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Article Info ABSTRACT

Article type: Background and objectives: Considering the increasing attention to

Full Length Research Paper  composites in various industries, the investigation and improvement of the
mechanical and thermal properties of these materials have become particularly

Article history: important. Given the environmental problems caused by the use of synthetic
Received: 23 August 2025 materials, the use of natural and renewable materials such as spruce wood flour
Revised: 18 October 2025 in combination with a polymer such as recycled polyethylene can be an
Accepted: 22 November effective solution for producing sustainable and environmentally friendly
2025 ) materials. This research aims to investigate the effect of mixing temperature
Published online: 20 March . . .
2026 on the mechanical and thermal properties of the composite made from spruce
wood flour and recycled polyethylene. Temperature, as one of the key
Keywords: parameters in the composite production process, can have a significant impact
Flexural modulus, on the physical, mechanical, and thermal properties. In this regard,
flexural strength, investigating the effect of temperature on their mechanical and thermal
recycled polyethylene, behavior of this composite can help develop new products and improve their
residual ash, performance in various industries.

spruce wood flour. ]
Methodology: The use of wood flour as a natural and renewable material,

along with recycled polyethylene, can contribute to the development of green
and sustainable products. For this purpose, polyethylene (at a constant level of
50%), spruce wood flour (at a constant level of 50%), injection molding
temperature (150, 170, and 190 degrees Celsius), and maleic anhydride grafted
polypropylene (at a constant level of 3%) were mixed together using a twin-
screw extruder. In this study, standard test specimens were made using the
injection molding method. Mechanical properties including tensile and flexural
strength, tensile and flexural modulus, as well as notched impact resistance
were measured and evaluated. In addition, the thermal and flammability
properties of the samples were also investigated.

Results: The results showed that increasing the press temperature from 150 to
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190 degrees Celsius significantly increased the tensile and flexural strength
and modulus of the samples. Specifically, the notched impact resistance
decreased by 8, 9.3, 7.5, 4.6, and 3.0 percent, respectively. These changes
indicate the effect of temperature on the mechanical behavior and ability of
this composite to withstand various loads. In addition, with increasing injection
temperature, the thermal stability did not change much, and the amount of
residual ash was 10.96, 10.96, 11.92, and 0.56 percent, respectively. These
results indicate that even with temperature changes, the thermal stability of the
composite is not significantly affected, and the amount of residual ash remains
constant.

Conclusion: The results of this research show that the mixing temperature
directly affects the mechanical and thermal properties of the composite made
from spruce wood flour and recycled polyethylene. Increasing the temperature
can help improve the final performance of these types of composites in various
applications, including packaging and the automotive industry. Choosing the
right temperature and material composition can lead to the development of
products with desirable characteristics and high performance. Overall, this
research emphasizes the importance of temperature in the design and
optimization of composites and can be used as a scientific basis for the
development of new and sustainable materials in the future. Future studies
could include a more detailed evaluation of the effects of temperature on other
physical and chemical properties of this composite to gain a better
understanding of their behavior under different conditions.
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Table 1- Characteristics of Polyethylene grafted with maleic anhydride

Amount of bonded anhydride (wt%)

Density (gr/cm?)

Melt flow index (g/10min)

1

0.965 7
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Table 2- Percentage of composite components in different treatments

Treatment Wood flour Polyethylene MAPP (phe) Injection
number (phc) (phce) temperature
1 50 50 3 150
2 50 50 3 170
3 50 50 3 190
4 0 100 0 -

Phc: Per hundred component
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Table 3- Analysis of variance (F value and significance level) of the effect of injection press temperature on resistances

Construction variables

F-value and significance level

Flexural strength (MPa)
Flexural modulus (MPa)
Tensile strength (MPa)
Tensile modulus (MPa)
Impact resistance (J/m)

Limited Oxygen Index (%)

F=3.982, ns
F=61.949, *
F=9.931, *
F=90.300, *
F=15.694, *

F=302.001, *
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Figure 1. Independent effect of pressing temperature on flexural strength (a) and flexural modulus (b)
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Table 4. Thermal analysis of wood plastic composite

g~ Z —~ -2 —~ Destruction temperature (TD) Residual
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Treatment 8 E z E z E (/.) percentages (ZRW) 600°C
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number s 5 =& SE 20% 40% 60% 80%
=2 EZ E:2
£E ¥8 E8
1 150 295 318 453 358 462 477 493 10.96
2 170 294 317 453 358 461 474 494 10.96
3 190 291 311 451 347 460 477 493 11.92
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Figure 5. Effect of press temperature on thermogravimetric analysis
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