
* Corresponding author. Abderrahmane Sahraoui  
(A. Sahraoui)  

E-mail : abderrahmane.sahraoui@univ-biskra.dz   

© 2026 The Author(s). Published by the University of Biskra, Algeria. This is an 

open-access article distributed under the terms of the Creative Commons Attribution 

4.0 International License (CC BY 4.0). 

                                                                                                               

Journal of Applied Engineering Science & Technology Vol. 6 No. 3 (2026) 176                                             Special Issue: CMEME 2025 

 

Issues lists available at UMKB journals 

Journal of Applied Engineering  

Science & Technology 

Journal home page: https://journals.univ-biskra.dz/index.php/jaest 

 

 

https://doi.org/10.69717/jaest.v6.i3.176 Research Article 

Comparative Analysis of Short and Semi-Long Date Palm Fiber 

Lengths on the Physical, Mechanical, and Morphological 

Characterization of Epoxy Bio-Composites 

Tarek Djoudi1, Abderrahmane Sahraoui1,*, Hocine Djemai2, Toufik Ameur3 

1 Laboratory of Mechanical Engineering (LGM), University Mohamed Khider of Biskra, B.P. 145, RP 8 07000, Biskra, Algeria.  
2 Laboratory of Energy Engineering and Materials (LGEM), University Mohamed Khider of Biskra, B.P. 145, RP 8 07000, Biskra, Algeria. 
3 Laboratoire de Mécanique Appliquée et Systèmes Energétiques (LMASE), Applied sciences faculty, University Kasdi Merbah, BP 511 

Ouargla, 30000 Algeria. 

 

A B S T R A C T   K E Y W O R D S  

This study seeks to investigate the influence of Date Palm Fibers (DPFs) length on the physical, mechanical, and 

morphological properties of epoxy bio-composite materials. Two types of fibers were employed to enhance the bio-

composites. The initial category comprised Short Date Palm Fibers (SDPF), whereas the subsequent category 

encompassed Semi Long Date Palm Fibers (LDPF). Apparent density and tensile tests were performed to evaluate the 

impact of these fibers on the epoxy matrix. LDPF markedly improved the apparent density, modulus of elasticity, and 

maximum stress of the bio-composite materials, resulting in enhancements of 42.08%, 65.17%, and 74.20%, 

respectively, relative to SDPF bio-composites. Further validation of these findings was achieved via Scanning Electron 

Microscopy (SEM), which demonstrated improved fiber-matrix adhesion and increased homogeneity in the LDPF bio-

composite materials. Furthermore, no cavities were detected on the fracture surface. The results demonstrate that Semi 

Long Date Palm Fibers (LDPF) are superior to Short Date Palm Fibers (SDPF) in enhancing epoxy matrices. This 

results in improved physical and mechanical characterization in applications employing bio-composite materials. 
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1 Introduction 

In recent years, the field of bio-composite materials has seen growing interest in 

using Date Palm Waste (DPW) as a natural reinforcement, due to its distinctive physical 

and mechanical characterizations, sustainability, and abundant availability in date-

producing regions [1-3]. Date Palm Fibers (DPFs), rich in cellulose, hemicellulose, and 

lignin, are considered ideal materials for enhancing the mechanical characterizations of 

various bio-composite materials [2, 4]. Numerous studies have demonstrated that fibers 

extracted from date palm can improve the physical and mechanical characterizations of 

bio-composites when used as reinforcements in various polymer matrices, such as epoxy 

and polyester [2, 5-7]. 

Despite these advantages, the results of these studies have shown considerable 

variation, reflecting the significant influence of factors such as fiber length, fiber content, 

and the matrix type [2, 5, 7]. For instance, a study [8], revealed that Short Date Palm Fibers 

(SDPF) enhanced the tensile characterizations of an epoxy matrix, with the improvement 

proportional to the fiber content. Conversely, another study [9], indicated that longer fibers 

increase the modulus of elasticity of epoxy bio-composites, with better performance 

observed as fiber length increased. Additionally, the apparent density of the bio-composites 

decreased with the incorporation of DPF, in direct proportion to the fiber content or length 

[1, 10]. However, a notable scientific gap exists in understanding how to effectively 

compare these results due to variations in fiber sources and matrix types, highlighting the 

need for a more in-depth investigation into the effects of fiber length and matrix type on 

bio-composite characterizations. 

While some studies have addressed the use of varying fiber lengths, the specific 

role of fiber length remains insufficiently understood. Fiber length is a critical factor 

influencing fiber dispersion, interfacial bonding, and stress-transfer efficiency, thereby 

affecting the physical and mechanical properties of biocomposite. Nevertheless, previous 

studies have generally been limited to examining single fiber lengths or broad, inconsistent 

length ranges, without establishing a clear classification of fiber lengths or conducting 

systematic comparisons between specific length categories [11-13]. This limitation reveals 

a significant scientific gap in the existing literature. Despite growing interest in valorizing 

date palm waste to develop sustainable materials, there remains a lack of clear 

understanding regarding how fiber length influences the performance of date palm fiber-

reinforced biocomposite; furthermore, a critical fiber length beyond which significant 

improvements in composite properties are achieved has not yet been established. 

Consequently, several fundamental questions remain unanswered: How does fiber length 

affect the physical and mechanical properties of biocomposite reinforced with date palm 

waste fibers? Is there a critical fiber length that maximizes reinforcement efficiency? And 
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to what extent can the systematic classification of fiber lengths contribute to optimizing the 

design and performance of these sustainable composites? 
Based on this research gap, the present study aims to address this issue by selecting 

two categories of fibers with different lengths from the same source and using the same 

matrix. The first category includes Short Date Palm Fibers (SDPF) not exceeding 1 mm, 

while the second category consists of Semi Long Date Palm Fibers (LDPF) exceeding 1 

mm. This classification enables precise comparison of the physical, mechanical, and 

morphological characterization of the bio-composite materials, helping identify the impact 

of fiber length on these properties and determine the threshold fiber length that improves 

or modifies them for industrial applications. 

To achieve this, a set of samples was prepared using an epoxy matrix and Date 

Palm Fibers (DPFs) of varying lengths, maintaining the same fiber mass ratio. The samples 

underwent apparent density and tensile testing tests. Furthermore, to understand the 

behavior of the bio-composite material, Scanning Electron Microscopy (SEM) was 

conducted on the first- and second-category samples to evaluate fiber-matrix bonding. The 

obtained results provide a deeper insight into the impact of Date Palm Fibers (DPFs) length 

on the mechanical characterization of the bio-composite materials, offering valuable 

information for future applications and enriching the field of research in bio-composite 

materials. 

2 Method and Methodology 

The materials and methodology section emphasizes the techniques used to extract 

fibers and details the matrix used and its key characteristics. The Bio-based materials will 

be emphasized, along with their manufacturing process. This was accomplished as 

follows: 

2.1 Fiber 

The fibers utilized in this study were derived from the fronds of the "Deglet Noor" 

Date Palm Fiber (DPF), approximately 16 years old, sourced from the Biskra region, 

specifically the Tolga area in the Algerian Sahara. Annually, the desiccated palm leaves are 

gathered following the standard upkeep of the palm trees in the groves. Upon the palm 

leaves used from the Date Palm Waste (DPW), the petiole and the leaflets are removed, 

but the Rachis stalks are used and cut into lengths of 30-40 cm. Various procedures are 

used to obtain both short and semi-long fibers from Rachis stalks. The stalks extracted from 

the Rachis are soaking in distilled water for 5 to 10 days. Subsequently, the Rachis stalks 

are stored in black plastic bags for 30 to 45 days to facilitate the proliferation of fungus and 

bacteria during the fermentation process [14]. This biological method enhances  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Steps For Preparing Short Date Palm Fibers (SDPF) and Semi Long Date Palm Fibers (LDPF).

the mechanical extraction process by using a roller press [15]. The resultant elongated 

fibers, with diameters between 0.2 and 0.8 mm, are subjected to multiple washes with 

warm distilled water and subsequently dried in a BINDER oven at a temperature of (110 

± 1)°C for 90 minutes. After drying and multiple wash cycles, a portion of the fibers is 

grinded in an electric mill at 300 rpm for 60 seconds. The resultant short fibers undergo a 

rigorous filtering procedure utilizing a succession of vibrating metal sieves, according to 

AFNOR D258, D259, D260, D261, D262, D263, and D264 for 15 minutes to get fibers 

with sizes of 0.315, 0.5, and 0.8 mm, and it is named Short Date Palm Fibers (SDPF) [16]. 

In addition, another long fiber is severed with a specialized cutting machine into varying 

lengths of 10, 15, and 20 mm, and it is named Semi Long Date Palm Fibers (LDPF). All 

of these steps are shown in Figure 1. 

2.2 Matrix (Epoxy Resin) 

In this study, epoxy resin was used as the matrix material, supplied by Granitex 

Algérie Construction. Its viscosity in the liquid state is 11,000 MPa·s (110 Poise) at 25 °C, 

indicating a relatively high resistance to flow. After mixing the resin with the hardener at a 

3:1 ratio, the liquid resin forms a solid in 15 to 45 minutes. 

2.3 Bio-Composite Material Preparation 

The bio-composite Date Palm Fiber/Virgin Epoxy samples were fabricated using 

a hand-lay-up molding technique. Removable plastic molds in plate configurations with a



T. Djoudi et al.                                                                                                                          Journal of Applied Engineering Science & Technology Vol. 6 No.3 (2026) 176               

3 
 

Fig. 2. Key Steps in Preparing Bio-Composite Samples. 

 

cubic shape and a muduim thickness were utilized to manufacture samples for physical  

characterization, whilst dumbbell shape (type I) molds were employed for samples 

intended for mechanical characterization. After the molding procedure, the samples were 

subjected to mechanical pressure by being clamped between two plates for 72 hours, as 

shown in Figure 2. 

The bio-composite material samples were manufactured with a 15% mass ratio 

and categorized into two categories (E.SDPF.X and E.LDPF.Y), using Equation (1):  

Bio-Composite Material = 85% Virgin Epoxy + 15% 
Date Palm Fiber (DPF)                                                            (1) 

The bio-composite materials (E.SDPF.X) were reinforced with Short Date Palm 

Fibers (SDPF) at lengths of 0.315, 0.5, and 0.8 mm, classified as X: 1, 2, and 3, for each 

length and denoted as E.SDPF.1, E.SDPF.2, and E.SDPF.3, respectively. In addition, the 

bio-composite materials (E.LDPF.Y) were reinforced with Semi Long Date Palm Fibers 

(LDPF) at lengths of 10, 15, and 20 mm, classified as Y: 1, 2, and 3, for each length and 

denoted as E.LDPF.1, E.LDPF.2, and E.LDPF.3, respectively. 

3 Characterization Methods 

Three distinct methodologies were employed to characterize virgin epoxy and the 

bio-composite materials (E.SDPF.X and E.LDPF.Y) samples reinforced with two 

different categories of Date Palm Fibers (DPFs), namely Short Date Palm Fibers (SDPF) 

and Semi Long Date Palm Fibers (LDPF), respectively, regarding their physical, 

mechanical, and morphological characterizations, as outlined below: 
3.1 Physical Tests (Apparent Density Test) 

The apparent density of virgin epoxy and the bio-composite materials (E.SDPF.X 

and E.LDPF.Y) samples reinforced with two different categories of Date Palm Fibers 

(DPFs), namely Short Date Palm Fibers (SDPF) and Semi Long Date Palm Fibers 

(LDPF), respectively, was determined using the immersion method for non-cellular 

plastics, in accordance with ISO 1183-1:2025 and ASTM D792-20 standards [17, 18].  

Five samples were extracted from the previously prepared plates of virgin epoxy and bio-

composite materials (E.SDPF.X and E.LDPF.Y), which were formed into a muduim 

thickness, cubic shapes, as shown in Figure 3. 

Each sample was initially weighed in dry air utilizing a high-precision analytical 

balance with an accuracy of 0.0001 g. Each sample was thereafter submerged in distilled 

water in a 0.1 mL graduated cylinder to determine its volume by liquid displacement. The 

apparent density of each sample was determined using Equation (2), and the results were 

averaged and presented with standard deviation for every five samples of each virgin epoxy 

and bio-composite material (E.SDPF.X and E.LDPF.Y). 

                                   Ρ = m/V                                               (2) 

where: : The Sample Apparent Density (Kg/m3), m: The Sample Mass (Kg), and V: The 

Volume after Sample Immersion, Subtracted by the Volume Prior to Immersion (m3). 

3.2 Mechanical Tests (Tensile Test) 

The tensile mechanical characterizations were assessed by comparing the first 

category (E.SDPF.1, E.SDPF.2, and E.SDPF.3) and the second category (E.LDPF.1, 

E.LDPF.2, and E.LDPF.3) of bio-composite materials with virgin epoxy. Samples of bio-

composite materials (E.SDPF.X and E.LDPF.Y) were reinforced with Short Date Palm 

Fibers (SDPF) and Semi Long Date Palm Fibers (LDPF), respectively. The samples 

formed a dumbbell shape (type I), as shown in Figure 4. 

The tensile test for the samples was conducted in accordance with ASTM D638-

14 standard [19]. The experiments were conducted utilizing an Instron 5969 apparatus, a 

computer-controlled device integrated with Bluehill3 software [20]. The cells had a 

maximum force capacity of 5 kN, and the test strain was set to 2 mm/min. The results were 

averaged and reported with standard deviation for every five samples of each virgin epoxy 

and bio-composite material (E.SDPF.X and E.LDPF.Y) for each tensile mechanical 

property. The tensile mechanical characterizations, including modulus of elasticity, 

deformation, and maximum stress for each sample, were calculated using Equations (3, 4, 

and 5), respectively. 
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Fig. 3. Sample Dimensions for Apparent Density. 

 

 

Fig. 4. Sample Dimensions for Tensile Characterizations. 

Table 1. Apparent Density Measurement Results for Bio-Composite Materials Reinforced with Short Date Palm Fibers (SDPF) and Semi Long Date Palm Fibers (LDPF). 

Symbol 

Apparent Density 

 

Unit (Kg/m3) 

Virgin Epoxy 1035.773 ± 21.151 

Short Date Palm Fibers (SDPF) 

Bio-Composite Materials 

E.SDPF.X 

E.SDPF.1 866.372 ± 22.712 

E.SDPF.2 845.840 ± 18.121 

E.SDPF.3 800.544 ± 20.245 

Semi Long Date Palm Fibers (LDPF) E.LDPF.Y 

E.LDPF.1 740.213 ± 23.241 

E.LDPF.2 700.245 ± 31.321 

E.LDPF.3 620.819 ± 42.081 

                                      E = 
Δσ 

 Δε
                                     (3) 

                                      ε = δ / L                                         (4) 

                                      σmax =
P

A
                                                     (5) 

where, E: The Modulus of Elasticity of the Sample (MPa), Δσ: The Disparity in Applied 

Stress between the Two Deformation Points of the Sample (GPa), Δε: The Difference 

between the Two Deformation Points of the Sample (mm/mm), : The Deformation of the 

Sample (mm/mm), : The Maximum Extensometer Displacement of the Sample (mm), 

L: The Extensometer Gauge Length of the Sample (mm), max: The Maximum Stress of 

the Sample (MPa), P: The Maximum Load Applied to the Sample (N), and A: The 

Average Cross-Sectional Area of the Sample (mm2). 

3.3 Morphological Tests (Scanning Electron Microscopy (SEM)) 

The morphology of bio-composites (E.SDPF.X and E.LDPF.Y) reinforced with 

Short Date Palm Fibers and Semi Long Date Palm Fibers at a constant fiber mass ratio of 

15% by mass was examined post-tensile testing using a TESCAN VEGA3 Scanning 

Electron Microscope (SEM) [21]. Observations were performed on fracture surfaces to 

assess fiber-matrix interfacial adhesion and the quality of contact between the reinforcing 

fibers and the virgin epoxy matrix. 

Before the SEM investigation, the sample surfaces were stabilized and silver-

coated to improve electrical conductivity. The analyses were conducted at an accelerating 

voltage of 10 kV. The fracture surfaces of the bio-composite materials were analyzed at 

magnifications ranging from 200× to 498×. 

4 Results and Discussion 

The findings from the physical, mechanical, and morphological tests of the bio-

composite materials (E.SDPF.X and E.LDPF.Y) reinforced with (SDPF) and (LDPF), 

respectively, were analyzed in relation to virgin epoxy as follows: 

4.1 Physical Characterization 

Table 1 shows the results of the apparent density measurements for bio-composite 

materials (E.SDPF.X and E.LDPF.Y) reinforced with (SDPF) and (LDPF) respectively, 

at a fixed mass ratios 15%. 

Table 1 shows that the apparent density values of the bio-composite materials 

(E.SDPF.X and E.LDPF.Y) generally diminish with the incorporation of (DPFs) into the 

epoxy matrix. The reduction becomes more evident as the fiber length grows, although the 

consistent mass ratio of the fibers in all created bio-composite materials (E.SDPF.X and 

E.LDPF.Y). This suggests that fiber length affects both the internal distribution within the 

matrix and, perhaps, the bio-composite's microstructure. Moreover, the findings indicate 

that the standard deviations for bio-composite materials (E.SDPF.X) reinforced with 

(SDPF) are comparatively small compared to those reinforced with (LDPF). This is due to 

the morphological characterizations of (DPFs), which have an uneven structure and may 

contain internal or interstitial cavities. As the fiber length increases, the ratio of voids also 
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escalates, challenging the uniform dispersion of fibers within the matrix. This consequently 

results in a decrease in apparent density and a decrease in the variability of the observed 

values. 

Ultimately, it can be inferred that fiber length significantly influences the apparent 

density of bio-composite materials, even at a constant fiber mass ratio.  

Figure 5 shows the apparent density results for bio-composites reinforced with 

both (SDPF) and (LDPF), compared with virgin epoxy. The results are displayed as a 

vertical bar, with labels indicating the percentage increase or decrease in the bio-composite 

materials' values relative to virgin epoxy. 

Fig. 5. Impact of Date Palm Fiber Length on the Apparent Density Characteristics of 

Epoxy Matrix-Based Bio-Composite Materials. 

Figure 5 shows a clear and substantial reduction in the apparent density of the bio-

composites (E.SDPF.X and E.LDPF.Y) upon the incorporation of (DPFs) as compared to 

virgin epoxy. The drop in apparent density showed significant variability, with the overall 

decrease ranging from 29.33% to 42.08% for samples containing (LDPF) with lengths of 

10-20 mm in the bio-composite materials E.LDPF.1, E.LDPF.2, and E.LDPF.3. The bio-

composite materials E.SDPF.1, E.SDPF.2, and E.SDPF.3 reinforced with (SDPF) 

demonstrated a significantly apparent density drop, not surpassing 23.09%, and it was in 

bio-composite material E.SDPF.3. As the fiber length increases, the apparent density 

decreases, but the apparent density of bio-composite materials (E.SDPF.X and E.LDPF.Y) 

is much lower in Semi Long Date Palm Fibers than Short Date Palm Fibers. This 

significant disparity clearly underscores the critical role of fiber length in determining the 

bio-composite material's overall weight. It specifically shows that using longer Date Palm 

Fibers results in a greater decrease in the bio-composite's perceived apparent density. The 

data further support the notion that fiber length is a crucial determinant of lightweight bio-

composite materials, with longer fibers being especially beneficial for improving these 

advantageous characteristics.  

Ultimately, it can be inferred that integrating Semi Long Date Palm Fibers into 

bio-composite materials is essential for reducing the material's weight, thereby validating 

the significant influence of fiber length on the bio-composite's overall physical 

characterizations. 

4.2 Mechanical Characterization 

Table 2 shows the results of the tensile measurements for bio-composite materials 

(E.SDPF.X and E.LDPF.Y) reinforced with Short Date Palm Fibers and Semi Long Date 

Palm Fibers, respectively, at a fixed mass ratio of 15%. 

Table 2 shows the findings from the tensile tests on the manufactured bio-

composite materials (E.SDPF.X and E.LDPF.Y), clearly indicating that their tensile 

mechanical characteristics increase gradually with increasing fiber length. The modulus of 

elasticity and maximum stress showed significant concurrent increases with increasing 

fiber length, underscoring the critical role of fiber length in the material's mechanical 

characterizations.

 

Table 2. Tensile Measurement Results for Bio-Composite Materials Reinforced with Short Date Palm Fibers (SDPF) and Semi Long Date Palm Fibers (LDPF). 

Symbol 

Modulus of Elasticity Deformation Maximum Stress 

E ε σmax 

Unit (MPa) (mm/mm) (MPa) 

Virgin Epoxy 970.917 ± 11.846 0.136 ± 0.008 19.669 ± 0.443 

Short Date Palm Fibers (SDPF) 

Bio-Composite Materials 

E.SDPF.X 

E.SDPF.1 982.355 ± 16.401 0.046 ± 0.013 19.671 ± 0.446 

E.SDPF.2 1054.533 ± 22.720 0.034 ± 0.001 20.853 ± 1.497 

E.SDPF.3 1130.363 ± 35.992 0.014 ± 0.002 28.361 ± 2.241 

Semi Long Date Palm Fibers 

(LDPF) 
E.LDPF.Y 

E.LDPF.1 1410.353 ± 75.513 0.017 ± 0.001 29.421 ± 1.556 

E.LDPF.2 1463.411 ± 99.522 0.015 ± 0.004 33.227 ± 1.804 

E.LDPF.3 1547.708 ± 75.302 0.022 ± 0.002 32.389 ± 1.937 

 

 

Fig. 6. Impact of Date Palm Fiber Length on the Tensile Mechanical Characterization of Epoxy Matrix-Based Bio-Composite Materials: a) Modulus of Elasticity, and b) Maximum Stress. 

 

Furthermore, it was noted that the standard deviations in the second category (Bio-

Composite Materials (E.LDPF.Y)) samples, which were augmented with Semi Long Date 

Palm Fibers, were greater than those of the first category (Bio-Composite Materials 

(E.SDPF.X)) samples utilizing Short Date Palm Fibers. This results from the more regular 

dispersion of short fibers inside the epoxy matrix, leading to a more consistent bio-

composite structure. The use of semi-long fibers may have led to greater challenges in 

achieving uniform distribution, thereby explaining the increased variability in the 

experimental values. 

Ultimately, despite this difference, the progressive increase in both the modulus of 

elasticity and the maximum stress with increasing fiber length indicates effective interfacial 
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bonding between the epoxy matrix and the palm fibers. This bonding enables effective 

stress transfer and distribution throughout the bio-composite structure, hence improving the 

overall mechanical performance of the developed bio-composites. 

Figures 6(a) and (b) shows the tensile results, including modulus of elasticity and 

maximum stress, for bio-composites reinforced with both Short Date Palm Fibers and 

Semi Long Date Palm Fibers, compared with virgin epoxy. The results are displayed as a 

vertical bar, with labels indicating the percentage increase or decrease in the bio-composite 

materials' values relative to virgin epoxy. 

Figures 6(a) and (b) shows the findings indicate that the modulus of elasticity and 

maximum stress of bio-composite materials (E.SDPF.X and E.LDPF.Y) are markedly 

improved with the incorporation of Date Palm Fibers, with enhancements becoming more 

significant as fiber length increases. Bio-composite materials (E.SDPF.X) reinforced with 

Short Date Palm Fibers exhibit relatively modest enhancements, with a 18.70% rise in 

modulus of elasticity and a 52.17% increase in maximum stress in bio-composite material 

(E.SDPF.3). The slight enhancement observed with Short Date Palm Fibers is due to their 

reduced length, which creates weak areas in the bio-composite, thereby diminishing its 

tensile-stress capacity. The shorter fibers may result in a less uniform distribution inside the 

matrix, thereby undermining the material's mechanical stress. 

Conversely, bio-composite materials (E.LDPF.Y) reinforced with Semi Long 

Date Palm Fibers exhibit significant improvements, achieving a 65.17% increase in 

modulus of elasticity and a 74.20% increase in maximum stress in bio-composite material 

(E.LDPF.3) and (E.LDPF.2), respectively. This significant improvement is due to the 

robust interfacial bonding between the epoxy matrix and the elongated fibers, which 

enables effective load transmission and distribution, thereby enhancing the material's 

mechanical characterizations. The notable enhancement in Semi Long Date Palm Fibers 

bio-composite materials (E.SDPF.Y) can be ascribed to the superior cohesion between the 

fibers and the matrix, particularly due to the infiltration of the epoxy resin into the fibers' 

hollow structure. This leads to a more consistent and resilient fiber-matrix interaction, 

augmenting the bio-composite material's capacity to withstand stress and strengthening its 

overall structural integrity.  

Ultimately, the findings underscore the essential roles of fiber length and fiber-

matrix bonding quality in enhancing the mechanical characterizations of bio-composite 

materials. 

4.3 Morphological Characterization 

Figures 7(a-d) shows the outcomes of a Scanning Electron Microscopy (SEM) 

study of the fracture surfaces of the bio-composite materials (E.SDPF.X and E.LDPF.Y), 

subsequent to tensile testing.

 

Fig. 7. Scanning Electron Microscopy (SEM) Morphology of the Fracture Surface of the Bio-Composite Materials (E.SDPF.X and E.LDPF.Y) after Tensile Loading: a, and b) Short Date 

Palm Fibers (SDPF), and c, and d) Semi Long Date Palm Fibers (LDPF).
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Figures 7(a-d) show the first category, augmented with Short Date Palm Fibers 

and the second category, enhanced with Semi Long Date Palm Fibers, demonstrating 

notable disparities. Significantly, the absence of voids surrounding the fibers on the fracture 

surface suggests that the fibers remain anchored within the (LDPF) bio-composite 

materials, which can endure the applied pressures owing to the synergistic influence of 

various forces (Normal and Shear). This phenomenon is ascribed to the polar 

characteristics of the epoxy resin, which enhance its uptake by the cellulose-lignin fibers, 

thereby fostering physical and/or chemical interactions at the interface between the fibers 

and the matrix, as shown in Figure 7a. Conversely, the (SDPF) demonstrate considerable 

slippage, and numerous voids persist on the bio-composite surface post-fracture, as shown 

in Figure 7(a) and (b). The quantity of voids in the Short Date Palm Fibers bio-composite 

(First Category) is significantly greater than in the Semi Long Date Palm Fibers bio-

composite (Second Category), where voids are nearly absent.  

Ultimately, this suggests a more uniform and cohesive connection between the 

Semi Long Date Palm Fibers and the epoxy matrix, in contrast to the  Short Date Palm 

Fibers, which accounts for the enhanced mechanical capabilities previously noted. 

The comparison of the current findings with previously published studies on 

(DPF)-reinforced epoxy bio-composite materials, specifically those with a fiber mass ratio 

of 15%, suggests that the results obtained in this study align with the values reported in the 

literature. This agreement enhances the credibility of the experimental findings and 

substantiates the legitimacy of the chosen scientific framework. A study reported elastic 

modulus values of 1.205-1.216 GPa for bio-composite materials reinforced with fibers 

measuring 0.315 and 0.8 mm in length, respectively [22]. Likewise, a study reported an 

elastic modulus of 1.894 GPa for bio-composite materials with fiber lengths of 0.315 mm 

[23]. Conversely, a study reported elastic modulus values of 1.18 GPa for long fibers and 

2.24 GPa for short fibers, which deviates from the pattern identified in the current study 

[24]. The minor disparities may be attributed to variations in fiber parameters, such as type, 

length, and content, as well as differences in composite construction methods and 

mechanical testing conditions.  

Ultimately, the current study provides an extensive experimental dataset, 

facilitating a more thorough understanding of the mechanical characterization of (DPF)-

reinforced bio-composite materials in relation to fiber length and aiding in the identification 

of prospective future applications for these materials. 

5 Conclusion 

This study examined the influence of fiber length on the physical, mechanical, and 

morphological characteristics of palm fiber-reinforced epoxy bio-composite materials. The 

study assessed the influence of Short Date Palm Fibers (SDPF) (First Category) and Semi 

Long Date Palm Fibers (LDPF) (Second Category) on apparent density, modulus of 

elasticity, maximum stress, and Scanning Electron Microscopy (SEM) by physical, 

mechanical, and morphological tests, respectively.  

The results indicated a distinct and progressive improvement in both physical and 

mechanical qualities with increasing fiber length. Bio-composite materials reinforced with 

Semi Long Date Palm Fibers (LDPF) exhibited considerable enhancements in apparent 

density, modulus of elasticity, and maximum stress relative to those reinforced with Short 

Date Palm Fibers (SDPF). The exceptional performance of Semi Long Date Palm Fibers 

(LDPF) underscores their ability to enhance the cohesion and uniformity of the epoxy 

matrix, thereby strengthening the bio-composite's overall integrity. The investigation by 

scanning electron microscopy (SEM) corroborated these findings, demonstrating 

enhanced fiber-matrix adhesion and structural consistency. 

This study's results validate the efficacy of Semi Long Date Palm Fibers (LDPF) 

in improving the physical and mechanical characterization of epoxy matrices, rendering 

them a significant choice for bio-composite applications. These fibers exhibited enhanced 

performance compared to Short Date Palm Fibers (SDPF), thereby augmenting the 

matrix's cohesion and uniformity. Moreover, subsequent research could explore the impact 

of integrating Short Date Palm Fibers (SDPF) and Semi Long Date Palm Fibers (LDPF) 

in hybrid bio-composite materials, potentially providing an optimal approach to enhance 

both physical and mechanical characterization, hence ensuring improved performance and 

consistency. Moreover, investigating the effects of fiber surface treatments and matrix 

modifications may further improve the efficacy and expand the applications of Date Palm 

Fiber (DPF)-reinforced bio-composite materials across diverse industrial sectors. 

Acknowledgements  

The authors express their sincere gratitude to the Laboratory of Mechanical 

Engineering (LGM) and the Laboratory of Energy Engineering and Materials (LGEM) at 

Mohamed Khider University of Biskra, as well as the Laboratory of Applied Mechanics 

and Energy Systems (LMASE) at Kasdi Merbah University of Ouargla, for providing the 

necessary facilities, equipment, and technical support to complete this research. 

In addition, extend special recognition and appreciation to the General Directorate 

for Scientific Research and Technological Development (DGRSDT) in Algeria for its 

funding and continued support of scientific research. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial interests or 

personal relationships that could have influenced the work reported in this paper. 

References 

[1] A. Sahraoui, T. Djoudi, M. Hecini, Investigating the impact of date 

palm fiber waste on the properties of a novel gypsum-based bio-composite, 
Constr. Build. Mater. 457 (2024) 139419. 

https://doi.org/10.1016/J.CONBUILDMAT.2024.139419  

[2] H.N. Dhakal, S.H. Khan, I.A. Alnaser, M.R. Karim, A. Saifullah, Z. 
Zhang, Potential of Date Palm Fibers (DPFs) as a Sustainable Reinforcement 

for Bio- Composites and its Property Enhancement for Key Applications: A 

Review, Macromol. Mater. Eng. 309 (2024) 2400081. 

https://doi.org/10.1002/MAME.202400081;SUBPAGE:STRING:FULL  

[3] F. Maroua, L. Adnane, D. Hocine, Use of Date Palm Waste to 

Produce Bio-Composite Material, Proc. Second Int. Conf. Innov. Text. Dev. 
Mater. 05-06 May 2023; Tunis. (2024) 147–152. 

https://doi.org/10.1007/978-981-99-7950-9_14  

[4] M.D. Alotaibi, B.A. Alshammari, N. Saba, O.Y. Alothman, M.R. 
Sanjay, Z. Almutairi, M. Jawaid, Characterization of natural fiber obtained 

from different parts of date palm tree (Phoenix dactylifera L.), Int. J. Biol. 

Macromol. 135 (2019) 69–76. 
https://doi.org/10.1016/J.IJBIOMAC.2019.05.102  

[5] S.A. Mousa, V.U. Siddiqui, A.N.B. Mohd Hamidy, N.H.B. Safri, A. 

Isah, S.M. Sapuan, A.H. Muhammad Firdaus, W.A. Wirawan, F. Usmani, A 
Review of Date Palm Fiber Composites: Processing, Properties, 

Applications, and Challenges, J. Nat. Fibers 23 (2026). 

https://doi.org/10.1080/15440478.2026.2617371  
[6] A. El bourki, A. Koutous, E. Hilali, A review on the use of date 

palm fibers to reinforce earth-based construction materials, Mater. Today 

Proc. 121 (2026) 29–35. https://doi.org/10.1016/J.MATPR.2023.05.613  
[7] L.A. Elseify, M. Midani, A.H. Hassanin, T. Hamouda, R. Khiari, 

Long textile fibres from the midrib of date palm: Physiochemical, 
morphological, and mechanical properties, Ind. Crops Prod. 151 (2020) 

112466. https://doi.org/10.1016/J.INDCROP.2020.112466  

[8] N. Saba, O.Y. Alothman, Z. Almutairi, M. Jawaid, W. Ghori, Date 
palm reinforced epoxy composites: tensile, impact and morphological 

properties, J. Mater. Res. Technol. 8 (2019) 3959–3969. 

https://doi.org/10.1016/J.JMRT.2019.07.004  
[9] B.Z. Marchi, P.H.P.M. da Silveira, W.B. Almeida Bezerra, M.H.P. 

da Silva, S.N. Monteiro, A.B.H. da Silva Figueiredo, Evaluation of the 

thermomechanical properties of novel epoxy composites reinforced with 
Geonoma baculifera fibers, Sci. Reports 2024 141 14 (2024) 26565-. 

https://doi.org/10.1038/s41598-024-78449-5  

[10] M. Rachedi, A. Kriker, Thermal properties of plaster reinforced 
with date palm fibers, Civ. Environ. Eng. 16 (2020) 259–266. 

https://doi.org/10.2478/CEE-2020-0025  

[11] A.S. Aparchit Sharma, Review of Effects of Fiber Content and Fiber 
Length on the Mechanical Properties of Biocomposites, Int. J. Mech. Prod. 

Eng. Res. Dev. 10 (2020) 12523–12532. 

https://doi.org/10.24247/IJMPERDJUN20201192  

[12] A.A. Gangadharan, R. Resselian, D.A. Manoharan, Optimization of 

fiber loading, fiber length and mathematical modelling of Phoenix Sylvestris 

leaf sheath biocomposites for structural applications, Multiscale Multidiscip. 
Model. Exp. Des. 2025 86 8 (2025) 277-. https://doi.org/10.1007/S41939-

025-00867-3  

[13] W. Liu, L.T. Drzal, A.K. Mohanty, M. Misra, Influence of 
processing methods and fiber length on physical properties of kenaf fiber 

reinforced soy based biocomposites, Compos. Part B Eng. 38 (2007) 352–

359. https://doi.org/10.1016/J.COMPOSITESB.2006.05.003  
[14] C. BALEY, Fibres naturelles de renfort pour matériaux composites, 

Plast. Compos. (2020). https://doi.org/10.51257/A-V3-AM5130  

[15] H. Rigneault, N.G. Kumar, R. Cossart, D. Septier, G. Brévalle-
Waslilewki, A. Kudlinski, A. Kaszas, Evaluation du potentiel textile des 

fibres d’Alfa (Stipa Tenacissima L.) : caractérisation physico-chimique de la 

fibre au fil, Focus Microsc. (2012) 255. https://doi.org/10.34894/VQ1DJA  
[16] TamisAFNOR, (n.d.). http://pravarini.free.fr/TamisAFNOR.htm 

(accessed April 30, 2026). 

[17] ISO 1183-1:2025 - Plastiques — Méthodes de détermination de la 
masse volumique des plastiques non alvéolaires — Partie 1: Méthode par 

immersion, méthode du pycnomètre en milieu liquide et méthode par titrage, 

https://doi.org/10.1016/J.CONBUILDMAT.2024.139419
https://doi.org/10.1002/MAME.202400081;SUBPAGE:STRING:FULL
https://doi.org/10.1007/978-981-99-7950-9_14
https://doi.org/10.1016/J.IJBIOMAC.2019.05.102
https://doi.org/10.1080/15440478.2026.2617371
https://doi.org/10.1016/J.MATPR.2023.05.613
https://doi.org/10.1016/J.INDCROP.2020.112466
https://doi.org/10.1016/J.JMRT.2019.07.004
https://doi.org/10.1038/s41598-024-78449-5
https://doi.org/10.2478/CEE-2020-0025
https://doi.org/10.24247/IJMPERDJUN20201192
https://doi.org/10.1007/S41939-025-00867-3
https://doi.org/10.1007/S41939-025-00867-3
https://doi.org/10.1016/J.COMPOSITESB.2006.05.003
https://doi.org/10.51257/A-V3-AM5130
https://doi.org/10.34894/VQ1DJA


T. Djoudi et al.                                                                                                                          Journal of Applied Engineering Science & Technology Vol. 6 No.3 (2026) 176               

8 
 

(n.d.). https://www.iso.org/fr/standard/85977.html (accessed April 28, 

2026). 

[18] D792 Standard Test Methods for Density and Specific Gravity 
(Relative Density) of Plastics by Displacement, (n.d.). 

https://store.astm.org/d0792-20.html (accessed April 17, 2026). 

[19] Test Method for Tensile Properties of Plastics, (2014). 
https://doi.org/10.1520/D0638-14  

[20] Instron 5969 | Materials Characterization Lab, (n.d.). 

https://mcl.mse.utah.edu/equipment/instron-5969/ (accessed April 18, 
2026). 

[21] Tescan VEGA | Analytical SEM for Materials Research, Inspection 

& QC, (n.d.). https://tescan.com/product-portfolio/sem/vega (accessed April 
29, 2026). 

[22] O. Smaal, T. Ameur, T. Djoudi, A. Sahraoui, L. Sedira, Predictive 
modeling and multi-objective optimization of mechanical properties of date 

palm fiber bio-composites, J. Reinf. Plast. Compos. (2026). 

https://doi.org/10.1177/07316844261448728  

[23] M. Ferhat, H. Djemai, E. Guettaf Temam, A. Labed, L. Lahag, Y. 
Sid Amer, Sustainable composite materials with date palm rachis fibers for 

enhanced insulation and structural integrity, Phys. Scr. 99 (2024) 095927. 

https://doi.org/10.1088/1402-4896/AD69E2  
[24] A. Sbiai, H. Kaddami, E. Fleury, A. Maazouz, F. Erchiqui, A. 

Koubaa, J. Soucy, A. Dufresne, Effect of the fiber size on the 

physicochemical and mechanical properties of composites of epoxy and date 
palm tree fibers, Macromol. Mater. Eng. 293 (2008) 684–691. 

https://doi.org/10.1002/MAME.200800087;SUBPAGE:STRING:ABSTRA

CT;WEBSITE:WEBSITE:PERICLES;JOURNAL:JOURNAL:15229505;R
EQUESTEDJOURNAL:JOURNAL:14392054;WGROUP:STRING:PUBL

ICATION

Abbreviations 

 
 

DPF Date Palm Fiber 

DPFs Date Palm Fibers 

DPW Date Palm Waste 

E.LDPF.1 Bio-Composite Material Utilizing an Epoxy Matrix Reinforced with Long Date Palm Fibers Measuring 10 mm in Length. 

E.LDPF.2 Bio-Composite Material Utilizing an Epoxy Matrix Reinforced with Long Date Palm Fibers Measuring 15 mm in Length. 

E.LDPF.3 Bio-Composite Material Utilizing an Epoxy Matrix Reinforced with Long Date Palm Fibers Measuring 20 mm in Length. 

E.LDPF.Y Bio-composite Materials Reinforced with Long Date Palm Fibers 

E.SDPF.1 Bio-Composite Material Utilizing an Epoxy Matrix Reinforced with Short Date Palm Fibers Measuring 0.315 mm in Length. 

E.SDPF.2 Bio-Composite Material Utilizing an Epoxy Matrix Reinforced with Short Date Palm Fibers Measuring 0.500 mm in Length. 

E.SDPF.3 Bio-Composite Material Utilizing an Epoxy Matrix Reinforced with Short Date Palm Fibers Measuring 0.800 mm in Length. 

E.SDPF.X Bio-composite Materials Reinforced with Short Date Palm Fibers 

LDPF Long Date Palm Fibers 

SDPF Short Date Palm Fibers 

SEM Scanning Electron Microscopy 

https://doi.org/10.1520/D0638-14
https://doi.org/10.1177/07316844261448728
https://doi.org/10.1088/1402-4896/AD69E2
https://doi.org/10.1002/MAME.200800087;SUBPAGE:STRING:ABSTRACT;WEBSITE:WEBSITE:PERICLES;JOURNAL:JOURNAL:15229505;REQUESTEDJOURNAL:JOURNAL:14392054;WGROUP:STRING:PUBLICATION
https://doi.org/10.1002/MAME.200800087;SUBPAGE:STRING:ABSTRACT;WEBSITE:WEBSITE:PERICLES;JOURNAL:JOURNAL:15229505;REQUESTEDJOURNAL:JOURNAL:14392054;WGROUP:STRING:PUBLICATION
https://doi.org/10.1002/MAME.200800087;SUBPAGE:STRING:ABSTRACT;WEBSITE:WEBSITE:PERICLES;JOURNAL:JOURNAL:15229505;REQUESTEDJOURNAL:JOURNAL:14392054;WGROUP:STRING:PUBLICATION
https://doi.org/10.1002/MAME.200800087;SUBPAGE:STRING:ABSTRACT;WEBSITE:WEBSITE:PERICLES;JOURNAL:JOURNAL:15229505;REQUESTEDJOURNAL:JOURNAL:14392054;WGROUP:STRING:PUBLICATION

