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Abstract: This report is a followed up study of an earlier published work on Morphological Trends of Modified
Coconut Fibre in Natural Rubber Reinforcement, where the Coconut Fibre was modified through the
carbonization at varying temperatures of 300,400,500, 600, and 700°C for three (3) hours each. Evaluative
examinations gave 600°C as the recommended best temperature at which significant performance of the
composites could be achieved. In the present report carbonization was achieved at 600°C for a varying period
of 1, 2, 3, 4 and 5 hours in order to evaluate the effect of carbonization time on the morphology and mechanical
properties of the Coconut Fibre/Natural Rubber, composites. 100um particle sizes were achieved and
characterization of both raw and treated fillers was effected prior to compounding. A remarkable improvement
in the parameters evaluated was observed strongly at 3hours and fairly strong at 4hours for a carbonization
temperature of 600°C. Above 3 hours, a gradual deterioration of qualitative properties set in. The results
showed that the time cycle for carbonization must be strictly monitored in order to achieve optimum
modification in the use of coconut fibre for reinforced composites and as an alternative material for Shock
bearings, Industrial fluid hoses, Ship liners and vast coverage areas in Automobiles.
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. Introduction

The use of both natural and synthetic fibres is one of the fastest and recently exploited reinforcement
materials for natural rubber in the design of engineering and commaodity wares. Natural rubber has certain best
fit properties, but properties improvements and modifications cannot be overemphasized especially in line with
modern technological breakthrough needed on the field of Polymer Science and Technology. This growth in the
use of fibres is attributed to their attractive combination of low cost, low density, biodegradability, renewability
and relatively high heat distortion temperature as well as relative chemical resistance. Currently aerospace,
automotive and construction applications employ Polymer—Fibre Composites systems with loading levels
ranging from 15 to 65% weight of fibre reinforcements. This approach improves most mechanical properties [1-
5] Biomass in fibre or particulate form has been used as reinforcing filler in polymeric composites materials.
However, they present limitations such as moisture adsorption and low thermal stability [6, 3]. Generally,
mechanical properties of the filler reinforced composites are mainly influenced by the interfacial adhesion
between the fillers and the matrix polymer. Hydrophilicity represents a characteristic of the filler surface
induced by the hydroxyl group for being able to interact with one another forming inter — and intra molecular
hydrogen bonds. It is necessary to increase the compatibility between the hydrophilic fibre fillers and the
hydrophobic Polymer matrix; hence the need for fibre modification [7, 8].

Other useful work that have been done in the use of fibres were from were on the evaluation of
mechanical properties of coconut shell fibres as reinforcement material in epoxy matrix [9]; the mechanical
properties of the coconut shell filler and epoxy composites [10]. Also reported was a work on the effect of filler
content on properties of coconut shell filled polyester composites [11]. The results revealed that increased in
coconut shell content have increased the tensile strength, young’s modulus and the water absorption but reduced
the elongation at break.

Onyeagoro carried out a research on cure characteristics and physico — mechanical properties of
carbonized bamboo fibre filled natural rubber vulcanisates [12]. Ayo et al also investigated the effect of
carbonization temperature on the mechanical properties of groundnut shell filled natural rubber composite [13].
The results obtained from these studies indicated a potential for the use of coconut fibre as fillers in composites
preparations. In this present study, the effect of carbonization time at a best fit temperature of 600°C on coconut
fibre — rubber matrix is examined.
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Il.  Experimental
2.1 Materials
Natural rubber of grade TSR 10 was obtained from the Rubber Research Institute of Nigeria (RRIN),
lyanomo, Benin City. All compounding additives such as Zinc oxide, Stearic acid, Sulphur, MBTS, TMTD and
Mineral oil were of commercial grades. Coconut fibre was obtained as waste materials from Auchi in Edo State,
Nigeria.

1.2 Preparation of Coconut Fibre Filler and Carbonization Process

The coconut shell fibre wastes were collected in large quantities, washed to remove sands and debris as
much as possible. The washed fibre was oven-dried at 95°C for 2 hours to eliminate moisture and then properly
dried prior to mill grinding and to improve the efficiency of carbonization. Five (5) portions of 2509 each were
measured out for carbonization; while a 6™ portion of 200g was left uncarbonized and was used as control
sample. Carbonization was done at 600°C [5] for 1, 2, 3, 4,5hours and the spontaneous breakdown of the fibre
was an exothermic process because energy was librated. This process of spontaneous breakdown continues until
only the carbonized residue free from lignocelluloses and water remains. This process increased carbon content
to about 75 — 85% and volatile content of about 10% [14-16].
All six (6) portions were ground and sequentially sieved to a 100um particle size; characterized using standard
ASTM methods and kept in air-tight containers prior to compounding.

2.3 Characterization Methods

To investigate the quality and processability of the particulate fibre achieved, ASTM standard methods
for characterization were used to assess the P" value, percentage moisture retained, ash content, ignition
tendencies, iodine value to determine surface area, bulk density, oil absorption, conductivity, lumen and
dimensions of the sampled particles [17-19, 5]

2.4 Compound Mix Process

Appropriate formulation designs were made and the selected additives measured and weighed.
Homogenisation and mixing of the recipe was carried out on a laboratory two-roll mill size (180 x 360mm) in
accordance with ASTM-D3182. Roll speed ratio was at 1:1.25; while incorporation sequence and mixing time
of additives were kept relatively uniform. A mill temperature of 65°C was maintained and sheeted composites
were allowed for 24 hours maturation at 32°C before press curing. Press curing was in accordance to ASTM-
D1632-07. 150Kg pressure at a temperature of 150°C for an average period of 15minutes as determined from
ODR Model Rheometer was used for the composites curing process. Appropriate test samples were then
prepared for evaluative examinations.

2.5 Morphological Analysis

Micro-structural analysis was performed using a Scanning Electron Microscopy (FEI Inspect 5-50 with
XT Microscope data analysis software server). SEM magnification was at 1000X with a resolution of 80um.
The sample surfaces were coated with a thin layer of gold using Bal-Tec SCD 005 Sputter Coater to provide
electric conductivity. Secondary electron mode at a 10kv mapping acceleration voltage with full BSD was used.
Particle properties were measured by volume and count using particle size analyser (Beckmann Coulter L5 200).

2.6 Mechanical Analysis

Test samples of the composites were subjected to various mechanical analyses in accordance with
ASTM standard methods. Mechanical analyses evaluated were: Hardness (ASTM —D2240); Abrasion resistance
(ASTM —D5963-04); Compressive strength (ASTM-D575-91); Tensile strength, Modulus, Elongation at break
and Flexural analyses (ASTM —-D3039/D). Three replicate specimens were used for each test and the data
reported are the average of three tests. All test specimens were initially conditioned at 25°C.

I11.  Results and Discussion

3.1 Characterization

The basic particle properties of the raw and carbonized coconut shell fibre at the various time of
carbonization were examined. The results are presented in Tablel. The results show that the P increases from
slightly acidic level to alkaline level as the carbonization period increased, because as the residual materials are
being loss as a function of combustion time the metal content activity increases towards alkalinity[13, 5, 20].
There was a decrease of moisture content with the length of carbonization, thereby drastically eliminating bound
moisture and a greater tendency of filler to adhere more to rubber matrix with the elimination of shrinkages. Ash
content and loss on ignition increased with period of carbonization as the persistent temperature of 600°C burns-
off all residual materials into ash level and thereby leading to degradation in particles reinforcing properties [21,
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22]. The iodine adsorption number is a measure of the surface area of the filler; the higher the value, the finer
the reactivity and reinforcement ability [12, 23]. The bulk density decreases with the period of carbonization.
The density is influenced by the particle size and structure of the fibre and the lower the particle size, the lower
the density and therefore the better the filler-matrix interaction. But the more prolonged the carbonization
period; the morphological three dimensional structures diminish thereby leading to reversion in reinforcement
[13, 24]. The oil absorption values indicate that the aggregate structure of the coconut shell fibre gets stronger
with increase in carbonization period giving an indication of the filler to interact more with the rubber matrix
[12]. Particle dimensions: length, width and diameter decrease as the carbonization is sustained .Smaller
particles have the ability to wet rubber surface more and therefore more reinforcement. Particle conductivity
also increases with sustained carbonization possibly because of more regularly arranged particles [25].

Table 1: Characterization of Raw and Carbonized Coconut Shell Fibre at 600°C at the Various Period of (1-5)

Hours.

Parameter Raw 1Hr 2Hrs 3Hrs 4Hrs 5Hrs
P" of Slurry @ 32°C 6.25 6.42 6.89 7.25 7.36 7.89
Moisture Content(%) 11.00 7.56 5.80 3.50 2.10 1.02
Ash Content (%) 2.40 3.52 4.20 6.85 8.24 9.10
Loss on Ignition (800°C) (%) 32.00 38.50 40.10 42.80 51.80 55.40
lodine Adsorption Number (mg/g) 0.07 0.12 0.141 2.90 4.60 6.15
Bulk Density (g/ml) 0.98 0.90 0.86 0.80 0.42 0.15
Oil Absorption (kg) 6.02 6.19 6.35 6.45 6.91 6.98
Conductivity (um) 0.83 0.88 1.42 3.20 3.46 3.40
Length (um) 0.38 0.30 0.26 0.15 0.12 0.09
Width (um) 0.02 0.09 0.006 0.003 0.002 0.001
Diameter (um) 0.05 0.02 0.09 0.006 0.005 0.002
Lumen (um) 0.01 _ _ _ _ _

3.2 Morphological Results

It is clear from the micro-structural examination shown in Fig. 1, that particle agglomeration becomes
finer and smaller in patches as the carbonization period is sustained. Beyond 4 hours period the particles become
too powdery and tend to become ashes. At this higher period of carbonization the micro molecular structures
and networks are damaged and therefore loss of bond strength became more pronounced as depicted in Fig. 1.

Carbonization at 600°C for 1hr-3hrs shows the homogenous surface of the coconut shell fibre with

less or no agglomeration. Agglomerations became significant at 3 hrs of carbonization up to 4 hrs; after which
the reinforcing agglomerates degenerate to ashes with less reinforcement as filler-matrix interaction drastically
decline [11]. Coconut shell fibre is a lignocellulosic material where Polar hydroxyl groups on its surface may
have the tendency to agglomerate through the formation of the hydrogen bonding. The agglomeration may then
produce discontinuity in the matrix, which subsequently creates stress concentration point in the composites
samples. But the sustained longer periods beyond 4 hrs of carbonization at 600°C will completely disintegrate
the stability of the hydrogen bonding and therefore leading to a weak polar interface between the filler and the
rubber matrix. This suggests the weak mechanical properties at carbonization beyond 3 hrs at 600°C [11, 26].
The tendency of filler-matrix interaction improved much more at 3 hrs of sustained carbonization at 600°C and
levels up near 4 hours of carbonization. Beyond 4 hrs, the filler-matrix interaction strongly decrease as the
micro-structural pattern forms less agglomeration and existing hydrogen bonding disintegrate. Monographs
image of the carbonized filler samples at 600°C for (1-5) hrs at full BSD showed that particle properties
weighted by volume and by count decrease with increase time of carbonization and eventually become powdery
with less fibre strength beyond 3 hours of carbonization. See Tables (2) and (3).
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Figure 1: Micro-Structural Examination Of Filler-Matrix Interaction As A Function Of Carbonization
Time: (A) Raw Coconut Shell Fibre, (B) After 1 Hr Of Carbonization, (C) After 2 Hrs Of Carbonization, (D)
After 3 Hrs Of Carbonization, (E) After 4 Hrs Of Carbonization And (F) After 4 Hrs Of Carbonization.

Table 2: Properties Weighted by Volume at Varying Carbonization Period of (1-5) Hours at 600°C.

Property (Average) CFP 1Hr 2Hrs 3Hrs  4Hrs 5Hrs
Circle equivalent diameter (um) 40.3 39.1 31.8 282 256 16.4
Major axis (pum) 53.1 50.2 46.5 313 291 19.8
Minor axis (um) 30.9 28.9 234 206 201 14.6
Circumference (um) 206 198 172 152 149 122
Convex hull (um) 161 153 145 120 118 98
Circumscribed circle diameter (um) 64.3 60.1 55.9 488  46.8 30.5
Pixel count 2567 2489 2410 2127 2115 1535
Aspect ratio 0.596 0.585 0.544 0.255  0.248 0.195
Circularity 0.45 041 0.36 024 020 0.09
Convexity 0.824 0.800 0.766 0.451 0.431 0.215
Elongation 0.404 0.385 0.381 0.312 0.310 0.142
Grayscale 90.7 90.1 50.8 34.9 34.1 10.8

DOI: 10.9790/019X-04020613 www.iosrjournals.org 9 | Page



Effect of Carbonization Time on the Morphology and Mechanical Properties of Natural Rubber

Table 3: Properties Weighted by Count at Varying Carbonization Period of (1-5) Hours at 600°C.

Property (Average) CFP 1Hr 2Hrs 3Hrs  4Hrs 5Hrs
Circle equivalent diameter (um) 30 26 22 16 14 09
Major axis (um) 40 35 29 20 18 12
Minor axis (um) 23 20 18 14 15 10
Circumference (um) 137 130 120 95 90 74
Convex hull (um) 117 111 100 75 71 54
Circumscribed circle diameter (um) 47.2 40.1 37.8 285 27.2 19.9
Area (um?) 767 685 514 295 265 189
Pixel count 1370 1296 1149 1058 1040 954
Aspect ratio 0.592 0548 0.452 0.210 0.198 0.110
Circularity 0.519 0511 0.489 0.294 0.281 0.112
Convexity 0.877 0.866 0.715 0.350 0.312 0.152
Elongation 0.408 0.394 0.365 0.218 0.210 0.142
Grayscale 91.7 85.9 69.5 48.8 43.9 28.5

The particle characteristics reduce averagely with the particle size. As the period of carbonization at
600°C is sustained, all descriptive particle characteristics decrease as shown in Tables (2) and (3). The smaller
the particle size the more they are properly packed and loaded into the rubber matrix thereby initiating more
composite properties reinforcement .But this seemly good trend got to its optimum as observed in the
mechanical analysis at 3 hours of carbonization and starts levelling off towards 4 hours and subsequently
diminishes beyond 4 hours of sustained carbonization at 600°C. The possible reason was that as the particles
properties tend towards finer and a more powdery nature at beyond 4 hours carbonization; strength of fibrous
aspect reduces, excessive filler melting of the rubber matrix become more pronounced and the matrix could not
retain extra finer particles in its pores; leading ultimately to poor network linkages and densities between ash
borne fillers and rubber matrix. Also, the sustained time of carbonization leads to break down in the achieved
carbon content into more of ash with weaker bond strength [27, 14, 28, 11, and 5]. Carbonization leads to
increase in volume by area thereby contributing to interfacial bonding strength in the carbonized filler than for
raw filler. This good result became optimum at 3hours of carbonization and levelled up. Beyond 4 hours, the
interfacial bonding strength in the carbonized filler decrease [29, 5].

3.3 Mechanical Properties

Mechanical properties of the coconut shell fibre composites depends 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 relative to one another [10]. Table 4 and Figs. 2 (a), (b) and (c), show the
mecohanical properties and graphical trends of the properties with varying time at a carbonization temperature of
600°C.

Table 4: Mechanical Properties of Composites at Carbonization Temperature of 600°C from (1-5) Hours.

Properties CFP 1Hr 2Hrs 3Hrs  4Hrs 5Hrs
Hardness (Shore A) 64 68 75 80 78 60
Abrasion Resistance 24.40 2532 2995 36,55 3540 1845
Compressive Set (%) 26.92 2465 2196 19.46 2150 29.46
Tensile Strength (Mpa) 5.96 725 797 865 8.60 5.84
EAB (%) 520.50 515.80 498.20 455.70 458.20 500.5
Modulus (%) 2.85 320 384 425 4.22 2.60
Flexural Strength (Mpa) 1.99 1.65 1.42 1.38 1.36 1.25
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Figure 2 (b): 3-D plot of elongation @ break versus carbonization time at 600°C for fibre filled composites
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The shore “A” hardness of the composites increases with period of carbonization at 600°C, gets to its
optimum of 80A at 3 hours of carbonization. This observed trend in hardness was influenced greatly by decrease
in particle sizes. But beyond 3 hours of carbonization, the particle sizes have become too minute for a
sustainable formation of network structure. Bond structure became weak and therefore less reinforcing [24, 4].
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Abrasion resistance was remarkably influenced. At the carbonization temperature of 600°C, resistance to
composites wear increase with period of carbonization up to 3 hours and falls in value beyond 3 hours of
carbonization. The bonding between filler particles and the rubber matrix was strong before and at 3 hours of
carbonization, hence creating a high resistance to wear at beyond 3 hours of carbonization; even though particle
sizes decrease. The decrease of particle sizes has become too powdery and finer that the network between filler
and matrix had become weaker and particles could wear—off readily from composites surface and therefore
dropping the resistance of subsequent composites [13, 5].

The compressive strength of composites decreases from raw state of fibre to 3 hours of fibre
carbonization at 600°C, possibly because the surface energy of the finer filler aggregate create a strong affinity
between the filler and the rubber matrix thereby resulting in corresponding decrease in the compressive strength
properties [9, 21]. Beyond 3 hours of carbonization, the filler aggregate become powdery and loose and
consequently creates a weak affinity between the filler and the rubber matrix; thereby leading to increase in the
compressive strength at 600°C. The tensile strength, modulus and flexural properties increase with carbonization
time to an optimum of 3 hours at sustained temperature of 600°C. The observation was a direct response to
decrease in particle sizes and filler aggregation. Smaller particle sizes will encourage reinforcement as strength
of network will be regular and strong. But beyond 3 hours of carbonization, the particle sizes further decreases
to minute and powdery forms thereby loosing the inherent strength and leading to the formation of weak
network and consequently drops in previously achieved reinforcement.

The Elongation properties decrease as the carbonization period at 600% increases to an optimum of
3hours of carbonization. The stiffness of the chain accounts for lower elongation at break with increase in
carbonization period. Beyond 3 hours of carbonization the strength of the chain become weaker as a result of the
powdery nature of the particles and consequently there was a gradual increase in elongation at break. The closer
adherence of the particles become loose and filler—polymer interaction diminish.

IV.  Conclusion

Conclusions can be drawn as follows:

1. Carbonization of coconut fibre at 600°C gave optimum modification at 3 hours of carbonization.

2. Increase in carbonization time up to 3 hours create a finer morphological aggregate and hence improvement
in the reinforcing ability of coconut fibre. Carbonization beyond 3 hours at 600°C will disperse the properly
arranged finer aggregate and weaken interpenetrating network structure with direct consequence on
lowering reinforcing properties.

3. Bond strength between fibre and rubber matrix gets stronger as carbonization time at 600°C increase up to
an optimum of 3 hours. Beyond 3 hours of carbonization, particles become too powdery and scattered with
clearly observed decrease in bond strength. Weaker bond strength will result in weak inter—phase
reinforcement between filler and matrix.

4. Carbonization at 600°C for 3 hours gave optimum mechanical properties of hardness, abrasion resistance,
compressive strength, tensile strength, modulus, elongation at break and flexural strength. Observed quality
decrease beyond 3 hours of carbonization at 600°C.

5. The use of modified coconut fibres in polymer matrix composites would convert waste to wealth, save the
environment and expand possible areas of application of coconut fibre in engineering designs such as shock
bearings, industrial fluid hoses, ship liners, constructional works and a vast coverage area in automobiles.
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