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Impact properties, In this research, the impact properties of epoxy biocomposites reinforced with nano cellulose and
Cellulose nanoparticles, nano rosemary plant extract from Lorestan are investigated. The samples were made in 4 different
Rosemary extract, weight percentages (pure, 5% by weight, 1% by weight, 1.5% by weight, 2% by weight) for
Biocomposite. uniform explanation and the quality of the construction was checked by scanning electron

microscope. The results of this investigation show that the distribution of all types of nanoparticles
is completely uniform up to 1.5% by weight, and after that, lumpiness of the particles is observed.
In the next step, the samples are subjected to the Izod impact test, which obtains the most absorbed
energy for all types of reinforcements in 1.5% by weight of nanoparticles, and after that, in the 2%
by weight sample, this value significantly decreases. It starts to decrease. This trend can be due to
the agglomeration of nanoparticles in epoxy, which has caused a decrease in mechanical
properties. In the last step, in order to check the accuracy of the obtained results, for all types of
samples of uniform distribution, modeling was done using the finite element method and with the
help of software, and the modeling results were compared with the laboratory results.

Extended Abstract

1. Introduction

omposites based on natural fibers are rapidly replacing synthetic fiber composites because they are

preferred due to their superior biodegradability, degradability, stiffness, higher length-to-weight ratio,

and low cost. A composite is a material made from a combination of two or more materials that, when
used alone, shows improved characteristics and properties compared to each of the constituent materials. In recent
years, composites made of natural and synthetic fibers have attracted the attention of industries as a means to
reduce weight and adapt to the environment. Excessive exploitation and excessive consumption of non-renewable
resources have negative effects on the environment, and the use of fossil-based composites is increasing worldwide
[1]. Impact is one of the very common phenomena that all materials and structures experience. The momentary
load applied to the surface during an impact event can cause unpredictable damage that can sometimes lead to
complete failure of the structure. It's even worse if the low-velocity impact event causes invisible damage.
Accumulated damage after several repeated events can lead to serious failures. Experimentally, a low velocity
impact can be simulated using a drop test tool. Izod and Charpy impact testers mostly describe the fracture
toughness, which can be considered as the mechanical properties of materials [2]. Impact damage can compromise
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the performance as well as the reliability of composite materials and therefore requires serious attention. Impact
injuries can occur during on-the-job applications or during the manufacturing process. As a composite is subjected
to impact, it experiences bending stress. The flexural properties of a composite can be determined through flexural
testing. Bending test provides composite bending strength and stiffness. The flexural properties of a composite
provide initial insight into the potential impact resistance properties of a composite. In general, literature studies
show that when the flexural strength of a hybrid composite is higher than non-hybrid, then the impact strength will
have the same result [3]. Cellulose is one of the main components of natural plants, which has good renewable and
biodegradable properties. It is interwoven with lignin and hemicellulose, which helps to maintain good stability
and good plant strength. With the development of technology, cellulose has attracted a lot of interest in its new
form "nano-cellulose™. Nanocellulose can be mainly divided into three categories, including cellulose nanocrystals
(CNCs), cellulose nanofibrils (CNFs), and bacterial cellulose (BC). Among them, CNCs and CNFs are usually
from a variety of plants or algae. They are extracted through a so-called "top-down" method. However, BC is
produced by bacteria, which is a so-called "bottom-up" approach. Nowadays, nanocellulose has attracted wide
attention for applications in the fields of drug delivery due to its large specific surface area, good mechanical
strength, stiffness, biocompatibility and renewability. These features enable nanocellulose to have a good drug
loading and binding capacity [4]. In this research, experimental and numerical investigation of the impact
properties of epoxy biocomposite reinforced with nascellulose and rosemary plant extract from Lorestan is done.
The samples were made to 4% by weight (pure, 0.5% by weight, 1% by weight, 1.5% by weight, 2% by weight)
which was checked by scanning electron microscope to explain the uniformity of the results given. Then the
samples were observed under the 1zod impact test. Which gives the most absorbed energy for uniform distribution
of 1.5%. And after the 2% sample, it starts to decrease dramatically, which can be due to the agglomeration of
nanoparticles in epoxy, which can reduce the mechanical properties of epoxy. To investigate the accuracy of the
obtained results, using the finite element method and with the help of modeling Ansys software, it was done for
the mentioned samples and the obtained results were compared with the laboratory results. Then, on the samples
of uniform distribution, modeling was done with software, and then the modeling results were compared with the
laboratory test results.

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
Epoxy E06 and a hardener (hardener) with the brand Polyamine PC205, whose weight ratio is 2:1, and also
cellulose nanoparticles with dimensions between 20-50 nm. It is a nanosecond company. The native sample of
rosemary plant was also collected from Kamalvand region in Khorram Abad city (Lorestan province). To make
biocomposite samples, first, the weight percentage of cellulose nanoparticles is separated to combine with epoxy.
Then, cellulose nanoparticles are mixed with epoxy and the mixture is heated until it reaches 55 degrees Celsius
and stirred for 5 minutes. And after that for 10 minutes with 200 revolutions per minute, using a mechanical stirrer
made by KIA, Germany. In the next step, after using the mechanical stirrer, the desired composition should be
placed in the ultrasonic stirrer. The use of this device, in addition to bubble removal, causes homogenization and
uniform distribution of nanoparticles in the matrix and prevents the formation of lumps. The mixture is placed in
an ultrasonic device with a frequency of 100 MHz and a reduction amplitude of 0.5 for 15 minutes. Then the
created bubbles are removed and time is given for the temperature of the mixture to reach 20 degrees Celsius. At
the end of the reference, add the hardener to the mixture and stir it manually for 5 minutes until it is completely
combined. The prepared mixture is poured into the mold (Figure 1) and it is placed at room temperature for 24
hours and then at 80 degrees Celsius for 3 hours.

Figure 1. Samples made according to the standard 1SO 179/2
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For biocomposite samples reinforced with rosemary nanoparticles, first, the weight percentage of rosemary
nanoparticles is separated and all the steps that were done in the manufacture of epoxy and nanocellulose are
repeated to bake these types of samples.

3. Investigation the sample making process

In this section, the photos of the cross-section of the samples made after sprinkling a very thin layer of gold on
the sample are taken and analyzed with the help of a scanning electron microscope. Scanning electron microscope
for samples with uniform distribution of nanoparticles is ESEM-F type MIRa3LMU-made by TESCAN Company,
which is used for photography.

SEAS HV: 150 KV WD: 1532 men | |  smmas Tescan
View Reid: 1.89 pm Oor: =&

SEM MAG: 110 kx  Date{midiy): 1072423 Performance in neancspace

Figure 2. Electron microscope image of 0.5% composite sample with rosemary extract nanoparticles and cellulose nanoparticles

As shown in Figure 2, the distribution of cellulose nanoparticles and rosemary extract nanoparticles is
completely uniform.

Figure 3. Electron microscope image of 2% composite sample with rosemary extract nanoparticles and cellulose nanoparticles

As shown in Figure 3, with the increase in the percentage of cellulose nanoparticles and rosemary extract
nanoparticles, a connection was established between these cellulose nanoparticles and extract nanoparticles, and
clumps were formed, indicating lumpiness.

4. Experimental Investigation

The dimensions of the manufactured samples (width 10 mm, length 80 mm and thickness 4 mm) to perform
impact tests based on ISO 179/2 standards and include 5 pure samples and samples with different weight
percentage and distribution of rosemary nanoparticles and nanocellulose (0.5 %, 1%, 1.5% and 2%). lzod impact
test was performed using the impact test device made by the company (Gotek model OT_70_45 MDN) in Taiwan.

Mechanics of Advanced and Smart Materials Journal 4(4) (2025) 541 -562
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Figure 4. The impact testing machine made by Gutec Model (GT-70-45MDN)

After preparing each of the samples and placing it between the supports as shown in Figure 11, the required
dimensions and data of the impact test device including length, width and thickness are entered and the impact test
is performed based on the standard. In Table 1, the experimental values obtained from the impact test are presented.

Table 1. Experimental values of the impact test

Sample Weight percentage of nanoparticles Absorbed energy (J)
Pure 0.0871
Nano Rosemary extract 015 8128?
15 0.1519
2 0.0930
Pure 0.0871
Nano cellulose 0.5 0.1013
1 0.1157
15 0.1673
2 0.0985
Cellulose Rosemary extract Absorbed energy (J)
Combination of nano cellulose 0.1 0.4 0.1029
and nano rosemary extract 0.4 0.6 0.1234
0.9 0.6 0.1538
1.6 0.4 0.1002

As can be seen, with the increase in the weight percentage of rosemary extract and nano cellulose and the
combination of 1.5% sample, it gives the most absorbed energy, and after that, the 2% sample starts to decrease
significantly, which can be due to the clumping of nanoparticles in It is epoxy, which can reduce the mechanical
properties of epoxy.

5. Modeling

The results of the analysis of the effect of impact on the volume sample of the composite with different
percentages of rosemary, cellulose and the combination of rosemary and cellulose have been presented with the
software. For this purpose, at first, the volumetric sample and the impact tool have been modeled. After modeling
the definition of the sample and its characteristics, a tensile test has been performed based on the sample, in which
the modulus of elasticity, yield stress, and ultimate stress of the test sample have been entered into the software.
The impactor hits the model with a speed of 3.46 m/s.

0015 0.03(m) %
— g
00075 0022

Figure 5. Example modeled in the Ansys software
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The analysis performed in the software is of the finite element type and static and dynamic analyzes are
performed based on the meshing performed. By changing the number and size of the elements by trial and error,
we reached a stage where the answers did not change with the smaller elements and there was a correlation between
the answers. In the following, the diagram related to the meshing sensitivity and also the amount of energy
absorbed for each of the samples according to the figure 6 is presented.

Mesh Sensivity Analysis

—8— Pure 1 Rosmary ---@--- 1.5 Rosmary 2 Rosmary
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= 0.100000 | g 3 $ 3
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0.000000
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Figure 6. Element meshing sensitivity diagram for samples with uniform distribution

As can be seen from the above diagram, there is no noticeable change in the answers obtained from the values
of more than 2500 elements. In Table 2, the numerical values obtained from the Ansys analysis are presented.

Table 2. Numerical values of the Ansys analysis
Weight percentage of nanoparticles

Sample Absorbed energy (J)
Pure 0.0917
0.5 0.1079
Nano Rosemary extract 1 0.1122
15 0.1410
2 0.1006
Pure 0.0917
0.5 0.1109
Nano cellulose 1 0.1038
15 0.1091
2 0.1053
Cellulose Rosemary extract Absorbed energy (J)
. 0.1 0.4 0.1034
Combination of nano cellulose 0.4 06 01163
and nano rosemary extract 09 06 01437
1.6 0.4 0.1082

6. Conclusion

In this study, it was shown that according to the 1zod impact tests and software modeling on samples made in the laboratory
with weight percentages (net, 0.5%, 0.1%, 1.5%, 2%) and the combination of cellulose nanoparticles and rosemary extract with
epoxy resin strengthens the obtained nanocomposite against impact and starts to resist fracture due to impact 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 2% sample, the resistance to failure due to impact decreased, the main reason of which can be due to the
weakening of the bond between the matrix and the nanoparticles, and finally Agglomeration of nanoparticles in the sample
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