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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 from)+ to 1+ (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-YY+HAF, N-YYAHAF-HS and N-YVYeHAF.
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 Ve 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.



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.

e With compromise the mechanical properties of tread compound are
often optimized in the presence of NR within loading level ¥+/Y+ --
- V+/&+ pphr for the most three blacks.

e Introduction of BR in tread recipe takes part in optimizing
properties within the range of ¢:/3+ to 1:/¢+ pphr for various
values according to the effect of each black type.

e Optimization regarded by effects of CR/BR is valid for the loading
level of ¢+/7+ pphr with three blacks.

e EPDM increasing level is more active at loading points Y+:/4+ to
o+/o« pphr for blacks N-Y¥+ & N-Y¥Y4 producing optimized
mechanical properties of tread rubber. The typical recipes with
black N-YVe are only Y+/%+, Y+«/Avand ¥+/V+ pphr.

A
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List of Abbreviations

SYMBOL MATERIALS
BR Butadiene Rubber
BIIR Bromo-Butyl Rubber
BIMS Brominated Isobutylene-Co-Para-
Methylstyrene Rubber
Neoprene Rubber Star-Branched Bromo-Butyl
Br-SBB Rubber
CR Choloroprene rubber
CBS N-cyclohexyl-Y-benzothiazole sulfonamide
CTP-Y N-(cyclohexylthio)phthalimide
CIIR Chloro-Butyl Rubber
CTAB Measure for Surface Area of Carbon Black
CClg Cubic Centimeter Per Gram
DBP Measure for Structure of Carbon Black
dN.m Deci-Newton*Meter
ESBR Emulsion Styrene-Butadiene Rubber
ETA Extraction technique analysis
EPDM Ethylene Propylene Rubber
gly/V g Gram of lodine Per Y+ + Grams
HAF-HS High Abrasion Furnace High Structure
HAF-LS High Abrasion Furnace Low Structure
IRHD International Rubber Hardness Degree
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List of Abbreviations (Continued)

IR ISOPRENE RUBBER
IBR Isoprene-Butadiene Rubber
IR Butyl Rubber

ML(\+1)\ v oC

Mooney Viscosity of Rubber

mg/Kg Mille-Gram Per Kilogram

MPa Mega-Pascal

My Maximum Torque

M, Minimum Torque

NR Natural Rubber

PPM Part Per Million

pphr Part per hundred

SMR Standard Malaysian Rubber

SSBR Solution Styrene-Butadiene Rubber

SIR Styrene-lsoprene Rubber

SBR Styrene-Butadiene Rubber

SIBR Styrene-lIsoprene-Butadiene Rubber

TMO Polymerized(Y,Y,¢-trimethyl-),Y-
dihydroquinoline)

WT% Weight Percentage

S (N-(,¥-dimethylbutyl)-N-phenyl-p-

phenylenediamine)
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\aVa| |11 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[‘].

So, the tread is the major component of the tire on which the tire life is
mainly dependent [¥]. 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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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 [¥,¢].

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” [¢] 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 [1].

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) [%],
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.



CHAPTER ONFE

L
Ty -

\-Y-

BACKGROUND:

\-Y-)- TIRE PARTS:

Eight basic parts to tire are [V]:

).

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.

. 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.

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

the tread edge and affects tire heat behavior and cornering.

. 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.

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

to reinforce the tire.

. 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.

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

contains compressed air; and

. 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 (Y-)) [V].

=YY -
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CHAFER

Fig.(Y-V) Basic parts of tire.

\-Y-Y- TREAD PATTERN AND BAND

The performance properties of the tire depend on several characteristics
of the tire construction [+]. 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.(Y-Y) [4].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.

BLACK SIDEWALL

NYLON OVERLAYS

ﬁf’f’f?fﬁ?fﬂ ' ; i \ J e pects

A

TREAD PATTERN —

. POLYESTER
CARCASS PLIES

WHITE SIDEWALL TREAD BAND

CHAFER
HIGH TENSILE FABRIC TOEGUARD
BEAD WIRE

Fig. (\-Y) Tread band & pattern

Va¥aVa)e 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 [4]. 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 [A,4].

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.

\-¥« 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[A].

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.



CHAPTER ONFE

-t “_ - YO -
- S

_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 [‘+]. 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 [Y'].

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 [ ¥].

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 ['*].

|\~° MATHEMATICAL CRITERIONI

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 ['¢], 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 ['¢]
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:

=Y -
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Table (Y-Y) calculation table of mathematical criterion. ['¢]
Property Lower Dunlop | Characterist- ) (xty)*w
i : Xy .
standard limit | ic _ Multiplying by
for six steps o )
value characteristics weight
(v+-3+)pphr
(x) v) (W) For each step.
V.Tensile Strength | y. .. o Property/Y .+ Property/) +.+x°=B
(Mpa).
Y.Modulus (Mpa) at | v .. $ Property/Y. Property/Y.+x¢=BY
Y.+ 7/ Extension.
Y.Elongation(%) at | ve. ¥ Property/¥e+.: Property/Ye«xY=BY
Break.
¢-HARDNESS RN Y Property/% .+ Property/1+.+xY=B¢
(1.R.H.D)
°-ABRASION A " Property/Y Y 1. Property/) Y1.«x1=Be
Index
1-SPECIFIC Y.0)e \ Property/Y.\ e, Property/).VYex))=B"
GRAVITY
TOTAL=MUJID YB:
Index h

Mujid Index= XB=X(Xd/Y;)*W; [} ¢]

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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\-- | 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 (Y-Y) [ Yo,V 1].

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

Y- Vulcanizing agents, accelerators with available (sulfur, organic
peroxide, secondary vulcanizing agents, accelerators with available
sulfur, metallic oxides).

Y- Accelerators.

¢- Accelerator activators and retarders.

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

1- Processing aids, plasticizers, softeners, takifiers.

Y- Reinforcing agents.

A- Inert fillers and diluents.

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

etc.).
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Passenger
Tire Tread
Recipe

I
/erlastomer \\ //Reinforcing\\ /<Accelerator;\\
+ +

agent Carbon
Reclaimed black Accelerators
rubber + Activators
+ Processing +
Vulcanizing oil Age resistors

\\7 agents A// \\7 ‘// \\‘ 4//

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

All the ingredients used are normally given in amounts based on a total
of Y.+ 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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V. 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.

Y. 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..

Y. 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-Y). 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(£-Y). The same ingredients are used in formulation table ()-Y)
except with CR/BR formulation which included additional magnesium
oxide (MgQO) 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 Y+ phr to
1+ pphr, by means of replacing an equal amount of SBR for each step by
adding Y+ pphr.

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

with three types of carbon black as follows:
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TABLE (Y-Y) PASSENGER TIRE TREAD FORMULATIONS
MODEL, SUGGESTED BY THE RESEARCHER INCLUDING FOUR

RECIPES OF (A+ TO Y+ pphr) OF i EasliitEg=ImaitlelolsIqpYielsy WITH

BASE RUBBER SBR-Y¢: Y.

COMPOUND

Qe-AeVetao Qe-AeVatao Qe-AeVeto Qe-AeVetae
Ot Ot L Ot

NR/+-Y+¥oo ([ BRA-Y+-¥oo || CR/BR/ =Y+~ || EPDM/+-Y+-
P2 - I, O €000 | (RO S I | RO Y- I

SBR e Y

Added Rubber

Activator
STEARIC ACID.

Activator ZINC
OXIDE.

Anti-Ozonant
(APPD).

Anti-Oxidant
(TMQ).

PARAFFIN WAX

PROCESS OIL

CARBON
BILACK N-=1T

CARBON
BILACK N-7719

CARBON
BILACK N-1v°

'Y
Accelerator (CBS).

‘\VI‘SULFUR

o

Y e || Retarder (CTP.Y++)

V1 || Reclaim
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As it is known, climate in Iraq is very hot especially in summer season

wherein the temperatures reach more than v+ °C on the roads and more than
Y++ 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

V. 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.

Y. To try medium-high structure carbon blacks (high abrasion furnace) at
certain loading levels such as N-YY:HAF, N-YY4HAF-HS and
N-YVeHAF.

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 () +-Y+-Y+-£.-0..7+)
pphrs with SBR of (3 +-A+-V.-T+-0.-£+) pphrs.

=YY -
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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:

Y. Natural Rubber NR,

Y. Polybutadiene Rubber BR,

Y. Neoprene Rubber CR mixed with BR , and

¢, Ethylene-propylene Rubber EPDM,

By using three kinds of carbon black at specified pphr in each trend:
V. High Abrasion Furnace N-¥¥+ HAF,
Y. High Abrasion Furnace High Structure N-¥¥4 HAF-HS, and
Y. High Abrasion Furnace N-Y¥V¢ HAF as reinforcing agents where
these recipes are represented by four models as illustrated by
tables ()-Y).

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 (£-¥) 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 ()« 7by weight or Y- +pphr) as the base rubber in the
control tire tread recipe which clarified by table (£-¢), and with other
standards of Dunlop Co. and state Co. of Babylon Tire Industry as shown in
table (£-Y). In addition, mathematical criterion is used for evaluating the
compromising mechanical properties of tread rubber compounds as indicated

in previous table (1-V).
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[#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 Y« ,+«++ 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 ['v] reported carbon black-filled tire treads of BR/NR
blends with butyl rubber IR, 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 [YA3studied 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 Y:phr CIIR was needed for a ©7 improvement in skid
resistance. However, the relative tread wear was ¢/ lower than the SBR/BR
control in a low-severity road wear test.

Hirakawa and Ahagon [‘4]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 [¥+]found that a pneumatic rubber tire having a
tread of a rubber composition comprised of SBR and cis ), - polybutadiene

rubber are typically compatible and therefore, for the rubber compositions

-Yo .
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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 [] 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 [Y)] 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 [YY]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 [Y¥], 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 [Y¢], reported that the blends of SBR with BIIR in
carbon black-filled compounds increased tire wet traction, but decreased
tread wear.

Wilson [Ye] 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 [Y*] 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 (-V+ to ) +°C) and decreased tangent delta values
at higher temperatures (>Y+°C) were obtained compared to a carbon black-

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

* tangent delta; tan 6=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. [YV] reported that use of BIIR or BIMS increased the
tangent delta values at (+°C) of carbon black-filled emulsion- SBR (ESBR)
and solution-SBR (SSBR)/BR compounds.

Zanzig, et al. [YA] 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 (+°C).

Kadomaru and Nakada [Y4] increased tangent delta at (+°C) using ephr
BIMS in SBR.

Matsui and Ohhashi [*+] improved tire snow/ice wet performance while
maintaining wear resistance using BIMS with SBR.

Hojo [*'] 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 [¥ Y] 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 Y, £-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 [**] studied silane-coupled silica-filled
SBR/BIMS treads showing improved wet skid performance with comparable
laboratory abrasion.

Heinrich, Gert, Hermann and others [*¢], 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

-YA-
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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, [*¢] 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 [¥1] 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 (1IR) )) 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 [*V] 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 ¥+ °C.

Heinrich [*A] reported that IR 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.

-Y4 -
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Kikutsugi [*4] 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 [¢+] reported that use of of BIMS increased wet grip
performance and the "feeling of driver" in tire tests.

Noriko, et al. [¢Y-¢Y] studied silane-coupled silica-filled BIIR/SBR and
BIMS/SBR treads showing improved wet skid performance with comparable
laboratory abrasion.

Walter, et al. [¢r-¢¢-¢0-¢1-¢V] 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/NRY$¢, 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 [¢A] reported that the rolling resistance of a vulcanizate
of given composition,(NRY+, SBRY+ BRY:, SBR-LXY, carbon black ¢
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. [¢4] showed that CARIFLEX, S-YYY+ and S-Y Y@ which
are two solution-polymerized styrene-butadiene rubbers (S-SBRs) can be
used for application in tire treads. S-YY)@ 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-)Y):- 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-)Y)e-bpased
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-YYYe and S-YY)+ by choosing the appropriate ratio

of the two rubbers.
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Cohen [¢:-¢V] reported that the copolymers of isobutylene and
cyclopentadiene improved the wet skid resistance of a carbon black-filled
SBR/BR tread compound.

Rogers [¢¥] 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 + °C and decreased
tangent delta values at 1+ °C in the laboratory tests, with only slight
reductions in tread wear based on tire tests using sectional retreads.

Kuman and Chandra [¢*] 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 3, ¢ 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 [¢¢] 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 [¢¢] 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.

A



: Y
hE

CHAPTER TEHREE

Matcearials Usead

L7

i NIN N4

ir@=z1E/ EE)oE



- e

CHAPTER THREE

L _ S ]
Ty -

P \( ATERIALS USED IN TREAD RECIPE

FORMULATION:

ELASTOMERS:

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

are the following rubbers:

STYRENE-BUTADIENE RUBBER SBR-)°: Y:

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 1l 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 [¢%].

In general, SBR can be produced by three polymerization techniques,
cold emulsion, hot emulsion and solution polymerization. SBRY°+Y which
used in this work is a cold emulsion copolymer of styrene and butadiene
prepared at a low temperature, usually ¢°C .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 [¢V];
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Butadiene  + Styrene — SBR
(CHv=CH—CH=CHY)+(CHv=(|3H)—>["'CHY—CH:CH—CH* | —CHy-
cH~],

C+H. C-H.

SBR produced by emulsion polymerization usually contains about ¥Y7
styrene randomly dispersed with about YV’ 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[eA].

SBR used in the tread recipe which is manufactured by Turkish

company PETKIM should fulfill the following requirements [¢4]:

Characteristics Unit Requirements
Specific gravity (Typical) gm/cm’ v AY

Volatile matter % .Y maximum

Ash content % Y.+ maximum

ETA extract % £ vo- ¥ Vo+tstabilizer
Bound styrene % YY.o £ ).« maximum
Organic acid % £V-v.Y

Stabilizer % Advised by supplier

Viscosity ML(Y+¢€) Y+ +°C OYLY

-¢o.
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NATURAL RUBBER NR (SMR" ):

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

[~ CH\-C = CH-CH\ ~],
|
CH-

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 -V +°C) 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 [ +,%V].

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 [1Y]. If a rubber crystallizes in the
strained state, complete recovery on removal of the load will not occur, and
set will be observed [1Y,Y]. The rubber will recover, however, when the
temperature is raised sufficiently to melt the crystals. The rate of
crystallization is greatest at about -Y°°C 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

['& Y"U"'Ri]_



The susceptibility of natural rubber to crystallization is not without its o

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 -1+ to Y+ +°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
["H]_

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 [*+].

This rubber has the following requirements [¢4]:

Characteristics Unit Requirements
Color coding red
Specific gravity Typical +.4Y gm/em’
Volatile matter % +.© maximum

Ash content % Y.+« maximum



Acetone extract % Yoot o

-EA-

Dirt (£° microns) % .Y maximum
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PoOLY-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:
[~CH,\-CH=CH-CH.~],

The mentioned structures also consist of mixed additional structures of
trans and vinyl [1¢,3%]. 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 ["e]. To obtain easy processing compounds, and to improve desirable
properties, BR may be blended with some rubbers like NR [*,¢].

Polybutadienes (BRs) rubber is usually vulcanized with sulfur curing
system whether used alone or in blends [Y']. 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

[\O’WV]_



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 [1A]. 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 [¢4]:

Characteristics Unit Requirements
Specific gravity Typical +.3v gm/cm’
Volatile matter % +.Vo maximum
Ash content % .Y+ maximum
ETA extract % V.« + max.+stabilizer
Stabilizer % As advised by supplier

Butadiene configuration.

€9 -

-Cis % £) typical
-Trans % ¢4 typical
-Vinyl % V.« typical

Viscosity ML (Y+£) Y+ +°C

¢y+o

NEOPRENE RUBBER CR (CHLOROPRENE):

Basically PlyCloroprene was introduced in Y4Y) 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 [ +].

NEOPRENE is the generic name to chloroprene polymers (Y-

chloro-Y,Y-butadiene),

[~CHw—|C:CH—CHw~]n



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 Y,
Y-dichloro-), Y-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 [14,v+]. 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 Irag 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 () + + °C) 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 [v1].

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

O



through the use of short mixing cycles and by mixing at the lowest possible

o) -

temperatures[v'].
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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 [¢4]

Characteristics Unit Requirements
Physical form Chips
Color Light amber
Odour Mild
Specific gravity Typical )\ .XY gm /em’
Volatile matter % < ).+ maximum
Ash content % <.+ maximum
ETA extract % .+ + maximum
Moisture % <o0.°
Crystalline rate slow

Viscosity ML (Y+¢) Y« +°C ¥1-00
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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 [V¥].

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” [V¢]. The type we have used is poly (ethylene- Co- Propylene- Diene),
Polysar EPDM Y ¢ 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 ©%/¢) and the ENB contents are considered
“Medium” for EPDM rubbers as shown bellow [V1]:

[(~ CHy- CH:~)sv(~ CHi- FH-CH) ~ diene~ ],
CH-

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.

oy -



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[Y¢]. 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, ¥
ppm of an EPDM replacing an equal amount of NR or NBR in a formulation
will impart satisfactory ozone resistance to the vulcanizate [vy,V¥,ve].

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 Y+)T, in particular, for part of the

oy



unsaturated polymers in these compounds improves the static and dynamic

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

[V'&]_
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combination of unusual weather and heat resisting properties, variety of
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Besides, low cost products due to low specific gravity of EPDMs, the

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 [¢4]

Characteristics

Physical form
Color

Odour

Specific gravity
Volatiles matter
Volatiles at Y+ 2°C
Ash content

Ash at ee+°C

Unit
Kg

Slight

gm/cm’

%

WT%

%
WT%

Viscosity ML (Y+A) Y« +°C

Stabilizer (A)
Flash point

Free Monomers

Antioxidant

°C
ppm
ppm

ppm
PIIR

Requirements
Bale
White to Gray
+ A% gm/em’
«.Yemaximum
C Y
<Y+ maximum
Y
AN
‘Yo
>Y
<)+ Ethylene
<)+ Propylene
AYe Diene
)

0¢ -
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*.\.1-] 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 [vV].

A scientific definition of de-vulcanization, based on a definition of
vulcanization by Ira Williams [VA], 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 [Vv4].

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

or specialized compounds especially as a softening agent with natural rubber.

00 .



Before the War it was used as an extender or cheapening agent, but at the

o1 -

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
[*]1

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 [¢4];

Characteristics Unit Requirements
Specific gravity gm/cm’ Y. 1 gm/em’
Volatiles at Y+ ¢°C WT% Y
Ash at ee+.°C WT% VY.« » maximum
Viscosity ML (Y+£) Y+ +°C Voe-As
Total hydrocarbon rubber % £)-¢
Isoprenic rubber content % ¢+ minimum

(NR&BR)
Carbon black % YA-YA
Acetone extract % Yoov
Chloroform extract % } + maximum

Metal content mm/Kg ¥+ maximum
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L | 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 [¢¥]. 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.

¥-Y-\- SOLUBLE SULFUR (RHOMBIC SULFUR):

Sulfur was first used by Goodyear in YAY4, 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 [A].
Sulfur is vulcanizing agent of a yellow powder with particle size nominally
blew )@+ microns. The dispersiblity in the rubber is added by controlling the
concentration of particles bellow ¢° microns.

The soluble sulfur has the following characteristics [¢4];

Characteristics Unit Requirements
Specific gravity gm/cm’ Y.\« gm/cm’
Volatiles at A+°C % +.©+ maximum
Ash at e +°C % <Y+ maximum

Sulfur content % 4.+ minimum
Matter insoluble in toluene % .2+ maximum

Mineral acidity (as HYSO¢) % +.+© maximum



Iron content mg/Kg

Arsenic content mg/Kg

Chancel fineness
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o« maximum
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Residue on YA+ microns %

dry sieve

Residue on Y« microns %
dry sieve

Passing £° microns %

«.» ) maximum

Y.« maximum

S« » maximum

r-¥-¥- MAGNESIUM OXIDE (MgO):

It consists of magnesium oxide (1AZ) and dispersible organic

binder (Y¥7). 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 [¢47;

Characteristics Unit
Specific gravity gm/cm’
Magnesium oxide content %
Calcium oxide content %
Loss on ignition at A°+°C %
Volatiles at Y +¢°C %
Copper content mg/Kg
Manganese content mg/Kg

Requirements
Y.Y+ gm/cm’
TALY
Y.+ maximum
Yaoy.
Y.+ maximum
Y.+ maximum

10+ maximum
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THE ACCELERATORS USED.

Second in importance only to the discovery of vulcanization was the
discovery of the accelerators [AY]. 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 [¢Y]

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 [AY].

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 [A¢].

¥-¥-\N-CYCLOHEXYL-YBENZTHIOZOLE
SULPHENAMIDE CBS:

A sulfonamide accelerator CBS is N-cyclohexyl-Y-benzothiazole
sulfonamide is used in the formulation of tread has the following properties
[ei]:

Characteristics Unit Requirements



Specific gravity gm/cm’ .Y+ gm/cm’

Volatiles at 1e°C % .2+ maximum
CHAPTER THREE
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Ash at ee.°C % <. &£+ maximum
Residue on %+ microns wet sieve % .Y maximum
Active matter % Y minimum
Melting point °C Av-y.o
Foreign matter (dirt) % .+ maximum
Free MBTS % «,©« maximum
Free cyclohexylamine % +.© maximum

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 [*].

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
[\ \]_
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¥-¢-\- ZINC OXIDE (*.Y°/ 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 [¢4];

Characteristics Unit Requirements
Specific gravity - .o« gm/cm’
Volatiles at Y+ ¢°C % «.Ye maximum

Matter insoluble % +.Y+ maximum

in acetic acid
Zinc oxide content % 4.+ minimum
Loss in ignition % +.© maximum
Lead content % +.Y° maximum
Iron content mg/Kg Yo+ maximum
Cadmium content mg/Kg ©+ v maximum
Copper content mg/Kg Y+ maximum
Manganese content mg/Kg Y+ maximum
Chloride content % .+ Y maximum
Matter insoluble % +.Y+ maximum
in water
Mineral acidity % v+ © maximum
Nitrogen surface area m'/g Yoo

Particle size micron below V..
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Yt ¥ STEARIC AcID (IoDINE VALUE
Y YMAXIMUM):

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 [ \].

Fatty acids of carbon chain length predominantly C,:-C,.. 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 C,,) is not permitted since fatigue performance
may be impaired [V¥,A¢].

The stearic acid has the following characteristics [¢47;

Characteristics Unit Requirements
Specific gravity -- Ao gm/cm’
Titre value °C ov-1.
lodine value gly/Y++g A maximum
Acid value mg KOH/G Ydo-VhY
Saponification value mg KOH/G ARCEARE
Ash at ¢e.°C % <)+ maximum
Volatile matter at 1°°C % +.%+ maximum
Mineral acidity % +.+ Y maximum
Iron content mg/Kg ©+_ + maximum
Nickel content mg/Kg Y v v maximum
Unsaponifible matter % Y.+ maximum
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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 ) part to
\ ++ 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 Dblends 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 [M].

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

that are used to reduce aging processes in vulcanizates are called age

-



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 [Y']. 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 (+ to 1) parts per hundred

million (*+"). So, the rubber may undergo cracking without being

compounded with materials that prevent ozone attack like (TPPD). 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 [Ae].

r.>.\ ANTIOXIDANT (TMQ):

The composition

It is a light brown solid of average molecular weight, typically © -+,

T Yen

N CH;
T

of antioxidant TMQ is
(Y,Y,¢-trimethyl-Y,Y-dihydroquinoline).

CH

n

polymerized

available as flakes or pastilles and having the following specifications [¢4]:

Characteristics
Specific gravity
Ash at ¢¢+°C

Unit

%

Requirements
Yoo A

<. &« maximum

¢ -



Volatile matter at 1¢°C % «.©+« maximum

-"1o .
Infra-red spectrum comparable with standard
CHAPTER THREE
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Softening point °C AY-4Y
Foreign matter % .+ maximum

v-o-Y- ANTIOZONANT (1PPD):

Antiozonant  PPD is a material of  composition

[N-(),Y-dimethylbutyl)-N -phenyl-p-phenylenediamine].

e -

He Hs

Antidegradant of purple-brown flake or pastille also is available as a
liquid in heated drums. It follows the following requirements [¢4].

Characteristics Unit Requirements
Specific gravity -- V.o
Ash at ee+°C % .Y+ maximum
Volatile matter at 1e°C % +.%+ maximum
Infra-red spectrum comparable with standard
Melting point °C £i-00

Foreign matter % .+ © maximum
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r-e-¥~ 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 [#47:

Characteristics Unit Requirements

Specific gravity <A

Ash at ¢e+.°C % +.)+ maximum
Copper content ppm Y+ .+ maximum
Solubility in toluene complete
Mineral acidity (as HYSO¢) % «.+) maximum
Microscopic examination macro-crystalline
Refractive index at A+°C VETYA
Firmness at ¢+°C comparable standard

Kinematic viscosity at 13°C cst v.av
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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) [Y'].

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:

\

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

of breakdown.

. Helps to disperse the other compounding ingredients especially blacks.

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

subsequent processing.

. Can impart building tack to the compound.

. Improved and more stable compound processing, especially in the

compound preparation and molding areas [A%].

1y -
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r-1.\- PROCESS OIL.

Process oil (paraffinic) is highly saturated light spindle oil

consisting essentially of saturated paraffin chains and has the following

characteristics [°4]:

Characteristics Unit

Specific gravity

Ash at ee+°C %
Sulfur content %
Matter absorbed by %
Concentrated sulfur acid
Mineral acidity %
Copper content ppm
Aniline point °C
Refractive index at Y+°C
Mineral acidity %
Water content ppm

Test for presence of detergents
Flash point °C

Requirements
VAo AS

<)+ maximum

S« maximum

Yo+ maximum

«.» Y maximum

Y «.+ maximum

AN« minimum

V. €4 maximum

«.» )Y maximum

<)+ maximum

negative

YAA « minimum

TA -
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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[¥']. A
summary of the effects of carbon black “structure” and “particle” size on

rubber processing and vulcanizate properties is listed in Table (¥-)).



CHAPTER

THREE

o,

L e

Table (Y-)) [ 1]

APPLICATIONS OF MAJOR RUBBER GRADE CARBON BLACKS

ASTM N-Type Designation General rubber properties Typical uses
Super abrasion Special tire treads, airplane, off-the-
N-YV. (SRF) High reinforcement road, racing tire; product for highly
abrasive service
N-YY . Intermediate super | High reinforcement, tear | Passenger and off-the-road tire
abrasion (ISAF) resistance; good processing treads, special service tires
High abrasion high High reinforcement, modulus, and .
structure hardness: excellent processin Standard tire tread blacks
N-F¥4 N-Y£Y | (HAF-HS) ’ P g
High abrasion | High  reinforcement, medium
N-Yve medium structure | modulus, and hardness; excellent | Standard tire tread blacks
(HAF-MS) processing
. . Medium high-reinforcement, | Tire belt, sidewall, and carcass
High abrasion .
N-YY. moderate modulus, good | compounds; retread compounds,
(HAF) . .
processing mechanical and extruded goods
. . Medium high-reinforcement, low
High abrasion low : . . .
modulus, high elongation, good | Tire belt, carcass, and sidewall
N-¥¥1 structure  (HAF- . . .
fatigue resistance, flex resistance, | compounds
LS)
and tear strength
. Medium high-reinforcement, high | Tire inner liners, carcass, and
Fast extrusion . . .
N-co. modulus and hardness; low die | sidewall  compounds, extruded
(FEF) . ,
swell and smooth extrusion goods and hose, inner tubes
General purpose- | Medium  reinforcement,  high | Tire inner liners, carcass, radial belt,
N-1o. high structure | modulus and hardness, low die | and sidewall compounds, extruded
(GPF-HS) swell and smooth extrusion goods and hose
Standard tire carcass blacks, tire
General UrDose Medium reinforcement, medium | inner liners, and sidewall, sealing
N-T1. (GPF) Purp modulus, good fatigue resistance, | rings, cable jackets, hose, soling,
flex resistance, low heat buildup and extruded goods; EPDM
compounds
. Semi-reinforcing Medlurr_l rel_nforcen_wgnt, high Mechanical goods, footwear, inner
N-V++Series elongation, high resilience, low
(SRF) . tubes, floor mats, hose
compression set
low reinforcement, modulus,
N-AA Fine thermal (FT) hardness, _ hysteresis, _ tensile | Mechanical goods, gloves, bladders,
strength, high elongation, tear | tubes, , footwear uppers
strength, and flex resistance
low reinforcement, modulus, | Mechanical goods, wire insulation
N-44 .« Medium thermal | hardness,  hysteresis,  tensile | and jackets, footwear, belts hose,
(MT) strength, high loading capacity and | packing, gaskets, 0-rings,

high elongation

mountings, tire inner liners
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Increased reinforcement, according to Dannenberg [AV,AA], 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 [AA,A4,4 .
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[v']. Basic

characteristics of carbon black are listed on table (¥-Y).

Yy -
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Table (¥-Y) [V]

Effective Points on Level on Reinforcement of Rubber
Reinforcement of Rubber Betiores w o sb o ob ub o o Poor
Particle Size Diameter: 10 - 500nm

. L
"m)nometer L% (But the sizo of Carbon | Smaller k Bigger

" Vmilion | 'Black which is used
for a tire is 10 - 50nm.)

Structure of Porticle

Chemical Character of

Particle Surface
a)Hydrogen The quontity of
Adsorptio that i
e O et cion | Mo [ TS e
groups.
b)Surface Oxygen | The quantity of Oxygen
Content thc: is odsorbed the More - Less
surface

5. The Relation of Particle Size and Dispersion of Carbon Black in the
Mixing Process
Rubber mixing accomplishes two necessary changes :
1. Softening of the rubber mix
2. Dispersal of carbon black and other ingredients in the rubber mix.
In oddition fo that mentioned above in (4), the dispersion of carbon black in the

rubber mix has @ big influence on rubber properties.

A- Particle Size:

The particles of carbon black are not discrete but fused “clusters” of
individual particles [AA]. 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” [V].
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 [AA]. 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[A4].

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 [AA].
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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 4+-447 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 [4+,41]. As heating in the range (¢« +-)Y1++°C) 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[e].
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In formulation concerned tread recipe three types of carbon blacks are used

as seen next:

Y-Y¥-)- High Abrasion Furnace Carbon Black N-TY.
HAF:

A carbon black produced by the furnace Process. Medium-high
reinforcement, moderate modulus and good processing.
N-YY+ HAF has the following characteristics [*94]:

Characteristics Unit Requirements
Specific gravity YA
Ash contentat °¢+°C % +.Vo maximum
Heating lossat Y+ ¢2°C % Y.2+ maximum
Fines content % VY. + maximum
lodine number mg/g AYto
DBP number CCh g A S
Compressed DBP cm'/YV g AA
Pour density g/l AREEA
Tinting strength %IRB Ye¥to
CTAB surface area m'/g AYL0
Fines content bulk % Y() +) maximum
Fines content bags % YY()°) maximum
Loss at Y+ 2°C-bulk % Y.+ maximum

Loss at ) » 2°C-bags % Y. maximum
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Y-Y-Y- High Abrasion Furnace High Structure Carbon
Black N-YY31 HAF-HS:

A carbon black produced by the furnace process with the following
specifications [¢47:

Characteristics Unit Requirements
Specific gravity YA
Ash contentat °¢+°C % +.Vo maximum
Fines content % VY. + maximum
lodine number mg/g 1.t0
DBP number CCh g ARE=
Compressed DBP cm'/) g Ve
Pour density g/l ARESN
Tinting strength %IRB YYeto
CTAB surface area m'/g q040
Fines content bulk % Y() +) maximum
Fines content bags % YY()e) maximum
Loss at Y« 2°C-bulk % Y.+ maximum

Loss at )« ¢°C-bags % Y.© maximum
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Y-V-Y- High Abrasion Furnace Carbon Black N-TV°
HAF:

A carbon black produced by the furnace process with the following

specifications [¢47:
Characteristics

Specific gravity

Ash content at ¢¢+:°C

Fines content
lodine number
DBP number
Compressed DBP
Pour density
Tinting strength
CTAB surface area
Fines content bulk
Fines content bags
Loss at Y+ 2°C-bulk

Loss at ) » 2°C-bags

Unit

%
%
mg/g
CCI ++g
cm'/) g
g/l
%IRB
m'/g
%
%
%

%

Requirements
Y A
+.Y© maximum
VY.« maximum
9.40
VY §4
v
YEoLy.
YYeto
AAL0
V() +) maximum
YY() @) maximum
Y.+ maximum

Y. maximum
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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 [A%].

CTP-) + + with the composition N-(cyclohexylthio) phthalimide has the
following characteristics [¢4]:

Characteristics Unit Requirements

Specific gravity ‘¥

Volatiles at 1e°C % +.©+ maximum
Ash at ¢ +°C % . &+ maximum
Residue on 4+ microns wet sieve % .Y maximum
Active matter % 1Y minimum
Melting point °C Ad-d0
Foreign matter (dirt) % +.+© maximum

Residue on 4+ micron % <Y+ wet sieve



: Y
hE

CHAPTER IFOUIR

Syoerimemntall

(A AT



CHAPTER FOUR

o, A e
L e -

1 NTRODUCTION:

Babylon tire tread recipe formulation (ITY+7+) as shown in table (¢-))
[Y1], 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(£-)Y) 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 Irag country as suggested by the
Dunlop Co., who is the supplier of Tire technology for the general state
company for Babylon Tire industry [YY]. This formulation of tire
tread(ITY «1+) 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 (£-Y) [YV].
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 (¢-Y), 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 ()Y) twelve of different
materials as shown in table (£-Y), where the base rubber is styrene-butadiene
rubber SBR i.e used Y+ +7Z SBR or )+ parts per hundred rubber compound
by weight (pphr). Control physico-mechanical properties of this modified

recipe can be seen in table (¢-¢).
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TABLE (¢-)) [V 1]
DUNLOP RECIPE (BAsic) OF PASSENGER TIRE TREAD, '+ PHR OF
SBR FILLED CARBON BLACK TYPE, N-YVo,

| COMPOUND

SBR oY

Y H Activator STEARIC ACID.
¥ || Activator ZINC OXIDE.

¢ Anti-Ozinant (1PPD).
> || Anti-Oxidant (TMQ).
|| PARAFFIN WAX

|| PROCESS OIL
- || CARBON BLACK N-rv°

Accelerator (CBS).

| 'Y || SULFUR

| 'v || Retarder (CTP.)++)
| V¢ ][ Reclaim

||| Total

TABLE (¢-Y) Y'Y,V 11
COMPARATIVE PROPERTIES OF ': ‘PHR SBR TREAD RECIPE FILLED
WITH CARBON BLACK (HAF) RELATED TO THE Standards or DUNLOP &
Babylon Tires Company).

PROPERTY STANDARDS

e
R
sy

e TENSOMETER ASTM-
&y

\.Tensile Strength (MPa)” Ve Min.
Y V~ ~z . - .
-Modulus (ME’a) at Y.+ Min. Y.« Min. at Yo7/
Extension
v.Elongation at Break (%) Yve Min.

¢ HARDNESS ‘o T
Tester/ASTM-DYY¢.-Vo

e Abrasion Resistance

Index/B.S.4+ ¥PTA-4 0. $0*Y 0=VY1 VYo L
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TABLE (:-Y) [\1]
CONTROL RECIPE(MODIFIED FROM BASIC RECIPE) OF )+ pphr SBR
TREAD RECIPE FILLED WITH THREE TYPES OF CARBON BLACK
AT SPECIFIED (pphr).

‘ COMPOUND pphr pphr pphr
)
\ . ’ . \ .

SBR oY

Activator STEARIC
ACID.

Activator ZINC
OXIDE.

Anti-Ozinant
(APPD).
Anti-Oxidant
(TMQ).
PARAFFIN WAX
PROCESS OIL

CARBON
BLACK N-I'r.
CARBON
BLACK N-rri

CARBON
BLACK N-rve

V.0 V.0

Accelerator (CBS).

IR SULFUR |
‘ 'Y H Retarder (CTP.V++) H
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TABLE (¢-¢) [VV]
CONTROL PROPERTIES OF (MODIFIED RECIPE) ' ‘PHR SBR TREAD
RECIPE FILLED WITH THREE TYPES OF CARBON BLACK AT
SPECIFIED (PHR).

PROPERTY CARBON BLACK

e DR Curingat)Ae C N-YY+ HAF N-Yv4 HAF-HS
ASTM-DY + A£-A4 Ve pphr T pphr

Y.Cure Time (t.) min.

N-Yve HAF-LS
1e pphr

¥.Max. Torque (My) dN.m ‘l YAR ‘l YA ‘l YA £Y

£.Min. Torque (M) dN.m

e TENSOMETER tests
ASTM-£Y

V. Tensile Strength (MPa)”

Y.Modulus (MPa) at ¥+ + 7% . v 1Y . q. . AY
Extension ' ) ]

¥.Elongation at Break (%) | FAA | Yo, 1o

¢ HARDNESS “r . ‘o .
Tester/ASTM-DYY¢.-Vo

e Abrasion Resistance
Index

“ £ ¢xY o=V )Y “ £4%Y o=\YY 0 \IEE.ZY*V.O:\H

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 YAY4 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



CHAPTER FOUR -AE -

o, A e
L e -

each batch. Vulcanization was also carried out with accordance of
standardization.
Also, during experimental work, some points were emphasized as follows;
V. The processing methods of preparing raw materials, weighing, mixing
and sampling are carried out with proper way.
Y. The in-process and final testing of the finished product so as to ensure
consistency is valid and accurate.
Y. Vulcanizing system used is well known which can bring out develop
and maximize the ultimate properties of the materials used.
¢, The capability of preparing tread recipe that composed of right
materials cost.
The work has also faced some troubles as follows;
V. 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.
Y. Raw materials stored by Babylon Tire Co., especially the chemicals
may not with suitable storage temperature recommended by the
supplier.
Y. Most of the polymers (elastomers) were in the storage for long period
which may affect the results.
¢, Mixing with open mill is not efficient as in Bumbory where closed

mixer is better than an open mill.
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MIXING AND VULCANIZATION:

¢-¥-\« 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
[41]. 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
(Y-)), 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 () ©+mm), working distance (¥+ »mm), speed of the slow roll (Y ¢
rpm) and gear ratio (V.£). 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 (£-°). The mixing operation was executed on two stages.
The first one (I) 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 (II) 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 [A1].
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TABLE (¢-°)
SCHEDULE 'F MIXING CYCLES
v Period
No. Mixing Steps _
Stage (I) Master Batch minutes
y_ | Passing rubbers through rolls several times with decreasing a mill | |
roll opening to +.Y cm, at V+°C.
y. | Adding reclaimed rubber to the rubber in step -)- then banding | .
with mill opening Y.Ycm to +.Ycm for several times.
Y- | Adding of stearic acid. )
¢- | Adding of zinc oxide. Y
°- | Adding of 1PPD, TMQ, and Paraffinic Wax. ¥
.. | Banding with gab +.Ycm and cutting of Y/¢from each side for | .
homogenization.
Y- | Adding half of each carbon black and process oll. ¢
A- | Adding the other half of each carbon black and process oil. ¢
1- | Making three % cuts from each side for homogenization. v
- Stage (IT) Final Batch
\+- | Cooling the master batch to the room temperature.
VY- | Adding the sulfur to the master batch. )
VY- | Adding the accelerator (CBS). )
VY- | Adding the retarder CTP-) - . )
V ¢- | Banding the recipe with mill opening at +.Y¥ to +.) cm. )
\ Sheeting the batch to a minimum thickness of «.% cm at .-
o_ o
VeaoC,
Y- | Cooling the batch to room temperature.
TOTAL vy
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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 [AY,A].

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:

V. 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.

Y. 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 ¥+ to Y+ £Y°C and then, the empty
mold was brought to vulcanizing temperature within (£)°C) in the closed
press and held at this temperature for at least Y+ minutes before the uncured
(unvulcanized) sheets were inserted. The press was capable of exerting a
pressure of ¢+ 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 [¢4], and depending on the type of recommended test.
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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
[4Y]. 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 [4].

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:
V- The maximum torque (My) generated by an Oscillating Disc
Rheometer (ODR).
Y- 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:

- A4 -



V. The viscosity (minimum torque M) of the uncured compound
on an ODR.

Y. The scorch and cure time (ts+&L4.) 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 [4*].
Item (C) is checked by measuring:

\. 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.

Y. The modulus of elasticity at Y-+’ extension of the cured
compound which can predict with abrasion resistance the mileage of a
tire [V1]. Modulus is also predicting the handling characteristics such
as good driving especially during cornering.

¥. 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 [YV,Y4].

¢, Abrasion resistance. It is a measure of tread wearing that
determines the tire life.

¢, 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 [*+,*),*¥].



The testing procedures that followed are based on the test equipment which
is used in Dunlop factories. The equipment items used are Monsanto ODR-
Y+« instrument, Monsanto Densitron tester, (Wallace Dead Load) Hardness

tester, Akron abrasion tester, and Monsanto Tensometer T) + tester.
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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

)y -

been satisfied with the cure meters, especially the ( PECIFIC
Rheometer or ODR-Y:«+ [%Y,A¢]. Tests carried out | GRAVITY

Maximum Torque (My in dNm) which is a measure of modulus, Minimum

Torque (M, in dNm) which is a measure of viscosity of the blend, Scorch
Time (tsy), is the time in minutes at which torque is (+.Y Nm) above M, and
Cure Time (ts.), is the time in minutes at which torque is M ++.3(Myz-M)).

scheme (¢-)) shows the measured properties by Oscillating Disc Rheometer
ODR.

ODR
TESTER
1 1
SCORCH CURE MAXIMUM
TIME TIME &

MINIMUM
TORQUES




scheme (£-)) 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 YV:0 & DY +A£-Ad [4e].

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 [4%].

These values were compared with standards of Dunlop and state
company of Babylon tires. Time required for vulcanizing the sample was
(1 minutes) at YAe°C [¢4,41].
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£-Y-Y- 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
[4V]. 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 [¢A], 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.(¢-V). It is calculated by dividing breaking force in Newtons by

the cross-section of unstressed specimen in square meters.



b — A >
. o C N
: |
’ D : 8
% \—L
£
Dimensions Type 1 (i) ' Té'pe .2 .(mm)
A 115 minimum 75 mummum
B 254 | i3+ 1
G 33 % 2 35 11
+0-4 '
D 6-0 —_0-0 4+ 0-1
L 14 +1 8.:k:0:5
F 25+ 2 12:5: 10

Fig. (¢-Y) 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 Y+ +7 modulus, for example, means
the stress required to produce a ¥+ + 7 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 [4V].

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,

-9¢ -



expressed as percent of the original length, is taken at the moment of the_ .
rupture [44].

Tensile strength and elongation properties serve as an index to the general
quality of a rubber compound. Rubber compound less than 1.3 MPa in
tensile strength are usually poor in most mechanical properties and those
with tensile strength over Ye.V MPa are usually good in most mechanical
properties [4A].The above three tests were carried out by using Monsanto

T) + Tensometer equipment and according to ASTM-D VY [e4].
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MONSANTO T'* 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

(£-Y).

/\

v Elongation
Modulus at Percentage at
¥+ «/.Elongation Break

Scheme (¢-Y) flow sheet of properties tested by Tensometer T + tester.



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 [¢4]:
Y. Wallace sample press.

Y. Dumbbell die-BSl, type Y/ASTM type C.

Y. 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[® - +].
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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 DYY¢.-ve DY£Ye-TA and
DeY)-YA, For metals and certain plastics and rubber the most common
methods bear the names of Brinell, Vickers, and Rockwell [ +1].

.-t | SPECIFIC GRAVITY DETERMINATION:




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 [+ *].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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ABRASION RESISTANCE TEST:

This property in rubber may be defined as the resistance to wearing
away by rubbing or impact in service [44].

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 [ ¥].

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.



These are as follows [« ¢]:

- A -

V- Hysteresis wears. Y- Abrasive wear. Y- Wear due to squirming motion.
¢- 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 ['].

This test was carried out in accordance with British standard B.S 4:¥
PTA-% by using Akron Abrader.
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¢\~ | 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 (£-Y) page 7-. 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 (tsv) is

the time for the torque to increase +.YN.m above the minimum torque, where



cure time (ts.) is the time for the torque to increase above the minimum

torque by +.2+ 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 (M) is a measure of stiffness (modulus &
hardness) of the rubber, and thus varies with number of cross-links as
vulcanization proceeds, and minimum torque (M) 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 (¢-¢), which have taken
a single elastomer (SBR ¢« Y) as the base rubber compound filled with three
black types on one side, and also with standard properties mentioned in table
(£-Y), 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



limits of standards. Obtaining better values than control properties is the
target of optimization.

Optimization is agreed and significant:

Y. when the followings reach extreme values (around the upper limits):

A/ scorch time 1Sy and maximum torque M.

B/ tensile strength, modulus, and abrasion resistance.

C/ Elongation percentage.

Y. when the followings reach lower values (around the lower limits):

A/ Cure time ts. and minimum torque M
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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©.Y- Effect of Increasing Loading Level (amount) of NR in
Tread Recipe (NR/SBR) Filled with three Blacks

©.Y-): Introduction
Generally, natural rubber NR (SMRY+) 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 [Y+*].

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 [Y:%].
Difference in physical properties would increase non-uniformity in mixing as
shown by some investigators [« V].

\

) -



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 [A%]. 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:

¢-¥-Y- CURE PROPERTIES:

Results on tables (°-Y, ¥, ¢) as indicated in appendix A illustrated the
cure properties of model NR formulation of tread compound as be shown in
previous table ()-Y) filled with blacks N-Y¥-HAF, N-YYAHAF-HS, and
N-YVoHAF respectively.

Y-



It is obvious that the increasing of NR in SBR blends by means of -
replacing the same pphr of SBR for 1 runs in recipe, affects the cure

properties which could be discussed as follows:
Comparison & Evaluation.

Y. It is recommended to have a comparison for the results
obtained in table (°-Y) with the control properties taken from
the control recipe of Y+ +phr or )+ *wt%SBR and with Babylon
and Dunlop Co., standards.

The mentioned results can show;

e Reducing the scorch time from ).Y¢ to ).Y)A minutes and cure time
from Y.9A to Y.VY 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 Y™ run until the last run.
Comparison with standards specified in previous table (Y-Y) 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 () +-1+) 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 ‘-Y 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 [+ A].
e Maximum torque (My) has increased from Y).Y to YY.eYdNm through
the first (¥ runs) of NR loading levels, and then decreased for the last
(Y runs), ending with YA.+dNm. Also, the minimum torque (M) which
gives an indication to the viscosity of the blend (recipe) has directly

increased from ©.2¢ to 1.©YdNm.



e |n case of comparison of maximum and minimum torgque with control, -

it is found that they are acceptable by both standards. Maximum
torque has increased by Y.°YdNm above the minimum limit of
Babylon Tire Co. imparting good modulus of tread rubber compound.
Meanwhile ¢+/¢+ and 1+/¢+ runs are shown corresponding values to
the control. The inherent reversion of NR is after the reduction of
maximum torque ['].

e 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 [ ¥].

Y. Variation of cure properties mentioned in table (°-Y) 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;

e Decreasing scorch time and cure time from .Y to ).Y+ minutes and

from Y.) « to Y.VY 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.

e Raising the values of maximum and minimum torques through the
range of loading NR from Y4.Y to YY.)YdNm and from .YV to
T.A+dNm 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 [4¥].



Y. Table (°-¢) clarifies the results of increasing NR loading level
from Y+« to 1+ pphr in tread recipe NR/SBR shows the-
followings;

e Values of scorch and cure time gradually decrease from Y.Ye to Y.}
minutes and from Y.A+ to Y.Y1 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.

e Maximum torque slightly increases with the first (¥ runs), and then
decreases for the other (¥ runs), initial and final values are Y4.2Y and
YA.YAANm. Minimum torque is directly proportional with NR loading
by increasing from ¢.2¢ to 1.9AdNm for (T runs). Decreasing of
maximum torque for the last three runs is the same for that reported
with N-YY+,
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°-¥-¥~ MECHANICAL PROPERTIES:.

Tables (°-°, 1, V) as indicated in appendix A illustrated the physico-
mechanical properties of tread rubber with NR filled with blacks N-YY+HAF,
N-YYAHAF-HS, and N-YYeHAF as previously reported in table (1-Y).

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 ['+4]. 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.

V. Table (°-°) reports down the following results of increasing
NR loading level from )+ to "+ pphr in tread recipe NR/SBR ;

e Tensile strength has risen significantly during ¥+/V+---2+/2+ runs, and
then reduced for the last run 1+/¢+ phr. A comparison with control
clarifies an important advantage through that range of NR loading. If
those properties of 1 runs compared with the other standards, it is
obvious that the increment is higher than minimum limit of Dunlop &
Babylon Co. by amount of A.9AMPa which represent about -7
enhancement above the lower limit.

e 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 Y.AMPa an increasing value of
modulus, and when comparing with standards the modulus increased
Y.4YeMPa 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 for) - «phr of SBR, besides, reversion phenomenon

accompanied with NR during vulcanization [« 4].

e 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.

e Hardness increases slightly for 1 runs indicating a range of increasing

starting with 1Y to 1¢ (1.R.H.D) upper the control hardness. However



comparison with standards leads to have acceptable results matched

- YV o

with the range of those standards for all runs. More cross-links of NR
with sulfur and SBR cause in such hardness [4¥].

e Abrasion resistance index increases for all 1 runs exceeding Dunlop
standard especially at the 1" 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 [4¥].

e Specific gravity indicates a little bit reduction especially through the
™" run; this is due to lower specific gravity of NR if compared with
SBR a lone ['':]. 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.

Y. Table (°-1) expresses the following results of increasing NR
loading level from Y+ to 7+ pphr in tread recipe NR/SBR ;

e There is a noticeable increasing of tensile strength starts with
V1. +AMPa, then continues till Y1.7Y1MPa before reaching Ye.17+MPa
at the 1™ 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 YMPa, 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-YY., except that increasing of tensile here is slight because
joining of crystalline rubber NR and high structure black N-Yv4 always
gives such result [11].

e 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 Y.YMPa especially through ¢ &
o™ runs.

o Elongation percentage gradually increases with significant difference

ith

in values until run, and then reverses for the other consecutive runs.



ith
- \ .
run, this gives an indication that elongation has been advanced,

Comparing with the control shows about 17 improvement at the

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 [+ V].

e The available results reflect a little progress of hardness particularly at
o™ and 1™ 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 )).27Z development of the lower limits.
Increasing of hardness may refer to high structure of reinforcing agent
N-YY4 besides more dense cross-links of NR due to increasing of
loading level [ A].

e 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.

e Specific gravity is often decreased but with a higher rate if compared

with that filled N-YY+ | this is because of the higher specific gravity for
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Carbon black N-YY4, however the specific gravity is still fitting the
standards.
Y. Table (°-Y) shows the following results of increasing NR
loading level from Y+ to "+ phrin tread recipe NR/SBR ;

e 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 YA.)% of

-Lth

the control particularly at run (1+/¢+).Comparison with the two



standards tensile strength is nearly twice the minimum limits which_ -
clarify a strike advantage.

e 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 Y.11MPa above the lower
limit.

e |t 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-Y¥+ & N-
Yve,

e |t is quite apparent from the data presented in the table (°-V) that
optimization covers most of the mechanical properties mentioned
above. Nature of NR and recommended properties of black N-YVve
have taken part to appreciate for such optimization.

e Increasing of hardness has conducted on the last ¢ runs if compared
with the control; besides it is agreed with other standards. Increasing
has occurred in simple amount for the last ¢ runs due to the medium
structure of reinforcing agent N-YVe [Y1].
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e Results of abrasion index go up from Y'Y to ) £¢A and appear a medium
increment if compared with standards, meanwhile comparing with the
control shows a large improvement.

e 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-YVe loading may
create like this result [+ 94].
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¢-Y-¥- Comparison of Mechanical Properties of
NR/SBR Filled with Three Blacks

0-Y

-v-1-Tensile Strength;

Figure (°-)) shows the tensile strength property of tread rubber

compound [NR/SBR] reinforced by three types of black, N-YY+HAF, N-

YYAHAF-HS and N-YYeHAF.
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FIG.5-1 Tensile Strength Versus(phr)s of NR Filled 3-
\_ Types of Carbon Black )

It can be seen from the figure above that the tread rubber compound

(NR/SBR) with 1 gradual increments of NR has different tensile strength

depending on the reinforcing agent (carbon black). Tensile strength of recipe



filled with black N-YYe has good advancement if it is compared with other .

recipes filled with N-YY+ and N-YY14 respectively. This is referred to the
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nature of NR and black N-YVe 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 [YY1].

-Y-¥-Y- Modulus;

Figure (°-Y) indicates modulus of elasticity of three types of tread

compound rubber (NR/SBR) each one filled with specified carbon black.
(1
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=~ N.339(60 phr)
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FIG.5-2 Modulus Versus (phr)s of NR Filled 3-Types
\ of Carbon Black D

The above figure clarifies the comparison between moduli referred to

three tread recipes. It is noticeable that the recipes filled with black N-¥Y4



have increased modulus along NR loading level. This is normally attributed Ny

to the high degree of black aggregates (high structure) where “the higher
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structure blacks produce the higher modulus” [YY']. Recipe filled with N-
Yve shows a simple gradual increasing of modulus, because it is classified as
medium structure black. Modulus of recipe filled with N-YY+ 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 (Y +phr) and low structure of N-Y¥+ and susceptibility of NR
to crystallization [Y'+]. Collapsing of N-Y¥+ modulus attributed to sulfur
vulcanization systems which give in particular lower moduli and increase

compression set [11].
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-Y-r-r- Elongation Percentage @ break;

Figure (°-Y) expresses the elongation percentage for three individual
tread recipes (NR/SBR) reinforced by blacks N-¥¥+, N-¥¥4 and N-YVe,
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FIG.5-3 Elong.% Versus (phr)s of NR Filled 3-
. Types of Carbon Black )

The increase of elongation percentage for the blends is remarkable; blend

with N-Y¥+ and N-YVe has a significant advancement if compared with

N-YY4 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 [Ve]. This can be appeared in blends of low elongation those

have high structure black N-YY4. Also, elongation affected by (Tg) of the



rubber as for low (Tg) having by NR which improve mechanical properties

along wide range of temperatures [*1].
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-Y-¥-t- Hardness;
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FIG.5-4 Hardness Versus (phr)s of NR Filled 3-
\ Types of Carbon Black )

Figure (°-¢) 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-Yv4
discloses properly the increase of hardness with loading level of NR;
meanwhile other recipes of N-YVe and N-YY-. respectively have also
proportional increase if they are compared with each other and have less
degree comparing with recipe of N-¥¥4. 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

A\RER=



hardness is controlled by structure, particle size and loading with higher

-YYo .

structure blacks producing the highest hardness at equal particle size [Ve].
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-Y-¥-¢- Abrasion Index;
Figure (°-°) declares the abrasion resistance index of three rubber mixes
filled with three blacks.

== N-330(70 #hr)
=8~ N-339(65 #hr)
&= N-375(68 #hr)

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 [1¥].
As it can be seen from figure (°-°) that the abrasion resistance of three

tread rubber compounds have an improvement in such away they have got



proper optimization starting with recipe of N-Y¥4, N-Yve and N-YY -+ serially. .

The increase of abrasion resistance is basically related to the NR

specifications and high structure black N-YY4. This is because the furnace
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black (N-¥¥1%) 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 [Ve].

o.Y.¢{- 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

(°-2, 1, Y)A, appeared in appendix A and the following figure ©-1.
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Hg.(5-6 ) Compromising properties versus
NR increment in recipes of 3-blacks
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It can be seen from the three tables - up to ©-Y and figure (¢-1) that
compromising properties is clearly associated with recipe of Y+/Y+ PHR for
black N-YY+, meanwhile recipes ¢+/°+ and 1+/¢+ PHR show compromising
properties for blacks N-Yv4 & N-YVe respectively. Improvement of total
mechanical properties refers preliminary to the susceptibility of NR to

crystallizationve, ¥ +].



CHAPTER Flve

.y, i
Ty -

o.Y. Effect of Increasing Loading Level (amount) of BR in

Tread Recipe (BR/SBR) Filled with three Blacks

©.Y.\: 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 [YVY,"'¥]. It is also
compatible with SBR producing great elasticity and good resistance to
stiffening at low temperatures [**].

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 [Y'¥,2'¢]. 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 [Y¢]. So, for this reason the

mentioned properties may be affected.

*-¥-Y~ CURE PROPERTIES

Tables, (°-A), (°-%) and (°-) +) 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.



It is obvious that the increasing of BR in SBR blends (BR/SBR) by e

means of replacing the same phr of SBR for 1 runs (}+/2+----1+/€+) 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-¥¥+, N-YY¥% and N-YVe respectively.
They are faster than control property and matched the Babylon Co.
standard limits, however, final two runs of N-YY and three runs of N-
Y'Ve cure time are being out the standard range. As blends of black N-
Y'Y+ have longer scorch time if compared with N-YY4 & N-YVe plends.
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 [ve]. 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 [Ve].

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 +.%(ML-¢) units for each change of one part of carbon black,

minimum torque is readily increased with the loading level of BR
[°]
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oYY« PHYSICO-MECHANICAL PROPERTIES
Tables (°-VY, VY, YY) 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 (°-YY, VY, YY) can be evaluated by the
followings;
e Tensile strength increases slightly for the first ¢ steps, and then comes

down for the rest ¥ 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 Y£.)%, meanwhile comparing with
standards shows about YVY% of lower limit especially for the third step
of N-Y'Ve blends.

e Modulus increases generally as BR increases in recipe for all used
blacks. Enhancement of modulus is clearly shown with both N-¥¥4
and N-YVe_ 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 [1°].

e Elongation of N-¥¥+ and N-YVe blacks increase relatively for ¢ runs;
it is rather stable for the other runs. In addition, elongation of N-Y¥4

blend increases fairly but not for all runs where two runs last has low



values. A comparison with the control displays a large improvement s

even with standards. The increase of elongation percentage for blends
of black N-YY « presents a great advantage if it is compared with others

of N-YVe and N-YY4,
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e For recipes of N-Y¥4 and N-YVYe, hardness increases significantly if it
is compared with the control meanwhile, for N-YY+ hardness increases
slightly by about ¥.Y% 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 [V°].

e Apparently, increasing of BR in tread rubber compounds is
accompanied by increasing of abrasion resistance for Y types of carbon
black as mentioned in tables above. Therefore, the improvement of
abrasion resistance is £1.£% for both N-YY+ and N-YVe recipes if it is
compared with the control meanwhile, N-Y¥4 tread recipe has ¢Y.Y%

improvement.

e As BR has lower specific gravity (+.3Y) [Y'e] than SBR, it can be seen
clearly there is a gradual decrease in specific gravity for blends of
three black types. For N-YY. blends it decreases slightly without
deviating the standards, the same thing is thus with N-YVve blends for
all steps. Specific gravity of N-Y¥4 blends decreases relatively more
than the others, this may related to the low density of carbon black

N-YY4 and its low loading level principally



-YYY -
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¢-¥-¥- Comparison of Mechanical Properties of
BR/SBR Filled with Three Blacks

¢-Y-r-\- Tensile Strength;

It can be seen from fig. (°-VY) 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 ¢+/7+ of BR/SBR composition.

[ 20 A
m=e== \330(70 phr)
=== \339(60 phr)

Es :: A= N375(65 phr)
o 16 L—Q ¢
?Ci \
= 0.
o 14 N\
Z
(] \
> .
(99}
w 12
-
%)
Z
L
|_
10
8
6
10 20 30 40 50 60
BR LEVEL (phr)
FIG.5-7 Tensile Strength Versus (phr)s of BR Filled 3-
\ Types of Carbon Black )




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-YVve

however, three blends are simply decreased for the last Y-steps.
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The inherently lower tensile strength and modulus and better hysteresis
properties of BR are reflected in properties of the blend compounds [£V], so

for this reason may low tensile strength here is attributed.

-Y-¥-Y- Modulus;

Figure (°-A) displays that with increasing of BR in tread recipe,
moduli have increased also with diverse levels although the difference is not
high.
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FIG.5-8 Modulus Versus (phr)s of BR Filled 3-
\ Types of Carbon Black y




Recipes of several compositions of BR especially at "

step filled with
black N-Y¥4% have the upper values of modulus among the other recipes of_
blacks N-YVe and N-YY. respectively. Principally, higher loading and
structure of black N-YY4 with respect to others are the reason of its higher

modulus [Ye].
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-Y-r-r- Elongation percentage (%) @ break;

Elongation percentage has different levels at the first run Y+/%+ of
BR/SBR according to the type of black and the tread compound composition.
Blends of black N-YY+ & N-YVe represent the optimized characteristic of
elongation for the most loading level phr of BR.

Blend of NYY1 has increased slightly until run ¢+/7+ and then for other
runs as indicated in fig. (°-%). 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-YY¥+ due to optimum

YYE -
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FIG.5-9 Elong.% Versus (phr)s of BR Filled 3-Types
of Carbon Black
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-v-v-¢- Hardness;
Fillers N-YY+, N-Y¥4 and N-YVe, and increasing of BR loading in
tread recipe play a great role in determining the hardness as clarified by the

figure (°-) +) underneath.

Yo -
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As seen hardness with black N-YY4 has always increased for all steps
leading the other blends, this gives an indication that blends with increased
BR level associated with black N-YY¥% have an improvement if compared

with two other blends of blacks N-YVe & N-YY+ respectively.
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Incorporation of black N-Y¥4 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 [Y!+].

-r¥-r¥-c. Abrasion Index;

VYT -



What available in figure (°-))) is an evidence for the high abrasion vy

resistance accomplished by mixes having an increased BR as an elastomer

and N-YY¥1 as reinforcing agent.
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FIG.5-11 Abrasion Index Versus (phr)s of BR Filled
\ 3-Types of Carbon Black )

The other two mixes of blacks N-Y¥+ & N-YVYe are less pronounced
than the increase of abrasion resistance of N-YY4 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 [¢V].
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o.Y.¢-Mathematical Evaluation:




The following figure ©-Y and tables show the values that estimated by
some calculations as it has done in table (°-)) which is mentioned in

appendix B later.

Fig.(5-12 )Compromising properties
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From the tables and the above figure, it can be seen that compromising
properties for recipe ¢+/7+ PHR of BR/SBR is most optimized with blacks
N-YY4  meanwhile recipes of Y./V+ & 7+/¢+ having compromising
properties with blacks N-YVe & N-YY. respectively. As modulus, elongation,
hardness, and abrasion resistance had improved with blacks N-YY¥4& N-YVve
when individually used, the total mechanical properties could show the same
mprovement due to the high lever level of BR and blacks loading[¢V, ve].
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©.¢- Effect of Increasing Loading Level (amount) of CR/BR

in Tread Recipe (CR/BR/SBR) Filled with three Blacks

YA -



©.¢.):Introduction: e
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 [YY1,Y'V].

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 ------------ Upto Ye.eA MPa
Elongation percentage ----- Uptod:-7
Hardness (shore) ---------- Yeto 4
Compression set ----------- As low as ) %
CHAPTER Flve
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Resilience ------------------ Up to AoY



Of course, no single compound will reflect the extremes of the ranges shown
above [ A].
Increasing of (CR/BR) in tread blend (CR/BR/SBR) leads to the following

effects;

*-t.Y« CURE PROPERTIES

Results in tables (°-Y¢, Yo, Y1) display the cure properties of model
CR/BR formulation that mentioned in previous table ()-Y) for tread
compounds filled with blacks N-Y¥+HAF, N-YYAHAF-HS, and N-YV°oHAF

respectively.
Comparison & Evaluation.

Results in tables (e-)¢, Yo, Y1) display the cure properties which could be
discussed as follows:

e 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-YY4 for ¢ 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 [V¥].

e Maximum and minimum torques have increased for all steps, they are

comparable especially with blends of N-Y¥4 and N-YVe, Advantage of
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maximum torque with about ¢27 of control can be shown in table

VYo -



(°-Y1), 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 [YYA].

*-{.¥~ MECHANICAL PROPERTIES

Tables (°-1V), (°-YA), and (-1 ) 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 (°-VV, YA, Y4) show raises

of tensile strength, modulus and low elongation percentage as the content of
CR in blends of tread CR/BR/SBR increase simultaneously.

e The increase in the tensile strength for three kinds of black is raised by

V ¢7. of control and Y7 of minimum limit of standard however, it goes
down for last two runs (°+/e+, £+/7+) especially with tables
(0-VV, YA),

In the same manner modulus increases slightly for blends of black N-
Y¥., and increases largely with blacks N-Y¥% and N-YVe. A
comparison with the control and standard gives a good improvement
for the first ¢ runs. Last steps of blacks N-¥¥+ and N-YVYe shows nil
modulus because of collapsing the elongation down Y. -+7 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 ¥
runs of N-YY+ where elongation has increased relatively.
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e As crystallinity is an inherent property of poly-chloroprene [v+,14]. .

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-¥¥4, N-¥Ve and N-YY -+ respectively. Accordingly, there is a large
enhancement of those blends if it is compared with the control
especially with N-YY. blends and they cover the complete range
between upper and lower limit of standards by about ) Y.%17% 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-
Y¥4, with ©£% upper the control. It is, thus happened with other two
black’s recipes N-VY+, and N-YVe, but with lower level compared with
blends of N-YY4. As for recipe of blend N-YY4, blends of blacks N-
Y'Y+ and N-YVe have improved abrasion resistance by YA.YZ and Y4/
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 © steps of blends
filled black  N-YY4, ¥ steps of N-YVe black and Y step of N-YY.
black are in practical fulfill the standards requirements. The higher
specific gravity (1.YY) of CR [%4,v+] results in higher specific gravity

of neoprene blends as it is already shown.
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°-¢-¥- Comparison of Mechanical Properties of ..
CR/BR/SBR Filled with Three Blacks

o-t-¥.\- Tensile Strength;

Figure (°-)Y) shows that tensile strength increase with CR/BR

loading for three types of black, although maxima occur at £™ run for all
recipes.
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FIG.5-13 Tensile Strength Versus (phr)s of
CR/BR Filled 3-Types of Carbon Black

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 [4,v+]. Tread vulcanizate of CR/BR/SBR
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filled with N-YVe is the optimized one between the other blacks especially at -
the ¢™ loading level of CR/BR.

-t-Y-Y- Modulus;

As it is clear from figure (°-)¢) modulus of N-YVe is preferable, but
only for five steps meanwhile, modulus of N-Y¥4 has continuous effect for
all loading steps of blends composed of CR/BR/SBR wherein considered as

optimized property.
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FIG.5-14 Modulus Versus (phr)s of CR/BR Filled 3-
Types of Carbon Black

Interpretation of low modulus of N-Y¥¥+ 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-YY«,

CHAPTER Five

.y, i
L it -




-¢-¥-¥- Elongation Percentage @ Break;

-\YYo .
In spite of its being less for last two steps, elongation % is the
optimized property with black N-Y¥+ as shown in figure (°-)¢). Other blends
of blacks N-Yve & N-Y¥14 have lower elongation percentage values.
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-¢-¥-t- Hardness; v
Hardness of tread vulcanizate reinforced by black N-YY4 as shown in
figure (°-)1) is so far optimized rather than other two blacks who are

competitive and have the same fashion.
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FIG.5-16 Hrdness Versus (phr)s of CR/BR Filled 3-
Types of Carbon Black

. J

Since carbon black N-YY4 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. ['Y,%1].
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-¢-¥-o. Abrasion Index;

-YY -

It can be seen from figure (°-VV) that the most optimized abrasion

resistance is with the vulcanizate of black N-YY4, as well with the

vulcanizates of black N-YVYe and N-YY. respectively however, they are in

lower level than the first.
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FIG.5-17 Abrasion Index Versus (phr)s of
CR/BR Filled 3-Types of Carbon Black
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v,

As increasing of CR in tread recipe which is principally responsible of

excellent mechanical wear resistance, black N-YY4 is also taken part the

same responsibility. According to ASTMY + + + the high abrasion resistance is

a characteristic of CR [Y1¢].
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©.¢-¢- Mathematical Evaluation
This could be seen by tables in appendix C and the following figure (°-)A).

4 ™

Fig.(5-18 ) Compromising properties
versus CR/BR increment in recipe of 3-
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== N-339
A= N-375

Mechanical properties
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\ CR/BR loading level PHR y

It is essential to mention that with accordance of mathematical criterion,
compromising properties of tread recipe ¢+/1+ of CR/BR/SBR has optimized
for three blacks. Advancing of mechanical properties between Y:/Y+ and
1+/¢pphr of CR/BR/SBR with black N-YY4 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 [V+,YY4].
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0-0- Effect of Increasing Loading Level (amount) of EPDM in

Tread Recipe (EPDM /SBR) Filled with Blacks

0-0-): 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 tiresfv*].

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.

-YYa -
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°-o-Y~- CURE PROPERTIES

Tables (°-Y+), (°-YV), and (°-YY) as indicated in appendix D illustrated
the cure properties of model EPDM formulation of tread compound as
shown in previous table (1-Y) filled with blacks N-YY+HAF, N-YYAHAF-HS,
and N-YY°eHAF respectively.

Comparison & Evaluation.

e Data mentioned in the last tables (°-Y+, Y), YY) 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-YY4 are longer than those blends of N-YY+ and N-YVe. 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 [Y*].

e Blends of reinforcing agent N-YY4 express gradual increase of
maximum torque as well minimum torque as shown in table (°-Y)).

e Concerning the data of final 1" step (¢+/1+) of EPDM/SBR, there is
an advantage of Y/ and Y1/ for higher maximum and minimum
torques respectively if compared with control. Maximum and
minimum torques of blends with N-¥Y+ and N-YVe as shown in tables
(°-Y+, YY) are relatively comparable with each other and are enhanced
with respect to control by average of YMPa and YMPa for max. and

min. torque respectively.

-VYée o
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*-o.¥~ MECHANICAL PROPERTIES

Tables (°-YY, Y¢, Yo) 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 (°-YY, Y¢, Yo) 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:

e To some extent, tensile strength values of recipes N-YY+ N-Y¥4 and
N-YVe are somewhat identical to each other, as shown in tables (°-YY,
Y&, Yo), As related to above mentioned recipes, the first ¥ runs have
raised to a significant level implying improvements of V7, 1V/ and
¢€47 for the three kinds of blacks if compared with standards
respectively.

e Modulus of the recipes filled with three blacks increase directly with
increasing amount of EPDM for only three runs of N-YVe followed by
five runs of N-Y¥% and N-YY+, meanwhile other runs are having nil
values. The increase of modulus is larger than standards by an
enhancement of about YA.2% for higher modulus blends of the three
kinds of blacks respectively.

e |t can be seen that elongation for Y- types of carbon black has
decreased for the last ¢ steps, in spite of its increasing for the first ¥
steps. They are still within the two standards especially Babylon one
even though, there is a noticeable reduction.

e Except with blends of N-YY+ which increase significantly if they are
compared with the control, other two blends of blacks N-¥¥% and N-

YVe increase progressively with a large scale of hardness comparing
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with standards. Enhancement of N-YY4 recipe may reach about 1.7 of

the lower limit.

e 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 [V¥,V¢].

e The abrasion resistance of N-YVe blends is the best one among other
recipes wherein increased by Y4.VZ relative to control, meanwhile
N-Y¥+ and N-YY14 recipes increased by 9.+7 and Y1.AZ respectively.

e Up to ¢" 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 [v¥].
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¢-6-¥- Comparison of Mechanical Properties of
EPDM/SBR Filled with Three Blacks

¢-0.Y-V- Tensile Strength;

The figure underneath (°-)9) 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 Y-steps of EPDM loading level

have fulfilled the optimization requirements.
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FIG.5-19 Tensile Strength Versus (phr)s of EPDM
9 Filled 3-Types of Carbon Black D

The tensile strength of recipe with black N-YY4 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 [ve]. Under cure associated with EPDM
vulcanizate is after the reduction in strength properties for the last three runs.
-6-¥-Y- Modulus;

As it can be seen from the figure (°-Y+) that modulus of mixes
(EPDM/SBR) varies at the ending points depending on the kind of carbon
black. Modulus of mix reinforced by N-YY14 is in advance of those filled N-
N-Yve & YY. however, it vanishes after (¢+/¢+) loading level of EPDM in
tread mixes of EPDM/SBR. As N-YY: black having high structure, it is
responsible for high modulus for such recipes.
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FIG.5-20 Modulus Versus (phr)s of EPDM Filled 3-
Types of Carbon Black
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-o-¥-¥- 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-YY+ & N-YVe respectively as shown
in figure (°-Y)). As estimation, tread blends of N-YY+ 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.
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-o-¥-¢t- Hardness;
Figure (°-YY), shows the hardness of recipe filled black N-Y¥4 has an

advancement among two black recipes of N-YVe and N-YY¥ -,
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FIG.5-22 Hardness Versus (phr)s of EPDM Filled 3-
Types of Carbon Black

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-YY1,
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-o-¥-¢- Abrasion Index;

Figure (°-YY) underneath discloses that abrasion resistance index has
increased for blends of blacks N-Yv4, N-Yve & N-YY. respectively. In
addition to the effect of black mainly N-Y¥4 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 [ve].
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FIG.5-23 Abrasion Index Versus (phr)s of EPDM
Filled 3-Types of Carbon Black
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o.o.¢- Mathematical Evaluation

Fg.(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 () +/4+--- ©+/o+) with blacks N-Y¥+ & N-Y¥4. The
typical recipes with black N-YVe are only Y+/4+, Y+«/A+ and Y+/V+. Under
cure associated with EPDM vulcanizates is after the reduction in physico-
mechanical properties after the third run especially with black N-YVe due to
small particle size and medium structure [Ve].
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-\~ 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-Y¥+, N-Y¥4,
and N-YVe 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;

1-1-1- Conclusions of NR/SBR optimized properties for rblacks.

It is found that the most improved mechanical properties due to increasing
NR loading level in tread rubber are as follows;

V. For the vulcanizates filled with N-YY+ tensile strength and modulus
have the most improved values at Y+/V+ 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 ¢+/°+ & 1+/¢+ as well
abrasion resistance. Hardness and specific gravity have the most

Y. When filling with black N-¥¥? tensile, modulus, and elongation are
optimized at ¢+/%+, meanwhile hardness, abrasion resistance and
specific gravity are improved at recipe of 1:/¢+. With a compromise
typical recipes are takenas ¥+ /Y« ----- 1+/¢+« NR/SBR compositions.

Y. The most optimized tensile strength, modulus, elongation, hardness,
abrasion resistance and specific gravity are being at 1+/¢+ recipe. As
optimum recipes having effective mechanical properties, compromise
is true for those with compositions of ¥+/V«----- 1+/¢+ NR/SBR filled
with N-Yve,

-Yo.



CHAPTER SIX

.y, i
Ty -

- 1- f- Conclusions of BR/SBR optimized properties for rblacks.

The most enhanced mechanical properties by means of increasing
loading level of BR in SBR tread compound are stated down;

¢, Maximum values of tensile and elongation are with blends of ¥:/V-
and ¢ +/7+ and modulus, hardness, abrasion index and specific gravity
have optimized values at 1:/¢.. One optimized recipe of full
mechanical properties can be determined at ¢ - pphr of BR.

©. In case of reinforcing by black N-Y¥% tensile and elongation are
optimized at ¢+/1+, other mechanical properties such as modulus,
hardness, abrasion resistance and specific gravity are also optimized
like with black N-YY. at 1+/¢+, Recipe composed of ¢+/7+ BR/SBR
can be considered as the main optimized one taking in account

1. compromise of all properties. As effective enhanced recipes range of

compositions Y+/Y+, £+/7+ and ©+/°+ is considered.

- 1-r-Conclusion of CR/BR/SBR optimized properties for blacks

Similarly, conclusions of results obtained from blending CR/BR with
SBR as tread rubber compounds can be mentioned bellow;

V. Blending of CR/BR and SBR with filler N-YY+ at ¢+/%+ gives more
enhanced tensile and modulus whereas, blends at 1+/¢+ give also more
enhanced hardness and abrasion index. Blends consist of Y+/V+ and
V+/4+ give optimum properties of elongation and specific gravity
respectively. Single blend of compromised properties which offers
typical use is with composition of €+/7 -,

1-1-4- Conclusion of EPDM/SBR optimized properties for -blacks

EPDM and SBR show a spectrum of mechanical properties depend on
EPDM amount in tread recipes filled with three blacks N-¥¥+, N-¥¥% &

N-YVve accordingly as follow;

-Yo) -
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A. Use of black N-YY. results in optimum tensile, modulus and
elongation which are associated with PHR Y:/V+, T+/&+ recipe gives
rise to better Hardness and abrasion resistance whereas specific gravity
IS optimized at ¢+/7+. Recipes of composition Y+«/A+ & Y+/Y+ can be
considered as optimum among others especially ¥ +/A+ PHR recipe.

1. Optimization is carried out on tensile and elongation at Y+«/A+,
modulus at ©+/°+, hardness and abrasion resistance at +/¢+ recipe,
and specific gravity at the range of /% +----¢+ /7« pphr of EPDM/SBR
tread rubber. In accordance with the compromise it is convenient to
regard recipes of Y+/A+ & Y+/¥+ as typical, although some of their

properties are optimized for a little degree.
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1-Y- RECOMMENDATIONS:

According to previous work, the following recommendations are drawn:

V. As the work remarks to add four types of elastomer for the base tread
rubber SBR-Ye+Y, 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 1+/¢+ 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.

Y. Modifying the type and/or amount of some recipe ingredients
especially accelerators and activators may lead to better optimization
for the tread rubber.

¥. 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.

¢, This work can be conducted on a simulation study with a suitable
program.

. This study can be tried on the truck tire tread taking in account some
modifications that fulfill the study requirements.

1. Other than previous elastomers, new additions can be used in this
work such as chloro-butyl and bromo-butyl.

V. Such study must be covered by benefit study for creating a balance

between cost versus quality.
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TABLE o-¥
EFFECT OF BLENDING NR WITH SBR ON THE CURE PROPERTIES OF passenger
TIRE TREAD, RECIPE Filled With BLACK ( N-¥¥. ).
CONTRO . .
PROPERTY L NR Level (phr) in Tread Recipe OF NR/SBR.
RECIPE
) Voo wt%
..DR Curlng at RO OFSBR \./ﬂh Y./Au v./v. i./‘n °./5~ 1./£~
C “.r Wi%
OF NR
!.Scorch Time (tsv) |y v Y Y¢ Yy YYo Y Yy Y YYo VXYY VYA
m.m.
Y.Cure  Time (t:.) |y q, Y 4A YA, Y AT YA Y VvV Y.V
m.m.
¥.Max.Torque  (Mw} | ¢, 4 VY Y14 YY.or .o YA YA
dN.m
£.Min. Torque (M) | ., 600 oY 1) v 16X 1.0
i . . . . . . .
TABLE ¢-¥
EFFECT OF BLENDING NR WITH SBR ON THE CURE PROPERTIES OF passenger
TIRE TREAD RECIPE Filled With BLACK ( N-¥¥4),
CONTROL . .
PROPERTY RECIPE NR Level (phr) in Tread Recipe OF NR/SBR.
Veewth
| OF SBR
DR Curing at YA°e C Cowt% VAR Yo /A TN £4/T0 0. /0 /6
OF NR
'.Scorch Time (tsr) | | v, Y Y1, Y YT, Y You \ Yoo IR VX
min.
Y.Cure Time (ts.) min. | Y)Y AR APE Y.Aay Y. AY. ARAY ARAR
rhilrerie (A1) | Y. Y4y Y4.£v Y4.ve YorA Y)Y Y1
N . . . . . .
£.Min. Torque (M) | | Yy ¥4 " 04 Al VA A
dN.m
TABLE ¢-¢
EFFECT OF BLENDING NR WITH SBR ON THE CURE PROPERTIES OF passenger TIRE
TREAD RECIPE Filled With BLACK ( N-¥Ve ).
PROPERTY E(E)g.T:EOL NR Level (phr) in Tread Recipe OF NR/SBR.
Veowt%
.DR Curing at \AQ OF SBR . . . . . . . . . . . .
& i VoA Y /A Yoy £ o /0 g
OF NR
'.Scorch Time (tsr) |y g Y Yo Y Yo Y Y YAYe Y Y
m.m.
Y.Cure  Time (ts) |y, Y A Y vy Y VY Y VY Y Y1 YY1
m.m.
".Max.Torque  (Mn) | y, ¢ Y4 oY Yo ¥Y I ¥.Aar Ya At YAVA
dN.m
¢.Min. Torque (M) |, o.0% oAy 1 Yoo V1 T A T.AA
N . . . . . . .
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TABLE #¢-¢

EFFECT OF BLENDING NR WITH SBR ON MECHANICAL PROPERTIES OF passenger
TIRE TREAD RECIPE Filled With BLACK (N-*¥+)

CONTROL ] )
PROPERTY RECIPE NR Level (pphr) in Tread Recipe OF NR/SBR.
Veowt%
OF SBR
TENSOMETER CowWt% ARVAR Yo/Ae A 4/ o./0n T/t
OF NR
V.Tensile Strength (Mpa). Vo0 Yo €4 YO AA YA QA AARA VY AAY Yo xy
".Modulus (Mpa) at *--% | ¢ 4 Ad 3 90 Y. aro 4 AVY AAY Y AT
Extension.
¢ Elongation(%) at Break. TAA £V LAY £9. £9A ov) ovo
HARDNESS (1.R.H.D) v 1y A iv.e iv.e 1v.ve ¢
ABRASION Index 1YY BAs VYo VY)Y yYY yYo yY4q
SPECIFIC GRAVITY yAYe yAYe YAYE YAYE YAYY YTy YYY

TABLE ¢-1

EFFECT OF BLENDING NR WITH SBR ON MECHANICAL PROPERTIES OF passenger
TIRE TREAD RECIPE Filled With BLACK (N-Y¥4)

PROPERTY EgngEOL NR Level (phr) in Tread Recipe OF NR/SBR.
Veowt%
OF SBR
TENSOMETER . owtY Yo/ Y o/As A $0/7 oL /o, T/t
. 0
OF NR
| ). Tensile Strength (Mpa). \ Ve ] VA ] EREE! ‘ RRLY: | VLAY | VAT ‘ yo 1.
"-Modulus (Mpa) at ™+ % | 4 | 4. .YV qya¢ 4¥1) Ver Vovy
Extension.
| ¢ Elongation (%)at Break. ‘ Yo. ’ €1 ’ A ‘ ¢Ao | £9¢ | ¢AO ‘ £YA
| HARDNESS (LRH.D) | 1t.° e e X (e R v
| ABRASION Index vy vy vy e ey ot e

|SPEC|F|CGRAV|TY ‘ Y YEY ‘ Y g ‘ YV ‘ Y A¥A | Y Yo | R ‘ RRas
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TABLE ¢-V
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EFFECT OF BLENDING NR WITH SBR ON MECHANICAL PROPERTIES OF passenger
TIRE TREAD RECIPE Filled With BLACK (N-YV#)

PROPERTY E(E)CNIPEOL NR Level (phr) in Tread Recipe OF NR/SBR.
Veewt%
TENSOMETER OF SBR VoA Yo/ Yoy £/ s. /0 1o/t
oowtkh
OF NR
| ).Tensile Strength (Mpa). | V¢ Y v aveEr AL VAo RN
".Modulus (Mpa) at 7% | AYE ALY A 09) ATA ATAS A4
Extension.
| ¢.Elongation (%)at Break. ‘ ¥io ‘ $1o ’ vy ‘ §AT | gy | o ‘ 0.y
| HARDNESS (LIRH.D) | tt.: R e JteYe e e w0
|ABRASION Index ‘ YY) ] Y ] YY)y ‘ YYV | VYe | Y e ‘ YEA
|SPECIFICGRAV|TY ‘ Y Y ‘ Y YR ‘ Y Yo ‘ YAYE | YYE | Y Yy ‘ Y AYY
TABLE ¢-¢A
Total a mount of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE of
NR & SBR Filled With BLACK (N-*¥+)
PROPERTY EESEEOL NR Level (phr) in Tread Recipe OF NR/SBR.
Veewt%
OF SBR
TENSOMETER Wty Yo/t Yo/As TN /1 ou/on Tk
OF NR
| ). Tensile Strength (Mpa). | v.v° VAl [vae s Ate v Ve
"-Modulus (Mpa) at ™% | o0 oA £ ) e X £ YA
Extension.
| ¢ Elongation(%) at Break. | Y.¥Y Leeva o [eave ey e [en en
| HARDNESS (I.R.H.D) ‘ Y ‘ Y ‘ Y ) ‘ Y4y | Y4 | y Ay ‘ yag
| ABRASION Index °.YA o ¥A sVt | ean R AL AL
| SPECIFICGRAVITY | 1.0 LA Y ey et e e
‘ total ‘ Y¥oYA ‘ Y1exa ‘ Y16y ‘ Y1y | Y1 AVA | Y1.YAe ‘ Y1 040
% Al




Table (°-1)A
Total a mount of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE of
NR & SBR Filled With BLACK (N-¥¥4)

-y -

CONTROL . .
PROPERTY RECIPE NR Level (phr) in Tread Recipe OF NR/SBR.
Veoewt%
OF SBR
TENSOMETER L oWt% Ve/an Yo/A Yo/ €4/ o /0. T/t
OF NR
| \.Tensile Strength (Mpa). | V.+° At | Aoo CAseA [ AEST [ATIA VAT
".Modulus (Mpa) at ™% |, oY oYye o YA 5 ovy o AYE o At
Extension.
| ¢.Elongation (%)at Break. | ¥ LTAEY | EeA EAE R L A T LY
| HARDNESS (I.R.H.D) LYoo LYo LYo L YOAY | YOAY A AL
| ABRASION Index | oA IRRE vy IR v vy vy
| SPECIFIC GRAVITY )Y [y [y [y VoA o e
| total | YEYVE | Y16V | \NA RS | YV £¢1 | YAEVA | YA.ACO | YAIYY
TABLE °-YA
Total a mount of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE of
NR & SBR Filled With BLACK (N-YVe)
PROPERTY gggﬂ;EOL NR Level (phr) in Tread Recipe OF NR/SBR.
Veoowt%
OF SBR
TENSOMETER . W% Ve/an Yo/A YN £/ ou /0 e/t
OF NR
| ).Tensile Strength (Mpa). | Y.\ ¥ LA Ao AV K AVt | A0
"-Modulus (Mpa) at ™% | o ¢ vo £y £ ¢.4n ¢.4n ¢410
Extension.
| ¢.Elongation (%)at Break. | Y.)YA | YA ERET AR L evYe £ YAe EAAN
| HARDNESS (I.R.H.D) L YAYY L YAYY L YAYY YO | Yo LYo L YOAY
| ABRASION Index | o.YA | o.XA L ovy IRREY YA IRAZK REY
| SPECIFIC GRAVITY L L BEES IR YA YA BREN
| total AR [ YoXoA | YoIYA | YV..£) CYVVYY [ YAAAY | yaray
o ——
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EFFECT OF BLENDING BR WITH SBR ON THE CURE PROPERTIES OF passenger

TABLE @-A

TIRE TREAD RECIPE Filled With BLACK (N-YY+).

-4 -

CONTROL . . .
PROPERTY RECIPE Increasing of BR Level From Y+ to 1+ (phr) in Tread Recipe BR/SBR
Veewt%
| OF SBR
‘DRCuring at 'A> C |+ .wi% Ye/an YA YO £/ o /o T
OF BR
\.Scorch Time  (tsr) | g VYe VYe y.YYo VXY VXY VY.
m.m.
Y.Cure  Time (t+) |y q, Y AV Y At Y AY Y VA Y VY YV,
m.m.
Y.MaxTorque  (Mu) | y, 4 YoYA FYY ¥Yoto YETA Yo vy Y144
dN.m
£.Min. Torque (M) |, TaY aRs g0 TAY 1ov 1o
T . . . . . . )
TABLE ©¢-4

EFFECT OF BLENDING BR WITH SBR ON THE CURE PROPERTIES OF passenger

TIRE TREAD RECIPE Filled With BLACK (N-Y¥4).

PROPERTY Eggﬂ;go" Increasing of BR Level From ) to 1+ (phr) in Tread Recipe BR/SBR
Yeewth
. . OF SBR
‘DRCuringat Ao C |~ VoA YA Yo £/t 5./0 Tt
OF BR
\.Scorch - Time  (tsr) | (4 V.Y VY VY YR YAY V)
min.
Y.Cure Time (t..) min. | ¥.)v v Y. Y. YV Yo Yor
rdimereis () || R YYYE Ye £t Y AA ro.. Yo YA Yoo
dN.m
¢.Min. Torque (M) | | e e 1 A TAA v.ay
dN.m
TABLE ¢-V.

EFFECT OF BLENDING BR WITH SBR ON THE CURE PROPERTIES OF passenger

TIRE TREAD RECIPE Filled With BLACK ( N-YVve ).

PROPERTY CONTROL | Increasing of BR Level From V-« to 1+ (phr) in Tread Recipe BR/SBR
RECIPE
Yeoewtk
‘DR Curing at YAe ¢ | OF SBR VoA Yo /A Yoy £/ o./on Te/E
cowth
OF BR
\.Scorch  Time  (tsr) | | v VoYY VY V.o V.ag0 VoY Ve
min.
| Y.Cure Time (t:.) min. | *.)) | Y.AQ YA Y.V Y.¢o Y.YA Y.YY
i MaxTorqueSSIIMER | «, ¢y )1 veat Yo Yo st VY YAY.
dN.m
£.Min. Torque (M) |, , 1YY 1Y 16 gy “.0) 1oV
i . . . . . : .




TABLE @-\)
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EFFECT OF BLENDING BR WITH SBR ON MECHANICAL PROPERTIES OF passenger
TIRE TREAD RECIPE Filled With BLACK (N-¥¥+)

PROPERTY ESS;EOL Increasing of BR Level From Y« to 1+ (phr) in Tread Recipe BR/SBR
Veowt%
F SBR
TENSOMETER OF o RYAY Y /A YN €4/ 0. /00 /6
<owth
OF BR
| V. Tensile Strength (Mpa). ‘ Vo0 ‘ Yo VA ] Yo Ay ‘ AR ‘ Y104¢ ‘ Yo v ‘ Yo VAE
"-Modulus (Mpa) at ™« | Ve VAT AL Y.YAA v.oo V.34
Extension.
| ¢.Elongation (%)at Break. | TAA €99 Lo vy s | ova | ova
| HARDNESS(I.R.H.D) LAY v avve | arve e | EYe CTEA
| ABRASION Index L)) Ak A LYY R ) EA ey
|SPEC|FICGRAV|TY | Yy \Ye | Y AT | Y AYY | Y AYY | YY) | YT | Y Y4
TABLE ¢-\Y

EFFECT OF BLENDING BR WITH SBR ON MECHANICAL PROPERTIES OF passenger
TIRE TREAD RECIPE Filled With BLACK (N-Y¥4)

CONTROL . . .
PROPERTY Increasing of BR Level From Y+ to 1+ (phr) in Tread Recipe BR/SBR
RECIPE g
Veoewt%
OF SBR
TENSOMETER W% Ye/q Yo/A YN £0/70 6. /0. Tt
OF BR
| ).Tensile Strength (Mpa). | V¢.) BEAS VYA [TEA [ VTYAe [ e e |V €AY
".Modulus (Mpa) at ™-+7% | 4 4 4 vy 4.¢A 4.vY4 4.VA LAAY
Extension.
| ¢.Elongation (%)at Break. | Yo A | Ay an oo s [ton
| HARDNESS(I.R.H.D) R IR eV [Reve e (Moo S
| ABRASION Index A E K R Ty VY E
|SPEC|F|CGRAV|TY ‘ V£ ‘ VAT ‘ Y.AY4 ‘ VAYA ‘ YAYY ‘ yAYe ‘ yAYY




TABLE ¢-\¥
EFFECT OF BLENDING BR WITH SBR ON MECHANICAL PROPERTIES OF passenger
TIRE TREAD RECIPE Filled With BLACK (N-YV#)

-YVY -

PROPERTY E(EDSEEOL Increasing of BR Level From )+ to 1+ (phr) in Tread Recipe BR/SBR
Yeoewt®
OF SBR
TENSOMETER . oWt% ARVAY Yo/A YN YA 0./0 e/t
. (o)
OF BR
| \.Tensile Strength (Mpa). | )£.Y1 AL I ACEEENIRIAY LATYAe [V ey
¥.Modulus (Mpa) at - W ALY Ato AVo Avey Avor \. Ao
Extension.
| ¢ Elongation (%)at Break. ‘ e ‘ EAL ‘ £AT ’ oA ‘ ovy | ov. | ov.
| HARDNESS(I.R.H.D) R IR BRYRD [to Mo [Roo  [woa
| ABRASION Index B K an vy vy (et [ ed
|SPEC|FICGRAVITY ‘ Y Y ‘ Y YR ‘ Y Y ‘ YaYe ‘ YYe | Y Y | YYE
TABLE ¢-V'B

Total a mount of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF

PROPERTY Eggﬂ;go" Increasing of BR Level From )+ to 1+ (phr) in Tread Recipe BR/SBR
Veewt%
TENSOMETER 7 SB ARVAY Yo [As Yo/Ve 0/ o./on /g
DAY w3
OF BR
| ).Tensile Strength (Mpa). | V.ve | VAl fvate A TAAY T [vae [ves
V.Modylus (gt sl 7 €A £ AO €04 £y AR £y ¢ £ vae
Extension.
| ¢ Elongation (%)at Break. | Y.YYo Lexvy [evae  [gevwy [ gear [ gny ey
| HARDNESS (I.R.H.D) | YA | IERE! | Y Yo | Y Yo | YAYY | Y | Y
| ABRASION Index ‘ o YA ‘ o.¥A ‘ o VTY ‘ Tty | ELE | Y ‘ v £Vt
SPECIFIC GRAVITY Voo VA V.Y ANCRN ANERE ABERRA Y.y Y VY
Total Yy 0¢) Yé vie Yo v&s Yo AYE YITTA Y1 40 YV_YoY

BR & SBR Filled With BLACK (N-¥¥+)




Total a mount of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF

TABLE ¢-VYB

BR & SBR Filled With BLACK (N-Y*4)

-YVYY -

PROPERTY Egg;EOL Increasing of BR Level From )+ to 1+ (phr) in Tread Recipe BR/SBR
Veowt%
TENSOMETER OF L Yo/ Yo/As YN £4/70 6. /0. T/t
oWtk
OF BR
| \.Tensile Strength (Mpa). | V.)¥ | Aete | AALY | AAoe | AAY A | V.ora
".Modulus (Mpa) at T+ +7% | £ AYA o o o 0N ¢Y | o XYY
Extension.
| ¢.Elongation (%)at Break. | ¥.\YA RN L iNte | g Yo Loy [ geey | goeY
| HARDNESS(I.R.H.D) L YAYY L YAYY | Y 8 | Ye | Y)e LYONAY YA
| ABRASION Index | oA | oEYA ICARY ety | YAl L YXYY | Ve
| SPECIFIC GRAVITY N N RN IR IR P A A
| Total AR LYTAYA L [ Ynave [ yvigre [ YveY [ YAY. | YA.Ao
TABLE ¢-\¥B

Total a mount of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF

BR & SBR Filled With BLACK (N-YV#).

PROPERTY ESSEEOL Increasing of BR Level From Y+ to 1+ (phr) in Tread Recipe BR/SBR
Veewth
TENSOMETER O SEi Vo/a Yo/As YN TR ou/on e
oWtk
OF BR
| \.Tensile Strength (Mpa). | V.+° BRALE FAE TALVE CANEY [ V.VA [v.eq)
"-Modulus (Mpa) at ™« -7 |, oYY 5.1 o 81V Y 501 oty
Extension.
| ¢ Elongation (%)at Break. | ¥ RN ERRN | EYTA | EYYA AR | YAA
| HARDNES(I.R.H.D) [ Yae L Yoe LYONeA YOaeA YATT [ YOAY XY
| ABRASION Index | A RS LA | 140y BAEN | ANA | AXAo
| SPECIFIC GRAVITY | ).eve LAY [y AN ) AL T B I
| Total IAEARE YoM AR | YV.AA P YAAYA | YAATR | YAOYA
o ——
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TABLE ¢-V¢

EFFECT OF BLENDING CR/BR WITH SBR ON THE CURE PROPERTIES OF

passenger TIRE TREAD RECIPE Filled With BLACK ( N-¥¥. ).

-YVve -

CONTROL Increasing of CR/BR Level From Y+ to 1+ (phr) in Tread Recipe
PROPERTY RECIPE CR/BR/SBR
Veowt%
. . OF SBR
‘DRCuring at'Ae C | . o op | /A Ye/A- 2 T 5u/0n /e
CR/BR
'.Scorch  Time (tsr) |y y¢ Y Y Y VY Y VY RE Y. Y
m.m.
Y.Cure  Time (t) | yq 4 YA Y.va Y.vo Y14 Y.YY V.av
m..m.
Y.Max.Torque  (Mu) | v, 4 Y4 . Y4.Y) ¥Y oo FVIA AL FANY
dN.m
¢Min. Torque (M) ., V.Y VA R Vv ANA Yo AT
N . . . . . . .
TABLE ¢-\e

EFFECT OF BLENDING CR/BR WITH SBR ON THE CURE PROPERTIES OF

passenger TIRE TREAD RECIPE Filled With BLACK ( N-¥¥4 ),

CONTROL Increasing of CR/BR Level From Y+ to 1+ (phr) in Tread Recipe
PROPERTY RECIPE CR/BR/SBR

Veowt%

. . OF SBR

‘DR Curingat'Ae ¢ | . ‘e op | )/ Yo/ TN £ ov/o T

CR/BR
!.Scorch Time (tsv) | vy Y Y1 Y Yy Y Y. YA Vo YAy
m.m.
e e ) | Yoy Y Y AS YA Y6 Y.i
m.m.
Y.Max.Torque  (Mu) | v, , Yo ¥y ¥rY Yo vt i FVYA
dN.m
£.Min. Torque (M) | VYe V.ot X2 vt AAA Veit
dN.m

TABLE ¢-\1

EFFECT OF BLENDING CR/BR WITH SBR ON THE CURE PROPERTIES OF

passenger TIRE TREAD RECIPE Filled With BLACK ( N-YVve ).

CONTROL Increasing of CR/BR Level From Y+ to 1+ (phr) in Tread Recipe
PROPERTY RECIPE CR/BR/SBR
Veowt%
. . OF SBR
*DR Curing at YAe C . “Wt% OF ARVAK Yo/As ARVAR (RVAR o./0n /g
CR/BR
\.Scorch - Time  (tsr) | vy V.Ye VA R VY Y Y4
m.m.
e e () | Yo Y Yoy YooY YooY YooY
m..m.
".Max.Torque  (Mu) |y, ¢ ¥avy FYAY ¥¢to ARy YA £0 A
dN.m
¢.Min. Torque (M.) | TAY v.yo v.£4 v.ve AAE Voo£)
i . . . . . . .




TABLE ¢-\V -\VYo .-

EFFECT OF BLENDING CR/BR WITH SBR ON MECHANICAL PROPERTIES OF
passenger TIRE TREAD RECIPE Filled With BLACK (N-Y¥+)

CONTRO Increasing of CR/BR Level From Y+ to 1+ (phr) in Tread Recipe
PROPERTY L CR/BR/SBR
RECIPE
Ve oWt%
TENSOMETER OF SBR ARVAR Yo/Ae Yo/Ve £0/7 o./on /8
< wit%
OF CR/BR
| \.Tensile Strength (Mpa). | V¢, 1eva FYeAT [vetA [ vIhay [haA RSE
"-Modulus (Mpa) at ™% | o | )y VY oYe Ve VY Vo oot Ve £A VY ogy
Extension.
| ¢.Elongation (%)at Break. | Yo« [ ve. B BaA . YA %
| HARDNESS (I.R.H.D) R IRER | oo F e v | ve A
| ABRASION Index vy vy R D vy B e
| SPECIFIC GRAVITY BREA IREA IREL IREE IREN e RRS
TABLE ¢-YA

EFFECT OF BLENDING CR/BR WITH SBR ON MECHANICAL PROPERTIES OF
passenger TIRE TREAD RECIPE Filled With BLACK (N-¥¥4)

CONTRO Increasing of CR/BR Level From Y+ to 1+ (pphr) in Tread Recipe
PROPERTY L CR/BR/SBR
RECIPE
Yoewt%
TENSOMETER OF SBR \RYAN Yo/Ae VAR £/ 0./ T/t
©Wit%
OF CR/BR
| ).Tensile Strength (Mpa). | Ye.e Voo [ VeeAl Yo Al L aYaY ey LYyar
T.Modulus (Mpa) at ™++% | ¢ Voo Vo Xt Voxy Vo YTy N2 —
Extension.
| ¢.Elongation (%)at Break. | TAA YA [evo A [ery X B
| HARDNESS (LRH.D) | Y. e X Y e |y LA
| ABRASION Index BN K A A K s [ Vot
| SPECIFIC GRAVITY [yare et LA vy [y [V Ae AR
ot 4o




TABLE ¢-14
EFFECT OF BLENDING CR/BR WITH SBR ON MECHANICAL PROPERTIES OF
passenger TIRE TREAD RECIPE Filled With BLACK (N-YVe)

-Yvi.

CONTRO Increasing of CR/BR Level From Y« to 1+ (pphr) in Tread Recipe
PROPERTY L CR/BR/SBR
RECIPE
Ve Wt%
TENSOMETER OF SBR Ve/an Y /A YN £ o /o SR
+owit%
OF CR/BR
| V.Tensile Strength (Mpa). | Y£.Y1 [ VoVA PATEYY Vel LVTAAY ey |V EEAY
".Modulus (Mpa) at 7% | VY €1 VY AVY Ve AT Vo a5y VEX | e
Extension.
| ¢.Elongation (%)at Break. | Y1e | v | voo |vig LrY. . Yy
| HARDNESS (LRH.D) | 1t | EA e LY L v | AYe
| ABRASION Index AN K A A K L VoA
|SPECIFICGRAVITY | Y Y | YT | YAYA | yyoY | Y | RS | YY)
TABLE ¢-\VC

Total a mount of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF

CR/BR/SBR Filled With BLACK (N-**+)

CONTRO Increasing of CR/BR Level From Y+ to 1+ (pphr) in Tread Recipe
FROHENING L CR/BR/SBR
RECIPE
Veewit%
TENSOMETER OF SBR Yo/ Y /A Yoy £0/10 /o T/t
+owi%
OF CR/BR
| ).Tensile Strength (Mpa). | V.Ve RAL LvvRE [ vage [ ANET YOy IRAER
".Modulus (Mpa) at Y+ -% | o A o A) o AYY o AET ST U
Extension.
| ¢.Elongation (%)at Break. | Y.¥Yo yen Frvva fyvey o [yvey o [viae [ YA
' HARDNESS (I.R.H.D) Y LYae AR A AN LYrey A
| ABRASION Index AN ERANN | e.Aov AR IR LA IRIERE
| SPECIFIC GRAVITY LA PVaTE gy ey [y e LAY Ly
| Total | Yy o¢) | Yo ovy | YT, 6.Y | Y1 900 | YV.0A¢ | YV, .o | 19,411




Total a mount of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF
CR/BR/SBR Filled With BLACK (N-¥¥4)

TABLE ¢-YAC

A

CONTRO Increasing of CR/BR Level From Y+ to 1+ (pphr) in Tread Recipe
AROHERING L CR/BR/SBR
RECIPE
Vowt%
TENSOMETER OF SBR \RYAR Yo /A TN I RVAT VR e/
CowWit%
OF CR/BR
| \.Tensile Strength (Mpa). | v.+° L V¥de | ved L vear [ ALAA | vEd IR
Y.Modulus (Mpa) at ™+7% |, "o Vyoy ATA AAAA AYVE Vvey
Extension.
| Y.Elongation (%)at Break. | ¥ Y Y IARZE [ YRey [ YYie | YY¥.o
| HARDNESS(I.R.H.D) L Yoe YT [Yaar ynt vy [yve A
| ABRASION Index | o.AeY | teyy Vet RAN | AN | AY RIS
| SPECIFIC GRAVITY )Y IR PheYe LYY [y aYa v R
| Total | YEYY) FYTveY [ YAy [vavia [miae [yaae [ yayeo
TABLE ¢-\4C

Total a mount of MECHANICAL PROPERTIES OF passenger TIRE TREAD RECIPE OF
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