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AIM OF THE WORK

Blending of polymeric materials has proved to be a 

successful method for preparing new polymeric materials having 

not only the main properties of the blends components but also new 

modification as well as specific ones. Hence, the blending 

technique becomes a desirable one and of commercial interest. 

Rubbers as polymeric materials are usually solid and therefore the 

method of mechanical blending has been found to be the most 

suitable one for preparing blends of rubbers.  

In the present investigation blends of two rubbers were 

prepared. These two rubbers are natural rubber (NR) and synthetic 

styrene butadiene rubber (SBR), which are both amorphous 

hydrocarbon and general purpose rubbers. However, NR is a 

homopolymer and regular in its structure and hence it crystallizes 

on stretching and most of its specific characteristics are affiliated 

with this property. On the other hand, SBR is formed of two 

monomers and does not crystallize on stretching due to its random 

structure.  Moreover, SBR may have additional varying properties 

depending on the ratio of the two monomers styrene and butadiene. 

The SBR used in this investigation is of the type SBR (1502) which 

contains 23.6 wt% styrene. Blending of the two rubbers would be 

expected to complement each other in properties.  

Rubber and rubber compounds are generally used in the 

vulcanized state i.e. network structure, in order to withstand 



different arts of stresses. Vulcanization is attained generally by 

formation of chemical cross links between rubber macromolecules 

and vulcanizaing agents usually sulfur. In this respect, ionizing 

radiations such as gamma rays have been found suitable for 

inducing chemical crosslinking i.e. vulcanization, between rubber 

molecules in the absence of additives as sulfur or others. As a 

matter of fact, it has been found that radiation vulcanization process 

is economically acceptable and offers several advantages not 

attainable by other thermo-chemical method, such as the possibility 

of using greater proportion of synthetic SBR rubber in blends with 

natural rubber without loss in cohesive strength. Therefore, it is 

aimed in this investigation to use gamma rays of different doses for 

inducing vulcanization and following up mechanical, physical as 

well as thermal properties of the blends. 

Fillers are always used in rubber compound for several 

purposes such as enhancing mechanical properties or increasing of 

volume. Therefore, it is aimed in this study to load NR/SBR blend 

of equal contents, with different types of fillers namely, Hisil, HAF 

,carbon black, clay and  titanium dioxide (TiO2 )  at fixed content of 

40 phr (part per hundered parts of rubber). Here again the effect of 

irradiation on different properties of prepared rubber blend 

composites will be followed up.  

It is always desirable in radiation vulcanization to attain the 

best properties of rubber compounds at the lowest dose of 

irradiation to avoid degradation processes of rubber taking place on 



applying higher doses of irradiation. This goal is attained by using 

organic molecules of relatively large molecular weight and having 

double bonds in its structure. These polyfunctional monomers are 

referred to as coagents and they participate in the formation of 

chemical bonds with rubber macromolecules on irradiation i.e, they 

enhanced the degree of crosslinking. Hence, it is aimed in this 

investigation to use three coagents that differ in their number of 

duoble bond, and are named N, N- methylene diacrylamide (MDA), 

trimethylol propane trimethacrylate (TMPTMA) and tetramethylol 

- methane tetraacrylate(TMMT). Also the effect of irradiation of 

the properties of enhanced NR/SBR composites will be followed 

up.  



ABSTRACT

In this investigation system styrene butadiene rubber (1502 

type) and natural rubber were blended in different ratios namely, 

NR/SBR (0/100), NR/SBR (25/75), NR/SBR (50/50), NR/SBR 

(75/25) and NR/SBR (100/0). All the samples were subjected to 

gamma irradiation dose up to 250 kGy. 

The improvement in the mechanical properties, physico-

mechanical properties and thermal properties was followed as a 

function of irradiation dose and blend ratio. The SBR /NR (50/50) 

blend with reasonable properties were filled with 40 phr of Hisil 

(highly fined silicon), HAF carbon black (high abrasion furnace), 

TiO2 titanium dioxide and clay; the reinforcing ability of these 

fillers was found to follow the order: 

Hisil   > HAF carbon black > Clay > TiO2

The effect of different kinds of enhancing agents (coagent) 

namely: N, N- methylene diacrylamide (MDA), trimethylol 

propane tri methacrylate (TMPTMA) and tetramethylol - methane 

tetraacrylate (TMMT) on the properties of the obtained composites 

as a function of irradiation dose was studied. The data obtained 

showed that the enhancement character of the coagents follow the 

order:  

TMMT >TMPTMA > MDA >unenhanced composites. 

This investigation showed also the effect of gamma irradiation 

on improving the above mentioned properties in the presence of 



filler and coagents. Moreover, radiation dose at 100 kGy is 

sufficient enough for obtained the desired properties. 

The obtaining composites can be used in many industrial 

applications such as radio controlled model race car tires to 

footwear applications; the SBR component adds the toughness 

while the natural rubber provides superior resilience and energy 

return when used in footwear. 
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CHAPTER 

INTRODUCTION 

Polymers are widely used in various activities of life. They 

are now good alternatives of conventional materials like wood and 

cotton. Polymers have many advantages over these materials but 

also polymers have disadvantages. In order to overcome these 

disadvantages as well as introduce new properties, blending 

technique had been used successfully. (Gunasekaran et al., 2007)  

    Blending of two or more types of rubber is a useful 

technique for preparing and developing material with properties 

superior to those of individual constituents. Moreover, each kind of 

rubber in the blend has its own advantages and specific application 

due to its chemical configuration and composition. Hence, it is 

economically easier to blend more than one type of rubber having 

the desired properties rather than chemically creating of a new 

elastomer. 

     Blending of polymers has become an increasingly important 

area of research activity. Elastomer blends are used for many reasons 

such as lowering the compound cost, for ease of fabrication and to 

improve the performance of the industrial rubber. Natural rubber 

(NR) and styrene–butadiene rubber (SBR) have been blended for a 

long time for these reasons (Findik et al., 2004).
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     Polymer blends can be prepared by several methods as: latex 

blending, mechanical blending, and solution blending and  

Copolymerization reaction. Mechanical blending is the oldest and 

most widely used technique in the industry, because it’s easy 

operation and high capacity in production (Pazonyi et al., 1967).

     Polymer blends may be either homogeneous or 

heterogeneous. The homogeneous blends are miscible and 

compatible, i.e. the constituents of the blend are mutually soluble. 

The heterogeneous blends have incompatible constituents; the 

constituents of the polymer are not mutually soluble. Homogeneous 

blends are expected to lead to a single thermodynamically stable 

phase in which individual components are completely transparent. 

On the other hand, heterogeneous blends will be opaque as separate 

phases. In most cases, compatible blends have better mechanical 

properties than incompatible blends. A compatible blend exhibits 

mechanical properties proportional to the ratio of constituents in the 

blend, whereas incompatibility leads to a material with reduced 

mechanical properties. (Han, 1984).

Ionizing radiation has been found to be widely applicable in 

modifying the structure and properties of polymers, and can be used 

to tailor the performance of either bulk materials or surfaces. Fifty 

years of research in polymer radiation chemistry has led to numerous 

applications of commercial and economic importance, and work 
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remains active in the application of radiation to practical use 

involving rubber composite materials (George, 2002).  

1.1. Radiation properties of SBR and NR 

1.1.1. Styrene butadiene rubber (SBR)

 (SBR) represents one of the synthetic rubbers that are still widely 

used for manufacturing a wide range of different products such as in 

car tires, automotive industry, in production of technical parts, cable 

insulation material, shoe sole, molded goods etc…SBR is a random 

copolymer, does not crystallize on stretching due to the fact that it is 

a totally amorphous rubber. Therefore, it becomes a necessity of 

admixing SBR with filler materials. It is known as a cross-linkable 

polymer on irradiation. Moreover SBR in its raw form represents an 

amorphous and homogenous polymeric material and hence the bulk 

mechanical properties of radiation–vulcanized product may be fairly 

anticipated on the basis of its intrinsic chemical structure and 

irradiation conditions. Hence, self –reinforcement does not take 

place at high extension, as in the case for example of NR or CR 

elastomers and no contribution to its tensile strength would be 

expected based on its chemical structure. The tertiary substituted 

carbon atom on the main macromolecules chain represents the most  

susceptible carbon atom (Woods et al., 1994) and on irradiation 

breakage of this bond take place favorably leading to the formation 

of the hydrogen atom and benzyl – type radical as follows:  
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        The formed benzyl radical undergoes resonance stabilization 

with the phenyl ring of styrene monomer. Such resonance 

stabilization would be expected to decrease the efficiency of benzyl 

radical and as the same time increase its half –life. When such 

radicals collide favorably to each other, they may react with each 

other with the result of formation of a covalent bond i.e. cross-link 

between two adjacent macromolecules. 

     The formation of such bond would be also expected to be a 

function of the content of styrene in the copolymer, which makes 

~23-40 % by wt. Under such circumstances, a limited crosslinking 

density would be expected which accounts for the relatively low 

value of TS attained by vulcanized raw SBR. Moreover, the relative 

constancy of TS values with increasing the irradiation dose from 50 

kGy to 250 kGy is ascribed to the resonance stabilization and the 

protective effect of phenyl groups of styrene. 
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1.1.2. Natural rubber (NR):

            NR is an elastic hydrocarbon polymer that naturally occurs as 

a milky colloidal suspension, or latex, in the sap of some plants. The 

scientific name for the rubber tree is Heava brasiliensis.

Natural rubber is also categorized as a radiation crosslinking type of 

polymer as it contains a double bond in its basic cis 1, 4 

polyisoprene units. Moreover, it is characterized by its ability to 

crystalline on stretching and the absence of such groups as phenyl 

group in its structure as in case of SBR. Due to these properties, it 

would be expected that NR attains higher TS than SBR. 

       Elastomer blends are used for many purpose such as lowering 

the compound cost, the complex shaped product may be easily 

fabricated during production.  

To improve the performance of the industrial rubber. Natural rubber 

and styrene butadiene rubber have been blended for a long time ago 

for these reasons. The mechanical properties of such blends 

(NR/SBR) can be significantly improved. SBR /NR are a special 

performing blend which is suitable for variety of applications from 

race car tires to footwear applications. The SBR component adds the 

toughness while the natural rubber provides superior resilience and 

energy return.  
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1.2. Classification of polymer blends:

  Polymer blends can be categorized according to the kind of 

their polymeric materials, whether plastic or rubber polymer and 

they can be classified into: 

1.2.1. Elastomer-elastomer blends:

Elastomer-elastomer blends constitute the polymeric material 

of the present investigation. They are of considerable practical 

importance, since about 75% by volume of all rubbers used are in 

form of blends. 

Elastomers which are more or less incompatible are 

commonly blended together to improve, for example, the process 

ability of material. Also, the improvement may consist of lowering 

the stock viscosity or producing a material that is less prone to 

fracture or crumbling when subjected to flow. The improved 

behavior of such blends of different elastomers is attributed in part to 

the limited degree of dispersion of one rubber component in the 

other. Also, normal stress function and the related phenomena of die 

swell and the shrinkage can also be altered by blending (Rolnad, 

1977).

For example: blend of natural rubber (NR) with chloroprene rubber 

(CR) with varying ratios have been prepared.  Vulcanization of the 

prepared blends has been induced by ionizing radiation of gamma 

rays with different doses up to 250 kGy. Mechanical properties, 

namely tensile strength, tensile modulus at 100% elongation and 
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elongation at break have been studied as a function of irradiation 

dose and blend compositions. Gel fraction and swelling number have 

been studied as a function of irradiation dose using toluene solvent.  

Also NR/CR blend is thermally stable than NR alone. Vulcanized 

and reinforced blends with either HAF carbon black or Hisil have 

better properties with respect to non-reinforced blends (Maysa et al., 

2011).

1.2.2. Elastomer –thermoplastic blends:   

Elastomer-thermoplastic blends consist of two polymeric 

materials having elastomeric behavior at room temperature and 

thermoplastic behavior at processing temperature (Montoya et al., 

2004)  

If the elastomer is the major phase and the plastic is the minor 

phase, this blend will have the properties of reinforced elastomer. If 

plastic is the major phase, the obtained blend will be tough plastic 

blend. They are prepared by mixing a thermoplastic and an 

elastomer under high shearing action. Elastomers like EPDM, NR, 

NBR, SBR etc.... and plastics like PP, PE, nylon etc….  

are usually used as blend components. (Petrovic et al., 1996). 

  The elastomer/thermoplastic of blends weight ratio varies in a wide 

range to adjust several properties like hardness, tensile strength, 

modulus, elongation at break, compression set, brittleness 

temperature, oil resistance and others. 
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1.2.3. Thermoplastic –thermoplastic blends: 

Improving mechanical properties such as toughness is usually 

the reason for the development of novel thermoplastic blends. Other 

reasons for blending two or more plastics together include: 

(i) Improving the polymers processability, especially for the 

high temperature polyaromatic thermoplastic. 

(ii) Enhancing the physical and mechanical properties of the 

blends, making them more desirable than those of the 

individual polymers. 

(iii) Meeting the market force. An example of the last reason is 

the current growing interest in the plastic recycling 

process where blending technology may be the means of 

driving desirable properties from recycled product 

(Garrat, 1982).  

Polymers such as polyethylene (PE), polypropylene (PP), 

polystyrene (PS) and polyvinylchloride (PVC) constitute a 

large proportion of the total tonnage of plastic currently used 

for non –load bearing applications.  

The blends of these plastics constitute one of the most 

rapidly evolving areas of engineering plastic for improving 

mechanical properties such as toughness as it is usually the 

main reason for the development of the thermoplastic blends 

(Folkes et al., 1993). 



INTRODUCTION



1.3. Effect of radiations on polymeric materials: 

                High – energy   radiations    produce at first     ionization    

and    excitation processes     in polymer    molecules.    Formed 

energy - rich     species may   undergo    dissociation,   abstraction,   

and   addition     reactions   in   a   sequence    leading   to   chemical 

stability.  Radiation   normally affects    polymers   in two basic 

manners, both resulting from excitation or ionization of   atoms.  The   

two   mechanisms   are   chain    scission,   a   random    rupturing   

of    bonds,     which   reduce   the molecular   weight of   the   

polymer,   and    cross-linking of   polymer   molecules,    which     

results    in    the    formation   of    large three – dimensional   

molecular   network.   Most   often, both   of    these    mechanisms 

occur   as    polymeric   materials      subjected   to ionizing   

radiation.   As   a result    of    chain    scission,     

  Low molecular – weight compounds and gas evolution, and   

unsaturated   bonds   may appear. On the other hand, cross-linking   

generally    results   in an initial   increase   in   tensile strength,   

while   elongation   decreases    and      the   polymer   become   more 

brittle with increased dose (Hemmerich, 2000). 

1.3.1. Sources of radiation:

The sources of radiations used in radiation studies are mainly two 

groups; the first is natural or artificial radioactive isotope and the 

other one is some forms of particle accelerators. The example of the 

first group will be gamma radiation which will be emitted from 
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cobalt- 60 which emits two gamma –rays with energies of 1.17 and 

1.33 MeV. The radiation output of Co-60 is naturally limited 

because of the half life of cobalt -60 are about 5 years. The example 

of the second group is the types of electron beam accelerators 

applied industrially for different purposes

1.3.2. Chemical changes of irradiated polymers  

Formation of free radicals:

The free radical formation occurs due to subjecting polymer to an 

ionizing radiation leading to dissociation of covalent bond. This 

leads to the remaining of the electrons of the bond at one of the 

dissociated parts of the molecules while the other part is the active 

free radical. Free radical interactions are as follows (Charlesby, 

1960). 

i) Abstraction:

This is the first step after the formation of the free radical 

where the hydrogen atoms formed may take a hydrogen atom from 

another polymer molecule leading to the formation of molecular 

hydrogen and a new radical as shown: 

ii) Recombination:

In this step, the recombination of macro free radicals leads to 

the formation of cross-linking: 
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ii) Disproprtionation:  

In this step, two radicals combine to give two stable 

molecules one of them is more unsaturated than the other: 

1.3.3. Cross -linking and degradation:  

 The more important chemical changes that irradiation brings 

about in polymers are cross-linking (the formation of cross i.e. 

intermolecular bonds), degradation (the scission of bonds in the 

main polymer chain and in side chains), gas formation (the 

formation of gaseous products such as H2, CH4, CO), changes in 

unsaturation and cyclization (in presence of air or oxygen) (Woods 

et al., 1994) 

     Cross-linking and degradation are radiation chemical 

processes that change the structure.  Cross-linking transforms a 

linear or branched polymer into a three dimensional molecule,  
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resulting in a significant increase in the molecular mass, lower 

solubility in organic solvents and improved mechanical properties. 

Degradation results in a decrease in the molecular mass and opposite 

effect on the physical properties of the polymer. If cross-linking is 

sufficiently high, the polymer is partially present in the form of a 

three –dimensional network or gel with physical and chemical 

properties very different from those of the linear or branched 

macromolecules (Woods et al., 1994).

Cross-linking reactions are the   processes   of formation   of   

chemical bonds   between   macromolecular   chains,     resulting     

in polymers,   with network structure.    

Cross-linking   of   polymers   can   also   take   place    under 

the   action   of    ionizing   radiation,   whereby   ionization   and   

excitation   may take place   as a   first   effect of   irradiation leading 

eventually to the formation of   trapped   free radicals, electron   or 

ions.   Two adjacent   free   radicals could   be formed per ionization 

which will react together immediately leading   to    the    formation   

of   a    crosslink   or   a   mobile free   radical which move around   

until it   finds a   partner to give again a cross-link. Therefore, cross-

linking   in   polymers   upon irradiation with ionizing radiation may 

take place between    

  carbon atoms of adjacent macromolecules or  between atoms far 

from each   other. 
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       Degradation   may    take place by scission    of     bonds    in    

the main chain   and    in   side   chain.  Both    cross-linking   and   

degradation processes may   occur    simultaneously   in   the   same   

polymers,  the   ratio  of  their  rates  depends   on   the   chemical    

structure   of   the   polymer,   the irradiation   dose   and   dose  rate;  

the  radiation  type  and  the irradiation  environments .  

1.3.4. Mechanism of radiation reaction:

   The simple mechanism for the radiation reaction will be 

explained as follows:  

During the irradiation process over a period of time, both 

physical and chemical changes occur due to the high energy of 

irradiation. These reactions are primary and secondary reactions. The 

ionization process as primary process can be visualized as simple 

reaction of formation of positive ions and highly energetic electrons 

represented as follows: 

A A+ +                          

  A second process as a primary reaction is the excitation process 

leading to the formation of an excited species according to:  

A A* 

 The electrons formed during the primary process are usually energetic 

enough to introduce several primary processes such as 

further ionization, excitation and eventually neutralization of 

positives. When the electrons finally become thermalized, the 
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secondary reaction of the excited ion is its dissociation into a radical 

cation (B+)  and a radical (•C) 

(A+)*           • (B+)    +     •C 

Further secondary reactions may also occur whereby the 

excited species formed, may also dissociate into secondary ions, 

molecular products and free radicals. Hence polymers, exposed to 

high energy radiations will undergo changes in their physical and 

chemical properties and the polymers may undergo chain scission, 

crosslinking and recombination of broken chains. 

 From the above mentioned mechanism, it can be generally 

stated that for all polymer, the formed ionic and excited species on 

irradiation are transformed finally into free macromolecule. 

For saturated polymers, for example polyethylene (  CH2

CH2  CH2) on irradiation, hydrogen atoms are formed 

predomenatly by dissociation of a C H bond. The formed 

hydrogen atom from alkyle radicals by hydrogen abstraction from 

polyethylene macromolecule as follows: 

 Intermolecular cross-links can then be formed by the combination 

of two alkyls radicals as follows: 
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Unsaturated polymers such as polyisoprene, i.e. natural rubber (NR) 

the reaction is more complicated because many types of reaction 

can occur  at the same time such as formation of alkyl and hydrogen 

radicals or scission of the main chain of polymer leading to the 

formation of radicals as follows: 

Then the free radicals formed may attack the double bond 

leading to a cross-linking process as shown below: 
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1.4. Vulcanization:  

Conventional cross-linking process of rubber is known as 

vulcanization of rubber, the vulcanized rubber can be considered 

in its cross-linking state as a huge molecule. The material becomes 

less elastic than before vulcanization, 

 Possesses reasonable tensile strength and is insoluble                                     

in organic solvents but only swells (Eirich et al., 1978) 

1.4.1. Radiation vulcanization of rubber:

In radiation vulcanization process, the molecular chains are 

linked with each other at higher reactive sites by chemical 

crosslink to form a three dimensional network structure. These 

reactive sites are the free radicals that are formed in the polymer 

chains. Their high reactivity is attributed to the occurrence of 

unpaired electrons in these species and hence their high tendency 

to react with other free radicals in their neighborhood leading to 

crosslinking. The most common forms of radiation employed are  
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electron beams generated by electron accelerators and  

electromagnetic gamma radiation from radioisotopes Cobalt-60 

and Cesium-137. The electromagnetic and electron radiation used 

for commercial radiation processing are generally limited to 

energies below about 10 MeV to avoid any significant build up of 

radioactive isotopes in material being irradiated. The radiation 

induced chemical effect of different types of ionizing radiation are 

qualitatively the same, but the extent of chemical change depends 

on the type and energy of radiation used. (Sprinks & Woods, 

1994; Woods & Pikeav, 1994). 

Radiation vulcanization of rubber is one of the most 

promising tools for obtaining valuable products with reasonable 

 Physico-mechanical properties without any need for 

adding different ingredients usually used in conventional 

vulcanization methods. Conventional process cross-linking or 

vulcanization is carried out by sulphur for example, and heating 

(Ahmed et al., 1999; Ahmed et al., 2000) generating a small 

amount of a toxic substance such as nitrosamines, which is formed 

during vulcanization, therefore remains in the product. 

1.4.2. Other vulcanization methods:

The chemicals used for cross-linking of rubber and plastics 

are called vulcanization and curing agent respectively. 

Chemical methods: 
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Many natural and synthetic rubbers are not themselves 

thermosetting materials (Hussein, 1996). They can however react 

with the vulcanization agents to form three dimensional networks. 

The most common vulcanization methods are those dependent 

on sulfur 

         i) Sulfur system: 

Methods for curing with sulfur are usually classified into four 

different systems 

1-sulfur itself. 

2-conventional sulfur and accelerators 

3-low sulfur and accelerators 

4-sulfur donor systems. 

Methods no.3 and no. 4 are called efficient vulcanization systems 

because more monosulfide than polysulfide bonds are formed in 

the cross-links between chains. Rubbers like natural rubber, 

styrene butadiene rubber can be vulcanized with sulfur as the only 

curing agent.
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Example:

Where (S __) monosulfide, (__S___ S ___) disulfide, and (___S _____) 

polysulfide linkage. 
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ii) Peroxide curing systems

In the early 1950s the use of dialkyl peroxide to cross-

link polymers was introduced. The methods have some 

advantages over sulfur curing systems, as peroxides can cross-

link both saturated and unsaturated polymers. The vulcanizates 

have better heat aging properties. There are also disadvantages 

as peroxides are rather hazardous chemicals and react more 

readily with other compounding ingredients as oxidants than 

conventional sulfur curing which restricts the use of antioxidant. 

Hemolytic decomposition of the peroxide by heat produces two 

free radicals. 

    ROOR  2RO•

The formed oxy radicals referred to as •R may then attach the 

double bond  of the elastomer leading to the formation of 

macromolecule free radical which in turn may react with 

another macromolecule or radical leading to the formation of 

cross-link and hence vulcanization as follow: 
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Whereby P stands for polymer,  

Where a- Oxy radical b- unsaturated polymer, c- cross-linked 

 Polymer 

iii) Metallic oxides

Metallic oxides are used as vulcanizing agents (Blow & 

Hepburn, 1982; Murray et al., 1963).  

Three oxides are used; zinc, magnesium, and lead oxide 

  As an example is the utilization of ZnO as metallic 

oxide in the vulcanization of polychloroprene as follows: 
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It may be observed that the degree of unsaturation of 

polychloroprene, i.e. neoprene did not change in its 

vulcanized form. 

1.5. Rubber blends vulcanization in presence of additives  

1.5.1. Fillers

     Filler distribution in the blend affects the properties of the 

blend as it is controlled by the molecular weight of the polymer and 

filler dispersion in each phase and chemical interaction between 

polymer and filler (Mark et al., 1994).

         Fillers may be differentiated from each other on the 

basis of several parameters such as color, source and activity. 

Fillers, therefore, are black or non-Black, natural or synthetic 

and reinforced or inert.  Moreover, their extent may vary  

from limited values of ~30-60 wt % to several hundered %, 

depending on the aim of the incorporation in the rubber 

composition.Fillers of many types are used in rubber 

formulation. Filler may be considered to be any particulate 

material, which is added for one or more of the following 

purposes: (Barlow, 1993). 

 -Modification of physical properties. 

-Modification of processing performance  
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Reinforcement of rubber by fillers.

           The phenomenon of reinforcement by using fillers is unique 

to rubber materials. The relative order of reinforcement by fillers 

appears to be the same for all dry rubber polymers, but the relative 

magnitude of the effect is influenced strongly by the inherent 

strength characteristics of the unfilled elastomer.

Factors influencing the reinforcement of rubber by filler:

         The reinforcement ability of fillers is influenced by three 

primary characteristics: (Eirich et al., 1978). 

Particle size  

       Particle size has a direct influence on the specific area of the 

filler and it is the increase in surface area that is in contact with the 

rubber phase that propably leads to the increase in reinforcement. It 

can be argued that reducing particle size simply leads to a greater 

influence of polymer- interaction 

Polymer –filler bonding 

        The ability of the filler to react with polymer resulting in 

adhesion increases its strength significantly. This process may be 

physical or chemical, and in the case of carbon blacks it is 

considered responsible for reinforcement (Stevens et al., 1991) 

The particle complexity

          Particle structure or composition may provide further changes 

in the reinforcement. This is especially true for carbon black where  
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products with differing structures are produced. Increasing carbon 

black structure has the effect of reducing TS (Marton et al., 1981). 

Complexity has a more pronounced effect on processing behavior 

than on reinforcement and provides important benefits in this area. 

Examples of white fillers:

      1- Titanium dioxide (TiO2) is of interest for various applications 

because of its photoelectrochemical, (Fujishima et al 1972)

photocatalytic (Fujishima et al. 2000) and superhydrophilic (Wang et 

al. 1997, Wang et al 1998 and Zhang et al. 2005) properties. Some 

TiO2-based self-cleaning products such as tiles, glass, and plastics have 

become commercially available. (Fujishima et al. 1999 and Mills et 

al. 2003). One of the advantages of this kind of self-cleaning surface is 

that TiO2 can decompose organic contaminants (Minabe et al. 2000)

and/or kill bacteria adhering to the surface. (Kikuchi et al. 1997),  

under ultraviolet (UV) illumination. 

         Titanium dioxide, TiO2, on the other hand, is characterized by 

special characters namely, high surface-volume relation and hence 

high surface activity that would make it suitable as reinforcing agent 

for rubber after activating its surface( Haitao et al. 2007).

2-Clay  

         Clay is the most widely used non-black fillers for rubber. Its 

use is based on its low comparative cost, versatility and stiffening 

properties. Typical uses for these treated clays include inner linner  
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for tires where they reduce air permeability and white sidewalls 

3-Silica and silicates  

         Silica can be made by pyrogenic or precipitation processes. 

Silicates for rubber compounding are produced only by 

precipitation. Synthetic silica and silicates are powerful reinforcing 

agents for rubber (Donnet et al., 1993)  

Example for black fillers is carbon black HAF, which is produced 

by controlled pyrolysis of hydrocarbon oil or gas. They   are very 

important filler because of high strengthening power for rubbers. 

The most important properties used to characterize carbon black are 

(1) particle size ;( 2) structure; and (3) the nature of the structure 

(Bohm et al., 1977 and Chabowski et al., 1985) 

1.5.2. Promoters (co -agents) 

     The effect of radiation on polymers depends on 

whether irradiation is carried  out in air or in vacuum, in solid 

or in liquid state, in pure or in commercial one, as well as in 

absence or in presence of additives.  

As mentioned before, ionizing radiation can be used in 

inducing vulcanization of elastomers. In most elastomers 

however, the induced degree of cross-linking is limited and to 

obtain equivalent degree of cross-linking to that obtained in 

conventional vulcanization,  
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relatively high irradiation doses must be used. These later 

doses are accompanied however, with high extent of 

degradation. Additives which  

can promote cross-linking at relatively low irradiation doses 

are then desirable and are considered as promoters to 

vulcanization of rubber by radiation.    

    These additives are called radiation promoters (co-agent), 

as they are organic materials of polyfunctional groups used to 

reduce the amount of radiations needed for vulcanization to 

save energy and reduce the cost of the product obtained. Co-

agent can promote vulcanized properties such as increased 

modulus, lower compression set, and higher tensile strength, 

improved heat ageing, improved processing and improved 

dynamic properties. 

1.6. Antioxidants

      Antioxidants are used to prevent the oxidation during processing 

and aging process. The antioxidant can prevent the attack of oxygen 

or ozone on the rubber, which may lead to degradation of polymer 

(for example: Tetrene (Tetraethylenepentamine) 
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CHAPTER I

LITERATURE REVIEW

Blending is an appreciated technique for tailoring properties 

of polymeric end products composed of more than one component. 

Each kind of rubber has its own advantages and specific application 

due to its chemical composition and configuration. So, to combine 

two or more advantages of more than one kind of rubber, it is 

economically easier to blend more than one type of rubbers having 

the desired properties, rather than chemically creation of a new 

elastomer. 

2.1. Types of polymer blends:

2.1.1 Elastomer /elastomer compound:

Manshaie et al., 2011 compared physico-mechanical 

properties of NR/SBR blends cured by electron beam irradiation 

and sulfur The NR/SBR blends was prepared using a two-roll mill. 

Electron   beam irradiations of 100 - 400 kGy were applied to cure 

the blends and changes in physico-mechanical properties were 

studied as a function of irradiation. Also oil resistance and the 

effect of thermal ageing on mechanical properties of the blends 

were investigated. The results show that the irradiated blends have 

better mechanical properties than those cured by sulfur system. The 

irradiation cured samples also exhibited better heat stability than 
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the sulfur cured samples. The blend cured by the highest dose 

shows the lowest swelling and high oil resistance compared with 

the other samples cured by irradiation. 

         Goyanes et al.2008,   vulcanized blends of natural rubber and 

styrene butadiene rubber with sulfur and n-t-butyl-2-benzothiazole 

by varying the amount of each polymer in the blend. The 

miscibility among the constituent polymers of the cured compounds 

was studied in a broad range of temperatures by means of 

differential scanning calorimetry and analyzing the glass transition 

temperatures of the samples. The specific heat capacity of the 

compounds was also determined. Thermal diffusivity of the 

samples was measured in the temperature range from 130 to 400°

K. The thermal results were explained on the basis of the structure 

formed during the vulcanization of the samples considering the 

variation of the crosslink density of each phase. 

Gwaily 2002, incorporated the different concentrations of the lead 

or mineral (Galena) into composites of natural rubber and styrene-

butadiene rubber (SBR-1502), and investigated the composite by 

using Cs-137 as a gamma radiation source, to determine to what 

extent these materials could be used as a gamma radiation shield. 

Salgueiroa et al.2007, studied the effect of the advance of 

the cross-linking reaction on the free volume in a copolymer of 
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styrene –butadiene and natural rubbers by using an experimental 

positron annihilation lifetime spectroscopy (PALS), differential 

scanning calorimetry (DSC) and small angle X-ray scattering 

(SAXS) and also studied the crosslink density developed in SBR 

specimens with different sulfur contents and cure temperatures. 

SAXS technique was applied to study the process of crosslinking in 

NR as a function of the cure temperature. 

          Stephen et al. 2006 studied the thermal stability of natural 

rubber and carboxylated styrene butadiene rubber (XSBR) lattices 

and their blends, (NR/SBR lattice) by thermogravimetric methods. 

Ageing characteristics of these latex blends were also studied by 

applying hot air oven thermal ageing for seven days at 70°C. The 

mechanical properties of the aged samples as well as  thermal 

degradation and ageing properties of these individual lattices and 

their blends with special reference to their blend ratio and 

vulcanization techniques (cross-linking method) were investigated  

and concluded that as the XSBR content in the blends increased 

their thermal stability also  increased. Results were explained in 

terms of the physical compatibility of the two phases during latex 

 Blending even though the two phases are immiscible. Sulphur 

prevulcanized NR showed single stage decomposition while XSBR 

 Exhibited two-stage degradation, which indicated the random 

chain scission of butadiene and styrene in the XSBR. However, 

from differentiated thermal gravimetric (DTG) curve it was 
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observed that the degradation of blends took place in three or four 

steps due to the interfacial crosslinking. Due to the presence of C-C 

networks which have higher bond energy than C-S-C networks, 

radiation- vulcanized samples were found to be thermally more 

stable than sulphur prevulcanized systems.  

Aoshuang et al.2002 reported about the effect of radiation 

dose on the mechanical properties of NR/BR (butyle rubber) 

blending system and made a comparison between sulphur 

vulcanization and radiation vulcanization for an optimal blending 

ratio (60/40) at dose range from 10 to 150 kGy. They concluded 

that the mechanical properties, as tensile strength, elongation at 

break, and tear strength of NR/BR blend for radiation vulcanization 

is significant better than sulphur vulcanization. The aging 

properties for radiation vulcanized NR/BR blend is better than that 

of sulphur vulcanized. They concluded that, the optimal NR/BR 

ratio is 60/40 and the optimal dose for radiation vulcanization is 

50–90 kGy  

  Arayapranee et al.2007, studied the processing, cure 

characteristics, and mechanical properties of NR/EPDM (ethylene-

propylene diene monomer) blends as a function of blend ratio and 

compatibilizer concentration. The results of the experiments show 

that the tensile strength of the blends progressively decreased with  

an increased amount of EPDM. Also, they investigated that the 
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morphology of NR/EPDM blends by scanning electron microscopy. 

The heat and weathering resistance of the NR/EPDM blends were 

determined in terms of tensile properties of the blends with various 

blend ratios and concluded that the incorporation of EPDM, the 

blends possessed better stable tensile strength against thermal and 

weathering aging than NR rich blends. The addition of the 

compatibilizer improved the compatibility of the NR/EPDM 

blends. 

         Ramesan 2004 investigated that thermogravimetric analysis 

(TGA), flammability and oil resistance in natural rubber and 

dichlorocarbene modified styrene butadiene rubber (DCSBR) 

blends as a function of different compositions. TGA plot confirms 

the better thermal stability and flame resistance of DCSBR as well 

as its blends with NR and concluded that the flame resistance of the 

blend is decreased with increase in concentration of NR in the 

blend. After oil immersion the mechanical properties such as tensile 

strength, elongation at break, modulus and tear strength decreases 

progressively with increasing NR content. 

          Soney et al.2001, studied new membranes based on styrene-

butadiene rubber, natural rubber and SBR/NR blends for gas 

permeation. They studied the effects of the nature and the degree of 

crosslinking in both SBR and SBR/NR blends on gas permeation 

behavior. As the NR content in the blend increases, gas 
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permeability  

increases and gas selectivity decreases. This behavior is associated 

with blend morphology and investigated gas permeation 

characteristics of SBR, NR and SBR/NR blends with nitrogen and 

oxygen. A sharp increase in permeability is due to the phase 

inversion occurring above 30 wt% of NR. 

Saeoui et al.2007, investigated that the effect of commercial 

accelerators type as (sulfenamide group (Santocure-TBBS), thiuram 

group (Perkacit-TMTD) and mercapto group (Perkacit-MBT, 

Perkacit-MBTS) on process ability and mechanical properties of 

60/40 natural rubber/ethylene propylene diene monomer 

(NR/EPDM) blend and concluded that the accelerator type not only 

affects the cure characteristics, but also has great influence on 

compound viscosity. TBBS also provides good cure compatibility 

between the NR and EPDM phases, giving rise to superior 

mechanical properties. Although TMTD could give a high state of  

cure, it causes severe cure incompatibility, leading to poor tensile 

strength. Due to their lower reactivity, the two mercapto 

accelerators give a relatively low state of cure. Therefore, 

the vulcanizates obtained possess low modulus and hardness as 

well as degree of elasticity. Surprisingly, the tensile strength of the 

MBTS- cured blend is relatively high. 



LITERATURE REVIEW



Rahiman et al. 2005 studied the effects of blend ratio and 

vulcanizing systems on the cure characteristics and mechanical  

properties, such as stress–strain behavior, Young’s modulus, tensile 

strength, elongation at break and hardness of SBR/NBR blends. 

The vulcanizing agents used were sulfur, dicumyl peroxide (DCP) 

and a combination of sulfur and DCP. They concluded that cure 

and scorch times increase with the increase in SBR content. 

Optimum cure time is maximum for pure SBR compound. A 

relatively co-continuous morphology was observed for 60:40 

SBR/NBR compositions  

Maysa et al., 2011, blend of natural rubber (NR) with 

chloroprene rubber (CR) with varying ratios have prepared blend. 

Vulcanization of the prepared blends have been induced by ionizing 

radiation of gamma rays with different doses up to 250 KGy 

Mechanical properties, namely tensile strength, tensile modulus at 

100% elongation and elongation at break have been studied  as a 

functionof irradiation dose and blend compositions. Gel fraction 

and swelling number have been followed   up using toluene as a 

solvent. 

The result indicated that the addition of chloroprene rubber 

CR has improved the properties of NR/CR blends. Also NR/CR 

blend 
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is thermally more stable than NR alone. Vulcanized and reinforced 

blends with either HAF carbon black or Hisil have better properties 

with respect to non-reinforced blends. 

2.1.2. Elastomer /thermoplastic compounds:

Pechurai et al.2008,  prepared the oil extended natural 

rubber (OENR) and HDPE blends with different rubber–plastic 

contents  (i.e., OENR/HDPE = 0/100, 20/80, 30/70, 40/60, 50/50, 

60/40, 70/30, 80/20 and100/0) by a melt mixing process at 1600 
0C.They investigated the effect of blend compatibilizer (namely 

phenolic modified polyethylene, PhHRJ-PE) and proportions of 

OENR/HDPE in the blend on rheological, tensile, morphological 

and hardness properties. It was found that the blend with 

compatibilizer exhibited higher flow and viscosity curves as well as 

mechanical properties in terms of 100% modulus, tensile strength 

and elongation at break. By using SEM micrographs and 

rheological properties they indicated that the blends of 

OENR/HDPE are two- phase systems (i.e., separation of rubber and 

plastic phases). The component with the lower proportion was 

found to be a dispersed phase in the major continuous matrix phase. 

Co-continuous phase  

morphology was also observed in the blend with the blend ratios of 

OENR/HDPE = (50/50) and( 60/40).  
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Where the materials behave as thermoplastic elastomers. The 

predictions using various models found that the phase inversion 

composition was in agreement with the experimental results. It was  

also found that the tensile strength, elongation at break, tension set 

and hardness properties were strongly dependent on the blend 

proportions.

         Carvalho et al.2003, prepared thermoplastic starch/natural 

rubber polymer blends using directly natural latex and cornstarch. 

The blends were prepared in an intensive batch mixer at 150 °C, 

with natural rubber content varying from 2.5 to 20%. The blends 

were characterized by mechanical analysis (stress-strain) and by 

scanning electron microscopy. The results revealed a reduction in 

the modulus and in tensile strength. Phase separation was observed 

in some compositions and was dependent on rubber and on 

plasticiser content (glycerol). Increasing plasticizer content made 

possible the addition of higher amounts of rubber. Scanning 

electron microscopy showed a good dispersion of the natural rubber 

in the continuos phase of thermoplastic starch matrix. 

         Upathum et al.2007, studied radiation cross-linking of small 

electrical wire insulator fabricated from NR/LDPE blends with 

phthalic anhydride (PA) as a compatibilizer. They then evaluated 

physical properties of the NR/LDPE blend ratios of 50/50 and 

60/40 the gel content increased as the radiation dose increased. 
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 Tensile at break exhibited a maximum value at 120 kGy for 1.0 

and 1.5 wt% PA of both blend ratios. A higher PA content yielded a 

higher modulus for the same blend ratio 

Abou Zeid et al.2008, investigated the physical, mechanical 

and thermal properties as a function of irradiation dose and blend 

composition, composite of ethylene propylene diene  terpolymer 

rubber and (EPDM), high density polyethylene (HDPE) and ground 

tire rubber powder (GTR). Gamma irradiation has led to a 

significant improvement in the properties for all blend 

compositions the results indicate that the improvement in properties 

is inversely proportional to the substituted ratio of (GTR), 

attributed to the development of an interfacial adhesion between 

(GTR) and blend components. The results were confirmed by 

examining the fracture surfaces by scanning electron microscopy. 

2.1.3. Thermoplastic-thermoplastic compounds:

Miles et al, 1992 have explored the potential to compatiblize 

blends of polypropylene (PP ) with low density polyethylene  

(LDPE), linear low density polyethylene(LLPDE ) and high density 

polyethylene (HDPE) in order to recover the mechanical properties 

of recycled polyolifins. In summary, the impact and ultimate tensile 

elongation of LLDE/PP blends could readily be recovered by 

addition of 2 phr of an ethylene polypropylene random copolymer, 

or a very low-density polyethylene 
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The homogeneity of the blends was also substantially 

increased. Blends of LDPE or HDPE with PP were more difficult to 

compatibilizer, although some improvement could be obtained on  

addition of polyethylene propylene random copolymer, provided 

that higher levels were used. 

Zhang et al, 1996, used NBR and HNBR as compatibilizer 

to improve the morphologies of PVC/HDPE blends. SEM indicated 

that NBR and HNBR enhanced the adhesion and reduced the phase 

separation between PVC and HDPE phases. The morphologies of 

blends were dependent on the type and amount of compatibilizer 

and composition of blends. 

Choi, et al., 2001 investigated the electrochemical properties 

of the polymer electrolytes based on poly vinyl chloride (PVC) 

poly methyl methacrylate (PMMA) blend with micro-pore 

structure.  The introduction of (PMMA) into the PVC matrix 

enhanced compatibility between the polymer matrix and the liquid 

electrolyte 

Caia et al., 2008, investigated the co-pyrolytic behaviors of 

different plastics (high density polyethylene, low density 

polyethylene and polypropylene); low volatile coal and their blends  

with the addition of the plastic of 5 wt. % have been conducted 

using thermogravimetric analyzer.  
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The results indicated that plastics were decomposed in the 

temperature range 438–521 °C, while the thermal degradation 

temperature of coal was 174–710 °C. 

 The overlapping degradation temperature interval between 

coal and plastic was favorable for hydrogen transfer from plastic to  

coal. The difference of weight loss between experimental and 

theoretical ones, calculated as an algebraic sum of those from each 

separated Component, was 2.0 – 2.7% at 550 – 650 °C. These 

experimental results indicated a synergistic effect during plastic and 

coal co-pyrolysis at the high temperature region. In addition, a 

kinetic analysis was performed to fit thermogavimetric data, the 

estimated kinetic parameters (activation energies and pre-

exponential factors) for coal, plastic and their blends were found to 

be in the range of 35.7–572.8 kJ/mol and 27–1.7×1038 min−1, 

respectively. 

2.2. Effect of filler on rubber compounds:

Most usage of elastomers would be impossible without the 

reinforcing character of certain filler, such as carbon black and 

structured silica. With an implicit reference to tire technology, 

reinforcement is usually defined as the “improvement in abrasion, 

tear, cutting and rupture resistance, in stiffness and hardness of 

vulcanized composites through the incorporation of finely divided 

(mineral) particles”. 
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Findik et al.2004 investigated the mechanical and physical 

properties in relation to weight ratio of the NR/SBR blend and 

filler, materials. From this study, the following conclusions can be 

drawn from the experimental results: Hardness values of the 

NR/SBR blend filled with Intermediate super abrasion furnace 

N220 (ISAF) materials increased up to 40/60, NR/SBR ratio, and 

showed higher  

hardness values comparing with the blend filled with High abrasion 

Furance N330 carbon black (HAF). However, after that ratio, the 

blends with ISAF showed lower hardness values and decreased 

with the increment of SBR ratio in the blends, Whereas hardness of 

the NR/SBR blend filled with HAF carbon black increased with 

SBR composition in the blends. The NR/SBR blends filled with 

HAF 

showed lower wear resistance and decrease with increment of SBR 

ratio in the blends. This study might show that both modulus and 

cross linking of rubber samples influence their resistance to 

abrasion. 

El-Lawindy2002 studied the static deformation of low 

structure high abrasion furnace (HAF) black-loaded (SBR+NR) 

rubber blend and calculated modulii of elasticity and the n- measure  

a material parameter of such blends. An anomaly of modulus of 

elasticity, found at 50 phr may be attributed either to what is called 

compact structure and to the early crystallization of natural rubber 
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 in the blend. These assumptions are confirmed through the  

measurement of the swelling factor as a function of time of 

swelling in kerosene. 

Rattanasom et al.2007,  studied the reinforcement of natural 

rubber with silica/carbon black hybrid filler at various ratios of 

silica/CB blends enhanced the mechanical and dynamic properties 

of natural rubber vulcanizates. Vulcanizates containing 20 and 30 

phr of silica in the hybrid filler give better overall mechanical  

properties such as tensile strength, tear strength, abrasion 

resistance, crack growth resistance, heat buildup resistance and 

rolling resistance. The explanation is given as the better filler 

dispersion. 

 However, mixing of the compound containing 20 phr of silica is 

more practical than the compound containing 30 phr of silica. This 

is because the higher amount of CB (N 330) is incorporated into 

NR more easily than silica (Hisil 233) at the initial stage of mixing. 

Sharif et al. 2005, studied radiation crosslinking of natural 

rubber (NR)/clay nanocomposites by using Standard Malaysian 

Rubber grade natural rubber and sodium montmorillonite (Na-

MMT) clay that had been modified with cationic surfactants,  

namely dodecyl ammonium chloride (DDA) and octadecylamine 

ammonium chloride (ODA) The NR/clay nanocomposites prepared 

were NR/Na-MMT, NR/DDA-MMT and NR/ODA-MMT 
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composites. Via a melt mixing method as proven by the XRD (X- 

ray diffraction) pattern and TEM images (transmission electron 

microscopy). The physical and mechanical properties of radiation-

induced crosslinking of natural rubber organoclay composites were 

improved due to the presence of nanosize intercalated silicate layers 

in the natural rubber matrix. Radiation induced crosslinking of 

natural rubber organoclay nanocomposites is not significantly 

affected by the amount of organoclay present up to 10phr. 

However, the thermal stability of NR/organoclay nanocomposites 

was improved with the increase of clay content up to 10 phr. 

   Essawy et al.2004, added Montmorillonite clay at different 

ratios to some polymer blends of acrylonitrile–butadiene rubber and 

styrene–butadiene rubber and investigated the reinforcing and 

compatibilizing performance of the filler by using rheometric 

measurements, physico-mechanical properties, scanning electron 

microscopy and differential scanning calorimetry. They observed a 

decrease in the optimum cure time (tc90) and scorch time (ts2) and 

this was associated with an increase in the cure rate index (CRI) 

with filler loading up to 20 phr The stress at yield was 2.5–5 higher 

in the case of the filled blends. 

Liu et al.2008, studied the curability, mechanical properties, 

microstructure and the thermal stability of a variety of composites 

based on these rubbers: styrene butadiene rubber, natural rubber, 

butadiene rubber and ethylene– propylene diene methylene by 
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using vulcanization techniques, mechanical testing, 

thermogravimetric analysis (TGA), transmission electron 

microscopy (TEM) and X-ray diffraction (XRD) and concluded 

that NK (nanokaolin )can greatly improve the vulcanizing process 

by shortening the time to optimum cure (tc 90) and prolonging the 

setting-up time (t10) of cross-linked rubbers filled with nanokaolin 

Moreover, they were found to have good mechanical properties, 

thermal stabilities, and elastomeric properties. The tensile strengths 

of the rubber/NK composites were also improved.

Shaltout 2009, prepared composites amorphous styrene-

butadiene rubber loaded with varying contents of boric acid as well 

as of unloaded rubber by ionizing radiation of accelerated electron 

beam of varying doses up to 250 kGy. Evaluation of prepared 

composites subjected to this range of irradiation has been followed 

up through the measurement of mechanical, physical, electrical and 

thermal properties. Mechanical properties, namely tensile strength 

(TS) and Young’s modulus were found to increase, whereas 

elongation at break (Eb) and permanent set (PS) were found  

to decrease with the increase in degree of boric acid loading as well 

as irradiation dose. On the other hand, a physical property, namely 

the gel content, has increased whereas the swelling number has 

decreased. Moreover, increase in the decomposition temperature 

has been attained. Also, limited increase in electrical conductivity 

has taken place. Data obtained indicate enhancement in thermal as 
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well as in physico-mechanical properties of prepared composites. 

Moreover, 60 phr of boric acid has attained good mechanical 

properties. 

El-Nashar et al .2010 studied the synthesis of novel 

modified micronized phosphate pigments as reinforcing materials 

for the vulcanization method of styrene-butadiene rubber (SBR),  

natural rubber and their blends. The metal phenyl phosphate 

pigments were prepared via co-precipitation process from the 

reaction of equimolar ratios of the disodium phenyl phosphate 

solution and the water soluble salts of the investigated metals. The 

prepared white phosphate pigments were introduced in the rubber 

formulations to replace carbon black. The rheometric 

characteristics, physico-mechanical properties in addition to the 

accelerated aging properties of the rubber vulcanizates were 

investigated, discussed and interpreted in the light of previous 

studies.  

The results showed that, phenyl phosphate pigments 

exercised a great effect on the rheological characteristics (scorch 

time, cure time etc.), and achieved high performance and 

pronounced mechanical properties The stress and strain at yield and 

at rupture of the loaded rubber with modified phosphates are better 

than that loaded with carbon black and Hisil e.g. tensile strength  

data were (20.0–23.4), 18.01 and 15.05 MPa for rubber blend 
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vulcanizates loaded with 30 phr of modified phosphate pigments, 

carbon black and Hisil, respectively. These results open a new 

direction for various applications of non-black rubber vulcanizates. 

2.3. Eeffect of coagent on rubber compunds   

Yasin et al. 2002 it is well known that the exposure of 

crosslinking type polymers to radiation provides improved stability  

and mechanical properties. However to crosslink some kinds of 

rubber, high irradiation doses are required to reach the desired 

crosslink density. But at high irradiation doses the mechanical 

properties are adversely affected due to the degradation induced by 

radiation. To lower the dose required for crosslinking 

polyfunctional monomers (PFMs) are used in the polymer material. 

PFMs interact with polymer to produce a network structure at a 

lower dose because of its higher reactivity. In general, two factors 

govern the crosslinking efficiency of PFM First is the degree of 

unsaturation in PFM and the second is the solubility of PFM in the 

polymer matrix. 

Wang et al. 2009, measured crosslink densities of electron 

beam (EB)-irradiated styrene–butadiene rubber samples by using a 

novel magnetic resonance crosslink density spectrometer with 

1,1,1-trimethylolpropane triacrylate(TMPTA) loading increasing, 

the crosslink density of EB-irradiated SBR increases up to a certain  
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level, and then decreases in the irradiation dose range 50–200 kGy. 

Tensile strength, elongation at break, thermal stability and pyrolysis 

products of the EB-irradiated SBR samples with different cross-link 

densities were also studied.

El Miligy et al, 1980, studied the effect of gamma irradiation 

on the properties of SBR and NBR and their ability to undergo 

crosslinking by gamma irradiation in presence of additives e.g. 

HAF-carbon black as filler, vinylamide and C2Cl6 as coagents.  

Optimum conditions were achieved at 40-50 Mrad. However, using 

vinyl amide without additives reduces the dose to (7.5-10 Mrad). 

When carbon black was added, the dose was 7.5 Mrad; addition of 

C2Cl6 does not lead to appreciable improvements. 

Jayasuriya et al., 2001 evaluated the effect of using 

trimethylol propane trimethacrylate (TMPTMA) and phenoxy ethyl 

acrylate (PEA) as radiation vulcanization accelerators on radiation 

vulcanization of natural rubber latex (RVNRL) Results indicated 

that the PEA is a more effective accelerator for RVNRL since it 

imparts approximately equivalent physical properties compared to  

that of n-butyl acrylate (n-BA), the most widely used accelerator. 

However, when compared to n-BA, the sensitizing effect of PEA is 

comparatively lower, and therefore, similar physical properties 

could be obtained at a slightly higher dose. Even though TMPTMA  
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is a polyfunctional monomer, it is less capable of imparting better 

physical properties at similar doses. 
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3.1. Materials:

 rubberwRa. .1.13

i)  Natural rubber (NR)

Apperance:                 pale crepe

Specification 

Specific gravity:          0.915-0.93

Ca%:                              8×10-4    maximum

Mn%:                             2×10-3    maximum

Ca, Mn combined%:      2×10-4    maximum

Acetone extract%:         2.5-4

Moisture:                      1.5 

Source:                           Indonesia   

     Chemical formula:    
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ii) Styrene butadiene rubber (SBR) (copolymer):

Commercial name:  (Synaprene -1502)

Apperance                  :   Yellow-greenish colour 

Specification       

 Specific gravity         :   0.93-0.95 

Styrene content           :   25% 

Volatile matter %        :   0.75 maximum 

Ash % wt.                   :   1.5 maximum 

Acid (mixed) %          :    4.75 – 7.00 

Bound styrene %        :    22.5 – 24.5 

Soap %                       :    0.50 maximum 

Source                      : MS Polystar Chemicals, Mubai, India

Trade names             : GRS Buna

Chemical formula:



3.1.2. Additives
Stearic acid  

Molecular formula:                CH3 (CH2)16 COOH 

Molecular weight:                   284.49 

Grade:                                   commercial                                              

Melting point:                          54 °C 

Acid value:                               200-210  

Source:                                   PROLABO, France 

Sulphated ash:                         maximum 0.1 wt% 

Zinc Oxide: 
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     Zinc oxide (ZnO) is universal activator used in almost all rubber 

compounds. It does not dissolve in rubber and cannot be used as an 

activator but with stearic acid, the oxide particles are coverd with zinc 

stearate that dissolves in rubber making it possible to be used as an 

activator (Annual Book of ASTM standards 1991) 

Chemical formula:                           ZnO 

Appearance:                                      white to yellow tined powder  

Grade:                                             commercial  

Specification   

Acidity                                              0.4% maximum  

Composition         

ZnO                                                  98.0 maximum wt%  

Lead sulphate                                   0.25 maximum wt%  

 Calcium                                           0.15 maximum wt%  

Source                                          El Nasr Chemical Co. (EGYPT) 

ZnO, as well as stearic acid act as accelerators as well as activators 

and their content was 5phr and 1phr respectively. 

3.1.3Antioxidant:

Such as Tetrene. (tetraethylenepentamine, thiols and ascorbic acid,) 

Tetrene was kept constant of volume (1 ml) 

Fillers

a) Silicon Dioxide (Hisil) highly fined silicon  
Very fined SiO2 (~97 wt %) and is characterized by having 

particle size of 0.02 micron (Wagner et al., 1959).  
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b) Carbon black:
Type                                HAF (High Abrasion Furnace) 

Appearance                                  Black powder  

Specification:  

Specific gravity                                1.78-1.82 

Heat loss                                         2.5 maximum wt%  

Ash                                                   1 maximum wt%  

Fineness through 30 mesh screen    99.99%maximum  

c) Clay:

It is found in the Egyptian east desert land, Sina, El maharic 

region. It mainly contains calcium carbonate from 50 % up to 62 %, high 

amount of calcium silicate hydrate (xontolite), also it contains of CuO 

(12%). The sand soil has mesh size of about 12-16 micron)

d) Titanium dioxide (TiO2):

 Titanium dioxide (TiO2) of fineness particles (TiO2) with molecular 

weight 79.89, minimum assay 98 % (Nasr for Chemicals and Medical 

Equipments, Egypt) was used as reinforcing filler. 

Co-agents  
N, N'- Methylene diacrylamide

Trade Name                                                     MDA 

Molecular weight                                              154.2 

Molecular formula                                  CH2 (NHCOCH=CH2)2

Supplier                                                 Riedel - de Haen (Germany) 
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Trimethylol propane trimethacrylate

Trade Name                                        TMPTMA 

Molecular weight                                  338 

Molecular formula                                CH3CH2C(R) 3

Supplier                                              Sartomer, USA 

tetramethylol - methane tetraacrylate

Trade name                                           TMMT 

Molecular weight                                     353 

Molecular formula                                   C17H16O8

Molecular structure                                 C (CHOOCCH= CH2)4
                                                                                                                                                          
Supplier                                           Aldrich Chemical Company.Inc. USA   

3. 2.Techniques:

3.2.1. Preparation of samples:

    The preparation of samples was carried out in the following 

way:  

1-All ingredients were accurately weighed.                                                       

2- Mixing was accomplished on a laboratory two –roller mill   

     Two –roller mill dimensions are  

Outside diameter              = 470 mm 

Working distance            = 300 mm  
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Speed of the slow roll     = 24 rpm 

Gear ratio                           1.4: 1 

 3- The additives were mixed with the rubber banded on the slow rolls, 

and the temperature at the middle of the surface of the rolls was 

measured during mixing.  

The following notes were taken into considration during the 

mixing cycle: 

a- The rubber was  passed through the rolles twice without  

banding at a roll opening of about 0.2 mm and then it was banded with a 

mill opening of about 1.5 mm. A three to four cut was made every half 

minute alternatively from each side.  

b- The roller temperature was maintained at 70 °C. 

c- The time of mixing (mastication) was controlled. The average time 

was about 10 minutes  

d- The weighed ingrediants were completely incorporated during 

mastication of rubber blends on rubber mill. 

e- The weights of blends were checked after mixing to ensure  

that the loss in weight dose not exceed 0.5 %. 

f- The compound was pressed to a 1mm thick sheet using a hot press at 

110 °C for 20 minutes and under 16 MPa pressure.  

3.2.2. Irradiation procedure 

   Irradiation of samples was carried out at the National Center for 

Radiation Research and Technology, NCRRT (AEA), Nasr City, Cairo 

Cobalt -60 source of gamma Chamber -4000A manufactured by Bhabba 

Atomic Research Center, Bombay, India, was used for irradiation giving 
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dose rate of about 5.4 kGy/h. The rubber samples placed at a standard 

position in the irradiation chamber for inducing vulcanization by the 

gamma source  condition

3.3. MEASUREMENTS

3.3.1. Mechanical measurement

    Mechanical properties were measured in accordance with ASTM D-

412 using an INSTRON tensile testing machine model 1195. The 

measurement was carried out on dumbell  

shaped specimens of 4 mm width and 50 mm length. 

3.3.1.1. Tensile strength (TS):

    It is defined as the force per unit area of the original cross sectional 

area, which is applied at the time of a specimen band, is expressed in 

MPa. The tensile strength (TS) of the specimen at break can be 

calculated as follows: 

Tensile strength (TS) = (L/T.W) ×10-1 MPa 

Where: 

L: necessary load to cause break 

W: width of the specimen in cm  

T: thickness of the sample in cm  

3.3.1.2. Tensile modulus at 100 %( M 100): 

The modulus of a specimen is defined as the force per unit area 

of the original cross sectional area required to stretch the specimen to a 

certain elongation. It is expressed in MPa. 




S



3.3.1.3. Elongation at break %(Eb%)

        The term of elongation is used to describe the ability of rubber to 

stretch without breaking. It corresponds to the extension between 

benchmarks produced by a tensile force applied to a specimen and is 

expressed as percentage with respect to the original distance between the 

marks.  

Elongation at break is the elongation at the moment of the rupture. In 

other words, the elongation at break is expressed as the percent 

elongation of the original bench mark length attained at the moment of 

rupture. Hence, the elongation at break is given by  

Eb (%) = (L-L0/L0) ×100 

Whereas: 

L= Length of the specimen at the moment of ruptur. 

L0= length between benchmarks  

3.3.1.4. Hardness

Samples with flat surface were cut for hardness test measurement 

according to ASTM D2240 using durometer of MODEL 306L type a 

durometer. The unit of hardness is expressed in (Shore A) 

3.3.2. Physical measurements:

3.3.2.1 Determination of Gel fraction Percentage( GF %)

          Gel fraction % expresses the fraction of insoluble weight of the 

sample after being extracted. Samples of the irradiated blend were 

accurately weighed in special glass thimbles. The thimbles were then 

placed in the siphon tube of the extraction apparatus (Soxhlet). The 
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condenser, siphon tube and flasks are placed together and benzene was 

added. Heating was carried out and regulated and the extraction was 

continued for 24 hours. After extraction, the samples were dried to a 

constant weight in vacuum at about 40 °C. The GF % is given by: 

Gel fraction % = (W1/W0) x100 

Where: 

W0=the original weight of the sample 

W1= the weight after extraction and drying 

3.3.2.2. Determination of swelling number (SN)

The insoluble residue after extraction for 24 hours was dried 

and weighed (W1) and put in a bottle and covered with benzene for 24 

hours at room temperature. After reaching the state of swelling, the 

sample was weighed again, the new weight is (W2). The swelling 

number (SN) was calculated by the following equation: 

SN= (W2-W1)/W1

Where: 

W1= insoluble weight of the sample 

W2=the weight of the swelled sample 

3.3.3. Thermal measurement:  
TGA was carried out using Shimadzu TGA-50 with heating temperature 

ranging from room temperature to 600 °C and of heating rate 10 °C/min 

under nitrogen atmosphere.  
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3.3.4. Structure morphology by SEM:
The scanning electron microscopy (SEM) was employed to 

examine the structure morphology of rubber and rubber blends. The 

SEM micrographs were taken with JEOL-JSM -5400 (JAPAN) 
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CHAPTER IV
RESULTS AND DISCUSSION

4.1. Gamma irradiation induced vulcanization of 

natural rubber/ styrene butadiene rubber blends

 Natural rubber (NR) possesses good dynamic and 

mechanical properties. However, some of its properties such as 

weathering  and oil resistances are much lower than those of 

synthetic rubbers. Blending NR with SBR rubber is one of the ways 

of combining the good properties of the NR& SBR, modifications 

of processing charectrestics and cost reduction of the final product. 

NR/ SBR blends were used widely in tire and automobile industry 

because of very good abrasion resistance and it is also used for 

production of pipe and shoe sole(Dubey et al., 2008). Moreover, 

both elastomers are categorized as predominantly radiation-induced 

crosslinking type of polymers (Woods et al., 1994). This property is 

in accord with the fact that radiation vulcanization of rubbers is one 

of promising tools for obtaining valuable products with reasonable 

physico-mechanical properties without any need for adding 

different ingredients usually used in conventional methods (Abou 

Zeid  et al., 2001). 

 In the first part, the properties of blends  namely the 

mechanical and physical properties were followed up as a function 
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of irradiation dose ranging between 50-250 kGy as well as blend 

composition 

4.1.1. Mechanical properties  

The mechanical properties that have been followed up in the 

present study are the ultimate tensile strength (TS), tensile modulus 

at 100% elongation (M100), elongation at break%, (Eb) and 

hardness. They have been followed up as a function of irradiation 

dose, under atmospheric conditions, for NR , SBR and for their 

blend of varied compositions. 

Tensile strength (TS):

Figure (1) shows the variation of TS values for the induced 

radiation vulcanization of NR and SBR gum rubbers as well as their 

blends. It can be seen that the TS values for all compositions  

increase  with  increasing  the  irradiation  dose  reaching  its  

maximum  value  at 150 kGy and then decrease for doses higher 

than that. It may be observed also that vulcanized NR has attained 

the highest TS values over the whole range of irradiation, whereas 

vulcanized SBR has attained the lowest values. The TS values 

attained by vulcanized blends lie between these two extremes and 

decreases systematically with increasing SBR content in the blend.

On irradiation of polymeric materials such as rubbers for 

example, both radiation induced crosslinking and degradation 

processes take place simultaneously but with different rates.  
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Figure (1): Effect of irradiation dose on the tensile strength 
of NR, SBR and NR/SBR blends. 
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Accordingly, the data obtained indicate that the cross-linking 

process was the dominating one for doses up to150 kGy whereas 

the degradation process has apparently prevailed for doses higher 

than 150 kGy. One cannot, however, exclude the impairment of 

chain orientation of rubber macromolecules due to increased 

extent of induced cross-linking at higher dose and hence its 

eventual contribution in decreasing the TS values for doses higher 

than 150 kGy. 

  SBR in its raw form represents an amorphous and 

homogenous polymeric material and hence the bulk mechanical 

properties of radiation–vulcanized product may be fairly 

anticipated on the basis of its intrinsic chemical structure and 

irradiation conditions. Hence, self-reinforcement dose not take 

place at high extensions, as in case of NR and no contribution to its 

tensile strength would be expected. Based on its chemical structure, 

the tertiary substituted carbon atom on the main macromolecules 

chain represents the most susceptible carbon atoms and on 

irradiation breakage of this bond takes place favorably leading to 

the formation of the hydrogen atoms and benzyl – type radical as 

follows in Figure (2): 
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Figure (2) Radiation- induced crosslinking of SBR 
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The formed benzyl radical undergoes resonance stabilization 

with the phenyl ring of styrene monomer. Such resonance 

stabilization would be expected to decrease the efficiency of benzyl 

radical and at the same time increases its half life. When it 

happened that such radicals stand favorably to each other then they 

may react with each other with the result of formation of a covalent 

bond i.e. crosslink between two adjacent macromolecules. The 

formation of such bond would be expected to be a function of the 

content of styrene in the copolymer, which makes 23.6 wt %. 

Under such circumstances a limited crosslinking density would be 

expected which accounts for the relatively low value of TS attained 

by vulcanized raw SBR. (Woods et al., 1994).

Natural rubber is also categorized as a radiation crosslinking 

type of polymer as it contains a double bond in its basic cis 1, 4 

polyisoprene units. Moreover, it is characterized by its ability to 

crystalline on stretching and the absence of such groups as phenyl 

group in its structure as in case of SBR. Due to these properties, it 

would be expected that NR attains higher TS than SBR, which is 

the case. Radiation –induced crosslinking in NR as follows in 

Figure (3): 
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Figure (3): Radiation –induced crosslinking of NR

Tensile modulus at 100 % elongation (M100)

Under practical or engineering conditions of applications, 

polymeric based materials such as blends are not stretched until 

they undergo rupture. Therefore and despite its importance as a 

mechanical property, the tensile strength measurement is not 

appropriate to undertake. The alternative property that is measure 

of resistance to a limited strain deformation of polymeric material 

under practical applications is the tensile modulus as its value is 

proportional to its stiffness. In the present investigation the 
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modulus was determined at 100% elongation and is referred to it as 

(M100). 

      Figure () illustrates the variation of M100% as a function of 

irradiation dose for gum SBR, gum NR and their blends. It can be 

seen that the M100% of all samples increases in a semi-linear manner 

with increasing the irradiation dose, whereby NR elastomer has 

attained the highest value and SBR rubber the lowest one. The value 

attained by the NR/SBR blends lie in between and it decreases 

systematically with increasing the concentration % of SBR in the 

blend. These data indicate that vulcanized NR has attained the 

relatively highest retractive force, i.e. resistance to strain 

deformation or stretching and vulcanized SBR is the lowest.  
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Figure (4): Effect of irradiation dose on the tensile modulus 
of NR, SBR and NR/SBR blends. 



Elongation at break%, Eb

      Variation of Eb% as a function of irradiation dose for gum SBR, 

gum NR and their blends, is illustrated in Figure (). It can be seen 

that the value of Eb% for all samples decreases with increasing the 

irradiation dose. Moreover, it can be seen that the value of Eb % 

decrease with an increase of the NR loading % at the same 

irradiation dose. This can be attributed to the amorphous and 

crystalline nature of SBR and NR respectively and this trend may 
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be attributed to the rigid SBR/NR interface upon increasing content 

of NR %. This is a similar case as increasing particulate filler in the 

rubber compounds. It was found that the increasement in filler 

content resulted in the reduction of the deformability of a rigid 

interface between the filler and rubber matrix (Wang et al., 2009)

Figure (5): Effect of irradiation dose on the elongation at 

break% of NR, SBR and NR/SBR blends. 
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Hardness:

Figure (6) illustrates the variation of hardness as a function 

of irradiation dose of unirradiated as well as irradiated NR, SBR 

and their blends. It can be seen that NR, over the whole range of 

irradiation, has attained the lowest values of hardness whereas SBR 

has attained the highest values, this is due to the fact that SBR is 

copolymer of butadiene and styrene group and hence acting as a 

harder block to increase the degree of the hardness of the SBR. The 

values of hardness attained by the blends lie between these two 

extremes. On the other hand the irradiation dose has encountered 

practically no effect in the hardness values for NR, SBR and their 

blends over the whole range of irradiation. 
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Figure (6): Effect of irradiation dose on the hardness of 
NR, SBR and NR/SBR blends 
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4.1.2. Physical properties:

Gel fraction % (GF %)

     The variation of GF% as a function of irradiation dose for NR, 

SBR elastomers and their blends is shown in Figure (7), whereby 

the solvent used is benzene. It can be seen that NR vulcanizates 

have attained the largest values of GF% over the whole range of 

irradiation whereas vulcanizates of SBR have attained the smallest. 

The GF% values attained by blends lie also between these two 

extremes and they decrease systematically with increasing the 

content of SBR in the blend when comparing these values at the 

same irradiation dose. Moreover, GF% values attained by different 

vulcanizates increase with increasing irradiation dose; this latter 

behavior is of course, affiliated with increased extent of network 

structure. Apparently, this latter process, i.e. network formation 

takes place with an increased rate in case of NR vulcanizates with 

respect to SBR and mainly in the lower range of irradiation, namely 

between 50 kGy and 100 kGy. Moreover, the change in GF% 

values is a limited one as it increases from about 60 % at 50 kGy to 

~80 % at 250 kGy for vulcanized NR rubber. 

             These data given above indicate clearly that the extent of 

insoluble part in any vulcanizate increases with increasing 

irradiation dose as well as NR content.                                
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  Figure (7): Effect of irradiation dose on the gel fraction % 
of NR, SBR and NR/SBR blends. 
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) SN( number Swelling

    The results obtained for the variation of SN, for the two gum 

rubbers as well as their blends in benzene as solvent, as a function 

of irradiation dose is shown in Figure (8). It may be seen that SBR 

has attained the largest values of SN over the whole range of 

irradiation whereas NR has attained the smallest values. The blends 

have attained values that lie between these two extremes. 

     Moreover, it may be observed that the value of SN of different 

rubber compositions decreases with increasing the radiation dose 

and with increasing the NR content in the blend. The first 

observation may be correlated with increased extent of crosslinking 

due to increased irradiation dose. 

   On the other hand, the second observation is affiliated with the 

attainment of NR vulcanizates of lower SN with respect to the ones 

attained by SBR may be correlated with the increased rate of 

crosslinking of NR with respect to SBR and hence due to the 

attained decrease in SN value with the increase of NR content in 

the blend. 
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Figure (8): Effect of irradiation dose on the swelling 
number of NR, SBR and NR/SBR blends 
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4.1.3. Thermal stability properties

The technique used in the present investigation for 

assessment of the thermal stability of the prepared polymeric 

composition is the thermogravemetric analysis (TGA). This 

technique is concerned with the determination of the weight loss 

occurred to the sample due to thermal heating and hence 

investigating the possibility of its decomposition at a certain 

temperature range. In the present investigation, the measurements 

were carried out under inert atmosphere of nitrogen gas and on 

samples that weighed 2 to 5 mg. Heating was applied at a rate of 10 
oC/min in the range from room temperature to ~ 600 oC. 

          Figure (9) illustrates the TGA thermograms of vulcanized

NR, SBR and the NR/SBR (50/50) blend irradiated at 150 kGy, 

which show the variation of the residual weight fraction %(RWF) 

of both gum rubbers as well as its blend with the temperature. It 

can be seen that all thermogravimetric curves exhibit at first a 

slight and gradual decrease in its RWF of ~ 4% over a temperature 

range of ~ 300oC, which may be attributed to evaporation of 

volatile materials. This is generally followed  by abrupt  decrease 

in the RWF values of compositions over a limited range of 

temperature, which accounts for a single degradation step that lie 

within the temperature range of 320– 470oC for start and the end of 

the decompositions, respectively. 
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The thermal degradation temperature of pure NR is around 385oC. 

The thermal degradation temperature of the blends is higher than 

that of gum NR. This may be probably due to the higher thermal 

stability of SBR compared to pure NR (Wang et al., 2009; Varkey 

et al., 2000). Crosslinking density is an important factor affecting 

the thermal stability of vulcanized rubber.  Higher crosslink density 

leads to better thermal stability because of the higher values of 

activation energy needed for thermal decomposition of vulcanizetes 

thus radiation vulcanization improving thermal stability of the 

blends because of the presence crosslinking.  
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Figure (9): TGA thermograms of NR, SBR and NR/SBR 

(50/50) blend irradiated at 150 kGy. 
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The above mentioned observation are confirmed by the data given 

in table (1) which shows the corresponding temperatures for 20, 40, 

60, 80, and 100% weight losses of NR, NR/SBR (50/50) and SBR 

respectively, as blending of SBR with NR resulted in improvement 

of the latter rubber in the blend. 

Table (1): The temperatures for different percentage of 

weight losses of NR, SBR and NR/SBR (50/50) 

vulcanized by irradiation dose at 150 kGy. 

Sample Temp. 

at 

weight 

loss 

20% 

Temp. 

at    

weight 

loss 

40% 

Temp. 

at 

weight 

loss 

60% 

Temp. 

at 

weight 

loss 

80% 

Temp. 

at 

weight 

loss 

100%  

NR 328 343.5 355.4 385 400 

NR/SBR(50/50) 367 402 417.6 435 465 

SBR 382 414.6 432.4 462 479 
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4.2. Effect of gamma irradiation on NR / SBR 

rubber blend filled with different fillers
The induced radiation vulcanization of NR, SBR, and their 

blends has resulted, as shown before, in rubber vulcanizates of 

moderate mechanical properties. It is aimed, however, to prepare 

rubber vulcanizates those posses suitably high mechanical 

properties for eventual applications in industrial purposes. In 

recent years, fillers have come to play a functional role such as 

improving the stiffness of surface finish of polymers.  Addition of 

fillers to polymers means achieving of new combinations of 

properties and expand their range of applications (Katz et al., 

1981; Harper, 2000).  The important parameters that control 

the mechanical behavior of filled polymer blends are the 

physico-chemical properties of the constituents, polymer-filler 

interactions, complexity of filler particles and their aggregation, 

the large range of particle dimensions and the distribution and 

dispersion of filler in each phase of the blend (Harper 2002).

Blends reinforced with fillers generally show an increase in 

modulus, hardness, tensile strength, abrasion and tear resistance 

as well as resistance to fatigue and cracking. In some 

incompatible polymer blends compatibilization can be achieved 

by the addition of large amount of filler (Barlow 1993; Abdel Aziz 

et al 1995). 



RESULTS & DISCUSSIONS




Fillers such as silica, HAF-carbon black, clay, and TiO2 were 

used. Carbon blacks are known to represent the most widely used 

filler in industry due to its specific characteristics and hence it's 

relatively high reinforcing capacity as well as its suitable price. 

Silica is white in color and is known to be one of the most efficient 

non black reinforcing fillers (Harper 2002). Clay acts as mineral 

filler in many polymeric systems and TiO2 is an important 

industrial pigment additive because it provides a high level of 

hiding power and brightness at low loading levels. 

In the present investigation, blend composition, namely 

NR/SBR (50/50) has been loaded with different type of fillers, 

namely Hisil, HAF carbon black, clay and TiO2 and vulcanized 

with gamma radiation; the degree of loading is kept constant at 40 

phr. Different properties of prepared composites have been 

followed up as a function of irradiation dose. These properties 

include the mechanical, physical, and SEM. 

 A comparison between blank NR/SBR blend and its 

composites with different fillers is interesting to detect the role 

played by these different types of filler in the composites at all 

irradiation dose. 
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4.2.1. Mechanical properties

Tensile strength (TS)

The data obtained for the variation of tensile strength (TS) 

as a function of irradiation dose for NR/SBR blend and their 

composites are depicted in Figure (10). 

Figure (10): Effect of irradiation dose on tensile strength 
of NR/SBR (50/50) unfilled blends and filled 
ones with different fillers. 
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From this figure it can be seen that the values of TS of unfilled 

blend slightly increased with the increase of irradiation dose; this 

may be due to the limited crosslinking density. The slight increase 

of TS values with increasing the irradiation dose up to 250 kGy is 

ascribed to the resonance stabilization and the protective effect of 

phenyl groups of styrene (Jayasree et al., 2008).

 It can be seen that TS values for filled but unirradiated 

composites with respect to the values of unfilled and unirradiated 

increase from ~2 MPa for unfilled blend to 2.2 MPa for TiO2 filled 

blend, to 2.6 MPa for clay filled blend, to3.6 MPa for HAF carbon 

black blend and to 3.8 MPa for Hisil filled blend. On the other 

hand, the TS values of NR/SBR blends loaded with Hisil, HAF 

carbon black, clay and titanium oxide fillers increase with 

increasing the irradiation dose up to 200 kGy and then slightly 

decrease. The increase in the TS values with irradiation dose may 

be attributed to linking as well as induced crosslinking by 

irradiation. Moreover, it is very important to notice that the values 

of TS at the same irradiation dose increase with the addition of 

fillers. From the data obtained in this figure the reinforcing capacity 

of the fillers is in the order: 

Hisil > HAF carbon black > Clay > TiO2 > unfilled blend
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This indicates that both silica and HAF carbon black fillers have 

relatively high reinforcing character to the NR / SBR blend, 

however, the nature of the reinforcing is different for both the 

fillers. 

In the case of silica, its reinforcement is attributed 

specifically to the adhesion type of interaction between the 

amorphous filler and the polymer macromolecules.  In this respect 

it has been reported that small particle size of the fillers is generally 

of prime importance in elastomer reinforcement whereas the 

chemical nature of filler appears to be of secondary importance 

(Schmidt 1951).A high degree of reinforcement and a very high 

dependence of reinforcement on particle size are observed in the 

primary particle size range of 10-100 nm (Edwards 1990). The 

relatively very small particle size of the particles of Hisil  (~0.02 m) 

is far below the size of about   1 µm, which is always considered as 

a high upper limit for particulate fillers to start acting as reinforcing 

filler (Wagner 1970). The size of silica particle is less than the 

distance between crosslink sites of ~500A0, hence it allows for 

high adhesion to take place and hence high reinforcement is 

attained (Manson et al., 1976). 

In the case of HAF carbon black, particle size of the particles 

of HAF is 0.04 µm, the presence of different active centers on its 

surface participate in the formation of chemical as well as 
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physical bonding between the filler and the matrix molecules 

thereby improving the tensile strength of the blends. However the 

surfaces of carbon black filler act as stress homogenizers allowing 

slippage and redistribution of stress among polymer chains. They 

also serve to deflect or arrest growing cracks. The interaction of 

SBR with HAF carbon -black is not covalent bonding, but it may be 

hydrogen bonding (Manson et al., 1976); such bonds are 

presumably labile under stress. The sliding of a polymer 

molecular segment across the filler interface is a mechanism for 

energy dissipation. Dissipation of strain energy by additional 

relaxation mechanisms introduced by HAF carbon black also 

contributes towards the improvement in the tensile strength of 

HAF carbon black filled vulcanizates. In this respect, mechanical 

energy dissipation by the addition of filler particles in a visco- 

elastic medium (Harper 2000; Radok et al., 1962). Moreover, 

the mechanical rupture of polymer chains during processing gives 

free chain ends which can react with free radicals on the HAF 

carbon black, with a result equivalent to a giant crosslink at the 

morphological scale. As a result stiffer, stronger and tougher 

products with enhanced mechanical properties will be obtained. 

  In the case of clay – filled systems, particle size of the 

particles of clay is 2 µm; the increase in TS values with respect 

to unfilled and irradiated composites may be due to the 
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intercalation and the exfoliation between the polymer matrix 

and clay.  

Among the different filled systems TiO2 filled blends exhibits the 

least tensile strength values. This is due to the weak semi-

reinforced nature of TiO2. Here TiO2 acts merely as an extender. 

Particle size of the particles of TiO2 is 12 µm

Tensile modulus at 100 % elongation (M100)

 In this investigation, the tensile modulus values are registered at 

100% elongation and referred to M100. Figure (11) illustrates the 

variation of M100 values as a function of irradiation dose for the NR/ 

SBR vulcanizates as well as its composites. Moreover, the values of 

M100 for unfilled as well as filled and un-irradiated samples are included 

in the same figure. It may be observed that the values of M100 for 

the latter composition of NR / SBR blend as well as its composites 

increased with the incorporation of fillers, and with irradiation dose 

up to 250 kGy; the order of increase is as in case of TS results: 

Hisil > HAF carbon black > Clay > TiO2 > unfilled 

Moreover, it may be observed that the increase of M100 with 

irradiation is semi-linear and appreciable for all samples. The order 

given above is attributed to the nature of the filler and the extent of 

its participation in the value of M100 of composite which is known 

to be additive in nature. 
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The “structure “ state  prevails in Hisil as well as HAF carbon 

black, whereby particles of the filler adhere strongly to each other 

in the form of aggregates. This state of aggregation is expected to 

exist under the condition of measurement of M100, i.e. extension up 

to 100%. Hence, it would be expected that the  

contribution from aggregates, which represents a separate 

solid phase in the composite, to be appreciable.  Apparently, the 

number of particles of Hisil in its aggregates is larger than those of 

carbon black in its aggregates and hence the higher values of M100

for composites loaded with Hisil. It is also possible to assume that 

the adherence of the particles to each other in case of Hisil is larger 

than in case of HAF carbon black.  

On the other hand, both clay and TiO2 also dose not exist in 

this aggregate state and their particles are distributed separately in 

the rubber matrix and hence its limited contribution to the value of     

M 100
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Figure (11): Effect of irradiation dose on tensile modulus 
at 100% elongation of NR/SBR (50/50) unfilled 
blend and filled ones with different fillers 
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Elongation at break % (Eb %)

The third mechanical property that has been followed up is 

the elongation at break % (Eb %), and the data obtained for its 

variation as a function of irradiation dose of different types of fillers 

are illustrated in Figure (12).  It may be observed that the value of Eb

% of unirradiated samples lie higher with respect to corresponding 

ones of irradiated compositions and the magnitude of these latter 

values has decreased after irradiation with the lowest dose of 

irradiation, namely 50 kGy.  

For all compositions, the value of Eb % encounters again a 

noticeable decrease on irradiation up to 250 kGy. The decrease in  

Eb % values, over the whole irradiation range is as the following order:  

Hisil > HAF carbon black > Clay > TiO2 > unfilled blend

This order is the reverse of the one given in case of TS 

measurements. However, it is an expected one as the higher the 

extent of linking, whether physical or radiation-induced 

crosslinking, the higher the resistance to elongation and hence the 

lower the attained value of Eb %. Hence, the data obtained from Eb

measurements offer further confirmation to the ones obtained from 

TS measurements.  
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Accordingly, both Hisil and HAF carbon black have acted 

clearly as reinforcing fillers whereas clay showed semi-reinforcing 

behavior and TiO2 a limited one.  



Figure (12): Effect of irradiation dose on elongation at 

break % of NR/SBR (50/50) unfilled blend and 

filled ones with different fillers. 
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Hardness  

For all tested samples the hardness values slightly increase in a 

semi-linear behavior with increasing the irradiation dose up to 250 kGy 

as shown in Figure (13). It can be seen for example that the hardness 

values of the blend NR / SBR increase from ~60 (shore A) for 

unirradiated samples to ~62 (shore A) at 250 kGy.  Similar behavior is 

observed for values of hardness of all composites as their change with 

the irradiation dose is also limited one. 

 The incorporation of Hisil, HAF carbon black, clay and TiO2 as 

fillers played a significant a role in elevating the values of hardness, 

when compared at same irradiation doses as the values of unfilled 

blend is increased from ~60 (shore A) to ~ 70 (shore A) in case of Hisil 

filled blend, 68 (shore A) in case of HAF carbon black filled blend, 66 

(shore A) in case of clay filled blend and 64 (shore A) for TiO2.Here  

again, the order of variation of hardness value is similar to that of TS 

values, i.e.,  

Hisil > HAF carbon black > Clay > TiO2 > unfilled blend

      Apparently, the morphological state of the filler in 

the rubber matrix played the effective role in determining its 

contribution to the hardness value.
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Figure (13): Effect of irradiation dose on hardness of 

NR/SBR (50/50) unfilled blend and filled ones 

with different fillers. 
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4.2.2. Physical Properties:

Gel Fraction % (GF %)

The physical properties that have been followed up in the 

present investigation are gel fraction % (GF %), and the swelling 

number (SN). The solvent used in these measurements is benzene 

which is non polar and has a solubility parameter of S1= 18.7 [J/cm3] 1/2

(Burrell 1975). On the other hand, solubility parameters S2 is 16.5

[J/cm3] 1/2   for SBR as well as NR. Hence S1-S2 = 2.2 [J/cm3] 1/2 which 

is less than 3.5- 4 [J/cm3] 1/2 (Burrell 1975) and hence benzene is 

suitable as a solvent for both elastomers. Generally, the NR/SBR blend 

showed relatively good homogeneity. Homogeneity is favored by 

similarly in polymer viscosities and solubility parameters. The blend 

between NR and SBR is homogeneous because they are non-polar and 

rather similar solubility parameters (Tinker et al 1998). Then it would be 

expected that benzene acts as a good solvent for SBR and NR that 

have not undergone vulcanization. The values of the two physical 

properties  namely GF% and SN may be then correlated mainly with 

the extent of crosslinking in case of induced radiation vulcanization 

of NR/SBR blend whereas it may be correlated with induced 

crosslinking as well as the effective types of linking at the 

filler/elastomer interface in case of filled blend.  

Figure (14) illustrates the variation of GF%, i.e. the insoluble 

part of rubber composition in boiling benzene as a function of the 
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 dose of irradiation of unfilled as well as filled NR/SBR blend with 

different types of fillers. It may be observed that the lowest dose 

of irradiation applied, i.e. 50 kGy was sufficient to induce three - 

dimensional cross-linking, i.e gel formation in unfilled as well as filled 

NR/ SBR blend. Over the whole range of irradiation the NR / SBR 

unfilled blend has attained the lowest values of GF% that range from 

53 % to 68 %, whereas the Hisil filled blend showed the highest 

GF% that range from 66% at 50 kGy to 86% at 250 kGy. It can be 

also observed that GF% values for NR/SBR blend and filled blends 

with the different four fillers increase progressively with increasing 

the irradiation dose from 50 kGy to 250 kGy. The extent of increase 

is depending on the type of filler and irradiation dose. This increase 

can be attributed to the possibility of phase as well as inter-phase 

radiation induced crosslinking as a result of the formed free radicals 

in NR, SBR and filler. Apparently, the semi-reinforcing property of 

clay and TiO2 has manifested itself in GF% measurements and that 

the role played by interface-interaction between fillers particles and 

elastomers-matrix, under the effect of irradiation, is a significant 

one. The data of GF% for Hisil and HAF carbon black composites 

indicate clearly that their reinforcing capacity may be correlated 

with their ability to contribute significantly to gel fraction % and 

the latter property may be attributed to the intrinsic properties of 

these two fillers as discussed before. 
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Figure (14): Effect of irradiation dose on gel fraction % 

of NR/SBR (50/50) unfilled blend and filled ones 

with different fillers. 
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Swelling number (SN)

The variation of SN values as a function of irradiation dose 

for unfilled NR / SBR blend as well as filled NR/SBR blend with 

different fillers, is depicted in Figure (15). It has been shown before 

that benzene was considered to be the proper solvent for SBR and 

NR hence it would be expected that raw SBR and NR undergoes 

swelling properly in  this solvent. Moreover, NR/SBR blend has 

attained the highest values of SN values over the whole irradiation 

range and the values of SN for all samples decrease with increasing 

the irradiation dose, up to 250 kGy. The latter effect may be 

attributed to increased magnitude of cross-linking with increased 

the dose of irradiation. Moreover, the data given in Figure (15) 

indicate also that NR/SBR blends filled with reinforcing fillers, 

namely Hisil and HAF carbon blacks have attained as expected 

the lowest values of SN over the whole range of irradiation. On 

the other hand, composites filled with TiO2 and clay have attained 

SN values higher than the above two cases. The order of the 

variation values of SN attained by different composites at the 

same irradiation dose is the same as in case of TS results but in 

reverse manner over the whole range of irradiation. For the sake 

of comparison, this order at 250 kGy is as follows:

Hisil< HAF carbon black < Clay < TiO2 < unfilled blend
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This order is practically the reverse of the one attained by TS 

values at the same irradiation dose. It is plausible, therefore to 

state that the factors which affected the value of TS attained by 

certain composite are mainly the same as that of the value of SN 

attained by same composite. These factors were discussed 

before in a detailed manner and were affiliated mainly with the 

extent of induced cross-linking and the inherent properties of the 

different particulate fillers. 

Figure (15): Effect of irradiation dose on swelling 

number of NR/SBR (50/50) unfilled blend and 

filled ones with different fillers.
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4.2.3. Scanning electron microscope (SEM)

     The effect of different fillers on the morphology of NR/SBR 

blends was illustrated by scanning electron microscope (SEM). 

Figure (16) shows the SEM micrographs of the fracture 

surface of NR/SBR blends irradiated by gamma rays at dose of 150 

kGy before and after filling with 40 phr of different fillers. In 

general it can be seen that irradiation curing improved the 

compatibility in which there is no phase separation and continuous 

matrix can be observed. In addition, the surface of unfilled or filled 

blends is characterized with the existence of tiny white particles, 

which is due to ZnO ingredient. As shown in figure 16(a-e) the 

effect on morphology differ from filler to another. The surface of 

the blends filled with Hisil, HAF carbon black, clay and TiO2 are 

characterized with continuous matrix with no phase separation 

indicating interfacial adhesion between blend matrix and filler 

depending on the particle size of filler. On the other hand, the 

fracture surface of blend filled with silica showed a different 

morphology characterized with the formation of continuous 

denteric structure and bridge and the possible formation of inter-

bonding. This finding indicates high reinforcing character of silica 

compared with HAF carbon black, clay and TiO2 
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Figure (16): SEM micrographs of the fracture surfaces of 

(a) unfilled NR/SBR (50/50) blend, (b) blend filled 

with silica, (c) blend filled with HAF carbon 

black, (d) blend filled with clay,  (e) blend filled 

with TiO2. 
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4.3. Effect of polyfunctional monomers on radiation 

vulcanization of NR/SBR blend filled with 40 phr 

HAF carbon black

In radiation processing it is desirable to achieve the required 

level of induced crosslinking at the lowest possible dose of 

irradiation to avoid the damage of polymeric chains as well as 

possible oxidation processes at higher doses which would lead to 

the damage of polymeric chains and hence, deterioration of their 

physico-mechanical properties may take place. 

 Enhancing the radiation crosslinking process has been 

always achieved (El Miligy et al., 1980; Abdel Aziz et al., 1991and 

Abdel Aziz et al., 1995) by adding certain poly-functional 

unsaturated monomers, referred to as coagents. 

   In this section N, N- methylene diacrylamide (MDA), 

trimethylol propane-trimethacrylate (TMPTMA) and tetramethylol 

- methane tetraacrylate (TMMT) are used as coagents at 

concentration of 5 phr. Their enhancing effect was followed up in 

case of NR/SBR (50/50) blend reinforced with 40 phr HAF carbon 

black 
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4.3.1. Mechanical properties of reinforced and enhanced 

NR/SBR (50/50) blend:

Tensile Strength (TS) of reinforced and enhanced NR/SBR 

(50/50) blend:

Figure (17) illustrates the variation of tensile strength of 

NR/SBR (50/50) blend loaded with 40 phr HAF carbon black and 

with 5 phr of the three used coagents as a function of irradiation 

dose. The results obtained indicate that a great improvement in the 

tensile strength property of the reinforced and enhanced blends has 

been attained as the value of TS not only increased highly with 

respect to the reinforced blend only at the same irradiation dose, but 

also the maximum value of TS has been attained at lower values of 

irradiation dose. The data given in Figure (17) indicate also that 

enhanced but unirradiated composites have attained slightly higher 

TS values with respect to non-enhanced ones. The data indicate 

also that the TS values attained by the blend enhanced with the 

coagents TMMT, TMPTMA and MDA. 

TMMT lie relatively higher with respect to the ones attained 

by the blends enhanced with TMPTMA or MDA at the same 

irradiation dose. This may be attributed to the fact that the 

functionality (fa), i.e. the number of double bonds, of TMMT,            

fa = 4, whereas for TMPTMA, the value of fa = 3and for MDA the 

value of fa =2. Accordingly, the efficiency of TMMT in 



RESULTS & DISCUSSIONS




participation in the formation of induced crosslinking is higher than 

TMPTMA and MDA. Also, it may be observed that the rate of 

increase of TS values in case of the three coagents with irradiation 

dose for reinforced and enhanced blends is relatively higher than 

corresponding ones of reinforced samples. All these observations 

give an indication that the coagents TMMT, TMPTMA and MDA 

have participated in increasing the density of crosslinking between 

the macromolecules of blend components as well as the bonding 

between the reinforcing HAF carbon black and the polymers of the 

blends. (Youssef et al., 1993)  
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Figure (17): Effect of irradiation dose on the tensile 

strength of NR/SBR (50/50) +40 phr HAF carbon 

black composite enhanced with different 

polyfunctional monomers.  
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Tensile modulus M100 at 100% of reinforced and enhanced 

NR/SBR (50/50) blend:

The variation of modulus at 100% elongation M100 as a 

function of irradiation dose for the NR/SBR (50/50) blend 

reinforced with 40 phr HAF carbon black and enhanced with 5 phr 

of each coagent is illustrated in Figure (18). Form this figure it is 

shown that an increase in the value of M100 has been attained with 

application of the lowest dose of 25 kGy with respect to 

unenhanced blend and almost linear increase of M100 has been taken 

place for doses up to 75 kGy. Moreover, the values of M100

obtained in case of composites enhanced with TMMT coagent are 

higher than that with TMPTMA and MDA.  

The data obtained indicated also that the coagents are 

effective in increasing the crosslinking of composites components. 

Apparently the coagents with their relatively higher number of 

functionality group acted effectively in increasing the density of 

chemical linking at the interface between the structured filler and 

the polymeric matrix. The magnitude of such increase would be 

expected to be a function of the irradiation dose and the 

functionality of the coagent. Consequently, the effective volume of 

solid filler, formed from the aggregated filler together with its 

bounded polymer, would be expected to be larger for enhanced 

composites than that of non-enhanced ones. Hence, the contribution 

to the M100 value from the solid filler of composites enhanced with 
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TMMT is expected to be higher than that enhanced with TMPTMA 

or MDA, which in turn is higher than that of only reinforced 

composites. 

Figure (18): Effect of irradiation dose on tensile modulus at 

100% elongation of NR/SBR (50/50) +40 phr HAF 

carbon black composite enhanced with different 

polyfunctional monomers.  
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Elongation at Break %( Eb) of reinforced and enhanced 

NR/SBR (50/50) blend: 

The effect of enhancing with the coagents on elongation at 

break Eb% of reinforced NR/SBR (50/50) is shown in Figure (19). 

The results obtained for enhanced composites are lower with 

respect to un-enhanced ones over the whole range of irradiation.  

The values of Eb % decrease with irradiation dose and also by 

enhancing with coagents. The appreciable decrease in Eb values 

attained by enhanced samples is an indication of relative increase in 

crosslinking density, which in turn acts effectively in retarding 

reorientation processes needed for elongation. In this respect, the 

TMMT coagent was more effective on Eb % than TMPTMA which 

is in its turn more effective than MDA. 
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Figure (19): Effect of irradiation dose on elongation at 

break % of NR/SBR (50/50) +40 phr HAF carbon 

black composite enhanced with different 

polyfunctional monomers.  
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Hardness of reinforced and enhanced NR/SBR (50/50) blend: 

The results obtained for the variation of hardness of 

NR/SBR (50/50) reinforced with 40 phr HAF carbon black and 

enhanced with 5 phr for each coagent (TMMT), (TMPTMA) and 

(MDA) as a function of irradiation dose are shown in Figure (20). It 

may be observed that enhanced and reinforced composites have 

attained hardness values that are slightly higher than the 

corresponding ones of reinforced ones over the entire range of 

irradiation. Moreover, the values of hardness attained by different 

composites have changed but slightly with increasing irradiation 

dose and with respect to those attained by unirradiated composites. 

These results are an indication that both irradiation dose and coagent 

have slight increase effect on hardness values. The slight effect 

attributed to coagent loading can be seen, however clearly and 

agrees with order given before in case of TS measurements  
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Figure (20): Effect of irradiation dose on hardness of 

NR/SBR (50/50) +40 phr HAF carbon black 

composite enhanced with different polyfunctional 

monomers.
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4.3.2. Physical properties of reinforced and enhanced 

NR/SBR(50/50) blends   

Gel fraction % of reinforced  and enhanced NR/SBR (50/50) 

blends :

Figure (21) shows the variation of gel fraction percentage 

(GF %) as a function of irradiation dose for NR/SBR (50/50) blend 

reinforced with 40 phr HAF carbon black and enhanced with 5 phr 

of  TMMT, TMPTMA and MDA coagents. From this figure it is 

shown that there is an increase in gel fraction % as the irradiation 

dose increases. The addition of coagents had led to further increase 

in gel fraction values over the whole range of irradiation dose and 

the values of the gel fractions are lower for unenhanced composite

than enhanced ones. Moreover, the efficiency of TMMT coagent on 

increasing the GF% values of the composites is more than that of 

TMPTMA and the efficiency of the latter is higher than that of 

MDA coagent.  Such behavior is affiliated with the functionality of 

the coagents as mentioned before. 
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Figure (21): Effect of irradiation dose on gel fraction% of 

NR/SBR (50/50) +40 phr HAF carbon black 

composite enhanced with different polyfunctional 

monomers. 
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Swelling Number (SN) of enhanced and reinforced NR/SBR 

(50/50) blends: 

Figure (22) describes the relation between swelling number 

and irradiation dose for unenhanced composites and their enhanced 

ones. It can be seen that the swelling number values of the 

reinforced as well as enhanced and reinforced composites decrease 

as the irradiation dose increases. Moreover, it may be observed that 

the value of swelling number at certain irradiation dose is as follow: 

 TMMT < TMPTMA < MDA <unenhanced composites 

This order is again an expected one and is a function of the 

functionality of the co-agents as the SN value decrease with the 

increase of the double bond of the co-agent. 
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Figure (22): Effect of irradiation dose on swelling number 

of NR/SBR (50/50) +40 phr HAF carbon black composite 

enhanced with different polyfunctional monomers.
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4.3.3. Thermal properties:

Thermal stability behavior of polymer blends as well as their 

composites is of a major importance as these materials are 

frequently subjected to elevated temperatures during their use. 

Therefore, the reinforced NR/SBR blend (50/50) with 40 phr HAF 

carbon black and enhanced with different coagents were tested for 

their thermal stability using the thermograviemetric analysis (TGA) 

technique. This technique is concerned with the determination of 

the weight loss occurred to the sample due to thermal heating and 

hence investigating the possibility of its decomposition at a certain 

temperature range. In the present investigation, the measurements 

were carried out under inert atmosphere of nitrogen gas and on 

samples that weighed 2 to 5 mg. Heating was applied at a rate of 

10oC/min. in the range from room temperature to ~ 600 oC. 

Figure (23) represents an illustrative thermogram for the 

NR/SBR (50/50) blend loaded with 40 phr HAF carbon black at   

irradiation dose of 150 kGy. This thermogram shows the variation 

of the residual weight fraction % (RWF %), which is a measure of 

the weight loss of the sample, as a function of heating temperature. 

It may be observed that the RWF % value has experienced a limited 

amount of weight loss in the temperature range up to 300 oC, which 

may be attributed to decomposition of impurities as well as 

additives. On raising the temperature higher than that the RWF % 
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value experienced a rapid and sudden drop in its value reaching 

almost 6 % only at 600 oC.  

Similar behavior is observed for the change of RWF % with the 

temperature for the reinforced and enhanced blends but with an 

increase in the temperature corresponding to start of decomposition 

as well as that corresponding to the sudden drop in RWF %.value 



Figure (23): Variation of RWF % as a function of        

temperature of NR/SBR (50/50) filled with 40 phr 
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HAF carbon black and enhanced with different 

polyfunctional monomers. (Irradiated at 150 kGy). 

It may be visualized that the values of the temperature increase is 

due to the increasing the thermal stability of the reinforced 

composites when they were enhanced with coagents as increased 

density of cross-linking and interface linking would be expected. 

The initial decomposition temperature Ts, and the corresponding 

temperature for 10, 30, 50, 70 and 100% weight loss are given in 

table (2) as follow.  

Table(2):Decomposition temperature (Ts), and the 

corresponding temperature for 10, 30, 50, 70 and 100% weight 

loss for blends loaded with HAF carbon black enhanced with 

different co agents 

Sample Ts Temp. at 

weight 

loss 10% 

Temp. at 

weight 

loss 30%

Temp. at 

weight 

loss 50%

Temp. at 

weight 

loss 70%

Temp. at 

weight loss 

~100% 

NR/SBR(50/50) 

+40phrHAF(B) 
313 320 349 358 376 447 

B+ MDA 343 349 381 408 423 479 

B+ TMPTMA 352 364 396 423 441 497 

B+ TMMT 393 414 441 453 465 509 
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From the data given in table (2) it can be seen that the 

temperature corresponding to the maximum thermal stability, Tmax 

of composite loaded with the coagent TMMT is higher than that of 

composite loaded with TMPTMA and MDA, respectively which is 

in accord with reported results (Abou Zeid et al., 2008).As 

expected, the formation of more crosslinking has improved the 

thermal stability of the composite which in accordance with the 

mechanical properties. 



Summary and 

conclusions 
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Summary and conclusions

All kinds of rubber have shortcomings in one or more properties. 

To develop their properties there are two ways, synthesizing a new 

rubber with new chemical structure or blending different types of 

rubbers having different properties to obtain rubber blend with 

desirable properties. The first way is very difficult, expensive, 

needs more time and not guaranteed. On the other hand blending is 

not expensive, not risky and very easy to realize. Thus, there are 

technical reasons for blending two types of rubber in order to obtain 

best compromise. Processing difficulties may be overcome by 

blending and appreciable differences in the price of different 

rubbers emphasize economical reason for blends. However, 

preparation and selection of rubber components of the blends in 

sulphur vulcanization or other conventional vulcanization systems 

differ from that in radiation induced cross-linking of rubberblends. 

For this purpose, the present work is aiming to study the 

characteristics of NR/ SBR blends in different ratio and vulcanized 

by gamma irradiation. The change in mechanical properties namely 

tensile strength (TS), modulus at 100% elongation (M100) 

elongation at break (Eb) and hardness;  physical properties namely 

swelling number, gel fraction and thermal properties such as 

thermogravimetric analysis TGA of these blends under the effects 

of -radiation were followed up. 
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Section 1: of this investigation is directed to study the effect of 

gamma irradiation on physico- mechanical properties of raw 

NR/SBR blends in different ratios.  

From all results obtained the following conclusions can be 

derived: The magnitude of improvement is a function of 

irradiation dose as well as the amount of natural rubber in the 

blend 

1- The improvement attained in mechanical properties of raw blend 

has been certified by measurements of physical properties of 

prepared blends. 

2-The thermal stability of vulcanized NR/SBR blend (50/50) was 

improved with respect to that of NR alone 

Section 2: deals with the effect of gamma irradiation dose on 

the physico-mechanical properties of NR/SBR blends loaded 

with different types of fillers namely, Hisil, HAF carbon black, 

clay and TiO2. SEM was used to study the topography of the 

composites surfaced Hisil, HAF carbon black, clay and titanium 

were used as fillers at fixed content (40 phr) in NR / SBR (50/50) 

blend and vulcanized by gamma irradiation up to 250 kGy. 
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The following conclusions can be made:

1-The reinforcing ability of the four different filler can be followed 

using mechanical, physical and scanning electron microscopy 

(SEM) 

2-Noticeable improvement was observed for all properties with the 

increase of irradiation dose up to 200 kGy and with the 

incorporation of different fillers. 

It was established that Hisil possesses a high reinforcing effect in 

NR/SBR blend followed by HAF carbon black with respect to 

semi- reinforcing effect of clay and limited reinforcing effect of 

TiO2 .The efficiency of the fillers can be arranged in the following 

order: 

Hisil > HAF carbon black > Clay > TiO2

Section 3: deals with the effect of different kinds of 

polyfunctional monomers on radiation vulcanization of 

NR/SBR (50/50) blend loaded with 40 phr HAF carbon Black to 

show the possibility of reducing the irradiation dose necessary to 

obtain vulcanized blend with reasonable mechanical properties. In 

this section N, N- methylene diacrylamide (MDA),trimethylol 

propane-trimethacrylate (TMPTMA) and tetramethylol - methane 

tetraacrylate (TMMT) are used as coagents at concentration of 5 

phr. 3- N, N- methylene diacrylamide (MDA),trimethylol propane-
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trimethacrylate (TMPTMA) and trimethylol- methane tetraacrylate 

(TMMT) are used as coagents at concentration of 5 phr in NR/SBR 

(50/50) blend and vulcanized by gamma irradiation dose up to              

200 kGy. 

The following conclusions can be made:

 1-The addition of polyfunctional monomers was found to enhance 

the irradiation crosslinking process of NR/SBR blend. Moreover, 

the efficiency of TMMT coagent on increasing the GF% values of 

the blend is more than that of, TMPTMA and MDA coagents. Such 

behavior is affiliated with the higher functionality of TMMT with 

respect to that of, TMPTMA and MDA. As expected, the formation 

of more crosslinking has improved the thermal stability of the 

composites which is in accordance with mechanical improved 

properties. 

General conclusion

It can be generally concluded that the radiation vulcanized NR/SBR 

(50/50) blends loaded with 40 phr of HAF and 5phr TMMT 

coagent have pronounced good mechanical, physical and thermal 

properties which make it feasible for several industrial applications.  
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