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Abstract

In this study, Barley straw/epoxy (BF/EP) composites were fabricated using the hand lay-up
method. The research focused on how treating barley straw affects the mechanical properties
of the barley straw-filled epoxy composites. The treatment involved a 5 wt% sodium
hydroxide (NaOH) solution. It was found that the tensile strength of untreated BF/EP
composites was highest when 30 wt% barley straw was used. However, the highest tensile
strength was achieved after treating the straw with NaOH, reaching 200 MPa, with a tensile
modulus of 2500 MPa. In terms of flexural strength, the composites with 30 wt% barley
straw and NaOH treatment also showed the best results, with a flexural strength of 220 MPa
and a flexural modulus of 3600 MPa.

Key words: Barley straw fiber, epoxy, alkaline treatment, mechanical properties.

Introduction

Environmental concerns have raised the need of using sustainable materials in modern
production. Environmental effect, recyclability, and biodegradability are becoming more
important considerations when choosing materials for diverse purposes (Al-Ogla & Sapuan,
2014). Natural fibers (NFs), particularly barley straw, have emerged as attractive alternatives
to synthetic fibers, having various advantages such as sustainability, minimal environmental
impact, and unique mechanical qualities (Jeon et al., 2011). These fibers are not only
renewable and biodegradable, but they are also lightweight and energy-efficient during
manufacture (Sangthong et al2009).

Barley straw, in example, is a globally plentiful resource, with yearly crop outputs in excess
of two billion tons worldwide (Z. Liu et al.2013). While formerly thrown or burnt as garbage,
the increased knowledge of environmental problems has led to a move toward employing
straw for sustainable uses (Li et al., 2016).

Epoxy resins are well-known for their excellent adhesion and wetting properties on a variety
of surfaces, as well as their resistance to a wide range of substances, including acidic
substances, water, and organic solvents. They preserve structural integrity at varied
temperature settings, making them an ideal material for hybrid matrices (W. Liu et al., 2004).
Despite their benefits, natural fibers like barley straw are highly polar due to the abundance
of hydrophilic hydroxyl (OH) groups. This property frequently results in incompatibility with
not polar polymer matrices like epoxy resins. As a result, strengthening the interfacial
bonding between the fibers from nature and the matrix is critical for boosting the general
efficacy of the composite material (Colom et al., n.d.). One useful technique is to use
chemical processes, particularly alkaline treatments, which have been widely explored for
their capacity to increase fiber-matrix interaction and, as a result, composite mechanical
characteristics (Abdal-Hay et al., 2012).
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This study looks at the effect of alkaline conditions on the mechanical properties of barley
straw-epoxy hybrids. The composites were made by a hand lay-up process, and the impact of
fiber treatment on the final composite's toughness, stiffness, and durability were carefully
investigated.
Materials and Methods
2.1 Materials
The barley straw fibers came from a local business in Bani Waleed. Almadina Company in
Misurata, Libya, supplied epoxy resin and hardener. The treatment technique involved the
use of a sodium hydroxide solution.
2.2 Treatment with sodium hydroxide
In this investigation, barley straw was treated with a 5% (w/w) solution of sodium hydroxide.
A combination of sodium hydroxide and water was raised to 75°C before immersing the
barley straw in it. The fibers had become frustrated for 60 minutes to guarantee complete
treatment. After the procedure was completed, the barley straw was washed with filtered
water until the pH reverted to neutral (pH 7), removing any leftover chemicals.
2.3  Composite preparation
Barley straw was divided into two categories: treated and untreated. To make the polymers,
the fibers were manual-laid in a mold and then mixed with resin via a manual lay-up process.
This approach enabled homogeneous resin infusion into both processed and untreated straw
fibers. Following manufacture, the composites were sliced into rectangular pieces sized 2.5 x
20 cm. seven samples were produced for future examination.
2.3.1Tensile test
Tensile tests were performed on a universal testing equipment at a crosshead acceleration rate
of 5 mm/min. The test samples measured 20 x 2.5 mm. Three different specimens from every
category were analyzed to get a credible average result. The tensile force and modulus of
barley straw composites made from fiber were determined before and after alkaline
treatment.
3.2.2 Flexural test
The flexural characteristics of the composite materials were assessed employing a three-point
stretching test at room temperature. The crosshead speed was set at 5 mm/min and the
specimen’s size was constant at 20 x 2.5 mm. Again, three samples were examined for each
group, with the average bending strength and modulus data recorded. These experiments
were carried out for both treated and untreated barley straw composites with fiber to evaluate
the influence of treatment on their bending ability .

Tablel. Shows the Composites Formulation

Epoxy% NaOH % Barley straw% No.
100 ' 0 ' 0 " Epoxy
90 0 10 | BE1
80 0 2 | BE2
70 0 30 | BE3
%0 5 10 | BE1-NaOH
80 5 20 | BE2-NaOH

Results and Discussion

Figure 1 depicts the breaking strength of barley straw/epoxy (BF/EP) hybrids both before and
after sodium hydroxide (NaOH) treatment. The breaking strength of the epoxy matrix itself
alone was quite low, at 40.734 MPa. In contrast, the addition of barley straw improved the
mechanical qualities of the composite. The tensile strength of untreated BF/EP composites
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was shown to be lower for decreasing fiber loads, which includes 70.804 MPa for a 10%
barley straw content. Nevertheless, as the fiber filling rose, the tensile strength improved
gradually, peaking at 120.664 MPa at 30 wt% fiber loading. These findings indicate that
barley straw fibers efficiently strengthened the epoxy matrix, with the reinforcement effect
becoming more prominent with greater fiber concentrations.

The barley straw's tensile strength increased significantly after being treated with NaOH. The
tensile strength of the NaOH-treated BF/EP hybrids was much higher than that of the
untreated samples. The greatest measured bending strength, or 200.505 MPa, was obtained
with 30 wt% barley straw loading following NaOH treatment. This improvement can be due
to the fibers' improved surface reactivity caused by the alkaline treatment, which promotes
interfacial interaction among the barley straw fibers and the epoxy resin. Furthermore, the
treatment likely improves the wettability of the fibers, allowing for greater dispersion and
engagement with the epoxy matrix and so improving the mixture's overall mechanical
performance .

Table2. Shows Flexural and Tensile results

| Flexural | Flexura Tensile Tensile | Composites
Modulus | strenght | modulus | strenght | formulation

[ 2000 | &0 1200 | 30 | Epoxy
3200 | 90 1500 | 70 | llayerT
3100 | 70 1000 | 40 | layerUT
3400 | 150 2000 140 |  2layerT
3300 | 120 1400 | 80 | 2ayerUT
3600 | 220 2500 | 200 | BlayerT

| 73s00 | 150 1800 | 120 | 3layeruUT

TENSILE STRENGHT

250

200

150

100

ol | B
1 Layer 2 Layer 3 Layer Epoxy
treated treated treated

Figure 1: Shows Flexible strength of Barley straw fiber mixtures

TENSILE MODULUS

3000
2500
2000
1500
1000

1 LAYER 2 LAYER 3 LAYER EPOXY
TREATED TREATED TREATED

Figure 2: Shows flexible modulus of Barley straw fiber mixtures
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Epoxy polymers strengthened with NaOH-treated fibers have higher tensile strength than
those with untreated fibers. This boost is due to the chemical treatment, which eliminates the
cellulose and lignin from the fibers, increasing their surface area. The treatment enhances the
fiber's capacity to interface with the epoxy matrix, resulting in a more robust surface
connection and, thus, a stronger composite. These findings are consistent with recent research
(Abdal-Hay et al., 2012), (Parbin et al., 2019), which found similar gains in tension strength
for palm kernel fiber-reinforced epoxy composites after chemical treatments. These studies
further noted that the treatment improves fiber-matrix interaction, which results in higher
mechanical characteristics, including greater tensile strength.

Figure 2 depicts the modulus of elasticity of BF/EP composites before and after NaOH
processing of the barley straw fibers. Pure epoxy (EP) has a comparatively low tensile
modulus of 1200.99 MPa. However, the addition of barley straw particles greatly enhanced
the composite's tensile modulus, indicating that the fibers provided higher stiffness.

The tensile modulus of untreated BF/EP composites was rather moderate for decreasing fiber
loadings, such as 1000.31 MPa for 10 wt% barley straw. The tensile modulus rose in
proportion to fiber loading. At a 30 wt% fiber launching, the modulus of elasticity reached
1800.88 MPa, suggesting a direct link between increasing fiber content and enhanced
composite rigidity. This implies that the inclusion of barley straw fibers increases the
stiffness of the epoxy matrix, with increased fiber density resulting to a stiffer hybrid
structure.

FLEXURAL STRENGHT
250
200
150
100
-Am N n
0
1 Layer 2 Layer 3 Layer Epoxy
treated treated treated
Figure 3: Shows flexural strength of Barley straw fiber composites
FLEXURAL MODULUS
4000
3000
2000
1000 l
0
1 Layer 2 Layer 3 Layer Epoxy
treated treated treated

Figure 4: Shows flexural modulus of Barley straw fiber composites

The tensile modulus of the BF/EP composites increased significantly when the barley straw
filaments (BF) were treated with NaOH. The treated composites had much greater elastic
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modulus than their untreated equivalents. The mixture with 30 wt% BF loading and NaOH
treatment had the greatest tensile modulus, at 2500.84 MPa. This improvement can be due to
better stress transmission from the epoxy matrix to the modified fibers. The NaOH treatment
strengthens the connection between the fibers and the matrix, resulting in greater uniformity
in the distribution of stress throughout the composite, hence enhancing its overall stiffness.
Flexural tests were also performed for assessing the mechanical properties of the hybrids
before and after NaOH treatment of the BF. Figure 4 shows the bending ability of BF/EP
composites with and without NaOH treatment. Pure epoxy (EP) has a bending strength of
60.48 MPa. However, by introducing BF into the epoxy matrix, the flexural strength
increased considerably. Strength increased with increasing BF content, peaking at 30 wt%
fiber loading. This implies that the inclusion of barley straw fibers increases the flexural
strength of the composite, with NaOH treatment further enhancing the compatibility between
the fibers and the epoxy matrix.
Flexural modulus followed the same trend as tensile modulus. The flexural modulus rose with
larger fiber load values, exceeding 3500.62 MPa at 30 wt% BF. The flexural modulus
increased further after NaOH treatment, indicating that the treatment improved both the fiber-
matrix interface and the connection between the two materials. This resulted in a composite
with better stiffness, emphasizing the favorable influence of NaOH treatment on the
mechanical characteristics of the BF/EP composite.
Conclusions
This study examined how surface modification affects the mechanical properties of epoxy-
based materials augmented with barley straw fibers. The results showed a considerable
improvement in the mechanical characteristics of the BF/EP composites as the barley straw
content rose from 10 to 30 wt%, emphasizing the effectiveness of barley straw as a
reinforcing material. Notably, after treating the barley straw fibers with NaOH, the
composites' tensile and flexural strengths increased dramatically. This treatment significantly
improved the interaction among the fibers and the epoxy structure, resulting in a dramatic
increase in the total efficiency of the composite materials.
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