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A PROCESS FOR THE TREATMENT OF WOOD AND WOOD
TREATED ACCORDING TO THE PROCESS

Field of the invention

The present invention relates to a process for treating wood which
process comprises the steps of impregnating the wood with a solution
comprising citric acid and thereafter curing the wood at high temperature. The
present invention further relates to wood being treated according to the
process.

Background

Wood that is untreated is very susceptible to influences caused by the
external environment. Untreated wood that is exposed to moisture and/or soil
for sustainable periods of time will become weakened by attacks by various
types of fungi, bacteria or insects. It is therefore of importance to treat the
wood in order to increase its resistance against moisture and fungal attack.

There exist a number of different treatment methods which will
increase the resistance of wood. Chemical treatments of wood in order to
increase the biological durability and strength have been used for a long time.
Many different chemicals may be added. These chemicals are normally called
fungicides and they will provide long-term resistance to organisms that cause
deterioration of the wood. If it is applied correctly, it can extend the productive
life of timber by five to ten times. Citric acid is one chemical that is used in
order to improve the durability of wood. Furthermore, citric acid may also give
fiber strengthening properties.

Another known method in order to improve the resistance of wood is to
treat the wood at high temperatures. During heat treatment, certain organic
compounds found in the wood will be removed and thereby decreases the

‘possibility for fungi and rot to thrive on the wood. Thus, by heating wood to a

certain temperature, it may be possible to make the wood fibers less
appetizing to fungi and insects. Heat treatment can also improve the
properties of the wood with respect to water, i.e. lower equilibrium moisture,
less moisture deformation, and weather resistance.
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Heat treatment can also be done in order to improve the dimensional
stability of wood. During the heat treatment hemicellulose and other
components of the wood will be removed. Hemicellulose works as a binder in
wood making the wood stronger. Heat treatment of wood will thus decrease
the strength of wood since the hemicellulose in the wood is degraded or
removed at higher temperatures.

There is thus a need for a process for producing a more durable and
strong wood product.

Summary of the invention

It is an object of the present invention to provide a process for the
production of strong wood in an improved way.

Another object of the present invention is to provide a process for
significantly improving the surface hardness of wood against the impacts
abrasion and weathering.

Yet another object of the present invention is to provide a process for
production of biologically durable wood.

These objects and other advantages are achieved by the process
according to claim 1. The present invention relates to a process for the
treatment of wood wherein the process comprises the step of; impregnating
wood, preferably solid wood, with a solution comprising citric acid and curing
the impregnated wood at a temperature of between 150-220°C. By combining
impregnation of wood with a solution comprising citric acid and high
temperature curing, it has been shown that wood with increased strength can
be produced in a very efficient way.

The solid wood treated in accordance with the process of the invention
is preferably used as structural components in buildings, such as load bearing
wall components or garden furniture.
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The curing may last for a period of at least 2 hours, preferably for about
4 hours. Depending on the end use of the wood and on the dry content of the
wood, the time for curing can be varied.

The curing of the impregnated wood may preferably be performed at a
temperature of between 180 — 220 °C. It has been shown that the use of a
higher temperature in the curing gives rise to a product with an improved
dimensional stability and a better resistance to fungal and insects.

It is preferred that the solution comprising citric acid has a
concentration of 1-40%. The concentration of the solution comprising citric
acid depends on the desired amount of citric acid in the wood. By increasing
the concentration of the solution, higher amount of citric acid in the wood is
achieved. High amounts of citric acids are often preferred. The wood
preferably comprises citric acid of an amount of 10-80 kg/m3.

The impregnation solution may further comprise sodium silicate, which
gives rise to an increased strength and hardness. In one embodiment, the
impregnation solution has been prepared by mixing citric acid and sodium
silicate at elevated temperatures, such as at a temperature of e.g. between
30 - 80 °C, preferably between 45 — 80 °C. This has been shown to give rise
to a product with an even higher strength and durability.

in the embodiment wherein the solution comprises citric acid and
sodium silicate, the ratio between citric acid and the sodium silicate in the
solution is preferably between 1:5-1:10 (citric acid:sodium silicate). It is often
preferred to have high amounts of citric acids. However, too high amounts
may cause the sodium silicate to precipitate in the solution. Moreover, the pH
during impregnation is preferably above 4. It is preferred not to decrease the
pH of the solution during impregnation to a value below 4. The sodium silicate
has a relatively high pH and by adding citric acid to a solution comprising
sodium silicate the pH will decrease. However, it is preferred not to decrease
the pH too much since a low pH solution will affect the equipment, on or in
which the impregnation of the wood occurs, €.g. corrosion of the equipment
may occur.
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The curing may take place in an oxygen free environment. Since high
temperatures are used during curing, it may be advantageous to cure the
wood and its impregnated constituents in an oxygen free environment.

The wood may be densified during or after curing. By increasing the
density of the wood during or after curing the surface strength of the wood
can be even further increased.

The present invention also relates to wood treated according to the
process described above. The wood produced will have increased strength
and less fiber loosening. It is preferred that the treated wood is softwood.

Detailed description

The invention relates to a process to treat wood by impregnation of
wood, preferably solid wood, with a solution comprising citric acid followed by
curing of the wood at high temperatures. By combining impregnation of the
wood with a solution comprising citric acid and curing at high temperatures it
has been shown that wood with an increased strength, durability and
dimensional stability can be produced. Moreover, the treatment of the wood
with citric acid followed by curing at high temperatures has aiso been shown
increase the biological durability of the product.

During heat treatment of wood, hemicellulose and other components in
the wood are degraded or removed and the strength of the wood is thus
reduced. By impregnating the wood with a solution comprising citric acid prior
to curing at high temperatures it is possible to replace the function of removed
components with citric acid. Citric acid will then work as a binder between the
wood’s fibers and cells and thus increase the strength and durability of the
wood. The hardness and stability of the wood is also improved.

The curing of the wood may be done at a temperature of between 150-
220°C, preferably of between 180 — 220 °C. If temperatures in the upper
range are used, larger amount of components, e.g. hemicellulose, is removed
and replaced by citric acid compared to if temperatures in the lower range are
used. The curing may last for at least two hours, preferably for about 4 hours.
The parameters chosen for the curing of the wood depends on the wood used
and on the end use of the impregnated and cured wood product.
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During the curing process the citric acid will react with the heat and the
acid will then attach to the wood fiber. The acid will thus be activated and
connected to the wood fibers during the curing process. Since the curing is
done at high temperatures the wood will thus also be dried.

The impregnation solution may comprise a mixture of citric acid and
sodium silicate. Sodium silicate will then, just as citric acid, attach to the wood
fibers during the curing process whereby the inside of the wood is hardened
during the heat treatment. The combination of citric acid and sodium silicate
has been shown increase the hardness and the strength of the end product.
Moreover, impregnation of wood with a combination of citric acid and sodium
silicate followed by curing at high temperatures give rise to an end product
with a high resistance against fungal decay.

The curing can be done in an oxygen free environment. This can be an
advantage if high temperatures are used since wood easily ignites at high
temperatures but the absence of oxygen will eliminate that risk.

The impregnation with citric acid or with a combination of citric acid and
sodium silicate is preferably done at high pressure at room temperature. The
impregnation can be done in three steps, one first step in which the wood is
subjected to vacuum which will remove the air in the wood, a second step in
which the solution comprising citric acid or a combination of citric acid and
sodium silicate will impregnate the wood and a third step in which the wood is
subjected to vacuum in order to pressure the citric acid or the citric acid and
the sodium silicate into the wood. The second step is preferably done at high
pressure, preferably at a pressure of about 13 bar for at least 7 hours. The
first and third steps may iast for about 30-60 minutes.

It is preferred that the solution comprising citric acid has a
concentration of 1-40% by weight, preferably a concentration of 4-10% by
weight. The concentration of the solution comprising citric acid depends on
the desired load of citric acid in the wood. By increasing the concentration the
higher load of citric acid in the wood is achieved. High amounts of citric acids
are often preferred. The impregnated wood preferably comprises citric acid of
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an amount of 10-80 kg/m3. The amount of citric acid in the wood depends on .
the end use of the wood product.

When a combination of citric acid and sodium silicate is used, the ratio
between the citric acid and the sodium silicate is preferably between 1:5 —
1:10 (citric acid:sodium silicate). A high amount of citric acid is often
preferred. However, too high amounts of citric acid may cause the sodium
silicate to precipitate in the solution. The amount of citric acid respectively
sodium silicate in the solution depends on which kind of wood that is being
treated and on the end use of the wood product.

The wood may be densified during or after curing of the wood. The
densification may be done by applying pressure to the wood. The
densification may be done at a pressure of 1-3 kg/cm? and the maximum
compression should be about 10% of the thickness of the wood.

It is preferred to apply both pressure and heat, since this combination
will improve the densification of the wood. The densification may be done off-
line, on-line or in-line, i.e. in-line with the process according to the invention. If
off-line densification is used, it is possible to use a hot press after the curing
of the wood. If in-line densification is used it is possible to use roller or plate
based systems. The densification can be done during the curing of the wood
or after the wood has been cured and thus also dried. It is also possible to
pre- cure the wood followed by densification and thereafter cure the wood at
least one more time.

By densifiying the wood, the surface of the wood will become more set,
i.e. the fibers on the surface have less tendency to react with moisture and
retain its original form. This also leads to reduced tendency of fiber loosening
on the surface of the wood. The surface density and thus also the hardness of
the wood will also be improved.

The present invention also relates to wood, preferably solid wood,
treated according to the process described above. The wood produced will
have an increased strength and less fiber ioosening. It is preferred that the
treated wood is softwood. However, it is also possible to treat other kind of
wood with the process according to the invention, such as hardwood.
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The produced wood can be used for the production of many different
products, such as cladding, decking, light poles, jetties, joinery, furniture etc.

5 In view of the above detailed description of the present invention, other
modifications and variations will become apparent to those skilled in the art.
However, it should be apparent that such other modifications and variations
may be effected without departing from the spirit and scope of the invention.

10 The invention will be further illustrated by way of some examples.

Example 1

In this example, the dimensional stability of pressure impregnated and
15 heat-treated Scots pine (Pinus sylvestris L.) was studied.

Test pieces of Socts pine were impregnated as follows; 21 test pieces
were impregnated with a solution comprising citric acid (at a concentration of
9.3%) and 19 + 18 test pieces were impregnated with a solution comprising

20  sodium silicate (at a concentration of 7 %) and citric acid (ratio 10/1). As
references, 10 pieces of ThermoWood were impregnated with citric acid
(9.3%). Table 1 shows the impregnation process utilized.

Table 1: the impregnation processes

Impregnation Process phase Pressure Temperature
(bar) (°C)

Citric acid Initial vacuum 45 -0.93 18
Pressure phase 480 13.3 20
Final vacuum 45 -0.87 19
Natrium Initial vacuum 45 -0.88 18
Silicate + Pressure phase 420 12.99 22
Citric acid Final vacuum 40 -0.88 21
Curing 40 8.49 21
880 -0.82 20

25
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The impregnated test pieces of sawn timber were heat treated at either
180 °C for three hours or at 160 °C for four hours. After the heat treatment,
the material was stabilized to the approximate moisture content of 12%.

The dimensional stability was determined according to the standard
SFS-EN 1910 (Finnish Standards Association SFS 2000).Firstly, the test
pieces were conditioned in the relative humidity of 65 +/- 5% and temperature
of 20 +/- 2 °C until achieving the conastant mass. The conditioned test pieces
were then exposed to the climate with relative humidity of 85 +/- 5% and
temperature of 20 +/- 2 °C, which was followed by stabilization in the dry
climate (RH 30 +/-5%, T 20 +/-2°C.

After each stage of stabilization, the dimensions of the test pieces were
measured according to the standard EN 13647 (Finnish Standards '
Association SFS 2003). The test pieces’ width were measured along two
lines, their distance to the edges being approximately 5 mm. The length was
the average of them easurements made from the edges of the pieces. The
thinkess of the pieces was measured from two mearuement points in the both
ends of the pieces.

The cumulative relative changes (%) were determined as follows:

18
% @r—Da)
der = 100 ————
D;

Where dcr = cumulative relative dimensional change (%),D;, = the
dimension after stabilization in the numid climate (mm), D; = the dimension
after stabilization in the dry climate (mm), D; = the dimension after initial
conditioning (mm), and h = 18.

Table 2 shows the dimensional changes of the treated test pieces.
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Table 2: the cumulative relative dimensional changes (dcr, %) according to

the specimen treatments.
Impregnation Heat

(subst, conc) treatme
nt
Sodium 180°C 19
Silicate 7 % +
CA (ratio
10/1)

dcr®, length der*, der*, width
(%) thickness (%)

(%)
0.07/0.03/0.37 1.88/0.31/0.16 2.12/0.28/0.13

Sodium 160°C 18
Silicate 7% +

CA (ratio

10/1)

0.07/0.04/0.52 2.13/0.43/0.20 2.64/0.45/0.17

Citric Acid 180°C 21
(CA) 9.3%

0.07/0.02/0.03 0.74/0.20/0.27 0.98/0.29/0.30

Thermowood, None 10
CA 9.3%

0.05/0.02/0.38 1.82/0.49/0.27 1.52/0.31/0.20

* the dcr values specifies mean/Std. dev/coefficient of variance

As can be seen in table 2, the longitudinal changes of the test pieces
were small, 0.05 — 0.07 %. The radial changes were smallest arﬁong CA-
impregnated and heat treated pieces. A significant difference was noted
between CA-impregnated sawn timber and Thermowood; the heat treatment
of citric-acid (CA) impregnated material increased the dimensional stability.
Also concerning the tangential stability, CA-impregnated ThermoWood
showed higher dimensional changes than heat-treated, CA-impregnated test
pieces. It can further be noticed that heat treatment at 180 °C of test pieces
impregnated with citric acid and sodium silicate showed higher dimensional
stability than heat treatment at 160 °C.

Example 2

In this example, the efficacy of impregnated and heat treated scots
pine sapwood against termites was studied.

Test pieces of pine sapwood were impregnated and thereafter heat
treated in accordance with table 3.
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Table 3: impregnation and heat treatment of test pieces

Sample 2a-2¢ Reference Ra-c

Impregnation Citricacid 7.5 % | Sodium silicate None
(active ingredient 5.5% + Citric acid

and <1%

concentration) ,

Heat treatment 170°C/4h 170°C/4h None
(temp./time)

The efficacy against termites was tested according to NF EN 117. The details
and dates of the tests are shown in table 4.

Table 4

Termite species employed

Reticulitermes flavipes (formerly
Reticulitermes santonensis

Place of origin of the termites

Saint-Trojan-Les Bains (Charente-
Maritime)

Type of wood used for control

Scots pine sapwood

Test for ageing None
Start date (exposure) 17/11/2011
Inspection date 05/01/2012

Test validation

Yes, conforms to standard

Scale of Termite attacks on wood
According to the EN 117 Standard;
0 = no attack;

1 = attempted attack;

2 = slight attack:

3 = average attack;

4 = strong attack.

The result of the test is shown in table 5.
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Table 5
Sample Worker survival Soldiers (S) and Rating
reference V) Nymphs (N)
Sample 1a 0 - 3
Sample 1b 0 - 2
Sample 1c 5 N 2
Sample 2a 23 N-S 3
Sample 2b 8 N 3
Sample 2¢ 0 - 3
Reference Ra 52 N-S 4
Reference Rb 57 N-S 4
Reference Rc 54 N-S 4
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Process for the treatment of solid wood wherein the process

comprises the steps of:

- impregnating wood with a solution comprising citric acid,

- curing the impregnated wood at a temperature of between
150-220°C.

Process according to claim 1, wherein the curing of the
impregnated wood is performed at a temperature of between 180
-220 °C.

Process according to any of the preceding claims wherein the
solution comprising citric acid has a concentration of 1-40%.

Process according to any of the preceding claims wherein the
impregnated wood comprises citric acid of an amount of 10-80
kg/m3. |

Process according to any of the preceding claims, wherein the
impregnation solution further comprises sodium silicate.

Process according to claim 5, wherein the impregnation solution
has been prepared by mixing citric acid and sodium silicate at
elevated temperatures.

Process according to any of claims 5 or 6, wherein the ratio
between citric acid and sodium silicate in the solution is between
1:5-1:10 (citric acid:sodium silicate).

Process according to any of claims 1 - 7, wherein the curing lasts
for a period of at least 2 hours, preferably for about 4 hours.

Process according to any of the preceding claims wherein the
curing takes place in an oxygen free environment.
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10. Process according to any of the preceding claims wherein the
wood is densified during or after curing.

11. Wood treated according to the process of any of the claims 1-10.

12. Wood according to claim 11 wherein the wood is softwood.
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