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ABSTRACT: The cure characteristics and physicome-
chanical properties of natural rubber (standard Nigerian
rubber) vulcanizates filled with the fiber of bowstring
hemp (Sansevieria liberica) and carbon black were investi-
gated. The results showed that the scorch and cure times
decreased, whereas the maximum torques increased, with
increasing filler loadings for both bowstring hemp fiber
and carbon black filled vulcanizates. The tensile strength
of both bowstring hemp fiber and carbon black filled vul-
canizates increased to a maximum at a 40 phr filler con-
centration before decreasing. The elongation at break and
rebound resilience decreased, whereas the modulus, spe-

cific gravity, abrasion resistance, and hardness increased,
with increasing filler contents. The carbon black/natural
rubber vulcanizates had higher tensile strength, which was
about 1.5 times that of bowstring hemp fiber/natural rub-
ber vulcanizates. This superiority in the tensile strength
was probably due to the higher moisture content and
larger particle size of the bowstring hemp fiber. However,
the bowstring hemp fiber/natural rubber vulcanizates
showed superior hardness. � 2007 Wiley Periodicals, Inc.
J Appl Polym Sci 107: 210–214, 2008
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INTRODUCTION

It has been well documented that the addition of
sufficient quantities of filler particles such as carbon
black (CB) to a polymer matrix greatly enhances the
physical and mechanical properties of the resulting
vulcanizates, which are used in a wide range of
commercial and engineering applications. Generally,
fillers are classified into two types: reinforcing (or
active) and nonreinforcing (inert or diluent) fillers. A
reinforcing filler is one that improves the modulus
and failure properties (tensile strength, tear resist-
ance, and abrasion resistance) of the final vulcani-
zates, whereas inert fillers add little or nothing to
the tensile strength or tear or abrasion resistance but
are frequently added to a polymer matrix to extend
the volume of the stocks into which they are incor-
porated and hence reduce the overall production
cost or aid processing.1–5

CB has remained the most widely used reinforcing
filler for most polymers; however, efforts to develop
fillers from plant sources that can achieve a reinforc-
ing potential similar to that of CB and thus substi-
tute for it have been intensified in recent years.6–8

CB is produced from a nonrenewable resource, pe-
troleum; it is expensive and imparts black coloration

to any polymeric material to which it is added. The
utilization of plant-based fibers as fillers for poly-
mers is based on the premise that they are renew-
able, are available in commercial quantities at rela-
tively low cost, and can be added to polymers to
form a biodegradable matrix.4 There is also the pos-
sibility of recycling the materials.9 Several studies
have indicated the successful utilization of flax
fibers,4 melon seed shells,9 cocoa pod husks,8 rub-
ber seed shells,8 and rice husks11 among others as
fillers in natural rubber compounds. The industrial
use of plant fibers as fillers has also increased in
many polymer manufacturing sectors, such as
household wares, packaging, toys, automobiles,
building, and construction, because natural-fiber-
reinforced polymer composites are lightweight, non-
corrosive, nonabrasive, temperature-resistant, easy to
recycle, and environmentally friendly and have high
mechanical properties.4

Sansevieria liberica bowstring hemp belongs to the
family Agavaceae and is one of the bowstring hemp
species with concave, short petioled leaves contain-
ing over 2% fiber. It has long rhizomes with long
fibrous roots and a rapid rate of growth. The leaves
are short, with a low number of leaves per unit of
area, and provide yields of about 1500 kg of fiber
per hectare per annum. A number of species of bow-
string hemp, such as Sansevieria cylindrical, Sansevie-
ria guineesis, Sansevieria trifasciata, Sansevieria rox-
burghiana, Sansevieria zeylanica, Sansevieria ehrenbergii,
and Sansevieria longiflora, are grown as ornamental
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plants. They are widely distributed throughout the
tropics. Fibers for local use are obtained from the
leaves of some species in various countries for mak-
ing string, nets, coarse fabrics, and bows.10 The
leaves and roots of S. liberica have been put to medi-
cal use in parts of Nigeria in the treatment of
asthma, sexual weakness, hypertension, diarrhea,
abdominal pains, hemorrhoids, and wounds of the
foot. The plant is also prescribed as a remedy for
monorrhagia, colic, and gonorrhea. A paste of the
herb is used to treat eczema, piles, and snake bites.12

This research work is aimed at investigating the
effects of bowstring hemp fiber (BHF) on the cure
characteristics and physicomechanical properties of
natural rubber vulcanizates. It is intended to develop
a local filler that is lower cost, renewable, and avail-
able and that can be used as a substitute or supple-
ment for CB fillers in natural rubber articles. Nigeria
is endowed with rich agricultural resources, includ-
ing different species of bowstring hemp. The end
uses of these resources are of paramount importance
for technological growth.

EXPERIMENTAL

Materials

The materials used in this study included BHF
derived from the leaves of bowstring hemp collected
from Abraka, Nigeria, and natural rubber [Standard
Nigerian Rubber 10 (SNR10)] obtained from Foot
Wear Accessories, Manufacturing and Distribution
(formerly Bata Multinational Co., Benin City, Nige-
ria). Industrial-grade CB (N330) was obtained from
Nigerian National Petroleum Company (Warri, Nige-
ria). Industrial-grade compounding ingredients and
rubber test equipment were obtained from the
Department of Polymer Technology, Auchi Polytech-
nic (Auchi, Nigeria), and Dunlop, Plc. (Ikeja, Lagos).

Methods

Preparation of the BHF filler

BHF was obtained from bowstring hemp leaves
through the soaking of the leaves in clean water for
about 1 week in a clean plastic bowl and the re-
moval of the greenish part by washing with water.
The resulting whitish fiber was air-dried for few
days, pulverized with a corona grinding machine,
and screened through a sieve with a mesh diameter
of 212 nm.

Characterization of the natural rubber and BHF

The natural rubber used in this study (SNR10) was
characterized in terms of its dirt, ash, and nitrogen
contents, volatile matter, plasticity retention index,

and Mooney viscosity with standard techniques.3,13

The prepared BHF filler was also characterized in
terms of the moisture content, loss on ignition,
iodine adsorption number, pH of its aqueous slurry,
density, and metallic composition particle diameter
in comparison with those of N330 with standard
methods.3,8,14,15

Compounding and curing of the SNR10 mixes

The recipe used in the formulation of SNR10 is given
later in Table III. The compounds were made with
0–70 phr filler loadings. Each of the formulations
was masticated, and the mixing was carried out
with a laboratory two-roll mill (160 3 320 mm2) kept
below 808C.

The SNR10 compounds were cured by compres-
sion molding with a steam press machine at a pres-
sure of 150 kg/cm at 1808C for about 30 min. The
cure characteristics of the vulcanizates were deter-
mined with a Monsanto MDR 2000 rheometer. The
scorch and cure times and torques were determined
from the resulting rheographs.

Determination of the physicomechanical
properties of the vulcanizates

The tensile properties (tensile strength, modulus,
and elongation at break) of the vulcanizates were
measured with a Monsanto Instron 4301 tensometer
at a crosshead speed of 500 mm/min with dumb-
bell-shaped test specimens in accordance with
ASTM D 638-99,16 whereas a Wallace Croydon R2A
resilience tester was used to determine the rebound
resilience. The specific gravity and hardness of the
vulcanizates were measured with a Monsanto Densi-
tron 2000 and a Wallace Croydon hardness tester,
respectively. The abrasion resistance was measured
in accordance with the procedure described in BS
903 part A9.17

RESULTS AND DISCUSSION

The results of this research work are shown in
Tables I–VII. The properties of the BHF-filled natural
rubber are compared with those of N330.

TABLE I
Characteristics of SNR10, SAR10, and SMR5

Parameter SNR10 SAR10 SMR5

Dirt content (%) 0.01 0.02 0.05
Ash content (%) 0.25 0.32 0.50
Nitrogen content (%) 0.20 0.23 0.70
Volatile matter (%) 0.25 0.40 1.00
Plasticity retention index 71.00 67.00 —
Mooney viscosity at 1008C 76.00 70.00 60.00
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Physicochemical properties of SNR10
and the fillers

Tables I and II summarize the physicochemical prop-
erties of SNR10 and the fillers. According to Table I,
the values of the physical properties of SNR10 com-
pare favorably with those of other standard natural
rubbers such as Standard African Rubber 10
(SAR10)18 and Standard Malaysian Rubber 5
(SMR5).19 It shows higher purity because of its lower
dirt, ash, nitrogen, and volatile matter contents. The
high values of the plasticity retention index and the
Mooney viscosity indicate a high resistance of the
rubber to aging and flow, respectively.3 The physico-
chemical properties of the BHF and N330 fillers are
shown in Table II. The loss on ignition at 10008C is
slightly higher for N330 than BHF, and this implies
that N330 has more carbon or combustible materials
than BHF. The results further reveal that N330 has a
higher iodine adsorption number and consequently
a larger surface area than BHF.3 The amount of car-
bon that a filler has, its surface area, shape, and sur-
face structure, and the pH of its aqueous slurry are

the primary determinants of its reinforcing poten-
tial.11,20 The higher the carbon content is and the
larger the surface area of the filler particles is, the
higher the possibility is of interactions between
the polymer matrix and the filler and the higher the
reinforcement potential is.2,3,5,21 The N330 filler
shows slight acidity according to the pH of its aque-
ous slurries (Table I). It has been shown that acidic
fillers generally retard cure rates.2,9 BHF has a
slightly higher moisture content at 1258C than N330.
A high moisture content has been shown to lead to a
poor dispersion of a filler in a polymer matrix and
hence poor filler/polymer matrix adhesion.2,4,8,11

Plant fibers contain cellulose and lignin in addi-
tion to other carbonaceous and mineral matter, and
some have been reported to affect the properties of
the polymer to which they are added. Several stud-
ies have revealed that lignin imparts low mechanical
properties such as tensile strength, modulus, and
hardness to natural rubber compounds.9

Cure characteristics of the SNR10 compounds

Tables IV and V show the cure characteristics of the
SNR10 vulcanizates filled separately with BHF and
N330 fillers at different filler loadings. The scorch
and cure times for both the BHF- and N330-filled
natural rubber systems decrease with increasing fil-
ler loading. Similar observations have been reportedTABLE III

Typical Recipe for the SNR10 Compound

Ingredient phr

Natural rubber (SNR10) 100.0
Zinc oxide 4.0
Stearic acid 2.0
Fillera 0–70
Processing oil 2.0
CBSb 2.0
TMQc 1.5
Sulfur 1.5

a The fillers were BHF and N330; the filler loadings were
0, 10, 20, 30, 40, 50, 60, and 70 phr.

b N-Cyclohexyl-2-benzothiazylsulfenamide.
c 2,2,4-Trimethyl-1,2-dihydroquinoline.

TABLE II
Physicochemical Properties of BHF and N330

Parameter BHF N330

Moisture content at 1258C (%) 2.15 1.10
Loss on ignition at 10008C (%) 92.50 94.50
Iodine adsorption number (mg/g) 54.30 80.10
Oil absorption (cm3/100 g) 165.20 133.50
pH of the aqueous slurry 7.10 6.90
Density (g/cm) 1.50 1.80
Sodium (%) 3.01 Trace
Potassium (%) 0.92 Trace
Calcium (%) 0.05 Trace
Magnesium (%) 0.06 Trace
Iron (%) 0.03 Trace
Silica (%) 0.20 0.30
Particle diameter range (nm) 20–212 30–35

TABLE IV
Cure Characteristics of SNR10 Filled with BHF

Filler
(phr) 0 10 20 30 40 50 60 70

ts2 (s)
a 34.2 27.0 24.6 23.8 23.4 23.3 23.2 23.0

t90 (s)
b 41.4 40.6 40.1 38.6 38.6 37.6 37.4 37.4

Maximum
torque
(lb in.)

6.47 8.79 10.51 11.53 13.68 13.87 13.93 14.30

a Scorch time.
b Cure time.

TABLE V
Cure Characteristics of SNR10 Filled with N330

Filler
(phr) 0 10 20 30 40 50 60 70

ts2 (s)
a 34.2 32.4 28.2 26.4 25.8 24.8 24.2 24.0

t90 (s)
b 41.4 49.2 46.2 43.8 43.2 42.2 41.2 40.2

Maximum
torque
(lb in.)

6.47 7.57 8.93 11.07 11.13 11.26 11.87 13.18

a Scorch time.
b Cure time.
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in earlier studies.6,8,11,22 Ishak and Bakar11 attributed
the difference in the cure characteristics of vulcani-
zates to the fact that each filler possesses different
properties, such as the surface area, surface reactiv-
ity, particle size, and metal oxide content. Both BHF-
and CB-filled SNR10 compounds experience cure
enhancement with increasing filler content. BHF-
filled SNR10 shows a faster cure rate because the
BHF filler has higher levels of metal and moisture
and a lower surface area, that is, a larger particle
size (Table II), which could affect the cure rates.11

The maximum torque (Tmax) increases regularly with
increasing filler content. The increase in Tmax implies
an increase in the number of crosslinks formed with
increasing filler content. These crosslinks restrict the
molecular mobility of the polymer chains. BHF-filled
vulcanizates have slightly higher Tmax values than
CB-filled vulcanizates and hence a higher restriction
of the molecular mobility of polymer chains because
of good filler/rubber matrix adhesion as a result of
the polymer (fiber)/polymer (rubber) interactions;
this implies higher stiffness (modulus) and higher
hardness for the BHF-filled vulcanizates (Tables VI
and VII).23,24

Physicomechanical properties of SNR10

Tables VI and VII summarize the physicomechanical
properties of BHF- and N330-filled vulcanizates. The
tensile strength of both the BHF- and N330-filled
vulcanizates increases to a maximum at 40 phr and

decreases thereafter. However, the BHF-filled vul-
canizates have lower tensile strength than the N330-
filled vulcanizates, and this implies that BHF has a
lower reinforcement efficiency that may be due to its
higher moisture content and larger particle size
(lower surface area; Table II).4,9,12

The modulus at 100% strain increases with
increasing filler content for both vulcanizates. The
higher modulus observed in the BHF-filled vulcani-
zates versus the CB-filled vulcanizates could be due
to some kind of improved fiber/rubber molecular
interactions because both are macromolecules.24,25

The elongation at break for both the BHF- and N330-
filled vulcanizates decreases with the filler content.
The decrease in the elongation at break could be due
to the attractive forces between the fillers and the
polymer molecules leading to the formation of a
crosslinked network that restricts the free mobility of
the polymer chains and thus increases the resistance
to stretching upon the application of strain.3 How-
ever, the BHF-filled vulcanizates have higher elonga-
tions at break than the N330-filled vulcanizates,
probably because of the fiber/rubber matrix adher-
ence resulting from the polymer (fiber)/polymer
(rubber) interactions, which leads to an increase in
the strain under stress.25

The specific gravity, abrasion resistance, and hard-
ness of both types of vulcanizates increases with an
increasing filler loading, but the BHF-filled vulcani-
zates show slight superiority over the N330-filled
vulcanizates, particularly with respect to the specific
gravity and hardness properties, in applications

TABLE VI
Physicomechanical Properties of SNR10 Filled with BHF

Filler (phr) 0 10 20 30 40 50 60 70

Tensile strength (MPa) 9.48 13.09 15.18 17.03 20.41 18.52 15.01 12.81
Modulus at 100% strain (MPa) 1.13 2.58 2.60 2.63 2.88 3.16 3.28 3.46
Elongation at break (%) 886.0 605.1 573.8 535.6 491.2 470.9 390.2 361.3
Specific gravity 1.006 1.008 1.016 1.037 1.048 1.062 1.077 1.084
Rebound resilience (%) 87.7 83.7 80.6 76.1 74.7 72.4 70.1 68.8
Hardness (International Rubber
Hardness Degree)

44 56 68 72 73 74 76 80

Abrasion resistance index 40.1 40.1 41.0 41.4 42.1 43.0 43.3 44.1

TABLE VII
Physicomechanical Properties of SNR10 Filled with N330

Filler (phr) 0 10 20 30 40 50 60 70

Tensile strength (MPa) 9.48 18.52 27.24 30.53 35.60 31.24 25.20 24.48
Modulus at 100% strain (MPa) 1.13 2.12 2.55 2.96 3.48 3.54 3.98 4.54
Elongation at break (%) 886.0 604.2 572.1 500.9 450.4 382.5 325.2 308.1
Specific gravity 1.006 1.015 1.046 1.069 1.089 1.104 1.119 1.139
Rebound resilience (%) 87.7 83.7 82.6 80.6 79.9 76.1 72.4 70.1
Hardness (IRHD) 44 45 50 56 58 61 65 67
Abrasion resistance index 40.1 41.2 42.1 43.8 44.6 45.5 45.6 45.8
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requiring weight reduction. The BHF filler (Table II)
has a lower density and hence a lower specific grav-
ity, which implies lighter weight rubber articles for
applications requiring weight reduction, which is ad-
vantageous. The results also show that the rebound
resilience of both the BHF- and N330-filled vulcani-
zates decreases with an increasing filler loading. The
slightly lower resilience of the BHF-filled vulcani-
zates implies slightly higher hysteresis and heat
build-up, and hence they would be more difficult to
process.3 The reinforcing potential of this BHF for
natural rubber has been found to be superior to that
of pineapple leaf fiber by a factor of about 1.5
times.26

CONCLUSIONS

The results of this study show that the incorporation
of BHF as a filler influences both the cure character-
istics and physicomechanical properties of natural
rubber vulcanizates but imparts inferior tensile
strength in comparison with a commercial-grade CB
filler (N330). This has been attributed to its higher
level of moisture and larger particle size, both of
which could lead to poor dispersion of the fiber in
the polymer matrix and thus reduce the fiber/rubber
matrix interfacial bonding and strength. Related
studies have indicated that the reinforcing potential
of a filler could be improved by carbonization and
particle size reduction or by a chemical pretreat-
ment of the filler.4,11,27 Therefore, if modern meth-
ods of wet and dry grinding techniques are em-
ployed, a finer particle size BHF filler could be
obtained that could improve the strength proper-
ties. However, BHF-filled rubber vulcanizates could
be useful in products such as hoses, shoe soles,
mats, and sealing articles, for which its superior
stiffness, hardness, and specific gravity are of
immense benefit.

The authors acknowledge the staff of the Department of
Polymer Technology, Auchi Polytechnic, Auchi and Dun-
lop Plc. (Ikeja, Nigeria), for the use of their facilities and
equipment.
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