil yellow concentration 

(8.8 X 10
-4

) and (PVA/AA)- TiO2 of concentration   (0.3g/L) 

in each cycle. The regeneration of the catalyst is done by 

following a simple way. After the photo-catalytic degradation 

of the dye solution, the suspension was filtrated with a 

stainless steel 40 mesh screen, and the suspended matter was 

dried at 60
o
C for 1 h, a recovered (PVA/AA)- TiO2 microgel 

was obtained and reused in the next cycle. It is observed that 

the discoloration rate decreases from 0.159 X 10
-1

 to 0.1 X 10
-1

 

min
-1

after three cycles. The decrease in activity is attributed to 

the deactivation of the catalyst surface by the byproducts of 

TiCl4 feed solution 

Concentration 

(g/L) 

qmax 

(mg/gcatalyst) 

kX 10
-1

  (min
-1

) 

A= 0.1 0.4 0.08 

B = 0.3 0.6 0.159 

C = 0.5  0.9 0.24 
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the dye degradation and /or polymer degradation by the 

deposited titania [Jain et al 2011, Gupta et al 2011]. 

 

From the above, (PVA/AA)- TiO2 microgel has a simple 

renew procedure and a better reproducibility of photo-catalytic 

degradation; it is possible to be used in practical process. 

 

 

Part II: Sulfonation of Starch 

 

Among the sulfating reagents mentioned in the 

literature, there is concentrated sulfuric acid [Yalpani, et al 

1999] or its mixture with organic solvents [Malm, et al 1961], 

SO3 complexes with pyridine, DMF [Daicel 1983], liquid SO2, 

trialkylamine [Kruger, 1968], DMSO [Whistler et al 1968] 

and also chlorosulfonic acid in formamide [Koerdel 1975] or 

pyridine [Gilbert et al 1965].  In this work starch sulfonation 

was prepared according to the method of Khan
 
[Khan et al 

1997].  Utilization of these sulfating agents could result in 

extreme hydrolysis or degradation of starch chains during 

reaction. To reduce the hydrolytic or degradative effect, 

ethylene dichloride has been used as reaction medium [Beck et 

al 1992]. 

 

The reaction between the chlorosulfonic complex and 

starch presumably starts with the formation of H-bond with the 

polysaccharidic (HO) which increases the electrophilicity of 
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the sulfur and the nucleophilicity of the OH-group [Beck et al 

1992]. 

 

IV.3.1. Determination of Mwt change and Degree of 

Substitution of Starch 

 

The reaction with chlorosulfonic acid may affect the 

Mwt of starch. Thus Mwt of starch was determined before and 

after reaction using GPC. The MWt of starch was reduced 

from 8.2 x 10
5
 to 5.6 x 10

5
.  It is clear that the treatment of 

starch with chlorosulfonic acid in the presence of dichloethane   

has a slight effect on starch Mwt degradation. The degree of 

substitution (DS) is the number of substituted hydroxyl groups 

per anhydroglucose unit (AGU) in the starch polymer by 

SO3H. The degree of substitution was determined by acid/base 

volumetric titration method of the sulfonated starch. Sulfur% 

and the DS was determined to be 16.8, and DS=1.5 

respectively.  

 

IV.3.2. Structure Analysis of Sulfonated Starch (SS) 

IV.3.2.1. FTIR 

 

 FTIR was performed to confirm the starch modification 

by chlorosulfonic acid and elucidate the structure of SS.   
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As shown in Figure (18), IR spectrum of SS had two 

new characteristic absorption peaks at 1515 cm
-1

 and 1239 cm
-

1
 for asymmetric and symmetric stretching vibration of –SO2–, 

respectively, which indicated that sulfonic acid groups were 

introduced into the corn starch molecule [Xing et al 2006]. 
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Figure 18: FTIR of native starch (NS) and sulfonated starch 

(SS) 
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The FTIR spectra of sulfonated starch also showed, 

characteristic band at 829 cm
-1

 with a shoulder at 940 cm
-1

 for  

a symmetrical C-O-S vibration assigned to a C-O-SO3 group. 

The band at 829 cm
-1

 suggested that equatorial 6-sulfonated 

groups on the galactosyl units had been formed [Yang et al 

2002]. The shoulder peak at 940cm
-1

 indicated the presence of 

axial sulfate ester at O-4 of some b-D-glucose residues 

[Chiovitti et al 1998, Liao et al 1996]. The data obtained 

suggested that equatorial primary hydroxyl group at O-6 and 

axial secondary hydroxyl group at O-4 of glucose residues are 

substituted easily. 

 

Since SO3 has strong properties of dehydration, it can be 

assumed that the anhydro glucose residues were formed during 

the process of the sulfontion and this can be detected from the 

band appearing at 1099cm
-1

 that associated with the presence 

of C3-O-C6 bridge of the anhydro glucose residue [Pereira, et 

al 2009]. Interestingly, a new band appeared at 1713 cm
-1

, and 

this band could be related to the unsaturated band formed in 

sulfontion, or the deformation vibration of H2O as suggested 

by Yang et al. [2005]. 

 

 

 



 Results and Discussion                                                            Chapter IV                                                                                            

 

- 113 - 

 

  
Scheme 2: Graphical representation of starch sulfonation 

followed by crosslinking with AA under ionizing radiation 
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IV.3.3. SS/AA Copolymerization  

 

Trails were made to crosslink past-like structure 

sulfonated starch (SS) by using ionizing radiation. Ionizing 

radiation has a great effect on SS.  It degrades the SS into low 

fragments. Thus, the prepared sulfonated starch (SS) was 

copolymerized with different amounts of acrylic acid (AA) 

using gamma irradiation at various irradiation doses and the 

obtained hydrogel was then neutralized using Na2CO3 (5%) as 

shown in scheme (2) and Figure (19). 
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Figure 19: structure of SS grafted with AA 
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IV.3.3.1. Structure Analysis of SS/AA gel 

IV.3.3.1.1. FTIR 

 

FTIR was performed to confirm the crosslinking of SS 

with AA. As shown in Figure (20), IR spectrum of SS/AA had 

a new peak at 1618 cm
-1

 which is attributed to the carboxylic 

group of AA. 
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Figure 20: FTIR of sulfonated starch (SS) and sulfonated 

starch/acrylic acid (SS/AA) 
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IV.3.3.1.2. Chemistry of Network Formation 

 

On the exposure to high energy radiation the reaction 

mixture represented in SS, AA and H2O, as solvent, absorbs 

the applied energy and is excited to transient activation state 

containing different forms of free radicals generated from; the 

unsaturated bonds of the AA, as well as HOH molecules. 

There are different pathways through which the formed free 

radicals can combine. 

 

The possible fates of such macroradicals are illustrated 

in Scheme (3) In Path I radicals are terminated by small 

molecules such as hydroxyl radicals, Path II shows beta 

scission giving two chains this process opposes gelation, Path 

III shows intramolecular branch formation this increases 

crosslink density but does not increase the gel fraction, Path 

IV shows macroradical combination to give a branch this path 

produces gel; PathV. The dominant reaction pathway depends 

on the structure of the polymer chains and their environment. 
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Scheme 3: proposal of network formation under the effect of 

ionizing radiation 
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The potential application of the prepared copolymer as 

super-plasticizer in the cement industry was studied. The 

incorporation of the polymers into cement is generally known 

to increase the flexural of concrete strength. Since the 

influence of super-plasticizer or water-reducing agent on the 

fluidity of cement depends on its properties; gel content, 

swelling characters at different pH and ionic strength and the 

thermal stability of the prepared SS/AA copolymers were 

investigated.  

 

IV.3.3.2.Gel Content Measurements 

 

There are many factors affecting the polymer gel 

content among them, the applied irradiation doses and the 

polymer composition. In general, crosslinking and chain 

scission normally proceed simultaneously but the most 

prevalent process determines the outcome of irradiation 

treatment [Peppas and Mikos 1986]. 

 

 Gel content of SS/AA copolymers prepared at different 

compositions and irradiated with various doses was 

determined. As it can be seen from Figure (21) the increase in 

the applied irradiation dose, up to 25kGy, leads to a significant 

increase in the gel content for the same copolymer 

composition. This can be attributed to the formation of 

intermolecular crosslinks and three-dimensional network 

structure. After that, any further increase in the absorbed dose 
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(30kGy) leads to a non-significant increase in the gel content 

and in all cases; gel percent reaches a plateau at a value lower 

than 100%. This is may be due to chain scission becoming 

more important than crosslinking during the final stage of the 

reaction and the ratio between the yields of scission and 

crosslinking will probably equals to one and this explains the 

plateau values. 

 

In general by the increase in the applied dose, there is an 

increase in the radical concentration in the reaction media and 

consequently, the grafting sites on the starch backbone 

[Rosiak et al 1987, Huglin et al 1986], these alkoxy 

macroradicals, initiate the AA copolymerization with starch 

sulfate. 

 

At the same time, there is a relationship between the AA 

composition in the feed solution and the gel content value, 

where the increase in the AA composition is accompanied by 

an increase in the gel content value. Where low gel content at 

lower AA composition is due to the lower polymerization rate 

of AA due to its low concentration which leads to lower 

conversion of PAA chains and thus lower gel content. Thus 

the presence of the synthetic polymer, represented in AA, 

improves the crosslinking of the SS natural polymer. 
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Figure 21: Effect of different irradiation doses on the gel 

content% of (SS/AA):H2O (50:50). A= (1:1), B= (1:0.75), C= 

(1:0.5), D= (1:0.25) 
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IV.3.3.3. Swelling Measurements 

IV.3.3.3.1. Effect of Irradiation Dose and Copolymer 

Composition  

 

Several factors affect the swelling capacity of the gel; 

the nature of the polymer, the temperature, ionic strength and 

pH of the swelling medium and the degree of crosslinking. 

It can be observed from Figure (22) that the swelling % 

measured at room temperature and the same polymer 

composition is reduced by the increasing the applied 

irradiation doses up to 25kGy.  Meanwhile, at higher doses 

(25-30kGy), the increase in the doses is accompanied by an 

increase in the swelling % which correlates with the gelcontent 

results.  At low doses (10-15kGy) the S% is low due to low 

density network structure in agreement to the gel content 

measurements; at high doses (25-30kGy) the swelling is again 

high indicating again a low density network. At high doses the 

density of the network decreases because of the scission 

reactions, which break connecting chains. However the broken 

chains are still connected to the crosslinking points, which 

make the gel content to stay high. 
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Figure 22: Effect of different irradiation doses on the 

swelling% of (SS/AA):H2O (50:50); at room temp. A= (1:1), 

B= (1:0.75), C= (1:0.5), D= (1:0.25) 
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On the other hand, at the same irradiation dose (30kGy) 

but at different copolymer composition, the increase of the AA 

concentration in the feed mixture is accompanied by a 

reduction in the swelling %. Since gels with higher 

crosslinking degree has tighter structure and less swelling 

compared to the gels with lower crosslinking degree. The 

grafted starch backbone containing –COO
- 

, groups are quite 

polar and bounded with water, resulting in enhancing the 

copolymer swelling. The extent of swelling is directly 

dependent on both irradiation dose and AA concentration.  

Also, the gel content or crosslinking ability of the copolymer 

has an influence on the hydrogel swelling property. The higher 

the gel content the lower the water absorbency. 

 

For copolymer prepared at low irradiation dose, raising 

the swelling medium temperature to 55
o
C as seen in Figure 

(23), results in significant increase in the copolymer swelling 

% if compared with that measured at room temperature. This 

can be attributed to the increase in the segmental mobility of 

the network chains which increases by raising the temperature 

of the medium, leading to an expansion of the network 

structure allowing more water molecules to enter inside. In 

addition, the high temperature plays a great role in the 

dissociation of H-bonding, inside the network structure formed 

between the hydrophilic groups in the copolymer, 

consequently the water absorbed capacity increases 

significantly. 
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Figure 23: Effect of different irradiation doses on the 

swelling% of (SS/AA):H2O (50:50); at 55
o
C. A= (1:1), B= 

(1:0.75), C= (1:0.5), D= (1:0.25) 
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Since the proposed application is in the cement industry 

and portalnd cement chemical composition is known of 

having high salt content and high pH; the effect of swelling 

medium ionic strength and pH on the gel swelling was 

studied. 

 

IV.3.3.3.2. Effect of Swelling Medium Ionic Strength 

 

Figure (24) shows the effect of salt solution 

concentration (ionic strength) on the swelling behavior of the 

prepared gel. The increase in the solution ionic strength led to 

a decrease in the gel swelling%. This can be explained on the 

basis of both; osmotic pressure factor and the nature of 

polymer. 

 

Osmotic pressure generates from the difference between 

the numbers of ions in the external medium and those in the 

prepared gel. . In deionized water, there is a minimum osmotic 

pressure developed from the external medium toward the gel 

which makes water entering the gel to dilute COO- of acrylic 

and SO3 of sulfonic group charges bound to the network 

(maximum swelling). By adding ions in the external medium 

(NaCl), the osmotic pressure decreases because the difference 

between the concentrations of ions inside and outside the gel 

diminishes At the same time, the branched-type amylopectin, 
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that is starch main constituent, form aggregation by increasing 

the medium ionic strength [Larsson et al 1998].  

  

 

 

 

 

 

 

 

 

Figure 24: Effect of NaCl% on the swelling% of (50:50) 

(SS/AA):H2O (1:0.5) at 30kGy 
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IV.3.3.3.3. Effect of Swelling Medium pH 

 

 Figure (25) shows the effect of different pH on the 

swelling behavior of the prepared gel. The increase in the 

solution pH led to an increase in the swelling %. This can be 

explained on the basis of copolymer nature, the presence of 

acrylic acid is highly affected by the swelling medium pH. At 

high pH values the negative charges present on the polymer 

backbone, represented by both the COO 
-
 groups of acrylate 

and the SO3
-
 groups of starch backbone, aid on enhancement 

the swelling% of the gel due to the created repulsive forces 

between the network structures. In addition to the increase of 

the osmotic pressure as a result of the concentration of ions 

bounded to the network increases which will lead to an 

increase in the swelling%. On the other hand, at low pH, these 

groups are protonated leading to a reduction in the swelling%. 
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Figure 25: Effect of pH on the swelling% of (50:50) 

(SS/AA):H2O (1:0.5) at 30kGy 
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IV.3.3.4. Thermogravimetric Analysis  

 

The thermal stability of (SS/AA) was studied as a 

function of both polymer composition and applied irradiation 

dose used for preparation.  

Figure (26) and Table (2) show the effect of different 

compositions on the thermal stability of (SS/AA) gel 

compared with SS and AA; at the same irradiation dose 

(30kGy). The thermal behavior of SS showed three weight 

change stages with 60% of its weight is lost at 270
o
C. Also the 

thermal behavior of AA showed three weight change stages 

with 50% of its weight is being lost at 350
o
C. In comparing 

this thermal behavior with that of (SS/AA) copolymer; where 

the initial stage; weight loss values of the samples were 

approx. 20% at 220-230
o
C followed by another weight loss 

30% at 320-330
o
C. Beyond this temperature, the drastic 

decomposition of the sample resulted into significant weight 

loss which was about 40% at approx. 450
o
C. Meanwhile, 

beyond 450
o
C the loss in weight was slowed down and finally 

at 570
o
C, weight loss values observed were 60%. This 

indicates that the copolymerization of AA with SS enhance the 

thermal behavior of both polymers. Where, minimum AA 

composition, improves the thermal stability of the gel. On the 

other hand different compositions don’t significantly affect the 

prepared copolymer thermal stability at the given irradiation 

dose. 
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Figure 26: TGA thermogram curves for (SS/AA):H2O (1:1) at 

30kGy. A(SS:AA)= (1:1), B= (1:0.75), C= (1:0.5), D= 

(1:0.25); respectively 
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Table 2: Effect of (SS/AA) gel compositions on their thermal 

stability at the same irradiation dose (30kGy) 

 

 

Figure (27) and Table (3) shows the effect of the applied 

irradiation dose on the thermal stability of (SS/AA) gel at the 

same composition. At low applied irradiation dose (10kGy) 

only two weight change stages are observed in the 

thermogram. One weight loss values 20% is observed at 

220
o
C, followed by another weight loss value 40% at 250

o
C. 

At higher doses the gel showed three weight change stages 

which are 16%, 30% and 40% around 230
o
C, 320

o
C and 

450
o
C, respectively. This clearly indicates that the increase in 

the applied dose led to the enhancement in the thermal 

properties of the prepared hydrogel. This could be attributed to 

the formation of crosslinked network as a result of grafting of 

AA monomers on to SS. 

 

 

 

 

 

Temp.
o
C 220 330 450 220 330 450 220 330 450 220 330 450 

Wt 

loss% 

10 15 40 12 18 40 12 18 40 17 19 40 

SS:AA (1:1) (1:0.75) (1:0.5) (1:0.25) 
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Figure 27: TGA thermogram curves for (SS/AA):H2O (1/0.25) 

at different irradiation doses 
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Table 3: Effect of the applied irradiation dose on the thermal 

stability of (SS/AA) gel at the same composition 

 

 

IV.3.4. Application of SS/AA Copolymers (as Water 

Reducing Agent) 

 

An admixture that lengthens setting time and 

workability time is known as set retarder or retarding 

admixture. This is particularly useful for concreting under 

high-temperature conditions. In general, all water reducers 

tend to extend setting times with respect to the control 

concrete. This is due to the lower hydration rate of cement 

during the first hours in the presence of a water reducer.  

 

Super-plasticizers belong to a class of water reducers 

chemically different from the normal water reducers and 

capable of reducing water contents by about 30%. The 

admixtures belonging to this class are variously known as 

 

 

 

 

10kGy 15kGy 20kGy 25kGy 30kGy 

Temp.
o
C 220 320 220 320 450 220 320 450 220 320 450 220 320 450 

Wt 

loss% 
25 50 10 27 41 10 27 43 10 28 40 20 30 40 
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super-plasticizers, super-fluidizers, super water reducers, or 

high range water reducers. 

IV.3.4.1. Fluidity and ζ-electrostatic 

 

Portland cement in contact with water has a tendency to 

flocculate due to van der Waals’ forces, electrostatic 

interactions between the opposite charges and surface 

chemical interactions between the hydrating particles.  This 

will result in the formation of an agglomeration of particles 

with open structure with spaces that entrain water molecules. 

These water molecules are not immediately available for 

hydration and do not have a lubricating effect. In the presence 

of a super-plasticizer, de-flocculation or dispersion of cement 

particles occurs due to adsorption and electrostatic repulsion. 

This process does not allow the formation of entrapped water 

and discourages surface interaction of the particles. Some 

steric hindrance is possible especially when high molecular 

weight super-plasticizers are used. Such a phenomenon would 

also prevent particle-particle interactions. ζ- Potential 

measurements of cement–water suspensions detect the 

electrostatic impact of the adsorbed polymer layer. Data from 

the electrostatic potential of the particles in suspension (ζ-

potential) allow a good derivation of the origin of the repulsion 

forces caused by super-plasticizers in these model systems as 

well as the stability of cement–water suspensions. 
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IV.3.4.1. ζ-Potential Measurements 

 

The stability of the colloidal system is investigated as a 

function of the ζ-potential and hence the determination of ζ-

potential enables studies of the mechanism of the action of 

super-plasticizers on the hydrating cement. ζ-potential was 

studied as a function of copolymer concentration, copolymer 

composition and irradiation dose. 

 

IV.3.4.1.1. ζ-potential of Cement Particles as a Function of 

Concentration 

To study the dispersing mechanism of SS/AA 

copolymer, the relationship between the concentration of 

water-reducing agent and ζ-potential of cement particles was 

investigated in comparison with commercial super-plasticizer 

SNF Table (4).  

 

Table 4: the relationship between the concentration of water-

reducing agent and ζ-potential of cement particles 

 

Concentration 

(g/L) 

ζ-potential 

(mV) SNF  

ζ-potential (mV) SS/AA  

of composition  (1:0.25)-  

prepared at 30kGy 

1 -18.792 -23.848 

2 -21.1525 -22.958 

4 -26.272 -22.868 

8 -24.676 -25.5 
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ζ-Potential of  cement- SNF admixture showed an 

increase in value with the increase in the concentration of 

SNF. The reason for this was the adsorption of SNF changed 

the charge distribution of double-electrical layer of cement 

surface. It has been suggested that a certain number of sulfonic 

groups are essential to give rise to flat adsorption and efficient 

dispersion. The more the adsorbed SNF, the higher the ζ-

potential value will result. However, ζ-Potential of cement and 

SS/AA gel of different concentrations showed un-significant 

changes. It has been suggested that a certain number of 

sulfonic groups as well carboxylic groups linked to the 

polymer are essential to give rise to flat adsorption and 

efficient dispersion even at low copolymer concentration.  The 

concentration of maximal value of ζ-potential for both the 

commercial SNF and prepared copolymer showed very close 

values.  Meanwhile, the required concentration of SNF to 

reach such maximum value is higher two times than that for 

SS/AA gel.  

 

In general discussion, any suspension can be viewed as 

a bulk of differently charged colloidal particles. When cement 

is added, it’s adsorbed on the negatively charged polymer 

particles; thus there is a difference between particles which are 

adsorbed and those which are not adsorbed on polymers. 

Hence, colloidal chemical principles have been applied to 

cement-water-admixture systems and the difference in 

potential between the outer fixed layer of adsorbent and the 
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bulk of the dispersing medium constitutes the electrostatic 

potential or ζ- potential. 

 

 The ζ –potential value suggested that the electrostatic 

repulsion forces among cement particles adsorbing SS/AA or 

SNF is responsible for the cement fluidity. Meanwhile, the 

steric hindrance resulted from the addition of SS/AA 

copolymer has a significant role in the dispersion of cement 

particles.  

IV.3.4.1.2. ζ-potential of Cement Particles as a Function of 

Composition 

To detect the effect of different copolymer compositions 

on the electrostatic repulsion forces, the ζ-potential was 

measured as a function of copolymer composition at the same 

irradiation dose 30kGy. 

 

Table 5: ζ-potential of cement particles as a function of 

(SS:AA) composition 

Composition 

(SS:AA) 

SS/AA ζ-

potential (mV)   
(1:1) -15.654 

30kGy 
(1:0.75) -16.378 

(1:0.5) -25.45 

(1:0.25) -22.958 

commercial 

SNF 
-21.1525 

  
Total Concentration 2g/L   
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As it can be seen from table (5) the decrease in the 

polyacrylic acid in the copolymer composition, relative to 

starch, led to a decrease in the ζ-potential value, for the same 

irradiation dose. This is attributed to the relative higher 

sulfonic groups which may have great ability to change the 

charge distribution of the electrical double layer of the cement 

rather than carboxylic groups.   

 

IV.3.4.1.3. ζ-potential of Cement Particles as a Function of 

Irradiation Dose 

 

The ζ-potential was measured as a function of applied 

irradiation dose at fixed copolymer composition. 

 

As it can be seen from Table (6) the increase in the 

applied irradiation dose led to an increase in the ζ-potential 

value this may be attributed to the streic hindrance effect. As 

the irradiation dose increases the steric hindrance effect of the 

polymer to disperse the cement particle increases due to the 

croslinking which close the sulfonic and carboxylic groups to 

each other and as a consequence the repulsion force increases.  

 

 

 

 

 

 



 Results and Discussion                                                            Chapter IV                                                                                            

 

- 141 - 

 

Table 6: ζ-potential of cement particles as a function of 

irradiation dose 

 

 

IV.3.4.2. Effect of the SS/AA-gel Admixture on Initial 

Setting Determined by Penetration Depth method  
 

Vicat needle test (VNT) was conducted to evaluate the 

water-retarding ability of sulfonated starch / acrylic acid 

copolymer hydrogels in hydrated cement; through setting time 

measurement. 

Setting is a term used to describe the stiffening of the 

cement paste, mortar or concrete.  In principle, the setting of 

cement is a percolation process in which isolated or weakly 

bound particles are connected by the formation of hydration 

products so that solid paths are formed in the hardening pastes. 

Penetration depth of the native cement pastes and 

cement mixed with sulfonated starch / acrylic acid copolymer 

Sample  Composition 
SS/AA ζ-potential 

(mV) 

10kGy 

(SS:AA) 

(1:0.25) 

-12.815 

15kGy -13.1 
20kGy -15.794 
25kGy -17.312 
30kGy -22.958 

commercial SNF -21.1525 

Total Concentration 2g/L 
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hydrogels or commercial admixture polynathalene was 

determined by the Vicat needle test and is shown in Table (7).  

 

Table (7): Initial Setting-time Determined by Vicat Test 

 

The Initial Setting-time for native cement is much lower 

than that of cements mixed with sulfonated starch / acrylic 

acid copolymer hydrogels or commercial admixture 

polynathalene. Meanwhile, The Initial Setting-time for 

sulfonated starch / acrylic acid copolymer hydrogels is higher 

than that of cements mixed with commercial polynathalene. 

Meanwhile, the effect of the added admixture 

concentration on the Initial setting time was studied and shown 

in Table (8). 

As it can be seen from the table the increase in the 

applied admixture concentration, either for SS/AA copolymer 

or for the commercial one, is correlated with an increase in the 

setting time. 

 

 

Type of 

Admixture 

Initial Setting Time by Vicat test, 

(min) 

No admixture 140 

SNF 200 

SS/AA (1:0.25); 

30kGy 

250 
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Table (8): Effect of Different Admixture Concentration on the 

Initial Setting-time Determined by Vicat Test 
 

Concentration % SS/AA (1:0.25); 

30kGy 

SNF 

1 200 min 190 min 

2 250 min 200 min 

4 280 min 210 min 

6 300 min 240 min 

Control 140 min 
 

IV.3.4.3. Dispersing Mechanism (retarding mechanism of 

SS/AA copolymer) 

For water-reducing agents SS/AA, not only the 

electrostatic repulsive forces but also the steric hindrance 

effect contributes to their dispersing capacity [Peng et al 

2005]. 
 

According to Figure (28) and owing to the molecular 

structure of SNF which is linear with short branches it lies on 

the surface of cement particles and appears rod-like [Zhang et 

al 2005]. Therefore, the dispersing ability of SNF mainly 

comes from the electrostatic repulsive forces produced by the 

adsorption double-electrical layer. The thickness of adsorption 

layer was expected to be so thin that hydration products easily 

covered the molecules of SNF on the surface of cement 

particles, resulting in a reduction of ζ-potential and a rapid 
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flow loss of cement paste as a function of time [Zhang et al 

2007]. The molecules of SS/AA take a network structure with 

polar side chains. During the adsorption process, sulfonic acid 

groups of SS  as well as carboxylic groups of polyacrylic acid 

are adsorbed on the cement surface by complex action 

between them and Ca
+2

 thus neutralizing the surface charges 

on the cement particles releasing the water tied up in the 

cement particles agglomerations whereas the polar side chains 

protrude into the liquid phase. The molecules of water-

reducing agent appear to be in a spatial distribution at the 

solid–liquid interface, thereafter reduces the viscosity of the 

paste and concrete [Mindess et al 1981]. 

 

According to [Tanaka et al 1996] the segregation 

resistance of super-plasticized concrete mixture is primarily 

caused by the coagulation effect of higher molecular weight 

polymers to bridge different cement particles and  that's why 

acrylic polymer based super-plasticizer with higher molecular 

weight, with respect to SNF, perform better in terms of higher 

segregation resistance in fresh concrete. 
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Figure 28: Hydration mechanism cement by SS/AA 
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IV.3.4.5. Scanning Electron Microscopy 

The adsorption of SS/AA as water retarder on the 

cement particles was investigated using SEM, Figure (29). 

 

 The surface topology of the cement adsorbed on its 

surface the super-plasticizer is studied, as it can be seen from 

the photos (A and B) the dark regions represents the cement 

particles while the light regions represents the adsorbed 

copolymer.  The homogenous distribution of the SS/AA 

around the cement was observed. This indicated that cement 

adsorbs the SS/AA on its surface to reduce the hydration of 

cement.    
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Figure 29: SEM of cement particles (A), (B) without and with 

SS/AA respectively 

A 

B 
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IV.3.5. Application of SS/AA Copolymers as Acid-based 

Catalytic Reagent for Sucrose Hydrolysis 

 

The reaction of the hydrolysis of sucrose to glucose and 

fructose using sulfonic acid bearing cation exchange hydrogel 

proceeds according to Eq. (1) 

 

C12H22O11 + H2O                         C6H12O6 + C6H12O6 (1) 

 

Sucrose                                         glucose     fructose 

 

 The reaction is irreversible and first order with respect to the 

concentration of sucrose (C) at time t . 

                      

dC/ dt = −kCo                                         (2) 

 

Where k is the reaction rate constant, C0 is the initial sucrose 

concentration. 

 

The time courses for the hydrolysis of sucrose into 

glucose and fructose at 25◦C is shown in Figure (30). As it can 

be seen, the sucrose concentration decreases gradually with the 

increase in the reaction time. Inversely, the concentration of 

both glucose or fructose increases with the increase in the 

reaction time and the increase in glucose and fructose 

concentration is equivalent to the decrease in the sucrose 

concentration. This is going along with the mass balance 

consideration. Therefore, it is the intention of the author to 

H+ 
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monitor the sucrose conversion into glucose in terms of 

variation of sucrose concentration at certain time (C) with 

respect to initial concentration (C0). 

 

The time courses for the hydrolysis of sucrose into 

glucose and fructose by SS/AA hydrogel at temperatures 

ranging from 25 to 60 ◦C is shown in Figure (31). 

 

The ratio C/C0 was plotted against time to provide 

kinetic data that can explain the effect of reaction variables on 

the overall conversion. At all temperatures, the C/C0 ratio 

decrease steeply with the increase in time intervals until it 

reaches minimum values, which varies depending on the 

reaction temperature. For instance, the C/C0 ratio for (SS/AA) 

(50:50) decreases until it reaches almost zero at 60 
o
C after 5h, 

whereas the time is getting longer at lower temperature. This 

clearly shows that raising the reaction temperature causes a 

remarkable increase in the rate of the reaction coupled with 

lower diffusion resistance that helps achieving complete 

conversion rapidly. Hence, hydrolysis of sucrose with SS/AA 

hydrogel is favored at high temperature.  
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Figure 30: Time courses for concentrations of: (○) sucrose and 

(▼) glucose at 25
o
C; SS/AA (1:0.25) 
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Figure 31: Time courses for the hydrolysis of sucrose into 

glucose and fructose at various temperatures; SS/AA (1:0.25). 
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The reaction rate constant (k) for the hydrolysis of sucrose at 

various temperatures was obtained from Eq. (2) using a 

standard integral method and can be expressed by: 

 

kt = −ln (C/C0)                                  (3) 

 

To obtain k graphically, ln(C/C0) was plot against the reaction 

time at temperatures ranging from 25 to 60 ◦C as shown in 

Figure (32) all reactions showed linear relationships and the 

rate constants obtained from the slops are in a good agreement 

with their respective values calculated from Eq. (3) as shown 

in Table (9). This kinetic data confirms that the reaction is first 

order. 

 

Table 9: Comparison between the graphically obtained and the 

calculated reaction rate constants for hydrolysis of sucrose by 

(SS/AA) (1:0.25) hydrogel at various temperatures 

 

Temperature (
o
C)  

 

k obtained from 

the slops (Fig. 31) 

 

k calculated 

from Eq. (3) 

25 1.6 1.4 

40 1.8 1.6 

60 1.98 2.1 
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Figure 32:  Effect of reaction medium temperature on the 

kinetics of hydrolysis of sucrose into glucose and fructose 

using SS/AA (1:0.25). 
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Figure 33: Effect of different SS/AA compositions on the 

kinetics of hydrolysis of sucrose into glucose and fructose at 

60
o
C; A= SS/AA (1:1), B= (1:0.75), C= (1:0.5), D= (1:0.25) 

hydrogel prepared at 25kGy; 
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The effect of variation of AA composition in the 

hydrogel on kinetics of the hydrolysis of sucrose was studied 

and the data obtained at a temperature of 60 
o
C is shown in 

Figure (33). The rate constant of the reaction calculated from 

the slopes was found to be increased with the decrease in the 

AA composition; It increased from (1.03 X 10
-3

) to (1.9 X 10
-3 

). 

 

This may be related to the number of fixed sulfonic acid 

groups that increases with SS contents in copolymer relatively 

to AA.. Also, the reduction in the gel content with the decrease 

of AA affects the microspore structure of (SS/AA),   improves 

the hydrophilicity of (SS/AA) copolymer and increasing 

polymer chains mobility leading to a reduction in the diffusion 

resistance to sucrose molecules and allowing more 

accessibility to the ionic sites.  These results agree with that 

obtained in swelling measurements of SS/AA  at different 

compositions, they  show that the swelling of SS/AA 

copolymers decreased  with  increasing copolymer AA  

content the results obtained agreed with Mizota et al;  who 

attributed the lower catalytic activity of the crosslinked ion 

exchange resin to the decrease in the accessibility of the 

sulfonic acid groups by sucrose molecules stemmed from the 

diffusional mass transfer resistance caused by presence of the 

crosslinked polymer network structure [Zhang D et al 2008]. 
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IV.3.5.1. Catalyst Stability and Reusability 

 

In order to study the catalytic stability of SS/AA gel, 

different batch runs with the same catalyst sample (SS/AA) 

(1:0.25), at same conditions were carried out. As shown from 

Figure (34)  the same rate constant was obtained when the 

experiment was run up to 4 times. 

 

 

 

Figure 34: Reusability of SS/AA (1:0.25) catalyst in sucrose 

hydrolysis process at 40
o
C 
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IV.3.5.2. Scanning Electron Microscopy 

 

SEM, study was done to investigate the surface structure 

SS/AA of different compositions in sucrose solution. The 

surface morphology and microspore structure of SS/AA 

copolymer of composition (1: 0.25) seem to be completely 

different from that of composition (1: 0. 75) Figure (34).  The 

copolymer sample of composition (1: 0.25)   has wide 

micropore structure that increases the surface area in aqueous 

medium, causing the fluid to easily diffuse into the hydrogel 

mass through the gaps and pores leading to substantially 

increasing of fluid absorption rate.   However, the small 

average pore diameter of composition (1: 0.75) causes the 

reduction in water flux or copolymer swelling, gives rise to the 

diffusion resistance and reduces the accessibility to the ionic 

sites. 
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Figure 35: SEM of SS/AA swelled in sucrose solution (A): 

SS/AA (1:0.25), B: SS/AA (1:0.75) 

A 

B 



Summary and Conclusion 

 

Due to the various ecological problems facing the 

landfill worldwide trails were made to replace hazardous 

industrial materials by cleaner, safer, cheaper ones and without 

losing their efficiency. This is approached through the 

synthesis of environmentally friendly materials with the aid of 

a clean tool represented in ionizing radiation. 

 

Radiation can potentially be used as a very effective tool 

for - conveying new chemical and physical properties on 

polymers through imparting new functional groups in order to 

obtain relatively economic, environmentally friendly; 

polymeric materials. Such materials may potentially be used as 

green chemistry substituent for different industrial 

applications.  

 

In this regard 

1. The preparation and characterization of PVA-

based microgel was studied. TiO2 supported 

microgel was prepared and investigated for 

metanil yellow photo-degradation.  

 

2. Chemical modification of starch through the 

introduction of sulfonated groups followed by 

radiation-grafting with acrylic acid on the 

backbone was studied.  A possible application, as 

eco-friendly water-reducing agent in the cement 

industry, and as catalytic agent for sucrose 

hydrolysis industry was investigated. 
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Part I: Preparation Characterization and Application of PVA 

Microgel 

 

 Dry and moistened PVA were irradiated using electron 

beam accelerator at different irradiation doses and the 

results revealed that the gel fraction of the irradiated dry 

samples is very limited if compared with moistened 

ones. And consequently the swelling of PVA irradiated 

at dry state is higher than that irradiated in moisten state. 

 

 To enhance the crosslinking density of such microgel; 

AA was added and the results showed that the increase 

in the AA content is accompanied by a mutual increase 

in the gel fraction and consequently a decrease in the 

swelling%. 

 

 The effect of PVA molecular weight on the gel content 

and swelling behavior was studied. The increase in the 

molecular weight of the PVA is correlated with an 

increase in the gel content and a decrease in swelling 

behavior.   

 

 Effect of different AA ratio on the formed gel content 

was studied and the results revealed that the increase in 

the H2O ratio on the expense of AA led to an increases 

in the gel content% to reach its maximum at AA /H2O 

(25:75).  Meanwhile the gel % tends to decreases when 

the AA /H2O ratio is (0/100) (i.e. in absence of AA). 
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 The structural characterization of the prepared microgel 

was investigated using FTIR and the appearance of C=O 

vibrational peak at 1723 cm
-1 

confirmed the grafting of 

the AA onto the PVA particles. 

 

 Thus the optimum conditions for the preparation of the 

desired microgel was found to be: PVA-14000, 

80%PVA (AA: H2O) (50:50); at 40kGy. 

 

 Structural characterization of PVA/AA and PVA/AA-

TiO2 catalysts was investigated using FTIR spectra. The 

appearance of peak at 474 cm
−1

 and another one near 

700 cm
−1

 confirm the immobilization of TiO2. 

 

 XRD is carried out on PVA/AA-TiO2 microgel. The 

appearance of strong diffraction intensity at 2θ=25
o
 & 

48
o
 compared with PVA/AA microgel indicated the 

presence of TiO2 anatase phase which is responsible for 

the photocatalytic activity.  

 

 The photocatalytic activity of the prepared TiO2-

PVA/AA microgel in degradation of metanil yellow azo 

dye was investigated. The adsorbed dye photo-degraded 

and the color of both dye solution and TiO2-supported 

microgel fade gradually from yellowish brown to pale 

yellow color along the course of the reaction. 
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 Results showed that the dye degradation% by PVA/AA-

TiO2 microgel increases by increasing irradiation time 

for all TiO2 Photo-catalyst concentrations. 

 

 The kinetic study showed that the increase in the 

concentration  of TiO2 supported on PVA/AA microgel 

catalyst is accompanied by a mutual increase in the 

amount of dye adsorbed per unit mass of the supported 

catalyst and consequently in the rate of dye degradation. 

 

 TiO2-PVA/AA composite microgel was recovered and 

reused in photo-catalyst for three consecutive cycles 

before the discoloration rate decreases from 0.159 X 10
-

1
 to 0.1 X 10

-1
 min

-1
. 

 

Part II: Chemical modification of starch  

 Sulfonation of Starch 

 

 Starch sulfonation was performed in dichloroethane 

using chlorosulfonic acid using Khan Method. 

 

 Different acrylic acid (AA) concentrations were 

introduced to copolymerize with SS using gamma 

irradiation.  

 

 FTIR of the prepared SS/AA hydrogel was investigated 

and the results showed the appearance of peak at 1715 
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cm
-1

 attributed to the C=O group of acrylic acid 

verifying AA copolymerization into the SS backbone. 

 

 Gel content of SS/AA copolymers prepared at different 

compositions and irradiated with various doses was 

determined and the results showed that the increase in 

the applied irradiation dose, led to a significant increase 

in the gel content for the same copolymer composition. 

At the same time the increase in the AA composition in 

the feed solution is accompanied by an increase in the 

gel content value.  

 

 The swelling property of the prepared hydrogel was 

investigated with respect to applied irradiation dose and 

it was found that the swelling % measured at room 

temperature and the same polymer composition is 

reduced by the increasing in the applied irradiation 

doses correlates with the gel content results. On the 

other hand, for different copolymer compositions, the 

increase of the AA concentration in the feed mixture is 

accompanied by a reduction in the swelling %. 

 

  The effect of the swelling medium temperature, pH and 

ionic strength was studied and it was found that by the 

increase in the temperature an increase in the swelling% 

is observed also the increase in the swelling medium pH 

is accompanied by an increase in the swelling value. On 

the other hand, the increase in the swelling medium 
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ionic strength is accompanied by a decrease in the 

swelling %. 

 

  The prepared SS/AA hydrogel was investigated for the 

possible application as water retarding agent in the 

cement industry depending on the presence of both the 

sulfonic and acrylic groups. The result was compared 

with commercial naphthalene based water retarding 

agent (SNF). 

 

 The ζ-potential of the colloidal system of the gel with 

the cement was investigated with respect to the gel 

concentration, AA-composition and applied irradiation 

dose. The results revealed that the concentration of 

maximal value of ζ-potential for both the commercial 

SNF and prepared copolymer showed very close values.  

Meanwhile, the required concentration of SNF to reach 

such maximum value is higher 2 times than that for 

SS/AA.  

 

  The effect of different acrylic acid compositions on the 

ζ-potential of the prepared copolymer was studied and it 

was found that ζ-potential decreases with the increase in 

AA composition at fixed irradiation dose. On the other 

hand the increase in the applied irradiation dose led to 

an increase in the ζ-potential value. 
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  The dispersing mechanism of such cement/gel system 

was investigated and showed that the dispersing 

mechanism not only due to the electrostatic repulsive 

forces produced from the acrylic and sulfonic groups 

presence but also due to the steric hindrance evolved 

from the grafted polyacrylic acid chains.  

 

 The SS/AA hydrogel was investigated as an acid 

catalyst for sucrose hydrolysis. The kinetic study for the 

rate of hydrolysis of sucrose showed linear relationships 

which confirms that the reaction is first order. 

 

 The effect of variation of AA composition, in the 

prepared hydrogel, on the kinetics of sucrose hydrolysis 

process was studied. The rate constant increases with 

the decrease in the AA composition at specific 

temperature. At the same time, raising the reaction 

temperature causes a remarkable increase in the rate of 

the reaction.  

 

 Different batch runs with the same catalyst sample, at 

same conditions were carried out. The results showed 

nearly the same rate constant was obtained when the 

experiment was run up to 4 times. 
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Conclusion 

 

Microgel from PVA/AA was successfully prepared 

using electron beam irradiation. TiO2 supported microgel was 

prepared. The results showed the qualification of PVA/AA-

TiO2 microgel in photo-catalytic degradation of metanil 

yellow azo dye from waste water.  

Sulphonated starch / acrylic acid copolymer hydrogels 

were prepared using gamma ionizing radiation. The results 

obtained suggested that the sulfonated starch / acrylic acid 

copolymer can be used as environmentally friendly water 

retardant agent in cement industry. In addition to having strong 

potential to replace liquid sulfuric acid and ion exchange 

resins in sugar hydrolysis processes.  
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 انمهخص انعربـــــــي

 

ٕ٘بن ِحبٚالث ألحالي اٌّٛاد  اطبحبٌؼبٌُ بٔخ١دت ٌٍّشبوً اٌب١ئ١ت اٌّخخٍفت 

 ةفٝ اٌخىٍفت ِغ األحخفبظ بىفأ ألًٚ ب  إِٓ اوثش  أخشٜاٌظٕبػ١ت اٌّؼشة ٌٍب١ئت ب

رٌه ِٓ خالي ححؼ١ش ِٛاد طذ٠مت ٌٍب١ئت بأعخخذاَ األشؼبع ٚحٍه اٌّٛاد 

 . اٌّؤ٠ٓ

 :اٌٝ خضئ١ٓاٌذساعت  حٕمغُ ٘زا اٌظذد ِٓٚ 

 حّغ األوش١ٍ٠ه/بٌٛٝ ف١ٕ١ً اٌىحٛياٌ ِٓ  ١ِىشٚخ١ً ححؼ١ش 

 ػٍٟ عطح حثب١ج ثبٔٝ اوغ١ذ اٌخ١خب١ُٔ،  بأعخخذاَ األشؼبع اٌّؤ٠ٓ

حُ دساعت اٌخٛاص اٌى١ّ١بئ١ت ٚاٌفض٠بئ١ت . ا١ٌّىشٚخ١ً اٌّحؼش

ٚف ب١ئ١ت ِخخٍفت ِغ اٌّخخٍفت ١ٌٍّىشٚخ١ً اٌّحؼش ػٕذ ظش

ا١ٌّىشٚخ١ً فٝ ػ١ٍّت حىغ١ش ِخٍفبث  ت اعخخذاَدساعت اِىب١ٔ

ؼٛئٟ ِٓ خالي طٕبػت إٌغ١ح ِٓ اطببؽ ػٓ ؽش٠ك اٌخحف١ض اٌ

 . اٌظفشاء  ا١ٌّخب١ًٔ: حبد٠ت األِؼبٌدت طبغت ا٢صٚ 

 بٌدت إٌشب بحبِغ ححؼ١ش إٌشب اٌّغٍفٓ ػٓ ؽش٠ك ِؼ

حُ اعخخذاَ حبِغ االوش٠ٍه ٌؼًّ بٍّشة . ١هاٌىٍٛسٚع١ٍفٛٔ

ٍفت ِٓ إٌشب اٌّغٍفٓ ػٓ ؽش٠ك ِشخشوت ِغ حشو١ضاث ِخخ

ض٠بئ١ت اٌّخخٍفت ١حُ دساعت اٌخٛاص اٌى١ّ١بئ١ت ٚاٌف. االشؼبع اٌّؤ٠ٓ

حُ اخخببس . ١ٌٍٙذسٚخ١الث اٌّحؼش ػٕذ ظشٚف ب١ئ١ت ِخخٍفت

ً حبِغ اوش٠ٍه ١٘ذسٚخ١ً وؼبِ/اِىب١ٔت اعخخذاَ إٌشب اٌّغٍفٓ

ؼبًِ ّب حُ اخخببس اعخخذاِت وفٝ طٕبػت االعّٕج و ٌٍخظٍذحأخ١ش 

 .ِحفض ٌخىغ١ش اٌغىشٚص

 

 انكحولانبونى فينيم  انميكروجيم من تحضير :انجزء األول

 

 ٌٟٛفٝ طٛسحٗ اٌدبفت ٚاٌشؽبت  اٌىحٛي ف١ٕ١ً حُ حشؼ١غ اٌب

بأعخخذاَ اٌّؼدً األٌىخشٚٔٝ ػٕذ خشػبث اشؼبػ١ت ِخخٍفت ٚلذ 

حح ػٓ حشؼ١غ اٌبٌٛٝ ف١ٕ١ً اْ ِحخٜٛ اٌد١ً إٌباظٙشث إٌخبئح 

بٌٛٝ ف١ٕ١ً اٌىحٛي خذا ببٌّمبسٔت ببٌاٌدبف ِحذٚدٖ  اٌىحٛي

ف١ٕ١ً  ٌٍٟبٌٛٚببٌخبٌٝ ٔغبت األٔخفبش١ت . اٌّشؼغ فٝ اٌظٛسة اٌشؽبت
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ii 

 

 ٌٍٟبٌٛاٌّشؼغ فٝ طٛسحت اٌدبفت وبٔج اػٍٝ ِٓ حٍه اٌىحٛي 

 .اٌّشؼغ فٝ طٛسحت اٌشؽبتاٌىحٛي  ف١ٕ١ً

  ٓبأػبفت  ِحخٜٛ اٌخشابؾ اٌشبىٟ ١ٌٍّىشٚخ١ً اٌّحؼشحُ ححغ١

اْ اٌخضا٠ذ فٝ ٔغبت ٚ لذ اظٙشث إٌخبئح .األوش١ٍ٠ه ١ِّٔٛش حبِغ

  .ٟحبِغ االوش١ٍ٠ه ادٜ اٌٝ ص٠بدة ٔغبت اٌّحخٜٛ اٌد١ٍ

 ػٍٝ وً ِٓ  ىحٛياٌف١ٕ١ً  ٟاٌٛصْ اٌدضئٝ ٌٍبٌٛ حأث١ش حُ دساعت

 ص٠بدةاْ ِحخٜٛ اٌد١ً ٚاألٔخفبش١ت ١ٌٍّىشٚخ١ً اٌّحؼشٚلذ ٚخذ 

 اٌّحخٜٛ اٌد١ً فٝ ٔغبت ص٠بدةاٌٛصْ اٌدضئٝ ٠ؤدٜ اٌٝ 

  .ٚأخفبع فٝ ٔغبت األٔخفبش١ت ١ٌٍّىشٚخ١ً

 

  ٓحُ دساعت حأث١ش ٔغبت حبِغ األوش١ٍ٠ه اٌّؼبف ػٍٝ حى٠ٛ

اٌّحخٜٛ اٌّبئٝ اظٙشث إٌخبئح اْ ص٠بدة اٌّحخٜٛ اٌد١ً ٚلذ 

. ل١ّت ِحخٜٛ اٌد١ً ص٠بدةدٜ اٌٝ أ حبِغ األوش١ٍ٠هببٌٕغبت اٌٝ 

ٍج فٝ ػذَ ٚخٛد حبِغ فٝ اٌٛلج ٔفغت ٔغبت اٌّحخٛٞ اٌد١ً ل

  .األوش١ٍ٠ه

  ۰۸: ٌخحؼ١ش ا١ٌّىشٚخ١ً ٘ٝ اٌّثٍٝٚخذ اْ اٌظشٚف % ِٓ

ػٕذ ( ٥۸:٥۸( )ِبء: وش١ٍ٠هاالحبِغ ) بٌٛٝ ف١ٕ١ً اٌىحٛياٌ

 .و١ٍٛ خشا٤۸ٜ

 ٌٟٛخ١ً ٚاٌّحؼش ػٍٝ شىً ١ِىش ف١ًٕ اٌىحٛي حُ اعخخذاَ اٌب

اٌغ١ٕ١ت ط ح١ٛد االشؼت حُ ل١بٚوزٌه  .ثبٔٝ اوغ١ذ اٌخ١خب١ٌُٔوذػبِت 

ٚلذ اظٙشث اٌّحؼش  ١ّىشٚخ١ًاٌّثبج ػٍٝ عطح اٌ ٌٍخ١خب١ُٔ

ٚخٛد ح١ٛد ػٕذ إٌخبئح 
o

٤۰  ٚ θ۲=
o

ببٌّمبسٔت ِغ اٌبٌٛٝ  ۲۲

ٚ٘ٛ اٌّغؤي  ظح١بٚحذة ِّب أوذ ٚخٛد ؽٛس األٔ ف١ٕ١ً اٌىحٛي

 .ػ١ٍّت اٌخىغ١ش ػٓ

  اٌخىغ١ش َ ػٍٝ ١ٛثبٔٝ اوغ١ذ اٌخ١خبٔ/لذسة ا١ٌّىشٚخ١ًحُ ل١بط

بأعخخذاَ ِظذس ٌألشؼت فٛق  اٌظفشاء  ا١ٌّخب١ًٌٔظبغت ٞ ض١اٌخحف

 .ِغ اٌٛلج ٚلذ ٌٛحع حالشٝ ِخذسج فٝ ٌْٛ اٌظبغت .اٌبٕفغ١د١ت
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  خحف١ض اٌؼٛئٝ ٚلذ حشو١ت ٌؼ١ٍّت اٌخىغ١ش ببٌاٌذساعت اٌ حُ دساعت

اٌّثبج ػٍٝ َ ٛثبٔٝ اوغ١ذ اٌخ١خب١ٔحشو١ض بض٠بدة  ٗٔأاظٙشث إٌخبئح 

 .ٌخىغ١شث ِؼذالث اصدادا١ٌّىشٚخ١ً ا

  َػٍٝ  اٌّثبج َٛثبٔٝ اوغ١ذ اٌخ١خب١ٔحُ دساعت اِىب١ٔت اػبدة اعخخذا

ٓ ٠١ّىٓ اعخخذاَ ا١ٌّىشٚخ١ً ِٓ ِشح ١ّٗىشٚخ١ً ٚلذ ٚخذ أاٌ

 .لبً اْ ٠مً ِؼذي اٌخىغ١ش اٌٝ ثالد ِشاث

 نهنشاانتحوير االشعاعى : انجزء انثانى

 سهفنة اننشا

  ه١ٕحفبػً إٌشب ِغ حبِغ اٌىٍٛسٚ عٍفحُ عٍفٕت إٌشب ػٓ ؽش٠ك 

 .ٝ وٍٛس األ٠ث١ًٕبئفٝ ٚخٛد ث

  حبِغ االوش١ٍ٠ه ػٓ ٔغب ِخخٍفت ِٓ حُ بٍّشة إٌشب اٌّغٍفٓ ِغ

اَ اشؼت خبِب ٌٍحظٛي ػٍٝ ذؽش٠ك اٌبٍّشة اٌّشخشوت بأعخخ

 .١٘ذسٚخ١ً

 حبِغ ٚ ٌٍٕشب اٌّغٍفٓ اٌىٛب١ّ١ٌٛشاٌّىْٛ ِٓ  ِحخٜٛ حُ ل١بط

حبِغ االوش١ٍ٠ه ِخخٍفت ِٓ  اثحشو١ض ذػٕاٌّحؼش األوش١ٍ٠ه 

ٚلذ اٚػحج إٌخبئح ص٠بدة ِحخٜٛ  .ِخبب٠ٕت شؼبػ١تأ بثخشػٚ

ِٓ حشو١ض حبِغ االوش١ٍ٠ه اٌّغخخذَ  والاٌد١ً ِغ ص٠بدة 

 .اٌدشػت األشؼبػ١تٚ

 اٌدشػت االشؼبػ١ت ٚ حشو١ض حبِغ  وال حبث١ش حُ دساعت ِٓ

ٚخذ اْ ٔغبت ٚلذ  .االٔخفبش١ت ٌٍد١ً اٌّحؼش ػٍٝ  االوش١ٍ٠ه

األٔخفبش١ت حمً بض٠بدة ٔغبت حبِغ األوش١ٍ٠ه اٚ اٌدشػت 

 .األشؼبػ١ت اٌّغخخذِت

  ُدساعت حأث١ش وال ِٓ دسخت اٌحشاسة ٚاألط ا١ٌٙذسٚخ١ٕٝ ح

ٌٍّحٍٛي ػٍٝ ٔغبت األٔخفبش١ت ١ٌٍٙذسٚخ١ً اٌّحؼش ٚلذ اٚػحج 

األط ٚ إٌخبئح ص٠بدة االٔخفبش١ت ِغ ص٠بدة دسخت حشاسة اٌّحٍٛي

 .فٝ األٔخفبش١ت  ص٠بدةا١ٌٙذٚخ١ٕٝ ٌٍّحٍٛي ف١ؤدٜ اٌٝ 

  ببعخخذاَ خٙبص حُ دساعت اٌثببث اٌحشاسٜ ١ٌٍٙذٚخ١ً اٌّحؼش

اٌخح١ًٍ اٌٛصٟٔ اٌحشاسٞ ٚلذ اظٙشث إٌخبئح ص٠بدة اٌثببث 

 .اٌحشاسٜ بض٠بدة اٌدشػت االشؼبػ١ت
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 وؼبًِ  ِغ حبِغ األوش٠ٍه إٌشب اٌّغٍفٓ اعخخذاَ حُ دساعت

ِغ ػبًِ  ٚحُ ِمبسٔت إٌخبئح بػت االعّٕجفٝ طٕ ٌٍخظٍذحأخ١ش 

 .٠خُ اعخخذاِت ببٌفؼً فٝ اٌظٕبػتحأخش حظٍذ 

  اٌخغ١ش فٝ خٙذ اٌض٠خب وّؤشش ٌمذسة اٌد١ً ػٍٝ حأخ١ش حُ دساعت

 وٛب١ٌّٛش ِٓٚلذ اظٙشث إٌخبئح اْ الً حشو١ض  حظٍذ األعّٕج

ض٠خب اٌحبِغ االوش١ٍ٠ه اػطٝ اػٍٝ ل١ّت ٌدٙذ /إٌشب اٌّغٍفٓ

اٌّغخخذَ حدبس٠ب  حأخش اٌخظٍذفظ ل١ّت خٙذ اٌض٠خب ٌؼبًِ ٚ٘ٝ ٔ

 .ٌٚىٓ ػٕذ اػٍٝ حشو١ض ٌٗ

 ِغ االوش١ٍ٠ه بوّب حُ دساعت حأث١ش وً ِٓ اٌخشو١ضاث اٌّخخٍفت ٌح

ٚاٌدشػبث األشؼبػ١ت اٌّغخخذِت ػٍٝ خٙذ اٌض٠خب ٚلذ اٚػحج 

إٌخبئح ٔمظبْ ل١ّت خٙذ اٌض٠خب ِغ ص٠بدة حشو١ض حبِغ األوش١ٍ٠ه 

ٌدبٔب األخش اٌض٠بدة فٝ اٌدشػت االشؼبػ١ت اٌّغخخذِت ادٜ ػٍٝ ا

حظٍذ حأخ١ش ٌٝ اٌمذسة ػٍٝ باٌٝ اٌض٠بدة فٝ خٙذ اٌض٠خب ٚببٌخ

 .خض٠ئبث االعّٕج

 َحبِغ -إٌشب اٌّغٍفٓ وٛب١ٌّٛش  حُ دساعت اِىب١ٔت اعخخذا

ٔخبئح ٚلذ اظٙشث  .ِحفض ٌخىغ١ش اٌغىشٚصؼبًِ واألوش١ٍ٠ه 

ػٓ ؽش٠ك ص٠بدة اٌغىشٚصحىغ١ش ِؼذالث ص٠بدة اٌذساعت اٌحشو١ت 

حشو١ض  بٕمظبْوّب حب١ٓ ص٠بدة ػ١ٍّت اٌخحف١ض  اٌخفبػًحشاسة دسخت 

 .فٝ ا١ٌٙذسٚخ١ً اٌّحؼش حبِغ األوش١ٍ٠ه

 ُػ١ٍّت حىغ١ش اٌغىشٚصاعخخذاَ ا١ٌٙذسٚخ١ً فٝ حىشاس  اخخببس ح 

ألوثش ِٓ دٚسة، ٚلذ اٚػحج إٌخبئح ثببث ِؼذي اٌخفبػً حخٝ 

 . اعخخذاَ اسبؼت دٚساث

 

ؼ١ش ١ِىشٚخ١ً ِٓ بٌٛٝ ف١ٕ١ً ححاِىب١ٔت اٌذساعت  حٍهٔغخخٍض ِٓ 

. حبِغ اوش١ٍ٠ه بأعخخذاَ االشؼبع اٌّؤ٠ٓ ػٓ ؽش٠ك اٌّؼدً االٌىخشٚٔٝ/وحٛي

فٝ  ٗاعخخذاِٚ. حثب١ج ثبٔٝ اوغ١ذ اٌخ١خب١ُٔ ػٍٝ عطح ا١ٌّىشٚخ١ً اٌّحؼش ٚ 

 .اءظفشاٌ ا١ٌّخب١ًٔببٌخحف١ض اٌؼٛئٝ ٌظبغت اٌخىغ١شػ١ٍّت 
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حبِغ /إٌشب اٌّغٍفٓ وٛب١ّ١ٌٛش ححؼ١شفٝ  أعخخذاَ األشؼبع اٌّؤ٠ٓ 

االوش١ٍ٠ه ٚلذ اثبخج اٌذساعت اِىب١ٔت اعخخذاَ ا١ٌٙذسٚخ١ً اٌّحؼش فٝ ػ١ٍّت 

ِحفض ٌخىغ١ش ؼبًِ ووزٌه اِىب١ٔت اعخخذاِت  ٚ فٝ طٕبػت االعّٕج اٌخظٍذحأخ١ش 

 .اٌغىشٚص




