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 اىخلاطخ

 
 
ثٞ٘ربدِٝٞ-ػبىَٞب غبىجب ٍب ٝغزخذً ٍطبط اىغزبٝشُ         SBR  ثشنو ٍْفشد فٜ ػدْبد
لاطبس اىَشمجبد اىظغٞشح, ٗمَب ٍؼشٗف اُ  (tread) ٍطبط اىدضء اىَلاٍظ ىلأسع

ٍلائَخ  لاخ٘اء اىؼشاق اىحبسح خذا خظ٘طب فٜ فظو  ٍثو ٕزٓ اىزنْ٘ى٘خٞب ىٌ رنِ

اىظٞف ٍَب ٝغزذػٜ اعزٖلامب غٞش طجٞؼٞب ىلاطبس. ثبلاضبفخ اىٚ ػذً ريجٞزٖب ىَزطيجبد 

ٗظشٗف اىد٘ اىحبس ػيٞٔ خشد ٍحبٗلاد ىيجحث فٜ اعزخذاً خيطبد ٍطبطٞخ رح٘ٛ 

,  SBR ػيٚ اّ٘اع خذٝذح ٍِ اىَطبط ٍضبفخ اىٚ اىَطبط الاعبط اىزٜ رنُ٘ مزيل 

أثْبء اىخذٍخ)حشمخ اٗ دٗساُ  heat buildup ٍؼشٗفخ ثبّخفبع حشاسرٖب اىَزشامَخ
أٗ اىزٜ رَزبص ثَقبٍٗزٖب اىحشاسٝخ اىؼبىٞخ ٍثو ٍطبط  NR الاطبس( مبىَطبط اىطجٞؼٜ
ٕٗزِٝ اىَطبطِٞ الاخٞشِٝ  EPDM ، ٍٗطبط الاثٞيْٞٚ ثشٗثٞيِٞ CR اىْٞ٘ثشِٝ

ىدضء اىَلاٍظ ىلأسع لإطبس اىَشمجبد اىظغٞشح اىَْزح ٝغزخذٍبُ لأٗه ٍشح فٜ ٍطبط ا

لاعزقشاسٝزٔ اىحشاسٝخ ٍٗقبٍٗزٔ  BR فٜ اىقطش. اعزخذً أٝضب ٍطبط اىج٘ىٜ ثٞ٘ربدِٝٞ
اعزخذً مو ّ٘ع ٍِ ٕزٓ الأّ٘اع  . abrasion resistance اىؼبىٞخ ىيجشٛ اٗ اىحل

32إىٚ  82الأعبط ثذسخبد رحَٞو ٗصّٞخ ٍِ   SBR الأسثؼخ ٍغ ٍطبط   
pphr ٘ىغشع ٍؼشفخ أٛ ٍِ ٕزٓ اىْغت رحظو ػَيٞخ اىزط٘ٝش اٗ اىزحغِٞ ّح

 .Optimization الاٍثيٞخ
خيطخ)ػدْٔ( اعزخذٍذ فٜ ٕزا اىؼَو ثْغت ٍخزيفخ ىنو ّ٘ع ٍِ أّ٘اع  77أمثش ٍِ    

اىَطبط ، ٗقذ رٌ رثجٞذ خَٞغ اىْغت اى٘صّٞخ الأخشٙ اىَنّ٘خ ىنو خيطخ ٍبػذا اىَطبط 

SBR الأعبط ىزٛ ٝزْبقض ثْفظ اىْغجخ ٍغ رضاٝذ مو ّ٘ع ٍِ اىَطبط اىَضبفا .  
، ٍٗؼبٍو  tensile strength اخشٝذ فح٘طبد ٍخزجشٝٔ ٍثو ٍقبٍٗخ اىشذ   
% ، ٗاىْغجخ اىَئ٘ٝخ 622ػْذ اعزطبىخ ٍقذاسٕب   modulus (اىَشّٗخ )اىَ٘دىظ

hardness ، ٍٗقذاس اىظلادح Elong. Percentage لاقظٚ اعزطبىخ بٍٗخ ، ٍٗق

، ٗاى٘صُ اىْ٘ػٜ. مزىل اخشٝذ اىفح٘طبد الأٗىٞخ  abrasion resistanceاىحل
 cure ، ٗصٍِ اىفينْخ  scorch time ىيؼدْبد ثدٖبص اىشٍٝ٘ٞزٞش ٍثو صٍِ الاحزشاق

time ٍِٞٗاىؼض ،(torques) ٚالأدّٚ ٗالأقظ. 
زٖب ٍغ ىغشع رقٌٞٞ ٗرحيٞو ّزبئح ٕزا اىؼَو ٍِ فح٘طبد ٍخزيفخ، خشد ٍقبسّ     

ّزبئح فح٘طبد اىؼدْخ اىقٞبعٞخ)اىؼدْخ اىَغزخذٍخ فٜ إّزبج اىدضء اىَلاٍظ ىلاسع  

% اٗ دسخخ رحَٞو 822ثْغجخ  SBR لإطبس ثبثو( ٗاىزٜ ٝنُ٘ فٖٞب اىَطبط الأعبط

822ٗصّٞخ ٍقذاسٕب   pphr  ٗأٝضب رَذ اىَقبسّخ ٍغ ّزبئح ٍغزخذٍخ مَ٘اطفبد ،
ي٘ة ٗثبثوٍِ قجو ششمزٜ دّ standards قٞبعٞخ . 
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ABSTRACT 
       Styrene-Butadiene Rubber SBR is often used as a single rubber in tread 

rubber compound (recipe) of passenger Tire Tread as recommended by the 

Dunlop Co., which is the technology supplier for the state Company of Tire 

industries. As it is known this technology is not exactly fulfilled the Iraqi 

climate requirements, because it is very hot here, especially in summer 

season, so it is necessary to do an optimization study by attempting new 

blends having more heat resistance or/and low heat buildup elastomers rather 

than SBR. Attempting blends from12 to 62 (pphr) of new rubbers with base 

rubber SBR may lead to optimize some physico-mechanical properties or 

may not. Four elastomers are used for such optimization. Those elastomers 

are Natural rubber NR which is known for its low heat buildup, 

Polybutadiene rubber BR which is known for its heat stability, Neoprene 

(polychloroprene) rubber CR and Ethylene Propylene rubber EPDM which 

are known for their heat resistance. An addition is carried out with using 

three types of carbon black, N-332HAF, N-339HAF-HS and N-375HAF. 

The new trend in this research is the blending of EPDM with styrene-

butadiene rubber SBR are used here for the first time as one aspect of tire 

tread optimization, the same thing is also done with neoprene rubber CR 

sharing polybutadiene rubber BR with SBR rubber. 

      More than 75 recipes were prepared of various (pphr) of tread rubber 

compound. The usual ingredients of all recipes were kept constant except 

tread rubber. Several tests were carried out such as tensile strength, modulus, 

elongation percentage, hardness, abrasion resistance and specific gravity. 

Rheometry tests were also done such as scorch time, cure time, maximum 

torque and minimum torque. 
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     To evaluate the results of this work, it is essential to compare with control 

properties came as a result of using SBR alone in typical tread recipe on one 

hand and with certain standard specifications used by well known companies 

like Dunlop Co. and Babylon Tire Company. These specifications give upper 

and lower accepted limits for each property. Furthermore, mathematical 

criterion is used in order to obtain fruitful optimization depending upon 

compromise of mechanical properties of tire tread.   

     Results obtained from this study give different levels of optimization for 

the most mechanical properties depending on the type of elastomer used and 

reinforcing agent. 

 With compromise the mechanical properties of tread compound are 

often optimized in the presence of NR within loading level 32/72 --

- 62/42 pphr for the most three blacks.  

 Introduction of BR in tread recipe takes part in optimizing 

properties within the range of 42/62 to 62/42 pphr for various 

values according to the effect of each black type.  

 Optimization regarded by effects of CR/BR is valid for the loading 

level of 42/62 pphr with three blacks.  

 EPDM increasing level is more active at loading points 12/92 to 

52/52 pphr  for blacks N-332 & N-339 producing optimized 

mechanical properties of tread rubber. The typical recipes with 

black N-375 are only 12/92, 22/82 and 32/72 pphr.  
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CHAPTER   ONE

 
 

8-8-  I ntroduction: 

          Tires provide the connection between a vehicle and the road upon 

which the vehicle travels, and are designed to transfer to the road as much as 

possible, the acceleration, braking, and directional forces that generated by 

the vehicle. These forces act on the road by the friction existing between the 

tread of the tire and the rough surface of the road. In addition, a tread should 

also provide other functional features, such as a comfortable and smooth 

ride. 

     These characteristics should be maintained when the tire tread is used 

under unusual operating conditions, such as when the tire is driven at 

excessive speeds, over less than ideal road surfaces, or when ambient 

temperature reaches high extreme which is the problem in Iraqi weather[8]. 

      So, the tread is the major component of the tire on which the tire life is 

mainly dependent [0]. To obtain good operating and handling characteristics 

of the tire tread in service with long mileage life, it is essential to have a 

well-designed tread under a variety of service (traveling) conditions. Well-

designed tread has two aspects where the first one is associated with outer 

tread form (band & pattern) in order to maximize the friction between the 

tread surface and the road for example, when operating over dry, wet, snowy, 

sandy, and icy surfaces. The main second one which is the present work 

concern is related to the well-design compounds of tread which must fulfill 

efficiently the essential requirements for a typical passenger tire tread 

including: resistance to abrasion, and to the closely related phenomena of 

cutting and chipping; reduced rolling resistance; resistance to cracking and to 

crack growth; adequate flexibility at the lowest temperature encountered in 

the service; a sufficiently high coefficient of friction between the tread an the  
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CHAPTER   ONE

 
road to minimize slipping and skidding; adequate adhesion of the tread to the 

carcass; sufficient stability of the material with time so that excessive  

deterioration does not occur in the normal life of the tire; and a moderate 

hysteresis so that excessive temperatures do not develop in service [6,2].  

       Most of the mentioned tread requirements can be reflected by so many 

physico-mechanical properties tested in the laboratory by specific tests 

wherein provide an indication for each requirement. The test is mainly 

classified into two major tests concerning unvulcanized test which related to 

Rheogeical measurements, and vulcanized test which related to abrasion 

resistance, hardness, tensile strength, modulus of elasticity, elongation 

percentage, and specific gravity. 

     Thus, to execute the second well-designed compounds of tire tread, it is 

required to operate an optimization study for the physico-mechanical 

properties during attempting new rubber blends or compounding new 

elastomers with SBR, such as natural rubber NR,polybutadiene rubber BR, 

chloroprene (neoprene) rubber CR, and ethylenepropylene rubber EPDM 

those used in tread recipes, where the modification of rubber properties 

through blending has been used increasingly in order to obtain comparatively 

low cost materials with improved properties. 

     However, as it is known to those having skill in such field, achieving an 

optimization of one or more of above tread physico-mechanical properties by 

varying the composition of the tread recipe usually diminishes the efficiency 

of one or more of the other properties. This is what is called “The Dilemma 

of Incompatibility” [7] which is encountered in this work.  

     Achieving an optimization for all of tread characteristics by rubber blends 

composition for the tire tread is therefore a challenge. Even this problem can 

be solved by compromise; mechanical properties of tire tread would be less 

than their ideal values [3]. 

     A tread recipe* is comprised of materials utilized by the researcher,  
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wherein the two major materials are the rubbers and the reinforcing agents 

who are playing a great role in modifying, improving, and optimizing the 

tread compound rubber properties.   

     In general optimization carried out on tire tread recipe could be done 

either by modifying Reinforcing Agents, or modifying Elastomers (Rubbers) 

or both of them which is the subject of This Work. 

          Historically, passenger tire treads are commonly composed of one 

rubber compound of a styrene/butadiene copolymer (elastomer SBR) [6], 

which is basically used to promote the traction characteristics for the tire 

tread, and to fulfill the other tread requirements. Such rubber blends of SBR 

are conventionally used as the major elastomer or a single elastomer 

component of the tread rubber compound. This is because tread traction on 

the road surface is usually a significantly desirable feature for the tire and, 

also, the SBR in its uncured state is restively easy to process. 

      Accordance with previous characteristics of tread, using a singular SBR 

as a base rubber is not sufficient to provide correlation between the 

mechanical properties, and there is no enough chance to improve it in one 

hand, and this SBR which is recommended by Dunlop Co. for Iraq country 

without taking in account the hot environment especially in summer season 

in the second hand. So, it is claimed to do an optimization during modifying 

the rubber blends of the tread recipes by the addition of different types of 

elastomers which have low heat buildup and high heat resistance with 

different (phr)s to SBR in addition to use three kinds of carbon black with 

different (phr)s.                                                                        

        The selection of the type of added rubber to be used with SBR in tread recipe 

depends on the technical requirements of the tread, the properties attainable by 

compounding, and economic factors. So from this point the Present Work is 

established. 

 

*Recipe where it comes has the same meaning of Mix and Blend. 
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8-0-  Background: 

1-2-1- Tire Parts: 

Eight basic parts to tire are [7]: 

1. The Tread, which is composed of band and pattern. It is the wear 

resistant component consisting of ribs designed for noise suppression 

and traction and grooves directional control, and cool running. 

2. The Sidewalls, which are the portions of the tire between the beads 

and the treads compounded of rubber with high flex a control the ride 

and provide support. 

3. The Shoulder, which is the upper portion of the sidewall just bellow 

the tread edge and affects tire heat behavior and cornering. 

4. The Bead, which is the structure composed of high tensile strength 

steel wire formed into hoops which function as anchors in tire 

assembly onto the rim of the wheel. 

5. The Plies, which are layers of fabric cord extending from bead to bead 

to reinforce the tire. 

6. The Belts, which are narrow layers of coated tire cord or rubber 

encased steel cords located directly under the tread in resist 

deformation in the footprint (i.e., the tire s contact patch on the road) 

and to restrict the carcass plies. 

7. The Liner, which is a thin layer of rubber inside the tire which 

contains compressed air; and  

8. The Chafer, which consists of narrow trips of material around the 

outside of the bead that protect the cord against weather distributes 

flex above the rim, and prevents dirt and moisture from getting into the 

tire. The passenger tire parts can be seen in figure (1-1) [7]. 
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Fig.(8-8) Basic parts of tire. 

 

 1-2-2- Tread Pattern and Band 

         The performance properties of the tire depend on several characteristics 

of the tire construction [1]. One of the construction characteristics of a tire is 

the tread pattern provided on its tread band. The tread pattern consists of a 

series of grooves criss-crossing the tread band both circumferentially and 

transversely, defining discrete solid blocks and ribs in the tread band as 

shown in fig.(8-0)
 
[9].The blocks and ribs are arranged to form a specific 

pattern. This pattern is varied depending on the expected use of the tire.  

    The tread pattern itself can also be optimized for different operating 

requirements. For example, the tread pattern can be designed to better 

abrasion resistance and to provide better handling in dry conditions, or can 

be designed to be more resistant to hydroplaning and to provide better 

traction on wet or snowy surfaces. The design of the tread pattern also has an  
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effect on the comfort and smoothness of the ride of the tire. The tread pattern 

can help and maintain directional stability of the tire, and promote smooth 

and quiet rolling contact of the tire with road. 

 

Fig. (8-0) Tread band & pattern 

8-0-0-8- Tread Pattern & Band Design Requirements 

      Once again, it can be emphasized that the conflicting requirements for 

tire tread designs of simultaneously providing good handling capabilities, a 

comfortable and smooth ride, good wear resistance, and low rolling 

resistance have been difficult to achieve [9]. This has resulted in various 

compromises in the design of conventional tire tread.  

      Compromises are made both in the materials used to construct the tread, 

especially the tread band of the tire, and also in the tread pattern that is 

formed on the tread band of the tire. Compromises are also made in the 

mechanical properties of the whole tread. The desire to provide good 

handling properties in all types of weather conditions and temperatures and 

to obtain a smooth and comfortable ride have thus required less than ideal  
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selections in both the design of the tread pattern and in the compounds used 

to form the tread band. 

      It is also necessary for the tire tread to provide the vehicle with a smooth 

and comfortable ride. Tire treads that are designed for good handling tend to 

be made from stiffer compounds, which often give a harsher and less 

comfortable ride than softer, more pliable compounds. This can be a problem 

especially on long trips, because a harsher ride can contribute to driver and 

passenger fatigue [1,9].      

     Conventionally, attempts have been made to combine different 

elastomeric compounds in the construction of a tread band to meet the many 

demands imposed by conflicting requirements for tire performance. 

           

8-6- Optimization Concept 

                   For a tire, it is often desired to optimize one or more of a tire 

tread mechanical properties which can naturally lead to optimize the tire 

tread characteristic, such as abrasion resistance, hardness, skid resistance, 

rolling resistance, and other properties by the choice of varying a tire tread‟s 

rubber composition[1].  

     Accordingly, for high performance tires, an increase in the rate of wear or 

abrasion of the tread might be acceptable where very good wet and dry 

traction of a tire tread is desired. Thus, rubber compound compositions 

intend to emphasize very good wet and dry traction for a tire tread may, 

however, often exhibit a relatively lower resistance to abrasion, higher 

rolling resistance and lower snow traction, and higher brittle point. These 

formulations usually contain a higher concentration of SBR as a major 

component of the recipe composition for such tire tread.                     
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 8-2-   C OMPOUNDING: 

         Rubber compounding is essentially the science (and art) of selecting 

and combining ingredients to produce useful characteristics sufficient to 

perform satisfactorily under the conditions in which the end product is 

intended to be used. Perspective, the major factors influencing compounding 

decisions are cost, processing, and properties, not necessary that three factors 

are in the same importance [82]. In the rubber industry, the problem of 

selecting the basic raw materials for the preparation of a specific commercial 

product is usually assigned to the compounder [88].  

      This background is necessary since some of the processes involve 

chemical reactions, of which vulcanization is the most important besides the 

reflected properties which is an engineering materials matter. In addition, 

chemical and physico-mechnical tests are necessarily applied to the final 

product for evaluating and analyzing the proper selection of the basic raw 

materials on one hand, and to evaluate and analyzing the final product 

properties as recommended on the other hand. Making a balance between 

them is the mission of the compounders and researchers, besides concerning 

with production of a serviceable product at a reasonable cost. 

          So, compounding can be defined as a process of mixing the basic raw 

materials in a certain recipe to obtain desired processing characteristics, 

ultimate properties of the finished product, and the cost control [80]. 

        The object of compounding is to select the most suitable combination 

of materials in their correct proportion and to determine the treatment that 

the chosen combination shall undergo in the processes of mixing, forming, 

and vulcanization so that the finished rubber product is of the required  
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quality and is produced at the lowest possible cost. The operations of 

mixing, forming, and vulcanizing are the essential fabrication steps [86]. 

 

 

8-7  mathematical criterion  

      

     The optimization which is based on experience and global standards is 

that which fulfilled the tire tread requirements, and is well known used in 

rubber technology. Furthermore, for engineering applications and, in order to 

obtain fruitful optimization based on compromises of most mechanical 

properties. It is suggested to use a new criterion considered as mathematical 

evaluation for this work. This criterion which is designed depending upon 

the reference [82], has a product called Mujid Index. It is useful and can be 

used as a criterion in evaluation of performance for so many jobs in various 

fields. The basic use of such criterion recommended to consider the lower 

limits of Dunlop Co. standards as the base of optimization for mechanical 

properties obtained in this work. For having an equilibrium effect for each 

property requires multiplying by characteristics value suggested by the 

researcher with accordance of ASTMs and tire specifications of Dunlop [87] 

which can express the size and real effect of each property among others. 

Dividing by the lower limit of that property in standards would give the 

optimum base which can be used as the starting point of comparison for 

loading level in pphr for the rubber used in SBR tread recipe. This evaluation 

could be clarified by the table below: 
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Table (8-8) calculation table of mathematical criterion. [82] 

Property 

 

 

(x) 

Lower Dunlop 

standard limit 

 

(y) 

Characterist- 

ic 

value 

(w) 

x/y 

 for six steps 

(82-32)pphr 

(x/y)*w 

Multiplying by 

characteristics weight 

For each step. 

1.Tensile Strength 

(Mpa). 
82.22 7 Property/82.2 Property/1202×5=B8 

2.Modulus (Mpa) at 

322: Extension. 
7.22 2 Property/7.2 Property/702×4=B0 

3.Elongation(%) at 

Break. 
672 6 Property/672.2 Property/352×3=B6 

4-HARDNESS 

(I.R.H.D) 
32.22 0 Property/32.2 Property/6202×2=B2 

5-ABRASION 

Index 
803.2 3 Property/803.2 Property/12602×6=B7 

6-SPECIFIC 

GRAVITY 
8.887 8 Property/8.887. Property/10115×1)=B3 

TOTAL=MUJID 

Index 
   ΣBί 

Mujid Index= ΣBί=Σ(xί/yί)*wί [82] 

    

    This calculations table is conducted on all mechanical properties for each 

elastomer mixed with base tread rubber compound SBR as it  will be seen in 

appendix A, B, C and D. Increasing the values would give the degree of 

optimization with respect to the lower limits of standards even the control. 
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8-3-  TREAD RECIPE FORMULATION:  

  
        In order to aid the development of rubber compound, the various 

ingredients to be used are complied into a „recipe‟. Every recipe contains a 

number of components, each having a specific function either in processing, 

vulcanization, or end use of the product. 

        In general, the basic materials used in each recipe of tread rubber 

compound may be classified as follows and mentioned in the flow chart by 

the scheme (1-1) [ 87,83]. 

1- The elastomers (natural, synthetic, reclaimed rubbers). 

2- Vulcanizing agents, accelerators with available (sulfur, organic 

peroxide, secondary vulcanizing agents, accelerators with available 

sulfur, metallic oxides). 

3- Accelerators. 

4- Accelerator activators and retarders. 

5- Age resistors (antioxidants, antiozonants, protective waxes). 

6- Processing aids, plasticizers, softeners, takifiers. 

7- Reinforcing agents. 

8- Inert fillers and diluents. 

9- Special purpose materials (abrasive, blowing agent, colors, deodorants, 

etc.). 
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Scheme (1-1) flow sheet of the main ingredients of tire tread recipe  

 

         All the ingredients used are normally given in amounts based on a total 

of 122 parts by weight of the rubber or combinations of rubbers. This 

notation is general listed as pphr (parts per hundred of rubber by weight). 

Thus, when comparing different recipes, the effect of varying any ingredient 

used is easily recognized when the physico-mechanical properties or 

processing characteristics are compared. So, it is recommended that many 

different materials with specific purposes are used in every recipe. 

    Before attempting to formulate the tread recipes it is of course essential to 

become familiar with the all basic properties of the various polymers 

currently available and to blend appropriate. It is also very carefully 

considered the following points: 
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1. The finished product must meet the service conditions required and it 

is, therefore, important to obtain all recommended information 

accurately, right at the start of the operations. 

2. It is also very important that the compound is designed at the right 

cost especially when used cheaper elastomers such as NR, BR, CR, 

and EPDM rubber, the exception is only with CR which is a little bit 

cost, however, it is used with very small quantities sharing BR for 

each recipe.. 

3. Finally, any specified mechanical properties must be obtained 

consistently in the finished product and any improvement must be 

comparable with control and standard.                            

    For the being work, it is intended to use new formulations of passenger 

tire tread considered as recipe model which can be illustrated in table      

(1-2). This model is modified from the control model of tire tread recipe 

which is valid by the general state company for tires industries as shown in 

next table(4-3). The same ingredients are used in formulation table (1-2)  

except with CR/BR  formulation which included additional magnesium 

oxide (MgO) component. It is because vulcanization system of neoprene 

rubbers CR contains such material. 

     These new formulations of passenger tire tread carried out by blending or 

mixing certain types of rubber in pphr with the base rubber SBR. The 

addition of NR, BR, BR/CR, and EPDM rubbers to the base rubber SBR is 

performed by increasing the loading levels of those rubbers from 12 phr to 

62 pphr, by means of replacing an equal amount of SBR for each step by 

adding 12pphr.  

    Table (1-2) shows formulations model for each replacing rubber filled 

with three types of carbon black as follows: 
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TABLE (1-2) PASSENGER TIRE TREAD FORMULATIONS 
MODEL, SUGGESTED BY THE RESEARCHER INCLUDING FOUR                                       
RECIPES OF (11 TO 61 pphr) OF 4- Different Rubber Types WITH 

BASE RUBBER SBR-1512. 

                                                         

 

 

 

 

 

 

 

 

 

 

 

 

 COMPOUND pphr pphr pphr pphr 

8 SBR 8720 
92-12-72-32-

72-22 

92-12-72-32-

72-22 

92-12-72-32-

72-22 

92-12-72-32-

72-22 

0 Added Rubber  
NR/82-02-62-

22-72-32 

BR/82-02-62-

22-72-32 

CR/BR/82-02-

62-22-72-32 

EPDM/82-02-

62-22-72-32 

6 
Activator 

STEARIC ACID. 
8.7 8.7 8.7 8.7 

2 
Activator ZINC 

OXIDE. 
7.2 7.2 7.2 7.2 

7 
Anti-Ozonant 

(6PPD). 
8.7 8.7 8.7 8.7 

3 
Anti-Oxidant 

(TMQ). 
8.2 8.2 8.2 8.2 

7 PARAFFIN WAX 8.2 8.2 8.2 8.2 

1 PROCESS OIL 02.2 02.2 02.2 02.2 

9 
CARBON 

BLACK  N-332 
72.2 72.2 72.2 72.2 

82 
CARBON 

BLACK  N-339 
32.2 32.2 32.2 32.2 

88 
CARBON 

BLACK  N-375 
37.2 37.2 37.2 37.2 

80 

 
Accelerator (CBS). 8.8 8.8 8.8 8.8 

86 SULFUR 8.7 8.7 8.7 8.7 

82 MgO ---- ---- 8.3 ---- 

87 Retarder (CTP.122) 2.87 2.87 2.87 2.87 

83 Reclaim 86 86 86 86 
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8-7- THE   RESEARCH  PROBLEM   

     

      As it is known, climate in Iraq is very hot especially in summer season 

wherein the temperatures reach more than 72 ºC on the roads and more than 

122 ºC in the tire tread rubber. Thus, high temperature would lead to 

deterioration of the tire and the recommended physico-mechanical properties 

specified by Dunlop may not fulfill the requirements of passenger tire tread 

through this hot environment. Therefore, to maintain good mechanical 

properties for tire tread versus such severe ambient temperatures, it is 

essential to do an optimization by the following trends 

1. To try some other than SBR blends of rubbers that are known for their 

low-heat-buildup like natural rubber NR and/or elastomers that are 

known to be more temperature resistant such as chloroprene rubber 

CR and Ethylene-propylene rubbers EPDM or/and great heat                                                                                                               

stability and high abrasion resistance rubber like Polybutadiene 

rubber BR. 

2. To try medium-high structure carbon blacks (high abrasion furnace) at 

certain loading levels such as N-332HAF, N-339HAF-HS and          

N-375HAF.      

       In general, for the optimization purposes, it is recommended to study the 

case of variation of the tread rubber compound which represents the base 

rubber SBR in the tread recipe. A variation is carried out by means of 

substitution of (pphr) for four elastomers instead of an equivalent (pphr) of 

SBR in tread recipe. Each elastomer is used singularly (except with CR 

which is shared with BR), for six runs of loading level (12-22-32-42-52-62) 

pphrs with SBR of (92-82-72-62-52-42) pphrs.  
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8-7-8 THE   AIMS OF THIS  W2RK    

 

   The aims of this work are to optimize the effects of the blending 

and loading in pphr of various types of rubber with SBR, on 

physico-mechanical properties of passenger tire tread, where the 

SBR blended with:  

1. Natural Rubber NR,  

2. Polybutadiene Rubber BR,  

3. Neoprene Rubber CR mixed with BR , and  

4. Ethylene-propylene Rubber EPDM, 

By using three kinds of carbon black at specified pphr in each trend: 

1. High Abrasion Furnace N-662 HAF,  

2. High Abrasion Furnace High Structure N-669 HAF-HS, and  

3. High Abrasion Furnace N-677 HAF as reinforcing agents where 

these recipes are represented by four models as illustrated by 

tables (1-2). 

      This process is carried out by blending SBR with the mentioned four 

rubbers and keeping the other tread recipe ingredients those mentioned 

in control recipe table (2-6) fixed at their specified pphr.  

     To evaluate the results of this work obtained by these four formulation 

models, it is essential to compare with control properties being taken from 

using SBR lonely (122:by weight or 122pphr) as the base rubber in the 

control tire tread recipe which clarified by table (4-4), and with other 

standards of Dunlop Co. and state Co. of Babylon Tire Industry as shown in 

table (4-2). In addition, mathematical criterion is used for evaluating the 

compromising mechanical properties of tread rubber compounds as indicated 

in previous table (1-1). 
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0-   L ITERATURES SURVEY:  

            Many improvements have been made over the years in tread of 

pneumatic tires used on a car, sport utilities, vehicles, and other types of 

vehicles. While 220222 miles was once considered excellent life for a 

passenger car tire, improved tire tread manufacturing and components 

mainly the rubber blends have now extended this by a factor of two to three 

under normal conditions. 

         Experimental studies have been done on tire tread formulations 

surveyed as follows:  

         Takiguchi [87] reported carbon black-filled tire treads of BR/NR 

blends with butyl rubber IIR, Bromo-butyl rubber BIIR, or chlorinated-butyl 

rubber CIIR improved the modulus and hardness which results in improving 

of the  braking and traction performance on wet road surfaces compared to a 

SBR tread. Rolling resistance was improved, wear resistance was 

maintained. 

         Keller [81]studied carbon black-filled SBR/CIIR blends showing that 

as the percentage of CIIR was increased, rebound and elongation values 

decreased linearly and skid resistance increased linearly. Tire testing 

revealed that 32phr CIIR was needed for a 5: improvement in skid 

resistance. However, the relative tread wear was 4: lower than the SBR/BR 

control in a low-severity road wear test. 

         Hirakawa and Ahagon [89]evaluated carbon black-filled BR/NR/CIIR 

treads, concluding that lower hysteresis and equal or better wet skid 

resistance could be obtained by using CIIR. 

         Zanzig and his team [02]found that a pneumatic rubber tire having a 

tread of a rubber composition comprised of SBR and cis 104- polybutadiene 

rubber are typically compatible and therefore, for the rubber compositions  
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based  upon such compatible rubber blends, low temperature physical 

properties are typically sacrificed for higher temperature physical properties  

of the rubber composition. For example, a tire tread wear property may be 

typically comprised with an increase in wet traction property when such 

compatible rubber blend is used for a tire tread rubber compositions. Further 

more, the cold brittle point temperature, tensile strength, modulus and 

hardness of the tire tread rubber composition may typically be raised with an 

increase in wet traction when a compatible blend of such elastomers is used 

for the tire tread rubber composition to render the tire tread less useful at 

very low operating temperatures. 

         Halasa, A. Farhan [3]
 
 clarified in practice, the addition of a minor 

amount of natural rubber NR to the relatively high styrene containing 

styrene/isoprene copolymer elastomer SIR, in rubber composition, is 

considered to be normally useful to enhance uncured rubber composition 

process ability with minimum processing oil and processing additives which 

are considered to adversely offset abrasion resistance, and also considered to 

be important to contribute to tear resistance property and other mechanical 

properties for the tread rubber composition.  

        Takino and co-worker [08] reported that tire tread of SBR with 

CIIR/BIIR displayed the highest wet traction. Laboratory measurements 

showed that the tread had the highest volume loss. 

        Zanzig D., Aaron [00]conclude that, use of the combination of BR (in 

the minority) and SIR (in the majority) elastomer blend is considered to be 

important in order to optimize, for the tire tread, both abrasion resistance (to 

enhance tread wear), and hysteresis (to enhance traction). 

         Yamaguchi and co-workers [06], used bromo-butyl rubber BIIR in 

blends of BR/NR to improve the balance of wear resistance measured in the 

laboratory, coefficient of friction on ice and tire operating stability or on wet 

road surface during enhancing of tensile strength, modulus, elongation and 

hardness of the tire tread rubber composition.  
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        Fusco and Young [02], 

 
reported that the blends of SBR with BIIR in 

carbon black-filled compounds increased tire wet traction, but decreased 

tread wear. 

        Wilson [07]
 
showed increased compound wet traction based on 

laboratory dynamic properties using SBR and BR blends with BIIR; 

however, abrasion loss also increased. He concluded that poor abrasion is an 

inherent property of butyl rubber. 

        Mroczkowski [03]
 
studied blends of BIIR, star-branched bromo-butyl 

rubber (Br-SBB) and brominated isobutylene-co-para-methylstyrene (BIMS) 

in carbon black/silica-filled SBR/BR compounds. Increased (tangent delta)٭ 

values at low temperatures (-32 to 12ºC) and decreased tangent delta values 

at higher temperatures (>323C) were obtained compared to a carbon black-

filled SBR/NR/BR tire tread; laboratory abrasion resistance was comparable. 

 

 

 

 

 

 

 

 

 

 

 

 tangent delta;  tan δ=G"/G' Where G" and G' are the loss and elastic ٭

moduli, this relation is used with dynamic modulus of tread rubber 

compound, where increasing of tangent delta means increasing of rolling 

resistance and decreasing of abrasion resistance and vice versa. 
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        Costemalle, et al. [07]

 
reported that use of BIIR or BIMS increased the 

tangent delta values at (2ºC) of carbon black-filled emulsion- SBR (ESBR) 

and solution-SBR (SSBR)/BR compounds. 

        Zanzig, et al. [01]
 
evaluated BR, isoprene-butadiene rubber  IBR, and /or 

SBR blends with BIMS in silane-coupled silica-file compounds, and found 

increased tangent delta values at (2ºC). 

        Kadomaru and Nakada [09]
 
increased tangent delta at (2ºC) using 15phr 

BIMS in SBR. 

        Matsui and Ohhashi [62] improved tire snow/ice wet performance while 

maintaining wear resistance using BIMS with SBR.  

        Hojo [68] used with carbon black and silane-coupled silica-filled NR, a 

hydrazide compound with BIMS to lower the heat generation and improve 

the wet gripping property. 

        Blok and his companions [60] dealed with improving the process ability  

of the tire tread formulations which made by blending poly-butadiene rubber 

BR with high glass transition temperature, with high cis 104-polybutadyiene 

rubber of low transition temperature that offer ultra low rolling resistance 

without sacrificing skid resistance, good traction or tread wear 

characteristics. 

        Yoshihisa and Kiyoshige [66] studied silane-coupled silica-filled 

SBR/BIMS treads showing improved wet skid performance with comparable 

laboratory abrasion. 

        Heinrich, Gert, Hermann and others [62], their studding is directed to a 

rubber compound for tire treads rubbers, in particular, tire tread rubbers of 

racing tire, that can be produced easily and in manner less harmful to the 

environment and that provides high skid resistance (high coefficient, good 

grip) of the tires made wherefrom, combined with reduction in the hardness 

at elevated temperatures. 

       The rubber compound blends comprised of styrene-butadiene co-

polymer may be a solution polymerized as SSBR or emulsion polymerized  
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styrene-butadiene copolymer ESBR or mixtures of SSBR and ESBR may be 

used as well. Other type of rubbers can be compounded in tread recipe, such 

as ethylene-propylene-diene rubber EPDM, butyl rubber IIR, styrene-

isoprene-butadiene ter-polymer SIBR. 

        Sung W. Hong, [67] studied high vinyl content polybutadiene and SBR 

which provide improved wet traction while maintaining low rolling 

resistance. Solution styrene butadiene rubber (SSBR) and chemically 

modified solution styrene butadiene rubber have been developed specifically 

for lower rolling resistance and better wear resistance.    

        Ezawa [63] concluded that a single type or a combination of two or 

more types of natural rubber NR and or synthetic diene-base rubber 

((examples of the synthetic diene-base rubber include synthetic poly-

isoprene rubber (IR), poly-butadiene rubber (BR), styrene-butadiene rubber 

(SBR), acrylonitrile-butadiene rubber (NBR), chloroprene rubber (CR) and 

butyl rubber (IIR) )) may be used as a component of tire tread. This rubber 

composition will provide tread with improved abrasion resistance while the 

excellent performance wet roads and low fuel consumption exhibited by a 

tread using a conventional rubber composition containing aluminum 

hydroxide. 

        Sabey & Lupton [67] showed that butyl rubber compounds had the 

highest friction values and the lowest abrasion resistance on a variety of 

surface textures at all temperatures studied compare to NR, NR/SBR, SBR, 

oil extended-SBR, BR & EPDM elastomers. The skid resistance of the IIR 

compound maximized at about 32 ºC. 

       Heinrich [61] reported that IIR has a low glass transition temperature 

(Tg), but very good wet skid resistance based upon laboratory wet friction 

coefficient measured using pendulum skid tester. IIR is a notable exception 

to the the general rule that the higher the (Tg), the higher wet skid, tensile 

strength, modulus, the lower elongation, and abrasion resistance. 
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      Kikutsugi [69] showed superior grip and durability for a CIIR/SBR blend 

in high speed running tires as it is come from ultra-tensile strength and 

modulus. 

     Hara and Muraoka [22] reported that use of of BIMS increased wet grip 

performance and the "feeling of driver" in tire tests.  

     Noriko, et al. [28-20]  studied silane-coupled silica-filled BIIR/SBR and 

BIMS/SBR treads showing improved wet skid performance with comparable 

laboratory abrasion. 

      Walter, et al. [26-22-27-23-27]  reported BIMS use in place of SSBR in 

tread compounds improved the laboratory dynamics properties predictive of 

potential wet and winter traction, and rolling resistance. An all season 

passenger tire tread was modeled on the silica-filled BR-SSBR passenger tire 

tread formulation, and a passenger winter tire tread was modeled on 

formulations containing BR/NR34, BR/NR/SBR, BR/NR/SSBR and 

BR/NR/HIIR. This investigation evaluates the use of various isobutylene-

based elastomers with BR/NR winter passenger tire tread in both carbon 

black-filled and coupled-silica-filled systems. Particular emphasis is placed 

on the temperature dependence of tread compound dynamic properties 

obtained when the isobutylene-based elastomers are used, and effects on 

laboratory abrasion resistance. 

       Wei and Briggs [21] reported that the rolling resistance of a vulcanizate 

of given composition,(NR22, SBR32,BR22, SBR-LX32, carbon black 52 

phr) based on a mixture of elastomers, can be reduced by masterbatching the 

rubber individually, with carbon black, before mixing. The rolling resistance 

is minimized when some fraction of the total rubber in the compound 

contains little or no carbon black while the remaining fraction has a carbon 

loading that higher than average. When each of the constituent polymer 

masterbatches contains an equal loading of black, rolling resistance and 

hardness tend to be high. 
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     Experiments have also shown that SBR-LX cancan replace part of the 

natural rubber in a conventionally mixed compound with no reduction in 

rolling resistance, in spite of the fact that SBR is known to show higher 

hysteresis than natural rubber . it appears that the high initial Mooney 

viscosity of SBR-LX (high because of the labile cross-links) delays the 

acceptance of carbon black during the initial stages of mixing. Later, when 

the labile cross-links are broken, much of the carbon black has already 

become associated, and tends to remain, with the other polymers present in 

the mix. A similar effect was observed in the individually masterbatched 

components.  

      Stamhuis, et al. [29] showed that CARIFLEX, S-1212 and S-1215 which 

are two solution-polymerized styrene-butadiene rubbers (S-SBRs) can be 

used for application in tire treads. S-1215 imparts a high wet grip and a low 

rolling resistance to tire tread vulcanizates. Howevere, due to its 

comparatively high glass-rubber transition temperature (Tg), this rubber 

leads to reduced abrasion resistance when compared to S-1212- based 

vulcanizates in a similar recipe. The latter rubber also gives a low rolling 

resistance due to high elongation and low tensile strength and modulus, but 

its low Tg results in a reduced wet grip in comparison to S-1215-based 

vulcanizates. 

     The vulcanizates properties of these of two rubbers can be adjusted by 

blending with other rubbers ,e.g.,natural rubber, polybutadiene rubber or 

high-styrene emulsion polymerized styrene-butadiene rubber. 

      A special case is a blend of the two S-SBR types with each other, which 

constitute a miscible pair. This enables the compound and vulcanizates  

balance of properties to be tailored as if they were based on a sole rubber 

intermediate between S-1215 and S-1212 by choosing the appropriate ratio 

of the two rubbers. 
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      Cohen [72-78] reported that the copolymers of isobutylene and 

cyclopentadiene improved the wet skid resistance of a carbon black-filled 

SBR/BR tread compound. 

      Rogers [70] reported that the use of brominated isobutylene-co-para-

methylstyrene and silane-coupled silica-filled in butadiene rubber/SBR 

compounds afforded increased tangent delta values at 2 ºC and decreased 

tangent delta values at 62 ºC in the laboratory tests, with only slight 

reductions in tread wear based on tire tests using sectional retreads. 

      Kuman and Chandra [76] showed the influence of high Cis Polybutadiene 

rubber of different catalytic origins on physico-mechanical behavior of tire 

tread compounds, where they found that the 1, 4 cis content  of Cobalt-

polybutadiene (Co-BR) and  Nikal- polybutadiene (Ni- BR) was comparable. 

Stress-strain properties are better for Co-BR than that of the other. Abrasion 

loss was found to be comparable for all the BR studied. Co-BR showed 

better fatigue properties and a comparable heat development. 

      Guha & Biswas [72] disclosed that there are different types of elastomers 

available for usage in high heat resistant compound. These types of 

elastomers are used a lone or after blending with two or more of such 

elastomers for high heat resistant application depending on the field service 

conditions [77] these types of elastomers are generally known as thermo-

stable elastomer. They found that the retained physico-mechanical properties 

of the rubber compounds after high temperature aging tests are greatly 

influenced with the introduction of silicone rubber EVM (Vinyl type) in 

blends with EPDM rubber. It can be seen from the physico-mechanical 

properties of the compounded rubber that the unaged properties of blends 

generally meet all the requisite criteria.  
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3-    M aterials Used In Tread Recipe 

Formulation: 

 

6-8-  Elastomers: 

  

   The basic materials used as a matrix materials in tread recipe formulation 

are the following rubbers:  

 

6-8-8-  Styrene-Butadiene Rubber SBR-8720: 

                The most important synthetic rubber and the most widely used 

rubber in the entire world is SBR, a copolymer of STYRENE and 

BUTADIENE. Although the styrene-butadiene elastomers were originally 

manufactured during the World War II years as a rather mediocre 

replacement for the natural rubber, which was unavailable, they now stand 

on their own merits. A major reason for their popularity is cost. Quality, 

however, is also important since present day styrene-butadiene rubber often 

has better abrasion characteristics, and better crack initiation resistance than 

natural rubber. With their lower unsaturation styrene-butadiene rubbers also 

have better heat resistance and better heat aging qualities [73]. 

       In general, SBR can be produced by three polymerization techniques, 

cold emulsion, hot emulsion and solution polymerization. SBR1522 which 

used in this work is a cold emulsion copolymer of styrene and butadiene 

prepared at a low temperature, usually 53C .It is also called „cold SBR‟ 

which has properties superior to those of „hot SBR‟ especially in tire 

products including tire tread. 

        Polymerization for manufacturing SBR carried out by the chemical 

reactions by which the monomer molecules of styrene and butadiene are 

converted into polymer (SBR) molecules as shown bellow [77]; 
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          Butadiene      + Styrene →                  SBR    

 (CH0=CH-CH=CH0)+(CH0=CH)→[~CH0-CH=CH-CH0 –CH0-

CH~]n 

                                  C3H7                                             C3H7  

      

          SBR produced by emulsion polymerization usually contains about 23: 

styrene randomly dispersed with about 77: butadiene in the polymer chain. 

Most of the improving physico-mechanical properties and lower glass 

transition temperature of SBR is related to the high level of Cis, structure in 

the polymer, conversely to the vinyl structure[71]. 

        SBR used in the tread recipe which is manufactured by Turkish 

company petkim should fulfill the following requirements [79]:  

              Characteristics              Unit                   Requirements 

               Specific gravity (Typical)  gm/cm
3
             2092  

               Volatile matter                  %                     207 maximum 

               Ash content                     %                     1022 maximum 

               ETA extract                     %                    4075- 7075+stabilizer 

               Bound styrene                  %                    2305 ± 102 maximum 

               Organic acid                    %                     407-702 

               Stabilizer                         %                     Advised by supplier 

               Viscosity ML(1+4) 1223C                        5223           
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6-8-0-  Natural Rubber NR (SMR02):  

            NATURAL rubber is a naturally occurring Cis-poly-isoprene.  

 

                        [~ CH2-C = CH-CH2 ~]n  

                                        CH3  

       

           It consists of long, very regular hydrocarbon chains. At normal 

temperatures these chains are in constant thermal motion, which in the 

vulcanized rubbers the source of its elasticity. At lower temperatures, two 

phenomena occur which prevent this motion. At very low temperatures 

(about -723C) thermal motion stops and the rubber becomes glass-like, with 

rigidity typical of other glasses. The onset of this phenomenon occurs at 

somewhat higher temperatures and manifests itself by an increase in stiffness 

and hysteresis. The low glass transition temperature of natural rubber enables 

it to be at lower temperatures than many other rubbers [32,38]. 

       The regularity of the molecular structure of natural rubber enables it to 

crystallize relatively easily at sub-ambient temperatures, also causing an 

increase in stiffness and hysteresis [30]. If a rubber crystallizes in the 

strained state, complete recovery on removal of the load will not occur, and 

set will be observed [38,30]. The rubber will recover, however, when the 

temperature is raised sufficiently to melt the crystals. The rate of 

crystallization is greatest at about -253C and increases if the rubber is in the 

strained condition. The rate can be controlled by varying the vulcanizing 

system and the conditions (time and temperature) of vulcanization 

[30,36,32].  
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       The susceptibility of natural rubber to crystallization is not without its 

advantages, as strain-induced crystallization is responsible for the high 

strength of natural rubber vulcanizates over a wide range of temperature.   
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         The high strength properties combined with the low hysteresis make 

natural rubber a valuable general-purpose rubber. When suitably 

compounded, vulcanized rubbers prepared from natural rubber can be used 

over a temperature range of -62 to 122°C or more
 
. 

        Raw natural rubber is a tough resilient material at ambient temperature, 

but under stress it undergoes plastic or irrecoverable flow, particularly at 

high temperatures. By introducing a relatively small number of chemical 

links between individual polymer chains the plastic flow of the rubber is 

overcome, while the elastic recovery of the material is unimpaired. The 

insertion of these chemical cross-links is the process known as vulcanization 

[38]. 

     In addition to the low cost of NR, selection of this rubber to be used in 

tire tread for the present work is mainly referred to the application of NR 

in rubber products which gives the product very useful technical 

characteristics of very good tensile strength, high resilience, excellent 

flexibility and resistance to impact and tear, low heat-build-up which is the 

main reason after its selection for such optimization, plus good „green‟ 

strength and building tack. However, NR is less resistant to oxidation, ozone, 

weathering and a wide range of chemicals and solvents, mainly due to its 

unsaturated chain structure and non-polarity [32]. 

        This rubber has the following requirements [79]:  

      

         Characteristics              Unit                   Requirements 

                 Color coding                                                    red 

                 Specific gravity              Typical                  2092 gm /cm
3
 

                Volatile matter                    %                        205 maximum 

                Ash content                        %                        1.22 maximum 
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                Acetone extract                  %                        202-402 

                Dirt (45 microns)                %                        202 maximum 
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    6-8-6-  Poly-Butadiene Rubber BR:     

              POLYBUTADIENE rubber BR can be prepared in either emulsion 

or solution systems. Most is produced by solution polymerization. Three 

types of solution polymerized polybutadienes structure, those are high Cis, 

medium Cis, and Cis polybutadiene rubber, wherein the last type used in the 

tire tread recipe related to this work as seen in the following scheme: 

 

                                   [~CH0-CH=CH-CH0~]n 

 

         The mentioned structures also consist of mixed additional structures of 

trans and vinyl [37,33]. Present solution-polymerized Cis BR represents a 

compromise between process ability and performance. Because narrow 

molecular weight distribution and linearity, it displays low hysteresis loss, 

high resilience, and high abrasion resistance. However, such polymer does 

not mix well, and usually require special packaging because of high cold 

flow [37]. To obtain easy processing compounds, and to improve desirable 

properties, BR may be blended with some rubbers like NR [6,2].  

        Polybutadienes (BRs) rubber is usually vulcanized with sulfur curing 

system whether used alone or in blends [08]. BR is seldom used a lone, it is 

usually employed in the blends with other elastomers where it provides the 

desirable properties of the heat buildup and good resilience. It has excellent 

low and high temperature flexibility. Solution BRS are more resistant to 

oxidative scission than other rubbers and has great heat stability which can 

provide longer service life. This has become increasingly important in tires, 

which are subjected to continuous high temperature dynamic conditions 

[37,37].  
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       Tire service performance data for BR/SBR blends show how BR plus 

increased black and oil levels can be used to obtain better abrasion and 

chipping resistance than will SBR alone [31]. As mentioned before,
 
excellent  
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service properties of BR is after selecting this rubber in our work besides, it 

is usually cheaper than SBR. 

       BR to be used in passenger tire tread formulation which is manufactured 

by Turkish petkim has the following specifications [79]:         

           Characteristics              Unit                   Requirements 

                 Specific gravity              Typical              2092 gm /cm
3
 

                 Volatile matter                  %                    2075 maximum 

                 Ash content                     %                    2022 maximum 

                 ETA extract                     %                    1022 max.+stabilizer 

                 Stabilizer                        %                           As advised by supplier 

                 Butadiene configuration.  

                                              -Cis    %                    41 typical                

                                              -Trans %                   49 typical                    

                                              -Vinyl  %                   12 typical                   

                 Viscosity ML (1+4) 1223C                        43±5     

   

 

6-8-2-  Neoprene Rubber CR (Chloroprene): 

           Basically PlyCloroprene was introduced in 1931 by Du Pont and 

Thikol Corp., but it was unsatisfactory for tire when used alone especially in 

USA & Europe. This is because of it's poor mechanical properties at low 

temperatures [82].  

         NEOPRENE is the generic name to chloroprene polymers                (2-

chloro-103-butadiene), 

                          [~CH0─C=CH─CH0~]n 
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                                                CL 

      The monomer, from which all Neoprenes are made, is produced by two 

major processes, the first one used acetylene, and the other used butadiene. 
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Today, most chloroprene is produced from butadiene. Neoprene CR type 

(GRT) which was used in this work, is emulsion copolymer composed of 2, 

3-dichloro-1, 3-butadiene and is not peptizable.  

       Neoprene GRT is a sulfur-modified, crystallization-resistant, and 

stabilized with a thuiram disulfide and a non-staining antioxidant. 

Crystallinity is an inherent property of poly-neoprene rubbers [39,72]. It 

varies in degree as the neoprenes crystallize more readily and to a greater 

extent than others.  

       Carbon blacks filler are used extensively in the loading of practical 

neoprene compounds. Furnace blacks are used for greater mechanical 

properties. 

       Although Neoprene is not widely used in manufacturing tire tread 

because it is often costly and has unfavorable low temperature properties, it 

is used in this work as a mix with BR at very low content to enhance 

weather properties, improve abrasive & wear resistance and to fulfill the hot 

environment requirements. As it is known, most of the Iraq country roads are 

covered by asphalts except that in high express ways therefore, it is required 

to use neoprene rubber in tire tread where oil resistance is a desired quality 

especially with elevated temperature in summer season which may reach 

more than (122 ºC) in tire tread rubber during tire cycling.  

      Thus, this type GRT and some other neoprenes are general purpose 

where they used in a variety of elastomeric applications, particularly molded 

and extruded goods, tires, coated fabrics and gaskets [78]. 

        Processing techniques for neoprene are similar to those used for other 

general purpose rubbers. The most important consideration is to avoid pre-

cure or scorching. This can be done by holding heat history to minimum 
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through the use of short mixing cycles and by mixing at the lowest possible 

temperatures[70]. 

 

 

 

 

 

CHAPTER                                                      THREE   

 
        The vulcanization of neoprene compositions is dependent upon the 

presence of a metallic oxide; zinc oxide and magnesium oxide are used in  

most neoprene formulations. CR type GRT must be fitted with following 

requirements [79] 

 

          Characteristics              Unit                   Requirements 

                  Physical form                Chips                   ----       

                 Color                            Light amber           ---- 

                 Odour                          Mild                       ---- 

                 Specific gravity              Typical                 1023 gm /cm
3
 

                 Volatile matter                  %                      < 1022 maximum 

                 Ash content                     %                      < 1022 maximum 

                 ETA extract                     %                       5022 maximum 

                 Moisture                         %                        < o.5 

                 Crystalline rate                slow                     ---- 

                 Viscosity ML (1+4) 1223C                           36-55     
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6-8-7-  Ethylene-Propylene Rubbers EPDM: 

 

                     ETHYLENE-PROPYLENE rubbers are synthetic polymers of 

low density which have grown rapidly to the status of general-purpose 

rubbers though their outstanding resistance to oxygen, ozone and heat, 

coupled with ability to accept high loading of reinforcing agents, fillers, and 

plasticizers [76]. 

       They are designated by ASTM as “M” class rubbers, having a 

chemically saturated polymer chain of poly-methylene type which accounts 

for their excellent resistance to degradation. The polymers EPDMs are 

polymerized from ethylene, probylene and a small percentage of a diene 

which provides unsaturation in side chains pendant from the saturated “back 

bone” [72]. The type we have used is poly (ethylene- Co- Propylene- Diene), 

Polysar EPDM 345 which is a ter-polymer of ethylene, propylene and a non-

conjugated diene. The diene is ethylidene-norborene ENB. The typical 

ethylene/propylene ratio is 59/41 and the ENB contents are considered 

“Medium” for EPDM rubbers as shown bellow [78]: 

 

        [(~ CH2- CH2 ~)37(~ CH2- CH-CH) ~ diene~ ]n  

                                                    CH3  

 

          As the name implies, the two principle raw materials for ethylene-

propylene rubbers are ethylene and propylene. Both are readily available by 

reason of their very large volume use in plastics, fiber, etc. Several of these 

two monomers are used depending on the intended end use of the rubbers. 
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      High ethylene concentration in EPDMs results in highly thermoplastic 

characteristics. At room temperature, the raw rubbers are very hard and  
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would appear to have extremely high moony viscosities. However, at mixing 

and processing temperatures; they soften to „normal‟ properties[77]. In the  

same fashion, compounds of high ethylene EPDMs have high uncured „green 

strength‟ when cool and they mix, extrude, and calendar easily at elevated 

temperatures. 

       As is true with most elastomer, those EPDMs having a narrow bell-

shaped distribution curve of molecular weights will yield the highest 

physico-mechanical properties. However, they are more difficult to mix on 

open mills, and compounded stocks may extrude or calendar more slowly 

than desired. Some EPDMs achieve better processibility by including some 

polymer of medium molecular weight such as SBR. 

       The later generation EPDMs are faster curing than those which came 

first, so that the majority of those types now in regular use will cure readily 

in allotted cure cycle times without difficulty. If it is necessary to obtain even 

faster cure rates, or to blend EPDM with other unsaturated polymers without 

loss of curing speed, EPDMs with higher concentrations of the diene, 

ethylidene-norborene ENB, are used. However, relatively slow curing 

EPDMs can be blended with other polymers, as in the case of tire white 

sidewall compounds and tire tread compounds of this work, to lend ozone 

resistance and high temperature resistance. Likewise, high ethylene EPDMs 

offer special blend properties with other polymers. Generally speaking, 32 

ppm of an EPDM replacing an equal amount of NR or NBR in a formulation 

will impart satisfactory ozone resistance to the vulcanizate [78,76,77]. 

         It is essential to know that Ethylene-propylene rubbers are used in tire 

compounds, mainly in the cover strip and white sidewall portions. The 

substitution of EPDM, and Royalene 321T, in particular, for part of the 
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unsaturated polymers in these compounds improves the static and dynamic 

cracking resistance. Furthermore, an all-EPDM tire has been manufactured 

[73].  
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      Besides, low cost products due to low specific gravity of EPDMs, the 

combination of unusual weather and heat resisting properties, variety of 

grades, and ability to accept high loading of filler, reinforcing agents, and  

oils have led to widespread uses of EPDMs including tire tread compounds 

which is aspect of this work.  

          The following requirements are fitted to Polysar EPDM rubber [79] 

  

           Characteristics              Unit                   Requirements 

                 Physical form                Kg                     Bale 

                 Color                                                    White to Gray 

                 Odour                          Slight                  ---- 

                 Specific gravity            gm /cm
3
               2086 gm /cm

3
 

                 Volatiles matter                 %                    2.75maximum 

                 Volatiles at 1253C        WT%                    2032 

                 Ash content                     %                     2032 maximum  

                 Ash at 5523C              WT%                    2032 

                 Viscosity ML (1+8) 1223C                       32-42     

                 Stabilizer (A)                                           2015 

                 Flash point                      °C                    >322 

                 Free Monomers             ppm                    <12 Ethylene 

                                                     ppm                    <12 Propylene 

                                                     ppm                    825 Diene 

                 Antioxidant                    PIIR                    201 
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6-8-3-   Reclaimed Rubber. 

                A descriptive definition of reclaimed rubber is the product 

resulting from the treatment of ground vulcanized scrap rubber tires, tubes 

and miscellaneous waste rubber articles by the application of heat and 

chemical agents, followed by intense mechanical working, whereby a 

substantial “de-vulcanization” or regeneration of the rubber component to its 

original plastic state is effected, thus, permitting the product to be 

compounded, processed and re-vulcanized. Reclaiming is essentially de-

polymerization; the combined sulfur is not removed. The product is solid for 

use as a raw material in the manufacture of the rubber goods with or without 

admixture with natural or synthetic rubber [77]. 

        A scientific definition of de-vulcanization, based on a definition of 

vulcanization by Ira Williams [71], is: De-vulcanization is a change in 

vulcanized rubber which results in a decreased resistance to deformation at 

ordinary temperature. This definition disregards entirely any chemical agents 

or chemical actions involved. It requires only that the vulcanized rubber lose 

its elastic properties and become less resistant to compression, stretching or 

swilling. 

        The choice of the relative proportions of new and reclaimed rubber to 

be used in a compound depends completely upon its intended use. The of 

reclaimed in tire treads always results in a sacrifice of quality, e.g., abrasion 

resistance, whereas in carcass and bead insulations, reclaim produces no 

sacrifice in quality [79]. 

       Reclaimed rubber can play an important part in the function of general 

or specialized compounds especially as a softening agent with natural rubber. 
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Before the War it was used as an extender or cheapening agent, but at the 

present time it is used in its own right to confer special processing 

characteristics to specific compounds, e.g. to reduce nerve during processing,  
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to improve adhesion in certain rubber to metal bonds, and also to achieve 

good tack in friction compounds for use in so many rubber industries. 

Present day reclaim contains a fairly high percentage of synthetic rubber 

[12]. 

      Reclaimed rubber available produced from whole tires manufactured in 

the site which represent the mixture of SBR, NR, BR and IR. It has the 

following characteristics [79]; 

 
           Characteristics              Unit                 Requirements 

                Specific gravity              gm /cm
3
               1016 gm /cm

3
 

                Volatiles at 1253C            WT%                 2032 

                Ash at 5523C                    WT%                 12022 maximum 

                Viscosity ML (1+4) 1223C                         32-82     

                Total hydrocarbon rubber      %                   41-4 

                Isoprenic rubber content        %                   42 minimum 

                    (NR&BR)   

                Carbon black                         %                   18-28 

                Acetone extract                     %                   12-32 

                Chloroform extract               %                    12 maximum 

                Metal content                      mm/Kg             32 maximum                     
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6-0-   The Vulcanizing Agents: 

         

            These materials are necessary for vulcanization, since without the 

chemical cross-linking reactions involving these agents no improvement in 

physical properties of the rubber mixes can occur [70]. The type of cross-

linking agent required will vary with the type of the used rubber; anyhow the 

most common agent is sulfur, as it enters into reactions with the majority of 

the unsaturated rubbers to produce the vulcanizates. 

 

6-0-8- Soluble Sulfur (Rhombic Sulfur): 

 

               Sulfur was first used by Goodyear in 1839, but not surprisingly 

other elements from the same group in the periodic table as sulfur, such as 

selenium and tellurium will also function in a similar manner. These are used 

in specialized applications where good heat resistance is required [18].  

Sulfur is vulcanizing agent of a yellow powder with particle size nominally 

blew 152 microns. The dispersiblity in the rubber is added by controlling the 

concentration of particles bellow 45 microns. 

        The soluble sulfur has the following characteristics [79]; 

      

           Characteristics              Unit                   Requirements 

                Specific gravity              gm /cm
3
              2012 gm /cm

3
 

                Volatiles at 823C                %                    2052 maximum 

                Ash at 5523C                    %                     2022 maximum 

                  Sulfur content                      %                        9902 minimum 

                  Matter insoluble in toluene  %                        2052 maximum  

                  Mineral acidity (as H2SO4) %                       2025 maximum  
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                Iron content                 mg/Kg                322 maximum  

                Arsenic content           mg/Kg                502 maximum 

                  Chancel fineness                                             22-42 
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                 Residue on 182 microns       %                       2021 maximum 

                              dry sieve 

                  Residue on 152 microns       %                      1.22 maximum   

                              dry sieve 
                Passing 45 microns         %                   5202 maximum 

 

6-0-0- Magnesium Oxide (MgO): 

                 

                It consists of magnesium oxide (68:) and dispersible organic 

binder (32:). Magnesium oxide is used as vulcanizing agent for Neoprene 

Rubbers CR. A blend of fine particle magnesium oxide powder and organic 

binder formed into powder with white color and wrapped with low melting 

point polyethylene to provide protection against atmospheric moisture and 

carbon dioxide. Specifications bellow is fulfilled [79]; 

  

                  Characteristics              Unit                   Requirements 

               Specific gravity              gm /cm
3
           2.22 gm /cm

3  
 

               Magnesium oxide content   %                  6823 

               Calcium oxide content        %                  202 maximum 

               Loss on ignition at 8523C   %                  26-32 

               Volatiles at 1253C              %                 1022 maximum 

               Copper content              mg/Kg              202 maximum 

               Manganese content         mg/Kg              652 maximum 
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 6-6-   The Accelerators Used.  

              Second in importance only to the discovery of vulcanization was the 

discovery of the accelerators [10]. The rate of vulcanization of rubber with 

sulfur a lone was extremely slow and has largely affected by the type and 

quality of the rubber used. Therefore, in combination with vulcanizing 

agents, these materials which are used in tread recipe and other rubber 

compounds shorten the vulcanization time (cure time) by increasing the rate 

of vulcanization. In most cases, the physical and mechanical properties of the 

products are also improved [70] 

       The more active accelerators, the less sulfur is required in recipe and the 

lower is the minimum temperature at which the rubber compound can be 

cured in a reasonable time. Most accelerators have optimum limits of the 

concentration within which their effectiveness is most practical. The action 

of certain accelerators may be considerably influenced by other compound 

ingredients [16]. 

      The accelerators which have the widest application and are produced in 

greatest volume are the thiazoles and sulphenmides. They have the greatest 

ring in parts due to the combination of fast cure, good processing safety, high 

activity and solubility. One of these accelerators is CBS which has used in 

the tire tread recipe [12].  

   

6-6-8N-Cyclohexyl-0Benzthiozole 

Sulphenamide CBS: 

 

               A sulfonamide accelerator CBS is N-cyclohexyl-2-benzothiazole 

sulfonamide is used in the formulation of tread has the following properties 

[79]: 

           Characteristics              Unit                   Requirements 
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               Specific gravity              gm /cm

3
            1032 gm /cm

3
 

               Volatiles at 653C                %                  2052 maximum 
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               Ash at 5523C                    %                   2042 maximum 

                 Residue on 92 microns wet sieve %             203 maximum 

               Active matter                        %                       97 minimum 

               Melting point                       °C                       97-125 

                 Foreign matter (dirt)            %                      2025 maximum 

                 Free MBTS                          %                      2052 maximum 

                 Free cyclohexylamine          %                     205 maximum 

 

 

6-2-   The Activator Accelerators Used. 

       Zinc oxide and stearic (or other fatty acid) are generally found in all 

recipes based upon NR, SBR, BR, IR, IIR, and EPDM where they are used 

as activating materials and produce a uniform rate and state of cure in the 

compound.  

      However, they also appear in CR compounds but for different reasons. In 

this case, the fatty acid helps as an anti-roll sticking additive, whereas the 

zinc oxide is the vulcanizing agent. As well as zinc oxide, the oxides of the 

calcium, magnesium and lead (white, yellow and red respectively) may also 

be used, to confer special properties, such as increased water resistance in the 

case of the lead oxides [18].  

      In general, these ingredients form chemical complexes with accelerators, 

and thus aid in obtaining the maximum benefits from an acceleration system 

by increasing vulcanization rates and improving the final product properties 

[88].  
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6-2-8-  Zinc Oxide (2.070 Maximum Lead):  

             Vulcanization activator zinc oxide is a white powder or pellet in 

which the individual particles are predominantly nodular in form. The zinc 

oxide has the following characteristics [79]; 

 

                 Characteristics              Unit                   Requirements 

              Specific gravity                   --                 5.52 gm /cm
3
 

              Volatiles at 125°C                %                 2.25 maximum 

              Matter insoluble                 %                 2032 maximum 

                       in acetic acid 

                Zinc oxide content                %                    9902 minimum 

                Loss in ignition                     %                    205 maximum 

                Lead content                          %                   2025 maximum 

               Iron content                        mg/Kg                152 maximum 

               Cadmium content               mg/Kg                522 maximum 

               Copper content                   mg/Kg                12 maximum 

               Manganese content            mg/Kg                 22 maximum 

               Chloride content                     %                    2022 maximum 

               Matter insoluble                 %                  2.22 maximum 
                       in water 

               Mineral acidity                       %                     2.25 maximum 

               Nitrogen surface area            m
2
/g                  305-602 

               Particle size                          micron               below 102   
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6-2-0-  Stearic Acid (Iodine Value 

06Maximum): 

           

              Stearic acid is an organic acid used normally in combination with 

metal oxide (zinc oxide) to work as activating material for accelerators. Early 

researches have established the fact that rubber deficient in fatty acid is slow 

curing [88]. 

         Fatty acids of carbon chain length predominantly C16-C18. A white 

waxy solid is available as a powder, flake, bead or pastille. Production from 

fish oils (which may contain high concentrations of polyunsaturated acids of 

carbon chain length above C18) is not permitted since fatigue performance 

may be impaired [76,12]. 

            The stearic acid has the following characteristics [79]; 

  

           Characteristics              Unit                   Requirements 

               Specific gravity                   --                 2085 gm /cm
3 

               Titre value                         °C                 52-62 

               Iodine value                    gI2/122g           8 maximum 

               Acid value                       mg KOH/G       195-213 

               Saponification value         mg KOH/G        195-215 

               Ash at 5523C                        %               2012 maximum 

               Volatile matter at 65°C           %               2052 maximum 

               Mineral acidity                      %               2022 maximum 

               Iron content                      mg/Kg            5202 maximum 

               Nickel content                   mg/Kg            12202 maximum 

               Unsaponifible matter              %               102   maximum 
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6-7-   Age Resistors Used:  

             It is almost universally to add antioxidants and/or antiozonants to 

any polymer to impart improved and satisfactory aging properties in the 

cured compound. Some polymers, such as polychloroprene CR and 

especially butyl and EPDM already have well to excellent „build-in‟ aging 

characteristics, but even here it is usual and advisable to add small quantities 

of these rubber chemicals for maximum results. 

      The earlier antioxidants used to help natural rubber life prolongation 

were based on various aromatic amines and phenols, and even today such 

materials are still used. It is usual to use quantities of the order of 1 part to 

122 parts of polymer, but the amount obviously must and does depend on the 

service requirements of the product and also upon the actual basic polymer in 

the formulation. Some antioxidants are specific to the type of protection 

which they impart, and can be used to improve heat resistance, flex cracking, 

or improved resistance to weathering, which covers the attack of oxygen and 

ozone, plus ultraviolet light, temperature variations and moisture.  

       In addition to organic materials, various blends of 

microcrystalline/paraffin wax may be add, and in the correct quantity, 

dependent upon requirements, will bloom to the surface and form a 

protective surface film on the product. Provided the film is not broken, even 

some ozone resistance is imparted to the product. 

        Ozone attack, however, is more sever than oxygen attack, and whilst 

most antioxidants impart some ozone resistance to a compound, if ozone is 

known to be present then extra antioxidant/antiozonant protection should be 

given [18]. 

       In general, antioxidants, antiozonants, paraffin wax and other materials 

that are used to reduce aging processes in vulcanizates are called age 
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resistors. They function by slowing down the deterioration of rubber 

products. The deterioration occurs through reactions with some external  
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materials that catalyze rubber failure, i.e., oxygen, ozone, light, heat, fatigue 

and atomic radiation [88]. These external factors reduce the service life of 

the rubber compounds. Using of antioxidants like (TMQ) is reasonable. The 

amount of ozone in the air varies with geographical location and with season. 

The general concentration of ozone in air is about (2 to 6) parts per hundred 

million (12
8
). So, the rubber may undergo cracking without being 

compounded with materials that prevent ozone attack like (6PPD). Inasmuch 

as the attack of ozone is a surface phenomenon, the use of a paraffin wax to 

bloom from the rubber to form an impermeable surface coating is useful in 

preventing attack [17]. 

            

6-7-8 Antioxidant (TMQ):  

               The composition of antioxidant TMQ is polymerized              

(20204-trimethyl-1,2-dihydroquinoline).  

                                                 CH3                                     

                                                                        

                                                           CH3                                                    

                                           N   CH3 

                                           H                         n 

 

            It is a light brown solid of average molecular weight, typically 522, 

available as flakes or pastilles and having the following specifications [79]: 

 

          Characteristics              Unit                   Requirements 

               Specific gravity                   --                      1028 
 

               Ash at 5523C                        %               2042 maximum 
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               Volatile matter at 653C           %               2052 maximum 

                 Infra-red spectrum                               comparable with standard 

 

 

 

 

CHAPTER                                                      THREE   

 
                 Softening point                      °C                    82-92 

               Foreign matter                     %                 2025 maximum 

 

6-7-0-  Antiozonant (3PPD):  

               Antiozonant 6PPD is a material of composition                             

[N-(103-dimethylbutyl)-N
’
-phenyl-p-phenylenediamine]. 

 

    ` CH3─CH─CH2─CH─NH─           ─NH─           

               CH3            CH3 

            Antidegradant of purple-brown flake or pastille also is available as a 

liquid in heated drums. It follows the following requirements [79]. 

 

           Characteristics              Unit                   Requirements 

               Specific gravity                   --                      102 
 

               Ash at 5523C                        %               2032 maximum 

               Volatile matter at 653C           %               2052 maximum 

                 Infra-red spectrum                               comparable with standard 

                 Melting point                         °C                    44-52 

               Foreign matter                     %                 2025 maximum 
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6-7-6-  Protective Paraffin Wax:  

               Paraffin wax of a fully refined paraffin wax is macro-crystalline in 

structure, and should be a straight chain hydrocarbon with about twenty 

seven carbon atoms in the chain. Some cyclic paraffins should be present, 

but side chain branching should be minimal. It follows the recommended 

listed below [79]: 

 

 

              Characteristics              Unit                Requirements 

                Specific gravity                                        2.91  

                Ash at 5523C                    %                    2.12 maximum 

                  Copper content                  ppm                      12.2 maximum 

                  Solubility in toluene                                       complete  

                  Mineral acidity (as H2SO4) %                       2021 maximum  

                  Microscopic examination                              macro-crystalline 

                  Refractive index at 823C                                 104318 

                  Firmness at 423C                                         comparable standard                       

                  Kinematic viscosity at 993C  cst                       3097 
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6-3-   Processing Aids Used:   

 
       The processing aids or softeners are the materials can be added to 

rubber to either aid mixing, promote greater elasticity, produce tack, or 

extend a portion of the rubber hydrocarbon (without a loss in physical 

properties) [88].  

        Physical processing aids like process oil (paraffinic) do not react 

chemically with rubbers involved but function by modifying the physical 

characteristics of either the compounded rubber or the finished vulcanizate. 

In all cases, whether the softener is used as processing aids or to alter the 

finished product, it must be completely compatible with the rubber and the 

others compounding ingredients used in the recipe. 

      A processing aid plays one or more of the roles include the following list: 

1. Speeds up the rate of polymer breakdown and also controls the degree 

of breakdown. 

2. Helps to disperse the other compounding ingredients especially blacks. 

3. Helps to reduce nerve within the compound, and also shrinkage during 

subsequent processing. 

4. Can impart building tack to the compound. 

5. Improved and more stable compound processing, especially in the 

compound preparation and molding areas [13]. 
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6-3-8-  Process Oil: 

               Process oil (paraffinic) is highly saturated light spindle oil 

consisting essentially of saturated paraffin chains and has the following 

characteristics [79]: 

           Characteristics              Unit               Requirements 
                 Specific gravity                                      2086-2.89 

                 Ash at 5523C                    %                  2012 maximum 

                   Sulfur content                      %                     5202 maximum 

                   Matter absorbed by             %                     1502 maximum  

                   Concentrated sulfur acid 

                   Mineral acidity                   %                      2021 maximum  

                 Copper content               ppm               12.2 maximum  

                 Aniline point                      °C                      88.2 minimum 

                   Refractive index at 223C                              1049 maximum 

                   Mineral acidity                     %                     2.21 maximum 

                   Water content                      ppm                  2012 maximum 

                   Test for presence of detergents                     negative 

                   Flash point                           °C                   188.2 minimum   
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 6-7-   The Reinforcing Agents: 

         It is obvious that the use of rubber and elastomers largely depend on 

the action of reinforcing agents such as carbon black which is responsible for 

reinforcement effects. Reinforcement is only second to vulcanization as 

process used to enhance the mechanical properties of rubber compounds on 

one side and to make it a more useful material of commerce on the other 

side. 

     The general effects of carbon black on rubber properties are similar in all 

rubbers, being dominated mainly by surface area, “particle” size and 

“structure” level or aggregate size. High surface area, small “particle” size 

carbon blacks impart higher levels of reinforcement as reflected in tensile 

strength and resistance to abrasion and tearing. Higher hysteresis and poorer 

dynamic performance are the price paid for these improvements. Higher 

“structure” or aggregate size gives improved extrusion behavior, higher stock 

viscosities, improved “green” strength and higher modulus values[78]. A 

summary of the effects of carbon black “structure” and “particle” size on 

rubber processing and vulcanizate properties is listed in Table (3-1).  
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Table (3-1) [13] 

APPLICATIONS OF MAJOR RUBBER GRADE CARBON BLACKS 

ASTM N-Type Designation General rubber properties Typical uses 

N-112 
Super abrasion 

(SAF) 
High reinforcement 

Special tire treads, airplane, off-the-

road, racing tire; product for highly 

abrasive service 

N-222 
Intermediate super 

abrasion (ISAF) 

High reinforcement, tear 

resistance; good processing 

Passenger and off-the-road tire 

treads, special service tires 

N-339,N-347 

High abrasion high 

structure        

(HAF-HS) 

High reinforcement, modulus, and 

hardness; excellent processing 
Standard tire tread blacks 

N-375 

High abrasion 

medium structure 

(HAF-MS) 

High reinforcement, medium 

modulus, and hardness; excellent 

processing 

Standard tire tread blacks 

N-332 
High abrasion 

(HAF) 

Medium high-reinforcement, 

moderate modulus, good 

processing 

Tire belt, sidewall, and carcass 

compounds; retread compounds, 

mechanical and extruded goods 

N-326 

High abrasion low 

structure (HAF-

LS) 

Medium high-reinforcement, low 

modulus, high elongation, good 

fatigue resistance, flex resistance, 

and tear strength 

Tire belt, carcass, and sidewall 

compounds 

N-552 
Fast extrusion 

(FEF) 

Medium high-reinforcement, high 

modulus and hardness; low die 

swell and smooth extrusion 

Tire inner liners, carcass, and 

sidewall compounds, extruded 

goods and hose, inner tubes 

N-652 

General purpose-

high structure 

(GPF-HS) 

Medium reinforcement, high 

modulus and hardness, low die 

swell and smooth extrusion   

Tire inner liners, carcass, radial belt, 

and sidewall compounds, extruded 

goods and hose  

N-662 
General purpose 

(GPF) 

Medium reinforcement, medium 

modulus, good fatigue resistance, 

flex resistance, low heat buildup 

Standard tire carcass blacks, tire 

inner liners, and sidewall, sealing 

rings, cable jackets, hose, soling, 

and extruded goods; EPDM 

compounds  

N-722Series 
Semi-reinforcing 

(SRF) 

Medium reinforcement, high 

elongation, high resilience, low 

compression set 

Mechanical goods, footwear, inner 

tubes, floor mats, hose 

N-882 Fine thermal (FT) 

low reinforcement, modulus, 

hardness, hysteresis, tensile 

strength, high elongation, tear 

strength, and flex resistance 

Mechanical goods, gloves, bladders, 

tubes, , footwear uppers 

N-992 
Medium thermal 

(MT) 

low reinforcement, modulus, 

hardness, hysteresis, tensile 

strength, high loading capacity and 

high elongation 

Mechanical goods, wire insulation 

and jackets, footwear, belts hose, 

packing, gaskets, o-rings, 

mountings, tire inner liners 
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      Increased reinforcement, according to Dannenberg [17,11], has been 

defined as increased stiffness, modulus, rupture energy, tear strength, 

cracking resistance, fatigue resistance and most important abrasion 

resistance. 

     Reinforcing agents, especially carbon blacks, when they are properly 

dispersed in an elastomer, provides a high surface area uniformly distributed 

throughout the rubber matrix as is requisite for full reinforcement [11,19,92].  

Copolymer synthetics without reinforcing materials are too low in strength to 

warrant their consideration for use. For most types of service, relatively large 

amounts of materials known to increase  physico-mechanical properties must 

be presented in any given formulation. Reinforcing agents include basically 

various kinds used for this purpose; are carbon black, clay, talc, and silica. 

They are usually used toreduce the cost or to enhance certain properties such 

as hardness, tensile strength, tear and abrasion agents 

   The major kind of reinforcing agents is carbon black, the most important 

properties of carbon blacks are; particle size, structure, physical nature of the 

surface, chemical nature of the surface, and particle porosity[78]. Basic 

characteristics of carbon black are listed on table (3-2).  
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Table (6-0) [7] 

 

A- Particle Size: 

     The particles of carbon black are not discrete but fused “clusters” of 

individual particles [11]. The fusion is especially pronounced with very fine 

blacks. These aggregates can be seen in vulcanized rubber, so they appear to 

be the working unit. However, the reinforcement conferred by the black is 

not influenced to any extent by the size of unit but greatly by size of the 

particles within the unit. 
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B- Structure: 

     The term “structure” refers to the joining together of carbon particles into 

long chains and tangled three-dimensional aggregates. These primary 

aggregates can also form loose associations called “secondary structure” [7]. 

This latter is weak and much of it is lost during pelletisation and the 

reminder when the black is mixed into rubber. The higher the structure of a 

carbon black, the more irregular the shapes of the aggregates, hence the less 

these aggregates are capable of backing together. 

C- Physical Nature of the Particle Surface: 

     At the molecular level, carbon black is composed of very fine particular 

aggregates possessing an amorphous quasi-graphitic molecular structure. The 

edges of the graphic layer planes have unsatisfied carbon bonds which can 

act as chemical reaction sites [11]. Large particle carbon blacks like thermal 

blacks have less active site, as the layer plane surfaces are at the surface of 

the particle. 

    The surface condition of the furnace black is influenced by additives in 

manufacture, such as sulfur compounds, water, oxides of metal from the 

reactor and small amounts of refractory materials from the furnace. 

In case of thermal blacks produced in the absence of flame or air, the various 

organic functional groups are virtually absent[19]. 

D- Particle Porosity: 

       The surfaces of carbon black particles are smooth owing to the attack on 

them by high temperature oxidizing gases immediately after their formation. 

Oxidation takes place at “Non-Graphic” atoms and can progress into the 

particle to give pores [11]. 
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       In general terms, the smaller the particle size, is the poorer the 

processibility and the higher reinforcement. Reinforcement usually enhances 

tensile strength, abrasion resistance, modulus, and tear resistance, which is 

due to the finer particle size blacks.  

The carbon atoms can be relatively un-reactive if they are an integral part of 

the layer plane, more reactive if attached to hydrogen atom, and very reactive 

if present a resonance-stabilized free radical. 

 

E- Chemical Nature of the Particle Surface: 

      Carbon black consists of 92-99: elemental carbon. The other major 

constituents are (combined) hydrogen and oxygen. Hydrogen comes from 

original hydrocarbon and is distributed throughout the carbon black particle. 

The principle groups present are phenolic, ketonic and carboxylic together 

with lactones [92,98]. As heating in the range (422-16223C) is necessary to 

devolatilise carbon black, it appears that the surface groups are not 

physically absorbed but are chemically combined. In addition to the oxygen 

and hydrogen groups carbon blacks may contain very small amounts of 

sulfur depending upon the nature of the hydrocarbons used in their 

manufacture. 

Most of this sulfur is chemically combined and appears to be insert and does 

not cause cross-linking of rubber. 

      The role of physico-chemical nature of surface in the rubber 

reinforcement is still not fully understood. It has been postulated that a black 

with high structure gives a high modulus rubber, not because carbon black 

agglomerates restrict the cross-linked net work but because the high shear 

forces during mixing break these agglomerates down to give active free 

radicals capable of reacting with the rubber[7].  
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  In formulation concerned tread recipe three types of carbon blacks are used 

as seen next:   

 

3-7-1-  High Abrasion Furnace Carbon Black N-333 
HAF: 
 

               A carbon black produced by the furnace Process. Medium-high 

reinforcement, moderate modulus and good processing.  

         N-332 HAF has the following characteristics [79]: 

          Characteristics              Unit                   Requirements 

                 Specific gravity                                       1082 

                 Ash content at 5523C       %                    2075 maximum 

                 Heating loss at 1253C       %                    2052 maximum 

                 Fines content                   %                    1202 maximum 

                 Iodine number                mg/g                 8225 

                 DBP number                   CC/122g           12226 

                 Compressed DBP           cm
3
/122g           88  

                 Pour density                   g/l                    372232 

                 Tinting strength               %IRB              12325 

                 CTAB surface area          m
2
/g                8325 

                 Fines content bulk            %                   7(12) maximum 

                 Fines content bags            %                  12(15) maximum  

                 Loss at 1253C-bulk           %                  102 maximum 

                 Loss at 1253C-bags           %                  205 maximum 
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3-7-2-  High Abrasion Furnace High Structure Carbon 

Black N-339 HAF-HS: 
 

             A carbon black produced by the furnace process with the following 

specifications [79]: 

          Characteristics              Unit                   Requirements 

                 Specific gravity                                       1082 

                 Ash content at 5523C       %                    2075 maximum 

                 Fines content                   %                    1202 maximum 

                 Iodine number                mg/g                 9225 

                 DBP number                   CC/122g           12226 

                 Compressed DBP           cm
3
/122g           121 

                 Pour density                   g/l                    432232 

                 Tinting strength               %IRB              11225 

                 CTAB surface area          m
2
/g                9525 

                 Fines content bulk            %                   7(12) maximum 

                 Fines content bags            %                  12(15) maximum  

                 Loss at 1253C-bulk           %                  102 maximum 

                 Loss at 1253C-bags           %                  205 maximum 
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3-7-3-  High Abrasion Furnace Carbon Black N-375 

HAF: 

               A carbon black produced by the furnace process with the following 

specifications [79]: 

            Characteristics              Unit                   Requirements 

                 Specific gravity                                       1082 

                 Ash content at 5523C       %                    2075 maximum 

                 Fines content                   %                    1202 maximum 

                 Iodine number                mg/g                 9225 

                 DBP number                   CC/122g           11426 

                 Compressed DBP           cm
3
/122g           97 

                 Pour density                   g/l                    345232 

                 Tinting strength               %IRB              11525 

                 CTAB surface area          m
2
/g                9825 

                 Fines content bulk            %                   7(12) maximum 

                 Fines content bags            %                  12(15) maximum  

                 Loss at 1253C-bulk           %                  102 maximum 

                 Loss at 1253C-bags           %                  205 maximum 
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      6-1-   The Retarding Agent (CTP-822): 

            Occasionally, in order to meet specific and difficult requirements, 

compounds are produced which are extremely „scorchy‟ in their processing 

characteristics, and materials known as retarders may be added.  

           So, retarders are used to reduce the accelerators activity during 

processing and storage. Their purpose is to prevent scorch during processing 

and pre-vulcanization during storage. They should either decompose or not 

interfere with the accelerator during normal curing at elevated temperatures. 

In general, these materials are organic acids which function by lowering the 

pH of the mixture thus retarding vulcanzation [13]. 

        CTP-122 with the composition N-(cyclohexylthio) phthalimide has the 

following characteristics [79]:   

         

          Characteristics              Unit                   Requirements 

               Specific gravity                                            1032  

               Volatiles at 653C                %                   2052 maximum 

                Ash at 5523C                    %                   2042 maximum 

                 Residue on 92 microns wet sieve %             203 maximum 

               Active matter                  %                  97 minimum 

               Melting point                 °C                     89-95 

                 Foreign matter (dirt)            %                      2025 maximum 

               Residue on 92 micron        %                    2032 wet sieve 
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2-8-    I ntroduction: 

    Babylon tire tread recipe formulation (IT1262) as shown in table (4-1) 

[83], used Styrene-butadiene Rubber SBR alone as recommended by Dunlop 

Company to the general state company for Babylon Tire industry. The 

product of formula in table(4-1) is the phyisco-mechanical properties values 

for the passenger tire tread which are at least, the most suited(but not the 

same) to the conditions prevailing in Iraq country as suggested by the 

Dunlop Co., who is the supplier of Tire technology for the general state 

company for Babylon Tire industry [87]. This formulation of tire 

tread(IT1262) is controlled by critical values considered as critical properties 

which had been evaluated over a long period of Dunlop experience and 

reflect Dunlop conditions and test equipment as shown in tables (4-2) [87]. 

These critical values are given as standard for evaluation of physico-

mechanical properties.  

     Furthermore, the previous tire tread recipe formulation of Dunlop Co. 

mentioned in table (4-1), has been modified by the general state company for 

Babylon Tire industry with another one considered as a control recipe for 

this work. That recipe formulation composed of (12) twelve of different 

materials as shown in table (4-3),
 
where the base rubber is styrene-butadiene 

rubber SBR i.e used 122: SBR or 122 parts per hundred rubber compound 

by weight (pphr). Control physico-mechanical properties of this modified 

recipe can be seen in table (4-4).  
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TABLE (2-8) [83] 

Dunlop RECIPE (Basic) OF PASSENGER TIRE TREAD, 122 PHR OF 

SBR FILLED CARBON BLACK TYPE, N-375. 

 

TABLE (4-2) [17,16 ] 

COMPARATIVE PROPERTIES OF 033PHR SBR TREAD RECIPE FILLED 

WITH CARBON BLACK (HAF) RELATED TO the Standards of Dunlop  & 
Babylon Tires Company). 

 

 COMPOUND phr 

1 

 
SBR 1522 122022 

2 Activator STEARIC ACID. 102 

3 Activator ZINC OXIDE. 1052 

4 Anti-Ozinant (6PPD). 105 

5 Anti-Oxidant (TMQ). 2052 

6 PARAFFIN WAX 102 

7 PROCESS OIL 802 

12 CARBON BLACK  N-375 62 

11 

 
Accelerator (CBS). 102 

12 SULFUR 1075 

13 Retarder (CTP.122) 2015 

14 Reclaim 1202 

 Total 215095 

PROPERTY STANDARDS 

 2DR Curing at 185 Ċ 

ASTM-D2284-89 
Dunlop Babylon Tires 

1.Scorch Time (tS2) min. 101─107 102─108 

2.Cure Time (t92) min. 301─307 208─307 

3.Max. Torque (MH) dN.m 3102 Min. 2402 Min. 

4.Min. Torque (ML) dN.m 15082─2602 6-22 

 TENSOMETER ASTM-

412 
 

1.Tensile Strength (MPa)
*
 1202 Min. 1202 Min. 

2.Modulus (MPa) at 322: 

Extension 
702 Min. 702 Min. at 152: 

3.Elongation at Break (%) 352 Min. 275 Min. 

 HARDNESS 

Tester/ASTM-D2242-75  
62─66 59─72 

 Abrasion Resistance 

Index/B.S.923PTA-9 
52045*205=1260125 --- 
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TABLE (4-3) [83] 
CONTROL RECIPE(modified from basic recipe) OF 033 pphr   SBR 

TREAD RECIPE FILLED WITH THREE TYPES OF CARBON BLACK 

AT SPECIFIED (pphr). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 COMPOUND pphr pphr pphr 

1 

 
SBR 1522 122 122 122 

2 
Activator STEARIC 

ACID. 
105 105 105 

3 
Activator ZINC 

OXIDE. 
502 502 502 

4 
Anti-Ozinant 

(6PPD). 
1.5 105 105 

5 
Anti-Oxidant 

(TMQ). 
102 102 102 

6 PARAFFIN WAX 102 102 102 

7 PROCESS OIL 2202 2202 2202 

8 
CARBON 

BLACK  N-332 
7202 ---- ---- 

9 
CARBON 

BLACK  N-339 
---- 6202 ---- 

12 
CARBON 

BLACK  N-375 
---- ---- 6502 

11 

 
Accelerator (CBS). 101 101 101 

12 SULFUR 107 107 107 

13 Retarder (CTP.122) 2015 2015 2015 



 

- 83 - 
 

CHAPTER                                                       FOUR 

 
TABLE (4-4) [87] 

CONTROL PROPERTIES OF (modified recipe) 033PHR SBR TREAD 

RECIPE FILLED WITH THREE TYPES OF CARBON BLACK AT 

SPECIFIED (PHR). 

 

           The following chapter represents the technology approach of mixing 

and vulcanizing firstly, where they depend on the skill and experience of the 

worker in this field on one side, and the processing conditions on the other 

side, and the test results and  measurements secondly, which may be 

impaired by either instrumental or procedural defects, although the most 

testing equipments used are computerized.  

      Precision problems that had been encountered were reduced by unity in 

test material, proper sampling and an adequate control of test conditions. 

     Mixing and vulcanization as it is known today are the result of the 

considerable work, efforts and contribution of countless workers in this field, 

since the discovery of vulcanization in 1839 by Charles Goodyear. Thus, 

during mixing operation, in addition to uniform dispersion recipe ingredients, 

a definite time, temperature and order-of-addition schedule was followed for  

 

PROPERTY CARBON BLACK 

 2DR Curing at 185 Ċ 

ASTM-D2284-89 

N-332 HAF 

72 pphr 

N-339 HAF-HS 

62 pphr 

N-375 HAF-LS 

65 pphr 

1.Scorch Time (tS2) min. 1024 1026 1032 

2.Cure Time (t92) min. 2098 3013 3011 

3.Max. Torque (MH) dN.m 2806 2802 28043 

4.Min. Torque (ML) dN.m 505 602 505 

 TENSOMETER  tests 

ASTM-412 
 

1.Tensile Strength (MPa)
*
 15052 1401 14026 

2.Modulus (MPa) at 322: 

Extension 
7012 902 802 

3.Elongation at Break (%) 388 352 365 

 HARDNESS 

Tester/ASTM-D2242-75   
6302 6405 6402 

 Abrasion Resistance 

Index 
4404*205=111 49*205=12205 44042*205=111 
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each batch. Vulcanization was also carried out with accordance of 

standardization. 

Also, during experimental work, some points were emphasized as follows; 

1. The processing methods of preparing raw materials, weighing, mixing 

and sampling are carried out with proper way. 

2. The in-process and final testing of the finished product so as to ensure 

consistency is valid and accurate. 

3. Vulcanizing system used is well known which can bring out develop 

and maximize the ultimate properties of the materials used.  

4. The capability of preparing tread recipe that composed of right 

materials cost. 

The work has also faced some troubles as follows; 

1. There is no chance to compare the test results carried out in laboratory 

with that on the road, because it is too costly and required much time. 

2. Raw materials stored by Babylon Tire Co., especially the chemicals 

may not with suitable storage temperature recommended by the 

supplier. 

3. Most of the polymers (elastomers) were in the storage for long period 

which may affect the results. 

4. Mixing with open mill is not efficient as in Bumbory where closed 

mixer is better than an open mill. 
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2-0-    Mixing and Vulcanization: 

2-0-8-  Mixing: 

           Very briefly, the open mill mixing process is to masticate the 

polymers until an even and smooth band is formed around the front roller. 

The fillers and oil are added alternately followed by any small additions and 

finally the vulcanizing materials. During the whole operation, cutting and 

blending by hand rolling is carried out. So mixing is the first stage in the 

conversion of rubber and its compound ingredients into finished products 

[98]. It is particularly important in that it affects both the behavior of the 

compound in the subsequent forming operations and the performance of the 

finished product. There are three basic mixing methods, open mill, internal 

batch, and continuous. 

       Each tire tread recipe had one of the formulations mentioned in tables 

(1-1), was mixed by mill mixing way, where milling is the popular method 

used to mix rubber compounds in small batches especially in the 

laboratories, however, using of internal mixer such as Bumbory mixer 

machine is more efficient due to lower power consumption and better 

ultimate dispersion.  

      The mixing was carried out on available laboratory mill, rolls dimensions 

are: outside (152mm), working distance (322mm), speed of the slow roll (24 

rpm) and gear ratio (104). The roll mill has the facility of controlling the gab 

distance between the rolls and the rolls temperatures. The program of mixing 

is given in table (4-5). The mixing operation was executed on two stages. 

The first one (І) is called master batch consists of rubbers (including 

reclaimed), activators, antioxidants/antiozonants, reinforcing agent (carbon 

blacks) and process oil. 
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    The second stage (ІІ) is called the final batch which consists of the 

previous master batch, curing agent (sulfur), retarders and accelerators. In 

case of mixing CR with SBR the procedure is somewhat different, wherein 

CR needs firstly process oil to impart smooth mixing and blending with 

SBR. Then, for more efficient mixing adding of reinforcing agent is 

preferable followed by the other ingredients.  

        The conventional mixing procedure is to add process oil in the end of 

the first stage with carbon black in order to have optimum dispersion for the 

recipe ingredients. Adding of curing agent, accelerators and retarders at the 

end of the process is to prevent pre-vulcanization which may occur due to 

elevated temperatures. 

        In general, and in all operations it is most important to avoid pre-cure or 

scorching as a result of too much heat history. This means short mixing 

cycles at the lowest possible temperatures. Accordingly, mixing cycles call 

for activators, stabilizers, antioxidants, fillers with processing aids, and 

finally, accelerators and/or curing agents [13]. 
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TABLE (2-7) 

SCHEDULE 2F MIXING CYCLES 

No. Mixing Steps Period 

minutes Stage (І) Master Batch 

1- 
Passing rubbers through rolls several times with decreasing a mill 

roll opening to 202 cm, at 723C. 
1 

2- 
Adding reclaimed rubber to the rubber in step -1- then banding 

with mill opening 102cm to 202cm for several times. 
3 

3- Adding of stearic acid. 1 

4- Adding of zinc oxide. 2 

5- Adding of 6PPD, TMQ, and Paraffinic Wax. 3 

6- 
Banding with gab 203cm and cutting of 3/4from each side for 

homogenization. 
3 

7- Adding half of each carbon black and process oil. 4 

8- Adding the other half of each carbon black and process oil. 4 

9- Making three ¾ cuts from each side for homogenization. 3 

-                                              Stage (ІІ) Final Batch  

12- Cooling the master batch to the room temperature.  

11- Adding the sulfur to the master batch. 1 

12- Adding the accelerator (CBS). 1 

13- Adding the retarder CTP-122. 1 

14- Banding the recipe with mill opening at 203 to 201 cm. 1 

15- 
Sheeting the batch to a minimum thickness of 206 cm at 92-

1223C. 
5 

16- Cooling the batch to room temperature.  

 TOTAL 33 
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 2-0-0-    Vulcanization: 

              In general, vulcanization is the industry term used to describe the 

process whereby rubbers are reacted with chemicals, usually in the presence 

of heat, to convert the uncured states into the generally accepted “Rubbery” 

or “Elastic” state. Natural rubber NR, SBR, polyisoprene IR, butyl IIR, 

EPDM rubber, nitrile NBR rubbers and others all react with sulfur and sulfur 

bearing chemicals to achieve this. However, with Neoprenes CR metallic 

oxides such as zinc oxide and magnesium oxide serve as the vulcanizing 

agents [18,13]. 

    After tread rubber compounds had been properly mixed on the mill and 

shaped into sheets. The sheets were left for a certain time before vulcanized 

in clean polished molds in a vulcanizing press.   

During vulcanization, the following changes occur: 

1. The long chains of the rubber molecules become cross-linked by 

reactions with the vulcanization agent to form three-dimensional 

structure. This reaction transforms the soft weak plastic-like material 

into a strong plastic product. 

2. The rubber loses its tackiness and become insoluble in solvents and is 

more resistant to deterioration normally caused by heat, light and 

ageing processes.  

   In general, the vulcanization process implied that the vulcanizing press was 

primarily heated by electric source from 32 to 222 213C and then, the empty 

mold was brought to vulcanizing temperature within (213C) in the closed 

press and held at this temperature for at least 22 minutes before the uncured 

(unvulcanized) sheets were inserted. The press was capable of exerting a 

pressure of 42 tones on the mold surfaces during the period of vulcanization. 

However, the sheets were vulcanized at different temperatures range and 

periods according to ASTM and Standards specified by the manufacturer 

Dunlop Company [79], and depending on the type of recommended test. 
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2-6-  Laboratory Physico-Mechanical Tests 

      Physico-Mechanical testing involves measurement and evaluation of 

physico-mechanical properties. This could include certain categories of tests 

have emerged as being satisfactory adjuncts to development, research, 

quality control of production, and acceptance of rubber finished products 

[90]. The methods chosen here are mostly those that have been standardized 

by The American Society for Testing and Materials (ASTM), which have 

been specified by manual instructions of Dunlop Company [79]. 

          Those tests are achieved to ensure that the recipe: 

A- Are of the correct formulation. 

B- Have suitable uniform processing 

characteristics, and 

          C- Predicting the major tire tread 

characteristics such as abrasive & wear 

resistance, hardness, traction, rolling 

resistance, skidding resistance and other 

properties.     

     The above three items can be checked as follows; 

Item (A) is checked by measuring: 

8- The maximum torque (MH) generated by an Oscillating Disc 

Rheometer (ODR). 

0- The hardness and specific gravity of the cured compound. 

These two tests can give an indication that formulation is designed with 

proper way i.e. phr of the recipe ingredients are active and 

recommended by the most standard formulations. 

Item (B) is checked by measuring: 
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8. The viscosity (minimum torque ML) of the uncured compound 

on an ODR. 

0. The scorch and cure time (tS2&t92) on an ODR. 

These two tests reflect the processing ability of the whole materials 

that formed the recipe besides, it determines pre-curing time and  
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perfect curing time required for completion the vulcanization process 

of tread compounds [96].  

Item (C) is checked by measuring: 

8. The tensile strength of the cured compound by Tensometer. 

      This test is very important for predicting the strength properties such as 

tear resistance, fatigue resistance, loading capacity and traction especially 

when the tire undergoes unlikely conditions like under recommended 

inflation pressures, irregular rotation of the tire and driving principally on a 

relatively rough road surface at high speeds. 

0. The modulus of elasticity at 322: extension of the cured 

compound which can predict with abrasion resistance the mileage of a 

tire [73]. Modulus is also predicting the handling characteristics such 

as good driving especially during cornering.  

6. The elongation (extension) percentage % at break which can 

predict low temperature performance, resilience and heat buildup 

leading to impart the rolling, skidding resistance  and traction where 

grip is inversely related to elasticity where the more elastic rubber 

cause in lower traction and vice versa [07,09]. 

2. Abrasion resistance. It is a measure of tread wearing that 

determines the tire life. 

7. Hardness which provide good traction and good handling 

characteristics for the tire tread however, it tends to give a harsher and 

less comfortable ride than softer [62,68,60]. 
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   The testing procedures that followed are based on the test equipment which 

is used in Dunlop factories. The equipment items used are Monsanto ODR-

2222 instrument, Monsanto Densitron tester, (Wallace Dead Load) Hardness 

tester, Akron abrasion tester, and Monsanto Tensometer T12 tester. 
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 2-6-8-    Rheometer (ODR) Tests: 

            The need for an instrument to make measurements of some cure-

dependent property continuously while cure is taking place and at curing 

temperature so that a curing curve can be produced with good precision has 

been satisfied with the cure meters, especially the Oscillating Disc 

Rheometer or ODR-2222 [30,12]. Tests carried out by ODR were: 

Maximum Torque (MH in dNm) which is a measure of modulus, Minimum 

Torque (ML in dNm) which is a measure of viscosity of the blend, Scorch 

Time (tS2), is the time in minutes at which torque is (202 Nm) above ML and 

Cure Time (t92), is the time in minutes at which torque is ML+209(MH-ML). 

scheme (4-1) shows the measured properties by Oscillating Disc Rheometer 

ODR. 
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scheme (2-8) flow sheet of the measured properties by ODR. 
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      The samples were prepared by cutting uncured compound sheet to give a 

test piece of constant volume. This test had been done according to     

ASTM-D 2725 & D2284-89 [97].  

      The ODR apparatus is usually used for testing the curing characteristics 

of compounded rubber samples as already mentioned in A and B. It has a 

heated and seal die cavity that contains an oscillating disk. The disk moves 

through a small arc that exerts a shear strain on the compound as it cures. 

The sample changes in stiffness as the chemical process proceeds and the 

resultant torque on the oscillating disk is measured with strain gauges and 

transferred to a recording system. This can take the form of a visual display, 

printed record and monitored comparison with computer assistance. A 

smooth continuous curve of the change in torque is automatically checked at 

pre-set values of time and stiffness [93].  

      These values were compared with standards of Dunlop and state 

company of Babylon tires. Time required for vulcanizing the sample was       

(6 minutes) at 1853C [79,93].   
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2-6-0- Tensile Strength, Modulus, and 

Elongation% Tests: 

          The stress-strain test in tension, including ultimate tensile and 

elongation, is probably still the most widely used test in the rubber industry 

[97]. The tensile, modulus and elongation properties of rubber depend both 

on the materials and the conditions of test, such as extension, temperature, 

humidity, specimen geometry and environmental or mechanical 

preconditioning. Therefore, rubbers were compared only when tested under 

the same conditions [91], and that really happened for the different recipes of 

tire tread. 

        Tensile Strength: This is defined as the force per unit of original cross-

sectional area which is applied at the time of rupture of the dumbbell test 

specimen fig.(4-1). It is calculated by dividing breaking force in Newtons by 

the cross-section of unstressed specimen in square meters. 
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Fig. (2-8) Dumbbell sample for rubber test piece. 
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        Modulus: The term modulus, or stress, is used to express the amount of 

pull in Newton per square meter required to stretch the test piece to a given 

elongation. It expresses resistance to extension, or stiffness in the vulcanized 

rubber. 

      Once again, in the common parlance of rubber technology the stress 

required for a given elongation is used to represent the material stiffness. 

This quantity is called the modulus. A 322: modulus, for example, means 

the stress required to produce a 322: elongation. In mechanical engineering 

usage, however, the term modulus is defined as the ratio of stress to strain. If 

this ratio is constant the material is said to be obey Hook's law and the 

constant is called Young's modulus or modulus of elasticity. In practice, the 

term Young's modulus is often used to represent the ratio of stress to strain 

even in situations where it may vary with change in elongation [97]. 

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

to stretch without breaking. To describe this property as measurement, it is 

more accurate to refer to it as “ultimate elongation”, since its value, 
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expressed as percent of the original length, is taken at the moment of the 

rupture [99]. 

     Tensile strength and elongation properties serve as an index to the general 

quality of a rubber compound. Rubber compound less than 609 MPa in 

tensile strength are usually poor in most mechanical properties and those 

with tensile strength over 1507 MPa are usually good in most mechanical 

properties [91].The above three tests were carried out by using Monsanto 

T12 Tensometer equipment and according to ASTM-D412 [79].  
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Monsanto T82 Tensometer Equipment: 

         This testing equipment  is controlled by a microprocessor together with 

a plotter and pneumatic sample holder. It is designed for testing tensile 

strength, modulus and elongation percentage at break as seen in scheme      

(4-2).  

 

 

Scheme (2-0) flow sheet of properties tested by Tensometer T82 tester. 
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    This microprocessor together with a plotter and pneumatic sample holder 

assists in obtaining a written record of each test more independent of the 

operator, who supplies dimensional and identification information and fits 

the test piece in the testing equipment before starting the test. This gives 

improved consistency compared with manual methods of measuring 

extension and mechanical methods of measuring loads. 

 In addition to above equipment, the following are also required [79]: 

1. Wallace sample press. 

2. Dumbbell die-BSI, type 1/ASTM type C. 

3. Micrometer dial gauge. 

       Dumbbell die sample has advantages of its easy preparation, breakage in 

a predetermined area, means for following the elongation, and the immense 

accumulated background[822]. 
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 2-6-6-    Hardness Test: 

            In most widely used hardness tests, the resistance of the material to 

the surface indentation under rigidly standardized conditions is measured by 

pressing a hardened indenter of standard shape into the surface of the 

material under specified load. The area of indentation or the depth of 

penetration is measured and designed a numerical value such as IRHD and 

shore units. The objective of a hardness test is to measure the elastic modulus 

of the rubber compound under condition of small strain. This test is 

conducted on rubbers in accordance with ASTM D2242-75, D1415-68, and 

D531-78. For metals and certain plastics and rubber the most common 

methods bear the names of Brinell, Vickers, and Rockwell [828]. 

4-3-4-     Specific Gravity Determination: 
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        The consideration of the compound volume rather than weight is a very 

important thing, it is employed in compound design and cost, in calculating 

the correct weight to fill an internal mixer of given capacity. 

       When the compound formulation, the types, amount and specific 

gravities of the rubber and the other ingredients of recipe are known, it is 

quite simple   to calculate the specific gravity of the compound. 

       Determination of specific gravity yields for Archimedes base which 

states that the apparent loss in weight of a body immersed in a liquid equal to 

the weight of the liquid displaced [826].When the weight of the body and the 

weight of equal volume of water is known, therefore the specific gravity can 

be determined which is, by the definition, the ratio of.  

          Weight of a given vol. of body/Weight of equal vol. of water 

Thus, S.G = [Wt. of body in air/(Wt. in air–Wt. in water)] * S.G of liquid 
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2-6-7-     Abrasion resistance test: 

           This property in rubber may be defined as the resistance to wearing 

away by rubbing or impact in service [99]. 

      Many laboratory tests have been devised and investigated, but practically 

all of them have been found deficient in one way or another when it comes to 

serving as a tool for predicting service life. This is because the conditions of 

the road are some thing different from that in testing abraders [30]. 

      Wear involves removal of surface material which, for tire tread, includes 

such divers mechanisms as removal of chunks by cutting, high speed, tear, 

degradation of surfaces to low molecular weight material which can transfer 

to opposing surface, and even degradation to gaseous products.  

     In general, there are four broad categories of tire tread wear depending on 

the different wear mechanisms which may coexist simultaneously.  
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These are as follows [822]:  

1- Hysteresis wears. 2- Abrasive wear. 3- Wear due to squirming motion.  

4- Tread reversion. 

      Temperature is, of course critical to each of these mechanisms and the 

temperature cycle at the tread surface during a tires rotation on the pavement 

is not well known. In spite of these problems, abrasion resistance tests can be 

useful if the range of validity is recognized.     

     High tire operating temperatures are caused by the thermo-mechanical 

stresses produced within the tire, especially when driving at high speed and 

on curvy roads, and tend to reduce the life of the tire. At low temperatures, 

the elastomeric compounds of the tire tread tend to wear less, but also 

provide less friction with road and, thus, reduced handling performance. At 

higher temperatures, some of the performances are increased but resistance 

to wear is degraded [8]. 

     This test was carried out in accordance with British standard B.S 923 

PTA-9 by using Akron Abrader.  
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7-8-    Introduction 

             Tread is one of the most important part of the passenger tire because 

it undergoes mechanical wear, heat build up, and whether conditions besides, 

it is responsible for wet and dry grip, rolling, high friction coefficient and 

taking part of safety drive.  

     Evaluating of those characteristics above and others could be predicted by 

physico-mechanical properties of tread rubber vulcanizate as previously 

mentioned in chapter four article (4-3) page 62. For scheduling results and 

discussion purposes they are grouped into two main categories in accordance 

with the testing procedure.  

      Cure or Rheometric properties is the first category which implying 

scorch time, cure time, maximum and minimum torques. Scorch time (ts2) is 

the time for the torque to increase 202N.m above the minimum torque, where 
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cure time (t92) is the time for the torque to increase above the minimum 

torque by 2092 of the difference between the maximum and minimum torque 

readings in general, it is also defined as the time required during the 

vulcanization step for the compounded rubber to reach the desired state of 

cure. Maximum torque (MH) is a measure of stiffness (modulus & 

hardness) of the rubber, and thus varies with number of cross-links as 

vulcanization proceeds, and minimum torque (ML) is usually a measure of 

rubber compound viscosity.  

     The second category is the physico-mechanical properties including 

tensile strength, modulus, elongation, hardness, abrasion resistance and 

specific gravity. In order to improve those major mechanical properties it is 

necessary to optimize the recipe of the tread rubber by means of 

blending one or more types of elastomer in (phr)s with the base rubber 

SBR using different kinds of carbon black. 
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      In this work optimization is mainly concerned with the mechanical 

properties,  however, "cure properties" is also optimized to ensure that the 

process-ability and formulation acceptability are within the standard limits 

and be comparable with control properties. 

      Comparison has conducted on the properties which have been tested in 

the laboratory and mentioned through the chapter of experimental work, with 

control recipe properties specified in previous table (4-4), which have taken 

a single elastomer (SBR8720) as the base rubber compound filled with three 

black types on one side, and also with standard properties mentioned in table  

(4-2), by the Dunlop Co. and State Co. of Babylon Tires on the other side. 

For easier comparison control properties are also listed on all result tables in 

the following chapter. Comparison has also made in between the similar 

properties depending on the type of reinforcing agent (carbon black),  

meeting the most effective values on the range between upper and lower 
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limits of standards. Obtaining better values than control properties is the 

target of optimization. 

Optimization is agreed and significant: 

8. when the followings reach extreme values (around the upper limits): 

A/ scorch time ts2 and maximum torque MH. 

B/ tensile strength, modulus, and abrasion resistance. 

C/ Elongation percentage. 

0.  when the followings reach lower values (around the lower limits): 

 A/ Cure time t92 and minimum torque ML. 

 B/ specific gravity. 

    Optimization of hardness is more suited with the average between upper 

limits and lower limits of standards. In general, the optimization which is 

based on experience and global standards is that which fulfilled the above 

requirements, and is well known used in rubber technology.  
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5-2-  Effect of Increasing Loading Level (amount) of NR in 
Tread Recipe (NR/SBR) Filled with three Blacks              
  

5-2-1: Introduction 

        Generally, natural rubber NR (SMR22) can be vulcanized with other 

unsaturated elastomers to broaden the range of properties available to the 

tread rubber compound. Blends of NR with other rubbers are a very useful 

way either to replace a particular rubber or extend the allocation of a 

particular rubber [823].  

       As a chemical analysis blending of NR and SBR gives rise almost to 

block copolymers. Blends of NR/SBR are expected to be heterogeneous 

since NR and SBR are different both physically and chemically [823]. 

Difference in physical properties would increase non-uniformity in mixing as 

shown by some investigators [827]. 
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      NR/SBR blends or recipes lead to improve some properties for some 

extent, and then improvement decreases or becomes stable at the final 

loading level steps, this is referred mainly to the over cure (reversion) which 

often associated with NR vulcanizates. Reversion can be avoided by 

modifying accelerators and/or accelerator activators which tend to elongate 

the vulcanization period. In this work this faults can not be avoided because 

the recipe ingredients can not be changed other than elastomer. Changing of 

any type of ingredients leads to increase the variables which may deviate the 

object of this work.     

      As ageneral, guide synthetic rubbers require more accelerators and less 

sulfur than does natural rubber. This is because in the polymer chain there is 

a proportion of non-vulcanisable structure which does not require sulfur and 

in say, SBR; this reduces the reactivity of the butadiene sections of the chain. 

There is also an important and noticeable difference between SBR and 

natural rubber with regard to the smaller difference of speed between various 

classes of accelerator. This is what could be described as ultra fast in NR and 

become medium fast in SBR [13]. As formulation is considered with no  
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chance for changing parameters other than those mentioned in the objective 

of this work, the above recommendation is not exactly executed which lead 

to affect the mechanical properties. 

    Effects of increasing amount of NR can be shown with more details 

through the following properties:  

 

5-2-2- Cure Properties: 

       Results on tables (5-2, 3, 4) as indicated in appendix A illustrated the 

cure properties of model NR formulation of tread compound as be shown in 

previous table (1-2) filled with blacks N-332HAF, N-339HAF-HS, and      

N-375HAF respectively.  
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       It is obvious that the increasing of NR in SBR blends by means of 

replacing the same pphr of SBR for 6 runs in recipe, affects the cure 

properties which could be discussed as follows: 

Comparison & Evaluation. 

1. It is recommended to have a comparison for the results 

obtained in table (5-2) with the control properties taken from 

the control recipe of 122phr or 122wt%SBR and with Babylon 

and Dunlop Co., standards. 

The mentioned results can show; 

  Reducing the scorch time from 1024 to 10218 minutes and cure time 

from 2098 to 2071 minutes is clear by the data above. It can be seen 

that there is a gradual reduction in scorch and cure time values with 

respect to the control data begin from 2
nd

 run until the last run. 

Comparison with standards specified in previous table (1-2) shows 

that scorch time is matched with the most range of the same specified 

data recommended by the Babylon Tire Co. and Dunlop Co., however, 

all runs (12-62) phr of NR have not met the upper limit of those  
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standards. It is the same thing for cure (vulcanization) time which is certainly 

applicable to the standards especially with Babylon Co. standard. Reducing 

of scorch and cure times is primarily referred to the effects of NR loading. 

Basically, fatty acids are normally present to 1-2 wt% in natural rubber. 

Hence, increasing of fatty acid in recipe leads to shorter scorch time and cure 

time. Furthermore, high unsaturating degree of NR is also responsible for 

accelerating the vulcanization process [821]. 

 Maximum torque (MH) has increased from 3102 to 32053dNm through 

the first (3 runs) of NR loading levels, and then decreased for the last 

(3 runs), ending with 2802dNm. Also, the minimum torque (ML) which 

gives an indication to the viscosity of the blend (recipe) has directly 

increased from 5055 to 6051dNm.   
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 In case of comparison of maximum and minimum torque with control, 

it is found that they are acceptable by both standards. Maximum 

torque has increased by 1053dNm above the minimum limit of 

Babylon Tire Co. imparting good modulus of tread rubber compound. 

Meanwhile 52/52 and 62/42 runs are shown corresponding values to 

the control. The inherent reversion of NR is after the reduction of 

maximum torque [88]. 

 Minimum torque increases gradually with respect to control and 

minimum limit of Babylon Tire Company. In fact, high Mooney 

viscosity of natural rubber leads to those results [30]. 

 

2. Variation of cure properties mentioned in table (5-3) above 

depends mainly upon loading level of NR, as NR increases in 

recipe, scorch time decreases and cure time decreases as well, 

this gives an indication that both of them are shortened as 

follow;   

 Decreasing scorch time and cure time from 1.26 to 1022 minutes and 

from 3.12 to 2072 minutes respectively. Since, the cure properties  
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show acceptability with limits of standards and control for all runs, 

vulcanization and formulation of those recipes have correlated relation in 

proper way. 

 Raising the values of maximum and minimum torques through the 

range of loading NR from 2902 to 31011dNm and from 6027 to 

6082dNm respectively. Over cure due to increasing NR in recipe 

causes either stiffening or softening the rubber compound. 

Consequently, causes either increasing or decreasing in the maximum 

torque [96]. 
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3. Table (5-4) clarifies the results of increasing NR loading level 

from 12 to 62 pphr in tread recipe NR/SBR shows the 

followings; 

 Values of scorch and cure time gradually decrease from 1025 to 1011 

minutes and from 2082 to 2026 minutes. It can be seen that scorch time 

and cure time have decreased less than control, but they are still within 

the limits of the other two standards except for cure time which 

deviates for the last two runs. Deviation under the lower limit of 

Babylon Co., standard is mainly attributed to NR amount and carbon 

black type. 

 Maximum torque slightly increases with the first (3 runs), and then 

decreases for the other (3 runs), initial and final values are 29052 and 

28078dNm. Minimum torque is directly proportional with NR loading 

by increasing from 5054 to 6098dNm for (6 runs). Decreasing of 

maximum torque for the last three runs is the same for that reported 

with N-332.  

 

 

 

 

 

CHAPTER                                                       FIVE   

 

5-2-3- Mechanical Properties: 

       Tables (5-5, 6, 7) as indicated in appendix A illustrated the physico-

mechanical properties of tread rubber with NR filled with blacks N-332HAF, 

N-339HAF-HS, and N-375HAF as previously reported in table (1-2).  

     Properties of recipe used SBR alone have to be considered as control 

properties. Recipes were prepared by the increasing amount of NR with 

corresponding decreasing of SBR in tread rubber compound have been used 

for the optimization purposes; however, increasing of NR in tread recipe 

requires more sulfur and fewer accelerators than with SBR alone which may 

affect the recipe properties [829]. Optimization can be achieved through a 
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comparison with the control and the other two standards. So, the following 

effects could be discussed. 

Comparison & Evaluation. 

1. Table (5-5) reports down the following results of increasing 

NR loading level from 12 to 62 pphr in tread recipe NR/SBR ; 

 Tensile strength has risen significantly during 32/72---52/52 runs, and 

then reduced for the last run 62/42 phr. A comparison with control 

clarifies an important advantage through that range of NR loading. If 

those properties of 6 runs compared with the other standards, it is 

obvious that the increment is higher than minimum limit of Dunlop & 

Babylon Co. by amount of 8098MPa which represent about 92: 

enhancement above the lower limit. 

 In the same way modulus has increased for the first three runs more 

than the control, and then slightly decreased for the last three runs. 

Comparison with control shows 3.8MPa an increasing value of 

modulus, and when comparing with standards the modulus increased 

30935MPa with respect to minimum limit. Improvement of tensile 

strength and modulus in existence of NR is due to the ability of the 

vulcanizate to crystallize readily on stretching. The crystallites thus 

formed function as reinforcing agents. Decreasing the tensile and  
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modulus especially at the last step is referred to the lack of sulfur which is 

formulated basically for122phr of SBR, besides, reversion phenomenon 

accompanied with NR during vulcanization [829]. 

 Elongation percentage at break has increased directly for all runs. 

Increasing of elongation is more effective if compared with control 

and it is nearly one half the standard minimum value at the last run. As 

elongation is an inherent property of NR, therefore, it is reflected on 

the NR vulcanizates with other rubber such as SBR. 

 Hardness increases slightly for 6 runs indicating a range of increasing 

starting with 63 to 64 (I.R.H.D) upper the control hardness. However 



 

- 127 - 
comparison with standards leads to have acceptable results matched 

with the range of those standards for all runs. More cross-links of NR 

with sulfur and SBR cause in such hardness [96]. 

 Abrasion resistance index increases for all 6 runs exceeding Dunlop 

standard especially at the 6
th

 run and imparting a remarkable 

advantage, also it can be noticed a large increment comparing with the 

control. Low heat buildup and high resilience of NR is after such 

increasing of abrasion index [96]. 

 Specific gravity indicates a little bit reduction especially through the 

6
th

 run; this is due to lower specific gravity of NR if compared with 

SBR a lone [882]. Results are accepted by Babylon requirements 

because of covering most of its range, but can not be comparable with 

Dunlop standard because being out the range.  

2. Table (5-6) expresses the following results of increasing NR 

loading level from 12 to 62 pphr in tread recipe NR/SBR ; 

 There is a noticeable increasing of tensile strength starts with 

16028MPa, then continues till 160636MPa before reaching 150662MPa 

at the 6
th

 run. If compare the raising of tensile strength to the control 

property, it can be seen a medium difference between the control and 

first run by amount of 2MPa, meanwhile the other runs is serially  
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increased by a little amount. When the tensile strength for six runs is                        

with black N-332, except that increasing of tensile here is slight because 

joining of crystalline rubber NR and high structure black      N-339 always 

gives such result [38]. 

 Modulus has a significant increasing in magnitudes for all runs, if 

compare with the control. However, it is more effective than other 

minimum limits of the standards by 3.2MPa especially through 4
th

 & 

5
th

 runs. 

 Elongation percentage gradually increases with significant difference 

in values until 4
th

 run, and then reverses for the other consecutive runs. 
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Comparing with the control shows about 62: improvement at the 4

th
 

run, this gives an indication that elongation has been advanced, 

meanwhile comparing with the standards indicates a significant 

enhancement. Increment of elongation percentage often comes from 

introduction of NR in tread recipe, resulting in good resilience and low 

hysteresis, and thus reduces heat buildup [827]. 

 The available results reflect a little progress of hardness particularly at 

5
th

 and 6
th

 run comparing with control. When comparison has done on 

these data with respect to standards, it is clear that they are within the 

limits for each one and having 1105: development of the lower limits. 

Increasing of hardness may refer to high structure of reinforcing agent 

N-339 besides more dense cross-links of NR due to increasing of 

loading level [821]. 

 Abrasion index increases with large rate for the final four steps 

indicating a great improvement comparing with standards and control. 

It is essential to have such important optimization that contributes in 

extending the tread life. 

 Specific gravity is often decreased but with a higher rate if compared 

with that filled N-332, this is because of the higher specific gravity for  
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Carbon black N-339, however the specific gravity is still fitting the 

standards. 

3. Table (5-7) shows the following results of increasing NR 

loading level from 12 to 62 phr in tread recipe NR/SBR ; 

 Tensile strength has increased directly with the increasing of NR 

loading level for all runs showing a remarkable improvement. 

Increasing of tensile strength indicates clearly the great role played by 

NR on the recipe properties. Increment of tensile strength is 3801% of 

the control particularly at 6
th

 run (62/42).Comparison with the two 



 

- 129 - 
standards tensile strength is nearly twice the minimum limits which 

clarify a strike advantage.  

 Modulus has increased in the same manner of tensile strength but with 

simple graduate if compared with control modulus. Comparing with 

standards shows sensible increase by about 1069MPa above the lower 

limit. 

 It can be seen that increasing of NR level accompanied by similar 

increasing of elongation percentage. Elongation characteristic has been 

improved for all runs if compared with the control and standards. 

Evaluation of this result is the same as mentioned with N-332 & N-

375.  

 It is quite apparent from the data presented in the table (5-7) that 

optimization covers most of the mechanical properties mentioned 

above. Nature of NR and recommended properties of black N-375 

have taken part to appreciate for such optimization. 

 Increasing of hardness has conducted on the last 4 runs if compared 

with the control; besides it is agreed with other standards. Increasing 

has occurred in simple amount for the last 4 runs due to the medium 

structure of reinforcing agent N-375 [88]. 
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 Results of abrasion index go up from 113 to 148 and appear a medium 

increment if compared with standards, meanwhile comparing with the 

control shows a large improvement. 

 It is clear that specific gravity has fitted the Babylon standard and 

being relatively stable for the most runs. Existing of equilibrium 

between NR and SBR specific gravity amount and N-375 loading may 

create like this result [829].  
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5-2-3- Comparison of Mechanical Properties of   

NR/SBR Filled with Three Blacks 

 

5-2-3-1-Tensile Strength; 

        Figure (5-1) shows the tensile strength property of tread rubber 

compound [NR/SBR] reinforced by three types of black, N-332HAF, N-

339HAF-HS and N-375HAF.  

FIG.5-1 Tensile Strength Versus(phr)s of NR Filled 3-

Types of Carbon Black
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      It can be seen from the figure above that the tread rubber compound 

(NR/SBR) with 6 gradual increments of NR has different tensile strength 

depending on the reinforcing agent (carbon black). Tensile strength of recipe 
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filled with black N-375 has good advancement if it is compared with other 

recipes filled with N-332 and N-339 respectively. This is referred to the  
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nature of NR and black N-375 that has a small particle size and medium 

structure where the role of structure reverses itself depending on whether the  

polymer (rubber) is crystalline or amorphous. In other word, the small 

particle size and medium structure blacks with crystalline polymer provide 

high tensile, meanwhile; the same black characteristics with amorphous 

polymer provide low tensile strength [888].  

 

  -0-6-0- Modulus; 

     Figure (5-2) indicates modulus of elasticity of three types of tread 

compound rubber (NR/SBR) each one filled with specified carbon black. 

FIG.5-2 Modulus Versus (phr)s of NR Filled 3-Types 

of Carbon Black
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         The above figure clarifies the comparison between moduli referred to 

three tread recipes. It is noticeable that the recipes filled with black N-339 
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have increased modulus along NR loading level. This is normally attributed 

to the high degree of black aggregates (high structure) where “the higher  
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structure   blacks produce the higher modulus” [888]. Recipe filled with N-

375 shows a simple gradual increasing of modulus, because it is classified as  

medium structure black. Modulus of recipe filled with N-332 shows an 

improvement nearly at mid loading level of NR before it goes down for the 

end of loading. Interpretation of this improvement refers preliminary to 

higher loading (72phr) and low structure of N-332 and susceptibility of NR 

to crystallization [882]. Collapsing of N-332 modulus attributed to sulfur 

vulcanization systems which give in particular lower moduli and increase 

compression set [38]. 
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-0-6-6- Elongation Percentage @ break; 

      Figure (5-3) expresses the elongation percentage for three individual 

tread recipes (NR/SBR) reinforced by blacks N-332, N-339 and N-375. 

FIG.5-3 Elong.% Versus (phr)s of NR Fil led 3-

Types of Carbon Black

350

400

450

500

550

600

10 20 30 40 50 60

N R LEVEL (phr)

E
L

O
N

G
A

T
IO

N
 %

 A
T

 B
R

E
A

K

N-330(70 phr)

N-339(60 phr)

N-375(65 phr)

 

       The increase of elongation percentage for the blends is remarkable; blend 

with N-332 and N-375 has a significant advancement if compared with       

N-339 blend. This may attribute to the amount and nature of reinforcing 

agent. Like modulus properties, elongation is basically a function of carbon 

black structure, with higher elongation produced with lower structure blacks 

and vice versa [77]. This can be appeared in blends of low elongation those 

have high structure black N-339. Also, elongation affected by (Tg) of the 
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rubber as for low (Tg) having by NR which improve mechanical properties 

along wide range of temperatures [38]. 
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-0-6-2- Hardness; 

FIG.5-4 Hardness Versus (phr)s of NR Fil led 3-

Types of Carbon Black
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    Figure (5-4) shows the hardness of three recipes each filled with one type 

of carbon black. 

         A curve used to indicate the compound rubber filled with N-339 

discloses properly the increase of hardness with loading level of NR; 

meanwhile other recipes of N-375 and N-332 respectively have also 

proportional increase if they are compared with each other and have less 

degree comparing with recipe of N-339. Evaluation of these results depends 

mainly upon amount and type of reinforcing agent used on one side, and on 

the natural rubber characteristics on the other side. With carbon blacks 
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hardness is controlled by structure, particle size and loading with higher 

structure blacks producing the highest hardness at equal particle size [77].  
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-0-6-7- Abrasion Index; 

      Figure (5-5) declares the abrasion resistance index of three rubber mixes 

filled with three blacks. 

 

          Abrasion depends on various factors and no one laboratory test method 

can be expected to simulate the different service conditions in which rubber 

components such as tires operate [30]. 

      As it can be seen from figure (5-5) that the  abrasion resistance of three 

tread rubber compounds have an improvement in such away they have got 

FIG . 5-5  Abrasion Index Versus  ( phr ) s of NR Filled  3 - 
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proper optimization starting with recipe of N-339, N-375 and N-332 serially. 

The increase of abrasion resistance is basically related to the NR 

specifications and high structure black N-339. This is because the furnace  
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black (N-339) is made from oil instead of gas. These oil blacks have a 

greater tendency to form carbon gel and bound rubber, which lead to better 

abrasion resistance [77].  

5-2-4- Mathematical Evaluation: 

     As it is known in rubber technology not all the mechanical properties 

could be optimized in the same level for the rubber compound, thus, 

compromise is recommended. To carry out such compromise a mathematical 

evaluation is used as a new criterion for evaluating most of the mechanical 

properties for each recipe. During this criterion, it is easily recognized the 

most optimized recipe which contains the typical properties by tables          

(5-5, 6, 7)A, appeared in appendix A and the following figure 5-6. 
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Fig.(5-6 ) Compromising properties versus 

NR increment in recipes of 3-blacks
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          It can be seen from the three tables 5-5 up to 5-7 and figure (5-6)   that 

compromising properties is clearly associated with recipe of 32/72 PHR for 

black N-332, meanwhile recipes 52/52 and 62/42 PHR show compromising 

properties for blacks N-339 & N-375 respectively. Improvement of total 

mechanical properties refers preliminary to the susceptibility of NR to 

crystallization[77,882]. 
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5-3- Effect of Increasing Loading Level (amount) of BR in 
Tread Recipe (BR/SBR) Filled with three Blacks              
 

5-3-1: Introduction. 
        Early in the development of solution polybutadiene rubbers it is noted 

that these polymers have certain desirable properties when compared to SBR 

and NR. These included a high tolerance for extender oils, excellent abrasion 

resistance and outstanding hysteresis properties [880,886]. It is also 

compatible with SBR producing great elasticity and good resistance to 

stiffening at low temperatures [33]. 

     Blends of BR/SBR can show excellent carbon black wetting and 

dispersion. Addition BR to SBR at low loading level improves traction on 

icy and snowy roads, while mixing with high loading level improves traction 

in service without wet skidding if it is used with higher level of carbon black 

and oil [880,882]. Blends of BR/SBR can show also fast curing comparing 

with SBR a lone. This is because sulfineamide accelerators are basically 

designed for SBR vulcanization, thus, for BR these accelerators are more 

efficient resulting in over cure vulcanizates. We have to mention a noticeable 

fact that the vulcanizing agent sulfur must be more than that in model BR 

formulation which specified by single SBR [77]. So, for this reason the 

mentioned properties may be affected. 

     

5-3-2- Cure Properties        

        Tables, (5-8), (5-9) and (5-12) indicate the results of cure properties of 

model BR formulation for tread compound as be shown in appendix B; 

The following discussion is carried out: 

Comparison & Evaluation.      
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      It is obvious that the increasing of BR in SBR blends (BR/SBR) by 

means of replacing the same phr of SBR for 6 runs (12/92----62/42) in 

recipe, and for three kinds of black affects the cure properties as follows: 
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 Scorch time and cure time are normally shortened as BR increases in 

BR/SBR recipe for blacks N-332, N-339 and N-375 respectively. 

They are faster than control property and matched the Babylon Co. 

standard limits, however, final two runs of N-339 and three runs of N-

375 cure time are being out the standard range. As blends of black N-

332 have longer scorch time if compared with N-339 & N-375 blends. 

So it can be considered more save than others. 

 Basically, the combination of rubber kind, vulcanizing agent, 

accelerator, activator, accessory materials chosen for a particular 

compound determines its curing rate [77]. This can give an indication 

for the effects of BR compound rubber and kind of black on the 

mentioned tabulated results. In general, the reduced curing time results 

in cost savings, and the amount of over cured rubber at the surface of 

tread is reduced [77]. 

 Maximum torque and minimum torque have increased in gradual steps 

with increasing level of BR in recipe. They perform adequately the 

standard requirements and control properties but, in different levels 

depending on the type and amount of blacks. Since, BR is more 

viscous in existence of carbon black where Mooney viscosity changes 

about 209(ML-4) units for each change of one part of carbon black, 

minimum torque is readily increased with the loading level of BR 

[37]. 
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5-3-3- PHYSICO-Mechanical Properties 

           Tables (5-11, 12, 13) positioned in appendix B display physico-

mechanical properties affected by substitution equivalent phr of BR rubber 

instead of SBR rubber for six runs in tread recipe BR/SBR of model BR 

formulation reinforced by three kinds of black. 

Comparison & Evaluation. 

Results illustrated in tables (5-11, 12, 13) can be evaluated by the 

followings; 

 Tensile strength increases slightly for the first 4 steps, and then comes 

down for the rest 2 steps. This happens for all recipes filled with three 

blacks but not in the same level. The comparison with the control 

indicates a slight improvement of 2401%, meanwhile comparing with 

standards shows about 77% of lower limit especially for the third step 

of N-375 blends. 

 Modulus increases generally as BR increases in recipe for all used 

blacks. Enhancement of modulus is clearly shown with both N-339 

and N-375. It is known that at the same curative level the inherently 

lower modulus and tensile strength and better hysteresis properties of 

poly-butadiene rubber are reflected in the properties of the blend 

compounds. But if the Mooney viscosity of BR in such blends 

increases, modulus and resilience increase slightly and heat build-up 

decreases; ultimate tensile strength and elongation remain relatively 

constant [37].   

 Elongation of N-332 and N-375 blacks increase relatively for 4 runs; 

it is rather stable for the other runs. In addition, elongation of N-339 

blend increases fairly but not for all runs where two runs last has low 



 

- 121 - 
values. A comparison with the control displays a large improvement 

even with standards. The increase of elongation percentage for blends 

of black N-332 presents a great advantage if it is compared with others 

of N-375 and N-339. 
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 For recipes of N-339 and N-375, hardness increases significantly if it 

is compared with the control meanwhile, for N-332 hardness increases 

slightly by about 301% of the control hardness. All of those recipes are 

still within the well-known standards. High structure and small particle 

size of carbon black are after the high hardness [77]. 

 Apparently, increasing of BR in tread rubber compounds is 

accompanied by increasing of abrasion resistance for 3 types of carbon 

black as mentioned in tables above. Therefore, the improvement of 

abrasion resistance is 4104% for both N-332 and N-375 recipes if it is 

compared with the control meanwhile, N-339 tread recipe has 41.1% 

improvement. 

 

 As BR has lower specific gravity (2092) [887] than SBR, it can be seen 

clearly there is a gradual decrease in specific gravity for blends of 

three black types. For N-332 blends it decreases slightly without 

deviating the standards, the same thing is thus with N-375 blends for 

all steps. Specific gravity of N-339 blends decreases relatively more 

than the others, this may related to the low density of carbon black    

N-339 and its low loading level principally 
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5-3-3- Comparison of Mechanical Properties of 
BR/SBR Filled with Three Blacks 
 

7-6-6-8- Tensile Strength; 

          It can be seen from fig. (5-7) that three blends of BR/SBR filled 

with different kinds of carbon black, as BR increases in each blend tensile 

strength for those blends is going to be relatively identical especially after 

step 42/62 of BR/SBR composition.  

FIG.5-7 Tensile Strength Versus (phr)s of BR Filled 3-

Types of Carbon Black
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         Thus, increasing of BR in blends for the first three steps leads to an 

increase of the tensile strength for all black types especially with N-375   

however, three blends are simply decreased for the last 3-steps. 

 

 

 

CHAPTER                                                       FIVE   

 
    The inherently lower tensile strength and modulus and better hysteresis 

properties of BR are reflected in properties of the blend compounds [27], so 

for this reason may low tensile strength here is attributed.  

 

-6-6-0- Modulus; 

         Figure (5-8) displays that with increasing of BR in tread recipe,   

moduli have increased also with diverse levels although the difference is not 

high.  

FIG.5-8 Modulus Versus (phr)s of BR Filled 3-

Types of Carbon Black

0

2

4

6

8

10

12

10 20 30 40 50 60
BR LEVEL (phr)

M
O

D
U

L
U

S
 (

M
p

a
)

N-330(70 phr)

N-339(60 phr)

N-375(65 phr)

 



 

- 124 - 
      Recipes of several compositions of BR especially at 6

th
 step filled with 

black N-339 have the upper values of modulus among the other recipes of 

blacks N-375 and N-332 respectively. Principally, higher loading and 

structure of black N-339 with respect to others are the reason of its higher 

modulus [77].    
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  -6-6-6- Elongation percentage (%) @ break; 

             Elongation percentage has different levels at the first run 12/92 of 

BR/SBR according to the type of black and the tread compound composition. 

Blends of black N-332 & N-375 represent the optimized characteristic of 

elongation for the most loading level phr of BR. 

     Blend of N339 has increased slightly until run 42/62 and then for other 

runs as indicated in fig. (5-9). As we have used process oil which is lighter 

than aromatic oil, this leads to low Mooney viscosity of BR causing an 

increment of elongation especially with black N-332 due to optimum  
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FIG.5-9 Elong.% Versus (phr)s of BR Fil led 3-Types 

of Carbon Black
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-6-6-2- Hardness; 

         Fillers N-332, N-339 and N-375, and increasing of BR loading in 

tread recipe play a great role in determining the hardness as clarified by the 

figure (5-12) underneath.  
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FIG.5-10 Hardness Versus (phr)s 0f BR Fil led 3-

Types of Carbon Black
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         As seen hardness with black N-339 has always increased for all steps 

leading the other blends, this gives an indication that blends with increased 

BR level associated with black N-339 have an improvement if compared 

with two other blends of blacks N-375 & N-332 respectively. 
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   Incorporation of black N-339 with BR in BR/SBR tread recipe which has a 

great tendency to associate with high aggregate size (high structure) fillers 

results in enhancing hardness in such compounds [882].  

-6-6-7- Abrasion Index; 
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               What available in figure (5-11) is an evidence for the high abrasion 

resistance accomplished by mixes having an increased BR as an elastomer 

and N-339 as reinforcing agent.  

FIG.5-11 Abrasion Index Versus (phr)s of BR Fil led 

3-Types of Carbon Black
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        The other two mixes of blacks N-332 & N-375 are less pronounced 

than the increase of abrasion resistance of N-339 mix even though they 

increase in the same manner. This result could be enhanced where recipe 

with higher levels of BR, increasing carbon, and oil levels maintains or gives 

improved abrasion performance [27]. 
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5-3-4-Mathematical Evaluation: 
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     The following figure 5-12 and tables show the values that estimated by 

some calculations as it has done in table (5-1) which is mentioned in 

appendix B later. 

Fig.(5-12 )Compromising properties 

versus Increment of BR in recipe of 3-
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      From the tables and the above figure, it can be seen that compromising 

properties for recipe 42/62 PHR of BR/SBR is most optimized with blacks 

N-339, meanwhile recipes of 32/72 & 62/42 having compromising 

properties with blacks N-375 & N-332 respectively. As modulus, elongation, 

hardness, and abrasion resistance had improved with blacks N-339& N-375 

when individually used, the total mechanical properties could show the same 

mprovement due to the high lever level of BR and blacks loading[27, 77].  
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5-4- Effect of Increasing Loading Level (amount) of CR/BR 
in Tread Recipe (CR/BR/SBR) Filled with three Blacks 
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5-4-1:Introduction: 
        It is already known that chloroprene rubber (CR) provides a very useful 

all-round balance of properties. Its vulcanizates show moderate resistance to 

swilling in hydrocarbon oils and greases, combined with good resistance to 

low temperature stiffing. They also show good resistance to heat aging, to 

oxidation and, in particular, to attack by ozone. The chemical resistance of 

the vulcanizate is also generally good [883,887].  

     In general, blends neoprene with other elastomers are used occasionally to 

provide certain properties which are not obtained with either elastomer alone, 

or to meet the service requirements of the finished product at lower cost than 

could be achieved with CR alone. 

      GRT neoprene can be blended in some proportions with other elastomers 

such as SBR, by doing so, it is possible to achieve some improvement in the 

processing characteristics such as scorch and cure time or vulcanizate 

mechanical properties. 

     A blend shared between (CR/BR) in one part and SBR in the other part is 

particularly designed for tire tread rubber , in order to proceed lower cost, 

offer some technical advantages and improve major mechanical properties. 

That blend has better crystallization resistance, lower brittleness temperature 

and better mechanical properties than neoprene a lone. Other important 

properties such as oils, weather, heat, flex, flame and ozone resistance 

increase as the amount of CR is increased. 

     It is evident that CR can be compounded to produce practical vulcanizates 

having characteristic properties over the following range: 

Tensile strength ------------ Up to 25058 MPa 

Elongation percentage ----- Up to 922: 

Hardness (shore) ---------- 22 to 92 

Compression set ----------- As low as 12: 
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Resilience ------------------ Up to 85: 
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Of course, no single compound will reflect the extremes of the ranges shown 

above [31]. 

    Increasing of (CR/BR) in tread blend (CR/BR/SBR) leads to the following 

effects; 

 

5-4-2- Cure Properties 

     Results in tables (5-14, 15, 16) display the cure properties of model 

CR/BR formulation that mentioned in previous table (1-2) for tread 

compounds filled with blacks N-332HAF, N-339HAF-HS, and N-375HAF 

respectively.  

 Comparison & Evaluation. 

Results in tables (5-14, 15, 16) display the cure properties which could be 

discussed as follows: 

 The introduction of CR in tread recipe has taken part in decreasing 

both scorch time and cure time for three blacks. Their decreasing is in 

different levels depending on the kind of carbon black, where blends 

of N-339 for 4 steps are with safety scorch time and optimum cure 

time. Other blends are enough fast to deviate out the control and 

standards especially with final two steps. 

        As it is known, magnesium oxide is vulcanizing agent for CR, but 

also serve other functions such as a scorch retarder during processing. 

Because it has a high surface area to volume ratio, exposure of 

magnesium oxide to moisture and the air can cause loss of activity 

leading to fast scorch time and cure time. Cure time of CR is affected 

by all types of carbon black, but variations in PH of the blacks have 

only a slight effect [70].  

 Maximum and minimum torques have increased for all steps, they are 

comparable especially with blends of N-339 and N-375. Advantage of  
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maximum torque with about 55: of control can be shown in table    
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  (5-16), minimum torques increase nearly in the same level for all blacks.  

        The amount of CR and kind of blacks govern the degree by which 

maximum and minimum torques increase. The other thing is that CR 

imparts stiffness in blends with SBR and other in highly extended 

compounds and thereby aid increasing of maximum and minimum 

torques [881].  

 

5-4-3- Mechanical Properties 

          Tables (5-17), (5-18), and (5-19) as indicated in appendix C illustrated 

the physico-mechanical properties of model CR/BR formulation of tread 

compound filled with three kinds of black. 

Comparison & Evaluation. 

      Generally, results reported in the three tables (5-17, 18, 19) show raises 

of tensile strength, modulus and low elongation percentage as the content of 

CR in blends of tread CR/BR/SBR increase simultaneously. 

 The increase in the tensile strength for three kinds of black is raised by 

14: of control and 62: of minimum limit of standard however, it goes 

down for last two runs (52/52, 42/62) especially with             tables 

(5-17, 18). 

 In the same manner modulus increases slightly for blends of black N-

332, and increases largely with blacks N-339 and N-375. A 

comparison with the control and standard gives a good improvement 

for the first 4 runs. Last steps of blacks N-332 and N-375 shows nil 

modulus because of collapsing the elongation down 322: at those 

steps. It is normally shown that elongation is either relatively constant 

or coming down with increasing of CR in blends, except in the first 3 

runs of N-332 where elongation has increased relatively. 
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  As crystallinity is an inherent property of poly-chloroprene [72,889]. 

It is regarded as the main source of strength properties such as tensile, 

modulus and hardness, besides, reduction in elongation percentage. 

 Hardness becomes progressively larger as CR is increased with blends 

of N-339, N-375 and N-332 respectively. Accordingly, there is a large 

enhancement of those blends if it is compared with the control 

especially with N-332 blends and they cover the complete range 

between upper and lower limit of standards by about 1306: the lower 

limit. 

 The rise of CR in tread recipe causes an increase of abrasion resistance 

represented by abrasion index. This is quite clear in mixes of black N-

339, with 54% upper the control. It is, thus happened with other two 

black‟s recipes N-332, and N-375, but with lower level compared with 

blends of N-339. As for recipe of blend N-339, blends of blacks N-

332 and N-375 have improved abrasion resistance by 3807: and 39: 

respectively. 

 However, data on specific gravity of blends CR/BR/SBR increase with 

increasing of CR amount, all of them are not necessary to be matched 

with the control or the standards range. The first 5 steps of blends 

filled black    N-339, 3 steps of N-375 black and 1 step of N-332 

black are in practical fulfill the standards requirements. The higher 

specific gravity (1023) of CR [39,72] results in higher specific gravity 

of neoprene blends as it is already shown. 
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5-4-3- Comparison of Mechanical Properties of 
CR/BR/SBR Filled with Three Blacks 
 

7-2-6-8- Tensile Strength;  

              Figure (5-13) shows that tensile strength increase with CR/BR 

loading for three types of black, although maxima occur at 4
th

 run for all 

recipes.  

 

FIG.5-13 Tensile Strength Versus (phr)s of 

CR/BR Fil led 3-Types of Carbon Black
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     Reduction in recipe CR/BR/SBR tensile strength for the last three runs 

is due to over cure of CR which is often inherent phenomenon for some 

general purpose neoprenes CR [39,72]. Tread vulcanizate of CR/BR/SBR  
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filled with N-375 is the optimized one between the other blacks especially at 

the 4
th

 loading level of CR/BR. 

 

-2-6-0- Modulus;  

          As it is clear from figure (5-14) modulus of N-375 is preferable, but 

only for five steps meanwhile, modulus of N-339 has continuous effect for 

all loading steps of blends composed of CR/BR/SBR wherein considered as 

optimized property. 

 

FIG.5-14 Modulus Versus (phr)s of CR/BR Fil led 3-

Types of Carbon Black
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    Interpretation of low modulus of N-332 blend compared with other black 

blends may refer to that mentioned as for tensile strength and to low particle 

size and structure of black N-332. 
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-2-6-6- Elongation Percentage @ Break; 

           In spite of its being less for last two steps, elongation % is the 

optimized property with black N-332 as shown in figure (5-15). Other blends 

of blacks N-375 & N-339 have lower elongation percentage values. 

 

FIG.5-15Elong.% Versus (phr)s of CR/BR Fil led 3-

Types of Carbon Black
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-2-6-2- Hardness; 

             Hardness of tread vulcanizate reinforced by black N-339 as shown in 

figure (5-16) is so far optimized rather than other two blacks who are 

competitive and have the same fashion.  

FIG.5-16 Hrdness Versus (phr)s of CR/BR Fil led 3-

Types of Carbon Black
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          Since carbon black N-339 has a small particle size and high structure, 

hardness of its recipe increases largely indicating a promise improvement 

with continuous loading of CR/BR in tread blend. This is agreed with 

evaluation saying that, stiffness or hardness can be increased with an 

improvement in strength properties and high abrasion furnace high structure 

blacks. [88,38].  
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-2-6-7- Abrasion Index; 

        It can be seen from figure (5-17) that the most optimized abrasion 

resistance is with the vulcanizate of black N-339, as well with the 

vulcanizates of black N-375 and N-332 respectively however, they are in 

lower level than the first.  

FIG.5-17 Abrasion Index Versus (phr)s of 

CR/BR Fil led 3-Types of Carbon Black
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         As increasing of CR in tread recipe which is principally responsible of 

excellent mechanical wear resistance, black N-339 is also taken part the 

same responsibility. According to ASTM2222 the high abrasion resistance is 

a characteristic of CR [882]. 
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5-4-4- Mathematical Evaluation 
This could be seen by tables in appendix C and the following figure (5-18). 

 

Fig.(5-18 ) Compromising properties 

versus CR/BR increment in recipe of 3- 
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      It is essential to mention that with accordance of mathematical criterion, 

compromising properties of tread recipe 42/62 of CR/BR/SBR has optimized 

for three blacks. Advancing of mechanical properties between 32/72 and 

62/42pphr of CR/BR/SBR with black N-339 mainly refers to the high 

structure and very small particle size of that black type and crystallinity 

which is an inherent property of poly-chloroprene and the main source of 

strength properties [72,889].   
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5-5- Effect of Increasing Loading Level (amount) of EPDM in 

Tread Recipe (EPDM/SBR) Filled with Blacks  

5-5-1: Introduction. 

      EPDM rubber is amorphous ter-polymer like other non-crystallizing 

polymers. Mechanical properties of the unfilled EPDM are rather poor, and 

consequently, reinforcing agents are added. 

    Introduction of EPDM as the general purpose tire rubber of the future- the 

next SBR has been followed by a tremendous amount of work on the 

development of EPDM grades for various components of passenger car tires. 

Probably the most importance of these works and our work is the 

development of a polymer and a compound which, in combination, would 

give a balance of good tread-wear and skid resistance which is equal to 

present-day first grade passenger tires[76]. 

     EPDM has a very low level unsaturation compared with other polydiene 

elastomers such as SBR. A recipe adjusted to give a rapid, practical cure rate 

in EPDM will be exceedingly fast and cause over-cures in SBR. Conversely, 

a recipe written for SBR will cause only light; under cures in EPDM. It is, 

therefore, difficult to achieve a good, tight co-cure of a blend of EPDM and 

SBR. It is, however, often desirable to blend elastomers for applications 

requiring a combination of properties not found in one or another alone. 

    A more important application for EPDM in blends with another rubber 

such as SBR is to provide ozone resistance without participating significantly 

in co-cure with host rubber which comprises the major portion of the blend 

as in tread recipe for Babylon Tire. This technique is also used to enhance 

the ozone and weathering resistance of tire sidewalls.    
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5-5-2- Cure Properties 

          Tables (5-22), (5-21), and (5-22) as indicated in appendix D illustrated  

the cure properties of model EPDM formulation of tread compound as 

shown in previous table (1-2) filled with blacks N-332HAF, N-339HAF-HS, 

and N-375HAF respectively.  

Comparison & Evaluation. 

 Data mentioned in the last tables (5-22, 21, 22) display that the 

increasing of EPDM is followed by increasing of scorch and cure time 

for all blends of three blacks. It can be seen that scorch time and cure 

time of N-339 are longer than those blends of N-332 and N-375. All 

scorch and cure time of blends filled with three kinds of black are 

increased above control and are compatible with standards range 

especially with upper limits. As scorch is longer for so much within 

the range, it offers sufficient safety for consequence processing. But 

the long time of cure rate is disadvantageous goal resulting in 

increasing cost and helps in more reversion. Anyhow all those results 

are acceptable and accomplished a significant enhancement. The low 

level of unsaturation blends of EPDM with SBR, leads to more save 

time rather than previous blends of NR, BR, and CR with SBR [76]. 

 Blends of reinforcing agent N-339 express gradual increase of 

maximum torque as well minimum torque as shown in table (5-21). 

 Concerning the data of final 6
th

 step (42/62) of EPDM/SBR, there is 

an advantage of 31: and 36: for higher maximum and minimum 

torques respectively if compared with control. Maximum and 

minimum torques of blends with N-332 and N-375 as shown in tables 

(5-22, 22) are relatively comparable with each other and are enhanced 

with respect to control by average of 7MPa and 3MPa for max. and 

min. torque respectively.  
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5-5-3- Mechanical Properties 

           Tables (5-23, 24, 25) as indicated in appendix D display mechanical 

properties affected by substitution an equivalent phr of EPDM rubber instead 

of SBR rubber for six runs in tread recipe EPDM/SBR of model EPDM 

formulation reinforced by three kinds of black. 

Comparison & Evaluation. 

         All results which were taken from the tables (5-23, 24, 25) listed in 

appendix confirming the great role playing by EPDM increasing amount in 

tread recipe composed of EPDM/SBR. These effects can be mentioned by 

means of the type of reinforcing agent as we will see in the followings:   

 To some extent, tensile strength values of recipes N-332, N-339 and 

N-375 are somewhat identical to each other, as shown in tables (5-23, 

24, 25). As related to above mentioned recipes, the first 3 runs have 

raised to a significant level implying  improvements of 51:, 67: and 

49: for the three kinds of blacks if compared with standards 

respectively. 

 Modulus of the recipes filled with three blacks increase directly with 

increasing amount of EPDM for only three runs of N-375 followed by 

five runs of N-339 and N-332, meanwhile other runs are having nil 

values. The increase of modulus is larger than standards by an 

enhancement of about 7805% for higher modulus blends of the three 

kinds of blacks respectively. 

 It can be seen that elongation for 3- types of carbon black has 

decreased for the last 4 steps, in spite of its increasing for the first 2 

steps. They are still within the two standards especially Babylon one 

even though, there is a noticeable reduction.  

 Except with blends of N-332 which increase significantly if they are 

compared with the control, other two blends of blacks N-339 and N-

375 increase progressively with a large scale of hardness comparing  

 

 



 

- 142 - 

CHAPTER                                                       FIVE   

 
with standards. Enhancement of N-339 recipe may reach about 1606: of 

the lower limit.  

 As mentioned earlier, it can be concluded that the tensile strength, 

modulus, elongation and hardness have been affected by many factors  

related mainly to the amount of EPDM, such as joining low viscose 

coaster oil which is existed principally in the recipe with EPDM results in 

weaken strength properties, and insufficient cure time which leads to 

under cure vulcanizates [76,72]. 

 The abrasion resistance of N-375 blends is the best one among other 

recipes wherein increased by 2907:  relative to control, meanwhile   

N-332 and N-339 recipes increased by 902: and 2608: respectively. 

 Up to 4
th

 step of all recipes filled three kinds of black, specific gravity 

of tread rubber compound EPDM/SBR meets the two standards 

requirements and decreases down the control recipes however, it dose 

not deviate the lower limit of Babylon standard except the last two 

steps. The advantage of the reduced unit costs in the fabrication of 

finished rubber products can be related to the low specific gravity of 

EPDM. Therefore, a low specific rubber compound will yield more 

finished articles than a high gravity compound [76]. 
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5-5-3- Comparison of Mechanical Properties of 

EPDM/SBR Filled with Three Blacks 

 

7-7-6-8- Tensile Strength; 

           The figure underneath (5-19) shows slightly the difference between 

three tread vulcanizates filled with three blacks during six steps of EPDM 

loading. As it is clarified by the curves, only 3-steps of EPDM loading level 

have fulfilled the optimization requirements.  

FIG.5-19 Tensile Strength Versus (phr)s of EPDM 

Fil led 3-Types of Carbon Black
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      The tensile strength of recipe with black N-339 has drawn the attention 

among the others. In amorphous polymers such as EPDM the carbon blacks 

have a quite difference effect on the tensile properties. Curried compounds 

containing small particle-size-high structure carbon blacks produce optimum  
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tensile strength at lower loadings [77]. Under cure associated with EPDM 

vulcanizate is after the reduction in strength properties for the last three runs.  

-7-6-0- Modulus; 

          As it can be seen from the figure (5-22) that modulus of mixes 

(EPDM/SBR) varies at the ending points depending on the kind of carbon 

black. Modulus of mix reinforced by N-339 is in advance of those filled N- 

N-375 & 332 however, it vanishes after (52/52) loading level of EPDM in 

tread mixes of EPDM/SBR. As N-332 black having high structure, it is 

responsible for high modulus for such recipes. 

FIG.5-20 Modulus Versus (phr)s of EPDM Fil led 3-

Types of Carbon Black
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 -7-6-6- Elongation Percentage @ break; 

           The comparison of tread rubber compounds filled with three kinds of 

black displays that these blends have nearly comparable elongation 

properties especially with blends of N-332 & N-375 respectively as shown 

in figure (5-21). As estimation, tread blends of N-332 has got the proper 

improvement due to its low structure and medium particle-size, although it 

fails to be optimized for the last three loading steps. As it is mentioned 

earlier the reduction of strength properties is related to the high loading of 

EPDM which is subjected to under cure.  

   

FIG.5-21 Elong.% Versus (phr)s of EPDM Fil led 3-
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 -7-6-2- Hardness;  

Figure (5-22), shows the hardness of recipe filled black N-339 has an 

advancement among two black recipes of N-375 and N-332.  

FIG.5-22 Hardness Versus (phr)s of EPDM Fil led 3-

Types of Carbon Black
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       It is clear that increasing of EPDM in all blends results in increasing of 

hardness property for the three black blends in addition to black effects. 

Blends those mentioned above having an optimizing hardness are at the 

maximum loading level of EPDM in the tread recipe especially with high 

structure black N-339.     
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 -7-6-7- Abrasion Index; 

            Figure (5-23) underneath discloses that abrasion resistance index has 

increased for blends of blacks N-339, N-375 & N-332 respectively. In 

addition to the effect of black mainly N-339 on abrasive wear resistance of 

the tread rubber compounds, EPDM has also a great role in improving that 

characteristic, this is because EPDM has a low glass transient temperature 

which offers better low temperature properties [77].   

 

FIG.5-23 Abrasion Index Versus (phr)s of EPDM 

Fil led 3-Types of Carbon Black
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5-5-4- Mathematical Evaluation 
 
 
 

Fig.(5-24) Compromising properties versus 

EPDM increment of recipe filled 3-blacks
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      When regarding the figure above, compromised properties are really 

optimized for recipes (12/92--- 52/52) with blacks N-332 & N-339. The 

typical recipes with black N-375 are only 12/92, 22/82, and 32/72. Under 

cure associated with EPDM vulcanizates is after the reduction in physico-

mechanical properties after the third run especially with black N-375 due to 

small particle size and medium structure [77]. 

 
 
 
 



 

- 149 - 

 

CHAPTER SIX

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

                                                               

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

- 152 - 
CHAPTER SIX

 

6-1- conclusions: 

     Regarding the results the work has obtained, it is required to conclude 

those which are optimized as a result of blending or mixing different types of 

elastomer such as natural rubber NR, polybutadiene rubber BR, neoprene 

rubber CR and ethylene propylene rubber with the base tread rubber styrene-

butadiene rubber SBR. Three kinds of carbon black such as N-332, N-339, 

and N-375 at specified loading degrees are used for reinforcement purpose.  

      As the obtained properties are not optimized in the same degree, that is 

when some of them get higher level of optimization, some others do not do 

so, thus, a compromise is necessary to be predominated. The compromised 

properties are estimated by using mathematical criterion as clarified before. 

    A conclusion is concentrated on the four main items including the 

followings;  

6-1-1- Conclusions of NR/SBR optimized properties for 3-blacks.             

It is found that the most improved mechanical properties due to increasing 

NR loading level in tread rubber are as follows; 

1. For the vulcanizates filled with N-332 tensile strength and modulus 

have the most improved values at 32/72 phr of tread recipe NR/SBR 

which can be considered as optimized results with respect to others 

phr, elongation is also optimized at recipes of 52/52 & 62/42 as well 

abrasion resistance. Hardness and specific gravity have the most  

2. When filling with black N-339 tensile, modulus, and elongation are 

optimized at 42/62, meanwhile hardness, abrasion resistance and 

specific gravity are improved at recipe of 62/42. With a compromise 

typical recipes are taken as 32/72 ----- 62/42 NR/SBR compositions. 

3. The most optimized tensile strength, modulus, elongation, hardness, 

abrasion resistance and specific gravity are being at 62/42 recipe. As 

optimum recipes having effective mechanical properties, compromise 

is true for those with compositions of 32/72----- 62/42 NR/SBR filled 

with N-375.  
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6-1-2- Conclusions of BR/SBR optimized properties for 3-blacks. 
 

      The most enhanced mechanical properties by means of increasing 

loading level of BR in SBR tread compound are stated down; 

4. Maximum values of tensile and elongation are with blends of 32/72 

and 42/62 and modulus, hardness, abrasion index and specific gravity 

have optimized values at 62/42. One optimized recipe of full 

mechanical properties can be determined at 42pphr of BR.  

5. In case of reinforcing by black N-339 tensile and elongation are 

optimized at 42/62, other mechanical properties such as modulus, 

hardness, abrasion resistance and specific gravity are also optimized 

like with black N-332 at 62/42. Recipe composed of 42/62 BR/SBR 

can be considered as the main optimized one taking in account  

6. compromise of all properties. As effective enhanced recipes range of 

compositions 32/72, 42/62, and 52/52 is considered. 

 
6-1-3-Conclusion of CR/BR/SBR optimized properties for3-blacks 
 

      Similarly, conclusions of results obtained from blending CR/BR with 

SBR as tread rubber compounds can be mentioned bellow; 

7. Blending of CR/BR and SBR with filler N-332 at 42/62 gives more 

enhanced tensile and modulus whereas, blends at 62/42 give also more 

enhanced hardness and abrasion index. Blends consist of 32/72 and 

12/92 give optimum properties of elongation and specific gravity 

respectively. Single blend of compromised properties which offers 

typical use is with composition of 42/62. 

6-1-4- Conclusion of EPDM/SBR optimized properties for3-blacks 
 

     EPDM and SBR show a spectrum of mechanical properties depend on 

EPDM amount in tread recipes filled with three blacks N-332, N-339 &      

N-375 accordingly as follow; 
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8.  Use of black N-332 results in optimum tensile, modulus and 

elongation which are associated with PHR 32/72. 62/42 recipe gives 

rise to better Hardness and abrasion resistance whereas specific gravity 

is optimized at 42/62. Recipes of composition 22/82 & 32/72 can be 

considered as optimum among others especially 22/82 PHR recipe. 

9.  Optimization is carried out on tensile and elongation at 22/82, 

modulus at 52/52, hardness and abrasion resistance at 62/42 recipe, 

and specific gravity at the range of 12/92----42/62pphr of EPDM/SBR 

tread rubber. In accordance with the compromise it is convenient to 

regard recipes of 22/82 & 32/72 as typical, although some of their 

properties are optimized for a little degree. 
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6-2- Recommendations: 

      According to previous work, the following recommendations are drawn: 

8. As the work remarks to add four types of elastomer for the base tread 

rubber SBR-1522, it is recommended to study each of the added 

elastomers as a single work itself with regarding the followings; 

   A- Extend the loading level more than 62/42 pphr. 

   B- Use other than carbon HAF, such as SAF, ISAF and/or mixed silica. 

   C- Select the convenient vulcanization system that can be more fitted 

with the type of elastomer. 

   D- Measure or determine additional mechanical properties such as tear 

resistance, fatigue resistance, rebound, heat build up and others. 

0. Modifying the type and/or amount of some recipe ingredients 

especially accelerators and activators may lead to better optimization 

for the tread rubber. 

6. Viscous-Elastic study which is a new approach in studying the 

performance of the tire tread can be carried out in parallel with this 

work. A comparison of the results gained by those two studies is 

essential.  

2. This work can be conducted on a simulation study with a suitable 

program.  

7. This study can be tried on the truck tire tread taking in account some 

modifications that fulfill the study requirements. 

3. Other than previous elastomers, new additions can be used in this 

work such as chloro-butyl and bromo-butyl. 

7. Such study must be covered by benefit study for creating a balance 

between cost versus quality.  
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TABLE  7-0 

EFFECT OF BLENDING NR WITH SBR ON THE  CURE PROPERTIES OF passenger 

TIRE TREAD, RECIPE Filled With BLACK ( N-331 ). 

TABLE 7-6 

EFFECT OF BLENDING NR WITH SBR ON THE  CURE PROPERTIES OF passenger 

TIRE TREAD RECIPE Filled With BLACK ( N-330 ). 

TABLE 7-2 

EFFECT OF BLENDING NR WITH SBR ON THE  CURE PROPERTIES OF passenger TIRE 

TREAD RECIPE Filled With BLACK ( N-305 ). 

 
 

PROPERTY 
CONTRO
L 
RECIPE 
111 wt% 
OF SBR 
1.1 wt% 
OF NR 

NR Level (phr) in  Tread Recipe OF NR/SBR. 

2DR Curing at 817 

Ċ 
82/92 02/12 62/72 22/32 72/72 32/22 

1.Scorch Time (tS0) 

m.m. 
1024 1024 10235 1023 10225 1022 10218 

2.Cure Time (t92) 

m.m. 
2098 2098 2092 2086 2082 2077 2071 

3.Max.Torque (MH) 

dN.m 
2806 3102 3109 32053 3205 2805 2802 

4.Min. Torque (ML)  

dN.m 
505 5055 5062 601 6036 6042 6051 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF NR 

NR Level (phr) in  Tread Recipe OF NR/SBR. 

2DR Curing at 185 Ċ 12/92 22/82 32/72 42/62 52/52 62/42 

1.Scorch Time (tS2) 

min. 
10262 10262 10262 10252 10255 10242 10222 

2.Cure Time (t92) min. 30132 30122 30222 20932 20822 20762 20722 

3.Max.Torque (MH)  

dN.m 
28022 29022 29047 29075 32038 31022 31011 

4.Min. Torque (ML)  

dN.m 
6022 6027 6029 6059 6076 6078 6082 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF NR 

NR Level (phr) in  Tread Recipe OF NR/SBR. 

2DR Curing at 817 

Ċ 
82/92 02/12 62/72 22/32 72/72 32/22 

1.Scorch Time (tS0) 

m.m. 
1032 1025 1025 1013 10125 1011 1011 

2.Cure Time (t92) 

m.m. 
3011 2082 2077 2072 2072 2026 2026 

3.Max.Torque (MH)  

dN.m 
28043 29052 32071 32062 32093 29086 28078 

4.Min. Torque (ML)  

dN.m 
505 5054 5063 60255 6076 6082 6098 
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                                                          TABLE 7-7 

EFFECT OF BLENDING NR WITH SBR ON MECHANICAL PROPERTIES OF passenger 

TIRE TREAD RECIPE Filled With BLACK (N-331) 

 

 

 

 

 

TABLE 7-3 

EFFECT OF BLENDING NR WITH SBR ON MECHANICAL PROPERTIES OF passenger 

TIRE TREAD RECIPE Filled With BLACK (N-330) 

 

 

 

 

 

 

 

 

 

 

 

 

 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF NR 

NR Level (pphr) in  Tread Recipe OF NR/SBR. 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 1505 15049 15088 18098 170792 170881 15023 

3.Modulus (Mpa) at 322: 

Extension. 
7013 9089 9095 120935 90877 8082 7086 

4.Elongation(%) at Break. 388 472 487 492 498 521 525 

HARDNESS (I.R.H.D) 6302 63 63. 5 6305 6305 63075 64 

ABRASION Index 111 113 115 121 123 125 129 

SPECIFIC GRAVITY 10135 10135 10134 10134 10133 10133 10132 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF NR 

NR Level (phr) in  Tread Recipe OF NR/SBR. 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 1401 16028 160116 160464 160812 160636 150662 

3.Modulus (Mpa) at 322: 

Extension. 
902 9012 90127 90394 90761 12021 12022 

4.Elongation (%)at Break. 352 462 476 485 494 485 478 

HARDNESS (I.R.H.D) 6405 6502 6502 6505 6505 6602 6702 

ABRASION Index 123 127 133 142 147 154 162 

SPECIFIC GRAVITY 10142 10141 10142 10138 10135 10133 10133 
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TABLE 7-7 

EFFECT OF BLENDING NR WITH SBR ON MECHANICAL PROPERTIES OF passenger 

TIRE TREAD RECIPE Filled With BLACK (N-305) 

 
 
 
 
                                                          TABLE 7-7A 

Total a mount of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE of 

NR & SBR Filled With BLACK (N-331) 

 
 
 
 
 

 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF NR 

NR Level (phr) in  Tread Recipe OF NR/SBR. 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 14026 1602 1702 170543 1802 19052 1907 

3.Modulus (Mpa) at 322: 

Extension. 
802 8034 80492 80591 8068 80685 8.69 

4.Elongation (%)at Break. 365 465 473 486 493 522 523 

HARDNESS (I.R.H.D) 6402 6402 64 64025 6405 65 6505 

ABRASION Index 111 113 121 127 134 141 148 

SPECIFIC GRAVITY 10126 10126 10125 10124 10124 10123 10123 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF NR 

NR Level (phr) in  Tread Recipe OF NR/SBR. 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 7075 7085 7095 9049 8095 708 7058 

3.Modulus (Mpa) at 322: 

Extension. 
4026 5065 5068 401 4015 403 4038 

4.Elongation(%) at Break. 3032 40228 40174 402 4028 4031 4031 

HARDNESS (I.R.H.D) 201 201 2011 1091 1091 1092 1094 

ABRASION Index 5028 5038 50476 5096 6058 6095 7038 

SPECIFIC GRAVITY 10218 10218 10217 10227 10226 10225 10225 

total 230528 260226 260427 260667 260876 260285 260595 
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Table (7-3)A 

Total a mount  of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE of 

NR & SBR Filled With BLACK (N-330) 

 

 
 

 

 

 

TABLE 7-7A 

Total a mount  of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE of 

NR & SBR Filled With BLACK (N-305) 

 

 

 

 

 

 

 

 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF NR 

NR Level (phr) in  Tread Recipe OF NR/SBR. 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 7025 8024 8055 80258 80426 80318 7083 

3.Modulus (Mpa) at 322: 

Extension. 
5014 502 50215 50368 50577 50834 5084 

4.Elongation (%)at Break. 3 30943 4028 40157 40234 40157 40297 

HARDNESS (I.R.H.D) 2015 20166 20166 20183 20183 202 2023 

ABRASION Index 5085 6024 6033 6066 7 7033 7062 

SPECIFIC GRAVITY 10224 10223 10222 1022 10218 10216 10216 

total 240214 260412 270363 270446 280418 280855 280633 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF NR 

NR Level (phr) in  Tread Recipe OF NR/SBR. 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 7013 801 805 8077 9 9076 9085 

3.Modulus (Mpa) at 322: 

Extension. 
4068 4075 4017 4091 4096 4096 40965 

4.Elongation (%)at Break. 30128 30985 40254 40165 40225 40285 40311 

HARDNESS (I.R.H.D) 20133 20133 20133 20141 2015 20166 20183 

ABRASION Index 5028 5038 50762 60247 6038 60714 70247 

SPECIFIC GRAVITY 1021 1021 10229 10228 10228 10228 10227 

total 23.361 250358 250628 270241 270723 280893 290363 
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TABLE 7-1 

EFFECT OF BLENDING BR WITH SBR ON THE CURE PROPERTIES OF passenger 

TIRE TREAD RECIPE Filled With BLACK (N-331). 

 

TABLE 7-9 

EFFECT OF BLENDING BR WITH SBR ON THE CURE PROPERTIES OF passenger 

TIRE TREAD RECIPE Filled With BLACK (N-330). 

TABLE 7-82 

EFFECT OF BLENDING BR WITH SBR ON THE CURE PROPERTIES OF passenger 

TIRE TREAD RECIPE Filled With BLACK ( N-305 ). 

 

 

 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF BR 

Increasing of BR Level From 12 to 62 (phr) in Tread Recipe BR/SBR 

2DR Curing at 185 Ċ 12/92 22/82 32/72 42/62 52/52 62/42 

1.Scorch Time   (tS2) 

m.m. 
1024 1024 1024 10235 1023 1022 1022 

2.Cure Time (t92) 

m.m. 
2098 2087 2084 2082 2078 2073 2072 

3.Max.Torque (MH)  

dN.m 
2806 32028 33027 33065 34038 35023 36098 

4.Min. Torque (ML)  

dN.m 
505 6023 603 6045 6087 6053 6015 

PROPERTY CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF BR 

Increasing of BR Level From 12 to 62 (phr) in Tread Recipe BR/SBR 

2DR Curing at 185 Ċ 12/92 22/82 32/72 42/62 52/52 62/42 

1.Scorch Time (tS2) 

min. 
1032 1023 1012 1026 10245 1022 102 

2.Cure Time (t92) min. 3011 2089 2081 2072 2045 2038 2032 

3.Max.Torque (MH)  

dN.m 
28043 3106 34096 3502 35044 37012 38032 

4.Min. Torque (ML)  

dN.m 
505 6031 6033 6041 6047 6051 6057 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF BR 

Increasing of BR Level From 12 to 62 (phr) in Tread Recipe BR/SBR 

2DR Curing at 185 Ċ 12/92 22/82 32/72 42/62 52/52 62/42 

1.Scorch Time (tS2) 

min. 
1026 102 1017 1017 1016 1013 1011 

2.Cure Time (t92) min. 3013 302 2096 2077 2072 2026 2023 

3.Max.Torque (MH)  

dN.m 
2802 32024 34046 34088 3502 35028 35051 

4.Min. Torque (ML)  

dN.m 
602 6015 6015 6016 6018 6018 7092 
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TABLE 7-88 

EFFECT OF BLENDING BR WITH SBR ON MECHANICAL PROPERTIES OF passenger 

TIRE TREAD RECIPE Filled With BLACK (N-331) 

 

 

 

 

 

 
TABLE 7-80 

EFFECT OF BLENDING BR WITH SBR ON MECHANICAL PROPERTIES OF passenger 

TIRE TREAD RECIPE Filled With BLACK (N-330) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF BR 

Increasing of BR Level From 12 to 62 (phr) in Tread Recipe BR/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 1505 15078 15093 1602 160194 15063 150184 

3.Modulus (Mpa) at 322: 

Extension. 
7012 7015 7016 7021 70288 7055 70691 

4.Elongation (%)at Break. 388 499 522 527 536 539 539 

HARDNESS(I.R.H.D) 6302 6305 63075 63075 6402 64025 6408 

ABRASION Index 111 113 121 127 142 148 157 

SPECIFIC GRAVITY 10135 10134 10133 10132 10131 10132 10129 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF BR 

Increasing of BR Level From 12 to 62 (phr) in Tread Recipe BR/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 1401 15031 160228 160148 160285 15056 140982 

3.Modulus (Mpa) at 322: 

Extension. 
902 9013 90133 9048 90729 9078 90883 

4.Elongation (%)at Break. 352 486 492 498 525 482 456 

HARDNESS(I.R.H.D) 6405 6405 64075 64075 6502 6505 6602 

ABRASION Index 123 134 141 146 167 172 174 

SPECIFIC GRAVITY 10142 10132 10129 10128 10127 10125 10123 
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TABLE 7-86 

EFFECT OF BLENDING BR WITH SBR ON MECHANICAL PROPERTIES OF passenger 

TIRE TREAD RECIPE Filled With BLACK (N-305) 

 
 
 
 

TABLE 7-88B 

Total a mount  of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF 

BR & SBR Filled With BLACK (N-331) 

 

 

 

 

 

 

 

 

 

 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF BR 

Increasing of BR Level From 12 to 62 (phr) in Tread Recipe BR/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 14026 17013 170695 17071 160385 1602 150273 

3.Modulus (Mpa) at 322: 

Extension. 
802 8045 8075 80751 80753 902 90156 

4.Elongation (%)at Break. 365 482 486 528 527 532 532 

HARDNESS(I.R.H.D) 6402 6402 64025 6405 6405 6505 6509 

ABRASION Index 111 114 121 127 132 154 159 

SPECIFIC GRAVITY 10126 10126 10126 10125 10125 10124 10124 

PROPERTY CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF BR 

Increasing of BR Level From 12 to 62 (phr) in Tread Recipe BR/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 7075 7089 70965 8 80297 70815 7059 

3.Modulus (Mpa) at 322: 

Extension. 
40268 40285 40291 4012 40164 40314 40394 

4.Elongation (%)at Break. 30325 40277 40285 40517 40594 4062 4062 

HARDNESS (I.R.H.D) 201 20116 20125 20125 20133 20141 2016 

ABRASION Index 5028 5038 50762 60247 60666 70247 70476 

SPECIFIC GRAVITY 10218 10217 10216 10215 10214 10213 10212 

Total 235540 245965 255244 255824 265668 26575 295252 
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TABLE 7-80B 

Total a mount  of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF 

BR & SBR Filled With BLACK (N-330) 

 

 

 

 

 
TABLE 7-86B 

Total a mount  of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF 

BR & SBR Filled With BLACK (N-305). 

 

 

 

 

 

 

 

 

 

 

 

 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF BR 

Increasing of BR Level From 12 to 62 (phr) in Tread Recipe BR/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 7013 80565 80847 80855 80192 8 70536 

3.Modulus (Mpa) at 322: 

Extension. 
4068 40828 5 5 5 50142 50232 

4.Elongation (%)at Break. 30128 40114 40165 40354 40517 40542 40542 

HARDNESS(I.R.H.D) 20133 20133 20141 2015 2015 20183 20196 

ABRASION Index 5028 50428 50762 60247 60285 70333 70571 

SPECIFIC GRAVITY 1021 1021 1021 10229 10229 10228 10228 

Total 235360 265398 265725 295405 295053 28523 285385 

PROPERTY CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF BR 

Increasing of BR Level From 12 to 62 (phr) in Tread Recipe BR/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 7025 70655 80214 80274 80142 7078 70491 

3.Modulus (Mpa) at 322: 

Extension. 
5014 50217 50216 50417 5054 5056 50647 

4.Elongation (%)at Break. 3 40165 40217 40268 40328 40114 30928 

HARDNES(I.R.H.D) 2015 2015 20158 20158 20166 20183 202 

ABRASION Index 5085 60381 60714 60952 70952 8019 80285 

SPECIFIC GRAVITY 10224 10213 10212 10211 1021 10229 10227 

Total 245204 265580 295330 29588 275038 285836 285538 
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TABLE 7-82 

EFFECT OF BLENDING CR/BR WITH SBR ON THE CURE PROPERTIES OF 

passenger TIRE TREAD RECIPE Filled With BLACK ( N-331 ). 

TABLE 7-87 

EFFECT OF BLENDING CR/BR WITH SBR ON THE CURE PROPERTIES OF 

passenger TIRE TREAD RECIPE Filled With BLACK ( N-330 ). 

TABLE 7-83 

EFFECT OF BLENDING CR/BR WITH SBR ON THE CURE PROPERTIES OF 

passenger TIRE TREAD RECIPE Filled With BLACK ( N-305 ). 

 

 

 

 

 

 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% OF 
CR/BR 

Increasing of CR/BR Level From 12 to 62 (phr) in Tread Recipe 

CR/BR/SBR 

2DR Curing at 185 Ċ 12/92 22/82 32/72 42/62 52/52 62/42 

1.Scorch Time (tS2) 

m.m. 
1024 102 1017 1017 1016 102 2094 

2.Cure Time (t92) 

m..m. 
2908 208 2079 2075 2069 2023 1097 

3.Max.Torque (MH)  

dN.m 
2806 2902 29021 32055 37068 37097 38012 

4.Min. Torque (ML)  

dN.m 
505 703 706 7065 7047 8078 12083 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% OF 
CR/BR 

Increasing of CR/BR Level From 12 to 62 (phr) in Tread Recipe 

CR/BR/SBR 

2DR Curing at 185 Ċ 12/92 22/82 32/72 42/62 52/52 62/42 

1.Scorch Time (tS2) 

m.m. 
1026 1026 1023 1022 1018 1015 1013 

2.Cure Time (t92) 

m.m. 
3013 3013 302 2084 2068 2042 2042 

3.Max.Torque (MH)  

dN.m 
2802 3201 31023 3302 35026 3604 37038 

4.Min. Torque (ML)  

dN.m 
602 7034 7056 7071 7094 8098 12044 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% OF 
CR/BR 

Increasing of CR/BR Level From 12 to 62 (phr) in Tread Recipe 

CR/BR/SBR 

2DR Curing at 185 Ċ 12/92 22/82 32/72 42/62 52/52 62/42 

1.Scorch Time (tS2) 

m.m. 
1032 1024 1018 1016 1012 1011 1029 

2.Cure Time (t92) 

m..m. 
3011 30125 301 3027 3022 3022 3022 

3.Max.Torque (MH) 

dN.m   
28043 32077 32087 34065 3607 38036 42038 

4.Min. Torque (ML)  

dN.m 
505 6087 7025 7049 7074 8084 12041 



 

- 175 - 
 

TABLE 7-87 

EFFECT OF BLENDING CR/BR WITH SBR ON MECHANICAL PROPERTIES OF 

passenger TIRE TREAD RECIPE Filled With BLACK (N-331) 

 

 

 

 

 

TABLE 7-81 

EFFECT OF BLENDING CR/BR WITH SBR ON MECHANICAL PROPERTIES OF 

passenger TIRE TREAD RECIPE Filled With BLACK (N-330) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

PROPERTY 
CONTRO
L 
RECIPE 
033wt% 
OF SBR 
353wt% 
OF CR/BR 

Increasing of CR/BR Level From 12 to 62 (phr) in Tread Recipe 

CR/BR/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 1401 14079 150186 15068 160197 14098 130815 

3.Modulus (Mpa) at 322: 

Extension. 
902 11063 120525 14012 150554 14048 130547 

4.Elongation (%)at Break. 352 352 352 326 312 286 269 

HARDNESS (I.R.H.D) 6405 6502 6505 6605 6702 6705 6902 

ABRASION Index 123 137 148 162 172 181 192 

SPECIFIC GRAVITY 10142 10142 10143 10145 10148 10156 10166 

PROPERTY 
CONTRO
L 
RECIPE 
033wt% 
OF SBR 
353wt% 
OF CR/BR 

Increasing of CR/BR Level From 12 to 62 (pphr) in Tread Recipe 

CR/BR/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 1505 1505 150589 15089 160292 14034 120393 

3.Modulus (Mpa) at 322: 

Extension. 
7012 12015 120226 12022 120232 11071 ------ 

4.Elongation (%)at Break. 388 398 435 436 432 362 321 

HARDNESS (I.R.H.D) 6302 6405 6502 6602 6605 67 68 

ABRASION Index 111 114 123 132 139 145 154 

SPECIFIC GRAVITY 10135 10154 10168 10172 10177 10185 10192 
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TABLE 7-89 

EFFECT OF BLENDING CR/BR WITH SBR ON MECHANICAL PROPERTIES OF 

passenger TIRE TREAD RECIPE Filled With BLACK (N-305) 

 

 

 

 

 

 

 

TABLE 7-87C 

Total a mount  of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF 

CR/BR/SBR Filled With BLACK (N-331) 

 
 
 

 

 

 

 

 

 

 
 

 

PROPERTY 
CONTRO
L 
RECIPE 
033wt% 
OF SBR 
353wt% 
OF CR/BR 

Increasing of CR/BR Level From 12 to 62 (pphr) in Tread Recipe 

CR/BR/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 14026 15078 160433 16059 160882 15063 140482 

3.Modulus (Mpa) at 322: 

Extension. 
802 12046 130872 14086 150942 1402 ------ 

4.Elongation (%)at Break. 365 365 355 344 322 312 327 

HARDNESS (I.R.H.D) 6402 6408 6503 6602 6606 6702 68025 

ABRASION Index 111 114 123 131 139 149 158 

SPECIFIC GRAVITY 10126 10131 10138 10152 10161 10166 10171 

PROPERTY 
CONTRO
L 
RECIPE 
033wt% 
OF SBR 
353wt% 
OF CR/BR 

Increasing of CR/BR Level From 12 to 62 (pphr) in Tread Recipe 

CR/BR/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 7075 7075 70794 70945 80146 7017 60196 

3.Modulus (Mpa) at 322: 

Extension. 
40268 508 5081 50832 50846 6069 ------ 

4.Elongation (%)at Break. 30325 30411 30728 30737 30722 30285 2058 

HARDNESS (I.R.H.D) 201 2015 20166 202 20216 20233 20266 

ABRASION Index 5028 50428 50857 6019 60619 6081 60924 

SPECIFIC GRAVITY 10218 10234 10247 10251 10255 10262 1027 

Total 235540 255593 265432 265755 295584 29535 075306 
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TABLE 7-81C 

Total a mount  of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF 

CR/BR/SBR Filled With BLACK (N-330) 

 
 
 

TABLE 7-89C 

Total a mount  of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF 

CR/BR/SBR Filled With BLACK (N-305) 

 

 

 

 

 

 

 

 

 

 
 

PROPERTY 
CONTRO
L 
RECIPE 
033wt% 
OF SBR 
353wt% 
OF CR/BR 

Increasing of CR/BR Level From 12 to 62 (pphr) in Tread Recipe 

CR/BR/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 7025 70395 7059 70593 80298 7049 60927 

2.Modulus (Mpa) at 322: 

Extension. 
5014 60645 70157 80268 80888 80274 70741 

3.Elongation (%)at Break. 3 3 3 20794 20657 2.245 20325 

HARDNESS(I.R.H.D) 2015 20166 20183 20216 20233 2025 203 

ABRASION Index 50857 60523 70247 7062 8019 8062 90247 

SPECIFIC GRAVITY 10224 10224 10225 10227 10229 10236 10245 

Total 245220 265953 285332 275308 305375 275705 275345 

PROPERTY 
CONTRO
L 
RECIPE 
033wt% 
OF SBR 
353wt% 
OF CR/BR 

Increasing of CR/BR Level From 12 to 62 (phr) in Tread Recipe 

CR/BR/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 7013 7089 80216 80295 80441 70815 70241 

2.Modulus (Mpa) at 322: 

Extension. 
40685 7012 70926 80491 90129 80114 ------ 

3.Elongation (%)at Break. 35028 35028 35342 25748 25942 25659 25630 

HARDNESS(I.R.H.D) 20133 2016 20176 20226 2022 20233 20275 

ABRASION Index 50285 50428 50857 60238 60619 60295 70523 

SPECIFIC GRAVITY 10229 10214 1022 10233 10241 10245 1025 

Total 23539 26594 285239 275200 335092 295757 23592 
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TABLE 7-02 
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EFFECT OF BLENDING EPDM WITH SBR ON THE  CURE PROPERTIES OF 

passenger TIRE TREAD RECIPE Filled With BLACK ( N-331 ). 

TABLE 7-08 

EFFECT OF BLENDING EPDM WITH SBR ON THE  CURE PROPERTIES OF 

passenger TIRE TREAD RECIPE Filled With BLACK ( N-330 ). 

TABLE 7-00 

EFFECT OF BLENDING EPDM WITH SBR ON THE  CURE PROPERTIES OF 

passenger TIRE TREAD RECIPE Filled With BLACK ( N-305 ). 

 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 

OF EPDM 

Increasing of EPDM Level From 12 to 62 (phr) in Tread Recipe 

EPDM/SBR 

2DR Curing at 185 Ċ 12/92 22/82 32/72 42/62 52/52 62/42 

1.Scorch Time (tS2) 

min. 
1024 1024 1024 1029 1035 1037 1039 

2.Cure Time (t92) min. 2098 2098 3023 3023 3025 306 3018 

3.Max.Torque (MH)  

dN.m 
2806 32063 31073 33056 35083 35085 35088 

4.Min. Torque (ML)  

dN.m 
505 6068 6074 7042 7072 7078 7086 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 

OF EPDM 

Increasing of EPDM Level From 12 to 62 (phr) in Tread Recipe 

EPDM/SBR 

2DR Curing at 185 Ċ 12/92 22/82 32/72 42/62 52/52 62/42 

1.Scorch Time (tS2) 

min. 
1026 1032 1034 1041 105 1051 1052 

2.Cure Time (t92) min. 3013 3016 3022 3025 3038 3045 3052 

3.Max.Torque (MH) 

dN.m 
2802 3205 33035 3402 34087 3606 38016 

4.Min. Torque (ML)  

dN.m 
602 7012 7023 7056 7085 8015 8043 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF EPDM 

Increasing of EPDM Level From 12 to 62 (phr) in Tread Recipe 

EPDM/SBR 

2DR Curing at 185 Ċ 12/92 22/82 32/72 42/62 52/52 62/42 

1.Scorch Time (tS2) 

min. 
1.32 1036 1041 1041 1043 1046 1049 

2.Cure Time (t92) min. 3011 3011 30122 30126 30132 30137 3014 

3.Max.Torque (MH) 

dN.m   
28043 29034 32082 31026 32072 33098 35068 

4.Min. Torque (ML)  

dN.m 
505 6028 6029 7021 8012 8028 8045 

PROPERTY 
CONTROL 
RECIPE 
122wt% 

Increasing of EPDM Level From 12 to 62 (pphr) in Tread Recipe 

EPDM/SBR 
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TABLE 7-06 

EFFECT OF BLENDING EPDM WITH SBR ON MECHANICAL PROPERTIES OF 

passenger TIRE TREAD RECIPE Filled With BLACK (N-331) 

 
 

 

 

 

TABLE 7-02 

EFFECT OF BLENDING EPDM WITH SBR ON MECHANICAL PROPERTIES OF 

passenger TIRE TREAD RECIPE Filled With BLACK (N-330) 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 1505 15051 150537 15085 130253 12081 12011 

3.Modulus (Mpa) at 322: 

Extension. 
7012 11073 120323 12041 120473 12072 ------ 

4.Elongation (%)at Break. 388 388 415 422 349 322 285 

HARDNESS(I.R.H.D) 63 6702 6705 68 69 69 69 

ABRASION Index 111 112 113 115 117 119 121 

SPECIFIC GRAVITY 10135 10134 10132 10126 10117 10129 10129 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF EPDM 

Increasing of EPDM Level From 12 to 62 (phr) in Tread Recipe 

EPDM/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 1401 150612 160828 15076 130822 12084 120596 

3.Modulus (Mpa) at 322: 

Extension. 
902 1108 1204 12048 1205 1206 ------ 

4.Elongation (%)at Break. 352 365 385 332 279 272 252 

HARDNESS (I.R.H.D) 6405 66 67 68 6805 7902 69. 5 

ABRASION Index 123 125 133 139 142 148 156 

SPECIFIC GRAVITY 10135 10134 10132 10126 10117 10129 10129 
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TABLE 7-07 

EFFECT OF BLENDING EPDM WITH SBR ON MECHANICAL PROPERTIES OF 

passenger TIRE TREAD RECIPE Filled With BLACK (N-305) 

 

 

 

                                         
TABLE 7-06D 

Total a mount  of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF 

EPDM & SBR Filled With BLACK (N-331) 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF EPDM 

Increasing of EPDM Level From 12 to 62 (phr) in Tread Recipe 

EPDM/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 14026 1502 15099 15024 13021 11082 90922 

3.Modulus (Mpa) at 322: 

Extension. 
802 11088 120459 1205 ------ ------ ------ 

4.Elongation (%)at Break. 365 386 424 372 324 288 273 

HARDNESS (I.R.H.D) 64 65 66 6605 6705 68 68025 

ABRASION Index 111 113 115 126 133 139 144 

SPECIFIC GRAVITY 10126 10122 10116 10115 10114 10122 10292 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF EPDM 

Increasing of EPDM Level From 12 to 62 (pphr) in Tread Recipe 

EPDM/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 7075 70755 70768 70925 60626 60425 50255 

3.Modulus (Mpa) at 322: 

Extension. 
40268 60722 70241 70291 70127 70257 ------ 

4.Elongation (%)at Break. 30325 30325 30557 30428 20991 20571 20442 

HARDNESS (I.R.H.D) 201 20233 2025 20266 203 203 203 

ABRASION Index 5028 50333 50381 50476 50571 50666 50762 

SPECIFIC GRAVITY 10218 10217 10215 10229 102218 20994 20994 

Total 235540 265365 295302 295075 2556068 255073 065553 
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TABLE 7-02D 

Total a mount  of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF 

EPDM/SBR Filled With BLACK (N-330) 

 

 

 

 
TABLE 7-07D 

Total a mount  of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF 

EPDM/SBR Filled With BLACK (N-305) 

 

 

 

 

 

 

 

 

   

  اليةــــــــــــــكوا وجرى جحليل الٌحائج باسحخذام هعيار رياضي لغرض جحذيذ العجٌات الوث    

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF EPDM 

Increasing of EPDM Level From 12 to 62 (pphr) in Tread Recipe 

EPDM/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 7025 70826 80414 7088 6091 6042 50298 

2.Modulus (Mpa) at 322: 

Extension. 
50142 60742 70285 70131 70142 702 ------ 

3.Elongation (%)at Break. 3 30128 303 20828 20391 20314 2016 

4-HARDNESS(I.R.H.D) 2015 202 20233 20266 20283 203 20316 

5-ABRASION Index 50857 50952 60333 60619 60762 70247 70428 

6-SPECIFIC GRAVITY 10218 10217 10215 10229 102218 20994 20994 

Total 245209 265845 28538 29.933 2654878 265295 085076 

PROPERTY 
CONTROL 
RECIPE 
122wt% 
OF SBR 
202wt% 
OF EPDM 

Increasing of EPDM Level From 12 to 62 (pphr) in Tread Recipe 

EPDM/SBR 

TENSOMETER 12/92 22/82 32/72 42/62 52/52 62/42 

1.Tensile Strength (Mpa). 7013 705 70995 7062 60525 5091 40961 

2.Modulus (Mpa) at 322: 

Extension. 
40685 60788 70119 70142 ------ ------ ------ 

3.Elongation (%)at Break. 30128 30328 30462 30171 20777 20468 2034 

4-HARDNESS(I.R.H.D) 1092 20166 202 20216 2025 20266 20275 

5-ABRASION Index 2021 50381 50476 6 60333 6062 60857 

6-SPECIFIC GRAVITY 10229 10224 102 102 20999 20986 20979 

Total 235382 265049 295252 295047 085864 08525 095402 
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(Optimized or Typical Recipes)   والحيييييي جحييييير  للييييي  اكثييييير الخيييييرا

   Compromise.جرافقا

درجييات   ألطييث الٌحييائج الحييي جيين الحاييرى لليوييا لليي  همييحريات هخحل يية هييي الر ييرى  ليي      

 فيوا يخص الخرا  الويكاًيكية الحوادا لل  ًير  الوطياو واسيرد الكياربرى الوميحخذهييالاهثلية 

  وكوايلي:

 فقذ جن بالحرافق (Compromise) الحبار العجٌيات رات درجيات الححوييل الرةًييةpphr  

هع   NRرات أهثلية او قذ جن جحميٌوا باسحخذام الوطاو الطبيعي  62/42ال  32/72هي 

 0 الثلاثة لاسرد الكاربرىالاًرا  

  52/52 لي   22/82والحبيار العجٌييات هييي pphr  قييذ جيين جحمييٌوا باسييحخذام هطيياوBR 

 0 وهع الاًرا  الثلاثة لاسرد الكاربرى ايضا

  أها لجٌات هطاو الٌيربرييCR  42/62و 32/72فقذ جرى جحميٌوا بيي pphr 0 

  باسحخذام هطاو الاثيليي بروبيلييEPDM 52/52الي  12/92يي فاى العجٌات ب pphr 

-Nواسرد الكلربرى  N-332قذ جن جحميي خرا وا الويكاًيكية باسحخذام اسرد الكاربرى 

 22/82، 12/92فوييي كييلا هييي  N-375لاسييرد الكيياربرى  ة،أهييا العجٌييات الوثالييي 339

 32/72pphr   0و

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


