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been methodically investigated. The outcomes of different reinforcement conditions on the desired

?(xjv};izﬂ mechanical performance of the olive leaf’s lignocellulosic fibers with low-density polyethylene
Biomaterials (LDPE) composites have been examined, including the properties of tensile strength, tensile modulus,
Lignocellulosic fibers mechanical strain, impact strength, and the intensity per composite volume. This has been
Mechanical performance accomplished to determine the optimum reinforcement condition for the desired mechanical behavior
Sustainability as well as to establish the performance deterioration and enhancement trends of such bio-materials in
Olive leaf a more consistent manner. The results signify that lignocellulosic olive fibers have exhibited various
Green products enhancements in terms of mechanical performance. Both the tensile strength and modulus of elasticity

have been dramatically improved at 20 wt.% fiber content. This was the most desired reinforcement
condition among all considered cases. The olive fibers also possess the capability of maintaining
relatively high ductility and impact strength properties, making them suitable for various industrial
applications where high ductility is necessary. Thermal stability analysis using TGA and DTG has
been employed to obtain accurate results.

© 2021 Growing Science Ltd. All rights reserved.

1. Introduction

Determining the most suitable constituent materials for green products has become key for the success of generating new
eco-friendly products. The mechanical performance of green materials applied in bio-products and their technologies are of
paramount importance for acquiring more reliable and sustainable designs(Faris M AL-Oqla, 2017; Faris M. AL-Oqla &
Salit, 2017b; Alaaeddin, Sapuan, Zuhri, Zainudin, & AL-Oqla, 2019b). Hence, there is a growing need to develop and support
the production of bio-products with low-cost biomaterials to extend their application in truly sustainable societies. However,
numerous constraints limit the utilization of specific materials in particular industries (Faris M AL-Oqla, Almagableh, &
Omari, 2017; F.M. AL-Oqla & Hayajneh, 2007; F. M. AL-Oqla & S. Sapuan, 2014; Dweiri & Al-Oqla, 2006; Liu et al., 2018;
Luc Toupe, Trokourey, & Rodrigue, 2014). Diverse performance parameters must be considered to guarantee the
appropriateness of such materials (Faris M AL-Oqla, Hayajneh, & Fares, 2019; Faris M AL-Oqla & Sapuan, 2017; Aridi,
Sapuan, Zainudin, & AL-Oqla, 2017; Rashid, Leman, Jawaid, Ishak, & Al-Oqla, 2017). Bio-composites have been
increasingly considered as sustainable and eco-friendly alternatives to conventional composites due to several competitive
characteristics; they are light weight, low in cost, possess significant specific properties, recyclable, and degradable (Faris M
AL-Ogqla & El-Shekeil, 2019; Alaaeddin, Sapuan, Zuhri, Zainudin, & AL-Oqla, 2019a; Alaaeddin, Sapuan, Zuhri, Zainudin,
& M AL-Ogqla, 2019b). Wide varieties of natural fibers are applied as reinforcements for different polymeric materials. They
can be used as raw material sources for sustainable and renewable products. Although several researchers had examined the
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capabilities of bio-composites as sustainable alternatives (Abdal-hay, Suardana, Jung, Choi, & Lim, 2012; Alaaeddin, Sapuan,
Zuhri, Zainudin, & M AL-Oqla, 2019a; Alawar, Hamed, & Al-Kaabi, 2009; Mir, Nafsin, Hasan, Hasan, & Hassan, 2013; Pan
& Zhong, 2014; Sapuan, Pua, El-Shekeil, & AL-Oqla, 2013), only a few had actually investigated how to evaluate and select
the proper constituents of natural fiber composites. Promising steps have been recently achieved in this direction to help
engineers evaluate and select particular sustainable applications (Faris M AL-Oqla & Rababah, 2017; Faris M AL-Oqla, S.
M. Sapuan, M. R. Ishak, & A.A., 2015; Faris M. AL-Oqla & Salit, 2017a). Some encouraging steps include categorizing the
factors that affect the natural fiber composites in a simultaneously combined evaluation criteria to better assess the
competencies of the natural fibers considered (Faris M AL-Oqla, Sapuan, Ishak, & Aziz, 2014; Faris M AL-Oqla & Sapuan,
2018; Faris M AL-Oqla, Sapuan, Ishak, & Nuraini, 2016; Faris M AL-Oqla, Sapuan, Ishak, & Nuraini, 2014; Faris M AL-
Oqla, Sapuan, & Jawaid, 2016).

The physical characteristics and the final mechanical performance of bio-materials are strongly reliant on the physical
features of their distinct constituencies as well as the compatibility between them (Faris M. AL-Oqla & Salit, 2017a; F. M.
AL-Oqla & S. M. Sapuan, 2014b; Deng, Hu, Deng, & Mahadevan, 2014; Nurwaha, Han, & Wang, 2013; Ojha, Raghavendra,
& Acharya, 2014; Sapuan et al., 2013; Yu & Yu, 2010). Therefore, functional requirements (such as mechanical behavior,
degradation, and thermal properties) commonly control the required features of products composed of bio-materials.
Lignocellulosic fibers are considered to be the chief constituents of polymeric-based composites since they are independent
elements in biomaterials (F. M. AL-Oqla & S. M. Sapuan, 2014c). They possess their own intrinsic characteristics that cannot
be considerably altered through the modifications or treatments of matrix types. Improper evaluation of lignocellulosic fiber
capabilities in biomaterials can cause various types of environmental waste problems. Their desired functional characteristics
will also be limited in several industrial applications(Al-Ghraibah, Al-Qudah, & AL-Oqla, 2020; Faris M AL-Oqla, 2020a,
2020b; Faris M AL-Oqla & Hayajneh, 2020; Faris M AL-Oqla & Sapuan, 2020; Fares & AL-Oqla, 2020; Faris, Faris, AL-
Oqla, & Dalalah, 2020; Gholampour & Ozbakkaloglu, 2020). Only certain varieties of lignocellulosic fibers are commercially
employed for biomaterials and bio-products. Other types are usually ignored or undervalued (Faris M AL-Oqla, 2017; Faris
M AL-Oqla, Sapuan, & Jawaid, 2016; F. M. AL-Oqla & S. M. Sapuan, 2014a, 2014b; F. M. K. F. AL-OQLA, 2015; Aridi,
Sapuan, Zainudin, & AL-Oqla, 2016a, 2016b). Therefore, it is essential to explore new and different lignocellulosic fibers in
polymeric-based materials to develop more desired attributes for future bio-products since they are relatively low in cost and
good sources of renewable materials.

The olive tree (Olea europaea L.) is a Mediterranean tree that has been around for decades. It can be found in various
regions worldwide. Around 900 million olive trees are cultivated across the world due to their beneficial oil and fruits, which
can be considered as a main source of food in some populations (Alshammari et al., 2019). The leaf of the olive tree is
composed of 11.28 wt.% cellulose, 14.73 wt.% hemicellulose, only 16.33 wt.% lignin, and 57.66 wt.% of other components
(Alshammari et al., 2019). Table 1 displays the composition of the olive tree. The olive tree’s fruit and stone residues as well
as its oil have been researched in the bio-composite field (Faris M AL-Oqla, 2021; AL-Oqla, 2021; Essien, Kavaz, Ituen, &
Umoren, 2018; Harb, Abubshait, Etteyeb, Kamoun, & Dhouib, 2020; Koutsomitopoulou, Bénézet, Bergeret, & Papanicolaou,
2014; Mousa, Heinrich, & Wagenknecht, 2010; Naghmouchi, Mutjé, & Boufi, 2014). However, the lignocellulosic fibers of
the olive tree leaves have not been appropriately utilized in polymeric-based composites, making them an environmental
waste issue.

Table 1. Compositions of olive tree (Alshammari et al., 2019)

Chemical composition of olive tree (wt.%) leaf stem big branches
Cellulose 11.28 39.07 39.42
Hemicellulose 14.73 23.62 24.23

Lignin 16.33 13.26 14

Other 57.66 24.05 22.35

Therefore, this work methodically investigates the mechanical performance of Jordanian lignocellulosic olive fibers in
polymeric-based composites, particularly the low-density polyethylene polymer type. This will not only eliminate the annually
accumulating agro-waste fibers, but also enhance the development of ecofriendly materials with desired characteristics for
more realistic green products. Here, the consequences of different reinforcement conditions on the desired mechanical
performance of olive leaf lignocellulosic fibers/low density polyethylene have been examined. This includes the properties of
tensile strength, tensile modulus, mechanical strain, impact strength, and intensity per composite volume to acquire the optimal
reinforcement condition for the preferred mechanical behavior. This will reveal the performance deterioration and
enhancement trends of such bio-materials in a more consistent manner.

2. Materials and Methods

The considered polymer matrix is low density polyethylene (LDPE) provided by the SABIC company. Its density is 919
Kg/m?, its tensile strength at break is 7 MPa, and its modulus of elasticity is 165 MPa. Lignocellulosic olive leaves were
collected from Jordan. They were washed with distilled water and air-dried at room temperature. The leaves were then cut
into small pieces and mixed with LDPE in a hot mixer machine with countered double screws. The mixtures were then pressed
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under heat for about 15 minutes to produce sheets with minimal thermal shrinkage. Various composite designs were performed
with different fiber contents of 10 wt.%, 20 wt.%, 30 wt.%, and 40 wt.%. The produced sheets were then cut into specimens
to perform the necessary tests. The standard tensile test technique was utilized to measure the mechanical properties of the
prepared composites, including the tensile strength, the modulus of elasticity, and the mechanical strain. Instron 3365 machine
was used to conduct the tensile tests. The testing was repeated five times according to the ASTM D638 standard. Fibers as
well as sample of specimens in addition to the experimental setup demonstrating the unit load cell, data acquisition, actuator,
hydraulic cross system and software controller are illustrated in Fig. 1. The average values were successfully acquired. The
impact strength was measured with the Charpy method, according to ISO 179, using unnotched flatwise samples.

| |\
Hydrallic Cross
System

Plate composite Sample of fractured specimen

for specimens Sample of

specimens

Cut fibers

Fig. 1. [llustration of the experimental setup, fibers and composite specimens

The thermal stability of the olive leaf fibers was also examined using both thermogravimetric analysis (TGA) and
derivative weight (%/min) (DTG). These tests are essential for monitoring any changes in the physical and chemical
characteristics of the olive leaf fibers while increasing the temperature at a constant rate. This was in fact necessary to
investigate the mass loss of the cellulosic fibers and their decomposition behavior. The instrument model NETZSCH TG
209F1 was utilized to perform the TGA experiments where thermal stability was evaluated at a heating rate of 10°C/min. The
morphological characteristics of the prepared composites were investigated using a scanning electron microscope (SEM).
This was implemented to demonstrate the surface of the fracture side of composites to support their performance assessment
and the outcomes gained in this work.

3. Results and Discussion

One major achievement of this work is determining whether utilizing the available lignocellulosic olive waste fibers from
Jordan for producing green bio-materials would be suitable. This is necessary to establish so as to effectively employ the
abundant lignocellulosic agricultural waste resulting from Jordanian olives that have not been properly valorized in
biomaterials. Determining the capabilities of the olive leaf in polymeric-based biomaterials can enhance their potential of
becoming renewable ecofriendly alternatives and substitute other commonly used fibers worldwide. This will effectively solve
an environmental waste problem. Various reinforcement conditions have been created and examined to determine their
influence on the mechanical performance of LDPE/olive fibers. The stress strain diagrams of the prepared composites are
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displayed in Fig. 2. It can be seen that all composites are capable of enhancing the modulus of elasticity of the matrix since
the Young’s modulus of the fibers are better than that of the LDPE matrix. The fibers successfully enhanced the modulus of
elasticity for all fiber loadings. The composites also had less ductility than the matrix, while some had better tensile strength
compared to low density polyethylene. The optimum processing conditions of the prepared composites are extensively
discussed for each considered mechanical property. Various fiber loadings have been employed to develop a better
understanding of their behavior. This represents the possibilities of a sustainable design of bio-products in diverse industrial
applications.

: /)

(% Stress (MPa)

10% Stress (MPa)
=2 (0% Stress (MPa)

(
3 (
/ e 30% Stress (MPa)
2
/ e 40% Stress (MPa)
1 /
0 = T T 1

0 0.005 0.01 0.015 0.02 0.025
Strain

Stress (MPa)
N

Fig. 2. Comparison of stress strain diagrams for various prepared composites

Thermogravimetric analysis (TGA) was employed to examine the thermal performance of olive leaf fibers in the matrix.
This was according to the fibers” weight changes due to temperature, as shown in Fig. 3. Here, the physical characteristics
were measured as a function of temperature increment while maintaining a constant heating rate. A thermal analyzer was
utilized to conduct the TGA and measure the mass loss of the fibers. The thermal stability of the olive leaf fibers was examined
via both TGA and derivative weight (%/min) (DTG). It was clear that thermal degradation had occurred throughout several
stages. The initial degradation began at around 90°C with less than 10% weight loss. This occurred as a result of moisture
evaporation in the fibers. However, the second degradation stage was combined with substantial mass loss due to the
degradation of hemicellulose, lignin, and wax. The last degradation was observed at around 370°C with about 16% weight
loss. At 450°C, degradation had occurred due to the elimination of a-cellulose and lignin content from the fibers which
continued to about 600°C. This demonstrates the stability of the olive leaf fiber.
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Fig. 3. Thermal stability analysis of the olive leaf using both (a) TGA and (b) DTG
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The tensile strength of the olive/LDPE composites with various fiber contents is illustrated in Fig. 4. It can be seen that
this mechanical property increased with fiber loading until 20 wt.%, then later reduced as the fiber loading increased. It
reached a maximum of 6.63 MPa at 20 wt.% fiber loading and reduced to 4.24 MPa at 40 wt.%. The enhancement of the
olive/LDPE’s tensile strength was due to the effect of fiber adhesion to the matrix, leading to better stress transfer efficiency
since their interfacial adhesion bond was favorable (Faris M AL-Oqla & El-Shekeil, 2019; Alaaeddin, Sapuan, et al., 2019a;
El-Shekeil, AL-Oqla, & Sapuan, 2019). However, excess fiber loading is incapable of maintaining such an adhesion due to
the poor wetting of all excess fibers in the matrix as compared to the ideal case.
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Fig. 4. Tensile strength of composite materials

The effect of fiber content on the tensile modulus of elasticity for the olive fibers/low density polyethylene composites is
demonstrated in Fig. 5. It is apparent that this mechanical property had practically increased with fiber loading and reached
the maximum at 20 wt.% fiber content. The optimal reinforcement condition is about 211% increment compared to the low-
density polyethylene matrix. Nevertheless, the tensile modulus of elasticity had slightly reduced at 30 wt.% and 40 wt.% fiber
contents due to the excess of lignocellulosic olive fibers. This led to lower adhesion between all fibers and matrix.
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Fig. 5. Modulus of elasticity of considered composites with fiber contents
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The maximum strain at break was also investigated and displayed in Fig. 6. This property decreased for all composites in
comparison to the matrix. This was in fact due to the effect of the olive fibers within the matrix, leading to an increase in
brittleness since the strain of the lignocellulosic olive fibers was less than that of the low-density polyethylene matrix. The
maximum strain was almost at 20 wt.% fiber content, with about 0.0226. All composites were close together for this
mechanical property and close to the matrix itself, indicating that utilizing lignocellulosic olive fibers in LDPE can enhance
both the properties of tensile strength and modulus of elasticity while maintaining a relatively high ductility. This knowledge
can be applied in specific industrial applications where high ductility is necessary.
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Fig. 6. Strain property of composites with various fiber contents

The impact strength of the considered composites was further analyzed to measure their toughness. This essential
mechanical property is much desired in bio-composites since it can determine the required amount of energy to be absorbed
by the composite per unit volume before rupturing in a sudden loaded environment. It is required that lignocellulosic
composites have reasonable impact strength levels for various applications, such as automotive components for instance. The
amounts of energy absorption of the considered bio-composites are illustrated in Fig. 7. It is clear that utilizing olive fibers in
the LDPE polymer matrix significantly enhances energy absorption in comparison to the matrix itself. It reached an amount
of 39 J at 30 wt.% fiber content compared to the polymer’s energy which was absorbed by the polymer itself. The 130%
enhancement in energy absorption indicates the potential of employing olive fibers for bio-composites in various sustainable
bio-products.
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Fig. 7. Energy absorptions of composites with fiber contents
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The development of this desired mechanical property also signifies the proper adhesion between the olive fibers and the
polymer since the main impact resistance in polymeric bio-composites usually originates from the matrix itself. The fibers, in
most cases, reduce their impact abilities to enhance internal inclusions within the matrix if poor adhesion occurs (Faris M AL-
Oqla, Sapuan, Ishak, et al., 2016); as in the case of 40 wt.% fiber content. The energy absorption of the composites per volume
(MJ/m?) is illustrated in Fig. 8. The outcomes indicate that 30 wt.% fiber content is the best when absorbing energy per volume
for the olive/LDPE composites. The cases of 10 wt.% and 20 wt.% were relatively similar regarding this property. However,
the worst absorbed amount of energy per unit volume was at 40 wt.% fiber content, indicating high inclusion distributions
within the volume of the matrix and low adhesive forces between the fiber and matrix. The results are 4.5 MJ/m? at 30 wt.%,
3.3 MJ/m?at 20 wt.%, 3.0 MJ/m? at 10 wt.%, but only 1.64 MJ/m? at 40 wt.%.
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4. Conclusions

Green polymeric-based materials are essential for designers to create more reliable sustainable bio-products. This work
successfully revealed various mechanical characteristics and performance trends of Jordanian lignocellulosic olive leaf fibers
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in low-density polyethylene-based composites. The impact of various fiber contents on the desired mechanical properties was
effectively determined, including the enhancement of both tensile strength and tensile modulus properties. It can be concluded
that olive leaf fibers can increase the impact resistance of the produced bio-composites without dismissing their ductility.
Since bio-composites generally suffer from their impact resistance properties, this type can be utilized in various mechanical
applications. This would encourage and provide more sustainable design opportunities for Jordan’s low cost agro-waste fibers.
The outcomes of this work provide accurate information for establishing a more robust database regarding green bio-product
performance trends. This would not only promote the implementation of low-cost and renewable bio-composites in various
industries, but also contribute determining the most ideal reinforcement conditions for a more practical sustainable industry.
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