
CHAPTER II
BACKGROUND AND LITERATURE SURVEY

2.1 Natural Rubber

N atural rubber (N R) is a renew able polym er m aterial exhibiting excellent 
physical and chem ical properties. N atural rubber latex occurs in m any plants, 
including the w hite sap o f  the com m on m ilkw eed and dandelion. The m ost im portant 
source o f  natural rubber latex is the H e v e a  b r a s i l i e n s i s  tree, w hich contains hundreds 
o f  proteins, including enzym es that are involved in the biosynthesis o f  the rubber 
m olecules. N R  is the strongest o f  all rubbers and also has excellent dynam ic 
properties, such as resistance to fatigue, but it is less resistant to environm ental 
dam age (exam ple, by ozone in the atm osphere and by oils) than  som e synthetic 
rubbers. R aw  N R  contains 93-95%  c i s - \ , 4-polyisoprene o f  about 5x1 o5 g/m ol, 2-3%  
proteins, 2%  acetone-soluble resins (including fatty acids), sm all am ounts o f  sugars, 
traces o f  m inerals and w ater (B low  and H epburn, 1982). The hydrocarbon 
com ponent o f  N R , w hich  consists o f  over 99.99%  o f  linear ๗.ร-1,4-polyisoprene is 
show n in Figure 2.1.

Figure 2.1 C hem ical structure o f  N R  (๗ร-1,4-polyisoprene).

A verage m olecular w eight o f  the polyisoprene in N R  ranges from  200,000 
to 400,000 w ith  a relatively  broad m olecular w eight d istribution, the cause o f  its 
excellent p rocessing behavior. T here is one double bond for each  isoprene unit, 
w hich, a long  w ith  the a-m ethy lene  groups contained in an N R  m olecular chain, are
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the reactive groups for vulcanization w ith  sulfur. The glass transition tem perature 
(Tg) o f  uncured  N R , the tem perature or tem perature range over w hich the polym er 
exhibits a rem arkable change in several physical properties, is approxim ately 
76.2±0.5°c, far below  room  tem perature. T herefore, rubber is soft and can be 
m elted by heat. C onversely, it is rigid and brittle at tem peratures below  the Tg. 
H ence, N R  can be utilized in a narrow  tem perature range (B low  and H epburn, 1982).

The therm al properties o f  N R  can be enhanced by vulcanization  w ith sulfur. 
A lthough vulcanized rubber has m any advantages such as low  Tg and high im pact 
strength, it also  has m any undesirable properties such as low  hardness, abrasion, 
stiffness and tear resistances. C onsequently, fillers are u tilized to improve the 
perform ance o f  these properties.

O ’H aver e t  al. (1996) studied the m odified  silica surface by using 
copolym er p repared  w ith  a nonpolar and polar m onom er to im prove the perform ance 
o f  rubber com pounds. The adm icellar po lym erization  process serves to im prove the 
rubber cure properties and the cured com pound physical properties.

K udisri (1997) produced polystyrene-isoprene copolym er on clay via 
adm icellar polym erization. This study exam ined the effect o f  the am ount o f  
surfactant and m onom er on the process. It w as found that the increase in the 
com pound cure rate decreases t90 cure tim e and im proves tensile property, tear 
strength, hardness, flex cracking resistance and com pression  set.

2.2 Surfactant Structure

The w ord surfactant is a contraction o f  the term  “ Surface active r.gent” . 
Surfactants are am ong the m ost unique and versatile m aterials due to  their chemical 
structure. G enerally , w ater-soluble surface-active agents are com prised o f  a 
hydrophobic portion, usually a straight or branched hydrocarbon or fluorocarbon 
chain  contain ing  8-18 carbon atom s, attached to hydrophilic or w ater soluble 
functional groups. This dual-natured structure is referred to as a m p h ip h il ic  and thus 
the m olecules are called a m p h ip h ile s . Surfactants are said to have a “tail” and a 
“head” as show n in Figure 2.2. In aqueous system s, the tail is hydrophobic, which
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m eans w ater-hating , therefore oil-loving. It is typically  depicted  e ither as a straight 
line or a w avy line. The head is hydrophilic, w hich m eans w ater loving and is 
generally  depicted  as a circle.

Surfactants are classified according to the charge present in the hydrophilic 
portion  o f  the m olecule (after d issociation  in aqueous solution). They can be 
categorized into 4 types (Rosen, 1989).

“Tail”, Hydrophobic (Water-Hating) “Head”, Hydrophilic (Water-Loving)

Figure 2,2 Surfactant structure.

A n io n ic  s u r fa c ta n t : a surfactant m olecule w hose polar group is negatively 
charged. For exam ple, alkylbenzene sulfonate, sodium  dodecylsulfate.

N o n io n ic  s u r fa c ta n t \  no ion charge appears on the hydrophilic  portion; for 
exam ple, polyoxyethylenated  alkylphenol.

C a t io n ic  s u r fa c ta n t : the hydrophilic portion bears a positive charge, exam ples 
include quaternary  am m onium  chlorides and laurylam ine hydrochloride.

A m p h o ly t ic  o r  z w i t te r io n ic  s u r fa c ta n t , a  surfactant m olecule w hich has both 
positive and negative changed portions. The presence o f  both  charged hydrophilic 
groups in the sam e m olecule leads to the head group hydrcph ilic ity  being an 
in term ediate betw een the ionic and conventional nonionic classes (Laughlin , 1991). 
The charges present depend on solution pH. E xam ples include polyoxyethylenated 
alkylphenol and lauram idopropylbetaine.
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2.3 Cationic Surfactant

The term  “cationic surfactant” is used to denote an ionic com pound in w hich 
the cation is am phiphatic and strongly surface active. C onsidering the effect o f  pH 
on m olecular structure and physical chem istry, the cationic hydrophilic groups can 
be d ivided into tw o sub-groups; neutral and acidic.

C etyltrim ehylam m onium brom ide (C TA B ) is a fam iliar cationic surfactant in 
the neutral sub-group as show n in Figure 2.3.

CH3

n -C l6 H 3 3 ------N + ------CH3, BR-

CH3

Figure 2.3 Structure o f  CTAB.

Q uaternary am m onium  ions have four carbons bonded to a positive nitrogen 
atom . Q uaternary  am m onium  surfactants have one or m ore o f  these substituent 
groups that are lypophillic (oil-loving). The cationic m olecule exists paired with an 
anionic m olecule in an electrically  neutral salt. The quaternary am m onium  nitrogen 
in CTA B displays s p 3 bonding. This cationic m olecule lacks both acidic protons and 
non-bonding electron pairs; therefore, it is neutral in w ater from  an acid-base 
perspective. I f  the anionic partner in such a salt is also neither acidic no r basic, as is 
true o f  brom ide, the m olecular structure o f  this salt is independent o f  pH  (Rubingh 
and H olland, 1990).

Ism ail e t  a l. (1997) studied the effects o f  a cationic surfactant (fatty 
d iam ine), term ed a m ultifunctional additive (M FA ), and a com m ercial silane 
coupling agent on  the properties o f  a silica filled natural rubber com pound. The 
results show ed that the M FA  (EN 444) not only contributes to a better silica- 
elastom er adherence but also im proves dispersion, resulting in a low er hysteresis and 
enhanced m echanical properties o f  the natural rubber com pound.
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2.4 Nonionic Surfactant

N onionic surfactants are surface-active com pounds w hich have no net 
charge in the hydrophilic section. T hey are com patib le  w ith  all other types o f  
surfactants and generally  available as 100%  active m aterial free o f  electrolyte. They 
are soluble in w ater and organic solvents, including hydrocarbons. Solubility in 
w ater decreases w ith increasing tem perature. They can be m ade resistant to hard 
w ater, polyvalen t m etallic cations, and electro ly tes at h igh concentration (Rosen, 
1989). C om m ercial products are a m ixture o f  structures w ith  a w ide distribution o f  
polyoxyethylene chain lengths. T riton X -100 is a fam iliar nonionic surfactant, which 
is often  used in biochem ical applications to  solubilize proteins. T riton X -100 has no 
antim icrobial properties. It is considered  as a com paratively  m ild  detergent, non
denaturing. It is a  clear to slightly hazy, colorless to light yellow  liquid. T riton X-100 
structure is show n in Figure 2.5.

Figure 2.4 O ctyl phenol ethoxylates (T riton X -100).

2.5 Surfactant Adsorption

The adsorption o f  an ionic' surfactant on oppositely  charged surfaces involves 
m any m echanism s. H ow ever, only a few  param eters affect the adsorption including
1) the nature o f  the structural groups on solid surface 2) the m olecular structure o f  
the adsorbate (the surfactant being adsorbed) and 3) the environm ent o f  the aqueous 
phase such as pH  (R osen, 1989).

D ata from  adsorption experim ents are norm ally  expressed in an adsorption 
isotherm , w hich show s the relationship betw een the am ount o f  the adsorbed 
surfactant and the equilibrium  concentration  o f  the surfactant in liquid phase. The
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adsorption  isotherm  for an ionic surfactant onto an oppositely  charged substrate is 
typically  “ ร-รhaped” w hen plotting the log o f  the adsorbed surfactant density versus 
the log o f  the equilibrium  concentration o f  surfactant. It can be div ided into four 
regions (R osen, 1989) as show n in Figure 2.5.

1) Monolayer Formation

Figure 2.5 A dsorp tion  isotherm  o f  an ionic surfactant on an  oppositely  charged 
substrate.

R egion I o f  the adsorption isotherm , corresponding to both very low  bulk 
concentration  o f  surfactant and low  adsorption  o f  the surfactant, is com m only 
referred to as the H enry ’s law  region. The adsorp tion  driv ing force is largely due to 
electrostatic  a ttraction  betw een the surfactant head groups and the oppositely  charged 
surface. B ecause the interaction betw een m olecules o f  the surfactants is negligible,
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the adsorbed surfactants in this region are view ed as being adsorbed alone and 
aggregates are not thought to be present.

R egion II, distinguishing by a sharply increased isotherm  slope relative to 
the slope in the H enry ’s Law  region, indicates the beginning o f  lateral interaction 
betw een the surfactant m olecules, w hich results from  the form ation o f  surfactant 
aggregates on the m ost energetic surface patches. The aggregation  o f  adsorbed 
surfactants are called adm icelles (H arw ell e t  a i ,  1985) or hem im icelles 
(Som asundaran and Fuerstenau, 1966), depending upon w hether the aggregates are 
view ed as m onolayers or bilayers. The adm icelle is a local b ilayer structure with a 
low er layer o f  head group adsorbed on the substrate surface and an upper layer o f  
head groups exposed to the solution. The hem im icelle is a m onolayer structure 
having the head groups adsorbed on the surface w hile  tail groups expose to the 
solution. The transition  point from region I to region II, representing  the equilibrium  
concentration  at w hich  the first form ation o f  adsorbed surfactant aggregates, is called 
the critical adm icelle concentration (C A C ) (H arw ell e t  a l . ,  1985) or hem im icelle 
concentration  (H M C ) (Som asundaran and Fuerstenau, 1966). D uring aggregate 
form ation, the original charge on the solid m ay be neutralized  and eventually 
reversed. Thus, by the end o f  this region, the solid surface usually  has the same sign 
on its overall charge as the surfactant ions.

A  sharp decrease in the slope o f  the isotherm  indicates the beginning o f  
region III. This decrease in slope is thought to be caused by the repulsion between 
the like-charged head groups on the surface, the beginning o f  adsorption  on lower 
energy surface patches, o r the charge neutralization  o f  the surface. Thus, additional 
adsorption  becom es m ore difficult. .

R egion IV is referred as the plateau adsorption  region. The position o f this 
plateau usually  corresponds to a m axim um  adsorption, having alm ost constant 
surfactant adsorption  w ith  further increases in surfactant concentration . N orm ally, 
the equilibrium  surfactan t concentration at the transition  point from  region III to IV 
is roughly  at the critical m icelle concentration (C M C ), the concentration  at which 
m icelles first form  (R osen, 1989).

Y eskie e t  a l. (1988) found that there are conditions under w hich a second 
layer o f  surfactant alw ays form s sim ultaneously w ith  the first layer o f  surfactant.
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A ccordingly , there are w ide ranges o f  condition  under w hich only  a single layer 
form s. This w as show n to be the result o f  the electrostatic contribu tions o f  the free 
energy  o f  transfer for a surfactant m onom er from  a hem im icelle to an adm icelle 
w hich are po ten tia lly  m uch larger in m agnitude than the largest possib le  hydrophobic 
contributions. In addition, adm icelles do form  little i f  there is any interpenetrating o f  
the hydrocarbon  tails o f  second layer betw een the hydrocarbon tails o f  the first layer 
because the electrostatic  repulsion betw een the tw o layers o f  head groups is larger 
than the largest possible gain in hydrophobic bonding that could resu lt from the 
in terpenetrating.

2.6 Solubilization

Solubilization  is àn im portant p roperty  o f  surfactants that is d irectly  related 
to the presence o f  aggregates in solution called m icelles. Surfactant so lu tions above 
their C M C s can d issolve considerably larger quantities o f  organic m aterials than pure 
w ater or surfactant solutions w ith  concentrations below  their C M Cs. The additional 
capacity  is obtained by solubilizing the solute in the m icelles. Solubilization  can be 
defined  as “the spontaneous dissolving o f  substance (solid, liquid or gas) by 
reversib le  therm odynam ically  stable isotropic solution w ith reduced therm odynam ic 
activ ity  o f  the solubilized  m aterial” (R osen, 1989). C onsequently, a w ater-insoluble 
m aterial in a dilute surfactant solution could appreciably increase its so lubility  w hen 
the surfactan t concentration  surpasses the CM C. Solubility  increases approxim ately  
linearly  w ith  the concentration o f  surfactant above the CM C. There are a num ber o f  
d ifferent sites in a m icelle: 1) on the surface o f  the m icelle 2) betw een the 
hydrophilic  head group 3) in the palisade layer o f  the m icelle located betw een the 
hydrophilic  groups and the first few  carbon atom s o f  the hydrophobic groups and 4) 
in the inner core o f  the m icelle. D epending on the nature o f  the m aterial solubilized 
(the solubilizate), the exact location in the m icelle at w hich so lubilization  occurs can 
vary  (R osen, 1989).
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2.7 Adsolubilization

Sim ilar to the solubilization o f  organics into m icelles, organic m olecules 
are in tegrated into surfactant aggregates at the solid-liquid  interface (Figure 2.6). 
A dsolubilization  is defined as “ th e  e x c e s s  c o n c e n tr a tio n  o f  a  s p e c ie s  a t  a n  in te r fa c e  
in  th e  p r e s e n c e  o f  a n  a d m ic e lle  th a t w o u ld  n o t e x is t  in  th e  a b s e n c e  o f  th e  a d m ic e l le  ” 
(พ น  e t  a l ,  1987). This definition conveys the idea that the particular solute o f  
in terest does not adsorb onto the adsorbent surface by itself. The rem oval o f  solute 
from  bulk solution occurs because o f  the presence o f  adsorbed surfactant aggregates 
and the incorporation  o f  the solute into that aggregates.

Adsolubilization
■ 'ร"ร represent solute molecules, monomers

•-

Figure 2.6 Phenom enon o f  solubilization and adsolubilization.

The adsolubilization  o f  styrene, isoprene, and m ixtures o f  these into CTAB 
bilayers on  precipitated silica was investigated by K itiyanan e t  a l. (1996). The 
adso lubilization  equilibrium  constant is defined as K i= x /C ib ,  w here K j is the 
adso lubilization  equilibrium  constant o f  the assolubilizate  (/), X j is m ole fraction o f  
adso lubilizate  (/') in the adm icelle, and Cib is the concentration  o f  solute (/) in the
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bulk aqueous phase (M ). The styrene adsolubilization  constant is nearly  unchanged 
w ith  increasing styrene equilibrium  concentration in aqueous phase w hile the 
isoprene adso lubilization  constant increases w ith increasing isoprene partial pressure. 
This suggests that styrene adsolubilizes into both the palisade layer and the core o f  
the adm icelle  w hile isoprene adsolubilizes into only the palisade layer.

2.8 Ultra-Thin Film Formation

F orm ation o f  u ltra-thin  film s on solid surfaces has been the object o f  
pow erful study in recent years because o f  a w ide variety  o f  possible applications o f  
these film s. The m ethod used for the m odification  o f  inorganic pow ders by the 
form ation  o f  u ltra-th in  polym er film s in adsorbed surfactant bilayers, called 
adm icellar polym erization , was first developed by พ น  e t  a l. (1987). A dm icellar 
po lym erization  can be considered to occur in four basic steps as show  in F igure 2.7.

Step 1 is adm icelle form ation by the aggregation o f  surfactants at 
so lid /liqu id  interfaces to form adm icelles/aggregates through adsorp tion  from an 
aqueous solution. For this step to be successful, the m ost critical param eter to be 
m anipulated  is the solution pFl, relative to w hich the surface exhibits a net surface 
charge o f  zero (referred to the point o f  zero charge or PZC). The surface becom es 
pro tonated  and positively  charged at pH values below  the PZC and surface is 
negatively  charged above the PZC.

Step 2 consists o f  hydrophobic m onom er m olecules concentrating  in the 
adm icelle , adsolubilization , under conditions favorable for the form ation o f  
adm icelles on  a solid surface and unfavorable for the presence o f  m icelles in an 
aqueous supernatan t (พ น  e t  a l . ,  1987). The hydrophobic m onom ers (e.g., styrene 
and isoprene in this study) adsolubilize or partition  into the adsorbed surfactant 
aggregates o f  step 1. This step can occur after the form ation o f  adm icelle or 
concurren tly  w ith  surfactant adsorption.

Step 3 is the in -s itu  polym erization  o f  adsolubilized m onom er. Further than 
the purpose o f  concentrating  m onom er at the surface o f  the substrate, the adm icelles 
function  as reaction  loci or a tw o-dim ensional reaction solvent for polym erization. 
Initiators begin  the form ation o f  polym er, possib ly  by m echanism s sim ilar to those
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occurring  in conventional em ulsion techniques (Sakhalkar and H irt, 1995). O nce the 
reaction  has started, additional m onom er from  the bulk solu tion  diffuses into the 
adm icelle  (O ’R ear e t a i ,  1987). If  the reaction is continuous for a sufficient length 
o f  tim e, v irtually  all m onom ers can be converted to polym er.

V T. w v +

1 #  -

+
ร  ร

ร  ร

ร ? ร ร * ร ร ? !

\ /

ฯ  \ * /

Initiator + Heat + ร ร ร
33!

ฯ

Step 1
Admicell
Formation

Step 2
Monomer
Adsolubilization

Step 3
Polymer
Formation

Step 4
Surfactant
Removal

“ร”ร represent solute molecules, monomers
“P”s connected by lines represent polymer chain formed during reaction

Figure 2.7 A dm icellar polym erization process for the form ation o f  a th in  polym er 
film.

Step 4 is the rem oval o f  accessible surfactant by w ashing in order to expose 
the po lym er-m odified  surface. To increase the rate o f  surfactant rem oval, W addell e t
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a l. (1995) suggested  that the continuous, counter-current w ashing w ould be 
preferred . The pow der is then dried in an oven at a suitable tem perature to vaporize 
unreacted  m onom er and excess solvent, but not affect the properties o f  the polymer.

2 .9  S ilica

Silica fillers can be classified as either natural or synthetic, w hich com prise 
the crystalline and am orphous form s, respectively. A m ong the synthetic  silicas, 
precip ita ted  silica is m anufactured w ith a w ide range o f  particle sizes and specific 
surface areas for d ifferen t applications. R einforcing fillers account for 90%  o f  the 
total annual silica usage in rubber (H ew itt, 2000). Tw o fundam ental properties o f  
silica  that influence their uses in rubber com pounds reinforcem ent are particle size 
and  the ex ten t o f  hydration  (M ark e t  a l . , 1994). The specific surface area  o f  silica 
has show n to be a good indicator o f  silica perform ance as filler (W addell, 1995). In 
addition , d ispersib ility  and freedom  from  dusting are im portant practical 
characteristics, w hich are related to silica m anufacturing process. Suppression o f  gel 
during precip ita tion  prevents form ation o f  large particles, v isib le in mixed 
com pounds, w hich  contain  un-m illed silica.

The sm all size o f  silica particles provides the desired  high tensile  strength,
tear strength , and abrasion resistance in rubber com pounds. The actual size o f  the
rein fo rcing  unit, how ever, is not that o f  the individual particle, but that o f  an
agglom erate  (M ark  e t  a l ,  1994). Sm all particles produce sm all agglom erates while
large partic les produce large agglom erates. A lthough particle size is the influential
property , w hich governs its perform ance in rubber, a m ore usual and convenient

»
m eans o f  c lassification  is surface area, expressed in square m eters per gram  (M ark e t  
a l ,  1994).

Precip itated  silica is often used in the production  o f  translucent and colored 
products. A dm icellar polym erization m odified silica in rubber com pounding 
sign ifican tly  reduces cure tim e, increases tensile strength, and low ers the 
com pression  set and heat buildup as com pared to com pounds m ade from  unm odified 
silica  (W addell, 1995). Precipitated silica is used in both tires and shoe soles 
applications. In com bination  w ith  reinforcing carbon black, they im prove tear
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resistance and adhesion to fabrics. H ydrated silica retards the cure tim e and requires 
the use o f  accelerator o f  addition o f  m aterials such as glycols or am ines to promote 
curing (K atz, 1987).

S ilica is considered a polym er o f  silicic acid, in w hich the bulk structure is 
produced by in terlinking S i0 4 tetrahedral. At the surface, the structure consists o f  
siloxane groups (-S i-O -Si-) and one o f  the several form s o f  silanol groups (-Si-OH). 
The silanol groups m ake precipitated silica hydrophilic. U nm odified silica does not 
in teract w ell w ith  m ost polym ers, requiring high am ount o f  shear and energy to 
incorporate them  evenly (W agner, 1976).

Silane coupling agents are considered a unique and greatly  effective method 
to increase silica-polym er interactions. The coupling agent is able to form new 
chem ical bonds betw een the silica surface and the polym er. This process increases 
the production  cost because o f  the high price o f  the reagents and synthesis process 
(B arlow , 1993). A n alternative to replace silane coupling agent is the admicellar 
po lym erization  process (W addell e t  a l . , 1995; T ham m athadanukul e t  a l ,  1995; and 
C hinpan, 1996).

O ’H aver e t  a l . (1993) studied the u ltra-thin  polystyrene film  on silica. 
Polystyrene w as successfully  polym erized into cetyltrim ethylam m onium brom ide 
(C T A B ) as a cationic surfactant and using 2,2 '-azobis-2-m ethylpropionitrile  (AIBN) 
as w ater-inso luble initiator. Extraction and characterization  o f  po lym er form ed were 
m easured by using techniques including PA -FT IR  and GPC. The m olecular weight 
o f  po lym er form ed w as investigated w ith  respect to po lym erization  tim e. Polymeric 
film s on porous silica tend to slightly increase particle  size and decrease surface area 
o f  silica. The presence o f  polystyrene on the silica w as show n by PA -FTIR  spectra 
and the d istribu tion  o f  m olecular w eight o f  extracted  polym er w as studied  by GPC.

T ham m athadanukul e t  al. (1995) studied the com parison o f  rubber 
re inforcem ent using various surface m odifications. All copolym er-treated silicas 
offered  greater im provem ents in rubber perform ance than  silica m odified  by a silane 
coupling  agent. M oreover, the im provem ent o f  filler-elastom er in teraction by in situ 
po lym erization  process depends on am ount and type o f  polym er developed on the 
silica surface.
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C hinpan (1996) studied the adm icellar polym erization  m odified  silica with 
butadiene and isoprene as co-polym er with styrene. The polym er can form  bonds 
w ith  the rubber com pound during the curing process. S ignificant im provem ents in 
the rubber properties w ere achieved, and it was also found that using the lower 
loadings o f  m onom er and surfactant provided the greater im provem ent.

C haisirim aham orakot (2001) studied the m odification o f  silica surface by 
adm icellar po lym erization  process using cety ltrim ethylam m onium brom ide (CTÂ B) 
adsorbed on the surface, com onom ers styrene and isoprene d isso lv ing  into the 
adm icelle aggregates and 2,2 '-azobis-2-m ethylpropionitrile  (A IB N ) as the water- 
inso luble initiator. The polym eric film s can be produced successfully  on the surface 
by polym erization  in a continuous stirred tank reactor. The h ighest am ount o f  
po lym er occurred  w ith  a loading o f  5 g com onom ers at 60 m in residence tim e. The 
effect o f  com ononer loading and polym erization  tim e on the m echanical property 
im provem ents o f  m odified-silica filled natural rubber w as further studied  by 
N ontasorn  (2002). It w as found that 5 g o f  co-m onom er loading at 30 m in  residence 
tim e provided  the h ighest overall im provem ents. K aitdam neon-ngam  (2003) studied 
the effect o f  in itia tor and surfactant loading o f  the sim ilar system . The resu lt show ed 
that 1.65 gram s o f  A IB N  in itiator and 146 g o f  CTA B provided the h ighest o f  overall 
im provem ent as indicated by surface characterization  results and rubber physical 
properties. Im saw atkul (2004) investigated this technique using the m ixtures o f  
C TA B  and T ritonX -100 for silica surface m odification. The results show  
im provem ent in m echanical properties o f  the rubber filled w ith  the m odified  silica.
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