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GLOSSARY

NR Natural Rubber

SBR Styrene - Butadiene Rubber

1,2 PB - 1,2 Polybutadiene

EVA Ethylene Vinyl Acetate

PVC Poly VinylZChloride

NBR Acrylonitrile - Butadiene Rubber

CR Chloroprene Rubber

MBTS Mercapto benzothiazyl disulfide

TMTD Tetramethyl thiuram disulfide

DNPT N-N' Dinitrosopentamethylene Tetraraine

DEG Diethylene Glycol



Adaptability of 1,2 Polybutadiene as a substitute for high
styrene resin in conventional microcellular applications was studied.
Microcellular sheets prepared from six different hompounds with
varying 1,2 polybutadiene content in NR/1,2 PB blends were evaluated
for their technical properties in comparison with those of the con-
ventional high styrene based one. Different combinations of fillers
such as clay, silica, aluminium silicate and microcrumb were also
evaluated for the technical properties in 1,2 polybutadiene based
soles. The effect of different extents of blowing on sole properties
were also examined. Cell characteristics -of seven selected vulca-

nizates were studied using scanning electron microscope.

The above studies revealed that 1,2 polybutadiene can
contribute to lightness of the product, higher production output,
high flex life, less blooming and saving on chemicals such as blowing
agent. However some of the desirable properties like split tear
strength, hardness, compression set, etc. are slightly inferiorV

compared to those of the conventional product.
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CHAPTER - 1 :: INTRODUCTION



There has been tremendous growth in various types of rubbers
and plastics in recent years and its effects are found in footwear
industry also.Various types of polymers and its blends are used
in footwear to achieve specific combination of properties- such as

lightness, wearing comfort, durability, stiffness, etc.

Until comparatively recent times leather was the material
largely used for footwear soling application. It was about 50 vyears

back that rubber started competing with leather in soling applications.

The most Significant milestones in the development of rubber
solings in footwear were the introduction of resin rubber just after

the world war and the introduction of direct moulded sole in 1955/MA,

The important requirements of a modern soling material are:’

(1) Economic availability

(2) Adequate durability

(3) Flex resistance

(4) High coefficient of friction
(5) Dimensional stability

(6) Comfort and ‘'fashion' appeal



Leather and cellular solings are the right materials®
recommended as footwear soling material. Production and processing
of leather solings are expensive compared to synthetic solings. Average
leather is still only one third wear resistant compared to synthetic

sole.
1.1. Synthetic Cellular Soliags *

1.1.1. Cellular or Expanded Materials@)

I»

Cellular materials have been important to man since primitive
man beganto use wood, a cellular form of the polymer Cellulose.
The worldCellula of latin origin, means very small cell or room.
High strength-to-weight ratio of wood, good insulating properties of
cork and balsa have given the background for the development of
synthetic cellular polymers. The first commercial cellular polymer
was sponge rubber, introduced between 1910 and 1920. Cellular
polymers have been commercially accepted in a wide variety of applic-
ations since 1940's. These include furniture, bedding, comfort cushion-
ing, automotive seats, electrical insulation, packaging, swimming belts,

life buoys, aircraft application, etc.

Cellular polymer is defined as a polymer the apparent density
of which is decreased substantially by the presence of numerous cells
dispersed throughout its mass. Cellular polymers consist of a two-
phase gas-solid system in which the solid is a synthetic plastic or

rubber and is continuous. The gas phase in a cellular polymer is



usually distributed in wvoids or pockets called cells. These cells
may be inter-connected in a manner such that gas may pass from one Ito
another, in which case the material is termed Open celled. If the
cells are discrete and the gas phase of each one is independent of

that of the other cells the material is termed Closed celled.

Sponge rubber and expanded rubber describe, those cellular
rubbers produced by expanding bulk rubber stocks and are open-celled
and closed-celled respectively. Latex foam rubber also is an open

cellular rubber and is produced by frothing compounded rubber latex

and then vulcanising it in the expanded state.

1.1.2. Development of expanded rubber§4)

(a) By using inorganic blowing agents and solvents

The first experiment on the preparation of expanded rubber
was reported in England by the middle of the last century. Natural
Rubber and Gutta percha were the only suitable high polymeric sub-
stances at that time. These initial processes utilised an expanding
agent, the comparatively easily decomposable ammonium carbonate,
in the mix along with turpentine and other solvents. In 1856, the
first commercial manufacture of expanded rubber material in a very
small scale in the shape ofa stick which was used for cleansing
leather gloves was started in England. In  America the manufacture
of expanded rubber started in 1902 to 1905. In Germany and America

from where France was supplied with expanded rubber in the period



before the first world war, a series of low boiling solvents like
alcohol, amyl acetate, carbon tetrachloride, etc were used. Mixing
of solvents was however found disadvantageous on account of the

occurance of large quantity of solvent loss.

Good dispersion of the blowing agent in the mix, the timing
of vulcanization process and the rate of decomposition of the blowing
agent are decisive factors for a good expanded material. With the
introduction of organic accelerators and stearic acid in rubber process-
ing" the inorganic carbonates, ammonium carbonate '-and ammonium bi-
carbonate, gained importance. Stearic acid is simultaneously an
activator for the blowing agent and isa softening agent for the rubber
mixes. By timing the wvulcanization with the blowing process and
musing suitable accelerators, a variation is possible in the density

and cell structure of the blown material.

(b) By Gasification with inert gas

For the development of cellular rubber with closed and mostly

%

very fine pure structure which is distinguished by  their special
mechanical properties (eg: damping of oscillation) as well as their
superior thermal and acoustic insulation properties in the form of
cellular hard rubber, the investigation of Plfeumer laid the ground
work. He discovered that rubber can be charged with an inert gas
like Nitrogen, wunder pressure at very' high temperature. That is,

these gases are dissolved in rubber under the conditions employed

on it. The first basic patent was taken by Pfleumer .in 1910 and



cellular rubber was produced by this method in England in 1911.
Later many development work had taken place in UK, USA and Germany,
to improve this process. The prepared mix was gassed in special
autoclave preferably with Nitrogen under a pressure of 100-300 atm.
and very high temperature. During this process prevulcanization
will occur which hinder the formation of large dimension pores. Thus
after complete vulcanization a cellular rubber with completely closed
pores will be obtained. The degree of expansion is dependent on
the applied gas pressure, the duration of gassing, the initial plasticity
and the method of mixing. Some modification to the Plfeumer's method

was done by Denhon in England in 1930.

Due to the unsatisfactory properties of inorganic salts and
other blowing agents, organic blowing agents were developed. Organic

blowing agents which liberate nitrogen are preferred.

1.1.3. Theory of Expansion Process”

Cellular polymers may be prepared by a variety of methods.
The most important process, by far, consists of expanding a fluid
polymer phase to a low density cellular state and then preserving

this state. This has been termed foaming or expansion process.

The expansion process may be divided into three steps.

(1) Creating small discontinuities or cells in a fluid or plastic phase,
(2) Expansion of the cells formed,

(3) Stabilisation of the cells.



Stabilisation

FIG1*A STEPS IN PREPARATION OF CELLULAR POLYMERS

GROWTH OF CELLS COALESENCE OF CELLS



The initiation or nucleation of cells will be spoken of here
as the formation of cells of such size that it can grow under the
experimental conditions. The growth of a cell in a fluid medium
is controlled by the pressure difference of the cell, the surface tension
of the fluid phase V

, and the radius 2',of the cell according to

the equation

2Y
- 1)
The pressure outside the mcell is the pressure imposed on
the fluid surface by its surroundings. The pressure inside the cell

is the pressure generated by the blowing agent which is dispersed

or dissolved in the fluid.

. During the time of cell growth the following factors are to

be accounted for.

(@) The fluid viscosity is changing considerably which tends
to influence the cell growth rate and the flow of polymers

from cell walls to intersections leading to collapse.

(2) The rate of growth of cell depends on the viscoelastic nature
of the polymer phase, the blowing gas pressure, the external
pressure on the foam and the permeation rate of the blowing

agent through the polymer phase.

»

(3) As a consequence of equation (1), the jJfessure in the cell

of smaller raidus is greater than that in the cell of lai®er



radius, r~.  There will thus be a tendency to equalise these pressures
either by breaking the wall separating the cells or by diffusion of
the blowing gasfrom the small to the larger cells. The pressure
difference ( A”) between cells of radius r~ and is shown by the

equation (2)

schematic representation is given in Fig, 1A & 1B
STABILIZATION OF THE CELLULAR STATE

The increase in surface area corresponding to the formation
of many cells in the plastic phase is -accompanied by an increase
in the free energy of the system and hence the expanded state s
inherently unstable. Methods of stabilising this expanded state can

be classified as

(a) Chemical;- By this the fluid phase is changing into a three

dimensional thermoset polymer

(b) Physical;- Inthis , thermoplastic polymers are stabilised by
cooling the expanded polymer to a temperature below its second order
transition temperature or its crystalline melting point to prevent

polymer flow.

lele4. Manufacturing Process for Cellular Polymers™

Cellular polymers have been prepared by aj wide variety

of process, involving many methods of cell initiation, cell growth



and cell stabilisation. Most convenient classification is based on

cell growth and stabilisation.

According to, equation (1) the growth of cell depends upon
the AP between the inside of the cell and the surJounding medium.
Such pressure difference may be generated by lowering the external

pressure (decompression) or by increasing the internal pressure

(pressure generation) or known as expandable type.

Manufacturing methods are given in a chart form in

Figure 1C,
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(1) Physical Stabilization Process

eg;- Polystyrene;- This is prepared by heating polymer particles
in the presence of a blowing agent and stabilizing the cellular structure

by cooling the moulded article.
(2) Chemical Stabilization

eg;- Polyurethane foam;- Chemical ingredients of PU foam system

are a polyfunctional isocyanate and a hydroxyl containing polymer.

OCN-R-NCO+HO-R-OH

Originally CO2 was generated In-situ as a blowing agent. Now
rigid PU foam yis produced by wusing volatile liquids. Physical pro-
perties of the final cellular material can be varied by controlling
the degree of crossClinking and also by the structure of R and R.
Average molecular weight between crossClinks for different types of

PU foams are given below;

400 - 700 For rigid PU
700 - 2500 For semi rigid PU

2500 - 20000 For flexible PU



(1) Physical Stabilisation

eg. Cellular Polystyrene;- Extrusion method is used in this process.

A solution of blowing agent in molten polymer is formed in an extruder

under pressure. This solution is forced out through an orifice onto
a moving belt at ambient temperature and pressure. Blowing agent
then vapourises and causes the polymer to expand. The polymer

is simultaneously expanded and cooled under such conditions that
it has developed enough strength to attain dimensional stability.
In this case stabilisation is achieved by cooling the polymer phase

to a temperature below its Tg.

(2) Chemical Stabilisation Process

Cellular rubber and cellular ebonite are produced by this

method.

Cellular Rubber;- The term Cellular rubber refers to an expanded
elastomer which has been produced by expansion of a rubber stock

in contrast to latex foam rubber, which has been produced from latex.

A decomposable blowing agent along with vulcanising systems
and e¢other additives is compounded with the wuncured elastomer at

a temperature below the decomposition temjperature of the blowing

agent.



When the uncured elastomer is heated in a foaming mold it

undergoes a viscosity change as shown in the following figure 1D*

Viscosity

Time/Temperature

Figure 1D
Fig. Viscosity of cellular rubber stock during production cycle

Blowing agent and vulcanising system are so chosen to obtain

cellular rubber' of different qualities ie. open celled or closed celled.

(1) Open celled cellular rubber;-

To produce this type of rubber the blowing agent is decomposed
just prior to point 'B' in the figure. So that the gas is released
at the point of minimum viscosity. As the polymer expands” the cell
walls becomes thjn and rupture, ho'Wever the connecting walls have
developed enough strength to support the foam. The process is carried

out in one step inside a mold under pressure.



The timing of blowing agent decomposition is more critical
in this case - it must occur soon enough after point 'A', to allow
the cell walls to become strong enough not to rupture under the blowing

stress.

The expansion of closed cell rubber is carried out in two
steps. Initial step is a partial cure and is carried out in a mould
that is a reduced scale replica of the final mold. On removal from
this"the specimen expands partly to its final form. It is then post-

cured in a larger size mold or oven to complete the curing process.

Most of the elastomers can be made into either open celled
or closed celled materials. NR, SBR, NBR, CR, CSM, EP terpolymer,

HR and Polyacrylates can be successfully used.

Cellular ebonite; It is the oldest rigid cellular plastic. It was
produced in the early 1920’s, wusing a similar method described for

cellular rubber.

1*1*4.3. Dispersion Process

In this a gaseous material is’ mechanically dispersed in a

fluid polymer by a technique called Frothing technique and is stabilised.

Latex foam is produced by this method. Four steps are

involved in this.

A gas is dispersed in a suitable latex.



(b) Rubber latex particles are causedto coalesce and forms a
continuous rubber phase.
(c) Aqueous soap film breaks due to deactivation of thesurfactant.

(d) Expanded matrix is cured and dried to stabilise it.

Two processes are used for latex foam production.

(a) DunlopProcess;- In this a gelling agent sodium silico-fluroide
is used todestabilise the rubber particles and. deactivate the soap.
(b) Talalay Process;- Inthis a freeze coagulation followed by deacti-

vation of the soap with CO2 is used.

NR, carboxylated styrene - butadiene copolymer, acrylic,
nitrile and vinyl polymers can be used for producing foam.

/

1.1.4 .4 .Leaching M ethod

In this solid particles are dispersed in a fluid polymer phase,
stabilise the dispersion and then leach out the solid particles to
get a cellular material, eg":- Cellular PE, Cellular PVC and Cellulose

sponges.

1*1*4.5. Syntactic Cellular Polymer

In this cellular polymer is produced by dispersing rigid,
foamed microscopic particles in a fluid polymer and then stabilise

the system.



This technique is used to produce porous PTFE. In this
small particles of resin are heated under pressure sufficient to produce
fusion of the polymer interfaces without sealing the gaseous interstices

between granules.

1,2. Different Types of Polymers Used in Footwear Industry

Practically all type of rubbers except silicone, butyl and
fluorocarbons can be wused in soling applications. Different general
purpose polymers used in footwear soling application are natural rubber,
styrene-butadiene rubber, oil extended SBR, isoprene rubber and buta-
diene rubber in differentcombinations. Conventional polymers used
are a combination of natural rubber and styrene-butadiene polymer

with high styrene content(7)- OESBR is used where price is important

and general physical properties are less important. Polyisoprene
rubbers are used where flow properties are important. eg: cases
like injection moulding, direct moulding on and in-sole units. Poly-

butadiene is used as a blend with NR or SBR to improve abrasion
resistance or to .reduce the overall cost by increasing the amount

of filler®~"

The disadvantage of natural rubber or general purpose synthetic
rubber based M.C. product are its high density, vulnerability to

weathering, wear and difficulty to make bright coloured products.

Polyurethane, PVC and thermoplastic rubbers”are later
additions in footwear industry. A blend of Nitrile-PVC is being used

in soling applications where oil and chemical resistance are required.



Another recent development is the use of a combination of rubber

and ethylene vinyl acetate co-polymer in microcellular applications*’"".

This material is of low density. It is reported to have acceptable

physical and wear properties and <can be obtained in a range of

attractive colours<’3)_ weakness compared with normal micro-
cellular rubber is its tendency to shrink drastically at temperatures

above 70°C.

The different types of plastics along with their applications'A")

are given below:

PLASTIC APPLICATION

PVC Soles, Uppers, Upper lining and
Insoles.

Polystyrene Heels, Toe puffs.

Polypropylene Heels, Fibre component in some

poromeric uppers.

LDPE Toe puffs. Insoles.
EVA Adhensives, Soles.
Polyurethane Heels, Poromeric uppers. Adhesives,

Soles, -Foam lining.

Polyesters Fibre component in some poromeric
uppers, Adhensives.

Polyamides Adhesives, Toe puffs. Fibre component

in some poromeric uppers.



International Synthetic Rubber Company of UK .have reported
commercialisation of vinyl polybutadiene having properties similar to
that of SBR/BR blendsAM?? . It is expected that medium vinyl poly-
butadine with a vinyl content of 50 per cent closely matches standard

emulsion SBR.

A recent technological advancement in the polymer field is
. .. f17 18n
the development of 1,2 polybutadiene of controlled crystallinity
Japan Synthetic Rubber Company started commercial production  of
1,2 polybutadiene with 90 per cent 1,2 content and a controlled degree

of crystallinity between 15 to 25 per cent(lg). 1,2 polybutadine is

expected to partially replace high styrene resin in footwear applications.

1.2-J MlPolybutadiene '

International Synthetic Rubber Company of UK has announced
the commercialisation of new medium range, vinyl polybutadiene rubber
having properties equivalent to those of SBR/BR blends */A, In the
synthesis of this rubber, the pendent bulky phenylj groups in SBR
have been replaced by vinyl groups. In view of the smaller size
of vinyl groups, more pendantvinyl groups are needed along the chain
toproduce a matching polymer. Various grades of medium vinyl poly-
butadiene rubbers with 42, 48 and 63 per centof vinyl contents have
been offered by ISR. It has been considered by many as the tyre

rubber of the future.

There is a wuseful relationship between glass transition tempe-

rature (Tg) and physical properties of elastomers®” A, It can be



concluded that as Tg decreases, abrasion resistance, elasticity, Ilow
temperature resistance and diffusion rate increases, whereas skid

resistance decreases.

High cis polybutadiene with Tg of -105°C has excellent abrasion
resistance but it possess poor skid resistance. A compromise between
abrasion and skid resistance in high cis polybutadiene (BR) can be
reached by blending 60 parts of SBR with 40 parts of BR to get a
Tg of -70°C. This value of Tg isclose to that ofNR (-72°C). The
Tg of random co-polymer, of styrene and butadiene prepared by solution
technique varies inversely with styrene content and with 1,2 vinyl
content of butadiene. In the case of new vinyl polybutadiene rubber,
it is seen that Tg increases with 1,2 vinyl content. An illustration
is given in Fig. 1.1 to 1.3. Fora rubber with 35 per cent vinyl
content corresponding Tg is +70°C, and this rubber has processing
characteristics similar to general purpose emulsion SBR. Apparent
Tg of -50°C to -70°C in an elastomer comprises the acceptable range
of properties for various applications and this can be available in

the new polybutadiene rubber with 35-55 per cent 1,2 vinyl content.

Kuntz(zz)

reported that by using lithium based catalyst in
hydrocarbon medium gave PB with 8-12, per cent of 1,2 vinyl groups.
1.2 vinyl content can'Mbe”'in'crea®d by modifying the lithium based
catalyst by introducing electron donors such as ether and amines in

the system. Strong anionic catalysts will give higher percentage of

1>2 vinyl groups in polybutadiene rubber.

(23) "

Nordseik carried out extensive studies on testing and

performance of tyres made from vinyl polybutadiene rubber. Mixing



of filler, oil, etc. was as trouble free as SBR/BR mix. Test data
on passenger tyre treads alnd vulcanisates of vinyl polybutadiene rubber
compare favourably with those on SBR/BR blends. A tripolymer blend
gl 45 per cent vinyl polybutadiene with SBR and cis polybutadiene
(30/35/35) shows 10 per cent improvement in treadJear compared to
65/35 SBR/PB blend. The medium vinyl polybutadiene are also effective
as partial or complete replacement of SBR in several non-tyre applicationi
Medium vinyl polybutadiene with a vinyl content of about 50 per cent

is expected to match emulsion SBR in important properties.

Homopolymers of butadiene with 1,2 vinyl content between 35-55
per cent represents an alternative to solution SBR and SBR/BR blends "’
Vinyl polybutadiene manufactured by solution polymerisation technique
is more expensive than emulsion techniques as it uses solvents like
tetrahydrofuran (THF) in place of water, and also alkalimetal catalyst
like butyl lithium, which are expensive. Polymerisation using single
monomer is comparatively easy to handle. Possibility of obtaining
desired properties by simply varying the vinyl content, enhances the

scope of its application. Its lower specific gravity and ability to

accept greater amount of filler are an added advantage.

JSR 1,2 Polybutadiene Rubber

This new thermoplastic elastomer is having 1,2 content greater
than 90 per cent and a controlled degree of crystallinity between 15 to
25 per cent. The crystallinity of this new 1,2 polybutadiene is markedly

less than previously reported syndiotactic 1,2 polybutadiene. As the



crystallinity is less, crystalline melting point is 80-90°C, which pcrmitj

fabrication on plastics fabrication equipment!. .

As reported™~" by JSR scientists the polymer is prepared

by a solution polymerisation technique with Ziegler-type catalyst systems

Japan Synthetic Rubber Company have introduced two grades
of 1,2 polybutadiene JSR RB 810 and JSR RB 820 which differ in cry-

stallinity.

Physical Properties

Some important physical properties of 1,2 polybutadiene are
shown in Table 1.1. Properties of1,2 polybutadiLne is somewhat
similar to LDPE except for its greater flexibility. This can be seen
in Fig. 1.6 (viscosity Vs shear rate graph). From Fig. 1.4 it is
seen that 1,2 polybutadiene has a stress-strain relation that is inter-
mediate to that of the plastics and rubber. The dynamic elastic modulus
of 1,2 polybutadiene is shown in Fig.1,5 and is compared with that

of plasticised PVC, low density polyethylene and ethylene vinyl acetate.

At temperatures below 20°C, 1,2 pBD is more flexiblethan EVA
LDPE. A comparison of physical properties for JSR 1,2 polybutadine,
EVA and Styrene-Butadiene thermoplastic elastomer is given in Table 1.2.
Ahemical Properties

1,2 PBD can be readily sulfur vulcanised making it suitable

for blending with other sulfur vulcanisable systems. It is reported



that cured products based on 1,2 PBD exhibit weatherability and ozone

resistance similar to that of EPDM.

Processing

Viscosity-shear rate relationship for 1,2 PBD of about 100,000
molecular weight is shown in Fig. 1.6 and is similar to that of LDPE.
It is desirable to keep the temperature of fabrication relatively low

to avoid crossClinking. Recommended maximum temperature is 150°C.

Applications

Areas of application are thermoplastics, thermosetting resins,
coatings, rubber, fibres, adhe; sives, film, injection mdded articles,

sponge or cellular applications, etc.

In the. area of footwear JSR 1,2 polybutadiene is proposed

as a suitable material for non-curing low blow molded shoe soles.

In physical properties JSR 1,2 polybutadiene is reported to

rank between polyurethane and EVA.

SMructure of 1.2 polybutadiene . I

CH = CH - CH = CH , Folym erisatlon N

1,2 polybutadiene.



A Fillers Used in Microcellular Applications

The selection of fillers for particular application is governed
in the first instance by their chemical constitution, availability and
price. The Ilimit of their usefulness as filling materials is dependent
on their physical characteristics. Many of the treatments applied
to fillers in extraction process is merely for obtaining them in a

physically useful form.

Thus an ideal filler would have to comply with a wide range

of both chemical and physical requirement(27)
Some of the requirements needed are listed below.

(@) Ability to impart improvement in physical properties of the

polymer compound.

(2) Low moisture absorption.

(3) Specific gravity appropriate for the application.
(4) Good wetting characteristics.

(5) Free from deleterious chemical impurities.
(6) Low cost and good availability.

(7) Non-inflammability.

(8) Absence of odour.

(9) Good colour retention.

(~0) Chemical and heat resistance.

(1) Controlled particle size.

(12) Good dispersion characteristics.

(13) Low solubility in water and environmental solvents.



Physical properties

Some of the important physical properties of fillers used in

rubber are indicated.

(D) Particle size, shape and distribution.

(2) Surface area.

(3) Bulk density.

(4) Density. I
(5) Refractive index, opacity and colour.

(6) Hygroscopicity and moisture content

(7 Hardness.

As most of the microcellular products are coloured, non-black
fillers are used as reinforcing agents. Non-black fillers have certain
features in common, compared to carbon Dblack. They have higher
specific gravity from 1.95 for precipitated silica to 5.6 for zinc oxide.
At the same loading by weight they have lower tensile strength than
blacks. Modulus also is lower at the same hardness. Non-black fillers

impart less abrasion resistance to rubber.

There is every chance that natural non-black fillers will have
more oversize particles (particles not passing through a 325 mesh size)
than blacks. Such particles can easily lower the tensile strength

or tear strength as they can well be the point of initial rupture””~n,

In general, pigments of number average particle size less than
5 M and/or specific area in excess of 50 m”~/gm have been considered

reinforcing. Elastomerreinforcement is considered as an application



an elastomer by the incorporation of some ingredient thus making it

(24)

more suitable for a given application”

Although carbon Dblacks (except thermal) are aggregates of
particles whereas most non-black fillers are not. They consists of
acicular, platey or blocky particles. It is reported that clay, silica

and silicates are ideal for microcellular applications

1.3.1. Clayrna

The most widely wused non-black filler for rubber is clay.
Its use is based on its low comparative cost, versatility and stiffening

properties.

Clay refers to a physical condition and not chemical composition.
The type of clay used ’‘in rubber is called kaolin clay and has been
derived from the weathering of aluminous minerals such as mica and
feldspar. The clos est approach to its chemical c(|'mposition would

probably be kl*0y2 SiO~ 2 H”O.

Rubber grade clays are white to cream powder with a density
of 2.6. Clay is not' hygroscopic, with a 1 per cent maximum moisture.
Clay is prepared in four different ways and they are air floated,

water washed, calcined and chemically modified.

A majority of clay wused in rubber industry is either air-

floated or water washed.



Calcined clay is wused in cable industry for better electrical

Clay is an adsorptive material and can adsorb organic accele-
rators. This effect can be mitigated by wusing small amounts of tri-
ethanolamine or polyethylene glycol. They will preferentially be adsorbec
at the active sites on the silica layer of the clay; thereby preventing

adsorption of curatives.

1.-3.2. Silica and Silicates

Fine particle silica gives the utmost in reinforcement of rubber

among the non-black fillers. The silicates will come next to silica.

Silica can be produced by a pyrogenic or precipitation process.

Silicates for rubber compounding are produced mostly by precipitation.

Silica produced by thermal process is called fumed silica.
The original process was developed by Degussa Company in 1940's

and the product marketed under the trade name "Aerosil".

Fumed silicas are only occasionally used in polymers as they

are expensive. Much of this is used in silicone rubber compounding.

Precipitated silicas are made by the action of acids on water-
glass.- The acid wused is sulfuric and waterglass an alkaline solution

of sodium silicate. The reaction involved is

n. SiO”". \“"Na20 + HASO"------ > Na"sO* + 10 SiOd . HMO



The hydrated precipitated silica is filtered out and washed
to remove the sodium sulfate. It is then dried and ground to obtain
the required product. Those used in rubber would have surface area
approximately 170 m~/gm.

The moisture which is driven off at 105°C must be carefully
controlled in silica's for rubber use. Compared tol carbon black

precipitated silica particles are much porous.

An approximate composition and properties of precipitated

silica used in rubber industry is given below.
Feature Amount
(1) Drying loss 4 - 7 %
2 L
(2) Ignition loss 8 - 12 %
3 -
() baSIS). 83 - 90 %
(4) Surface Area (m~/gm) (BET method) 45 - 700
(5) Particle size m
(Arithmetic mean dia) 10 - 100
(6) -
Refractive Index 1.45
Density in rubber 2.0
SILICATR.q
S ilic ate s used in rubber industry a m o stly calcium and alum inium
T h e s e 7 prepared in m uch same w ay as precipitated

silicate s .

s U IM b

ut th e

acid IS replaced

com pletely

r in part by

m etal

s alts



like calcium chloride or aluminium sulfate. Process conditions can

be varied widely to produce different quality silicates.

Approximate composition and properties of aluminium silicate

is given below.

(1) Moisture (2 hr 105°C) % 6
(2) Ignition loss (2 hrl000°C) % 7
(3) Sion. | [ . 82
(4) Ca0, %
(5) AlI203, %

9.5
(6) Na, %

8
7 H
M P 10.4
(8) Sieve residue (45 m), %

0.1
(9) Average particle size (nm) 15
(10) B.E.T. surface area ,(m~/gm) 100

Adding silica 10 a rubber quickly increases Ilha stiffness, of

mix, so that in practice net more than 50 parts are included.

The stiffening will increase the Mooney viscosity of the compound

making it difficult to process.

stiffening is supposed to cause .by the incompatibility between

Silica and hydrocarbon rubber.

Compounding A othoon precipitated s ilic a is very different from

» Ith carbon b lack, y h e re is an a ffin ity between carbon b la c k

hydrocarbon rubbers. \ Silica is hydrophilic and incompatible.

two situations arise.



Silica to silica attraction is high and large aggregates are

formed impending flow and the mix becomes very stiff.

) Silica filled compounds will have inferior abrasion resistance
compared to carbon black filled compounds® as in the former
the polymer filler bonding is weak.

MICRO CRUMB

It is a finely ground material produced from the scrap of

microcellular sheetings. It will have -a density of approximately 0.5.

1.4. Blowing Agents”

Blowing agents are used to make soft, light impact resistant
sponge rubber. They are either used alone or with some diluting
fillers and other activators. These materials will release gases at

curing temperatures thereby introducing the cellular structure in the
rubber and makes, it sponge like. If the cells are inter-connecting

the product is refered to as open celled and if not closed celled.

There are also cellular materials which are produced without
the use of blowing agents.. Latex foam produced by whipping air into
latex and urethane foam, pi“duced by wusing CO_ as blowing gas which
IS produced ™ situ in the 'reaction medium by the reaction between

water and isocyanate, are examples for this,
i
Sodium bicarbonate was the first blowing agent reported. It

eacts with stearic acid giving CO”, as the temperature is increased.



Because Of the permeability of CO" interconnecting cells are produced.

A disadvantage of using sodium bicarbonate is that it will leave residual

soap in the sponge.

Closed cell structures like microcellularsolings are made by
using blowing agents which evolve gas largely Nitrogen, by thermal

decomposition.

Choice of blowing gas"™™ A

Nitrogen is prefered as the blowing gas due tothe following

reasons.

(D It is an inert, odourless, non-toxic gas.

(2) Permeability of Nitrogen is the least compared toother blowing
gases.

Measured relative permeability of NR to different gases are

listed below (taking hydrogen as 100).

C02 = 260
H2 = 100

L [0} = 4 6 /"

Organic blowing agents

Organic blowing agents vary widely in their properties.

Importantly, they vary in the temperature at which they produce gas



and in the nature of their decomposition products. Some produce odor,
while other mayyield coloured or toxic substances on decomposition.
Some*~times the blowing agents or their decomposition products may
function as activators or retarders. These factors are important in

the selection of blowing agent.

Some of the common blowing agents(33) are Diazoaaminobenzene,
Dinitrosopentamethylene tetramine, Azodicarbonamide, p-tolueue sulfonyl

semicarbazide, etc.

(1) Diazoaminobenzene

Diazoaminobenzene

This compound is soluble in rubber and is capable of producing

fine unicellular structure.

But the disadvantage of using this chemical is that the de-

composition product diphenylamine is"a staining chemical and Diazoamino-

benzene is a suspect carcinogen.

Pinitroso Pentamethylene Tetramine”

This compound is prepared by the nitrosation of hexamethylene

tetramine.



H-la A (HiE vV MO -V Ucvlo +  AKic’s

Whe,, heated alone or in presence of inert diluents the ohe.ical
decomposes near 195=0, but when used in rubber or plastics in presence

ofcertain activators, produce gas within a temperature range of 130
to 190°c.

The decomposition products include Nitrogen, Nitrous o.ide,

formaldehyde and certain amines which gives rise to a -fishy odour”

the expanded product. The odor can be suppressed by the addition
of urea, melamine, etc. [

Some of the factors to /be considered in selecting a blowing'
agent are:

@)

Its chemical composition Vnd whether activators are needed
or not.

2

evolved per gram of blowing agent.

(For DNPT it is 200 cm”/gm).

The decomposition temperature. This may vary from I100"C to

23cop j
epending on the type of blowing agent and the catalyst
used.



.I'S

(4)

(5) Uniformity of colour and cell structure in successive batches.
(6) Absence of odour.

(7) Influence of vulcanisation and ageing.

(9) Possibility of discoloration.

(9) Cost.

One of the difficulties involved in making sponge is the deter-
mination of the right plasticity of the stock for proper blow with
the rate of wvulcanisation. If it is not, blowing may occur rapidly

and the expanded material may collapse before vulcanisation.

1.5. Rubber Footwear Industry in India

Rubber footwear industry, ranks third, foIIowing the automotive
tyre and cycle tyre sectors accounting for about 9.8 per cent of the
total rubber consumption. There are over 30 units manufacturing quality
footwear of which about half a dozen units account for substantial prod-
uction. Besides about 660\itits"*"" are engaged in the manufacture

of hawai chappals, soles, heels*~traps, etc.

Indian footwear industry manufactures a wide range of footwear
including all rubber, canvas/leather upper with rubber soles, sports

shoes of various types, gum boots, combat boots, defence boots, ladies

and children's wear, etc.

Development of synthetic materials in footwear especially PVC

has slightly adversely affected the rubber footwear industry.



The per capita use of footwear was reported to be about
5.03 pairs in USA, 4.45 pairs in UK, 4.16 pairs 1in France, 3.63 in

(35)

Europe whereas that in India it 1is still around 0.5 However
the per capita consumption is likely to go up steadily 1in the wake

of improved standards of living.

Microcellular solings have become popular for their lightness,
durability, soft feel and good looking. Due to all these factors and

economic availability, M.C. soling has become the common man's footwear

1.6. Scope of the Work

The supply of general purpose and special purpose styrene-
butadiene polymer will be 1inadequate as the production of styrene
monomer is insufficient to meet the demand”™"”". Some attempt have
been made to reduce tjie content of styrene 1in general purpose SBR.
Hence a substantial replacement of SBR co-polymers 1is necessary 1in
the near future. Supply of styrene monomer 1is reported diminishing

/on\

and the cost of it is increasing much faster compared to butadiene

Attempts are going on to develop a substitute for SBR in general purpose

applications

One of the most promising partial or complete replacement
for solution or emulsion SBR 1in tyre and non-tyre application is poly-
butadiene of medium to high vinyl content. Heat build-;up and blow
out resistance were reported better for vinyl polybutadiene (of 45%
vinyl) compared to SBR 1712. Abrasion and cut growth resistance

are also reported better for vinyl PB compared to SBR 1712~A%<A



Some of the features of expected advantage of wusing 1,2
polybutadiene in microcellular application as a substitute for high

styrene resin are the following.

(¢H) Lightness or low density.
2) Lower shrinkage.

Q) Clear colour.

) Excellent snappiness.

(5) Sponge scrap utilisation.
(6) Good abrasion resistance.

The present work is a scientific evaluation of the adaptability

of 1,2 polybutadiene as a substitute for high styrene resin 1in ,.icro-

cellular applications.
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TABLE 1,2 Physical

SB-TPE as sole materials for

Lightness
Rubbery feeling
Hardness
Permanent set
Compression set
Tear strength
Flex resilience

Weathe rabi lity

Ozone resistance

Abrasion resistance

Oil resistance

Flowability

NOTE ; |

0
Al
X

Excellent
Moderate

Poor

Properties of JSIt

JSR RB

RB, EVA and
Footwear

EVA SB-TPE
A X
X 0
0 X
X 0
X X
0 X
X A
0 X
0 X
0 A
0 m X
0 X
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FIG. V4. STRESS VS STRAIN CURVE OF 1,2 PBD
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2. EXPERIMENTAL

2.1. Materials Used

(A) POLYMERS;

(1) Natural Rubber;

Natural rubber used was <crumb rubber, ISNR-5 as obtained
from the pilot crumb rubber factory, Rubber Board. The Indian standards

specifications for ISNR-5 grade is given below.

Parameters Limit
1. Dirt content (%) by mass, Max 0.05
2. Volatile matter, (%) by mass. Max 0.8
3. Nitrogen (%) by mass. Max 0.6
4. Ash (%) by mass, Max 0.6
5. Initial Plasticity, Po, Min 30
6. Plasticity Retention Index (PRI), Min 60

Since it is known that the molecular weight, molecular weight
distribution and non-rubber constituents of natural rubber are affected
by clonal variation, season, use of yield stimulants and method of

Preparation™"™7A)  rubber from the same Jlot has been wused in this

study.



(2) SBR 1958™~n  (Synaprene S-1958)

This was supplied by M/s. Synthetics and Chemicals Ltd.
It is a self-reinforcing type of styrene butadiene rubber produced

from a blend of synaprene S-1502 base latex and a reinforcing type

latex. The blendis prepared at latex stage ensuring perfect dispersion
of the reinforcing polymer. This rubber is available in the form
of bales.

Raw Rubber Properties Min. Max .

Volatile matter (%) - 0.75

Organic acid (%) 4.0 7.0

Soap (%) - 0.50

Ash (%) - 0.75

Antioxidant (%) . 1.0 , 1.75

Synaprene S-1958 is light coloured and non-staining type rubber.
It is widely used in microcellular applications, leather like products,
high hardness products, coloured hard rubber (ebonite), highly abrasion

resistant products, etc.

(3) SBR - 1502~™~ (Synaprene S-1502)

This polymer is supplied by M/s. Synthetics and Chemicals Ltd.
Synaprene S-1502 is a co-polymer of styrene and butadiene manufacture
t>y cold emulsion polymerisation system using fatty acid and rosin acid
soap as emulsifier. It is a non-staining and a non-discolouring grade

BR. SpecificatiOTs of this rubber 1is given below.



good f

for shoe

Mooney visocisty, ML” at 100=C
Volatile matter (%)

Organic acid (%)

Soap (%)

Bound styrene (%)

Ash (%)

Antioxidant (%)

It has balanced properties as r

lex resistance and abrasionresistance

46 58
- 0.75
4.75 7.0
- 0.50
21.5 25.5
- 1.5
0.5 1.5
egards toloading capacity,

which makes it

useful

soles, heels and bright coloured mechanical goojls, microcellular

soling, etc.

4 1,2

Company.

Polybutadine (JSR RB 820)

This polymer was supplied by M/s. Japan Synthetic

Typical properties of the raw

Properties

Microstructure 1,2 unit content (%)

Stabilizer

3
Density gm/cm

Crystallinity (%)

polymer are given

JSR RB 820

92
Non-staining
0.91

Approx. 25

Rubber

below.



(B) FILLERS

Fillers wused are precipitated silica, clay, aluminium silicate

and micro crumb. All these are commercial grade materials.

(C) CURATIVES

MBTS and TMTD were used as accelerators. These chemicals
are supplied by M/s. Bayer India Limited. Chemical Composition of

these chemicals are given below.

MBTS:
r a j '—
Metcapto benzothiazyl disulfide
TMTD:
CHj
HjC —_
J 0i-C- S- 5 c—Q/
w
\I
Hjc S 5

Tetramethyl thiuram disulfide

Sulphur: Rubber grade sulfur was used as the curing agent.

(D) PLASTICISERS

Napthenic oil was used as plasticiser.



(E) BLOWING AGENT

N-N-Dinitroso pentamethylene tetramine (DNPT)supplied by.

M/s. Dipak Nitrite was used as the blowing agent.

(F) OTHER INGREDIENTS

Ti02 supplied by M/s. Travancore Titanium Products was used

as the brightening agent. Laboratory vreagent grade Diethylene glycol

was used for the work.

2.2. Mixing and Process of Production

The compounds were prepared 1in two stages. Initial mixing
of polymers, fillers and other additives excluding curatives and blowing
agent was done in a laboratory model intermix (KO Intermix) and the
final mixing of curatives and blowingagent was done in a laboratory

model (30 cm x 15 cm) mixing mill.

Mixing in Internal Mixer

Intermix was set at a speed of 40 rpm and an initial chamber
temperature of 80<C. Total mixing time® was 8 minutes. Natural rubber
was masticated for 2 minutesfollowed by the addition of the second
polymer 1,2 polybutadiene, SBR 1958 or SBR 1502. Blending was done
for another 2 minutes. Fillers and other additives were added at
mthe end of 4 minutes and mixing continued for another 4 minutes.

Mix was dumped ~“tvthe end of 8 minutes.



Internal mixer model KO Intermix MK3

Capacity 1 Litre

Mixinp in laboratory mixing mill

Final mixing of curatives and blowing agent was done in the
two roll mixing mill at a friction ratio 1:1.25. Mixing roll temperature
was 80<C. Total mixing time was about 12 minutes. Drder of addition

was accelerators, followed by sulphur and finally the blowing agent.

After complete” mixing, the stock was sheeted out and passed
six times endwise through a tight nip (0.3 mm) and finally sheeted

out at 8 mm.

Compound Maturation

For proper dispersion of the ingredients® the mix was stored

for one day.

Molding of the Sheet

Molding was carried out in a 18" x 18" hydraulic press having
steamheated platens. Platens .were maintained at 150<C and at a
pressure of 45 kg/cm” on the mold. Mold was loaded with 3 per cent

excess compound than the mold volume.

The mold™><was of rectangular base with a loose fitting top.

The mold, completelyfilled with rubber compound, placed in the press,



mold closed and sufficient hydraulic pressure applied. The top cove
of the mold was so close fitting that the gas generated by the blowin
agent was retained in the rubber. When the rubber was sufficient!”
cured (80 per cent of the maximum cure) the press was opened quickl-;

and the sheet expanded out of the mold in all the three directions.

Trimming of sheets

The excess material flown out was trimmed immediately after

removal from the mold so as to avoid bending of sheets.

Stabilization at room temperature

Expanded sheets were allowed Ustabilize for one day at room

temperature.

Post curing

In precure in the mol(”® only a partial vulcanisation was given
so that the rubber got adequate strength to hold the nitrogen gas
released after expansion. In our studies 80 per cent of the maximum
cure time and an extra time of 2.5 minutes to compensate for the thick-

ness of the sheet was taken as the precure time.

As it is undercured the vulcanised sheet will have still a
large permanent set. By postcuring the sheet becomes permanently
stabilised 1in the expanded size. Postcuring will complete the cure

of the precured sheets and will help in attaining the maximum physical

properties. \



In the present experiments the postcuring given was for 3 hou

at 80=C in a thermostatically controlled hot air oven.

2.3. Exp>erinients

A preliminary study was conducted to standardise the curati®
concentration and temperature of precure. Further studies were conduct

with the selected cure system and it consists of three important parts

(¢)) Study of the effect of 1,2 polybutadiene in expanded rubbe
soles.

) Effect of filler on sole properties.

3) Effect of blowing agent concentration onsole properties.

SELECTION OF CURE SYSTEM AND TEMPERATURE

Compound with curative combination of MBTS/TMTD/Sulphui

in the ratio 1,0/0.2/1,6 was prepared and its cure characteristics
were studied. Cure time for this system was found to be around five
minutes, thus making the process very difficult. To 1increase the cure

time for the same cure system, the temperature of cure was reduced
to 140<=C. By this, though the cure time was increased considerably,
the resultant sheet was of poor quality with big blow holes in it.
This might have occured due to improper curing. This difficulty was
overcome by the use of lesser proportion of curatives and the tempe-

rature of cure being maintained at 150<C.

Further studies”™ were conducted with a curative combination



of MBTS/TMTD/Sulphur in the ratio 0.8/0.1/1.6 which does not cause

any processing problem with a convenient cure time of around 7 minutes.

Table 2.1 and 2.2 give the compounds used and their precure

time.

I. STUDY ON THE EFFECT OF POLYMER RATIO ON SOLE PROPERTIES

Eight compounds with varying natural rubber/1,2 polybutadiene
ratio of 100/0, 90/10, 80/20, 70/30, 60/40, 40/60, 20/80 and 0/100
were prepared. Control compounds were also prepared using NR/SBR-1958
and NR/SBR-1502/SBR-1958 in the ratio 70/30 and 35735/30 respectively.
Microcellular sheets were prepared from these <compounds using the
method given earlier. These were then postcured and tested for their
properties as per the relevant ISl standards.

Rheographs are.given in Figure 2a

Il,. EFFECT of"different FILLERS ON 1,2 PB BASED MICROCELLULAR SOLE

Seven compounds were prepared to study the effect of varying
proportions of commonly used fillers like clay, silica, aluminiun silicate

and microcrumb 1in 1,2 polybutadiene based microcellular soles. Compounds

were prepared in the intermix. Curatives and blowing agent were
added in the two roll mixing mill. Microcellular sheets were prepared
from these compounds wusing the method described earlier. Sheets

were then postcured and tested for 1its “properties as per the relevant

ISI Standards.

Rheographs are given in E'igure 2b.



Varying levels of blowing was studied for three sets of compoun(
In all these <compounds Natural Rubber/1,2 polybutadiene ratio was
70/30. In the first set of compounds the filler combination used was
clay/silicaZaluminium silicate in the ratio 60/30/15. The blowing agent
concentrations studied for this compound was four, Tfive, six and seven
parts per hundred rubber. In the second set the filler combination
used was clay/silicaZaluminium silicate in the ratio 40/40/25. The blowing
agent concentrations studied were five, six and seven parts per hundred
rubber. In the last set the filler combination®™ used was clay/cilica
in the vratio 40/40 and the blowing agent concentrations studied for it

was five and six parts per hundred rubber.

Compound preparation and sheet moulding were done as described
earlier. Sheets were thentested for 1its technical properties as per
the relevant ISl Standards.

Rheographs are given in Figure 2 ¢

2.4. Testing of Microcellulax Sheets

In the present work all tests were carried out as per

IS 6664-1972, 1S 3400-1974 and IS 10702-1985.

2.4,1. Determination of compression set

/

The compression set 1is the difference between the original
thickness and that after the application of a specified load for a speci-
fied period of time and is expressed as a percentage of the initial

thickness of the sample.



Testing;-

The test piece having diameter 30 £ 0.2 mm and thickness
9.5 =%0.2 mm was conditioned at 27 == 1<C and 65 =& 5 per cent relative
humidity for 24 hours.Thickness of each test piece at the centre
was measured using the guage. Test pieceswere thenplaced between

the parallel plates of the Wallace Constant Stress Compression Set

Apparatus anda load of 140 =1 kg was applied for 24 hours.

When the test period was over samples were removed and
allowed to recover. After therecovery period of one hour the thick-

ness of the samples was noted.

Compression set was calculated using the formula

(tp - ) X 100
Compression set % =

0

tp e Initial thickness in mm,

t/\

Final thickness in mm.

2.4.2, Determination of Split Tear Strength

It is the maximum load required to split off a sample test
piece of specific size, which was expected at a constant speed of

75 mm per minute.

Testing;-

Four rectangular pieces of size 25 x 100 x 7 == 0.2 mm were



t out along and across the molded sheet. The test piece was
ared by splitting the sample midway between the top and bottom

urface for a distance of 30 mm from one end and thus forms two

"tongues at the end.

The two tongues of the test piece were clamped between the
jaws of the Zwick UTM, Model 1474 and allowed to separate at a
constantrate of 75 mm per minute. The load was noted with the
help of a recorder. Mean of the maximum Jload of the 4 samples

was taken as the split tear strength.

2.4.3. Determination of Heat Shrinkage

It is the reduction 1in length that may occur to a sample

ofspecified size, when it is kept 1in a heating chamber maintained

at 100 == 1<=C for one hour.

Testing;-
\

Sample of size 150 x 25 x 15 mm was <cut from the sheet

after splitting all sides of the sample.

The test piece was conditioned in an atmosphere of relative

humidity 65 + 5 per cent and at a temperature of 27 =+ 2=C for 24 hours

prior to testing.

Length of the test piece was measured/to the nearest 0.1 mm

and placed in a heating chamber maintained at 100 = 1=C for one hour.



Test piece was then removed from the heating chamber and
allowed to cool for 2 hours at 27 =+ 2<C. Length of the test piece

was again noted. Heat shrinkage was calculated using the equation

Heat shrinkage, % T e o

Lqg

Length before heating, 1in mm.

L/\

Length after heating, 1in mm.

,2.4.4. Determination of Relative Density

A sample of size 50 x 50 mm was cut from wvulcanized and

post cured sheets/soles.

Test piece was conditioned at an atmosphere of 65 =5 per cent
relative humidity at a “temperature of 27 =+ 2=C for 24 hours prior
to testing. After conditioning, the mass, length, breadth and thickness

of the sample were noted.

Relative density was then calculated as follows;

L X B X T

Where M = Mass of the test piece 1in grams after conditioning.

L = Length of the test piece after conditioning.
|

B = Breadth of the test piece after conditioning.

T = Thickness of the test piece after conditioning.



2.4.5. Determination of Hardness

Hardness is measured as the resistance offered by the material
for the indentation of a pointer of specified dimentions attached to
a precalibrated spring and 1is expressed as a number. Test piece

of size 50 X 50 mm was conditioned at 65 =5 per cent relative humidity

and at a temperature of 27 2<=C for .24 hours. Hardness was then

measured using Shore - A Durometer.

eResult 1is expressed directlyin Shore-A.

2.4.6. Determination of Change in Hardness After Ageing at 100 = 1<=C

for 24 hours

It is the change in hardness that may occur to a sole sample
that undergoes ageing at a specified temperature and for a definite
time. Difference in hardness of the sample before and after ageing

at 100 = 1=C for 24 hours 1is taken as the change in hardness.

2.4.7. Determination of Room Temperature Shrinkage

It is the percentage linear shrinkage that may occur to the

sample before and after keeping thesample at 27 =+2<Cfor two weeks.
|

Testing

Test pieces of size 125 x 5 x 15 mm /was cut from the sample
sheet after splitting off all the sides of the sample. It was then

conditioned in an atmosphere of 65 =+ 5 per cent relative humidity



and at a temperature of 27 =+ 2=C for 24 hours prior to testing. Initial

length ofthe test piece was noted to the nearest O0.1mm. The test

piece was placed ina chamber maintained at 27 = 2<=Cfor twoweeks.

It was then removed and its length noted.

Room temperature shrinkage is expected as

Shrinkage, % = — = -

Lqg

2.4.8. Determination of Water Absorption

It is the increase in weight that
specified size due to absorption of water

distilled water for a specified period.

Testing;-

Test piece of size 5 x 5 x 5 mm

after removing the skin from both sides.

After conditioning for 24 hours at

was weighed to the nearest 0.5 mg and then

Length of test piece in mm before testing.

Length of test piece in mm after testing.

may occur Jto a sample of

by it after keeping it in

was cut from the sample

27 =+ 2=C the test piece

kerimmersed in distilled

water for a period of 24 hours, at 27 = 2°<C. The test piece was

reweighed within two minutes of the removal

from water.



Water absorption % by mass =

Where = Mass in grams of sample after immersion.

M q = Mass 1in grams of sample before immersion in water.

2.4.9. Determination of Abrasion Resistance

Abrasion loss 1is expressed as the volume of test piece getting

abraded by its travel through 42 meter standard abrasion surface, as
u - Am
V. = Abrasion (volume 1loss of mm” unit)
Am - Mass loss (mg unit)
P = Density (mg/mm” unit).

Testing

Abrasion test was conducted wusing DIN abradejr. It consists
of a drum which provides the abrasive surface for the sample. The
drum rotates at an rpm of 40 =% 1 and the total abrasion length of
the same 1is 42 metres. The sample having a diameter 16 == 0.2 mm

and length of 6 to 10" mm, keeps a horizontal feed of 4.2 mm/rotation.



sample holder and a load of 5 N was applied. Sample holder with
the sample was allowed to travel through the specified distance.
After giving an initial surface smoothening run the weight of the sample
was noted. Then the test run was conducted and the weight was

again noted. From difference 1in weight the abrasion loss can be

calculated.

2.4.10. Determination of Flex Life

In this test the number of flexing cycles required for a sample
with an initial cut of definite size to grow to a definite length and

for complete crack failure are noted.

Ross flexing machine is used to determine! the cut growth
of rubber samples. The machine allows the pierced flexing area
of the test specimen to bend freely over a rod of 10 mm dia by
an angle of 90<. The machine runsat 100 == 5 cycles per minute.
One end of the test specimen 1is clamped firmly to a holder arm and
the other endis placed between two vrollers which permit a free

bending movement of the test specimen during each cycle.

Sample was given a cut of 2.50 =+ 0.02 mm in length at the
centre of the flexing face at a definite length of 62.0 == 1.0 mm from
the clamping side. Test piece was having a length of 150 mm, width

of 25.0 =1.0 mm and thickness of 6.30 ®=0.2 mm.



Test specimens were clamped to the holder arm of the flexing
machine 1in such a position that when the specimens were flexed at

0= the cuts were at the centre point of the arc of flexure.

Adjustable top rollers are let down till it touches the specimen

and permits the specimen to travel freely between rollers.

Frequent observations were taken for determining the rate

of 1increase in cut length.

Observations were taken for

(¢)) Number of cycles required for propagation of the initial crack
given.
(2 Extent of crack growth for 100,000 cycles.

2.4.11. Determination of Shrinkage

Sheet size of each sample was noted on2 occasions to study

the extent of shrinkage of whole sheet.

(a) After stabilization of the precured sheet at room temperature

for 24 hours.

(b) After stabilization of the post cured sheet at room temperature

for 24 hours.



(@) PRINCIPLE OF SEM;-

A simplified block diagram showing the principle of working
of SEM 1is given 1in the Fig. 2.1. Electrons from an emission source
or filament are accelerated by a voltage usually in the range of 1-30 KV
and directed down the centre of an electron-optical column consisting
of two to three magnetic lenses. These lenses cause a fine electron
beam to be focussed in the specimen surface. Scanning coils placed
before the final lens cause the electron spot to be scanned across
the specimen surface in the form of a square raster, similar to that
of a television screen. The currents passing through the scanning
coils are made to pass through the <corresponding deflection coils
of a cathode ray tube, so as to produce a similar but larger raster
on the viewing screen in "a synchronous manner.

1
The electron beam incident on the specimen surface causes

various phenomena, of which the emission of secondary electrons is
used in SEM. The emitted electrons strike the collector and the
resulting current is amplified and wused to modulate the brightness
of the cathode ray tube. The time for the emission and collection
of the secondary electrons is negligibly small compared with the
time for the scanning of the incident electron beam across the specimen
surface. Hence there is a one-to-one <correspondance between the
number of secondary electrons collected from any particular point

of the specimen surface and the brightness of the analogous point



on the screen, and thus an 1image of the surface is progressively

built up on the screen.

In SEM, the image magnification 1is determined solely by the ratio
of the sizes of the rasters on the screen and on the specimen surface.
In order to increase the magnification, it is only necejssary to reduce
the currents in the SEM scanning coils. As a consequence of this,
it is easy to obtain high magnification in SEM, while for every Ilow
magnification of 10X, it would be necessary to scan a specimen,
approximately 10 mm across and this presents difficulties because

of the large deflection angles required.

(b) TESTING

The SEM observations reported 1in the present investigations
were made wusing a Jeol 35 C model scanning electron microscope.
Cell structure was investigated using a thin sample cut from the centre
of the microcellular sheeting. The surface to be examined was then
sputter coated with gold within two hours after sample preparation.
It was then investigated for cell characteristics within five hours

after gold coating. Photomicrographs of the special features of each

sample were taken.



material

Natural Rubber
SBR - 1502

SBR - 1958

1>2 Polybutadiene
Zinc oxide

Stearic acid

Alox SP

K 03

Precipitated silica
China clay
Aluminium silicate
Diethylene glycol
Naphthenic oil
MBTS

TMTD

Sulphur

DNPT

TABLE - 2.1

COMPOUND NUMBER

70

30

30
60
15

10
1.0
0.2
1.6
7.0

30
60
15

10
ATQ
0.2
1.6
7.0

60

40

30

15

1.0

0.2

7.0



TABLE - 2.2

TEMPERATURE PRECURE TIME (taa + 2.5) MINUTES
OF CURE Compound 1 Compound 2 Compound 3

150<=C 6.0 7.25 -5.6

140=C 7.8 9.7 6.5

ol 80 per cent of maximum® cure.
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3. RESULTS AND DISCUSSION

In this chapter results of our studies on expanded rubber
based on blends of natural rubber/1,2 polybutadiene are discussed

in comparison with the conventional type blends based on natural

rubber/high styrene rubber. Results are discussed in |three different
parts.

(1) Effect of 1,2 polybutadiene in NR/1,2 PB based expanded soles.
(2) Effect of fillers in 1,2 PBbased expanded soles.

(3) Effect of varying blowing agent concentration on theproperties

of 1,2 PB based expanded soles.

3.1. Effect of Polybutadiene Ratio in NR/1,2 PB based MC Soles

Eight compounds with varying NR/1,2 PB ratio of 100/0, 90/10,
80/20, 70/30, 60/40, 40/60, 20/80 and 0/100 were prepared.
control compounds with NR/SBR-1958 and NR/SBR-1502/SBR-1958 were
also prepared. MCsheets were prepared from these compounds and
evaluated for itstechnical properties. Sheets prepared from compounds

containing more than 60 parts of PB were defective and hence we

Two



have limited our studies to a maximum of 60 parts 1,2 PB in the
blend. The technical properties are given in Table 3.2 and Fig.

3.1 to 3.9.

Relative density variations with varying PB content are plotted
in Fig. 3.1. Relative density was found to decrease from 0.75 to
0.35 as the content of 1,2 polybutadiene in the blend increased from
zero to sixty parts. The probable reasons for the lowering of relative
density withincreasing 1,2 polybutadiene content is the relatively
lower density of the polymer and the higher expansion that it causes
due to its thermoplastic nature. As a lower density is always desir-
able for soling materials, the use of 1,2 PB in MC compounds is thus

found to be advantageous.

Hardness variations with varying PB content are plotted in
Fig. 3.2. Though the ,hardness of MC sheet increased initially, it
decreased with increasing amount of 1,2 polybutadiene. The observed
: . : (44 ,45)
increase in hardness may be due to the inherent polymer character

Lowering of hardness beyond 30 parts of 1,2 PB is due to the higher

expansion of the sheet at this level, .

1
Compression set variations with varying PB content are plotted
in Fig. 3.3. Compression set was found to increase as the 1,2 PB,
«

content in the blend increased. This is due to the thermoplastic

nature of 1,2 PB and the lesser extent of crosslinking in this polymer.

Observations on heat shrinkage are plotted in Fig, 3.4. Heat

shrinkage also increased with increasing PB content. This is because



of the fact that, the 1,2 polybutadiene which is getting softened
at higher temperature enhances the diffusion of the entrapped gas
from the cells causing higher shrinkage””~. Room temperature shrink-
age was found to be almost constant irrespective of the polymer

variation.

Split tear strength wvariations with PB content are plotted
in Fig. 3.5. It also was found decreasing, with increasing PB content.
Higher expansion will result in thinner polymer wall giving lower
split tear strength for the product. The SEM observations reported

later in this chapter also support this view.

Sheet area is a measure of the production output. Fig. 3.6
gives a plot of sheet area against PB content. It increases as the
PB content in the blend increased. Thus even within acceptable
property limits, increasing PB content in the blend will increase
the production output. Higher expansion of the sheet may be due
to the lower compound viscosity and better thermoplasticity at the
molten stage associated with the higher PB content. The rheographic
data as given in Fig. 3.7 also support this view. Area of the post-
cured sheet is less than the precured sheet. This has occu”~d due

to the enhanced diffusion of the gases' at the postcuring conditions.

Water absorption is a measure of the open cells produced
in the expanded sheet. The observations on water absorption are
plotted against 1,2 PB content in Fig. 3.8. As the 1,2 PB content

increased the water absorption also increased indicating higher number



of open cells at higher PB content. Thus the chances of cell wall

breakage is more as the PB content isincreased.

Abrasion data with varying PB content is plotted inFig. 3.9.
Abrasion loss was found to increase as the PBcontent increased.
As 1,2 PB is a known abrasion resistant polymer™ the increase in

abrasion loss may be due to the higher expansion of the MC sheet.

1
Ross flexing data is given in Table 3.2. Flex resistance

is high for 1,2 PB based soles. In this respect PB based MCsoles

are better in performance compared to high styrene based MC  sole.

On keeping for 3 weeks natural rubberand high styrene based
soles have shown blooming tendency, whereas PB based sole did not

show any blooming tendency.

Therefore it is concluded that addition of 1,2 PB to NR in
MC sheet production is beneficial in decreasing the relative density,
increasing flex life and increased expansi6n resulting in increased
production. However, properties like split tear strnegth, abrasion

resistance, hardness, etc. are adversely affected.

It is also observed that the properties of MC sole produced
from natural rubber/1,2 polybutadiene blends are generally inferior

to natural rubber/SBR-1958 blend.

3.2. Effect of Different Fillers on 1,2 PB Based Microcellular Soles

Seven compounds were prepared to study the effect of varying

proportions of commonly used fillers such as clay, silica, aluminium



silicate and microcrumb in 1,2 polybutadiene based microcellular soles.
MG sheets were molded and tested for its technical properties. Recipe
used is given Table 3.3. Technical properties are given in Table 3.4

and Fig.? 10 to'‘17.

Variation in relative density with different filler loadings
are given in Fig. 3.10. Relative density of the product decreased
as the silical/silicate content in the product increased. This is due
to the Ilower density of these materials compared to clay and the
higher expansion obtained for the sheet. Higher expansion of the
product may be due tothe lower viscosity of the compound. This
view is supported by the rheograph data given in Fig. 3.11. Micro-
crumb also reduces therelative density of the product. This is
due to the lower specific gravity of this material and the higher

expansion it favours.

Hardness data with varying filler loading is given in Fig. 3.12.
Although silica and silicates are more reinforcing than clay, hardness
of MC was found to decrease as the silica and silicate content increased.

This may be due to the higher expansion caused by these fillers.

Observations on split tear strength are plotted inFig. 3.13.
Split tear strength decreased as the silica and silicate content increased.
Substitution of <clay with microcrumb also gave comparatively low
split tear wvalue. The higher expansion resulting fromthis filler
alteration caused reduction of cell wall thickness and hence lowered

the split tear strength.



Compression' set variations with filler variations are plotted
in Fig. 3.14. Higher compression set values are observed for sheets
made from increased silica/silicate/microcrumb loaded compounds.
This also may be due to the higher expansion and the consequent

lower wall thickness of the products obtained from these compounds.

Sheets area observations are plotted in Fig. 3.15. Substituting
clay with silica, silicates and microcrumb resulted in increased sheet
area. Hence for higher expansion and higher output it is preferable
to reduce clay and substitute it with silica/silicate/microcrumb. How-
ever™ some of the desirable properties of the MC sheet will be adversely

affected by this change.

Fig. 3.16 gives a plot of water absorption against varying
filler loading. It also shows an increasing trend with increased substi-
tution of clay with silica/silicate/microcrumb. Due to the increased
expansion -chances for cell interconnection is high and hencei;may have

caused higher water absorption.

Abrasion data for different filler loadings are given in
Fig. 3.17. An increased abrasion loss was observed for increased
silical/silicate/microcrumb loading. From the filler reinforcement

point of wview silica/silicate loaded fcompounds might have higher
abrasion resistance. Observed poor abrasion resistance may be due
to the higher expansion and consequent easy wear of the sheet.
The flex resistance data given in Table 3.3 showed “hat microcrumb

filled sheets have less flex resistance compared to other fillers.



From the above results™ it is concluded that substitution of
china clay with silica/silicate/microcrumb causes higher expansion
for microcellular sheet. Although this is beneficial in increasing
the output, some of the desirable properties of the product are found

to be adversely affected. A

3.3. Extent of Blowing and Sole Properties

Varying levels of blowing was studied for three sets of

compounds. .In all these compounds natural rubber/1,2 polybutadiene
ratio was 70/30. In the first set of compounds the filler combination
used was clay/silica/aluminium silicate in the ratio 60/30/15. The

blowing agent concentrations studied for this compound were four,
five, six and seven parts per hundred polymer. Inthe second set”
the filler combination wused was clay/silica/aluminium silicate in the
ratio 40/40/25 and the blowing concentrations studied were five, Six
and seven parts per hudred polymer. In the third set the filler
combination used was clay/silica in the ratio 40/40 and the blowing
agent concentrations studied for it were five and six parts per hundred
polymer. Compound preparation and molding was done as described
earlier. Compound recipe is given in Table 3.4. The technical pro-
perties are given in Table 3.5 and in Fig. 3.18 to 3.24. Relative
density wvariation with varying blowing agent is ploted in Fig. 3.18.
In all the above three sets, relative density was found to decrease
with increase in blowing agent. Higher dosage of blowing agent results

in increased extent of blowing and increased number of cells per



unit volume, which in turn will result in lower polymer content per

unit volume of the sheet.

Observations on hardness data for the three sets of compounds
are plotted in Fig. 3.19. For all the three cases hardness was found
to decrease with increased blowing agent concentration. This occurs

due to the increased expansion.

Compression set data for varying blowing agent concentrations
are given in Fig. 3.20. It showed an increasing trend with increased
blowing agent concentration. This is due to the increased expansion

of the sheet with increased blowing agent.

Split tear strength variations for different extents of expansion
are given in Fig.3.21.For all the three sets of experiments split
tear strength was found to decrease with increased blowing agent con-
centration. As the expansion increased” polymer cell walls may be
getting thinner resulting in lower split tear strength. SEM Photomicro-

graph given later also supports this view.

Sheet area variations of precured and postcured product for

varying extent of blowing are given in Fig. 3.22. As the extent
of blowing increased™ sheet area also .increased. Increased blowing
agent increases the expansion and the number of cells. SEM photo-

micrograph gives evidence for this view.

Change in waterabsorption percentage with change in blowing

agent concentrations are plotted in Fig. 3.23. Increased water absorption



with increased extent of blowing indicated breakage of cells resulting

in interconnection of cells at higher expansion.

Abrasion data for all the three set of experin:ients are fiven
in Fig. 3.24. Abrasion loss was found to increase with increase
in blowing agent concentration. This may be due to the fact that
as the extent of blowing decreased, the polymer walls may be getting
thicker thus preventing the easy wear of the microcellular sheets

at lower blowing levels.

The results indicated that increase in blowing agent concentration
increased the extent of blowing which in turn adversely affect' i'. some
of the critical properties. Therefore the optimum level of blowing

has to be wused for producing microcellular of acceptable quality.
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CHAPTER - 4 ;; OBSERVATIONS OF SEM msOTniT.c



4. OBSERVATIONS OF SEM STUDIES

m The SEM observations were made only on seven selected vulca-
nizates. Formulations are given in Table 4.1. The SEM photomicro-

graphs are given in Figi. 4.1 to 4.7.

Fig. 4.1 is the photomicrograph prepared from natural rubber

alone. The cells are found to be comparatively small insiz'le, the
cell walls are appreciably thick. Cells of different diameters are
seen. The larger cells have anapproximate diameter of 10M.m. The

introduction of SBR-1958 (Compound Number 2) caused a larger expansion
to the microcellular sheet. This larger expansion is also clear from

the SEM photomicrograph, of the sample as given in Fig. 4.2. The

averagesize of the cell islarger and the number of cells are also
higher. The cellwalls are notthick 'and continuous as in the case
of pure natural rubber. Here also the maximum diameter of the cell
is around 100 Km. However when 1,2 polybutadiene is blended with

natural rubber instead of SBR-1958 as in Compound Number 3, the
expansion of the sheet is still larger and SEM photographs given
in Fig. 4.3 shows evidence for this larger expansion. The cells

are larger in size, the maximum diameter exceeding well over 100 Km.



The cell walls were also found to be much thinner compared to those

observed in Compound Number 1.

A reduction in blowing agent level reduced expansion, however
this does not cause a reduction in the cell size as is evident from
Figfc 4.4 to 4.6 which are -the SEM photomicrographs of compounds
4 to 6 containing six, five and four phr each of the blowing agent.
The cells in these vulcanizates were found to be of more circular
shape and the cell ,walls were found to be becoming more thick as

the blowing agent is reduced.

Fig. 4.7 is the SEM photomicrograph of sheet prepared from
Compound Number 7 in which microcrumb was added as a filler in
place of clay. A comparison of Fig. 4.3 and 4.7 clearly indicated
that the higher expansion of the mix containing microcrumb correlated
with a larger number of cells. The cell walls in this microcellular

sheets are also found to be much thinner.

It was observed that as the 1,2 polybutadiene content is
increased”™ the expansion of microcellular sheet increases. However®

most of the desirable properties like split tear strength, compression

set, etc. are adversely affected. Water absorption also is found
to be more as the expansion increased. Some of the explanations
are supported by the SEM photomicrographs. As the expansion of

microcellular increased cell walls became thinner and at least some
of the cells are getting interconnected. The thinner walls accounts
for the lower split tear strength and higher compression set. The

partial interconnection of the cells accounts for the higher water

absorption.
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5. SUMMARY OF THE WORK

Effect of different proportions of 1,2 polybutadiene in blend
with natural rubber was evaluated for their application in microcellular
solings, in comparison with the conventional natural rubber-high styrene

based blend.

In a selected blend different filler combinations were also
evaluated. Finally in three selected systems having different extent

of blowing were also studied.

(1) Microcellular sheet prepared from a 70/30 blend of natural
rubber/1,2 polybutadiene, though is slightly inferior in
technical physical properties compared to the conventional
type, has got specific advantage of light weight and higher

production output.

(2) A suitable filler combination for 1,2 polybutadiene based
microcellular soling was found to be clay/silica/aluminium

silicate in the ratio 60/30/15.

(3) Fillers such as silica, aluminium silicate, and microcrumb

can favour higher expansion.



(4)

(5)

(6)

(7)

(8)

i0OO

Increased 1,2 polybutadiene content causes higher expansion.

As the 1,2 polybutadiene content increases sheet Jbecomes

lighter.

For the same level of expansion addition of 1,2 polybutadiene

in natural rubber can increase hardness.

Forthe same level of expansion, abrasion properties are

comparable with that of the conventional type.

As compared to the high styrene based sole for the same
level of expansion, only lesser amount of blowing agent is

needed.
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