


Enhancement of Morphological and Thermo-Mechanical Properties of Megathyrsus Maximus Fibre-Reinforced Epoxy Composite




ABSTRACT
Lignocellulosic fibre-based polymer composites have gained significant attention due to their ecofriendly nature against the petrochemical fibre-based polymer composites. This study was done to enhance the morphological and thermo-mechanical properties of guinea grass (Megathyrsus maximus) fibre reinforced epoxy composite. The fibres were modified with 8% sodium hydroxide solution for 4 hours. The composites were fabricated by hand lay-up method, combining different lengths (10mm, 30mm and 50mm) and volume fractions (10%, 30% and 50%) of the modified fibres with epoxy matrix via compression moulding. The results of the mechanical analysis show that the composite with 50mm-30% fibre loading exhibit better tensile strength, tensile modulus, flexural strength and flexural modulus of 130.51MPa, 4.731GPa, 57.89MPa and 2.742GPa respectively compared to other fibre composites examined. The Scanning Electron Microscopy (SEM) and Thermogravimetric/Differential Thermogravimetric (TG/DTG) analysis on the composites show that fibre modification affect the morphological and thermal properties of the composite.
Keywords: Megathyrsus maximus, natural fibre, epoxy matrix, fibre composite, compression moulding.

1.0 INTRODUCTION
[bookmark: _Hlk193901834]Natural fibre reinforced polymer composite with desirable strength and modulus can be produced by incorporating lightweight and tough natural fibres into a polymer matrix. The use of fibres from natural sources as a reinforcement in polymer composites has gained increasing attention from researchers and academics, primarily due to their eco-friendly characteristics and sustainability (Mohammed et al. 2015). Also, natural fibres are gaining traction as reinforcement materials in polymer composites against the synthetic fibres due to their lightweight, biodegradability, renewability and relatively good tensile properties. Additionally, they offer advantages such as low cost, low tool wear, and minimal health hazards compared to conventional fibres from fossil fuels (Sanjay and Yogesha, 2017; Yashas et al. 2018; Mohammed et al. 2015; Gurukarthik et al. 2019; Manimaran et al. 2020). 
Natural fibres have notable deficit in their properties since their structure is made up of hemicelluloses, lignin, pectin and waxy compounds. These chemical compositions are responsible for lack of compatibility between the polar natural fibers and nonpolar polymer matrices, resulting to poor composite mechanical properties, fracture and moisture absorption (Nayak et al. 2023; Ngolube et al. 2025; Ahmad et al. 2025). Improved compatibility between natural fibres and polymer matrices is typically achieved through chemical treatments of fibre, particularly alkaline (NaOH) treatment, which enhances fibre surface roughness, removes hemicellulose and lignin and promotes better fibre-matrix adhesion (Prakash et al. 2019; Vijay et al. 2019; Srisuk et al. 2020).  Improper fibre treatment option can affect the mechanical properties of a composite. Alkaline treatment of natural fiber is the most widely used method to modify the fiber surfaces and improve the interfacial interaction or bonding between the fiber and polymer matrix (Ngolube et al. 2025). 
Guinea grass also known as Megathyrsus maximus (M. maximus) is a large perennial bunch grass and this plant is grown in the tropical and semitropical areas of the world. M. maximus belongs to Poaceae family of plant. Grasses are the most widespread family of flowering plant, covering at least 20% of the earth surface. In some part of the world, M. maximus plant is considered as a road weed in urban areas where it is pruned and discarded. This waste is a source of lignocellulosic biomass that can perfectly become a cheap and renewable raw material for the production of cellulose (Gonzalez et al. 2022). Study by (Gonzalez et al. 2022) on the preparation and characterization of cellulose fibers from M. maximus using alkaline delignification and alkaline hydrogen perioxide bleaching as an extraction method yielded 45% cellulose, 35% hemicellulose and 20% lignin on dried weight basis and the authors concluded that M. maximus is a biomass with good cellulose content. Cellulose gives fibre its strength and rigidity.
[bookmark: _Hlk193648147]Globally, many researchers have demonstrated that natural fibres from grass can be effectively used as a reinforcement/filler material in polymeric matrix to produce composites with good physical, mechanical and thermal properties. A study by (Lokantara et al. 2019) showed that at a fiber length of 180 mm, fiber treatment using 5% NaOH, a maximum tensile strength value of 71,606 MPa was observed on lidah mertua fiber/ polypropylene. (Krishnudu et al. 2025) found that NaOH treated muntigia calabura fibre reinforced epoxy composites exhibit good tensile and flexural strength of 84MPa and 185MPa respectively at 20 wt. % of the fibre content and a maximum impact strength of 19.5J/m2. (Ngolube et al. 2025) have demonstrated that 6% NaOH treated C. citratus fibre reinforced polyester composite with fibre composition of 50mm length and 30% volume fraction exhibit good tensile and flexural properties. (Ghori et al. 2024) evaluates the thermal and mechanical behavior of hybrid composites made from date palm (DP) and kenaf fibers (KF) in an epoxy thermoset matrix. The treated 30DP-70KF exhibited improvement in the flexural strength and modulus by 13.8% and 2.7%, respectively. TGA demonstrated that treated 30DP-70KF composites had a higher glass transition temperature (Tg) and better thermal degradation resistance. Furthermore, (Shahapurkar et al. 2024) recorded maximum impact strength from a hybrid composite with 30% each of moringa and bamboo, and moringa-reinforced composites displayed the highest hardness value. In addition, (Ndukwe et al. 2022) predicted the compression strength of bamboo reinforced low density polyethylene using the compression moulding technique. The hardness and compression strength of the examined composites were found to increase when the amount of filler was raised, with the formulation containing 20 wt.% filler having the highest hardness and compression strength values of 59.37 HV and 12.72 MPa, respectively. (Kamaruddin et al. 2023) studied the effect of Cymbopogan citratus fibre (CCF) on physical and impact properties of thermoplastic cassava starch/palm wax blend composites at constant 5wt% palm wax loading using the hot moulding compression method. The addition of CCF significantly improved the impact strength by 50.65% until 50 wt% CCF loading, and resulted in a little decrement in biocomposite solubility compared to neat TPCS/PW biocomposite from 28.68% to 16.76%. Other natural fibres of Vertiver/banana, Napier grass, Kusha grass, and E. indica have successfully been used in composite (Stalin et al. 2022; Hameen et al. 2016; Kommula et al. 2016; Balaji et al. 2016; Nayak, et al. 2023), and they have demonstrated to be a potential candidate for reinforcement in polymer matrix for low and medium weight bearing applications. 
Despite the promising chemical composition of M. maximus bast fibre, its application in fibre-reinforced polymer composites remains largely uninvestigated. This study aim to fabricate and characterize M. maximus fibre-reinforced epoxy composites, with a focus on evaluating their morphological and thermo-mechanical properties, thereby exploring their potential for sustainable material applications.


 
2.0 MATERIALS AND METHOD
The Epoxy resin and hardener were obtained under good condition from A.G.S Epoxy Chemicals Ltd, SARS Road Rukpokwu, Portharcourt River State Nigeria. The M. maximus plants were harvest from the premises of Federal University of Technology Owerri, Imo state, South-Eastern Nigeria.

2.1 Fibre extraction
The stems of the harvested plants were water-retted for 7 days at room temperature. The stems were smashed with a heavy roller and the fibres were extracted or shredded from the stems under wet condition, washed with distilled water and dried under the sun for 5 days. The extracted fibres are termed unmodified or untreated fibres.

2.2 Surface modification of fibre
The untreated M. maximus fibres were treated with 8% NaOH solution for 4 hours at room temperature. Then, the fibers were washed in running water and further wash in distilled water containing little quantity of acetic acid to remove any trace of sodium hydroxide solution adhered on the surface of the fibers. The NaOH reacts with the hydroxyl group in the fibre leaving the surface of the fibre rough and amorphous. The fibres were later dried in an oven at a temperature of 60°C for 24 h. 

2.3 Physical and chemical analysis of a single fibre 
The density of the untreated and alkaline treated fibres was measured with Erichsen model 290 pycnometer. The moisture content was determined using Sartorius moisture analyzer (model MA45). The cellulose and hemicellulose content of the fibre was determined according to ASTM D2907-15 method, while the lignin and ash content of the fibre was determined according to ASTM D1106 and ASTM D1102-15 standard test methods respectively. 


2.4 Fabrication of the composites
The composites were fabricated by hand lay-up method as described by (Ngolube et al. 2025). The mould measuring 300mmx300mmx30mm were lined with polyvinyl alcohol (PVA) and allowed to dry after which petroleum wax was rubbed on the surface of the mould for easy removal of the fabricated composite. The epoxy resin and the hardener were mixed in the ratio of 2:1 and stir slowly and continuously in a container and poured into the mould containing the fibres. The composite samples were fabricated in batches by combining different fibre length (10mm, 30mm and 50mm) and volume percent fraction (10%, 30% and 50%) with the matrix to produce nine (9) composite samples as shown in table 1.
Table 1. Fibre composition of composite samples
	
	Samples
	ME1
	ME2
	ME3
	ME4
	ME5
	ME6
	ME7
	ME8
	ME9

	
Samples composition
	Fibre length (mm)
	10
	10
	10
	30
	30
	30
	50
	50
	50

	
	Fibre volume fraction (%)
	10
	30
	50
	10
	30
	50
	10
	30
	50


*ME = M. maximus epoxy composite 
[bookmark: _Hlk187738747]The fibres were allowed to soak adequately in the thermoset resin before been placed on the hydraulic compression moulding machine. Curing was allowed to be completed at room temperature for 24 hours in the mould. It was further post-cured at 80oC in an oven.

[image: ]
Fig 1. Composite fabrication process 

2.5 Mechanical characterization of the fibre and composites
2.5.1 Tensile testing of a single fibre
The test was carried out on Ametek EZ 250 universal tensile tester according to ASTM D3309 at a crosshead speed of 2mm/mins, gauge length of 50mm and at room temperature of 27±1.5oC and humidity of 50%. The raw data of load applied and the corresponding extension produced were recorded. The tensile strength, young modulus, yield strength and the strain at break were subsequently derived from the stress-strain curve.

2.5.2 Tensile testing of composite
The tensile test was performed according to (ASTM D-638, 2010) using Ametek EZ 250 universal tensile tester with 2 kN load cell. Dog-bone shape specimens of the fibre composites with dimensions 160 mm x 19 mm x 3.2 mm and gauge length of 50 mm were used for the tensile test. The test was performed at a cross-head speed of 2mm/min at room temperature of 22oC. The load applied and extension produced by the load is recorded. The stress and strain were calculated by equation 1 and 2 respectively.

     									(1)

ε = ∆L/L									(2)	
F = load applied, Ao is area of sample, L is length of specimen and ΔL is the extension produced.

2.5.3 Flexural properties 
The flexural properties were determined according to (ASTM D790, 2010) using 3-point bending test method on Amatek EZ 250 universal tensile tester at average cross-head speed of 2mm/min and span length of 40mm. The specimens of dimension 300mm x 19mm x 3.2mm were used to determine the flexural properties of the composites. The flexural strength and flexural modulus of the composite samples were obtained from equation 3 and 4 respectively: 

Flexural strength,        							(3)
Flexural modulus, 							(4)
Where, F = force at fracture point, L = span length of the sample, b = breadth of sample and d = sample thickness, x = deflection due to flexure load. 


2.6 Thermogravimetric analysis
Thermogravimetric/differential thermogravimetric (TG/DTG) analysis was conducted on the treated and untreated fibre composite to examine their thermal behaviour in terms of weight loss. 15.657mg of each sample was placed on a platinum pan, heated from 28–887oC at a heating rate of 10oC /min; the nitrogen gas flow was pre-set at 50 mL/min. The weight loss was recorded from the TG curve.

2.7 Scanning Electron Microscopy (SEM) Analysis
[bookmark: _Hlk187741577]The surface morphology of the treated and untreated fibre and their composite were studied using Scanning Electron Microscope (Thermo-Fisher scientific Phenom ProX), to examine the microstructure of the fibres and morphology of the composites. The magnification is at the range of 500–2000x.

3.0 RESULTS AND DISCUSSION

3.1 Physical and chemical characterization of the fibres
Table 2. Physical properties and chemical composition of M. maximus fibres
	Fibre
	Cellulose (%w/w)
	Hemi-cellulose
(%w/w)
	Lignin (%w/w)
	Ash (%w/w)
	Moisture content (%w/w)
	Diameter (mm)
	Density (g/cm3)

	Raw MM
	41.84±0.65
	20.33±0.71
	14.36±0.45
	12.12±0.36
	5.81±0.21
	1.5±0.03
	0.939±0.03

	Treated MM
	72.30±1.67
	9.10±0.18
	8.40±0.14
	6.64±0.18
	3.43±0.09
	0.18±0.01
	2.008±0.01


*MM- M. maximus 
Table 2 shows that the cellulose contents of the alkaline modified fibre increased by 42.13%; 41.50%, the hemicellulose, lignin, ash, moisture content of the fibres were reduced by 55.24%, 41.50%, 45.21% and 40.96% respectively after alkaline treatment.  The decrease in hemicellulose and lignin content of the fibre reduces the hydrophilic nature of the fibre, and makes the fibre amorphous for better fibre-matrix interlocking and stronger bond formation. (Kommula et al. 2019; Fiore et al. 2022; Hameen et al. 2016). Hemicellulose hinders thermal stability and aid biodegradation and moisture sensitivity of the fibre (Nayak et al. 2023; Asim et al. 2020). The improvement on the fibre cellulose contents and density after treatment gives the fibre more strength and rigidity. 

3.2 Mechanical characterization of the fibre
Table 3. Tensile properties of M. maximus fibres
	[bookmark: _Hlk193440751]Fibre
	Tensile strength
(MPa)
	Tensile modulus
(GPa)
	Yield strength
(MPa)
	Elongation at break 
(%)

	Raw MM
	71.75±2.38
	1.554±0.25
	14.50±3.33
	4.407±0.50

	Alkaline treated MM
	213.14±5.32
	3.019±0.13
	67.22±4.05
	7.250±1.21


Table 3 shows the effect of alkaline treatment on the tensile properties of a single M. maximus fibre. The treated sample exhibits maximum tensile strength, tensile modulus, yield strength and percentage elongation, which are 213.14 MPa, 3.019 GPa, 67.22 MPa and 7.250% respectively compared to untreated fibre sample. This is expected since the alkaline treatment gives the fibre strength and results in fibrillation that breaks the fibre bundles into smaller bundles, increasing the effective surface area of the fibre strands (Hameen et al. 2016; El-Abbassi 2015). When the fibres unwanted compositions are reduced, the interfibrillar region is likely to be less dense and less rigid, thereby making the fibrils more capable of rearranging themselves along the direction of tensile deformation, resulting in higher tensile properties (Parida, Dash and Das, 2015; Shanmugasundaram and Rajendran, 2016). 
Table 4. Comparison of the tensile properties of m. maximus fibre with other natural fibres
	Fibres
	Tensile strength
(MPa)
	Tensile modulus
(MPa)
	Yield strength
(MPa)
	Elongation at break
(%)
	References

	Napier grass 
	106
	39-47
	-
	-
	(Hameen et al. 2016) 

	E. Indica
	42.55-55.2
	8.35-10.67
	-
	-
	(Nayak et al. 2023)

	Areca 
	165
	3-3.5
	-
	11.5
	(Tavadi et al. 2025)

	Lemon grass 
	63.5
	1.92
	-
	6.73
	(Fiore et al. 2022)

	flax
	500-1500
	27.6
	-
	2.7-3.2
	(Mohanty et al. 2015)

	Banana
	10.85
	1.63
	-
	6.085
	(Das et al. 2015)

	Sisal
	400-700
	9-12
	-
	5-14
	(Maya et al. 2017]

	Date palm
	97-196
	2.50-5.40
	-
	2-4.50
	(Deshmukh et al. 2015)

	M. maximus 
	71.75-213.14
	1.554-3.019
	14.50-67.22
	4.407-7.250
	Present study



The observed tensile properties of M. maximus fibre are comparable with some natural fibres shown in table 4. The results suggested that M. maximus grass fibre is suitable as a reinforcement material in polymer composite.  The mean tensile strength and tensile modulus of M. maximus fibre is close to that of lemon grass, date palm and areca fibre and has better tensile strength than banana and E. indica. Although, M. maximus fibre yielded a lower tensile property than that of flax, sisal, Napier grass, areca, and date palm, it can still be used as a reinforcement in polymer composite for light weight application due to its low density.
Also, the effect of fibre modification on the fibre mechanical properties can be clearly seen on the morphology of the treated and untreated fibre (fig. 2). The morphology of modified M. maximus fibre (fig. 2b) shows the fibrils stretching downwards and these fibrils are more pronounced in modified fibre. Fibrillation enhances the tensile strength because a larger amount of stress can propagate through the fibres owing to the larger surface area available for energy dissipation (Haameen et al. 2016). The SEM micrograph (fig. 2b) depicts near absence of dirt after treatment, and rough surface morphology was observed more on the treated fibers because of the reduction of hemicellulose, lignin and other surface impurities. Thus, alkali treatment resulted in significant change of fiber surface morphology, leading to increased wettability, better bonding through a kind of mechanical interlocking between the matrix and the roughened fiber surface (Ngolube et al. 2025).



[bookmark: _Hlk188452454][image: ]    [image: ]b
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Fig. 2 SEM micrographs of (a) untreated (b) treated M. maximus fibre 

3.3 Mechanical properties of M. maximus fibre composites
3.3.1Tensile properties
Fig. 3 shows the variation of tensile stress and strain for each of the M. maximus epoxy composites reinforced with different fibre lengths and volume fractions. The stress-strain curves for the composites have similar characteristics to those of brittle materials. For all the composites, the tensile stress increases with the tensile strain. It was observed that treated fibre composites exhibits better tensile properties than the untreated fibre composites. The tensile strength and tensile modulus were estimated from fig. 3 and plotted in fig. 4. The tensile modulus was calculated as the slope of the elastic region.



Fig. 3. Stress-strain graph of the composites 

[bookmark: _Hlk193903041]From fig. 4, the composite with fibre composition of 50mm length and 30% volume fraction, exhibits maximum tensile strength and tensile modulus of 130.51MPa and 4.731GPa respectively, suggesting the best fibre length and loading for M. maximus epoxy composite. It can also be observed from fig. 4 that the tensile properties of the composites increase with the fibre content. But, a sudden fall on the tensile properties of the composite samples having higher fibre compositions of 30mm-50% and 50mm-50% was observed. This can be attributed to inadequate matrix available to glue the fibres properly for efficient stress transfer between the fibres and matrix, and this results to decreased tensile strength and modulus (Ngolube et al. 2025). 

 
Fig. 4. Tensile properties of M. maximus epoxy composites

It was also observed in fig. 4 that the untreated ME composite has tensile strength and tensile modulus of 66.68MPa and 2.849GPa respectively. These lower tensile properties can be attributed to poor fiber –matrix adhesion between unmodified fibers and the matrix in the composite laminate due to the presence of hemicellulose, lignin and other unwanted compositions in the fibre (Shaofeng et al. 2023; Bahners et al. 2018; Yan et al. 2022; Ngolube et al. 2025). 

3.3.2 Flexural properties 


Fig 5. Flexural properties of composites

It was observed in fig. 5 that the sample of composition 50mm fibre length and 30% volume fraction also has the maximum flexural strength and flexural modulus value of 57.89MPa and 2.742GPa respectively when compared to other treated fibre composites analyzed. The untreated fibre composite with the same fibre composition (50mm, 30%) shows poor flexural properties. These low flexural properties may be due to the presence of lignin and hemicellulose in the untreated fibre, which prevent the hydrophilic fibre and hydrophobic matrix from combining effectively together to form strong interfacial bond (Patsiaoura et al. 2024; Nayak et al. 2023). Therefore, modified M. maximus fiber reinforced epoxy composites with fiber length and volume fraction of 50mm and 30% are best suitable for lightweight materials industries.

[bookmark: _Hlk192866516]















3.4 Thermal analysis of composites

(a)



Fig. 6. TG/DTG thermogram of untreated/treated fibre composite(b)

[bookmark: _Hlk192866706]
Fig. 6 represents the TG/DTG thermogram of the untreated and treated composite with 50mm,30% fibre composition. The DTG curves of the untreated and treated fibre composite (fig. 6b) show distinct peak temperatures corresponding to weight losses on the TGA curves (figure 6a). Other studies on natural lignocellulosic fibers reinforced polymer composites (Nayak et al. 2023; Patsiaoura et al. 2024) showed that natural fibre composites undergo three-stage degradation process on the TGA curve: (i) dehumidification and vaporization of volatile extractives (ii)decomposition and depolymerization of fibre hemicellulose, cellulose and part of matrix and lignin, and (iii) pyrolysis of remnant of lignin and matrix. 
[bookmark: _Hlk193662771]From the TGA curve (fig 6a), the first stage weight loss of approximately ~4% occurred below 190oC on the TGA thermogram of the untreated M. maximus fibre composites, while a weight loss of ~3% was observed below 190oC on the TGA thermogram of treated fibre composite. This weight loss is due to evaporation of absorbed moisture and other volatile components in the composite (Nayak and Khuntia, 2019; Nayak et al. 2023). For both fibre composite, above 150oC, weight loss is small, hence thermal stability was achieved up to the onset decomposition temperature.  The second stage weight loss for both fibre composite occurred in two steps: between 230-342oC (weight loss = 59.3%) and between 342-487oC (weight loss = 12%) for untreated fibre composite. Also, between 235oC-387oC (weight loss is ~38%), between 387oC- 560oC (weight loss = 36%) for treated fibre composite. This second stage weight loss is due to the synchronous multi-processes such as depolymerization, decomposition of the matrix (Nayak, et al. 2023), hemicellulose, cellulose and part of lignin in the fibre composites. The lower weight loss observed for treated fibre composite shows that hemicellulose and lignin have been degraded after treatment. Above 487oC for the untreated fibre composite and 560oC for the treated fibre composite, lignin due to its complex structure continue to degrade with the remnants of the matrix. It was observed that the treated composite has been finally decomposed at a temperature of 887.44oC leaving a char residue of 17.802% of the initial weight of the sample (9.294mg), while the untreated composite degrades up to 884.82oC leaving a char residue of 8.769%. This indicated that the treated M. maximus fibre composite is more thermally stable than the untreated fibre composite. 

3.5 SEM analysis of the composites
The morphology of both the untreated and treated fibre composite were studied using SEM to have a clear idea on the nature of the fibre-matrix adhesion. Fibres debonding/poor interfacial bonding with some voids are observed, which clearly explains the poor bonding in the untreated fibre composite.
[image: ]a
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Fig. 7 SEM image of (a) untreated (b) treated fibre composite

The SEM micrograph of untreated M. maximus epoxy composite (fig.7a) showed poor fiber-matrix bonding with detached fibers seen on the surface, which clearly explains the poor mechanical properties recorded in untreated fibre composites. But in fig. 7b, it is clearly seen that there is no detachment of the fibres from the matrix, showing enhanced fiber-matrix bonding, which account for higher mechanical properties obtained or the treated fibre composites.  The poor fiber-matrix bonding observed in untreated fibre composite is due to the presence of unwanted materials in plant fibres (hemicellulose, pectin, lignin and waxy materials (Nayak et al. 2023). 


4.0 CONCLUSION
Enhancement of the mechanical, thermal and morphological properties of m. maximus fibre reinforced epoxy composite has been done. It can be concluded that fibre treatment enhances the morphological, mechanical and thermal properties of the composites, and 50mm length-30% fibre volume fraction combination is an ideal fibre loading for better mechanical performance of M. maximus epoxy composite. The thermal analysis has shown that the treated fibre composite is more thermally stable than untreated fibre composite. Therefore, with the observed mechanical and thermal properties, m. maximus fibre composite compared favourably well with some grass fibre composites and will be a good candidate for light weight application.
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Weight loss (%)
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