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ABSTRACT

This study was conducted to examine the functionality of the fire retardant treated wood. The hygroscopic property, 

leaching resistance, metal corrosive efficacy and gas toxicity of retardant treated wood were analyzed. Sodium silicate 

was penetrated to the wood for making fire retardant treated wood. The subsequent treatment agents such as boric acid,

ammonium borate, di-ammonium phosphate were treated after sodium silicate treatment due to fixation. As results for

the test, the leaching resist was improved by subsequent treatment. The fire retardant combination such as sodium sili-

cate, boric acid and di-ammonium phosphate showed high hygroscopic property, metal corrosive efficacy. The gas tox-

icity was also satisfied KS standard.
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1. INTRODUCTION1)

  Nowadays the amount of wood has been in-

creased in Korea because of the interest in 

healthy life and recreation. The use of soluble 

alkaline silicates has been used for detergents, 

water purification, adhesives, etc. In the field of 

fire retardation, alkaline silicate was also used 

in non-flammable agents. To make fire retardant 

treated wood, authors used soluble alkaline sili-

cates penetrated to the wood. For the make in-

soluble silicate in the wood, the subsequent 

chemicals were treated after main treatment. 

Fire performance materials in Korea are classi-

fied into three categories: noncombustible mate-

rial, quasi-non-combustible material, and fire-re-

tardant material. Authors developed fire re-

tardant methods which satisfied Korean fire-re-

tardant material standard (Son et al., 2012). 

However, in many cases, the silicate-based treat-

ment could be leached from the wood by ex-

posure to environmental water and moisture. 

Treated wood loses its resistance against fire ac-

tion because of its chemical losing. Furthermore, 

fire retardants could be increasing the EMC, 

leading to poorer dimensional stability and in-

creased susceptibility to microbiological attack. 

Sometimes the retardants salts make metal cor-
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rosion at the treated wood.  

  There was a series of efforts to resolve the 

shortcomings of these flame retardants. The ad-

dition of water-repellent agent is able to reduce 

hygroscopicity. Baysal et al. (2006) reported 

that the physical restriction of water access in 

wood by impregnating water repellent agents in-

to wood to limit amount of leachant and water 

absorption levels of wood after boron treatment. 

Borates were incorporated with polyethylene-

glycol-400 (PEG-400), and their bulking effect 

in wood was considered (Baysal et al., 2006). 

Harada et al. (2007) examined whether the ce-

ramic coating promotes the fire performance of 

fire-retardant-impregnated wood. The weather 

ability of the developed material was also inve-

stigated. The ceramic coating was resistant to 

light and moisture (Harada et al., 2007). The 

weather ability and combustibility of fire re-

tardant-impregnated wood during accelerated 

weathering for up to 2000 h were also evaluated. 

The ability of coating to retain fire-retardant 

chemicals against leaching was also examined 

by using four coating systems. The maximum 

duration of accelerated weathering to keep this 

retention was 250 h for the uncoated specimens, 

but increased to over 1000h for pigmented coat-

ings (Harada et al., 2009).

  Influence on the physical properties of the 

substrate treated flame retardant was also inve-

stigated. The surface roughness of plywood treat-

ed with various fire retardants was investigated. 

Commercially manufactured venner of Akaba 

wood was treated with borax, boric acid, mono-

ammonium phosphate and diammonium phos-

phate, then experimental plywood panels were 

made from these veneer sheets. Results revealed 

that the surface quality of the panels reduced 

with increasing chemical concentration (Ayrilmis 

et al., 2006). The ability of termites to attack 

solid wood and plywood treated with quaternary 

ammonia compounds and common fire retar-

dants was also evaluated (Terzi et al., 2011).

  In this study, we examined whether the fire 

retardants treated wood which treated with solu-

ble silicate and salts promotes the material per-

formance of fire-retardant-impregnated wood. 

2. METERIARS AND METHODS

2.1. Wood Specimens

  Japanese pine (Pinusdensiflora) was used for 

the production of fire retardant treated wood. 

The size of specimens for the determination of 

weight percent gains and the fire-resistance tests 

were 100 × 100 × 10 mm.

2.2. Flame Retardants

  Water-glass solution (sodium silicate) was used 

as flame retardants. The water glass was diluted 

with water to the concentration as 30, 50% for 

main retardants. The chemicals for subsequent 

were selected as reactants: boric acid, ammo-

nium borate di-ammonium phosphate.

2.3. Wood Impregnation 

  The fire retardants treatment were two steps, 

1) the sodium silicate (30, 50%) was treated for 

main retardants. 2) Boric acid (3%), di-ammo-

nium phosphate (3%), ammonium borate (3%) 

was treated by vacuum (78 kPa, 30 minute), 

pressure (18 kg/cm
2
, 2 hour) respectively.
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Abbreviations Flame retardants Abbreviations Flame retardants

SS30 Sodium silicate 30% SS50 Sodium silicate 50%

SS30 + BA3
Sodium silicate 30%,

Boric acid 3%
SS50 + BA3

Sodium silicate 50%,

Boric acid 3%

SS30 + AP3
Sodium silicate 30%,

di-ammonium phosphate 3%
SS50 + AP3

Sodium silicate 50%,

di-ammonium phosphate 3%

SS30 + AB3
Sodium silicate 30%,

ammonium borate 3%
SS50 + AB3

Sodium silicate 50%,

ammonium borate 3%

Table 1. Composition of flame retardants

2.4. Leaching Resistance Test

  Specimens were located in the 100 ml beaker, 

stirred by distilled water from 1 hr to 24 hr. 

After the test, Si concentration was analyzed 

with ICP. 

2.5. Moisture Absorption Test

  Specimens of fire retardant treated wood were 

allowed to absorb moisture at 97% RH and 40 

°C for 2 days. The moisture-excluding efficien-

cies were determined by the moisture uptakes 

and the volumetric changes of the specimens. 

2.6. Metal Corrosion Test

  The two nail drive down the wood which 

treated fire retardants or not. 

  The specimens were kept to the desiccator 

which werepotassium sulfate in saturated aque-

ous solution, maintain temperature 40°C, relative 

humidity 97% after 10 days the nails’ weights 

were measured. 

2.7. Weathering Test

  The weathering experiment was performed by 

cycles of UV-light irradiation for 2 h followed 

by a water spray for 18 min in an accelerated 

weathering test cycle chamber (ATLAS G300+ 

Xenon Weather-Ometer). The average irradiance 

was about 0.35 W/m
2
 and the temperature in the 

chamber was approximately 70°C. The samples 

of each treatment were run for 500 hr. In order 

to simulate natural weathering, samples were ex-

posed not only to UV irradiation but also to a 

water spray systems in this study.

  After the experiment, color differences of all 

samples were measured by Konica Minolta 

Spectro photometer CM-700d.  

2.8. Gas Toxicity

  Gas toxicity of fire retardant treated wood 

was analyzed according to KS F 2271

3. RESULTS AND DISCUSSION

  The flame retardants treated wood samples 

were soaked at distilled water from 1 hr to 24 

hr which stirred during the test. Fig. 1 shows the 

result of the leaching test. The Si concentration 

of the leachate was analyzed. The Si concen-

tration was increased with increasing sodium sil-

icate concentration in the retardants. There was 
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Fig. 1. Si concentration after leaching test. Fig. 2. Moisture absorption rate of FRT.

leaching of Si more from wood treated with a 

high concentration sodium silicate alone process. 

As time increases, a decrease in Si leaching by 

the secondary treatment was further increased. 

But the concentration of sodium silicate wash-

igh, leaching effect of the secondary treatment 

was not high. It was considered that the concen-

tration of the secondary treatment chemical was-

low, there was a limit to the amount of sodium 

silicate which can be coupled into the timber. 

But the formulation which silicate combine sub-

sequent acid chemicals reduced the Si leaching. 

Most leaching resistance formulation was a 

group of soluble silicate following ammonium 

borate treatment. Baysal et al. (2006) results in-

dicated that the amount of leachates from wood 

treated with borates in PEG-400 was remarkably 

higher compared to those of wood treated with 

the aqueous solutions of borates. This result, 

there were differences in approach between the 

findings of the authors by fixation research re-

sult of increased resistance to water, so as to 

suppress leaching, but it was possible to achieve 

the same results.

  Fig. 2 shows the result of the moisture ab-

sorption test. This experiment was obtained by 

measuring the increase in weight on specimens 

for 2 days in saturated steam.

  The absorption rate was calculated based on 

increasing weight of specimens mass after ab-

sorption test. Absorption ratio was calculated 

from absorption rate of each treated samples 

divided with that of untreated wood.

  The absorption ratio of flame retardants treat-

ed wood was 1.5∼1.9. Baysal et al. (2006) re-

ported that borates extensively attracted water 

being 50% higher than untreated control speci-

mens (154%) after 120 h soaking when based 

on initial weight of the specimens. They ob-

served that water repellents treatments after bo-

rates considerably reduced the water absorption 

(Baysal et al., 2006). Harada et al. (2007) re-

ported that the coating methods could help the 

water resistance. They suggest this coating meth-

od could be good methods for board. However 

it considers that this method is difficult to rep-

resent the long-term effects. 

  The hygroscopic property is increased by 

treatment of the flame retardant sodium silicate, 

fixing treatment was able to reduce the hygro-

scopicity.

  Fig. 3 shows the result of metal corrosion test. 
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Fig. 3. Metal corrosion efficacy of FRT.

Fig. 4. Color difference of FRT after weathering test.

Retardants
Movement stop time 

of mouse (First test)

Movement stop 

time of mouse 

(Second test)

SS50 14 m 20 s 14 m 00 s

SS50 + Ba3 14 m 57 s 14 m 17 s

SS50 + DP3 14 m 38 s 13 m 56 s

SS50 + AB3 13 m 50 s 13 m 15 s

Table 2. Gas toxicity test of flame retardants

The metal corrosion test was consisted of two 

nail down to one treated wood. After the test 

periods, the nails were cleaned and weighed. 

Compare to the nail mass of untreated wood 

samples, corrosion ratio was calculated. The 

maximum value was 0.18 compared to untreated 

corrosion of iron.It is considered fixed effects, 

and resulted in the effect of reducing the mois-

ture absorption, reducing the corrosion of iron 

in the wood of the flame retardant. Rossi et al. 

(2007) reported iron corrosion test results as 

flame retardants of two phosphoric acid. They 

evaluated the corrosion behavior of aluminum 

and steel alloys in contact with two fire re-

tardants using electrochemical measures. In these 

solutions the corrosion rate of aluminium is low 

whereas steel alloy shows a moderate corrosion. 

Corrosion of iron from the fire wood is related 

to the durability, it is a very important factor of 

flame retardant treated wood. 

  Fig. 4 shows the result of the accelerated 

weathering test. The accelerated weathering test 

of the treated wood was conducted with xenon 

weather test during one month. 

  After the weathering test, treated wood didn’t 

show the mass loss and physical damage. The 

value of L was increased and that of a, b was 

decreased after weathering test on color analyz-

ing test. The color difference of the retardant 

treated wood was not large compared to the un-

treated wood.

  Table 2 shows the gas toxicity test result of 

flame retardants. The gas toxicity test conducted 

followed by KS F 2271. The treated wood 

showed over 13 min mouse moving time. It was 

satisfied KS standard (9 min). 

4. CONCLUSIONS

  The properties of the fire retardants samples 

were analyzed. The combination of the soluble 

silicate and boric acid, ammonium borate, 

di-ammonium phosphate showed stable condi-

tion. The leaching resistance was increased with 

acid subsequent treatment. The absorption ratio, 

and metal corrosion ration was lower than those 

of sodium silicate single treatment. The gas tox-
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icity was satisfied KS standard.  
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