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CHAPTER -1 

INTRODUCTION



IN T R O D U C T IO N

R ubber technology  is passing tiirougii a m ajor paradigm atic ciiange due to the replacem ent o f  

carbon b lack  by silica. S ilica is now  one o f  the m ost com m only used reinforcing  fillers, since 

it enhances the perform ance o f  h ighly technical rubber products, especially  tires and 

m echanical rubber goods, ft not on ly  im proves tear strength and abrasion resistance but also 

reduces ro lling  resistance in tires w hen com pared to  the traditional carbon  b lack [1-3].

H ow ever, a  m ajo r draw back o f  using silica is difficulties in processing  that com e from the 

polarity  d iffe rence betw een silica  and rubber. Conventional m ixing o f  rubber w ith silica is a 

tim e and energy  consum ing process, w here silica aggregates are d ispersed  throughout the 

rubber m atrix . T herefore, several attem pts have been made to  develop  m ethods to  enhance 

the d ispersion  o f  silica in the rubber. T hese include the addition o f  d ispersing  agents, such as 

silane and glyco l derivatives, and in-situ generated silica N anoparticles prepared by a so l-gel 

m ethod w ith  silane precursor [2 -5 ], Furtherm ore, the addition o f  silane  coupling agent into 

the rubber com pound  contain ing silica synthesized from  the so l-g e l technique to enhance 

R u b b e r-F ille r  in teraction  has been reported  [6], A lthough, im provem ent o f  the m echanical 

properties o f  rubber vu lcan izates is observed, the so l-g e l technique is relatively  expensive 

and rather com plicated  for m anufacturing. U tilization o f  s ilica /rubber m asterbatch  is another 

m eans to ach ieve good dispersion o f  silica in the rubber, thus resu lting  in better m echanical 

properties o f  the  vulcanizates.

Additionally , the loss o f  silica and its contamination in the w orkplace are also prevented 

during conventional mixing. Both solid and larex forms o f  the rubber used for preparing 

silica/rubber m asterbatch  prior to com pounding have been reported [7--9J. A lthough, the wet 

masterbatch m ethod  gives relatively low dust exposure and consum es lower com pounding 

energy, the addition o f  as-received silica into the latex leads to poor sil ica distribution. This is 

because silica has a tendency to associate witli the aqueous niediuin and form agglomerates. 

This results in an obvious reduction in the mechanical properties o f  vulcanizates. Therefore, 

it is necessary  to prepare a well-dispersed silica suspension before adding  into the latex.

In this w ork the s i l ira  dispersion was psepared tiy mixing silica in water in the presence o f  

soap. After ob ta in ing the well-dispi’ised .silic.', '-/jspension, it was added into NR latex lor 

preparing '.he silicay NR niaster iiatches i\i;ich were nnall) ' dried and utilized for



com pounding by the conventional m ethod. C ure characteristics, m echanical and dynam ic 

properties o f  N R  vulcan izates reinforced by silica w ere investigated and com pared.

1.1 N A TU R A L R U B B ER

1.1.1 H isto ry  o f  R u b b e r

Rubber w as know n to the indigenous peoples o f  the A m ericas long before the arrival o f  

E uropean explorers. The first scientific study o f  rubber was undertaken by C harles de la 

Condam ine, w hen  he encountered  it during  his trip  to Peru in 1735.

The first use for rubber was an eraser. It was M agellan, a descenden t o f  the famous 

P ortuguese nav igator, w ho suggested this use. In England, Priestley popularized it to the 

extent that it becam e know n as India rubber.

In 1815, H ancock  had invented a rubber m attress and through an associa tion  w ith M acintosh 

he p roduced  the fam ous w ate rp ro o f coat know n as the "M acintosh". Furtherm ore, he 

discovered how  to cut, roll and press rubber on a^ industrial scale. He also  noted the 

im portance o f  heat during  the pressing process, and built a m achine for this purpose. Finally, 

in 1842, H ancock  cam e into possession o f  vulcanized rubber produced by G oodyear.

In 1845, R .W . T hom son  invented the pneum atic tire, the inner tube and even the textured 

tread. In 1850 rub b er toys w ere being m ade, as well as solid  and hollow  balls for g o lf  and 

tennis.

South A m erica  rem ained  the main source o f  the limited am ounts o f  latex rubber that were 

used during m uch  o f  the 19th century. In 1876, Henry W ickham gathered thousands o f  Para 

rubber tree seeds from Brazil, and these were germinated in Kew Gardens. England. The 

seedlings w ere  tiien sent to India. Ceylon fSri Lanka), Indonesia, S ingapore and British 

Malaya. M alaya  (now  Malaysia) was later to become the biggest producer o f  rubber. In the 

early 1900s, the C ongo  Free Slate in .Africa was also a significant source o f  natural rubber 

latex, mostly gatheied  by forced labour. Liberia and Nigeria also started production o f  rubber.

In India, com m ercia l cultivation o f  natiiral rubber was introduced by the British planters, 

although the e x p e n m e m al efforts to grow  rubber on a com mercial scale in India were 

initiated as early  as 1873 at the Boiaiiical Cardens, Calcutta, The first 

com mercial / /e v eo  plantations in India were establislied at Thattekadu in Kerala in 1902. In 

the 19''' and early 20"' century, it was often called "India rubber," In 2010. in(iia'.s n-iiiiral



rubber consum ption stood at 978 thousand tons per year, with production at 893 thousand 

tons; the rest was imported with an import duty o f  20% [10].

1.2 Latex

Hevea brasiliensis is the most important commercial source o f  natural rubber and more than 

97% o f  natural rubber is produced from this tree. This tree is popularly called rubber tree. 

The main crop from Hevea brasiliensis is a white or slightly yellowish liquid known as latex. 

It is obtained from the bark o f  the tree by the process known as tapping. It is a process o f 

controlled w ounding o f  the plant in which a thin layer o f  bark is removed. Tapping opens the 

latex vessels in the regions o f  wound and latex flows out from the tree, which is channeled 

into a container, attached to it [ 11 ].

1.2.1 C om position  o f  Latex

Latex is a w hite or slightly yellowish liquid with a specific gravity in the range o f  0.96 to

0.98 and having variable viscosity. Field latex is a negatively charged colloidal dispersion of 

rubber particles suspended in an aqueous serum. The size o f  rubber particles ranges from

0.025 to 0.3 m icrons (1 micron = 10'‘‘cm). These rubber particles are surrounded by a layer o f 

proteins and phospholipids. Latex contains a variety o f  other non rubber constituents also. 

The proportion o f  these constituents varies according to season, soil, atm ospheric conditions, 

clone, and stim ulation practices, tapping systems, etc. in general the com position o f latex as 

follows:

Table 1.1: composition of latex

C onstituen ts Percentage

Rubber 30-40%

Protein 2-2.5%

Resin 1-2%

Sugar M . 5 %

Ash 0.7-0.9%

Water 55-60%



Fresh latex as il com es out from the tree is slightly alkaline or neutral. It becomes acidic 

rapidly due to bacterial action. The formation o f  organic acids neutralises the negative charge 

on rubber particles and the latex is gradually thickens and gets coagulated on keeping. 

Therefore fresh latex cannot be kept for along without coagulation [II] .

1.3 Processing of Latex

The iatex that flows out from the rubber tree on tapping is channeled in to a container 

attached to it. The container can be coconut shells or glazed earthen ware. Generally coconut 

shells are used. The spouts and buckets are made o f  galvanized iron. The latex flow will 

continue for about 3hours and after that it would stop [II] .

Latex has to be collected from the field as soon as possible after stoppage flow o f  latex. Latex 

collected in the cups is transferred in to clean buckets. Around 80%  o f  crop from plantation is 

in the form o f  latex. The latex which gets dried up on the tapping panel (Tree Lace) and the 

collection cups (Shell Scrap) also part o f  the crop and are collected by the tapper in a basket 

just before tapping. The latex spilt and /or overflowed on the ground, when gets dried up, also 

collected as scrap (Earth Scrap) once in a month or so. Normally, 15 to25% o f  the total crop 

constitute tree lace, shell scrap and earth scrap, together called field coagulum rubbers.

The different forms o f  crop are highly susceptible to degradanon due to bacterial 

contamination on keeping. Therefore il is essential to process them  into forms that allow sate 

storage.

1.4 A nticoaguhiiits

An an ticoaguliin l is a cliornical iiJded lo k u e \ to  prcveni pre-coagulation  before il is 

processed. A  few  drc'p '' i>t anti coiigimm ls u 'c  f>tovioLLS:_\ added into coconut shells du.'iiig 

tapping and rest am ount is added into ihe co!K\'iit)n biick'.'ts wricii il is hail kill. .Ami



coagulants are never added into em pty buckets. A nti coagulants generally  used are am m onia, 

sodium  su lph ite , and  form alin. O f  these, am m onia is recom m ended, w hen the latex is to be 

processed as p reserved  latex or latex concentrates. For sheet processing  an ticoagulants are 

used only i f  essen tial and sodium  su lph ite  is preferred [ 1 1 ].

l.S M ark e tab le  F o rm s o f N a tu ra l R u b b e r

The im portan t fo rm s, in w hich the crop can be processed and m arketed, are ( I )  sheet 

rubbers, (2) crepe rubbers, (3) block rubber (Technically Specified  R ubber) (4) preserved 

field latex (5) latex  concentra tes. The crop collected in the form  o f  latex can  be processed in 

to  any o f  the above form s. B ut crop co lleted  as field coagulum  can be processed  only into 

crepe o r block ru b b er [ 1 1 ].

1.5.1 Sheet R u b b e rs

Latex is coagu la ted  in suitable containers into thin slabs and sheeted  th rough  a set o f  sm ooth 

rollers fo llow ed by a  g rooved  set, and dried  to obtain sheet rubber. D epending  upon the 

drying m ethod, shee t rubbers are classified  in to tw o; ribbed sm oked  sheets and air dried 

sheets (Pale  A m b er U n sm oked Sheets). A m ajor quantity o f  rubber in Ind ia (A bout 73% ) is 

m arketed  in the  shee t form  a t present, as it is the o ldest and sim plest m ethod o f  processing 

latex into m arketab le  form  [ 1 1 ].

1.5.2 C rep e  R u b b ers

W hen coagu la ted  la tex  or any form  o f  field coagulum  (Tree Lace, Shell Scrap, A nd Earth 

Scrap) is passed several tim es through a m inim um  o f  three m ills w ith heavy rolls, a crinkly 

lace- like rubber w ill be ob tained. This lace like when air- dried  is called  crepe rubber. There 

are d iffe ren t types o f  crepe rubber depending upon the type o f  sta rting  m aterials. They are:

1. Pale latex crepe

2. Sole crepe

3. Estate brown crepe

4. Remilled crepe

5. Sm oked blanket crepe

6. Fiat bark crepe



1.5.3 Technically  Specified R ubbers (TSR )

T he m ain d raw backs in the processing and mari<eting o f  the crop as RSS or as crepe rubber 

are the follow ing:

1. M ultip licity  o f  grades, posing problem s to  the consum ers to choose.

2. Inadequacy o f  the  visual g rad ing  in indicating  the technical quality .

3. Poor p resen ta tion  o f  rubber in large bareback  bales prone to contam ination .

4. R equirem ents o f  m ore  processing  operations for m anufacture o f  rubber goods.

5. N on availab ility  o f  technical in form ation on quality  o f  rubber.

These d ifficu lties are reduced in T SR  and new  m ethods o f  p rocessing and presen tation  were 

developed to  m arket natural rubber in com pact medium  sized b locks w rapped in PE and 

graded adopting  techn ical standards. T hese are called T SR  block rubber [11].

1.5.4 P reserved  Field L atex

To keep la tex  fo r longer p e rio d ’s bacterial activity  should be suppressed  so  as to  prevent 

coagulation. T h is can  be accom plished by addition  o f  preservatives. Field latex preserved 

w ith su itab le  p reserva tives is term ed as preserved field latex.

1.6 Why preservation is necessary?

Natural rubber latex is a colloidal dispersion o f  rubber particles in an aqueous serum. The 

presence o f  non- rubber  constituents like proteins, carbohydrates, etc in latex make it a 

suitable m ed ium  for g row th  o f  micro organisms. Because o f  proliferation o f  micro organisms, 

organic acids are produced and these decrease the stability o f  latex and eventually  coagulate 

it. This is called spontaneous  coagulation that takes place within a period o f  6-12 hours. 

Hence if latex is to be kept for longer periods, bacterial activity should be suppressed. This 

can be accom plished  by addition o f  preservatives. This pre.servative should be added as soon 

as after tapping as possib le [ I I ] .

1.7 P re se rv a tiv e s

A preservative is a chem ical or mixture o f  chemicals which when added to latex can prevent 

bacterial action in it and at the sam e lime stabilizes it. A m m onia  is the most popular laie.x



preservative. U sually  field latex is preserved with 1% am m onia. A low am m onia system  

(LA TZ) consisting  o f  T M T D  and zinc oxide (0.025%  each) along w ith 0.35%  am m onia is 

also popular.

1.7.1 A ttrib u tes  o f  a p reservative

>  It should  destroy  o r inactivate m icro organism s.

>  It should  no t be harm ful to  people.

>  It should  not have adverse reaction on rubber or containers o f  latex.

>  It should  be cheap , read ily  available and convenient to handle.

>  It should  deac tiva te  o r rem ove traces o f  m etal ions present in latex.

>  It shou ld  increase  the  collo idal stability  o f  latex. This can be achieved by increasing the

o f  latex, and  hence the preservative should  preferably be an alkali.

1.7.2 Im p o rta n c e  o f  am m onia  as a p reservative

A m m onia is th e  m o st popular latex preservative. A m m onia at a  concentration  o f  1% by 

w eight on latex  is ad d ed  fo r field  latex and 0.7%  by weight on latex is added for concentrated 

latex. This trea tm en t p reserves latex and m aintains it in a stable colloidal condition alm ost 

indefinitely . A m m o n ia  is a bacteric ide and being an alkali increases the o f  latex. A m m onia 

reacts w ith  m agnesium  and phosphate ions present in latex to form  m agnesium  am m onium  

phosphate.

M g^^+NH3+HP04 ^  M g NH 4PO4

This p rec ip ita te  se ttles as sludge together w ith any sand dirt particles w hich  m ay be present in 

latex. C opper ions in la tex  are also  deactivated  by am m onia by com plex  form ation [11].

1.8 L atex  C o n cen tra te s

A bou t 12% o f  the  w o rld ’s N R  processed in the form  o f  latex concentra tes. C oncentration o f  

latex increases the ru bber conten t-in  the latex to 60%  or m ore from  an initial value o f  about 

30  to 40%  in the  field  latex.

1.8.1 C o n cen tra tio n  o f  latex

The process o f  latex concentra tion involves the removal o f  a substantial quantity o f  serum 

from field latex and thus m aking i;Ue;< riche:' in rubber content.  Concentra tion  ot latex is 

necessary because o f  four reasons.



1. Econom y in transporta tion

2. P reference for h igh D R C  by the consum ing industry.

3. B etter un iform ity  in quality

4. H igher degree  o f  purity .

V arious p rocesses have been proposed for concentrating latex. O ut o f  these, four have 

em erged as o f  specia l im portance.

❖ Creaming

❖ Evaporation

❖ Centrifugation

❖ Electro decantation

But on ly  cream ing  and  cen trifugation  are the com m only used m ethod for the concentration o f  

latex.

1.8.1.1 C en trifu g a tio n

C entrifug ing  is the m ost popular m ethod and w idely used technique for the m anufacture o f  

concentra ted  latex. T his is because o f  the quality  o f  concentrate is excellent for use in the 

m anufactu re  o f  any type o f  latex  product. A bout 90%  o f  the N R  latex concentrate used 

industrially  is p roduced  by centrifugation. In centrifuging, centrifugal force replaces 

g rav itational fo rce  w hich  brings about separation  o f  rubber particles in cream ing [11],

C en trifug ing  involves the separation  o f  p reserved field latex into tw o fractions, one 

con tain ing  the  concen tra ted  latex o f  m ore than 60%  dry rubber and the o ther containing 4-6%  

diy rubber, u sing  a  cen trifug ing  m achine. T he rotating bow l o f  the centrifuge is fed 

con tinuously  w ith  p reserved  latex  w hich results in the  continuous collection  o f  concentrated 

latex th a t is d raw n  o u t th rough  an outlet at the centre and the serum  (Skim  Latex) near the 

circum ference from  w'here it is w ithdraw n through another outlet.

1.8.1.2 C ream in g

R ubber latex  is a d ispersion  o f  rubber panicles in an aqueous serum . In any dispersion, the 

dispersed  partic les are cream  or sedim ent under the influence o f  gravity  called cream ing. 

R ubber partic les being  ligh ter than serum  tend to cream  up.



The processing o f  latex  into cream ed concentrates involves the m ixing o f  a cream ing agent 

such as am m onium  alginate or cooked tu rm eric seed pow der w ith properly preserved field 

latex and allow ing  the latex to separate into tw o layers, an upper layer o f  concentra ted  latex 

and low er layer o f  serum  contain ing very little rubber. The tw o layers are rem oved, leaving 

the latex concen tra te  o f  50% -55%  dry rubber content (DRC) w hich is tested, packed and 

m arketed. T hough, th is m ethod is very slow  com pared to centrifugal m ethod , it is still 

em ployed by sm all scale  rubber good m anufactures for producing latex concentra te  because 

o f  low  investm ent [11].

1.8.1.3 E v apora tion

Evaporation  m ethods y ie ld  a  concentra te having properties altogether d iffe ren t from  those o f 

centrifugally  concen tra ted  latex. This is prim arily  due to  the fact that in evaporation  the only 

constituent rem oved  from  latex is w ater; in addition  certain non- vo latile stab ilizers m ust be 

used. S ince all o f  natu ra l constituen ts o f  latex are retained, such concen tra tes are referred to 

as w hole latex  and th e  rubber obtained from  the concentrate as w hole latex rubber. Latex is 

evaporated by ac tion  o f  heat, w ith or w ithout the assistance o f  vacuum , hot air currents over 

the evaporation  su rface , agitation  or other m eans o f  hastening the rem oval o f  w ater.

1.8.1.4 E lectro  d ecan ta tio n

The electro  decan ta tion  process is based on the phenom enon o f  stra tifica tion  resulting  from 

electro d ia lysis o f  latex. T he latex is placed in a cell having w alls constructed  o f  perm eable

diaphragm s such as cellophane. O n either side o f  the cell are electrodes in a conducting

m edium , as in conven tional electro d ialysis cell. W hen a potential is im posed across the cell, 

the latex particles m ove tow-ard the d iaphragm s nearest the anode. If  the potential is coirectly  

adjusted, the partic le  is not coagulated  at the diaphragm , but because o f  its density  tends to 

m ove upw ard along  the m em brane wall. F requent reversal o f  cu rren t p revents accum ulation  

at the d iaphragm  and eventual coagulation. For m axim um  efficiency  several factors must be 

controlled inc lud ing  potential g radient, frequency o f  current reversal, charge on particles, are 

o f  m em branes etc [11].

1.9 O th e r form s o f n a tu ra l ru b b e r

<* Oil extended natural rubber v  Supcrio;' processing rubber

V Deproteinized natural i ubber v  iipoxidisec! natural rubber

Skim rubber v  Thermoplastic natural rubber



1.10 F iller R ein forcem ent o f R u b b er

E lastom ers in general are not used in their pure form. So they are used w ith a  num ber o f  other 

com ponents called  com pounding  ingredients, w hich im prove the processib iiity , perform ance 

properties and life o f  the final product. F illers are used to enhance the perform ance related 

properties o f  rubbers. T he fillers used in rubber com pounding are characterized by the ir, 

reinforcing effect, w hich  ranges from  inactive over sem i-active to very active fillers. The 

designation ‘a c tiv e ’ o r ‘re in fo rcing ’ refers to the influence o f  the filler on com pound 

viscosity and m echanical properties such  as tensile strength, abrasion and tear resistance. 

Structure as w ell as surface properties o f  the filler are the m ain  characteristics w hich 

determ ine the re in fo rcing  effect. A ctive fillers are characterized by a large relative surface 

area and a high structu re ; both  properties resulting  in a strong  inter particle forces, which 

negatively in fluence the p rocessing  behaviour due to  agglom eration  o f  filler particles during 

m ixing and sto rage o f  the com pound. The use o f  reinforcing fillers g ives the m aterial unique 

properties: a com bination  o f  high elasticity  w ith high strength [12].

1.11 R ein forcing  Effects

A condition fo r fille r re in fo rcem ent is the interaction betw een the filler particles and the 

polym er. T hese in te ractions can be strong, for exam ple in the case o f  covalen t bonds between 

functional groups on the filler surface and the polym er, o r w eak as in the case o f  physical 

attractive forces. W hen carbon b lack  is b lended w ith  a  polym er, the level o f  physical 

interaction is h igh  [13], In con trast to this, the interaction betw een  silica particles and the 

polym er is very  w eak , and only by the use o f  a coupling agent a  bond is form ed betw een the 

filler and the po lym er.

Besides the interaction between the polymer and the filler, an interaction between filler 

particles occurs, p redom inantly  above a critical concentration threshold, the percolation 

threshold: The properties o f  tlie material change drastically, because a filler-filler network is 

established. This results for exam ple in an over proportional increase o f  electrical 

conductivity o f  a carbon  black filled compound. But even at lower concentrations, the liller- 

filler interactions in lluence the material characteristics, as expressed by the Payne effect. [14]

The main contribu tions to the com plcx shear modulus are the hydrodynam ic elTect, the 

polym er network, the fil ler-polymer and the tlller-fillc'' interaciion.



Fig 1.1 Effects contributing to the complex shear modulus

1.11.1. H ydrodynam ic efTect

The addition  o f  partic les to  a  v iscous fluid results in an increase o f  the v iscosity  o f  the fluid, 

com m only  designated  as the hydrodynam ic effect. [15] In a  po lym eric m atrix  th is effect is 

also  m easured as an  increase o f  the  m odulus. T he addition o f  the fille r increases the shear 

m odulus o f  the pure e lasto m er and  results in a shear m odulus fo r the filled  com pound.

1.11.2. F iller-polym er interaction

The filler-po lym er rela ted  effects are determ ined  by the special struc tu re  o f  the filler in the 

rubber m atrix  and its in teraction w ith  the polym er. The occluded rubber con tribu tes to this 

effect: P o lym er cha in s a re  trapped  in the voids o f  the filler agg lom erates and aggregates; they 

are im m obilized  and  sh ie lded  from  deform ation. They do  not con tribu te  to  the elastic 

behavior o f  the  m atrix , as the ir p roperties resem ble the properties o f  the rig id  tille r  particles 

rather than the p roperties o f  the elastic and flexible free po lym er chains. O ccluded  rubber 

increa.ses the e ffec tiv e  filler loading and thus the strain independen t coniribu iion  to  the 

m odulus. T he fille r-po lym er interaction  can be attributed to  physical in teractions, for 

exam ple Van D er Vv'aals forces, or chem ical reactions as in the case o f  a silica-coup ling  agent 

system . [16-19]

1.11 .3 .1’o lym er n e tw o rk  con trib u tio n

The po lym er netw ork  form ed during; vulcanizaiion is ihc tliird  strain-independent 

contribu tion  lo the m odulus: Tiie m odulus i.s proportional to  the concen tra tion  o t elastica lh



active netw ork chains u and the absolute tem perature 7', w ith the proportionality  constant 

being the B oltzm ann constan t kB:

G()= D. kij.. T 

1.11.4. F iller-filler in te rac tion : Payne effect

The strain -dependen t contribu tion  to the m odulus is caused by fille r-fille r interactions. This 

effect w as first b rough t into focus by Payne, and he interpreted the sigm oidal decrease o f  the 

storage m odulus versus the double strain am plitude in logarithm ic scale from  a lim iting zero- 

am plitude value to a high am plitude p lateau as the result o f  the breakage o f  physical bonds 

betw een fille r particles, fo r exam ple V an D er W aals or London forces. T his effect is largely 

reversible once the strain  is released and is independent o f  the type o f  polym er, but is 

dependent on  the ty p e  o f  filler. T he Payne-effect is stronger for silica, as a consequence o f  the 

strong in ter particle  forces betw een  the filler particles. [19-22]

1.12 R ein fo rcem ent o f ru b b e r  w ith p a rticu la te  fillers

A nother c lassification  o f  fillers on the basis o f  its physical nature groups them  in to 

continuous (F iber, F ilam en t o r T ape) and discontinuous in form  (W hisker F lakes or particle). 

S ilica is generally  particu la te  filler. Particulate fillers reinforce the vu lcanised  rubbers. The 

elastom ers rein fo rced  w ith  particu la te fillers can m aintain alm ost the sam e flexibility  as that 

o f  the unfilled. T he im provem ent in m odulus and other physical p roperties achieved for 

e lastom eric vu lcan izates th rough particu la te fillers is more p ronounced  w ith non-crystalliz ing  

rubbers [23]. T he in te raction  o f  particu la te fillers is dependent on  a num ber o f  factors. The 

prim ary filler characteristics influencing elastom er reinforcem ent are particle  size, surface 

area, specific  su rface  activ ity /chem ical com position  and structure/ porosity .

1.13 P a rticu la te  F illers

Particulate fillers used in rubber industry in general can be classified as "Black" and "Non 

black", depending  on their  origin, the former being mostly produced  from petroleum feed 

stock and the latter from mineral sources. The most important particulate fillers being used in 

rubber industry arc carbon black and silica. Silicates, clays, whiting  (Calcium Carbonate) and 

other mineral fillers are used extensively wliere a high degree o f  reinforcem ent is not 

essential [23].



1.13.1 Carbon black

In 1904, S.C.M ote, working for the India rubber, Gutta Percha discovered the reinforcing 

effect o f  Carbon black [24], It is a colloidal form o f elemental carbon. It owes its reinforcing 

character to its colloidal morphology (The Size and Shape o f  the Ultimate Units) and to its 

surface properties. The particles o f  carbon black are not discrete but are fused clusters of 

individual particles. Carbon blacks are prepared by incomplete combustion o f  hydrocarbons 

or by thermal cracking. Carbon blacks are classified into furnace blacks, channel blacks, 

thermal blacks, lamp black and acetylene black depending on their method o f manufacture. 

The major types o f  rubber reinforcing carbon blacks are manufactured by the furnace process. 

The predominant purpose o f  furnace type carbon blacks in elastomers is the reinforcement 

they impart to the vulcanizates [23, 25, 26],

Carbon black is characterized based on its surface area, particle size, and structure and tinting 

strength. Elastom er reinforcem ent o f  carbon black is dependent on these properties. 

Dispersion o f  carbon black in the elastomer also influences the extent o f reinforcement. 

Carbon blacks have reactive organic groups on the surface that cause affinity to rubber [27], 

Incorporation o f  carbon black into rubber gives enhanced modulus, improved fatigue and 

abrasion resistance and better overall technological properties.

1.13.2 Non-black fillers

Non -black fillers include a range o f inorganic materials with a variety o f  particle shapes and 

sizes. It is available in a broad range o f sizes from about 10 to 0.015 microns. These fillers 

can broadly be classified as:

❖ Fillers used to reduce cost

❖ Semi- reinforcing filler

❖ Reinforcing filler

Earlier non-black fillers used were mainly naturally occurring minerals or by - products ot 

manufacturing such as clay, whiting, barytes, zinc oxide, zinc sulphide, blanc-Hxe, mica, 

asbestos, kieselguhr, m agnesium  carbonate, iron oxide, litharge etc. They  vvere used in rubber 

to reduce tack, increase  hardness, improve durability and reduce cost,  [23, 26, 281. Other 

im ponant non-b lack  Hllers being used in the elastomer industry arc alum inium  hydrate, 

a luminium o.xide and titar.iurn dioxide.



The need fo r m ore reinforcing  non-blaclc fillers in many rubber applications led to  the 

introduction o f  calcium  carbonate, calcium  silicates, hydrated silica and fum ed silica betw een 

1940 and 1960. T hese w ere characterized by very  sm all particle size m uch sm aller than the 

natural p roducts and sim ilar to the reinforcing carbon blacks. S ince then a lot o f 

developm ents and refinem ents in hydrated silica and fum ed silica have taken place resulting 

in a num ber o f  grades fo r specific  applications [29],

1.14 Silica as reinforcing fille r

From  the non-b lack  fille rs  silica provides the h ighest reinforcem ent to  rubber products w hich 

is ascribed to  the sm all partic le  size o f  the silica. S ilica is an am orphous m aterial, consisting 

o f  silicon and oxygen  a tom s connected  in a non-regular 3D  netw ork o f  S i-O -Si bonds with 

silanol g roups (S i-O H ) p resen t inside and on the surface (Figure 1.2) [31, 32],

..t
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Fig 1.2 Siloxane and silonal groups present on a silica surface.

Three different types o f  silanol groups can be distinguished on the silica surface: i) isolated 

silanol that has only one hydroxyl group, ii) vicinal that contains hydroxyl group’s close 

enough to develop hydrogen interactions and iii) germinal silanol where two hydroxyl groups 

are linked to one silicon atom. The silanol groups are directly responsible for the high 

polarity o f  the silica and the strong affinity to abso.rb water on its surface ( -6  % for 

precipitated silica) [33], The silanol groups have a strong tendency to form hydrogen bonds 

with the silanol groups from the neighboring particles, resulting in aggregates with various 

sizes. Three structures o f  silica at different length scales are distinguished, such as piiinary 

particles (10 - 50 nm), aggregates (primary particles fused together via hydrogen bonding: 

100 - 500 nm) and agglom erates (aggregates are held together with van der VVaals forces: > I 

nm) (Figure 1.3) [32, 34, 35],
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Fig 1.3 The Characteristic Structure o f  silica

The silica surface covered with a large number o f  silanol and siloxane groups can be 

characterized by the surface energy. The surface free energy o f  filler particles such as silica 

can be quantified using inverse gas chromatography (IGC). The surface free energy o f  a solid 

or filler can be represented as [45]:

Ys=7s'’ +  y/‘*

Where Ys** is the dispersive component

Ys*** is the specific component o f  the surface free energy.

Specific interactions m easure the filler- filler interaction which Include hydrogen bonding, 

polar and acid-base interactions. The dispersive interactions between rubber and filler are 

non- specific interactions like van der waals Interactions.

In comparison w ith carbon black, the surface energies o f  silica are characterised by lower 

dispersive com ponent , and a higher specific component [46, 47]. The low ys** o f  silica 

would result in low er filler to rubber interaction, whilst high Ys*̂  o f  silica leads to strong 

agglomeration o f  silica in rubber matrix. In contrast, the high Ys'̂  o f  carbon black gives strong 

filler to rubber interaction.

There are tw o types o f  commercially available silica: precipitated and fumed. The 

precipitated silica is prepared by the reaction o f  sodium silicate and sulphuric acid under 

alkaline conditions and the turned silica is prepared by oxidation o f  silicon letrachloride 

vapour at high tem peratures( 1000 *̂ C) [30.32]. The physical properties o f  these two 

amorphous silica grades are deieim ined b\ the production route and the reaction parameters 

(Table 1.2). In the rubber tndusir) the precipitated silica is the preferred type o f silica used 

because o f  the lov\er price and better m ixing wiih liie rubber maierial. Tlie more expensive 

fi!ined silica has ver) lov. bulk density (ver\ nutTy while po\sder) due to \\h ich  is ntainlv 

used in silicon rubber.



Property Type o f  silica

precipitated fumed

Surface area [m2/g] 60-300 50-400

Moisture [%] <6 <1.5

Siianol groups [nm-2] 8-10 2-4

Primary particle size [nm] 10-50 7-50

Silica is also used In shoe soles for improving the resistance to wear and tearing. It is also 

used to Improve the tear strength and heat aging resistance in a w ide variety o f  manufactured 

rubber goods, including conveyor and power transmission belts, hoses, motor and dock 

mounts, bum per pads and rubber rolls. Nowadays, the application o f  rubber depends on 

finding the optim um  balance between type and amount o f  filler needed for achieving 

maximum im provem ent in mechanical properties [37,38].

\
* -------w ... g

/

\  /
BO—Si— OB I  |

/  \  * ! '
EiO 06i ^

TESPT

Figl.4. Schematic representation o f  silane coupling agent (e.g. TESPT) chcmically bridges 

the silica surface and the rubber chain

The mixing o f ruWber and silica is greatly iinproved by the addition o1 a coupling agem 

[40,41].The role o f  the coupling agent is to chemically modify the silica surface by forming a 

hydrophobic layer, which allovvs easier bieakage o f  the agglomerates into sm aller aggregates 

during the m ixing stage and their better dispersion in the rubber matrix. Addiuonally. 

coupling agents (bis (tricthox>silylpro|>yl) letrasulphide - T IiS P T ) have the ability to 

chemically bridge the silica surface and liie rubber chains by forming sulphur bonds with the 

rubber and Si-O-Si bonds with the silica surface (Figure 1.4). Silica in com bination with a



coupling agent is superior when compared to carbon blacic because it provides a stronger 

reinforcing effect which allows the use o f  lower filler content in the rubber without any 

negative consequences on the mechanical properties.

There have been num erous efforts to im prove silica dispersion, for example by varying the 

chemistry and content o f  the coupling agents, improving the m ixer rotor design, [39] 

ultrasound pre-treatm ent o f  the silica particles and different methods for chemical 

modification [42-44] o f  the silica surface, but dispersion still remains a serious issue not only 

for rubber m aterials but also for thermoplastics.

1.15 Silica versus Carbon Black

Silica com pared to carbon black is characterized by weaker filler-polym er interactions and 

stronger filler-filler interactions. This results in a  higher compound viscosity, a higher 

modulus at low strain am plitudes, a lower modulus at high strain am plitudes and lower bound 

rubber content [49]. However, the combination o f  silica with a coupling agent has a higher 

reinforcing effect and different dynamic mechanical properties com pared to carbon black

[50]. The main influence on the mechanical properties when replacing carbon black by silica 

combined with a  coupling agent is found for;

•> Tear, abrasion and heat resistance

❖ Flex stability

❖ Hardness, stiffness and modulus

❖ Tack

❖ Heat build up

❖ Resilience

The stronger reinforcing effect o f  silica compared to carbon black allow s the reduction o f  the 

tiller content w ithout ans negative influence on the property protlie. but wiih an additional 

positive effect on elasticii) due to the higher ratio o f  elastic com ponent to dam ping filler. 

This results in an additionul reduction o f  the rolling resistance

The stability o f  the covalent silica-polytner network results in a lower rate of breaking and 

reformation o f  the silica-polym er bonds compared to the carbon black-polym er network 

during a detbm iation cv cle. resulting in a decrease o f  the loss modulus. A low value ol the 

toss modulus toi>ether ith a high value o f  the stt>rage modulus results in a low value ot the



phase angle. As both, loss modulus and storage modulus, depend on deformation, the phase 

angle is also influenced by the applied strain: It increases with increasing deformation [48].

1.16 Sllane coupling agents

An organo functional silane [51, 53] is a  unique chemical that has vast applications. Due to 

its unique combination o f  organic activity and silicon reactivity, it is used in application such 

as coatings, adhesives, sealants, elastomer, electronic materials, fiber glass, and foundry sand 

binders as well as in many other advanced and innovative technologies. A bi functional 

organo silane coupling agent through the organo functional and silicon functional moiety is 

able to chem ically bond a polym er matrix to inorganic substrate such as silica. The bi 

functional organo silane coupling agent serves tw o functions:

❖ For coupling with hydrophilic silica surface

❖ For coupling with the hydrophobic polym er or rubber

Coupling agent act as a  connecting bring between silica and rubber and improves the 

reinforcement o f  silica in rubber. The chemical structure o f a organo silane coupling agent is 

simply describes as: [51, 52, 53-56]

X3-Si-(CH2)-Y

Structure o fb i functional silane coupling agent

Where x Is a silicon functional group or hydrolysable group which reacts with inorganic 

surfaces. The group may be halides, alkoxides or acryloxy.

Some examples o f  this group include:

-0CH3,-0C2H5,-0C:H40CH3

Y is the organo functional group that provides bonding with a polym er matrix which can 

consists o f  an amino, methacrylulc, epoxy, mercapio. glyciduxy, chloropropyl group.

Some exam ples o f  this group include:

-S H ,-N H ;,-C I, -C II-C H :,-0 C (= 0 )-C (C  H .)-CM 2, N = C = 0 ,e ic

S?ubie (CH:) „ carbon atoms arc attaching the V o r p n o  (linciional group wilh the central 

silicon atom.



O rgano-functional silane coupling agents chem ically  bond to organic polym ers via different 

m ethods a s  fo llow s [53]:

❖ R eaction  w ith  term inal o r pendent groups;

❖ -th is  reaction  can occur for isocyanato, hydroxyl and am ine end blocked polym ers as 

well as po lym ers w ith residual activated  unsaturation.

❖ G rafting  to  reac tive  sites on backbones;

❖ -th is  m ethod  involves the free radical g rafting  w'ith unsaturated silanes.

❖  A ddition  o r condensation  polym erization

❖ -th is  m ethod  includes the incorporation w ithin sulphur crosslinked rubber, free radical -  

cured  ac ry la te s/ m ethacrylates, therm o set epoxy resins, phenolic resins, and therm oset 

acry lic  resins.

❖  F o rm ation  o f  in terpenetra ting  polym er netw orks.

❖ -silanes a re  used to  form  in terpenetrating  po lym er networks.

T h e  hyd ro lysab le  g roups on silicon are ab le to  react through hydrolysis and condensation. 

A lkoxy  silane g ro u p s o f  silane coupling agents m ay react directly w ith a silanol g roup on 

siliceous su rface  [56], although a  catalyst is recom m ended to  accelerate the condensation.

O rgano  functional s ilanes used for su lphur cured  rubber com pounds can be categorized into 

the fo llow ing  types: [51]

Di - an d  po ly su lph ide s i la n e s : [(R O )3- S i-(C H 2)3-S ]2-Sx 

M ercap tosilanes ; (R O )3- S i-(C H 2)3-SH

B locked  m ercap tos ilanes : (R 0 )3- S i-(C H 2)3-S-B  

W here R  =CH3 o r  C 2H 5; B=CN o r C tH ijC ^ O ; x=  0-8

C oup ling  ag en ts  m ay be pre -m ix e d , o r pre- reacted with the silica filler o r added to  the 

rubber m ix d u rin g  the  rubber and silica m ixing stage. If  the coupling  agen t and silica are 

added  separate ly  to  the  rubber m ix during m ixing, it is considered that the coupling agent 

then com bines in situ w ith  the silica [57].

T o  date , th e  com m on  and effectively  used coup ling  agents in rubber system s are bis (tri 

e thoxy  sily l p ropy l) te tra  su lph ide (T E S P T ) [58] and bis (Iri ethoxy silyl propyl) disulphide 

(T E S P T D ) [5 1 ],T he structu re  o f  T E SP T  ur often  called Si 69 is show n below . T F S P T  Is a 

s ilane w ith  d iffe ren t su lphur ranks, ranynii: frcni S | to S <. and average su lphur ranks arca:n-.i



3.83. D uring m ixing o f  silica filled rubber com pound, the siiane coupling  agent reacts with 

silica resulting  in hydrophobation  o f  the silica surface. This hydrophobation  reduces the 

silica- silica netw ork and m akes the po lar silica surface m ore com patib le w ith the non-polar 

rubber.

—  s . —  (CM,>, —  SJ-----
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Figl.5. Bis (tri ethoxy silylpropyl) tetra sulphide (TESPT)

The effect o f  siiane coating  on su rface  free energy o f  silica has been accessed  w ith IGC [47], 

W ith siiane m odification , the surface chem istry  o f  silica changes and both  the d ispersive and 

specific com ponen ts o f  the s ilica  free energy are reduced. This results in low er interaction 

betw een the silica particles and g ives better d ispersion o f  silica in the rubber m atrix. The 

low er d ispersive com ponen t o f  su rface  energy o f  siiane m odified silica  is com pensated by 

in troducing covalen t linkages du ring  vulcanisation  when bi functional silanes are em ployed.

The reaction  m echanism  betw een  silica, siiane coupling agent and rubber has been 

ex tensively  rev iew ed [34, 39, 40 , 59], The triethoxysily l group o f  T E S P T  reacts w ith the 

silanol g roups o f  silica  du ring  com pound ing  w ith loss o f ethanol, w h ile  th e  rubber reactive 

group  o f  siiane (te trasu lphane) has strong  tendency to form  rubber-to -fille r bonds during 

curing o f  rubber com pounds. T he prim ary and secondary reaction o f  T E S P T  and silica as 

well as the reaction  o f  T E S P T  and  rubber are show n in figures 1.6 , 1.7, 1.8 respectively .
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FigJ 6 primary rcuclioti of silico and TESi’T
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O H  

» » '  • *

.̂SI-{CHJy-9
-O \

H

§►1 0 - 8 l - (C H , V «  K,C

°S. /  >

oet

oet ?

O \ <

OH OEi i

Figl. 8: General scheme of the reaction ofpolysulphidic silane with rubber.

T he reactiv ity  o f  s ilan e  coup ling  agent is generally  influenced by the hydro lysab le group o f  

silane. B y  co m p arin g  th e  m ethoxy, ethoxy , propoxy and butoxy derivatives, the rate o f  

silan isa tion  dec reases  in th e  o rd er [60] of:

C H 3O  >  C 2 H 5 0  > C 3 H 7 0  >  C4H9O

Tile reaction  ra te  w ith  propoxy  and bu toxy  g roups is too slow  to acceptab le. T h e  m ethoxy 

g roup  reacts to o  rap id ly , and  it is no t used as a  silanisation agent for tox ico log lcal reasons as 

it evo lves m ethano l. T h u s , the ethoxy g roup  is preferred as a silan isa tion  agent w hich reacts 

qu ick ly  enough  and  w hen  p recau tions are taken , it Is toxicologically harm less.

T E S P T  has been  p roven  as a curing  agent and  the caiT ier  o f  the crosslink ing  reaction  is the 

tetra su lph id ic  g ro u p  [61]. W ith rubber, T E S P T  reacts as a  su lphur d onor w hich builds up 

rubber - to -  ru b b e r bonds. N onetheless, the reaction o f  T E S P T  in silica filled rubber 

com pounds resu lts  in th e  im m obilized  le ira su lphidic group o f  the silane m odified silica, 

w hich leads to  th e  fo rm ation  o f  filler-to- rubber bonds.



Silica and carbon  black have been com m only used as reinforcing agents and/ o r fillers in 

rubber and the rm op lastic  polym ers. A num ber o f  techniques have been developed to 

incorporate such  re in fo rcing  agents and fillers into the polym er com positions, including both 

w et and d ry  b lend ing  processes. T he incorporation o f such silica and carbon black as 

reinforcing agents an d /o r fillers is far m ore com plex than m ight o ther w ise appear. One 

problem  in w et b lend ing  o f  s ilica  w ith lattices o f  such polym ers arises from  the fact that the 

hydrophilic silica  has a  tendency  to  associate w ith the aqueous phase and not blend uniformly 

w ith the hyd rophob ic  polym er. Use cannot be m ade o f  the hydrophobic fum ed silica 's  

because these  h av e  been  treated  to  elim inate m ost o f  the hydrophilic, reactive sites and 

consequently  can n o t be d ispersib le  in w ater. The relatively high cost o f  the hydrophobic 

fum ed silica ’s a lso  p roh ib its  th e ir  use in m any dry  blending applications [62).

P erhaps th e  m o st com m only  em ployed  practice, used com m erciaiiy, is the technique o f dry 

b lending  e ither silica , ca rbon  b lack or both o f  them  into rubber and therm o plastic polym ers 

in a  h igh -shear m illing  operation . T hat practice has many lim itations. N o tab le am ong them  

include th e  ten d en cy  o f  the filler particles to  agglom erate to  each o ther, resulting  in non- 

uniform  d ispersion  o f  the  filler th roughout the polym er constitu ting  the continuous phase. 

Physical p roperties o f  the  cured rubber com pound are not the ir best. A nother problem  

com m only ex p erien ced  in such high-shear m illing operations is the tendency  o f  the polym ers 

to  degrade d u rin g  m illing . M illing  necessita tes the use o f h igher m olecu lar w eigh t polym ers, 

w hich som etim es req u ire  the  incorporation  o f  various types o f  p rocessing  aids to  facilitate 

m ix ing  and d isp ers io n  o f  the fille r particles into the polym er constitu ting  the continuous 

phase. T he co s t associa ted  w ith  the use o f  such processing a ids a lso  increases the 

m anufactu ring  co s t o f  th e  po lym eric  com pound o r article. The use o f  p rocessing  aids has the 

further d isadvan tage  in  that such  processing aids m ay have a negative effec t on the cure or 

end use o f  th e  po lym er. A lso  P rocesses fo r incorporating silica into rubber using the dry 

m ix ing  p rocess h av e  been  effec tive , but are tim e-consum ing and energy intensive. A nd, in 

addition, d ry  b lend ing  techniques add additional processing costs, in part due to  the 

accom panied  ex c ess iv e  equ ipm ent w ear by the abrasive fillers [62].

T o  im prove d isp ers io n  o f  the silica during dr> m ixing, it has been proposed that such 

com pound ing  o p era tio n s cmplo> silica w nich has bs.'en ireated w ith an organo  silane coupling 

agen t hav ing  dual functionality . Represeniaii ve o f  buch coupling agents are those well known



com pounds that include e ither an organic group such as an  am ino alkyl o r a  m ercaplo alicyl 

group bonded d irectly  to  the s ilicon  atom  along w ith a readily hydrolyzable group, such  as an 

alkoxy group  as represen ted  by  a m ethoxy g roup  o r an ethoxy group likew ise bonded directly 

to  the silicon  atom . In those system s, it is generally  recognized that the alkoxy group 

hydrolyzes in the presence o f  m oistu re  typically  found on the surface o f  the  silica to  form  the 

corresponding silanol w h ich  reacts w ith  o r condenses in the presence o f  the silica surface to 

bond the silicon  atom  to the  silica  surface. The organic groups likew ise attached to  the silicon 

atom  are  thus availab le fo r chem ical reaction  with the polym er m atrix  d u rin g  vulcanization. 

A s a result, the po lym er m atrix  m ay becom e chem ically bonded by m eans o f  the coupling 

agent to  the silica su rface  during  cu re  or vu lcan ization  o f  the polym er. P roblem s associated  

w ith the use o f  such  silanes during  com pounding  include the release o f  volatile organic 

com pounds (V O C ) due to  the  hydro lysis o f  readily  hydrolysable groups, unpleasant odour 

due to  th e  presence o f  m ercap to  o r su lphur contain ing organic groups, and p rem atu re curing, 

and/or sco rch ing  [63].

The m ix ing  p rocess requ ires  a  g rea t deal o f  tim e and capital, opera ting  and m aintenance 

expense. L onger m ix ing  tim e g rea tly  reduces the efficiency o f  the m ix ing  operation further, 

ethanol from  the silane m ust be rem oved in the m ixing step  o r in a  dow nstream  processing 

step. R ubber m ix ing  fac ilities are no t designed to  function as chem ical p lan ts, and extra 

equipm ent m ust be insta lled  to  e ither isolate o r to  burn the  a lcoho l so  as to  m eet 

environm ental standards [64].

1.18 W e t m a s te r  b a tc h  p ro c e ss

M ixing filler w ith  rubber is o n e  o f  the  m ost critical processes in rubber com pounding . A long 

w ith physical changes o f  th e  m ateria ls, the prim ary functions o f  m ix ing  are incorporation, 

d ispersion and d istribu tion  o f  the filler and o ther ingredients in the po lym ers. T raditionally , 

this is achieved using batch  m ix ing  o f  fillers and solid rubber b locks o r pellets, referred to as 

dry m ixing. The final d ispersion  quality  o f  the filler in the po lym er is a  critica l param eter in 

contro lling  the p e rfo n n an ce  o f  rubber products, including m echanical failu re properties, 

dynam ic properties, e lec trica l p roperties. The degree o f  filler d ispersion  is determ ined  by the 

filler m orphology , ag g reg ate - agg regate  interactions and shear stress app lied  during m ixing

[65].

Filler incorporation  causcs considerab le  change in tlie d \ nan’ii p roperties o f  rubber, tor both 

m odulus and hysteresis. T hough  carbon  black i'i iisualls d ispersed in natural rubber by the



conventional mill m ixing technique, there are accom panying issues such as a ir  pollution and 

higher energy  consum ption . In the case o f  silica, it is extrem ely difficult to  d isperse the filler 

aggregates using  a  m ixing m ill w ithout the aid  o f  o ther additives like coup ling  agents.

For carbon black, preparation  o f  latex-carbon black m aster batch by the addition  o f  carbon 

black as a  slu rry  has been suggested  as one o f  the m ethods to  avoid som e o f  these problem s.

T o be econom ically  viable, fresh  N R  latex needs to  be used and it is essen tial to  ensure  that 

both latex and the carbon  b lack  slurry coagulate  sim ultaneously to  avoid  loss o f  filler during 

coagulation [66].

It has long been considered  desirab le  to  incorporate silica fillers into rubber by m eans o f  a 

technique know n as latex m aster batching. Ideally , such a  technique involves the m ixing o f 

an aqueous d ispersion  o f  silica  w ith  latex o f  the particular rubber con ten t to  be em ployed 

w ith the co- p rec ip ita tion  the reafte r o f  a  hom ogeneous blend o f  rubber an d  silica  [67].

Such a  d irec t techn ique has heretofore been very  d ifficult because carefu lly  controlled 

am ounts o f  additional com ponen ts have had to  be added to  the silica or the latex in order to 

assure efficien t co  precip ita tion . W ithout such  additional com ponents, th e  d ispersed  silica is 

know n to  exh ib it a  tendency  to  rem ain  in suspension  during the coagu la tion  step  thereby 

causing  p rec ip ita tion  o f  essen tia lly  pu re  rubber instead o f  a silica-rubber m ix tu re  [67].

1.19 Review on R ubber- Silica Wet M aster batching

US patent app lica tion  2009003659  discloses a m ethod for producing a rubber-filler com posite , 

com prising  a  d ispersion  step  o f  irradiating  filler slurry contain ing filler w ith high am plitude 

u ltrasonic w aves hav ing  am plitude  o f  80 (i m or m ore to finely d isperse  the filler in the slurry, 

and a m ix ing  step  o f  m ix ing  the d ispersion-treated  filler slurry w ith concen tra ted  natural rubber 

latex. T he d ispers ion -trea ted  fille r slurry and the concentrated  natural rubber latex are m ixed in 

the m ixing step  w h ile  conducting  irradiation w ith high am plitude u ltrason ic  w aves having 

am plitude o f  80 pm  or m ore. T he filler used is carbon black [68].

US patent app lica tion  20080262123  discloses a m ethod for the production  carbon  black m aster 

batches .pre vu lcan ized  latex is firstly d iluted to  drs rubber content (D R C ) o f  10 to  15%. The pie 

vulcanized latex can  be e ith e r natural lale.\ o r svn lhetic  latex. C arbon  black is then added to  the 

dilu ted  pre vu lcan ized  latex w ith vigorous stirring  I lie IIikiI product m ix is treated  w ith a small 

quantity  o f  form ic acid  to  ensure  tola! coagiilaiion and iiibber coating  o t the carbon black 

pow der [69]



U S 2009/0088496al patent d isc loses a  process for the preparation o f  m aster batch w herein  a 

rubber-filler com posite  is d isclosed. T h e  rubber-flller com posite is obtained by je ttin g  field  latex 

o f  natural rubber in  a  form  o f  a  high speed flow  having a flow  rate o f  500 m /sec o r m ore into a 

m ixing cham ber w h ile  supp ly ing  a filler slurry  contain ing  a  filler to the m ix ing  cham ber, thereby 

separating  and rem oving  protein  in the  field latex from  a  rubber com ponent and at the sam e 

tim e, m ix ing  the field  latex and th e  fille r slurry  [70].

US 6841606  paten t d isc loses a  process w here in natural rubber m aster batch is prepared by 

m ixing natural rubber latex hav ing  its am ide linkages cleaved and an aqueous slurry having a 

filler d ispersed  In w ater. T he process includes S tep  1 o f  cleaving am ide linkages in a  natural 

rubber latex; and step  2  fo r m ix ing  the latex having its am ide linkages cleaved  w ith an  aqueous 

s lu n y  having  been d ispersed  w ith  a t least one filler selected from the group consisting  o f  carbon 

black, s ilica  and  an  inorganic fille r [71].

US Pat. N o . 7 ,786 ,208  paten t d isc loses a  m ethod  for producing a m odified  natural rubber 

m aster batch , w h ich  com prises the  step  o f  m ix ing  m odified natural rubber latex w ith  fillers. The 

rubber latex is m odified  by the addition  o f  a  P olar group-containing m onom er. F urther the 

m odified rubber latex is m ixed w ith  a  slurry  so lu tion  form ed by previously  d ispersing  at least 

one filler se lec ted  from  the  g roup  consisting  o f  carbon  black, silica and an  inorganic com pound

[72].

US Pat. N o. 7 ,960 ,466  paten t d isc lo ses a  p rocess o f  m ixing natural rubber latex w ith  a  slurry 

contain ing  w ater and a  carbon  b lack d ispersed  therein. The natural rubber latex used preferably 

has been trea ted  in a  c leavage step  o f  cleaving am ide bonds in the natural rubber latex. A 

surfactant is p referab ly  used to  enhance the stab ility  o f  the latex. The m aster batch  m ay further 

contain  various add itives such  as fille r including silica o r an inorganic filler, a surfactant, a 

vulcanizing agent, an  an ti-ag in g  agent, a co loran t, and a  d ispersant as requ ired  in addition  to  the 

carbon b lack [73].

Patent application  C N  103203810 A . d isc loses a continuous m anufacturing  m ethod for rubber 

m asterbatch . the rubber m aslei batch  prepared  by using the continuous m anufactu ring  m ethod 

and a rubber p roduct. T h e  m anufactu ring  m ethod com prises the fo llow ing  steps; 1) adding a 

filling m aterial into a ru b b er so lu tion , carry ing  out stirring so as to  form  a rubber/filling  

m ateria l/so lvent m ix tu re  and  sub jecting  the rubber/filling  m aterial.'solvent m ix ture to  lu n h e r 

fine d ispersion  and refm ed d ispersion  so us to im prove the d ispersion  d eg ree  o t the filling 

m aterial in the rubber so l'ition ; 2 ) sub jecting  rubber and the filling  m aterial in the



rubber/filling  m ateria l/so lven t m ixture having undergone refined d ispersion  in step  I) to 

hetero -coagu lation  so  as to  ob ta in  a  m ix ture o f  a  rubber/filling m aterial com pound and a 

solvent; and  3) rem o v in g  the  so lven t and d ry ing  the mixture so as to  ob ta in  the rubber/filling 

m aterial m asterba tch . T he invention further provides the m asterbatch prepared by using the 

m anufacturing  m ethod  and  the rubber product prepared from the m asterbatch. C om pared with 

a conven tional w e t rubber com pounding  technology, the invention has the follow ing 

advantages: th e re  a re  no  specia l requirem ents on  rubber and the filling m aterial, the prepared 

m asterbatch  has a  w ide app lica tion  scope, and dispersity o f  the filling m aterial in a rubber 

com pound is acco rd in g ly  im proved [74].

P aten t app lica tion  C N  102924758 A discloses a  method o f  producing  an  elastom er 

com posite . T h e  m ethod  inc ludes A ) com bin ing  a  first fluid com prising e lastom er latex w ith a 

second flu id  co m p ris in g  particu la te  filler; B ) causing  the elastom er latex to  coagulate, thereby 

form ing  m aste rb a tch  crum b; C ) bringing the m asterbatch crum b to a  w ater conten t o f  about 1 

w eigh t percen t to  ab o u t 20 w eigh t percent, thereby forming a  dew atered  coagulum ; D) 

rem oving  w ate r from  the  dew atered  coagulum  by subjecting the dew atered  coagulum  to 

m echanical en e rg y , thereby  causing  the dew atered  coagulum  to heat as a  resu lt o f  friction, 

w hile a llow ing  th e  dew atered  coagulum  to ach ieve a  tem perature o f  about 130 deg. C to 

about 1 9 0  deg. C , w here in  w ate r con ten t is reduced to  about 0.5 %  to  about 3 % and w herein 

substan tia lly  all o f  the  d ecrease  in  w ater con ten t is accom plished by evaporation , thereby 

producing  a  m astica ted  m asterba tch ; and E ) subjecting the m asticated m asterbatch  to  at least 

an  additional 0 .3  M J/k g  o f  m echanical energy w hile further reducing the w ater conten t [75].

US paten t ap p lica tio n  2 0 I3 0 2 0 3 9 I5  A l (also  published as W O 2014031941 A l )  d isc loses a 

m ethod  fo r a  co m p atib ilized  silica  for incorporation  into natural and syn the tic  polym ers in 

la tex  form  using  p rec ip ita ted  o r fum ed silica  w ith at least tw o o rganosillcon  coupling 

com pounds in  an  aq u eo u s  suspension . P o lym er-silica reinforced m asterbatches are prepared 

by add ition  o f  th e  co m p atib ilized  silica  slurry  using the formed com patib ilized  silica [76].

U S pa ten t 2 0 0 6 0 2 0 5 8 6 7  A l (a lso  published as EP 1652873 A l)  d isc loses a m ethod for 

p roducing  a  ru b b er m aste r batch  capab le  o f  producing a rubber m aster batch having an 

ex ce llen t ho m o g en eity  w ith o u t a  specia l equipm ent, and m ore particularly to  a  m ethod for 

p ro d u cin g  a ru b b er m aster batch  com prising  a  step  o f  m ixing a  rubber so lu tion  w ith a slurry 

so lu tio n  o f  a  fille r p rev iously  d ispersed  into a liquid, characterized in that a sta tic  m ixer or a



high shear m ixer com prising  a  ro tor and a sta to r portion is used in the m ixing o f  the rubber 

solu tion  and  the slurry  so lu tion  [77].

US patent application  2 0 140011922 A 1 (also  published  as W O  2012085135 A l)D isc lo ses  a 

process for p reparing  a  m asterbatch  in  the liquid phase, which is based on one o r m ore diene 

elastom er lattices and on  one or m ore fillers com prising  the follow ing successive steps: 

producing a  stable and hom ogeneous aqueous d ispersion (C), by m ixing, o f  one o r m ore 

diene e lastom er latices (A ) w ith  one o r m ore stable aqueous dispersions (B ) o f  one or m ore 

fillers; hom ogen ization  o f  th e  aqueous d ispersion  (C); coagulation  w ith in  the aqueous 

d ispersion (C ) o f  said  d iene  e lastom er latex o r latices w ith the filler o r fillers v ia  provision o f  

m echanical energy; recovery  o f  the coagulum ; d ry ing  o f  the recovered coagulum  in o rder to 

obtain the m asterba tch  [78].

US patent 5763388  A d isc lo ses A  process fo r the  incorporation o f  silica into a  po lym er in 

latex in w h ich  a  siUca is trea ted  w ith  an  organo  silicon  com pound coup ling  agen t in aqueous 

suspension to  form  a  com patib ilized  silica and then contacting  a po lym er latex w ith the 

com patib ilized  silica  w hereby  the silica becom es substantially  un iform ly  distributed 

th roughout the latex and can  be recovered  w hen the latex is coagulated  to  y ie ld  little residual 

silica in the  liquid residue  from  the  latex. A lso  described is a  p rocess for p reparing the 

com patib ilized  silica  [79].

US patent app lica tion  20140083598  A 9 D iscloses a  process for m aking silica-filled  rubber 

m asterbatch  using silica  hydrophobated  w ith a  trim ethoxy silane coup ling  agent that is 

soluble in an a lco h o l-w ate r so lu tion  contain ing a t least about 70 w t %  water. O ne 

em bodim ent uses a m ix tu re  o f  trim ethoxy  silanes, one or m ore o f  w hich react w ith  rubber to 

bond the silica to  the rubber, and one or m ore o f  w hich do not react w ith rubber, but do 

hydrophobate the silica. H ydrophobated  silica is m ixed w ith latex po lym er and incorporated 

into rubber during  co agu la tion  o f  the latex, w hich is preferably  coagu la ted  w ith calcium  

chloride. T he p resen t inven tion  further provides a process for m aking th e  trim ethoxy  silane 

coupling  agents. P referred  trim ethoxy silane coupling agents include bis-(3- 

Irim ethoxysily lp ropyO 'd isu ifide  and bis-(3-trim ethoxysily lpropyl)-te trasu iride . R ubber 

products, particu larly  tires, com pounded  with the inventive silica m asterbatch  can be 

processed for a  long tim e before sco rch ing  because the silica m asterbatch  prov ides a long 

scorch tim e [80].



u s  patent app lica tion  20120264875 A1 D iscloses a method for preparing a m asterbatch o f 

natural rubber and silica , com prising  the follow ing successive steps of: eloping the silica with 

m agnesium , p reparing  a t least one d ispersion o f  the  thus-doped silica in w ater, bringing into 

contact and m ix in g  a  natural field-rubber latex and the  aqueous dispersion o f  doped silica in 

order to  ob ta in  a  coagu lum , recovering  the  coagulum , and drying the recovered coaguium  in 

order to  ob ta in  the  m asterba tch  [81].

Patent C N 1 0 1084258  B D iscloses a m ethod for producing a m odified natural rubber 

m asterbatch, w h ich  co m p rises  the step  o f  m ixing a  m odified natural rubber latex, w hich is 

form ed by add ing  a  p o la r group-contain ing  m onom er to  a  natural rubber latex to graft- 

po lym erize the  p o la r  g roup -con tain ing  m onom er onto  a  natural rubber m olecule in the natural 

rubber latex, w ith  a  s lu rry  so lu tion  form ed by previously dispersing a  filler into w ater, and a 

m odified  natural rubber m asterbatch produced by the m ethod and capable o f  highly 

im proving a  low  loss factor, a w ear resistance and fracture characteristics o f  a rubber 

com position  [82].

Patent app lica tion  N o. W O  2013108436 A1 P rovides method fo r producing a  rubber wet 

m asterbatch, w h ere in  th e  m ethod at least includes: a  so lid ify ing step  in w hich a  filler- 

con tain ing  ru b b er co ag u la  is produced  by m ixing a  slurry solution including a  filler and a 

d ispersing  so lv en t w ith  a  rubber latex solu tion  follow ed by so lid ify ing  th e  m ixture; a 

dehydrating  step  in  w hich  a  rubber wet m asterbatch  is produced by dehydrating  the filler- 

con tain ing  ru b b er co ag u la  by  hea ting  at 100°C to 180®C using a first single screw  extruder; 

and a  d ry ing  an d  p la stic iz in g  step  in w hich a  rubber w et m asterbatch having a  further reduced 

w ater co n ten t is p roduced  by  p lastic izing  the rubber w et m asterbatch by heating  at 120®C to 

180®C using  a  second  s in g le  sc rew  ex truder [83].

US paten t 8716366  B2 d isc lo ses a  p rocess for p reparing  tri-filler incorporated natural rubber 

m aster batch . T h e  fille rs  used in th e  present invention are carbon black, silica and nano-clay 

(m odified  m o n tm o rillo n ite  c lay , C lo isite  93 A). T he process o f  p reparing fillers incorporated 

m aster batch  invo lves  p repara tion  o f  the individual filler d ispersions by m ixing each filler 

w ith  su rfac tan ts . F u rth e r fresh  rubber latex is soap  sensitized by m ixing it w ith  surfactant. 

T he fille r d isp e rs io n s  a re  added  to  the soap sensitized  rubber latex slow ly under stirring to 

form  the m aster m ix. T hen  the  m aster mix is coagulated  by the addition o f  acid to form 

coagulum . T he co ag u lu m  is dew atered  and dried to  obtain filler incorporated  natural rubber 

m aster batch  [84].



Natural rubber is a  versatile po lym er, w hich form s the base m aterial for the m anufacture o f 

variety o f  rubber products, o f  w hich tyre is one o f  the m ajor one. At present annual 

production o f  natural rubber is abou t 11 m illion  tones and abou t 5 to  6 m illion tones is 

consum ed by  the ty re  industry  alone. C arbon black and silica are the tw o im portant fillers 

being used fo r the  re in fo rcem ent o f  m ajority  o f  rubber products. C urrent production  o f  carbon 

black is about 10 M illion  tons and  approxim ately  7 m illion (70% ) goes to  the ty re sector 

(R E F:R ubber A sia M ay 2013). C arbon  black being  a  petroleum  derived product, due to 

ecological reasons use o f  carbon  b lack  is to  be lim ited and renew able m ateria ls are to  be 

used. R esearch  a ttem pts are g o in g  on in this d irection . Second largest filler being used by the 

rubber industry is silica, a  m ineral product and is m ore favoured than carbon  black on 

ecological g rounds, due to  its m ineral orig in  and also  due to  som e technological advantages. 

U nlike carbon  black, silica  has the technological advantage o f  low  heat bu ild -up  in tyres, 

w hich in tu rn  is a  m easure o f  ro lling  resistance in tyres. H igher rolling  resistance o f  tyres 

result in h igher fuel consum ption  in vehicles. S ilica w hile  o ffering  these  advantages, also  

causes som e technical d isadvan tage such as poor processability  and low er reinforcem ent in 

hydrocarbon  rubbers. P rim ary  rubbers used in ty res are m ostly hydrocarbon based, and hence 

results in poor rein fo rcem ents w ith  silica. T his could  be overcom e to  a  large ex tend  w ith the 

use o f  silane coup ling  agents. H ow ever this alone is not a  com plete so lu tion  to  the use of 

silica in hydrocarbon  rubbers.

In this study  w e use latex - f i l le r  w et m aster batching technique to  im prove the d ispersion  o f  

silica in natural rubber. T his m ethod  is sim ple and cheaper technique w ith  som e additional 

advantages like re la tive ly  low  env ironm ent pollution, lesser energy for com pounding  

com pared to  the conven tional m ixing. Because o f  the increasing dem and  fo r natu tal rubber 

and silica as eco-friend ly  m ateria ls for preparation o f  rubber goods, th is m ethod has an 

em erg ing  fu ture in rubber industr> .
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EX PERIM ENTAL TECH NIQUES AND MATERIALS USED

The deta ils o f  the  m aterial used and the experim ental techniques adopted  in the present 

investigation  are d esc rib ed  in th is  chap ter

2.1 M ATERIALS USED

2.1.1 N atural ru b b e r Latex )11, 85)

Latex used  in  the  study  w as fresh  N R  latex ob tained from the R ubber R esearch Institute o f  

India, K ottayam

2.L2 N atural ru b b e r

The natural ru b b er (N R ) used w as the  technically  specified rubber as obtained from  the 

R ubber R esearch  In stitu te  o f  India, K ottayam . This rubber conform s to  the  B ureau o f  Indian 

standard  (B IS ) spec ifica tion  for ISN R -3L  grade natural rubber. The BIS specification  for 

ISN R -3L  is  g iven  in  T ab le  2.1.

Table 2.1 Specification of ISNR-3L grade natural rubber

P a r a m e te r L im it

D irt co n ten t %  (m ax) 0.03

V o la tile  M atte r % (m ax) 0.80

N itro g en  co n ten t % (m ax) 0.6

A sh  co n ten t % (m ax) 0.50

Initia l p lastic ity  % (m ax) 30.0

P lastic ity  R etension  Index 60.0



2.1.3 F ille r-S ilica  | 86 |

T he rein fo rcing  fille r used fo r the experim ent is ‘Ultrasil V N 3’ type silica, a  product o f  

D egauss an  A .G , G erm any . It is having specific surface area 175m ^/g, tapped density o f  

2 2 0 g /l, S i0 2  co n ten t o f  98% , m oistu re  com enl o f  about 5.5% by w eight and o f  6.2.

2.1.4 C o u p lin g  a g e n t

C oupling agen ts m ost frequently  used in silica com pounding. Viz; bis [3-tri ethoxy- 

sily lpropyl] te tra  su lph ide  is used fo r the presen t experim ent .The m aterial used is ‘SI-69’, a 

‘D egussa’ p roduct.

2 .1 .5  S u lp h u r

C om m ercial rubber industry  grade

2 . 1 .6  Z in c  o x id e

C om m ercial rubber industry  grade

2.1 .7  S te a r ic  ac id  

C om m ercial ru b b er industry  g rade

2.1 .8  A c c e le ra to rs

H igher cross link ing  effic iency  could  b e  achieved by the use o f  activators and accelerators In 

a vu lcan ization  p rocess w ith  sulphur.

In th is  experim en t, tw o  ty p e  o f  accelerators w ere used viz; N -cyclohexy l benzothlazole-2 

su lphenam ide (C B S ) and  N , N B iphenyl guanid ine (D PG ). In carbon black filled system 

usually  prim ary  acce le ra to r alone used. In the present study C B S w as used  as the  prim ary 

acce lera to r, a lo n g  w ith  D PG  as secondarj' accelerator.

C B S is a  y e llow ish  po w d er w ith  a  faint sm ell, soluble in acetone, benzene, and ethanol, 

ch lo ro fo rm  etc. O w in g  to  its low  m elting point it is very w ell d ispersed  in rubber. It is a fast 

an d  h igh  m od u lu s acce le ra to r w ith  a  delayed  action. D uring the processing , it is safe at 

tem p era tu re  135^c and  it Is ver)' active.



NH-S

N , N  B iphenyl guan id ine  (D P G ) N -cyclohexyl-2-benzotiilazo!e su lfonam ide

D PG  is a  w hite  g ray ish  pow der so lub le in acetone, benzene, ethanol etc., readily  d ispersible 

in rubber, hav ing  good  sto rage ability . It is used as a  secondary accelera tor for vulcanization 

o f  silica filled  rubbers.

2.1.9 Antioxidant

R ubbers a re  affected  by ag ing  p rocess w hen  in service resulting in low ering  in physical 

properties. A n tiox idan ts are added  to  slow dow n and im prove the  ag ing  behav iour and to 

enhance the se rv ice  life.

In the p resen t ex perim en t [N -( l, 3 d im ethyl bu ty l)-N ’ P henyl-p-phenylene d iam ine] a 

M erchem  p roduct under the trad e  nam e ‘M em ox 6c ’ w as used as an  antioxidant.

2.1.10 Process oil

Process o ils used for the experim en t are naphthenic oil and vegetable oil based plasticizer.

2.1.10.1 N a p h th c n ic  oil

N aph then ic are a c lass o f  hydrocarbons a lso  referred  to as ‘cyclo  p ara ffin s’. T hough their 

structure is sim ila r to  the arom atic  ring, these are single bonded thus having a stab le  structure. 

Several such  hydrocarbon  rings m ay be linked indicating a variety o f  ava ilab le  g rades tlieir 

unique co lo r stab ility , so lubility  and good  iherm al stability m akes them  ideal for m olded 

articles. A typical specification  is g iven  in 'I'able 2 2



Item

d e n s i ty  a t 20  °C kg/m^

F lash  P oin t °C

P our P oin t °C

A n ilin e  P o in t °C

¥ isc o s ity -G ra v ity  constan t

R efrac tiv e  Index  a t 20°C

UV A bso rbance  a t 260nm

885-900

l90M in

-l5 M ax

90M ln

0.820-0.850 

1.48-1.50’ 

0.4m ax

A STM  D -1298

A STM  D -92

A STM  D97

A ST M  D611 

[ A ST M  0-2501  

A STM  D - 1747 

A STM  D -2008

- . 4

2.1.10.2 V e g e ta b le  oil b a sed  p la s tic lz e r

Laboratory grade

2.2 L a tex  T e s tin g

2.2.1 O ry  R u b b e r  C o n te n t

A bout 10-15 g o f  the sam ple latex is accurately  w eighed by the d iffe rence m ethod into 

alOOml beaker from  a S toppard  50m l conical flask. The latex is coagulated  w ith  sufficient 

quantity  o f  2%  acetic  ac id  / 1% form ic acid (u sin g  1% H C O O H  3m l/gm  o f  latex heating 

about 5-15m in  to  coagu la te) and healed  on a w ater bath until a clear serum  is ob ta ined  .The 

coagulum  is thorouglily  w ashed  roiled to a thin film  o f  around 2 mm. and p laced in a oven at 

about 70“c for 16 hrs. Th.- dried rubber obtained is cooled in a dcsicater and w 'eighed in a 

balance.

DRC (% ) ■ Wt. o f  dry coag!ilum /W t. o f  latex 100



2.3 P reparation  o f  silica dispersion

25%  silica d isp ers io n  w as prepared  using 'U ltrasil V N 3 \ precipitated silica and fatty acid 

soap as d isp e rs in g  agen t and w ater. S ilica, w ater and soap are mixed and m illed using a  ball 

mill fo r 24h  a t ro o m  tem perature .

2.4 Ball miiiing

T he c o n ta in e r  is ro tated  about its cylindrical axis in a horizontal plane at such a speed 

that the charge is tum bled . In ball m ill the g rind ing  charge consists o f  unglazed porcelain 

balls, the ir size b e in g  governed  by the d iam eter o f  the container. A sm all laboratory mill may 

use  balls o f  1 .2 -1 .5  cm  d iam eter. L arger m ills require balls o f  an average d iam eter o f  about

2 .5  cm . T h e  ra te  o f  g rind ing  by th e  m ill is related  to  the diam eter o f  the container. I f  the mill 

ro tates to o  rap id ly , cen trifugal fo rce  w ill cause the charge to adhere to  the container w alls and 

no g rind ing  resu lts . L arge  m ills m ust rotate m ore slowly than small ones and the follow ing 

table o f  op tim u m  speeds assists  th e  opera to r in arranging the m illing operation. S low er 

speeds m ay b e  u sed  bu t the tim e o f  m illing  w ill be extended since the grinding is achieved by 

a defin ite  n u m b er o f  ro ta tions o f  th e  mill.

Ball M ill

2.5 P article Size D eterm ination

P artic le  s iz e  d istribu tion  Is a  property  un ique to pow ders and is an im portant physical 

property  fo r d e te rm in in g  the beh av io r and nature o f  powders. F or th is reason, particle size 

d istribu tion  m ust b e  m easured  w hen  handling pow ders. The particle size o f  filler d ispersions 

prepared  are  d e te rm in e d  using a  particle size analyzer m odel N ano  sizer (M alvern. 

W orcestersh ire , U K ), based on the  dynam ic light scattering  technique.



P artic le  size analyzer

2.6 P reparation of silica -N R  m asterbatch

Latex - S ilica, ‘M aste rb a tch ’ is m ade by adding  silica, in the form o f  d ispersion, to  latex. The 

resultant rubber- silica  m ixture Is coagu la ted  and dried . The silica dispersion w as prepared by 

soap  sensitized  m ix ing  o f  silica  in  w ater. T he d ispersion  w as added slow ly into the  field  latex 

under stirring  and  coagu la ted  by addition  o f  acid to  produce Latex - S ilica, ‘M asterba tch ’. 

The coagulum  w as w ashed  well to  rem ove acid  and rolled to  a thin film, dried in an  air oven 

at 70”c. 0 .8%  H2S0 4w as used to  coagu la te  the m ixture. 23 m aster batches w ere prepared w ith 

d ifferent fille r loading. T h e  actual am ounts o f  silica  in the m asterbatches w ere determ ined  by 

using a T herm o G rav im etric  A nalyzer (TG A  60, Shim adu Instrum ent, Japan) and a lso  by Ash 

Test.

M aster batches con tain ing  sim ilar silica conten t w ere m ixed in a laboratory m odel tw o roll 

m ill and the actual am ounts o f  silica in the final m aster batches w ere determ ined  by ash  test. 

T he final m aster batches con tains 40 .9 , ^6 .4 , 151.2, 76, 58.2 parts o f  s ilica  per 100 parts o f 

rubber respectively . T h e  batches con tain ing  151.2 and 76 parts silica per 100 parts rubber 

w ere m ixed w ith  latex g rade rubber (ISNK  3L) using a laboratory m odel tw o  roll tnill to  get a 

final m aster batch w ith  50 and 55 pails o f  silica per 100 parts o f  rubber . A sh te.̂ t̂ results o f  

these tw o batches aft.^r m ixing with raw  rubber (IS N R  3L) '.hcnvcd ihai it con ta ins 50.8 and

53.3 p an s  o f  silica per 100 parts o f  rubber respeciiveiy.
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2.7 Silica content estimation

2.7.1 Ash Content (IS : Part l)-1972(No: 3)

The ash  o f  raw  ru b b e r  con tain s vary ing  proportion o f  oxides, carbonates and phosphates o f  

Na, K. M g, C a , a n d  o th e r  trace  elem ents. The ash  represents the am ount o f  m ineral m atter 

presen t in the  ru b b er. W eigh  accurately  5g o f  test portion v/rapped filter paper and place in a 

crucib le, p rev io u sly  d ried  and  w eighed. K eep cruc ib le  w ith its con ten ts in a m uffle furnace 

and heat to  550°c. w h en  ash ing  is com plete, cool the crucible in desiccato rs and weigh.

A sh  con ten t (% ) =  W t. o f  ash  /W t. o f  sam ple x 100

2 .7 .2  T h c r m o g r a v im e tr ic  A n aly s is  (A S T M  D 6370)

T h erm o g rav in ie tr ic  an a ly sis  (T G A ) o f  the m aster batch sam ples w as carried out using a 

th e rm o g ra v im e tric  a n a ly z e r  (TG A  60  from Shim adzu Instrum ent, Japan) in accordance with - 

A S T M  D 6 370  S tandard  Test M ethod for Rubber C om positional .Analysis by 

T h erm o g rav im e try  (T G A ). It is a com pulcr-contro lled  instrum ent that perm its the



m easurem ent o f  the  w eigh t changes in the  sam ple m aterial as a  function o f  tem perature. The 

sam ple p laced in a  tem peratu re  program m ed furnace is subjected  to  tem peratures in the 

ranges 30°C to 800°C  w ith  a  heating  rate o f  10°C/ m inute and the corresponding  w eight 

changes w ere  no ted  w ith  the help o f  an ultra sensitive m icrobalance. A ir and nitrogen were 

used as purge gases

TG A

2.8 Compounding machinery used

2.8.1 Two roll open mixing mill (87)

L aborato iy  T w o ro ll m ill used in the presen t experim ent w as o f  D A V ID  B R ID G E  &  CO  

LTD ., C astle ton  R ochdale , E ngland . T he tw o  roll m ixing m ill consists o f  tw o  rolls, revolving 

a t d iffe ren t speeds and  in  opposite  d irec tions. T he back  ro ll is d riven  from  the gear box or 

back shaft and  the fron t roll th rough  roll and gears. T he ro lls are m ade o f  chilled  cast steel, 

cored  to  a llow  c ircu la tion  o f  w ater for effic ien t cooling . A nother im portant feature o f  the mill 

is the fric tion  ratio , i . e ; the  re la tive  su rface  speed at w hich the tw o  rolls revolve. T he ratio 

used fo r the presen t w ork  is 1 . 1 .2

T w o-io li Mill



T he H aake R heocord  90  is a  versatile com puter controlled instrum ent that is capable o f  

m ix ing  and ex trud ing , it consists o f  tw o  m ain com ponents, the C om puter P rocessing Unit 

(C P U ) and the  M easuring  D rive U nit (M D U ). T he CPU  controls and records all the 

inform ation during  the run o f  the experim en t. T he M D U  m easures the torque, tem peratures, 

ro to r speed and to ta lized  to rque, w hich are then  recorded by the C PU . T he m ixer, a  R heom ix 

610, has the capab ility  to  m ix a t tem peratu res up  to  450°C using tw in  screw s, it con tains three 

heated zones con tro lled  by the M D U .

H akke R heocord  90

2.9  S IL A N E  M IX IN G

C alcu lated  quan tity  o f  silane w as m ixed w ith  N R^Silica m aster batch  using a laboratory  sized 

tw o  roll m ill and  heat trea tm en t w as done in a H aake R heocord 90 a t I40®C at an rpm  o f  100. 

T he m ixer ch am b er tem peratu re  w as set at 130°C and the fill fac to r se lected  w as 0.7. N R / 

S ilica niasccrbatch w as m ixed silane for 5inin, T he m ix was then taken oul and ro lled  through 

a laboratory rubber m ix ing  mill at 2.0  m m  nip setting  to  form a sheet.

2 .10  C O M P O U N D IN G

T he R ubber -  s ilica  ma.sterbalch sheets ob ta ined  from  the blending process w ere com pounded  

in a laboratory  m odel tw o roll m ix ing  mil! (D avid Bridge. F.ngland) o f  size I5 \.'’0 cm  as per 

the fo im uia iions g iven  in T able 2.3



C om pound No.

ingredients 1 2 3 4 5 6 7 8 9 10

N atural rubber 100 100 100 100 100 100 100 100 100 100

Silica 40.9 46.4 50.8 53.3 58.2 40.9 46.4 50.8 53.3 58.2

Silane 2.45 2.78 3.05 3.20 3.49 2.45 2.78 3.05 3.20 3.49

N aph then ic  oil 5 5 5 5 5 - - - - '

V egetable oil 

based p lastic izer

5 5 5 5 5

Z inc ox ide 4 4 4 4 4 4 4 4 4 4

Stearic acid 2 2 2 2 2 2 2 2 2 2

M ernox 6C 2 2 2 2 2 2 2 2 2 2

CBS 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

DPG 1.5 1.5 1.5 1.5 1,5 1.5 1.5 1.5 1.5 1.5

S ulphur 2 2 2 2 '■> 2 2 2 2 2

2.11 C o m p o u n d  te s tin g  e q u ip m e n ts

2.11.1 D e lc rm ln a tio n  o l c iire  c l ia ra c li  r is iic s  (A S T M l)  5289-06) |85j

C ure  lime is the tim e for the torque to reiich a givi’n percentage o f  hiil cure. The  cure 

clidrai'teristies o f  tlie com pounds  vserc deterinin;‘d usiii^' !<,PA 2U>)0 (lypc ol m oving  die 

rheom eter) at 15U ‘'C  accord ing  lo A S I  M O 52lS‘> pro.\.*(lMre, !n rheometer test, the rubhci 

compc'.ind phieed in !h j  test cavity of'.hi.’ equip;r.eni suhjecicvi to an oscillalory sirain In 

ihe lower die at a specified speed !'!ie tj.<t is per;i)if!i::,' wl^ile ihe specim en is conln^ed in h



heat cham ber at the  cu ring  tem peratu re  under pressure. The stiffness o f  the sam ple proceeds 

and reaches m axim um  and  rem ains sam e. The force required to stretch the rubber (stress) is 

directly  proportional to  the  stiffness o f  the  rubber. T he optim um  cure tim e corresponds to  the 

tim e to  ach ieve 90%  o f  the cure. It w as ca lcu lated  from  the equation, optim um  cure tim e (tw )

t90= { (MH-ML) } 90/100 + +ML 

w here, M H  = m axim um  to rque, M L =  m inim um  torque

RPA 2000

2.12 Molding of test samples

2.12.1 H y d ra u lic  p re s s  (A S T M  D -3182) [87|

T est sam ples for physical testing  w ere prepared  by com pression m oulding m ethod using a 

hydrau lic  p ress acco rd in g  to  A STM  D 3 182. T h e  p ress shall be capab le  o f  exerting  a  pressure 

o f  not less than 3.5 M  pa (500  Psi) on the total cross sectional area  o f  the cav-ities o f  the 

m ould  during the en tire  period o f  vu lcanization . T here are tw o heated plates. T he low er 

p laten  m oves under hydrau lic  pressure. M olding operations include clean ing  the mold 

surfaces, p reheating  the m old initially  to curing  the com poiind, pressure application , curing 

and  stripping. H ydrau lic  p ress used for the present experim en t w as Fontiine presses 

m anufactiireil bv M s F ontijne. N etherland . M odei iio.TP.oOO.

T h e sheeted  out com pounds \\e re  com pression  m oulded using the hydraulic press at 150’c 

and the m old ing  p ressu re w as 1000 psi. T hese com pounds \ 'c r e  cured to  its op tim um  cure 

tim e. T est sam ples for 7 'ensile ■' Tear properties, Com pre'^sion set. Float build-up, DIN 

A brasion  loss. D e-n ia ttia  flex crack wcrv m oulded as per ihe respective A STM  siandiirds.



H ydraulic Press

2.13 Determination of vulcanizate properties:

2.13.1Tensile Properties (Modulus, Tensile Strength and Elongation at Break {ASTM  

0412-87) |88, 891

T ensile  strengtli is defined  as the force per unit area  o f  the orig inal cross-sectional area, 

w hich is app lied  at the  tim e o f  rup ture o f  a  test specim en. It is expressed in pounds force per 

square inch, k ilogram s force p er square  cent! m eter, o r m ega Pascals. T ensile  strength  is an 

im portant characteristic  as a  tool for com pound developm ent, m anufacturing control and 

determ ination  o f  suscep tib ility  to  deterioration  by oil, heat, w eather, and o ther environm ental 

factors. It is no t necessarily  an  ind ication  o f  quality , but is o ften  used as such. It is true that 

the low  range o f  ten s ile  strength  values is ind icative o f  low quality  com pounds and th e  high 

range ind icative o f  h igh  quality .

U ltim ate elongation  o r elongation  at break is ano ther properly m easured in conjunction  with 

tensile strength . E longation , o r strain , is defined  as the ex tension  betw een benchm arks 

p roduced by a  ten s ile  fo rce  app lied  to  a specim en. It is expressed  as a  percentage o f  the 

orig inal d istance be tw een  the benchm arks. U ltim ate elongaiion  is the elongation  at the 

m om ent o f  rupture. L ike tensile strength , elongation  is used as a tool for quality contro l and 

determ ination  o f  resis tance to environm ental cflecls.

Tensile stress, m ore com m only  called  m odulus, is the stress required  to  produce a certain  

strain , or elongation . M odulus values can be taken at any elongation  o f  the stress/strain  curve. 

In rubber testing, m odu lus is usually  reported as 100% m odulus, 300%  m odulus, m ean ing  the 

stress at 100% , 300% , elongation .



UTM

T ensile  p roperties w ere  determ ined  accord ing  to  the A STM  412-80  test m ethod, using dum b­

bell shaped  test p ieces. T h e  test p ieces w ere punched out from  the m oulded sheets using C- 

type d ie , a long  the m ill g ra in  d irection  o f  the vu lcan ised  sheets. The th ickness o f  the narrow  

portion o f  the specim en  w as m easured using a  dial gauge. T he te s t w ere carried out in a 

Zw ick U niversal T esting  M ach ine (U T M ) m odel 1474 at (25  ± 2 )0c and a cross head speed 

o f  500 m m  per m inute. T h e  m odulus at 100, 200 and 300%  elongation  and tensile strength 

w ere recorded . U ltim ate tensile  strength  and u ltim ate elongation  resu lt from  pulling  dum bbell 

specim en  to  rupture.

2 .13.2 T e a r  S tre n g th  (A S T M  D 624-02) | 88, 90]

Tear streng th  o r tear resis tance o f  rubber is defined  as the m axim um  force required to tear a 

test specim en  in a d irec tion  norm al to (perpend icu lar to) the  d irection  o f  the stress. T ear 

strength  is expressed  a s  force per unit o f  specim en th ickness-pounds force per inch (Ib f/in ), 

k ilogram s force p e r centi m eter (k g f  /cm ), o r k ilo  N ew ton 's  per m eter (K N /m ) or N 'm m .

The te a r resis tance o f  the  sam ple was tested as per ASTM  D -624 test m ethod, using un­

nicked 90*̂  angle test specim en. Sam ple^ w ere punched out from  the sheets parallel to  the 

grain  d irection . T h is test w as also  carried ou! using the '/w ic k  U I M ’. T he test sam ple was 

m outited on  the testing  m achm e. S teadily increasing force w as applied  at 500 i  50 mnv'min 

and at (25  ± 2 fc  until the test p iece was. com pletely  ruptured. T he tear strength  values are 

reported  in N /m m . T he m axim um  force required  to  initiate o r p ropagate tear is recorded as 

force p e r unit th ickness. T ear strenglli is frequently  used to indicate relative toughness o f  

d iffe ren t com pounds. H ow ever, it is d ifficult l<' co n o ia ie  wi[h end-use  perform ance

J - i



H ardness, as ap p lied  to  rubber p roducts, is the relative resistance o f  the surface to indentation 

under sp ec ified  cond itions. H ardness o f  rubber usually measured w ith a  sm all spring-loaded 

hardness g au g e  know n as a  durom eter (A S T M  D -2240). The durom eter may be hand held or 

m ounted o n  a  stan d . T h e  m easurem ent is m ade by pressing the indentor against the sam ple 

and read ing  th e  scale , w hich is ca lib rated  in arbitrary  units ranging from O(soft) to lO(hard). 

T y p e  A ’ d u ro m e te r  is used for m ost so ft rubber products; there is also a  ‘T ype D ’ durom eter 

for hard  rubber and  p lastic-like m aterials.

D urom eter-S hore "A ”

The hardness o f  the  sam p les w ere m easured  as per ASTM  D -2240 standards using a shore  A 

type D u ro m ete r, w h ich  em ployed  a  ca lib ra ted  spring  to  provide the indenting force. S ince the 

hardness rea d in g  d ecreased  w ith tim e afte r firm  contact between the indenter and the sam ple, 

the read in g s w e re  ta k e n  im m ediate ly  afte r th e  establishm ent o f  firm  contact.

2.13.4 Abrasion Resistance (D IN  53516)|88, 92]

A brasion  res is tan ce  is defined  as the resis tance o f  a  rubber com position  to  w earing aw ay by 

con tact w ith  a  m ov ing  ab rasive surface. It is usually  reported as an A brasion R esistance 

Index, w h ich  is a  ra tio  o f  the abrasion resistance o f  the test com pound com pared  to  that o f  a 

reference s ta n d a rd  m easured  under the  sam e test conditions.

A brasion  re s is tan c e  is m easured  under defined  conditions o f  load, speed and type o f  abrasive 

surface. T h e  s ta n d a rd  laboratory  tests generally  cannot be used to  predict serv ice life, because 

factors a ffe c tin g  ab rasion  are com plex  and vary greatly from application  to  application. 

N everthe less , a b ra s io n  resis tance te sts  a re  useful in m aking quality  contro l checks on  rubber 

p roducts in ten d ed  fo r rough  service.



A brasion resis tances o f  the sam ples w ere m easured using a DIN abrader (As per DIN 53516). 

It consists o f  a  d ru m  on  to  w hich a standard  abrasion paper is fixed .The drum  rotated at a 

speed o f  40 ± 1 rpm  and  the to tal abrasion length is 42m. Sam ple having a diam eter o f  16 ±

0.2 m m  and th ick n ess  o f  6-10  m m  is kept on  rotating sample holder with a 10 N load applied 

over the sam ple . In itia lly  a  pre-run  w as g iven  fo r the test sam ple for a  definite d istance and it 

w as w eighed . T h e  w eig h t after the  final run  w as also  noted. The d ifference in the w eight is 

the abrasion  loss. It is expressed  as the vo lum e o f  test piece getting abraded aw ay by its travel 

through 42  m eters  on  a  standard  abrasive surface. T he abrasion loss is calculated  as follows.

V = A W / p  X 1000 

W here AW  is th e  w eigh t loss, p -specific grav ity  and V-abrasion loss

D in A brader

2.13.5 Compression set (ASTM  D395 B)|88, 93j

C om pression  set under constan t deflection  w as tested using a com pression  dev ice o f  three 

p la tes betw een  th e  parallel faces o f  w hich the specim en may be com pressed. Steel spacers, 

w ere p laced  on  e a c h  s id e  o f  the  specim en to  contro l the ir deform ation w hile  com pressed.

Sam ples w ere p laced  in the  com pression  dev ice  after m easuring the orig inal th ickness (to). 

T he bo lts  w ere  tig h ten ed  so  th a t the p la tes are draw n together uniform ly until they are in 

con tac t w ith  th e  spacers. T he extent o f  com pression em ployed w as about 25% . The 

assem bled  d ev ice  w as then  p laced  in an oven  a t 70®C for 22 hrs. The pieces w ere rem oved 

and the  th ick n esses  ( t |)  w ere m easured after coo ling  for 30 min.

C om pression  set w as ca lcu la ted  using the fo llow ing  formula.

C o m p re ss io n  se t =  (t» - t j )  /  ( fy -  t *) x 100



W here

to -  the orig inal th ic k n ess , ti= com pressed  thickness, t s =  spacer thickness

2.13.6 Heat build-up (ASTM  D 623-67) (88,94|

H eat bu ild  up o f  th e  sam ples w ere m easured as per A STM  standards. Cylindrical test 

specim en w ith  d ia m e te r  o f  17.8 ±  0.1 m m  and height o f 25 ±  0.5 m m  w ere used. The test 

piece w as su b jec ted  to  rap id ly  oscilla ting  com pressive stresses in G oodrich  flexom eter at 

1800 cyc les  p er m in , a t an  initial cham ber tem perature o f  50°C. A constan t initial 

com pressive load w as  ap p lied  to  the specim en through a  level having high inertia and 

im posing  on  the  sp e c im en  and an  additional h igh frequency cyclic  com pression  o f  definite 

am plitude. T h e  s tro k e  g iv en  w as 4.45 m m . T he increase in tem perature a t the base o f  th e  test 

specim en  w as m easu red  w ith  a  therm ocoup le  w hich provided indication  o f  the  heat generated 

in flex ing  the  spec im en .

G oodrich  flexom eter



Failure in rubber artic les m ainly happens due to  fatigue, w hich includes repeated loads 

sm aller than  the stra in  a t break. Tw o approaches to  determ ine the fatigue life o f  rubber have 

been estab lished : the crack  nucleation  approach and the  crack grow th approach. The first one 

Is based on  the  assum ption  that fatigue life depends on the history o f  a certain quantity 

(stress, strain  o r strain  energy density) a t a point in the  material. The second approach deals 

w ith fatigue crack  g row th  from  pre ex isting  flaws and estim ates total fatigue life from fatigue 

crack g row th  (F C G ) curves.

R esistance to  flex c rack  o f  the  vulcanizates was m easured using D e-M attia flexing m achine 

M odel ‘d e-m a ttia  flex o n ’ check . T he m achine operated  at a  constan t speed under load a t 300 

±  I flex ing  cyc les p e r m inute. The sam ple was 6"long, I" w ide and 0.25" thick with a groove 

m oulded  ac ross  th e  w id th  w ith  grain  direction perpendicular to  the length o f  the  specim en. 

The sam ples w ere  held  in a  special j ig  and a  chisel cut was being applied  exactly at the centre 

o f  th e  g roove  b y  a  p ie rc in g  too l o f  2 m m  width. T he flexing is such that the specim en is bent 

alm ost doub le  a t the  g roove  then straightened ou t w ithout extension. Crack grow th Is 

m easured a t reg u la r in te rvals w ith  the point being the num ber o f  cyc les required to  extend the 

crack to  20  m m . T h e  test w as conducted  at room  tem perature and was reported as the 

increm ent in cu t leng th  in m illi m eter. C rack initiation and crack failu re a lso  tested using ‘de- 

m attia  f lex o n ’ check.

G ibitre F lexom eter



2.13.8 P a y n e  EfTect (D iffe ren c e  in S to ra g e  M o d u lu s  G ’ a t  S m all S tra in s  a n d  a t  H igh 

S tra in s ) :

The fllle r-filie r in te rac tio n  was first m easured by P ayne and is term ed as 'P ayne effect’. The 

Payne effec t is th e  d ro p  o f  the shear m odulus (G ') with increasing strain am plitude. It 

co rresponds to  a  g e l-so l transition o f  the filler netw ork  at m oderate strain and a breakdow n o f  

rem ain ing  su b -c lu s te rs  a t large strain. M easurem ents were done using a  Rubber Process 

A nalyzer 'R P A  2 0 0 0 ’ fro m  A lpha T echnologies.

2 .13 .9  D y n a m ic  m e c h a n ic a l  an a ly sis

.D ynam ic m echan ica l ana ly sis  is a  h igh-precision  technique used for m easuring m ateria ls’ 

v isco -e lastic  p ro p ertie s . It consists o f  apply ing  sinusoidal stress to a  specim en and m easuring 

the resu ltan t fo rce  tran sm itted  by the specim en , by  m eans o f  a  dynam ic m echanical analyser. 

D ynam ic M echan ica l an a ly sis  o f  prepared sam ples are done using DM A m odelO ldB DM A 

SON o f  m etrv ib , F ran ce .

D M A
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RESULTS AND DISSCUSSION

3.1 Thermo Gravimetric Analysis (TGA)

Thermo gravimetric studies showed that the various Rubber-silica master batches prepared 

contains 40 .9 ,46 .4 , 150, 76, 58.2 silica respectively. One typical TGA graph is given below.

Fig 3.1 TGA of M asterbatch

3.2 Ash test

Ash test results are shows that the various master batches prepared contains 40 .9 ,46 .4 , 150, 

76, 58.2 silica respectively. The 3̂ ‘̂ batch with 150 parts silica per 100 rubber and 4* batch 

with 76 parts silica per hundred rubber are then diluted to 50 and 55 parts o f  silica 

respectively by blending with required quantity o f ISNR-3L, the final silica content o f  these 

samples were found to contain 50.8 and 53.3 parts o f  silica per 100 rubber respectively.

3.3 Particle Size Analysis

Particle size o f  silica dispersions were measured and are given in Table 3.1. and in Fig.3.22



M ixing  condition Size (d.nm ) %  intensity

1 “

peak

^nd

peak

3 rd

peak

1*‘

peak

2 >id

peak

3̂ *" peak

24 hour ball m illing 441.7 132.6 - 63.1 36.9 -

3 .4 . C u re  c h a ra c te r is t ic s

The cure characteristics o f  the com pounds w ere studied using RPA 2000. C ure tim e, scorch 

tim e, m in im um  to rque and  m axim um  torque values are recorded fo r th is  test. C ure 

characteristics o f  silica  filled  N R  com pounds w ith various plasticizers, are g iven in Table 3.2, 

F igures 3.2 and  3.3.

Table 3.2 Cure characteristics

Property C om pound num ber

I 2 3 4 5 6 7 g 9 10

M axim um
torque,
(M H)dN.m

16.96 17.71 14.21 17.47 21.34 15.57 16.48 15.68 16.25 18.28

M inim um
torque,
(M L)dN.m

0.73 0.72 0.15 0.86 0.90 0.49 0.66 0.23 0.88 0.65

M h-M l 16.23 16.99 14.07 16.61 20.44 15.07 15.82 15.46 15.36 17.66

Scorch
tim e,
tS 2 ,m in .

1.70 1.67 1.80 1.31 2.43 2.28 2.42 2.43 1.75 2.74

O ptim um  
cure , t9o, 
tim e(m in .)

4.21 4.23 4 .34 4.53 5.86 5.78 5.90 5.59 5.0! 6.70

O ptim um
cure,t95.
tim e(m in .)

5.19 5.17 5.00 5.54 7.015 7.33 7.34 6.49 6 .12 8.18



M inim um  rheom etric  to rque is indirectly proportional to the M ooney Viscosity o f  the 

com pounds and M axim um  torque value in the torque in the RPA is associated w ith the 

m odulus o f  the vu lcan izates. In th e  case o f  naphthenic oil based com pounds M axim um  torque 

(M h) values are in the  o rder com pound 5 >  com pound 2 >  com pound 4 >com pound I 

>com pound 3. A t the sam e tim e fo r the vegetable oil based plasticizer contain ing com pounds, 

the co rrespond ing  values are in the order com pound 10 > com pound 7 > com pound 9 > 

com pound 8 >  com p o u n d  6 . In the case o f  naphtiienic oil based com pounds. M inim um  torque 

(M l) values are in th e  o rder com pound 5 > com pound 4>com pound 1 >  com pound 2 > 

com pound 3. A t th e  sam e tim e vegetab le oil based com pounds are in the order o f  com pound 

9 >  com pound  7 >  com pound  10 >  com pound 8 >  com pound 6 . M inim um  torque values, an 

indication o f  p rocessab ility  show s that vegetable oil plasticized com pounds are better in this 

regard.

In both  p lastic ize r ca se s . O ptim um  C ure tim e (t%) values increases w ith  filler loading. Tw o 

exceptional cases in com pounds 3 ,4 ,8,9 are likely to  be due to  the experim ental error (These 

te tc h e s  w ere p repared  by  d ilu ting  the m asterbatches w ith ISN R -3L and th is may have 

resulted in im proper f ille r  d istribu tion). O ptim um  C ure tim e (t9s) values o f  naphthenic oil 

based com pounds are  in the  order o f  com pound 5 >  com pound 4 >  com pound 1 > com pound 

2 >  com pound 3. C u re  tim e values o f  vegetable oil based com pounds are in the order o f  

com pound 1 0 > c o m p o u n d  7 > com pound 6 > co m p o u n d 8 > com pound 9.

S corch tim e is the  p rem atu re  vu lcan ization  and it is a  m easure o f  sh e lf  life o f  the com pounds. 

S corch tim e values o f  naph then ic  oil based com pounds are in the o rder o f  com pound 5 > 

com pound 3 >  com p o u n d  1 >  com pound 2 >  com pound 4. S corch tim e values o f  vegetable 

oil based com pounds are  in the o rder o f  com pound 10 >  com pound 8> com pound 7 > 

com pound 6 > co m p o u n d  9, N aph then ic oil based com pounds show  low er scorch values when 

com pared  to  vege tab le  oil p lastic ized  com pounds.
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3.5. Tensile properties
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Fig. 3.2 Cure curve of Samples 1-5
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Fig.3.3. Cure curve of Samples6-10

In cross linked rubbers reinforcing fillers can enhance its mechanical properties Viz, 

modulus, tensile strength etc. Tensile properties o f  the experimental vulcanizates are given in 

Table 3.3. Variations in Tensile Strength and Elongation at break are plotted in Figures 3.4, 

and 3.5.



Properties Compound number

1 2 3 4 5 6 7 8 9 10

Tensile
Strength
(N/mm^)

29.5 28.5 7 24.6 27.5 27.5 27.5 8.1 24.5 28

100%
modulus
(N/mm^)

2.65 2.9 3 3.14 3.40 2.3 2.55 3.4 2.95 3.3

200%
modulus
(N/mm^)

6.5 7.4 5 6.8 8.3 5.7 6.5 5.7 6.6 8.4

300%
modulus
(N/mm^)

1 1 . 6 13.1 11.4 14.3 10.5 11.7 10.9 14.5

Elongation 
a t  b r e a k  (% )

640 600 285 595 510 650 650 290 650 545

30
E
E

20
£u>c«
t i 10
(A

Wc 0
«H

Naphthenic Oil Plasticizer 0  Vegetable Oil Plasticizer

29 5 215 2«S27 5

m  w m .

246 24 S

40.9 46.4 50.8 53.3

Silica Loading, phr

27 5

58.2

Fig.3.4. Tensile Strength of Samples

It can  b e  o b se rv e d  th a t in  silane m odified silica filled  N R  based com pounds, tensile strength 

values w ere  in th e  ran g e  26 .6  to  30 N /m in ' .C om paring the first 5 batches, the tensile strength 

w as in the  o rd e r  o f  com p o u n d  1 >  com pound 2 >  com pound 5> com pound 4 > com pound 3 

and fo r the nex t 5 b a tch es w as in the order o f  com pound 10 com pound  6 = com pound 7 > 

com pound  9 >  c o m p o u n d  8 .



In  the case o f  firs t 5 batches, the  p lastic izer used is naphthenic oil and  the tensile strength  o f  

m aster batches decreases w ith  fille r loading and  in th e  case o f  next 5 batches w ith vegetable 

oil based p lastic izer, the tensile  strength  o f  m aster batches increases w ith filler loading w ith 

tw o excep tional results in both  cases a t 50.8 and 53.8 phr loading o f  silica. These tw o batches 

w ere m ade by d ilu ting  m aster batches contain  very  h igh loading o f  silica, w hich might have 

resu lted  in p o o r d ispersion  o f  silica and  hence erratic results. O n com parison  o f  the results o f  

the m aster batches w ith  tw o  d iffe ren t p lasticizer, the  batches w ith vegetable oil plasticizer 

exhib ited  a lm o st consisten t result.

800

600 1

400

200

■ Naphthenic Oil Plasticizer K Vegetable Oil Plasticizer

640650

40.9

600
650 650

46.4 50.8 53.3

Silica Loading, phr

545

58.2

Fig. 3 .5  E lo n g a tio n  a t  b re a k  o f  S am p le s

In the case o f  first five m aster batches E longation  at break (EB ) w as in the order com pound 1 

>  com pound  2 >  com pound  4 >  com pound 5 > com pound 3. In the  case o f  vegetable oil 

based p lastic ize r used m aster batches the EB w as in the order o f  com pound 6 = com pound 7 

= com pound  9 >  com pound  10 >  com pound 8 In the naphthenic oil based first 5 batches. 

E longation  a t break  decreases w ith increase in silica loading and in nex t 5 batches E longation  

at break sh o w s a lm ost sim ila r result.

M odulus varia tions o f  va:ious com posiies are show n in Figureb 3.6 and 3.7, In ihe case o f  

first five m aster batches, m odulus at 100%  w as found lo  increase w ith increase in silica 

loading. C o rrespond ing  200®o m odulus values w ere in the o rder o f  com pound .1 < com pound 

I <  com pound  4 <  com pound  2 < com pound 5 and 300%  m odulus values w ere in the order 

com pound  4 < com pound  I '  com pound 2 com pound 5.

'■b
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Fig.3.6 Modulus of Samples 1-5 Fig. 3.7 Modulus of Samples 6-1

F or the last five batches m odu lus at 100% was in the order o f  com pound 6 <  com pound? < 

com pound 9 <  com pound  10 <  com pound 8 .C orresponding 200%  m odulus values w ere in 

the o rder o f  com p o u n d  6 = com pound 8 <  com pound 7 <  com pound 9 <  com pound 10 and 

300%  m odu lus values w ere in the o rder com pound  6 <  com pound  9 <  com pound 7< 

com pound ! 0 .

3.6 Technological properties

T echnological p roperties o f  the com pounds are g iven  in Table 3.4

3.6.1 Tear strength

T ear streng th , is a  critica l m easure o f  the filler reinforcem ent. T he values o f  tear strength for 

the experim en tal com posites are g iven  in Table 3.4 and F igure 3.8.
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Fig. 3.8 T e a r  S tre n g th  of S am p le s
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V arious silica  filled N R  m aster batches using naph then ico il as plasticizer show s tear strength 

in the o rder o f  com pound  4 > com pound 5 >  com pound I > com pound 2 >  com pound 3 and 

m aster batches using  vegetab le oil based plasticizer shows tear strength  in the order o f  

com pound 9 >  com pound  10 >  com pound 6 >  com pound 7 >  com pound 8. The results 

indicate th a t the physical an d  chem ical nature o f  plasticizer has an  effec t o n  the d istribution  

o f  silica  in  the  m atrix  and consequently  th e  properties. W hen com pared, the  batches w ith 

sim ilar s ilica  load ing  and  w ith  d ifferen t p lasticizer exhibit closer tear strength  values.

3.6.2 H a rd n e s s

H ardness values (sh o re  A ) o f  th e  experim ental com posites are g iven in T able 3.4 and Figure 

3.9. In general, H ardness values increases w ith increase in silica loading for both plasticizers 

and varies in the range o f  6 0  to  71. H ardness values for naphthenic oil based com pounds 

(from  I to  5) are 60 , 60 .5 , 65 , 71 an d  65 respectively and for vegetable oil based com pounds 

(from  6  to  10) a re  60 , 62 , 65 , 67 and 65 respectively. W hen com pared , th e  batches with 

d ifferen t p la stic ize r and  w ith  sim ila r silica conten t also  have alm ost clo ser H ardness.
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F ig . 3 .9  H a rd n e s s  o f  S am ples

3 .6 3  H e a t 'B u ild  u p

T h e v a lu es  o f  hea t bu ild  up  for vario u s com posites are given in the  T able 3.4 and  F igure 3.10.
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Fig. 3.10 Heat Bulid-up of Samples

F or the  experim en tal com posites heat build  up values vary in the range 8 to  22.5. H eat bu ild ­

up values fo r naph then ic  oil based com pounds are  in the order 8, 8, 13.5, 22.5, 15 

respectively  for sam ples 1 to  5 and for vegetable oil based are in the o rder 8, 9, 14, 20.5, 10.5 

respectively  fo r com pounds 6 to  10 respectively . W hen com pared, the batches w ith sim ilar 

silica con ten t and  v/ith d iffe ren t p la s tid z e r  exhibited  clo ser heat build- up values.

3.6.4. Compression set

C om pression  se t values o f  the experim ental com posites are g iven in Table 3.4 and Figure 

3.11. C om pression  set values can  be taken as a m easure o f  the v iscous and  elastic com ponent 

o f  the com posites.

V ariations in  C om pression  se t values with silica loading for the tw o plastic izers are in the 

range o f  29.3 to  40 .5  for first five com pounds (naphthenic oil based) and for next five are in 

the range 23.5  to  33.3 (V egetab le  oil based). C om pression  set values for naphthenic oil 

con ta in ing  com pounds from  1 to  5 are 32, 31,5, 37. 40 .5 , 29.3 respectively  and for vegetable 

oil incorporated  co m p o u n d s from  6 to 10 are 23.6, 23.5, 33.3, 30.5. 24  respectively. 

V egetab le oil based p lastic ize r incorporated  com pounds exh ib its low er set values than 

naphthenic oil incorporated  system s. The batches 3. 4, 8 and 9 w ere m ade by dilu ting  m aster 

batches con ta in in g  h igh loading o f  silica and these sam ples e \h ib ite d  com paralively  high 

values w hich m igh t have resulted  frmu im proper silica  di.'-tribution in the m atri.\.
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Fig. 3.11 Compression Set of Samples

R ubber com posites  being  visco-elastic , com pression set is caused  by the  v iscous com ponent. 

A s th e  c ro ss  lin k  density  is m ore, the elastic  com ponent becom es h igher and the viscous 

com ponent becom es low er. F rom  Table 3.2, it can be noted tha t the  cross link density as 

indicated by the (M h • M u) is h igher for com pound 5 and hence m ight have resulted in lower 

com pression  set.

3.6.5. Abrasion resistance

A brasion resis tance tes t o f  rubber is a  laboratory m easure o f  the  w ear resistance o f  rubber 

products. In f ille r  incorporated  products, abrasion resistance is a  m easure o f  the extent o f  

reinforcem ent w h ich  aga in  is dependen t on filler d ispersion in  the m atrix . H igher the abrasion 

resistance better w ill be the  reinforcem ent. V alues o f  volum e loss o f  sam ples on  abrasion test 

carried ou t as p e r  D IN  53516 are  g i'-en  in T able 3.4 and F igure 3.12.

A brasion  loss o f  f irs t f iv es  c o m p o u n d s  in c rea sed  w ith f ille r lo a d in g  w ith tw o ex cep tio n a l 

re su lts  in th e  c a se  o f  3'*̂  and 4"’ co m p o u n d . In th e  c a se  o f  las t five  c o m p o u n d s  th e  resu lts  in 

th e  ra n g e  o f  89.5*94.2 w ith tw o  e x cep tio n a l re su lts  in  the 8''' an d  9'*' com pounds. Sam ples 

w ith v e g e ta b le  o il b a sed  p la .siic i7cr ex h ib ited  c o m p a ra tiv e ly  g o o d  a b ra s io n  re s is tan ce  o v e r 

n ap iith en ic  oil b ased .
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Fig. 3.12 Abrasion Loss of Samples

Table 3.4 Technological properties

Properties C o m p o u n d  n u m b e r

2 3 4 5 6 7 8 9 10

T ear
stren g th (N /m m )

99 96 39 1 1 0 107 98 85 39 109 103

H ardness , S h o re  
A

60 60.5 65 71 65 60 62 65 67 65

A brasion
loss(m m ^)

119 1 2 1 . 1 199.3 165 127 89.5 94.2 175.4 124.2 90.6

C om pression  set
(% )

32 31.5 37 40.5 29.3 23.6 23.5 33.3 30.5 24

H eat b u ild  up(°c) 8 8 13.5 22.5 15 8 9 14 20,5 10.5

3.7 Payne Effect o f Compounds

R P A  2 000  w as used  to  study  filler- filler Interaction o f  the experim ental com pounds. Shear 

m odu lus (O ’) v a lu e s  w ere  plotted against strain  % . From  the p lot o f  G ’ vs strain percentage, 

the h ig h e r  G ’ a t lo w er stra in  exhibits h igher filler-fllier interaction in a  rubber com pound and 

th e  low er v a lu e s  d e n o te  low er fille r-fille r in teraction . T he reinforcing  effec t depends on 

several p a ra m e te rs  such  as filler particle s ize  and its structure, surface energy and 

m orpho logy ; a n d  v o lu m e fraction o f  filler. L ow er filler-filler interaction and better filler- 

rubber in te rac tio n  are  desirab le  for low er hysteresis loss in rubber com pounds. In this study, 

f ille r-fille r  in te rac tio n s  o f  tw o com pounds with identical silica loading and w ith dir'ferent



plasticizers (Naphthenic oil and Vegetable oil based) were compared. Observations are given 

in Figures 3.13, 3.14, 3.15, 3.16, 3.17 and 3.18 respectively.

Values o f  Go ‘ G« , a measure o f  filler-filler interaction for different compounds are also 

compared in Table 3.5.

40

30

i .  20 b
10

0.1 10 

strain K

100 1000

Fig. 3.13 Payne Effect of Compound 1 and 6

On comparison o f  compounds land 6 with 40.9 parts silica loading, the latter exhibited lower 

filler -filler interaction as can be observed from Fig.3.13.
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Fig. 3.14 Payne Effect of Compound 2 and 7

Comparison o f  Payne effect o f  compounds 2 and 7 with 46.4 parts silica loading is given in 

Fig. 3.14. It is observed that both the compounds exhibited almost similar level o f  filler- filler 

interaction.
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Fig3.15 Payne Effect o f Compound 3 and 8



Payne effect comparison of Compounds 3 and 8 with 50.8 parts silica loading is given in 

Fig.3.15. Compound 3 exhibited higher level of filler- filler interaction compared to 8.
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Fig 3.16 Payne Effect of Compound 4 and 9

On comparison of compounds 4 and 9 with 53.3 parts silica loading, for Payne effect is given 

in Fig. 3.16. Both of them gave almost similar nature in filler- filler interaction except that 

the G’ value at higher strain for compound 9 is lower than that of compound 4 which may be 

due to comparatively lower filler-filler interaction
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Fig. 3.17 Payne Effect of Compound 5 and 10

Table S. 5 Payne effect data

Property Sample Number

1 2 3 4 5 6 7 8 9 10

Go 33.50 37.12 7.34 54.38 58.11 24.78 37.24 17.59 53.18 39.90

G 00 4.16 4.73 1.44 9.86 5.24 3.26 4.41 2.13 6.98 5.31

Go-Goo 29.34 32.39 5.9 51.12 52.87 21.52 32.83 15.46 46.2 34.59



O n com parison o f  com pounds 5 and  10 w ith 58.2 parts silica loading, com pound 5 showed 

h igher filler- fille r in teraction  com pared  to  com pound 10 .

From  th e  P ayne  effec t stud ies it Is observed that vegetable oil based com pounds can 

contribu te to  low er fille r - filler in teraction  in silica filled natural rubber.

3.8 Demattia Flex C ra ck  Resistance

Results o f  th e  study  are g iven  in T ab les 3.6 and  3.7. T w o approaches to  determ ine the fatigue 

life o f  rubber have been  estab lish ed , viz: the crack  nucleation approach  an d  the crack growth 

approach. C rack  in itiation  o f  all the  sam ples w as in the range o f  120-145 k ilo  cycles and 

crack failu re in the  range 220  - >  400  kilo  cycles, except 3and  8 (w hich  are batches diluted 

w ith fresh  rubber and hence m igh t have resulted  in im proper dispersion).

Table 3.6 Demattia Crack Initiaion /  Complete Failure analysis

C om pound
N um ber

1 2 3 4 5 6 7 8 9 10

Crack
Initiation
(kC ys)

121.5 121.5 0.63 121.5 145 I2 I.5 130 0.63 120 123

C om plete
Failure
(kC ys)

220 >400 70 >400 >400 >400 >400 70 230 >400

In crack g ro w th  study  m ost o f  th e  sam ples required m ore than 26 k ilocycles to crack to 

12mm w idth  from  an initial 2m m  crack w idth. For various sam ples, 12mm crack length is 

reached In a  range o f  flex ing  cyc les from  3 to  >  300 kilocycles. A lm ost ail sam ples in general 

exhib ited  b e tte r crack  g row th  resis tance except batches 3 and 8 . Poor results o f  batches 3 and 

8 m ight be due to  p o o r silica  d istribu tion  in the matrix.



Dynamic mechanical analysis was carried out using DMA model OJ dB DMA 50 N o f  

Metravib, France, using temperature sweep mode from -90 to +100 °C. DMA o f samples 

land 6 (40.9 phr silica with different plasticizer) are compared in Figure 3.18 and 3.19 

respectively. DMA o f samples 2 and 7 (46.4 phr silica with different plasticizer) are given in 

Figures 3.20 and 3.21 respectively.

Fig.3.18. DMA Cure of Sample 1

Fig.3.19. DMA Cure of Sample 6



Fig.3.20. DMA Cure o f Sample 2

Fig.3,21. DMA Cure o f Sample 7

On comparing the DMA graphs o f  samples 1 and 6, tan delta values indicates that filler - 

rubber interaction o f  sample 6 is better than compound 1 (Lower tan delta peak value for 

sample 6). Similar is the case with samples 2 and 7.

Results indicate that samples 6 and 7 with vegetable oil based plasticizer exhibits better filler 

to rubber interaction than samples which contains naphthenic oil plasticizer.



C H A P T E R  4 

S U M M A R Y  A N D  C O N C L U S IO N S



S U M M A R Y  A N D  C O N C L U S IO N S

In silica filled rubber com posites, effective dispersion o f  silica in the rubber m atrix is 

im portant for ach iev ing  o p tim um  properties in the u ltim ate product. U se o f  silanes and 

flinctionalisation o f  th e  po lym ers are som e o f  the techniques being  used fo r achieving this 

objective. In the p resen t study silica  filled rubber com posites are prepared by w et m aster 

batching technique w ith  d iffe ren t filler loading. A lso in these com posites tw o different 

plasticizers exhib ited  varia tions in processability , cure characteristics, tensile and 

technological properties.

T he m ajor conclusions d raw n  from  this study are discussed in th is  chapter.

❖ W et m aster ba tch ing  o f  silica  in natural rubber gave a lm ost sim ilar p roperties as that 

obtained by dry  m ixing.

❖ Properties o f  com posites varied  w ith filler loading

❖ M aster batches w ith  a defin ite  fille r concentration  m ade d irec tly  from  latex exhibited 

properties be tte r than  tha t m ade by blending m asterbatch w ith  fresh rubber to achieve 

sam e level o f  f ille r  concentration .

❖ C hoice o f  p lastic ize r is a critical param eter in deciding the u ltim ate properties o f  silica 

filled com posites.

❖ Payne effec t s tud ies show ed that m asterbatches incorporated w ith vegetab le oil based 

p lastic izer resu lted  in low er f il le r- f i l le r  interaction.

DM A analysis show s that p lastic izer also plays a role in rubber-filler interaction.
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