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AIM OF 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.  

 

High density polyethylene (HDPE) and acrylonitrile butadiene rubber 

(NBR) are both soild and constitute the blend components to be investigated in 

present study and hence the method of mechanical blending is the most suitable 

one for its preparation . HDPE thermoplastic is a semi – crystalline polymer ; on 

the other hand , NBR   elastomer is totally amorphous polymer. Both polymers 

are categorized as crosslinking polymers with respect to ionizing gamma rays 

with different extents. 

 

In order to increase the efficiency of irradiation curing of such NBR/HDPE 

blend , it may be required to add suitable additives such as reinforcing fillers 

that may increase the extent of crosslinking at the same irradiation dose . Thus  

synthetic fillers are used commercially in industrial processing of rubber 

formulation due to its specific  characteristics and hence its high reinforcing 

capacity and suitable  price . 

 

 

To follow property changes occurred to the blend as well as its composites , 

measurements have been done to monitor the changes that happened to 

mechanical, physical and thermal properties as a function of irradiation dose and 

composition of blends and composites.  
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CHAPTER Ι 

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 has been used successfully. Moreover , blending of 

polymers is performed to improve the technical properties of the component 

polymer and increase its processing behaviour . 

 

           Blending of polymers has been widely investigated as a simple and 

practical means to obtain new materials with novel properties. The blending 

of different polymer pairs usually gives rise to new materials with properties 

that cannot be achieved from the individual components. Therefore, a number 

of research works have been focused on enhancing properties of these 

materials for a specific application and for a better combination of properties.  

 

            Polymer blends can be made through several techniques, such as 

mechanical blending, solution blending, and latex blending. Mechanical 

blending is the oldest and most widely used technique in industry, because of 

its easy operation and high capacity in production. There are tow types of 

polymer blends 
(1)

 : 

1 - Homogeneous blends, whereby polymer pairs in blends are miscible, i.e., 

mutually soluble in one another and hence they are considered to be 

compatible. 
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2- Heterogeneous blends, whereby distinct phases remain in the blend due to 

non-mutual solubility of polymer pairs which are then considered incompatible. 

       

       Homogeneous blends are expected to lead to a single thermodynamically 

stable phase in which individual component are completely transparent.  

 

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

separate phases, as mentioned above, which is confirmed by the existence of 

two maxima of the loss dynamic modulus against temperature  . In most cases, 

compatible blends have mechanical properties superior to those of incompatible 

blends.   

 

           Elastomer–thermoplastic blends have become technologically useful as 

thermoplastic elastomers in recent years. They have many of the properties of 

elastomers but they are processable as thermoplastics . Thus, they offer a 

substantial economic advantage with respect to the fabrication of finished 

parts. 

              Acrylonitrile butadiene- rubber (NBR) has generally good resistance 

towards oil and low gas permeability. Its use in automotive applications is 

interesting but the ageing resistance is limited because of the unsaturated 

backbone of the butadiene 
(2)

 . 

 

            Eventhough NBR and high density polyethylene (HDPE) have a large 

difference in surface energy, the blend of these two is a good choice for hot 

oil-resistant applications 
(3)

 . 
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 Improving the performance of blend products by incorporating inorganic 

fillers has long been an important industrial activity, and traditionally. This has 

been achieved by using materials such as carbon black, clay, talc and silica. 

 

                Radiation treatment is a widely accepted technology in polymer 

processing such as grafting, cross-linking, coating, sterilizing or composite 

bonding. On exposure to high energy radiation, the polymer becomes 

electronically excited or ionized after absorption of energy and the excited 

molecules are able to initiate chemical reactions producing reactive products 

leading to cross-linkings and degradation reactions 
(4)

 . 

 

          Radiation-induced crosslinking occurs mainly between two adjacent 

macromolucles chains due to breakage of their side chain . The free radicals 

formed on the chain eventually react with each other leading to the formation 

of a chemical  crosslink . The crosslinking process take place at first laterally 

and then in a three dimensional manner with increased irradiation . 

 

          Induced degradation by radiation , on the other hand , occurs by 

breakage of the main chain of the polymer leading mainly to decrease in its 

molecular weight .   

 

1.1) Classification of polymer blends 

  

      Polymer blends can be categorized according to the kind of their  

polymeric materials , whether plastic or rubber polymer and  blends can be 

classified into: 
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:lendslastomer be-Elastomer ).1.11  

  

 

    Elastomer – elastomer blends are prepared to  access properties of the final 

blend that are not accessible from a single, commercially available elastomer 

alone. The potentially improved properties include chemical, physical, and 

processing benefits. In reality, all blends show compositionally correlated 

changes in all of these properties compared to the blend components. 

 

Theoretically, blends of elastomers can attain a wide variation in properties. 

The changes in properties are due to either intrinsic differences in the 

constituents or differences in the reinforcement                                                   

 

The effect of radiation dose on the mechanical properties of natural rubber  

(NR) with butadiene rubber (BR) was studied.   The results show that the 

mechanical properties, especially tensile strength, elongation at break and tear 

strength have been improved by radiation vulcanization 
(5).

 

 

Polybutadiene rubbers are usually blended with NR or SBR and find their 

largest application in the tire industry. They can impart improved abrasion 

resistance, resilience, low temperature  flexibility, and increased groove 

cracking resistance 
(6) 

. 

 

Blends of nitrile butadiene rubber (NBR), with ethylene propylene diene 

monomer (EPDM) rubber , have been vulcanized by gamma irradiation. The 

results indicated improvements in mechanical properties with increasing   

irradiation dose and NBR content in the blend 
(7) 

. 
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1.1.2) Elastomer –thermoplastic  blends :  

 

    Mechanical blends formed from elastomeric rubber and plastic material 

would be expected to posses awide range of properties depending not only on 

 the properties of individual components but also on the extent as well as the 

ratio of mixing . Such blends would have rubbery properties and at the same 

time they can be processed as a plastic material  Hence, substantial economic 

advantage is gained with respect to the fabrication of such elastomer plastic 

blends into its end –use products
(8)

 . M oreover , the polymer which 

predominates will determine the kind of end use product blend as one may get 

impact  resistant plastic when the latter constitutes the continuous matrix in 

the blend ;on the other hand when the elastomeric phase is the continuous 

matrix in the blend ;  one may get reinforced elastomer blend . 

  

Poly(vinyl chloride)/nitrile rubber  (PVC/NBR) blends are perhaps the oldest 

commercial blends, having been introduced about 60 years ago 
(9)

 . 

. 

NR and HDPE blends have also produced interesting EP  materials . This 

type of blend, which combines the excellent processing characteristics of 

HDPE and the elastic properties of NR, can be used in automobile 

components and other industrial applications 
(10)

 . 

 

1.1.3) Thermoplastic –thermoplastic blends:  

Improving mechanical properties such as toughness is usually the reason 

for the development of novel thermoplastic alloys and blends
(11)

 Other 

reasons for blending two or more plastics together include: 

(i) Improving the polymers processability, especially for the high 

temperature polyaromatic thermoplastic. 
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(ii) Enhancing the physical and mechanical properties of the blend , 

making them more desirable than those of the individual polymers in 

the blend.                                            

(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 
(12)

.  

 

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 and 

alloys of these plastics constitute one of the most rapidly evolving areas of  

engineering plastic. 

 

1.2) Effect of radiation on polymeric material:  

 

The study of change in polymer properties via ionizing radiation is a subject 

of widespread importance due to the possible use of polymers in the 

application areas, where they are exposed to ionizing radiation, such as 

nuclear power plants, spacecrafts, irradiators, particle accelerators and 

radioactive waste management applications 
(13, 14)

 . 

When rubbers as  polymers  are irradiated free radicals and ions are formed 

that lead to formation of crosslinked three dimensional polymers . The 

resulting polymers will exhibit good and new properties such as resistant to 

heat , chemical properties and improved physico-mechanical properties .  

The advantages of the radiation vulcanization of rubbers over the ordinary 

methods are for example the complete control of density of crosslinking , the 

formation of crosslinks in solid state , no need for catalysts or accelerators  or  
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other additives , no heat treatment and ability of saturated polymers to 

crosslink .In addition ,this method is cheaper and cleaner . 

                       

 Irradiation of NBR resulted in formation of macro radicals , which may be 

represented as follows :  

 

 

 

 

 

The resonance stabilization experienced by the nitrile group may be sufficient 

enough to allow the macro radicals to take part in the formation of cross links 

.  

It is also possible the nitrile  group may participate itself in the cross-linking 

process . Therefore , rubber vulcanizates of considerable cross-link density 

can be obtained in this way 
(15,16,17).
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     Two phenomena occur as a consequence of the HDPE gamma irradiation 

process: the formation of cross-linking and oxidative degradation. In general, 

Eq. (1) shows the reaction between free radicals (PE ●) of HDPE, produced 

by the loss of a hydrogen atom of HDPE (represented as PE), forming cross-

linking between polymer molecules. This recombination reaction is 

predominant in cases of irradiation in vacuum or inert atmospheres. 

PE ● + PE ● → PE - PE                     …………………………………….. [1] 

During irradiation in the presence of air, the formation of peroxide radical 

(Eq. (2)) and the reaction of the PE free radical and the peroxide radical (Eq. 

(3)) predominates
 (18)

. 

PE ●  + O2 → PEO2  ●                        …………………………………  [2] 

PE  ●+ PEO2 ●→ PEOOPE                 …………………………………   [3] 

                                                        

1.2.1)Chemical changes of irradiated polymers 

 

Formation of free radicals  

 
The free radical formation mechanism occurs  via ionizing radiation  due to 

dissociation of a covalent bond . When dissociation occurs , the electrons 

associated with the bond stay with one on the  disrupted parts of the molecule 

. The other part , which is active , is known as free radical and its formation as 

follows 
 (19)

 

 

Abstraction 

As a result of the formation of free radicals , hydrogen atoms may abstract a 

H- atom from another polymer molecule forming molecular hydrogen and 

new free radical. 
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Recombination 

The recombination of macro free radicals leads to the formation of  crosslinks

  

 

: disproprtionation  

  

In this step , two radicals  combine to give two stable molecules one of them 

is more unsaturated than the other . 

 

 

1.3) Vulcanization 

 

Most useful rubber articles, such as tires and mechanical goods, cannot be 

made without vulcanization. Unvulcanized rubber is generally not very strong   

Vulcanization is a process generally applied to rubbery or elastomeric 

materials.  It  can be defined as a process which increases the retractile force 

and reduces the amount of permanent deformation . Thus vulcanization 

increases elasticity while it decreases plasticity. It is generally accomplished 

by the formation of a crosslinked molecular network .Vulcanization process 

improves the mechanical and thermal properties of polymers 
(20)

 . 

 

Radiation vulcanization of rubber is one of the most promising tools for 

obtaining a valuable product with reasonable physico-mechanical properties 

without any need for adding different ingredients usually used in 
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conventional vulcanization methods. Also, the radiation curing differs from 

thermal curing , where the final curing is carried out at ambient temperature 

under closely controlled conditions , such as radiation dose rate , penetration 

depth , etc. ,and this form of curing ultimately results in amore well-defined 

end product .In the rubber industry ,this technique issued by large rubber 

processors  (for example in roof sheeting and cable production).Radiation can 

produce crosslink densities like those obtained by sulphur curing .The type of 

carbon–carbon crosslink formed in this method improves the mechanical 

properties at higher temperature 
(21)

 . 

 

When ionizing radiations are used , ionization and excitation processes may 

take place as a first effect of irradiation leading eventually to the formation of 

trapped  free radicals , electrons or ions . Two adjacent free radicals could be 

formed which will couple together immediately leading to formation of 

crosslink or mobile free radical will move around until it finds a partner to 

give again crosslink . Therefore. crosslinking in polymers upon irradiation 

may take place between carbon atoms far from each other. 

 

1.3.1) Vulcanization methods 

Vulcanization is a process of producing network junctures by the insertion of 

crosslink between polymer chains. A crosslink may be a group of sulfur 

atoms in a short chain, a single sulfur atom, a carbon to carbon bond, a 

polyvalent organic radical, an ionic cluster, or a polyvalent metal ion. 

  

Chemical vulcanization  

Many natural and synthetic rubbers are not themselves thermosetting 

materials
(22) 

They can be reacted with vulcanization agents to form three – 

dimensional network . 
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Again ,the terms (curing) and (vulcanization) are used interchangeably .   

Curing agents or systems in common use are: 

                                                

1- sulfur systems  

2- peroxides 

3- urethane crosslinkers   

4- metallic oxides   

  

lfur system Su-  

Methods for curing with sulfur are usually classified into four different 

systems: 

1- sulfur alone. 

2- conventional sulfur and accelerators  

3- law sulfur and accelerators   

4-sulfur donor systems     

Example 1  

  

  

  

Where (s
__

) monosulfide,(
__

s
___

s
___

) disulfide , and (
____

s
____

)polysulfide 

linkage. 
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- eroxides curing systemsP-  

   

In early 1950s the use of dialkyl peroxide to crosslink polymers was 

introduced . The methods have some advantages over sulfur curing systems . 

Peroxides can both crosslink saturated and unsaturated polymers .There are 

also disadvantages as peroxides are rather hazardous chemicals and react 

more readily with other compounding ingredients than sulfur curing system .  

             

The initiation step in peroxide-induced vulcanization is the decomposition  of 

the peroxide to give free radicals, thus 

 

ROOR  →  2RO•  

 

where R is an alkoxyl, alkyl, or acyloxyl radical, depending on the type of 

peroxide used. (Dibenzoyl peroxide gives benzoyloxyl radicals but dicumyl 

peroxide gives cumyloxyl and methyl radicals
 (23)

 . 

  

 

Where a- Radical, b- Unsaturated polymer, c- Crosslinked polymer 

 

 -Urethane vulcanization 

The vulcanizing agent in these systems is derived from p-benzoquinone 

monoxime ( p-nitrosophenol) and a di- or polyisocyanate. Unlike sulfur 

vulcanization, accelerators are not necessary .The principal advantage of 

these systems lies in the high stability of the cross-links 
(24). 
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- Metallic oxides 

Metallic oxides are used as vulcanizing agents for neoprene with W type an 

organic accelerator is usually used as well . Three oxides are used : zinc , 

magnesium , and lead oxide . 

 

 

 

CH2      C     CH      CH22
ZnO

CH2      C     CH      CH2

Zn

CH2      C     CH      CH2

crosslinked polymer  

 

1.4) Degradable and crosslinkable rubber 

 

         Polymers are crosslinked together thereby increasing the molecular mass 

of the polymer as a result . Properties of polymer products can be improved 

by crosslinking . Irradiation creates free radicals which will often chemically 

react in various ways, sometimes at slow reaction rates.  The free radicals can 

recombine forming the crosslinks.  The degree of crosslinking depends upon 

the polymer and radiation dose.  One of the benefits of using irradiation for 

crosslinking is that the degree of crosslinking can be easily controlled by the 

amount of dose.  Other subtle influences include the additives in the base 

polymer and the type of radiation used (related to the dose rate). The polymer 

may be crosslinked using high-energy ionizing radiation . A competing 

process, called scissioning, occurs when polymers are irradiated.  In this case, 

the polymer chains are broken and molecular mass decreases.  Scissioning  
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and crosslinking occur at the same time where one may predominate over the 

other, depending upon the polymer and the dose.   Polymer degradation is a 

change in the properties as tensile strength, colour, shape, etc. - of a polymer 

or polymer-based product under the influence of one or more environmental 

factors such as heat, light or chemicals such as acids, alkalis and some salts. 

These changes are usually undesirable, such as cracking and chemical 

disintegration of products or, more rarely, desirable, as in biodegradation, or 

deliberately lowering the molecular weight of a polymer for recycling.  

 

1.5)Radiation effect on polymer in presence of additives 

 

1.5.1) Fillers 

  

   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 purpose: 
(25)

 

 -Modification of physical properties. 

-Modification of processing performance  

 

 
Reinforcing fillers are added to elastomeric compounds to improve and adjust 

several mechanical, dynamical, tribological, etc. properties with respect to 

different applications, i.e. for automotive tires, or technical rubber goods. 

Carbon black and precipitated silica are widely used as rubber reinforcing 

fillers; however, some new classes of nanosized substances like organophilic 

modified clay or carbon nanotubes are presently intensive studied as possible 

future filler systems in combination with carbon black or silica 
(26)

. 
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 Reinforcement of rubbers 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  reinforcement of rubber by filler 

     The reinforcement ability of fillers is influenced by three primary 

characteristics: 
(27)

 

 

a-Particle size   

      Particle size has a direct influence on the specific area of the filler and it is 

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  

 

b- Polymer –filler bonding  

       The ability of the filler to react with polymer resulting in adhesion, 

increases strength significantly. This process may be physical or chemical 
(28) 

 

c- The particle complexity 

        Particle shape may provide further changes in the reinforcement. This is 

especially true for carbon black where products with differing structures are 

produced. Increasing carbon black structure has the effect of reducing TS 
(29)

 

Complexity  has a more pronounced effect on processing behavior than on 

reinforcement and provides important benefits in this area. 
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1.6) Nitrile rubbers (NBR ) 

 

Acrylonitrile–butadiene rubber (NBR), commonly known as nitrile rubber, 

has been commercially available for more than 50 years. Its molecular 

formula is as follows: 

 

 

 

 

 

 

 

1.6.2)The properties of nitrile rubber (NBR ) 

         Unlike natural rubber, NBR shows no crystallinity and therefore there is 

no self-reinforcing effect. The properties of NBR vulcanizates depend greatly 

on the ACN (acrylonitrile) content of the polymer.  

NBR has great potential in industry because of it moderate cost, excellent 

resistance to oils, fuels and greases, easy processibility and very rubber good 

resistance to swelling by aliphatic hydrocarbons. About 80% of NBR 

produced is used for machinery and automobile industry 
(30)

 ,Moreover , 

nitrile rubber, due to its oil resistance, is widely used in sealing applications, 

hose liners, roll coverings, conveyor belts, shoe soles and plant linings. Nitrile 

rubber is also available as a latex  
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1.7) High density poly ethylene (HDPE): 

 

Generally, the molecular formula of polyethylene is as follows: 

 

 

HDPE has little branching, giving it stronger intermolecular forces and tensile 

strength than lower-density polyethylene. The difference in strength exceeds 

the difference in density, giving HDPE a higher specific strength 

 

 

1.7.1)The properties of HDPE 

 

           HDPE is characterized by excellent low temperature flexibility, low 

cost and  resistance to moisture permeation 
(31)

    

            It has density in range of 0.941-0.965 g/cm
3  

and crystallinity degree 

higher than 70 % and limited degree of branching of its amorphous phase
(31) 

Moreover it is resistant to many different solvents and has a wide variety of 

applications, including: bottles, suitable for use as refillable bottles ,chemical 

resistant piping systems ,coax cable inner insulators ,containers ,fuel tanks for 

vehicles and water pipes, for domestic water supply 
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CHAPTER ΙI 

LITERATURE REVIEW 
 

Blends of elastomers are of technological and commercial importance since 

they allow the user to access properties of the final blended and vulcanized 

elastomer that are not accessible from a single, commercially available 

elastomer alone. These potentially improved properties include chemical, 

physical, and processing benefits. In reality, all blends show compositionally 

correlated changes in all of these properties compared to the blend 

components. The technology of elastomer blends is largely focused on the 

choice of individual elastomers and the creation of the blends to achieve a set 

of final properties .  

 

 2.1)Types of polymer blends 

 

  2.1.1) Elastomer /Elastomer blends 

 
Yehia et al 1992

(32)
 , used viscosity measurements for rheological behavior of 

rubber blends in solution and hence their compatibility . The change of 

intrinsic viscosity of natural rubber (NR) /butadiene rubber (BR) , NR/ nitrile 

rubber (NBR)and NR/ butyle rubber (IIR) blends showed straight line , curve-

linear and S-shape respectively . This behaviour may be explained on the 

basis of compatibility , i.e NR forms with BR compatible blends , with IIR 

incompatible blends . 

 

Chung M H et al 1998
(33)

 , explored the in situ compatibilizer approach to the 

bonding of two highly incompatible elastomers, namly nitrile rubber and 

butyl rubber. It has been concluded that the T-peel adhesion between 
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uncrosslinked layers of IIR and NBR is rate and temperature dependent . 

Failure is interfacial at low rate , bulk cohesive tearing of the rubber occurs at 

intermediate rates . At high test rates , peel specimens containing the 

copolymer exhibited improved strengths . 

 

S. Goyanes et al. et al. 2008
(34)

 , prepared  blends of natural rubber and 

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

sulfonamide (TBBS) as accelerator, varying the amount of each polymer in 

the blend. Samples were analysed by rheometer curing at 433 K until their 

maximum torque was reached. The miscibility among the constituent 

polymers of the cured compounds was studied in a broad range of 

temperatures by means of differential scanning calorimetry, 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 with a new device that 

performs measurements in vacuum. The thermal results are explained on the 

basis of the structure formed during the vulcanization of the samples 

considering the variation of the crosslink density of each phase. Finally, a 

serial thermal conduction model that takes into account the contribution of 

each phase to the thermal diffusivity was used to fit the experimental results 

  

Botros 1998
(35)

 , studied the thermal stability of butyl/EPDM rubber blend to 

improve the resistivity of butyl rubber (IIR) towards the effect of oxygen and 

ozone . The results show that blending of IIR with EPDM is beneficial 

because of the enhancement of heat resistance of the blend vulcanizates . 
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hermoplastic blendst/Elastomer ) .2.12 
  

 

 George  et al. 2000
(36)

 , evaluated the effects of dynamic crosslinking on 

rheological, mechanical and dynamic mechanical properties of HDPE/NBR 

with special reference to the effect of dosage of crosslinking agent. The 

morphology has been studied using scanning electron microscope. Both the 

microscopy and dynamic mechanical analysis indicate that the blends are 

immiscible and form two-phase structures. But it is evident that dynamic 

vulcanisation can be employed as a technological compatibilisation technique 

to get finer and stable morphology and improved mechanical properties. The 

rheological studies reveal that the dynamically vulcanised samples could be 

processed like thermoplastics . 

 

Pechurai et al. 2008
(37)

 , prepared the oil extended  natural rubber 

OENR/HDPE blends with different rubber–plastic components (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 160
0
C. and investigated the effect of 

blend compatibilizer , specifically  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 
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the blend ratios of OENR/HDPE = 50/50 and 60/40, 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 

 

Nakason .et al 2006
(38)

 ,  prepared  thermoplastic vulcanizates (TPVs) based 

on NR/HDPE blends with various types of blend compatibilizers. It was 

found that TPVs with phenolic resin , namly  SP-1045 and HRJ-10518) 

compatibilizers showed higher tensile strength, elongation at break and 

tendency to recover from prolonged extension than those of the TPV without 

a compatibilizer. This may be attributed to Chroman ring structures from the 

reaction of NR and phenolic molecules. The TPVs with modified phenolic 

resins (PhSP-PE and PhHRJ-PE) showed higher tensile strength and 

elongation at break than those of the TPVs with un-modified phenolic rein 

and without a compatibilizer. A reaction took place through trace quantities of 

un-saturation in the HDPE molecules and methylol groups in the phenolic 

molecules. Also, the remaining methylol groups in the phenolic molecules 

were capable of reacting with NR molecules and produced a linkage between 

NR and HDPE molecules. Therefore, it was found that the TPV with PhHRJ-

PE gave the highest tensile strength and elongation at break. Increasing the 

content of the NR gave an increased trend of elongation at break but 

decreasing trends in permanent set (expressed as tension set), tensile strength 

and hardness. Various vulcanization systems were also used to prepare the 

TPV, with a mixed curing system showing the highest shear stress and tensile 

strength, whilst the sulphur curing system gave the lowest values, and the 

peroxide curing system exhibited intermediate values 
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Nakason . et al 2006
(39)

 ,    synthesized   epoxidized natural rubber with mole 

percentage epoxide of 30 and used to prepare thermoplastic vulcanizates 

based on 75/25 ENR/PP blends with Ph-PP compatibilizer. Influences of 

various curing systems (i.e., sulfur, peroxide and a mixture of sulfur and 

peroxide-cured systems) were investigated. It has been  found that the mixing 

torque, shear stress, shear viscosity, tensile strength and elongation at break of 

the TPVs using the mixed-cure system exhibited higher values than those of 

the sulfur and peroxide-cured systems, respectively. This may be attributed to 

a formation of S–S, C–S combination with C–C linkages in the ENR phase. In 

the sulfur-cured system only S–S linkages are formed, whilst in the peroxide 

curing system more stable C–C linkages are formed. However, during 

shearing at high temperature of the peroxide and mixed-cure systems, the 

peroxide caused degradation of the polypropylene molecules. Higher level of 

DCP was used in the peroxide-cured system and caused greater influence on 

properties. In the mixed-cure system, lower influence of PP degradation and 

influence of formation of more stable C–C linkages overcomes the drawback. 

It was observed the highest values of those properties using the mixed-cure 

system. The curing systems did not affect the hardness properties and solvent 

resistance of the TPVs. It has been  found that the dispersed vulcanized rubber 

domains of TPV with the peroxide-cured system were smaller rubber particles 

than those of the mixed and sulfur-cure systems 

 

Thitithammawong . et a 2007
(40)

 ,    investigated  proper balance between 

degree crosslinking of ENR and degradation of PP-phase, and the tendency of 

peroxide to form smelly by-products, in particular acetophenone on a 60/40 

ENR/PP TPV. Four types of peroxides were used at two mixing temperatures: 

160 and 180 
o
C. The maximum and final mixing torques are clearly related to  
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the intrinsic decomposition temperature of the particular peroxide used, where 

dicumyl peroxide (DCP) and di(tert-butylperoxyisopropyl)benzene (DTBPIB) 

turn out to be effective at 160 
0
C, whereas the other two type of peroxides, 

that are mentioned later , require a higher temperature of 180 
0
C. The best 

mechanical properties are obtained at lower mixing temperature with DCP 

and DTBPIB, presumably due to less degradation of the PP and ENR. 

Unfortunately, these two types of peroxides form more smelly by-products 

and blooming than those of the 2,5-dimethyl-2,5-di(tert-butylperoxy)hexyne 

(DTBPHY) and 2,5-dimethyl-2,5di(tert-butyl peroxy)hexane (DTBPH). 

Dependent on the requirements of the pertinent application, a balanced 

selection needs to be made between the various factors involved to obtain an 

optimal product performance of these ENR/PP TPVs. 

 

 

Saleesung . et al 2010
(41)

 ,  used ultra-fine fully vulcanized acrylonitrile 

butadiene rubber powder (UF-NBR-P) and LDPE  for preparing thermoplastic 

vulcanizates. A simple blending technique was utilized as an alternative to a 

complex dynamic vulcanization process typically for the preparation of TPVs. 

Blend composition ratio of UFNBRP/LDPE was varied, and the properties of 

the TPVs were investigated. Morphological result reveals that all blends 

exhibit a two-phase morphology in which the UFNBRP particles form the 

dispersed phase in the LDPE matrix. This implies successful TPV 

preparation. Viscoelastic behavior of the TPVs was found to be governed by 

UFNBRP loading. As expected, with increasing UFNBRP loading, the elastic 

contribution increases as evidenced by the decreases in sensitivity of storage 

modulus to test frequency and in creep compliance. The rheological results 

are in line with the improvements in rebound resilience and compression set. 

The presence of chemical crosslinks in UFNBRP in conjunction with the 
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formation of a transient network of rubber particles is thought to be 

responsible for such increase in elastic response. Additionally, degree of 

crystallinity and oil resistance of the TPVs were found to decrease with an 

increase in UFNBRP loading. The suppression of LDPE crystallization is 

probably caused by the UFNBRP particles located in the inter lamellar spaces 

of the LDPE matrix 

 

Carvalho  et al.  2003
(42)

 , 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 plasticiser 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 . 

  

thermoplastic blends/Thermoplastic  ).3.12 
 

Miles et al. 1992
 (43)

 have explored the potential to compatiblize blends of 

poly propylene  (PP) with low density polyethylene (LDPE ),linear low 

density polyethylene (LLDPE )and high density polyethylene (HDPE) in 

order to recover the mechanical properties of recycled polyolefins . 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 (VLDPE). The 

homogeneity of the blends was also substantially increased . Blends of LDPE 
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or HDPE with PP were more difficult to compatibilize , although some 

improvement could be obtained on addition of ethylene propylene random 

copolymer , provided that higher  levels were used                                            

                                                                                                    . 

Ajji 1995
(44)

 ; in  this study blends of virgin and recycled polyethylene  (PE) 

and poly(vinyl chloride) (PVC) , with a methylmethacryate-ethylacrylate 

copolymer as processing aid , were prepared in the molten state . Different 

additives were used such as ethylene – vinyl acetate copolymers . ethylene –

methacrylic acid ionomer, and two peroxides (dibenzoyl and dicumyl) , in the 

presence of a coupling agent . Blend morphologies , tensile properties and 

impact properties were studied. For blends with low copolymer concentration 

(below 3wt%) the mechanical test data indicated a good performance . In  the 

case of blends with ethylene methacrylic acid ionomer , improvements in the 

mechanical properties were obtained also at higher additive concentrations , 

of two  peroxides ; better resultswere obtained using the dibenzoyl one . The 

morphological studies indicated that the blends that showed good mechanical 

properties were better dispersed and had improved interphase adhesion            

                              .                                                                                              

                                   

Zhang et al .1996
(45)

 , used NBR and hydrogenated nitrile rubber (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 compatibilizers  and compositions 

of the blends . 

  

  

  



LITERATURE REVIEW               CHAPTER 2                                      

 

26

Effect of filler on polymer blends. 2.2 

  

Elastomer blends// lastomer Effect of fillers on E ).1.22 
  

  

Mostafa et al .2009
(46)

, added carbon black (CB) to commercial elastomers for 

reasons of economy and also to favourably modify properties such as tension, 

compression, hardness and abrasion, so tension, compression, hardness and 

abrasion tests were carried out to investigate the effect of CB loading on these 

properties for styrene butadiene rubber (SBR) and nitrile butadiene rubber 

(NBR) compounds. The obtained results of five different compositions for 

SBR and NBR with 0, 20, 30, 50 and 70 phr of CB were compared. The 

dependences of these mechanical properties on CB loading were found . 

 

Rattanasom . et al 2007
(47)

 ,  used carbon black (CB) and silica as the main 

reinforcing fillers that increase the usefulness of rubbers. As each filler 

possesses its own advantages, the use of silica/CB mixture should enhance the 

mechanical and dynamic properties of natural rubber (NR) vulcanizates. 

However, the optimum silica/CB ratio giving rise to the optimum properties 

needs to be clarified. In this research, reinforcement of NR with silica/CB 

hybrid filler at various ratios was studied in order to determine the optimum 

silica/CB ratio. The total hybrid filler content was 50 phr. The mechanical 

properties indicating the reinforcement of NR vulcanizates, such as tensile 

strength, tear strength, abrasion resistance, crack growth resistance, heat 

buildup resistance and rolling resistance, were determined. The results reveal 

that the vulcanizates containing 20 and 30 phr of silica in hybrid filler exhibit 

the better overall mechanical properties. 
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Findik  et al.2004
(48)

 ,  prepared 12 different rubber compounds by using 

SMR-20 type of natural rubber and SBR-1502 type of styrene–butadiene 

rubber in different proportions and studied the mechanical and physical 

properties such as tensile strength, hardness, wear, carbon black, ozone 

resistance, density and rheological properties of the present industrial rubber 

and reported the Physical and mechanical test results. The tensile, hardness 

and wear properties of the NR/SBR blends with the increasment of NR 

percentages were greatly enhanced. The study also indicated that filler 

materials affect on the physical and mechanical properties of the blend .  

. 

  

hermoplastic blendst/elastomer Effect of fillers on ) .2.22 
  

  

Abu-Abdeen .et al 2009
(49)

 , studied  the mechanical behavior, microhardness 

and abrasion resistance of acrylonitrile butadiene rubber (NBR) vulcanizate 

loaded with 40 phr fast extrusion furnace (FEF) carbon black nanopowder and 

different concentrations of suspension polymerization polyvinyl chloride 

(PVC) . The measured parameters (i.e., the Young’s modulus, tensile strength, 

and elongation at break) varied with the concentration of PVC. Both the 

elastic modulus and the tensile strength increased with increasing PVC 

loadings while the elongation at brake recorded a linear decrease. The 

hardness degree and the abraded mass increased as the concentration of PVC 

increased. The classical theory of rubber elasticity was used to calculate the 

rubbery modulus, the number of effective chains per unit volume and the 

average molecular weight. Swelling measurements were done on the 

mentioned samples. Addition of PVC was found to decrease the maximum 

degree of swelling, the penetration rate and the average diffusion coefficient. 
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Swelling was found to slightly affect the degree of hardness and elastic 

modulus. 

 

Vera Lu´cia da Cunha Lapa . et a 2002
(50)

 , investigated the influence of 

aluminum hydroxide (ATH) and carbon black (CB)  in vulcanizable 

compositions of the physical mixture NBR/PVC by varying the ATH:CB 

ratio. The results were compared to those for pure gum type (no filler added) 

NBR/PVC formulation. Two types of ATH, with and without a coupling 

agent, were used in an attempt to improve ATH:polymer interaction. The 

developed compositions were analysed for rheometric and processing 

properties 

 

Ruksakulpiwat .  et al 2009
(51)

 , used vetiver grass as a filler in polypropylene  

composite. Chemical treatment was done to modify fiber surface. Natural 

rubber  and ethylene propylene diene monomer (EPDM) rubber at various 

contents were used as an impact modifier for the composites. The composites 

were prepared by using an injection molding. technique Rheological, 

morphological and mechanical properties of PP and PP composites with and 

without NR or EPDM were studied. Adding NR or EPDM to PP composites, 

a significant increase in the impact strength and elongation at break is 

observed in the PP composite with rubber content more than 20% by weight. 

However, the tensile strength and Young’s modulus of the PP composites 

decrease with increasing rubber contents. Nevertheless, the tensile strength 

and Young’s modulus of the composites with rubber contents up to 10% are 

still higher than those of PP. Moreover, comparisons between NR and EPDM 

rubber on the mechanical properties of the PP composites were elucidated. 

The PP composites with EPDM rubber show slightly higher tensile strength 

and impact strength than the PP composites with NR. 



LITERATURE REVIEW               CHAPTER 2                                      

 

29

thermoplastic blends/hermoplastic t Effect of fillers on ).3.22 

  

  

Atefeh Fathi  et al.2011
(52)

 studied the influences of carbon black (CB) 

structure on the mechanical properties, and strain-resistivity response of 

polymer composites Low-density polyethylene (LDPE) and polypropylene 

(PP) samples were blended with five different types of CB differing in 

structure. Relatively low strains were studied; the maximum strain was 10%. 

It was found that the CB concentration for maximum strain-sensitivity of the 

electrical conductivity is higher for low structure carbon blacks but is 

essentially independent of the CB structure for medium- to high-structure 

carbon blacks. However, the composite containing the largest particle size 

carbon black clearly showed the highest strain-sensitivity to electrical 

conduction. The mechanical properties and sensitivity of electrical resistivity 

to tensile strain of the filled composites examined in the study are also 

presented and discussd . 

  

Nanchun CHEN et al .2006
(53)

 ,presented an experiment of producing high 

density polyethylene  nano-composite filled with 4wt. % talc . Acting as filler 

and a reinforcing agent in the HDPE, talc powder, sized at around 5 µm, was 

surface-treated with aluminum diethylene glycol dinitrate coupling agent 

before adding to the HDPE. Analyses of the reinforced HDPE nano-

composite show significant improvement in its mechanical properties 

including, tensile strength (> 26 MPa), break elongation (< 1.1%), flexural 

strength (> 22 MPa), and friction coefficients < 0.11. The results demonstrate 

that, after surface-treated, talc can be used as a promising filling material and 

a reinforcing agent in making  HDPE nano-composite. 
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2.3 )Effect of radiation on polymer blends 

lastomer blendse/ lastomer on eEffect of radiation  ) .1.32 

 

Yan Aoshuang  et al. 2002
(54) 

, studied the effect of radiation dose on the 

mechanical properties of NR/BR blending system  . A comparison was made 

between sulphur vulcanization and radiation vulcanization for an optimal 

nature rubber (NR)/ butyl rubber (BR) blending ratio (60/40) at dose range 

from 10 to 150kGy. The result shows that the mechanical properties, 

especially, tensile strength, elongation at break, and tear strength have been 

improved significantly by radiation–vulcanization. This finding was also 

proved by thermal aging experiment on a selected NR/BR blend at 70 
0
C for 

up to 168h                                                             

 

 

Emilie Planes , et al 2010
(55)

 , The presence of a significant content of fillers 

accelerates the degradation of ATH filled EPDM subjected to gamma 

irradiation at room temperature. Above the melting temperature of the EPDM, 

this induces a decrease in the apparent mechanical reinforcement of the fillers. 

This also promotes de-cohesion mechanisms which leads to an increase in the 

strain at break with irradiation dose. It is not clear whether the use of a filler 

treatment attenuates this accelerating effect or not; however, part of this 

treatment remains efficient at a high dose and seems also to delay but not 

suppress the occurrence of de-cohesion mechanisms at large strain. Moreover, 

at room temperature, i.e. below the melting temperature, all the consequences 

of ageing by gamma irradiation are strongly attenuated by the presence of a 

semicrystalline microstructure, the morphology of which is not too strongly 

modified by irradiation 
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Abou Zeid et al . 2008
(56)

 ,  prepared blends of nitrile butadiene rubber (NBR) 

with butadiene rubber (BR) with varying ratios have been prepared . 

Vulcanization of prepared blends has been induced by ionizing radiation of 

gamma rays with varying dose up to 250 kGy. Physical properties, namely 

soluble fraction and swelling number have been followed up using toluene as 

a solvent. Mechanical properties, namely tensile strength, tensile modulus at 

100% elongation and elongation at break have been followed up as a function 

of irradiation dose, as well as blend composition. Thermal stability of blends 

was studied by TGA. The result indicated that the addition of NBR has 

improved the properties of NBR /BR blends. Also, NBR/BR blend is 

thermally stable than BR alone. 

  

Abou Zeid . et al 2007
(57)

 ,  loaded rubber blend of acrylonitrile butadiene 

rubber (NBR) and ethylene-propylene diene monomer (EPDM) rubber 

(50/50) with increasing contents, up to 100 phr, of reinforcing filler, namely, 

high abrasion furnace (HAF) carbon black. Prepared composites have been 

subjected to gamma radiation doses up to 250 kGy to induce radiation 

vulcanization under atmospheric conditions. Mechanical properties, namely, 

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

hardness have been followed up as a function of irradiation dose and degree 

of loading with filler. On the other hand, variation of the swelling number as a 

physical property, as a function of same parameters, however, in car oil as 

well as brake oil has been undertaken. In addition, the electrical properties of 

prepared composites, namely, their electrical conductivity, were also 

evaluated. The thermal behavior of the prepared composites was also 

investigated. The results obtained indicate that improvement has been attained 

in different properties of loaded NBR/EPDM composites with respect to 
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unloaded one                                                                                                        

           

hermoplastic blendst/elastomer Effect of radiation   ).2.32 
 

Abou zeid et al. 2008
(58)

 ,  prepared blends of nitrile –butadiene rubber 

(NBR) with thermoplastic high density polyethylene (HDPE) with 

varying ratios have been prepared.  vulcanization of prepared composites 

have been induced by ionizing radiation of accelerated electron beam of 

varying doses up to 250 KGY . Mechanical properties, namely tensile 

strength, tensile modulus at 50% elongation, elongation at break and 

hardness have been followed up as function of irradiation dose as well as 

blend compositions. Physical properties, namely soluble fraction and 

swelling number have been followed up using DMF as a solvent , also 

thermal properties through differential scanning calorimeter (DSC). The 

results indicated that the addition of HDPE has improved the properties 

of NBR\HDPE blend.                                                    .                              

                            

EL Miligy . et al
(59)

 , prepared mechanical blends formed of 50wt% of high-

density polyethylene  and 50wt% of ethylene-propylene-diene-monomer 

elastomer have been loaded with 50wt% of three different particle size of 

CaCO3, namely CaCO3 300, CaCO3 700, and CaCO3 2000 whereby the latter 

has the smallest particle size of  82µm. Mechanical, physico-chemical and 

thermal properties were followed up as a function of irradiation dose for 

loaded and unloaded blends. The results obtained indicated that the values of 

tensile strength, tensile modulus at 50% elongation, gel fraction and 

decomposition temperature increase with increasing irradiation dose. On the 

other hand elongation at break, permanent set and swelling number were 

found to decrease with increasing irradiation dose. Moreover, the effect of 
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particle size of CaCO3 was observed in a limited but apparent upgrading of 

mechanical, physico-chemical, and thermal properties. The order of semi-

reinforcing capacity of three different types of CaCO3 is as follow: CaCO3 

2000>CaCO3 700>CaCO3 300>unloaded blend , whereby CaCO3 2000 has 

the smallest particle size.                                                                   

 

NA. Shaltout et al.
(60)

 prepared natural rubber  which was blended 

mechanically with 50 phr high density polyethylene  .The mechanical , 

physical and thermal properties of NR/HDPE blend and its composites 

with different contents of ground tire rubber (GTR) before and after 

exposure to gamma irradiation to various doses up to 250 KGY were 

studied also , the change in structure were studied also , the change in 

structure morphology of irradiated NR/HDPE blend as well as 

NR/HDPE/GTR composites was examined by scanning electron 

microscope (SEM) .The results showed that the substitution of apart of 

virgin NR with GTR decreases, the mechanical and physical properties 

but not the extent of deterioration. However it was found that the 

mechanical and physical properties were improved after gamma 

irradiation. Composite of (NR\ GTR\HDPE) showed good properties 

scanning electron microscope showed homogeneity between the 

irradiated composites ingredients.                                                                

          .   

  

E.L. Chong . et al 2010
(61)

 , studied coating of rice husk (RH) surface with 

liquid natural rubber (LNR) and exposure  to electron beam irradiation n in 

air.FTIR analysis on the LNR-coated RH(RHR) exposed to electron beam 

showed a decrease in the double bonds and an increase in hydroxyl and 

hydrogen bonded carbonyl groups arising from the chemical interaction 
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between the active groups on RH surface with LNR .The scanning electron 

micrograph showed that the LNR formed a coating on the RH particle which 

transformed to affine and clear fibrous layer at 20 kGy irradiation .The LNR 

film appeared as patches at 50 kGy irradiation due to degradation of rubber . 

Composites of natural rubber/ high density polyethylene/ RHR showed an 

optimum at 20–30 kGy dosage with the maximum stress ,tensile modulus and 

impact strength of 6.5 ,79 and 13.2kJ/m
2
, respectively .The interfacial 

interaction between the modified RH and thermoplastic natural rubber 

(TPNR) matrix had improved on exposure of RHR to  electron-beam at 20–30 

kGy dosage 

 

Chantara Thevy Ratnam . et al 2006
(62)

 , The effect of pre-irradiation of 

epoxidized natural rubber (ENR 50) on the properties of 50/50 poly(vinyl 

chloride)/ epoxidized natural rubber blend (PVC/ENR) was investigated. The 

ENR 50 was irradiated using a 3.0MeV electron beam accelerator at a dose 

range of 10–100 kGy in air and at room temperature. The irradiated ENR 50 

was then melt blended with PVC using a Brabender Plasticorder Model 

PL2000 at 50 rpm, 150 1C for 15 min. The effect of electron beam irradiation 

of the ENR 50 on the 50/50 PVC/ENR blend was studied by examining 

evidence from the torque–time curve, tensile strength, elongation at break, 

modulus, hardness, impact strength and gel fraction. The torque–time curves 

indicated that the irradiation dose has significant influence on the blend 

homogeneity. An upward tend was observed for tensile strength, modulus, 

hardness, impact strength and gel fraction of the 50/50 PVC/ENR blend with 

irradiation dose. Such observation indicate that irradiation of the ENR 50 

phase contributes to the enhancement in PVC/ENR blend. 
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CHAPTER III 

MATERIALS AND TECHNIQUES 

 

3.1) Materials: 

 

3.1.1) Elastomers: 

 

Nitrile-butadiene rubber (NBR): 

 

Chemical formula 

 

 

 

 

Commercial name                                  (KRYNAC) 40.50 

Chemical name                                      Acrylonitrile - butadiene 

Supplier                                                 Bayer, Leverkusen, (Germany) 

Specifications: 

Acrylonitrile content                              40% by weight 

Density                                                   0.98 (g/cm
3

) 

                                    5+ 50   )C
o

100  (4+1ML , Mooney viscosity 

  Stabilizer                                                 Non staining 
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:Thermoplastic  

  

  :HDPE   High density polyethylene   

              

         The used thermoplastic is high density poly ethylene (HDPE) has 

density in range of 0.941-0.965 g/cm
3  

and crystallinity degree higher than 70 

% and limited degree of branching of its amorphous phase  . 

Chemical formula: 

  

  Supplier                                        Dow company (  Spain  )  

                                   White powder     Appearence 

  Specifications :   

                0.96g/cm
3
          Density 

   Melt temperature                            125-150
   o

C  

 

 3.1.2)Additives 

 

Activator 

  

:Zinc Oxide 

  

Chemical formula                                    ZnO 

Appearance                                             White to yellow tinted powder 

Grade                                                      Commercial 

Source :                                                   Prolabo, France 
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Specifications: 

Specific gravity                                       5.55 - 5.61 

Weight loss                                             0.5% maximum 

Fineness through 325 mesh screen          99.8% maximum 

Acidity                                                      0.4% maximum 

Composition: 

ZnO                                                          98.0 maximum wt% 

Lead sulphate                                           0.25 maximum wt%                       

Manganese                                               0.005 maximum wt% 

Calcium                                                    0.15 maximum wt% 

Total Sulphur                                           0.5 maximum wt%                        

 

 

Stearic acid: 

 

Molecular formula                                       CH
3
(CH

2
)
16

COOH 

Melting point                                               54 
o

C 

Grade                                                            Commercial 

Source                                                            Prolabo, France 

Acid value                                                        200-210 

Sulphated ash maximum                                   0.1%                                      
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:Antioxidant  

  

Tetrene. ( tetraethylenepentamine ): 

 

Molecular formula : C8H23N5 

Molecular structure : (NH2CH2CH2NHCH2CH2)2NH 

Molecular weight : 189.3 g/mol  

Tetrene was kept constant at 1 ml ,it acts as antioxidant .           

 

:Fillers   

 

) :375N( carbon black –HAF  

Physical properities :                                         black powder 

Specific gravity g/cm
3
 :                                     1.78-1.82 

Heat loss wt%:                                                    2.5 maximum 

Ash  wt%:                                                          1.0 maximum 

Surface area  ( m
2
/gm) :                                     75.95 

  

) :330N( carbon black –HAF  

  

Physical properities :                                         black powder 

Specific gravity g/cm
3
 :                                     1.78-1.82 

Heat loss wt%:                                                    2.5 maximum 

Ash  wt%:                                                          1.0 maximum  

 Surface area  ( m
2
/gm) :                                      83  
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):550N(  carbon black -FEF  

  

Physical properities :                                            black powder  

Density Kg /m3 :                                                   354  

Heat loss%:                                                            1.5 

Ash%:                                                                    0.75 maximum  

Surface area m
2 

/gm:                                              42  

 

highly fined silicon) : Hisil(Silicon dioxide   

 

Very fined SiO2 

Appearence :                                                                    white powder   

Specifications: 

Percentage  :                                              97 wt% 

Particle size :                                             0.02 micron  

Surface area:                                             150±10 m
2
/g 

 

4OB3Boric acid H  

M.W.                                                          61.83 

Min . assay                                                  99.5 wt% 

Max.limits of impurities 

Chloride (Cl)                                               0.01 wt% 

Sulphate (SO4)                                            0.04 wt% 

Lead ( Pb)                                                    0.02 wt%  
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:Solvents   

  

Dimethyl formamide (DMF) 

Molecular formula: 

 

 

 

 

 

 

Imported from Aldrich Co. for chemical industries,Germany 

M.wt  :                                                           73.09 

 

Denisty at 20 
0
C  :                                         0.947-0.949 gm/cm

3
 

  

  

:Techniques).23 

  

Preparation of samples) .1.23 

  

      The preparation of samples was carried out in the following way: 

1) All ingredients were accurately weighed                                                   

2) Mixing was carried out by using a mixer of Parabender with speed 60-80 

rpm (revolutions per minute ) at National Centre for Radiation Research and 

Technology (NCRRT) Atomic Energy Authority (AEA) Nasr City , Cairo .     
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3) The temperature of mixing was adjusted above the specific melting 

temperature of HDPE  at 150 
o
C .                                                                   

 

4) Rubber was placed in the mixer for 2 minutes then the additives (ZnO and 

Stearic acid ) were added and mixed with rubber for 3 minutes , then HDPE 

was added for 15 minutes with rubber and additives                           .  

 

5) After mixing , the blend was passed through tow – rollers mill to obtain 

sheets of the blend .  

  

The dimensions  of  the laboratory tow roll mill are : 

 

Outside diameter                                    470mm 

Working distance                                   300mm 

Speed of the slow roll                            24 rpm 

                                      1.4:1  Gear ratio  

 

 

:Preparation of samples for irradiation  ).2.23 

 

Sheets of 1mm thickness were covered from both sides with Holland  

cloth before being pressed in a clean polished molds of an electric press        

The molds were brought to 150 
o
C and held at this temperature for at least 5 

minutes before the slabs were inserted . The press was capable of exerting a 

pressure of 15 MPa on the mold surfaces                                                          
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3.2.3) 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 γ-rays of type of Gamma Chamber-4000A manufactured 

by Bhabba Atomic Research Center. Bomby ,India, was used for irradiation 

giving a dose rate of about 5.4 kGy/h. The rubber samples in their Holland 

cloth were placed at a standered position in the irradiation chamber for 

inducing vulcanization by the gamma source. The irradiation process was 

carried out under atmospheric conditions.  

                                    

 

3.3) Measurements: 

 

:easurements Mechanical m).1.33 

 

          Mechanical properties were measured  in accordance with 

ASTM D-412 using an INSTRON tensile testing machine model 

1195, England . The measurement were carried out on dumbbell 

shaped specimens of 4 mm width and 50 mm length .The 

mechanical-properties that have been followed up in the present 

investigation are the tensile strength,  tensile    modulus 

at 50 % elongation , elongation at break, hardness and permanent set. 
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3.3.1.1)Tensile strength : 

 

The tensile strength (TS) of  specimen at break can be calculated as follow : 

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

MPa _____________(1) 

Whereas : 

 

L : load in kgf necessary to cause break . 

W : width of the specimen in cm . 

T :  thichness of the sample in cm . 

. 

3.3.1.2)Tensile modulus: 

 

The tensile modulus of a specimen is defined as the force 

per unit area of the  cross-sectional area required to stretch the 

specimen to a related elongation. .In this investigation , the tensile 

modulus values were registered at 50% elongation and referred to 

M50 and expressed in MPa. 

 

3.3.1.3) Elongation at break: 

 

             Elongation at break percentage,(Eb%) is expressed as the percent 

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

rupture and is calculated according to: 

E
b 

(%) = (L - L
o 
)/L

o 
x 100 _________________________(2) 

Whereas: 

L : length of the specimen at the moment of rupture 

L
o 

: length between bench marks 
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3.3.1.4) Hardness : 

 

         Hardness is the measure of how resistant solid matter is to various kinds 

of permanent shape change when a force is applied . 

        Samples of at least 12 mm thickness with flat surface were cut for 

hardness test . The measurements was according to ASTM D2240 using 

durometer of model 306l Type A Durometer . The unit of hardness is 

expressed in (A Shore) . 

 

3.3.1.5)Permanent set : 

 

          Permanent set is defined as the percent change in distance between 

bench mark before and after rupture. 

                                    L1 - L 

Permanent set, (cm) = -------------   

                                         L 

Where:  

L   =  distance between bench mark before rupture. 

 L1 =  distance between bench mark after a fixed period of time (one min.) 

after rupture. 

 

3.3.2)Physical Measurements : 

 

           The physical properties that have been followed up in the present study 

are the Gel fraction % (GF%), and the swelling number SN. Dimethyl 

formamide,(DMF)  as a solvent has been used for conducting these 

measurements. It has been found that it is the most suitable solvent for NBR. 
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3.3.2.1) Gel Fraction % (GF%) 

 

        Gel fraction % (GF%) expressed as the fraction of insoluble weight, was 

obtained by extracting soluble part in dimethylfomamide using Soxhlet for 24 

hr, and drying insoluble part completely in vacuum oven at 50 °C. It is given 

by: 

Gel fraction %(GF%) = (W1 / Wo) x 100 

Where:  

W0 = initial weight                                   W1 = final weight 

 

 

3.3.2.2)Swelling number (SN): 

 

             The swelling number (SN), on the other hand, was determined after 

allowing an accurate weight of sample of  about 0.2 g of each sample (W
1
), to 

swell for 24 h in solvent. The solvent used is DMF . The swelled sample was 

weighed again , the new weight as (W
2
). 

 

The swelling number (SN) was calculated by the following equation : 

 

SN=(W
2
–W

1
)/W

1 
_________________(4) 

Whereas: 

W
1 

: the original weight of the sample 

W
2 

: the final weight of the swelled sample 
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3.3.3) Measurement of heat shrinking properties: 

 

         Heat shrinking properties have been carried out by using a home made 

expense meter equipped with an electric heating oven as well as special 

arrangement for flushing the heated samples with stream of liquid air. 

Samples with initial length (Lo) were at first heated to a required temperature 

and simultaneously extended to specified extension percentage, heating was 

carried out for several minutes to ensure the attainment for the fixed 

temperature. Quenching of the heated samples has been carried out in 

preliminary experiments by dipping in liquid nitrogen and later by stream of 

liquid air. No difference has been observed between the two different methods 

of cooling and hence the second method was applied. Reheating was carried 

out using the heating oven and the samples were left to cool at room 

temperature to the final length (L). The percentage recovery has been 

determined according to the following equation: 

 

                       

                             L - Lo 

Extension   %  = ----------  × 100 

                               L0 

Recovery  %  =100 – extension % 

Where :    

  Lo      : Length before heating i.e. initial length 

  L        : Length after heating i.e. final length 
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3.3.4) Thermal Measurements 

 

Thermogravimetric analysis (TGA) 

 

             TGA is carried out using Shimadzu TGA – 50 with heating 

temperature ranging from 0 to 600 
o

C and heating rate 10 
o

C/min under 

nitrogen atmosphere. The weight of the sample was about 5 mg. 

 

3.3.5) Structure morphology by SEM 

 

          The scanning electron microscope (SEM) was employed to examine the 

structure morphology of rubber and rubber blends.The SEM micrographs 

were taken with JEOL-JSM-5400 (Japan). 

 

)TEM(Transmission electron microscopy ).6.33  

             

           TEM analysis revealed the morphology of the samples and allowed 

straightforward deduction of mean particle size by direct sample observation.  
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CHAPTER IV  

 

RESULTS AND DISCUSSION  

 

 HDPE/ NBR Gamma irradiation induced vulcanization of ) .14

blend  

           

 The two polymeric components that  constitue the blend under investigation 

are the elastomer acrylonitrile – butadiene (NBR )  and high density poly 

ethylene (HDPE ) . They have been used as supplied i.e. without further 

treatment . Moreover , their mixing together has been carried out 

mechanically and by varying the content of HDPE  . The HDPE used in 

preparation of the blend has  adenisty of .96  g/cm
3 
, which 

accounts for its linearity . It would expected, that its amorphous content 

exihibts a very limited degree of branching , possible 1-2 branches per100 

carbon atoms of the macromolecular HDPE chains . Such character may be 

expected to influence its properities under effect of irradiation . Moreover, the 

latter effect on HDPE as a whole will be influenced by its extent of 

crystallinity .  

 

4.1.1) Mechanical measurements  

 

       The Mechanical properities that have been followed up in the present 

study are the ultimate tensile strength (TS), tensile modulus at 50% elongation 

(M50) , elongation at break % (Eb%) and permanent set (PS). 

They have been followed up as a function of irradiation dose , under 

atmospheric conditions , for the raw NBR rubber only or the HDPE 
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thermoplastic alone or for the blend of them of varid composition. 

 

 

Tensile strength (TS)  

 

     The data depicted in figure (1) shows the tensile strength (TS) as a 

function of irradiation dose for pure NBR, HDPE as well as their blends at 

different compositions. It can be observed that the values of TS increase with 

increasing irradiation dose for all the blend compositions to reach the 

maximum value at 150 kGy. At higher doses beyond 150 kGy, the values of 

TS start to decrease with increasing irradiation dose. Also, it can be observed 

that NBR has the lowest TS value and HDPE has the highest TS value, 

whereas the TS values of the blends displayed values between that of the two 

components. The increase of TS due to gamma irradiation indicates the 

occurrence of crosslinking, whereas the slight decrease beyond the dose 150 

kGy indicate the occurrence of oxidative degradation. Both NBR and HDPE 

are categorized as a crosslinking polymer 
(63),(64)

 .  In this respect, NBR 

elastomer is totally amorphous polymer and it would be expected that both its 

butadiene as well as acrylonitrile parts participate in inter as well as intra – 

crosslinking through the double bond of butadiene and the nitrile groups of 

acrylonitrile part. HDPE, on the other hand, is a semi – crystalline polymer 

and the radiation – induced crosslinking would be expected to take place in its  

limited amorphous part but predominates at the interface between the 

amorphous and crystalline phases 
(64).

 Moreover, inter – crosslinking between 

macromolecules of both components of the blend, namely NBR and HDPE  
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would be expected to take place. After the crosslinking density has become 

high, the reorientation process will be hindered and so the ability of 

macromolecules to crystallize or order is retarded. Under these conditions, the 

strength property is expected to decrease due to the oxidative degradation at 

higher doses. 
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Figure (1): Effect of irradiation dose on the tensile strength of 

NBR , HDPE and NBR / HDPE blends 
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 As shown before , NBR  is a copolymer  of butadiene and acrylonitrile units 

having complex irregular structure 
(65)

 . Accordingly  NBR  dose not 

crystallize at all on stretching and hence self- reinforcing contribution to its 

strength property is not expected .Its polarity  is ascribed to the nitrile (-CN ) 

group of acrylonitrile  unit and it would be expected that its content in the 

elastomer influences to considerable extent its major and different 

characteristics 
(66) .

  On irradiation, the formation of hydrogen radicals , H
.
 

from 3 
ry  

substituted carbon atom is more favoured than other carbon 

hydrogen bonds of NBR 
(67) 

.  

 

          The resonance stabilization experienced by the nitrile group to the 

formed macroradicals allows for increasing its half-life and hence allowing 

eventually for its interaction with other radicals formed on neihgbouring  

chains with subsequent formation of crosslink .  

NBR has its high value of TS at  150 kGy  . For the doses higher than that , it 

may be assumed that degradation of  the main chain of NBR is relatively 

higher than the rate of crosslinking as described above .Such behaviour would  

account to the slight decrease in values of TS observed for doses higher than 

150 KGy .  

 

           The relative increase in  values of TS attained by irradiated HDPE with 

respect to the value of unirradiated sample indicate the role played by 

crosslinking process that has taken place on irradiation as well as the 

morphology of HDPE  which is categorized as crosslinking polymer 
(63)

 . 

 

        Here again, the values of TS of HDPE   increase with irradiation dose  as 

found experimentally ; the highest value is at 150 kGy . For doses higher than 

that  the rate  of degradation apparently outweighs that of crosslinking , which 
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accounts for the observed decrease in TS for doses higher than 150 kGy . The 

TS values attained by blends lie between that of NBR  and thermoplastic  

HDPE and their magnitudes increase with irradiation dose reaching their 

maximum value at 150 KGy . The  magnitude of TS  values attained of the 

blend , with respect to that of gum  NBR , indicate clearly the reinforcing role 

played by HDPE as it increases with its content in the blend .  

 

Tensile Modulus at 50% elongation, (M50) 

 

           Under practical or engineering conditions of application ,polymeric 

 based materials such as blends are not stretched until they undergo rupture . Hence 

, it has been found appropriate to follow strength property variation by measuring 

the tensile modulus at 50% elongation , M50 of irradiated polymeric materials 

.Figure (2) illustrates the variation of M50 as a function of irradiation dose for the 

gum vulcanizate of NBR rubber as well as its blends with HDPE. The M50 values of 

HDPE alone are not included as it suffered from rupture before reaching 50% 

elongation as will be seen later in the elongation measurements. The values of M50 

for non-irradiated compositions are also included in the same figure. It may be 

observed that M50 values for all samples increase with increasing the irradiation 

dose. Also, they increase with increasing the content of HDPE in the blend for the 

same irradiation dose. The attained relatively low value of M50 for the gum NBR 

rubber is attributed to its totally amorphous nature and hence offering no resistance 

to deformation, namely stretching at such low elongation. HDPE ought to have 

high modulus with respect to gum NBR due to its high crystallinity and accordingly 

its presence as a component in the NBR/HDPE blend would contribute positively to 

the value of M50 attained by blend  .  
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Hence, this  latter value is expected then to increase effectively with the 

content of HDPE  which is the case experimentally for non- irradiated as well 

as irradiated blends. Moreover , radiation induced crosslinking and interphase 

linknig  , as discussed before in TS measurements , would be expected to 

contribute to M50  value and its magnitude increases with the irradiation dose 

as observed experimently .  

 

 

 

 

Figure (2): Effect of irradiation dose on tensile modulus at 50% 

                                elongation of NBR and NBR/HDPE blends. 
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Elongation at break %(Eb%) 

 

             The third mechanical property that has been followed up in the 

present investigations is the percent elongation at break( Eb%)of prepared 

blends . One of the components is an elastomer and the other component is 

highly crystalline thermoplastic and as mentioned before, both components 

are categorized as crosslinking type of polymers with respect to ionizing 

radiations . Figure (3) shows the effect of gamma irradiation on the elongation 

at break % (Eb %) of NBR, HDPE and their blends at different compositions. 

It can be observed that increasing irradiation dose results in reduction in Eb% 

for all compositions. It can be seen also that NBR have the highest values of 

Eb% whereas HDPE have the lowest values of Eb%. Moreover, the values of 

Eb% of the blends lie between the above two extremes. NBR is completely 

amorphous elastomer and hence it is characterized by the existence of 

physical entanglements in large numbers. The effect of crosslinking in 

preventing the flow of NBR macromolecules will be encountered with the 

entanglements. HDPE, on the other hand, has high crystalline content of ~ 

75%
(68) 

and has limited amorphous content. The induced crosslinking and the 

inter-phase induced chemical linking between the amorphous and crystalline 

occur on irradiation  .All these factors that accompany the effect of gamma 

irradiation may contribute to the reduction of the values of Eb % with 

increasing the content of HDPE in the blend.As the matter or fact , as the data 

in figure (3) indicate , the role played by HDPE in this respect  may be 

considered the main parameter when the blend contains 60 phr or more of the 

thermoplstic HDPE . This is apparent from the very limited decrease in Eb 

over the whole range of irradiation for these blends . 
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          Figure (3): Effect of irradiation dose on elongation at break% 

             Eb% of NBR, HDPE and NBR/HDPE blends 

 

Hardness properties  

 

          This property is related to the capacity of prepared compounds to resist 

mechanical penetration of a foreign body , namely a loded indenter. The data 

are presented , therefore , in terms of the ( A shore ) hardness index .   

            Figure (4) shows the effect of gamma irradiation dose on the hardness 

for NBR, HDPE and their blends at different compositions. It can be seen that 

the hardness increases slightly with increasing irradiation dose up to 250 kGy.  

The low hardness values attained of NBR is due to its elastic rubber structure. 

The radiation crosslinking that take place leads to an increase in the molecular 

weight of NBR and thus leads to a limited increase in hardness. On the other 

hand, HDPE has a high degree of crystallinity and hardness is reported to be 

mainly a function of degree of crystallinity 
(69)

 , which would then account for 
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the considerably high hardness values of HDPE samples whether irradiated or 

unirradiated.  The values of hardness attained by the blends lie between these 

tow extremes and increase regularly with increasing the content of HDPE  in 

the blend .  

 

              The increase in the hardness value of unirradiated blend may then be 

ascribed to the crystallinty of HDPE content in the blend  as before  ,  which 

plays also a significant role in this respect for irradiated blends .  

 

 

 

 

    Figure (4): Effect of irradiation dose on the hardness 

 NBR, HDPE and NBR/HDPE blends 
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Permanent set 

 

        The components of the blend used in this investigation, namely NBR and 

HDPE are two important polymers that are widely used in manufacturing of 

industrial products. Hence, rubber based mechanical blend NBR / HDPE 

would be expected to posses such importance and therefore, data of 

permanent set are of significant importance in design of such industrial 

products. As mentioned before, this permanent set property gives the percent 

change in distance between bench marks before and after rupture of sample .   

The variation of the permanent set percent (PS%) as a function of irradiation 

dose is illustrated in figure (5). 

 

 

 
Figure (5): The relation between the permanent set % of NBR, HDPE 

And their blends as a function of irradiation dose 
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It can be seen that PS% values decrease with increasing the irradiation dose. 

Also, it can be observed that HDPE attained the lowest values of PS% over 

the whole range of irradiation whereas NBR attained the highest values. The 

blend attained values that lie between the above two extremes and the PS% 

values of the blend decrease with increasing the content of HDPE at the same 

irradiation dose. At lower doses of irradiation the magnitude of crosslinking is 

relatively low which result in sufficient efficiency for elongation 

accompanied by reduced efficiency for retention of deformation and hence the 

higher values of PS%. On the other hand, increased crosslinking results in 

reduced ability for extension or elongation as shown before; hence, reduced 

values of PS% are attained at higher irradiation dose.  

 

 

 

4.2.1)Physical measurements 

 

 
        Whereas mechanical properties would account for the crosslinking and 

degradation processes that have taken place simultaneously on irradiation, 

the physical properties are affiliated only with crosslinking processes. 

Therefore, these latter processes, namely swelling number and gel fraction% 

were followed up as a function of irradiation dose for raw NBR rubber, 

HDPE and their blends at different composition. These measurements were 

carried out in dimethyl formamide (DMF) as it has been found that it is the 

most suitable solvent for NBR 
(70)

 .  
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Gel fraction%(GF%) 
 
       Another proof for the crosslinking density is the gel fraction % 

determination indicating the insoluble part of the irradiated samples. This 

physical property was depicted in figure (6) which gives the change in GF% 

for irradiated samples at different irradiation doses. From this figure, it can be 

noticed that the values of GF% of HDPE alone are not included as HDPE 

dose not dissolve in DMF. 

 

 

 
 

Figure (6): Effect of irradiation dose on gel fraction % of NBR 

and NBR/HDPE blends 

 

 

 

 

 



RESULTS AND DISCUSSION            CHAPTER  4 

  

60

It may be also observed that GF% values for NBR as well as its blends have 

increased on increasing the irradiation dose. This increase in the gel fraction 

with irradiation dose may be attributed to induced crosslinking occurred as a 

result of gamma irradiation as higher amounts of free radicals are produced 

.Moreover, it may be seen that GF% values attained by the blends have 

increased with increasing the content of HDPE in the blend when comparing 

these values at the same irradiation dose. The increase in the GF% with the 

content of HDPE may be related to increase interface linking between NBR 

and HDPE phases. 

 

 

Swelling number 
 

 

The variation of the swelling number, (SN) as a function of irradiation dose 

for NBR alone as well as its blends with HDPE is shown in figure (7). 

Corresponding values of HDPE are not given as it does not dissolve in DMF 

as mentioned before and hence again SN measurements refer only to NBR 

phase. It may be seen that NBR has attained the largest values of SN over the 

whole range of irradiation. Moreover, the values of SN decrease with either 

increase of irradiation dose or the content of HDPE in the blend. These results 

indicate that the crosslinking density increased with increasing the irradiation 

dose. This decrease may be attributed mainly to the radiation-induced 

crosslinking that has taken place in the amorphous phase of NBR elastomers . 

Moreover, interface linking between NBR and HDPE phase has apparently 

played a role in decreasing the SN values with the increase of the content of 

HDPE in the blend. 
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Figure (7): Effect of irradiation dose on swelling number of NBR 

                                       and NBR/HDPE blends 

 

 

 

4.1.3)Shrinking properties 

 
 

Figure (8) shows the data obtained for the recovery % (R%), as a function of  

HDPE % for blends of NBR/HDPE  irradiated with a dose of 150 kGy and 

elongated to different strains namely 100, 200 and 300 % E. It may be 

observed that the recovery %, increases linearly with the increase of HDPE% 

in the blend up to 60 % for all elongation and then decrease. Also, the values 

of recovery % for the 300 % E lie higher than these of the others over the 

whole range of HDPE %. At fixed composition, of 60 wt% of HDPE, the 

recovery % was 50%, 80% and 90% for the different strains, namely 100% E, 

200% E and 300% E. For samples having more than 60% HDPE, the values 

of the recovery % decreased for all extensions and have values higher than 
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that of HDPE alone which attained values of R% of 33%, ~58% and ~63% for 

the three different elongations. From the results illustrated in figure (8), it may 

be stated that blends having 60% HDPE dispersed in continuous matrix of the 

elastomer NBR and irradiated with a dose of 150 kGy, have attained good to 

excellent shrinking properties compared to those of HDPE alone and under 

the experimental conditions of this investigation. 

 

 

 

Figure (8): The relation between the recovery% as a function 

of HDPE % for blend irradiated at 150 kGy and elongated 

from 100 to 300% 

 

 
Figure(9) , on the other hand, illustrates the data obtained for the variation of 

R% as a function of irradiation dose for blends of fixed HDPE content of 60% 

and elongated to different strains of 100%,200% and 300% . It may be 

observed that R% for all strains has acquired values considerably higher than 

that of un-irradiated samples , on applying an irradiation dose of 50% kGy. 

For doses higher than that , namely up to 200 kGy , the value of R% has 
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increased steadily and linearily . These data indicate clearly that heat 

shrinking properties of prepared blends have  undergone enhancement on 

increasing the irradiation dose from 50 kGy to 200 kGy. 

This enhancement , despite its relatively limited one may be attributed to 

radiation–induced  crosslinking that increases with irradiation . 
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Figure (9): The relation between the recovery % of NBR/HDPE (100/60) 

blend elongated at 100, 200, 300% as a function of irradiation dose 
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4.1.4) Thermal measurements  
 

             The thermal stability behavior of polymer blends is of a major 

importance as these materials are frequently subjected to elevated 

temperatures during their usage. Thermal gravimetric analysis, TGA was 

used to investigate the thermal stability of NBR/HDPE (100/60) blend and 

compared to that of NBR and HDPE; all samples were irradiated to a dose of 

150 kGy. The corresponding TGA thermograms are shown in figure (10). 

These thermograms represent the residual weight fraction % 

 ( RWF%) as a measure of weight loss of samples as a function of heating 

temperature. The thermogram corresponding of NBR has encountered a 

decrease of RWF% of ~ 15% in the temperature range up to about 350 
o
C, 

whereas the thermograms corresponding to HDPE or the blend encountered a 

very slight decrease in its RWF % values for temperatures as high as ~ 400 

o
C. After this range of slight decrease, all thermograms have encountered an 

abrupt drop in its RWF% within a limited range of temperature of ~ 20 ± 5 

degrees, indicating the occurrence of the thermal decomposition of the 

samples. It can be seen that the starting thermal decomposition temperature of 

pure NBR, HDPE and its blend is ~ 415 
o
C, ~ 450 

o
C and 430C

o
 respectively. 

The thermal decomposition temperature of the blend increased with the 

addition of HDPE.  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 improves that 

thermal stability of the blends because of presence crosslinking has that taken 

place in both component of the blend on irradiation . 
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Figure (10): TGA thermogrames of NBR, HDPE and 

NBR/HDPE blend (100/60) at 150 kGy. 



RESULTS AND DISCUSSION             CHAPTER  4                                            

  

66

4.2) Effect of gamma irradiation on NBR / HDPE rubber 

blend filled with different types of carbon black filler 

 

       The results attained so far have indicated clearly that blending of NBR 

rubber , as matrix with fixed amount of the thermoplastic HDPE , has resulted 

in upgrading the strength , the stiffness and hardness properities of NBR 

rubber . This upgrading has been correlated with induced crosslinking and 

intrinsic structure of components of the blend . Moreover, it has been found 

that the extent of upgrading is a function of the amount of HDPE  and it was 

of moderate nature for lower content of the thermoplastic , e.g. 20-60 phr. 

When such compositions of limited plastic content are required that exihibt 

relatively high mechanical properties , then it is possible to get such 

formulations by loading the blend with suitable reinforcing fillers such as 

carbon black . This  synthetic filler is used commercially in industrial 

processing of rubber formulations due to its specific  characteristics of its high 

reinforcing capacity and suitable  price .   

         The purpose of the present work was to investigate the influence of the 

different types of the carbon black on reinforcement of NBR/HDPE (100/60) 

blend  loaded with different types of carbon black 

 

          Three types of High Abrasion Furnace (HAF) carbon black were 

compounded with a NBR/HDPE blend (100/60) to upgrade its different 

properties . Carbon black as reinforcing filler is characterized by existing in 

its "structure " state according to which the fine particles of filler exist either 

in weakly bonded "agglomerates " or strongly bonded "aggregates" . The 

three types of carbon black differ mainly in its particle size and hence its 

surface area per gram as follows: N330 carbon black: 83 m
2
/gm ; N375 
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carbon black : 75.95 m
2
/gm ; N550 carbon black : 42m

2
/gm , The reinforcing 

capacity of the filler is function mainly of its surface area . 

 

4.2.1) Mechanical properties 

  

Tensile strength (TS)   

        Figure (11) illustrates the variation of TS values as a function of 

irradiation dose for NBR/HDPE (100/60) unloaded and loaded with different 

types of carbon black filler (40phr) . It can be seen that unirradiated blend 

compositions have attained comparatively low TS values with respect to 

irradiated ones. On the other hand , the tensile strength values attained for 

unloaded as well as loaded blends increased with increase of the absorbed  

dose  . It can be also seen that the values of TS for unloaded blends increased 

with the increase of absorbed dose up to 150 kGy and then decreased . The 

increase in TS value may be due to the induced crosslinking by irradiation 

and the decrease may be due to the degradation as well as dissociation process 

.  The TS measurements  were carried  out at comparatively large elongations 

and it would be expected that carbon black filler exists  in  its particle form , 

that is , at its most accessible area . Highly stress transfer between the blend 

components and filler particles would then be expected to take place . 

Moreover , the different type of groupings that exist on filler surface , such as 

carboxylic , phenolic , hydroxylic , aldehydic and ketonic groups  , would 

then participate in physical as well as chemical bond formation at the 

interface between the filler and blend components .on irradiation . Moreover , 

it may be observed that unloaded blend has attained the lowest TS value over 

the whole range of irradiation and that the values attained by loaded 

composites increase with the type of carbon black. The factors that are  
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expected to contribute to the capacity of carbon black as reinforcing filler 

are its surface area , surface chemistry , state of aggragation . The three types 

of carbon black used in present investigation are N330 , N375 and N550 

having a surface area of  83 m
2
/g , 75.95 m

2
/g and 42 m

2
/g  respectively  . On 

assuming of constancy of last two factors, then  it is understandable that 

development of a large polymer  filler interface is the most important factor 

for the degree of the reinforcement provided by the filler . Therefore , the 

surface area of carbon black is of great importance for the density of the 

physical as well as chemical linking. As the surface area of carbon black 

increases , the number of rubber chain entanglings as well as plastic increase  

with carbon black aggregates thereby leading to increase in different types of 

bonding  .  

 

 

 

     The data given in fig.(11) indicate that blend loaded with carbon black 

N330  has attained higher TS values than that of N375   and the latter is 

higher than that of N550 . These results confirm the role played by the surface 

area of the carbon black reinforcing filler as mentioned above and which 

changes in the  following order: 

 

 

N330>N375>N550>unfilled blend 
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Figure (11): Effect of irradiation dose on tensile strength of  NBR/HDPE 

(100/60) blend filled with different types of carbon black. 
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Tensile Modulus at 50% elongation, (M50) 

 

        The data obtained for the variation of the tensile modulus at 50% 

elongation (M50) as afunction of irradiation dose for the unloaded NBR/HDPE 

(100/60) blend and the blend  loaded with different types of carbon black (40 

phr) , are depicted in fig.(12) . The values of  M50 for unirradiated 

compositions are also given in the same figure . It can be seen that M50 values 

for unirradiated compositions  have increased on loading with carbon black 

and unloaded blend has attained comparatively low M50 with respect to loaded 

ones over the  

 

whole range of irradiation . Moreover, 
 
M50 values for unfilled  as well as 

filled blend have increased with the incrase of absorbed dose. Also, M50  

values for  composites have increased with the increase of the surface area of 

carbon black at the same irradiation dose .  

Carbon black is known to exist after its manufacture in a chain like three-

dimensional structure , which can be thought of as the partial of using togther 

of a number of nanometer sized primary particles
(71)

 . These particles are 

bonded together rather strongly and this state of aggregation has been 

detected by electron microscope
(72) 

and is referred to as " structured " state . It 

would be expected that carbon black will exist in its "structured " state at the 

relatively low strain of 50% . which are used during the tensile modulus 

measurements
(73)

 .Therefore , the tensile modulus M50 would be expected to 

be influenced by the "structured "  filler due to its existence as a distinct 

separate solid component in the polymeric composite
(74,75)

 . Such structured 

phase of filler is characterized by having relatively high modulus values . 

Moreover , it has been reported that occurrence of   structured fillers can 

occlude and hence shield some of the low modulus  value rubber phase from 
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deformation which leads at the end to increasing the modulus value of the 

composite 
(76)

. Since the  tensile modulus is an additive property , then it 

would be expected that composites of loaded rubber/plastic blends with 

carbon black would posses comparatively higher M50 with respect to unloaded 

ones , which is case in present investigation as shown from data presented in 

Fig.(12).  Also, M50 values increased with the increase of the  surface area 

carbon black . This increase in the value of M50 of irradiated compsites , may 

then be ascribed to induced crosslinking of two polymeric phases with the 

simultaneous occurrence of interfacial bonding between them and the 

structured fillers . Accordingly, the NBR/HDPE blend filled with N330 which 

having the higher surface area than other type , has attained the highest  value 

of M50 at certain absorbed dose 

  

Figure (12): Effect of irradiation dose on tensile modulus M50 at 50% of 

NBR/HDPE (100/60) blend filled with different types of carbon black. 
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Elongation at break %(Eb%) 

      Figure (13). illustrates the variation of elongation at break (Eb%) values 

as a function of irradiation dose for NBR/HDPE (100/60) blend unfilled  as 

well as filled with 40 phr of different types of carbon black . It may be 

observed that  Eb% of the composites has attained comparatively  lower 

values than that of unfilled blend , for irradiated or unirradiated composites 

.Moreover, the magnitude of decrease of Eb% , over the whole range of 

irradiation is appreciable for the unloaded blend , where as it is relatively 

limited one for the loaded blends . Here again for the latter case the 

magnitude of decrease in Eb(%) value is dependent on the surface area of 

carbon black as it decreases with its increase, at the same irradiation dose . 

These data are in accord with those measurements of tensile strength but as 

expected in reverse manner with respect to types of filler. Apparently , the 

surface characteristics , namely its surface area and surface activity , have 

acted effectively in reducing  Eb of unirradiated compositions  , whereby 

mainly physical types of bonding have acted at the interface between the 

dispersed filler particles and polymeric components of the blend . The 

decrease in Eb values for composites with respect to unfilled blends may be 

due to an additional radiation induced bonds between fillers and blend which 

increase with the increase of irradiation dose and surface area of filler 

particles . 
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Figure(13): Effect of irradiation dose on elongation at break Eb% 

Of NBR/HDPE blend filled with different type of carbon black 

 

Hardness properties  

        The variation of hardness of NBR/HDPE (100/60) blend as well as its 

filled composites with different types of carbon black fillers as a function of 

irradiation dose is illustrated in Fig. (14) . The values of hardness of 

unirradiated respective compositions are given also in the same figure . 

It may be observed that unirradiated as well as irradiated composites have 

attained values of hardness higher than that of unloaded blend . Moreover , 

the hardness values of the same composites increase slightly with increasing 

the irradiation dose . These data  indicate clearly that loading of NBR/HDPE  

blend with the filler of high abrasion furnace carbon black has played the 

effective role in determining the hardness value . As mentioned before, the 

filler used in this investigation is characterized by its "structure" state which 

implies its occurrence in agglomerates or aggregates . Such solid structure 
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would be expected to resist mechanical penetration during measurements of 

the hardness functions , which accounts for the higher values of loaded blends 

with respect to unloaded ones, whether irradiated or unirradiated. On the other 

hand, unloaded  blend components exist in its entanglement state which offer 

less resistance to penetration and accounting for relatively lower values of 

hardness obtained . The relative slight increase in hardness value with 

irradiation in general may be affiliated with increase of inter , as well as itera, 

radiation induced crosslinking. This may be attributed to induced cross 

linking taking place in the amorphous NBR matrix as well as in the 

amorphous content of HDPE .     
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Figure (14):  Effect of irradiation dose on Hardness of  NBR/HDPE(100/60) 

blend filled with different types of carbon black 
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4.2.2) Physical measurements  

  

            Whereas mechanical properties is an indication for the extent of  

radiation –induced crosslinking as well as  that take place on irradiation of 

polymeric materials, physical properties namely gel fraction and swelling 

number , are affiliated mainly with induced crosslinking as well as with the 

different types of linking that may take place at the interface between filler 

and polymeric matrix phase . Hence, it is always appropriate to follow such 

properties. 

 

Gel fraction%(GF%) 

 

Variation of gel fraction % (GF%) as a function of the absorbed  dose for 

unfilled as well as filled  blends is shown in figure (15).It can be seen that the 

unloaded blend has attained relatively low values for GF% with respect to 

loaded one , over the whole range of irradiation .Moreover, it can be seen that 

the values of GF% highly increase with irradiation dose  up to 150 kGy and 

then gradually increase as the radiation dose increases up to 250 kGy for all 

composites. As an example , the value of GF% of composite loaded with 

carbon black N330 increases from ~ 75 % to 89 % as the irradiation dose 

increases from 50 kGy to 250 kGy. Also ,the effect of carbon black is very 

clear from increasing the value of GF% of unfilled  blend at 150 kGy from 

67.5 to 87.5 in case of composites filled with N330 carbon black.  The 

increase in GF%values may be due to the induced crosslinking by irradiation 

as well as reinforcing effect of the carbon black. The latter effect of the filler 

is expected to be affiliated with its surface area and it increases with its 
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increase as in case of TS measurements.  Hence, the increase in GF% values 

follows the following order with respect to the type of carbon black  

 

N330>N375>N550>unfilled blend 

 

 

 

  

  

 

Figure (15): Effect of irradiation dose on gel fraction % (GF%) of  

NBR/HDPE(100/60) blend filled with different types of carbon black. 
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Swelling number 

 

           Figure (16) illustrate the variation of swelling number ( SN) values as a 

function of irradiation dose for NBR/HDPE (100/60) blend as well as its  

filled composites with different  types of carbon black. From the figure it can 

noticed that the unfilled blend has attained the highest values of SN over the 

entire range of irradiation and that they decrease with increasing the 

irradiation . Also, it may be observed that SN values of composites decrease 

more in case of loading with N330 than the other types at the same irradiation 

dose .As mentioned before , the activity of filler surface plays an effective 

role  in increasing the density of chemical bonding which is participating in 

network formation . The higher the density of chemical bonding , the smaller 

the space available for swelling  

 

Figure(16): Effect of irradiation dose on swelling number of NBR/HDPE 

(100/60) blend filled with different type of carbon black  
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Moreover , the aggregated shape of the filler allows for partly shielding a 

portion of the polymer matrix from coming into contact with solvent . 

Accordingly, the decrease in SN values follows the following  order  with 

respect to the type of carbon black  

N330>N375>N550>unloaded  

  

  

Oil Resistance) .3.24 

  

 
         Figure (17) shows the variation of swelling number (SN) as a function 

of irradiation dose for NBR/HDPE (100/60) blend unloaded and loaded with 

40 phr carbon black N330, in car oil as oil medium .It can be seen that values 

of SN attained by all composites have decreased , on increasing the irradiation 

dose . Moreover, unloaded blend has attained higher SN value over the entire 

range of irradiation with respect to loaded blend. These data indicate clearly 

that the prepared vulcanized loaded blend possess better resistance to be 

swelled by car oil with respect to NBR/HDPE blend alone. These results may 

attributed to the presence of the carbon black filler N330 particles in its 

aggregate " structure " form with the formation of interphase chemical as well 

as physical blending on vulcanization.  

The results obtained  on  using  brake  oil  as  swelling medium  are given in 

fig.(18) . It can be seen that almost similar swelling character to the one 

described above, has been obtained on using brake oil as a swelling medium. ] 

                                                                                        

              Therefore, It may be concluded that prepared NBR/HDPE /N330 

(100/60/40) composites are suitable to be used in content will for car oil as 

well as brake oil  . 
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Figure(17): The relation between the swelling number for NBR/HDPE 

(100/60) blend filled with carbon black HAF N330 as a function of irradiation 

dose ( in oil car)  

  

Figure(18): The relation between the swelling number for NBR/HDPE 

(100/60) blend filled with carbon black N330 as a function of irradiation dose 

( in brake oil)  
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4.2.4)Transmission electron microscopy (TEM) 

 
TEM micrographs  of the three different in particle size carbon black as 

shown in Fig.(19) in nano size ~20 nm . This results conferms the great 

improvement in the mechanical , physical and thermal properties of the 

obtained composites with HAF N330 with respect to the other types of carbon 

black namely HAF N375, FEF N550
(77)

 . 

  

 

(a) 

 

(b) 
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(c) 

 

Figure (19): TEM micrographs of (a) HAFN330 (b) FEF N550 (c) HAF 

N375 

 

4.2.5)Scanning Electron Microscope (SEM) 

SEM is commonly applied method to observe the morphology of blend/ 

carbon black composites. The morphologies of the NBR/HDPE  (100/60) 

blend and blend loaded with different  types of carbon black are shown in the 

Fig.(20,a,b,c,d ) . 

 

 
  

  (a)                                                                             (b)                   
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           (d)                                                                       (c)                        

         

 

Figure (20 ):. SEM micrographs of the fracture surfaces of (a) NBR/HDPE 

(100/60) blend (b) blend+ 40phr HAF N330  (c) blend+ 40phr HAF N375 (d) 

blend+ 40phr HAF N550 

 

The carbon black mainly exists as aggregates in the rubber matrix. Almost all 

types of carbon black aggregates distribute uniformly in blend. The size of the 

carbon black aggregates varies with the type of the carbon black. The carbon 

black aggregates for N330 have the smaller sizes than the other aggregates . 

In SEM of the blend loaded with HAF N330  composites , the carbon black 

can be hardly distinguished. Generally , the filler with large surface has a 

small size. As mentioned before ,  HAF N330 has the lower values of the 

aggregate size. In the SEM  of  HAF N375and FEF N550 , the interface 

between carbon black aggregates and blend matrix are clear . Hence, the 

reinforcing ability of N375 and N550 are less significant than N330 . 
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4.2.6) Thermal measurements  
 

          The thermal stability of NBR/HDPE blend loaded with different types 

of carbon black (40phr) was investigated using TGA. 

         Figure (19) shows the data obtained for the variation of RWF% as a 

function of heating temperature for irradiation at 150 kGy of unloaded 

NBR/HDPE (100/60) and loaded ones  with different types of carbon black 

(40 phr)  . It can be seen that the thermogram obtained for unloaded 

NBR/HDPE blend  undergoes 10% weight loss at 410 
o
C while the blend 

loaded with carbon black undergoes the same weight loss for  N330 at 439 
o
C 

for  N375 at 432
 o
C,  and for  N550 at 414

 o
C . The decomposition 

temperature which loss ,  namely T20% , T40% , T60%  and the final correspond 

to other weight final decomposition temperature Td% were similarly obtained 

from the TGA thermograms for NBR/HDPE (100/60) blend unloaded and 

loaded with (40phr) of  different types of carbon black at irradiation dose of 

150 kGy and one listed in table(1)                                                                       

 

                                      

  

N550 N375 N330 Blend  Wt loss % 

444 456 463 436 T20%  

480 482 491 456 T40%  

508 510 512 470 T60%  

519 521 527 497 Td%  
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From these results , it can be noticed that the values of decomposition 

temperature increases in case of N330 more than the other carbon black types 

. This behavior may be attributed to increased of the interface linking , which 

is mainly accompanied by increasing the thermal stability which is in 

agreement with mechanical results. 

 

                              

                               

  

  

Figure (21): TGA thermogrames of NBR/HDPE  (100/60) blend unloaded 

and loaded with different type of carbon black. 
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4.3) Effect of gamma irradiation on the properties of 

NBR/HDPE blend loaded with Different fillers 

 

4.3.1) Mechanical properties 

 

It has been shown in the last section of this investigation that HAF  carbon 

black has acted as reinforcing filler as noticable improvement in the physico-

mechanical properties of loaded NBR/HDPE  (100/60) blend has been 

attained with respect to those of unloaded blend. The obtained composites , 

however , are black in colour and it would be necessary to have NBR/HDPE  

based composites having other colours than black for specific applications  

Moreover, it would be appropriate to compare the reinforcing capacity of 

HAF carbon black with such non- black fillers under the same conditions. 

Therefore, Hisil as white filler was used either separately or combined with 

HAF carbon black , in this section of present investigation. Also, boric acid as 

white filler was loaded to the same matrix and the results obtained for 

different composites were compared with those of unloaded NBR/HDPE 

(100/60) blend.  

    

Tensile strength (TS)   

 

      The tensile strength (TS) as a function of irradiation dose for NBR 

/HDPE (100/60) blend and its composites are depicted in Fig. (20). It can be 

seen that the values of TS of unfilled blend increased slightly with the  

increase of  absorbed dose up to 150 kGy and then decreased . The increase in 

TS values may be due to crosslinking induced by irradiation , whereby the 
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decreasing in TS values may due to degradation process as well as oxidation 

processes. 

 

 

Figure (22):  Effect of irradiation dose on tensile strength of NBR/ HDPE 

(100/60)  unfilled blend and filled with different kind of fillers 

   

With the expection of boric acid loaded composites , the TS values 

increased with absorbed dose significantly for other filled composites with 

respect to the values of unfilled ones . The increase in TS with irradiation 

dose may be attributed generally to induced crosslinking by irradiation as well 

as interface linking between filler and matrix rubber . The values of TS of 

composites at the same irradiation dose increase with addition of the fillers 

according to the following order: 

 

Hisil+ HAF carbon black > Hisil > HAF carbon black > boric acid > unfilled 

blend 
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This order of reinforcing capacity of fillers may be affiliated , apparently to 

synergistic effect between irradiation  dose and filler capacity. 

 

Moreover, the order indicates  that both silica and HAF carbon black fillers 

have experienced reinforcing  character to NBR/HDPE blend , however , the 

nature of reinforcing is different for both the fillers . In case of silica , its 

reinforcement is attributed specifically to adhesion type of interaction 

between the amorphous filler particles and the polymer macromolecules .On 

the other hand,  in case of  HAF carbon black its reinforcement is attributed 

mainly to presence of active groups on its surfaces which would then 

participate in physical as well as chemical bond formation at interface 

between the filler and rubber matrix , on irradiation 
(78)

  

It has been reported that small particle size of fillers is of prime importance in 

elastomer reinforcement   . The dependence of reinforcement on particle size 

has been observed in the particle size range of 10-100 nm
(79)

 . 

The relatively very small size of the paticles of Hisil ~ 20 nm ( ~150 m
2
/g) is 

far below the size of about 100nm, which is always considered as a high 

upper limit for particulate fillers to act  as reinforcing filler
(80)

 . The size of 

silica particles is less than the distance between crosslink sites of ~50nm , 

hence it allows for high adhesion to take place and hence high reinforcement 

is attained 
(81)

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

HAF is about  ~80nm
(79) 

which is still lass than the high upper mentioned 

before. As mentioned before, presence of different active centers on its 

surface participate in the formation of chemical as well as physical bonding 

between the filler and the matrix molecules thereby improving the tensile 

strength of the blends . Moreover, such surfaces of carbon black filler act as 

stress homogenizers allowing slippage and redistribution of stress among 

polymer chains
(82)

 . They also serve to deflect or arrest growing cracks.  
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From the order of TS given above , it can be seen that the blend of NBR/HDPE 

(100/60) loaded with equal amounts of 20 phr of both Hisil  and HAF carbon black 

has attained the highest TS values, whereas the blend loaded with 40 phr of boric 

acid has attained the lowest values of TS . Apparently , Hisil and HAF carbon black 

as efficient reinforcing fillers have acted synergetically to each other and hence the 

obtained higher TS values. On the other hand, the relatively small increase in TS 

values of boric acid filled blend with respect to TS values of unfilled blend 

accounts for limited reinforcing capacity of boric acid as a filler
(83)

.Apparently, the 

absence of the "structure" state in case of boric acid has acted effectly in decreasing 

its reinforcing capacity as a filler  . Composites loaded with boric acid H3BO4 , as 

those prepared in the present investigation ; would be expected, however , to act as 

efficient radiation shield as they contain element of suitably low atomic number 

and high density such as boron and hydrogen. This character has been reported to 

the case of natural rubber (NR)/ boric acid (H3BO4) 
(84)

 and ethylene propylene 

diene rubber (EPDM) /boric carbide (B4C)
(85). 

 

 

Tensile Modulus at 50% elongation, (M50) 

          In this investigation , the tensile modulus has been reported at 50% 

elongation and referred to M50 . Fig. (21) illustrate the variation of M50 values as a 

function of irradiation dose for NBR/HDPE vulcanizates as well as its composites. 

 

        It may be observed that the values of M50 for NBR/HDPE blend as well as its 

composites increased with the incorporation of fillers , and with irradiation dose up 

to 250 kGy . The increase followed the same trend as TS i.e : 

 

Hisil+ HAF carbon black > Hisil > HAF carbon black > boric acid > unfilled 

blend 
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      Moreover, it may be observed that the increase of M50  with irradiation is 

linear and of limited value over the whole range of irradiation. Accordingly, 

the order given above is attributed mainly  to the nature of the filler and the 

extent of its participation in the value of  M50 of composite which is known to 

be additive in nature. The limited increase of the value of M50 of composites 

loaded with H3BO4 is attributed to the fact that boric acid particles are 

relatively large with respect to other filler and moreover, they don’t adhere to 

each other and are randoumly distributed in the polymeric matrix.                                                       

 

     The "structure" state , prevails in Hisil as well as HAF carbon black, 

whereby particles of 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   M50
(86)

, i.e extention up to 50% , Hence , the contribution 

from aggregates , which represent a separate solid phase in the composite, 

would be expected to be appreciable . Apparently ,the number of particles of 

Hisil in its aggregates is larger than those of HAF carbon black in its 

aggregates become of its smaller size as mentioned before and hence the 

higher values of M50 for composites loaded with Hisil either separately on 

combined with HAF carbon black . It is also known that the adherence of the 

particles to each other in case of Hisil is larger than in case of HAF carbon 

black.  

     Since CB and silica possess their own advantages , the utilization of hybrid 

filler or blends of silica and CB  in rubber should give the benefits from each 

filler. It is stated that the addition of precipitated silica in CB-filled rubber 

components can be applied to tire treads, wire and fabric coating , conveyor 

belts, hoses ,  rubber-covered belts , engine mounts, bumper strips, and cable 

jackets
(87)
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Figure (23): Effect of irradiation dose on modulus at 50% of NBR/HDPE  

(100/60) unfilled blend and  filled with different kinds of fillers 

 

Elongation at break %(Eb%) 

The third mechanical property that has been followed up is the elongation at 

break% (Eb%) , The variation of  (Eb%) with absorbed dose is illustrated in 

Fig. (22). 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 . Generally, the value of  Eb % 

encounters again a limited  decrease on irradiation up to 250 kGy . At the 

same degree of irradiation , the change of Eb%  values is as the following 

order:  

Hisil+ HAF carbon black < Hisil < HAF carbon black < boric acid < unfilled 

blend 
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Figure (24): Effect of irradiation dose on elongation at break %Eb% of 

NBR/HDPE  (100/60) unfilled  blend and filled with  different kinds of fillers 

 

 

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 resistance to 

elongation; this may be due to stiffening of the matrix by Hisil , HAF and 

their combination and hence the lower the attained value of  Eb %. Hence , the 

data obtained from Eb % measurements offer confirmation to the ones 

obtained from TS measurements. 

 

    Accordingly, both Hisil and HAF carbon black have acted clearly as 

reinforcing fillers whereas boric acid showed semi-reinfocing behavior  
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Hardness  

      For all tested samples the hardness increased slightly  in a semi-linear way 

with increase in absorbed dose up to 250 kGy as shown in Fig. (23). These 

data indicate clearly that the contribution of radiation –induced crosslinking to 

the value of hardness is a limited one and it is a function mainly of the 

constituents of each composition. 

Hence, the incorporation of Hisil , HAF carbon black, their combination and 

boric acid as fillers played the significant role in the evaluating values of 

hardness , when compared for  unirradiation or at same irradiation doses. Here 

again , the values of hardness attained by composites follow the order: 

 

Hisil+ HAF carbon black > Hisil > HAF carbon black > boric acid > unfilled 

blend 

      

  

 

 

Figure (25): Effect of irradiation dose on Hardness of NBR/HDPE  (100/60) 

unfilled blend and filled with different kinds of fillers 
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Apparently , the particle shape and the filler –matrix adhesion played the 

effective role in determining its contribution to the hardness value. In this 

respect, both silica and HAF carbon black and their combination are 

characterized by existing in its " structure" state as well as very high adhesion 

to the matrix . On the other hand, boric acid exists as separate particles 

distributed randoumly in the polymeric matrix and offers in this state little 

resistance to penetration which accounts for relative low hardness value 

obtained by its composites .   

 

4.3.2)Physical Properties 

 

        The physical properties that have been followed up in this section are gel 

fraction %(GF %) and swelling number SN.  

The values of the two parameters , namely GF% and SN may be then 

correlated mainly with extent of crosslinking as well as the different types of 

linking that may take place at the interface between different fillers and 

NBR/HDPE (100/60) blend . 

 

Gel fraction%(GF%) 

 

        Variation of GF% values as a function of the radiation dose for unloaded 

blend (NBR/HDPE) (100/60) as well as loaded blends with 40 phr of different 

types of filler namely Hisil+HAF carbon black , Hisil, HAF carbon black  and 

boric acid is shown in Fig.(24) . It can be seen that the unloaded blend had 

attained the lowest values of GF over the entire range of irradiation. Also, it 

may be observed that GF% values increase as the radiation dose increases up 

to 250 kGy for all  composites . 
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       For example the value of GF% of composite loaded with mixture of Hisil 

and HAF carbon black increases from about  80 % to  98 % as the irradiation 

dose increases from 50 to 250 . Moreover, the effect of fillers is very clear 

from increasing the value of GF% of composites according to the type of 

filler. Apparently, the surface activity of the reinforcing filler has played an 

effective role in this respect through the formation of chemical linking at the 

interface between the blend matrix and particles of fillers . Here again , the 

increase in GF%^ values follow the following order with respect to the kind 

of fillers: 

 

Hisil+HAF carbon black > Hisil  > HAF carbon black > boric acid > unloaded 

blend 

       

 

 

Figure (26): Effect of irradiation dose on gel fraction % of NBR/HDPE  

(100/60) unfilled blend and filled with different kinds of fillers 
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Swelling number SN  

 

The variation of SN values as a function of irradiation dose for unloaded 

NBR/HDPE  (100/60) blend as well as loaded with different kinds of fillers is 

shown in Fig.(25) . From this figure it can be seen that the values of SN 

decrease as the irradiation dose increases . Here, again , the unloaded blend 

has attained the highest values of SN over the whole range of irradiation . 

Moreover, SN values of composites decrease with increasing the reinforcing 

capacity of the fillers when comparison is carried out at same irradiation dose. 

As mentioned before , the surface area as well as its  chemistry of fillers plays 

an effective role in increasing the density of chemical bonding which is 

participating in network formation that may then constitute the main 

parameters affecting the reinforcing capacity of the fillers.  Hence, the higher 

the reinforcing capacity of the filler , the higher the density of network 

formation and the lower the value of SN obtained. 

 

Figure (27): Effect of irradiation dose on swelling number  of NBR/HDPE  

(100/60) unfilled blend and filled with different kinds of filler 
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4.3.3)Scanning Electron Microscope (SEM) 

SEM produces  clear image of the surface photography . Fig.(27,a,b,c,d) 

shows the surface of NBR/HDPE (100/60)  with and without  fillers . 

incorporation of the fixed amount namely 40 phr of each filler results in an 

increase in the interaction between the blend and the filler and hence increase 

the reinforcing ability of obtained composites. The order of increase the 

reinforcing  ability as shown in Fig. ( a,b,c,d ) is as follow:   

 

blend +Hisil+HAF N375>  blend +Hisil > blend +boric acid 

These results are matched with the T.S. values 

 

 

 

 

                 (a )                                                                   (b)                                                                                 
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                       (c)                                                                (d) 

 

 
  

Figure (28):. SEM micrographs of the fracture surfaces of (a) NBR/HDPE 

(100/60) blend (b) blend+ 20 phr HAF N375+20phr Hisil  (c) blend+ 40phr 

Hisil (d) blend+ 40phr boric acid 
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Abstract Nitrile butadiene rubber (NBR) was mixed with

high density polyethylene (HDPE) thermoplastics with

different ratio namely (100/20), (100/40), (100/60) and

(100/80). The obtained blends were subjected to gamma

irradiation with varying dose from 50 to 250 kGy. The

induced crosslinking and hence the improvement in the

different properties were followed up as a function of

irradiation dose. Mechanical properties as tensile strength,

tensile modulus at 50 % elongation, elongation at break

percent, permanent set and hardness were carried out as a

function of irradiation dose and blend ratio. Moreover,

physical properties namely, gel fraction % and swelling

number were found to improve with the increase of irra-

diation dose up to 250 kGy and with the increase of the

content of HDPE in blend. Moreover, presence of NBR

enhances the shrinking properties of the obtained blend

which can be used as a good heat shrinkable material.

Keywords NBR � HDPE � Irradiation � Mechanical �
Physical � Shrinking

Introduction

Rubbers should be enhanced before practical application

because of their poor mechanical performances. Radiation

vulcanization to induce crosslinking and hence, network

formation proved to be successful in reinforced rubber.

Blending of polymers has gained interest in the last three to

four decades, due to the fact that it can be used to produce

new polymeric materials, i.e., compositions with specific

properties suitable for certain special application, when a

radiation-crosslinked semicrystalline polymeric material is

stretched either at an ambient temperature or at high tem-

perature, the molecules are oriented towards the stretching

direction. The material gets frozen in its extended form.

Stretching decreases the entropy of the system. If heating is

imposed on the stretched sample (without any mechanical

force), the material shrinks. Such heat shrinkable polymers

are now-a-days witnessing tremendous application in the

packaging industry, cable industry and heat shrinkable tube

production [1]. Shrinkage also has been investigated in the

other branches of polymer engineering dealing with the

production of articles. Heat shrinkable behavior of cross-

linked thermoplastics [2–5], thermoplastic elastomer such

as segmented block copolymer [6, 7] and elastomer-plastic

blends [8–13] has been extensively studied over the years.

Acrylonitrile butadiene- rubber has generally good

resistance towards oil and low gas permeability. Its use in

automotive applications is interesting but the ageing

resistance is limited because of the unsaturated backbone

of the butadiene [14]. This shortcoming can be avoided by

blending with HDPE as blends of these two polymers is a

good choice for hot oil-resistant applications [15]. More-

over, blends of NBR and HDPE can be cured by ionizing

radiation such as gamma rays or accelerated electron

beams as both components are categorized as radiation-

crosslinking types of polymers [16]. The effect of electron

beam irradiation and ethylene vinyl acetate copolymer on

the properties of NBR/HDPE blend were studied [17].

The present work deals with blend nitrile butadiene rub-

ber (NBR) and high density polyethylene (HDPE) with
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different blend ratios namely (100/20), (100/40), (100/60)

and (100/80), the obtained blends were subjected to gamma

irradiation at different irradiation doses. The effects of blend

ratios and irradiation dose on the mechanical, physical and

thermal properties were examined. Moreover the prepara-

tion of heat shrinkable material of the obtained blend were

carried out, also its properties were followed up as a function

of blend ratio, irradiation dose and stretching percent.

Materials and methods

Materials

Nitrile butadiene rubber is product of supplier DOW

Chemical CO., (USA), of Mooney viscosity 48 MU and

Cis-1,4 content 97 %. High density polyethylene used

throughout this work was supplied by Dow Company

(Spain), had a density of 0.96 g/cm3 and melt flow index of

2 g/10 min. The recipe of this study contained also other

additives, namely: ZnO, stearic acid and tetrene. ZnO and

stearic acid are used as activators for the accelerator needed

for rubber vulcanization when using for example the clas-

sical sulfur method. As their presence only increases

experimentally the rate as well as the content in case of

radiation vulcanization, they may be then considered as

accelerators as well as activators [18]. The content of first

two additives was 5 and 1 phr, respectively. Tetrene, on the

other hand acts as antioxidant and is present at 1 phr. The

additives are supposed to exist mainly in amorphous rubber

phase after mixing (as well as in amorphous phase of HDPE

but to limited extent). The solvent and the other chemicals

used were of commercial grade and were used as received.

Preparation of blends

The components NBR, HDPE at different ratios were

mixed in Plasticorder type 2100, made by Brabender

Instruments, Germany, at 150 �C and mixing speed of

30 rpm. After mixing, the blends were processed in two-

roller mill to obtain sheets of the blends. The blends were

compression molded into sheets of 1 mm thickness at

130 �C under pressure of 15 MPa for 5 min. Irradiation of

samples by gamma ray of 60Co source was carried out

using a Gamma Cell type 4000 A from Bhabha Atomic

Center, Mombey, India, at a dose rate 5.9 kGy/hr and

irradiation dose from 50 to 250 kGy. Irradiation was car-

ried out under atmospheric conditions.

Mechanical measurements

Mechanical tests including tensile strength (TS), tensile

modulus at 50 % elongation (M50) and elongation at break

% (Eb%), were preformed at room temperature using an

Instron Machine (model 1195), England, employing a

crosshead speed of 50 mm/min. The recorded values for

each mechanical parameter were the average of five mea-

surements according to ASTM D-412 standards, in which

the standard deviation was ±5 %. The samples for tensile

measurements were tested in dumbbell shape having width

of 4 mm and length of 50 mm.

Hardness measurements

Samples of at least 1 mm in thickness with flat surface

were cut for hardness test. The measurement was carried

out according to ASTM D2240 using a durometer of model

306L type A Durometer. The unit of hardness is expressed

in (Shore A).

Permanent set

Assessment of long term stability of crosslinked polymer

structure under the influence of deforming forces or the

residual deformation of this structure after the distorting

load has been removed, is carried out by measurement of

permanent set [19]. Permanent set has been determined

experimentally for radiation—crosslinked NBR/HDPE

blends by measurement of percent change in distance

between bench mark before and after rupture according to

the following equation:

Permanent set % ¼ L1 � Lð Þ = L½ � � 100

where L is the distance between bench mark before rupture

and L1 is the distance between bench mark after a fixed

period of time (one min.) after rupture.

Physical properties

Gel fraction % (GF%)

Gel fraction expressed as the fraction of insoluble weight,

was obtained by extracting soluble part in dimethylfoma-

mide using Soxhlet for 24 h, and drying insoluble part

completely in vacuum oven at 50 �C. It is given by:

Gel fraction% GF%ð Þ ¼ W1=Woð Þ � 100

where W0 is the initial weight and W1 is the final weight.

Swelling number

Degree of equilibrium swelling in toluene for 24 h at room

temperature was calculated using the following equation:

Swelling number ¼ W2 �W1=W1

where Wl is the initial weight after extraction and drying

and W2 is the final weight after equilibrium swelling.
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Measurement of heat shrinking properties

Heat shrinking properties were carried out by using a home

made apparatus composed of an extension meter for length

measurements, an electric oven for heating samples and

special arrangement for rapid cooling of heated samples

with cooled air. Samples with initial length (Lo) were

heated gradually up to about 100 �C and simultaneously

extended to a specified percentage; heating was carried out

for several minutes to ensure the attainment of previously

mentioned temperature. Heated and extended samples were

then abruptly cooled by liquid air to attain the extended

length. Reheating again to about 100 �C for several min-

utes was carried out and samples were left to cool at room

temperature to final length (L). The percentage recovery

has been determined according to the following equation:

Extension % ¼ L � L0ð Þ = L0½ � � 100

Recovery % ¼ 100� extension %

where L0 is the length before heating i.e. initial length and

L is the length after heating i.e. final length.

Thermal stability

Analysis was carried out using thermal gravimetric analy-

sis (TGA) apparatus, whereby samples of (0.98–1.5 mg)

were encapsulated in aluminum pans and heated from 50

up to 600 �C at a heating rate of 10 �C/min under nitrogen

atmosphere.

Results and discussion

Mechanical measurements

Tensile strength (TS)

Figure 1 shows the tensile strength (TS) as a function of

irradiation dose for pure NBR, HDPE as well as their

blends at different compositions. It can be observed that the

values of TS increase with increasing irradiation dose for

all the blend compositions to reach the maximum value at

150 kGy. At higher doses beyond 150 kGy, the values of

TS start to decrease with increasing irradiation dose. Also,

it can be observed that NBR has the lowest TS value and

HDPE has the highest TS value, whereas the TS values of

the blends displayed TS values between that of the two

components. The increase of TS due to gamma irradiation

indicates the occurrence of crosslinking, whereas the slight

decrease beyond the dose 150 kGy indicate the occurrence

of oxidative degradation. Both NBR and HDPE are cate-

gorized as a crosslinking polymer [20, 21]. In this respect,

NBR elastomer is totally amorphous polymer and it would

be expected that both its butadiene as well as acrylonitrile

parts participate in inter as well as intra-crosslinking

through the double bond of butadiene and the nitrile groups

of acrylonitrile part. HDPE, on the other hand, is a semi-

crystalline polymer and the radiation-induced crosslinking

would be expected to take place in its limited amorphous

part but predominates at the interface between the amor-

phous and crystalline phases [21]. Moreover, inter-cross-

linking between macromolecules of both components of

the blend, namely NBR and HDPE would be expected to

take place. After the crosslinking density has become high,

the reorientation process will be hindered and so the ability

of macromolecules to crystallize or order is retarded. Under

these conditions, the strength property is expected to

decrease due to the oxidative degradation at higher doses.

Tensile modulus at 50 % elongation, (M50)

Figure 2 illustrates the variation of M50 as a function of

irradiation dose for the gum vulcanizate of NBR rubber as

well as its blends with HDPE. The M50 values of HDPE

alone are not included as it suffered from rupture before

reaching 50 % elongation as will be seen later in the

elongation measurements. The values of M50 for non-

irradiated compositions are also included in the same fig-

ure. It may be observed that M50 values for samples

increase with increasing the irradiation dose for the same

composition. Also, they increase with increasing the con-

tent of HDPE in the blend for the same irradiation dose.

The attained relatively low value of M50 for the gum NBR

rubber is attributed to its totally amorphous nature and

hence offering no resistance to deformation, namely

stretching at such low elongation. HDPE ought to have

high modulus due to its high crystallinity and accordingly

Fig. 1 Effect of irradiation dose on the tensile strength of NBR,

HDPE and their blends
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its presence as a component in the NBR/HDPE blend

would contribute considerably to its value of M50.

Elongation at break % (Eb%)

Figure 3 shows the effect of gamma irradiation on the

elongation at break percent (Eb%) of NBR, HDPE and their

blends at different compositions. It can be observed that

increasing irradiation dose results in reduction in Eb% for

all compositions. It can be seen also that NBR have the

highest values of Eb% whereas HDPE have the lowest

values of Eb%. Moreover, the values of Eb% of the blends

lie between the above two extremes. NBR is completely

amorphous elastomer and hence it is characterized by

the existence of physical entanglements in large numbers.

The effect of crosslinking in preventing the flow of

NBR macromolecules will be encountered with the

entanglements. HDPE, on the other hand, has high crys-

talline content of *90 % [22] and has limited amorphous

content. The induced crosslinking and the inter-phase

induced chemical linking between the amorphous and

crystalline has taken place. All these factors that accom-

pany the effect of gamma irradiation may contribute to the

reduction of the values of Eb% with increasing the content

of HDPE in the blend.

Hardness properties

Figure 4 shows the effect of gamma irradiation dose on the

hardness for NBR, HDPE and their blends at different

compositions. It can be seen that the hardness increases

slightly with increasing irradiation dose up to 250 kGy.

The low hardness values attained of NBR is due to its

elastic rubber structure. The radiation crosslinking that take

place leads to an increase in the molecular weight of NBR

and thus leads to a limited increase in hardness. On the

other hand, HDPE has a high degree of crystallinity and

hardness is reported to be mainly a function of degree of

crystallinity [16], which would then account for the con-

siderably high hardness values of HDPE samples whether

irradiated or unirradiated.

Permanent set

The components of the blend used in this investigation,

namely NBR and HDPE are two important polymers that

are widely used in manufacturing of industrial products.

Hence, rubber based mechanical blend NBR/HDPE would

be expected to posses such importance and therefore, data

of permanent set are of significant importance in design of

such industrial products. The variation of the permanent set

percent (PS%) as a function of irradiation dose is illustrated

Fig. 2 Effect of irradiation dose on tensile modulus at 50 %

elongation of NBR, HDPE and their blends

Fig. 3 Effect of irradiation dose on elongation at break % (Eb%) of

NBR, HDPE and their blends

Fig. 4 Effect of irradiation dose on the hardness of NBR, HDPE and

their blends
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in Fig. 5. It can be seen that PS% values decrease with

increasing the irradiation dose. Also, it can be observed

that HDPE attained the lowest values of PS% over the

whole range of irradiation whereas NBR attained the

highest values. The blend attained values that lie between

the above two extremes and the PS% values of the blend

decrease with increasing the content of HDPE at the same

irradiation dose. At lower doses of irradiation the magni-

tude of crosslinking is relatively low which result in suf-

ficient efficiency for elongation accompanied by reduced

efficiency for retention of deformation and hence the

higher values of PS%. On the other hand, increased

crosslinking results in reduced ability for extension or

elongation as shown before; hence, reduced values of PS%

are attained at higher irradiation dose.

Physical measurements

Whereas mechanical properties would account for the

crosslinking and degradation processes that have taken

place simultaneously on irradiation, the physical properties

are related only with crosslinking processes. Therefore,

these physical properties, namely swelling number and gel

fraction % were followed up as a function of irradiation

dose for raw NBR rubber, HDPE and their blends at dif-

ferent compositions. These measurements were carried out

in dimethyl formamide (DMF) as a dissolving medium.

Gel fraction % (GF%)

Another proof for the crosslinking density is the gel frac-

tion % determination indicating the insoluble part of the

irradiated samples. This physical property was depicted in

Fig. 6 which gives the change in GF% for irradiated

samples at different irradiation doses. From this figure, it

can be noticed that the values of GF% of HDPE alone are

not included as HDPE dose not dissolve in DMF and hence

the measured GF% refer only to crosslinking of the phase

of NBR elastomer. It may be also observed that GF%

values for NBR as well as its blends have increased on

increasing the irradiation dose. This increase in the gel

fraction with irradiation dose may be attributed to induced

crosslinking occurred as a result of gamma irradiation as

higher amounts of free radicals are produced. Moreover, it

may be seen that GF% values attained by the blends have

increased with increasing the content of HDPE in the blend

when comparing these values at the same irradiation dose.

The increase in the GF% with the content of HDPE may be

related to increase interface linking between NBR and

HDPE phases.

The gel fraction data of NBR and NBR/HDPE (100/80)

blend were analyzed using the Charlesby–Pinner equation

to determine whether crosslinking or chain scissions were

more prevalent during the irradiation process. According to

Charlesby and Pinner [23], sol fraction (S) is calculated

from gel fraction (1—gel fraction) and described in terms

of radiation dosage (D) applied to the sample as follows:

Sþ S1=2 ¼ 1= qol1Dð Þ þ po=qo

where l1 is the degree of polymerization based on the

average number molecular weight, and po and qo are rel-

ative quantities indicating the sensitivity of chain scission

and crosslinking to irradiation. The Charlesby–Pinner plot

produced a straight line as displayed in Fig. 7.

The relative value of po/qo, 0.74 and 0.63 for NBR and

the blend respectively, is obtained from extrapolating the

data to infinite dose (1/D-0). These values for po/qo

indicate that the yield of crosslinking is predominant over

chain scission and is higher for the blend than of NBR

alone. Thus, the polymer chains undergo crosslinking

rather than chain scission during irradiation.

Fig. 5 Effect of irradiation dose on the permanent set % of NBR,

HDPE, and their blends

Fig. 6 Effect of irradiation dose on gel fraction % (GF%) of NBR

and NBR/HDPE blends
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Swelling number

The variation of the swelling number, (SN) as a function of

irradiation dose for NBR alone as well as its blends with

HDPE is shown in Fig. 8. Corresponding values of HDPE

are not given as it does not dissolve in DMF as mentioned

before and hence again SN measurements refer only to

NBR phase. It may be seen that NBR has attained the

largest values of SN over the whole range of irradiation.

Moreover, the values of SN decrease with either increase of

irradiation dose or the content of HDPE in the blend. These

results indicate that the crosslinking density increased with

increasing the irradiation dose. Interface linking between

NBR and HDPE phase has apparently played a role in

decreasing the SN values with the increase of the content of

HDPE in the blend.

Shrinking properties

Figure 9 shows the data obtained for the recovery % (R%),

as a function HDPE% for blends of NBR/HDPE irradiated

with a dose of 150 kGy and elongated to different strains

namely 100, 200 and 300 % E. It may be observed that the

recovery %, increases linearly with the increase of HDPE%

in the blend up to 60 % for all elongation and then

decrease. Also, the values of recovery % for the 300 % E

lie higher than these of the others. At fixed composition, of

60 wt% of HDPE, the recovery % was 50, 80 and 90 % for

the different strains, namely 100, 200 and 300 % E. For

samples having more than 60 % HDPE, the values of the

recovery % decreased for all extensions and have values

higher than that of HDPE alone which attained values of

(R%) of 33 %, *58 % and *63 % for the three different

elongations. From the results illustrated in Fig. 8, it may be

stated that blends having 60 % HDPE dispersed in con-

tinuous matrix of the elastomer NBR and irradiated with a

dose of 150 kGy, have attained good to excellent shrinking

properties compared to those of HDPE alone and under the

experimental conditions of this investigation.

Thermal measurements (TGA)

The thermal stability behavior of polymer blends is of a

major importance as these materials are frequently sub-

jected to elevated temperatures during their usage. Thermal

gravimetric analysis, TGA was used to investigate the

thermal stability of NBR/HDPE blend (100/60) and com-

pared to that of NBR and HDPE; all samples were irradi-

ated to a dose of 150 kGy. The corresponding TGA

thermograms are shown in Fig. 10, these thermograms

represent the residual weight fraction % (RWF%) as a

measure of weight loss of samples as a function of heating
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temperature. The thermogram corresponding of NBR has

encountered a decrease of RWF% of *15 % in the tem-

perature range up to about 350 �C, whereas the thermo-

grams corresponding to HDPE or the blend encountered a

very slight decrease in its RWF% values for temperatures

as high as *400 �C. After this range of slight decrease, all

thermograms have encountered an abrupt drop in its

RWF% within a limited range of temperature of *20 ± 5

degrees, indicating the occurrence of the thermal decom-

position of the samples. It can be seen that the starting

thermal decomposition temperature of pure NBR, HDPE

and its blend is *415, *450 and 430 �C respectively. The

thermal decomposition temperature of the blend increased

with the addition of HDPE. Higher crosslink density leads

to better thermal stability because of the higher values of

activation energy needed for thermal decomposition of

vulcanizates. Thus radiation vulcanization improves ther-

mal stability of the blends because of the presence

crosslinking.

Conclusions

From the results obtained in the present investigation, the

following conclusions may be deduced:

– The tensile strength increased with an increase of

HDPE content in the blend.

– The improvement attained in mechanical properties has

been certified by measurements of physical properties

of prepared blends.

– The magnitude of improvement is a function of

irradiation dose as well as the amount of HDPE in

the blend.

– Heat shrinkable thermoplastic-elastomer blend was

successfully prepared from HDPE thermoplastic and

NBR elastomer. The heat shrinkability of the blend

increased substantially with increasing HDPE up to 60

wt% as well as increasing dose of irradiation.

– The thermal stability of vulcanized NBR/HDPE blend

(100/60) was improved with respect to that of raw

NBR.
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SUMMARY AND CONCLUSIONS 

 

  

            The present work aims to  study  the  characteristics  of 

acrylonitrile butadiene rubber (NBR) , high density polyethylene (HDPE) and 

their blends vulcanized by gamma radiation . The NBR elastomer as the 

matrix was blended with different contents of the thermoplastic HDPE  and 

the blends were prepared mechanically. The effect of irradiation dose on the 

properties of the blends with different ratios was investigated.  

 

                                                                                                 

                  

      The first part of this investigation   is concerned with the effect of 

irradiation dose on different mechanical and physical properties of 

NBR,HDPE and their blends , to show the effect of the presence of HDPE 

on these properties. 

The following observations may be given: 

 

- Tensile strength (TS) values NBR, HDPE and their blends increased with 

irradiation dose reaching their maximum value at 150 kGy.Moreover,the TS 

values increased with the content of HDPE  in the blend , indicating the 

reinforcing role played with HDPE  due to its  high crystalline content and 

radiation crosslinking character. 

 

                                                     

- Values of tensile modulus at 50% elongation (M50%) , for irradiated blends 

increased with increasing irradiation dose as well as HDPE content. 
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- Elongation at break (Eb)  of NBR gum, HDPE and NBR/HDPE blends 

decreased with increasing irradiation dose and decreased with increasing  

HDPE content.  

 

- The values of hardness attained by blends lie between the lowest values of  

above NBR and increased with increasing the HDPE content and the 

irradiation dose reaching the highest values at HDPE. On the other hand , the 

hardness values of blends have increased slightly with irradiation dose for 

degree of loading up to 80 phr of HDPE, whereas it did not change for higher 

degree of loading.  

 

- Heat shrinkable thermoplastic-elastomer blend was successfully    prepared 

from HDPE thermoplastic and NBR elastomer. The heat shrinkability of the 

blend increased substantially with increasing HDPE up to 60 wt% as well as 

increasing dose of irradiation  

 

-Soluble fraction %(SF%) as well as swelling number (SN),measurements 

showed that SF% as well as SN values decreased with increasing the 

irradiation dose as well as HDPE content. 

 Hence, it may be concluded that addition of HDPE has improved the 

mechanical properties of NBR/HDPE  blends and this improvement is 

associated mainly with its high content of crystalline structure and radiation –

crosslinking behaviour . 

-    The thermal stability of vulcanized NBR/HDPE blend (100/60) was 

improved with   respect to that of raw NBR.  

 

          According to above results, it may be concluded that the induced 

crosslinking has increased in blend of NBR with HDPE with respect to gum 
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rubber alone. Moreover, the extent of this increase is proportional to the 

amount of HDPE in the blend and dose of irradiation 

.         

      The second part of this investigation  is aiming to follow the effect of 

loading one blend ,namely NBR/HDPE (100/60) with 40 phr of  different 

types of carbon black filler, namely HAF(N330), HAF(N375) and 

FEF(N550). 

 

 

The following observations may be given: 

 

- Addition of different types of carbon black lead to improvement of different 

mechanical properties . 

 

- TS, M50, and hardness values increased whereas Ebvalues decreased with the 

extent of loading with different types of carbon black whereby HAF(N330) 

has high effect on the blend more than HAF (N375) and finally HAF(N550) 

and this is due to structure of filler and crosslinking by irradiation. 

 

 -Physical measurements of SF% and SN have changed systematically with 

mechanical ones and indicated an increased level of interface chemical 

linking as well as crosslinking. 

 

-From the thermogrames it can be noticed that the values of decomposition 

temperature increases in case of N330 more than the other carbon black types. 

  

confirmed mechanical and physical  SEM , TEM and TGA observations  -  

results.    
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 -It may be concluded that HAF (N330) carbon black has acted more 

effectively as reinforcing filler than the other two types. 

 

 

    

        The third part of this investigation  is aiming to follow the effect of 

loading one blend ,namly NBR/HDPE (100/60) with 40 phr of  different kinds 

of filler such  as : Hisil,  combination of  20 phr Hisil and 20 phr of  

HAFcarbon black (N375), HAF carbon black (N375) and boric acid.               

                                          

 

 

 The following observations may be given: 

 

- Addition of different kinds of filler lead to improvement of mechanical 

properties . 

 

  

- TS, M50, and hardness values increased whereas Ebvalues decreased on 

loading with Hisil or HAF of carbon black whereby combination of Hisil and 

HAF carbon black  has high or effect on the blend more than Hisil and HAF  

carbon black and finally boric acid and this is due to structure of filler and 

crosslinking by irradiation.  

 

-Physical measurements of SF% and SN have changed systematically with 

mechanical ones and indicated an increased level of interface chemical 

linking as well as crosslinking on irradiation .  
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confirmed mechanical and physical results. SEM observation  - 

  

It may be concluded that combination of Hisil and HAF carbon black has 

acted effectively as reinforcing filler.  
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