CHAPTER 11

THEORY AND LITERATURE REVIEW

2.1 Natural Rubber

Natural rubber can ained fr ﬁl’e hundred different species of
plants. The outstanding ¢ lensis_from which comes the name

Hevea rubber. Rubber i f latex tha .exudes from the bark of the Hevea
tree when it is cut [11]. v outh A sa found that natives, living in
areas where the rubbér t ‘ |
rubber goods such as Watgf-poof elof  ' wate , and shoes from latex [12].
Today rubber trees are ifl many reg _‘ Africa, South America and mainly

in Southeast Asia includi W s ‘__‘ Malaysia [13].

Hevea Brasiliensis, the comme gbber tree, is a tall tree, growing naturally

w.‘f.f_, oa
up to forty meters (430 g _‘ A%
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Brasiliensis requires {erip

and high atmospheric hE'A
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Natural rubber latex is produces in special vessels outside the cambium layer of

s U
the He wmrarqﬂ'f? mﬂWﬂ tﬁﬂﬁ tﬂIlﬁ ber is still not
knownt‘ae theory holds that it is’a waste product of the tree. Latex, as from the tree,

has a solid content of about 36%, a surface tension of 40.5 dyn/cm (30 °C) and a pH
of 6. The polymer is primarily cis-1,4-polyisoprene (Fig. 2.1). Latex fresh from the
tree is stabilized by naturally occurring proteins and phospholipids. It also contains
other materials such as resins, sugars, mineral salts, and alkaloids. The protein
stabilizer is very susceptible to bacterial action and would be destroyed with in a few
hours if ammonia were not immediately added. Soap-forming fatty acids are formed

when the ammonia hydrolyzes the lipids. This ammonia soap then becomes the



primary stabilizer, displacing the adsorbed protein from the particle surface [14]. The
composition of a typical field latex is presented in Table 2.1 [15].
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content of'30 % by weight. This latex is not utilized in its original form due to its high
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water content and susceptibility to bacterial attack. The latex is usually preserved and
concentrated, so that the end product is stable and contains 60 percent or more of

rubber.

Latex concentrate usually made by a centrifugation-spinning at a high speed to
separate a cream containing 60% rubber from a liquid part containing 5% rubber,

from which dry skim rubber is made. A small amount of ammonia is added to the



latex, both on collection and before centrifugation, to prevent it from coagulation.
Other methods to concentrate the latex are by evaporation and by adding a chemical,

such as ammonium alginate.

Details of the preservation systems used in centrifuged concentrate are given in
Table 2.2. The predominant products are the HA and LA-TZ types. The latex

concentrate prepared by evaporation

USC

sually stabilized by potassium hydroxide,

while the creamed latex is normally 7 % ammonia.

Table 2.2 Types of preservative.system ‘s‘ed ¢ "1 oced NR latex concentrate

Preservative system / / ﬁ‘\\\\ ercent by weight

High ammonia 07%

Low ammonia TZ 1onia, 0.025% zinc oxide,

25% tetramethylthiuram disulphide

. \

Low ammonia A=SPP— —0.2% ammonia, 0.2% sodium

pentachlorophenate ' - . ntachlorophenate

Low ammonia boric acid

! { 0.24% boric acid

7

Natural rubber latex concentrates are very highly specified materials and a large
measure of int acceptable limits for
their basic prﬁuﬁ summarlzesﬁ requiremen ?; of the International
Standar a‘o é( I rubber latex
concent?iﬁ]VT a‘&sﬁ Esé%ﬁwq VTEF’T E'



Table 2.3 ISO 2004 requirements for the centrifuged and cream concentrate latex

Centrifuged concentrate latex Cream concentrate latex

Characteristic
HA LA HA LA
Total solid content (%) (min) 61.5 61.5 66.0 66.0
Dry rubber content (%) (min) 60.0 64.0 64.0
Non-rubber solids (%) (max) 2.00 2.00 2.00

\

Alkalinity (as NH;) (on latex

ﬁmax) 0.55 (min)  0.35 (max)
—

Mechanical stability (s) 650 650

. g fy ‘ _ = -
Coagulum content (%) ( A005\ '\ ) 0.05 0.05

Copper content (mg.kg" g "
solids) (max)
Manganese content (mg.k g s
solids) (max)
Sludge content (%) (max) 0.10 0.10
Volatile fatty acid number
0.20 0.20

(max)
Potassium hydroxide ' n b

| .0 lﬂ 1.0 1.0
(max) -

Color on visual iﬁ 7] 3 ﬁ m je or grey
Odor after neutralization with boric aCIEJ 0 pronounce r of putrefaction

o hﬁfﬁﬁ“ﬁﬁﬂ?ﬂﬁf‘iﬂmammaﬂ

2.2 Fillers
2.2.1 Filler properties [17]

The characteristics that a filler will impart to a rubber compound are particle

size, surface area, structure and surface activity.



Particle Size — If the size of the filler particle greatly exceeds the polymer inter-
chain distance, it introduces an area of localized stress. This can contribute to the
rupture of elastomer chain on flexing or stretching. Fillers with particle size greater
than 10,000 nm (10 pm) are therefore generally avoided because they can reduce
performance rather than reinforce or extend. Fillers with particle sizes between 1,000-
10,000 nm (1-10 pm) are used primarily, ‘ diluents and usually have no significant
effect on rubber properties. Sem;x " } , which range from 100-1,000 nm
(0.1-1 pm) improve stren nd n : é The truly reinforcing fillers,

which range from 10-100

improve rubber properties.

Carbon blacks

particle sizes that ran fei afo ing to einforcing. They generally

are available in various

exist as structural a . than individual spherical

particles.

Surface Area — A fi fact with the elastomer chains if
it is going to contribute to ' -. ,-'. Fillers that have a high surface area have
more contact area avallable vesa higher potential to reinforce the

ubber than spherical particles

with an equivalent average particle diameter. Particles omarbon black or precipitated

silica are gener Herieal, but theiraggregates are anisometric and are
it ) 8 LHELYY 3 TGINNEY Bt it
Surface area fo?" rubber-grade carbon blacks yary from 6 tg 250 m?/g. Most
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from 20 t825 m%/g.

Structure — The shape of an individual particle of reinforcing filler (e.g. carbon
black or precipitated silica) is of less importance than the filler’s effective shape once
dispersed in an elastomer. The blacks and precipitated inorganic used for
reinforcement have generally round primary particles but function as anisometric

acicular (needle-like) aggregates.



For reinforcing fillers which exist as aggregates rather than discreet particles,
carbon black and silica in particular, a certain amount of structure that existed at
manufacture is lost after compounding. The high shear forces encountered in rubber
milling will break down the weaker aggregates and agglomerates of aggregates. The
structure that exists in the rubber compound, the persistent structure, is what affects

processability and properties.

Surface Activity — a filler.can offe ce area and high structure, but still

provide relatively poor reint

: ific surf: tivity. Th
specific surface activity e

specific activity of the fi astomer interface is determined
by the physical and ¢

elastomer. Nonpolar fi Suifed ‘ 1oupolar elastomers; polar fillers work

of the steel is impartéd to the concrete to give it increased flexural and impact

Zfii‘i‘;n;*nfiﬁumﬂﬁﬁ’iﬂ 314 i
AMFRINT mmﬁ Elﬂﬁ %f e

polymer feinforced with carbon black is drawn in Fig. 2.2 [18]. Three chains of
different lengths between the two carbon black particles in the direction of stress are
displayed. As the stretching process proceeds from stage 1, the first chain slips at the
points of connection A and A’ until chain 2 is also stretched between B and B’ (stage
2). Elongation continues until finally a stage 3 is reached in which all three chains are
stretched to their maximum and share the imposed load. The homogenous stress

distribution causes a high improvement in strength. In stage 4 the tension is relieved
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and the test piece has retracted. There is now still a difference from the original

situation (stage 1); due to the slippage does not have to be furnished as was the case
originally.

oL MER ﬁ“""ﬁ“‘i”ﬁl"ﬂ iﬁ giek] ’T‘ “'E‘J"Ta'" ]
Figure 2.2 Molecule slippage model of a reinforcement mechanism [18].

2.2.3 Silica [19]

Addition of silica to a rubber compound offers a number of advantages such as
improvement in tear strength, reduction in heat buildup and increase a compound
adhesion in products such as tires. Two fundamental properties of silica influence its

use in rubber compounds: ultimate particle size and the extent of hydration. Other



11

physical properties such as pH, chemical composition and oil absorption are of

secondary importance.

Silica, when compared to carbon blacks of the same particle size does not
provide the same level of reinforcement. Nevertheless the deficiency of silica largely

disappears when coupling agents are used with silica. Wagner reported that addition

of silica to a tread compound leads toja 10ss ead wear, even though improvements
in hysteresis and tear strength are ol )tread wear loss can be corrected

1. Silica is amor 5 sisfs of silicon and oxygen arranged in a tetrahedral
structure of a three-digaénsi al ice.Pe icle size ramges from 1 to 30 nm and
ng-range crystal order, only short-

st
range ordered domains in a g -J..:.ﬂ:j, ent

with neighboring domains.
S\

solated, geminal (two hydroxyl

groups on the same silicon atony) and vici ing ) hydroxyl groups on adjacent silicon

atoms) as illustrated in¥Figu

U
Isolated Geminal  &» Vicinal
AR TN UHAANEIN Y
3. Surface silanol concentration (silanol groups, Si-OH) influences the degree
of surface hydration and acidity. The interaction between rubber and filler is affected

by these sites. Also a high level of hydration can adversely affect final compound

physical properties.

In general, silica produces relatively greater reinforcement in more polar

elastomers such as NBR and CR than in non-polar polymers such as SBR and NR.



12

The lack of reinforcement properties of silica in NR and SBR can be corrected
through the use of silane coupling agents. A coupling agent is the bifunctional
molecule, capable of reacting chemically with both the silica and either directly or
indirectly with the polymer via participation in the vulcanization reaction or sulfur

crosslinking process.

2.3 Silane Coupling Ag

Silanes have been aro
in adhesives and coatings. [
commercialized in 19 is-(3 7 1 prop Dtetrasulfide (TESPT) known as
Si-69 (by Degussa). Si ‘

be represented viz:

al organosilanes which can

with the polymer eithe@’ : ough o emi@. It may also be a chemical
group able to develop a strong physical interaction with polymer chains. For the Y

groups, imponﬂ_ w&&aﬁ{} ge‘q ﬁj:l‘ﬁ: &}l&}ﬁﬁy acrylate, vinyl and

sulfur-containing-' groups such as °,mercapto, thiocyanate anUolysulﬁde. The
=N

bifunctﬂaW(T ﬁlﬁlﬂﬁmﬁtj(ﬂ%ﬂaqﬂ EFroups and the

functionall group Y is generally in the y position (n=3). Practically, when silica is
incorporated in a hydrocarbon rubber, the most popular and effective coupling agents
are y-mercaptopropyltrimethoxysilane (y-MPS), known as A189, and TESPT. In fact,
as far as the commercialized coupling agents are concerned, TESPT is the most
commonly used silane enabling silica to be applied to tire compounds-tread

compounds in particular.

Upon contact with water, the following reactions take place.
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: H,O -
RSi(OR'); —2~ » RSi(OH); + 3R'OH

2RSi(OH);— > HO-Si-O-Si-OH

The hydrolysis of trialkoxy groups takes place in a stepwise fashion to give the

corresponding silanols, which ultimately condense to siloxanes.

2.4 Vulcanization Tests "
24.1 Descriptio
, . n‘l-é wh ¢ stoek becomes partly vulcanized

before the product is in ifs findl forfn and“reac vulcanization. It reduces the

Scorch is a premature

plastic properties of the
a result of both the tempe 4 ing and an amount of time the
compound is exposed ta . This period of time before
vulcanization is generally refesze orch time”. It is important that

vulcanization dose ngtstart until the p rocessin 0 is complete

Rate of Cure is the @

S and th%levelopment of the stiffness
(modulus) of the compo‘ng)ccur after theéyorch point. As the compound is heated

past the scorclﬁyﬁw ﬁ @ﬁﬁlﬁ]oWEEMﬂQIﬂgﬁﬁom a soft to a tough

elastic material. @During the curing step, crosslinks are introduced, which connect the

¢
e s e N v e e
polymer ghains be re“fi ecte d "the"stiffness odulus of the

compound increases. The rate of cure is an important vulcanization parameter since it

in part determines the time the compound must be cured, i.e., “the cure time”.

State of Cure In general, “state of cure” is a term used to indicate the development
of property of the rubber as cure progresses. As the crosslinking or vulcanization
proceeds, the modulus of the compound increases to various “states of cure”.

Technically, the most important state is the so-called “optimum”. Since all properties
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imparted by vulcanization do not occur at the same level of cure, the state of

optimizing may not be the best for other properties.

Cure Time is the time required during the vulcanization step for the compounded

rubber to reach the desired state of cure.

Overcure A cure which is longer than pptimum is an “overcure”. Overcure may be

The effects of co ; '_-‘ "" L _‘ ha acteristics are important in
compound developm ' ure meter tests are ideally
suited for use in both ¢ compound can be varied until the
desired vulcanization chag "ﬂ_ _'_- biai - The most widely used cure meters

are oscillating disk rheo he Figure 2.4. To measure the

vulcanization characterlstlcs W ﬁ?

the rubber is a metal di

0sed in a heated cavity. Embedded in

A, its plane about its axis.

Vulcanization is measure ‘ ired to maintain a given

amplitude of oscillatio ‘“ at a given temperature. The tom.le is proportional to a low-

strain modulus of elasticity.e,

ﬂ‘lJEl’J‘i’lﬂﬂ‘ﬁWEl’Wﬂﬁ

Figure 2.4 Oscillating disk rheometers (source: ASTM D 2084-93, Fig. 2, p. 352).
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Thus, it has been assumed that the increase in torque during vulcanization is
proportional to the number of crosslinks formed per unit volume of rubber. The torque
is plotted against time to give a so-called rheometer chart, rheograph, or cure curve.
The cure curve obtained with a cure meter is a “fingerprint” of the compound’s
vulcanization and processing character. The three different types of cure curve which

can be obtained with different types of rubber compounds are shown in Figure 2.5.

For example, some synthetic s attain a constant or equilibrium

torque level while most natu exhibit reversion. The minimum

.—d, )
, € 'rchwmd time to 90% cure (7,(90))

torque (M), maximum t

are indicated.

60

dN m ,
Lb -in

20

Figure 2.5 Type of ctr€ briim torque. Middle curve:

: - sl . s s
cure to a maximum -l with reversion. Right curve: ¢ | e to no equilibrium or

g ANENINYN’

New versi@hs of the cure meter have been introduced. The cavity is much

A T T T TR e e

rheometers (e.g., the Monsanto MDR 2000) (Fig. 2.6). The sample is much smaller
and heat transfer is faster. Also, because there is no rotor, the temperature of the

cavity and sample can be changed more rapidly.
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89-93a, Fig. 4 (a), p. 789).

2.5 Mechanical Testin ARAA
i ,‘:-;:'
2.5.1 Stress-Strain Tests
=
Physical testi f a force to a specimen
and measurement of n of a deformation and

measurement of the required force. Two common modées of deformation, tensile and

shear are showﬁﬁ“ﬁﬁ tyl Hﬂ%"w ﬁ]\’] ﬂi

Stress is tHel force per unit cross sectional a'rne-a (F/A). Strair}‘j} the deformation
per uni W @ﬁlﬁrﬁ- %JMIG]AE w&&&ﬁr unit distance
between the contacting surfaces ( in shear tests. Stress is usually expressed in unit
of Newton per square meter (N/m?). Strain is usually expressed in percent. Material

stiffness is determined by modulus, which is defined as the ratio of stress to strain.
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Figure 2.7 a) Tensi of a rectangular block.
2.5.2 Tear Tests [2
Tear test results are epende: 1 theltype of specimen used, the rate of

tearing, and the temperatur ul"only for laboratory comparisons

and is not applicable for servic ,g:r;,:, )t when supplemented by additional

tests, nor for use in puréhéase specifications
\7
Three types of tedr spe

R

by Buist: indirect tearing as in the

¥

trousers specimen (Fig. 2..8)(gearing perpendicular to the direction of stretching as in

o/
the ASTM metﬂi lﬁt i’ ﬂ‘% in the Russian test
piece. Except in @Mﬁrﬂ%ﬂ mcll?sqo pre[f:!nbed engths are cut into the
: : . & e L
RTRNTIR AR INYAY
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Tear test results yressed as | lliin pounds required to tear a

specimen one inch thic #thé required pull on speeimens of the ASTM type is
dependent on width as y S ss. The results on such specimens should be

¢ on diye ARngy ethod such as the trousers
specimen should be call€d tear gesi Ce \ .

Hardness, as applied to rubkb ed as the resistance to indentation

under conditions w .;-:—-:——.—_—r—“—_z::*_:‘ ss must be expressed in
terms of instrument pacame .-Téz he spring-loaded pocket

durometer is the most common instrument for measuring hardness of elastomers. The

shore duromete i i i i aljr In this instrument the
scale runs from zer n iquid 'ﬁj)z&[r ﬂd lane surface such as
glass. The type A durometer is used for soft stocksy up to a readifig’ of 90. Above 90

the type qcﬁwrﬂ@ g Aibseabingehor stk bt shttness spring.

is used.

In ordinary SBR rubber compounds the hardness increases with increased cure.
In natural rubber compounds the hardness increases to a maximum and then decreases

because of reversion as the cure time is increased.
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2.5.4 Dynamic Mechanical Tests [25, 26]

In most of its uses, rubber is subjected to relatively large deformations during
which it absorbs mechanical energy, transforming it into heat energy. The deforming
force is thus resisted by both elastic and damping forces. [Damping refers to the
progressive reduction of vibrational amplitude in a free vibration system. Damping is

a result of hysteresis, and the two t frequently used interchangeably]. The

principal purpose of dynamic mechanical tests 4€ aluate these forces.

Measurements by d 1es refer to any one of several

methods where the sample undefgets tepe _1‘- \_{{L plitude strains in a cyclic

manner. Loss tangent (tan o) \'\ modulus (E'), a measure

of the energy stored elastica , a measure of the energy

lost as heat. The maxima#ot ed as the definition of glass

transition temperature (Tg). and shifts in the peak

temperature of E” or tan §farefsens exact state of the material,

molecular mixing in blends. Iy ‘T,.-

“.l-'"vF . {:,} f\-‘ :,7

=t
o -

2.6 Sol-Gel Process {4

i

The sol-gel techniquel:‘.is used to prepare‘}norganic glasses at low temperatures.

=
A classic exampﬂ iun C iﬂﬂmwmﬁﬁto give silica glass
0

(Si0,). The reaction OS takes place in two steps, hydrolysis and condensation,

TR un N8y
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I |
Hydrolysis: ?i‘OCQHS + H,0 =—— _?i‘OH + C,H;OH
Alcohol l. | L .. %

‘OCQ + -Qj— _— —Qi—0O—Si— +
Condensation: ?1 Hs HO ?‘ ?l o ?l C,H;OH
Water [ | |

Condensation:

Overall reaction: Si(OC,H. W/-——‘ SiO, + 4C,H;OH

Figure 2.9 Hydrolysi of TEOS to form silica.

I
—$FOH  + HO=S= == e H,0

Factorial designs 1 1l cperiments involving several factors
actors on response. There are
several special cases of the genegalfactor: sign that are important because they

are widely used in research w oikand

7 ::f ecause they form the basis of other

designs of considerable pr

The most 1mpo [aht © é :' factors, each at only one

two levels. These lev may be quantitative or ma pe qualitative such as the

presence and al ﬁm a factor. A complete
replicate of suc riﬁ Hﬁi\cﬂ ET ....... k)Jtlajons and is called a 2*
Jactorial design. 1t is particul use s of mental work,
when th&ﬁ‘ tﬂbrl'n )tlj ﬂ ﬁﬁrﬁsﬁ‘ﬁ ﬁ[s the smallest

number o runs which k factors can be studied in a complete factorial design.

(¢)]

Consequently, these designs are widely used in factor screening experiments. Because
there are only two levels for each factor, we assume that the response is

approximately linear over the range of the factor levels chosen.

Suppose that three factors, A, B and C, each at two levels, are of interest. The

design is called a 2’ factorial design. Using the “+” and “- notation to represent the
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high and low levels of the factors, the eight runs in the 2° design are listed in Table
2.4. This is called a design matrix. There are actually three different notations that are
widely used for the runs in the 2* design. The first is the + and — notation, often called
the geometric notation. The second notation uses 1 and 0 to denote high and low
factor levels, respectively, instead of + and — The final notation is the use of

lowercase letter labels to identify treatment combinations. These different

notations are illustrated in Table : y//&n,
Table 2.4 The design matrix'a @e 2% design

fun //A‘RN g i

1 0 (D
2 0 a
3 0 b
4 0 ab
5 1 c
6 1 ac
7 1 bc
8 1 abc

ﬂUH?ﬂﬂﬂﬁWEﬂﬂ’i

There are $even degrees of fre?iom between the elght treatment combinations

in the 2 l:“lf]‘ m 4’19?; 1 effects of A,
B and C. gFour degrees of freedom are associated wi 1nteract10ns one each with

AB, AC and BC and one with ABC.

Next a value called ‘effecr’ must be determined from the design matrix. The
effect is the difference between average value of the high and the low levels of each

factor.

A
E.f]éCt Fop= Y
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The effects are calculated by using the columns of contrast coefficients,
illustrated in Table 2.5. The contrasts for the main effects are the sign used in the
design matrix. These are applied to the responses and then divided by 4, since this is

the number of comparison mode. Thus, to calculate the A effect:

A Effect = o et el T T i et e

The other main effeets

effect has four — signs v \‘b\\\\\q

For an interaction*€ffe \\\\\\

AB Ect = ‘Er "\\\. 6 —V71+)s
fr“"" o
Table 2.5 The columns of contras {

ilar manner. Note that each

for the 2° design

- Y | v

A 5B "X JABC
| T )

|
i

Yl

ﬂusqwﬂﬂswawni .
ammmtummfmmaﬂ

- = + + . . - ys
+ = + 2 + = - Y6
= - + = = + + y7

4 + - + - + ys
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If replicate experiments are also performed, whose standard errors (E) in the

- (5]

Where V is the variance of replica ,ﬁ/} N is the number of experiments
A
—

The standard err sed o determine gwhich factor is likely to be
| A\ ;_\‘ athe standard error, that effect

effect values are calculated.

performed.

important or significan

has a significant influe

Detailed metho out in this research is shown in

Experimental chapter.

2.8 Literature Reviews

In 2003, Brinkepiat—t20t-sttciod-—the _T" of the reactions of

.. sutfur in the curing package on
the dynamic mechanical properties of silica-filled tyre tread compounds. The

compounds we i i‘ i teps, i‘ st one in internal mixer
and the third n@:ﬁﬂ Tlﬂijo ma:[lrx]ijme accelerators and
sulfur were added in a two-roll mill Step. They. f that the intérdction between the
elemenaq ﬁg al&ﬂcﬁzlj‘ ﬂeia ﬁﬁ%ﬂa e%iuoughout the

processing history of silica-reinforced compounds. The sulfur not only acts as a

sulfur built in the sil

crosslinking agent between rubber molecules during vulcanization, but is in a
vigorous interaction with the coupling agent during mixing, the latter extending so far
as to apply evenly to the coupling agents which have no built-in sulfur. The
compounds with sulfur containing coupling agents ate more prone to show effects of

silica-rubber coupling, than those containing sulfur-free coupling agents.
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In 2004, Sae-oui et al. [30] studied the reinforcement of NR by hydrated silica
filling combined with TESPT. The rubber compounds were prepared using the
internal mixer. They found that the addition of TESPT not only improves compound
processability, but also enhances the mechanical properties, such as tensile strength,
tear strength, abrasion resistance, hardness and compression set, and curing behaviors

of the rubber vulcanizates. Due to TESPT improves filler dispersion, filler-rubber

interaction and reduces the sﬂ on the silica surface. The dynamic
mechanical properties of the. NR-s fuloa es, E' increases noticeably with
- . . 'J . . -

increasing TESPT content du mr interaction and higher state

In 1998, Hashim et g@l. |24 ; ilica orced SBR (styrene-butadiene

rubber) by in situ silica filli siied With TESPT. The process began by sulfur-
cure SBR with TESPT also added %;TO ate the silica in situ, Hashim soaked the
sulfur-cured SBR in TEOS, foﬂé{vdfw famine- a base catalyst. The sol-gel

process was carried o 2 h to complete iz sisilica filling in the rubber.
The results obtained ¢ dynam 1s indicated that the rubber-
silica bonds 1ntroducedl’u‘I; TESPT significantly decreaséd the damping and heat build
up properties o ﬁ ﬁ erefore acted as a co-
curing agent vﬁjﬂ“ﬁ ﬁﬂﬂr mﬁﬁ-‘ improved the tensile
properties of the silica-rubber vulcahizates. Theﬂei]fsine and Mﬁeneous in situ

stica pANIY in PSRRI b hriphle e} TSP Bisklsg dorbi@elt o be one of the

factors that gives an excellent reinforcement effect.

In the same year as Tanahashi e al. [7] studied reinforcement of NBR
(acrylonitrile-butadiene rubber) by silica generated in situ. It was found that the
amount of in situ silica introduced in the NBR vulcanizates was limited due to the
high polarity of NBR. The y—mercaptopropyl-trimethoxysilane (y-MPS) was added in

the preparation process of NBR vulcanizate and found to increase the conversion of
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TEOS in the sol-gel reaction and resulted in the higher amount of in situ silica
compared to the system without y-MPS. The obtained silica was very fine and

dispersed very homogeneously.

In 2000, Kohjiya and lkeda [31] presented a review of the reinforcement of

rubber by silica generated in situ that its effect was similar to the soaking method

reported earlier by Hashim. This silica was found to be a good reinforcing agent for

-' pmsrof tensile and dynamic mechanical
ed in the presence of silane

properties. The particle size“of-i Sity s

coupling agent as obsomed™8 Md‘ : m

ersed and smaller than that

formed in situ but wit mechanical properties were

further improved.

In previous lit generated in the rubber

vulcanizates in which ess of the samples for the
hicknesses of the vulcanizates
were adequate for a swellifig ;i1 TEOS B fore the reaction. The samples were

immersed in the aqueous solutag@f’t !

-J#—,

lyst in order to conduct the sol-gel
ef thickness for the sake of
7 \-‘ 2001, Kohjiya et al. [32]
prepared the in situ si@a filling 1atrix @ore vulcanization. The NR
sheet of ca. 1 mm thickness was immersed, in TEOS and aqueous solution of »n-

ity e ﬂ o i o ’} Wﬁ%‘ﬁ%&’}ﬂaﬁme st il e

NR was compoufiding with 1ngred1e215 for the sulfur vulcamzatlon reaction on a two-

roll mi W mtﬁﬁf‘fg)p d that fine and
well-dispersed in situ silica particles were generated by the sol-gel reaction of TEOS

in the rubber matrix before vulcanization and those did not much inhibit the

crosslinking reaction of NR compound by sulfur, which suggested that the amount of
silanol groups on the surface of in situ silica was lower that that of conventional silica
and vulcanizates improved the mechanical properties. Since the filling of in situ silica
was conducted before curing, this method is more useful as an industrially practical

technique than the method in which the sol-gel reaction of TEOS was carried out in

the rubber vulcanizates.
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Upon detailed analysis of the literatures, the method to generate in situ silica-
reinforced rubber has one limitation. The amount of silica formed was, however,
limited by the degree of diffusion TEOS into rubber matrix. In 2002, Yoshikai ef al.
[9] reported a study on silica reinforcement of synthetic diene rubbers by a sol-gel
process of TEOS in the latex. The TEOS was mixed directly into the latex of SBR and
NBR (nitrile rubber). The sol-gel process of TEOS then proceeded in a mixture of
latex, water and a catalyst. The in the compounds, particle size and

N
reinforcing behavior of silica \ \3- on the amount of TEOS added

and the molar ratio of waterto-FEOS. The aye particle size of silica was reported

to be smaller than 100 and NBR were over 25 MPa.

) / \\\ adol  [10] studied silica
reinforcement of NR sta / \ " g
process of tetraethoxysilau E; @' he ¢éon .. :

contained 40% water and 0.7%

Until recently,
as formed in situ by a sol-gel
ed NR latex which has already
ts ere needed for the sol-gel

reaction. The conversionfof O%ﬁ f‘ as closeto 100%, and the particles size

was about 44 nm in diameter. Thes .c pal 's were scattered evenly in the rubber
matrix. A statistical ‘analysis 1 ethad: n a armed-¢ wo-level factorial design’, was used to
study the influence of ‘the amount of TEOS, ammonid;~and gelation time on the

mechanical properties‘of y, stliCa content as high as 19%
prop: g

was prepared successfully. It was also found that the'e

N usj AT
qmmmmwﬁﬂmé’ﬂ
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