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Fireproofing Technique of Wood Using Sodium Polyborate Solution
by

Isao Tsuvumoro * and Tomokazu Osmio **

A highly concentrated aqueous solution of sodium borate in the range 5.24mol/kg (20°C)-24.1mol/kg (80°C),
which is more than twice more concentrated than the most soluble known borate solutions, was prepared and applied
to the fireproofing agent of wood. This high concentration is due to the formation of polyborate ions. Wood speci-
mens of Japan cedar (Cryptomeria japonica) was pressure-impregnated with the solution at 120-190°C for 1 - 24h. The
most appropriate temperature was 150°C (474kPa) and the treatment for 1h. was sufficient for the impregnation.
Weight percent gains (WPGs) were increased with increasing the concentration of the borate solution, and this lead
to the decrease of weight loss (WL) when heated at 750°C for 20min in air. The specimens pressure-impregnated for
1h. using the solution containing 24mol/kg of boron achieved the WPG of 124% and the WL of 38%. The fireproofing
procedure was greatly simplified by using the new highly concentrated borate solution. The other kinds of wood
showed lower WPGs than Japan cedar because of the high density or the much resin. SEM and EDX observation indi-
cated that the sodium polyborate enrolled wood fiber by heating and intercepted oxygen and heat conduction. The
polyborate foam and carbonized layer also intercepted the heat conduction. This technique is also expected to be

applied to the fireproofing of laminated wood and particle board.
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Fig. 1 Relationship between WPG (Weight Percent Gain)
and treatment temperature of pressure impregnation
using the polyborate solution containing 5.2mol/kg
of boron. [ ] : 1h. with surfactant, 4 : 1h. without
surfactant, & : 24h. without surfactant.
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Fig. 2 Relationship between WPG and the concentration
of polyborate solution after pressure impregnation
for 1h. at 150°C with surfactant.
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Fig. 3 Relationship between WL (Weight Loss) after
heating at 750°C for 20min and WPG after pressure
impregnation for 1h. with surfactant. < : Treated
at 120~190°C using the polyborate solution of
5.2mol/kg, [ ] : Treated at 150°C using the solution
in the range 13.0~24.1mol/kg.
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Fig. 4 Relationship between WL and concentration of
polyborate solution used in the pressure impregnation
(150°C, 1h. with surfactant).
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Fig. 5 Relationship between WPG and relative density
of wood. The following kinds of wood were used:
Japan cedar (Sugi, Cryptomeria japonica), hinoki
cypress (Hinoki, Chamaecyparis obtusa), paulownia
(Kiri, Paulownia tomentosa), beech (Buna, Fagus
crenata), oak (Konara, Quercus serrata), pine
(Ezomatsu, Picea jezoensis), and zelkova (Keyaki,
Zelkova serrata).
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Fig. 6 Relationship between WL and WPG of each
kind of wood.
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Fig. 7 (a) SEM image and (b) X-ray image map of Na
of the wood fireproofed by the polyborate solution.
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