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This study investigated the influence of graphene nanoplatelet fillers on 
the mechanical performance of kenaf fibre reinforced polypropylene 
composites. Composites were fabricated with varying weight 
proportions of polypropylene matrix, kenaf fibre, and graphene with 
composition ratios of 90-10, 90-9.5-0.5, 90-9.0-1.0, and 90-8.5-1.5. 
Composite samples were fabricated using a hot-press compression 
moulding at 180°C. Thermal characterisation of each kenaf fibre, 
graphene and polypropylene was conducted using thermogravimetric 
analysis (TGA) and differential scanning calorimetry (DSC). The 
produced composites were then subjected to tensile, flexural and impact 
testing. Thermal analysis: TGA and DSC revealed that graphene exhibited 
excellent thermal stability with no significant weight loss. In contrast, 
kenaf fibre showed typical degradation associated with the 
decomposition of its structural components. The melting point of 
polypropylene was confirmed at approximately 165°C. Mechanical 
evaluation showed that the composition with 1.5 wt.% graphene (90-8.5-
1.5 specimen) exhibited the highest tensile strength (21.9 MPa), flexural 
strength (24.6 MPa), and impact strength (22.8 J/m2). The enhanced 
mechanical properties are caused by the improved fibre-matrix 
interfacial bonding facilitated by the inclusion of graphene in the 
composites. The outcomes of this study offer a sustainable solution for 
automotive and load-bearing applications. 
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1. Introduction 

In many Southeast Asian countries, kenaf fibre is emerging as a sustainable and underutilised resource with 
significant potential due to its unique properties and versatility. Known for its high strength and rigidity, kenaf 
fibre resembles a unidirectional fibre-reinforced composite with nodes along its length and is composed of 
cellulose fibres in a lignin matrix. Researchers are increasingly interested in kenaf because of its availability, 
versatility, resilience, cost-effectiveness, and high strength-to-weight ratio [1]. Combining kenaf fibre with 
polypropylene (PP) and enhancing the composite with graphene presents a promising approach to developing 
advanced materials with superior properties for diverse industrial applications [2]. 
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Polypropylene (PP) is a thermoplastic polymer produced by polymerising propylene. It can be sourced from 
steam-cracking processes, gasoline refining, and propane dehydrogenation. PP's wide range of applications is due 
to its high thermal distortion temperature, transparency, flame resistance, dimensional stability, and impact 
strength. making it an excellent matrix material for creating natural-synthetic polymer composites [3]. 
Graphene, a single layer of carbon atoms in a two-dimensional honeycomb lattice, exhibits extraordinary 
mechanical, electrical, and thermal properties. Adding graphene to polymer composites can significantly enhance 
their performance. The combination of PP with natural fibres like kenaf, plus the addition of graphene, provides a 
pathway to create advanced composites with improved properties [4]. Integrating kenaf fibre with polypropylene 
offers numerous benefits. Kenaf fibre enhances the mechanical properties of the PP composite, including tensile 
strength, flexural strength, and impact resistance. A 2020 study reported that PP reinforced with aligned kenaf 
fibres (0° orientation) exhibited a flexural strength of 110 MPa and modulus of 8.5 GPa, approximately six times 
higher than pure PP [5]. Low density kenaf fibres results in lightweight composites advantageous in automotive 
and construction applications. 

Additionally, kenaf fibres are more sustainable and cost-effective than synthetic fibres [3]. Incorporating 
graphene into kenaf fibre-PP composites further enhances their properties. Graphene's exceptional strength and 
stiffness can improve the composite's mechanical properties. Its high thermal conductivity enhances thermal 
stability and heat dissipation, while its electrical conductivity introduces new functionalities, such as 
electromagnetic interference (EMI) shielding and sensing capabilities [4]. 
Despite the promising potential of kenaf fibre-PP composites with graphene, several challenges must be 
addressed. Ensuring good adhesion between kenaf fibres, graphene, and the PP matrix is crucial for composite 
performance. Furthermore, a recent study reported by Tharazi et al. [6] has shown that optimizing hot pressing 
parameters such as temperature, pressure, and heating time can significantly influence the mechanical properties 
of kenaf-reinforced composites. Surface treatments of kenaf fibres and the use of coupling agents can improve 
compatibility. Additionally, while kenaf fibres are inexpensive, the cost and scalability of producing high-quality 
graphene must be considered for commercial applications [7].  

The incorporation of graphene nanoplatelets (GNPs) in natural fibre composites has been extensively 
explored in recent years. Mohd et al. [4] reported that adding GNPs into hybrid non-woven kenaf fibre reinforced 
polypropylene composites enhanced thermal stability and improved mechanical strength. Similarly, a study from 
Idumah and Hassan showed that GNPs improved the electrical conductivity and stiffness of kenaf/PP composites, 
demonstrating multifunctional performance [8]. A study by Mirzaei et al. [9] further confirmed that optimized 
combinations of kenaf fibres and graphene significantly enhanced tensile and flexural properties, particularly 
when compatibilizers were employed to improve interfacial adhesion. More recently, Taghipoor et al. [10] 
emphasized the need to optimise filler loading and processing parameters, since poor dispersion of graphene can 
lead to agglomeration and defects within the polymer matrix.  

However, the specific impact of graphene fillers on the mechanical properties of kenaf fibre reinforced 
polypropylene composites is not well understood [4]. It is crucial to investigate how different concentrations and 
dispersions of graphene fillers affect the tensile strength, flexural strength, impact resistance, and overall 
mechanical performance of these composites. Therefore, this research aimed to study the influence of graphene 
filler content on the mechanical properties of kenaf fibre reinforced polypropylene composites.  

2. Methodology 

2.1 Materials 

In this study, polypropylene pellets with an average diameter of approximately 4 mm were used as the matrix for 
the composites. Kenaf fibre, ground to a fineness of 625 mesh (≈20 µm), served as the fibre reinforcement. 
Graphene nanoplatelets (xGnP M-5, 5 µm particle size) purchased from Sigma-Aldrich were employed as the filler. 

2.2  Composite Fabrication 

2.2.1 Polypropylene, Kenaf Fibre and Graphene Composition  

The preparation of composite specimens began with precise mass calculations (wt.%) for each formulation, 
following established protocols from prior studies [10]. Subsequently, the materials were subjected to a process 
involving mixing and blending. This allows uniform dispersion of the graphene fillers. A crushing process was 
done later to obtain the desired particle size distribution. Four formulations with varying compositions were 
developed as shown in Table 1. The control sample containing 90% polypropylene and 10% kenaf fibre served as 
a baseline to evaluate the effects of graphene addition. The incremental incorporation of graphene at 0.5%, 1.0%, 
and 1.5% was developed.  
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Table 1 Sample designation for the composites 

Sample Designation PP (wt.%) Kenaf (wt.%) Graphene (wt.%) 

90-10 90 10 0 

90-9.5-0.5 90 9.5 0.5 

90-9.0-1.0 90 9.0 1.0 

90-8.5-1.5 90 8.5 1.5 

2.2.2 Mixing and Blending 

Kenaf fibre, polypropylene and graphene nanoplatelets were mixed in the Sigma blade mixer. Proper mixing is 
essential to ensure homogeneity, minimize air entrapment, and promote effective interfacial interactions among 
the composite constituents. The blending duration varies according to the formulation, particularly with changes 
in the kenaf fibre content. An increase in kenaf fibre loading results in a corresponding increase in the time 
required to achieve uniform dispersion and complete mixing.  

2.2.3 Crushing 

The mixed sample from the Sigma blade mixer undergoes a crushing process to break it into particles, facilitating 
its effective loading into the mould. The crushed particles were then evenly distributed inside the mould's cavity. 
Any gaps and air pockets in the mould’s cavity were identified and eliminated.  

2.2.4 Hot Press Compression 

The filled mould was then positioned between the hot press compression moulding machine and subjected to a 
pressure of 5 MPa at a temperature of 180 °C. This application of heat softens the material, making it more flexible 
and enabling it to adopt the dog bone and square shapes. The pressure of 5 MPa ensures that the material is 
compacted within the mould, ensuring it conforms to the mould's shape and achieves the desired density and 
consistency [11]. The samples are held under this pressure for 20 minutes to allow them to fully conform to the 
mould's shape and undergo physical transformation. Following the heating process, the specimen undergoes a 
cooling process by being exposed to ambient room temperature for 20 minutes, allowing a gradual cooling 
scheme. The total time taken for this hot press process is 45 minutes per sample. Fig. 1(a) and Fig. 1(b) depict the 
composite panel before and after the hot press process. 

  

(a) (b) 

Fig. 1 Composite specimens during the hot-pressing process: (a) Before pressing; and (b) After pressing 

2.3 Materials Characterization and Mechanical Testing 

2.3.1 Thermogravimetric Analysis (TGA) 

The thermal degradation behaviour of kenaf fibre, polypropylene, and graphene was analysed using a Mettler 
Toledo thermogravimetric analyser (TGA). Approximately 10-15 mg of each sample was acquired and then heated 
from room temperature to 600 °C at a constant heating rate of 10 °C min⁻¹ under a nitrogen atmosphere. 
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2.3.2 Differential Scanning Calorimetry (DSC) 

DSC analysis was carried out on kenaf fibre, polypropylene, and graphene using a Mettler Toledo DSC model 
machine. Samples of about 10-15 mg were heated from room temperature to 350 °C at a rate of 10 °C/min under 
a nitrogen atmosphere. The DSC analysis data is valuable for determining the permissible temperature range 
suitable for the injection moulding process. 

2.3.3 Tensile Test 

A ServoPulser Shimadzu Universal Testing Machine (UTM) was used to conduct tensile tests in accordance with 
ASTM D638 standard. Composites were loaded to a crosshead speed of 5 mm/min up to failure. The testing was 
done at room temperature with a relative humidity of around 60%. Tensile strength and tensile modulus were 
calculated from stress-strain curves and the results were analysed accordingly. 

2.3.4 Flexural Test 

The flexural test was conducted according to the ASTM D790 standard using a ServoPulser Shimadzu Universal 
Testing Machine (UTM). Rectangular specimens measuring 80 mm in length,12.7 mm in width and 3.2 mm in 
depth were employed for two-point bending configurations. Samples were loaded at a rate of 5 mm/min up to 
failure. Flexural strength and flexural modulus values were evaluated from the experimental data.  

2.3.5 Izod Impact Test  

The impact test was conducted to measure the maximum impact strength by the test specimen. Samples were cut 
into a rectangular dimension; 60 mm in length, 12.7 mm in width and 2.3 mm in depth. A V-shaped notch was 
machined samples according to the ASTM D25. Composites were impacted using an Izod impact test machine at 
room temperature.  

3. Results and Discussion  

3.1 Thermogravimetric Analysis (TGA) of Fibre, Graphene and Polypropylene 

Fig. 2 shows the weight loss of samples subjected to temperature elevation in TGA analysis. Kenaf fibre began to 
decompose at a lower temperature (~90°C) primarily due to the evaporation of moisture and volatile compounds. 
As the temperature increased, another significant weight loss occurred between 200-260°C. This suggests 
hemicellulose degradation had occurred. This is followed by the decomposition of cellulose between 300–370°C 
in the TGA curve [9]. The thermogravimetric curve for pure polypropylene showed the onset of decomposition at 
approximately 350°C marked by a sharp drop in mass. In contrast, it is interesting to observe that graphene 
remains stable throughout the temperature range and does not decompose, unlike the kenaf fibre and 
polypropylene matrix.   
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Fig. 2 TGA traces for kenaf, graphene and polypropylene 
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3.2 Differential Scanning Calorimetry (DSC) of Fibre, Graphene and Polypropylene 

Fig. 3 shows the heat flows of the composites using differential scanning calorimetry analysis. Polypropylene 
shows a melting point temperature, Tm during heating at 143 °C, which is typical for semicrystalline 
polypropylene. It can be observed that kenaf fibre exhibits a broad endothermic region within the temperature 
range of 45–250 °C. The primary cause could be the evaporation of moisture and the release of volatile 
components. The DSC thermograph indicates that graphene remains stable with only minimal changes, showing 
its strong thermal stability over a wide range of temperatures. These results highlight the melting behaviour of 
PP, the decomposition behaviour of kenaf, and the stability of graphene. 
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Fig. 3 DSC traces for kenaf, graphene and polypropylene 

3.3 Tensile Properties of Composites  

Fig. 4(a) shows the tensile strength of composites with and without graphene filler. The bar chart shows that the 
composite containing 90% polypropylene and 10% kenaf fibre exhibits a tensile strength of 15.06 MPa. The data 
clearly indicate that the addition of graphene filler enhances the tensile properties of the composites. 
Incorporation of 0.5 wt.% graphene resulted in an increase in tensile strength to 23.61 MPa, demonstrating a 
significant improvement of 23.6% over the reference composite. A higher graphene content in the composites 
resulted in improved tensile strength. The specimen containing 1.5 wt.% graphene exhibited a 45.5% 
improvement, achieving the highest tensile strength of 21.91 MPa among all tested composites.  
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(a) (b) 

Fig. 4 Tensile properties of composites; (a) Tensile strength; and (b) Tensile modulus 

Fig. 4(b) presents the tensile modulus of the composites produced with and without graphene. In agreement 
with the tensile strength behaviour, the tensile modulus exhibits a clear increasing trend as the graphene content 
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increases. The 90-10% composite without graphene shows the lowest tensile modulus of 5.82 GPa, reflecting the 
reduced rigidity typical of materials lacking reinforcing fillers like graphene. Although the addition of graphene 
filler resulted in an increase in tensile modulus, the percentage of improvement ranged only between 3.3% and 
16.7%, which is comparatively lower than the enhancement observed in tensile strength. The small amount of 
graphene (0.5 wt.%) might not be enough to provide a significant increase in stiffness, but subsequent increases 
in graphene concentrations contribute to a higher percentage of improvement.  For the composites developed in 
this work, the graphene concentration was found to be optimal at 1.5 wt.%, resulting in a 45.5% increase in tensile 
strength and 16.7% relative to the specimen produced without graphene inclusions. The improved tensile 
properties in the present investigation are a result of the enhanced fibre matrix interface. Graphene’s high surface 
area and exceptional mechanical properties enable it to act as an effective coupling agent, significantly enhancing 
interfacial adhesion and mechanical performance [9]. 

3.4 Flexural Properties of Composites 

Fig. 5(a) displays the flexural strength of composites produced with varying graphene content. With the inclusion 
of 0.5% wt.% graphene filler in polypropylene matrix, the flexural strength of this composite rose to 18.22 MPa 
from 15.89 MPa, presenting 14.7% improvement over the specimen without graphene. The improvement in 
flexural strength with increasing graphene content can be linked to the enhanced interfacial bonding and stress 
transfer efficiency between the polymer matrix and the fillers, which restricts deformation under bending loads. 
Although increasing the graphene content from 0.5 wt.% to 1.5 wt.% is beneficial for improving tensile properties 
as shown in Fig. 4, the enhancement in resistance to bending forces appears to be limited to composites containing 
up to 1.0 wt.% graphene. The tensile modulus remains nearly constant at 24 GPa (equivalent to 54% of 
improvement) even with the addition of 1.5 wt.% graphene to the composite.   
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(a) (b) 

Fig. 5 Flexural properties of composites; (a) Flexural strength; and (b) Flexural modulus 

Fig 5(b) compares the flexural modulus of composites with varying graphene content. The composition made 
entirely of polypropylene and kenaf fibre had the lowest flexural modulus because graphene is not present to 
provide reinforcement [12]. Except for the composite containing 0.5 wt.% graphene, which exhibits a flexural 
modulus lower than that of the control specimen, the 1.0 wt.% graphene composite shows a remarkable 
improvement of 40.1%, exceeding the enhancement observed in the tensile modulus (3.3% - 16.7%) as shown in 
Fig. 4(b). The flexural modulus of the 90-9.0-1.0 specimen has increased to 4.51 GPa. This behaviour can be 
explained by the fact that flexural strength and modulus are predominantly matrix-controlled properties. During 
bending, the polypropylene matrix experiences substantial deformation, but the inclusion of graphene in the 
matrix region can resist this deformation owing to its superior strength and modulus. These findings corroborate 
previous research, confirming that graphene acts as a strong reinforcement in polymer composites and markedly 
improves their flexural behaviour [13][14]. It appears that the addition of graphene with 1.5 wt.% content showed 
a smaller flexural modulus improvement of about 0.24 GPa than that of the graphene 1.0 wt.% specimen, 
suggesting the effectiveness of the graphene filler has been achieved for the flexural modulus.  
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3.5 Impact Strength of Composites 

Fig. 6 shows the impact strength of composites produced with and without graphene filler. It determines how 
much a material can absorb energy under applied load. In general, the impact strength of the composites increased 
with the addition of graphene content, except for the specimen containing 0.5 wt.% of graphene. A possible 
explanation is that the graphene concentration (0.5 wt.%) in the polypropylene matrix is too low to effectively 
compensate for the reduced fibre content (from 10 wt.% to 9.5 wt.%) in this type of specimen and thus, limiting 
its ability to absorb and dissipate energy under sudden impact. As expected, the composite without graphene 
exhibited a low impact strength of 14.41 J/m2. The incorporation of 1.0 wt.% and 1.5 wt.% graphene resulted in 
27.3% and 58.4% enhancements against the 90-10 specimen, corresponding to impact strengths of 18.35 J/m2 
and 22.83 J/m2, respectively. This means that adding more graphene fillers did not make the polypropylene 
composite crack easily. The increase in impact strength depends on several factors, including the toughness of the 
composite, the compatibility between the fibre and matrix, and the proper dispersion of the filler within the matrix 
[15]. Therefore, the incorporation of 1.5 wt.% graphene in this study ensures adequate interfacial interlocking 
between the fibre and matrix, as well as uniform dispersion of the filler throughout the matrix. The results are 
consistent with previous studies showing that the impact strength increases with higher graphene filler content 
in kenaf composites [16]. 
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Fig. 6 Impact strength of composites 

 

4. Conclusions  

Kenaf fibre reinforced polypropylene composites were fabricated with varying graphene fillers; 0.5 wt.%, 1.0 
wt.% and 1.5 wt.%, respectively. Thermal properties of individual polypropylene, kenaf fibre and graphene were 
initially conducted using thermogravimetric analysis and differential scanning calorimetry to assess the 
permissible temperature range suitable for the injection moulding process. Mechanical properties such as tensile 
properties, flexural properties and impact strength of produced composites were subsequently determined. TGA 
analysis indicates the kenaf fibres start to decompose at lower temperatures whilst graphene remains stable 
across the temperatures. The DSC analysis showed that the melting behaviour of polypropylene was confirmed at 
143.21°C and the moulding temperature set at 180 °C was ideal for composite fabrications. Tensile strength, 
tensile modulus, flexural strength, flexural modulus and impact strength were found to improve with a higher 
amount of graphene, showing improvements of up to 16%-55%. Therefore, the increase in mechanical properties 
is due to strong interfacial adhesion effects by the inclusion of graphene fillers in the composites. 
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