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Abstract. The aim of this study was to investigate safer, more inexpensive chemicals derived from 
sodium silicate that can be used to protect wood against fungal degradation. Desiccant and surfactant 
properties of sodium silicate-derived products have been used since the early 19th century and may find 
application for wood decay protection. In our study, wood was impregnated with 19.5% sodium silicate 
and acidified with 2.5% phosphoric acid for 2 da to produce polysilicic acid. After 2-wk daily water 
leaching, leached specimens had 0.2% weight loss by a brown-rot fungus, Gloeophyllum trabeum, and 
weight losses of 3.4 – 5.2% by a white-rot fungus, Trametes versicolor. The control had 32.2 and 30.2% 
weight losses by G. trabeum and T. versicolor, respectively. Energy-dispersive X-ray analysis showed that 
polysilicic acid deposited mainly in the cell lumens. Exposure at 90% RH showed that polysilicic acid-
treated loblolly pine or sweet gum that had been water-leached with 22 – 34% chemical retention absorbed 
more moisture than untreated wood. This indicated that decay resistance of polysilicic acid-treated wood 
is caused by a different mechanism than desiccation. One possible mechanism may be attributed to direct 
disruption of permeability of fungal cell membranes by the low-molecular-weight polysilicic acid. 

Keywords: Fungal decay protection, impregnation, moisture sorption, polysilicic acid, surfactant 
property. 

INTRODUCTION	 based wood treatments have been pursued for a con­
siderable time. 

The degradation of wood by decay fungi and 
termites constitutes the major losses of wood pro- Research on noncopper-based wood preservatives 
ducts in exterior use. In the past, commercial has been actively pursued. These include alkyl 
wood preservatives, including chromated copper ammonium compounds (Nicholas and Preston 
arsenate (CCA), creosote, and pentachlorophenol, 1980), azaconazole (Valcke and Goodwine 
were used for controlling this degradation. These 1985), isothiazolone (Greenley 1986), chlorotha­
preservatives are highly effective, longlasting, lonil (Woods and Bell 1990), propiconazole 
and cost-effective. In January 2002, the US pre- (Goodwine 1990), naphthalyl hydroxylamine 
servative industry voluntarily phased out CCA- (Green et al 2002), and the combination of organ-
treated wood products in residential construction ic biocides (propiconazole, tebuconazole) with 
because of health concerns and replaced them antioxidants (butylated hydroxy toluene, tannic 
with alkaline copper quaternary compounds and acid), and metal-chelating compounds (phenan­
copper boron azole compounds. (Los Angeles throline, EDTA) (Schultz and Nicholas 2002). 
Times 2002; Reisch 2002). Copper-based wood Some of these preservatives have shown efficacy 
preservatives may face restrictions in the future in laboratory tests but poor field performance; 
(Schultz and Nicholas 2002). Therefore, noncopper- copper salts are still widely used. 

Preliminary tests showed that	 organoborates 
from sodium tetraborate (borax) and sodium 
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fungi in laboratory soil-block fungal decay tests. 
Polysilicic acid in combination with boric acid 
or borax in wood has been evaluated for fungal 
decay protection, but it only decreases the 
weight losses by fungi from 2 – 8% (Furuno et al 
1992). Poor performance against wood-decay 
fungi may be attributed to the inability of boron 
compounds to form covalent or ionic compound 
with sodium silicate. 

Sodium silicate is an important commercial 
chemical that has four major applications (Willis 
1954) as industrial or household detergents, 
adhesives for corrugated boxes, desiccants for 
organic liquids or food, and a catalyst for gaso­
line. Two other applications are as a stabilizer 
for textile bleaching and water and soil treat­
ments. Sodium silicate is readily available and 
inexpensive, and polysilicic acid derived from 
sodium silicate is not harmful to the environ­
ment. The surfactant and desiccant properties of 
products derived from sodium silicate may have 
application in decay protection of wood. Surfac­
tant properties similar to those of alkyl quater­
nary ammonium compounds (Nicholas and 
Preston 1980) may protect treated wood from 
fungal decay by disruption of the permeability 
of fungal cell membranes (Eaton and Hale 
1993). The desiccant property (Willis 1954) 
may keep wood dry and thereby protect wood 
from fungal degradation. The objective of our 
study was to investigate safer and more inexpen­
sive chemicals derived from sodium silicate for 
wood protection against fungal degradation and 
to learn the mechanisms of fungal decay protec­
tion, which are not well understood. 

MATERIALS AND METHODS 

Impregnation 

Five concentrations (10.5, 13.5, 16.5, 19.5, and 
22.5%) of sodium silicate were impregnated in­
to wood and acidified with 2.5 and 5% phospho­
ric acid for 2 da. For each concentration, 32 
blocks were used, which included 20 blocks 
(10 loblolly pine and 10 sweet gum) for fungal 
decay tests and the remaining 12 blocks (6 lob­
lolly pine and 6 sweet gum) for weathering 

tests. The treatment with one concentration of 
sodium silicate for decay and weathering tests 
are described subsequently. 

Thirty-two sapwood blocks from two wood spe­
cies [16 blocks of loblolly pine (Pinus taeda L.) 
and 16 blocks of sweet gum (Liqulambar styra­
ciflua L.); 19 mm in all anatomic directions] 
were conditioned at 27�C and 30% RH for 3 wk 
and weighed. The blocks reached EMC after a 
3-wk conditioning. They were placed under vac­
uum at 1.2 kPa for 3 h in a treating cylinder and 
then impregnated with one of five concentration 
levels of aqueous sodium silicate solutions (10.5, 
13.5, 16.5, 19.5, and 22.5%; 50 mL/block). After 
impregnation, the blocks were removed from the 
treating solution, the excess solution wiped from 
the surface, and weighed to determine the solu­
tion absorbed. The blocks were then acidified 
with 2.5 and 5% phosphoric acid (1.6 L; 50 mL/ 
blocks) and soaked for 2 da. After soaking, the 
pH of the solution was measured by a pH meter 
(ATI Orin pH meter) and the blocks removed 
from the solution. One-half of the blocks (16 
blocks: 8 pine and 8 sweet gum) were leached in 
distilled water (800 mL; 50 mL/block) daily for 
6, 24, and 48 h and then every 24 h for 2 wk 
according to ASTM D-1413-99 (ASTM 2000). 
The leached and nonleached blocks were 
conditioned at 27�C and 30% RH for 3 wk and 
then weighed before fungal decay tests. For the 
decay tests, chemical retentions of treated blocks 
were based on EMC at 27�C and 30% RH before 
and after treatments. Polysilicic acid was pro­
duced in wood by impregnating 10.5, 13.5, 16.5, 
19.5, and 22.5% sodium silicate and acidifica­
tion with 2.5 or 5% phosphoric acid for 2 da had 
4 – 8 pH. 

The procedure for impregnating and leaching 
wood blocks treated with sodium silicate for the 
moisture sorption study were the same as previ­
ously described, except two concentration levels 
of sodium silicate (19.5 and 22.5%; 50 mL/ 
block) and 10 loblolly pine and 10 sweet gum 
blocks were used in each treating concentration. 
The silicate-treated blocks were acidified with 
5% phosphoric acid (50 mL/block) for 2 da. Five 
control blocks and treated blocks (5 nonleached; 
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5 leached) were heated at 105�C for 24 h before 
and after treatments to obtain oven-dry weights 
of chemical in the wood. Oven-dry (105�C, 
24 h) weight of treated blocks after 4-wk mois­
ture sorption tests was also determined. EMC of 
the control and treated blocks at 90% RH and 
27�C was determined by the increased moisture 
uptake of the blocks (after 4 wk at 90% RH and 
27�C) based on oven-dry weight before treat­
ment. The retention of chemicals in treated 
blocks was determined based on oven-dry 
weight before and after treatments. The EMC 
of treated wood was estimated by subtracting 
the moisture increase of treated blocks (after 
4 wk at 90% RH and 27�C) from the oven-dry 
weight of chemicals in treated wood and oven-
dry weight of wood after treatment. Polysilicic 
acid and salts of phosphoric acid produced in 
nonleached wood and polysilicic acid produced 
in leached wood were not prepared separately to 
correct the moisture contents, which were 
absorbed by these chemicals after 4-wk moisture 
sorption. 

For Fourier transform infrared spectroscopy 
(FTIR) and energy-dispersive X-ray analysis 
(EDXA), five loblolly pine blocks were impreg­
nated with 22.5% sodium silicate and then acid­
ified with 2.5% phosphoric acid (50 mL/block) 
for 2 da. They were leached with distilled water 
daily for 2 wk (ASTM 2000). The same proce­
dure for impregnation and water-leaching was 
used as described previously. One leached block 
was used for FTIR and EDXA analysis. 

Characterization 

Loblolly pine and loblolly pine impregnated 
with polysilicic acid derived from sodium sili­
cate were characterized by infrared analysis us­
ing KBr pellets by a Mattson Galaxy series FTIR 
5000 spectrometer (Unicam, UK). Polysilicic 
acid in treated wood was prepared by impregnat­
ing wood blocks with 22.5% sodium silicate and 
then acidified with 2.5% (50 mL/block) phos­
phoric acid for 2 da as described previously. 

EDXA using a Tracor Northern 5500 energy-
dispersive spectrometer (Thermo Noran, Madi­

son, WI) was used to determine the distribution 
of chemicals in cell walls of loblolly pine across 
wood cells and wood layers for untreated and 
silicate treated loblolly pine. The leached block 
described was also used for EDXA analysis. 

Control and treated samples were examined by 
scanning electron microscopy (Zeiss EVO 40; 
Carl Zeissd SMT, Peabody, MA) and EDXA. 
Samples of 7 � 7 mm were microtomed in the 
transverse direction approximately 0.5 mm be­
low the surface and at the center of the block. 
Spectra were collected for 100 s from an area 
of 4 � 4 mm and line scans with 40 spots at 
0.5 s each with 10 passes were performed across 
cell walls from lumen to lumen. Ten fields for 
each specimen were analyzed. The uncoated 
specimens were examined in the variable pres­
sure mode at a working distance of 15 mm at 
500 pA and 15kV. 

Fungal Decay Tests 

Fungal decay tests by the soil-block method 
were conducted according to ASTM D1413 
(ASTM 2000). Gloeophyllum trabeum (Pers.: 
Fr.) Murrill (MAD-617), a brown-rot fungus, 
was used with loblolly pine blocks and Trametes 
versicolor (L.:Fr.) Quel. (MAD-697), a white-rot 
fungus, with sweet gum blocks. Five replicate 
blocks with and without leaching from each con­
centration and five controls were tested for decay 
resistance over 12-wk exposure. The extent of 
fungal attack was determined by weight loss. 
Because there were too few data points to estab­
lish a threshold relationship, statistical analysis 
of threshold retention by nonlinear regression 
analysis could not be considered accurate 
(Steel and Torrie 1960; Nance and Amburgey 
1976; Gezer et al 1999). Therefore, threshold 
values were estimated from 2% weight loss by 
decay. 

RESULTS AND DISCUSSION 

Characterization 

Equilibrium moisture content. Wood was 
treated with 19.5% sodium silicate and acidified 
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Table 1. EMC of polysilicic acid-treated loblolly pine and sweet gum at 90% RH, 27�C. 
Nonleached Leached 

Treatment 
Chemical 

retention (%)a EMC (%)b 
Chemical 

retention (%)a EMC (%)b 

Loblolly pine: 19.5% sodium silicate, 5% phosphoric acid 2 da 31.1 32.1 22.0 24.2 
22.5% sodium silicate, 5% phosphoric acid, 2da 38.9 34.1 33.6 31.2 
Control 

Sweet gum: 19.5% sodium silicate, 5% phosphoric acid, 2 da 32.9 32.9 24.7 25.8 
22.5% sodium silicate, 5% phosphoric acid, 2 da 38.9 34.1 31.3 27.1 
Control 

18.0b 

(16.7)c 

18.2b 

a Based on oven-dry (105�C, 24 h) weight before and after treatments. 
b Average of five replicates; weight of moisture absorbed by the blocks after 4 wk at 90% RH, 27� C based on oven-dry weight before treatments. 
c Number in parentheses is the literature value. 

with 5% phosphoric acid for 2 da (Table 1). The 
EMC at 90% RH and 27�C of nonleached loblol­
ly pine wood was 32.1% with 31.1% chemical 
weight gain. The EMC for leached blocks was 
24.2% with 22% chemical weight gain. For 
sweet gum, the EMC for nonleached blocks was 
32.9% with 32.9% chemical weight gain. For 
leached blocks, the EMC was 25.8% with 
24.7% chemical weight gain. The EMC of the 
untreated control was 18.0% for loblolly pine, 
which was close to the literature value (16.7%) 
(Lee 1998), and 18.2% for sweet gum. The 
results indicated that the EMC of polysilicic 
acid-treated loblolly pine blocks were 34.4 to 
78.3% higher than the control. For sweet gum 
treated blocks, the EMC was 41.8 to 80.8% 
higher than the control. 

For wood treated with 22.5% sodium silicate and 
then acidified with 5% phosphoric acid for 2 da, 
the EMC of treated nonleached loblolly pine was 
34.1 with 38.9% chemical weight gain. For lea­
ched blocks, the EMC was 31.2 with 33.6% 
chemical weight gain. For treated sweet gum, 
the EMC of nonleached wood was 34.1 with 
38.9% chemical weight gain. For leached wood, 
the EMC was 27.1 with 31.3% chemical weight 
gain. The results indicated that the EMC of trea­
ted loblolly pine was 73.3 to 89.4% higher than 
the control and 48.9 to 87.4% higher for treated 
sweet gum wood than the control. Our moisture 
sorption study at 90% RH showed that the EMC 
of polysilicic acid-treated loblolly pine and 
sweet gum was higher than the untreated con­
trol. This indicated that polysilicic acid in trea­

ted wood did not possess desiccant property. The 
polysilicic acid prepared by acidification with 
phosphoric acid may produce products with 
large pores (pore diameter: 10 – 15 nm, specific 
gravity: 0.65 – 0.75). These large pores absorb 
moisture through condensation (hydrated silica), 
whereas products with small pores (pore diame­
ter: 2.2 – 2.6 nm, specific gravity: 0.37 – 0.43) 
(silica gel) absorb moisture through adsorption 
and desorption cycles (sorption hysteresis), 
which contributes to desiccation. Silica gel with 
small pore sizes may not be produced in acidify­
ing sodium silicate with phosphoric acid (Eitel 
1954; Hubard 1954). Our progress in preparing 
surfactant organosilicates from water glass led us 
to suggest that decay resistance of polysilicic ac­
id-treated wood may be attributed to the surfac­
tant property of the lower-molecular-weight 
polysilicic acids. The lower-molecular-weight 
polysilicic acids, including dimers and oligomers, 
may exist as colloid suspensions in aqueous solu­
tion and may inhibit fungi in wood by a mecha­
nism similar to surfactant compounds, including 
alkyl quaternary ammonium compounds, which 
are based on disrupting the permeability of fungal 
cell membranes (Eaton and Hale 1993). 

Weathering tests. The weathering tests 
(Table 3) of wood treated with polysilicic acid 
showed that for nonleached pine wood treated 
with 2.5% phosphoric acid, weight losses caused 
by weathering were 0.6, 0.8, 3.7, 3.4, and 
4.4% with chemical retentions of 16.3, 20.4, 
25.7, 29.6, and 34.2%, respectively. For leached 
wood, weight losses were small, 0.1 – 0.2%, 
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Table 2. Assignment of Fourier transform infrared spectroscopy bands of loblolly pine and loblolly pine impregnated 
with polysilicic acid with 22.8% weight gain after water leaching. 

Polymer or wood Frequency (cm�1) Intensitya Assignment References 

Loblolly pine 3600 – 3000 bvs H-bonded OH of wood Marchessault (1962) 
2929 – 2800 s C–H and C–H2 stretching 
1632 s OH stretching of adsorbed water, 

Hydroxy ketone of flavanols 
1600 – 1515 s Aromatic C = C of lignin 
1425 s CH2 symmetrical bending 
1380 m C–H bending 
1059 s C–O stretching 

Loblolly pine impregnated 3600 – 3200 bvs H-bonded OH of wood and polysilicic Colthup et al (1964) 
with polysilicic acid acid asymmetric Si–O–Si stretching Marchessault (1962) 

2929 – 2800 s C–H and C–H2 stretching 
1632 s OH stretching of adsorbed water, hydroxy 

ketone of flavanols 
1600 – 1515 m Aromatic C = C of lignin 
1425 m CH2 bending 
1380 m C-H stretching 
1100 vs Symmetric Si-O-Si stretching 

a b, broad; s, strong; v, very; m, medium. 

with chemical retentions of 7.0 – 20.5%. For tre­
atment with 5% phosphoric acid, weight losses 
for nonleached wood were 4.5, 2.2, 1.5, 2.3, and 
4.1% with chemical retentions of 20.4, 22.8, 27, 
31.1, and 36.3%, respectively. For leached 
wood, weight losses were also small, ranging 
from 0.1 to 0.2% with chemical retentions rang­
ing from 11.5 to 26.3%. For sweet gum treated 
with polysilicic acid (Table 4), weight losses for 
nonleached wood treated with 2.5% phosphoric 
acid were small, 0.2 – 1%, with chemical reten­
tions between 16.6 – 39%. For leached wood, 
weight losses were 0% with chemical retentions 
of 12.5 – 26.1%. For treatment with 5% phospho­
ric acid, weight losses for nonleached wood were 
0.7 – 2.9% with chemical retentions of 23.3 – 
40%. For leached wood, weight losses were 0% 
with chemical retentions of 12.5 and 30.5%. 
These weathering tests indicated that larger 
weight losses for nonleached wood may attribute 
to the dehydration of salts, including salts of 
phosphoric acid. The small weight losses of lea­
ched wood may indicate that polysilicic acid in 
wood was not dehydrated during the weathering 
tests. The weathering losses of wood blocks were 
used to correct the weight losses by fungal decay. 

The retention of polysilicic acids in pine wood 
was 16.3 – 36.3% for the nonleached wood and 

7.0 – 26.3% for leached wood (Table 3). The 
results indicated that approximately one-third of 
polysilicic acid-derived products in pine wood 
were leached out by water. These water-soluble 
products are salts of phosphoric acid and water-
soluble extractives from wood. 

Fourier transform infrared spectroscopy 
absorptions of loblolly pine impregnated with 
polysilicic acid derived from sodium silicate. 
Infrared (IR) spectra of loblolly pine and loblol­
ly pine impregnated with polysilicic acid are 
described in Table 2 and Fig 1. Only IR absorp­
tions of loblolly pine impregnated with polysi­
licic acid are described subsequently. Very 
strong and broad IR absorption at 3200 to 3600 
cm �1 is attributed to H-bonded OH stretching 
vibration of wood and polysilicic acid, and a 
strong IR absorption at 1100 cm�1 is attributed 
to symmetric Si–O–Si stretching vibration of 
polysilicic acid (Marchessault 1962; Colthup 
et al 1964). These IR data indicated that poly-
silicic acid was formed in wood. In addition to 
these absorptions, the following IR absorptions 
characteristic of wood (Marchessault 1962) 
were also found: 2800 – 2900 cm�1 (medium 
intensity), C-H and C-H2 stretching; 1456 cm�1 

(medium intensity), lignin and CH2 symmetric 
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Figure 1. Fourier transform infrared spectroscopy (FTIR): 
(a) loblolly pine wood impregnated with polysilicic acid 
with 22.8% weight gain after water leaching and (b) loblol­
ly pine. 

Figure 2. Energy-dispersive X-ray analysis (EDXA) of 
loblolly pine impregnated with polysilicic acid with 22.8% 
weight gain after water leaching. 

bending; 1421 cm �1 (medium intensity), CH2 

bending; and 1508 cm �1 (medium intensity), 
aromatic C = C stretching of lignin. 

Energy-dispersive X-ray analysis of loblolly 
pine impregnated with polysilicic acid. EDXA 
of loblolly pine impregnated with polysilicic 
acid derived from sodium silicate after water 
leaching showed that polysilicic acid was de­
posited mainly in cell lumens. The Si count of 
about 1700 of polysilicic acid in a cell lumen 
compared with Si count of 100 in an adjacent 
cell wall indicated 17 times more silicone in the 
cell lumen than in the cell wall (Fig 2). Further­
more, EDXA also revealed that silicone was 
distributed more in the surface layers of wood 
than in the center because the Si count is about 
23,000 for the surface layers compared with a 
60 count near the center (Fig 3). The EDXA 
study indicated that sodium silicate impregnated 
in loblolly pine can reach only the surface 
layers of wood and little penetrated into the 
center portion. One possible explanation of sur­
face deposition of polysilicic acid was that after 
impregnation, sodium silicate was rapidly poly­
merized from the wood acidity (pH 4.5 – 6.5). 

The polymerized silicates were unable to pene­
trate into cell wall layers and remained on the 
surface layers of cell lumens. 

Fungal Decay Evaluation 

Polysilicic acids formed in situ in wood cell 
lumens resisted decay by a brown-rot fungus, 
G. trabeum, and decreased weight loss by a 
white-rot fungus, T. versicolor. The results of 
fungal decay tests with a brown- and white-rot 
fungus are as follows. 
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Brown-rot fungus. The results of decay tests 
of loblolly pine treated with 10.5, 13.5, 16.5, 
19.5, and 22.5% sodium silicate and acidified 
with 2.5% phosphoric acid for 2 da (Table 3) 
showed that for nonleached wood, weight gain 
of 20.4% polysilicic acid prevented decay by G. 
trabeum with 0.9% weight loss. For leached 

Figure 3. Energy-dispersive X-ray analysis of loblolly 
pine impregnated with polysilicic acid with 22.8% weight 
gain after water leaching. 

wood, weight gain of 20.5% polysilicic acid pre­
vented decay by G. trabeum with 0.1% weight 
loss. Nonleached wood was acidified with 5% 
phosphoric acid for 2 da and showed a weight 
gain of 31.1% polysilicic acids, preventing de­
cay by G. trabeum with weight loss of 2.1%. For 
leached wood, weight gain of 26.3% polysilicic 
acids prevented decay by G. trabeum with 
weight loss of 0%. The control had 32.2% 
weight loss by G. trabeum. 

White-rot fungus. Decay tests of sweet gum 
wood treated with 10.5, 13.5, 16.5, 19.5, and 
22.5% sodium silicate solutions and acidified with 
2.5% phosphoric acid for 2 da (Table 4) showed 
that for nonleached wood, weight gain of 32% 
polysilicic acids prevented decay by G. trabeum 
with weight loss of 1%. Leached wood had 3.4% 
weight loss by T. versicolor. Acidified  with  5%  
phosphoric acid for 2 da, nonleached wood with a 
weight gain of 30.1% polysilicic acid prevented 
decay by T. versicolor with weight loss of 1.3%. 
For leached wood, it only decreased weight losses. 
The control had 30.6% weight loss by T. versico­
lor. These decay tests with G. trabeum and T. 
versicolor showed that sodium silicate solutions 
acidified with 2.5% phosphoric acid performed 
better than wood acidified with 5% phosphoric 

Table 3. Effect of polysilicic acid on weight losses of loblolly pine decayed by Gloeophllum trabeum in a 12-wk soil-block 
fungal decay test of nonleached (NL) and leached (L) specimens. 

Chemical retention (%, w/w)a Weight losses (%)b by weathering Weight losses (%)c by G. trabeum 

Treatment NL L NL L NL L 

2.5% phosphoric acid 2 da: 
sodium silicate solution (%, w/w) 

10.5% 16.3 7.0 0.6 0.1 5.4 (5.3) 49.0 (3.5) 
13.5% 20.4 13.6 0.8 0.2 0.9 (0.6) 37.4 (4.9) 
16.5% 25.7 11.2 3.7 0.1 1.1 (0.7) 37.5 (6.1) 
19.5% 29.6 20.5 3.4 0.1 0.4 (0.8) 0.1 (0.1) 
22.5% 34.2 20.1 4.4 0.1 1.4 (0.6) 0.2 (0.1) 
5% phosphoric acid 2 da: 
sodium silicate solution (%, w/w) 

10.5% 20.4 11.5 4.5 0.2 33.1 (2.6) 9.6 (2.6) 
13.5% 22.8 14.2 2.2 0.2 28.7 (2.6) 6.7 (0.30) 
16.5% 27.0 19.3 1.5 0.1 40.0 (5.6) 5.2 (3.4) 
19.5% 31.1 21.4 2.3 0.1 2.1 (0.5) 20.0 (11.6) 
22.5% 36.3 26.3 4.1 0.0 1.3 0 (0) 
Control 32.2 (3.2) 

a Chemical retention based on weight at 27�C, 30% RH for 3 wk before and after silicate treatments. 
b Based on 12 wk in growth chamber at 27� C and 70% RH and conditioned for 3 wk at 27� C and 30% RH before and after test, average of three replicates. 
Average of five replicates; numbers in parentheses are SDs, based on weights of blocks conditioned At 27�C and 30% RH for 3 wk before and after decay tests. c 
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Table 4. Effect of polysilicic acid on weight losses of sweet gum wood decayed by Trametes versicolor in a 12-wk soil-
block fungal decay test of nonleached (NL) and leached (L) specimens. 

Chemical retention (%, w/w)a Weight losses (%)b by weathering Weight losses (%)c by T. versicolor 

Treatment NL L NL L NL L 

2.5% phosphoric acid 2 da: 
sodium silicate solution (%, w/w) 

10.5% 16.6 12.5 0.0 0.0 25.3 (2.0) 28.3 (2.3) 
13.5% 20.4 15.4 0.0 0.0 23.8 (6.6) 23.7 (6.9) 
16.5% 27.8 21.6 0.2 0.0 13.7 (8.0) 23.3 (3.5) 
19.5% 32.0 23.5 1.0 0.0 1.0 (0.8) 3.4 (3.1) 
22.5% 39.0 26.1 0.0 0.0 2.5 (0.8) 3.8 (5.3) 
5% phosphoric acid 2 da: 
sodium silicate solution (%, w/w) 

10.5% 23.3 12.5 2.9 0.0 18.3 (5.5) 27.9 (4.3) 
13.5% 24.3 16.0 0.8 0.0 3.5 (0.6) 12.0 (4.7) 
16.5% 30.1 20.9 1.9 0.0 1.3 (5.5) 23.8 (1.6) 
19.5% 34.5 24.9 0.7 0.0 4.9 (2.5) 13.3 (4.1) 
22.5% 40.0 30.5 0.9 0.0 1.4 (1.0) 9.0 (1.4) 
Control 30.6 (3.4) 

a Chemical retention based on weight at 27�C, 30% RH for 3 wk before and after silicate treatments. 
b Based on 12 wk in growth chamber at 27�C and 70% RH and conditioned for 3 wk at 27�C and 30% RH before and after test, average of three replicates. 
c Average of five replicates; numbers in parentheses are SDs, based on weights of blocks conditioned at 27�C and 30% RH for 3 wk before and after decay tests. 

acid. Most of polysilicic acids formed by acidifi­
cation with 2.5 and 5% phosphoric acid were 
high-molecular-weight polymers, which may not 
contribute to the fungal decay resistance. Howev­
er, a small amount of low-molecular-weight poly­
silicicacid, including dimer, trimer, and tetramer, 
reported in the literature (Svensson et al 1986; 
McComick et al 1987; Weber and Hunt 2003) 
may play an important role in decay resistance 
through membrane permeability disruption. Sur­
factants such as alkyl quaternary ammonium com­
pounds are effective germicides (Domagk 1935) 
and have been used as commercial wood preser­
vatives since 1980 (Nicholas and Preston 1980). 
The mechanism of fungi inhibition by alkyl 
quaternary ammonium compounds is attributed 
to disruption of permeability of fungal cell mem­
branes (Eaton and Hale 1993). Progress in mem­
brane disruption of fungal cell walls by silicate 
derivatives from sodium silicate for fungal decay 
protection has made in our laboratory. In the fu­
ture, we will report on this area of research. 

CONCLUSIONS 

High loadings (21 – 24% weight gain) of polysi­
licic acid in leached wood were needed to prevent 
or decrease fungal decay. Polysilicic acid (silica) 

in wood is safe to the environment. Sodium silicate 
after impregnation in wood may  rapidly  polymer­
ize in the cell lumens from acidity of wood and 
was deposited mainly on the surface layers as evi­
denced by EDXA. Polysilicic acid prepared by this 
method did not have desiccant properties as evi­
denced by moisture sorption. The increase in MC 
and other properties of this product needs to be 
assessed for certain applications. Research is need­
ed to prepare small pore sizes (2.2 – 2.6 nm) of 
polysilicic acid in wood that have desiccant prop­
erties. Research is also needed to prepare silicates 
or organosilicates from water glass that have sur­
factant properties. 
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