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Due to high flexibility and elasticity, silicone rubber has been widely used in many applications especially in medical and 

industrial sectors. However, pure silicone rubber experiences weak tensile strength and this can be improved via filler 

addition. Therefore, this paper aims to produce a new type of silicone biocomposite (Arenga pinnata-silicone 

biocomposite) and assess its mechanical properties, physical properties and morphological characteristics. The effects of 

Arenga pinnata filler on the silicone rubber are investigated by comparing the mechanical properties between pure silicone 

rubber and 12 wt.% Arenga pinnata-silicone biocomposite. Uniaxial tensile test was conducted on these soft materials to 

obtain stress-strain data, which then converted into engineering stress–stretch (σE –λ) data. These experimental data were 

fitted to Neo-Hookean and Mooney-Rivlin models to acquire the material constants. Its physical characteristic was studied 

via density test and the morphological surface on the break surface was examined using Scanning Electron Microscope 

(SEM). The average maximum tensile strength of the specimen with the addition of 12 wt.% Arenga pinnata filler is found 

to be 0.65 MPa. This signifies a decrease of its strength compared to pure silicone rubber (average maximum tensile 

strength = 0.85 MPa). However, in contrary, it is found that the presence of Arenga pinnata fibre has increased the stiffness 

and density of the silicone rubber. When comparing to experimental data, it could be observed that both Neo-Hookean 

and Mooney-Rivlin models could mimic better the elastic behaviour of the 12 wt.% Arenga pinnata-silicone biocomposite 

compared to pure silicone rubber. Observing the SEM images, no agglomerations of Arenga pinnata filler can be seen thus 

conforming good dispersion of the filler. The images also show good fibre adhesion between the filler and the matrix. 

Therefore, it can be concluded that the addition of Arenga pinnata filler has enhanced properties of pure silicone rubber. 

In addition, this study promotes the benefits of utilising natural fibres as fillers in composite materials. 
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1. INTRODUCTION 

Recently, growing concerns regarding environmental 

issues especially on global warming have arisen. One of the 

major contributing factors to this climate issue is 

anthropogenic carbon dioxide (CO2) emissions due to the 

burning of plastics and synthetic fibres [1 – 3]. Furthermore, 

synthetic fibres too may cause harm and irritation to the 

users. Due to the aforementioned issues, natural fibres are 

widely explored and studied to replace synthetic fibres [2]. 

Natural fibres are also promoted as an alternative to 

overcome these climate change problems by lessen the 

emissions of the CO2 gases as they are known for their 

biodegradable and renewable properties. 

Natural fibres are inexpensive, also possess some 

unique properties such as low density to easy to be 

processed, abundance, no tendency to corrosion and most 

importantly they promote eco-friendly materials, which are 

safe to be handled [4, 5]. Among popular natural fibres are 

kenaf, hemp, bamboo and oil palm have widely been 

discovered by worldwide researchers especially in hard 

matrix composites such as epoxy and polyester to seek its 

potential as reinforcements in composite materials. 

Unlike synthetic fibres, natural fibres, which are mainly 

composed of chemical composition such as hemicellulose, 
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lignin and pectin, are normally facing hydrophilic 

characteristic, which allows them to absorb moisture and 

resulted in low compatibility and weak adhesion [6]. This in 

contrast has to be improved when combining with 

hydrophobic matrix in order to allow good fibre-matrix 

bonding [7]. 

Arenga pinnata fibre is one of the growing attentions in 

the study of potential natural fibres [8], which has been 

reinforced into epoxy, unsaturated polyester and phenolic 

matrices (hard biocomposite materials) [9]. Therefore, this 

has motivated this study to discover the mechanical and 

physical properties when the Arenga pinnata fibre is 

reinforced into silicone rubber to produce a soft 

biocomposite material. The Arenga pinnata tree or also 

known by its scientific name; Arenga saccharifera tree [9] 

can be found in tropical country like Malaysia, Philippines 

and Indonesia. Normally, the tree grows wild at foot hill or 

lower hill slopes amidst other wild trees. The tree also grows 

individually and scattered in several places in Kuala Pilah, 

Negeri Sembilan, Malaysia. Uniquely, all parts of the tree 

have its own benefits, which can be processed and produce 

as products which are commercialized by the local people 

[10]. For example, the palm sap of the tree is traditionally 

used as a sweetener known as gula enau after it has been 

processed and the sap also known to be among famous 
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beverage besides coconut juice [11, 12]. The fibres, on the 

other hand, possessed high durability as they are 

traditionally being used by the locals to make roofs, brooms, 

mats and brushes. The fibres are also said to exhibit good 

seawater resistance due to the fibres were used as ropes for 

ship cordages [10].  

However, the use of natural fibres with rubber-like 

materials has gained little attention by researchers and this 

study intends to introduce one using silicone rubber as the 

matrix. Previously, carbon nanotubes [13], alumina [14], 

graphite nanoplatelets [15] and silica [16] are among chosen 

fillers added into silicone rubber. The main purpose of the 

filler addition is mainly to improve drawbacks in silicone 

rubber as it exhibits poor thermal stability, weak mechanical 

properties and dielectric properties [14, 17]. Therefore, 

Arenga pinnata fibres are chosen in this study to enhance the 

properties of silicone rubber from the benefits possessed by 

the natural fibre itself. In addition, from the literature, it is 

found that the reinforcement of Arenga pinnata fibre into 

silicone rubber has not been reported earlier. 

In terms of elastic modelling, it is found that a few 

researches have been conducted on soft materials and 

tissues such as human skin [18], rubber [19], and murine 

skin [20] that employ hyperelastic theories to obtain 

material constants. Neo-Hookean, Mooney-Rivlin, Ogden, 

Yeoh and Gent are among established models used to 

demonstrate the high deformations behaviour with non-

linear elastic properties especially for rubber-like materials 

[21]. Nevertheless, the material constant for Arenga 

pinnata-silicone biocomposite has not been established. 

Therefore, this study for the first time aims to introduce 

a new silicone biocomposite material by reinforcing Arenga 

pinnata fibres into silicone rubber and report its mechanical 

properties, physical properties and morphological 

characteristics. This study is novel, as no similar approach 

to produce and assess the Arenga pinnata-silicone 

biocomposite’s properties have been reported before. 

Moreover, in this study the hyperelastic material constants 

of the specimens are also quantified. 

2. EXPERIMENTAL SETUP 

2.1. Specimens preparation 

The Arenga pinnata fibres were purchased from local 

people where the plant grows near Universiti Teknologi 

MARA in Kuala Pilah, Negeri Sembilan, Malaysia. The 

fibres were washed and rinsed thoroughly to remove 

unwanted contaminants and dirts. The fibres were then let 

dried at room temperature for a day before crushed. To 

obtain Arenga pinnata fibre in powder form, all dried fibres 

were crushed in two steps; using crushing machine to reduce 

its entanglement and finally the crushed fibres are milled for 

3 hours via planetary ball mill machine. The milled fibres 

were lastly sieved using 0.25 mm mesh size sieve frame.  

The density of Arenga pinnata particulates was 

determined using Micromeritics pycnometer with helium 

gas (AccuPyc II 1340, U.S.A, 2013) and all standard 

deviations measured were lower to 0.001 g/cm3. The 

average density for the Arenga pinnata powder was reported 

to be about 1.5045 g/cm3. 

Silicone Ecoflex 00-30 (Platinum cure Silicone Rubber 

Compound) supplied by Castmech Sdn Bhd was chosen for 

the matrix to produce a soft composite material. The 

12 wt.% milled fibres were then added into silicone solution 

and ensured that the solution was well stirred. This is crucial 

to achieve the homogeneity between the fibres and the 

silicone solution. 

2.2. Uniaxial tensile test 

Tensile test was performed in Strength of Materials 

Laboratory, Universiti Teknologi MARA, Shah Alam using 

3382 Universal Testing Machine 100 kN (Instron, U.S.A, 

2008). Therefore, nine specimens each for pure silicone 

rubber and 12 wt.% Arenga pinnata-silicone biocomposite 

were prepared according to ASTM D412 standard as shown 

in Fig. 1. The ready specimen is clamped to the machine and 

the tensile test is conducted until failure state reached with 

500 mm/min speed rate.  

 

Fig. 1. Specimen size according to ASTM D412 standard 

2.3. Quantifying hyperelastic material constants 

Since the materials used in this study are soft and highly 

elastic, that their deformation behaves according to rubbery 

materials, it is assumed that these materials would fulfil 

hyperelastic theory. The deformation behaviour could be 

represented using hyperelastic stress-stretch relation. 

Therefore, hyperelastic constitutive equations were 

employed in this study to demonstrate the deformation 

behaviour of both silicone rubber and the 12 wt.% Arenga 

pinnata-silicone biocomposite under tensile load. In this 

study, Neo-Hookean and Mooney-Rivlin models were 

selected because they were the two most common and easy 

to use. Considering both models as isotropic, 

incompressible and hyperelastic, they are expressed in terms 

of engineering stress, σE – stretch, λ relation under uniaxial 

load as shown in Eq. 1 and Eq. 2 respectively [22]. 

σE = 2C1 (𝜆 −
1

𝜆2
) ; (1) 

σE = 
1

𝜆
[(2𝐶1 +

2𝐶2

𝜆
) (𝜆2 −

1

𝜆
)] . (2) 

Since Eq. 1 and Eq. 2 are expressed in terms of 

engineering stress-stretch, (σE-λ), relation, the engineering 

stress-strain, (σE-ε), data obtained previously from the 

uniaxial tensile tests (as mentioned in Section 2.2) are 

converted into engineering stress–stretch, (σE-λ) relation 

using Eq. 3.  

λ = 1 + ε .(3) 

Taking this data (the engineering stress–stretch curve 

from the experiments) as the reference, a curve fitting 
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procedure is carried out using Eq. 1 and Eq. 2 to get the best 

match curves. The best match curve would constitute the 

material constant parameters that can accurately describe 

the mechanical behaviour of the materials under 

investigation. By doing this, the material constants; C1 

(Eq. 1 for Neo-Hookean model); and C1 and C2 (Eq. 2 for 

Mooney-Rivlin model) are determined.  

2.4. Physical test 

Density test was conducted on pure silicone rubber and 

12 wt.% Arenga pinnata-silicone biocomposite specimens 

using Specific Gravity Measuring Kit (AD-1653, Japan, 

2004) and the density values were calculated using:  

𝜌 = (
𝐴

𝐴−𝐵
) × (𝜌𝑂 − 𝑑) + 𝑑 , (5) 

where 𝜌 is the density; A is the weight of the specimen in 

air; B is the weight of the specimen in water; 𝜌𝑂 is the 

density of distilled water; d is the density of air 

(0.001 g/cm3). 

2.5. Morphological analysis 

The morphological analysis was carried out using 

TM3000 Scanning Electron Microscope (SEM) (Hitachi, 

Japan, 2012) in the Faculty of Dentistry, Universiti 

Teknologi MARA, Sungai Buloh on the break surface due 

to tensile load earlier. For a better image quality, the surface 

of the specimens to be examined was coated with platinum 

using sputter coater machine. 

3. RESULTS AND DISCUSSION 

3.1. Tensile test 

Maximum tensile strength, σ and maximum stretch, λ 

for both specimens; pure silicone rubber and 12 wt.% 

Arenga pinnata-silicone biocomposite were analysed. Fig. 2 

displays the average tensile properties for both specimens 

where x- and y-axes represent stretch, λ and engineering 

stress, σE respectively. 

 

Fig. 2. Stress-stretch curves from tensile test for pure silicone 

rubber and 12 wt.% Arenga pinnata-silicone biocomposite 

In comparison, it can be observed that pure silicone 

rubber specimens possessed the highest tensile strength 

compared to 12 wt.% Arenga pinnata-silicone biocomposite 

specimens. A similar behaviour has been reported by 

Chandran et al., where  the increment of fibre content has 

resulted in lower tensile strength compared to 0 % fibre 

loading [23]. Fig. 2 also shows that pure silicone rubber 

stretches the most under the tensile load and thus, this 

indicates that pure silicone is much more elastic than 

12 wt.% Arenga pinnata-silicone biocomposite. This 

indicates that the addition of Arenga pinnata fibres has 

reduced the highly nonlinear elastic behaviour of silicone 

rubber. Pure silicone rubber presents a highly nonlinear 

elastic behaviour with a concave upward curve, while 

12 wt.% Arenga pinnata-silicone biocomposite produce an 

almost linear curve. The average values of mechanical 

tensile properties of both specimens are tabulated in 

Table 1. 

Table 1. Comparison of tensile properties between pure silicone 

rubber and 12 wt.% Arenga pinnata-silicone 

biocomposite 

Specimens 
Pure silicone 

rubber 

12 wt.% silicone 

biocomposite 

Ultimate tensile 

strength, MPa  
0.85 0.65 

Maximum stretch 12.826 10.276 

3.1.1. Hyperelastic material constants 

Fig. 3 highlights the nonlinear elastic behaviour of pure 

silicone using the data from tensile test. The best fitted 

curves for Neo-Hookean and Mooney-Rivlin models are 

also shown to mimic the behaviour. Apparently, it could be 

seen that both models could not perfectly demonstrate 

behaviour of the pure silicone rubber. 

 

Fig. 3. Pure silicone rubber stress-stretch curves for Neo-Hookean 

and Mooney-Rivlin models compared to experiment 

Neo-Hookean model could mimic accurately only at 

low stretch values up to 1.288. Moreover, the Neo-Hookean 

curve concaves downwards. Differ from the Neo-Hookean 

model, Mooney-Rivlin model exhibits negative stress 

values at low stretch values and then continues to increase 

almost linearly, where the stress values seem to directly 

proportional to stretch values. The Mooney-Rivlin model 

obviously demonstrated poor performance to mimic the 

highly nonlinear elastic behaviour of pure silicone rubber. 

These conditions somehow have been found to be similar in 

a study where Neo-Hookean model is only capable to mimic 

the tensile behaviour of silicone rubber at low strain values. 

The same study also reports that the Mooney-Rivlin model 

is unable to fit well their experimental data [24]. A similar 

finding was deduced by Martins et al, where they stated in 

their study that Neo-Hookean model showed worst 

performance to mimic a behaviour with highly non-linear 

pattern [25]. This is due to the limitation of the model with 

single material parameter (C1) compared to other 
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constitutive models. 

Fig. 4 highlights the nonlinear elastic behaviour of 

12 wt.% Arenga pinnata-silicone biocomposite using the 

data from tensile test. The best fitted curves for Neo-

Hookean and Mooney-Rivlin models are also shown to 

mimic the behaviour. Compared to pure silicone rubber 

(Fig. 3), it is interestingly to observe that both Neo-Hookean 

and Mooney-Rivlin models produce much better results, 

where the curves coincide with the experimental data. By 

filler addition, the specimen behaves less nonlinear and this 

allows both models to mimic well. This is similar to the 

study of Sasso et al, where the Mooney-Rivlin model 

(second order) demonstrated the rubber-like material 

behaviour exactly according to their experimental results 

[19]. Their graph displays almost similar pattern to the 

current 12 wt.% Arenga-pinnata-silicone biocomposite 

tensile behaviour but their stretch values are lower 

compared to the current study (Fig. 4). 

Table 2 shows the material constants quantified from 

Neo-Hookean and Mooney-Rivlin models for both pure 

silicone rubber and 12 wt.% Arenga pinnata-silicone 

biocomposite. 

 

Fig. 4. 12 wt.% Arenga pinnata-silicone biocomposite stress-

stretch curves for Neo-Hookean and Mooney-Rivlin 

models compared to experiment 

Table 2. Neo-Hookean and Mooney-Rivlin material constants 

(MPa) for 0 wt.% and 12 wt.% Arenga pinnata-silicone 

biocomposite 

Models Neo-Hookean  Mooney-Rivlin 

0 wt.% C1 = 0.02683 
C1 = 0.03907 

C2 = – 0.1234 

12 wt.% C1 = 0.03081 
C1 = 0.03104 

C2 = – 0.00171 

3.2. Materials density 

From the density test, the results show that the addition 

of Arenga pinnata fibre has increased the density of the 

biocomposite material (Fig. 5). At 12 wt.% Arenga pinnata-

silicone biocomposite, the average density of the material is 

1.0715 g/cm3 while the average density of pure silicone 

rubber (0 wt.%) is 1.0257 g/cm3 which is significantly lower 

than 12 wt.% specimens. This is due to the fact that Arenga 

pinnata fibres are denser (1.5045 g/cm3) than silicone rubber 

itself and thus increasing its physical density after it has 

been added into silicone rubber. 

3.3. Morphological characteristics 

The morphological analysis is conducted on the 

fractured surface of the specimens after destructive tensile 

test. It is to verify the failure pattern, fibre distribution and 

to observe the microstructural behaviour exhibits on both 

pure silicone rubber and 12 wt.% Arenga pinnata-silicone 

biocomposite. 

 

Fig. 5. Density values obtained from experiments for pure silicone 

rubber and 12 wt.% Arenga pinnata-silicone biocomposite 

Fig. 6 and Fig. 7 show the morphological of the break 

surface of pure silicone rubber and the silicone 

biocomposite respectively. Pure silicone rubber’s image 

(Fig. 6) displays its physical surface without any filler. 

There are no voids and signs of failure due to tensile load 

that can be seen.  

 

Fig. 6. SEM image of pure silicone rubber 

Based from SEM images shown for 12 wt.% Arenga 

pinnata-silicone biocomposite (Fig. 7 a and b), it can be 

observed that the particulate fibres are well dispersed. No 

agglomeration can be observed throughout the break surface 

of the silicone biocomposite. However, the images also 

revealed that there are small voids formation which might 

due to the air trapped during the manual stirring process.  

These voids might be one of the main factors that led to 

the first crack initiation to cause the material to fail. The 

surface area of the fibres also plays an important role in 

supporting good fibre-matrix adhesion. Large fibre surface 

area reduces adhesiveness to the matrix (silicone), which is 

hydrophobic. The weak bonding increased the tendency for 

the crack to spread over to the adjacent voids or weak fibre 

bonding, until specimen’s rupture. As illustrated in Fig. 8, 

the crack will continue spreading to the nearest point where 

the bonding is weak. Unlike fibre with smaller surface area, 

the tendency to crack at that points are less and thus, 

ensuring good fibre-matrix bonding.  

Not only that, the major influence of the filler addition 

has caused the fracture surface of silicone biocomposite to 
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become rougher and coarser compared to pure silicone 

rubber where the surface is still smooth although it has been 

exposed to destructive tensile load. Obviously, the fibre 

addition indicates some patterns of failure which can be seen 

clearly in Fig. 7 b due to tensile load. 

 
a 

 
b 

Fig. 7. SEM image for 12 wt.% Arenga pinnata-silicone 

biocomposite: a – with x80 magnification (upper side); 

b – with x150 magnification (lower side) 

                             

Fig. 8. Schematic diagram of the failure mode of the 12 wt.% 

Arenga pinnata-silicone biocomposite 

4. CONCLUSIONS 

This study introduces new silicone biocomposite 

materials in the awareness of environmental issues for a 

greener and cleaner environment with the development of 

“green materials”. Arenga pinnata fibres are chosen and it is 

proven that Arenga pinnata fibres give significant effects on 

silicone rubber as the stiffness and density of the materials 

have increased. In terms of hyperelastic investigations, the 

12 wt.% Arenga pinnata-silicone biocomposite shows both 

models especially Mooney-Rivlin model displays that it can 

almost mimic the experimental tensile curve. SEM images 

of the silicone biocomposite also show good adhesion 

bonding and dispersion among Arenga pinnata fibre and the 

silicone rubber. Thus, the aim of this study has been 

achieved. These new findings could contribute to new 

development in biomaterials in enhancing safer and cleaner 

environment. In fact, more researches on this silicone 

biocomposite will be explored and further findings shall be 

reported in the near future. 
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