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Abstract

Problem definition and objectives: In recent decades, deforestation and diminishing natural
wood supplies have significantly impacted the wood panel industry. At the same time, increasing
demand for wood-based panels and rising health and environmental concerns regarding
formaldehyde emissions from synthetic adhesives have created an urgent need for sustainable
alternatives. Among various agricultural residues, date palm trunks rich in lignocellulosic
compounds and abundantly available in arid regions like southern Iran offer a promising raw
material for developing environmentally friendly, binderless particleboards. This study aims to
fabricate such panels without using synthetic resins, relying on self-bonding mechanisms activated
under controlled hot-pressing conditions. It employs Response Surface Methodology (RSM) using
a Box—Behnken design to systematically examine the effects of pressing parameters on final
product performance.

Methodology: Date palm trunks were sourced, debarked, and flaked using a ring flaker
machine. Flakes were conditioned to three initial moisture levels: 25%, 50%, and 75%. The mats
provided from flakes, were then hot-pressed at three target densities (650, 750, and 850 kg/m?), at
pressing temperatures of 180°C, 190°C, and 200°C, and for durations of 5, 10, and 15 minutes.
Mechanical tests included Modulus of Rupture (MOR), Modulus of Elasticity (MOE), and Internal
Bond Strength (IB); physical properties such as density, water absorption, and thickness swelling
were also assessed. All tests followed DIN EN standards, and data analysis and model
optimization were performed using Minitab and Design Expert software.

Results: Panel density ranged from 648 to 1206 kg/m?*. Increasing press temperature and target
density significantly reduced water absorption and thickness swelling, with the lowest values
observed at 200°C and 900 kg/m®. Water absorption dropped to 62%, and swelling to 269%,
demonstrating the crucial role of pressing conditions in panel dimensional stability. The internal
bonding strength reached up to 0.32 MPa, MOR up to 11.8 MPa, and MOE peaked at 2989 MPa.
These results indicate that some panel configurations met the P2 type requirements of industrial
standards for dry interior applications.
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Conclusion: The study confirms the feasibility of manufacturing binderless particleboards from
date palm trunk residues using optimized hot-pressing conditions. These panels exhibited
acceptable mechanical and physical properties for interior use, without relying on synthetic
adhesives. This method supports sustainable agricultural residue utilization, reduces environmental
pollution from synthetic resin (especially formaldehyde-based resins), and provides economic
value to arid rural regions. Future research should investigate the incorporation of surface
treatments, chemical pretreatments, or hydrophobic agents to further enhance panel performance
and moisture resistance.

Keywords: Binder-less panel, date palm, hot pressing, self-bonding mechanism, mechanical
properties.
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