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Tensile Properties of Silicone Biocomposite Reinforced
with Waste Material (Hevea brasiliensis Sawdust):
Experimental and Numerical Approach

Noorainol Faiz Noor Haris, Mohd Azman Yahaya, and Jamaluddin Mahmud *

Hevea brasiliensis wood becomes residue at plantations in Malaysia. In
this study, these residues were reinforced into silicone rubber to produce
a new soft biocomposite (Hevea brasiliensis-silicone biocomposite). The
newly introduced soft biocomposite has potential for use in cushioning and
sealing applications. The specimens were prepared with five different
compositions (0 wt%, 4 wt%, 8 wt%, 12 wt%, and 16 wt% fiber content).
Tensile tests were conducted according to ASTM D412 (2008) to assess
the mechanical properties. Morphological characteristics were analyzed
from the fractured surface of specimens. Stress-stretch data was used to
quantify the non-linear tensile behavior, which was based on Neo-
Hookean, Mooney-Rivlin, and Ogden hyperelastic constitutive equations.
An increase in fiber content improved the modulus of silicone rubber.
However, it reduced the flexibility and elastic properties of the silicone
rubber biocomposite. The increasing material constant values supported
these findings. The hyperelastic models accurately represented the
behavior of the Hevea brasiliensis-silicone biocomposite. This study
contributes knowledge towards a better understanding of the mechanical
behavior of Hevea brasiliensis-silicone biocomposites.
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INTRODUCTION

Hevea brasiliensis, commonly known as the rubber tree, is a hardwood from the
Euphorbiaceae family. It is estimated that more than 80% of the total rubber plantation
areas are in Asia; plantations in Malaysia, Thailand, and Indonesia make up 70% of the
total rubber plantations (Ratnasingam et al. 2015). While the main product is latex, the by-
product is rubber wood, which has great economic value. The wood is obtained from
agricultural plantations when the rubber trees are replanted every 25 years to 30 years, due
to declining latex yield (Haris ef al. 2019). They are made into multiple products: furniture,
wood panels, flooring, and indoor building components. However, 90% of the wood ends
up as residues, as byproducts from furniture factories (4%), waste from sawmills (32%),
and unused small branches (54%). Only 10% of the wood is fully utilized into products
(Petchpradab et al. 2009). These wood waste products are considered as agricultural waste
that need to be disposed. In Malaysia alone, about 1.2 million tons of agricultural wastes
were dumped to landfills, which contribute to environmental pollution (Shaaban et al.
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2013). Thus, incorporation of the waste into composite materials can help solve this
environmental problem.

Hevea brasiliensis fiber is known to have high cellulose content of 39 wt.%.
Cellulose is a linear polysaccharide with B-1,4-glycosidic linkage repeating unit. Its
properties, which include high stability, tunable functionality in-build crystallinity,
potential mechanical strength, and environment-friendly nature, makes them a worthy
alternative material in paper, textiles, and pharmaceutical industries (Lima and Borsali
2004). Cellulose were also utilized in the making of building blocks and plastic-based
composites (Moon ef al. 2011). It is estimated that one-third of industrially produced
polymers are directly or indirectly connected to cellulose (Haque et al. 2017). Table 1
shows the chemical composition of Hevea brasiliensis wood as reported in a study by
(Petchpradab et al. 2009).

Table 1. Composition of Hevea brasiliensis Wood

Fiber Cellulose (Wt%) | Hemicellulose (wt%) Lignin (wt%) Ash (wt%)
Hevea brasiliensis 39 29 28 4

The use of plant fibers as reinforcement in composite materials has been
exhaustively explored for potential applications. Besides being bio-sourced, recyclable,
and biodegradable (Helaili et al. 2021), characteristics such as high resistance to wear and
tear, high specific modulus, and light weight are the reasons they are utilized as reinforcing
agents in polymers composites, including thermoplastics and thermoset (I1zzah et al. 2022).
A composite is a material that is fabricated from the combination of two or more different
materials. The term biocomposite is used when the constituent is derived from a biological
source, e.g., plant fibers, whether it is the matrix, used as reinforcement, or both. Unique
properties can be obtained as a result of the combination that cannot be obtained by the
individual materials alone.

As non-renewable resources become scarcer, plant fibers are alternatives to
overcome this issue. Moreover, plant fibers are preferable, as they are cheaper,
biodegradable, have a low density, and are abundant in nature (Hanipah et al. 2020). Plant
fibers can be classified as wood or non-wood. Non-wood fibers can be either fruit, bast,
leaf, grass, seed, or stalk, depending on their origins. For wood fibers, they are either
softwood or hardwood fibers.

Elastomers, such as silicone rubber, are one of the potential matrixes used to
produce composite materials. They are known to possess excellent elasticity, low toxicity,
good biocompatibility, as well as being very stable at low and high temperature (Xu et al.
2016). Generally, silicone rubber possesses low modulus, where a small stress applied to
the silicone rubber will cause a large deformation. This limits its application to a certain
extent, especially in dynamic circumstance (Feng et al. 2017). By adding reinforcement to
the rubber, the modulus can be improved. However, other mechanical properties of silicone
rubber are reduced, particularly the flexibility and elastic properties (Xu et al. 2010).
Previous studies showed that when certain materials, such as carbon nanotubes (Wang and
Cheng 2014) and graphite nanoplatelets (Raza et al. 2011), were reinforced into silicone
rubber, its properties were improved. But there has been a lack of such studies involving
plant fibers.
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To date, no study has reported about the reinforcement of Hevea brasiliensis into
silicone rubber. Therefore, this study is novel, as it introduces a newly developed silicone
biocomposite material, namely Hevea brasiliensis — silicone biocomposite (copyrighted as
HeBraC; MyIPO IP no. CRLY00026192). The current work attempts to establish the
tensile properties of Hevea brasiliensis — silicone biocomposite through experimental and
numerical approach. The numerical analysis focused on quantifying the elastic behavior by
obtaining the material constant values based on three most common hyperelastic models,
Neo — Hookean, Mooney — Rivlin and Ogden models.

EXPERIMENTAL

Materials and Composite Preparation

The Hevea brasiliensis fibers used in this research were obtained from a furniture
industry located in Setia Alam, Selangor, Malaysia. The fibers were in the form of sawdust,
which resulted from the trimming and planing of wood. The sawdust was crushed into a
powder using a planetary mono mill and later sieved to get a uniform size (0.16 pm). After
sieving, the powders were dried for 24 h at 110 °C to remove the moisture content. The
temperature and time of drying process was set based on past studies in which Hevea
brasiliensis sawdust was used in the making composites (Shaaban et al. 2015; Khan ef al.
2016). A study by (Sulaiman et al. 2015) stated that Hevea brasiliensis fiber is expected to
have zero moisture content after 24 h of drying process. For the matrix material, Silicone
Ecoflex 00-30 (Platinum cure Silicone Rubber Compound) was selected and supplied by
Castmech Sdn. Bhd. (Ipoh, Perak, Malaysia).

The specimens were prepared with five different compositions in terms of fiber
content (0 wt%, 4 wt%, 8 wt%, 12 wt%, and 16 wt%). They were limited to 16 wt%, as
beyond it will exceed the saturation point. Similar compositions were used by (Radzi and
Mahmud 2017) and (Wu and Yu 2015) in the study of composites. The appropriate fiber
content was added into the silicone solution during the stirring process. This mixture was
poured into a mold and left to cure for 4 h at room temperature. Figure 1 shows the
dimensions of specimens according to ASTM D412.

25

Front view
Scale: 1:1

Fig. 1. Size of specimen according to ASTM D412
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Tensile Testing

The tensile tests were carried out according to ASTM D412 (2008) using a 3382
universal testing machine (Instron, Norwood, MA, USA) at 100 kN. Five specimens were
prepared for each of the weight compositions, and the tests were performed with a
crosshead speed of 500 mm/min until failure state was reached.

Scanning Electron Microscopy (SEM)

For the morphological analysis, a TM3000 scanning electron microscope (Hitachi,
Tokyo, Japan) was used to produce micrographs of the fractured surface of the specimen
at 15.0 kV. The fractured surfaces were first coated with platinum using a sputter coating
machine to obtain clear images.

Determining Hyperelastic Constants

Because the composites prepared in this study were soft, highly elastic, and
behaved like rubbery materials, they were assumed to possess hyperelastic behavior. For
this, their deformation behavior could be represented using the stress - stretch relation (o
- A). Three hyperelastic constitutive equations, the Neo — Hookean, Mooney — Rivlin and
Ogden models, were employed to determine the materials constants for all of the fiber
compositions. The models are well described in literature (Ali et al. 2010). Assuming that
the silicone biocomposites were incompressible, isotropic, and hyperelastic, the derived
equations are shown in Eq. 1, Eq. 2, and Eq. 3 respectively,

e =20, (A— ) (1)
on =3[ (26 +52) (2 3] @
x4 (20 -272) 3)

where ok is the engineering stress (MPa), C;, C,, a, and x are the material constants (MPa),
and 4 is the stretch value. A similar approach was used by Bahrain et al. (2018). In their
study the Neo — Hookean and Mooney — Rivlin models were used in quantifying the
hyperelastic material constant values.

Since the equations were expressed in terms of the engineering stress - stretch
relation (oe-4), the data collected from the previous tensile tests was first converted into
the engineering stress - stretch relation (ge-4) using Eq. 4,

A=1+¢ 4)
where 4 is the stretch value and ¢ is the strain value (m/m)

A computational procedure was developed to determine the material constant
values by curve fitting the experimental data using Egs. 1, 2, and 3.

RESULTS AND DISCUSSION

Tensile Properties

The tensile test results for all specimens were acquired, and the average readings
were computed for each composition, as displayed in Table 2. It is apparent that the
Young’s modulus value increased as more fibers were incorporated. A higher modulus
indicates that the specimens were stiffer and experienced higher resistance to being
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deformed elastically when stress was applied. The increasing stiffness of the specimen was
due to low polymer chain mobility of silicone rubber as a result of addition of fibers which
fills up the spaces between the chains, as reported by (Ismail ef al. 2015). A similar trend
was reported by Benevides and Nunes (2015), where the stiffness of nanocomposite
increased with further addition of alumina-nanoparticles. With the addition of Hevea
brasiliensis fibers, the crosslink density of silicone rubber was altered, causing more
interconnected link between polymer chains, increasing its crosslink density. This causes
the material to stiffen. In contrast to the Young’s modulus, other mechanical properties
showed an opposite pattern. The values declined with increasing fiber content, which
agrees with the trend of the graph shown in Fig. 2. The pure silicone rubber possessed the
highest stretch value when compared to other specimens with higher fibers content. As
Hevea brasiliensis fibers were introduced into the composites, it reduced the highly
nonlinear elastic behavior of the silicone rubber. At a fiber composition of 12 wt%, the
composites started to become stiffer, as shown by the graph displaying an almost linear
curve.

Table 2. Average Results of the Tensile Tests

Properties 0 wt% 4 wt% 8 wt% 12 wt% 16 wt%
Young’s modulus (MPa) 01165 | 01222 | 0.1394 | 0.1452 0.1992
Maximum load (N) 3032 | 2481 | 2192 | 1977 16.85
Tensile Stress at Maximum Load 168 138 1992 110 0.94
(MPa)
Tensile Strain ?;)';"ax'm”m Load | 143890 | 1351.51 | 1094.95 | 819.70 542 45
Tensile Extension at Maximum | 424 54 | 44600 | 36133 | 270.50 179.00
Load (mm)
Maximum Stretch 1477 | 1349 | 1075 | 8.34 6.31

1.6

——0%
——4%
—a—8%

—a—12%

Engineering Stress (MPa)

16%

1 3 5 7 9 11 13 15 17
Stretch (A)

Fig. 2. The engineering stress-stretch curves for the various fiber compositions of Hevea
brasiliensis - silicone biocomposite
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variance less than 5%. The variances are displayed in Table 3.

The variance of the stretch values was calculated and found to be between 0% and
4.02%. This shows that the experiment was performed consistently and under control with

Table 3. Standard Deviation and Variance Values

0% 4% 8% 12% 16%

Stretch | Std Dev| Variance | Stretch | Std Dev| Variance | Stretch | Std Dev| Variance | Stretch | Std Dev| Variance | Stretch | Std Dev| Variance
0 1.00 | 0.000 | 0.00% | 1.00 | 0.000 [ 0.00% | 1.00 | 0.000 | 0.00% | 1.00 | 0.000 | 0.00% | 1.00 | 0.000 [ 0.00%
0.1 1.33 | 0.023 | 0.05% | 1.28 | 0.024 | 0.06% | 1.26 | 0.067 | 0.45% | 1.23 | 0.018 | 0.03% | 1.19 | 0.066 | 0.43%
0.2 | 218 | 0.079 | 0.62% | 2.05 | 0.050 | 0.25% | 1.84 | 0.106 | 1.12% | 1.65 | 0.027 | 0.07% | 1.54 | 0.065 | 0.43%
0.3 | 3.73 | 0.058 | 0.33% | 3.31 | 0.020 | 0.04% | 3.23 | 0.140 | 1.96% | 2.46 | 0.197 | 3.89% | 1.99 | 0.082 | 0.67%
04 | 597 | 0.136 | 1.85% | 4.65 | 0.114 | 1.29% | 4.46 | 0.030 | 0.09% | 3.18 | 0.193 | 3.73% | 2.50 | 0.088 | 0.77%
05 | 745 | 0.107 | 1.14% | 6.13 | 0.076 | 0.58% | 5.49 | 0.187 | 3.50% | 3.93 | 0.160 | 2.57% | 3.05 | 0.071 | 0.51%
0.6 | 863 | 0.068 | 0.46% | 7.29 | 0.167 | 2.79% | 6.46 | 0.072 | 0.52% | 4.67 | 0.107 | 1.15% | 3.67 | 0.106 | 1.11%
0.7 | 975 | 0.074 | 0.54% | 8.39 | 0.125 | 1.57% | 7.40 | 0.034 | 0.12% | 5.56 | 0.097 [ 0.93% | 4.37 | 0.180 | 3.25%
0.8 | 10.62 | 0.147 | 217% | 9.34 | 0.116 | 1.35% | 8.32 | 0.096 | 0.93% | 6.44 | 0.190 | 3.61% | 5.27 | 0.154 | 2.37%
0.9 | 11.43| 0.186 | 3.46% | 10.30 | 0.201 | 4.02% | 9.20 | 0.107 | 1.13% | 7.34 | 0.026 | 0.07% | 6.31 | 0.142 | 2.03%
1 1217 | 0.182 | 3.30% | 11.11| 0.108 | 1.17% | 9.99 | 0.126 | 1.58% | 8.34 | 0.173 | 2.98%
1.1 |1 1291 | 0.144 | 2.08% | 11.96 | 0.074 | 0.54% | 10.75 | 0.082 | 0.67%
1.2 | 13.63 | 0.167 | 2.79% | 12.80 | 0.086 [ 0.75%
1.3 | 14.25| 0.100 | 1.01% | 13.49 | 0.100 [ 1.01%
1.4 | 14.77 | 0.192 | 3.69%

Morphological Characteristics
Fractured surface morphology after tensile testing was analyzed via SEM (Fig. 3).

Fig. 3. The SEM micrographs of composite (a) without fibers (b) with a fiber content of 8 wt% (c)
with a fiber content of 16 wt%
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Specific details, e.g., the dispersion of fibers and failure pattern of the specimens,
were visualized. Figure 3a displays a flat, smooth, and clear glass-like surface, while Fig.
3b shows a coarse and rough surface. The surface continued to become rougher as 16 wt%
of fiber content was incorporated (Fig. 3¢). The smooth and flat surface meant that the pure
silicone rubber had low resistance to deformation compared to after the addition of fibers
into it. The surface became uneven as the fracture was forced to follow a distorted path due
to a barrier induced by the fibers, which resisted breakage. Chen et al. (2015) also reported
the same when they highlighted the fractured surface morphology of specimens with
various volume fractions of phosphor in silicone rubber. It was noticed that the 0 vol. %
specimen displayed a smooth, even surface and as the volume fraction of phosphor
increased. The surfaces started to become rougher and the distance between the phosphor
particles were seen to decrease gradually. The cited authors added that the phenomenon is
due to interphase debonding, leading to cracks and voids as the composition of phosphor
increases, which indirectly shortens the elongation of composite. A similar phenomenon
was highlighted by Shahroze et al. (2018), where the composite without nanoclay showed
a smoother surface when compared to the composite with nanoclay. As shown in Fig. 3a,
there was no void in the pure silicone rubber, which meant that there were no air bubbles
trapped inside the specimen. For the specimen with a fiber content of 16 wt%, a few tiny
voids were observed. These were either due to air trapped inside the fibers or the fibers
being pulled out of the composite.

Hyperelastic Material Constants

Figure 4 highlights the nonlinear elastic behavior of the Hevea brasiliensis-silicone
biocomposite at different fiber compositions. The best fit curves for the Neo-Hookean,
Mooney-Rivlin and Ogden hyperelastic models that mimicked the composite behavior
were included.

From Fig. 4, the hyperelastic models used were better at mimicking the curves of
composites at higher fiber compositions. At a fiber content of 0 wt%, due to the highly
nonlinear elastic behavior of the silicone rubber, the models were unable to accurately
mimic the experimental data. A similar result was highlighted by Martins et al. (2006),
where the Neo-Hookean model that was used poorly mimicked the highly nonlinear
pattern. However, as the fiber content increased, the silicone biocomposite behaved in a
less nonlinear manner, which allowed the models to better mimic the data.

Between the three models, the Ogden model performed slightly better than the
Mooney-Rivlin and Neo-Hookean models. The fitted curves were shown to coincide with
the experimental data. This might be due to the limitation of the Neo-Hookean model only
having a single material parameter (C1), while the Mooney-Rivlin and Ogden models have
two material parameters, (C1 and C2) and (¢ and a), respectively.

Coefficient of determination (R?) values were calculated, where a value of 1
indicates a perfect fit. The closer the value to 1, the higher the degree of accuracy of model
in representing the behavior of the curve. The Ogden model showed the highest accuracy
with R? values ranging from 0.9907 to 0.9991, then followed by Mooney-Rivlin and Neo-
Hookean models.

Figure 5 displays the R? wvalues for hyperelastic models at different fiber
compositions.
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Fig. 4. The stress - stretch curves of the biocomposite at different fiber compositions: (a) 0 wt%,

(b) 4 Wt%, (c) 8 wt%, (d) 12 wt% and (e) 16 wt%
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Fig. 5. Coefficient of determination, R? values of each hyperelastic models
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A study by Sasso et al. (2008) stated that the Mooney-Rivlin and Ogden models
accurately demonstrated the rubber-like behavior according to the experimental results.
The graphs by Sasso et al. (2008) exhibited similar patterns with the current study.
(Raheem and Al-Mukhtar 2020) investigated on hyperelastic behavior of hydrogel, where
the Ogden, Neo-Hookean, Mooney-Rivlin, and Yeoh models were used to mimic the
experimental data. Their findings suggested that the Ogden model was the best choice in
representing the nonlinear behavior of the hydrogel due to its stability at small and large
strain values. Table 4 shows the material constant values quantified using the three models.

Table 4. Material Constants for Hevea brasiliensis-Silicone Biocomposite

Models Neo-Hookean Mooney-Rivlin Ogden

0 wi C1=0.04172 Cr = 0.05061 4003177
4 Wt% C1=0.04518 CC; :_%%‘22‘;71 ﬂa:02_616273516
8 W% C1 = 0.04897 CC; :_%%‘é%‘g% ﬂa:02_60872891 1
12 wt% C1 = 006229 Cr = 0.02899 4015257
16 wi% C: = 007781 s = 0.04986 A= 01080

Table 5. Comparison of Neo-Hookean Material Constant Values of Current Study
with Previous Research

C+ Specimen Reference

5kPa Pulmonary Artery Tissue (Wiltsey et al. 2013)

0.8t0 1.7 kPa Human Orbital Fat & Connective Tissue in (Kao et al. 2011)

2.11t0 3.5 kPa eye (OFCT)

21.7 to 73.9 kPa Elastomers (Carpi and Gei
2013)

26.83 t0 30.81 kPa Arenga pinnata/Silicone Biocomposite (Bahrain et al. 2018)

32 to 53 kPa Kenaf/Silicone Biocomposite (Noor et al. 2015)

41.72 kPa Silicone Ecoflex 00-30 Current Study

45.18 to 78.41 kPa Hevea brasiliensis Silicone Biocomposite Current Study

123.8 to 142.1 kPa Elastin (Chen and Weiland
2011)

0.651 MPa to 1 MPa Thin Polymer Layers (Chen and Diebels
2012)

2.62 MPa Polyvinyl Alcohol Sponge (Karimi et al. 2014)

6.81 10 8.51 MPa Fresh goat skin shaved (Kim et al. 2012)

14.23 to 24.67 MPa Goat Leather (Kim et al. 2012)

21.88 MPa Bovine Leather (Kim et al. 2012)

A straightforward pattern could be seen, such that as the fiber content increased,
the material constant value increased. The increment of material constant values was in
line with the increasing stiffness property of the specimens. For the Ogden model, it could
be observed that there was a decrement-increment pattern between the material constants,
o and u values with increasing fiber content. As the fiber content was further increased, the
value of a started to decrease gradually while the u value started to increase gradually. The
values of material constants obtained in this study were then compared to other previous
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findings. Tables 5 to 7 show the comparison for the Neo - Hookean, Mooney - Rivlin, and
Ogden hyperelastic models respectively.

Table 6. Comparison of Mooney-Rivlin Material Constant Values of Current
Study with Previous Research

kPa

kPa

Biocomposite

Ci C2 Specimen Reference
-.50 to -2.7 kPa 3.81t0 7.1 kPa Human Orbital Fat and (Kao et al. 2011)
Connective Tissue in eye
(OFCT)
17.97 kPa 11.3 kPa Nylon + Silicone (Ecoflex) (Guan et al. 2004)
20 to 25 kPa 72to 111 kPa Kenaf/Silicone Biocomposite (Noor et al. 2015)
31.04 to 39.07 -123.4t0 - 1.71 Arenga pinnata/Silicone (Bahrain et al. 2018)
kPa kPa Biocomposite
46.19 kPa -50.61 kPa Silicone Ecoflex 00-30 Current Study
46.47 to 66.39 -12.91 to 49.86 Hevea brasiliensis Silicone Current Study

0.3 MPa 0 MPa Human Skin (Polyzois et al.
2000)

0.5 MPa 0 MPa Silicone Rubber (B452) (Polyzois et al.
2000)

1.0 MPa 0.9 MPa Silicone Rubber (Sil8800) (Polyzois et al.
2000)

8.6240 MPa 2.9634 MPa Acrylic Elastomer (Meunier et al.
2008)

74.51 10 96.57 -88.61 MPa to Fresh goat skin shaved (Kim et al. 2012)

Mpa 109.24 MPa

113.28 to 172.44
MPa

-110.55 to 157.78
MPa

Goat Leather

(Kim et al. 2012)

164.37 MPa

-157.22 MPa

Bovine Leather

(Kim et al. 2012)

Table 7. Comparison of Ogden Material Constant Values of Current Study with
Previous Research

Shear Modulus,

Strain hardening

Specimen

Reference

kPa

Biocomposite

u component, a
10 Pa 110 Human Skin (Ventral (Mahmud et al.
Forearm) 2012)
31.77 kPa 2.389 Silicone Ecoflex 00-30 Current Study
67.56 t0 219.42 1.781 t0 2.123 Hevea brasiliensis Silicone Current Study

0.11 MPa

9

Human Skin

(Polyzois et al.
2000)

0.152 to 0.277
MPa

16.16 to 17.31

Fresh goat skin shaved

(Kim et al. 2012)

1.827 MPa

15.89

Goat Leather

(Kim et al. 2012)

3.50 MPa

14.82

Bovine Leather

(Kim et al. 2012)

The increasing material constants indicate a stiffer and harder to break material.
(Bahrain et al. 2018) incorporated 12 wt% of Arenga pinnata fiber into silicone rubber to
study its tensile behavior. The data were used to determine the material constant values by
employing two hyperelastic models which were Neo-Hookean and Mooney-Rivlin models.
The material constant values obtained were Cl1 = 0.03081 (Neo-Hookean) and Ci =
0.03104, C2 =-0.00171 for the Mooney-Rivlin model. By referring to Table 5, it can be
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seen that the material constant values generated for 12 wt% of Hevea brasiliensis-silicone
biocomposite were higher for both of the models. This indicated that the 12 wt% of Hevea
brasiliensis-silicone biocomposite was stiffer than the 12 wt% of Arenga pinna/silicone
composite.

(Noor et al. 2015) in their study incorporated kenaf fiber into silicone rubber of up
to 25 phr (part per hundred part of silicone rubber), which was equivalent to 25 wt% fiber
in this study. Neo-Hookean and Mooney-Rivlin hyperelastic models were also employed
to investigate its tensile properties. At 25 phr of kenaf fiber amount, the material constant
values were C1 = 0.053 (Neo-Hookean), and C1 =0.025, C>=0.111 for the Mooney-Rivlin
model. Even at 25 phr, the material constant values generated for the kenaf/silicone
composite were less than the material constant values generated for 16 wt% of Hevea
brasiliensis-silicone biocomposite. Hence, it can be said that the Hevea brasiliensis fiber
used in this study is far stronger and more resilient than the kenaf and Arenga pinnata
fibers. However, both studies do not include the values of coefficient of determination.
Therefore, the accuracy of the curve fitting cannot be known.

CONCLUSIONS

1. Modulus of material increased as the silicone rubber was reinforced by an increasing
fiber content. This is supported by the increasing material constant values. However,
the elasticity and flexibility decreased as shown by the decreasing maximum elongation
and stretch values.

2. The scanning electron micrographs (SEM) highlighted the change in morphology of
the fractured surfaces of the specimens. It was shown that pure silicone possessed a
smooth surface and as the fiber content increased, the fractured surfaces of the
specimens became rough. This supported the increasing modulus value of the silicone
biocomposites.

3. From the numerical analyses, the Ogden model better represented the deformation
behavior of biocomposites over Mooney-Rivlin and Neo-Hookean models.
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