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Fire-retardant phosphorus-containing silica gel modified particleboard 
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1Luleå University of Technology, Wood Science and Engineering, Skellefteå, Sweden  
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Particleboard from wood is widely used for furniture production and construction purposes. A challenge 
of using such a product in public buildings is its low fire resistance1. Various fire-retardant additives 
such as nitrogen phosphate salts and metal oxides have been suggested to enhance fire resistance of 
particleboard2. The bio-based phytic acid, which can be extracted from plant tissues such as nuts, 
oilseeds, and cereals, has recently caught attention for improving the fire-retardancy of cellulose-based 
material3, but due to its high acidity strength properties may be reduced. Herein, we propose a novel 
treatment of particleboards including by pre-treatment of the sawdust with an aqueous solution of phytic 
acid followed by sodium silicate to reduce acidity. Simultaneously, the acid catalyses the sodium 
silicate to form thermally stable silica-gel increasing the fire resistance.  

Particleboard was manufactured by spraying phytic acid solution (20 wt%) and sodium silicate solution 
(20 wt%) separately on sawdust based Norway spruce (particle diameter is 0.25~2 mm). Wet particles 
were then dried at 60°C for 1 day. Solid content of phytic acid/sodium silicate in the particles was 0%, 
6% and 9%. Mixture of 50 wt% of MUF prepolymer (Prefere 4639, Dynea AS, Norway) and 1 wt% of 
NH4NO3 (aq) was sprayed on the particles (12% solid MUF content in particleboard) before pressing at 
160°C for 15 min. The target particleboard thickness was 10 mm with a density of 800-900 kg/m3.  

The TGA result (Fig. 1a) showed that fire-retardant lowered the main decomposition temperature of 
particleboard and promoted the char residue at an elevated temperature. SEM-EDX analyses (Fig. 1b) 
showed the existence of elemental sodium, silicon, and phosphorus, which could refer to the formation 
of phosphorus-containing silica gel. Further characterization such as bending strength, Brinell hardness, 
thickness swelling under humid conditions, density profile, and FTIR will be presented.  

 

Figure 1: (a) TGA curves, (b) SEM-EDX spot analyses of 9% FR modified particleboard.  
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Bio-derived phytic acid, which can be 
extracted from plant tissues such as nuts, oil-
seeds and cereals, has recently caught 
attention for improving the �re-retardancy of 
cellulose-based material, but its high acidic 
properties needs to be reduced. 

A novel method for �re stable particleboards 
is presented including pre-treatment of the 
sawdust with an aqueous solution of phytic 
acid followed by sodium silicate to reduce 
acidity.  Simultaneously, the acid catalyses 
the sodium silicate to form thermally stable 
silica-gel increasing the �re resistance. 
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The result showed the potential of combing water glass 
and phytic acid to improve the �re-retardancy of the 
particleboard proved by the LOI result. Simultaneously, 
the mechanical properties of the �re-retardant particle-
board were not reduced signi�cantly. TGA indicated that 
the char residue was signi�cantly enhanced with loading 
of FR. Brinell hardness of the particleboard was increased 
probably due to the reinforcement of the formed 
silica-gel from water glass but the e�ect became not 
signi�cant at high loading of FR. 
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