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Abstract: Conventional sugarcane bagasse particleboard (SBP), a widely studied and low-cost biomass
composite derived from sugar-industry residues, faces two interrelated challenges: weak interfacial
bonding and inherent trade-offs among mechanical performance, thermal conductivity, and sound
absorption. To overcome these limitations, this study proposed a synergistic interface-structural design
for fabricating a novel bamboo/wood-reinforced sugarcane bagasse particleboard (BWSBP). The
BWSBP consisted of a core layer of alkali-pretreated sugarcane bagasse particles and bamboo-wood
composite reinforcement layers, each comprising a 1.0-mm-thick Moso bamboo mat sandwiched
between two 1.3-mm-thick poplar veneers. The effects of face-layer reinforcement, NaOH pretreatment
of bagasse particles, core mat structure and core density on BWSBP performance were investigated. The
inherent strengthening mechanism was explicitly elucidated via a multi-method characterization
framework, including scanning electron microscopy (SEM) for interfacial morphology observation,
digital image correlation (DIC) for full-field bending strain distribution analysis, and vertical density
profile (VDP) testing for through-thickness density gradient quantification. The results showed that
NaOH pretreatment of bagasse particles improved the interfacial bonding strength and flexural properties
of SBP. However, the modified SBP still failed to meet the requirements for P2-type particleboard
stipulated in GB/T 4897—2015 Particleboard. After introducing the bamboo/wood composite
reinforcement layers, the modulus of rupture (MOR), modulus of elasticity (MOE), internal bond strength
(IB), and 24-h thickness swelling rate (TSR) of BWSBP were all significantly superior to those of SBP (P
<0.001). In the core-layer mat, fine-particle furnish was more conducive to enhancing stiffness, whereas
coarse-particle furnish was more effective in increasing ultimate load-bearing capacity. A layered
configuration featuring fine particles in the outer regions and coarse particles in the core achieved an
integrated optimization of strength, stiffness, and dimensional stability. The DIC and VDP results
demonstrated that BWSBP formed a interfacial stress-transfer structure with a gradual transition from
high-density face layers to a low-density core. The face layers sustained most of the bending stress and
effectively delayed the failure progress of the core, constituting the key mechanism underlying the
enhanced performance. Under the conditions of this study, sugarcane bagasse was pretreated with 0.25%
(mass fraction) NaOH solution at 50 °C for 1.5 h. The mat was then laid in layers, with fine particles in the
surface layers and coarse particles in the core layer, to prepare a BWSBP with a density of 0.64 g/cm?® and
a thickness of 18 mm. The resulting board exhibited MOR, MOE and IB values of 80.2 MPa, 8.6 GPa and
0.97 MPa, respectively, and a 24-h TSR of 4.2%. These values all exceeded the requirements for heavy-
duty P4-type particleboard intended for use under dry conditions, as stipulated in GB/T 4897—2015.
Meanwhile, its average thermal conductivity was only 0.142 W/(m-K), and average sound absorption
coefficient over the frequency range of 200~1 600 Hz was 0.106, effectively retaining the thermal
insulation and sound absorption characteristics of bagasse and demonstrating promising potential for
thermal and acoustic insulation applications. The high performance of BWSBP resulted from the
synergistic effects of interface-structural optimization, mat-structure configuration, and density
distribution, providing a new interface-structural synergistic design approach for developing load-bearing
panels from agricultural and forestry residues.

Key words: sugarcane bagasse particleboard; bamboo-wood composite reinforcement layers; alkali

pretreatment; core layer mat structure; density gradient; mechanical properties
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Fig.1 Size distribution of sugarcane bagasse particles
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Fig.2 Bamboo/wood-reinforced sugarcane bagasse
particleboards
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Fig.3 Hot pressing process curve for
sugarcane bagasse panels
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Tab.1 Density and equilibrium moisture content of

the composite panels with different face layers

and core structures

5% REHE bgrgf fz ] T
(grem ™)
SBP-F-0.5 x 0.50 0.50 (0.02)  13.90 (0.05)
SBP-C-0.5 x 0.50 0.50 (0.02)  14.38 (0.26)
SBP-M-0.5 7 0.50 0.49 (0.03)  13.53 (0.69)
SBP-L-0.5 x 0.50 0.47 (0.03)  13.01 (0.91)
BWSBP-F-0.5 77/A%55 0.50 0.54 (0.02)  9.73 (0.23)
BWSBP-C-0.5 /AR $E54% 0.50 0.55(0.01)  13.05 (0.79)
BWSBP-M-0.5 F7/A #4535 0.50 0.54 (0.01)  10.74 (0.35)
BWSBP-L-0.5 ¥J/AIE5% 0.50 0.56 (0.01)  11.30 (0.27)
BWSBP-L-0.4 /A58 0.40 0.46 (0.02)  14.55 (1.60)
BWSBP-L-0.6  7T/A455 0.60 0.64 (0.01)  9.58(0.17)
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alkali pretreatment conditions
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Fig.5 Effect of alkaline pretreatment under different conditions on properties of mixed-formed SBP
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Tab.2 Comparison of key properties of the sugarcane bagasse particleboards developed in this study

with other bagasse particleboards
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