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Abstract

The effects of incorporating pineapple leaf fibre (PLF) as a filler on the
end-end properties of natural rubber vulcanizates were studied at different
filler contents and particle sizes. The pineapple leaf fibre was used within fil-
ler contents, 0 to 40 phr at the following filler particle sizes, 75, 150 and 300
pum. The PLF was characterized for filler properties while carbon black
(N330) served as the reference filler. The natural rubber vulcanizates were
compounded on a two-roll mill. Results showed that the abrasion resistance
of filled natural rubber vulcanizates was generally higher than that of the un-
filled natural rubber vulcanizate at filler content, 5 phr, and for PLF (150 and
300 pm) and carbon black filled natural rubber vulcanizates, the abrasion re-
sistance decreased within filler content, 5 to 20 phr after which it increased
with filler content. CB exhibited better abrasion resistance in the vulcanizates
than PLF at filler contents greater than 20 phr. The hardness of filled natural
rubber vulccanizates was generally greater than that of unfilled vulcanizate
and increased with increases in filler particle size at filler contents, 10 and 20
phr. The specific gravity of the rubber vulcanizates increased gradually with
the increase in filler content at filler content greater than 5 phr, and increased
with increases in filler particle size at any filler content considered. The swel-
ling index of filled natural rubber vulcanizates in toluene generally decreased
with increasing filler particle size at filler contents, 5, 10 and 40 phr whereas
the swelling index for PLF (150 um) filled natural rubber decreased with in-
creases in filler content. CB filled vulcanizates absorbed the highest amount
of toluene (2.5%) in the vulcanizates at filler content, 40 phr. PLF (150 and
300 pum) generally gave optimum performances in the end-use properties of
the rubber vulcanizates determined within filler contents, 30 and 40 phr. The
incorporation of pineapple leaf fibre into natural rubber was found to im-
prove the end-use properties of natural rubber vulcanizates and therefore, has
potential in the formulation of natural rubber products.
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1. Introduction

Natural rubber which is an elastomer is rarely used in its natural state for engi-
neering applications. The compounding of rubber, therefore, involves the selec-
tion and combination of ingredients that possess properties necessary for the
rubber product to satisfy its intended use. The ingredients in rubber com-
pounding include rubber (elastomer), cure systems (generally sulphur and zinc
oxide), fillers, processing aids, and miscellaneous ingredients which are added to
achieve particular properties. Different rubbers, synthetic or natural, have their
advantages and disadvantages in the compounding of rubber products. For ex-
ample, natural rubber is highly resilient and possesses excellent strength charac-
teristics; styrene-butadiene rubber (SBR) performs well in applications that re-
quire good abrasion resistance against thermal degradation and generation of
cracks, while neoprene rubber is suitable for use in flammable environments [1].
The physical properties considered in the selection of a base polymer (rubber)
for rubber compounding include: hardness, abrasion resistance, tensile strength,
tear resistance, modulus (stiffness), permanent set, hysteresis, ageing characte-
ristics, fatigue resistance, gas and solvent permeability among others [2].

Carbon black is the most important ingredient that affects the properties of
natural rubber vulcanizate apart from natural rubber and the cure system. It as-
sists in the compounding process, reduces the need for curatives and cure time
because of its activating effect. Carbon black also serves as reinforcement and
imparts abrasion resistance to rubbers [1]. The properties impacted by carbon
black to rubber compound depend on several factors such as particle size, struc-
ture, physio-chemical nature of the surface area, and particle porosity. However,
carbon black is a costly filler because of its origin from petroleum, and causes
environment pollution that affects public safely. These drawbacks on the use of
carbon black in the rubber industry have led to the search for new inorganic and
natural fillers from renewable resource to replace carbon black wholly or in part
in compounding natural rubber.

Thus, clay, snail shell powder, precipitated amorphous white silica, coal shale,
and graphite have been investigated for possible utilization in the rubber indus-
try with promising results [3] [4] [5] [6] [7]. Similarly, a number of bio-based
fillers from natural resources have been investigated for possible use in the rub-
ber industry. These include coconut fibre, velvet tamarind seed shell, and plan-
tain peels [8] [9] [10].

Recently, the use of cereal straws to compound different types of rubber

(ethylene propylene, methylvinylsilicone, butadiene-styrene and buta-
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diene-acrylonitrile) was reported [11]. The incorporation of the straws in the
rubbers led to composites with increased cross-linking densities, and reduction
in the curing times of the mixtures. Similarly, the straw vulcanizates exhibited
significant increase in tear strength and hardness, high values of damping coeffi-
cients, and satisfactory strength properties. The effect of alkalized wheat straw
treated with dipotassium phosphate on the thermal, mechanical and fire hazard
properties of natural rubber was reported by Rybinski, Syrek, Maslowski, Mied-
zianowska, Strezelec, Zukowski and Brade [12]. It was found that the bio-fillers
in the presence of added fire retardant increased the resistance of the composites
to fire without significant adverse effect on the mechanical properties of the
rubber composites. Ghani, Abd Karim, Ramli, Musa and Jaapar [13] formulated
natural rubber latex films using rice husk ash and tacca starch as biofillers at 10
and 30 phr filler contents. The optimum concentration of tacca starch filler was
found to be 10 phr, and at optimum content, the tensile stress was 18 Mpa, while
the elongation at break was 650%. The tensile stress obtained at 300 mm elonga-
tion was 2 Mpa, while the tensile strength was 15 N/mm.

These natural fibre composites have potentials for many engineering applica-
tions. Though, natural fibres are light and easily accessible, they however, pose
technological problems since they exhibit low compatibility with rubber matrix,
and are hydrophilic. These problems are mainly minimized by the use of coupl-
ing agents to increase the adhesion between the fibre and rubber matrix or ap-
plying chemicals to modify the surfaces of fillers thereby minimizing water ab-
sorption and improving the mechanical properties of composites [14]

Although, the use of bio-based fillers in the rubber industry is not as popular
as the use of mineral or in organic fillers, these bio-based fillers have several ad-
vantages when compared to the use of mineral or inorganic fillers in com-
pounding natural rubber. These advantages include low density, ease of
processing, non-abrasion to processing equipment, acceptable specific strength
properties, environmental friendliness, biodegradable and low cost.

Pineapple leaf fibre (PLF) which is extracted from pineapple, a perennial her-
baceous plant is one of the natural fibres that have high cellulose content of up
to 80% and the highest tensile strength when compared to other natural fibres.
Pineapple is widely grown in many regions of the world and varieties of the
plant are available and used in various applications such as medicine and food.
PLF is extracted from pineapple leaves by mechanical and retting methods, and
fresh leaves of pineapple yield about 2% to 3% of the fibre. Being an important
natural fibre that has high specific strength and rigidity, it is considered for use
as an alternative raw material (filler) in reinforcing polymer composites. There
are reports of reinforcing thermoset, thermoplastic, biodegradable plastics, and
natural rubber with pineapple leaf fibre [15] [16] [17] [18].

The present paper which is an extension of a previous report [19] presents re-
sults obtained on the end-use properties of pineapple leaf fibre filled natural
rubber. The pineapple leaf fibre (PLF) sieved to 75, 150 and 300 um particle sizes
was used within filler contents, 0 to 40 phr. The properties of the rubber vulca-
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nizates investigated were abrasion resistance, hardness, swelling index and spe-
cific gravity. In an earlier communication [19], PLF was used to compound nat-
ural rubber and the study showed that pineapple leaf fibre enhanced the tensile,
flexural, compression strengths and tensile modulus of the natural rubber vulca-
nizates whereas the elongation at break of the unfilled natural rubber vulcanizate
was greater than those of filled rubber vulcanizates. In Nigeria, pineapple leaves
presently have no identifiable industrial applications and can be seen littering
farm yards as wastes. From the literature, few works have been carried out on
compounding natural rubber with pineapple leaf fibre [17] [20]. Our present in-
vestigations on compounding natural rubber with pineapple leaf fibre are aimed
at putting the usefulness of pineapple leaf fibre as a suitable filler for natural
rubber on firm scientific basis. Utilization of PLF in the rubber industry will as-
sure a new material (filler) that is naturally available, easy to process, ecofriend-

ly, biodegradable, low cost, and a source of economic benefit to rural famers.

2. Materials and Methods

The following materials were used in this study.

1) Natural rubber crumbs which were obtained from Integrated Rubber
Products PLC, Benin, Nigeria.

2) Carbon black (N330) was obtained from Campal Scientific and Technology
Co., Onitsha, Nigeria.

3) Zinc oxide, 3,2,4-trimethyl-1,2-dihydroquinoline activator (TMQ), Mer-
captobenzothiazolesulphanamide accelerator (MTBS), sulphur and stearic acid
were supplied by Dunlop PLC, Lagos, Nigeria.

4) Processing oil was purchased from a chemical store at Onitsha, Nigeria.

5) Pineapple leaf fibre used as filler in this study was prepared from pineapple
leaves collected locally at Umuagwo, Nigeria.

The pineapple leaf fibre was sieved to three particle sizes, 75, 150 and 300 pm
and characterized for oil absorption (ASTM D 1510, 1983), moisture content
(ASTM D1509-13), pH (ASTM D 1512-05), specific gravity and iodine adsorp-
tion according to standard methods and the results have been reported [19].

The compounding and curing of the natural rubber vulcanizates were as de-
scribed previously [19]. The abrasion resistance (ISO 4649 DIN) and hardness
(ASTM D 2240) of the rubber vulcanizates were determined by standard me-
thods. The specific gravity and swelling index of the vulcanizates were deter-
mined as described below.

The specific gravity of the rubber vulcanizates was determined by suspending
vulcanizate specimens in air, and water using a thread during measurements and
noting the weights. A beaker served as an immersion vessel. The specific gravity
was calculated as,

Specific gravity = a/b (2.1)

where a is the mass of the specimen in air (g) and & is the mass of specimen in

water (g)
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The swelling index of the rubber vulcanizates was determined using test sam-
ples of dimensions 25 x 25 mm. Each of the test specimen was first weighed and
put into a sample bottle with a cover 25 cm”® of toluene was poured into the sam-
ple bottle and the bottle was subsequently equilibrated for 24 hr at room tem-
perature (32°C). At the expiration of the required time, the sample was removed
from the bottle using a pair of forcept. The solvent adhering on the surface of the
sample was removed by carefully pressing the sample between filter paper wraps.
Care was taken to ensure that the solvent absorbed by the sample was not re-
moved during the process of wiping using the filter paper. The wet sample was
weighed. All the weighings was done using an analytical weighing balance. The
swelling index was calculated as,

Swelling Index (%) = W, - W/W; x 100 (2.2)

where:
W, = the initial dry weight of the sample (g)

W, = the weight of the sample after 24 hr of immersion in toluene (g)

3. End-Use Properties of Natural Rubber Vulcanizates

3.1. Abrasion Resistance

Figure 1 shows the effect of filler content and particle size on the abrasion resis-
tance of filled natural rubber. The incorporation of pineapple leaf fibre (PLF)
into the rubber matrix was generally observed to increase the abrasion resistance
of filled natural rubber vulcanizates. For PLF (particle size, 75 pum) filled natural
rubber vulcanizates, no definite order on the variation of vulcanizates abrasion
resistance with filler content could be observed. This may indicate that filler
content is not a function of abrasion resistance and therefore, may be attributed
to the degree of dispersion of the fillers in the rubber matrix.

However, for PLF (particle sizes, 150 and 300 pm) filled natural rubber vulca-
nizates, the abrasion resistance was found to decrease with increasing filler con-
tent up to 20 phr filler incorporation, and thereafter, increased with increasing
filler content. The abrasion resistance of PLF (particle size, 75 um) filled natural
rubber vulcanizates was found to increase with increases in filler content within
5 - 10 phr filler incorporation, after which a decrease and increases in abrasion
resistance was observed with increasing filler content. Carbon black exhibited
better abrasion resistance in the rubber vulcanizates than the PLF filler studied
at filler contents, 20, 30 and 40 phr. However, at the other filler contents investi-
gated, the abrasion resistance of carbon black filled rubber vulcanizates generally
was less than those of PLF filled rubber vulcanizates. The abrasion resistance of
PLF filled natural rubber vulcanizate at filler content, 5 phr was found to in-
crease with increase in filler particle size whereas at filler content, 10 phr, the

abrasion resistance decreased with increasing filler particle size.

3.2. Hardness Test (Shore A)

Figure 2 shows that the hardness of PLF (particle size, 75 pum) filled natural
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rubber decreased with increases in filler content, up to 20 phr filler content, and
thereafter, exhibited an increase and decrease at 30, and 40 phr filler contents
respectively. However, the PLF (particle sizes, 150 and 300 pm) filled natural
rubber exhibited increases in vulcanizates hardness with increases in filler con-
tent, up to 10 phr filler content and thereafter, exhibited irregular patterns on
the increase of vulcanizate hardness with filler content.

The PLF filled natural rubber vulcanizates exhibited increases in vulcanizate
hardness with increases in filler particle size at filler contents, 10 and 20 phr. The
reverse behaviour was however, obtained at filler content, 5 phr where the hard-
ness decreased with increases in filler particle size. The increases in vulcanizate
hardness noted above at filler contents, 10 and 20 phr with increases in filler
particle size is unexpected since a reduction in filler particle size provides greater
surface area, and hence, better reinforcement [21].

The hardness of CB filled natural rubber vulcanizates generally increased with
the increase in CB content except for the decrease obtained at filler content, 10
phr. Kruger, Hory and Wardle [22] who studied fly ash filled rubber reported
increases in rubber hardness with increasing fly ash content. This result is ex-
pected because as more filler particles are incorporated into rubber, the elasticity

of the rubber chain in reduced, thereby making the vulcanizate to be more rigid.
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Figure 1. The effects of filler content and particle size on abrasion resistance of
filled natural rubber.

<
)
e
)
=
2
2
2 —¢—300um
i 20 == 150um
S 10
es] 75um
0 =—>CB
0 10 20 30 40 50
Filler Content (phr)

Figure 2. The effects of filler content and particle size on hardness of filled
natural rubber.
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The hardness of filled natural rubber vulcanizates was generally greater than
that for the unfilled rubber vulcanizate. However, the hardness of PLF (particle
size, 300 pum) filled natural rubber vulcanizates at filler contents, 5 and 30 phr
were less than that for unfilled natural rubber vulcanizates.

CB exhibited higher vulcanizates hardness at filler contents, 20 and 40 phr
than PLF filled vulcanizates at the same filler contents: This can be attributed to
the likely more uniform dispersion of CB in the rubber matrix resulting in better
CB rubber interactions. Similarly, carbon black has a very high surface activity
which provided greater reinforcement in rubber in comparison with PLF [9].
Thus, surface activity and better filler interactions are important factors that
control the hardness of vulcanizates. Ahmed, Mohd and Abdulla [23] had re-

ported that natural rubber forms a strong adsorptive bond with carbon black.

3.3. Specific Gravity of Natural Rubber Vulcanizates

Figure 3 shows the effects of filler content and particle size on the specific grav-
ity of filled rubber vulcanizates. The figure shows that after the incorporation of
5 phr of the fillers into natural rubber, the specific gravity of the vulcanizates in-
creased with filler content and filler particle size. The specific gravity of PLF (75
and 150 pm) filled natural rubber vulcanizates generally decreased on incorpora-
tion of 5 phr of the fillers into natural rubber while the specific gravity of PLF
(300 um) and CB filled natural rubber remained unaffected.

The specific gravity of unfilled rubber vulcanizate is 0.99. The PLF (300 pm)
filled natural rubber vulcanizates generally exhibited higher specific gravity in
the vulcanizates at the filler contents studied and was highest at filler content, 5
phr. The specific gravity of PLF (75 um) filled natural rubber vulcanizates was
generally the least at any filler content studied while those of CB and PLF (300
pum) filled natural rubber vulcanizates were the same at filler contents 5, 10 and
20 phr.

Since materials are bought in terms of weight, and pieces or articles are in
general sold by number, it follows that more pieces can be made with PLF of
particle size 300 um as compared to the same weight of CB and the other particle
sizes of PLF used. This could result to significant cost savings in the high-volume

and low-cost commodity rubber market.

3.4. Swelling Index of Natural Rubber Vulcanizates

The swelling indices of the different filled rubber vulcanizates in toluene at room
temperature are shown in Figure 4. Unfilled natural rubber vulcanizate has a
swelling index of 2.71%.

Figure 4 shows that the swelling index of PLF (150 um) filled natural rubber
vulcanizates decreased with increases in filler content, up to 30 phr filler incor-
poration, and later, increased at 40 phr filler content. While the swelling indices
of PLF (75 um) filled vulcanizates increased within filler contents, 5 to 10 phr
filler incorporation, that of PLF (300 um) filled vulcanizates decreased within the
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Figure 3. The effects of filler content and particle size on specific gravity of filled
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Figure 4. The effects of filler content and particle size on swelling index of filled natural
rubber.

same filler content range considered after which irregular variation of swelling
index with filler content was observed. The swelling indices of PLF (75 and 300
um) filled rubber vulcanizates did not show any definite order of variation with
increases in filler content.

The observed decreases in swelling index with increases in filler content may
arise as each filler particle behaves like an obstacle to the diffusing solvent mo-
lecule. As filler content increased in the rubber matrix, more and more obstacles
were created to the diffusing molecules resulting in reduction in the amount of
solvent absorbed [8].

The swelling indices of filled natural rubber vulcanizates were observed to de-
crease with increases in filler particle size at filler contents, 5 and 10 phr. The
observed reduction in swelling index with increases in filler particle size is un-
expected since decreases in filler particle size would lead to greater crossing
linking of rubber, thereby, bringing the rubber chains closer, and intact. In the
process, less solvent would be absorbed. The swelling indices of filled rubber
vulcanizates at filler contents, 20 to 40 phr were observed to decrease with in-
creases in filler particle size, up to 150 pum filler particle size, and thereafter, in-
creased for filler of particle size, 300 pm.

The swelling indices of carbon black filled rubber vulcanizates were generally
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found to increase with increase in filler content, except for a decreased observed
at high filler content, 40 phr. Carbon black filled natural rubber vulcanizates ab-
sorbed the highest amount of toluene (2.5%) when compared to PLF filled rub-
ber vulcanizates within the filler contents investigated.

Okoh, Osabohien and Egboh [24] in their study reported that Velvet tamarind
seed shell filled natural rubber absorbed more solvent than CB filled vulcani-

zates.

4. Conclusions

The end-use properties of natural rubber vulcanizates determined were influ-
enced by the filler contents and particle sizes. The natural rubber vulcanizates
generally exhibited higher abrasion resistance than the unfilled. At 5 phr filler
content, the abrasion resistance of the vulcanizates decreased with increasing fil-
ler content whereas at 5 phr filler content, the abrasion resistance decreased with
filler particle size.

The filled natural rubber vulcanizates generally had higher hardness than the
unfilled except for natural rubber vulcanizates of PLF (300 um) which exhibited
lower hardness at filler contents, 5 and 30 phr. The specific gravity of PLF (300
pm) filled natural rubber vulcanizates was generally greater than the unfilled and
the other filled vulcanizates and attained a maximum value (1.06) at filler con-
tent, 40 phr. The specific gravity of filled natural rubber vulcanizates was found
to increase within filler contents, 10 to 40 phr.

The swelling indices of filled natural rubber vulcanizates in toluene were gen-
erally less than the unfilled at any filler content and particle size considered. The
swelling indices were observed to decrease with increases in filler particle sizes at
filler contents, 5 and 10 phr.

PLF (150 and 300 um) were generally better than PLF (75 um) in improving
the properties of natural rubber vulcanizates mostly observed at filler contents
greater than 30 phr.

Pineapple leaf fibre is of low cost, easily available, non-abrasive to processing
equipment and environmentally friendly. Considering the many rubber property
improvements obtainable with its usage in natural rubber compounding, it is
recommended that pineapple leaf fibre should find utilization in the rubber in-

dustry.
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