CHAPTER II

THEORY AND LITERATURE REVIEWS

2.1 Rubber blends

General desire is to combinie the bes ‘ atures mical or economic, of two rubbers to
achieve durability at a slend: : (S w requirements for tyres by
improved rolling resistan outth t‘ ) O | \ \\ good ozone resistance. The
development of NR and +.b @ \ ‘X \‘k' of combining the excellent

",ﬁjg..
physical properties of NR wi the oZone r

\

nce of EPDM [3].

Rubber blends can be pre;
e

s methods, such as, synthesis, latex or

solution blending, co nbi anical and mechanochemical

-

'powder mixing in so !' For economic reasons
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differ in solubility. Rubber mixing operation by mechanical blending consists of three

mixing methods, and’

mechanical blending ismcommon practice.

concurrent processes; simple mixing, laminar mixing, and dispersive mixing, which

can be presented by four physical changes [6].



2.1.1.1 Incorporation or wetting stage

In this first stage, during the mixing process surface area of the rubber
increases for accepting filler aggregates. The composition of the blend is made uniform
throughout the batch. This process is sometimes called distributive mixing.

2.1.1.2 Dispersion

In this step, filler aggregates are g

ally broken down and then dispersed to

ction occur. High stresses are

needed to achieve this situatios ﬁion gives maximum strength

properties to vulcanizate. Accordi extru rubber industry are most

often employed in an auxilia i improve distributive mixing and to shape the

surrounding surface of rubber a

rubber. Dispersive mixing is 1 in internal mixers , for small batches, often on

2.1.14 P]asticisgon

In this last stage of.mixing rheoldgical properties are adjusted to meet

fabrication requlrenﬂltu ﬂ ’1] tﬂ 8 V] ‘j w 8 ’] ﬂ ‘j

Although developments in the dei of rubbersmixers were not'u'%rjssly carried

ot 0 impre Kok 45 S o URVINENA.

black and the other ingredients of a rubber formulation are controlled by the same

n of carbon

mechanism pertinent to the blending of rubbers.



2.1.2 Mixing equipment for mechanical blending

The high shearing. force required to blend high, macromolecular-weight rubbers are
provided by only open-roll mills, internal mixer, and extruders. For this section, we shall

explain only open-roll mills and internal mixer, used in this research.

2.1.2.1 Open-roll mill
A two-roll mill conﬁ @
another with the rolls lying 7

cylindrical surfaces. The ni

ting parallel rollers placed close to
‘ Qall gap or nip exit between the
jusf oving “adjustment” at the front
roller. The rollers have diff: . y slower and the back roll is
faster. The compound reachi fs-bi & [ enizing the additives to give

an adequate distribution of the i i ‘_‘ f' nd flow tt the nip in of the direction of

roll motion. A schematic dia W rol ; 1 in Figure 2.1 [7].

Movi adjust

Figure 2.1 Schematic diagram of two-roll mill



2.1.2.2 Internal mixer

An internal mixer consists of two horizontal rotors inside the jacket. A floating
ram that forces the material into the mixing chamber contains rotors of complex shape,
moving at different speeds. In the design of internal mixers these developments include an
increasing number of wings, on the mixer rotors to increase the quantity of high shear

areas inside the mixer. Then allowing t

0 intermesh so that dispersive shearing

)so between the rotor themselves.

occurs not only between the rotor

It is often import . ently’ co r in an internal mixer in order

to maintain high viscosity.( ‘ W requires the capability for
th

efficient removal of heat by flow of the cooling close to the inner

surface of the mixing chamber. ' r‘u&% , internal mixture is shown in
Figure 2.2. % (A 4
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Figure 2.2 Schematic section of the internal mixer



2.2 Natural rubber
2.2.1 Production
Natural rubber is obtained from the milky secretion (latex) of various plants, but

: bber (sometimes called Para rubber) is
&% of natural rubber come from

the only important commercial source

the tree Hevea Brasiliensis, nati

Southeast Asia, the most is mmailand [8]. To soften the
rubber so that compounding 1 long polymer chains must be
partially broken by masticati lied by passing the rubber
between rollers or rotating b ion carried out below 353 K
(in an open two-roll mill) or i er) [9]. Adding compounded
with other ingredients, e.g., fi carbon black for strength and

Most Para rubb d as ¢ d for market by rolling
slabs of latex coagulated @h S0 crépe ﬁber or into heavier, firmly

pressed sheets that are usually ribbed and smoked/An incregin qintity of latex, treated
r

with alkali or amn%u g ngﬂtm ﬁs?ﬂﬂo
centers. Most of the rubber imported ﬁto the U’qjtﬁsjgle i }i ﬁﬂlﬂres and tyre
products; o’ﬂqrﬁn:s]ta ﬁ:mtim;lamie a liz,ih | , tubing, insulators,

valves, gaskets, and footwears.

ocessing in manufacturing



2.2.2 Properties of natural rubber

Natural rubber is a polyterpene, it consists of isoprene molecules linked into
loosely twisted chains. The monomer units along the backbone of the carbon chains are in

a cis arrangement (see Figure 2.3) and it is this spatial configuration that gives rubber its

including benzene, toluene, ga , and lubr oils. Rubber is water repellent and

— .
ds. R efﬁ toughness, impermeability,

ake 1t useful as an adhesive, a coating

N

composition, a fiber, a moldifng gérapow d an electrical insulator. From Table 2.1,

resistant to alkalies and

adhesiveness, and electrica

some physical properties of 1

CH; - CH;-
CH;3 2 2
\_/ _d
C= C\ \
- CHy~CH, »
cis - polyisoprent

v,

.

Figure 2.3 Cis- and transmonﬁgurations of;)olyisoprene
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Table 2.1 Average physical properties of natural rubber

Properties Value
Density, kg m” 930
Mooney viscosity 50-90 ML1+4 at 373K

Refractive index, n,
Heat of combustion, k] kg
Thermal conductivity,

—
Dielectric constanty '
Volume resistivity, o '

Dielectric strength, k /g

2.3  Ethylene propylen ] "+'“‘ (EF DM) and ethylene propylene

monomer (EPM)

Ethylene propylglgc ] duced plymerization process, using
= Y}

anionic co-ordinated cafalyst systen 1d hiS research team at Milan.

They are commonly idemﬁed in two types: EPM for 'mpolymers and EPDM for
terpolymers where “ ’;ﬂﬁ f ively; and “M” for a
saturated chain of @ timy[a ﬂitdﬁ‘ﬁfnins that units derived
from a die Lar in the pol g i ? wati iﬁ ide chain [8, 9].
The copolaﬁonsﬁng&oﬁhﬁmmﬁﬂe m :11 t :Ellerefore, they

cannot be vulcanized by conventional means. The terpolymers containing a small amount

of unsaturated monomer are being developed so they can be vulcanized by peroxides and

sulfur system.



11

2.3.1 Structure and properties

The ethylene-propylene copolymers (EPM) and terpolymers (EPDM) are
hydrocarbon rubber. They are resistant to polar solvents but dissolve or swell in
hydrocarbons and have excellent resistance to phosphate ester-type hydraulic fluids.

Copolymerization of ethylene and propylene provides unsaturation sites for crosslinking

i/ . 1,4-Hexadiene (1,4-H),
F:ENB) have been used as the

third monomer. Some physical propg 5 heil tructure are given in Table

Density, kg m”

Mooney viscosity

Heat capacity, ki kg

Thermal conductivity, W m 0.

—pA ﬂW ﬁ”T i

Volume %]ls H m EI 10 ‘i

Dielectric stre ength nn " | 30- s
al - - N 1419% QN g ) £
=N N |“ ‘ (] [} 'l l‘ ¥ l| | ‘ 1] I .
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(310

Dicyclopentadiene

¢\

Figure 2.4 Somg'stulictures.of tf i\ .-‘ mer for EPDM

2.3.2 Classification

The most 1mp hich are characteristics of

ethylene propylene rubber ailable in commercial are the fo'mwmg attributes:

el LI TOOANETAS. .. e
w10 Riipios s L

2.3.2.2 The type and amount of third monomer (in the case of EPDM)
The third monomer can be classified by unsaturation content. For common
uses, ethylidene norbornene gives the rapid vulcanization, followed by dicyclopentadiene,

and 1,4-Hexadiene, which gives good recycling characteristics and ease of recycling.
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2.3.2.3 Molecular weight (Mooney viscosity)

The lower molecular weight polymer is used with the lower amounts of filler to
give high quality product. The high molecular weight polymer is used for the production
of low cost compounds or for improved processability.

2.3.2.4 Nature of other additives

There is a multiplicity of Wes of EPDMs from many suppliers. The

varies types of EPDM were develbp&xat @ best choice on such properties as
. . \A g ‘. .
viscosity range, staining prqmma? smatlon on curing rate. Such as

Mooney viscosity of EPDM w ith paraffinic or naphthenic oil.

. W R
industry for tyre sidewalls to improve the

F

T
L,
-

I

there are still some disﬂvantagég.

se, it is necessary to add
=8 v 2
tackifier to the compoud;_l] such as ecular weighﬂ‘esins, because mechanical

properties of the unfilled EPDM rubber are i&: ﬁor. The most useful application of

reinforcement ﬁll% i:u .ﬂ&ﬂﬂfﬂ ﬂfﬁpﬁlﬁ carbon black.
wenRARINTIUNNIINY A Y

P

The achievement of compatibilisation as modification of blends is to produce a
desirable set of properties by addition of a third component (compatibilizer) or by inducing
in situ chemical reaction between blend components [11]. These can be divided in three

categories, namely “mechanical,” “physical” and “chemical”. The aim of mechanical
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compatibilization is the development of non-equilibrium morphology, which in one
respect, is relatively stable and reproducible. Physical compatibilization, use of this
method by control of crystallization or addition of compatibilizer. The last
compatibilization method is chemical compatibilization, involving with the chemical

reaction by modification of rubber structure to enhance miscibility.

2.4.1 Compatibility li@‘ ',//./-/4
—

“
H
1) \Wre of the blend components

—-

The morphology of a
(i.e., their mutual compatibili
produce the blend. It is nece
are truly miscible. The forme ; s ! _\_ roscopic scale i.e., miscible only
in technological sense. W¢ u n at the rubbers can be mixed together and
vulcanized to give useful produgts. i patibility have generally been

noted as follows [12]:

e " e ] A
A8\ ) S

ics incompatibility
24.1.1 Illﬁ-modyna:mcs mcdfnpatl bili

Thermodyriamics incompatibility ompatibility limitations of

-

dissimilar rubber blends. B

can be ac&ved if the surface-energy

mismatch between polymers’isssmall en(:ﬁ. to’allow to the formation of very small
microdomains of tﬁjiﬁ

LA W e
T RENANNINUUMNINGNAY

In case of viscosity mismatch, derived incompatibility occurs in rubber

the p

blends. This effect can improve quality of the blend by adjusting extender-oil and filler
concentrations in the dissimilar rubbers and adjusting the individual raw polymer
viscosities. Further conclusions with regard to rubber blending were that finess of

dispersion varied according to the polymer viscosities and the degree of mixing involved.
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2.4.1.3 Cure-rate incompatibility

Cure-rate incompatibility is encountered when the rubbers are both
vulcanized by the action of the same curing ingredients but at reactions, which are
significantly different for each of the two rubbers. This can be due to differences between
the reactivities of the rubbers or due to differences between the solubilities of curatives in

rubbers.

blend components of int

Three effects of con&tibilizer are:

1) Reduce the interfadial-tension in the nﬁllthroijb n emulsifying effect leading
é [iglik
to an extremely fin c&' suﬂ %mﬂnjhw —
2) Increase the adhesion at phase boundaries i i IE \% d§§ ansfer.
3) a*ﬁ:ll:a;ﬁg imaﬂﬁw’j mmjegn y modifying the

phase boundary interface.

2.4.2.2 Homogenizing agent
Homogenizing agent is a low molecular weight polymeric resin used to

improve in blending two or more rubbers. This homogenizing resin blend contains
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portions that are compatible with aliphatic, naphthenic and aromatic parts of the rubbers in
a blend. For example, low molecular weight resins are marketed by Behn Meyer Company
as a homogenizing agent. These are sold as ULTRABLEND 4000 (for dark colored
compounds) and ULTRABLEND 6000 (for light colored compounds). The specification
of this homogenizing agent (ULTRABLEND 4000) is given in Appendix A. Application

of the low molecular weight polymeri s,to improve the homogeneity of rubber

blends of different polarities or di vise qulckly absorbed by the polymer
matrix to wetting out the suéh leads i te-f-t-lcorporatlon of other compound
ingredients. Struktol Comp lso marketed this resin blend.
Struktol 40MS is the trade onstituents is similar to that

of Ultrablend4000.

2.5  Vulcanizatio

After mixing, rubber comp nnds lcanized or cured. The vulcanized
o "J"l‘?"l = =
rubber is the conversmxfjf a fully mobile ber macromolecules into a

KINess andaecome more resistance to
swelling by orgamc liquids 4nd-extend over a %‘ater iy of temperature. The effect of
stretching of un ﬂd’]ﬂmxﬂ mb ﬁ] ali Figure 2.5 (a and b)
[6].

’Q‘WW mnm URIAINYIAY

elastic material. The rubBr will loose
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;{ﬁ;, Stretching followed

by flow
Unstretched Stretched

(a) Unvulcanized rubbe elastic flow in rubber molecules

2) Peroxides cﬁ ation syste
e crosslifikers

o LTINS
RARRIDIUUPI AN BLEE o

and synthetic rubber containing unsaturation. Peroxides can crosslink both of saturated and

"h...n

unsaturated rubber but there are some disadvantages. Peroxides are rather hazardous
chemicals and require more attention to safe storage. In this research the sulfur systems are
used for vulcanizing both of NR and EPDM, which have pendant unsaturation that allows

sulfur vulcanization. The last three curing systems will not be discussed here.
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2.5.1 Sulfur vulcanization

Sulfur vulcanization is the most widely used method for crosslinking unsaturated
rubber e.g., natural rubber (NR), styrene butadiene rubber (SBR), butadiene rubber (BR),

ethylene propylene diene rubber (EPDM), etc. The various chemical structures present in a
vulcanized natural rubber of the follo " > type are shown in Figure 2.6. Generally,
monosulfide, disulfide and little cyclic - linkage &mg system indicate the effective

vulcanization.

Figure 2.6 Sulfur cross nk structure olysulfide, S, = main chain

bound sulfur chains, S_ donof accelerator residues, C =

carbon-carbon crosslinks, and S = cyclic sulfur structures)

YU ANYNTNYINS

2.5.2 Accele‘ted sulfur systems
QW’TMT}‘E’@U w'rmma t
On itsjown, sulfur is not a very good vulcanizing agent. It is slow and inefficiently
used even at elevated temperatures [10]. The main reason for using accelerators is to
control scorch and promote a cure rate for vulcanization. The changes in the amount or
types of accelerator can reduce the time required for a vulcanization.
The accelerated sulfur vulcanization systems can be classified into three types [9]:

1) Conventional systems containing high sulfur/accelerator ratios
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2) Efficient (EV) systems containing high accelerator/sulfur ratios

3) Semi-EV systems that are intermediate between (a) and (b)

Conventional systems give vulcanizates which posses excellent properties like
strength and resistance to fatigue and abrasion, and are satisfactory for many applications.

For a good heat-ageing resistance, the EV system is essential because semi-EV systems

may be chosen as a compromise betww erformance.
G\
For this study, senﬁ-E\g vulcanization and the types of

accelerators are thiazoles and thiurams.

s .\MEQMBT, ZMBT) are the most

popular accelerators [8]. Thei 1 ‘ e.¢ ive acceleration provided at the

Thiazoles and derivativ

medium and high temperatuge” ' ers a ral curing rates and scorching

characteristic. Often, it is used i &'g ic\con ions with a very fast accelerator

==

2.5.3 Accelerator actlvators -——' .

reactions. It is believed that they can react in some mamm to form an intermediate
complex with cce IET ﬁ% re effectiveness in
activating the sulﬂ@r lﬁm crea 123:5 ﬂﬁe The most popular
activated s drg] % Eﬁl % ﬁﬁew g grouped as
. AW TONN SN e e

1) Inorganic compounds: mainly metal oxides, which include zinc oxide, hydrated
lime, red lead (Pb,0,).

2) Organic acids: They are normally used in combination with metal oxide. They
are generally high-molecular weight mono-basic acid or mixtures of the following types:

stearic, olieic, lauric, palmitic, linseed oil etc.
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In a blend, such a disparity in reactivity is reflected in the relative rates of
crosslinking reaction during vulcanization, both within and between the two phases,
diffusion of curatives towards the faster curing NR phase occuring readily during mixing
and curing. The lower solubility of many curatives in EPDM as compared with NR further

reduces the propensity towards a crosslink formation in the EPDM phase. Overall, these

fr})/osslinked NR phase and a very poorly

? =

factors combine to give a blend having

crosslinked EPDM phase [3].

—

2.6 Reinforcing fillers / RN
They are a variety o Sats for |

as, carbon blacks, clays, calci rbonat

particular aim as follows:

abrasion in natural rubb

3) For electrical c@ductiori: na eris a good'ﬂulation under a flash of

electrostaticity, which burns the‘fubber. gdﬁg %ﬂaﬂ dﬁ]“ﬁsef‘ie gectrostaticity or
induces conductivi Mﬂg ?’l
RS aRr T Ry
\ |
2.6.1 Carbon black

The most important synthetic filler for rubber modification is the carbon black. The
main purpose is for rubber reinforcement, to increase tensile strength, modulus, abrasion

and tear strength. Formerly, it is used to impart electrical conductivity to rubber
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compounds. Carbon black is a particulate form of industrial carbon produced by thermal

cracking or decomposition of a hydrocarbon raw material. There are five types of carbon

black based on manufacturing methods. They are lampblack, channel black, thermal black,

acetylene black and oil furnace black [8]. The most important process currently in use is

the oil furnace process, which consists of atomizing a heavy fraction of petroleum

distillate into a preheated, closed fuTs{\ en cooling and collecting the carbon
n

aggregates formed. This processgqﬂicie a very high degree of control of

carbon black physical and cwgp
2.6.1.1 Part’ :

difficult to disperse. The difference @mcl - size. and structure of carbon black controls
the typical performance properties (s'huwn in
o _._‘, ot r, ;r y 2o

2.6.1.2 Ca_rlbon black structuré

The te he ] of carbon particles into

long chains and tangled }bl'ee dimensional aggregate. A cdj;kon black characterized by
primary aggregates co g considerable branchlng and
chaining, is knowﬁ ﬁa iﬁﬁrﬁ i?]{ ﬁ f] iture black, the more
irregular es o a gﬁ e.the ej ﬁd e capable of
packing toglxiﬁia ﬁuﬁi \i] jaaj iﬁ Ejgﬁl ﬂ:e and absorb
more oil per unit weight compared to a low structure black of comparable surface area,
since the bulkier aggregates would not pack closeiy. This indicates the higher viscosities
and stiffer compounds with increasing structures. For the low structure blacks allow closer

packing so the inter-aggregate distances are smaller and consequently attractive forces are

higher making dispersion more difficult.
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Particle Size o Structure
75 nm 13 nm . ~ Low High

Grayer Masstone Darker ~_ Lower Oil Absorption/Viscosity ~ Higher

N\ )

~ Weaker Tinting Strength - Stronger

Y
Y

e

\

Y

,!// ggher Loading Capacity Lower
e

b ___—

Bluer Tinting Undertg o__‘ er Dispersibility Easier R
Lower Oil Absorptio Gloss Lower _
Easier Dispersib ; i3 ‘ N %]ectrical Conductivity Higher N
(& _ weaker and
Lower-  Electrical Conductiv ‘Higher, Color bluer

e ?J‘ f-_-".:l-':"r :
Figure 2.7 Typicﬂ properties 6f carbon gaic% i {

A grade of carborglack sh‘cnﬂg‘ ' , 1.e., as IQ}/ a surface area as possible

and as high as possible in stricture for most affective dispersion. The type of carbon black

can be made o %M&J&Mﬂ Pk Fol Tl seaton puposes he

ASTM considers the particle size range of carbon blackaased in rubber ucts to be from
o108 W AR AILET DL e
letter is eithgr “N” for normal cure rate or “S” for slow curing blacks. The first digit
following the letter indicates the typical average particle size from various suppliers. The
last two digits are arbitrarily assigned by ASTM. The six black for common industry use
and a good mechanical rubber producer are N293 conductive furnace, N220 intermediate

super abrasion furnace, N330 high-abrasion furnace, N550 fast-extruding furnace, N650
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general purpose furnace, and N990 medium thermal. High structure and high surface area
carbon blacks not only are associated with increased reinforcement in rubber compound
but also increased electrical conductivity too. Therefore, the moderate structures and
surface area carbon black should be used. From Figure 2.8, the N330, an oil furnace black,

is thus chosen for the current research [6].

Ao

£

2 .
[ Rs) 3 By

7] i

20 el

o= e

(7] i : N726
g A *
g

— pre %ﬁﬂ sing Physical Form

I

Figlll‘e 2.8 OVC 1S\ 1 ace l“ll'—k‘ll-lllllll Yo black

2.6.2 Silica

=3 L
AUYINBNINYINTG
Silica is the g!:st reinforcemenf material of nonéklack filler (shw in Figure 2.9).
They are vl Yowh e o 08 ot for b cleelcht il propertcs
provided in ﬁ%ished products and for the improved adhesion of the compound to metal and
fabrics. They are reinforcing fillers giving compounds of high tensile strength, tear
resistance, abrasion resistance, and hardness. It can be used in compounds requiring high
electrical resistivity and has little effect on cure except in very large amounts. Not only
that it can be used for heat-resistant compounds. In combination with reinforcing blacks

they improve tear resistant and adhesion to fabrics. Two or four parts of poly(ethylene
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glycol) (PEG) should also be added to the compound to avoid any detrimental interaction
between silica and the crosslinking system. Because silica fillers do not produce good
extrusion properties, it is advisable to use them in conjunction with clay when the
compound is to be extruded. Adding silica to a rubber quickly increases the stiffness of

mix, so that in practice not more than 50 parts are usually used.

Non-Reinforcing
CaCo, Soft clays
(whitings) (kaolins)
00
8
q
Calcined naturally occurringf g
Hard clays =
Surface treated before/after galcigation .~ v
Hydrophobic (rubb r e - ek . .
Hydrophilic (rubber incompatible) ] Reinforcing
e.g. surface treatmen R
Stearate/fatty acid T &b
- —_ 'g
Enhanced semi-reinforcing B T T o
B L ey S
Amine treated clays il &
Silane UQS clays p
L]
Precipitated from solution_
Silicas/Silicates : " (strongly reinforcing) | Highly Reinforcing
Si0y/AlSiOy/CaSiO,/MgSiO,
e 18 20) I HENS
SiO; (Aerosil- toc lack series very
(Cab-O-Sll—Ca t) rcmforcmg) . .
i Sl P e
W v b T . B - - L - — -
q

Figure 2.9 Mineral-based fillers for rubber reinforcement

Figure 2.10 shows the effect of silica concentration on tensile and tear strength
[13]. The silica concentration at 20 phr gave the highest tensile strength but lower tear

resistance and after increased silica concentration more than 20 phr the tensile strength
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was decreased. Therefore, the silica concentration at 30 phr will be used in this study in

order to get higher tear strength and small decreased tensile strength.

ce (Kg/testpiece)

Tensile strength (Kg/ cmz)

i i 2 ]
20 40 60 80
amount of Si,phr

(a | \ (b)

amount of Si,p

Figure 2.10 Effect of sili \; tensile strength, (b) tear

resistance

2.7 Electrical properties

el &

, #JPM:‘J
They are several Tethoc ies of rubbers, i.e. volume

T —— ~
ClL

and surface resistivity (inSulatio

, permitivity (dielectric

constant) and power factoﬂdissipation actor) [14]. This secﬂm discusses some of these

1 RS WeNNS
) Wmﬁmwr’mm 8y

Res1stance of insulation can be explained by Ohm’s law (see Equation 2.1). When
a current flows through an insulation rubber, heat is generated in the insulated rubber. The
heat is the resistance of the insulation to the passage of current [15].
I=VI/R, (2.1

where R is a constant, called the resistance of the insulation expressed in ohms (Q),
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V is the potential difference between two points of the insulation expressed in
volts,

I 1s the current flowing in the insulation expressed in amperes.

These test methods are used for determinations of the dc insulation resistance,

e

2.7.13 Sinﬁ;ace* resistance

specimen) to the current b@reen thm.
2.7.1.4 Surfac€ resistivi g |
Thﬁuuﬂglmh mtgi;w)ﬂh’a] fa]io f specimen surface
dimensions (the wi:ldth of electrodes d&‘l e a i idﬁ/ the distance
between e@nﬁ:)] \acﬁ a\sﬁmalﬁullﬁmdj tE]tained if the
electrodes had formed the opposite sides of a square.

The properties usually are considered only for DC potential and its value depends

upon time and voltage application, stress and electric field configuration.
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2.7.2 Dielectric strength

The dielectric strength or breakdown strength, is another important factor in
determining the usefulness of a particular dielectric [16]. The dielectric strength is defined

as the maximum voltage gradient that a material will withstand before its failure and

expressed as Volts per unit thickness. The r the dielectric strength of a material, the
better its quality as an insulator, K ‘)wn voltage test used to determine
suitable material inspection m condol te ea.kdown caused by electrical

discharges may occur in any ' i -: ots of a material [17]. Such a

ageing.

-

2.8 Ozone resistance D

The unsan% uﬂug nfdl m ; ﬂ &L:]bajakes them susceptible
to attack b reater le ﬁ ﬁ 'ﬁ he higher the
lead to oz%:ﬁi‘ﬁﬁﬂg itﬁnj Lﬁrglﬂl H chloroprene
rubber (CR) and ethylene propylene diene rubber (EPDM) are less reactive to ozone. The
ozone attack on unsaturated rubber is basically the ozone attack on olefin. The mechanism
is summarized in Equations 2.2-2.6 [8]. The resulting product in the initial step gives a

bridging of one side of the double bond with both ends of the ozone molecule to form a

cyclic ozonide, called an molozonide (Equation 2.2). The molozonide is unstable and
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breaks down into a zwitterion and a carbonyl group (Equation 2.3). By recombination of
the latter two and in the presence of active hydrogens, three products are possible: a
relative stable ozonide (Equation 2.4), a polymeric peroxide formed from the carbonyl

oxide (Equation 2.5), or a hydroperoxide (Equation 2.6).

, ﬂHIEJ’Jmm‘EWEﬂﬂi

O@Wﬂﬁﬂﬂ‘iﬂfﬂ'ﬂﬂﬂ&ﬂaﬂ
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The test method of unsaturated rubber is estimated by attack of ozone. When
unsaturated rubbers are exposed, in the stretched state cracking, to an atmosphere
containing trace amounts of ozone and created ozonides, the rubber must resist the
deterioration that ozone cracking produces. Whatever this method may not give results

exactly with those of outdoor exposure tests, a combined testing containing both
accelerated ozone and outdoor exposures @1* f d be carried out.

Ozone resistance of nam@ % ced by incorporating a chemical
antiozonant, such as, parafﬁw-uﬂfdturwbber, e.g., EPDM and EPM.

l\\

2.9 Literature reviews

The use of sulfur an

improve co-vulcanization in

i
EPDM/NR blends (60:40) show th & :
o b ;
static ozone resistance resulted frog&rm sy
_,_,--,.-u eilh T
=

presence of peroxide in tl‘& cure system showi';d statx__e 10 an autoclave curing.

Cesare [19] studied the use of liquid EP] R. The high molecular

-ﬂ

weight EPDM combined »jth NR produced the better ozo r re51stance In addition, the
use of liquid EPD ? ? ring of the Mooney
viscosity of the c%ﬁﬁ ITEIL ‘mﬂ 'llnjth the conventional
EPDM and ﬁ gEl mrﬁﬂed and many
of good phﬁcﬁgjﬁeﬂﬁex ellen Zjalc ozone re31stance were obtained. The best

composition for static ozone resistance of NR/liquid EPDM/high molecular weight EPDM
blend is 85/5/10 and the level of antioxidant is 4.5% by weight.

Bengtsson et al. [20] studied the effect of electrical noise of carbon black filled
chloroprene rubber. They found that the samples exhibited a wide range of resistivities

from over 107 ohm cm to under 100 ohm c¢m by carbon black concentrations of 20% to



30

30% by weight. Of course, the aggregation of the carbon black particles can affect the
resistivity.

Ghoneim and Isrﬁail [21] studied the effect from the optimum ratio of EPDM/NR
blends and the addition of three reinforcing fillers of carbon blacks of High-Abrasion
Furnace Black (HAF), Fast-Extrusion Furnace Black (FAF), and Medium Thermal Black
(MT) on electrical and mechanical propertie E;DM/NR blend of 75:25 ratio yielded

ack enhanced both of mechanical
and electrical properties. Thi pltvalidifie nforcmg filler of carbon blacks
as a conductive material.

Thermal properties
Differential Scanning Calogime h take were used to study on
changes in thermal properti€s ¢ n n'_ ends he presence of natural rubber

il - ¥

induced a thermal instability bgcause of the hi:

ALy .

between the rate of oxygen con ;;_. 1 ye when the blending ratio is changed
@ amn ’__

in the favour of NR. The higher the natural rubber centent, the faster the thermal oxidative

degradation.
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