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DESCRIPTION
Field of the invention

[0001] This invention relates to an environmentally friendly wood treatment process.

Background

Background to the invention and prior art

[0002] Wooden products are widely used in a number of applications including buildings and 
furniture. Being a renewable resource a broader use of wood in the construction of buildings 
and for other applications are highly desirable. However, a major problem when using wooden 
materials in construction and for out-door applications is their inherent biodegradability and 
their poor resistance to fire. In order to prevent degradation of wood by rot, fungus and insects 
and/or make it more resistant to fire, the wooden industry are treating wood with different 
chemicals. Traditionally, various biocides and pesticides such as copper base salts (e.g. 
copper chrome arsenates (CCA)), borate salts, coal-tar creosote and the like are being used 
as wood preservatives. In the same manner, various fire retardants commonly used today are 
based on brominated compounds or phosphate salts. However, all these compounds may if 
they leach out from the wood have a negative impact on the environment.

[0003] For this reason new means of protecting wood have been attracting researchers' 
attention during the last decades. Silicon is one of nature's most common elements and being 
an inherently environmentally friendly substance it has gained favor in many applications. 
Treatment of wood with alkali metal silicates has for this reason been widely studied. The fire 

retardant properties of wood treated with alkali metal silicates have been known since the 19th 
century (see e.g. U.S. Pat. No. 63,618). During the last two decades, several studies have also 
investigated the alkali metal silicates properties as a wood preservative to fungal attacks (for a 
review see Mai C. and H. Militz. (2004) Modification of wood with silicon compounds, inorganic 
silicon compounds and sol gel systems: a review. Wood Sei Technol 37:339-348). However, a 
major problem when using alkali metal silicates as a wood preservative has been their water 
solubility. In particular sodium silicate (commonly known as water glass), is highly soluble in 
water. When subjected to out-door conditions such as rain, or being placed in water, the 
sodium silicate is being dissolved and leaches out from the treated wood. Recent studies in the 
field have therefore focused on solving the leaching problem. A mean to make sodium silicate 
insoluble has been to polymerize monomers of sodium silicate to long polymeric chains. This 
reaction easily takes place when solutions of sodium silicate are acidified. Several methods 
have been developed where wood is first treated with sodium silicate and thereafter subjected 
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to an acidic solution (see e.g. Furuno T. and Y. Imamura. (1998). Combinations of wood and 
silicate Part 6. Biological resistance of wood-mineral composites using water glass-boron 
compound systems. Wood Sei Technol 23:161-170; US Pat. No. 1,900,212; US Pat. No. 
4,612,050; US Pat No 5,205,874). Another way has been to promote complex formation 
between sodium silicate monomers and polyvalent ions. In particular, salts of boric acid, 
aluminum, calcium, and magnesium have been used. Similar two step approaches as with 
acidic solutions have been employed, in which wooden materials are first subjected to the 
silicate solution followed by treatment of a solution containing the complex binder (see e.g. US 
Pat No 3,974,318; US 2005/0129861 A1).

[0004] However, even though the properties of sodium silicate as a wood preservative have 
been known for a long time, a wider acceptance by the industry has not been achieved. A 
major cause is the high cost involved in multi-step applications. In large scale industrial 
applications such as vacuum-pressure impregnation of wood, the cost of the process must be 
kept at a minimum. The two step process described above is therefore a difficult and 
uneconomic way as the wood need to dry in between the two steps which is costly.

[0005] Some studies have been performed in order to solve this problem. E.g. US Pat No 
7,297,411 describes a method in which wooden material is treated with sodium silicate followed 
by drying the wood in an elevated temperature in order to make the sodium silicate insoluble. 
However, when using this method very high temperatures are needed (>200 °C) in order to 
make all sodium silicate insoluble which makes the method costly and energy consuming. 
International patent application WO 02/078865 describes a method in which boric acid and 
sodium silicate are mixed in one solution. According to the invention the amount of boric acid 
added to the sodium silicate is adjusted to a level in which the formulation has a long shelf life 
(does not gel or precipitate) but starts to polymerize when the treated wood is dried.

[0006] However, boric acid is a biocide and thus harmful to the ecosystem. Therefore, using 
non-toxic organic acids as (e.g. citric acid, tartaric acid, etc) in order to insolubilize the alkali 
metal silicate would be a much more environmentally friendly solution. According to US Pat No 
4,612,050 sodium silicate, citric acid and clay are mixed in a single solution. The amount of 
citric acid added to the sodium silicate has been adjusted to an amount which keeps the 
formulation in a condition described as an incipient jelling condition. When the solution is 
applied on wood a part of the sodium silicate polymerizes and thus becomes insoluble. 
However, even though some of the sodium silicate in the treated wood becomes insoluble after 
treatment with this solution a large part of the sodium silicate is still soluble and may leach out 
when exposed to water. US2003/011605 describes a method of coating paperboard with a 
composition comprising sodium silicate, a calcinated filler and a latent acid. The compositions 
have a pot life of one hour at 25°C which would be insufficient to correctly penetrate pores of 
wood products. W02009/087262 uses a blue staining process to support impregnation of 
wood with alkali metal silicates that requires a high temperature process that may compromise 
the product quality.

[0007] As described herein, there exists a number of ways to deal with the technical problem 
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with water solubility of alkali metal silicates. However, an industrially feasible, completely 
environmentally friendly method to use sodium silicate as a wood preservative is still lacking. 
There is still a need for an industrial method using a wood preservative comprising sodium 
silicate which gives the wooden material good resistance to water and also a method wherein 
the wood preservative does not leach out from the treated wood.

Object of the Invention

[0008] The invention relates to a new environmentally friendly, industrially feasible method for 
treatment of wood and wooden material treated with the method.

[0009] In particular the invention relates to a wood treatment method which is industrially 
feasible, and completely environmentally friendly wherein the wood preservative does not 
leach out from the treated wood.

[0010] Wood treated with the method according to the invention is characterized in also having 
termite-, fungal- and fire resistant properties.

Summary of the invention

[0011] The present invention discloses a method for treatment of wood to improve the flame 
retardant properties and also the resistance to rot, fungus, mold and insects of the wooden 
material. The wood treatment method of the invention comprises the steps of;

1. a) providing a wooden material and providing a water based formulation which is stable 
in room temperature or in temperatures ranging from 15-35 °C; and

2. b) providing a water based formulation of the invention which consist essentially of an 
alkali metal silicate, water and an insolubilization agent which is selected from an organic 

acid, an inorganic acid or an inorganic polyvalent ion, selected from Al3+, Mg2+, Fe2+, 

Fe3+, Ca2+, Ba2+, or with counter ions CaCl2, Mg&2, Fe&2 or combinations thereof 

added in an amount lower than the amount of insolubilization agent needed for the 
formulation to reach the gelling point and wherein the weight % of alkali metal silicate 
compared to the total weight % of the water based formulation can be from 1 % w/w to 
50 % w/w, more preferably from 5 % w/w to 30 % w/w and most preferably from 10 % 
w/w to 20 % w/w;

3. c) applying the water based formulation on the wooden material; and
4. d) drying the wooden material treated with said water based formulation at a 

temperature from 15 to 70 °C in order to remove excess of water; and
5. e) curing the dried wooden material at an elevated temperature from 40 °C to 150 °C in 

order to insolubilize the alkali metal silicate.
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[0012] In another embodiment the present invention discloses a method for treatment of wood 
to improve the flame retardant properties and also the resistance to rot, fungus, mold and 
insects of the wooden material. The wood treatment method of the invention comprises the 
steps of;
Pressure impregnation method for treatment of wooden materials to improve the flame 
retardant properties and also the resistance to rot, fungus, mold and insects of the wooden 
material, wherein a wooden material is treated with a water based formulation, comprising the 
steps:

1. a) providing a wooden material, placing the wooden material inside a vacuum-pressure 
impregnation vessel

2. b) providing a water based formulation which is stable in room temperature or in 
temperatures ranging from 15-35 °C, and consisting essentially of;

o an alkali metal silicate
o water
o an insolubilization agent which is selected from an organic acid, an inorganic acid 

or an inorganic polyvalent ion selected from Al3+’ Mg2+’ Fe2+’ Fe3+’ Ca2+’ Ba2+’ or 

with counter ions CaCl2, MgCl2, FeCl2 or combinations thereof, added in an 

amount lower than the amount of insolubilization agent needed for the formulation 
to reach the gelling point and wherein the weight % of alkali metal silicate 
compared to the total weight % of the water based formulation can be from 1 % 
w/w to 50 % w/w, more preferably from 5 % w/w to 30 % w/w and most preferably 
from 10 % w/w to 20 % w/w;

3. c) applying the water based formulation on the wooden material by adding said water 
based formulation to the pressure impregnation vessel; and

4. d) subjecting said impregnation vessel and content to more than 90% of vacuum for in 
between 10-40 minutes.

5. e) subjecting said impregnation vessel and content with pressure of in between 6-16 
bars for 20 minutes to 12 hours

6. f) Subjecting said impregnation vessel and content to more than 90% of vacuum for in 
between 10-40 minutes.

7. g) Drying the wooden material treated with said water based formulation a temperature 
from 15 to 70 °C in order to remove excess of water; and

8. h) Curing the dried wooden material at an elevated temperature from 40 °C to 150 °C in 
order to insolubilize the alkali metal silicate.

Further embodiments

[0013] Embodiments of the invention further comprise optional combinations of the following: 
A wood treatment method wherein the weight % of alkali metal silicate compared to the total 
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weight % of the water based formulation can be from 1 % w/w to 50 % w/w, more preferably 
from 5 % w/w to 30 % w/w and most preferably from 10 % w/w to 20 % w/w.

[0014] A wood treatment method wherein the molar ratio between alkali metal, for example 

sodium or potassium and silicate (M+:SiO44‘) in the water based formulation will be in the 

range from 0,1:1 to 2:1, more preferably from 0.5:1 to 0.8:1, or most preferably a molar ratio of 
0.6:1 (which corresponds to a weight ratio of 3,22 between SiO2 and Na2O).

[0015] A wood treatment method wherein the insolubilization agent is an organic acid with a 
molecular weight of for example between 40-500 g/mol or between 40-300 g/mol.

[0016] A wood treatment method wherein the insolubilization agent is an organic acid selected 
from acetic acid, mandelic acid, citric acid, tartaric acid, aspartic acid, glutamic acid, formic 
acid, propionic acid, butanoic acid, pentanoic acid, oxalic acid, maleic acid, succinic acid or 
glutaric acid, methanesulfonic acid (or mesylic acid, CH3SO3H), ethanesulfonic acid (or esylic 

acid, CH3CH2SO3H), benzenesulfonic acid (or besylic acid, C6H5SO3H), p-toluenesulfonic acid 

(or tosylic acid, CH3C6H4SO3H) or trifluoromethanesulfonic acid (or triflic acid, CF3SO3H).

[0017] A wood treatment method wherein the insolubilization agent is an inorganic acid, for 
example a mineral acid selected from any of hydrogen halides: hydrochloric acid (HCI), 
hydrobromic acid (HBr), hydroiodic acid (HI) or the halogen oxoacids: hypochloric acid, chloric 
acid, perchloric acid, periodic acid and corresponding compounds for bromine and iodine, or 
from any of sulfuric acid (H2SO4), fluorosulfuric acid, nitric acid (HNO3), phosphoric acid 
(H3PO4), fluoroantimonic acid, fluoroboric acid, hexafluorophosphoric acid, chromic acid 
(H2CrO4) or boric acid (H3BO3).

[0018] A wood treatment method wherein the insolubilization agent is an inorganic polyvalent 

ion selected from Al3+’ Mg2+’ Fe2+’ Fe3+’ Ca2+’ Ba2+’ or with counter ions CaCl2, MgCl2, FeCl2 

or combinations thereof.

[0019] A wood treatment method wherein the wooden materials is selected from spruce, pine, 
birch, oak, redwood, cedar or composite materials such as plywood, fibre boards and particle 
boards, A wood treatment method wherein the insolubilization agent is an organic acid and 
wherein suitable molar ratios between the organic acid and sodium silicate may be from 1:18 
to 1:100.

[0020] A wood treatment method wherein the insolubilization agent is an organic acid wherein 
suitable molar ratios between the organic acid and sodium silicate may be from 1:18 to 1:100 

and wherein the sodium silicate has a molar ratio of Na+ to SiC>44_ of 0,6:1 and wherein said 

formulation has a pH above 11.

[0021] A wood treatment method wherein the amount insolubilization agent used is at least 10 
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weight % lower than the amount of insolubilization agent needed for the water based 
formulation to reach the gelling point.

[0022] A wood treatment method wherein the amount of insolubilization agent used in the 
water based formulation is chosen or adjusted depending on the acidity the wooden material to 
be treated; higher acidity in the wooden material requires lower amount of insolubilization 
agent in the formulation.

[0023] A wood treatment method wherein the wooden material, after the drying step, has a 
dryness of 70% or more before entering the curing step in the wood treatment process.

[0024] A wood treatment method wherein a stable formulation is a formulation which has a 
shelf life of more than 1 month in room temperature or lower or in temperatures ranging from 
15-35 °C.

[0025] A wood treatment method wherein the drying step is performed in room temperature or 
lower or in slightly elevated temperature such as 15-70 °C, especially at 20-50 °C.

[0026] A wood treatment method wherein the curing step is performed at a temperature of 40 
°C or more or between 50 °C and 250 °C or in the range of 70 °C to 120 °C or in the range of 
75 °C to 100 °C.

[0027] A wood treatment method wherein the curing step is performed during 10-60 minutes.

[0028] A wood treatment method wherein the water based formulation on the wooden material 
is applied by soaking or dipping the wood into the formulation, spraying, painting or brushing 
wooden surfaces with the formulation or impregnating the wooden material with the formulation 
by using vacuum and/or pressure according to normal vacuum-pressure impregnation 
protocols.

[0029] A wood treatment method wherein the water based formulation further comprises a 
wetting agent in concentration between 0,05 % to 5 % (w/w) and / or a rheology modifier in 
concentration 0,05 % to 5 % (w/w).

[0030] A method according to the invention wherein the water based formulation has a higher 
viscosity than water.

[0031] A method according to the invention wherein the said impregnation vessel and content 
are subjected to a pressure less than 0.1 atm.

Brief description of the figures

[0032]
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Figure 1 shows a diagram illustrating the curing temperature and remaining product after 
redissolution for various inorganic or multivalent ion insolubilization agents.

Figure 2 shows a diagram illustrating the concentration and remaining product after 
redissolution.

Figure 3 shows a diagram illustrating the effect of curing on leaching.

Figure 4 shows a diagram illustrating the curing temperature and remaining product after 
redissolution.

Figure 5 shows a diagram illustrating the curing temperature and leaching.

Figure 6 shows a diagram illustrating the curing temperature and leaching for different 
formulations.

Figure 7 shows the effect on remaining product after redissolution of potassium silicate 
formulations according to the invention with varying curing temperatures.

Detailed description of the invention

Introduction

[0033] The invention relates to a new environmentally friendly method for treatment of wooden 
material and wooden material treated with the method. In particular the invention relates to a 
wood treatment method in which a water based formulation, containing an alkali metal silicate 
and an insolubilization agent are employed in order to treat wooden material with a one-pot 
formulation.

[0034] The wood treatment method for treatment of wooden material wherein a wooden 
material is treated with a water based formulation to improve the flame retardant properties 
and also the resistance to rot, fungus, mold and insects of the wooden material, is comprising 
the steps of providing a wooden material and then providing a water based formulation with a 
long shelf life consisting essentially of; an alkali metal silicate, water and an insolubilization 
agent (selected from an organic acid, inorganic acid or an inorganic polyvalent ion). To ensure 
that the water based formulation has a long shelf life and is stable (does not gel or precipitate) 
during transportation, storage and handling within the factory, the insolubilization agent is 
added in an amount lower than the amount of insolubilization agent needed to initiate gelling of 
the alkali metal silicate in the water based formulation. This point is called the gelling point.

[0035] Optionally the water based formulation of the invention may comprise a wetting agent
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and / or a rheology modifier.

[0036] The water based formulation of the invention is applied on the wooden material by 
soaking or dipping the wooden material into the formulation, or by spraying, painting or 
brushing wooden surfaces with the formulation or by impregnating the wooden material with 
the formulation by using vacuum and/or pressure according to normal vacuum-pressure 
impregnation protocols; followed by drying of the treated wooden material in any given 
temperature in order to remove excess of water, followed by a last step comprising curing of 
the treated wooden material in an elevated temperature in order to insolubilize the alkali metal 
silicate within or on the surface of the treated wooden material.

[0037] Wooden materials treated with the method according to the invention are characterized 
in having termite-, fungal-, mold- and fire resistant properties. The alkali metal silicate in the 
wood treatment composition will to a high degree be insoluble to water after it has been 
applied on the wooden material by using the wood treatment method of the invention, and will 
thus not easily leach out from the wood. The wood treatment method of the invention gives the 
wood durable termite-, fungal- and fire resistant properties even though the treated wooden 
material is used outdoors or in humid environments. The water resistance of the alkali metal 
silicates, applied on the wooden materials according to the method of the invention, is 
sufficiently high, in other words the leaching of the alkali metal silicates from the wooden 
material is sufficiently low, so that the wooden materials keeps its termite-, fungal- and fire 
resistant properties although the treated wooden material is subjected to water or used out­
doors. Wooden materials treated by using the method of the invention will be resistant to decay 
by rot fungus and termite attacks. The wooden materials will also be resistant to fire and have 
anti-mold properties.

[0038] The leaching of alkali metal silicates from the treated wooden material is calculated by 
measuring the amount of alkali metal silicate that is removed when the wood is subjected to 
water. This is done experimentally by weighing the treated wooden material before treatment, 
after treatment and after the treated wooden material has been stored in a water bath. The 
following formula is used for the calculation (wherein W= weight) :
Unleached alkali metal silicate (%) — | after ieaeliinjf - VVwoodbeföretreätmenl)/(TVWOod aiier treatment“

Wwood before treatment) ] *100

Waiter treatment= dry weight of the wooden material treated with method of the invention

Waiter leaching = dry weight of the wooden material treated with the method of the invention after 

it has been subjected to the leaching procedure described above

Wbefore treatment = dry weight of the wooden material before it has been treated with the method 

of the invention

Unleached alkali metal silicate (%) = the amount alkali metal silicate (%) that remains in the 
treated wooden material after it has been subjected to the leaching procedure.



DK/EP 2646208 T3

[0039] The percentage of unleached alkali metal silicate is always wanted as high as possible. 
High percentage values of unleached alkali metal silicate mean that the alkali metal silicate 
remains in the treated wooden material. It is desired that more than 70 % of the alkali metal 
silicates stay in the wooden material (percentage of unleached alkali metal silicate is over 70%) 
after it has been subjected to water.

[0040] The water based formulation used in the method of the invention is normally composed 
of an alkali metal silicate and an insolubilization agent that can enhance the alkali metal silicate 
to polymerize or by other means become insoluble, once applied on the wooden material. The 
insolubilization agent contributes to make the alkali metal silicate insoluble and resistant to 
water. Examples of suitable alkali metal silicates are sodium silicate and potassium silicate. 
Examples of insolubilization agents are organic acids, inorganic acids and inorganic polyvalent 
ions.

[0041] The following detailed description of the invention and the corresponding examples will 
explain the method of the invention and its corresponding materials

Detailed description of the process

Providing a wooden material

[0042] Suitable wooden materials may be, but are not limited to solid wood such as spruce, 
pine, birch, oak, redwood, cedar and others; or composite materials such as plywood, fibre 
boards, particle boards or other composites. Materials derived from wood such as pulp based 
materials e.g. paperboard, corrugated board, gypsum grade paperboard, specialty paper, for 
example filter paper or printing paper, moulded pulp products, or other pulp based materials 
are also defined as a wooden material and can also be treated with the formulation.

The water based formulation

[0043] The wood treatment method according to the invention includes a premade water 
based formulation or composition made by mixing an alkali metal silicate, water and an 
insolubilization agent to a homogenous water based solution. The water based formulation 
may optionally also contain a wetting agent and a rheology modifier. The ratio of 
insolubilization agent to alkali metal silicate in the composition can only be in a narrow specific 
range, and the amount of insolubilization agent added to the solution shall be lower than the 
amount needed for initiation of gelling of the alkali metal silicate. The amount insolubilization 
agent has to be enough for enhancing gel formation of the alkali metal silicate after the 
wooden material has been treated with the solution but not as much as to start the gel forming 
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process before the water based formulation is applied on the wooden material. By carefully 
selecting the ratio between the insolubilization agent and the alkali metal silicate a formulation 
with long shelf life can be obtained which becomes insoluble upon treatment of wooden 
materials followed by drying and curing of the wood.

The alkali metal silicates

[0044] The weight % of alkali metal silicate of the total weight % of the water based formulation 
can be from 1 % w/w to 50 % w/w, more preferably from 10 % w/w to 40 % w/w and most 
preferably from 10 % w/w to 25 % w/w. Examples of suitable alkali metal silicates are 
potassium silicate and sodium silicate. Due to economical aspects sodium silicate is the 
preferred choice in the formulation.

[0045] Sodium silicate with the general formula XNa+SiCU4' is the preferred choice of alkali 

metal silicate according to the invention. Sodium silicate is made by reacting Na2O with S1O2 in 

order to form XNa+SiO44‘. The molar ratio between sodium and silicate (Na+:SiO44‘) may vary 

in any given molar ratio but preferably will be in the range from 0,1:1 to 2:1, more preferably 
from 0.5:1 to 0.8:1, or most preferably a molar ratio of 0.6:1 (which corresponds to a weight 
ratio of 3,22 between SiO2 and Na2O). All molar ratios mentioned herein have a high water 
solubility which is important in order to keep a low viscosity of the formulation for an effective 
impregnation of the wood.

[0046] The same molar ratios as mentioned above may be applied to potassium silicates. The 

molar ratio between potassium and silicate (XK+:SiO44') may vary in any given molar ratio but 

preferably will be in the range from 0.1:1 to 2:1, or more preferably from 0.5:1 to 0.8:1.

[0047] In general terms the molar ratio between alkali metal (XM+) and silicate (S1O44·) in the 

water based formulation according to the invention may vary in any given molar ratio but 
preferably will be in the range from 0.1:1 to 2:1.

The insolubilizinq agents

[0048] By insolubilizing agents is meant_substances that can enhance polymerization or 
complex formation of alkali metal silicates.

[0049] Insolubilization agents suitable for the invention are all substances that can enhance 
polymerization or gelling of alkali metal silicates or by any other means make it insoluble in 
water such as by facilitating complex formation of alkali metal silicate monomers. 
Polymerization or gelling of alkali metal silicates occurs when the pH is reduced below a certain 
level by the addition of an acid or an acidic compound to a water based solution containing 
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alkali metal silicates, or by adding an inorganic polyvalent ion that can facilitate complex 
formation of the alkali metal silicate monomers.

[0050] Examples of insolubilization agents are organic acids, inorganic acids or inorganic 
polyvalent ions.

[0051] The organic acids used as insolubilization agents according to the invention are for 
example organic acids with low molecular weight or with a molecular weight of for example 40- 
500 g/mol or 40-300 g/mol. The organic acids are for example selected from any of the 
carboxylic acids; acetic acid, mandelic acid, citric acid, aspartic acid, glutamic acid, tartaric 
acid, formic acid, propionic acid, butanoic acid, pentanoic acid, oxalic acid, maleic acid, 
succinic acid or glutaric acid or combinations thereof. The organic acids can also be selected 
from any of low molecular weight sulfonic acids, for example selected from (or mesylic acid, 
CH3SO3H), ethanesulfonic acid (or esylic acid, CH3CH2SO3H), benzenesulfonic acid (or besylic 

acid, C6H5SO3H), p-Toluenesulfonic acid (or tosylic acid, CH3C6H4SO3H) or 

trifluoromethanesulfonic acid (or triflic acid, CF3SO3H).

[0052] The inorganic acids used as insolubilization agents according to the invention are for 
example mineral acids, such as mineral acids selected from any of hydrogen halides and their 
solutions, e.g. hydrochloric acid (HCI), hydrobromic acid (HBr), hydroiodic acid (HI) or the 
halogen oxoacids, e.g. hypochloric acid, chloric acid, perchloric acid, periodic acid and 
corresponding compounds for bromine and iodine, or from any of sulfuric acid (H2SO4), 
fluorosulfuric acid, nitric acid (HNO3), phosphoric acid (H3PO4), fluoroantimonic acid, 

fluoroboric acid, hexafluorophosphoric acid, chromic acid (H2CrO4) or boric acid (H3BO3), or 
combinations thereof.

[0053] To insolubilize alkali metal silicates by using complex formation one can also employ 

inorganic polyvalent ions such as Cl2+, Mg2+’ Fe2+’ Fe3+’ Ca2+’ Ba2+’ or with counter ions 
CaCl2, MgCl2, FeCl2. The concentration of the catalyst in the formulation varies with regard to 

the concentration of the alkali metal silicate and the efficiency of the insolubilization agent. If an 
acid is used as an insolubilization agent the pKa of the acid is essential for the amount needed. 
When acids are employed, the acidity of the wooden material itself also needs to be 
considered as the acids within the wood will add to the total acidic content of the formulation 
when it has been applied to the wood.

[0054] The most preferred insolubilization agents according to the invention are non-toxic 
organic acids due to environmental reasons and they being an economic alternative when 
used in industrial scale. Alkali metal silicates in water solutions will start gelling at a certain 
point. The gelling point and the non-gelling range of a water based formulation may be 
measured or controlled by controlling the pH of the formulation or by controlling the molar ratio 
of the insolubilization agent to the alkali metal silicate. It is important that the correct interval of 
the molar ratio of the insolubilization agent to the alkali metal silicate or the pH is controlled in 
order to keep the formulation from gelling before applying the formulation onto the wooden 
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material. For example, if a sodium silicate with a molar ratio of Na+ to S1O44· of 0.6:1 is used, 

the pH of the formulation shall not be below 11 if a long shelf life of the formulation is desired.

[0055] Suitable molar ratios between an organic acid and sodium silicate may be from e.g. 
1:18 to 1:100 depending on the acidity of the treated wooden substrate and the pKa of the 
organic acid.

[0056] In order to keep a long shelf life of the water based formulation, the pH must not drop 
below a certain point, otherwise the formulation will form a gel or precipitate if stored over a 
longer period of time. If the alkali metal silicate starts gelling before applied to the wood it will 
not penetrate the solid wooden material. The molar ratio between the insolubilization agent 
and the alkali metal silicate also needs to be in a specific range as to insolubilize the alkali 
metal silicate when the water based formulation is dried and cured under elevated 
temperature. If the amount of insolubilization agent is too low, the alkali metal silicate 
formulation will not become insoluble after it has been applied to the wood and cured.

[0057] Depending on the insolubilization agent employed and its mode of action (acid or 
polyvalent ion), the wooden material treated also needs to be considered. Some wood species 
have a higher degree of inherent acidity than other due to rosin acids and other extractive 

substances produced by the wood. Other has higher degree of ions such as Ca2+ or Mg2+. 
The various degrees of inherent substances need to be taken into account when deciding the 
proper molar ratio between the insolubilization agent and the alkali metal silicate.

[0058] If for example the same degree of acid is employed when treating a wooden material 
with more inherent acidity than a wooden material with less acidity, the alkali metal silicate may 
start gelling at the surface of the wooden material as the local pH at the surface becomes too 
low. This will limit the amount of alkali metal silicate that can penetrate the wooden material 
and thus the efficiency of the formulation in terms of the wooden materials flame retardant and 
anti-fungal properties.

[0059] To decide upon a proper molar ratio between the insolubilization agent and the alkali 
metal silicate some simple experiments can be performed. The highest concentration of 
insolubilization agent to akali metal silicate can e.g. be determined by adding insolubilization 
agent to a water based formulation of alkali metal silicate until the alkali metal silicate starts 
gelling. By adding approximately 10 % less insolubilization agent than the gelling concentration, 
it will result in a formulation which has a long shelf life and will become insoluble when dried 
and cured. When wooden material is treated with the formulation and cured, normally a higher 
degree of alkali metal silicate becomes insoluble than when the solution containing alkali metal 
silicate and insolubilization agent is dried outside the wood. Without being bound by theory, a 
reason may be that the inherent acidity and/or concentration of polyvalent ions in the wooden 
material aid in the insolubilization process by increasing the total concentration of 
insolubilization agent in relation to the alkali metal silicate, thus increasing the amount of alkali 
metal silicate that is insolubilized.
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[0060] The preferred choice of insolubilization agent is non-toxic organic acids but other acids 
can also be employed.

[0061] According to one embodiment of the invention a water based formulation with long shelf 

life is a formulation containing sodium silicate with a molar ratio of Na+ to S1O44· of 0.6:1 with a 

pH above 11. A formulation containing the same alkali metal silicate will start gelling if the pH is 
kept below 11.

[0062] A formulation with long shelf life is a formulation which can be stored for a certain time 
in room temperature or lower or in temperatures ranging from 15-35 °C. In one embodiment of 
the invention a formulation with long shelf life is a formulation which can be stored in room 
temperature or lower or in temperatures ranging from 15-35 °C for at least one month or more. 
In other embodiments a formulation with a long shelf life is a formulation which can be stored 
for at least 2 months or more. It is important that the water based formulation according to the 
invention has a long shelf life and is storable because it is intended to be used in a modern 
industrial process according to the process or method of the invention.

The wetting agent and / or a rheology modifier.

[0063] The addition of a wetting agent (or surfactants) and / or a rheology modifier to the water 
based formulation according to the invention are optional.

[0064] A wetting agent or surfactant may be added to the water based formulation according 
to the invention to lower the surface tension. This may be important in order for the formulation 
to penetrate into the wooden material more readily, thus enhance the effect of the treatment. 
Different types of wetting agents are for example substances which are polar and have a 
hydrophobic tail and formally charged groups in its head, for examples of different surfactants 
see surfactants mentioned in Surfactants and Interfacial Phenomena, 3rd Edition. A non-ionic 
surfactant has no charge groups in its head. Suitable concentrations of the wetting agent in the 
water based formulation of the invention may be for example in between 0.05 % to 5 % (w/w).

[0065] A rheology modifier may be added to the water based formulation according to the 
invention in order to increase the viscosity of the formulation and thereby, for example, make 
the water based formulation according to the invention more easy to apply on the wooden 
material using for example different brushing or coating techniques. Different types of rheology 
modifiers are for example starches and its derivatives, or cellulose derivatives such as 
carboxymethyl cellulose. Suitable concentrations of the rheology modifier in the water based 
formulation of the invention may be for example in between 0.5 % to 5 % (w/w).

Application method of the water based formulation on the wooden material
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[0066] The water based formulation is applied on the wooden material by any of the currently 
used industrial processes such as by soaking or dipping the wooden material into the 
formulation, spraying, painting or brushing wooden surfaces with the formulation or impregnate 
the wooden material with the formulation by using vacuum and/or pressure according to 
normal vacuum-pressure impregnation protocols.

The drying step

[0067] When the wooden material has been treated with any of the above mentioned 
application methods it needs to be dried to remove excess water from the wooden material. 
The drying process may occur at any given temperature but a slightly elevated temperature is 
preferred.

[0068] When drying the wooden material it is of importance to ensure that sufficient drying is 
achieved before entering the next step (the curing step) in the wood treatment process. By 
ensuring that the wooden material is dry (70-90 % dryness) before entering the curing step we 
have discovered that the wood has to be cured for only a short time period, as short as 1 
minute and still get improved properties in regards of low leaching.

[0069] The method according to the invention is therefore more environmentally friendly than 
any known wood treatment methods since the heating used during the wood treatment can be 
reduced to a minimum and still the alkali metal silicates will not leach out readily from the 
treated wooden material

[0070] The drying step is in one embodiment of the invention performed in room temperature 
or even in slightly elevated temperatures, such as in 15-70 °C or 15-60 °C or 15-50 °C or 
especially 20-50 °C.

[0071] The drying of the wood is easily monitored with standardized equipment for measuring 
the dryness of wood. Before the curing step, the wood shall have a dryness of at least 70 % or 
more, preferably 80 % or more or most preferably 85 % or more. The time for curing in 
elevated temperatures is shorter if the drying is complete before entering the curing step.

[0072] According to the method of the invention the dryness of the wooden material shall be 
70% dryness or more, for example from 70-100% dryness, or for example from 80-100% 
dryness before curing the wooden material.

[0073] The temperature of the drying step is preferably in between 10 °C to 100 °C, or even 
more preferably 25 °C to 70 °C or especially 40 °C to 60 °C. Normal drying equipment for 
wooden materials can be used in order to promote drying of the wooden material.

The curing step
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[0074] When a certain amount of water has evaporated from the wood during the drying step, 
the treated wooden material according to the invention needs to be cured in an elevated 
temperature for a certain amount of time in order to let the alkali metal silicate react to form 
polymers or complexes, which makes the alkali metal silicate insoluble in water. In one 
embodiment of the invention the treated wooden material is cured in a temperature of 40 °C or 
more, preferably in 60 °C or more. In a more preferred embodiment of the invention the wood 
is cured in the range of 60 °C to 150 °C, and in an even more preferred embodiment the wood 
is cured in the range of 70 °C to 120 °C. In the most preferred embodiment of the invention the 
wood is cured in the range of 75 °C to 100°C and this interval is chosen due to its industrial 
applicability and due to the fact that the alkali metal silicate gets its desired leaching properties 
using this temperature interval. Depending on the curing temperature, the time sufficient to 
insolubilize the alkali metal silicate will vary. Higher curing temperatures need shorter curing 
times and lower curing temperatures need longer curing times. If curing temperatures above 
150 °C are used, caution must be taken as not to create discoloration of the wood due to 
pyrolysis of the fibres. The curing times can also vary depending on the molar ratio of 
insolubilization agent to alkali metal salt in the formulation. A molar ratio closer to the gelling 
point will need shorter curing time while a higher molar ratio correspondingly will need a longer 
curing time.

[0075] In the most preferred embodiment the wooden material shall be cured at 70-90 °C for 
10-60 minutes, depending on the thickness of the wooden material. However, different curing 
times will be needed depending on the wood species and the formulation employed. 
Determination of the optimal curing time can easily be done by performing a few simple 
experiments by a person skilled in the art.

Wooden material treated with the method according to the invention

[0076] According to the invention a wooden material treated with said method is also provided. 
The wooden material can be any kind including solid wood such as fir, pine, birch, oak, 
redwood, cedar and others; or composite materials such as plywood, fibre boards, particle 
boards or other composites. According to the invention, wooden material can also be material 
based on wood pulp such as paperboard, corrugated board, gypsum grade paperboard, 
specialty paper, moulded pulp products, or other pulp based materials. The wooden material is 
characterized in having flame resistant properties and/or anti-fungal properties, such as 
resistance to rot fungus and/or mold. In addition the wooden materials have better resistance 
to wood eating insects such as termites, ants and borers. The surface of the wooden material 
will also harden by the process which is useful in some applications.

Example of a preferred method according to the invention:
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[0077] A preferred application method of the invention is vacuum-pressure-vacuum 
impregnation. In this method, the wooden material is placed inside a vacuum-pressure- 
impregnation vessel. The vessel is thereafter filled with the water based formulation and 
thereafter subjected to vacuum more than 90 % vacuum for in between 10-40 minutes, 
followed by pressure of in between 6-16 bars for 20 minutes to 12 hours, followed by more 
than 90% vacuum for 10-40 minutes. The variation in time and pressure depends on the wood 
material used, and how much water based formulation that shall penetrate the wooden 
material. The amount of penetration of the water based formulation into the wooden material is 
important for the effect that is achieved. A greater penetration will give a higher effect 
regarding flame retardancy and fungal protection".

[0078] The formulation of this invention has a viscosity higher than water which makes the 
penetration of the wooden material more difficult compared to when impregnation liquids with 
lower or similar viscosity as water is used. In order to obtain the highest degree of effect in 
flame retardancy and rot protection a high penetration of the impregnation into the wooden 
material is necessary. The most effective production process in order to obtain an effective 
penetration of the formulation according to the invention into the wooden material is a vacuum­
pressure-vacuum impregnation method.

[0079] The said impregnation vessel may be subjected to a pressure less than 0.1 atm, for 
example between 0.1-0 atm.

[0080] The water based formulation according to the invention preferably has a higher 
viscosity than water.

[0081] More embodiments of the invention will be apparent by the corresponding examples.

Experimental part

Example of production of a water based formulation according to the invention

[0082] Example of production of 1000 g boric acid/ sodium silicate solution. To 588.14 g cold 
water 19.76 g of boric acid is added during mixing. The solution is mixed for 10 min to ensure 
that all boric acid is dissolved. To a container 392.10 g of sodium silicate is added. During 
mixing the boric acid solution is added at a rate of ca 200 g/min. The finished formulation is 
stirred for another 10 min to ensure that the formulation is homogenous. pH is measured to 
11,1. The finished product is poured into a plastic container for storage.

Other considerations when producing the water based formulations according to the 
invention
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[0083] Sodium silicate formulations with organic acids or inorganic acids as insolubilizing 
agents are prepared in a similar manner as described above. The amount of insolubilizing 
agent is adjusted in order to obtain a water based formulation with long shelf life which is stable 
during storage and thus is not near its gelling point which is around pH 10.6 for formulation 
with containing sodium silicate with a molar ratio of 0.6:1.

[0084] The desired amount of insolubilization agent used in the water based formulations of 
the invention may be tested by first making a solution by adding the insolubilization agent to a 
silicate solution until its gelling point is reached. In order to make new storable, stable water 
based formulation with long shelf life according to the invention, the amount of added 
insolubilization agent shall be sufficiently lower than the amount insolubilization agent needed 
to reach the gelling point. For example the amount of insolubilization agent used according to 
the invention is 10 weight % less or more than the amount of insolubilization agent needed for 
the water based formulation to reach the gelling point.

[0085] This method of calculation of the amount of insolubilization agent may be used for all 
possible insolubilization agents which may be used according to the invention. Another way to 
measure the amount of insolubilizing agent needed when using an acid as insolubilization 
agent is that the pH of the water based formulation is sufficiently high compared to the pH of 
the gelling point. The pH of the gelling point will vary between different formulations of the 
invention depending on which alkali metal silicate is used, e.g. a pH of a formulation according 
to the invention with long shelf life and thus, which is stable during storage, may be 11 or 
higher and the pH for the gelling point when using the same alkali metal silicate (containing 
larger amount insolubilization agent) may be around 10.6.

General method for redissolution test for determining leaching.

[0086] Examples 1-2, 4 and 9 in which the leaching properties were investigated by simulation 
of leaching, using a redissolution test according to the following principle:
Formulations according to the inventions were prepared in a plastic container. Thereafter the 
formulations (still in the plastic container) were dried and cured in an oven at various 
temperatures. The dried and cured formulations were weighed and added to a beaker with a 
magnetic stirrer. 200 ml of boiling hot water was added to the beaker and the formulations 
were redissolved, under continuous stirring, for 3 minutes. After 3 minutes the beaker content 
was vacuum filtrated using a filter paper and a Buchner funnel. The undissolved amount of 
alkali metal silicate was calculated according to:
Remaining product after redissolution (%)=ioo -[(Wafter curing-WafterrediSSoiution)/Waftercuring] ·ιοο

General method for determining leaching.
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[0087] Examples 3 and 5-6 in which the leaching properties were investigated where tested 
according to the following principle:
Formulations according to the inventions were prepared. Thereafter the formulations where 
applied on a wooden material. The treated wooden material was dried and cured in an oven at 
various temperatures and times. The dried and cured treated wooden materials were weighed 
and added to a beaker. The treated wooden material where leached in individual containers 
using distilled water, changed every day. After 1 week the leached specimens were weighed 
and reconditioned until constant weight was reached. The weight loss during leaching could 
then be calculated according to:
Remaining formulation in pine specimens after leaching (%)=ioo - [(W formulation after euring-

VZforrnuiaLion after leach ing)/VV|oi-mulaLion a I ler curing] *100

wherein
formulation after curing = VVdry specimen after curingAydry specimen before treatment

w formulationafter leächiiig: ~ w dry specimen after leaching- w dry specimen before treatment

Examples

[0088] The purposes of the following examples are to demonstrate the solubility of the sodium 
silicate that has been subjected to the method of the invention, leaching of sodium silicate 
which has been impregnated into wooden materials, and flame- and rot resistance of wooden 
materials which have been subjected to the method of the invention.

Example 1 -various insolubilization agents giving improved leaching properties.

[0089] Effect on the solubility of sodium silicate using formulations of the invention containing 
various insolubilization agents, in the example illustrated by a mineral acid; boric acid, and an 
inorganic polyvalent ion; calcium chloride.

Raw material Formulation 1
(w/w %)

Formulation 2
(w/w %)

Formulation 3
(w/w %)

Sodium Silicate, molar 
ratio 0.6:1, dry content 
37.5%

39.2 39.9 40.0

Water 58.9 59.8 60.0

Boric Acid 1.9 -

Calcium chloride 0.3 -

[0090] Formulations were prepared by first mixing the insolubilization agent and water and 
then slowly adding, under continuous stirring, the dissolved insolubilization agent mix to the
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sodium silicate.

[0091] 20.0 grams of formulations 1, 2 and 3 were added to single use containers with large 
surface area to dry at 50 °C over night. When dry, said formulations were cured at 20°C and 
190 °C for 30 minutes.

[0092] The results are shown in figure 1.

Example 2-effect of the concentration of the formulation.

[0093] Effect on solubility of sodium silicate using formulations of the invention with varying dry 
contents of formulation.

Raw material Formulation i
4

Formulation 4i 
- diluted

Formulation
5

Formulation 5
- diluted

(w/w %) (w/w %) (w/w %) (w/w %)

Sodium Silicate, 
molar ratio 0.6:1, dry 
content 37.5%

60.00 12.0 60.0 12.0

Water 37.6 87.5 40.0 88.0

Citric acid 
(monohydrate)

2.4 0.5] - - ΐ

[0094] Formulations were prepared by first mixing the insolubilization agent and water and 
then slowly adding, under continuous stirring, the dissolved insolubilization agent mix to the 
sodium silicate.

[0095] 20.0 grams of formulation 4 and 5 and versions diluted with water of said formulations 
were added to single use containers with large surface area to dry at 50 °C over night. When 
dry, said formulations were cured at 100 °C for 30 minutes.

[0096] All samples were then subjected to a redissolution test according to the general method 
described above.

[0097] The results are shown in figure 2.

[0098] The dry content of the diluted formulations in figure 2 corresponds to the weight 
percentage silicate and insolubilization agent in the water solution.

Example 3 - Leaching of sodium silicate from impregnated paper materials
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[0099] Effect on leaching of sodium silicate using paper specimens impregnated with different 
formulations of the invention.

Raw material Formulation 13 
(w/w %)

Formulation 14 
(w/w %)

Sodium Silicate, molar ratio 0.6:1, dry 
content 37.5%

53.3 53.3

Water 46.7 44.5

Citric acid (monohydrate) - 2.2

[0100] Specimens of filter paper of diameter 185 mm were impregnated by soaking for 10 
seconds.

[0101] Impregnated specimens were dried in room temperature over night. Curing was carried 
out for 10 minutes at 100 °C.

[0102] Specimens were leached in individual containers using 300 ml of 90°C water by 
keeping the paper material in the water for 10 minutes. After drying the paper the weight loss 
during leaching was calculated according to:
Remaining formulation after leaching (%) =1OO - [(W paper after leaching-Wuntreatedpaperl/CWp^er

before leaching Wuntreated paper)] *100

[0103] The results from the leaching process show an increased resistance to leaching when 
insolubilization agent (citric acid) is added to the formulation.

[0104] The results are shown in figure 3.

Example 4 -curing temperature.

[0105] Effect on solubility of sodium silicate when using formulations of the invention with 
varying curing temperatures.

Raw material Formulation 3 
(w/w %)

Formulation 6 
(w/w %)

Sodium Silicate, molar ratio 0.6:1, dry 
content 37.5%

40.0 40.0

Water 60.0 58.4

Citric acid (monohydrate) 1.6
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[0106] Formulations were prepared by first mixing the insolubilization agent (citric acid) and 
water and then slowly adding, under continuous stirring, the dissolved insolubilization agent 
mix to the sodium silicate.

[0107] 20.0 grams of formulations 3 and 6 was added to single use containers with large 
surface area to dry in room temperature until dry. When dry, the containers with said 
formulations were cured for 30 minutes at 20°C, 70°C and 190 °C.

[0108] All samples were then subjected to a redissolution test according to the general 
principle.

[0109] The results are shown in figure 4

Example 5 - Leaching of sodium silicate impregnated pine specimens

[0110] The effect on leaching of sodium silicate using pine specimens impregnated with 
different formulations of the invention and varying curing temperatures.

Raw material Formulation 7 (w/w %)

Sodium Silicate, molar ratio 0.6:1, dry content 37.5% 40.0
j Water

59.0

Citric acid (monohydrate) 1.0

[0111] Specimens of pine sapwood, size 0.8 cm x 1.5 cm x 7 cm, were impregnated under 
vacuum for 20 minutes followed by 20 minutes of soaking at atmospheric pressure using 
formulation 3, 6 and 7.

[0112] Impregnated specimens were dried over night in 50 °C and cured for 30 min at 20°C, 
70°C, 110°C, 150°C and 190 °C.

[0113] Specimens were leached in individual containers using 75 ml of distilled water, changed 
every day. pH was measured throughout the leaching process. After 1 week the leached 
specimens were weighed and reconditioned at 50 °C until constant weight was reached. The 
weight loss during leaching could then be calculated according to:
Remaining formulation in pine specimens after leaching (%) =ioo-[(W formulation after curing"

Wfprmulation after leaching)/V^formulationafter curing] ‘100
where

formulation after curing = Wdry specimen after chring-^Vdiy specimen before treatment

W formulation after leaching — W" dry specimen after leaching “VVdry specimen before treatment



DK/EP 2646208 T3

[0114] The results from the leaching process show an increased resistance to leaching when 
insolubilization agent (citric acid) is added to the formulation.

[0115] The results are shown in figure 5

Example 6 -Leaching of sodium silicate impregnated pine specimens

0116]

Raw material Formulation 3
(w/w %)

Formulation 6
(w/w %)

Formulation 7
(w/w %)

Sodium Silicate, molar ratio
0.6:1, dry content 37.5%

40.0 40.0 40.0

Water 60.0 58.4 59.0

Citric acid (monohydrate) - 1.6 1.0

[0117] Specimens of pine sapwood, size 0.8 cm x 1.5 cm x 7 cm, were impregnated under 
vacuum for 20 minutes followed by 20 minutes of soaking at atmospheric pressure using 
formulation 3, 6 and 7.

[0118] Impregnated specimens were dried over night in 50 °C and cured for 30 min at 70°C.

[0119] Specimens were leached in individual containers using 75 ml of distilled water, changed 
every day. pH was measured throughout the leaching process. After 1 week the leached 
specimens were weighed and reconditioned at 50 °C until constant weight was reached. The 
weight loss during leaching could then be calculated according to:
Remaining formulation in pine specimens after leaching (%)=ioo-[(W form illation after curing"

VZførniulation after leacliing)/^^forniulatiGn aller curing] * 100
where
W’ formulation after curing = VV.a·. specimen aftercuringAVdryspecimen before treatment

W formulationafter leaching — W dry specimen after leaching ”Wdry specimen before treatment

[0120] The results from the leaching process show an increased resistance to leaching when 
the insolubilization agent (citric acid) is added to the formulation. Higher amount of the 
insolubilization agent gives better leaching resistance.

[0121] The results are shown in figure 6

Example 7 - Reaction to fire
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[0122] Effect of the flame resistance of wood treated with the method of the invention was 
evaluated by using a standardized ISO-test (ISO 5660). In the test, the treated wooden 
materials reaction-to-fire, heat release, smoke production and mass loss rate were measured. 
In the experiment, the following formulations were used in order to treat the wooden materials.

Raw material Formulation i
3

Formulation
6

Formulation
8

Formulation ΐ
9

(w/w %) (w/w %) (w/w %) (w/w %)

Sodium Silicate, molar 
ratio 0.6:1, dry content 
37.5%

40.0 40.0 24.3 61.2

Water 60.0 58.4 74.9 36.7

Citric acid (monohydrate) - 1.6 - -

Boric acid - - 0.8 2.1

Fibre boards were impregnated according to the following procedure; 40 minutes vacuum 95% 
and 40 minutes pressure at 8 bar. Fibre boards were then dried at 23 °C, 50% RH until they 
reached equilibrium.

Test parameter Formulation
3

Formulation
6

Formulation i
8

Formulation ΐ
9

FIGRA (W/s) 204 185 197 93

tjgn(s) 53 61 59 75

Total mass loss (g/m2) 3022 1717 2029

Total smoke production
(m2/m2)

39 39 36 45

Indicated class C C c B

[0123] The results show improvement from indicated class D to indicated class C when fibre­
board was impregnated with formulations 3, 6 and 8 and improvement from indicated class D 
to indicated class B when fibre-board was impregnated with formulation 9.

Example 8 - Rot resistance

[0124] Effect of the rot resistance ability of formulations of the invention was evaluated 
according to the following procedure, "EN113 - Test method for determining the protective 
effectiveness against wood destroying basidiomycetes".

Raw material Formulation 10 (w/w%)

Sodium Silicate, molar ratio 0.6:1, dry content 37.5% 40.0

Water 58.7
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Raw material I Formulation 10 (w/w%)

Boric acid [ 1·3

[0125] Pine sap wood treated with Formulation 10 was approved according to the standard.

Example 9-leachinq of a potassium silicate formulation

[0126] Effect on solubility of potassium silicate using formulations of the invention with varying 
curing temperatures.

Raw material Formulation 11 
(w/w %)

Formulation 12
(w/w %)

Potassium Silicate, weight ratio 2,1 (SiO2 to 
K2O), dry content 36.7%

40.9 40.9

Water 57.6 59.1

Citric Acid (monohydrate) 1.5 -

[0127] Formulations were prepared by first mixing the insolubilization agent and water and 
then slowly adding, under continuous stirring, the dissolved insolubilization agent mix to the 
potassium silicate.

[0128] 20.0 grams of formulations 11 and 12 were added to single use containers with large 
surface area to dry at 50 °C over night. When dry, said formulations were cured at 20 and 190 
°C for 30 minutes.

[0129] All samples were then subjected to a redissolution test according to the general 
principle described above.

[0130] The results are shown in figure 7

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not 
form part of the European patent document. Even though great care has been taken in 
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all 
liability in this regard.

Patent documents cited in the description



DK/EP 2646208 T3

• US63618A [09031
• US1900212A [0003]
• US4612050Ä [00031 [0006'
• US5205874A [00031
• US3974318A [00031
• US20050129861A1 [00931
• US7297411B [00051
• WO02078865A [00051
• US2003011605A [00061
• W02009087262A (0006]

Non-patent literature cited in the description

• MAI C.H. MILITZModification of wood with silicon compounds, inorganic silicon 
compounds and sol gel systems: a reviewWood Sei Technol, 2004, vol. 37, 339-

• FURUNO T.Y. IMAMURACombinations of wood and silicate Part 6. Biological resistance 
of wood-mineral composites using water glass-boron compound systemsWood Sei 
Technol, 1998, vol. 23, 161-170 [09031



DK/EP 2646208 T3

5

10

15

20

25

30

35

i

Patentkrav

1. Fremgangsmåde til behandling af træmaterialer for at forbedre 

brandhæmmende egenskaber og også modstandsdygtigheden af træmaterialet 

mod råd, svamp, mug og insekter, hvor et træmateriale behandles med en 

vandbaseret formulering, kendetegnet ved, at nævnte fremgangsmåde består 

af trinnene:

a) at tilbejebringe et træmateriale;

b) at tilvejebringe en vandbaseret formulering, som har en holdbarhed på 

mere end en måned i temperaturer i området fra 15-35 °C, og indeholder:

- et alkalimetalsilikat,

- vand, og

- et uopløseligt middel, som er valg fra en organisk syre, en uorganisk syre 

eller en uorganisk polyvalent ion valgt fra Al3+' Mg2+' Fe2+' Fe3+' Ca2+' Ba2+' 

eller med modioner CaCL·, MgCL·, FeCL· eller kombinationer deraf, der er 

tilføjet i en mængde, som er mindst 10 vægtprocent lavere end mængden 

af uopløseligt middel, som er nødvendig for formuleringen for at nå 

geleringspunktet; og hvor vægtprocenten af alkalimetalsilikat 

sammenlignet med den totale vægtprocent af den vandbaserede 

formulering kan være fra 1 % vægt/vægt til 50 % vægt/vægt, mere 

fortrinsvis fra 5 % vægt/vægt til 30 % vægt/vægt og mest fortrinsvis fra 

10 % vægt/vægt til 20 % vægt/vægt;

c) at påføre den vandbaserede formulering på træmaterialet;

d) at tørre træmaterialet, der er behandlet med nævnte vandbaserede 

formulering ved en temperatur fra 15 °C til 70 °C for at fjerne 

overskydende vand; og

e) at hærde det tørrede træmateriale ved en øget temperatur fra 40 °C til 

150 °C for at kunne gøre alkalimetalsilikatet uopløseligt.

2. Fremgangsmåde ifølge krav 1, hvor trin c) omfatter at tilføje den vandbaserede 

formulering til træmaterialet i en trykimprægneringsbeholder og at udføre 

trinnene:

(i) at udsætte nævnte imprægneringsbeholder og indhold for mere end 90 

% vakuum i mellem 10-40 minutter;

(ii) at udsætte nævnte imprægneringsbeholder og indhold med tryk på 

mellem 6-16 bar i 20 minutter til 12 timer; og
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(iii) at udsætte nævnte imprægneringsbeholder og indhold for mere end 

90% vakuum i mellem 10-40 minutter.

3. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor 

molforholdet mellem alkalimetal, foreksempel natrium eller kalium og silikat, 

(XM+:SO44‘) i den vandbaserede formulering vil være i området fra 0,1:1 til 2:1, 

mere fortrinsvis fra 0,5:1 til 0,8:1 eller mest fortrinsvist et molforhold på 0,6:1.

4. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor det 

uopløseliggørende middel er en organisk syre med en molekylevægt på for 

eksempel mellem 40-500 g/mol eller mellem 40-300 g/mol.

5. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor det 

uopløseliggørende middel er en organisk syre valgt fra eddikesyre, mandelsyre, 

citronsyre, vinsyre, asparaginsyre, glutaminsyre, myresyre, propionsyre, 

butansyre, pentansyre, oxalsyre, maleinsyre, ravsyre eller glutarsyre, 

methansulfonsyre (eller mesylsyre, CH3SO3H), ethansulfonsyre (eller esylsyre, 

CH3CH2SO3H), benzensulfonsyre (eller besylsyre, C6H5SO3H), p-toluensulfonsyre 

(eller tosylsyre, CH3C6H4SO3H) eller trifluormethansulfonsyre (eller triflinsyre, 

CF3SO3H).

6. Fremgangsmåde ifølge et hvilket som helst af kravene 1-3, hvor det 

uopløseliggørende middel er en uorganisk syre, for eksempel en mineralsyre valgt 

fra en hvilken som helst af hydrogenhalogenider:

saltsyre (HCI), hydrogenbromid (HBr), hydrogeniodid (HI) eller halogen oxosyrer: 

hypochlorsyrling, chlorsyre, perchlorsyre, periodsyre og tilsvarende forbindelser 

for brom og iod, eller fra en hvilken som helst af svovlsyre (H2SO4), 

fluorsvovlsyre, salpetersyre (HNO3), phosphorsyre (H3PO4), fluorantimonsyre, 

fluorborsyre, hexafluorphosphorsyre, kromsyre (H2CrCM) eller borsyre (H3BO3).

7. Fremgangsmåde ifølge krav 3, hvor alkalimetalsilikatet er natriumsilikat.

8. Fremgangsmåde ifølge krav 7, hvor de egnede molforhold mellem organisk 

syre og natriumsilikat kan være fra 1:18 til 1:100.
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9. Fremgangsmåde ifølge krav 8, hvor natriumsilikatet har et molforhold af Na+ til 

SiCM4' på 0,6:1 og hvor nævnte formulering haren pH over 11.

10. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor 

mængden af uopløseliggørende middel, der er anvendt i den vandbaserede 

formulering, er valgt eller tilpasset alt efter surhedsgrad i træmaterialet, der skal 

behandles; højere surhedsgrad i træmaterialet kræver lavere mængde af 

uopløseliggørende middel i formuleringen.

11. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor 

træmaterialet, efter tørringstrinnet, har en tørhed på 70% eller mere før 

indtræden i hærdningstrinnet i træbehandlingsprocessen.

12. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor 

tørringstrinnet udføres ved en temperatur på 20-50 °C.

13. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor 

hærdningstrinnet udføres ved en temperatur i området fra 70 °C til 120 °C, eller i 

området fra 75 °C til 100 °C.

14. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor 

hærdningstrinnet udføres i løbet af 10-60 minutter.

15. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor 

træmaterialerne er valgt fra gran, fyr, birk, eg, rødtræ, ceder eller 

kompositmaterialer såsom krydsfiner, fiberplader og spånplader.

16. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor den 

vandbaserede formulering påføres træmaterialet ved at opbløde eller dyppe 

træmaterialet i formuleringen, at sprøjte, male eller børste træoverfladerne med 

formuleringen eller at imprægnere træmaterialet med formuleringen under 

anvendelse af vakuum og/eller tryk i henhold til normale vakuum­

trykimprægneringsprotokoller.
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17. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor den 

vandbaserede formulering yderligere omfatter et fugtemiddel i koncentration fra 

0,05 % til 5 % (vægt/vægt) og/eller en reologimodifikator i koncentration fra 0,05 

% til 5 % (vægt/vægt).

5

18. Fremgangsmåde ifølge et hvilket som helst af kravene 2-17, hvor den 

vandbaserede formulering har en højere viskositet end vand.

19. Fremgangsmåde ifølge et hvilket som helst af kravene 2-18, hvor den nævnte 

10 imprægneringsbeholder og indhold udsættes for et tryk mindre end 0,1 atm.

20. Fremgangsmåde ifølge et hvilket som helst af kravene 2-19, hvor det 

uopløseliggørende middel er citronsyre.
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Effect on solubility of potassium silicate formulations
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