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Aim of the Work 

 
   Recently, polymer blends and composites provided an economical way to 

produce new materials with wide properties and applications. However, the 

especially most important blends are those based on natural and synthetic 

polymers, which they are immiscible in most cases. The incompatibility in 

polymer blends so far has a great influence on the entire physical and 

chemical properties.  Thus, the present work was undertaken to prepare 

three hydrophilic blends based on natural and synthetic polymer. These 

blends are based on: (1) carboxymethyl cellulose (CMC) and polyethylene 

glycol (PEG), (2) carboxymethyl cellulose (CMC) and polyethylene oxide 

(PEO) and (3) Polyacrylamide and sodium alginate (AG). These blends are 

miscible in water. Also, the present work was aimed at studying the effect of 

gamma radiation on the compatibility and the physical and chemical 

properties of these blends. The different polymer blends of different 

compositions were evaluated for different industrial and pharmaceutical 

applications such as removal of heavy metals from wastewater, removal of 

dyes from wastewater and as drug delivery systems.                                                          
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Abstract 

Student Name: Faten Ismail Abu El Fadle  
Title of the thesis: Improving the compatibility of natural and synthetic 
polymer blends by radiation treatment for using in practical applications 
Degree: PhD 

   Different polymer blends based on the natural polymers carboxymethyl 

cellulose (CMC) and sodium alginate as well as the synthetic polymers 

poly(ethylene glycol) (PEG), poly(ethylene oxide) (PEO) and poly acrylamide 

(PAM) were prepared by solution casting in the form of films. The common 

solvent used was water. The different blends prepared in this study were 

subjected to gamma radiation. The compatibility and structure-property 

behaviour of these blends was studied by differential scanning calorimetry 

(DSC), Fourier-Transform Infrared (FTIR) analysis, thermogravimetric analysis 

(TGA), scanning electron microscopy (SEM), and tensile mechanical testing 

before and after irradiation. In addition, the swelling properties of different 

polymer blends were studied at different conditions of temperature and pH. The 

controlled release characters of the different blends of different drugs were 

investigated. In addition, the different polymer blends were used for the removal 

of heavy metals and dyes waste.  
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CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

1.1. Ionizing Radiation (Chmielewski, 2004)  
     The definition of ionizing radiation is, typically, electromagnetic waves or 

corpuscular beams that can ionize material (in a typical case, air), that is, eject of 

an electron. The examples of radiation include, alpha-ray (nucleus of helium He 

from heavier radioisotope), beta-ray (electron from radio-isotope), gamma-ray 

(electro-magnetic wave resulted from transition between energy-levels of a 

nucleus), X-ray (electro-magnetic wave resulted from transition between 

energy-levels of an atom), neutron beam typically upon fission, electron beam 

(accelerated with a particle-accelerator), ion beam (such as proton, helium and 

other heavier nuclei accelerated with a particle-accelerator), etc. Among them, 

from the viewpoint of radiation application (radiation processing), the most 

widely used radiations are as follows: 

(1) Gamma-ray source 

Among many gamma-ray emitting radio-isotopes, Co-60 gamma ray source is 

most widely used, followed by Cs-137 gamma ray source, but the share of Co-

60 is dominant in quantity. Co-60 has the half-life of 5.27 years, and upon 

disintegration it emits two photons of energies of 1.17 and 1.33 MeV. 

 
(2) Electron beam accelerator 

     In radiation processing, electron beam in the energy-range of 300 keV and 5 

MeV is widely used. Electron beam can be generated with electron beam 

accelerator. 

 

 

 



CHAPTER I                                           Introduction and Litrerature review  
__________________________________________________________ 
 

 2

1.1.1. Interaction of Radiation with Materials (Bhattacharya, 2000) 

     Depending on the energy of radiation, the interaction scheme varies from 

implantation (when the energy of incident electro-magnetic wave / particle is 

low), sputtering, excitation, ionization, and nuclear reaction (when the energy of 

incident radiation is sufficiently high). In radiation processing, ionization and 

excitation are most fundamental events. In the case of Co-60 gamma-ray 

irradiation, secondary electrons are ejected through Compton Effect, and these 

scattered secondary electrons can interact with material. In the case of electron 

beam irradiation, the incident electrons can interact with material directly. High 

energetic (incident and secondary) electrons interact directly or indirectly with 

electrons of irradiated material through Coulomb interaction, and results in 

ionization and excitation. Ionized or excited species can form the radical, 

chemically reactive atoms or molecules having an unpaired electron, and the 

radicals induce subsequent reactions. Such series of radiation-induced chemical 

reactions construct the field of so-called "radiation chemistry". In the case of 

polymer, the final events are cross-linking (new bond formation between two 

polymer chains), degradation (fragmentation into two or more smaller pieces, 

denoted as scission as well), un-saturation (formation of double bond, other 

functional bonds etc), graft polymerization. 

 
1.1.2. Radiation Chemistry of Natural Polymers (Nagasawa et al., 

2004) 
   Natural polymers are defined as polymer (polymeric compounds) that 

naturally exists in the biological bodies/system, sea-water, soil (ground) etc. 

This concept is the opposite of artificially-synthesized polymers such as 

polyethylene. Examples of natural polymers include polysaccharide, protein, fat, 

carbohydrate, DNA, etc. Similarly to other polymers, natural polymers undergo,  
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based on their nature, cross-linking or degradation upon irradiation. Its radiation 

chemical scheme, however, can vary based on various factors such as phase 

(solid or liquid) of pristine material (especially in the case of aqueous solution, 

the OH radical, formed upon radiolysis of water, would play a significant role in 

polymer-radical formation and enhanced degradation compared to solid state), 

temperature during irradiation, dose rate, (total) dosage, and, especially in the 

case of solution, on concentration, viscosity, pH, etc. Moreover, pre- and/or 

post- conditionings of the materials can influence the irradiation effect. On the 

contrary, if one can control these factors and the final events, one may find a 

new paradigm of the radiation chemistry. 

    Based on the irradiation effects, modification and functionalization of 

polymeric materials (radiation processing) have been extensively and 

intensively studied. A lot of experiences and findings are accumulated in the 

society of radiation application.  

(a) Radiation induced cross-linking can improve, for example, heat resistance, 

mechanical properties (Zhai et al., 2004), etc. For natural polymers, the cross-

linking can form "gel" that can absorb solvent, such as water, to a high ratio in 

weight to the polymer. Such gel are sometimes called as "hydrogel" and its 

application covers medical, healthcare, agricultural field, for example, as 

wound-dressing (WD), bed-sore modifying mat, beauty face mask, bio-

degradable packaging materials, super water absorbent (SWA) for excrement of 

livestock, alcoholic processing waste and irrigation of desert land.   

(b) Radiation induced degradation can improve solubility to solvent(Bao, et al, 

2001) , softness, lubricant etc. For natural polymers, especially polysaccharides 

such as cellulose, starch, chitin and chitosan which are indigenous resources in 

south-eastern and eastern Asian countries, the degraded polymer, including 

oligomer, can promote  
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plant growth, anti-bacterial- or elicitor- activity, etc. Such modified poly- and 

oligo- saccharides are well applied in agricultural and aqua-cultural (including 

poultry and livestock) feed. 

 
1.1.3. Radiation Processing and Applications of Natural and 
Synthetic Polymers 

    In recent years, natural polymers are being explored for many new 

applications because of their unique characteristics such as easy availability, 

biocompatibility and biodegradability. A considerable amount of research on 

natural polymers has emanated from Asian countries and the studies have 

covered the whole spectrum of research, from better production and purification 

methods, the derivatization chemistry and applications (Tombs, et al, 1998; 

Yannas, et al, 1982). The areas of applications of natural polymers being 

explored include health care applications (Le, et al, 1997; Akiyama, et al, 

1992), in agricultural applications wherein it has been observed by a number of 

researchers that some low molecular natural polymers, particularly 

polysaccharides such as chitin/chitosan or alginates show very interesting 

properties (Ariyo, et al, 1997; Tomada, et al, 1994; John, et al, 1997; 

Peniche-Covas, et al, 1987) and in environmental conservation due to their 

molecular structure, many natural polymers has an extremely high affinity for 

many toxic metal ions and dyes (Jha, et al, 1988; Mckay, et al, 1989; Kumar, 

et al, 1998; Woods, and  Pikaev, 1992). Radiation processing has established 

itself as a commercially successful technology for modification of a variety of 

synthetic polymeric materials for a variety of applications such as crosslinking 

of wire & cable, production of heat shrinkable materials, modification of rubber 

tires and production of foamed materials (Clelend, et al, 2003; Kume, and 

Takehisa, 1983). 
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Radiation processing of natural polymers, however, has received much less 

attention over the years because of two reasons namely: (i). most of the natural 

polymers undergo chain scission reaction when exposed to high energy radiation 

and (ii). Difficulty in processing natural polymers in various forms and sizes. 

High energy radiation technique can be effectively used for reducing molecular 

weight of different polymers including natural polysaccharide such as alginate, 

carboxymethyl cellulose (CMC) and Chitosan (Ulanski, and Rosiak, 1992; 

Hein, et al, 2000). 

 

    As mentioned earlier, conventionally synthesized low molecular weight 

oligosaccharides are being explored as plant growth promoters, however, until 

recently, the effect of the radiation degraded alginate and chitosan products on 

the growth of plants was not studied much in detail. 

 

    In past few years, radiation depolymerized alginates; chitosan and 

carragennans have been tested on a number of crops such as Rice (Oryza sativa 

L. var. japonica), peanut seeds (Arachis hypogea) (Kume, et al 2002; Hien, 

2000). Hien et al. have reported the effect of alginates on the growth of rice at 

various concentrations. The results showed that a suitable concentration range of 

alginates is 20-50 ppm (Zhao, et al 2003) suggesting that the higher activity of 

products obtained from radiation degraded alginate. Most of these studies have 

been carried out in hydroponic systems and there is a need to extend these 

studies to other crops to optimize the experimental conditions for obtaining 

maximum yields. 

Polymeric biomaterials are widely used in medical field in a variety of ways, 

namely, as therapeutic devices, drug delivery systems and clinical diagnostic 

devices. In recent years, biopolymers have emerged as an important class of 

biomaterials as they possess excellent biocompatibility. Ionizing radiation 
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possesses the unique ability to initiate polymerization and/or crosslinking 

reactions without the need to add toxic chemicals. Therefore radiation 

processing is emerging as an excellent tool to produce Hydrogels prepared from 

blends of natural polymers (kappa-carrageenan) and synthetic polymers were 

characterized for their suitability in biomedical applications. Healing of wide 

and serious burn wounds is one such difficult medical problem as the healing 

takes a lot of time and the dressing used for protection have to be changed 

regularly till the healing is complete. A PVP based radiation processed hydrogel 

wound dressing containing synthetic polymers as plasticizer has been developed 

by Rosiak (1994) and has been successfully commercialized. 

   Natural polymers like alginates, carrageenans or derivatives of natural 

polymers like chitosan and sodium-carboxymethyl cellulose are known to 

possess wound healing characteristics, besides having good biocompatibility. 

 

    Incorporation of such natural polymers in synthetic polymers can produce 

biomaterials that combine the features of synthetic polymers with specific 

biocompatible and wound healing characteristics of natural polymers. The 

applications of natural polymers in health care sector or in environmental 

conservation necessitate use of these polymers in the crosslinked form , however 

as mentioned earlier, these polymers typically undergo chain scission reaction 

when exposed to high energy radiation (Brazel and Peppas, 1999). 

  

   Studies have been carried out in recent years by (Brazel, &. Peppas, 1999) on 

polysaccharides and their derivatives to attempt radiation induce crosslinking in 

cellulose, starch and chitin/chitosan water-soluble derivatives under various 

experimental conditions. It was found that polysaccharides water-soluble 

derivatives such as carboxymethyl cellulose (CMC), carboxymethyl starch 

(CMS) and carboxymethyl chitin (CMCT), and carboxymethyl chitosan 
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(CMCTS) lead to radiation crosslinking when irradiated as highly concentrated 

aqueous solution in paste-like state. However, natural polymers themselves 

undergo predominantly degradation reaction. Thus, more detailed studies or 

different approaches are required to attempt radiation induced crosslinking of 

these materials. 

 

 (Radoslaw, et al, 2003) prepared carboxymethyl cellulose (CMC) hydrogel 

ionizing radiation at highly concentrated aqueous solutions, and were found to 

undergo swelling depending on the pH of the swelling media. Swelling 

increases at neutral and basic pH due to ionization of carboxymethyl groups on 

side chains. 

 
   Thermal properties of films of carboxymethyl cellulose sodium salt (CMC-

Na) and crosslinked of CMC-Na were investigated by (Kim, 2007) using 

differential scanning calorimeter(DSC). The kinetic analysis was executed by 

kinetic software based on Borchardt and Daniels theory. The cross-linked CMC-

Na series (CL series) was prepared by copper sulfate solution and CL series was 

not soluble in water. The degree of cross-linking was confirmed by FT-IR 

analysis and CMC-Na and CL series were executed by DSC and the exothermic 

peak was analyzed by kinetic method. The kinetic variables such as half life, 

activation energy, rate constant, and thermal conversion data were also studied. 

   A new superabsorbent hydrogel has been prepared by (Khoylou and 

Naimian, 2009) from tragacanth and polyethylene oxide (PEO) by gamma 

radiation at room temperature. Tragacanth solutions with different 

concentrations (1%, 3% and 5%) have been blended with 5% aqueous solution 

of PEO at a ratio of 1:1 and irradiated at doses 5–20 kGy. The properties of the 

prepared composite hydrogels were evaluated in terms of the gel fraction and 

the swelling behavior. An unexpected growth of the gel fraction was observed in 
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PEO/ tragacanth hydrogels irradiated at 5 kGy. Incorporation of 5% tragacanth 

into the aqueous PEO increased significantly the swelling percent of the 

hydrogels to more than 14,000% and thus makes it a superabsorbent material. 

 

  ( Haji-Saeid et al, 2007) discussed and studied the IAEA's significant role in 

fostering developments in radiation technology in general and radiation 

processing of polymers in particular, among its Member States (MS) and 

facilitate know-how/technology transfer to developing MS. The former is 

usually achieved through coordinated research projects (CRP) and thematic 

technical meetings, while the latter is mainly accomplished through technical 

cooperation (TC) projects. Coordinated research projects encourage research on, 

development and practical application of radiation technology to foster 

exchange of scientific and technical information. The technical cooperation 

(TC) programmed helps Member States to realize their development priorities 

through the application of appropriate radiation technology. The IAEA has 

implemented several coordinated research projects (CRP) recently, including 

one on-going project, in the field of radiation processing of polymeric materials. 

The CRPs facilitated the acquisition and dissemination of know-how and 

technology for controlling of degradation effects in radiation processing of 

polymers, radiation synthesis of stimuli-responsive membranes, hydrogels and 

absorbents for separation purposes and the use of radiation processing to prepare 

biomaterials for applications in medicine. 

 

1.2 Polymer Blends (Paul, D. R., and Sperling, L. H, (1986), Meredith J. 
C., et al, 2002) 

      Recent research and development of polymer material has been directed to 

blending different polymers to obtain new products having some of the desired 

properties of each component. Moreover, blending of different existing 
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polymers is of considerable importance as an alternative to graft 

copolymerization and the very costly to develop new homopolymers. There are 

different reasons for blending two or more polymers together: First, is to 

improve the polymer process ability, especially for the high temperature 

polyatomic thermoplastics. Second, is to enhance the physical and mechanical 

properties of blends making them more desirable than individual polymers in the 

blend. Third, is to meet the current growing interest in the plastic recycling 

process where blending technology may be the means of deriving desirable 

properties from recycled polymers. The process of blending allows the intensive 

transfer of polymer chains occurring at the polymer-polymer interfaces to 

achieve a homogenous blend. The level of homogeneity obtained depends on the 

nature of the components to be blended and the blending technique employed. 

1.2.1. Types of Polymer Blends 

1.2.1.1. Thermoplastic Polymer Blends 

     Polymers such as polyethylene (PE), polypropylene (PP), poly (styrene) (PS), 

and poly (vinyl chloride) (PVC) constitute a large proportion of the   plastic 

currently used for non-load bearing applications. The blends and alloys of these 

plastics constitute one of the most rapidly evolving areas of engineering plastic.  

Improving mechanical properties such as toughness is usually the main reason 

for the development of novel thermoplastic blends (Yang, L.Y., 1995).  

1.2.1.2. Thermoplastic Rubber Blends                                                               

    Thermoplastic/ elastomers blends can be prepared by mixing a thermoplastic 

and an elastomer under high shearing action. Plastics like polypropylene, 

polyethylene, nylon, polystyrene, polyester, etc. and elastomers such as ethylene 

propylene diene rubber (EPDM), natural rubber, styrene butadiene rubber 
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(SBR), etc. are usually used as blend components. Besides having low cost, 

these blends have certain advantages over other types of thermoplastic 

elastomers. Since the properties are derived from the phase structure and 

crystallinity of the plastics, the properties can be manipulated by variation of the 

above parameters (Blackely, D.C. and Charnock, R.C., 1973).                                              

       The preparation of these blends however is carried out by using standard 

plastics machinery at a higher temperature (above the melting point of the 

plastics). A number of practical advantages over conventional rubbers may be 

outlined: (1) No vulcanization and little compounding are required. (2) 

Amenable to methods of thermoplastic processing like blow molding 

thermoforming, heat welding, etc., unsuitable for conventional rubber; short   

mixing and processing cycle and low energy consumption. (3) Scrap can be 

recycled. (4) Properties can be easily manipulated by changing the ratio of the 

component. The disadvantages associated with thermoplastic/elastomers blends 

are that they often melt at elevated temperature, and show creep behavior on 

extended use. 

1.2.1.3. Elastomer-Elastomer Blends  
    The importance of elastomer blends becomes manifest when it was realized 

that nearly every major rubber component in a tire constituents a blend of two or 

more of these rubbers. Elastomer blends are used in tire rubber compositions for 

three reasons:                   

(a)    The compound cost may be lowered.                                                                           

(b) During production, the tire may be easily fabricated in the complex                   

shaping, forming, and building operations used to make a tire and.                                 

(c)    The final product performance can be modified beneficially.                                      

           Natural rubber and styrene-butadiene copolymer have long been blended 

for these reasons.  Carbon black is an essential ingredient contributing the 
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property, which is reflected in increased hardness, modulus, tear-resistance, 

abrasion resistance, and hysteresis loss. However, many of the features of rubber 

compounds are determined by the way, in which carbon black is distributed 

between the elastomer phases in blends. Methods that are used to mix elastomer 

blends include latex blending, solution blending, and mechanical blending. 

1.2.1.4. Natural Polymer Blends 
 
   Wide ranges of naturally occurring polymers derived from renewable 

resources are available for various materials applications (Kaplan, 1998; Gross, 

and Scholz, 2001). Some of them, such as starch, cellulose and rubber, are 

actively used in products today, while many others remain underutilized. 

Natural polymers can sometimes be classified according to their physical 

character. For example, starch and cellulose are classified into different groups, 

but they are both polysaccharides according to chemical classification. Table 1 

lists some natural polymers surveyed by Kaplan (Kaplan, 1998). These natural  

 

polymers perform a diverse set of functions in their native setting. For example, 

polysaccharides function in membranes and intracellular communication; 

proteins function as structural materials and catalysts; and lipids function as 

energy stores (Kaplan, 1998).  Nature can provide an impressive array of 

polymers that have the potential to be used in fibers, adhesives, coatings, gels, 

foams, films, thermoplastics and thermoset resins. One of the main 

disadvantages of biodegradable polymers obtained from renewable sources is 

their dominant hydrophilic character, fast degradation rate and, in some cases, 

unsatisfactory mechanical properties, particularly under wet environments. In 

principle, the properties of natural polymers can be significantly improved by 

blending with synthetic polymers. Polymer blending is a well-used technique 
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whenever modification of properties is required, because it uses conventional 

technology at low cost. 

The usual objective for preparing a novel blend of two or more polymers is not 

to change the properties of the components drastically, but to capitalize on the 

maximum possible performance of the blend. In the 1970s and 1980s, numerous 

blends of starch with various polyolefins were developed. However, these 

blends were not biodegradable, and thus the advantage of using a biodegradable 

polysaccharide was lost.  

Since the majority of natural polymers are water soluble, water has been 

used as a solvent, dispersion medium and plasticizer in the processing of many 

natural polymer blends (Matveev, et al, 2000) and also blending of natural 

polymers with water soluble synthetic polymers for example polyethylene 

glycol (PEG), polyethylene oxide (PEO) and polyacrylamide (PAAm) and 

others. Since proteins and polysaccharides are the main constituents of natural 

polymers, their interaction with water and with each other in a water medium  

 

give the structure–property relationships in these materials. An analysis 

of the glass transition temperature and thermal profile gives one of the best 

illustrations of the role of water in natural polymers.  Table (1) below shows a 

list of the different naturally occurring polymers, in this work we concentrate on 

polysaccharides which are abundantly available in nature, for example alginates 

and the cellulose derivative, Carboxymethyl cellulose. Carboxymethyl cellulose, 

an important ionic ether derivative of cellulose and usually used as its sodium 

salt (NaCMC), is widely applied in a lot of industrial sectors including food, 

paper making, paints, pharmaceutics, cosmetics and mineral processing 

(Barbucci, et al, 2000) Recently, due to the good biocompatibility, NaCMC 

attracts more attentions as a representative water-soluble polysaccharide in 

many research fields such as drug delivery (Benmouhoub, et al, 2008; 
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Kulkarni, and Sa, 2008; Yi, and Zhang, 2007) tissue engineering (Jiang, et 

al, 2008; Pasqui, et al, 2007) and polymer blends (Barbucci, et al, 2000; 

Marci, et al 2006), etc. Although it is getting more and more important in both 

industry and in the laboratory, and the hydrogen bonds in NaCMC were 

mentioned in many works (Barbucci, et al, 2000; Said, et al, 2004; Yi, and 

Zhang, 2007), special research works on infrared especially aiming at the 

hydrogen bonds structure were relatively poor, which is probably because of its 

strong water absorption and the resulting high complexity in hydrogen bonds on 

infrared spectroscopy. 

Alginates, a naturally occurring polysaccaride obtained from marine brown 

algae, comprising lineer chain of (1,4)-b-D-mannuronic acid and (1,3)-a-L-

guluronic acid (Moe, et al, 1994). Sodium alginate (NaAlg), a polyelectrolyte 

having rigid molecular chain (Hirano, et al 1978), and good film forming 

ability, has been extensively exploited and studied in detail on biomedical 

applications as a drug carrier (Yuk, et al, 1995; Hari, et al, 1996). 
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Table (1): List of natural polymers 
 

Class of polymer Source Polymers 
Plant/algal starch, Cellulose, Pectin, konjac, alginate, 

caragreenan, gums 
Animal hyluronic acid 
Fungal pulluan, elsinan, scleroglucan 

Polysaccharides 

Bacterial chitin, chitosan, levan, xanthan, 
polygalactosamine, curdlan, gellan, dextran 

Proteins  Soy, Zein, wheat gluten, casein, serum, 
albumin, collagen/gelatine, silks, resilin, 
polylysine, 
  
polyamino acids, poly(g-glutamic acid), 
elastin, polyarginyl–polyaspartic acid 

Lipids/surfactants  Acetoglycerides, waxes, surfactants, emulsion 
Specialty 
polymers 

  

  Lignin, shellac, natural rubber 
 

1.2.1.5. Natural/Synthetic Polymer Blends  

Polymer blending generally aims to improve polymer characteristics and 

increase its applications (Lee, and Tu, 2000) Natural polymer such as 

polysaccharide has the advantage of biodegradability, but its molecular weight is 

unevenly distributed and its mechanical properties are generally poor. In 

contrast, synthetic polymer can have evenly distributed molecular weight and 

mechanical properties superior to those of natural polymer depending on the 

polymerization condition, but the synthetic polymer is usually known to be non-

biodegradable. Blended natural polymer with synthetic polymer, called bio-

polymer, combines good mechanical properties with biodegradability, 

increasing its economic benefits (Hosokawa, et al, 1991). 
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  The selection of polymers can potentially form hydrogen bonds when two 

polymers mixed, as well as the study of the blends properties, are of importance 

to find further applications of resulting blend materials for biomedical and 

pharmaceutical devices. The success of synthetic polymers as biomaterials relies 

on their wide range of mechanical properties, transformation processes that 

allow a variety of different shapes to be easily obtained, and at a low production 

cost. Therefore, biologically polymeric important materials based on the blends 

of synthetic and natural polymers have been prepared .Recently, some 

researchers have focused on blending polymers, for example blending cellulose 

with poly(vinyl pyrrolidone), polyamide, polyacrylonitrile and poly (vinyl 

alcohol), and studying their phase behavior, morphology,   mechanical 

properties, permeation and adsorption properties of these blends (Kondo, et al, 

1994; Masson and Manley, 1991; Nishio, et al, 1989; Nishio, and Manley 

1995; Nishio, and Manley 1988; Nishio, et al, 1987), and also, Recently, some 

researchers prepared different blends such as, poly(N-vinyl-2- pyrrolidone)-

kappa-carrageenan (PVP=KC), poly(N-vinyl- 2-pyrrolidone)-iota-carrageenan 

(PVP=IC) (Relleve, et al, 1999), poly(ethylene oxide)-hydroxypropyl 

methylcellulose (PEO=HPMC) (Fuller, et al, 2001), and poly(vinyl alcohol)-

chitosan (PVA=C) (Miya, and Iwamoto, 1984)  and many others. 

 

  (Rakkappan and Anbalagan, 2009) investigated the Compatibility of 

polysaccharide based natural polymer Xanthan gum (Xn), Tragacanth gum 

(Traga), Acacia gum (Ac) with synthetic polymers viz., poly vinyl pyrrlidone 

(PVP), polyethylene glycol (PEG) in aqueous solution, using the related 

acoustical parameter at room temperature 303K. Consequently the concentration 

of synthetic polymers PVP and PEG was varied to understand the nature of 

solute-solvent interaction in the polysaccharide based natural/synthetic polymer 
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in aqueous solution. The FT-IR studies also carried out for vibration assignment 

and conformation of compatibility. 

 (Kaczmarek et al, 2007) have prepared blends of biodegradable polymers; 

natural pectin and synthetic poly (ethylene oxide) at different weight ratios 

where they studied the surface morphology by using atomic force microscopy. 

The photooxidative degradation of the blends was studied by viscometry, FTIR 

spectroscopy and UV-vis spectroscopy. 

 (Lukasiewicz et al, 2007) prepared blends of polyaniline with semisynthetic 

carboxymethyl cellulose (CMC), it is found that  the system could to a new 

antielectrostatic material with increasing properties and seems to be applicable 

as an additive for packaging in both food and non-food industry. For the main 

investigation atomic force microscopy (AFM) in non-contact mode was used. 

(Tong et al, 2008) prepared and studied the properties of pullulan, alginate, and 

carboxymethyl cellulose (CMC) blend films using casting solution technique. 

By incorporating alginate and CMC into pullulan, water barrier and mechanical 

properties were weakened significantly.  Blending pullulan with alginate or 

CMC up to about 17-33% (w/w total polymer) reduced film solubilization time 

in water. 

(Park et al, 2001) prepared a new binder system of cellulose butyrate (CAB) 

and poly (ethylene glycol) (PEG) with various molecular weights. (CAB) and 

PEGs with various molecular weights had good compatibility. The blends 

exhibited low enough viscosity to make homogeneous feedstock for the 

injection molding. 

 (Liu et al, 2007) developed a novel kind of hyaluronic acid-based biomaterials 

by preparing a series of sponge-like composites by crosslinking different 

amounts of hyaluronic acid (HA) and carboxymethyl cellulose sodium (CMC-
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Na). FTIR analysis was performed to characterize the expected amide linkages 

in the cross-linked composites, and the scanning electron microscopic (SEM) 

analysis was carried out to view the microstructures of the composites. 

1.2.3. Miscibility of Polymer Blends 

      Whenever two polymers are blended in the melt, or from solution, always a 

trace amount of polymer A dissolved in a polymer B and vice versa. For most 

polymer pairs, this solubility limit is very low and the polymers are classified as 

incompatible (immiscible). The dispersed phase in immiscible polymer blends 

tends to form undesirably large domain that furthermore can coal-ease during 

the post compounding steps. When there is an infinite solubility of one in the 

other, the pair is classified as compatible (miscible). It is commonly thought that 

the exothermic heat generated during mixing involves specific intermolecular 

interaction such as hydrogen bonding formation and ionic interactions.  

However, compatibility is frequently defined as (miscibility on a molecular 

scale). Another way of defining compatible blends is as (polymer mixtures), 

which do not exhibit gross symptoms of phase separation. Compatible blends 

are completely transparent at any mixing ratio and in this case, only one phase is 

present and will have a single Tg intermediate between the two values for the 

separate polymers. On the other hand, incompatible blends will be opaque, no 

matter in what ratio they have been mixed; separated phases are present.  

It is possible to obtain polymer blends of more desirable properties by 

mixing miscible polymers, and thus it is very important to examine the factors 

affecting the miscibility of polymer mixtures (i.e. weight fractions, 

crystallization temperatures and interaction such as hydrogen bonding) (Al-

Rawajfeh, 2005; Al-Rawajfeh, et al, 2006; Al-Rawajfeh, et al, 2008). The 

miscibility term describes the homogeneity of polymer mixtures at some 

temperatures. Miscibility can be influenced by various factors such as 
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morphology, crystalline phase, intermolecular interaction, and reduction of 

surface tension. The most common method to establish polymer miscibility is 

differential scanning calorimetry (DSC), with which determination of the glass 

transition temperature (Tg) or the depression of the melting temperature (Tm) 

allow one to obtain details of the mixing.  

     

    (Kubo and Kadla, 2006) Studied the effect of the molecular mass of 

poly(ethylene oxide) (PEO) on lignin-PEO blends by   using thermal analysis 

and FTIR. Differential scanning calorimetry (DSC) analysis revealed miscible 

blends over the entire blend ratio. A negative deviation in Tg from a simple 

weighted average was observed, indicating the existence of relatively weak 

favorable interactions between blend components. Analysis of the data revealed 

no difference in the magnitude or propensity of intermolecular interactions with 

increasing PEO molecular mass in the kraft lignin-PEO blends. By contrast, the 

fitting parameters obtained for organosolv lignin were substantially different; 

the higher molecular mass PEO had a higher propensity to form slightly stronger 

intermolecular interactions than the lower molecular mass PEO.  

 

(   Caykara and Demirci, 2006) prepared different blend films of poly(vinyl 

alcohol) (PVA) and sodium alginate (NaAlg)  by casting from aqueous 

solutions. This blend films were characterized by tensile strength test, Fourier 

transform infrared spectroscopy (FT-IR), thermogravimetric analysis (TGA) and 

differential scanning calorimetry (DSC). The miscibility in the blends of PVA 

and NaAlg was established on the basis of the thermal analysis results. DSC 

showed that the blends possessed single, composition-dependent glass transition 

temperatures (Tgs), indicating that the blends are miscible. FT-IR studies 

indicate that there is the intermolecular hydrogen bonding interactions,i.e.–

OH...-OOC– in PVA/NaAlg blends. The blend films also exhibited the higher 
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thermal stability and their mechanical properties improved compared to those of 

homopolymers. 

 

(Caykara and Demirci, 2007) prepared blends of poly(N-vinyl-2-pyrrolidone) 

(PVP) and sodium alginate (NaAlg) by casting from aqueous solutions. These 

blends were characterized by Fourier transform infrared spectroscopy (FT-IR), 

thermogravimetric analysis (TGA), differential scanning calorimetry (DSC), and 

tensile strength test. The miscibility in the blends of PVP and NaAlg was 

established on the basis of the thermal analysis results. DSC showed that the 

blends possessed single, composition-dependent glass transition temperatures 

(Tgs), indicating that the blends are miscible in amorphous state. FT-IR studies 

indicate that there are the intermolecular hydrogen bonding interactions, i.e., --

OH…..O=C in PVP/NaAlg blends. This blend films also exhibited the higher 

thermal stability and improved the elongation at break in dry states. 

   (Liao, 2004), prepared membranes of the blends of chitosan and 

polycaprolactam (PA6) in formic acid. FT-IR data revealed that hydrogen 

bonding between amide and hydroxyl groups of chitosan and PA6, respectively, 

was formed. And found that under dry condition, the samples with a blend ratio 

of 40/60 for chitosan/PA6 displayed a better miscibility between two 

components. 

   (Kantoğlu, 2007), prepared Blends of poly(N-vinyl-2-pyrrolidone) (PVP) and 

sodium alginate (NaAlg) by casting from aqueous solutions. These blends were 

characterized by Fourier transform infrared spectroscopy (FT-IR), 

thermogravimetric analysis (TGA), differential scanning calorimetry (DSC), and 

tensile strength test. The miscibility in the blends of PVP and NaAlg was 

established on the basis of the thermal analysis results. DSC showed that the 

blends possessed single, composition-dependent glass transition temperatures 

(Tgs), indicating that the blends are miscible in amorphous state. FT-IR studies 
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indicate that there is the intermolecular hydrogen bonding interactions, i.e.,-

OH…..O=C in PVP/NaAlg blends. This blend films also exhibited the higher 

thermal stability and improved the elongation at break in dry states. 

   (Peesan, 2003), Blend films of β-chitin (derived from squid pens) and 

poly(vinyl alcohol) (PVA) were prepared by a solution casting technique from 

corresponding solutions of β-chitin and PVA in concentrated formic acid. Upon 

evaporation of the solvent, films prepared from pure β-chitin and pure PVA 

were found to be transparent, while the film having 50/50 composition was 

found to be cloudy. Miscibility of the polymers in the amorphous phase of the 

films at various compositions was assessed using differential scanning 

calorimetry (DSC), thermogravimetric analysis (TGA), and scanning electron 

microscopy (SEM) techniques. 

  (Guru et al, 2008), studied the miscibility of pullulan and carboxymethyl 

cellulose blends in water at 100/0, 80/20, 60/40, 50/50, 40/60, 20/80 and 0/100 

(v/v %) blend compositions using ultrasonic interferometer and specific gravity 

bottle, viscosity, ultrasonic velocity and density were measured at 30 and 40 0C 

respectively.  

Further, blend films were prepared by using 1% blend solutions. Solid state 

compatibility of the blend was then confirmed by Scanning electron microscopy 

(SEM) and FTIR techniques. The SEM and FTIR results revealed that blend was 

miscible only when pullulan content is 60% and above. Change in temperature 

had no effect on the miscibility of Pullulan-Carboxymethyl cellulose blend. 

 

   (Jayaraju et al, 2008), prepared Polymer blends of chitosan (CHI) with 

poly(vinyl pyrrolidone) (PVP) by solution blending, and their miscibility studies 

were carried out by using physical techniques over an extended range of 

concentration and composition in buffer solution. The viscosity, ultrasonic 

velocity, density, and refractive index were measured at 30, 40, and 50°C, 
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respectively. Using viscosity data, the interaction parameter μ and were 

computed to probe the miscibility. These values revealed that the blend is 

miscible when the chitosan content is more than 60% in the blend at all 

temperatures. The obtained results were further confirmed by the ultrasonic 

velocity, density, and refractive index measurements. 

 

    (Porjazoska, et al, 2004) prepared Polymer blends of poly(D,L-lactic-co-

glycolic acid), PDLLGA, and triblock polycaprolactonepoly (dimethylsiloxane)-

polycaprolactone (PCL-PDMS-PCL) copolymer, TEGOMER, by 

coprecipitation from their chloroform mixed solutions into methanol and were 

characterized by differential scanning calorimetry (DSC), Fourier transform 

infrared (FTIR), degradation tests and scanning electron microscopy (SEM). 

Binary blends of PDLLGA/TEGOMER were found to be partially miscible 

according to DSC measurements and FTIR analysis. Stressstrain results showed 

that addition of TEGOMER improved significantly the overall toughness of 

PDLLGA. Degradation of PDLLGA/TEGOMER blends was investigated in 

phosphate buffered saline at pH = 7.4 and 37 °C, and the morphology of the 

blends during degradation was examined by scanning electron microscopy. 

   (Wanchoo, and Sharma, 2003) studied the dilute solution viscosity behavior 

of three water-soluble polymer mixtures at 20oC. The ternary systems assayed 

are distilled water/sodium carboxymethyl cellulose (CMC)/polyacrylamide 

(PAM), distilled water/methylcellulose (MC)/CMC, and distilled 

water/poly(vinyl pyrrolidone) (PVP)/MC. The intrinsic viscosity and the 

viscometric interaction parameters have been determined for the binary (dist., 

water/polymer) and ternary (dist., water/polymer1/polymer2) systems. Degree 

of compatibility of these polymer systems was estimated on the basis of five 

criteria: (i) the sign of Δbm, (ii) the sign of Δb'
m, (iii) the sign of Δ(η)m, (iv) sign 

of thermodynamic parameter α, and (v) the sign of modified thermodynamic 
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parameter β. Based on the sign convention involved in these criteria, 

compatibility/miscibility was observed in CMC/PAM and MC/CMC systems 

and incompatibility/immiscibility in PVP/MC system. The FTIR analyses also 

support the obtained results. 

 

    (Peng and Sui, 2006), studied the miscibility of the hydrophobic polyvinyl 

chloride (PVC) and the hydrophilic poly vinyl butyral (PVB) blends in N,N-

dimethyl acetamide and chractirized by the solubility parameter, glass transition 

temperature of the blended membrane, casting solution viscosity, etc. the results 

showed that the PVC/PVB blended system was partially miscible at a certain 

proportion range. Water flux and hydrophilicity of the blended membranes were 

much better than that of the membranes made from pure PVC or PVB. 

 

    (Rashidova, et al, 2004), studied the compatibility of polymer blends 

containing native polysaccharides by using optical and electron microscopy, X-

ray diffraction, IR spectroscopy, sorption capacity methods, and estimation of 

thermodynamic data and investigated the structural, physicochemical, and 

physico-mechanical properties of mixtures of carboxymethyl cellulose with 

polyvinyl alcohol and of mixtures of chitosan with polyvinyl alcohol, to 

discover relationships between the structures of the systems and their 

physicochemical characteristics and other properties, to determine the 

compatibility of components. It was found that for some component ratios in 

these systems there is some interactions and some compatibility. 

 

   (Alka, et al, 2010) prepared carboxymethyl chitosan (NOCC)/cellulose 

acetate (CA) blend nanofiltration (NF) membrane in acetone solvent. From the 

work on miscibility experiments, it was proposed to take 0.4 wt% of NOCC in 

NOCC/CA blend membrane preparation. The newly prepared blend membrane 
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was characterized with the help of scanning electron microscopy (SEM), 

thermal gravimetric analysis (TGA) and mechanical properties of membrane. 

Molecular weight cut-off (MWCO) of newly prepared blend membrane was 

found to be 710 Da, which was in the range of nanofiltration. The performance 

of the prepared NF membrane had been tested to separate chromium and copper 

from a common effluent treatment plant (CETP) wastewater at different 

operating conditions. The highest rejection for chromium and copper were 

observed to be 83.40 and 72.60%, respectively, at 1 MPa applied pressure and 

16 L/min (LPM) feed flow rate. 

 

(Caykara and Demirci, 2006) prepared Blend films of poly(vinyl alcohol) 

(PVA) and sodium alginate (NaAlg) by casting from aqueous solutions. This 

blend films were characterized by tensile strength test, Fourier transform 

infrared spectroscopy (FT-IR), thermogravimetric analysis (TGA) and 

differential scanning calorimetry (DSC). The miscibility in the blends of PVA 

and NaAlg was established on the basis of the thermal analysis results. DSC 

showed that the blends possessed single, composition-dependent glass transition 

temperatures (Tgs), indicating that the blends are miscible. FT-IR studies 

indicate that there is the intermolecular hydrogen bonding interactions, i.e. –OH, 
-OOC– in PVA/NaAlg blends. The blend films also exhibited the higher thermal 

stability and their mechanical properties improved compared to those of 

homopolymers.  

 

  (Cascone, et al, 2001), prepared bioartificial polymeric materials, based on 

blends of polysaccharides with synthetic polymers such as poly(vinyl alcohol) 

(PVA) and poly(acrylic acid) (PAA), as films or hydrogels. The physico-

chemical, mechanical, and biological properties of these materials were 

investigated by different techniques such as differential scanning calorimetry, 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cascone%20MG%22%5BAuthor%5D
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dynamic mechanical thermal analysis, scanning electron microscopy, and in 

vitro release tests, with the aim of evaluating the miscibility of the polymer 

blends and to establish their potential applications. The results indicate that 

while dextran is perfectly miscible with PAA, dextran/PVA, chitosan/PVA, 

starch/PVA, and gellan/PVA blends behave mainly as two-phase systems, 

although interactions can occur between the components. 

 

1.2.4. Compatibilization of Polymer Blends 
Blending is an especially important process for developing industrial 

applications of polymeric materials. Compatibility among components has a 

marked influence on the mechanical properties of polymer blends (Folkes, and 

Hope, 1993). Intermolecular interactions regulate the compatibility among the 

component polymer molecules (Folkes, and Hope, 1993). 

    Blending, natural polymer with synthetic polymer seems to be an interesting 

way of polymeric composites.  

The selection and use of polymers can potentially form hydrogen bonds when 

two polymers mixed, as well as the study of blends properties, are of importance 

to find further applications of the resulting blend materials for biomedical and 

pharmaceutical devices. Cellulose was blended with poly(N-vinyl-2-

pyrrolidone) (Masson, and Manley, 1991), poly(methyl methacrylate) 

(Nishioka, et al, 1993) and poly(2-hydroxy ethyl methacrylate) (Nisko, and 

Hirose, 1992). Poly (vinyl alcohol) can be blended with poly(N-vinyl-2-

pyrrolidone) (Nisko, and Suziki, 1994) and hydroxypropyl methyl cellulose 

(Sakellariou, et al, 1993), carboxymethyl cellulose was blended with poly 

(vinyl alcohol) Poly acrylamide, also, sodium alginate was blended with poly 

(vinyl alcohol). Here, hydrogen bonding interaction is an important aspect of 

miscibility. 
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    (Basavaraju, et al, 2007) investigated the compatibility of polysaccharide 

based natural polymer Xanthan gum with synthetic polymer polyethylene oxide 

using viscosity, ultrasonic and refractive index technique in 0.1 M NaCl solution 

at 30 and 40 °C. Using viscosity data, the interaction parameter μ and α, were 

determined. The values indicated that the blend is miscible, when the Xanthan 

gum is 40% (v/v) at both the temperatures. The variation of refractive index and 

ultrasonic velocity with blend composition also supports the Sun et al approach. 

FT-IR studies also carried out for further conformation of compatibility. 

  (Yu, et al, 2006) reviewed recent advances in polymer blends and composites 

from renewable resources, and introduced a number of potential applications for 

this material class. In order to overcome disadvantages such as poor mechanical 

properties of polymers from renewable resources, or to offset the high price of 

synthetic biodegradable polymers, various blends and composites have been 

developed over the last decade. The progress of blends from three kinds of 

polymers from renewable resources—(1) natural polymers, such as starch, 

protein and cellulose; (2) synthetic polymers from natural monomers, such as 

polylactic acid; and (3) polymers from microbial fermentation, such as 

polyhydroxybutyrate—are described with an emphasis on potential applications. 

The hydrophilic character of natural polymers has contributed to the successful 

development of environmentally friendly composites, as most natural fibers and 

nanoclays are also hydrophilic in nature. Compatibilizers and the technology of 

reactive extrusion are used to improve the interfacial adhesion between natural 

and synthetic polymers. 

   (Bumbu, et al, 2001), The compatibility of dextran (D) with maleic acid–

vinyl acetate copolymer (MAc–VA) in the solid state as a thin film has been 

studied by coupling thermogravimetry and differential scanning calorimetry 

with infrared spectroscopy. Optical and electron microscopy have been also 
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used to investigate the morphology of the blends. It has been established that 

blends with a content of dextran higher than 85 wt.% exhibit good compatibility, 

the morphology of the blends being a homogeneous fine particle dispersion, 

while blends with a prevalent MAc–VA copolymer content exhibit a tendency to 

phase separation. 

   (Xiao, et al, 2009), prepared polyacrylonitrile/Soy protein 

isolate/polyurethane (PAN/SPI/PU) blends in dimethylsulfoxide (DMSO). The 

compatibility and interactive properties of PAN/SPI, SPI/PU, and PAN/PU 

blend systems were studied using dilute solution and phase contrast microscopy. 

It was found that PAN/SPI and PAN/PU were immiscible systems, but that there 

was an attractive interaction between them. However, the SPI/PU was an almost 

miscible system. To improve compatibility, the main product of graft 

copolymerization of acrylonitrile and SPI (AN-g-SPI) and the alkaline 

hydrolysis polyacrylonitrile (HPAN) were used as compatibilizers. The results 

showed that the mechanical properties of both the PAN/SPI and PAN/SPI/PU 

systems were significantly improved. 

 

    Thin films of mixtures containing carboxymethyl cellulose acetate butyrate 

(CMCAB) and carbohydrate based surfactant, namely, sorbitan monopalmitate 

(Span 40) or poly(oxyethylene) sorbitan monopalmitate (Tween 40) were spin-

coated onto silicon wafers by (Júnior, et al, 2009). The effect of surfactant 

concentration on resulting film morphology and surface roughness was studied 

by atomic force microscopy (AFM). Upon increasing the concentration of Span 

40 in the mixture, films became rougher and more heterogeneous, indicating 

surface enrichment by Span 40 molecules. In the case of mixtures composed by 

CMCAB and Tween 40, the increase of Tween 40 in the mixture led to 

smoother and more homogeneous films, indicating compatibility between both 
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components. Differential scanning calorimetry (DSC) revealed that Span 40 and 

Tween 40 act as plasticizers for CMCAB, leading to dramatic reduction of glass 

transition temperature of CMCAB, namely, ΔTg = −158 °C and ΔTg = −179 °C, 

respectively. 

 

     Carboxymethyl cellulose is widely used in many industrial aspects and also 

in laboratory due to its good biocompatibility. However, special researches on 

infrared especially aiming at the hydrogen bonds structure of carboxymethyl 

cellulose were relatively poor. (Li et al, 2009), demonstrated a full view of 

infrared spectroscopy in the temperature range of 40–220 _C, mainly aiming at 

the hydrogen bonds in the NaCMC film. The two important transition points 

was defined with DSC and together with Infrared analysis, that is, 100 0C 

corresponding to the complete loss of water molecules and 170 0C to the starting 

temperature point the O-H6 being oxidized. The series of IR spectra during 

heating from 40 to 220 0C was analyzed by the two-dimensional correlation 

method. We found that the water molecules bound with C=O groups and OH 

groups. With the evaporating of water molecules, the hydrated C=O groups 

gradually transited into non-hydrated C=O groups. As the temperature continued 

to increase, the intra-chain hydrogen bonds were weakened and transited into 

weak hydrogen bonds. When the temperature was higher than 170 0C, the O-H6 

groups were gradually oxidized and thus the inter-chain hydrogen bonds formed 

between CH2COONa groups and O-H6 were weakened. In summary, we 

defined the main sorts of hydrogen bonds in carboxymethyl cellulose and 

pictured the changes of the hydrogen bonds structure during heating process, 

which may provide for the further application in both industry aspects and 

laboratory use. 
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   (Su, et al, 2010), compatibilized Edible films based on carboxymethyl 

cellulose (CMC) and soy protein isolate (SPI), by adding glycerol, these films 

were prepared by solution casting. The effects of CMC content on blend 

structure, thermal stability, water solubility and water sorption, and mechanical 

properties were systematically investigated. Fourier transform infrared (FTIR) 

spectra showed that Maillard reactions occurred between CMC and SPI, and X-

ray diffraction (XRD) scans indicated that the Maillard reactions greatly reduced 

the crystallinity of SPI. According to differential scanning calorimetry (DSC) 

analysis, CMC/SPI blends had a single glass transition temperature (Tg) between 

75 and 100 °C, indicating that CMC and SPI form one phase blends. Increasing 

the CMC content improved the mechanical properties and reduced the water 

sensitivity of blend films. The results indicate that the structure and properties of 

SPI edible films were modified and improved by blending with CMC. 

 

  (Said, et al, 2004), prepared and  investigated hydrogels based on 

carboxymethyl cellulose (CMC) and acrylic acid (AAc) monomer in aqueous 

solutions under the effect of electron beam irradiation. Preliminary experiments 

showed that the formation of hydrogels is largely dependent on the quantities of 

water and the amount of CMC. Also, it was found that the formation of 

hydrogels depends on the concentration of AAc as well as the electron beam 

irradiation dose as indicated from the determination of gel fraction. The 

obtained hydrogels were characterized by infrared spectroscopic analysis (IR), 

and thermogravimetric analysis (TGA). The IR spectra of pure CMC or 

CMC/AAc hydrogels showed the presence of hydrogen bonding, however, 

hydrogels possess more extensive H-bonding than pure CMC. Also, the 

intensity of the absorption bands due to H-bonding was found to increase with 

increasing irradiation dose indicating that the linkage between CMC and AAc 

inside the hydrogels is through hydrogen bonding. The complete miscibility 
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between CMC and AAc components inside the hydrogels were confirmed by 

SEM micrographs. The TGA thermograms and percentage mass loss at different 

decomposition temperatures show that CMC possesses lower thermal stability 

than CMC/AAc composites within the heating temperature range investigated 

up to 500 °C. Also, the rate of thermal decomposition reaction of CMC was 

found to proceed through four maxima at 100, 220, 300 and 440 °C 

corresponding to evaporating moisture, breaking of hydrogen bonding, melting 

and thermal degradation, respectively. These findings were confirmed by the 

calculated activation energies of the thermal decomposition reaction. 

 

    (Naidu, et al, 2005), studied Solution and film blend compatibility of 

carbohydrate polymers, viz. sodium alginate and hydroxyethyl cellulose. Blend 

solutions were prepared in water. Films of the individual polymers and their 

blends were prepared by solution casting and crosslinking with glutaraldehyde 

and urea/formaldehyde–sulfuric acid mixture. Compatibility of blends in 

solution was studied by density and viscosity, while blend compatibility in solid 

films was evaluated by differential scanning calorimetry, dynamic mechanical 

thermal analyzer and scanning electron microscopy. Solution density showed a 

linear trend with the blend composition. The glass transition of the blends lies in 

between the individual polymers. The glass transition temperature of sodium 

alginate was lowered with the addition of HEC in the blend. These results 

suggested the compatibility of sodium alginate and hydroxyethyl cellulose 

blends. Storage modulus of sodium alginate film decreased after the addition of 

hydroxyethyl cellulose. For the crosslinked blend films, storage modulus was 

higher than the respective uncrosslinked blend systems. A typical blend film 

was chosen for the pervaporation separation of water/tetrahydrofuran mixture, 

while the crosslinked sodium alginate film was tested for the pervaporation 

separation of water/1,4-dioxane mixture. 
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1.2.4. Applications of Natural and Synthetic Polymer Blends 
 
1.2.4.1. Removal of Toxic Metals from Water  
      Heavy metals are elements having atomic weights between 63.5 and 200.6, 

and a specific gravity greater than 5.0. Living organisms require trace amounts 

of some heavy metals, including cobalt, copper, iron, manganese, molybdenum, 

vanadium, strontium, and zinc. Excessive levels of essential metals, however, 

can be detrimental to the organism. Non-essential heavy metals of particular 

concern to surface water systems are cadmium, chromium, mercury, lead, 

arsenic, and antimony. Heavy metals which are relatively abundant in the 

Earth’s crust and frequently used in industrial processes or agriculture are toxic 

to humans. 

 Most of the point sources of heavy metal pollutants are industrial wastewater 

from mining, metal processing, tanneries, pharmaceuticals, pesticides, organic 

chemicals, rubber and plastics, lumber and wood products, etc. (Bailey, et al 

1999; Khraisheh, et al, 2004; Sekhar, et al, 2004; Mohammadi, et al, 2005). 

The heavy metals are transported by runoff water and contaminate water sources 

downstream from the industrial site.  

  Various methods (Sengupta and Clifford, 1986; Buckley, et al, 1990; 

Stewart, et al, 1987), were proposed to remove heavy metal ions from industrial 

effluents using ion exchange, reverse osmosis, and electrodialysis techniques, 

which are efficient but expensive. Conventional treatments to remove 

contamination from waste disposal sites by chemical treatment, ultrafiltration or 

combination of chemical treatments and ultrafiltration are used. Improved 

technology has the potential to reduce the concentration of metal ions emitted 

into the environment and/ or reduce the coast of water treatment. 
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     The importance of chelating sorbents in chemical applications has been 

evident for a long period of time. During recent years, it has been witnessed a 

substantial growth in interest and uses of chelating sorbents in the field of water 

treatment, pollution control and analytical chemistry. Chelating exchangers are, 

in general, coordinating copolymers with covalently bound side chains, which 

contain one or multiple donor atoms (lewis bases) that can form coordinate 

bonds with most of the toxic metal ions (lewis acids). Due to coordination type 

interactions, all such chelating exchangers offer extremely high selectivity 

toward commonly encountered toxic M (II) cations, namely Cu2+, Pb2+, Ni2+, 

Cd2+ and Zn2+ over competing alkaline (Na+ and K+) and alkaline-earth (Ca2+ 

and Mg2+) metal cations. Depending on the number of donor atoms present in a 

pendent legend of the polymer, the repeating functional groups are often 

referred to as mono-, bi-, or polydentate. 

    According to the theories of Schhwarzenbach, (Schwarzenbach and Anal, 

1960), the heavier halogenides, cyanide, nitrogen and sulfur atoms act in an 

aqueous environment as selective ligand atoms by not complexing ions with a 

nobel gas structure, like the alkali and alkaline earth ions. Of these atoms, only 

nitrogen atoms retain their complexing properties and form stable structures 

when they are built in an organic molecule. By the formation of ring structures 

during complexation, the stability of the complexes formed is markedly 

enhanced relative to similar simple complexes. This chelation effect is most 

pronounced for the formation of five-ring structures and is directly proportional 

to the number of strain-free rings formed.  

   (Hiroki, et al, 2009) prepared Blend hydrogels based on the carboxymethyl 

cellulose (CMC) and carboxymethyl chitosan (CMCts) by γ-irradiation of a high 

concentrated CMC/CMCts aqueous solution. Properties of the hydrogels, such 

as gel fraction, swelling ratio, gel strength, and metal adsorption for Pb and Au 
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were investigated. The gel fraction increased with increasing dose, while the 

swelling ratio decreased with increasing it. The obtained blend hydrogels had 

high adsorption performance which was controlled by adjusting the composition 

of CMC/CMCts. 

 

   (Szorcsik, et al, 2009) studied the complexes formed between carboxymethyl 

cellulose (CMC) and the {Me2Sn(IV)}2+ cation which has been prepared in solid 

state and characterized by (FTIR) spectroscopy. The complexes contained CMC 

with varying molar weght and degree of carboxylation, and the complexes were 

isolated both from acidic and from neutral solutions at varying metal-to-legend 

ratios. 

   (Kapoor, and Goplinathan, 1998) studied the radiolytic reduction of silver, 

copper and cadmium ions in aqueous gelatin or carboxymethyl cellulose (CMC) 

solutions and found that presence of gelatin or CMC in the solution affects the 

early processes and the rate of reduction by hydrated electron reduced due to 

complexation. 

       A new porous sorbent for wastewater treatment of metal ions was 

synthesized by (Li et al, 2007), covalent grafting of molecularly imprinted 

organic–inorganic hybrid on silica gel. With sucrose and polyethylene glycol 

4000 (PEG 4000) being synergic imprinting molecules, covalent surface coating 

on silica gel was achieved by using polysaccharide-incorporated sol–gel process 

starting from the functional biopolymer, chitosan and an inorganic epoxy-

precursor, gamma-glycidoxypropyltrimethoxy siloxane (GPTMS) at room 

temperature. The prepared porous sorbent was characterized by using 

simultaneous thermogravimetry and differential scanning calorimeter 

(TG/DSC), scanning electron microscopy (SEM), nitrogen adsorption 
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porosimetry measurement and X-ray diffraction (XRD). Copper ion, Cu2+, was 

chosen as the model metal ion to evaluate the effectiveness of the new 

biosorbent in wastewater treatment. 

 

     (Jayakumar et al, 2009), prepared alginate/phosphorylated chitin (P-chitin) 

blend films by mixing of 2% of alginate and P-chitin in water and then cross-

linked with 4% CaCl2 solution. The blended films were characterized by FT-IR. 

Then, the bioactivity of blend films was studied by biomimetic method in 

simulated body fluid solution (SBF) for 7, 14 and 21 days. After 7, 14 and 21 

days and films were characterized by FT-IR and SEM studies. The SEM and 

FT-IR studies showed that the hydroxyapatite was formed on the surface of the 

blend films after 7, 14 and 21 days in the SBF solution. These studies confirmed 

that the alginate/P-chitin blend films are bioactive. Furthermore, the adsorption 

of Ni2+, Zn2+and Cu2+onto alginate/P-chitin blend films has been investigated. 

The parameters studied include the pH, contact time, and initial metal ion 

concentrations. The maximum adsorption capacity of alginate/P-chitin blend 

films for Ni2+, Zn2+and Cu2+ at pH 5.0 was found to be 5.67, 2.85 and 

11.7 mg/g, respectively. These results suggest that alginate/P-chitin blend films-

based technologies may be developed for water purification and metal ions 

separation and enrichment. 

   Adsorption behavior of Sr (II) ions was investigated by (Wang et al, 2009), 

using gel adsorbents based on three types of polysaccharide derivates: 

carboxymethylated cellulose (CMC), carboxymethylated chitosan (CMCts) and 

hydroxypropyl methylcellulose phthalate (HPMCP). Maximum adsorption 

capacities were reached in about 0.5 h for CMCts, 1 h for CMC, and 2 h for 

HPMCP. The adsorption capacity increased with increasing pH, and decreasing 

ionic strength. The maximum adsorption capacity of Sr(II) ions into CMC, 
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CMCts and HPMCP gels at 25 °C were 108.7, 99.0, and 83.3 mg/g gel, 

respectively, based on the Langmuir isotherms. XPS analysis indicates that 

Sr(II) ions are adsorbed into the three adsorbents according to the ion-exchange 

mechanism. Desorption of Sr(II) ions could be carried on by immersing the 

adsorbents in the solutions with low pH or high ionic strength, or heating the 

adsorbents in the moist hot environment. 

   (Chen, et al, 2009), Carboxymethylated-bacterial cellulose (CM-BC) was 

synthesized with Acetobacter xylinum by adding water-soluble 

carboxymethylated cellulose (CMC) in the culture medium. The CM-BC was 

examined for the removal of copper and lead ions from aqueous solution 

compared with BC. The effects of performance parameters such as pH, 

adsorbent dose, contact time on copper and lead ion adsorption were analyzed. 

Both BC and CM-BC show good adsorption performance at optimized pH 4.5. 

Compared with BC, CM-BC performs better adsorption, with the value of 

9.67 mg (copper)/g, 22.56 mg (lead)/g for BC and 12.63 mg (copper)/g, 

60.42 mg (lead)/g for CM-BC, respectively. The adsorption rate closely follows 

pseudo-second-order rate model and the adsorption isotherm data well follows 

the Langmuir model. 

    (Mbareck, et al, 2009) prepared polysulfone (PSf)/polyacrylic acid 

ultrafiltration (PSf/PAA) membranes from a polymer blend in 

dimethylformamide by coagulation in water according to the wet phase 

inversion method. Immobilization of water-soluble PAA within the non-soluble 

PSf matrix was proven by the increase of ion exchange capacity and the 

intensity of the carboxyl groups’ peak with the increase of PAA content as 

shown by Fourier transform infrared spectra. These results lead to consider that 

PSf and PAA form a semi-interpenetrating polymer networks. The obtained 

membranes showed a decrease of mean surface-pore sizes, the overall porosity 
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and the hydraulic permeability with the increase in PAA content. Such results 

were imputed to the morphologic modifications of PSf film with the 

immobilization of increasing PAA amount. PSf/PAA membranes showed high 

lead, cadmium and chromium rejection which reaches 100% at pH superior to 

5.7 and a low rejection at low pH. Moreover, the heavy metalrejection decreases 

with feed solution concentration and applied pressure increases. These behaviors 

were attributed to the role of carboxylic groups in ion exchange or 

complexation. As a matter of fact, the strong lead ion–PAA interactions were 

revealed by the scanning electron microscopy with energy dispersive X-rays 

(SEM-EDX).

   (Pathak,et al, 2010), prepared alginic acid and sodium alginates from fresh 

algae using hot extraction method and calcium alginates from sodium alginate 

by varying calcium ion (calcium chloride) concentrations. FTIR spectra indicate 

that alginic acid is converted into metal alginate. Surface morphology as well as 

total intrusion volume, porosity (%) and pore size distribution changes by 

changing calcium ion (cross-linker) concentrations. Thermal degradation of 

calcium alginates showed a stepwise weight loss during thermal sweep, 

indicating different types of reactions during degradation. Calcium alginate 

(Calg0.6) prepared at low calcium ion concentration is least stable whereas at 

highest calcium ion concentration, the alginate sample (Calg20) is most stable at 

final degradation temperature (800 °C). Kinetic analysis was performed to fit 

with TGA data, where the entire degradation process has been considered as 

four consecutive 1st order reactions. 

    (Ferri, et al, 2003), studied the influence of a polysaccharide (carboxymethyl 

cellulose, CMC) on uptake by a target plant Lactuca sativa (LS) of selenium and 

some metals. LS was grown on a well characterized soil: such as, treated with 

1.5 mg kg−1 Se(IV) only and with two levels of CMC (3 and 30 mg kg−1). 
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Similar experiments were carried out by using Se(VI) instead of 

Se(IV). Uptake was evaluated through the quantification of total content of Se in 

dried leaves and roots by a suitable technique (graphite furnace atomic 

absorption spectrophotometry, instrumental neutron activation analysis and 

differential pulse cathodic stripping voltammetry). Results evidenced as 

the uptake of selenium was dependent on the form of selenium added to the soil: 

Se(VI) is accumulated much more then Se(IV) according to its lower toxicity 

and higher mobility. The simultaneous presence of CMC led to a lower 

selenium uptake in leaves, whereas no clear influence was evidenced in roots. 

Furthermore, the presence of CMC influenced also the mobility process 

(soil→plant) of several other metals: a lower content of them was detected in 

plants when CMC was present in the soil. 

   (Franco, et al, 2007), reported the properties of carboxymethyl 

cellulose (CMC) complexes and Co2+ and Al3+. The complexing power of CMC 

was greater to Al3+ than to Co2+, although it was not possible to determine some 

of the equilibrium constants. The infrared (IR) spectroscopy and thermal 

analysis helped in showing the existence of these complexes in the solid state. 

The films observed by scanning electron microscopy (SEM) provided a 

certainty that the chains of the biopolymer were not extensively broken by the 

use of strong mineral acid employed in some of the experimental steps of this 

study.  

 (Zohuriaan-Mehr, et al, 2004), synthesized doubly modified Carboxymethyl 

cellulose sodium salt (CMC) to prepare a novel poly(acrylamidoxime) chelating 

resin. Acrylonitrile was firstly graft polymerized onto CMC using cerium 

ammonium nitrate as an initiator. The polyacrylonitrile (PAN) grafted CMC was 

then amidoximized via treatment with hydroxylamine to prepare the ion 

exchange resin. The sorption capacity of the resin towards bivalent metal ions 
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was evaluated while varying the pH, the loading of the PAN and the 

initial metal ion concentration. The adsorption kinetics were investigated for the 

cupric ion. The chelating resin exhibited very high metal sorption capacity in 

comparison with either synthetic or polysaccharide-based resins and the sorption 

rate was also comparable. Therefore, the resin may be considered as a good 

candidate to develop as an efficient biopolymer-based chelating resin for water 

treatment. 

1.2.4.2. Removal of Dyes from Wastewater 

   The pollution of natural waters in countries that have the developed textile 

industry is a great problem. The wastes of dyes give color to the water and are 

hazardous for human health. Adsorption method is widely used as other 

methods to remove textile dyes from natural waters. Activated carbon, chitin, 

chitosan, and some polymeric materials like cellulose derivatives are used for 

this purpose. Polymeric materials have the superiority on other methods because 

of reusability. In recent times, some biopolymers such as alginate and chitosan 

are preferred for adsorption of cationic groups such as metals (Nagasawa, et al, 

2000; Min, and Hering, 1988; Tripathy, et al, 1999). The efficient removal of 

textile dyes from water is an important and widely studied research area. 

      (Liu, et al, 2005), discussed and investigated the reaction of sodium  

Carboxymethyl cellulose (Na-CMC) with a cationic acridine dyes such as 

acridine yellow (AY) and acridine orange (AO) to form an ion-association 

complex. As a result of the reaction, it is found that, the intensity of Resonance 

Rayleigh Scattering (RRS) is enhanced greatly and new RRS spectra appeared. 

There is linear relationship between the relative intensity of RRS (ΔI) and 

concentration of NaCMC in the range of 0-1.5 μg ml-1 for AY system and 0-3.0 
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μg ml-1 for AO system. The method for determination of NaCMC has high 

sensitivity.  

   (Abou Taleb, et al, 2009), prepared Copolymer hydrogels composed of 

poly(vinyl alcohol) (PVA) and carboxymethyl cellulose (CMC) by using 

electron beam irradiation as crosslinking agent. The copolymers were 

characterized by FTIR and the physical properties such as gelation. The thermal 

behavior and swelling properties of the prepared hydrogels were investigated as 

a function of PVA/CMC composition. The factors effecting adsorption capacity 

of acid, reactive and direct dyes onto PVA/CMC hydrogel, such as CMC 

content, pH value of the dye solution, initial concentration and adsorption 

temperature for dyes were investigated. Thermodynamic study indicated that the 

negative values of ΔH suggested that the adsorption process is exothermic. The 

value of ΔH (38.81 kJ/mol) suggested that the electrostatic interaction is the 

dominant mechanism for the adsorption of dyes on hydrogel. 

 

     Adsorption techniques are widely used to remove certain classes of pollutants 

from waters, especially those that are not easily biodegradable. Dyes represent 

one of the problematic groups. Currently, a combination of biological treatment 

and adsorption on activated carbon is becoming more common for removal 

of dyes from wastewater. Although commercial activated carbon is a preferred 

sorbent for color removal, its widespread use is restricted due to high cost. As 

such, (Crini, 2006), investigated, alternative non-conventional sorbents. It is 

well-known that natural materials, waste materials from industry and agriculture 

and biosorbents can be obtained and employed as inexpensive sorbents. In this 

review, an extensive list of sorbent literature has been compiled. The review (i) 

presents a critical analysis of these materials; (ii) describes their characteristics, 

advantages and limitations; and (iii) discusses various mechanisms involved. It 
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is evident from a literature survey of about 210 recent papers that low-cost 

sorbents have demonstrated outstanding removal capabilities for certain dyes. In 

particular, chitosan might be a promising adsorbent for environmental and 

purification purposes. 

   (Singh et al, 2009), reported on the optimization of persulfate/ascorbic acid 

initiated synthesis of chitosan-graft-poly (acrylamide) (Ch-g-PAM) and its 

application in the removal of azo dyes. The optimum yield of the copolymer was 

obtained using 16 × 10−2 M acrylamide, 3.0 × 10−2 M ascorbic acid, 

2.4 × 10−3 M K2S2O8 and 0.1 g chitosan in 25 mL of 5% aqueous formic acid at 

45 ± 0.2 °C. Ch-g-PAM remained water insoluble even under highly acidic 

conditions and could efficiently remove Remazol violet and Procion yellow 

dyes from the aqueous solutions over a pH range of 3–8 in contrast to chitosan 

(Ch) which showed pH dependent adsorption. The adsorption data of the Ch-g-

PAM and Ch for both the dyes were modeled by Langmuir and Freundlich 

isotherms where the data fitted better to Langmuir isotherms. To understand the 

adsorption behavior of Ch-g-PAM, adsorption of Remazol violet on to the 

copolymer was optimized and the kinetic and thermodynamic studies were 

carried out taking Ch as reference. Both Ch-g-PAM and Ch followed pseudo-

second-order adsorption kinetics. The thermodynamic study revealed a positive 

heat of adsorption (ΔH°), a positive ΔS° and a negative ΔG°, indicating 

spontaneous and endothermic nature of the adsorption of RV dye on to the Ch-

g-PAM. The Ch-g-PAM was found to be very efficient in removing color from 

real industrial wastewater as well, though the interfering ions present in the 

wastewater slightly hindered its adsorption capacity. The data from regeneration 

efficiencies for ten cycles evidenced the high reusability of the copolymer in the 

treatment of waste water laden with even high concentrations of dye. 



CHAPTER I                                           Introduction and Litrerature review  
__________________________________________________________ 
 

 40

    (Ozmen et al, 2008), synthesized three β-cyclodextrin (polymers 1–3) and a 

starch-based (polymer 4) polymers using hexamethylene diisocyanate (HMDI) 

as a cross-linking agent in dry dimethylformamide and used as a sorbent for the 

removal of some selected azo dyes from aqueous solutions. The cross-linked 

polymers were characterized by Fourier transform infrared spectroscopy, 

thermogravimetric and differential scanning calorimetric analysis. Results of 

sorption showed that cyclodextrin and starch based polymers can be effectively 

used as a sorbent for the removal of anionic azo dyes. The Influence of the 

amide groups and the chemical structure of azo dyes are also studied. Results of 

sorption experiments showed that these adsorbent exhibited high sorption 

capacities toward Direct Violent 51 (80% for polymer 1, 69% for polymer 2, 

70% for polymer 3 and 78% for polymer 4). The sorption capacity of dyes on 

the polymers was dependent on the presence of sulfonate groups of the anionic 

dyes. In order to explain the results an adsorption mechanism mainly physical 

adsorption and interactions such as hydrogen bonding, ion-exchange due to the 

nature of the polymer network and the formation of an inclusion complex due to 

the β-CD molecules through host–guest interaction is proposed. 

1.3. Drug Delivery 

     Conventional drug administration (oral delivery injection) usually results in 

poor control of the plasma drug concentration. The controlled release of drugs 

from polymeric matrixes has been very successful. Many polymeric devices that 

deliver drugs at a sustained release rate are now commercially available. 

Controlled drug delivery applications include time and target delivery systems 

(insertion at the diseased site). The use of swellable materials for drug delivery 

applications has followed experimental and theoretical investigation of solvent 

and solute transport in polymeric systems, with several important observations 

and mathematical models developed describing transport behaviour in 
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polymeric systems (Brazil and Peppas, 1999). Hydrophilic matrices, in 

particular, are one of the most used controlled delivary systems, due to their 

simple technology and low cost. Their study is a difficult task because of their 

complex and disordered  structure and the mechanism of  drug release from 

these systems continues to be a matter of debate (Miranda, et al, 2006). 

1.3.1. Mechanism of Controlled Drug Delivery 

     A convenient classification of controlled-release systems is based on the 

mode of the release of the incorporated drug. The three primary mechanisms by 

which the therapeutic drugs can be released from a delivery system are 

diffusion, swelling followed by diffusion and polymeric degradation (Thienen, 

et al, 2007). 

                                                                           

1.3.1.1. Diffusion Controlled Release 

      The most common mechanism of release is that of diffusion. In diffusion 

systems the therapeutic drug, which may be either encapsulated in the polymer 

membrane or suspended within the polymer matrix passes through the polymer 

that forms the controlled release device when placed in an aqueous media. The 

medium diffuses into the matrix, dissolves the incorporated drug, which then 

diffuses out of its carrier. The diffusion can occur on a macroscopic scale as 

through pores in the polymer matrix, depicted in Figure (1). In the matrix system 

the drug release rate depends upon the amount of drug present at a particular 

time, thus the rate of release is time dependent.  
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Figure 1: Drug delivery from a typical matrix drug delivery system 

  1.3.1.2. Swelling-diffusion Controlled Release 

       In swelling-controlled release systems, the polymer has to swell to some 

extent before the drug can diffuse out. The continued swelling of the polymer 

eases the diffusion of the drug. Parameters such as the polymer composition, 

degree of crosslinking density and the size and nature of the incorporated drug 

molecule play an important role in determining the drug release behavior and 

thus must be considered during the design of swelling-controlled release.  

Presence of hydrophilic components in the polymer network enhances the 

swelling characteristics of the polymer, Hydrophobic components on the other 

hand reduce the swelling efficiency, a reduction in the diffusion coefficient 

values with increased crosslinking density and an increase in the molecular size 

of the drug reduces the drug release rate. 
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Figure 2: Drug delivery from (a) reservoir and (b) matrix 

1.3.1.3. Drug Release through Biodegradation 
       Polymer degradation is another interesting phenomenon in which the drug is 

released from the carrier device. Biodegradable polymers are designed to 

degrade into biologically acceptable and progressively smaller molecules and as 

the polymer degrades the imbedded drug is freed into the host. 

 
Figure (3): Drug delivery through polymer degradation 

(a) Bulk erosion (b) Surface erosion 

The biodegradation may occur through bulk hydrolysis where the polymer 

randomly degrades throughout the matrix. The rate of erosion is dependent on 

the volume of the matrix rather than the thickness thus the rate of drug release in 

this case is unpredictable and dumping effect of the dose is commonly observed. 

This could be solved by the use of polymer systems that are highly hydrophobic 
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yet contain water labile linkages. These systems undergo surface erosion with 

minimum internal degradation, thus the release rate is proportional to the 

polymer degradation rate with proper surface geometry.  

       A wide variety of conventional crosslinked homo- and copolymeric 

hydrogels have been used for drug delivery application (Shantha, and 

Harding, 2003). In most hydrogels, the rate of diffusion through the bulk 

depends on two primary factors: the extend of crosslinking and water content. 

The extent of crosslinking determines the extend of swelling and the distance 

between chains within the hydrogel network (Mario, et al 1999). When 

entrapped drugs are diffusing within the network, the rate of diffusion depends 

on interchain of hydrogel and the size of drug. The general approach is to design 

hydrogels with very specific levels of hydrophilicity/hydrophobicity.  

 (Ugwoke, et al, 2000), prepared carboxymethyl cellulose (CMC) powder 

formulation of apomorphine by lyophilization and characterized with respect to 

the in vitro and intransal in vivo release of apomorphine in rabbits. This was 

compared to apmorphine relesde from degradable starch microspheres (DSM) 

and lactose, as well as in vivo absorption after subcutaneous injection. In vitro 

apmorphine release from CMC was sustained, unlike that of DSM and lactose. 

Changing the drug loading of CMC from 15% to 30% (w/w) influenced drug 

release rate, which increased with increased drug loading. In vivo absorption of 

apmorphine from lactose, DSM and subcutaneous injection were rapid and not 

sustained. Slower absorption rate of apmorphine occurred from CMC. 

  

    (Conti et al, 2008), used the solution calorimetry to monitor swelling and 

dissolution of hydroxyl propylmethyl cellulose (HPMC) and carboxymethyl 

cellulose (CMC), both alone and in blend in water and buffer (pH 2.2 & pH 6.8), 

to study its effect for using such polymers in drug release. The heat associated 

with the swelling phenomena (hydration, swelling, gelation, and dissolution) 
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was recorded. Plots of normalized cumulative heat ( i.e. qt/Q, where qt is the 

heat released up to time t and Q the total amount of heat released) versus time 

were analysed by the power low model, in which a fitting parameter, n, imparts 

information on the mechanism of swelling. For all systems the values of n were 

greater than 1, which indicated that dissolution occurred immediately following 

hydration of the polymer. The data imply that solution calorimetry could be used 

to construct quantitative structure-activity relationships and hence to optimize 

selection of polymer blends for specific applications. 

  (Bergmann et al, 2004), studied the need for self-contained implantable 

sensors for the rapid detection of disease and the rapid release of therapeutic 

agents. The expanding field of molecular imprinting (MIP) technology has an 

enormous potential to create intelligent, analyte-sensitive polymers that are 

capable of controlled drug delivery of therapeutic molecules in response to a 

biological event. MIP systems are receiving widespread attention as a new class 

of drug delivery systems (DDSs), and as diagnostic tools in molecular sensors in 

the treatment of disease. MIPs have a large potential for use as DDSs whether as 

the rate-limiting mechanism in controlled release systems, as the trigger for the 

release of a therapeutic compound in response to external stimuli or even as the 

sensing element to give feedback as part of a biological sensor. 

  (Sanlı, et al, 2007), grafted acrylamide (AAm) onto poly(vinyl alcohol) (PVA) 

with UV radiation at ambient temperature. The graft copolymer (PVA-g-PAAm) 

was characterized by using Fourier transform infrared spectroscopy (FTIR), 

elemental analysis and differential scanning calorimetry (DSC). Polymeric blend 

beads of PVA-g-PAAm and PVA with sodium alginate (NaAlg) were prepared 

by cross-linking with glutaraldehyde (GA) and used to deliver a model anti-

inflammatory drug, diclofenac sodium (DS). Preparation condition of the beads 

was optimized by considering the percentage entrapment efficiency, particle 

size, swelling capacity of beads and their release data. Effects of variables such 
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as PVA/NaAlg ratio, acrylamide content, exposure time to GA and 

drug/polymer ratio on the release of DS were discussed at three different pH 

values (1.2, 6.8, 7.4). It was observed that, DS release from the beads decreased 

with increasing PVA/NaAlg (m/m) ratio, drug/polymer ratio (d/p) and extent of 

cross-linking. However, DS release increased with increasing acrylamide 

content of the PVA-g-PAAm polymer. 

 

    (Varma and Hemamalini, 2007), developed alginate microspheres and 

coated them with chitosan to form a biocompatible matrix, where the drug is 

retained either in a liquid or solid core and the shell allows permeability control 

over substrates. The effect of polymer concentration on the release profile of the 

drug was investigated. The microspheres core was formed by cross-linking 

sodium alginate with either calcium or barium ions. The cross-linked alginate 

core was uniformly coated with a chitosan layer, cross-linked with 

gluteraldehyde. flurbiprofen was chosen as a model drugs, and was encapsulated 

in the alginate core. Scanning electron microscopy was used for morphological 

observation. The coated microcapsule had poorer shape and rougher surface 

morphology when compared to uncoated one. Using carbopol along with 

alginate improved entrapment efficiency of the drug in the alginate core. The 

ability to release the active substance from the beads by chitosan coating was 

examined as a function of some parameters related to the chitosan density on 

bead surface, polymer concentration and pH of dissolution medium. The release 

of drug is prevented at acidic pH, while it showed controlled release when pH is 

raised up to 7.4. The alginate/chitosan ratio and the nature of the gelifying cation 

allow a control on the release rate of the drug. 

 

    (Wetering, et al, 2005),   formed a hydrogel by conjugate addition of 

polyethylene glycol (PEG) multiacrylates and dithiothreitol (DTT) for 



CHAPTER I                                           Introduction and Litrerature review  
__________________________________________________________ 
 

 47

encapsulation and sustained release of protein drugs; human growth hormone 

(hGH) was considered as an example. Prior to encapsulation, the hGH was 

precipitated either by Zn2+ ions or by linear PEG, to protect the hGH from 

reaction with the gel precursors during gelation. Precipitation by Zn2+ ions 

yielded precipitates that dissolved slowly and delayed release from even highly 

permeable gels, whereas linear PEG yielded rapidly dissolving precipitates. To 

independently protect the protein and delay its release, linear PEG precipitation 

was adopted, and release control via modulation of the PEG gel mesh size was 

sought. By varying the molecular weight of the multiarm PEG acrylates, control 

over gel swelling and hGH release, from a few hours to a few months, could be 

obtained. Protein release from the swollen and degrading PEG-based gel 

networks was modeled as a diffusion process with a time-dependent 

 
  (Jeon, 2008) examined the swelling behavior and in vitro release of a model 

drug, tetracycline-HCl, from alginate and alginate-polyaspartate (Alg-PASP) 

composite gel beads. The alginate and Alg-PASP composite beads were 

prepared using an ionic crosslinking method with aqueous Ca2+. Their 

microporous morphology was observed by scanning electron microscopy. The 

swelling ratio of the beads in different media varied according to their 

composition, cross-linking density (Ca2+ concentration), and pH of the aqueous 

medium. The in vitro release experiment of the tetracycline-HCl encapsulated 

beads in different media suggests that the release of the drug is governed mainly 

by the swelling properties of the polymer network. The presence of PASP was 

found to significantly influence the swelling properties and drug release profile. 

 
  
   (Nizam El-Din, et al, 2010), synthesized Hydrogels based on acrylamide 

monomer (AM) and different ratios (5–20 wt%) of carboxymethyl cellulose 

(CMC), by gamma irradiation. The hydrogels were characterized in terms of gel 
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content, swelling and drug release characters. The effect of temperature and pH 

on the degree of swelling was also studied. The results showed that the gel 

fraction of AM/CMC hydrogels decreases greatly with increasing the contents 

of CMC in the initial feeding solution. The kinetic study showed that the 

swelling of all the hydrogels tends to reach the quilibrium state after 5h. 

However, the swelling of AM/CMC hydrogels was greater than the hydrogel 

based on pure AM. On the other hand, it was found that the swelling of all the 

hydrogels changes within the temperature range 30–40 1C and within the pH 

range 4–8. The AM/CMC hydrogels was evaluated for the possible use in drug 

delivery systems. In this respect, the release properties of methylene blue 

indicator, as a drug model, was investigated. It was found that the percentage 

release from the hydrogels increase with time to reach ~80% after 3h at pH    of 

2 compared to ~100% at pH of 8. 

   (Sachan, et al, 2009), discussed the potential of sodium alginate as a 

biopolymer in the formulation development and its allied applications. There is 

a growing trend in pharmaceutical in food industry to avoid the harsh condition 

in the preparation for administration to the body or for the storage purpose as it 

induce the side effects, instability or loss of therapeutic effect of the 

medicament. The sodium alginate is a versatile functional biomaterial for 

viscosity enhancement, stabilizer, matrixing agent, encapsulation polymer, 

bioadhesive and film former in transdermal and transmucosal drug delivery. The 

present article reviews sources, preparation, properties, crosslinking 

methodology, compendial standards, methods utilized for preparation of drug 

delivery systems using sodium alginate and its potential applications. 

 
    (Dey, et al, 2008), studied multiparticulate drug delivery systems which are 

especially suitable for achieving controlled or delayed release oral formulations 

with low risk of dose dumping, flexibility of blending to attain different release 
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patterns as well as reproducible and short gastric residence time. The release of 

drug from microparticles depends on a variety of factors including the carrier 

used to form the multiparticles and the amount of drug contained in them. 

Consequently, multiparticulate drug delivery systems provide tremendous 

opportunities for designing new controlled and delayed release oral 

formulations, thus extending the frontier of future pharmaceutical development. 

 

   The uptake and controlled release of model active substances from 

poly(ethylene oxide), (PEO), hydrogels synthesized by (Savaş and Güven, 

2001), by irradiation were investigated. For the characterization of network 

structure of PEO hydrogels, swelling properties in water and the number 

average molecular weight between crosslinks were determined. Salicylic acid, 

phthalic acid and resorcinol were used as model substances for their controlled 

release from PEO hydrogels. The effects of dose rate, total dose and chemical 

structure of active substance on the uptake and release have been studied. The 

active substance uptake capacity of hydrogels was found to be lowest for 

phthalic acid and highest for resorcinol in the gel system obtained by irradiation 

both at low and high dose rates. The release was lowest both in rate and in total 

amounts in hydrogels containing phthalic acid, more in those with salicylic acid 

and highest in those with resorcinol. The physical and chemical factors affecting 

the release of model compounds such as the network structure of hydrogels and 

hydrogen bond formation between the adsorbent and PEO chains were 

discussed. 

 

   In order to make the judicious use of (Singh, et al, 2009), developed starch- 

and alginate-based controlled and sustained agrochemical delivery system in the 

form of beads using calcium chloride (CaCl2) as crosslinker. The beadswere 

characterized by FTIR and swelling studies. To study the effect of composition 



CHAPTER I                                           Introduction and Litrerature review  
__________________________________________________________ 
 

 50

of the beads on the release dynamics of fungicide (thiram), beadswere prepared 

by varying the amount of starch, alginate and crosslinker in the beads. 

Formulation characteristics like entrapment efficiency, bead size, percentage 

equilibrium swelling of the beads and diffusion mechanism for thiram release 

have been evaluated. Maximum (93.33±2.89)% swelling and maximum 

(80.67±0.83)% thiram release has occurred in the beads prepared with 15% 

starch, 1% alginate and 0.1Mcrosslinker solution. In most of the formulations 

the entrapment efficacy of thiram has been observed more than 90% and the 

values for the diffusion exponent ‘n’ have been obtained >1 which shows that 

the release of fungicides occurred through Case II diffusion mechanism. 

 

  The pursuit for targeted drug delivery systems has led (Schwall and Banerjee, 

2009), to the development of highly improved biomaterials with enhanced 

biocompatibility and biodegradability properties. Micro- and nanoscale 

components of hydrogels prepared from both natural and artificial components 

have been gaining significant importance due to their potential uses in cell based 

therapies, tissue engineering, liquid micro-lenses, cancer therapy, and drug 

delivery. In this review some of the recent methodologies used in the 

preparation of a number of synthetic hydrogels such as poly(N-

isopropylacrylamide) (pNIPAm), poly(ethylene glycol) (PEG), poly(ethylene 

oxide) (PEO), polyvinyl alcohol methylacrylate co-polymers (PVA-MA) and 

polylactic acid (PLA), as well as some of the natural hydrogels and their 

applications have been discussed in detail. 

 

     (Babu, et al, 2007), prepared Carbohydrate polymeric blend microspheres, 

consisting of sodium alginate (NaAlg) and methylcellulose (MC) by water-in-oil 

(W/O) emulsion method. These microspheres were cross-linked with 

glutaraldehyde and loaded with nifedipine (NFD), an anti-inflammatory drug. 
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The microspheres were characterized by differential scanning calorimetry 

(DSC), scanning electron microscopy (SEM) and laser particle size analyzer. 

DSC thermograms of NFD-loaded NaAlg–MC microspheres confirmed the 

molecular level distribution of NFD in the polymer matrix. SEM picture of the 

microspheres suggested the formation of spherical particles. Swelling 

experiments on the microspheres provided important information on drug 

diffusion properties. Release data have been analyzed using an empirical 

equation to understand the nature of transport of drug containing solution 

through the polymeric matrices. The controlled release characteristics of the 

matrices for NFD were investigated in pH 7.4 media. Particle size and size 

distribution of the microspheres was studied by laser light diffraction particle 

size analyzer. Drug was released in a controlled manner up to 12 h. 

     (Dong, et al, 2006), prepared Films of alginate and gelatin, cross-linked with 

Ca2+, with ciprofloxacin hydrochloride as model drug incorporated in different 

concentrations, by a casting/solvent evaporation method. Chemical, 

morphological and mechanical properties characterization was carried out, as 

well as the studies of the factors that influence the drug releasing from alginate 

and gelatin films.  

 

These factors included the component ratio of alginate and gelatin, the loaded 

amount of ciprofloxacin hydrochloride, the pH and ionic strength of the release 

solution, the thickness of the drug loaded films and the cross-linking time with 

Ca2+ and others. The best values of the tensile strength at 101.5 MPa and 

breaking elongation at 19.4% of blend films were obtained when the gelatin 

content was 50 wt.%. The results of controlled release tests showed that the 

amount of ciprofloxacin hydrochloride released decreased with an increase in 

the proportion of gelatin present in the film.  
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CHAPTER II 
MATERIALS AND EXPERIMENTAL TECHNIQUES 

 

2.1. Materials 

2.1.1. Homopolymers 

    The natural polymer carboxymethyl cellulose (CMC) was of commercial 

grade and used without further purification, it has a viscosity-average molecular 

weight 208,000 and average degree of substitution (average number of 

carboxymethyl groups per glucose unit), R > 0.4. Powdered poly (ethylene 

oxide) (PEO) having the number and weight average molecular weights of Mn= 

39640 and Mw = 97900, respectively was supplied by Aldrich Germany. Poly 

(ethylene glycol) was of Mw 6000 and was purchased from Aldrich Germany. 

Polyacrylamide (PAAM), laboratory grade, was purchased from Merck, 

Germany and used without further purification. A laboratory grade of N, N’- 

methylenebisacrylamide (MBAAm) was used as a crosslinking enhancer agent 

and was obtained from Aldrich Chemical Co. (Milwaukee, WI, USA).2.1.2.  

2.1.2. Chemical Reagents and Drugs 
     A pure laboratory prepared distilled water was used in the preparation of all 

blends as a common solvent. All chemicals used such as, citrate, phosphate 

buffer were of analytical  reagent grade and were purchased from El-Nasr Co. 

for Chemical Industries, Egypt, used as received. Chlorotetracyclene HCL ( 

Sigma chemical Co., USA), mainly used in the treatment of Chlamydia, 

Vibrocholera, Acnc vulgaris, Gonorrhea, Syphilis, Prostitis and Sinusitis with a 

dosage 250 and 500 mg ( three times a day). Caffeine and Ketoprofen are 

purchased from Sigma Chemical Co., USA. All solutions were made with 

bidistilled, and deionized water.  
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Metal (M) solutions were made with chloride salts of Cr +3, Ni +2, Co +2, and Fe 
+3. --Aldrich Chemical, USA, respectively, while all the dyes used are purchased 

from Kaffer El Dawar Co. Egypt, and used as, received.  

2.2. Technical Procedure 

2.2.1. Preparation of   Carboxymethyl Cellulose/poly (ethylene 
glycol) Blends (CMC/PEG) 

    Films of carboxymethyl cellulose/polyethylene glycol blends were prepared 

by the casting solution technique. Solutions of CMC and PEG in distilled water 

were first prepared at various polymer compositions. Carboxymethyl cellulose 

(CMC) and polyethylene glycol were dissolved in distilled water to 3 % wt. The 

polymer solutions were then mixed with continuous stirring until complete 

miscibility for nearly 4 hours and subsequently cast onto melamine dishes to 

form films with thickness of ~0.2 mm which is measuerd manually using a 

manual thickness cage. The cast films were dried under ambient conditions until 

drying and then placed in a vacuum oven at 400C to remove residual solvent. 

2.2.2. Preparation of Carboxymethyl Cellulose/poly (ethylene 
oxide) Blends (CMC/PEO) 

    Films of carboxymethyl cellulose/polyethylene oxide blends were prepared 

by the casting solution technique. Solutions of CMC and PEO in distilled water 

were first prepared at various polymer compositions. Carboxymethyl cellulose 

(CMC) and poly (ethylene oxide) were dissolved in distilled water to 3 % wt. 

The polymer solutions were then mixed with continuous stirring until complete 

miscibility for nearly 4 hours and subsequently cast onto melamine dishes to 

form films with thickness of ~0.2 mm. The cast films were dried under ambient 

conditions until drying and then placed in a vacuum oven at 400C to remove 

residual solvent.     
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2.2.3. Preparation of Polyacrylamide/Sodium Alginate Blends 

(PAM/AG) 

     Films of polyacrylamide/alginate blends (PAM/AG) were prepared by the 

casting solution technique. Solutions of PAM and AG in distilled water were 

first prepared at various polymer compositions. Polyacrylamide and alginate 

were dissolved in distilled water to 2 % wt. The polymer solutions were then 

mixed with continuous stirring until complete miscibility for nearly 4 to 6 hours 

and subsequently cast onto melamine dishes to form films with thickness of ~0.2 

mm. The cast films were dried under ambient conditions until drying and then 

placed in a vacuum oven at 40oC to remove residual solvent.  

2.2.4. Preparation of Blend Hydrogels  

Various weight compositions of the different blends (CMC/PEG, CMC/PEO, 

and PAM/AG) were dissolved at a concentration of 30%, in distilled water and 

then mixed by a physical blender at room temperature to give a homogeneous 

paste. The weight compositions of the different blend hydrogels were (80/20, 

60/40, and 50/50). The homogeneous paste was then put into the cavity between 

plastic or Teflon plates. The paste was then exposed to 20 kGy of gamma ray to 

make hydrogels.     

2.2.5. Preparation of Drug Loaded Blends 

    Polymer-drug conjugate was prepared by dissolved different weights of drug 

(Chlortetracycline HCL and Caffeine as model drugs) (0.16, 0.32, 0.5 and 0.8 

mg) each in ml distilled water to prepare (0.16, 0.32, 0.5 and 0.8 mg/ml) drug 

concentrations. The dry polymer blends known weight of 0.1 g of each 

crosslinked polymer blend hydrogel, were soaked into the drug solution at room 

temperature until the complete adsorption for 72 hrs. Then the amount of drug 
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adsorbed onto polymer blends at different compositions was determined by 

using UV-vis spectrophotometer at identical drug absorbance wavelength.  

2.2. 6. Preparation of Ketoprofen Loaded Blends 

  Dry samples of CMC/PEO and PAA/AA blends were immersed in saturated 

aqueous solution of Ketoprofen at room temperature for 72 hours and the drug 

loaded blends were dried at room temperature. 

2.2.7. Gamma Irradiation  

    A cobalt-60 gamma cell (made in Rossia) was used for irradiation procedures 

throughout this work. The polymer blends films were exposed to gamma 

irradiation in air at a dose rate of 6.92 kGy/h for CMC/PEG blends and 7.0 

kGy/h for CMC/PEO and PAAM/ALG blends.                                                                         

2.3. Analyses and Measurements 

2.3.1. IR Spectroscopic Analysis 

     A FTIR spectrometer model Mattson 100, made by Unicam, was used over 

the range 500-4000 cm -1. For quantitative analysis, the resolution was set at 16 

cm-1.  

2.3.2. Ultraviolet (UV) Measurements 

A UV/VIS spectrometer model UV2 series made by Unicam was used at a 

wavelength of 190-900 nm.      

2.3.3. Thermogravimetric Analysis (TGA) 

     TGA is the simplest and oldest thermal analysis technique. It consists of 

measuring the weight change of a known mass of material as a function of 
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temperature (or time) in a controlled atmosphere. Resolution in weight change 

on small masses can be better than 1µg, although buoyancy effects and other 

problems relating to flowing gases render the accuracy far less than this.  The 

TGA studies were carried out on a Shimadzu 30 (TGA-30) at a heating rate of 

10o0C/min. in air over a temperature range from room temperature to 500oC. 

The primary TGA thermograms were used to determine the different kinetic 

parameters such as activation energy and order of thermal decomposition 

reaction of the different polymer blend films used in this work.                        

2.3.4. Differential Scanning Calorimetry (DSC)                    

     The DSC thermograms were performed using a Perkin-Elmer DSC-7 station. 

A heating rate of 100C/min. was utilized under nitrogen atmosphere. The 

recorded glass transition temperature for different films was taken as the 

temperature at which one-half of the change in heat capacity ∆Cp has occurred.   

2.3.5. Scanning Electron Microscopy (SEM)  

      In the SEM technique, a fine beam of electrons is scanned across the 

specimen surface and appropriate detector collects the electrons emitted from 

each point. The amplified current from the detector is then displayed on a 

cathode-ray tube, which is scanned synchronously with the electron probe. In 

this way, the image is built up, line by line.                   

The surface morphology of the fracture surface of the different films of   blends 

before and after irradiation was studied by SEM. The SEM micrographs were 

taken with a JSM-5400 instrument by JEOL-Japan. A sputter coater was used to 

pre-coat conductive gold onto the fracture surface before observing the 

microstructure at 10 kV.                                                                                                             

2.3.6. Tensile Mechanical Measurements                                         
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     With dumbbell samples, elongation is determined either by manually 

monitoring the separation of two gauge marks (20, 25, or 50 mm apart) or by the 

use of clip–on or non-contacting extensometers. Force values are converted to 

stress values by dividing by sample cross-section area, whilst elongation is 

given by the extension in gauge length divided by the original gauge length. 

Elongation is given as a percentage figure, whilst strain is shown as a fraction. 

In so doing, the results in theory are independent of sample size, but in practice, 

consistent standard sample size is necessary for reproducible results.                                       

Tensile stress (MPa) = F/A 

Where F = force (N) required to stretch the test piece, and A = cross section area 

of test piece.                                                                                                                  

Strain (%) = (L1 – L0)/L0x100 

Where L1 = length between gauge marks (mm), and L0 = original gauge length 

(mm). 

       The polymer blend films were tested in the form of dumbbell shape of 

initial dimensions of 4 cm in length and 0.4 cm in width at the working area. 

The unirradiated and irradiated polymer blend films samples were tested for 

tensile strength, elongation at break and Young's modulus, by taking the average 

of three samples for each blend to make sure that the thickness of the film is 

equal, according to ASTM 638 specifications. An Instron machine (model 1195) 

was used throughout this work applying a crosshead speed of 10 mm/min at 

room temperature. The machine is equipped with a computer system and gives 

directly the different mechanical parameters.                                                                             

2.3.7. Swelling Measurements 

   Swelling study was conducted on AM/CMC hydrogels as function of time, in 

which a dry weight of insoluble blend samples (W1) was immersed in water at 
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25 0C for different intervals of time durations up to 24 h. After each time 

interval, the sample was withdrawn and blotted on filter paper to remove excess 

water and weighed (wt), in which the degree of swelling is calculated according 

to the following equation:  

Degree of swelling (%) = {(Wt-W1)/W1} x100 

The swelling character of different blend samples in different external 

environments was also studied as a function of temperature from 25 to 40 0C 

and pH at 2, 5 and 8. 

2.3.8. Dye Absorption Measurements 

    Absorption isotherms were determined by the batch method for all blends 

adsorbents. Accurately weighed dry samples ~ (0.1 g) were placed in a solution 

of definite volume (20 ml) and allowed to stand for a period of 4 days at room 

temperature. Adsorption amount of dye (mg/g) was calculated by using the 

following equation; 

qe = [ (C0- Ce)xV]/W 

Where W is the weight of dry blend (g), V is the volume of the aqueous phase 

(L), qe is the amount of dye adsorbed onto unit dry mass of the blend sample 

(mg/g), and Co & Ce are the concentrations (mg/L) of the dye solution before 

and after adsorption, respectively, that were determined by using an UV-vis 

spectrophotometer at identical dyes absorbance wavelength. The initial 

concentrations of all dyes used in this study are 100 ppm. Different types of 

dyes were used varies between basic, acidic, and reactive ones. 

2.3.9. Metal Uptake Measurement 

The fixed weight of the prepared blend gel was immersed in the metal 

feed solution of definite concentration (100 ppm). Merck atomic absorption 

standard solutions of these metals were used for the calibration process. The pH 
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and temperature of metal feed solutions were adjusted before applying the blend 

gel for treatment processes. The remaining metal ions in its feed solutions were 

determined by using UV-vis spectrophotometer at identical metal absorbance 

wavelength. 

The metal uptake (E) was calculated as follows: 

Metal uptake (mg/g) = (C0-C1)/ Wx10 

Where: W is the weight of the dry hydrogel (g) CI and C0 are the initial and 

remaining concentrations of metal ions in mg/l (ppm) 100 ml of the metal ions 

solution was used instead of one liter, so we divide by 10. The total uncertainly 

for all experiments ranged from 3-5% 

2.3.10. Drug Release Measurements 

    Release experiments were performed by placing the different polymer blends 

loaded with drug into buffer solutions of pH 2, 5 and 8. At first the loaded blend 

were put in 20 ml of solution. Then the amount of drug released from polymer 

blends at different compositions was determined by using UV-vis 

spectrophotometer at identical drug absorbance wavelength.  Samples of 

CMC/PEO and PAM/AG loaded with Ketoprofen were allowed to swell in 

buffer solution of pH 2 to 8. At first the loaded blend were put in 20 ml of 

solution. Then the permeated amount of Drug was carried out using Perkin 

Elmer, Lmbda1 UV-Vis spectrophotometer in the range 190-900 nm. 
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CHAPTER III-Part 1 

3.1. Effect of Gamma Irradiation on the Physical and Chemical 
Properties of Carboxymethyl cellulose/ poly (ethylene glycol) 
Blends 
     Changes in the chemical and physical properties of polymers caused by high 

energy radiation have received particular attention. This is because high energy 

radiation can induce both chain scission and/or crosslinking.    Poly(ethylene 

oxide) (Bailey and Koleske 1976; Radeva and Dekker, 2001) is a highly 

hydrophilic, non-ionic, flexible, semicrystaline polymer, which has found many 

different applications such as drug delivery system, mucoadhesive, dispersant 

and surfactants (Serra, et al, 2006; Aoki, et al, 2004; Abraham, et al, 1999; 

Gaudreault, et al, 2005). Carboxymethyl cellulose (CMC) is an important 

industrial polymer with a wide range of applications in flocculation, drag 

reduction, detergents, textiles, paper, food, drugs, and oil well drilling operation. 

CMC is a derivative of cellulose and formed by its reaction with sodium 

hydroxide and chloroacetic acid. It has a number of sodium carboxymethyl 

groups (CH2COONa), introduced to the cellulose molecule, which promote 

water solubility. The various properties of CMC depend upon three factors: 

molecular weight of the polymer, average number of carboxyl content per 

unhydroglucose unit, and the distribution of carboxyl constituents along the 

polymer chains. (Baar and Kulicke 1994; kamide et al., 1985; Reuben and 

Conner, 1983). The most important properties of CMC are viscosity building 

and flocculation. Among all the polysaccharides, CMC is easily available and it 

is also very cheap.                                 

    There has been an increasing interest in blending different homopolymers and 

especially natural and synthetic polymers, to obtain new products have some of 

the properties of each component especially the biodegradability of natural 

polymers taking into account that this study concentrated on the polysaccharides 

(Woods and Pikaev, 1994; Serman, et al 1991; Okaya, et al. 1992).  
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Meanwhile, the demand for compatible natural and synthetic blends may 

constitute one of the most attractions trends in the field of polymer processing 

(Abd Alla, et al 2004; Shultz, and Beach 1972).                    

    Natural polymers as biotechnological or biomedical resources have been 

widely investigated because of their unique properties, which include, for 

example, non-toxicity, degradability, and biological compatibility. In this part, 

blends based on natural polymers and synthetic polymers were prepared. Thus, 

carboxymethyl cellulose (CMC) as natural polysaccharides was blended with 

the water soluble synthetic polymers poly(ethylene glycol) (PEG). The physical 

and chemical properties of CMC/PEG blends was characterized by different 

techniques and the capability to absorb heavy metals and dyestuffs from 

wastewater and their uses as drug carries for different drugs was also studied.        

 
3.1.1. Characterization 
3.1.1.1. IR Spectroscopic Analysis 
    FTIR spectroscopy is widely used by many researchers to study the 

formulation of bonds. FTIR analysis may provide information on intermolecular 

interaction in terms of stretching or bending vibrations of particular bonds and 

the positions at which these peaks appear. Hydrogen bonding or other 

interactions between chemical groups on the dissimilar polymers should 

theoretically cause a shift in peak position of the participating groups. This kind 

of behavior is exhibited by miscible blends that show extensive phase mixing. 

Hydrogen bonding interaction usually moves the stretching frequencies of the 

participating groups e.g. O-H and C=O towards lower wavenumbers usually 

with increased intensity and peak broadening. The shift in peak position will 

depend on the strength of the interaction between the polymers.  

     Figures 4-7 show the IR spectra of pure CMC, PEG polymers and their 

blends of different compositions, before and after gamma irradiation to various 

doses.  From the chemical structure of CMC (shown below) and the  IR  
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spectrum of pure CMC films in Fig 4, it is evident that there is a broad 

absorption band within the range of 3220-3750 cm-1, due to the stretching 

frequency of the –OH group. The band at 2944 cm-1 is due to C-H stretching 

vibration. The presence of a strong band at 1643 cm-1 confirms the presence of 

COO- group (Gunzler and Gremlich 2002; Xiao et al., 2002). The bands 

around 1423 and 1340 cm-1 are assigned to –CH2 scissoring and –OH bending 

vibration, respectively. The band around 1063 cm-1 is due to >CH-O-CH2       

stretching (Biswal and Singh, 2004;  Pushpamalar, et al., 2006).  

                                                                            

 
Chemical structure of carboxymethyl cellulose and Poly ethylene glycol 

 

    The IR spectrum of pure PEG as shown in Fig 4, exhibits the absorption 

features at 2938-2976 cm-1 (C-H) and around 1110 cm-1 correspond to ( C-O-C) 

group and also, a broad band around 3350 cm-1  attributed to the O-H stretching 

group.  As can be seen, the IR spectra of CMC/PEG blends, after gamma 

irradiation up to 100 kGy, as seen in Figs (5-7), showed that the characteristic 

bands of pure polymers coexists in the different blends of CMC/PEG that 

shifted to higher or lower wavenumbers depending on the blend compositions of 

CMC/PEG films.  The spectra of the blends showed a broad band located 

around 3385 and 3430 cm-1 coexisted in all films before and after gamma 

irradiation, was caused by O-H stretching and intermolecular/intramolecular 

hydrogen bonds. The O-H stretching for CMC and PEG films occurred at 

3215.81 and 3350 cm-1, respectively. By blending CMC and PEG, the O-H band 

of the resulted films shifted to higher wave numbers than that for pure polymers 

before and after gamma irradiation. According to the results explained above, 

there is some evidence of interactions, which could allow to assume  
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compatibility of the polymers in some extents. On the other hand, taking into 

account the ionic character of CMC, electrostatic interaction could be another 

contribution to formation of blend. 
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Figure 4: IR spectra of unirradiated pure CMC, PEG polymers and their 
blends at different compositions 
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Figure 5: IR spectra of pure CMC, PEG polymers and their blends at 

different ratios exposed to a dose of 20 kGy of gamma irradiation 
 
 
 
  
  
  
  
  
  
  
  
  
  
  
  

 64



CHAPTER III                             RESULTS AND DISCUSSION  

  
  
  
  
  

CMC (100%)-40 kGy

CMC/PEG1 (90/10%)- 40 kGy

CMC/PEG1 (80/20%)- 40 kGy

A
bs

or
ba

nc
e

CMC/PEG1 (70/30%)- 40 kGy

CMC/PEG1 (60/40%)- 40 kGy

CMC/PEG1 (50/50%)- 40 kGy

Wavenumber (cm-1)

5001000150020002500300035004000

  
Figure 6: IR spectra of pure CMC, PEG polymers and their blends at 

different ratios exposed to a dose of 40 kGy of gamma irradiation 
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Figure 7: IR spectra of pure CMC, PEG polymers and their blends at 

different ratios exposed to a dose of 100 kGy of gamma irradiation 
 
3.1.1.2. Thermogravimetric analysis (TGA) 
    Thermogravimetric analysis (TGA) is widely used to investigate the thermal 

decomposition of polymers and to determine the kinetic parameters. This 

technique can be used to obtain better understanding of the thermal stability.  In 

the present work, the weight loss was recorded for the different blends upon 

heating from room temperature up to 500oC, as shown in Figs. (8 and 9) for 

pure CMC, PEG, and their blends at different compositions before and after 

exposure to gamma radiation. As can be seen, the thermal decomposition of 

pure CMC showed a single decomposition step, in the temperature range 200-

320oC with a mass loss of ~ 65%, while pure PEG showed also a single 

decomposition step, in the temperature range 350-430oC with a mass loss of ~  
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15%.  The thermal decomposition of the unirradiated blend of CMC/PEG 

(50%/50%) occurred in two stages. The first TG stage took place in the range  

168-248oC with a mass loss of 60%, whereas the second TG stage occurred in 

the range 248.9-347oC with a mass loss of ~ 40%.                                                                    

    The TGA thermograms for the blend (50/50) CMC/PEG showed that the first 

and second stages after exposure to 20 kGy and 40 kGy occurred at 143-222oC 

and 243-344.4oC, respectively. This can be attributed to the occurrence of partial 

degradation after gamma irradiation. The thermal decomposition of the blend 

CMC/PEG (80%/20%), before or after irradiation to the dose 20 kGy occurred 

in two stages; the first and the second stages in the same temperature range, 

however the mass loss after irradiation is lower than that for the unirradiated 

blend as shown in Table 2. On the other hand, the TGA thermogram for the 

blend CMC/PEG (80/20%) CMC/PEG after exposure to gamma radiation up to 

40 kGy, the first TG stage occurred in the range 243.2-303.4oC with a mass loss 

of ~54%, while the second TG stage occurred in the range 303.4-423.5oC with a 

mass loss of ~33.4%. Thus, it may conclude that the first and second TG stages 

for the after exposure to 40 kGy were shifted to a lower temperature range with 

higher mass loss and this can be attributed to degradation of the polymers after 

exposure to gamma irradiation this is due to the higher concentration of the   

natural polymer CMC in the blend.  

     The rate of thermal decomposition reaction or dw/dt was plotted against the 

heating temperatures for the homopolymers and polymer blends, before and 

after gamma irradiation to a dose of 20 and 40 kGy (as examples) as shown in 

Figs. (8 and 9). In general, it can be seen that these types of curves displays 

similar trends, however, the temperatures at which the maximum value (Tmax) of 

the rate of reaction differs from one polymer to another.  The Tmax of gamma 

irradiated homopolymers and polymer blends to various doses is shown in 

Table 3.  It can be seen that the rate of thermal decomposition reaction of all the 

polymers, whether before or after gamma irradiation showed more than one  
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maximum with increasing temperature. This behavior indicates that the thermal 

decomposition of these polymers passes through multiple stages depending on 

the state of decomposition and not on the components.  This is because CMC 

and PEG are miscible polymers having the minimum functional groups required 

to achieve miscibility.  

 Based on the data, in the tables and the figures few points may be concluded: 

(1) the temperature of the maximum rate of reaction of pure unirradiated CMC 

is lower than that of pure unirradiated PEG over the entire range of studied 

temperatures. Also, both homopolymers have only one sharp maximum. (2) The 

rate of reaction of the CMC/PEG blends before and after gamma irradiation to 

doses 20 and 40 kGy, displayed similar trends. (3) The maximum value (Tmax) 

of the rate of reaction of CMC/PEG blends, whether before or after gamma 

irradiation showed more than one maximum with increasing temperature. (3) 

The blends CMC/PEG (80/20 and 50/50%) showed a transition around (200oC), 

which is probably due to the evaporation of solvent. Also, the main Tmax 

(second) tends to decrease (for unirradiated blends) with decreasing the ratio of 

CMC component up to 50%.  (4) The lowest Tmax was observed in the case of 

the blend CMC/PEG 50/50%. This may be due to the crosslinking of the natural 

polymer CMC.  
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Figure 8: TGA thermograms and rate of reaction of unirradiated CMC, 

PEG polymers and their blends of different ratios 
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Figure 9: TGA thermograms and rate of reaction curves of CMC, PEG 

polymers and their blends of different ratios gamma irradiated to different 
doses 
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Table 2: Weight loss (%) at different decomposition temperatures of CMC 
and PEG and their blends at different ratios before and after gamma 
irradiation to various doses                                                                                                      
 

 
Table 3: Temperature of the maximum rate of reaction for pure CMC, 
PEG and their blends at different compositions before and after gamma 
irradiation 

Temperatures of maximum 
rate of reaction (oC) 

2nd

maximum 

 
Weight Loss (%) 

400 oC 350 

oC 
300 

oC 
250 

oC 
200 

oC 150oC 
Dose 
(kGy) 

CMC/PEG 
blends ratio 

(%) 

37.71 35.13 32.8310.688.32 
 

7.3 
 

Unirradiated 
 

100/0 
(CMC/PEG)

(80/20) 
(CMC/PEG)

 

44.29 
7.93 
64.24 

38.98 
7.33 
51.36 

33.37
6.59 
44.48

20.47
5.31 
21.70

18.6 
3.97 
20.22

17.13 
2.69 
17.54 

Unirradiated 
20 
40 

55.94 
57.56 
55.94 

53.95 
54.82 
53.95 

40.12
45.34
48.12

32.55
27.56
32.55

26.14
20.00
26.14

17.13 

1st

maximum 

Irradiation 
Dose 
(kGy) 

CMC/PEG 
blends ratio 

(%) 

-------- 267 Unirradiated 
100/0 

383.4 263 Unirradiated
337.9 276.1 20 
283 262.6 40 

(80/20) 
 

263.9 182.7 Unirradiated
267.7 180 20 
263.3 182 40 

(50/50) 

---------- 412 Unirradiated(0/100) 
 

 

 

15.68 
17.13 

Unirradiated 
20 
40 

(50/50) 
(CMC/PEG)

58.12 9.34 3.66 2.28 1.38 Unirradiated 0.45  
0/100 

(CMC/PEG)
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3.1.1.3. Differential scanning calorimetry (DSC) 
    DSC technique was used to examine the miscibility of CMC and PEG blends. 

Figures (10-12) show the DSC scans of CMC ad PEG and their blends at 

different compositions, before and after gamma irradiation to various doses. The 

different kinetic parameters from the DSC scans for unirradiated and irradiated 

polymer blends of CMC and PEG at different compositions are summarized in 

Table 4. As shown in Fig. 10, for pure CMC, the Tg value was found to be 

109.6 oC, whereas the melting endothermic was found at 271.87oC. For pure 

PEG polymer, the Tg value was found at 64.29oC, whereas the melting 

endothermic for pure was found at 148.1oC.  However, the DSC scans of 

unirradiated CMC/PEG blend showed a single transition not for pure CMC or 

pure PEG indicating the high degree of compatibility of the water soluble 

natural polymer CMC and PEG over the studied rang of compositions. Also, it 

can be observed that the glass transitions and melting points of the different 

CMC/PEG blends are in between those of pure CMC and pure PEG 

homopolymer. Moreover, It can be seen that the values of the heat of fusion of 

pure unirradiated CMC is lower than that for the blend CMC/PEG 50/50% but 

higher than that for the blend 80/20%. For the blend CMC/PEG 50/50%, it can 

be seen that the heat of fusion increases with increasing the irradiation dose. The 

same is true with the polymer blend 80/20%. However, system CMC/PEG does 

not satisfy all the miscibility/compatibility criterion over whole of the 

composition range studied, which could be due to absence of hydrogen bonding 

sites in this system or may be due to the degradable effect of radiation on the 

different polymers as it can be seen in the blend composition (60/40) 

CMC/PEG. 
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Figure 10: DCS thermograms of unirradiated pure CMC, PEG polymers 
and their blends of different ratios 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 73



CHAPTER III                             RESULTS AND DISCUSSION  

 

CMC/PEG (80/20%)

H
ea

t F
lo

w
 u

p CMC/PEG (60/40%)

CMC/PEG (50/50%)

Temperature (oC)

0 20 40 60 80 100 120 140 160 180 200 220

 
Figure 11: DSC thermograms of CMC/ PEG blends of different ratios 

exposed to a dose of 20 kGy of gamma radiation 
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Figure 12: DSC thermograms of CMC/ PEG blends of different ratios 

exposed to a dose of 40 kGy of gamma radiation 
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Table 4: DSC kinetic parameters of CMC and their blends of different 
ratios before and after gamma irradiation to various doses 
 

Blend 
Composition 

(%) 

Irradiation 
dose 

(kGy) 

Melting 
Temperature

(0C) 

Glass 
transition 

Temperature 
(0C) 

Heat of 
fusion 
(J/g) 

CMC (100%) Unirradiated 271.8 109.6 41.2 
Unirradiated 131.38 53.28 77.7 

20 184.72 56.45 123.5 CMC/PEG 
(50/50%) 40 198.65 58.98 124.8 

Unirradiated 168.87 57.73  
20 129.98 55.6  CMC/PEG 

(60/40%) 40 132.88 55.1  
Unirradiated 161.86 56.45 1.92 

20 178.88 82.0 9.2 CMC/PEG 
(80/20%) 40 175.07 89.9 18.8 

PEG (100%)  148.1 64.29  
  
3.1.1.4. Tensile Mechanical Properties 
   Mechanical properties become important as polymer technology moves from 

laboratory into process development. Most plastic materials are used because 

they have desirable mechanical properties at an economical cost. For this reason, 

the mechanical properties may consider the most important of the physical and 

chemical properties of high polymers for most applications. In particular, the 

stress-strain test is the most widely test of all the mechanical tests. It is well 

known that natural polymers as polysaccharides have poor mechanical 

properties and there are attempts were made to improve their mechanical 

properties. The most popular way to improve polymers having poor mechanical 

properties is blending them with other polymers having good mechanical 

properties. Polymers are classified into three types according to the types of 

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

up to the fracture point; polystyrene is a typical polymer of this type and 

behaves this way. The tough polymers exhibit a yield point followed by 

extensive elongation at almost constant stress (cold drawing). Polyethylene is a  
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typical one of this type of stress-strain curve. The third type of stress-strain 

curve is exhibited by elastomers, in which the equation of state for rubber 

elasticity governs the situation. This case resulting in a nonlinear curve up to the 

break point with elongation to break may be of the order of several hundred 

percent. In the present work, the polymers under investigation used in the 

preparation of the polymer blends are belonging to the stress-strain curve of 

tough and brittle polymers. Thus, it is interesting to investigate the different 

mechanical properties of such blends. 

       Figures 13 and 14 and Table 5, show the yield and break properties for 

CMC and CMC/PEG blends of different compositions, before and after gamma 

irradiation to various doses. It can be seen that, the unirradiated CMC polymer 

exhibits the stress-strain behaviour of tough polymers, i.e. with yielding point. 

Many theories have been postulated to explain the occurrence of yielding and 

cold drawing phenomena in polymers during stretching. Some of these theories 

are based upon a dilution of the polymer when a stress is applied (Nicholais, 

and Dibenedetto, 1971; Rusch, and Beck, 1969). The dilution may be 

accompanied by formation of micro voids or craze cracks in which yielding is 

occurred. Still other theories of cold drawing use a concept similar to Eyring,s 

theory of viscosity, in which the applied stress makes the potential wells for 

segmental motions unsymmetrical. This makes it easier for motion to occur in 

the direction of the force. However, possibly yielding and cold drawing may 

take place by several possible mechanisms, and may vary from one polymer to 

another. In a glassy polymer, the molecules are not homogeneous on a 

molecular scale, but there are weak and strong regions (Litt, et al 1967; Lloyd, 

et al 1972).  The weak regions and imperfections can consist of aggregates of 

chain ends, regions where loops in several chains are in close but do not 

entangle with one another, and regions, in which a cluster of several chain 

segments are oriented perpendicular to the direction of the stress. Strong regions 

include chain entanglements and regions where a cluster of chain segments is  
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oriented parallel to the stress. When a load is applied to a polymer, the weak 

regions are first to break or pull a part to form many submicroscopic cracks and 

voids. Under the influence of the applied stress, the voids continue to grow to 

form larger voids until visible craze cracks are formed. Thus, based on the above 

concepts, the yielding and cold drawing of polymers consist of a complex 

combination of chain fracture, void formation, and crazing along with molecular 

orientation and chain slippage. 

 As shown in Fig 13, the unirradiated and irradiated pure CMC exhibits the 

stress-strain behavior of tough polymers i.e. with yielding point. Also, it can be 

noticed that, the yield stress of CMC increases with increasing irradiation dose 

up to 20 kGy and then decreases at 40 kGy. While the yield strain decreases at 

20 kGy and then increases with increasing irradiation dose up to 40 kGy. On the 

other hand, the yield stress of the CMC/PEG blend having the ratio 80/20%, it 

can be noticed that the yield stress increases with increasing the irradiation dose 

up to 40 kGy , while the yield strain increases with increasing irradiation dose 

up to 20 kGy then decreases with increasing irradiation dose. For the CMC/PEG 

blend of equal ratios of polymers, the yield stress and the yield strain decreases 

with increasing the irradiation dose up to 20 kGy and then increases with 

increasing the irradiation dose up to 40 kGy. From the above Figs, it can be seen 

that the values of the yield stress and strain at different compositions, were 

lower than that for pure CMC polymer.  

     The stress and strain at break point of polymer blends of different ratios of 

CMC and PEG, before and after gamma irradiation up to 40 kGy are shown in 

Fig 14 and Table 6. It can be seen that the stress at break of unirradiated CMC 

is higher than that for CMC/PEG blends at different compositions. The strain at 

break for unirradiated CMC is lower than that for its blends with PEG at 

different compositions. Meanwhile, the break stress of pure CMC is shown to 

increase with increasing irradiation dose up to a dose of 40 kGy and then tends 

to decrease at higher doses. Gamma irradiation of polymer blends having 80%  
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of CMC seems to cause a sudden increase in the break stress with increasing 

irradiation dose up to 40 kGy suggesting the occurrence of crosslinking. On the 

other hand, the break strain of the same blend having 80% of CMC and 20% of 

PEG decreases with increasing the irradiation dose. For the CMC/PEG blend 

having equal ratios of both CMC and PEG (50/50), the stress at break decreases 

with increasing irradiation dose up to 20 kGy and then increases at a dose of 40 

kGy, while the strain at break of the same blend, decreases with increasing 

irradiation dose. The Figure (14) below and Table (6) supports the above 

results as it can be seen. 
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Figure 13: Yield stress and strain of CMC/PEG blends of different ratios 

exposed to different doses of gamma radiation 
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Figure 14: Break stress and strain of CMC/PEG blends of different ratios 

exposed to different doses of gamma radiation 
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Table 5: Yield properties of CMC and PEG homopolymers and their blends 
at different compositions before and after gamma irradiation to various 
doses 
 

Blend 
composition (%) 

Irradiation 
dose (kGy) 

Yield stress 
(kgf/cm2) 

Yield strain 
(%) 

Unirradiated 272 1.47 

20 350 1.19 CMC(100) 

40 287 1.51 
Unirradiated 22 0.47 

20 49 1.68 CMC/PEG 
(80/20) 

40 82 1.11 
Unirradiated 26 0.87 

20 22 0.24 CMC/PEG 
(50/50) 

40 84 0.39 
 

Table 6: Break properties of CMC and PEG homopolymers and their 
blends at different compositions before and after gamma irradiation to 
various doses 
 

Blend 
Composition 

(%) 

Irradiation 
dose (kGy) 

Break stress 
(kgf/cm2) 

Break 
strain (%) 

Unirradiated 192 1.702 

20 257 3.79 CMC(100) 

40 263 4.13 

Unirradiated 22 6.23 

20 49 4.35 CMC/PEG (80/20) 

40 82 3.45 
Unirradiated 60 4.19 

20 53 2.43 CMC/PEG (50/50) 
40 92 1.17 
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3.1.1.5. Scanning electron microscopy (SEM) 
    Figure 15 shows SEM micrographs of the fracture surfaces of unirradiated 

carboxymethyl cellulose (CMC) and CMC/PEG blends at equal composition. 

The fracture surface of CMC polymer is very smooth and showing only a 

limited number of small particles dispersed along the micrograph. The fracture 

surface of the unirradiated blend (50/50) is rough and full of small particles and 

small halls spread nearly homogeneous all over the blend surface. However, 

after irradiation, it can be noticed that, the fracture surface became more smooth 

and homogeneous with very small number of small particles that spread all over 

the surface. That's to say, gamma irradiation improved the compatibility of the 

two polymers CMC and PEG. 
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Figure 15: SEM micrographs of unirradiated pure CMC and CMC/PEG 
(50/50%) blends before and after gamma irradiation to a dose of 20 kGy 
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3.1.2. Water Uptake 
     Hydrophilic polymer networks can absorb and retain a significant amount of 

water within their structures (Francis, et al 2004). These materials can absorb 

water many hundred times of their dry weight. They are of great interest due to 

promising applications in personal hygienic products agriculture and other areas 

like controlled drug delivery system (Buchholz, and Pappas, 1994). The 

hydrophilicity of polymers arises due to the presence of polar groups, which can 

be non-ionic (-OH, -O-, -NH2, -CONH-, -CHO) or ionic (-SO3H, -COOH,-

COONa, -COONH4, -NR2HX, etc.). Cellulose derivatives also because of their 

excellent hydrophilic properties, high swelling ratio, and biocompatibility, have 

been widely used in agriculture (Ibrahim, et al., 2007), biomedical areas as 

antibacterial materials (Murthy, et al 2008), tissue engineering (Kim, et al., 

2008) biosensors (Adhikari and Majumdar, 2005; Pourjavadi, et al., 2007), 

sorbets for the removal of heavy metals (Guilherme, et al 2007) and drug 

delivery (Rodrigues, et al., 2003; (Zhang, et al 2002). It is worth noting that 

natural polymers have better biocompatibility and less latent toxic effect than 

most synthetic polymers (Shang, et al 2008) (Wu, et al 2008).  

    It has been shown that CMC/PEG blends exhibit pH-responsive swelling 

behaviour (Bumsang Kim and Nicholas, 2003). This results from the 

ionization or deionization of the functional groups in the polymer networks 

responding to environment pH, acid groups of the polymer are protonized 

forming hydrogen bonding with adjacent oxygen whereas at pH values higher 

than the pKa of the polymer carboxylic acid groups become ionized leading to 

swollen networks due to the electrostatic repulsion between charged groups. 

    CMC is a kind of natural polyelectrolyte, which has many carboxylic groups 

in its molecular chain. The dissociation degree of carboxyl group is closely 

related to the pH value of the medium. To investigate the influence of pH value 

of the medium on the swelling ratios of the polymers, the pH range was selected  
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from 2 to 8 as shown in Figs 16 and 17. It can be seen that the water uptake 

ratio at room temperature is continuously increasing with increasing pH values. 

At lower pH values (below the pKa of carboxylic groups, approximate 4.6), the 

–COO− groups in CMC are protonated to –COOH groups, and the hydrogen 

bonds between –COOH and –OH groups are formed, which result in a decrease 

of swelling ratios. The lower pH values of the medium, the stronger the 

hydrogen bonds and thus the smaller the uptake ratios of hydrogels. When pH 

value is increased to 4.6, the carboxylic groups become ionized and the 

electrostatic repulsion between the molecular chains is predominated which 

leads to the network more expanding. There exhibits a maximum swelling ratio 

at pH 7. Beyond this value, a screening effect of the counter ions, i.e., Na+, 

shielding the charge of the carboxylate anions may prevents from an efficient 

repulsion. As a result, a remarkable decrease in equilibrium swelling is observed 

(Jinghong Ma, et al., 2007). As can be seen from these figures, swelling 

capabilities of all polymer blend compositions were increased by increasing the 

CMC ratio. CMC is a polysaccharide that contains different type of hydrophilic 

functional groups. The results revealed that the increase of the CMC ratio results 

in a hydrogel with a higher swelling behaviour.  
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Figure 16: Water uptake at different pH values by CMC/PEG (80/20%) 

blends exposed to a dose of 20 kGy of gamma radiation  
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Figure 17: Water uptake at different pH values of CMC/PEG (50/50%) 

blends exposed to a dose of 20 kGy of gamma radiation  
 

     Figures 18 and 19 show the effect of temperature on water uptake of 

CMC/PEG polymer blends of different ratios as a function of time and at pH7.  

It can be seen that, the water uptake increases with increasing temperature, 

regardless of blend composition. This may be explained as result of opening the 

structure and voids of hydrogel by increasing temperature.  
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Figure 18: Water uptake as a function of time at different temperatures by 

CMC/PEG (50/50%) blends exposed to a dose of 20 kGy of gamma 
irradiation 
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Figure 19: Water uptake as a function of time at different temperatures by 

CMC/PEG (80/20%) blends exposed to a dose of 20 kGy of gamma 
irradiation  
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3.1.2.1. Swelling and diffusion studies 
  Analysis of the mechanisms of diffusion in swellable polymeric systems has 

received considerable attention in recent years because of important applications 

of swellable polymers in biomedical, pharmaceutical, environmental, and 

agricultural engineering. Fick's equation is used to determine the nature of 

diffusion of water into hydrogels as follows: 

                                                      F= Mt/M∞ = Ktn

Where Mt and M∞ denote the amount of solvent diffused into the gel at time t 

and infinite time (at equilibrium), respectively, k is a constant related to the 

network, and the exponent n is a number to determine the type of diffusion. For 

Fickian kinetics in which the rate of penetrant diffusion is rate limiting, n equals 

0.5. If during the swelling, a non-Fickian process occurs, n will have a value 

between 0.5 and 1.0. To obtain n, lnF was plotted versus lnt ( values of t should 

be expressed in seconds ) and the slope is the value of n. This equation is 

applied to the initial stage of swelling, and plots of lnF versus lnt are displayed 

in figures (20,21), and the value of n, are shown in Table (7), from the values of  

n, it can be seen that n values for the blend composition (50/50) CMC/PEG, are 

higher than 0.5 and these values decreases with increasing the pH of the medium 

depending on the interaction between (CMC / PEG) blend hydrogel and water. 

Thus, the swelling process seemed to be of non-Fickian character at the initial 

stages of swelling. The same is true for the blend hydrogel (80/20) CMC/PEG 

but the n values are lower than that for the blend hydrogel (50/50) and also, it 

decreases greatly with increasing the pH value. The presence of –COO- and OH- 

groups in the blend hydrogels strongly affects the swelling ratio. The values 

given in this table below show that from the values of n, the relaxation of the 

blend hydrogel is high especially for the blend composition (50/50) where the 

content of PEG is higher than that in the blend composition (80/20).  
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Figure 20: Linear fit line lnF versus lnt at different pH values for 50/50 

CMC/PEG blend hydrogel in water at 250 C and dose: 20 kGy 
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Figure 21: Linear fit line lnF versus lnt at different pH values for 80/20 

CMC/PEG blend hydrogel in water at 250 C and dose: 20 kGy 
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Table 7: Swelling and Diffusion Parameters of CMC/PEG different blends 
in water at different pH values and 25 0C. 
 

pH2 pH5 pH7 pH8 
CMC/PEG n 

 
K 10-3

  
n 
 

K 10-3

  
n 
 

K 10-3

  
n 
 

K 10-3

  

50/50 1.0 
 

1.8 
 

0.97 
 

4.1 
 

0.9 
 

7.4  
 

0.76 
 

14.7 
 

 
80/20 

 
1.1 

  
0.88 
 

 
8.8 

  
3.06 

 
0.61 

  
12.9 

   
0.57 19.4 

 
 
3.1.3. Dye Uptake 
   Removal of waste dyes has been the subject of many interests because of the 

increasingly stringent restrictions on the organic content of industrial effluents 

(Mathiowitz et al., 1999). The effluents of wastewater in some industries such 

as textiles, leather, paper, printing, plastic and food contain different types of 

synthetic dyestuffs (Peters and Freeman 1995). The treatment of textile 

wastewater comprising dyestuffs and other non-biodegradable organic and 

inorganic possesses a considerable problem in the wastewater treatment industry 

(Beydilli, et al 1998). However, the increased colour intensity is the most 

serious problem of the wastewater provided by the textile industries because 

many of the commercial azo dyes can produce hazardous aromatic amines, as 

well as other highly toxic byproducts through metabolic processes in plants and 

animals or directly after the disposal in lakes, rivers or sea (Kunz, et al., 2002).                     

    Concerning the reactive dyes, which are mainly used for textile dying 

processes, it is known that 30% of the initial amount of the dye is released in the 

wastewater due to hydrolysis side reaction, resulting in limited degree of 

fixation (Chen, 2002). Moreover, azo dyes which are synthetic products, show 

rather low biodegradability, firstly because of lack of natural biodegradation 

paths and secondly because of stereo chemical interferences concerning the 

accession of the reductant or oxidant molecule to the azo-group (Bechtold, et al 
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2001). Decolorize azo dye from wastewater ( Slokar, and Marechal, 1997; 

Young and Jian 1997; Razo-Flores, et al 1997; Konovalova, et al 2000; 

Goncalves, et al 2000; Bell, et al 2000). Most studies have focused on the 

development of a technique and a method for the treatment of dye wastewater. 

In general, there are several methods of reducing colour in textile effluent 

streams: coagulation–flocculation, biological treatment, oxidation–ozonation, 

adsorption and membrane processes. Of these methods, adsorption has been 

found to be an efficient and economic process to remove dyes, pigments and 

other colorants (Mohan, et al., 2002; Walker, et al., 2003; Dgُan and Alkan,  

 

2003). In recent years, polymeric adsorbents, due to their wide variations in 

porosity and surface chemistry, especially re-generability on site and reuse for 

continuous process, have been increasingly used to remove and recover organic 

pollutants from waste streams (Kannan and Sundaram, 2001;   Xu, et al 

2003).                                                                                                                     

     The pH value of the solution, which affects the surface charge of the 

adsorbent and the degree of speciation of adsorbent, was an important 

controlling parameter in the adsorption process. Figures 22-24 show the effect 

of pH on the removal of different dyes onto CMC/PEG of different blends from 

aqueous solution. As can be seen, the adsorption capacity of dyes onto 

CMC/PEG blend having equal ratios of pure polymers (50/50%) for the basic 

and direct, increases with increasing pH values, while the adsorption capacity 

for reactive dye decreases with increasing pH values. For the acid dye, the 

capacity of adsorption decreases up to pH 5 and then increases with increasing 

pH up to pH 8. For the blend CMC/PEG (60/40%), the adsorption of the basic 

and acid increases with increasing the pH value up to pH 8, while, it decreases 

as the pH value increases for the reactive and direct dyes. The amount of 

adsorption for the blend composition CMC/PEG (80/20%) CMC/PEG, increases 

with increasing pH in case of the basic, and increases up to pH 5 then decreases 
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in case of reactive. For the direct and acid dyes, the amount of adsorption 

decreases with increasing pH values.                        

    It is well known that the change in pH of the dye solution would affect the 

structure of the dye as well as the structure of the polymeric material itself. 

Considering that the mechanism of dye uptake is due to the electrostatic 

attraction force between the dye and the polymeric material, any change in 

either charge would affect the uptake percent.                                                                           
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Figure 22: Effect of pH on the dye uptake of different dyestuffs by 

CMC/PEG (50/50%) blends from initial dye concentration of 100 ppm 
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Figure 23: Effect of pH on the dye uptake of different dyestuffs by 

CMC/PEG (60/40%) blends from initial dye concentration of 100 ppm 
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Figure 24: Effect of pH on the dye uptake of different dyestuffs by 

CMC/PEG (80/20%) blends from initial dye concentration of 100 ppm 
 

    The adsorption of CMC/PEG blends of different compositions was 

investigated towards acid, reactive and direct dyes by the batch equilibrium 

method, as shown in Figs 25-27. It can be seen that the amount of adsorption of 

dyes increases with increasing CMC content in the blend at pH 3. Meanwhile, as 

the pH was increased, different trend was observed for the adsorption of dyes at 

pH 5 and pH 7. At pH 5, the adsorption of dyes decreases with increasing the 

CMC ratio up to 40% for the basic, reactive and direct. On the other hand, for 

the blend composition having higher content of CMC, the amount of adsorption 

of acid, reactive and direct was increased but for the basic was decreased. At pH 

7, the amount of adsorption of basic and acid was increased with increasing 

CMC ratio up to 40% but it decreases at for the blend (80/20%), while for the 

reactive dye the adsorption increases with increasing CMC ratio in the blend. On 

the other hand, the amount of adsorption of the direct dye it decreases and then 

increases for the blend (80/20%). From the last discussion one can conclude 

that, the unfixed trend of the adsorption of dyes is due to the differences in dyes 
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structures and also may be due to the degree of compatibility achieved during 

preparation of the CMC/PEG blends of different compositions. Also, the 

structure of dyes affects the adsorption capacity of CMC/PEG blends where the 

structure of acid and direct dyes is flat and planar and hence the adsorption 

capacities are higher (Abou Taleb M. F. 2009). On the other hand, the reactive 

dye is bulkier and not planar which causes the decrease in the rates of adsorption 

of these dyes on the different compositions of CMC/PEG blends.  
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Figure 25: Dye uptake at pH 5 of different dyestuffs by different ratios of 

CMC/PEG blends from initial dye concentration of 100 ppm 

initial conc. 100 ppm and at pH 5
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Figure 26: Dye uptake at pH 5 of different dyestuffs by different ratios of 
CMC/PEG blends from initial dye concentration of 100 ppm 
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Figure 27: Dye uptake at pH 7 of different dyestuffs by different ratios of 
CMC/PEG blends from initial dye concentration of 100 ppm 

  
3.1.4. Metal Sorption  

Release of toxic substances and their dispersal in the environment can 

have tragic effects on exposed pollutants. These substances are more easily 

controlled when they are generated than after they are dispersed. Hence, the aim 

is to minimize the adverse impacts depends largely on the ability to find 

processes that isolate and remove the contaminants at their sources. The 

presence of metals such as lead and nickel is known to cause severe health 

problems to animals and human beings. 

    The present study is designed to investigate the efficiency of prepared 

polymers CMC/PEG blends at different compositions treated by gamma 

radiation in the removal of Irion, nickel, cobalt and chrome from their wastes. 

To explore the applicability of the sorbent CMC/PEG polymer blends, it was 

informative to obtain knowledge on its sorption capacity toward different metal 

ions. This carried out by equilibrating a fixed amount of the sorbent polymers 
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with series of initial metal ion concentrations, which can be removed from the 

solution when the chelating sites of the sorbent are saturated.  

   Figures 28-30 show the metal sorption of different metal ions by CMC/PEG 

blends of different compositions formed by gamma irradiation. From these 

curves, the metal uptake for the blend CMC/PEG (50/50%) increases and then 

decreases with increasing the initial concentration of the metal ions solutions 

with the exception, in case of Fe+3 ion its uptake was increased with increasing 

the initial concentration. For the blend CMC/PEG (60/40%), the uptake of Cr+3 

and Fe+3 increases with increasing the initial concentration, while on the other 

hand for the metal ions Co+2 and Ni+2 the uptake increases and then decreases 

with increasing the initial concentration. For the blend composition CMC/PEG 

(80/20%), the metal up take of the metals ions Cr+3, Fe+3, Co+2 and Ni+2 

increases with increasing initial concentration of metal ions solutions. The effect 

of the CMC/PEG blend composition on the uptake of Cr+3, Fe+3 ,Co+2 and Ni+2 

is clear, in which the metal ions uptake for all the metals increases with 

increasing the CMC ratio in the polymer blends. Table 8 shows the atomic radii 

of the investigated metal ions. The maximum metal uptake observed for such 

metal ions depends not only on the ionic radii but also on electronic 

configuration and their affinity to make complexation or chelation with the 

functional groups, which found in the CMC/PEG polymer blends. The stability 

of complex depends mainly on two factors; complexing ability of the metal ion 

involved and characteristics of the legends. 

Table (8): Atomic, ionic radii and electronic configuration 
of different metal Ions investigated 

Element Valence Atomic 
radius, Aº 

Ionic 
radius,  

Aº 

Ionic electron 
configuration 

Fe 3+ 1.72 0.55 [Ar]18, 3d9

Ni 2+ 1.26 0.83 [Ar]18, 3d8

Co 2+ 1.25 0.82 [Ar]18, 3d7

Cr 3+ 1.17 0.69 [Ar]18,3d6
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Figure 28: Effect of initial concentration on the metal ion uptake for 

(50/50%) CMC/PEG 
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  Figure 29: Effect of initial concentration on the metal ion uptake for 

(60/40%) CMC/PEG 
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 Figure 30: Effect of initial concentration on the metal ion uptake for 

(80/20%) CMC/PEG 
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Figure 31: Effect of (CMC/PEG) blend compositions on the metal ion 

uptake (mg/g) for different metal ions, initial conc. 100 ppm 
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The availability of hydrogels under investigation for metal ion complexation is 

pH dependent. The sorption characteristics of hydrogels toward Fe+3, Ni2+, Co2+ 

and Cr3+ metal ions are investigated over pH that ranged from 1-7 as shown in 

Figs 32-34. It can be seen that, the amount of metal ions uptake by chelating 

polymer increases significantly as the pH increases for Ni2+, Co2+ and Cr3+ up to 

pH = 7. However, the maximum Fe+3 uptakes reach at pH = 3, thereafter it 

decreases due to the formation of its hydroxides.  For the CMC/PEG (50/50%) 

blends, the metal uptake of all the metal ions decreases and then increases with 

increasing the pH value up to pH 4. While for the blend composition (60/40%), 

the metal uptake decreases and then increases with increasing pH value with the 

exception in case of the metal ion Ni+2 it was increased with increasing pH 

value. For the  CMC/PEG (50/50%) blends, the metal uptake of  Ni+2 and Co+2  

increases with increasing pH value up to pH 4, while the uptake of Fe+3 

decreases with increasing pH value up to pH 3. For metal ion Cr+3, its uptake 

increases and then decreases with increasing pH.  

     From above discussion and the Figures, it can be concluded that the change 

in pH increases the intermolecular forces between the metal ions thereby 

improves the rejection through CMC/PEG membranes. Irrespective of the blend 

composition, free metal ions can pass through the blend membranes at a pH 

below 3 but are retained at pH higher than 3 may due to the precipitation of the 

metal ions in the form of hydroxide as it was seen for all CMC/PEG blends the 

metal ions uptake decreases at pH 3 then increases with increasing pH. The 

exception that appeared in these result may be attributed to that when the pH 

decreased, concentrations of protons increased and competition in binding the 

active sites on the surface of the biosorbent, by the H+ and metal ions, started. 

Protonated active sites were incapable of binding the bind metal ions, leading to 

free ions remaining in the solution also, due to the differences in the metal ions 

size and the degree of compatibility between the polymers in different 
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compositions. It is worthy to mention that adjusting the experimental data to a 

curve throughout the work is by using the mathematical program Sima polt 10. 
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Figure 32: Effect of pH on the metal ion uptake for (50/50%) CMC/PEG 
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Figure 33: Effect of pH on the metal ion uptake for (60/40%) CMC/PEG 
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Figure 34: Effect of pH on the metal ion uptake for (80/20%) CMC/PEG 

 
3.1.5. Adsorption and Controlled release Properties of 
Chlortetracycline HCl Drug 
 

   Polymeric materials have been used for a wide range of applications because 

much of them are biocompatible with blood, tissues, and cells, i.e., in the human 

body. The actual tendency is directed to the development of natural polymers 

that are assimilated by the organism producing minimum collateral effects. 

Thus, crosslinked CMC/PEG blends by gamma irradiation was investigated as 

drug delivery systems. In this study, Chlortetracycline HCl, as an antibiotic that 

are commonly prescribed by medical doctors for infections and to treat acne. It 

may also, be used to treat urinary tract infections, gum disease and Chlamydia. 

Isphamycin (as tetracycline antibiotic) is also, used commonly as a prophylactic 

treatment for infection by Bacillus anthracis. It is also, effective against 

Yersinia pestis and malaria and also prescribed for the treatment of Lyme 

disease. Isphamycin inhibits cell growth by inhibiting translation.  
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3.1.5.1. Adsorption of Chlortetracycline HCL 
    For the investigation of drug adsorption behaviour of CMC/PEG blends 

prepared in this study, certain weights of the CMC/PEG blends at different 

compositions were initially swollen in certain volume of Chlortetracycline HCL 

solution at PH 7.0 in a concentration range from 0.16 mg/ml to 0.8 mg/ml. The 

total amount of Chlortetracycline HCL adsorbed into 0.1 g of dry blend at 

different initial drug concentrations is shown in Figs. 35 -36. As it can be seen 

from these figures, the amount of total Chlortetracycline HCL taken by the 

blend compositions CMC/PEG 50/50, 60/40 and 80/20% was found to increase 

with increasing the initial concentration of Chlortetracycline HCl. The increase 

in amount of adsorption with increasing the CMC ratio in the polymer blends 

may be due to the interaction between the natural polymer CMC with its 

biocompatibility, and the drug molecules. It can be noticed that, the isotherms in 

Fig. 34 showed that as the initial concentration of the chlortetracycline HCL 

increases, the amount of adsorption on the CMC/PEG blends was increased.  
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Figure 35: uptake of different concentrations of Chlortetracycline by 

different ratios of CMC/PEG blends at 250C and pH7 
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Figure 36: Uptake of different concentrations of Chlortetracycline by 

different ratios of CMC/PEG blends at 250C and pH7 
 
3.1.5.2. Release of Chlortetracycline HCL  
   

    The release experiments was carried out at buffer solutions of pH 2, which is 

almost similar to that of stomach medium and at pH 5 and 8 which are similar to 

that of the intestine medium. Figures 37-42 shows the drug release behaviour of 

CMC/PEG blends at different compositions as a function of time at different pH 

values. It can be seen, for all CMC/PEG blends at different compositions, the 

amount of chlortetracycline HCl released increases with time at both initial 

concentrations of drug (0.5 and 0.8 mg/ml) until it reaches a steady state 

condition. On the other hand, the blend composition of equal ratios of CMC and 

PEG gives the lowest of amount released of drug, while for the blend 

composition (80/20) CMC/PEG it gives the highest amount released of drug 

taking into consideration that with increasing the initial concentration of drug 

the amount released of drug increased with all CMC/PEG polymer blends. As a 

result, increasing the PEG ratio in the blend decreases the amount of drug 

released. 
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Figure 37: Release profile of different concentrations of Chlortetracycline 

at pH 2 by different ratios of CMC/PEG blends 
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Figure 38: Release profile of different concentrations of Chlortetracycline 

at pH 5 by different ratios of CMC/PEG blends 
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Figure 39: Release profile at concentrations (0.5 mg/ml) of 

Chlortetracycline at pH 8 by different ratios of CMC/PEG blends 
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Figure 40: Release profile at concentrations (0.8 mg/ml) of 

Chlortetracycline at pH 2 by different ratios of CMC/PEG blends 
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Figure 41: Release profile at concentrations (0.8 mg/ml) of 

Chlortetracycline at pH 5 by different ratios of CMC/PEG blends 
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  Figure 42: Release profile at concentrations (0.8 mg/ml) of 
Chlortetracycline at pH 8by different ratios of CMC/PEG blends 
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By studying the drug up take behavior and the amount of drug released by 

CMC/PEG blends at different compositions, it can be concluded that as the 

initial concentration of Chlortetracycline HCL increases, the amount of drug 

adsorption and also the amount released (mg/g) increases. Also the blend 

composition having equal ratios of the pure polymers gives the lowest amount 

released of drug. The release of chlortetracycline HCL from the CMC/PEG 

blends, as studied at the physiological temperature of 37 0C, exhibits a strong 

release behavior as the CMC content in the blend increases.                                                     

The structure of the polymers and the drug are shown below.                                         

 
     Carboxymethyl cellulose 

3.1.6. Adsorption and Controlled Release Properties of Caffeine   
 
      Drug delivery systems (DDS) that can precisely control the release rates or 

target drugs to a specific body site have had an enormous impact on the 

healthcare system. The last two decades in the pharmaceutical industry have 

witnessed an avant-garde interaction among the fields of polymer and material 

science, resulting in the development of novel drug delivery systems (Takagishi 

and Kuroki, 1973). With the development of agriculture, plants became an 

important component of the human diet. Indeed today three plants, wheat, corn 

and rice are the major components of the diet of a large section of the world’s 

population. Plants cannot only be a source of nutrients, but many plants also 

produce compounds, as a part of their metabolism, that can affect humans in 

other ways. Some plants produce compounds that are poisonous (hemlock); 

others can cause depression or act as stimulants while others can cause profound 

psychological effects (opium, poppies, cannabis, mushrooms). Many of these 

compounds and their plant source are banned from legal use. Some though, are 

tolerated by society. Caffeine is one such compound that is tolerated. Caffeine 
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occurs naturally in the leaves of the tea plant and in the beans of the coffee 

plant. Caffeine is also added to many foods and drinks, particularly sodas for its  

 mental stimulating effect. People vary widely in their tolerance to caffeine. For 

some, it has little effect, for others, it can cause serious problems. Caffeine 

(1,3,7-trimethylxanthine) have been used in this study and it had been loaded on 

the CMC/PEG blends at different compositions and its amount of adsorption on 

CMC/PEG blends had been examined and its amount released for each gram of 

polymer blend is studied.  

3.1.6.1. Adsorption of Caffeine   
    Figures 43 and 44 show the amount of Caffeine adsorbed on different 

CMC/PEG blend compositions at different initial concentration of Caffeine. In 

Fig 43, for the CMC/PEG blend composition having equal ratios, the amount of 

adsorption of Caffeine increases with increasing the initial concentration of drug 

from 0.16 to 0.8 mg/ml.  The same is true for the blend composition 80/20%. 

For the blend 60/40%, it gives the highest amount of adsorption for Caffeine at 

0.8 mg/ml. Fig (44) below shows the effect of the CMC/PEG blends 

compositions on the amount of adsorption of caffeine at different initial 

concentrations as it is cleared that at initial concentration 0.5 and 0.8 mg/ml, the 

amount of adsorption increased with increasing the CMC content in the blends. 

On the other hand, Fig, (43) shows the relationship between the initial 

concentration of Caffeine and its amount of adsorption where as it can be 

noticed that, as the initial concentration (mg/ml) increases the amount of 

adsorption of Caffeine increases. 
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Figure 43: Uptake from different concentrations of caffeine drug by 

different ratios of CMC/PEG blends (pH 7) 
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Figure 44: Uptake of different concentrations of caffeine drug by different 

ratios of CMC/PEG blends (pH 7) 
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3.1.6.1. Release of Caffeine  
    The release experiments was carried out at buffer solutions of pH 2, which is 

almost similar to that of stomach medium and at pH 5 and 8, which are similar 

to that of the intestine medium. Figures 45-50 shows the drug release behaviour 

of different compositions of CMC/PEG blends as a function of time at different  

 pH values. The Figures showed that the drug release is pH and blend 

compositions dependant. In this study, two CMC/PEG blends (50/50%) and 

(80/20%) were examined. The CMC/PEG blend (50/50%) gives higher amount 

released of Caffeine than that for the blend (80/20%). Also, it was noticed that at 

the initial caffeine concentration (0.8 mg/ml) the amount of Caffeine released 

(mg/g) is the highest at pH 8.  
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Figure 45: Caffeine release profile at pH 2 by different ratios of CMC/PEG 

blends. Initial conc. of caffeine 0.5 mg/l 
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Caffeine initial conc.=0.5 mg/l at pH 5
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Figure 46: Caffeine release profile at pH 5 by different ratios of CMC/PEG 

blends. Initial conc. of caffeine 0.5 mg/l 
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Figure 47: Caffeine release profile at pH 8 by different ratios of CMC/PEG 

blends. Initial conc. of caffeine 0.5 mg/l 
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Caffeine initial conc. =0.8 mg/l at pH 2
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Figure 48: Caffeine release profile at pH 2 by different ratios of CMC/PEG 

blends. Initial conc. of caffeine 0.8 mg/l 
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Figure 49: Caffeine release profile at pH 5 by different ratios of CMC/PEG 

blends. Initial conc. of caffeine 0.8 mg/l 
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Caffeine initial conc.=0.8 mg/l at pH 8
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Figure 50: Caffeine release profile at pH 8 by different ratios of CMC/PEG 
blends. Initial conc. of caffeine 0.8 mg/l 
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Conclusion: 
The visual observation showed that all the solutions of CMC / PEG mixtures 

were clear at room temperature and highly stable, in which neither macroscopic 

phase separation nor the appearance of precipitates were observed. In addition, 
The different characterizing techniques (FTIR, DSC, TGA, SEM, and stress-

strain behavior), used successfully for studying the physical and chemical 

properties of the prepared blend films and showed the presence of high degree 

of compatibility between CMC and PEG which is improved by exposing the 

different compositions of CMC/PEG blends to different doses of gamma 

radiation. FTIR spectroscopy revealed specific interaction between CMC and 

PEG polymers. DSC also, revealed the presence of single T  and Tg m for most 

compositions of CMC/PEG blends, which is characteristic for miscible blends. 
However, the CMC/PEG system does not satisfy all the miscibility criterion 

over whole of the composition range studied. 

Crosslinking of CMC/PEG polymer blends at different compositions was 

successfully achieved by the effect of gamma radiation. Crosslinking and 

degradation occur simultaneously; however, the ratio of their rates depends on 

the chemical structure of the polymer, its physical state, and the irradiation state. 

The crosslinked blend hydrogel based on CMC/PEG prepared by the effect of 

gamma radiation were used successfully in different practical and industrial 

applications (e.g. waste water treatment and drug delivery systems) due to the 

fact that CMC and PEG polymers are pH and Temperature sensitive where it is 

noticed that, as the content of CMC increases the amount of adsorption of ( 

metal, dye, and drug) increases. Due to the biocompatibility, the use of 

CMC/PEG blends at different compositions is promising in the field of 

wastewater treatments and as drug delivery systems depending on the degree of 

compatibility and as a result on the degree of crosslinking. 
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CHAPTER III-Part 2

3.2. Effect of Gamma Irradiation on the Physical and Chemical 
Properties of Carboxymethyl Cellulose/Poly (ethylene Oxide) 
Blends (CMC/PEO) 
                                     

   Polysaccharides and their derivatives are typical degradable polymers in 

radiation processing (Dumitriu and Marcel Dekker 1996). But in several 

studies conducted, it was found that polysaccharide derivatives such as 

carboxymethyl cellulose (CMC), methylcellulose (MC), carboxymethyl starch 

(CMS) and carboxymethyl chitosan (CM-chitosan) undergo crosslinking when 

irradiated at paste-like condition (Fei, et al, 2001; Nagasawa, et al, in press; 

Yoshii, et al, 2003; Zhao, et al, 2003). In this part, CMC was blended with the 

synthetic polymer poly (ethylene oxide) (PEO). 

3.2.1. Characterization
3.2.1.1. IR Spectroscopic Analysis
    

      Figure 51 and 52 shows the IR spectra of thin films of CMC and PEO and 

their blends at different compositions, before and after they had been exposed to 

various doses of gamma radiation. The IR spectrum of pure PEO showed the 

main adsorption peak at 2640-3080 cm-1 due to CH2 (νas and νs) stretching 

vibration mode. Only a broad hydroxyl band of very low intensity was found in 

the IR spectrum of PEO, which indicates the presence of hydroxyl end-groups 

and absorbed water (usually difficult to remove completely, despite careful 

drying). The strong bands at 1467 (δs scissoring), 1359 + 1343 cm-1 (ω, 

wagging), 1241 cm-1 (τ, twesting) and 962 cm-1 (ρ, rocking) corresponding to C-

H deformation vibrations, are characteristic for ordered PEO (Marcos, et al., 

1990; Guo, et al., 1999). The band at 1061 – 1147 cm-1 is attributed to ether 

stretching vibration (C—O—C) in the crystalline phase (Su, et al, 2002; Rocco, 

et al, 2001).                                                                     
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   The IR spectra of CMC/PEO blends showed a combination of bands of the 

spectra of components. The intensity of bands characteristic of the polymer 

blends depends on the blend compositions. The results obtained from IR spectra 

of unirradiated polymer blends and irradiated ones to a dose 40 kGy; prove the 

miscibility between CMC and PEO, where some small band shifts and shape 

changes indicating the presence of certain intermolecular interactions. As can be 

seen in Fig. 51 and 52, the IR spectrum of pure CMC films exhibited peaks 

around 1605 and 1414 cm-1, which have been assigned to antisymmetric and 

symmetric vibrations for COO- group, respectively (Gnzler and Germlich, 

2002; Xiao et al., 2002). The interaction of PEO homopolymer with CMC was 

elucidated by the shift in wave number for these two peaks and also the change 

in the peaks intensities. Adding PEO polymer to CMC caused the COO- band to 

shift from 1592 cm-1 to 1607 cm-1 as it can be seen in the unirradiated blends 

CMC/PEO 80/20% and shifted to 1628 cm-1 for the blend CMC/PEO (40/60%). 

This provide an evidence that the antisymmetric and symmetric vibrations of 

C=O and C-O bonds were enhanced, probably due to the disruption of 

intermolecular hydrogen bonds present originally between the carboxylic groups 

caused by added PEO. But on the other hand, for the blend having equal ratios 

of both polymers (50/50%), these two bands did not appear. The characteristic 

band for PEO (CH2 stretching vibration shifted to lower wavenumber for 

different blends of CMC/PEO after gamma irradiation to a dose of 40 kGy, 

where for the blend CMC/PEO (50/50%), it shifted from 2898 to 2856 cm-1. For 

CMC/PEO (40/60%) blend film, it was shifted from 2898 to 2877 cm-1. 

    As it can be seen from the figures, the adding CMC to PEO causes some 

bands to disappear and others like the clear band for PEO which attributed to the 

stretching vibration  (C—O—C) shifted slightly from that for pure PEO before 

gamma irradiation. After gamma irradiation, this band was shifted and 

depending on the blend composition and also the radiation dose. Also, this band 
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may be overlapped with the vibration stretching of the COO- band for pure 

CMC. The disappearance of some IR bands for both polymers constituent the 

blends may be attributed to the strong interaction between the pure CMC and 

PEO polymers which may increase the miscibility between them in their blends.

Figure 51: IR spectra of unirradiated CMC/PEO blends of different ratios
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Figure 52: IR spectra of CMC/PEO blends of different ratios irradiated at 
a dose of 40 kGy of gamma irradiation

3.2.1.2. Differential scanning calorimetry (DSC)

   Miscibility examination of the CMC/PEO blends was carried out through the 

use of DSC as shown in Figs 53 and 54. The thermographs of pure CMC, pure 

PEO and their blends are presented before and after gamma irradiation. 

Unirradiated CMC has a Tg value of 109.8oC and Tm at 271.8oC, while PEO has 

a Tg value of 72.7oC and Tm at 154.8. Even though this difference is very small it 

proves that differential scanning calorimetry is a sensitive technique for the 

miscibility study of such blends (Bikiaris, et al., 2004). As it can be seen, for 

the unirradiated CMC/PEO blends at all compositions, there is only one Tg and 
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one Tm, as seen in Table 9, which ranges between the glass transition and 

melting temperatures of the two initial polymers and the Tg and Tm are 

concentration dependant. The irradiated CMC/PEO blends at different 

compositions also exhibits one glass transition and melting temperatures but Tm 

for all blends after irradiation is lower than those before irradiation, while Tg 

values decreases except for the blend composition CMC/PEO (80/20). This is a 

much more valid criterion with which to substantiate that CMC/PEO blends are 

fully miscible. However, the blends showed broader glass transitions and 

melting temperatures than the homopolymers, as a result of higher micro- 

heterogeneity in the system caused by hydrogen bonding interactions. The glass 

transition temperature width reflects the extent of the micro-relaxations 

responsible for the transition. 
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Figure 53: DSC thermograms of unirradiated pure carboxymethyl cellulose 
(CMC), poly (ethylene oxide) (PEO) and their blends at different 

compositions
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Figure 54: DSC thermograms of carboxymethyl cellulose (CMC)/poly 
(ethylene oxide) (PEO) blends at different ratios exposed to a dose of 20kGy 

of gamma irradiation
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Table 9: DSC kinetic parameters of CMC, PEO and their blends of 
different ratios before and after gamma irradiation to various doses

Blend 
Composition
(%)

Irradiation 
dose
(kGy)

Melting
Temperature
(0C)

Glass 
transition
Temperature
(0C)

Heat of 
fusion
(J/g)

CMC (100%) Unirradiated 271.8 109.8 41.2
CMC/PEO
(50/50%)

Unirradiated 156.3 55.5 77.7
20 155.7 53.8 123.5

CMC/PEO
(60/40%)

Unirradiated 136.98 62.9
20 154 ---

CMC/PEO
(80/20%)

Unirradiated 156.97 62.9 1.92
20 145.6 73.6 9.2

PEO (100%) Unirradiated 154.8 72.7
 
3.2.1.3. Thermogravimetric analysis (TGA)  
                                                  
   Figures 53-55 show initial TGA thermograms of CMC, PEO homopolymers 

and their blends at various ratios, before and after gamma irradiation to different 

doses up to 40 kGy. However, the weight loss at different temperatures for all 

the polymer blends, before and after gamma irradiation to various doses is 

summarized in Table 10. It can be seen that, the unirradiated polymers or 

polymer blends are nearly stable up to 150oC in which nearly no loss in weight 

was observed. Up to a heating temperature of 300oC, the unirradiated pure PEO 

homopolymer displayed higher thermal stability, with less weight loss, than pure 

CMC and the CMC/PEO blends at various compositions before gamma 

irradiation. In addition, at such heating temperature, the thermal stability of 

unirradiated CMC/PEO blends at different compositions was found to increase 

with increasing the PEO content in the CMC/PEO blends up to the blend 

composition (50/50%) where it starts to decrease with increased weight loss. On 

the other hand, at that heating temperature the thermal stability of CMC/PEO 

blend films irradiated up to 40 kGy, decreased with higher weight loss, than 

unirradiated polymer blends. While increasing the irradiation dose up to 40 kGy, 
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for the blend composition having equal ratios of both homopolymers cause the 

thermal stability to increase with less weight loss up to 500 0C. From 350 0C to 

500 0C the thermal stability of the blend composition (80/20) CMC/PEO after 

irradiated to 20 kGy increased while it decreased with increasing the irradiation 

dose to 40 kGy.  The thermal stability of all CMC/PEO blends decreases with 

increasing irradiation dose. The temperatures of the half weight loss 

decomposition Td1/2, as seen in Figs (55-57), for unirradiated, PEO, (80/20) 

CMC/PEO, and (50/50) CMC/PEO were found to occur at 379, 433.5, and 391 
0C respectively. However, the Td1/2 for same polymer blends (80/20) and (50/50) 

CMC/PEO, after exposure to a dose 20 kGy, was found to occur at 564 and 

316oC, respectively. The Td1/2 for the CMC/PEO blends (80/20) and (50/50%), 

after exposure to a dose 20 kGy, was 409 0C and 386.9oC, respectively.  

   The rate of reaction or dw/dt was plotted against the heating temperatures for 

the homopolymers and their polymer blends, before and after gamma irradiation 

to different doses as shown in Figs. 55-57. In general, the different curves 

display similar trends, however, the temperatures at which the maximum value 

(Tmax) of the rate of decomposition reaction differs from one polymer to another. 

The Tmax of gamma irradiated and unirradiated homopolymers and their polymer 

blends are shown in Table 10. It can be seen that the rate of thermal 

decomposition of CMC, PEO, and their blends CMC/PEO before or after 

gamma irradiation to different doses, showed two maxima. This is because 

CMC and PEO are miscible polymers having the minimum functional groups 

required to achieve miscibility. Moreover, visual observation showed that all the 

solutions of CMC/PEO mixtures were clear at room temperature and highly 

stable. In addition, the films of CMC/PEO blends at different compositions 

appear transparent in a similar way as the films of pure components. It can be 

observed that the main Tmax (first) tends to increase with increasing the ratio of 
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PEO component up to 50%, at which it starts to decrease. This Tmax is due to the 

decomposition of polymer blends to the lower molecular weight fragments. The 

appearance of the Tmax of all polymer blends around the same temperature 

position may give further confirmation to the miscibility of these blends. 

Meanwhile, these Tmax are probably due to the complete thermal decomposition. 

From Fig, (56,57) below, we can notice that the Tmax of the CMC/PEO blends 

having the ratios (80/20) and (70/30) after exposure to gamma irradiation dose 

up to 40 kGy, lower than that for unirradiated blends with the exception of the 

polymer blend having equal ratios where the Tmax increase up on exposure to 

gamma irradiation up to 40 kgy. As can be seen from Fig, (55-57), the trends of 

the rate of reaction curves of the CMC/PEO blends were not changed after 

gamma irradiation. However, the Tmax of gamma irradiated polymer blends to a 

dose up to 40 kGy was found to decrease or increase depending on the blend 

composition. Meanwhile, inside the gamma irradiated polymer blends, the 

change in Tmax is the same as in the case of unirradiated polymers.       
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Figure 55: TGA thermograms and rate of reaction curves of unirradiated 
pure carboxymethyl cellulose, poly (ethylene oxide) and their blends at 

different ratios 
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Figure 56: TGA thermograms and rate of reaction curves of carboxymethyl 
cellulose/poly (ethylene oxide) (CMC/PEO) blends at different ratios 

exposed to a dose of 20 kGy of gamma irradiation
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Figure 57: TGA thermograms and rate of reaction curves of carboxymethyl 
cellulose/poly (ethylene oxide) (CMC/PEO) blends at different ratios 

exposed to a dose of 40 kGy of gamma irradiation
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Table 10: Weight loss (%) at different decomposition temperatures of CMC 
and PEO and their blends CMC/PEO at different ratios before and after 
gamma irradiation to various doses
                                                                                                                                

Weight Loss (%)Irradiation
Dose (kGy)

Blend 
Composition 500oC400oC350oC300oC250oC200oC

37.735.132.810.78.3Unirradiated
CMC 

(100%)
52.747.537.026.18.57.5Unirradiated

CMC/PEO
(80/20%)

49.345.540.929.49.88.720
52.348.845.335.510.999.940
47.142.833.826.08.57.1Unirradiated

CMC/PEO
(70/30%)

38.735.529.923.58.67.520
45.541.738.0030.09.27.340
69.056.634.426.114.911.6Unirradiated

CMC/PEO
(50/50%)

61.457.053.739.716.711.820
61.755.640.125.213.110.240
97.774.434.919.58.091.0UnirradiatedPEO (100%)

Table 11: Temperature of the maximum rate of reaction for pure CMC, 
PEO and their blends at different compositions before and after gamma 
irradiation

Temperature of maximum 
rate of reactionIrradiation

dose

Blend
Composition

(%) 2nd maximum
1st 

maximum

--------267unirradiated
CMC (100%)

338.96276.8unirradiated
CMC/PEO

80/20
386.0267.920
384.7269.040
373281.9unirradiated

CMC/PEO
70/30

345.3279.320

386274.240

384.7277.99unirradiated
CMC/PEO

50/50 ----288.220
382.2289.540
----384.7unirradiatedPEO (100%)
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3.2.1.3. Tensile Mechanical Properties

    In this regard, the prepared pure CMC and PEO polymers as well as blends 

containing various ratios of these polymers before and after they had been 

irradiated to various doses of gamma radiation were subjected to stress-strain 

test. The obtained stress-strain curves were utilized to calculate the different 

mechanical properties at either yield point or break point as shown in Figs. 58-

61. For unirradiated CMC/PEO polymer blends, it was noticed that, the yield 

stress is higher than the break stress for all different CMC/PEO blends. On the 

other hand, the yield strain is lower than the break strain for all the CMC/PEO 

blends at different ratios. After gamma irradiation to 40 kGy dose, the yield 

stress is higher than the break stress for nearly all the CMC/PEO blends except 

for the CMC/PEO blends at ratios (70/30 and 60/40%); it was lower than the 

break stress. On the other hand, the yield strain for all the CMC/PEO different 

blends after irradiation is lower than the break strain.  
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Figure 58: Yield and break stress properties of unirradiated carboxymethyl 
cellulose/poly (ethylene oxide( CMC/PEO) blends of different ratios
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Figure 59: Yield and break strain properties of unirradiated 
carboxymethyl cellulose/poly (ethylene oxide( CMC/PEO) blends of 

different ratios
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Figure 60: Yield and break stress properties of CMC/PEO blends of 
different ratios gamma irradiated to a dose of 40 kGy
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Figure 61: Yield and break strain properties of blends of different ratios 
gamma irradiated at a dose of 40 kGy

3.2.1.4. Scanning Electron Microscopy (SEM) 

   It can be seen from the SEM micrograph shown in Fig. 62 that the fracture 

surface of unirradiated CMC polymer is very smooth and showing only a 

limited number of small particles dispersed along the micrograph. However, the 

fracture surface of the CMC/PEO (60/40%) is full of cavities, small particles 

and small halls were spread all over the surface. After exposure of the 

CMC/PEO (60/40%) to irradiation up to 20 kGy, the fracture surface was totally 

improved and became more smoother and the cavities and big and small 

particles nearly disappeared and replaced by very small particles spread 

homogeneously all over the surface. 
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60/40 CMC/PEO (0 kGy)                          60/40 CMC/PEO ( 20 kGy)

Figure 62: SEM micrographs of 100% CMC and its blend CMC/PEO 
(60/40) before and after irradiation

3.2.2. Water Uptake 

   It is expected that CMC/PEO blends to exhibit pH-responsive swelling 

behaviour resulting from the ionization or deionization of the functional groups 

in the polymer networks, in which the acid groups of the polymer are protonized 

forming hydrogen bonding with adjacent oxygen. Whereas at pH values higher 
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than the pKa of the polymer, the carboxylic acid groups became ionized leading 

to swollen networks due to the electrostatic repulsion between charged groups 

(Van Krevelen, 1990).

    Figures 63 and 64 show the time dependence of swelling of CMC/PEO 

blends at different compositions at different pH 2 values. The equilibrium water 

uptake value for the CMC/PEO (50/50%) blend was increased in the range 

~2500 to ~ 3000%, while that for the CMC/PEO (80/20%) blend it increases in 

a range from ~800 t0 ~ 1000%. For the CMC/PEO (50/50%), the water uptake 

was decreased in the pH value from 2 up to 8. While for the CMC/PEO 

(80/20%) blend, it was noticed that, as the pH value of the medium increases 

from 2 up to 8 the water uptake was increased. Such behavior is directly related 

to the presence of pH-sensitive polymer within the polymeric matrix.
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Figure 63: Water uptake properties at different pH values of 
carboxymethyl cellulose /poly (ethylene oxide) (CMC/PEO) (50/50) blends 

gamma irradiated to a dose of 20 kGy
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Figure 64: Water uptake properties at different pH values of 
carboxymethyl cellulose /poly (ethylene oxide) (CMC/PEO) (80/20%) 

blends gamma irradiated to a dose of 20 kGy

    The effect of temperature on the equilibrium water uptake was measured at 

three different temperatures and the results are shown in Figs. 65 and 66. It 

reveals that, the water uptake in these PEO-based polymer increases with 

increasing of temperature. This may be due to an increase in both the kinetic 

energy of solvent molecules and the rate of diffusion of water molecules as a 

result of the increase in temperature of the swelling medium (Singh and Kumar 

2008). On the other hand, this is in contrary to thermo sensitive polymers that 

contain a relatively hydrophobic monomer, so most of the swelling ratios with 

different compositions decrease with the increase of temperature due to the 

enhanced hydrophobic interactions between hydrophobic groups (Li, et al., 

2008). All blends exhibited a temperature responsive swelling behavior due to 

the association/dissociation of inter/intra molecular hydrogen bond within the 

matrix (Kim, et al, 2008; Abou Taleb, et al, 2008).

136



CHAPTER III                           RESULTS AND DISCUSSION

CMC/PEO (50/50%)   

Time (min)

0 200 400 600 800 1000 1200 1400 1600

W
a

te
r 

u
p

ta
k

e 
(%

)

0

1000

2000

3000

4000

5000

25 oC 

30 oC 

40 oC 

Figure 65: Water uptake properties at different temperatures of 
carboxymethyl cellulose /poly (ethylene oxide) (CMC/PEO) (50/50%) 

blends gamma irradiated to a dose of 40 kGy
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Figure 66: Water uptake properties at different temperatures of 
carboxymethyl cellulose /poly (ethylene oxide) (CMC/PEO) (80/20%) 

blends gamma irradiated to a dose of 40 kGy
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3.1.2.1. Swelling and diffusion studies
Fick's equation is used also, to determine the nature of diffusion of water into 

CMC/PEO blend  hydrogels as follows:

                                                      F= Mt/M∞ = Ktn

Where Mt and M∞ denote the amount of solvent diffused into the gel at time t 

and infinite time (at equilibrium), respectively, k is a constant related to the 

network, and the exponent n is a number to determine the type of diffusion. 

Plots of lnF versus lnt are displayed in figures (67, 68), and the value of n, are 

shown in Table 12, from the values of n, it can be seen that n values for the 

blend composition (50/50) CMC/PEO, are higher than 0.5, the same is true for 

the blend composition (80/20) CMC/PEO except at pH2 where value of n is 

lower than 0.5. from these results it can be concluded that the swelling process 

of CMC/PEO different blends is of non-Fickian character, this is generally 

explained as a consequence of the fast relaxation rate of the blend hydrogel. 
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Figure 67: Linear fit line lnF versus lnt at different pH values for 50/50 

CMC/PEO blend hydrogel in water at 250 C and dose: 20 kGy
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Figure 68: Linear fit line lnF versus lnt at different pH values for 80/20 

CMC/PEO blend hydrogel in water at 250 C and dose: 20 kGy

Table 12: Swelling and Diffusion Parameters of CMC/PEG different blends 
in water at different pH values and 25 0C.

CMC/PEO
pH2 pH5 pH7 pH8

n K 10-3 n K 10-3 n K 10-3 n K 10-3

50/50 0.65 34.5 0.755 13.6 0.88 6.5 1.0 2.86

80/20 0.49
33.4

0.86 2.6 1.2 0.34 0.87 4.4
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3.2.3. Ketoprofen Drug Uptake-Release Properties

    After immersing samples of different CMC/PEO blends at certain weight in a 

supersaturated solution of Ketoprofen (as a model drug) (0.8 mg/ml), the 

samples was taken and left to dry then different weight of each CMC/PEO 

blends were examined for the release of Ketoprofen. The release experiments 

were conducted at a buffer solution of pH ranges from 2 to 8 which is similar to 

the pH range of the stomach and intestine medium. Figs. 69-71 show the effect 

of blend composition of CMC/PEO blends on the amount of Ketoprofen 

released (mg/g) as a function of time (min) at different pH values. The figures 

generally showed that as the CMC ratio increases in the blends the amount of 

Ketoprofen released increases and the lowest amount released of drug was at pH 

2. The Figures also showed the possibility of controlling of drug dosing rate by 

controlling the preparation conditions and the internal chemical composition of 

the prepared CMC/PEO blends. 

     As shown in Figs 72 and 73, at physiological temperature, the amount of 

drug released was increased with increasing pH. The polymer blend-drug 

adducts released the drug very slowly at low pH found in the stomach thus 

protecting the drug from the action of high acid conditions and resident 

digestive enzymes. These polymer blend-drug adducts were found to be 

potentially useful in the delivery of macromolecular drugs to targeted sites in the 

lower gastrointestinal tract and the colon area.

Chemical structure of ketoprofen
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pH 2: initial concentration 0.8 mg/ml
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Figure 69: Ketoprofen release profile properties at pH 2 by different ratios 
of carboxymethyl cellulose /poly (ethylene oxide) (CMC/PEO) blends 

gamma irradiated to a dose of 20 kGy from initial drug concentration of 0.8 
mg/l

pH 5: initial concentration 0.8 mg/ml
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Figure 70: Ketoprofen release profile properties at pH 5 by different ratios 
of carboxymethyl cellulose /poly (ethylene oxide) (CMC/PEO) blends 

gamma irradiated to a dose of 20 kGy from initial drug concentration of 0.8 
mg/l
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pH 8: initial concentration 0.8 mg/ml
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Figure 71: Ketoprofen release profile properties at pH 8 by different ratios 
of carboxymethyl cellulose /poly (ethylene oxide) (CMC/PEO) gamma 

irradiated to a dose of 20 kGy from initial drug concentration of 0.8 mg/l
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Figure 72: Ketoprofen release profile properties at different pH values by 
carboxymethyl cellulose /poly (ethylene oxide) (CMC/PEO) (50/50%) 

blends gamma irradiated to a dose of 20 kGy from initial drug 
concentration of 0.8 mg/l
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CMC/PEO (80/20%) 
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Figure 73: Ketoprofen release profile properties at different pH values by 
carboxymethyl cellulose /poly (ethylene oxide) (CMC/PEO) (80/20%) 

blends gamma irradiated to a dose of 20 kGy from initial drug 
concentration of 0.8 mg/l
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Conclusion

The visual observation showed that all the solutions of CMC / PEO mixtures 

were clear at room temperature and highly stable, in which neither macroscopic 

phase separation nor the appearance of precipitates were observed. In addition,

The different characterizing techniques (FTIR, DSC, TGA, SEM, and stress-

strain behavior), used for studying the physical and chemical properties of the 

prepared blend films showed the presence of high degree of compatibility 

between CMC and PEO which is improved by exposing the different 

compositions of CMC/PEO blends to different doses of gamma radiation. FTIR 

spectroscopy revealed specific interaction between CMC and PEO polymers. 

DSC also, revealed the presence of single Tg and Tm for most compositions of 

CMC/PEO blends, which is characteristic for miscible blends.

The crosslinked blend hydrogel based on CMC/PEO were prepared by the effect 

of gamma radiation were used successfully in different practical applications 

(e.g drug delivery systems) due to the fact that CMC and PEO polymers are pH 

and temperature sensitive as it is noticed from studying the swelling behavior of 

different compositions of CMC/PEO blends. Due to the biocompatibility, the 

use of CMC/PEO blends at different compositions is promising in the field of 

drug delivery systems depending on the degree of compatibility and as a result 

the degree of crosslinking. It is important to mention that, the use of CMC/PEO 

blends is promising in dealing with the partially soluble drug, ketoprofen where 

the release of ketoprofen from CMC/PEO blends increased by increasing the pH 

and gives the higher amount of release at pH8. It is noticed that as the content of 

CMC in the blend increases the amount of release of ketoprofen increases.
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CHAPTER III-Part 3 

3.3. Effect of Gamma Irradiation on the Physical and Chemical 
Properties of Polyacrylamide/Sodium Alginate Blends 
(PAM/AG)  

    Sodium alginate is a natural polysaccharide, which is completely soluble in 

cold or hot water. The unique hydrophilic characteristic of sodium alginate 

provides superior water holding properties in many industrial applications. The 

chemical compound sodium alginate is the sodium salt of alginic acid. Its 

empirical formula is NaC6H7O6. Sodium alginate is a gum, extracted from the 

cell walls of brown algae. Alginate absorbs water quickly, which makes it useful 

as an additive in dehydrated products such as slimming aids, and in the 

manufacture of paper and textiles. It is also used in the food industry, for 

thickening soups and jellies. Sodium alginate when dissolved forms a viscous 

solution that could vary depending on the concentration and molecular weight of 

the biopolymer. In the presence of divalent calcium ions, sodium alginate 

solution is crosslinked ionically between chains to form a hydrogel (Shoichet, et 

al, 1996). The calcium ions exchange with sodium ions on the G blocks and 

binds together adjacent chains that causes the gelation of alginate.  

     The formation of alginate gels may take place in two known methods; 

diffusion setting and internal gelation. In the first, alginate solution such as 

sodium alginate is deposited directly in to a reservoir of divalent ions such as 

calcium chloride. The gelation process takes place as the calcium ions gel the 

outer most layer of sodium alginate and then diffuse into the core of the material 

to gel internally. In the later method, the process is vise versa where the calcium 

chloride solution is introduced into a reservoir of sodium alginate. The gelation 

in this method begins at the outer surface of the calcium chloride solution and 

then proceeds into the sodium alginate outer body. Both gelation methods have 

been used for various applications. Figures 74 and 75 present schematic 

diagrams of the both methods. Calcium alginate is used in different types of  
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medical products, including burn dressings that promote healing and can be 

removed with less pain than conventional dressings. Also, due to alginate's 

biocompatibility and simple gelation with divalent cations such as Ca2+, it is 

widely used for cell immobilization and encapsulation. 

 

 

Figure 74: Schematic diagram of β-D- mannuronic acid (M units) and α-
Lguluronic acid (G units), and sodium alginate 

 
 

 
 

Figure 75: Schematic diagram of diffusion setting and internal gelation of 
alginate 
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  In this part, sodium alginate was blended with the hydrophilic synthetic 

polymer polyacrylamide (PAM). The structure and physical properties of the 

films were studied by FT-IR (FT-IR), thermogravimetric analysis (TGA), 

scanning electron microscopy (SEM), and tensile strength test. As it is known 

from the literatures, that polyacrylamide (PAM) is applied in many fields, 

industrial, biomedical, agricultural, and heavy metal and dyes removal. In this 

part, it was aimed to prepare a pH and temperature sensitive polymer blends at 

different compositions of alginate and polyacrylamide ranging from 10% up to 

90% for each polymer. These different PAM/AG blends were applied as drug 

delivery systems.  

3.3.1. Characterization 
3.3.1.1. IR Spectroscopic Analysis 
 
     Figure 76 shows the IR spectra of unirradiated polyacrylamide (PAM), 

sodium alginate (AG) polymers and their blend hydrogels of different ratios. It 

is obvious that sodium alginate shows a broad band at 3355 cm-1 for -OH group, 

two bands at 1576 and 1412 cm-1 for the –COO- group, and one sharp band at 

1036 cm-1, which is for the C-O group. The characteristic band of sodium 

alginate appeared at 819 cm-1. The IR spectrum of PAM exhibiting bands at 

3408 cm-1 and 3116 cm-1, which assigned to a stretching vibration of N-H, 1676 

cm-1 (C-O stretching) and 1567 cm-1 (NH bending). The bands at 2940 cm-1 

(CH stretching) and 1515–1370 cm-1 (various CH bending) were also detected. 

The spectra of the PAM/AG blends, are characterized by the presence of the 

absorption bands typical of the pure components. The characteristic band of 

alginate appearing at 819 cm-1 was not observed in all the spectra of PAM/AG 

blends. For the blend at composition of equal ratios of both polymers (50/50%), 

and the blend at composition (80/20%), the absorption band at 1576 cm-1 

assigned to the asymmetrical stretching vibration of –COO- groups coupled with  
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the band at 1676 cm-1, 1567 cm-1 of PAM and was shifted to 1562 cm-1, 

suggesting that the new hydrogen bonds were formed between --COO2 groups 

of alginate and -CONH2 groups of PAM. Furthermore, the bands of PAM 

centered at about 3408 and 3116 cm-1, which were the stretching vibration of -

NH2 groups involved in both inter and intra-molecular hydrogen bonds, 

broadened, and coupled with -OH band of sodium alginate at 3506 cm-1, 

included by the addition of sodium alginate to PAM, implying the occurrence of 

hydrogen bonds between -OH groups of sodium alginate and -NH2 groups of 

PAM molecules (Xiao, et al, 2000; Shiaw-Guang Hu, and Jium-Nan Chou, 

1996).  

    The same is true for the different PAM/AG blends after irradiation to 

different doses of gamma radiation from 20 to 40 kGy as in Figure 77. It can be 

seen that the presence of the absorption bands typical of the pure components 

also achieved. The characteristic band of sodium alginate appearing at 819 cm-1 

was not observed in all the spectra of PAM/AG blends. It is clear that all the 

characteristic bands for pure components were coexisted in the different 

PAM/AG blends after gamma irradiation. 
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Figure 76: IR spectra of unirradiated polyacrylamide (PAM), sodium 
alginate (AG) polymers and their blend hydrogels of different ratios 
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Figure 77: IR spectra of different ratios of polyacrylamide (PAM)/ sodium 

alginate (AG) blend hydrogels prepared at different doses of gamma 
radiation 

 
    In general, the band near 1129 cm-1 is believed to be originated from 

glycosidic linkages in polysaccharides assigned this band to antisymmetric α-(1-

4) stretching mode of the glycosidic (Kacurakova et al., 2000; Nikonenko et 

al., 2000; Sekkal et al., 1995),. Closer examination of IR spectrum for alginate, 

revealed that alginate also adsorbed IR energy at this wavenumber, although at a 

much weaker intensity than other polysaccharide (1129 cm-1). This suggested 

that 1129 cm-1 band might not be solely caused by α-(1-4) glycosidic linkage, 

since alginate adopted a different linkage [i.e., β-(1-4)] between the sugar  
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monomer units. Furthermore, the wavenumber of this band for alginate was 

shifted from 1129 cm-1 to 1095 cm-1 after adding PAM for the blend 

composition 50/50%. After exposure of the blends to gamma irradiation 20 to 40 

kGy, the wavenumber of this band was shifted to 1071 cm-1 in case of the 

PAM/AG (50/50) blend composition. Based on the proposal by (Bose and 

Polavarapu (2000), the 1124 cm-1 is related to exocyclic C-O stretching 

vibrations, and also this band may be due to the C-OH group at the C6 position. 

The chemical structure of alginate shown below, indicates the α-(1-4) and β-(1-

4) positions.   

 
 

 
3.3.1.2. Differential scanning calorimetry (DSC) 
 
      DSC technique was used to examine the miscibility of PAM/AG blends at 

different compositions by observing the Tg and Tm values of the as prepared 

pure blend films. Figures 78-82 show the DSC scans of PAM, alginate and their 

blends, before and after gamma irradiation to a dose of 20 kGy.  For pure 

unirradiated alginate film, the Tg value was found to be 80.5 oC, while the Tm for 

pure alginate was at 238.7oC.  The DSC scan for pure 100% PAM showed a Tg 

at 153.2oC and a Tm value was at ~ 292oC. Also, for PAM/AG (50/50%) blend, 

the Tg and Tm values were clearly observed at 104.5oC and 274oC, respectively. 

On the other hand, the Tg and Tm values for unirradiated PAM/AG (80/20%) 

blend, were at 132.02 and 290oC, respectively.  
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 Observing the Tg and Tm values for the different blends of PAM/AG after 

exposure to 20 kGy gamma irradiation, it can be seen that the Tg value for 

PAM/AG (50/50%) blend was decreased slightly after irradiation, while Tm 

value for the same blend was decreased. On the other hand, the Tg and Tm values 

for PAM/AG (80/20%) both Tg and Tm were decreased after exposure to gamma 

irradiation. For PAM/AG blend, single Tg and Tm shoulder peaks were clearly 

observed for each blend composition. The fact that only Tg and only Tm peak 

was observed for each unirradiated and irradiated different PAM/AG blend 

compositions is indicative of miscibility.     

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 78: DSC scans of unirradiated sodium alginate 
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Figure 79: DSC scans of unirradiated PAM/AG (80/20%) blend 
hydrogel 
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Figure 80: DSC scans of unirradiated PAM/AG (50/50%) blend hydrogel 
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Figure 81: DSC scans of PAM/AG ) blend hydrogel formed at (80/20%
a dose of 20 kGy of gamma radiation 
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Figure 82: DSC scans of PAM/AG ) blend hydrogel formed at 

 
 

(50/50%
a dose of 20 kGy of gamma radiation 
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.3.1.3. Thermogravimetric analysis (TGA)  

  Figures 83-85 investigate the thermal properties of PAM, AG, and PAM/AG 

  Figures 83-85 show the initial TGA thermograms and rate of thermal 

o thermal stages. 

3
 
  

different blends, their thermograms before and after irradiation were recorded, 

and they are given in the Figs. (83-85). To determine the thermal stability of Ca 

alginate, PAM and their different blends, the temperature for the maximum 

weight loss (Tmax) and the temperature for half-life (T1/2) were recorded from 

their dynamic thermograms given in the Figs (83-85) in the discussion later on. 

3.3.1.3.1. Initial TGA Thermograms and Weight loss 
 
  

decomposition reaction curves of PAM/AG blends, before and after gamma 

irradiation to various doses.  All the PAM/AG blends showed initial weight loss 

at ~ 60oC, likely a result of moisture evaporation upon heating. The amount of 

moisture was almost similar in all blends. According to the initial TGA curves, 

unirradiated PAM gave 21% residue at 580oC. There are three decomposition 

stages at 50-260oC, 365oC, and 425oC, the former may attributed to moister loss. 

Weight loss at 365oC could be related to thermal processes involving the 

degradation of PAM chains. The third stage at 425oC was indicative of the 

occurrence of more extensive thermal degradation processes.  

    The unirradiated PAM/AG blend was found to degrade in tw

Unirradiated PAM/AG (50/50%) blend composition gave 35% residue at 555oC 

and there are two thermal decomposition stages, first thermal step at 65-2450C, 

while the second step at 372-462oC. The unirradiated PAM/AG (80/20%) blend 

gave 35% residue at 570oC and degraded in three thermal steps at 70-142oC, 

282-390oC and 425oC. After exposing the PAM/AG blends to gamma 

irradiation, the thermal decomposition passes through two thermal steps at 70-

150oC and 376-524 oC for PAM/AG (80/20%) blend composition and at 67-

242oC and at 361-463oC for PAM/AG (50/50%) blend.  
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 seen above, the effect of gamma irradiation on the thermal stability of 

 

As

PAM/AG blends can not be confirmed based on weight loss against heating 

temperature. The rate of reaction or dw/dt was plotted against the heating 

temperatures for the PAM/AG polymer blends, before and after gamma 

irradiation to a dose up to 40 kGy as shown in Fig 83-85. According to the 

derivative of TGA curves, for PAM/AG blend it showed more than one peak at 

different compositions before or after gamma irradiation. This behaviour 

indicates that the thermal decomposition of PAM/AG blends passes through 

multiple stages depending on the state of decomposition and not on the 

components. The rate of decomposition reaction curves of all the unirradiated 

and irradiated polymer blends showed a transition around 80-100oC, which is 

probably due to the evaporation of solvent. It can be observed that the main Tmax 

(second peak) tends to increase with increasing the PAM content in the polymer 

blends up to 80%. This Tmax is due to the decomposition of polymer blends to 

the lower molecular weight fragments. It is interested to notice a third Tmax 

appeared in case of unirradiated and irradiated PAM/AG blends containing 

different ratios of PAM up to 80% around the temperature range 383-424oC. 

The appearance of the Tmax of all the polymers around the same temperature 

position may gives further support to the miscibility of these blends. Meanwhile, 

these Tmax are probably due to the complete thermal decomposition. The 

different blends showed a lower Tmax after they have been exposed to gamma 

irradiation up to 40 kGy than unirradiated ones. However, the Tmax of irradiated 

polymer blends to dose up to 40 kGy was found to decrease depending on the 

blend composition. Meanwhile, inside the gamma irradiated polymer blends, the 

change in the Tmax is the same as in case of unirradiated polymers. Table 13 

summarizes the different Tmax of all blends before and after gamma irradiation.  
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Figure 83: TGA thermograms and rate of thermal decomposition reaction 
curves of unirradiated different ratios of polyacrylamide (PAM)/sodium 

alginate (AG) blend hydrogels  
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Figure 84: TGA thermograms and rate of thermal decomposition reaction 

curves of polyacrylamide (PAM)/sodium alginate (AG) (80/20% lends 

 
 

 

) b
before and after gamma irradiation to various doses 
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Figure 85: TGA thermograms and rate of thermal decomposition reaction 

curves of polyacrylamide (PAM)/sodium alginate (AG) (50/50%

 
 

) blends 
before and after gamma irradiation to various doses 
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Table 13: Temperature of the maximum rate of reaction for pure AG, pure 

AM and their blends at different compositions before and after gamma P
irradiation 

Temperature of maximum rate of reaction 
  dose n Irradiation Blend 

Compositio
3rd maximum 2nd maximum (%) 

-------- 239.95 unirradiated AG (100%) 
383 284.3 unirradiated 

383.9 279 20 
378.3 279 50 

PAM/AG 
80/20 

380.9 248.9 unirradiated 
375.8 246.3 20 
368.2 246 50 

PAM/AG 
50/50 

---------- unirradiated PAM (100%) 369 
 

i al Prope s 
    Tensile Strength (TS) measures film strength, whereas elongation at break is

polymer blend composition 40/60%, in which it was decreased. This attributed 

3.3.1.4. Tens le Mechanic rtie
 

an indicator of toughness and stretch-ability prior to breakage. These parameters 

dictate the end-use handling properties and mechanical performance. Figures 

86-89 show the tensile properties of PAN/AG blends before and after gamma 

irradiation to various doses. It can be noticed that the tensile strength (TS) at 

break for the unirradiated PAM/AG blend decreases with increasing the ratio of 

PAM, then as an exception increase for the blend composition PAM/AG 

(40/60%). On the other hand, the values of tensile Strain at break for the 

unirradiated as-prepared blend films of PAM/AG; it seems to increase with 

increasing the ratio of PAM except for the blend composition 70/30%. For 

irradiated PAM/AG blends at different compositions after exposure to 20 and 40 

kGy, it can be seen that the values of tensile strength for irradiated polymer 

blends up to 20 kGy was decreased with increasing the ratio of PAM in the 

blend composition up to 70/30% blend composition then start to increase but it 

decreases after that for all compositions. For the polymer blends, irradiated up to 

40 kGy it appeared that, the tensile strength values for all blends with increasing 

the ratio of PAM was decreased. On the other hand, the tensile strain at break 

values increases with increasing the ratio of PAM in the blends except for the 
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to that as the ratio of the natural polymer alginate increases in the blends the 

mechanical properties become poor.   

PAM/AG blend ratios (%)

90/10 80/20 70/30 50/50 40/60 20/80

B
re

ak
 s

tr
es

s 
(k

gf
/c

m
2 )

0

10

20

30

40

Unirradiated
20 kGy 
40 kGy 

 
Figure 86: Tensile strength at break point of different ratios of 

polyacrylamide (PAM)/sodium alginate (AG) blends before and after 
gamma irradiation to various doses 
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Figure 87: Elongation at break point of different ratios of polyacrylamide 

(PAM)/sodium alginate (AG) blends before and after gamma irradiation to 
various doses 
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Figure 88: Tensile strength at yield point of different ratios of 

pol er yacrylamide (PAM)/sodium alginate (AG) blends before and aft
gamma irradiation to various doses 
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Figure 89: Elongation at yield point of different ratios of polyacrylamide 

(  PAM)/sodium alginate (AG) blends before and after gamma irradiation to
various doses 
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.3.2. Swelling Properties of PAM/AG Blends 

     The swelling in water as a function of time at 25oC of different 

r as a function of time at different temperatures (pH 7) 

 

3
 
  

compositions of the PAM/AG blends was investigated at different pH values 

ranging from 2 up to 8 as shown in Figures 90 and 91. The swelling was fast at 

the beginning and became slower and slower until reached the maximum 

swelling. Analysis of the mechanisms of diffusion in swellable polymeric 

systems has received considerable attention because of the important 

applications of swellable polymers in biomedical, pharmaceutical, 

environmental, and agricultural engineering (Buckley, et al 1962). It can be 

noticed that for the polymer blend PAM/AG (50/50%), the swelling increases 

with increasing the pH value up to 8 passing through the same behaviour that 

mentioned before. The same is true for the polymer blend PAM/AG (80/20%). It 

is also clear that the swelling affinity of the PAM/AG blends in different pH 

values increases with increasing pH value, that’s to say the PAM/AG blends are 

pH sensitive polymers. 

     The swelling in wate

of different compositions of the PAM/AG blends was investigated as shown in 

Figs. 92 and 93. It can be noticed that, for all the different PAM/AG blends, the 

swelling is increasing with increasing the temperature up 40oC. However, the 

swelling as a function of temperature is increasing with increasing the ratio of 

AG.  
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Figure 90: Swelling in water as a function of time at 25oC of different 

co  mpositions of the PAM/AG blends at different pH values for PAM/AG
(50/50%) blends  

 

PAAm/AG(80/20%)  

Time (min)
0 200 400 600 800 1000 1200 1400 1600

Sw
el

lin
g 

(%
)

0

1000

2000

3000

4000

5000

pH2 
pH5 
pH7 
pH8 

 
Figure 91: Swelling in water as a function of time at 25oC of different 

co  mpositions of the PAM/AG blends at different pH values for PAM/AG
(80/20%) blends 
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Figure 92: Swelling in water as a function of time at different temperatures 

(pH 7) of the PAM/AG (50/50%) blends  
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Figure 93: Swelling in water as a function of time at different temperatures 

(pH 7) of the PAM/AG (80/20%) blends 
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3.3.2.1. Swelling and diffusion studies 
 The Fick's equation is also used in this part to determine the nature of dffusion 

of water into the PAM/AG different blend hydrogels where 

                                                    F= Mt/M∞ = Ktn

Where Mt and M∞ denote the amount of solvent diffused into the gel at time t 

and infinite time (at equilibrium), respectively, k is a constant related to the 

network, and the exponent n is a number to determine the type of diffusion. The 

Figures 94 and 94 below shows the application of  Fick's equation for studying 

the type of diffusion of PAM/AG different blend hydrogels and Table 14 shows 

the values of n. from these values, it can be seen that n values are lower than 0.5 

depending on the interaction between (PAM/AG) and water. Thus, the swelling 

process seemed to be of Fickian character at the initial stage of swelling. The 

presence of the –NH2 and –COO- groups in these blend hydrogels strongly affect 

the swelling ratio. The values given in this table show that n takes values 

between 0.38 and 0.58 for the blend composition (50/50) PAM/AG and between 

0.27 and 0.48 for the blend composition (80/20) PAM/AG. This is generally 

explained as a consequence of the slow relaxation rate of the Pam/AG blend 

hydrogel (Dilek Solpan 2007). 

Table 14: Swelling and Diffusion Parameters of PAM/AG different blends 
in water at different pH values and 25 0C. 
 

pH2 pH5 pH7 pH8 
PAM/AG n 

 
K 10-3

 
n 
 

K 10-3

  
n 
 

K 10-3

  
n 
 

K 10-3

  

50/50 0.4 
 

94.7 
 

0.47 
 

63.2 
 

0.58 
 

36.8  
 

0.38 
 

122 
 

 
80/20 

 
0.48 

  
46.3  
 

 
0.41 

  
98.8 

 
0.36 

  
141.5 

 
0.27 

  
234.4 
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Figure 94:  Linear fit line lnF versus lnt at different pH values for 50/50 

PAM/AG blend hydrogel in water at 250 C and dose: 20 kGy 
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Figure 95: Linear fit line lnF versus lnt at different pH values for 80/20 

PAM/AG blend hydrogel in water at 250 C and dose: 20 kGy 
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3.3.3. Drug Uptake-Release Properties of PAM/AG Blends 
 
    In this part, Chlortetracycline HCl, as a model drug, was used to examine the 

uptake and release properties of PAM/AG. The physicochemical nature of the 

matrix determines the underlying drug release mechanisms and resulting release 

patterns. Various processes, such as drug dissolution and diffusion, swelling and 

erosion of the matrix former, or a combination of two or more of these processes 

can be involved in the overall control of drug release (Gandhiet al., 1999). 

Different polymers have been proven to be suitable matrix formers, allowed to 

provide desired drug release kinetics, including ethyl cellulose (Goskonda et 

al., 1994; Kojima and Nakagami, 2002), as well as hydroxypropyl methyl 

cellulose and derivatives (Kojima and Nakagami, 2002).  

3.3.3.1. Uptake of Chlortetracycline HCL  
  The uptake experiment of PAM/AG blends at different compositions for 

chlortetracycline HCL was carried out by dibbing certain weight of the blend 

polymer matrix in drug solution at different concentrations (0.16-0.8 mg/ml). 

Figure 96 shows that as the initial concentration of drug increases, the amount 

of adsorption increases for all PAM/AG blends at different compositions. Also, 

Fig. 96 showed that the highest amount of drug absorption was achieved by the 

polymer blend having equal ratios of PAM and AG. On the other hand, Fig. 97 

showed that as the ratio of PAM increased in the polymer blends, the amount of 

absorption of chlortetracycline HCl decreased. 

3.3.3.2. Release of Chlortetracycline HCL 
     In this study, the release dynamics of dried – loaded blend samples. The 

release experiments were carried out at buffer solutions of pH 2, which is almost 

similar to that of stomach medium and pH 5-8, which is similar to that of the 

intestine medium. Figures 98 and 103 show the drug release behaviour of 

PAM/AG blends at different compositions as a function of time at pH 2-8. The 

figures showed that the release behaviour PAM/AG blend compositions  
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(50/50%) and (60/40%) at different pHs for two amounts of drug loaded (0.5 

and 0.8 mg/g) go through increasing the amount released of chlortetracycline 

HCl with time at a constant rate. On the other hand, the PAM/AG blend 

composition (80/20%) release behavior is not constant and it was increased and 

decreases many times up to 195 min and then starts to reach a steady state with 

increasing time.  For more study of the release behaviour of PAM/AG blends at 

different compositions of Chlortetracycline HCL released from PAM/AG blends 

as a function of time for different loaded amounts of drug was examined at 

different pH values. As it can be seen in Figs 94 and 97 for the PAM/AG blend 

composition (50/50%), the chlortetracycline HCL amount released/ gram of 

polymer is the highest at pH 2 and for the amount loaded 0.5 mg/ml. Similarly, 

the release behaviour for the blend composition PAM/AG (60/40%), the amount 

released for drug is much higher at pH 2 than that for the blend composition 

(50/50%) for the same amount loaded of drug (0.5 mg/ml). On the other hand, 

the blend composition (80/20%) gives the lower amount released of 

chlortetracycline HCL at different pHs. From the above discussion, it may 

conclude that for the PAM/AG blends the amount released of chlortetracycline 

HCl depends on the pH value and also the blend composition.     
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Figure 96: Adsorption profile of chlorotetracycline HCL drug by different 
ratios of PAM/AG bend hydrogels formed at a dose of 20 kGy of gamma 

radiation 
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Figure 97: Adsorption profile of different concentrations of 

chlorotetracycline HCL drug by different ratios of PAM/AG bend 
hydrogels formed at a dose of 20 kGy of gamma radiation 
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Figure 98: Release profile at pH 2 of 0.5 mg/l concentrations of 

chlorotetracycline HCL drug by different ratios of PAM/AG bend 
hydrogels formed at a dose of 20 kGy of gamma radiation 
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Figure 99: Release profile at pH 5 of 0.5 mg/l concentrations of tetracycline 
HCL drug by different ratios of PAM/AG bend hydrogels formed at a dose 

of 20 kGy of gamma radiation 
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Figure 100: Release profile at pH 8 of 0.5 mg/l concentrations of 
chlorotetracycline HCL drug by different ratios of PAM/AG bend 

hydrogels formed at a dose of 20 kGy of gamma radiation 

Drug conc. 0.8 mg/ml) at pH 2

Time (min)

0 50 100 150 200 250 300 350 400

A
m

ou
nt

 o
f d

ru
g 

re
le

as
ed

 (m
g/

g)

0

20

40

60

80

100

120

140

160

PAM/AG (50/50%) 
PAM/AG (60/40%)
PAM/AG (80/20%)

 
Figure 101: Release profile at pH 2 of 0.8 mg/l concentrations of 

tetracycline HCL drug by different ratios of PAM/AG bend hydrogels 
formed at a dose of 20 kGy of gamma radiation 
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Figure 102: Release profile at pH 5 of 0.8 mg/l concentrations of 

chlorotetracycline HCL drug by different ratios of PAM/AG bend 
hydrogels formed at a dose of 20 kGy of gamma radiation 
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Figure 103: Release profile at pH 8 of 0.8 mg/l concentrations of 

chlorotetracycline HCL drug by different ratios of PAM/AG bend 
hydrogels formed at a dose of 20 kGy of gamma radiation 
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3.3.4. Release of Ketoprofen  
   Release of ketoprofen (chemical structure shown below) was studied as drug 

model as shown in Figures 104 and 105. The figures demonstrate that the 

potential use of PAM/AG blends at different compositions as drug delivery 

systems and controlled release.  

 
Chemical structure of ketoprofen 
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Figure 104: Release profile at different pH values of ketoprofen drug by 

PAM/AG (50/50%) bend hydrogels formed at a dose of 20 kGy of gamma 
radiation 

 
 
  

 176



CHAPTER III                            RESULT AND DISSCUSION 
 
 
 
 
 
 
 

PAM/AG (80/20%) blend hydrogel 

Time (min)

0 50 100 150 200 250 300 350 400 450 500 550

A
m

ou
nt

 o
f k

et
op

ro
fe

n 
re

le
as

e 
(m

g/
g)

0

50

100

150

200

250

300

350

pH 2 
pH 5 
pH 8 

 
Figure 105: Release profile at different pH values of ketoprofen drug by 

PAM/AG (80/20%) bend hydrogels formed at a dose of 20 kGy of gamma 
radiation 
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Conclusion 
The visual observation showed that all the solutions of PVA / PAM mixtures 

were clear at room temperature and highly stable, in which neither macroscopic 

phase separation nor the appearance of precipitates were observed. In addition, , 

the films of PVA/PAM at different compositions appeared transparent to visual 

examination. The difference between the dgree of viscosity of each PAM and 

AG affected greatly the degree of compatibility between them at the different 

compositins which was clear while studying the physical and chemical 

properties of the prepared blend films by using different characterizing 

techniques (FTIR, DSC, TGA, SEM, and stress-strain behavior). Despite of this, 

the compatibility between PAM and AG was improved by exposing the different 

compositions of PAM/AG blends to different doses of gamma radiation. FTIR 

spectroscopy revealed specific interaction between PAM and AG polymers. 

DSC also, revealed the presence of single Tg and Tm for most compositions of 

PAM/AG blends, which is characteristic for miscible blends. The prepared 

crosslinked blend hydrogel is successfully used as a drug delivery system for 

tetrachlorocycline HCL where its uptake and release profiles are depending 

mainly on the pH of the medium where, the prepared blend hydrogels are pH 

sensitive as it is mentioned in literature. 
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Conclusions 
 

The visual observation showed that all the solutions of CMC /( PEG and PEO)and 

PAM/AG  mixtures were clear at room temperature and highly stable, in which 

neither macroscopic phase separation nor the appearance of precipitates were 

observed. FTIR, DSC, SEM and stress-strain behavior, techniques have been 

successfully employed to study the miscibility of polymer blends (in this study, 

CMC/PEG, CMC/PEO, and PAM/AG blends at different compositions). These 

techniques pointed out the existence of interaction between different polymer 

blends at different compositions in the solid state. FTIR of CMC/PEG, CMC/PEO 

and PAM/AG, pointed out that there is a shift in band positions and broadening in 

some bands of different groups which depend on the strength of interaction 

between the polymers that forming these blends. After exposure of the different 

compositions of these blends to gamma radiation, FTIR of these blends showed 

that the characteristic bands of pure polymers coexist in the different blends, that 

shifted to higher or lower wave numbers depending on the blend compositions of 

the blend films due to the formation of hydrogen bonding between the polymer 

chains.                                                                                                                          

The DSC thermograms of all polymer blends under investigation showed the 

presence of one Tg and Tm values for each polymer blend composition not for 

any of the pure polymers that forming the blend, this supports the results obtained 

from FTIR, that there is a good miscibility in these blends.  TGA, SEM and 

tensile- strain behavior of different prepared blends supports the results obtained 

from DSC and FTIR techniques. Also, studying the SEM micrographs of the 

different blends showed that after irradiation, the fracture surface of the different 

blend compositions is greatly enhanced and became more smooth conferming that 

the irradiation increases the degree of compatibility between polymers in binary 

systems. The difference in the degree of viscosity between PAM and AG affected 

greatly on the degree of compatibility between them at different compositions 

which is clearly noticed while studying their applicability as drug delivery 

systems. The adsorption isotherm of the polymer blends composed of different 

compositions of CMC and PEG, was studied by using different types of dyes, and 

it is noticed that, as the pH increases the CMC/PEG blends gives different trends 



for the adsorption of dyes this is may due to differences in dyes structures and the 

degree of compatibility achieved for CMC/PEG blends. The efficiency of 

CMC/PEG blends treated by gamma radiation was used in the removal of 

different metal ions. Tt was noticed that, the metal uptake for the blend CMC/PEG 

increases with increasing content of CMC in the blends. The different prepared 

blend hydrogels using gamma irradiation examined for the uptake-release of 

different model drugs. Our studies mainly focused on the effect of the initial 

concentration of drug and the effect of pH, where it is found that nearly for all the 

drugs used the amount of drug released increases with increasing the pH value of 

the medium. Also it is noticed that the blend composition (80/20) for nearly all the 

different blend hydrogels gives the highest amount of drug release. And the 

release of the different drugs used in this study is pH dependent.                             
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ENGLISH SUMMARY 
 
   The aim of blending natural and synthetic polymers is to obtain materials, in 

which the physico-chemical and biological properties of the two components are 

will combined. In general, the properties of a blend depend on the interaction 

occurring between the components, and therefore on their miscibility degree. In 

this study, different polymer blends based on natural polymers such as 

carboxymethyl cellulose CMC and sodium alginate, and synthetic polymers 

such as poly(ethylene glycol) (PEG), poly(ethylene oxide) (PEO), and 

polyacrylamide (PAM) were prepared. The different polymer blends at different 

compositions, were exposed to gamma radiation to study the effect of irradiation 

on the physical and chemical properties. The results obtained throughout this 

work may be summarized through the following parts: 

(I) Effect of Gamma Irradiation on the Physical and Chemical 
Properties of Carboxymethyl cellulose/ poly(ethylene glycol) 
Blends 
 
(1) The IR spectroscopic analysis of pure CMC, PEG polymers and their blends 

at different compositions, before and after gamma irradiation to various doses 

(20- 100 kGy) confirms the presence of the characteristic bands due to the –OH,  

COO- and -C-O-C- groups. The IR spectra of CMC/PEG blends, before and after 

gamma irradiation up to 100 kGy, showed the characteristic bands of pure 

polymers coexists in the different blends, however they shifted to higher or 

lower wavenumbers depending on the blend compositions. The spectra of the 

blends showed a broad band caused by O-H stretching and 

intermolecular/intramolecular hydrogen bonds. 

(2) The DSC scans showed that a single transition not for pure CMC or pure 

PEG between those of pure CMC and pure PEG homopolymer indicating the 

high degree of compatibility between the water soluble natural polymers.  



(3) The thermogravimetric analysis study showed that the thermal stability of 

PEG is higher than that of CMC and that the thermal stability of different blends 

of CMC/PEG decreases after exposure to irradiation higher than 20 kGy.                                

 (4) Mechanical studies showed that, the unirradiated and irradiated CMC 

polymer exhibit the stress-strain behaviour of tough polymers, i.e. with yielding 

point and that, the yield stress was increased with increasing irradiation dose up 

to 20 kGy then decreases at 40 kGy. On the other hand, the yield stress of the 

CMC/PEG blend having the ratio 80/20% was increased with increasing the 

irradiation dose up to 40 kGy. However, the stress at break for pure unirradiated 

CMC is higher than that for CMC/PEG blends at different compositions, while, 

the strain at break for unirradiated CMC is lower than that for its blends with 

PEG at different compositions.  

(5) The scanning electron microscopy (SEM) confirms the improved 

compatibility between the polymers after gamma irradiation. 

(6) The swelling study revealed that the increase in the CMC ratio in the initial 

blend feed solution results in a hydrogel with a higher swelling behaviour; 

however the swelling ratio was continuously decreases with increasing PEG 

ratio. It is found that the swelling affinity of CMC/PEG blends increases with 

increasing pH values. On the other hand, the swelling affinity of CMC/PEG 

blends increases with increasing temperature up to 30oC but it decreases with 

increasing temperature up to 40oC. 

(7) The CMC/PEG blends were applied in different applications such as 

treatment of wastewater and biomedical application such as drug release. (A) In 

this regard, the adsorption of different dyestuffs at different pH values (3, 5, and 

7) was studied. It was found that, the adsorption capacity of CMC/PEG blend 

having equal ratios of pure polymers (50/50%) for basic and direct, increased 

with increasing pH values, while the capacity for reactive dye was decreased 

with increasing pH values. For the acid dye, the capacity of adsorption 

decreased up to pH 5 and then increases with increasing pH up to pH 8. While 

for the blend (60/40) CMC/PEG the amount of adsorption of basic green and 



acid fast increase with increasing pH value up to pH 8 while on the other hand, 

it decreases as pH value increases for the reactive red and direct violet dyes. (B) 

The efficiency of CMC/PEG blends treated by gamma radiation was used in the 

removal of different metal ions. it was noticed that, the metal uptake for the 

blend CMC/PEG (50/50%), as an example, was increased at first and then 

decreased with increasing the initial concentration of the metal ions solutions 

with the exception, of Fe+3 ion, the uptake was increased with increasing the 

initial concentration. Regarding the effect of pH on the metal uptake of 

CMC/PEG (50/50%) blend it was decreased and then increased with increasing 

pH value up to pH4. (C) In the field of medical application, CMC/PEG blends 

were used as drug delivery systems taking Caffeine and Chlortetracycline HC 

dugs as examples. It was found that the amount of total Chlortetracycline HCl 

and Caffeine taken for the blend compositions 50/50, 60/40 and 80/20% 

increased with increasing the initial concentration of Chlortetracycline HCl. The 

release experiments were carried out at buffer solutions of pH 2-8. For all 

CMC/PEG blends at different compositions, the amount of Chlortetracycline 

HC released increased with time at both initial concentrations of drug (0.5 & 0.8 

mg/ml) until it reaches a steady state condition  and it was found that the highest 

amount of Chlortetracycline HCL released was at pH 5. On the other hand, for 

the blend composition of equal ratios of CMC and PEG gave the lowest of 

amount released of drug, while for the blend composition (80/20%) it gave the 

highest amount released of drug. On the other hand, the amount of adsorption of 

Caffeine increased with increasing the initial concentration of drug from 0.16 to 

0.8 mg/ml for the blend compositions (50/50%) and (80/20%). From the release 

experiments, the results showed that the drug release is pH dependant, in which 

the CMC/PEG blend composition (50/50%) gave higher amount released of 

Caffeine than that for the blend composition (80/20%).   

              



II- Effect of Gamma Irradiation on the Physical and Chemical 
Properties of Carboxymethyl Cellulose/Poly(ethylene Oxide) 
Blends (CMC/PEO)   

 
(1) IR spectra of thin films of unirradiated CMC and PEO and their blends at 

different compositions, before and after they had been exposed to various doses 

of gamma radiation showed that, the IR spectra of CMC/PEO blends were a 

combination of bands in the spectra of components. The results obtained from 

IR spectra of unirradiated polymer blends and irradiated ones to a dose of 40 

kGy; proved the miscibility between CMC and PEO, whereas some bands were 

shifted indicating the presence of certain intermolecular interactions.  

(2) The DSC scans showed that the melting temperature for the pure CMC was 

at 271.87oC and the Tg was at 109.6oC, while the melting and glass transition 

temperatures for pure PEO were, 154.8 and 72.7oC, respectively. However, the 

DSC scans of unirradiated and irradiated CMC/PEO blends up to 40 kGy, 

showed a single transition not for pure CMC or pure PEO between those of pure 

CMC and pure PEO homopolymer. These findings confirmed that CMC/PEO 

blends are fully miscible. 

(3) From the initial TGA thermograms and rate of thermal decomposition 

curves, the unirradiated pure PEO homopolymer displayed higher thermal 

stability, with less weight loss, than pure CMC and the CMC/PEO blends at 

various compositions before gamma irradiation. The thermal stability of 

unirradiated CMC/PEO blends was found to increase with increasing the PEO 

ratio in the CMC/PEO blends up to the blend composition (50/50%). The 

thermal stability of CMC/PEO blends irradiated up to 40 kGy, showed lower 

thermal stability than unirradiated polymer blends.  

(4) Mechanical studies showed that the yield stress is higher than the break 

stress for all different CMC/PEO blends. On the other hand, the yield strain is 

lower than the break strain for all the CMC/PEO blends at different ratios. From  

 



the stress and strain at either yield point or break point after exposure to gamma 

radiation up to 40 kGy, it was noticed that, the yield stress is higher than the 

break stress for nearly all the CMC/PEO blends except for the CMC/PEO blends 

at ratios (70/30 and 60/40), it is lower than the break stress. On the other hand, 

the yield strain for all the CMC/PEO different blends after irradiation is lower 

than the break strain.   

(5) The swelling behaviour of the polymer blends of CMC/PEO at various 

compositions was studied at different pHs from 2-8 and at different 

temperatures. The results revealed that, the equilibrium swelling value for 

(50/50%) CMC/PEO blend composition increased in the range ~2500 to ~ 

3000%, while for the CMC/PEO (80/20%) blends composition, it increased in a 

range lower than that for (50/50%) blend from ~800 to ~ 1000%. For the 

swelling of (50/50%) CMC/PEO blends, it was noticed that with increasing the 

pH value from 2 up to 8, the amount of swelling was decreased.  

(6) Ketoprofen in this part was used as a model drug for the uptake-release 

properties of CMC/PEO blends. The release experiments were conducted at a 

buffer solution of pH ranges from 2 to 8, which is similar to the pH range of the 

stomach and intestine medium. It was noticed that, as the CMC ratio increases in 

the blends, the amount of Ketoprofen released increases and the lowest amount 

released of drug was at pH 2.  

III- Effect of Gamma Irradiation on the Physical and Chemical 
Properties of Polyacrylamide/Sodium Alginate Blends 
(PAM/AG) 

 
(1) Form the IR spectra, it observed that sodium alginate showed a broad peak at 

3355 cm-1 for -OH group, two peaks at 1576 and 1412 cm-1 for the –COO group, 

and one peak at 1036 cm-1, which is for the C-O groups. The IR spectrum of 

PAM showed bands at 3408 cm-1 and 3116 cm-1 assigned to a stretching 

vibration of N-H, 1676 cm-1 (C-O stretching) and 1567 cm-1 (NH bending). The  

 



spectra of the (PAM/AG) blends at different compositions before irradiation 

were characterized by the presence of the absorption bands typical of the pure 

components. It was clear that all the characteristic bands for pure components 

were coexisted in the different PAM/AG blends after gamma irradiation. 

(2) The DSC scan for pure unirradiated alginate film, the Tg value was found at 

80.5 oC and the Tm at 238.7oC. The DSC scan for pure 100% PAM showed Tg at 

153.2oC, while the Tm was at 292oC. On the other hand, the Tg and Tm values for 

unirradiated (80/20%) PAM/AG blend films were at 132.2 and 290oC, 

respectively. It was found after irradiation, the Tg for (50/50%) PAM/AG blend 

was decreased slightly after irradiation, while the Tm value for the same blend 

was decreased.  

(3) The initial TGA thermograms and the rate of thermal decomposition reaction 

showed that the irradiated blends displayed higher thermal stability with higher 

residual weight than unirradiated ones. Also it is found that the thermal stability 

increases with increasing the ratio of PAM in the blend.  

(4) Mechanical studies showed that the tensile strength (TS) at break for the 

unirradiated PAM/AG blend decreases with increasing the ratio of PAM with 

the exception increase for the blend composition (40/60%) PAM/AG. On the 

other hand, the values of tensile strain at break for the unirradiated blend of 

PAM/AG, it was increasd with increasing the ratio of PAM except for the blend 

composition (70/30%) PAM/AG. The values of tensile strength for irradiated 

polymer blends up to 20 kGy, was decreased with increasing the ratio of PAM 

in the blend composition up to (70/30%) blend composition.  

(5) The swelling studies showed that for the PAM/AG blend (50/50%), the 

swelling increases with increasing the pH value up to 8. The same is true for the 

PAM/AG polymer blend (80/20%). It was noticed that, for all the different 

PAM/AG blends with increasing the temperature, the affinity to swelling was 

increased up to only 30oC and decreases with increasing temperature up to 40 
oC.  

 



(6) Chlortetracycline HCl drug uptake-release properties for PAM/AG blends 

were studied. It is observed that, as the initial concentration of drug increases, 

the amount of adsorption increases for all PAM/AG blends at different 

compositions. Also, the highest amount of drug absorption was achieved by the 

polymer blend having equal ratios of PAM and AG. It was also observed that as 

the ratio of PAM increases in the blend composition of PAM/AG, the amount of 

absorption of chlortetracycline HCL decreased. On the other hand, from the 

release profile of PAM/AG, it was noticed that, the PAM/AG blend 

compositions (50/50%) and (60/40%), the release behaviour at different pHs 

went through increasing the amount released of chlortetracycline HCl with time. 

For the PAM/AG blend composition (50/50%), the chlortetracycline HCl 

amount released was the highest at pH2 and for the amount loaded 0.5 mg/ml.  

  



  الملخص العربي
  

واد       يهدف إلي   البوليمرات الطبيعية والصناعية    مزج   ي م ة        ممزوجة الحصول عل ة وآيميائي ا خواص فيزيائي  له

ين        ه تعتمد علي التفاعل الحادث بين مكونات       المزيج اخواص هذ . وحيوية متوافقة  ي درجة  التوافق ب ضا عل  وأي

ل   مزيج تحضير   إلينا  في هذه الدراسة هدف   . البوليمرات المكونة لهذا المزيج     بوليمرات محبه للماء مكونة من آ

ين    ا الجينمصوديو ميثيل سيليلوز و يآربو آسمن  البوليمرات الطبيعية      ولي ايثيل صناعية ب ت مع البوليمرات ال

 ألشعة  م المختلفة أيضا قد تم تعريضهه بنسبالمزيج المحضر. وبولي اآريالميد , بولي ايثيلين اوآسيد    , جليكول

زيج  ا علي الخواص الفيزيقية والكيميائية لهذ     اإلشعاع لدراسة تأثير    جاما سيمها      . الم م تق د ت ذه الدراسة ق ي ه  إل

  : التاليةجزاءاأل

 البوليمرات المكونة من مزيجل  تأثير التشعيع الجامي علي الخواص الفيزيائية والكيميائية-1

  .آربوآسي ميثيل سيليلوز وبولي ايثيلين جليكول
 
  المختلفةبنسبه آربوآسي ميثيل سيليلوز وبولي ايثيلين جليكول   لمزيج   لتحليل باألشعة تحت الحمراء    دراسة ا  -ا

زة  ظهور المجموعاتت ثبتا ك جراي    100 إلي 20ابتداء من   قبل وبعد التعرض ألشعة جاما       ة   الممي   وهي اآلتي

)O-H  , C-O-C.  ومجموعة COO- .(  راء زيج  , آما أظهر التحليل باألشعة تحت الحم وليمرات   لم ذه الب  ه

م                 ,  جراي - ك 100 حتىقبل وبعد التعرض ألشعة جاما       د ت ة ق وليمرات النقي ل من الب زة لك أن المجموعات الممي

ة       مزيجظهورها مجتمعة في     وليمرات بالنسب المختلف د أن انحرفت      ,  هذه الب ى بع ر أو اصغر          إل  عدد موجي اآب

ك مجموعة ال     . يجهامزوذلك اعتمادا علي نسب البوليمرات النقية في  ي ذل اال عل ا       OH ـمث م ظهوره والتي ت

  .المزيج ا نتيجة تكون الروابط الهيدروجينية بين مكونات هذالمزيجفي آل أفالم 

ل    ليستدرجة التحول الزجاجي  ل  أوضح وجود قيمة وحيدة     المسح التفاضلي الكالورومتري   -ب لكربوآسي ميثي

  .ثبت وجود درجة توافق عالية بين البوليمرات التي تذوب في الماءمما يبولي ايثيلين جليكول  وأسيليلوز 

و آس                      -ج ي من آرب ات حراري أعل ه ثب ول ل ين جليك ولي ايثيل  ي أوضحت دراسة التحليل ألوزني الحراري أن ب

  لجرعة هذه البوليمرات المختلفة تقل بعد التعرض ألشعة جاما    لمزيج ميثيل سيليلوز وأن درجة الثبات الحراري     

   .  ك جراي20لي من أع

ة أن   -د  ل سيليلوزأوضحت دراسة الخواص الميكانيكي شعيع آربوآسي ميثي د الت ل وبع شد قب  يعطي سلوك ال

وليمرات   تطالة للب ةواالس ضوع   الجاف ة خ ه نقط ي أن ل تطالة   ,  بمعن د االس شد عن وة ال ادة  وأن ق ع زي زادت م

ادة  ك جراي وتقل بعد ذلك       20 حتي   اإلشعاعيةالجرعة   ي  الجرعة  بزي ة أخري    .  ك جراي   40  إل وة  , من ناحي ق

بينما .  ك جراي  40 حتي   اإلشعاعية ازدادت مع زيادة الجرعة      80/20 هذه  البوليمرات ذات الترآيز       مزيجالشد ل 

ع   ,  ة القط د نقط شد عن وة ال يليلوز  ق ل س سي ميثي ا لم    لكربوآ ن نظيرته ي م شعيع أعل رض للت ر مع  زيج الغي

ل سيليلوز      قوة االستطالة عند نقطة القطع      ,  المختلفة ت ذات الترآيزات  البوليمرا ر معرض     لكربوآسي ميثي  الغي

  .  ذات الترآيزات المختلفةبولي ايثيلين جليكول  البوليمرات معزيجللتشعيع أقل من نظيرتها لم

ك    المختلفة الممزوجة    البوليمرات أفالملمقطع من سطح     استخدام الميكروسكوب االلكتروني الماسح      -ه ل   وذل قب

   . أآد التحسن الواضح في خاصية التوافق بين البوليمرات بعد التعرض ألشعة جاما,وبعد التعرض للتشعيع



 زيج ميثيل سيليلوز في م  يآربو آس أظهرت أن بزيادة نسبة    ,علي امتصاص الماء  ا المزيج   بدراسة قدرة هذ  . 6

تقل بزيادة   نسبة االمتصاص   أن لوحظد  ولق. صاص عالية  هيدروجيل له خاصية امت    زيجالبوليمرات تنتج عنها م   

 تزداد بزيادة قيمة لالمتصاص هذه البوليمرات    وقد وجد أن قابلية مزيج    . نسبة بولي ايثيلين جليكول في المزيج       

دروجيني ضا.األس الهي ذ وأي درة ه زيج ا ق زدا الم صاص ت ي االمت رارة  د عل ة الح ادة درج ى بزي ة 30 حت  درج

 .  سيليزيوسدرجة 40 حتىادة  درجة الحرارة سيليزيوس ولكن تقل بعد ذلك بزي

زيج -7 وليمرات م س  الب و آ ة    يآرب ول المختلف ين جليك ولي ايثيل يليلوز و ب ل س ة   ,  ميثي ة إمكاني م دراس د ت ق

ا        ل ب ل التحمي ة مث ات الطبي ة والتطبيق اه الملوث ة المي ل معامل صناعية مث ات ال ي التطبيق تخدامها ف  ه دويألاس

  . العالجية المختلفة

دروجيني        علي امتصاص األصباغ المختلفة      المزيج ا تم دراسة قدرة هذ    ,في هذا الصدد   -ا ا أس هي في محاليل له

وليمرات  زيج  قابلية امتصاص  م أن وجدوقد. ) 7 وحتى 3 (مختلف يبدأ من   صبغة الخضراء و   ) 50/50( الب لل

ه ال            ا قدرت ادة         البنفسجية تزداد بزيادة قيمة األس الهيدروجيني للمحلول بينم ل بزي راء تق صبغة الحم متصاص ال

ول دروجيني للمحل ة األس الهي ل . قيم صفراء تق صبغة ال ىوال دروجيني حت ادة األس 5 األس الهي زداد بزي م ت  ث

صفراء            ) 60/40( البوليمرات   زيجبالنسبة لم . الهيدروجيني صبغة الخضراء وال ه المتصاص ال زداد  فأن قابليت ت

ل         بين, بزيادة قيمة األس الهيدروجيني    راء والبنفسجية تق صبغة الحم اد  ما قابليته المتصاص ال ة قيمة األس  بزي

دروجيني درة  -)ب (.الهي زيجمق س  م و آ ول يآرب ين جليك ولي ايثيل يليلوز وب ل س سبه ميثي ة بن ي  المختلف  عل

ضا في    استخدمت  ) جاما بأشعةالمعاملة  ( األمتصاص ة  أي ة   إزال ادن الثقيل ة  بعض المع وحظ أن   .  المختلف د ل   ,وق

ون              , آمثال  ) 50/50( البوليمرات   زيجقابلية امتصاص م   ز باستثناء أي ادة الترآي ل بزي لهذه األيونات تزداد ثم تق

شحنة   ول        Fe +3الحديد الثالثي ال زه في المحل ادة ترآي زداد بزي ة امتصاصه ت ان قابلي أثير األس   من . ف  دراسة ت

ة امتصاص م   د أن قابلي دروجيني وج وليمرات زيجالهي ات  ) 50/50( الب ذه األيون زداد له م ت ل ث ادة األس تق  بزي

و  من  المحضرة   البوليمرات مزيج دراسة فاعلية  تم التي  الطبية  من بين التطبيقات   -د. 4 حتىالهيدروجيني   آرب

ي           يآس ل عل ة مث ة العالجي ال س  ميثيل سيليلوز و بولي ايثيلين جليكول هو استخدامها آحامالت لألدوي , بيل المث

سبة     , وقد أظهرت الدراسة   . هيدروآلوريد و الكافيين  آلوروتتراسيكلين   ه بالن ي ان زيج  إل ة      م وليمرات المختلف  الب

ة             , ) 50/50و   ,60/40 , 080/20( وهي   ذه األدوي ز ه ادة ترآي زداد بزي ة الممتصة ت  في  لوحظ أن آمية األدوي

راوح من             األدوية تجارب تحرر    .المحلول سبة   ) 8-2( قد تمت في محاليل لها أس هيدروجيني يت ي بالن  أمزجة  إل

د    ة وج وليمرات المختلف رر  الب ة تح د أن آمي يكلين هيدروآلوري ن      آلوروتيتراس ل م د آ ت عن ع الوق زداد م  ت

دواء )  مل/ مل جرام  0.8 و   0.5(الترآيزين األولين    ي حتي وصل     . لل ة              إل ي آمي د وجد أن أعل ات وق ة الثب  مرحل

رر ل دتح يكلين هيدروآلوري د األسكلوروتيتراس ت عن دروجيني  آان ري . 5 الهي ة أخ ن ناحي افيين ,  م ة الك آمي

ول من             ى  0.16الممتصة تزداد بزيادة ترآيز الدواء في المحل ك     / مل جرام    0.8 وحت زيج لمل وذل وليمرات   م  الب

سب  دواء  ). 80/20(و ) 50/50(ذات الن رر ال ة تح ن تجرب ائج أوضحت أن, م ي  , النت د عل دواء يعتم رر ال تح

دروجيني ا , األس الهي سبة , أنآم وليمرات بن زيج الب زيج  ) 50/50(م ن م افيين م رر للك ة تح ي قيم أعطي أعل

  ).  80/20(البوليمرات 

  

 



 البوليمرات المكونة من لمزيج  تأثير التشعيع الجامي علي الخواص الفيزيائية والكيميائية -2

  .يداوآس أآربوآسي ميثيل سيليلوز وبولي ايثيلين
عة تحت -1 ل باألش ة التحلي راء ل دراس ة لالحم الم الرقيق سيد  ألف ين أوآ ولي ايثيل يليلوز وب ل س سي ميثي كربوآ

ا          المختلفة نسبهو د تعرضهم ألشعة جام د   .  قبل وبع سبة      أظهرت وق ل    الدراسة بالن وليمرات أن التحلي زيج الب  لم

راء ع باألشعة تحت الحم ارة عن تجمي زة لحزم لل عب ذالناتجة والممي ات ه زيجال امكون ا أوضح التح. م ل آم لي

 ظهور المجموعات   ,يدا ميثيل سيليلوز وبولي ايثيلين أوآس      ي الوليمرات آربو آس   زيجباألشعة تحت الحمراء لم   

ة  المميزة لكل بوليمر مجتمعة في      زات المختلف ذ         الترآي ات ه ين مكون ة ب سبب وجود درجة توافق عالي ك ب  ا وذل

م       مزيجال اي هذ  ألشعة جاما درجة التوافق ازدادت ف      مزيجال ابعد تعرض هذ  . مزيجال  حيث أنه حدث انحراف للقم

م                   ذه القم ر في شكل ه ضا تغي ا حدث أي شعيع آم ل الت  نتيجة  االمتصاصية للمجموعات المميزة عن موضعها قب

  . حدوث تفاعالت بين جزيئية

ين             -2 ولي ايثيل سيد  المسح التفاضلي الكالورومتري لكربوآسي ميثيل سيليلوز وب ه  و أوآ ل     ترآيزات ة قب  المختلف

ى وب ا حت د التعرض ألشعة جام راي - ك40ع ر معرض  , ج يليلوز الغي ل س سي ميثي سبة لكربوآ د أوضح بالن ق

د  ,  درجة سيليزيوس  271. ~   ظهرت عند      االنصهارألشعة جاما أن درجة حرارة       ودرجة التحول الزجاجي  عن

ا     أوآسيدبينما بالنسبة لبولي ايثيلين,  درجة سيليزيوس109 ضا   الغير معرض ألشعة جام درجة حرارة    أن أي

دِ    ,  درجة سيليزيوس   145ِ~    ظهرت عنداالنصهار .  درجة سيليزيوس   72و ودرجة التحول الزجاجي    عن

سبة     ي أما بالن زيج  إل وليمرات   م ذه الب ا حتي        ه ر المعرضة ألشعة جام د أظهر   ,  ك جراي 40المعرضة وغي  لق

ل من درجة حرارة     جود قيمه وحي   المسح التفاضلي الكالورومتري و  ودرجة التحول الزجاجي      االنصهار دة لك

وليمرات          يثبت  وذلك    وبولي ايثيلين أوآسيد    أ لكربوآسي ميثيل سيليلوز   ليست ين الب ة ب وجود درجة توافق عالي

  . المزيج االمكونة لهذ

ذه   ل دراسة الثبات الحراري       من -3 زيج ه وليمرات  م ل ا          الب دل التحل ات مع ولي  أظهرت أن     لحراري  ومن منحي ب

ل          ايثيلين أوآسيد  و آس   من   ,  له ثبات حراري أعلي مع فقد في الوزن أق ل سيليلوز    يآرب  أمزجتهم و,  النقي   ميثي

سيد           لمزيج الثبات الحراري , آما وجد أن  . التشعيعالمختلفة قبل    ين أوآ  البوليمرات تزداد بزيادة نسبة بولي ايثيل

شعيع حتي        مزيجلبات الحراري   آما اتضح أن الث   ). 50/50( نسبة   وحتى ,  ك جراي 40 البوليمرات المعرضة للت

   . أقل من نظيرتها الغير معرضة للتشعيع

سيد و          -4 ين أوآ ولي ايثيل ل سيليلوز وب ة لكربوآسي ميثي زاتهم  بدراسة الخواص الميكانيكي د   ترآي ة عن  المختلف

ع و ة القط ا  , الخضوعنقط عة جام رض ألش د التع ل وبع ل , قب ه قب وحظ أن شعيعل ة  ,  الت د نقط شد عن وة ال أن ق

ة أخري   .  البوليمرات المختلفة أعلي من قوة الشد عند نقطة القطع  ترآيزات لجميع   الخضوع وة   , من ناحي أن ق ف

ذ     زيج ال ااالستطالة عند نقطة الخضوع له د نقطة القطع       م وة االستطالة عن ل من ق د تعريض   .  أق زيج بع ذه  م  ه

ة   ترآيزاتحظ أن  قوة الشد عند نقطة الخضوع لجميع          لو, البوليمرات المختلفة ألشعة جاما    وليمرات المختلف  الب

ل    األمزجة فأن قوة االستطالة عند نقطة الخضوع لهذه      , من ناحية أخري  . أعلي من قوة الشد عند نقطة القطع        أق

ل من نقطة الخضوع وال             .من قوة االستطالة عند نقطة القطع      د آ وة االستطالة عن شد وق قطع   من دراسة قوة ال

ما عدا وجد أن قوة الشد عند نقطة الخضوع أعلي من نظيرتها عند نقطة القطع   ,  ك جراي  40بعد التشعيع حتي    

د     , )60/40 و 70/30( البوليمرات ذات النسب  مزيج ا عن ل من نظيرته حيث أن قوة الشد عند نقطة الخضوع أق



ة أخري     . نقطة القطع  د نقطة الخضوع لجمي           , من ناحي وة االستطالة عن زات ع  ق د       ترآي ة بع وليمرات المختلف  الب

   .التشعيع آانت أقل من نظيرتها عند نقطة القطع

  . قدمت الصور المأخوذة بالميكروسكوب االلكتروني الماسح تدعيما للنتائج السابقة-5

اء           مزيج  تم دراسة قدرة   -6 ة  ل         هذه البوليمرات المختلفة علي امتصاص الم يم مختلف د ق دروجيني عن  ألس الهي

زان ل    متصاص   القدرة ا  وقد أوضحت النتائج أن      . المختلفة الحرارة   ات  درجأيضا عند   و, 8-2 من د االت  زيجم عن

وليمرات  ي ال) 50/50(الب زداد ف ن مت دل م ي 2500ع ا لم % 3000 إل وليمرات زيجبينم درة ) 80/20( الب فق

ن م الا ل م دل أق زداد بمع صاص ت وليمرات زيجمت ن ) 50/50( الب ي 800م درة .  % 1000 إل وحظ أن ق ا ل آم

وليمرات زيجامتصاص م دروجيني من ) 50/50( الب ادة األس الهي ل بزي ي 2تق ا لم, 8 إل وليمرات زيجبينم  الب

درة ا) 80/20( ول الفق دروجيني للمحل ادة األس الهي زداد بزي صاص ت درة  . مت ضا أن ق ائج أي ا أوضحت النت آم

  . درجة سيليزيوس40 إلي 25جة الحرارة من تزداد بزيادة در البوليمرات المختلفة مزيجلاالمتصاص 

ار       ا في هذ  -7 م اختب زيج  الجزء ت وليمرات    م و آس   (  الب ل سيليلوز    يآرب ين     / ميثي ولي ايثيل سيد ب الترآيزات  )أآ   ب

ك باستخدام      وبروفين ( المختلفة آأنظمة توصيل دواء وذل ال ) آيت دواء تحت       , آمث ة تحرر ال حيث أظهرت عملي

سبة       8 إلي 2ن  تأثير األس الهيدروجيني م    ادة ن و آس    أنه بزي ل سيليلوز في م        يآرب وليمرات  زيج ميثي أن  ,  الب ف

 .2واء آانت عند األس الهيدروجيني الكمية المتحررة من الدواء تزداد وأن أقل آمية تحرر للد

 
 البوليمرات المكونة من زيج تأثير التشعيع الجامي علي الخواص الفيزيائية والكيميائية لم -3

  تانصوديوم ألجي/ الميد بولي أآري
  
د     اصوديوم ألجين    لمزيج البوليمرات     تحت الحمراء  باألشعة دراسة التحليل    من-1 ولي أآريالمي الترآيزات ت وب  ب

ا          المختلفة صوديوم ألجين         . قبل وبعد التعرض ألشعة جام ذه الدراسة ل ة  ت وجود  اأوضحت ه  امتصاصية    حزم

د    ي والتي تعزي    عدد موجي   3355عريضة عن ضا وجود    OHعة  مجموإل د  حزمتين امتصاصيتين  وأي  عن

 وهذه تعزي  1036 قوية عند حزمة وأيضا  -COO االهتزازات المختلفة لمجموعة إلي تعزي 1412 و 1567

ة  ي مجموع د      .   C—Oإل ولي أآريالمي راء لب ت الحم عة تح ل باألش ري التحلي ة أخ ن ناحي تم ورأثب   ا ظه

 ومجموعة 1676 عند  C-Oآما تم أيضا ظهور مجموعة  , 3116 و 3408 عند N-H  االهتزازية مجموعة ل

N-H     ة    مزيج إليآما أظهرت النتائج بالنسبة     .  1567االلتوائية عند وليمرات المختلف ا    الب زت بوجود    أنه  تمي

زم ي  الح ة للت صاصية المطابق ة  االمت وليمرات النقي ي الب رت ف اف   .ظه ة أطي ن دراس ضا م ين أي ا تب زيج آم  م

  . أطياف البوليمرات النقية المجودة في  المميزةأن هناك تطابق لبعض المجموعات, لمختلفة البوليمرات ا

زاتهم ت  و  ابولي أآريالميد و ألجين    المسح التفاضلي الكالورومتري لمزيج      -2 د التعرض     ترآي ل وبع ة قب  المختلف

ا أن درجة حرارة        قد أوضح بالنسبة لبولي أآريالميد الغير معرض ألش         , جراي  - ك 20ألشعة جاما حتى     عة جام

بينما ,  درجة سيليزيوس153ودرجة التحول الزجاجي  عند ,  درجة سيليزيوس 292 ~االنصهار   ظهرت عند     

سبة  ا أن    الجينلألبالن عة جام رض ألش ر مع د    ت  الغي رت عن صهار   ظه رارة االن ة ح ة 238ِ~ درج  درج

   هذه البوليمرات  مزيجأما بالنسبة إلي. يوس درجة سيليز148 ودرجة التحول الزجاجي    عند , سيليزيوس 

وقد .  درجة سيليزيوس 156 بينما درجة التحول الزجاجي عند      160فأن درجة االنصهار ظهرت عند      ) 80/20(

رض    د تع ضا بع ة أي رت الدراس زيجأظه ا  م عة جام وليمرات ألش ذه الب اجي لم  ,  ه ول الزج ة التح زيج أن درج

  .  تقل بتأثير اإلشعاعمزيجتشعيع بينما درجة االنصهار لنفس التزداد  بعد ال) 50/50(البوليمرات 



زيج لوحظ أن   ,  ومعدل تفاعل التكسير الحراري     الحراري ألوزني تبعا للتحليل    -3 وليمرات المعرضة ألشعة       م  الب

ا  ي من أظهرتجام ات حراري أعل زيج درجة ثب ر مشععةم وليمرات الغي ا .  الب ات أوضحتآم ائج أن الثب  النت

  . يزداد بزيادة نسبة بولي أآريالميدالمزيج ا لهذالحراري

شد    مزيج هذه ل أيضا تم دراسة الخواص الميكانيكية   -4 وة ال ين ق  البوليمرات قبل وبعد التعرض ألشعة جاما لتعي

ادة           ,  عند نقطة القطع والخضوع    المزيج اواالستطالة لهذ  حيث أظهرت النتائج قوة الشد عند نقطة القطع تقل بزي

د نقطة القطع        . )60/40( البوليمرات   زيجباستثناء م  زيجلي أآريالميد في الم   نسبة البو  بينما قوة االستطالة عن

وليمرات      زيج  د بزيادة نسبة البولي أآريالميد في الم      ا تزد أنهايبدو   ا أوضحت    ). 70/30( باستثناء مخلوط الب آم

ـ    بعد التشعيع , الدراسة أن قوة الشد عند نقطة القطع       ضا   ,جراي - ك 20 ل د        أي ولي أآريالمي سبة الب ادة ن ل بزي تق

  .) 70/30(حتى  زيجفي الم

ة-5 زيج بدراسة قابلي د م ولي أآريالمي زاتهمتا ألجين و الب ة بترآي اء المختلف أثير أألس  المتصاص الم  تحت ت

سبة لم         . الهيدروجيني ودرجة الحرارة     ه بالن د وجد أن وليمر  زيجفق ي امتصاص        ) 50/50 (ات الب ه عل أن قدرت ف

اء        ال سبة لم         , ماء تزداد بزيادة أألس الهيدروجيني للم ذلك نفس النتيجة بالن وليمر  زيجوآ ا  ). 80/20 (ات الب آم

ك           30 المتصاص الماء تزداد بزيادة درجة الحرارة حتى         المزيج الوحظ أن قابلية هذ    د ذل ل بع م تق  درجة مئوية ث

 . بزيادة درجة الحرارة

ك باستخدام     اجينللبولي أآريالميد و اال ازيجمل دراسة االمتصاص والتحرر   تم   -6 دواء وذل ت آأنظمة توصيل ال

ة ل            دروجيني مضاهاة    ل آلوروتيتراسيكلين هيدروآلورايد آمثال وقد تمت الدراسة تحت تأثير قيم مختلف ألس الهي

د                , بالتي توجد داخل جسم اإلنسان     ز ال ادة ترآي زداد بزي دواء ت وليمرات بال ذه الب واء حيث وجد أن قدرة تحميل ه

ولي    ). 50/50( البوليمرات   زيجوقد آانت أعلي تحميل للدواء علي م      .  في المحلول  آما لوحظ أنه بزيادة ترآيز ب

ي الم د ف ل  , زيجأآريالمي درة تحمي دأن ق يكلين هيدروآلوراي لآلوروتيتراس ة أخري.  تق سبة من ناحي ي بالن  إل

 األس   قيم تحرر الدواء عند  ) 60/40 , 50/50(ات   البوليمر مزيجعملية تحرر الدواء من البوليمر فقد لوحظ أن         

اد مع الوقت       الهيدروجيني سبة   .  المختلفة بازدي ي بالن وليملرات      إل زيج الب دواء       ) 50/50( م ة تحرر ال ان عملي ف

  .مل/ مل جرام0.5 بالنسبة لكمية التحميل 2أعلي قيمة لها عند األس الهيدروجيني 
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 المستخلص
فاتن اسماعيل أبوالفضل علي: اسم الطالب

تحسين خاصية التوافق لمزيج البوليمرات الطبيعية والصناعية بواسطة المعالجات : عنوان الرسالة

.األشعاعية لالستخدام في التطبيقات العلمية  

)آيمياء عضوية     (هدآتورا: الدرجة  

زيج من      تم دراسةي هذه ا ل   ف وليمرات   تحضير م وليمرات         ا لب ي الب دة عل ة المعتم ل       المختلف ة مث  الطبيعي

يليلوز ل س ات  , آربوآسي ميثي ي  وصوديوم الجين لصناعيهوليمرات بباإلضافة إل ين  ,  مث ولي ايثيل ب

اء والحضرة      المذابة , بولي اآريالميد  وأيضا, جليجول و بولي ايثيلين اوآسيد       ي     في الم الم    عل . شكل أف

وقد تم تعريض     ا   لجرعات مختلفة من  المحضرة في هذه الدراسة      المختلفة   مزيج البوليمرات  .  أشعة جام

ل باألشعة تحت        ,األمزجةخاصية التوافق لهذه   آما تم دراسة     ل التحلي ات مث  بواسطة استخدام عدة تقني

الفحص بالميكروسكوب االلكتروني      - الحراري  ألوزنيالتحليل  -المسح التفاضلي الكالورومتري  -الحمراء

ةالماسح ا, والخواص الميكانيكي د التعرض ألشعة جام ل وبع ك قب ي .  وذل دراسة الخواص باإلضافة إل

ة آما انه تم دراسة  .  مثل خاصية امتصاص الماء  المزيج االفيزيائية لهذ  ذ  إمكاني زيج  ا استخدام ه من   الم

وليمر واد اتالب ة حساسة آم رارة لدرج دروجيني واألس االح م ,لهي ا ت ضا  آم تخدامأي زيج دراسة اس  م

ذه الدراسة         ة                , البوليمرات المحضرة في ه ة االمتصاص في المجال الطبي آحامالت لألدوي واد عالي آم

ات               , المختلفة ذلك المرآب وأيضا باإلضافة إلي استخدام مزيج البوليمرات هذه في إزالة المعادن الثقيلة وآ
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	  In this part, sodium alginate was blended with the hydrophilic synthetic polymer polyacrylamide (PAM). The structure and physical properties of the films were studied by FT-IR (FT-IR), thermogravimetric analysis (TGA), scanning electron microscopy (SEM), and tensile strength test. As it is known from the literatures, that polyacrylamide (PAM) is applied in many fields, industrial, biomedical, agricultural, and heavy metal and dyes removal. In this part, it was aimed to prepare a pH and temperature sensitive polymer blends at different compositions of alginate and polyacrylamide ranging from 10% up to 90% for each polymer. These different PAM/AG blends were applied as drug delivery systems.  
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