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Avrticle Info ABSTRACT

Article type: Background and Obijectives: The particleboard industry plays a
Full Length Research Paper  significant role in construction and interior decoration, with urea-
formaldehyde (UF) adhesives widely employed due to their cost-
effectiveness. However, formaldehyde emissions from UF-bonded

Article history: particleboards pose serious environmental and health concerns, including
Received: 11.17.2025 respiratory irritation and potential carcinogenic effects. Recent research has
Revised: 01.03.2026 focused on incorporating formaldehyde-scavenging additives, such as
Accepted: 01.21.2026 semicarbazide and aminopropyltriethoxysilane (APTES), to mitigate

emissions from finished products. This study investigates the effects of
semi-carbazide and APTES on formaldehyde emission rates and the

Keywords: physical, mechanical properties of particleboards manufactured using UF
Carbazide poisoning, resins produced by Shiraz and Samed Adhesives Companies.

Formaldehyde gas

emissions, Materials and Methods: Particleboards were fabricated using a blend of
Saf_ned glue, coarse and fine wood chips (60:40 ratio), UF adhesives from Shiraz and
Shiraz glue Samed Mashhad companies, a hardener, and varying concentrations of

additives: semi-carbazide (1.0 and 1.5 g per kg of dry wood) and APTES
(2%, 4%, and 6% by weight of adhesive solids). The dried wood chips
were thoroughly mixed with the adhesive system and additives, then
hot-pressed at 190 °C under controlled pressure to produce boards with a
target density of 0.70 g/cm? and thickness of 16 mm. After a two-week
conditioning period under standard climate conditions (20 °C, 65% relative
humidity), the boards were evaluated for modulus of rupture (MOR),
modulus of elasticity (MOE), internal bond strength (IB), formaldehyde
emission (per EN 717-3), water absorption (2 h and 24 h), thickness
swelling (2 h and 24 h), and microstructural characteristics using scanning
electron microscopy (SEM) and Fourier-transform infrared spectroscopy
(FTIR).
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Results: Particleboards bonded with Shiraz UF resin generally exhibited
superior mechanical performance compared to those using Samed Mashhad
resin, demonstrating higher MOR, MOE, and IB values in control
specimens. Among Shiraz resin formulations, the addition of 1.0 g/kg
semi-carbazide yielded the highest MOR, while 1.5 g/kg provided the
greatest IB and MOE. For APTES-modified Shiraz resin, a 2%
concentration produced optimal MOR, 1B, and MOE. Shiraz-based boards
also showed the lowest water absorption and thickness swelling after both
2 h and 24 h immersion, with the exception of 2 h water absorption, where
Samed Mashhad resin with 6% APTES performed best. After 24 h,
however, Shiraz resin with 6% APTES exhibited the lowest water uptake.
Formaldehyde emissions were consistently lower in Shiraz resin boards,
with the most significant reductions observed at 1.5 g/kg semi-carbazide
and 2% APTES. SEM micrographs revealed enhanced interfacial adhesion
and structural homogeneity in APTES-modified boards, while FTIR
spectra confirmed the formation of robust chemical bonds, including C=0,
N-H, C-H, and Si—O-Si groups, between the adhesive matrix and wood
particles, explaining the improved performance.

Conclusion: The optimal mechanical properties, specifically the highest
MOR and IB, were achieved with Shiraz UF resin modified with 2%
APTES, whereas the control Shiraz formulation yielded the highest MOE.
Regarding dimensional stability, the lowest 2 h water absorption occurred
in Samed Mashhad resin with 6% APTES, while the lowest 24 h water
absorption and thickness swelling were observed in Shiraz resin with 6%
and 2% APTES, respectively. For emission safety, Samed Mashhad resin
with 6% APTES exhibited the lowest formaldehyde release. Microstructural
analyses (SEM and FTIR) corroborated these findings, demonstrating that
APTES promotes superior interfacial bonding and chemical compatibility
between the adhesive and wood substrate through silane-mediated
crosslinking.
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Table 1. Urea formaldehyde adhesive specifications.
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Table 2. F value and significant difference in mechanical and physical strength of particleboard.
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