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Aim of the work 

 

Today polyethylene (PE) is widely used as packaging material 

and mulch film in agricultural application. After their usage these 

discarded polymers were found to be a significant source of 

environmental pollution, harming wild life. In order to accelerate 

the biodegradation and depress the cost, starch as an inexpensive, 

renewable and natural polymer has been used to blend with PE 

(Willett, 1994). 

In the present work, trials will be made to prepare plastic/starch 

blends and modifying their chemical and physical properties 

through some additives and/or exposure to ionizing radiation. 

Evaluation of the prepared modified blends as biodegradable 

materials will be held. 

 

 

 

 

 

 

 

 

 



Abstract 

 

        Blends based on different ratios of plasticized starch 

(PLST), low density poly-ethyleen (LDPE) were prepared by 

mixing in extrouder. 

      The LDPE/PLST/POMA (poly-olefin maleic anhydride) and 

LDPE/PLST/TMPTA (tri-methylol propane tri-acrylate) were 

exposed to different doses of electron beam. The effect of 

mixing and E-Beam irradiation on the thermal, mechanical, 

water absorption, and structure morphology properties were 

investigated. 

     The results showed that the addition of compatibilizers and 

E-Beam irradiation improve all the physical properties, which 

provides suitable material based on natural polymer for 

biodegradable plastic.  
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CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

 

1.1. Effect of Ionizing Radiation on Polymeric Materials  

   

      The radiation technologies applying gamma sources and 

electron accelerators for material processing are well-established 

processes for modifying polymeric materials (Chmielewski, 2004).  

      The ionizing radiation covers different types of radiation, such 

as electromagnetic waves, X-rays and γ-rays from radioisotopes 

(cobalt-60 and cesium-137), in addition to  β-rays and electron beam 

generated by electron accelerators. Heavy particle radiations (e.g. 

alpha, accelerated deuteron and heavier ions) and neutron beams 

may be used for special purposes. There are generally undetectable 

differences in the effects produced by electrons and gamma rays at 

equal doses (Wilson, 1974). Fast moving electrons lose their energy 

through electrostatic interaction with the electrons of irradiated 

medium. If energy transferred from the incident particles is higher 

than the binding energy of the electrons in the molecule, an electron 

may be ejected leaving behind a positively charged "ionized" 

molecule. If the amount of energy transferred to the molecule is less 

than its lowest ionization potential, electronic excitation may occure 

giving rise to an excited state, which may or may not dissociate 

further into free radicals.  

      

      The two most common radiation types in industrial use are 

gamma and electron beam. The gamma facilities are mainly cobalt-

60 (Clough, 2001). The advantages of gamma radiation over other 

types include the fact that gamma rays are very penetrating. The 

technology is extremely simple, so there is low downtime for a 

gamma source. In addition, it is not sensitive to electricity prices. 
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Gamma sources are most commonly used today for radiation 

sterilization of disposable plastic medical items (Halls, 1991). 

     Electron beam machines play a significant role in the processing 

of polymeric materials; a number of different machine designs and 

different energies are available. Industrial electron beam 

accelerators with energies in the 150–300 eV range are used in 

applications where low penetration is needed, such as curing of 

surface coatings (Berejka, 1993). Accelerators operating in the 1.5 

MeV range are used where more penetration is needed, as in the 

cross-linking of cable insulation. High-energy commercial electron 

beams, operating in the 10 MeV range, are used for applications 

such as sterilization of boxes filled with disposable medical devices 

(Descamps, 1995). Electron beam machines have a high-dose rate 

and therefore short processing times. While they have limited 

penetration compared with gamma, they conversely have good 

utilization of energy due to the following aspects: (1) all can be 

absorbed by the sample being irradiated. (2) Can be switched off 

when it is not in use. (3) They contain no radioactive isotope; this 

provides an advantage from a public acceptance standpoint. (4) No 

radioactive material is disposed off when the facility is 

decommissioned.          

       

      Ion beams are being used to create new technology in polymer 

processing (Saha et al; 2000 and Virk, 2002). Whereas they have 

been extensively applied in commercial application for ion 

implantation in the production of semiconductor devices, and have 

been applied for surface hardening of metals, they are just beginning 

to be adapted for commercial use with macromolecular materials 

(Singh and Singh, 2004). A great variety of different ion-beam 

machines are in existence, having widely varying energies, and 

operating in both continuous and pulsed mode (Phukan et al; 2002; 

Senna and Abd El-Hamide, 2002). Ions are of most interest for 

treatment of polymer surfaces and thin films because they have 
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extremely low penetration depths. Many different ions have been 

employed for irradiating polymers, ranging from hydrogen and 

helium ions, up to ions of heavy elements (Cataldo et al; 2004). 

 

1.1.1. Interaction of Radiation with Polymeric Materials  

      

      Bhattacharya (2000) reported that radiation technology is 

preferred over the other conventional energy resources due to some 

reasons, e.g. large reactions as well as product quality can be 

controlled, saving energy as well as resources, clean processes, 

automation and saving of human resources etc. The irradiation of 

polymers can be applied in various sectors. The main applications 

are for modification of polymer materials through radiation 

crosslinking, degradation and grafting.  

      

      When the radiation from a gamma ray, electron beam or X-ray 

source interacts with a polymer material, its energy is absorbed by 

the polymer material and active species such as radicals are 

produced, thereby initiating various chemical reactions (Singh and 

Silverman 1992). The mechanism by which the radiation transfers 

energy to matter depends essentially upon the type of radiation, the 

over all effects of the three types of ionizing radiation are the 

creation of ionization and excitation, i.e. the production of ions and 

excited states. These species subsequently react in a number of 

ways, the result of which is the production of free radicals. The 

formed free radicals can react in a variety of ways, either 

uimolecularly or bimolecularly, with other radicals or with stable 

molecules to give stable products. The effect of ionizing radiation 

on high polymers may bring about different types of reactions. Two 

reaction processes occur when electromagnetic radiation passes 

through matter; it may interact either with the atomic nucleus or 

with orbital electrons. In the case of polymeric materials, reactions 
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with orbital electrons are more frequent of the macromolecules, 

giving rise to a positive ion.   

 

–CH2–R   ^^^→    –
+ 

CH2–R + e
 -
         (1)        

When the ionized molecules are discharged by the thermal 

electrons, highly excited molecules are formed. 

 

  –
+
CH2–R + e

 -
   →   –

*
CH2–R              (2) 

These excited molecules are decomposed into free radicals  

 

  –
*
CH2–R → –


CH–R + 


H                  (3)  

      Thus, the primary effect of radiation on the polymer molecule is 

the formation of free radicals and the loss of atomic hydrogen. The 

free radicals can undergo a variety of reactions of four types as 

follows: 

(1) Abstraction  

      The hydrogen atom formed in reaction (3) may abstract a 

hydrogen atom from another polymer molecule, forming molecular 

hydrogen and a new radical is formed. 

  

–CH2–R + 

H →      –


CH–R + H2         (4) 

 

 

(2) Recombination  

 

      The recombination of free radicals is a process converse to 

decomposition of excited molecules and may lead to the formation 

of crosslinking. 

 

  R–

CH–R                 R– CH–R  

                   +      →          │               Crosslinked polymer       (5) 

  R–

CH–R                 R– CH–R                                           
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(3) Disproportionation  

       

      In this reaction, two radicals form a molecule transfer of an 

atom or group of atoms. 

 

–CH2 –

CH– + –CH2–


CH– → –CH = CH– + –CH2– CH2–     (6)  

 

(4) Polymerization  

      

      A polymerization reaction occurs if a free radical can combine 

with another molecule without losing its characteristics. For 

example, a methyl radical can combine with an ethylene molecule to 

form a propyl radical. 

 
▪CH3 + CH2═CH2 → CH3-CH2-

▪CH2                                 (7)      

       

      This radical can combine further with other ethylene molecules 

to form larger molecules. This process can continue until the radical 

reactivity is lost by recombination or disproportionation reactions 

with another radical. In general, the effect of radiation will depend 

only on the total quantity of energy deposited in the material, 

regardless of the nature of the incident photons or particles. The 

new chemical bonds formed are capable to alter the structure of the 

polymeric material and will result in changing the chemical and 

physical properties of the irradiated substances. 

 

1.1.2. Radiation Crosslinking and Degradation of Polymers 

      Chemical changes are important to understand the effect of 

radiation on polymers, which are the basis for the explanation of 

physical changes. The effect of radiation on polymer may bring 

about different types of reactions (Charlesby, 1953 and Sawallow, 

1973). These reactions lead to the formation of chemical bonds 

between the polymer chain (crosslinking) and scission (degradation) 
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of chemical bonds in polymer molecules. Radiolysis of high 

polymers have some other reactions such as gas evolution 

(hydrogen is always present), double bond formation and oxidation 

(in presence of oxygen, water and other oxygenated compounds). It 

has been observed that vinyl structure belonging to the crosslinking 

type has the following structure: 

 

             – (– CH2 – CHR –) n                                 Structure (I) 

                                                      (R may be hydrogen or other group)  

      On the other hand polymers which undergo chain scission upon 

irradiation have structure (II). 

 

              – (– CH2 – CR1R2 –)n                           Structure (II) 

                                                       ( R1 and R2 are not hydrogen)                                                       

    When the structure of vinyl polymer is such that each carbon 

atom of the main chain carries at least one hydrogen atom, the 

polymer is crosslinking. However, if a tetra-substituted carbon atom 

is present in the main chain the polymer degrades. The net result of 

crosslinking is increasing molecular weight of the polymer with 

increasing irradiation dose until a three dimensional network is 

formed, in which each polymer chain is linked with another at the 

middle of its length, as in reaction (5). Crosslinking may occur also 

due to recombination of free radicals formed by scission of C-C 

bonds, reaction with the participation of double bond and 

cyclization reaction. The general reaction for scission may be 

represented as follows;  

 

–CH2 –CR1R2– CH2–CR1R2 – rad.→ –CH2–

C

 
R1R2+  – 


CH2– C R1R2 

 

      The irradiation of polymers, like the irradiation of many other 

organic compounds, is accompanied in many cases by intense gas 

evolution. It was observed that the main gaseous product of the 

radiolysis of crosslinking polymeric hydrocarbons is hydrogen. In 
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degradation type polymers a large proportion of gaseous products 

are produced because of cleavage of the side groups at the 

quaternary carbon (Vereshchinskii and Pikaev, 1963).  It was also 

reported that the yield of gas evolution is much higher if the 

radiation is carried out at high temperatures and particularly if the 

polymer is irradiated above its glass transition temperature.  

        

      Generally, the properties of polymers differ widely depending 

on whether the polymer crosslinks or degrades (Mariam et al; 

2003). The irradiation of crosslinking type polymers increases the 

molecular weight until a completely network structure is formed 

accompanied with a gel formation. This was followed by an 

increase in elastic modulus and tensile strength and decrease in 

elongation. Polymers, which undergo degradation, show a decrease 

in molecular weight and viscosity.  

 

1.1.3. Effect of Radiation on Polyethylene 

 

      The influence of radiation on the molecular characteristics of 

low-density polyethylene dependant on the samples' thickness, the 

intensity and the dose has been investigated by methods of 

viscosimetry and light scattering. A remarkable increase of 

molecular mass by the increase in radiation doses was established. It 

is linear for the mass-average molecular mass while for the viscosity 

average molecular mass it is minimum at the initial doses. The 

origin of this minimum is explained by the change of 

macromolecular hydrodynamic volume, as it has also been established 

that the growth of molecular mass at the initial doses is mainly due 

to the increase of the degree of macro-molecular branching. A 

dependence of the rate of change of polyethylene molecular 

characteristics on the samples' thickness, irradiation intensity and 

dose was established Barkhudaryan (1999). 
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      Nagib et al (2003) studied the effect of y-radiation on the 

birefringence of stretched polyethylene films. They found that the 

spectral dependences of the birefringence and of the retardancc of 

polyethylene films of thickness 67 micro-m exposed to y-

radiation doses up to 500 kGy in the spectral range 400--700 nm. It 

is shown that the characteristics of polymeric polarization elements 

could be controlled by irradiation processes. 

      Shojaei et al (2007) studied the performance of the radiation 

grafting technique as a chemically based surface pretreatment 

method to adhesion modification of polyethylene surfaces toward the 

metallic layer. Gamma irradiation over a dose range of 4–10 kGy is 

used for grafting of vinyl monomers including acrylamide (AAm) 

and 1-vinyl-2-pyrrolidone (NVP) onto the surface of three different 

polyethylene including low density polyethylene (LDPE) and two 

kinds of high density polyethylene, namely HDPE-1 and HDPE-2. 

The grafting yield is evaluated based on the weight increase of the 

samples. It is found that the grafting yield is dominated by the 

crystallinity of the polyethylene, so that lower crystalline percent of 

polyethylene leads to higher grafting yield. Additionally, lower 

irradiation dose rate causes higher grafting efficiency. The 

polyethylene samples are also hydroxylated by exposing to gamma 

rays in water at dose level of 100 kGy to make the surfaces 

hydrophilic. Moreover, for comparison purposes, the surface of the 

polyethylenes is subjected to the conventional surface treatment 

methods including chemical etching and mechanical abrasion. 

Surface characterization is performed by contact angle 

measurements and scanning electron microscope (SEM) before and 

after the surface modification. A copper layer with nominal 

thickness ranging 3–10 m is deposited on the surface of treated and 

untreated substrates using both the electroless plating and magnetron 

sputtering processes. The adhesion of the metallic layer is 

investigated by the cross-cut and the pull-off tests. It is shown that 
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radiation grafting of AAm monomer on polyethylene surfaces 

always leads to an excellent adhesion toward copper layer 

irrespective of metallization process, probably due to strong 

chemical complexes between AAm monomers and copper atom. 

However NVP-grafted surfaces show poor adhesion which may be 

due to hindrance effect of the nitrogen functionality in NVP. The 

mechanical roughening shows a slight positive effect on the 

adhesion, but the maximum bonding strength achieved in this case is 

1 MPa in the sputtering process. In addition, maximum bonding 

strength belongs to LDPE treated by radiation grafting of AAm, so 

that no failure is observed in the pull-off test. The results also 

indicate that the bonding strength of the radiation grafting depends 

on the content of grafted AAm, while it seems that the adhesion 

strength in chemical etching method is dominated by both the 

chemical and physical interactions. Eventually, it is shown that the 

radiation grafting is an efficient surface treatment method for 

metallizing the polyethylene surfaces. 

       Sen and Basfar (1998) studied the effect of ultraviolet (UV) 

light on the thermo-oxidative stability of Linear Low Density 

Polyethylene (LLDPE) films. LLDPE was stabilized with phenolic type 

antioxidant hindered amine light stabilizer and phenolic type gamma 

stabilizer. The influence of these additives on the thermo-oxidative 

stability of gamma and UV irradiated LLDPE were investigated by 

isothermal Differential Scanning Calorimeter (DSC). The oxidation 

induction time (OIT) experiments indicate that antirad free LLDPE 

films which contains antioxidant and UV stabilizer are more sensitive 

to gamma and UV radiation. On the other hand, films which contain 

antirad and irradiated to different doses of y-radiation demonstrated 

improved thermo-oxidative stability. 

 

1.1.4. Effect of Radiation on Starch 
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      Starch is a naturally occurring polymer, produced from plants as 

a food storage compound. It is so abundant that can be readily 

produced in most common grains such as corn (maize), wheat, rice, 

potatoes, tapioca, sago etc. It is found in various parts of the plants 

(seed, root, or stem) and several extraction methods are used to 

isolate the material. 

      Starch is one of the most commonly used percipients in the 

pharmaceutical industry due to its disintegration and binding 

properties. A number of sources of starch are commercially 

available, with corn starch being the most common. An overview of 

starches and starch derivatives and their use in the pharmaceutical 

industry is presented. 

      Starch is a fine white powder that is odorless and tasteless. It is 

composed of very small spherical or elliptical granules. The 

botanical origin of the starch material determines the granule shape 

and size. It is insoluble in alcohol, most solvents, and cold water. 

Alkaline solutions, however, will degrade starch and its 

polysaccharide components. Starch is relatively resistant to enzymes 

other than a-amylose and amyloglucosidase. 

      Starch is a polymeric material with molecular formula of 

(C6H10O5) n   where n ranges from 300 to 1000. Common starches 

contain two types of D-glucopyranose polymers: called amylose and 

amylopectin. Amylose is a linear polymer of a-D-glucopyranosyl 

units linked (1, 4) . These molecules can be comprised of 100 to 

over 1000 glucose units. Amylopectin is a branched polymer of a-

D-glucopyranosyl units containing (1, 4) linear linkages and (1, 6) 

linkages at the branch points. This polymer is three or more times 

larger than amylose. Most naturally occurring starches contain 

approximately 30% amylose, however, specific starches and their 

properties are determined by the size and amount of each type of 

polymer molecule present in the material. Attractive forces between 
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the polymeric molecules form the starch granules. The linear 

portions tend to associate into micelles, which bind the molecules 

together to form a somewhat ordered structure. Models of this 

structure have been proposed by Lineback (1986), and it is known 

that the structure is rigid and insoluble in water. 

    The most common type of starch used in the pharmaceutical 

industry is com, although studies with other types of starch have 

been performed (Gadalla et al; 1989, Mitrevej et al; 1996, Gebre-

Mariam et al; 1996, Te Wierik et al; 1997).  The most common 

preparation of starch is wet milling, although dry milling is also 

performed. A series of nulling, separation, concentration, and 

washing steps result in a suspension of starch granules. After 

processing, cornstarch is a white powder with a pale yellow tint. 

Bleaching is required to achieve absolute whiteness (Whistler et al. 

1983). 

      When starch is suspended in water and heated to a critical point 

called the gelatinization temperature, water will penetrate the 

granules and swell them to produce a viscous mass. With the rising 

temperature, the hydrogen bonds that hold the micellar structural 

units and the water molecules in an aggregated state tend to 

dissociate. The dissociated water molecules are then able to pentrate 

the weakened starch structure and gradually hydrate the many 

hydroxyl groups along the length of the starch molecule. 

Gelatinization temperatures vary from starch, but range from 60 to 

75°C. Starch granules lose their characteristic shape as gelatinization 

proceeds. 

      Kerf et al; (2001) studied the exposure of com, potato and drum 

dried corn starches to X-ray and electron bean irradiation treatment 

at doses of 10, 50 and 100 kGy. The starch solubility increased, 

while its swelling capacity was decreased with increasing the 
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irradiation dose. The irradiation treatment caused fragmentation of 

the amylopectin fraction. Irradiation modified the different starches, 

showing remarkable differences in disintegration properties after X--

ray treatment and electron beam modification. The electron beam 

modification resulted in significantly higher disintegration times of 

the starch. 

      The effect of gamma irradiation on the structure properties of 

maize and rice starch was studied by Hebeish et al;$ (1992).The 

structural changes in the starch molecules brought up by irradiation 

were evaluated in terms of carbonyl and carboxyl groups as well as 

apparent viscosity and solubility. It was found that starch undergoes 

oxidative degradation under the influence of gamma radiation. This 

was demonstrated by significant enhancement of the carbonyl and 

carboxyl groups as well as the solubility along with a significant 

decrease in apparent viscosity particularly at higher radiation doses. 

Of particular interest were the results of apparent viscosity at 

different rates of shear, where it decreased as the rate of shear was 

increased for unirradiated starch whereas it either remained unaltered 

or increased for irradiated starches. 

      Paula Esteves et al. (2002) treated the ground white pepper by 

gamma radiation at average doses of 5, 10 and 15 kGy and the 

alterations in the Theological properties of its aqueous suspensions 

were used to study the radiation effects. Amylose and amylopectin 

suspensions were used as model systems. Ground pepper gels 

presented decreased strength expressed by a decrease of G' and G" 

values and smaller limiting viscosity ('/°), as the irradiation dose 

increased. A similar behaviour was shown by the amylopectin gels. 

For the amylose gels, in opposition, irradiation induced a higher 

level of gel structure. 

      Krystyna Ciesla et al. (2002) studied the influence of the 

conditions applied during differential scanning calorimetry (DSC) 
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measurements (concentration and heating rate) on the possible 

detection of the differences between gelatinization occurring in both 

non-irradiated and irradiated potato starch with a dose of 20 kGy. 

Differences in gelatinization of irradiated and non-irradiated potato 

starch during DSC analysis was attributed to the radiation induced 

destruction of crystalline ordering. This was confirmed by studies of 

the samples irradiated to very high doses (446 and 600 kGy), and by 

comparing with the effect of grinding. Changes of starch properties 

caused by radiodepolymerization—contrary to those caused by 

grinding—influence gelatinization behaviour much more than the 

WAXS crystallinity in solid state. 

      The effects of -irradiation (0.02-4.0 M rad absorbed dose and 

1.2 M rad/hr dose rate) on de-polymerization and selected physical 

properties of corn starch and amylose (both dry solid and solution 

forms) were investigated by Hofreiter et al. (2003) under 

conditions used to make graft polymers. Radiation introduces an 

alkali-sensitive structure, most likely -alkoxycarbonyl, having a G 

value of 2.8. A dimethyl sulfoxide (DMSO)-acetic acid-water 

solvent for intrinsic viscosity was developed that degraded 

irradiated amylose less than did aqueous 90% DMSO. The G 

(scission) value of 1.3 for solid amylose irradiated at 0°C under 

nitrogen is lower than most literature values for either amylose or 

other polysaccharides. The protection of amylose against irradiation 

degradation in water by additions of DMSO is noteworthy. The G 

(scission) for amylose irradiated in 99.8% DMSO is 2.3; whereas, in 

water it is 30. 

     Kang et al. (1999) studied the production of modified starches by 

gamma irradiation in which they found that the viscosity of 

commercial corn starch decreased for increasing radiation dose 

levels. However, viscosity was not stable with time as it increased 

with time. Degradation of starch has been considered to be 
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responsible for the viscosity changes caused by y-irradiation. The 

color changes of starch specimens before and after y-irradiation 

were analyzed using colorimeter. No noticeable changes in "a" value 

was observed among the starch samples. The "b" value, which stands 

for yellowness increased with y-irradiation which seems mainly due 

to the caramelization reaction of monosaccharides cleaved from 

starch polysaccharides by y-irradiation. 

 

1.2. Polymer Blends 

 

      Recent research and development of polymer science has been 

directed to blending different polymers to obtain new products 

having some of the desired properties of each component (Van 

Puyvelde et al., 2008). Moreover, blending of different existing 

polymers is of considerable importance as an alternative to graft 

copolymerization and 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 meeting the current growing interest in the plastic recycling 

process where blending technology may be the means of deriving 

desirable properties from recycled polymers.   

1.2.1. Types of 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 (Hinnerk and Gudrun, 2003). 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 
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thermoplastic blends. 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.  

         

      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 (Sonnier et al., 2008). For most polymer 

pairs, the 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 coalease during the post compounding steps.  When 

there is an infinite solubility of one in the other, the pair is classified 

as compatible (miscible). 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 commonly 

thought that the exothermic heat generated during mixing involves 

specific intermolecular interaction such as hydrogen bonding 

formation and ionic interactions.                                                                                                                                                                                                                                                         

 

1.2.2. Compatibilization of Polymer Blends 

 

        Compatibilization can be defined as modification of polymer 

blends to produce a desirable set of properties. It is most common 

for compatibilization to be achieved by addition of a third 

component or by in situ chemical reaction, leading to modification 
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of the polymer interfaces in two-phase blends (Leszek, 2002). The 

mechanical properties of the blend will be determined not only by 

the properties of its components, but also by the phase morphology 

and the interphase adhesion. 

       Compatibilization can interact in principle in complex ways to 

influence final blend properties. One effect of compatibilizers is to 

reduce the interfacial tension in the melt, causing an emulsifying 

effect and leading to an extremely fine dispersion of one phase in 

another. Another major effect is to increase the adhesion at phase 

boundaries, giving improved stress transfer. A third effect is to 

stabilize the dispersed phase against growth during annealing, again 

by modifying the phase-boundary interface.                                      

     Addition of block and graft copolymers represent the most 

extensively research approach to compatibilization of blends (Cai-

Liang Zhang et al., 2008). It is perhaps not surprising that block 

and graft copolymers containing segments chemically identical to 

the blend components are obvious choices as compatibilizers. The 

functional modification may be achieved in a reactor or via an 

extrusion modification process. Examples include the grafting of 

maleic anhydride (MAN) or similar compounds to polyolefins, the 

resulting pendant carboxyl group having the ability to form a 

chemical linkage with polyamides via their terminal amino groups. 

Functionalized polymers (usually maleic anhydride or acrylic acid 

grafted polyolefins) are commercially available at acceptable cost to 

be used as compatibilizers. 

 

      Fang-Chyou Chiu et al.,(2009) studied the characterization and 

comparison of the properties of metallocenecatalyzed polyethylene 

(mPE)/ thermoplastic starch (TPS) blends and nanocomposites , 

which contain maleic anhydride-grafted mPE (mPE-g-MA) 

compatibilizer and 20A reinforced mPE-g-MA nanocompatibilizer, 

respectively. The results from X-ray diffraction (XRD) and 

transmission electron microscope (TEM) experiments revealed that 
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mPE/TPS blend-based nanocomposites were achieved with the 

incorporation of the nanocompatibilizer. Clay 20A was also noted to 

preferentially locate within the interface between mPE and TPS, as 

well as within mPE matrix in the nanocomposites. The 

crystallization temperature of mPE increased in the blends and 

nanocomposites, confirming the role of TPS and 20A as nucleating 

agents for mPE. However, the melting temperature and the glass 

transition temperature of mPE hardly changed in the blends and the 

nanocomposites. Clay 20A also served as a heat barrier, which 

greatly increased the thermal stability of the nanocomposites. There 

was a maximum increase of up to 36% and 40% obtained in tensile 

strength and Young’s modulus, respectively, for the nanocomposites 

as compared to that of the blend counterparts. It was also 

determined that nanocomposites have a slightly lower water uptake 

character as compared to the blends. Hopefully, the results 

presented here can pave the way for further researches on the 

development and innovation of environmentally friendly polymeric 

systems. 

 

      Da Ro´z et al, (2006) investigated the effect of the type and 

amount of plasticizer on the mechanical, thermal and water-

absorption properties of melt-processed thermoplastic starch. In 

general, monohydroxyl alcohols and high molecular weight glycols 

failed to plasticize starch, whereas shorter glycols and sorbitol were 

effective. The quantity and type of plasticizer did not affect 

appreciably the crystallinity of the processed samples, but 

influenced the mechanical properties of these TPS in two opposite 

ways, viz. a softening effect due to the plasticizing of the 

amorphous phase and stiffening one due to an anti-plasticization 

effect. 

                           

      Baldev Raj. et al. (2001) studied the preparation of immiscible 

blends of low-density polyethylene and starch. A series of LDPE / 
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starch composites were prepared by varying the starch content from 

2.5 % to 70 % by solvent method, using CC14 at its boiling point. The 

mixture was dried and blended powder was obtained. The LDPE 

/starch films were prepared by thermo press casting machine at 140-

150°C under 150 kg /cm
2
 pressure. The cast films with a 70-80 urn 

thickness were collected and stored in polyethylene bags at 4°C. The 

blends were characterized by the density, tensile strength and percent 

elongation measurements of LDPE / starch films: density of blended 

films was increased with increasing the starch content. This is due to 

that the density of pure LDPE is 0.92g /ml and it is lower than the 

density of starch (1.488 g/ml). The tensile strength decreased 

from110 kg /cm
2
 of plain LDPE with the increase of the starch 

content in LDPE films. The percentage of elongation was decreased 

with the incorporation of starch. This is due to the fact that starch 

has low tensile strength and percent elongation compared to LDPE. 

Physically, incorporation of starch in the matrix of LDPE weakens 

the Van der Weal's forces between LDPE layers and hence, decreases 

the elongation. The percentage of transmission of all LDPE /starch 

films decreased with increasing the concentration of starch. This is 

due to immiscibility of starch in LDPE.[Lawton, 1996 and Lim et al, 

1992]. 

      Raghavan et al (2001) examined micro-structural aspects of oil-

added starch-polyethylene and oil added starch-polyethylene-

polylactic acid composite. Polymer composite films containing 

different percentages of additives were melt processed and acid 

hydrolyzed. Scanning electron microscopy of the fracture surfaces of 

stained oil-added composite showed that the oil is present at the 

interface of the starch-polyethylene. Tapping mode atomic force 

microscopy (TMAFM) was used to determine pore size of the 

hydrolyzed polymer composite. The progressive hydrolysis of the 

degradable component in the composite was studied by mass loss 

measurement and FTIR analyses. The quantity of water passing 
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through the porous acid hydrolyzed composite was found to depend on 

the thickness of film. 

      Wang Ning et al. (2007) studied the effects of citric acid (CA) 

on the properties of glycerol/starch/linear low-density polyethylene 

(LLDPE) blends were studied. The plasticization of starch and its 

blending with PE were accomplished in one-step processing. The 

presence of CA improved the dispersion and the plasticization of 

starch, shown by scanning electron microscope (SEM). At the same 

time, the mechanical properties of the blends dramatic increased. 

The rheological study proved that acidic CA could decrease the 

shear viscosity and improve the fluidity of TPS/PE blends. Fourier 

transform infrared (FT-IR) spectroscopy proved that CA could 

weaken the interaction of starch molecules and improve the 

plasticization of starch. The X-ray diffractometer showed that starch 

was plasticized more completely in the CATPS/PE blends. CA 

could also ameliorate the water resistance of TPS/PE blends at 

different relative humidity. 

       

      Wang Shujun, et al (2005), prepared Compatible thermoplastic 

starch (TPS)/linear low density polyethylene (LLDPE) blends by 

one-step reactive extrusion in a single-screw extruder and 

characterized by means of mechanical properties, thermogravimetric 

(TG), scanning electron microscopy (SEM), rheological properties 

and Fourier transform infrared spectroscopy (FTIR). The thermal 

plasticization of starch and its compatibilizing modification with 

polyethylene were accomplished simultaneously in a single-screw 

extruder. The FTIR analysis showed that maleic anhydride (MAH) 

could graft onto the polyethylene chain using the same operational 

conditions as the preparation of the blends. The blends with MAH 

had better mechanical properties than the blends without MAH. 

From TG analysis, we concluded that the thermal stability of the 

compatible blends was higher than the incompatible blends. The 
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FTIR results also indicated that with the addition of MAH, the 

compatibility between thermoplastic starch and polyethylene in the 

blends was truly improved.  

 

 

 

1.2.4. Effect of Radiation on Polymer Blends: 

      Mariam et al (2003) studied irradiation of polyethylene (PE) 

blends by gamma-ray.  The blends were produced by injection 

molding at  220°C with   different  compositional ratios, i.e, 100/0, 

15/85, 25/75, 50/507, 75/25, 85/15 and 0/100,  of low density PE 

with high-density PE. The exposure of these blends to different 

doses of 
60

Co gamma radiation up to 1500 kGy improves the 

mechanical properties due to partial crosslinking. Differential 

scanning calorimetry, infrared spectroscopy and scanning electron 

microscopy have been used to investigate the effect of gamma 

irradiation on the thermal behaviour of the polymer material. After 

the radiation treatment, the melting peak of the low-density PE 

component decreases in intensity as the absorbed dose increases. On 

the contrary, melting peak of the high-density component increases 

in the intensity and shifts to lower temperatures as the absorbed 

dose was increased. The correlation between the mechanical 

properties and the morphology of the blends was discussed. 

           

      Ismael et al. (2009) studied the effect of microwave radiation 

on the modification of activated cassava starc(S) by using octenyl 

succinic anhydride (OSA) at different starch/OSA ratios under 

microwave radiation. FTIR and titration results indicated that, 

within a reaction time of 7 min, degrees of substitution (DS) of 

about 0.045 may be achieved with 20% OSA. Subsequently, linear 

low density polyethylene/starch (LLDPE/S) blends were prepared 
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employing succinylated starches (S-g-OSA) as compatibilizers. The 

morphology and mechanical properties of LLDPE/S blends with 

and without compatibilizer were compared. It was observed that the 

addition of 10% of compatibilizer with respect to the dispersed 

phase content led to a reduction of the starch phase size and to an 

improvement of the blends mechanical properties. 

 

       Suda et al., (2001) modified cassava starch by radiation 

grafting with acrylic acid to obtain cassava starch graft poly(acrylic 

acid), which was further modified by esterification and 

etherification with poly(ethylene glycol) 4000 and propylene oxide, 

respectively. The modified product was characterized by NMR 

spectroscopy and contact angle measurement. The blends of LDPE 

with EBS wax had properties similar to the LDPE blends with the 

modified starch in terms of surface wettability, tensile properties, 

and hardness, but with a much better degradation in soil due to the 

much higher water absorption. This article describes the chemical 

modifications of hydrophilic cassava starch to become partially 

hydrophobic, which was then used for blending with LDPE sheets 

for evaluations of mechanical, thermal and degradation properties. 

 

1.3. Biodegradation of Polymers 

 

    Today polyethylene (PE) is widely used as packaging material 

and mulch film in agricultural application. After their usage these 

discarded polymers were found to be a significant source of 

environmental pollution, harming wildlife. In order to accelerate the 

biodegradation and depress the cost, starch as an inexpensive, 

renewable and natural polymer has been used to blend with PE 

(Willett, 1994). Because of the strong  intermolecular hydrogen 

bonds in starch, native starch cannot be processed as a thermoplastic 

material. But  starch can be processed as thermoplastic material in 

the presence of plasticizers, for example, glycerol(Fishman, Coffin, 
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Konstance, & Onwulata, 2000; Forssell, Mikkila¨, Moates, & 

Parker, 1998; Liu, Yi, & Feng, 2001), glycol (Yu, Gao, & Lin, 

1996), sorbitol (Wang, Shogren, & Carriere, 2000), formamide 

and urea (Ma & Yu, 2004),  

 

      Biodegradation is a natural process by which organic chemicals 

in the environment are converted to simpler compounds, 

mineralized and redistributed through elemental cycles such as the 

carbon, nitrogen and sulphur cycles. Biodegradation can only occur 

within the biosphere as microorganisms play a central role in the 

biodegradation process. 

     A number of standard authorities have thought to produce 

definitions for biodegradable plastics and some of these are 

provided below:[R. Chandra and Renu Rustgi 1998] 

(1) Iso 472: 1988-A plastic designed to undergo a significant 

change in its chemical structure under specific environmental 

conditions resulting in a loss of some properties that may vary as 

measured by standard test methods appropriate to the plastics 

and application in a period of time that determines its 

classification. The change in chemical structure results from the 

action of naturaly occurring microorganisms.       

1- ASTM sub committee D20.96 proposal- degradable plastics 

are plastic materials that undergo bond scission in the 

backbone of  a polymer through chemical, biological and/or 

physical forces in the environment at a rate which leads to 

fragmentation or disintegration of the plastics. 

2- Japanese biodegradable plastic society (Fukuda 1992) draft 

proposal- biodegradable plastics are polymeric materials 

which are changed into lower molecular weight compounds 

where at least one step in the degradation process is through 

metabolism in the presence of naturally occurring organisms. 
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3- DIN 103.2 working group on biodegradable polymers- 

biodegradation of a plastic material is a process leading to 

naturally occurring metabolic end products. 

General definition of biodegradation- it is a process whereby 

bacteria, fungi, yeasts and their enzymes consume a substance as 

a food source so that its original form disappears. 

Under appropriate conditions of moisture, temperature and 

oxygen availability, biodegradation is a relatively rapid process. 

Biodegradation for limited periods is a reasonable target for the 

complete assimilation and disappearance of an article leaving no 

toxic or environmentally harmful residue. 

 

1.3.1. Types of Biodegradability  

1.3.1.1. Biodegradability of Natural Polymers 

 

        Biopolymers are polymers formed in nature during the 

growth of all organisms; hence, they are also referred to as 

natural polymers. Their synthesis generally involves enzyme-

catalyzed, chain growth polymerization reactions of activated 

monomers, which are typically formed within cells by complex 

metabolic processes. 

 

1.3.1.1.1. Polysaccharides  

 

       For materials applications, the principal polysaccharides of 

interest are cellulose and starch. Both cellulose and starch are 

composed of hundreds or thousands of D-glucopyranoside repeating 

unit. These units are linked together by acetal bonds formed 

between the hemiacetal carbon atom c1, of the cyclic glucose 

structure in one unit and a hydroxyle group at either the c3 (for 

cellulose and amylpose)  or the c6 (for the branch units in 

amylopectin) atoms in the adjacent unit. This type of structure 

occurs because in aqueous solution,glucose can exist in either the 
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acyclic aldehyde or cyclic hemiacetal form, and the latter form is 

the structure that become incorporated into the polysaccharide. 

Also, the cyclic form canexist as one of two isomers, the alpha-

isomer with an axial OH group on the ring or the Beta-isomer with 

an equatorial OH group. In starch the glucopyranoside ring is 

present in the alpha- form while in cellulose the repeating units exist 

in the Beta- form. Because of this difference, enzymes that catalyze 

acetal hydrolysis reactions during the biodegradation of each of 

these two polysaccharides are different and are not interchangeable. 

(Otey et al, 1977). 

 

      Although starch is a polymer, its stability under stress is not 

high. At temperatures higher than 150
0
C, the glucoside links start to 

break, and above 250
0
C the starch grain endothermally collapses. At 

low temperatures, a phenomenon known as retrogradation is 

observed. This is a reorganization of the hydrogen bonds and an 

aligning of the molecular chains during cooling. In extreme cases 

under 10
0
C, precipitation is observed. Thus, though starch can be 

dispersed into hot water and cast as films, the above phenomenon 

causes brittleness in the film. In its application in biodegradable 

plastics, starch is physically mixed in with its native granules, kept 

intact, or melted and blended on a molecular level with the 

appropriate polymer. In either form, the fraction of starch in the 

mixture which is accessible to enzymes can be degraded by either, 

or both, amylases and glucosidases. The starch molecule has two 

important functional groups, the –OH group that is susceptible to 

substitution reactions and the C-O-C bond that is susceptible to 

chain breakage. The hydroxyl group of glucose has a nucleophilic 

character. By reaction of its –OH group, modification of various 

properties can be obtained. One example is the reaction with silane 

to improve its dispersion in polyethylene (Huang et al 1990). 

Crosslinking or bridging of the –OH groups changes the structure 
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into a network while increasing the viscosity, reducing water 

retention and increasing its resistance to thermomechanical shear. 

     Starch has been used for many years as an additive to plastic for 

various purposes. Starch was added as filler (Shulman et al 1964) 

to various resin systems to make films that were impermeable to 

water but permeable to water vapour. Starch as biodegradable filler 

in LDPE was reported [Griffin 1973 and Griffin et al 1978].
 
A 

starch-filled polyethylene film was prepared (Griffin 1974) which 

becomes porous after the extraction of the starch. This porous film 

can be readily invaded by microorganisms and rapidly saturated 

with oxygen, thereby increasing polymer degradation by biological 

and oxidative pathways. 

 

      Otey et al (1974) in a study on starch-based films found that a 

starch-polyvinyl alcohol film could be coated with a thin layer of 

water-resistant polymer to give a degradable agricultural mulching 

film. Starch-based polyethylene films were formulated  and 

consisted of up to 40%  starch, urea, ammonia and various portions 

of low density polyethylene (LDPE) and poly(ethylene-co-acrylic 

acid) (EAA). The EAA acted as a compatibilizer, forming a 

complex between the starch and the PE in the presence of ammonia. 

The resulting blend could be cast or blown into films, and had 

physical properties approaching those of LDPE. [Otey et al 1980, 

1987]. 

 

1.3.1.1.2. Polypeptides of Natural Origin 

 

       The proteins that have found applications as materials are for 

the most part, neither soluble nor fusible without degradation, so 

they are used in the form in which they are found in nature. This 

description is especially true for the fibrous proteins wool, silk and 

collagen. All proteins are specific copolymers with regular 

arrangements of different types of alpha-amino acids, so the 
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biosynthesis of proteins is an extremely complex process involving 

many different types of enzymes. In contrast, the enzymatic 

degradation of  proteins, with general purpose proteases, is  

relatively straight forward, amide hydrolysis reaction. 

 

      Gelatin, an animal protein, consists of 19 amino acids joined by 

peptide linkages and can be hydrolyzed by a variety of the 

proteolytic enzymes to yield its constituent amino acids or peptide 

components (Eastoe et al 1977). This non-specificity is a desirable 

factor in intentional biodegradation. Gelatin is a water-soluble, 

biodegradable polymer with extensive industrial pharmaceutical and 

biomedical uses, has been employed for coatings and 

microencapsulating various drugs [Tabata et al 1987, 1989, 1993 

and Lt Yan et al 1991] and for preparing biodegradable hydrogels 

[Kamath et al 1992, Ziegler 1991, Shinde et al 1992]. 

 

1.3.1.1.3. Bacterial Polyesters: 

 

      The natural polyesters, which are produced by a wide variety of 

bacteria as intracellular reserve materials, are receiving increased 

attention for possible applications as biodegradable; melt 

processable polymers which can be produced from renewable 

resources. The members of this family of thermoplastic 

biopolymers, which have the general structure given below, can 

show variation in their material properties from rigid brittle plastics, 

to flexible plastics with good impact properties to strong tough 

elastomers, depending on the size of the pendant alkyl group, R, and 

the composition of the polymer [Doi 1990, Anderson et al 1990, 

Brandl et al 1990].
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1.3.1.2. Biodegradation of Hydrolysable Backbone Polymers 

 

       Polymers with hydrolysable backbones have been found to be 

susceptible to biodegradation, the structures below shows some 

polymers with hydrolysable backbones. 

                      

Poly (glycolic acid) 

PGA 

 
Poly(glycolic acid-

co-lactic acid) 

PGA/LA 

 
 

Polycaprolactone 

PCL 

 
Polyether-

polyurethane 

 
Polyester-

polyurethane 

 
Poly(amide-

enamine)s 
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1.3.1.3. Biodegradation of Carbon Backbone Polymers: 

 

         Vinyl polymers, with few exceptions, are generally not 

susceptible to hydrolysis. Their biodegradation, if it occurs at all, 

requires an oxidation process, and most of the biodegradable vinyl 

polymers contain an easily oxidisable functional group. Approaches 

to improve the biodegradability of vinyl polymers often include the 

addition of catalysis to promote their oxidation or photo-oxidation, 

or both, the incorporation of photosensitive group, e.g., ketones, into 

these polymers have also been attempted. 

 

1.3.2. Factors Affecting Biodegradation 

1.3.2.1. Effect of Polymer Structure 

 

        Natural macromolecules, e.g. protein, cellulose, and starch are 

generally degraded in biological systems by hydrolysis followed by 

oxidation, so most of the reported synthetic biodegradable polymers 

contain hydrolysable linkages along the polymer chain (Huang et al 

1978).
  

Since most enzyme-catalyzed reactions occur in aqueous 

media, the hydrophilic-hydrophobic character of synthetic polymers 

greatly affects their biodegradability. A polymer containing both 

hydrophobic and hydrophilic segments seems to have a higher 

biodegradability than those polymers containing either hydrophobic 

or hydrophilic structures only (Bailey et al 1976).
 

      In order for a synthetic polymer to be degradable by enzyme 

catalysis, the polymer chain must be flexible enough to fit into the 

active site of the enzyme. This most likely accounts for the fact that, 

whereas the flexible aliphatic polyesters are readily degraded by 

biological systems, the more rigid aromatic poly(ethylene 

terephthalate) is generally considered to be bio inert [Potts 1984, 

Tokiwa et al 1977].
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1.3.2.2. Effect of Polymer Morphology 

      One of the principal differences between proteins and synthetic 

polymers is that proteins do not have equivalent repeating units along 

the polypeptide chains. This irregularity results in protein chains being 

less likely to crystallize. It is quite probable that this property con-

tributes to the ready biodegradability of proteins. Synthetic polymers, 

on the other hand, generally have short repeating units, and this 

regularity enhances crystallization, making the hydrolyzable groups 

inaccessible to enzymes. It was reasoned that synthetic polymers with 

long repeating units would be less likely to crystallize and thus might 

be biodegradable; indeed, a series of poly(amide-urethane)s. were found 

to be readily degraded by subtilisin [ Huang et al; 1978]. 

      Selective chemical degradation of semi-crystalline polymer 

samples shows certain characteristic changes [Varnell et al; 1981, 

Blundell et al; 1966, Khambatta et al; 1976, Patel et al; 1975, Duong 

et al; 1975, Rosenberg et al; 1979 and Udagawa 1971]. During 

degradation, the crystallinity of the sample increases rapidly at first, then 

levels off to a much slower rate as the crystallinity approaches 100%. 

This is attributed to the eventual disappearance of the amorphous 

portions of the sample. The effect of morphology on the microbial and 

enzymatic degradation of PCL, a known biodegradable polymer with a 

number of potential applications, has been studied [Fields et al; 1974, 

Benedict et al 1983, Cook et al 1981]. Scanning electron microscopy 

(SEM) has shown that the degradation of a partially crystalline 

polycaprolactone film by filamentous fungi proceeds in a selective 

manner, with the amorphous regions being degraded prior to the 

degradation of the crystalline region. The microorganisms produce 

extracellular enzymes responsible for the selective degradation. This 

selectivity can be attributed to the less-ordered packing of amorphous 

regions, which permits easier access for the enzyme to the polymer 

chains. The size, shape and number of the crystallites all have a 

pronounced effect on the chain mobility of the amorphous regions 

and thus affect the rate of the degradation. This has been 
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demonstrated by studying the effects of changing orientation via 

stretching on the degradation. 

 

       Biodegradation proceeds differently from chemical degradation. 

Studies on the degradation by solutions of 40% aqueous 

methylamine have shown a difference in morphology and molecular 

weight changes and in the ability of the degrading agents to diffuse 

into the substrate. Also, it was found that the differences in 

degradation rates between amorphous and crystalline regions are 

not same. The enzyme is able to degrade the crystalline regions 

faster than can methylamine. Quantitative GPC (gel permeation 

chromatography) analysis shows that methylamines degrade the 

crystalline regions, forming single and double transverse length 

products. The enzyme system, on other hand, shows no intermediate 

molecular weight material and much smaller weight shift with 

degradation. This indicates that although degradation is selective, the 

crystalline portions are degraded shortly after the chain ends are made 

available to the exoenzyme. The lateral size of the crystallites has a 

strong effect on the rate of degradation because the edge of the 

crystal- is where degradation of the crystalline material takes place, 

due to the crystal packing. A smaller lateral crystallite size yields a 

higher crystallite edge surface in the bulk polymer. Prior to the 

saturation of the enzyme active sites, the rate is dependent on 

available substrate; therefore, a smaller lateral crystallite size results 

in a higher rate of degradation. The degradation rate of a PCL film is 

zero order with respect to the total polymer, but is not zero order with 

respect to the concentrations of the crystallite edge material. The 

drawing of PCL films causes an increase in the rate of degradation, 

whereas annealing of the PCL causes a decrease in the rate of 

degradation. This is probably due to opposite changes in lateral 

crystallite sizes. 
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     In vitro chemical and enzymatic degradations of polymers, 

especially polyesters, were analyzed with respect to chemical 

composition and physical properties. It was found quite often that 

the composition of a copolymer giving the lowest melting point is 

most susceptible to degradation [Zeikov and Livshitz 1987]. The 

lowest packing order, as expected, corresponds with the fastest 

degradation rate. 

 

1.3.2.3. Effect of Radiation and Chemical Treatments 

   Photolysis with UV light and the 7-ray irradiation of polymers 

generate radicals and/or ions that often lead to cleavage and 

crosslinking. Oxidation also occurs, complicating the situation, 

since exposure to light is seldom in the absence of oxygen. Generally 

this changes the material's susceptibility to biodegradation. Initially, 

one expects the observed rate of degradation to increase until most 

of the fragmented polymer is consumed and a slower rate of 

degradation should follow for the crosslinked portion of the polymer. 

A study of the effects of UV irradiation on hydrolyzable polymers 

confirmed this [Huang et al 1980]. Similarly, photo-oxidation of 

polyalkenes promotes (slightly in most cases) the biodegradation 

[Albertsson 1985, Albertsson et al 1987]. The formation of 

carbonyl and ester groups is responsible for this change. 

   Processes have been developed to prepare copolymers of 

alkenes containing carbonyl groups so they will be more susceptible 

to photolytic cleavage prior to degradation. The problem with this 

approach is that negligible degradation was observed over a two 

year period for the buried specimens. Unless a prephotolysis 

arrangement can be made, the problem of plastic waste disposal 

remains serious, as it is undesirable to have open disposal, even with 

constant sunlight exposure. As expected, -y-ray irradiation greatly 

affects the rate of (in vitro) degradation of polyesters [Chu, 1985]. 

For polyglycolide and poly(glycolide-co-lactide), the pH of-the 
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degradation solution decreased as the process proceeded. The 

change-time curves exhibit sigmoidal shapes and consist of three 

stages: early, accelerated, and later; the lengths of these three 

regions were a function of 7-ray irradiation. Increasing radiation 

dosage shortens the time of the early stage. The appearance of the 

drastic pH changes coincides with loss of tensile breaking strength. 

Similar effects via enzymatic and microbial degradation remain to 

be demonstrated. 

 

        The effects of citric acid (CA) on the properties of 

glycerol/starch/linear low-density polyethylene (LLDPE) blends 

were studied (Wang et al; 2006). The plasticization of starch and its 

blending with PE were accomplished in one-step processing. The 

presence of CA improved the dispersion and the plasticization of 

starch, shown by scanning electron microscope (SEM). At the same 

time, the mechanical properties of the blends dramatic increased. 

The rheological study proved that acidic CA could decrease the 

shear viscosity and improve the fluidity of TPS/PE blends. Fourier 

transform infrared (FT-IR) spectroscopy proved that CA could 

weaken the interaction of starch molecules and improve the 

plasticization of starch. The X-ray diffractometer showed that starch 

was plasticized more completely in the CATPS/PE blends. CA 

could also ameliorate the water resistance of TPS/PE blends at 

different relative humidities. 

 

1.3.2.4. Effect of Molecular Weight: 

       There have been many studies on the effects of molecular 

weight on biodegradation processes. Most of the observed 

differences can be attributed to the limit of detecting the changes 

during degradation, or, even more often, the differences in 

morphology and hydro-philicity—hydrophobicity of polymer 
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samples of varying molecular weight. Microorganisms produce 

both exoenzymes [degrading polymers from terminal groups 

(inwards)] and endo-enzymes (degrading polymers randomly 

along the chain). One might expect a large molecular effect on the 

rate of degradation in the ease of exoenzymes and a relatively 

small molecular weight effect in the case of endoenzymes. Plastics 

remain relatively immune to microbial attack as long as their 

molecular weight remains high. Many plastics, such as PE, PP and PS 

do not support microbial growth. Low molecular weight hydrocarbons, 

however, can be degraded by microbes. They are taken in by microbial 

cells, 'activated' by attachment to coenzyme-A, and converted to 

cellular metabolites within the microbial cell. However, these 

processes do not function well (if at all) in an extracellular environ-

ment, and the plastic molecules are too large to enter the cell. This 

problem does not arise with natural molecules, such as starch and 

cellulose, because conversions to low molecular weight components 

by enzyme reactions occur outside the microbial cell. Photo-

degradation or chemical degradation may decrease molecular weight to 

the point that microbial attack can proceed 

   The upper limits of molecular weight, beyond which uptake and 

intracellular degradation do not occur, have not been established for all 

alkane-derived materials. Very slow degradation of paraffins, PE 

glycols, and linear alkyl benzene sulphonates occurs when the length of 

the polymer chain exceeds 24-30 carbon atoms [Walker et al 1975, 

Dwyer and Tiegje 1986, Swisher 1987].  It could be concluded from 

these amply documented results that alkane-based plastics with 

molecular weights exceeding 400-500 daltons (i.ev greater than 30 

carbon atoms) must be degraded into smaller molecules by photo-

degradation. LDPE with a molecular weight average of A =150000 

contains about 11 000 carbon atoms. Decreasing molecules of this size 

to biologically acceptable dimensions requires extensive destruction of 

the PE matrix. This destruction can be partly accomplished in blends of 
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PE and biodegradable natural polymers by the action of organisms, 

such as arthropods, millipedes, crickets, and snails. 

 

 

 

 

1.3.3. Mode of Biodegradation: 

   The biological environment, i.e. the biological surroundings in 

which polymers are present, includes the biological agents 

responsible for the deterioration of polymeric substances. Biological 

agents such as bacteria, fungi and their enzymes consume a substance 

as a food source so that its original form disappears. Under 

appropriate conditions of moisture, temperature, and oxygen 

availability, biodegradation is a relatively rapid process. 

1.3.3.1. Microorganisms 

  Two types of microorganisms are of particular interest in the 

biodegradation of natural and synthetic polymers: bacteria and fungi. 

1.3.3.1.1. Fungi 

     Fungi are microorganisms of particular importance in causing 

the degradation of materials. Fungi are nucleated, spore-forming 

organisms, which reproduce both sexually and asexually. 

    fungi are present everywhere. Their importance as deteriorative 

agents is a result of the production of enzymes which break down 

nonliving substrates in order to supply nutrient materials present in 

polymer compositions. Certain environmental conditions are essential for 

optimum growth and degradation activity. These include an optimal 

ambient temperature, the presence of nutrient materials, and high 

humidity. 

1.3.3.1.2. Bacteria         

   Bacteria have played an undetermined role in relation to fungi 

in polymer deterioration. Bacteria can be single-cell rods, cocci, or 
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spirilla; others are chain-like or filamentous. Bacteria can either be 

aerobic or anaerobic; in contrast, fungi are necessarily aerobic. Some 

bacteria are motile; bacteria are predominantly nonchlorophyllous. 

Their degradative action is also chiefly a result of enzyme production 

and resultant breakdown of the nonliving substrate in order to obtain 

nutrient materials. 

   Bacteria present in soil are important agents for material 

degradation. Particularly affected are cellulosic plant life, wood 

products, and textiles subject to cellulytic degradation. 

1.3.3.2. Enzymes 

   Enzymes are essentially biological  catalysts, with the same action 

as chemical catalysts. By lowering the activation energy they can induce 

an increase in reaction rates in an environment otherwise unfavorable 

for chemical reactions, e.g. water at pH 7 and 30°C. In the presence 

of enzymes, a rise in reaction rate of 10
8
-10

20
 can often be observed. 

The vast majority of enzymes are proteins having a polypeptide 

chain with a complex three-dimensional structure. Enzyme activity is 

closely related to conformational structure. 

   The three-dimensional structure of enzymes with folds and pockets 

creates certain regions on the surface with characteristic primary 

structures (i.e. specific amino acid sequences) which form an active 

site. At the active site the interaction between the enzyme and substrate 

takes place leading to a chemical reaction, giving a particular product. 

  All enzymes are adjusted to a specific environment in which 

their activity and three-dimensional structure are optimal for a 

specific purpose. For human enzymes or enzymes isolated from 

human cells, this environment is a water solution at pH 6-8, an ion 

strength of 0.15 molar (as is normal physiological saline at 0.9% NaCl) 

and a temperature of 35— 40°C. An extremely small change, one of 

these parameters may render the enzyme totally inactive and 

sometimes can even destroy it irreversibly. Other solvents than water, 

especially organic solvents, are also lethal to many enzymes but, on the 
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other hand, there are enzymes that are active in extreme environments, 

e.g. in hot water springs or salty environments. . 

   Different enzymes have different actions, some enzyme change the 

substrate through a free radical mechanism while others follow 

alternative chemical routes. Typical examples are biological 

oxidation and biological hydrolysis. 

1.3.4. Polymer Modification to Facilitate Biodegradation 

      Because oligomers and polymers with main chains containing 

only carbon-carbon bonds (except for those with large numbers of 

polar groups on the main chain such as poly(vinyl alcohol)) show 

little or no susceptibility to enzyme-catalyzed degradation reactions, 

especially at higher molecular weights, several approaches have been 

used to insert 'weak links' within or immediately attached to the 

backbones of such polymers [Cole 1990]. These 'weak links' are 

designed to permit the controlled degradation of an initially high 

molecular weight, hydrophobic polymer into a lower molecular 

weight oligomer, which can then be utilized and consumed by micro-

organisms through biodegradation processes. Particular emphasis in 

this approach to create biodegradable polymers has been placed on 

two types of polymer modifications: mainly the insertion of 

functional groups in the main chain, especially ester groups, which 

can be cleaved by chemical hydrolysis, and the insertion of functional 

groups in or on the main chain that can undergo photochemical 

chain-cleavage reactions, typically carbonyl groups. 

 

      An exceedingly clever method for inserting main chain ester 

groups into vinyl-type polymers,  including polystyrene and 

polyethylene, is to carry out a free radical copolymerization reaction 

on the appropriate vinyl monomer (e.g. styrene or ethylene) with a 

special monomer that undergoes free radical, ring opening reaction to 

generate a main chain ester group (Bailey et al 1990, Bailey and 
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Gapud 1985).  Methylene-substituted cyclic acetal and ortho-ester 

monomers can participate in such a reaction by free radical 

copolymerization according to the mechanism shown for one of these 

types of comonomers: 2-methyleneoxepane (R = H for polyethylene 

or R = C6H5 for polystyrene-based copolymers). 

 

       By using this procedure several different types of otherwise all-

carbon chain polymers have been prepared and after hydrolysis to 

their lower molecular weight carboxy- and hydroxyl-terminated 

oligomers, the latter can be degraded by fungal attack. 

 

        The other principal approach, the preparation of a 

photodegradable copolymer, also utilizes a free radical 

copolymerization reaction. But in this case the comonomer is one 

which will create a ketone group either in the main chain or 

immediately attached to the main chain. Both carbon monoxide and 

vinyl ketones will form such 'weak links', and both of these 

comonomers have been used effectively in small amounts to prepare 

useful copolymers with a variety of vinyl-type monomers (again, 

especially for polystyrene, R = C6H5, and polyethylene, R = H) [Scott 

et al 1973, Guillet 1990]. 

 

     A method for photo-degrading polyethylene is to include metal 

salts, which catalyze I photo-oxidation reactions, in the solid polymer. 

The compounds most generally used for this purpose are divalent 

transition metal salts of higher aliphatic acids, such as stearic acid or 

dithiocarbonates or acetoacetic acid. The photochemical reaction is an 

oxidation-reduction reaction that forms free radicals capable of 

reacting with polyethylene, RH, to initiate an auto-oxidation chain 

reaction.  
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1.3.5. Biodegradable Blends and Applications 

    The blending of biodegradable polymers, such as starch, with 

inert polymers, such as polyethylene, has received a considerable 

amount of attention for possible applications in the waste disposal of 

plastics. The reasoning behind this approach is that, in principal, if the 

biodegradable component is present in sufficient amounts and if it is 

removed by microorganisms in the waste disposal environment, the 

plastic or film containing the remaining inert component should lose its 

integrity, disintegrate and disappear. This concept has found its principal 

application in blends of minor amounts of starch with polyethylene in 

which the latter constitutes the continuous phase so that the blend can be 

melt processed to form films or plastics with polyethylene-like 

properties. 

     Abd El-Rehim et al. (2004) have focused on the possibility of 

accelerating the biodegradation process of low-density polyethylene 

(LDPE) by mixing it with starch and exposing the obtained blend to 

the effect of UV radiation and soil burial treatments. Comparable 

studies between the properties of untreated LDPE/starch blends and 

those exposed to UV irradiation and/or soil burial treatment were 

investigated. In reference to the mechanical properties of untreated 

blends. The tensile strength of the blends exposed to UV irradiation-

soil burial treatments was reduced by 20–66%, meanwhile, the 

tensile strength of the blends exposed only to soil burial treatment 

reduced by 10–26% from the initial value according to the starch 

content in the blend. The changes in the thermal, structural, and 

morphological properties of the blends due to the photo-irradiation 

and/or microbial treatments were determined using differential 

scanning calorimetry (DSC), transform infrared spectroscopy 

(FTIR) and scanning electron microscopy (SEM). The obtained 

results showed that there is a synergistic effect on the LDPE/starch 

biodegradation process when the blends exposed to UV-sunlight 

and followed by soil buried treatment. This means that photo-
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radiation induced oxidation reaction enhanced and accelerated the 

biodegradability rate of LDPE/starch blends by creating oxidized 

LDPE/starch that is more susceptible to biotic reactions. The results 

suggested that it is possible to replace non-degradable polyethylene 

polymer by biodegradable one for controlling the lifetime of its 

waste. 

 

  Granular starch, either in its virgin form or chemically modified on 

the granule surface to increase its compatibility with the matrix 

polymer, has been used to form these types of blends [Gage 1990, 

Griffin 1977, Otey et al 1987, Ropper and Koch 1991].  

 

  In a biologically active environment containing microorganisms that 

secrete amylases, the exposed starch granules on the surface of the 

sample and those granules within the sample which are in direct 

contact with the surface granules, can be enzymatically hydrolyzed 

and completely removed to create pits or voids. When a sufficient 

amount of the starch present in the blend is degraded and removed in 

that manner, the sample should lose its strength and or continuity and 

disintegrate. However, this effect occurs only for samples containing 

fairly large amounts of starch, of the order of 30% by volume, and I 

polyethylene plastics and films containing so much granular starch 

have substantially  decreased tensile, tear and impact strengths. That 

is, the effective connectivity and accessibility of the starch granules, 

which is required for extensive enzymatic hydrolysis and removal, is 

achieved only at relatively high starch contents. At lower starch 

contents, with blend compositions much below the threshold level for 

the connectivity of granules, very little effect on mechanical properties 

results from the biodegradation of the accessible starch component. 

   The melt blending of non-biodegradable thermoplastics, such as 

polystyrene, poly(vinyl chloride) and polyethylene, with biodegradable 

thermoplastics is receiving increasing attention. The biodegradable 

polymers that have melting temperatures which permit melt blending in a 
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reasonable temperature range are primarily polycaprolactone which has a 

melt transition at 60°C and the bacterial copolyesters containing 3-

hydroxybutyrate and 3-hydroxyva-lerate units which melt between 80 

and 180°C depending on their repeating unit compositions. The rates 

of biodegradation of such blends can vary widely with variations in 

compatibility of the two components and in the blending procedure. 

These parameters greatly affect the morphology of the resulting blend, 

which in turn controls the accessibility of the biodegradable component 

and, therefore, its biodegradability [Juni et al 1986, Koenig et al 1985, 

Dave et al 1990]. 

 

   Most synthetic polymers are considered to be resistant to 

microbial attack. Their biodegradability depends on various physical 

and chemical properties. Low molar mass polyethylene facilitates 

fungal growth to a certain degree [Agarwal et al 1971]. 

 

  Griffin (1976) reported on the degradation of buried LDPE in 

composting rubbish environments. Evidence was offered linking the 

initial stage of breakdown with the transfer by diffusion of 

unsaturated lipids from the compost to the polymer associated with the 

generation of peroxide by autooxidation. 

     Severini et al (1987) studied the environmental degradation of a 

stabilized LDPE film for up to 12480 h of exposure. The highest 

concentrations of carbonyl and vinyl groups are observed between 

8000 and 10 500 h of exposure. In the same time range the mechanical 

properties undergo the most significant reduction, while Mw and the 

thermal oxidation strength reach their lowest values. A spontaneous 

tearing of the film starts after about 1C 000 h of exposure. The areas 

close to the tearing lines show the highest values of the relative optical 

densities of the carbonyl and vinyl groups. The crystallinity remains 

steady. 
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    Severini et al (1986) studied the environmental degradation of a 

stabilized LDPE film to show that a reduction in mechanical properties 

and structural changes is observed after 8500 h of exposure. 

  Although several microorganisms facilitate the biodegradation of 

hydrocarbons, the bio-degradation of polyethylene is somewhat slow 

[Albertsson and Ranby 1976]. 

 

  Corbin and Henman (1981) studied the bio-degradation of 
14

C-

labelled polyethylene, where the rate of conversion was only about 2% 

per year. This suggests that the PE film could not be degraded 

significantly. This is because the degradation mechanism for linear 

hydrocarbons involves the oxidation of the terminal-methyl group to a 

carboxylic acid group and the degradation of the resulting fatty acid by 

stepwise /3-oxidation (two carbon units at a time). In high molar mass 

linear polyethylene, there are only two methyl groups which are not 

located in the bulk of the hydrophobic medium and these are not 

readily accessible to the microorganism. On the other hand, if ester 

groups could be introduced into the backbone of polyethylene, it would 

become more biodegradable. 

  Albertsson (1980) studied the microbial and oxidative effects in 

the degradation of PE. Bio-degradative conversion of 
14

C present in the 

HDPE film to respiratory 
14

CO2 during a two-year aerated cultivation 

with soil dropped from 0.36% by weight to less than 0.16% by weight 

when the HDPE film was deprived of most of its low molecular weight 

components by extraction with cyclohexane. A decrease of 
14

CO2 

production after extraction was observed in different abiotic aging 

cultures. This is direct evidence for the primary utilization of the 

short-chain oligomer fraction of the main crystalline material. The 

extractable oligomeric fraction of HDPE was analyzed by GPC, and Mn 

values of 1049, 1088 and 1297 were found in untreated, aged and 

biodegraded material, respectively, indicating that microbes can 

oxidize somewhat longer polyolefin chains than abiotic forces do 

during aging. The limited degradation of HDPE confined to the 
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extractable materials is comparable to the degradation of straight-chain 

n-alkanes and presumably proceeds according to a similar mechanism. 

Such materials (n-alkanes) can exist in the interstitial spaces between the 

crystalline lamellae as fringed micelles which infiltrate these cavities 

as amorphous clusters. They are also produced to some extent 

during aging and weathering. Protection of HDPE by antioxidants 

(sterically hindered phenols) resulted in an inhibition of microbial 

of 
I4

C to 
14

CO2.  

 

   Aging was also suppressed in this way, indicating that although 

remnants c, the supported CrO3 polymerization catalyst, are 

responsible for a slight but cumulative abiotic oxidation of the 

unprotected polymer. This effect will be counteracted by the 

antioxidative  additives. As biological degradation is superimposed 

on the chemistry of aging, a multi synergism between the effects is 

feasible. 

  Colin et al (1981) studied the biodegradation of polyolefins and 

polyamide films under soil burial conditions extending for up to 

about three years. Based on the results of changes in elongation at 

break, the films have been ranked in the order of increasing 

sensitivity to degradation as: polyester = polypropylene < LDPE = 

HDPE < nylon-66. The degraded Nylon-66 and PP-films were 

characterized by IR, luminescence spectroscopy, and scanning 

electron microscopy, as well as by wet analysis for hydroperoxides. 

It was shown that the oxidative process was the cause of 

biodegradation for the nylon-66 film during soil burial.  

 

   Albertsson and Karlsson (1988) studied the three stages in the 

degradation of polymers taking polyethylene as a model substance. 

Data relating to the degradative conversion of 
I4

C present in the LDPE 

film to respiratory 
M

CO2 during a 10-year aerated cultivation with 

soil were presented. The degradation was performed with two sets 

of LDPE samples, one without additive (PE) and other containing 
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UV sensitizer (NDPE). Samples were exposed to UV  irradiation for 

0, 7, 26 and 42 days. The degradation is characterized by three 

stages: (I) constant degradation rate, (II) a parabolic decline in the 

rate of degradation, and (III) a subsequent final increase in the rate 

of degradation. The first step (I) is probably dependent on the 

environment. The material changes rapidly until some kind of 

equilibrium with the environment has been achieved. CO2 is evolved, 

oxygen uptake is rapid, and a rapid change in mechanical properties is 

also observed. The second step (II) is characterized by low oxygen 

uptake, a low evolution of CO2 and slow changes in mechanical 

properties, crystallinity and molecular weight. The change in 

mechanical properties is more or less lost due to the final collapse of 

the structure. For an inert material such as PE, 10 years is a relatively 

short time, so that only small indications for step (III) and a coming 

mineralization point can be observed. The changes are more evident 

for NDPE. The use of degradable materials, foil example 

polypropiolactone, however, means that it is possible during a two-

year period to study all three stages. 

 

  Karlsson et al (1988) studied the biodegradation of polyethylene 

and the influence of surfactants. LDPE samples were exposed to UV 

radiation for 27 days. Thereafter they were added to an a biotic 

environment. By increasing the amount of polyethylene added to a I 

soil system it was possible to compare how different amounts of 

irradiated PE affect the degradation rate and the evolution of CO2. 

The degradation rate seems to be independent of the amount of PE 

added to the soil system but dependent on the biotic activity. The 

amount of  CO2 evolved follows close to a linear relationship. The 

addition of a surfactant to a nutrient solution containing PE results in 

an increased degradation rate. In contrast to the behaviour of similar 

samples without surfactant, this sample sinks to the bottom of the 

flask instead of floating on the surface of the solution. 
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       Biodegradation of polyethylene was also characterized
 

by 

Raphavan (1992) using DSC and FTIR techniques, Aspergillus 

niger, a fungus, was used in the degradation of commercially 

available thermo-plastic polyethylene samples. Quantitative 

calorimetric measurements performed on abiotic I and biotic treated 

polyethylene samples revealed that the amorphocity of the samples 

decreased during the biodegradation. In addition, it was found that 

the external substrates (sucrose) in the growth medium influenced 

the biodegradation process of polyethylene. Furthermore, the 

crystallinity data on different bio-treated samples indicated that the 

adapted microorganisms were able to metabolize a small portion of 

polyethylene. The significance of the FTIR results for the polyethylene 

samples has been discussed. 

    Biodegradation of natural polymers such as cellulose and proteins 

during exposure to soil have been well understood. In a review (Griffin, 

1980) concerning the environmental degradation of synthetic polymers 

under the influence of living organisms, it was found that the loss of 

strength, transparency, or good dielectric properties could be the result 

of biodegradation. 

 

     It was shown that lower molecular weight, normal (straight-chain) 

paraffins can be readily degraded by microorganisms, whereas their 

branched isomers showed slower degradation rates ( Barua 1970, 

Merdinger and Merdinder 1970).  

 

    The ability of microbial enzymes to oxidize the terminal groups in 

hydrocarbon polymers has been studied by several researchers. Potts 

et al. (1972) compared the bio-degradability of linear and branched 

hydrocarbons in the molecular weight range 170-620, using the 

ASTM test method D 1924-63. The linear hydrocarbons did not 

support the growth during the first three weeks of the test; also, 

none of the branched-chain hydrocarbons supported growth of the 

test fungi. 
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   Polyethylene is one of the most resistant packaging materials. 

Intensive research is in progress to produce a decomposable grade. 

For biodegradation to take place it should be mixed with organic 

substances that help it to decompose more readily. To distinguish 

between the carbon dioxide formed by decomposition of the plastic 

and that formed from the readily decomposable substances, 

polyethylene containing the radioactive isotope
-14

C has been used in a 

series of experiments in actual soil tests (Nykvist, 1975). 

 

     Potts et al; (1972) also studied the biodegradation of 

hydrocarbon samples and polyethylene after thermal degradation with 

four different strains of fungi and estimated the mycelium growth. 

Another fungus, (Aspergillus oryzae) was reported to grow on the 

surface of poly-ethylene and led to an increased degree of crystallinity. 

     The growth on polyethylene has been interpreted as being limited 

to the microbial action on the surface of an inert support without 

impact on the polymers([Kuster et al; 1973). However, it was found
 

that polyethylene is successively degradable in compost and the 

decrease in tensile strength is related to biodegradation. 

Biodegradation of 
14

C-labelled HOPE has been studied in the presence 

of cultivated garden soil (using several strains of white-rot fungi and 

the soil mould (Fusarium redolens) by a specific respirometric 

technique. 

 

   Mobilization of 
14

C from randomly labeled HDPE by the soil 

indicated a limited but not negligible degradation when the 

polymer films were exposed to strongly aerobic cultivation for 

more than two years [Albertson 1978]. These results did not resolve the 

controversial question of whether polyethylene is successively 

biodegradable or is completely withstanding any biological impact, 

or whether the chemical cleavage is enhancing the biological effect. 

In another study (Albertsson et al 1978), labeled HDPE in 
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powdered form was used as a substrate exposed to attack by fungi, 

namely (Fusarium redolens). This powder is the first polymeric solid 

product used in the industrial processing of polyethylene and is the only 

one of its kind reported to be biodegradable. Many other studies to 

synthesize polymers that are more susceptible to biodegradation have 

been reported [Rodriguez 1971]. 

      According to Baum and Deanin (1973) photodegradation of 

polymers is essential before biodegradation. Some additives like 

transition metal complexes and the pure oleic ester of octanol 

enhanced the photo-degradation processes.  

 

       Rodriguez-Gonzalez et al; (2003) reported that the thermoplastic 

starch (TPS), as opposed to dry starch, when mixed with other 

synthetic polymers can behave in a manner similar to conventional 

polymer-polymer blends. A one-step combined twin-screw/single 

screw extrusion set up is used to carry out the melt-melt mixing of 

the components. Glycerol is used as starch plasticizer and its content in 

the TPS is varied from 29 to 40%. Under the one-step processing 

conditions used, it was possible to develop continuous TPS (highly 

interconnected) and co-continuous polymer/TPS blend extruded 

ribbon which possesses a high elongation at break, modulus and 

strength. The PE/TPS (55:45) blend prepared with TPS containing 

36% glycerol maintained 94% of the elongation at break and 76% of 

the modulus of polyethylene. At a composition level of 71:29 

PE/TPS for the same glycerol content, the blend retained 96% of the 

elongation at break and 100% of the modulus of polyethylene. These 

excellent properties were achieved in the absence of any interfacial 

modifier and despite the high levels of immiscibility in the polar-

non-polar TPS-PE system. The 55:45 blends possesses a 100% 

continuous or fully interconnected TPS morphology, as measured by 

hydrolytic extraction. This highly continuous TPS configuration 

within the blend should enhance its potential for environmental 

biodegradation. The elongation at break in the cross direction of 
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these materials, although lower than the machine direction 

properties, also demonstrates ductility at high TPS concentrations. 

At a glycerol content of 36% in the TPS, the blends demonstrate 

only very low levels of sensitivity to moisture. A high degree 

of transparency is maintained over the entire concentration range 

due to the similar refractive indices of PE and TPS and the virtual 

absence of interfacial micro-voiding. Effective control of the 

glycerol content, TPS concentration and processing conditions can 

result in a wide variety of morphological structures including 

spherical, fiber-like, highly continuous and co-continuous 

morphologies. These various blend morphologies were shown to 

be the determining parameters with respect to the observed 

mechanical properties. This material has the added benefit of 

containing large quantities of a renewable resource and hence 

represents a more sustainable alternative to pure synthetic 

polymers. 

 

       Chandra et al. (1997) claimed that environmental regulations 

restrict the use of non-degradable polymers and encourage the 

development of degradable plastics. In order to obtain a cost-

effective biodegradable plastic, starch-filled polyethylene (PE) is still 

the best alternative. Starch and PE blend is incompatible at the 

molecular level and often leads to poor performance. In order to 

overcome this drawback, either PE or starch should be modified. So 

they made modified linear low-density polyethylene (LLDPE) and 

blend it with starch. Maleic anhydride (MA) was grafted onto 

LLDPE in xylene using dicumyl peroxide (DCP) as an initiator. 

Corn starch in varying concentrations (between 10 and 60%) was 

blended with MA-g-LLDPE in a torque rheometer. The same blend 

compositions of nonfunctional LLDPE with starch were prepared for 

comparative studies. The torque and totalized torque generated 

during blending were reported as a function of starch content. Torque 

decreased with increasing starch content for the compositions from 10 
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to 50% and increased for 60% starch content. Work energy 

decreased for all the compositions of blends except for 60% starch 

content. Tensile strength and modulus increased and percentage 

elongation decreased as the starch content increased in the blends. 

Water absorption of the blends increased with increasing starch 

content. The biodegradability of MA-g-LLDPE/starch blends was 

studied in two biotic environments: (1) soil environment over a 

period of 6 months; (2) mixed fungi inoculum (Aspergillus niger, 

Penicillium funiculosum, Chaetomium globosum, Gliocladium virens 

and Pullularia pullulans) for 28 days. The samples containing more 

than 30% starch content supported heavy fungus growth. Blends 

exposed to a soil environment degraded more than in fungi alone. 

Any changes in the various properties of the MA-g-LLDPE/starch 

before and after degradation were monitored using IR spectroscopy, 

weight loss, a scanning electron microscope (SEM) for surface 

morphology, a differential scanning calorimeter (DSC) for 

crystallinity and a thermogravimerric analyzer (TGA) for rapid 

determination of starch content. Percentage crystallinity decreased as 

the starch content increased and biodegradation resulted in an 

increase of crystallinity in MA-g-LLDPE/starch blends. 

Bikiaris et al. (1998) investigated a series of polyethylene / 

plasticized starch blends prepared using a poly (ethylene-g-maleic 

anhydride) copolymer as a reactive compatibilizer. Uncompatibilized 

blends were also prepared for comparison purposes. The prepared 

blends were studied using mechanical properties measurements and 

SEM microscopy to determine their morphology. The blends were 

also exposed to activated sludge to determine their biodegradability. 
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CHAPTER II 

MATERIALS, METHODS AND MEASUREMENTS 

2.1. Materials 

2.1.1. Polymers  

   Low-density polyethylene (LDPE) (containing 25 wt.% EVA) was 

supplied by Qatar Petrochemical Company Ltd., Qatar. Maize starch 

used throughout this study was supplied by the Egyptian Company for 

Starch and Glucose, Cairo, Egypt. 

2.1.2. Plasticizers 

    Three plasticizers were used throughout this study. These are glycerol (GY) 

from El Nasr company, Egypt, tetraethylene glycol (TEG) supplied by BBH 

company, Germany and mono-propylene glycol (MPG) supplied by Aldrich, 

USA. 

2.1.3. Compatibilizers 

    Two compatibilizers were used throughout this work. The first 

compatibilizer was a functionalized polypropylene/maleic anhydride 

graft copolymer (POMA). This compatibilizer is the product of Uni 

Royal Chemicals, USA, and it was sold under the commercial name 

Polybond. The second reactive compatibilizer trimethylolpropane 

triacrylate (TMPTA) (C15H20O6) was the product of UCB, Asia 

Pacific (Malaysia). 

2.2. Technical Procedures 

2.2.1. Preparation of Plasticized Starch (PLST) 

    Plasticized starch is formed by adding (20 wt. %) based on starch 

weight of glycerol, or tetraethylene glycol, or monopropylene glycol 
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mixed with distil water, then stirred until it becoms a homogeneous 

slurry.  

2.2.2. Preparation of Low Density Polyethylene / Plasticized Starch 

(LDPE/PLST) Blends Compatibilized with Polypropylene /Maleic 

Anhydride Graft Copolymer (POMA)  

     Plasticized starch (PLST) with glycerol; tetraethylene glycol or 

monopropylene glycol was melt blended with LDPE in a Brabender 

Plasticorder PL 2100 Mixer with a volume capacity of 250 cm
3
 at 

170 °C, 60 rpm and for 15 min to obtain different PLST/LDPE 

blends. In all LDPE/PLST blends, LDPE pellets were mixed with 

constant ratios of the compatibilizers POMA at 2 wt. %. The 

LDPE/PLST films were prepared by compression molding under a 

hot press at 150 °C for 7 min. The time of pressing was controlled 

carefully to ensure that the obtained LDPE films were not exposed to 

thermal damage. During this work a hot press machine type Saspol 

made by Costruzioni Meccaniche (Italy) was used. The conditions of 

hot pressing were kept at a pressure of 1800 kg / cm. 

2.2.3. Preparation of Low Density Polyethylene/ Plasticized Starch 

((LDPE/PLST) Blends Compatibilized With Trimethylolpropane 

Triacrylate (TMPTA) Monomer 

    Blends were prepared as described above except their mixing with 

1wt % of TMPTA insteed of POMA.  

     Irradiation of samples was carried out in air at ambient 

temperature on the electron beam accelerator (1.5 MeV, 30 mA) 

facility installed at the National Center for Radiation Research and 

Technology, Cairo, Egypt. The irradiation was performed at 6.2 
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mA current and conveyer speed of 3 m/min to give a total dose of 

10 kGy for each pass. The total irradiation doses of 30, 50 and 100 

kGy were obtained by multiple passes. 

2.3. Measurements and Analyses 

2.3.1. FTIR Spectroscopic Analysis 

   The IR analysis was carried out using an FTIR 

spectrometry Model Mattson (Genssis) made by Unicam, 

England. 

2.3.2. Thermogravimetric Analysis (TGA) 

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

at a heating rate of 10 
o
C/min under nitrogen atmosphere from room 

temperature up to 500 
o
C.  The TGA thermograms were used to 

determine the different kinetic parameters.  

2.3.3. Differential Scanning Calorimetry (DSC) 

    DSC measurements were performed using a Shimadzu 

DSC-50 Calorimeter equipped with data station. A heating 

rate of 10 °C/min was utilized and the scans were carried out 

under a flowing nitrogen atmosphere at a rate of 20 ml/min. 

2.3.4. Scanning Electron Microscopy (SEM) 

    The morphology of the fracture surfaces of the different 

LDPE/PLST composites was examined by SEM. The SEM 

micrographs were taken with a JSM-5400 electron 

microscope made by JEOL, Japan. A sputter coater was used 

to pre-coat conductive gold onto the fracture surfaces before 

observing the micrographs at 15 Kv. 

 



CHAPTER II                                      MATERIALS, METHODS AND MEASUREMENTS 

 

52 

 

2.3.5. Tensile Mechanical Properties 

   Mechanical tests including tensile strength and elongation at yield 

and break points were preformed at room temperature using an 

Instron Machine (model 1195) employing a crosshead speed of 20 

mm/min. for LDPE/PLST blends and 10 mm/min. for LDPE/PLST 

foaming blends. The mechanical properties of the samples were 

tested in the form of strips of 5 cm in length and 0.4 cm in width. 

The recorded values for each mechanical parameter were the 

average of five measurements according to ASTM D-638 standards. 

2.3.6.  Equilibrium Water Absorption Test 

Sample of weight W0 , fastened in a vessel full of distilled water for 

2, 4, 8 weeks, was removed, dried gently by using filter paper 

to get out excess of water, reweighed (W2) and the percentage 

of water absorbed was determined according to the following 

equation: 

Water absorption (%) = [(W2-W0)/W0] X 100 

2.3.7. Biodegradation Evaluations Tests 

2.3.7.1. Biodegradation in soil 

The biodegradation susceptibility of the LDPE/PLST blends was 

tested by a soil burial test. In this method, naturally fertile top soil 

is placed in a dry wooden box to a depth of at least 13 cm. The soil 

was brought to the optimum moisture content by gradual addition 

of water. Before burying, the samples were then buried 

horizontally and precautions were taken to ensure uniform 

covering with the soil along the length of the samples. The 

samples were buried in march-June for periods up to four months. 



CHAPTER II                                      MATERIALS, METHODS AND MEASUREMENTS 

 

53 

 

2.3.7.2. Biodegradation on Aspergillus Niger Agar Culture 

    In this test, the LDPE/PLST blends samples were placed in Petri 

dishes filled with a thin layer of agar covered with spoors of 

Aspergillus Niger fungus. The dishes were incubated at 28-30 
o
C and 

85-90 relative humidity for 4 weeks. The Petri dishes were sealed by 

wax to avoid any kind of contamination during incubation. The only 

carbon source for the growth of the fungi was from the samples. The 

samples were evaluated in terms of weight loss (%). 

2.3.7.3. Biodegradation in Aspergillus Niger Solution 

    In this test, the LDPE/PLST blends samples were placed in conical 

flaskes filled with solutions of Aspergillus Niger fungus. The flasks 

were incubated at 28-30 
o
C and 85-90% relative humidity for 4 weeks. 

The flasks were sealed by wax to avoid any kind of contamination. The 

only carbon source for the growth of the fungi was from the samples. 

The samples were evaluated in terms of weight loss (%). 
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CHAPTER III (Part 1) 

RESULTS AND DISCUSSION 

 

Compatibilization and Biodegradation of Low 

Density Polyethylene/Plasticized Starch 

(LDPE/PLST) Blends 

3.1. Plasticization by Different Plasticizers and 

Compatibilization by Polypropylene/ Maleic Anhydride Graft 

Copolymer (POMA) and Electron Beam Irradiation 

   Blending process has showed an important effect in improving the 

performance of polymeric materials. It has become an economical 

and versatile route to obtain polymers with a wide range of 

desirable properties (Thakove et al., 2001). In order to ensure the 

homogeneity in blends at microscopic level, it is necessary to 

reduce their interfacial adhesion, so that the characteristics of 

blend components are improved or at least retained.  

      There has been a growing interest to develop new materials 

based on renewable and biodegradable polymers such as starch. These 

materials could be used as substitutes for products made from non-

renewable synthetic polymers (Ramkumar et al. 1997).     Starch 

polymer contains three hydroxyl polar hydrophilic groups in each 

repeating units, while polyethylene is non-polar hydrophobic polymer 

and they are immiscible. As a result of this immiscibility, LDPE/starch 

blend has mechanical properties inferior to those of LDPE 

(Ramaswamy et al., 1998; Bikiaris, et al. 1998). To increase the  
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interfacial adhesion between the two polymers, the use of 

compatibilizers is necessary. The blending of LDPE/PLST blend to 

improve the mechanical properties and biodegradability has been 

studied by many authors (Vaidya and Bhattacharya, 1994; Lorcks 

1998; Chandra and Rustgi 1997; Sailaja et al. 2001; Bikiaris and 

Panayiotou, 2001).  

     In this part, a trial was made to improve the compatibility of 

LDPE/PLST blends by using constant ratio of 2 wt% of 

polypropylene/maleic anhydride graft copolymer (POMA) and electron 

beam irradiation. 20 wt% of glycerol (GY), tetraethylene glycol (TEG) 

and monopropylene glycol (MPG) was used as plasticizers for starch. It 

should be noted that the ratio of POMA was based on the weight of 

LDPE component, whereas the ratio of plasticizers was based on starch 

weight. The LDPE/PLST blends were in the form of thin films and 

exposed to various doses of electron beam irradiation.  

3.1.1. Characterization 

   The different modified LDPE/PLST blends were characterized in 

terms of IR spectroscopy, thermal, mechanical properties, morphology 

properties and water absorption. 
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3.1.1.1. IR Spectroscopy 

    FT-IR spectroscopic analysis can give useful information about 

chemical changes occurring in polymer systems due to blending 

process as well as EB irradiation. However, the detection of such 

changes may be restricted because often different polymer 

compounds in the blend are chemically similar, so their absorption 

peaks are masked. To facilitate the changes detection, a comparison 

between the characteristic bands of the compounds is investigated.  

        IR spectra of LDPE and different ratios of LDPE/PLST blends, 

before and after EB irradiation to various doses are shown in Figs, 1-

4. Table 1 summarizes the assignments of the different IR bands 

characteristics of LDPE and starch taken from literature (Brandrup 

et al. 1983).  It can be seen from these figures that the IR spectrum 

of LDPE has an absorption band at about 2500-3200 cm
-1

 due to 

CH2 stretching groups as almost all organic compounds. The 

intensity of this band was found to increase after blending with 

PLST and increases with increasing the ratio of PLST. An 

absorption band can be seen in the IR spectra of LDPE/PLST blends 

at about 3100-3700 cm
-1

, which is due to OH stretching arising due 

to addition of PLST to the blends. As shown, there is no significant 

shift in the position of the IR peaks compared to those of the IR 

spectrum of pure LDPE, which indicates that there is no 

intermolecular interaction between starch and the LDPE. The only 

intermolecular forces expected to develop between starch and LDPE 
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are weak Van der Waals interaction forces (dispersion forces) 

(Prinos et al. 1998). However, the broadness of the stretching band 

due to the OH groups in the IR spectra of LDPE/PLST blends is 

indication of the formation of hydrogen bonds between the OH groups 

of the starch and other component in the blend.  

     IR analysis can be used to illustrate the chemical change that might 

be occurring in the polymer materials due to irradiation. Irradiation of 

polymers in air creates oxidative products (C=O and O-H) that can be 

followed by FT-IR measurements (Bellamy et al. 1997). As shown in 

Figs 2-4, there is an increase in the intensity of transmittance bands 

due to oxygenated groups formed during electron beam irradiation. 

This increase is more pronounced in LDPE/PLST blends than that of 

pure LDPE. Also, the intensity of these bands was found to increase 

with increasing the ratio of PLST in the blends. This increase is due to 

the degradation ability of starch which is more than that of LDPE under 

EB irradiation. 

3.1.1.2. Thermal stability (TGA) 

    Thermogravimetric analysis (TGA) is widely used technique to 

investigate the thermal stability of polymers over a wide range of 

temperatures. The thermal stability of any polymeric material is largely 

determined by the strength of covalent bonds between the atoms 

forming the polymeric materials. The dissociation energy for covalent 

bonds; C-H, C-C, C-O, O-H and C=O was reported to be 414, 347, 

351, 364 and 351 kJ/mol respectively (Whittin and Gailelt, 1981). On 
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the bases of these values, the average dissociation energy of LDPE and 

starch is calculated to be 400 and 401 kJ/mol. Thus, it can be 

concluding, depending on the theoretical  
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Table 1:  Assignments of the different IR absorptions bands found 

in the IR spectra of pure LDPE and pure starch 

Band  absorption 

(cm
-1

) 

Assignments 

LDPE 

2896 (s) 

1466,1455 (m-s) 

 

1378,1369,1353 

797 

 

724 

 

C-H stretching 

CH2 scissor and asymmetric bend 

C-H due to CH2 and CH3 

-CH2-CH3 ethyl group attached to 

backbone 

CH2 rocking 

Starch 

3000-3650 (s.br) 

 

2926 (s) 

1640 (w-m) 

1461 (m,sh) 

1445-1325 (m,s) 

1244 (m,s) 

 

400-930 (w,m,br.) 

 

O-H stretching associated with 

absorbed water 

C-H stretching 

δ (O-H) band of absorbed water 

CH2 bending 

CH2 bending and wagging 

(C-O) stretching (C-O-C and C-O-

H) 

O-H deformation (broadening by 

water, C-O-C ring vibration) 

(s)= strong, (m) = medium, (w) = weak, (br) = broad,(sh)=sharp 
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Figure 1: IR Spectra of pure low density polyethylene (LDPE) 

before and after EB irradiation to various doses 
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Figure 2: IR spectra of LDPE/PLST (95/5%) blends plasticized by 

20% GY and compatibilized by 2% POMA graft copolymer before 

and after EB irradiation to various doses 
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Figure 3: IR spectra of LDPE/PLST (90/10%) blends plasticized by 

20% GY and compatibilized by 2% POMA graft copolymer before 

and after EB irradiation to various doses 
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Figure 4: IR spectra of LDPE/PLST (80/20%) blends plasticized by 

20% GY and compatibilized by 2% POMA graft copolymer before 

and after EB Irradiation to various doses 
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calculations, the addition of starch to LDPE will not affect the thermal 

stability at any blend ratios. However, the formation of intermolecular 

hydrogen bonding as well as bonds between the macromolecules of the 

blend components is expected to increase the thermal properties.  

a) Effect of PLST ratio 

    Figure 5 shows the initial TGA thermograms and the rate of thermal 

decomposition curves for unirradiated LDPE and different ratios of 

LDPE/PLST blends. Table 2 also, summarizes the weight loss (%) at 

different decomposition temperatures for the same materials taking 

from the corresponding TGA thermograms. It can be seen that the 

weight loss (%) over the temperature range from 100 to 500
o
C differs 

from material to another. The weight loss (%) for LDPE/PLST is 

higher than that for pure LDPE at the temperature range upon to 300
o
C.  

After that no clear difference in weight loss (%) between LDPE and 

LDPE/PLST blends as expected from theoretical calculations. The 

higher weight loss (%) in LDPE/PLST blends than LDPE within the 

temperature range (up to 300
o
C) may be due to the decomposition to 

low molecular weight molecules, in which glycerol bounded and water 

were removal from two adjacent O-H groups. Also, the presence of 

ether linkage in starch molecule as a weak bond (≈ 75 kJ/mol) is 

considered as weak point and starting point for decomposition. The 

derivative of the TGA thermograms, or the rate of decomposition 

reaction (dw/dt), was plotted against temperature as shown in Fig. 5.  It 

can be seen that the rate of reaction curves for both pure LDPE and 
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LDPE/PLST blends goes through one maximum over
 

the 

decomposition temperature range. The temperatures of the maximum 

value of rate of reaction for LDPE and LDPE/PLST blends at different 

ratios are shown in Table 2. From the Table, it can be seen that 

LDPE/PLST blends displayed Tmax higher than that for LDPE and this 

change in Tmax depends on PLST ratio in the blend. 

b) Effect of plasticizer type  

  To investigate the effect of plasticizer type on the thermal properties 

of LDPE/PLST blends, the TGA thermograms for unirradiated 

LDPE/PLST (80/20%) blends containing 20% glycerol (GY) or 

tetraethylene glycol (TEG) or monopropylene glycol (MPG) were 

plotted as shown in Fig 6. The obtained weight loss (%) at different 

temperatures is summarized in Table 2. It can be seen that the thermal 

stability of unirradiated LDPE/PLST (80/20%) blends plasticized by 

different plasticizers can be arranged as follows: LDPE/PLST 

(80/20%)-MPG  LDPE/PLST (80/20%)-TEG  LDPE/PLST 

(80/20%)-GY  
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Figure 5: TGA thermograms and rate of reaction of 

unirradiated LDPE and different ratios of LDPE/PLST blends 

plasticized by 20% GY and compatibilized by 2% POMA 
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Unirradiated LDPE/PLST (80/20%) blends 
plasticized by different plasticizers
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Figure 6: TGA thermograms and rate of reaction curves of 

unirradiated LDPE/PLST (80/20%) blends plasticized by 20% 

of different plasticizers and compatibilized by 2% of POMA 
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c) Effect of electron beam irradiation  

   Radiation technology may serve as a tool not only for surface 

grafting to improve surfaces, but also for reaction compatibilization 

(Babak Ghanbarzadeh, and Oromiehi, 2008). The main advantages 

of the application of high energy radiation applied to polymer blends 

may be summarized as follow: (1) Strong bridges between 

macromolecules can be formed. (2) The compatibilization by high 

energy radiation for polymer blends (one crosslinkable and the other 

less stable to high energy radiation) can be achieved without any 

additives. (3) Addition of multifunction monomer or ionomer to 

polymer blends however is effective in accelerating and increasing the 

crosslinking degree in irradiated polymer blends.  

   The effect of electron beam irradiation on the thermal properties of 

LDPE/PLST (80/20) blends plasticized by GY, TEG, and MPG EB 

irradiated to different doses were determined by TGA as shown in 

Figs. 7-9.  From these figures, it can be seen that the thermal stability 

of irradiated blends is higher than that of unirradiated blends over the 

entire range of studied temperatures (100-500
o
C). Also, the weight loss 

(%) at different temperatures is summarized in Table 2.  From the 

Figures and Table, it can be seen that the thermal stability of the blends 

were increased with increasing irradiation dose and this increase was 

higher in case of LDPE/PLST (80/20%) containing TEG plasticizer 

than in case of MPG and in case of GY. This can be explained based on 

the chain length of  
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Figure 7: TGA thermograms and rate of reaction curves of 

LDPE/PLST (80/20%) blends plasticized by 20% of GY and 

compatibilized by 2% POMA graft copolymer, before and after EB 

irradiation to various doses 
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Figure 8: TGA thermograms and rate of reaction curves of 

LDPE/PLST (80/20%) blends plasticized by 20% of TEG and 

compatibilized by 2% of POMA graft copolymer before and after 

EB irradiation to various doses 
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LDPE/PLST (80/20%) blends 
plasticized by MPG
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Figure 9: TGA thermograms and rate of reaction curves of 

LDPE/PLST (80/20%) blends plasticized by 20% of MPG and 

compatibilized by 2% of POMA graft copolymer before and after 

EB irradiation to various doses 
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Table 2: Weight Loss (%) at different temperatures of 

unirradiated different ratios of LDPE/PLST blends plasticized by 

20% of  different plasticizers and compatibilized by 2% POMA 

before and after electron beam irradiation to various doses  

Type of 

plasticizer 

LDPE/P

LST 

blends 

(%) 

 

Dose  

(kGy) 

Weight Loss (%) 
Tmax 

(0C) 

100oC 200oC 300oC 400oC 500oC 

GY 

 

 

 

LDPE 

(100%) 
0 

0.93 

 

3.89 

 

38.34 

 

76.22 

 

99.69 

 
315 

95/5 0 0 0 3.3 57.9 90.1 380 

90/10 0 0 0 2.3 39.2 92.5 421 

80/20 

 

0 0.4 0.5 7.2 54.5 90 380 

30 0.6 2.1 15.9 53.4 90.8 389 

50 0 5 28.2 49.9 100 404 

100 0.1 2.1 15.1 50.4 100 418 

 

TEG 

80/20  0 0.4 2 14 40 93 404 

30 0 0.6 7.7 50.5 97 390 

50 0 0.3 8.7 56.8 91 396 

100 0.4 1.6 9.5 27.3 97 429 

 

MPG 

80/20 0 0.4 1.2 6 50 87 419 

30 0.5 0.7 7.9 60 85 369 

50 0 0.6 14 24 90 406 

100 0.6 1.1 14 24 91 417 

 

plasticizer. For longer chain length, the probability of plasticizer 

involved in free radical formation was increased with increasing chain 

length and consequently, the crosslinking degree under electron beam 

irradiation was increased with increased free radical formation. 

From the above data, few points may be summarized: 

(1) The strength of chemical bonds in the different constituents of the 

blends, and the weak bonds in the backbones (as ether linkage in 

starch) is the important factor in determining the thermal stability of the 

polymer blends. Although, the average dissociation energy of the two 
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polymers are nearly equal, the blending of starch with LDPE decreases 

the thermal stability of unirradiated blends due to the weak points in 

starch induces structure defects and/or irregularities as weak points in 

LDPE. These weak points decrease the thermal stability with the 

addition of starch.  

(2) The presence of secondary chemical interaction such as van der 

Waals interaction and hydrogen bonding decrease bond strength, 

whereas the intermolecular interaction increases the thermal stability of 

polymers. This could be happened with electron beam irradiation. 

Irradiation induces crosslinking in LDPE phases and also causes some 

oxidative groups in LDPE that could be form hydrogen bonds between 

starch and LDPE.  

(3) The intermolecular interaction between starch phase and LDPE 

phase were increased due to formation of free radical at boundary 

surfaces. The increase of irradiation dose increases the density of the 

intermolecular interaction that increases the thermal stability.         

3.1.1.3. Crystalline melting (DSC) 

    The visual observation showed that pure LDPE, PLST and 

LDPE/PLST blends are semitransparent without indication of phase 

separation, especially at low starch ratio (<20%). DSC is one of the 

convenient methods for investigating the compatibility of polymer 

blends.  

      The DSC scans of unirradiated LDPE/PLST (80/20%) blends 

plasticized with 20% of different plasticizers are shown in Fig. 10.   
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Figure 10: DSC thermograms of unirradiated LDPE and LDPE/ 

PLST (80/20%) blends plasticized by 20% of different plasticizers 

and compatibilized by 2% of POMA graft copolymer  
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It can be seen that the DSC scans showed endothermic peaks for all 

blends. These endothermic peaks are corresponding to the crystalline 

melting temperature (Tm). The DSC parameters are shown in Table 3. 

From the figure and Table, it can be seen that the Tm temperatures and 

ΔH increase with increasing the plasticizer chain length indicating an 

increase in the crystalline content. The increase of Tm crystalline 

melting parameter is due to that the plasticizing action of long chain 

plasticizer is higher than short chain length plasticizer and 

consequently, more crystals are formed.  

     The DSC scans of LDPE/PLST (80/20%) blends plasticized with 

different plasticizers, before and after EB irradiation to various doses 

are shown in Figs 11-13. The DSC parameters are listed in Table 3. 

From the figures and Table, it can be seen that the DSC parameters are 

increased at low irradiation dose (30 kGy) and then decreased at higher 

irradiation doses. This increase in DSC parameter means that the 

depredated chains have enough mobility to re-crystallize in both 

amorphous and crystalline regions. This is in consistent with the fact 

that the irradiation temperature is greater than the glass temperature of 

LDPE blends, which provides sufficient molecular mobility for broken 

chains to reorganize and recrystallize (Senna et al., 2008). Further 

increase in irradiation dose may induce crosslinking in LDPE phase, 

which makes the chain unfavorable for recrystallization process. Also, 

it can be seen that there is a small inflection in DSC thermograms at  
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Figure 11: DSC thermograms of LDPE/PLST (80/20%) blends 

plasticized by 20% of GY and compatibilized by 2% of POMA 

graft copolymer before and after electron beam irradiation to 

various doses 
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Figure 12: DSC Thermograms of LDPE / PLST (80/20%) blends 

plasticized by 20% of TEG and compatibilized by 2% of POMA 

graft copolymer after electron beam irradiation to various doses 
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Figure 13: DSC thermograms of LDPE/PLST (80/20%) blends 

plasticized by 20% of MPG and compatibilized by 2% of POMA 

graft copolymer after electron beam irradiation to various doses 
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Table 3: DSC Thermograms parameters of LDPE/PLST (80/20%) 

blends plasticized with 20% of different plasticizers and 

compatibilized by 2% of POMA graft copolymer before and after 

EB Irradiation 

Type of  

plasticizers 

 

Irradiation 

Dose (kGy) 

Tm 

(
0
C) 

HΔ 

(J/g) 

GY 

 

0 97.91 33.03 

30 95.95 39.08 

50 97.91 36.19 

100 96.84 35.36 

TEG 

 

0 99.21 34.05 

30 98.22 35.91 

50 96.60 53.13 

100 96.54 42.21 

MPG 

 

0 98.07 31.34 

30 97.46 46.59 

50 96.52 41.94 

100 96.56 41.62 

 

about 63
o
C, which corresponds to the gelatinization temperature of 

starch. The effect of irradiation is similar to aging time effect (Lawton 

1996), in which the depredated starch is retrograded with gelatinization 

temperature at 63
o
C. 

3.1.1.4. Tensile mechanical properties 

   Most plastic materials are used because they have desirable 

mechanical properties at an economical cost. For this reason, the 

mechanical properties may be considered the most important physical 

properties of polymers for most applications. In particular the stress-
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strain test is the most widely test of all the mechanical tests. Blending 

process and ionizing radiation are expected to have great effects on 

mechanical properties of the blends. These effects  

depend on the compatibility between polymers and the sensitivity of 

the individual polymer towered irradiation. The tensile mechanical      

properties at break point are controlled by three morphological factors 

(Xu-Rong Xu et al. 2002). These are the numbers of tie molecules, 

lamellar thickness and molecular chain entanglement.  Firstly, a certain 

number of tie molecules which connect different lamellae and maintain 

a coherent polymer network, are essential to reach a high tensile strain 

at break; otherwise, the crystals are easily separated in tensile process 

and brittle failure may take place. Secondly, partial unfolding of 

polymer chains in the crystal is usually observed after polymer material 

yield; thinner lamellae mean imperfect crystals and a weaker interaction 

among the polymer chains, which is advantageous for unfolding of the 

polymer chains. Thirdly, entanglement is unfavorable to unfolding of 

chains; the entanglement in polymer crystals mostly arises from the 

non-adjacent re-entries of polymer chains, which are formed in the 

recrystallization process. The number of tie molecules can be estimated 

from the lamellar thickness and molecular mass (Wunderlich 1980). 

Lamellar thickness can be obtained from melting temperature, but the 

molecular chain entanglement is very difficult to measure 

quantitatively. It depends on crystallization condition and comonomer 

content. However, it is also believed that the distribution of comonomer 

along the polymer chains may influence the folding and entanglements. 
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From the obtained data, it may be conclude that the addition of starch 

molecules to LDPE will decrease the tie molecules and decreases the 

lamellar thickness consequently; the break stress and strain are 

decreased with increasing the starch content. Also, the plasticizing 

action of PLST will appear in reducing the mechanical properties of 

LDPE sheet. 

 

      The prepared LDPE/PLST blends plasticized by 20% of different 

plasticizers and compatibilized by 2% of POMA, before and after they 

had been irradiated to various doses of electron beam irradiation were 

subjected to mechanical testing. The obtained stress-strain curves were 

utilized to calculate the different mechanical parameters at break point 

as shown in Figs 14-19 and summarized in Table 4.      

       Based on the different mechanical parameters, few points can 

be summarized:  

(1) The tensile strength at break of unirradiated LDPE/PLST blends 

was found to decrease with increasing the ratio of PLST.  This decrease 

clarifies the non-compatibility of the LDPE/PLST blends, due to the 

coarse dispersed particle and poor interfacial adhesion. Also, due to the 

difference in melt viscosity of the two polymers. This situation was 

found in the case of break strain properties.  

(2) The effect of electron beam irradiation is very clear, in which the 

break stress or stain was found to decrease greatly with increasing 

irradiation dose. The blends plasticized by GY displayed  
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Figure 14: Break stress of LDPE/PLST blends plasticized by 

20% of GY and compatibilized by 2% of POMA before and 

after electron beam irradiation to various doses 
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Figure 15: Break stress of LDPE/PLST blends plasticized with 

20% of TEG and compatibilized by 2% of POMA before and after 

electron beam irradiation to various doses. 
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Figure 16: Break stress of LDPE/PLST blends plasticized by 20% 

of MPG and compatibilized by 2% of POMA before and after 

electron beam irradiation to various doses. 
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Blends plasticized with glycerol 
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Figure 17: Break strain (%) of LDPE/PLST blends plasticized with 

20% of GY and compatibilized by 2% of POMA before and after 

electron beam irradiation to various doses 
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Figure 18: Break strain (%) of LDPE/PLST blends plasticized with 

20% of MPG and compatibilized by 2% of POMA before and after 

electron beam irradiation to various doses 
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Figure 19: Break strain (%) of LDPE/PLST blends plasticized with 

20% of TEG and compatibilized by 2% of POMA before and after 

electron beam irradiation to various doses 
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Table 4: Tensile mechanical properties of LDPE/PLST blends 

plasticized by 20% of different plasticizers and compatibilized by 

2% of POMA before and after electron beam irradiation to various 

doses 

Type of 

plasticizer 

LDPE/PLST 

blends ratio 

(%) 

Dose 

(kGy) 

Break 

stress 

(MPa) 

Break 

strain 

(%) 

 

 

 

 

 

 

GY 

95/5 0 8.3 109.5 

30 8.6 144.5 

50 8.0 136.4 

100 7.2 60.8 

90/10 0 7.2 44.12 

30 8.0 50.65 

50 7.3 70.1 

100 6.5 79.55 

80/20 0 5.5 10.3 

30 5.2 15.55 

50 4.6 14.37 

100 4.0 6.4 

 

 

 

 

 

TEG 

95/5 0 6.5 36.92 

30 6.2 42 

50 5.9 63.95 

100 2.9 76.9 

90/10 0 5.1 30.18 

30 8.5 78.2 

50 7.8 53.5 

100 7.3 53 

80/20 0 3.7 8.2 

30 4.9 14.52 

50 8.2 18.9 

100 1.7 29.8 

 

 

 

 

 

MPG 

95/5 0 6.8 30 

30 4.5 38.1 

50 4.8 25.24 

100 4.0 6.68 

90/10 0 7.1 50 

30 4.9 64.56 

50 5.6 25 

100 4.6 4.14 

80/20 0 2.4 100 

30 1.6 29.33 

50 1.8 15.75 

100 1.0 10.15 
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the highest tensile mechanical properties compared to those blends 

plasticized by TEG or MPG plasticizers. Irradiation of blends at low 

doses induces crosslinking between polymers lamellar that need large 

tensile strain to break. By increasing the irradiation dose, degradation 

in starch component occurs and consequently decreases the mechanical 

properties. On the other hand, the increase in tensile strength properties 

in the case of blends plasticized by TEG and MPG is due to the larger 

chain length of TEG and MPG than GY.  

3.1.1.5. Morphology properties (SEM) 

     In polymer blends, it is necessary to study the morphology 

structure of the final product since most of its properties; especially 

the mechanical properties are affected. In incompatible blends such as 

LDPE/PLST, the mechanical properties depend on the phase 

dispersion as well as phase size. In most cases, the major 

component of the blend forms the matrix, whereas the minor 

component is the dispersed phase. Thus, in the LDPE/PLST blends, 

PLST is expected to be the dispersed phase.  

     Figure 20 shows the SEM micrographs of the fracture surfaces 

of unirradiated LDPE and LDPE/PLST blends.  It should be noted 

that all the blends were plasticized by 20% of GY and 

compatibilized by 2% POMA graft copolymer. As can be seen from 

Fig. 20 (A), the surface of pure LDPE is not smooth and 

characterized with a uniform continuous matrix. However, the SEM 

micrographs of LDPE/PLST blends (Fig.20, B, and C) showed a 
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different surface morphology, in which the surface is rough and with 

larger domain size as the ratio of PLST increase in LDPE/PLST 

blends.  

     Figures 21-23 show the SEM micrographs of the fracture 

surfaces of LDPE/PLST (80/20%) blends plasticized by 20% of 

different plasticizers, before and after EB irradiation to various 

doses. Comparing the surface of unirradiated samples with 

irradiated samples, it was found that the non continuous phases are 

changed with changing the plasticizer type. While, the non uniform 

surfaces were found in unirradiated blends, the coarse and non-

continuous phases were larger in LDPE/PLST (80/20%) plasticized 

with GY than the blends plasticized with MPG or TEG. This may 

be due to the larger chain length of the plasticizer, prevents the 

retrogradation of starch chains better than lower chain length 

(glycerol). Comparing the fracture surface of unirradiated and 

irradiated samples, it can be seen that the phase patterns were decreased 

in the irradiated samples than that in case of unirradiated samples. The 

decrease in PLST phase size is due to the interconnection between 

starch molecules and LDPE through the formed free radicals as a result 

of electron beam irradiation at the boundary surfaces. Also, it can be 

seen that the improvement in surface morphology increases with 

increasing irradiation dose. 
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(A) 

 

 

 

                                           

(B) 

 

 

 

                                          

 

(C) 

Figure 20: SEM micrographs of unirradiated LDPE and 

LDPE/PLST plasticized with GY (20%) and compatibilized by 

POMA (2%) Blends: (A) LDPE (B) LDPE/PLST (90/10) blends (c) 

LDPE/PLST (80/20) blend. 
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            ( A)                                              (B) 

                      

 

 

 

 

 

                    

                 (C)                                            (D) 

 

Figure 21: SEM micrographs of LDPE/PLST (80/20%) blends 

plasticized with GY (20%) and compatibilized by POMA 

(2%) before and after EB irradiation: (A) Unirradiated, (B) 

30 kGy, (C) 50 kGy (D) 100 kGy 
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                    (A)                                                 (B) 

 

                     (C)                                                 (D) 

     Figure 22: SEM micrographs of LDPE/PLST(80/20%) blends 

plasticized with TEG (20%) and compatibilized by POMA (2%) 

before and after EB irradiation: (A) Unirradiated, (B) 30 kGy, (C) 

50 kGy, (D) 100 kGy 
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        (A)                                                             (B) 

 

              (C)                                                (D) 

 

Figure 23: SEM micrographs LDPE/PLST (80/20%) blends 

plasticized with MPG (20%) and compatibilized by POMA (2%) 

before and after E-Beam irradiation: (A) Unirradiated, (B) 30 kGy, 

(C) 50 kGy, (D) 100 kGy 
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3.1.1.6. Equilibrium Water Absorption: 

    Water absorption is an important factor in the evaluation of 

biodegradable properties of polymers. This is because water absorption 

is very essential for thrive of the microorganisms, which depends on the 

presence of moisture, water and nutrients. Thus, the higher the ability 

of the material to absorb water, the higher is the capability to undergo 

biodegradation. Water absorption (%) of different ratios of 

LDPE/PLST blends plasticized by 20% of different plasticizers and 

compatibilized by 2% POMA graft copolymer, before and after EB 

irradiation to various doses is summarized in Table 5 and shown in 

Fig. 24. From the data obtained, it is clear that the addition of starch to 

LDPE increased the water absorption, in which, the water absorption of 

pure LDPE is reported to be 0.02% for one day (Prasad, 1999). In this 

regard, the water absorption (%) for the unirradiated LDPE/PLST 

(80/20%) is ~ 390 times that of pure LDPE. This is due to the 

hydrophilic character of PLST, which contains about 27% of its weight 

as water soluble (amylase component). On the other hand, the water 

absorption decreases with increasing irradiation doses up to 100 kGy. 

The crosslinking properties were increased and consequently, the water 

absorption was decreased. At higher doses, the water absorption was 

affected with LDPE crosslinking, starch degradation and formation of 

oxygenated groups in LDPE. Thus, the increase of water absorption of 

these blends is expected to enhance the attack by microorganisms. It is 

clear that the type of plasticizer is an effective factor in water 
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absorption. This effect may be due to that these plasticizers prevent 

recrystalization of starch and consequently decreases the crystallinity of 

starch and increases its desertion in LDPE. In this regard, the blends 

plasticized by GY showed the highest water absorption among the 

other plasticizers. This is due the presence of three hydroxyl 

hydrophilic groups.  

Table 5: Water absorption (%) of different ratios of LDPE / PLST 

blends plasticized by 20% of different plasticizers and 

compatibilized by 2% POMA graft copolymer, before and after EB 

irradiation to various doses 

Type of  

plasticizer 

Dose 

(kGy) 

Water absorption (%) 

LDPE/PLST  

(95/5%) 

LDPE/PLST 

(90/10%) 

LDPE/PLST  

(80/20%) 

GY 0 3585 5.37 7574 

30 2589 5512 6516 

50 2549 4596 5558 

100 2531 4547 5542 

TEG 0 2528 3546 5584 

30 1550 2594 5588 

50 1530 2561 5551 

100 0.90 2534 4575 

MPG 0 1588 1586 3558 

30 1541 1553 2595 

50 0536 1552 2544 

100 0512 1536 2524 

The samples were measured after immersion in water for four 

weeks 
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Figure 24: Water absorption (%) of different ratios of LDPE/PLST 

blends plasticized by 20% of different plasticizers and 

compatibilized by 2% POMA graft copolymer, before and after EB 

irradiation to various doses. 
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3.1.2. Biodegradation Evaluations  

     Biodegradation is defined as an event which takes place through the 

action of enzymes and/or chemical decomposition associated with living 

microorganisms (bacteria, fungi, yeasts, etc...) or their products. Most 

synthetic polymers are non biodegradable. For example, enzymes that 

cause the decomposition of polyethylene are absent in nature, whereas 

starch is a natural polymer decomposed to its repeating units (1, 4 α-D-

glucopyranosyl units) by enzymes. Microorganisms are spread 

everywhere; whenever there is some moisture and appropriate nutrient 

they will thrive even under severe conditions, in which unpleasant odor 

and visual deterioration are indications of the growth of microbes. 

      In this part, the biodegradable properties of LDPE/PLST blends 

were evaluated by the following methods: (A) Soil burial test, in which 

the samples were buried in a soil reach of microorganisms for four 

months. (B) Agar culture of Aspergillus Niger over a period of four 

weeks. (C) Immersion in solution of Aspergillus Niger for four weeks.  

3.1.2.1. Soil Burial Test: 

     In this method, the samples were buried in soil reach of a wide 

range of microorganisms for four months. The buried samples were 

characterized by mechanical tensile properties as shown in Tables 6-8, 

whereas weight loss (%) and morphology by SEM technique are shown 

in Figs. 25-28, respectively.   
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Figure 25: Weight loss (%) of different ratios of LDPE/PLST 

blends plasticized by 20% of different plasticizers and 

compatibilized by 2% of POMA graft copolymer after EB 

irradiation and after soil burial (for 4 months). 
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Table 6: Tensile mechanical properties of LDPE/PLST blends 

plasticized by 20% of GY and compatibilized by  

2% POMA before and after EB irradiation and before  

and after soil burial (for 4 months) 

 

 

LDPE/PLST 

Blend ratio 

(%) 

 

Dose  

(kGy 

Before soil burial After soil burial 

Break stress 

 (kgf/cm
2
) 

Break stress 

 (kgf/cm
2
) 

(95/5) 
0 83 108.0 

30 86 111.3 

50 80 109.5 

100 72 102.6 

 (90/10) 
0 72 115.5 

30 80 117.9 

50 73 111.6 

100 65 108.5 

(80/20) 
0 55 62.9 

30 52 85.7 

50 46 98.6 

100 40 88.2 
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Table 7: Tensile mechanical properties of LDPE/PLST blends 

plasticized by 20% of TEG and compatibilized by 2% POMA 

before and after EB irradiation and before and after soil 

burial (for 4 months) 

 

LDPE/PLST 

Blend ratio 

(%) 

 

Dose  

(kGy 

Before soil burial After soil burial 

Break stress 

 (kgf/cm
2
) 

Break stress 

 (kgf/cm
2
) 

(95/5) 
0 65 115.2 

30 62 116.9 

50 59 119.8 

100 29 123.3 

 (90/10) 
0 51 114.7 

30 85 115.0 

50 78 116.3 

100 73 116.8 

(80/20) 
0 37 94.5 

30 49 95.8 

50 82 96.7 

100 17 86.9 
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Table 8: Tensile mechanical properties of LDPE/PLST blends 

plasticized by 20% of MPG and compatibilized by 2% POMA 

before and after EB irradiation and before and after soil burial 

(for 4 months) 

 

 

LDPE/PLST 

Blend ratio 

(%) 

 

Dose  

(kGy 

Before soil burial After soil burial 

Break 

stress 

(kgf/cm
2
) 

Break 

stress 

(kgf/cm
2
) 

(95/5) 
0 68 98.2 

30 45 99.9 

50 48 100.8 

100 40 78.6 

 (90/10) 
0 71 99.5 

30 49 112.9 

50 56 104.1 

100 46 97.2 

(80/20) 
0 24 86.6 

30 16 82.7 

50 18 80.0 

100 10 70.4 
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(A)                                                               (B)    

Figure 26: SEM micrographs of the fracture surfaces of 

LDPE/PLST (80/20%) blends plasticized by 20% of GY (20%) and 

compatibilized by POMA (2%) graft copolymer before and after 

EB irradiation and after soil burial for four months:  

(A) Unirradiated, (B) 100 kGy 

 

                  (A)                                                     (B) 

Figure 27: SEM micrographs of the fracture surfaces of 

LDPE/PLST (80/20%) blends plasticized by 20% of TEG (20%) 

and compatibilized by POMA (2%) graft copolymer before and 

after EB irradiation and after soil burial for four months:  

(A) Unirradiated, (B) 100 kGy 
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                             A                                              B 

Figure 28: SEM micrographs of the fracture surfaces of 

LDPE/PLST (80/20%) blends plasticized by 20% of  MPG and 

compatibilized by POMA (2%) before and after EB irradiation 

and after burying in soil rich of microorganisms for four months. 

(A) Unirradiated. (B) 100 kGy 

From the data obtained, few points can be summarized: 

(1) The weight loss (%) increases with increasing PLST ratio, and 

increases with increasing irradiation dose. The blends plasticized by 

GY showed the highest biodegradation with the highest weight loss 

(%). In this regard, the effect of plasticizers on the biodegradation of 

blends may arrange according to the weight loss (%) as follows: GY  

MPG  TEG. These trends can be explained on the basis of 

hydrophilic characters of plasticizers, in which GY contains the highest 

content of hydroxyl groups. The higher is the hydrophilic character of a 

material, the higher possible attack by microorganisms.  Since the 
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blends were tested, in this work, after 4 months, we expected that the 

blends will lose extra weight if  have been buried for long periods.   

(2)  The tensile mechanical properties showed peculiar trends, in which the 

tensile strength values after soil burial were greater than those before 

burial, regardless of plasticizer type.( Bikiaris et al.,  (1998). 

 

       However, tensile mechanical values were found to increase for the 

blends irradiated at 30 kGy and then tends to decrease at higher doses 

indicating the biodegradation of blends particularly the blends 

plasticized by GY. The tensile strength values of the blends before 

burial were found to decrease with increasing the ratio of PLST in the 

blends, regardless of plasticizer type. The increase in the tensile 

strength values after burial may explained based on the toughness of 

samples in the soil. 

3.1.2.2. Aspergillus Niger Fungi (Agar Culture Test) 

  In this test, the LDPE/PLST blends samples were placed in Petri 

dishes filled with thin layer of agar covered with spoors of Aspergillus 

Niger fungi. The dishes were incubated at 28-30
o
C and 85-90 relative 

humidity for 28 days. The Petri dishes were sealed by wax to avoid any 

kind of contamination. The only carbon source for the growth of the 

fungi was from the samples. The samples were evaluated in terms of 

weight loss (%) as shown in Fig 29, whereas the photographs taken of 

the samples on the agar culture are shown in Figs. 30-32. 
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Figure 29: Weight loss (%) of LDPE/PLST blends plasticized by 

20% of different plasticizers and compatibilized by 2% POMA 

before and after EB irradiation and after testing on agar culture 

rich of fungi for (after 4 weeks) 
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LDPE/PLST (90/10/%) 

Unirradiated 100 kGy 

  

LDPE/PLST (80/20%) 

Unirradiated 100 kGy 

 

Figure 30: Photograph pictures of LDPE/PLST blends plasticized 

by 20% GY and compatibilized by POMA (2%) before and after 

EB irradiation and after tested on agar culture rich of fungi (after 

4 weeks) 
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LDPE/PLST (90/10%) 

Unirradiated 100 kGy 

 
 

LDPE/PLST (80/20%) 

Unirradiated 100 kGy 

 

Figure 31: Photograph pictures of LDPE/PLST blends plasticized 

by MPG and compatibilized by POMA (2%) before and after EB 

irradiation and after tested on agar culture rich of fungi (after 4 

weeks) 
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LDPE/PLST (90/10%) 

Unirradiated 100 kGy 

  

LDPE/PLST (80/20%) 

Unirradiated                   100 kGy 

 

Figure 32: Photograph pictures of LDPE/PLST blends plasticized 

by 20% of TEG and compatibilized by 2% POMA, before and 

after EB irradiation and after tested on agar culture rich of fungi 

(after 4 weeks) 
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Based on the data obtained, few points can be summarized: 

(1) The weight loss (%) increases with increasing PLST ratio, and 

increases with increasing irradiation dose. The blends plasticized by 

GY showed the highest biodegradation with the highest weight loss (%) 

.  (2)  The growth of fungi is clear on the unirradiated blends compared 

to the 100 kGy dose irradiated samples as supported by the photo 

pictures. 

3.1.2.3. Aspergillus Niger Fungi (Solution Test) 

    In this test the samples were immersed in prepared solution 

containing Agar and spoors of Aspergillus Niger fungi for four weeks. 

The contents were incubated at 28-30
o
C and relative humidity of 85-90 

sealed by wax to avoid any kind of contamination. The only carbon 

source for the growth of the fungi was from the samples. The samples 

were evaluated in terms of weight loss (%) as shown in Fig 33, 

whereas, the photographs taken for the samples are shown in Figs. 34-

36. 
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Figure 33: Weight loss (%) of LDPE/PLST blends plasticized by 

20% of different plasticizers and compatibilized by 2% POMA 

before and after EB irradiation and after immersion in solution 

rich of fungi (after 4 weeks 
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LDPE/PLST (90/10%) 

Unirradiated 100 kGy 

 
 

LDPE/PLST (80/20%) 

Unirradiated 100 kGy 

 

Figure 34: Photograph pictures of LDPE/PLST blends plasticized 

by 20% of GY and compatibilized by 2% of POMA, before and 

after EB irradiation and after immersion in solutions rich of fungi 

(after 4 weeks) 
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LDPE/PLST (90/10%) 

Unirradiated 100 kGy 

  

LDPE/PLST (80/20%) 

Unirradiated 100 kGy 

 

Figure 35: Photograph pictures of LDPE/PLST blends plasticized 

by 20% of TEG and compatibilized by 2% of POMA, before and 

after EB irradiation and after immersing in solutions rich of fungi 

(after 4 weeks) 
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LDPE/PLST (90/10%) 

Unirradiated                100 kGy 

 
 

LDPE/PLST (80/20%) 

Unirradiated 100 kGy 

 

Figure 36: Photograph pictures of LDPE/PLST blends plasticized 

by 20% of MPG and compatibilized by 2% of POMA, before and 

after EB irradiation and after immersing in solutions rich of fungi 

(after 4 weeks) 
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Based on the data obtained, few points can be summarized: 

(1) The weight loss (%) increases with increasing PLST ratio, and 

increases with increasing irradiation dose. The blends plasticized by 

GY showed the highest biodegradation with the highest weight loss 

(%).  (2)  The growth of fungi is clear on the unirradiated blends 

compared to the 100 kGy dose irradiated samples as supported by the 

photo pictures. 
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CHAPTER III (Part 2) 

3.2. Plasticization of LDPE/PLST Blends by Glycerol and 
Compatibilization by Trimethylolpropane Triacrylate Monomer 
(TMPTA) and Electron Beam Irradiation: 

     In this part, the compatibility of LDPE/PLST blends was modified by 

using the multifunctional monomer trimethylolpropane triacrylate monomer 

(TMPTA) as shown below. This is expected to work through the formation of 

interfacial bonding between LDPE and PLST molecules under the effect of 

electron beam irradiation. Also, this monomer is expected to increase the 

crosslinking density and thus reduces the irradiation doses required to 

crosslink LDPE.  

                     CH2═CH─COO─CH2 

                                                   │ 

                                   CH3CH2─C─CH2─COO─ CH ═CH2 

                                                    │ 

                       CH2═CH─COO─CH2 

Chemical structure of TMPTA multifunctional monomer 

3.2.1. Characterization 

    The different modified LDPE/PLST blends modified by TMPTA and 

electron beam irradiation were characterized in terms of thermal, mechanical, 

morphology and water absorption properties. 

3.2.1.1. Thermal Stability (TGA) 

      The initial TGA thermograms and rate of reaction curves of pure LDPE 

and different ratios of LDPE/PLST blends plasticized with GY and 
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compatibilized by 1% of TMPTA monomer, before and after electron beam 

irradiation to various doses are shown in Figs 37-39. The weight loss (%) at 

different temperatures and the temperatures of the maximum value of the rate 

of reaction (Tmax) for the same materials is summarized in Table 9.  

Based on the data obtained, few points can be summarized: 

(1) It can be seen that the main thermal decomposition of all the materials                               

either before or after treatments by TMPTA and electron beam irradiation 

displayed single decomposition stage within the temperature range 250- 

450
o
C. 

(2) The thermal stability based on weight loss (%) at different heating 

temperatures and Tmax of pure LDPE increases with increasing electron beam 

irradiation indicating clearly the occurrence of crosslinking. 

(3) The blending of PLST with LDPE decreases the thermal stability of 

LDPE/PLST blends and that thermal stability was found to decrease with 

increasing the ratio of PLST in the blend. It is also clear that the thermal 

stability of unirradiated LDPE/PLST blends is lower than that for 

unirradiated LDOE treated at the same conditions. 

(4) It can be seen that the thermal stability of the unirradiated LDPE/PLST 

(80/20%) blends was greatly improved after electron beam irradiation and the 

thermal stability increases with increasing irradiation dose.  

(5) The stability of polymer blends towered irradiation is a combination of 

the sensitivity of the individual components forming the blend. LDPE is 

basically a radiation-crosslinkable polymer type, whereas starch is a 
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radiation-degradable polymer type. The presence of TMPTA enhances the 

crosslinking of LDPE during irradiation and the crosslinking in turn enhances 

the thermal stability of the polymer blends (Youssef et al., 2003).  
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Figure 37: TGA Thermograms and rate of reaction curves of 

pure LDPE treated by 20% of GY and 1% of TMPTA 

monomer, before and after EB to various doses 
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Unirradiated LDPE/PLST blends
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Figure 38: TGA thermograms and rate of reaction curves of 

unirradiated different ratios of LDPE/PLST blends plasticized 

by 20% of GY and compatibilized by 1% of TMPTA 
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Figure 39: TGA thermograms and rate of reaction curves of 

LDPE/PLST (80/20%) blends plasticized by 20% of GY and 

1% of TMPTA, before and after EB irradiation to various 

doses 
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Table 9: Weight loss (%) at different temperatures of pure LDPE and 

LDPE/PLST blends plasticized by GY (20%) and compatibilized by 

TMPTA (1%) monomer before and after electron beam irradiation 

LDPE/PLST 

blends 

ratio 

(%) 

Dose 

(kGy) 

Weight loss (%) 

Tmax 

( 
0
C) 100

o
C 200

o
C 300

o
C 400

o
C 500

o
C 

 

100/0 

0 0 0 4.6 33.5 88.5 400.1 

30 0 0 2.2 14.0 96.0 410.4 

50 0 0 4.7 15.5 100.0 433.6 

100 0 0 2.8 15.7 95.6 467.1 

95/5 0 0 2.5 7.5 20.6 96.0 382.7 

90/10 0 0 0 4.4 51.0 95.0 381.0 

80/20 

 

 

0 0 0 7.0 56.0 90.7 362.4 

30 0 2 7.5 20.9 92.0 410.0 

50 0.3 2.5 10.5 21.2 94.6 431.0 

100 0 0 5.9 20.0 90.0 429.0 

 

3.2.3. Crystalline Melting (DSC) 

    Figures 40-41 show the DSC thermograms for pure LDPE and 

LDPE/PLST (80/20%) blends plasticized by 20% of GY and treated by 1% 

of TMPTA. The different DSC parameters taken from these thermograms are 

shown in Table 10.  Based on the data on figures and table 10, few points 

may be made: 

(1) For pure LDPE either before or after EB irradiation and treatments by 

TMPTA monomer, the crystalline melting temperature (Tm) displayed a 

broad peck with onset at 111.11o
C compared to the sharp Tm of untreated 

LDPE. This Tm was found to decrease slightly after EB irradiation. Also, the 

heat of fusion was found to increase after EB irradiation indicating the 

occurrence of crosslinking.  
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(2) For LDPE/PLST (80/20%) blends, the Tm showed lower values than pure 

LDPE. However, LDPE/PLST (80/20%) blends showed heat of fusion higher 

than unirradiated LDPE and lower than EB irradiated LDPE indicating the 

occurrence of oxidative degradation of PLST component in the blends.  
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 LDPE treated by GY and TMPTA
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Figure 40: DSC thermograms of pure LDPE treated with 20% 

GY and 1% of TMPTA monomer before and after EB 

irradiation to various doses 
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LDPE/PLST (80/20%) blends plasticized 

byGY and compatibilized by TMPTA 
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Figure 41: DSC thermograms of LDPE/PLST (80/20%) blends 

plasticized with 20% of GY and compatibilized by 1% of 

TMPTA monomer before and after EB irradiation 
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Table 10: DSC kinetic parameters of LDPE and LDPE/PLST blends 

plasticized by GY (20%) and treated by TMPTA (1%) monomer before 

and after electron beam irradiation 

 

LDPE/PLST 

blends 

ratio 

(%) 

EB dose 

(kGy) 

Crystalline  

melting  

temperature 

( 
0
C) 

Heat enthalpy  

of Crystalline  

melting 

(mW) 

 

100/0 

0 111.11 
 

-5.94 
 

30 110.41 
 

-7.66 
 

50 110.60 
 

-8.69 
 

100 110.64 
 

-9.42 
 

 

80/20 

0 109.68 
 

-6.84 
 

30 109.83 
 

-8.96 
 

50 109.86 
 

-7.84 
 

100 106.45 
 

-5.82 
 

 

3.2.4. Tensile Mechanical Properties 

    Figures 42-43 and Table 11 show the different mechanical properties at 

break point of different ratios of LDPE/PLST blends plasticized by GY 

(20%) and treated by TMPTA (1%) monomer before and after electron beam 

irradiation to various doses.   

Based on the data on Figs 42-43 and Table 11, few points can be addressed:  

(1) Both the break stress and strain of unirradiated blends decreases with 

increasing the ratio of PLST in the blends.  

(2) Both the break stress and strain  was increased with increasing EB dose 

up to 30 kGy and then tend to decrease at higher doses, regardless of blend 

composition.  
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(3) The addition of TMPTA to the polymer blends induces some in-complete 

crosslinking between the polymer chains during the mixing process, whereas 

the residual monomer (TMPTA) would decrease the mechanical properties as 

shown for the unirradiated blends.  

(4) EB irradiation of the blend samples increases the crosslinking density of 

the polymer (LDPE) in the blend especially in presence of TMPTA (the 

multifunctional monomer).  

(5) it can be seen that the tensile mechanical properties were decreased with 

increasing irradiation dose and this decreased depends on the sensitivity of 

the two components towards EB irradiation.  At low doses the crosslinking of 

LDPE enhances the mechanical tensile properties, whereas at high doses the 

degradation of PLST reduces the mechanical tensile properties. The break 

strain was increased due to the presence of degraded starch that acts as low 

molecular weight plasticizer in the LDPE matrix. 
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   compatibilized by TMPTA

EB Dose

Unirradiated 30 KGy 50 KGy 100 KGy

B
r
e

a
k

 s
t
r
e

s
s

 (
M

P
a

)

0

2

4

6

8

10

12

LDPE/PLST(95/5%)

LDPE/PLST(90/10%)

LDPE/PLST(80/20%)

 

Figure 42: Break stress of different ratios of LDPE/PLST blends 

plasticized with 20% of GY and compatibilized by 1% of TMPTA before 

and after EB irradiation  
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Figure 43: Break strain (%) of different ratios of LDPE/PLST blends 

plasticized with GY and compatibilized by TMPTA before and after EB 

irradiation 
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Table 11: Tensile mechanical properties of different ratios of 

LDPE/PLST blends plasticized with GY and treated by TMPTA before 

and after EB irradiation 

LDPE/PLST 

blends ratio 

(%) 

EB dose 

(kGy) 

Break 

stress 

(MPa) 

Break 

strain 

(%) 

95/5 Unirradiated 8.90 158 

30 KGy 10.5 195 

50 KGy 6.63 166 

100 KGy 5.53 162 

90/10 Unirradiated 5.19 140 

30 KGy 6.41 191 

50 KGy 6.36 105 

100 KGy 5.74 60 

80/20 Unirradiated 4.42 120 

30 KGy 5.38 168 

50 KGy 6.01 76 

100 KGy 4.36 45 

 

3.2.5. Morphology Properties (SEM) 

   The above behavior of mechanical properties was confirmed by examining 

the fracture surfaces by scanning electron microscopy (SEM). The SEM 

micrographs of LDPE/PLST (80/20%), before and after EB irradiation to 

different doses are shown in Fig 44.  It can be seen that the surface of 

unirradiated blend showed non-continuous phase with rough texture.  This 

roughness is shown to improve with increasing irradiation doses; due to the 

crosslinking of LDPE and degradation of PLST component.  Also, the free 

radical formation from TMPTA, LDPE and starch phases enhances the 

adhesion between LDPE and PLST especially at the boundary surfaces of the 

two phases. 
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                   (A)                                                  (B) 

 

                   (C)                                                                     (D) 

Figure 44: SEM micrographs of LDPE/PLST (80/20%) blends 

plasticized with GY (20%) and compatibilized by TMPTA (1%) 

monomer, before and after E-Beam irradiation: (A) unirradiated, (B) 30 

kGy. (C) 50 kGy. (D) 100 kGy 

 

3.1.1.5. Equilibrium Water Absorption 

       The effect of electron beam dose on the water absorption of different 

ratios of LDPE/PLST blends plasticized with GY (20%) and treated by 
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TMPTA (1%) is shown in Fig 45 and Table 12.  It can be seen that the water 

absorption (%) of unirradiated blends increases with increasing the ratio of 

PLST due to the hydrophilic character of starch component. On the other 

hand, the water absorption (%) was decreased greatly after EB irradiation. 

This decrease after electron beam irradiation is due to the effect of 

crosslinking, which makes the chains staked to each other forming a compact 

structure and this in turn would impede the diffusion of water molecules. 
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LDPE/PLST blends plasticized byGY 
    and compatibilized by TMPTA
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Figure 45: Water absorbance (%) of different LDPE/PLST blends 

plasticized by GY (20%) and compatibilized by (1%) TMPTA monomer, 

before and after EB irradiation and after immersion in water for 4 

weeks 
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Table 12: Water absorbance (%) of different LDPE/PLST blends 

plasticized by GY (20%) and compatibilized by (1%) TMPTA monomer, 

before and after EB irradiation and after immersion in water for 4 

weeks 

Water absorption  

(%) 

EB dose (kGy) LDPE/PLST 

Blend ratio (%) 

499;6 0  

LDPE/PLST (95/5%) 

 
497;4 30 

09:81 50 

09:44 100 

79765 0  

LDPE/PLST (90/10%) 69684 30 

690;9 50 

597:7 100 

;9:6; 0  

LDPE/PLST (80/20%) 

 
7905; 30 

79159 50 

7911; 100 

. 

3.2.2. Biodegradation Evaluations  

     In this part, the biodegradable properties of LDPE/PLST blends 

plasticized by 20% of GY and treated by 1% TMPTA monomer were 

evaluated by:  (A) Soil burial test, in which the samples were buried in a soil 

reach of microorganisms for four months. (B) Agar culture of Aspergillus 

Niger after a period of four weeks. (C) Agar solution of Aspergillus Niger 

after a period of four weeks.  

3.2.2.1. Soil Burial Test 

  In this method, the samples were buried in a soil reach of a wide range of 

microorganisms for four months. The buried samples were characterized by 
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mechanical tensile properties as shown in Table 13, whereas the weight (%) 

and morphology by SEM technique are shown in Figs 46-47, respectively.   

Based on the data obtained, few points may be summerized: 

(1) The weight loss (%) increases with increasing PLST ratio, and increases 

with increasing irradiation dose. (2)  The tensile mechanical properties 

showed peculiar trends, in which the tensile strength values after soil burial 

were greater than those before soil burial. The increase in the tensile strength 

values after soil burial may explained based on the toughness of samples in 

the soil. (3)The tensile strength values of the blends after soil burial were 

found to decrease with increasing the ratio of PLST in the blends. On the 

other hand, these mechanical properties were decreased with increasing 

irradiation dose. 
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Table 13: Tensile mechanical properties of different ratios of 

LDPE/PLST blends plasticized by GY (20%) and compatibilized by 

TMPTA (1%) monomer, before and after EB irradiation and after 

burial in soil rich of microorganisms (for four months). 

LDPE/PLST 

blend ratio 

(%) 

EB dose 

(kGy) 

Before soil burial After soil burial 

Break 

Stress 

(Kgf/cm
2
) 

Break 

Strain 

(%) 

Break 

Stress 

(Kgf/cm
2
) 

Break 

Strain 

(%) 

95/5 

 

0 157.7 44.2 304.55 119.5 

30 195.2 53.8 247.70 122.0 

50 166.2 64.1 166.3 109.6 

100 162.2 63.6 80.32 106.2 

90/10 

 

 

0 120.1 89.0 300.00 103.2 

30 167.6 105.0 200.02 113.8 

50 75.6 66.3 132.00 93.3 

100 44.6 55.3 70.21 84.0 

80/20 

0 140.0 51.9 273.00 102.8 

30 191.0 64.1 194.00 110.5 

50 305.0 63.6 128.00 97.8 

100 30.3 57.4 60.99 84.5 
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Figure 46: Weight loss (%) of different ratios of LDPE/PLST blends 

plasticized by GY (20%) and compatibilized by TMPTA (1%) monomer, 

before and after EB irradiation and tested after soil burial in soil rich of 

microorganisms (for four months) 
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                                                       A 

 

 

 

 

 

 

                                                       B 

Figure 47: SEM micrographs of the fracture surfaces of LDPE/PLST 

(80/20%) blends plasticized by 20% of GY and compatibilized with 1% 

of TMPTA after soil burial in soil rich of microorganisms for 4-monthes: 

(A) Unirradiated, (B) 100 kGy 

 

3.2.2.2. Aspergillus Niger Culture and Solution Tests 

  In these tests, the LDPE/PLST blends samples were placed on Petri dishes 

with thin layer of Agar covered with spoors of Aspergillus Niger fungi, 
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whereas the solution test was carried out by placing the samples on Petri 

dishes filled with spoors of Aspergillus Niger fungi. The dishes were 

incubated at 28-30
o
C and 85-90 relative humidity for 28 days. The Petri 

dishes were sealed by wax to avoid any kind of contamination. The only 

carbon source for the growth of the fungi was from the samples. The samples 

were evaluated in terms of weight loss (%) as shown in Figs 48-49 and 

summarized in Table 14, whereas the photographs taken of the samples on 

the Agar culture and solution are shown in Figs. 50-51. Based on the data 

obtained, few points can be summerized: 

(1) The weight loss (%) increases with increasing PLST ratio, and increases 

with increasing irradiation dose.  (2)  The growth of fungi is clear on the 

unirradiated blends compared to the 100 kGy dose irradiated samples as 

supported by the photo pictures. 
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LDPE/PLST blends tested on Agar culture
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Figure 48: Weight loss (%) of different ratios of LDPE/PLST 

blends plasticized by GY (20%) and compatibilized by TMPTA 

(1%) monomer, before and after EB irradiation and after testing 

on Agar culture (4 weeks) 
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LDPE/PLST blends tested in Agar solution
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Figure 49: Weight loss (%) of different ratios of LDPE/PLST blends 

plasticized by GY (20%) and compatibilized by TMPTA (1%) monomer, 

before and after EB irradiation and after immersion in solution  

(4 weeks) 
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Table 14: Weight loss (%) of different ratios of LDPE/PLST blends 

plasticized by GY (20%) and compatibilized by TMPTA (1%) monomer, 

before and after EB irradiation and after testing by different methods 

 

LDPE/PLST 

blend ratio 

(%) 

Dose  

(kGy) 

Weight loss (%) 

Soil burial in soil Agar culture In solution 

95/5 

 

0 0.277 196651 2.581 

30 0.681 199771 2.755 

50 0.686 19:771 3.005 

100 0.771 091591 3.348 

90/10 

 

 

0 0.340 3.442 7.979 

30 1.054 4.222 9.855 

50 1.414 5.221 10.555 

100 1.526 5.787 12.747 

80/20 

0 0.956 4.142 10.191 

30 1.169 5.75 15.755 

50 2.895 8.55 20.557 

100 4.496 9.831 21.723 
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LDPE/PLST/TMPTA (95/5/1%) 

100 kGy Unirradiated 

  

LDPE/PLST/ TMPTA (90/10/1%) 

100 kGy Unirradiated 

  

LDPE/PLST/ TMPTA (80/20/1%) 

        100 kGy Unirradiated 

 

Figure 50: Photograph pictures of LDPE/PLST (80/20%) blends 

plasticized by 20% of GY and compatibilized by TMPTA (1%) 

monomer, before and after EB irradiation and after tested on Agar 

culture rich of Fungi for 28 days 
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Pure LDPE 

100 kGy Unirradiated 

  

LDPE/PLST/TMPTA (90/10/1%) 
100 kGy Unirradiated 

  

LDPE/PLST/TMPTA (80/20/1%) 
100 kGy Unirradiated 

 

Figure 51: Photograph pictures of LDPE/PLST (80/20%) blends 

plasticized by 20% of GY and compatibilized by TMPTA (1%) 

monomer, before and after EB irradiation and after immersion in 

solution rich of Fungi for 28 days 
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      The overcome of the problem of getting red of plastic waste 

result ing from the different non-biodegradable packaging materials is one 

of the most modern trends in polymer science. For this target, the recent  

researches have been devoted to prepare biodegradable polymeric  

materials depending  essentially on polyethylene and starch which  are 

natural biodegradable  polymers. On the other hand, it was found that  

these blends are immiscible  in any composition. Therefore, the research 

has been devoted to improv e the miscib i l i t y  of these blends.  The 

results obtained throughout this work may be presented in the following 

parts. 

  

1-A. Plasticization of LDPE/PLST Blends  by Different 

Plasticizers and Compatibilization by Polypropylene/ Maleic 

Anhydride Graft Copolymer and Electron Beam Irradiation 

       

       In this part, polymer blends composed of different  contents of 

commercial LDPE and PLST were prepared in the presence of a constant 

ratio (2%) of polyolefin maleic anhydride (POMA) as a 

compatibilizer. The blends were plasticized with different plasticizers (GY, 

MPG, or TEG) and exposed to electron beam irradiation. The results 

obtained from this  part can be summarized as follows:  

(1) FTIR spectroscopic analysis showed clearly the presence of the bands 

due to the O-H and C=O stretching. Also, the IR spectroscopic analysis 

showed the formation of hydrogen bonding between LDPE and PLST during 

mixing. The intensity of the different bands were found to increase with 

increasing irradiation dose and the content of PLST in the blends.  

SUMMARY 
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(2) Thermal analysis of LDPE/PLST blends may be summerized in few 

points:  

(a) Although, the average dissociation energy of the two polymers are 

nearly equal, the blending of starch with LDPE decreases the thermal 

stability of unirradiated blends due to the weak points in starch inducing 

structure defects and/or irregularities as weak points in LDPE. These weak 

points decrease the thermal stability with the addition of starch.  

(b) The presence of secondary chemical interaction such as van der Waals 

interaction and hydrogen bonding decrease bond strength, whereas the 

intermolecular interaction increases the thermal stability of polymers. This 

could have happened with electron beam irradiation. Irradiation induces 

crosslinking in LDPE phases and also causes some oxidative groups in 

LDPE that could have been formed hydrogen bonds between starch and 

LDPE.  

(c) The intermolecular interaction between starch phase and LDPE phase 

were increased due to formation of free radical at boundary surfaces. The 

increase of irradiation dose increases the density of the intermolecular 

interaction that increases the thermal stability.  

(3) DSC thermograms showed the endothermic peak corresponds to 

crystalline melting temperature of LDPE and showed an increase in 

crystalline melting parameters. The increase in crystalline melting parameters 

is due to the plasticizing action of long chain plasticizer being better than less 

chain length plasticizer and consequently, more crystals are formed. the DSC 

parameter increases with low irradiation dose (30 kGy) and then decrease 

with increasing irradiation dose (up to 100 kGy). This increase in DSC 

parameters means that the depredated chains have enough mobility to 

recrystallize in both amorphous and crystalline regions.  
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(4) The tensile mechanical  test showed that  

(a) The tensile strength of unirradiated LDPE/PLST blends was found to 

decrease with increasing the ratio of PLST.  This decrease clarifies the 

non-compatibility of the LDPE/PLST blends, due to the coarse dispersed 

particle and poor interfacial adhesion. Also, due to the difference in melt 

viscosity of the two polymers. This situation was found in the case of 

break strain properties.  

(b) The effect of electron beam irradiation is very clear, in which the break 

stress or strain was found to decrease greatly with increasing irradiation 

dose. It is clear that the blends plasticized by GY displayed the highest 

tensile mechanical properties compared to those blends plasticized by 

TEG or MPG plasticizers. Irradiation of blends at low doses induces 

crosslinking between polymers lamellar that need large tensile strain to 

break. By increasing the irradiation dose, degradation in starch component 

occurs and consequently decreases the mechanical properties. On the other 

hand, the increase in tensile strength properties in the case of blends 

plasticized by TEG and MPG is due to the larger chain length of TEG and 

MPG than GY.  

(c) Blends plasticized by GY displayed the highest tensile mechanical 

properties compared to those blends plasticized by TEG or MPG 

plasticizers. 

(5) The SEM micrographs confirm the miscibility between LDPE and 

PLST as a result of the compatibilizing agent and this micbility increases 

after electron beam irradiation.    

(6)  Equilibrium water absorption test showed that the addition of 

starch to LDPE increased the water absorption, in which, the water 

absorption of pure LDPE is reported to be 0.02% for one day. In this regard, 
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the water absorption (%) for the unirradiated LDPE/PLST (80/20%) is ~ 390 

times that of pure LDPE. The water absorption decreases with increasing 

irradiation doses up to 100 kGy.  At higher doses, the water absorption was 

affected with LDPE crosslinking, starch degradation and formation of 

oxygenated groups in LDPE. 

1-B. Biodegradation Evaluation of LDPE/PLST Blends Plasticized by 

Different plasticizers and Compatibilized by Polypropylene/Maleic 

Anhydride Graft Copolymer  and Electron Beam Irradiation 

 

       In this part, the biodegradable properties of LDPE/PLST blends were 

evaluated by the following methods: (A) Soil burial test, in which the 

samples were buried in a soil rich of microorganisms for four months. (B) 

Agar culture of Aspergillus Niger over a period of four weeks. (C) 

Immersion in solution of Aspergillus Niger for four weeks.  

(A) Soil burial test: data obtained indicate that :  

(1) The weight loss (%) increases with increasing PLST ratio, and 

increases with increasing irradiation dose. The blends plasticized by GY 

showed the highest biodegradation with the highest weight loss (%). In 

this regard, the effect of plasticizers on the biodegradation of blends may 

be arranged according to the weight loss (%) as follows: GY  MPG  

TEG. These trends can be explained on the basis of hydrophilic characters 

of plasticizers, in which GY contains the highest content of hydroxyl 

groups. The higher is the hydrophilic character of a material, the higher 

possible attack by microorganisms.  Since the blends were tested, in this 

work, after 4 weeks of soil burial it was expected that the blends would 

lose extra weight if  they were buried for long periods.   

(2)  The tensile mechanical test showed peculiar trends, in which the 

tensile strength values after soil burial were greater than those before soil 
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burial, regardless of plasticizer type. However, tensile mechanical values 

were found to increase for the blends irradiated at 30 kGy and then tends 

to decrease at higher doses indicating the biodegradation of blends 

particularly the blends plasticized by GY. The tensile strength values of 

the blends before soil burial were found to decrease with increasing the 

ratio of PLST in the blends, regardless of plasticizer type. The increase in 

the tensile strength values after soil burial may be explained based on the 

toughness of samples in the soil. 

(B) Aspergillus Niger Fungi (Agar Culture Test) Based on the data 

obtained, few points can be summerized:  

(1) The weight loss (%) increases with increasing PLST ratio, and 

increases with increasing irradiation dose. The blends plasticized by GY 

showed the highest biodegradation with the highest weight loss (%).   

(2)  The growth of fungi is clear on the unirradiated blends compared to 

the 100 kGy dose irradiated samples as supported by the photo pictures. 

(C) Aspergillus Niger Fungi (Solution Test) Based on the data obtained, 

few points can be summerized:  

(1) The weight loss (%) increases with increasing PLST ratio, and 

increases with increasing irradiation dose. The blends plasticized by GY 

showed the highest biodegradation with the highest weight loss (%).   

(2)  The growth of fungi is clear on the unirradiated blends compared to 

the 100 kGy dose irradiated samples as supported by the photo pictures. 

 

1-B-Compatibilization of Low Density Polyethylene/ PlasticizedStarch 

(LDPE/PLST) Blends With TrimethylolpropaneTriacrylate Monomer 

(TMPTA) Before and After ElectronBeam Irradiation. 
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       In this part we tried to improve the miscibility of LDPE/PLST blends by 

using multifunction monomer to increase the crosslink density and to reduce 

the irradiation dose required to crosslink LDPE. The LDPE/PLST blends 

were extruded in the form of thin films and exposed to various doses of 

electron beam irradiation. The different sheets of LDPE/PLST blends before 

and after electron beam irradiation were characterized in terms of thermal, 

mechanical, and structure morphology properties. The results obtained 

from this  part can be summarized as follows: 

(1) Thermal analysis: Based on the data obtained, few points can be 

summarized:  

(a) It can be seen that the main thermal decomposition of all the materials 

either before or after treatments by TMPTA and electron beam irradiation 

displayed single decomposition stage within the temperature range 250- 

450
o
C. 

(b) The thermal stability based on weight loss (%) at different heating 

temperatures and Tmax of pure LDPE increases with increasing electron 

beam irradiation indicating clearly the occurrence of crosslinking. 

(c) The blending of PLST with LDPE decreases the thermal stability of 

LDPE/PLST blends and thermal stability was found to decrease with 

increasing the ratio of PLST in the blend. It is also clear that the thermal 

stability of unirradiated LDPE/PLST blends is lower than that for 

unirradiated LDPE treated at the same conditions.  

(d) It can be seen that the thermal stability of the unirradiated LDPE/PLST 

(80/20%) blends was greatly improved after electron beam irradiation and 

the thermal stability increases with increasing irradiation dose.  

(e) The stability of polymer blends towered irradiation is a combination of 

the sensitivity of the individual components forming the blend. LDPE is 
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basically a radiation-crosslinkable polymer type, whereas starch is a 

radiation-degradable polymer type. The presence of TMPTA enhances the 

crosslinking of LDPE during irradiation and the crosslinking in turn 

enhances the thermal stability of the polymer blends.  

(2) DSC thermograms: Based on the data few points may be highlighted: 

(a) For pure LDPE ether before or after EB irradiation and treatments by 

TMPTA monomer, the crystalline melting temperature (Tm) displayed a 

broad peck with onset at 111.11
o
C compared to the sharp Tm of untreated 

LDPE. This Tm was found to decrease slightly after EB irradiation. Also, 

the heat of fusion was found to increase after EB irradiation indicating the 

occurrence of crosslinking.  

(b) For LDPE/PLST (80/20%) blends, the Tm showed lower values than 

pure LDPE. However, LDPE/PLST (80/20%) blends showed heat of 

fusion higher than unirradiated LDPE and lower than EB irradiated LDPE 

indicating the occurrence of oxidative degradation of PLST component in 

the blends.  

(3) Tensile mechanical test: Based on the results, few points can be 

addressed:  

(a) Both the break stress and strain of unirradiated blends decrease with 

increasing the ratio of PLST in the blends.  

(b) Both the break stress and strain increased with increasing EB dose up 

to 50 kGy and then tended to decrease at higher doses, regardless of blend 

composition.  

(c) The addition of TMPTA on to the polymer blends induces some in-

complete crosslinking between the polymer chains during the mixing 

process, whereas the residual monomer decreases the mechanical 

properties as shown for the unirradiated blends.  
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(d) EB irradiation of the blend samples increases the crosslinking density 

of the polymer (LDPE) in the blend especially in the presence of TMPTA 

(the multifunctional monomer).  

(e) it can be seen that the tensile mechanical properties were increased 

with increasing irradiation dose and this decreased depends on the 

sensitivity of the two components towards EB irradiation.  At low doses 

the crosslinking of LDPE enhances the mechanical tensile properties, 

whereas at high doses the degradation of PLST reduces the mechanical 

tensile properties. The break strain was increased due to the presence of 

degraded starch that acts as low molecular weight plasticizer in the LDPE 

matrix.  

(4) SEM thermograms The above behavior of mechanical properties was 

confirmed by examining the fracture surfaces by scanning electron 

microscopy (SEM). The surface of unirradiated blend showed non-

continuous phase with rough texture.  This roughness is shown to improve 

with increasing irradiation doses; due to the crosslinking of LDPE and 

degradation of PLST component.  Also, the free radical formation from 

TMPTA, LDPE and starch phases enhances the adhesion between LDPE and 

PLST especially at the boundary surfaces of the two phases. 

(5) Equilibrium Water Absorption: The water absorption (%) of unirradiated 

blends increases with increasing the ratio of PLST; due to the hydrophilic 

character of starch component. On the other hand, the water absorption (%) was 

decreased greatly after EB irradiation. This decrease after electron beam 

irradiation is due to the effect of crosslinking, which makes the chains staked to 

each other forming a compact structure and this in turn would impede the 

diffusion of water molecules. 
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2-B. Biodegradation Evaluation of LDPE/PLST Blends Plasticized byGY 

and Compatibilized With TrimethylolpropaneTriacrylate 

Monomer(TMPTA) Before and After Electron Beam Irradiation. 

 

Soil Burial Test: Based on the data obtained, few points may be 

summarized:  

(1) The weight loss (%) increases with increasing PLST ratio, and increases 

with increasing irradiation dose.  

(2)  The tensile mechanical test showed peculiar trends, in which the tensile 

strength values after soil burial were greater than those before soil burial. 

However, tensile mechanical values were found to increase for the blends 

irradiated at 30 kGy and then tend to decrease at higher doses indicating the 

biodegradation of blends, while The tensile strength values of the blends 

before soil burial were found to decrease with increasing the ratio of PLST in 

the blends. The increase in the tensile strength values after soil burial may 

explained based on the toughness of samples in the soil. 

Aspergillus Niger Culture and Solution Tests: The weight loss (%) increases 

with increasing PLST ratio, and increases with increasing irradiation dose.  The 

growth of fungi is clear on the unirradiated blends compared to the 100 kGy 

dose irradiated samples as supported by the photo pictures. 
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 الملخص العربى

 المستخلص

َشا  و تىنيًز االيثيهيٍ يُخفض انكثافح تُسة يخرهفح يٍ ذىنيفاخانذراسح ذحضيز  ذُاوند

 تثالثح اَىاع يخرهفح يٍ انًهذَاخ كم ػهً حذِ%( 02)تُسثح ثاترح انًهذٌ انذرج و 

ضافح إا توذحسيٍ ايرشاخهً (اندهيسزيٍ أو انثزوتهيٍ خهيكىل أو رتاػً اإليثيهيٍ خهيكىل)

 تاضافح يىًَز يرؼذد انًدًىػاخ (0)يطؼى تىنيًز انثزوتهيٍ تاَهيذريذ انًانيك او ( 1)

وذى ذحضيز هذج انًخانيظ تطزيمح انخهظ ( تزوتاٌ ثالثً أكزيالخ ثالثً ييثيهىل)انىظيفيح 

يُخفض َح يٍ انُشا وتىنيًز االيثيهيٍ انًكى رىنيفاخذى ذؼزيض هذج ان. انًيكاَيكً انحزاري

انرحهم انثيىنىخً نهخهطاخ  ذى دراسح .نكثافح ندزػاخ يخرهفح يٍ انحشو االنكرزوَيحا

اشهز، ثاَيا فىق  طزيمح انذفٍ فً انرزتح انشراػيح نًذج ارتؼحأوال : انًخرهفح تثالثح طزق

، ثانثا انغًُ تفطز انؼفٍ فً اطثاق ترزي يحكًح اإلغالق نًذج ارتؼح اساتيغسطح اآلخار 

ذاثيز انرشؼيغ تانحشو ذى دراسح . نًذج ارتؼح اساتيغ يحهىل غًُ تفطز انؼفٍ طزيمح انغًز فً

ػهً ايرصاص  وكذنك يحانًىرفىنىخ، انًيكاَيكيح ،االنكرزوَيح ػهً انخىاص انحزاريح

ذى ذؼييٍ انرحهم انثيىنىخً ػٍ طزيك حساب َسثح انفمذ فً انىسٌ وكذنك ػٍ . انؼيُاخ نهًاء

ضافاخ انُرائح اٌ اسرخذاو اإل خأظهز.كيح وانًىرفىنىخيحطزيك دراسح انخىاص انًيكاَي

يؼظى انخىاص  أدي إنً حذوز ذحسٍانرشؼيغ تانحشو االنكرزوَيح لذ تداَة  انًخرهفح

يُخفض انكثافح يًا ساػذ ٍ االيثيهي يرشاج انُشا انًهذٌ يغ تىنيًزإانطثيؼيح وساػذ ػهً 

 .  ُخفض انكثافحااليثيهيٍ ي ثىنيًزفً حذوز ذكسيز وذحهم تيىنىخً ن

 

 

 

 

 

 



 الملخص العربى

 الملخص العربى

للتخلص من مشكلة تذايد القمامة الناتجة من المخلفات البالستيكية اتجهت االبحاث الى 

تحضير بالستيكات قابلة للتحلل بيولوجيا وتكون لها نفس الخواص الميكانيكية 

خالل يمكن عرضها من  ه الرسالةفى هذ والنتائج التى تم الحصول عليها والحرارية

 االجزاء األتيه

بملدنات مختلفة وتحسين  النشا مع منخفض الكثافة لمخاليط اإليثيلين التلدين:أوال

 .والتعريض للحزم اإللكترونيه اإلمتزاج بإستخدام مطعم البروبلين بانهيدريد الماليك

منخفض الكثافة نسب مختلفة من بوليمر االيثيلين تم تحضير مخاليط بفى هذا الجزء 

اندهيسزيٍ أو انثزوتهيٍ )شا الملدن بثالثة انواع مختلفة من الملدنات كل على حده مع الن

ولتحسين امتزاج المخاليط تم إضافة نسبة ثابتة  (خهيكىل أو رتاػً اإليثيهيٍ خهيكىل

تم تعريض االفالم لجرعات مختلفة من . من مطعم البروبلين بؤنهيدريد الماليك( 2%)

تم دراسة الخواص التركيبية لألفالم . (كيلو جراى 033, 03, 03) الحزم اإللكترونية

التحليل باألشعة تحت الحمراء، التحليل الكمى الحرارى، التحليل : بالقياسات التالية

قياس الخواص الميكانيكية، وكذلك التركيب بالماسح التفاضلى الحرارى، 

نتائج التى تم وفيما يلى أهم ال. فولوجى بالميكروسكوب اإللكترونى الماسحرالمو

 :الحصول عليها فى هذا الجزء

أظهرت نتائج التحليل بواسطة األشعة تحت الحمراء ظهور نبضة اإلمتصاص  (1)

ثيلين منخفض الكثافة هيدروجينية بين بوليمر اإليالروابط الالمميزة لوجود 

 زيادةنسبة النشا فى المخلوط وكذلك  زيادةكثافة هذه النبضة ب تزداد .والنشا

 .إلشعاعيةالجرعة ا

أظهرت نتائج التحليل الكمى الحرارى ان الثبات الحرارى لبوليمر اإليثيلين   (2)

نسبة النشا فى  زيادةوكذلك مع  منخفض الكثافة يقل عند خلطه مع النشا

الخواص الحرارية بعد تشعيع األفالم بالحزم اإللكترونية تتحسن  المخلوط بينما

. 

ظهور درجة انصهار التفاضلى  الحرارى بالماسحأظهرت نتائج التحليل  (3)

العوامل  زيادةالجزء البلورى لبوليمر االيثيلين منخفض الكثافة وكذلك 

طول السلسلة الهيدروكربونية للملدن  زيادةمع  (∆(H,onsetالحرارية 
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( كيلو جراى 03, 03)المنخفضة  اإلشعاعية اتالمستخدم وكذلك مع الجرع

 .كيلو جراى 033الجرعة اإلشعاعية الى  زيادةوتقل ب

أظهرت نتائج الشد الميكانيكى تدهور الخواص الميكانيكية لبوليمر اإليثيلين  (4)

 نسبة النشا زيادةيذداد هذا التدهور مع , منخفض الكثافة نتيحة خلطه مع النشا

ا أظهرت ان الخواص الميكانيكية كم. يةالجرعة اإلشعاع زيادةوكذلك مع 

 أوالبروبلين جليكول تلك الملدنة بالجلسرين أفضل من ب للمخاليط الملدنة

 .رباعى اإليثيلين جليكول

أظهرت نتائج الفحص بالميكروسكوب اإللكترونى الماسح لسطح بوليمر  (5)

كما اظهرت . اإليثيلين منخفض الكثافة انه يتميز بالنعومة و اإلستمرارية

أن التركيب المورفولوجى للمخاليط يكون  الصور المؤخوذة لسطح مخاليطهما

 .الجرعة اإلشعاعية زيادةجزئيا ويذداد هذا اإلمتزاج مع  زجاممت

للماء ان نسبة امتصاص الماء أظهرت نتائج قياس نسبة إمتصاص األفالم  (6)

% 23طه بنسبة مرة بعد خل 093لبوليمر اإليثيلين منخفض الكثافة تتضاعف 

الجرعة  زيادةن نسبة امتصاص الماء للمخاليط المشععة تقل بوأ .من النشا

 .عاعيةشاإل

ض الكثافة و النشا تعيين التحلل البيولوجى لمخاليط بوليمر اإليثيلين منخف: ثانيا

الملدن بملدنات مختلفة والمحسنة بالبروبلين المطعم بانهيدريد الماليك قبل و بعد 

 .التعريض لجرعات مختلفة من الحزم اإللكترونيه

بوليمر اإليثيلين منخفض  يطالتحلل البيولوجى لمخالخواص  فى هذا الجزء تم تعيين

الكثافة و النشا الملدن بملدنات مختلفة والمحسنة بالبروبلين المطعم بانهيدريد الماليك 

( أ)بثالثة طرق مختلفة   قبل و بعد التعريض لجرعات مختلفة من الحزم اإللكترونيه

األجار التحلل البيولوجى فوق سطح ( ب. )الزراعية لمدة اربعة اشهر الدفن فى التربة

لمدة اربعة  المحكمة اإلغالق فى اطباق بترى  Aspergillus niger))الغنى بفطر 

 التحلل البيولوجى لألفالم بعد غمرها فى محلول غنى بفطر( ج).اسابيع

((Aspergillus niger  ووضعها فى زجاجات معملية محكمة الغلق لمدة اربعة

 :ونتائج هذا الجزء يمكن إيجازها كاآلتى. اسابيع

فى هذه : التحلل البيولوجى بطريقة الدفن فى التربة الزراعية لمدة اربعة اشهر ( أ)

زن الطريقة تم تعيين التحلل البيولوجى عن طريق حساب نسبة الفقد فى و
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العينات بعد دفنها فى التربة لمدة اربعة اسابيع وكذلك قياس الخواص 

نسبة  زيادةب تزدادالوزن ان نسبة الفقد فى ولقد أظهرت النتائج . الميكانيكية لها

كما أظهرت النتائج ان .  الجرعة اإلشعاعية زيادةب تزدادالنشا الملدن وكذلك 

 نسبة الفقد فى الوزن للمخاليط الملدنة بالجليسرين أفضل من المخاليط الملدنة

. ةغير المشععقوة الشد لألفالم بعد الدفن للعينات  تزداد . بالملدنات اآلخرى

( كيلو جراى 03)قوة الشد للعينات المعرضة لجرعات صغيرة  تزدادكذلك 

 (.كيلو جراى 03،033)بينما تقل فى العينات المعرضة لجرعات كبيرة 

فى   Aspergillus niger)) التحلل البيولوجى فوق سطح األجار الغنى بفطر ( ب)

فى هذه الطريقة تم تعيين : اطباق بترى المحكمة اإلغالق لمدة اربعة اسابيع

حلل البيولوجى عن طريق حساب نسبة الفقد فى وزن العينات، وتصوير الت

ولقد أظهرت النتائج ان نسبة الفقد فى الوزن . العينات تصويرآ فوتوغرافيآ

كما . الجرعة اإلشعاعية  زيادةب تزدادنسبة النشا الملدن وكذلك  زيادةب تزداد

الملدنة  أعلى نسبة تحلل بيولوجى حدثت للمخاليط أظهرت النتائج ان

المخاليط الملدنة  عن الوزن فقد فىبالجليسرين حيث ان لها أعلى نسبة 

ظهور نمو الفطر بكثرة على أكدت الصور الفوتوغرافية . بالملدنات اآلخرى

 .سطح اآلفالم

 Aspergillus))التحلل البيولوجى لألفالم بعد غمرها فى محلول غنى بفطر  ( ت)

niger فى : الغلق لمدة اربعة اسابيع  ووضعها فى زجاجات معملية محكمة

هذه الطريقة تم تعيين التحلل البيولوجى عن طريق حساب نسبة الفقد فى 

ولقد أظهرت النتائج ان  .وزن العينات، وتصوير العينات تصويرآ فوتوغرافيآ

 زيادةب تزدادنسبة النشا الملدن وكذلك  زيادةب تزدادنسبة الفقد فى الوزن 

 أظهرت النتائج ان أعلى نسبة تحلل بيولوجى حدثت كما. الجرعة اإلشعاعية 

عن  الوزن للمخاليط الملدنة بالجليسرين حيث ان لها أعلى نسبة فقد فى

نمو الفطر أكدت الصور الفوتوغرافية . المخاليط الملدنة بالملدنات اآلخرى

داخل اآلفالم بينما الفطريات التى نمت على السطح فقد أثرت على لون 

 (.لون الفطر)مورة بداخله اآلفالم فؤصبح أسود اللون المحلول المغ
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مع النشا بإستخدام  منخفض الكثافة التلدين وتحسين اإلمتزاج لمخاليط اإليثيلين:لثاثا

 .والتعريض للحزم اإللكترونيه المجموعات الوظيفيةمونمر متعدد 

 ض الكثافةمنخفتم تحضير مخاليط بنسب مختلفة من بوليمر االيثيلين فى هذا الجزء 

من %( 0)مع النشا الملدن بالجلسرين ولتحسين امتزاج المخاليط تم إضافة نسبة ثابتة 

 .(TMPTA)(ثالثى ميثيلول بروبان ثالثى أكريالت) المجموعات الوظيفيةمونمر متعدد 

كيلو  033, 03, 03)تم تعريض االفالم لجرعات مختلفة من الحزم اإللكترونية 

التركيبية لألفالم بالقياسات التالية التحليل الكمى  تم دراسة الخواص(. جراى

الحرارى، التحليل بالماسح التفاضلى الحرارى، قياس الخواص الميكانيكية، وكذلك 

وفيما يلى أهم النتائج التى . التركيب الموفولوجى بالميكروسكوب اإللكترونى الماسح

 :تم الحصول عليها فى هذا الجزء

من خالل حساب نسبة الفقد فى الوزن مى الحرارى أظهرت نتائج التحليل الك (1)

عند درجات الحرارة المختلفة وكذلك حساب درجة الحرارة العظمى لقيمة 

والمعالج  منخفض الكثافة معدل تفاعل التكسير الحرارى لبوليمر اإليثيلين

تكون روابط  المجموعات الوظيفيةمن مونمر متعدد  %(0) بإضافة نسبة ثابتة

ان كما أظهرت . الجرعة اإلشعاعية زيادةب تزداده الروابط عرضية وأن هذ

الثبات الحرارى لبوليمر اإليثيلين منخفض الكثافة يقل عند خلطه مع النشا 

 تتحسن الخواص الحراريةأن  كما. نسبة النشا فى المخلوط زيادةوكذلك مع 

 .الجرعة اإلشعاعية زيادةومع بعد تشعيع األفالم بالحزم اإللكترونية 

الحرارى بالماسح التفاضلى ظهور درجة انصهار ظهرت نتائج التحليل أ (2)

والمعالج بإضافة نسبة ثابتة  الجزء البلورى لبوليمر االيثيلين منخفض الكثافة

الجرعات  زيادةمع   (∆(H زيادةوكذلك ( TMPTA)مونمر المن %( 0)

 كما أظهرت النتائج أن. مما يدل على حدوث روابط عرضية اإلشعاعية 

أقل من تلك لبوليمر ( (80/20ار الجزء البلورى للمخلوط نسبة رجة انصهد

من %( 0)والمعالج بإضافة نسبة ثابتة  االيثيلين منخفض الكثافة

غير أقل من تلك لبوليمر االيثيلين  للمخلوط  (∆(Hبينما .  (TMPTA)مونمرال

 .طمشعع و المشعع مما يدل على حدوث تحلل للنشا الملدن داخل المخلوال

أظهرت نتائج الشد الميكانيكى تدهور الخواص الميكانيكية لبوليمر اإليثيلين  (3)

نسبة  زيادةيذداد هذا التدهور مع  خفض الكثافة نتيحة خلطه مع النشا ومن
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الجرعة  زيادةمع  تزدادكما أظهرت النتائج أن الخواص الميكانيكية . النشا

كيلو  033إلى  اإلشعاعيةعة الجر زيادةكيلو جراى ثم تقل ب 03إلى  اإلشعاعية

 .جراى

التركيب  ونى الماسحأظهرت نتائج الفحص بالميكروسكوب اإللكتر (4)

الجرعة  زيادةممتزجة جزئيا ويذداد هذا اإلمتزاج مع للمخاليط المورفولوجى 

 . اإلشعاعية

أظهرت نتائج قياس نسبة إمتصاص األفالم للماء ان نسبة امتصاص الماء  (5)

% 23مرة بعد خلطه بنسبة  093فض الكثافة تتضاعف لبوليمر اإليثيلين منخ

 زيادةكما أظهرت ان نسبة امتصاص الماء للمخاليط المشععة تقل ب. من النشا

 نتيجة تكون الروابط العرضية التى تعوق امتصاص الماء الجرعة اإلشعاعية

خدام مع النشا بإست منخفض الكثافة لمخاليط اإليثيلينتعيين التحلل البيولوجى : رابعا

لحزم لجرعات مختلفة من ا التعريضبعد  وقبل  المجموعات الوظيفيةمونمر متعدد 

 .اإللكترونيه

 ونتائج هذا الجزء يمكن إيجازها كاآلتى

أظهرت  :ربة الزراعية لمدة اربعة اشهرالتحلل البيولوجى بطريقة الدفن فى الت ( أ)

 تزدادملدن وكذلك نسبة النشا ال زيادةب تزدادالنتائج ان نسبة الفقد فى الوزن 

غير  لشد لألفالم بعد الدفن للعيناتقوة ا تزداد. الجرعة اإلشعاعية زيادةب

كيلو  03)قوة الشد للعينات المعرضة لجرعات صغيرة  تزدادكذلك . مشععةال

كيلو  03،033)بينما تقل فى العينات المعرضة لجرعات كبيرة ( جراى

 (.جراى

 Aspergillus))غنى بفطر التحلل البيولوجى فوق سطح األجار ال ( ب)

niger  أظهرت النتائج  :فى اطباق بترى المحكمة اإلغالق لمدة اربعة اسابيع

 زيادةب تزدادنسبة النشا الملدن وكذلك  زيادةب تزدادان نسبة الفقد فى الوزن 

أكدت الصور الفوتوغرافية ماسبق بظهور نمو الفطر  الجرعة اإلشعاعية

 .بكثرة على سطح اآلفالم

 Aspergillus))لل البيولوجى لألفالم بعد غمرها فى محلول غنى بفطر التح ( ت)

niger  ولقد   :ووضعها فى زجاجات معملية محكمة الغلق لمدة اربعة اسابيع
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نسبة النشا الملدن وكذلك  زيادةب تزدادأظهرت النتائج ان نسبة الفقد فى الوزن 

فية نمو الفطر داخل أكدت الصور الفوتوغرا. الجرعة اإلشعاعية زيادةب تزداد

اآلفالم بينما الفطريات التى نمت على السطح فقد أثرت على لون المحلول 

 (.لون الفطر)المغمورة بداخله اآلفالم فؤصبح أسود اللون 

 

 

 

 

 



 

 

 

 

 

 كهيخ انجنبد نألداة ًانعهٌو ًانتشثيخ

 

 شكش

 

 

 :ح األسبتزح انزيٍ قبيٌا ثبألششاف ًىىاشكش انسبد

 اثٌ انخيش ثيٌيَ يصطفَ./ د.أ -1

 عجذ انٌىبة يحًذ خهيم اننجبس./ د.أ -2

 كسبة عبئشخ كسبة عجذ انعضيض./ د.و.أ -3

 يجذٍ يحًذ حسٍ سنو./ د.و.أ -4

 

  

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 كلية البنات لألداب والعلوم والتربية

 

 سهٌٍ عجذ انصبدق خهيم :  اسم الطالب   

تأحيش األشعخ انًؤينخ عهَ خٌاص يخبنيط انجالستيك ًاننشب ًتطجيقبتيب  : عنٌاٌ انشسبنخ

 ثيٌنٌجيبكًٌاد قبثهخ نهتحهم 

   

 (.الكيمياء)دكتوراه الفلسفة فى العلوم  :الدرجة العلمية 

 الكيمياء: القسم التابع له 

 كلية البنات :اسم الكلية      

 عين شمس: اسم الجامعة   

 9168 :سنة التخرج   

  0292: سنة المنح     

 

  

 

 

 

 

 

 

 



 

 

 

 

 

 

 كهيخ انجنبد نألداة ًانعهٌو ًانتشثيخ

 سهٌٍ عجذ انصبدق خهيم :اسى انطبنت      

تأحيش األشعخ انًؤينخ عهَ خٌاص يخبنيط انجالستيك ًاننشب ًتطجيقبتيب  :عنٌاٌ انشسبنخ 

 هخ نهتحهم ثيٌنٌجيبكًٌاد قبث

(.انكيًيبء)دكتٌساه انفهسفخ فَ انعهٌو : انذسجخ انعهًيخ   

 

 :نجنخ األششاف  

 اثٌ انخيش ثيٌيَ يصطفَ./ د.أ .1

 جبيعخ عيٍ شًس-استبر انكيًيبء انطجيعيو ثكهيخ انجنبد                

 عجذ انٌىبة يحًذ خهيم اننجبس./ د.أ .2

 .بنًشكض انقٌيَ نجحٌث ًتكنٌنٌجيب األشعبعث استبر كيًيبء األشعبع                

 عبئشخ كسبة عجذ انعضيض كسبة./ د.و.أ .3

 جبيعخ عيٍ شًس-انكيًيبء انطجيعيو ثكهيخ انجنبد يسبعذ استبر

 يجذٍ يحًذ حسٍ سنو./ د.و.أ .4

 بنًشكض انقٌيَ نجحٌث ًتكنٌنٌجيب األشعبعثكيًيبء األشعبع ذ استبر يسبع                

 

  2010:            /تبسيخ انجحج 

  

 انذساسبد انعهيب

/   / ختى االجبصه                                                         أجيضد انشسبنو ثتبسيخ   

2010 

 يٌافقخ يجهس انكهيو                                                يٌافقخ يجهس انجبيعخ

        /   /2010                                                                  /   /2010 



 

 

 

 كهيخ انجنبد نألداة ًانعهٌو ًانتشثيخ

 

تأحيش األشعخ انًؤينخ عهَ خٌاص يخبنيط انجالستيك ًاننشب 

 ًتطجيقبتيب كًٌاد قبثهخ نهتحهم ثيٌنٌجيب

 

 يقذيو انَ

 جبيعخ عيٍ شًس-كهيخ انجنبد

 نهحصٌل عهَ دسجخ دكتٌساه انفهسفخ

 فَ انكيًيبء

 

 

 يقذيو يٍ

 سهٌٍ عجذ انصبدق خهيم

 (2003يًيبء يبجستيش ك)

 

 

 انًشكض انقٌيَ نجحٌث ًتكنٌنٌجيب االشعبع

 ىيئخ انطبقخ انزسيخ

 

(2010) 

 

 

 

 


