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Abstract

This article investigates the impact of recycling on the thermal and mechanical
properties of composites made from ash wood flour and recycled polyethylene. Given
the growing concerns about environmental pollution and the necessity of material
reuse, this research analyzes the effects of recycling on the physical and functional
characteristics of these composites in packaging applications. Samples were prepared
with varying ratios of wood flour and polyethylene, and thermal properties such as
glass transition temperature, along with mechanical properties including tensile
strength and hardness, were measured. The results indicated that an increase in the
number of recycling cycles negatively affected tensile strength, tensile and flexural
elastic modulus, and impact resistance, showing reductions of 21.9%, 25.4%, 30.3%,
27.9%, and 23.1%, respectively. However, thermal stability remained relatively
unchanged, with residual charcoal content measured at 9.96%, 9.36%, 8.16%, and
7.76%. This study could contribute to the development of environmentally friendly
packaging materials and provide new opportunities for utilizing recycled materials in
various industries. The findings underscore the need to balance the benefits of recycling
with its negative impacts on mechanical properties, serving as a guide for designing
sustainable packaging materials in the future.
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1- Introduction

In recent years, public awareness regarding the
environmental issues caused by the widespread use
of plastics has significantly increased. Due to their
durability and long-lasting presence in the
environment, plastics have resulted in substantial
waste and pollution. This situation has led to global
efforts aimed at reducing plastic consumption and
replacing it with sustainable and biodegradable
materials [2].

One of the innovative measures in this area is the
development of new composites that can serve as
alternatives to traditional plastics. These composites
are typically made from a combination of natural
and biodegradable materials such as starch,
cellulose, and plant fibers, along with other
substances. Such combinations can provide
desirable mechanical and physical properties while
also being capable of naturally decomposing in the
environment [4].
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The use of such packaging not only contributes to
the reduction of plastic waste but also provides good
mechanical and physical properties. Furthermore,
these materials can help decrease reliance on
petroleum resources and reduce environmental
pollution. Statistics indicate that millions of tons of
plastic enter the environment each year, a
significant portion of which reaches seas and
oceans, resulting in irreversible consequences for
marine life and ecosystems [1].

Recycling is recognized as a key strategy for
reducing waste and conserving natural resources.
Through recycling, existing materials can be reused,
thereby decreasing the demand for new raw
materials [3].

Wood flour combined with polyethylene is
recognized as a sustainable option in the packaging
industry. Wood flour, particularly from species such
as aspen, possesses desirable mechanical and
thermal properties that can enhance the performance
of polyethylene [5].

This research focuses on optimizing the
combination of wood flour with polyethylene and
its impact on the thermal and mechanical properties
of the composites. The use of innovative methods
can significantly enhance the mechanical and
thermal properties of these composites while
increasing their recyclability [6].

However, there are challenges as well, including the
variability in the properties of wood flour, which
can negatively affect the final performance of the
composites [7].

The results of this research could contribute to the
development of sustainable and environmentally
friendly packaging materials, examining the effects
of various mixing ratios and recycling processes on
the performance of these materials.

2- Research Methods

This research examines the challenges of managing
urban waste and the lack of information regarding
the raw materials of disposable containers. Due to
inadequate waste segregation and insufficient

information from suppliers, it was decided to
produce recycled polyethylene in the laboratory
instead of collecting used milk bottles. Heavy
polyethylene with a density of 0.956 g.cm= was
sourced from Arak Petrochemical Company and
was melted and granulated using a twin-screw
extruder at a temperature of 180 °C and a speed of
100 rpm. This process was repeated three times to
obtain the recycled sample, after which its melt flow
index was measured.

Ash wood flour was used as a powdered
reinforcement in the polymer matrix. The wood
flour was sourced from a furniture manufacturer and
was sifted with mesh sizes of 60 and 70. It was then
placed in an oven at 100 °C for 24 hours to reduce
moisture content to 2%. Additionally, maleic
anhydride grafted polyethylene (MAPE) with a
purity of 98% was utilized as a compatibilizing
agent.

The mixing of polyethylene, wood flour, and the
compatibilizer was conducted in specified weight
ratios at the Polymer and Petrochemical Research
Institute of Iran. After exiting the extruder, the
materials were cooled and converted into granules
using a grinding machine. To prepare standard test
samples, the granules were transferred to an
injection molding machine. Various temperatures
were set for the injection cylinder and mold, with an
injection pressure of 80 MPa. After cooling the
mold, the samples were prepared for tensile,
flexural, and impact tests.

Mechanical properties, including flexural strength,
impact resistance, and tensile strength, were
examined using laboratory equipment in accordance
with ASTM standards. The samples were
conditioned for two days at 23 °C and 50% humidity
before testing. In this study, different levels of
recycled polyethylene were investigated at four
levels (0, 1, 2, and 3 times recycling). Each
treatment was executed with three replicates, and a
factorial design within a completely randomized
layout was employed. Statistical analyses were
conducted using SPSS wversion 16, and the
significance of the treatment means was assessed
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using Duncan's multiple range test at a 95%
confidence level.

e —

Figure 1: Manufactured Test Samples

3- Results

This research investigated the effect of the number
of recycling cycles of polyethylene on the
mechanical and thermal properties of wood-plastic
composites. The results indicated that the melt flow
index of polyethylene increased from 20 g/10 min
for virgin polymer to 21.54, 22.22, and 22.76 g/10
min after one, two, and three recycling cycles,
respectively. The analysis of variance results also
demonstrated a significant impact of the number of
recycling cycles on tensile strength, tensile elastic
modulus, flexural strength, and flexural modulus.

With an increase in the number of recycling cycles
up to three times, both tensile strength and tensile
elastic modulus significantly decreased. The highest
tensile strength was observed in virgin polyethylene
(32.63 MPa), while the lowest value was noted after
three recycling cycles (26.77 MPa). This reduction
is attributed to the degradation of chemical bonds
and a decrease in molecular weight during the
recycling processes. Additionally, impurities and
additives present in the polymer also contribute to
weakening the structure and reducing tensile
strength.

The effect of the number of recycling cycles on
flexural strength follows a similar trend. As the
number of recycling cycles increases, both flexural
strength and modulus significantly decrease. The
highest flexural strength was recorded for pure

polyethylene (36.45 MPa), while the lowest was
observed after three recycling cycles (27.97 MPa).
This decline is due to damage to the molecular
structure and a reduction in the length of polymer
chains during the recycling processes.

The results indicate a negative impact of the number
of recycling cycles on the impact resistance of
notched specimens. As the number of recycling
cycles increases, the impact resistance significantly
decreases. The highest impact resistance was
recorded for pure polyethylene (37.46 j.m-1), while
the lowest was observed after three recycling cycles
(30.42 j.m-1). This reduction is due to damage to the
polymer structure and weakness in the bonding
between wood particles and the polymer. Regarding
the limited oxygen index, the analysis of variance
showed that the effect of the number of recycling
cycles is not significant at a 95% confidence level.
However, as the number of recycling cycles
increases, the limited oxygen index decreases,
which is attributed to the degradation of the polymer
structure and reduced fire resistance.

Thermogravimetric analysis showed that as the
number of recycling cycles increases, the residual
ash content decreases. In this study, no significant
differences were observed in the degradation
temperatures of the different samples. The residual
ash content in the samples was 9.96%, 9.36%,
8.16%, and 8.76%, respectively.

The results of this research indicate that with an
increase in the number of recycling cycles, both the
mechanical and thermal properties of wood-plastic
composites decline. This should be taken into
account in recycling processes and the reuse of
recycled polymers. To maintain desirable
properties, there is a need for additives and
appropriate methods to reinforce the structure of
recycled polymers.
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Table 1: Analysis of Variance (F-value and Significance Level) for
the Effect of Structural Variables on Resistances

Structural F-value and Significance
Variables Level
Tensile Strength 75.879"
Tensile Elastic x
Modulus 57.665
Flexural Strength 53.312"
Flexural Modulus 27.197"
Impact Resistance 51.476"
Limited Oxygen 2 8231

Index

4- Conclusion

This research examined the impact of recycling on
the thermal and mechanical properties of aspen
wood flour and polyethylene composites. The
results indicate that with an increase in the number
of recycling cycles, the mechanical properties of
these composites significantly decrease, with
reductions in tensile and flexural strength and
impact resistance by 21.9%, 25.4%, 30.3%, 27.9%,
and 23.1%, respectively. Meanwhile, thermal
stability remains relatively unchanged, and the
residual charcoal content in the samples indicates a
relative thermal stability. Thermogravimetric
analysis showed no significant differences in the
degradation temperatures of the samples. The
findings highlight the importance of optimizing
recycling processes to maintain the quality of
recycled materials and enhance their performance,
underscoring the need for further research in this
area.
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