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Development and Performance of Lightweight High-Strength Particleboards
Made with Epoxidized Soybean Oil-Modified Polyurethane Adhesive
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Abstract: With the continuous development of the particleboard industry, its major applications have
expanded beyond traditional furniture panels to emerging markets such as wall panels, large-size
countertops, and tall door boards. These new applications impose higher requirements for low-density yet
high-strength particleboards. To address the structural characteristics of the surface and core layers in

three-layer particleboard, a synergistic double-layer polyurethane adhesive modification strategy with

Wk HIH: 2025-12-22; BSHIH: 2026-01-29

FEEIH AP G R TR 2 e s AR e 5 R DS R (2021 YFD2200603)
EZ A kA (1997—), T, [ -LHF5 4. Email: zhangjiecaf@163.com

EIREE: W2, &, B G. Email: gaoli@caf.ac.cn



52 1

K AR HETBRSR B i SR R PR ) A o e R A E AR PR RE S

33

epoxidized soybean oil and isocyanate was proposed. Three-layer particleboards with target densities of
0.50, 0.55, and 0.60 g/cm?® were manufactured from poplar (Populus sp.) particles of different geometries.
In the control group, both the surface and core layers were bonded with polymeric methylene diphenyl
diisocyanate (pMDI). In the development group, the surface layer was bonded with a high-strength
epoxidized soybean oil-modified polyurethane adhesive (EPA), while the core layer was bonded with a
lightweight foamable polyurethane adhesive (FPU). The mechanical properties, including modulus of
rupture (MOR), modulus of elasticity (MOE), and internal bond strength (IB), as well as the 24 h
thickness swelling and water absorption, were evaluated. In addition, scanning electron microscopy
(SEM) was used to examine the microstructure and adhesive distribution in the panels, so as to elucidate
the mechanisms by which the adhesives regulated panel performance. The results showed that, at all three
low-density levels, the modified particleboards achieved a synergistic improvement in both weight
reduction and performance enhancement. In particular, the modified particleboards with a density of
0.55 g/em?® (10% adhesive content and gradient hot pressing at 190 °C) exhibited MOR, MOE, and IB
values of 12.33 MPa, 1 710 MPa, and 0.54 MPa, respectively, meeting the requirements for Type P2
particleboard specified in the Chinese national standard GB/T 4897—2015 Particleboard. Microscopic
observations revealed that a three-dimensional porous cross-linked network was formed in the core layer
of the modified particleboards, which was the key to achieving both low density and high strength.
Overall, the synergistic double-layer pMDI-based adhesive modification strategy not only reduced pMDI
consumption, but also improved the overall performance of the particleboards, thereby providing a
feasible technical route for manufacturing lightweight high-strength particleboards.

Key words: lightweight high-strength particleboard; epoxidized soybean oil; foamable polyurethane

adhesive; isocyanate adhesive; 3D porous crosslinked network
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Fig.4 Curing behavior of FPU under room temperature and heating at 175 °C
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