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Abstract

In this report, Coconut fibre was modified through carbonization and the trends in the morphological changes
and impact was studied on natural rubber vulcanisates in solving the problem of seeking for more cost effective
materials for most applications than conventional materials such as wood, steel, or concrete in terms of life cycle
costs. Carbonization was effected at varying temperatures of 300, 400, 500, 600, and 700°C for three hours each
in order to improve on mechanical properties. The treated and raw fillers were ground and passed through
100um sieve. Scanning Electron Microscopy (SEM) was conducted on the carbonized fillers to trace
modification trends. Other confirmatory evaluative measures of mechanical properties such as hardness,
abrasion resistance, compressive strength, tensile strength and flexural strength were made on the composites.
Scanning Electron monographs analyses clearly showed finer and cleaner particle aggregates with increase in
carbonization temperature of the Coconut fibre. The finer aggregates bonded more strongly with the natural
rubber matrix and hence provided a clear confirmatory indication of an improvement obtained in the mechanical
and sorption properties of the composites with carbonized Coconut fibre up to 600 °C. Results achieved are
significant at making scientific attempts at seeking alternative methods of natural rubber reinforcements through
appropriate morphological re-orientations. The results show the potential of modified coconut fibre in reinforced
composites as an alternative material for aerospace, transportation, construction, electrical/electronic devices
and corrosion-resistant equipments.
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INTRODUCTION structural parts of the coconut palm tree have been
Natural rubber has excellent properties which makes examined for properties such as size, density,
it ordinarily attractive to researchers and natural electrical resistivity, ultimate tensile strength, initial
product designers. The green strength of rubber is of modulus and percentage elongation (Satyanarayana et
an appreciable value; but yet it falls short of being al, 1982).
used as an engineering rubber in most areas of
applications. Modification of natural rubber via Husseniyah and Mostapha (2011) reported the effect
additives incorporation cannot be over emphasized. of filler content on properties of coconut shell filled
Additives commonly available for rubber property polyester composites. The results revealed that
development may include activators, accelerations, increased in coconut shell content have increased the
cross linking agents, black and non-black fillers, tensile strength, young’s modulus and the water
flame retardants, anti-gelling agents, processing aids absorption but reduced the elongation at break.
etc. One major additive which has played major role Investigation into the effect of the rheological,
in rubber modification over the years is fillers; physico-mechanical and swelling properties of
ranging from non-reinforcing, through semi- natural rubber vulcanisates using coconut fibre as
reinforcing to reinforcing filler. Carbon black is a  fillers were evaluated (Egwaikhide et al, 2007).
major role player despite its short comings, such as Sapuan et al (2003) presented the tensile and flexural
its non-renewable petroleum origin, dark colour, properties of composites made from coconut fibre
contamination and pollution (Ahmedna et al, 1997). filler particles and epoxy resin. In 2012, Onyeagoro
carried out a research on cure characteristics and
Excellent reports exist in the literature on the use of physico-mechanical properties of carbonized bamboo
different fillers to reinforce natural rubber. The fibre filled natural rubber vulcanisates.
morphology and mechanical properties of coconut
shell reinforced with epoxy resin composite have The present study reports the morphological
been evaluated (Jacob et al, 2014) to establish the modification of coconut fibre via carbonization at
possibility of using it as a new material for various temperatures and its use in natural rubber
engineering applications. Fibres from different reinforcement. Confirmatory evaluations of the
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physico-mechanical properties of the modified
coconut fibre are also reported. Coconut fibre
constitutes a major agro-waste in Nigeria, and it is
therefore readily available. The various temperatures
create a re-orientation in the property adjustment of
natural rubber composite.

MATERIALS

Natural rubber which conforms to Nigerian standard
Rubber, NSR10 was obtained from the Rubber
Research Institute of Nigeria (RRIN), lyanomo,
Benin city. The compounding additives such as Zinc
Oxide, Stearic acid, Sulphur, MBTS, TMTD and
mineral oil were of commercial grades. Coconut
fibre was obtained from Auchi in Edo State, Nigeria.
Preparation of Coconut Fibre Filler and
Carbonization

The coconut fibre were collected and washed in water
to remove sand and debris. The washed fibre was
oven-dried at 95 °C to remove moisture. After drying,
a portion of the coconut fibre were milled to fine
particles and sieved through a mesh size of 100um. A
second portion were weighed and carbonized at
temperatures varying from 300, 400, 500, 600 and
700 °C for three hours (Ayo et al. 2011). Carbonized
fibre were allowed to cool and milled to fine particles
and sieved through a mesh size of 100um. Both raw
and carbonized powder were characterized and used
for compounding. See Table 1 for the properties of

the characterized.

Compounding and Curing

Mixing was carried out on a laboratory two-roll mill
size (180x360mm) in accordance with ASTM-
D3182. The nip gap, mill roll speed ratio (1:1.25),
sequence of addition and time of mixing of the
additives were kept uniform for the entire composite
samples. The roll temperature was maintained at
70°C. The sheeted rubber compounds were allowed
for maturation at 32°C for 24 hours before curing
with the aid of compression press in accordance to
ASTM-1632-07. The pressure of 150kg/cm?
temperature of 150°C and an average time of 15
minutes were used as determined from ODR 2000
Model Rheometer.

Morphological Examination

Scanning Electron Microphotograph was conducted
to evaluate the cell morphology of the carbonized
coconut fibre filler at the various temperatures to
ascertain  the level of modification. SEM
Magnification was done at 1000x with a resolution of
80um. The carbonized fibre powder were treated with
liquid nitrogen and coated in gold for this
examination. Images were taken on the SEM
operated in the secondary electron mode at a 10kv
mapping accelerating voltage with full BSD. Particle
properties were weighted by volume and by count
and average values were noted. Relationships of the
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SEM study to mechanical properties such as
hardness, abrasion resistance, compressive strength,
tensile strength and flexural strength  were
determined. Figures 1-6 show the Scanning Electron
Microphotograph images of the raw and carbonized
coconut fibre powder. Table 2 showed particle
properties weighted by volume and Table 3 showed
particle properties weighed by count from SEM.
Confirmatory Testing of Natural Rubber
Vulcanisates

The following tests were further conducted as a
confirmatory evaluation on the rubber test pieces
obtained from sample represented in the formulation
table using standard test methods: Hardness (ASTM-
D2240), Abrasion resistance (ASTM-D5963 -04),
Compressive strength (ASTM- D575-91), Tensile
strength, Modules & Elongation at break (ASTM-
D3039/D), Flexural tests (ASTM-D3039/D). All
properties were measured along the grain direction.
See Table 4

Sorption Experiment

Vulcanized compositions were obtained as small
sheets of about 1.5g and approximately (2x2x0.3) Cm
— ASTM-D3010. The exact weights of dry sample
were measured prior and after immersion in the
selected solvents for 72 hours. The equilibrium
swellings of the compounds in percentage were
mathematically gotten from the relation: (W,-W/W,)
X 100; where W; and W, are the initial weight and
weight of the swollen sample respectively. See Table
5 for swollen test results.

RESULTS AND DISCUSSION

SEM Micrographs

It could be seen that as carbonization temperature
increases, the surface of the fibre gets finer and
cleaner than the raw fibre. Characterization of
coconut fibre (Table 1) in terms of the Moisture
content, pH, Length, Width, Diameter, Surface area,
Lumen and Loss on ignition was necessary because
the parameters played an important role in
determining the distribution and dispersion of the
fillers in natural rubber (Egwaikhide et al, 2007).
From figures 1-6 of the Scanning Electron
Microphotograph images of the carbonized filler
samples and the SEM generated report on particle
properties weighted by volume and by count
decreased with increase in carbonization temperature,
given an indication of finer particle aggregate. The
SEM micrographs revealed that the interfacial
bonding between the carbonized filler and the rubber
matrix as temperature increases was significant;
suggesting that better dispersion of the filler into the
matrix was achieved upon carbonization of the
coconut fibre as proven by other workers (Mohanty et
al, 2000). Also, the localized bunch of fibres and
patches in the raw coconut fibre indicated the poor
dispersion of filler within the rubber matrix.
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Figure 7 shows graphs in cumulative percentage of
the particle properties weighted by volume and by
count plotted from SEM results. The increase in
carbonization temperature lead to increase in surface
area and increase in volume by area thereby
contributing to interfacial bonding strength in the
carbonized filler than for the raw filler (Ganiyu et al,
2010). Further confirmatory evaluations were done
on the Physico-mechanical properties of the rubber
vulcanisates and their sorption behaviour.

Physical-Mechanical Results

The research results of the mechanical properties are
shown in table (4). The Variations of hardness from
lower values to higher values with increase in
carbonization temperature was influenced greatly by
decrease in particle sizes of the structure as the SEM
monograph gets finer with smaller aggregates. The
finer aggregates of the carbonized filler created
interaction between the filler particles and the
polymer matrix (Ishak and Baker, 1995).

Mechanical properties of the composites depend on
several factors such as the stress-strain behaviours of
fibre and matrix phases, the phase volume fractions,
the fibre concentration, the distribution and
orientation of the fibre or filler relative to one another
as carbonization temperature increases (Bhaskar and
Singh). From the SEM particulate results, it can be
seen that tensile strength and elastic modulus of the
composites increase with a decrease of filler
aggregation and as the carbonization temperature
increases. This is possibly due to the fact that the
coconut fibre particles strengthen the interface of the

Table 1: Characteristics of the Coconut Fibre Filler

rubber matrix as the carbonization temperature
increase in all the composites, tensile strength,
modulus at 100% and hardness increases with
increasing temperatures of carbonization. This is a
result of the increase in surface area weighted by
volume and by count in the particulate results of the
monographs. This leads to more interaction between
the filler and the rubber matrix. The finer the nature
of the filler as seen in the monographs the stiffer the
chain. The stiffness of the chain accounts for lower
elongation at break with increase in carbonization
temperature because of closer adherence of the filler
to the polymer phase. The chain stiffening leads to
high resistance to strength when strain is applied
(Ayo et al, 2011). Abrasion resistance increased as
the carbonization temperature increases. The finer
aggregate of the particles as seen in the monographs
was also observed; subsequently leading to a better
degree of filler dispersion.

The surface energy of the finer filler aggregate
creates a strong affinity between the filler and the
rubber matrix as carbonization temperature increase
thereby resulting in corresponding decrease in
compressive strength properties (Nemour, 1986). The
finer aggregate with increase in carbonization
temperature as seen in the monographs was possibly
responsible for a good bond strength between the
coconut shell fibre and the rubber matrix which result
in homogeneity of phase and thereby leads to
increase in resistance to solvent swelling with
increase in carbonization temperature.

Parameters CFP 300 400 500 600 700
PH of slurry @ 32°C 6.25 632 655 710 725 8.02
Moisture content (wt %) 11.00 6.90 6.45 5.00 3.50 1.00
Ash content (%) 2.40 315 380 455 685 895
Loss on ignition (800 °C) (%) 32.00 36.40 3890 4250 4280 52.10
Conductivity (um) 0.83 2.14 2.48 2.85 3.20 3.35
Length (um) 0.38 030 028 022 015 0.09
Width (um) 0.02 0.009 0.006 0.004 0.003 0.001
Diameter (um) 0.05 0.02 0.02 001 0.006 0.005
Lumen (um) 0.01

Surface area (Cm?) 0.07

0.19 0.34 2.15 2.90 3.16
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Fig. 2: Monograph of carbonized coconut fibre
at 300°%

Fig. 1: Monograph of raw coconut fibre

Fig. 3: Monograph of carbo d coconut fibre Fig. 4: Monograph of carbonized coconut fibre
at 400°% at 500°%

corw veo

Fig. 5: Monograph f carbo ed coconut fibre Fig.6: Monograph of carbonized coconut fibre
at 600°% at 700°%
Table 2: Properties Weighted by Volume
Property (average) CFP 300 400 500 600 700
Circle equivalent 40.30 38.30 36.30 30.10 28.20 28.05
Diameter (um)

Major axis (um) 53.10 49.50 43.10 38.50 31.30 29.30

Minor axis (um) 30.90 28.40 26.40 23.40 20.60 18.50

Circumference (um) 206 201 195 175 152 148

Area (um?) 1.44E+03 1.40E+03 1.30E+03 1.26E+03 1.20E+03 1.05E+03

Volume area (um?®) 4.85E+04 4.50E+04 3.70E+04 3.10E+04 2.90E+04 2.80E+04

Grayscale 90.70 62.50 48.80 42.40 34.90 30.90

Table 3: Properties Weighted by Count

Property (average) CFP 300 400 500 600 700
Circle equivalent 30.00 26.00 21.00 18.50 16.40 12.50
Diameter (um)
Major axis (um) 40.00 34.00 30.00 25.00 20.00 17.10
Minor axis (um) 23.00 20.00 18.00 16.00 14.00 11.00
Circumference (um) 137 128 111 105 95 78
Area (Um?) 767 412 385 306 295 268
Volume area (um?) 1.84E+04 1.55E+.4 1.21E+0.4 1.15E+0.4 1.10E+0.4 1.00E+0.4
Grayscale 91.70 71.80 62.50 59.10 48.80 40.00
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Table 4: Mechanical/Physical Properties of the Composite

Properties CFP 300 400 500 600 700
Hardness 64.00 68.00 75.00 79.00 80.00 76.00
(Shore A)

Abrasion resistance 20.40 25.32 29.95 32.40 36.55 34.15
Compressive set (%) 26.92 24.65 20.96 19.85 19.46 22.85
Tensile strength (MPa) 5.96 7.25 7.97 8.45 8.68 7.85
EAB (%) 520.50 515.80 498.20 488.50 455.70 468.85
Modulus (%) 2.85 3.20 3.84 4.22 4.25 4.00
Flexural strength (MPa) 1.99 1.65 1.42 1.40 1.38 1.48

Table 5: Sorption Test Results

Carbonization Hexane (%) Xylene (%) Toluene (%) Benzene (%0)

Temperature (°C)

CFP (32°C) 525 520 495 312

300 500 492 445 258

400 485 490 415 218

500 425 472 358 201

600 412 422 325 198

700 415 425 368 200
100 -
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Fig. 7: Graphs of Cumulative SEM properties weighted by volume and by count

CONCLUSION

Raw coconut fibre was physically modified via
carbonization at various temperatures in order to
improve its surface morphology and hence the
compatibility between the fibre and the natural rubber
matrix. The tensile strength of the composites
increased with carbonization temperature and at finer
aggregates of the filler particles. The hardness,
flexural strength, flexural modulus compressive
strength and abrasion resistance also increased with
finer morphology as carbonization temperature
increases. The resistance to solvent also increased
with carbonization temperature at finer particle
aggregate (Jain et al, 2012). The authors conclude
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that physical modification actually took place through
carbonization. And increase in carbonization
temperature attracted corresponding increase in the
physical-mechanical properties of the rubber
vulcanisates to an optimum temperature of 600 °C.
Best properties were observed at between 500°C to
600 °C. Beyond that, good physical properties start
diminishing. Though the wide range of potential
applications as enumerated in this work, need
technological innovations and breakthroughs to arrive
at economical and durable fibre composite products.
Fibre composites can be a material of choice if
further knowledge is sort for in the area of structural
designs, joining mechanisms, and manufacturing
techniques.
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