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ABSTRACT 
 

Sisal fibre is one of lignocellulosic fibre that is widely used as reinforcing material in 
polymer-based composites. The fibres can be produced from leaf part that traditionally can 
be used to make twines, ropes, and string. This is due to sisal fibre has high value of tensile 
strength and Young Modulus besides having ability in high impact strength and low density. 
Nowadays, sisal fibre can be reinforced with either thermoset or thermoplastic matrix. For 
thermoplastic composites, it has ability to be recycled due to the thermoplastic materials 
can be remolded and reshaped. However, lack of study has been established to show the 
recent progress on mechanical performance of the sisal fibre reinforced polymer composites 
for structural applications. Hence, this review was expected to analyse the current status, 
challenge and future perspectives of sisal fibre reinforced polymer composites of structural 
applications. This review could benefit the manufacturing sector in providing green-based 
materials without jeopordizing the mechanical performance of the products. 
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1.0 INTRODUCTION 
 
Sisal fibre, depicted in Figure 1(a), is a lengthy organic fibre derived from the leaves of the 
sisal plant, a species of agave indigenous to Mexico. Sisal fibre is a frequently utilised 
natural fibre that is highly cultivable. It exhibits a brief regeneration cycle and thrives 
organically in meadows and railway fencing [1]. Approximately 4.5 million tonnes of sisal 
fibre are manufactured on a global scale annually. Tanzania and Brazil are the primary 
producers [2]. Sisal is indigenous to the tropical and subtropical parts of North and South 
America, although it is currently extensively grown in tropical countries in Africa, the West 
Indies, and the Far East [3]. 
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Figure 1: (a) Sisal plant and (b) Transverse section of a sisal leaf shows phloem and xylem fibres[4] 
 
 Next, each leaf of sisal plants including 1000-1200 fibre bundles containing of 4% 
fibre, 0.75% cuticle, 8% dry matter, and 87.25% moisture that contain phloem and xylem 
(Figure 1(b)) [1]. A typical leaf weighing about 600g contains about 3% fibre by weight 
and each leaf contains about 1000 fibres.  

Sisal sheets contain three types of fibres: mechanical fibres, ribbon fibres, and wood 
fibres [3]. Mechanical fibres originate mainly from the perimeter of the leaves. It has a 
slightly thick horseshoe shape and hardly splits during the extraction process. These are the 
most commercially useful sisal fibres. Ribbon fibres occur in association with a conductive 
web in the midline of the blade. Figure 1 shows a cross-section of a sisal sheet and shows 
where mechanical and ribbon fibres are obtained [3]. The associated conductive web 
structure of the tape fibres gives them considerable mechanical strength. The xylem fibres 
are irregularly shaped and are opposed to the ligamentous fibres by vascular connections 
as shown in the Figure 2. They are made up of thin-walled cells that can be easily broken 
and lost during the extraction process. 

 

 
Figure 2: Sisal stem structure [3] 

 
Table 1 compares the physical and mechanical properties of sisal fibre with different 

herbal and artificial fibres. The table shows that sisal fibre has a comparable specific 
strength and modulus with respect to textile fibre and lingo-cellulosic bast fibre. 
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Table 1: Mechanical Properties of Sisal Compared with Other Natural/Synthetic Fibres [5,6] 

Fibres Density (𝒈𝒈/𝒄𝒄𝒎𝒎𝟑𝟑) Tensile Strength (MPa) Young’s Modulus (GPa) 

Sisal 1.33 - 1.5 400 - 700 9.0 - 38.0 

Bamboo 0.6 - 1.1 140 - 800 11 - 32 

Coir 1.2 175-220 4.0 - 6.0 

 
The chemical composition of sisal fibre varies relying on location, age, etc [7]. Like 

different herbal fibres, sisal fibre includes cellulose, lignin, hemicellulose, and moisture [8]. 
The moisture content material and chemical composition of sisal fibres are proven in Table 
2. 

 
Table 2: Chemical Composition and Moisture Content of Sisal Fibre [5,6] 

Cellulose (%) Hemicellulose (%) Lignin (%) Moisture content (%) 

65 - 68 10 - 22 9.9 - 14 10 - 22 

 
 

2.0 MANUFACTURING PROCESS OF SISAL FIBRE/POLYMER 
COMPOSITES 

 
The sisal fibres, which were approximately 4 mm in length, were derived from sisal strands 
that were 700 to 800 mm long [9]. The mechanical properties of fibre reinforced polymer 
composites are influenced by several aspects, including the type of fibre and matrix used, 
the adhesion between the fibre and matrix, the dispersion of the fibres, the orientation of 
the fibres, and the production procedures employed. Figure 3 illustrates the variables that 
impacted the mechanical characteristics of sisal fibre composites. 

 

 

 
Figure 3: Factors affecting the mechanical performance of sisal composites [10] 

 
The many types of fibres, such as bast, leaf, stem, and root, are classed based on their 

origin and exhibit variations in cellulose content. Typically, plant fibre exhibits greater 
strength and stiffness compared to the alternative [11]. The qualities of fibres primarily rely 
on their chemical composition and structure, which are influenced by factors such as the 
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specific type of fibre utilised, the technique of extraction, the timing of harvesting, the 
growth circumstances, the process of decortications, the maturity of the fibres, the degree 
of retting, and any technical alterations applied. Sisal fibre is typically obtained in 
significant quantities from the leaves of the plant by the retting process, prior to being 
utilised as a reinforcing element. 

In addition, the matrix has a limited impact when it comes to applying tensile force 
to the composites. Nevertheless, the compressive, in-plane shear, and interlaminar strengths 
are significantly affected by the specific matrix employed [12]. Research conducted over 
the years has shown that sisal fibre is highly compatible with a wide range of thermoset 
and thermoplastic matrices. 

Moreover, the mechanical properties of the composites are significantly impacted by 
the bonding between the fibre and matrix. When there is a strong interfacial connection, 
reinforced polymer composites effectively transmit the applied stress to the fibres [3]. The 
plant-based fibre typically exhibits weak bonding due to the hydrophilic character of the 
fibre and the hydrophobic nature of the resin. To address this limitation, one could employ 
mechanical interlocking, chemical bonding, electrostatic bonding, inter-diffusion bonding 
[13], coupling agent, and chemical pre-treatment [14]. 

Furthermore, the effective dispersion of fibres within the matrix leads to enhanced 
bonding, resulting in improved mechanical properties of composites. The dispersion of 
fibres is often influenced by the length of the fibres (short or long) as well as processing 
parameters like pressure and temperature [15,16]. 

The production process of sisal composites could be significantly enhanced by 
optimising the fibre orientation. An increase in the fibre orientation relative to the fibre 
loading resulted in a decrease in both strength and modulus. Remarkably, composites 
exhibit their optimal mechanical performance when the orientation of the fibres is parallel 
to the direction in which they are being loaded [17–19]. 

Finally, the qualities varies for each procedure as a result of utilising distinct 
processing pressure, temperature, and speed. Sreekumar et al. [20] produced sisal fibre 
polyester composites by compression moulding and resin transfer moulding processes to 
investigate their mechanical properties. The produced RTM composites exhibited increased 
tensile strength, Young's modulus, flexural strength, and flexural modulus, as demonstrated 
by the study.  
 
3.0 MECHANICAL PROPERTIES OF SISAL FIBRE REINFORCED 

POLYMER COMPOSITES 
 
Several polymers can be reinforced with sisal fibre, including epoxy, polystrene and 
polypropylene. Within this set of matrices, there are three prevalent composites that 
incorporate sisal fibre reinforcement: sisal fibre reinforced polypropylene composites, sisal 
fibre reinforced epoxy composites, and sisal fibre reinforced polystyrene composites. Table 
3 provides a summary of recently conducted research that assess the mechanical properties 
of composites made from sisal fibres and polymer materials.  
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Table 3: Comparative Mechanical Properties of Sisal Fibre Polymer Composites with Different 
Types of Sisal Fibre Reinforcement [21] 

Fibre 
Treatment 

Matrix Fibre 
content 
(wt%) 

Young’s 
Modulus 

(GPa) 

Elongation 
at break 

(%) 

Tensile 
Strength 

(MPa) 

Flexural 
Strength 
(MPa) 

Impact 
Strength 

(
𝑲𝑲𝑲𝑲
𝒎𝒎𝟐𝟐) 

Untreated PP 20 0.88 10.5 24 - 15 

Alkali Treated PP 20 0.86 12.5 25 - 16 

Heat Treated PP 20 0.94 12.0 26 - 19 

Untreated Epoxy 50 460 - 275 200 - 

Alkali Treated Epoxy 50 275 - 340 225 - 

Heat Treated Epoxy 50 460 - 300 250 - 

Untreated PS 20 1.00 8.00 43 - - 

Benzoylation 
 

PS 20 1.01 7.00 45 - - 

Note that - PP: Polypropylene and PS: Polystyrene    
 

The sisal fibre can be strengthened by incorporating different polymer matrices, such 
as polypropylene, polystyrene, and epoxy. The strength and stiffness of sisal fibre 
composites might vary depending on the matrices used in the composite system. From this 
perspective, the proportion of sisal fibre can range from 20 to 50% in terms of loading, 
resulting in varying levels of strength. Moreover, the type of treatment applied to the sisal 
fibres can have an impact on their ability to reinforce the polymer matrix, hence affecting 
the mechanical properties of the composites. Finally, the selection of a certain polymer 
matrix in combination with sisal fibres can have an impact on the overall mechanical 
performance and impact strength of the composites. 

Table 3 shows that both alkalisation and heat treatment greatly improve the tensile 
strength, Young's modulus, elongation at break, and impact strength of the composites [22]. 
The higher mechanical capabilities of alkali-treated and heat-treated sisal fibre/PP 
composites, with having the same amount of fibre, can be attributed to the improved 
adhesion between the fibre and the PP matrix, as well as the inherent qualities of the treated 
fibres. Moreover, the inclusion of processed fibres into the epoxy matrix leads to increased 
tensile and flexural strengths in comparison to untreated sisal composites. It should be 
emphasised that the flexural strength of heat-treated sisal fibre composites is inferior to that 
of alkali-treated sisal fibre epoxy composites [23]. In addition, Table 3 demonstrates that 
the tensile strength of the composites is further improved by modifying the fibres with 
polystyrene. 
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4.0 CURRENT STRUCTURAL APPLICATION OF SISAL FIBRE 
REINFORCED POLYMER COMPOSITES 

 
The use of sisal fibres into polymer composites greatly enhances their physical and 
mechanical characteristics. Sisal composites are utilised in the production of several 
essential components, including door panels, roof panels, floor linings, wall insulation, and 
structural applications. Many researchers have tried hybrid sisal fibre with other natural 
fibres to make novel fibres. The recent progress of sisal fibre reinforced polymer 
composites are shown in Table 4. 
 
Table 4: Comparative Mechanical Properties of Sisal Fibre Polymer Composites with Different 
Types of Sisal Fibre Reinforcement 

Composites Resin Application Properties tested References 

Sisal/Kenaf Epoxy Car Bumper Tensile test, impact test, 
hardness test, water 
absorption 

[24] 

Sisal/Bamboo Polyester Interior door panel Tensile, compressive, 
impact and flexural tests 

[25] 

Sisal /Banana/ 

Roselle 

Epoxy Automobile parts (Visor 
in two-wheeler, Indicator 
cover, Rear view mirror, 
seat cover in two-
wheeler) 

Tensile test, Hardness 
test, Moisture Absorption 
Test Scanning Electron 
Microscopy 

[26] 

Sisal/Kenaf Epoxy Semi structural 
application 

Mechanical Properties 
(i.e. modulus, percentage 
elongation, impact 
strength and tensile 
strength), TGA, Water 
Absorption, DMA 

[27] 

Sisal/Tea 

Waste 

Epoxy Dashboards, base of 
seats, rear and front 
bumpers, paneling of 
aircraft interior, brake 
pedal, materials for 
soundproofing, speaker 
compartment, 

Mechanical Testing 
(Tensile test, Flexural 
test, Izod impact test), 
FTIR Analysis, 
Acoustical Properties – 
Impedance Test tube 
Method, Scanning 
Electron Microscopy 
(SEM) 

[28] 

Sisal / Palm Epoxy Semi Structural, door 
panels, window frames 

Mechanical test (tensile, 
flexural, impact), sound 
absorption, SEM 

[29] 

 
Sisal and kenaf fibres with special epoxy resin for automotive bumpers [24]. Tensile 

strength, impact resistance, hardness, and water absorption are examined. Tensile testing 
show which material can endure force before breaking. Hardness tests measure surface 
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resistance to indentation and abrasion, whereas impact testing measure collision energy 
absorption. Water absorption tests are essential for assessing wet-weather durability. 
Example: sisal and bamboo fibres in polyester resin for interior door panels [25]. Tensile, 
compressive, impact, and flexural tests are performed on this composite. Flexural and 
compressive tests determine the material's bending and pushing strength. These qualities 
are essential for interior applications that require mechanical strength and aesthetics. An 
epoxy composite of sisal, banana, and roselle fibres examines its microstructural properties 
and suitability for automotive components [26]. Composites are used for visors, indicator 
covers, rearview mirrors, and two-wheeler seat covers. Tensile strength, hardness, moisture 
absorption, and SEM analysis are performed on this composite. SEM shows the fiber-
matrix interface, ensuring adequate adhesion and distribution, which are crucial to 
mechanical performance. In further work, Prabhu et al. [28] may examine how this 
composite passes strict mechanical and acoustical norms for automotive and aerospace 
applications. Sisal and Tea Waste fibres are mixed with epoxy resin for dashboards, seat 
bases, bumpers, aircraft interior panelling, brake pedals, soundproofing, and speaker 
chambers. FTIR, acoustical properties, SEM, tensile, flexural, and Izod impact tests are 
performed on the composite. FTIR analyses chemical bonding and compositions, may 
highlight how this composite improves residential and commercial structural integrity and 
acoustics. Epoxy resin with sisal and palm fibres for semi-structural applications, door 
panels, and window frames. Tensile, flexural, impact, sound absorption, and SEM testing 
are done. These tests assure the composite's strength, flexibility, impact resistance, and 
acoustic performance for building and construction.  

In summary, the table demonstrates the wide range of uses and thorough examination 
of natural fibre composites, illustrating their capacity to substitute traditional materials in 
many sectors. These composites provide a diverse array of mechanical and physical 
qualities that are customised to meet individual requirements by utilising natural fibres such 
as sisal, kenaf, bamboo, banana, roselle, tea waste, and palm in conjunction with resins like 
epoxy and polyester. The continuous research and development in this domain has the 
potential to result in wider acceptance of these eco-friendly materials, hence decreasing the 
ecological footprint and enhancing the efficiency and longevity of designed goods. The 
majority of researchers are now utilising epoxy-based composites, which are generally not 
the polymers of choice for automakers. In addition to that, packaging materials such as 
bags, boxes, and containers, which were formerly constructed of wood, have now been 
substituted with a more cost-effective sisal reinforced composite. Boats can be constructed 
by substituting the traditional polymer composite fibres with sisal as a kind of 
reinforcement [30]. Furthermore, sisal has the potential to be used in the construction of 
corrugated roof panels that include strength, affordability, and exceptional fire resistance 
[31]. Asbestos fibres possess the capacity to induce cancer. Corrugated roof panels are 
constructed using sisal fibre cement, which serves as a safe and efficient alternative to 
asbestos fibres while also being environmentally benign.  
 
5.0  CONCLUSION 
 
Sisal fiber reinforced polymeer composites are now widely used in various applications. It 
can be seen that the sisal fibre reinforced polymer composites have high mechanical 
strength and stiffness and could provide lighter weight which highly potential for structural 
application. For instance, sisal fiber reinforced epoxy composites are utilized in automotive 
parts such as car bumpers, visors for two-wheelers, indicator covers, rearview mirrors, 
dashboards, speaker compartments, and soundproofing materials. 

Looking ahead, sisal fiber's numerous applications suggest it should be more widely 
adopted. Its environmental friendliness and biodegradability make it an excellent option for 
floor coverings. Additionally, sisal fiber is valuable in the cordage industry for making 
ropes, baler, and binder’s twine. Lower quality sisal fiber is suitable for paper production. 
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In the automotive industry, sisal fiber can be used in car doors, panels, and package holders 
to reduce fuel consumption. In the construction industry, short sisal fibers are used to make 
high-quality sofas, washing mats, and other pulp construction materials. Other applications 
include dartboards, buffing cloths, handicrafts, and filter manufacturing. 
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