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Epoxy, Plastic materials cause significant damage to the environment and are one of the biggest problems
Nanocellulose, of humanity. Growing environmental concerns have led to increased scientific interest in the use
Rosmarinus officinalis, of natural fibers for the development of epoxy biocomposite materials. Due to the emergence of
Mechanical properties, antibiotic resistance and the side effects of antibiotic drugs, the tendency to use medicinal plants
Antibacterial properties. has increased. In this research, rosemary plant has been used to determine the antimicrobial

activity. This research investigates the mechanical and antibacterial properties of cellulose
nanoparticles and rosemary extract and their effect on the overall performance of epoxy
composites based on nanocellulose and rosemary extract. It is made with four weight percentages
(pure, 0.5%, 1%, 1.5%, 2%) of rosemary extract, nanocellulose, a combination of extract and
nanocellulose. Then the samples were subjected to a tensile test, the results indicated that the
Young's modulus started to increase from 0.5% by weight, and most of the Young's modulus was
evident at 1.5%, but the samples started to decrease at 2% by weight, which could be due to
lumping. Nanoparticles are in epoxy, which reduces its mechanical properties. In the antibacterial
test, according to the results, Escherichia coli bacteria did not show sensitivity to rosemary extract
and no lack of growth was observed, while Staphylococcus aureus bacteria showed sensitivity to
rosemary extract and a halo to It has recorded a diameter of 20 mm.

Extended Abstract

1. Introduction

lastic materials cause significant environmental damage and are one of the biggest issues of our time.
Petroleum-based plastics are not biodegradable even after a hundred years. Plastic polymers, which are
made from non-renewable elements, are one of the main causes of global warming. Biocomposite materials
are an ideal choice to replace probably fossil-based polymers [1]. Eco-friendly and sustainable epoxy
biocomposites are obtained by using special types of reinforcing agents including natural fibers, particles and bio-
based epoxies. Natural fiber-reinforced polymers have remained a hot topic of interest in materials science for the
past two decades. Such fibers are attractive in composite materials due to their renewability, low density, better
specific strength, biodegradability, accessibility, and low cost. Natural fiber reinforced polymers offer better
mechanical performance at lower cost and can be the best alternative to synthetic fibers. Nowadays, biological
fillers are considered due to their cost-effectiveness and ability to modify basic materials in the composite structure
[2]. Composites made of synthetic resin and natural reinforcing materials have become very popular today. These
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natural reinforcing materials are generally natural fibers. Natural fibers are biodegradable and generally non-toxic.
In fact, biodegradable means materials that are decomposed by biological components such as bacteria, fungi, etc.
If a composite material contains one or more biological components or natural components, that composite is
called biocomposite [3]. Sharma et al. prepared epoxy containing loofah fibers and nano clay using compression
molding method. The composition of nanoclay was different and the maximum mechanical properties were
obtained at 2% by weight of nanoclay. By increasing the content of nano clay more than 2% by weight, the
mechanical properties of the hybrid decreased [4]. Kumar et al investigated the effect of epoxy matrix polymer
composites with metal particle reinforcements. In this study, the physical and mechanical properties of epoxy
reinforced with metal nanoparticles of aluminum (Al), graphene and both Al and graphene were analyzed.
Fabrication was done by mixing different weight percentages of 1, 3 and 5% of Al and graphene separately and
2.5% of both Al and graphene as reinforcement. The obtained results for stress and strain were compared with
each other. Hybrid polymer composites have better mechanical properties than Al and graphene reinforced
polymer composites [5]. Ochteh et al. investigated the effect of heat treatment on the mechanical properties of
prepared jute/epoxy composites. After manufacturing, the samples were subjected to heat treatment at different
temperatures and their mechanical properties such as tensile strength and hardness were determined. It was found
that the jute/epoxy composite treated at 80°C has the maximum tensile strength and mechanical hardness compared
to others. This is attributed to the improvement of the surface adhesion between the fiber and the epoxy matrix [6].
In this research, rosemary plant has been used to determine the antimicrobial activity. This research examines the
mechanical and antibacterial properties of cellulose nanoparticles and rosemary plant extract and their effect on
the overall performance of epoxy composites based on nanocellulose and rosemary extract. Considering that the
plant extract of each region has unique properties, the idea of using the composition of native plant extract as a
strengthening phase and in the form of nanoparticles next to epoxy is innovative. At first, samples were made for
uniform distribution with four weight percentages (pure, 0.5%, 1%, 1.5%, 2%) weight percentage of rosemary
extract, nanocellulose, combination of extract and nanocellulose. Then the samples were subjected to tensile test,
the results indicated that the Young's modulus started to increase from 0.5% by weight, and the highest Young's
modulus was evident at 1.5%, but the samples started to decrease at 2% by weight, which could be due to
Agglomeration of nanoparticles in epoxy, which reduces its mechanical properties. In the antibacterial test,
according to the results, Escherichia coli bacteria is resistant to rosemary extract and no non-growth halo was
observed, while Staphylococcus aureus showed sensitivity to rosemary extract and recorded a 20 mm diameter
halo.

2. Materials and methods

The materials used in this research include epoxy resin, cellulose nanoparticles, and rosemary extract
nanoparticles. The epoxy used in this research is a two-component system consisting of Khuzestan Petrochemical
EO06 epoxy and hardener (hardener) with the brand name polyamine PC205, whose weight ratio is 2:1, and also
cellulose nanoparticles with dimensions between 20-50 nm are from nanosany company. . The native sample of
rosemary plant was also collected from Kamalvand region in Khorram Abad city (Lorestan province). To prepare
the alcoholic extract of this plant, the soaking method was used, during which 10 grams of rosemary plant was
dissolved in 100 ml of 80% alcohol. Cellulose nanoparticles are mixed with epoxy and the mixture is placed on
the heat until it reaches a temperature of 55 degrees Celsius and is stirred for 5 minutes. Then it was stirred for 10
minutes at 200 rpm using a mechanical stirrer made by KIA, Germany. In the next step, the mechanical stirrer is
the turn of the ultrasonic device. In addition to debubbling, the use of this device causes homogenization and
uniform distribution of nanoparticles in the matrix and prevents clumping. The mixture was placed in an ultrasonic
device with a frequency of 100 MHz and a probe range of 0.5 for 15 minutes. Then a hair dryer is used to remove
the bubbles that affect the mechanical properties of the composites and time is given for the mixture to reach 20
degrees Celsius. It is mixed by hand until it is completely combined. The prepared mixture was poured into the
mold and it was baked at room temperature for 24 hours and then at 80 degrees Celsius for 3 hours. The
composition of samples made with different percentages of 0.5, 1, 1.5 and 2% by weight is presented. For the
biocomposite samples reinforced with rosemary nanoparticles, the weight percentage of rosemary extract
nanoparticles was separated at first, and all the steps that were performed in the preparation of epoxy and
nanocellulose samples are repeated for baking these types of samples. In the current research, rosemary alcoholic
extract was used. The main difference between alcoholic extract and aqueous extract is the solvent used to extract
effective substances from plants. Alcoholic extract usually contains more amounts of effective substances soluble
in alcohol, such as terpenoids, but aqueous extract contains more amounts of effective substances soluble in water,
such as flavonoids. In addition to the difference in composition, they also have differences in physical properties.
The alcoholic extract usually has a higher concentration than the aqueous extract and is more stable, and the
biocomposites made from the alcoholic extract are much stronger and more resistant than the aqueous extract. In

the last step, to make biocomposite samples reinforced with cellulose nanofibers and nanoparticles of rosemary
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extract, first, the weight percentage of nanocellulose and rosemary extract was separated, and all the steps in
making the above samples were done to bake these types of samples. It is repeated. It should be noted that after
making samples of epoxy reinforced with nanocellulose and epoxy reinforced with extract nanoparticles, according
to the tensile test results and in order to achieve optimal properties, the percentage of nanocellulose in the
composite samples is considered to be increased. has been for the pure sample, weigh the appropriate amount of
epoxy and mix it with hardener (ratio 2:1) and pour it into the mold and put it at room temperature for 24 hours
and then at 80 degrees Celsius in the oven for 3 hours. it was cooked.

2.1. Checking the quality of construction

In this section, the cross-sectional photos of the manufactured samples are taken and analyzed using a scanning
electron microscope (SEM). The F-ESEM type electron microscope is the MIRA3-LMU model manufactured by
TESCAN. Also, with the help of FTIR test, the bonds between the matrix and the reinforcers have been examined.
First, the quality of cellulose nanofibers and nanoparticles of rose mary extract has been investigated.
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Figure 1. Electron microscope image of cellulose nanofibers Figure 2. Electron microscope image of nanoparticles of
rosemary extract

As shown in Figures 1 and 2, nanoscale fibers and particles can be seen.

SEM HV: 150V WO: 13,11 mm Mll‘:! TESCAN|
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SEM MAG: 110 kx  Date{mvdly): 102423 Performance in nanospace
Figure 3. Electron microscope image of biocomposite Figure 4. Electron microscope image of biocomposite
sample with 0.5% rosemary extract sample with 2% rosemary extract

As shown in Figure 3, the distribution of extract nanoparticles is completely uniform.

As shown in the figure, with the increase in the percentage of nano particles in the extract, a connection is
established between these nanoparticles and masses are formed, which is a sign of lumpiness.
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Figure 5. Electron microscope image of the sample with 2% cellulose nanoparticles
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Figure 6. Electron microscope image of the sample with 0.5% cellulose nanoparticles
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Figure 7. Electron microscope image of 2% hybrid sample
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Figure 8. Electron microscope image of 0.5% hybrid sample

3. Experimental investigation
3.1. Examination of mechanical properties

Dumbbell-shaped samples made according to ASTM D636 standard. To check the elastic properties, Go-
AL5000L tensile testing machine made by Gotag company in Taiwan was used. The graphs below show the tensile
test results for biocomposite samples with different reinforcements.
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Figure 9. Stress-strain diagrams (A) pure sample, (B) 0.5% rosemary extract biocomposite sample, (C )1% rosemary extract
biocomposite sample, (D) 1.5% rosemary extract biocomposite sample), (E )2% rosemary extract biocomposite sample
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Fi gure 10. Modulus of elasticity of epoxy biocomposite reinforced with nanoparticles of rosemary extract
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Figure 11. Stress-strain diagram (A) 5% nanocellulose biocomposite sample, (B) 1% nanocellulose biocomposite sample, (C) 1.5%
nanocellulose biocomposite sample, (D) 2% nanocellulose biocomposite sample
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Figure 12. Modulus of elasticity of epoxy biocomposite reinforced with cellulose nanofibers.
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Figure 13. Stress-strain diagram (A) 0.5% hybrid biocomposite sample, (B) 1% hybrid biocomposite sample.
(C) 1.5% hybrid biocomposite sample, (D) 2% hybrid biocomposite sample

Mechanics of Advanced and Smart Materials Journal 3(4) (2024) 491 - 515



497 | Fatemeh Hadipour, Mahdi Karami Khorramabadi, Behrooz Dousti

8.175

7.91
8
7
6.133
6
5.063
5
4
2333 3
2
1
0
15 1 0.5

Pure 2

Elastic modulus MPa

Distribution percentage

Figure 14. Modulus of elasticity of epoxy biocomposite reinforced with cellulose nanofibers and rosemary nanoparticles.

The obtained results indicate that with the addition of rosemary extract or nanocellulose or the combination of
extract and nanocellulose, the elastic modulus begins to increase up to 1.5% by weight, and after that for samples
with 2% by weight of reinforcement, the elastic modulus decreases.

3.2 Examining antibacterial properties

To check antibacterial properties, Staphylococcus bacteria with ATCC 25923 ID and Escherichia coli with
ATCC 25922 ID were used. At first, rosemary extract was investigated by the method of diffusion in the well on
the microbial culture medium of Staphylococcus and Icla to investigate its antibacterial properties. The results
show that a 20 mm diameter halo of non-growth has been created for rosemary extract on the environment of
Staphylococcus. Also, the extract of rosemary plant did not show lack of growth on the environment of Escherichia
coli and it is a sign of bacterial resistance in the following, the growth process of Gram-positive and Gram-negative
bacteria is shown for biocomposite samples with various types of reinforcement.
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Figure 15. Investigating the growth process of gram-positive and gram-negative bacteria in biocomposite reinforced with rosemary.
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Figure 16. Investigating the growth process of gram-positive and gram-negative bacteria in biocomposite reinforced with
nanocellulose.
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Figure 17. Investigating the growth process of gram-positive and gram-negative bacteria in hybrid biocomposite
4. discussion and conclusion

In this article, the mechanical and antibacterial properties of epoxy biocomposite reinforced with nanocellulose
and rosemary extract nanoparticles have been investigated. By adding rosemary extract or nanocellulose or the
combination of extract and nanocellulose, the tensile modulus starts to increase up to 1.5% by weight. This may
be due to the existence of a strong bond between the epoxy particles and the extract and nanoparticles, and after
that, for the sample of 2%, the tensile modulus decreases. found that the main reason can be due to the weakening
of the bond between the matrix and the nanoparticles and ultimately the "clumping™ of the nanoparticles in the
sample. Rosemary extract has a greater antibacterial effect on gram-positive bacteria than its antibacterial effect
on gram-negative bacteria. Perhaps the reason is the lower sensitivity of gram-negative bacteria. Negatively, the
presence of an external membrane in this type of bacteria causes the diffusion of the active ingredients of the
extract to be limited to the lipopolysaccharide layer of the bacteria. According to numerous tests, the results
indicate that the epoxy biocomposite with 2% by weight of nanocellulose and rosemary extract has the highest
antibacterial properties on Staphylococcus bacteria, but the purpose of this research is to simultaneously
investigate the mechanical and antibacterial properties of the manufactured samples. Although the composite
biocomposite sample at 2% by weight has high antibacterial properties, but its mechanical properties decrease at
2% by weight due to the clumping of reinforcements. According to the results of this research, it was found that
using smaller amounts of rosemary extract and nanocellulose (1.5% by weight) increased the mechanical and
antibacterial properties of the nanocomposite by almost 4 times. By summarizing the results of this research, it can
be pointed out that the addition of cellulose nanofibers and nanoparticles of rosemary extract can increase the
resistance of the material against stretching and Gram positive bacteria contamination. The results show that the
best performance and properties of the hybrid bionanocomposite are at a concentration of 1.5% by weigh.
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