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ABSTRACT

The effect of silica filler percent on breakdown voltage(Vgp) and some mechanical
properties (Tensile strength (T.S),Ultimate elongation (E%)and Equilibrium swelling
(Q%)) of Styrene—Butadiene rubber filled with (20,40,60,80,100) phr (part per hundred
rubber) of silica have been investigated. It was found that breakdown voltage and tensile
strength were increased, while ultimate elongation and equilibrium swelling were
decreased with increasing of silica filler percent. The effect of thermal aging on these
properties was investigated. It was found that breakdown voltage, equilibrium swelling
and ultimate elongation were slightly decreased while tensile strength was increased with
aging time. The largest effect during aging appeared on samples with smaller filler
loading. The same tests have been done for all samples after2 years (i.e Natural aging). It
was found that breakdown voltage, ultimate elongation and tensile strength were slightly
decreased while equilibrium swelling was increased compared to thermal aging results,
although that the effect of both agings is the same on each property for samples with
different silica filler percents.

(20,40,60,80,100) phr
)

(thermal aging )

88



&9 Sanaa M. Al-Delaimy

(20phr)
) (natural aging )

INTRODUCTION

Synthetic polymers have found extensive applications as electrical insulators, for
example, cables, they have wide applications ranging from power to control cables.

A good combination of flexibility and strength is an essential requirement of cable
insulator.

A continuous effort is being made to improve the mechanical and thermal endurance
properties of cable insulators and also the electrical properties (Coran,1989).Styrene-
Butadiene Rubber (SBR) is now extensively employed for insulating and sheathing
where it has an economic advantage over natural rubber (Lee et al., 1994).

Fillers play an important role in improving the physical properties of elastomers.
Filling rubber with various fillers is an easy way to obtain a wide spectrum of
applications. The physical properties of filled rubber can be easily varied by changing
the type, quantity and mixture composition of filler.

Carbon black and silica are the most widely used fillers in the rubber industry
(Donnet, 1998, Bishai et al., 2003). Recently, silica was used as partial, or even complete
replacement for carbon black in many products ( Schaal et al., 2000). It is also the most
important material used as a filler to increase the insulation of rubber (Turov et al.,1995).

Materials commonly considered to be insulators can breakdown under high electrical
voltage. Breakdown occurs only when extremely high voltage gradients are encountered
A very strong electric field can be sufficient to disrupt the induced dipoles in the
insulator, and when the strength of the field exceeds the strength of the dipole, rupture
may occur (Van Vlack, 1970).

Dry mineral fillers like tricomponent system HRH (Hydrated silica, Resorcinol ,
Hexamethylene tetraminel ) are acceptable for achieving good electrical properties such
as resistivity, breakdown voltage, permitivity and dielectric. However, some fillers are
excluded from electric applications due to water absorption from the humidity of the air
(Coran et al.,1971). A strong hydrogen bonding between water and hydroxyl groups
on the mineral surface compete with any possible bond between the polymer and the
filler. Even if the composite is prepared with perfectly dry filler, water will be able to
reach the interface by diffusion through the polymer (Ahmad and Mark,1998). This
interfacial water is an important subject in composite technology, as it seriously affects
the mechanical and the dielectric properties of these materials. Interfacially absorbed
water weakens the filler matrix interaction, and may in some cases even cause complete
debonding due to hydrolysis, in which case the mechanical properties are strongly
degraded (Ahmad and Mark, 1998, Mark et al.,1994).With respect to dielectric
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properties an increase of the permitivity and the dielectric loss of composites, after
absorption of water, have been reported by several authors (Woo and Piggot,1988, Ward
el al., 2001, 2003) .

The effect on the mechanical and/or electrical properties of aging on natural and
synthetic rubber loaded with either black(Carbon or Graphite)or white (Kaolin, Quartz,
PVC, or Talk) fillers have been studied (EI-Nashar and Turky, 2003, Ismail and Turky,
2001, Shanmugharaj and Bhowmick, 2004 , Ding et al.,1996) .

The aim of this work is to study the effect of silica filler concentration on breakdown
voltage and on equilibrium swelling of SBR. Moreover, the effect of thermal and
natural aging on the mentioned and some other mechanical properties has been
investigated .

Experimental Work

Material used in this study was supplied by Jabber-Bin-Hayyan company. It is
Styrene-Butadiene Rubber ( SBR ) filled with (20,40,60,80,100 ) phr (part per hundred
rubber)of silica filler. Sheets of this product were cut into samples with dimensions
depends on the kind of test to be done .

Breakdown voltage was measured for the samples with different silica percents
and (2 x 10 x 10) mm dimension using [D.C. Test Set, Model T(103) BICC - Test -
Instruments].

The equilibrium swelling in toluene (Q%) for all samples was carried out according
to the standard method ( Shavarts, 1957 ). It can be calculated according to the
equation :-

Q%=[(Ws-Wd)/Wd]x100  —--mmmmmm oo (1)
Where Ws is the weight of the swelled sample, and Wd is the weight of the dried sample

Tensile strength and elongation at break were determined using an electronic
ZWICK testing machine (model 1425)-Germany .The samples preparation was
mentioned before (Al-delaimy,2007) .

All the previously investigated samples were exposed to normal weathering
conditions for two years , and all the mentioned properties remeasured again .

A new set of samples from SBR with (20,40,60,80,100) phr silica were thermally
aged at 90+1°C using the oven method (ASTM,1957) for different successive periods
up to 7-days, and a new measuring for the mentioned properties has been done after

aging .

Results and Discussion

The relation between the breakdown voltage and the composite SBR with different
silica filler percent is displayed in Figure (1).It is clear that the breakdown voltage
increases with the increasing of filler percent within the studied percentages. This
behavior is attributed to the filling material which is insulating material, with resistivity
equal to 10 Q- cm while SBR resistivity is equal to 10"*Q-cm (Van Vlack,1970),
therefore increasing its concentration in the SBR composite will increase the insulation of
the material as a whole .
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The equilibrium swelling (Q%) in toluene was determined and illustrated
graphically in Figure (2) versus silica percent in SBR .The Figure shows that (Q%)
decreases with an increasing of silica filler percent in SBR. This is due to the ability of
interaction of the filler particle with SBR composite. So, by increasing the concentration
of silica in SBR there will be no enough space for toluene molecules to enter in-between
the two materials .This is in agreement with the literatures that silica fillers
have a good interparticle intractions with rubber (Coran ,1989 ,Zheng et al., 1997 and
Zhang et al., 2001) .
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Figl: Break down voltage versus silica filler percent in SBR
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Fig 2: Equilium swelling in toluene verses silica filler percent in SBR

Tensile strength and elongation at break versus silica percent in SBR were
displayed in Figures (3&4) respectively. It is clear in Figure (3) that tensile strength
increases with the increase of silica filler percent, while elongation at break is sharply
decreased up to (60) phr, then a slight decrease occur with a further increase of
silicon percent . This is due to the change in rubber concentration percentage
which is higher in the upper part than the lower part of the curve (Fig. 4).
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Fig 3: Tensile strength versus silica filler percent in SBR
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Fig 4: Elongation versus silica filler percent in SBR

The effect of thermal aging on the properties of a new set of samples with the
same silica filler percent was investigated and illustrated graphically as follows :

Figure (5) represent the effect of thermal aging on breakdown voltage. It is clear
that the voltage slightly decreases with the increasing of aging time for SBR loaded with
silica concentration up to 60 phr which may attributed to the formation of cross linked
molecules during thermal aging.
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Fig 5: Break down voltage versus thermal aging time for SBR/ silica
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The decrease in breakdown voltage, through aging time depend on rubber
percent which is seem to be the most affected constituent by aging.

Figure (6) display the equilibrium swelling (Q%) of SBR composite filled with
different percent of silica filler versus aging time. The figure shows that (Q%) decreases
with time. The decrease of (Q%) is higher for low filler percent samples than that
with high percent during aging period. This may be attributed to the reduction of water
molecules those exit by heat process during aging.
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Fig 6: Equilibrium swelling versus thermal aging time for SBR/ silica

Tensile strength versus thermal aging time was illustrated in Figure (7). It is clear
that tensile strength slightly increases with time especially at the high silica percent .
This could indicate that the interparticle interaction power increases with the increased
aging time, this may be attributed to formation of more cross linked molecules which
improves the forces between SBR and silica. This phenomenon agree with the results of
( Zheng et al., 1997, Bishai et al., 1976).
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Fig 7: Tensile sreangth versus thermal aging time for SBR/ silica
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Figure (8) shows the relation between ultimate elongation and aging time for
different silica filler percent . Elongation decreases with aging time at low silica percent
because of the high concentration of rubber material which represent the main
constituent affected by heat. While elongation is nearly steady with aging time at high
silica percent in-which further formation of cross-linked molecules balance the
degradation occurs during aging .
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Fig 8: Elongation at break versus thermal aging time for SBR/ silica

All properties for the firstly investigated samples were remeasured after
exposing the samples to normal weathering conditions for about two years (natural
aging). The data obtained before aging ,after thermal aging and natural aging for
SBR/silica composite were listed in tables (1),(2) and (3 ) respectively .

The compare son between thermal and natural aging , shows that there is a little
increment in breakdown voltage , ultimate elongation and tensile strength in thermal
aging and a decrement in equilibrium swelling, although the effect of both aging is the
same on all properties, this is due to humidity of the weather which effect the natural
aging and not exist in the thermal one. Similar behavior has been noticed before in
case of SBR-PE (Polyester Short-Fiber) (Bishai et al.,2003) and others (Woo and
Piggot,1988) .

Tablel:The properties of SBR/silica before aging

Silica percent 20phr | 40phr | 60phr 80phr | 100phr
Breakdown voltage(Volt) | 11.25 15.5 19.5 21.5 23.5
Equilibrium swelling (%) | 12.5 11 10.2 9.5 9.3
Ultimate elongation (%) 430 340 260 220 208
Tensile strength (N/mm?) | 12.5 15 18 23 28
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Table2 : The properties of SBR/silica after thermal aging (at the 7™ day)

Silica percent 20phr | 40phr | 60phr 80phr | 100phr
Breakdown voltage(Volt) | 7.75 13 17.75 21 23.3
Equilibrium swelling (%) | 10.2 9.45 9.25 9.15 9.05
Ultimate elongation (%) 366 277 235 200 193
Tensile strength (N/mm?) | 13.5 16.2 21 27.2 34

Table 3: The properties of SBR/silica after natural aging (for 2 years)

Silica percent 20phr | 40phr | 60phr | 80phr
100phr
Breakdown voltage(Volt) 6.8 11.5 16.5 20.5 23
Equilibrium swelling (%) 10.7 9.7 9.5 9.3 9.1
Ultimate elongation (%) 360 272 231 198 190
Tensile strength (N/mm?®) 13 15.5 20.5 26.5 33

CONCLUSIONS
1-Breakdown voltage and tensile strength of SBR composite filled with silica, increase,
while elongation at break and equilibrium swelling decrease, with the increase of silica
filler percent .

2-Tensile strength increases while breakdown voltage, equilibrium swelling and
elongation at break decrease with aging time for SBR /silica during thermal aging
process.

3-The effect of aging depends on the percent of silica filler. It was found that SBR
sample with lower silica percent was the most affected one while the highest silica
percent is less affected .

4- All the investigated properties were behaved in natural aging the same way as in
thermal aging but there is a slight decrease in tensile strength, ultimate elongation and
breakdown voltage, and increase in equilibrium swelling compared to results of those
properties by thermal aging .

5-The studied properties of SBR composite as insulating material were enhanced by
adding silica filler material within the studied circumstances.
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