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Abstract

The cure characteristics and mechanical properties of natural rubber filled
with pineapple leaf fibre (PLF) were studied at different filler contents and
particle sizes. 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 PLF (300 um) filled
natural rubber vulcanizates exhibited the highest maximum torque (T,,,)
(47.04 1b-in) at filler content, 10 phr among the filler particle sizes investi-

gated. The minimum torque (T,;) of the vulcanizates generally increased

with the increase in filler contents and particle sizes. The scorch times of the
rubber vulcanizates did not vary with fibre content while the cure times of
PLF (300 um) filled rubber vulcanizates decreased with filler content. The
tensile strength (TS) of PLF (150 pum) filled natural rubber vulcanizates gen-
erally increased with the increase in filler content whereas the tensile modulus
of the rubber vulcanizates decreased steadily with increasing filler particle size
at filler contents, 5 and 30 phr. The elongation at break (EB) of the rubber
vulcanizates exhibited no general order of variation with filler content and
particle size, and was generally greater than that of unfilled natural rubber.
The flexural strength of the rubber vulcanizates increased with increasing fil-
ler particle size at filler contents, 20 and 40 phr. The addition of PLF and
carbon black improved the compression strength of the rubber vulcanizates,
and which for PLF (300 um) and CB fillers generally increased with the in-
crease in filler content. The study has demonstrated the enhancement of
properties of natural rubber vulcanizates on incorporation of PLF into natu-
ral rubber, however, the property enhancements obtained were less than
those recorded for CB filled natural rubber vulcanizates.
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1. Introduction

The past decades have witnessed increasing interest in the use of rubber prod-
ucts. Rubbers which are elastomers are not used as neat polymers due to lack of
hardness, strength properties and wear resistance [1]. They have also being
found to degrade or change their properties in the presence of air, light and at
elevated temperature [2]. Auxiliary materials called additives are therefore added
to rubber during manufacture to improve its processing and application proper-
ties of the vulcanizates. One of the most important additives and the second
largest following the base polymer in rubber compounding is the filler. Carbon
black is the most important reinforcing filler used in the rubber industry. How-
ever, because of its origin from petroleum, it causes pollution and gives the rub-
ber a black colour. The filler is also costly [3] [4]. The minerals sepiolite, kaolin,
and precipitated silica had been used with little success in the rubber industry as
they impacted lower reinforcing properties to rubber in addition to not being
compatible with polymer matrices.

A number of inorganic and natural fillers from renewable resources have been
investigated for possible use in the rubber industry and are documented in the
literature. Thus, Anserifer et al. [5] reinforced natural rubber with precipitated
amorphous white silica and reported that the hardness, tensile strength and
compression set of the vulcanizates were improved on incorporation of the filler
into rubber but that the tear strength, elongation at break, and cyclic fatigue life
of the vulcanizates were adversely affected. Clay was used by Kim et al [6] to fill
butadiene rubber and reported that the tensile strength and tear strength of the
rubber/clay composites were 4.4 times, and 2 times greater than that of unfilled
rubber, respectively.

Igwe and Ejim [7] prepared a series of natural rubber-snail shell powder vul-
canizates and reported that the hardness of the vulcanizates was marginally in-
creased at high snail shell powder content. However, the specific gravity of the
rubber vulcanizates increased with the increase in snail shell powder content. At
snail shell powder content above 5 phr, snail shell powder exhibited good fire
retardant property. Talc, nano-ZnO, nano-CaCO;, and nano-AlL,O; were inves-
tigated by Zhang et al. [8] as possible substitute for carbon black in compound-
ing rubber. Their findings showed that the fillers having smaller particle sizes
exhibited superior physical and mechanical properties in the vulcanizates than
the conventional micro composites. Other inorganic fillers that have been re-
ported to fill rubber were graphite [9] and coal shale [10].

The use of natural fillers from renewable resources to fill rubber is gaining
importance among research scientists. These fillers are relatively of low cost, bio
degradable, and have fairly high specific modulus. Additionally, composites
from these materials have high physico-mechanical properties, are easily recycl-
able, light in weight, and exhibited high resistance to corrosion and weather
changes besides being environmentally friendly [1] [11] [12]. Thus, renewable

resources of agricultural origin that have been used to compound rubber in-
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cluded groundnut shell, palm kernel husk, rice husk, coco pod husk and cherry
[13] [14] [15] [16]. Similarly, Okoh et al [17] who investigated the use of Velvet
tamarind (VT) seed shell filler in compounding natural rubber and standard
Nigerian Rubber (SNR,;) reported that VT shell filler manifested a reinforcing
effect on SNR,, vulcanizates but the reinforcing potential was lower than that of
carbon black.

The present paper reports investigation on the use of pineapple leaf fibre in
compounding natural rubber. Pineapple leaf fibre has been under investigation
in our laboratory as a potential filler for reinforcing polymer products [18] [19]
[20]. The fibre was sieved to 75, 150 and 300 um mesh sizes, and used at filler
contents, 0 - 40 phr. Carbon black was used as the reference filler in this study.
The pineapple leaf from where the fibre was extracted is abundant in many orc-
hards and village farms in Nigeria as agricultural waste and has no yet be identi-
fied industrial application. Although, Lopattananon et al [21] studied the utili-
zation of short pineapple leaf fibre in reinforcing natural rubber, the reported
work was carried out using pineapple leaf fibre of diameter, 75 £+ 20 um and the
properties of the rubber vulcanizates determined were tensile strength, elonga-
tion at break and the extent of fibre orientation of the rubber vulcanizates. In the
present study, the effects of fibrecontent and particle size on the cure characte-
ristics and mechanical properties of rubber vulcanizates were investigated and
the mechanical properties determined were tensile strength, tensile modulus,

elongation at break, compression set, and flexural strength.

2. Materials and Methods

The natural rubber crumbs conforming to Nigerian Standard Rubber (NSR)
grade 10 was obtained from Integrated Rubber Products PLC, Benin, Nigeria.
Carbon black (N330) filler used in this study was obtained from Campal Scien-
tific and Technology Co., Onitsha, Nigeria. The vulcanizing materials such as
zinic oxide, accelerator (MTBS), activator (TMQ), sulphur, stearic acid were
kindly supplied by Dunlop PLC, Lagos, Nigeria. Processing oil was purchased
from a chemical store at Onitsha, Nigeria. Pineapple leaves from which the fibre
was prepared were collected from a pineapple orchard at Umuagwo, Owerri,
Nigeria. The fibre was sieved to three particle sizes, namely, 75, 150, and 300 um
respectively, and characterized for the following filler properties: pH (ASTM D
1512-05), moisture content (ASTM D 1509-12), weight loss on ignition (ASTM
D 1509-13), oil absorption (ASTM D 1510, 1983), iodine adsorption and specific
gravity according to standard procedures. The chemical composition of pineap-
ple leaf fibre was determined as follows.
1) Ash Content

Procedure (ASTM D 4607-94)

5 g of dry pineapple leaf fibre was placed in a cleaned dry crucible with cover,
and burnt directly over a low flame of Bunsen burner until it was carbonized.

The crucible with its content was placed in a muffled furnace at 55°C for 4 h to

DOI: 10.4236/jmmce.2018.66043

603 J. Minerals and Materials Characterization and Engineering


https://doi.org/10.4236/jmmce.2018.66043

C. C. Ekwueme, I. O. Igwe

burn off all the carbon. The crucible was later removed from the furnace, the
cover was replaced and the crucible was later placed in a dessicator, and cooled

to room temperature. The ash content was calculated as;

Weight of fibre residue after burning Xm 2.1)
Initial weight of dry fibre 1 '

Total ash (%) =

2) Cellulose Content

Procedure (Georing and van Soest, 1970) [22].

1.5 g of pineapple leaf fibre (PLF) was placed in a 300 cm® beaker, and 75 cm’
of 17.5% of NaOH was added. The contents of the beaker were stirred with a
glass rod. After stirring, the stirrer was raised and the fibre adhering on the rod
was removed using a pointed glass rod. The stirrer was raised with 25 cm’ of
17.5% NaOH solution, and this was added to the beaker. The beaker with its
content was placed in a water bath maintained at 25°C + 0.2°C. After a period of
30 min, 100 cm’ of distilled water was added to the beaker, and the beaker was
allowed to stay for another 30 min in the bath. At the expiration of 30 min, the
content of the beaker was stirred with a glass rod and transferred to a filtration
funnel; the first 20 cm® of the filtrate was discarded. 25 cm® of the filtrate was pi-
petted into a 250 cm® conical flask and 10 cm® of 0.5 M potassium dichromate
was added. The solution was allowed to remain for 15 min after which 50 cm’ of
distilled water was added to it. The flask was allowed to cool to room tempera-
ture after which 4 drops of ferrous indicator was added to the content, and then
titrated with 0.1 M ferrous ammonium sulphate solution to a purple colour. A
blank titration was made where the fibre was substituted with 12.5 cm® of 17.5%
NaOH and 12.5 cm’ of water. The a-cellulose content in the fibre was calculated
as:
100—6.85(1/2 —Vl)><M><20

AxW

a-cellulose (%) = (2.2)

where V, = Volume of ferrous ammonium sulphate used in sample titration
(cm®), V, = Volume of ferrous ammonium sulphate used inblank titration (cm?),
M = Molarity of ferrous ammonium sulphate, W = Weight of dry pineapple leaf
fibre (g) and A = Volume of pineapple fibre used in the oxidation (cm?).
3) Lignin Content

The acid-insoluble lignin was determined according to the method of Liyama
and Wallis [23] with minor modifications.

Procedure

The dry pineapple leaf fibre (PLF) was pulverized in a mill, and successively
extracted with 50% (v/v) toluene in ethanol twice, 95% (v/v) ethanol once, and
water once. The resulting extractive-free fibre was rinsed with acetone and dried
in a Lohconco rapid evaporator. 4 mg of the dried meal was digested in 1.25 cm’
of 25% (v/v) perchloric acid at 70°C for 30 min. The reaction mixture was di-
luted to a final volume of 25 cm® with acetic acid and 5 cm® of 2 M NaOH.

The absorbance of the solution was spectrophotometrically determined at 280
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nm. The lignin content (acid-insoluble) was calculated using the absorption
coefficient on the basis of extractive free material.
4) Hollocellulose Content

Procedure (Goering and van Soest) [22]

80 cm’ of hot distilled water, 0.50 cm® of acetic acid, and 1g of sodium chlorite
were added to 2.5 g of PLF contained in 250 cm’ conical flask. The mixture was
covered, and heated on a water bath at 70°C with occasional stirring. After 1 h,
0.5 cm’® of acetic acid, and 1 g of sodium chlorite were added. The addition of 0.5
cm’ of acetic acid, and 1 g of sodium chlorite was repeated after 1 hr interval for
the next 5 h after which the sample was left in the water bath overnight.

After 24 h, the holocellulose formed was filtered on a fritted disc glass thimble
with acetone, oven dried at 105°C for 24 h, then placed in a dissicator for 1hr,

and weighed.

Compounding of Natural Rubber Vulcanizates

The ingredients used in compounding natural rubber are given in Table 1. A
two-roll mill was used in the compounding process.

The Curing Process

The curing of the compounded rubber was carried out on a hydraulic ma-
chine (hot press) with electrically heated platens whose temperature was set at
130°C £ 2°C. The moulds were preheated to attain the platen temperature and
the compounded rubber was cut to the shape of the mould and placed in the
between the platens at a pressure of 33.4 bars for 8 to 10 min, after which the
cured sample was removed from the mould. The cure characteristics for the vul-
canization of the rubber recipes were determined using the Oscillating Disc
Rheometer 100S in accordance the ISO 3417 method.

The ingredients are arranged in the order in which they were added during
rubber compounding with the accelerator and soluble sulphur being added at
the same time and lastly too.

Tests on natural rubber vulcanizates were performed as follows.

1) Tensile Testing (ASTM D 412-87)

The tensile strength of the rubber vulcanizates were measured using a Mon-
santo tensile tester 3369 having a cross head speed of 500 mm/min. Dumbbell
shaped specimen (30 x 4 x 2 mm) of the rubber vulcanizates were used for the
tests. The elongation at the break was calculated from the tensile strength at
break. The recorded value of each tensile parameter is the average of three mea-
surements.

2) Compression Set

Procedure (ASTM D 395-03 1983)

The compression set of the cured rubber vulcanizates were determined using a
compression set machine (Wallace Machine, Model C84025/2) having a disc
sample of thickness, 2.3 mm and diameter, 2.5 mm. The rubber vulcanizates

were placed in the compression parallel plate and compressed to spacethickness
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(T,) with a force of 145N at a temperature of 70°C. The compression set of the
samples was calculated as the difference in the original thickness of the specimen
(T,) and the thickness after the distorted load was removed (T,), and allowed to
recover for 30 min.
3) Flexural Test

Three-point bending flexural testing was performed on the vulcanizates using
an Instron tester 3369 at 23°C + 2°C and 50% * 5% relative humidity in accor-
dance to ASTM D 790 with a support span length of 50 mm/min. Five measures
were carried out on each test sample and the average values was calculated.

3. Results and Discussion

3.1. Analysis of Pineapple Leaf Fibre

The results of physico-chemical analysis of pineapple leaf fibre are shown in Ta-
ble 2 and Table 3. The loss on ignition for PLF was determined to be 81.80%
while that for CB was 92.80%. The effectiveness of a filler may be measured by
the carbon content since the higher the value, the greater is the reinforcing ef-
fect. As shown in Table 2, pineapple leaf fibre has a higher moisture content
when compared to CB, and this may be attributed to its organic origin. High
moisture content in a filler often leads to weak filler-matrix adhesion, hence,

poor mechanical strength properties of the vulcanizates [24].

Table 1. Recipe for compounding the natural rubber.

Ingredient Content (phr)
Natural rubber 100
Stearic acid 3.0
Zinc oxide 3.0
TMQ (antioxidant) 1.0
Linseed oil 2.0
Filler (PLF and CB) Variable (0, 5, 10, 20, 30, 40)
Sulphur 1.8
MBTS (accelerator) 1.0

(MBTS) = Mercapto benzo thia zolesulphanamide, (TMQ) = 3,2,4-trimethyl-1,2-dihydroquinoline, phr =
parts per hundred of rubber by weight.

Table 2. Physical properties of pineapple leaf fibre and carbon black.

Property PLF CB (N330)
pH of aqueous slurry 6.85 7.00
Moisture content (%) 5.22 2.40
Loss on ignition (%) 1.88 92.80
Iodine adsorption number (mg/g) 59.10 81.24
Ash content (%) 10.57 6.20
Oil absorption (g/100g) 1.80 (75 um) 2.83

1.96 (150 pm)
2.03 (300 um)
Density (g/cm’) 2.67 1.80
Particle size range 75 - 300 ym 30 -35nm

DOI: 10.4236/jmmce.2018.66043

606 J. Minerals and Materials Characterization and Engineering


https://doi.org/10.4236/jmmce.2018.66043

C. C. Ekwueme, I. O. Igwe

Table 3. Chemical composition of pineapple leaf fibre.

Constituent Content (wt. %)
Cellulose 65.16
Holocellulose 84.65
Hemicellulose 19.49
Lignin 4.28
Ash 10.57

A higher iodine adsorption number (81.24 mg/g) was recorded for CB as
compared to 59.10 mg/g for PLF, an indication that CB has a larger surface area
(smaller particle size) than the PLF filler. The surface area of a filler is the most
important factor that determines its reinforcing effect [25]. From Table 2, it is
evident that PLF is slightly acidic while CB is neutral. Highly acidic fillers pro-
duce little reinforcement and are prove to scorching [26]. The ash content of
PLF (10.57%) was higher than that of CB (6.20%), an indication that the amount
of trace elements or foreign matters in PLF was higher in PLF than CB.

Table 2 shows that the amount of oil required to wet 100 g of CB is greater
than that required for PLF of particle sizes 75, 150 and 300 pm. Thus, the aggre-
gate structure of CB is greater than that of PLF of sizes 75, 150 and 300 um by
about 1.03, 0.87 and 0.80 kg respectively.

The density pH of PLF was determined to be 2.67 while that for CB is 1.80.
The density of PLF is higher than the values reported for other plant fibres like
coconut (1.150 g/cm?), sisal (1.50 g/cm’) and banana (1.35 g/cm® [27] [28].

The chemical composition of PLF as given in Table 3 shows the presence of
appreciable quantity of cellulose and generally, the greater the cellulose content,
the better is the quality of vulcanizates produced using the material [29]. The
cellulose content of the fibre is 65.16%. Cellulose is the component that makes

the fibre of non-wood materials to be stronger and tougher [30].

3.2. Cure Characteristics of Natural Rubber Vulcanizates

3.2.1. Scorch Time
The scorch times (t,;) of the prepared natural rubber vulcanizates illustrated in
Figure 1 did not show any clear cut order with increases in fibre content. How-
ever, for PLF (150 um), after the initial increase in t,; on addition of 10 phr of the
fibre, t,, decreased with increases in PLF content. The observe decrease of t
with filler content maybe attributed to filler related parameters such as particle
size, surface area, filler surface reactivity and also, to the increase in mixing time
resulting in the introduction of the filler into natural rubber [31] [32]. Okoh et
al. [17] who worked on Velvettamarid seed shell and CB filled natural rubber
vulcanizates reported that the scorch times of the vulcanizates decreased with
increasing filler content.

The t,;, of CB filled natural rubber vulcanizates did not show any definite order
of variation with CB content. At 30 phr filler content, CB filled rubber vulcani-
zates exhibited higher t,; than those of PLF filled vulcanizates and this may be
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attributed to the higher surface area, surface reactivity and smaller particlesize of
CB filler. The scorch times of the rubber vulcanizates were observed to decrease

with increases in filler particle size at filler contents, 10 and 30 phr.

3.2.2. Cure Time

The variation of cure time of pineapple leaf fibre filled natural rubber vulcani-
zates with filler content is shown in Figure 2. The cure times of PLF (75, and 150
pum) filled natural rubber vulcanizates after the initial increase at 5 phr filler
content did not show any general order of variation with increases in filler con-
tent, while for PLF (300 pum) filled natural rubber, after the initial increase in
cure time at 5 phr, the cure times decreased with increases in filler contents and
were lower than that of unfilled natural rubber.

The decrease of cure times with filler contents has been reported by many re-
searchers [31] [32] [33]. The CB filled natural rubber exhibited the highest cure
time of 7.32 sec at filler content, 30 phr. The effect of filler particle size on the
cure characteristics of natural rubber vulcanizates appear to depend on the filler
content incorporated into natural rubber. The differences in cure times observed
in this study may be attributed to the differences in filler properties such as sur-

face area, surface reactivity, and particle size [15] [34].

4
35 -
n \
3 3 \
£ 25 ~
=
= 2 -
o ——300um
e 15 ¢
[}
—8—150um
2 N/ u
05 \ / 75um
. v
0 : : : —0
0 10 20 30 40 50

Filler Content (phr)

Figure 1. The effects of filler content and particle size on scorch time of filled natu-
ral rubber.

o N

N
/ N\

Cure Time (S)
=

\N ——300um
3 —8—150um
2 75um
1 =>=CB
0 ‘ ‘ ; : .
0 10 20 30 40 50

Filler Content (phr)

Figure 2. The effects of filler content and particle size on cure time of filled natural
rubber.
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3.2.3. Maximum Torque
Figure 3 illustrates the variation of maximum torque of pineapple leaf fibre
filled natural rubber vulcanizates with filler contents. The PLF (75, and 300 um)
filled natural rubber vulcanizates showed increases in maximum torque (T,,,)
between filler contents, 5 and 10 phr, exhibited a decrease in T, at 20 phr filler
content, with subsequent increases in T, with filler content. Osabohien and
Egboh [1] who studied cherry seed shell filled natural rubber vulcanizates re-
ported that the maximum torque generally increased with increases in filler
content, and that the increases were higher for CB filled rubber vulcanizates.
Generally, PLF (300 pm) exhibited the highest T, value (47.04 lb-in) in the
vulcanizates at filler contents, 10 phr among the filler particle sizes studied. CB
exhibited the highest T, value (35.65 lb-in) at 40 phr filler content. The higher
T ex Of 47.04 1Ib-in recorded for PLF filled rubber vulcanizates at 10 phr filler
content may be attributed to the nature of PLF filler such as surface area, surface

reactivity, and particle size [35].

3.2.4. Minimum Torque

The changes in minimum torque (T,,;,), a measure of initial viscosity of rubber
vulcanizates are illustrated for filled and unfilled rubbers in Figure 4. The figure
shows that T, ;, increased with increases in filler contents and particle sizes.

The increases in T, ;, with filler content are indicative of a good filler-matrix
adhesion which restricted the free mobility of the rubber chains. Lopattananon
et al. [21] who studied the orientation and mechanical properties of chemically
treated PLF/NR composites reported that T, was independent of filler content.
At any filler content considered, CB filled natural rubber exhibited higher T,
than PLF filled natural rubber, irrespective of PLF particle size. This may be due
to higher surface area, greater rubber-filler interactions and consequently, higher
retardation in the mobility of rubber chains in the rubber matrix for CB filled

rubber vulcanizates.

NN
o wu

=4—300um
== 150pum

=
wv

=
o

75pm

Maximum Torque (1b - in

=>=CB

o wu

Filler Content (phr)

Figure 3. The effects of particle size and filler content on maximum torque of filled
natural rubber.
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Figure 4. The effects of filler content and partcile size on minimum torque of filled
natural rubber.

3.3. Mechanical Properties of Rubber Vulcanizates

3.3.1. Tensile Strength

The tensile strength of the prepared natural rubber vulcanizates illustrated
graphically in Figure 5 shows that the addition of 5 phr PLF (300 pm) into nat-
ural rubber led to a decrease in the tensile strength of natural rubber after which
the tensile strength increased within filler content, 10 to 30 phr, and thereafter,
decreased at 40 phr filler content. This may be due to the phenomenon of phase
inversion and agglomeration effect [36]. The filler agglomeration acts as an ob-
stacle to filler dispersion and this phenomenon increases with increase in filler
content which consequently lowers the filler-matrix interactions. This results to
a decrease in tensile strength after the optimum amount of filler (30 phr) has
been added.

The tensile strength of PLF (150 um) filled natural rubber increased with in-
creases in filler content within the filler content investigated. The tensile strength
of CB filled natural rubber increased with increases in filler content until a
maximum strength (13.89 MPa) was reached at 30 phr filler content after which
the tensile strength decreased. CB exhibited higher tensile strength than PLF fil-
ler at filler content greater than 10 phr. The better tensile strength properties of
CB over PLF in the vulcanizates may be due to better bonding quality between
CB and the rubber matrix. Generally, the observed reduction in tensile strength
of PLF rubber vulcanizates is due to the incompatibility between the PLF, and
rubber matrix resulting to weak rubber-filler interaction. As a result, the filler
was not able to support the uniform transmission of stresses from the rubber

matrix leading lower tensile strength.

3.3.2. Tensile Modulus

Figure 6 shows that the tensile modulus of PLF filled natural rubber at filler
content, 30 phr decreased steadily with increases in filler particle size. The PLF
filled natural rubber vulcanizates of particle sizes, 75 and 300 um did not exhibit

any clear cut order on the variation of tensile modulus with filler content. The
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modulus of CB filled natural rubber vulcanizates is observed to increase steadily
with increasing CB content, and in all cases, was higher than those of filled (PLF)
and unfilled natural rubber vulcanizates. This may be due to the formation of
strong bonds with the rubber matrix by CB and may be due to differences in fil-
ler properties. Results from filler characterization in this study shows that CB
filler is not acidic (pH 7.00), has higher iodine absorption number (81.24 mg/g),
weight loss on ignition (92.80%), and smaller particle size (30 - 35 nm), factors
which favour greater reinforcement in the vulcanizates than PLF filler. Parkin-
son [37] and Wagner [38] reported than the modulus of filled vulcanizates can
be enhanced by improving the surface area and surface reactivity of fillers, filler

dispersion and filler-rubber interaction.

3.3.3. Elongation at Break

The elongation at break (EB) of vulcanized natural rubber vulcanizates is illu-
strated in Figure 7. The figure shows that the EB of unfilled natural rubber vul-
canizate is generally greater than those of filled natural rubber vulcanizates. This
can be attributed to the adherence of the PLF into the rubber matrix resulting to
stiffening of rubber chains, and subsequent hardening of the matrix leading to
reduction in rubber ductility [17]. This leads to lower resistance to breakage.
Thus, the elongation at break decreased, and the modulus increased. The low
elongation at break of the rubber vulcanizates obtained in this study implies that
the rubber products would be rigid and are expected to have low hysteresis and
heat build-up [17]. The observed decrease in elongation at break of PLF filled
natural rubber vulcanizates with filler content is consistent with previously re-
ported works on the variation of elongation at break of natural fibre reinforced
rubber with filler content [16] [17] [21].

The incorporation of 10 and 30 phr PLF into the rubber matrix led to increas-
es in EB with increase in PLF particle size. Conversely, the addition of 40 phr
PLF into the rubber matrix generally led to decreases in EB with increases in fil-
ler particle size. CB filled natural rubber vulcanizate exhibited the highest elon-
gation at break at filler content, 30 phr.
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Figure 5. The effects of filler content and pareticle size on tensile strength of filled natural
rubber.
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Figure 6. The effects of filler content and particle size on tensile modulus of filled natural
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30
e
é/ 25
=<
B
g 0.
=)
-] ==300um
15
_E =#-150pm
=
tél) 10 =d=T5um
= —=CB
M 5
0 T T T T ]
0 10 20 30 40 50

Filler Content (phr)

Figure 7. The effects of filler content and particle size on elongation at break of filled
natural rubber.

3.3.4. Flexural Strength

Figure 8 shows the variation of flexural strength of natural rubber vulcanizates
with filler content. PLF (150 pm) and CB filled natural rubber generally exhi-
bited higher flexural strength than the unfilled vulcanizate at the filler contents
considered.

The flexural strength of PLF (300 pm) filled natural rubber vulcanizates
should an initial decrease in EB on addition of 5 phr into the rubber matrix but
which later, increased with increases in filler content. At filler contents 20 and 40
phr, the flexural strength of rubber vulcanizates increased with increasing filler
particle size. CB filled natural rubber vulcanizates generally exhibited increases

in EB with increases in CB content.

3.3.5. Compression Strength

The compression strength of PLF filled natural rubber vulcanizates as illustrates
in Figure 9 did not exhibit any order of variation with filler content and were
generally greater than that of unfilled natural rubber. At filler contents 10 - 30
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phr, the compression strength of the rubber vulcanizates did not exhibit any de-
finite order of variation with filler particle size except at 5 phr filler content
where the compression strength increased with increase in filler particle size.

While the compression strength of PLF (300 pm) filled natural rubber vulca-
nizates generally increased with increases in filler content (5 - 40 phr), those of
PLF (75, 150 um) filled natural rubber vulcanizates showed decreases at 10 phr
content, increased within filler content, 10 - 40 phr and decreased again at 40
phr filler content. The PLF (75, 150 pm) exhibited optimum compression
strength in the rubber vulcanizates at 30 phr filler content.

The CB filled natural rubber vulcanizates exhibited higher compression
strength than PLF filled natural rubber vulcanizates at filler contents, 20 - 40
phr. The findings of this study are in disagreement with the work of Egwaikhide
et al. [16] who studied coconut fibre filled natural rubber and reported that un-
filled natural rubbervulcanizate had higher compression strength than CB and

coconut fibre filled vulcanizates.
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Figure 8. The effects of filler content and particle size on flexural strength of filled natural

rubber.
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Figure 9. The effects of filler content and particle size on compression strength of filled
natural rubber.
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4. Conclusions

Pineapple leaf fibre of particle sizes 75, 150 and 300 pum has been used success-
fully to reinforce natural rubber at filler contents, 0 to 40 phr. Carbon black was
used as the reference filler in this study.

The scorch times (ts;) of the natural rubber vulcanizates were observed to de-
crease with the increase in filler particle size at filler contents, 10 and 30 phr
while the cure times of PLF (300 um) filled natural rubber vulcanizates de-
creased with the increase in filler contents, and were lower that of unfilled natu-

ral rubber. PLF (300 pm) exhibited the highest maximum torque (T,,,) value

(47.04 1b-in) at filler content, 10 phr among the filler particle sizes studied while
CB exhibited the highest T, value (35.65 lb-in) at 40 phr filler content. The
minimum torques (T,,;,) of the vulcanizates were observed to increase with the
increase in filler content, and particle size.

The PLF (150 pm) filled natural rubber vulcanizates exhibited increases in
tensile strength with increase in filler particle size. The tensile modulus of PLF
filled natural rubber decreased steadily with the increase in filler particle size at
filler content, 30 phr. The PLF (75, and 300 um) filled natural rubber vulcani-
zates ex/hibited no clear cut order on the variation of tensile modulus with filler
content.

The elongation at break of unfilled natural rubber vulcanizates was greater
than those of filled natural rubber vulcanizates. The flexural strength of PLF (150
pum) and CB filled natural rubber were generally higher than that of unfilled
natural rubber. The flexural strength of PLF (300 um) filled natural rubber in-
creased with the increase in filler content within filler content, 10 to 40 phr. The
compression strength of the rubber vulcanizates were generally greater than that
of unfilled natural rubber and at filler content, 5 phr, the compression strength
increased with the increase in filler particle size.

The addition of PLF into natural rubber improved the mechanical properties
of the rubber vulcanizates but the improvements were less than those obtained
for CB filled natural rubber vulcanizates. This can be due to the smaller particle
size of PLF, higher acidity (pH) and moisture content of PLF. There is a reason
to believe that by further reducing the particle size of PLF using modern milling
equipment, chemical modification of PLF and use of suitable coupling agent,
greater reinforcement of PLF filled natural rubber vulcanizates could be ob-

tained thereby improving the potential of PLF as a filler in the rubber industry.
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